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Clay Phase Change of Gaomiaozi Bentonite in Simulated Cement Solutions

ZHANG Huyuan!?, LI Xiaoyal, TONG Yanmeil, YU Hongliang?, YI Quan!
(1. School of Civil Engineering and Mechanics, Lanzhou University, Lanzhou 730000, China; 2. Key Laboratory of Mechanics on
Disaster and Environment in Western China, The Ministry of Education, Lanzhou University, Lanzhou 730000, China)

Abstract: Because of groundwater dissolution, the lining concrete of HLW geological repository release a “cement solution”, and its
chemical composition undergoes a four-stage evolution process. A young cement solution standing for I-stage cement solution was
mixed with Gaomiaozi (GMZ) bentonite powder, as suspensions to prompt static solid-liquid reaction in a batch style for evaluation
of long-term chemical stability of the bentonite buffer material as used in China. During 256 d test, suspensions were harvested in
different time intervals and separated into solid and liquid phases. The liquid phase were analyzed for pH, electrical conductivity and
cation concentration. The solid phase was characterized by means of X-ray diffraction, Fourier transform infrared spectra and
scanning electron microscope—energy spectrum. The analysis results of solid and liquid indicated both the dissolution of
montmorillonite mineral and the formation of mixed layer illite—smectite occur in GMZ bentonite at the same time under the action of
young cement solution. This tends to reduce the buffer performance of the GMZ bentonite.
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Fig. 1 XRD pattern of GMZ bentonite
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Table 1 Basic physical properties of test materials

Material Parameter Value
GMZ Density/(g-cm=3) 2.70
Particle size/mm <0.075
Water content/% 9.56
Plastic limit/% 32
Liquid limit/% 228
Plasticity index 196
Cation exchange capacity/(mmol/100g) 55.54
YCS pH value 134
Electrical conductivity/(mS-cm-1) 45.2
Redox potential/mV -359

GMZ: Gaomiaozi Bentonite; YCS: Young Cement Solution.
14 F3k

TAH pH 1 1 E-301F & pH {8 =& & HAR I &,
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X PR A BTN 3KW, 40KV, 40mA, T{E
TN 20 °C, AHXHR BN 40% . AH 700tk B
IEAr B 20 f 2°, SN E N 80°, BEHUHIX [A]
Refs 78 e TS T . RS R L4,
MR 20 °C o FIE R MiA N IRE L0, HIE
HARE R (N ) BAR S X S AT S o v B2,
WIEFRN“40 mgl0.7 mL”, MIETIE 12 h j5 LAL5:
Bro N F7E 60 CHI L —BLEG)Z 1A 8h J5R!
WL EEBAR (EG F). HARE R F 2 B2



. 218 - CRERR Th22 300

J Chin Ceram Soc, 2023, 51(1): 215-225

2023 4

HEZ Yo i sEat . XRD 493 Bl 4f
JADES.0 BAFALIR, 43 M i W) oy S it & 7 B

ZLAN e RS IAE ] NEXUS-670 %Y Fourier £1.4h
FEHEA(FTIR), TARRLE A 20 °C, MHXHRE A 40%.
FiLAERAFE T LL 150 ‘CHET 8h B DL BRI B 7K .
KBr f1% 4% 1:200 LLBIVRA355) J5 |, 78 400~
4000 cmt F98 E Y L P EAT A S R T . e
SEE R OMNIC BRPEALEE, 3T I S A TR B 4tk
WL R AR A, o

SEM-EDS 4#1f# Fi] Apreo S A5 fH 1 &
B R EAY, R LRI ST W, FEAE A
RETE GEAT LR b, TAEIRE N 20 °C, FHXHEE
N 40%. RIS HT B IS O B R AT 4
BRSSO
EV WSSOI S

2 HXR53w

21 &ESHR

#* 2 8 GMZ g+ 5 2 P /EA 164 23,
32, 45. 64. 91. 128. 181 d £l 256 d JE VAL
2K, BFE pH {H. FER(EC) AHE TIRE.
Ho0 H B & A AR, AR HE TIRE.

pH {8 /& RAE A E LAV I 5h T~ 22 rh e
NWEESH . HEL 2 TR, EF KT, BFK
pH (B[ A ] ) 384 5 i A e 7 8.6 7o A, 2[RI 5¢
IR AT Py 30 5 AT AE R TH 2 e (U % B W e Ao
), ZETFKPREmBZEEAKE LRI, A
TS BTV pH BB T, RSP JS pH (R
TRFFREE 1M1 YCS 4L¥AH pH {E M 13.4 J8/N % 12.9,
JE[A YCS sk ) OH-7E 5 4 [ b ()it 7
HTHAE, BT DU T R R B pH E
s B FE, HAEAR pH ERIUN T . AR,
BRIV pH>12.6 B, 0 S M A AL AV AR F b st
SR ANl By LA R A pH E4ERF 2R IG 45 7R, IE I
BRI SRR E A HAE YCS /A N . pH
{EAE S BIHT 64d T FEECHR, 64~256d I pH {EFE
1E12.9 7o 47, N FAR 23R B A4 2R 1 S TP T P A1 o

Na*Fl KR 5 B B ) 1) A8 4k an sk 2 gl
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Table 2 Static batch test conditions and chemical parameters
of each liquid phase

Liquid Sample No. t/d (i:gl_?j) (rﬁ(:li)-/l) vz:e (mSE-Sr/n-l)
H0  Ho00 0 193 019 81 0.0001
(Deion Hoe 16 82 01761
\A;:::r) Ho23 23 84 02026
HO32 32 85 01843
HO45 45 86 01974
HO64 64 85 01677
Ho9l o1 85 01943
H128 128 85 02080
Hi8l 181 85 0.1603
H256 256 86 01976
YCS Y000 0 230633 5877.47 13.4 452000

Y016 16 2463.80 5882.40 13.3 44.6000

Y023 23 245843 524331 13.2 43.8000
Y032 32 2505.67 476795 131 43.1000
Y045 45 2569.11 4003.41 13.0 41.9000
Y064 64 2650.78 4850.84 13.0 41.0000
Y091 91 263453 4781.52 131 40.7000
Y128 128 2644.23 474553 13.0 39.6000
Y181 181 2638.29 4669.47 13.0 38.9000

Y256 256 2665.20 463192 129 38.0000
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8.6 /4, EC 7£ 0.16~0.21 mS/cm 2 [a]y%5f, A,
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64 d 2 JEME LR, BHERREM AN A)E
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Table 3 Calculated content of minerals in GMZ bentonite under different test conditions

Liquid Sample serial dooy) Montmorillonite/% Clinoptilolite/% Quartz/% Cristobalite/% Albite/%
HO000 12.76 56 <1 3 <1 1
H.0 HO064 13.22 56 <1 4 <1 2
H091 13.27 56 <1 3 <1 2
H128 13.25 57 <1 4 <1 2
H181 13.30 55 <1 4 <1 2
H256 13.36 56 <1 3 <1 2
YCS Y064 11.32 15 <1 4 <1 2
Y091 11.31 13 <1 3 <1 1
Y128 11.28 12 <1 3 <1 2
Y181 11.24 12 <1 3 <1 2
Y256 11.17 10 <1 3 <1 1
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Fig. 3 XRD patterns of air-dried clay in GMZ bentonite
interacted with H20 after different test days
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Fig. 4 XRD patterns of air-dried clay in GMZ bentonite
interacted with YCS after different test days
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Fig.5 Variation of montmorillonite content with reaction time
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Fig. 6 XRD patterns of H181 and Y181 treated by ethylene
glycol

7 VIPERIE X
Fig. 7 Meaning of V/P value
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K8 H0 fEHARFIREUG GMZ iE L &L FTIR i
Fig. 8 FTIR spectroscopy data of clay in GMZ bentonite
interacted with H20 after different test days
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Fig. 9 FTIR spectroscopy data of clay in GMZ bentonite
interacted with YCS after different test days
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Fig. 10 SEM images of clay in GMZ bentonite under
representative test conditions

4 EDSHIEHETERRRESTH
Table 4 Main element quantities in the EDS energy

spectra w/%

Sample No. Na K Al Si

GMZ Bentonite(D<5 um) 0.8 35 16.1 773
HO64 0.0 55 14.9 76.1
HO091 2.4 6.0 12.6 76.1
H128 0.0 52 11.7 80.5
H181 0.6 5.8 13.2 78.1
H256 0.7 6.1 11.4 78.8
Y064 0.4 10.6 12.2 743
Y091 0.0 12.6 12.2 718
Y128 0.1 113 12.7 726
Y181 0.0 11.7 12.7 72.7
Y256 0.1 10.6 11.6 746

H: Deionized water; Y: Young Cement solution; w is mass fraction.
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TS e o L BH S 1 R S B E /N B KA IR =
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32 39 18] 7T DA 3k 6 5 52 4 S I B 4t 52 I A ) )
1) Na*.

RIRFAT, BT Tl P 34 55022,
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B YCS ¥ifil, BN 56% K FEE| 10%, 5 I
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P11 BV R R PR R W S A A L ol 24
Fig. 11 Silicate mineral dissolution mechanism in alkaline
solution(24]
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Fig. 12 Pathway of alteration from montmorillonite into kaolinite in a closed reaction systemsl’]
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