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Introduction

* Hydration states: Varying water content of a hydrated phase

+  Example: Monosulfoaluminate (Ms)

» Normal exposure conditions [Ca,(Al),(OH),,]?* [SO|-6HiO]2' 9-

» At 8% RH [Ca,(Al),(OH),,]?* [CO,4.5H,02 >

*  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?

T,
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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

SR

T,
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Monosulfoaluminate — H,O isotherm

+ Afirst look at what we need to derive

Ms14]

20} Absorption 1]
— — - Desorption !
Ms12(s) + 2H,0(g) — Ms14(s) |1
AH° = -78.33 kJ mol” !
;\3 16 | " mo : i
3 - Ms12 - .
© |- - -
o 12t | A
%}
£ 1
g sl : Ms10.5(s) + 1.5H,0(g) — Ms12(s) |
2 | AH® =-83.16 kJ mol”
> |
|

Ms9(s) + 1.5H,0(g) — Ms10.5(s)
AH? = ~102.82 kJ mo|” )
Ms9 0 20 40 60 80 100

%)
Baquerizo, L.; Matschei, T.; Scrivener, K.; Saedipour, M.; Thorell, A.; Wadsd, L. Methods B}LTe'rm(\ 'Qofaton states of minerals and cement hydrates, submitted
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Methodology

XRD/ TGA

= desorption

8 10 12 14 16 18 20 22 a0 A adsorption
100 =g e Vacuumdried  —= Ms9
A 5765 H 8%RH-8.5 months —= Ms10.5
. d —~ 90 “.  ——53%RH-8.5 months —e Ms12
[o7%RH] z - 0 g *
Zs70 f & 97%RH-8.5 months —= Ms14+Ms12
©
£ 804
_jk < el oz 2
A7 5 2 70+
2 285 "
; JL e 27.0 60
] z PR .
g < - -
% A 255 _,_
2 JL aofy " * o
1 . i 0.
17 ] Ms1d <
% Y
Alls E 774 . a2 [ (=)
s 3 h
s St
A |E = Ms10.5
2 10 T T T T T
V)L 33% RH]| 668 g i i ; ; ; 0 200 400 600 800 1000
A Ms9 0 20 40 60 80 100 Temperature (°C)
8 10 12 14 16 18 20 22 RH (%)

100% RH (°)

Limitations: Lattice parameters refinement assuming that the space group did not
change
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T,

Methodology

Sorption balance

—=— 1st desorption i
--®-- 1st adsorption
--A-- 2nd desorption

Water absorbed (%)

50 60 70 80 90 100
RH (%)
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Baquerizo, L.; Matschei, T.; Scrivener, K.; Saedipour, M.; Thorell, A.; Wads5, L. Methods to determine hydration states of minerals and cement hydrates, submitted
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Methodology

Hydrate pair — humidity buffer method

ter absorbed (%)

b
5
\r
N\
N
& F

0 10 20 w0 40 50 60 70 80 %0 100

40 RH (%)
g 35 Ms12 4.0
z
% 5.0} InK (£0.125) = 26.17 - 9895.79/T
Ms10.5
25
x-6.0
20 20 25 30 35 40 45 50 <
Temperature (°C) 7ol
4H°, = 9895.8R = 82.310.125 kJ mol "
4S°,=26.17R = 217.6:4.4 J mol ' K"
Ms12(s) — Ms10.5(s) + 1.5H,0(g) 80¢ - - — -
f*(H,0)RH 1000/T (K)
2
AG? = —RTInK = —RTIn[f(H,0)*°] = —1.5RT1nT
AG? AH? AS°

d(InkK) _ AH19 AG,? — AH,? _ TAS,? [kJ mol'] [kJ mol] [J mol' K-']

a(1/T) R 174203 | 823:10 | 2176244
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Methodology
Soropti lorimet + Data so far:
° orpton calorime
P y » Ms9->Ms10.5: 2% RH
» Ms10.5>Ms12: 28.5% RH
‘*S‘orpnon‘ calorin;elry ‘ ‘ ;Sorp(io‘n calorir‘nelry ‘
10 - Sorption balance, .-
7 6704g'H0 """
ol ‘
g 1 g
< [2] Ms10.5 ~ Ms12 2] Ms10.5- Ms12 AGP AH© AS
g6 : i g [J mol!
£ ! [kJ mol'] | [kJ mol'] o
£ ! o
- I HO =y Ms9>Msl0.5 | 27.3 102.8 2532
© '
= 1
| weo - wstos Ms10.55Ms12 | 17.4 84.04 2235
oo Ha ‘
00 02 04 06 08 10 -1200 -800 -400 0 400
Dry sample Water activity Mixing enthalpy (J g”' H,0)
Sorption Vessel
t\HOIdm Baquerizo, L.; Matschei, T.; Scrivener, K.; Saedipour, M.; Thorell, A.; Wads, L. Methods to determine hydration states of minerals and cement hydrates, submitted ©2014 HolcimLtd 9
Methodology
*  For the reaction 1]
20 Absorption |
Y eds |
Ms14 > Ms12 + 2H20 Desorption Ms12(s) + 2H,0(g) > Ms14(s) |1
< 16 AH = -78.33 kd mol " :
g |
2 e VR — ]
» In situ XRD testing was carried out using a humidity chamber § 2 !
. 2 ! s’ (s) +1.f — Ms12(s)
+ The change of hydration state takes place at around: St = etz
> |
» 25°C > 97% RH o
- Nsto.
— Ms9(s) + 1.5H,0(g) - Ms10.5(s)
» 50 °C > 90% RH |
Ms9 0 20 40 60 80 100
» 25°C > 85% RH ¢ RH (%)

» 25°C > 78% RH

*  Then the thermodynamic properties were calculated with the equations:

AG? = —RTInK
a(lnK) _ AH?
a(1/T)~ R

AG? = AH? — TAS?

: Holcim ©2014 Holeim Ltd 10




Methodology

Derived thermodynamic properties

Change ofhyd. | AG? AH? AS®
Reaction
state (% RH) | (kJmol") | (kJ mol") | (J mol'' K1)
Ms14(s)—Ms12(s)+2H,0(g) 97 17.15 78.332 205.20
Ms12(s)—Ms10.5(s)+1.5H,0(g) 28.50 17.42 83.16¢ 220.51
Ms10.5(s)—Ms9(s)+1.5H,0(g) 24 2729 | 102820 | 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 °Average value from sorption
calorimetry and hydrate pair —humidity buffer method 9 From sorption balance ¢From sorption

calorimetry
t\HOIdm Baquerizo, L.; Matschei, T.; Scrivener, K.; Saedipour, M.; Thorell, A.; Wads, L. Methods to determine hydration states of minerals and cement hydrates, submitted ©2014 HolcimLtd 11
Thermodynamic modelling
1. Create Monosulphate14 in DComp
2. Introduce Monosulphate12, Monosulphate10.5 and Monosulphate9 in
ReacDC
3. Model drying of Monosulphate14
t\Holcim ©2014 Holeim Ltd 12
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Create new project

R —

'GEM-Selekior modelling projects: Select ane to open, or click 'Hew Froject.. to create.
[AIuSiOMSA MUSICAlumdnasilica

TeacPHTDS Teac-PSI-Nagra-TD8-07-12
TestPR  ctest project PRSV fluid
Transcend1Ca0-il203-303-C02-R20 aystem

WSS I ig

g

o C
™ Change file configuration of the selected project - Re-caiculate and save all equibria (Sysq) using: —
& ™ AIA mode (simplex) I™ Smart 1o mode (SIA)

Make  new project:
by copying L

[open project] e e - Py

T,
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Create new project

&-[J supcre
@[] specific

T,
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Create new project

T,

olcim

~ Step 2: Select Independent ¢ (not available if shown in fight gray color) - — Additional —
1 o m v v VI Vit Vi i l / [—E_
=T | : |
2 | e < e e |
3 na | Mg IE Si P s a Ar I
4 K || Ca Sc Ti v Cr Mn Fe Co | i |
4a Cu in Ga Ge. As Se Br Kr
5 Rb | sr |lv Zr | Wb | Mo | Tc [Ru | RE | Pd | —I
5a Ag cd In Sn Sb Te 1 Xe _I
6 Cs Ba REE HF: Ta W Re Os ir | pPL | —I
6a Au Hg Tl Ph) Bi Po At Rn I
7 B Ra ACT =)
™ Isotopes I
La | Cce | Pr |/ Nd | Pm | Sm | Eu | Gd | ib | Dy | Ho | Er || im |
pc| | pa| vl wp| Pu| Am| cm | Bk | o vb | L vol |
Learn more Set Filters < Back

|t

©2014 Holcim Ltd 15
Create new project
Select Aqueous Electrolyte Model I Select Gas/Fluid Mixture Model |

" Ion-association (IA) with Davies equation, D (default) Parameters for
the aqueous phase model

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

" IA with extended Debye-Hueckel equation (Shvarov), common b_gamma and a0, ¥ b_gamma(1,298) value:

1A with extended Debye-Hueckel equation (Karpov), common b_gamma, individual a0, 3 0.064 v

" IA with Debye-Hueckel equation, no b_gamma, individual a0, 2 b_gamma(RT) mode

1A with Debye-Hueckel limiting law (very low ionic strength), 1 KOH N

© Do not generate; select a user-defined Phase record from database ( Q, S, Z ), U Coman 0l

" Do not include aqueous electrolyte phase into the system definition, N 267 ]v
Gamma (neutral species)

Phase record key: !a AQELIA aq_gen aq EDH_H ,W
Gamma (water solvent)
[From smotic coefficient ]
Molality conversion
[Applied to all species -]
“T—l Cancel Check Learn more
t\H0|cim ©2014 Holeim Ltd 16
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Create new project

Introduce monosulphate and AirNit_22

tname [

Property

25 Temperature, € (>=0)

lmlw]ﬁmull Heb‘

o Variant number for addtonal constraints

i _ Compos (xa)
T — - | DComp (xd )
 Tutorial_a:G:Ms: -0: IComp (bi)
Phase (xp_)
o a Name of the modeing project Kinlower (dIl)
Kin. (dul_
G Thermodynamic potential to minimize {G GV} G:]"s‘::f‘:!('g(bj"
Name of the chemical system definition (CSD) Other Inputs
o CSD (recpe) variant number <integer>
o Vokume of the system, dm3 (0 f no volume constraint)
1 Pressure, bar, o¢ 0 for Psat(H20)g

Cancel

T,

olcim

wvector

Learn more

Selection

RirNit_22
Al(OH)3
AL203
Aqua
AtmairNit

3A
cHa
co2
Ca(OH)2
Caco3
Ca0
Cas04
Gypsum
H2

H2s

H2504
503

Input quantities of Compos(itions) contributing to B_

Recipe Input \\

| monosulphate |1 ]
AirNit_22 1 | 9

pint |[_ok ] cancer

©2014 HoleimLtd 17

Create new project

View Print Vandew Help

t@n ¥ YOI VEW =@ s

Syt Detiton Resls: Eqlbrum st |

Activizy coers.

SO4_OH_AFm
more stable than
C4AsH12 (Ms12):
for the moment we
sip solid solution
formation

Just C4AsH12

SvEa I7 Ms 00125 i ‘l J :
ﬁ [ 0 0 a0
] G & g 0.034s00083
AL H 2 s 033389257
process o T3 571784578007
w8 2 2 3.1795438e-005
52, P 2 2 5.8069077¢-007 7.258¢-06
P 1 a0 -0.4531
=3 - L 5 0.00014678063  4.454e-06
w s 1 os0 -
v s 1 os0 -3.031
G o 1 a0 -2.325
Qj P 1 os0 -6.782
ot F e T s s.veemecer 7osieer |
protect - ’ J
© s CidcHIl Y] -1.566
© 2 eseringire 1 2 5.6310961e-007 7.258e-06
+ s Aragomite ioa0 -0.1438
@ s caleite 1 s 0.0002188429  2.893e-05
© s lime 1oa0 -11.08
© s Portlandive R -1.658
© 5 Ammyarite 1 2 9.2398775e-006 E.64%e-05
® 3 Gupsum i a0 -0.4691
© 5  heminyarste 1 os0 -0.9392
$ s Sulphur 1 a0 -113.6
System: T= 215K P= 100bar: V= 1162L: Aqueous builtin EDH(H): pH=11991; pe= 8781 IS 0247 m
ol m— i

T,

olcim

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

©2014 HolcimLtd 18
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Introduce water vapor

\ Modues Frcord  Recerd Lingg

Go to Database
management

mode to introduce ol 10

water vapor & .
ﬁ : L) 18,0153 |2z

fa) ol wod 180684 @

oy God -237183
o : Hid -285881
q) Al 504 9,933
Fhase Al [ceoa 75,3608 [
&

[suecats 1803 pron: A1 retsd

..m..-....-......,.gnnq

[els sl s ls s o s ] e el =] 3

f

T,
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Introduce water vapor

Please, mark/select one or more items:

dc3rcemdata D:/Selektor/Gems3-app/Resources/DB.default/dcomp.3rdparty.cemdaca.verl4.0l.pdb -
dcpsreaqueous D:/Selektor/Gems3-app/Resources/DB.default/dcomp.psi-nagra.rec.aqueous.verl2-07.v0.1.pdb
dopsregases D:/Selektor/Gems3-app/Resources/DB.default/dcomp.psi-nagra.rec.gases.ver12-07.v0.1.pdb
depsresolids D:/Selektor/Gems3-app/Resources/DB.default/dcomp.psi-nagra.rec.sclids.ver12-07.v0.1.pdb
decspcemdata07 D:/Selektor/Gems3-app/Resources/DB.default/dcomp.specific.cemdatad?.pdb

D7 RE: ETan. g. 501148 . ver.
dcsuorganic D:/Selektor/Gems3-app/Resources/DB.default/dcomp.supcrt.organic.verl1993.pdb

dcAluSiOMSA D:/Selektor/Library/Gems3/projects/AluSiOMSA/dcomp.AluSiOMSA.pdb

dchragCalc D:/Selektor/Library/Gems3/projects/AragCalc/dcomp.AragCalc.pdb

dcCa-5r-CO3 Di/Selektor/Library/Gems3/projects/Ca-Sr-CO3/dconp.Ca-5r-C03.pdb

deCaleDole D:/Selektor/Library/Gems3/projects/CaleDolo/dcenp.CaleDelo.pdb

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

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

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

JdcMviWork D:/Selektor/Librarv/Gems3/vroiects/Mviork/dcomn.MviWork.odb LI

ok Select All Clear Al Help | Cancel |

T,

olcim ©2014 HoleimLtd 20
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Introduce water vapor

Backup Steam s98

Choose Steam s98

IgaFze=E
BRBERLRLARD

ie BREEEEEE:

EED
58

Steam

Save as Steam.txt

T,

olcim

Flease, mark ane or more record keys. Fier: *

G i @ ]
s o4 e 298
o o4 o e
o omom 238
o m2  am 0
o m 2 -

s m  om 58
o ® a 38
s m e ane
s ®m 258
o m me 38
o s #n st
s @ e 28
s o o sz
o s s a8
s 82 s 2t
2 Steam .

Do i

o o i |

T 2014 Hoom Lia

Introduce water vapor

GEM-Selektor modelling projects: Select ane to open, or click 'New Froject...'to create

AIuS1CMSA MUSICAluminasilica
AragCalc Aragonite-Calcite
Ca-5:-CO3 Selid _soluciens
CalcDolo GEMSIK-test-example
Raclinite Test-JNC

Kinetics Mineral-Ag-Reactions
Ryanite MylacProject

Mywore  MylstPreject

Solvus  test project solvus
TestENIDB Test-PSI-Nagra-TDB-07-12
TesteR  test preject PASV fluid

Tutorial_awater activity Ha

ﬂ

of d gas/fuid) phi r

v

I Change file configuration of the selected project |

=
™ Create & niew project using the selected one s template | | (

Re-caiculate and save all equilibria (Sysh

project

Smart 1A mode (SIA)

Make a new project:
by copying racords from default databg

Hew Project Learn more

" by linking files from the default database

cancel

T,

olcim

© 2014 Holcim Ltd
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Introduce water vapor

GEM-Selel

Record List Database Files Window Help Restore Steam.txt into the project
o / database

Rename...
Move... /
ﬂ Delete... 3 4
IComp
DComo
x b v Compute v Osta (D) » Selektor » v | 49 W Seorch Seiektor
ReacDC Organize > New folder =~ [
B dours  Neme ' Date modified Type Saze
Gty i s
e St ey e folder -
20 ovs. | INSTALL windows. bt Text Document 3KE
‘O = L Resdme3 it Tedt Document 38
21 & ane gl
3 22 |3 |ws+4 503-2 bn & —
¥
Phase 153 1a [ws=6  |HS04- o B
2|a ws-6  |504-2 an_
25 |5 [ws-2 H25@ on_ i
Compos |26 |a |wS-2 HS- bn_ ‘\1::
27 |2 \wX OH- bn_ vt
283w He an_ H v
292w H208 an_
30 g | Ced coz en_ "‘“';"‘
31g|C4 CH4 en_ =
32|g HO H2 en_ -
33 |g N0 2 ad_ File name: Stesast -
Hlaon e [ oma
: Holcim ©2014 Holeim Ltd 23
GEM-Seleltor modelling projects: Select one to open, or click "New Praject... to creste
AluSiOMSh MUSICAluminaSilics
1como AragCalc Aragonite-Calcite
Ca-5z-C03 Solid _sclutions
CaleDol GEMS3IK-test- 1¢
& sl el ereie Open the
ocens, Hineral-Aq-Reaccions . .
y1aserazees project again
% MylstBroject
tess projest ssivas
ReadX TestPNIDB Teat-PSI-Nagza-TDB-07-12 and accept the
TestPR test project PRSV fluid H =
oot oo e insertion of
I
Rifoam Tucorial _awater activicy Ms Steam
%
orase
Comvos
¥ Retain setup of aqueous (and gas/fluid) phases € Project Remake wizard
I Change e configuraton o the sslcted project late and save all equilibria (SysEq) using:
™ Crast a new projec using the selected one aganfrplte | | A1+ Mode (Smplex) [ Smart mode (S13) |
~Make & new project:
oy copying records from def3 © by link
||| @ g Steam H20 598 record to be inserted into project database. Action?
1 D || Doitforall || cancel
: Holcim ©2014 Holeim Ltd 24
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Introduce water vapor: checking the equilibrium RH

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

[T Modules Record Oata_ Calclte View Pk WindowHelp - g a
e eI T e P e s

P

ave/opecics To_[elamowmt moar [sosstraceivivy [comeaveavion [wevivivy coste: ]
5 _sggem 50 a0 =
CECI T3 T O T TUTES0T
o G 1.0641036-013  3.0440e-17 304838340012 1
= Go o o 1
2 Go 2.881970-42 o 1
2 G 0.027604p21  0.793319 0.7933108 1
o2 G 00067052628 0.132072 0.1920724 1
nis Go 1. 0834e-143 o 1
L - 1151 L P PP S L5

-3045176a-0
0001456286

53891082

W ww e

1
.
o
o
o
o
o
o
.
o
o
o
o
o
1

)
.
o
5.
o
o
o

canchil -1.566
etcringice .25420086-007 -3.366e-05
Aragenite -0.1438
Calcize 0002184428 4.843e-06
lize -11.38
Rahydrize L82808480-005 ©.394e-06
Gypaum 0. 489
hemihydrace -0.3392
Sulphur -3

System: T RISK: P= 100

= 1474 L; Aquecus buitin EDH(S) pH = 0.000; pe= 0000 K= 078 m

Equilibrium RH of the system
can be calculated as follows:

?’a[{HZO}D

= ——— x 100
0.0324456

a[{H20}])sat at
25°C

©2014 HoleimLtd ~ 25

Introduce Ms14 in DComp

Monosulphate14 (Ms14) is the stable hydration state at saturated conditions
Ms14 has to be introduced starting from monosulphate

[T _roma | [iovmnrens

Momosulphate
Ca4A128010 (H20) 12

M 22.52] [2z o] [ =
[woa_ 30.503]

Canres <o
[42]s [camion | canio e
[48]s |Coms0ct | hemicasbonate
(5] [ CarlOcH | moncearbonate ce_
[0+ [CamioeH |monocsbonatels e,
515 CaNiOcH | icarboaly e
| vicarboslund

Lok -29.26, '
&
Vo (dens. 2034)

T,

olcim

—s Clone monosulphate

©2014 Holcim Ltd 26
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Introduce Ms14 in DComp

[s:caniost:monasuiphate14:cem_:
s Phase state code of Dependent Component {a g fosimexyh}

CalCsH
e [ S

E Thermadynamic data subset (TDS) code (e.g. database ID)

Step 1 - Defining the Dependent Component (DC) type and the calculation method codes

Inklnmlnun\m Help concel |

Select here to which class this Dependent Component belongs

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

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

‘General method code for T P ) ions of properties:

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.

|c Calculation on the basis of standard S0 and Cp0 integration
Method variant code for EoS T (|

) ions of

|5 Calculation of gOT, hOT, SOT from standard entropy integration
Method code for P (pressure) of

| Pressure correction assuming constant molar volume V0

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

|N No fluid model routine

!

olcim

@ 2014 Holcim Lte

27

Introduce Ms14 in DComp

Step 2 - Specific dimensions and settings

Dimensions to change only in special cases.

[1 ] Mumber of setsof

Cp=HT) eq
oA o et ot i

 avoilabla for several
5= Mumber of phase ransisons can be changed here, f necessary(usualy one ess thanthe number of sets
of Cp=A(T) coeffcients). Default s 0, maimum 4

o] Mumber of be set here for certain o).
= be collected automatically into Phase record, If this 0C is incuded.

™ Chedk here to allocate the Vm = (F, T) vector of coefficients (reserved)
Units of messurement (cannot be changed in this version of GEMS)

I Jmain ] urits of energy (defout: 1)

[ 37ber = 0.1 emajmar =] nits of volume (defauit: 1)

=] unis of pressure (defaut: b)

€ o =] units of tamperature (defauk: C)

ey <ma canc

3 =] set here the number of inks to bibliography SDref records (defauk 0)

What will happen after you dick *Finish®
(1) Page 1 o1 D" windos appeas. Fillut the DCrame e, and {ssenta) et OC formua ko oCfom

(zJ oo oo ol rop ok cf 0 el VB4, G i S04) Cobd el Y aboous, i e g mi
must be known; the third one (if given as ‘empty’) vl be rel

cponire- mdirclel

(3) Switch to Page 2 and enter values into TCInt, then ai_Cp or aiHKF arrays, whatever appropriate. In some cases,

fuid EoS coefficients, critical parameters, or V(T.F) coeficients may need to be entered.

(4) o bock 1 P chk the st e bt s DC ropates wil spms: ¥ C)<A{T) (o 1e7)

coefi

mtared. o0 (and VD) veloes vl o be cakaited. Save e recordTo st 77 coreciuns,
create a HPllrm lﬂhu\ulnr for this DComp record.

e <wa e

T,

olcim

© 2014 Holcim Ltd
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Introduce Ms14 in DComp

Introduce Ms14 properties and then calculate ——7H— '

= DComp = Thermochemical/EoS Zata format for Dependent Components

Monasulphate
Ca4hl23010 (H20) 14

658,55 Iz
[woa 33.16 ]

God I —Bz'_-w'.'u.ul -

[50a 960,854 -
I Cpld 1028.353 o

[Baquerize et a1 2013

\ *Cp°=ao+a1T+azT-2+asT-0-5

“Matschei T (2007) Thermodynamics of Cement Hydration. PhD
Dissertation, Universiy of Aberdeen.

Holcim Baquerizo, L.; Matschei, T.; Scrivener, K.; Saedipour, M.; Thorell, A.; Wads, L. Methods to determine hydration states of minerals and cement hydrates, submitted ©2014 HolcimLtd 29

Create the Phase Ms14

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

Clone C4AsH12
vl

B 8= S s % Ij{ﬁ 1V = | @ rommmmem

t [T T Chene & iow ieeind from this el —Jo[x _
Ko |y (5 mom ANDHEm= € |cem, Fage |
& ;_: c i::: : ::: Memeeuip Fage 1 Paez | raged | [wmamns, e
ccame |4 ]r 3% Alominaty S _|owm, Cathizse - —
5[5 CamOM  CIANTS & |oem_ s slusinase
6 s canow s € leem_ cesent satabase
& 1 |5 canow | cian3  |eem be T
L ) L A () 2| [] [} @) [
i |
oo [11[5 CatieOH | Catemn e leem_ = 1
125 CatisoH  |eem
IE 1], catmor (500 OrLaFm s com,
185 CAsOMI | OM304AFm 5 |cem,
15 (s Catiock 608 COLAR 15 |cem.
O[] camsew corsoesn s [eem [r=m T
13 s D geene e |megiess, ot
Comees | 18]3 C2CE Catcen © |nagrrpe,
1[5 60 e & Joam,
(05 CoH  Pomdte ¢ |magueps
[51]s caso Ankydrte € | magps [0 [wacs
2| a5 Gypram € |magueps, {1 [mazs
Bl [cxs0  heminin s Jswm T
0 Sasphar © | magu-ps,
Holcim ©2014 Holeim Ltd 30
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Create the Phase Ms14

[s:casiso:cansH1a:c:cement
s Code of phase state {ag fpimhsdx}
Canso Group denbfier for such phases fetters, digis)

e e e

¢ Phase dass {cdl gm 55 ssdls sq xsaxe )

cement_ Comment to phase definton

[o ] ree | romis [0 | _cowt |

Step 1 Final Stings and ints

53 s ha the rurmber o ks 10 S0rof bbography recseds (detac o)

= oy
[Ee——————

(oo mambers) prasa,

1) 1 Phase wondon,

Dot snsior e, ol oc.of omays on

(3) ek on ‘oot tsbor buton than sk ot the FROCC. cohenn cvree DC codes  aedod (T o Wo: W
for K20 sehnt M. T T for s schton e Save Fhasa recr 1 peoject database.

Stop 1 - Defining the Phase and the Model af Mising

o (nen-+ea) mbing should be used, and how t thouid be calculsted.

Phase agoregate siae cote:

Seloct s model of micing for hi phasa:

il murs o pare phase (defaut) el
‘Select s modo of calcuiation of sty cosficionts of and maerbars:

i - dvfoat =
Seloct @ modo of avecution of Dk user-defined srpt fo end-marmbers:

[V o ek serpt il be provided n this Phase defintion (defeut] 2|
Select & o

W o Pheg scrpt will be provided in iz Fhase defieion (defeut] =
seiects

W =r ok =
[ Gofot g e o farm of miacon paramets cosfiaeres =

== <o | oo ] e |
Holcim ©2014 Holeim L4~ 31
— — I
Modules Record RecordList Database Files Window Help
5 3 [Phase
% 4 preees
= 5 = i 2 3 4 5
’ more ter:
e C1PaF. O PDITCER NN RV e 8 icomp 4 [ aioH AOHBmic ¢ |cem_
d s ALOHE AlOHam ce. -
e N e e = 2 |s AIOH Gibbsite ¢ nagra-psi_
ds RCH Gbs dn 3 |s|C Graphite ¢ | nagra-psi_
e o, s comp |4 |5 [C3A Aluminate ¢ lcem
5 Canioe toRETIE = 5 |5 |CahlOH | C2AHTS ¢ eem
ds CanloN C3mH6 ce” 6 |s CaMlOH | C3AHS ¢ lcem_
:! gﬁgz ‘émﬁ ce_ 7 |s |CallOH C4AHI13 ¢ |cem_
= . ce
43 CaRlOH CHAHGS X ReaclDC g |c[CaAlOH | CAHI0 © cem_
d s CaAlOH CAHIO ce_ g CaAlSO | C4AsHI2 c _lcem
d.a ICAMIOcit hamicasbonacs  (on: 10 s | CaAlsO CaAsHL4 c |cement
4 s Caml0cH momocarbcmate  ce
d s CahlocH monocarbonave(s ce_ RToarm  [1L TANCOH AT HE, ™
ds CeMlOcH tricarboelu  ce_ o 12[s |CahlcOH | CAACHIL cem
ds CaAlOcH tricarboaluls ce_ . P
il i i 5 13[s CaAlsOH | ettringite ¢ leem_
45 Cani0sH sctringiteos  ca_ 14[s | CaAlsOM1 |SO4_OHAFm  |ss |cem_
d s CaMlosH everingitedS  ce | Phase  [15 (s [CaAlsOH2 |OH_SO4_AFm |ss |cem_
d.s. Canioss LI e 16 s |CaAlscHL S04 _CO3AFt |ss |cem_
17[s |CahlscH2 | CO3.S08_AFt |ss |cem_
T e Compos | 185 | CaCO Aragonite ¢ nagra-psi_
g2 oo R o = 19 [s |CacO Calcite ¢ |nagra-psi_
[T ox |] setriter Select All Clear Al Help cancel | 2|s |Ca0 fime € jeem.
71 [s  CaOH Portlandite ¢ nagra-psi_
2|5 |Cas0 Anhydrite ¢ |nagra-psi_
Bs | Cas0 Gypsum ¢ nagra-psi_
24 s |Cas0 hemihydrate ¢ | cem_
s s Sulphur ¢ | nagrz-psi_
:H0|cim ©2014 HoleimLtd 32
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Introduce Ms12: ReacDC

The lower hydration states (Ms12, Ms10.5

and Ms9) have to be introduced as a reaction

S@ B

Page 1 a2 | [1oamre, 120

5-2
s1-21-2

™ Create a new

% N
ECR

T o Fer— = record
3% ReacDC: Please. set 2 new record key > » = . ol =g
[ | o mr————
0'3 —
Phase [Comomn  rofe group to mhich this new Dependent Companent belongs:
i =
Coven ﬂmmdwmxm-mx(ms]mkq database ID)
B =l e | e | i
Prir 1 25/{no )2.a51‘ -2]
e —= 0 i}
[Fo520_cmis 2008 sdars Tosk

t\Holcim

©2014 HolcimLtd ~ 33

Introduce Ms12: ReacDC

Step 1 - Selection of reaction-defined DC type and codes of methods of T,P correction
Select here the dlass code for the reaction-defined Dependent Component (DC)

This DC dlass code will be copied to Phase definition (can be changed there too):
|'|T) Dependent Component of a single-component condensed phase

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

Select here method codes of TP correction for molar properties of the reaction-defined DC

General method code for temperature corrections:

Led

[k Calculation through the logk of reaction TP dependency
Method variant code for temperature EoS corrections:

|3 Three-term extrapolation of logk (T) at dCpr (T) = const =]
Method code for pressure corrections:
[ Molar volume of new DC calculated from canstant dVr of reaction -l

Codes for species-dependent EoS subroutines

[N No fluid model routine

LeJ

i

< Back H—IEB| I Car

| Learn more

Step 2 - Specific dimensions and settings

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

Eﬂ Humber 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 methed codes)
0 =] Humber of interpolation points along T (> 2, < 20)

0 =] Humber of interpolation points along F (> 1, < 10)

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

[ Jmelk) =] units of energy (defaut: 1)

[i 3/ber =01 cm3/mal <] Units of of volume (default: j)

[b bar —10°5Pa -] Units of pressure (default: b)
[E&kis ] unksof temperature (defoult: C)

s [T]| omn

t\Holcim

©2014 Holcim Ltd 34
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Introduce Ms12: ReacDC

T,

Introduce the components taking part of the reaction

Please, mark one or more record keys. Filter: *

AIOH AIORER

TE
AloH AlOHmic ce

aloH Gbs dn_
co Gr dn_
Cakl0 C3A ce_
CahlOH C2AH7.5 ce_
CaAlCH C3AHE ce_
CaAlOH C4AH13 ce_
CaAlOH C4AH19 ce_
CaAlOH C4AH6S ce_
CahlCH CAH1O ce

CahlOcH hemicarbonate ce
CallOcH monocarbonate ce,
Cahl0cH monocarbonate05 ce

CaAlOcH tricarboalu ce_
CaAlOcH tricarboalu03  ce_
CaAlOsH ettringite ce

CaAlOsH ettringite03 ce_
CahlOsH ettringite0S ce
CaAlOsH monosulphate ce
CaAlOsH monosulphate0S ce

hnpeppnppopprpopnpeponanedfd
TR R PR PR P R A P P T P R  |

| R

Clear Al Help cancel |

olcim ©2014 Holeim Ltd 35
Introduce Ms12: ReacDC
. ReacDC 1 Reaction-defined data format for Dependent Components (species)

o pape2 | [iakoapose, 0 Introduce reaction and
[Fmesaerrets Tl thermodynamic
|[ca4r125010 (220) 12 | properﬁes and then

E S calculate —-

0 2]d |@  Steam H2C EEE

1 -1la |s CaRl0sE monosulphatels ce. @

2 1|n El CaAlOsH Monosulphatel2 cem ——

vor | 355574 309993 —]

logrr | 0.00099050355 ] -3.004144] -—]|

cor [ 171‘17.'@ -7778356.5 ] -—]|

mor | 78325.59 -8758632.17| -—

sor | 205.204] 791.558] -—

cpor || -5 942,33 -]

NisoX | - - -—

[ezz=_| 1] 25l[uo0 s22.52 o
T S R R R E——

0 [Ms14(s)->Ms12 (2) +2H2C (q) 50°C - 90% RH

1 |2s5°C - 978 RH 65°C - B5% RH

2 75°C - 78% RH

t\H0|cim ©2014 Holeim Ltd 36

Baquerizo, L.; Matschei, T.; Scrivener, K.; Saedipour, M.; Thorell, A.; Wads3, L. Methods to determine hydration states of minerals and cement hydrates, submitted
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Introduce Ms10.5: ReacDC

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

"

Hancaulph
Ci

on-defined dats format

Fage 1 FPage 2 11042014, 15:24

i0.5

a4AL25010 (B20) 10.5

5C D [ [resc
o -1z L CailOad Monosulphateld cem
1 1.5d 9 Steam Mz 298
2 1la a CaRlOsH Momosulphatell.Scem
Vo 1:..u| 20,185 -
logKs 0.00088520335 -3.0505509 -
Gox -.'rn:.nl ~T417916.8
#3169 I
220.500 T31.183 -
-] B74.282

25][mo s95.497][ o

|Baguerizs er al u-:ml|

©2014 Holeim Ltd 37

Introduce Ms9: ReacDC

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

Ts CaRl0sH Momosulphated cem
PR

da Al AL(S04)2-
da Al Al+3

aa m o

aa m mo-

da A AlO2HE
Ga m mome:
da ca Ca(cos)@
da Ca Ca (HCO3) +
da ca Ca(s04)@
aa o cas

da Ca CaCi+

da wCd co24

da woed  coiz

a2 wees  Ecos-

as wes  cas

da wHO H2E

da wNO N2@

da wo0 o8 i
da wse2  s208-2
aa wse  Hsos-
42 wsed  s03-2
aa wsss  Hsos-
da wses S04z
48 ws-2 H2s8

da w3-2 Hs-

da oH-

aa W ome

da H208

ag o coz

aq ot ocm

as m =

ag m =

dg ©0 oz

[ o SetFiter | Help | cancal |

!

olcim

Page 1 Page 2 1042004, 15:24

orogulphated
“a4A1IS010 (HIO) ¥

— !

] =1|x - CallOal Monosulphatell.Scem

1 1.54 il Steam Hao 850

in £ CahlOs¥ Menocsulphaved cem
vor || 371575 | 25.4% -
logKe 530224e-005 -4.7017213 -
Gos 27294.368 -7047598 -
HO: aozeao -T045452.7 -—
0= 253.31% T03.631 -
007,174 j—

Brlc 1 ED) | see. 474

[Beca === | 0 | B

210, 5 (8} =>Had (8) +1. SHIO(g) ——
nermad prop Baquerizs et al

(2014)

©2014 Holcim Ltd ~ 38
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Introduce Ms12, Ms10.5 and Ms9 as phases

Introduce all the
hydration states as
Phases as previously
done with Ms14.

Phases to be
introduced

e Ms12

« Ms10.5

« Ms9

t\Holcim

784 GEM-Seleinor 3 (GEMSS) - Geochemcal

by Gibks f

Modules Record Record List Database Files Window Help

Tt XY V=0

|-k * phase - Definition of thermogynamicphase &

|, Y-
l oo |, [AoR | AKOMBme < e [ Page 1 Page2 page3 | [1paranns, 1s:

[2]s [moH—[Gbbite < [nagrarpic

& 3]s [c Graphite ¢ |nagra-ps [Monosul foaluminate1d

oceme |4 15 |4 Aluminate < |cem, cement database
s |5 |Comion | Coamis le |cem_

% [6 |+ [ConoH | CIare ¢ |cem_ [ 2 3 o
[7 |s [CamioH [Caarnz < |cem. = 2

ResdDC g |5 |CatlOH | CAHIO < _cem_
El it Skl _Jcement. [6 [z [s cariosd Monosulphateis_
105 [CaARO | CamsHIz < lcem_

Rpam |12 CoRS0__|ChAs2 " cement_

ey | I i herit =

‘LJ 13lls camso  Icaaskn < _|cement

1[5 [CablcOH | COACOSHI2 |c |cem,

Phase | [15 |5 [CanlcOH | CHcHIL le |cem_

g [16]s [CamsOH | ettringite < |cem_

‘7‘3 [17[s |CatlsOHI |SO4 OHAFm s |cem_

Compos |18]5 |CahlsOH2 |OHSO4_AFm 55 |cem_
19 |5 [CamlscHl  [S04.CO3.AR s |cem_
[20]s [CamtscH? [C03.504. AR s |cem,
[21]5 [CaCO |Angonte  |c |nagrapsi_
25 [cacO Calcite < |nagra-psi_
(235 [ca0 fime < |cem,
|24[5 [CaOH  |Porisndte |c | nagra-psi_
(255 cas0 Anhydete ¢ |nsgrapa_
265 [Cas0 Gypsum < |nagra-psi_
(21]s [cas0 hemihydrate ¢ | cem_
[28]s |5 Sulphur ¢ |nagnpsi_

©2014 HolcimLtd 39

* Modelling the drying behavior of
Monosulfoaluminate

t\Holcim

©2014 Holcim Ltd 40
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Modelling drying: Process simulation

Modify the initial single system created: the system should contain AirNit_22, Aqua and monosulphate14

Jiw *l @ ¥ ‘B:I(VE]VX.:. 2]
| s
m,.,,um,/ [0 [ v w05 o0 eom- |
H i e Skip the formation of
doos S04_OH and OH_S04
. e solid solutions,
e BN
EE i S I ——e - e Al(OH)3mic, Gibbsite
shrie), | s |l s - and C3AH6
G0 shift (gEx ) [=1Y o 30
OtherInputs cHe o 30
5 -
A -
v s i
5 s i
. i
8- 38
5 -
Lab| i
Input quantities of 2] I L]
Compos(tions) contributing to
B vactor Systeme Tz 29845K Pz 180kar: V= 1231 L Aqueous: buitin EDH(SY pH = 11.800: pe= 8.395:
L Loam more| et | ok | cancat |
:HD|:im ©2014 Holeim Ltd 41

Modelling drying: Process simulation

GEM-Seleior 3 - = Definition... =
03 Modules Record Window Help

bY | — M Create a new

Convos | _Sorging | Resis | conts | [1oa/mis, 50 process
SwiEn | a
Q
Process
iTm [iv iP it [ibv_ [iTau
X [] 1000 o 1 ES °
1 1102 B 5 25 0
Giemo. 4 4 4 |
2 1 ° o o 0
HE :im T o s o
o] § definition of cement composition
%1__ xa_[{Aqua}] =: modC[J][0]:
o § End
project
e ﬂ_‘
J<m—

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

Set Filter Help Cancel

olcim ©2014 Holeim Ltd 42
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Modelling drying: Process simulation

Step 1- Process Simulator Configuration

This 5 a tool for "batch’ calculation of muiple equilibrium states, sampling and plotting of results. In this way, ieversible geachemical
processes (¢.g. mbing, dissolution, hydration, ttration, corrosion, veathering) can be simulated.

[5 Mame of the modeing project

[6 hermodynamic potential to minmize {6}

The can be several mod specic simulation scenarios by exacution of process control script 'P_expr’
and smulation output Script ‘pgEXPT. Simple Scripts can b easly produced using this wizard.

Any process simulator belongs to one of three
s Mame of the parent chemical system definton (CSD) 1. *Sequential; only input GEM parameters are modified (modes P, S, L);
2. ‘Reciprocal's next step depends on GEM output parameters (¢.g. pH) from previous step (mode R);
o CSD (recipe) variant number <integer> 3. "Inverse's GEM input adjusted to cbtain prescribed volues of GEM output (e.g. pH; modes G, T).
o Vokue of the system, dn3
1 Pressure, bas, or 0 for Psat(H20)g
[ tewsaure,c Flease, chouse o process smulation mode:
r— e 25 Sl SO nE P Sequential temperature and/or pressure change at fixed bulk composition

m Name of this process simuation task I & 5 Direct sequential change of bulk composition and/or constraints (default)
[T5 ] Process simuation mode code {P,5, 1,6, T,R}
G Bawch

saquence for
e (e ||

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

© R Sequential reactor scheme, uses equillbrium bulk compositions of phases
L Lippmann disgram (transposed) for a binary solid sslution

To simulate drying, water will
be removed from the system

T,

olcim ©2014 Holeim Ltd 43

Modelling drying: Process simulation

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

iTm w [ p [ v | imu | ipxi | i ioH ipe
1000 0 1 2 0 o 0 o 0 0
1102 0 1 25 0 0 0 0 0 0
1 0 0 0 0 0 [] 0 0 0
@ Titration cNu (linear) " Diagram logD vs linear x " 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 . " .
metnstabikty Congtrcits, E i g To simulate drying water will

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 SyStem
"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.

=1 || 5 definition of cement composition /

xa_[{Aqua}] =: medC[I][0];
$ End

<Back || next> | cancel

T,

olcim ©2014 Holeim Ltd 44
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Modelling drying: Process simulation

£ GEM-Selektor Process Setup: Tut ax

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

Property Ttem Selection Sampling Script
Scalars

u Mbx L3 Volumsl] V1) o vpXi
ue GX [103) N_ W[2]  iNu[0] wNu
b I Lis) L v iNu(l] vKin
Cb pH Fil0] L iP[0]  iNu[2] moc
m_t pe Filt] W] P[] eNu xp
Igm_t th Fif2] [NE] iP[2) ipH[0] yp
icM o] A0 L4 P ipH[1] xEpl
Yo e A L5 iTCl0) ipH[2] yEpl B
Xwa TKIO]  FI2) Fil]  iTC] epH

phvol TK]  denWO)0] Fil1]  iTCI2) ipeld)
phM PG]  denW[LJO] Fil2]  IC  ipell]

Fa PG epsWOJI0) FilB] T ipel2]
bXa(aq_gen) Wi0]  epswilo] T iNv{0] cpe
bXa(gas_gen) V1] P P iMv1] <Eh
bXa(S04_CO3_ It AT RTO]  iNvi2] Net
bXa(CO3_504. REfd FRT RT(L] NV T

bXs Hpm  Xw RoW(0][0] iTau(0] J

u Psi_DK[0] Masses[0]  EpsWI0NI0) iTaull] Jp

Yof PsiDK[1] Masses[1] VisW[0]  iTau[2] vIm

Aalp onrf0] - Messesf2] iTm[0]

Sigw nnrll]  Masses[3] iTm(1]

x [o]  Massesfd] iTm(2]

Whe L] MassesfS] cIm

my W2 Velumso] WO pi vau

v

vEx - . i
List of static data objects (see tooltip on each object name)

Learn more

~ yp[J][4] corresponds to the RH at
25°C

T,

olcim
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Modelling drying: Process simulation

Step 4 - Important data object dimensions

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

of sampled and i data

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

Number of ‘modC’ array columns (1 to 40, 0 - not used) to store process control values; number of rows will
be 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;
number of rows will be nPS.

Number of rows in the xEp, YEp arrays for experimental data (optional)
[0 =] |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 vector from the respective process iterator.

Allocation of optional data vectors

™ CsD variant # (VTm') I™ volume V, | (") I™ Pressure P, bar (‘"vP')
I~ Temperature T ("T') I™ Constraints # ("vNV") I” Process extent Nu ('vNu')
I Process extent pXi ('vpXi') I™ Kinetic parameters ('vKin') ™ Time Tau ('vTau')

<Back |[ mext> || Cancel

T,

olcim
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Modelling drying: Process simulation

Step 5 - Additional options

On this page, some options of the Process simulator operation can be changed (for specific cases).
Optional modes of operation
¥|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 Process simulation (for troubleshooting purpeses)

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
GtDema module or for troubleshooting, but may dramatically increase the size of project database.
This flag has no effect on reciprocal and invers titrations, where optimized SysEq records are
always saved.

Learn more m‘lml Cancel

] "3 GeM-Selektor Process

etup: Tut aG:Ms0:0:1:250:Ms

Step 6 - Final settings and comments
Optional

[0 =] set here the number of links to SDref source of data and bibliography records (defautt 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’ pace 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 acain. After the simulation has finished. look at samoled results in 'xo' 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 dialoa, enter data into xEp and vED fields on 'Results’ page, then open
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Modelling drying: Process simulation
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Modelling drying: Process simulation
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Modelling drying: Process simulation
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Modelling drying: 2"d Process simulation

Now we will plot the volume changes as function of RH

Clone the previous

i s
by L e ) I —
[ e T e T ) ) o

t_x ran ED Qi BED 7

ﬁ o QES O ES o[ 258,15

f=r
s y-axss
Yp(3110) =+ phVol[(CaRaM1d}];
Protect

T

process

I_:,T;;TQ? -iua_taquan1: Replace xa_[{Aqua}] by (10~1gar¢H2031)/0.0324456%100;

olcim ©2014 HolcimLtd 51
Modelling drying: 2"d Process simulation
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Thank you for your attention
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