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Abstract: In order to study the high temperature oxidation resistance of Cr films deposited using magnetron sputtering (MS)
and multi-arc ion plating (MAIP) methods, Cr films with a thickness of approximately 5 um were deposited on the surface of
zirconium alloy through different methods. The oxidation kinetics curve was used to compare the high temperature oxidation
resistance of the coating at 800 °C. Microstructure and phase structure of the films were investigated by SEM, XRD and EDS,
respectively. The results show that the high temperature oxidation resistance of zirconium alloys is significantly enhanced by
the Cr fims depoisted by MS and MAIP. The Cr films surface deposited by MS is continuous and uniform without obvious
cracks, however, many holes(0.40%) are observed after high temperature oxidation of 7 h. The oxidation resistance is
increased by 6.434 mg/cm’. Compared with the Cr films deposited by MS, the single optimal orientation (211) of the Cr films
deposited by MAIP is vanished. Cr films have uniform thickness, smooth surface and clear layer/matrix interface. Moreover,
only 0.21% holes exist on the films’ surface which shows the stronger high temperature oxidation resistance. The oxidation
increase of Cr films is 5.616 mg/cm? remaining compact after high temperature oxidation of 7 h.
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®1 CrABRMTASH
Table 1 Deposition parameters of Cr films

Deposition parameters MAIP MS
Matrix material Zirconium Zirconium
Gas pressure / (107 Pa) <8.0 <8.0
Pulsed bias / V 200 200
Arc current / A 65 0
Magnetron target power / W 0 500
Substrate temperature / C 400 400
Argon flow / (mL-min™") 110 110
Deposition time / h 3 4

K85 4 1Y) Cr IR JZRE R LG B A 4 B K
BEAE SX-2.5-10 (e i AE B o i AT e Ui A T
¥, WHIEBEE N 800°C, I NER, R
AL FE R IR M B e RE . R 1 h L
R, ERAEIRAOAIE T ARB G H1TFR
i, AR 7 h, R A A F R FRG %
TR, HHKEE R 0.000 1 g GitHEEREYS
TRFE R T R AR, 753 2R 1 AR 2 A
5t Z E X R

12 RIESHH

% JH CARL ZEISS EVO18 B #H1 55 (SEM)
WERVRZ R R . BIEESARE; SR OXFORD
X-Max Extreme #GEIH{X (EDS) Xk 20 R #1T
38 A XD-3 A X SFEATHY (XRD) %R JE
T AL AT 40T, Cu BEAE g BHAR R MY, R1E
X B4R CuKa, KN 0.154 nm, FHHH
4°/min, FITEFE 20°~90°, FHEAK 0.02°,

2 FER5WE

2.1 CrRREREMMEISRSIME S

K1 ARSI Cr iR)Z A LR
A WERMPES:, B2, B —E R
LI 5 2908 798 Cr IRJZSRIHAFAERORL, X
S 2N TR ML RURR AR, 7 A PR R B AR I
RS SN 3 O D0 K I S/ VAR s P 23
14 45 o ORI IF DUARAE e bE L, B [ 22 AL
RIS, R AURE 20 TR J2 7 LE B AN, 222
B PR ER A AL A R SR 2 0,

2 2 Image J AL B S A TRIZ R ETE A
2 AR D7 R IR R R AL SR gt
Z B THE Cr IRZ LI AT SN 0.21%, /M T
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Fig.1 Surface morphologies of Cr films via different methods before oxidation
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Fig.2 Surface morphologies of Cr films processed by image J software before oxidation
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Table 2  Statistics of holes on Cr films deposited by different
methods

Method Count Total area/ um*> Average size / um® Area/ %
MS 164 7.815 0.048 0.40
MAIP 106 4.481 0.042 0.21
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Fig.3 Influences of incident particles with different energy on the films structure
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Fig.4 XRD patterns of Cr films before oxidation

330 Crig)Z TCuky FUES . H3& 3 m9it
FAR AT FEARGIEIET Cr iR ZREE
Q1) FmmERAER, HZ2INE S8 Crig)2i
(200) AHTIBEPDL I AR 2 23

SE Sk R STARTE Scherrer 2SRRI

D =KA/Bcosl 2)

Horr: D Ry SoRLEE BT S TE 7 0] BT 2R
J&; K Scherrer # 4, B 0.89; 44 X Sk
PR (M 0.154 056 nm); BNTTHIEREETE, 04
Bragg fi, JTH MBEWS . ZIME FHETET
Cr BRJZ M Sk R SF R 25.79 nm A1 29.00 nm,
G RS Cr U )21 b RS /N T 2008 195
CriRJZH.

3 CriREH TCu BES T
Table 3 Numerical statistics of TC(nkiy of Cr films

Process TC10) TC200) TCeain
MAIP 0.035 0.438 0.527
MS 0.231 0.222 0.547
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Fig.5 XRD patterns of Cr films after oxidation
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Fig.6 Surface morphologies of Cr films deposited by different methods after oxidation
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Fig.7 Cross section morphologies and EDS analysis of Cr films after oxidation
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Fig.8 Oxidation kinetic curves of Cr films deposited by different
methods
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Fig.9 Surface macro-morphologies of Cr films with different oxidation time
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