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Objectives

CB:] Knowledge of the physico-
— chemical behaviour of cement
materials in geological disposal
conditions.
UNIVERSITE
DE POITIERS

Operational
context

Simulation of the chemical Characterization of clayey

evolution of materials with rock/cement-based
reactive transport codes, materials interface related
and validation with to chemical degradation

experimental data

P}
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Experiments

Cea 2 experiments designed

UNIVERSITE
DE POITIERS

\ 4 \ 4

Transport cells
experiments on
clay/cement paste

Cement paste alteration
experiments

r— in clayey solution

interface .
Comparisons of
physico-chemical
transformations
Representative Simplified experiments
conditions of chemically controlled

interactions ¥
A
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Experiments Cement paste/clayey rock interactions

(:ea Transport cell experimental device

The clayey rock hydration induce a swelling and a dislocation without
confinement.

Composite embedding with a fluid
resin to freeze the final microstructure.

Hyperalcaline
water or — T
clay solution
Toric
 Joint
— Stainless steel
Confinement porous plate
pressure
| Confinement
membrane
Hydration
channel
Pisto
(RIS )
B Cement paste [ ] Remoulded clay rock
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Ce:] Materials

CEM | Cement paste disc Remoulded clayey rock disc
Val d’Azergues (LAFARGE) Callovo-Oxfordian formation from
' = M H -Marn
ONIERSITE Diameter = 42 mm euse/Haute-Marne
Il DE POITIERS w/ic =04 Depth - —490m
Remoulded
Characterizations ! Unit CEM I clayey Rock
Disc diameter mm 42 42
Thickness mm 5 5
Mercury porosity % 23 18
Total water porosity % 34 :
Hydraulic Conductivity m.st 4.1.1011 3.5.1012
Saturation state % 92 60
1 LECBA 2008 Ek(]a
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Interstitial solutions

Solution compositions are determined by
ilonic chromatography.

Interstitial solutions of hardened cement
paste are extracted with a press.
Loading: 280 to 660 MPa.

Resaturation solutions are very different ;

-Hyperalkaline solution for the cement
paste (pH>13.5).

-Neutral mineralized aqueous solution for
the clayey rock with a CO, partial pressure
of 1.3%.

Chemical composition of clayey rock pore solution

(25°C)
Concentrations (rarol 1)
Na’ 456
Ca™ 73
Mg 66
st 0p Sulphate
“ 31/ attack
SO, 156
AEOs 33 Hydrolysis
Si02(ag) 0.2
pH 71 |
pCO, (atr) T3107], Sarbonation

* BRGM Report RP-54416

Chemical composition of CEM | pore solution
(28 and 90 days, w/c = 0.4)

Concentrations (mmol.l lj

©CEA : no reproduction or distribution possible without authorization of CEA Mechanisms and modelling of waste/cement

Time pH [MNa'l [K'] [€a¥] [C] [5049)

28days 136 473 4523 0.3 1.3 5.6

90 days [13.64] | 50.3| [474.1| 16 06 |66
Alkaline plume j\(]a
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Experiments Cement paste/clayey rock interactions

(:e:J Cell 1 Experimental protocol Cell 2
CLAYEY ROCK CEMENT PASTE
Confinement 30 Bars Confinement 30 Bars
l% Resaturation with clayey Resaturation with
solution alkaline solution
_ SATURATION —
Deconfinement Deconfinement

Cell 1

Cement paste placed in contact
with clayey rock disc

Confinement 30 Bars

150 9001

System evolution in System evolution in
diffusive transport > convective transport &5
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Experiments Cement paste/clayey rock interactions

Preliminary results Diffusive transport experiment, 2 months, 25°C

0

XRD Analysis on the cement paste

XRD profile of calcite, ettringite and portlandite

01 . m- Ettringit —e- Portlandit Tl
UNIVERSITE ringite ¢ ortlancite o T
DE POITIERS cm—— L »
—a&— Calcite 'S Bl
40 4
Calcite precipitation / End degradation
- < _»| zone between 120 and
L inat !
230 1 Ettringite , 200 ym
L precipitation n /
E ...‘.' ) l* .
7] - . 7
= .- . i
2 20 1w oo
E & -/
.-I. “ -
10 - ’ .
; Portlandite hydr‘O|YSlS ‘~_‘ T BEEERR
M - jf [
0 \P ; ——k * r—k —h
0 50 100 1 50 200 250 300 350 400
Depth (pm) E‘é(]a
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Experiments Cement paste/clayey rock interactions

(:ea Preliminary results Diffusive transport experiment, 2 months, 25°C

Solid NMR 2°Sij on the degraded cement paste zone

- Belite peak reduction.

. Extension of Si
Q1/Q2 ratio reduction in CSH—— C/S ratio decrease —>

UNIVERSITE ~ -
T POITIERS tetrahedral chains
-78.1 ppm
Q1
G ol
a3
-71 ppm 9-2ppm
belite .
[ \4 -84 Jppm
-84 6 ppm —_—
0?2 PP -T1.5ppm
W Y
| ] | ] | ] | | , | ; | ; |
0 -50 -100 -150 0 .50 L1600 -130
i chemical shift (ppm) gi chemical shift (pom)
Initial cement paste CEM | Cement paste in contact with
clayey rock during 2 months A\
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(:ej Preliminary results Diffusive transport experiment, 2 months, 25°C

Micro-Raman Spectroscopy on the degraded cement paste zone

Surface in contact with the 13500 T—
Calcite
clayey rock 800 -
Surface } 1 700
10pm - + 2 15000 - i
2 500 1 Carbonation depth : 10 pm
20um  — £ 400 -
s0um + 3 Jl\j \/\ ~ 300 -
+ 4 14500 - " 200 A ‘
40|Jm ] g J'I’II:'I v 100 - he L
é T o S————— L ke - - - - - drm e - e
50um - T 5 2 \?,f 0 10 20 30 40 50
w3 pepth (um)
Cement paste P A
Analysis on 13500 4 The carbonation depth is similar to the XRD
thin section Vv Ve analyses
13000 :
1100
Shift Raman {cm-1) '&]

o or distribution bessible ui s A
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(:ej Preliminary results Diffusive transport experiment, 2 months, 25°C
XRD Analysis on the clayey rock

XRD profile of ettringite and illite in the clayey rock

. 25
UNIVERSITE -——a - lllite
I DE POITIERS litisati
20 A«-‘A_A\\'\'\Sa 'on e Ettringite
/Ug_ * \\\\\\‘\\
1 T [llite initial intensit
% 15 P . A L —a y
7 Ettringite precipitation
S 10 - N
E
5 AN
N
N
0 ‘ ‘ - ‘ . .
0 20 40 60 80 100 120
Profondeur en um

The two main evolutions observed on the clay material are the ettringite
precipitation and the illitisation over 10pum. A ]

AQ
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Experiments Cement paste/clayey rock interactions
(:ea Preliminary results Diffusive transport experiment, 2 months, 25°C

First conclusions : 4 main phenomena

Clayey rock Cement paste

[llitisation Carbonation

| T T T T T T T T T T T T |
125 100 75 50 25  Opm 25 50 75 100 125 150 175 200

Ettringite Ettringite
precipitation precipitation

Portlandite
hydrolysis

A

P}
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Principle

@j 6 mm inox

Primary gas circuit

—
Vanne
co CEM I Cement paste
. 2
BB UNIVERSITE Secondary gas ,
Sl DF POITIERS cireuit Val d’Azergues (LAFARGE))|
w/ic =04
‘- PH probe
. | |
Recording —
pH pCO2

Cumulate COZ
volume

REACTOR 1 PID REGULATION

Experimental device E\]S
o or distribution sessible wi s A
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Exper'imen'rs Cement paste alteration in clayey solution

(:ea Control and measurements of experimental conditions
AR 1.6 7.2
Pco2
1.4 1 hd’"""g‘eﬁi;urement
UNIVERSITE 1.2~ i
DIE POITTERS
. "~
s . . PH consign
_ S 0.8 e - 71 %
The chemical 8 . \ — . =
conditions are . 0.6 - ‘e n A — .ﬂflf - e
constant with ' e e—— (.07
regular solution ! pHaverage [egelation
0.4 1 * - e e 40 4 - e -
renewal. | . ‘ . -
0.2 - )
v IR1R4 | R9 R16 R25 +R36 R49
{I I I L) =l ] I 7
0 10 20 30 40 50 60

Time (days) _

i

©CEA : no reproduction or distribution possible without authorization of CEA Mechanisms and modelling of waste/cement TS

DEN/DANS/DPC/SCCME
interactions - Octobre 2008- Le Croisic 14



Exper'imen'rs Cement paste alteration in clayey solution

(:ea Preliminary results Alteration experiments during 1 and 2 months
XRD Analysis
XRD profile of calcite, portlandite and ettringite XRD profile of calcite, portlandite and ettringite
after 1 month in degradation after 2 months in degradation
90
80 {Portlandite e e -
m-dissolu_lti_‘on h.-;"‘"-..,..,--'””" ...,*
,Efrn- -_,,.4 e - Eftringite
gw. * —u- Ettringite =& Portlandite
E‘“' :  Ettringite -+ Portlandite - & -Calcite
T i precipitation ~ & Calcite -
20 4t [ R Bl
Ettringite '
dissolution® - 0 ™ w  me
0 10 20 i ] 40 50 a0 70 &0 a0 100 10 120 130 °
Dapth {jam)
The altered zone increase with the time.
A

o distribution escible i - Q
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(:e:] Preliminary results Alteration experiments during 1 and 2 months

SEM Analysis after 1 month

i
S

Porosity L . Ettringite
UNIVERSITE created : ¥re0|p1tat|on
I DE POITITRS

e T IR R e e R S

Elementary cartography (x750)
(S=blue, Ca=green, Si=yellow, Fe=red)
v Calcite Resin

DNomnees cailo 22
RG: B000 x HW: 15.0 KV WD 7.3 mm

Elementary cartography FEG SEM (x6000) k(]l
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(Ej Preliminary results Alteration experiments during 1 and 2 months

Solid NMR 2°S;j

Q1/Q2 ratio reduction —— > CaO/SiO2 reduction
Extension of Si tetrahedral chains in the degraded zone

UNIVERSITE Belite dissolution
DE ATIERS
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Experiments

Cea Preliminary results

Cement paste alteration in clayey solution

Micro-Raman Spectroscopy on the alterated cement paste zone

Carbonation profiles

Alteration experiments during 1 and 2 months
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The carbonation zone increases with the time. These
results are complementary to XRD analyses.

Micro Raman shows that the carbonation maximum is in

the depth.

P}
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Preliminary results Alteration experiments during 1 and 2 months

3 chemical processes identified
- Sulphate attack or

_ Portlandite internal sulphate
Carbonation hydrolysis migration
1 month 2 months jow 1 month 2 months 1 month 2monthsEttringite
([ e
. R - — Opm — Opm zone
. 25 | 25 Ettringite
precipitation
zone
L 50 — 50
75 — 75
100 100
125 L 125
150 L 150
L 175 175
L 200 L 200 A ]

)
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Experiments Preliminary observations

0

- Precipitation
[ ] Dissolution

[ ] Soundzone

Portlandite profile
Ettringite profile
Portlandite profile
Ettringite profile
Portlandite profile
Ettringite profile

UNIVERSITE
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I Calcite profile
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Experiment Reactor Reactor Transport cell
Time 1 month 2 months 2 months

P}
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Simulations Preliminary simulations

(:e:J Preliminary simulations on the cement paste degradation by clayey
solution

Simulations were realised with the ALLIANCES numerical plat-form developed by
ANDRA, CEA, EDF.

UNIVERSITE AN exponential diffusion law, Richet- Reactive-transport code is used.
B diffusion law, Ri ransport &
LT AL Tognazzi law is imposed : Chemical code = CHESS

. Transport code = CAST3M
Drogn = Dini-€Xp(9.95(c, —c "))

Initial composition of the
cement paste

(for 1l of paste)
Jennite = 4.741 mol/l

Ettringite = 0.131 mol/l
Calcite = 0.148 mol/I
Monocarbo = 0.254 mol/l
Hydrotalcite = 0.046 mol/I
Portlandite = 4.906 mol/Il

Clayey solution
composition 1D

Nat =45.6 mmoll/l
K* =1 mmol/l
Caz* =7.3 mmol/l
Mg?* =6.6 mmol/l
SO,% =15.6 mmol/l
HCO5 = 3.3 mmol/I

pH=7.1 &5
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Cement paste mineralogical evolution at 2 months

6

5 i
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Preliminaries conclusions

Cea — The cement material alteration is more important with cell transport
experiments.

— The alterated depth is linked to the carbonation intensity.

UNIVERSITE .
fbrrorties —» Short-term (1, 2 months): no new phase as zeolites.

— Long-term (5 months, 1 year): experiments are in progress.

— Similar experiments will be performed with low-pH cement paste in
2009 (25 and 50°C).

— Other experiments will be achieved to evaluate the impact of
mineralogical transformations on transport properties (diffusion
coefficients, porosity and permeability) in order to simulate

Interaction changes. &(ﬁ
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