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Hydrogen Permeation Properties of Alumina Coating on 316L Stainless Steel

LI Shuai, HE Di, LIU Xiao-Peng, ZHANG Chao, WANG Shu-Mao, YU Qing-He, QIU Hao-Chen, JIANG Li-Jun

(Department of Energy Materials and Technology, General Research Institute for Nonferrous Metals, Beijing 100088, China)

Abstract: Alumina coatings were deposited on 316L stainless steel by metal organic chemical vapor deposition
(MOCVD). The phase and microstructure of coatings were examined by XRD and SEM, and the hydrogen permea-
tion behavior of coating was measured by a gas-phase hydrogen permeation apparatus. The results show that the
alumina coating is amorphous after thermal annealing at 973 K, and the coating is smooth, intact and 190 nm of
thickness. The hydrogen permeation pressure exponents of the coating are 0.56—0.78, which indicates the hydro-
gen permeation of coating is surface and diffusion limited. The apparent hydrogen permeability of the coating is P =
1.99X 10°® exp(—117 X 10%/RT) mol/(m-s-Pa*?). The permeation activation energy of the coating is 117 kJ/mol, which
is much higher than that of 316L stainless steel with value of 66.6 kJ/mol. Thus, the alumina coating effectively
suppresses the hydrogen permeation in 316L. Furthermore, the hydrogen permeation reduction factors (PRF) of the
alumina coating on 316L are 59-119 at temperatures 873-973 K, and the alumina coating offers excellent hydrogen
permeation suppression performance.

Key words: alumina; MOCVD; hydrogen permeation; 316L stainless steel

WA GUR) T ZAFAEAAEAEN TP O BE R, ZREE AL 1 AT N S5 AR

Yofs B EA: 2012-08-09; WrElfEeass B ER: 2012-09-18
HEEIH: ITER “973” %I (2010GB113003) ITER 973 Program (2010GB113003)
TEZB N 25 0h(1981-), F, T, E-mail: shuailio4@gmail.com



776 /LA I < = S

o 28 %5

S, PR RE PR RE . B, 76K PH e A
KHEHESERE B, AAE 300~400°C LAFIRE T
X 316L AEFEMRBEiERENT EE %, SEEHR

FRRIIN, BT R AR I A AR S M v

TAEHRE 500~600°C F, 1 KBk &L R4
FOAE SN HE S —RE. WTHAE 3161 AFMN A F
A TR R (B, 3 ORI IR R IR B LA R
ST FR I O ks 4R, e, TR AR AN LR A
BIEHPNRET T, W BRARE SR 2 RBE it
THAREBZ .

AACER R T A BB E B TR 2 WKL,
H AT AR B RS R 2 IO 2 B4R TR AR
N HE R AT 55 BG4 28, 5 e 08B P IR 12
FHEIAHLEL, i Cr,05. SiC. TiN/TIiC. Al/Fe. Er,O;
& BB RAEBER. th¥foe. ¥R
SE - THRE L MR R AR A SR IS IE AR,
B AR B A5 B RAE 6~7 MR R, Aas
TR B T 5O SOV SR T8, H R4 AR
RIMEMIGE, 5o AT O-H 8, SR T3k
R )E, N— AT 2 5 — A i ig A,
FLERERRIE R HM. Levehuk 2546145 165 1 um
R AR EN] Eurofer 1 FGAANEREN 700~800°C
() PRF 2 10°, BLH BT A0S BB TERE .

H A, 20818 PSR 2 15 7 vk R B
AR, sl ps I B s B
YRR e e M4 . MOCVD i 4x & A WL
FEIRARLE INISAT T RO R DR SER 2, 5
e 55 (0 4 255 S AR TR PR A AR TR O g L
MOCVD IR E S, fEE a3 il
AR i, Hishinuma 2805 ) MOCVD
AR 17 mm (KR N B T il 4 T 34%4) ErO,
W2 MOCVD S 46 AL B 2 (ks I 7 kB8],
FEARTR AR S AR T, 20T P I P 1 A

Upstream chamber
6

T AN RS IES T, EH AT
ZAE R SR, 2 W DI RAARLE 580 K /L MR
A BEARER, R AR AR AT SR
[ A

HOAT, BF o 4 A0 45 B4 4 2 1 B 90 AR
T E R AL . A SAHDTRL DA AH DT
B 2% g 2 s B M e IR P, A TR
MOCVD HiAR7E 316L AT F il 25 A AL iR 2,
i XRD. SEM FIAHE B3 3 B0 A AL TR
EPIAE B0 25 R RVAL VB 08 T BEHEAT T SR AE I
I3 o

1 K%

K H MOCVD 7E 316L ANFANEEA iR Ak
BRIR)ZE . 316L AFM AR ST 929 mm X< 0.5 mm.
AN FARZ RO ARF T R AL FE S5, 43 A6 N R £ b
A UE 15 minG Al H] Z 8 P AR (Al (acac)s, =99.8%)
VER SEBRAk, 1 P IR A5 4% R R 120°C o & SUAE
JER, WA 20 scemo KK IOV SR AUV
HHEAN O % o AR S UTRRE RE oh J BY =8 H if
1 1.2~1.4 kPa, PR JE N 623 K, PIARINTA] A 2 h.
b, VIR B AR E AR AT 973 KB
KALEE

K37 % S HL 85 (SEM, S4800 Hitachi) X i
JEOMTE S AT MEZ AT NS X 3 ZefiT 4 (XRD,
D/max2500 Rigaku) 7 TR JZ W AH AL . S A daTR 2
MEBIEN RSB IER BRI, S
ERCE R EEWE 1 R, RS Z M E A
BIEAE. BAE R B B B = N
AR, RSN A, LT E
B i Oy T AR R A L, B IR T IR A
J¥ <5x107° Pa. Jil /<9535 Il i DU T (HPR30,

Downstream chamber

8 1-Needle valve

2-Quartz vacuum gauge

AL —
e

2
|
<

”
11O
rd

QMS | 3-Diaphragm valve

4-Turbo-molecular pump

5-Rotary pump

O 6-Electric furnace

| 7-Sample

@ 8-lonization gauge

9-Quadrupole mass spectrometer

K1 ABEREREE

Fig. 1 Schematic diagram of the hydrogen permeation apparatus
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Fig. 3 Surface (a) and cross section(b) SEM images of the
alumina coating on 316L stainless steel
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Table 1 Hydrogen permeation data of various materials

Material Temperature Pressure/Pa P = PoexpCERT) Ref.
IK Po (mol-mt.st.pat?) E/(kJ-mol ™)

316L 473-703 10° 3.90x107 64.06 [21]
316L 873-973 4x10%-1X10° 2.29x107 66.60 This work

AlL,O,4/316L 604-773 - 1.92x10™ 169.70 [5]

TiN+TiC/HR-1 673-823 10%-10° 1.10x107 100.00 [19]

Er,04/F82H 773-973 1X10*-8x10* 8.00x10® 117.00 [22]

Cr,04/HR-1 723-833 3.6x10%1X10° 1.40%x10”7 71.30 [23]
Al,04/316L 873-973 4x10*-1x10° 1.99x10°® 117.00 This work
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