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Preparation and Characterization of Zirconolite-based Bariura.izerosilicate Glass-ceramics

XU Dong*, WU Lang™*, LI Huidong', TENG Yuancheng?, LI Yuxiang® 2, LI Wei*
(1. State Key Laboratory Cultivation Base for Nonmetal Composites and Functional Materials, Southwest University of Science and

Technology, Mianyang 621010, Sichuan, China; 2. National defense Key Discipline Laboratory of Nuclear Waste and
Environmental Safety, Southwest University of Science and Technology, Mianyang 621010, Sichuan, China)

Abstract: Zirconolite-based glass-ceramics (i.e., SiO,-B,03-Ba0-Na,0-Ca0-ZrO,-TiO, system) were prepared by a melting-heat
treatment method. The effect of nucleation agent (i.e., CaO. ZrO, and TiO,, abbreviated as CTZ) content on the crystalline phase and
microstructure of the glass-ceramics was investigated. The leaching resistance of zirconolite-based glass-ceramics was determined
via product consistency test (PCT). The results show that the glass transition temperature (T) increases from approximately 615°C
to 650°Cwith increasing the content of CTZ. An exothermic peak appears at 900°C and 850°C for the samples with 30% (in mass
fraction, the same below) of CTZ (CTZ-35) and 45% of CTZ (CTZ-45), respectively. Zirconolite phase appears in the bulk of basic
glass with 30% of CTZ. The massive zirconolite crystals with the columnar shape occur in the sample with 45% of CTZ. In addition,
zirconolite, sphene and silicon oxide phases occur in the sample with 55% of CTZ, which possesses a poor density. The PCT
experiment of glass-ceramics show that sample CTZ-45 has a good leaching resistance. After 42 d, the normalized mass loss (NL;) of
Na and B is 107 g/m? and the NL; of Ca and Si is 107 g/m?, which are the same order of magnitude of borosilicate glass waste.
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Table 1  Recipe used in this experiment w/%
Sample No. | CTZ-x/% | SiO, | B,O3 | Na,O | BaO | Na,SO,
CTZ-0 0.00 50.00 | 22.00 | 9.00 | 15.00 4.00

CTZ-10 10.00 45.00 | 19.80 | 8.10 | 13.50 3.60
CTZ-20 20.00 40.00 | 17.60 | 7.20 | 12.00 3.20
CTZ-30 30.00 35.00 | 15.40 | 6.30 | 10.50 2.80
CTZ-35 35.00 3250 | 1430 | 585 | 9.75 2.60
CTZ-45 45.00 2750 | 1210 | 495 | 8.25 2.20

CTZ-55 55.00 2250 | 9.90 4.05 6.75 1.80
CTZ is the abbreviation for CaO, TiO, and ZrO,; x in CTZ-x is the mass fraction of CTZ.
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Fig. 1 DTA curves of samples CTZ-0, CTZ-20, CTZ-35 and CTZ-45
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Fig. 2 XRD patterns of samples
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Fig. 3 SEM micrographs of samples HF-etched
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1200~1250 “C {3 hn LA 1535 JoT 351, 33 4% A0 FE A 615 “C A 650 °C 2 [i) H.jl 5 CTZ & & 19 I i 7151 -
FE i CTZ-35 FICTZ-45 43 HiI4E 900°C A1 850°C i3 Hi B 1 B {5 A Jc ke

2) HCTZI&E RN 35%N), FEITF4A IV RS A AR, SRR 459 H B K 3 51 A IR A Ak i
A, RN EELEGE %), FEES i, MR SR, I AR A

3) PUEERR ER BB R AL RS BT 45%, FEMCTZ-45 7E 90 ‘CIR 42 dfi5, NafyH—1b &
2Ny 1.80x107 g/m?, B 1.64x10™ g/m?, Siff1H 1.94x102g/m?, Caffiy 1.94x107% g/m?.

SE



(1]

(2]
(3]
(4]
(5]

(6]
(7]
(8]
(9]

[10]

[11]
[12]
[13]
[14]
[15]

[16]

[17]
[18]
[19]
[20]

[21]

[22]
[23]

[24]

T, SRRV, PESCAX, 5. RN I A AR AR S R K b B K B AR AT R B L[], AR AT BT B, 2011(2):
76-82+99.
GAN Xueying, ZHANG Zhentao, YUAN Wenyi, et al. Radiat Prot (in Chinese), 2011(2): 76-82+99.
EFg, FOUBE, AR E ST e ORI E AR T[] Al SR, 2013(3): 180-192.
WANG Xiaogiang, TUO Xianguo, ZHOU Hui, et al, J Nucl Radiochem (in Chinese), 2013(3): 180-192.
XIFAE, ZARA, R, & mb s s O s A RS 77 BeiE (3], Ak 5= 50 %, 2014(3): 163-168.
LIU Lijun, QIE Dongsheng, ZHOU Hui, et al. J Nucl Radiochem (in Chinese), 2014(3): 163-168.
MANARA D, GRANDJEAN A, PINET O, et al. Factors influencing the sulphate incorporation in radioactive waste glasses[J].
Mater Res Soc Symp Proc, 2006, 932: 377-384.
XEAE, Fede, BIZR, & MR PO h AR TE SRS XANES JEWTFE[I]. JRTRERHEEOR, 2008, 42(suppl):
49-52.
LIU Lijun, LI Jingying, ZHAO Yidong, et al. At Energy Sci Technol (in Chinese), 2008, 42(suppl): 49-52.
KAUSHIK C P, MISHRAR K, SENGUPTA P, et al. Barium borosilicate glass—A potential matrix for immobilizatic:n o1 sulfate
bearing high-level radioactive liquid waste[J]. J Nucl Mater, 2006, 358(2/3): 129-138.
MISHRAR K, SUDARSAN K V, SENGUPTAP, et al. Role of sulfate in structural modifications of sodiunm uarium-oorosilicate
glasses developed for nuclear waste immobilization[J]. J Am Ceram Soc, 2008, 91(12): 3903-3907.
FEN, BRI, A, & NEEABARTFRIURI]. B RE54R, 2009, 21(4): 159-15°.
GONG Hengfeng, MA Junping, LI Gongping, et al. J Gansu Sci (in Chinese), 2009, 221(4): 150-15.
WILLIAM J W, AIEXANDRA N, SERGEY S, et al. Materials science of high-level nuclear waste imr. dilization[J]. MRS Bull,
2009, 34(1): 46-53.
LOISEAUA P, CAURANTA D, BAFFIER N, et al. Glass—ceramic nudiear ~waste forms obtained from
Si0,—-Al,03;-Ca0-Zr0,-TiO, glasses containing lanthanides (Ce, Nd, Eu, Gd,~Yu)~2nd actinides (Th): study of internal
crystallization[J]. J Nucl Mater, 2004, 335(1): 14-32.
TR, HER, T, AR R A A AR YIE ] FERR 3R 249, 2011, 39(9): 1505-1510.
TENG Yuancheng, GUI Chengmei, REN Xuetan. J Chin Ceram Soc, 2011, 39(9): 1505-1510.
BAES, mbeT, FEE, S AEURC R P E AR AL T [T]. REER b2 4R, 2012, 40(1): 131-136.
MAO Xianhe, YUAN Xiaoning, QIN Zhigui, et al. J Chin Ceram Soc, 2012, 40(1): 131-136.
DONAID | W, METCALFE B L, TAYOR R N J. The immobilization of high level radioactive wastes using ceramics and
glasses[J]. J Mater Sci, 1997, 32: 1851-1887.
B, P LR BRI SBUR RIS E A R E AR BRI AT 9 S R RIS B[] R Eh24R, 1997, 25(1): 85-90.
SHENG Jiawei, LUO Shanggeng, TANG Baolong. J Chin Ceram Soc, 1997, 25(1): 85-90.
CAURANTA D, MAJERUSA O, LOISEAUA P, et al. Crystallization of neodymium-rich phases in silicate glasses developed
for nuclear waste immobilization[J]. J Mater Sci, 2006, 354(1/3): 143-162.

LOISEAUA P, CAURANTA D. Glass—ceramic nuclear waste forms obtained by crystallization of
Si0,-Al,03;-Ca0-ZrO,-TiO, glasses containing lanthanides (Ce, Nd, Eu, Gd, Yb) and actinides (Th): Study of the
crystallization from the surface[J]. J Mater Sci, 2010, 402(1): 38-54.

WU L, LI'Y X, TENG Y C, et al. Preparation and characterization of borosilicate glass-ceramics containing zirconolite and
titanite crystalline phases[J]. J Non-Cryst Solids, 2013, 380: 123-127.

WmER, FEE, RiR, & EEECA R R % A RS HEREE, 2012, 48(5): 40-42.

MENG Guolong, LI Yuxiang, WU Lang, et al. China Ceram, 2012, 48(5): 40-42.

ADVOCAT T, FILLET C, MARILLET J, et al. Nd-doped zirconolite ceramic and glass-ceramics by meilting and controlled
cooling[J]. Mater Res Soc Symp Proc, 1998, 506: 55-62.

JANTZEN C M, BIBLER N E, BEAM D C, et al. C1285-02. Standard test methods for determining chemical durability of
nuclear, hazardous, and mixed waste glasses: The Product Consistency Test(PCT)[S]. Conshohocken, USA: ASTM, 2002.
LOISEAU P, CAURANT D, MAJERUS O, et al. Crystallization study of (TiO,, ZrO,)-rich SiO,—Al,03;-Ca0 glasses Part 1l
Surface and internal crystallization processes investigated by differential thermal analysis (DTA) [J]. J Mater Sci, 2003, 38:
852-863.

LOISEAU P, CAURANT D, MAJERUS O, et al. Crystallization study of (TiO,, ZrO,)-rich SiO,—Al,03;-CaO glasses Part |
Preparation and characterization of zirconolite-based glass-ceramics[J]. J Mater Sci, 2003, 38: 843-852.

M8, TOBTEE, MRE, & ESERER A B M BRI AL BTIR M RR (D). RERR R 2R, 2012, 40(2): 324-328.

LI Peng, DING Xingeng, YANG Hui, et al. J Chin Ceram Soc, 2012, 40(2): 324-328.

WO, 2%, Day Delbert E, 5. iU A% BRI B AL A G540 S0 A AR e V). RV K224 (B AR FHARR), 2005,
33(5): 654-658.

HUANG Wenchan, ZHOU Nai, DAY Delbert E, et al. J Tongji Univ: Nat Sci (in Chinese), 2005, 33(5): 654-658.



	钙钛锆石-钡硼硅酸盐玻璃陶瓷的制备及表征
	Preparation and Characterization of Zirconolite-based Barium Borosilicate Glass-ceramics
	1  实验
	2  结果与讨论
	2.3  样品的显微结构



