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Impact of water activity on the stability of cement hydrates

Thomas Matschei, Luis Baquerizo
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Introduction

* Relative Humidity
RH =V/Vs = P/Ps
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Introduction

* Hydration states: Varying water content of a hydrated phase

* Example: Monosulfoaluminate (Ms)
» Normal exposure conditions [Ca,(Al),(OH),,]**

[SO,6H,0] 9-
» At 8% RH [Ca,(Al),(OH),,]** [SO,4.5H,0]> > ‘

*  Questions?
» At which conditions (RH and temperature) a change of hydration state takes place?
» What are the thermodynamic properties associated to these changes?

» How are the physical parameters (volume and density) affected?
» How these changes affect porosity and volume stability?
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Monosulfoaluminate isotherm

« A summary of input data we had to obtain
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t\H olcim Baguerizo, L.; Matschei, T.; Scrivener, K.; Saedipour, M.; Thorell, A.; Wadsd, L. Methods to determine hydration states of minerals and cement hydrates, submitted ©2013

Methodology. Answering the questions

X-Ray diffraction (XRD)

Thermogravimetric analysis (TGA)

Sorption calorimeter: collaboration Transcend Project 6: Lund University
Sorption balance: collaboration Transcend Project 6: Lund University
Hydrate pair - humidity buffer method
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Methodology

XRD/ TGA
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A adsorption
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Limitations: Lattice parameters refinement assuming that the space group did not
change
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Baquerizo, L.; Matschei, T.; Scrivener, K.; Saedipour, M.; Thorell, A.; Wadsd, L. Methods to determine hydration states of minerals and cement hydrates, submitted
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Sorption balance
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Methodology

Hydrate pair — humidity buffer method
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AH° = 9895.8R = 82.3+0.125 kJ mol™
4S° = 26.17R = 217.6+4.4 J mol* K*
Ms12(s) — Ms10.5(s) + 1.5H,0(qg) e ‘ ‘ N
3.1 3.2 3.3 34
f* (H 0) RH 1000/T (K™)
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AG? = —RTInK = —RTIn[f(H,0)%5] = —1.5RTIn —o0
AG,° AH,° AS,°
o r r r
o(lnK) _ _AHy AG® = AHO — TAS? [kImol] | [kImol] | [Jmolt K]
a(l/T) R 174+0.3 82.3+1.0 2176 +4.4
H o ICi m Baquerizo, L.; Matschei, T.; Scrivener, K.; Saedipour, M.; Thorell, A.; Wadsd, L. Methods to determine hydration states of minerals and cement hydrates, submitted ©2013
Methodology
, , + Data so far:
Sorption calorimetry
» Ms9->Ms10.5: 2% RH
» Ms10.5->Ms12: 28.5% RH
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;é’ ] [2] Ms105 ~ Ms12 AG? AH?° [JArrfEJI’l
8 - -1 -1
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o 4l Ms9->Ms10.5 27.3 102.8 253.2
s |
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0 ‘: a L L L L L + L L
00 02 04 06 08 10 -1200 -800 -400 0 400
Dry sample Water activity Mixing enthalpy (J g* H,0)
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H o I - i m Baquerizo, L.; Matschei, T.; Scrivener, K.; Saedipour, M.; Thorell, A.; Wadsd, L. Methods to determine hydration states of minerals and cement hydrates, submitted ©2013




Methodology

For the reaction
Ms14 > Ms12 + 2H,0

In situ XRD testing was carried out using a humidity chamber

The change of hydration state takes place at around:

Ms1.
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AH° =-78.33 kJ mol*
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[ | = Absorption 1]
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» 25 oC 9 97% RH 1‘« 5105 Ms9(s) + 1.5H,0(g) —»JMle_S(s)
» 50 °C - 90% RH T I R B
RH (%)
» 65°C > 85% RH
» 75°C > 78% RH
*  Then the thermodynamic properties were calculated with the equations:
AGP? = —RTInK
d(InK)  AHY
a(1/T) R
AG? = AH? — TAS?
t\Holcim ©2013
Methodology
» Derived thermodynamic properties
Change of hyd. AG° AH/° AS.°
Reaction
state (% RH) | (kJmol?) | (kJmol?) | (J molt K1)
Ms14(s)—Ms12(s)+2H,0(q) 97 17.15 78.332 205.20
Ms12(s)—Ms10.5(s)+1.5H,0(g) 28.5P 17.42 83.16°¢ 220.51
Ms10.5(s)—Ms9(s)+1.5H,0(g) 24 27.29 102.82¢ 253.32

aCalculated considering a change of hydration state at 97, 90, 85 and 78% RH at 25, 50, 65 and 75
°C, respectively "From hydrate pair - humidity buffer method cAverage value from sorption
calorimetry and hydrate pair —humidity buffer method 9 From sorption balance €From sorption

calorimetry
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Thermodynamic modelling

T,

Create Monosulphate14 in DComp

ReacDC
Model drying of Monosulphatel4

Introduce Monosulphatel2, Monosulphate10.5 and Monosulphate9 in

olcim ©2013
Create new project
t GEM-Seleklor modelling projecs: Select one t apen, or dick Hew Projed. .’ 1o ceate
[AIusicwan MUSICAluminadilica
Ko AragUalc Aragonite-Calcite
Ca-Sr-C03 Solid _soluticna
k CaleDale GEMSA-ceac-example
Haclinite Test-JNC
Do Hinerica Mineral-Ag-Reactiona
Hyanite HylstProject
MyHork  MylstFroject
Solvus tTest project solwvus
RiachC TestPNTDE Teat-PSI-Hagra-TDE-07-12
*t PRSV fluid
S503-CO2-H20 system
Riparm
]
Phase
Compes
[ getain setup of squeous (and gasifuid) phases ™ Ativate Froject Remake wizard
I Change file configuration of the selectad project ~ Re-calculate and save all equilibria {SysFq) using: —
I an ™ Smart 1A mode (SIA
I™ Create a new project using the selected one as a template e Mol S
| Make 2 new project:
= by copying records from defoult database " by linking files from the default database
| open roject | | mew project | Learn more cancel |
|
Holcim ©2013




Create new project
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Create new project
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Create new project

¢ Setup of agueous and gas pha

Select Aqueous Electrolyte Model | Select Gas/Fluid Mixture Model |

Ion-association (I4) with Davies equation, D (default)

IA with extended Debye-Hueckel equation (Helgeson), common b_gamma and a0, H |

Parameters for
the aqueous phase model

IA with extended Debye-Hueckel equation (Shvarov), common b_gamma and a0, Y
1A with extended Debye-Hueckel equation (Karpov), common b_gamma, individual a0, 3
1A with Debye-Hueckel equation, no b_gamma, individual a0, 2

14 with Debye-Hueckel limiting law (very low ionic strength), 1

Do not generate; select a user-defined Phase record from database (Q, S, Z ), U

Do not include aqueous electrolyte phase into the system definition, N

Phase record key: |a AQELIA ag_gen

agq EDH_H

b_gamma(1,298) value:

| 0.064

b_gamma(F,T) mode

{koH

Commen a0 value:

|3.67

Gamma (neutral species)

|Ca|cu|ate as b_gamma®IS j

Gamma (water solvent)

I From osmotic coefficient j

Molality conversion

IAppIied to all species j

Learn more |
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Create new project

ITumriaLa:G:Ms:O:O:1:25:0:

Tutorial_a Mame of the modeling praject
IG Thermodynamic potential to minimize {G GV}

Mame of the chemical system definition {CSD)

0 CSD (recipe) variant number <integer:

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

- —
@ SysEq: Please, enter a new record _EE

0 Variant number for additional constraints
| Ok I Reset | From List Help Cancel
N —
Holcim

Introduce monosulphate and AirNit_22

Input Recipe of Single Thermodynamic 5

tname I N \
Property —Selection Recipe Input \
Compeos (xa_) o o
DCor:p (xd ) AiNit22  H2504 Lroperty Nﬂm Luantity gnits
IComp (bi_) AI[OH)3 Q2 1) xd_ menosulphate |1 M
Phase (xp_) Al203 503 2 xa_ Rirlit_22 1 g
Kinulower (dll_) Aqua
Kin.upper (dul_) ArmairMit
GO shift (gEx ) A
Other Inputs CH4
coz2
CalOH)2
CaC03
Cal
CaS04
Gypsum
H2
H2s
Input quantities of Compos(itions) contributing to B_
vector

Learn morel

Print || 0K I Cancel
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Create new project

| 4 GEM-Selektor 3 (GEMS3) - G

I-Mnduls Record Data Calculate View Print Window Help

BB o - ]

B

B

53 El ¢ W E“& = H 9 ||Tumrial_a:G:Ms:0:n:1:25:0:

&, [=mmmnms Input: System Definition
31|4|5|6|7

Results: Equilbrium State |

wtlvity coeff.

SvsEa i ms|o o1 |25 | T
r 20 BLIER et 30 20 -0.3456 ——
) ‘g gas_gen 6 g 0.034400083 2.691e-10 ]
A s 504 CH AFm 2 s 0.99988257 -5.485e-10
Process S OH_504_AFm 2 s 5.717/8457e-007 -5.495e-10
E-s SO4_CO3_RFt 2 = 3.1795438e-005 7.258e-06
I x s CO3_SC4_AFt 2 s 5.8069077e-007 7.258e-06
-5 AL(CH)3mic 1 s0 -0.4531
Er=s -3  Gibbsite 1 = 0.00014678063  2.454e-06
s Graphite 1 so0 -80.2
ﬂ s Aluminate 1 =0 -35.76
-5 C2RHTS 1 s0 -3.031
GEMZAT @3 C3RHE 1 so0 -2.325
% -5 C4RHIZ 1 so -6.762
g caEig ] o —5.523
t s C4nsHI2 1 s 5.3068851e-007 =-7.511e-07
Project
s C4AcHI1 1 so0 -1.566
s ectringite 1 = 5.6310961e-007 7.258e-06
s Aragonite 1 s0 -0.1438
=s Calcite 1 s 0.0002184429 2.8932-05
E: s lime 1 s 0 -11.08
E s Portlandite 1 =0 -1.659
s Anhydrite 1 = 9.2398775e-006 &.649e-05
s Gypsum 1 s0 -0.4691
E: s hemihydrate 1 s 0 -0.9332
s Sulphur 1 so0 -113.6

“ ]

System: T= 20815K: P= 100 bar; V=

1162 L; Aqueous: built-in EDH(H); pH=11991; pe= 8.781; I5= 0.247m

SO4_OH_AFm
more stable than
C4AsH12 (Ms12):
its formation has to
be skipped

Just C4AsH12
(Ms12) appears.
The other hydration
states are not
introduced

© 2013

Introduce water vapor

Go to Database
management
mode to introduce
water vapor

UEM-SeIeKIOn 3

indow Help

Modules Record Record List
DComp
Add Link...
& [==== )
% New File...
1 2
omp |15 (Tcee Compress...
14 [a [wC+d co3-2
15 [a [wC+d HCO3-
bcomp |16 [ [wC-4 cHi@
17 [a [wHo H2@
x 18 |a |wNO N2@
19 |a [w00 0@
ReadC 50 |a |ws+2 5203-2
21 [a |wsd H503-
% 22 [a |wsd 5032
RTparm  |23|a |wS+6 H504-
24 [a |ws6 504-2
.O 25 [a |ws2 H2s@
@ [a5]a ws2 Hs-
Phase {57 |4 [wx OH
28 |a |w_ He
i} 2> A
Compos |30 ]9 [C+4 co2
31 g c4 CH4
32[g[Ho H2
33[g Mo N2
34[g 00 0
35[g[s2 H2s
36 |5 [AIOH AlOHam
37 s [AlOH AlOHmic
38 s [AlOH Gbs
39 s [ Gr
40 s [canio |c3a
41 [s [canloH  [c2aH7S
42[s [canlOH [ CG3AHE
43 [s [canloH  [caarI3
44 [s [canioH  |caar1e
45 s [caAlOH | caaHss
46 |s [CaAlOH | cCaHID o
‘| o

| Page 1 Page 2 ||11J04I2014, 11:35 ‘
[a20 1

|rz08

[mo | 18.0153] [zz | o] [ [ 1 N
[voa ] 1.80684] o]

[eoa | -237183] —]

[#0a | -285881] —]

[soa ] 69.923 —]

[cpoa | 75.3605] o]

[ezTz | 1] 25]

[LamsT | -—] —]

[Betalp] -] —]

|SUPCRT :1992:prog:
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Introduce water vapor

Please, mark/select one or more items:

dc3rcemdata D:/Selektor/Gems3-app/Resources/DE.default/dcomp.3rdparty.cemdata.verl4.0l.pdb
dcpsreaqueous D:/Selektor/Gems3-app/Resources/DB.default/dconp.psi-nagra.rec.agqueous.verl2-07.v0.1.pdb
dcpsregases D:/Selektor/Gems3-app/Resources/DE.default/dcomp.psi-nagra.rec.gases.verl2-07.v0.1.pdb
dcpsresolids D:/Selektor/Gems3-app/Resources/DB.default/dcomp.psi-nagra.rec.solids.verl2-07.v0.1l.pdb
dcspcemdatao'? D: fSelektorfGemsB appresources!DB defaultfdcomp specific.cemdatal7.pdb

TP T InOTO T e Oe oS T Ve T

dcsuorganic D:/Selektor/Gems3-app/Resources/DE.default/dcomp. supcrt organic. verlBBS pdb
dcAluSiCMSA D:/Selektor/Library/Gems3/projects/AluSiCMSA/dcomp . A1uSioMSA. pdb

dchAragCalc D:/Selektor/Library/Gems3/projects/AragCalc/dcomp.AragCalce.pdb

dcCa-S5r-CC3 D:/Selektor/Library/Gems3/projects/Ca-S5r-C03/dcomp.Ca-5r-CO3.pdb

dcCalcDolo D:/Selektor/Library/Gems3/projects/CalcDolo/dcomp.CalcDolo.pdb

dcKaolinite D:/Selektor/Library/Gems3/projects/Kaclinite/dcomp.Kaolinite.pdb

dcKinetics D:/Selektor/Library/Gems3/projects/Kinetics/dcomp.Kinetics.pdb

dcKyanite D:/Selektor/Library/Gems3/projects/Kyanite/dcomp.Kyanite.pdb

dcMvWork D:/Selektor/Librarv/Gems3/oroiects/Mvilork/dcomn. Mvilork.odb

Ok | Select Al Clear Al

olcim
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Introduce water vapor

Backup Steam s98

E ce2 (=-] 238
@ e coe pr
g -4 om P
a W ™ P
L K3 L]
s Kz acm
FEM lektor ) EH 298
Modules Record | Record List Database Files Window Help : :- :-‘I:
< 7 e P
K opYy.. 1y 28
BB o .- =
E—— Rename... : b e
=
= o7 EOE &
s : s
ﬂ Delete... u
Ll T Choose Steam s98 —
o
|9
pcomp |4 19 ]
15 19
16 |9
7 lo| i —r— T selectall | chear Al Help cancel
ReaDC g [g[NG _ |Ar |98
9 |g NG He |[s98
é—{ 10]g NG [k |98
DComp
Rroarm |11]g NG Ne |08
129 NG R |98 | » Compuens » Data(@) » Seleitor + v | g || Seorch Seiektor 2
.O 13 |g NG Ke |98 Coganioe = New bolder - @
I [ulgo o2 |=s I T6A dus Py =
Phase 4515 /5e4 502 |08 e B Gomal-app
L A0 the finsl mesture
169 52 |H2S |98 o B Uteaey
L BeSTALL windows bt 1K
17]g |0 FRIES 3 | I
Compos |18 |9 |Steam |H20|s08 b Soumal of maserists
19| g [Steam |H20 |08
G Likwasies
* Decwments
o M
- Prctuses. .
B videss
8 Compete
I
s Dta D)
- oy LIGR ()
Ca CODDMITER (G) L - 0
Save as Steam.txt P :
" - =
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Introduce water vapor

GEM-Selektor modelling projects: Select one to open, or dick "Mew Project...’ to create

Tutorial_awater activity Ms

AluSiCHMSR MUSICRluminaSilica
AragCalc Aragonite-Calcite
Ca-5r-C03 Solid _sclutions

CalcDolo
Kaclinite Test-JNC
Kinetics
Kyanite
MyWork

Selvus

TescFNTDB Teat-F5I-Nagra-TD8-07-12
TeatFR

GEMS3K-teat-example

Mineral-Ag-Reactions
MylstProject
MylscProjectc

test project solvus

test project PREV fluid

¥ Retain setup of aqueous (and gas/fluid) phases
I™ Change file configuration of the selected project

I™ Creste a new project using the selected one as a template |
Make a new project:
@ by copying records from default databps

™ A1A mode (simples

by linking filas from tha default database

Leam m]

I~ Activate Project Remake wizard
[ Re-calculate and save all equilibria

Smart IA mode (S1A)

Canndl

olcim

Open the
project

© 2013

Introduce water vapor

GEM-!

Modules Record | Record List Database Files Window Help
_—

ReaDC [16]a jwed | CHe@ bn_
17 |a |wHO H2@ bn

18 |a |whD N2@ an_

RTparm |19 a w00 02@ bn_
20 |a |ws+2 5203-2 bn_

.O 21 |a |ws+4 H503- cn_
- 22 |a |wS+4 503-2 bn_
Phase  193]a |ws+6  |HSO4- en_
24 |a |wS+6 504-2 an_

25 |a |ws-2 H25@ cn_

Compos |26 |a |w5-2 HS- bn
27 |a |wX OH- bn

28 |a |w_ H+ an_

29 |a |w_ H20@ an_

30 g |C+4 coz en_
31|g|C4 CH4 en_

32 |g | HO H2 en_

33 |g | NO M2 ad_

34]g 00 0z en_

1’:?-ic:la:im

Restore Steam.txt into the project

database

1 b Computsr v Cata (D) b Sebektor »

v |43 || Search Setektor o

Organize =

MNew folder

= 0 @

& Jour ~
) caF
M 2nd
& TG
4 pvs
B any
. FINY
Ao grag
1 Jour

7 Librar| =
[= Doc
& Mus
=] Pict!
B vide

1% Comp
&, win
a Date

o Son -

Name

|| Gems3-app

i Library

[ INSTALL windows.bet
|| Readme3.bdt

Date modified

4/10/2014 9:24 AM
4/10/2014 9:24 AM
9/18/201211:11 AM
9/20/2012 2:43 PM

Type Size

File folder
File folder
Text Document 3KB
Text Document 3KB

[[Eoemm

4/11/20141:44 PM

Text Document

1KB I

File name: Steam.txt

v [Textfiles (o) -

© 2013




Introduce water vapor

GEM-Selektor modelking projects: Select one to open, or dick 'New Project...’ to create

Make 3 new project:

= by copying records from

o]

™ Create a new project using the selected one

TR STETEN

= LAN
v
- AluS10MSA MUSICAluminaSilica
IComp. AragCalc Aragonite-Calcite
Selid _seol
& CalcDolo GEM33K-test-example
Kaclinite Teat-JNC
DComp Finecics Mineral-Ag-Reactions
Eyanite MylatProject
x HyWork MylstProject
Solvus test project solvus
ReacDC TescPNIDS Test-P5I-Nagra-TDE-07-12
éé TestPR test project PRSV fluid
RTparm

Tutorial awater activity Ma

W Retain setup of aqueous (and gas/Tlud) phases
™ Change file configuration of the selected project

database

lﬂml

plate

| Project Remake wizard
calculate and save all equilibria (SysEq) using: —

™ Ala mode (smplex) [~ Smart IA mode (S14)

C by

@ g Steam H20

olcim

Doit I

Do it for All

Cancel

Open the
project again
and accept the
insertion of
Steam

598 record to be inserted into project database. Action?

© 2013

Introduce water vapor: checking the equilibrium RH

Calculate equilibrium—-> H20 appears as a component of the gas_gen

(184 G Selektor 3 (G

[= Modules Record  Data Clltu!dt Veew Print Window Help

=
it

e < Tl X35}
t

VA () 1%

Irput: Syvtem Defiriton  Results: Equbboum State |

= | ) cmaniase

[ s o nH Fhaae/species II. I‘l‘]hwunz (mol) Ilw&:-’leuvuv ICenmuu:w Ihuivuv coeff.
1000 01 5 [a £5 30 a0 -1
,.l %:m '0'1'; =9 aes_gen T g 5.0330I00TT TTETe=TT
L 1 T coz G 1.064193e-013 3.04849e-12 3.04838348-012 1
Process |4 [Ms1002 012 oo ca a 0 1
[Siws 1oa3 o 11 |2 H2 6o 2.88132e-42 ] 1
L}[ 6 [Ms 1004 012 w2 G 0.027694821 0.79331% 0.7933108 1
|7 |Ms 1005 012 o2 G 0.0067052624 0.152072 0.1620724 1
GiDemo g (b4 1006 0 |1 |2 H2S G0 1.0834e-143 [ 1
|9 |mea007 012 T R B
10]Ms (10 [0 12 ] _Cos_A LR =3.366e-08
o FRERE ¥ o8 CO3_SC4_AFL 2 2 1.3045176e-007 -3.366e-05
e :'l—zz :::: :-i i Bop ALIDH)Imic 1 s 0.0001456286 =-1.947e-10
L ILAENL ¥ 3 Graphite 1 a0 -79.89
% 131 1001 10 2 j2 # 8  Aluminate 1 s -35.74
14 M5 1002 012 -3 C2AMTS 1 s0 -2.729
Protect |45 [Me 1013 (0|1 |2 % 2 CAAH3 1 a0 -7.064
iM‘ 1014 Gll 2 #Ho8 CAHIO i a0 -2.979
17 |Ms 1015 (0 [1 2 # 3  CHAsHIO.S 1 20 -0.3238
a8 aae (1006 1012 (2 ® o8 CaRsHIZ 1 s 0.39981887 6.838e-08
A =TT %8 CHRsHIZ new 1 =0 -0.02589
%:“-E; :;; #o3  CdRaMl4 1 a0 =0.6925
el 1 # s CARsHE 1 a0 -2.352
[ZLiMs 1019 10 11 |2 %3 CHACO.SM1Z 1 0 -3.42
|22 |Ms 100 012 §ooa  CAhcH1l 1 =0 -1.866
23 M 2020 0|12 ® & ettringite 1 = 1.2542009e-007 =3.366e-05
24 |Ms 2022 012 #- 8 Aregonite 1 =0 =0.1438
|25 |ms 202 01 )2 # 3 Caleive 1 = 0.0002184429 4.863e-08
| Ms 1024 012 #os  lime 1 a0 -11.39
(27]ms 1025 (012 # s Anhydrite 1 8 5.0200845¢-005 8.394¢-06
S Tv 110 To 112 ¥ 3 Gypoum 1 a0 -0.4691
= 1 -8 hemihydrate i 20 -0.9392
28 M: 1027 10|12 ©-3 Sulphuz 1o=0 -113.3
30w 1058 012
31w (1029 0|12
32| me (100 (012

f

Sysmem: T Z81SK Pa 100bar; Va 1174 L Aquecus: built-in EDHESE pH = 0.000; pes 0000 5= 0278 m

Equilibrium RH of the system
can be calculated as follows:

a[{H20}])

— x 100
0.0324456

a[{H20}])sat at
25°C

© 2013




Introduce Ms14 in DComp

Monosulphate1l4 (Ms14) is the stable hydration state at saturated conditions
Ms14 has to be introduced starting from monosulphate

Modules Record Record Lt Database files Window Help

l;‘_lm = +id %[ 3 S = D oot

3 | & ] =

- [ et || szt —s Clone monosulphate

9 [

9/ jo2 Monosulphate
519 |5-2 JHES CasilIS0L0 (HIO) 12
%] g [Steam 120
375 [MIOH  AlOHsm ce —
[38[s WO AOHm i 622,52 [zx ]
(%5 alH Gbs dn_ |
0] |0 P ) T 30.903
[ar]s camo (G e | S —7778504.3
4[5 [CaliOH | C2AHTS er_ -
43 [Coman  COAHE ce ~8750000]
a4 s |CamOH | CAAHIS e s 821.023
(45| [Camam caarna e TR
(46 [CotON | CAAHES ce Lceod | I
a1 s |CamOH  CAHIO ce
(28]« [Camstich | hermcarbemnate [ee.
4|5 |CakiicH  monocarbonate ee
[50]2 |CamcH  menccarbonmteds | ce
[51]s |CaniOcH | tncarbivalu e
525 CaldleH  tricarboalud? cr_ _Mnt:cn::\ ea 2007 :pap: logk -29.26, H*
53 |5 |CaliOsH  ettringite ce |1 |Edercve sa:2378:pep: cp
|54 [s CaliUsH  ettingledd L Taylor:1997:book: VO [dens. 2014)
555 | CakknH  citringacds =
!
[58]5 |Camsi | moncsulphateld cem
(5|5 €00 Amg dn
6|5 |CacO Cal dn_
61|+ [ca0 Tom e,
2[5 [CalH  Portiandite dn
l63]s a0 ok dn
[6a]s L0 Gp dn_
655 |CasOH  hemibydrate cr.
6|5 |50 Sulfur dn =

i
: Holcim ©2013

Introduce Ms14 in DComp

- DComp: Please, set 2 new record key [

I s:CaAlOsH:monosulphate 14:cem_:

ls— Phase state code of Dependent Compenent {ag fpsimcxyh}
[canicsn 0 of a group to which this Dependent Component belongs I r'-- O
rﬁl Thermodynamic data subset (TDS) code (e.g. database D) Step 1 - Defining the Depend Comp (DC) type and the calculation method codes

I Ok I Reset | From List Help Cancel Select here to which class this Dependent Component belong

This class code will be copied into Phase definition as default for this DC

The codes selected below will configure the DComp record data fields, and tell the program how thermodynamic
properties of this DC (per mole) will be corrected for T and P of interest.

~ Select here the codes of methods for temperature T and pressure P corrections

General method code for T (temperature) corrections of thermodynamic properties:

L

|C Calculation on the basis of standard S0 and Cp0 integration

Method variant code for EoS T (temperature) corrections of thermodynamic properties:

L

|S Calculation of gOT, hOT, SOT from standard entropy integration

Method code for P (pressure) corrections of thermodynamic properties:

L

IC Pressure correction assuming constant molar volume V0

Codes for species-dependent EoS (Equation-of-State) subroutines:

L

|N Mo fluid model routine

< Back | - Cancel

olcim ©2013




Introduce Ms14 in DComp

[ £ GEM-Selektor DComp Setup: =:Ca

Step 2 - Specific dimensions and settings Step 3 - Useful hints

~Optional

[~ Dimensions to change only in special cases

| Number of sets of coefficients of Cp=F(T} equation can be changed here, if available for several
= temperature intervals. Default is 1, maximum 5 sets (intervals).

l? Number of phase transitions can be changed here, if necessary (usually one less than the number of sats

o -
of Cp=f(T) coefficients). Default is 0, maximum 4. Set here the number of links to bibliography SDref records (default 0)

H MNumber of EoS coefficients can be set here for certain EoS models of fluids (default: 0). Coefficients will
= be collected automatically into Phase record, if this DC is included.

I~ Check here to allocate the Vm = f{F, T) vector of coefficients (reserved)

- Units of measurement (cannot be changed in this version of GEMS) —What will happen after you click “Finish™

(1) Page 1 of "DComp" window appears. Fill out the DCname field, and (essential!) enter DC formula into DCform
field.

i I/mol(/K) | Units of energy (default: j)
(2) Enter standard molar properties of DC into V0d, G0d, HOd, S0d, Cpod calls. If unknown, enter the "empty’ value
[ 3bar = 0.1 amaimol =] Unis of volume (default: ) (") Any two of three values GO, HO and SO must be known; the third one (if given as ‘empty') will be retrieved
upen re-calculation.
[ b =wosra = X (3) Switch to Page 2 and enter values into TCint, then ai_Cp or aiHKF arrays, whatever appropriate. In some cases,
b b =UrgH UnitaT preseme (E i ) fluid Eos coefficients, critical parameters, or V(T,P) coefficients may need to be entered.
(4) G back to Page 1 and dlick the 'Calculate’ toolbar button. Missing DC properties will appear. If Cp=F(T) (or HKF)
C Celsius =] units of temperature (defautt: €) coefficients were entered, Cp0 (and V) values will also be calculated. Save the record.To test T,P corrections,

create a RTParm tabulator for this DComp record.

Learn more < Back | I Next> I Cancel Learn more < Back | IFln'lsh I Cancel

olcim ©2013

Introduce Ms14 in DComp

Introduce Ms14 properties and then calculate

: a Ada O 5
Page 1 Page 2 H11J04,|f2014 p
onosulphate Fage L st |
24R125010 (H20) 14 EEEF[T]
Add AH;and AG; of
|0 | 658.55| [2z TCine
2H,0 to the old : :
|voa | 33.16 2 = =
aiCpT
[eoa | -£252870.3 mOI’lOSU|phate o =
|moa | —2321762 : 1.387
|soa | 260.85¢ —] E .
|cpoa | 1028.53] 0l > -
|pzrz | 1] 25 £ :
[zamsT | -] -] 3 0
9 a
IBEEMpl ___‘ ___‘ 10 0
11 a
(1] Matschei esa:2007:pap: God and Hod adding 2@
1 M=314+2Cs->M312+2CsH Cp calculation —
2 |Baguerizo et al 2014 Vo

*Cp°=agta, T+a,T2+azTo5

*Matschei T (2007) Thermodynamics of Cement Hydration. PhD
Dissertation, University of Aberdeen.

H OIC' m Baquerizo, L.; Matschei, T.; Scrivener, K.; Saedipour, M.; Thorell, A.; Wadsd, L. Methods to determine hydration states of minerals and cement hydrates, submitted ©2013




Create the Phase Ms14

Ms14 has to be added as a Phase
We can start cloning monosulphate (C4AsH12)

Clone C4AsH12
1

[ —
Modules Record Record List Database Files Window Help

T -
[Phase j|- + H = ?<| idl Pl Y = Hells:CENSD‘C‘MSHlZ:CcEm;
B [===== T ctone a new record from this one]® _[o]
1 2 3 4 5
1 s [A0H AllOH)3mic ¢ lcem_ Page 1
AIOH Gibbsit; -
e Graphite ¢ nogropi domomap | et P2 | eed | [uamnie \
AED Aluminate c lcem Cadal250 .
5 |s |CamlOH  [caaHTs ¢ |cem_ I“mms“lf“l‘”““‘“a
6 |5 CahlOH  |C3AHE ¢ lcem cement database
Mo
7 |s [CatlOH | C4AHL3 c lcem_ -:
8 |s|CanloH | CaHL0 c _cem [ o] o o] o o o
vod
9
1 - - God
11 |5 |CahlcOH | C4AcHIL ¢ |cem_ ool [o Ta [s carlosH monosulphate ..]
12 |5 [CallsOH | ettringite ¢ [cem_
13 |5 |CallsOH1 |SO4 OHAFm  |ss |cem_ 50d
14 |5 [CallsOH2 |OH_SO4_AFm  [ss [cem_ cpod
15 |5 |CallscHL |SO4_CO3_AFt  |ss |cem_
16 |5 CahlscH2 |CO3_SO4_AFt  |ss |cem_ ErTr
17 |s [cacO Aragonite ¢ |nagra-psi_ e
18|s |CaCO Calcite ¢ | nagra-psi_
19 |= | CaO lime ¢ lcem. EEEETH
20 |s | CaOH Portlandite ¢ |nagra-psi_
21 |s |Cas0 Anhydrite ¢ | nagra-psi_ 0 |Mats
22|s [caso Gypsum ¢ |nagra-psi_ 1 |Ms14
23 |5 |CasO hemihydrate ¢ | cem_ 2 |Bagu
s [s Sulphur ¢ |nagra-psi_
Holcim ©2013
Step 1 - Defining the Phase and the Model of Mising
I :CaAlS0:CHAsH 1%icicement _s
s Code of phase state {ag fpIlmhsdx} Selaction of the codes Balow will configure the Phase record snd tell the program what kind of phass snd which medal
oF (non-164al) nbing shoukd be used, nd b It should be caleuiated.,
CaAlso Group identifier for such phases (letters, digits)
C4AsH14 Name of this phase definition (letters, digits)
4 Phase dlass { cd | gm ss ssd |s ag xsa xc }
Fhase apgregate state code:
cement_ Comment to phase definition
I Ok I Reset | From List | Help I Cancel Select & model of mixing for thes phase:
[t teal mbture or pure phase [defaul) =]
Select & mode of calculation of actaaty cosfficients of end members:
[t ity coefficutnts wil be set to 1 (pure phase, smple ideal moang), default =|
Select 3 mode of execution of Ocfq user-defined script for end-members:
[M " Ho Dk script will be provided in this Phasa definition (defut) |
Select & mode of execution of Phiq user-defined script for the whole phase:
[N W PR seript wil B providad in s Phase dafinition [defaul) E|
Stiep 2 - Fnal Settings and Hints Select o mode of a linking user-defined Dl script o phase end members:
Optional [t Dt script will be: provaded (pure phase, but-in or ideal moded), defoul =]
Select fior EoS and activity odels:
[W " Defmit mixing rule or Form of interaction parameter coefficents. =|

0 ] Sk hare the sumbar of ks 2 Srel bibkogrnphy recerds (dedauk 8]

<o | [aees ] canc |

' Extract parnmeters from DComgy/RescDC reconds and refresh DC dass codes upen ‘Calulate?

What vell happen sfter yosa click “Finish™

(1) A st of available RescDC () ik thy be the ph.
(end-members). A2 keast o speces for 3 pure phase, or two for 3 solution phase must be marioed.

(2) I Phase window, Al out PRNama and Phiicte commants. Dapending oa setup, #nter numbars in DidPar, et in
Dl ansdor PG, parameter cosfficints in KT, ph_ct, de_cf nimarys o Phase window poges.

() Clhck o "Caboulate” toalbaar Buttin, Shin ook 8t the PROCC colime; cormect DC codes, f needed [T far He; W'
for H20-sobvent; 'M,'¥ o0 'T for ened members). X

== <o | oo ] come |
H

olcim ©2013




Create the Phase Ms14

e e o ey e

Modules Record Record List Database Files Window Help

T
;:‘ @ |Phase
% 4 I ——
1 2 3 4 5

Please, mark one or more record keys. Filter: s::%:: IComp 1[5 laon ACHBmic < leem
: : iig: ;ig::in: ::* = 2 |s |AIOH Gibbsite ¢ | nagra-psi_
ds RlOH Gbs dn_ 3 |s|C Graphite ¢ | nagra-psi_
ds=s o Ex dn_ 4 |s [C3A Aluminate c |cem_
G e s - 2 S [s [Gealon | conrrs ¢ |cem.
d s CaRlOH C32H6 ce_ 6 |5 |CaAlOH C3AHE c |cem_
d's  CeaRlOR canmis - % 7 |s [CalOH  |C4AHI13 ¢ |cem
53 Dhon o o= ReacDC g |5 [CahlOH | CAHID ¢ |cem
d s CaRlOH CAHIO ce_ 9 Is |CahlsO CAAsH12 c_|cem
ds  CaMOcH hemicarbonate  ce_ %— 10 s |CaAlSD | CaAsHL4 ¢ |cement_
ds Call0cH monocarbonate ce_
ds Canl0cH monocarbonate0S ce_ RTparm L1 |5 [ haAltlr AALUITILL L LEM
d s CaBlOcH tricarboalu ce_ 12 |5 |CaAlcOH C4AcHIT ¢ |cem
3 z g:iz:ﬁ ::iz;ﬁb::l“m z:— .O 13 |5 | CaAlsOH ettringite c© |cem_
d = CanlosH ac:rjngjteos ce B 14 |5 |CaAlsOHL  |S04_OH_AFm ss | cem_
d s CaRhlOsH ettringite0s ce Phase 15|s |CaAlsOH2 |OH_SO4_AFm  |ss |cem_
2.2, GeR0sk monosulphate. .28 16 |5 |CaAlscHl | SO4_COIAFt |ss |cem._
I 17 |5 |CaAlscH2 | CO3_S04_AFt ss |cem_
— 18 |5 |CaCO Aragonite ¢ |nagra-psi_
IS f E:,Eo E?,ln EI:— | comes 19 |5 |CalO Calcite ¢ |nagra-psi_
[T o || setriter Select Al Clear All Help cancel | 20|s |Ca0 lime ¢ _|cem.
21 |s |CaOH Portlandite © | nagra-psi_
22 |s |CaSO Anhydrite ¢ |nagra-psi_
23 |s |Cas0 Gypsum ¢ |nagra-psi_
24 |s |CaS0O hemihydrate c |cem_
2505 [S Sulphur ¢ | nagra-psi_
t\H olcim ©2013

Introduce Ms12: ReacDC

The lower hydration states (Ms12, Ms10.5 and Ms9) have to be introduced as a reaction

[ GEMSelektor 3 (GEMSE) - Geochemical Equilibrium Madelling by Gibbs Energy Minimization [SE =]
®
fa] 2 [2]4

Kome 73 [ws2 (82 [en

&
|

> Create a new

e record
T Rmach: Plaae, uet & new record key - = e L luij

o [T T—— -
.é') s Phase statr code of new Deperdent Component (a5 fpalmex yh) =
Phase CakosH I of a group to which this new Dependent Companent belongs
.-x"-f [[Monosiphaterz  Jname of th :
|mw-mcmm[nmm:e.u.mun |
I E3 i reset | rromust | Help Cancel =

BrTr 1] 25| Mo 3z.067|| -z

BeLAl - -—=||at 4| -— —
AUGZO_GEMS:2001:dat: log
[poszo_

Holcim ©2013




Introduce Ms12: ReacDC

% GEM-Selektor ReacDC Setup:

Step 1 - Selection of reaction-defined DC type and codes of methods of T,P correction

Select here the class code for the reaction-defined Dependent Component (DC)

This DC class code will be copied to Phase definition (can be changed there too):

||D Dependent Component of a single-component condensed phase |j

The codes set below will configure the ReacDC record and define how to compute T,P corrections for the
reaction and the new DC it defines.

~Select here method codes of T,P correction for molar properties of the reaction-defined DC

General method code for temperature corrections:

|K Calculation through the logk of reaction TP dependency j

Method variant code for temperature EoS corrections:

|N No fluid model routine j

|3 Three-term extrapolation of logK (T) at dCpr (T) = const j

Method code for pressure corrections: 2t 2| Wi ol ey (== i)

|C Molar volume of new DC calculated from constant dvr of reaction j j Jfbar = 0.1 cm3/mol :I' Units of of volume (default: )
Codes for species-dependent EoS subroutines b bar =10"5Pa - | Units of pressure (default: b)

Learn more

< Back |ﬁ| Cancel |

GEM-Selektor ReacDC Setup: s:CaAlOsH:Monos

Step 2 - Specific dimensions and settings

~Dimension to change only in special cases (e.g. to find properties of reaction between existing DCs)——

Number of DCs in the reaction (usually set automatically after selecting the DCs)

—Dimensions to set only for the logK array for T,P corrections by interpolation (KZZ method codes) ——

0 32 Mumber of interpolation points aleng T (> 2, < 20)

0 3: Number of interpolation points along P (> 1, < 10)

~Units of measurement (cannot be changed in this version of GEMS)

C Celsius - | Units of temperature (default: C)

«< Back I Hext> Il Cancel

o,

olcim ©2013
Introduce the components taking part of the reaction
Please, mark ReacDC/DCom, to be i
Please, mark one or more record keys. Filter: =:%:%:*:
-
3] HITUHam TE_
ds AlCHmic ce
d s Gbs dn_
d s Gr dn
d s C3n ce_
ds C2aHT7.5 ce
d s C3LHE ce_
d = C4AH13 ce
ds C4RH1S ce
d = C3AHES ce_
d s CRH10 ce
d s hemicarbonate ce_
ds monocarbonate ce
d s monocarbonateds ce_
ds tricarboalu ce
ds tricarboalul3 ce
ds ectringitce ce_
d s ectringite03 ce
d s ettringitels ce_
d = monosulphate ce
d = monosulphatels ce
D iy - =l
Set Filter Select All Clear All Help Cancel |
Holcim ©2013




Introduce Ms12: ReacDC

. ReacDC:: Reaction-defined data format for Dependent Components (species)

Page1 _ Pae2 | [11/042014, 1503 Introduce reaction and
[FErcsaTohacets thermodynamic
l[casaazs0s0 (520) 22 properties and then

sc o REaDC calculate —-
0 2|d o Steam H2C =98
i -1|d = CaAlCsH monosulphateld ce.
2 1o s Canl0=sH Monosulphatel? cem —
[vor 4955.74| 30.9998| -]
|100kr | 0.00093050355] -3.004144| —]|
|coz T7147.79) -7778356.5| —]|
|moz 78329.34] -8758632.7| -
[sor 205204 791.558] —| Change ofbyd. | AG?® AHp ase
Reaction
ICPOL‘ II -5l 942'39| “'| state (%6 RH) | (K1 mol®) | (k7 mol) | (7 mol! K1)
[wisox | —] —] —] Ms14(s)—Ms12(s)+2H,0(e) 07 1705 | 7833 | 20820
[prre | 1] 25)[mo | 2257 o] Ms12(s)—Ms10.5(s)+ 1 SH;0(2) 2850 1742 83.16° 22051
Ms10.5(5)—MsO(s)+ 1. SH0(2) 20 27290 | w2s2e | 28332
s I I C —— ——
0 |Ms14(s)->Ms12 (s)+2H20(g) 50°C - 90% RH
1 |zs5°c - 97% rE 65°C - 85% RH
2 759C - 78% RH
Ho‘c".n Baquerizo, L.; Matschei, T.; Scrivener, K.; Saedipour, M.; Thorell, A.; Wadsd, L. Methods to determine hydration states of minerals and cement hydrates, submitted ©2013

Introduce Ms10.5: ReacDC

The same procedure done with Ms12 is repeated to introduce Ms10.5

- .ReacDC:: Reaction-defined data format for Dependent Compone

Please, mark one or more record keys. Filer: 171717 Page 1 Page 2 | [1/0s/2014, 15:24
|Manasu1phate10 .5 | |

da Al AL [504)2- an_

B o b o |casa125010 (220)10.5 | |

da AL FT en_

as A Aroz- Be_

aa Al ArOZHD en_ SC DC RE=sDC

da Al ALOH+2 cn

da ©a CalCodl on_ 1] -1|r s CaRlOsH Monosulphatel?2 cem

g o Cu (HCON) » o 1 1.5|d |g Steam H20 ss8

da Ca Cais04)8 en_

da €a Casd an_ 2 1in E CaAlOsH Monosulphatell.Scem

da Ca CatHe en_

da woed  CoZB Bn_

ga el Ge ba_ [vor || 3715.61 | 28.155] —]

a £ RCOS- an_ 1 {

Wi e B v [10gr= | ©.00088920335 -3.0303389 —]

da WD n1g an_

Se woo ook iy [gor | 17415.23 -7417916.8 —

48 w2 5203-2 Ba_

da  wEr  NSOA- en” Ll [mox | 83160 -8311872.7] —

da  wieq 303-1 1y

aa wiee  MSO4- en. [s0z | 220.509) 731.192 -]

da wi+E 504-2 an

de wsz o l2s) en [cpoz [ =] 874.282 ] -]

a8 w2 HE- ba,

48 WK o= ba - __ __ __

il ol " [wicox | \ \ \

de W n208 an

dq9 T4 <02 en,

ag o4 iy |errr | 1] 25|[mo | 595,497 | o

dg MO 2 en_

dg W0 nz an_

a9 oo oz en_ [Betan | —-] [z ] —-] —-

T e e i 9 o [[Ms1Z (s)->M=10.5(=}+1.5H20 (g} — ]
1 Thermod pro] Baguerizo et al (2014

ok setvmer | sobcal | cearat | wlp | cone | | b s 2014

> —

T

olcim ©2013




Introduce Ms9: ReacDC

The same procedure done with Ms10.5 is repeated to introduce Ms10.5

. ReacDC u Calculation finished OK (elapsed time: 0.002 s).

Please, mark one or more record keys. Filter: *:¥:%:%:
I Page 1 Page 2 | |11JU4£2£114, 15:24
r s CaRlOsH Monosulphated  cem anngulphateg ] |
aa m B1(504)+ en_
da Bl B1(504)2- en_ |t:aﬂh125010 Y I |
da Rl L1+3 an
da m a10+ en
da Bl nlcz- bn_ S6-D& REals
da Bl B102HE en_ o 1|z = CaAl0sH Monosulphatel0.5cem
da Bl A1OH+2 en
da ca Ca(cos)@ en i 1.5(d g Steam H20 =598
da Ca Ca (HCO3) + en_ > iin -] CaAlOsH MonosulphateS cem
da Cca Ca(S04) @ on_
aa ca ca+z an_
da ca CacH+ e [voz | 3715.75] | 25.45| -—
da wC+d  CO28 bn_ 1 3
da wC+d  CO3-2 bn_ [1ogxr | 1.6530224e-005] -4.7817213| -—
da wC+s  HCOS- an
da wc-4  CcHeR br_ [eor ] 27294.266] ~7047528] -]
da wHO H28 bn_
da wNO N2@ an_ HOr 102820 -7845452.7 | -—
da wo0 028 bn_ —
da wsi2  S203-2 b [sor 253.315 703.631 —-
da wS+s  HS03- en_
da  wS+e 503-2 bn_ |CPUI ||—""L| 807-1""1| ”"
da wS+6  H504- en_ -
da wS+6 504-2 an_ |N15°x | "’l ”’l ”"
da ws-2 H25@ en
da ws-2  HS- br_
s o iy [prz= | 1] 25[[mo | 568.474 o
da w Ht an
da w_ H208 an_
dg C4 co2 en_ |133':1"‘-1 | —] "’llah I —] —]
ag c-e cHe en_
dg Ho H2 en
I — H2 ad o |Ms10.5(s)->Ms3(s)+1.5H20(g) -—
dg 00 0z en_ 1 [Thermod prop Baguerizo et al (2014)
0k I Set Filter | Select All | Clear All | Help | Cancel |
Holcim ©2013

EM-Selektor 3 (GEM

Modules Record Record List  Database Files Window Help
/8= i [ bl (K[ Y[

..... |- -R] "2 Phase:: Definition of thermodynamic phase

#
¥
¥
¥
il (]
3
»

1 3
s < |AIOH AI{OHP3mic c |cem. I— Page 1 Page 2 | Fage 3 |11Jn4,'2014,15:
= |AIOH Gibbsite ¢ |nagra-psi_
Introduce a.” the s|C Graphite ¢ |nagra-psi_ [Monosulfoaluminate1s
. s[ca Aluminate ¢ |ecem_ |cement database
hydration states as s comonaas e e,
] s CoAlOH | C3AHG ¢ [cem_ | o] 5 o]
s CoAIOH | C4AHIL3 ¢ |cem
Phases as previously S
done with Ms14. R R [Tz Jo contont venoasiphaceta-]
s | CahlsO C4AsHL2 ¢ [cement. |
CiAzHId e
CaAlSO C4AsHI c | cement I
CahlcOH C4Ac0 5H12 c |cem
Phases to be CahlcOH C4AcHI1 c |cem_
CaAlsOH | ettringite ¢ |cem_

introduced
e Msl2

CaAlsOHL |S04 OH_AFm  |ss |cem
CaAlsOHZ | OH_SO4_AFm  |ss |cem
CaAlscHL S04 CO3 ARt |ss |cem
CaAlscH2 | CO3.SO4_AFt |55 |cem

%HB#ukmkﬁﬁl‘szz:;ﬁihd“’a“““’““‘"“m““

. MSlOS CaCO Aragonite ¢ |nagrapsi
CaCo Calcite ¢ |nagra-psi_
a0 lime ¢ |cem

° Ms9 C20H Portlandite  |c | nagra-psi_
250 Anhydrite ¢ |nagra-psi_
a0 Gypsum ¢ |nagra-psi_
a0 hemihydrate  |c |cem_

5 Sulphur ¢ |nagra-psi_
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What we have done so far

» Create project
* Introduce water vapor (steam phase) from the supcrt database

* Introduce Ms14 starting from the “old” Ms12 (monosulphate)
by addition of 2H,0

* Introduce Ms12, Ms10.5, Ms9 with help of the experimentally
derived thermodynamic properties of the different hydration
states

5,
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* Modelling the drying behavior of
Monosulfoaluminate

e
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Modelling drying: Process simulation

T,

Modify the initial single system created: the system should contain AirNit_22, Aqua and monosulphatel4

T Module: e a te ¥ w MLl
| P B roesrien St ¥ ‘ AL I )
x Trout: | = |
4
M-.nau’.speeau/ IL [TICW’[DC |m o sc|uc IGO SOFT. [
¥ ag_gen 30 &+ ] 3 0
¥ g g 7 o J [}
o o g o H
A o : > 3o Deactivate the
. ] o J [} .
2 Arc : 0 30 formation of SO4_OH
e — : I and OH_S04 solid
1[sa_ ¥ ¥ Rluminace 1 o= 0. 2 . .
Kornp ) Nods | (il - A Ll e solutions, Al(OH)3mic,
KinJower (di) Agus Bl + rai v ¥ C3AHE T3 o I3 0 . .
Kinvpper (d) | |Atmartin L2 = Lr——— ] ¢ 30 Gibbsite and C3AH6
G0 shift (gEx) caa & CAM10 1 s+ ] J 0
mhﬂ]ﬂw‘ CH4 [ C4AaM10.5 1 a3 + 0 g Q
ca o 30
CalOH2 % CAASHIZ_new R ] g0
Cal03 ¥ C4RaH14 1 34 ] I 0
Ca0 # - CARsHY 1 8 +=—f o J 0
CaS04 - CH4ACO. 5MLZ 1 s+ g @ 7 0
Gwm 0 CARcH11 1 a ] o J -}
M2 +- ettringite 1 s+ § @ -]
HZ5 # Aragonite 1 s+ g9 0 3 0
¥ Calcite 1 s+ U] e J -]
+ lime 1 s+ g 0 g o
I‘l ‘ Porclandice 1 2+ [} 0 g Q
#  hnhydrice 1 s+ ¢ 0 3 0
& Cypean PRI I
¥ hemihydrace 1 s+ g 0 I3 0
+  Sulphur i s+ v o Ll Q
I
Input quantties of - J L]
Com)| itions) contributing to
E_x( ) Systerc Te 208150 P= LO0bar; V= 12911 Agueous: built-in EDHISE pH = 11.800: pe= 8795
|
W Learm mf Print. oK Cancel k|
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Modelling drying: Process simulation

T

o HE gl g—————— Create a new
process

iTm | iV iP iTC iNv |iTau
I ){ 1] 1000 0 1 25 0
1 1102 0 1 25 0
GtDemo
2 1 o 0 o 0
m cTm 1019 0 1 25 0

§ definition of cement composition

q@} xa_[{Agua}] =: modC[J][0]:
$ End

Project

Select as parent file the
single system containing
AirNit_22, Aqua and
monosulphate14

r 0Ok Set Filter Help Cancel
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Modelling drying: Process simulation

Step 1 - Process Simulator Configuration

-
o Process: Please, set a new record

PP — o This is a tool for 'batch' calculation of multiple equilibrium states, sampling and plotting of results. In this way, irreversible geochemical
ITut_a.G.Ms.O‘O‘ 1:25:0:Mg_drying:S: processes (e.g. mixing, dissolution, hydration, titration, corrosion, weathering) can be simulated.

Tut & Name of the modeling project The Process record can be configured in several modes to perform specific simulation scenarios by execution of process control script 'P_expr’
- and simulation output script 'pgExpr'. Simple scripts can be easily produced using this wizard.
G Thermodynamic potential to minimize {G}

Any process simulator belongs to ane of three types:

Ms Name of the parent chemical system definition (CSD) 1. 'Sequential': only input GEM parameters are modified (modes P, S, L);
2. 'Reciprocal': next step depends on GEM output parameters (e.g. pH) from previous step (mode R);
IEI CSD (redpe) variant number <integer> 3. 'Inverse': GEM input adjusted to obtain prescribed values of GEM output (e.g. pH; modes G, T).

1] Yolume of the system, dm3
1 Pressure, bar, or 0 for Psat{H20)g
IZS— Temperature, C - Please, choose a process mode:

-

lo— Variant number for additional constraints P Sequential temperature and/or pressure change at fixed bulk composition

Ms_drying Name of this process simulation task ' S Direct seq | change of bulk comp and/or constraints (default)
5 Process simulation mode code {R, 5,1, G, TR}

G Batch inverse titration sequence for incremented pH values etc.

Reset | From List Help Cancel

© T One arbitrary inverse titration calculation as defined in Process control script

© R Sequential reactor scheme, uses equilibrium bulk compositions of phases

L Lippmann diagram (transpesed) for a binary solid solution

To simulate drying, water will
be removed from the system

< Back |I Next> |I Cancel

s
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Modelling drying: Process simulation

o GEM-Selektor Process Setup: Tut_a:G:Ms:0:0:1: :Ms_drying:S: EE

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

| iTm v iP iTC NV iTau ipxi iMNu ipH ipe
From 1000 0 1 25 0 0 0 0 0 0
Until 1102 0 1 5 0 0 0 0 0 0
Step 1 0 0 0 0 0 0 0 0 0
' Titration chu (linear) " Diagram logD vs linearx ¢ Titration cpXi logarithmic ¢ Diagram logKd vs log(m)

Linear titration and logD diagram use iNu; logarithmic titration and logkd digram use ipXi. Titrations: select items from
'Compos', 'DComp’, 'IComp' or 'Phase’ lists to act as titrants, optionally also from 'DC-lower' or 'DC-upper' to change . . .
e pronety o ‘ To simulate drying water will

removed from th m
To plot logD vs linear x scale, (i) select minor then host end member from the 'DComp' list, then trace then host ions from the be removed from the SySte
'Molality' list. To plot logkd and isotherms vs log{molality) scale, select trace and host compesitions from the 'Compos' list,
then trace and host elements from the 'Sorbed' list. In both cases, skip the next wizard page.

[C)E?r::s “AirNlit 22 = 4% definition of cement composition
A(OH)3
IC
Phoar:ei A2032 xa_[{Aqua}] =: modC[I][0];
DC-lower Aqua . $ End
DC-upper ;ggrAnAer\t
Meolality CH4
Sorbed coz
Ca(OH)2
CaCo3
Cad
Cas04
Gypsum
H? LI

Learn more -:Backl Next> I Cancel
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Modelling drying: Process simulation

p
O GEM-Selektor Process Setup: Tut : 5:0:0:1:25:0:M=_d

Step 3 - Selection of items to sample/ plot (click "Next" without selecting anything to retain the old script)

Property -~ Item Selection Sampling Script
Scalars N
& x-axis
u Mbx L[3] Volums[1] iV[1] cXi wpXi . .
ue 6X L14] N WI2]  iNul0] vNu A ;[r];sz xa_[{Aqua}];
b Is L[5] L_[0] v iMul1] vKin
b pH Filo] | P[] iNu[2] moc pLI0] =: phvol[{CaAsH14}];
m.t pe Fil1] 2 P cNu  xp plII[1] phvol[{C4AsH12_new}];
lgm_t En Fil2] LBl PRI ipHIO] yp PLIIL2] =: phvol[{C4ASH10.53];
icM TC0] O] L4 P ipHIL] xEpl pDII(3] =: phVol[{C4AsHI}];
Xa TCiL] FI[1] L[5] ITC[0] ipHI2] yEp[ P = gal . i
Xura TKO] A2l FO]TCH] cpH EAd [ —~ yp[J][4] corresponds to the RH at
phVol TK[1] denW[0][0] Fi[1] iTC[2] ipel0] °
phM PGI0]  denW[LI[0] Fi[2] C ipefl] 25 °C
Fa PG[1] epsWI0][0] Fi[3] T ipel2]
bXafaq_gen) Wx[0] epsWILJ0] T iNv[0] cpe
bia(gas_gen) Vll]  InP p iNv[1] cEh
bXa(504_C03_ It RT RTH0] iNv[2] Next
bXa(C03_504_ TtEfd F_RT RTH[1] chNV 1
bis Itpm K RoWI[0][0] iTau[0] J
u Psi_DK[0] Masses[0] EpswW[0][0] iTau[1] Jp
Yof Psi_DK[1] Masses[1] VisW[0] iTau[2] vTm
Aalp _nnr[0]  Masses[2] Tm[0] cTau  wvNV
Sigw _nnrfl]  Masses[3] Tm[1] ipXi[0] wP
X L[] Masses[d] iTm[2] ipXi[l] W
Whoe L[1] Masses[5] cTm ipXi[2] vT
my L[2] Volums[0] V0] cpXi vlau
v
vEx 5 . | i
| ;I_I
‘ List of static data objects (see tooltip on each object name)

Learn more < Back || Next> " Cancel
8

olcim ©2013

Modelling drying: Process simulation

g
£) GEM-Selektor Process Setu| B E@

Step 4 - Important data object dimensions

Spin boxes below define the dynamic memory configuration of the process simulator.

— Dimensions of sampled and experimental data

103 =|nPS - Number of steps (1 to 9999 ) to be performed in this simulation (default: 21); also length of the 'xp' ve

ﬂ Number of 'modC' array columns (1 to 40, 0 - not used) to store process control values; number of rows will
~!Ibe nPS.

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;

5 =

! 3 number of rows will be nPS.

0 3: 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 automnatically copied into data vector from the respective process iterator.

Allocation of optional data vectors

I~ CSD variant # ('vTm") ™ volume V, | ("v") I” Pressure P, bar ('vP")

™ Temperature T (VT") [™ Constraints # ("viv") ™ Process extent Mu ('vhu')
[ Process extent pXi ('vpXi") [ Kinetic parameters ("wKin') ™ Time Tau (Tau")

< Back ” Next> || Cancel
—
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Modelling drying: Process simulation

P>
£ ) GEM-Selektor Process Setuj

: Tut_a

-
£ ) GEM-Selektor Process Setuj

: Tut_a

Step 5 - Additional options

On this page, some options of the Process simulator operation can be changed (for specific cases).

Optional modes of operation

[V |Use 'P_expr' simulation control script (can be turned off in P simulation mode)

[¥|Save generated SysEq records to the project data base (always saved in G and T modes)

I |use time dependent calculations and plotting mode (for kinetics simulations, reserved)

I~ |use Smart Initial Approximation of GEM IPM algorithm for faster calculations (on your discreti
["|use a stepwise mode of Pracess simulation (for troubleshoating purposes)

The 'P_expr' simulation control script must be used in most cases except the P mode (e.g., if
temperature is changed using iTC iterator, but the system recipe remains constant).

Saving process-generated SysEq records may be necessary for subsequent sampling of results by
GtDemo module or for troubleshooting, but may dramatically increase the size of project database.
This flag has no effect on reciprocal and inverse titrations, where optimized SysEq records are
always saved.

< Back I | Hext> | Cancel

| Step 6 - Final settings and comments

—Optional

0 3 Set here the number of links to SDref source of data and bibliography records (default 0)

— After you click "Finish":

(1) 'Controls' page of the Process window will appear. Fill out comments in 'PEname’ and
'PEnote’ lines. Check the process iterators for correct ranges and increments.

(2) modify the simulation control script 'P_expr', if necessary. Some example scritps can be
found in help pages or via the 'Help' 'Scripts' menu command. Check also the sampling script in
'Samplina' page of the process window.

(3) Click on 'Calculate’ toolbar button to start the simulation; for the first time, do not use the
graphic output. If error messages appear, check and fix the scripts or iterators and try the
calculation again. After the simulation has finished. look at sampled results in 'xp' and 'vo' fields
(4) Check and edit the axis and ordinate (plot) names, and click on the 'Plot data' toolbar button
to see a customizable Graph Dialog. To plot experimental data over simulated curves (for visual
fittina), close the Graph dialoq, enter data into xEp and vEp fields on 'Results' page, then open

Learn more

< Back | | Finish ” Cancel |

o,
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Modelling drying: Process simulation

i“sﬂ Process -l + H @ $ w H Y o IA/_ = ” 9 “Tutj:G:Ms:U:U:I:ZE:U:MSJIV\HQ:S:
@ZI; Controls Sampling | Results | Config Hmjanznm,ls:u |
s [T ms|o o125 |0 |Msdryi = I =
0 E= |
Process
iTm iv iP iIC 1NV iTau ipXi iNu ipH ipe
1000 o 1 25 o o o o o
GiDemo iy 1102 o 1 25 o 1] o o 1]
P 1 o 0 o o o o o o
ﬂ b 1102 Q 1 25 Q a Q Q a
GEM2MT definition of cement composition modC W H b
. el | Water quantity to be
a [{Agua}] =: modC[J][0]~ .
o R o : S introduced must be
s -0.15 negative: removal of
4 -0.2
< Z0.25 water
6 -0.3
7 -0.35
8 -0.4
9 -0.45
10 -0.5
11 -0.55
12 -0.86
13 -0.65
14 -0.7
15 -0.75
16 -0.8
17 -0.85
18 -0.9
13 -0.95/ 4|
. | o
¥ |
t\Hoklm ©2013




Modelling drying: Process simulation

Profect

comds | [ samging | _messs | cods | [pvamie w2

Calculate

Helt 9953] 103 |ng“ | o[z

[ olle T

102][gp | 102]

pSTrey|Tur_s:G:Ma:0:d:1:26:0:

Tm | 1102 | ewv 0

cTau Dlﬁﬁn 0. cXi 1| edu I (]
lest | 0|[cpe 0 [czn ofer 298,15
T xoawiz

xp[J][0) =:ixa_[{Aqual]:

§ y-axis
yplI][0) =i phVell(C4AsHI4}]:
yeI(Jl [ PEVeLl[(C4AsNI1Z _new)]:

¥plI]1[12] pEVel[(C4AsH10. 5] 2
yR(J9]1[3) =: phVal[{CaAsH}]:

2 End

YRIT104) =2 (10%1ga[(H2001)./0.03244586=100;

olcim ©2013
Modelling drying: Process simulation
"Ejme‘r-«--‘ bs Energy Minimization - [GEM-Sele} I »
[C) Modules Record Window Help . =[5
ﬁg m . + H @ * * ” L4 Iﬂh H 9 ||Tut,a:(;:Ms:u:u:1:25:0:Ms,dmng:s:
m EEEXEKE . [ Legend| x# |Label
SvsEa I3 msfo o1 [25 o [0 [Ms14
f’) o [0 M2
! o [0 [Ms105
Process e |0 Ms9
:X <+ |1 RH
i
< Phase assemblage
ot upon removal of water
Click Ialgand symho_h to adjust .
= = H-Z?E) oles 2 4 o E;gfsiﬁ.‘?éﬂfiﬁ!fi ok
Fragment | Customize Print Save Image Help |
K| |
=)
t?-loia:im

Baquerizo, L.; Matschei, T.; Scrivener, K.; Saedipour, M.; Thorell, A.; Wadsd, L. Methods to determine hydration states of minerals and cement hydrates, submitted
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Modelling drying: 2"d Process simulation

Now we will plot the volume changes as function of RH

Clone the previous
process

Controls II Sorging I etz | contg | [s4maoss, ez
Welr | 9993] 103|[Wexz | o|r [ o= [ a0z[ap [ 202
pSThey|Tur_a:G:Ma:0:0:1:25:0: = 1102 ][ o]

=Tau | 0 g o eXi 1| o]

| o |cen olfer 298.15]
Yl 8) mwa_tiagua > Replace xa_[{Aqua}] by (10~1gart22011)/0.0524456%100;

§ y-axis

WPI1(0) = paVal((CahaKia));

ye[JI[2) =: phVel [[CARaHIZ_nmewl}]:
YRI[J102] =t phVol[(CHASH1O0.51]

yP[T) (3] =: phVol [{C4Aada)]:

YR[II 4] =i (10°1ga[{HI0H]} /0. 03244567200
§ End

T,
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Modelling drying: 2" Process simulation

¥ GEM-Selektor 3 (GEMS3) - Geodl

) Modules Record Window Help

@3 lm [} -+ E * * X H 3 S g| 0 “Tutj‘G:Ms‘D:ﬂ‘1‘25‘0‘M57RH‘5:

B [Tt ammmmm e
@ 3]alsls ¢ . Legend| x# |Label —————————

r) 2{Ms 001 0 |Ms_dry 350 ;L :3:

o 1 -0 e

GO From 100 to 97% RH
{iF no phase is plotted
cEnawT because the first

%ﬁ calculated system is

already at 97% RH

Click legend symbaols to adjust
curves; select abscissae under x#;
edit labels, drag-drop them to plot
area

Fragment | Customize Print Save Image Help |
al | |

= |

1’:?-ic:la:im

Baquerizo, L.; Matschei, T.; Scrivener, K.; Saedipour, M.; Thorell, A.; Wadsd, L. Methods to determine hydration states of minerals and cement hydrates, submitted ©2013




Thank you for your attention
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