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Tritium permeation resistance of Al-Al,O; coatings prepared by

thermal spraying
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China Institute of Atomic Energy, Beijing 102413 China
Abstract: Objective To make the preparation method for coatings more convenient in the field where the requirements
for tritium permeation resistance are not high, this paper proposes a method for preparing Al-Al,O5 tritium permeation barri-
ers by thermal spraying technology and conducts a performance analysis. Methods The tritium permeation resistance and
adhesion of Al-Al,O; coatings prepared by thermal spraying were verified by experiments. Results  The tritium permeabil-
ity was reduced by one order of magnitude after a 0.2-mm Al-Al,O5 coating was sprayed on the stainless steel surface, and
the tritium permeation resistance had no significant improvement with the increase in coating thickness; the adhesion of the
coating was determined in the range of 5-10 N by scratch tests. Conclusion In this paper, a simple preparation method for
tritium permeation barrier is proposed, and the trititum permeation resistance performance of Al-Al,O; coatings prepared by

thermal spraying technology is determined, which provides a reference for the selection of tritium permeation barrier in the

field of tritium-containing solid waste storage.
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Figure 1 Schematic diagram of permeation of hydrogen isotope
gases in the metal wall"”
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Table 1 Permeability test results

PR BEEEmm REHR O BREEmn O BWAUEke  B0C i e A
1 0 Nl 03 100 550 1.898 x 107 1.8002 x 107"
2 0.2 ! 04 100 550 127x10° 16155 x 10
3 0.2 N 0.6 100 550 7.07 x 107 13411 x 10

SO0 45 AR, ABHR B ARG & Al-ALO; FHAR

WRZ LHARI BRI E RN — M E R, A& —E
(I BEL A BE /T -
22 AR BER REEE B IIEE ST
BIE SRR — 3 2 A0 0.2 mm R E AT 0.4 mm iR
JEHEAT T 456 D1k, MR 454 J13494E 5-10 N ¥t [
W, AL — G A AR IR B S B I K .

3% 8

H 1 BE AR R 2 B 2 (1) 0 A A% S AR Ak, SR AR
P EZERREHRSHEE T HRRAEEKE
= A B B AR o 5 60 3 2 fl £ 0 A R — A S
AR BBIE SR, MRS 5B 1B N R, 16 )5 H
Ak B R R DA B e TR e S TR ) AR
PR AL B, A5 1 T RO P R A A B A A U, R
W N — 2 B IS 5 U2 R Ik D RS I

TEARZBIEE H, Al-ALO, 332 H AT & 1B AR
BER T R AR T B i) S e B AT AR
FI A RABE /LT, B2 B T A% R AR,

L AL-ALO; W2 Il AR A B AT IR Z K
(i) 2% IR AL BE, A BF 703 B AT DR AR

WL ZHARZE, LR T AR = &R 2R
LA 2% 5 S, (H S — R gy R al 2 A5 28 577
T 75 B ORHUAR R 15E £ FEAT AR B, 75 B0 HORHIR FE
BEAT PR A, ANME TR E R 4%

F T, BT A% SRAR U R 2 BB R =
LU B ] A R A A Y B R R
KB 1L SRIB T o 1K 88 N 3 5 8 A A IR v B VR
B, WK T A HE AU, DRk, 0 T B R 2
(R e AN BESROK Ry, 7 BB (] 2% 7, it DAA
SCHE AR R ] % ALLALO, 1R)E, 1E— R
B E AR T I Il

PR H AR 3 mm 282245 AR AR 304 A5
BN R R 34T AT B b 2, 7E 700~800°C 45 22
Rk, SR FH IR o I AR IR R S AR SR, TR — 2
BIRE, RN R N (RN, FHREAT B R -
FREAE, AW ZE A E 200~ 260 um, JE A Al-
ALO; BHARER 2, RZ IR JZRE AT 1 s 2 2k il
FOR 2G5 A 1R, R IGUE B, IR AE 304 ANAER
RINGEE T RAF, Bef% LI AV e .

R FH B R 1 AR ] £ 1K AL-ALO, IR E R & —
() BRI R, ELEE G 70 R, 0 — B850k BH AR 1 22



RS T

2023 £ 4 H25 32455 2 1 Chin J Radiol Health, Apr. 2023, Vol. 32, No. 2

- 149 -

REAR B 5, KRR TIRZEHS M TZ, HirE
W A K% 07 S 5 B8 1 [ R R M ik A7 2
St 207 A P9 S 46 96 7 i U J2= AR It v A2 T R A
B, AR TOREIEE, SRR B M
I e

FzisE

AT B A4 A 4% U sk s WA ST T g, e

ST SR RATAIRI 2 e
PEERMAAR LT TSR, HEE S BT, SR
T VPRGSO, SO S AT

S 30k

(1]

(2]

(3]

(4]

(5]

(6]

(7]

R EH, Sl RS 5 M B g (1], op AR o P A, 2021,
30 (3) :386-390. DOI: 10.13491/j.issn.1004-714X.2021.03.025.
Liu YL, Ma N. Tritium protection in the operation of nuclear
energy [J]. Chin J Radiol Health, 2021, 30 (3) : 386-390. DOI:
10.13491/j.issn.1004-714X.2021.03.025.

et S, i, A P B R A ST e [T,
5P TR, 2022, 31 (5) @ 548-552,563. DOIL: 10.13491/j.issn.
1004-714X.2022.05.004.

Gao P, Yang BL, Zhou Q, et al. Discussion on dose estimation
methods for internal exposure to trititumm [J]. Chin J Radiol Health,
2022, 31 (5) : 548-552,563. DOL: 10.13491/j.issn.1004-714X.
2022.05.004.

Causey RA, Karnesky RA, Marchi CS. Tritium barriers and tritium
diffusion in fusion reactors[J]. Compr Nucl Mater, 2012, 4: 511-
549. DOI: 10.1016/B978-0-08-056033-5.00116-6.

Devia DM, Restrepo-Parra E, Arango PJ. Comparative study of
titanium carbide and nitride coatings grown by cathodic vacuum arc
technique [J]. Appl Surf Sci, 2011, 258 (3) : 1164-1174. DOL: 10.
1016/j.apsusc.2011.09.061.

Nemani¢ V, McGuiness PI, Daneu N, et al. Hydrogen permeation
through silicon nitride films[J]. J Alloys Compd, 2012, 539: 184-
189. DOLI: 10.1016/j.jallcom.2012.05.110.

Zhang GK, Chen CA, Luo DL, et al. An advance process of
aluminum rich coating as trititum permeation barrier on 321 steel
workpiece[J]. Fusion Eng Des, 2012, 87 ( 7/8 ) : 1370-1375. DOLI:
10.1016/j.fusengdes.2012.03.015.

X8 3. Er,O;@ALO,/Fe AR A I 2 1 % S VLB 52 (D). 9
TR, 2022,

(8]

(9]

[10]

[11]

[12]

[13]

[14]

Liu KQ. Preparation and properties of Er,O;@Al,05/FeAl tritium
permeation barrier coatings[D]. Nanning: Guangxi University,
2022.
KEM, MEE, Kk, & SAESRHHY B #n T
25,2013, 42 (24) :26-31. DOL: 10.14158/j.cnki.1001-3814.2013.
24.022.
Zhu WIJ, Guo JZ, Zhang HB, et al. Diffusion of hydrogen in
metal [J]. Hot Work Technol, 2013, 42 (24 ) : 26-31. DOIL: 10.
14158/j.cnki.1001-3814.2013.24.022.
o, FZE, F, 5. T TS RAFMARA & PR 6 72k e (1.
B okE S 4R, 2019, 33 (11) : 1782-1786. DOT: 10.11896/cldb.
18090029.
Wang ZL, Xiang X, Yan J, et al. Research progress of deuterium
and tritium compatibility issues on reduced activation
ferritic/martensitic steel[J]. Mater Rep, 2019, 33 (11) : 1782-
1786. DOI: 10.11896/cldb.18090029.
Chen CA, Liu LB, Wang B, et al. Assessment of tritiated activities
in the radwaste generated from ITER Chinese helium cooled
ceramic breeding test blanket module system[J]. Fusion Eng Des,
2016, 112: 569-578. DOI: 10.1016/j.fusengdes.2016.05.011.
AR, AN 4 ALOL/Cr0 2 & BLAIR 2 R M BERT 7E (D] 2
DL A RHR A, 2020.
Zhang C. Preparation and properties of Al,05/Cr,0O; composite
tritium permeation barrier by pack cementation[D]. Wuhan:
Huazhong University of Science and Technology, 2020.
TRAEEDL. ALO;BH IR = B % 4 Ak K B (1], T2 2
WF5¢ B B} B 4E W, 2017(1): 85-89. Zhang GK. Preparation,
properties and tritium barrier mechanism of Al,O; tritium barrier
coating[J]. Annu Rep China Acad Eng Phys, 2017(1): 85-89.
THE, BRI, BRREZR, 45 IR 2 SRR I S5 0 A I 5 1 E
5] AR 3 71, 2014 (4) : 55-58. DOIL: 10.3969/j.issn.
1671-5446.2014.04.014.
Ding W, Qian C, Chen YD, et al. Methods of measurement and
evaluation of adhesion force between film and base body[J]. Mod
Veh Power, 2014 (4) : 55-58. DOIL: 10.3969/j.issn.1671-5446.
2014.04.014.
ROCH . IRZEM B ALO; P S AT A B B 5 [D]. B & 1L
PUUMTE K%, 2022.
Wu WIJ. Theoretical study on the behavior of hydrogen in tritium
permeation barrier ALO;[D]. Nanchang: Jiangxi Normal
University, 2022.

(ks B #A: 2022-11-14)


https://doi.org/10.13491/j.issn.1004-714X.2021.03.025
https://doi.org/10.13491/j.issn.1004-714X.2021.03.025
https://doi.org/10.13491/j.issn.1004-714X.2021.03.025
https://doi.org/10.13491/j.issn.1004-714X.2021.03.025
https://doi.org/10.13491/j.issn.1004-714X.2022.05.004
https://doi.org/10.13491/j.issn.1004-714X.2022.05.004
https://doi.org/10.13491/j.issn.1004-714X.2022.05.004
https://doi.org/10.13491/j.issn.1004-714X.2022.05.004
https://doi.org/10.13491/j.issn.1004-714X.2022.05.004
https://doi.org/10.13491/j.issn.1004-714X.2022.05.004
https://doi.org/10.13491/j.issn.1004-714X.2022.05.004
https://doi.org/10.1016/B978-0-08-056033-5.00116-6
https://doi.org/10.1016/B978-0-08-056033-5.00116-6
https://doi.org/10.1016/j.apsusc.2011.09.061
https://doi.org/10.1016/j.apsusc.2011.09.061
https://doi.org/10.1016/j.apsusc.2011.09.061
https://doi.org/10.1016/j.jallcom.2012.05.110
https://doi.org/10.1016/j.jallcom.2012.05.110
https://doi.org/10.1016/j.fusengdes.2012.03.015
https://doi.org/10.1016/j.fusengdes.2012.03.015
https://doi.org/10.14158/j.cnki.1001-3814.2013.24.022
https://doi.org/10.14158/j.cnki.1001-3814.2013.24.022
https://doi.org/10.14158/j.cnki.1001-3814.2013.24.022
https://doi.org/10.14158/j.cnki.1001-3814.2013.24.022
https://doi.org/10.14158/j.cnki.1001-3814.2013.24.022
https://doi.org/10.14158/j.cnki.1001-3814.2013.24.022
https://doi.org/10.14158/j.cnki.1001-3814.2013.24.022
https://doi.org/10.11896/cldb.18090029
https://doi.org/10.11896/cldb.18090029
https://doi.org/10.11896/cldb.18090029
https://doi.org/10.11896/cldb.18090029
https://doi.org/10.11896/cldb.18090029
https://doi.org/10.1016/j.fusengdes.2016.05.011
https://doi.org/10.1016/j.fusengdes.2016.05.011
https://doi.org/10.3969/j.issn.1671-5446.2014.04.014
https://doi.org/10.3969/j.issn.1671-5446.2014.04.014
https://doi.org/10.3969/j.issn.1671-5446.2014.04.014
https://doi.org/10.3969/j.issn.1671-5446.2014.04.014
https://doi.org/10.3969/j.issn.1671-5446.2014.04.014
https://doi.org/10.3969/j.issn.1671-5446.2014.04.014
https://doi.org/10.3969/j.issn.1671-5446.2014.04.014

	1 材料与方法
	1.1 氚渗透率实验方法
	1.2 涂层结合力检验方法

	2 结　果
	2.1 渗透率实验结果
	2.2 结合力检验结果

	3 讨　论
	参考文献

