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The project

m Products with special properties like rapid setting, shrinkage compensation

= 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):

= | Do the limestone act as fillers 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 0.0 1.0
Weight % of limestone 01

CAC 00 01 02 03 04 05 06 07 08 09 10 Limestone

Weight Percent Limestone
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Mechanical properties on mortars

70CA-30HH 50CA-50HH
120% -

27 28 32 36 45 1 4249515458
100% A

120% -

100%

80% A 80% A m1day
] ] u 7 days

= 28 days
m 90 days

m 365 days

60% 60%

40% 40%

to reference mortar [- ]

20% 20%

Compressive strength relative

0% A 0% A

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]

150

70CA-30HH-20Cc

Free water (TGA)

Ms

Ettringite

1 10 100
Time [days]

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

= Other hydrates:
. Monosulfoaluminate
= Hemicarboaluminate
= Monocarboaluminate

Phase content [g/100g of solid]

55CA-45HH-20Cc

150
140

Free water (TGA)
130

[l Free water (TGA)
[ Amorphous
110 I AH3
o - C3AH6

[ [ Monocarbo
I Hemicarbo
o [ Monosulfo
Ettringite I Ettringite
[ Gypsum
Gypsum - Calci_te
¥ Il Hemihydrate
] Magnetite

120

0.1 1 10 100
Time [days]

m  Excess of gypsum (still 1%)

= Limestone acts as a filler,
almost no sign of reaction

Main hydrates: Ettringite and AH; (mainly amorphous)
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How to “quickly” understand the effect of HH on
CA-HH-Cc systems?

Simply use

G ,
2\ |
M

SELEKTOR

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

m  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%

12,5

12.0
o ooooooooooooz?ooaooboobom

11.5

11.0

Gypsum
P 10.5

CLLLLL L0 CCCCCCICCCCCCCCCCCCCCCCCCCCCCCC(CC(C(((C }

Fttringite 100 =
|

Phase content [cm*/100g of solid]

Limestone

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!
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Tutorial: CA-HH-Cc systems

= GEMS 3.2
= Cemdata’l4 database

m Create a New Project
= Name of the modelling project: CAC_HH_Cc
« Comment: Training
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Need air for
volume
variations

—

!

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

model

10

(gl JElm

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

ECOLE POLYTECHNIQUE E .
FEDERALE DE LAUSANNE




SysEq: Enter a new record key

11

Thermodynamic potential to

minimize: G
Name: CA HH Cc
Temperature: 20°C

Input recipe:

Name: CA HH Cc
DH of CA: 95%

DH of limestone: 15% 20g *0.15 =

66.67g *0.5*0.95 = 31.679g
DH of hemihydrate: 100% 23.69

39

Input: System Definition

—  — u
(" nput Recipe of Single Thermodynamic System: TutorialG:CA_HH_ Cee:0:0:1:20:0: [P ||
tname | |
Property i~ Selection Recipe Input
Compos (xa_) P N it Unit:
DComp (xd) AirNit22 | Cas0d roperty | Name S ity
IComp (bi) AI{OH)3 €504 0.5H20 1)xa_ AirMit_22 01 g
Phase (xp_) Al203 Gypsum 2|xa_ Aqua 40 g
Kin.lower (dll_) Aqua H2
Kin.upper (dul ) AtmAirMit H25 3lxa CcA 67 9
G0 shift (gEx ) 1247 H2504 4]xa_ CaC03 3 g
Other Inputs GA 02 5|xa_ CaS040.5H20 (1333 g
C4A3s 503
cA
2
CH4
coz2 d
ColoH2 Need excess water
CaC03 .
and air
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SysEq

12

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

e

gy Minimizaton » [EqStat: Single e Systum i Profoct Turoriel ) —— e e 5],

SEE

5£Iw<m El(? 1

I_i': Tt

SvsEa Fhase/species

¥c |Upper B Ko ype

0

Process

Lx

Gifema

[+ [r]ons]uc [au - uEClDE lm corz. |UE |Lawes
30

GEMMT

CODONEOCONEDCDOCOE00D080

1and?2

v

Start the calculations: (, [=] o W/

System: T= 293158 P= 100 bar; V= 0U4MT L Aqueous: builtin EDH{H): pH = 12081; pe= 3889 15= 0017 m
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Output: Equilibrium state

in Project Tutorial | —— e

GEM W!m’)

'I-Mmlula Recod Dala Calculate Veew Prnt Window Help o . ;IEE_—I]
i a m L 3 H _ * K|+ ... ﬂ / o/ E ]& =Y ﬂ [Ruberial:oCa_H4_Comtinte 120002
I 3= = - 1 |
SysEq |TU\J_'|H_.C(_I? Fhease/species r;_ 1r|munt imol) |.'loq51|l’Mtl.v.\t‘l |Ecm:en::nucr- |m:t.w::v coeLs. | |
Q TV Bwm. S s S satwration index
DL G i io Slae Sl=log(K/Ksp)
L e o= 3 W
it S 1 3o Ifis equal to O it
s ‘3 e 2 oae means the phase
%I ¥ a hemihydrace 1 a0 preclpltates.
o _
If <0 the phase is
not stable.
System: T= J9315K: F=  L00bar; V= 004917 L Aquecus: bust-m EDHHE pH = 12061; pe= 886 15= 0017 m
o] ] 5]
Jd
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Comparison between the mass amounts of the different phases
measured with XRD Rietveld after 1 year and GEMS

e

Giblys

TEqDemo  TutoriatCA HH,_Codkh1.000] s sl o |

70CA-30HH-20Cc
XRD _ GEMS

1.7 1.7
0.0 0.0
18.4 17.0

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

95%
100%

[ Modules Record Dala Colculate View Punt_Wadow Help ) . ) LI
'j a - - H @ ¥ Y O f b/ ]ﬂi = | ) [essoae ccovim:
O - "~ [open Eqhieme window (GEM task results) |
e | w R T
Pinam Xa Fa phvol [ CaCO3
Iz ¢ [n nmqgen 0.54534048 2. 6870826r-009 3.8a76844 5.8366339
T |a wamaen | 3.6337863e-005 -8, 1833175s-008|  0.64171498 | 0.00075493836|
- 2 L] AL (CH) Jmic 0. 26716551 6.30772e-010 8.5470747 20.86314 Gypsum
ﬂ 3 |= ClaMe o =0.83243371 L o Ettnnglte
4 s camuas 0 ~2.0E05873 0 (]
s e 10— — Monosulfo
& |a CémaH1? 0.0094871764 | -2. 6327565F-008 7.9318221 5508954
T |m Cénen.sm13 T al —0.55041475 T al . | HC
Project 8 L] C4hcHIL 0.02997414 <1,9749427e-013 T.E510661 17.038763
8 |s eterangite 0.027300651 3.02719216-009 15358943 34965753 Mc
10 |=  Ccaleite 0 8 0 o
1 s Gypmam | i 0| 0| C3AH6
17 | hemihydrace [ o o Gibbsite
- 7E.173611 DH CA
Al € ca ’ Hit ) 5
0. 401 0.0285741% 17 35418765 o 2.9796248 0.0 DH HH
§ | 1.9925976le-00% 9.2035083e-010) 5.7784305e-005 1.0808225) 1.1360340e-005 0.54530361| 6. 03888
1 a al o 0] 4.3921194c-008| 8.73453340-008|
gl
FRnam 2 [anip sigw sigg [¥ar |
o [e eq_gen 10 [] ] o [
1 |g  ges gen T8 o Bl 3l -
1 »
-

=
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Process R

Process

m Select the single system you create (CA_ HH_Cc)

- - N
€2 GEM-Selektor Process Setup: TutorialG:CA_HH_ CoD-020:0:CA HACe_protesss: PR— [

Step 1 - Process Simulator Configuration

- . ~ - = .
This is 2 toal for ‘batch” calculati ~y Gpy coiepior process Setup: TutoriakG:CA_ HH_ Ce0:0:120-0:CA_HH Ce:
processes (e.g. mixing, dissoluti

The Process record can be confi Step 2 - Process Simulation Controls (click 'Hext' to retain the old script)
'P_expr' and simulation output s¢

iTm v iP iTC iNv iTau ipXi iNu ipH ipe
Any process simulator belongs t From 1000 0 1 5 0 0 0 01 0 0
1. 'Sequential': only input GEb
2. 'Reciprocal': next step depe Until 1031 0 1 = 0 0 0 3L 0 0
3. 'Inverse': GEM input adjust Step 1 0 0 0 0 0 0 01 0 0
@@ Titration chu (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’,

 Flease, choose a process simu 'DComp', 'IComp' or 'Phase’ lists to act as titrants, optionally also from 'DC-lower’ or 'DC-upper’ to change metastability constraints.
P Sequential temperature To plot logD vs linear x scale, (i) select minar 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

& 5 Direct sequential chang elements from the 'Sorbed' list. In both cases, skip the next wizard page.

Compos
" G Batch inverse titration s DComp
1Comp
Phases
DC-lower
DC-upper
Molality
Sorbed

X8 [{CESD4 D 5H20}]
xa_[{CaC03} cu = 1;
xa_[{Aqua}] cNu = 1;

T One arbitrary inverse t

© R Sequential reactor sche

L Lippmann diagram (trar

; SE R L
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Process

~ - o iy T— - == M
£) GEM-Selektor Process Setup: TutoriahG:CA HH CoO:0120:0:CA HH Cos: R - — - (L2 o]
Step 3 - Selection of items to sample/ plot (click "Next" without selecting anything to retain the old script)
Property —Item Selection Sampling Script
3 - —— — o — s |
O GEM-Selektor Process Setup: Tutorial:G:CA_HH_Cc:0:0:1:20:0:CA_HH_Cc:S: Scalars
u ag_gen oH;
i i . ue gas_gen hvol[{hemihydrate}];
Step 4 - Important data object dimensions b ANOH)3mic 2 ¥ '
b C3AHE phvel[{Gypsum}];
m_t C4AH13 phvol[{Calcite}];
\g;n_t CAHI0 phvel[{ettringite}];
icM CdAsHI2 phvol[{C4AsH12}];
Spin boxes below define the dynamic memory configuration of the process sil Xa C4Ac05H12 phvol[{AI(OH)3mic}];
Kwa C4AcHIT phvol[{C4Ac0.5H12}];
phvel ettringite phvol[{C4AcH11}];
phM Calcite phvol[{CAH10}];
Dimensions of sampled and experimental data ———————————————— Fa Gypsum : phvol[{C3AHe}];
bXa(aq_gen) hemihydrate yp[II[11] =: phvol[{C4AH13}];
21 =] nPs - Number of steps (1 to 9999 ) to be performad in this simu :ﬁ“(g“—ge”] yp1[12] =: phvoll{aq_gen}];
s
1 | Number of 'modC' array columns (1 to 40, 0 - not used) to store \‘ff
of
13 = Number of columns in the 'yp' table (0 to 200) to keep the simuli Aalp
= be nPS. Sigw
r X
1} = Number of rows in the xEp, YEp arrays for experimental data (op Waoe
1 = HNumber of columns in the xEp, yEp arrays for experimental data :r"y
vEx
Iga
gamma
Optional data vectors (of length nPS) can be used for accumulating current ¢ InGam LI
allocated using checkboxes below. The assignment operator (with 1 index) in s
wvector from the respective process iterator. . .
Volumes of phases (in cm3) in equilibrium
Allocation of optional data vector:
I™ CSD variant # (vTm') ™ volume V, | (') < Back I HNext> Cancel
I™ Temperature T (VT") [” Constraints # ('vNV") - B p———_ d
I” Process extent pXi ('vpXi') [~ Kinetic parameters ('vKin') [~ Time Tau (VTau') ‘

Learn more <Back || wext> | cancel |
m Step 5: select only the first option (Use ‘P_expr’) .ﬂ)ﬂ- LLEE
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Controls

= Modify the script according to this tutorial

| a0, 13:25
Check the temperature
]
itm [av [ie ez % [v [ifes [2exs [23 [z [eee |
1000 q 1| ECIE af o| ] q 0| (l
1 ioa1 Q i 20| o {l: D. 1 Q = o
i | oo o s o o ex Define the modC vector
JECRTE) 0301 o 2 oo M | ik 1 LI o o]
T Teplacement of CAC-HH with zoace  |ol: Cument it TE | madC -
£ drgree of hydracion of CA=0.495, DH of HH=1.0 I'la 2|
F CA 13 50N of CAC ol Al
Project meAC [ J]=:chu; Z -
xa_[{CR}] =: (E0-13.33)%. 5« 85 ]
x8_[{CBSOS 0.5M20}) =: 13.33 = 1 5 |
5208 of the CA-MM i3 replaced by DOb=x warisble 3
xa_[{CaC03}] =: modC[J) * 20 6|
xa_[{Aqual] =+ 49; diad
&l
=]
20 |
a1 ]
12 |
s |
[
s |-
6 | =
1?7
18 LI
| S| |
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Sampling

= Modify the script according to this tutorial

L A 4 ]f_\{“ 0Jnm:c:m_m_rx:n:n:|:)||:n:m_m_rx:5:

conrots | [someins geaitn | conty | oapapaus, ions
[meze [esas]  offmene [ 3z [ o T o T o il
[pozeey| llemm [ tooofjewy | o
[EZT olfepxs | offexs ] BT 0.1]

§ lbscissa amcunt DH of Co
xp[3] =: modC(J]
yp[T110) =: pH:

'I D

§ Crdinates (in em3/100 g ushydraced cemeat)
YRIFI11] =: phvell(hemihydrace)ls
yp[¥1 (2] = phVol[{Gypeum}]:

§ Need to add the unreacted calcite and divide the mass by the density.
YRI7113) =: phVol[(Caleive}]+(1-modC[J])=20/2.71;

YBI71[9] =: phVel[(etcringite}]:

YRIdI15] ERVOl[{CHAsH1ZI]:
yela1 18] phVal[ (A1 (0H) 3mizl]:
yeId117] BAVOL[{CSACO. SH1ZH];
YBII] 18] pAVol[[C4ReH1LI]:

Y¥eIJ1(9]) =: phVol[{CAM1O}]:

yp[T][10] =: phVol[{CIARA}]:
YRIF1112] =: phVGL[{CIANI)]:
ye[7)[12] =: phVel[lag geni):

18 L e
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Results

odules  Record Window  Help

g.
0
b

GiDemo

LT

i

i | & e

mLIE|

DEF= i tlEn ¥ ¥ 7 H N Qe

Contrels | [ Renits contg | [osmapeona, nias

1 | [pt Nam|phvel

pX Ham BH |hemihydrate [Bypeum Calcite ettringite C4nsHIZ

[ 1] JZ.UU]ZUJE Dj o 7.30800738 - 1

1 0.0% 12.081103 o ] [ F 1

2 6.1 12.081103 ol [ 66420864

3 9.15 12.081102| o] [} 6.2730627

4 0.2 11, Habfiil Di U: &.0"195?. Zl.ﬁujbubi

5 0.2% 11.856742 | o ] 6.045160% |

& 0.3 11.856743 o [ 6.0441762 21.643805

3 .35 11.856742 o| [ 6.0441814 21.643505

a 0.4 11.856742 o [ 6.0442067 21.643505

[ 0.45 6752 | o o 5.0882219 21.693505

10 0.5 11.856742 o o 6.0442372 21.643508 |

11 0.55 11.856742 D: o 6.0442525 31.5435055

12 u.6 11.856744 o [ 60442677 21.643505

13 9.865% Jl-E'JbTi'J: DI o (..DJHZEJ. 21.6‘3505‘

15 0.7 11.856742| o) Q 6.0442582 21.6435058

15 0.78 11.856742 o a 6.0443138 21.643508

16 0.8 11.856741 o ] 6.0443221  21.443505

17 005 11.8567a2 | 0| o 6.05834% 21.643505

18 0.3 11.856742 DI o Q.E,‘Jbsz. 21.&1350')i

19 0,95 11.856743| o a 6.0443745 21.643505|

20 1 11.856742 o [] §.0443801 21.§43505
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Modules Record Window Help

B [memenn

3 |
T CAHHCe [0

== T T
I'}:. e it K| ¥ 7 [H T&Igle [Titorisiotrch_i_Cei-0: 1:20:0:CA_A_Ecis:
It Ilemanﬁlq‘hMgi
24:
/ ettringite
19.2;
14.4,)
< ol o BHL L L o Bl o
i ag_gen
9.6 C4AcH11
Al(OH)3mic
\ Calcite
\
| CaAsH12
\
\ 3 —_—
0.2 0.4 0.6 0.8 1 Drag and drop legend lbeks to the
Xp [c) Emg] | Photting area.
Fragment | | Print | saveimage | welp |

20

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

P =

ECOLE POLYTICEINIQL_JE ‘ ;
FEDERALE DE LAUSANNE




21

&0 rH

T cahHce o : $ ' # | hermhydiate
* | Gypsum
Prncrss + | Colcite
- - _emmgme
Q 4 o | Caa?
. | Aios3mme
ki 'TI + | ClAdSHL
* |CanchiL
ﬂ o | phval % |caH
it 3 Greh « o [1 Apply I * | CaaHe
]
%, = [o a0 " ¥ CUAED:
a ° rl l | ¥ |eg.gen
Prosect = Fragment w |o33sass [v.cto607 :
=
[ ¥y 721449 | 14,520 P ]|
A | bl s ... | [MS Shel Dy 2,14,-1,5,50,0,0,0,0,0 nelp |
Graph Type-

¥ Drag and dmu legend bbals to the
xp (c) aems| | PEitig

ol | 2|

i Mam ; Abscizsa narme (for the graph)

- (yyl JEIm
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Conclusions

Phase content [cm®/100g of solid]

70CA-30HH system

60

50
Gypsum 40
88 EEEEEELEEEEE i
Ettringite - ‘) _>Z 304
e C4AsH12
20
Limestone |
10
20 30 40 50 60 70 80
Calcium sulfate [mol%)] o
T T T T T T 1
0 0.2 0.4 0.6 0.8 1
Xp

= 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.

= Limestone acts as filler above 20%*0.2=4% in this system. .(l)ﬂ- E
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