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....................................................................................... 13
2| ors e L | opc. B 04 |2 0T mm | EE | B
2)-0D | oPC-EILFIL OPC ER| 060 3 4 =y
D@ | FROEALIOL | ORCiFAD BB 045 | 2 o g | FE

2)-0@ | BFsC-TEIL2IL OPC:BFS=3:7 BB 0.45 2 o =az

KENZ NS HEM I, Pabid e, BT,
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=& 214 ELAIILFAEBOFET 1 NNy FLEE-YOHMEERE

Hita EALHC) [EBH (WO |8/C

21-® |OPC-FILHIL OPC [

21-® [oPoc-FEILAIL OPC [l

2@ |oPC-EILRIL OPC et

2@ |OPC-EIL 2L OPC [EATiE

2@ |OPC-TEIL AL OFC 2]

2@ |OPC-TIL 2L OPC E=3)

2+ [oPc-EILAIL OPC =

2@ |FAC-EIL2) | OPC:FA=T:3 | BEd

2@ [BFSC-TIL 2L |OPC:BFS=3:7 | B8 | 045 2 |-

BRI HNEFEM & L THESNAEED a7 ) — kB2 W T, B 2 ERIED o
YTV = sy BERK LIBROKBEREREZTE LT, 227 ) — FOEREGER 2.1-5 1277,
a7 ) —FREIOKE L, ¢60mmX150mm & L7-,

Flz, BAZNLVREHI X D KBREBEDOHER TIL, BMITH IS OKS & &0l %= & e
ZEBRBHDLT END, BMICE ENDKGDOKBIE~DEEE | REKEOWHD & ABFIRRED
HEWEHWTHRE Lo, £72, BMEIZOW T, b, BEbE HI2 S/IC=2 & 3 ® 2 Kk#EL L
7o BA Y MEEIZOWTIE, OPC EAZVITINA, FAC E/V# /LK BFSC /L4 V% figt
L7ze BNAHILAEOKE S ¢ 6.56mmx13mm O MK E L7,

& 215 HBOEH QAVO)—FREICEDIKEREE~NOZERER. 27 )—F)

BfE | B |W/C| s/a EuE (kg/m3) FRFDRE| AR
HENo. | A7V 7 | ERE SP N

em) | @) | @ [ | W O | s [ G | 4B
2) -~ | 45

+
) -@ 1825 15 4h0 | 438 | 170 | 378 | 7h2 954 010 00015

FERD) X1 IRMANIEIRE KO —E E LTHWE,
%2 LAYV R SP8SV &,
X3 v AF—xT 303 ZfEH (BIME (A) X, A=PX0.003%),

() BEICKIKZRLEEDERDHER

FEIEAR T N —T 2 07— 4H TIIBEFAR DI m T2 OIT, BEIERGRE % D BFEFER N
V= VNEHOREITES W EHEE SN D, WEFTREM OIRESRMENR LD & KB ADRKAEK
K OEBIZ K DM A~DO BN BT 2 ENE X N5, £ 2T, ARz Tix, &
FHEE Z & < LSBT E A 2 FRMEIDN D OKRBIEBRNECT 2R EIT- T2,
A2 TN BV LM L, IREZ, 5 2 TRU LR — b p3-33 3 3.2.2.2-4 DEAL
FIRAT DG BN B B BEEATULEE L [FIFRE D 80°C L LT (BEXRFEEAS, BIREH A 7 L BR%
HéAE, 2005),
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x 216 HHOEH (REICKIKFRREEDEZEDFHER)

Ean] . EREE s y#2 88 51

Mo, ’ EXHO] BHM WG | S0 |[BE-HmERR | HERR|EO R E

_ i . [p6.5mm s
VD proErem) ore 1 ERen 2 bee s B anal 200
2) -@* OPC_JEEJLQ QPG | B8 | 045 2 o Fir ,ijﬁf EP-

¥ar 7 U — MEAOREHGRNFE O 5 b Mk R - i, SRSIEF — OB L i L7

2) HBHERABREAMOERFN
® HBOSH

y ARERGTRBR I U 7o 3R O S A WeRR T D T2 D DT &2 i L7z, K& ST K D KHEH
HEBOAEBROWRICH N A P_=2 FE D-OR D D-@IZH5W TR, [Ty F THER
VoA PR—=ZX FO—HE S L CEEA L DE ST LT,

a7 U — NELERIC K D RFBHRAEE~OEEBHRICH Va7 ) — R 2)-O~2)-@Dizo
WTIE, ZNH ERIUAN Yy F TR a7V — b2V THIE L, 227 U — FEHZD
WTIEWTHBE A M OREE Ay FRE—TH DL Z b, Fidk ( 2)-O. 2-0. 2)-@ic
FIY) OB LIZEE CIHEEMICHE4S 2 2)-O L Kitd 5,

Ay 7 ) — MREIC K DKFREE~OREMRD O b, BHMFE, BHE, BA S MEER
EDfE 2 OEIR OB, KO, BEIZXL D KFRAEBRDOZROMGRIZAWZENL X VEEHT
DNWTIE, BAREORFTHICIER Lo Ly MREUE 2 0B L Totrict L7z, BLRIC, &
HAIZOWTRET,

(@) 1EFHR T

FBHZ AT D WINAR A SR D D 72D w0t X Bt L 0 BB O b s 2 e L
Too FTo. mEGEE (igloss) OWEIZIX, JISR 5202 M LT,

7. N X AROHTITITRE R 2 L7729, 2)-@©~@ & O 3)-OIF a4 0 MR i BRI
DRESLHENELLZN 2D-QLREETHDLZ END, ZNHIZHOVTIE2D-OTRELE,

(b) #K X #2[E# (XRD) 1Z& 28 DREE
B O AKFRIREE 2 IR T 5 729, XRD I X 2 OREZ £ L7z, 2> 27V — hZoWn
TiE, BERBODEZ W LTz, X MIONTIL, BREEOE NS X D8R D727 %
el 3 5720, 2R EHIE LT,
BIEIIE, ke 2 2 oLk O L TR W2, BESRME 2 DL FITR T,
- 45{E : X'Pert PRO MPDP (35 VU 5 ¢ J /L 4HH))
« &Mt =4 b Cu, EIR-EE 45kV-40mA, EH# 260=5~60° ,
V—7—AZY v b 0.04rad, FHEHAU v k1 1°
BELBGIEA Y » b 127, A2 15mm, A7 v 7% A X :0.0167° /step

(¢) TG-DTA
HEHZEH T 5 Ca(OH): KLV CaCOs & ZHET L5720, TGDTAREEZFEHE L7z, =7
U— MZHOWTIL, KRB B2 08 Lz,
HIELZ I XRD JIGE & RIERIC A 7 0 FLgk TR L 72308 &2 Fv 72, 450°CHE o TG #hift L v
Ca(OH): %z, 650°CHird TG Hifr L » CaCOs mAHFH L7,
- 3£ : Thermo plus EVO2 (V 47 #E#))
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< & FEEEE 0 10°C/min JIEREERH - S|IR~1000C, HIEFRMS : N2 U A
U777 LA a-AlOs kR : £ 30mg

(d) #MAENHF

B A N SRMENR DK DFEI R K D KFEH AFED A T = X KB L C, BB oA
FLOBEME DK AR EIT B E 5 2 DN S D720, ML EZHE LT,

RE. AFLES AR OWENITH B 2L L7720, 2-O~@ K Y 3)-DIT Mo SR
BREFOIEE RN R DN 2-QLFEAETHLIEND, ZNHIZONTL2D-OTRE LT,
AL oA O E VNI AKERE AR AR 7 v A — % (micromeritics t1:82, AutoPorelV 9520) % fif
M L7z, BIEICIE 3~5 mfe FE OBLREEL 2 iz, MIEEAOF ¥ BT U ERED 256~90 % & 72
DEIICHREIZREYERY , REMNICKBEEALCRBIT EENEMZ, KEBEZREOZERICE
ALT, ZORMEEWE LT,

(e) AHHPDKATE

AKFLTZE A MMBHZE EN DK EICEWTIEZ, 105°CLL F CTHRET 2K &% HHKE

(B7KH) . 106CHH 1000CE TOMITHET dK D EEZFBAKEE LM, Z &£23%
VW, oL, BAC MK TIE, C-SH, = YU HA N, E/ AT 2— ek 105CLLT
DIREFMTEAT D oA GEEK) 2K T D Z Enmb T3 (Scrivener et al.,
2016), 100°CLLFCTH AR OFEE KN OPAKBEL B2, B AL N RMEHZBW TITIEMIZ
HHKEFEAKDGEHEREEZSEET 2 Z LI138 Ly, ARRBRICBWTIE, 105 CoERE Tkl

HARTHKDEEZHBEKEEERL, 106CTH5H 600CHERE F CART /Ky EEEAKE
ELTHE ﬁbto&mCMiTiCMXh®A%mV*#kﬁ@\ﬁﬂlaﬁ¢50MXh#E®
BURFEDE L D Z 0D, T ORBELEZ I 72V REMEK, 600CLL FEfEGKEE Lz, £7-, A
HKEEFEAEKEDE qu‘E;gfuin' BENLEKTELE LT,

H B AKRRIEX, 105°COEEM T 15 B UL BB L=l o &2 HE L, BEE&ED R4 A
KRS L7z, HHEAEZME L%, 600°COERF T 3 BEFIINE L 2B 0B B RE A
KEE L, BHAKRE, fAHKERDVEKEOHEXAZ2.1-1), (2.1-2), Q2.1-3)RT,

wr= (Wo— Wa1),” WoX100 2.1-1)
we = (Wa1— Waz),/ Wo X100 (2.1-2)
wall= wr + we (2.1-3)

ZZTC, wm: HHKE (mass%)
Wo : EVE & (2)
War : 105 CHE#Z DB (g)
we : i /KE (mass%)
Waz : 600CHzZ L DB & (g)

wan : /K45 (mass%)
@ HHEOLHHER

(@) feEHR D
B DL TR R 2 2R 2.1-T 1R T,
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=& 2.1-7 HHOLFEMREDHFER (BEAL : mass%)

HELE BEHE ig.loss | Si0, | ALO. | Fe 0, Cal Mg0 50, Na.0 K.0 Ti0, P.0. Mn0

-T OPGA—ZR

- A 2001 |17.24| 4.18 | 2.53 |52.12| 0.85 | 1.6 | 0.26 | 0.32 | 0.17 | 0.13 | 0.09
D-D~B| oremzu—+ 7.3 | 63.02 | 0.57 | 234 | 1179 0.9 | 0.41 | 1.93 | 211 | 0.32 | 0.13 | 0.04
- | Gomn P B®. | 0.86 |55.64 | 8.08 | 2.61 |19.48 | 0.73 | 0.59 | 1.51 | 1.28 | 0.25 | 0.07 | 0.05

OPCEILZIL. BEE. 8. 26

2-@ W/ E=0.60, 8/6=3 61.04 | 8.69 | 2.61 | 14.78 (| 0.7 0.45 L7 1.43 | 0.26 | 0.06 | 0.05

_ OPGEILZL, R, r 5L 5 A4 5 A 4
2)-@ W/ C=0.d5. 8/6=2 8.36 60.84 | 6.02 1.55 | 19.25 | 0.44 | 0.56 | 0.68 1.94 | 0.13 | 0.06 0.04

9-m | WCEELEE. | 646 |67.79 | 6.31 | L4z [14.19| 0.38 | 0.39 | 0.78 | 224 | 0.12 | 0.04 | 0.03

D-@ | AOELEVAS. ) 523 |60.26| 9.92 | 277 [14.22| 0.73 | 0.48 | 1.56 | 1.37 | 0.34 | 0.08 | 0.05

2-@ |ToOTENBE. | 785 |58.01|0.95 | 203 |15.41| 1.54 | 0.94 | 1.53 | 1.31 | 0.34 | 0.04 | 0.09

1) 2)-O~® K 3)-Dit, RSB OIRE RN R 2 BFEEE TH Y . 2-@DM MK
LA—ThHDHd, 2-OTRFLE,

(b) ¥33R X fREHT

RELOSEMM DR EFEREZFE 2.1-8 12, XRD Fv— h%&[X 2.1-2~[X 2.1-6 |[Z7-7,

OPC ZHW=RETlX, BAV FX—2 |, EAZL, a7 U —sE2bT, T XTORE
TRAFEA L MEHTHLE—T 4 FOE—27 03380 bl

AV =2k (DO, ® 2.1-2) [ZBWTIE, KRk, "L -7 o%4 b (Ca(OH)2) .
C-SH, = b HA NROBE VT =2— FBFEIESINT,

oy )—hk (2)-Q, 2.1-3) TiL, BMHFKDOAHE (Si02) . FA1%E (Albite, Orthoclase) .
HERMNEE SN BME DAY A FOE—7 350 C-SSHD Y — 7 3R SR o T=,
KFIARN T oA N, = b HA M, B I—FRF— bDBFRESINTZ, T2, IV A
L (CaCOs) & [FIE ST,

FNNZ BT, TRTOREHZEBNT, KFie LTEARLV T XA h, = bYW
A FROE PNV T =2— FBFEE SN, £lo BMBRO AR E RABENFE SN (M 2.1-4
~[X 2.1-6),

ENFNFDOE A RAKFIIZONWT, BLE DA U TS 22 272 2)-0~2)-@ K1 3)-O
TIE, BEEZNT THRELEZREICORBMUNRA S C-S-H OB —27 3380 b (X 2.1-4),
ZAVUXIRE D D3 o722 & T C-S-H ORI HEAR, o — 7 IZfEN T C-S-H o —27 2
BOEND LI RoTbDEEZ LD,

T, BMEEEOBEMEEZEZTEALZ AT O A 2 FAKFIZOWNTIE, BEE#HLE
% SIC=3 £ %< L7 ET C-S-H AR Lz (K 2.1-5),

t A v NEFEIC K D EEMAR OEWIZOWTIE, FAC30 Z W= BT, 7947 v ¥ = i@fio
LT A IMREIEE NI, @F AT 7 %IEA L7 BFSCT70 Tit, AV b T XA FOAREN D72
{7poTnie (K 2.1-6),

I-8



x® 2.1-8 IMHEDREITER

[Co
[
(%]
(2]

c—S5-H Calcite hullite Quartz Albite  |[Ortho clase| Muscovite

Portlndite] Bitringite |MonosulfateMonocabon etd
P Bt AFm AFc

o
i
i

CSH C My Q Al Or b
Q

[
[

5 #] @] 9]

Be| (Lo |B=

2O

e pdiel ol elel ool SISl O

cBlpRpeReBR
i o 0 e o
o o

elelelalelelelelelele
wlelslelvlelolelo el

> |QROCRCLORLICO|R

O : v—7MESBHR O v —2 2 D E—ZBREAR A B =2 230 b

10000

2000

5000

Intensity

4000

2000

212 AU FR—X FEHBEDOXRD Fv— b+
12000

— 2D Q Q
10000

8000

6000

Intensity

4000

Mv
2000 AFC Al Ett

24-3 AV Y—FDOXRD Fr—k

I-9



3D
30000 10 e T T
2T |
25000 e 1 @ a a
2 P B | QE’ P
EttAFm Al Ett ||AF' AIAIAI/_ I AI ?- N_, Uv ?B«Er'_,,l'n N ll\-"'- F:‘Q
...................... - A anainail e e
20000 al’) o,
Al Be h l u P 00
= EttAFm Fry AIAI |P'FJ§b._.\_‘"1'V'”'AI I OB 'I ¥ p
2 15000 = P}A ) 0 A i wci
8 PAIB af Yp Q
= EttAFM AlEge JAFD Al eAAI QBe \ pQ
10000 Q )T Q
pale Q R
n EttAFm Al Ett | AFIY Tﬂlﬁlal [ e.IAI ?uj]w' .“Lwlvl" pop
5000 Q) e | ap a Q
e e LQFMAINAI |||J|P AI NI IL?B y || J}&"M
0
s} 10 15 20 25 30 356 40 45 50 55 60
28°]
21-4 EILZIILDOXRD Fr— b+ (FZREHDOER)
25000 o =
ol ) a
g)@ Al i ¢ a o]
20000 |
20 ‘ ‘ O’OJ lﬂo |Orl lTBO H E’o P i
EttAFm Al Ett -'MI'MlW““Ij 0r) 8e) O T U8R o
T p mnall B
%«15000 ol g a A;Orm o qqa 9, Q. QQ
3 EttAFm Al ett Qronhl\ e 0Be ~Or Be O[rl\ P Or
z I
S 10000 P Pl a
Q mgr {eal ﬁ iQO P lp
Al | Be IAI 1B Q
| ELLAFm ALEt R o) R Yl L ek-n'J\—'”k—u-" L'\\,,«B\'l\* o)
5000 p Q F aQ
Hara ” |F |B\e '|N| CTQ ? Cllll:" »la
| enarm e oo LA AL sl SR _sh
0
5 10 15 20 2h 30 3h 40 45 o0 oh 60
247
21-5 ELRILDOXRD F¥y— b (HEME. HEMBEEOER)
18000
Al
2B a o a Q
16000 || —— o)-@ a a
S—) ()]
14000 Q a
Al 1Bep Al 8 P 0
12000 Ete'Fm Algee PAFN h p
> Al P Q
Z 10000 o a | (I a
3 gooo Al J|‘ .Be iy |Q | v ciu
= ErdFm AlEIL TAFR | p Y Lv| m,ku )
I L W Loy
6000 P 'AI P o a
p Q
4000 CLE
Al || ||I \P Al Be |AI ﬂBJ } | | elo
2000 M}“@fl | -d._ﬂ_l V' VieviW) || W'JI' i\ AN
0
s} 10 15 20 25 30 35 40 45 50 55 60
24°]
216 EILZILDXRD Fr—b (LAY MEEOEER)

I-10



(c) TG-DTA

TG-DTA H|E D EER D ) HRKD7= Ca(OH)2 &K&W CaCOs &2 2.1-9 (2. TG-DTA #h#R D
Fr—FE&K 2.1-7T~K 2.1-11 1277,

CaCOsix =z 7 U — RS ORECIIERE FIREUL T & 72 o 72, B X BT 5 Ca(OH)2 i3,
OPC ENLZANEH %L . RIZTFAC EAL% /L, BFSC EAXALVDOIEIZN 72K 7o 57, OPC E/L
B AT DN TIE, EM SRR X 59 S/IC 28F U ThiuE Ca(OH): A FRI%ETH - 7=,

& 219 CalOHREHERU CaCO:EEE

Ca(OH);ZHE | CaCO,ZEHE

(mass%) (mass%)

sEs | HEEE

) OPCR—Z
p=4 W/C=045 16.0 ND
-2 =

2@ oroTau—r 25 11

OPCEJL AL, BEE.
2-5% W/C=045,8/C=2, 6.0 ND
=4

OPGELSIL. B,
2B W/G=0.45,8/C=2. 5.8 ND
50°C6hszi2
OPGELSL. B,
=7 W/G=0.45.8/0=2. 5.8 ND
80°CBhzEER
OPGEILSIL BB,
28 W/C=045,8/C=2. 6.2 ND
B0C24hEEE
OPGEILSIL. Bl
29 W/G=0.60. S/0=3. 5.1 ND
=4
OPGEIL&L. EE#,
210 W/G=045,8/C=2, 6.5 ND
=8
OPGELAL. R,
21 W/C=060, 3/C=3, 4.1 ND
=
FAGE L2, BB,
21 W/C=045,8/C=2. 3.3 ND
=i
BFSGE/LZIL., BB,
21 W/C=0.45,8/C=2. 0.7 ND
EA

oo 000 4mo em. o 0.0 w0

2.1-7 OPC R—X k® TG-DTA gh#R
2)-D

Temperature/c

21-8 OPCa vy !)— +® TG-DTA Hh#R
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2.1-10 EILZILEHD TG-DTA #fR (OPC EILAZ L, EMER)
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(e) HEMHPDKRE

B DO R E I K DKBRAERDAZROMHERIZHN - A b= FE D-OKL T D-Q0D
KROBEREDOFR R ZFR 2.1-10 IR T, ok, KSROWEITENTIL, ATy F Tzt A
VR D&, AR Lo E i LTV,

£ 2110 €AY FR—Z FREOKDPEDATLER

[t waE
S HR _ BHK &Kk | 2Kk
AVRC) | We | BE-HEB | BEEE] % % %
-0 | oPC 20°C, #Hg
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HE, DN T 106 CTHEEIC/AR D EFTHE L, £ LT, 2-O0HMBKREIL80CL 1065 CHEE
BAOEF NG, 2-@Q0HBKEIT 105 COEREDILENENRDT-, FEEKIZOWNTIE,
2)-D & 2)-@ & TRL ERE L., 105°CHEER% DB B4 12 600°C THEME: S H 7= I o & B
ZHE LTz,
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é_;t 3 & P i
I AEH | Bk | @Ak | 245
Bade | umEh| % % %
2-@ op,j:ff 7\ g0, s, aw | ®E | 52 28 8.0
OPCIX 7| 20°C. HHe. 4w |_
2-@ |77 e s 20T W] 08 28 33

I-15



a7V — MBI K DKFRAER~DOEEMRO S B, BMHEE, BME, A MEER
E Dl 2 OER OB, KON, IREIC XD KFRAERDZROMHERIZHWIZE L Z AGEO
KOGBEOPEMFREE 2.1-12 127,

Bl E 23 A U CREBESRIEN B2 D 2)-0~2)-@ K W 3)-D& il 5 & | #IC LV B BRI
D UTe—T, FAKEIIEL Lehoiz,

BMENE U CEMEEN RS 2)-0L 2)-0, 2)-QL 2)-Ox ity 5 &, s
Aunizilkl (2-OKk02)-©) NEZ AW RE (2-0K& 0 2)-) L HEKRE, BEkEb
(2 1mass%feEL o lz, b aEHH LT 2 EEMEHER LT 20 HHKEDZER
1. 5D W RIS DWIKERN 1.8T% T 722 & D OHEITILH D25, HE O KERSy
DKFTHRYTEEEZ N5, MAKEDERIZOWTL, ICEENDHMITH KT
LEHEME DL B DM, ELICEHEMABRFNLETH D,

BEMEENFE U CEMENRER S 2-08 2@, KU 2-0% 2-OxFnThds L,
B ENLZWVERE (2-QK ) 2)-)) THEG /KD 1mass%feE D 7o T=, BMENZVKUET
ITEA Y FERDRNT EREEL THAKEND R holzbEXBND,

£ 2112 ELZLHBOKSEORERSR

- s Bk B8k | #&K | 2Kk
BERNo. | IS TXH G | BFfs Wil G 5/C L -FAE | RRXERSET % % %%
207, i
25 {?I/P;IJ oPC RS 045 2 4\; F+ED 10.1 5.7 15.8
2070, i
2)-® {?LD’;:JL oPC BB 045 2 4Wi 50°C Bk 6.1 5.9 12.0
2070, ik
2D {?I,Pgu, aPGC FED 045 2 4\;7;@ 20°C 6h 1.4 6.1 7.5
T
2-& {?Lp,;:”/ opc e 0.45 o 203\,\?1*& 20°C 24h 1.0 6.0 7.0
20", FHigk
D-@ |05, | oFc mas | oso 3 M‘ﬂﬁ =i 99 46 145
NONIESE
2)— {?Lpgn, oFC R 045 2 =0 4\;15@ E 9.0 4.7 13.7
20"C, gk
2)-{ -E?I,p;b oPC | oso a 4\;7;@ et 8.5 3.8 12.3
20°C. 3L
2-@ |05 OB | e | oss z P e 1.2 4.0 15.2
20°C, FHiiEL
=@ g | CTaotS | wmes | aas 2 e E 11.6 3.7 15.3
20°C, FiEL
- -E(le,Png, opc e 0.45 2 4\; FiE 10.0 5.5 15.5
20°C. 3L
2-G-F [ oL | oro e | 045 2 ewi *s 9.7 - -
20°C, FiEL
3-D-F -E?Lp;p OPC HEd 045 2 awl E 96 - -
y a7k mBEk
5 20
R L
I
=
%‘ 10.0
N |
5.0

2@

248

sl
2114 FELZLEHOKSE HEBE28BHT—2DH)

24D

)3
X0

I-16



3) MRSTEER
@ HERAE
(@) r#RIZ&k DEEHHER

REIO K E L DABREBRDOZEROMERIZONTIE, BA L M= h~D y RIRE 24
HERRFa90 K 60y SIS =IC TERR Lz, Zhid, Tk S1FEEDKFET AREIZLDES
FROERRBRICBNT, KEREBND R TZRRPEI O KX S OB TH 5 ATREME 2
AT A7, Rk 31 LA U CEET H DO TH 5, BEHERIL, § 1kGy/h T,
2 HEEIRIC Ty BIBR 21T o 72,
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ORGTRERIT, WAk 31 R FE T LAkk, ENLAFZERRIEN & 7RI E st s (QST)
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2R DAKREFRAEBOZEOMRUIMIEIR T v BRH 2175 72,
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BAIhiZE R, AKFELANORS OWE BT 2 A1 Ar TE#L LT,
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AR RTFa 30 b 60y MRS CORKNRBRI AKX 2.1-15 1Z777, ARBRTIX, KEY
AR EHERT DHT, WANY RY VTV RAT L&A TRBNEA BRIE L,

AL FR— 2 FRENIEENER., ATV L ABRIEARBICAN., &8 0 V7 EmEL.
770V EB U, RRBRICBW T, T AR EEZ RO H7-D12, [ENI RN L OELE ER
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FENLH VB D OKFEH ARAEBOPERBRIES A A —U %X 2.1-18 12, v BREEHRERO
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Z 75ml, EEERDO N T AR I K 2.8mm OY) & Tz, BEAEZRIT T O 100°CLL BT 1 KA
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ﬁ@ﬁﬂﬁf%%ﬁﬁétw X 2.1-21 (R TEERZHDIAATE L v MIREL X LVEEZ
DOy MREAZ VB — IR AIRICAINL Ty SIBER A T L7z, 7, fHIRFEN
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2.1-18 1T d, REORE ST KD KFEREBOEROMERIZHOWTIL, Im31$F@mﬁ
AFEANZ L BT ER- ORI R OEBRIIEH T 5729, Ha, 02, N2, CO: 2 HIE LTz, =
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*® 2113 DT HHRAES

BN T ok I VAR )
DO ASZICSIAKERFOEEDEDR H. 0o, No. CO,
2O —tEESIC IS KERFE RO ETESR H
3 mECIINERLTEOEEDES H

® 2114 AR/OX IS T74—KEDOMLH (BREEKRFI/NL F 60y REHETORSE

BR
EBH Varian CP-4300
158 H; My 0, O,
BT RIEfE I ES TOD TCD TCD TCD
BT 8a E 01-~2,000ppm | 1-~1,000,000 ppm 1~1.000,000 ppm  [0.5-~1,000,000 ppm
Fv JH2 D 7O 7O FILdu
BB 1S ERE 1R ERE 1 EiRE 1S ERE
198 ppm 1040 ppm 1010 ppm 1980 ppm
A E ~1ml ~~1ml ~1ml ~1ml
Do LFEA M5 & M5 A M5A PPQ

xR 2115 HRYOT RIS 74 —HEBDHH EFHERMHERZEME (QST) aB=F
SRR O/NL FMETOREER)

HIEIEE k& (Hy)
25 TCD
= %i}%ﬁﬁﬂ : 50~ 2000ppm
AEE KE2ER : 5~50ppm
FLUFAR Fidw
%2 WE
B HAEE 50, 100. 500. 2000ppm
EEER © 5.10. 25 50ppm
S TE B 105 /& (&
g ~~1ml

Q@ r#EBHFICLYRELIZKRE
(@) HBHOKREZIZLIKZREDEERDHEDR

AR D X 912, Pk 81 FEEOKFEREICLDIEN ERORFHTB WL, AFRAEERL
v PROEBEA Y FA—=Z I L REL DRIV D72, REOKE S0RER DN, &
BIORE SOREND D50, BEE Ay r—VNOKFEE AL BRICBIRE R L 58T 5 2
ERME LI D, T, ARFHZB W TTRBI O R & S AKFERERICKITTHELHRT D
72, $60mmX150mm D AL k=2 FRE (LLF L7 EHE £, D-O) &, thE
<6.7mm ([T L7230EE (1)-Q) 76 OKFERAREL K LT,

ARHRBRIZIBN T, v BRI K DKFET AR RN E GRS 2 BT,y SRR Ik FEIC
EBEN EFOBRFNCEB L THWET AN R V7V AT MLV JEAE b2 L CHlE
Uiz, T IBEZLLRE LT, ZZTHIELZENZ, HANY R TV AT A+/30T
R EHE N R DOIENTH Y | AREECTIHEEMICRBROIE ) L RKiET 5,

AGRER D y BRI OFERR O ) R ONRE ORIERE R K 2.1-23. K 2.1-24 12, 7= PV/T=
—E & LTHAREBEEOIRE 22°CIZIE N #MIE L2 X 2.1-25 12777,
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& 2116 HEBRT—42 EHMOKRETSITRIKEANRAREDERDHER

1@ -2
; OPCAR—ZA. OPCAR—ZR -,
REEE W/C=045, =& W/GC=0.45, =&
D60mm % 150mm < 6.7mm

AAEREOERECC) 213 22.1
HREBEEREOEH (KPa) 1131 96.1
BHEFEREOEE (°C) 220 246
EBHEEREOREHN (kPa) 1043 1024
HABRREOREIZHEELE 104.1 1015
|5 BREREE DT 47 (kPa) ' i
BREOEEROEERE (m) 86.588 3951.766
HRER AR A+AZRIOEIE 36.376
EEEA—YOEERE (m) i

K 2117 AZANHRE BFHHOKRESICEDIKRTRAREEDEZEEDHER)

: x4 HAGHi#E
AENo. | HHE=E wi Hs o, N, co, £
OPCA—RAR. e s e At | At
1)-@) | we=0s5. %8 | BE (o) 18720 20214 80875 47| BR T SRR
60 mm x 150mm -
OPCAR—ZRFR. > T
o F HARRRALAIZERLH
1)-2 Mé%?—?n'mﬁz BE (ppm) 7511 21428 224338 29| PR

INHOREFICHESE | KFBRAEREEZ RO, L7 EE (D-O), BEkel (D)-Q) Ebic
T APRE L BERENOKFOENBER M LT, fREER 2.1-18 IR T, RIBRITRF LIZERE
FREIX, JENEEROAT VU ABEZ X D EORE 0.2% % fiE L EE R~

KA EIT, BRERBI OB L 73 B LD S ST,

& 2.1-18 BHFHRAEHR GEHHOXREZICEIHKEARREOERDHER)

BRSET HRAREEE

4ERNo. SEE ERERE| HHEE BE SEAL E SEALE KEBEE
kGy g C kPa °c kPa umol/g/ kGyﬂ

) OPCA—ZF.
1)-D W/C=0.45, & 43.16 7938 22.0 1043 213 1131 0.0031
DF0mm X 150mm
_ OPCA—AR.
1)-@ w/c;o.%.iéi 37.74 653.0 24.6 102.4 221 96.1 0.0051
6.7mm

1 HBALICRE STV D kGy 1F, R OEREMHE OKRE) 277,

RREROFER A LU IR,

B2 HRE SORBCAZBRAERDER DA U D0 OMEZRRBR TIE, /DEWEEI o KHER
HEBNEhoTz, O NS, BRI S DAERAEBTMICB O TITRBIO KX &N
KRFEORAERITHET DL WVR, Wk 31 FED L7 5B 2 AW JE DRIz B 0»
TALy Pkl L BKEREBND RS TR, BIROEETH HAREMN D 5,
KFEFRAE R (nmol/gkGy) DOfEIX., ¥k 31 FEOFREA DOV v Mk E O
0.012pmol/g/kGy (Bt % —, Ji7 kg, 2020) 23 H %<, IRWT, D-QD ¥k
B> 1D)-OQo s 7 il EHONE TS hro 72,

Sth. WESTREM N D OKRFBRABRZRFT2I2HT0 ., ~Ly MEBOFKENGH LR
7o GIEZEZ WD & KFERAEEZ BRGNS 2 FTREMEN T E TE RV, KFEAELDHE I
LIROIA~H S D KRFEORE OKFERAER) [TV TUE, BIREZBETLILENREZ XL
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N5, K 2113 ITRTEICEAL FR—=ZA a7 U — bk TIEZERSAN R ST
B, LGN R D, T, BB T DL IICKE IORBELS VN D ATFEMEN
BETER, REORE EOEBIZHONTL, S EITHRINBLETH D,

B, ST REHI B W TIRRF R E ) ERBFRD v, KEDHEEL TV DL FEEMHERO L
THRHAZKT Lz, —FH. Bt Ot A F—2 FERBHZBWTITE DN RIFEIIE T L7,
RER T CIEA B e ZBZ DR L O LEED 21T > 20N ENE T OMENCZLITERO o722
L RO BEPNCIENRBNDIEN D KGIELVIELS o2 v, V=7 BFNTH S 0]
REMEITIR WV, etk B CIE D AME P 2 /R LIZEB oA ErEE LT, B A Y =& Fakk}
HKE~DH ZADWENRBET-EEZOND, 27 REITIERD bR o T2 H 2 DOWERN RN
BRTEAL U7 BRI IR Tl WS, BIfic L DA X=X FEBL OV A AR/ S L o Tatz
DI H AW DN LT-EN, HADO—o2E L TEXLND, WMBREBINE RGN
Z Ar TEH LD, Ar BEET ISy MEBRK L2720, Ar SWEFHICE L Tvieho 7o
AEEMENE 2 B D, LAUF, HERIOEZ H 720, A v b= MEREIOMIALH IS IR A FELE
T 5720 Ar (T AS TN, MIFLLSLOREIEm T b &b EWE L Tz N O—HFR
Ar EEBT DA A S 272, Ne O T HAEMED 16.2A2, Ar 7+ HAHED 14.4A2 Th
v G, 1970), RIS T 2WETNAEIT N2 L0 6 Ar D FRLN 2, N2 & Ar OEH#;
DEDITENE TN Z D EEZDND, 7L 7 REHCIE, MFLLS O & o mFE T sk
BEE D H/hE 7z, Ne & Ar OEMEN DR, FRFRECEENCE L & & Bz, ESMETA
BE L Lol bBE 2o b, —07 ., BsEHIE B A X%/ S < L2 OISHIFLLS O3
BHEIEOmENRE <, Ng & Ar O BB THI2E LRV IREE Ty BRIRE 2 320 L 7= nTREME &
B DT, v MEBEFE No & Ar OEBEBET L, ZOREENDMET Lo /BN E X D
N5,

(b) IV —EABIZKDKRELEE~NDZEHET

AR O & 912, EEEONEFREML, BKRBOEBOBA NG 27 ) — FBALRME LB
ABNTWD, ZOHE, NEFTREM T OBMEGNE 20 | BMIZE EN D KIKFET A5
AN RIE BN AL T D TR H D, £ 2T, ARSI TIE= 27 U — MRAIC K D KFEHE
HEBA~DEBIZOWTHRF LT,

WEBFRIEM & L THESN OB A TH-E Lica 7 U — B2 VT, B 5HERED =
7 U — b~y e LIEBROKRBEREREZAE Lz, MERRER 2.1-19 IR,

BEB, KPO 2-QRV2)-@iF, ERHMELEZ LA ITHREYL T2V OKRBEREEPEDD
MR LIZbDTH D,

& 2119 BRHHBRAESER (VY ) - FESICKDKRREE~NDEEHR. 22V ) —

&)
ot 2| sryem | FARYH BERER KERRE [KERLS =
SEne SHEBE |[EENEE| SAHES LEDRE KAEE HEA REMEE SE1E s KEREE
kGy E C kPa kPa ml ppm L mol 1t mol/ g/kGy'
oPCa ) —+
2-@ 202(3;':?4“‘ 5.6 977.611 249 99.9 118.9 2503 1420 17.3 0.0032
opcaL)—+
2)-(2) | zoccagaw + 5.6 930.753 245 1021 118.4 2716 151 2.0 0.0004
BOC 1WBEEE
oPCcaLs ) —+
2)-3 ZD:C;#: W 1.2 987.835 28.1 100.0 124.2 243.8 2005 24.6 0.0035
oPCa ) —+
D-@) | zocHEsw 245 969.497 28.1 100.2 110.8 250.8 6065 68.1 0.0029

=
DHEALICRENTWD kGy 13, BhOERERE OKE) 277,
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AR ORER A LU IR,

¢ 60mmx150mm DKE XDV U — "0 HDOKFEORAERZIET D LNk,
SO CT 1St -a L 7 ) — b OKERARIT. W TREER )T a s
U—rD 1Y BEIZWD Lz, 2O b, a7 U — 0N /KFERAEBEORIIC
AHhTHDZ ENHBRIIC bR SN,

ERERELZ L Z 5. REIFR LN D2, AFERAERE (amol/g/kGy) 1THEICL > T
b3, a7 U — b TiE 5~24kGy O#HiFH CTKRFRAE~DIREDOEEIIZED Sz
-7,

WIZ, HRERHYH e R CE 2« OER O FBZ ML T 5 2 &0 RO, 5k 55 L T2
ERICTCT — A HMEIZIGT 2L 2BEL, XLy MiiOD‘%/l/ﬁ/lx%ﬂﬂb\T”%’M@iE\ EE%)
&, B AV N E O 2 OFEROKFET AFE~DOEBEZ R LTz, ARBRICBIT 5, KE
HAEBOWERRREEE 2.1-20 [ORT, £/, EALZLVOHBKELNEKSE &7k %ﬁéim
BAfe % . PRk 31 4FEORBR THW=ELZ /L (W/IC=0.45, EEA, SIC=2) OFT —% kU4
f2EEDOaY 7 Y — FOFER LT, 2.1-26 IZFRT D,

& 2120 BHHBRAEHER (V- MREEICKDKEREE~DEZEREE. EILZIL)

= b 2| sy | AARYH HEREE KREBE | KREEE =
o HEEE EREHE HBES LEnEE ARE HE A REEE Ptfeayes Py KEREE

kiGy E C kPa kPa ml ppm L mol i mol/z/kCy'"

OPCELAIL., B,
28 W"C=°-¥&i5"0=24 5.6 40.819 25.2 99.6 1214 1321 187 1.2 0.0054
OPCEILZIL. B¥.
2)-(®) | wo=045. s/c=2, 5.6 40.808 251 99.5 120.2 134.7 168 1.1 0.0049
50°CGhEBLEE

OPCENLAIL, B,
27 | w/c=0.45. s/c=2. 5.6 40.835 25.7 101.2 120.3 131.6 57 0.4 0.0016
BOCEhEEE
OPCEILZIL, B,
2)-@) | wo=045. s/c=2. 9.6 40.438 25.7 101.3 122.7 137.8 29 0.2 0.0009
BOC24hEEiE
OPCEILAIL., B,
2@ Wo'C=0-¥;t5w'C=34 5.6 40.654 24.9 101.6 118.2 137.5 235 1.5 0.0068
OPCEILAIL, R,
2)- w;c=0¥&i5-'c=z 5.8 40.805 23.7 102.0 1226 131.9 119 0.8 0.0033

OPCEILAIL., B,
2)-0 w,-c:o.;;;ts_--c:m 5.8 41.031 23.8 102.0 1210 136.2 163 1.1 0.0045
FACE LA BeEb,
2)-@ w:c=0¥%5-'0=24 5.8 41.080 244 101.0 1254 131.1 24 1.6 0.0067
BFSCE/LZIL. B,
2@ w;c:o.l;;ia'c:z 5.8 41.850 246 101.0 1239 134.6 216 15 0.0060

DEAICEREN TS kGy 13, RPoERE#E KRR 277,

I-26



)
I=
—

2 ¥ /kGy)

g

H, = ( £ mol/g(

—
lws)
e

1D /KGy)

g

H, = ( 1t mol/g(

0.01 194E OPCEILAJL R
S/C=2

A20%E OPCEILZIL R
S/C=2
204 OPCEJLZIL- EWM
S/C=3

A20%E OPCEILZIL Frid
S/C=2

A20%E OPCEILZIL Frib
S/C=3

A 204 FAC30-EILAZIL FF
S/C=2

A A 204 BFSC70E/LAIL B

.A S/C=2

0 . 204 OPCaV Y )—hk
0 10 20

HH/KEZE (mass%)

0.005

>

0.01 194 OPCEILAZ L W

S/C=2

A20%E OPCELAIL W
S/C=2
204F OPCEJLAIL W
S/C=3

A20%E OPCELAIL i
S/C=2

A20%E OPCEJLAZIL i
S/C=3

A204 FAC30-EILZ L FRFD
S/C=2

A A204F BFSCT0FE/LAIL - FE)

A S/C=2

204 OPCaV Y )—k

0.005

»

0 10
£ K7 E (mass%)

(A) BHKEKRELEEDEKR. (B) &Kk EXKRELEEDHER

20

2126 EILAZLBHOKDEEKEREE (umoligkGy) DEEF

AFBRORE R 2 LU IZRE T,

2)-O~2)-@D BN D, T AL FR—A F EFBEEAZ VICBWT Y, BRI K D HBEK
BOPRWMNNAEVVKFBEENBDT 5 Z LR INT, £, 27 U —RMI2NTH
[RARICHZIRIC X 2 B HAKEOBANEVKEFRAEEN BT 3, KO, BHKEKFER
AEOBRIZEBNTITEA Y R—=Z N EFERROMBM TH DL Z LIRS, 27 U —
MZOWTIFRBI O R EZ ERR/ > THDHA, K 2.1-13 1Z/R L2 L D IZZEREBE AN &
AL A=A N ERRDEDITREIORE SOFEN, BAL FAA—A B LTKE
SENRDSTZAREMER S D, REORKE ZOEBIZONW LS LIRFAPMETH DT
W, UTFTIZEALZILOWERIZONWTORSERT S,
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B OREIC LD EBICBWV L, IR EEME DKy SN EEN TN D
ZENS, BMICEENDKGDOKBIRAE~DEBEERFT D720, REIRIE (B NES
DOEBRIZKEFE> TWDARAE) OfRD & MEROIRIEDEERD 2 Vo, b & EED & i3~
L (2-BL 20, KU, 2-OQ& 2)-@), FHbERAWTEREINER 2 F W2 E L Y Bl
KE, FEAKE BIZ ImassW%iBEL <, KFERAREL L ol AR L7z X D12, Wb
PR LI-EAZ LB EFER L2 LOEHKEDERIL, 55055 T RIORRD
DOWIKFEN 1.87% TH o722 E O OHERITIEH 203, #id DN O RO K IR aH 24
THEEZOND, £T2, 2)-O LRk 31 FEOEERM A H\Wi=E /L %)L (W/C & S/C 1ZIF]
GfF) LT AL HBHRKENRFRBECHY, KEREELFRFELLSTWND, ZDLED
EMAEIEIC L ST H BKENFAS THIITKEREEBENFASE THLHE, o, Bk X
INCHRRDBEMEZMER LT Z O HKEDZRPERD ONEBO BB OKIZFHE S5
EEZOND T END, BMANEOBBOKITEBEAKE LTESD W, KEREICHEST
LHATREMENEZE Z b D, 721, ZRNMISHOXOHBENTHLREELGETE T, &
ICRERR R A E L E 2D,
BMEOREBIZOWNWTL, 20L& 20, KU, 2)-00L 2)-QD ik X 0 EEm & O & b
HHAKRIIFRZETH T2, BMENZ D SIC=3 DB OFE T KFEREENE -T2, K
HEEORREOLTIHEL DX OFPHANOATREME DL H DM, B —X—2 MEHOAHEKE R
—Z RN HHKDOREDOENDKFRAEBITEBL TV DHAREELEZ NG, Fi-,
X 2.1-13 (2R L7z & 9 12, EERP W DA SIC=3 OFEID 5% S/IC=2 Ok &
Fo# U C22BRAE DR & WZERR K TN b —Z IV DZERRIN L N2 LB L TS AREME S B 5,
T AL NEFEEOEEIZOWTEL, IRE® AL FEAZVICHONTEH, OPC /AL X IVITEIT
LHMEKEEKFBREEROBBRER —OBRICHL LB DN, BAL X=X DD
H BFSC N—ZX MIAHKENKE L b tOfEHEOEA Y FEHW =AY FX—
AR EKRBREBRNELRDH LR SN0 (BIROK 2.1-27 (2 THH) . AR THW
72 BFSC =2 V3o A hE WAL Z L L RIEDOKBZRERTH T,
BIpDEHADENLL N TH-TH, HHEAREKEREENFR —ORR CEIE T % ilH
R D, L, KEEORRICBIT2EKEDEZRT, X6 OHBANTH 50,
B R - FEE O A v N OFEOE WD KE T AL ET 508 5 0T 510%
T=EBATThHLEZEZOND, WEE, T—F%EEL, 207 U — MIXDKHE
T AFESDOFHl~E BT HUERH D,

(c) BEICLKDIKRREEDEEDHER

FEFAR 7 N—"T 2 R0/ )—"7 AH TIIBEIROFEGE D S o DIT, FERIARR E % O BRI N
v = VNEOIRE I EN EHEE S LD, WETREM OREREN R D & KFEHADFAK
ISR OJEBUZ X 2 IMB~DO I FENC BT =N Ex oD, £2T, B 2K TRU LAFA— K
p3-33 & 3.2.2.2-4 OEMEMNT D5 RIS 2 BEFER R & [FRRE D, 80C L LG D~< L v b
WDOENZ DG DKRBEREREZRF Lo, KEBREBEORERKLELE 2.1-21 ITF-T,
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= 2.1-21

HBHSEHBRAERE (REICKSIKEREEDEEDHEDR

RSO

A

# AR

AERE

KEREE

1)
2)
3)
4)

AUBHARERIC

Tl AR

R RIZLUL T O LB TH D,

HAIZFE SN TV D kGy 1d, R OEREHRE OKELHE)
15D BAL. A AN FTH
il 6w DR THAE % Fhi L 7=,

R,
EER D DT OBBEE LTRT,

= » 1 : = 3 -
SEN.. | BEEE HENEE = =ERFEE HuEs LEmaE FEE EHEN REHERE | AK=EE e KEREE
C C C kGy g C kPa kPa ml ppm L mol 1 mol/g/kGy
L = 243-269 251-265
25 e (26.0-26.9) | (25.7-26.5) 56 40819 252 996 121.4 1321 187 12 0.0054
| 80.4-823 78.6-800
—3e!
3)-1) 80°C (809-820) | (79.1-80.0) 49 40816 246 1015 1206 1307 251 1.6 0.0080
P - B 240-256
2-6-F =R (25.0-256) 58 11.312 221 1017 1222 1456 93 0.38 0.003%8
gy _ 78.6-800
3-8 80°C (79.7-80.0) 53 11338 228 1017 1262 1497 72 055 0.0092
BRI PRRIERE] 5 BER 208 L C OWRERIFH, TE:D v a PR B2 & 50 itk RN ZLE L CH S O EFiH

AREHEE 2 & < LISAIE A v FBRMEN D OKRFERAEBNET 2 00EREIT- T2,
ZORER. IRFERAESIEDEAE STz DD, JEEUS L 5 KFE OIS DMEE S iz D>
I3 5 80°CIZINEL L7 IRHE T y MRS 21T o 723UBt 0 523, =|BIRC y MRS 217
STEREL L D QKB ABNE ST,

TDZENS, BEERIN—T 200V —7 4H 73 EREIERD D QBB E
I, KBERABICBOEELZBRTLUNEND D,

SNoY;

=

(d) r#HREBHICKDIKRRELECOVTOEE

B2 FEIIR Ly MROFAZ VDG OKRFEHREBOPEFRE RGO, 26 &R 30
FEE~31TEFEITHF L TE 2Ly MROE A b= h ROV 31 4EFEDE L X Lkl &
OFE TP L7, SERE 31~FF 2 FEERF L= L v FREBHZOW T, A Y MEE I & D HH

K EAKRFEREBORREZE 2.1-27 [T d, MPIZIE, BAY PR=ZX FRBOT =468
U 72 B & DR T g
I 003 B gm w00
3 & &
g 102 % e | 5 % oz | X
£ 2 * 2 ¥ X
3 - 2 oo, 2 o
£ oo 0.9 EELLL s S By )
i '-JA ° COFG - 2k u:?%i‘ bl OF 4G = 7 ! S XEFSC~T— 3
z Déifd & e ; .Eﬁaww i v
0 0 s .
" e " afheedee ¢ N e,
(A) OPC. (B) FAC. (C) BFSC
B OfEHRITE A v b= h DT —Z ) HEH L 72 ELER

2127 AV

BFSC OF —ZIZOoWTIZIEL 2N KEWNWEL00, ¥ 2.1-27

T L DA MKE L AKRBFFAEBOBRIT, TEEROMEE

(2 T0%FREE

ORI X DI, BA L MEE
@ﬁ’om1ﬁﬁ@%£ﬁ

HHLODOWT NG EFEOMHEA 2R LT, 2. BEAZXALREOT —X 1%

FMEECLOBHKEEKRFELEEDHE R

P E R DU

v b &z,
IHEBSE 2. R S0~Sf 2 EEMRE LTy REREBIOAETFT —ZIZHoWnWTH, HHAKE.,
FEAKBERONEKSE L KBRABORZRLZM 2.1-28 12777, B, KKIZIZSM 2 FED =
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Y U— R OT—Z bR LT, L, RESDEHE

0.03

0.02

0.01

H, 2 (1 mol/g(Et#h)/kGy)

0.03

0.02

0.01

H, & ( 1 mol/g(F#1)/kGy)

0.03

0.02

0.01

H, & (¢ mol/g(E#)/kGy)

(A) A KR LKRRIAEREDBIR,

2.1-28

WZOWTIE S BIZHRFINETH L0,
HEL L TOFRRIE ED, TPEROEHIIZa 7 )= OT —X &R L7z,

RO BEG

I-30

0184 OPC
(A) O194F OPC
184F FAC30
X o 0194 FAC30
o Q’,O’ X184 BFSCT0
g % 194E BFSC
0w 194F OPCEILAIL-ERD
o O A20% OPCENLAL-ERD
e’ m| A20%F OPCELAZIL-FHS
xi(% o] A 204F FAC30-EJLAFIL
oﬁﬂ A 204 BFSCT0ELAIL
0 f’ . ‘ . . * 205 oPcaro)—k
10 20 30 40 50
B HKE (mass%)
pon 0184 OPC
0194 OPC
184 FAC30
0 0194 FAC30
00 o X 184E BFSCT0
& X194 BFSC
06 © 194 OPCEILAL-TER)
% A204F OPCEILAIL-ER
x0 K 4 A 204 OPCELAL-FHE
A dJ o & 4204 FAC30-E/LAIL
. AL O é;j I A20% BFSC70ELAIL
o A B (8 # 204 oPCavH!)—h
5 10 15 20
$HEEKE (mass%)
0184 OPC
(© O194F OPC
184F FAC30
x g O194E FAC30
/_r’@O' % 184E BFSC70
R X 194E BFSC
,rj" q@ 194 OPCEILAIL-EEFD
o A20% OPCEILZL-ER
K 0 A 204 OPCEILZIL-FAEY
N ’ o'%" 0o A204F FAC30-E/LAIL
.. ko A 204 BFSCT0EILAIL
N ,"Ig'é? . . , 204 OPCaLY')—hk
10 20 30 40 50 60
KD E (mass%)

B) fEAKE L KEZBRABOEZR, (C) 2ksyE L KFER

FRIOFEE~THM2EEDONLY FHAMDKIE L KRELEEDHER




B 2.1-28 M Hi%, BLTFOZ ERFEARI S,
© BHKEEKRFEREEORSR (KF (A))
HIZHBEAKEOBNNZ L KFERARSEMU MEHEE (B A > b= b ELHZ L)
R OMER L7zt A MEEN R > TWOT bR — O EEGR TEE T X 72,
BFSC % AWk ECld, HHKE L KFEH ARAEBOEMRBIER HAN D SRR S
DI, AT THO Fe FENKFH ABENEEL TWDHAMEEMENRE 2 6D,
FEAKE L KBREROBSR (X (B))
AKENTRIRY | FNAH VT S%REE, AL F—R FTIX 12~15%FEE DFE A K%

G TS,

KGR EKBREEORERE (XH (C)) 1
HIZEBAKSEDOEINIENKZRREENM LT, BEA LV FR_R—A M EAZ VTR D
EARER CEE I, TNENOEBII AT THY, Ml 02T A P =2 M &

BN HFNLENZENDOREE/KEIZHY LT,

IZBWTIE, EA LV PR—ANKDENLZ L E

IZBWTIE, EA Y b= kN EELHLTHE

IBWTHE, BEAY PR=ZA FKELHZ VL

UEDZ b, R=R N ROENZVABPEGEET KD D5, KFEHTAREIZ T
LRV DFE L, B & KER Zh

B HEKDFEN B TH 5,

Y2 & s D, DED, KFEFEEIS

F7o, a7V —FMOHBKEITEA L PR—=ZA OB X LI DN b BT REY
RITDHZLETELICHEKEND RS 2D 2EZETLH L. HREAENDZRWEPHNEE L 722
HEEZ, HHAKE 0~15mass%DOFMH ALK LI-BHKE L KEREEOBGRAZK 2.1-29 I

ANE RS

001 O18%F OFC
~ 9 |orgEorc
3 o ’ 184 FAGS0
& 0194 FAGS0
Eon X Qi X184 BFSCT0
i X194 BFSG
R . A 194 OPCEIL 2L -EEES
5 0005 o 497 AZ0F OFCEIL2)L-EED
£ A20E OPCEILRIL-2ED
= o0& * A A20E FAGBO-EILAL
iz | % A20F BFSCTOEIL 2L
T J €20 OFCI 7 —F

&
0 & 1 1
0 5 10 15

B H/KE (mass%)

WRRIE 2.1-28 (A) OETF—% L0 EH L PERE2 R~ T
X 2129 FHIO~FHM2EEDORL Y FREOBHKEEKFZREEDEFR (LX)

MR BIE, LFOZ NGNS,

TR RMR=ZA MWL TEAZXILDOT —Z TIERERO FTRIO T 1 v SNEDo 7203,

T2 FEORBAE RN DITE A b= & BRI R R D)

IFREO BN o Tz,

Gtk T EIFE L. HEKELAKRBREAEBORERD 1 ROEMITELCHAETE 20%

W D HEN D D,
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ULEZBSE 2 vy BRI K2 KFEREIZONT, BITOEY £LH5,
a7 ) — MEEAIZ K DKRFBRAERS~DEEIZONT, BMNEHOMBROKITZAEHAKE L
THDHEI T ENREINT, T, BRIEETH-TH, HHEKE L KFBHEENF—
@%ﬁ?ﬁ@T%éT%ﬁﬁbéIﬁﬂ/%mﬁﬁ®#£ﬁi%og®ﬁIWT%éﬂ
B E L OV A 2 N OFEADE NP KFE T AAEIZEET 5008 5 0 51
BICT—H&EE L, 27 U — NMIXDKRBHABE~OFHE~ & %f%mgﬂhéo
H KR EAKZRAEEOFHBEG (K 2.1-28 (A)) ([ZESE, WEFEEM L OKFERLE
B2 THTELAREMENSH D, 5%, TALIALKNRa 7 ) — DT —Z 2R L, Bt
THUEND S,
T2 FEEORFN G MO RE S KOy BRI RO K FERAEEITET 5 F)
IRIB X7z, REIOKRE ZIZo0nTiE, K 2.1-28 (A) @ HHKE & /KFEREZEOFEIE
TR0 L NERFRIER 2 b DKEFAE B L THT 256, WHFTEM OB EZET 5 LEN
Exbhd, 5%, a7 ) — MUONEFREM )b OKFEREZFHMT H72012iE, =
N DOBERNOFZEDMH T 2 HET L TS MERH L,

@ AV FRMED GHEIZDOLNTORE

(@) GIEQOEH L&E

AR OFERIZIE DX, B AV FRMENN L OKEHRAICET S G EICOWTHRE, B L,
AETIE, G EOE#HE LT, RERENLRETLKETAD G @ (LLF., Gm(AlD & £F7D)
L. REHHFOBHBHANSIRAELIZAZETAD GIE (LT, Gue(fW) & FKid) Z%E L1z,
Grz(AI) OF L3 2 50N k9 2 IR &, AR50 L 72 3RBRIZ 35 1T D /KB oD FR AR
ENOHEH Uz, REOWIHREIZ OV T, Co-60 @ vy MRIRH CTIIME = 1L X — DRI D
FEAENRa T R URICEDWINTH D L A7 S5, TOWA. OV &I NY)
BOWMItEDO (B HEoOBR,EEEORT] ICHFlT5, 2F0, KOBRIHRE (Drzo) 2
Do THFUTLL T ORI L 0 oW E I3 2RI E (D) ~EHFE 352 ENA[EETH 5,

_ (3z/zh)s

DH20 : KO UL HR
A R RO
7 \E (JRFES) Ol

KOBE, (RZ/2Au20=10/18 TH Y | ZAUKIT 2B OMERITHE D ZZ/IZA DIV |
%Wﬁ%%kwé_&#f%éo

Bz X, OPC T/ LiRE 2)-©D8%6, MEHE OK#E) X 5600Gy, (XZ/XA)=51.97/
102.71 Th o7z, > T, 2)-O~DOWILHEE Ds 1%

Ds«=5600 Gy x {(51.97/ 102.71)/(10 / 18)} = 5100Gy

LRI,

—J . Gu(tW) DR HIZEH T2 B KIS 2RI &1, 3B DKM v #r a1
7= ERE LT, AKEORREEMH L,

1}&

£t
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KFED G EZROTCFEAEZ U TITRT, G EIFERIN =1/ F—100eV H7= 0 (ZART 557
FETH DT80 1eV=1.6X1019J THHE L, RDDH LN TE D,
M X Ny 1

Gyo (Al = 100€V) X
J

Ray X 6.241506 X 1016(

M X Ny N 1
R X 6.241506 x 1016 (“Dﬂ) Wtp,

G (fW) =

ZZC, Gua(AlD) : BUEMN S RAE LTZKEHT AD G
Gr2(fW) : BB D A KNS HAE LTKFE T AD G
M : KFEH AFLEE (mol)
Na: 7HRH Fua$k (6.0221415X% 1023 (1/mol))
Witan : iEVE & (kg), Wt @ s OB BKE (kg)
Ran : ABHI R 2 IR E(Gy=J/kg), R : MREHRE Ok#E) (Gy=J/ke)

EFE Gua(AID) 2 O Gra(fW) 2 FLH L7 SR A, K& & Tk 2.1-22 127,
FALNVKERa 7 Y —hEHIZ, BRI XY BHEAKERED T DI Gre(AIDIEED L,
Gre(EW)IZHIIN L=, BV H IV DOELA DB OW T, AFBREBOER LR, X5 O
FHNTH D0, B & - FELOE X 2 FOFEOEWD GEIZHET 5008 95 T 512X
T—ENR+SThHLEEZLND, 5%, T—X&EML, 207V —NMIXDKFETARE
~NOF~E BT HHLEND D, B, BAZ BT 80°CT vy #IRE 2 3206 U 7= 30k, =
IECHE L7230 L 0 b Gre(AID KO Gue(fW) & BIZ K ERETH -7, BERODOZE L %

T 7258 O Gae(AlD & O Gue(WIZHOW THRFTNMLETH 5,

I-33



= 2.1-22

HAHDKTEE GlE

EReS e

KA = (mass®)

GiE

B Kk

LEL=RS

2K

Gyyp(AlD

OPC~<—AF-.
W/C=0.45. &&
D 60mm x150mm

OPC~A—A},
W/C=0.45, =&
<6.7mm

18.5

10.7

293

0.033

0.16

0.053

0.27

OPCa5)—+
20°CEHHE AW
=&

5.2

28

8.0

0.034

0.59

OPCaLH1)—h
20°CEHE AW +
80°C 1WEE

0.5

28

33

0.0041

0.82

OPCEIILAI., B,
W/0=0.45. $/C=2.
4W, 387

10.1

51

158

0.057

0.51

OPCEIILAIL., FiEb.
W/C=0.45, $/C=2.
4w, 50°COhEL 1S

6.1

5.9

120

0.052

0.77

OPGEIILZIL. B,
W/C=0.45., $/C=2.
4W, 80°C6hEziE

14

6.1

15

0.017

1.1

OPCEILAIL., BEb.
W/0=0.45. $/0=2.
AW, 80°C24hEs R

1.0

6.0

70

0.0093

0.82

OPCEILAIL ., Belb,
W/C=0.60., $/C=3.
4W, £E

99

4.6

145

0.072

0.66

OPCE AL ERb.,
W/C=0.45_5/0=2.
4W. £E

9.0

47

13.7

0.035

0.35

OPCEIILZI., EF.
W/C=0.60, $/C=3.
4w, RE

8.5

3.8

123

0.048

0.52

FACEILZIL . BEb.
W/C=0.45. $/C=2.
4W, £E

40

15.2

0.072

0.58

BFSCEILZIL., B,
W/0=0.45. S/C=2.
4W. K&

11.6

3.7

153

0.064

0.50

OPCE AL BB,
W/C=0.45. $/C=2.
4w, F57. BERE0°C

10.0

55

155

0.085="

0.77%"

3)-O-F

OPCEJLAL, B,
W/0=0.45. S/C=2.
6W. 52, BHEL07C

9.6

0.097%2

0.92

E 1D REAERICENDRD b, TARRNLTZ RN H D T-HBBMELE L TR,

E2) 2KGENI-OEEDLLRNEMUE L TR L,

# 21-221CGEEZ R LIEREO S bRER CTHRFEZIToEALZ LD Ly REEHZ DWW T,
FL7eXby Rl (BA U FARN—=RA NEOEAZ V), KDY, 5 SHBD L
BT (B v &% —, BT/, 2019; 2020) Gra(AlD) K TY Gua(W) & K45y & & O BIfR % X
2.1-30 ITRT, B, AKIIZAM2EEDa L 7 ) — OF—F bRz, FEL, KEED

Tk 81 FEEE TITh

FBIZOWTIS BITHHPLETH DD, ZELLTORRICE EDD,
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0.25

(A) O18%40PC
X o O194E0PC
02 | o 184EFAC30
©o D194 FAC30
o) X 184EBFSCT0
= 015 1 oo X 194EBFSC
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(A) HiAEL Gu(AIDDOBEMR, B) #iaKEE Gua(AID DR, (C) A HKEE Gr(W) DBIFR
2130 THIM~THM2EEDORL Y FEHAMOKIE L GEDERE

X 2.1-30 DT T 7O HER I N2 & 2L TIZRE T,

HHEKEE GrAIDOBEMFE (K 2.1-30 (A)) 2BV Tk, X 2.1-28 ®HHK EKFERAE
BEOBRLFEEE., BEAY 2= NEOEALZ L E HICHBKEDOENMZEV Grz(AID A
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B, MEHEE (BEAY h_X—A b, BAHXL) ROBHA L7z Ay NEENER - T
WTHEERR—OMHEBEBEGR TR X5 B2 b5, 2E L, BFSC ~—X M TiHiEH
DENRKRE M-I,

2Ky EE Gue(A)OBfER (K 2.1-30 (B)) IZB W TiE, BA Y b= N KENLH IV
EHIZRKRGEOBIZHE Gre(AIDHIIN L7z, X 2.1-28 D2k & KFHRAREDR
Lkt A b= N LBV H TR D EMRBMRCTEIETHZ LN TX D,
HHKEE GrREW)ORMR (X 2.1-30 (C)) 2B W TIE, BEA Y FERBEALZ L E HIC,
H H 7K & 10mass%ll Tk Gua(W) 23K D Gue i 0.45 (ZITVMETH 5 DIk L, HHK
EAVD IR OEI Tl Gra(W) SRk & < 7e o7z, 72, BFSC ~—2& kTt oilk} & il
T 5L GuW)R E® O Z2 R EMFE LT,

(b) GIEIZEAT 2EER

() BFSCR—X FDIESDENKENC LICET HER

KFHAEREZ T LTZK 2.1-28 KO G HEZ/R L7ZK 2.1-830 122V T, Rk 31 4FfEDFEEL
(Rt v & —, JFF1HHE, 2020) Z B2 L, BFSC X—Z MZOWTHIEH &N RE NN
O HEAE CHEMICH 5 (K 2.1-27 (C)) AR LTRILYZ T 7Tz, L, ik 30 4F
FEDSCHGRAE (FBR Y v % —, JR /1%, 2019) TiE, @iF 27 7 2 &8k A v b RMECIIK
FRAEBNEL L 0D Z ENEEORTREN TV (Lewis-Warren, 1989, Noshita et al.,
1995), F7=. HFoEDOHGEIZI VT, BROREREAKFIIZ BT, SkOMEn 205 & Gre DA
NEDLLZ EWREnT (FERIED, 2021),

AEHIZBO T, K 2.1-28 LUK 2.1-30 (ZR- L7z Xk 512, BFSC ~_—2Z MILT L HAKE
A B KO Gr(AID B OFEFEO ' A > N L TEW XS Wy il s dfth & i
HONZEVMEZ R T RN ET 5, ZORMEROBEOHEDORREHEZ DL, BF AT T
IZE £ D Fe OMBRE CTiX, BFSC & HAWIZNESFEEM IO & £ > b & A= TR
CINIKFRAELEPRR D r— AN E L LR DD, LIER->T, 4%, WEFTEM NGO
KFRAZFHN O GEERRT 256, BFSC ZHW\Wet A v FRMEHZ W T, AT 7 A
DAI=ALZBE L, KEREERLTNT H2LERD D,

(i) BBRKEEL Gr(W)DBERIZE DK KRREEAD=XLIZEHTIER

H /K& & Gue(EW) D B4R Tid, B KRNSO HEIE Tl Gue(EW) 235K 2y 5 DK EA K D Ghe
il (BLF. 227 KD Guzfl) 0.45 I[ZUEVME, —J7, HHEAKPDZ2WGERCIZEN LY @V EE
~ LTz,

T A RRMEHZ T DKFEARX, ALEORIFLF O B H KD & 2O THUR#R O =% v
F—Z WL L7=fERELTAELD EEZLND, HHAKEBRZWEHED Gu(W) 23307 KD
Guz i 0.45 |[SIEVMEA RT3, B HAKERZWIGEIZIEL, ML O B HKD S OIKFEA AN
NI KEFED AT = AL THLFEERE LTS, —, HHEAKENDZRWGESIZIE, MLt
DBEMBKD B OKFBAERN SNV 7 KETRRDEREZ T TODHEEZREL TN D,

B HAKRD DI WA OKRFEFRAEITIE, MALBERREEL TS B2 65,

H ARV IRARE &%, HIFLEE & OFEREDN TR T OBEIENZVIREE B2 D, 2
DARFEIZIBNT, MFLEEDN D O R X =R R KRG FITRIREN D, & L<IE, KFEAERK
Ot % RET 5 OH 7 ¥ VEORVERY DS MABECRINS LD, 2 EDORRIZE D | KEDE
BRTER L TNWDEAD=RXLNEZ LN, TOMFELE LT Gra(WHEIZEVMEZ R L TWD Z
EDRHERI SN D, FRRICHBKENSZVREBEEZE X 5 L. HHEKEN X 21280, MfLEEE o
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FERED WK OEIEG DN 5, ZORER, AR O X 5 2HifLEED L =T 3, /L7 K
ERIERD A T = XA K DKRFBAERDOFGNRE L 720 Gua(fW) 2331 7 KD Gre fE 0.45 123
VMEE D Z N EZBND,

A B = AL E U TEHER O 2 H 72200, BHEAKDDZ2OEIR TOKEERIT, 50O T
MILEEDO B A Z T TWDH EEZDBND,

(i) NEBFEMOSDKFZREEFTAD-OD GEOEEIZDLVTOER

BEFEAR R o r — IR T D ARERAEBEWTET HITHTo> T, KFEHAREOMEZ B & L
THBIR S E e a7 ) — FogE, SUBVE RICKT 2 B HKED D22V O KB A B0
HELRD,

X 2.1-30 (C) (/R L7z, HHEAKESE Gu(fW)DRELRIZEBWTIX, HHAKEND 72\ aElE 3K
FIAERDDIRND | GIEITREZWVERE 705, ZOBRIE. BHAKRIC K > THIFLEED R
BMBRDFENTBIND R E, KEREDAN=ALEELETH ETIFEETHDH, LorL,
KEREBO TR ZRERATY BT, HHEKENDZROEET Gra(fW) R AL B B3 -
TWATeD, BRAENKELSRDEN XY 7 LD AN H 5,

X 2.1-30 (B) 2k L7222k EE GuA) DBRICEBW T, D L ICAHBIBHR N 7 -
TWe, ZOWE, MEHEZ L IZHBEGRE RO ZMLERH Y | BIRERTIEa 27 U — FOKFE
BAEBREFRT AT —ZNRRELTWD,

X 2.1-30 (A) (2”72, BHAKEE GuAI)OBRICBWTIE, Fk 31EEICL Sk LZ X
12, B HKED 10mass%ll F OV W Tidt' A v MFEIC X DI cH 5, £7-.
B2 EEDRERNLIX, TEAXLVEORa 7 ) — bR CARBEBRICES EELH D, £ 9
Tholzlsa, 27V — MOHMBKEZ, FEEIC 106CHRICBITHT—2 25T 5, HD
WXL R OKR BB EEZIE LT — 2 2 HWTHBKEEZHET 572 L, ikny, f5 72
FETRDDZENFARETH D, O, WEHFEM IO DKBET ARAERE RIEL ikl L

T, HHKZESE GuAlD) TOFHIL, BHRATEHRLADI THD EEX LD,

FlEfex ., WESFTEM NS OKFEREZO TRICHE L TV D GEOEIHOMLT, KO, ELH

N Oary 7 ) —hoBHBKESE GEDCBREZHRGFT2 2 ENUETH D,

4) ASBTEHMDOEA Y FRMHENSDKRRESICHT IRFDELED
INETORFHIE AL FAA—Z FEOEAZ L ZFANTEM L TE, EBEOWNE ISR
DBERMEICH DL 7 ) — RN TIXEMEENE L, BMICEENDKICEDKFZETARE~D
WRENBET DR D, £z, BAELTAKET AT A2 FRMEN 2 RS X0 B )
L CHMBIC I SN D T2 FREI O R & ST XK D KBEH ADORAERICERNZE LD WHEERD D,
X5 IZ, EEEOWNEFER TIIBEHERN S OB X VIEEN EH32 2 L0 H#EE S, NEiFE
M ORESMC LD KBRER~OHBLEITILERD D,
UL E % ﬁﬂ@ﬁ%épiémiﬁéiwﬁﬁ@%%\:V7U~bﬁémiém$%
A B~ D REERR. IBEIC XD KREREBOER O A E LT-,
%@@%%uTuﬁf
B ORE ZNIC L > COKERAERICERNDECIATEERDH Y | SR FEICHRFNBPLETH
Al
a7 Y — MELAIC K DRFHERE~OEEIZOWT, BMHNEOMBROKIZEHAKSE L
THSDFEH, T, BRI EOENLZ NV THH-TH, HHEHAKEEKFERERNFE—OH
RCEBETEXLARMELRH L, L, FKREMOEENIL DX DOFMNTH L0, F
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M& - FEE O A 2 N OFEOE WD KE T AR ENEET 5008 5 0T 512
BICT—H#&EE L, 27 U — MIXDKRBHABE~OFHE~ & %famgﬂhéo
80°CT y Mra M L-sEHE, | T vy MA MRS L3k L 0 KEREENR Lo T2,
Flo, INOLOMRICESE GEEAEM L TEHE L, TOME, LFOMRE2577,
HHKEE GrA)OBRIL, MEHEE (BEA Y X=X b, EAXL) KOERALZE
A MEENRR > TOTHOIRR —OHBEER TR TE S L E2 5N 5,
Sy L Guz(ALD O BIMRIIAEHERE Z & (257 2 FHBARIR 2 7R T,
HHAKE & Gue(fW)DOBFRIZ. H KRNSO EE TlE Gue(fW) 23317 KD Grz fi 0.45
WEVME, —F . BRAKPDZRWERTIIEN LY mWEE R LT,
IKFEH ARAEOIH 2 AR E U CHBAHE S 7-a 2 7 U — NUNETEEM 2 6 Ok FE3E
ABEOTFRNZEN T, BEVERICHT 2 A HAKEN DR WEIPHOKFRAEENEE L/
5, FHHBHKEIZHBEHRDGICRDOD ZERAETHD, INLEBETDHE, T—X
ZEE LB HKE S Gu(AIDDRARN B AKFERAEELZHEN T2 Z &3, BIRFA TR A
MTHDHEEZ LN, BEEKSN Y —NOKEREBELZHTET H10H-> Tk, 3B
RESOFE, RO, BFEEOIREDEEIZOVTHRE L, KEFRAEEOFTMIZKMS 5
VDN D,
FTNOEEE 272 BT, WEFEEM D OKFRAEEO TRICHE L TWD G EOFEBE O,
LD, FAEZLVEOar 7 ) — OABKEE GIEOBEBRERNT LI EBNLETH D,

(2) IEMITEMMNODKEFREEDHER

PRk 31 AREEDRRES TIE, BEIE(AR N v & — DEUWERHCER T 53 S MO FeEM (& FFEEM) (2
KOONDHMREZRETT D & &b, TEHOFTHICET 2 EHRABRZ Efii L7z, TORFITE
W, FTERTSEM & L TR L PC 7T NnOEEERA Y F—DICRbIAEN S KEE R
L7, TOBTIE, T EHFBEM M T SN D DIFBEER/ N> ’7*“/7\? (ZBEFER 2 i (B L 7o 1%
72DT, FHARK =BT LT KO REPKFET ADREICTFETDHEHE2T, Ll
TRIND ﬁ“’a”F'Eﬁi‘EiﬁM@ PC 77 7 MIRFHE OREBRIC NS D72, ﬁi\%vk@éiﬁhk??
HAREIZFEG T HRTE RN LB Z B, T EHFEEM )5 DR HIABIKIKFE T AFEEIC
DEICHFGTLDORFBLETH D, £ T, ARFT iﬁ“%ﬁ'ﬁﬁ‘ﬁiﬁﬁfﬁ%@ﬂﬁ?%ia%
AL D007 —2 & LT, T&HFEM (PC 777 ) OF{LERICR T 5KFEHRER
Z R RFRYICHEIE L7,

1) HEAE
@ HERK#E
B2 FEOBRFTHNWSD PC 77D MI, Al 31 FFEORFHIB W TR B KEDKE Do
TARKEERL PC 77T 7 b SMRGEAEIE L e o722 &0 KON, MRS v BRI £ TofIiciT o3
BIRERA~OFRIEDOIEEMEOBE S, BICKHYE PC 77 0 b &AW, ARBRICEBWTIE, HE
Ko —EDFM Ty Mz BE LB OKEREROREEC 2R Lz, BEEFEOKLEEZ
2.1-23 12”7,

* 21-23 HAHOEHE (FZHFTEMIMSDKRREEDHER
= — SHER
No A FCoS5 R Wb R S
LD BIEGHEEPCI SO | RFF N 1272 -%] 036 ... |..... 2h ) E-
) I BIESMAPCY Z0k | AT A Az o280 036 ... ... ahoo ) =
LS BEMHEPCIZUL | REF AT 02 -8 036 ... |...... 7h ] -
4) -@ BIEGEERPCISO | AFEENADL 0520 036 24h !
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Q@ FEAMFERUEMORAE
AR O Y | BICKE PC 77 w7 b (KFEEANA V=7 =) RV, BRBRICHW =T &M
FEEM OBELA L UK EHL) & BREE RO RME A2 R 2.1-24 1ITRT, 3 M FREM OB
A= —OHFTER KL ORI BEEICESEHE L, £, 1 Ny FORREEIL, £#BT
DOVEEE|IS U TRE L,

& 2124 TEMREMOESLL OkMELL) SHEEEROERE

TR | el = HEE (g
TERMREN | Twe | wn [BEeRw [ AED il
IRk TR 036 o7 1,440 4,000 NEFENAT77—8®

Q@ HMDIHT
FRESRRER & 1301/ FIZTRI—OFINE TR U723 Z M T OW T LT O 21T - 72,

(@ ZLyiatik
TEMFTEMO 7 Ly 2 BIROBEIL, £ 2.1-25 IR TIHE K OHIEICTER L7,

=& 2125 T Ly iatbREBROBE

%8 SRl 5 AR AEIEE StEEHE

Jlowioa | FREM PO — & FB%E + ARF B EJSCE-F 522

MREE | RENMHRREFE L | JPO— R T B + ARF &R % JSCE-F 531
SLEIL LAY o7 70— | EEF BB JASS 15 M-103
EENYRE JIS A1156(CIET S
BUEREES 1+ RFE=#BEJSCE-F 536

(b) JEZEHER ST
BTG BRI R A KD 5 7=, kg O+ & B FREMIC W T, 308 X EoPric L vk
R ARIE Uiz, £72, MEEE (igloss) OWIEICIEL, JISR 5202 ZHEM L7,

(c) HHPOKkNE

& M T & RS PRSI AR X - 2 B AN L 728 6 105°CIC THEBR A2 1T\,
AEHI X 2B EZRE L, Z OB EEZ HHAKRE Lz, B HEKEHEROREE 600°C,
3 MR L7258 OMBHI T 2B R ZRE L, Z O REFEAEKEE Lz, 70,
HHKEEFAKEOTZ2KSRELE L TR, BHAR FEEGKEL 2K EOFHERIL,
AR L7280 Th 5,

@ 7v#RIZk BEETRER
(@) ERETEER

ESZAFZERR 8 1E N R R e B R kg (QST) Ml &I AFZERT o = 70 MIZ T3
B L7-, PREHERESRIX, 1kGy/h & L7,

HOREHRORENT, ATV VAR U —h o TICANE BT, AT v VARUE RN
iz, REHEIL, 9-OF 0N 4)-@Tik 650g FLEE & L7=n, IREHE ORIIN DO KFE IR D BEIEIRA
D 4% (40,000ppm) ZHEZT-ERTFELTZ720, 4)-Q/ N 4)-@TIZLEDT=H 1/10 D 65g
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L LTz, TD%, iR CEHR L ET, BALE (K 2.1-31), BERBRORNEZX 2.1-32 12
R,
FHERHN A DBEBA~RI %O ADOEY L OFIEERHED 2> 7 U — MO FIEICHE Uz,

i

S ERFEES O

A MR (Y

B 2.1-32 WE{LBREOTZEFEMILDKEARFKLEEDOHERARBRBIEMIKR
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(b) BHRERIZKDHHFIER
JENREBNO T AZERL, #A7a~ I 7 —2k0 HeZHIE LT,

2) HERKER

D HHEOSHER
@ ZLyiamik

FRETERER & 13BNy FI2 T, F—OFIETHE L= S BEEMICONT, 7Ly vatbikad
MELIRER AR 2.1-26 12T, JP v— Mt FREIZ, A—D—DORKHE[ETH D 3.56~6.0s D
MThol, 7B, vHRBEHHBRREOMVIBEOEICEH JP v — Mt FREZHIE L7223, 5.9 K&
W 528 THY ., A—H—HEEOHPFANTH 72, FOMORPET —ZIZONTH, Fhk 14
FEORERER (RERE & —, 15, 2020) & HEE L CREDOME TH -7,

& 21-26 JEMEREMOTI LY VA ERDAERR

PE—FHRTFERE (s) 18.4s
JPE— MR TERE (s) 4. 1s
SL7a— (mm) 201mm, 202mm
BLYURE (°C) 26.7°C
B ARBHEE (g/cm’) 1.99

(b) LR AT

FEGTRER & 3RS y FIZ TR — O FINE Tl U 729 & M FRIEM O b 0 A ks R A2 &
2.1-27 1T 7, AETCTHWD T X HFEM 4)-O~@OIXB OB R RR L7217 THHD T,
L% OB ZIEICA L, ZOfERE 9-O~DD @R 5 O/ & Lz,

x 21-27 TEMFTEMOCEMER (B : mass%)

HEHE ig. loss | Si0; | Al,0; | Fes0, | Cal Mg0 S0, Na,0 Ko0 Ti0, P505 MnO
4)-D~@| 21.79 | 1543 | 4.68 | 2.12 | 50.97 | 0.83 | 2.74 | 0.33 0.2 0.24 | 0.12 | 0.05

(c) HHPOKkNE

PR FAER & 1B N FIZCR— DO FIE TS L 7= E MFEEM IOV T, KoEEZNE LR
Ra2F 2.1-28 [RT, 22Tk, B{LIBERRICBIT S HHAEKELROHEAKEOELAMFTE 5
X9, FEVIRED D ATE ORI RGE L% SR 2 BIAE L 2B O BRI NS KD EERD
7o BKITT NTITRB W THITEE/KE 26.5mass% & A% TH 0 | SRS~ IR 16 £ TO R
OFf & & BT, AL MRS OKFIOEITIZE Y 2KSTOHBAKDERMET L, fEKE
DN Uiz, F72, BURY 24 RFERICK D EEZHIE L7-KHEL | HHEY 6 BRICKE
ZRE LKL Tk, BHAKEEBEKEIRETH T2,
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& 2.1-28 $ERREEMDKIEDRERER

SR~ KnE

BEFERET | BEK |HEKE| £K5F
DER | e | o0 | (o)
| 215 5.2 26.7
2F5 200 6.7 26.7
4B 18.0 79 258
1785 15.8 106 26.4
248508 158 104 26.2

68 (2%) 16.0 10.7 26.7

@ r ﬁ"?ﬂgﬁ'ﬂ' FYRELEARE
ANRD X912, T EHFWEM TR BRI LT 5720, MR EROREIED mIREE
N %Vﬁﬁm)%@ﬁﬁﬁ‘fﬁ ICEFESND, £ 2T, ARFTCiE, BUREH O LEFEN S v fi % IR
L. FrEDRM AT 5 E TOMICHET HKBOELHFT Lz, £ 2.1-29 ITHRSTKH &
KRFERAEZBORBRRZ T, o, BERRHEERBEEH -V OKFEIHAERE (nmol/g) & ORERE
B 2.1-34 (27”7,
FERFLTOLEEY THD,
FEERFR N E < 72D & L biT, MEYSZ D O/KFEFRAERE (umol/g/kGy) (FED L, R
(AT DKk FEF AR (mmol/g) 1T DWW Th | HINEfROBE BN MK T3 AN
WZhoTe, Zhidk, RO & & HITKBREDFEMET L TWDLFELRLTWND,
Wik 81 FEDORIFEE D BH/KEDNL v MRkD OPC ~—Z + (#in 28 H) (FEEE %
—, R, 2020) &HET 5 &, KEFRAERE (nmol/g/kGy) 13X, FRSTIRRH] 2 IRpfi] D
BT 40 (ERRETH o 72,
BE%TH#F'? 2 R & 24 Ref OB A b2 & B HIKED 2 FIREORD Th 5 DIkt
L. KFEHAERE (umol/g/kGy) DWWV EIGIX 8SNFRETH -7, DI &b, M{LiEFE
DOF ZEFIEM O DKRFEREICIB TR, HHKEOFEIZINZ, HIOZERNZEL T
M OKFRAERNEL L o TNDHEBEZLND, TOHERNAT IV —THoH I LITHK
TLERKZON, b LI, TEHFBEMICE ENDDICHRT 2 EK 05, Bl
RCIEFPAECR>TE LT, MFAPRETH D

& 2.1-29 REIEEEKRRLEE L DAEEK

h kGy g ¢ kPa kPa ml ppm it mol pmol'g | g mol/g/kGy"
-0 2 21 | 653.235 23.9 102.0 124.7 3105 41204 641.8 0.983 0.4679
42 4 43 | 651.100 245 102.1 121.9 313.2 33764 517.2 0.794 0.1847
4)-3 17 16.2 | 65.475 273 100.5 128.2 590.5 2525 71.2 1.18 0.0727
4@ 24 22,9 | 66.115 27.9 100.5 126.0 602.9 3446 105.6 1.60 0.0697

1) HLCESAT0 S KGy 13, RTOERIRE kIR 2R
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Fio, BHERE GHEOBGRER 2.1-30 1277, GEOERKORE B FIEIIAGRLZ@Y Th
%o HHEKEIIRHBEBIZAEWE L Ly, GEFREEICER L T, BEBER R DK &2 v
L2l Uiz, 2O, WTROREN L KSR, £ 2.1-28 1T LR EEZ D DK HIE
% FhE L7 Et oKy OB % VT,

PRI AN R < 72 5 DI G EOEIZ/N S < 7220 | AKRFERAEDHRBZMET LT < EHF 2358
WHENTZ, Gue@WITHER T L. 2L 7 KD Guefi 0.45 L il UC, BRI 2Y 2 B OfE 23
47 5, 24 W OMEN THE L RERETH o7, RO X 912, il SO FERER B2 L T Guz(fW)
NEVMEL /2o TWBH EEZLND, TOERNAT IV —THDZ LICHETIERNZLZON, b
U <IE T S HFREMICE 0D B I HRT 2 B e D035 BURE R CIEBIREIZ 72 5 TV,
72720, Gue(W)DERFR O & & b/ S 25 2 Enn, FEflofkiE & & HIZZDOEKRN O
BIT/NEL 2o TND EEZ DI, BT E A v F4—2 Ml R & AR SV 27 KD Gae i
0.45 ([ZT3L WREME L H D, 4%, S HICERMMBH L2854 Gue@W), (L% 09 & Mt
D GueW)R ED L5 Il & 72 D OMERMNMLETH 5,
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& 21-30 JEMEFTEMD GIE

HE EfRE Gipo(ALD Gy (FW)
20% 4.9 21.0
4HE R 1.9 8.3
1785 0.76 3.3
24H% Y 0.73 3.1

3) TEMAEMMOODKRREEDHERDE LD

Rk 81 AR OfET CEERAR 2 Fl L 7o T X MIFREM 26 OKFEREEL THIT HICHTD
FTERFEM O PC 77 7 MIFFB OB LWL T D720, FRABRKDO 2B KFENT A5A
WCHETHRTIERNEEZOND, £ T, ARG CIET S EFREM 2D DKEFRAEEL RFE
HLHOOEBET —2 L LT, TEMEEM (PC 777 b)) O GBI 5 KEREREER
RERIZIIE LT,

FTERFEM DO OKFEREIZONWTLUTFIZE LD D,
TR~z BRis £ TORFFORE & & HIZ, 2AKSHTOHBEKDOERMET L, #aK
EOFENHEM LT,

FRSTIF OfRE & & HIZ, MEYTZ D OKRFEFHAE (nmol/gkGy) (X L, BRFEEICH
MBI 5KFEFAERE (nmol/g) IZONWTH, HINHHROME (N METT I EH
ST, YRk 31 AAFEDFFRE D A HAKEDRL v MRO OPC <—2A & (Min 28 H) &b
45 & KFERARE (umol/g/kGy) 1. 0-2 FFE T 40 fEFREE, 17-24 HFE T 5-6 {5 FRE
Tholz, £72. GuREWIZEBT D L, L7 KO GuefE 0.45 L Hb#E LT, BREIHERI A
2 R DEDS 47 5, 24 FFEIOfEAS 75 & RERETH -7z,

EAGIBEE DT B FHEM D OKBRAICE UL, [MEPOEROIERIZ L Y KRFEHRAE
WENPEL 2o TWNWDEEZ BND, ZOERDMINITIIE TIXRVA, K OB
VKSR EEDMET LTINS Z &0 h, KHOREE & HICZ2DREIT NS hoTW
LEEZOLND,

SHOMEE LT, FEEARGET 5 2 & TTEMFREM O Gu(fW) 23t A v h~X— 2 ME{L
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242 3.4 196.1 293 153.0 1619 58
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81 1.1 107.3 6.2 132.7 1427 6.6 35.4
161 2.3 107.3 6.3 1541 170.8 6.5 63.5
242 3.4 1071 6.3 180.2 204.9 6.5 97.8
315 3.4 108.2 6.0 202.5 234.0 8.2 125.8
398 43 108.4 6.0 230.6 2711 1.2 162.7

1) BRROIERR L

73 Bn

T

I-51

DRERFEE WV, PV=—FIC L W E L7l E2 77,




180

160 ® 4.3kGy/h e

140 @ 3.4kGy/h —”“
r:g 120 2.3kGy/h Pt *
I5 100 1.1kGy/h ’.,"’
_]_{ . -
g 80 L
IH )
7 60 — 5
ge i s
o 40 .7
1 .

20 e
0 -
0 50 100 150 200 250 300 350 400

=W SR = (kGy)

JETME % =SB E OB T M (BaNE) (CHiE L T
X 2.1-43 XEBHEHRELBFHRNETHOLE LD

JE 71 B & EREHREORR G, LLFOMANE LT,

JES ESEIE, SRR 31 AREED ALy MROE A b2 REBI D DKFERAEEND
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ARRBRICIBWTUE, JEAERNOES] EFEICITHRER OB L 2 EITGERO b T,
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(kGy) |EF{E(kPa) (%) (%) (%) (%)
398 162.7 121 7 15 <0.02
333 - 82 - - E
315 125.8 62 6 <0.2 <0.02
242 97.8 66 11 <0.1 <0.02
242 - 56 - - R
161 63.5 42 8 <0.1 <0.01
81 35.4 30 11 <0.1 <0.01
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ROVFERTH -T2, b, £ 2.1-34 [ T/R LT AKFHAREIL, Ak L7z ¢ 60mmx150mm D A
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(kGy) (kPa) g °C kPa kPa ml ppm umol | pmol/g/kGy™’
398 162.7| 815.021 73 103.5 162.4 133.26 326459 2968 0.009

333 —-| 801.567 6.1 103.5 140.7 126.72| 259462 1952 0.007

315 125.8| 815.539 a.1 103.5 148.4 131.12 188548 1537 0.006

242 97.8| 818.133 6.3 103.4 139.3 130.22| 214795 1644 0.008

242 —-| 806.185 5.8 1034 133.7 103.07| 247132 1440 0.007

161 63.5| 818.867 6.5 1034 1275 130.19 144951 1015 0.008

81 35.4| 822.956 6.5 1034 116.8 126.37 112815 702 0.011
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EWHEE | mEesE ﬁfg%” KB (massh) ol
(kGy) (kGy/h) (kPa) Bk | #E5K | &Kk&G | GyAD Gy, (fw)

398 4.3 1627 20.0 101 321 0.095 0.44
333 36 - 20.0 101 321 0.076 0.35
315 34 1258 19.9 10.1 32.0 0062 0.29
242 34 978 20.2 10.1 323 0086 0.40
242 34 - 20.2 10.1 323 0077 0.35
161 2.3 63.5 19.9 10.2 321 0.080 0.37
81 1.1 354 19.9 10.2 321 0.11 0.51
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FHA T I EH EIFA S 7 B RV SR,

RVWAT T ar gy —
S

RWAZ 7EMzaGte=a 7 ) —h,

YT T F— A

2 TN DR DRIAT T ATF v 7,

L A—F A1 b

RKARDKIUME A SIED NIRRT, BUZ K> THEESETZH D,

RINT T AF v

TITAF I T, TOHIIEHEOKNE (HEETHMYTH LW,) 25
AW TOWTENTBEN NS o TWD L DDOKIR, KIWIRD 2 A0,
RIS T AF v T ANGNDZ ERH D,

FEVARY AF L
E—XERY ZF L
74— A

RYAF L EZFDOHESKRDOIIBE — XN CTRIAMIE LT iE
BRI T T AF v 7 (JISA9511 BMH),

T ) —)V T F—2A

Tz )=V ERVAT AT E REMAES L TRLND LY — L&
KO/ RZ v 7 BIEREALA, RmEMEA], safl, ETARREZN
A CHRGE & 5 TR,

RIAY T XL— |
74— A

FELTA VI T XL — b NEOEEGERNORDMEEIRIA ST AT v
7,

RV LE T 3 —Dh
WET LT —DA

WY UL R TSR 2 TR L 72 - S DRI AR 7
TAF v, WHIERT T AF v 7 BEERF & L TE—RITH S,

R)ZF Lo 73 —Ah

T LTaTF L REAGEREZRILMIE LI E SUIRE R T T 2
F o 7 Wi b kL,

I-71




() BB OEEES
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a7 U — NOKSEEED TR DS RIET D 2 L b H0T OIEREL D % & KE0M %t
WEDORE L LTIk T 2 Z LR Thil T\,

LU TiX, AT OIEBIREICRFICR & 2B %2 52 5 2 7 U — MNERO K OLFAEREE DAL
NERBTED X I ITIRE SN TR BEI OB T L OBUR &2 8EH S 5,
Bazant |2 X 5 F4 RBFETIX. BT OILBRE 2 FHRE O E L T FXNEZHnTnd
(Bazant , 1971),

D(RH):sz0<a0+;:i%§i7> (12)
T,
Digo : FHXHELE 100% D & X O ITF OILEEERER (m2/s)
RH : FHxHEE
RH, : 2+ F DYEHARELDN 0.5 X Dygo & 72 D FHRHTEE
ag @ B RIEHARE & e/ MR O b
nN: 74T AT INT A=K
Thbd, ZOBEBIZIFRRINZ F.Ic L < HW S TE Y CEB-FIP ® model code THERH ST
I/\%)o
Xi bk, ERICEZDZ 7497 4 072 BELTIFRAZREL TS (Xi b, 1994),
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D(RH) = ay + By[1 — 27 10vuRH-1)] (13)
ZZ T,
Ay, By Yu 1 7 A YT AT INTA—H
TH D,
Mensi i%, FHXHEE ORI E LT, UTOXEZREL T\5 (Mensi, 1989),

D(RH) =A-exp(B-RH) (14)

TIZTAB: 74T 42T NRTGA=2ThHB,
ENTSH., BRHES., BKH SN T OB O ERX AR L TWD (RHS 1981 ; FkKH S
1990), &% F TIZRABITIKH & DI T OEERE OB HHR AT,

Ds—D, Ds—Dy  w—100

v )

D,,(W) = Dy, + (15)

KA HAB) ZHHEL L T d L 91, AT OILHIRE O BIBOC 1T T2 12 L 0 b 703
WRBHD, WIS T 4 T 4 TR TA=EEFZATND, T DRARBUIH 2 TR LY <
e B JEREEFIHLTERICIVRODZENTEDIHLOD, LA BULHMICHEE T
D FENIRDONRBIRTH D,

BL A 2R B 20T DJEBAR R 2 HEE T 2 FEO—# & LCiE, #121E Bazant DR L7
(12) ClEDygo & IEARTREE OBIECHRBLL T % (Bazant, 1971),

F 72, Miguel (%, KA FEDOREE L THFATEEL T (Miguel, 2009),

D(6,) = Dy [1+ (i—; -1)(1- am)"]'1 (16)
Do = Bo(WC)* (1 - z—)z (17)

D, = D;(W()?25 (1 —z—i)z (18)
T,
CorCs @ TNENEAL NV I AT a—LDOEHF
TH D,
Ding 56, KAV OB E L TXRADEZIREL TS (Ding 5, 2019),

Dy = exp(4.636 - WC + 0.087) x1071? (19)

Mjornell /£, =27 UV — b OFEEFZERZN LT, MEHICKEA S METRILTWS
(Mjornell, 1997),

_ k
D(RH) = D% + (D100% — peo%) (T22)" - (20)
D60% =a+b- Pcap‘ DlOO% =c+d- Pczap (21)
WC-0.39a,
Pcap = WC+0.32 (22)

(Y
(Y
2
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ac KOS
a,bc,d: 74T 4T INT A=K
ThHbd,
EINOWFFETIE, RS2, kB A e WCOR#E L TCTFRXREZIREL TV D (BKH 5, 1990),

Dy =22+025-WC—147  (23)

DX DI, BT OILEERE & EKSRCMXHBE OB% L L TRIT L2 LT, AoBEO
HBIEMEEZBAT L Z LRI TH L, WTHLOREXIT OB RERE W e Eh
TRV, BUEMHTIC K > TKGRBEO TR Z FEhid 2 56 IR ORE RIS L > TER L
TR L0 RS AT OPERR I Z G T 5 ZEREE L E B 6N D,

Q@ REAE

MR TSR D a7 U — NOKSBRBOEE X, K (V) &igmiE (S) oFlE (VIS)
WCRELSHELZT D, FIZIXEEFEO [gif= 7 U — NEHEM OO OEINHIEERRE - i
THEEF) T, SRE TR O SR A2 R AR LT VIS RS TS,

TUF v A N HRNTER SN DN FTEM OFE, BEEIZH 72 D858y CIS i # Tk 30~
45mm FEE, B OE VAT T 130mm F2ETH Y . 7 — —#0 b & CTEMERIEIREH LT
WD LR, MBOTFENEE > TWRWI L E2EET D & Kotz HEd 5 FikiEa
DOVISIZHHATED Z EMEFE LU,

Z 2 CARGETCIE, BN e —IROTIEBUS WS ORER IR Z VT, B2 DR, BlEITkt
T 5 BT ORI A S L, 15 57250 DILEARE R < D VIS % A9 5 BRIKITH L
THEHAFRETH IO EMHRTHZ L2 HE L,

IR OIEBARELOHEEIZIE, HE OB RE LX) ESBIC Lz (BKE S, 1990),

Dy

D(S) = m (24)
ZZ T,
Dy : fAFIE 1 D L X DHNT OYEHREL (cm?/day)
THd,

F 7P ARCRMRRIE, K DAY 200C TEME L= EREE 3 kOZEAUC K VR L2 fEE
NR—2 LU, FrE KRR BmIERH IR E KA 7 T 5 e HHRE OO (H+
&5, 2012) ZZEICTFRAMEH LT,

S=a,+a,-RH+a;-WC+a, -RH>+ags-RH-WC+ag-WC?

+a; RH®+ag-RH?> -WC+aq-RH-WC?+ayy-WC3 (25)
I T,
A~ TA YT AT INT A—H
Thd,

KEDIZOWTEKH BIX, Kt A2 BN SUVIE EBRDT OIEHIR I /N & < 70 2 EBrfsE 5
EHEE X, DyEKEA L MO TERL TS (BKHD,1990), —J7, DI KITIRE D2
WZOWTIEERDY EIF e TR WEOARRETTIE, DiEDLDET 4T 4 TNT A=K L L,
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EBRAERENOHEONIZMEL Y, KA 2 MNEEIREDREIZOWCEHEDIFIE L DEEMEIZ O
TEEEITHTZ,

F70, IMBA~OKRG G EHEE T D72001E, AT OIEBERE L RIS, REHREDSME T
b5, KHOOFwmX (FKH 5, 1990) Tik, KR HKE AL MO TRELL TWDH 03,
e RoORFZE (Ex K6, 2012) IZX D &, REFREE AT OILBREITB B L EHE O
RIZH D728, ARBFFE TIERMIIREL & A0 T OILBARBDMIERRICH 5 & E L TH(26) TH
L7,

an,=k-D; (26)

ZZ T,
A BRI 1 0 & X OFR R (cm?day)
k @ HBlES

Th D,

@ FAMHRUVES

WHERFEHEAS OB TR, Ak 30 FEICHBR L7227 V— 25512, KA Ma 3 Kk
(W/C=35, 45 KT 55%) X L7z, ZBEMAMEHEL, [/3y 7 — URREHEWESIFIZIS TN
FEM OFUE TR ORE) OH LR LN TH D,

Z 2T, PR 80 FEORBRTIX, KRSREICET 57 — 2 2 BT 572 O O EBERMmET L L
T, BAKEEFRIZ TKE AV Mg 3 KUER T L7722, A HE 20mm @*E“E"H(G)%Fﬁb\*c
e, BRERE A~ O TN LR OBLR T, MM AR SHEL 183mm (5% E L7z, M HAIK
BERiZD L, WElFREM & L TEIRWESIZR A FRENRZ 2 b, £ 2 CRETIE, 1
NLOKHET BRI FIE T E D & 0 RELA Zakat L, BB Y 12 L 0 BADKE, BRI &
ERRE LR, L, KERCTOMEZKTE DL ), HATHEM > SERBEIIRI 272, RELE
Ble&#£ 2.1-50 |21,

& 2150 E&

RS SE a7V — MG IRFFIE & Ve S
W/C | s/a HAT B (kg/m3) Ok %ﬁi 7= R L
) ) APE | RER | S | & ©) FlE &

W C S G (C*%) | (C*%) | (em) | (5) (kg/m?)
35.0 | 415 | 163 466 | 698 | 983 1.10 | 0.0015 | 16.0 | 5.0 23 2319
45.0 | 43.8 | 170 378 752 984 |0.10 | 0.0015 | 165 | 4.6 22 2297
55.0 | 44.7 | 177 322 780 | 983 0.60 | 0.0015 | 11.5 | 4.0 22 2294

@ RERMATERUVRIRAZE

AR 72— R TTHEB ST WA OB (A & LT 100X 100 X 400mm DA BREZ HE L, E
%ﬁﬁ@ﬁm#%@ﬁm TRBNAELD LD, VD 4 HETAIT—FIZE>Ty—L LT,
F 7o, VIS IR EENMERIC KT HBEEZ TR D 2012, 2 FEORPA VT, 3 FED VIS %
B HRBRAR R U7z, BIFOREICE L Tk, 7 L& v A bR THEE S 2 NEFREM O
ERESBIC L, RBRAESEIL, #EBARICER LB THD,
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ZNH ORI U=iBrik 2. Ml 28 H £ T 20°CEH A L. Ml 28 H L ZhTh
60°C I O 80°CERBE TRz A Ik L7, [A—SMF0ORBRKIIS 2 hkThY ., RBfEL LTlEzo
FHE A Lz,

HLAEBRAG ) O R T £ COMNCER T 2MEHE & 2 ORBRFiEE R 2.1-51 17T,

& 2.1-51 FREFBACHBEEDSTTORICEEY HAEER RUHARGE

%2 1] HEER | B
57 fe P 1 PRp Eﬁ{ﬁgﬁ?, JISA 1108, JISA 1149
(Ergae s, M a8 1) oo
- v Bk | 105024 BRSO R B4 A AR LT 5.
EKAD .
i i (24 BHEDOHEIEIC
I g | PRROTROWES X5
PRI JISA 1108, JISA 1149
B B )
HH/KE 105°C24 W iatt OB &V B4 BRKELE T 5,

® EERHER
2.1-58~[X| 2.1-59 | LM T L% O JEMEIRE o O PRI 2 R T,

(2]
o
3

| tmai
_ 160 CHLifE
“g60r- ] I BOCHulTA
Z
40k 7 .
0 I I | |
WC35 W W
2.1-58 BLIFAIRDEMHERED LR
40 —
i
E b 60 CHL R
Z30- ! 80CHIME:E]
Z
<]
200
2100
0 Il Il Il

L
WC35 WC45 WCs35

2.1-59 FIERTRDFHEMEBRBOLE

60CHIETIL, WTHDKE A MEORERETHEMIRENSH AL, 80°CHIETHAKE A
L 85% & BR & T O RMM S R b7z, —77, EFERETIIW T ORIERRE & ORLE IS
DOWTHIR T OMRPGONT, MR ZFRES I 2 A & LT, milkrcIs
THE AL FOKRMOERPEZ BN, EKTT2ERELTUL, 27— FaEHEMEBLER
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72L& A v MEALIAEO SRR OBWZEIC X - TEM & OIREOTHEC XL 2B A moEE
BEZHILD,

EIREARICEM R mEICHBENBAET 2BRIIZHERE SN TEY | BEOTHENPKREIRD
FEEHREOREIIREL AR JEMMRE X0 SI9RIRE, FHMERIRO A NEELZZITOT 0V EN
P T % (H.Son and A. Hosoda, 2010), ARZEER CHE LN EBRERIZ., 2o OREFEO
EEMERICERL TV D,

AEIOELA K OREER I T 2 H RO N IX, WilFTREM I SN DN T 5 &
RIEIC 72 2 & CTlE72 VDS, EIRB AN PRI MAE T B TBLACE M EHZ K> TR D |
F R R OB LT 5720, BlE b L IEEEHM BRI E L 72 RS Tl
THERZ LTS ZEDREE LY,

WIZ, TR OKFNC X > TIHE SN D BHEKEZ KR T 57-0, BHmEA 28 HEFST
DEKRFEERE LT, ZORE, a7V — MO HBKZ 1105°CT 24 FMLL B L7- & X (T
ABRASMCI BT Ak EEERE L, BAREEZLUTOHEICL Y RDTZ,

Wyg = VVZ::V—_dVVd (27)

T,

Wog @ EHEEKE

Wag @ 28 AR ORBRNE &

W, : AL O BRIV &
Th 5D,

FrECIE 0.1g E CHIEFRERE T REE2HAVWT, BREEKEE 2 KOVEHHEE L TERETR
AT 3 M TR L, BIEMRZM 2.1-60 127”7,
8 T T

WC35 WC45 WCss

2.1-60 FHEEL 28 HOEKE

2.1-60 NOAERTEX DL HIKEA Y MEEN/INIWEDIE EGKEN/NSIWEERBZE SN
Too ZORERITBLERFO MK EDZER & Z D% OKFPOSREZ KL TV 2D,

KIZ, ¥ 2.1-61 12 60°C KV 80 CHzEFDREL L 7o /K EDEIE (2 T TILREEKE & HES)
DRI &7 d, RBUKERIT, FEATOM N 28 B RF S A2 SEuE L U, s o L= B i
KOG LR ORBRAER L O TH D,
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5o 2. A FROKE A > b 55% D 80°CHEDFABRIATIL, 10¥10%40 % i<
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2.1-62 HKESKE

Kt A2 B B5% DOFRERIRTIIT T, KB AL R 35%., 45%TH VIS /X WRERIKT
%, FofE 14 HEFS TRBB L ZEBEG KRN 0%ITEL TWHREENG LN, —J7, 60°CHET
I£14 BRI TH 1~2%RRE DO EKFENFERF L TV,

U EoEBFERE . RADOKE SR E AV TR L 57 5,

RS D K 5 IS D F N [RIRFIZ K 3 BN AT~ D 35 AT CIREMER R BN E L TN D720,
ARETCIE, BHARMN 2 — R ITIEBUIT WSO 10%10%40 OFRERIR Z W CTH T O fiikie s %
B3 L. 15607 0T OIEBERE DR % D SO RRER AR 6 L Tl /I HE T db 2 275 9 % il
L7 2.1-63 73 10*10*40 FRERR OB E KR OEBRAER & /b FIKIZEY Di b k%7
4T AT THIETHRONTEITETH S,
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ZOEEERHLEDiE kix, K 2164187 B0 THD,
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A 250F—0—80°CH 1% e I —0—80°CHzlE: |
S b ] I |
Mk 2001 . 0.1+ -
—\Jﬁ %‘ t 1 X r 1
SR 150 1 o O/O\O
=S8 10 | 008 ]
&7 ] et ]
%ﬁz S0F O/,,,4r””o 1 '
| | r O— o
1 " 1 n 1 n 1 1 n 1 n 1 n 1
0 35 45 55 0 35 45 55
KA M (%) KA M (%)
D k

K 2164 T4 VT4V TTHLNEE

X 2.1-64 ® D DfEZKE AL MEDBLENGHD & DT OYEHAREIIAKE A > MO
IMZEENER LT D DIk L, REREE 00T OIEBERE O LR kXA REm A RS
7200,

D; EKE AV NEEDOBMRD UM Z MR D 725D, BT OYEERE &Kkt A > b o BEfRNE
ZHEUE L7219 ER@23) Lk LTz, 2D & & BT OIRBREUT B M OIRA F0M S
\Z& 0 B Db & LTIt TE AR, £ 2T 2.1-65 Tldkt A > b 35% & 4
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AR ORERIT, HERREICL 5T (19) ERL—FHLTEY, ZYREERIHFGLNTHD
LEZLND,

W2, D125 2 DR E OB MEGRT 5720, [MUKE AL FET 60CE 80CD DD
oA & o T fERNK 2.1-66 TH D,

e}
2 6l
=3 Q/R=10000T]
=a
A 4
= Q/R=5000
#O of 1
%w Q/R=2700
=]

0 1 1

35 45 55

KEAY (%)
M 2.1-66 D1Ic5EZDEEDNZE

I, WTFHoKkE A MRIZEBWTY ., 60°CHZERIZKT LT 80 CHEIZIB I L% 5~6 512
FEDEZ B> T 5, Bazant © OBFZETlL, 0T OIEBREIC RIFTIRIEDOEEIT L =T R
AlzHIY . FROETEEIN TS (Bazant 5, 1971),

Pr = exp [% (T0+1273 - T+273)] (27)

T

Br : FEUMEIRE (Ty=20°C) ICHIT DIRETD & X (ZHT OYLERZ OB &

Q : BT OIEMH L= R X —

R: HAEK

Th 5D,

Bazant 513Q/R = 2700K# A L TWA N, ZOEZ M L T 60°CHotE & 80°CHZME:D b % B
5 e 2.1-66 12T X DT 1.8 LD AMFET LV /hEW, —F, Xi HliE, HXHEE 80%KFD
KFRLRD BT OYEEARE L, 15CL 45°CTH 1D 8fFIC25 EMELTEY (Xi 6, 1994) .
ZhERQ@DMNLHME TS L Q/RIE. 4900K7)> 5 6350KFEE I/ 5, ARG TH LNIZQ/RITK
10000K TH v | BEAEDOWFIT L ik L CREREAR -T2, ZD L9 RFERBHELNIZREK L LT
(T, SRR R RN ARBERIE L, BT OIEEURE O Sk B 2 % 97:0(24)
RV B AR SR A AR U252 DN T IR OB Y| ﬁ%f%fn@wT PEREZ LD,
ARRF T BN T BT DIEBERE DB EARIFNED Z UM 2 g3 5 72 DI2iX, iR & DMK
FEIR O P A2 MREE T D L ERH D,

UL bomat a2 R E 2. R —RTIARIC WSO 10%10%40 OREBRIAZ AW THE -
Di & k&M LT, ORBRIEDOKSEENEROHEEZIT 72, ZORRENK 2.1-67 Th 5,
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s Ny = DN OELE K QTR D HEE L CTW VR T, AL ERRF O A TR O/
SIRIC B 2K 0EEL THIT 2 2 LIIREECTH 5, MITREZ D 57012, BiBE
KR RIET . EIRREO KR E IR, SHRWE R VBT OIEEAREL D & K R ATF 1 %
BST 252 080 ETHD,

I-88



- — T, BAKORERRE SN X2 UE Lz & Z121%, 100%¥100*400mm O FRER (A%
ZREH L C—8lD BT OIEHIRE 2 B2 2 &£ T, BERM SN TWDE Ry r— U NER
FeHER OFAR D VIS OEIFH D K5y Bl IR HEE ATRETH 5,

- LM TR TREFRMELREC DR T MR STz, ARFT OB A K ORI 1T 2§ AR %L
OIRTIE, NEBREAM I SO MREN D T2 LIS /2 5 & TIXRWAS, BN )
LRI RIET T, IACHE MBI Lo TER D EEZOND T & MR M
WEORBLEZZTHZEaBETHE, BAED L AXEAMEHT X o THEIRFLEEDN 7Rk
W2 BB ETRL TBS ZENREE L,

2) BERIBZOMEBRTHEOTMH

Rk 31 AREEICHRUE L7z 60cm /7 =y 7 3 BRIK (LI, 7oy Z73BRIK) C, SITfBnAET
7200 UE, RTH 0.lmm BRETH-7-Z &, OOEIN O E72 5 BRI A S NE ) 5O
VENEHEEESND Z 0D, BROWEINAE L TOADAREMEIIIRS . —iEEwIcB VLT
FEAEBEICR LR VEREDHILTH D, LLRND, TELS—F —Oftr 2 34 5854
WZiE, BALIRRED BT OKGRFBIHR D FEE . ERIICEEG L TR FRLEE LV ESZ XS
o,

Flo, RTREOa 7 ) — FREREREE, 625 WITEREKS & Eitd 5 KO REREICE
D &L R - WoKIZK Y WEFREM OEKER LR T 55 —AbBESND, ZuE, K
RHAFERORMS VICHEL RITT 720, 7LF v X MR TRE L 7ZNEFREM OWE
BT (BREE Ny — VRGN 5 £ TOHBORESRMOHRE) OBLENG S, TR
BOWE - WAKIZEET 57 —F #HE L TEB FNREE L,

Z 2 CARIETIE, MRy — A AE U, R TR 2R AR 2 K & B S, A i S
PRVVERBRIR & KR A g LTz,

@ HEBRAE

KAYEFERBRIL, TARFSHNUE JSCE-G 582 TEMD /KN 25213 5227 U — Mhoksy
RHEFEREGRBR T 1E(R)) 285 2Lz, 22T, JSCE-G582 L1, =7 U — hD—ER%E K
WCIRET 22 LiIck o, EHoA#ENICEY a7 ) — NMIBET DK DR FEREGE L K
OHZEEBEME LERBRGIET, B oOAKENY &1, BERS—RERZ2KOEHAZEE L T
%o LAFIZHEMEHEZ LT,

(a) BRI

KIPZBEFRBRNNT (/3 o — DRRFHEUWESARITIE C e N TR O BUE TR OMET TRIEL
TZELE (WIC=45%) TR L7c AR (9100x200mm) Z M7z, WEFEER (27 Y
— ) OEEER 2.1-52 ITRT,

& 2.1-52 FRIBOEEICEIDIKDPZEOHERHRICE TSRS

HEH | PR HIZ | W/C sla WA (kg/m?) IES
WKTE| AT 7| 2K &
(mm) (cm) (%) |(mass%)| (vol%) w C S G SP AE
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AL, RO ERMEIRICEREZ KTTZ LB 2650, BLRIZEIT 5 C-S-H Okl
fbix, FEMATOMMICELIIETH D Z ENHERI SN D, Z 2Tk, BEOE(bE X OZEkE
HEOE AR SBOfE LTHURET S Z LiIcky, EMIChbsREREDT -4 2 Fi515
ZEEHEHBE L, EAXAMMERIKORE S bE R — 2BV PE L, R0 E X
ZALPE T, R DD R AFEDFELZRET H720, K 1 RiRIZoE 4 Hm (TR %
FICIER X O A, TR 2 TR IER O m) 20 bJEIE L7z, f/IME 0.0lmm Th 5,
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& 2.1-55 BHEAEHR

i OPC 5y FAC15 4y FAC30 4y SC10 4y
o | ¥ Th( &bk | M@ M| ERE (AR HRE | BeE
W1 5y (%) | #1H 4y %) | W 4y (%) | #1H 4y (%)
D | 581.5 584.20| 0.46 | 582.4 584.16| 0.30 | 575.0 576.27| 0.22 | 575.5 576.42| 0.16
©® |580.5 582.88| 0.41 | 582.9 584.47| 0.27 | 575.6 576.73| 0.20 | 571.4 572.13| 0.13
20 17 | 5815 58438| 049 | 5611 |582.72| 0.8 | 5717 |572.80| 049 | 576.8 |577.83] 0.18
Ave.| o045 | | o28| |02 | — — |o16
® |576.9 577.58| 0.13 | 574.0 574.10| 0.02 | 575.8 575.48| -0.06 | 575.0 575.52| 0.09
©® |575.5 575.55| 0.01 | 577.2 577.92| 0.12 | 577.5 577.50| 0.00 | 575.6 576.76| 0.20
1" @ [s764 57650| 0,08 | 576.1 |576.45| 0.06 | 577.4 | 577.15| -0.04 | 5748 | 575.50| 0.21
Ave. | Joos | o007 | 003 ] o017
@ |576.9 578.08| 0.20 | 574.5 573.05| -0.25 | 571.5 570.04| -0.26 | 578.7 577.40| -0.22
©® |577.8 578.78| 0.17 | 573.1 571.43| -0.29 | 575.1 573.73| -0.24 | 573.6 572.08| -0.26
P[0 5760 |576.75| 015 | 5752 |575.86| -0.93 | 5785 |577.47| 018 | 5516 | 58089 | 0.21
Ave. : | 017 : | -0.26 ' | -0.22 : | -0.23
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& 2.1-56 RSEILDAERER

OPC 5y FAC15 4y
IR BE Nl £ &%k E(mm) ZALHE (%) £ & E(mm) AR (%)
(C) Fregem B Frekm Fan Frekm B fTERE TR
= ¥ = ¥ Ave. Ave. = " = ~ Ave. Ave.
® |-0.760 -0.812 -0.788 -0.860|-0.805 | - -0.021 -0.018  0.031 -0.020|-0.007|
% ® |-0.753 -0.701 -0.801 -0.757|-0.753 - [0.020 0018 0022 -0.022)-0021
® |-0.889 -0.913 -0.965 -0.976|-0.936 "~ |-0.029 -0.023 -0.023 -0.027|-0.026
A | -0.831| -0.520 -0.018| -0.011
@ |-0.806 -0.804 -0.799 -0.826|-0.809 | - -0.022 -0.019 -0.024 -0.025|-0.023|
s, | @ |0:855 0860 0.845 -0.852-0.853 0024 -0.017 -0.019 0.025/-0.021
® |-0.736 -0.707 -0.754 -0.727|-0.731 - [-0.081 -0.023 -0.028 -0.026|-0.027
Av. | ~ |-0.798| -0.498 -0.024| -0.015
@ |-0.894 -0.864 -0.961 -0.828|-0.887| - -0.391 -0.399 -0.380 -0.374|-0.386/
g |2 |0885 0.945 0.977 -1.007|-0.954 ~ [0:381 0,401 -0.384 -0.390)-0.389
® |-0.942 -0.940 -0.949 -0.968|-0.950 * |-0.385 -0.359 -0.281 -0.370|-0.349
A | - -0.930| -0.581 -0.375| -0.234
FAC30 4y SC10 4y
IR Nel &2/t E(mm) A2 (%) £ &2/t E(mm) b 2#(%)
(C) Fregm B FrEkm Bl Fregm B fIE FHiI
= ¥ = ¥ Ave. Ave. = " = ¥ Ave. Ave.
® [-0.019 -0.023 -0.019 -0.019(-0.020 | -0.028 -0.021 -0.025 -0.015|-0.022|
b |2 |0.024 0028 0.022 -0.025/-0.025 0028 -0.024 -0.020 -0.018|-0.023
® |-0.023 0.006 -0.017 -0.024|-0.015 "~ |-0.018 -0.027 -0.020 -0.019|-0.021
A | 0020 -0012 | ~ |-0.022] -0.014
® |-0.027 -0.036 -0.029 -0.033|-0.031| -0.022 -0.022 -0.022 -0.015|-0.020| "
oo | @ [0.081-0024-0.027 00190025 ~ |0.023 0,080 -0.024 -0.026-0.026
® |-0.028 -0.028 -0.033 -0.031|-0.030 - [-0.026 -0.025 -0.027 -0.024|-0.026
Av. | ~ |-0.029] 0018 | ~ |-0024] -0.015
® [-0.209 -0.350 -0.241 -0.319|-0.280 | -0.351 -0.284 -0.376 -0.267|-0.320|
g |2 |0:290 -0.329 0.405 -0.275-0.325 ~[0:232 0.302 -0.390 -0.277)-0.300
® [-0.222 -0.211 -0.276 -0.228|-0.234 © |-0.202 -0.247 -0.257 -0.190|-0.247
A | 0280| -0175 | |-0.289| -0.180
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OPC ~—X NMELIK : 4.8 4 (5y)
FAC15 ~— A& ME{L{E : 3.6 4 (4y)
FAC30 ~— A& ME{L{E : 3.6 4 (4y)
SC10 ~— A ME{KIK : 3.6 FF (4y)

TEIREEIZ R 1 B =AM

@ HHEERUVAE
(@ XRD IZ& BFERIEDFERR
C-S-H O bR 2 #7832 72 DTk R X R (XRD) MIEIZ L AW OREZIT> 72,
BESRIEZ LLFITRT,
- #£1& . X'Pert PRO MPD (XU 7 ¢ 1 4L
« 5t #—72 > b Cu, BHi-EE 45kV-40mA, AEAEFH 20=5~60" ,
2V kY —F—2ZVU vk 0.04rad, F#WAY vk :1°,
HGELBGIEA Y » K 1 2° ) = A7 15mm

(b) TG-DTA
B B R AN (TG-DTA) 12X 2MEEITV, FiAAKE, Ca(OH)2, CaCOs &=k, >V

IR EE AL N EDRKIEORRE MR LTz, ULTICHESREEZRT, b, fiaKEIZON
TIE 100°CH* 5 1000°C E TOHE & FE KD, Ca(OH)2 &KX ¥ CaCOs &I\ TIEL TG iy
FOEH L,

- 35 : Thermo plus EVO2 (U 4 7 #E#))

« Soff - FAREEE 10°C/min, JEREEHFIFEIR~1000°C, HIEFRF S N2 A

V77 LA a-AlOs ikt # 20mg

(c) SEM [Z&k BKFNPID s RERESR
B EETERSE (SEM) (2L A2 MKFAMOEREBE 21T\, Frc, BERFOEWNCE
% C-S-H OFFEOENEHZE L, NNETA F~OELIZ O N TRF L7Z, £7-. EDS &#fii
L CEMHTEATV, ZDOIHEMAD S KW EDRIEZIT> T2,
< dEE  SEM SU-5000 (HINA 77 /7 v o—tl) [LEORER
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(d) EPMA[Z& % C/S DBIFE

B~ A 2707 T 749 — (EPMA) IC X 2M5HTICE Y, Ca 35 L O Si i 2 HIE L.
ZOREREHANT, BB UESR) O CISufizRkoi-, C/IS% 0.1 AA TR, Z Dk
PICFIYS T2 87 BABERD, ZOMBT 3HREZEH L CFEM L7, ~—A MBI TIX C-S-
H A EERKHTH 5720, HIEFKHICBW T C-S-HRFET L E 7 v (HIES) BNxb
%< 720, C/S TEHT S L C-S-H D C/S IZITVMED IR KIE 2 A+ 5 IEHSAIIR & 72 5, Ak
BROFEHZB W T HREBRICEH L, C-S-H D C/S ZH#tE L=, MERMEEZFK 2.1-58 1R,

¥ 2.1-58 EPMA BIFEEH

®rOE &I

PEAEE JXA-8100 (AAE 4K

I EE 15kV

IS S ERi 5X108A

T E R ] 40msec/t' 7 &V

ST LR Ca, Si

Sy i TAP:Si, PET:Ca

2 HE ) Ca, Si:Wollastonite (CaO : 48.3mass%. SiO:z : 51.7mass%)
7 — 7% <0.5pm

| 2T 7. 1X1ypym

=R %" 400x400 (i HrifH 400X 400 1 m)
LB 3 HiEp

(e) KEEBEMNEKIZLDEMERVEREN
AREREANIEIZ X 2728 « 2204 OWE 21TV, RS OENIT L D ZEBARR 50 AT ORI
A% e L=,
AR A — RARTIVIS00(= 1 7 1 A ) T 7 A
S5 RIEIREFPE 0.5~60,000(0.03~300 FLEE pm FH24), /kERFEMHE S 484mN/m
B 4=130°

@ NHHER
(@ XRD IZ&k BfERIEDRERR

OPC ~— 2 Mifkiko XRD HIERE R 2K 2.1-73 12, FAC15 ~2— 2 ME{L{AD XRD &
RZ&K 2.1-74 12, FAC30 ~<— % M#E{L{AD XRD F%%l2175 12, SC10 ~=2— A hififl,
R XRD HlER R 2 2.1-77 12T,

OPC ~— % MMEfLIED 20°C, 5y REICTIiX, "L bhF7 %4 b, £ /9L 72—k, C-SHE
X0 A=y —7 BRIE SN, FVETUH A MOE—7ET 3y OFEHI R L T/
S o TWe, 7A=Y —7EIL, 3y & by TEIUZERZREWIR NN ST2,
RIVETUHA FDOE—T PRI o TNDI D, YUAHERL NT 24 FOKIG
DHEATND Z ENEZBND, 50°C, by DFEITIX, C-S-H, 7 7 A FBLOZ A —Y H[H
S, 3y OEHEEWI R O ho72, 80C, by OREHIEBWTEH, META FOE—

73R ENT, C-S-H, -7 A b, IV AN, 7A=Y REESINTZ, 74 =YD —7
PREEIX, By OREIERRETH Y . SEMHICE(RITA bR D 5T,
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FAC15 ~<—2 NMELIR, 20°C, 4y OREICTHRE S NT-HWIF, £/ L7 =—F, KLV ET
YHEA N, C-SH, 7A=Y Tholz, 1y DFlEHIHE L TRV F T 2 A bOE— 27 G]EE D)
SLpoTWe, RVETUHA MDOE—IP/NESLBRoTWNDIEND, KT URILH DN
XU I & ORIEBEAL TS Z ENEZ LD, 50C, 4y OFREFTIX, C-S-H, I h7 A
FNBLOZ A=Y NHEE STz, 1y OFREL & RIERR I AR S 4L, 12 & A EZRITA L7 h
o7, 80COREI G REIZ, C-SH, # b7 A ~, 7 A—YNRHEESI., 4y kD OZEIT A
Y AWAYIEEY

FAC30 ~— 2 hMEfbiR, 20C, 4y OkEHT, £/ v 7 =—F, C-S-H, 7 A—YRRESN
72o FAC30 TlZ, 1y OEHZBWTEEIZAR L T X A NI ENTE LT, 1y D OE(L
TR N2 Tz, 50C, 4y OFREITIEL, C-S-H, £/ %V 72—k, B ETA b, Z7A—UN
FE Sz, 1y Ok E OB LIT R b7, 80°C, 4y Okl Tix, C-S-H, 7 74 +B
T A=Y REE SN K 2.1-76 (2K 2.1-75 L [AEERK % 20=35" £ TZyLKL7=XRD
N — R, BT BRI/ NSV 20=7.8 IZhRETA FOE—T BHER I N, Tz,
20=29" ® C-S-H o —72i%, 20=29.9" fhElcv a V¥ —E—7BRR5h, hETA b
DOEACDHERTE LD LM SNz, L L. 1y ik 4y BB CIZZ LN IF E A E R LNT .
MRET A FA~EFERPKE L TWARELUTMER S N2 o T2,

SC10 ~— & RELIK, 20°C, 4y BN TIX. C-S-H L7 A=Y OHNEE SN, 1y THER SN
7oAV R T 2 A MIRIESNR M oTz, RY T U RILDBEATE LD EEZ X N5, 50°CO%A,
1y OFEFCREIZANL R T U F A MIFERINTE LT, 4y OB CRIE SN 28miE. 1y OR
B FREIC C-S-H, BT A b, 74—V Tholz, 80C. 4y ODFREHI BT 1y Dk & L
L CAITA LT, C-SH & 74—y DORPfER ST,
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@ Quartz, PoPortlandite, Csh:C-5-H, CC:Calcite AFm: Monosulfate, Mc: Monocarbonate

o
. o
E o Po
&
> Po
= o Q
G Po 0@ R b o
b Jl_Jesh Cs =5 —OPC iritial
= — — 207
] . — @20
41 — 1y 20°C
e ~ — oy 200
""-"d@"-——-—\-—fj \__Ju—t—fJ M et ind _@'_2000
AFm f f : ) y ) ) L ) By 2070
3 10 13 20 25 a0 a5 40 45 a0 a5
28 JCuKae
(a) 20°C
@ Quartz, Po:Portlandite, Csh:C-5-H, CC:Calcite K:Katoite
o
E Po 9
& o}
> Po
E‘ Po I QQ © o o _Q
@ shCs CS%A =5 —OFG _nitial
g J
< g j‘ — MB0°C
I — | - L @ BT
45 _1)"_5000
— — s
L — 550
I i 1 L L L I L I I Sy B0
3 10 13 20 25 a0 a3 40 45 a0 a5
268 1CuKa
(b) 50°C
@:Quartz, Po:Portlandite, Csh:C-5-H, CCCalcite K:Katoite
o
3
m
:;. Pao v
2
2 _J —OPGC initial
=
) Y W —ImMET
— e —EM AT
_.._.,._.,_______,_____.\_.__.,.:j —1y 8°C
.—.—._.__._._..._.b —2y BT
— et e —3y BT
I T 1 L L L L L L L By B0°C

5 10 15 20 25 30 35 40 45 50 55
28 JCuka

(c) 80°C

2.1-73 OPC R—X MEEIER®D XRD BIEHER
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G:Quartz, PoFPortlandite, Csh:C-5-H, AFm :Monosulfate
o

Intensity (a.u)

—FAC1S_hnitial
=32
G2
— 1y 200

Ay D

30 33 40 43 30 33

28 JCuKa

(a) 20°C

G:Quartz, PoFortlandite, Csh:C—5-H, AFm: Monosulfate, K: Katoite

Intensity (a.u)

Q

—FACIS_initial
—3ME0C
——6M50C
—1y 507

— 4y 50°C

10 13 20 23

30 35 40 45 50 55
268 1Cuke

(b) 50°C

G:0uartz, PoFortlandite, CshiC-5-H, AFm: Monosulfate, K: Katoite

Intensity (a.u)

Q

—FACIS_initial
—3M 0T
——6hB0C
—1y 80°C

—dy B0°C

10 13 20 23

2.1-74 FAC

30 35 40 45 50 55
268 1Cuke
(c) 80°C

16 R—2Z hEIEAD XRD RIEHER
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G:Quartz, Po:Portlandite, Csh:C-5-H, AFm:Monosulfate
o

Intensity (a.u)

Intensity (a.u)

Intensity (a.u)

—FAG jritil
— oG
—— a0
— Ty 20
— a4y 20
10 15 20 23 a0 a5 40 45 a0 a3
28 Tcuke
(a) 20°C
G:0uartz, PoPortlardite, CshiC-5-H, AFm: Monosulfate
o
o
—FACE)_hnitial
Po b, — M50
— @M 0T
— 1y 50C
\ ) — 4y 5OC
10 15 20 23 a0 a5 40 45 a0 a3
28 JCuka
(b) 50°C
@:Quartz, PolPortlandite, Csh:C-5-H, AFm :Monosulfate, K:Katoite
o
e}
— FAGE Jritil
o} o
J e Po oo —aE0T
— BT
— 1y B0
L L L —dy BT

3 10 13 20 23 30 33 40 43 30 33

2680 JCuKa

(c) 80°C

2.1-75 FAC30 X—X MELED XRD BAIEHER
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——FAC30.initial — 3MROC —BMB0°C
1y 80°C dy BO°C e 1.1tobermorite

Intensity (a.u.)

5 10 15 20 25 30
20[° JCuKa

B 2.1-76 FAC30 WE{LfAR—X +D 26=5° ~35° M XRD /N\3—>
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@:Quartz, Po:Portlandite, Csh:C—-5-H, AFm :Monosulfate, Mc:Monocarbonate

o
3 o
& o}
z
g Eo o
g Q — 8010 ritial
£ Ro Po o ¥ aPo o)
Me shosh R & —20C
AFm — & 20°C
) —
— —+ =
. . - . . ity . \ — 4y 200
3 10 15 20 25 a0 a3 40 45 a0 a3
268 JCuKae
(a) 20°C
@ Quarz, PoPortlandite, Csh:C-5-H, McMonocarbonate, KKatoite
o
E o
& o}
=
b Po
o
3 o @ — 8010 iritial
.E o] po Q O Q o
Cshosh ° poll BT
hic
—— 500
—— ] e
. . T . . . . . . . — 4y 50°C
3 10 15 20 25 a0 33 40 45 a0 a3
268 JCuKka
(b) 50°C
G:0uarz PoFortlandite, CshiC-5—H, Mo Monocarborate, KKatoite
o
E Q
& o}
=
b FPo
o —=C10 jnitial
E e Po -
Cshoah —a 800
Mo
7 —— 6 80T
—1y 80°C
- ]
. " A " ' " —dy G
3 10 15 20 23 a0 a5 40 45 a0 a3
28 1Cuka
(c) 80°C

2.1-77 SC10 R—X FHE{E{AD XRD BITEFER
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(b) TG-DTA

TG-DTA OREREREFEK 2.1-59 ([T T,

Ca(OH): D EAF MR I 7z 200C D ELD Ca(OH)2 DR LA X 2.1-78 (287, 20CH
BHZ B W T Ml ORIE S & it A v MZBWTE Ca(OH): BB LTWnWA Z &R
Do lz, 20CDFMFITEBNTH Ca(OH)2 EiRE Lz U B A3k 2 12 L. Ca(OH)z2 23H
BEINTHDLHOLHWIIND,

+& 2.1-59 TG-DTA BIE#HER

) FEA 7K F (%) Ca(OH): & CaCOs &
TAL B REE #im .
100-1000°C (%) (%)
20°C 5y 11.7 1.8
OPC 50°C 5y 11.6 —
80°C 5y 12.8 —
20°C 4y 11.2 2.1
FAC15 50°C 4y 11.2
80°C 4y 11.3
20°C 4y 10.6
FAC30 50°C 4y 9.9
80°C 4y 10.2
20C 4y 11.4
SC10 50°C 4y 11.4
80°C 4y 11.3
15
2007
== CPC
——-FAZ1E
10 —=-FAC30
EOX 5010

bR CE)
2.1-78 20°CEA# D Ca(OH), EEENHEREIL
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(c) SEMIZ&k BKINMDAREERE

20°C, OPC ~— X MEfL{RD C-S-H IF#HKFE R TH o 7c, REUED T U B ORs A H %<
R S 7z, 50°C, OPC ~_— MELIKTIZ, REIED T Y D12 < iR S iviz, C-S-H O
TERE D 20°C & [ARRIZERIR TH D & DR LW D —E, HORAS il & 13X 2 72 W EIRIC R 540 5 # il
HAFIE LTz, 80°C, OPC ~S— A MEALATIZ, 50C LV & R& ZRBCR DM R ST, REUS
DY B b BB D 2o T, RO XRD OFfERETIZ. FETA PO — 7 13HERT
X7V H DD, C-S-HOFREIFHEKRE S, META MIEET M E 720 | RENZ(L
LTWD Z &ENMER SN,

20°C, FAC15 ~— R MELIETIZ, 7747 v ¥ a 3B EAL TV DRI R LD o7, ~ Y
AR, OPC, 20COEA & FERICRIS THEMEL TWD DR E -7, C-S-H OEREICD
WTHLREFDEDONRELL A bhiz, 50C, FAC15 _—2 MELIKIZEWTEH 20CDH4E L H
BRIZ, 7947 vy 2 ORISR EA TN D b ONREL . U BB OWTIERK
JEDEH DODBFEAF L Tz, C-S-H OIZREIZ DWW T, 20CO5EA LV ERO S ONL MR E i
72, 80°C, FAC15 ~— A MEALIRTIL, £ pm FRE ORGSR S R 657z, XRD ORIERRT
X, B2 M RETA ROV =7 3RS N2 o2 b 0D, it s LTTEATHN DS L0 L
WS,

20°C, FAC30 ~—A& MELIKRTIX, 7747 v ¥ 2 lFZE L TWDRIF-BE VN, v U Dk
RIZOWTIEHREED L DONLL BbnT-, C-S-H OFEREIIRER~EHRSH 5V iFE0 Bk TH
272, 50°C, FAC30 ~—R& ME{LAKTIX, REISD U BN L < A biviz, 50CO%EAE, R
EFE~EHIRD C-SH R L HHD b DD F pm DR X720k C-S-H b RS S 4172, 80°C,
FAC30 ~— 2 MELARTIL, RGO Y AL 20CE L 50COHH LY b0 7h oz,
XRD OFFENSH S MNETA hOE—7 BRI L 91, C-S-H OFREIZE VT H B
e %  FERR ST,

20°C., SC10 ~*— A MEfLAETIZ, Ca(OH)2 IZ oW TITfER ST, REISED T U Ak RN
% R STz, C-S-H OREIIMD 20°C Ok} & FAERICARER~EHIkTH - 7=, 50C, SC10
N—2 N O TIE, 1o m FRE L/ SV OO—FECIRE B2 iR S 17z, 80°CHH4 . 50°C
E 0 HREWHCRFER D HER ST,

PLbX v, 80CH~_—= MiE{LIATIZ, OPC, FAC15, FAC30 ¥ L T* SC10 Wikl t
—HB8, MRk C-S-H R S 7z, XRD OFERTIL, I FNET A bo v — 7 3 Eh
TWRWA C-SHIZMET A MIBEUT IR OEEL 720, 20C Lt LT C-S-H @
FERENZEL LTS Z EBMR SN, LoL, BRSO RE SIFRELS THHE 1 m BETH
0. LRTORER L g3 2 & RE 2 IZR T, XRD JIEET R ET A RO E—7 BT
XD EOWMERRRITER L TRV E D LTSNS,

(d) EPMAIZ&% C-S-H®D C/S

20°C, OPC ~<— R ME(LEDLE, 3 FOFRELE TIXELA R e nny, REERIE L2
BHCIEB RN RSN, C/S=1.8 fir L C/S=0.7 fhED ¥ 7 BN %< 7> Tz, C-S-H
O CIS IZHETHEZ BAENREMLTNDZ Enb, 20CEREIZCEBWVWTHL VU ik &
Ca(OH): L, C-SHBAERK L TWDZ EnEx LD, RHMEH 227V — T
I, FRICEIRBRE T TR TH Y U DHBROEM &' A 2 MK OKIERET L, C-S-H 23
LTS ZERBZOND, MEHMERIEV ONIy > AT MBI 2 N TN 7O R MEHEIZ
BWTIK, ZOBGEEBETIVLERHD EEZ2 LMD, 50COHE, C/S=1.0 #HKiEL Lz
EHSAHORN A BN, 14, 34, 5 FLIRFRHORKE E & HIZ C/S 23 0.9~1.2 DE Y &L
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B L, C/S=1.0 B4 C-S-H 2L T /o, Ca(OH): & U Bk D B3 kf: L. C-
S-H OFEIENEL 2o TVnDHHEDEZLND, 80°CH 5 HFEREIOHEIX., C/S HAiicB W\ TTIE
RN C/S=0.8 fHEDHFAD L 72> TNz, B AR T ATEELZEEND S C/S=0.8 DE°
7B NVEN SEOREILD LI BITHEMLTEY, U AR OKIER N7 D EATWND Z L
5o T, 3 FEDOFENCTIE C/S=0.9 N KIETH 2713, 5 FEDORECTIL C/8=0.8 N R E 721 |
C-S-H @ C/S ME T T AMHm R Iz, NINFETOMELD, MNET A MO C/S &

D HIEW C-S-H Tk, hANET A bA~DZAERAETIZS W ERGh> TS, ZORERDS kN
ETA MAKE YD B C/S D C-S-H BEL o TWAHRETHLEEZD L, PETA L
~OEACEMERT D Z ST LV EHERI S D,

20°C., FAC15 ~— A MHE{LIE T, FIHEERD D OB ZALIZ R b o7z, 50CO%GE
%, C/S=1.0 |[ZHKMEDBIAL, 80°C Tid, C/S=0.8 [T KM A STz, CIS DAin e b 80°C
WCBWTIHEFESARNFOZ2ELTRBY ., CSHICHYTAIE 7 BARNIZEALEZED TS Z
LD, 50°C, 80 CHFELE HIZ 3 FDOFELL VX C-S-H IZHY T2 C/S OB 7 BN
HMLTWDZE0E C-S-HOERITHEATHND Z ERphoTz,

FAC30 ~— 2 MELKIBWTH, 20CO%E TIEIMHIEE - OB/ =R IT R oo T,
50CHOHATIE C/S=0.8 (TR RMEN R 5, 80°CHLA Tix C/S=0.7 (2R KEN R LT,
FAC30 ~— A ME{LIKIZIHB T H, FAC15 OBE L EARIZ 1 OB LY S 512 C-S-H 04
FIFEA TND Z EDNS o7, XRD IZEB W T hET A O E—7 MR & 7= 80°C.FAC30
N— 2 MELRDEA . CIS DR KEN C/8S=0.7 & FET A MK LY HIEVVEZ RLTWD
D ZHUE. REUED T TAT v 2D L VIRVMEE o TWZ EnEZXBND,

SC10 ~— 2 ME{EADEEE L, FAC15 35 X OV FAC30 & [A#kIZ 20°CTix C-S-H @ C/S OFf
W A EIC R REIXAEIC TR bR o 72, 50CHOEA. 1 AT R R RMEITRD b
Mo TN, AREEFERE D 4 FEDOFEHIIB VT C/S=1.0 DI KEXSHER SN, 80CHHEHE TIL,
C/S=0.8 IZHKRMEN RS54, C-S-H ~DFISHHEA TND Z LRS- T2,

LibX v, OPC LA TIZ, 20CIZRBWTH U Ak & Ca(OH)2 2B LTV 5 & HEHI &
N7, 50CE L 80 C itk Tix, OPC, FAC15, FAC30 5 L SC10 DWW iRkl C-S-
H2ZEMLTWD Z ENghote, £72, 80COREHT, C-S-H D C/IS1N 0.8 & "NEZ A MH
LY B B EmA R SN, ARBRICBWTIE, C-SHR MRETA h~EBLLIZHA
OYME~DEBEEZ R D720, BHOMRDY O Si JiE LTS LT WU Bl 2 v
TH LR ZERIL, bR T A bOEREHER LIRS MM 232642 Z L 2 E LT
W5, EPMA OfEF L0  BUROFEN Gl & U DIt A > bR E G L TWD H DD,
FRET A b A~DFERAGIZA T2 DARBETIL C/S D C-S-H I L LTV 5 Z &I ST,

(e) EMERUZEEEN

Ay A—=2ORIERRER 2.1-60 IZR7T,

20°C, OPC ~— 2 NME{LIRDOEE | 5 FEDFEHI BT b BRI A LIT R S 72 )
o7z, BOCHOEEIE, B ORE & & BITHIRD/NESWZERA~EBIT LTZ, C-S-H OAERKIZ LY
RERZEREBENHAD L, INEWZERBEIML TS D EEZ bR, 80CHEE., AEENE
AEHZBWTIE, ZERRERAHININ L, ZEAESMICB N TS 3ERBH L 0 & K& 2R 22D ZER A
HINL Tz, 80°C, OPC ~X— A MEALKFREHE, BAEKN S RIFTRETEH m BREOIIZH
NTLEIRETH 7=, SRIOFRMEICIBWTIE, MALIZKEZ - LIRS =2 &
WC& D ERERBIERREE 72> TORWAEEER H 5,
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20°C, FAC15 ~—Z ME(LARTIL, R ORI & & HITRE RZERBENFHD L, 0.0l pm LA
D/INSIRZERBROMEMB R STz, KFNCHEITIC L D e ZmaEmL7-zbn LB 2615,
50C DA TIE, 1 FEOREHIEE T 0.01 u m FEE DL E R OZERAIM L Tz, 80°CHH
AT, 6 7 . 1EOREIOZEREN A S IFIERETH T2,

20°C. FAC30 ~— % MME LIRDEE, 20°C, FAC15 (ZiEL & [FEEIC K & 2R Z2 [ o & 0.01
pm LR DOZEFROBNNMN R Sz, 50°CHE LN 80 CHH AL, 1 EDE L i+ 2 & F D%
INE VD NEWFLEA~BIT LT,

20°C, SC10 ~— A& MEALEDOEE | ZEREDA IO TIPHIEE 2 5 03X TOFE T
BROSNR-T2, BDROFEREL Y 20CIZB W T HRMBISITHEA TWD Z &N HER STV
L Eme . ERESAORIERE L LTUIZ0ERTE DR >0 L Bbn s, 50CDH
AlE, 0.03um BREDOFAEN 0.0l um ~ERBITL TV, 80CHLE TIE, 1FEOREEIFEA
EEDLRWEERE o T2,

& 2160 RADA—FBIEHER

Z2PRR IS FEE Fan PR

ARk TR HECy)
(%) (g/cm?) (glem?) (1 m)
20°C 40.5 1.34 2.26 0.012
OPC 50°C 5y 31.8 1.37 2.01 0.006
80°C 40.5 1.34 2.26 0.012
20°C 42.9 1.29 2.27 0.011
FAC15 50°C 4y 36.2 1.35 2.11 0.009
80°C 30.4 1.35 1.94 0.006
20°C 45.5 1.24 2.28 0.010
FAC30 50°C 4y 40.6 1.26 2.12 0.009
80°C 36.6 1.31 2.07 0.008
20°C 36.6 1.36 2.15 0.009
SC10 50C 4y 32.4 1.37 2.03 0.007
80°C 26.1 1.37 1.86 0.005

3) FEmBEEREA A D IEEAER

fkfse LT3 L TV D EIRERBRGUE D S ST T A b ~D B A RARD 2 728D SO 2 S
LR 21TV XRD IZ X W M ZA L 28 Lz, SUSEZ @ 572012, PFOSEREMZ KRS <§
5 B TRlB 2 it L, IREBREEZ 95C L mWRIF T & Lz,

@ HERAE

AITTE CHRIE U 72 E IR R BR AR 2 W TIdaBR 320 L 7=, MBS EFR 4.1-8 1TRT, W&
AEHE L THWEA A= Ml LIRIE, 20°C KL O 8O CIRE LMDk 2 FH W 2, ~_— 2 ME{b{A%
90pm LA T Ok L, Z OFBHIXT LT 25 {FED A A o AZHKITIRIE L, 95 CHRME T TS
¥/, ESHEE%. XRD IS THMATRE LT,

I-111



& 2.1-61 R—X MEEEZAVINEREARSE Y
H OH &
OPC ~—2x Mgi{k{k-5y (20°C/80°C)
FAC15 ~_—2Z Mi#E{k{f-4y (20°C80°C)

il L 7= 3kt
FAC30 ~— 2 hi#{tik-4y (20°C.80°C)
SC10 ~—= Mififb{k-4y (20°C80°C)
~N— 2 M A% 90 1 m BRI #o
K/RE &k =25

Gt

REE : 95°C
BOSHIR - 10 A

- XRD & : X'Pert PRO MPD (v U 7 ¢ J7 /L41HY)

< &k #—4 v b Cu, EBIR-EBIE 45kV-40mA, EEHPH 20=5~60° ,
AUy bV —7—RZY v b 0.04rad, WAV vk :1°,
WELEFIEA Y » b 1 2° ) = A7 15mm

@ R

IEERER I X5 XRD HIERE R 2R BRATEE O XRD f#ERE & HI2K 2.1-79~K 2.1-82 (2R~
R

OPC, FAC15, FAC30 55X SC10 & b IC[RRZRFE R G bivlz, 80°C CEIRE bR % F
LTWealE T, L, 95 COIRERE FIZHBW\WTH MET A OB —7 BRI T, &
BRETEEID XRD /& — 2 L [Rl—Tho7c, —FH. 20C5M TEIREERZ i L TV 72 3lEHT
DOWTIE, Mm%, S CERERMFICTE2E T, "MNET A MOV —I BEREINT-, ZhE
TOERERBROFERLY . CSHEZRBELTINET A L ET D08, bAETA MK
LU HENC/ISD C-S-H Tik, META PAEL LW ELiER LTS (iRt ¥ —,
2017), F7z, KEEKIZE D M NET A NOABKEEICI W T, T O C/S 23&E < MEFF S
ALTWD EED C-S-HIZ M NET A D bAMEE SN D LG ST 5 OtH, 1982),
20°C. OPC B L FAC15 ~— & ME{LATIE Ca(OH):2 2378 7F L CE Y . {EFHD C/S 28 80°CD
AELL D bE MR SN TWERREMERE X b b, 72, 20°C, FAC30 35 LV SC10 D~X—2R
ME(EARIZEB N T, C/S D C-S-HIZ XV | Wk C/S 3@ < MEfF S RECTd o 7o ATRENE
MEZBIND, —J., 80CHEMICH T 230HEL, BEICAR L7z C-S-H 2% h3E T A MERKD C/S
DT T LTSS, I6RHEIBRE NMCBWTH META FA~OEEBR o7z
EHERI SN D, DF D, 0CHOEREMBHALHZB N TIX, 2L ED MNET A F~DEAIT
M CTE Vb LT s, Lo LA b, 8OCERED EIRERBHEHI B W TiX, SEM #
X2 EPMA Of5HR L0 20CEE FTAMR LTS C-S-H LV CIS KL, Bl o= kEETH S
T EPHER SN TS, X AREHZ DWW CIIITEE ORIl 21TV, IRESRMIC L 285K
T DMEND D, Tl FEHZ DWW T, C-S-H OIREEN R D = & B ERBRSE D
AELE LTOERATE 2 b0 EE 2615,

I-112



Intensity (.1

Intensity (a.u.)

CiS:Calcite

OPC-20C &y

—— 95 R
| —— RIS

: . . — — — — - -1 1toberrorite
a0 s 40 45 50 55

260 JCuka
(a) 20°C. OPC ~<— % ME{b{k

OPC-80°C Sy

MLVJ — 05 R
._,,1 J — (@i

5 10

15 20 25 30 35 40 40 50 55
26[ JCuKa

(b) 80°C. OPC ~~— & Mi{kfAk

2.1-79 MHEHERD XRD $#£8R (OPC R—X REE{L{K)

I-113



Intensity (a.u.)

Intensity (a.u.)

CiS:Calcite

30

i3]

200 JCuKe
(a) 20°C, FAC15 ~=— R MME{Lik
CC:Calcite

cC

w

3] 10 15 20 Yas)

(b) 80°C. FAC15 ~2— & ~#{LIAR

30

35

20 10uKe

40

45

50

3]

2.1-80 fMEFERD XRD #R (FAC15 R— X MEIEK)

I-114

FACT5-20°C Gy

—s5°CEE
— {7

— .1 Ttobenmarite

FAC15-80C Ty

— 5 iR
— L



Intensity (a.u.)

Intensity (a.u)

CiS:Calcite

10 16 20 2b 30 i3]
260 JCuka

40 45 50 o5

(a) 20°C. FAC30 ~2— & Mi#i{b{A

CC:Calcite

CC
5 10 12 20 25 30 35 40 45 50 5h
26 JCuka

(b) 80°C. FAC30 ~2— & Mif{k{A

2.1-81 NEERERD XRD #£8R (FAC30 R—X RE{E{K)

I-115

FACI0-20°C Gy

— 05
— gL

—--1 1 tobermorite

FACI0-80°C Sy
— 05
— R



CiS:Calcite

SC10-20°0 Sy
— B0
_— » el B oy ot ot e A M — L
5 10 15 20 o5 20 % a0 a5 50 5% o tokermorte
260 JCouKa
(a) 20°C, SC10 ~2— = MEEALAA
SC10-80°C Sy
——M—_.-——A—IJ———""J — 5
: I SRl , ' , , , — (L
5 10 15 20 75 30 5 a0 a5 50 55
200 JCuKe
(b) 80°C. SC10 ~*— A ~H#H{LIA
X 2.1-82 MERERD XRD #£ER (SC10 R—R FE1LK)
4) FEO

T A 2 R RMEL OB RO REEF KX O E B TRIE & Sl 5 22 B~ C-S-H @ hREZ
A MEDOFEEEZIRET 572512, 20°C, 50°C, 80 CEREE FIZEW /= L7 RO fEM iz L 5
FEZE L E Mt LT,

- 80°C, OPC E/NZ /LK TIE, RSZ(LITNEL 2o T0DEN, 20CEB L UH0CIZLLER L

TULHE LTV D Z &N hoT-, FAC15, FAC30, SC10 @ 80°CDE /L& )Lk Cld, Ui
DSRRE LTz, 2 KI3HSE L TV D 2 & SRR S AT,

- 20C, OPC ~— A MEALARFEHZ B W TIX, Ca(OH):2 3D LTINS Z Emnh, A hK
e o U DRI L TS L TWD Z EnbhoTz, BIBKNEET HRED =2
7V — hTiE, B EEA Y FARFORIGE, 20CEREICB O THAkE L TAEL D Z &M
TR X Tz,

I-116



- REEFED XRD JIEMAF L V. OPC, FAC15 3LV SC10 @ 80°C D E IR EFRERFEHI I
Tk, bET A FOARITHER SN2 o7, FAC30 OREITIX, hETA FOE—7
It E N b oo, FEERE & & BT LA EA TWO DB MIIMZE SR o T,

- EIRFERBR 2 3 L T D 80°COREHI B W TIL, EPMA OfEHR X v, C-S-H @ C/S MK
TLTWA b LM I N, v IR EE A MKFIIORINFEATND H DD,
META F~DZEALY S, C-S-HD CISIET, HDWIHKE C/S D C-S-H DAERMNEL
TWHHDEEZBILD,

Flo, REEITMGE L TV D ERERBREEIN, MNET A b T 5008 5 0l 57
B, 20CE LW 80 CHEIRLFRERFEL 2 W TR, 95°CEREE T Tt &1 2 s % 5
Jiti L7z,

- 80°COEIREEABRFEHZ DV TR, IEEBREER AT & 3% O XRD IC2{kIZR 67 ho
oo =7, 20COEMRERBEHZ DWW TIZ, PN ET A FOAR R I L2, 80 CERE
DOFREHZ DWW TIE, AL TWD C-S-H ML C/S L7220, MRETA M~EEfLLIZ< W
C-S-H &R TWHREEMENE 2 biIvD,

ERERBRICBON T, BAY MK E V) D ORISERES TS HIT, U i ERE
BA LTl Bh 2 ER L, EIRERBRICHE L, BB 2 W BIRE BRI I W TR, AR L
72 C-S-H 33 RET A b A~EB(LT D0, L7 sRBRIRCTrE, MRaEt o ER & 13872
D, META F~OEITHER SR Do T2, S5, EREFEBREEE TSR & 52
i L7o/ER. NN ET A FAOBITfER S e o Te, KRBHZBWTIE, Y ET A b~D
ZIELIZK W C-SHMBNEKRLTWDAHEDOEEZ LD, LNLRRL, ZOERERER CAER L
TV C-S-H 1X C/S=0.8 F&JE & FNE T A MARIZIEV, SEM BOFERENSH E 200CH C-S-H
DFREL IR 2 Z LR SN TS, XRD ([2X D FNET A O E— 7 1 IR S T2\
D3, RBEIZ B D Z BN ZIVEEHI B WO CIIM L 2 i L, IREEDE W A iR
HIENMETHD, £z, X—A FREHZBW T, 50C, 80C LIRERE A= 1T7- C-S-H I
20°CERE: F D C-S-H L IZHALNITERENN 725, Ochs & (Ochs et al., 2016) 1%, fEMmMED C-
S-H & C-A-S-H TiECs DUILEENELDZ LERLTNDZ END, ERERERFEZH T
WA EORMBIZIT Y ZENEE LWV EEZ LN D,

(2 EAVFRMHOREZICLLYMEBADEE

1) BERNNYS—CARTEMADRE

BEFEAR S o r— P NIRIZ B W TIE, BERIRDFEC X 2 N M ~OEEE N E S, 7
N—T 2R NV—7 4H TIZHBHRABENE N DONEENTWD, £, BER Y Fr—
OFUWERB T, SRRSO LHITEREIC L > TOMURS E A S, 2O, I TRERICBWD
TRAETHEUCL > Ty I — U NFEM O—E1% 400°CE< IZET D AlREERN H 5 (FERtE v
X —,2019), EHEZISNRERE 0E LE2ET 556, 595 CLL ETRWLEL I NS (FER
& —,2020), Ny r—YNREM b —ERREIZDE > TRIRBEZZ T 52 BB 6N5,
WER TR OPIPEIZ DN TIE, RIRICIER SV E OB EIZ L 528 b & JIAA TE S WEN S
Do I TARETIEL, Ny —YNREMOBEEIC L DFEEAHEET D7D, BA LB
FHBE DR B2 1 A KA EEIE RS L OB M E A RIC W CEREOIFZE L W B F & 7=,

2) AV FRMHOBRELZEICKHIEFMEL

a7 U — "NREIREEEZ T 5G. A MKW OLENE L, B LA 2 MRk
BURZ IR - IR B OAHIE . AR ORI T 5B Ok 83 EIR & 70 0 SREIKT E Ok

I-117



WA E N LT 5, 22Tl RV RT U RERA L NEEHA L2 7 U — OB XA R
TALIZ DN T E & i,

D A2 hKFY
AL =R FDOERNS 1000°CE TO TG-DTA fi#i %X 2.1-83 (ZR~7,
TAU IR=Z MO L DL FEITLLTO LI ITE LD BILD,

- 100°CLL N T, BHIKDBANBAEL 2,

+ 70°C~450CTiL, = FY A b, /PN T7x2— FED AFm FHEBE L O C-S-H 6

DFEFRAKDBANAEL B,

- 450~500C Tl DXz~ Ca(OH): O3 fEmAE L 5,  Ca(OH):—CaO+H20

-+ 600~700°CClE, TIIKIZATRT CaCOs DN AEL S,  CaCO3—Ca0+CO2

-+ 750~900°C CIL C-S-H 28 B-CeS R°U 7 A h A ME~fERALT 2,
100CLLF Tk, = b U HA FOREEAKD—EHBBATHH DD, FIZHHBKDOAEFENAEL
TW5, HHEAKDBAKIZOWTIEL, KD 5T 25000 TEZR2WO TR E L TidZL
RNHLDEEZDZENTE D, T0C~450COREEICBNTIX, = hY U HA b, £/ 5
V7 =— N OFESARDIER L, FERELT D, T2, [ C-S-H DK HA T TV 5, X 2.1-83
WORLTZEDICEA S FX—=Z MZEBWTIL, 1000°CE TIZ 30%EEDEEDVBE L D05,
400°C £ TITH 20% D L, Z OIREFHIKE TIZE A > KT O KER 5y OFE SR 55 LT
WD ZEDD, FIRRFOKFIEME & 1 IR0 Bl o Tnd, &5, EiRiZ/e 5 & Ca(OH): D4y
fENAET ., 600 CHREETICE AL h A= FDASMFLE A ETERT D, —HRERAKPHEEL
A AR D B DLGAITIEF /KR E T 55, CaO OF/KFIC L DFiER S, &
FTLHBEEHEMO L@ < SI1EE 2720, S HICEIRMEK TIX, CaCOs D fiflz & 2 Bz,
C-S-H oAb N4 U5, C-S-H 230 LA U7z B-CeS 1%, ARFIEMESMEW =D, #iclik L7z
AL EAKMEOMENITIAEL 2N bDEEZBND,

<100°C 70~450°C
BBk Bk AFt AFm, C-S-HO SO Rk
5 40
0 —TG
A00~500°C —DTA |{ 20
- CalOHLhMS @ Rk
600~700°C 1o
-10 QCOSEU\FD@HHE@
—~ =
§ _15 \ A 20 b
2 -20 a0 T =
c-sHowm&tr 1 40
-25
60
-30
_35 L " L i L M 1 N 80
0 200 400 600 800 1000

aE (C)

X 2.1-83 A2 rR—X +D TG-DTA g

I-118



Q@ EB#

— R, EREO L) REEEM T TE a7 ) — MR, AIRAEMEER LIz 2 )
— b & g Lfﬁzﬁﬁé‘@é@EﬁTz’nk%b\o T, EEEEMIL, AIRAREM LV IRVIEET
PACWAEL DT B2 biD, BEEEMOLEG., FEIM TH LA (Si02) X 573 Cizdkn
TR-Si0z ~EZ L., ZOMHERICER T 28 ORBEZRE EZY, 227 —FoHlks
A1 % (W. Lin, et al., 1996), AJKAREM TIL, 750 CTHMADGRNELDZ Einn, 2
ORELLETIEH, BMIIIET 2 L e b, AKAEMERW-a> 7 U — NI, SRS
Wﬂ%éb%#wk@%iwmam_muji,ﬁ%ﬁ@%r& XarbnEEZONG, £,

ZDO XD ITEIRFHZEBNT i”H’JFa“E{Z!K@W{I:ﬂEL%m:\ ZED HIEWIREICBWTHEM &
T Ay MAREOBIEIE - IEFEIOMEIZL Y 227 U — FOBEREL B,

3) BEMEEBILDOEAY FRMHOBREEDEZE
PRk 30 AREEIZ KN L 7o @i B K D =7 U — MREDOZEIZ DWW T O 2 OISR E
TEI & & DBEGEEIZ OW T LU IR L,

O #E~100C

AU NOALFEHELE LT, =Y U HA NEDOT VI 32— MK O S K O—H Bk
AT 205, I H KPR~ E T DML TH D5, =7 U — F OJEREFRE IOV T,
B00CETITFE A EHENALLNRNT D, Z O BEFIR CIIEMTRE ~DFEIT/NE W,
ERERBEIC X D KFIEUGEOMREIZ L 0 DT ICHRENEMT 2 b Ao s, thifmeE, 55k
BREE, Y2 ZREIC OV T T OWRESIR CIXFERR M CTh 223, JEMETRE LV bR ER T
LDHMELROND, WTNICELAHKDEEOL HIE, RERMEEFICORNLRNWEE
bbb,

0100~550C (A FEDIBIRELL T)

100°CEBZ D EFEAKRNLEDBANRAEL D, DF 0, BMORBZEHD TWSE AL MK
WofRL, BA L M= M~ MY v 7 ZABNHMET 5, ZOFEIZLY 300CEHzEa Y
U — O EFBIMICIE T I 5, 300CETIZ C-S-H OfiKITIZEAEKT L, 400 LI ETIE
Ca(OH): W fR+ %, Zhbt AL MK DSIRO I L 300°CEBE 2 - m TR E il
R TRELDZ LD EEZOND, Tz, MEAKPERLTLHZLIZEDEA L FR—Z kN EFH
FESCERA & D EITHEFRF CE <D, ZOMNEBEDR T HENKERBEMRTICERD B
DEHEESND,

OB50°CLL L (FEE DB ELL )

550 CLL L Cid, BMOLEMNEL L Z LI X DMERTMNEL S, 573 CTOAEDEBIC &
5B DIZHRSS 150°C TOI A D3 fE%E, 550 CUETIIE A b~ MU v 7 X721F T < |
ﬂﬁ@%h%k#ébé%w a7 ) — b & U TOMEZ TS R WIRERIITH 5, 800°C
ULOBGEEZZ TS5 13a 27 ) — hoMEIRIZE A ERDND,

Oz
BRSO 7RIS T & IRBIC, FIRFFIC = 2 ) — b OBSRIOAFIE A RIS T S5 HE L L
TINC L BRI N B D, OB, AE AL MRS NEEE AL hS— 2 b

I-119



5L 72 ) FLIN OJE I AME R T B - O EIE CAE LT, B A Y MK OB R ED L,
BO%FLRE CHIUTIT L A CIREUIHRAE L2 E LT D (LI - P, 1998).

ZZTC, M 218437 U — |k (21 BEOKERABEOHERRBR THWERE) © TG-DTA
#2779, 300°CLL F Tl. HHKDARIE, T/L 2 31— FAKF#=R C-S-H 725 DK™ E Z 0 |
A50°CHHUT TIFAKERIE IV > 7 LD 53R, 573°C TAFEDELRE, 650°CHUT TIXREEI LY T LD
IIRDBHER SN D, AEHT, BHEEBM THHTOAEOEIBN A LN, ZOMOKRE
NR=ZAFEE—ThHo, 2TZT, X=X DOHELHB LTRSS ERDLZ LT BMEEDT
B 1000°CETOEERDEN, EA L PR—2 M Tl 2BBRETHLIDICH L, 27 U —k
TIX 8% & 1B RELRHZLETHD, HEX72FE L TFET 600°CI<  THREM OIREN EFHT
Heary V—RHOKRETOKSIIROND AREMENRH D0, BAETHKDEZRED Z L1
AEETHY, 27— FORAETKSELKB TSI LB A THDL, TO—FHT, 27
U— FOBEK T 2T 2 2 SIXTE WD, MEK T 25 Lz Bl OB D4
ERd D, FRIEMNOOBAKIZ L HKREKDOI LR, BEIEE Ny r—UNOET) EHCKFER#A

DEELE % %:hé & NH, EOREOIRE ERFRIC LD FREM N OKRGVEFET D),
* t%hz)vk?%%%é IWBT BN ET — A DOEETHIEDBNELRD,

2 40
0 L8.2% 1 30
TG
-2} 20
g
-4 z 10 4

e -~ —

= -6 CaCO,> 7EE 0 %

@

Fo-3 -10
-10 {1 -20
-12 {1 -30
-14 . . . . . L . L . -40

0 200 400 600 800 1000

BE (0
X 21-84 a2 )—b+r®DTG-DTA BIEHRRE

3) F£&
ﬂ%yb%ﬁﬂ@%ﬁ%%@%;@%f%ﬁ%i%i%ﬁéW@%ﬁmmCS+{@%A%?
A MEDEEZHYRT 5 7= DIk L TIT - TW A EIRERBR DL 7 RERK D30T 21T - 1=,
Fro, ERERBROBEIN S HICRHIMRBRZ Ak L7296, PSETA MAET 20890
HIBrd™ 5 7o DI NS % 50 L 7=,
c 8O CHKMHTOREHL, vV AR E AL FAKFMORISIHEA THDH DD, BLERET
LI RET A FA~OEITERH L TWD SO &l Sz,
< EFRBR DR, 20CEMORELTIX M RET A F~DOBALFER SN0, 80°CHFRELT
TR RS20 o T, 80 CEREESAFOFBHI DWW TIX, ARk L T2 C-S-H MK C/S &
720, PRETA MAEZELLIZKWC-S-H &R TWDAREMENRE 2 B b,

I-120



UbofER Ly, 5%, KRBROBRECIE. "ETA b~OBbZHERTHZ LITHEL W &
WENie, LHL2RD 6, SIRESREOBREBHIBRIZIB N TS 20C OB & ITIRE R > T
HeEEZLN, BERBEEZFMTSZENEELY, £72, X=X MREHZBWTH ., SRSt
OEHEZ, XRD (2L D MRET A FOE—Z 3R TERWNH OO, fEfbIZEATZIRED C-
SHThHI>EZLND, ZOERERBROREZIEH L, C-S-H & FSET A MITWIREED C-
S-H TUERHEIEWDR S 2 05T 5 Z SITRHFHMIICB W THRR T —FBST5 2 L8 T
XHHbDEBEZLND,

FTo, BERA Ny r—UNEIZIB W T, BEFARDR I K 2B B P E S Hfh, BEFER
Ry lr—VORETRRIZEBIT DA IRD FEOEHEROBEE 2 E LICK > T, WEFREM ~D
BUGCENREIND, 22T, Ny —UNEEM OEEIZ X R bOHEEDT-DIZ, &
A2 NSRMELOIRER BN X D REELIC OV TR LT,

- 300 CREETIE, a7V — FOBERKTIINEIWNHEDOD, C-S-H ZEOKMP)OFEE KD
KoindZ EnD, 300CLLEDIREIZ/D L& L MEIRTHEL D,

c RHET HKRGERLTHER T2 BE L CREMOEGEZRE L TV NERD D,

Atk TRE I DNERFEM ORERE IV T, MEREOEL, BT DHKDORE, X5
WIFIAKBRE~NDEBEEDT — X 2 LT HLEND D,

I-121



23 ik

sl IS, B AR B O R OWE (V) (Rt REREOMIE) |, Mk, 5 19 &, & 202
¥r, p685-691, 1970.

B 7z, IR BE], BRI 5K, EAZ VO - IR - WOKIBRRIZE T KB E), tARTS
A SCH A4, Vol.420, pp.61-69, 1990.

Azenha, M.A., Numerical simulation of the structural behavior of concrete since its early ages,
PhD thesis, University of Porto, 2009.

Bazant, Y. Xi, Z. P. and Jennings, H.M., Moisture diffusion in cementitious materials
Adsorption Isotherms, Advn. Cem. Bas. Mat., pp. 258-266, 1994.

Bazant, Z. P. and Najjar, N. J. Drying concrete as a nonlinear diffusion problem, Cement and
Concrete Res., Vol.1, No.5, pp. 461-473, 1971.

BREFFEHEGS, BIREH A 7 VBN, TRU BEEEML S ERatE— 2 2 Ik TRU BEEY
RITHFFERITEHL D E & D —, 2005.

Ding, X., Zhang, J. and Wang, J., Integrative modeling on self-desiccation and moisture
diffusion iIn concrete based on variation of water content, Cement and Concrete
Composites, 97, pp322-340, 2019.

JF DI BR BERE AR A - BB Bl o 2 —, AR SR SEBHIE B, Rk 30 AL S L~V UM
FEFEW)F O HMIE AL BT D ENBIR 2 TRU BEFEWALER - W3IBS 2 BT B s
£, 2019.

JF DI BR BERERARAE - BB Bl o 2 —, AR SR SEBHSE B, Poak 31 AR S L~V U
BESEY) S OB AL B3 D ENBIR 3 TRU BEEMALEE « W3 BET 2 Hiv B s
£, 2020.

JRA IR R IEE - BB ¥ —, Wk 28 TS HEINFAAE S ¥ TRU BEsEmL
B Ay EdfrE EEARBR I A (B 4 o) — ALY TAPRHR @R - AT N Y 7 5
DS ORE—, 2017.

JR S BRR R R - B RE & —, SRR 29 R LV MEBEEEY) S O HUB AL S 1T B
LEANPAFEHEE TRU BEFEEWWLEE - Wy Hdirm LB A E (45 — ALY THF
BHEWIZEREN - AT NY 7Rl OIS OR% E—, 2018.

JRF DI BRBERE AR AE - ERE Y o F —, SR 29 RS LSV BUR YEBE S & O g /L3 I B
% BAlTBH 6 F2E TRU BEFEMILER - AL Bl i FEALBRFE — SPopk 25 R EE~29 fEEEELY £ & O
HE—, 2018.

P Z8K, A E, RLRICMED 227 U — FHROKS ORI & LRI BT 20898, BRF
LTRSS, Vol.316, ppl45-152, 1981.

JtH i, Ca0-SiO2-H20 R OBUKES & HIEWE, AR =58, Fiill5, 3 %, pp.317-329,
1982.

Hillerborg, A., A modified absorption theory, Cement and Concrete Research, Vol. 15, pp. 809-
816, 1985.

AR %%, A —F, B A2 MERERO A BE IR KO BET R EEOREKRFAED
ET ML, ARG SGAIE A E, Vol.50, pp81-84, 2012.

£l %, Chaube, R.P, = Flif, Al Z—, (LEOWEMHEVELEZZITH5a 7 ) — b OF
ACRFEFHIET L, TARZEGHE, No.564/V-35, pp.199-209, 1997.

Jonasson, J.-E., Modelling of Moisture Isotherms Including Alkali Effects Proceedings of
Workshop Water in Cement Paste and Concrete, Hydration and Pore Structure, Skangen,
Denmark 7-8 October 1999, The Nordic Concrete Federation pp. 28-48, 2000.

RER M, JR2WN sahf, R ASE, JRH Heth, BB/ - IKER(LW) O KSR 53 K 6 53 1Ak
IR WERE KL BERA A O, HARRET %S 2021 ROFETRE, 1105,
2021.

Lewis, M. A. and Warren, D. W., Gas generation from the irradiation of mortar, U.S.
Department of Energy, CONF-890488, 1989.

Lin, W.-M. and Lin, T.D., Powers-Couche LdJ. Microstructures of fire-damaged concrete. ACI
Materials Journal, Vol.93, pp.199-205, 1996.

I-122



Li, Y., Li, L. and Su, J., Effect if coarse aggregate varity on heat burst properties of high
strength concrete. Concrete, Material and Mdminicle, Vol.4, Total No.258, pp.73-75, 2011.

F =, HAJE 2%, B A Y MERIR D KK AE FIRARE 7L, B ARSI S Rim U,
Vol.76, No.664, pp.1033-1041, 2011.

Mensi, R., Acker, P. and Attolou, A., Drying of concrete: Analysis and modelling. Sechage du
beton: Analyse et modelisation, Materials and Structures, Vol. 21, pp.3-12, 1998.

Mjornell, K.N., Moisture conditions in high performance concrete- mathematical modelling
and measurements-, PhD thesis, University of Technology Goteborg, 1997.

KIE =R, TWERT LT DB OBANFEI ~FrR & ST E, ARG OV T~, =F 7 X
Bkt 2018, No.3, 2018.

P B, A H W, B FA, Bl Z—, ' A2 ME LS & ORI R AT I RS <
B sl o AL, BRI, No.802, V-69, pp.61-78,2005.

Noshita, K., Nishi, T. and Matsuda, M., Generation mechanism of hydrogen gas from hardened
cement paste by gamma-irradiation, Scientific Basis for Nuclear Waste Management Xviii,
Pts 1 and 2, Vol.353, pp.921-928, 1995.

Ochs, M., Mallants, D. and Wang, 1., Radionuclide and Metal Sorption on Cement and concrete,
Topics in Safety, Risk, Reliability and Quality. Springer, Switzerland, 2016.

e I, AKE T, WL R, ER K, EAXVOSERWAERE, AARBREZSRET
e FEAESE, Vol. A, pp.349-350, 1989.

er R SR, [ME #K, Al 98, JHE BHR, AIELCEERLUCREREZ 52207
— N OIKGBENER & BB PEREL, =27 U — N LRERER S, Vol.34, No.1, pp.1540-
1545, 2012.

Scrivener, K., Snellings, R. and Lothenbach, B. (ed.), A practical guide to microstructural
analysis of cementitious materials, Boca Raton: Crc Press, 2016.

SR AWF—, dRlt O BERRRIGHE E I BB, BRBHA JIEE, 55 68 &, 5 8 7, 1989.

TR IE, Al Z—, SRS 207 Y — N OBINEEE T L, BARFSERSCHE, No.
520/V-28, pp.35-45, 1995.

Son, H. and Hosoda, A., Detection of Microcracking in concrete subjected to elevated
temperature at very early age by acoustic emission, Journal of Advanced Concrete
Technology, Vol. 8, No. 2, 201-211, 2010.

FEEEN B AR T ZENF s, BTk L3R HEERT L, 2003.

FEREAE N B AR T3EdR 2, T 3E0F 0 SLpEanT, 1993.

B TR, BH OSER, B 4 # SEE R OB LT, a7 ) — MEFMMEINS RT v 7,
(th) B ABT 7221, pp.78-90, 2004.

Thierry, J. Ph. and Chanvillard, G., Autogenous and drying shrinkage modeling: from paste
to concrete, Proc. of. Int. RILEM Symp. on Concrete Modelling - CONMOD'08, 26-28 May,
Delft, The Netherland, pp. 337-344, 2008.

WilE 532, & A 2 ME(RIRDOKZE QA SR BERA, RS ICE E, Vol. 64, No. 4, pp. 560-
571, 2008.

(Ll EAT, P B, @R 2 U —h, a7 U — %%, Vol.36, No.1, 1998.

I-123



22 BERN Y F—O DEERE M IHE

221 [FC®HIC

ARIATIL, 2.1.4 TR Ny r— 2 ORERAMERHN ) 1238 T L 7oA ahomlRicBE L
TUREEARROMEEE & U CREREMORBAE R RGN E DM E 2L LT b D TH 5,

222 EEREMIMOFIE
(1) WERESIUHEEE—FOBEE

A AR I B R IR im BUAS e RS (DItR. MERPBIRS) (B AH T4, 2016a) |
T RSN T, k5L R DHEE OB (EOMANEDL | %n5@>%ﬁ
EL\%M%M@ﬁ%%%Vﬂbf%2%n5W%%~F(::fi@%%~Fkﬂ%kbf%
W5) ZRET D, BEEE— NI, EMEmEE, WeltbmdE, RIOTBELR ERH S, £ LT, HE
Lk@%?—FKﬁﬁ#éﬁ%@ﬁ%ﬁ%ﬁmb\Mﬂ@%&k%@#é & CHER () o
AIEA T 5, HETHHEE— NiL, MEFOHE OIR (BESHE) 2 EIkFL, W
NOREEE — RN CTE WAL, EHoM#EE— F2ET 5, 2L T, ELEAT
DT — N3 U THENE U L Ofiagd & - T, IR EY OGS R Iz
&b, Lo T, MEEAMEFAN T, BERRE L EE — F2EUIZBET 22 &0
HELRD,

BEFEAR /Ny r— VB X OO OMEE— N e LTI K 2.2-112RT K 5 IS8 M R EE
A ate) . WUEMERE B X OWEHBEED 3 >NEX NS (BT, 2014), WEMEAREL IS
EYWTTE CAE U 2 3EMEEE ©, BEE S Wm0 A ER 7 7 (SEWTIG /1) 23 oD k)
N2 %, BRDPIRDDEEYS, AT L AHO L5 ITEEMED K E WAEFCITRZHEY T H K
%%—Fkbfﬁ@%ﬁﬁﬁﬁéné(HK%W%KJM&)

EIRNETE S DIV L, %ﬁi@%&%%@%fi@k%%ﬁ%ﬁk@%%%t
E&Lf BN - HERT D, Lo T, PN & MatEiiE x4 2 AT ic
A7 I DR E Z &R T J OIS DIERGRE D BEE) /) & L THWH D, %ii@%k%iw
BEOLEL L OMEE— FAMBLIT 200%, MRS, BEHSRMER EITKFET 2, B UM B xf
GLLIEGAETH, BEOKE S, MEOKMLEIC L - THEE— FRELT 285605 5,

R REERER G I, BEEMIC RGN N b FRE RSN AR E LT
WD, KFfaZ kR & U7 MR & MM AR E S e, BEIER /Ny 7 — T DOIREERR
FHETOSGA D, BUREABIEE— N LG Thbh g, —FH., RIEES IS HESFR
AT D, £ LT, EHEM & RO RS IE O R & 72 0 BB Ha i 23 58 45
HAEEMR S D, LIeo T, MEEREO A TR, HEEECHMERIE L IRET 5 2 ENE
OBz LD,

JRF DI OGN (B A 43, 2016b) Tl ﬁ%(?%;/bw”AU)%@%%~P&
LCERET D, BEHRIA NSy r—VIZx L Th, ﬁ@ﬁb@ﬁﬁﬂﬁméhéﬁA X, T
HWIELEBETHMLENDH LD, T2 TIEEZ R,
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2.2-1 WEFEE— FEREFEAE
(BARMFER, 2016a)

(2) HIRMEFHEA A

BEFEAR S v o — U ORISR TIE, RE R & LRWEEREE L RIS 2 K L
7 U 7o BRSO & o 3R N AE S D, BBPERRERIC T LTI, BRI - OF
Hh (X 2.2-2) Z2AHUE LI AMRERMATIC LY, BERATE (RIEAE) 2HET D, EHEY
DGR 2Bl LT AMRERET V2 F L, HESNDMELAMT 5, ZIUTL D KHWH
(IS EESD U TR ELRR S SN D, AR TiE 2 Akl (AAKEM Y=, 2008)
ERHOCTHREMEZRET 5, 2 MHARIETIE K 223 17T L0112, ARBRE 2RERD
ZEREA L EVME GRIEETE O ABLZ 2 % LIZIERR & OAZR) 22 TR 6 B 2 fEEATE &4
Do

SRIBPERBIE CIIBREN ) & LTI B2 W5, I B I3 A IREFZMATIC L BN 2
TZOMEIDIETS] « OF Al EBET 20 ERH D, —T7. MEHREE L LTI, FEE IR

J-R ) BHWHND, BV CIT, MR RIUEN COMMATY, EMaZMERIC
B DL ERIERI» O N LEMIE~DEB BB T D720 2 /37 A =25k VNRIE2), 2005)
[6]72 EANEM S %, HEBVEREERHARIC LB 2RIETT « OF Ze it J-R it 2 oo DRt & A7
T5 (ke LTHERADND) ZLnb b % Z & ANEETREMUE (H A2, 2016b)
ROHMEFFRE (B A2, 2016a) TH, MIMEEIEG X 50 TWRWY, LIzhi> T, SHREPERE
M 24T 9 1ZiE, ER SN D FEDOHEL (L7234 Z AWM BB Z1T 5 LN H D,

RIBHT OREEAEE (RFEM72 &) TR O IEME AR IE AT 2 HMEVEREE D — R 72
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WEET— R L2508 UNKIED, 2005) . FREFIC K 0 A B SaE L 95 & SRIBMERREE ) & et Al g
~NEEEE — RO T 5D, WElEAEEREAN T, AEEREY IS DI RER S A . Rk | i
B (Ke) 2&0, W& T D 2 & CHEOH AW+ 5, ISR XM AR I &
DRED ., ZOEMEIIRT Y U HICOMETET 5 (v ZRITIHRAF L), E7o, Ko lZihfr
TR AT —BTHZOND, — 72 K (352 6T ians, RENRE (Zeio
) THIUTHEERRKE CTHOIRESN TS, LN -> T, REFEBICRBW T, Mt EEimn %
Fhti 95 = L ILREE TR,

—fRIC, BEMEEY ORI, WMEREE, BRI MR ONRIZEE< A D, MRS <
(He<) 722 &, BIZIEHT T AD I ST, /INSRBHENFE L2210 THMEEEE IS T 5,
Z T, AREETITREETZBA L B2 LEFHIIC W T, BN Tl < MelkmksE 4
MELZIMEEIT Y, DEV ., BESHANANCK L USHIERIEEZFH T 5 & L bic, #E
ENDEED Kie 126 U CTHEEE MM S L CIFR SN OEERS 2EH 5, oF 0., i
He— N & LTI & et a2 08T 5 2 L ZRiRICRET 2D 5,

vTH
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<1 <1 <

Dl AT

(a) (b) (e)

B 222 HELBUETILOLA - VTFABRICESTLBHHROEZS
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2.2.3 B ERIRAEMT
(1) ZESHEEOEXRMLER

WHF X OSNEICK U CERSMETOMIT 21T 5, BV A BREERMHTIC L 2 BrsEfgtr & . K
TEHER i OIS NYERARE (KAE) ZPEMATIC L0 B U7, HASEMAT FH OB D ZE T Re 1 &
L CRRBREE Sy =200 MPa OBSERWMHET VEIET 5, KEIZNE, 4MEE S 1 MPa ZfF
5. L Abaqus OEREZ HWTHEIH L 7=,
%%Eéu:10mm@%?w’ﬁbf%ﬁikiWF%ﬁﬁLk%AwwﬁtFﬁmﬁﬁ%
B 4.2-1 1277, ETAREROP T—HFRE REMNE CTHRZ2ARER, £ L TREH
DI RFENL &5, (REBEALEMEORRIL, K 2.2-3 12T X 912, ERREY 725 ZZﬂi
MO EITER L TWD Z bbb, 2 EAEE (Twice Elastic Slope Method : TES %)
Wk o THIEEINDARENREL TES 7 VFHLmbt L TRLETRLTWS, AEICHLTH

JEOFIEMREN/NS {Ipo TN D,

RABE M BRI E L7 AT » 281 5 Mises #1245 O mfi X % X 2.2-5 (S E A7)
X 2.2°6 (NJEAM) 1R T, BT —A 77— WEIRRIRIE Sy TIEMRAL LTI 0 IREER DR
L7 BBALICHI S 95, AREEESIERTITR LTV AR, WP b ES s & 7 o7z, MNEEZA
faf L7236 0E, JE SR O AN R E < 72V | BRI EH I B W TRRENM D FAE
Lic, EHORZIIEREFCTHDHN, REREMITIFHAE Lol
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2 4
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O n n n L n n n n
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ZEfIL, mm
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2.2-4 FRITEER (.= 10 mm. Hc= 1250 mm, p=0)
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2.2-5

EE1Y))

Sy

Mises i 153 (44 £ 6.4 MPa, t.=10 mm, Hc= 1250 mm, pu=0)

I-128



A8 IE 7
S

0.5S

&

(ER2Z& 105 L TERR)
2.2-6 Mises It h%#f (NAE 0.12 MPa, t.=10 mm. Hc= 1250 mm, p=0)

I-129



Q)%%“ﬂ@%%

WH LI EEDEIN 0 Th D0 EMRT A0, BERSEID R 5 R TMIT 21T > 12,
FEMT SRAFIT D EEARSM LA — & Lz, K 2.2-7 JJ@% iR DN L EBRZ RS, AT A
v a kX 2.2-8~[K 2.2-10 (Z/RT N, A v aOHWIENS Coarse, Medium, Fine. Very
fine ™ 4 FXEAZVERR L7z, 2.2.3(D)D#ERIT Fine Z AW fER LD, £ 2.2-1 12T 0 A
v o DEFEFRE R,

X 2.2-7 OFEFRNBANEIZR L TiE Medium, WEIZX L CTliE Fine TR L72FER NS S 1L
TWDZENMERTE D, RFEETIE, &<ITHY DRV ED Fine DA v ¥ = % U THEHT
ATo77,

x® 221 ERLEAYSanE

CiES i
Coarse (X 4.2-5(a)) 52,864 66,620
Medium (%] 4.2-5(b)) 285,044 332,071
Fine (IX2.3-4) 867,469 964,632
Very fine (¥ 4.2-5(c)) 1,318,832 1,457,934
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WHZ AR LIZTICB W T 2.2-11 12T K D WK EIc#Eit 2 B RS 2 L 95 R_IFCHF
Br L7258, AR TR E b o To, BENDT-O DT I NLXF —HELEET D
LT, MBITEPURE D Z N TE N, BREAD T OB DENTRE IR E LT v
o RIEN A LTz,

R E LT, WIEICK LM EEB L2 & & Lz, WEICLDEE TIINE L4t
EHONE LIRS FEAE L TW RN O T IR RIS LZ R Z & i3hneEBEx 615,
S EZAM LT A BN T, S E CHEAARAE L T A AMREERE 2 bivd, £ 2T,
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o7,

il

e =
o N

i RYLME B TR

D I

o ] o EHERSTREELUAR
0 ] —— BM(FHEEETIRE

g ] — E(FHEEELLVRE
D !

S) | J

$,

HEEHS5T 558

B 2.2-11 AEEEFOERFEH (LRRE LEEH)

I-135



M IE , MPa

RE , MPa

6
4
2 -~
— ERAEOEMEEEET FUTFIL)
e NERE D EE
O | | | | | | | | | | | | | | | | | |
0 2 4 6 8 10
ZE 4L, mm
NEBTR
0.18
0.16
0.14
0.12
0.10
0.08
0.06
0.04  NEREOEMEEEES (FUTFIL)
0.02 A EREOEMEEE
0.00 | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
50 100 150 200 250 300 350
ZEHI, mm
RNEETR
2.2-12 HMERBOEMOEENFE (t.=10 mm. Hc=1250 mm, x=0)

I-136



2.2.4 MEERRIRARAT

(1) —EEBEOERKGMER

HEE =10 mm OFT /UK LT, REEH (BR) fxcih-o72 KEE2EH L, KE
FRAEROSHA TR SN B2, BEIEILK 4.3-1 1TF LRSI > B2 2R T 5,
WEETINEEZAR LIZEEOE—RIOKMHE (K) %K 4.3-2125737, INEARICHRT
WHEAMO KEARE < 2ofe, &<, MHmEE (K4.3-1 0 ABIUD ) TRE 2o
TND, SMEAROBEAEITME (X 4.3-1 0 BBLOC O TRENKE L Lotz

BHtTIm

O
4

X 2.2-13 &HABZGOUE
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(2) —ARZ 2 EEEEDIG NILKEZRE
1) RE&R

ZZTIE 2.2-15 X H AR 2 EEMEICTHZ LT, ABETHIEEZITHZ &N
TE %, ZIZTIE. ZOEMHT 1 MPa ONEE AR LTeSE O v — W RORERS (B2 mikk
IR~ KEZEH Uz, RISEEEmIT. o — VPR &AMl 2 iR d 5 25, KAEIZSMAl D&,
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BB ORI S TEI U-, WAL, ¥ — ik & S0t 2 B BSMER 3+ 286 T
DD, KfEFRE< b2 EBEzoN5,

E—RFRIOKE (K) #X 2.2-16 (2737, BEEIXX 2.2-13 18 LIEREIZH - 2B % 7R
LTW5, 2.2-14 LT DL, AR 2 HEICTHZ LT, KENPKEL ﬂiwau\zo -
LMD, LI, BiAEET S LIk o T, KfEiZ 40 MPamOs F2EE TR T L7=, HA
BT L AR, B ZE L2 SAIE. AL MEA OB ENIS A RRENC RIE TR BIT R X
X7nWkHsThsd, HE LTI, xﬁfﬁﬁpﬁ ABLODH) TRKELIRH->TWNS,

T—FIEE—RFII O KMEEK 2.2-17 1277, E— NI O KHEIZE—FI O KEO#HA
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2) SNEBTE

B 2.2-15 O— &8 2 EHEWHEIZ 1 MPa OINEEZ AR LTcHE O v — RO R (B2
AifxICin > 72 KEZRE Lz, WNIEAM & RIS, KEESMIoBZRemoO &S S CRE L,
ETF—FIDOKMHE (K) %K 2.2-181Z77, HBRICTLHZET, KEXPRKEEFLTNWD Z
ERbND, AMEIZRT D KIEIFNEICXHT5ZN0 L0 /hS<72oTnD, R, Bk
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225 BEDEE

ZIVE TOMNT CIIBEBREUIE & U TT 21T o 7o, BEIREOFBLER 572010, =
10 mm OFRITKE U TGS 1 % 0.2 & U CTHIT 21T o 72, [ 2.2-20 (S A SEARAT 12 R
ZoRd, WEICH L CEEBREIT A B Loz, —F. AMEICKH LT, p=02 L LK
D, RERENKEL 2o,

ISTIPE RS A K 2.2-21 (2R, HREEMTER & [FIRRIC, PNJEICK L CEBRE O EII R LN
inote, — I, AMEICH LTI u=0.2 & LI OISTIERBE NP KR EL oo Tz, BESKES
LTRSS ORI & 72 D, 7272, IWIERBEE DN RE L o> TH, WHEAME LY & HHE%
BN S,

LDz & X0 AMNEMEICK U CTIEARERN E &S IR R AR B AR S O S AL D 72 43,
FEBRE 2R (u=0) LB< 2 LT, BREKOEELZTFUICEE TE S, LEN-> T, AR
\CHBE L7 ClI u =0 ZFEARSA R U CHEM L7,
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REA BRI 5 B LiIADEIR DBEFEITHR 5 /B Bk

1. [FC®HIZ
A EFHERHL., im0 A E CHEZARICTEH CTE o = EhEH A 72 5 ONTRER S
EDFEMIZOWTHET D72DIHERTHHDOTH 5,

2.BPI AZ RELADEE L ZDHEHDOHER

B2 FEIC, BPI A7 AELE S O 3 OB MIHEENCBE T 2 GG A RE L. € OMGE
IS BERRERBR 2 F-ICBAT D 2 L & Lz Z Ennh . RBRICHd 5 0T 2 ELRRE 2 (R
LTze H T ZADOBIEITERE 22 £ ICHUE L= H T A%RE A 1y FRBREERE (K 2.1-1) &ff
AL, V7 AORERITETRLE L THEL TND Xy = AX~OE AREOK) 1/3 @ 2.5L A
R Uiz, 7T=— %O - %K 2.1-3 ZRRITRT,

Fio, YRR LT LTz PbO 23, BREEES OB S TEMICHHE She 72
Sl Z b, HHTIT PhsOs ZERJEELE LTHERALZZ &0, ZivE Cloiidd LBk &
DOHENRNZ &, BE LT TANE b D ThHZ L aERTHIZE L LT,

2.1 BPI iS5 REbiADEE

Rk 22 FEBICRUE LN T ARREV A vy FRBRER (X 2.1-1) AL, 2.5L A XD
BPI % 7 A [EbiR 2 BUE L7z, JREHZ L 2 ERRFOIEREIRIEZ X 2.1-2 12, 7 =— V£ OVE %
X 2.1-3 ZRRITRT,



BAT—5

B IR UR B

380Gl ) e

KRN

2.1-1 BPI U T AW A vy B RABRIEE O 23 o OVRBlIF P
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AR ER DARRE

2.1-2

AR DBPIN T XD HS

VA& OV D4R

& /|
1 |

R |
3

2.1-3 7 =—1%%® BPI 5 7 A D8]
22 ZEHBRAOHBRFOER S —1EDHER
() BPIAS ADEE

#il5&% BPI 4 7 AEMLIR D, RIERBRAO 7 —R BB 28I T L CTERT 5 & &b,
G L= T ADOWEW AR T A0, 7 —RURBRA OBE 231 Lz,

TER LT E ik %, ARz 3 pBIL, 308 Licf/ \— & B Fica® L G994
H) A3 — E2 5, 20mm X 10mm X 5mm (KF5 1em3) OB 25 E@ T >0 L, &Rk A
DEREEZHATIZETEELZRB L, £ 2212, &/3— b0 L7 —R B
DN E 2o, B IL 6.74g/cm3~6.76g/cm? OFIPHIZH 0 | WEZRE(LIATH D Z L

WT&ET,

£ 2.2-1 610 L7500 FE E
s H g v&l
E 6.76 6.75 6.75
ax 6.75 6.75 6.74
T 6.74 6.75 6.76

VEMBIRIIMIE RO T, ME LS LR EiEn s LT, RERIG L TE L AD KR Z LTz,
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(2) XRD
U L7z 9 &prd XRD JIEEIT -7, WESRMIZLLTO@EY Th b, fifkxE, ¥ 2.1-1 12
RTN, BCOEFTCHERETHDZ L xR L,

[ Zet]
HEAE - 5~82°
BV E L 0.01
AF ¥ A —FR: 1° /min
I 40k VR : 40m A

- - bk
— I — keh
et — A
0 s
S
et P, — e
— e _thi
— S " —FE
— st S, — T
— L — T4
0 10 20 30 40 50 60 70 80 90

20/°
X 2.2-1 {E#LL7- BPI 7 2™ XRD

B) IAYXREHE

SURFAEOBRER 2.2-2 17T, HBHSOIVEGARIIIIFIEH—-THY | ZDOFHHE
X 1.81wt% Th o7, T OfEIT. TRk 27 FFEICER L - FEbik (2 wHESHE 1.82t% (Rt
»H—, 2016)) ERIETH-T,

#* 2.2-2 BPI AT R[EMLIED 3 U R EAH BRER R

Q) FED

EEFOM LY H LTy —H RS OB L 3 v REERL, EEE LR BERE(L
ThD L EHRLE

KTHDZ PR TET, T2, FE

=iy
HEEHE

Vi g v&l

F 1.82 1.79 1.79
ax 1.81 1.81 1.81
T 1.77 1.86 1.79
wt%



3.BPIASANLDADRMBHBEICETHETIVIEDEZA (GEH)

B1BREETILOLKE

IR EIN RS FE, MWL 2T L ORMZ2MIZEAT 5 Safety Case & 725 & 9 22[XFE
IZBWT, BPIA T ADEMET AN ED L7t D LB 0%, TbEb7akAl LTOH
BHEDTERIRETIED L0, FELS ZRIHEE TIUX, & LV TEBER O BRI AW &
NDBRT AT T ADERET IV EDOIIZBWCHERSND THA D Z Lid, BBIcE#< 7
W, 22T, FAL THZ A 20 EiRZ8910 02, HLW OR U 7 A Ao 2 L BEERK
EMO BPL 577 A L% Safety Case & L CHEHIND THA I BEMET MZONWTRIRT H Z
LT 5, 20007 ADFMET )V EOHKEZEK 3.1-1 1T T,

RO AT T ADEES BPL 7 Z0%6 6, AR ET HMS R 5, AR
CIAOD AT =AML, [7ENT 7 ARD AT T AREERITKIGR &3 2 BT A [EE ST
WD EWVW)RTIE, LBETHD, ZOZ LI, BREFICLDLD M RACIAD L ®RY T
AZDHLONES () Th, AT7ARKEHELTH2, TOZENELIZALZHTND
HEPERFE DO L HIC D72 RN D TikZew, W) AT, L, EETHD,

RO AW T AL BPLH T ATIE, HT7AEMERT D RGBT, ZOfEHKRE
{H7p->TEY, BIE TIX 1,000C8L |, #%3E Tk 550 CRE L 70> TWnD, —RICREED mW
F IR TR OFER DRI BN T8, AKIZKET DiE S mvy GEMREIEMEVY) & B X 50N EKR
Thb,

B LV 2 BT 2R T A BT T AT, B UIAD 2 R E G X, JEARH
WZRIFER R O R EEFE 2T (FP,CP, 77 F=1FK) L7225, L7=2-> T, Safety Case CTiH =
NDET NS, B TOMSMEZREIZHETTRE e, & 2 BEWRILAMED & robust 72 E 7 /L 28BS
NHZLEinns, —J, BRIWEMORBLE 70w 2 Th s BPL # 7 ZADEAIE., HLIAD
DR E O PERRE IR, PR R OWRCR CHIE SN I DR LD, LTI > T,
AVFROACIADBHITE D A D= XL THIUL, OB TR 2 B UiADEERE TR
LORSY A WANTAN

F2wE D FE LD, WIENHEMHREESE, Safety Case (RSN TWAR YT A BN T ADU
iR T L, BREFIC —EDH T AWMHET L CTH Y, HLW H 7 ZEALRO ST, A orA
B 7 ADFmIL T HHEE 7> Tu\b,—J, Safety Case (251 5 BPI H 7 A DREET VI,
LSBEMSNHORELOTIES LM, FAREZEE LTX 10 THEOHFEMBE T SN TS, Jeil
DY, T T ADIEMEYNEIEE A DI, RS AT T ADFHE4m 7 HFIC LT, BPI #7 &
DOFfn 10 TFEZFERT LD, RUTABITTALTR 250y 7128->T, BPIL A Z
ADEIRET NVEMBR T DMLERDH D Z EITHLNTH D,

FL Safety Case DIEMFEE T MTxtd 5 ASHZ MM OREET V& LTE, ALFBfm iz &
HDIRIRET NNRET b, Zhud, OR T AT 7 A0, WKRANZ St 238 f# LT Si
DEIFIREICET D E TlE. @BPL 7 205G, BRIANS Pb 235E## L T Pb OfafnjzEEI
BT L E TR, R & BRI OREAR ((LFBif) ([CXoT, 7 ADOEMPETT 5,
EWOIETNTHD, ZOMFBRMINC K D0IADOT 7 AL, EH00H T A b L T

2 KIZEDHAT A= NI 7 ZAOEE - BENRTIUE, BEL CO 2 SRR OIRRITE Z &
AN

3 EBRIIE, UMEHEA O E TR L CORMEZIHIT 2 AR H 5 2 L 2R3 5 8s
B DN, Bl IR B RS —E DORSTN R T T A AR CEME S B,
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WHARERIERET L THDHE X DILD D, EREMIC L > THIEBOE OGRS LB 2 6
ALDIRPLTIZ, HERRYIECINC IR IET D B2 oD T2, ARMICREW O T 7 R k%0
B4 % Safety Case Tlix, & b DOIITRILI LTV,

—J5. R —E & T % Safety Case DIRRET /LK LT, R T AT T A DG RHRE
DIRREFNAR T2 E WO BIREREZUAT 200 T L E LTUL, Bz, KIMEEET IV
W2 (FatE, 2005), BPI 51T ZIZBWTh, £ T AL DSRRRFRYIZ A 3 D [ 23
HDH L, xRS T CHER I TS, BPL U T ADH T APRMEHEE D RRFIIIK T
TDHDAD=ZAREN, RUTABEH T ALFRBROKIMEGET NV THDHE DT LIZIEEITHKR
FILRTAUT R B0y, HEREHEE 10 HEAFHT 572D MIZOEV IZEESN TN D
HLO LIRSS,

Safety Case 28T 25 T ADEEMET V&9 5 b C¥MELEE & [FIRFIC /28T A —X
ELT, il EOREELRHY . ZZIEFT T AOFENNEBR L TWD, FUTABIT T ADY;
A BUERMAEIREOEERIC L > T, 7 ABEERICIE, B 8.1-1 1T T & O ICEoFIN A&
LTS Z ENBEINTWD (BVF - BRBIBARFEM . 1990), Zhicxt LT, BPI 77
ATITEEARPNCESMELS . QBT a2 ADOBEICH L50) 7T=—V U7X %A & i §
ZEBHHEEETHHDT, BERIZL DT T ADENO U A7 XKW (K 3.1-2 &2/),

T2l RUTABET T AN T, EEOENDBIRFE D EMAIRICE T 2 REHEOHEK
FEEITE, T ADOERRIIEE S NN ER Do TEY, Ml LORBEOMKZRT 7 7
72— LT MR 2K L, il LI3aietei=10 & L2, FEROZFIT BPI 77
ZZBWVWTHREBMICHERINTE Y, BPI V7 A0%E, T—E80NELTEEATH, 0%
BEARSIMRA D ENTEDHLLEEZDBND,

# 311 RNUT AL T AL BPL AT AOFAMN EOET )L

5 H HLW (KU AT 7 A) PSRN 544 (BPI 475 R)

FRSy Si02 & B20s We{bgn & B20s

ELS 1,000°CLL E 550°C

FARM 72 TENT 7 ARDKRT A FEH T AR | TEAT 7 2D BPL H 5 AT
P CIAOERE | ICHUR MR 2 VA . Pa v REEET D,
bR izf;;l/ﬁ%‘ifﬁqj@&’@ (FP, CP, 77 ot 3 o %

Safety Case |C T AU
afety Case FHMIC— EDRSFE I T T AR fEE

BT H T AR (RiE)
. B
fiReT v
Ffn 7 AR 10 T4 (BRI HEE)
R 72 H T A | ALFEBI I X D8 (F1H) )
AT v KIMEEET N (EH)
El HERE T, BN EEHRETE 220, E 3 % Hiz 7 ]38 BT BE,
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3.1-1 FERMEEE (KU TABT T R) OBIZH

X 3.1-2 v/ T v 7RRICBITAT =—1 7% D BPI 7 2ADWHH#E

32 TETRDEMRE
(1) RORDBERE

Rawson (1967) (2 XX, & U F#E (B) O{bHix,. T BEEM T T 2{LT& %5 CGF
(Conventional Glass Former) T&H 0, ka9 58r (Pb) &2 BPI # 7 ADOMEMEEZERK L
TWHEEZHND,

BPI 7 T 2 OWHIHEIEIZ I T 78 7 13 3 EZ (BOs: LK B3 & Ft#k) & 5V id 4 Bz (BO4:
LBk B4 L5i#) #iEZ2 Lo TW0DH LD EBZ i, 1B MAS NMR #rfE RIC X, 7o A
7 VU vk (65PbO + 30B20s + 5Zn0) M OXBPI # 5 A Tid, 1EIEB3:B4=7:3%L72-5TW
HZENMERENSD, Z0 B3 & B4 Dkbix, PbO-Be0s sy T A% %4 L L7- Takaishi et
al. (2000) OFEFR LA TH D,

BPI % T A2 WIKPICIRIE S, T A~ MU 7 APHE - BRI, A UENERT I
SINTHEAITIE, EAWIZAEETH Y | IWIRT TIEARURIIF UBA A L L THEELTND

m-7



EEZDNDY, RUBA A IIMOTEE OMEERIC L > THEBIER R Y, RUEDO~ AN
VAKREERTDH ETO sink HE TRV WOT, WIKTORTZEEED L5551, BPI 5
ADEIRIZE S THELTE b D ERRTENTE D, 72, BPL I T ADOEMR « BEIZX->TH
T ARMENCEEIRBPIERE S D05, ZIVE TOREESITHRE RO IR, #HELS BRIV THEYE
B E B2 DIDEREMICB WL, BEBICIIFRVRENTFELRN I ERBEI N TN D FE
X, "UFE%E BPL T ABMROIEIE L T25 2 &L OREMELEZESIT TN D,

(2) snD AR

Rawson (1967) (2 XU, ¢ (Pb) Ofibiid, HIiToOH 7 2MUIZREETH 508, kR
L9252 L THT AL T&E 5 NCGF (Non-Conventional Glass Former) TH V., Selkdr v
(Pb) LILZBPI A7 ZOMAMELEH L TWDH LEEXBND,

BPI % 7 ZA OWAIEE W T, $HFEEOBNEIEZ &0 5 5 2 LW, IEAVEFE 5T D8l
BRERMN ORI N TV D,

BPI 7 7 A RIEHPICEIE S Y, AT A~ b 7 AR - 2R S, SRR I S h
%A, WK OMIEHEE OBMERHEEREZEL D, -, SRR H D 2 L2, BIRT
DOEREME S RIZN TV D GREEFIRARRM) Z E08%\0,

BPI 7 7 A DOEEME « BEIZ L > TH T AREICEERBPIR I DD, T E TORBFE ST
EBIE, MBS WD TR & B 2 LN ARGV, BRI % 5Tk
Y (A FatvvA b Pbs(COs3)2(0H)2, ©%A F PbCOs) MOHRERINTWD Z & EZRT
BIEEENSHMERINTVWD, B~ 27 a7 7 X — |2 L5 KRERRICBVNTH, &
BHENZNODIM THE SN TWD Z b, 2O OHEMIT, — BRI L7283
BT Z LI K-> TR END D TIE/ <, pristine glass WAEEZ KT DiEfE 2B\ T
BRI OFIZL E LTSN TS Z ENRBEINTEY, BPL H 7 AOLEE 2T 5k
e LTIBERER TV D EEZ LD,

4 BO3s*/HBO32/H2BOs/HsBO3 @ speciation 1ZIFK D pH (2 &k » TRE 2,
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65PbO + 30B,0, + 5Zn0O Glass PbO-B,0; —H S HSADHER

B3=71%, B4=29% : B4 Takaishi et al. (2000)
- — 1 r1 T T T 1 7
i/" : 501 a i
40F -
. .t B3 g \
g S c 30 i 3 .
\W————-— . ‘(‘% D
E { i\ ! 4E31ﬁo)§“é
Z o ; ]
150 100 50 0 -50 -100 -150 i
11B chemical shift [ppm] 10 i
BPI1 Glass | fﬁfﬂﬁ{'}n{}f&q]nompboy
. i —-— N, (Bray's data)
B3 =72 %, B4 =28 % : B4 N N
; : 0 20 40 60 _80 100
T
3 " PbO content (mol%)
i BPIASRIZHIET S

PhEEE

— %7 | B3(3EAL)EBA(AREL)ED X, HSRTYY
= | FRUBPIHSRADWThE#7:312ETHB.

' ' ' ' ' PbO-B,0; A ASADEEM AN o FES
150 100 50 0 -50  -100  -150 N33FMEDHELBL—3

11B chemical shift [ppm]

3.2-1 BPI 77 20O E BT ARV HE
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(3) AVERDBME

v (1) X BPI A7 AEHLAE T ot 2 2BWT, A~ hU 7 A CIAD B & x5
LB HE (MR Tho, I URIIMERDTHY ., T ABEZOHDIZITE LR
H T AMEMR S (Network Modifier) Td 5,

OBPI T2 (ZIUHEGHE 2 wth)., OQBPI HT7 2 (I UEGHE 1 wtk). @KI #5ih.
@PbI: fffh, GKIOs fififhZ x5 & LT XPS o 217\, 13d i 6 = /L F— kD E+ A
7 MU FEE TR LF— (BE) KUOVHER (FWHM) %RO7-MER%. 3.9-1 2R+, =
DFER LY, BPL I T ZOWHIEEITIIT D, I UROF/ERBUZ DN T, LFDZ & 0VRIEE

o,

OKI. Pbl: O KIOs ([ZBH¥ 2 ER KA D, BPI T At 3 7 ROFEREIZ, = v{ky

A4y (fbd:-1) ThoHLHWrsn2,

@OBPI 77 2D 1 3d fid =X —i%, KLICH#E L TEL . PbleOBE L E-, 1 3d S
TR F =N KL TERWZ &6, BPI T Ao 3 w#E L, Pl ICHEE L-E
REEIZHY . 2k, BPI 7 A0 3 vRILRIRIZ Pb-l fEE24EmR L TWD Z L ER

L TWb,

,,,,,,, L e e M N S N
BPIgIass4

IHFR2wWit%

IAHFR1wt%
h

Intensity (arb. units)

_— 13d,, 13d,,
BE FWHM BE FWHM
AF 2wt% | 629.51 2.07 617.93 1.88
BZEZ? aAryFk 1wt% | 629.24 2.23 617.79 2.24
013?% not detected not detected
RERE KI 630.46 2.00 618.99 1.89
HERH2 Pbl, 630.17 1.74 618.68 1.68
RAEHRN3 KIO, 634.34 2.19 622.90 2.16

630 62 610
Binding energy (eV)

3.2-2 XPS /Ot I E-3< BPI A7 2H D 3 7 FEDOFAEIRAE D FEHE

T72bH, BPL AT ZAOWMIEEIZB VT, I VRIInOEFHTEMM Y & L THELTE

D, SN K DM EREE IR S D BRI,

SURBAT AEEN DI TN D Z ERHERI S N

5, I URITIEAMICAEMETH Y, FloAUEREFRRIC, 2 E TOBEMOPRE RN OIX, H
BEEIZI3a URNFELRNWD
ERBERSNTWAZ LD, T7AEEL AN I TR L THRMAMCEE S TS H 0

JEALIFERBEIC BV TR IER) & B 2 B D IR B W T,

LERXDZENTED,

Im-10




3B AVEMEBRETILORITD-ODZEHER (GH)

(1) KBRS EHBROEN

BPI 5 7 A6 D 3 7 FEOHNT EABICE E D REEA T DIRFEIKF LTV D, Z DT,
ZORGFHEEZR DN T H720, £ 3.3-1 KOEK 3.3-2 1T &M CRIERBRZ Fha L, ARG
1% 200 H &N 400 H DT —H ZESG Lz,

# 3.3-1 RERME AR

HoOH RIESM:
R [E H 10 ml/g
B 5T A BPI 77 7 A[Efefk (EaFHEH), #10X20X5 mm (§ 7 g)

@ "2 bFA +FE#EK+0.1M NaHCO;

i BelRHX @ X hFA NFEHK+0.06M NaHCOs

S ¢ NE
RER 14 H, 30 H, 60 H, 120 H, 200 H, 400 H, 600 H, 800 H
AR 232H 7L (=HIH 8 XK L 2 X{Z&EIK 2)

@ #tHO pH, Eh, {EE
@ Wb FRkSr (1, B, Pb, Zn, Bi, Fe, IC)
*: pH KO Eh IZEMIRNTHIE, £ Do oHr i B ITaRBI & T 12 5,

ST HE

* 3.3-2 RIEMEOIHTHER
Na K Ca Si | Al Mg IC Cl | SO4
RIFHK mg/ | mg/ | mg/ | mg/ | mg/ | mg/ | mg/ | mg/ | mg/
L L L L L L L L L

AN A R K+0.1M
NaHCOs

UM A R K+0.06M
NaHCOs

1878 | 6.7 2.2 0.7 0.02] 0.01|1133| 2.5 59

1008 | 5.1 4.3 1.0 0.01| 0.12| 599| 2.0 63

RIEABRIT, LTOFIETHEmE L7,

s Tu—T Ry 7 ANT, BERICETCH & U B ARIERICK L TR 1wt%iRin L, 2
1EiE D Eh 2-200 mV LA FICFHEE LT,

s TN T—BEAT Y U T%IZER ZRE L, FTEMEIZ 72 > TORWE ST EE B ARk
RN L CHERZ R LT,

« BPI ' 7 ALK 2R L, FrEORE L & 72 5 R IEREE2FH L

c RER A RIERBICO TR LZEEEZ RN LT,

- FTEMIRNRIER ORIEREZ 70 —T Ry 7 ANIZBWTT A AI v 7 7 4 0% (FLE 0.45
pm) ZHWTH U I EGICERI LT, ikt s 7o —7 Ry 7 2680 L, ICP-
AES F721XICP-MS i L, AU, 3 UHK, #h, flfA R OB A~ ZADWREE /54T LT,

- B IR HE Q (g/m2) ROHMKIILEHEER (gm2d) X, ThthX(3.3-1) & K(3.3-2)i
XOEMHLE,
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A
Q= {AO XW% (3.3-1)

R=— (3.3-2)

At HROTLHFRIE (g), Ao WIHIHEARE (g9 Wo: EHIHIER (9),
SR ER (m2), d: BEAH (H)

(2) AT RAFKMEFESITOFER DM

T AR TOEMEB DT T M Z T 57, 2% O BPL 4 7 A E{LARIZD
WT, EEICHEMERTE RNV ) R P LORESITEEM L=, & 3.3-310, WBEDFEHE
SRR O —E AR, EH, BHETH- =8 v 7T, READSH OFEE AL Fatvrd 1 b (0
A4 RakrtA ) F L F (galena), /A BE/LT 7 A b (pyromorphite) 72 & DEEEN
R LTcbDTH D, FkiCH o7 REHL, AU FEL I UHED, RIS 55 TRIE L
BT, RIEIZESR O3B B ivTe, RPEOF B, B RIXREISH ISR b,
DORDHOREITHLOT, Zhapirisd2 L& Lz, BRMIiE, LTo 3 BEHTH D,
OoO~A 7w )77 ZKalBRIL, WOs BrHRIS) Z8H TE 20T, FAYRERR THLEE
I A Rkt A FOEROIEHINHRETE 5, @QDOREAKRH FKIL NaHCOs £ 23K
W, @D NaCl IRITREEA AL & E RO T, A Ratvt A hOEROMH 72 LI,
AR L TR &I LT pTic 2,

@O N2 hFA PR EER L, ~A 71 )7 7 Sk Ok

@ KEAZRH F/K(3.55mM NaHCO3+0.11mM CaSOy) (228 % Dk
® 0.55M NaCl KIAHkIZizE% ok

o-12



WREHHAE

I

- ]

KA SEIAIAE
HH | ofok-3-4

N kA 7K +0.1M NaHCO3(6008 )

AU hF A +EEK+NaH,PO,(10 mM) 120

Ca(OH)2(308)

Bk ZRIBTK(1208)

- <) - . y g
# 8.3-:3 ZAVE TN LI EHESHTRE RO
EEFAM—E (PpO2/RH)
B SRR /d| FF0/IERAR s AR BT
RN A R FK 800 - ~2013F || e s
RUhFAFE#EK
+0.01M NaHCO3 800 ~20165%
RURFARPEK
+0.05M NaHCO3 800 REEnE ~20185
P (RUF AT KR) NEORLS AR, LA
+0.07M NaHCO3 800 ~2018%
RUMFA K
+0.1M NaHCO3 800 ) ~20165
S R o
~v )
+Na2s(0.5mM) 120 HS #& 2o AROEILY A HLF
2 e 5
AU AR (N RF AN EfK) ! /
+Na2S(1mM) 850 2019%
&D'"_;’L%qzﬁ* 120 20164F
+3 % 107°mM NaH2P04
p= BRTIZRAH D DB, HERIEEN(NIF
R4 bFHEK UUBRE e s e
+3%10™mM NaH2P04 120 (RUbF ATk | 20165 iﬁ)jl’:::) BRETE AT/ A0
RURA TR
+1mM NaH2P04 350 2019%
Ca(OH)2 800 JEERFN - ~2013%F |REFDCO20DEEHY
[EE:-3:%/3
(0.55M NaCI+0.05M NaHCO3) 800 - ~2013% NaPb,(CO5),(0H)
[EE:3:%/3
+Na2S(0.5mM) 120 HS-222 20145 e .
prpe—, <$§1§;§;}<¢> BHTIE, RABEATEERITENCL
7] 5 F.nAraeLtAR)
+Na2S(30mM) 350 En 20198
[EE:3:%8 YRk
+3%10™*mM NaH2PO4 120 (K H5EmK ) 20165 | R
HEEEEK EEEKTHERELIA .
R ALK 800 i i 20184F [NaPby(CO3),(OH), NARORILY A+
AR Tk y _
(3.55mM NaHC03+0.11mM CaSO) 120 A 20165 | R
BEK R T K = UUBRRE
+3x10-3mM NaH2PO4+1.5 X 10-2mM NaCl 120 A (KB HERRE K ) 20165 | R
K . HS §o DR .
+Na2S(0.5mM) 120 ) 145 | on Bkt (R B DCO2DRE 2)
0.55M NaCl 120 A 20094 |RAHT
EPMADRE S T, FVRRUIVHR
RUMFAMEEK(RAIBYTIH) 15 DFHERBCERPOAVRIEERT | 20105 [ROW

FRLLTF)

0.55M NaClI(120H)

=407 o5 (158)
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1) Ny bhFHA FEEKEFERALEZIA D) 79 2@8KABREDOHE

3.3-112, v 27 v 7 U ZEKRER%D BPL #F 2 DWiwi o> SEM W% 4 ~4, WA &
BEfih U7 WRERE 20 (VIR EERIGES) 11T AL AL WS AR 132 M F ~2pm %)
—IREEREBNIEREN TS, K 3.3-2 127779 XRD OFER LY ZHITHRIERBRICB W T
LE I, e Fatid A b THEEEZLND, HEE LTV ICILL, £
Bl o 2o T, SEM Bl TR ONDRE FIC—HRICER SN EERBIZHIET 5 5D
LEZBND, BB, 20=35(FFIC4A0D B — 7 WD LA, Z UL R 22 4£12 EPMA
%?E'Jﬁbf:[‘%‘f CERELT-AICHKRT D,

[ 3.3-3 12, HAYEERBRICHW - BPI 75 20 TEM @ifg 4., ¥ 3.3-412, ~A 727
%_7}«%%@ TEM it % /54, WiHOLE@IT B2 L 5 R —7 20kEE2 L T\5, X 3.3°5

ik, BORIERBRE A 70 ) T X EKRBRICB T 2RV ROBEHENOHAE SN ILERE
@J—a&k SEM TEIZEINAZEREDEALDLKZRT, FHRERR, ~( 707 r742L
(2, SEM %2> & 5 & 5 2B OJE A%, iR HERER ) B FHE S e R U RIS DRI &
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JAEA TDB (2020) Tl, 31 HJED ., 366 MO, 576 FEOHY, 16 FEXEO T A2
WT, B3 EE(A ¢GOlkeal/moll, A ¢AP[kecal/moll, SP[kcal/mol/K], Wlem3/moll), tk k. Helgeson-
Kirkham-Flowers(H-K-F) 2. ® /X Z % — % (ailcal/mol/bar], aclcal/moll, aslcalK/mol/barl],
as[calK/moll, cilcal/mol/Kl], elcalK/moll, wO%[cal/moll) (Tanger IV and Helgeson, 1988). Maier-
Kelley #E E%%(alcal/mol/K], blcal/mol/K2], clcalK/mol)AF#H & 7=, THNEOMEEZ# 1-1

= 1-1

. AR 12006 1-14 1T ENFIURT,

=~

JAEATDB (2020)I= &+ 2 EHEHRE (1/2)

Item

Description

New and/or revised entries

New and/or revised entries include 93 aqueous species/complexes, 272 mineral/solid
phases and 3 gases.

Aqueous species/complexes

Selenium (Part 1/2)

Selenium (Se) has been added to the JAEA TDB using SeOs?~as the basis species. Relevant

(Table 2) hydrolysis reactions and formation reactions of selenium bearing aqueous
species/complexes are also included.

Acetate Acetate (CH;CO;") has been added as an ‘element’ using Acetate™ as the basis species.

(Table 3) Adding acetate in this way ensures that acetate does not immediately breakdown into

its component C, O and H bearing species/complexes. The relevant hydrolysis reaction
to form HAcetate and formation reactions of metal acetate (Me-Acetate) and non-metal
acetate (R-Acetate) complexes are also included.

Gibbs energy of formation
of Mg? (Part 1/2)
(Table 4)

Gibbs free energy of formation of the basis species Mg?* has been re-evaluated to be A:G°
(Mg?, 298.15K) = —(108.51 +/- 0.6) kcal/mol. This has affected the thermodynamic
properties of Mg-bearing species/complexes that use this value in their derivation.

Gibbs energy of formation
of Fe** (Part 1/2)

Gibbs free energy of formation of the redox species Fe®* has been re-evaluated to be A:G°
(Fe*, 298.15K) = —(4.114 +/- 0.21) kcal/mol. This has significantly reduced uncertainties

(Table 5) of Fe(lll) bearing species/complexes that use this value in their derivation.

Brygy entropy corrected | An error in calculations that included S%:+ (bromine (), 298.15K) = (36.379 + 0.02) cal/K/mol
(Part 1/2) has been corrected. This change affects the thermodynamic properties of Bra(q), SnBr,

(Table 6) SnBraaq), @and SnBrs™ that are calculated from the Gibbs-Duhem relation.

Miscellaneous  additions/ | Additional miscellaneous additions/revisions not already described above include the
revisions thermodynamic properties of 13 aqueous species/complexes in the JAEA-TDB.

(Table 7)

Gibbs-Duhem equation

Gibbs energy of formation, enthalpy of formation or entropy of aqueous species/complexes
that were calculated from the Gibbs-Duhem equation are now marked with “*[GHS]".

Minerals and gases

Selenium (Part 2/2)
(Table 8)

Following the addition of Se to the JAEA TDB, Se-bearing minerals/solid phases and gases
have also been added.

Gibbs energy of formation
of Mg? (Part 2/2)
(Table 9)

Re-evaluation of A:G® (Mg?*, 298.15K) = —(108.51 +/- 0.6) kcal/mol also affected the
derivation of the thermodynamic properties of Mg-bearing minerals/solid phases.




= 1-1

JAEATDB (2020)I= £+ 2 EAEHRE (2/2)

Minerals and gases

Gibbs energy of formation
of Fe® (Part 2/2)

Re-evaluation of AG® (Mg?*, 298.15K) = —(4.114 +/- 0.21) kcal/mol also affected the
derivation of the thermodynamic properties of Fe(lll)-bearing minerals/solid phases.

(Table 10)

Bryy entropy corrected | Corrected S%;r, (bromine g, 298.15K) = (36.379 + 0.02) cal/K/mol also affects the derivation
(Part 2/2) of the thermodynamic properties of CaBrys), KBr), NaBr), and Bryg that were calculated
(Table 11) from the Gibbs-Duhem relation.

Entropy estimates of Fe(ll)
bearing silicate minerals
(Table 12)

Estimates of S%,r, for Fe(ll) bearing silicate minerals has been changed based on discussion
in (Helgeson et al., 1978; Wood, 1981). This mainly affected the clay minerals.

FA Glass
(Table 13)

A new fly ash (FA) has been characterized in R2 (2020) experiments. The glass component
is included as “FA_glass_R2”. The original entry for “FA_glass” has been renamed
“FA_glass_H24" corresponding to the year it was characterized in H24 (2012) experiments.
FA_glass_H24_inert, FA_glass_ R2_inert and SiO2(am)_inert have also been added as
unreacted pozzolanic materials in High content Fly-ash Silica fume Cement (HFSC).

Miscellaneous mineral
additions/revisions

(Table 14)

Additional miscellaneous additions/revisions not already described above include the
thermodynamic properties of 28 minerals/solid phases in the JAEA-TDB.

Correct oxidation states in
minerals and gases

Dissolution of minerals and gases are now written in terms of their component species in
the correct oxidation states, e.g. Pyrrhotite + 1 H+ = + 1 Fe+2 + 1 HS-. This may not be
apparent or sometimes possible, however, if the mineral contains catenated bonds or double
bonds, e.g. Fe1l04Se_beta + 0.02 O2(aq) + 1.08 H+ = 1.04 Fe+2 + 1 HSe— + 0.04 H20.

Gibbs-Duhem equation

Gibbs energy of formation, enthalpy of formation or entropy of minerals and gases that were
calculated from the Gibbs-Duhem equation are now marked with “*[GHS]".




% 1-2 JAEATDB (2020) GBI & hi=t L L&D B A

B U B H-K-F /35 A —4%(t=25°C and P = 1 bar)

gg‘:";ﬁ;’( . AGOT Aot SVt coit Wi T i ;Rsev\illsed : ’}((1:;538 ara:u-i;iters — s Ref
Se03-2 -86.434 + 0.28 -121.27+ 0.4 -2.00+1.7 -61.400 1.260 3.0437 -0.3497 5.8875 -2.7645 0.3389 -15.5418 3.2733 K [1,2,3]
HSe- 10.50 £ 0.5 341 1754 -20.763 18.598 4.7684 3.8615 4.2324 -2.9386 6.4954 -7.2640 1.3565 R [2,3,4]
Se04-2 -105.31+ 0.4 -144 £ 1 10+4 -55.600 19.400 5.4645 5.5612 3.5644 -3.0089 2.0631 -14.3603 3.0915 K [1-3]
CaSe0O4(aq) -240.16 + 0.5 -272.8 £ 2 8.5+6 -16 + 27 10.315 3.1637 -0.0568 5.7724 -2.7767 -3.5604 -6.2938 -0.0380 K [3,5]
H2SeO3(aq) -101.46 + 0.1 -120.78 + 0.4 50.04 + 1.4 35.200 46.535 8.1200 12.0448 1.0160 -3.2769 26.4458 4.1356 -0.0380 K [1-3]
H2Se(aq) 5.25+0.8 349+04 35.39+29 44.667 32.869 6.1952 7.3452 2.8632 -3.0827 30.5016 6.0641 -0.2000 K [1-3]
HSeO3- -97.887 + 0.21 -122.47+ 04 323915 6.500 31.179 6.4138 7.8790 2.6534 -3.1047 20.3957 -1.7106 1.1310 K [1-4]
HSeO4- -107.63+0.4 -139.0+ 1 34.1+4 12.100 38.198 7.3655 10.2027 1.7401 -3.2008 23.4390 -0.5698 1.1051 K [1-3]
MgSeO4(aq) -216.83+1.2 -254.4+3 -10+10 -12+24 7.431 2.7690 -1.0203 6.1511 -2.7368 -1.2162 -5.4790 -0.0380 K [3,5]
Se-2 30.96 + 0.6 10.9+3 -26 £+ 10 -83.497 4.849 3.6576 1.1493 5.2984 -2.8265 -9.2633 -20.0429 3.6367 K [3-5]

"keal/mol, T cal/mol/K,  cm3/mol, ™ cal/mol/bar, ¥ cal/mol, ¥ calK/mol/bar, ¥ calK/mol. * Species/complexes as shown

in the SUPCRT20.dat TDB. All selenium-bearing species/complexes

are new entries in the JAEA-TDB (2020). T Known uncertainties represent the 95% confidence interval (20). * Derivation of A/G°: R : As reported, K : Fitted to equilibrium constant, Keq data.
References: [1] (Shock et al., 1997). [2] Using methods described in (Shock et al., 1997). [3] (Banks, 1934; Barcza and Sillén, 1971; Covington and Dobson, 1965; Dasgupta and Nara,
1990; Fabre, 1887; Ghosh and Nair, 1970; Hagisawa, 1939; Kawassiades et al., 1967; Levy and Myers, 1990; Moriya and Sekine, 1974; Nair, 1964; Naumov et al., 1974; Olin et al., 2005;
Parker et al., 1997; Sabbah and Carpeni, 1966; Schott et al., 1928; Séby et al., 2001; Sekine et al., 1968; Selivanova and Pakhorukov, 1961; Sherrill and Izard, 1928).[4] (Wagman et al.,
1982). [5] Generated in the development of the JAEA TDB.

#* 1-3 JAEATDB (2020)CiEEM S N=FFEE R UEFBRIL MO RN EHFMER UHRE H-K-F /85 A —4(t=25°C and P = 1 bar) (1/2)

(3:2:';?:)/( . AGOi AHOT SVt c,oit Wi T e é!’Rﬁ\insed :45 1F05c:f arar:;e:ers T s Ref
Acetate- -88.27+£0.2 | -116.19+0.2 20.6+2 6.312 40.501 7.7525 8.6996 7.5825 -3.1385 26.3000 -3.8600 1.3182 R [1]
AlAcetate+2 -208.57 + 0.4 -240.5+ 1 -32.8+5 72.900 -0.930 2.1643 -2.4961 6.7288 -2.6757 63.2437 11.8151 1.5579 K [2-4]
Al(Acetate)2+ -299.36 + 1.0 -352.9+6 9+20 169.400 48.301 8.5167 13.0156 0.6302 -3.3170 | 109.3239 31.4722 0.4210 K [2-4]
BaAcetate+ -222.88 + 1.1 -242.092 33.500 72.332 35.405 6.6253 8.3926 2.4574 -3.1259 48.9806 11.6995 0.0459 K [3,4]
Ba(Acetate)2 -311.59 + 2.1 -357.051 59.700 166.781 88.892 13.9186 26.2066 -4.5556 -3.8623 | 103.6344 30.9388 -0.0300 E [3,5]
CaAcetate+ -221.66 + 0.6 -245.645 12.500 83.065 29.321 5.9002 6.6232 3.1505 -3.0527 58.1976 13.8857 0.3636 K [3]
Ca(Acetate)2 -310.31+ 1.0 -362.453 32.300 187.722 82.114 12.9911 23.9379 -3.6556 -3.7685 | 115.9068 35.2043 -0.0300 E [3,5]
CsAcetate(aq) -158.01 + 0.5 -176.344 57.500 40.555 73.310 11.7865 20.9974 -2.5020 -3.6469 29.6579 5.2264 -0.0300 E [3]
Cs(Acetate)2- -245.90 + 0.5 -293.614 73.200 102.565 131.126 19.8839 40.7670 | -10.2671 -4.4642 71.0739 17.8580 0.5208 E [3]
CuAcetate(aq) -76.77 £ 0.5 -99.980 28.700 85.532 40.530 7.3009 10.0483 1.7946 -3.1943 56.0175 14.3883 -0.0300 E [3]
Cu(Acetate)2- -164.66 + 1.4 -219.456 37.000 190.322 94.603 15.0715 29.0205 -5.6592 -3.9786 | 127.5564 35.7339 1.0691 E [3,5]
CuAcetate+ -75.64 £ 0.3 -103.138 -1.300 87.183 22.035 4.9722 4.3620 4.0290 -2.9592 62.4950 14.7244 0.5681 K [3,4]
Cu(Acetate)2(aq) -165.82 + 0.9 -222.758 14.200 195.756 73.995 11.8801 21.2264 -2.5925 -3.6564 | 120.6150 36.8408 -0.0300 K [3,4]
Cu(Acetate)3- -256.54 + 1.3 -346.111 18.990 320.019 131.888 20.2654 41.7019 | -10.6422 -4.5029 | 206.0700 62.1534 1.3408 E [3,5]




% 1-3 JAEATDB (2020)CiB & - Felg B UEiB L S YD BN F M R ISR B H-K-F H/35A—4(t = 25°C and P = 1 bar)(2/2)

gg:‘l)?es)l( * AfGo it Aan it Soiit Cpo it Wi aq x 10 v a, X 102V aRaev‘iIIsed Ha4'§ ::050\/? param:]tﬁrs Cy X 10Q-4vi w®x 105V Der ¥ Ref
FeAcetate+ -111.87+1.1 -139.2+3 -2+10 81+40 23.861 5.2242 4.9743 3.7950 -2.9846 58.9293 13.4651 0.5744 K [4,6]
Fe(Acetate)2 -202.27+1.0 -259.6+3 1.5+£2 184 + 10 76.132 12.1700 21.9335 -2.8706 -3.6857 113.6516 34.4462 -0.0380 K [4,6]
HAcetate(aq) -94.77+0.2 -116.10+0.2 42.7+2 40.325 52.011 11.6198 5.2180 2.5088 -2.9946 42.0760 -1.5417 -0.1500 R [1.7]
KAcetate(aq) -1565.41+0.3 -175.232 47.600 59.162 59.539 9.9020 16.3937 -0.6874 -3.4566 40.5631 9.0167 -0.0300 K [3.4]
K(Acetate)2- -242.54+1.0 -292.517 60.700 138.870 115.782 17.8481 35.7984 -8.3193 -4.2588 94.0916 25.2533 0.7097 E [3,5]
LiAcetate(aq) -158.675 + 0.29 -184.341 19.500 86.657 48.475 8.3880 12.6976 0.7639 -3.3038 56.6767 14.6175 -0.0300 K [3.4]
Li(Acetate)2- -246.52 + 0.9 -304.458 25.500 192.516 103.454 16.3412 32.1211 -6.8785 -4.1068 130.4373 36.1810 1.2422 E [3,5]
MgAcetate+ -198.53+0.8 -229.513 -13.100 87.992 25.433 5.4981 5.6424 3.5341 -3.0122 64.6297 14.8894 0.7483 K [3.4]
Mg(Acetate)2(aq) -287.65+ 1.4 -349.146 -1.200 197.336 77.781 12.3982 22.4898 -3.0853 -3.7086 121.5413 37.1627 -0.0300 E [3]

MnAcetate+ -145.034 -169.470 8.700 87.000 30.392 6.0633 7.0232 2.9897 -3.0693 60.9578 14.6873 0.4129 R [3.4]
Mn(Acetate)2(aq) -234.450 -288.325 24.200 202.780 83.306 13.1542 24.3405 -3.8236 -3.7851 124.7315 38.2716 -0.0300 R [3.4]
Mn(Acetate)3- -324.686 -410.446 31.500 331.892 142.262 21.6217 45.0124 -11.9409 -4.6397 211.3036 64.5717 1.1536 E [3,5]
NH4Acetate(aq) -107.55+ 0.4 -147.290 50.700 90.122 69.645 11.2849 19.7719 -2.0187 -3.5963 58.7075 15.3233 -0.0300 E [3]

NH4(Acetate)2- -195.29+1.2 -264.917 64.700 199.277 127.041 19.3685 39.5090 -9.7736 -4.4122 128.9386 37.5581 0.6495 E [3,5]
NaAcetate(aq) -150.71+1.2 -173.574 34.200 75.092 48.207 8.3514 12.6125 0.7884 -3.3003 49.8989 12.2617 -0.0300 K [3.4]
Na(Acetate)2- -238.05+0.9 -292.053 44.000 169.952 103.156 16.2062 31.7884 -6.7416 -4.0930 114.6437 31.5846 0.9633 E [3,5]
NiAcetate+ -101.121 -131.487 -11.700 73.682 17.132 4.3556 2.8512 4.6343 -2.8968 56.0621 11.9745 0.7287 K [3.4]
Ni(Acetate)2(aq) -190.411 -251.141 0.700 169.415 68.532 11.1327 19.4031 -1.8801 -3.5810 105.1782 31.4753 -0.0300 E [3,5]
Ni(Acetate)3- -281.033 -375.466 1.900 275.499 125.802 19.5212 39.8827 -9.9226 -4.4277 182.3942 53.0847 1.6030 E [3]

PbAcetate+ -97.28 £ 0.3 -1159+2 36.0+5 71.432 32.062 6.1543 7.2429 2.9082 -3.0783 48.0824 11.5161 0.0057 K [3.4]
Pb(Acetate)2(aq) -186.91+0.7 -227.7+5 76 + 16 118.274 85.168 13.4065 24.9527 -4.0573 -3.8105 75.1322 21.0578 -0.0380 K [3-5]
Pb(Acetate)3- -278.4 + 1 -349.472 88.600 268.080 144.337 21.6128 44.9921 -11.9361 -4.6389 165.9232 51.5732 0.2871 E [3.5]
RbAcetate(aq) -155.96+ 0.9 -174.825 53.700 47.957 65.333 10.6948 18.3352 -1.4623 -3.5369 33.9961 6.7343 -0.0300 E [3,5]
Rb(Acetate)2- -243.32+2.0 -291.893 68.300 117.008 122.237 18.6924 37.8608 -9.1318 -4.3441 80.2139 20.8000 0.5941 E [3,5]
SrAcetate+ -224.50+ 0.5 -247.255 20.000 77.394 30.046 5.9602 6.7718 3.0884 -3.0588 53.8109 12.7307 0.2482 K [3.4]
Sr(Acetate)2(aq) -313.35+ 0.6 -363.547 42.200 176.659 82.921 13.1015 24.2102 -3.7685 -3.7797 109.4234 32.9508 -0.0300 E [3]

ZnAcetate+ -126.18 + 0.8 -154.5+ 1 -20+1 127.300 16.376 4.2000 2.4737 4.7779 -2.8813 86.0639 22.8964 0.5744 K [4,5]
Zn(Acetate)2(aq) -216.61+0.9 -272.3 1 20.5+1 210.0 +1 68.928 11.1843 19.5267 -1.9247 -3.5862 128.8891 39.7424 -0.0380 K [4,5]
Zn(Acetate)3- -306.47 £ 0.9 -394.5 + 1 26.1+2 293+ 10 121.480 18.8027 38.1284 -9.2358 -4.3552 189.1790 56.6495 1.2262 K [4,5]

" kcal/mol, T cal/mol/K, i cm3/mol, ¥ cal/mol/bar, ¥ cal/mol, ¥ calK/mol/bar, ¥i calK/mol. * Species/complexes as shown in the SUPCRT20.dat TDB. All acetate species/complexes are new
entries in the JAEA-TDB (2020). T Known uncertainties represent the 95% confidence interval (20). ¥ Derivation of A(G% R : As reported, E : Estimated using linear correlation methods, K :
Fitted to equilibrium constant, K., data. References: [1] (Shock, 1995). [2] (Oelkers et al., 1995). [3] (Shock and Koretsky, 1993). [4] (Archer and Monk, 1964; Daniele et al., 1985; Fein,
1991; Giordano, 1989; Giordano and Drummond, 1991; Palmer and Bell, 1994; Palmer and Drummond, 1988; Siddhanta and Banerjee, 1958). [5] Generated in the development of the

JAEA-TDB. [6] (Sverjensky et al., 1997). [7] (Wagman et al., 1982).




% 1-4 JAEATDB (2020)CBME M= T T HA LA AV RUTT 2SS LMEAMDOB A EHM R UHE H-KF R/85 A — 4 (t = 25°C
and P =1 bar)

Species/ ; ; i i Revised H-K-F EoS parameters
Complex * AG A oM G’ V0V | a % 107 " s x 102471 crl G x 1047 | wdxdo5y | Der’ | Ref
Mg+2 1085106 | -111.3672026 | -330%2 5335 | 21543 | -08217 | -8.5990 | _ 8.3900 2.3900 | 20.8000 -5.8920 15372 | R [1-3]
mgﬁ:(%z;) 4(:) 2H20 =1 31304409 | -33635:+18| -295+5 62+28 | -7.021 | 11392 | -40998 | 7.7152 25723 | 516322 9.5948 0.9910 | E 4]
MgqCl+ 13883207 150.116 -19.000 25000 | 1260 | 22230 | 23505 | _ 6.6669 26818 | 28.6016 2.0580 0.8449 | K 5.6]
MgCO3(aq) 238.76 £ 0.7 -270.581 24.000 27400 | -18.180 | -0.7355 | 9.5745 | _ 9.5062 2.3831 | -10.2416 -8.6159 20.0380 | K 5]
MgF+ 1784503 | -191.72£0.3 | -28.07 £3.2 39.100 | 17.470 | -0.2975 | -8.5049 | _ 9.0858 -2.4274 | 38.0239 4.9301 0.9706 | K 5.7]
mg:(%zn:) 4(:) 2 H20 =1 49886+07 | -21943:24 | -2125+76 126+41 | 17482 | -0.3346 | -85982 | 9.1295 24236 | 877531 22,5501 0.8659 | E [4]
MgFormate+ 194.318 215.724 13.582 35700 | _11.100 | 3.5373 0.8556 | 5.4138 28144 | 33.9967 4.2375 0.7498 | R B
MgFormate2(aq) -279.367 2321.274 -0.709 72400 | 47.500 | 82521 | 12.3673 | 0.8893 -3.2003 | 48.2473 11.7133 -0.0380 | R 8]
MgHCO3+ -250.200 -275.760 -3.000 63.600 | 5480 | 27171 | -1.1469 | _ 6.2008 -2.7316 | 49.0065 9.9391 0.5985 | R 5,9]
MgOH+ 149.23+06 | -16289+14 | 1354 20£30 | -18.141 | -0.4644 | -8.9153 | 9.2542 2.4104 | 24.7836 1.0394 0.7485 | K [10-12]
mgg:ggggﬂﬂ(; H20 = | 34067+1.0 -373.363 -23.800 20400 | -38.998 | -35832 | -16.5352 | 12.2464 -2.0055 | 17.7721 1.1209 -0.0380 | K [4,5,13]
MSSE?SJ)&)Z H20 =1 35313:05 -385.823 -23.800 20400 | -9.826 | 07288 |  -6.0031 8.1089 25300 | 265206 1.1209 0.9116 | K [4,5,13]
MgSO4(aq) 28954 327.375 13,500 21720 | 1330 | 1.9369 | _ -3.0547 | _ 6.9554 2.6526 | -6.8390 7.4589 -0.0300 | R [14]

i kcal/mol, T cal/mol/K, i cm®mol, V cal/mol/bar, ¥ cal/mol, ¥ calK/mol/bar, ¥i calK/mol. * Species/complexes as shown in the SUPCRT20.dat TDB. Parentheses are used to show equivalent
hydrated species used in GWB20.dat and PHREEQC?20.dat TDBs. T Known uncertainties represent the 95% confidence interval (20). * Derivation of A«G’ R: As reported, E: Estimated by
linear correlation methods, K : Fitted to equilibrium constant, Ko data. References: [1] (Shock and Helgeson, 1988). [2] (Wagman et al., 1982). [3] (Shin and Criss, 1979). [4] (Walker et
al., 2019). [5] (Sverjensky et al., 1997). [6] (Majer and Stulik, 1982). [7] (Richardson and Holland, 1979). [8] (Shock and Koretsky, 1995). [9] Listed as unpublished Sverjensky (1990), but
which appeared in (Sverjensky et al., 1997). [10] (Brown and Ekberg, 2016; Gjaldbaek, 1925; Kolthoff, 1923; Palmer and Wesolowski, 1997; Walther, 1986). [11] Using methods described
in (Shock et al., 1997). [12] Generated in the development of JAEA-TDB. [13] (Santschi and Schindler, 1974). [14] (McCollom and Shock, 1997).




% 1-5 JAEATDB (2020)TEME =41 #+ L R UL SO RN MR VBB H-K-F /35 A — 4 (t= 25°C and P = 1 bar)

Species/ ; ; i i Revised H-K-F EoS parameters

Complex . AfGO it AfI'P it Soiit cpo it weii a; x10 iv ap x 102V as vi as x 104 vii Cy % 104 Vi w®x%x 105V Der * Ref
Fet3 4114:021 | -11.86+16 | -6630%52 | -18600 | -37.001 | -2.4256 | -13.6961 | 11.1141 22127 | 19.0459 6.8233 25812 | R | [.2]
Sa‘cielgfgl_f; f) H20 | 55113+00 | -23633£28 | -110£90 | 124+45| -14028 | 00349 | -7.6961 8.7750 -2.4608 | 84.0037 22,2242 05607 | E 3]
FeCl+2 137,520 -50.831 42.700 3369 | 22336 | 0.7164 | 95277 | 9.4878 23851 | 23.8149 2.3482 17013 | R | [45]
FeF+2 79.650 -87.169 -25.700 7638 | -41.536 | -3.4294 | -16.1520 | 12.0915 21112 | 23.9805 1.4787 14477 | K| [45]
FeOH+2 57.814 £ 0.25 -69.984 -25.400 8200 | 24.901 | -1.1562 | -10.6009 | _ 9.9077 2.3407 | 14.6102 4.7048 14382 | R | [26]
Ez(ch)z(:) H20 = -53.10£0.3 -61.006 1100 | -48100 | -41.801 | -3.7143 | -16.8503 | 12.3729 20824 | -154615 | -12.8326 07122 | R | [26]

kcal/mol, ' cal/mol/K, ' cm®mol, V cal/mol/bar, ¥ cal/mol, ¥ calK/mol/bar, Vi calK/mol. * Species/complexes as shown in the SUPCRT20.dat TDB. Parentheses are used to show equivalent
hydrated species used in GWB20.dat and PHREEQC20.dat TDBs. T Known uncertainties represent the 95% confidence interval (20).  Derivation of A(G% R : As reported, E: Estimated by
linear correlation methods, K : Fitted to equilibrium constant, K., data. References: [1] (Shock et al., 1989; Whittemore and Langmuir, 1972). [2] (Shock et al., 1997). [3] (Walker et al.,
2019). [4] (Sverjensky et al., 1997). [5] (Turner et al., 1981). [6] (Baes and Mesmer, 1976). [7] (Diakonov et al., 1999; Kamnev et al., 1986; Kuma et al., 1996; Liu and Millero, 1999; Perera

and Hefter, 2003; Sergeeva et al., 1999; Stefansson, 2007; Yishin et al., 1986; Ziemniak et al., 1995). [8] Generated as a part of development of the JAEA-TDB.

% 1-6 JAEATDB (2020)TEM E - ERILEWD BN PR R VR E H-K-F /85 A —4 (t = 25°C and P = 1 bar)

(S:g::res)l( * AfGO it AfH0 it Soiit cpo il Wi a; x10 iv a, X 10-2v aRaev‘i"sec| Ha4Kx ':OE-?\f paran::ti?rs Cy X 104 vi w®x 105V Der * Ref
Br2(aq) $ 1.38+0.2 -0.20+0.2 31.1+1 0.834 69.002 11.0482 19.1944 -1.7940 -3.5725 2.3189 -2.8647 -0.4707 C [1.2]
SnBr+ -33.250 + 0.44 -30.80 + 0.7 23.01+20 1+30 15.600 3.9658 1.9017 5.0026 -2.8576 8.5538 -2.8309 0.1955 K [3.4]
SnBr2(aq) -58.990 + 0.47 -59.14 + 2.7 48.1+9 -11+ 50 51.200 8.7584 13.6035 0.4034 -3.3414 -0.6301 -5.2753 -0.0380 K [3.4]
SnBr3- -83.800 + 0.53 -87.2+4 71+13 -50+70 90.818 14.3772 27.3227 -4.9888 -3.9085 | -18.1034 -13.2196 0.5463 K [3.4]

"kcal/mol, T cal/mol/K, it cm®mol, V cal/mol/bar, ¥ cal/mol, ¥ calK/mol/bar, ¥i calK/mol. * Species/complexes as shown in the SUPCRT20.dat TDB. T Known uncertainties represent the 95%
confidence interval (20). ¥ Derivation of A«G%C : Calorimetry, K : Fitted to log equilibrium constant, Keq data. $ New entry in JAEA TDB (2020). References: [1] Estimated using methods
described in (Shock et al., 1997). [2] (Wu et al., 1963). [3] Estimated using methods described in (Sverjensky et al., 1997). [4] (Gamsjager et al., 2012).




% 1-7 JAEATDB (2020) GBI E M- Z DD S DR NZHE MR VBB HK-F /35 A — % (t= 25°C and P = 1 bar)

Species/

Revised H-K-F EoS parameters

Complex * DGOt AHO T SOt C,out woi a2, x 107 | a; x 1027 PR 2 X 104V Cy C, x 1047 | @0x 105" Der * Ref
BrO4- 28.2+2 312 4762 -5.200 48.701 8.7361 13.5515 0.4200 -3.3391 11.4884 -4.0937 0.9085 R [1,3,4]
CH4(aq) -8.235 -21.010 20.990 66.30+1.4 37.301 6.7617 8.7279 2.3212 -3.1397 42.0941 10.4707 -0.3179 R [5,6]
CIO- -8.8+2 -25.7+6 10+ 20 -27.800 0.700 2.3599 -2.0164 6.5356 -2.6955 3.4786 -8.6974 1.4767 R [3,4]
CIO3- -1.90+£0.2 -24.86 £ 0.6 38.8+2 -12.300 36.901 7.1665 9.7172 1.9307 -3.1807 8.5561 -5.5401 1.0418 R [1,3]
ClO4- -2.04+£0.2 -30.91+£0.6 4352 -5.836 44.201 8.1411 15.5654 -7.8077 -3.4224 16.4500 -6.5700 0.9699 R [1,3,4]
BaSO4(aq) § -314.60+£ 0.5 -3446 £ 1 19.9+4 -31+ 36 8.347 2.8944 -0.7143 6.0308 -2.7495 | -12.3513 -9.3493 -0.0380 K [7-9]
C03-2 -126.191 + 0.070 -161.385+ 0.11 -11.950 + 0.31 -69.500 -5.020 2.8524 -3.9844 6.4142 -2.6143 -3.3206 -17.1917 3.3914 K [1,10]
NH3(aq) -6.328 £ 0.07 -19.440 £ 0.06 25.77 £ 0.1 18.383 24.430 5.0911 2.7970 8.6248 -2.8946 20.3000 -1.1700 -0.0500 C [11]
S-28 28.78+ 2.6 792 31+ 11 -91.817 -0.671 2.9279 -0.6325 5.9987 -2.7529 -13.4419 -21.7377 3.7124 K [3,9,12]
SrSO4(aq) § -315.62+ 0.4 -347.7 £ 1 11.6+4 -28 + 32 4.682 2.3928 -1.9388 6.5121 -2.6989 -10.5932 -8.7382 -0.0380 K [7,9,13]

i kcal/mol, ' cal/mol/K, i cm3/mol, ¥ cal/mol/bar, ¥ cal/mol, ¥ calK/mol/bar, ¥i calK/mol. * Species/complexes as shown in the SUPCRT20.dat TDB. T Known uncertainties represent the 95%
confidence interval (20). ¥ Derivation of A«G% R : As reported, K : Fitted to equilibrium constant, Keq data, C: Calorimetry data. $ New entry in JAEA TDB. References: [1] (Shock and
Helgeson, 1988). [2] (Cox, 1978). [3] (Wagman et al., 1982). [4] (Shock et al., 1997). [5] (Shock and Helgeson, 1990). [6] (Olofsson et al., 1985). [7] Estimated using methods described
in (Sverjensky et al., 1997). [8] (Felmy et al., 1990; Monnin, 1999). [9] Generated as a part of the development of JAEA TDB. [10] (Berg and Vanderzee, 1978). [11] (Shock et al., 1989;

Vanderzee and King, 1972). [12] (Myers, 1986). [13] (Felmy et al., 1990; Reardon and Armstrong, 1987).




% 1-8 JAEATDB (2020)Ci&M&hi-+ L L AEHMOERE UH R O A4 B U Maier-Kelly {2(t = 25°C and P = 1 bar)
_ _ - R Maier—Kelley Coefficients * Cp
Mineral/Phase »T | Composition AGOHT AHO LT Soiit Woiii Coiit _ i Tmaxv | Der$ Ref
aii bx1o3lv cx105Vv

Downeyite 5602 4106%03 | 538703 | 161302010 | 26502 | 13.917£0.05 16.611 0.930 | -2641 600 | C ]
Etringite_Se04 | (SUNORIN | a41282223 -3983.566 414310 | 713165 522221 | 472146 | 169436 |  -0.393 363 | K [2-4]
Fe104Se_beta Fe1.045e 1813415 | 1802£15 | 1721203 | 28929 | 1363203 | 13508084 5269 | 1288 731 cp [5]
Fe3Se4_gamma | Fe3ed 6376 6156 669+1 | 7409 | 527401 17.778 | 117.264 0 307 | cp [5]
Fe7Se8_alpha Fe7Se8 1341%11 | 128011 | 1467112 | 159.054 | 10576£1.0 | 120382 | 521.497 | 62.806 | _ 440 | C [5]
FeSe2(s) FeSe2 276%3 | 2939%29 |  2075%0.2 | 20906 | 1742£0.2 | 9106438 | _ 18.410 2511 622 CP | [56]
H25e03(s) H25e03 9925405 | 12541204 271+1| 42934 24.810 29732 2771 | 5110 343 | R | [27.8]
K2SeO4(s) K2SeO4 23910404 | 2661504 |  48.30£01 | 72465 | 34.1130.03 37.786 5.236 | -4.653 730 | K [9]
Se_mono Se 0.308£005 | 0.520£003 | 10.770£010 | 17.952 | _ 6.00£0.2 | 5497817 2224 | 0147 | 420 | C [10]
Selenium Se 0£0 0£0 | 10.060£0.10 | 16417 | 5996 £0.05 5.186 2928 | -0.056 | 3034 | C [10]
Se03(s) Se03 205905 | -3898+05 |  2192:02 | 36905 | 18.46%0.9 3.85 | 49.000 0 390 | C | 6811
H2Se(q) H2Se 3.70£0.3 700803 | 52.35£02 | _ 0.000 | 8.28+0.2 7.595 3497 | 0317 | 2000 | R [6.12]
Se2(g) Se2 2210£0.7 | 3372£07 | 59.100£0.10 | _ 0.000 | 9967402 9.031 0.363 | 0737 | 3000 | C [8.13]

"kcal/mol, ' cal/mol/K, it cm3/mol, ¥ cal/mol/K?, ¥ calK/mol, K. * Minerals/solid phases and gases as shown in SUPCRT20.dat TDB, GWB20.dat and PHREEQC?20.dat. All selenium-bearing
minerals/solid phases and gases are new entries in the JAEA-TDB (2020). T Known uncertainties represent the 95% confidence interval (20). ¥ Cp = a + b- T + ¢/T? (Maier and Kelly, 1932).5
Derivation of A;G?: C : Calorimetry. K : Fitted to equilibrium constant, K. data, P : Phase relations, R: As reported. References: [1] (Amitin et al., 1987; Barnes and Mortimer, 1973; Gadzhiev,
1966; Gattow, 1962; Gattow and Drager, 1966; Mal'tsev et al., 1968; McCullough, 1937; Pashinkin et al., 1971). [2] Derived using methods described in (Helgeson et al., 1978). [3] Estimated
from heat capacity, C,° of ettringite_Al reported by (Ederova and Satava, 1979) using methods described in (Helgeson et al., 1978). [4] (Zhang, 2000). [5] (Andresen and Leciejewicz, 1964;
Andresen and van Laar, 1970; Grgnvold, 1968; Grgnvold, 1972; Grgnvold et al., 1984; Grgnvold and Westrum, 1959; Grgnvold and Westrum, 1962; Lemire et al., 2013; Lemire et al,,
2020; Okamoto, 1991; Olin et al., 2005; Svendsen, 1972). [6] (Mills, 1974). [7] (Selivanova and Pakhorukov, 1961). [8] (Olin et al., 2005). [9] (Atake et al., 1983; Kalman et al., 1970;
Lopez-Echarri et al., 1980; Ojkova et al., 1999). [10] (Cherin and Unger, 1967; Cherin and Unger, 1972; Gaur et al., 1981). [11] (Kondrat'ev and Strizhov, 1994; Mijhoff, 1965; Trzil, 1958).
[12] (Bodenstein, 1899; Flogel, 1972; Pelabon, 1898; Preuner and Brockmdller, 1913; Rau, 1967; Rawling and Toguri, 1966; Wagman et al., 1982; Yushin and Devyatykh, 1969). [13]
(Grgnvold et al., 1984).




%19 JAEATDB (2020)TBME Ni=T 5 %9 LEHTHMD NS4 K U Maier-Kelly $E3(t = 25°C and P = 1 bar) (1/6)
) ) i ) Maier—Kelley Coefficients § Cp
Mineral/Phase *' Composition DGOiF DHO Soii¥ Wi CoiF _ _ Tmax Vi | Der? Ref
aii bx1o3lv cx1o—5v

Akermanite CaMgSiz07 879.36 £ 1.0 | -92655£1.0 50.03:05 | 92.810 50.665 60.09 11.400 | -11.400 | 1700 | P [1-3]
Amesite_14A MgaAl(ASiO10(OH)s 19802+ 4 -2145.625 108.900 | 205.400 136.143 172.59 34.980 | -41.670 848 | E[ph] [14]
Amesite_7A MgAI(AIS)O5(OH)a 09232 -1071.243 52.000 | 103.000 65.648 81.03 | 24.738 | -20.230 | 1000 | E[ph] [1.5]
Anthophyliite Mg7SisO22(OH)2 271543 1.0 -2888.849 128.600 | 264.400 155.475 180.682 | 60.574 | -38.462 93| P 1
Antigorite MgasSissOss(OH)ea 15808 £46 | -17071.689 861.360 | 1749.130 1059.129 122845 | 513.760 | -286.680 848 | _CpP [1,6]
Artinite Mg2(OH)2(COs)(Hz0)s o13851 % 098093 | 55.670+0.16 |  96.900 | 70.759 £ 0.18 70.87 27660 | -7430 | 1000 | C 1.7]

. Cao.2(Mgo.1Feo.3Al1.65) R B )
Beidel_Ca(avg) s 1261.02 + 2.6 1347.4+3 70741 | 136.779 76.292 63.99 82.977 | -11.056 520 | E[pm] [4,8,9]

. Cs0.4(Mgo.1Feo.3Al1.65) R B )

Beidel_Cs(avg) T AATR 1265.75 + 2.6 13524 +3 758+1 | 145576 78.471 67.173 80.619 | -11.324 520 | E[pm] [4,8,9]
, Feo.2(Mgo.1Feo.3Al1.65) ) ) ) )
Beidel_Fe(avg) P SvAth 1240.10 + 2.6 1326.1+3 71.2+3 | 135855 76.657 64 83197 | -10.799 520 | Epm] | [4,8-10]

. Ko.4(Mgo.1Feo.3Al1.65) _ _ _
Beidel_K(avg) o, 1263.52 + 2.6 13504 £ 3 733+3 | 141531 78.297 65.277 84.513 | -10.825 520 | E[pm] [4,8,9]
Beidel_Mg g%’(gsH(Q'zxA"’-“S'&“’) A27951£26 |  -1367.03 657+3 | 135308 74.258 63.432 81279 | -11.918 520 | Efpm] 4,8.9]
. Mgo.2(Mgo.1Feo.3Al1.65) R R N
Beidel_Mg(avg) TR ety 1256.54 + 2.6 1342943 701+1 | 135704 76.084 63.611 83131 | -10.945 520 | E[pm] [4,8,9]
Beidel_MgFe(avg) i';"?;;-gi?gjf)';%)(/*")-“s 124862+26 | -1334.8+3 70.7+3 | 135.780 76.370 63.805 83.164 | -10.872 520 | Efpm] | [4,8-10]
. Nao.4(Mgo.1Feo.3Al1.65) R R )
Beidel_Na(avg) O S 1250.86 + 2.6 1346.6 + 3 724+1 | 138455 77.569 65.225 | 83761 | -11.227 520 | E[pm] [4,8,9]




% 1-9 JAEATDB (2020)G:BMaN =35 %™ LEH I DB N2 R U Maier-Kelly $=3(t = 25°C and P = 1 bar)(2/6)

. N " . . -- " Maier—Kelley Coefficients § C
Mineral/Phase *1 Composition DGO AHC SoiiF weiii Coil+ 27 byx 10°V | ¢x105¥ | Tm a‘;( v | Der? Ref
) (NHa4)o.4(Mgo.1Feo.3Al1.65 ) R -
Beidel_NH4(avg) e oMo e, 1253.24 + 2.6 1345943 816+2 | 146.156 85.548 72.846 82.783 | -10.649 520 | E[pm] [4,8.9]
Ko.104Ca0.185(Mgo.09
Beidel_SBId-1 Feo.112Al1 812)(Alo.426 12804116 | -1367.28+16 | 70.150+0.10 | 137.980 | 76.122 +0.08 64.754 81.957 | -11616 520 | R [11]
Si3.574)010(0OH)2
Brucite Mg(OH), 198.55 0.9 22031208 1511 | 24630 | 1847%041 24147 4000 | -6.110 900 | C.So 3.12]
Celadonite K(MgAl)(Si)O10(OH): 1305.9+ 2 1394.912 74.900 | 157.100 66.937 80.25 | 25.300 | _-18.540 | 1000 | Eph] [1,5]
Chrysotile MgsSiz05(OH)a -965.0 £ 1 10433 £ 1 52.90£0.8 | 108.500 65.5+ 1 75.82 31.600 | -17.580 | 1000 | P [1.6.13,14]
Clinochlore_14A MgsAI(AISis)O10(OH)s 1961.70 £ 1.0 -2117.068 111.200 | 207.110 136.901 1665 | 42.100 | _-37.470 90| P 1
Clinochlore_7A %gﬁ-;f'°-5(A'°-5S'1-5)05 -978.55+ 1.0 -1056.935 53.250 | 105.750 65.962 81.41 25310 |  -20.440 848 | So,st 1]
Cordierite Mg2Al(AlSis)O 1 206128 1.0 218331 97.33£09 | 233.220 108.099 143.83 25.800 | 38600 | 1700 | P 1.3]
Cordierite(hyd) Mg2Al3(AlSis)O 1a(Hz0) 2121.35£ 1.0 -2256.757 111.430 | 241.220 119.499 155.23 25.800 | -38.600 | 1700 | P 1
Diopside CaMg(SiOs)2 723.78 £ 1.0 765.4 £ 1 3420:02 | 66.090 37.501 52.87 7.840 | 15740 | 1600 | P [1,2,3]
Dolomite CaMg(COs)2 -517.76 £ 1.0 -556.67 + 1.0 | 37.090 £0.07 | 64.365 37.579 41.557 23.952 | -0884 | 1000 | P [1.2.3]
Dolomite_dis CaMg(COs)2 -515.65 £ 1.0 -553.738 39.840 | 64.390 37.696 44.711 17.779 | _-10.948 | 1000 | St [1.2]
Dolomite_ord CaMg(COs)2 -517.76 £ 1.0 556,67 + 1.0 | 37.090£0.07 | _ 64.340 37.696 44.711 17.779 | 10948 | 1000 | P [1,2.3]
Enstatite MgSiOs 348.93 £ 1.0 -369.7 £ 1 1620+0.2 | 31.276 18.899 2455 4740 | -6.280 93| P (11,67
Forsterite Mg2SiOa ~491.56 £ 1.0 2520.0 £ 1 2275302 | 43.790 28.175 35.81 6540 | 8520 | 1800 | P [1.3]
Huntite CaMgs(CO3) 1004.65+ 0.4 | 10826004 | 71.590%0.21 | 122.900 | 73.955 * 0.22 84.17 | 42.860 | 20440 | 1000 | _C [1,15]
Hydromagnesite Mgs(OH)2(COa)(Hz0)s | -1401.573%0.28 | -1557.090£0.25 | 12038+ 0.4 | 208.800 136.546 141.46 65.280 | 21670 | 1000 | _C [1.16]
Hydrotalcite_M4A MgaAlz(OH)1a(Hz0)s 15201 +4 715+ 13 120.0 £ 40 | 219.260 154.030 154.03 0 0 363 | K [8.17]
Hydrotalcite_M6A MgsAlz(OH)1(Hz0)s 2053 £ 15 -2326.683 143.600 | 228.000 212.744 212.744 0 0 353 K [8.17]
Hydrotalcite_M4Ac ?{'_g‘a'j(o'*)”(coa) 1574543 -1765.817 126.864 | 220.214 153.216 154.999 0458 | -1.464 353 | So 4,817]
Hydrotalcite_M42Ac m%‘gg'j(o”)”-“(co” -1625.043 -1824.314 128.952 | 221.556 159.087 160.22 0698 |  -0.822 353 | So 4,8,17]
Hydrotalcite_M44Ac m%g‘gf(o”)‘z-a(co” -1675.497 -1882.632 131338 | 222.781 164.959 165.441 0937 | -0.180 353 | So 4,8,17]
Hydrotalcite_M46Ac m%‘gg'j(o“)”-z(ooa) 1725.912 -1940.874 133.852 | 223.903 170.830 170.661 1477 0.462 353 | So 4,817]
Hydrotalcite_M48Ac m%‘gﬁf(o“)%(co” -1776.299 -1999.059 136.463 | 224.933 176.701 175.882 -1.417 1.104 353 So [4,8,17]
Hydrotalcite_ M50Ac ?,"4%*)'5(0”)“@03) -1826.661 -2057.194 139.157 | 225.884 182,573 181.103 1,657 1.746 353 | So 4,817]
Hydrotalcite_M52Ac ('\ﬂgfgﬁ':(OH)“‘“‘(Co” -1876.999 -2115.281 141931 | 226.766 188.444 186.324 -1.896 2.387 353 | So 4,817]
Hydrotalcite_M54Ac %%‘QE‘OH)”-S(COQ -1927.312 2173.318 144788 | 227.594 194.316 191,545 -2.136 3.029 353 | So 4,8.17]
Hydrotalcite_M56AC xgg*g‘;‘omﬁz(co” -1977.597 -2231.299 147742 | 228377 200.186 196.765 -2.376 3.671 353 | So 4,8.17]
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% 1-9 JAEATDB (2020)G:BMaN =35 %™ LEH HPD B N2 R U Maier-Kelly $=3(t = 25°C and P = 1 bar)(3/6)

Maier—Kelley Coefficients §

Cr

Mineral/Phase *' Composition AGOHE AHOE St wiii Cyoit Py bx10°" | cx105v | Tmaxv | Der’ Ref
H . Mgs.sAl2(OH)15.6(CO3)
ydrotalcite_M58Ac | /3% -2027.843 -2289.202 150.824 | 229.129 206.058 201.986 2615 4313 353 | So [4,8,17]
Hydrotalcite_ M6AC mg‘g':(o"')w(coﬂ -2078 £ 10 -2346.927 154.204 | 229.862 211.930 207.207 -2.855 4.955 33| K 4,8,17]
Hydrotalcite. MBACI | MgsAl(OH)16Cl2(Hz0)s 2018 £ 18 2279£30 16080 | 236.600 209.712 209.712 0 0 38| K [4.8,17]
Hydrotalcite_M6Fc ?{'_'%F)iz(OH)*G(CO” -1856.0 + 7 -2122.102 163.073 | 237.480 220.665 220.665 0 0 33| K 4,8,17]
Hydrotalcite Mgo74Alo2s(OH)ACO)o. | 549 91105 278676 £ | 54 450 + 0.04 36.542 24.140 24.14 0 0| 29815 c 171
13(H20)0.39 0.49
. Ko.6(Mgo.25Al1.8) ) R N
llite e 1307.1+3 1395.4 + 3 717+5 | 139.304 75.173 74682 | 64189 | -16.576 480 | Eppml | [4,89,18]
: Ko.65(Mgo.25F€0.2Al1.6) ) _ _
llite(avg) O S 1289.7 + 3 1377.4+3 746+5 | 139.304 76.517 74.581 65.738 | -15.702 480 | E[pm] [4,8,9]
Ko.762Nao0.044(Mgo.241
llite_IMt-2 Feo.s76Al1427)(Aloss 127753+ 2.0 | -1365.02+2.0 | 77.658+0.04 | 139.180 | 78.416 +0.02 7587 |  66.714 | -15.418 483| cC 1]
Si3.387)O010(OH)2
Kerolite MgsSiaO10(OH)(H0) | -1371.73£2.5 | -1474.9%3 764 %5 | 144.250 91.280 93882 | 41614 | -13.342 NR | K [8.19]
Lizardite MgsSiz05(OH)s -965.520 1044181 51.700 | _107.495 65.465 7582 | 31.600 | -17.580 | 1000 | StP 20]
Magnesioferrite MgFe20s -314.97 £ 0.7 -341 '75042 291+2 | 44570 | 3519+0.2 23.733 38.421 0 65| C 13,21]
Magnesite MgCOs 245,66 £ 1.0 2656+1 | 15738£020 | 28.018 18.128 19.731 12539 | 4748 | 1000 | P 1.3]
Magnesium Mg 00 0:0| 78112002 | 13.968 5.921 4.97 3.040 0.040 23] R [22.23]
Merwinite CasMg(SiOa)z 103653+ 1.0 | -1090.9%1 60.50 £ 0.5 | 104.400 60.202 72.97 11.060 | -14.440 | 1700 | _CpP [1,2,24]
Mg3(PO4)2(s) Mgs(POa)2 83733 | 89510%25 45.22+02 | 95341 51.020 | 64.48017 15916 | -16.183 | 1626 | _C 25]
Mg(NO3)2(s) Mg(NOs). 14082+ 0.6 | -188.97£0.2 39.2+2 | 64485 33.922 10.68 | 71.200 1.790 800 | R [22,26]
MgCI2(H20)6(s) MgCla(H20)s 505.41+0.2 | -507.28%0.2 87.50£02 | 129.574 81+23 43.063 | 307.029 | 28.556 371 R [26.27]
MgCI2(s) MgClz 141,51+ 0.1 '153'3801’15 2142+02 | 36210 | 17.06+01 | 18.025459 2452 | -1.508 987 | ¢ 28,29]
MgSO4(s) MgSO4 274415 301.7+5 21.85+02 | 45251 22039 | 24.720383 11.870 | 4729 | 1400 | R 28]
Monticellite CaMgSiOs 512.8 % 1 -540.8 % 2 264+4 | 51.470 29.413 36.82 5340 | -8.000 | 1400 | P 1,3]
Montmor_Ca é?j)éii“fé’&?j\“ﬁﬂ A2713+3 | 1358443 66.8+5 | 135.843 74.553 73414 | 67.013 | -16.482 520 | Epm] | [4,8-10]
Cao.2(Mgo.aFeo.2Al1.45) ) R _ N
Montmor_Caavg) | (ao?aiod s 1260.3+ 3 1346.5+3 707+3 | 135843 75.044 73809 | 67.716 | -16.049 520 | Epm] | [4,8-10]
Montmor_Cs 8?&38%?‘)-33/*'1-67)(3'4) 12752+3 | -1361.0+3 76.3+5 | 162.728 76.324 75813 |  65.034 | -16.782 520 | Efpm] | [4,8-10]
Cso.4(Mgo.4Feo.2Al1.45) ) R _ N
Montmor_Cs(avg) | (o 98 eesle 1265.1+ 3 1350.2+ 3 80.6+3 | 162.728 78.123 76.992 | 65357 | -16.317 520 | Epm] | [4,8-10]
Montmor_Fe g’fg-(gi("\)’lgo-”/*“-67)<S'4) 12540+3 | 13402+ 3 6915 | 141503 74.827 73195 | 67161 | -16.349 520 | Efpm] | [4,8-10]
Montmor_Fe(avg) Feo2(MgoaFeozAlias) 12394+3 | -13247%3 7313 | 141503 76.309 73.819 67.935 | -15.792 520 | Efpm] | [4,8-10]

(Alo.1Si3.9)010(OH)2
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BMEINF=IT 20 LEF Y OB N FHEME R U Maier-Kelly % 31(t = 25°C and P = 1 bar)(4/6)

. . " . . " " Maier—Kelley Coefficients § Cp

Mineral/Phase *1 Composition DGO AHC SO+ weii C o+ 77 b x 10{ V| cx105Y | Tmaxv | Per’ Ref

Montmor_K g‘:-ggg\ﬂgg-33/*'1-67)(3"‘) 127333 1360.6 + 3 69.6+4 | 141503 76.181 74249 | 68.246 | -16.370 520 | Efpm] | [4.8-10]
Ko.4(Mgo.4Feo 2Al1.45) R R ) _

Montmor_K(avg) s 1262.8+3 13494 +3 735+3 | 141503 77.949 75096 |  69.251 | -15818 520 | Efpm] | [4,8-10]
Ko.005Nao.375Cao.06

Montmor_KunipiaF | (Mgo.s1Feo1Al1ss)(Alo.os 12601 +3 1356.9+ 3 714+3 | 138031 76.550 75050 |  67.884 | -16.666 520 | E[pm] | [4,8-10]
Siz.91)010(OH)2

Montmor_Mg ?é?f,‘éﬁ?ﬁ?”gﬂ??\“ﬁﬂ -1267.6+ 3 -1354.1 +3 68.5+4 | 142918 74.356 72.875 67.106 -16.469 520 | E[pm] [4,8-10]
Mgo.2(Mgo.sFeo.2Al1.45) R B ) ~

Montmor_Mg(avg) | ;a0 2i9ssr o 12558+ 3 13414 £3 722+3 | 142918 75.736 7343 |  67.869 | -15.938 520 | Epm] | [4,8-10]
Ko.002Nao.21Mgo.018Cao0.03

Montmor MX80(avg) | s(Mgoz24Feo 2Al s5) 12499+ 3 1336.6 + 3 69.5+3 | 133.783 75.746 73563 |  68.645 | -16.253 520 | Epm] | [4,8-10]
(Alo.04Si3.96)O010(OH)2
Ko.024Nao.409Ca0.009

Montmor MX80(WY) | (Mgo.z1aFeo 20sAl s05) 126500+ 1.6 | -1351.90 + 1.6 7216+0.1 | 134.920 | 76.861 £ 0.02 76.379 | 67.419 | -17.440 50| c (1]
(Alo.262Si3.738)O10(OH)2

Montmor_Na gf&gg\/)lgoss/ﬂmev)(s“) 1270343 135783 67.8+4 | 135843 75.578 74199 | 67642 | -16.702 520 | Epm] | [4,8-10]
Nao.4(Mgo.sFeo.2Al1.45) ) ) ) "

Montmor_Naavg) | paoiSohdreesi 1250.2+3 13459+ 3 71.9+3 | 135843 77.220 75.044 | 68499 | -16.220 520 | E[pm] | [4,8-10]

Montmor NH4 EEE‘;‘@;’;Z?@"%?%A“-G?) 1264.8+3 13565 + 3 77.9+4 | 150418 82.164 80494 |  66.819 | -16.225 520 | Efpm] | [4,8-10]
(NH4)o.4(Mgo.4Feo.2

Montmor NH4(avg) | Alas)  (Alo1Sizs)Oro 1252543 134463 83.1+3 | 150418 85.200 82665 | 67521 | -15.642 520 | Efpm] | [4,8-10]
(OH)2

MSHO6 (MgO)oe(Si02)(Hz0) 108 352.573 -384.886 24.753 | 54.949 26.447 30.686 12.029 | 6.956 23| K [4,8.30]

MSHO7 (Mg0)o7(Si0)(H20)12 -374.062 ~408.605 27.196 | 57.786 28.482 33.38 12.475 | -7.660 23| K [4.8.30]

MSHO8 (MgO)o(SiO)(H20)1 32 -395.447 432.320 20.304 | 60.623 30.518 36.074 12022 | -8.364 23| K [4.8.30]

MSH09 (MgO)o(SiO)(H20)1 44 416.758 ~456.004 31.266 | 63.460 32.554 38.768 13.369 | -9.067 423 K [4,8.30]

MSH10 (Mg0):(SiO2)(Hz0)1.56 ~437.990 479.643 33.115 | 66.207 34.589 41.462 13.815 | 9.771 423 K [4.8.30]

MSH11 (Mg0)11(Si02)(Hz0)168 ~450.146 -503.236 34.864 | 69.134 36.626 44.156 14.262 | 10474 423 K [4,8.30]

MSH12 (Mg0)12(Si02)(Hz0)15 -480.236 -526.793 36.513 | 71.971 38.661 46.85 14.700 | -11.178 423 K [4,8.30]

MSH13 (MgO)1 5(Si0)(Hz0)102 -501.281 -550.338 38.050 | 74.808 40.696 49.544 15.155 | -11.882 423 K [4,8.30]

MSH14 (MgO)1 4(Si0)(H20)z04 -522.305 -573.906 30.440 | 77.645 42.732 52.238 15.602 | 12585 423 K [4,8.30]

MSH15 (MgO)1 5(Si02)(Hz0)z.16 -543.302 -597.547 40.496 | 80.482 44.768 54.932 16.040 | -13.289 423 K [4,8.30]

Nesquehonite MgCOs(Hz0)s 411.987 £012 | -472576+0.11 | 46.760+0.14 | 74.790 57 | -1574.804 | 3899.173 | 417.325 | 3065 | C [1,16,31]

Nontro_Ca(avg) (ijl‘g_jgigzg)'az’gﬂ;j) A117.6+3 12014 +3 7892 | 136.191 79.656 68.461 87.024 | -13.113 375 | Eppm] | [4.832]

Nontro_CaFeX2 gg‘ziggﬂ)‘%’:ﬁﬁ)(':e‘)-“s -1038.0+ 3 121243 80.5+3 | 137.953 82.932 66.274 93382 |  -0.942 375 | Eppm] | [4.8]142a
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. . " " ier—| ici §
Mineral/Phase *' | Composition AGY Ao soii woii ot ~ Maier ;‘f':%‘é poetficients * . e | Ders Ref
Cso.4(Mgo.1Fe1.65Al0.3) ) ) _
Nontro_Cs(avg) A e 11224 +3 1206.5+ 3 84.0+2 | 144.988 81.834 71.644 84.665 | -13.381 375 | Epm] | 4,832
Nontro_CsFeX2 Sg’%‘:f('\c")a");Fe1-95)(Fe°-“5S'3-5 104273 | -11263+3 85.6+3 | 146.750 85.111 69.458 91.023 | -10210 375 | Efpm [4,8,32]
Feo.2(Mgo.1Fe1.65Al0.3) } ) }
Nontro_Fe(avg) A 1096.8 + 3 1180.2 + 3 79.4+3 | 135267 80.018 68.47 87.243 | -12.857 375 | Eppm] | [4.8,10,32]
Nontro_FeX3 Feo.2(Mgo.1Fe1.o5)(Feo.s 10171 +3 -1100.0 + 3 81.1+3 | 137.029 83.206 66.284 93.602 -0.685 375 | Eppm] | [4,8,10,32]
Si3.55)010(0OH)2
Ko.4(Mgo.1Fe1.65Al0.3) ) _ -
Nontro_K(avg) R 11201+ 3 1204.4 + 3 815+2 | 140.943 81.659 69.748 88.550 | -12.883 375 | Eppm] | [4,832]
Nontro_KFeX2 Koa(Mgo.1Fe1 ss)(Feoss 10405+ 3 1124243 831+3 | 142.705 84.936 67.561 94.917 -9.711 375 | E[pm] [4,8,32]
Siz.55)010(OH)2
Nontro_Mg g?o"(gsH(; €2)(Alo:33Sia.er) 06713 | -1151.1+3 76.7+4 | 136.248 80.461 66.007 90.836 | -11.226 375 | Efpm] [4,8,32]
Mgo.2(Mgo.1Fe1.65Al0.3) ) _ _
Nontro_Mg(avg) o 1113243 1197.0+3 783+2 | 135116 79.446 68.082 87.177 | -13.003 375 | Eppm] | [4,832]
Nontro_MgFe(avg) '\S"ig‘;:;gf;(-gﬁ')"z-”(p""-“ A1052+3 | -1188.8+3 789+3 | 135192 79.732 68.276 87.210 | -12.930 375 | Eppm] | [4.8,10,32]
Nontro_ MgFeX2 Q”if‘;j)%”i‘ééﬁlﬂﬂ(Fe&% 10335+3 | -1116.8+3 79.9+3 | 136.879 82.723 65.895 93535 |  -0.831 375 | Eppm] | [4,832]
Nao.4(Mgo.1Fe1.65Al0.3) ) _ N
Nontro_Na(avg) S 11165+ 3 1200.6 + 3 80.6+2 | 137.867 80.931 69.696 87.807 | -13.285 375 | Eppm] | [4,832]
Nontro_NaFeX2 Nao.¢(Mgo.1Fe1 o5)(Feos 10368+ 3 11204 +3 822+3 | 139.629 84.208 67.509 94.165 |  -10.113 375 | Efpm] [4,8,32]
Siz.55)010(OH)2
Ko.02Cao.247(Mgo.os6
Nontro_NAu-1 Fer 6s3Al0.265Tio 007) 11942+ 14 | -1203.25+ 1.3 79.53+1.7 | 136.380 | 80.102+0.08 69.266 86.764 | -13.363 375 | C 33]
(Alo.542Si3.458)O10(OH)2
Nontro_ NH4(avg) (NHa)o.4(Mgo 1Fe1.65Al0.3) 11009+3 | -1200.0+3 89.8+2 | 145568 88.910 77.317 86.820 | -12.707 375 | Efpm] [4,8,32]
- (Alo.45Si3.55)010(OH)2 T T T ) ) ) ) ) s
(NHa4)o.4(Mgo.1Fe1.95) R R )
Nontro_NH4FeX2 AR 10302+ 3 1119.8 + 3 91.4+3 | 147.331 92.187 75.13 93.187 9.535 375 | Eppm] | [4,832]
Odinite_7A(avg) 'g"i?‘;-:fg‘:(gff)i"~“6(A'°~” 827.3+ 1 -902.158 58.302 | 107.793 66.860 71.642 36.908 | -14.033 | 1000 | E[ph] [5,8]
Pargasite NaCazMgsAlsSieOz2 (OH)2 -2846.730 -3016.763 160.000 | 273.500 161.738 2058 41660 | 50210 | 1000 | P [1.2]
Periclase MgO 136.08+0.1 | 1438001 | 6440£004 | 11.248 9.034 10.18 1.740 | 1480 | 2100 | CP [1,22,34]
Phlogopite K(Mga)(AISia)O10(OH)2 1396.42 £ 1.0 -1488.392 76.100 | _149.660 85.004 100.61 28.780 | _21.500 | 1000 | P [1,35]
Pyrope MgsAl2SizO 12 1417.87£1.6 | -1502.06+ 1.4 623024 | 113270 | 77.89%0.2 91.69 32.640 | -20.920 848 | R 7]
Ripidolite_14A MgsFe2Al(AISiz)O10(OH)s -1799.624 1948467 130.407 | 209.634 142.625 170.384 42.764 | -36.010 900 | R [36]
Ripidolite_7A Mg+ 5Fe(AlSi1s)0s(OH)s -897.511 -972.568 63.074 | 107.690 68.825 83.352 25642 | -19.710 848 | R 36]
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. . . " ier—| ici §
MineraliPhase *' | Composition AGOH A0 soii woii C,0it —aer=Keliey e o T | Der® Ref
Saponite_Ca i?g;ji'\"93)(A'°-33S'3-67)O 13464+3 | 143523 71.5+3 | 139.661 81.067 80.756 65.221 | -17.009 520 | Efpm] | [4:8,10,32]
. Cao.225(Mgz.8Feo.1Alo.05) B ) -
Saponite_Ca(avg) | (Ao7alegs oot 1344943 143323 736+3 | 138.879 81.105 81.937 64.649 | -17.874 520 | E[pm] | [4,8,10,32]
Saponite_Cs OC%’;;EM93)(A'°-33S'3-67)O1 -1350.3+3 -1439.3+3 75.8+3 | 146.919 82.865 83.382 63.276 -17.230 520 | E[pm] | [4,8,10,32]
. Cs0.45(Mg2.8Feo.1Al0.05)
Saponite_Cs(avg) | caniager e 13502+3 | -1438.8+3 794+3 | 148.776 83.555 85.518 61.995 | -18.176 520 | Ejpm] | [4.8,10,32]
Saponite_Fe E}?&ﬁ*’;ﬁ“"gﬂ(’*"’-“s'3-67)0 -1329.2+3 14176 %3 72.0+3 | 138.899 81.368 80.764 65.403 -16.797 520 | E[pm] | [4,8,10,32]
. Feo.225(Mg2.sFeo.1Alo.05) R ) -
Saponite_Fe(avg) | (S Riosd o 1321.4+3 1409.2+3 743+3 | 137.840 81.514 81.048 64.896 | -17.586 520 | E[pm] | [4,8,10,32]
Saponite_K Ko.s3(Mgs)(Alo.33Sis.e7) 13485+3 | 1437643 73.7+3 | 143582 82.721 81.818 66.488 | -16.819 520 | Efpm] | [4.8,10,32]
O10(OH)2
. Ko.45(Mg2.sFeo.1Alo.0s5) R _ -
Saponite_K(avg) e s 1347.7+3 1436.5+3 76.6+3 | 144.225 83.359 83.385 66.376 | -17.615 520 | E[pm] | [4,8,10,32]
Saponite_Mg Mgo.165(Mgs)(Alo.3sSia.e7) 342743 | 143153 71.0£3 | 138.775 80.896 80.444 65.348 | -16.918 520 | Efpm] | [4.8,10,32]
O10(OH)2
. Mgo.225(Mg2.sFeo.1Alo.05) R ) R
Saponite_Mg(avg) | (07 el S0 1339.9+3 1428243 729+3 | 137.670 80.870 81.511 64.821 | -17.750 520 | E[pm] | [4,8,10,32]
Saponite_MgFe :\gf’c‘;ﬁfe”“"’-“s'3-67)0 10927+9 | -1175.0%9 88.7+3 | 141.031 89.482 86.27 66.344 | -14.728 520 | Efpm] | [4.8,10,32]
. Mgo.225(Fe2.9Alo.05) ) _ R
Saponite_MgFe(avg) | (75 21008 1105.6 + 9 1187.9+9 89.5+3 | 139.776 88.883 86.948 65.751 | -15.706 520 | E[pm] | [4,8,10,32]
Saponite_Na L’)‘égﬁ;ﬁ'\"g”“'&“s'3-67)O* 34553 | -14346+3 7290+3 | 141.044 82.121 81.775 65.868 | -17.150 520 | Efpm] | [4.8,10,32]
. Nao.45(Mg2.sFeo.1Alo.05) R _ R
Saponite_Na(avg) | paoidhSer et 13436 +3 143233 755+3 | 140.765 82.540 83.327 65.530 | -18.067 520 | E[pm] | [4,8,10,32]
Saponite NH4 (NHa)o:33(Mgs)(Alo.s3 1340043 |  -1434.0%3 805+3 | 147.398 88.703 88.062 65.061 | -16.674 520 | E[pm] | [4,8,10,32]
Siz.67)O10(0OH)2
. (NHa)o.45(Mg2.sFeo.1
Saponite_NH4(avg) | il eligeslons 1336.2+3 |  -14316+3 85.9+3 | 149.429 91.517 91.9 64.430 | -17.417 520 | Epm] | [4,8,10,32]
Nao.394Ko0.021Ca0.038
Saponite_Sap-Ca-1 | (M9zs4sFeooziMno.cor) 134374412 | 143256+ 1.2 7519+ 04 | 141660 | 82.93+04 82.997 65.650 | -17.459 520 | ¢ (33]
(Alo.397F€0.034Si3.569)O10
(OH),
Sepiolite MgaSieO15(OH)2(Hz0)e 2211.8%6 2418.748 146.600 | 285.600 168.003 157.02 | 104300 | _-18.680 800 | K [1,19]
Spinel MgA1,Os 517.01£ 1.0 546.9 £ 1 192704 | 39.710 27.764 | 36.772808 6415 | _-0.709 | 2000 | CP [1.34]
Talc MgsSiaO1o(OH)2 1320302 1.0 | A411.1+1 | 62.34020.15 | 136.250 79.880 82482 | 41614 | -13.342 800 | _CP [1,3.6]
Tremolite CazMgsSisO22(OH)2 277025+ 1.0 | -20442+1 | 131.190 £ 0.30 | 272.920 154.882 188.222 57.004 | 44.822 800 | _CpP [1.2.3]

"kcal/mol, ' cal/mol/K, it cm®mol, V cal/mol/K?, ¥ calK/mol, VK. * Minerals/solid phases as shown in SUPCRT20.dat TDB, GWB20.dat and PHREEQC20.dat. t Suffix notation is used to show
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differences in composition. ¥ Known uncertainties represent the 95% confidence interval (20). § Cp = a + b-T + ¢/T? (Maier and Kelly, 1932).2 Derivation of A;G® C : Calorimetry. K : Fitted to
equilibrium constant, K.q data, P : Phase relations, R: As reported, E[pm] : Estimated using a polymer model, E[ph] : Estimated using a polyhedral model, So : determined from solubility
relations, St : Determined from stability relations. References: [1] (Helgeson et al., 1978). [2] A:G° and AdH° corrected to be consistent with Ca+2 and CO3-2 in (Shock and Helgeson,
1988) and calcite amd aragonite in (Plummer and Busenberg, 1982). [3] (Robie and Waldbaum, 1968). [4] Generated in the development of JAEA-TDB. [5] A:G° estimated using a
polyhedral model. [6] Updated to be consistent with changes in SiO,q described in (Rimstidt, 1997). [7] (Robie et al., 1978). [8] Estimated using methods described in (Helgeson et al.,
1978). [9] S° and C,° of Beidellite SBId-1, llite IMt-2 and Smectite MX80 reported in (Gailhanou et al., 2012) are used to provide estimates of S° and C,° for all Beidellites, lllites and
Montmorillonites, respectively, using additive methods described in (Helgeson et al., 1978). [10] S° estimation modified as given in (Wood, 1981). [11] (Gailhanou et al., 2012). [12] (Brown
et al., 1996; King et al., 1975; McGee and Hostetler, 1977; Robie and Waldbaum, 1968; Travers and Nouvel, 1929; Xiong, 2008). [13] Adjusted to be consistent with the changes to the
thermodynamic properties of SiO2(aq) as described in (Rimstidt, 1997). [14] (King et al., 1967). [15] (Hemingway and Robie, 1972; Hemingway and Robie, 1973). [16] (Robie and
Hemingway, 1973). [17] (Allada et al., 2005; Atkins et al., 1994; Bennett et al., 1992; Gao and Li, 2012). [18] (Helgeson and MacKenzie, 1970). [19] (Stoessell, 1988). [20] Thermodynamic
properties of Lizardite based on Chrysotile as described in (Evans, 2004). [21] (Bonnickson, 1954; Klemme and Ahrens, 2005; Koehler et al., 1961). [22] (Kelley, 1960). [23] (Cox, 1978).
[24] (Pankratz and Kelley, 1964; Weller and Kelley, 1963). [25] (Oetting and McDonald, 1963). [26] (Wagman et al., 1982). [27] (Pilar et al., 2012). [28] (Chase, 1998). [29] (Kelley and
Moore, 1943; Moore, 1943). [30] (Bernard et al., 2017; Lothenbach et al., 2014; Nied et al., 2016). [31] (Robie and Hemingway, 1972). [32] S° and C,° of Nontronite NAu-1 and Saponite
Sap_Ca-1 reported in (Gailhanou et al., 2013) are used to provide estimates of S° and C,° for Nontronites and Saponites, respectively, using methods described in (Helgeson et al., 1978).
[33] (Gailhanou et al., 2013). [34] (Stull and Prophet, 1971). [35] (Sverjensky et al., 1991). [36] Ripidolite treated as an ideal solid solution between Daphnite and Clinochlore end-members
as described in (Wolery and Jove-Colon, 2007).

% 1-10 JAEATDB (2020)Ti&gmahi-gk (II) SHIYDEAZHEER U Maier-Kelly f#31(t = 25°C and P = 1 bar) (1/3)

?;IIAI:‘;; E’I{Phase Composition NGO F AHOF Soiit woiii Cpoiit ':I?er Kelll)e:/ 1%2?:“‘“5'3? =3 Tmilpx v | Der? Ref
Aegirine NaFe(SiOz)2 574.80 £ 0.7 61565+07 | 378502 | 64596 | 385104 46.14 | 10220 | -0.490 | 950 c [1.2]
Andradite CasFea(SiOa)s 1296.82 £ 1.0 -1380.345 70.130 | 131.850 83446 | 113532 | 15.636 | -30.889 | 1100 P [1.3]
Beidel_CaFe(avg) gf‘(f(-zchH‘jg-“A“-65)(A'°-458'3-55) 125311 £ 2.6 1339.2+3 71.3+3 | 136.854 76578 | 64184 | 83011 | -10983 | 520 | E[pm] [4-7]
Beidel_CsFe(avg) gfg(‘c()'f_'e)‘;“A“-65)(A'°-458'3'55) 1257.84+ 26 13443 +3 76.4+3 | 145651 78758 | 67.368 | 80652 | -11.251 | 520 | E[pm] [4-7]
Beidel_FeX2(avg) g‘fg-(zc(;e)‘;“A“-65)(A'°-453'3-55) 123222426 1318.0+ 3 71.8+3 | 135.930 76.943 | 64194 | 83230 | -10726 | 520 | E[pm] [4-7]
Beidel_KFe(avg) g‘j-gfg‘f_fj‘;’*'“-65)(A'°-458'3-55) 1255.61 £ 2.6 1342243 73.9+3 | 141.606 78583 | 65471 | 84546 | -10.752 | 520 | E[pm] [4-7]
Beidel_NaFe(avg) 'C\')f‘(f(-‘gFH‘jg-“A“-65)(A'°-458'3-55) 1251.95+ 2.6 13384 +3 73.0+3 | 138.530 77.855 | 65419 | 83794 | -11.154 | 520 | E[pm] [4-7]
Beidel_NH4Fe(avg) | (NHeloa(FeosAlies)(AloasSis | 154533496 1337.8+3 822+3 | 146.232 85.834 73.04 | 82816 | -10576 | 520 | Efpm] [4-7]
55)010(0OH)2
CoF CazFe0s 47841202 511.30£02 | 45.10£03 | 67.180 46.101 59.24 0| -11.680 | 1750 R 8.9]
CoFH75 CasFea(OH)10(Hz0)25 -004.8 £ 14 -1039.963 120.180 | 189.590 141029 | 84.829 | 177.333 3.750 | 323 E [4,7,10]
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% 1-10 JAEA TDB (2020)CiBMNE M 1-8 (1) & A S DB 345 R U Maier-Kelly &3§(t = 25°C and P = 1 bar)(2/3)

Mineral/Phase *' | Composition MG A0 soii Wi C,0it e e e e w | Der® Ref
C4AF CasAl,Fe2010 -1144.608 -1214.200 78.000 | 130.200 94.678 89.49 17.400 0 NR R [11]
CAFH13 éﬁj‘éF):(OH)S)Z((OH)Z) 1537.0 6 1763+ 30 190+ 100 | 286.000 233.047 | 136.004 | 294.228 8.284 | 328 K [4,10,12]
Chalcopyrite CuFeS; -44.866 -44.453 31.150 | 42.830 23.099 20.79 12.800 -1.340 | 830 C,P [1,13]
Cronstedtite_7A FesFe(FeSi)Os(OH)s -626.8 £ 2 -698.410 73.500 | 110.900 83.230 84.79 41840 | 12476 | 950 E[ph] [1]
Epidote CazFeAl2SisO12(OH) -1450.912 -1544.063 75.280 | 139.200 85.598 | 117.622 12.816 | -31.864 | 1100 P [1.3]
Epidote_ord CazFeAl2SisO12(0OH) -1450.912 -1544.087 75.200 | 139.200 85.626 113.78 14.690 | -28.920 | 1100 P [1,3]
Ettringite_Fe (CH‘ZG(()F)Z(OH)G)Z(SO“)3 -3412.70£ 1.6 -3979.5+6 420+21 | 716.594 528+16 | 457.299 | 204.956 8.457 333 K [4,14]
Fe(OH)3(am) Fe(OH)s -168.77 + 0.9 -197.35+ 05 31.07+24 | 26987 26.615 5.747 54.053 4224 | 423 E [4.15]
Fe(OH)3(mic) Fe(OH)s -169.80 * 0.9 -198.38 + 0.5 31.07+24 | 26987 26.290 10.16 49.168 1307 | 423 C,So [15]
FeCI3(s) FeCls(s) -79.235 £ 0.06 -94.642 + 0.02 347702 | 55933 23.09+0.2 16.533 22.376 -0.104 | 550 C [15]
Friedel_Salt_Fe (CazFe(OH)s)2(Cl)2(H20)a 14104 + 2 1606 * 11 154 + 37 | 277.486 1724 +1 74.654 | 256.599 18.861 328 K [4,12,16]
Goethite FeOOH 11714+ 05 -134.08 + 0.5 143001 | 20.820 18.65 + 0.1 4.455 49.164 -0414 | 3726 | C.So [15]
GR1CO3° Fes(OH)12C03(H20)z -973.7+3 -1151.431 110.724 | 163.121 168.355 | 138.484 | -16.182 30.842 | 353 K [4.17]
Hematite Fe20s 17818+ 0.3 -197.72+ 03 20.94+03 | 30274 25.04 + 0.4 23.49 18.600 -3.550 | 950 C [1,8,18]
Hemicarbonate_Fe §83H2)F)8_(|?c';')):32((003)°-5 -1422.9 + 1 -1609.7 + 3 180.4+9 | 270.672 167.1 + 2 74.434 | 285933 6.572 | 328 K [4,12,16]
Katoite_Fe CasFe2(OH)12 981.7+4 -1105 * 15 110 +50 | 155.000 115.288 72135 | 151.029 -1.668 | 358 K [4,10,19]
Katoite_FeSi084 CasFe2(SiO4)o.84(0H)s 64 10702+ 4 -1181.461 102.485 | 148.800 106.478 83.588 | 113.570 9752 | 323 K [4,10,19]
Katoite_FeSi134 CasFex(Si04)1.34(OH)s.e4 -1122.8+4 -1228.488 92.191 | 144.700 101.065 90.626 90.553 | -14.720 | 323 K [4,10,19]
Lepidocrocite FeO(OH) 114.69+05 -131.26+ 0.5 | 15554 £0.07 | 22.393 | 16.506 * 0.13 13.502 16.021 1576 | 387 C [15]
Maghemite Fe20s 174212 -193.35+ 2.0 2224+01 | 29.130 2509+ 0.4 25.526 15.657 4508 | 700 C [15]
Magnetite FesO4 242.60 £ 0.7 | -267.250 + 0.44 348+2 | 44.524 36.25+0.2 21.88 48.200 0| 900 c [1,8,18]
Monocarbonate_Fe | (CazFe(OH)s)2(CO3) (H20)s -1594.9+ 3 -1814.8+9 206 £29 | 291.661 1916+10 | 106.445 | 273.381 3274 | 328 R [4’1‘(‘)']16’2
Monosulfate_Fe (CazFe(OH)s)2(SOs) (H20)e | -1644.35+ 1.9 -1860 + 16 250+ 54 | 320.619 2338+7 | 136079 | 295956 8.457 | 333 K (410,14,
21]
Nontro_Ca 8‘;"_"’);65(Fez)(A'°-33S'3-67)O1°( -1070.8 + 3 11547 +3 77.2+4 | 137.122 80.633 66.32 90.709 | -11.318 | 375 Elpm] | [4,7,22]
Nontro_CaFe(avg) giiz;g‘?g-(gﬂ;;)%lo.w -1109.7 + 3 -11933+3 795+3 | 136.266 79.942 68.655 87.057 | -13.040 | 375 Elpm] | [4,5,7,22]
Nontro_Cs Cso.3(Fe2)(AloasSiaer) -1074.7 3 -1158.9+ 3 81.4+4 | 144.356 82.430 68.946 88.763 -11.539 375 E[pm 47,22
O10(OH)2
Nontro_CsFe(avg) gf;f’;;ﬁg‘f;‘(%ﬂ‘;f’“"°“ 11145+ 3 -1198.4 £ 3 84.6+3 | 145.063 82.120 71.838 84.698 | -13.308 | 375 Elpm] | [4,5,7,22]
Nontro_Fe g‘f_‘;;z%(Fez)(A'“”S'W)O“°( -1053.6 + 3 -1137.2+3 77.7+4 | 136.372 80.934 66.328 90.891 -11.106 | 375 Elpm] | [4,5.7,22]
Nontro_FeX2(avg) g'i(.’;igfafl‘(é’?l‘}f)(A'°‘45 -1088.8 + 3 117203 80.0+3 | 135.342 80.305 68.665 87.276 | -12.784 | 375 Elpm] | [4,5,7,22]
Nontro_K Ko.sa(Fez)(Alos3Siasr) 072,943 15723 79.3+4 | 141.054 82287 | 67382 | 91976 | -1.127 | 375 | Epm] | [4.7.22]
O10(OH)2
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% 1-10 JAEA TDB (2020)CiBMNE M 1-8 (1) & A S DB 345 R U Maier-Kelly &3§(t = 25°C and P = 1 bar)(3/3)

Mineral/Phase *1 Composition MG A0 Soii Wi o ——Maler-Ke ley L pefficients A 1| Ders Ref
Nontro_KFe(avg) g?:é;&é?éﬁ;i(/”o'% A1122+3 | -11962+3 | 8213 | 141018 81.945 |  69.942 88592 | 12810 | 375 | Epm] | [4,57.22]
Nontro_Na gfg(g(:)‘zz)(’*"’-“&&”) 1069.8+3 | -11540+3 | 786+4 | 138517 81.686 | 67.339 91.355 |  -11.459 | 375 | E[pm] [4,7,22]
Nontro_NaFe(avg) 22_‘;;‘%?;'{5@'3’5’“"’45 1108643 | -11925+3 | 812+3 | 137.942 81.217 69.80 | 87.840 | 13212 | 375 | Ejpm] | [4,57.22]
Nontro_NH4 (s'\ils':‘;;[gféfga)(?loss 1064.4+3 | -11536+3 | 862+4 | 144.871 88260 | 73626 | 90549 | -10982 | 375 | Eppml | [4.7.22]
Nontro_NH4Fe(avg) gxl':jlf’s“lgzse)gf?('ga)z -11020+3 | -1191.9+3 90.4+3 | 145644 89.196 77.511 86.862 -12.634 375 E[pm] [4,5,7,22]
Saponite_CaFe(avg) ng’t_jzot"f;eoﬁj’;‘z"’-"s)(/*"’-s A1107+9 | -11929+9 | 9013 | 140984 89.118 |  87.374 65578 | -15.830 | 520 | E[pm] | [4,5,7.22]
Saponite_CsFe(avg) gii‘;gfoe(zo-gﬁ)'g”s)(p""-s A116.0+9 | -11986+9 | 959+3 | 150.881 91570 | 90.956 62925 | -16.132 | 520 | E[pm] | [4,5,7.22]
Saponite_FeX2(avg) ;?3‘_’52)205(1'2(902-;/?10-05)(A'°-5 1087.2+9 | -1169.0+9 | 90.8+3 | 139.945 89.527 | 87.385 65.825 | -15542 | 520 | E[pm] | [4,5,7.22]
Saponite_KFe(avg) gfs-‘_‘:)(g?;(-go/*ﬁi")-gs)(/*"’-s A135+9 | -11962+9 | 9313 | 146.331 91.374 | 88.823 67.306 | 15571 | 520 | E[pm] | [4,5,7.22]
Saponite_NaFe(avg) gzi‘)‘gfo%ﬁ)'g‘Js)(A"J-s 41003+9 | -1191.9£9 | 920£3 | 142.870 90.554 | 88.764 66.460 | -16.023 | 520 | E[pm] | [4,5,7.22]
Saponite_ NH4Fe(avg) gﬁﬂ:gizf:)';‘ﬁ?g'ﬁ;? A41019+9 | -11912£9 | 1024+3 | 151.535 99.531 | 97.338 65359 | -15373 | 520 | E[pm] | [4,5,7.22]
Stratlingite_Fe ggaHz)':;*((i_ioz"gQ(FeSioz 14610 | -1300230 | 137300 | 227.000 158.991 | 98577 | 195.994 1759 | 353 E [4,7,10]

" kcal/mol, T cal/mol/K, ' cm3/mol, V cal/mol/K?, ¥ calK/mol, Y K. * Minerals/solid phases as shown in SUPCRT20.dat TDB, GWB20.dat and PHREEQC20.dat. T Suffix notation is used to
denote differences in compositional variation. ¥ Known uncertainties represent the 95% confidence interval (20). 8 Cp = a + b-T + ¢/T? (Maier and Kelly, 1932).2 Derivation of AG C :
Calorimetry, P : Phase relations, R : As reported, K : Fitted to equilibrium constant, K.q data, E[pm] : Estimated using a polymer model, So : determined from solubility relations. E[ph] :
Estimated using a polyhedral model. References: [1] (Helgeson et al., 1978). [2] (Bennington et al., 1984). [3] A:G° and AHP corrected to be consistent with Ca+2 and CO3-2 in (Shock
and Helgeson, 1988) and calcite and aragonite in (Plummer and Busenberg, 1982). [4] Derived from the additive methods described in (Helgeson et al., 1978). [5] S° estimation modified
as discussed in (Wood, 1981). [6] S° and C,° of Beidellite SBId-1, lllite IMt-2 and Smectite MX80 reported in (Gailhanou et al., 2012) are used to provide estimates of S° and C,° for all
Beidellites, lllites and Montmorillonites, respectively, using additive methods described in (Helgeson et al., 1978). [7] Generated in the development of the JAEA TDB. [8] (Kelley, 1960). [9]
(Kelley and King, 1961; Robie et al., 1978). [10] C, of Katoite_Al, Monosulfate_Al and Ettringite_Al given in (Ederova and Satava, 1979) were used as parents to estimate C, values for
other Katoite, AFm and AFt phases, respectively, using additive methods described in (Helgeson et al., 1978). [11] (Babushkin et al., 1985). [12] (Dilnesa, 2011). [13] (Pankratz and King,
1970). [14] (Mschner et al., 2008). [15] (Lemire et al., 2013). [16] C, of Monocarbonate_Al given in (Bellmann et al., 2019) was used as a parents to estimate C, values for other AFm-
(CI,C0O3) phases using additive methods described in (Helgeson et al., 1978). [17] (Drissi et al., 1995). [18] (Haas and Robie, 1973). [19] (Dilnesa et al., 2014). [20] (Dilnesa et al., 2011).
[21] (Dilnesa et al., 2012). [22] S® and C,° of Nontronite NAu-1 and Saponite Sap_Ca-1 reported in (Gailhanou et al., 2013) are used to provide estimates of S° and C,° for Nontronites and
Saponites, respectively, using methods described in (Helgeson et al., 1978).
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% 1-11

JAEATDB (2020)TiEMEnf=-RFK (1) FFRAEK, YRV H RO NZHMER U Maier-Kelly 3 (t = 25°C and P = 1 bar)

Mineral/Phase . ; ; " i Maier—Kelley Coefficients $ Ci
(A=Z, state) * 1 Composition A:GO AHO it Soiit Wi Cpo i3 Y b xy1 0" [ cx 1057 TmaF;( v Der @ Ref
Bromine(l) Br2 0£0 0+0 | 36.379+0.02 | 51.460 18.076 2242 | 14570 0 333 C 1]
CaBr2(s) CaBr2 -158.7 + 1 -163.29 + 1.0 31.0+1 | 106.418 17.9%2 16.665 4.406 -0.039 1015 C 2]
KBr(s) KBr -90.92 + 0.4 -9412+04 | 22.930+0.01 | 43.431 12.576 9.137 6.708 1.280 1007 R 2]
NaBr(s) NaBr -83.49 £ 0.1 -86.38 £ 0.1 20.75+0.1 | 32.154 12.369 11.401 3.247 0 1020 R 2]
Br2(g) Br2 0.743 + 0.027 7.388 £ 0.026 | 58.666 + 0.01 0.000 | 8.618 +0.02 8.92 0.120 -0.300 3000 R [1]
P kcal/mol,  cal/mol/K, i cm®/mol, ¥ cal/mol/K?, ¥ calK/mol, Y K. * Liquids, mineral/solid phases and gases as shown in SUPCRT20.dat TDB, GWB20.dat and PHREEQC20.dat. T Parentheses
are used to denote state, s = solid, | = liquid, g = gas. ¥ Known uncertainties represent the 95% confidence interval (20). $ Cr = a + b-T + ¢/T? (Maier and Kelly, 1932).2 Derivation of AG”:
C : Calorimetry, R : As reported. References: [1] (Cox, 1978; Kelley, 1960). [2] (Chase, 1998).
% 1-12 JAEATDB (2020)C:EBMEnf=gk (1) EFY 1 BIEDERAEHEME R U Maier-Kelly #4(t = 25°C and P = 1 bar)
Mineral/Phase " ; ; i " Maier—Kelley Coefficients § Ci
(A-Z, state) *1 Composition AGH AHE soiE wi Gt al b x !1,03 v cx105V Tman vi Der @ Ref
Beidel_Fe g‘?ggg‘f{)*z'z)(/\""”s'3-67) -1265.98+2.7 | -1353.1+3 | 66.6+4 | 135433 | 74.731 63.752 81.334 -11.797 520 E[pm] [1-4]
Saponite_CaFe 8?&8?5;'33)(A'°'33Si3'67) -10964+9 | -11787+9 | 89.2+3 | 141917 | 89.654 | 86.582 66.217 -14.819 520 Elpm] | [1-3,5]
Saponite_CsFe 8?&35(;':;3)(’*'0‘333“-67) -1100.3+9 | -11828+9 | 935+3 | 149175 | 91.452 | 89.208 64.272 -15.040 520 Elpm] | [1-3,5]
Saponite_FeX2 g‘?g-(185$f3)(A'°-333i3-67) 10791+9 | -1161.1+9 | 89.7+3 | 141155 | 89.955 | 8659 | 66.399 14607 | 520 Epm] | [1-3.5]
Saponite_KFe gf-ggg:;zxA'O-%Si&”) -10984+9 | -11811+9 | 91.4+3 | 145838 | 91.308 | 87.644 67.484 -14.629 520 Elpm] | [1-3,5]
Saponite_NaFe gf‘;(-g(:;”(A'O-%Si&”) -10954+9 | -11780+9 | 90.6+3 | 143.300 | 90.707 | 87.601 66.864 -14.960 520 Elpm] | [1-3,5]
Saponite_NH4Fe g':(‘gﬁ;z(Fe3)(A'°-33Si3-67) -1089.9+9 | -1177.4+9 | 982+3 | 149654 | 97.289 | 93.888 66.057 -14.484 520 Elpm] | [1-3,5]

"kcal/mol, " cal/mol/K, " cm®mol, ¥ cal/mol/K?, ¥ calK/mol, VK. * Mineral/solid phases as shown in SUPCRT20.dat TDB, GWB20.dat and PHREEQC20.dat. T Suffix notation is used to denote
compositional variation. ¥ Known uncertainties represent the 95% confidence interval (20). $ Cp = a + b-T + ¢/T? (Maier and Kelly, 1932).2 Derivation of A:G’ E[pm] : Estimated using a
polymer model. References: [1] Derived from the additive methods described in (Helgeson et al., 1978). [2] S° estimation modified as discussed in (Wood, 1981). [3] Generated in the
development of the JAEA TDB. [4] S° and C,° of Beidellite SBId-1, lllite IMt-2 and Smectite MX80 reported in (Gailhanou et al., 2012) are used to provide estimates of S° and C,° for all
Beidellites, lllites and Montmorillonites, respectively, using additive methods described in (Helgeson et al., 1978). [5] S° and C,° of Nontronite NAu-1 and Saponite Sap_Ca-1 reported in

(Gailhanou et al., 2013) are used to provide estimates of S° and C,° for Nontronites and Saponites, respectively, using methods described in (Helgeson et al., 1978).
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% 1-13 JAEATDB (2020)GiBMENT=T 54 7 v S 15 5 A DEAFHE R U Maier-Kelly {&5(t = 25°C and P = 1 bar)

Mineral/Phase -, 00t it 0 ii i 0iit Maier—Kelley Coefficients $ Cr
(A-Z, state) “1 Composition AG AH® ) v Co Py bx 105 | cx 105 | Tmaxv | Der® | Ref
(K20)0.0765(Na20)o.1612(Ca0)1.3108(MgO)o.5
FA_glass_H24 s6(A1203)1 3872(F€203)0.1830(Si02)11.9195 999999 999999 999999 478.500 999999 999999 999999 999999 NR N [1]
. b (K20)0.0765(Na20)o.1612(Ca0)1.3108(MgO)o.5
FA_glass_H24_inert s6(A1203)1 3872(F€203)0.1830(Si02)11.9195 999999 999999 999999 478.500 999999 999999 999999 999999 NR N [1]
b (K20)0.1727(Na20)o0.1323(Ca0)o0.9557(MgO)o.6
FA_glass_R2 425(Fe203)0.3482(Al203)2.1144(Si02)10.3008 999999 999999 999999 478.500 999999 999999 999999 999999 NR N [1]
. b (K20)0.1727(Na20)o0.1323(Ca0)o0.9557(MgO)o.6
FA_glass_R2_inert 425(F€203)0.3482(Al203)2.1144(SiO02)10.3998 999999 999999 999999 478.500 999999 999999 999999 999999 NR N [1]
SiO2(am) _inert ° SiO2 -203.215+ 0.43 | -216.009 + 0.97 10.59+2.9 29.000 8.30+4.4 25.013 10.736 -17.702 573 K [2]
"kcal/mol, T cal/mol/K,  cm®mol, ¥ cal/mol/K?, ¥ calK/mol, VK. * Fly ash glasses as shown in SUPCRT20.dat TDB, GWB20.dat and PHREEQC?20.dat. T Suffix notation is used to denote the
year the glasses were analyzed. ¥ Unknown values = 999999. § Cr = a + b-T + ¢/T? (Maier and Kelly, 1932).2 Derivation of A«G% N : Not used. K : from log Keq data. ® New entry in JAEA
TDB. References: [1] Generated in the development of the JAEA TDB. [2] (Alexander et al., 1954; Chen and Marshall, 1982; Elmer and Nordberg, 1958; Fournier and Rowe, 1977;
Greenberg and Price, 1957; Gunnarsson and Arnérsson, 2000; Hitchen, 1935; Kitahara, 1960; Marshall and Warakomski, 1980; Piryutko, 1959).
% 1-14 JAEATDB (2020) THET SN 1= £ DD EEY D E A Z4HE R U Maier-Kelly &34 (t = 25°C and P = 1 bar) (1/2)
Mineral/Phase o it it 0iitc i Oiit.c Maier—Kelley Coefficients $ Cr a
(A-Z, state) T Composition AG° Adf S v Co aiic bx10°M | cx105v | Tmax“ | D°r Ref
Anorthite CaAl2Si20s -954.1+2 -1007.6 £ 2 4912 100.790 50.353 63.311 | 14.794 -15.440 1700 | P [1,2]
Atacamite ® Cuz(OH)sCI -159.95+ 0.5 -196.56 + 0.5 40.100+0.14 56.839 38.0+1 37.626 | 15.585 -3.781 508 | K [3,4]
Beidel_Ca gf‘;(-gﬁ';'z)(A'O-%S'a-”) -1283.21+ 2.6 -1370.6 £ 3 66.2+3 | 136.195 74.430 63.744 81.152 -12.009 520 | E[pm] [3,5,6]
Beidel_Cs 8?&35('_"%';)(A'°-333i3-67) -1287.11+ 2.6 -1374.8 +3 70.4+3 | 143.452 76.228 66.371 79.206 -12.230 520 | E[pm] [3,5, 6]
Beidel_K gf-gzéAﬁ))z(A"’-33Si3-67) -1285.28 + 2.6 -1373.1£3 68.3+3 | 140.115 76.084 64.806 82.419 -11.819 520 | E[pm] | [3,5,6]
Beidel_Na gf‘&gf_l‘“)';)(’*"’-“&@”) 128226 2.6 1370.0+ 3 67.6+3 | 137.578 75.483 64.763 81.799 12,150 520 | Eppm] | [3,5, 6]
Beidel_NH4 g‘f:'(‘g°|j)32(A'2)<A'°-33Si3-67) 1276.80 £ 2.6 1369.5+ 3 7513 | 143.931 82.066 71.051 80.992 11.674 520 | Eppm] | [3,5, 6]
Bornite CusFeS4 -86.70+ 1.0 -79.922 99.290 98.600 58.700 49.76 35.080 -1.350 485 C,P [1,7]
Buddingtonite P NH4AISisOs -846.0 + 1 -919.25+1.0 56.0 + 1 112.205 57.476 60.54 46.358 -15.010 1400 C [3,8]
Ca(NO3)2(s) Ca(NOs)2 -177.58 £ 0.6 -224.28 + 0.2 46.2+2 65.635 35.696 29.37 36.800 -4.130 815 R [9,10]
Chukanovite P Fe2(OH)2(CO3) -285.36 + 0.6 -320.70+£ 0.9 49.59 + 2.2 56.016 42.876 28.944 44.164 0.680 780 So [3,11]
Hibbingite ° Fe2(OH)sCl -221.85+0.8 -255.56 + 0.8 46.92 £+ 0.8 62.201 416+1 38.81 15.969 -1.761 508 K [3,12]

m-19




% 1-14 JAEATDB (2020) CHETEN - Z D e LMD B H 24514 B U Maier-Kelly {&31(t = 25°C and P = 1 bar)(2/2)

Mineral/Phase Lo ; ; " M Maier—Kelley Coefficients § Cr

(A-Z, state) | Composition DGOite AHO e Soiite woiii Cpoiite pyT b 3103 ve | cx105% | Tmax" Der @ Ref
Hydroxyapatite Caro(POx)s(OH)2 30048312 | 31957513 | 1866009 | 319.200 184.066 2285 39.620 -50.000 1500 | R [10.13]
K in CASH gel® | KOus 999999 999999 999999 | 0.000 999999 999999 999999 999999 N| P 6]
Mononitrate_Al Eﬁjg?l(o"')s)z(“o”z 1620.34 £ 1.7 1853.7+ 3 168.0+8 | 296.685 216.0+7 129.343 280.087 2.842 33| K 3,14,15]
Mononitrite_Al ngg?:(o"')s)z(“oz)z 15813+ 14 -1803.6 + 14 156.0+5 | 274.734 221747 144.877 235.610 5.819 333 | K [3,14,15]
Na20(s) NazO 89.87£0.1 | -99.140 £ 0.07 17.94£02 | 25.000 16.457 18.25 4.890 2.890 1000 | _C [1.16.17]
Na in CASH gel® | NaOuos 999999 999999 999999 | 0.000 999999 999999 999999 999999 N[ P 6]
Nahcolite ® NaHCO3 203431+ 0.26 | -226.805 £ 0.10 24.40%08 | 38.185 20.941 10.19 36.060 0 200 C [10,18]
NaNO3(s) ® NaNOs 8771202 | -111.82£02 27.85:02 | 37.581 222402 6.34 53.320 0 5492 | R [9,10,19]
Salammoniac® NH4Cl 4855+ 04 75.18 % 0.2 2271 ] 35062 20.7+8 9.82 36.358 0 458 | C 20]
Sn02(am) SnO2 12282:0.7 | 1371516 13.0£5 | 27.846 16525 20.953 2.728 4.700 573 | K B3.21]
Sphalerite ZnS 47.93£05 49.00£05 | 14.020+0.04 | 23.830 10.841 11.77 1.260 1.160 1300 | R 1.22]
SrOH)2(s) St(OH): 2105923 | 2315722 232+2 | 39.010 19742 23.52 6.320 5.080 783 | C 20]
Thaumasite (C|j‘23g)'SSH)G(SO4)(CO3) 180816+ 0.9 | -2077.61+28 221049 | 331.729 2551+ 8 226.013 104.736 -1.893 43| K 3,14,23]
Thermonatrite © Na>COs(Hz0) 3074281 0.18 | -341.715£ 013 40.19£04 | 54.990 35.543 17431 62.644 20236 3808 | C [17.24]
Tobelite ® NHzAL(AISi;010)(OH)2 128854 13985+ 4 75.5+3 | 146.045 85.778 93.119 65.251 23.819 800 | C 3.8
Wustite FeO 60.10 £ 0.6 65.02 %05 1452+04 | 12.000 | 11.931+0.13 12.122 2.072 ~0.750 1600 | R [1.25]

"kcal/mol, ' cal/mol/K, i cm®mol, ¥ cal/mol/K?, ¥ calK/mol, VK. * Mineral/solid phases as shown in SUPCRT20.dat TDB, GWB20.dat and PHREEQC20.dat. T Suffix notation is used to denote
compositional variation. ¥ Known uncertainties represent the 95% confidence interval (20). 8 Cp = a + b-T + ¢/T? (Maier and Kelly, 1932).2 Derivation of A«G’ P : Phase relations, K : Fitted
to log equilibrium constant, Keq data, E[pm] : Estimated using a polymer model, C : Calorimetry, R : As reported, So : From solubility relations. ® New entry in JAEATDB. © 999999 = Unknown
value. References: [1] (Helgeson et al., 1978). [2] A:G° and AsH° corrected to be consistent with Ca+2 and CO3-2 in (Shock and Helgeson, 1988) and with calcite and aragonite in (Plummer
and Busenberg, 1982). [3] Using additive methods described in (Helgeson et al., 1978). [4] (Barton and Bethke, 1960; Bisengalieva et al., 1997; Nasanen and Tamminen, 1949; Parise and
Hyde, 1986). [5] S° and C,° of Beidellite SBId-1, lllite IMt-2 and Smectite MX80 reported in (Gailhanou et al., 2012) are used to provide estimates of S° and C,° for all Beidellites, lllites and
Montmorillonites, respectively, using additive methods described in (Helgeson et al., 1978). [6] Generated in the development of JAEA-TDB. [7] (Pankratz and King, 1970). [8] (Hovis et
al., 2004a; Hovis et al., 2004b). [9] (Wagman et al., 1982). [10] (Kelley, 1960). [11] (Azoulay et al., 2012; Lee and Xu, 2018; Lee and Wilkin, 2010; Nishimura and Dong, 2009). [12] (Nemer
et al., 2011; Rémazeilles and Refait, 2008; Saini-Eidukat et al., 1994). [13] (Robie et al., 1978). [14] C, of Katoite_Al, Monosulfate_Al and Ettringite_Al given in (Ederova and Satava, 1979)
were used as parents to estimate C, values for other Katoite, AFm and AFt phases, respectively, using additive methods described in (Helgeson et al., 1978). [15] (Balonis et al., 2011).
[16] (Stull and Prophet, 1971). [17] (O'Hare, 1972). [18] (Berg and Vanderzee, 1978). [19] (Paul and Pryor, 1972). [20] (Chase, 1998). [21] (Oda and Amaya, 1998). [22] (Mills, 1974). [23]

(Macphee and Barnett, 2004; Matschei and Glasser, 2015; Mittermayr et al., 2013). [24] (Grgnvold and Meisingset, 1983; Waterfield et al., 1968). [25] (Robie and Waldbaum, 1968).

Im-20




2. E Xk

Alexander, G.B., Heston, W.M., and Iler, R.K. (1954) The solubility of amorphous silica in
water. Journal of Physical Chemistry, 58(6), 453-455.

Allada, R.K., Navrotsky, A., and Boerio-Goates, J. (2005) Thermochemistry of hydrotalcite-
like phases in the Mg0O-Al203-CO2-H20 system: A determination of enthalpy,
entropy and free energy. American Mineralogist, 90, 329-335.

Amitin, E.B., Minenkov, Y.F., Nabutovskaya, O.A., Naumov, V.N., Pukov, L.E., and
Kondrat'ev, S.N. (1987) Thermodynamic properties of selenium dioxide at 7-304K.
Russian Journal of Physical Chemistry, 61, 1375-1378.

Andresen, A.F., and Leciejewicz, J. (1964) A neutron diffraction study of FerSes. Journal de
Physique, 25(5), 574-578.

Andresen, A.F., and van Laar, B. (1970) The magnetic structure of Fe3Se4. Acta Chemica
Scandinavica, 24, 2435-2439.

Archer, D.W., and Monk, C.B. (1964) 594. Ion-association of some acetates by pH (glass
electrode) measurements. Journal of the Chemical Society, 3117-3122.

Atake, T., Nomoto, K., Chaudhuri, B.K., and Chihara, H. (1983) Calorimetric strudies of two
successive phase transitions. Journal of Chemical Thermodynamics, 15(4), 383-394.

Atkins, M., Glasser, F.P., Moroni, L.P., and Jack, J.J. (1994) Thermodynamic modelling of
blended cements at elevated temperature (50-90°C). Department of the Environment
(UK) HMIP report, DoE/HMIP/RR/94.011, 1-193.

Azoulay, 1., Rémazeilles, C., and Refait, P. (2012) Determination of standard Gibbs free
energy of chukanovite and Pourbaix diagrams of iron in carbonated media. Corrosion
Science, 58, 229-236.

Babushkin, V.I., Matveyev, G.M., and Mchedlov-Petrossyan, O.P. (1985) Thermodynamics of
silicates. Springer-Verlag, Berlin, Germany.

Baes, C.F., and Mesmer, R.E. (1976) The hydrolysis of cations. 490 p. John Wiley & Sons,
Inc., New York, NY, USA.

Balonis, M., Medala, M., and Glasser, F.P. (2011) Influence of calcium nitrate and nitrite on
the constitution of AFm and AFt cement hydrates. Advances in Cement Research,
23(3), 129-143.

Banks, W.H. (1934) The dissociation of the selenates of zinc and cadmium in water. Journal
of the Chemical Society, 1010-1012.

Barcza, L., and Sillén, L.G. (1971) Equilibrium studies of polyanions 19. Polyselenite
equilibria in various ionic media. Acta Chemica Scandinavica, 25, 1250-1260.
Barnes, D.S., and Mortimer, C.T. (1973) Enthalpies of combustion of selenium and dephenyl

selenide. Journal of Chemical Thermodynamics, 5, 371-377.

Barton, P.B., and Bethke, P.M. (1960) Thermodynamic properties of some synthetic zinc and
copper minerals. American Journal of Science, 258A, 21-34.

Bellmann, F., Majzlan, J., Grevel, K.-D., Dachs, E., and Ludwig, H.-M. (2019) Analysis of
thermodynamic data of calcium aluminate monocarbonate. Cement and Concrete
Research, 116, 89-94.

Bennett, D.G., Read, D., Atkins, M., and Glasser, F.P. (1992) A thermodynamic model for
blended cements. II: Cement hydrate phases; thermodynamic values and modelling
studies. Journal of Nuclear Materials, 190, 315-325.

Bennington, K.O., Brown, R.R., and Beyer, R.P. (1984) Thermodynamic properties of
aegerine. United States Bureau of Mines Report of Investigations, 8912, 16.

Berg, R.L., and Vanderzee, C.E. (1978) Thermodynamics of carbon dioxide and carbonic acid:
(a) the standard enthalpies of Na2COse), NaHCOse and COs in water at 298.15 K;
(b) the standard enthalpies of formation, standard Gibbs energies of formation, and
standard entropies of COs2aq), HCOs @@, COs2 @@, NaHCOs(), NasCOs(s), NazCO3.H20),
and Na2C03.10H20¢). Journal of Chemical Thermodynamics, 10, 1113-1136.

m-21



Bernard, E., Lothenbach, B., Rentsch, D., Pochard, I., and Dauzéres, A. (2017) Formation of
magnesium silicate hydrates (M-S-H). Physics and Chemistry of the Earth, Parts
A/B/C, 99(June), 142-157.

Bisengalieva, M.R., Kiseleva, I.A., Melchakova, L.V., Ogorodova, L.P., and Gurevich, A.M.
(1997) The molar heat capacity of hydrous copper chloride: atacamite Cu2Cl1(OH)s.
Journal of Chemical Thermodynamics, 29, 345-352.

Bodenstein, M. (1899) Gasreaktionen in der chemischen Kinetik. IV. Bildung und Zersetzung
von Selenwasserstoff. Zeitschrift fur Physikalische Chemie (Munchen), 29, 429-448
[in German].

Bonnickson, K.R. (1954) High temperature heat contents of calcium and magnesium ferrites.
Journal of the American Chemical Society, 76, 1480-1482.

Brown, P.L., Drummond, S.E.J., and Palmer, D.A. (1996) Hydrolysis of magnesium (II) at
elevated temperatures. Journal of the Chemical Society Dalton Transactions, 3071-
3075.

Brown, P.L., and Ekberg, C. (2016) Hydrolysis of metal ions (Vol. 2). Wiley-VCH, Weinheim,
Germany.

Chase, M.W.J. (1998) NIST-JANAF Thermochemical tables (4th ed.) Part 1, Al-Co. Journal
of Physical and Chemical Reference Data, Monograph 9, 1951p.

Chen, C.-T., A., and Marshall, W.L. (1982) Amorphous silica solubilities IV. Behavior in pure
water and aqueous sodium chloride, sodium sulfate, magnesium chloride, and
magnesium sulfate solutions up to 350°C. Geochimica et Cosmochimica Acta, 46(2),
279-287.

Cherin, P., and Unger, P. (1967) The crystal structure of triganol selenium. Inorganic
Chemistry, 6, 1589-1591.

-. (1972) Refinement of the crystal structure of a-monoclinic Se. Acta Crystallographica B, 28,
313-317.

Covington, A.K., and Dobson, J.V. (1965) The dissociation constant of the biselenate ion at
25°C. Journal of Inorganic and Nuclear Chemistry, 27, 1435-1436.

Cox, J.D. (1978) CODATA recommended key values for thermodynamics, 1977 Report of the
CODATA task group on key values for thermodynamaics, 1977. Journal of Chemical
Thermodynamics, 10, 903-906.

Daniele, P.G., de Robertis, A., de Stefano, C., Sammartano, S., and Rigano, C. (1985) On the
possibility of determining the thermodynamic parameters for the formation of weak
complexes using a simple model for the dependence on ionic strength of activity
coefficients: Na*, K*, and Ca?* complexes of low molecular weight ligands in aqueous
solution. Journal of the Chemical Society Dalton Transactions, 2353-2361.

Dasgupta, P.K., and Nara, O. (1990) Measurement of acid dissociation constants of weak
acids by cation exchange and conductometry. Analytical Chemistry, 62, 1117-1122.

Diakonov, I.I., Schott, J., Martin, F., Harrichoury, J.-C., and Escalier, J. (1999) Iron(III)
solubility and speciation in aqueous solutions. Experimental study of the modelling:
Part 1. Hematite solubility from 60 to 300°C in NaOH-NaCl solutions and
thermodynamic properties of Fe(OH)4 (aq). Geochimica et Cosmochimica Acta, 63(15),
2247-2261.

Dilnesa, B.Z. (2011) Fe-containing hydrates and their fate during cement hydration:
thermodynamic data and experimental study. Laboratoire des matériaux de
construction, Ph.D., p. 208. Ecole Polytechnique Fédérale de Lausanne, Lausanne.

Dilnesa, B.Z., Lothenbach, B., Le Saout, G., Renaudin, G., Mesbah, A., Filinchuk, Y., Wichser,
A., and Wieland, E. (2011) Iron in carbonate containing AFm phases. Cement and
Concrete Research, 41(3), 311-323.

Dilnesa, B.Z., Lothenbach, B., Renaudin, G., Wichser, A., and Kulik, D.A. (2014) Synthesis
and characterization of hydrogarnet Cas(AliFei)2(Si04)y(OH)4s-y. Cement and
Concrete Research, 59(May), 96-111.

m-22



Dilnesa, B.Z., Lothenbach, B., Renaudin, G., Wichser, A., and Wieland, E. (2012) Stability of
monosulfate in the presence of iron. Journal of the American Ceramic Society, 95(10),
3305-3316.

Drissi, S.H., Refait, P., M., A., and R., G.J.-M. (1995) Preparation and thermodynamic
properties of Fe(II)-Fe(III) hydroxycarbonate (green rust one); Pourbaix diagram of
iron in carbonate-containing aqueous media. Corrosion Science, 37, 2025-2041.

Ederova, J., and Satava, V. (1979) Heat capacities of CsAHs, C41A$Hi2 and CsA$sHso.
Thermochimica Acta, 31, 126-128.

Elmer, T.H., and Nordberg, L.C. (1958) Solubility of silica in nitric acid solutions. Journal of
the American Ceramic Society, 41(12), 517-520.

Evans, W.E. (2004) The serpentine multisystem revisited: Chrysotile is metastable.
International Geology Review, 46, 479-506.

Fabre, M.C. (1887) Recherches thermiques sur les séléniures. Annales de Chimie et de
Physique, 10, 472-550 [in French].

Fein, J.B. (1991) Experimental study of aluminum-, calcium-, and magnesium-acetate
complexing at 80°C. Geochimica et Cosmochimica Acta, 55, 955-964.

Felmy, A.R., Rai, D., and Amonette, J.E. (1990) The solubility of barite and celestite in
dosium suldate: Evaluation of thermodynamic data. Journal of Solution Chemistry,
19(2), 175-185.

Flégel, P. (1972) Zur Kristallziichtung von Cadmiumsulfid und anderen II- VI-Verbindungen.
IV. Zum Gleichgewicht zwischen Selen und Wasserstoff bei 400°C. Zeitschrift fiir
Anorganische und Allgemeine Chemie, 388, 218-228 [in German].

Fournier, R.O., and Rowe, J.J. (1977) The solubility of amorphous silica in water at high
temperatures and pressures. American Mineralogist, 62, 1052-1056.

Gadzhiev, S.N. (1966) Enthalpy of formation of selenium dioxide. Russian Journal of Physical
Chemistry, 40, 241-243.

Gailhanou, H., Blanc, P., Rogez, J., Mikaelian, G., Horiuchi, K., Yamamura, Y., Saito, K.,
Kawaji, H., Warmont, F., Greneche, J.-M., Vieillard, P., Fialips, C.I., Giffault, E., and
Gaucher, E.C. (2013) Thermodynamic properties of saponite, nontronite, and
vermiculite derived from calorimetric measurements. American Mineralogist, 98,
1834-18417.

Gailhanou, H., Blanc, P., Rogez, J., Mikaelian, G., Kawaji, H., Olives, J., Amouric, M.,
Denoyel, R., Bourrelly, S., Montouillout, V., Vieillard, P., Fialips, C.I., Michau, N.,
and Gaucher, E.C. (2012) Thermodynamic properties of illite, smectite and beidellite
by calorimetric methods: Enthalpies of formation, heat capacities, entropies and
Gibbs free energies of formation. Geochimica et Cosmochimica Acta, 89, 279-301.

Gamsjager, H., Gajda, T., Sangster, J., Saxena, S.K., and Voigt, W. (2012) Chemical
thermodynamics of Tin. 609 p. OECD Publications, Paris, France.

Gao, W., and Li, Z. (2012) Solubility and Ks of MgsAlo2(OH)14.3H20 at the various ionic
strengths. Hydrometallurgy, 117-118, 36-46.

Gattow, G. (1962) Die Bildungsenthalpie von SeO2 und die Umwandlungswéirmen der Selen-
Modifikationen. Zeitschrift fiir Anorganische und Allgemeine Chemie, 317, 245-260
[in German].

Gattow, G., and Drager, M. (1966) Thermochemie des Selens. IV. Uber die Bildungsenthalpie
von SeO2 und die Umwandlungswéarmen der Selen-Modifikationen. Zeitschrift fur
Anorganische und Allgemeine Chemie, 343, 55-57.

Gaur, U., Shu, H.-C., Mehta, A., and Wunderlich, B. (1981) Heat capacity and other
thermodynamic properties of linear macromolecules. 1. Selenium. Journal of Physical
and Chemical Reference Data, 10(1), 89-117.

Ghosh, R., and Nair, V.S.K. (1970) Studies on metal complexes in aqueous solution: III. The
biselenate ion and transition metal selenates. Journal of Inorganic and Nuclear
Chemistry, 32, 3041-3051.

m-23



Giordano, T.H. (1989) Anglesite (PbSO4) solubility in acetate solutions: The determination
of stability constants for lead acetate complexes to 85°C. Geochimica et Cosmochimica
Acta, 53, 359-366.

Giordano, T.H., and Drummond, S.E. (1991) The potentiometric determination of stability
constants for zinc acetate complexes in aqueous solutions to 295°C. Geochimica et
Cosmochimica Acta, 55, 2401-2415.

Gjaldbaek, J.K. (1925) Untersuchungen iiber die l6slichkeit des magnesiumhydroxyds. II.
Loslichkeitsprodukte und die dissoziationkonstante der magnesiumhydroxyde.
Zeitschrift fir Anorganische und Allgemeine Chemie, 144, 269-288.

Greenberg, S.A., and Price, EW. (1957) The solubility of silica in solution of electrolytes.
Journal of Physical Chemistry, 61, 1539-1541.

Gronvold, F. (1968) Heat capacities and thermodynamic properties of the iron selenides
Fei1.04Se, FerSes, and FesSes from 298 to 1050°K. Acta Chemica Scandinavica, 22,
1219-1240.

Gronvold, F. (1972) High-temperature reaction calorimeter. Acta Chemica Scandinavica, 26,
2085-2099.

Gronvold, F., Drowart, J., and Westrum, E.F.J. (1984) The Chemical Thermodynamics of
Actinide Elements and Compounds. Part 4: The actinide chalcogenides, p. 265.
International Atomic Energy Agency, Vienna, Austria.

Gronvold, F., and Meisingset, K.K. (1983) Thermodynamic properties and phase transitions
of salt hydrates between 270 and 400 K. II. Na2CO3‘H20 and Na2COs3-10H20. Journal
of Chemical Thermodynamics, 15, 881-889.

Gronvold, F., and Westrum, E.F.J. (1959) Low temperature heat capacities and
thermodynamic properties of the iron selenides Fe1.04Se, FerSes and FesSes from 5 to
350°K. Acta Chemica Scandinavica, 13, 241-248.

Gronvold, F., and Westrum, E.F.J. (1962) Heat capacities and thermodynamic functions of
iron disulfide (pyrite), iron diselenide, and nickel diselenide from 5 to 3500K. The
estimation of standard entropies of transition metal chalcogenides. Inorganic
Chemistry, 1(1), 36-48.

Gunnarsson, I., and Arnérsson, S. (2000) Amorphous silica solubility and the thermodynamic
properties of H4Si04° in the range of 0° to 350°C at Psat. Geochimica et Cosmochimica
Acta, 64(13), 2295-2307.

Haas, J.L., and Robie, R.A. (1973) Thermodynamic data for wustite, Feo.9470, magnetite,
Fe304, and hematite, Fe203. American Geophysical Union Transactions, 54, 483.

Hagisawa, H. (1939) On the ionization constant of selenous acid (glass electrode and its
application Part 4). Bulletin of the Institute of Physical and Chemical Research
(RIKEN, Tokyo), 18, 648-656 (in Japanese).

Helgeson, H.C., Delany, J.M., Nesbitt, H.W., and Bird, D.K. (1978) Summary and critique of
the thermodynamic properties of rock-forming minerals. American Journal of Science,
278a, 1-229.

Helgeson, H.C., and MacKenzie, F.T. (1970) Silicate-sea water equilibria in the ocean system.
Deep Sea Research, 17, 877-892.

Hemingway, B.S., and Robie, R.A. (1972) The heat capacities at low temperatures and
entropies at 298.15°K of huntite, CaMgs(COs)s, and artinite, Mg2(OH)2(COs)(H20)s.
American Mineralogist, 57, 1754-1767.

Hemingway, B.S., and Robie, R.A. (1973) A calorimetric determination of the standard
enthalpies of formation of huntite, CaMgs(COs)s, and artinite, Mg2(OH)2CO3.3H20.
United States Geological Survey Journal of Research, 1(5), 535-541.

Hitchen, S. (1935) A method for the experimental investigation of hydrothermal solutions,
with notes on its application to the solubility of silica. Transactions of the Institute
of Mining and Metallurgy, 44, 255-280.

Hovis, G.L., Harlov, D., and Gottschalk, M. (2004a) ERRATUM. American Mineralogist, 89,
1838-1839.

m-24



Hovis, G.L., Harlov, D., and Gottschalk, M. (2004b) Solution calorimetric determination of
the enthalpies of formation of NHs-bearing minerals buddingtonite and tobelite.
American Mineralogist, 89, 85-93.

Kalman, A., Stephens, J.S., and Cruickshank, D.W.J. (1970) The crystal structure of K2SeO4.
Acta Crystallographica B, 26, 1451-1454.

Kamnev, A.A., Ezhov, B.B., Malandin, O.G., and Vasey, A.V. (1986) Investigation of the
solution process of goethite (alpha-FeOOH) in alkaline solutions. Zhurnal Prikladnoi
Khimii (Russian Journal of Applied Chemistry), 59, 1560-1564.

Kawassiades, C.T., Manoussakis, G.E., and Tossidis, J.A. (1967) Study of selenous acid
dissociation in mixed aqueous-alcoholic solvents. Journal of Inorganic and Nuclear
Chemistry, 29, 401-405.

Kelley, K.K. (1960) Contributions to the data in theoretical metallurgy XIII: High
temperature heat content, heat capacities and entropy data for the elements and
inorganic compounds. United States Bureau of Mines Bulletin, 584, 1-232.

Kelley, K.K., and King, E.G. (1961) Contributions to the data on theoretical metlallurgy. XIV.
Entropies of the elements and inorganic compounds. United States Bureau of Mines
Bulletin, 592, 149p.

Kelley, K.K., and Moore, G.E. (1943) The specific heats at low temperatures of anhydrous
chlorides of calcium, iron, magnesium, and manganese. Journal of the American
Chemical Society, 65(7), 1264-1267.

King, E.G., Barany, R., Weller, W.W., and Pankratz, L.B. (1967) Thermodynamic properties
of forsterite and serpentine. United States Bureau of Mines Report of Investigations,
6962, 19.

King, E.G., Ferrante, M.J., and Pankratz, L.B. (1975) Thermodynamic data for Mg(OH)2
(brucite). United States Bureau of Mines Report of Investigations, 8041, 13.
Kitahara, S. (1960) The polymerization of silicic acid obtained by the hydrothermal treatment
of quartz and the solubility of amorphous silica. Review of Physical Chemistry of

Japan, 30(2), 131-137.

Klemme, S., and Ahrens, M. (2005) Low-temperature heat capacity of magnesioferrite
(MgFe204). Physics and Chemistry of Minerals, 32, 374-378.

Koehler, M.F., Barany, R., and Kelley, K.K. (1961) Heats and free energies of formation of
ferrites and aluminates of calcium, magnesium, sodium, and lithium. United States
Bureau of Mines Report of Investigations, 5711, 14.

Kolthoff, .M. (1923) Die Dissoziationskonstante der Erdalkalihydroxyde. Recueil des
Travaux Chimiques des Pays-Bas, 42, 973-979.

Kondrat'ev, S.N., and Strizhov, B.V. (1994) Heat capacity and thermodynamic functions of
selenium trioxide within a range of 12-307 K. Zhurnal Fizicheskoi Khimii, 68(7),
1190-1192.

Kuma, K., Nishioka, J., and Matsunaga, K. (1996) Controls on iron(III) hydroxide solubility
in seawater: The influence of pH and natural organic chelators. Limnology and
Oceanography, 41(3), 396-407.

Lee, S.L., and Xu, H. (2018) The crystal structure and Gibbs free energy of formation of
chukanovite as an oxidation product of carbon steel in human liver. Chemical Geology,
488, 180-188.

Lee, T.R., and Wilkin, R.T. (2010) Iron hydroxy carbonate formation in zerovalent iron
permeable reactive barriers: Characterization and evaluation of phase stability.
Journal of Contaminant Hydrology, 116, 47-57.

Lemire, R.J., Berner, U., Musikas, C., Palmer, D.A., Taylor, P., and Tochiyama, O. (2013)
Chemical thermodynamics of Iron. Part 1. OECD Nuclear Enegy Agency, Issy-les-
Moulineaux, France.

Lemire, R.J., Palmer, D.A., Taylor, P., and Schlenz, H. (2020) Chemical thermodynamics of
Iron. Part 2. OECD Nuclear Energy Agency, Boulogne-Billancourt, France.

m-25



Levy, D.E., and Myers, R.J. (1990) Spectroscopic determination of the second dissociation
constant of H2Se and the activity coefficients and spectral shifts of its ions. Journal
of Physical Chemistry, 94, 7842-7847.

Liu, X., and Millero, F.J. (1999) The solubility of iron hydroxide in sodium chloride solutions
Geochimica et Cosmochimica Acta, 63, 3487-3497.

Lopez-Echarri, A., Tello, M.J., and Gili, P. (1980) Specific heat behaviour of K2SeOs in the
48-800K temperature range. A new phase transition. Solid State Communications,
36, 1021-1025.

Lothenbach, B., Nied, D., L'Hépital, E., Achiedo, G., and Dauzéres, A. (2014) Calcium and
magnesium silicate hydrates. 2nd International Symposium on Cement Based
Materials for Nuclear Waste NUWCEM), p. 12, Avignon, France.

Macphee, D.E., and Barnett, S.J. (2004) Solution properties of solids in the ettringite-
thaumasite solid solution series. Cement and Concrete Research, 34(9), 1591-1598.

Maier, C.G., and Kelly, K.K. (1932) An equation for the representation of high temperature
heat content data. Journal of the American Chemical Society, 54(8), 3243-3246.

Majer, V., and Stulik, K. (1982) A study of the stability of alkaline-earth metal complexes
with fluoride and chloride ions at various temperatures by potentiometry with ion-
selective electrodes. Talanta, 29(2), 145-148.

Mal'tsev, A.K., Pashinkin, A.S., Bakeeva, S.S., and Zhdanov, V.M. (1968) Low-temperature
heat capacity and thermodynamic functions of selenium dioxide. Russian Journal of
Physical Chemistry, 42, 1381-1382.

Marshall, W.L., and Warakomski, J. M. (1980) Amorphous silica solubilities—II. Effect of
aqueous salt solutions at 25°C. Geochimica et Cosmochimica Acta, 44(7), 915-924.

Matschei, T., and Glasser, F.P. (2015) Thermal stability of thaumasite. Materials and
Structures, 48(7), 2277-2289.

McCollom, T.M., and Shock, E.L. (1997) Geochemical constraints on chemolithoautotrophic
metabolism by microorganisms in seafloor hydrothermal systems. Geochimica et
Cosmochimica Acta, 61(20), 4375-4391.

McCullough, J. (1937) The crystal structure of selenium dioxide. Journal of the American
Chemical Society, 59, 789-794.

McGee, KA., and Hostetler, P.B. (1977) Activity-product constants of brucite from 10° to 90°C.
United States Geological Survey Journal of Research, 5(2), 227-233.

Mijhoff, F.C. (1965) The crystal structure of tetragonal selenium trioxide. Acta
Crystallographica, 18, 795-798.

Mills, K.C. (1974) Thermodynamic data for inorganic sulphides, selenides and tellurides. 845
p. Butterworths, London, UK.

Mittermayr, F., Baldermann, A., Kurta, C., Rinder, T., Klammer, D., Leis, A., Tritthart, J.,
and Dietzel, M. (2013) Evaporation - A key mechanism for the thaumasite form of
sulfate attack. Cement and Concrete Research, 49, 55-64.

Monnin, C. (1999) A thermodynamic model for the solubility of barite and celestite in
electrolyte solutions and seawater to 2000C and to 1 kbar. Chemical Geology, 153,
187-209.

Moore, G.E. (1943) Heat contents at high temperatures of the anhydrous chlorides of calcium,
iron, magnesium and manganese. Journal of the American Chemical Society, 65(9),
1700-1703.

Moriya, H., and Sekine, T. (1974) A solvent extraction study of zinc(II) complexes with several
divalent anions of carboxylic and inorganic acids. Bulletin of the Chemical Society of
Japan, 47, 747-748.

Méschner, G., Lothenbach, B., Rose, J., Ulrich, A., Figi, R., and Kretzschmar, R. (2008)
Solubility —of Fe-ettringite (Ca6[Fe(OH)el2(SO4)3.26H20).  Geochimica et
Cosmochimica Acta, 72(1), 1-18.

Myers, R.J. (1986) The new low value for the second dissociation constant for H2S. Journal
of Chemical Education, 63(8), 687-690.

I-26



Nair, V.S.K. (1964) Dissocation of the biselenate ion. Journal of Inorganic and Nuclear
Chemistry, 26, 1911-1917.

Niasénen, R., and Tamminen, V. (1949) The equilibria of cupric hydroxysalts in mixed
aqueous solutions of cupric and alkali salts at 25°. Journal of the American Chemical
Society, 71(6), 1994-1998.

Naumov, G.B., Ryzhenko, B.N., and Khodakovsky, I.L. (1974) Handbook of thermodynamic
data. United States National Technical Information Service (PB-226 722/AS), p. 328.
United States Geological Survery, Springfield, VA, U.S.A.

Nemer, M.B., Xiong, Y., Ismail, A.E., and Jang, J.-H. (2011) Solubility of Fe2(OH)sCl (pure-
iron end-member of hibbingite) in NaCl and Na2SO4 brines. Chemical Geology, 280,
26-32.

Nied, D., Enemark-Rasmussen, K., L'Hépital, E., Skibsted, J., and Lothenbach, B. (2016)
Properties of magnesium silicate hydrates (M-S-H). Cement and Concrete Research,
79, 323-332.

Nishimura, T., and Dong, J. (2009) Corrosion behavior of carbon steel in overpack in
groundwater containing bicarbonate ions. Journal of Power and Energy Systems, 3(1),
23-30.

O'Hare, P.A.G. (1972) Thermochemical and theoretical investigations of the sodium-oxygen
system. I The standard enthalpy of formation of sodium oxide (Na20). Journal of
Chemical Physics, 56(9), 4513-4516.

Oda, C., and Amaya, T. (1998) Effect of ligands on the solubility of tin, p. 14. Japan Nuclear
Cycle Development Institute, Tokai, Ibaraki, Japan.

Oelkers, E.H., Helgeson, H.C., Shock, E.L., Sverjensky, D.A., Johnson, J.W., and Pokrovskii,
V.A. (1995) Summary of the apparent standard partial molal gibbs free energies of
formation of aqueous species, minerals, and gases at pressures 1 to 5000 bars and
temperatures 25 to 1000°C. Journal of Physical and Chemical Reference Data, 24(4),
1401-1560.

Oetting, F.L., and McDonald, P.J. (1963) The thermodynamic properties of magnesium
orthophosphate and magnesium orthophosphate. Journal of the American Ceramic
Society, 67, 2737-2743.

Ojkova, T., Christov, C., and Mihov, D. (1999) Thermodynamic study on aqueous solutions of
(NH4)2Se04 and K2SeO4 at 298.15 K. Monatshefte fiir Chemie, 130(9), 1061-1065.

Okamoto, H. (1991) The Fe-Se (Iron-Selenium) system. Journal of Phase Equilibria, 12(3),
383-389.

Olin, A., Noliang, B., Osadchii, E.G., Ohman, L.-O., and Rosén, E. (2005) Chemical
thermodynamics of Selenium. 851 p. OECD Nuclear Energy Agency, Issy-les-
Moulineaux, France.

Olofsson, G., Oshodi, A.A., Qvarnstrom, E., and Wadso, I. (1985) Calorimetric measurements
on slightly soluble gases in water. Enthalpies of solution of helium, argon, krypton,
xenon, methane, ethane , propane, 1-butane, and oxygen at 288.15, 298.15 and 308.15
K. Journal of Chemical Thermodynamics, 16, 1041-1052.

Palmer, D.A., and Bell, J.L.S. (1994) Aluminum speciation and equilibria in aqueous solution:
IV. A potentiometric study of aluminum acetate complexation in acidic NaCl brines
to 150°C. Geochimica et Cosmochimica Acta, 58(2), 651-659.

Palmer, D.A., and Drummond, S.E. (1988) Potentiometric determination o the molal
formation constants of ferrous acetate complexes in aqueous solutions to high
temperatures. Journal of Physical Chemistry, 92, 6795-6800.

Palmer, D.A., and Wesolowski, D.J. (1997) Potentiometric measurements of the first
hydrolysis quotient of magnesium(II) to 250°C and 5 molal ionic strength (NaCl).
Journal of Solution Chemistry, 26(2), 217-232.

Pankratz, L.B., and Kelley, K.K. (1964) High-temperature heat contents and entropies of
akermanite, cordierite, gehlenite, and merwinite. United States Bureau of Mines
Report of Investigations, 6555, p. 7.

m-27



Pankratz, L.B., and King, E.G. (1970) High-temperature enthalpies and entropies of
chalcopyrite and bornite. United States Bureau of Mines Report of Investigations,
7435, 10.

Parise, J.B., and Hyde, B.G. (1986) The structure of atacamite and its relationship to spinel.
Acta Crystallographica C, 42, 1277-1280.

Parker, D.R., Tice, K.R., and Thomason, D.N. (1997) Effects of ion pairing with calcium and
magnesium on selenate availibility to higher plants. Environmental Toxicology and
Chemistry, 16, 565-571.

Pashinkin, A.S., Aron, B.M., Bakeeva, S.S., Buketov, E.A., Karyakin, N.V., Krylova, G.P.,
Rustembekov, K.G., and Ugorets, M.Z. (1971) Measurement and calculation of
certain thermodynamic and physicochemical constants of selenium dioxide. Russian
Journal of Physical Chemistry, 45, 909-910.

Paul, G.L., and Pryor, A.W. (1972) The study of sodium nitrate by neutron diffraction. Acta
Crystallographica B, 28, 2700-272.

Pelabon, M.H. (1898) Ueber die Dissociation des Selenwasserstoffs. Zeitschrift fur
Physikalische Chemie (Munchen), 26, 659-689 [in German].

Perera, W.N., and Hefter, G. (2003) Mononuclear cyano- and hydroxo- complexes of iron(III).
Inorganic Chemistry, 42, 5917-5923.

Pilar, R., Svoboda, L., Honcova, P., and Oravova, L. (2012) Study of magnesium chloride
hexahydrate as heat storage material. Thermochimica Acta, 546, 81-86.

Piryutko, M.M. (1959) The solubility of silicic acid in salt solutions. Russian Chemical
Bulletin, 8(3), 355-360.

Plummer, L.N., and Busenberg, E. (1982) The solubilities of calcite, aragonite and vaterite
in CO2-H20 solutions between 0 and 90°C, and an evaluation of the aqueous model
for the system CaCO3-CO2-H20. Geochimica et Cosmochimica Acta, 46(6), 1011-1040.

Preuner, G., and Brockméller, I. (1913) Gasdruckmessungen mit Spiralmanometer aus
Quarzglas. Isothermen von Selen, Schwefel, Arsen, Phosfor; Dissociation des
Kupfersulfids und des Selenwasserstoffs. Zeitschrift fur Physikalische Chemie
(Leipzig), 81, 129-170 [in Germanl].

Rau, H. (1967) Das Bildungsgleichgewicht des Selenwasserstoffs. Berichte der
Bunsengesellschaft fiir physikalische Chemie, 71(7), 716-719 [in German].

Rawling, J.R., and Toguri, J.M. (1966) The thermodynamic properties of hydrogen selenide.
Canadian Journal of Chemistry, 44, 451-456.

Reardon, E.J., and Armstrong, D.K. (1987) Celestite (SrSO4(s)) solubility in water, seawater
and NaCl solution. Geochimica et Cosmochimica Acta, 51, 63-72.

Rémazeilles, C., and Refait, P. (2008) Formation, fast oxidation and thermodynamic data of
Fe(II) hydroxychlorides. Corrosion Science, 50, 856-864.

Richardson, C.K., and Holland, H.D. (1979) The solubility of fluoride in hydrothermal
solutions, an experimental study. Geochimica et Cosmochimica Acta, 43(8), 1313-
1325.

Rimstidt, J.D. (1997) Quartz solubility at low temperatures. Geochimica et Cosmochimica
Acta, 61(13), 2553-2558.

Robie, R.A., and Hemingway, B.S. (1972) The heat capacities at low-temperature and
entropies at 298.15 K of nesquehonite, MgCO3.3H20, and hydromagnesite. American
Mineralogist, 57, 1768-1781.

Robie, R.A., and Hemingway, B.S. (1973) The enthalpies of formation of nequehonite,
MgCO03.3H20, and hydromagnesite, 5Mg0.4C0O2.5H20. United States Geological
Survey Journal of Research, 1(5), 543-547.

Robie, R.A., Hemingway, B.S., and Fisher, J.R. (1978) Thermodynamic properties of minerals
and related substances at 298.15K and 1 bar (105 pascals) pressure and at higher
temperatures. United States Geological Survey Bulletin, 1452, 456.

Robie, R.A., and Waldbaum, D.R. (1968) Thermodynamic properties of minerals and related
substances at 298.150K (25.00C) and one atmosphere (1.013 bars) pressure and at
higher temperatures. United States Geological Survey Bulletin, 1259, 1-256.

Im-28



Sabbah, R., and Carpeni, G. (1966) Etude électrométrique des systémes H2SeOsNa2SeOs (ou
K2SeOs) en milieux ClI' (Na* ou K¥) = 3 M a 25°C. Journal de Chimie Physique, 63,
1549-1554 [in French].

Saini-Eidukat, B., Kucha, H., and Keppler, H. (1994) Hibbingite y-Fe2(OH)sCl, a new mineral
from the Duluth Complex, Minnesota, with implications for the oxidation of Fe-
bearing compounds and the transport of metals. American Mineralogist, 79, 555-561.

Santschi, P.H., and Schindler, P.W. (1974) Complex formation in the ternary systems Call-
H4Si04-H20 and MgII-H4Si04-H20. Journal of the Chemical Society, Dalton
Transactions(2), 181-184.

Schott, H.F., Swift, E.H., and Yost, D.M. (1928) The reduction potential of selenium and the
free energy of selenous acid. Journal of the American Chemical Society, 50(3), 721-
727.

Séby, F., Potin-Gautier, M., Giffaut, E., Borge, G., and Donard, O.F.X. (2001) A critical review
of thermodynamic data for selenium species at 25°C. Chemical Geology, 171, 173-194.

Sekine, T., Iwaki, H., Sakairi, M., and Inarida, M. (1968) Studies on the liquid-liquid
partition systems: VI. Solvent extraction study of the dissociation of sulfurou,
selenious and tellurous acids in acid perchlorate media. Bulletin of the Chemical
Society of Japan, 41, 1-7.

Selivanova, N.M., and Pakhorukov, N.I. (1961) On the heats of solution of selenious acid.
Izvestiya Vysshikh Uchebnykh Zavedenii, Khimiya i Khimicheskaya Tekhnologiya,
4, 355-358.

Sergeeva, E.I., Suleimenov, O.M., and Evstigneev, A.V. (1999) Solubility of hematite, Fe20s
(cr,a) at 200°C and the standard entropy of Fe3* ion in aqueous solution.
Geochemistry International, 37, 1097-1107.

Sherrill, M.S., and Izard, E.F. (1928) Teg reduction potential of selenous acid and the free
energy of aqueous selenic acid. Journal of the American Chemical Society, 50, 1665-
1675.

Shin, P., and Criss, C.M. (1979) Standard enthalpies of formation of anhydrous and aqueous
magnesium chloride at 298.15 K. Journal of Chemical Thermodynamics, 11, 663-666.

Shock, E.L. (1995) Organic acids in hydrothermal solutions: Standard molal thermodynamic
properties of carboxylic acids and estimates of dissocation constants at high
temperatures and pressures. American Journal of Science, 295(May), 496-580.

Shock, E.L., and Helgeson, H.C. (1988) Calculation of the thermodynamic and transport
properties of aqueous species at high pressures and temperatures: Correlation
algorithms for ionic species and equation of state predictions to 5kb and 1000degC.
Geochimica et Cosmochimica Acta, 52, 2009-2036.

Shock, E.L., and Helgeson, H.C. (1990) Calculation of the thermodynamic and transport
properties of aqueous species at high pressures and temperatures: Standard partial
molal properties of organic species. Geochimica et Cosmochimica Acta, 54, 915-945.

Shock, E.L., Helgeson, H.C., and Sverjensky, D.A. (1989) Calculation of the thermodynamic
and transport properties of aqueous species at high pressures and temperatures:
Standard partial molal properties of inorganic neutral species. Geochimica et
Cosmochimica Acta, 53, 2157-2183.

Shock, E.L., and Koretsky, C.M. (1993) Metal-organic complexes in geochemical processes:
Calculation of standard partial molal thermodynamic properties of aqueous acetate
complexes at high pressures and temperatures. Geochimica et Cosmochimica Acta,
57, 4899-4922.

Shock, E.L., and Koretsky, C.M. (1995) Metal-organic complexes in geochemical processes:
Estimation of standard partial molal thermodynamic properties of aqueous
complexes between metal cations and monovalent organic acid ligands at high
pressures and temperatures. Geochimica et Cosmochimica Acta, 59(8), 1497-1532.

Shock, E.L., Sassani, D.C., Willis, M., and Sverjensky, D.A. (1997) Inorganic species in
geological fluids: Correlations among standard molal thermodynamic properties of

m-29



aqueous ions and hydroxide complexes. Geochimica et Cosmochimica Acta, 61(5),
907-950.

Siddhanta, S.K., and Banerjee, S.N. (1958) Some aliphatic monocarboxylate complexes of
bivalent metals in aqueous solution. Part VII. Mananese acetato complexes. Journal
of the Indian Chemical Society, 35, 419-423.

Stefansson, A. (2007) Iron (III) hydrolysis and solubility at 250C. Environmental Science and
Technology, 41(17), 6117-6123.

Stoessell, R.K. (1988) 25°C and 1 atm dissolution experiments of sepiolite and kerolite.
Geochimica et Cosmochimica Acta, 52, 365-374.

Stull, D.R., and Prophet, H. (1971) JANAF Thermochemical Tables, p. 1141. National Bureau
of Standards, Washington DC, USA.

Svendsen, S.R. (1972) Deceomposition pressures and standard enthalpy of formation for the
iron selenides FeSe, FerSes, FesSes and FeSea. Acta Chemica Scandinavica, 26, 3757-
3774.

Sverjensky, D.A., Hemley, J.J., and D'Angelo, W.M. (1991) Thermodynamic assessment of
hydrothermal alkali feldspar-mica-aluminosilicate equilibria. Geochimica et
Cosmochimica Acta, 55(4), 989-1004.

Sverjensky, D.A., Shock, E.L., and Helgeson, H.C. (1997) Prediction of the thermodynamic
properties of aqueous metal complexes to 1000 C and 5 kb. Geochimica et
Cosmochimica Acta, 61(7), 1359-1412.

Tanger IV, J.C., and Helgeson, H.C. (1988) Calculation of the thermodynamic properties of
aqueous species at high pressures and temperatures: Revised equations of state for
the standard partial molal properties of ions and electrolytes. American Journal of
Science, 288, 19-98.

Travers, A., and Nouvel. (1929) Sur la solubilité de Mg(OH): aux températures élevées.
Comptes Rendus Hebdomadaires des Seances de 1'Academie, 188, 499-501.

Trzil, J. (1958) Thermodynamic constants of selenium oxide. Sbornik Vedeckych Praci
Vysoke Skoly Banske v Ostrave, 4, 277-281.

Turner, D.R., Whitfield, M., and Dickson, A.G. (1981) The equilibrium speciation of dissolved
components in freshwater and seawater at 25°C and 1 atm pressure*. Geochimica et
Cosmochimica Acta, 45(6), 855-881.

Vanderzee, C.E., and King, D.L. (1972) The enthalpies of solution and formation of ammonia.
Journal of Chemical Thermodynamics, 4, 675-683.

Wagman, D.D., Evans, W.H., Parker, V.B., Schumm, R.H., Halow, 1., Bailey, S.M., Churney,
K.L., and Nuttall, R.L. (1982) The NBS tables of chemical thermodynamic properties,
selected values for inorganic and c1 and c2 organic substances in SI units. Journal of
Physical and Chemical Reference Data, 11(2), 1-392.

Walker, C.S., Anraku, S., Oda, C., Mihara, M., and Honda, A. (2019) Formation of metal ion
complexes In cementitious porewater and leachates. 15t International Congress on
the Chemistry of Cement, Prague, Czech Republic.

Walther, J.V. (1986) Experimental determination of portlandite solubility and brucite
solubilities in supercritical H20. Geochimica et Cosmochimica Acta, 50, 733-739.

Waterfield, C.G., Linford, R.G., Goalby, B.B., Bates, T.R., Elyard, C.A., and Staveley, L.A.K.
(1968) Thermodynamic investigation of disorder in the hydrates of sodium carbonate
Transactions of the Faraday Society, 64, 868-874.

Weller, W.W., and Kelley, K.K. (1963) Low temperature heat capacities and entropies at
298.15°K of akermanite, cordierite, gehlenite, and merwinite. United States Bureau
of Mines Report of Investigations, 6343, 7.

Whittemore, D.O., and Langmuir, D. (1972) Standard electrode potential of Fe3+ + e" = Fe2+
from 5-35°C. Journal of Chemical and Engineering Data, 17(3), 288-290.

Wolery, T.J., and dJove-Colon, C.F. (2007) Qualification of thermodynamic data for
geochemical modeling of mineral-water interactions in dilute systems, p. 392. Sandia
National Laboratories, Las Vegas, NV, USA.

m-30



Wood, B.J. (1981) Crystal field electronic effects on the thermodynamic properties of Fe2*
minerals. In R.C. Newton, A. Navrotsky, and B.J. Wood, Eds. Thermodynamics of
Minerals and Melts, 1, p. 63-84. Springer-Verlag, Berlin, Germany.

Wu, C.-H., Birky, M.M., and Hepler, L.G. (1963) Thermochemistry of some bromine and
iodine speices in aqueous solution. Journal of Physical Chemistry, 67, 1202-1205.

Xiong, Y. (2008) Thermodynamic properties of brucite determined by solubility studies and
their significance to nuclear waste isolation. Aquatic Geochemistry, 14, 223-228.

Yishin, Z., Ruiyang, A., and Chen, Y. (1986) Determination of the solubility of Fe20s in dilute
aqueous solutions at 300°C and 10 MPa. Scientia Sinica Series B, 29, 1221-1232.

Yushin, A.S., and Devyatykh, G.G. (1969) Equilibrium constant for heat of formation of
hydrogen selenide from the elements. Russian Journal of Physical Chemistry, 43,
550-552.

Zhang, M. (2000) Incorporation of oxyanionic B, Cr, Mo, and Se into hydrocalumite and
ettringite: Application to cementitious systems. Earth Sciences, Ph.D., p. 172.
University of Waterloo, Waterloo, Ontario, Canada.

Ziemniak, S.E., Jones, M.E., and Combs, K.E.S. (1995) Magnetite solubility and phase
stability in alkaline media at elevated temperatures. Journal of Solution Chemistry,
24(9), 837-877.

m-31



B.E#HLI-T—2AA—X (PHREEQC 7+ —< v k)

R —
/ \ (. / \

/oI N | /I N

/ \

l— / \

N/ /_/ NN S v N
JAPAN ATOMIC ENERGY AGENCY

DATABASE Version : PHREEQC20.dat (v1.2) (11.Mar.2021) for PHREEQC
(v2.03 onwards) [1999PAR/APP][2013PAR/APP].

Data blocks for all aqueous species/complexes, minerals and gases
calculated from SUPCRT20v12. dat.
REFERENGES and RELEASE_NOTES provided at the end of file.

Please send comments to: migrationdb@jaea. go. jp

The development of this thermodynamic database was funded by the
Mlnlstry of Economy, Trade and Industry of Japan through the
project Advanced technology development for geological disposal
of TRU waste” in JFY2020.

1
ELNL?AOUEOUS?MODEL?PARAMETERS

—temperatures # (deg C)
0.0100  25.0000  60.0000  100. 0000
150.0000  200.0000  250.0000  300.0000
# Psat pressures (bars) [1992J0H/0EL]
# 1.0132 1.0132 1.0132 0132
# 4 7572 15 5365 39 7365 8
#dggye huckel A parameter (kg"0.5/mol"0. 5) [1974HEL/KIR al | Ea. (2

_a
0.4914 0.5092 0. 5450 0.5998
0. 6899 0.8099 0.9789

1. 2559
#degyg huckel B parameter * 10°-8 (kg~0.5/[mol"0.5cm]) [1974HEL/KIR_a] | Ea.

0. 3247 0.3283 0.3343 0.3422
0. 3533 0. 3655 0.3792 0. 3966
#B- dotbgarameter [1969HEL]
t

0.0374 0.0410 0.0438 0. 0460
0. 0470 0. 0470 0.0340 0. 0000
#eoefficients for the Drummond polynomial [1981DRU]

-c02_coefs
0. 0012806
0. 4445

# Formation of 02(aq) from H20
#2H20 - 4 H+ -4 e- =102
Log_K_02
log_k -86.0033 # +/- 0. 4
delta_h 133.73 keal/mol # +/- 0

analytical_expression +2. 774309E+2 +3. 956785E-2 —4.181446E+4

—Range: 0-300
gaﬁ source [ 9§2WAG/EVQ] [1| 384(|JLO/OSH] [1988SHO/HEL] [1989SHO/HEL]
e .

deIfHO = —2 900 +/=0.10 keal /mol
SOPrTr = 26.040 +/- 1.87 cal/K/mol
CpPrTr = 55.96 +/- 0.5 cal/K/mol
mole vol.= 30.501 cm3/mol

mole wt.= 31.9988 g/mol

date: 26. Jun. 1987

TR

4

§0LUTION,MASTER,SPECIES # (A-D)

(&)}

-9. 987326E+1

#
#element species alk gfw_formula element_gfw [1993MIL/CVI]
Acetate Acetate- 1.0 G2H302 59. 0445
Al Al+3 0.0 Al 26.9815
Alkalinity HCO3- 1.0 HCO3 61.0160
B B(OH)3 0.0 B 10.8110
Ba Ba+2 0.0 Ba 137.3270
Br Br- 0.0 Br 79. 9040
Br (0. 33) Br3- 0.0 Br3

r(-1 Br- 0.0 Br
Br (0) Br2 0.0 Br2
Br (+1) Bro- 0.0 BroO
Br (+5) Br03- 0.0 Bro3
Br (+7) Br04- 0.0 Bro4

HCO3- 1.0 C 12.0110

C(-4) CH4 0.0 CH4
C(+4) HCO3- 1.0 HCO3
Ca Ca+2 0.0 Ca 40.0780
Cl Cl- 0.0 Gl 35. 4527
Cl(-1) Cl- 0.0 Gl
Cl (+1) GlOo- 0.0 Cl0
Cl (+3) Gl102- 0.0 G102
Cl (+5) G103~ 0.0 G103
Cl (+7) G104~ 0.0 G104
Cs Cs+ 0.0 Cs 132. 9055
Cu Cu+2 0.0 Cu 63. 5460
Cu (+1) Cu+ 0.0 Cu
Cu (+2) Cu+2 0.0 Cu
Cyanide Cyanide- 1.0 CN 26.0177
E e- 0.0 0.0 0. 0000
F F- 0.0 F 18.9984
Fe Fe+2 0.0 Fe 55. 8470
Fe (+2) Fe+2 0.0 Fe
Fe (+3) Fe+3 0.0 Fe
Formate Formate- 1.0 HCO02 45.0177

+1. 079603E+6



H H+ -1.0 H 1.0079
H(0) H2 0.0 H2
H(+1) H+ -1.0 H
I I- 0.0 I 126. 9045
[(-1) I- 0.0 I
1(-0.33) 13- 0.0 13
[ (+1) 10~ 0.0 10
[ (+5) 103- 0.0 103
1 (+7) 104~ 0.0 104
K K+ 0.0 K 39. 0983
Li Li+ 0.0 Li 6.9410
Mg Mg+2 0.0 Mg 24. 3050
Mn Mn+2 0.0 Mn 54.9380
Mn (+2) Mn+2 0.0 Mn
Mn (+3) Mn+3 0.0 Mn
Mn (+6) Mn04-2 0.0 Mn04
Mn (+7) Mn04-1 0.0 Mn04
NH4+ 0.0 N 14. 0067
N(=3) NH4+ 0.0 NH4
N(0) N2 0.0 N2
N (+3) NO2- 0.0 NO2
N (+5) NO3- 0.0 NO3
Na Na+ 0.0 Na 22.9898
Ni Ni+2 0.0 Ni 58. 6934
H20 0.0 0 15.9994
0(0) 02 0.0 02
0(-2) H20 0.0 H20
HP04-2 0.0 P 30.9738
Pb Pb+2 0.0 Pb 207. 2000
Rb Rb-+ 0.0 Rb 85.4678
504-2 0.0 S 32. 0660
S(-2) HS- 1.0 HS
S(+2) $203-2 0.0 $203
S(+3) $204-2 0.0 $204
S(+4) S03-2 0.0 803
S (+5) $206-2 0.0 5206
S (+6) S04-2 0.0 S04
S(+7) $208-2 0.0 5208
S(+8) HS05- 0.0 HS05
Se Se03-2 0.0 Se 78.9600
Se (-2) HSe- 0.0 Se
Se (+4) Se03-2 0.0 Se03-2
Se (+6) Se04-2 0.0 Se04-2
Si Si (OH) 4 0.0 Si 28. 0855
Sn Sn+2 0.0 Sn 118.7100
Sn (+2) Sn+2 0.0 Sn
Sn (+4) Sn+4 0.0 Sn
Sr Sr+2 0.0 Sr 87. 6200
Ti Ti (OH) 4 0.0 Ti 47.8670
In In+2 0.0 In 65. 3900

# —————
SOLUT ION |_SPEC l ES

B

Structure of data block for solution species

S

Line 1: Formation reaction of SOLUTION SPECIES from ba5|s/redox species.
Line 2: Log equilibrium constant, log k at t = 25 deg G, P = 1 bar # +/- 2 sigma uncertainty (999999 = unknown value).
Line 3: Enthalpy of reaction, delrH0 (kcal/mol) # +/- 2 sigma uncertalnty
Line 4: Constants a,b, ¢, d, e used to calculate equilibrium constant as a function of temperature, T (K):
log_k = a + b¥T + ¢/T + d+L0G10(T) + e/(T"2).

Line 5: Activity correction used:

(i) H20: Linear function of species concentration [1965GAR/CHR]

(ii) Charged species/complexes: B-dot [1969HEL]

(iii) Polar neutral species: Setschenow equation [1889SET]

(iv) Non-polar neutral species: Drummond polynomial [1981DRU]
Line 6: Valid temperature range (deg C). PHREEQC upper limit is 300 deg C.
Line 7: Method used to derive Gibbs energy of formation, delfGO.
Line 8: Extrapolation algorithm used to calculate delfGO and/or log_k values as a function of temperature.
Line 9: Data source references (see end of file).
Line 10: Gibbs free energy of formation, delfGO (cal/mol) at t = 25 deg C, P = 1 bar # +/- 2 sigma uncertainty.
Line 11: Enthalpy of formation, delfHO (cal/mol) at t = 25 deg C, P =1 bar # +/- 2 sigma uncertainty.
Line 12: Entropy, SOPrTr (cal/K/mol) at t = 25 deg C, P = 1 bar # +/- 2 sigma uncertainty.

NOTE1: delfGO, delfHO or SOPrTr calculated from Gibbs-Duhem relation:
delfG0 = delfHO - Tr*(SOPrTr — SOPrTr_elements)
are marked with *[GHS]
Line 13: Isobaric heat capacity, CpPrTr (caI/K/moI) at t = 25 deg C, P =1 bar # +/- 2 sigma uncertainty.
Line 14: Molar volume (cm3/mol) at t = 25 deg C, P = 1 bar
NOTE2: Unknown values in Lines 2-4 and 10-14 are |dent|f|ed with 999999.

Line 15: Molecular weight (g/mol).
1L|ne‘“l‘§ Date that the thermodynamic da d t (I og kK, d‘ e| TG0, delfHO, SOPrTr, CpPrTr, and molar volume) were derived.

# 1. Basis species

1 H20 = 1 H20

log_k 0 # +/- 0 (by convention)

delta_h 0 kcal/mol # +/- 0 (by convention)

analytical_expression 0 0 0 0

activity_water = 1 - 0. 017*SUM(concentrat|on (mol/kg) of all species in solution) after [1965GAR/CHR]
—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm: Not use

data source: [1974HEL/KIR_b] [1980UEM/FRA] [1983LEV/KAM] [1983PIT] [1984HAA/GAL] [1991J0H/NOR]
delfGO = -56. 688 +/- 0.024 kcal/mol

delfHO = -68.317 +/- 0.025 kcal /mol

SOPrTr = 16.712 +/- 0.020 cal/K/mol

CpPrTr = 18.012 +/- 0.020 cal/K/mol

mole vol.= 18.068 cm3/mol

mole wt.= 18.0153 g/mol

date: 13.Nov. 1991

TR TR

1 Acetate- = 1 Acetate-
log_k 0 # +/- 0 (by convention)
delta_h 0 kcal/mol # +/- 0 (by convention)
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TR

FEFE TR

TR

TR

TR TR

— TR

TR

Al+

B(0

Ba+

Br- =

Ca+

cl- =

analytical_expression 0 0 0 0

0
| In|_gamma 4.5 # Invokes use of B-dot activity correction for charged aqueous species

—-Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]
extrapolation algorithm: Not used
data source: [1995SHO]

delfG0 = -88.27 +/- 0.2 kcal/mol
delfHO = -116.19 +/- 0.2 kcal/mol *[GHS]
SOPrTr = 20.6 +/- 2 cal/K/mol
CpPrTr = 6.312 +/- 999999 cal/K/mol
mole vol.= 40.501 cm3/mol

mole wt.= 59.0445 g/mol

date: 28.Feb. 1992

3 =1AlI+3

log_k 0 # +/- 0 (by convention)

delta_h 0 kcal/mol #+/- 0 (by convention)
analytical_expression 0 0 0 0
| In|_gamma 9

—-Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] for Gibbsite + 3 H+ = Al+3 + 3 H20
extrapolation algorithm: Not used

data source: [1995POK/HEL]

delfG0 = -116.543 +/- 0. 31 kcal/mol

delfHO = -128. 681 +/- 0. 36 kcal /mol

SOPrTr = -80.800 +/- 1.60 cal/K/mol

CpPrTr = -32.130 +/- 999999 cal/K/mol

mole vol.= -44.401 cm3/mol

mole wt.= 26.9815 g/mol

date: 29.Apr. 1997

H)3 =1B(OH3
g_k 0 # +/- 0 (by convention)

delta _h 0 keal/mol # +/- 0 (by convention)

analytical_expression 0

co2_I Inl_gamma # 3, Invokes use of Drummond [1981DRU] polynomial to calculate

# activity correction for neutral nonpolar aqueous species

—Range: 0.01 - 300 deg C

gflag: 1 [reported deIfGO used]

extrapolation algorithm: Not used

data source: [1982WAG/EVA] [1995POK/SCH]

delfGO = -231.540 +/- 0.24 kcal /mol

del fHO = —256 820 +/- 0.24 kcal /mol

SOPrTr = 38.790 +/- 1.91 cal/K/mol

CpPrTr = 25.666 +/- 999999 cal/K/mol

mole vol.= 39.604 cm3/mol

mole wt.= 61.8329 g/mol

date: 20. Jan. 1998

2 = 1 Ba+2

log_k 0 # +/- 0 (by convention)

delta_h 0 keal/mol # +/- 0 (by convention)
analytical_expression 0 0 0 0 0

I Inl_gamma

—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used] calorimetry & solubility
extrapolation algorithm: Not used

data source: [1988SHO/HEL] [1995PAR] [Unpub | ished]
delfGO = -133.27 +/- 0.4 kcal/mol

delfHO = -127.78 +/- 0.4 kcal/mol

SOPrTr = 2.10 +/- 0.1 cal/K/mol

CpPrTr = -12.300 +/- 999999 cal/K/mol

mole vol.= -12.600 cm3/mol

mole wt.= 137.327 g/mol

date: 20. Jun. 2016

1 Br-

log_k # +/- 0 (by convention)

delta_h 0 kcal/mol # +/- 0 (by convention)
analytical_expression 0 0 0 0
I Inl_gamma 3

—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm: Not u

data source: [1978C0X] [19888H0/HEL]

delfGO = -24.867 +/- 0.04 kcal/mol *[GHS]
delfHO = -29.040 +/- 0.036 kcal/mol

SOPrTr = 19.800 +/- 0.05 cal/K/mol

CpPrTr = -30.408 +/- 999999 cal/K/mol

mole vol.= 24.853 cm3/mol

mole wt.= 79.904 g/mol

date: 1.Jul. 1987

2 = 1 Ca+2

log_k 0 # +/- 0 (by convention)

delta_h 0 keal/mol # +/- 0 (by convention)
analytical_expression 0 0 0 0
I Inl_gamma 6

—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm: Not used

data source: [1978C0X] [1988SHO/HEL]

delfGO = -132.120 +/- 0.19 kcal/mol *[GHS]
delfHO = -129. 800 +/- 0.19 kcal/mol

SOPrTr = -13.50 +/- 0.1 cal/K/mol

CpPrTr = -7.518 +/- 999999 cal/K/mol

mole vol.= -18.060 cm3/mol

mole wt.= 40.078 g/mol

date: 3. Jun. 1987

1C
log_k 0 # +/- 0 (by convention)
delta_h 0 kcal/mol # +/- 0 (by convention)
analytical_expression 0 0 0 0
I In|_gamma 3
—Range: 0.01 - 300 deg C
gflag: 1 [reported delfGO used]
extrapolation algorithm: Not used
data source: [1978C0X] [1988SHO/HEL]
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delfG0 = -31.379 +/- 0.024 kcal/mol *[GHS]
delfHO = -39.933 +/- 0.021 kcal /mol

SOPrTr = 13.560 +/- 0.04 cal/K/mol

CpPrTr = -29.425 +/- 999999 cal/K/mol
mole vol.= 17.786 cm3/mol

mole wt.= 35.4527 g/mol

date: 11.Sep. 1997

log_k 0 # +/- 0 (by convention)

delta_h 0 kcal/mol #+/- 0 (by convention)
analytical_expression 0 0 0 0
| In|_gamma 2.5

—-Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm: Not used

data source: [1978C0X] [1988SHO/HEL]

delfG0 = -69.710 +/- 0.05 kcal/mol *[GHS]
delfHO = -61.670 +/- 0.03 kcal/mol

SOPrTr = 31.750 +/- 0.01 cal/K/mol

CpPrTr = -6.283 +/- 999999 cal/K/mol

mole vol.= 21.420 cm3/mol

mole wt.= 132.9055 g/mol

date: 1.Jul. 1987

Cu+2 = 1 Cu+2

log_k 0 # +/- 0 (by convention)

delta_h 0 kcal/mol #+/- 0 (by convention)
analytical_expression 0 0 0 0
I Inl_gamma 6

—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm: Not used

data source: [1978C0X] [1988SHO/HEL]

delfGO = 15.675 +/- 0.21 kcal/mol *[GHS]
delfHO = 15.700 +/- 0.19 kcal /mol

SOPrTr = -23.20 +/- 0.3 cal/K/mol

CpPrTr = -2.227 +/- 999999 cal/K/mol

mole vol.= —24.600 cm3/mol

mole wt.= 63.546 g/mol

date: 1.Jul. 1987

Cyanide- = 1 Cyanide-

log_k 0 # +/- 0 (by convention)

delta_h 0 keal/mol # +/- 0 (by convention)
analytical_expression 0 0 0 0 0
I Inl_gamma 3

—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm

data source: [1982WAG/EVA] [1997SHO/SAS]
delfG0 = 41.2 +/- 2 kcal/mol

36.0 +/- 2 kcal/mol

22.5 +/- 2 cal/K/mol

CpPrTr = -17.700 +/- 999999 cal/K/mol

mole vol.= 23.900 cm3/mol

mole wt.= 26.0177 g/mol

date: 11.Sep. 1997

=1le # electron

log_k #+/-0

delta_h 0 keal/mol # +/- 0
analytical_expression 0 0 0 0 0
No activity correction defined

—Range: 0.01 - 300 deg C

gflag: Not used

extrapolation algorithm: Not used

data source: [1999ART/SAS]

delfGO = 0 +/- 0 kcal/mol (by convention)
delfHO = 0 +/- 0 kcal/mol (by convention)
SOPrTr = 0 +/- 0 cal/K/mol (by convention)
CpPrTr = 0 +/- 0 cal/K/mol (by convention)
mole vol.= 0 cm3/mol (by convention)

mole wt.= 0 g/mol

date: 31.May. 2018

] —
log_k 0 # +/- 0 (by convention)
delta_h 0 keal/mol # +/- 0 (by convention)
analytical_expression 0 0 0 0
I Inl_gamma 3.
—Range: 0.01 - 300 deg C
gflag: 1 [reported delfGO used]
extrapolation algorithm: Not used
data source: [1978C0X] [1988SHO/HEL]
delfGO = -67.340 +/- 0.16 kcal/mol *[GHS]
delfHO = -80. 150 +/- 0.16 kcal/mol
SOPrTr = -3.150 +/- 0.13 cal/K/mol
CpPrTr = -27.220 +/- 999999 cal/K/mol
mole vol.= -1.320 cm3/mol
mole wt.= 18.9984 g/mol
date: 1.dul. 1987

Fe+2 =1 Fe+2

log_k 0 # +/- 0 (by convention)

delta_h 0 kcal/mol # +/- 0 (by convention)
analytical_expression 0 0 0 0
I In|_gamma 6

—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used] potentiometry & solubility

extrapolation algorithm:

Not used
data source: [1968LAR/CER][1 9898H0/HEL] [1997SH0/SAS]

delfG0 = -21.87 +/- 0.2 kcal/mol
delfHO = -22.05 +/- 0.5 kcal /mol
SOPrTr = -25.30 +/- 1.4 cal/K/mol
CpPrTr = -7.723 +/- 999999 cal/K/mol
mole vol.= -22.200 cm3/mol

mole wt.= 55.845 g/mol

date: 11.Sep. 1997



1 Formate- = 1 Formatef

log_k 0 # +/- 0 (by convention)

delta_h 0 kcal/mol #+/- 0 (by convention)
analytical_expression 0 0 0 0
| In|_gamma .5

—-Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm: Not used

data source: [1995SHO]

delfGO = -83.86 +/- 0.2 kcal/mol

delfHO = -101. 73 +/- 0.2 kcal/mol *[GHS]
SOPrTr = 21.7 +/- 1 cal/K/mol

CpPrTr = -20.177 +/- 999999 cal/K/mol

mole vol.= 26.160 cm3/mol

mole wt.= 45.0177 g/mol

date: 8.0ct.2019

TR

==
T

=1 H+

log_k 0 # +/- 0 (by convention)

delta_h 0 kcal/mol #+/- 0 (by convention)
analytical_expression 0 0 0 0
| In|_gamma 9

—-Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm: Not used

data source: [1988SHO/HEL]

delfGO = 0 +/- 0 kcal/mol (by convention)
delfHO = 0 +/- 0 kcal/mol (by convention)
SOPrTr = 0 +/- 0 cal/K/mol (by convention)
CpPrTr = 0 +/- 0 cal/K/mol (by convention)
mole vol.= 0 cm3/mol (by convention)

mole wt.= 1.0079 g/mol

date: 17.Jul. 1989

HCO3- = 1 HCO3-
log_k 0#+/-0 (by convention)
delta_h 0 kcal/mol # +/- 0 (by convention)
analytical_expression 0 0 0 0
I Inl_gamma 4
—Range: 0.01 - 300 deg C
gflag: 1 [reported deIfGO used] potentiometry & solubility
extrapolation algorithm: Not u
data source: [1978BER/VAN] [1988SHO/HEL]
delfGO = -140. 282 +/- 0.03 kcal /mol
delfHO = -164.898 +/- 0.05 kcal/mol
SOPrTr = 23.530 +/- 0.12 cal/K/mol
CpPrTr = -8.460 +/- 999999 cal/K/mol
mole vol.= 24.600 cm3/mol
mole wt.= 61.0168 g/mol
date: 1.Jul. 1987

HP04-2 = 1 HP04-2
| 0 # +/- 0 (by convention)
delta_h 0 keal/mol # +/- 0 (by convention)
analytical_expression 0 0 0 0 0
I Inl_gamma

TR

TR

# —Range: 0.01 - 300 deg C

# gflag: 1 [reported delfGO used]

# extrapolation algorithm: Not used

#  data source: [1982WAG/EVA] [19888H0/HEL]

#  delfG0 = -260.31 +/- 0.2 kcal /mol

#  delfHO = -308.82 +/- 0.2 kcal /mol

#  SOPrTr = -8.0 +/- 2 cal/K/mol

#  CpPrTr = -58.300 +/- 999999 cal/K/mol

#  mole vol.= 5.400 cm3/mol

#  mole wt.= 95.9793 g/mol

# date: 3.Jul. 1987

11-=11-
log_k # +/- 0 (by convention)
delta_h 0 kcal/mol # +/- 0 (by convention)
analytical_expression 0 0 0 0
I Inl_gamma 3

# —Range: 0.01 - 300 deg C

# gflag: 1 [reported delfGO used]

# extrapolation algorithm: Not u

#  data source: [1978COX] [19888H0/HEL]

#  delfG0 = -12.410 +/- 0.20 kcal/mol *[GHS]

#  delfHO = -13.600 +/- 0.20 kcal/mol

#  SOPrTr = 25.500 +/- 0.05 cal/K/mol

#  CpPrTr = -28.233 +/- 999999 cal/K/mol

# mole vol.= 36.311 cm3/mol

#  mole wt.= 126 9045 g/mol

# date: 1.Jul. 1987

1K+ =1 K+
log_k 0 # +/- 0 (by convention)
delta_h 0 keal/mol # +/- 0 (by convention)
analytical_expression 0 0 0 0
I In|_gamma 3.0

# —Range: 0.01 - 300 deg C

# gflag: 1 [reported delfGO used]

# extrapolation algorithm: Not used

#  data source: [1978C0X] [1988SHO/HEL]

# delfG0 = -67.510 +/- 0.03 kcal/mol *[GHS]

# delfHO = -60.270 +/- 0.02 kcal/mol

#  SOPrTr = 24.150 +/- 0.06 cal/K/mol

#  CpPrTr = 1.985 +/- 999999 cal/K/mol

# mole vol.= 9.068 cm3/mol

# mole wt.= 39.0983 g/mol

# date: 3. Jun. 1987

1 Li+ =1 Li+

log_k 0 # +/- 0 (by convention)
delta_h 0 kcal/mol # +/- 0 (by convention)
analytical_expression 0 0 0 0
I In|_gamma 6.0

# —Range: 0.01 - 300 deg C
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gflag: 1 [reported delfGO used]

extrapolation algorithm: Not used

data source: [1976HEL/KIR] [1988SHO/HEL] [1989C0X/WAG]
delfG0 = -70.009 +/- 0.03 kcal/mol *[GHS]

delfHO = -66.556 +/- 0.02 kcal/mol

SOPrTr = 2.925 +/- 0.04 cal/K/mol

CpPrTr = 14.200 +/- 999999 cal/K/mol

mole vol.= -0.870 cm3/mol

mole wt.= 6.9410 g/mol

date: 25.0ct. 2019

Mg+2 = 1 Mg+2

log_k 0 # +/- 0 (by convention)

delta_h 0 kcal/mol #+/- 0 (by convention)
analytical_expression 0 0 0 0
| In|_gamma 8.0

—-Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolatlon algorithm: Not

data source: [1979SHI/CRI] [1982WAG/EVA] [1988SHO/HEL]
delfGO = -108.51 +/- 0.6 kcal/mol *[GHS]
delfHO = -111. 367 +/- 0.26 kcal/mol

SOPrTr = -33.0 +/- 2 cal/K/mol

CpPrTr = -5.335 +/- 999999 cal/K/mol

mole vol.= -21.543 cm 3/mol

mole wt.= 24.305 g/mol

date: 4. Sep. 2020

Mn+2 = 1 Mn+2

log_k 0 # +/- 0 (by convention)

delta_h 0 keal/mol # +/- 0 (by convention)
analytical_expression 0 0 0 0 0
I Inl_gamma

—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used] calorimetry & potentiometry
extrapolation algorithm: Not

data source: [1969GED/HEP] [1997SHO/SAS]

delfG0 = -55.10 +/- 0.7 kcal/mol

delfHO = -52.90 +/- 0.3 kcal/mol

SOPrTr = -16.2 +/- 2 cal/K/mol

CpPrTr = -4.100 +/- 999999 cal/K/mol

mole vol.= -17.100 cm3/mol

mole wt.= 54.9380 g/mol

date: 24.May. 2016

log_k 0 # +/- 0 (by convention)

delta_h 0 keal/mol # +/- 0 (by convention)
analytical_expression 0 0 0 0 0
I Inl_gamma 4

—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm

data source: [1978C0X] [1995POK/HEL]

delfG0 = —62.591 +/- 0.03 kcal/mol *[GHS]
-57.432 +/- 0.02 kcal/mol

13.960 +/- 0.05 cal/K/mol

CpPrTr = 9.077 +/- 999999 cal/K/mol

mole vol.= —1.107 cm3/mol

mole wt.= 22.9898 g/mol

date: 12.Sep. 1997

NH4+ =1 NH4+

log_k 0 # +/- 0 (by convention)

delta_h 0 keal/mol # +/- 0 (by convention)
analytical_expression 0 0 0 0
I Inl_gamma 2.5

—Range: 0.01 - 300 deg

gflag: 1 [reported deIfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1978C0X] [1988SHO/HEL]

delfG0 = -18.990 +/- 0.08 kcal/mol

delfHO = -31.850 +/- 0.06 kcal/mol

SOPrTr = 26.57 +/- 0.2 cal/K/mol

CpPrTr = 16.024 +/- 999999 cal/K/mol

mole vol.= 18.130 cm3/mol

mole wt.= 18.0385 g/mol

date: 1.Jul. 1987

Ni+2 =1 Ni+2

log_k 0 # +/- 0 (by convention)

delta_h 0 keal/mol # +/- 0 (by convention)
analytical_expression 0 0 0 0
I Inl_gamma

—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm: Not

data source: [1982WAG/EVA] [19888H0/HEL]
delfG0 = -10.9 +/- 2 kcal/mol

delfHO = -12.9 +/- 2 keal/mol

SOPrTr = -30.8 +/- 2 cal/K/mol

CpPrTr = -11.700 +/- 999999 cal/K/mol

mole vol.= -29.001 cm3/mol

mole wt.= 58.6934 g/mol

date: 1.dul. 1987

H20 - 4 He - 4 e- =

log_k -86. 0033 # +/- 0.4

delta_h 133.73 keal/mol # +/- 0

analytical_expression +2. 774309E+2 +3. 956785E-2 —4.181446E+4
co2_I Inl_gamma #3

—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]

data source: [1982WAG/EVA][19840L0/0SH] [1988SHO/HEL] [1989SHO/HEL]
delfGO = 3.954 +/- 0.55 kcal/mol

delfHO = -2.900 +/- 0.10 kcal/mol

SOPrTr = 26.040 +/- 1.87 cal/K/mol

CpPrTr = 56.000 +/- 0.5 cal/K/mol

m-37
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# mole vol.= 30.380 cm3/mol
# mole wt.= 31.9988 g/mol
# date: 26.Jun. 1987

1 Pb+2 = 1 Pb+2

log_k 0 # +/- 0 (by convention)

delta_h 0 kcal/mol #+/- 0 (by convention)
analytical_expression 0 0 0 0
I In|_gamma 4.5

gflag: 1 [reported delfGO used]

extrapolation algorithm: Not used

data source: [1978C0X] [1988SHO/HEL]

delfG0 = -5, 736 +/- 0.07 kcal /mol

delfHO = 0.220 +/- 0.06 kcal/mol

SOPrTr = 4.23 +/- 0.3 cal/K/mol *[GHS]

CpPrTr = -12.700 +/- 999999 cal/K/mol

mole vol.= -15.600 cm3/mol

mole wt.= 207.2000 g/mol

date: 10.0ct. 2019

Rb+ = 1 Rb+
log_k 0 # +/- 0 (by convention)
delta_h 0 kcal/mol #+/- 0 (by convention)
analytical_expression 0 0 0 0
| In|_gamma 5
—-Range: 0.01 - 300 deg C
gflag: 1 [reported delfGO used]
extrapolation algorithm: Not used
data source: [1978C0X] [1988SHO/HEL]
delfG0 = —67.800 +/- 0.05 kcal/mol *[GHS]
delfHO = —60. 020 +/- 0.03 kcal/mol
SOPrTr = 28.800 +/- 0.05 cal/K/mol
CpPrTr = =3.000 +/- 999999 cal/K/mol
mole vol.= 14.261 cm3/mol
mole wt.= 85.4678 g/mol
date: 29.Jun. 1987

Se03-2 = 1 Se03-2
0g_| 0 # +/- 0 (by convention)
delta_h 0 keal/mol # +/- 0 (by convention)
analytical_expression 0 0 0 0 0
I Inl_gamma

TR

TR

# -Range: 0 01 - 300 deg C

# gflag: 3 [delfGO from log K data] for H2Se03 - 2 H+ = Se03-2
# extrapolation algorithm: Not

#  data source: [1928SCH/SWI] [1972ARN/BAR] [1997SH0/SAS] [1997SHO/SAS_a] [20070L1/NOL]
#  delfG0 = —86 434 +/-0.28 keal /mol

#  delfHO = -121.27 +/- 0.4 kcal /mol

#  SOPrTr = -2. 00 +/— 1.7 cal/K/mol *[GHS]

#  CpPrTr = -61.400 +/- 999999 cal/K/mol

#  mole vol.= 1.260 cm3/mol

#  mole wt.= 126.9582 g/mol

# date: 26.Mar. 2020

1 8i(0H)4 =1 Si(0H)4

log_k 0 # +/- 0 (by convention)

delta_h 0 keal/mol # +/- 0 (by convention)

analytical_expression 0 0 0 0 0

co2_| Inl_gamma # 3, Invokes Drummond polynomial to calculate activity

-Range: 0 01 - 300 deg C

gflag: 3 [delfGO from Iog K data] for Quartz = Si02 (aq)

extrapolation algorithm: Not used

data source: [1950KEN] [1951MOR/HES] [1960F0U] [1960KIT_a] [1960VAN/DEB] [1962MOR/FOU] [1962SIE] [1964WEI/FYF]
[1965AND/BUR] [1971CRE/AND] [197MAG/GEE] [1980HEM/MON] [1983WAL/ORV] [1993XIE/WAL]
[1994MAN] [1997RIM] [2000NEW/MAN] [2011DAV/WES]

delfG0 = -199.531 + 2 H20 = -312.907 +/- 0.42 kcal/mol

delfHO = -212.510 + 2 H20 = -349. 144 +/- 0.48 kcal/mol
SOPrTr = 9.97 + 2 H20 = 43.40 +/- 3.4 cal/K/mol
CoPrTr = =5.110 + 2 H20 = 30.914 +/- 999999 cal/K/mol
mole vol.= 16.100 + 2 H20 = 52.236 cm3/mol

mole wt.= 60.0843 + 2 H20 = 96. 1147 g/mol

date: 30.Jul. 2015

18n+2 =1 Sn+2

log_k 0 # +/- 0 (by convention)

delta_h 0 kecal/mol # +/- 0 (by convent|on)
analytical_expression 0 0 0
I'Inl_gamma 6

—Range: 0.01 - 300 deg C

#

# gflag: 1 [reported delfGO used]

# extrapolation algorithm: Not used

#  data source: [1978C0X][1997SHO/SAS]

#  delfG0 = —6.570 +/- 0.36 kcal/mol *[GHS]

#  delfHO = -2.100 +/- 0.20 kcal/mol

#  SOPrTr = -4.0 +/- 1 cal/K/mol

#  CpPrTr = -15.500 +/- 999999 cal/K/mol

#  mole vol.= -15.600 cm3/mol

#  mole wt.= 118.7100 g/mol

# date: 11.Sep. 1997

1 804-2 =1 SO4—2
log_k 0 # +/- 0 (by convention)
delta_h 0 keal/mol # +/- 0 (by convent|on)
analytical_expression 0 0 0
I'Inl_gamma 4

# —Range: 0.01 - 300 deg C

# gflag: 1 [reported delfGO used]

# extrapolation algorithm: Not used

#  data source: [1978C0X] [1988SHO/HEL]

# delfG0 = -177.930 +/- 0.11 kcal/mol *[GHS]

# delfHO = -217. 400 +/- 0.10 kcal/mol

#  SOPrTr = 4.500 +/- 0.12 cal/K/mol

#  CpPrTr = -63.920 +/- 999999 cal/K/mol

# mole vol.= 13.880 cm3/mol

# mole wt.= 96.0636 g/mol

# date: 3. Jun. 1987

1 Sr+2 =1 Sr+2
log_k 0 # +/- 0 (by convention)
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delta_h 0 kcal/mol #+/- 0 (by convention)
analytical_expression 0 0 0 0
| In|_gamma 5

# —Range: 0.01 - 300 deg C

# gflag: 1 [reported delfGO used] calorimetry & solubility

# extrapolatlon algorithm: Not used

# data source: [1984BUS/PLU] [19888H0/HEL]

# delfG0 = -134.760 +/- 0.19 kcal/mol

# delfHO = -131. 670 +/- 0. 12 kcal /mol

# SOPrTr = -7.530 +/- 0.48 cal/K/mol

# CpPrTr = -10.050 +/- 999999 cal/K/mol

# mole vol.= -17.410 cm3/mol

# mole wt.= 87.62 g/mol

# date: 1.Jul. 1987

1 Ti(OH4 =1 Ti(OH4
log_k 0 # +/- 0 (by convention)
delta_h 0 kcal/mol # +/- 0 (by convention)
analytical_expression 0 0 0 0 0
co2_lInl_gamma #3 (assumed = Si (0H)4)

# -Range: 0.01 - 300 deg C

# gflag: 3 [delfGO from Iog K data] for Rutile = Ti02(aq)

# extrapolatlon algorithm: Not

# data source: [1967SHU/VIN] [1974VAS/VOR] [IQQSZIE/JON] [2009SCH/VO0G]

# delfGO = -200.66 + 2 H20 = -314.04 +/- 1.7 kcal/mol

# delfHO = -226.8 + 2 H20 = -363.4 +/- 2 kcal/mol *[GHS]

# SOPrTr = =31.2 + 2 H20 = 2.2 +/- 3 cal/K/mol

# CpPrTr = 30 + 2 H20 = 66 +/- 20 cal/K/mol

# mole vol.= 3.900 + 2 H20 = 40.036 cm3/mol

#  mole wt.= 79.8656 + 2 H20 = 115.8962 g/mol

# date: 02.Dec. 2019

In+2 = 1 In+2
log_k 0#+/-0 (by convention)
delta_h 0 kcal/mol # +/- 0 (by convention)
analytical_expression 0 0 0 0
I Inl_gamma 6
—Range: 0.01 - 300 deg C
gflag: 1 [reported deIfGO used]
extrapolation algorithm: Not used
data source: [197800X] [1997SHO/SAS]
delfGO = -35.200 +/- 0.07 kcal/mol *[GHS]
del fHO = -36. 660 +/= 0. 05 kcal/mol
SOPrTr = -26.20 +/- 0.2 cal/K/mol
CoPrTr = -5.509 +/- 999999 cal /K/mol
mole vol.= -24.300 cm3/mol
mole wt.= 65.39 g/mol
date: 15. Sep. 1997

TR

# 2. Redox couples

+2Br-+0.502+2H+-1H20=+1Br2

# Br (0)
log_k 5.5347 # +/-
deltah  -8.99 kcal/mol +/— 0.2
analytical_expression 1. 381413E+3 2.169283E-1 -1.480167E+4

co2_| Inl_gamma #3.0

-Range: 0 01 - 300 deg C

gflag: 1 [reported delfGO used], calorimetry
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1963WU/BIR][1997SVE/SHO_a]
delfG0 = 1.38 +/- 0.2 cal/mol

delfHO = -0.20 +/- 0.2 kcal/mo

SOPrTr = 31.1 +/= 1 cal /K/mol *[GHS]

CpPrTr = 0.834 +/- 999999 cal /K/mol

mole vol.= 69.002 cm3/mol

mole wt.= 159. 8080 g/mol

date: 7. Apr. 2020

3Br-+2H++0502-1H0= 1Br3-
# Br (-0.33)
log_k 7.0762 # +/- 0.3
delta_h  -10.92 keal/mol # +/- 0
analytical_expression 1. 374292E+3 2.183779E-1 -1.527198E+4
I Inl_gamma 4
—Range: 0.01 - 300 deg C
gflag: 1 [reported delfGO used]
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1982WAG/EVA] [1988SHO/HEL]
delfG0 = -25.59 +/- 0.2 kcal/mol
delfHO = -31.17 +/- 0.2 kcal/mol
SOPrTr = 51.5 +/- 2 cal /K/mol
CpPrTr = 5.600 +/- 999999 cal/K/mol
mole vol.= 51.501 cm3/mol
mole wt.= 239.712 g/mol
date: 12.Jul. 1987

+ 1 Br-+0.502 =+ 1Br0-
# Br(+1)
log_k -10.9145 # +/- 1
delta_h 8.0 kcal/mol # +/- 2
analytical_expression -1.542215E+2 -2. 276330E-2 7. 690401E+3
I In|_gamma 4.0
—Range: 0.01 - 300 deg C
gflag: 1 [reported delfGO used]
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1982WAG/EVA] [1988SHO/HEL] [1997SHO/SAS]
delfGO = -8.0 +/- 2 kcal/mol *[GHS]
delfHO = -22.5 +/- 2 keal/mol
SOPrTr = 9.7 +/- 20.0 cal/K/mol
CpPrTr = -28.000 +/- 999999 cal/K/mol
mole vol.= 0.400 cm3/mol
mole wt.= 95.9034 g/mol
date: 11.Sep. 1997

+1Br-+1.502=+1 Br03-
# Br (+5)

TR TR
nou

TR TR
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TR

log_k -17.1421 # +/- 0.6

delta_h 17.36 kcal/mol #+/-0
analytical_expression -2. 82918]E+2 —4.593627E-2 1. 466253E+4
| In|_gamma 3.5

—-Range: 0.01 - 300 deg C

gflag: 1 [reported deIfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/0EL]
data source: [1982WAG/EVA] [1988SHO/HEL]
delfGO = 4.45 +/- 0.2 kcal/mol *[GHS]

delfHO = -16.03 +/- 0.2 kcal/mol

SOPrTr = 38.65 +/- 0.2 cal/K/mol

CpPrTr = -20.600 +/- 999999 cal/K/mol

mole vol.= 35.401 cm3/mol

mole wt.= 127.9022 g/mol

date: 12.Jul. 1987

+1Br-+202=+1Br04-
# Br(+7)

TR

log_k -33.1018 # +/- 2

delta_h 37.9 kecal/mol # +/- 2
analytical_expression -3. 388630E+2 -5. 585506E-2 1.357561E+4
| In|_gamma 4.0

—-Range: 0.01 - 300 deg C

gflag: 1 [reported deIfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1982WAG/EVA] [19888H0/HEL] [1997SH0/SAS]
delfG0 = 28.2 +/- 2 kcal/mol *[GHS

delfHO = 3.1 +/- 2 kcal/mol

SOPrTr = 47.6 +/- 2 cal/K/mo

CpPrTr = -5.200 +/- 999999 cal/K/mol

mole vol.= 48.701 cm3/mol

mole wt.= 143.9016 g/mol

date: 30. Apr. 1997

+ 1 H20 + 1 H+ + 1 HCO3- - 2 02 = 1 CH4
# C(-4)

log_k -144.1412 # +/- 999999

delta_h  206.405 kcal/mol # +/-

analytical_expression 1.354 76E+3 2. 130403E-1 -1. 258458E+5
co2_|Inl_gamma #3.0

# -Range: 0.01 - 300 deg C
# gflag: 1 [reported deIfGO used]
# extrapolation algorithm: SUPCRT92 [1992J0H/0EL]
#  data source: [19840L0/OSH] [1990SHO/HEL]
#  delfG0 = -8.235 +/- 999999 kcal/mol *[GHS]
#  delfHo = -21. 010 +/= 999999 kcal/mol
#  SOPrTr = 20.990 +/- 999999 cal/K/mol
#  CpPrTr = 66.30 +/- 1.4 cal/K/mol
#  mole vol.= 37.301 cm3/mol
#  mole wt.= 16.0426 g/mol
# date: 31.Aug. 1987
+1Cl-+0502= +1Cl0-
#Cl(+1
log_k -15.1014 # +/- 1

TR

delta_h  15.7 keal/mol # +/-
analytical_expression -1, 551992E+2 —2. 222684E-2 6. 341518E+3
I Inl_gamma 4.0

—Range: 0.01 - 300 deg C

gflag: 1 [reported deIfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1982WAG/EVA] [1997SHO/SAS]

delfG0 = -8.8 +/- 2 kcal/mol

delfHO = -25.7 +/- 6 kcal/mol *[GHS]

SOPrTr = 10_+/- 20 cal/K/mol

CpPrTr = -27.800 +/- 999999 cal/K/mol

mole vol.= 0.700 cm3/mol

mole wt.= 51.4521 g/mol

date: 11.Sep. 1997

+1GCl-+102= +1Cl02-
# Cl(+3)

TR TR

log_k -23.1080 # +/- 2

delta_h  26.9 kecal/mol # +/- 2
analytical_expression -2. 285793E+2 -3.490576E-2 8. 677592E+3
I Inl_gamma 4.0

—Range: 0.01 - 300 deg

gflag: 1 [reported deIfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1982WAG/EVA] [1997SHO/SAS]

delfG0 = 4.1 +/- 2 kcal/mol

delfHO = -15.9 +/~ 2 kcal/mol *[GHS]

SOPrTr = 24.2 +/- 2 cal /K/mol

CpPrTr = -19.300 +/- 999999 cal/K/mol

mole vol.= 22.100 cm3/mol

mole wt.= 67.4515 g/mol

date: 11.Sep. 1997

+1Cl-+1.502= +1¢CI03-
# Cl (+5)

FEFEFE R R

log_k -17.2608 # +/- 0.6

delta_h 19.42 keal/mol # +/- 0.6
analytical_expression —2. 759009E+2 -4. 383560E-2 1. 374186E+4
I In|_gamma 3.5

—Range: 0.01 - 300 deg C

gflag: 1 [reported deIfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1982WAG/EVA][1988SHO/HEL]

delfG0 = -1.90 +/- 0.2 keal/mol

delfHO = -24.86 +/- 0.6 kcal/mol *[GHS]

SOPrTr = 38.8 +/- 2 cal/K/mol

CpPrTr = -12.300 +/- 999999 cal/K/mol

mole vol.= 36.901 cm3/mol

mole wt.= 83.4509 g/mol

date: 12.Jul. 1987

+1Cl-+202= +1Cl04-
#Cl(+7)

log_k -15.7091 # +/- 0.8
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delta_h 14.82 kcal/mol #+/-0
analytical_expression -3. 996944E+2 —6. 228604E-2 2. 252156E+4
| In|_gamma 3.5

—-Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1982WAG/EVA] [1988SHO/HEL] [1997SHO/SAS]
delfGO = -2.04 +/- 0.2 kecal/mol

delfHO = -30.91 +/- 0.6 kcal/mol *[GHS]

SOPrTr = 43.5 +/- 2 cal/K/mol

CpPrTr = -5.836 +/- 999999 caI/K/moI

mole vol.= 44.201 cm3/mol

mole wt.= 99.4503 g/mol

date: 11.Sep. 1997

Cu+2 + 0.5 H20 = 1 H+ - 0.25 02 = + 1 Cu+
log_k -18.7704 # +/- 0.2

delta_h 34.86 kcal/mol #+/-0
analytical_expression 2. 900963E+02 4.532200E-02 —2. 358478E+04
| In|_gamma 4

—-Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1982WAG/EVA][1997SHO/SAS]

delfG0 = 11.95 +/- 0.2 kcal/mol

delfHO = 17.13 +/- 0.2 kcal/mol

SOPrTr = 9.7 +/- 2 cal/K/mol

CpPrTr = 13.700 +/- 999999 cal/K/mol

mole vol.= -8.000 cm3/mol

mole wt.= 63.5460 g/mol

date: 1.May. 1997

Fe+2 + 0.25 02 + 1 H+ - 0.5 H20 = + 1 Fe+3

log_k 8.4855 # +/- 0.24

delta_h  -23.24 keal/mol # +/- 1
analytical_expression -2.31 8331E+2 =3. 773994E-2 1. 720491E+4
I Inl_gamma 9.0

—Range: 0.01 - 300 deg C

gflag: 1 [reported deIfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/0EL]
data source: [1972WHI/LAN] [1989SHO/HEL] [1997SHO/SAS]
delfG0 = -4.114 +/- 0.21 kcal /mol

delfHO = -11. 86 +/= I 6 kcal/mol *[GHS]

SOPrTr = —66.30 +/- 5.2 cal/K/mo

CpPrTr = -18.600 +/- 999999 cal/K/moI

mole vol.= -37.001 cm3/mol

mole wt.= 55.8470 g/mol

date: 4. Sep. 2020

H20 - 0.5 02 = +

log_k -46. 0803 # +/— 1.4

delta_h 65.87 kcal/mol # +/- 1
analytical_expression 6. 117480E+2 8. 746683E-2 -5.165681E+4
co2_| Inl_gamma #3

—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/0EL]
data source: [1982WAG/EVA] [1989SHO/HEL]

delfG0 = 4.2 +/- 2 kcal/mol

delfHO = -1.0 +/- 2 kcal /mol

SOPrTr = 13.8 +/- 2 cal/K/mol

CpPrTr = 39.900 +/- 999999 cal/K/mol

mole vol.= 25.200 cm3/mol |

mole wt.= 2.0158 g/mol

date: 27.Jul. 2015

SO4—2+1H+—202—+1HS—

log_k -138.3169 # +/- 0

deltah  207.750 keal/mol # /

analytical_expression 1. 229486E+3 1.954627E-1 -1.176967E+5
I Inl_gamma 3.5

—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1982BAR/McC] [1988SHO/HEL]
delfG0 = 2.860 +/- 0.10 kcal/mol

delfHO = -3.850 +/- 999999 kcal /mol
SOPrTr = 16.300 +/- 999999 cal/K/mol
CpPrTr = -22.597 +/- 999999 cal/K/mol
mole vol.= 20.650 cm3/mol

mole wt.= 33.0739 g/mol

date: 1.Jul. 1987

Se03-2 + 1 H+ - 1.5 02 = + 1 HSe-

log_k ~75.4007 # +/- 0.7

deltah  120.3 kcal /mol # +/- 1

analytical_expression 1.106161E+3 1. 769002E-1 -9. 040051E+4
I Inl_gamma 4.0

—Range: 0.01 - 300 deg C

gflag: 1 [reported deIfGO used]

extrapolation algorithm: SUPCRT92 [1992JOH/OEL]
data source: [1887FAB] [1982WAG/EVA] [1997SHO/SAS_a] [20050L1/NOL]
delfG0 = 10.50 +/- 0.5 kcal/mol

delfHO = 3.4 +/- 1 keal/mol

SOPrTr = 17.5 +/- 4 cal/K/mol *[GHS]

CpPrTr = -20.763 +/- 999999 cal/K/mol

mole vol.= 18.598 cm3/mol

mole wt.= 79.9679 g/mol

date: 6. Apr.2020

.5 02 + 1 H+ +1504-2 = + 1 HS05-

log_k -17.2865 # +/- 0.32

delta_h 33.470 kcal/mol # +/-

analytical_expression 8. 311717E+2 1.297557E-1 -5. 484162E+4
I In|_gamma 4

—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used], calorimetry & potentiometry
extrapolation algorithm: SUPCRT92 [1992JOH/OEL]

data source: [19850HA/BAS][1986PR1/TAS][1989SHO/HEL]
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delfG0 = -152. 370 +/- 0.32 kcal /mol
delfHO = -185.380 +/- 0.16 kcal/mol
SOPrTr = 50.70 +/- 0.9 cal/K/mol
CpPrTr = 36.900 +/- 999999 cal/K/mol
mole vol.= 50.301 cm3/mol

mole wt.= 113.0709 g/mol

date: 11.Sep. 1997

H++0.502+31--1H20= +1 13-

log_k 24,7278 # +/- 1

delta_h -38.4 kcal/mol # +/- 12
analytical_expression 1.189174E+3 1. 986379E-1 -5.758267E+4 4. 349806E+2
| In|_gamma 4

—-Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1982WAG/EVA] [1988SHO/HEL]
delfGO = -12.3 +/- 2 kcal/mol

delfHO = -12.3 +/- 2 kcal/mol

SOPrTr = 57.2 +/- 2 cal/K/mol

CpPrTr = 13.100 +/- 999999 cal/K/mol

mole vol.= 57.201 cm3/mol

mole wt.= 380.7134 g/mol

date: 12.Jul. 1987

502+ 11-= +110-

log_k -0.9038 # +/- 1

delta_h -10.7 kecal/mol # +/- 2

analytical_expression  -2.201660E+2  -3.207103E-2 1.558904E+4  7.562782E+1

I Inl_gamma 4

—Range: 0 01 - 300 deg C

gflag: 1 [reported delfGO used]
extrapolation algorithm: SUPCRT92 [1992J0H/0EL]
data source: [1982WAG/EVA] [1988SHO/HEL]
delfG0 = 9.2 +/- 2 kcal/mol

delfHO = -25.7 +/- 2 kcal /mol

SOPrTr = 1.4 +/- 2 cal /K/mol

CpPrTr = -34.600 +/- 999999 cal/K/mol
mole vol.= -12.500 cm3/mol

mole wt.= 142.9039 g/mol

date: 11.Sep. 1997

[-+1.502= +1103-

log_k 17.6809 # +/- 2

delta_h -35.0 keal/mol # +/- 2
analytical_expression ~ -3.615104E+2  -5.674570E-2  3.009763E+4  1.268041E+2
I Inl_gamma 4

—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1982WAG/EVA] [1988SHO/HEL]

delfGO = -30.6 +/- 2 kcal/mol

-52.9 +/- 2 kcal/mol

28.3 +/- 2 cal/K/mol

CpPrTr = -16.200 +/- 999999 cal/K/mol

mole vol.= 25.900 cm3/mol

mole wt.= 174.9027 g/mol

date: 12.Jul. 1987

[-+202= +1104-

log_k 6.9621 # +/- 2

delta_h -16.8 keal/mol # +/- 2
analytical_expression -3. 338939E+2 -b5. 439954E-2 2.526035E+4 1. 176505E+2
I Inl_gamma 3.5

—Range: 0.01 - 300 deg

gflag: 1 [reported deIfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1982WAG/EVA] [1988SHO/HEL]

delfGO = -14.0 +/- 2 kcal/mol

delfHO = -36.2 +/- 2 kcal /mol

SOPrTr = 53 +/- 20 cal/K/mol

CpPrTr = -2.000 +/- 999999 cal/K/mol

mole vol.= 52.901 cm3/mol

mole wt.= 190.9021 g/mol

date: 30. Apr. 1997

Mn+2 + 0.25 02 + 1 H+ - 0.5 H20 = + 1 Mn+3
log_k -4.0078 # +/- 0.7
delta_h -11.23 kcal/mol +/= 1

analytical exprgss ion -2. 555445E+02 -4.161958E-02 1. 606384E+04 8. 883499E+01

I Inl_gamma

—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]
extrapolation algorithm: SUPCRT92 [1992JOH/OEL]
data source: [1952LAT] [1997SHO/SAS
delfG0 = -20.300 +/- 999999 kcal/mol
delfHO = -30. 700 +/- 999999 kcal/mol
SOPrTr = -74.000 +/- 999999 cal/K/mol
CpPrTr = -25.600 +/- 999999 cal/K/mol
mole vol.= -41.001 cm3/mol

mole wt.= 54.9380 g/mol

date: 11.Sep. 1997

Mn+2 + 1.25 02 + 1.5 H20 - 3 H+ = + 1 Mn04-
log_k -20.2230 # +/- 0.8
delta_h 29.10 kcal/mol # +/- 1

analytical_expression -4. 545828E+02 —1.734753E-02 2.218063E+04 1. 643764E+02

I In|_gamma 4

—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1969GED/HEP] [1997SHO/SAS]
delfGO = -107.600 +/- 999999 kcal/mol
delfHO = -129. 900 +/- 999999 kcal/mol
SOPrTr = 46.500 +/- 999999 cal/K/mol
CpPrTr = -1.800 +/- 999999 cal/K/mol
mole vol.= 42.001 cm3/mol

mole wt.= 118.9356 g/mol

date: 30.Apr. 1997
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+1 Mn+2 + 102 + 2 H20 - 4 H+ = + 1 Mn04-2
log_k -32.3413 # +/- 1.6
delta_h 35.83 kecal/mol # +/- 20
?Ta:ytica |_expression  -1.252704E+03  -2.033363E-01 6.574662E+04  4.511113E+02  -4. 957253E+06
nl_gamma
—-Range: 0.01 - 300 deg C
gflag: 1 [reported delfGO used]
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1982WAG/EVA] [1997SHO/SAS]
delfG0 = -120.4 +/- 2 kcal/mol
delfHO = -156. 6 +/- 20 kcal/mol
SOPrTr = 15.5 +/- 20 cal/K/mol
CpPrTr = -66.400 +/- 999999 cal/K/mol
mole vol.= 21.100 cm3/mol
mole wt.= 118.9356 g/mol
date: 11.Sep. 1997

+2NH4++1.50272H+73H207 + 1 N2
log_k 97.9789 # +/- 99999
delta_h -138.099 kcal/mol # +/- 999
analytical_expression  —6.25 980E+1 75, 536683E-3 3. 456667E+4 2.005773E+1 -2. 986240E+5
co2_lInl_gamma # 3
-Range: 0.01 - 300 deg C
gflag: 1 [reported delfGO used]
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1977WIL/BAT] [1989SHO/HEL]
delfGO = 4.347 +/- 999999 kcal/mol
delfHO = -2.479 +/- 999999 kcal/mol *[GHS]
SOPrTr = 22.900 +/- 999999 cal/K/mol
CpPrTr = 56.000 +/- 999999 cal/K/mol
mole vol.= 33.301 cm3/mol
mole wt.= 28.0134 g/mol
date: 7.Feb. 1989

+INH4++1.502—2H+—1H20: + 1 NO2-
log_k 37.6243 # +/- 1.6
delta_h  -57.1 keal/mol # +/~
analytical_expression -1, 001511E+3 -1.574756E-1 7.135813E+4 3. 600025E+2 -3. 915520E+6
I Inl_gamma 3.0
—Range: 0.01 - 300 deg C
gflag: 1 [reported deIfGO used]
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1982WAG/EVA] [1988SHO/HEL]
delfG0 = 7.7 +/- 2 kcal/mol
delfHO = -25.0 +/- 2 kcal /mol
SOPrTr = 29.4 +/- 2 cal/K/mol
CpPrTr = -23.3 +/- 2 cal/K/mol
mole vol.= 25.000 cm3/mol
mole wt.= 46.0055 g/mol
date: 3.Jul. 1987

NH4+ + 2 02 - 2 H+ - 1 H20 = + 1 NO3-

log_k 52,8613 # +/- 0.9

delta_h  -80.10 kcal/mol # +/- 1.6

?Talytica I,exprgss ion -1. 038830E+3 -1. 633359E-1 7.922587E+4 3. 724726E+2 4. 177117E+6
nl_gamma

—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm: SUPCRT92 [1992JOH/OEL]

data source: [1978C0X] [1988SHO/HEL

delfG0 = -26. 51 +/- 0.6 keal/mol

delfHO = -49.45 +/- 0.1 kcal/mol

SOPrTr = 35.120 +/- 0.20 cal/K/mol

CpPrTr = -16.079 +/- 999999 cal/K/mol

mole vol.= 29.001 cm3/mol

mole wt.= 62.0049 g/mol

date: 15.Dec. 2017

+2804-2 + 2 H+ -2 02 - 1 H20 = + 1 S203-2
log_k -133.5394 # +/- 2
delta_h 205.7 keal/mol # +/- 2
analytical_expression 1. 841978E+3 2. 955089E-1 -1.508319E+5 —6. 612099E+2
I Inl_gamma 4
—Range: 0.01 - 300 deg C
gflag: 1 [reported delfGO used]
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1982WAG/EVA] [1988SHO/HEL]
delfGO = -124.9 +/- 2 keal/mol
delfHO = -155.0 +/- 2 kcal/mol
SOPrTr = 16_+/= 20 cal/K/mol
CpPrTr = -57.300 +/- 999999 cal/K/mol
mole vol.= 28.501 cm3/mol
mole wt.= 112.1302 g/mol
date: 3.Jul. 1987

+2804-2 + 2 H+ - 1.5 02 - 1 H20 = + 1 S204-2
log_k -118.4563 # +/- 2
delta_h 182.0 kcal/mol # +/- 2
analytical_expression 1. 757609E+3 2. 810233E-1 -1. 406067E+5 -6. 313110E+2 6. 567368E+6
I In|_gamma 5
—Range: 0.01 - 300 deg C
gflag: 1 [reported delfGO used]
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1982WAG/EVA][1997SHO/SAS]
delfG0 = -143.5 +/- 2 kcal/mol
delfHO = -180.1 +/- 2 kcal/mol
SOPrTr = 22 +/- 20 cal/K/mol
CpPrTr = -50. 100 +/- 999999 cal/K/mol
mole vol.= 28.800 cm3/mol
mole wt.= 128.1296 g/mol
date: 11.Sep. 1997

+ 2 804-2 - 0.5 02 - 1 H20 = 1 $206-2

log_k -51.4199 # +/- 999999

delta_h 84.6 kcal/mol # +/- 999999

analytical_expression 1.546007E+3 2. 449440E-1 -1.062691E+5 ~ -5.563719E+2 5. 571345E+6
I In|_gamma 4

# —Range: 0.01 - 300 deg C
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gflag: 1 [reported delfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1952LAT][1997SHO/SAS]

delfG0 = -231.000 +/- 999999 kcal/mol

delfHO = -280.400 +/- 999999 kcal/mol

SOPrTr = 30.000 +/- 999999 cal/K/mol

CpPrTr = -45.300 +/- 999999 cal/K/mol

mole vol.= 40.401 cm3/mol

mole wt.= 160.1284 g/mol

date: 11.Sep. 1997

502 + 2 H+ + 2 S04-2 - 1 H20 = 1 S208-2
log_k -22.4999 # +/- 1
delta_h 46.5 kcal/mol # +/- 2
analytical_expression 1. 435388E+3 2. 246572E-1 -9.045428E+4  -5.162870E+2 4. 980807E+6
| In|_gamma 4
—-Range: 0.01 - 300 deg C

© TR

#
# gflag: 1 [reported delfGO used]
# extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
# data source: [1982WAG/EVA] [1988SHO/HEL]
# delfGO = -266.5 +/- 2 kcal/mol
# delfHO = -321.4 +/- 2 kcal/mol
# SOPrTr = 58.4 +/- 2 cal/K/mol
# CpPrTr = -25.000 +/- 999999 cal/K/mol
# mole vol.= 79.001 cm3/mol
# mole wt.= 192.1272 g/mol
# date: 3.dJul.1987
+ 1 8e03-2 + 0.5 02 = + 1 Se04-2
log_k 15.2854 # +/- 0.4
delta_h  -21.3 kcal/mol # +/- 1
analytical_expression -9. 873921E+1 ~1. 647456E-2 1. 092035E+4 3. 541716E+1 -4. 7135756E+5
I Inl_gamma 4.0
# -Range: 0 01 - 300 deg C
# gflag: 3 [delfGO from log K data] for H2Se03(aq) - H+ = HSe03-
# extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
#  data source: [1928SHE/IZA][1965C0V/DOB] [1970GHO/NAT] [1997SVE/SHO] [1997SVE/SHO_a] [20050L1/NOS]
#  delfG0 = —105.31 +/- 0.4 keal/mol
#  delfHO = —I +/=1 kcal/mol
#  SOPrTr = 10 +/- 4 cal/K/mo
#  CpPrTr = -55.600 +/- 999999 cal/K/mol
#  mole vol.= 19.400 cm3/mol
#  mole wt.= 142, 9576 g/mol
# date: 3. Apr. 2020

S04-2 - 0.5 02 = 1 S03-2
log_k -46.6244 # +/- 1
delta_h 64.1 keal/mol # +/- 2
analytical_expression  1.347305E+2  2.046639E-2  -2.258266E+4  -4.798737E+ 6. 246851E+5
I Inl_gamma 4.5
—Range: 0.01 - 300 deg C
gflag: 1 [reported delfGO used]
extrapolation algorithm: SUPCRT92 [1992J0H/0EL]
data source: [1982WAG/EVA] [1997SHO/SAS]
delfGO = -116.3 +/- 2 kcal/mol

-151.9 +/- 2 kcal/mol

-7 +/= 20 cal/K/mol

CpPrTr = —67.500 +/- 999999 cal/K/mol

mole vol.= -3.100 cm3/mol

mole wt.= 80.0642 g/mol

date: 11.Sep. 1997

+18n+2 +0.5 02 +2 H+-1H20 =+ 1 Sn+4
log_k 37.7533 # +/- 0.45
deltah  -71.6 kcal/mol # +/- 15
analytical_expression -4.811857E+2 ~7. 645426E-2 4. 068404E+4 1. 704130E+2 -1. 457468E+6
I Inl_gamma 11.0
—Range: 0.01 - 300 d
gflag: 1 [reported deIfGO used] for Cassiterite + 2 H20 = Sn+4 + 4 OH-
extrapolation algorithm: OptimB [2015SHV], SUPCRT92 [1992J0H/OEL]
data source: [1997SHO/SAS_a] [2011RAI/YUI]
delfG0 = 0.590 +/~ 0.42 kcal/mol
delfHO = -6.8 +/- 15 kcal/mol *[GHS]
SOPrTr = -75 +/= 50 cal/K/mol
CpPrTr = -23.1 +/- 5 cal/K/mol
mole vol.= -60.531 cm3/mol
mole wt.= 118.7100 g/mol
date: 9.0ct. 2019

TR
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@
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#3 Aqueous species

A|+3+1H20—1H+—1A|
log_k -4.9571 # +/- 0 32

delta_h 11.902 keal/mol # +/- 0

analytical_expression 1. 592261E+02 2. 937545E-02 -1.149373E+04 =5. 709848E+01 6. 129739E+05

I Inl_gamma 4.5

—Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction shown

extrapolation algorithm: SUPCRT92 [1992JOH/OEL]

data source: [1992PAL/WES] [1995POK/HEL]

delfGO = -166. 468 +/- 0.31 kcal/mol

delfHO = -185.096 +/- 0.62 kcal/mol

SOPrTr = -46.82 +/- 2.3 cal/K/mol

CpPrTr = 16.441 +/- 999999 cal/K/mol

mole vol.= -19.064 cm3/mol

mole wt.= 43.9889 g/mol

date: 30.Apr. 1997

1 Al+3 + 2 H20 - 2 H+ = 1 Al (OH) 2+

log_k -10.5945 # +/- 0.44

delta_h 23.490 kcal/mol # +/- 0

analytical_expression 3. 082958E+02 5.406983E-02  -2.151248E+04  -1.108586E+02  1.018237E+06
I In|_gamma 4

—Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] for Al (OH)+2 + H20 - H+ = Al (OH) 2+

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]

data source: [1995POK/HEL]

delfGO = -215.465 +/- 0.51 kcal/mol

FEFETEREE
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TR

delfHO = -241,825 +/- 0.71 kcal /mol
SOPrTr = -17.00 +/- 2.9 cal/K/mol
CpPrTr = 36.200 +/- 999999 cal/K/mol
mole vol.= 6.003 cm3/mol

mole wt.= 60.9962 g/mol

date: 3. Aug. 2015

1 AI+3 + 3 H20 - 3 H+ = 1 Al (OH)3

TR

TR TR

TR TR

+

FEFEFE R R

TR R

log_k -16.4329 # +/- 0.45
delta_h 34.585 kecal/mol # +/- 0.70
analytical_expression 3. 316637E+2 5. 703717E-2 -2.530215E+4

-1.183319E+2
gamma 4 0.041 # Used for polar neutral species. Invokes use of WATEQ extended Debye-Huckel equation,

1. 117129E+6

# which reduces to Setschenow equation. 0.041 is equivalent to B-dot at 25 deg C

—-Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] for Boehmite + H20 = Al (OH)3
extrapolation algorithm: SUPCRT92 [1992J0H/OEL] as HAI02 (aq)
data source: [1995POK/HEL]

delfG0 = -207.500 + 1 H20 = -264.188 +/- 0.53 kcal/mol
delfHO = -230. 730 + 1 H20 = -299.047 +/- 0.60 kcal/mol
SOPrTr = -6.50 + 1 H20 = 10.21 +/- 2.7 cal/K/mol

CpPrTr = 41,316 + 1 H20 = 59, 328 +/- 999999 cal/K/mol

mole vol.= 13.259 + 1 H20 = 31.327 cm3/mol

mole wt.= 59.9883 + 1 H20 = 78.0034 g/mol

date: 29. Apr. 1997

Al+3 + 4 H20 - 4 H+ = 1 Al (OH)4-

log_k -22.8833 # +/- 0.3

delta_h 43.24 kcal/mol #+/-

analytical_expression -1. 586289E+2 -2.478677E-2 6.503313E+2
I Inl_gamma 4

-Range: 0 01 - 300 deg C

gflag: 3 [delfGO from log K data] for Gibbsite + OH- = Al (OH)4-
extrapolation algorithm: SUPCRT92 [1992J0H/0EL] as A102-

data source: [1995POK/HEL]

delfGO = -198.70 + 2 H20 = -312.08 +/- 0.3 kcal/mol

delfHO = -222.08 + 2 H20 = -358.71 +/- 0.3 kcal/mol

SOPrTr = =7.00 + 2 H20 = 26.42 +/- 0.3 cal/K/mol

CpPrTr = -9.709 + 2 H20 = 26.315 +/- 999999 cal/K/mol

mole vol.= 10.000 + 2 H20 = 46. 136 cm3/mol

mole wt.= 58.9803 + 2 H20 = 95.0107 g/mol

date: 29.Apr. 1997

Al+3 + 1 Acetate- = + 1 AlAcetate+2

log_k 2.7502 # +/- 0.10

delta_h 4.4 keal/mol # +/- 2
analytical_expression 9. 099454E+2 1. 439506E-1 -5.387577E+4
I Inl_gamma 4.0

-Range: 0 01 - 300 deg C

gflag: 3 [delfGO from Iog K data] for reactlon shown
extrapolation algorithm 0H/OEL

data source: [1993SHO/KER] [1994PAL/BEL] [19950EL/HEL]
delfG0 = -208.57 +/- 0.4 kcal/mol

-240.5 +/- 1 kcal/mol| *[GHS]

-32.8 +/- 5 cal/K/mo

CpPrTr = 72.900 +/- 999999 cal/K/mol

mole vol.= -0.930 cm3/mol

mole wt.= 86.0260 g/mol

date: 15. Jan. 1998

Al+3 + 2 Acetate- = + 1 AI (Acetate) 2+
log_k 4.6011 # +/-

delta_h 8.2 kecal/mol # +/-

analytical_expression 1. 866926E+3 2.922280E-1 -1.103830E+5
I Inl_gamma 4.0

-Range: 0 01 - 300 deg

gflag: 3 [delfGO from Iog K data] for reactlon shown

extrapolation algorithm: SUPCRT92 [1992J0H/OEL

data source: [1993SHO/KER] [1994PAL/BEL] [19950EL/HEL]

delfGO = -299.36 +/- 1.0 kcal/mol

delfHO = -352.9 +/- 6 kcal/mol *[GHS]

SOPrTr = 9 +/- 20 cal/K/mol

CpPrTr = 169. 400 +/- 999999 cal/K/mol

mole vol.= 48.301 cm3/mol

mole wt.= 145.0705 g/mol

date: 15. Jan. 1998

Al+3 + 1 Si(OH)4 - 1 H+ = + 1 AISi0(OH) 3+2
log_k -2.3909 # +/- 0.21

delta_h  15.8 kcal/mol # +/- 1

analytical_expression 5. 152575E+2 6. 961769E-2 -3. 262208E+4
I Inl_gamma .5

-Range: 0 01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction shown

extrapolation algorithm: SUPCRT92 [1992J0H/0EL] as AIHSi03+2

data source: [1994FAR/LUM] [1996POK/SCH] [1998SAL/POK] [2005SPA/SCH]
delfGO = -369.50 + 1 H20 = -426.19 +/- 0.6 kcal/mol

delfHO = -393.7 + 1 H20 = —462 0 +/— 1 keal/mol *[GHS]

SOPrTr = -12.0 + 1 H20 = 4.7 +/- 3 cal/K/mol

CpPrTr = -5 + 1 H20 = 13 +/- 10 cal/K/mol

mole vol.= -18.482 + 1 H20 = -0.414 cm3/mol

mole wt.= 104.0731 + 1 H20 = 122.0883 g/mol

date: 13.Nov. 2019

B(OH)3 + 3 H+ + 4 F- - 3 H20 = 1 BF4-

log_k 18.0049 # +/- 1.5

delta_h -3.9 keal/mol # +/- 2
analytical_expression 2. 419074E+3 3. 759125E-1 -1. 343009E+5
I In|_gamma 4

—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1982WAG/EVA] [1988SHO/HEL]

delfG0 = -355.4 +/- 2 kcal/mol

delfHO = -376.6 +/- 2 kcal/mol

SOPrTr = 43 +/- 20 cal/K/mol

CpPrTr = -5.600 +/- 999999 cal/K/mol

mole vol.= 43.001 cm3/mol

mole wt.= 86.8046 g/mol

date: 16.Feb. 1988
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1 B(OH)3 + 1 H20 - 1 H+ = 1 B(OH) 4~

log_k -9, 2489 #+/- 0 23

delta_h 3.91 kcal/mol +/-0.31
analytical_expression —4. 896170E+2 —7. 358403E-2 2. 7718994E+4
| In|_gamma 4

—-Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1982WAG/EVA] [1995P0K/SCH]

delfG0 = -275.61 +/- 0.2 kcal/mol

delfHO = -321.23 +/- 0.2 kcal/mol

SOPrTr = 24.5 +/- 2 cal/K/mol

CpPrTr = -2.572 +/- 999999 cal/K/mol

mole vol.= 25.869 cm3/mol

mole wt.= 78.8404 g/mol

date: 20.Jan. 1998

TR

+ 1 Ba+2 + 1 Acetate- = + 1 BaAcetate+
log_k 0.9822 # +/- 0
delta_h 1.878 kcal/mol +/f 999999
analytical_expression 9. 870155E+2 1. 512455E-1 -5. 764002E+4
| In|_gamma 4.0

CpPrTr = 72.332 +/- 999999 cal/K/mol
mole vol.= 35.405 cm3/mol

mole wt.= 196.3715 g/mol

date: 17. Aug. 1992

+ 1 Ba+2 + 2 Acetate- = + 1 Ba (Acetate)Z
log_k 1.3077 # +/-
delta_h  3.109 kcal/mol +/ 9999

# —Range: 0.01 - 300 deg C

# gflag: 3 [delfGO from log K data] for reaction shown
# extrapolation algorithm: SUPCRT92 [1992J0H/0EL]

# data source: [1964ARC/MON] [1993SHO/KER]

# delfG0 = -222.88 +/- 1.1 kcal/mol

# delfHO = -242.092 +/- 999999 kcal/mol *[GHS]

g SOPrTr = 33.500 +/- 999999 cal/K/mol

#

#

#

analytical_expression 1.775 23E+3 2.707314E-1 -1. 053148E+5
gamma 3.0 0.041
# -Range: 0 01 - 300 deg C
# gflag: 2 [estimated deIfGO used] by linear correlation
# extrapolation algorithm: SUPCRT92 [1992J0H/0EL]
#  data source: [IQQSSHO/KER] [Unpub | i shed]
#  delfG0 = -311.59 +/- 2.1 kcal/mol
#  delfHO = -357. 051 +/- 999999 keal /mol *[GHS]
#  SOPrTr = 59.700 +/- 999999 cal/K/mol
#  CpPrTr = 166. 781 +/- 999999 cal/K/mol
#  mole vol.= 88.892 cm3/mol
#  mole wt.= 255.4160 g/mol
#  date: 8.Feb. 2021
+1Ba+2 + 1 Cl- = + 1 BaCl
log_k -0. 4537 # +/— 0.5
delta_h 1.6 kcal/mol # +/- 3
analytical_expression 8. 494098E+2 1.339991E-1 —4. 810394E+4
I Inl_gamma 4.0
# -Range: 0 01 - 300 deg C
# gflag: 3 [delfGO from log K data] for reactlon shown
# extrapolation algorithm: SUPCRT92 [1992J0H/OEL
#  data source: [1982MAJ/STU][1995PAR_a] [1997SVE/SHO]
#  delfG0 = -164.03 +/- 0.5 kcal /mol
#  delfHO = -166.1 +/- 3 kcal/mol *[GHS]
#  SOPrTr = 19 +/- 10 cal/K/mol
#  CpPrTr = 6.963 +/- 999999 cal/K/mol
#  mole vol.= 12.233 cm3/mol
#  mole wt.= 172.7797 g/mol
# date: 16.May. 2019

Ba+2 + 1 HCO3- - 1 H+ =1 BaCOS
log_k -7.6321 # +/- 0.0
delta_h 6.93 keal/mol # +/ 99999
analytical_expression 8. 695651E+2 1.331832E-1 —4.792432E+4
I Inl_gamma 4
—Range: 0.01 - 300 deg C
gflag: 1 [reported delfGO used], squb|I|ty
extrapolation algorithm: SUPCRT92 1992J0H/0EL
data source: [1986BUS/PLU] [1995PAR a] [1997SVE/SHO]
delfGO = -263.14 +/- 0.4 kcal/mol
delfHO = -285. 750 +/- 999999 kcal/mol
SOPrTr = 14.000 +/- 999999 cal/K/mol
CpPrTr = -34.400 +/- 999999 cal/K/mol
mole vol.= -11.810 cm3/mol
mole wt.= 197.3359 g/mol
date: 21.Jun. 2016

Ba+2 + 1 F- = 1 BaF+
log_k -0.1833 # +/- 0.2
delta_h -4.96 kcal/mol # +/- 999999
analytical_expression 8. 811147E+02 1.377141E-01 -5. 011749E+04
I In|_gamma 4
—Range: 0.01 - 300 deg C
gflag: 1 [reported delfGO used], potentiometry
extrapolation algorithm: SUPCRT92 [1992JOH/OEL]
data source: [1982MAJ/STU][1995PAR _a] [1997SVE/SHO]
delfGO = -200.37 +/- 0.5 kcal/mol
delfHO = -212.890 +/- 999999 kcal/mol
SOPrTr = 5.800 +/- 999999 cal/K/mol
CpPrTr = 10.932 +/- 999999 cal/K/mol
mole vol.= -7.330 cm3/mol
mole wt.= 156. 3254 g/mol
date: 21.Jun. 2016

TR TR
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+ 1 Ba+2 + 1 Formate- = + 1 BaFormate+
log_k 1.9388 # +/- 999999
delta_h  0.556 kcal/mol # +/- 999999
analytical_expression 9. 438453E+2 1.457087E-1 -5.382121E+4
I In|_gamma 4.0
# —Range: 0.01 - 300 deg C
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gflag: 1 [reported delfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1995SHO/KOR]

delfG0 = -219.775 +/- 999999 kcal/mol

delfHO = -228.954 +/- 999999 kcal/mol *[GHS]
SOPrTr = 34.547 +/- 999999 cal/K/mol

CpPrTr = 20.000 +/- 999999 cal/K/mol

mole vol.= 21.100 cm3/mol

mole wt.= 182. 3447 g/mol

date: 8.0ct.2019

Ba+2 + 2 Formate- = + 1 BaFormate2

log_k 2.7700 # +/- 999999

delta_h 1.220 kcal/mol # +/- 99999
analytical_expression 1. 631303E+3 2. 498345E-1 -9.376917E+4
gamma 3.0 0.041

—-Range: 0.01 - 300 deg C

gflag: 1 [reported deIfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1995SHO/KOR]

delfGO = -304. 769 +/- 999999 kcal/mol

delfHO = -330.020 +/- 999999 kcal/mol *[GHS]
SOPrTr = 62.275 +/- 999999 cal/K/mol

CpPrTr = 41.800 +/- 999999 cal/K/mol

mole vol.= 58.600 cm3/mol

mole wt.= 227.3624 g/mol

date: 8.0ct.2019

Ba+2 + 1 H20 - 1 H+ = 1 BaOH+

log_k -13.4710 # +/- 0.2

delta_h 20. 95 keal/mol # +/- 999999
analytical_expression 2.052473E+02 2. 854349E-02 -1.449183E+04
I Inl_gamma 4

—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/0EL]
data source: [1976BAE/MES] [1997SHO/SAS]

delfGO = -171.58 +/- 0.5 kcal/mol

delfHO = -175. 150 +/- 999999 kcal/mol

SOPrTr = 27.500 +/- 999999 cal/K/mol

CpPrTr = -22.400 +/- 999999 cal/K/mol

mole vol.=9.200 cm3/mol

mole wt.= 154, 3343 g/mol

date: 20. Jun. 2016

Ba+2 + 1 S04-2 = + 1 BaS04
log_k 2.4922 # +/- 0.2
delta_h 0.6 kcal/mol # +/- 1
analytical_expression 1. 685629E+3 2.581113E-1 -9. 344546E+4
gamma 3.0 0.041
-Range: 0 01 - 300 deg C
gflag: 3 [delfGO from Iog K data] for reactlon shown
extrapolation algorithm 2 [1992J0H/OEl
data source: [1990FEL/RAI] [1999MON] [1997SVE/SHO a] [Unpub| ished]
delfG0 = -314.60 +/- 0.5 kcal/mol
-344.6 +/- 1 kcal/mol *[GHS]
19.9 +/- 4 cal/K/mol
CpPrTr = =31 +/- 36 cal/K/mol
mole vol.= 8.347 cm3/mol
mole wt.= 233.3906 g/mol
date: 27. Aug. 2020

1 Ca+2 + 1 H20 - 1 H+ = + 1 CaOH+

TR TR

+
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log_k -12.7673 # +/- 0 2

delta_h  15.44 keal/mol # +/- 9999

analytical_expression 528763E+2 2. 372976E-2 -1.177307E+4
I Inl_gamma 4

-Range: 0 01 - 300 deg

gflag: [deIfGO from Iog K data] for Ca+2 + OH- = CaOH+
extrapolation algorithm: OptimB [2015SHV], SUPCRT92 [1992JOH/OEL]
data source: [1976SMI/MAR] [1982PLU/BUS] [1997SH0/SAS] [Unpub! ished]
delfGO = -171.39 +/- 0.3 kcal/mol

delfHO = -182. 680 +/- 999999 kcal/mol

SOPrTr = -3.400 +/- 999999 cal/K/mol

CpPrTr = 12.876 +/- 999999 cal/K/mol

mole vol.= 4.356 cm3/mol

mole wt.= 57.0853 g/mol

date: 27.Dec. 2017

Ca+2 + 1 Acetate- = + 1 CaAcetate+

log_k 0.9309 # +/- 0.1

delta_h  0.345 kcal/mol +/~- 99999

analytical_expression 9. 124813E+2 1. 424026E-1 -5.321869E+4
I Inl_gamma 4.0

-Range: 0 01 - 300 deg C

gflag: 3 [delfGO from log K data] for reactlon shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL.
data source: [1985DAN/DER] [1991FEI] [19933H0/KER]
delfGO = -221.66 +/- 0.6 kcal/mol

delfHO = -245. 645 +/- 999999 kcal/mol *[GHS]
SOPrTr = 12.500 +/- 999999 cal/K/mol

CpPrTr = 83.065 +/- 999999 cal/K/mol

mole vol.= 29.321 cm3/mol

mole wt.= 99.1225 g/mol

date: 5. Apr.1993

Ca+2 + 2 Acetate- = + 1 Ca(Acetate)?2

log_k 1.2117 # + .

delta_h  -0.273 kcal/mol # +/- 999999

analytical_expression 1. 800: 73E+3 2. 783059E-1 -1.062671E+5
gamma 0. 041

“Range: 0.01 - 300 deg C

gflag: 2 [estimated deIfGO used] by linear correlation
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]

data source: [1993SHO/KER] [Unpubl ished]

delfGO = -310.31 +/- 1.0 kcal/mo

delfHO = -362. 453 +/- 999999 kcal/mol *[GHS]

SOPrTr = 32.300 +/- 999999 cal/K/mol

CpPrTr = 187.722 +/- 999999 cal/K/mol
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mole vol.= 82.114 cm3/mol
mole wt.= 158.1670 g/mol
date: 9.Feb. 2021

Ca+2 + 1 Al+3 + 4 H20 - 4 H+ =+ 1 CaAl (OH) 4+

log_k -21.1388 # +/- 0,

delta_h 43.99 kecal/mol # +/f

analytical_expression 7. 291964E+2 1.161135E-1 -5.008185E+4
| In|_gamma

—-Range: 0.01 - 300 deg C

gflag: 2 [estimated delfGO used] by linear correlation
extrapolation algorithm: SUPCRT92 [1992J0H/OEL] as CaAl02+
data source: [2019WAL/ANR]

delfG0 = -333.20 + 2 H20 = -446.58 +/- 1.1 kcal/mol
delfHO = -351.12 + 2 H20 = -487.75 +/- 2.3 kcal/mol *[GHS]
SOPrTr = -9.99 + 2 H20 = 23.43 +/- 6.7 cal/K/mol

CpPrTr = 56 + 2 H20 = 92 +/- 31 cal/K/mol

mole vol.= -2.952 + 2 H20 = 33.184 cm3/mol

mole wt.= 99.0583 + 2 H20 = 135.0887 g/mol

date: 9.0ct. 2019

Ca+2 + 1 Cl- = 1 GaCl+

log_k -0.2925 # +/- 999999

delta_h 1.12 kecal/mol # +/- 999999

analytical_expression 7.463112E+2 1. 232259E-1 —4. 169363E+4
| In|_gamma 4

—-Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] for reactlon shown

extrapolatlon algorithm: SUPCRT92 [1992J0H/OF

—2.608737E+2

—2. 716486E+2

data source: [1982MAJ/STU] [1985ALL] [198581M/BUS] [1989WIL/SEW] [1992GIL/0SC] [1997SVE/SHO]

delfGO = -163.100 +/- 999999 kcal/mol
-168. 610 +/- 999999 kcal /mol
4.500 +/- 999999 cal/K/mol
CpPrTr = 17.470 +/- 999999 cal/K/mol
mole vol.= 5.740 cm3/mol

mole wt.= 75.5307 g/mol

date: 17.Sep. 1997

Ca+2 + 2 Cl- =1 Ca

Cl2
log_k -0.6436 # +/- 999999
delta_h -1.39 kecal/mol # +/-
analytical_expression 1.487 502E+3 2.428120E—1 -8.229321E+4
gamma 3 0.041
-Range: 001—300d C
gflag 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1989WIL/SEW] [1997SVE/SHO]
delfG0 = -194.000 +/- 999999 kcal/mol
delfHO = -211.060 +/- 999999 kcal/mol
SOPrTr = 6.000 +/- 999999 cal/K/mol
CpPrTr = 30.960 +/- 999999 cal/K/mol
mole vol.= 32.641 cm3/mol
mole wt.= 110.9834 g/mol
date: 17.Sep. 1997

Ca+% + 1 HC03- - 1 H+ = 1 CaC03

| -7.0017 # +/- 0.15
delta_h 7.31 keal/mol # +/- 999999
analytical_expression 7. 957894E+2 1. 271363E-1 -4.2787T1E+4
gamma 3 0.041
-Range: 0 01 - 300 deg C
gflag: 3 [delfGO from log K data] for Ca+2 + COS 2 = CaC03
extrapolation algorithm: SUPCRT92 [1992J0H/0EL]
data source: [1982PLU/BUS] [1997SVE/SHO]
delfGO = -262. 850 +/- 0.3 kcal/mol
delfHO = -287.390 +/- 999999 kcal/mol
SOPrTr = 2.500 +/- 999999 cal/K/mol
CpPrTr = -29.600 +/- 999999 cal/K/mol
mole vol.= -15.660 cm3/mol
mole wt.= 100.0872 g/mol
date: 17. Sep. 1997

Ca+2 + 1 F- = 1 CaF

log_k 0.6817 # +/= 9999

delta_h 1.35 keal/mol # +/- 999
analytical_expression 8. 199520E+2 1. 328994E-1 -4. 636220E+4
I Inl_gamma 4

—Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1979RI1C/HOL] [1997SVE/SHO]

delfGO = -200. 390 +/- 999999 kcal/mol

del fHO = -208. 600 +/- 999999 kcal/mol

SOPrTr = =9.000 +/~ 999999 cal/K/mol

CpPrTr = 30.100 +/- 999999 cal/K/mol

mole vol.= —13.460 cm3/mol

mole wt.= 59.0764 g/mol

date: 12.Sep. 1997

Ca+2 + 1 Fe+3 + 4 H20 - 4 H+ = + 1 CaFe (OH) 4+

log_k -20.8756 # +/- 0.7

deltah  41.96 kcal/mol # +/- 3.2

analytical_expression 8.470769E+2 1. 345019E-1 -5. 889415E+4
I In|_gamma 4.0

—Range: 0.01 - 300 deg C

gflag: 2 [estimated deIfGO used] by linear correlation
extrapolation algorithm: SUPCRT92 [1992JOH/OEL] as CaFe02+
data source: [2019WAL/ANR]

delfG0 = -221.13 + 2 H20 = -334.51 +/- 0.9 kcal/mol
delfHO = -236.33 + 2 H20 = -372.96 +/- 2.8 kcal/mol *[GHS]
SOPrTr = -1.10 + 2 H20 = 32.32 +/- 9.0 cal/K/mol

CpPrTr = 124 + 2 H20 = 160 +/- 45 cal/K/mol

mole vol.= -14.028 + 2 H20 = 22.108 cm3/mol

mole wt.= 127.9238 + 2 H20 = 163. 9542 g/mol

date: 12.Dec. 2018

© TN

Ca+2 + 1 Formate- = + 1 CaFormate+
log_k 1.4316 # +/- 999999
delta_h -0.517 keal/mol # +/- 999999
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analytical_expression 8. 659831E+2 1.363182E-1 -4.934164E+4
| In|_gamma .0

—-Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1995SHO/KOR]

delfG0 = -217.933 +/- 999999 kcal/mol

delfHO = -232.047 +/- 999999 kcal/mol *[GHS]
SOPrTr = 13.005 +/- 999999 cal/K/mol

CpPrTr = 30.700 +/- 999999 cal/K/mol

mole vol.= 15.000 cm3/mol

mole wt.= 85.0957 g/mol

date: 8.0ct.2019

Ca+2 + 2 Formate- = + 1 CaFormate2

log_k 2.3031 # +/- 999999

delta_h -1.891 kcal/mol # +/ 999
analytical_expression 1. 658 60E+3 2.577211E-1 -9. 494072E+4
gamma 3.0 0.041

—-Range: 0.01 - 300 deg C

gflag: 1 [reported deIfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1995SHO/KOR]

delfGO = -302. 982 +/- 999999 kcal/mol

delfHO = -335. 151 +/- 999999 kcal/mol *[GHS]
SOPrTr = 34.084 +/- 999999 cal/K/mol

CpPrTr = 62.700 +/- 999999 cal/K/mol

mole vol.= 51.800 cm3/mol

mole wt.= 130.1134 g/mol

date: 8.0ct. 2019

Ca+2 + 1 HCOS— + 1 CaHCO3+
log_k 7#+/-0.3

delta_h 0 66 kcal/mol # +/- 999999

analytical_expression 8.818891E+2 1. 393445E-1 -5.072426E+4
I Inl_gamma 4

-Range: 0 01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction show

extrapolation algorithm: OptimB_[2015SHV], SUPCRT92 [1992J0H/0EL]

-3.131918E+2

-5.992231E+2

-3. 187128E+2

3. 134980E+6

6. 068595E+6

3. 235268E+6

data source: [1941GRE] [1962GAR/THO] [1968NAK] [1974JAC/LAN] [1974REA] [1976LAR/SOL] [1982PLU/BUS]

[1990DOR/MAR]
delfGO = -273.86 +/- 0.5 kcal/mo
delfHO = -294. 040 +/- 999999 kcal/mol *[GHS]
SOPrTr = 17.200 +/- 999999 cal/K/mol
CpPrTr = 57.000 +/- 999999 cal/K/mol
mole vol.= 12.000 cm3/mol
mole wt.= 101.0951 g/mol
date: 26.Feb. 2018

Ca+2 + 1 Se04-2 = + 1 CaSe04

log._| 2.0011 # +/- 0.5

deltah 1.0 kcal/mol # +/- 2
analytical_expression 1. 656853E+3 2.580025E-1 -9. 132974E+4
gamma 3.0 0.041

-Range: 0 01 - 300 deg C

gflag: 3 [delfGO from log K data] for reation shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1997PAR/TIC] [20050L1/NOS] [Unpub | ished]
delfGO = -240.16 +/- 0.5 kcal/mol

delfHO = -272.8 +/- 2 kcal/mol *[GHS]

SOPrTr = 8.5 +/- 6_cal/K/mol

CpPrTr = 16 +/- 27 cal /K/mol

mole vol.= 10.315 cm3/mol

mole wt.= 183.0356 g/mol

date: 7. Apr. 2020

Ca+2 + 1 Si (0H)4 -2 H+ =+ l CaSi02 (0H) 2

log_k 9.2771 # +/- 0

delta_h 18 3 kcal/mol # +/-

analytical_expression 6. 383061E+2 8. 773574E-2 -4.058171E+4
gamma 3.0 0.041

-Range: 0 01 - 300 deg C

gflag: 3 [delfGO from log K data] from CSH165 & Portlandite equilibrium
extrapolation algorithm: SUPCRT92 [1992J0H/OEL] as CaSi03 (aq)

data source: [2016WAL/SUT] [2019WAL/ANR]

delfGO = -362.04 + 1 H20 = -418.73 +/- 1.1 kcal/mol

delfHO = -392.3 + 1 H20 = —460.6 +/- 4 kcal/mol *[GHS]

SOPrTr = —13.5 + 1 H20 = 3.2 +/- 8 cal/K/mol

CpPrTr = 6 + 1 H20 = 24 +/- 15 cal/K/mol

mole vol.= —41. %]9 + } H20 = -23. 648 cm3/mol
+

mole wt.= 116.1
date: 10.0ct. 2019

H20 = 134.1769 g/mol

Cat+2 + 1 Si(0H)4 - 1 H+ = 1 CaSi0(0OH) 3+
#+/-04

log_k -8. 6998

delta_h 7.63 kcal/mol #+/- 1

analytical_expression 4. 919988E+2 6. 381643E-2 -3.094938E+4
I Inl_gamma 4

—Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] for Ca+2 + Si0(OH)3- = CaSi0(OH) 3+
extrapolation algorithm: SUPCRT92 [1992JOH/OEL] as CaHSi03+

data source: [1974SAN/SCH] [1981TUR/WHIT[1997SVE/SHO]

delfG0 = -376.47 + 1 H20 = -433.16 +/- 0.7 kcal/mol

delfHO = -403.000 + 1 H20 = -471.359 +/- 999999 kcal /mol

SOPrTr = -1.100 + 1 H20 = 15.612 +/- 999999 cal/K/mol

CpPrTr = 15.505 + 1 H20 = 33.517 +/- 999999 cal/K/mol

mole vol.= =7.071 + 1 H20 = 10.997 cm3/mol

mole wt.= 117.1696 + 1 H20 = 135. 1848 g/mol

date: 30.Jul. 2015

Ca+2 + 1 S04-2 = 1 CaS04

log_k 21111 # +/- 0.5

delta_h 1.30 keal/mol # +/-

analytical_expression 1. 519330E+3 2.410610E-1 -8. 263208E+4
gamma 3 0. 041

—Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] for Anhydrite = CaS04
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]

data source: [1969YEA/MAR] [1997SVE/SHO]

1m-49
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delfG0 = -312.93 +/- 0.4 kcal/mol
delfHO = 7345 91 +/- 0.7 kcal/mol *[GHS]
SOPrTr = 5.0 +/- 2 cal/K/mol

CpPrTr = ~25.000 +/- 999999 cal/K/mol
mole vol.= 4.700 cm3/mol

mole wt.= 136.1416 g/mol

date: 12. Sep. 1997

HCO3- + 1 H+ = 1 H20 = 1 €02
log_k 6.3813 # +/- 0.6
delta_h -2.32 kcal/mol #+/-1.9
analytical_expression 6. 447735E+02 1. 046232E-01
co02_IInl_gamma #
—-Range: 0.01 - 300 deg C
gflag: 1 [reported delfGO used]
extrapolation algorithm: SUPCRT92 [1992J0H/0EL]
data source: [1982WAG/EVA] [1989SHO/HEL]
delfGO = -92.3 +/- 2 kcal/mol
delfHO = -98.9 +/- 2 kcal/mol
SOPrTr = 28.1 +/- 2 cal/K/mol
CpPrTr = 58.100 +/- 999999 cal/K/mol
mole vol.= 32.801 cm3/mol
mole wt.= 44.0098 g/mol
date: 27.Jul. 2015

HCO3- - 1 H+ = 1 C03-2
log_k -10. 3288 # +/- 0.06
delta_h 3.513 kcal/mol #+/-0
analytical_expression -1. 439784E+2 —-1.193474E-1
I Inl_gamma 4.5
—Range: 0.01 - 300 deg C
gflag: 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1978BER/VAN] [1988SHO/HEL]
delfGO = -126. 191 +/=0.070 keal /mol
delfHO = -161.385 +/- 0.11 kcal/mol
SOPrTr = -11. 950 +/=0.31 cal/K/mol
CpPrTr = -69.500 +/- 999999 cal/K/mol
mole vol.= -5.020 cm3/mol
mole wt.= 60.0092 g/mol
date: 1.Jul. 1987

+ 1 Cs+ + 1 Acetate- = + 1 CsAcetate

TR

log_k 0.0220 # +/- 0.4
delta_h 1.516 kcal/mol # +/- 999999
analytical_expression 7.673786E+2 1. 130316E-1
gamma 3.0 0.041
-Range: 0 01 - 300 deg C
gflag: 2 [estimated delfGO used] by linear correlation
extrapolation algorithm: SUPCRT92 [1992J0H/0EL]
data source: [1993SHO/KER]
delfGO = -158.01 +/— 0.5 kcal/mo
-176. 344 +/- 999999 kcal/mol *[GHS]
57.500 +/- 999999 cal/K/mol
CpPrTr = 40.555 +/- 999999 cal/K/mol
mole vol.= 73.310 cm3/mol
mole wt.= 191.9500 g/mol
date: 19. Aug. 1992

+ 1 Cs+ + 2 Acetate- = + 1 Cs(Acetate) 2-

TR TR
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log_k -0. 2566 # +

delta_h  0.436 kcal/mol +/ 9999
analytical_expression 213405E+3 1. 792413E-1
I Inl_gamma 4.0

-Range: 0 01 - 300 deg

gflag: 2 [estimated deIfGO used] by linear correlation
extrapolation algorithm: SUPCRT92 [1992J0H/0EL]
data source: [1993SHO/KER]

delfG0 = -245.90 +/- 0.5 kcal /mo

del fHO = —203.614 +/- 999999 kcal/mol *[GHS]
SOPrTr = 73.200 +/- 999999 cal/K/mol

CpPrTr = 102.565 +/- 999999 cal/K/mol

mole vol.= 131.126 cm3/mol

mole wt.= 250.9945 g/mol

date: 10. Sep. 1992

Cs+ + 1 Br- =1 CsB
log_k 0.0220 # +/= 99999
delta_h 1.69 kcal/mol # +/- 9999
analytical_expression 6. 698274E+02 1. 013260E-01
gamma 3 0.041
-Range: 0 01 - 300 deg C
gflag: 3 [delfGO from log K data] for reactlon shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL.
data source: [19880EL/HEL] [1997SVE/SHO]
delfG0 = -94.610 +/- 999999 kcal/mol
delfHO = -89. 020 +/- 999999 kcal/mol
SOPrTr = 57.300 +/- 999999 cal/K/mol
CpPrTr = -26.570 +/- 999999 cal/K/mol
mole vol.= 57.001 cm3/mol
mole wt.= 212.8095 g/mol
date: 18.Sep. 1997

Cs+ + 1 Cl- =1 CsCl
log_k -0.1385 # +/- 999999
delta_h 2.37 keal/mol # +/- 999999
analytical_expression 5. 581512E+02 8. 552181E-02
gamma 3 0. 041
—Range: 0.01 - 300 deg C
gflag: 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [19880EL/HEL] [1997SVE/SHO]
delfGO = -100.90 +/- 999999 kcal/mol
delfHO = -99.23 +/- 999999 kcal /mol
SOPrTr = 52.600 +/- 999999 cal/K/mol
CpPrTr = -24.000 +/- 999999 cal/K/mol
mole vol.= 48.001 cm3/mol
mole wt.= 168. 3582 g/mol
date: 31.May. 2016

-3. 743301E+04

4.087167E+4

-4. 467142E+4

-7. 190494E+4

-3. 726758E+04

-3. 117918E+04

m-50

2. 674177E+2

-2. 315688E+02

—2. 758453E+2

—4. 358467E+2

-2. 422410E+02

-2. 018853E+02

2. 574764E+06

—2. 627447E+6

2. 785029E+6

4.670353E+6

2. 167748E+06

1. 807755E+06
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log_k 0.9822 # +/- 999999

delta_h 15.02 kcal/mol # +/f
analytical_expression 5.653 44E+02 8.661937E-02
gamma 0.041

—-Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [19880EL/HEL] [1997SVE/SHO]

delfGO = -83.460 +/- 999999 kcal/mol

delfHO = -75.690 +/- 999999 kcal/mol

SOPrTr = 60.300 +/- 999999 cal/K/mol

CpPrTr = —-24.400 +/- 999999 cal/K/mol

mole vol.= 72.001 cm3/mol

mole wt.= 259.8099 g/mol

date: 31.May. 2016

Cs+ + 1 H20 - 1 H+ = 1 G
log_k -15. 6847 # +/ 999999
delta_h 17.69 kcal/mol #+/- 9
analytical_expression 5. 498 988E+01 2. 586339E-03
gamma 0.041
—-Range: 0.01 - 300 deg C
gflag: 1 [reported delfGO used], potentiometry
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1997SHO/SAS]
delfGO = -105.000 +/- 999999 kcal/mol
delfHO = =112, 300 +/- 999999 kcal/mol
SOPrTr = 35.900 +/- 999999 cal/K/mol
CpPrTr = -31.900 +/- 999999 cal/K/mol
mole vol.= 28.601 cm3/mol
mole wt.= 149.9128 g/mol
date: 12.Sep. 1997

+ 1 Cu+ + 1 Acetate- = + 1 CuAcetate
log_k 0.3299 # +/- 0.4
delta_h  16.193 keal/mol # +/- 9
analytical_expression 8.593 71E+2 1.303155E-1
gamma .0 0.041
-Range: 0 01 - 300 deg C
gflag: 2 [estimated deIfGO used] by linear correlation
extrapolation algorithm: SUPCRT92 [1992J0H/0EL]
data source: [IQQSSH /KER]
delfG0 = -76.77 +/- 0.5 kcal /mo
delfHO = -99. 980 +/- 999999 kcal/mol *[GHS]
SOPrTr = 28.700 +/- 999999 cal/K/mol
CpPrTr = 85.532 +/- 999999 cal/K/mol
mole vol.= 40.530 cm3/mol
mole wt.= 122.5905 g/mol
date: 19. Aug. 1992

+ 1 Cu+ + 2 Acetate- = + 1 Cu (Acetate) 2-
log_k 0.0542 # +
delta_h  12.907 kcal/mol # +/- 9999
analytical_expression 1. 093739E+3 1. 664659E-1
I Inl_gamma .0
-Range: 0 01 - 300 deg C
gflag: 2 [estimated delfGO used] by linear correlatlon
extrapolation algorithm: SUPCRT92 [1992J0H/0EL.
data source: [19933H0/KER] [Unpubl i shed]
delfGO = -164.66 +/- 1.4 kcal/mol
del fHO = —219.456 +/- 999999 kcal /mol *[GHS]
SOPrTr = 37.000 +/- 999999 cal/K/mol
CpPrTr = 190.322 +/- 999999 cal/K/mol
mole vol.= 94.603 cm3/mol
mole wt.= 181.6350 g/mol
date: 9.Feb. 2021

Cut+ + 1 Cl- =1 CuC
log_k 2.3302 # +/- 99999
delta_h -3.54 keal/mol # +/-
analytical_expression 1. 868147E+02 1. 233835E-01
gamma 3 0.041
—Range: 0.01 - 300 deg C
gflag: 1 [reported delfGO used]
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1981TUR/WHI] [1997SVE/SHO]
delfGO = -22. 610 +/- 999999 kcal/mol
delfHO = -26.340 +/- 999999 kcal/mol
SOPrTr = 22.100 +/- 999999 cal/K/mol
CpPrTr = 19.644 +/- 999999 cal/K/mol
mole vol.= 17.219 cm3/mol
mole wt.= 98.9987 g/mol
date: 14.Sep. 1997

Cu+ + 2 Cl- =1 C
log_k 5. 2996 # +/— 999999
delta_h -10. 16 kcal/mol # +/- 999999
analytical_expression 8. 668547E+02 1. 383313E-01
I In|_gamma 4
—Range: 0.01 - 300 deg C
gflag: 1 [reported delfGO used]
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1981TUR/WHI][1997SVE/SHO]
delfGO = -58.040 +/- 999999 kcal/mol
delfHO = -72.900 +/- 999999 kcal/mol
SOPrTr = 27.000 +/- 999999 cal/K/mol
CpPrTr = 32.986 +/- 999999 cal/K/mol
mole vol.= 45.428 cm3/mol
mole wt.= 134.4514 g/mol
date: 2.Jun.2016
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1 Cu+ + 3 Cl- =1 CuCl3-2
log_k 5.6999 # +/- 999999
delta_h -15.85 kcal/mol # +/- 999999
analytical_expression 8. 694528E+02 1. 410190E-01
I In|_gamma 4

# —Range: 0.01 - 300 deg C

-3.097759E+04

-5. 775089E+03

-4.996107E+4

-6. 7T14945E+4

—4. 315550E+04

-4.793365E+04

-4.937291E+04

m-51

-2. 048175E+02

—2. 068430E+01

-3. 098159E+2

-3. 927463E+2

-2. 855561E+02

-3. 146028E+02

-3. 157468E+02

1. 826363E+06

—7.953757E+04

3. 226448E+6

4.776131E+6

2.672013E+06

3. 238587E+06

3. 652861E+06
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gflag: 1 [reported delfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1981TUR/WHI][1997SVE/SHO]

delfGO = -89.960 +/- 999999 kcal/mol

delfHO = -118.520 +/- 999999 kcal/mol

SOPrTr = 23.300 +/- 999999 cal/K/mol

CpPrTr = 53.723 +/- 999999 cal/K/mol

mole vol.= 76.859 cm3/mol

mole wt.= 169.9041 g/mol

date: 2.Jun.2016

Cu+2 + 1 Acetate- = + 1 CuAcetate+
log_k 2.2320 # +/- 0.1
delta_h -2. 648 kcal/mol # +/- 999

analytical_expression 9. 323683E+2 1. 432441E-1 -5.399957E+4 -3. 361000E+2
| In|_gamma 4.0

—-Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/0EL]
data source: [1964ARC/MON] [1993SHO/KER]

delfGO = -75.64 +/- 0.3 kcal/mol

delfHO = -103. 138 +/- 999999 kcal/mol *[GHS]

SOPrTr = -1.300 +/- 999999 cal/K/mol

CpPrTr = 87.183 +/- 999999 cal/K/mol

mole vol.= 22.035 cm3/mol

mole wt.= 122.5905 g/mol

date: 19. Aug. 1992

Cu+2 + 2 Acetate- = + 1 Cu (Acetate)?

log_k 3.6320 # +/- 0.

deltah  -6.078 kcal/mol # +/- 9999

analytical_expression 1. 858 01E+3 2.859372E-1 -1. 085855E+5 —6. 698045E+2
gamma 3.0 0.041

-Range: 0 01 - 300 deg C

gflag: 3 [delfGO from log K data] for CuAcetate+ + Acetate = Cu(Acetate)2(aq)
extrapolation algorithm: SUPCRT92 [1992J0H/0EL]

data source: [1964ARC/MON] [19938H0/KER]

delfGO = —165 82 +/- 0.9 kcal/mo

del fHO = -222. 758 +/- 999999 kcal/mol *[GHS]

SOPrTr = 14.200 +/- 999999 cal /K/mol

CpPrTr = 195.756 +/- 999999 cal/K/mol

mole vol.= 73.995 cm3/mol

mole wt.= 181.6350 g/mol

date: 19. Aug. 1992

Cu+2 + 3 Acetate- = + 1 Cu(Acetate)3-

log_k 5.4279 # +/- 0.8

delta_h  -13.241 kcal/mol # +/-

analytical_expression 2.029 223E+3 3. 128676E-1 -1. 224790E+5 =7. 294033E+2

I Inl_gamma 4.0

-Range: 0 01 - 300 deg C

gflag: 2 [estimated delfGO used] by linear correlation

extrapolation algorlthm SUPCRT92 [1992J0H/OEL]

data source: [1993SHO, /KER] [Unpub | ished]

delfGO = -256.54 +/- 1 cal/mol
-346. 111 +/- 999999 keal /mol *[GHS]

18.990 +/- 999999 cal/K/mol

CpPrTr = 320.019 +/- 999999 cal/K/mol

mole vol.= 131.888 cm3/mol

mole wt.= 240.6795 g/mol

date: 9.Feb. 2021

Cu+2 + 1 Cl- =1 CuCl+

log_k 0.4002 # +/- 99999

delta_h 0.38 kcal/mol # +/- 999999

analytical_expression 8. 588457E+02 1. 360937E-01 -4. 880518E+04 -3. 110943E+02
I Inl_gamma 4

-Range: 0 01 - 300 deg

#

# gflag: 1 [reported deIfGO used]

# extrapolation algorithm: SUPCRT92 [1992J0H/OEL]

#  data source: [1981TUR/WHI] [1997SVE/SHO]

#  delfG0 = -16.25 +/- 999999 kcal/mol

#  delfHO = -23.85 +/- 999999 kcal/mol

#  SOPrTr = —6.5 +/- 999999 cal/K/mol

#  CpPrTr = 29.394 +/- 999999 cal/K/mol

#  mole vol.= —1.723 cm3/mol

#  mole wt.= 98.9987 g/mol

# date: 14.Sep. 1997

1 Cu+2 + 2 Cl- =
log_k -0. 6898 # +/= 99999
delta_h 0.01 keal/mol # +/- 999999
analytical_expression 1. 702180E+03 2.698521E-01 -9. 644926E+04 -6. 174190E+02
gamma 3 0.041

# —Range: 0.01 - 300 deg C

# gflag: 1 [reported delfGO used]

# extrapolation algorithm: SUPCRT92 [1992J0H/0EL]

#  data source: [1972NIK/YER] [1997SVE/SHO]

#  delfGO = -46.140 +/- 999999 kcal/mol

# delfHO = -64. 160 +/- 999999 kcal/mol

#  SOPrTr = 0.800 +/- 999999 cal/K/mol

#  CpPrTr = 54,224 +/- 999999 cal/K/mol

#  mole vol.= 24.324 cm3/mol

# mole wt.= 134.4514 g/mol

# date: 14.Sep. 1997

FEFEFE R

Cu+2 + 3 Cl- =1 CuCI3-

log_k -2.2899 # +/- 999999

delta_h -2.75 keal/mol # +/- 999999
analytical_expression 1. 696359E+03 2.709138E-01 -9. 799514E+04 -6. 154416E+02
I In|_gamma 4

—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm: SUPCRT92 [1992JOH/OEL]
data source: [1972NIK/YER] [1997SVE/SHO]

delfG0 = -75.340 +/- 999999 kcal/mol

delfHO = -106. 850 +/- 999999 kcal/mol

SOPrTr = -2.200 +/- 999999 cal/K/mol

CpPrTr = 72.388 +/- 999999 cal/K/mol

m-52

3.549167E+6

7. 250091E+6

8. 763166E+6

3.062437E+06

6. 037758E+06

6. 410972E+06
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mole vol.= 53.345 cm3/mol
mole wt.= 169.9041 g/mol
date: 14. Sep. 1997

Cu+2 + 4 CGl- = 1 CuCl4-2
log_k -4.5901 # +/- 999999
delta_h -8.50 kcal/mol #+/- 9

analytical_expression 1. 682474E+03 2.701911E-01 -9. 846373E+04 -6. 115121E+02

| In|_gamma

—-Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1972NIK/YER] [1997SVE/SHO]
delfGO = -103.580 +/- 999999 kcal/mol
delfHO = -152. 530 +/- 999999 kcal/mol
SOPrTr = -18.500 +/- 999999 cal/K/mol
CpPrTr = 83.887 +/- 999999 cal/K/mol
mole vol.= 85.680 cm3/mol

mole wt.= 205.3568 g/mol

date: 14. Sep. 1997

Cu+2 + 1 F- = 1 CuF
log_k 1.5203 # +/- 999999
delta_h 0.17 kcal/mol # +/- 999

analytical_expression 9. 276932E+02 1. 448885E-01 -b5. 279326E+04 -3. 352647E+02

| In|_gamma 4

—-Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1981TUR/WHI] [1997SVE/SHO]
delfG0 = -53.740 +/- 999999 kcal/mol
-64.280 +/- 999999 kcal /mol
-18.800 +/- 999999 cal/K/mol
CpPrTr = 33.663 +/- 999999 cal/K/mol
mole vol.= -20.923 cm3/mol

mole wt.= 82.5444 g/mol

date: 2.Jun. 2016

Cu+2 + 1 Formate- = + 1 CuFormate+
log_k 1.9813 # +/- 999999
delta_h  -2.313 keal/mol # +/- 9

analytical expres(s)lon 8.824 578E+2 1. 367343E-1 -5. 016085E+4 -3. 189125E+2

I Inl_gamma 4

—Range: 0.01 - 300 deg C

gflag: 1 [reported deIfGO used]
extrapolation algorithm: SUPCRT92 [1992J0H/0EL]
data source [1995SHO/KOR]

delfG0 = -70.888 +/- 999999 kcal/mol

del fHO = —88. 343 +/- 999999 kcal/mol *[GHS]
SOPrTr = —0.220 +/- 999999 cal/K/mol

CpPrTr = 34.800 +/- 999999 cal/K/mol

mole vol.= 7.700 cm3/mol

mole wt.= 108, 5637 g/mol

date: 8.0ct. 2019

Cu+2 + 2 Formate- = + 1 CuFormate2
log_k 3.3029 # +/- 999999

deltah  -5.518 kcal/mol # +/- 999999
analytical_expression 1. 714060E+3 2. 650502E-1 -9. 758061E+4 —6. 196142E+2
gamma .0 0.041

“Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]
extrapolation algorithm: SUPCRT92 [1992J0H/0EL]
data source: [1995SH0/KOR]

delfG0 = -156.551 +/- 999999 kcal/mol

delfHO = -193. 278 +/- 999999 kcal/mol *[GHS]
SOPrTr = 16.777 +/- 999999 cal/K/mol

CpPrTr = 70.800 +/- 999999 cal/K/mol

mole vol.= 43.700 cm3/mol

mole wt.= 153, 5814 g/mol

date: 8.0ct. 2019

Cu+2 + 1 H20 - 1 H+ = 1 CuOH+
log_k -7.9258 # +/- 99999
delta_h 10.92 keal /mo| # +/-
analytical_expression 2. 121828E+02 3.067217E-02 -1.407902E+04 ~7. 661466E+01
I Inl_gamma 4
—Range: 0.01 - 300 deg C
gflag: 1 [reported delfGO used]
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1981BAE/MES] [1997SHO/SAS]
delfGO = -30.200 +/- 999999 kcal/mol
delfHO = -41.700 +/- 999999 kcal/mol
SOPrTr = —6.100 +/~ 999999 cal/K/mol
CpPrTr = 16.000_+/- 999999 cal/K/mol
mole vol.= -14.700 cm3/mol
mole wt.= 80.5533 g/mol
date: 1.May. 1997

Cu+2 + 2 H20 - 2 H+ = 1 Cu(OH)2
log_k -14.8161 # +/- 999999
delta_h 18.42 kcal/mol # +/- 999999
analytical_expression  -9.981549E+01 ~1. 490896E-02 2. 470480E+03 3. 503000E+01
I In|_gamma 4
—Range: 0.01 - 300 deg C
gflag: 1 [reported delfGO used]
extrapolation algorithm: SUPCRT92 [1992JOH/OEL] as CuO(aq)
data source: [1971SIL/MAR] [1997SHO/SAS]
delfGO = -20.800 + 1 H20 = -77.488 +/- 999999 kcal/mol
delfHO = -34.200 + 1 H20 = -102. 495 +/- 999999 kcal/mol
SOPrTr = -12.400 + 1 H20 = 4.312 +/- 999999 cal/K/mol
CpPrTr = -1.400 + 1 H20 = 16.612 +/- 999999 cal/K/mol
mole vol.= -17.600 + 1 H20 = 0.468 cm3/mol
mole wt.= 79.5454 + 1 H20 = 97.5606 g/mol
date: 1.May. 1997

Cu+2 + 3 H20 - 3 H+ = + 1 Cu(OH)
log_k -27.5614 # +/-
delta_h 34.630 kcal/mol # +/~- 999999

m-53

6. 735373E+06

3. 314418E+06

3.210970E+6

6. 284169E+6

6.707611E+05

-4.905796E+05
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analytical_expression 4.520837E+1 5. 203400E-3 -9. 378601E+3 —1. 734000E+1
| In|_gamma .0

—-Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/OEL] as HCu02-
data source: [1976BAE/MES] [1997SHO/SAS] [1997SVE/SHO_a]
delfGO = -60.100 + 1 H20 = -116.788 +/- 999999 kcal/mol
delfHO = -86.304 + 1 H20 = -154.630 +/- 999999 kcal/mol *[GHS]
SOPrTr = 0.300 + 1 H20 = 17.012 +/- 999999 cal/K/mol

CpPrTr = -24.700 + 1 H20 = -6.688 +/- 999999 cal/K/mol

mole vol.= -4.600 + 1 H20 = 13.468 cm3/mol

mole wt.= 96.5527 + 1 H20 = 114.5679 g/mol

date: 5.Dec.2019

Cu+2 + 4 H20 - 4 H+ = 1 Cu(OH)4-2

log_k -41.4152 # +/- 0.4

delta_h 46.53 kcal/mol #+/-1

analytical_expression -1. 030603E+03 -1. 669258E-01 4. 809087E+04 3. 716292E+02
| In|_gamma 4

—-Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/OEL] as Cu02-2
data source: [1971SIL/MAR] [1997SHO/SAS]

delfGO = -41.200 + 2 H20 = -154.576 +/- 999999 kcal/mol
delfHO = -74.400 + 2 H20 = -211.034 +/- 999999 kcal/mol
SOPrTr = -23.100 + 2 H20 = 10.324 +/- 999999 cal/K/mol
CpPrTr = -53.500 + 2 H20 = -17.476 +/- 999999 cal/K/mol
mole vol.= -17.300 + 2 H20 = 18.836 cm3/mol

mole wt.= 95.5448 + 2 H20 = 131.5752 g/mol

date: 1.May. 1997

Fe+2 + 1 B(OH)3 + 1 H20 - 1 H+ = + 1 FeB(OH) 4+
log_k -5.5472 # +/- 0.3

delta_h  -0.2 keal/mol # +/- 3

analytical_expression 4. 485953E+2 5. 944144E-2 -2. 7157550E+4 -1. 615353E+2
I Inl_gamma .0

-Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used], solubility for reaction Fe+2 + B(OH)4- = FeB(OH)4+
extrapolation algorithm: SUPCRT92 [1992J0H/0EL]

data source: [1997SVE/SHO a] [2018X10/KIR]

delfGO = —302 53 +/- 0.5 keal/mo

delfHO = -347.4 +/- 3 kcal/mol *[GHS]

SOPrTr = 2 +/— 9 cal/K/mol

CoPrTr = 66 +/~ 20 cal/K/mol

mole vol.= 6.920 cm3/mol

mole wt.= 134, 6872 g/mol

date: 20. Aug. 2019

Fe+2 + 1 CI— =+ 1 FeCl+

log_k 2558 # +/- 0.19

delta_h 0 89 keal/mol # +/- 0

analytical_expression 8. 411849E+2 1. 335202E-1 —4.788675E+4 -3. 048530E+2

I Inl_gamma 4.0

-Range: 0 01 - 300 deg C

gflag: 3 [delfGO from Iog K data] for reactlon shown

extrapolation algorithm 2 [1992J0H,/ Ol

data source: [1976RAM] [1990HEI/SEW] [1992FEI/HEM] [1993PAL/HYD] [1997SVE/SHO]
[1997ZHA] [ZOOIZHA/PA

delfG0 = -52.90 +/- 0.3 kcal/mo

delfHO = —61.09 +/- 0.4 kcal/mol *[GHS]

SOPrTr = -9.9 +/~ 1 cal /K/mol

CpPrTr = 21.200 +/- 999999 cal/K/mol

mole vol.= 1.060 cm3/mol

mole wt.= 91.2997 g/mol

date: 8.May. 2019

Fe+2 + 2 CI— = + 1 FeCIZ

log_k #+/- 0.5

delta_h 9 1 kcal/mol #+/- 1

analytical_expression 1. 665742E+3 2. 631698E-1 -9. 578086E+4 —6. 025119E+2
gamma 3.0 0.041

-Range: 0 01 - 300 deg C

gflag: 3 [delfGO from log K data] for reactlon shown
extrapolation algorithm: SUPCRT92 [1992J0H /OE|

data source: [1992FEI/HEM] [1992DIN/SEY] [1997SVE/SHO a] [2001ZHA/PAN]
delfG0 = -81.66 +/- 0.7 kcal/mol

delfHO = -92.8 +/- 1 kcal/mol *[GHS]

SOPrTr = 22.4 +/- 3 cal/K/mo

CpPrTr = 38.700 +/- 999999 cal/K/mol

mole vol.= 27.430 cm3/mol

mole wt.= 126. 7524 g/mol

date: 9. May. 2019

Fe+2 + 1 HCO3- - 1 H+ = + 1 FeC03
log_k -5.2095 # +/- 0.5

delta_h 3.7 kecal/mol # /= 2

analytical_expression 9. 218815E+2 1. 4173771 —4.999084E+4 -3. 363462E+2
gamma 3.0 0.041

—Range: 0.01 - 300 deg C

gflag: 1 [reported deIfGO used], solubility for reaction Siderite = FeC03(aq)
extrapolation algorithm: SUPCRT92 [1992JOH/OEL]

data source: [1997SVE/SHO_a] [2013LEM/BER]

de|fG0 = -155.045 +/- 0.71 keal/mol

delfHO = -183.2 +/- 2 kcal/mol *[GHS]

SOPrTr = =13 +/- 10 cal/K/mol

CpPrTr = =30 +/- 30 cal/K/mol

mole vol.= -19.014 cm3/mol

mole wt.= 115.8562 g/mol

date: 19.Aug. 2019

Fet2 + 1 F- =

log_k 1. 4294 # +/— 999999

delta_h 0.75 kcal/mol # +/- 999999

analytical_expression 8.470222E+2 1. 348290E-1 -4.751135E+4 -3. 069256E+2
I In|_gamma 4

—Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction shown

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]

data source: [1981TUR/WHI][1997SVE/SHO]

m-54

3. 807464E+3

-3. 725262E+06

1.807573E+6

2.995531E+6

5. 843592E+6

2. 718420E+6

2.935706E+6



TR

TR

+

TR

+

TR

TR TR

+

FEFEFE R R

TR R

delfGO = -91.160 +/- 999999 kcal/mol
delfHO = -101. 450 +/- 999999 kcal/mol
SOPrTr = -20.900 +/- 999999 cal/K/mol
CpPrTr = 20.838 +/- 999999 cal/K/mol
mole vol.= -18.137 cm3/mol

mole wt.= 74.8454 g/mol

date: 30. Aug. 2015

Fe+2 + 1 Formate- = + 1 FeFormate+

log_k 1.8289 # +/- 999999

delta_h -2.457 kecal/mol # +/- 999999
analytical_expression 8. 632677E+2 1. 342849E-1 -4.906399E+4
| In|_gamma 4.0

—-Range: 0.01 - 300 deg C

gflag: 1 [reported deIfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1995SHO/KOR]

delfGO = -108.225 +/- 999999 kcal/mol

delfHO = -126. 237 +/- 999999 kcal/mol *[GHS]
SOPrTr = -3.492 +/- 999999 cal/K/mol

CpPrTr = 29.400 +/- 999999 cal/K/mol

mole vol.= 10.400 cm3/mol

mole wt.= 100. 8647 g/mol

date: 8.0ct.2019

Fe+2 + 2 Formate- = + 1 FeFormate2

log_k 3.0200 # +/- 999999

delta_h -5.786 kcal/mol # +/- 999
analytical_expression 1. 69 109E+3 2. 624670E-1 -9.616142E+4
gamma 3.0 0.041

—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/0EL]
data source: [1995SH0/KOR]

delfG0 = -193.710 +/- 999999 kcal/mo

delfHO = -231.296 +/- 999999 kcal/mol *[GHS]
SOPrTr = 12. 495 +/- 999999 cal/K/mol

CpPrTr = 60.200 +/- 999999 cal/K/mol

mole vol.= 46.700 cm3/mol

mole wt.= 145, 8824 g/mol

date: 8.0ct. 2019

Fe+2 + 1 HP04-2 + 1 H+ = + 1 FeH2P04+

log_k 2.6997 # +/- 0.2

deltah 6.15 kcal/mol #4/-2

analytical_expression 1. 659074E+3 2.594229E-1 -9. 600017E+4

I Inl_gamma 4.0
—Range: 0.01 - 300 deg C
gflag: 1 [reported delfGO used], solubility for reaction shown
extrapolation algorlthm SUPGRT92 [1992JOH/0EL]
data source: [1972NRI_b] [1997SVE/SHO_a]
delfG0 = -285.86 +/- 0.4 kcal/mol
-324.72 +/- 2.5 keal/mol *[GHS]
-0.3 +/- 8 cal/K/mol
CpPrTr = 58 +/- 20 cal/K/mol
mole vol.= 11.559 cm3/mol
mole wt.= 152, 8342 g/mol
date: 2.Jul.2019

Fe+2 + 1 HP04-2 = + 1 FeHPO4

log_k 3.5991 # +/- 0.3

delta_h  1.76 kecal/mol # +/- 2

analytical_expression 1. 713609E+3 2.661197E-1 -9. 441045E+4
gamma 3.0 0. 041

—Range: 0.01 - 300 deg

gflag: 1 [reported deIfGO used], solubility for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]

data source: [1972NRI_b] [1997SVE/SHO_a]

delfGO = -287.09 +/- 0.5 kcal/mol

delfHO = -329.11 +/- 2.1 kcal/mol *[GHS]

SOPrTr = -10.9 +/- 7 cal/K/mol

CpPrTr = =19 _+/= 27 cal /K/mol

mole vol.= =7.962 cm3/mol

mole wt.= 151.8263 g/mol

date: 9.0ct. 2019

Fe+2 + 1 H20 - 1 H+ = + 1 FeOH+

log_k -9.3002 # +/- 0 5

delta_h  12.27 keal/mol # +/- 1
analytical_expression 2. 035545E+2 3. 004584E-2 -1. 407860E+4
I Inl_gamma .0

-Range: 0 01 - 300 deg C

gflag: 3 [delfGO from log K data] for reactlon shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL.

data source: [1970SWE/BAE] [1997SHO/SAS]

delfG0 = —65.870 +/- 0.71 kcal/mol

delfHO = -78.10 +/- 1.7 kcal/mol *[GHS]

SOPrTr = -10.0 +/- 5 cal/K/mol

CpPrTr = 15.000 +/- 999999 cal/K/mol

mole vol.= -16.500 cm3/mol

mole wt.= 72.8543 g/mol

date: 1.4dul.2019

Fe+2 + 2 H20 - 2 H+ = 1 Fe(0H)2

log_k -20.4052 # +/- 1.0

delta_h 32.03 kecal/mo| # +/- 3

analytical_expression 3. 213234E+2 5.013253E-2 —2. 248322E+4
gamma 3 0.04

—Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction shown

extrapolation algorithm: SUPCRT92 [1992J0H/OEL] as FeO(aq)

data source: [1970SWE/BAE][1997SHO/SAS]

delfG0 = -50.72 + 1 H20 = -107.41 +/- 2.1 keal/mol

delfHO = -62.95 + 1 H20 = -131.28 +/- 2.9 kcal/mol

SOPrTr = =10 + 1 H20 = 7 +/- 6 cal/K/mol

CpPrTr = 0.000 + 1 H20 = 18.012 +/- 999999 cal/K/mol
mole vol.= -16.500 + 1 H20 = 1.568 cm3/mol

mole wt.= 71.8444 + 1 H20 = 89.8616 g/mol

date: 1.May. 1997

Im-55

-3.121351E+2

—6. 127975E+2

-5. 978582E+2

-6. 204916E+2

—7. 363352E+1

—1. 175504E+2

3. 150397E+6

6. 178484E+6

6. 010866E+6

5. 569760E+6

6. 763219E+5

8.537079E+5



1 Fe+2 + 3 H20 - 3 H+ = 1 Fe (OH)3-
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log_k -29.2070 # +/- 1.5

delta_h 32.984 kcal/mol # +/- 999999
analytical_expression -2.307752E+2 —4. 146172E-2
| In|_gamma .0

—-Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL] as HFe02-
data source: [1970SWE/BAE] [1997SHO/SAS]

delfG0 = -95.40 + 1 H20 = -152.09 +/- 2.0 kcal/mol
delfHO = -125.70 + 1 H20 = -194.08 +/- 3.6 kcal/mol
SOPrTr = =15.0 + 1 H20 = 1.7 +/- 7 cal/K/mol

CpPrTr = 22.000 + 1 H20 = 40.012 +/- 999999 cal/K/mol
mole vol.= -12.900 + 1 H20 = 5.168 cm3/mol

mole wt.= 88.8517 + 1 H20 = 106. 8689 g/mol

date: 1.May. 1997

Fe+2 + 1 Acetate- = + 1 FeAcetate+

log_k 1.2703 # +/- 0.8

delta_h -1.0 kcal/mol # +/- 3
analytical_expression 9. 177009E+2 1. 415222E-1
| In|_gamma 4.0

—-Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1988PAL/DRU] [1997SVE/SHO]

delfG0 = -111.87 +/- 1.1 kcal/mol

delfHO = -139.2 +/- 3 kcal/mol *[GHS]

SOPrTr = -2 +/- 10 cal/K/mol

CpPrTr = 81 +/- 40 cal /K/mol

mole vol.= 23.861 cm3/mol

mole wt.= 114.8915 g/mol

date: 12.Sep. 1997

Fe+2 + 2 Acetate- = + 1 Fe (Acetate)Z
log_k 2.8301 # +/-

delta_h 5.2 keal/mol # +/

analytical_expression 1. 842340E+3 2. 838263E-1
gamma .0 0.041

-Range: 001 300 deg C

gflag 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/0EL]

data source: [1988PAL/DRU] [1997SVE/SHO]

delfG0 = -202.27 +/- 1.0 kcal/mol

del fHO = —259 6 +/= 3 keal /mol *[GHS]

SOPrTr = 11.5 +/- 2 cal/K/mol

CpPrTr = 184 +/- 10 cal/K/mol

mole vol.= 76.132 cm3/mol

mole wt.= 173.9360 g/mol

date: 12.Sep. 1997

Fe+2+1SO42-+1FeS4

log_k 2.4 +/= 0 21

deltah 1.9 kcal/mol +/= 2
analytical_expression 1. 715193E+3 2. 641653E-1
gamma 3.0 0.041

—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used], solubility for reaction
extrapolation algorithm: SUPCRT92 [1992J0H /0EL]

data source: [1997SVE/SHO_a] [2013LEM/BER]

delfG0 = -203. 133 +/=0.19 kecal/mol

delfHO = -237.5 +/- 2 kcal/mol *[GHS]

SOPrTr = -2.9 +/- 5 cal/K/mol

CpPrTr = =25 +/= 29 cal/K/mol

mole vol.= 1.032 cm3/mol

mole wt.= 151.9106 g/mol

date: 16. Aug. 2019

Fe+3 + 1 Cl- = + 1 FeCl+2

log_k 1.4858 # +/- 999

delta_h  0.962 kcal/mol # +/ 99999
analytical_expression 8. 409613E+2 1. 336643E-1
I Inl_gamma 4.5

—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1981TUR/WHI] [1997SVE/SHO]

delfG0 = -37.520 +/- 999999 kcal/mol

del fHO = -50.831 +/- 999999 kcal/mol *[GHS]
SOPrTr = —42.700 +/- 999999 cal/K/mo

CpPrTr = 3.369 +/- 999999 cal /K/mol

mole vol.= -22.336 cm3/mol

mole wt.= 91.2997 g/mol

date: 29.Aug. 2015

Fe+3 + 1 F- = + 1 FeF+2

log_k 6.0077 # +/- 999999

delta_h  4.841 kcal/mol # +/- 999999
analytical_expression 9. 318193E+2 1. 468499E-1
I In|_gamma 4.5

—Range: 0.01 - 300 deg

gflag: 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/0OEL]
data source: [1981TUR/WHI][1997SVE/SHO]

delfGO = -79. 650 +/- 999999 kcal/mol

delfHO = -87.169 +/- 999999 kcal/mol *[GHS]

SOPrTr = -25.700 +/- 999999 cal/K/mol

CpPrTr = 7.638 +/- 999999 cal/K/mol

mole vol.= -41.536 cm3/mol

mole wt.= 74.8454 g/mol

date: 15.Sep. 1997

Fe+3 + 1 H20 - 1 H+ = + 1 FeOH+2

log_k -2.1900 # +/- 0.04

delta_h 10. 193 keal/mol # +/- 999999
analytical_expression 1. 983038E+2 2.971577E-2
I In|_gamma 4.5

—Range: 0.01 - 300 deg C

4.107368E+3

-5. 344479E+4

-1.075563E+5

-9. 499661E+4

shown

-4.730739E+4

-5. 259876E+4

-1.207885E+4

m-56

8.370241E+1

-3. 308317E+2

—6. 643004E+2

—6. 207875E+2

-3. 044981E+2

-3. 349407E+2

-7.051297E+1

—6. 187127E+5

3. 488912E+6

7. 144958E+6

5.617919E+6

2.915612E+6

3. 165269E+6

5.012429E+5
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gflag:

1

[reported delfGO used] potentiometry

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1976BAE/MES] [1997SHO/SAS]
delfG0 = -57.814 +/- 0.25 kcal/mol

delfHO
SOPrTr

CpPrTr =

-69. 984 +/- 999999 kcal/mol *[GHS]
-25. 400 +/- 999999 cal/K/mol
-8.200 +/- 999999 cal/K/mol

mole vol.= -24.901 cm3/mol
mole wt.= 72.8543 g/mol
date: 27. Aug. 2020

Fe+3 + 2 H20 - 2 H+ = + 10Fe (OH) 2+

log_k -5.6454 # +

delta_h 19.171 kcal/mol # +/- 999

analytical_expression 3. 179195E+2 4. 784359E-2 -1.815756E+4 —1.142383E+2
| In|_gamma 4.0

—-Range: 0.01 - 300 deg C

gflag:

1

[reported deIfGO used] potentiometry

extrapolation algorithm: SUPCRT92 [1992J0H/OEL] as FeO+
data source: [1976BAE/MES] [1997SHO/SAS]
delfG0 = -53.10 + 1 H20 = -109.79 +/- 0.3 kcal/mo

delfHO
SOPrTr
CpPrTr

-61.006 + 1 H20 = ~129.323 +/~ 999999 kcal/mol *[GHS]
-11.100 + 1 H20 = 5. 612 +/- 999999 cal/K/mol
-48.100 + 1 H20 = -30.088 +/- 999999 cal/K/mol

mole vol.= -41.801 + 1 H20 = -23.733 cm3/mol
mole wt.= 71.8464 + 1 H20 = 89. 8616 g/mol
date: 1.May. 1997

log_k
delta_h

Fe+3 + 3 H20 - 3 H+ = + 1 Fe(OH)3

-14.2932 # +/- 0.5
18.0 kcal/mol # +/- 6

analytlcalge();press(l)ogﬂ 5. 763632E+2 8.928811E-2 -3. 472462E+4 —2.101944E+2

gamma

-Range: 0 01 - 300 deg C

gflag:

3 [delfGO from log K data] for reaction show

extrapolation algorithm: OptimB [2015SHV], SUPCRT92 [1992J0H/0EL] as HFe02 (aq)
data source: [1999LI1U/MIL][2007STE]
delfGO = -97.99 + 1 H20 = -154.68 +/- 0.7 kcal/mo

del fHO
SOPrTr
CpPrTr

-130.5 + 1 H20 = —198 8 +/- 5 kcal/mol *[GHS]
-37.8 + 1 H20 = -21.1 +/- 18 cal/K/mol
17.700 + 1 H20 = 35.712 +/- 999999 cal/K/mol

mole vol.= =25.212 + 1 H20 = -7.144 cm3/mol
mole wt.= 88.8537 + 1 H20 = 106.8689 g/mol
date: 5.Jan. 2018

Fe+3 + 4 H20 - 4 H+ = + 1 Fe(OH) 4-

log_k -21.9825 # +/- 0.2
delta_h  41.6 kcal/mol # +/- 3
analytical_expression -8.962222E+1 -1.468042E-2 -3.327263E+3 3. 530853E+

I Inl_gamma 4.0
-Range: 0 01 - 300 deg C

gflag:

3 [delfGO from Iog K data] for reactlon shown

extrapolation algorithm GRT92 0H/0E
data source: [1986KAM/EZH] [1986YIS/RUI] [199521E/JON] [1996KUM/NIS] [1999D1A/SCH] [1999L1U/!

[1999SER/SUL] [2003PER/HEF] [2007STE] [2014DIL/L0

delfGO = -87.50 + 2 H20 = -200.88 +/- 0.4 kcal/mo
delfHO = -106.9 + 2 H20 = —243 5 +/- 3 kcal/mol *[GHS]
SOPrTr = 6.1 + 2 H20 = 39.5 +/- 9 cal/K/mol

CpPrTr = 17.0 + 2 H20 = 53.0 +/- 10 cal/K/mol

mole vol.= -3.000 + 2 H20 = 33.136 cm3/mol
mole wt.= 87.8458 + 2 H20 = 123.8762 g/mol
date: 9.0ct. 2019

HP04-2 + 1 H+ = 1 H2P04-

log_k
delta_h

7.2055 # +/- 0
-1.000 kcal/mol +/= 0

analytical_expression 1. 721395E+02 1. 213448E-01 -4. 312638E+04 -2. 776283E+02
I Inl_gamma 4
—Range: 0.01 - 300 deg C

gflag:

1

[reported delfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1982WAG/EVA] [1988SHO/HEL]
delfGO = -270. 14 +/- 0.2 kcal/mol

del fHO
SOPrTr
CpPrTr

-309.82 +/- 0.2 kcal /mol
21.6 +/- 2 cal/K/mol
-7.000 +/- 999999 cal/K/mol

mole vol.= 31.300 cm3/mol
mole wt.= 96.9872 g/mol
date: 3.Jul. 1987

HS- + 1 H+ =1 H2S

6. 9856 # +/- 999999
-5.15 kcal/mol #+/-9

analytical expge(s)i{on 677 85E+2 1. 087606E-1 -3. 682665E+4 -2. 413580E+2

gamma

3

-Range: 0 01 - 300 deg

gflag:

3 [delfGO from Iog K data] for H2S(g) = HZS(aq)

extrapolation algorithm: SUPCRT92 [1992J0H/OEL
data source: [1964K0Z] [1981DRU] [1989SHO/HEL]
delfGO = -6.670 +/- 999999 kcal/mol

delfHO
SOPrTr
CpPrTr

-9.000 +/- 999999 kcal/mol
30.000 +/- 999999 cal/K/mol
42.833 +/- 999999 cal/K/mol

mole vol.= 34.921 cm3/mol
mole wt.= 34.0819 g/mol
date: 30. Aug. 2015

$203-2 + 2 H+ = 1 H28203

log_k 2.2123 # +/- 1.1

delta_h 4.60 kcal/mol # +/- 1

analytical_expression 1. 430702E+3 2.267531E-1 -8. 083309E+4 -5. 172625E+2
gamma 4 0. 041

—Range: 0.01 - 300 deg C

gflag:

1

[reported delfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1997SH0/SAS]
delfGO = -128.000 +/- 999999 kcal/mol

delfHO
SOPrTr

-150. 400 +/- 999999 kcal /mol
45.000 +/- 999999 cal/K/mol

m-57

5. 106337E+5

1. 715682E+6

1 -3. 723108E+5

MIL]

2. T11540E+06

2. 450145E+6

4. 889856E+6
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CpPrTr = 27.500 +/- 999999 cal/K/mol
mole vol.= 42.201 cm3/mol

mole wt.= 114.1460 g/mol

date: 11.Sep. 1997

$204-2 + 2 H+ = 1 H2S204
log_k 2.8587 # +/- 2
delta_h 4.800 kcal/mol # +/- 999999
analytical_expression 1. 453985E+3 2.301467E-1 -8.209645E+4  -5.255809E+2 4. 988673E+6
gamma 4 0.041

—-Range: 0.01 - 300 deg C
gflag: 1 [reported deIfGO used]
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1982WAG/EVA] [1997SHO/SAS]
delfG0 = -147.4 +/- 2 kcal/mol
delfHO = -173.000 +/- 999999 kcal/mol
SOPrTr = 51.000 +/- 999999 cal/K/mol
CpPrTr = 37.400 +/- 999999 cal/K/mol
mole vol.= 51.401 cm3/mol
mole wt.= 130. 1454 g/mol
date: 11.Sep. 1997
+ 1 8e03-2 + 2 H+ = + 1 H2Se03
log_k 11.0149 # +/- 0.22
delta_h 0.49 kcal/mol #+/-0
analytical_expression 1. 418844E+3 2. 207488E-1 -8. 045120E+4 -5. 095474E+2 5. 069069E+6
gamma 3.0 0.041
—-Range: 0.01 - 300 deg C
gflag: 3 [delfGO from log K data] for Se(s) + 2 12(s) + 3 H20 = H2Se03(aq) + 4 H+ + 4 I-
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1928SCH/SWI][1961SEL/PAK] [1997SVE/SHO] [1997SVE/SHO_a] [20050L1/NOS]
delfG0 = -101.46 +/- 0.1 kcal/mol
delfHO = -120.78 +/- 0.4 kcal /mol
SOPrTr = 50.04 +/- 1.4 cal/K/mol
CpPrTr = 35.200 +/- 999999 cal/K/mol
mole vol.= 46.535 cm3/mol
mole wt.= 128.9740 g/mol
date: 3. Apr. 2020

HP04-2 + 2 H+ = 1 H3P04
log_k 9.3751 # +/- 0
delta_h 0.90 kcal/mol # +/- 0
analytical_expression 1. 512370E+3 2. 350866E-1 -8. 489513E+4 -5. 444539E+2 5. 232453E+6
gamma 3 0.041
—Range: 0.01 - 300 deg C
gflag: 1 [reported delfGO used]
extrapolation algorithm: SUPCRT92 [1992JOH/0EL]
data source: [1982WAG/EVA] [1989SHO/HEL]
delfGO = -273.10 +/- 0.2 kcal/mol

-307.92 +/- 0.2 keal /mol

38.0 +/- 2 cal/K/mol

CpPrTr = 23.600 +/- 999999 cal/K/mol

mole vol.= 48.101 cm3/mol

mole wt.= 97.9952 g/mol

date: 11.Jul. 1987

+ 1 H+ + 1 Acetate- = + 1 HAcetate
log_k 4.7645 # +/- 0.7
delta_h  0.09 kecal/mol # +/- 0

analytical express(|)084l 6. 529026E+2 1. 043468E-1 -3. 608329E+4 -2. 356501E+2 2. 210830E+6

gamma 3.0

—Range: 0.01 - 300 deg

gflag: 1 [reported deIfGO used]
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1982WAG/EVA] [1995SHO]
delfG0 = -94.77 +/- 0.2 kcal/mol

delfHO = -116.10 +/- 0.2 kcal/mol *[GHS]
SOPrTr = 42.7 +/- 2 cal /K/mol

CpPrTr = 40.325 +/- 999999 cal/K/mol
mole vol.= 52.011 cm3/mol

mole wt.= 60.0524 g/mol

date: 6.Mar. 1992

H+ + 1 Br0- = 1 HBr0
log_k 8.5762 # +/-
delta_h -4.5 kcal/mol #+/-3
analytical_expression 7.939383E+2 1.216034E-1 -4. 356883E+4 -2. 854630E+2 2. 743823E+6
gamma 3 0.041
—Range: 0.01 - 300 deg C
gflag: 1 [reported delfGO used]
extrapolation algorithm: SUPCRT92 [1992J0H/0EL]
data source: [1982WAG/EVA] [1997SHO/SAS]
delfG0 = -19.7 +/- 2 kcal/mol
delfHO = -27.0 +/- 2 kcal /mol
SOPrTr = 33.8 +/- 20 cal/K/mol
CpPrTr = 9.000 +/- 999999 cal/K/mol
mole vol.= 28.301 cm3/mol
mole wt.= 96.9113 g/mol
date: 11.Sep. 1997

H+ + 1 Cl- =1 HCI
log_k -0.7103_# +/- 999999

delta_h -2.957 kcal/mol # +/- 999999
analytical_expression 4. 458931E+2 8.551304E-2  -2.400217E+4  -1.655803E+2 1. 610820E+6
gamma 3 0. 041

—Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1997TAG/Z0T]

delfG0 = -30.411 +/- 999999 kcal/mol

delfHO = -42.895 +/- 999999 kcal/mol

SOPrTr = 0.421 +/- 999999 cal/K/mol

CpPrTr = 35.740 +/- 999999 cal/K/mol

mole vol.= 16.384 cm3/mol

mole wt.= 36.4606 g/mol

date: 30. Aug. 2015

+ 1 H+ +1CI0-=+1HCIO
log_k 7.5500 # +/- 2.1

m-58



TR TR

TR

TR

TR TR

— TR

TR

delta_h -3.2 kcal/mol #+/-6

analytical e();press(l)m(;41 6. 567956E+2 1.010865E-1 -3. 618339E+4 —2. 359395E+2 2. 292409E+6

gamma 3

—-Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1982WAG/EVA] [1997SHO/SAS]
delfGO = -19.1 +/- 2 kcal/mol

delfHO = -28.9 +/- 2 kcal/mol *[GHS]
SOPrTr = 34 +/- 20 cal/K/mol

CpPrTr = 9.100 +/- 999999 cal/K/mol
mole vol.= 28.400 cm3/mol

mole wt.= 52.4600 g/mol

date: 9.0ct. 2019

H+ + 1 C102- = + 1 HCI02
log_k 1.9791 # +/- 2.1
delta_h 3.5 kcal/mol # +/- 3

analytical e)(press(i)m(;41 6. 238269E+2 9.581861E-2 -3. 634244E+4 —2. 239209E+2 2.271367E+6

gamma 3.0

—-Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1982WAG/EVA][1997SHO/SAS]
delfGO = 1.4 +/- 2 kcal/mol

delfHO = -12.4 +/- 2 kcal/mol *[GHS]
SOPrTr = 45.0 +/- 2 cal/K/mo

CpPrTr = 27.500 +/- 999999 caI/K/moI
mole vol.= 44.000 cm3/mol

mole wt.= 68.4594 g/mol

date: 9.0ct. 2019

Gyanide- + 1 H+ = + 1 HCyanide
log_k 9.2359 # +/- 2. I
deltah  -10.4 kcal/mol # +/- 3

analytical_expression 6. 367245E+2 9.919257E-2 -3. 476562E+4 ~2. 294023E+2 2. 416092E+6
gamma .0 0.041

“Range: 0.01 - 300 deg C

gflag: 1 [reported deIfGO used]

extrapolation algorithm: OptimB [2015SHV], SUPCRT92 [1992J0H/OEL]
data source: [1982WAG/EVA] [19950EL/HEL]

delfG0 = 28.6 +/= 2 keal/mol

delfHO = 25.6 +/- 2 kcal/mol *[GHS]

SOPrTr = 9 8 +/- 2 cal/K/mo

CpPrTr = 40.666 +/- 999999 cal/K/mol

mole vol.= 45 878 cm3/mol

mole wt.= 27.0256 g/mol

date: 7.0ct. 2019

+1F-=1H

log_k 3.1666 # +/- 999999

delta_h 3.31 keal/mol # +/- 999999
analytical_expression 6. 360482E+2 1. 027378E-1 -3.570874E+4  -2.295036E+2 2. 146455E+6
gamma 0.041

-Range: 0 01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/0EL]
data source: [1989SHO/HEL]

delfG0 = -71.660 +/- 999999 kcal/mol

delfHO = -76.840 +/- 999999 kcal/mol

SOPrTr = 22.500 +/- 999999 cal/K/mol

CpPrTr = 14.000 +/- 999999 cal/K/mol

mole vol.= 12.500 cm3/mol

mole wt.= 20.0063 g/mol

date: 30. Aug. 2015

+2 F- =1 HF2-

log_k 2.5509 # +/- 0

delta_h 4.96 kcal/mol # +/- 9.9
analytical_expression 7.039778E+2 1. 121540E-1 -3. 874905E+4 —2. 544140E+2 2. 189304E+6
I Inl_gamma 4

—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1982WAG/EVA] [1988SHO/HEL]

delfGO = -138.16 +/- 0.2 kcal/mol

delfHO = -155.34 +/- 0.2 kcal/mol

SOPrTr = 22.1 +/- 2 cal /K/mol

CpPrTr = -33.200 +/- 999999 cal/K/mol

mole vol.= 22.100 cm3/mol

mole wt.= 39.0047 g/mol

date: 12.Jul. 1987

Formate- + 1 H+ = + 1 HFormate
log_k 3.7677 # +/- 1.5
delta_h  0.01 keal/mol # +/- 0

analytical express(|)084l 6. 483158E+2 9. 996686E-2 -3.701766E+4 -2. 330952E+2 2. 362804E+6

gamma 3.0

—Range: 0.01 - 300 deg C

gflag: 1 [reported deIfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1982WAG/EVA][1995SHO] Formic acid
delfG0 = -89.0 +/- 2 keal/mol

delfHO = -101. 71 +/- 0.2 kecal/mol

SOPrTr = 39 +/- 20 cal/K/mol

CpPrTr = 22.800 +/- 999999 cal/K/mol

mole vol.= 34.690 cm3/mol

mole wt.= 46.0256 g/mol

date: 8.0ct.2019

+ 1 10- =1 HIO
log_k 10.6286 # +/- 1.5
delta_h -7.30 kcal/mo| # +/- 2

analytical_expression 6. 116534E+2 9.684494E-2  -3.166421E+4  -2.206532E+2 1. 981718E+6
gamma 3 0. 041

—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]

data source: [1982WAG/EVA][1997SHO/SAS]
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delfG0 = -23.70 +/- 2 kcal/mol
delfHO = -33.00 +/- 2 kcal/mol
SOPrTr = 22.8 +/- 2 cal/K/mo

CpPrTr = -9.200 +/- 999999 caI/K/moI
mole vol.= 15.600 cm3/mol

mole wt.= 143.9118 g/mol

date: 11.Sep. 1997

103- + 1 H+ = 1 HIO3

log_k 0.8063 # +/- 2.0

delta_h 2.4 kcal/mol # +/- 3
analytical_expression 6.839171E+2
gamma 3 0.041

—-Range: 0.01 - 300 deg C

gflag: 1 [reported deIfGO used]

1.076198E-1

extrapolation algorithm: SUPCRT92 [1992J0H/0EL]

data source: [1982WAG/EVA] [1997SHO/SAS]

delfGO = -31.7 +/- 2 kcal/mol
delfHO = -50.5 +/- 2 kcal/mol
SOPrTr = 39.9 +/- 2 cal/K/mol
CpPrTr = 19.000 +/- 999999 cal/K/mol
mole vol.= 37.701 cm3/mol

mole wt.= 175.9106 g/mol

date: 11.Sep. 1997

NO2- + 1 H+ = 1 HNO2

log_k 3.2252 # +/- 2.0

delta_h -3.5 kecal/mol # +/- 3
analytical_expression 6. 117434E+2
gamma 3 0.041

—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO u

9. 662284E-2

sed]
extrapolation algorithm: SUPCRT92 [1992J0H/0EL]

data source: [1982WAG/EVA] [1997SHO/SAS]

delfG0 = -12.1 +/- 2 kcal /mol
delfHO = -28.5 +/- 2 kcal /mol
SOPrTr = 32.4 +/- 2 cal/K/mol
CpPrTr = 6.700 +/- 999999 cal/K/mol
mole vol.= 30.701 cm3/mol

mole wt.= 47.0135 g/mol

date: 11.Sep. 1997

NO3- + 1 H+ = 1 HNO3

log_k -1.3048 # +/- 99 9

delta_h 4.02 keal/mol # +/
analytical_expression 6. 817848E+2
gamma 3 0.041

-Range: 0 01 - 300 deg C

1.067670E-1

gflag: 3 [delfGO from Iog K data] for reaction shown
extrapolation algorithm: SUPCRT92 [199%JOH/0EL]

data source: [IQSQSHO/HEL] [1997SHO/SA:
delfGO = -24.730 +/- 999999 kcal/mol
-45.410 +/- 999999 kcal /mol
42.700 +/- 999999 cal/K/mol
CpPrTr = 18.000 +/- 999999 cal/K/mol
mole vol.= 40.201 cm3/mol

mole wt.= 63.0129 g/mol

date: 11.Sep. 1997

$203-2 + 1 H+ = 1 HS203-

log_k 1.6859 # +/- 999999
delta_h 1.10 kcal/mol # +/- 999999
analytical_expression 7. 331246E+2

I Inl_gamma 4

—Range: 0.01 - 300 deg

gflag: 1 [reported deIfGO used]

1.174872E-1

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]

data source: [1953PAG] [1997SH0/SAS]
delfGO = -127.200 +/- 999999 kcal/mol
delfHO = -153.900 +/- 999999 kcal/mol
SOPrTr = 30.500 +/- 999999 cal /K/mol
CpPrTr = 3.500 +/- 999999 cal/K/mol
mole vol.= 29.500 cm3/mol

mole wt.= 113.1381 g/mol

date: 11.Sep. 1997

$204-2 + 1 H+ = 1 HS204-

log_k 2.4922 # +/- 1.5

delta_h 1.00 kcal/mol # +/— 999999
analytical_expression 7.429861E+2

I Inl_gamma 4

—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO u

1. 187868E-1

sed]
extrapolation algorithm: SUPCRT92 [1992J0H/0EL]

data source: [1982WAG/EVA] [1997SHO/SAS]

delfGO = -146.90 +/- 0.2 kcal/mol
delfHO = -179.100 +/- 999999 kcal/mol
SOPrTr = 36.500 +/- 999999 cal/K/mol
CpPrTr = 13.400 +/- 999999 cal/K/mol
mole vol.= 40.101 cm3/mol

mole wt.= 129.1375 g/mol

date: 11.Sep. 1997

HSe- + 1 H+ = + 1 H2Se

log_k 3.8483 # +/- 0.5

deltah  0.09 kcal/mol # +/- 1
analytical_expression 1. 899728E+2
gamma 3.0 0. 041

—Range: 0.01 - 300 deg C

1.226586E-1

gflag: 3 [delfGO from log K data] for reatlon shown

extrapolation algorithm: SUPCRT92 [1992J

-3. 849698E+4

-3. 319096E+4

-3. 886367E+4

-4.191406E+4

—4. 240373E+4

-4.563918E+4

-2. 473709E+2

—2. 219349E+2

—2. 467635E+2

—2. 648840E+2

-2. 683092E+2

—2. 840085E+2

0H/OEL]
data source: [1974NAU/RYZ][1971DUB/SIS] [1982WAG/EVA] [1990LEV/MYE] [Unpubl ished]

delfG0 = 5.25 +/- 0.8 kcal/mol
delfHO = 3.49 +/- 0.4 kcal/mol
SOPrTr
CpPrTr = 44,667 +/- 999999 cal/K/mol
mole vol.= 32.869 cm3/mol

mole wt.= 80.9758 g/mol

date: 7. Apr.2020

35.39 +/- 2.9 cal/K/mol *[GHS]
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+ 1 8e03-2 + 1 H+ = + 1 HSe03-
log_k 8.3951 # +/- 0.25
delta_h -1.20 kecal/mol # +/- 0.6
?Ta:ytlcal _expression 8. 362599E+2 1. 314892E-1 -4.730621E+4 -3.001196E+2 3.041963E+6
nl_gamma
—-Range: 0.01 - 300 deg C
gflag: 3 [delfGO from log K data] for H2Se03(aq) - H+ = HSe03-
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1939HAG] [1966SAB/CAR] [1967KAW/MAN] [1968SEK/IWA] [1971BAR/SIL] [1972ARN/BAR] [1997SVE/SHO]
[1982WAG/EVA] [1990DAS/NAR] [1997SVE/SHO_a] [2001SEB/POT] [20050L 1 /N0S]
de|fG0 = -97.887 +/- 0.21 kcal/mol
delfHO = =122, 47 +/- 0.4 kcal /mol
SOPrTr = 32.39 +/- 1.5 cal/K/mol *[GHS]
CpPrTr = 6.500 +/- 999999 cal/K/mol
mole vol.= 31.179 cm3/mol
mole wt.= 127.9661 g/mol
date: 3. Apr. 2020

Se04-2 + 1 H+ = + 1 HSe04~-

log_k 1.7006 # +/- 0.4

delta_h 5.0 kcal/mol # +/- 1

?Talytlcal _expression 8.249142E+2 1.295922E-1 -4. 823575E+4 -2.966714E+2 3.024352E+6
nl_gamma

—-Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] for L2(aq) + H2Se03(aq) + H20 = 3 H+ + HSe04- + 2 L-, where L = Br and Cl

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]

data source: [1928SHE/IZA] [1964NA1][1965C0V/DOB] [1970GHO/NA1] [1997SVE/SHO] [1997SVE/SHO_a] [20050L1/N0S]

delfG0 = -107.63 +/- 0.4 kcal/mol

delfHO = -139.0 +/- 1 kcal/mol

SOPrTr = 34.1 +/- 4 cal/K/mol *[GHS]

CpPrTr = 12.100 +/- 999999 cal/K/mol

mole vol.= 38.198 cm3/mol

mole wt.= 143, 9655 g/mol

date: 6. Apr. 2020

S03-2 + 1 H+ = 1 HSOS—
log_k 7.2054 # +/- 1
delta_h 2. 23 kcal/mol # +/= 2
?Talytical expzessmn 7. 847293E+2 1. 256057E-1 -4. 450359E+4 -2. 817158E+2 2. 789338E+6
nl_gamma
—Range: 0.01 - 300 deg C
gflag: 1 [reported delfGO used]
extrapolation algorithm: SUPCRT92 [1992JOH/0EL]
data source: [1982WAG/EVA] [1988SHO/HEL]
delfGO = -126.13 +/- 0.2 kcal/mol
-149.67 +/- 0.2 kcal /mol
33.4 +/- 2 cal/K/mol
CpPrTr = -1.400 +/- 999999 cal/K/mol
mole vol.= 33.300 cm3/mol
mole wt.= 81.0721 g/mol
date: 3.Jul. 1987

1 804-2 + 1 H+ = 1 _HS04~

log_k 1.9791 # +/- 999999

delta_h 4.90 kcal/mol _# +/- 999999

?Talytlcal exp‘r‘essmn 7. 958471E+2 1. 254713E-1 -4. 645126E+4 -2.861867E+2 2.904153E+6
nl_gamma

—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]

data source: [1988SHO/HEL]

delfGO = -180. 63 +/- 999999 kcal/mol

delfHO = -212.50 +/- 999999 kcal/mol

SOPrTr = 30.0 +/- 999999 cal/K/mol

CpPrTr = 5.300 +/- 999999 cal/K/mol

mole vol.= 35.201 cm3/mol

mole wt.= 97.0715 g/mol

date: 3.Jul. 1987

2 K+ + 1 Si(0H)4 -2 H+ =1 KZSlOZ(OH)Z
log_k -23.2421 # +/- 9999
delta_h 2.03 keal/mol # +/- 999999
analytical_expression 4.266141E+2 4.924266E-2 -2.397797E+4 -1.601038E+2 1. 071049E+6
gamma 3 0.041
-Range: 0 01 - 300 deg C
gflag: 2 [estimated delfGO used]
extrapolation algorithm: 0pt|mB [20158HV], SUPCRT92 [1992J0H/OEL] as K2Si03
data source: [Unpublished]
delfG0 = -359.530 + 1 H20 = -416.218 +/- 999999 kcal/mol
delfHO = -399.340 + 1 H20 = -467.657 +/- 999999 kcal/mol
SOPrTr = -24.600 + 1 H20 = -7.888 +/- 999999 cal/K/mol
CpPrTr = -59.970 + 1 H20 = —41.958 +/- 999999 cal/K/mol
mole vol.= -2.344 + 1 H20 = 15.724 cm3/mol
mole wt.= 154.2803 + 1 H20 = 172.2955 g/mol
date: 26.May. 2015

+ 1 K+ + 1 Acetate- = + 1 KAcetate

TR

+

TR

TR
[-%
@
jurg
=
S

log_k -0.2712 # +/- 0.
delta_h 1.228 kcal/mol # +/- 999999
analytical_expression 7.801919E+2 1.176748E-1 -4.542233E+4 -2.810574E+2 2. 867205E+6
gamma 3.0 0. 041
# —Range: 0.01 - 300 deg C
# gflag: 3 [delfGO from log K data] for reaction shown
# extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
#  data source: [1985DAN/DER] [1993SHO/KER]
#  delfGO = -155.41 +/- 0.3 kcal/mol
# delfHO = -175.232 +/- 999999 kcal/mol *[GHS]
# SOPrTr = 47.600 +/- 999999 cal/K/mol
#  CpPrTr = 59.162 +/- 999999 cal/K/mol
#  mole vol.= 59.539 cm3/mol
# mole wt.= 98.1428 g/mol
# date: 17. Aug. 1992
+ 1 K+ + 2 Acetate- = + 1 K(Acetate)2-
log_k -1.1054 # +/- 0.7
deltah  0.133 kcal/mol # +/- 999999
analytical_expression 1. 142389E+3 1. 721567E-1 -6. 885955E+4 -4.105396E+2 4.621042E+6
I In|_gamma 4.0
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—-Range: 0.01 - 300 deg C

gflag: 2 [estimated delfGO used] by linear correlation
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [IQQSSHO/KER] [Unpubl ished]
delfG0 = -242.54 +/- 1.0 kcal/mol

delfHO = —292. 517 +/- 999999 kcal /mol *[GHS]
SOPrTr = 60. 700 +/- 999999 cal/K/mol

CpPrTr = 138.870 +/- 999999 cal/K/mol

mole vol.= 115.782 cm3/mol

mole wt.= 157.1873 g/mol

date: 9.Feb. 2021

+ 1 Al+3 + 4 H20 - 4 H+ = 1 KAI (OH)4

log_k -24. 2247 # +/- 999999

delta_h 50.61 kcal/mol # +/- 999999
analytical_expression 6. 580664E+2 9. 741848E-2 —4.572943E+4 -2, 342972E+2
gamma 3 0.041

—-Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used] solubility

extrapolatlon algorithm: SUPCRT92 [1992JOH/OEL] as KA102 (aq)
data source: [1997POK/HEL_b]

delfGO = -264.380 + 2 H20 = -377.756 +/- 999999 kcal/mol
delfHO = -274,980 + 2 H20 = -411.614 +/- 999999 kcal/mol
SOPrTr = 35.700 + 2 H20 = 69. 124 +/- 999999 cal/K/mol
CpPrTr = 4.318 + 2 H20 = 40.342 +/- 999999 cal/K/mol

mole vol.= 31.123 + 2 H20 = 67.259 cm3/mol

mole wt.= 98.0786 + 2 H20 = 134.1092 g/mol

date: 7. Sep. 2015

+1Br-=1KBr

log_k -1.7372 # +/- 999999

delta_h 2.99 keal/mol # +/-
analytical_expression 6.81 450E+2 1. 058648E-1 -3. 842045E+4 -2. 471950E+2
gamma 3 0.041

-Range: 001—300d C

gflag 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [19880EL/HEL] [1997SVE/SHO]

delfG0 = -90.010 +/- 999999 kcal/mol

delfHO = -86.320 +/- 999999 kcal/mol

SOPrTr = 47.500 +/- 999999 cal/K/mol

CpPrTr = -7.970 +/- 999999 cal/K/mol

mole vol.= 46.001 cm3/mol

mole wt.= 119.0023 g/mol

date: 13.Sep. 1997

+1 Cl- =1 KCI

log_k -1.7512 # +/- 999999

delta_h 2.80 kcal/mol # +/- 999999
analytical_expression 7. 624407E+2 1. 157495E-1 —4. 382406E+4 —2. 754679E+2
gamma 0.041

-Range: 0 01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/0EL]
data source: [1997POK/HEL a]

delfGO = —96 500 +/- 999999 kcal/mol

delfHO = -97.400 +/- 999999 kcal/mol

SOPrTr = 39 100 +/= 999999 cal/K/mol

CpPrTr = 11.098 +/- 999999 cal/K/mol

mole vol.= 40.074 cm3/mol

mole wt.= 74.5510 g/mol

date: 15. Sep. 1997

K+ + 1 HCOS— -1 H+r =+ 1 KCOS—

log_k 0186 # +/-1

delta _h 10 94 keal/mol # +/- 3.5

analytical expressmn 1. 403735E+2 1.991475E-2 -9. 676566E+3 -5. 203540E+1
I Inl_gamma

-Range: 0 01 - 300 deg

gflag: 2 [estimated deIfGO used] by linear correlation
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]

data source: [2019WAL/ANR]

delfGO = -192.76 +/- 1.4 kcal/mol

delfHO = -214.23 +/- 3.5 kcal/mol *[GHS]

SOPrTr = 34 +/- 11 cal/K/mol

CpPrTr = =22 +/- 14 cal /K/mol

mole vol.= 11.933 cm3/mol

mole wt.= 99. 1075 g/mol

date: 9.0ct. 2019

K+ + 1 Fe+3 + 4 H20 - 4 H+ = + 1 KFe (OH) 4

log_k -22.8401 # +/- 0.

delta_h  44.71 keal/mol # +/-

analytical_expression 1. 236885E+2 1.106278E-1 =5.079647E+4 -2.580061E+2
gamma .0 0. 041

-Range: 0 01 - 300 deg

gflag: 2 [estimated deIfGO used] by linear correlation
extrapolation algorithm: SUPCRT92 [1992J0H/OEL] as KFe02 (aq)
data source: [2019WAL/ANR]

delfGO = -153.84 + 2 H20 = -267.22 +/- 0.9 kcal/mol
delfHO = -164.05 + 2 H20 = -300.68 +/- 2.4 kcal/mol *[GHS]
SOPrTr = 36.78 + 2 H20 = 70.20 +/- 7.4 cal/K/mol

CpPrTr = 76.7 + 2 H20 = 112.7 +/- 23 cal/K/mol

mole vol.= 17.651 + 2 H20 = 53. 787 cm3/mol

mole wt.= 126.9441 + 2 H20 = 162.9745 g/mol

date: 13.Dec. 2018

K+ + 1 Formate- = + 1 KFormate
log_k 0.0315 # +/- 999999

deltah  0.805 kcal/mol # +/- 999999
analytical_expression 7.116756E+2 1.081961E-1 -4.040526E+4 -2.571050E+2
gamma 3.0 0. 041

—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1995SHO/KOR]

delfGO = -151.413 +/- 999999 kcal/mol

delfHO = -161. 195 +/- 999999 kcal/mol *[GHS]
SOPrTr = 48.668 +/- 999999 cal/K/mol
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CpPrTr = 6.800 +/- 999999 cal/K/mol
mole vol.= 45.200 cm3/mol

mole wt.= 84.1160 g/mol

date: 8.0ct.2019

K+ + 2 Formate- = + 1 KFormate2-

log_k -0.2668 # +/- 999999
delta_h -0.927 kecal/mol # +/- 999999
analytical_expression 1.039616E+3 1.575967E-1 -5.979750E+4 -3. 754118E+2 3. 788526E+6

| In|_gamma 4.0

—-Range: 0.01 - 300 deg C

gflag: 1 [reported deIfGO used]
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1995SHO/KOR]

de|fG0 = -234.866 +/- 999999 kcal/mol

delfHO = -264. 657 +/- 999999 kcal/mol *[GHS]
SOPrTr = 63.193 +/- 999999 cal/K/mol

CpPrTr = 13.900 +/- 999999 cal/K/mol

mole vol.= 85.500 cm3/mol

mole wt.= 129.1337 g/mol

date: 8.0ct.2019

+ 1 HCO3- = 1 KHCO3

log_k -0.6245 # +/- 1.1

delta_h 1.08 kcal/mol #+/- 3.1

analytical_expression 7.239319E+2 1.103807E-1 -4.122669E+4 -2. 617033E+2 2.522145E+6
gamma 0.041

—-Range: 0 - 300 deg C

gflag: 2 [estlmated delfGO used] by linear correlation
extrapolation algorithm: SUPCRT92 [1992J0H/0EL]
data source: [2019WAL, /AN ]

delfGO = —206 94 +/= 1.5 keal/mo

delfHO = -224.09 +/- 3.1 kcal/mol *[GHS]
SOPrTr = 48 47 +/— 9.0 cal/K/mol

CpPrTr = 26.7 +/- 14 cal/K/mol

mole vol.= 45.533 cm3/mol

mole wt.= 100. 1154 g/mol

date: 13.Dec. 2018

+ISO42+IH+-1KH04

log_k -1.4953 # +/- 9

delta_h 10.27 kcal/mol # +/—

analytical_expression 1. 441864E+3 2.262735E—1 -8.464836E+4  -5.197647E+2 5. 263452E+6
gamma 3 0.041

-Range: 0 01 - 300 deg C

gflag: 3 [delfGO from Iog K data] for K+ + HS04- = KHS04
extrapolation algorithm GRT92 [1992JOH/0EL]

data source: [1976HEL/KIR] [1997SV /SHO]

delfG0 = -243.400 +/- 999999 kcal/mol

-267. 400 +/- 999999 kcal /mol

55.000 +/- 999999 cal/K/mol

CpPrTr = 57.720 +/- 999999 cal/K/mol

mole vol.= 53.771 cm3/mol

mole wt.= 136.1698 g/mol

date: 02.0ct. 1997

+11-=1KI

log_k -1.5980 # +/- 999999

delta_h 2.04 kcal/mol #_+/- 999
analytical_expression 5.741 60E+2 9.282031E-2 -3.156712E+4 -2.093701E+2 1. 827555E+6
gamma 3 0.041

-Range: 0 01 - 300 deg

gflag: 3 [delfGO from Iog K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1997SVE/SHO]

delfG0 = -77.740 +/- 999999 kcal/mol

delfHO = -71.830 +/- 999999 kcal/mol

SOPrTr = 49.200 +/- 999999 cal/K/mol

CpPrTr = -5.800 +/- 999999 cal/K/mol

mole vol.= 59.001 cm3/mol

mole wt.= 166.0028 g/mol

date: 6. Sep. 2015

+ 1 H20 -1 H+ = 1 KOH

log_k -14.8930 # +/- 0

delta_h 16.49 keal/mol # +/- 999999
analytical_expression 1. 460396E+2 1. 658912E-2 -1.173073E+4 -5.299512E+1 4.088297E+5
gamma 3.67 0. 041

-Range: 0 01 - 300 deg C

gflag: 3 [delfGO from log K data] for K+ + OH- = KOH
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1997POK/HEL_b]

delfGO = -103.88 +/- 0.3 kcal/mol

delfHO = -112.100 +/- 999999 kcal/mol

SOPrTr = 28.000 +/- 999999 cal /K/mol

CpPrTr = 1.298 +/- 999999 cal/K/mol

mole vol.= 14.124 cm3/mol

mole wt.= 56. 1056 g/mol

date: 6. Sep. 2015

+1Si(O0H)4 - 2 H+ = 1 KSiOZ(OH)Z—

log_k -23.4259 # +/- 1

delta_h  26.25 kcal/mol # +/-

analytical_expression  -1. 680535E+2 -4.133258E-2 2. 440834E+3 6. 265262E+1 -5. 566539E+5
I In|_gamma 4

—Range: 0 - 300 deg C

gflag: 2 [estimated delfGO used] by linear correlation
extrapolation algorithm: SUPCRT92 [1992JOH/OEL] as KSi03-
data source: [2019WAL/ANR]

delfG0 = -291.77 + 1 H20 = -348.46 +/- 2.1 kcal/mol
delfHO = -314.85 + 1 H20 = -383.17 +/- 4.3 kcal/mol *[GHS]
SOPrTr = 31.7 + 1 H20 = 48.4 +/- 12 cal/K/mol

CpPrTr = -24.0 + 1 H20 = -6.0 +/- 15 cal/K/mol

mole vol.= 8.837 + 1 H20 = 26.905 cm3/mol

mole wt.= 115.1820 + 1 H20 = 133.1972 g/mol

date: 14.Dec. 2018

+18i(0H)4 -1 H+ =1 KSIO(OH)3
log_k -9.9826 # +/-
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delta_h 9.60 kcal/mol # +/- 3

analytical expre(s)s(l)z? 4. 010066E+2 4.612651E-2 —2.565242E+4 -1.430720E+2

gamma
—-Range: 0 - 300 deg C

gflag: 2 [estlmated delfGO used] by linear correlation
extrapolation algorithm: SUPCRT92 [1992J0H/OEL] as KHSi03 (aq)
data source: [2019WAL/ANR]

delfG0 = -310.11 + 1 H20 = -366.80 +/- 2.2 kcal/mol

delfHO = -331.50 + 1 H20 = -399.82 +/- 2.9 kcal/mol *[GHS]
SOPrTr = 37.38 + 1 H20 = 54.09 +/- 6.5 cal/K/mol

CoPrTr = -3.9 + 1 H20 = 14.1 +/- 20 cal/K/mol

mole vol.= 26.374 + 1 H20 = 44.442 cm3/mol

mole wt.= 116.1899 + 1 H20 = 134. 2051 g/mol

date: 13.Dec. 2018

+ 1 804-2 = 1 KS04-

log_k 0.8796 # +/- 999999

delta_h 0.69 kcal/mol # +/- 999

analytical_expression 8. 757565E+2 1.367673E-1 —4.933165E+4 -3. 169384E+2
| In|_gamma 4

—-Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction shown
extrapolatlon algorithm: SUPCRT92 [1992J0H/OEL]

data source: [1953BEL/GE0] [1963QUI/FRA] [1968TRU/HOS] [1997SVE/SHO]
de|fGO = -246. 640 +/- 999999 kcal/mol

delfHO = -276. 980 +/- 999999 kcal/mol

SOPrTr = 35,000 +/- 999999 cal/K/mol

CpPrTr = -10.900 +/- 999999 cal/K/mol

mole vol.= 27.800 cm3/mol

mole wt.= 135.1619 g/mol

date: 12.Sep. 1997

Li+ + 1 Acetate- = + 1 LiAcetate
log_k 0.2903 # +/- 0.15
delta_h  -1.595 kcal/mol # +/—

analytical e();press(l)ogﬂ 8.716 38E+2 1. 325235E-1 -5. 048687E+4 -3. 145111E+2

gamma
-Range: 001 300 deg C

gflag 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/0EL]
data source [19850AN/DER] [1993SHO/KER]

delfGO = -158.675 +/- 0.29 kcal /mol

del fHO = —184 341 +/- 999999 kcal/mol *[GHS]

SOPrTr = 19.500 +/- 999999 cal/K/mol

CpPrTr = 86.657 +/- 999999 cal/K/mol

mole vol.= 48.475 cm3/mol

mole wt.= 65.9855 g/mol

date: 17. Aug. 1992

Li+ + 2 Acetate- = + 1 Li (Acetate) 2-
log_k -0.0235 # +
deltah  -5.522 kcal/mol # +/- 9999

analytical exprzs(s)lon 1. 049256E+3 1.598812E-1 —6. 458611E+4 -3.769287E+2

I Inl_gamma

-Range: 0 01 - 300 deg C

gflag: 2 [estimated delfGO used] by linear correlation
extrapolation algorithm: SUPCRT92 [1992J0H/0EL]
data source: [1993SHO/KER] [Unpubl ished]
delfGO = -246.52 +/- 0.9 kcal/mol

del fHO = -304. 458 +/- 999999 kcal/mol *[GHS]
SOPrTr = 25.500 +/- 999999 cal/K/mol

CpPrTr = 192.516 +/- 999999 cal/K/mol

mole vol.= 103. 454 cm3/mol

mole wt.= 125.0300 g/mol

date: 9.Feb. 2021

Li++ 1 Cl-=+1LiCl
log_k -1.5056 # +/- 99999
delta_h  0.799 kcal/mol # +/- 99999

analytical express(i)ogﬂ 8. 036079E+2 1.260642E-1 —4.522574E+4 -2.917870E+2

gamma 3.0

-Range: 0 01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1988SHO/HEL] [1997SVE/SHO]

delfG0 = -99. 334 +/- 999999 kcal/mol

delfHO = -105. 690 +/- 999999 kcal/mol *[GHS]
SOPrTr = 12.30 +/- 0.7 cal/K/mol

CpPrTr = 22.896 +/- 999999 cal/K/mol

mole vol.= 28.000 cm3/mol

mole wt.= 42.3937 g/mol

date: 28.0ct. 2019

Li++ 1 H20 - 1 H+ =+ 1 LiOH
log_k -13.8499 # +/- 0 29
delta_h  13.86 kcal/mol # +/- 1

analytical eépress(|)084l 559553E+2 2.097102E-2 -1.086110E+4 -5. 791584E+1

gamma
—Range: 0.01 - 300 deg

gflag: 3 [delfGO from Iog K data] for reactlon shown
extrapolation algorithm: SUPCRTO2 [1992J0H/OEl

1.361781E+6

3. 026556E+6

3. 265276E+6

4. 654527E+6

2. 754940E+6

3. 269790E+5

L]
data source: [1923KOL] [1954GIM/MON] [1961WRT/LIN] [1979COR/CRO] [1997SVE/SHO_a] [1998H0/PAL] [2000H0/PAL]

delfG0 = -107.80 +/- 0.4 kcal/mol
delfHO = -121.01 +/- 1.3 kcal/mol *[GHS]
SOPrTr = 2.8 +/- 4 cal/K/mol

CpPrTr = 5.808 +/- 999999 cal/K/mol
mole vol.= 4.227 cm3/mol

mole wt.= 23.9483 g/mol

date: 21.Nov. 2019

Li+ + 1 S04-2 = + 1 LiSO04-
log_k 0. 7547 # +/- 0.20
delta_h 0.4 kcal/mol # +/- 3

analytical_expression 9. 306047E+2 1. 422946E-1 -5. 349750E+4 -3. 357395E+2

I In|_gamma 4.0

—Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]

data source: [1930R1G/DAV][1975REA] [1997SVE/SHO_a] [2006SHA/GRA]

In-64
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de|fGO = -248.97 +/- 0.3 kcal/mol
delfHO = -283.6 +/- 3 kcal/mol *[GHS]
SOPrTr = 12 +/- 10 cal/K/mol

CpPrTr = 11.0 +/- 7 cal/K/mol

mole vol.= 22.945 cm3/mol

mole wt.= 103.0046 g/mol

date: 22.Nov. 2019

Mg+2 + 1 Acetate- = + 1 MgAcetate+
log_k 1.2828 # +/- 0.3

delta_h -1.956 kcal/mol # +/- 999999

analytical_expression 9. 358456E+2 1.427851E-1 -5. 476369E+4
| In|_gamma 4.0

—-Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction shown

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]

data source: [1964ARC/MON] [1993SHO/KER]

delfG0 = -198.53 +/- 0.8 kcal/mol

delfHO = -229.513 +/- 999999 kcal/mol *[GHS]

SOPrTr = -13.100 +/- 999999 cal/K/mol

CpPrTr = 87.992 +/- 999999 cal/K/mol

mole vol.= 25.433 cm3/mol

mole wt.= 83.3495 g/mol

date: 17.Mar. 1993

Mg+2 + 2 Acetate- = + 1 Mg (Acetate)Z
log_k 1.9073 # +/- 0.9

delta_h -5.399 kcal/mol # +/ 999

analytical_expression 1.877 83E+3 2. 886913E-1 -1.101052E+5
gamma 3.0 0.041

-Range: 0 01 - 300 deg C

gflag: 2 [estimated delfGO used] by linear correlation

extrapolation algorithm: SUPCRT92 [1992J0H/0EL]

data source: [IQQSSHO/KER] [Unpubl ished]

delfGO = -287.65 +/- 1 al /mo

del fHO = -349. 146 +/- 999999 kcal/mol *[GHS]

SOPrTr = -1.200 +/- 999999 cal/K/mol

CpPrTr = 197.336 +/- 999999 cal/K/mol

mole vol.= 77.781 cm3/mol

mole wt.= 142, 3940 g/mol

date: 9.Feb. 2021

Mg+2 + 1 Al+3 + 4 H20 -4 H+ =+ 1 MgAl (OH) 4+

log_k ~18.4633 # +/- 0

delta_h 40 33 kcal/mol +/-

analytical_expression 8. 000381E+2 1. 235864E-1 -5. 388009E+4

I Inl_gamma 4.0

-Range: 0 01 - 300 deg C

gflag: 2 [estimated delfGO used] by linear correlation
extrapolation algorAEprAn&R]SUPCRTQZ [1992J0H/0EL] as MgAl02+

data source: [2019W,

delfG0 = -313.24 + 2 H20 = —426.62 +/- 0.9 kcal/mol
delfHO = -336.35 + 2 H20 = —472.98 +/- 1.8 kcal/mol
SOPrTr = -29.5 + 2 H20 = 3.9 +/- 5 cal/K/mol

CpPrTr = 62 + 2 H20 = 98 +/- 28 cal/K/mol

mole vol.= =7.021 + 2 H20 = 29. 115 cm3/mo|
mole wt.= 83.2853 + 2 H20 = 119. 3157 g/mol
date: 9.0ct. 2019

Mg+2 + 1 Cl- = + 1 MgCl+

log_k -0.7763 # +/- 0 5

delta_h  1.184 keal/mol # +/- 9999

analytical_expression 8. 632846E+2 1. 352402E-1 —4.951735E+4
I Inl_gamma 4.0

-Range: 0 01 - 300 deg

gflag: 3 [delfGO from Iog K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1982MAJ/STU] [1997SVE/SHO]

delfGO = -138.83 +/- 0.7 kcal/mol
delfHO = -150. 116 +/- 999999 kcal/mo| *[GHS]
SOPrTr = -19.000 +/- 999999 cal/K/mol

CpPrTr = 25.000 +/- 999999 cal/K/mol

mole vol.= 1.260 cm3/mol

mole wt.= 59. 7577 g/mol

date: 6. Sep. 2015

Mg+2 + 1 HCO3- - 1 H+ = + l MgC03

log._| -7.3535 # +

delta_h  5.684 kcal/mol +/= 9999

analytical_expression 9. 697979E+2 1. 481125E-1 -5.323071E+4
gamma 3.0 0.041

-Range: 0 01 - 300 deg C

gflag: 3 [delfGO from log K data] for Mg+2 + C03-2 = MgCO3 (aq)
extrapolation algorithm: SUPCRT92 [1992J0H/0EL]
data source: [1974REA/LAN] [1977S1E/HO0S] [1997SVE/SHO]
delfGO = -238.76 +/- 0.7 kcal/mol

delfHO = -270.581 +/- 999999 kcal/mo| *[GHS]

SOPrTr = -24.000 +/- 999999 cal/K/mol

CpPrTr = -27.400 +/- 999999 cal/K/mol

mole vol.= -18.180 cm3/mol

mole wt.= 84.3142 g/mol

date: 17.Sep. 1997

Mg+2 + 1 F- = + 1 MgF+

log_k 1.9080 # +/- 0.04

delta_h  -0.20 kcal/mol # +/- 0.4
analytical_expression 9. 555338E+2 1.481127E-1 -5. 487370E+4
I In|_gamma 4.

—Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1979RIC/HOL] [1997SVE/SHO]

delfGO = -178.45 +/- 0.3 kcal/mol

delfHO = -191.72 +/- 0.3 kcal/mol *[GHS]

SOPrTr = -28.07 +/- 3.2 cal/K/mol

CpPrTr = 39.100 +/- 999999 cal/K/mol

mole vol.= -17.470 cm3/mol

mole wt.= 43.3034 g/mol

date: 1.Feb. 2021

m-65

-3.370975E+2

—6. 768784E+2

—2. 855736E+2

-3. 124877E+2

-3. 537129E+2

-3. 447550E+2

3. 615098E+6

7. 354450E+6

2. 844596E+6

3. 104687E+6

2. 885380E+6

3. 496363E+6
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Mg+2 + 1 Fe+3 + 4 H20 - 4 H+ =+ 1 MgFe (OH) 4+

log_k -19.8934 # +/- 0

delta_h 40. 43 kecal/mol # +/f

analytical_expression 8. 978725E+2 1. 388082E-1 -6.187141E+4
| In|_gamma

—-Range: 0.01 - 300 deg C

gflag: 2 [estimated delfGO used] by linear correlation
extrapolation algorithm: SUPCRT92 [1992J0H/OEL] as MgFe02+
data source: [2019WAL/ANR]

delfGO = -198.86 + 2 H20 = -312.24 +/- 0.7 kcal/mol
delfHO = -219.43 + 2 H20 = -356.06 +/- 2.4 kcal/mol *[GHS]
SOPrTr = -21.25 + 2 H20 = 12.17 +/- 1.6 cal/K/mol

CpPrTr = 125.6 + 2 H20 = 161.6 +/- 41.0 cal/K/mol

mole vol.= -17.482 + 2 H20 = 18.654 cm3/mol

mole wt.= 112.1508 + 2 H20 = 148. 1812 g/mol

date: 12.Dec. 2018

Mg+2 + 1 Formate- = + 1 MgFormate+

log_k 1.4279 # +/- 999999

delta_h -2.627 keal/mol # +/- 999999
analytical_expression 9. 409340E+2 1. 396975E-1 -5.423803E+4
| In|_gamma 4.0

—-Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1995SHO/KOR]

delfG0 = -194.318 +/- 999999 kcal/mol

delfHO = -215. 724 +/- 999999 kcal/mol *[GHS]
SOPrTr = —13.582 +/- 999999 cal/K/mol

CpPrTr = 35.700 +/- 999999 cal/K/mol

mole vol.= 11.100 cm3/mol

mole wt.= 69. 3227 g/mol

date: 8.0ct. 2019

Mg+2 + 2 Formate- = + 1 MgFormate2

log_k 2.2994 # +/- 999999

delta_h  -6.447 keal/mol # +/- 9
analytical_expression 1. 869 02E+3 2. 789089E-1 -1.072525E+5
gamma .0 0.041

“Range: 0.01 - 300 deg C

gflag: 1 [reported deIfGO used]

extrapolation algorlthm SUPCRT92 [1992J0H/OEL]
data source: [1995 0/KOR]

delfG0 = -279.367 +/- 999999 kcal/mol

del fHO = -321. 274 +/- 999999 kcal/mol *[GHS]
SOPrTr = -0.709 +/- 999999 cal/K/mol

CpPrTr = 72.400 +/- 999999 cal/K/mol

mole vol.= 47.500 cm3/mol

mole wt.= 114, 3404 g/mol

date: 8.0ct. 2019

Mg+2 + 1 HCOS— = + 1 MgHCO3+

log_k 0321 # +/- 999999

delta_h 0 505 kcal/mol # +/- 999999
analytical_expression 9. 035901E+2 1.396612E-1 -5.261156E+4
I Inl_gamma 4.0

—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm: SUPCRT92 [1992JOH/OEL]
data source: [1990SVE] [1997SVE/SH

delfG0 = -250.200 +/- 999999 kcal/mol

delfHO = -275.760 +/- 999999 kcal/mol *[GHS]
SOPrTr = =3.000 +/- 999999 cal/K/mol

CpPrTr = 63.690 +/- 999999 cal/K/mol

mole vol.= 5.480 cm3/mol

mole wt.= 85.3221 g/mol

date: Jan. 1991

Mg+2 + 1 Se04-2 = + 1 MgSe04

log_k 2.2027 # +/- 0 7

delta_h 1.0 keal/mol # +/- 3

analytical_expression 1. 725933E+3 2. 665297E-1 -9. 541986E+4
gamma 3.0 0.041

-Range: 0 01 - 300 deg C

gflag: 3 [delfGO from log K data] for reactlon shown
extrapolation algorithm: SUPCRT92 [1992J0H /OE|

data source: [1997PAR/TIC] [20050L1/N0S] [Unpubl |shed]
delfGO = -216.83 +/- 1.2 kcal/mol

delfHO = -254.4 +/- 3 kcal/mol *[GHS]

SOPrTr = =10 +/- 10 cal/K/mo

CpPrTr = =12 +/- 24 cal/K/mol

mole vol.= 7.431 cm3/mol

mole wt.= 167.2626 g/mol

date: 7. Apr. 2020

Mg+2 + 1 Si(OH)4 - 2 H+ = + 1 MgSi02 (OH) 2

log_k -17.6352 # +/- 0.5

delta_h 18 831 kcal/mol # +/- 9999

analytical_expression 7.397 78E+2 1. 013602E-1 -4. 693280E+4
gamma .0 0. 041

“Range: 0.01 - 300 deg

gflag: 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992JOH/OEL]

data source: [1974SAN/SCH] [1997SVE/SHO] [Unpub | ished]
delfG0 = -340.67 + 1 H20 = -397.36 +/- 1.0 kcal/mol
delfHO = -373.363 + 1 H20 = -441.680 +/- 999999 kcal/mol *[GHS]
SOPrTr = -23.800 + 1 H20 = -7.088 +/- 999999 cal/K/mol
CpPrTr = 20.400 + 1 H20 = 38.412 +/- 999999 cal/K/mol
mole vol.= -38.998 + 1 H20 = -20.930 cm3/mol

mole wt.= 100.3887 + 1 H20 = 118.4039 g/mol

date: 10. Aug. 2017

Mg+2 + 1 Si(OH)4 - 1 H+ = + 1 MgSiO(OH) 3+

log_k -8.4997 # +/- 0.3

delta_h 6.371 kcal/mol # +/- 999999

analytical_expression 5.401041E+2 6. 791263E-2 -3.401930E+4
I In|_gamma 4.0

—Range: 0.01 - 300 deg C
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-3. 199946E+2

-3. 388391E+2

—6. 742828E+2

-3. 256898E+2

—6. 261423E+2

—2. 664305E+2

-1. 930478E+2

3.571191E+6

3. 483848E+6

6. 883067E+6

3.391970E+6

5.663217E+6

2. 584569E+6

2.038718E+6
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gflag: 3 [delfGO from log K data]l for Mg+2 + SiO(OH)3- = MgSiO0(OH) 3+
extrapolation algorithm: SUPCRT92 [1992J0H/OEL] as MgHSi03+

data source: [1974SAN/SCH] [1997SVE/SHO] [Unpub | ished]

delfG0 = -353.13 + 1 H20 = -409.82 +/- 0.5 kcal/mol

delfHO = -385.823 + 1 H20 = -454. 140 +/- 999999 kcal/mol *[GHS]
SOPrTr = -23.800 + 1 H20 = -7.088 +/- 999999 cal /K/mol|

CpPrTr = 20.400 + 1 H20 = 38.412 +/- 999999 cal/K/mol

mole vol.= -9.826 + 1 H20 = 8.242 cm3/mol

mole wt.= 101,3966 + 1 H20 = 119. 4118 g/mol

date: 9. Aug. 2017

Mg+2 + 1 H20 - 1 H+ = + 1 MgOH+

log_k -11.7044 # +/- 0.15

delta_h 16.79 kcal/mol #+/-1

analytical_expression 2. 337438E+2 3.332512E-2 -1.696187E+4
| In|_gamma 4.0

—-Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction shown

extrapolatlon algorithm: SUPCRT92 [1992J0H/OEL]

-8. 387483E+1

8. 044146E+5

data source: [1923KOL] [19256JA] [1986WAL] [1997PAL/WES] [1997SHO/SAS_b] [2016BRO/EKB] [Unpub | i shed]

delfGO = -149.23 +/- 0.6 kcal/mol
delfHO = -162.89 +/- 1.4 kcal/mol *[GHS]
SOPrTr = -13.5 +/- 4 cal/K/mol

CpPrTr = 20 +/- 30 cal/K/mol

mole vol.= -18. 141 cm3/mol

mole wt.= 41.3123 g/mol

date: 10.0ct. 2019

Mg+2 + 1 S04-2 = + 1 MgS04

log_k 2.2430 # +/- 3

delta_h 1.392 keal/mol # +/- 999999
analytical_expression 1. 758966E+3 2.699281E-1 -9. 748480E+4
gamma 3.0 0.041

—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/0EL]
data source: [1997McC, /SHO]

delfGO = —289 5_+/- 4 kcal /mo

del fHO = -327.375 +/- 999999 kcal/mol *[GHS]
SOPrTr = -13.500 +/~ 999999 cal/K/mol

CpPrTr = -21.720 +/- 999999 cal/K/mol

mole vol.= 1.330 cm3/mol

mole wt.= 120. 3686 g/mol

date: 16.0ct. 2019

Mn+2 + 1 Acetate- = + 1 MnAcetate+
log_k 1.2197 # +/- 999
deltah  -0.380 kcal/mol # +/— 9999
analytical_expression 9. 421914E+2 1. 456917E-1 -5. 489893E+4
I Inl_gamma 4.0
—Range: 0.01 - 300 deg C
gflag: 1 [reported delfGO used]
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1958S1D/BAN] [1993SHO/KER]
delfG0 = -145.034 +/- 999999 kcal/mol
-169. 470 +/- 999999 kcal/mol *[GHS]
8.700 +/- 999999 cal/K/mol
CpPrTr = 87.000 +/- 999999 cal/K/mol
mole vol.= 30.392 cm3/mol
mole wt.= 113.9825 g/mol
date: 17. Aug. 1992

Mn+2 + 2 Acetate- = + 1 Mn (Acetate)z

log_k 2.0597 # +/- 999999

delta_h  -3.045 keal/mol # +/= 9
analytical_expression 852 568E+3 2.857828E-1 -1.092334E+5
gamma .0 0. 041

“Range: 0.01 - 300 deg

gflag: 1 [reported deIfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1958S1D/BAN] [1993SHO/KER]

del G0 = -234.450 +/- 999999 kcal/mol

delfHO = -288.325 +/- 999999 kcal/mol *[GHS]
SOPrTr = 24.200 +/- 999999 cal/K/mol

CpPrTr = 202.780 +/- 999999 cal/K/mol

mole vol.= 83.306 cm3/mol

mole wt.= 173.0270 g/mol

date: 10. Sep. 1992

Mn+2 + 3 Acetate- = + 1 Mn (Acetate) 3-

log_k 3.5008 # +/- 999999

delta_h  -8.976 kcal/mol # +/- 9999
analytical_expression 2.082979E+3 3.222677E-1 -1. 267450E+5
I Inl_gamma .0

-Range: 0 01 - 300 deg C

gflag: 2 [estimated delfGO used] by linear correlat|on
extrapolation algorithm: SUPCRT92 [1992J0H/0EL.

data source: [1993SHO/KER] [Unpub | ished]

delfGO = -324. 686 +/- 999999 kcal/mol

delfHO = -410. 446 +/- 999999 kcal/mol *[GHS]

SOPrTr = 31.500 +/- 999999 cal/K/mol

CpPrTr = 331.892 +/- 999999 cal/K/mol

mole vol.= 142.262 cm3/mol

mole wt.= 232.0715 g/mol

date: 9.Feb. 2021

Mn+2 + 1 Cl- = 1 MnCl+

log_k -0.1385 # +/- 999999

delta_h 4.55 keal/mol # +/- 999999
analytical_expression 8. 810328E+02 1. 404336E-01 -5. 040434E+04
I In|_gamma 4

—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1997SVE/SHO]

delfGO = -86.290 +/- 999999 kcal/mol

delfHO = -88.290 +/- 999999 kcal/mol

SOPrTr = 12.000 +/- 999999 cal/K/mol

CpPrTr = 25.120 +/- 999999 cal/K/mol

m-67

—6. 366049E+2

-3. 396620E+2

—6. 673785E+2
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mole vol.= 6.740 cm3/mol
mole wt.= 90.3907 g/mol
date: 17. Sep. 1997

1 Mn+2 + 1 F- =1 MnF+
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log_k 0.8803 # +/- 999999

delta_h 0.60 kcal/mol # +/- 999999

?Ta:yticalfexpression 9. 089449E+02 1. 428560E-01 -5. 163053E+04 -3. 288635E+02
nl_gamma

—-Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]

data source: [1981TUR/WHI][1997SVE/SHO]

delfG0 = -123. 640 +/- 999999 kcal/mol

delfHO = -132. 450 +/- 999999 kcal/mol

SOPrTr = -13.300 +/- 999999 cal/K/mol

CpPrTr = 29.388 +/- 999999 cal/K/mol

mole vol.= -12.455 cm3/mol

mole wt.= 73.9365 g/mol

date: 1.Jun.2016

Mn+2 + 1 Formate- = + 1 MnFormate+
log_k 1.2615 # +/- 999999
delta_h  -1.149 kcal/mol # +/- 999999
analytical_expression 8. 904479E+2 1. 390043E-1 -5.094506E+4 -3. 218776E+2
| In|_gamma 4.0
—-Range: 0.01 - 300 deg C
gflag: 1 [reported delfGO used]
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1995SH0/KOR]
delfG0 = -140.681 +/- 999999 kcal/mol
-155. 779 +/- 999999 kcal/mol *[GHS]
7.415 +/- 999999 cal/K/mol
CpPrTr = 38.400 +/- 999999 cal/K/mol
mole vol.= 16.100 cm3/mol
mole wt.= 99. 9557 g/mol
date: 8.0ct. 2019

Mn+2 + 2 Formate- = + 1 MnFormate2

log_k 2.3530 # +/- 999999

delta_h  -3.337 keal/mol # +/- 9
analytical_expression 1.708 81E+3 2. 648732E-1 -9. 803382E+4 —6. 171363E+2
gamma .0 0.041

“Range: 0.01 - 300 deg C

gflag: 1 [reported deIfGO used]

extrapolation algorlthm SUPCRT92 [1992J0H/OEL]
data source: [1995 0/KOR]

delfG0 = -226.030 +/- 999999 kcal/mol

del fHO = —259. 697 +/~ 999999 kcal/mol *[GHS]
SOPrTr = 26.769 +/- 999999 cal/K/mol

CpPrTr = 77.800 +/- 999999 cal/K/mol

mole vol.= 53.000 cm3/mol

mole wt.= 144,9734 g/mol

date: 8.0ct. 2019

Mn+2 + 1 H20 - 1 H+
lo

g k -10. 5895 # +/— 0 08
delta_h 14.41 keal/mo| # +/- 1
analytical_expression 2. 034580E+02 3.006961E-02  -1.395736E+04 7. 386204E+01
I Inl_gamma 4
-Range: 0 01 - 300 deg C
gflag: 3 [delfGO from log K data] for reactlon shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL
data source: [1976BAE/MES] [1981BAE/MES] [1997SHO/SAS]
delfG0 = -97.341 +/- 0.06 kcal/mol
delfHO = -106.81 +/~ 1.0 kcal/mol
SOPrTr = 0.43 +/- 3.4 cal/K/mol
CpPrTr = 8.510 +/- 999999 cal /K/mol
mole vol.= -11.800 cm3/mol
mole wt.= 71.9454 g/mol
date: 31.May. 2016

Mn+2 + 2 H20 - 2 H+ = 1 Mn(OH)2

log_k -22.2011 # +/- 999999

delta_h 29.38 keal/mol # +/- 999999
analytical_expression 3. 250298E+02 4.915557E-02 -2. 262828E+04 -1.190729E+02
gamma 3 0.041

-Range: 0 01 - 300 deg C

gflag: 2 [estimated delfGO used], stability relations
extrapolation algorithm: SUPCRT92 [1992J0OH/OEL] as MnO(aq)
data source: [1976BAE/MES] [1997SHO/SAS

delfG0 = -81.500 + 1 H20 = -138.188 +/- 999999 kcal/mol
delfHO = -91.840 + 1 H20 = -160. 157 +/- 999999 kcal/mol
SOPrTr = -2.500 + 1 H20 = 14.212 +/- 999999 cal/K/mol
CpPrTr = -12.700 + 1 H20 = 5.312 +/- 999999 cal/K/mol
mole vol.= -13.100 + 1 H20 = 4.968 cm3/mol

mole wt.= 70.9374 + 1 H20 = 88.9527 g/mol

date: 1.Jun. 2016

Mn+2 + 3 H20 - 3 H+ = 1 Mn(OH)3-

log_k -34.7998 # +/- 999999

delta_h 39.63 kecal/mol # +/- 999999
analytical_expression  -3.174437E+02  -5.370934E-02 9. 143265E+03 1. 136340E+02
I In|_gamma 4

—Range: 0.01 - 300 deg C

gflag: 2 [estimated delfGO used], stability relations
extrapolation algorithm: SUPCRT92 [1992JOH/OEL] as HMn02-
data source: [1976BAE/MES] [1997SHO/SAS]

delfGO = -121.000 + 1 H20 = -177.688 +/- 999999 kcal /mol
delfHO = -149.900 + 1 H20 = -218.217 +/- 999999 kcal /mol
SOPrTr = -9.100 + 1 H20 = 7.612 +/- 999999 cal/K/mol
CpPrTr = -3.300 + 1 H20 = 14,712 +/- 999999 cal/K/mol
mole vol.= -9.700 + 1 H20 = 8.368 cm3/mol

mole wt.= 87.9448 + 1 H20 = 105. 9601 g/mol

date: 12.Sep. 1997

1 Mn+2 + 4 H20 - 4 H+ = 1 Mn(OH)4 2

log_k -48.2871 # +/- 0
delta_h 56.23 keal/mol’ # +/- 999999

I-68

3. 223324E+06

3. 262580E+6

6. 326004E+6

5. 837535E+05

7. 685171E+05

-1.172170E+06
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?Ta:ytica |_expression -1. 056880E+03 -1.705757E-01 4. 833174E+04 3. 806099E+02
nl_gamma

—-Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL] as Mn02-2
data source: [1976BAE/MES] [1997SHO/SAS]

delfG0 = -102.60 + 2 H20 = -215.98 +/- 0.7 kcal/mol
delfHO = -133.340 + 1 H20 = —201. 657 +/- 999999 kcal/mol
SOPrTr = -15.200 + 1 H20 = 1.512 +/- 999999 cal/K/mol
CpPrTr = =71.500 + 1 H20 = -53.488 +/- 999999 cal/K/mol
mole vol.= -13.000 + 1 H20 = 5.068 cm3/mol

mole wt.= 86.9368 + 2 H20 = 122. 9674 g/mol

date: 12. Sep. 1997

Mn+2 + 1 S04-2 = 1 MnSO04

N

log_k 1.9131 # +/- 999999

delta_h 2.35 kcal/mol # +/- 999999
analytical_expression 1. 725942E+03 2. 664408E-01 -9. 554983E+04 —6. 249487E+02
| In|_gamma 3

—-Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1981TUR/WHI] [1988WHE/CAR] [1997SVE/SHO]
de|fGO = -235. 640 +/- 999999 kcal/mol

delfHO = -267. 950 +/- 999999 kcal/mol

SOPrTr = 5.000 +/- 999999 cal /K/mol

CpPrTr = -20.600 +/- 999999 cal/K/mol

mole vol.= 2.800 cm3/mol

mole wt.= 151.0016 g/mol

date: 1.Jun. 2016

NH4+ - 1 H+ = +

log_k -9 2410 # +/— 0.08

delta_h  12.410 keal/mol # +/- 0
analytical_expression 5. 656157E+I 1. 028736E-2 -5. 635470E+3 -2.096162E+1
gamma 3.0 0.041

—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used], calorimetry
extrapolation algorithm: SUPCRT92 [1992J0H/0EL]
data source: [1972VAN/KIN] [1989SHO/HEL]
delfGO = —6 328 +/ 0.07 kcal/mol *[GHS]
delfHO = 0 +/- 0.06 kcal/mol

SOPrTr = 25 77 +/— 0.1 cal/K/mol

CpPrTr = 18.383 +/- 999999 cal/K/mol

mole vol.= 24.430 cm3/mol

mole wt.= 17.0304 g/mol

date: 29. Jan. 2021

NH4+ + 1 Acetate- = + 1 NH4Acetate

log_k 0.2126 # +/- 0.3

delta_h  0.750 kcal/mol # +/- 999999
analytical_expression 8. 005587E+2 1. 204249E-1 —4. 734733E+4 —2. 877655E+2
gamma 3.0 0.041

-Range: 0 01 - 300 deg C

gflag: 2 [estimated delfGO used] by linear correlation
extrapolation algorithm: SUPCRT92 [1992J0H/0EL]

data source: [1993SHO/KER]

delfGO = -107.55 +/— 0.4 kecal/mo

del fHO = -147.290 +/- 999999 kcal/mol *[GHS]

SOPrTr = 50.700 +/- 999999 cal/K/mo

CpPrTr = 90.122 +/- 999999 cal/K/mol

mole vol.= 69. 645 cm3/mol

mole wt.= 77.0828 g/mol

date: 10. Sep. 1992

NH4+ + 2 Acetate- = + } NH4(Acetate) 2-

log_k -0.1730 # +

delta_h  -0.687 kcal/mol # +/- 9999

analytical_expression 1. 229290E+3 1.862511E-1 -1.562101E+4 -4.407201E+2
I Inl_gamma 0

4.
-Range: 0 01 - 300 deg
gflag: 2 [estimated deIfGO used] by linear correlation
extrapolation algorithm: SUPCRT92 [1992J0H/0EL]
data source: [19933H0/KER] [Unpub | ished]
delfGO = -195.29 +/- 1.2 kcal/mol
del fHO = —264.917 +/- 999999 kcal /mol *[GHS]
SOPrTr = 64.700 +/- 999999 cal/K/mol
CpPrTr = 199.277 +/- 999999 cal/K/mol
mole vol.= 127.041 cm3/mol
mole wt.= 136.1273 g/mol
date: 10.Feb. 2021

Nat+ + 1 Si(OH)4 - 2 H+ = + l Na23|02(0H)2

log_k -23.2588 # +/- 9

delta_h  11.97 kcal/mol # +/ 99

analytical_expression 5. 775866E+2 6. 704911E-2 -3.456161E+4 -2.112125E+2
gamma 3 0.041

—Range: 0.01 - 300 deg C

gflag: 2 [estimated delfGO used]

extrapolation algorithm: SUPCRT92 [1992JOH/OEL] as Na2Si03 (aq)
data source: [Unpublished]

delfGO = -349.670 + 1 H20 = -406. 358 +/- 999999 kcal /mol
delfHO = -383.740 + 1 H20 = -452.057 +/- 999999 kcal /mol
SOPrTr = =11.700 + 1 H20 = 5.012 +/- 999999 cal/K/mol

CpPrTr = -46.700 + 1 H20 = -28. 688 +/- 999999 cal/K/mol

mole vol.= -24.029 + 1 H20 = -5.961 cm3/mol

mole wt.= 122.0632 + 1 H20 = 140.0785 g/mol

date: 17. Aug. 2017

Na+ + 1 Acetate- = + 1 NaAcetate
1

log_k -0.1107 # +/- 0.

delta_h  0.048 kcal/mol # +/- 999999

analytical_expression 8.621183E+2 1. 286536E-1 -5. 035697E+4 -3. 103469E+2
gamma 3.0 0. 041

—Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1985DAN/DER] [1993SHO/KER]

delfG0 = -150. 71 +/- 1.2 kcal/mol

m-69

-3. 950748E+06

5. 635236E+06

1. 688191E+5

3. 076349E+6
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delfHO = -173.574 +/- 999999 kcal/mol *[GHS]
SOPrTr = 34.200 +/- 999999 cal/K/mol

CpPrTr = 75.092 +/- 999999 cal/K/mol

mole vol.= 48.207 cm3/mol

mole wt.= 82.0343 g/mol

date: 17. Aug. 1992

Na+ + 2 Acetate- = + 1 Na (Agetate) 2-

log_k -0. 7960 # + .

delta_h -2.241 kcal/mol # +/- 999999

?Ta:ytlcal _expression 1. 125006E+3 1. 687599E-1 -6. 884167E+4 —4. 037363E+2
nl_gamma

—-Range: 0.01 - 300 deg C

gflag: 2 [estimated delfGO used] by linear correlation
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1993SHO/KER] [Unpubl ished]
delfG0 = -238.05 +/- 0.9 kcal/mol

delfHO = -292. 053 +/- 999999 kcal/mol *[GHS]
SOPrTr = 44,000 +/- 999999 cal/K/mol

CpPrTr = 169. 952 +/- 999999 cal/K/mol

mole vol.= 103.156 cm3/mol

mole wt.= 141.0788 g/mol

date: 10.Feb. 2021

Na+ + 1 Al+3 + 4 H20 - 4 H+ =+ 1 NaAl (OH) 4

log_k -23.6244 # +/- 0,

delta _h 45. 482 kcal/mol # +/f

analytical_expression 7. 336 09E+2 1.129166E-1 -4.982116E+4 —2. 628829E+2
gamma 3.0 0.041

—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm: SUPCRT92 [1992JOH/OEL] as NaAl02 (aq)
data source: [1995POK/HEL.

delfGO = -260.28 + 2 H20 = -373.66 +/- 0.6 kcal/mol

delfHO = -277.265 + 2 H20 = -413.899 +/- 999999 kcal/mol *[GHS]
SOPrTr = 11.100 + 2 H20 = 44.524 +/- 999999 cal/K/mol
CpPrTr = 41.073 + 2 H2
6 + 2
+2

0 = 77.096 +/- 999999 cal/K/mol
mole vol.= 17. 28 H20 = 53,422 cm3/mol
mole wt.= 81.9701 H20 = 118.0005 g/mol

date: 10.Dec. 2019

B(OH)3 + 1 Na+ + 1 H20 - 1 H+ = 1 NaB(OH)4
log_k -8.9711 # +/- 0.26
delta_h 3.760 kcal/mol # +/-

4.782165E+6

2.367731E+6

analytical exp(r)e(s)iion -6. 804376E+0 5. 794819E-3 1.307688E+3 ~ -2.141505E+0  -2. 651132E+5

gamma 3

—Range: 0.01 - 300 deg C

gflag: 1 [reported deIfGO used], solubility
extrapolation algorithm: SUPCRT92 [1992JOH/0EL]
data source: [1995P0 /HEL]

delfG0 = -338.580 +/- 0.43 kcal/mol
delfHO = —378 810 +/ 0 47 kca|/mo|
SOPrTr = 0 +/- 2

al /K/mo
CpPrTr = 35 093 +/= 999999 cal/K/mol
mole vol.= 32.857 cm3/mol
mole wt.= 101.8301 g/mol
date: 20. Jan. 1998

Na+ + 1 Br- = 1 NaB
log_k -1. 3568 #+/- 9999
delta_h 1.64 kecal/mol # +/- 999

analytical exp(l;e(s)iion 8. 060572E+2 1.231674E-1 -4. 560855E+4 -2.917638E+2 2. 736308E+6

gamma 3

-Range: 0 01 - 300 deg C

gflag: 3 [delfGO from log K data] for reactlon shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL.
data source: [19880EL/HEL] [1997SVE/SHO]
delfG0 = -85.610 +/- 999999 kcal/mol

delfHO = -84.830 +/- 999999 kcal/mol

SOPrTr = 34.100 +/- 999999 cal /K/mol

CpPrTr = 7.970 +/- 999999 cal/K/mol

mole vol.= 32.040 cm3/mol

mole wt.= 102.8938 g/mol

date: 13.Sep. 1997

Na+ + 1 Cl- = 1 NaCl
log_k -0.7770 # +/- 999999
delta_h 1.21 kecal/mol # +/- 999999

analytical exp(l;e(s)iion 7. 261796E+2 1. 143050E-1 -4.029185E+4 -2.638107E+2 2. 389738E+6

gamma 3

-Range: 0 01 - 300 deg C

gflag: 3 [delfGO from log K data] for reactlon shown
extrapolation algorithm: SUPCRT92 [19 0H/OE

data source: [1992SHO/QEL] [1995POK/HEL] [1997SVE/SHO]
delfGO = -92.910 +/- 999999 kcal/mol

delfHO = -96. 160 +/- 999999 kcal/mol

SOPrTr = 28.000 +/- 999999 cal /K/mol

CpPrTr = 8.508 +/- 999999 cal/K/mol

mole vol.= 24.000 cm3/mol

mole wt.= 58.4425 g/mol

date: 29.Apr. 1997

Na+ + 1 HCO3- - 1 H+ = 1 NaC03-
log_k -9.1574 # +/- 0.22
delta_h 5.57 kcal/mol # +/- 1.2
analytical_expression 1. 088868E+2 1. 238457E-2 -6. 652993E+3 -4.100939E+1
I In|_gamma 4
—Range: 0 - 300 deg C
gflag: 3 [delfGO from log K data] for Na+ + C03-2 = NaC03-
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1961GAR/TOM] [1970BUT/HUS] [1976LAR/SOL] [1998CAP/HEF] [2006CRE/DeS] [2013STE/BEN]
delfG0 = -190.379 +/- 0.29 kcal/mol
delfHO = -216.76 +/- 1.2 kcal/mol *[GHS]
SOPrTr = 14.3 +/- 4 cal/K/mol
CpPrTr = -29.5 +/- 20 cal/K/mol
mole vol.= -3.917 cm3/mol
mole wt.= 82.9990 g/mol
date: 14.Dec. 2018

1. 824051E+5



1 Na+ + 1 F- =1 NaF
log_k -0.9976 # +/- 0.15
delta_h 1.72 kecal/mol # +/- 999999
analytical_expression 8. 024033E+2 1. 249987E-1 -4.466035E+4  -2.911978E+2 2. 637484E+6
gamma 3 0.041

# —Range: 0.01 - 300 deg C

# gflag: 3 [delfGO from log K data] for reaction shown

# extrapolation algorithm: SUPCRT92 [1992J0H/OEL]

#  data source: [1979RIC/HOL] [1997SVE/SHO]

#  delfGO = -128.570 +/- 0.26 kcal/mol

#  delfHO = -135.860 +/- 999999 kcal/mol

#  SOPrTr = 12.000 +/- 999999 cal/K/mol

#  CpPrTr = 11,200 +/- 999999 cal/K/mol

# mole vol.= 5.710 cm3/mol

# mole wt.= 41.9882 g/mol

#  date: 13.Sep. 1997

+ 1 Nat+ + 1 Fe+3 + 4 H20 — 4 H+ = + 1 NaFe (OH)4
log_k -22.2617 # +/- 0.4
delta_h 41.88 kcal/mol +/- 3
analytical_expression 7. 876680E+2 1. 183437E-1 -5. 374076E+4 -2. 813967E+2 2.785170E+6
gamma 3.0 0.041

# —Range: 0.01 - 300 deg C

# gflag: 2 [estimated deIfGO used] by linear correlation

# extrapolation algorithm: SUPCRT92 [1992J0H/OEL] as NaFe02 (aq)
# data source: [2019WAL/ANR]

# delfG0 = -149. 71 + 2 H20 = -263.09 +/- 0.5 kcal/mol

# delfHO = -164.05 + 2 H20 = -300.68 +/- 2.7 kcal/mol *[GHS]

# SOPrTr = 19.7 + 2 H20 = 53.1 +/- 9 cal/K/mol

#  CpPrTr = 77 + 2 H20 = 11 +/- 23 cal /K/mol

# mole vol.= 3.575 + 2 H20 = 39.711 cm3/mol

g mole wt.= 110.8356 + 2 H20 = 146.8660 g/mol

date: 12.Dec. 2018

+ 1 Na+ + 1 Formate- = + 1 NaFormate
log_k 0.0513 # +/- 999999
delta_h  -0.164 kcal/mol _# +/- 999999
analytical_expression 7.931974E+2 1.191165E-1 -4. 536602E+4 -2. 862416E+2 2. 825046E+6
gamma 3.0 0.041

—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/0EL]

data source: [1995SHO/KOR]

delfGO = —146 521 +/- 999999 kcal/mo

del fHO = 326 +/- 999999 kcal/mol *[GHS]

SOPrTr = 35 333 +/- 999999 cal/K/mol

CpPrTr = 22.800 +/- 999999 cal/K/mol

mole vol.= 33.900 cm3/mol

mole wt.= 68.0075 g/mol

date: 8.0ct. 2019

TR

+ 1 Na+ + 2 Formate- = + 1 NaFormateZ—
log_k -0.2272 # +/- 9
delta_h  -3.230 keal/mol # +/—
analytical_expression 1. 010116E+3 1.524471E-1 -5.913358E+4 -3. 643091E+2 3.910959E+6
I Inl_gamma 4.0
—Range: 0.01 - 300 deg C
gflag: 1 [reported delfGO used]
extrapolation algorithm: SUPCRT92 [1992J0H/0EL]
data source: [1995SHO/KOR]
delfGO = -230.001 +/- 999999 kcal/mol
del fHO = -264. 122 +/- 999999 kcal/mol *[GHS]
SOPrTr = 45.473 +/- 999999 cal/K/mo
CpPrTr = 45.000 +/- 999999 cal/K/mol
mole vol.= 72.800 cm3/mol
mole wt.= 113.0252 g/mol
date: 8.0ct. 2019

Na+ + 1 HCO3- = 1 NaHCO3
log_k 0.1224 # +/- 0. 2
delta_h  -0.21 keal/mol_# +/- 2
analytical_expression 1. 991685E+2 1.198871E-1 -4. 537959E+4 -2. 885458E+2 2.791062E+6
gamma 3 0.041
-Range: 0 - 300 deg C
gflag 3 [delfGO from log K data] for reactlon shown
extrapolation algorithm: SUPCRT92 [1992J0H /OE|
data source: [1971NAK] [1970BUT/HUS] [ZOOSCRE/DeS] [2013STE/BEN]
delfGO = -203.04 +/- 0.2 kcal/mol
delfHO = -222.54 +/- 2.5 kcal /mol *[GHS]
SOPrTr = 37.40 +/- 8.5 cal/K/mol
CpPrTr = 34.2 +/- 15 cal/K/mol
mole vol.= 31.490 cm3/mol
mole wt.= 84.0069 g/mol
date: 14.Dec. 2018

Na+ + 1 804-2 + 1 H+ = 1 NaHS04
log_k -1.2718 # +/- 999999
delta_h 9.21 keal/mol # +/- 999999
analytical_expression 1. 620513E+3 2. 475544E-1 -9.507917E+4 -5. 831905E+2 5. 899399E+6
gamma 3 0. 041
—Range: 0.01 - 300 deg C
gflag: 2 [estimated delfGO used]
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [Unpublished]
delfGO = -238.790 +/- 999999 kcal/mol
delfHO = -265. 620 +/- 999999 kcal/mol
SOPrTr = 43.500 +/- 999999 cal/K/mol
CpPrTr = 55.608 +/- 999999 cal/K/mol
mole vol.= 42.438 cm3/mol
mole wt.= 120.0613 g/mol
date: 25.May. 2015

Na+ + 1 I- =1 Nal
log_k -1.5400 # +/- 999999
delta_h 1.93 keal/mol # +/- 999999
analytical_expression 6. 563207E+2 1. 038479E-1 -3.662911E+4  -2.386330E+2 2. 178916E+6
gamma 3 0. 041
—Range: 0.01 - 300 deg C
gflag: 3 [delfGO from log K data] for reaction shown
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extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [19880EL/HEL] [1997SVE/SHO]
delfG0 = -72.900 +/- 999999 kcal/mol

delfHO = -69.100 +/- 999999 kcal/mol

SOPrTr = 37.700 +/- 999999 cal/K/mol

CpPrTr = 10. 140 +/- 999999 cal/K/mol

mole vol.= 43.001 cm3/mol

mole wt.= 149.8942 g/mol

date: 8. Sep. 2015

Na+ + 1 H20 - 1 H+ = 1 NaOH

log_k -14. 7911 #+/-04

delta_h 12.82 kcal/mol #+/-1.6
analytical_expression 5. 858656E+2 8. 644320E-2 -3.593373E+4 —2. 133924E+2
gamma 3 0.041

—-Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1995POK/HEL]

delfG0 = -99.10 +/- 0.4 kcal/mol

delfHO = -112.93 +/- 0.7 kcal/mol *[GHS]

SOPrTr = 6.0 +/- 2 cal/K/mol

CpPrTr = 34.730 +/- 999999 cal/K/mol

mole vol.= -0.396 cm3/mol

mole wt.= 39.9971 g/mol

date: 16.0ct. 2018

Na+ + 1 Si(OH)4 - 2 H+ =1 NaSIOZ(OH)Z*

log_k -22.2612 # +/- 1
delta_h  21.52 kcal/mol # +/- 4

analytical_expression  -2. 035880E+2 -4.980774E-2 5. 595981E+3 7.508716E+1

I Inl_gamma 4

—Range: 0 - 300 deg C

gflag: 2 [estimated delfGO used] by linear correlation

extrapolation algorithm: SUPCRT92 [1992JOH/OEL] as NaSi03-

data source: [2019WAL/ANR]

delfGO = -288.44 + 1 H20 = -345.13 +/- 2.2 kcal/mol
-316.74 + 1 H20 = -385.06 +/~ 4.2 kcal/mol *[GHS]

11.0 + 1 H20 = 27.7 +/- 12 cal/K/mol

CpPrTr = -34.4 + 1 H20 = -16.4 +/- 17 cal/K/mol

mole vol.= -3.318 + 1 H20 = 14.750 cm3/mol

mole wt.= 99.0735 + 1 H20 = 117.0887 g/mol

date: 17.Dec. 2018

Na+ + 1 Si(OH)4 - 1 H+ = /+ } gaSiO(OH)B

log_k -8.2168 # +
deltah 5.1 keal/mol # +/- 999999

analytical expre(s)s(l)zr]] 4. 839499E+2 5. 730148E-2 -2.991995E+4 -1.730511E+2

gamma 3

-Range: 001—300d C

gflag 3 [delfGO from log K data] for Na+ + Si0(OH)3- = NaSiO(OH)3

extrapolation algorithm: OptimB [2015SHV], SUPCRT92 [1992J0H/0EL] as NaHSi03 (aq)
data source: [1974SEW] [Unpubl |shed]
delfG0 = -307 = -364.3 +/- 2 keal/mol

del fHO = -334. 188 + I H20 = -402.505 +/- 999999 kcal/mol
SOPrTr = 16.743 + 1 H20 = 33.455 +/- 999999 cal/K/mol
CpPrTr = 22.000 + 1 H20 = 40.012 +/- 999999 cal/K/mol
mole vol.= 11.600 + 1 H20 = 29. 668 cm3/mol

mole wt.= 100.0814 + 1 H20 = 118.0966 g/mol

date: 20. Aug. 2018

Na+ + 1 804-2 = 1 NaS04-

log_k 0.9229 # +/- 0.2

delta_h -0.65 kcal/mol # +/- 0

analytical_expression 9. 088422E+2 1. 394306E-1 -5.179274E+4 -3.283107E+2
I Inl_gamma 4

-Range: 0 01 - 300 deg C

gflag: 3 [delfGO from log K data], potentiometry for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/0EL]

data source: [1995POK/SCH]

delfGO = -241.78 +/- 0.3 kcal/mol

delfHO = -275.48 +/- 0.5 kcal/mol

SOPrTr = 20.44 +/- 2.0 cal/K/mol

CpPrTr = 4.876 +/- 999999 cal/K/mol

mole vol.= 19.074 cm3/mol

mole wt.= 119.0534 g/mol

date: 20. Jan. 1998

Ni+2 + 1 Acetate- = + 1 N|Acetate+
log_k 1. 4301 # +/- 99999
deltah  -2.397 keal/mol # +/— 9999

analytical_expression 9. 021599E+2 1.388667E-1 =5. 224459E+4 -3. 255049E+2

I Inl_gamma 4.0

-Range: 0 01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1964ARC/MON] [1993SHO/KER]

delfGO = -101. 121 +/- 999999 kcal/mol

delfHO = -131. 487 +/- 999999 kcal/mo| *[GHS]
SOPrTr = -11.700 +/- 999999 cal/K/mol

CpPrTr = 73.682 +/- 999999 cal/K/mol

mole vol.= 17.132 cm3/mol

mole wt.= 117.7379 g/mol

date: 17. Aug. 1992

Ni+2 + 2 Acetate- = + 1 Ni (Acetate)?2
log_k 2.1778 # +/- 999999

delta_h -5.861 kcal/mol # +/- 999999
analytical_expression 1. 826941E+3 2. 815497E-1 -1. 060890E+5 —6. 594510E+2
gamma .0 0. 041

“Range: 0.01 - 300 deg C

gflag: 2 [estimated deIfGO used] by linear correlation
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]

data source: [1993SHO/KER] [Unpub|ished]

delfGO = -190. 411 +/- 999999 kcal/mol

delfHO = -251. 141 +/- 999999 kcal/mol *[GHS]

SOPrTr = 0.700 +/- 999999 cal/K/mol

CpPrTr = 169. 415 +/- 999999 cal/K/mol

mole vol.= 68.532 cm3/mol

m-72
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mole wt.= 176.7824 g/mol
date: 10. Feb. 2021

Ni+2 + 3 Acetate- = + 1 Ni (Acetate) 3—

log_k 3.9018 # +/- 999999

delta_h -13.996 kcal/mol # +/- 999999
analytical_expression 1. 923644E+3 2.957789E-1 -1.151437E+5
| In|_gamma 4.0

—-Range: 0.01 - 300 deg C

gflag: 2 [estimated deIfGO used] by linear correlation
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]

data source: [1993SHO/KER] [Unpub | ished]

delfG0 = -281.033 +/- 999999 kcal/mol

delfHO = -375.466 +/- 999999 kcal/mol *[GHS]

SOPrTr = 1.900 +/- 999999 cal/K/mol

CpPrTr = 275.499 +/- 999999 cal/K/mol

mole vol.= 125.802 cm3/mol

mole wt.= 235.8269 g/mol

date: 10.Feb. 2021

Ni+2 + 1 Cl- =1 NiC

log_k -0. 9962 # +/- 999999

delta_h 1.43 kcal/mol # +/- 999

analytical_expression 8. 235528E+02 1. 305774E-01 -4. 660641E+04
| In|_gamma 4

—-Range: 0.01 - 300 deg C

#

# gflag: 3 [delfGO from log K data] for reaction shown

# extrapolation algorithm: SUPCRT92 [1992J0H/OEL]

# data source: [1986SEW/RUA] [1997SVE/SHO]

#  delfG0 = -40.920 +/- 999999 kcal/mol

#  delfHO = -51.400 +/- 999999 kcal/mol

#  SOPrTr = -17.000 +/- 999999 cal/K/mol

#  CpPrTr = 8.100 +/- 999999 cal/K/mol

#  mole vol.= —6.630 cm3/mol

#  mole wt.= 94.1461 g/mol

# date: 1.Jun. 2016

1 Ni+2 + 1 F- =1 NiF+
log_k 1.1200 # +/- 999999
delta_h 0.71 kcal/mol # +/- 999999
analytical_expression 9. 039893E+02 1. 411350E-01 -5.107232E+04
I Inl_gamma 4

# —Range: 0.01 - 300 deg C

# gflag: 1 [reported delfGO used]

# extrapolation algorithm: SUPCRT92 [1992J0H/0EL]

#  data source: [1981TUR/WHI] [1997SVE/SHO]

#  delfG0 = —79 770 +/- 999999 kcal/mol

#  delfHO = -92.320 +/- 999999 kcal/mol

#  SOPrTr = —26 400 +/- 999999 cal /K/mol

#  CpPrTr = 12.513 +/- 999999 cal/K/mol

#  mole vol.= -25.826 cm3/mol

#  mole wt.= 77.6918 g/mol

# date: 1.Jun. 2016

+ 1 Ni+2 + 1 Formate- = + 1 N|Formate+
log_k 1.8714 # +/- 999
deltah  -2.994 kcal/mol # +/— 9999
analytical_expression 8. 517081E+2 1.322832E-1 -4.817112E+4
I Inl_gamma 4.0

# —Range: 0.01 - 300 deg C

# gflag: 1 [reported delfGO used]

# extrapolation algorithm: SUPCRT92 [1992J0H/0EL]

#  data source: [1995SHO/KOR]

#  delfG0 = -97.313 +/- 999999 kcal/mol

#  delfHO = -117.624 +/- 999999 kcal/mol *[GHS]

#  SOPrTr = -10.582 +/- 999999 cal/K/mo

#  CpPrTr = 21,300 +/- 999999 cal/K/mol

#  mole vol.= 2.800 cm3/mol

#  mole wt.= 103.7111 g/mol

# date: 8.0ct. 2019

+ 1 Ni+2 + 2 Formate- = + 1 NiFormate2
log_k 3.1028 # +/- 999999
delta_h  -7.030 keal/mol # +/-
analytical_expression 441E+3 2.606381E-1 -9. 469577E+4
gamma .0 0. 041

# “Range: 0.01 - 300 deg

# gflag: 1 [reported deIfGO used]

# extrapolation algorithm: SUPCRT92 [1992J0H/OEL]

#  data source: [1995SH0/KOR]

# delfGO = -182. 853 +/- 999999 kcal/mol

# delfHO = -223.390 +/- 999999 kcal/mol *[GHS]

#  SOPrTr = 3.217 +/- 999999 cal/K/mol

#  CpPrTr = 44,400 +/- 999999 cal/K/mol

#  mole vol.= 38.200 cm3/mol

#  mole wt.= 148.7288 g/mol

# date: 8.0ct. 2019

+1 Ni+2+2H20—2H+:+ 1 Ni(OH)Z
log_k -21.1602 # +/- 0.4
deltah  29.78 kcal/mol #+/-4
analytical_expression 2. 749881E+2 4.051989E-2 -1.903008E+4
gamma 3.0 0. 041

# —Range: 0.01 - 300 deg C

# gflag: 3 [delfGO from log K data] for reaction shown

# extrapolation algorithm: SUPCRT92 [1992J0H/OEL] as NiO (aq)

# data source: [1980TRE/LEB] [1997SHO/SAS a] [2011PAL/BEN] [201GBRO/EKB]

# delfGO = -38.72 + 1 H20 = -95.41 +/- 2.1 kcal/mol

# delfHO = -51.44 + 1 H20 = —119. 76 +/- 3.7 kcal/mol *[GHS]

#  SOPrTr = =11 + 1 H20 = 6 +/- 10 cal/K/mol

#  CpPrTr = -40 + 1 H20 = -22 +/- 15 cal/K/mol

# mole vol.= 3.140 + 1 H20 = 21.208 cm3/mol

# mole wt.= 74.6928 + 1 H20 = 92.7080 g/mol

# date: 11.Apr. 2019

1 Ni+2 + 3 H20 - 3 H+ = 1 Ni (OH) 3-

log_k -31.0028 # +/- 999999
delta_h 30.76 kcal/mol # +/- 999999
analytical_expression -2. 266576E+02 -3. 868023E-02 3. 005095E+03

m-73

—6. 925752E+2

-2. 988110E+02

-3. 269766E+02

-3. 081204E+2

—6. 092089E+2
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2. 864360E+06

3. 149241E+06

3. 085505E+6

6. 045188E+6
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-3. 901963E+05
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| In|_gamma 4

—-Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL] as HNi02-
data source: [1980TRE/LEB] [1997SHO/SAS]

delfGO = -81.980 + 1 H20 = -138.668 +/- 999999 kcal/mol
delfHO = -118.760 + 1 H20 = -187.077 +/- 999999 kcal/mol
SOPrTr = -36.000 + 1 H20 = -19.288 +/- 999999 cal/K/mol
CpPrTr = 48.000 + 1 H20 = 66.012 +/- 999999 cal/K/mol
mole vol.= -24.200 + 1 H20 = -6. 132 cm3/mol

mole wt.= 91,7001 + 1 H20 = 109. 7154 g/mol

date: 1.Jun.2016

Ni+2 + 4 H20 - 4 H+ = 1 Ni (OH)4-2

log_k -44. 0357 # +/- 999999

delta_h 47.68 kcal/mol #+/- 2

analytical_expression -9. 879253E+02 -1. 584462E-01 4. 331560E+04
| In|_gamma

—-Range: 0.01 - 300 deg C

gflag: 2 [estimated delfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/OEL] as Ni02-2
data source: [1976BAE/MES] [1997SHO/SAS]

delfGO = -64.200 + 2 H20 = -177.576 +/- 999999 kcal/mol
delfHO = -101.850 + 2 H20 = -238.484 +/- 999999 kcal/mol
SOPrTr = -38.900 + 2 H20 = -5.476 +/- 999999 cal/K/mol|
CpPrTr = -17.500 + 2 H20 = 18.524 +/- 999999 cal/K/mol
mole vol.= -25.801 + 2 H20 = 10.335 cm3/mol

mole wt.= 90.6922 + 2 H20 = 126.7228 g/mol

date: 1.Jun.2016

Ni+2 + 1 H20 - 1 H+ = 1 NiOH+

log_k -10.8028 # +/- 999999

delta_h 13.56 kcal/mo| # +/- 2

analytical_expression 2. 252808E+02 3. 395575E-02 -1. 652549E+04
I Inl_gamma 4

-Range: 0. 01 - 300 deg C

#

# gflag: 3 [delfGO from Iog K data] for reactlon shown

# extrapolation algorithm 2 [1992J0H/OEL]

#  data source: [1964PER] [1980TRE/LEB] [1997SHO/SAS]

#  delfG0 = -52.850 +/- 999999 kcal/mol

#  delfHO = -67.660 +/- 999999 kcal/mol

#  SOPrTr = -18.000 +/- 999999 cal/K/mol

#  CpPrTr = 31.000 +/- 999999 cal/K/mol

#  mole vol.= -20.100 cm3/mol

#  mole wt.= 75,7007 g/mol

# date: 1.Jun. 2016

+ 1 Cyanide- + 0.5 02 = + 1 OCyanide—
log_k 48.7281 # +/- 2
delta_h  -70.4 keal /mol # +/=
analytical_expression -1, 225253E+2 -2. 044575E-2 2.297187E+4
I Inl_gamma 3.0

# —Range: 0.01 - 300 deg C

# gflag: 1 [reported deIfGO used]

# extrapolation algorithm: SUPCRT92 [1992J0H/0EL]

#  data source: [IQSZWAG/EVA] [1997SHO/SAS]

#  delfG0 = -23.3 +/- 2 keal/mol

#  delfHO = -35.8 +/— 2 kcal/mol

#  SOPrTr = 22.5 +/- 2 cal/K/mol

#  CpPrTr = -17.650 +/— 999999 cal/K/mol

#  mole vol.= 26.120 cm3/mol

#  mole wt.= 42.0171 g/mol

# date: 7.0ct. 2019

1 H20 - 1 H+ = 1 OH-
log_k —13 9951 # +/- 0. 02
delta_h 13.340 keal/mol # +/-
analytical_expression -6. 753940E+2 -1.079632E-1 3. 495635E+4
I Inl_gamma 3.5

# —Range: 0.01 - 300 deg C

# gflag: 1 [reported delfGO used]

# extrapolation algorithm: SUPCRT92 [1992JOH/OEL]

#  data source: [1978COX] [1988SHO/HE

#  delf60 = -37.595 +/- 0.019 kcal/mol *[GHS]

#  delfHO = -54.977 +/- 0.011 kcal/mol

#  SOPrTr = -2.560 +/- 0.05 cal/K/mol

#  CpPrTr = -32.763 +/- 999999 cal/K/mol

#  mole vol.= -4.180 cm3/mol

#  mole wt.= 17.0073 g/mol

# date: 29.Apr. 1997

+ 1 Pb+2 + 1 Acetate- = + 1 PbAcetate+
log_k 2.3999 # +/- 0.1
delta_h 0.1 kcal/mol # +/- 2
analytical_expression 1. 014157E+3 1.557265E-1 -5. 860766E+4
I Inl_gamma 4.0

# -Range: 0 01 - 300 deg C

# gflag: 3 [delfGO from log K data] for reaction shown

# extrapolation algorithm: SUPCRT92 [1992J0H/OEL]

#  data source: [1989G10] [1993SHO/KER]

# delfG0 = -97.28 +/- 0.3 kcal/mol

# delfHO = -1156.9 +/- 2 kcal/mol *[GHS]

#  SOPrTr = 36.0 +/- 5 cal/K/mol

#  CpPrTr = 71.432 +/- 999999 cal/K/mol

#  mole vol.= 32.062 cm3/mol

# mole wt.= 266. 2445 g/mol

# date: 16.Feb. 1991

+ 1 Pb+2 + 2 Acetate- = + 1 Pb (Acetate)z
log_k 3.3968 # +/-
delta_h 4.5 keal/mol # +/ 5
analytical_expression 1. 738913E+3 2. 628926E-1 -1.012575E+5
gamma 3.0 0. 041

# —Range: 0.01 - 300 deg

# gflag: 3 [delfGO from log K data] for reaction shown

# extrapolation algorithm: SUPCRT92 [1992J0H/0EL]

#  data source: [1989GI0] [1993SHO/KER] [Unpub|ished]

# delfG0 = -186.91 +/- 0.7 kcal/mol

# delfHO = -227.7 +/- 5 kcal/mol *[GHS]

m-74

3.565171E+02

-8. 121268E+01
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3. 750196E+6
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SOPrTr = 76 +/- 16 cal/K/mol

CpPrTr = 118.274 +/- 999999 cal/K/mol
mole vol.= 85.168 cm3/mol

mole wt.= 325.2890 g/mol

date: 10. Feb. 2021

Pb+2 + 3 Acetate- = + 1 Pb (Acetate) 3-

log_k 5.7519 # +/- 0

delta_h -1.122 kcal/mol # +/- 999
analytical_expression 2. 436917E+3 3. 709552E-1 -1.452047E+5
| In|_gamma 4.0

—-Range: 0.01 - 300 deg C

gflag: 2 [estimated deIfGO used] by linear correlation
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]

data source: [1993SHO/KER] [Unpub ! ished]

delfG0 = -278.4 +/- 1 kcal/mol

delfHO = -349.472 +/- 999999 kcal/mol *[GHS]

SOPrTr = 88.600 +/- 999999 cal/K/mol

CpPrTr = 268.080 +/- 999999 cal/K/mol

mole vol.= 144.337 cm3/mol

mole wt.= 384.3335 g/mol

date: 10. Feb. 2021

Pb+2 + 1 HCO3- - 1 H+ = + 1 PbCO3

log_k -3.4158 # +/- 0.27

delta_h 1.88 kcal/mol #+/-1.0

analytical_expression 9. 181408E+2 1. 413079E-1 -5.146261E+4
gamma 3.0 0.041

—Range: 0 01 - 300 deg C

gflag 3 [delfGO from log K data] for Pb+2 + 003 2 = PbC03 (aq)
extrapolation algorithm: SUPCRT92 [1992J0H/0EL]

—8. 745934E+2

-3. 335527E+2

9. 722467E+6

3. 046236E+6

data source: [1980SIP/VAL] [1982BIL/SCH] [1997SVE/SHO_a] [2009POW/BRO] [2011EAS/BYR] [2013W00/MIL]

delfGO = -141.358 +/- 0.37 kcal /mol
delfHO = -162. 80 +/— 1.0 kcal/mol *[GHS]
SOPrTr = 18.5 +/- al /K/mo

CpPrTr = -34.285 +/— 999999 cal/K/moI
mole vol.= -12.307 cm3/mol

mole wt.= 267.2092 g/mol

date: 15.0ct. 2019

Pb+2 + 2 HCO3- - 2 H+ = + 1 Pb(C03)2-2
log_| -10. 3347 # +/- 0.18

delta_h  13.550 kcal/mol #+/- 9

analytical_expression 3. 754088E+2 5. 380524E-2 —2. 266488E+4
I Inl_gamma .0

-Range: 0 01 - 300 deg C

gflag: 3 [delfGO from log K data] for Pb+2 + 2 C03-2 = Pb(C03)2-2
extrapolation algorithm: SUPCRT92 [1992J0H/0EL]

-1. 362854E+2

data source: [1969BAR] [198080H] EIQSZBIL/SCH] [1987FER/GRE] [1997SVE/SHO_a] [2011EAS/BYR]

delfGO = —272 201 +/-0.26 keal/mo

delfHO = -316.026 +/— 999999 kcal/mol *[GHS]
SOPrTr = 49.569 +/- 999999 cal /K/mol

CpPrTr = -52.121 +/- 999999 cal/K/mol

mole vol.= -11.025 cm3/mol

mole wt.= 327.2184 g/mol

date: 15.0ct. 2019

Pb+2 + 1 HCO3- + 1 Cl- - 1 H+ =+ 1 Pb(CO3)CI-

log_k -3.7361 # +/- 0

delta_h  0.713 kcal/mol +/ 99999

analytical_expression 101309E+3 1. 696356E-1 -5. 972000E+4
I Inl_gamma 4.0

-Range: 0 01 - 300 deg C

gflag: 3 [delfGO from log K data] for Pb+2 + C03-2 + Cl- = Pb(CO3)Cl-
extrapolation algorithm: SUPCRT92 [1992J0 H/0EL]

data source: [1997SVE/SHO a] [2009POW/BRO] [Unpub | i shed]
delfGO = -172.30 +/- 0.6 kcal/mol

delfHO = -203. 898 +/- 999999 kcal/mol *[GHS]

SOPrTr = 26.700 +/- 999999 cal/K/mo

CpPrTr = -42.478 +/- 999999 cal/K/mol

mole vol.= 21.171 cm3/mol

mole wt.= 302.6619 g/mol

date: 15.0ct. 2019

Pb+2 + 1 HCO3- + 1 H20 - 2 H+ =+ 1 Pb(CO3)0H-

log_k -12.1208 # +/-

deltah  9.680 kcal/mol # +/ 9999

analytical_expression 4. 571599E+2 6. 550206E-2 -2.539143E+4

I Inl_gamma 4.0

-Range: 0 01 - 300 deg

gflag: 3 [delfGO from Iog K data] for Pb+2 + C03-2 + OH- = Pb(C03)0H-
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]

data source: [1987FER/GRE] [1997SVE/SHO_a] [2009POW/BRO] [Unpub | ished]
delfGO = -186.17 +/- 0.6 kcal/mol

del fHO = -223.315 +/- 999999 kcal/mol *[GHS]

SOPrTr = 21.570 +/- 999999 cal/K/mol

CpPrTr = -73.884 +/- 999999 cal/K/mol

mole vol.= —14. 657 cm3/mol

mole wt.= 284.2165 g/mol

date: 15.0ct. 2019

Pb+2 + 1 HS- = + 1 PbHS+

log_k 4.2690 # +/- 3

delta_h  -3.0 kcal/mol # +/- 999999
analytical_expression 9. 390517E+2 1. 464567E-1 -5. 217085E+4
I In|_gamma 4.0

—Range: 0.01 - 300 deg C

gflag: 2 [estimated delfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1997SVE/SHO_a] [Unpub| ished]
delfGO = -8.7 +/- 4 keal/mol

delfHO = -6.6 +/- 4 kcal/mol *[GHS]

SOPrTr = 30.22 +/- 1.3 cal/K/mol

CpPrTr = 16 +/- 15 cal/K/mol

mole vol.= 13.294 cm3/mol

mole wt.= 240.2739 g/mol

date: 15.0ct. 2019

Pb+2 + 2 HS- = + 1 Pb(HS)2

m-75

-4. 014386E+2

-1. 680939E+2

-3. 395350E+2

1.018775E+6

3. 378509E+6

1.092274E+6

3.261131E+6
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log_k 14.7100 # +/- 999999
delta_h -14. 465 kecal/mol # +/f

analytical_expression 1. 656 26E+3 2. 557834E-1 -8. 958750E+4 -5. 986106E+2 5. 663784E+6
gamma 3.0 0.041
—-Range: 0.01 - 300 deg C
gflag: 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/0EL]
data source: [1953HEM] [1997SVE/SHO_a]
delfGO = -20.084 +/- 999999 kcal/mol
delfHO = -21.945 +/- 999999 kcal/mol *[GHS]
SOPrTr = 55.800 +/- 999999 cal/K/mol
CpPrTr = 36.477 +/- 999999 cal/K/mol
mole vol.= 42.342 cm3/mol
mole wt.= 273.3478 g/mol
date: 15.0ct. 2019
+IPb+2+3HSf:+1PbH 3-
log_k 6.0103 # +/ 999999
delta_h 717 704 kecal/mol # +/- 9
analytical_expression 2. 041 6658E+3 3. 158480E-1 -1. 112256E+5 ~7. 400400E+2 7. 058580E+6
| In|_gamma .0
—-Range: 0.01 - 300 deg C
gflag: 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1953HEM] [1997SVE/SHO_a]
delfGO = -18.998 +/- 999999 kcal/mol
delfHO = -29. 034 +/- 999999 kcal/mol *[GHS]
SOPrTr = 67.277 +/- 999999 cal/K/mol
CpPrTr = 52.823 +/- 999999 cal/K/mol
mole vol.= 78.901 cm3/mol
mole wt.= 306.4217 g/mol
date: 15.0ct. 2019
+1Pb+2 +1Cl-= + 1 PbC|+
log_k 1.5100 # +/- 0.
deltah 0. 50 kcal/mol # +/—
analytical_expression 8. 310426E+2 1. 331885E-1 -4. 638802E+4 -3.013617E+2 2. 848270E+6
I Inl_gamma 4.0
-Range: 0 01 - 300 deg C
gflag: 3 [delfGO from Iog K data] for reactlon shown
extrapolation algorithm GRT92 0H/OEL]
data source: [1931FRO/LIH] [19558]G/PAR] [1955KIV] [1955NAN] [1957K1V/LUQ] [1963MIR/KUL] [1969HEL]
[1971BON/HEF] [1971NRI/AND] [1971VIE] [1973BON/HEF] [1973HUT/HIG] [1976YUR/KOL]
[1980L0V/BRA] [1980PRA/PRA] [1982BEN/MEU] [1984MIL/BYR] [1990HEF] [1991MGA/FUE]
[1999L0T/0CH] [2007LUO/MIL] [2009POW/BRO]
delfG0 = -39.175 +/- 0.21 kcal/mol
delfHO = -39.21 +/- 0.5 kcal/mol *[GHS]
SOPrTr = 26.40 +/- 1.6 cal/K/mol
CpPrTr = 8.321 +/- 999999 cal /K/mol
mole vol.= 9.348 cm3/mol
mole wt.= 242, 6527 g/mol
date: 16.0ct. 2019
+ 1 Pb+2 + 2 Cl- =+ 1 PbCI2
log_k 2.1001 # +/- 0.16
delta_h  1.22 keal/mol # +/-
analytical_expression 1. 588911E+3 2. 490428E-1 -8.923651E+4 -5. 751779E+2 5. 464104E+6
gamma 3.0 0.041
-Range: 001—300d C
gflag 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1955K1V][1957KIV/LUO] [1963MIR/KUL] [1971BON/HEF] [1971NRI/AND] [1971VIE] [1972VIE]
[1973BON/HEF] [1976YUR/KOL] [1980LOV/BRA] [1982BEN/MEU] [1984MIL/BYR] [1984SEW] [1990HEF]
[1999L0T/0CH] [2007LUO/MIL] [2009POW/BRO]
delfG0 = -71.359 +/- 0.22 kcal/mol
delfHO = -78.43 +/- 1.8 kcal/mol *[GHS]
SOPrTr = 45.1 +/- 6 cal/K/mol
CpPrTr = 9.959 +/- 999999 cal /K/mol
mole vol.= 39.827 cm3/mol
mole wt.= 278.1054 g/mol
date: 15.0ct. 2019
+ 1 Pb+2 + 3 CI— =+ 1 PbCI3-
log_k 9498 # +/- 0.22
delta_h 0 92 keal/mol # +/- 3
analytical_expression 1. 842222E+3 2. 894351E-1 -1.032331E+5 —6. 673723E+2 6. 313645E+6
I Inl_gamma 4.0
-Range: 0 01 - 300 deg C
gflag: 3 [delfGO from log K data] for reactlon shown
extrapolation algorithm: SUPCRT92 [1992J0 0H/OE
data source: [1955KIV] [1955PAP/RIC] [1957KIV/LUO] [1963MIR/KUL] [1969HEL] [1971VIE] [1973BON/HEF]
[1980L0V/BRA] [1982BEN/MEU] [1984MIL/BYR] [1984SEW] [1990HEF] [1991MGA/FUR] [1999LO0T/0CH]
[2007LUO/MIL] [2009POW/BRO]
delfG0 = -102.533 +/- 0.32 kcal/mol
delfHO = -118.66 +/- 3.0 kcal/mol *[GHS]
SOPrTr = 57 +/= 10 cal/K/mol
CpPrTr = -8.878 +/- 999999 cal/K/mol
mole vol.= 70.225 cm3/mol
mole wt.= 313.5581 g/mol
date: 15.0ct. 2019
+1Pb+2 +4 Cl-=+1 PbCI4—2
log_k 1.2446 # +/- 1.4
deltah 1.7 kcal/mol # +/- 4
analytical_expression 1.079165E+3 1. 908438E-1 -5. 689216E+4 -3. 964735E+2 3. 293603E+6
I In|_gamma 4.0
—Range: 0.01 - 300 deg C
gflag: 3 [delfGO from log K data] for reactlon shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1963MIR/KUL] [1969HEL] [1972FED/SHI] [1984SEW] [1991MGA/FUR] [1999L0T/0CH]
delfG0 = -132.95 +/- 1.9 kcal/mol
delfHO = -157.8 +/- 4 kcal/mol *[GHS]
SOPrTr = 70 +/- 10 cal/K/mol
CpPrTr = -47.098 +/- 999999 cal/K/mol
mole vol.= 100.619 cm3/mol
mole wt.= 349.0108 g/mol
date: 15.0ct. 2019

+1Pb+2 + 1 Cl-+1F-=+1PbCIF
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log_k 3.7640 # +/- 0.5

delta_h -2.5 kcal/mol #+/-2
analytical_expression 1.677296E+3 2.623122E-1 -9. 347842E+4 —6.074767E+2
gamma 3.0 0.041

—-Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction shown
extrapolatlon algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1971BON] [1972HEF] [1997SVE/SHO_a] [1999LOT/0CH] [Unpub ished]
delfG0 = -109.59 +/- 0.7 kcal/mol

delfHO = -122.4 +/- 2 kcal/mol *[GHS]

SOPrTr = 23.3 +/- 5 cal/K/mol

CpPrTr = 7.0 +/- 7 cal/K/mol

mole vol.= 17.756 cm3/mol

mole wt.= 261.6511 g/mol

date: 15.0ct. 2019

Pb+2 + 1 F- = + 1 PbF+

log_k 2.1602 # +/- 0.05

delta_h -0.9 kcal/mol # +/- 1

analytical_expression 9.027920E+2 1. 412484E-1 -5.065164E+4 -3. 266484E+2
| In|_gamma

—-Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction shown

extrapolatlon algorithm: SUPCRT92 [1992J0H/OEL]

5. 772779E+6

3. 147493E+6

data source: [1963MES/HUM] [1965B0T/CIA] [1971BON] [1972HEF] [1973BON/HEF] [1997SVE/SHO_a] [1999L0T/0CH]

delfGO = -76.023 +/- 0.19 kcal/mol
delfHO = -80.8 +/- 1 kcal/mol *[GHS]
SOPrTr = 8.0 +/- 4 cal/K/mol

CpPrTr = 12 +/- 33 cal/K/mol

mole vol.= =7.762 cm3/mol

mole wt.= 226.1984 g/mol

date: 16.0ct. 2019

Pb+2 + 2 F- = + 1 PbF2

log_k 3.6870 # +/- 0

delta_h  -4.117 kcal/mol # +/- 9

analytical_expression : 1.657 197E+3 2.569652E-1 -9.111274E+4 —6. 008325E+2

gflag: 3 [delfGO from Iog K data] for reactlon shown
extrapolation algorithm GRT92 0H/OEL]
data source: [1963MES/HUM] [196580T/CIA] [1971BON] [1973BON/HEF] [1999L0T/0CH]
delfG0 = -145.446 +/- 0.34 kcal/mol
-164.197 +/- 999999 kcal/mol *[GHS]
1.065 +/- 999999 cal/K/mol
CpPrTr = 11.902 +/- 999999 cal/K/mol
mole vol.= —4.850 cm3/mol
mole wt.= 245.1968 g/mol
date: 16.0ct. 2019

Pb+2 + 1 Formate— =+ 1 PbFormate+

log_k 1.8721 # +/- 999999

deltah 0788 kcal/mol # +/- 9999

analytical_expression 1. 02 610E+3 1. 576544E-1 -5. 725958E+4 -3. 722535E+2
I Inl_gamma 0

4.
—Range: 0.01 - 300 deg C
gflag: 1 [reported deIfGO used]
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1995SHO/KOR]
delfG0 = -92. 150 +/- 999999 kcal/mol
delfHO = -100. 722 +/- 999999 kcal/mol *[GHS]
SOPrTr = 37.138 +/- 999999 cal/K/mol
CpPrTr = 19.100 +/- 999999 cal/K/mol
mole vol.= 17.700 cm3/mol
mole wt.= 252.2177 g/mol
date: 16.0ct. 2019

Pb+2 + 2 Formate- = + 1 PbFormate2

log_k 3.1241 # +/- 99999

delta_h  1.115 keal/mol # +/- 9999
analytical_expression 572174E+3 2. 388420E-1 -8. 825402E+4 -5. 675142E+2
gamma 3.0 0.041

—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/0EL]
data source: [1995SH0/KOR]

delfG0 = -177.718 +/- 999999 kcal/mol

delfHO = -202. 125 +/- 999999 kcal/mol *[GHS]
SOPrTr = 65.665 +/- 999999 cal/K/mol

CpPrTr = 40.000 +/- 999999 cal/K/mol

mole vol.= 54.900 cm3/mol

mole wt.= 297.2354 g/mol

date: 16.0ct. 2019

Pb+2 + 1 HP04-2 + 1 H+ = + 1 PbH2P04+

log_k 1.4982 # +/- 0.5

delta_h 9.5 kcal/mol # +/- 2
analytical_expression 1. 784965E+3 2. 753925E-1 -1.008674E+5 —6. 442339E+2
I Inl_gamma 4.0

—Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1972NRI_a] [1997SVE/SHO_a]

delfGO = -268.09 +/- 0.7 kcal/mol

delfHO = -299.1 +/- 2 kcal/mol *[GHS]

SOPrTr = 35.1 +/- 6 cal/K/mol

CpPrTr = 48 +/- 25 cal/K/mol

mole vol.= 23.500 cm3/mol

mole wt.= 304. 1872 g/mol

date: 16.0ct. 2019

Pb+2 + 1 HCO3- = + 1 PbHCO3+

log_k 3.0141 # +/- 0.2

delta_h  -1.3 keal/mol # +/- 2

analytical_expression 8. 580882E+2 1. 353177E-1 -4. 855389E+4 -3. 100989E+2
I In|_gamma 4.0

—Range: 0.01 - 300 deg

gflag: 3 [delfGO from log K data] for reaction shown

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]

m-77

5. 527490E+6

3. 415147E+6

5. 334760E+6

5. 941709E+6

3. 088908E+6
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data source: [1992NEH] [1997SVE/SHO_a] [2009POW/BRO] [2017HUM]
delfGO = -150. 13 +/- 0.3 kcal/mol

delfHO = -166.0 +/- 2 kcal/mol *[GHS]

SOPrTr = 37.2 +/- 6 cal/K/mol

CpPrTr = 45 +/- 25 cal/K/mol

mole vol.= 17.079 cm3/mol

mole wt.= 268.2171 g/mol

date: 16.0ct. 2019

Pb+2 + 1 HP04-2 = + 1 PbHPO4

log_k 3.6020 # +/- 1.3

delta_h 1.58 kcal/mol #+/- 2

analytical_expression 1. 675106E+3 2.587518E-1 -9. 244340E+4 —6.062115E+2
gamma 3.0 0.041

—-Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction shown
extrapolatlon algorithm: SUPCRT92 [1992J0H/OEL]

data source: [1972NRI_a] [1974RAM/MAN] [1997SVE/SHO_a] [2009POW/BRO]
delfG0 = -270.96 +/- 1.8 kcal/mol

delfHO = -307.02 +/- 2.3 kcal/mol *[GHS]

SOPrTr = 18.03 +/- 4.7 cal/K/mol

CpPrTr = -27 +/- 34 cal/K/mol

mole vol.= -2.086 cm3/mol

mole wt.= 303.1793 g/mol

date: 16.0ct. 2019

Pb+2 + 1 NO3- = + 1 PbNO3+
log_k 1.0805 # +/- 0.3
delta_h 1.64 kcal/mol #+/- 2
analytical_expression 9. 959513E+2 1.535277E-1 -5.702176E+4 -3. 593899E+2
I Inl_gamma 4.0
-Range: 001—300d C
gflag 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1953HER/SMI] [1955B1G/PAR] [1956BAL/DAV] [1965HUG_a] [1965HUG_b]
[1972FED/ROB] [1973HUT/HIG] [1997SVE/SHO_a] [1999L0T/0CH]
delfG0 = -33.72 +/- 0.8 kcal/mol
-47.59 +/- 2.5 kcal/mol *[GHS]
49.8 +/- 8 cal/K/mol
CpPrTr = 32 +/- 27 cal /K/mol
mole vol.= 21.297 cm3/mol
mole wt.= 269.2049 g/mol
date: 16.0ct. 2019

Pb+2 + 2 N03— = + I Pb (N03) 2

log_k 1.4836 # +/- 0. 2

deltah 7. 520 kcal/mol +/ 9999

analytical_expression 1.528 89E+3 2. 315903E-1 -8. 819324E+4 -5. 498920E+2
gamma 3.0 0.041

-Range: 001 300 deg C

gflag 3 [delfGO from log K data] for reaction shown

extrapolation algorithm: SUPCRT92 [1992J0H/0EL]

data source: [1972FED/ROB] [1997SVE/SHO_a] [1999L0T/0CH]

delfG0 = —60.78 +/- 1.2 kcal/mol
delfHO = -91.160 +/- 999999 kcal/mol *[GHS]
SOPrTr = 106. 482 +/- 999999 cal/K/mol
CpPrTr = 61.858 +/- 999999 cal/K/mol

mole vol.= 60.142 cm3/mol

mole wt.= 331.2098 g/mol

date: 16.0ct. 2019

Pb+2 + 3 NO3- = + 1 Pb (NOS) 3-
log_k 0.7433 # +/- 0.5

delta_h 17 048 kcal/mol # +/- 9999

analytical_expression 1. 718907E+3 2. 577445E-1 -1.014202E+5 —6. 156760E+2
I Inl_gamma .0

-Range: 0 01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction shown

extrapolation algorithm: SUPCRT92 [1992J0H /0EL]

data source: [1972FED/ROB] [1997SVE/SHO_a] [1999L0T/0CH]

delfG0 = -86.28 +/- 1.2 kcal/mol

delfHO = -131.082 +/- 999999 kcal/mo| *[GHS]

SOPrTr = 170. 172 +/- 999999 cal /K/mol

CpPrTr = 81.061 +/- 999999 cal/K/mol

mole vol.= 99.698 cm3/mol

mole wt.= 393.2147 g/mol

date: 16.0ct. 2019

Pb+2 + 1 H20 - 1 H+ = + 1 PbOH+

log_k 4721 # +/- 0 10

delta_h 13 16 kcal/mol # +/- 0.4

analytical_expression 2. 736493E+2 4. 038530E-2 -1.768397E+4 -9. 834598E+1
I Inl_gamma 4.0

-Range: 0 01 - 300 deg C

gflag: 3 [delfGO from log K data] for reactlon shown

extrapolation algorithm: SUPCRT92 [1992J0

5. 460449E+6

3. 545914E+6

5.361372E+6

6.097921E+6

8. 444823E+5

0H/OEL]
data source: [1910W00] [1937CRA/BRO] [1945PED] [19600L1][1964HUG] [1975TUG/GAN] [1978LIN] [1980SYL/BRO]

[1993CRU/VAN] [1997SHO/SAS_a] [2000KAN/A1Z] [2009POW/BRO] [2016BR0/EKB]
delfG0 = -52.230 +/- 0.16 kcal/mol
delfHO = -54.94 +/- 0.4 kcal/mol
SOPrTr = 30.91 +/- 1.4 cal/K/mol *[GHS]
CpPrTr = 5.300 +/- 999999 cal/K/mol
mole vol.= 9.791 cm3/mol
mole wt.= 224.2073 g/mol
date: 16.0ct. 2019

Pb+2 + 2 H20 - 2 H+ = + 1 Pb(OH)2

log_k -16.9748 # +/- 0.12

deltah  21.386 kcal/mol # +/~ 0

analytical_expression 2. 933985E+2 4.379877E-2 -2.073862E+4 -1.067671E+2

gamma 3.0 0. 041

—Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction shown

extrapolation algorithm: SUPCRT92 [1992J0H/OEL] as PbO(aq)

data source: [1939GAR/VEL][1960CAR/OL1][1975TUG/GAN] [1978LIN] [1980SYL/BRO] [1993CRU/VAN]
[1997SH0/SAS_a] [2000KAN/A1Z] [2005Z1E/PAL] [2009POW/BRO] [2016BRO/EKB]

delfGO = -39.266 + 1 H20 = -95.954 +/- 0.19 kcal /mol

delfHO = -46.711 + 1 H20 = -115.028 +/- 0.26 kcal/mol

SOPrTr = 15.03 + 1 H20 = 31.74 +/- 1.1 cal/K/mol *[GHS]

9. 167577E+5
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CpPrTr = 5.813 + 1 H
mole vol.= 7.297 + 1
mole wt.= 223.1994 +
date: 16.0ct. 2019

20 = 23.825 +/- 999999 cal/K/mol
I]-IZS = 25.365 cm3/mol

20 = 241.2146 g/mol

Pb+2 + 3 H20 — 3 H+ = + 1 Pb(OH) 3~

log_k -28.0085 # +/- 0.07

delta_h 32.36 kcal/mol #+/-0

analytical_expression -3. 202680E+2 -5.505501E-2 1. 199958E+4 1. 146670E+2

| In|_gamma 4.0

—-Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction shown

extrapolation algorithm: SUPCRT92 [1992J0H/OEL] as HPb02-

data source: [1921GLA] [1923HEY] [1928RAN/SPE] [1929TOP] [1939GAR/VEL] [1955VLC] [1960CAR/OL1]
[1961NYM/ROE] [1975TUG/GAN] [1978LIN] [1987FER/GRE] [1997SHO/SAS_a] [2005Z1E/PAL]
[2009POW/BR0] [2016BRO/EKB]

delfGO = -80.901 + 1 H20 = -137.589 +/- 0.14 kcal/mol

delfHO = -104.05 + 1 H20 = -172.37 +/- 0.7 kcal/mol

SOPrTr = 18.11 + 1 H20 = 34.82 +/- 2.4 cal/K/mol *[GHS]

CpPrTr = -33.786 + 1 H20 = -15. 774 +/- 999999 cal/K/mol

mole vol.= 4.947 + 1 H20 = 23.015 cm3/mol

mole wt.= 240.2067 + 1 H20 = 258.2219 g/mol

date: 16.0ct. 2019

Pb+2 + 4 H20 — 4 H+ = + 1 Pb(OH)472
log_k -38.8504 # +/- 0,
delta_h  47.272 keal/mol # +/ 999999
analytical expressmn -1.124932E+3 -1.837737E-1 5. 730072E+4 4. 047965E+2
I In|_gamma
-Range: 0 01 - 300 deg C
gflag: 3 [delfGO from Iog K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/0EL] as Pb02-2
data source: [2001PER/HEF] [1997SHO/SAS_a]
delfGO = -66. 11 + 2 H20 = -179.49 +/- 0.8 kcal/mol

-89. 142 + 2 H20 = -225. 776 +/- 999999 kcal/mol *[GHS]
18.504 + 2 H20 = 51.928 +/- 999999 cal/K/mol
CpPrTr = -148.391 + 2 H20 = -112.368 +/- 999999 cal/K/mol
mole vol.= 16.326 + 2 H20 = 52. 462 cm3/mol
mole wt.= 239.1988 + 2 H20 = 275.2292 g/mol
date: 16.0ct. 2019

Pb+2 + 1 804—2 = + 1 PbS04

log_k 2.6000 # +/- 0.21

deltah 0.1 kcal/mol # +/- 3

analytical_expression 1. 674533E+3 2.566683E-1 -9. 264309E+4 —6.061012E+2
gamma 3.0 0.041

-Range: 001 300 deg C

gflag 3 [delfGO from log K data] for reaction shown

extrapolation algorithm: SUPCRT92 [1992J0H/0EL]

data source [197OGAR/NAN] [1972BON/HEF] [1982R0H] [1985G10] [1989NYH/WIK]
delfGO = -187.213 +/- 0.31 kcal /mol

del fHO = —217 1+/-3 kcal/mol *[GHS]

SOPrTr = 21 +/- 10 cal/K/mo

CpPrTr = -32.038 +/— 999999 cal/K/moI

mole vol.= 9.300 cm3/mol

mole wt.= 303.2636 g/mol

date: 16.0ct. 2019

Pb+2 + 2 S04-2 = + 1 Pb(SO4)2 -2
log_k 3.4994 # +/-

delta_h 5 6 kcal /mol # +/-

analytical_expression 1.860781E+3 2. 821666E-1 -1. 066638E+5 —6. 697128E+2
I Inl_gamma 4.0

-Range: 0 01 - 300 deg C

gflag: 3 [delfGO from log K data] for reactlon shown

extrapolation algorithm: SUPCRT92 [1992J0H/OEL

data source: [1960VAN/KOL] [19856[0][1997SVE/SHO al

delfGO = -366.37 +/- 0.6 kcal/mol

delfHO = -429.0 +/- 4 kcal/mol *[GHS]

SOPrTr = 48 +/- 15 cal/K/mol

CpPrTr = -40.961 +/- 999999 cal/K/mol

mole vol.= 26.775 cm3/mol

mole wt.= 399.3272 g/mol

date: 16.0ct. 2019

HP04-2 - 1 H+ = 1 P04-3

log_k -12.5417 # +/- 1.5

delta_h 3.5 kcal/mol # +/- 2
analytical_expression ~7.676910E+2 -1.226271E-1 4.270610E+4 2. 748068E+2
I Inl_gamma 4

—Range: 0 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1989WAG/EVA] [1997SHO/SAS]

delfG0 = -243.2 +/- 2 kcal/mol *[GHS]

delfHO = -305.3 +/- 2 kcal/mol

SOPrTr = -53.7 +/- 2 cal/K/mol

CpPrTr = -130 +/- 50 cal/K/mol

mole vol.= -30.286 cm3/mol

mole wt.= 94.9714 g/mol

date: 27.Feb. 2019

Rb+ + 1 Acetate- = + 1 RbAcetate

log_k -0.0836 # +/- 0.7

delta_h 1.385 kcal/mol # +/= 999999
analytical_expression 7.701423E+2 1. 149937E-1 -4. 476571E+4 =2. T11935E+2
gamma 3.0 0. 041

—Range: 0.01 - 300 deg C

gflag: 2 [estimated deIfGO used] by linear correlation
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]

data source: [1993SHO/KER] [Unpub|ished]

delfGO = -155.96 +/- 0.9 kcal/mol

delfHO = -174.825 +/- 999999 kcal/mol *[GHS]

SOPrTr = 53.700 +/- 999999 cal/K/mol

CpPrTr = 47.957 +/- 999999 cal/K/mol

mole vol.= 65.333 cm3/mol

mole wt.= 144.5123 g/mol

date: 10.Feb. 2021

-1. 360606E+6

-4.707026E+6

5.512828E+6

6. 533282E+6

-2. 801542E+6

2. 802598E+6
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Rb+ + 2 Acetate- = + 1 Rb (Acetate) 2-

log_k -0. 7447 # +

delta _h 0. 507 kcal/mol +/ 99999
analytical_expression 1. 181776E+3 1. 764091E-1
| In|_gamma 4.0

—-Range: 0.01 - 300 deg C

gflag: 2 [estimated deIfGO used] by linear correlation
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]

data source: [1993SHO/KER] [Unpub | ished]

delfG0 = -243.32 +/- 2.0 kcal/mol

delfHO = -291.893 +/- 999999 kcal/mol *[GHS]

SOPrTr = 68.300 +/- 999999 cal/K/mol

CpPrTr = 117.008 +/- 999999 cal/K/mol

mole vol.= 122.237 cm3/mol

mole wt.= 203.5568 g/mol

date: 10.Feb. 2021

Rb+ + 1 Br— =1 RbBr

log_k -1.2168 # +/- 999999

delta_h 14. 21 kcal/mol #+/- 9
analytical_expression 6. 769650E+02 1. 039530E-01
gamma 0.041

—-Range: 0.01 - 300 deg C
gflag: 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [19880EL/HEL] [1997SVE/SHO]
delfGO = -91.010 +/- 999999 kcal/mol
delfHO = -85. 740 +/- 999999 kcal/mol
SOPrTr = 54.200 +/- 999999 cal/K/mol
CpPrTr = -19.190 +/- 999999 cal/K/mol
mole vol.= 49.001 cm3/mol
mole wt.= 165.3718 g/mol
date: 31.May. 2016
Rb+ + 1 Cl- =1 RbCl
log_k -0.9595 # +/- 999999
delta_h 3.15 keal/mol # +/- 999999
analytical_expression 6. 773334E+02 1. 049225E-01
gamma 3 0.041
-Range: 0 01 - 300 deg C
gflag: 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/0EL]
data source: [19880EL/HEL] [1997SVE/SHO]
delfGO = —97 870 +/- 999999 kcal/mol
delfHO = -96.800 +/- 999999 kcal/mol
SOPrTr = 48 600 +/- 999999 cal/K/mol
CpPrTr = -20.000 +/- 999999 cal/K/mol
mole vol.= 41.601 cm3/mol
mole wt.= 120.9205 g/mol
date: 13.Sep. 1997
Rb+ + 1 F- =1 RbF
log_k 0 9602 # +/- 999999
delta_h -39.78 kcal/mol # +/- 999999
analytical_expression 7. 504824E+02 1. 153748E-01
gamma 3 0.041
-Range: 0 01 - 300 deg C
gflag: 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [19880EL/HEL] [1997SVE/SHO]
delfG0 = -136.450 +/- 999999 kcal/mol
delfHO = -139.730 +/- 999999 kcal/mol
SOPrTr = 31.600 +/- 999999 cal/K/mol
CpPrTr = -16.000 +/- 999999 cal/K/mol
mole vol.= 19.000 cm3/mol
mole wt.= 104.4662 g/mol
date: 31.May. 2016
Ro+ + 1 I- =1 Rbl
log_k -0.9602 # +/- 999999
delta_h 28.17 keal/mol # +/- 9
analytical_expression 6. 262538E+02 9. 738965E-02
gamma 3 0.041
-Range: 0 01 - 300 deg
gflag: 3 [delfGO from Iog K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [19880EL/HEL] [1997SVE/SHO]
delfG0 = -78.900 +/- 999999 kcal/mol
delfHO = -71.720 +/- 999999 kcal/mol
SOPrTr = 56.300 +/- 999999 cal/K/mol
CpPrTr = -17.020 +/- 999999 cal/K/mol
mole vol.= 64.001 cm3/mol
mole wt.= 212.3723 g/mol
date: 31.May. 2016

Rb+ + 1 H20 - 1 H+ = 1

RbOH
log_k -14.2113 # +/- 999999
delta_h 15.34 kcal/mol # +/- 999999
analytical_expression 1. 224908E+02 1. 284575E-02
gamma 3 0. 041
—Range: 0.01 - 300 deg C
gflag: 1 [reported delfGO used]
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1985BAR/PAR] [1997SHO/SAS]
delfG0 = -105.100 +/- 999999 kcal/mol
delfHO = -113.000 +/- 999999 kcal/mol
SOPrTr = 32.000 +/- 999999 cal/K/mol
CpPrTr = -27.500 +/- 999999 cal/K/mol
mole vol.= 20.700 cm3/mol
mole wt.= 102.4751 g/mol
date: 12.Sep. 1997

HS- =1 H+ =+ 1 82

log_k -18.9995 # +/- 2.0

delta_h 11.8 kecal/mol # +/- 1000
analytical_expression -8. 145472E+2 -1. 278295E-1
I In|_gamma 5.0

—Range: 0.01 - 300 deg C
gflag: 3 [delfGO from log K data] for reaction shown

-1.047075E+4

-3.796707E+04

-3. 768341E+04

—4. 122052E+04

-3. 478064E+04

-9. 134381E+03

4. 363748E+4

Im-80

—4. 246886E+2

-2. 451296E+02

-2. 455317E+02

-2. T18959E+02

-2. 2712817E+02

-4. 514091E+01

2.912365E+2

4. 631694E+6

2.197416E+06

2.165701E+06

2. 410591E+06

2.026188E+06

1. 600622E+05

-2. 964026E+6
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extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1986MYE] [1982WAG/EVA] [Unpub|ished]
delfGO = 28.78 +/- 2.6 kcal/mol

delfHO = 7.9 +/- 2 kcal/mol

SOPrTr = =31 +/- 11 cal/K/mol *[GHS]

CpPrTr = -91.817 +/- 999999 cal/K/mol

mole vol.= -0.671 cm3/mol

mole wt.= 32.0660 g/mol

date: 6. Apr. 2020

+0.502-1H20 =1 S2-2

log_k 33.2673 # +/- 1.5

delta_h -52.0 kecal/mol # +/- 4
analytical_expression  —1.945080E+2  -2.885857E-2 2.319281E+4 6. 789461E+1
| In|_gamma

-mass_balance S(-2)2

—-Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1982WAG/EVA] [1988SHO/HEL]
delfGO = 19.0 +/- 2 kcal/mol

delfHO = 7.2 +/- 2 kcal/mol

SOPrTr = 6.8 +/- 2 cal/K/mol

CpPrTr = -65. 100 +/- 999999 cal/K/mol

mole vol.= 20.201 cm3/mol

mole wt.= 64.1320 g/mol

date: 3.Jul. 1987

2 + 2 H+ = 1 H20 = 1 S205-2

log_k 9.5934 # +/- 3

delta_h 3.48 keal/mol # +/- 999999
analytical_expression 1.377777E+3 2. 212945E-1 ~7.757843E+4  -4.962779E+2
I Inl_gamma 4

—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm: SUPCRT92 [1992JOH/0EL]
data source: [1952LAT] [19888H0/HE

delfGO = —189 0 +/- 1 kcal/mo

del fHO = -232.000 +/- 999999 kcal/mol

SOPrTr = 25000 +/- 999999 cal /K/mol

CpPrTr = -48.300 +/- 999999 cal/K/mol

mole vol.= 33.901 cm3/mol

mole wt.= 144.1290 g/mol

date: 11.Sep. 1997

+102+ 1 Hr - 2H20 =183-2

log_k 79.3915 # +/- 1.5

delta_h ~116.0 kcal/mol # +/- 5
analytical_expression  3.629787E+2  5.935079E-2  6.461696E+3  -1.350393E+2
I'Inl_gamma 4

-mass_balance  S$(-2)3

—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/0EL]
data source: [1982WAG/EVA] [1988SHO/HEL]

delfG0 = 17.6 +/- 2 kcal/mol

delfHO = 6.2 +/- 2 kcal/mol

SOPrTr = 15.8 +/- 2 cal/K/mol

CpPrTr = -57.900 +/- 999999 cal/K/mol

mole vol.= 29.200 cm3/mol

mole wt.= 96. 1980 g/mol

date: 3.Jul. 1987

2 -2 H20 - 0.5 02 + 4 H+ = 1 S306-2
log_k -6.2317 # +/- 4
delta_h 38.6 kcal/mol # +/- 9999

-8. 365385E+5

4. 803875E+6

9. 945068E+5

analytical_expression 3. 043631E+03 4.797069E-01 -1. 805081E+05 -1.095134E+03 1. 087729E+07

I Inl_gamma 4

-mass_balance  S(+4)3

—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]
extrapolation algorithm: SUPCRT92 [1992JOH/0EL]
data source: [1952LAT] [1988SHO/HEL]
delfGO = -229.0 +/- 1 kcal/mol
delfHO = -279.000 +/- 999999 kcal/mol
SOPrTr = 33.000 +/- 999999 cal/K/mol
CpPrTr = -43.500 +/- 999999 cal/K/mol
mole vol.= 41.901 cm3/mol

mole wt.= 192.1944 g/mol

date: 11.Sep. 1997

+1.502+2H+—3H20—1S4—2

log_k 125.2959 # +/- 1

delta_h ~179.7 keal /mol # +/- 6
analytical_expression 8. 266005E+2 1. 364294E-1 -4.407730E+3 -3. 049451E+2
I Inl_gamma 4

-mass_balance  S$(-2)4

—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1982WAG/EVA] [1988SHO/HEL]
delfGO = 16 5 +/- 2 keal/mol

delfHO = 5.5 +/- 2 keal/mol

SOPrTr = 24.7 +/- 2 cal /K/mol

CpPrTr = -50. 700 +/- 999999 cal/K/mol

mole vol.= 38.101 cm3/mol

mole wt.= 128.2640 g/mol

date: 3.dul.1987

+ 4 803-2 - 3 H20 - 1.5 02 = 1 S406-2

log_k -38.3860 # +/- 6

delta_h 105.7 kcal/mol # +/- 8

analytical_expression 4. 489279E+3 7. 229966E-1 -2. 153440E+5 -1.616362E+3
I In|_gamma

-mass_balance  S(+4)4

—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]

data source: [1982WAG/EVA][1988SHO/HEL]

m-81
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delfG0 = -248.7 +/- 2 kcal/mol
delfHO = -292.6 +/- 2 kcal/mol
SOPrTr = 61.5 +/- 2 cal/K/mol

CpPrTr = -26.400 +/- 999999 cal/K/mol
mole vol.= 56.501 cm3/mol

mole wt.= 224.2604 g/mol

date: 11.Sep. 1997

02 + 3 H+ + 5 HS- - 4 H20 = 1 S5-2
log_k 170. 9803 # +/- 2
delta_h -243.1 kecal/mol #

+/- 8
analytical_expression 1. 350508E+3 2. 208629E-1 ~1.908114E+4 —4.961424E+2 4.114681E+6

| In|_gamma

-mass_balance S(-2)5

—-Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1982WAG/EVA] [1988SHO/HEL]
delfGO = 15 7 +/- 2 kecal/mol

delfHO = 5.1 +/- 2 kcal/mol

SOPrTr = 33 6 +/- 2 cal/K/mol

CpPrTr = -43.600 +/- 999999 cal/K/mol
mole vol.= 47.001 cm3/mol

mole wt.= 160.3300 g/mol

date: 3.Jul. 1987

H+ + 5 803-2 - 4 H20 - 2.5 02 = 1 S506-2
log_k -99. 4208 # +/- 7
delta_h 198.0 kcal/mol # +/- 1

0
analytical_expression  5.915925E+3 9. 541592E-1 -3.762404E+56  -2.132142E+3 2. 114968E+7

I Inl_gamma

-mass_balance  S(+4)5

—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1952LAT] [1988SHO/HEL]
delfGO = -229.0 +/- 1 keal/mol
delfHO = -281.0 +/- 2 kcal/mol

SOPrTr = 40.0 +/- 5 cal/K/mol

CpPrTr = -39.300 +/- 999999 cal/K/mol
mole vol.= 45.501 cm3/mol

mole wt.= 256.3264 g/mol

date: 11.Sep. 1997

+ 1 Cyanide- + 1 8203-2 - 1 803—2 =+ 1 SCyanide-
log_k 7.6233 # +/-
deltah  -14.6 kcal/mol +/— 3

analytical expresglon 1. 795978E+1 2.302271E-3 1. 823950E+3 -1.222064E+0 6. 486340E+4

I Inl_gamma 3

—Range: 0.01 - 300 deg C

gflag: 1 [reported deIfGO used]
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1982WAG/EVA] [1997SHO/SAS]
delfG0 = 22.2 +/= 2 keal/mol

delfHO = 18.3 +/- 2 kcal /mol

SOPrTr = 34.5 +/- 2 cal/K/mol

CpPrTr = 9.6 +/- 2 cal/K/mol

mole vol.= 35.700 cm3/mol

mole wt.= 58.0837 g/mol

date: 7.0ct. 2019

+ 1 HSe- — 1 H+ = + 1 Se-2
log_k -14. 9973 #+/-0.2
delta_h 7.5 keal/mol # +/- 3
analytical_expression -8.097574E+2 -1.280857E-1 4.389675E+4 2.902351E+2
I Inl_gamma 4.0
-Range: 0 01 - 300 deg C
gflag: 3 [delfGO from log K data] for reation shown
extrapolation algorithm: SUPCRT92 [1992J0 H/0EL]
data source: [1974NAU/RYZ] [1982WAG/EVA] [1990LEV/MYE] [Unpub | ished]
delfG0 = 30 96 +/- 0.6 kcal/mol
delfHO = 10.9 +/- 3 keal/mol *[GHS]
SOPrTr = —26 +/= 10 cal/K/mol
CpPrTr = -83.497 +/- 999999 cal/K/mol
mole vol.= 4.849 cm3/mol
mole wt.= 78.9600 g/mol
date: 7. Apr. 2020

Si(OH)4 + 4 H+ + 6 F- - 4 H20 = 1 SiF6-2
log_k 26.0250 # +/- 2
delta_h -14.2 keal/mol # +/- 2

analytical_expression 3. 274351E+3 5. 004669E-1 -1. 808950E+5 -1.179244E+3 1.130126E+7

I Inl_gamma 4

—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1982WAG/EVA] [1988SHO/HEL]
delfGO = -525.7 +/- 2 keal/mol

delfHO = -571.0 +/- 2 kecal/mol

SOPrTr = 29.2 +/- 2 cal/K/mol

CpPrTr = -47.100 +/- 999999 cal/K/mol
mole vol.= 42.601 cm3/mol

mole wt.= 142.0759 g/mol

date: 16.Feb. 1988

+1Si(0H4 -1 H+ =+ 1 Si0(0H)3-
log_k 8096 # +/- 0.15
delta_h 6 6 keal/mol # +/- 1
analytical_expression -3. 543518E+2 —6. 784033E-2 1. 616692E+4 1. 301082E+2
I In|_gamma 4.0
—Range: 0.01 - 300 deg
gflag: 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992JOH/OEL] as HSi03-
data source: [1934FLI/WEL][1940R0L/ERV] [1957GRE/PRI] [1958GRE] [1958SCH/MUL] [19591NG] [1959LAG]
[1965AVE] [1967BIL/ING] [1974SAN/SCH] [1977BUS/MES] [1981SJ0/NOR] [1983SJ0/HAG]
delfG0 = -242.836 + 1 H20 = -299.524 +/- 0.47 kcal/mo|
delfHO = -274.2 + 1 H20 = -342.5 +/— 1 keal/mol *[GHS]
SOPrTr = 4.0 + 1 H20 = 20.7 +/- 4 cal/K/mol
CpPrTr = -8 + 1 H20 = 10 +/- 10 cal/K/mol

m-82
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mole vol.= 4.000 + 1 H20 = 22.068 cm3/mol
mole wt.= 77.0916 + 1 H20 = 95.1068 g/mol
date: 23.0ct. 2019

Si(OH)4 - 2 H+ = + 1 Si02(0H)2-2
log_k -23.1701 # +/- 0.16
delta_h 16.8 kcal/mol # +/- 6

analytical_expression -1.116756E+3 —1. 884414E-1 5. 723793E+4 4. 042408E+2

| In|_gamma 4.5

—-Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction shown
extrapolatlon algorithm: SUPCRT92 [1992J0H/OEL] as Si03
data source: [1959ING] [1959LAG] [1965AVE] [1977BUS/MES] [IQB]SJO/NOR] [1983SJ0/HAG]
delfG0 = -224.609 + 1 H20 = -281.297 +/- 0.47 kcal/mol
delfHO = -264.0 + 1 H20 = -332.3 +/f 6 kcal/mol *[GHS]
SOPrTr = =23 + 1 H2 -6 +/- 20 cal/K/mol

CpPrTr = =70 + 1 H2 -52 +/- 20 cal/K/mol

mole vol.= -9.600 + 1 H20 = 8.468 cm3/mol

mole wt.= 76.0837 + 1 H20 = 94.0989 g/mol

date: 10.Dec. 2019

0 =
0 =

Sn+2 + 2 H20 - 2 H+ = 1 Sn(OH)Z

log_k -7.0792 # +/- 0

delta _h 10. 32 kcal/mol # +/- 999

analytical_expression 2. 7975 24E+2 4.050818E-2 -1.583216E+4 -1.020319E+2
gamma 0.041

4
—-Range: 0.01 - 300 deg C
gflag: 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL] as Sn0(aq)
data source: [1976BAE/MES] [1997SH0/SAS_al
delfG0 = -53.60 + 1 H20 = 1 0.29 +/- 0.5 kcal/mol

-60.15 + 1 H20 = -128.47 +/- 999999 kcal /mol *[GHS]
14,800 + 1 H20 = 31.512 +/- 999999 cal/K/mol
CpPrTr = -32.400 + 1 H20 = -14.388 +/- 999999 cal/K/mol
mole vol.= 7.300 + 1 H20 = 25. 368 cm3/mol
mole wt.= 134.7094 + 1 H20 = 152. 7246 g/mol
date: 20.Jul. 2018

Sn+4 + 2 H20 - 2 H+ = 1 Sn (OH) 2+2
log_k 1.8342 # +
delta_h  15.32 kcal/mol # +/- 9999
analytical_expression 2. 834 625E+2 4.272407E-2 —1. 447047E+4 -1.006268E+2
I Inl_gamma 5
-Range: 001—300d C
gflag 3 [delfG0 from log K data] for Sn(OH)4(ag) + 2 H+ — 2 H20 = Sn(OH) 2+2
extrapolation algorithm: OptimB [2015SHV], SUPCRT92 [1992JOH/0EL] as Sn0+2
data source: [1984HOU/KEL] [1987BRO/WAN] [1997SH0/SAS _a]
delfGO = -58. -115.29 +/- 0.7 keal/mol

H20 = —128 17 +/- 999999 kcal/mol *[GHS]

del fHO = -59. 800 + 1

SOPrTr = 1.500 + 1 H20 = 18.212 +/- 999999 cal/K/mol
CpPrTr = -62.510 + 1 H20 = -44.498 +/- 999999 cal/K/mol
mole vol.= 5.140 + 1 H20 = 23.208 cm3/mol

mole wt.= 134.7094 + 1 H20 = 152. 7246 g/mol

date: 03.Jul.2018

Sn+2 + 3 H20 - 3 H+ = 1 Sn(OH)S—
log_k - 2 #+/-0
delta_h —51 68 kcal/mol # +/- 9
analytical_expression -3. 642810E+2 —6.251281E-2 1.810719E+4 1.305521E+2
I Inl_gamma 4
-Range: 0 01 - 300 deg C
gflag: 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/0EL] as HSn02-
data source: [1976BAE/MES] [1997SHO/SAS a]
delfGO = -97.30 + 1 H20 = -153.99 +/- 0.4 kcal/mol
delfHO = -122. 080 + 1 H20 = —190 397 +/- 999999 kcal/mol *[GHS]
SOPrTr = 9.400 + 1 H20 = 26.112 +/- 999999 cal/K/mol
CpPrTr = —45.400 + 1 H20 = -27.388 +/- 999999 cal/K/mol
mole vol.= 14.100 + 1 H20 = 32.168 cm3/mol
mole wt.= 151.7167 + 1 H20 = 169. 7319 g/mol
date: 12.Sep. 1997

Sn+4 + 3 H20 - 3 H+ = 1 Sn(OH)3+
log_k 0.8683 # +/- 0
deltah  18.93 kcal/mol # +/= 9999
analytical_expression 4. 880643E+2 7.109493E-2 -2. 459873E+4 -1. 749079E+2
I Inl_gamma 4
-Range: 0. 01 - 300 deg C
gflag: 3 [delfG0 from log K data] for Sn(OH)4(aq) + l H+ - H20 = Sn(OH)3+
extrapolation algorithm: Optim HV], SUPCRT92 [1992J0H/OEL.

-3. 775023E+6

5.921607E+5

2. 809489E+5

-1.551377E+6

6. 139290E+5

data source: [1973KLI/BAR] [1982WAG/EVA] [1984H0U/KEL] [1985JAC/HEL a] [1987BRO/WAN] [1988PHI/HAL]

[1997SH0/SAS_:
delfG0 = -113.97 + 1 H20 = —170 66 +/- 0.8 kcal/mol
delfHO = -124.490 + 1 H20 = -192.807 +/- 999999 kcal/mol *[GHS]
SOPrTr = 26.000 + 1 H20 = 42. 712 +/~ 999999 cal/K/mol

CpPrTr = -83.280 + 1 H20 = —65.268 +/- 999999 cal/K/mol
mole vol.= 18.200 + 1 H20 = 36.268 cm3/mol

mole wt.= 151.7167 + 1 H20 = 169. 7319 g/mol

date: 03.Jul.2018

Sn+4 + 4 H20 - 4 H+ = 1 Sn(OH) 4
log_k 0.1133 # +/- 0.6
delta_h 16.4 kecal/mol # +/- 15
analytical_expression 5. 199367E+2 8.341521E-2 -2. 645361E+4 -1. 882685E+2
gamma 3 0. 041
—Range: 0.01 - 300 deg C
gflag: 3 [delfGO from log K data] for Sn+4 + 4 H20 - 4 H+ = Sn(OH)4 (aq)
extrapolation algorithm: OptimB [2015SHV], SUPCRT92 [1992J0H/OEL] as Sn02(aq)
data source: [1952LAT] [1963FE1/SCH] [1973KIL/BAR] [1984HOU/KEL] [1985GAL] [1985JAC/HEL a]
[1987BRO/WAN] [1988PHI/HAL] [1995SO0R/DAD] [2011RAI/YUI]
delfG0 = -112.94 + 2 H20 = -226.32 +/- 0.7 kcal/mol
delfHO = -127.0 + 2 H20 = -263.6 +/- 3 kcal/mol *[GHS]
SOPrTr = 14 + 2 H20 = 47 +/- 10 cal/K/mol
CpPrTr = -49.784 + 2 H20 = -13.760 +/- 999999 cal/K/mol
mole vol.= 15.257 + 2 H20 = 51.393 cm3/mol
mole wt.= 150. 7088 + 2 H20 = 186. 7392 g/mol
date: 03.Jul. 2018

Sn+4 + 5 H20 - 5 H+ = 1 Sn(OH)5-

Im-83

8. 788599E+5
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log_k -8.0434 # +/- 0.2

delta_h 18.65 kcal/mol # +/- 999999

analytical_expression -1.020627E+1 -6. 448813E-3 -5. 444488E+2 4. 759092E+0
| In|_gamma 4

—-Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] Sn(OH)4 + 1 H20 - 1 H+ = Sn(OH)5-
extrapolatlon algorithm: OptimB [2015SHV], SUPCRT92 [1992JOH/OEL] as HSn03-
data source: [1997SHO/SAS_a] [19980DA/AMA]

delfG0 = -158.5 + 2 H20 = -271.9 +/- 1 kcal/mol

delfHO = -193.100 + 2 H20 = -329.734 +/- 999999 kcal/mol *[GHS]

SOPrTr = 1.000 + 2 H20 = 34.424 +/- 999999 cal/K/mol

CpPrTr = -26.280 + 2 H20 = 9. 744 +/- 999999 cal/K/mol

mole vol.= 19.650 + 2 H20 = 55.786 cm3/mol

mole wt.= 167.7161 + 2 H20 = 203. 7465 g/mol

date: 05.Jul. 2018

Sn+4 + 6 H20 - 6 H+ = 1 Sn(OH)6-2

log_k -18.2102 # +/- 0.2
delta_h 12.85 kcal/mol # +/- 999999
analytical_expression -7.202526E+2 -1.200355E-1 3.917434E+4 2.581180E+2

| In|_gamma 4

—-Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] Sn+4 + 6 H20 - 6 H+ = Sn(OH)6-2
extrapolatlon algorithm: OptimB [2015SHV], SUPCRT92 [1992JOH/OEL] as Sn03-2
data source: [1997SHO/SAS_a] [19980DA/AMA]

delfG0 = -144.63 + 3 H20 = -314.69 +/- 0.5 kcal/mol

delfHO = -198.930 + 3 H20 = -403.881 +/- 999999 kcal/mol *[GHS]
SOPrTr = -65.100 + 3 H20 = -14. 964 +/- 999999 cal/K/mol

CpPrTr = -68.935 + 3 H20 = -14.899 +/- 999999 cal/K/mol

mole vol.= -18.595 + 3 H20 = 35.609 cm3/mol

mole wt.= 166.7082 + 3 H20 = 220.7538 g/mol

date: 05.Jul. 2018

Sn+2 + 1 Br- = + 1 SnBr+

log_k 1.3289 # +/- 0

deltah 0. 34 kcal/mol # +/—
analytical_expression 8. 787524E+2 1. 379700E-1 -4.931263E+4 -3. 181483E+2
I Inl_gamma 4.0

-Range: 0 01 - 300 deg C

gflag: 3 [delfGO from Iog K data] for reaction shown
extrapolation algorlt CRT92 [1992JOH/0EL]

data source: 7SVE/SHO a] [2012GAM/GA

delfGO = -33. 250 +/~- 0. 44 kcal /mol

-30.80 +/- 0.7 kcal/mol *[GHS]

23.01 +/- 2.0 cal/K/mol

CpPrTr = 1 +/- 30 cal/K/mol

mole vol.= 15.600 cm3/mol

mole wt.= 198, 6140 g/mol

date: 2. Apr. 2020

Sn+2 + 2 Br- = + 1 SnBr2

log_k 1.9688 # +/- 0.21

delta_h  1.04 keal/mol # +/-

analytical_expression 1. 5927I7E+3 2. 475583E-1 -8. 897190E+4 -5. 765760E+2
gamma 3.0 0.041

-Range: 001 300 deg C

gflag 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1997SVE/SHO_a] [2012GAM/GAJ]

delfG0 = -58.990 +/- 0.47 kcal/mol

delfHO = -59. 14 +/- 2.7 kcal/mol *[GHS]

SOPrTr = 48.1 +/- 9 cal/K/mol

CpPrTr = =11 +/- 50 cal/K/mol

mole vol.= 51.200 cm3/mol

mole wt.= 278.5180 g/mol

date: 2. Apr. 2020

Sn+2 + 3Br-=+18

log_k 1.9271 # +/ 0 21

delta_h 2.0 keal/mol # +/- 4
analytical_expression 1.900323E+3 2. 939509E-1 -1. 054705E+5 —6. 881723E+2
I Inl_gamma 3.0

-Range: 0 01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1997SVE/SHO_a] [2012GAM/GAJ]

delfG0 = -83.800 +/- 0.53 kcal/mol

delfHO = -87.2 +/- 4 kecal/mol *[GHS]

SOPrTr = 71 +/- 13 cal/K/mol

CpPrTr = =50 +/- 70 cal /K/mol

mole vol.= 90.818 cm3/mol

mole wt.= 3584220 g/mol

date: 2. Apr. 2020

Sn+2 + 1 Cl- =+ 1 SnC|+

log_k 1.4081 # +/- 0.4

deltah  0.43 kcal/mol #+/-0

analytical_expression 8. 584937E+2 1. 354688E-1 -4.799512E+4 -3. 109842E+2
I Inl_gamma 4.0

—Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction shown

extrapolation algorithm: SUPCRTO2 [1992J0H/OEl

L]
data source: [1928PRY][1981PET/MIL] [1985JAC/HEL_a] [1997SVE/SHO_a] [2001MUL/SEW] [2012GAM/GAJ]

delfG0 = -39.87 +/- 0.4 kcal/mol
delfHO = -41.60 +/- 0.6 kcal/mol| *[GHS]
SOPrTr = 17.46 +/- 1.3 cal/K/mol
CpPrTr = -0.7 +/- 7 cal/K/mol

mole vol.= 8.996 cm3/mol

mole wt.= 154.1627 g/mol

date: 10.Dec. 2019

Sn+2 + 2 Cl- = + 1 SnCI2

log_k 2.3031 # +/- 0.17

delta_h  -0.33 kcal/mol # +/- 0.6

analytical_expression 1. 603624E+3 2.511121E-1 -8. 899329E+4 -5.812677E+2
gamma .0 0. 041

“Range: 0.01 - 300 deg

gflag: 3 [delfGO from log K data] for reaction shown

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]

-84

-5. 211048E+5

—2. 866959E+6

3. 028509E+6

5. 382185E+6

6. 270374E+6

2.934030E+6

5. 386444E+6
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data source: [1928PRY] [1949R1C/POP] [1964SIL/MAR] [1975FED/BOL] [1981PET/MIL] [1985JAC/HEL _a]
[1990WIL/EUG] [1997SVE/SHO_a] [2001MUL/SEW] [2012GAM/GAJ]

delfG0 = -72.470 +/- 0.23 kcal/mol

delfHO = -82.30 +/- 0.5 kcal/mol| *[GHS]

SOPrTr = 32.57 +/- 1.6 cal/K/mol

CpPrTr = -9.3 +/- 8 cal/K/mol

mole vol.= 36.666 cm3/mol

mole wt.= 189.6154 g/mol

date: 10.Dec. 2019

Sn+2 + 3 Cl- =+ 1 SnCI3

log_k 2.1426 # +/- 0 21

delta_h -1.47 kecal/mol # +/- 0.8

?Ta:ytlcal _expression 1. 714727E+3 2. 693961E-1 -9. 484812E+4 -6. 221501E+2 5. 749339E+6
nl_gamma

—-Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] for reactlon shown

extrapolatlon algorithm: SUPCRT92 [1992J0H/OF

data source: [1928PRY][1949RIC/POP] [1975FED/BOL] [1997SVE/SHO_a] [2001MUL/SEW] [2002UCH/SAK] [2012MAR/CRE]

delfGO = -103. 630 +/- 0.47 kcal/mol

delfHO = -123.37 +/- 0.8 kcal/mol *[GHS]

SOPrTr = 41.6 +/- 2 cal/K/mol

CpPrTr = -34.0 +/- 8 cal/K/mol

mole vol.= 66.590 cm3/mol

mole wt.= 225.0681 g/mol

date: 10.Dec. 2019

Sn+2 + 4 Cl- = + 1 SnCl4-2

log_k 2.0333 # +/- 0.4

delta_h  -4.54 keal/mol # +/- 1
analytical_expression 634923E+3 2.575536E-1 -8.979697E+4 -5. 941365E+2 5. 479664E+6
I Inl_gamma 4.0

-Range: 0 01 - 300 deg C

gflag: 3 [delfGO from Iog K data] for reaction shown
extrapolation algorlth CRT92 [1992JOH/0EL]

data source: 7SVE/SHO a] [2012GAM/GA

delfGO = -134. 86 +/- 0.7 keal/mol

delfHO = -166.37 +/- 1.1 kcal/mol *[GHS]

SOPrTr = 44.4 +/- 3 cal/K/mol

CpPrTr = -67.1 +/- 3 cal/K/mol

mole vol.= 100. 401 cm3/mol

mole wt.= 260.5208 g/mol

date: 10.Dec. 2019

Sn+2 + 1 F- = + 1 SnF+

log_k 5.2498 # +/- 019

delta_h  -5.01 keal/mol # +/- 0
analytical_expression 8. 855691E+2 1. 381674E-1 -4. 861884E+4 -3. 204173E+2 3. 058099E+6
I Inl_gamma 4.0

-Range: 001—300d C

gflag 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/0EL]
data source: [1997SVE/SHO a] [2012GAM/GAJ]

delfG0 = -81.072 +/- 0.47 kcal/mol

delfHO = -87. 26 +/= 0.6 kcal/mol *[GHS]

SOPrTr = 0.08 +/- 1.1 cal/K/mol

CpPrTr = 3.8 +/- 5 cal/K/mol

mole vol.= -11.277 cm3/mol

mole wt.= 137.7084 g/mol

date: 10.Dec. 2019

Sn+2 + 2 F- = SnF2

log_k 8. 8914 # +/-0.21

delta_h  -10.95 keal/mol # +/- 0
analytical_expression 1. 766227E+3 2. 749670E-1 -9.607113E+4 —6. 402315E+2 5. 965585E+6
gamma 4.0 0.041

-Range: 0 01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/0EL]
data source: [1997SVE/SHO a] [201ZGAM/GAJ]

delfGO = -153.38 +/- 0.6 kcal/mo

delfHO = -173.35 +/- 0.7 kcal/mol *[GHS]

SOPrTr = =6.29 +/- 1.2 cal/K/mol

CpPrTr = 6.2 +/- 5 cal /K/mol

mole vol.= -5.700 cm3/mol

mole wt.= 156.7068 g/mol

date: 10.Dec. 2019

Sn+2 + 3 F- =1 SnF3-

log_k 11.5009 # +/- 1

delta_h  -19.82 keal/mo| # +/- 1
analytical_expression 1. 737872E+3 2.685287E-1 -9. 286634E+4 —6. 308566E+2 5. 871183E+6
I Inl_gamma 4

—Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1997SVE/SHO_a] [2012GAM/GAJ]

delfGO = -224.28 +/- 1.5 kcal/mol

delfHO = -262.37 +/- 1.5 kcal/mol *[GHS]

SOPrTr = -27.20 +/- 1.3 cal /K/mol

CpPrTr = =30.7 +/- 7 cal/K/mol

mole vol.= 1.300 cm3/mol

mole wt.= 175.7052 g/mol

date: 23.Jul.2018

Sn+2 + 1 NO3- = + 1 SnNO3+

log_k 1.2681 # +/- 0.31

deltah  0.56 kcal/mol # +/- 1.7
analytical_expression 9. 287691E+2 1. 433098E-1 -5. 300870E+4 -3. 353093E+2 3.312201E+6
I In|_gamma 4.0

—Range: 0.01 - 300 deg

gflag: 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992JOH/OEL]
data source: [1997SVE/SHO_a] [2012GAM/GAJ]

delfG0 = -34.81 +/- 0.8 kcal/mol

delfHO = -50.99 +/- 1.7 kcal/mol| *[GHS]

SOPrTr = 38.80 +/- 5.0 cal/K/mol

CpPrTr = 26 +/- 25 cal/K/mol

mole vol.= 19.900 cm3/mol
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# mole wt.= 180.7149 g/mol
# date: 10.Dec. 2019

1 8n+2 + 2 NO3- = 1 Sn(NO3)2
log_k 1.3927 # +/- 0.53
delta_h 3.40 kcal/mol #+/-3

analytical expre(s)s(l)z? 1. 585301E+3 2.427813E-1 -9.260778E+4 -5.706571E+2

gamma 3
—-Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1997SVE/SHO_a] [2012GAM/GAJ]

delfG0 = -61.49 +/- 1.4 kcal/mol

delfHO = -97.59 +/- 2.2 kcal/mol| *[GHS]

SOPrTr = 84.01 +/- 5.7 cal/K/mol

CpPrTr = 76.0 +/- 70 cal/K/mol

mole vol.= 60.400 cm3/mol

mole wt.= 242.7198 g/mol

date: 23.Jul. 2018

TR

Sn+2 + 1 H20 - 1 H+ = 1 SnOH+
log_k -3.4141 # +/- 0.4
delta_h 6.59 kcal/mol # +/- 1.6

analytical_expression 2.066519E+2 2.955262E-2 -1.197791E+4 ~7. 459576E+1

| In|_gamma 4

—-Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1976BAE/MES] [1997SHO/SAS_b]
delfG0 = -58.60 +/- 0.7 kcal/mol

delfHO = -63.830 +/- 999999 kcal/mol| *[GHS]
SOPrTr = 19.200 +/- 999999 cal/K/mol

CpPrTr = -12.900 +/- 999999 cal/K/mol

mole vol.= 7.792 cm3/mol

mole wt.= 135, 7173 g/mol

date: 13.Jun. 2018

Sn+4+IH20—IH+‘1Sn H+3
g_k 1.6216 # +/- 0 35
deltah 7.7 keal/mol # +/- 15

TR

analytical,exprgssion 1.785128E+2 2.687664E-2 -1. 046993E+4 -6. 261340E+1

I Inl_gamma

# -Range: 0 01 - 300 deg C
# gflag: 3 [delfGO from log K data] for Sn(OH)4(aq) + 3 H+ — 3 H20 = SnOH+3
# extrapolation algorithm: OptimB [2015SHV], SUPCRT92 [1992J0H/0EL]
#  data source: [1979VAS/GLA] [1984HOU/KEL] [1987BRO/WAN] [1997SVE/SHO_a] [2011RAI/YUI]
#  delfG0 = —58 310 +/- 0,28 keal /mo
#  delfHO = 410 +/- 999999 kcal/mol *[GHS]
#  SOPrTr = —25 000 +/- 999999 cal/K/mol
#  CpPrTr = -8.700 +/- 999999 cal/K/mol
#  mole vol.= 0.900 cm3/mol
#  mole wt.= 135.7173 g/mol
#  date: 03.Jul.2018
+ISn+2+1H20+1C|——1H+-+ISn0HCI
log_k 0940 # +/- 0.25
delta_h 3 9 keal/mol # +/- 6
analytical_expression 9. 359936E+2 1. 431606E-1 -5.216237E+4 -3. 392837E+2
gamma 3.0 0.041
# -Range: 0 01 - 300 deg C
# gflag: 3 [delfGO from log K data] for reactlon shown
# extrapolation algorithm: SUPCRT92 [1992J 0H/OE
#  data source: [1952VAN/RHO] [1981PET/MIL][1982WAG/EVA] [1997SVE/SHO_a] [1999L0T/0CH]
#  delfG0 = -91.78 +/- 0.5 kcal/mol
#  delfHO = -106.4 +/- 6 kcal/mol *[GHS]
#  SOPrTr = 30 +/- 20 cal/K/mo
#  CpPrTr = -12.640 +/- 999999 cal/K/mol
#  mole vol.= 34.740 cm3/mol
#  mole wt.= 171.1700 g/mol
# date: 31.May. 2019

Sn+2 + 1 S04-2 = 1 SnS04
log_k 3.4305 # +/- 0. 25
delta_h  -0.15 keal/mol # +/- 1

analytical expre(s)s(l)zr]] 1. 695133E+3 2. 605455E-1 -9. 343124E+4 —6. 136180E+2

gamma 4

-Range: 0 01 - 300 deg

gflag: 3 [delfGO from Iog K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1997SVE/SHO_a] [2012GAM/GAJ]
delfGO = -189.18 +/- 0.5 kcal/mol

delfHO = -219.65 +/- 1.1 kcal /mol *[GHS]
SOPrTr = 15.78 +/- 3.2 cal/K/mol

CpPrTr = -35.5 +/- 20 cal/K/mol

mole vol.= 4.600 cm3/mol

mole wt.= 214.7736 g/mol

date: 03.Jul.2018

S03-2 + 2 H+ - 1 H20 = 1 S02
log_k 9.0656 # +/- 1.5
delta_h 6.389 kcal/mo| # +/- 2
analytical_expression 1. 430269E+3 2. 314208E-1 -8. 202020E+4 -5. 145213E+2
gamma 3 0. 041
—Range: 0.01 - 300 deg C
gflag: 1 [reported delfGO used]
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1982WAG/EVA] [1989SHO/HEL]
delfGO = -71.980 +/- 0.02 kcal/mol
delfHO = -77.194 +/- 0.02 keal/mol
SOPrTr = 38.7 +/- 2 cal/K/mol
CpPrTr = 46.600 +/- 999999 cal/K/mol
mole vol.= 38.501 cm3/mol
mole wt.= 64.0648 g/mol
date: 13.Jul. 1987

TR TR
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+ 1 Sr+2 + 1 Acetate- = + 1 SrAcetate+
log_k 1.0797 # +/- 0.3
delta_h  0.605 kcal/mol # +/- 999999

analytical_expression 9. 505586E+2 1.461216E-1 -5. 550562E+4 -3. 423833E+2

II-86

5. 899250E+6

5. 225600E+5

4.573414E+5

2.996812E+6

5. 541167E+6

5. 159558E+6

3. 584544E+6
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| In|_gamma 4.0

—-Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/0EL]
data source: [1964ARC/MON] [1993SHO/KER]
delfG0 = -224.50 +/- 0.5 kcal/mol

delfHO = -247.255 +/- 999999 kcal/mol *[GHS]
SOPrTr = 20.000 +/- 999999 cal/K/mol

CpPrTr = 77.394 +/- 999999 cal/K/mol

mole vol.= 30.046 cm3/mol

mole wt.= 146.6645 g/mol

date: 17. Aug. 1992

Sr+2 + 2 Acetate- = + 1 Sr (Acetate)?
log_k 1.5019 # +/- 0.3
delta_h 0.503 kcal/mol +/- 99999

analytical express(l)ogﬂ 1.806234E+3 2. 764994E-1 -1.067172E+5 —6. 499130E+2

gamma 3.0

—-Range: 0.01 - 300 deg C

gflag: 2 [estimated delfGO used] by linear correlation
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1993SHO/KER] [Unpubl ished]
delfG0 = -313.35 +/- 0.6 kcal/mol

delfHO = -363.547 +/- 999999 kcal/mol *[GHS]
SOPrTr = 42.200 +/- 999999 cal/K/mol

CpPrTr = 176.659 +/- 999999 cal/K/mol

mole vol.= 82.921 cm3/mol

mole wt.= 205.7090 g/mol

date: 10. Sep. 1992

Sr+2 + 1 Cl- =1 SrCl+

log_k -0.2485 # +/- 9

delta_h 1.81 keal /mol # +/
analytical_expression 1. 761694E+2 1.257252E-1 -4. 351560E+4 —2. 819925E+2
I Inl_gamma 4

-Range: 0. 01 - 300 deg C

gflag: 3 [delfGO from Iog K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/0EL]

data source: [1982MAJ/STU] [1997SVE/SHO]

delfG0 = -165.800 +/- 999999 kcal/mol

-169. 790 +/- 999999 kcal /mol

11.000 +/- 999999 cal/K/mol

CpPrTr = 11.840 +/- 999999 cal/K/mol

mole vol.= 6.410 cm3/mol

mole wt.= 123.0727 g/mol

date: 17.Sep. 1997

Sr+2 + 1 HCO3- - 1 H+ =1 SrC03

log_k ~7.4635 # +/- 999999

delta_h 7.95 keal/mol # +/-

analytical_expression 8.108: 848E+2 1.272020E-1 -4. 414518E+4 —2. 965870E+2
gamma 3 0.041

-Range: 001—300d C

gflag 3 [delfGO from log K data] for Sr+2 + C03-2 = SrC03
extrapolation algorithm: SUPCRT92 [1992J0H/0EL]

data source: [1984BUS/PLU] [1997SVE/SHO]

delfG0 = -264.860 +/- 999999 kcal/mol

delfHO = -288. 620 +/~ 999999 kcal /mol

SOPrTr = 8.500 +/- 999999 cal/K/mol

CpPrTr = -32.100 +/- 999999 cal/K/mol

mole vol.= -15.240 cm3/mol

mole wt.= 147.6292 g/mol

date: 17. Sep. 1997

Sr+2 + 1 F- =1 SrF+

log_k 0.1393 # +/- 0.05

delta_h 1.15 kcal/mol # +/- 999999
analytical_expression 8. 179498E+2 1.303202E-1 -4. 605408E+4 -2. 966463E+2
I Inl_gamma 4

-Range: 0 01 - 300 deg C

gflag: 3 [delfGO from log K data] for reactlon shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL.

data source: [1982MAJ/STU] [1997SVE/SHO]

delfGO = -202.290 +/- 0.25 kcal/mol

delfHO = -210.670 +/- 999999 kcal/mol

SOPrTr = —6.200 +/~ 999999 cal/K/mol

CpPrTr = 16.110_+/- 999999 cal/K/mol

mole vol.= -12.790 cm3/mol

mole wt.= 106.6184 g/mol

date: 17. Sep. 1997

Sr+2 + 1 Formate- = + 1 SrFormate+
log_k 1.3912 # +/- 9999
delta_h  0.190 kcal/mol # +/- 99999

analytical_expression 9. 043538E+2 1.401481E-1 -5.171618E+4 -3.265241E+2

I Inl_gamma 4.0

—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1995SHO/KOR

delfG0 = -220.518 +/- 999999 kcal/mol

delfHO = -233.210 +/- 999999 kcal/mol *[GHS]
SOPrTr = 21.145 +/- 999999 cal/K/mol

CpPrTr = 25.100 +/- 999999 cal/K/mol

mole vol.= 15.700 cm3/mol

mole wt.= 132.6377 g/mol

date: 9.0ct. 2019

Sr+2 + 2 Formate- = + 1 SrFormate2
log_k 2.2232 # +/- 999999

delta_h -0.381 kcal/mol # +/- 999999
analytical_expression 1. 660558E+3 2. 554325E-1 -9. 531967E+4 -5. 992482E+2
gamma .0 0. 041

“Range: 0.01 - 300 deg C

gflag: 1 [reported deIfGO used]

extrapolation algorithm: SUPCRT92 [1992JOH/OEL]
data source: [1995SHO/KOR]

delfGO = -305.513 +/- 999999 kcal/mol

delfHO = -335.511 +/- 999999 kcal/mol *[GHS]

m-87

7.015784E+6

2.650763E+6

2. 282113E+6

2. 829559E+6

3. 259569E+6

6. 045240E+6



TR

TR TR TR TR TR TR

FEFEFE R TR R

SOPrTr = 44.736 +/- 999999 cal/K/mol
CpPrTr = 51.700 +/- 999999 cal/K/mol
mole vol.= 52.600 cm3/mol

mole wt.= 177.6554 g/mol

date: 9.0ct. 2019

Sr+2 + 1 H20 - 1 H+ =1 Sr0H+
log_k -13.3024 # +/- 0
delta_h 19.79 kcal/mol # +/- 9
analytical_expression 1. 785133E+2 2.548616E72 -1.327835E+4 —6. 453575E+1
| In|_gamma 4
—-Range: 0.01 - 300 deg C
gflag: 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1976BAE/MES] [1997SVE/SHO]
delfG0 = -173.30 +/- 0.3 kcal/mol
delfHO = -180. 200 +/- 999999 kcal/mol
SOPrTr = 14.600 +/- 999999 cal/K/mol
CpPrTr = -7.600 +/- 999999 cal/K/mol
mole vol.= 7.200 cm3/mol
mole wt.= 104.6273 g/mol
date: 12. Sep. 1997

Sr+2 + 1 804-2 = + 1 SrS04
log_k 2.1477 # +/- 0.3
delta_h 1.4 kcal/mol # +/- 1

analytical e)(press(i)ag41 1. 707779E+3 2.619914E-1 -9. 474367E+4 —6. 180086E+2

gamma 3.0

—Range: 0 01 - 300 deg C

gflag 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/0EL]

data source: [1987REA/ARM] [1990FEL/RA1] [1997SVE/SHO_a] [Unpub | i shed]
delfG0 = -315.62 +/- 0.4 kcal/mol

delfHO = —347 7 +/= 1 keal /mol *[GHS]

SOPrTr = 11.6 +/- 4 cal/K/mol

CpPrTr = -28 +/- 32 cal/K/mol

mole vol.= 4.682 cm3/mol

mole wt.= 183, 6836 g/mol

date: 27. Aug. 2020

Ti(OH)4 + 3 H+ - 3 H20 = + 1 TiOH+3
log_k 5 # +/- 1
delta_h —6 0 keal/mol # +/—

analytical expres(s)ion -2. 080545E+2 -3. 545400E-2 1.052113E+4 7. 664583E+1

I Inl_gamma

-Range: 0 01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/0EL]

4.276283E+5

5.621672E+6

-3. 661459E+5

data source: [1964NAB/LUK] [1969L0B/SAV] [1971NAZ/ANT] [1974VAS/VOR] [1997SHO/SAS_a] [2015P1C] [2019P1C/PRO]

delfG0 = —146 97 +/- 2.2 keal/mol
delfHO = -164.5 +/- 6 kcal/mol *[GHS]
SOPrTr = -58 +/- 20 cal /K/mol

CpPrTr = 28.920 +/- 999999 cal/K/mol
mole vol.= —4.380 cm3/mol

mole wt.= 64. 8743 g/mol

date: 2.Dec. 2019

Ti(OH)4 + 2 H+ — 2 H20 = + 1 Ti (OH) 2+2
log_k 4.6383 # +/- 0.19
delta_h  -0.9 kcal/mol # +/- 5

analytical_expression -1.223902E+2 -2. 269441E-2 8. 216686E+3 4.571403E+1

I Inl_gamma 4.5

-Range: 0 01 - 300 deg C

gflag: 3 [delfGO from log K data] for reactlon shown
extrapolation algorithm: SUPCRT92 [1992J0H /OEL.

-6. 118486E+5

data source: [1963LIB/CHI] [1974VAS/VOR] [19QSZIE/JON] [1997SHO/SAS a] [2009SCH/V0G] [2019P1C/PRO]

delfG0 = -150.30 + 1 H20 = -206.99 +/- 1.7 kcal/mol
delfHO = -159.4 + 1 H20 = -227.7 +/- 5 kcal/mol *[GHS]
SOPrTr = =30 + 1 H20 = -13 +/- 14 cal/K/mo

CpPrTr = -26.600 + 1 H20 = -8.588 +/- 999999 cal/K/mol
mole vol.= 0.100 + 1 H20 = 18.168 cm3/mol

mole wt.= 63.8664 + 1 H20 = 81.8816 g/mol

date: 2.Dec. 2019

Ti(OH)4 + 1 H+ - 1 H20 = + 1 Ti (OH) 3+
log_k 2.1037 # +/-
delta_h 2.9 keal/mol # +/-

analytical expres(s)lon 9. 565264E+1 1. 017900E-2 -4.996148E+3 -3.294551E+1

I Inl_gamma 4

-Range: 0 01 - 300 deg

gflag: 3 [delfGO from Iog K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/0EL] as

1. 504589E+5

HT 02
data source: [1963L1B/CHI] [1964NAB§I};HK% [1969L0B/SAV] [1974VAS/VOR] [1997SHO/SAS_a] [2001KNA/DIB]

[2009SCH/V0G] [2019P1C,
delfG0 = -203.53 + 1 H20 = -260. 22 +/- 3.0 kcal/mol
delfHO = -223.9 + 1 H20 = -292.2 +/- 5 kcal/mol *[GHS]
SOPrTr = =12 + 1 H20 = 5 +/- 13 cal/K/mo
CpPrTr = 3.360 + 1 H20 = 21.372 +/- 999999 cal/K/mol
mole vol.= 8.700 + 1 H20 = 26.768 cm3/mol
mole wt.= 80.8737 + 1 H20 = 98.8889 g/mol
date: 2.Dec.2019

Ti(OH)4 + 1 H20 - 1 H+ = + 1 TI(OH)5—
log_k -11.9024 # +/-
deltah  15.8 kcal/mol # +/—

analytical_expression -3. 946178E+2 —6. 775892E-2 1. 852024E+4 1. 440618E+2

I In|_gamma 4.0

—Range: 0.01 - 300 deg

gflag: 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL] as HTi03
data source: [1993Z1E/JON] [1997SHO/SAS_a] [2001KNA/DIB] [ZOOGRYZ/KOV] [2009SCH/V0G]
delfG0 = -241.11 + 2 H20 = -354.49 +/- 1.9 kcal/mol
delfHO = -279.3 + 2 H20 = -415.9 +/- 6 kcal/mol *[GHS]
SOPrTr = =16 + 2 H20 = 17 +/- 20 cal/K/mol

CpPrTr = 10 + 2 H20 = 50 +/- 40 cal/K/mol

mole vol.= 13.700 + 2 H20 = 49. 836 cm3/mo|

mole wt.= 96.8731 + 2 H20 = 132.9035 g/mol

date: 10.Dec. 2019

II-88
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In+2 + 1 Acetate- = + 1 ZnAcetate+

log_k 1.9864 # +/- 0.6

delta_h -1.7 kcal/mol # +/- 1
analytical_expression 9. 936989E+2 1. 540837E-1 -5.949507E+4 -3.572182E+2
| In|_gamma 4.0

—-Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1991G10/DRU] [Unpub ! ished]

delfGO = -126.18 +/- 0.8 kcal/mol

delfHO = -154.5 +/—= 1 kcal/mol *[GHS]

SOPrTr = -2.0 +/- 1 cal/K/mol

CpPrTr = 127.300 +/- 999999 cal/K/mol

mole vol.= 16.376 cm3/mol

mole wt.= 124.4345 g/mol

date: 10.Feb. 2021

In+2 + 2 Acetate- = + 1 Zn (Acetate)?

log_k 3.5697 # +/- 0.

delta_h -3.3 kcal/mol # +/

analytical_expression 1.895338E+3 2.917060E-1 -1.119361E+5 —6. 820335E+2
gamma 3.0 0.041

—-Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1991G10/DRU] [Unpub ! ished]

delfG0 = -216.61 +/- 0.9 kcal/mol

delfHO = -272.3 +/- 1 kcal/mol *[GHS]

SOPrTr = 20.5 +/- 1 cal/K/mol

CpPrTr = 210.0 +/- 1 cal/K/mol

mole vol.= 68.928 cm3/mol

mole wt.= 183.4790 g/mol

date: 10.Feb. 2021

In+2 + 3 Acetate— ; + 1 In(Acetate) 3-
+,

delta_h  -9.3 kcal/mol # +/- 1
analytical_expression 2.046376E+3 3. 141105E-1 -1.231020E+5 =7.353117E+2
I Inl_gamma .0

-Range: 0 01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/0EL]
data source: [1991GIO/DRU] [Unpubl ished]

delfGO = —306 47 +/- 0.9 keal/mo

delfHO = -394.5 +/- 1 kcal/mol *[GHS]

SOPrTr 26 1 +/- 2 cal/K/mol

CpPrTr = 293 +/- 10 cal /K/mol

mole vol.= 121.480 cm3/mol

mole wt.= 242, 5235 g/mol

date: 10.Feb. 2021

In+2 + 1 Cl- =1 ZnCl+

log_k 0.1986 # +/- 9

delta_h 10. 342 kcal/mol +/— 999999
analytical_expression  9.419245E+02 1. 484685E-01 -5.459551E+04 3. 391262E+02
I Inl_gamma 4

—Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1986RUA/SEW] [1997SVE/SHO]

delfG0 = —66. 850 +/- 999999 kcal/mol

delfHO = —66. 251 +/- 999999 kcal/mol

SOPrTr = 23.000 +/- 999999 cal/K/mol

CpPrTr = 19.900 +/- 999999 cal/K/mol

mole vol.= —1.280 cm3/mol

mole wt.= 100. 8427 g/mol

date: 2.Jun. 2016

In+2 + 2 Cl- =1 ZnCI2

log_k 0.2507 # +/— 999999

delta_h 7.42 keal/mol # +/- 999999

analytical_expression 1. 691439E+03 2. 662635E-01 -9. 647522E+04 —6. 114524E+02
gamma 3 0.041

-Range: 0 01 - 300 deg

gflag: 3 [delfGO from Iog K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H /0EL]

data source: [1963MAR/MAY] [1986RUA/SEW] [1987BOU/BAR] [1997SVE/SHO]
delfGO = -98. 300 +/- 999999 kcal/mol

delfHO = -109. 110 +/- 999999 kcal/mol

SOPrTr = 27.000 +/- 999999 cal/K/mol

CpPrTr = 34.700 +/- 999999 cal/K/mol

mole vol.= 24.820 cm3/mol

mole wt.= 136.2954 g/mol

date: 2.Jun. 2016

In+2 + 3 Cl- =1 ZnC

log_k -0. 0198 # +/= 99999

delta_h 3.14 keal/mol # +/- 999999
analytical_expression 1. 752615E+03 2.782638E-01 -1.005652E+05 —6. 343125E+02
I In|_gamma 4

—Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction shown
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1986RUA/SEW] [1997SVE/SHO]

delfGO = -129.310 +/- 999999 kcal/mol

delfHO = -153. 320 +/- 999999 kcal/mol

SOPrTr = 25.000 +/- 999999 cal/K/mol

CpPrTr = 41.970 +/- 999999 cal/K/mol

mole vol.= 53.901 cm3/mol

mole wt.= 171.7481 g/mol

date: 2.Jun.2016

In+2 + 4 Cl- = 1 ZnCl4-2

log_k 0.8605 # +/- 999999

delta_h 1.19 keal/mol # +/- 999999

analytical_expression 1. 783531E+03 2. 845529E-01 -1.031889E+05  -6. 451513E+02
I In|_gamma

—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used]
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extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1990SVE] [1997SVE/SHO]

delfGO = -161.890 +/- 999999 kcal/mol

delfHO = -195. 220 +/- 999999 kcal/mol

SOPrTr = 36.000 +/- 999999 cal/K/mol

CpPrTr = 43.300 +/- 999999 cal/K/mol

mole vol.= 87.671 cm3/mol

mole wt.= 207.2008 g/mol

date: 2.Jun.2016

In+2 + 1 F- =1 InF+

log_k 1.1501 # +/- 999999

delta_h 0. 66 kcal/mol # +/- 999

?Ta:ytical _expression 9. 245790E+02 1. 436099E-01 -5. 258271E+04 -3. 340937E+02
nl_gamma

—-Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] for reaction shown

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]

data source: [1981TUR/WHI][1997SVE/SHO]

delfGO = -104.110 +/- 999999 kcal/mol

delfHO = -123.370 +/- 999999 kcal/mol

SOPrTr = -21.800 +/- 999999 cal/K/mol

CpPrTr = 24.438 +/- 999999 cal/K/mol

mole vol.= -20.477 cm3/mol

mole wt.= 84.3884 g/mol

date: 2.Jun.2016

In+2 + 1 Formate- = + 1 ZnFormate+
log_k 1.7717 # +/- 999999
delta_h  -2.366 kcal/mol # +/- 999999
analytical_expression 8. 818788E+2 1. 362053E-1 -5. 033469E+4 -3. 185845E+2
I Inl_gamma 4.0
—Range: 0.01 - 300 deg C
gflag: 1 [reported delfGO used]
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1995SH0/KOR]
delfG0 = —121.477 +/- 999999 kcal/mol
-140. 756 +/- 999999 kcal/mol *[GHS]
-4.310 +/- 999999 cal/K/mol
CpPrTr = 33.500 +/- 999999 cal/K/mol
mole vol.= 8.000 cm3/mol
mole wt.= 110.4077 g/mol
date: 9.0ct. 2019

In+2 + 2 Formate- = + 1 ZnFormate2

log_k 2.9232 # +/- 999999

delta_h  -5.716 keal/mol # +/—
analytical_expression 1.718 79E+3 2. 655383E-1 -9. 791424E+4 —6. 214067E+2
gamma .0 0.041

“Range: 0.01 - 300 deg C

gflag: 1 [reported deIfGO used]

extrapolation algorlthm SUPCRT92 [1992J0H/OEL]
data source: [1995SH0/KOR]

delfG0 = -206.908 +/- 999999 kcal/mol

del fHO = -245.836 +/~ 999999 kcal/mol *[GHS]
SOPrTr = 11.424 +/- 999999 cal/K/mol

CpPrTr = 68.100 +/- 999999 cal/K/mol

mole vol.= 44.100 cm3/mol

mole wt.= 155, 4254 g/mol

date: 9.0ct. 2019

Zn+%+lH20—lH+—1
o

g_k -7.8415 # +/- 9999 9
delta_h 17.98 kcal/mol # +/- 999999
analytical_expression 2.607105E+02 3. 783496E-02 -1.769746E+04 -9. 258560E+01
I Inl_gamma 4
-Range: 0 01 - 300 deg C
gflag: 3 [delfGO from log K data] for Zincite + H+ = ZnOH+
extrapolation algorithm: SUPCRT92 [1992J0H /0EL]
data source: [1967GUB/STE] [1975KH0/YEL] [1975REI/MCC] [1988PLY/BEL] [1997SH0/SAS]
delfG0 = -81.190 +/- 999999 kcal/mol
delfHO = -87.000 +/- 999999 kcal/mol
SOPrTr = 15.000 +/~ 999999 cal/K/mol
CpPrTr = 10.000 +/- 999999 cal/K/mol
mole vol.= -5.300 cm3/mol
mole wt.= 82.3973 g/mol
date: 2.Jun. 2016

In+2 + 2 H20 - 2 H+ = 1 Zn(OH)2

log_k ~17.9350 # +/- 999999

delta_h 26.69 kcal/mol # +/- 999999

analytical_expression 3. 552249E+02 5.276115E-02 -2. 386809E+04 -1. 288998E+02
gamma 3 0.041

-Range: 0 01 - 300 deg C

gflag: 3 [delfGO from log K data] for Zlnclte = ZnO(aq)
extrapolation algorithm: SUPCRT92 [1992 JOH/OEL. n0 (aq

data source: [1975KHO/YEL] [1988PLY/BEL] [lQQZZIE/JON] [1997SHO/SAS]
delfGO = -67.420 + 1 H20 = -124.108 +/- 999999 kcal/mol

delfHO = -78.290 + 1 H20 = —146. 607 +/- 999999 kcal /mol

SOPrTr = -2.000 + 1 H20 = 14.712 +/- 999999 cal/K/mol

CpPrTr = -10.000 + 1 H20 = 8.012 +/- 999999 cal/K/mol

mole vol.= -21.900 + 1 H20 = -3.832 cm3/mol

mole wt.= 81.3894 + 1 H20 = 99. 4047 g/mol

date: 16. Sep. 1997

In+2 + 3 H20 - 3 H+ = 1 Zn(OH)3-

log_k -27.7483 # +/- 999999

delta_h 30.91 keal/mol # +/- 999999

analytical_expression  -2.696648E+02  -4.684039E-02 7. 138685E+03 9. 742409E+01

I In|_gamma 4

—Range: 0.01 - 300 deg C

gflag: 3 [delfGO from log K data] for Zincite + HZO = HZn02— + H+

extrapolation algorithm: SUPCRT92 [1992J0H/OEL] as HZnO

data source: [1954DIR/P0S] [1954FUL/SW1] [1975KHO/YEL] [1975REI/MCC] [1988PLY/BEL]
[199271E/JON] [1997SHO/SAS]

delfGO = -110.720 + 1 H20 = -167.408 +/- 999999 kcal /mol

delfHO = -142.380 + 1 H20 = -210.697 +/- 999999 kcal /mol

SOPrTr = -16.000 + 1 H20 = 0.712 +/- 999999 cal/K/mol

CpPrTr = 20.000 + 1 H20 = 38.012 +/- 999999 cal/K/mol

m-90

3.271861E+06
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8. 992449E+05

-8. 113324E+05



# mole vol.= -13.400 + 1 H20 = 4.668 cm3/mol
#  mole wt.= 98.3967 + 1 H20 = 116.4120 g/mol
#  date: 2.Jun. 2016

1 Zn+2 + 4 H20 - 4 H+ = 1 Zn(O0H)4-2
log_k -40. 5246 # +/- 999999
delta_h 41.18 kcal/mol # +/- 999999
?Ta:ytica |_expression -9. 743482E+02 -1.576865E-01 4. 385082E+04 3. 514338E+02 -3.185162E+06
nl_gamma

# —Range: 0.01 - 300 deg C
# gflag: 3 [delfGo from log K data] for Zincite + H20 - 2H+ = 7n02-2
# extrapolatlon algorithm: SUPCRT92 [1992J0H/OEL]
#  data source: [1954DIR/POS] [1954FUL/SWI] [1975KHO/YEL] [1975REI/MCC] [1988PLY/BEL]
# [1992Z1E/JON] [1997SHO/SAS]
#  delfGO = -93.290 + 2 H20 = -206. 666 +/- 999999 kcal/mol
#  delfHO = -132.110 + 2 H20 = -268. 744 +/- 999999 kcal/mol
#  SOPrTr = -40.000 + 2 H20 = -6.576 +/- 999999 cal/K/mo|
#  CpPrTr = -15.000 + 2 H20 = 21.024 +/- 999999 cal/K/mol
# mole vol.= -26.400 + 2 H20 = 9.736 cm3/mol
#  mole wt.= 97.3888 + 2 H20 = 133.4194 g/mol
#  date: 2.Jun. 2016
+1 Zn+2 + 1 Se04-2 = + 1 ZnSe04
log_k 2.1624 # +/- 0.6
delta_h 4.7 kcal/mol # +/- 4
analytical_expression 1. 717184E+3 2. 649211E-1 -9. 556589E+4 —6. 210455E+2 5. 622362E+6
gamma 3.0 0.041
# —Range: 0.01 - 300 deg C
# gflag: 3 [delfGO from log K data] for reation shown
# extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
#  data source: [1934BAN][1974MOR/SEK][20050L1/NOS] [Unpubl ished]
#  delfG0 = —143 46 +/- 0.7 keal/mol
#  delfHO = -176.0 +/- 4 kcal/mol
# SOPrTr = 9 +/- 14 cal/K/mol *[GHS]
#  CpPrTr = -13 +/- 24 cal/K/mol
#  mole vol.= 5 147 cm3/mol
#  mole wt.= 208.3476 g/mol
# date: 6. Apr. 2020
#_____
PHASES

S

Structure of data block for PHASES. 1. Minerals and 2. Gases:

S

Line 1: Name of solid or gas phase.

Line 2: Dissolution reaction of PHASES written in basis/redox species.

Line 3: Log equilibrium constant, log_k at t = 25 deg C, P = 1 bar # +/- 2 sigma uncertainty.

Line 4: Enthalpy of reaction, delrH0 (kcal/mol) # +/- 2 sigma uncertainty.

Line 5: Constants a,b,c,d, e used to calculate equil ibrium constant as a function of temperature, T(K):
log_k = a + b¥T + ¢/T + d*L0G10(T) + e/(T"2

Line 6: Valid temperature range (deg C). Note PHREEQC upper limit is 300 deg C.

Line 7: Method used to derive Gibbs energy of formation, delfGO.

Line 8: Extrapolation algorithm used to calculate delfGO and/or log_k values as a function of temperature.

Line 9: Data source references (see end of file)

Line 10: Gibbs free energy of formation, delfGO (cal/mol) at t = 25 deg C, P = 1 bar # +/- 2 sigma uncertainty.

Line 11: Enthalpy of formation, delfHO (cal/mol) at t = 25 deg C, P = 1 bar +/- 2 sigma uncertainty.

Line 12: Entropy, SOPrTr (cal/K/mol) at t = 25 deg C, P = 1 bar # +/- 2 sigma uncertainty.

NOTE1: delfGO, delfHO or SOPrTr calculated from Gibbs-Duhem relation:
delfG0 = delfHO - Tr*(SOPrTr — SOPrTr_elements)
are marked with *[GHS]
Line 13: Isobaric heat capacity, CpPrTr (cal/K/mol) at t = 25 deg C, P = 1 bar +/- 2 sigma uncertainty.
Line 14: Molar volume (cm3/mol) at t = 25 deg G, P = 1 bar
NOTE2: Unknown values in Lines 3-6 and 10- 14 are |dent|f|ed with 999999.
Line 15: Molecular weight (g/mol)

Line 16: Date that the thermodynamic data (log k, _de|fGO, delfHO, SOPrTr, CpPrTr, and/or molar volume) were derjved.

#
# 1. Minerals

Aegir
NaFe(SlOS)Z + 4 H++ 2 H20 = + 1 Na+ + 1 Fe+3 + 2 Si (OH)4
log_k 3.1874 # +/- 0.8
delta_h —15 30 keal/mol # +/- 2
analytical_expression -1, 208777E+3 -1. 647824E-1 7.222121E+4 4. 305848E+2 -4.141679E+6

# —Range: 0.01 - 300 deg C

# gflag: 1 [reported delfGO used], calorimetry

# extrapolation algorithm: SUPCRT92 [1992J0H/0EL]

#  data source: [1978HEL/DEL] [1984BEN/BRO]

#  delfG0 = -574.80 +/- 0.7 kcal/mol *[GHS]

#  delfHO = -615.65 +/- 0.7 kcal /mol

#  SOPrTr = 37.85 +/- 0.2 cal/mol/K

#  CpPrTr = 38.51 +/- 0.4 cal/mol/K

#  mole vol.= 64.596 cm3/mol

#  mole wt.= 231.0042 g/mol

# date: 26.Nov. 2020

Afwillite
Ca3Si204(OH)6 + 6 H+ = + 3 Ca+2 + 2 Si(OH)4 + 2 H20
log_k 49,3365 # +/- 999999
delta_h  -64.085 kcal/mol # +/- 999999
analytical_expression -1.507338E+3 -2.044610E-1 9. 981634E+4 5. 414092E+2 -5. 052029E+6

# —Range: not reported

# gflag: 2 [estimated delfGO used], polyhedral model

# extrapolation algorithm: SUPCRT92 [1992JOH/OEL], note Cp = constant

#  data source: [2010BLA/BOU] [2012ART/SAS]

# delfGO = -1068. 243 +/- 999999 kcal/mol

# delfHO = -1160. 230 +/= 999999 kcal/mol

# SOPrTr = 69.148 +/- 999999 cal/K/mol

#  CpPrTr = 72.550 +/- 999999 cal/K/mol

#  mole vol.= 129.567 cm3/mol

# mole wt.= 342. 4464 g/mol

# date: 9.4dul.2015

Akermanite

Ca2MgSi207 + 6 H+ + 1 H20 = + 1 Mg+2 + 2 Ca+2 + 2 Si(OH)4
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log_k 45.8240 # +/- 1.1

delta_h -74.39 kcal/mol # +/- 1.5
analytical_expression -1. 454456E+3 -2.056831E-1 9. 793725E+4 5. 204286E+2
—-Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used], phase relations
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]

data source: [1968ROB/WAL] [1978HEL/DEL] [1982PLU/BUS_a]
delfG0 = -879.36 +/- 1.0 kcal/mol

delfHO = -926.55 +/- 1.0 kcal /mol

SOPrTr = 50.03 +/- 0.5 cal/K/mol

CpPrTr = 50.665 +/- 999999 cal/K/mol

mole vol.= 92.810 cm3/mol

mole wt.= 272.6278 g/mol

date: 15.Jul. 2015

Al (N0O3) 3 (H20) 6 (s)

TR

Al (N03)3(H20)6 = + 1 Al+3 + 3 NO3- + 6 H20

log_k 7.0363 # +/- 1.4

delta_h -5.65 kcal/mol #+/-0

analytical_expression -2. 282781E+3 -3. 474204E-1 1.292279E+5 8. 271828E+2
—-Range: 25 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/OEL], Tmax = 298. 15K, assumed Cp = constant
data source: [1982WAG/EVA]

delfG0 = -526.60 +/- 0.2 kcal/mol

delfHO = -681.28 +/- 0.2 kcal/mol *[GHS]

SOPrTr = 111.8 +/- 2 cal/K/mol

CpPrTr = 103.5 +/- 2 cal/K/mol

mole vol.= 179.763 cm3/mol

mole wt.= 321.0874 g/mol

date: 1. May. 2020

Al (OH) 3 (mic)

AI(OH)3 + 3 H+ = + 1 A|+3 + 3 H20

log_k 8.4787 # +/- 0

delta_h —32 5 kcal/mol # +/= 2

analytical_expression =5.395911E+2 -8. 450686E-2 3.430615E+4 1.918657E+2

#  —Range: 001—60d C
# gflag 3 [delfGO from log K data] for reaction shown
# extrapolation algorithm: SUPCRT92 [1992J0H/0EL], Tmax for Cp =
#  data source: [1953DAN/EIC] [1958BUT/TAY] [1960CAR/BER] [1966FAU] [19890AP/MEN] [2012L0T/PEL]
#  delfG0 = -275.04 +/- 0.2 kcal /mol
#  delfHO = —301 I +/ 2 kcal/mol *[GHS]
#  SOPrTr = 39.6 +/- 6 cal/K/mo
#  CpPrTr = 21 922 +/- 999999 cal/K/mol
#  mole vol.= 32.000 cm3/mol
#  mole wt.= 78.0034 g/mol
#  date: 09.Feb.2019
Alabandite
MnS + 1 H+ = + 1 Mn+2 + 1 HS-
log_k 0.0586 # +/- 0.6
deltah  -5.75 kcal/mol # +/— 1,000. 0
analytical_expression -1.0 507E+3 -1.594204E-1 5.821739E+4 3. 715791E+2
# —Range: 0.01 - 300 deg C
# gflag: 1 [reported delfGO used], calorimetry & solubility
# extrapolation algorithm: SUPCRT92 [1992J0H/0EL]
#  data source: [1974MIL][1978HEL/DEL]
#  delfG0 = -52.16 +/- 0.5 kcal/mol
#  delfHO = -51.00 +/- 0.5 kcal/mol
#  SOPrTr = 19.20 +/- 0.2 cal/K/mol
#  CpPrTr = 11.94 +/- 0.2 cal/K/mol
#  mole vol.= 21.460 cm3/mol
#  mole wt.= 87.0040 g/mol
# date: 1. May. 2020
Alamosite
PbSi03 + 2 H+ + 1 H20 = + 1 Pb+2 + 1 Si(OH)4
log_k 11.5119 # +/- 0.5
delta_h  -14.284 kcal/mol # +/- 0.67
analytical_expression -5. 853262E+2 -8.027196E-2 3. 744455E+4 2. 098099E+2
# —Range: 0.01 - 300 deg C
# gflag: 1 [reported delfGO used] calor|metry
# extrapolation algorithm: SUPCRT92 [1992J 0H/OEL]
#  data source: [1959KIN][1962KEL] [1968BOU/PEA] [1998CHA]
#  delfG0 = -246.25 +/- 0.5 kcal/mol *[GHS]
#  delfHO = -266.320 +/- 0.46 kcal/mol
#  SOPrTr = 26.20 +/- 0.3 cal/K/mol
#  CpPrTr = 21.52 +/- 0.2 cal/K/mol
#  mole vol.= 44.980 cm3/mol
#  mole wt.= 283.2837 g/mol
# date: 23.0ct. 2019
Albite
NaA1Si308 + 4 H+ + 4 H20 = 1 Al+3 + 1 Na+ + 3 Si (OH) 4
log_k 3.5133 # +/- 1
delta_h —20 55 kcal/mol # +/= 1
analytical_expression -1. 085659E+3 -1.488734E-1 6. 666795E+4 3. 850588E+2
# —Range: 0.01 - 300 deg C
# gflag: 1 [reported delfGO used], phase relations
# extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
#  data source: [1960KEL][19740PE] [1978HEL/DEL]
# delfG0 = -886.31 +/- 1.0 kcal/mol
# delfHO = -939.720 +/- 1.0 keal/mol *[GHS]
#  SOPrTr = 49.510 +/- 0.2 cal/K/mol
#  CpPrTr = 48.959 +/- 999999 cal/K/mol
#  mole vol.= 100.250 cm3/mol
# mole wt.= 262. 2230 g/mol
# date: 18.Sep. 2018
Albite_high
NaAISi308 + 4 H+ + 4 H20 = 1 Al+3 + 1 Na+ + 3 Si(OH)4
log_k 4.8327 # +/- 1
delta_h  -23. 181 kcal/mol # +/- 999999
analytical_expression —1. 494869E+3 -2.021301E-1 9. 168028E+4 5. 304996E+2
# —Range: 0.01 - 300 deg C
# gflag: 1 [reported delfGO used], stability relations
# extrapolation algorithm: SUPCRT92 [1992JOH/OEL]
#  data source: [1978HEL/DEL]
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#  delfGO = -884.51 +/- 1.0 kcal/mol

#  delfHO = -937.088 +/- 999999 kcal /mol

#  SOPrTr = 52.300 +/- 999999 cal/K/mol

#  CpPrTr = 48,959 +/- 999999 cal/K/mol

# mole vol.= 100.430 cm3/mol

# mole wt.= 262.2230 g/mol

#  date: 21.Jul. 2015

Albite_low
NaAISi308 + 4 H+ + 4 H20 = 1 Al+3 + 1 Na+ + 3 Si(0H) 4
log_k 3.5133 # +/- 1
delta_h -20. 55 kcal/mol # +/- 1
analytical_expression -1. 494516E+3 -2.021715E-1 9. 111873E+4

# —Range: 0.01 - 300 deg C

# gflag: 1 [reported delfGO used], phase relations

# extrapolation algorithm: SUPCRT92 [1992J0H/OEL]

#  data source: [I%OKEL] [1974OPE] [1978HEL/DEL]

# delfGO = -886.31 +/- 1.0 kcal/mol

# delfHO = -939.720 +/- 1.0 kcal/mol *[GHS]

# SOPrTr = 49.510 +/- 0.2 cal/K/mol

#  CpPrTr = 48,959 +/- 999999 cal/K/mol

# mole vol.= 100.070 cm3/mol

# mole wt.= 262.2230 g/mol

#  date: 18.Sep. 2018

AICI3(s)

AICI3 =1 AlI+3 + 3 Cl-

log_k 44,0610 # +/- 0.3

delta_h -79.83 kecal/mol # +/- 0.4

analytical_expression —2. 443462E+3 -3.916424E-1 1.526612E+5
—Range: 0.01 - 193 deg C

gflag: 1 [reported delfGO used]

extrapolation algorithm: SUPCRT92 [1992J0H/0EL], Tmax for Cp = 465. 7K
data source: [1998CHA]

delfG0 = -150.57 +/- 0.2 kcal/mol *[GHS]

delfHO = -168.65 +/- 0.2 kcal /mol

SOPrTr = 26.12 +/- 0.1 cal/K/mol

CpPrTr = 21.781 +/- 999999 cal/K/mol

mole vol.= 53.766 cm3/mol

mole wt.= 133.3396 g/mol

date: 31.Aug. 2017

Almandine
Fe3AIZS|3012 + 12 H+ =+ 3 Fe+2 + 2 Al+3 + 3 Si(0H4
log_k 9999 # +/- 9999
delta_h 999999 kcal/mol # +/— 999999
analytical_expression 9. 999990E+5
—Range: Not given
gflag: Not used
extrapolation algorithm: Not used
data source: [1978HEL/DEL]
delfG0 = 999999 +/- 999999 kcal/mol
999999 +/- 999999 kcal /mol
75.600 +/- 999999 cal/K/mol
CpPrTr = 86.500 +/- 999999 cal/K/mol
mole vol.= 115.280 cm3/mol
mole wt.= 497.7533 g/mol
date: 5. May. 1978

Almandine
Fe3A12Si3012 + 12 H+ = + 3 Fe+2 + 2 Al+3 + 3 Si(0H4
log_k 41.8818 # +/- 1
delta_h  -113.50 kcal/mol # +/= 5
analytical_expression 3642E+3 -4. 249679E-1 1. 854055E+5
# —Range: 0.01 - 300 deg
# gflag: 1 [reported deIfGO used], calorimetry & phase relations
# extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
#  data source: [1993ANO/ESS]
#  delfG0 = -1180.28 +/- 0.2 kcal/mol
ﬁ delfHO = -1257.43 +/- 0.2 kcal/mol *[GHS]
#
#
#
#

SOPrTr = 81.88 +/- 0.3 cal/K/mol
CpPrTr = 82.00 +/- 0.4 cal/K/mol
mole vol.= 115.110 cm3/mol

mole wt.= 497.7533 g/mol

date: 28.Jun. 2017

Aluminum

Al + 3 H+ +0.75 02 = 1 AI+3 + 1.5 H20

log_k 149.9295 # +/- 0

delta_h -228. 981 kcal/mol +/=

analytical_expression -1. 74034E+02 -1.127703E-01 8. 853689E+04

# —Range: 0.01 - 300 deg C

# gflag: 1 [reported delfGO used]

# extrapolation algorithm: SUPCRT92 [1992J0H/0EL]

#  data source: [1960KEL][1978C0X]

#  delfG0 = 0 +/- 0 kcal/mol

#  delfHO = 0 +/- 0 keal/mol

#  SOPrTr = 6.776 +/- 0.020 cal/K/mol

#  CpPrTr = 5.823 +/- 999999 cal/K/mol

#  mole vol.= 9.993 cm3/mol

# mole wt.= 26.9815 g/mol

# date: 9.0ct. 2015

Aluni
KAIS(OH)G(SO4)2 + 6 H+ =1 K+ + 2 S04-2 + 3 Al+3 + 6 H20
log_k -0.2514 # +/- 0.8
deltah  -55.41 kcal/mol # +/- 1.2
analytical_expression -4.212241E+3 -6. 713737E-1 2. 417595E+5

# —Range: 0.01 - 300 deg C

# gflag: 1 [reported delfGO used], calorimetry

# extrapolation algorithm: SUPCRT92 [92JOH/OEL]

#  data source: [1946KEL/SHO] [1960KEL][1978HEL/DEL]

# delfG0 = -1113.47 +/- 0.6 kcal/mol

# delfHO = -1235.60 +/- 0.5 kcal/mol

#  SOPrTr = 78.400 +/- 0.45 cal/K/mol

#  CpPrTr = 91.63 +/- 1.8 cal/K/mol

# mole vol.= 293.600 cm3/mol

# mole wt.= 414.2022 g/mol

# date: 21.Jul.2015
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Ames i

TR

Ames i

TR

l\lng4AlI(2(AIZS|2)010(0H)8 + ‘210 H+ = + 4 Mg+2 + 4 Al+3 + 2 Si(OH)4 + 10 H20
0g_|

delta_h -196. 023 kcal/mol # +/ 999999

analytical_expression -3. 889319E+3 -5. 856164E-1 2. 490380E+5
—-Range: 0.01 - 300 deg C

gflag: 2 [estimated delfGO used], polyhedral model [Unpublished]
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]

data source: [1978HEL/DEL] [Unpub!ished]

delfGO = -1989.2 +/- 4 kcal/mol

delfHO = -2145.625 +/- 999999 kcal/mol *[GHS]

SOPrTr = 108.900 +/- 999999 cal/K/mol

CpPrTr = 136. 143 +/- 999999 cal/K/mol

mole vol.= 205.400 cm3/mol

mole wt.= 557.3694 g/mol

date: 1.Feb. 2021

Mg2AI (AIS|)05(0H)4 + 10 H+ =+ 2 Mg+2 + 2 Al+3 + 1 Si(OH)4 + 5 H20

log_k 39.6931 # +/- 2
delta_h -99. 581 kecal/mol # +/ 999
analytical_expression -1.9 31E+3 —2.935536E-1 1.251629E+5

—-Range: 0.01 - 300 deg C

gflag: 2 [estimated delfGO used], polyhedral model [Unpublished]
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1978HEL/DEL] [Unpub!ished]

delfG0 = -992.3 +/- 2 kcal/mol

delfHO = -1071. 243 +/- 999999 kcal/mol *[GHS]
SOPrTr = 52.000 +/- 999999 cal/K/mol

CpPrTr = 65. 648 +/- 999999 cal/K/mol

mole vol.= 103.000 cm3/mol

mole wt.= 278, 6847 g/mol

date: 1.Feb. 2021

Analcime # Analcite

TR

NaAISi206(H20) + 4 He + 1 H20 =1 Na+ + 1 Al+3 + 2 Si (OH) 4
log_k 7.1 #+/-1.0

delta_h —25 5 keal/mol # +/- 1

analytical_expression -1.193973E+3 -1.643785E-1 7. 335947E+4
—Range: 0.01 - 300 deg C

gflag: 1 [reported deIfGO used], calorimetry & phase relations
extrapolation algorithm: SUPCRT92 [1992J0H/0EL]

data source: [1955KIN ¢] [1978HEL/DEL_a] [1997RIM_a]

delfG0 = -738.50 +/- 1.0 kcal/mol

delfHO = —790 6 +/- 1 kcal/mol

SOPrTr = 56.00 +/- 0.6 cal/K/mo

CpPrTr = 50 698 +/- 999999 cal/K/mol

mole vol.= 97.100 cm3/mol

mole wt.= 220.1539 g/mol

date: 8.Sep. 2016

Analcime (deh) # Analcite_deh
NaA1Si206

+ 4 H+ + 2 H20 = 1 Na+ + 1 Al+3 + 2 Si(OH)4
log_k 12.1555 # +/- 999999
delta_h -33.084 kcal/mol # +/ 999
analytical_expression -1.213 26E+03 —1.680189E—01 7.635727E+04

# —Range: 0.01 - 300 deg C
# gflag: 1 [reported delfGO used], phase relatlons & calorimetry
# extrapolation algorithm: SUPCRT92 [1992J0H/OEL.
#  data source: [1962BAR][1978HEL/DEL]
#  delfGO = -674.989 +/- 999999 kcal /mol
#  delfHO = -714.678 +/- 999999 kcal /mol
#  SOPrTr = 41.900 +/- 999999 cal/K/mol
#  CpPrTr = 39.298 +/- 999999 cal/K/mol
#  mole vol.= 89.100 cm3/mol
#  mole wt.= 202.1387 g/mol
# date: 5. May. 1978
Analcime_I1
NaATSi 206 (H20) + 4 H+ + 1 H20 = 1 Na+ + 1 Al+3 + 2 Si (OH) 4
log_k 6.7877 # +/- 1
delta _h -25.2 keal/mol # +/-
analytical_expression -1. 581999E+02 -1.124139E-01 4. 553437E+04
# —Range: 0.01 - 227 deg C
# gflag: 2 [estimated delfGO used], polymer model [2011ART/SAS_al
# extrapolation algorithm: SUPCRT92 [1992J0H/OEL], Tmax for Cp = 500K
#  data source: [2010VIE][2011ART/SAS_a]
#  delfG0 = -739.0 +/- 1 kcal/mol
#  delfHO = -790.9 +/- 2 kcal/mol
#  SOPrTr = 56.7 +/- 8 cal/K/mol
#  CpPrTr = 49.776 +/- 999999 cal/K/mol
#  mole vol.= 97.100 cm3/mol
#  mole wt.= 220.1540 g/mol
# date: 6.Jul.2015

Analcime_SiR06

Na2A128i3010(H20)2 + 8 H+ = + 2 Na+ + 2 Al+3 + 3 Si (OH)4

log_k 16.2647 # +/- 2

delta_h -53.8 kecal/mol # +/- 3

analytical_expression -2.191881E+03 -3. 058164E-01 1. 348017E+05

# —Range: 0.01 - 227 deg C
# gflag: 2 [estimated delfGO used], polymer mode| [2011ART/SAS_a]
# extrapolation algorithm: SUPCRT92 [1992JOH/OEL], Tmax for Cp = 500K
#  data source: [2010VIE][2011ART/SAS_a] [20140DA/WAL]
# delfG0 = -1274.8 +/- 2 keal/mol
# delfHO = -1365.8 +/- 3 kcal/mol
#  SOPrTr = 102.8 +/- 12 cal/K/mol
#  CpPrTr = 88.908 +/- 999999 cal/K/mol
# mole vol.= 167.721 cm3/mol
# mole wt.= 380.2237 g/mol
# date: 27.Feb. 2014
Anatase
Ti02 + 2 H20 = + 1 TI(OH)4
log_k -8.8107 # +/- 0.3
delta_h  -0. 84 kcal/mol #+/-2.2
analytical_expression -2.577437E+2 -3. 729940E-2 1. 294264E+4
# —Range: 0.01 - 300 deg C
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# gflag: 1 [reported delfGO used], calorimetry & phase relations
# extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
# data source: [1946NAY] [1983BOW/HEL] [1998CHA]
# delfGO = -212.68 +/- 0.8 kcal/mol *[GHS]
# delfHO = -225.93 +/- 0.8 kcal /mol
# SOPrTr = 11.928 +/- 0.08 cal/K/mol
# CpPrTr = 13.49 +/- 0.3 cal/K/mol
# mole vol.= 20.458 cm3/mol
# mole wt.= 79.8658 g/mol
#  date: 3.Dec.2019
Andalusite
Al2Si05 + 6 H+ = + 2 Al+3 + 1 H20 + 1 Si(OH)4
log_k 13.9865 # +/- 0
delta_h -55. 80 kcal/mol # +/- 1.0
analytical_expression -1.296011E+3 -1.976935E-1 8. 175569E+4
# —Range: 0.01 - 300 deg C
# gflag: 1 [reported delfGO used], calorimetry and phase relations
# extrapolation algorithm: SUPCRT92 [92JOH/OEL]
# data source: [1978HEL/DEL _a] [1995R0B/HEM] [1997RIM_a]
# delfGO = -583.60 +/- 0.5 kcal/mol
# delfHO = -619.02 +/- 0.5 kcal /mol
# SOPrTr = 21.84 +/- 0.1 cal/K/mol
# CpPrTr = 28.94 +/- 0.2 cal/K/mol
# mole vol.= 51.520 cm3/mol
# mole wt.= 162. 0456 g/mol
# date: 7.Sep. 2016
Andradite
Ca3Fe2(Si04)3 + 12 H+ = + 3 Ca+2 + 2 Fe+3 + 3 Si (OH) 4
log_k 34,0843 # +/- 1.3
delta_h  -80.207 kcal/mol # +/ 9999
analytical_expression -2.627 24E+3 -3. 858904E-1 1.616761E+5
# —Range: 0.01 - 300 deg C
# gflag: 1 [reported delfGO used], phase relatlons , SSAS end-member
# extrapolation algorithm: SUPCRT92 [1992J0H/OEL.
#  data source: [1978HEL/DEL] [1982PLU/BUS a]
#  delfG0 = —1296 82 +/- 1.0 kcal/mo
#  delfHO = -1380. 345 +/- 999999 kcal/mol
#  SOPrTr = 70 130 +/- 999999 cal /K/mol
#  CpPrTr = 83.446 +/- 999999 cal/K/mol
#  mole vol.= 131.850 cm3/mol
#  mole wt.= 508.1773 g/mol
# date: 15.Mar. 1990
Anglesite
PbS04 = + 1 Pb+2 + 1 804-2
log_k 14 +/-0.2
delta_h 2 691 kcal/mol #+/-
analytical_expression -1.71 0449E+3 -2. 664403E-1 9. 594274E+4
# —Range: 0.01 - 300 deg C
# gflag: 1 [reported delfGO used], calorimetry
# extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
#  data source: [1978C0X] [1982DEK]
#  delfG0 = -194.31 +/- 0.2 kcal/mol *[GHS]
#  delfHO = -219.871 +/- 0.22 kcal/mol
#  SOPrTr = 35.490 +/- 0.10 cal/K/mol
#  CpPrTr = 24.67 +/- 0.5 cal/K/mol
#  mole vol.= 47.970 cm3/mol
#  mole wt.= 303.2636 g/mol
# date: 23.0ct. 2019
Anhydrite
CaS04 = 1 Ca+2 + 1 304 -2
log_k -4.3101 # +/- 0
delta_h -4 44 kcal/mol #+/-0
analytical_expression -1, 695072E+3 -2.662431E-1 9. 582385E+4
# —Range: 0.01 - 300 deg
# gflag: 1 [reported deIfGO used]
# extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
#  data source: [1960KEL][1978HEL/DEL][1982WAG/EVA]
#  delfG0 = -315.93 +/- 0.2 kcal /mol
#  delfHO = -342.76 +/- 0.2 kcal /mol
#  SOPrTr = 25.5 +/- 2 cal/K/mol
#  CpPrTr = 23.82 +/- 0.2 cal/K/mol
#  mole vol.= 45,933 cm3/mol
# mole wt.= 136.1356 g/mol
# date: 21.Jul. 2015

Anhydrite_alpha
CaS04 =

FEFEFE R

=1 Ca+2_+ 1 S04-2

log_k -2.7781 # +/- 0.3
deltah  -6.60 kcal/mol # +/- 0.4
analytical_expression -1. 686205E+3 —2. 636644E-1 9. 606928E+4

—Range: 0.01 - 300 deg C (extrapolated assuming drCp0 = constant)
gflag: 1 [reported delfGO used], calorimetry
extrapolation algorithm: SUPCRT92 [1992JOH/OEL]
data source: [1987GAR/PAR]

delfG0 = -314.02 +/- 0.3 kcal/mol *[GHS]

delfHO = -340.60 +/- 0.3 kcal /mol

SOPrTr = 25.908 +/- 0.04 cal/K/mol

CpPrTr = 23.950 +/- 0. 14 cal/K/mol

mole vol.= 45.940 cm3/mol

mole wt.= 136. 1356 g/mol

date: 21.Jul.2015

Anhydr ite_beta
Ca

FEFEFE R

4 =1 Ca+2 + 1 S04-2

log_k -2.0817 # +/- 0.3
delta_h  -7.55 kcal/mol # +/- 0.4
analytical_expression -1.686613E+3 -2. 636644E-1 9. 629509E+4

—Range: 0.01 - 300 deg C (extrapolated assuming drCp0 = constant)
gflag: 1 [reported delfGO used], calorimetry

extrapolation algorithm: SUPCRT92 [1992J0H/OEL]

data source: [1987GAR/PAR]

delfGO = -312.89 +/- 0.3 kcal/mol

delfHO = -339. 65 +/- 0.3 kcal/mol

SOPrTr = 25.908 +/- 0.04 cal/K/mol

CpPrTr = 23.671 +/- 0.14 cal/K/mol

m-95

4.610162E+2

9. 413089E+2

6. 174517E+2

6. 121138E+2

6. 085059E+2

6. 086464E+2

-4.091398E+6

-8. 436900E+6

-6. 004123E+6

-5. 856236E+6

-5. 856238E+6

-5. 856239E+6



T

mole vol.= 45.940 cm3/mol
mole wt.= 136.1356 g/mol
date: 21.Jul. 2015

Annite

TR

Il((FeE) (AISlS)O]O(OH)Z ; 1(1) g+ =1AI+3 + 1 K+ + 3 Fe+2 + 3 Si(0H)4
og_| .

delta_h 770 328 kcal/mol # +/ 999

analytical_expression -2.4 38E+3 -3.515862E-1 1. 537994E+5
—-Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used], phase relations

extrapolation algorithm: SUPCRT92 [92JOH/OEL]

data source: [1978HEL/DEL]

delfG0 = -1147.16 +/- 1.0 kcal/mol

delfHO = -1232. 195 +/- 999999 kcal/mol

SOPrTr = 95.200 +/- 999999 cal/K/mol

CpPrTr = 93.583 +/- 999999 cal/K/mol

mole vol.= 154.320 cm3/mol

mole wt.= 511.8800 g/mol

date: 15.Jul. 2015

Anorthite

FEFEERE R

CaAl28i208 + 8 H+ = + 1 Ca+2 + 2 Al+3 + 2 Si(0H)4
log_k 27.0618 # +/- 2

delta_h -77.9 kcal/mol #+/-2
analytical_expression -1. 848062E+3 -2. 737212E-1 1.182979E+5
—-Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used], phase relations
extrapolation algorithm: SUPCRT92 [1992J0H/OEL]
data source: [1978HEL/DEL] [1982PLU/BUS_al

delfG0 = -954.1 +/- 2 kcal/mol *[GHS]

-1007.6 +/- 2 kcal/mol

49.1 +/- 2 cal/K/mol

CpPrTr = 50.353 +/- 999999 cal/K/mol

mole wt.= 278.2072 g/mol
date: 1. May. 2020

Anthophy | | ite

TR

Mg7Si8022 (OH)2 + 14 H+ + 8 H20 = + 7 Mg+2 + 8 Si (OH)4
log_k 68.8218 # +/-

delta_h  -137.338 kcal/mol # +/- 99999
analytical_expression -4.767139E+3 -6. 448375E-1 3.026871E+5
—Range: 0.01 - 300 deg C

gflag: 1 [reported deIfGO used], phase relations
extrapolation algorithm: SUPCRT92 [1992J0H/0EL]

data source: [1978HEL/DEL] [1982PLU/BUS_a]

delfG0 = -2715.43 +/- 1.0 kcal/mol

del fHO = -2888. 849 +/- 999999 kcal/mol *[GHS]

SOPrTr = 128.600 +/- 999999 cal/K/mol

CpPrTr = 155.475 +/- 999999 cal/K/mol

mole vol.= 264.400 cm3/mol

mole wt.= 780.8204 g/mol

date: 5. May. 1978

Antigor

TR TR

Mg48$|34085 (OH)62 + 96 H+ = + 48 Mg+2 + 34 Si(OH)4 + 11 H20
log_k 485. 8835 # +/- 24

delta_h  -896.307 kcal/mol # +/—

analytical_expression 5185 6E+4 -3. 654633E+0 1. 676835E+6
—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used], calorimetry & phase relations
extrapolation algorithm: SUPCRT92 [1992J0H/0EL]

data source: [1978HEL/DEL] [1997RIM_a]

delfGO = -15808 +/- 46 kcal/mol

delfHO = -17071. 689 +/= 999999 kcal /mol *[GHS]

SOPrTr = 861.360 +/- 999999 cal/K/mol

CpPrTr = 1059.129 +/- 999999 cal/K/mol

mole vol.= 1749.130 cm3/mol

mole wt.= 4535. 9486 g/mol

date: 5. Sep. 2016

Aragonite

TR TR

CaC03 + 1 H+ = 1 Ca+2 + 1 HCO3-

log_k 1.9931 # +/- 0.19

delta_h  -6.142 keal/mol # +/- 0
analytical_expression -8. 972839E+2 -1.423083E-1 5.064178E+4
—Range: 0.01 - 300 deg C

gflag: 1 [reported delfGO used], so