EaL  FE12H
2016 4F 12 A

BEERMISIE
RARE METAL MATERIALS AND ENGINEERING

Vol.45, No.12
December 2016

it S St =R NRALR N ER AES/XPS 7341

RERX , &

LR

B, EZRK, IHE

(At E 4w sk, dba 100088)

M OE. RABEBM RS AE Co 00 N A R R MK & HABER, HEhMEE i (AES) M1 X
SR H TR (XPS) S F B ABE R O R B LR BTN . AES 25 M. Sk 8 R 1 A R B2
B C. N. O, Zr GEHAM, BEIESEIREM, O, Zr mES WM, C. NIURE BB, JFARMNZEEEL 3.4 pm,
HA& N, CEEEY 150 nm. SR MAEZBEZ XPS ik, KiHJZF1E ZrO,, IS4 Zr-OH. Zr-N. C-H.
N-H &, SATBOIREFH C. O NFREME C. O N A48 1l R AL &S X R KB IER — & LS AR .

XKHEIE: Ak BEBIERE; k% XPS; AES
FEESHKS: TB34 THEAFRIREE: A

YEHS: 1002-185X(2016)12-3302-04

S AE Ay [ A 08 A ) B A R I B R
PEL BEEIRE . R TR . RIS #H
P, R T Borb s S R A (8 A A S I
o SE B TAR T 2908 600 CBl, H-Zr [ B P4 1A A
Frif s, SMNEME B E . &, ERA
MK EAR L, ™ AR AL B 08 2R M, T
1F B 28 S A S 18 A A REAE TR IR B S A A
ey RS B T2 R HE D6 20 R 1 ) R

TEA 5 M S AL B SR bR T4, EH R
fil & AT BARBIK. REE S HERWHERE, T
LA 2B 1R A4 R B E AR SIS B I R £,
T2 FF (008 mf 3 07 vk 2 78 MR R T AL
Y. B FIA S, B AT P AR B MR A E
HEEFTLE Cr03. Al,Os. TiC/TiN. Er,O3. ZrO, 2 —
Sy AL 1A AR T e R A Ak S 56
T T AAMEETE COL/0, [ FAAMAT Jy, TE I A A i
HAERRNEKEE, MESREE. £5%5MRH
TR B VA AE A A B R T 2% T 8 8 ZE
T HPR AR R eI A A A S B R T A
FEVE ) Cr-C &4 )2, B 70 R B3 A 3d 2 S8 A0 AL 3 T
WNgE R SRR ARE, XTiRmEBE R E R
PHAUE T . I e 7 vk 3 S 70 J Ak R T ) 4% 8L 2
{H 2 P AR AN FAR

YR Leel'™MS NMIBF T, &8 B &E 2
PAXF S5 il PR 2R, R TAEBE LRI
B OH B, Jf HEUR F24THE AI-O B & AA¥H

WHsHEA: 2016-01-21
HEEWH: EXARRFES (51404034)

Wi s b A ALY . iy h Y Bod R O, C
AR A R A 2 . SO R E T RIS A C.
N. O 3 AR T &R U 5 AL RS BEAT SR 82,
EREEACON O3MITRNEAREZ, ARE
BRSO A SO B RCR

ASHIF TR P B I i 5 2 A B A v T T S B ) % B
Az, W B AR R SR AL VR HEAT XPS L AES 3 #T
AHE— 25 73 #1580 J2 1) 4 B A5 6 DA S 25 e R K 46 5 IR
&, R E ML BE O 18 R

1 52 I

SO P A B (ZrH ) B B 50 68 4 8 BF 70 8 Bt
Feft, BES RSN @20 mmx<10 mm. SZI6 T D 4805
GUEATATEE AT, SRJE NS B (2o, LB
R E R T . AR R AT BR . TE YR o6
AbFE

FRIUE Sk E L, 4 H 5 S 45 % 3 T i vy il 3
BN, BT Shd, BLs Clmin (13 B N =R
FH#] 400 'C, i 20 h J5LL 5 C/min [¥38 T+ #
500 ‘C, fiift 20 h Jed 40, BI4S B R JE .

MR L T BE TS (AES) & 7E PHI700 #EAT I, KA A
Hirg A CMA BEE /T4, HTHEEA 5 KV,
RER RN 1% ANITAIN 30 T = AT EMRT
5x10"7 Pa. % H PHI Quantera SXM X 545 % g 1 fig itk
(XPS) X [ 87 J7 4 1M 76 3= BT 70 #r, I C 1s 1) 45
4 RE 284.8 eV HEATIG AR IE, JoEAHX R T 7

1EZEN: BEK, B, 1987 4, W4, b OL B A SKRHE &ER S BT, b5 100088, E-mail: 18500936007 @163.com



12

= R BRI 5 S B il F A SRR ) AESIXPS 3 i

+ 3303 -

HE: C1s 4 0.314, N 1s 4 0.499, O 1s 4 0.733,
Zr 3d N 2.767. XPS /TR EFE M, LA C ARk
BEAT A7 AR IE . C 55T A b #E U6 £37.(284.8 eV) — 2 C
PR =T PR VAL EL A, K Z o T on R B 4 &
RE NN RE WA 20 A RIS 3042 1F J5 VAT .
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2.1 {HEXEBFREIE(AES) 4R

Xof S A A 2 T D A7 S B S 3R AT HR B L BB 4 T
(AES), Bl 1 2 &b R 1w A R BN ZE A [FIR BT AES
4xil, PREFIE A 53 nm/min, M & la FA] LUE HIRE
h=5 nm 4 777F Zr.N.O.C Je%; & 1b 27K F h=3392
nm ] AES 4%, N U, CUEMRES, O Ui,
Zr W3

2 /& C. N, O. Zr JUF & 2l Wk 5 1 18] 7 A7 [
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SPIFIRIG I, O Zr JuFR & BB WG nf R #5458 E
2430 56 B 1A] K T 50 min B, O JC &R & R IF 4R B T %,
Zr TERSFEMIN; C. N TERSEENRIRE T HZ
W BT LIS R, S 2R T R A R JE A
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Fig.1 AES spectrum obtained from specimens under different

depth: (a) h=5 nm and (b) h=3392 nm
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Fig.2 Map of atom concentration of elements with the argon ion

sputtering time determined by AES
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Fig.3 XPS survey spectrum obtained from specimens under

different depth: (a) h=5 nm and (b) h=201.6 nm

x1 EUBREEMNREEETRRETELZRTFIE
Table 1 Content of elements of the coatings under different
depth (at%)

No. Depth/nm C N 0 Zr

P1 0 71.88 10.16 17.64 0.32
P2 4.96 64.05 13.99 15.35 6.61
P3 30.56 27.26 6.56 41.15 25.03
P4 80.48 15.2 3.61 50.74 30.46
P5 181.28 8.11 0 57.49 344
P6 202.08 5.71 0 61.2 33.09

x2 SUBERERNRNEE XPS EiETIELEGREE
Table 2 Binding energy of elements at the position of P3

(h=30.56 nm)
B.E.1/eV B.E.2/eV B.E.3/eV
Zr 3ds;  180.0 (180.4) 182.9(183.3) 182.0(182.4)

O1s  530.6 (531.0)
N1s  396.3 (396.7)
Cls  284.5(284.8)

532.3 (532.7) —
398.5 (398.9) —
282.1 (282.4) —

BR8] (TR IE 45 AT . XF N 1s W EAT & AL FE 7] LA
LN s 7 iR 2 N, 456 680 il o 396.7 Al 398.9
eV MR HE xR B O 7 e SOk, Hoh 455 Rk 396.7 eV
XF SR BEAL Y 9 ZrON, 4548 N 398.9 eV Xf N
N-H #0105} ¢ 1s i&HET S F AT LB, C 1s

RN 2 NI, SEARE S A Se 284.8 Al 282.4 eV, H
H1 284.8 eV & AZ IEIE, Kt C-C 8, i 454 fit 282.4 eV
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Fig.4 Narrow spectra at position of h=30 nm of specimens:
(a) Zr 3d, (b) O 1s, (c) N 1s, and (d) C 1s

XFE C-H B o AT L, A R R SN JZ BA C
N. O. Zr JLHENE, JTTHRMAENERETEELS Zr-0,
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P PO Y e A VAR A A B R TR R Cr-C &
& ZEHETE O-H #. C-H #EAh Ui W A E 1838 i FE mT RE
WO CHigke WL, ASEEG H BRI L S A Ak B
TRAL N ZEHFAFE C-H. O-H. N-H #Ui8, A7
P HOE AT IR ET C. N O #igk, MAMBES
— %€ W BEASAE .

3 &£ g

1) SR mEA KM JEH Co Ny Oy Zr To#H
K, BEIRSTE RGN, O Zr JUER S =N IN,
C. N TESERFMRC. RN ZEEZ 3.4 um,
HdE N. CEIREZ 150 nm.

2) SR R AL N R R AELE ZrO,, [N A7
f£ Zr-OH. Zr-N. C-H. N-H .

3) AT B FEF B C. O N i3RI AR B 1)
C-H. O-H. N-H#, & C. O. N A s % F AL
L ERT A B IER — 2 M EH .
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AES and XPS Analysis on Hydrogen Permeation Barrier Formed by Reaction between
Urea and Zirconium Hydride at High Temperature

Yan Guoqing, Chen Yang, Wu Ming, Peng Jiaging, Wang Lijun
(General Research Institute for Nonferrous Metals, Beijing 100088, China)

Abstract: Hydrogen permeation barriers were prepared by the chemical reaction between urea and zirconium hydride at high temperature.
The composition and depth of elements, bond state were analyzed by auger electron spectroscopy (AES) and X-ray photoelectron
spectroscopy (XPS). AES results indicate that the barrier is mainly composed of carbon, nitrogen, oxygen and zirconium, whose thickness
is about 3.4 um, including 150 nm of nitrogen and carbon. The atomic concentration of carbon and nitrogen decreases continuously, while
the content of oxygen and zirconium increases with longer sputtering time. XPS shows that the barrier contains ZrO, as well as Zr-OH,
Zr-N, C-H and N-H bonds. The mechanism of hydrogen resistance may be that hydrogen is captured by carbon, nitrogen and oxygen to
form C-H, N-H and O-H bonds, respectively, when it diffuses from zirconium hydrides. Therefore, the prepared coatings can prevent
hydrogen permeation effectively.

Key words: zirconium hydride; hydrogen permeation barriers; urea; auger electron spectroscopy; X-ray photoelectron spectroscopy
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