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Tutorial 2 — OPC hydration

EMPAQ

Hydration of a model cement composition

= The example will show the principle possibility to
apply GEMS to simulate cement hydration.

= A simplified cement composition is used and 100%
hydration assumed (other assumptions are possible).

= The impact of limestone on the predicted phase
assemblage will be shown.
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Hydration of OPC - project setup

@ Modelling Projects

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

B1uSiOMSA MUSICAluminaSilica
AragCalc Aragonite-Calcite
Ca-5r-C03 Solid _solutions
CalcDolo GEMS3E-test-exanple
Kaolinite Test-JHC

Finetics Mineral-Ag-Reactions

ReacDC Hyanite MylstBroject
Solwvus test project solvus
%— TestPNTDE Test-P5I-Nagra-TDBE-07-12
TestFR test project PREV fluid
RTparm

TestS5UPSE8 Test-5UPCRTS8-1linked

¥ Retain setup of aqueous (and gas/fluid) phases ™ Activate Project Remake wizard

e e i e e e Re-calculate and save all equilibria (SysEq) using: —

™ AIA mode (simplex) I Smart 1A mode (SIA
" Create a new project using the selected one as a template (simplex) (SIA)

Make a new project:

by copying records from default database " by linking files from the default database

Open Project New Project Learn morel Cancel |
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Hydration of OPC - project setup

EMPAQ

ﬂ Project: Enter a new record key, please

[ B

| Tutorial_2:0PC:

‘ I Tutorial_2

OPC

Mame of the modeling project

Comment to the project definition

Ok |

Reset

From List |

Help Cancel
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Hydration of OPC - project setup

Select CEMDATA14 (3 party data base)

;’& Basis configuration of 2 new Modelling Project Tutonal_2

Step 1 - Selection of databases, data subsets, phase type filters

—Phase/DC Filters

Built-in Database

Version

¥ Aqueous electralyte

B[] support
-] supcrt

¥ Gas mixture

I Mon-ideal fluids

™ Plasma

Bl [+] psi-nagra
B W] 3rdparty
“ W] cemdatal4d

14.01

¥ Crystalline solids

™ Dispersed solids

™ Liguids, glasses

I Silicate melts

™ Sorption, Ton exchange
™ Polyelectrolytes

™ Liguid hydrocarbons

™ Skip solid solutions

Learn more

L%

=< Back |I Next = || Cancel

N
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Hydration of OPC - project setup

EMPAQ

Modlified project setup including elements necessary to model cement hydration
(as we use a model cement we neglect Na, K, Mg and Fe for the moment)

iig Basis configuration of a new Modelling Project Tutorial_2

o)

x

— Step 2: Select Independent Components (not available if shown in light gray color} _——

\

ditional —

=

I o Alt N
1 I H |
2 L Be |
3 HNa Mg |
4 K I Ca |
4a Cu n 2 e As Se Br Kr |
5 Rb Sr v Ir Wb [ Mo | Tc¢ | Ru | RE Pd ﬁ\
5a Ag cd In Sn 5h Te I Xe
[ Cs Ba REE HFf i3 W Re s Ir P |
6a Au Hg T Ph Bi Po AL Rn |
7 | H Ra ACT [ Isotopes I S |
La Ce Pr || Hd | Pm | Sm || Eu || Gd | Tb | Dy || Ho | Er || Tm |
Ac | Th Pa U Hp Pu | Am | Cm Bk Cf Yh L vol
Learn more Set Filters < Back | Next > Cancel

,reactive N”
(don't use here)

Air: O,, N, etc.
(no reducing
conditions, N, not
reactive)

™~ we can also use
just oxygen (O,)
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Hydration of OPC - project setup

Select model for calculation of the agqueous phase

I& Setup of aguecus and gas phases in project: Tutorial_2

| ®

2L

Select Aqueous Electrolyte Model \ Select Gas/Fluid Mixture Model ]

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

2.

1.

I4 with extended Debye-Hueckel equation (Helgeson), common b_gamma and a0, H

IA with extended Debye-Hueckel equation (Shvarov), common b_gamma and a0, ¥
IA with extended Debye-Hueckel equation (Karpov), common b_gamma, individual a0, 3

I4 with Debye-Hueckel equation, no b_gamma, individual a0, 2

”J"U")"Jl—i‘l”]

I4 with Debye-Hueckel limiting law (very low ionic strength), 1

5

Do not generate; select a user-defined Phase record from database ( Q, 5, Z ), U

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

Phase record key: |a AQELIA ag_gen agq EDH_H

Parameters for
the aqueous phase model

b_gamma(1,298) value:

|0.123 -

b_gamma(F T} mode

|KOH -

Common al value:

| 3.67 -

Gamma (neutral species)

|Ca|cu|ate as b_gamma®Is j

Gamma (water solvent)

|Frnm osmotic coefficient j

Maolality conversion

|App|ied to all species j

4. ‘ 0K cancel 3. Check

Learn more

EMPAQ
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Hydration of OPC - project setup

EMPAQ

|'I'ut|:|rial_2:G:mnd_cem:D:D:l:ES:D:

| Tutorial_2

Mame of the modeling project

IG Thermodynamic potential to minimize {G GV}

|mnd_cem

—

Name of the chemical system definition (CSD)

|u

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) We leave temperature at 25°C
IIZI Variant number for additional constraints

Reset | From List | Help Cancel |

GEMS workshop, Diibendorf, May 7-8, 2014

Press OK again to leave the recipe wizard.
print [| ok || cancet |  We will use it later, but first some more

explanations and definitions are needed.




Hydration of OPC - system creation

M Modules Record Data Calculate View Print Window Help
ﬁ@hingleswmm =l +H@$ 7(‘ 1‘;/W

Input: System Definition | Results: Equilibrium State I

¥

ITutoriaI_Z:G:mod_cem:O:O: 1:25:0:

SysEq Fhase/speciss |L |Type |Onr’r:|ff|UC |Add O BClUG |GO COrr. |U'K |Lawer_KC Upper EC |KC t|

- ag_gen 37 a q 1} J 4]
¥ gas_gen

[ CSHQ

- 504 OH AFm
¢ OH_S04_AFm
J--- 504_CO3_AFt
f--- CO3_S04_AFt
A1 (CH) 3mic
Gibbsite
Kaolinite
Graphite
&

[

x
Vot

System file is now created

e 0 W W oW oW oW W W WG
[ === R (o = I ]

[T Ty I e e e o Y e |
0000000000

3 R R R R RS s N

JBelice all
|ncI

ain c
d

ent hydra
projec

?u

&

Project

o T V)

mmmmmmmmmmmmmmmmmuWIwul

th
The next step is to

formulate the
experiment we want to
simulate

r C4RsH1Z

¢ C2ASHE

¥ C4RheD.5H12
+-- C4RcH11

- ettringite
Aragonite

7 Calcite
lime
Portlandite
Anhydrite

- GYpSUm
t-- hemihydrate
thaumasite

B S R s S ST S S SO S SO S S S 5P|m O S S S S S A

QﬁlﬁlﬁlQQQQQQQQQQQQQQClHlfﬁleQQQQQQQQ

e e e e e e o e e e o =k

0o oooooooooQooaoood
0000000000000 00000o00

4]
4]
Q
Q
Q
0
o]
o]
o]
o]
o]
0
Q
Q
Q
0
o]
o]
o]

Bilica-amorph

System: T= 29815K; P= 1.00 bar; V= 0L; Aquecus: built-in EDH{H); pH = 0000; pe= 0.000; I5= 0.000 m

PhDCC [0,0]: DC classes of species included into this phase {STWOIMIXY ..} Y.




Hydration of OPC - system creation

A

System in Project Jutorial_2]
A N NO

+

Al N
TAY, aV

in the-first-caleulation we switc
carbonate-sulfate AFt solid sol

|I- |TYI&| On/off |ﬁ | Input: System Definition | Results: Equilibrium State I
S —

EMPAQ

system
the

tions off

Phase/species |L |Type |On."r:|ff |UC |Add to liClUG |
[+ ag_gen 3T a + o J
[+ gas_gen 5 + o
- CSHQ 4 + q
- S04 OH AFm 2 + g
.. OH S04 AFm 2z P P
= 504 CO3 BFt 2 - /

i tricarboalu -
ettringite
£ CO3_S04_AFt 2
‘ tricarboalu
ettringite
T AL (OH) Sic

-
'I; Viedules Record Data Calculate € |
B 8 -On/eff switch-forphases
T R Tutorial_2:% %505 Input: System Definition | Results: Equilibrium State I
SysEq Phase/species
ﬁ - ag_gen 37T a
- gaz_gen E] g
'L) - CSHQ 4 =
Process [ 504_OH_AFm 2 s
Gl QH S04 RFm 2 El
| x £ 504_CO3_AFt 2 s
- tricarboalu g
GtDemo .ettringite M
—|- CO3_S04_RAFt 2 s
ﬂ s tricarboalu M
-ettringite J
GEM2MT -
1 =
- Gibbaite 1 =
%} ----- Kaolinite 1 s
e e Graphite 1 K]
Project s 1 5
. . nate 1 =
2 AFt solid solutions 1=
. . 1 3
containing 1 s
1 =
sulfate+carbonate 1=
— sH12 1 K]
| 1 5
1 s
1 s
SO,-AFt : L
. o . 1 =
ideal composition 1 s
1 =2
| 1 =
=
E]

Number of components*

B e e N s s i S S S S R S S R S S S S S O i

(=] ' BT = I = I = = = = = = = = I = I o R (T < T T C N = = I S Y ]

1: pure phase
2: solid solutions

System: T= 298.15K; P= 1.00bar; V=

0L Agueous: built-in EDH(H);

H-- Gibbsite
H- Kaolinite
H- Graphite
H-- Belite

Ho C4RsH1Z

t - C2ZRSHE

H-- C4hcO . 5H12
Ho C4RcHILL

H- ettringite
Ho-- Bragonite
Ho- Caleite

[ N N N S N

W oW oW W W oW W W WW W W owwwwule e g wn o wag

T e

[[=Jt= == = = O I T =] = = T T = = = = S =N =) [N R4

OOOOOOOOOOOOOOOOOOOOOCOODOOOX@OO

L B B B I B I I I LI B I I BT I B IS IS IR I = =]
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Hydration of OPC - system creation

C-S-H is modeled as a solid solution of 4 different species:
Input: System Definition ] Results: Equilibrium State ]
Fhase/species L Type |On/off |UC |Add to BC|UG |GO corr. |UE Lower KC |Upper EC EC2]
+ ag_gen 37 a + 4 ] 4] J 4]
+- gag_gen 5 g + 4 ] 4] J 4]
=] CEHQ 4 = + 4 0 J 0
C5H-JenD I + M 0 J 0 M 0 le4+006 E
C5H-JenH I + M 0 J 0 M 0 le4+006 E
C5H-TokD I + M 0 J 0 M 0 le4+006 E
C5H-TobH I + M 0 J 0 M 0 le4+006 E

CSH-JenD = (Ca0),5'(S10,)5 667 (H20)5 ¢
CSH-JenH = (Ca0); 335°(510,);:(H,0), 1667
CSH-TobD = [(Ca0); 55:(S10,);:(H,0), 75106667
CSH-TobH = (Ca0)g 67°(SiO,);(H,0)1 5

For more detailed information see: Kulik D.A., Cem. Concr. Res. 41 (2011), 477.

GEMS workshop, Diibendorf, May 7-8, 2014 11



Hydration of OPC - system creation

EMPAQ
Experimental problem part 1:
Hydration of a model cement Bogue calculation
a0 70.6 wt-% C;S 8137 wt-%
SIO, 220 wt.-% C,S 1.70 wt.-%
ALO; 45wt-% ) C,A 1193 wt-%
SO; 29 wt-% CaSO, 5.00 wt.-%

w/c 0.50
Assumption: 100% hydration
React 100 g of the model cement with 50 g water (add 1 g O,)

> Equilibrium speciation

GEMS workshop, Diibendorf, May 7-8, 2014 12



Hydration of OPC - system creation

. — . EMPAQ
Experimental conditions: React 100 g OPC with 50 g water (add 1 g O,)

Use recipe wizard [ * ol G s % 1€/W|WH 2]

Enter phase composition

m Input Recipe of Single Thermadynamic System: Tutorial_2:G:med_cem:0:0:1:25:0: ? ® |
tname ITutoriaI 2 - OPC without additions
Property —Selection Recipe Input
Compos (xa_) . i
DComp (i) AIOH)3 2 Property Mame Quantrty Units
IComp (bi_) Al203 H2s 1|xa_ 02 1 g
Phase (xp_] Al25i205(0HM4  H2504 2 |na_ Aqua 50 q
Kin.lower (dIl_) Aqua 02 35 8137
Kin.upper (dul_) C2s 503 3% : J
GO shift (gEx ) A $i02 4|xa_ €25 17 g
Other Inputs 35 5 |xa_ C3A 1193 g
CH4
coz 6 |xa_ Ca504 5 g
Ca(QH)2
CaCo3
Cal
Cas04
Alternatively you could enter the
oxide composition
I
Input quantities of Compos(itions) contributing to B_
vector
Learn more Prin{ 0K | |Canoel |

GEMS workshop, Diibendorf, May 7-8, 2014 13



Hydration of OPC - system creation

Experimental conditions: React 100 g OPC with 50 g water (add 1 g O,)

Check system definition i *kd ®ws = ¥ O [

EIEG

;’ﬁ Tutonal_2:G:mod_cemn:0:0:1:25:0;

7| 2

We exclude carbonate in
this example

Missing ICs

[ C

CONFLICT WARNING!

Muole amounts of some Independent Components (IC)
are missing in the calculated bulk composition wector
(B_[i] < Pa_DE)!

FOSSIBLE ACTIONS:

* EXCLUDE ALL these ICs together with DCs that
contain them and some Phases made of those DCs;

* RETAIM ALL missing ICs by inserting a default
male amount (below) into bi_ vector cells;

* CHECK some boxes to keep these ICs in the
gystem by inserting a default mole amount into bi_;
unchecked ICs will be turned off together with all
DiCz that contain them.

EXCLUDE ALL

RETAIM ALL

CHECK Ok

Default amount, mol {editable): | 1e-09

Learn maore...

Cancel

L

GEMS workshop, Diibendorf, May 7-8, 2014

EMPAQ
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Hydration of OPC - calculation of equilibrium

Experimental conditions: React 100 g OPC with 50 g water (add 1 g O,)

=rO): j>

gas —
liquid —

-

\z
\ 4

;ﬁ Converged at DK=1=-08

P 2

GEM IPM calculation (run time: 0.016 s).

LU R

System:

|TuturiaI_Z:G:mnd_cem:D:D:l:ES:D:
p Tter
Gaseous
Aqueous

Liquid

Solid

solid

(

GEMS workshop, Diibendorf, May 7-8, 2014

pH

Accept

1: 3: 96
0.9994749

12.6029/

0

A\

EMPAQ

}12.6 g pore solution ]

137.398

124766+

8.20068

0.0527166

/[ 137.4 g solid J

cement paste

} pH = 12.48 ]

Dismiss

15



Hydration of OPC - results

Predicted stable phase assemblage

Input: System Definition

Results: Equilibrium State |

EMPAQ

Phase/species |L |'I|hmnunt (mol) |1agSIlnctivity |Cancentration |Activity coeff. |
- a ag_gen 31 a 0.69%920713 -7.238e-10
a3 gen = o 0, 031234875 4 G38=_12 —_ . M .
CSHQ 4 = 0.48097803 1.8122-09 CSH-JenD = (Cao)l.S (S|02)0.6667 (HZO)Z.S
I 0.19647065 0.408482 0.40848155 1 _ — (< .
Dol L pies | ¢ CSH-JenH =(Ca0);333:(S10,)::(H20); 1667

CSH-TobD I 0.14771528 0.307114 0.30711441 1 CSH-TobD = [(CaO)IZS.(SIOZ)l'(HZO)Z 75]0 6667
CSH-TobH I 0.0064454787 0.0134008 0.013400776 1 : . : :
S04 OH LFm 2 = 0.044152E28 4.151e-08 CSH-TobH = (CaO)O 6667.(S|02)1'(H20)15

w C4RH13 J 0.0074266998 0.109027 0.16820532 D.64818033 ’ ’

.. monosulphate M 0.036725886 0.709781 0.83179468 0.85331218 . .
OH 504 arm Z 5 5.563024e-007  4.1512-0% C-S-H solid solution
21 (CH) 3mic 1 so -1.91
Gibbsite 1 =0 -1.457 1.63 CaO - SiOz -2.88 HZO
Faolinite 1 = 0 -12.41
Belite 1 so -1.754
Aluminate 1 s 0 -35.77
Alite 1 so -13.79
C2RHTS 1 so -1.762 o .
Coatis 1 s ozes 90,-AFm solid solution
C4RH13 1 so -D.9625
CAH10 1 so -2.762
C4AsH12 1 =0 -0.1489
C2ASHS 1 =0 -0.4563 0.83 mol-% SO4'AFm
ettringitce 1 s 0 -1.805
lime 1 =0 -9.776 0.17 mol-% OH-AFm
Portlandite 1 = 0.48533506 -1.575e-09
nhydrite 1 s 0 -4.289
Gypsum 1 s 0 -4.066 c AI OH SO 6H 0
hemihydrate 1 s 0 -5.055 => a ( ) ( ) .
Sulphur 1 s 0 -120.3 4 2 12'34 4 0'83 2
Quartz 1 s 0 -5.041
Silica-amorph 1 = 0 -6.073

Systern: T= 29815K; P=

1.00 bar: V=

0.8495 L; Aqueous: built-in EDH{H); pH = 12.477; pe= 8.300; I5= 0053 m

GEMS workshop, Diibendorf, May 7-8, 2014
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Hydration of OPC - results

Assessment of calculations g |4 @w *| ¥

EqIC

J | EgFPh

EqDC ‘

Predicted
phase assemblage

Tutorial 2 - OPC with

EqSurf mC S H 74 41 g
: [ pore sol. =12.60 g ]
“tofal amount olume ass

[mol] [cm?3]

. PHnam Ll |Xa phVol
(h.ydr' Cement paSte)' 4] a ag_gen | | | | 12. 61 1z. 604356|
1 |g gas_gen 1 Vpore sol. =12.62 cm3 T74. 3035 0.89947852
2 |= csHQ 03 33.130544 74.412635
. 3 |= S04 OH AFm 502> 13.384168 27.025028
" C'S'H (SO“d 4 |s DH_ED&:}AFIL [ VC S-H. = 33.13 cm3 00010800812 02180877
. 5 |= So4 co3 mFc il bl
solution) e |+ cossorar | 1 ] :
SO AF . 7 |= m1(oH)smic 1
- -AFm (solid e |2 cibbeice _
47 s |s  ®aolinice [ Vsoa-AFm. = 13.38 cm3 Msos-arm = 27.03 g
solution) To|s metice : T ——Tasess : :
. 11 |s  Rluminate 1 0 -35.773964 0 0
" Portlandlte 12 |2  miite 1 0 -13.792543 0 0
13 |= czaETS 1 0 -1.7616159 0 0
14 |= C3nHe 1 0 -0.26150595 0 0
15 |=  camm1z 1 0 -0.962464 0 0
Tota[ SO[id VO[Ume.' 16 |= CP..'—llfII 1 0 -2.7618551 0 0
17 |=  camsH1Z 1 0 -0.14887592 35 96 .
18 |= c2asHS 1 orﬂand, =
33.13+13.38+16.05 e [ cosme [ Voorumare = 16.05 cm?
3 20 |s lime 1
= 6256 cm 21 |s Portlandite 1 0.48533506| -1.5750415e-002 16.045177 35.959785
23 |2 aAnnydrite 1 -4.2890741
23 |=  Gypsum 1 0 -4,085958 0 0

-

GEMS workshop, Diibendorf, May 7-8, 2014
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Hydration of OPC - results

Assessment of calculations

EMPAQ

Aqueous phase CompOSition —_ EqIC | EqPh | | EqDC Egsurf EqGen | |osm4;2014, 16:45
(SpeClatlon’ aclvities and Tutorial 2 - OPC without additions .
_ 9 molality
activity coefficients) [rol] tactivity) coe (mol/kg)
DCnam x lga gamma my |~ |
o |z1(soa)+ 0 -33.724304 0.82138317 o
1 |n1(504)2- 0 -38.217918 0.82138317 0
2 |a1+3 6.1654384e-033 -31.130816 0.15101216| 4.8997336e-031
3 |aio+ 2.5912107e-018 -16.771743 0.82138317| 2.05926022-017
AqueOLIS phase CompOS[tion 4 |mica- 1.2062931e-006 -4,1037929 0.82138317| 9.58652782-005
. |a1ozne 9,1118271e-013 -10.133699 1.0150502| 7.2412572e-011
(tota[ mO[alit[eS) 6 |mioH+2 7.0715173e-028 -23.611558 0.43523178| 5.6198032e-024
7 |niHsio3+2 4,0727468e-032 -29.851184 0.43523178| 3.2366513e-030
\l/ g8 |m1sios-3 2.3618467e-012 -10.547528 0.15101216| 1.87698252-010
s |ca(sos)@ 5.581896%e-009 -6.3465221 1.0150502| 4.43598752-007
IEqT EqPh | EqDC | Eqsurf EqGen |10 |Ca+2 0.00020326399 -2.1530105 0.43523178 0.016153586
11 |caom+ 5.353897e-005 -2.4565757 0.82138317 0.0042547938
12 |ca(HS5i03)+ 1.2939784e-009 -7.0733187 0.82138317| 1.02833722-007
mt ICnam 13 |casiose 3.6858892e-007 -4.5267617 1.0150502| 2.9292118e-005[

14 |H5103- 1.161123e-008 -6.1203675 0.82138317| 9.2275572-007
9.5863538e-005 |81 .. 15 |5i4010-2 1.0549231e-022 -21.541151 0.034309925| 8.3835758e-021
0.020438218 |ca 16 |sioze 2.0252543e-011 -8.7868244 1.0150502| 1.6094892e-009
17 |si03-2 3.0712828e-009 -§.9737511 0.43523178| 2.44077832-007
0.040719136|H 18 |H28 0 -44 658521 1.0150502 0
0.04359652 | O 19 |oze 1.629693e-005 -2.8811982 1.0150502 0.0012951328
20 |5203-2 0 -166.13589 0.43523178 o
1.1809594=-006 |5 21 |H503- a -56.699589 0.82138317 o
_ 22 |sos-2 0 -51.442988 0.43523178 o
3.0383383e-005 /31 .. 23 |H504- 1.5950289e-019 -16.982477 0.82138317| 1.26758492-017
7.4892972a-018 | 24 |504-2 9,2783654e-003 -6.4935994 0.43523178| 7.3736068e-007

GEMS workshop, Diibendorf, May 7-8, 2014
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Hydration of OPC without addition - summary
EMPAQ

Hydration of a model cement composition — summary

= possibility to apply GEMS to simulate cement hydration with metastability
constraints ( e.g. siliceous hydrogarnet suppressed — see appendix)

= additional iron and alkalis present in real "OPC".
Thus to improve accuracy of the calculation one has to consider:

= Additional iron containing phases
(Moeschner et al. Geoch. Cosm. Acta 2007, Dilnesa et al. CCR 2014a+b
included in the cement database)

= Sorption of alkalis on C-S-H
(experimental data: Hong and Glasser CCR 1999)

= Sorption of sulfate on C-S-H
(experimental data: Divet et al. CCR 1998, Barbarulo et al. 2002, Skapa in progress 2008

= Substitution of alumina (Richardson CCR 1994, Chen et al. ICCC 2007,
Pardal et al. CCR 2009 & Inorg. Chem. 2012)

= kinetics can be taken into account as function of clinker reactivity over time
(e.g. Lothenbach et al. CCR 2006 & 2008)

GEMS workshop, Diibendorf, May 7-8, 2014 19



Hydration of OPC with limestone - system creation

Experimental problem part 2:

Blending of the model cement with 5% limestone

C.S 8137 wt-%
C,S 170 wt-%
C,A 1193 wt-%
CaSO, 5.00 wt.-%

w/C 0.50

+ 5% CaCO,

Assumption: 100% hydration

GEMS workshop, Diibendorf, May 7-8, 2014

>

> Equilibrium speciation

C.S  77.30 wt-%
C,S 162 wt-%
C,A 1133 wt-%
CaSO, 4.75 wt.-%
CaCO; 5.00 wt.-%

EMPAQ

20



Hydration of OPC with limestone - system creation

EMPAQ
Limestone addition;

repeat calculations with 95% OPC blended with 5% CaCO,
r:I- Syskq: Please, enter a new record key: @ﬂ_ﬁ]‘

|'I'ut0ria|_2:G:mod_cem_Cc:D:D:l:EE:D:

Create new system

|TL|tDria|_2 Mame of the modeling project

=— G Thermodynamic potential to minimize {G GV}
_[ Modules | Record Data Calculate View Print Window

mod_cem_Cc Mame of the chemical system definition (CSD
:i % |_ L 4 Create(Mew]... 'l E L o H | mod_cem._ . (csD)

r.
{ﬂ GEM-5Selektor 3 (GEMS3) - Geochemical Equilibrium Modelling

o CSD (recipe) variant number <integer=>
. % New(Clone)... (recipe) g
= DUSF memFI,e or CIICk ﬂi@hJ ystem [ 0 Volume of the system, dm3 (0 if no volume constraint)
- ; 1 Pressure, bar, or 0 for Psat(H20)g
- o Remake... it
|_' e = o ag g 25 Temperature, C (== 0)
alculate —
T gas_ ] Variant number for additional constraints
o 504
5 —_
H ave 4 OH_5 .
Cave As... - 504 1 Ok Reset | From List Help Cancel
7 Delete e CO3_ L
- B (O
'V Plot data *- Glbb:
] +- Grapl
p== Print... - AL
+ C2AH
Print OK Cancel

Press OK again to leave the recipe wizard
GEMS workshop, Diibendorf, May 7-8, 2014 2 1




Hydration of OPC with limestone - system creation

(add 1 g O,)

Use recipe wizard

Enter phase
composition

GEMS workshop, Diibendorf, May 7-8, 2014

Hv VBN =@

vector

Learn more

Input quantities of Compos(itions) contributing to B_

Print Cancel

;ﬂ Input Recipe of Single Thermodynamic System: Tutorial_2:G:mod_cerm_Co:0:0:1:25:0: v P
tname |'I'utc|rial 2 - OPC with 5% CaCO3
Property Selection Recipe Input
Compos (xa_) - -
DComp () AOHI3 02 Property Mame Quantrty Units
IComp (ki) Al203 H2s 1 |xa_ 02 1 g
Phase (xp_) Al25i205(0H)4  H2504 2| xa_ Aqua 50 q
Kinlower (dIl_) Aqua 02 3] s E
Kin.upper (dul_) 25 503 3] : El
G0 shift (gEx_) C3A 5102 4 |xa C25 152 g
Other Inputs €35 5| xa_ C3A 11.33 g
CH4 M
coz 6 |xa_ Cas04 4.75 g
Ca(0H)2 |7 |xa_ CaCO3 5 g
CaCo3
Cal
Cas04
Casioz
Gypsum

EMPAQ

Experimental conditions: React 100 g OPC blended with 5% CaCO; with 50 g water

L TTRING
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Hydration of OPC with limestone - results

Experimental conditions: React 100 g OPC blended with 5% CaCO; with 50 g water

(add 1 g O,)

Input: System Definition

Results: Equilibrium State l

EMPAQ

GEMS workshop, Diibendorf, May 7 8, 2014

Phase/species ‘L ‘T‘Amount (mol) logSI/Activity Concentration

o @ ag_gen 37 a 0.57455244 1.582e-10 .

2 g gas gep e o) CSH-JenD = (Ca0); 5(S10,)06667:(H,0)5 5

=5 CSHQ s 0.4586 . e— _ .
CSH-JenD I 0.18665924 0.408482 0.40648163 CSH-JenH = (CaO)1.333'(S|02)1'(H20)2.1667
CSH-JenH I 0.12383725 0.271003 0.27100314 - - (Si .
CSH-TobD I 0.14032863 0.307114 0.30711446 CSH-TobD = [(Ca0), 5 (Sloz)l (H20)275lo.6667
CSH-TobH I 0.0061235984  0.0134008 0.01340077 | CSH-TobH = (Ca0) g667:(S105)1:(H,0); s

w5 504 OH Afm Z 50 = ’ '

s s ___OH S04 AFm 2 s 0 -1

-5 S04 CO3 AFt 2 5 0.0064282692 ~3.818e-11 H H
tricarboalu J 0.00061333041 0.0116799 0.095411439 C-S-H solid solution
ettringite M 0.0058149388 0.83947 0.90458856 . Qi .

5§  CO3 SO4 AFt 2 5 0.0064282692  -3.818e-11 1.63 CaO SIOZ 2.38 HZO
tricarboalu M 0.00061333041  0.0116799 0.095411439
ettringite J 0.0058149388 0.83947 0.90458856

+ 5 Al (UH) sm1cC 1 s U —3.UL4

- 5 Gibbsite 1 s 0 -2.571 . .

¢ s Belite 1 50 -1.754 AFt solid solution:

- S Rluminate 1 s 0 -38 . .

s s Blite L 50 -13.79 0.905 mol SO,-ettringite

s.s  C2RHTS 1 s0 -3.99 . .

¢ s C3RHG 1 50 ~2.489 0.095 mol CO;-ettringite

w5 CA4RH13 1 s0 -3.19

#.-s5  C4AH19 1 s0 -2.741 => Ca6A|2(0H)12(SO4)2 715(c03)o 285 '26H20

¥.5  CAH10 1 s0 -4.99 ‘ :

v 5 C4ASH12 1 s0 -1.058

s 5 C2ASHB 1 s0 —2.684

H C4RcO SHI2 1 0 —0.,7002 .

[= s cancri1 1 s 0.029076338 2.494e-10 Monocarboaluminate

Ho 5 ettringite 1 s U YRR

45  Aragonite 1 s0 -0.1438 (C03-AFm)

w5 Ccalcite 1 5 0.01720015 8.41e-10

IR lime s 776

s Rorlaim Slgmflcam mmera]eglcal changes due to limestone addition

o @ Zrrmertm —7 A7

23



Hydration of OPC with limestone - results

EMPA
Experimental conditions: React 100 g OPC blended with 5% CaCO; with 50 g water

(add 1 g 02) Tutorial 2 - OPC with 5% CaCo03 [ ]
- = 10.36
[VPOre sol. = 10.37 cm3 ] Mpoore sol} g

PHnam | L1 |Xa | Fa \QVol |phM / l_‘

Predicted phase

0 |a ag gen 37 0.57495244  1.5816157e-010] ™\ 10.373392 10.363212
assemblage 1 |g gas _gen 3 |22e-011 774.37532 0.99957118
2 |s csmg Vesn = 31.48cm 31.476055 70.696579 e~
(hydrated cement |5 . sos ok am 2 5 i} ; [ - 70303 ]
. 4 5 OH 504 AFm 2 0 C-S-H — .
paste). r—— 5 -
5 |s so4 co3 aFt 2 4.5102464 8.0018486
6 |s co3 sos mFt 2 e-011 4.5102464 8.0018486
7 |s  2l(0H)3mic 1 0 -3.0243936 0 0| -
| - -
C-S-H § |s Gibbsite 1 0 ~2.5712435 0 0
i i g |[s Belite 1 0 -1.7543913 _
(SOhd SO|UtIOn) 10 |s Aluminate 1 0 -38.001866 Mppys= 16.00 g ]

= SO,-AFt ] - .
(solid solution) * Meaiite = 1.72 g => 5.00-1.72 = 3.28 g calcite had reacted

1s = Loano 1 U —L.20T9U00 u

= COS-AFm 14 |s  cammi3 1 0 ~3.1903608 16.53
= Calcite 15 |s  C4RH19 1 0 ~2.7411143 Mco3.AFm = 10.039

16 |s CaHI1O 1 0 ~4.9897519 0 0
= Portlandite 17 |s  camsE12 1 0 -1.0579398 0

18 |s C2ASHS 1 V —_ 7 62 cm3 0 0

19 |s  C4RAcO.S5H1Z 7 [ CO3-AFm. : 0 0

20 |5 c4kcH11 1 0.029076338] 2.4943526e-010 7.6167795 is cocsan

21 |s ettringite 75554565 0 Y =

?’ [ Vcalcite = 0.64 cm3 — . [ rncalate 1.72 g ]

22 |5 Aragonite & -

23 |5 calcite 1 0.01720015 8.4095527e—-010 0.63527032 1.7215114

24 |5 lime 1 0 -9.7760819 0 0

s

25 Portlandite 1 0.46815706 —3.3% 15.4??% 34.68702

GEMS workshop, Diibendorf, May 7-8, 2014 —‘ ’—‘ 24
-_ 3 —
VPortIandite =15.48 cm mportlandite = 34.69 g ]




Comparison experimental data and modelling:
Hydration of OPC without limestone

cm/100 g cement

80 -

75 pore solution

70 -
65 -
60 - porosity
55 -
50 -
45 -

_chemical shrinkage

monosulfate

ettringite ]

J—

0.01 0.1

GEMS workshop, Diibendorf, May 7-8, 2014

1 10 100

1000

EMPAQ

hemicarbonate
hydrotalcite

hydration time [days]

25



Comparison experimental data and modelling:

Hydration of OPC without limestone

cm’/100 g cement

80 -

EMPAQ

pore solution — chemical shrinkage

75 -
70 -
65 -
60 - porosity
55 -
50 -
45 -

monosulfate

ettringite ]

40 -

hemicarbonate

e hydrotalcite

35 = SERRRRES

<
96%%%,
3 O 10002020500 % %% %% %% % %% f |

25 Do )

15
10
5

0

0.01 0.1 1 10

GEMS workshop, Diibendorf, May 7-8, 2014

00"

hydration time [days]

9 10 11 12
Angles 26 (degrees) CuKa



Comparison experimental data and modelling:
Hydration of OPC with limestone

80 -
75 -

pore solution

EMPAQ

70 4
65
60 - porosity
55
50
45 -
40 - |
B

— chemical shrinkage

ettringite

xxxxxxx

............................... —calcite

JUGIEIN PN R - R

= Ettringite

Hemicarbonate

30 FH

25 LA 2
20 -
15
10
5

0
0.01 0.1

GEMS workshop, Diibendorf, May 7-8, 2014

Volume [cm®*/100 g cement]

g
Mo

1 10 g 9 10 11 12

Hydration time [days Angles 20 (degrees) CuKa



Hydration of OPC with limestone - phase diagram

Estimation of phase assemblages

excess portlandite present in all assemblages

molar (and weight) bulk SO3/Al,O3-ratio [-]

AFt +gypsum + calcite

high carbonate content

AFt (ettringite) +
monocarbonate +
calcite

lim. Ms ss
Hc + C;AHg

GEMS workshop, Diibendorf, May 7-8, 2014

EMPAQ

Our cement:
molar SO,/Al,0;=0.82
weight SO;/Al,0;=0.64

molar CO,/Al,0;= 1.19
weight CO,/Al,O;= 0.52

=> Formation of

monocarboaluminate,
AFt and calcite
AFt + Hc+ Mc expected
0.25 05 0.75 1 1.25 15
(~0.112) (~0.22) (~0.32) (~0.43) (~0.54) (~0.65)
molar (and weight) bulk CO,/Al,O5-ratio [-]
28




Hydration of OPC with limestone - phase diagram

EMPAQ
Distinction between limestone as reactive admixture and as filler

_excess portlandite present in all assemblages

AR +gypsum + calcite
(not relevant for OPC)

excess limestone
acts as filler

molar (and weight) bulk SO3s/Al,O3-ratio [-]

f T T T T i T T T T | )'

0 0.25 0.5 0.75 1 1.25 1.5
(~0.11) (~0.22) (~0.32) (~0.43)  (~0.54) (~0.65)

molar (and weight) bulk CO,/Al,O5-ratio [-]
GEMS workshop, Diibendorf, May 7-8, 2014 29




Hydration of OPC with limestone - phase diagram

EMPAQ

Previous calculations M_, .. = 1.81 g => 5-1.71 = 3.199 calcite have reacted
Matschei et al, CCR 37, 2007

10

9 303/A|203=0.2
S 3 SO4/AL,0,=0.4
g 7 %3/A|203=0.6
E 803/A|203=0.8
3 - o)
£ 6 3.2@0fthe added S04/Al,0,=1.0
8 5 calcite reactive SO4/Al,0,=1.2
8 4 SO,/AlL0,=1.4
S 3
C
S 2
-
©

1

0

0 1 2 3 4 5 6 7 8 9 10

. . . amoun.t of Al,O3[wt.-%] . .
=> Determination of reactive calcite content by using diagrams

based on thermodynamic phase predictions

GEMS workshop, Diibendorf, May 7-8, 2014 30



Appendix - siliceous hydrogarnet

EMPAQ
Predicted stable phase assemblage

Possibility of formation of siliceous hydrogarnet in the system
CaO_S|02_A|203_CaSO4_CaCO3_Hzo at 25°C

= according to the literature the formation of siliceous hydrogarnet is
likely in heat treated concretes

= AFm phases are abundant and generally observed in cement paste
cured at 25°C

= knowledge on thermodynamic properties of solid solutions between

different hydrogarnets containing Fe, Ca, Si has improved recently
(Dilnesa et. al. CCR 2014a+b)

= formation of siliceous hydrogarnet apparently kinetically restraint

To reproduce reality, the formation of siliceous hydrogarnet is by default
supressed in GEMS. The data however is included in the cement database
(DComp) and can be introduced (Phase) if desired.

GEMS workshop, Diibendorf, May 7-8, 2014 31




Appendix - siliceous hydrogarnet

Import of siliceous Al-hydrogarnets (Dcomp -> Phase)

L

EMPAQ

‘-,-’CMGCCI'C Record List Database Files Window Help
\ —— : : -
1. |% &)~ I tel@® X[ ¥ A0V
o 1 2 3 LI
. 30(a lw_ Hs I Page 1 Page 2 |hﬁmﬁma1mﬁ
h 1la \w_ H20@
20 | ocomp A 329 |C+4 o2 C3R50.41H5.18
33|g |C-4 CH4 Ca3al206(5i02)0.41 (H20)5.18
% 34 |g (HO H2
ReacDc |35/0 |00 02 (Mo | 388.147| |2z
36|g |5-2 H25
371 i:g: i:g:a"_’ [voa | 14.612] 0]
38 s mic
RTparm
39 s |AIOH Gbs cod | -5192853.3] —-|
. 40 |s |AISIOH Kin |H0d | _5690022. 4| ___| . DComp == Thermochemical/EoS data format for DependentCompone...!E
Phase |41 ]s [CO Gr
42[s [CaASIOH | C3AS041H518 ] 3 [sod__| 399.133] ---| Pge 1 Page2 | [17jos/zms, 1355 |
43[s [CaASIOH |C3AS084H432 o |  |cpod | 430.022] 0] 3550 5151 33
Compos | 445 |CaAI0 C12A7 N 25| Ca3Al206(5i02)0.84 (H20)4.32
45 |s |CaAlO C3A
46 |5 |CaAlO CA | | ———| [mo | 398.49] 2z 0| [ab
47s |canio CA2 —]
[voa | 14.2492] 0]
48 |s |CaAlOH C2AH7.S — | rrr s‘ ‘
49 |5 |CaAlOH C3AHE . - —
Dil :2014: : 1 K -: _ __
50(s |CaAlOH | C4AH13 |Dilnesa_ea pap oy Hoa | 58474415 |
51[s |CaAlOH | C4AH19 I EZE 3752 —]
52 |s |CaAlOH C4AHG5 [cpoa | 413.688] 0]
53|s |CaAIOH CAH10 | | [prre | 1] 25
54 |s |CaAlOSH straetlingite LamST | ___‘ ___‘
55 |s |CaAlOcH Betalp| — -]
ce |- FaAlN-U

hemicarbonate
nnnnnn hoanata h
e .

GEMS orkshop, Diibendorf, May 7-8, 2014

|Dilnesaiea :2014:pap:

lall log K -26.70
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Appendix - siliceous hydrogarnet

Import of siliceous Al-hydrogarnets (Dcomp -> Phase)

=]

=

T
A

21
it

= 2. Record -> Create new, am «|

VA= @

|s:AIUH:AI[’_DH)Bmic:c:cem_:

% [om sj Phase: Please, set a new record key WIWL 2 ‘
re
1Comp 1 2 3 1=
|1 s |AIOH AI(OH)3mic c :
h 2 [s [aloH Gibbsite g |s:CahIS|DH:CBASU.41H5.15:c:cem_:
DComp |3 |5 AISIOH Kaolinite c
4 |s |C Graphite c I—
% s com Mayenite ; 5 Code of phase state {agfpImhsdx}
Reacoc |6 15 €25 Bellte : CaAlSioH Group identifier for such phases (letters, digits)
7 |s |C3A Aluminate C 3
i [ . s = ¢
%’ 8 s |€35 Alite < C3AS0.41H5.15 Mame of this phase definition (letters, digits)
RTparm 19 |5 [CA CA c
Vo) 10s |CA2 CA2 C Ic Phase class { cd | gm ss ssd Is aq xsa xc }
= )1is |csH CSHQ 5
phase A12[s |CAAIOH  |C2AHTS g |::em_ Comment to phase definition
13|s |CaAlOH  |C3AHS c
14|s |CamlOH  |C4AH13 c
Compos |15|s |CRAIOH  |CAAH19 g | ok 4Reset | From List | Help Cancel
16|s [CanlOH  [CAH10 c e
17]s [caniso  [C4AsH12 c
18 s |CanlSiOH  |C2ASHS c
19|s |CaAlcOH  |C4AcO5H12 g
20|s |CaAlcOH  |C4AcH11 c
21 |s |CaAlsOH ettringite c
22|s |CanlsOH1 [SO4_OH_AFm 5
23|s |CanlsOH2  |OH_SO4 AFm 5
24[s |CaflscH1  [S04_CO3_AFt 5 T ]
25|s |CaAlscH2  |CO3_504_AFt 5
26 |s |CaCO Aragonite o
AT e (£l T aleita .—v
4| | 3

EMPAQ

33



Appendix - siliceous hydrogarnet

Import of siliceous Al-hydrogarnets (Dcomp -> Phase)

_ i |
°; GEM-Selektor Phase Setup: s:CaAlSiOH:C3AS0.41H5.15:c:cem_: | @ 28

Step 1 - Defining the Phase and the Model of Mixing

Selection of the codes below will configure the Phase record and tell the program what kind of phase and
which model of (non-ideal) mixing should be used, and how it should be calculated.

Phase aggregate state code:

|5 Condensed solid phase, also multi-component solid solution j

Select a model of mixing for this phase:

|I Ideal mixture or pure phase (default)

Ll

Select a mode of calculation of activity coefficients of end members:

|I Activity coefficients will be set to 1 (pure phase, simple ideal mixing), default

L

Select a mode of execution of DcEq user-defined script for end-members:
|N No DcEq script will be provided in this Phase definition (default)

L]

Select a mode of execution of PhEq user-defined script for the whole phase:
|N No PhEg script will be provided in this Phase definition (default)
Select a mode of a linking user-defined DcEq script to phase end members:

L

|N No DcEq script will be provided (pure phase, built-in or ideal model), default

L]

Select specific mixing rules (temperature corrections) for EoS and activity models:

|N Default mixing rule or form of interaction parameter coefficients j

< Back Next> Cancel ‘

GEMS workshop, Diibendorf, May 7-8, 2014

EMPAQ
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Appendix - siliceous hydrogarnet

EMPAQ
Import of siliceous Al-hydrogarnets (Dcomp -> Phase)

__ T T
0; GEM-Selektor Phase Setup: s:CaAlSIOH:C3AS0.41H5.15:c:cem_: | @ 2

Step 2 - Phase Model-Specific Settings
Optional dimensions to set when built-in functions or scripts for the mixing model shall be used.

Attention! For TSolMod built-in mixing models that use dc_cf and/or ipxT, pc_cf data objects, relevant

dimensions will be allocated automatically. Any array will be allocated only if all its dimensions are not
zeros.

0 Elﬁ dc_cf array: number of columns (coefficients per phase end member).
0 Elﬁ ipxT and ph_cf arrays: number of rows (interaction parameters) for the non-ideal mixing model.

’H ipxT array for indexation of interaction parameters: set here the maximum order of a parameter
(e.g. 3 if binary and ternary parameters will be used).

’H ph_cf array of interaction parameter coefficients: number of columns (coefficients per
—  parameter).

Set items in this box only if this is a sorption phase

[ Check if surface complexation will be considered in this (sorption) phase
0 E|ﬁ Set the number of surface types (minimum 1, maximum 6) to allocate surface complexes

0 Enter here the specific surface area A of the sorbent (in m2 per gram), A=0

< Back Next> ‘ Cancel

GEMS workshop, Diibendorf, May 7-8, 2014 35



Appendix - siliceous hydrogarnet

Import of siliceous Al-hydrogarnets (Dcomp -> Phase)

__ . |
4; GEM-Selektor Phase Setup: s:CaAlSIOH:C3AS0.41H5.15:c.cem_: | @ P

Step 3 - Final Settings and Hints

Optional

0 El: Set here the number of links to SDref bibliography records (default 0)

¥ Extract parameters from DComp/ReacDC records and refresh DC class codes upon 'Calculate'?

What will happen after you click "Finish"

(1) A list of available ReacDC ('r') and DComp ('d") records will appear; mark those to be the phase
components (end-members). At least one species for a pure phase, or two for a solution phase must be
marked.

(2) In Phase window, fill out PhName and PhNote comments. Depending on setup, enter numbers in
DisPar, text in DcEq and/or PhEq, parameter coefficients in ipxT, ph_cf, dc_cf arrays on Phase window
pages.

(3) Click on 'Calculate' toolbar button, then look at the PhDCC column; correct DC codes, if needed ('T'
for H+; "W' for H20-solvent; 'M','' ,or 'T" for solid-solution end members). Save Phase record to project
database.

< Back Finish Cancel

GEMS workshop, Diibendorf, May 7-8, 2014

EMPAQ
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Appendix - siliceous hydrogarnet

Import of siliceous Al-hydrogarnets (Dcomp -> Phase)
L?] 5 |

2.

.z Please, mark ReacDC/DComp keys to be included into the Phase

-,

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

-

o Py P Py o P PR T
b th tn th b o o o G (M o tp n o B B o

O Qoo Qs

CaSi0OH
CaSiCOH
CaSi0OH
CaSiCOH
A1OH
ZL1CH
A1OH
A1Si0OH
o

CaRSi110HC3AS0.41H5.18

CaRSi10OHC3AS0.84H4.32

CakRrlo
CahlC
CakRrlo
CahlC
CaRl1C0H
CahlCH
CaRl1C0H
CahlCH

CSH-JenD
CS5H-JenH
CSH-TokD
CSH-TobH
Al1COHam
L1OHmic
=hs

Eln

Gr

clzn7
C3R

Ch

CRZ
CZBRH7.5
C3RHG
C4RH13
C4RHI1G

| Ok || Set Filter

cnd
cng
cnd
cng

Select All

Clear All

Help |

Cancel |

L

GEMS workshop, Diibendorf, May 7-8, 2014

EMPAQ
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Appendix - siliceous hydrogarnet

Import of siliceous Al-hydrogarnets (Dcomp -> Phase)

=@ x )

" ayles Reco leco Database File idow Help 7 N\
“ ;:i @IPhase | h Hﬁﬂ 7(‘ ¥ 4( ||“?|Is :CaAlSIOH: C3AS0.41H5.15:c:cem_s
= e 1. Recalculate phase
& . — = = - 2. Save phase
IComp —
1 AIOH AlOH)3mic d I Page 1 Page2 | Page 3 ||1?,f04,f2014, 13:55 |
h 2 [S\AIOH Gibbsite o
bcomp 3|5 |AGIOH Kaolinite c C3a50.41H5.15
4 |s C\ Graphite o -
% 5 |s C12A\ Mayenite o
ReacdC |6 |5 (€25 "\ |Belite c | 0 0 0| 0 0|
7 |s |C3A luminate C
8 s |C3s Mt{ c | | |
Rrparm |9 |5 |CA CA a
®o 10]s |CAZ CA2 \ o [o la | CahSilOHC3AS0.41H5.18
1ls Icsa csha N\ . s  CaASilOHC3AS0.41HS.18 ...|
phase 1125 [CaAlOH  [C2aH75S \| c
13[s |CaAlOH  |C3AH6  \| ¢
& []s comon e N o 3. Repeat afterwards the same
Compos |13]s |CaAIOH  |C4AH19 \& R
16 s [CaAlOH  |CAH10
17[s |CaAlSO | C4AsH12 c procedure with C3ASO-84H4-32
18 [s |CaAISIOH |C2ASHS c
19[s [CaAlcOH  |C4AcO5H12 c .
20 (s |CaAlcOH | CAAcH11 c 4. Re-open your prOjeCt:
21 |s |CaAlsOH ettringite o . o
22|s (CaNSOHL [SO4.0H AFm s The new phases will be included
23|s |CaAlsOH2 |OH_SO4_AFm s
24|s |CaAlscH1  [S04_CO3_AFt s i
25|s |CaAlscH2  |CO3_504_AFt s il—m Phase
26 |s |CaCO Aragonite c.
- PAT—— ;I_I @ s CaAlSIOHC3AS0.41H515 ¢ cem_ record to be

GEMS workshop, Diibendorf, May 7-8, 2014

inserted into project database. Action?

Do it |DD it for All | Cancel |

5.

EMPAQ

L X |
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Appendix - siliceous hydrogarnet

EMPAQ
Predicted stable phase assemblage in presence of Si-Hg

(fo r O PC + Ca | C |te) Input: System Definition  Results: Equilibrium State |

Phase/species ‘L ‘T‘Amonnt (mol) 1=
+ 8 ad_gen 37 a 0.77375998

e gas_gen 5 g 0.031233137
oo 5 CSHQ 4 s 0.44101851
¥.5 504 OH AFm 2 50

¥.5 OH S04 AFm 2 50

oo 5 504 CO3 AFt 2 s 0.006163736
o 5 C03 S04 AFt 2 s 0.0061637368
- 5 21 (0H) 3mic 1 s 0

o 5 Gibbsite 1 s 0

o 5 Belite 1 s 0

o 5 Aluminate 1 s 0

o 5 Alite 1 s 0

- § C2RHT5 1 s 0

- § C3RH6 1 s 0

- § C4RH13 1 s 0

- § C4RH1S 1 s 0

- § CRH10 1 s 0

- § C4RsH12 1 s 0

- 5 C2RS5HB 1 s 0

Hoo 5 C3RS0.41HS5.15 1 s 0.02%605411
Hoo 5 C3RS0.84H4.32 1 s 0

- 5 C4RcD.5H12 1 s 0

- 5 C4RcH11 1 s 0

o 5 ettringite 1 s 0 —
o 5 Aragonite 1 s 0

Hoo 5 Calcite 1 s 0.047863404
Hoo 5 lime 1 s 0

Hoo 5 Portlandite 1 5 0.48783282

o 5 Anhydrite 1 s 0

‘+ 1 Gvnsium 1 s 0 I
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Appendix - siliceous hydrogarnet

— EMPAQ
Al-siliceous hydrogarnet
CaAl (Si0,) , (OH), ..
(pure phases)
‘» 4000 )
= CaAl (Si0,),,,(OH), .,
] CsASxHe-zx 3 3000 \
%’ . CASH,
%_ 32I.0 32I.5 33I.O
o 20CuKa
8 CASH
_B‘ 6-2
;é’_: prepared
= at 110°C
- J ) CAs ) 20°C,
: : : — — : , 3.5 years
15 CAH, 20 25 CAH, 30 CAH, 35
20CuKa, .
Room temperature: only C;AH, forms; Dilnesa, CCR 2012a&wb

C;AS,Hg ,», forms at 110 C°, but also stable at 20 °C
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Appendix - siliceous hydrogarnet

EMPAQ
Al-siliceous hydrogarnet (OPC blended with fly ash)
Deschner, CCR 2013 l l l
OPC-FA 1d | OPC-FA 90d ) —
! M) o :
Ms Hc CH Ms Hc :C'/" l :
0 Lol
) E. i i Mu Qz
’ 50°C " : | \,
N
ST Y N W R T, |

T I L L T — T T T T T I
8 10 12 14 16 18 20 22 24 2 14 16 18 20 22 24 2
°2 Theta ° 2 Theta
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