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Abstract: Natural Na-bentonite, from Gaomiaozi (GMZ), Inner Mongolia, was tested to study the long-term stability of
buffer/backfilling material for high-level radioactive waste geological disposal, . This paper analyzed the effects of y-rays irradiation
on the strength and deformation characteristics of densely compacted Na-bentonite sample. The bentonite was irradiated by cobalt
source at different cumulative irradiation doses in laboratory. The mineral composition changes into some more stable silicate and
aluminosilicate minerals after irradiation. Then the triaxial shear test and swelling test show that the stability of the microstructure of
montmorillonite decreases, and the shear strength and the peak shear strength of bentonite increase with the irradiation dosage under
the same confining pressure, due to the change in the mineral composition. With the increase of confining pressure, the strength trend
increases gradually slowly, and the effect of irradiation dose on the strength turns to be weaken. It indicates that the confining
pressure inhibits the strength increase of bentonite sample. Due to reduction of montmorillonite after irradiation, the swelling
deformation property is weakened. The performance is the decrease of the expansion force, free swelling strain, load swelling strain
and other indicators.
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Fig.3 Diffraction pattern of mineral composition analysis
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Table 2  Statistical table of mineral composition content of
modified sodium Na-bentonite before and after
irradiation (unit: %)

AE/MGy Flhifi KA A% JKA fkiba BRa

0.0 43.07 10.11 27.50 8.15 5.53 5.63
0.5 35.73 17.41 15.09 13.74 3.66 14.37
1.0 33.29 13.97 2267 1311 2.83 14.14
15 35.25 11.76 3015 11.32 3.30 8.22
2.0 25.24 14.59 31.66 12.56 3.67 12.30
25 32.72 14.13 30.04 8.94 3.26 10.92
3.0 33.54 11.59 2821 16.59 3.39 6.67

XL TR AR I, SEA OSSR T —
SEAA o ARG ATT RS 1 o 177 Shf e 7 B AT R 7
MIAAL AT BV Y, FERR IR 2 i b rh S i & &
N, JF A KA T A, R AR
RAE R KR AR, A L 52 i 45
KT ZMAAR G REREE R,
BIGFR LS T i L KRR AR, B>
JRIEDK (ZFWRED WBCRIRE it 01, i
J T R R (B BRRE, R E TR, BT
s A% R SEBTHE S RNBRE H 27 FROWR B, AT 51 A2 5
bt R AT AR, TR R A - A TR R
Y, BEEEAR D9 SENAS R AR EE AN AR R #h 2K 59
KIS P, iR e, A, o BRERI

fE.



2952 H#H O+ % 2017 4
P A RSP0 KRR, PR A it P £
‘g’ = WKAAB TN, VAR AR SRS, TRARTR
; -~ x| REBHTACK, WERIZANE (VB IGHR 50
% e w Ko HOBEARLE, FEHU R SR AR IEN I - e
- /K ) AL
" ki YR AR A
I
/]

BN

ST e
B4 THRS SR

Fig.4 Transformation of mineral composition
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Fig.5 Axial stress-strain curves of control group of
bentonite under various confining pressures
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Fig.8 Relationships between montmorillonite content and change of peak intensity with irradiation dose
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oML 2T LA Y B R I i B R

JZRK S0z s, HIg N A AR 55
5.2 KRR

AN TR R TR A i R e g B2 K 238 [ By
() AL B (RO AR 2R anf&l 10 A Kl
ARLHRE (0 MGy) BHZERT L, Tofr s R ESE R
SRENFERZ I ) AR i 2R HE R R AR BUE K A,
RICFF RPN B, AIREIR N A, Ao g
M RAARAL, EET R TIRRS, Eik, =4
TP, K8 AR, RS TR
ER, K I E AR, B2 ARk
Ao AR, WA R IAZ A P&
i JE ) yEAE A T R Sk A KAk, TEROK A PR E
SRS N AT, B B K T AT R B -
AR F P R R A, ARSI 2 T P T Rk
—ZEZ EKA TR, SRR LRI ZIZ K .

iR
—a— 0 MGy
—e— 0.5 MGy
45 |+ 1.0 MGy
i—y— 1.5 MGy
—— 2.0 MGy
e 2.5 MGy
< 30} ! > 3.0 MGy
=~ <
i)
g i
;::3 15 L 3600 min
0 1 1 1 J
0 1000 2000 3000 4000

fif 1] /min
B 10 AEERFRTEHBE (GG BIKRZR- KR %L
Fig.10 Free expansion strain-time curves under
different irradiation doses

XTEG A AT AT DAAS 3, e I S A K A it
AR SRR R AR, Bl TR 2
WK, BEERREIEI R0, AR AR PRI R
BHAFFEERFEC, HAEZLE 3 600 min WK
MG, BARBEIRAK A 5.9%. 12.51%. 11.80%.
16.03%. 16.12%. 17.96%, Z&7)& 3.0 MGy #& & 5
(KN AR B f R S5 PE 10 AT DLE HY, B4R e
(RIBEIIN, JRA HE K PR P IR VAT T B, sk T DAHE T
B 5 IR R 0, L I AR (R S R T
B, EmIEGR SR RS — e R FER, K AR
i —MEAE.

5.3 H KR T

A AT 2 B K AR 5 e HE R R A AR 4k
KEWME 12 P, RS FERECT, bEE TR
B, WA LRI AR A gk NG R, T LR



%10 1 Ay BRI R TR AR BN I ) 2 R AN A TR M L A T A 2955

MR i Lk R — e i, HAR G =
N 3.0 MGy B ik, BIH B2 R R R fuf 2K B
AR RE, BRSO N - b AR R R K B
AREAER, Fifk o 400 kPa i Ak 2508 1.0, Thide
%A 800 kPa i1 1 600 kPa I ik RECH A&, 4
59 0.43 F1 0.54, 5 B4R B A& N IIK R3S 50
FEMERKANER, W BRI, KN AR R
R AE LN o

20 1

y =6.334 4Inx + 10.831 Ly
R?2=0.930 1

16

AR/ %

05 10 15 20 25 3.0
A/ GMy

B 11 JZAKSAR 2Rk B R AT B A 4%

Fig.11 \Variation of swelling strain with irradiation dose

__ T
y =-1.000 7x + 7.269 8 400 kPa
L R2=0.878 e 800 kPa
" A 1600kPa
A HEZ
6 — WAHHLE
° . — UEHL
g y=-0.4255x+4.0351 RS
’Fi>< R2=0.928 6 .
B 4
2-2% "\'\,\'\‘\'
= y =-0.541 4x + 1.502 1 J
2 | R2=0.8854
A
A
0 A. f 4 a
00 05 10 15 20 25 30
R/ MGy

Bl 12 HF&EM T KA REE R A B2 2%
Fig.12 Variation of expansion strain with irradiation
dose under loading

FEZAK T3 R B A8 R A AR A U R 20, 32
BT R E: LR S A R A KR
HIRE LA S A AR B B OKIZAK s — 2 Ak
UKL B0 2 (8] -3 18] B AR AZ AL 0,

M REL, FRIAERI SR 1 AE Yo K
A TR, BETISSM AR TERE . HY X AT 545 R AT
CUAEL, A ECJR SRR S AT d ELAE 4R R A Bl
Ny AT A VB A B B AR T TR R, U AR TR 1

TSR SRS AR, A4 SR — B
WP =K § IR A WA E R T2, R
A S ARSE 38 AR VERE IR EE 280 W e Ak, T 25
T B AR e B AR

6 4 i

(D) y FEIEALIEH 5 GMZ S RIRINEL 7
I > OB IR AZ 2 R AR 2 T
KT IR, A 45 R LK 7B R
JZ AR, HAFMAOMSERAREE. B4
LRI o BER A A BE AR E IR IR BRI Wt AT
T AL

(2) SRR X B - B D) s A — e R LAY
oM R HT AT S
P8 73 M AT e A R BE AR E IR B R, 48
N o AR R R, LA i T B A i B R 1 4
RORPERA RLAMEIE K. (HEEER R R, 98
G TR AONE e BB AR /N, R B0 Bl A —
S RS _E A T R O B - B D) 9 ) 52
M o

(3) SR IREAE 1 - Ik P REAE — E FR i
TER T &R AR, X E R L T UK
Yo =52 A FE SR 2 A T AN 53 I AR VR )
FEA . HEERRIGIR AN, AR IR AR
PR AH RIS 18] oA I N A2 P A< B 4
TR A BB S, HEN 58 P B RS —
SEE I ZARN AR TAE s A AR AR HAR IR
FIEEANEE R R, FINZIK R4S W% B
WA K, EEME R _EAH] 1R IR BAK
AR I

2 % X W

[1]] WANG Ju, SU Rui, CHEN Wei-ming, et al. Deep
geological disposal of high-level radioactive wastes in
china[J]. Chinese Journal of Rock Mechanics and
Engineering, 2006, 25(4): 649 —658.

[21 XF%b, EB, B, 55 o E SR Ak E 52

MR RN B IR & B R -k - J1 - R & Re
L[], B 715, 2013, 34(10): 2756 —2762.
LIU Yue-miao, WANG Ju, CAO Sheng-fei, et al. A
large-scale THMC experiment of buffer material for
geological disposal of high level radioactive waste in
China[J]. Rock and Soil Mechanics, 2013, 34(10): 2756
—2762.

[81 LB, R FES. SESEE AR R ).



2956 5O N % 2017 4
HE TR, 1998(4): 45—46. [11] ZUK, BRIEWX, XIA W, 5. i1 RAE 2 R R 4R A2 T
SHEN Zhen-yao, DONG Wei, LI Guo-ding. Study of i K R R [I]. B TAE2E4R, 2008, 30(7):
mechanical properties for high compaction expansive 1005—1010.
s0il[J]. Geotechnical Engineering Technique, 1998(4): QIN Bing, CHEN Zheng-han, LIU Yue-miao, et al.
45—46. Swelling-shrinkage behaviour of Gaomiaozi bentonite[J].
[4] JEEWE, MREEAL. S E TN E e S s R Chinese Journal of Geotechnical Engineering, 2008,

Fr[J]. tH S Az R, 2005, 22(4): 211—214. 30(7): 1005—1010.

WEN Zhi-jian, JINTOKU Takash. Preliminary study on [12] PENTE A'S, GIREESAN P, BAJPAI R K, et al. Heat and

static mechanical property of GMZ Na-bentonite[J]. radiation induced alterations in sorption and swelling

World Nuclear Geoscience, 2005, 22(4): 211—214. characteristics of bentonite clays from north-west
[6] AKHET, XIBeR, Wi, @i igiE L =5sT ) 5=t India[C]//International Conference on Clays in Natural

BEF AL [CUI 6 — Jm R P T Ab B 22 AR T 2 18 SC4E. and Engineered Barriers for Radioactive Waste

Jbxt: A E R 8t kit 2008. Confinement. Nantes, France: [s. n.], 2010.

ZHU Guo-ping, LIU Xiao-dong, YANG Ting. The study [13] PLOTZE M, KAHR G, STENGELE R H. Alteration of

of three axis shear mechanical properties of Gaomiaozi clay minerals—gamma-irradiation effects on

bentonite[C]//Proceedings of the Second Symposium on physicochemical properties[J]. Applied Clay Science,

Waste Underground Disposal. Beijing: China Atomic 2003, 23(23): 195—202.

Energy Press, 2008, [14] S, S, BOMZE, . T L AR A
[6] VILLAR MV, LLORET A. Influence of temperature on B AL S B R R[], ARSI SR T

the hydro-mechanical behaviour of a compacted §it, 2014, 32(5): 59—64.

bentonite[J]. Applied Clay Science, 2004, 26(1—4): 337 LIU Wei, LIANG Dong, ZHAO Shuai-wei, et al.

—3%0. Investigation on thermal stability of Gaomiaozi bentonite
[7] KOMINE H, OGATA N. Experimental study on swelling using electron bean irradiation and high temperature

characteristics of compacted bentonite[J]. Canadian aging technique[J]. Journal of Radiation Research and

FOIEISH R B, i, 2001, L L AR AR LRI, AL

i ik, 2006.
17(1): 44—47. : _ _ .
] ) TAN Luo-rong, KONG Ling-wei. Special geotechnical
LIU Yue-miao, XU Guo-ging, LIU Shu-fen, et al. Study o )
. . . engineering geology[M]. Beijing: Science Press, 2006.

on compactibility and swelling property of buffer/backfill ) ) N .

material for HLW pepository[J]. Uranium Geology, 2001, 16] BfPE, e, UG BT ABEEBAL MR

17(1): 44—47, RN L R RE S AR VR[] DR AR R, 2013,
[9] A, SCHANZ T, HkEE, . FiJE S i THAH AL T2

T GMZOL MK A EQ]. B 25 TR R, YANG Zhong-tian, LIANG Dong, LIU Wei. Stability of

2007, 26(14F1 2): 3861—3861. GMZ natural Ca-bentonite and modified Na-bentonite

YE Wei-min, SCHANZ T, QIAN Lixin, et al. under thermal and electron irradiation aging[J]. New

Characteristics of Swelling Pressure of Densely Chemical Materials, 2013, 41(4): 112—113.

Compacted Gaomiaozi Bentonite GMZ01[J]. Chinese [17] MONES, Btk BRI, S5 SULJZRIRS 5 R TR

Journal of Rock Mechanics and Engineering, 2007, IPARASRFIEL). #4737, 2009, 30(7): 1899—1903.

26(Supp.2): 3861—3861. YE Wei-min, HUANG Wei, CHEN Bao, et al. Diffuse
[10] Z:3CA, MEAES, M. 6k sehiil 4 i dEmanis sy double layer theory and volume change behavior of

F BRI, 1 1%, 2009, 30(2): 88—92. densely compacted Gaomiaozi bentonite[J]. Rock and

NIU Wen-jie, YE Wei-min, CHEN Bao. Experimentally Soil Mechanics, 2009, 30(7): 1899 —1903.

derived model for suction-induced permeability, swell [18] HOLMBOE M, NORRFORS K K, JONSSON M, et al.

andmicrostructure behaviour of unsaturated compacted
bentonite[J]. Rock and Soil Mechanics, 2009, 30(7): 88
—92.

Effect of y-radiation on radionuclide retention in
compacted  bentonite[J].

Chemistry, 2011, 80(12): 1371—1377.

Radiation Physics and



