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Katoite (Ca0O),Al,0; 6H,0: C;AH,

Log K,, = {Ca2*}{AI(OH)}{OH}*
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7 1) Carlson 1958
2) Roberts 1969
3y Butler 1958

C | 4)Nacken 1934

Ty Wells

5) Atkins 1991 Xx
6) D'Ans 1953 —
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8) Peppler 1954

Cale. solubility product log Ksp
]
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Glasser et al. [41]

Bennell et al. (52]

D'Ans and Eick [48]

Atkins et al. [56]

Wells et al. [39]

Peppler and Wells [40]

Matschei et al. [6], undersaturation
Matschei et al. [6], oversaturation
——This study

XXHSO>O+
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Temperature (°C)

Log Ky C;AHg = {Ca' J*{AF*}2{H,0}"? {H'} "2
=80.3

Log Ky, C;AH, = -21.4%1

-24 } t
0 20 40 60 80 100 120
Temperature [°C] C;AH;g predicted instead of monosulfate
in hydrated cements
Relatively large scatter; -20.8+1 & contradicts cement experiments
(monosulfate is obseverved)
monosulfate predicted in hydrated Why?
cements
3
@Empa
Solubility of C,AH; '
+ this study: over 19 months
Robert: und 1 week
K Carlson: und 29 months
|'Carlson carbonated
-+ Buttler: und £19 months
More data OMatschei: und 1-3 months
B Matschei: over 1-3 months
Two groups

A
Ngg\.\.@

A Dilnesa: over 1-36 month
0 D'Ans: und 1 month
mD'Ans: over 1-3 months
@Nacken: over 1-2 months
AFaurie: over 1-6 months
+ Balonis: over 6 months
% Wells: und 3-17 months
¥ Wells: over >12 months
X Peppler: und 3-7 months
X Peppler: over 4 months
Glasser: und 6 months

~¥
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Solubility of C;AH,
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Solubility of C,AH, S
logKy  AG AH S C,
kJ/mol kJ/mol J/mol/K J/mol/K
C;AHg -20.50 -5008.2 -5537 422 446
Old K, too low, carbonation
-19
:AH SRR R RS RN RN RN R RN RN RN RERRNNERDN]
105 frot stable C;AH; stable
i -20.5
-20 monosulfate predicted in
-20.5 Cemdata18 hydrated cements
@ -21
o21.5 4 T
o
-22 { Carbonation!
-22.5
undersat
237 log K., C;AH, =
-23.5 1 {Ca}*{Al(OH), }2{OH}* = -20. 5
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Solubility products

1.

2.
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General considerations

Measured concentrations
< log K,

Estimation of Cp and S

Calculation of log K at different
temperatures

@Empa

Q@ Empa
Solubility of C;AH6
iR Matschei ea 2007 CCR 37 undersaturation
Solubility data for C;AHg at different temperatures and ages
Age Temperature Ca Al pH Log K, Phases Table 3
——— Experimental data and calculated values of pH and log i
[Day] [°C] [mmol/l] [mmol/] activity product (LAP) for hydrog;nu: Co‘r’xce:::nli::s"::
-3
C3AH, (samples cooled down from initially ~ 105 °C) mmol dm
28 25 6.91 424 11.91 -=20.52 nd. Determination Ca Al OH pH log IAP
1
(11.98") 1 743 440 234 1166 8045
56 25 7.29 4.80 11.92 -20.34 nd. 2 731 481 270 1180 8102
(11.90%) 3 511 520 233 1132 7889
84 25 6.31 5.07 11.81  -20.84 C;AHg ; :-lg 380 234 1183 5054
3 4! 4. g
C3AH; (from undersaturation) (11.79°) 6 533 4§g 'ig.? ::22 ::?;
2 25 2 —20.38 .d.
28 25 7.20 4.73 11991 | 2038 nd Average 8055
(11.96°) Model results 575 383 11.80 5055
56 25 7.34 4.55 11.93 -2032 nd
(11.90°)
84 25 7.31 3.94 195 -2036 C;AH, Bennet ea 1992 J. Nucl Mat 190
(11.91%)

redispersion

- 2413 42 a4
199 o = {CATHHAIOR.AHOM I0g Kyg: CAHs = {Ca®}{AFJ2{H,0} * {H'} 72

=-20.8 =80.3
Differenz = -(2*Al(OH),” + 4*OH) = -(2*-22.9 +4*-14) = 101.8
Product Substance Reaction l0g10K308
Al+3 AlO2- + 4H + = Al+3 + 2H20@ 229
OH- H20@ = OH- + H+ =140




" lon-association (IA) with Davies equation, D (default)

.

1A with extended Debye-Hueckel equation (Helgeson), common b_gamma and a0, H

@Empa
Solubility of C;AH6
Table 5 Matschei ea 2007 CCR 37 unhdersaturation
Solubility data for CzAH, at different temperatures and ages
Age Temperature Ca Al pH L&)gJ\'q, Phases Table 3
) . Experimental data and calculated values of pH and log i
ay] [° / 7 nd log ion
[Day] [°C] [mmol/l] [mmol/] activity product (IAP) for hydrogarnet, Concentrations in
C3AH; (samples cooled down from initially ~ 105 °C) mmeol dm
28 25 6.91 424 III1.99]8‘) -20.52 n.d Determination Ca Al OH pH log IAP
(RL 1 743 440 234 1166 8045
56 25 729 480 1192 -2034 nd. 2 731 481 270 1180 8102
(11.907) 3 S11 520 233 1132 7889
84 25 6.31 5.07 11.81 -20.84 C;AHg ; 516 380 234 118 5054
o 3 X 3 649 480 296 1193 8134
o 3 i 11.79
C3AHy (from undersamuration) ( ) - 6 533 440 281 1195 8112
28 25 7.20 4.73 11.91 -2038 nd.
(1196") Modatpent 575 e
s, results il 383
6 25 734 455 1193 -2032 nd el LD
(11.90%)
84 25 7.31 3.94 11.95 —2036 C,AH; Bennet ea 1992 J. Nucl Mat 190
(11.91%) redispersion
Table A.7: Solubility data of nonminally hydroxy-AFm (CAH ;) ar 25°C
C4AH,; (from supersaturation)
Oversaturation Age Temp. Ca Al pH Log K., Phases
[d] [C] [mmal/d] [mmald]
28 25 17.64 0.21 12.44(12.40) -25.60 CyAHy;. CaAH,
56 25 20.11 0.20 12.49(12.46) -25.21 CyAHy;. CiAH,
) . 373 25 1991 0.17 12.48(12.43) 233 N S K
Thesis Matschei 2008 i)
750 25 19.96 0.09 12.49(12.49) {2503y IR G Al
WAH;3 yuces
e
SOIUblIlty Of C3AH6 Built-in Database Version
& 3rdparty
) ®-[4 psi-nagra
g Project: Enter a new record key, please ® [] supcrt
®-[] support
[czanemyrstoroject:
| c3aH6 Name of the modeling project
]Solukﬂ Comment to the proiect definition
~ Step 2: Select Ind: d not available if sk in light
ok Reset I From List | = " - . <!
1 ] 1] v v Vi Vil Vil
£l | H He
2 Li Be B © N | o E I Ne
H Setup of aqueous and gas phases in project: C3AH6 3 I Na Mg Al Si P S l c Aar
| K I Ca 5c i v Gr. Mn | Fe Co
Select Aqueous Electrolyte Model I Select Gas/Fluid M
4a Gu | Zn l Ga Ge As Se Br I Kr.

Parameters for
the aqueous phase model

b_gamma(1,298) value:

IA with extended Debye-Hueckel equation (Shvarov), common b_gamma and a0, Y NaCl

" IA with extended Debye-Hueckel equation (Karpov), common b_gamma, individual a0, 3 064 J activity

" IA with Debye-Hueckel equation no b_gamma, individual a0, 2 LTS P model

~ Nacl ¥
" IA with Debye-Hueckel limiting law (very low ionic strength), 1 _I

Common a0 value:

—~ ’—I 10
il L dafinad Db S P e ST




T T T ) T

:_f- SysEq: Please, enter a new record key:

[csansaesaneootase:

Name of the modeling project

Thermodynamic potential to minimize {G GV}

Name of the chemical system definition (CSD)

CSD (recipe) variant number <integer>

Volume of the system, dm3 (0 if no volume constraint)
Pressure, bar, or 0 for Psat{H20)g

Temperature, C (>=0)

Variant number for additional constraints

From List Help Cancel

@Empa

1

T T T ) T

:_f- SysEq: Please, enter a new record key:

[csansaesaneootase:

C3AH6 Name of the modeling project
G Thermedynamic potential to minimize (G GV}

C3AH6 Name of the chemical system definition (CSD)

~ e N B
L. Input Recipe of Single Thermodynamic System: C3AHE:G:

@Empa

Manesias Soevce and Tochoaiog,

Tt |Solubility of C3AHS

Comment: IMatschei undersad

Property Selection

| Recipe Input

Compos (xa_)
DComp (xd ) Al(OH)2
IComp (bi) Al203
gl Phase (xp_) Aqua
Kin.lower (dll) C12a7
Kin.upper (dul) C3A
GO shift (gEx) CA

Other Inputs che
Ca(OH)2
CaCl2

Ca0
H2

NaClo4
NaOH 1
02

HClo4
K20
Kcl
KOH
Na20
NaCl

I I

Input quantities of Compos(itions) contributing to B_ vector

Learn more

“operty |

Name

Quantity

Units

Aqua
Al(OH)3

1000
424

jo o |[& [w [n

Ca0
HCl
NaQH
02

691
1e-9
1e-9

0.1

A EA

=>|=

=]

Print I

oK Cancel




¥ C3AHE:G:C3AHE:0:0:1:25:0: X =) Empa
Missing ICs CONFLICT WARNING!
Mole amounts of some Independent Components (IC)
I are missing in the calculated bulk composition vector  perain ALL
(B_[1] < Pa_DB)! [M Converged at DK=9.99999¢-06 X
CHECK/Ok ||
POSSIBLE ACTIONS: GEM IPM calculation (run time: 0.002 s).
* EXCLUDE ALL these ICs together with DCs that
contain them and some Phases made of those DCs; _ 100%
* RETAIN ALL missing ICs by inserting a default
mole amount (below) into bi_ vector cells; System:
* CHECK some boxes to keep these ICs in the ‘ C3AH6:G:C3AH6:0:0:1:25:0:
system by inserting a default mole amount into bi_: ' e
unchecked ICs will be tumed off together with all
DCs that contain them. Learn more... Iter 1: 13:: 96
Default amount, mol (editable): |1e-09 Cancel Gaseous 0.0605419
| Aqueous 1000.5
Liquid 0
Solid 0259173 | |
Total mas:
pH 12
pe 874624 |
IS 0.0192959
Accept Dismiss

13

it @
Compos || DCcmp2|

1‘/ U L\/_ = || @ |[caanescaaneonase:

- | Empa

dul of all solids =0

phase | icomp | sufaces |  config | [17/05/203, 0905
37|- l[a]s ®o K20 u | 0 0
" 38|+ |c s Nao Na2o M | o fjﬁ
mpcc]| ncvp d11 dul | [af
9/s |2 Na Na+ ] 0 1000000 |M
10|s -a Na NaOH@ .E 0 10 00 M
11)s  [a  wels7  clos- [= o 1000000 1
12s  |a wel-1  ci- B o 1000000 M
13(s |2 waO 28 2 0 10000001
14)s  |a  woo o2 B 0 1000000 M
15(s -E wX OH- .3 a 1000000 |M
18l |2 w_ He B ol 1000000(M | |
17le |2 w_ H208 Is 0| 1000000 M |
C18lc gm0 2 B o 1000000 |4
19)c  [g oo 02 B o 1000000 |1
20 |g 520 = 0 1060000
210 s 1 AlOHam B a oM
22j0  |s AlOHmic [= 0 o
230 Vs Gbs B 0 oM
2)o s c12a7 B a ok | |
25l0 s c3a B o olp
26|0 ‘S ca .B G‘ U‘ {
2700 |s ca2 [= 0 0
28|0 75 C2ARET7.5 B 0 oM
28l0 [ c3aH6 B o ol
lo s c4anil B o 0
310 s C4AH13 B D‘ oM

supresses solid formation

14




GEM IPM calculation (run time: 0.001 s). ‘ Empa

100%
System:
SO Matschei ea 2007 CCR 37
C3AH6:G:C3AH6:0:0:1:25:0: Table 5
Solubility data for C;AHg at different temperatures and ages
Iter 1: 15: 29 Age Temperature Ca Al pH Log K, Phases
o
Gaseous 0.0605576 [Day] [°C] [mmol1] [mmol/]
C34H, (samples cooled down from initially ~ 105 °C)
Aqucaus 1000.76 8 25 691 424 1191  -2052 nd
(11.98")
Liquid 0 )
Experimental data: pH 0.1 ©
Solid 0
pH 11.8959
pe 8.8766
IS 0.0196398
Accept Dismiss
15
1 @Empa

IR =E T IS ey =E"4 \@ [V o= || @ [coasccinnsontase:

2 ‘
EqIC EqSurf | EqGen 17/05/2023, 1019
Solubilic

of C3AHE

undersat

DCnam| x| my|~
2.581514e-27 -27.13749 2.581444e-27

1.319665e-14 -13.93947

[ 39!

.497106e-15

.$21498e-34

12|028

13|on-
14|a+
15|n208

Kqo = {Ca2*}*{AI(OH)}2{OH}*
Convention from SUPCRT used in GEMS
Al(OH), 2 =AlO,” + 2H,0° Experimental data: pH 11.98 ©
Kao = {Ca?F* {AIO, P{H,00)*{OH }*

log K, = 3*IgaCa?* + 2*IgaAlO," + 4*IgaH,0%+ 4*Iga OH-

=3%-2.44 + 2*-2.43 + 4*-0.0002+ 4*-2.10 = -20.58

16




@Empa

ey 0 |[canmeGcanrs00:1250:

Ll KL Ak ‘|;'I§l/

EqIC | EqPh EqDC EqSurf | EqGen | 17/05/2023, 1043

lsaluhiliny of C3AHE

|Matsches undersac

DCnam| x| 1ga|
°
1 + - .1 5934‘2—13
Eres 0.004239889 0.004239874
| 3|aozse | 1.081768-08 | -7.964654 1.081738-08
4| alon+2 €.4508578-21 —20_ 44267 6.4586816-21
5|ca+2 0.008273837 | | —2.sssicsl] 0.006273527
0.00063€303 -3.258834| 0.0006362857
7| 0.001589237 -2.753461 0.001989183
| e|naone 1.07627e-05 -4.266721 1.076241e-05
3| c104- 2.9222468-34 -33.59633 2.922867e-34 pH corrected
10fc1- 1e-12 -12.06215| $.9997280-13 + 2 mmol/L NaOH
11|n2e 0 -44.65114 0
12}028 0.001268174 -2.895508 .00 ©.00126814
13 os- 0.01093295 | -2.023408 | 0.86669 ©0.01093265
14[H+ 1.217925e-12 0.86663 1.217892e-12

034 55.50837

Ko = {Ca**}**{Al(OH), }**{OH}*
Convention from SUPCRT used in GEMS
Al(OH), 2 = AlO, + 2H,0°

Ko = {Ca?}** {AIO,}*{H,0%)**{OH}*
log K, = 3*lgaCa?* + 2*IgaAlO," + 4*IgaH,0%+ 4*Iga OH"

Experimental data: pH 11.98 ©

= 3*-2.46 + 2*-2.43 + 4*-0.0002+ 4*-2.02 = -20.62: little difference, error 1
17

O . 2

P &= 5 ﬂHﬁ“ﬁ R 1=
- Controls s.amplmg| Results | Config ‘ 17/05/2023, 09:57

rl’) 1 CI= SysEq: Please, select a parent System for a new Process
h Please, select one record key. Filter: C3AH6?
Process
J:}( Create a new process file
GtDemo
C) Process: Please, set a new record key x

‘ C3AH6:G:C3AH6:0:0:1:25:0:S0lub:SS: 4

ﬁ Name of the modeling project
,G_ Thermodynamic potential to minimize {G}
[(3A%6  Nameof the parent chemical system definition (CSD)
[0_ CSD (recipe) variant number <integer>

ID— Volume of the system, dm3
Ili Pressure, bar, or 0 for Psat(H20)g
[:’5— Temperature, C

,U— Variant number for additional constraints

Solub Name of this process simulation task

SL Process simulation mode code {P,S, LG, T,R}

| Ok I Reset | Erom List Help Cancel 18




®

£} GEM-Selektor Process Setup: CIAHEGCIAHED0:1:25050lubiS: ‘ Em p a

Step 2 - Process Simulation Controls (click "Next" to retain the old script)

iTm v iP iTc iNv iTau ipXi iNu ipH ipe
From 1000 0 1 25 o o [ [ o [
| Until 1200 0 1| 25 of [} 0 o o] [}
Step 10 0 0 0 of 0 [] 0 ] o
e 1 1 1
@ Titration cNu linear) " Diagram logD s x (linear) " Titration cpXilogarithmic " Diagram logKd vs log(m)

Uinear titration and logD diagrams use the iNu iterator; logarithmic titration and logKd digrams use ipXi. Titrations: select required titrants
as items from ‘Compos’, DComp, IComp’ or Phase lists, optionally also select items from ‘DC-lower' or 'DC-upper” to change

metastability constraints.

To plot logD vs linear x (mole fraction) scale: (i) select minor then host end member from the ‘DComp’ list, (i) select trace then host ion
from the ‘Molality” list. To plot logkd and isotherms vs log(mtality) scal select trace then host compositions from the “Compos’ list: {ii)
select trace then hast elements from the Sorbed fist. In both cases, skip the next wizard page.

Compos
DComp
IComp
Phases
DC-lower
DC-upper
Molality
Sorbed

modCp] =: cNu;

xa_[[HCI}] =: cNu *

Learn more <Back |  Next> Cancel I

Select Al(OH)3 and CaO as input for measured total Al and Ca (in mM)

NaOH and HCI in case you need to correct the pH

Experimental data: pH £0.1 ©

19
3 GEM-Selektor Process Setup: C3AREGLIARBD1 250501ubS: x
@Empa
Step 3 - Selection of items to sample/plot (click "Next” without selecting anything to retain the old script) e
Property tem Selection Sampling Script
Scalars A bl
Mbx  nnfo]  FRT R iTCK ‘
¢ o ol T ey |tz
& o Uy Masses(o] P R “’u:l} % ‘9:{:0;‘7“"]'
b 15 u Masses[1] RTA[0] ic w} e ‘9 e
P | Lz Masses[2] RT{[1] o W:)}H 5 9:” I
g pe L3 Masses(3] Row[ojfo] itwp | PRI =P
oM == Eh L[4) Masses{4] Epswi0][0] iNv]
Xa Tcqo) s) Masses(5] VisW[D]  iNv[:
wa e i) Volums[0] iTmf0] NV
ohvol RO Fif1] Volums(1] iTm{1}  iTau]
phM TROE iR N izl iaul
<) GO} FI[0] L] cim iTau]
bXafaq_gen) PG[1] Fif] L Vo cTau
bXaigas.gen) wijo] 2] W ipXi[
s V1] denW[OJO] L] V2 ipXil
7y it denw[Tl0] LI ov pil
Yof Efd  epsWIOJIO] L_IS] iP[0] <pXi
ks ipm  epsWITIO] Filo] P[] i
Sigw Psi_DK(O] InP niRE iNup
1 Psi_DK[1] RT iR P [
Wi = < |
I
List of static data abjects (see tooltip on each object name)
Learn more <Back Next> ‘ Cancel ‘
Collect Iga[{AlO-2}], lga[{Ca+2}], Iga[{OH-}], Iga[{H20@}] and pH
needed to formulate equation
20

10



=
L @ Empa
Step 4 - Important data object dimensions tinak Sivioe ing ey
Spin boxes below define the dynamic memory configuration of the process simulator.
5
Dimensions of sampled and experimental data :
g
nPS - Number of steps (1 to 9399 ) to be performed in this simulation (default: 21): also length of the “xp’ vector. '
Number of ‘modC’ array columns (1 1o 40, 0 - not used) to store process control values; number of rows will be nPS. 1 d
Number of columns in the 'yp’ table (0.to 200) to keep the simulated data sampled by the pgExpr script; number of rows will be
nPs.
Number of columns in the ‘xp’ table (0 to 4) to keep the simulated data sampled by the pgExpr script; number of rows will be
nps.
Number of rows in the xEp, yEp arrays for experimental data (optional)
Number of columns in the xEp, yEp arrays for experimental data (optional)
Optional data vectors (of length nPS) can be used for accumulating current process control values for all steps performed. They can be
allocated using checkboxes below. The assignment operator (with J index) in the script will override any values automatically copied into data
veetor from the respective process iterator.
Allocation of optional data vectors
™ €SO variant # (vIm) ™ volume v, 1(wv) I Pressure P, bar (vP)
I~ Temperature T (VT') ™ Constraints # ('VNV') ™ Process extent Nu (wNu’)
I Process extent pii (vpXi) [~ Kinetic parameters (vKin') ™ Time Tau (vTau’)
Learn more <Back | Mext> Cancel
10 experimental data points from Matschei
4 columns for input: Al, Ca, NaOH and HCI
5 output columns
1 X-axis
10 experimental pH values for comparison
1 experimental column for pH values
21
£ anp K| ¥ < ‘ = CIAHEGCIAHE0:01:250:50MubiS:
l EHINe=@
Controls Sampling i Results | Config | 17/05/2023, 09:57
Solubility C3AHG
Data Matschei (€ from undersat, 4 from oversaruration)
iTm] iv] ip irc|  inv, iTau ipxi | ixu ipH ipe
25| [ 0 0 0.1) 0 [}
25 ‘ 0 ] 0 ¥ § ‘ 0 4]
] 0 ] 0 0.1 ] o
25 r [ ] (] 0 .1‘ 0 0
[+] mch[Q]‘ modC(1] modC{2] modC (3
0 4.24 €.91 le-0'
1 4.8 7.29
2 5.07 €.31
3 4.73 7.2
4 4.55 7.34
5 7.31 le-0
(3 1 17.64 le-0!
7 0.2 20.11 le-0:
8 6.17 1%.91 le=0
0.08 19.96 le-0'

Input in mM

modCl[J][0] = total Al measured

modC[J][1] = total Ca measured in mM

modC[J][2], and modC[J][3] = 10-* mM (use small numbers not «0»)

22




[ Conuorns | Sampnng RESUIs. ] Tommg I TT70S] 2023, TT.ZT

T N N ) ) ™ I
]w'cax-lszs:csus:0:0:1:25:0: | cmm| 1000 v
[ crau] o epxi] o exi] 1 ema

| epm o cpe of  cmn of  erf

xp[J] =: J; 2

$ J: calculation number

yp[J]1[0] =: 3*lgal({Ca+2)}]+2*lga[{Al0o2-}]+4*1ga[{OH-}]+4*1ga[{H20€}];
ypl[J1[1] =: 0;
yp[J)[2] =: 0;
yplJ) (3] =: 0;
ypl[Jl[4] =: pH;

xp[J] =: J; $ J: calculation number

Calculation of solubility product of C3AH6

yplJI[0] =: 3*lga[{Ca+2}]+2*Iga[{AIO2-}]+4*Iga[{OH-}]+4*Iga[{H20@}];
yplJI[1] =: 0;

yplJI[2] =: 0;

yplJI[3] =: 0;

yp[J1[4] =: pH; => used for comparison with measured pH

Label to first column as K C3AH6

>
) B Fmna
M Results Config | |17/05/2023, 1121
‘p‘fﬁNaml:Id;nar.E
K C3REE Ca+2 OH- PH abscissa PH
0 -20.60072 | 0 of of 11.89595| [ o 11.9
1 ~20.41668 0 0 11.90257 1 0 11.5
2 -20.91544 0 0 0 11.79584 2 0 11.79
3 20.45794 0 0 1189819 | 3 11.9¢€
4 39933 0 0 11.91765| | 4 1.8
B -20.4397¢ [ 0 0 11.84097 s 11.91
& -20.43021 0 [ 0 12.41706 & 0 12.4
7 -20.18068 [} 0 12.46733 7 12.46
-20.34276 0 0 0 12.46385 z 12.43
9 -20.88647 0 ] 0 12.46571 9 12.49

K C3AH6 = solubility product of C3AH6

yplJI[0] =: 3*lga[{Ca+2}]+2*Iga[{AIO2-}]+4*Iga[{OH-}]+4*Iga[{H20@}];

Varies from -20.2 to -20.9
Calculated pH comparable to measured pH
ApH+0.1
= No pH correction needed

24




Error on solubility products (assuming normal distribution)
see also https://www.oecd-nea.org/jcms/pl 37493/tdb-3-quidelines-for-

@Empa

the-assignment-of-uncertainties

Measurement error
Standarddeviation: in excel use STDEV.S

Uncertainity (includes also systematic errors, s;

95% confidence interval

-
I 5 =
o j TP
ox = Jsx+X,;6D

95% Confidence Interval = X + t(a/ V’Z)

T value for n-1 from table

-20.60 One-sided 75%  80% 85% 0% 5% O7.5% 99% 99.5%  99.75% 99.9%  99.95%
220442 Two-sided 50%  60% 70% B0% 90% 98% 99%  99.5% 99.8%  99.9%
:zgiz 1 1000 1.376 1963|3078 6314 12706 31821 63657  127.321 313308 636619
2040 2 0816 1061 1306 1836 2920 4303 6965 0925 14089 22327 31599
-20.44 3 0765|0978 1250|1636 2353 3.182 4541 5841 7453 10215 12924
-20.43 4 0741 | 0.841 1190 1533 2132 2776 3747 4604 5508 7.173 8610
2008 5 0727 0920 1.156 1476 2.015 2571 3365 4032 4773 5893  6.869
:zg:zg § 07180906 1134 1440 1043 2447 3443 3707 4317 5208 5959
Mean -20.51 7 0711|0896 1119 1415 1895 2365 2998 3499 4029 4785 5408
Standard deviation  0.23 8 0706|0889 1108 1397 1860 2306 2895 3355 3833 4501 5041
confidence interval (95%, 2 sided)  0.17 9 0703|0883 1.100 1.383 Lﬂﬂsz.szs 3250 3690 4207 | 4781
10 07000879 1.093 1372 1812 2228 2764 3169 3581 4144 4587
Q@ Empa
Do and do nots '
« Do not use the mean of all * Use the log of the individual solubility
measurements to calculate one products to calculate the mean
solubility product
v e
Undersat 4.24 6.91 20.92
48 7.29 Ve
5.07 6.31 T
4.73 7.2 -20.44
4.55 7.34 -20.43
3.94 7.31 -20.18
Oversat 0.21 17.64 -20.34
0.2 20.11 £20°89
Liz 1991 Standard devi':::: Zg:;
009 1956 confidence interval (95%, 2 sided) 0.17
mean
undersat 4.56 7.06 -20.52 1.5
oversat 017 19412040 35
all 2.8 12.00 1995 142
standard dev 2.3 6.4

26
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@ Emba

o E 2
B & [rows =l | Hied > X

ks I H” @ [

B | CanHpsraamanns:
@ A E A SRR Controls Sampling | Resuits | Config ‘ 17/05/2023, 09:57
SysEq =
r'?) 1 CI= SysEq: Please, select a parent System for a new Process

Process
J:}( Create a new
GtDemo

|C3AH6:G:C3AH6:Ozﬂ: 1:25:0:Solub 2:5: 4 l

W Name of the modeling project
IG_ Thermodynamic potential to minimize {G}
C3AHB Name of the parent chemical system definition (CSD)
[D—_ CSD (recipe) variant number <integer>
l{)— Volume of the system, dm3
Il— Pressure, bar, or 0 for Psat(H20)g

25 Temperature, C
0 Variant number for additional constraints

Solub 2 Name of this process simulation task

S Process simulation mode code {P, S, LG, T.R}

Please, select one record key. Filter: C3AH6:™

process file

Do not change anything,

Ok Reset ] From List | Help Cancel | | 27
i !
@Empa
Step 4 - Important data object dimensions et Sconce and echeciom
Spin boxes below define the dynamic memory configuration of the process simulator.
Dimensions of sampled and expenmental data
7 aﬁ nPS - Number of steps (1 to 9993 ) to be performed in this simulation (default: 21); also length of the 'xp’ vecto T He 3
4 3: Number of ‘modC" array columns (1 to 40, 0 - not used) to store process control values; number of rows will be '-5 4 1 data and " val [ H
: i S : pe. d values of pH and log fon
H :l::\buﬂftolumr\slnlmyp table (0 to 200) to keep the simulated data sampled by the pgExpr seript; numbi ai:hvn.y prwm m) for hydm 3
- garnct. Concentrations in
[ 2] Mumber of columns inthe "' table (010 4)to keep the simulated data sampled by the pgExpr scrip; numbe mmol dm~?
7 =] Number of rows in the xEp, yEp armays for experimental data (optiona) Determination  Ca Al OH  pH log IAP
T =] Number of columns in the xEp, EP arrays for experimental data (optional) 1 743 440 234 1166 8045
2 731 481 270 1180 8102
ptional dota eciors VofKength iP5 cay b s for aciamtiulting current process control values for il s paroriedt 3 511 520 233 1132 7889
allocated using checkboxes below. The assignment operator with J index) in the script will override any values automaticall) 4 516 380 234 1183 50.54
vector from the respective process iterator. 5 649 480 296 11.93 8134
Ao o il s et 6 533 440 281 1195 8112
I €S0 variant = (vim') I~ volume ¥, | () I pressure P, bar (vP) Average $0.55
™ Temperature T (vT') I™ Constraints # (vNV?) I~ Process extent Nu (vNu) Model results 575 383 1180 8055
I Process extent pXi (vpXi'} I™" Kinetic parameters (vKin) I Time Tau (viaw)
[Leam more _so | Wew | ot | Bonnet ea 1992 J. Nucl Mat 190
redispersion
6+1 experimental data points from Bennet
4 columns for input: Al, Ca, NaOH and HCI
5 output columns
1 X-axis
6+1 experimental pH values for comparison
1 experimental column for pH values
28
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Solubility C3hHE

Data Bennet (6 from undersat redispersion, 1 mean)

AiTm| iv iP iTC] iNv iTau ipXi iNu ipH ipe
0 1000 0 1 28 0 ] 0 0.1 0 0
1 1031 o 1 25 0 0 0 3.1 0 0
2 1 o 0 [} o [} [} 0.1 0 0
cTm) 1000 o 1 25 0 ] 0 0.1 0 0
SmodC[J] =: cNu; modC (0] | modc[1] o
§ input of totalconc in m¥ = o as
xa, (OH) 31] modC [ 1 = il
% {Ca0}] =: modC[J][1 4.81 7.31
s not needed, for pH correction
b i 1: 5.2 5.11
1 =: modC[J][3]: 3.8 5.16
§ last is mean, for comparison only e i
3.83 5.75

Input in mM
modCl[J][0] = total Al measured
modC[J][1] = total Ca measured in mM

modC[J][2], and modC[J][3] = 10-* mM (use small numbers not «0»)

29
@Empa
ois | Samping | [ Resuits Config | [17/0572023, 17.44
pY_Nam{ordinate
K C3AH6 = solubility product of C3AH6
yplJI[0] =: 3*lga[{Ca+2}]+2*Iga[{AIO2-}]+4*Iga[{OH-}]+4*Iga[{H20@}];
Varies from -20.3 to -21.8 Calculated pH ble & d pH
e . alculated pH = comparable to measured p.
!
Decreases with time. Carbonation! A pH + 0.3 => No pH correction done
(pH difficult to measure, least reliable, avoid if
difference not too large
With pH correction -20.6 to -23.0)
<1icy C3aHE pY_Nam|ordinate
jm| abscissa K C3AHS Ca+2 OH- H20@ PH abscissa PH
o] o —21.45787| o| o o| [ o|
2| z :;zogv;e o of ﬂ 2 A
E 3. -21.36384 ai Ji ] ~—; :-.
; 5 :2;:7;07 ; ; ’.; 5 ;

15



Comparison with literature data

Matschei ea 2007 CCR 37

Bennet ea 1992 J. Nucl Mat 190
Redispersion (28 days

After 28 days 20.37 @ confidence interval (95%, 2 sided) 0.17
56 -20.41

84 -21.75 . .
112 21.58 » Check for trends with time
140 -20.81 ; ; ”
168 days VTS » Carbonation during exposure?
Mean -21.07

Standard deviation 0.62

confidence interval

@Empa

Mean -20.51
Standard deviation 0.23

(95%, 2 sided) 0.65

Mean conc™ wwe=21.21

Use the log of the individual solubility
products to calculate the mean

Do not use the mean of all

measurements to calculate one
solubility product

60 80 100

Temperature [°C]

Solubility products

1. General considerations
2. Measured concentrations

< log K,
3. Estimation of Cp and S

4. Calculation of log K at different
temperatures

@Empa

32
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Effect of temperature

K(ettringite) = {Ca2*}-{Al(OH),}2-{SO,2}3-{OH}* -{H,0}?
logK, = Ay + AT + A, InT

@Empa

-39 | A, 0.4343 AH;
logK, = A+ 2=""""| A S T
g K, = 4, T R [ T, T
41
8
E 43 == 2_term: Van't Hoff
; m— 1.term
E’ 45 I 4 Damidot and Glasser, 1992
i O Damidot and Glasser, 1993
® Warren and Reardon, 1994
47 B Perkins and Palmer, 1999
A Macphee and Barnett, 2004
logK; =logK;
49 : .
0 20 40 60 80 100
Temp [°C]
Lothenbach ea CCR 38, 2008 33
@Empa
Thermodynamic data:
_ AVGT °
— RT H
K;=e Kso < Gibbs free energy

AG°=> VA,G°

A
Influence of temperature logK, = 4, + ?2 +A4,InT

4 =908 [0 Ay (T +1)]
0.4343

A =- (8, Hy =A,CprTh)

A, =0BB ) oy 0 g1 12 2043
R ' 83145

34
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@Empa

1) From similar solids (avoiding liquid water)

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

G.M. Anderson, D.A. Crerar, Thermodynamics in Geochemistry: the Equilibrium Model, Oxford University
Press, Oxford, 1993.

2) Volume based thermodynamics (VBT)

L. Glasser, The effective volumes of waters of crystallization & the thermodynamics of cementitious
materials, Cement, 3 (2021) 100004.

S. Ghazizadeh, T. Hanein, J.L. Provis, T. Matschei, Estimation of standard molar entropy of cement
hydrates and clinker minerals, Cem Concr Res, 136 (2020) 106188.

L. Glasser, H.D.B. Jenkins, Predictive thermodynamics for ionic solids and liquids, Physical Chemistry
Chemical Physics, 18 (2016) 21226-21240.

We can estimate S and Cp (but better not AH; and AGy)

35
Q@ Empa
We can estimate S and Cp (but better not AH; and AGy)
1) From similar solids (avoiding liquid water)
THERMODYNAMIC PROPERTIES OF SIMPLE SYSTEMS 181 e TEERHEC IR W OEUCREMEEY
140 . W0E
‘ S(calcite) = S(aragonite)
180 -
120 - o ;
CF calcite — 160 ‘ Sfalcgg:
100 /C,‘: aragonite 140 ‘ N
o Moo
G 80 - 120 - i
Jmole K C,(calcite) = C (aragonite) - Im‘
60 |
J/mole K ‘
"
| 60 ‘
|
207 AC: , (aragonite —» calcite) 40’»
o h——t—p |
oF A——a 20 |- as®
T (aragonite — calcite)
| |
NP PSS! SSSRTR [SRONmt: TSN | . I
300 400 500 600 700 800 |
T (K) “ 300 400 500 600 700 80D
T (K)
F16.7.10.  Heat capacities of calcite and aragonite, showing that AC varies much less than
either Cp. l’; 711 Entropies of calcite and aragonite, showing that A5 varies much less than eithe]

G.M. Anderson, D.A. Crerar, Thermodynamics in Geochemistry: the Equilibrium Model, Oxford University Press, Oxford, 1993 36
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We can estimate Cp

Estimated error *
100 WoLLASTONTE! ' T T T 7
90~ FORSTERITE

CLINQENSTATITE

FFAYAL!TE
70k DIOPSIDE
AKERMANITE
60— MERWINITE
LOW ALBITE
501 MCROGLINE

1) From similar solids (avoiding liquid water)

@
Q

COP,.T,J - E V}"icol’,.’l‘r.i (78
i

H.C. Helgeson, J.M. Delany, H.W. Nesbit.

D.K. Bird, Am J Sci, 278-A (1978) 1-229

B> UNIT SLoPE |

A 25°-800°C AT IBAR _|
ome{l:l Si0p =cxQUARTZ
y SUM T 4
7 STRUCTURAL (@ JS0p =STABLE
ALGORITHM FORM |
B S0, =<QUARTZ

< SRR R P Sl S R L
010 20 30 40 50 60 70 8O 90 100
EXPERIMENTAL C‘i-,-" , CAL MOLE (%K)

ESTIMATED C3, ,CAL MOLE ™ )
H
(o]
T

v of

Fig. 11, C
, 500°,

of minerals at 25°,

imated and experimental standard molal heat capacities|
nd B00°C at 1 |

Cpcsan = 3Coei*2°Comonys = 3787.51+2+93.08 = 449 +45 Jimol/K
Cy.caats = Cpcant6*Consrucral tzo = 209.39+6°40.04 = 450 45 J/mol/K

Coscanme, measured ~ 446 (Geiger 2012), or 459 (Ederova 1979) J/imol/K

Good agreement (estimation, measured values preferred)

J. Ederova, V. Satava, Heat capacities of C;AHs, C,ASH,, and C;AS;H3, Thermochim Acta, 31 (1979) 126-128.
C.A. Geiger, E. Dachs, A. Benisek, Thermodynamic behavior and properties of katoite (hydrogrossular): A calorimetric study,

Am Min, 97 (2012) 1252-1255. 37

Summary of experimental standard molal volumes, entropies, -] Empa
and heat capacity power function coefficients for oxides

Coefficients for
3 ¢ - P b.p equation (19) Temperature
PY, P.T, BT ..'E ]gfxm’ I;J‘m-s Range, °K

Mineral Formula| v*

cal/mol/K

steuctural® Hznlnzu‘ﬂ ||J<Jﬂ ls.sl | 3.57 I s la.zu‘- IMDL IIBB-IW"i I *4.184 => J/mol/K
& fiua 0.

raalicic t 3 v v v
2éotitic’ H0 | H0. ) L ik TR ot |o.0%

3 |

mole .
1

1 ('k)~Y. Sgstimated from standard molal volumes of zeolites (see text).

. Zeat (*R) mote”!. fRabie and Waldbaun (1968). 2Stull and

b 2
Beat mote
Scal mote” ' (*1) "2

H.C. Helgeson, J.M. Delany, H.W. Nesbitt, D.K. Bird, Am J Sci, 278-A (1978) 1-229

a
Zem

Modules Record Record List Database Files Window Help

| & [ocome i i@ X ¥ -
- 4 o ‘8 DComp = Thermochemical/EoS data format for Dependent Co
1 2 3~]
IComp 3 s Page 1 Page 2 13/03/2014, 11:15
Where do we get [ s
2 h Hils ci:. (?:3?_{\;1.03)
the data from ~ o 5 T [csorsnzos
13 |s A C3AFS0.841
14 |5 |carireo |ceRE ‘—W‘ 212
15 |s |CaAlNO2H |m 1 vod s.8217
= clza7 God -338234€ R
J/moI/K = C3A HOd| -3560584 —
s ca [ sod 205.434 =
s cn2
B. Lothenbach, D. Kulik, T. Matschei, M. Balonis, L.G. & Tcanues
Baquerizo, B.Z. Dilnesa, G.D. Miron, D. Myers, Phase |22 |2 | C2RHT.5 2
Cemdata18: A chemical thermodynamic database for i“ Z2|8 (it .
hydrated Portland cements and alkali-activated 3 %i "‘T‘H“ =
materials, Cem Concr Res, 115 (2019) 472-506 e : =
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We can estimate S T 11 T T T

oL ASTONTE ) i
wofuete  Estimated d
20f QAT o s
_™leadie  error 210%
T 1O AKERMANITE -
. . e £ olin et i
1) From similar solids (avoiding liquid water & sol T i
go _ S%apr, (Vosirr, + Voier) 62) %" ONIT stopE -
BTy — aye. . (62 o 6o 7
AV i, r.T, 3 s =4
B ol secapin
H.C. Helgeson, J.M Delany. HW. Nesbhit. 30 ®3mrmm with
; ; . B VERHOaSEN (2560
D.K. Bird, Am J Sci, 278-A (1978) 1-229 20 O oeE son SreAnon ST
o S(Emmmé IALGDRITHM.
o 40 80 90 100 110 120 130 KO IS0
EXPERIMENTAL $*, CAL. MOLE™ (k)
Fig. 10. Correlation of estimated and experimental standard molal entropig

minerals at 25°C and | bar.

Scaane = (3"Scit2*Spnr5 ) (3™Vont2*Van 57Vesane)/ 2/(3" Vet 2"V s) =
(3*83.4+2*70.08)*(3*33.1+2*32.0 +149.7)/2/(3*33.1+2*32.0) = 390.4*0.96 = 374 +37 J/mol/K

Scaans = (Scaat6"Seiiz0)"(Vesat6™VrizotVesarns/2/(Veaat6™Vinao) =
(205.4+6*40.2)* (89.2+6*13.8+149.7) /2/(89.2+6*13.8) = 446.4*0.94 = 418 +42 J/mol/K

Scaans, measured = 422 (Geiger 2012) Jimol/K

Adequate agreement (estimation, measured values preferred)

C.A. Geiger, E. Dachs, A. Benisek, Thermodynamic behavior and properties of katoite (hydrogrossular): A calorimetric study,
Am Min, 97 (2012) 1252-1255.

39
Q@ Empa
We can estimate S and Cp (but better not AH; and AG;) o
2500
2) Volume based thermodynamics (VBT) .
2000 -
1500 % »
AFmM E 1500
= L 1000 g
Z 1000 . = [
-*E T . :} 500 s
& A g% T g =
& e’
w (eI
S (J/mol/K) = 2.69%0.05*V (cm3/mol) 0 500 1000 1500 2000 2500
0li-El 200 250 300 350 400 S / j KAL m°|-1
V,. / em? mol? .
1200
o Sllicate . Cp (J/mol/K) = 1.1*S (J/mol/K)
% B0O ° - ..
£ ° i
"“x 600 e
: 400 P
200 a®
L]
o0
o 100 200 300 400 500 600
V., [ em® mol?
S (J/mol/K) = 2.08+0.08*V (cm3/mol)
L. Glasser, The effective volumes of waters of crystallization & the thermodynamics of cementitious materials, Cement, 3 (2021) 100004. 40
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@Empa

We can estimate S

2) Volume based thermodynamics (VBT); Vgsane = 149 cm3/mol J/mol/K

S (J/mol/K) = 2.69+0.05*V (cm3/mol) for AFm, Glasser 2021) 40317

S (J/mol/K) = 2.08+0.08*V (cm3/mol) for crystalline CSH, Glasser 2021) 31112

S (J/mol/K) = 2.26+0.09*V (cm3/mol) + 15+6 anhydrous solid, Glasser 2016) 353142

S (J/mol/K) = 2.62+0.05*V (cm3/mol) + 616 hydrous solid, 399+29

(Glasser ea 2016, Gahzizadeh ea 2020)

S (J/mol/K) = from similar solids 374 £37
418 42

Scaans, measured = 422 (Geiger 2012) Jimol/K

Adequate agreement (estimation!)
measured values preferred > similar solids > VBT

L. Glasser, The effective volumes of waters of crystallization & the thermodynamics of cementitious materials, Cement, 3 (2021) 100004.
S. Ghazizadeh, T. Hanein, J.L. Provis, T. Matschei, Estimation of standard molar entropy of cement hydrates and clinker minerals, Cem
Concr Res, 136 (2020) 106188.

L. Glasser, H.D.B. Jenkins, Predictive thermodynamics for ionic solids and liquids, Physical Chemistry Chemical Physics, 18 (2016)
21226-21240L.

M

@Empa
We can estimate Cp ' '
2) Volume based thermodynamics (VBT); Vgsane = 149 cm3/mol J/mol/K

Cp (J/mol/K) = 1.1*S for AFm, Glasser 2021) 443+8
Cp (J/mol/K) = 1.1*S for crystalline CSH, Glasser 2021) 34313
Cp (J/mol/K) = 2.2*V (cm3/mol) -0.8 solids, Glasser 2016) 32880
Cp (J/mol/K) = from similar solids 449 +45

450 +45

Cpsc3aHs, measured =~ 446 (Geiger 2012), or 459 (Ederova 1979) Jimol/K

Adequate agreement (estimation!)
measured values preferred > similar solids > VBT

L. Glasser, The effective volumes of waters of crystallization & the thermodynamics of cementitious materials, Cement, 3 (2021) 100004.
L. Glasser, H.D.B. Jenkins, Predictive thermodynamics for ionic solids and liquids, Physical Chemistry Chemical Physics, 18 (2016)
21226-21240L.

42
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Solubility products

1. General considerations

2. Measured concentrations
< log K,

3. Estimation of Cp and S

4.

temperatures

Calculation of log K, at different

@Empa

43

log Kso

Solubility of C;AHg

=21 4

22 4

23 4

24

¢ single measurements
O weighted average

== «=\/an't Hoff

e C3AHG

24

26 28 3 3.2 3.4 3.6
Temperature [1000/K]

logK; =4, + A,T" +4,InT

@Empa

Van‘t Hoff equation
2-term extrapolation
(for isoelectric reactions only)

ACpy =ACp;, =0

A H®
logKT=—O'4343[ Sy = TO]

r~T

Log Ky, CAH, = {Ca2*F{AI(OH), }2{OH }*

Van’t Hoff not adequate for non-isolelectric reaction

4088 [t o)
0.4343
A2 = R (ArH% 7A"CpT“TO)
0.4343
A4, = 2 AGCTﬂ a4

22



@Empa

Temperature extraplotion

c3aHE
Ca3a1206 (H20) 6
SC DC REsDC
0 2le |a a1 A102- bn_
: Bjfe |5 B aie s All information needed can
2 4|d a wX OH- bn . .
i = be entered in ReacDC in
3 4|d a w_ H20@ an_
4 Ofn s CaAlOH C3AH6 cem_ GEMS
5 -1|n E CaRlOH C3AHE cem
} vor -13.264\ 14.97007 12.97| Use RTParm for
| logre|  3.1622780-21] -20.5 -] calculations
} G -5008155 -5008155|
-5537274 |
J sor -414.7222 421.7 421.7
[ coor -880.3617 445.6 445.6/
0.4343 [ 0 ]
A0 = ArST0 —A,CpT0 (InT, +1)
=il
logK; =A,+ A1 +A;InT 0.4343
e AO = g 4, :_—'(ArHTO —-A,CprTy)
R 0 0
0.4343
45 = ‘ArCPTO

R

45

% GEM-Selektor ReacDC Setup: siCaAIOHC3AHBcem:

Step 1 make a new ReacDC fo step1-selection of reaction-defined DC type and codes of methods of T.? correction

Select here the class code for the reaction-defined Dependent € ©0

% ReacDC: Please, set a new record key 1) This DC class code will be copied to Phase definition (can be changed there too):
O Dependent Comg of a single-com phase

] s:CaAlOH:C3AHE™:

The codes set below will configure the ReacDC record and define how to compute T,P corrections fi
s Phase state code of new Depender reaction and the new DC it defines.

Select here method codes for T,P carrection of standard molar properties of the reaction and DC
CaAIOH ID of a group to which this new De General method code for temperature corrections: 2)
,(3AI-|6— Name of this new reaction-defined ||< Calculation through the logK of reaction TP dependency
Method variant code for temperature EoS corrections:
cem| Thermodynamic data subset (TDS) [3 Three-term extrapolation of logK (T) at dCpr (T) = const
Method code for pressure corrections:
Ok Reset | From List [c Motar volume of new DC calculated from constant dvr of reaction

Cades for species-dependent EoS subroutines

N

d model rou

Step 2 - Selection of ReacDC/DComp involved in the reaction

7 i - < i < Back Next>
To (re)select different species to be invelved into reaction, activate the 'Full-list
selection’ checkbox; toggle it back to see only the selected records again. In the
full list, first the ReacDC 'r" and then the DComp 'd’ record keys appear; use the - .
filtering settings below to show only relevant records. Tick here to see fu" list

=|[ Select all

I Full-list selection

Clear

Source | Aggr.State | Group Name l Comi mentJ
1|d a Al AlO2- bn_
2|d a Ca .Ca+2 ‘an_ 3)
3|d a wX .DH- ‘bn_
4|d a w_ .HEO@ ‘an_
46




DComp

Step 1: make a new ReacDC for C3AH6

Page 1

reacDC

Page 2 | | 23/05/2023, 17:24

@Empa

C32H6
AH,,¢c;3nn6 = 6.6 kJ/mol Ca3A1206 (H20) 6
AHq,c3p46 ~ 5537 kJ/mol
- DComp = Thermochemical/EoS data format for Dependent Components) SCeR L RESDC_
0 2|d a Al AlOo2- bn_
Page 1 Page 2 ‘2413012014, 08:23 \1\ 3ld |a ca ca+2 an
Caadls e 4\d ‘a wX OH- bn_
Ca3a1206 (E20) ¢ \3\ 4d & w_ H2%%Final values®3s
‘ MO 378.2853 ‘ 2z 0 | 2 Adap Ojn |# Camlon Csméide_m_em,ﬂifém;;
5 \{ n s CaRlOH C3AHG cem_
‘ vod 14.9702 UJ
o =s0os153| 2000 [ oz -13.26¢ 09 14.97007 14
| nod -5537245| 2840.34¢ T
~ | logKrl &.1622789—21 -20.5]
[ sad] 421.7] 1.9
o ] 3 | cor 117014.5| -5008155| -5008
[ eerr 1 25| | -5537274
‘ LamsT - —»—‘ T
| 50r| -414.7222' 421.7‘ 42
[zesap| -] ---|
| CpOrl *880.3617| 445.6l 44
0|Lothenbach_sa:2012:pap: all log K
1|Taylor:1997:book: V0 (dens | NisoX "_l ""

(4% RTParm 1) X

o Please, select a source record from:

DComp | ReacDC | Cancel

% ReacDC: Select one key of a source ReacDC record

Please, select one record key. Filter: *

Step 2: Temperature dependence_RTParm

3) Any number

s:CaAlOH:C3AH6:cem_ir:*:

S

cem_

Phase state of source Dependent Component (DComp or ReacDC)

Tick here to see full list

CaAICH Group to which source Dependent Component belongs

C3AH6 Name of source Dependent Component

Code of source thermodynamic data set

r Source of input data forDC{rd}

001| Variant number of this RTParm calculation task <integer>

Fal’s I

Racat

B PR
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“Temperature T

Start Units
End

@ Plot as abscissa xT

(4 GEM-Selektor RTparm Setup: s:CaAIOH:C3AH6:cem_r:001: X

Step 1 - Ther ly ic data tabul (RTParm) configuration

This is a tool for tabulating and plotting thermodynamic data against temperature T and/or pressure P. The
input is taken from a DComp or ReacDC record specified in this RTParm record key.

Upen calculation, results will be tabulated on the "Tables’ page, as specified in "tExpr’ math script. Results
can be plotted, exported into text files, or copy-pasted to other programs.

Simple 'tExpr' scripts can be created using a selection dialog on the next page of this wizard. Example
scripts are also provided under ‘Help*® "View Scripts..." menu command in the RTParm window.

2 T then P increments j Select mzode for iterating xP and xT arguments. Default mode: 2.

C Celsius lJ Units
Minimal 000 || Minimal 100
Maximal ’—10000:‘ Maximal
step Step 500 || step

Number of points 21 j Number of points 1 Ell

[~ Pressure P

1.00 =
0.00 =

7" Plot as abscissa xP

List of static data objects (see tooltip on each object
name)

Learn more <1

14 datapoints

Learn more < Back | Next> | Cancel |
@Empa
Step 2 - Selection of items to sample (to retain the old script, just click 'Next >") HesRRe
Property Item Selection Sampling Script
Scalars e Ry JETPIIO] =: tiogk: Select tlogK
twH twRT
tws twP
twCp  twTC
twv twTK
WK tw[0]
tlogk xT
tdGr  xP
tdHr
tdsr
tdCpr
tdvr
twRow
[h- GEM-Selektor RTparm Setup: s:CaAlOH:C3AH6:cem_r:001:

Step 3 - Important dimensions

Setup of dimensions for data tabulation arrays

] =1 Number of columns in the yF table (plot curves), 1
~ Number of rows (T,P pairs) in yF, xP, xT arrays will

[14] j Optional: Number of rows in xTE, xPE, ytE arrays fo
' Default: 0 (arrays not provided).

1 j Optional: Number of columns in ytE array for expe]
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Scipts | Tables owork ||| sewp | 23/05/2023, 17:16
Matschei:
Temp under [T (and P) corrections: log K function of C3AH6
5 -20.39
25 -20.45 ‘ Please, change the script and/or remake, if necessary
55 -20.78 -
70 21.24 - - .
85 -21.60 ‘ rpUn|z (4|3 |b|c|+|T |c |B|- ‘ rpNpT ll 21 21 | rpMode
105 -22.18 — i =
Matschei:
over ‘ rpsizel D| 0 | rDime\ 1‘ | rDimEfI 14| 1 ] tYName| kJ/m}
5 -20.65
25 -20.40
40 -20.64 tEXprE
gg 2?‘213 Experimental data can be entered
85 -21.49
90 -21.47
110 -22.15 4 l
‘ thamelC Celsius IPlot 1
As calculated in . =
Lothenbach ea 2012 CCR 42 XTE xPEl VEE
0 5 1] -20.39
qt 25 1 -20.45
2 55 1 ~20.T8
3 70 1 -21.24
4 &5 1 =21.6
5 105 1 -22.18
6 5 1 -20.65
T 25 1 -20.4
g 40 1 -20.64
{ @Empa

"E IR |
Scripts I Tables TPwork } SeLp ‘ 23/05/2023, 17:16

E'E' ‘ O | s:CaAlOH:C3Al S

|

-20.204

-20.401

-20.604

-20.804

-21.004

-21.201

log K

-21.404

-21.601

-21.804

-22.004

T (and P) corrections: log K function of C3AHE

i o

I tXNameIC Celsius I t'_l\)g!(
XT xe[| yF
0 0 : ¢ -20.57522
1 S & -20.52989

<> c

-22.20
0.0

20.0 40.0 60.0 80.0 100.0

o

120.0(5

Calculated value

Cp!C3AH6, measured ~ 446 (Geiger 2012)
S!C3AH6, measured =~ 422 (Geiger 2012):

Good agreement!

52
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WEnps
Step 3: make an additional ReacDC for C3AH6

| Page 1 Page2 | |23/05/2023,17:27
«C3AH6.cem2»

C3AH6

Ca3R1206 (H20) 6

Cpicanne = 328 (Glasser 2016)

SC DC REsDC
S,csas ~ 399 (Glasser 2016) . [ = B o b
1 3|d a Ca Ca+2 an_
2 4|d .a wX OH- bn_
3 4|d .a w_ H20@ an_
4 Oln |s CaRlOH C3AHE cem2 .
o -lin |s CaRlOH C3RHEé cemZ

Final values as aide memoire

‘ VOor -13.264] 14.97007 14.97
‘ logKRr 3. 1622752721| Logk -20.5 =

AH,c3pn6 = 0.3 kd/mol ‘\‘\GOri 117014.9| -5008155 -5008155

[ H()ri 282.5218| -5544192 2
Adapt Sr, Cpr ‘ sor —391.5222| 393.5 398.5)
‘ cpOr -762.5617' 327.8 327.8
Clone the entry in RTParm ‘ e ] e —
And link it to the new ReacDC ‘ ‘ - . - .
cp1C3AH6, measured ~ 446 (Geiger 201 2) Cp!C3AH6 ~ 328 (Glasser 201 6)
S, caaHs, measured ~ 422 (Geiger 2012), S,c3ane ~ 399 (Glasser 2016)
T (and P) corrections: log K function of C3AH8 T (and P) corrections: log K function of C3AHE
-20.20; -20.20
2040 & 2040 O
<& O

-20.601 -20.601

~20.801 -20.80

-21.004 21.004

=4
e h 4
2 -21-20) 3 2 21.20]
-21.401 21.40]
2160 AH,,c3an6 = 6.6 kJ/mol <& o
-21.804 ~
21.80! AH,,c3a06 = 0.3 kd/mol
-22.004
-22.004
-22.20- T T >
0.0 200 40.0 60.0 80.0 100.0 1 22,20 I I
C Celsius 0.0 200 40.0 60.0 80.0 100.0 120
C Celsius
Cp determines curvature, not sensitive
Hr determines steepness Less good agreement




Cp!C3AH6, measured ~ 446 (Geiger 2012)

S, c3aH6, measured ~ 399 (Glasser 2016)
T (and P) corrections: log K function of C3AH8

@Empa
Coscaans = 328 (Glasser 2016)

S,caane ~ 399 (Glasser 2016)

T (and P) corrections: log K function of C3AH6

Cp!C3AH6, measured ~ 446 (Geiger 2012)

le3AH6, measured ~ 422 (Geiger 2012)!

T (and P) corrections: log K function of C3AHE
-20.20

. A s
20,401 < pos S

-20.804

-21.004

-21.204

log K

-21.401
'e. %
P,

A

2160 AHp,capn6 = -6.6 kdimol <

-21.804

-22.004

o0
200 40.0 60.0 800 1000  1200|¢
C Celsius H

-22.20
0.0

Cp determines curvature, not sensitive

Hr determines steepness (G = H -TS) => fit o

-20.20; 0,207
-20.404 < ‘o,sz O A
2060] 060 <
-20.801 0.801
-21.001 1.00/
-21.204 11.204
-21.404 1.404
-21.601 1.601
21801 AH,,caans = 0-3 kd/imol 1.80, AH,,c3p06 = 0.3 kd/mol
-22.001 2,001
2205 200 400 60.0 80.0 10b‘{u s 120.0/%%%%0 200 400 60.0 80.0 100;\(\, 120
C Celsius C Celsius
Cp determines curvature, not sensitive, cannot be fitted
Hr determines steepness Less good agreement
55
@Empa

3-term extrapolation
ACpr = ACpy, = const
logK, = Ay + 4,7 + 4, InT

4, =¥-[A,STOO ~A,Cpy (InT, +1)
0.4343
4, z_—'(Ang0 —A,CprTy)

R

f S (or H) possible)

56
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L
Measured enthalpy values for C3AH6

Measured AH

 -5562+5 kJ/mol, Berman 1961

« -5548 kd/mol, Abramov 1981
* -5552416 kJ/mol, Schoenitz 1999

Calculated AG log K
« -55652  kJ/mol, Geiger 2012 =>-5021 kd/mol  =>-22
Calculated AH Calculated AG log K
« -5537 kJ/mol, Lothenbach 2012 <=-5008 kJ/mol  <=-20.5
Corrected G° for AFF* Calculated AG log K
« -5546  kJ/mol, in progress <=-5017 kd/mol <=-20.5

Measured enthalpy values associated with considerable error
+16 kJ/mol (of AG) => correspond to 3 log units in Kso !
log K prefereable (as G depends on other data)

Berman, H. A., Newman, E. S., Heat of formation of calcium aluminate monocarbonate at 25 °C, J Res Nat Bur St-A. Phys Chem 65A, (1961),
197-207

Abramov, V. Y., Alekseev, A. |., Values of thermodynamic properties of calcium hydrogamets of the composition 3CaO Al,03xSiO5(6-2x)H,0, J
Appl Chem USSR 54, (1981), 812-815

Schoenitz, M., Navrotsky, A., Enthalpy of formation of katoite CajAl, [(OH),];: Energetics of the hydrogarnet substitution, Am Min 84, (1999),
389-391

Geiger, A. C., Dachs, E., Benisek, A., Thermodynamic behavior and properties of katoite (hydroglossular): a calorimetric study, Am Min 97,
(2012), 1252-1255.

Lothenbach, B., Pelletier-Chaignat, L., Winnefeld, F., Stability in the system CaO-Al,05-H,0 CCR 42, (2012), 1621-1634. 57
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Conclusions solubility products

Do under- and oversaturation experiments
Measure at different temperatures
—Use GEMS to calculate log K and AG

Compare to existing literature !
(if possible recalculate based on measured
concentrations)

—If available, use measured S and Cp for
temperature extropolation

—Else estimate from similar solids (if possible)
= if not, use VBT
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