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Progress of hydrogen permeation barrier adjusted by
two-dimensional materials

WANG Mei, NIU Donghua, HU Qi, XIN Yanbo, SHI Hongliang, HUANG Anping
(School of Physics and Nuclear Energy Engineering . Beihang University, Beijing 100191, China)

Abstract: The permeation of hydrogen and its isotope lead to many problems in hydrogen related field,
such as hydrogen damage of structural materials, energy waste and environmental pollution etc.
Hydrogen permeation barriers prepared on structural materials has become the most promising techniques
to prevent the hydrogen penetration. In this paper, the properties of various types of conventional
coatings are summarized, furthermore, the existing issues of low efficiency and short lifetime are
expounded. Latest research show that two-dimensional (2D) materials membranes, such as grapheme,
possess strong impermeability, especially in multi-layer stacking structures, while the conventional
coatings also possess definite property of hydrogen adsorption storage. By the analyze of hydrogen
penetrate mechanism, the novel hydrogen permeation barrier structure model is proposed, which suggests
2D materials as hydrogen barrier layer combined with the hydrogen storage character of the conventional
coatings, the present preparation and application status of the hydrogen barrier layers together with the
storage mechanism of the hydrogen storage layers are elucidated, and the application effects of different
structure styles for various environments are discussed simultaneously. Finally, the potential applications

of the novel structure of hydrogen barriers are prospected.

2017-04-17 W EIWIR, 2017-04-20 UL BB RS . Received date: 2017-04-17.
BRARARE—EE. TH (1966—. %, H+t, Bl#EIZ. Corresponding author: WANG Mei, rose@buaa. edu. cn
HEE&mB.: HEARBS#IELTH (11574017, 51372008). Foundation item: supported by the National Natural Science

Foundation of China (11574017, 51372008).



o 10 o

fb T %

% 68 4

Key words: membrane; adsorption; model; hydrogen permeation; 2D materials; hydrogen permeation

barrier; hydrogen storage coating

SUAHRBERCR R . JoTE . ols Y HOR IR &
SFPC BRI B Tz e, AEE T REVR AR
HARZMMAL, ST, S5 KRR R ARR
AN, BARSERBENE, — B2 B8 mATAE
Hrf, SR AN R AR BE AR L 0K R
FEE AT, ARG R E A TAL e
HRIETGYE . LR O DR A S, )
(A iR RS 97 Wt =0L S SE R (W NE L= b v Y )
M B R . RBE 2 i T R R
SPEEERAE BRI, R R RN A
Pk, WS e R Y B & T, g
1L SAEEREHFIM R B E . BB RHERE A E S

fb, WD Tk 2 A SR R 2R Bk . 2 24 A &40
ol R T R 1 O [ fE

H Hi7E 48 25 A bRt 1 7 25 P A P B U 2
R E B E R E B R, flEHABBEENT
BB LIRSS — 2R 4R 45 h R
F B 1) A TE AR R T A B0 i SRR, (ER A
BRI R A (2 2 nm) s AR RTES RS
FARRH R TR I, BEL AU 2 Mo R4k A
Pl 2502 CrO0s5. Y05, SiO, FEEWE)Z;
Si; Ny SiC & aEfe PR )Z; TIN, TiC kIR
Z; ALO;. FeAl, Fe, Al; ZE48b W52, @
AB B BEAILKE F PRF (permeation reduction
factor, PRF = Py /Py ) R R AL Z 1Y B S0
g, UL 4 PSR IR Z MR 1075,

®1 HEESSERESERHEFNE

Table 1 Classification & characters of hydrogen permeation barriers

Item Oxide Silicide Aluminide Ti-based ceramics
varieties Cr203,Y203, SiC, Sig Ny AlFe+Al; O3, TiN, TiC,
SiOz, TiO, Al; O3, AIN TiN+TiC+SiO;
characters simple for preparation high hardness, self healing of microcrack, anti-corrosion,

anti-corrosion

disadvantages easily damage

(crack, microvoid)

PRF 10—10? 102—10*

easy to fall off for large different thermal stress

between substrate and coatings

concentration gradient of AlFe better combinability with

can serve as buffer layer substrate

oxidative damage under

high temperature

102—10* 102—10°
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Fig. 1 Blistering and tear in hydrogen

permeation barrier
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M, O, +2¢[HJ=—p[M]+¢H,0 (2 (MoS, J#BE)
M, C, +4y[ HJ——+[M]+yCH, (3) Table 2 Potential barrier for proton and hydrogen tunneling

1 7 A SR

A1 SIS YRR R BT e AR E T
. MU B R A, iR R, R R
A—NEFIREE, A PAREECE R =00
A S50 S RIS MR L IR
R HATIR R P R, B —FME R AT 2
PR
1.1 Z#HMBMESEE

A1 BRI RIS A BRI S AR R E L Hop
R S0 4 M OB 45 S 7 A AL (hexagonal
boron nitride, h-BN), #ift 4 (molybdenum
disulfide, MoS,) . M FIEE M 55, SR AN [A] 9 —
YERARE T U R% 28 1 B P4 1 R A 22 ok, A
et AR H G BR, AT LS —AER R i R
TR AE B2 R, DT A 2 7 ot I B — 2 )
b, BRI B EN., HIHES, A5A5%
IR AR, HFEL 0. 18 eV RER BIAE A
C—H 8™, R 5 e WM e A B idRE . #55
THEMBN IR A S 52O AR E kA, A
it AR EE A Y R RR SR R T AR RS
TCHEUE I T R4 A RS APPSRV, anfy
BIGEII7STCAFLERAUA 0. 064 nm, /Mg R
F He (0.28 nm) Fl/MY5F He (0.314 nm) K
AR, M H C—C Z 8 1) 5 & o
(4.9 eV). HAMRFESKMWIEL (42 Nom )
WA E (1 TPa), A &EMmT o HIE % AR
HL Tz 40 AR T g g R T R — 2 B R T,
HoAb A 00 —4EADRL B A AU PR . & DA
TR 2B AN ) 4 AR s 5 B 6 AN [
FERF R0 gk 2 fion, A &4, h-BN il
MoS, HA# m ¥4, HAT RSB R,
H i 2 4 2 o BE Sl ok R E AR A S () TR A
BFIRBE ARG 1079, MBHE I R
2B, AR 2E . Hu 55055 S50
SE KM, TE Nafion & b 78 056 8 25 #4 B 22 h-BN
A8, B SR T/ 5 NME R T, Hg
BRI HIFAKZE 1/50 A1 1/1000, 1 B = BHA 451
MoS, I AT BEE,

—2xV2m(V—E)

p=c & D

through two-dimensional materials (depth for MoS,)

Materials Proton/eV Hydrogen/eV
graphene 1. 56 4. 61
h-BN 0.91 6. 38
MoS; 1. 56 1. 50
blue phosphorene 0. 64 0. 86
phosphorene 0.48 0. 60
silicone 0.12 0. 20
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Table 3 Proton conductivity in two-dimensional materials

with different layers

Materials Graphene/mS«cm™?2 h-BN/mS«cm ™2

monolayer 5 100
bilayer ~0 6
trilayer ~0 ~0

multilayer ~0 ~0
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Fig. 3 Gas permeate rates through graphene composite
membranes with multiple layers of graphene
[1 psia=6. 895 kPa (absolute) ]
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Fig. 5 Schematic diagram of stacked graphene nanosheets
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Fig. 7 Schematic diagram of hydrogen physisorption
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Table 4 Energy of different chemical bonds/kJ - mol ™

Si—H C—H N—H O—H

318 411 386 459
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Fig. 8 Process of hydrogen permeation
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