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The project

m  Products with special properties like rapid setting, shrinkage compensation

BCAGN csH, OPC

= OPC has the higher environmental footprint
= OPC is the more variable component

m The novelty of this project is to have a comprehensive study of ternary
systems where the OPC is replaced by limestone (reduction of the
variability):

BCAGN csH, [ Limestone

= | Do the limestone act as filler or it participates in the hydration?

m Development of new binders
= Reduction of the CO, emissions and energy consumption
= Reduction of the price
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Studied systems

Molar % of hemihydrate 00y 10
Weight % of limestone 0.1
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Compressive strength relative

Mechanical properties on mortars

to reference mortar [-]
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70CA-30HH 50CA-50HH
120% | 0 120% 1
_ 100% 1 2728323645 2g 32 100% 1 4249515458
0 0
60% ] 60% ] m 7 days
1 1 28 days
40% 40% - m 90 days
] ] m 365 days
20% 1 20% 1
0% i 0% :
No substitution 20% quartz 20% limestone No substitution 20% quartz 20% limestone
= Limestone enhances the = Limestone seems to act as a filler in
mechanical properties already high sulfate systems

after 1 day of hydration
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XRD Rietveld analysis

Phase content [g/100g of solid]
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U

Phase content [g/100g of solid]
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Time [days]

m  Ettringite is stable
(without Cc is consumed
to form Ms)

= Other hydrates:
. Monosulfoaluminate
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55CA-45HH-20Cc

Free water (TGA)

I Free water (TGA)
[ ] Amorphous
I AH3

I C3AH6
[ Monocarbo
I Hemicarbo
I Monosulfo
Il Ettringite
] Gypsum

[ ]cCalcite

I Hemihydrate
[ ] Magnetite
I C2AS

B c3A

Bl c2s

Il C4AF

I cA

Amorphous

Ettringite

Gypsum

0.1 1 10 100
Time [days]

m  Excess of gypsum (still 1%)

m Limestone acts as a fiII_er,
almost no sign of reaction

. Hemicarboaluminate Main hydrates: Ettringite and AH; (mainly amorphous)

. Monocarboaluminate
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How to “quickly” understand the effect of HH on
CA-HH-Cc systems?

Simply use ﬁ l'

SELEKTOR

http://gems.web.psi.ch/
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GEMS simulation

s Model system composed of CA, HH and Cc. w/b=0.4
s DH of CA=100%, DH of HH=100% and DH of Cc=100%

80 — 12,5
12.0
115

11.0

Gypsum

10.5

ICCC((C((I((I(((((((((((((((((((((((((((((((((((((((((C

pH

- 10.0
Fttrlnglte

9.5

. 9.0
Limestone :

Phase content [cm®100g of solid]

8.5

8.0
0O 10 20 30 40 50 60 70 80 90 100

Calcium sulfate [mol%)]
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GEMS simulation, variable limestone DH

=  Now we want to follow the hydrates evolution for variable amount of
reacted limestone

IT's YOUR TURN!

: (gl eI
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Tutorial: CA-HH-Cc systems

m GEMS 3.2
m Cemdata’l4 database
m Create a New Project

= Name of the modelling project: CA_ HH Cc
= Comment: Training

L
{ﬂ Basis configuration of a new Modelling Project GEMS &Iﬂ

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

—Phase/DC Filters

Built-in Database |Vers:i.on

B[] template

£ [ kernel

~ Gas mixture E} nagra_psi not versioned
.

solids not versioned
secms not versioned
prods not versioned
ions not versioned
gases not versioned

¥ Agqueous electrolyte

I~ Non-ideal fluids
[~ Plasma

¥ Crystalline solids

] solutions not versioned
¥ Dispersed solids B[] complem not versioned
B #] 3rdparty
I™ Liquids, glasses ] cemdata 14.01
=[] v_cnst0 not versioned

[ Silicate melts B[] nagra psi
[ Sorption, Ton exchange
™ Polyelectrolytes

™ Liguid hydrocarbons

¥ Skip solid solutions

Learn more | < Back Next > Cancel |
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Select the elements

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

T I I [ I T
o [ o [ | [ | e [o [ | |
T e e -

T e I e e [ e
I I I I I I A e

(LLLLLLLLLL

volgme
variation
Or O2.

L

m  Select: Debye-Hueckel (Helgeson) option for aqueous electrolyte

model

10
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SysEq: Enter a new record key

m  Thermodynamic potential to
minimize: G

= Name: CA HH Cc

m Temperature: 20°C

Input recipe:

= Name: CA_ HH Cc

m DH of CA: 95% 66.67g *0.5*0.95 = 31.67¢g
m  DH of hemihydrate: 100% 23.6¢9

= DH of limestone: 15% 20g *0.15 =3¢

%ﬁInput Recipe of Single Thermodynamic System: Tutornal:G:CA_HH_Cce:0:0:1:20:0: l B[
tname ||

Property Selection Recipe Input

Compes (xa_) P M ti Unit

DComp (xd_) At 22 Cas0d roperty | Name Quantity s

IComp (bi_) AI{OH)3 CaS04 0.5H20 1|xa_ AirNit_22 01 g

Phase (xp_) Al203 Gypsum 2 |xa_ Aqua 40 g

Kin.lower (dll_} Aqua H2

Kin.upper (dul ) AtmAirNit  H2S 3 e A 3167 J

GO shift (gEx_) C12A7 H2504 4 |xa_ CaCOs3 3 g

Other Inputs C3A 02 5 |xa_ CaS04 05H20 |1333 g
C4A3s 503
CA
CA2
CH4
coz
a0 Need excess water
CaCo3 . ) 7
and air g |

Att ECOLE POLYTECHNIQUE | \.
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Input: System Definition

12

m Turn off the phases with —
= With the new database you don’t need to create the CA phase!

[~ = -
mGEM-SEIEHGrB{GEMS3)—GEO(hEmimI Equilibrium Modelling by Gibbs Energy Minimization - [EgStat: Single Thermodynamic System in Project Tutarial | — { =B % I
B —[&] =]
‘j @ |5|ngIESystem J 0 |
I\ E Input: System Definition Results: Equilibrium State ]
FPhase/species ‘L ‘I|On/|UC |Add to BC|UG |GO COrr. ‘U‘K ‘aner_l(c Upper_KC [KC tvpe
+-- aq_gen 30 a + o J a
+-- gag_gen [ a + o [1] J o
- 21 (OH) Smic 1 S+ a ] J i}
Process #-- Gibbsite 1 =z - o a J a
+-- Graphite 1 5 - o o J a
:}{ +--Mayenite 1 =z - o a J a
L. - Aluminate 1 s - ﬂ I 0
GtDemo - CB 1 s - J a0
+-- Ch2 1 R 4 ] J i}
ﬂ + - CZRHTS 1 s - o o J o
+-- C3RH& 1 5 + 4 ] J i}
GEM2MT 5. C4BH13 1 s+ @ o I 0
-~ CRH1O 1 3 + a o J o
%‘?‘J +-- C4RsH1Z2 1 5 + a o J a
il +-- C4AcO.5H12 1 3 + o o J o
Project 5 C4ACH11 1 s+l g o I 0
+-- ettringite 1 2 + aq a J a
3 LTEooTiLe T - g 0 I a
| = catcite 1 s+l g o I 0
T T = 3 0 I 0
#-- Portlandite 1 = - q Q J Q
#-- Anhydrite 1 s - g 4] J a
+- GYpSum 1 = + q Q J Q
I +--hemihydrate 1 s + I o o J a 1 2
* - Suipnur T 5 - o o0 J 0 and
. E: . 0/
. = |
Start the calculations: | 74
T

Systern: T= 20315K P= 1.00bar; V= 0049817 L; Aqueous: built-in EDH[H); pH =12.081; pe= 8869; I5= 0.017 m

(gl eI
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Output: Equilibrium state

fr— - - - — - e —— - b
Q GEM-Selektor 3 (GEMS3) - Geochemical Equilibrium Modelling by Gibbs Energy Minimization - [EqStat: Single Thermedynamic System in Project Tutorial ] *E@g

$Modu|e; Record Data Calculate View Print Window Help

sl x]

¥ |¢ D f W “& =ty H 0 i|'rumna|:G:CA_HH_Cc:n:n:1:2[1:0:

BB i * ol W ¥

d " Input: System Definition Results: Equilbrium State I
SysEq ITCFLHH7CC 0 Phase/species . |[. |T|Ammunt {mol) |1DgSI/Activity |Cancentratimn |Activity coeff. |
ﬁ ag gen 30 a 0.54534048 2.687e-08 &
gas gen [ g 2.6327863e-005 -8.183e-06 H .
“l Rl (6['1] 3mic 1 2 0.26746384 6.308e-10 Saturatlon Index
Process C3RHE 1 0 -0.8325
C4nHI3 1 : 1] -2.88 Slzlog(K/KSp)
| ){ CRHI1OD 1 30 -0.284
C4n=HI1Z 1 3 0.0094871764 -2.633e-08
GtDemo C4Ac0.5H12 1 =0 -0.5504 . .
C4RcHI11 1 3 0.02957414 -1.975e-13 If IS equal to O It
ﬁ ettringite 1 3 0.027380651 3.027e-08
catcice 1o “i.sss means the phase
GEM2HT Gypaum 1 =0 -3.485 .
nemihydrate 1 so —2.531 preClpltateS_
&
Project

If <O the phase is
not stable.

| ]

System: T= 29315K P= 1.00bar; V= 0.04917 L; Aqueous: built-in EDH(H); pH =12.081; pe= 8.86% I5= 0017 m
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EqDemo: EqPh

m  Comparison between the mass amounts of the different phases

measured with XRD Rietveld after 1 year and GEMS

r - — - o]
ﬂ GEM-Selektor 3 (GEMS3) - Geochemical Equilibrium Modelling by Gibbs Energy Minimization - [EqDemo = Tuterial:G:CA_HH_Cc:0:0:1:20:0:) #—- E@Iﬂ

'_[; Modules Record Data Calculate View Print Window Help - ﬁlﬁ
j % EqDemo -|| . H @ $ K * (i D / \;/ [\ a [Tutorial:G:CA_HH_Ce:0:0: 1:20:0:
|OpEI’1 EqDemo window (GEM task results)i
—la—m EgIC | Eqrh % EqDC | Eqsurf | EqGen } 05/04/2014, 10:16
J1 CAHH.Ce [0 ‘ [=]
Process
PHnam Xa [Fa phvol phi
::){ o |a ag gen 0.54534048| 2.68703262-002 9.8376894 9.8266332
1 |g gas_gen 2.6327863e-005| -8.1833175e-006 0.64171498| 0.00075493826
GID — =
e 2 |= R1(0H)Smic 0.26746324 §.307728-010 2.5470747 20.86314
ﬂ 3 |= cC3nHe 0 -0.83249371 a 0
4 |s capH13 0 -2.8604479 a 0
GEMaMT 5 |= caH1D 1} -0.2840288 a 0
" 6 |s  C4ksHI12 0.0094871764| -2.6327565e-008 2.9318221 5.905954
Oy 7 |= ce2nco.sHIZ o -0.55041475 a o
Project 8 |= CeRecH11 0.02997414|-1.9749427e-013 7.8512661 17.038763
9 |s ettringite 0.027380651| 3.0271921e-009 19.358943 34.365753
10 |= Ccalcite 1} -1.8850854 a 0
11 (= Gypsum 0 -3.4846108 Q 0
12 [=  hemihydrate a -4.5312367 a a
pos 78.173611
1 C ca H Nit
0.40114778 0.02997414 0.32212917 3.4418765 0 2.9796248 0.0
Q 1.8829761=e-005| 9.20390432-010| 5.77443852-005 1.0904225| 1.14684428e-005 0.54530361 03886!
1 0 0 o 0| 4,3921194e-005| B8.73453322-006
4
PHnam [z1 [Raip Sigw sigg Yof
0 a ag_gen 30 4] 1] 0 [+
1 [+ gas gen & Q 0 ] s} hi
1| 3
1 I— ]

70CA-30HH-20Cc
XRD  GEMS

CA
HH
CaCo3

1.7 1.7
0.0 0.0
18.4 17.0

Gypsum
Ettringite
Monosulfo
Hc

Mc
C3AH6
Gibbsite

0.1 0.0
27.1 34.5
3.0 5.8
14.4 0.0
13.3 17.0
2.0 0.0
10.7 20.8

DH CA
DH HH

95%
100%
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Process

Process

m  Select the single system you create (CA_HH_Cc)

- - - - -— — - -
O GEM-Selektor Process Setup: Tutorial:G:CA_HH_Cci0:0:1:20:0:CA_HH_Cc_process:5s:

— .

- el )

Step 1 - Process Simulator Configuration

This is a tool for 'batch' calculatii -

processes (e.g. mixing, dissolutit

The Process record can be confii
'P_expr' and simulation output sc

Any process simulator belongs tc
1. 'Sequential': only input GEM
2. 'Reciprocal': next step depe
3. 'Inverse': GEM input adjust

—Flease, choose a process simu

" P Sequential temperature
@ 5 Direct sequential chanc
" G Batch inverse titration s
" T One arbitrary inverse ti

" R Sequential reactor sche

L Lippmann diagram (tran

Learn more

- - - - - -
GEM-Selektor Process Setup: Tutorial:G:CA_HH_Cc:0:0:1:20:0:CA_HH_Cc:

N a— , -

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

iTm iv iP iTC iNv iTau ipXi iMNu ipH ipe
From 1000 0 1 25 0 0 0 01 0 0
Unil 1031 0 1 25 0 0 0 EN 0 0
Step 1 0 0 0 0 0 0 01 0 0

@ Titration cNu (linear)

" Diagram logD vs linear x

" Titration cpXi logarithmic " Diagram logkd vs log(m)

Linear titration and logD diagram use iMu; 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 metastability constraints.

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 'Molality'
list. To plot logkd and isotherms vs log(molality) scale, select trace and host compositions from the 'Compos’ list, then trace and host
elements from the 'Sorbed' list. In both cases, skip the next wizard page.

Compos
DComp
IComp
Phases

DC-lower
DC-upper
Molality
Sorbed

Airhit_22 Cas04
AI(OH)3
Al203 Gypsum
| Agua [
AtmAirNit  H2S
1247 H2504
c3n 02
C4A3s 503
CA

cA2

CH4

o2

Ca(0OH)2

CaC03

Ca0

modC[J] =: chu;

xa_[{CA}] =: cNu * 1;
¥a_[{CaS04 0.5H20}] =: chu * 1;
xa_[{CaC0O3}] =: cMu * 1;
xa_[{Aqua}] =: chu = 1;

< Back Next> Cancel
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Process

£ GEM-Selektor Process Setup: TutoriakG:CA_HH_CG00120:0:CA_HH Ces: P - (B
Step 3 - Selection of items to sample/ plot (click "Next" without selecting anything to retain the old script)
Property Item Selection Sampling Script
- - - - - -
O GEM-Selektor Process Setup: Tutorial:G:-CA_HH_Cc:O:D:1:20:0:CA_HH_CC:S:' " Scalars - xpl] =2 3;
e ZE;Q;"H ypDI[0] =: pH;
- - N = - =: phvol[{hemihydrate}];
Step 4 - Important data object dimensions b AlOH)3 yPOI] =: p
R b = YPDI[2] =: phvoll{Gypsum}];
mt CAAH13 yp[31[3] =: phvel[{Calcite}];
lgm_t CAHI10 yp[I1[4] =: phVol[{ettringite}];
icM C4AsHI2 yp[1][5] =: phVol[{C4AsH12}];
Spin boxes below define the dynamic memory configuration of the process sir Xa C4Ac).5H12 yp[II[6] =: phVel[{AI{OH)3mic}];
Kwa b C4AcHI1 yp[J1[7] =: phvol[{C4AcD.5H12}];
phol ettringite yp[31[8] =: phvel[{C4AcH11}];
phM Calcite yp(1[9] =: phvel[{CAH10}];
Dimensions of sampled and experimental data Fa Gypsum yp1[10] =: phVol[{C3AHB}];
bXa(aq_gen) hemihydrate yp[II[11] =: phVol[{C4AH13}];
21 =] nPS - Number of steps (1 to 9399 ) to be performed in this simul :i:(gas—ge”] yp(31[12] =: phvol[{aq_gen}];
1 EI: Humber of 'medC' array columns (1 to 40, 0 - not used) to store \-Lflf
o
,—il Humber of columns in the 'yp' table (0 to 200) to keep the simulz Aalp
13 = ;
be nPS. Sigw
0 El: Number of rows in the xEp, yEp arrays for experimental data (op i\"x}(
1 El: Number of columns in the xEp, yEp arrays for experimental data :ﬂy
vEx
Iga
gamma
Optional data vectors (of length nPS) can be used for accumulating current p InGam j
allocated using checkboxes below. The assignment operator (with J index) in s
vector from the respective process iterator. ] : o
Volumes of phases (in cm3) in equilibrium
Allocation of optional data vectors
[~ CSD variant # ('vTm") ™ Volume W, | (W) Learn more < Back | Next> Cancel
[ Temperature T ('wT") [ Constraints # ('vNV") ! P A ¥
I” Process extent pXi ('vpXi") [~ Kinetic parameters ('vKin") [ Time Tau ('vTau")
Learn more < Back | Next> | Cancel |

m Step 5:

select only the first option (Use ‘P_expr’) .(l)ﬂ. =

16
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Controls

=  Modify the script according to this tutorial

h GEM-Selektor 3 (GEMS3) - Geochemical Equilibrium
b Modules Record Window Help

— l
Gibbs Energy Minimization - [Process = Calculation finished OK (elapsed time: 1.89 5). (E=RA=A X
mEE:

1>

Process hd

o tas X[V 7

] ‘ J\{ o H 0 “Tuburia\:G:C.ﬂ_HH_Cc:O:U:1:20:0:CA_HH_CC:S:

ﬂ | Al
e
SysEg
Q
Process

ke

GtDemo

e

GEM2MT

@,

Project

-

[T cAHHCe |0

I Controls Sampling | Results | Config HUBJU‘UZUM, 11:25

Check the tem
y |

erature

|»

2 the modC vector

iTm iv ip iTC w iNw iTau ipXi iNu ipH ipe
2] 1000 o 1 20 a o o 0 a o
1 1031 o 1 20 o o o 1 0 o
2 1 0 0 [} 0 0 0 .05 & sNefine
cTm 1020 o 1 20 o o o 1 1] o
: replacement of CAC HH with 203Ce icTC:Currenttemperature of interest TC (centigrade]i modl =
% degree of hydration of CA=0.95, DH of HH=1.0 o o
£ Ch is 50% of CAC
1 0.05
modC [J]=:cklua; 2z 0.1
xa_[{CR}] =: (BO-13.33)*%.5+%.95; 3 0.15
xa_[{Ca504 0.5H20}] =: 13.33 * 1; 4 0.2
520% of the CA-HH is replaced by limestone DH=x variable s 0.2
xa_[{CaC03}] =: modC[J] * 20: 6 Q.3
xa_[{Agual] =: 40; 7 0.35
8 0.4
k] 0.45
10 0.5
11 0.55
12 0.6
13 0.65
14 0.7
15 0.75
16 0.8
17 0.85
i8 o.9[
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Sampling

=  Modify the script according to this tutorial

T e I

-m GEM-Selektor 3 (GEMS3) - Geochemical Equilibrium Modelling by Gibbs Energy Minimization - [Process :: Remake of the new record finished OK. It is recommended to re-calculate dataﬂ
0 Modules Record Window Help

BEF= mtmlew X[} E

P

= | - Controls | I sampling Results | Config | ‘09,{04{2014, 10:05 |

‘ .r‘\a' m-m ” 9 ||TutoriaI:G:CA_HH_C::O:O:l:ZO:O:CA_HH_Cc:S:

SysEq -
7 [mezc | o999] of[wext | 1z [ Q|E: [ offap | o i
,%;SS [psTrey]| [etm [ zooo|[ewv | o

:}{ [cTau | of[cpxs | offcxs | BIETE| 0.1

GtDemo

= 0l[cpe | o[cen | offer | 298.15]

% Abscissa amount DH of Cc

GEM2MT xp[J] =: modC[J]
vp[J1[0] =: pH:
{o} $ Ordinates (in cm3/100 g unhydrated cement)
Project vp[J]1[1] =: phVol[{hemihydrate}];
yp[J][2] =: phVol[{Gypsum}]:

% Need to add the unreacted calcite and divide the mass by the density.

vyp[J][3] =: phVol[{Calcite}]+(1-modC[J])}*20/2.71;
vp[J] [4] =: phVol[{ettringite}]:

yp[Jl[5] =: phVol[{C4AsH12}];

vp[J][6] =: phVol[{Al(0H)3mic}];

yp[J][7] =: phVol [{C4AcD.5H12}];

vp[J][2] =: phVol[{C4AcH11}];

vp[J]119] =: phVol [{CRH10}];

yp[J]1[10] =: phVol[{C3AH&}];

vp[J][11] =: phVol[{C4RH13}];

vp[J][12] =: phVol[{ag_geni]:

} = e
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Results

GEM-Selektor 3 (GEMS3) - Geochemical Equilibrium Mode|

g by Gibbs Energy Minimization - [Process i: Calculation

i) Modules Record Window Help
’3@ [Process i + H @ $ w ” ¥ o “ﬂf_ =) ” 0 || Tutorial:G:CA_HH_Cc:0:0:1:20:0:CA_HH_Ce:s:
Controls | Sampling | I Results Config | |09m4f2014, 11:25 |
SysEa 7 cA HH_Ce o
p [--- | [px vam[pnvol
Ikz pX Nam|xp pH hemihydrate Gypsum Calecite ettringite C4RsH1Z
0 12.081103 o o 7.3800738 B.8B62T85 1
@ 1 0.05 12.081103 1] 1] 7.0110701 12.393745 1
2 0.1 12.081103 0 0 6.6420664 15.924704 ¥
Gtbemo 3 0.15 12.081102 o o 6.2730627 19.455664 z
m 4 0.2 11.856744 o o 6.0441457 21.643505
3 0.25 11.856742 0 0 6.0441609 21.643505
GEM2MT 13 0.3 11.856743 o o &6.0441762 21.643505
T 0.35 11.856742 o o 6.0441914 21.643505
8 0.4 11.856742 0 0 6.0442067 21.643505
Project ] 0.45 11.856742 o o &.0442219 21.643505
10 0.5 11.856742 o o 6.0442372 21.643505
11 0.55 11.856742 0 0 6.0442525 21.643505
12 0.8 11.856744 o o &.0442677 21.643505
13 0.85 11.856743 o o 6.044283 21.643505
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139 0.95 11.856743 1] 1] 6.0443745 21.643505
20 1 11.856742 o o 6.0443901 21.643505
14
< LI
4 | D]
= |

) G

4 GEMS Workshop, May 7-8 2014 - EMPA Dibendorf FEDERALL DE LAUSANNE |




Graph

h ‘GEM-Selektor 3 (GEMS3) - Geochemical Equilibrium

b Modules Record Window Help

Gibbs Energy Minimization -

—
-Selektor v.3 Graphics Dialog (symbol/line plots)]

1>2

[

SysEq

0

Process

kx

GtDemo

fiE

GEM2MT

&,

Project

[arProcess -1 E H @ $ « ” ¥ S _,_F’ “& = ” 0 ilTuhnriaI:G:CA_HH_C::0:0:1:20:0:CA_HH_C::5:
PO Plot data on Graph dialogi et
H
[T canHce o] 24 BH
| hemihydrate
| Gypsum
. # | Calcite
ettringite S | ettringite
19.2 ClAsH12
Al(OH)3mic
#*- | C4Ac0.5H12
#- | C4AcHIL
- | CAH10
14.4 \ #*- | C3AHB
- | C4AHL3
b #*- | ag_gen
(2] H
= P
==
o aq_gen
96 C4AcH11
—) AI(OH)3mic
4.8 Calcite
C4AsH12
0
0 0.2 0.4 0.6 0.8 1 Drag and drop legend labels to the
xp (€) GEMS plotting area.
Fragment | Customize | Print | Save Image Help |
E S

20

(gl I

4th GEMS Workshop, May 7-8 2014 - EMPA Dubendorf

ECOLE POLYTECHNIQUE | E
FEDERALE DE LAUSANNE L—J

HEl



Graph

m GEM-Selektor 3 (GEMS3) - Geachemical Equilibrium m Hﬁibbs Energy Minimization - EEM*SQHEI:BI v.3 Graphics Dialog (cumulative ploﬂ
Iy Modules Record Window Help -8l x
I{:‘s @ |grProcess -1 -+ H @ * K ” LA “& = ” 0 ||Tuhnria|:G:CA_HH_C::D:U:1:20:0:CA_HH_C(:S:
1/ R . ~Legend——
Ele
SysEq 60 : : : : : pH
ﬂ = H H H H H % | hemihydrate
) | Gypsum
Prkss ¥ | Calcite
- | ettringite
:){ CaAsHLZ
AlOH) 3mic
Gtnemo ~ AxisSetup * | CaACO5HIZ
m . = \LI # | C4AcHIL
Axis type |5 :I pr IphVoI ¥ |canio
e 3)| | Graph x o [1 Apply * |C3ams |
- | C4AHL3 |
5 0 60
%} o = I cancel | - |aq.gen
Project = Fragment x 0333333 [0.666667
==
- v [7.21440 [14.429 MI
2 Label font: |M5 Shel Dlg 2,14,-1,5,50,0,0,0,0,0 Help
—Graph Typ:
|l - Cumulative j
l | 0 - Lines/Symbols
W 2 - Isolines
1 Drag and drop legend labels to the
xp () GEMS plotting area.
Fragment | Customize | Print | Save Image Help |
Dy
pX_Mam : Abscissa name (for the graph) él

21 (Gl

4 GEMS Workshop, May 7-8 2014 - EMPA Diibendorf EORAL D LAUSANNE

Y

>yl

=

=

HEl



Conclusions

Phase content [cm*/100g of solid]
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= From the first study we saw the effect of calcium sulfate on the
hydration assuming 100% limestone reaction.

= With your results you can see that by increasing the reacted
limestone, the amount of ettringite increases and monosulfate
decreases.

m Limestone acts as filler above 20%*0.2=4% in this system. .(I)ﬂ. ﬁ:";
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