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Abstract The multinational cooperation in the International Thermonuclear Experimental Reactor (ITER) plan aims to show that fusion
reactors are a new and viable way to address global energy concerns. The Chinese Dual Function Lithium Lead Testing Blanket Module
(DFLL-TBM) is one of the major research programs and uses liquid lithium—lead as both breeder and cooler, and a helium—hydrogen gas
bubbling method is used to extract tritium. So, tritium technology is a key issue in the liquid metal blanket. Based on the development
strategy for Chinese liquid lithium—lead experimental blanket technology, development of Chinese tritium technology for liquid lithium—
lead loops between 2004 and 2010 was elaborated in three fields, namely, theoretical analysis and calculation, experimental research, and
engineering design. Some important information were introduced, such as the simulation—design—develop of liquid lithium—-lead bubbler,
tritium analysis and permeation barriers in the loops, tritium release from lithium—lead after irradiation, design of tritium extraction
system for the blanket, etc. These works indicate that it is possible to completely overcome the difficulties involving very small solubility
of tritium in the lithium—lead, accumulation of Magneto—Hydro—Dynamics (MHD) after a long period of continuous operation, materials
corrosion together with the pressure drop caused by wall stress, and many technical problems, such as tritium retention, penetration,
recovery and environment pollution, can be thoroughly solved.
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Fig. 5 Research platform of extraction hydrogen (a), sensor for measuring hydrogen (b) and pressure sensor (c)

3 [DP] 2 i
3.1 ©- ki
LLLB . . .
9 9 9 9 <}
(LLLB-T) - .
(LLLB-II) . LLLB
s ®l LLLB-I I
s 6 R 2011 8
H Ar He
X 6 LLLB-I
- _ Fig. 6 Design of LLLB-I
3.2 DFLL-TBM TES )
2005 ,IPP INPC ITER 10% LLLB,
(Design Description Document,DDD) , LILB ) TES
ppDD ITER . . . ,
DFLL-TBM P s . TES 7 o
EHIGR TRERHL GHAERE  AMUEN  SUSURRATHLAR JE4EHL
FE4i L
A
TR
W Bt 1A
g
TEAHHL
[t W
A / \
ae ] AP Ik Kl
7 TES
Fig. 7 Space layout of TES
mm 72



] jcmik

2011,29(05)

(Reviews) ﬁ\

15 o )
(References)

1] : : :
[J]- , 2009, 29(2): 161-169.
Wu Yican, Huang Qunying, Zhu Zhiqiang, et al. Chinese Journal of
Nuclear Science and Engineering, 2009, 29(2): 161-169.
2, : ul
, 2010, 28(14): 44-48.
Xie Bo, Weng Kuiping. Science & Technology Review, 2010, 28 (14):
44-48.
(3] , . (71
, 2009, 6(2): 72-74.
Xie Bo, Hu Rui. Chinese Materials Science Technology & Equipment,
2009, 6(2): 72-74.
[4] s . ITER [J]-
, 2008, 42(12): 1115-1119.
Xie Bo, Wang Heyi. Atomic Energy Science and Technology, 2008, 42
(12): 1115-1119.
5] .
. 14 :

Wang Hongyan, Tang Chan, Bi Xiaolong. Numerical simulation of

, 2010-11-06.

transfer and fluid for tritium bubbles in liquid metal [C]. 14th China
Nuclear Physics Plenary Session,. Hefei, China, 2010-11-06.

[6] Song Y, Huang Q Y. Tritium analysis of fusion —based hydrogen
production reactor FDS—III [C]. 9th International Symposium on Fusion
Nuclear Technology, Dalian, 2009: 47-49.

[7] Song Y, Huang Q Y. Analysis on tritium controlling of the dual—cooled
lithium lead blanket fusion power reactor FDS-II [J]. Fusion Engineering
& Design, 2009, 84: 1779-1783.

[8] Wang W H, Liu S L, Wang H Y, et al. Thermal-hydraulics design and
analysis on the dual-cooled lithium—-lead breeder blanket for the fusion
power reactor FDS —II [J]. Chinese Journal of Nuclear Science and
Engineering, 2005, 25(2): 163-168.

[9] Huang Q Y, Song Y. Status and strategy of fusion materials development
in China[J]. Journal Nuclear Materials, 2009, 386-388: 400-404.

[10] Wu Y C, FDS Team. Fusion-based hydrogen production reactor and its
material selection [J]. Journal Nuclear Materials, 2009, 386-388: 122—
126.

o, il
(1): 124-128.

, 2009, 30

SCIESCE & TECHAOLGY REVIER

Xie Bo, Hu Rui. Nuclear Power Engineering, 2009, 30(1): 124-128.

[12] Viola A, Pierini G, Lolli-Ceroni P L. Kinetics of deuterium desorption
from Pb—17Li eutectic [J]. Fusion Engineering and Design, 1991, 14(3—
4): 249-260.

[13] Baratti R. Mathematical model applied to permeation problems of
process designs for tritium recovery from liquid blankets [J]. Fusion
Technology, 1986, 9(9): 1211-1214.

4, ul

, 2010, 39(8): 1399-1402.
Xie Bo, Hu Rui. Rare Metal Materials and Engineering, 2010, 39 (8):
1399-1402.

[15] . . . J1 )
2008, 22(8): 237-239.

Xie Bo, Yang Tongzai, Liu Yunnu. Materials Review, 2008, 22(8): 237-
239.

[16] Xie B, Yang T Z, Weng K P. Trace tritium recovery from the residue of
liquid LisPbg; alloy [J]. Science China Chemistry, 2010, 53 (8): 1825—
1828.

[17] Conrad R, Debarberis L, Coen V. Lradiation of liquid breeder material
Pb-17Li with in-situ tritium release measurements in the LIBRETTO 2
experiment[]J]. Journal of Nuclear Materials, 1991, 179-181: 875-878.

[18] Conrad R, Futterer M A and Giancarli L. LIBRETTO 3: Performance of
tritium permeation barriers under irradiation at the HFR Petten [J].
Journal of Nuclear Materials, 1994, 212-215: 9985-1002.

[19] R . Y.0; [C]. 14

s , 2010-11-01.
Cao Jiangli, Chen Nan. Stability of Y,0; ceramics as coating materials
for fusion reactors in hydrogen at high temperature [C]. 14th China
Nuclear Physics Plenary Session, Hefei, China, 2010-11-01.
[20] R R , . 3l6L AlLO;
[J]- , 2007, 27(2): 126-132.

Liu Hongbing, Tao Jie, Zhang Pingze, et al. Chinese Journal of Nuclear
Science and Engineering, 2007, 27(2): 126-132.

[21] R . [M]. : , 2005:
371-445.

Shan Changgi, Lu Yanxiao. Trittum and tritium permeation materials
[M]. Beijing: Atomic Energy Press, 2005: 371-445.
[22] . ) ;
[J]- , 2010, 30(2): 183-187.
Xie Bo, Yang Tongzai, Guan Rui, et al. Nuclear Fusion and Plasma
Physics, 2010, 30(2): 183-187.
[23] R R . ITER
[J]- , 2006, 26(3): 271-275.
Xie Bo, Wang Heyi, Liu Yunnu. Chinese Journal of Nuclear Science
and Engineering, 2006, 26(3): 271-275.
[24] . . . -
I , 2008, 26(23): 23-26.
Xie Bo, Hu Rui, Liu Yunnu. Science & Technology Review, 2008, 26
(23): 23-26.
[25] . ITER [J]-
,2009(1): 133-148.
Xie Bo. China Nuclear Science and Technology Report, 2009(1): 133-148.
(FHERE NEiE)

73 I



