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Preparation and hydrogen barrier properties of oxide composite
coatings on 316 L stainless steel surfaces
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Abstract ; In order to improve the hydrogen permeation resistance of stainless steel under high temper-
ature and high pressure in nuclear reactors, composite ceramic coatings of different a-Al,0,, La,0,,
and Si0, metal oxides were prepared on the surface of stainless steel using the slurry method and high-
temperature melting method. The surface morphology, phase structure, and surface composition of ox-
ide ceramic coatings were characterized by scanning electron microscopy (SEM), X-ray diffraction
(XRD), and energy dispersive X-ray spectroscopy (EDS). The hydrogen permeation performance of
the coatings was tested using a gas-driven permeation device. The results indicate that the coating
preparation process in this work is simple and can be applied to the surfaces of complex structural
components. The coating has high uniformity and density. With increasing temperature, the hydrogen
permeation resistance of the coatings to deuterium kept constant. At 650 °C , the permeation resistance
factor (PRF') for coatings with an oxide content of 20% was around 295, while coatings with an oxide
content of 15% achieved a PRF of approximately 512, demonstrating optimal hydrogen permeation re-
sistance.
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Table 1  Hydrogen resistance performance of coatings in similar studies
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Fig.2 Macroscopic morphology of oxide ceramic coatings
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Fig.5 X-ray diffraction patterns of oxide ceramic coatings

2.4 BREHhZFMH#E

2o 20 2K R0 3 T 400 K B 25 R G [E] 6
FiR , e AR R Y (A 15 B0 2 3% 18 1) 40 K i
JEHN9.23 £0.36 GPa, &7 Jik)2 55045 4k
(R LARTE B 43 A, 2o 1153 R S (B 20 2 K
T )RR AE 5 Oy 7. 25 0. 24 GPa, JE{R 11724 44
KAHEEH 3,17 0. 11 GPa, FE 525 2 T7EHR
SbFE TR T R4S T B A% 45 44 16 A A, OF BB
I ALSIOs B IRAR T 1702 R i B

T4 2 2 11T B A RS o 35 3 250 P U2, 38 K T Tk
JEFRTREE , TR 2R M- AR 2 L A i 2 3
R e VR 2 R 2 T 0 K B8 8 L A T 400 0K s T vy
1. 98 GPa,

20

]
W)
e
9.8

1 9.2 9.0 9.2 29
E’S /\,’\‘_“_Q_./\
X st 9.5 9.6 9.2 9.3
g 8.4

6 -

4 -

2 -

0 . ) . . A

0 2 4 6 8 10

A/
Bl 6 AL M REVR 2 2 I AR B

Fig. 6  Surface nanobardness of oxide ceramic coatings

82

YPRAEE/ GPa
S = N w kL N N O

50 40 30 20 110 0 10 20 30 40 30
BEFIATAL BE S / um
K7 SRR TR )= S S AR S RIAL (Y 40 K A
Fig.7 Nanobardness at the interface between oxide ceramic

coatings and 316 L substrate

P e VR SR B 2 045 4 T R A 3R i LR
JRE Wi Uk T <5 R R A i i 2 ) DL BE A L
DA B Re U J2 O A5 48 5 <3 i R AR 1) A AR 254 22 1]
MEMIPESEA G Gead BAL BES 1) 2R R THTE i
I 25 A, 34 OR T U2 5 R S T Ak ) 42 fh T AR
AR )2 5 SR 2 8] ABILBECR 8 f) 7 55 o 4
I HIR RSO AT By i 22 TR, A 5T
Wb S AR SR A, TR F R i SRR 8 0 o L IR SR
ST OB 9 6w - AR, T 4R 5 02 5 4
JE IR Z E R 2 . AN 8 i, 2 Ek
INELZE 66 N I, HeSk 3% Al B, TR Z B8 2R ik
PGS KA RAE T I B 2 BUE 5 0, IL 2%
JIRS VR 2 Al S A, BRIV DR T2 5 AR 2 1] 1 4
G 1ik%) 66 N,



74 JUINREE S CH AR AR

22 %

100

80

60 |

SRR/ %

40

G

20F

0 1
0 10 20 30 40 50 60 70 80 90 100

Jn#dy /N
K8 AR RIZ T 316 LAY A5 4 St Rl
&a

Fig. 8  Adhesion strength through acoustic emission scratch
between oxide ceramic coatings and 316 L stainless

steel substrate

2.5 REmBhEERE

WL 10 Yl Z )5 M TR Z 3R, i 9 By
7, PRl JE TR JZE R R WL LR | 5 SR 2
et WRIZIPUR AR T2 SR E AR
AFARZIK R BRI DEIE A 0%, 23R )2 5 & s SR Y
PRI 2R 0O 22 3 K, TR kAN DB Fid 2 5 Sk
JO7 PR B B A U 2 7 A ol N R B R 7
IR TR Z P I R BN, 316 LN
SERIAIZ K 2R BCBOKR, T - A A6 La, 05 BN
AR TR Z R O A 1, D80 TR J2 5 A
Z AR FE, AT £ 5 1 0 2 B IR E M. 4
R, VR 2 BAT R ) PARE R P AR A, TR B
TE—E R B RO 92 5 S A AT AR ) 25
BB

..
4 5 A

.i|||||||l|i|||||||||
II|||||||iI||||||’
B9 AFEFRIECT S W e U2 3

Fig.9  Surface morphology of oxide ceramic coatings under different thermal cycling cycles

o

2.6 REMEMMERE
ik 10 Fros , Gt HE 550 °C AR AS B R H iR

1100 h ZJ5 , RAERIZRYT T 316 L AL

AT BB Rl e R IR EE L 9. 54 pum,
ML TR Z R H’Jﬁlei/ﬁﬁxéuwmﬂﬁﬁf Mg,
WK 11 R R R R AR R Z



o5 6 1]

5 WA 316 LSRN AL A TR R M 5 AR S BRI 5T 75

RAT R 6.62 pm BJEMR A AT, IRIE B
ARV REFEROR, IF Hsigz 1 Sy B )
SEARFRL B, X T, a-ALO, La,0; A5
HAYUS B o AL 22 A2 € P, La, Oy SUAT LU
2R3 AR, B0 U2 B B DA, 92 41

SURFEI AL AR A oy i, S0 2 ot 5% 119 G fe ke
RO TR Z B ROWSE H 1 R T R AN S 5
S IRIZ B EUE A AR T WS R U K b
TEVR)Z H B9 O 3, AT AR 3 1A R PR 4 2 A
MIRCR

K10 283 AE 550 “CHSHBEH R 100 h 5 316 L ANGEHHEIR 1 1T 55 LA K RETE P

Fig. 10 After 100 h corrosion in 550 “C molten lead-bhismuth, cross-sectional morphology and energy spectrum of 316 L stainless

steel substrate

coatings

'. ‘jﬁ;n ’ ; l

Bl 11 2 8 550 CHSHTBEH Bk 100 h 5 S (4 e e o= A I 55 A K RETE P4

Fig. 11 After 100 h corrosion in 550 °C molten lead-bismuth, cross-sectional morphology and energy spectrum of oxide ceramic
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