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TR 30 mA; NEALEEE 3 momin', 5 A&
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Fig.1 The TG-DSC curves of Ca-bentonite after
electron-irradiation
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Temperature / °C

B2 Bkt fE IS TG-DSC 2k
Fig.2 The TG-DSC curves of Na-bentonite after
electron-irradiation
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Table 1 The test results of Ca-bentonite after electron-irradiation

B DSC #i#s S IR TG B

Samples DSC data TG data for 2™ endothermic valley
5 IR AR IR (ELIRE / C SR A IR / C RIS / C RE %
Peak T. for Peak T. for Original Mass loss
2" endothermic valley 3" endothermic valley temperature

A+ 660.5 894.7 435.9 4.12

Reference

1000 kGy 661.0 894.9 432.1 3.94

3000 kGy 665.9 894.2 433.5 3.82

5000 kGy 664.7 894.7 419.3 3.99

#2 PETBETERURSER

Table 2 The test results of Na-bentonite after electron-irradiation

P DSC ¥l 5 TG Hii

Samples DSC data TG data for 2™ endothermic valley
SRR / C SRR IR / °C AR / °C R /%
Peak T. for Peak T. for Original Mass loss
2" endothermic valley 3" endothermic valley temperature

A+ 680.4 874.8 627.5 3.07

Reference

1000 kGy 682.2 878.8 626.7 3.00

3000 kGy 682.1 877.7 624.6 3.04

5000 kGy 682.4 879.2 621.9 3.04
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JZIE AR b 25 TR KRR K s #E B
WA 51 H B AW I I TR 1 B S AR A

MFE 3 TN 4 (EE TR, AFREE . AR
[ EAE R G, PR 1 TG-DSC ¥ 55 1
Ja i) TG-DSC £¥aA AR, KI5 1485,
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Fig.3 The TG-DSC curves of Ca-bentonite after
120 'C thermal aging
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Fig.4 The TG-DSC curves of Ca-bentonite after
180 ‘C thermal aging
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B 5 #kd 120 CHREMFER TG-DSC 2k
Fig.5 The TG-DSC curves of Na-bentonite after
120 'C thermal aging
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Fig.6 The TG-DSC curves of Na-bentonite after
180 ‘C thermal aging
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Table 3 The test results of Ca-bentonite after high temperature aging

R DSC % 5B TG BUR
Samples DSC data TG data for 2™ endothermic valley
H IR PEIEEIRIE 1 C =R PEIEEIRIE / C IR / C KE /%
Peak T. for 2™ Peak T. for 3™ Original Mass loss
endothermic valley endothermic valley Temperature
7¥ [ 1 Reference 660.5 894.7 435.9 4.12
3000 h 120C 661.0 894.5 427.1 3.75
150C 661.4 893.8 427.8 3.66
180°C 663.3 894.3 417.6 3.77
6000 h 120C 667.1 893.5 4153 3.72
150C 664.0 894.1 418.5 3.89
180°C 665.0 895.2 425.9 3.83
9000 h 120C 666.5 894.2 435.4 3.82
150C 665.0 895.2 425.9 3.83
180°C 661.8 894.7 425.8 3.73
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Table 4 The test results of Na-bentonite after high temperature aging

Ff- it DSC #ds 5 TG HidlE
Samples DSC data TG data for 2° endothermic valley
S IR IR IR / C = IR IR E / C EIHiRE / C KE /%
Peak T. for 2™ Peak T. for 3™ Original Mass loss
endothermic valley endothermic valley Temperature
[+ Reference  680.4 874.8 627.5 3.07
3000 h 120°C 683.8 879.0 620.5 2.97
150°C 683.3 879.0 626.2 2.89
180°C 683.3 879.2 626.9 2.92
6000 h 120°C 685.8 879.7 623.8 3.02
150°C 684.1 879.1 621.5 2.97
180°C 684.4 879.8 620.1 3.06
9000 h 120°C 683.4 879.2 620.5 2.99
150°C 683.4 879.5 621.8 2.92
180°C 683.8 879.5 623.0 3.02
Nuclear Material and Nuclear Waste[R]. SSMFS 2008: 21.
223 fit SSM, 2008.

BRI m iR E A e, 52 58
PV AE TR R A IR AE 73 0 5.4 K 6.6 C, 2R
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#6125,
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concerning Safety in connection with the Disposal of

050701-5

10

The Swedish Radiation Safety Authority’s Regulations on
the Protection of Human Health and the Environment in
connection with the Final Management of Spent Nuclear
Fuel and Nuclear Waste [R]. SSMFS 2008: 37. Stockholm:
SSM, 2008.

Pushkareva R, Kalinichenko E, Lytovchenko A, et al.
Irradiation effect on physico-chemical properties of clay
minerals [J]. Applied Clay Science, 2002, 21: 117-123.
Sorieul S, Allard T, Morin G, et al. Native and artificial
radiation-induced defects in montmorillonite: An EPR
study [J]. Physics and Chemistry Minerals, 2005, 32: 1-7.
Fourdrin C, Balan E, Allard T, et al. Induced
modifications of kaolinite under ionizing radiation:an
infraredspectroscopic study [J]. Physics and Chemistry
Minerals, 2009, 36: 291-299.

Dies J, de las Cuevas C, Tarrasa F, et al.
Thermoluminescence response of heavily irradiated calcic
bentonite [J]. 1999,
85(1-4): 481-486.

Weber W J, Ewing R C, Catlow C R A, et al. Radiation

Radiation Protection Dosimetry,

effects in crystalline ceramics for the immobilization of
high-level nuclear waste and plutonium [J]. Journal of
Materials Research, 1998, 13(6): 1434-1484.

Fourdrin C, Allard T, Monnet I, Effect of

radiation-induced amorphization on smectite dissolution

et al.

[J]. Environmental Science & Technology, 2010, 44:
2509-2514.

Stephanie Sorieul, Thierry Allard, Lumin M. et al.
Radiation-Stability of Smectite [J].

Science & Technology, 2008, 42: 8407-8411.

Environmental



WOAHE RS RS L2 % 2014,32:050701(6)

11

12

13

14

15

16

17

18

Gu B X, Wang L M. The effect of amorphization on the
Cs ion exchange and retention capacity of zeolite-NaY [J].
Journal of Nuclear Materials, 2000, 278: 64-72.

Inoue A. Formation of clay minerals in hydrothermal
environments. In: Velde B. Origin and Mineralogy of
Clays Springer, 1992: 268-329

Wersin P, Johnson L H, McKinley I G. Performance of the
bentonite barrier at temperatures beyond 100 C: A
critical review [J]. Physics and Chemistry of the Earth,
2007, 32: 780-788

Pente A S, Gireesan P, Bajpai R K, et al. Heat and
radiation induced alterations in sorption and swelling
characteristics of bentonite clays from north-west India
[C]. Nantes, France: 2010: 493-494.

Gournis D, Mantaka-marketon A E, Karakassides M A, et
al. Effect of y-irradiation on clays and organoclays:a
Mossbauer and XRD study [J]. Physics and Chemistry
Minerals, 2000, 27: 514-521.

Michael Holmboe, Knapp Karin Norrfors, Mats Jonsson,
et al. Effect of y-radiation on radionuclide retention in
compacted bentonite [J]. Radiation Physics and Chemistry,
2011, 80: 1371-1377.

Plotze M, Kahr G, Hermanns Stengele R. Alteration of
clay minerals—gamma-irradiation effects on
physicochemical properties [J]. Applied Clay Science,
2003, 23(1-4): 195-202.

7K G G W W T R A G AR SRS LT
HIARSE [Cl. 5509w B Ab B 22 R 10 &R

19

20

21

22

YLV &, 2012: 132-136.
YANG Zhongtian. The discussion on experimental
methodology problems of engineering barrier research &
development for disposal repository [C]. The fourth waste
disposal academic symposium on underground. Nanchang,
Jiangxi, 2012: 132-136.

Bt BEHR, XU, w0 T R AR B I A S
e L GRS R e v (] LHT AR, 2013,
41(4): 112-113.

YANG Zhongtian, LIANG Dong, LIU Wei. Stability of
GMZ natural Ca-bentonite and modified Na-bentonite
under thermal and electron irradiation aging [J]. New
Chemical Materials, 2013, 41(4): 112-113

R B I 2 SV B AR R R (D]
T Y23, 1989, 9(2): 177-180.

ZHANG Qinghe. A study on the relationship between
DTA curves and physico-chemical properties of bentonite
[J]. Acta Mineralogica Sinica, 1989, 9(2): 177-180.
DR, MR, T FRBE L W2 R & AR 5T
[J]. IM&P L LA ¥50m 1, 2004(10): 16-18.

LUO Taian, LIU Xiaodong. Analysis on mineral
composition and character of bentonite from the
Guangfeng deposit in Jiangxi [J]. IM & P Industrial
Minerals and Processing, 2004(10): 16-18.

Tt it M) Jbat MBS RRAE, 1980: 85
WANG Hongxi. Bentonite [M]. Beijing: Geologic Press,
1980: 85

Investigation on thermal stability of Gaomiaozi bentonite

using electron bean irradiation and high temperature aging technique

LIU Wei LIANG Dong ZHAO Shuaiwei

YANG Zhongtian LIU Jianqin LI Honghui

WAN Lei

(Key Laboratory on Geological Disposal of High-level Radioactive Waste of China National Nuclear Corparation;

China Institute for Radiation Protection, Taiyuan 030006, China )

ABSTRACT

In order to study the long-term stability, natural Gaomiaozi(GMZ) Ca-bentonite and its modified

Na-bentonite samples, which suffered different doses of electron beam irradiation or different temperatures and

thermal aging time, were analyzed using thermogravimetry-differential scanning calorimetry(TG-DSC). The results

show that variations of the peak temperature and initial temperature induced by high temperature aging are larger than

those induced by electron bean irradiation. GMZ Na-bentonite performs better in withstanding the electron bean

irradiation and high temperature aging than that of the natural Ca-bentonite. The long-term thermal stability of

Na-bentonite is better than that of Ca-bentonite under electron irradiation/high temperature aging.

KEYWORDS Bentonite, Thermal stability, Electron bean irradiation, High temperature aging, TG-DSC analysis
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