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ABSTRACT: The work aims to improve the resistance to dynamic water corrosion of zirconium alloy in high temperature and
high pressure environment. Oxide-coated Al,O; and composite coating Cr/TiAIN were prepared on the surface of Zr-4 alloy by
multi-arc ion plating (MAIP). Nitride coating TiN was prepared on the surface of Zr-4 alloy by magnetron sputtering (MS). The

high temperature and high pressure hydrodynamic corrosion performance of three different coatings were compared by

WFEE: 2019-03-23; 1&ITHHA: 2019-06-23

Received: 2019-03-23; Revised: 2019-06-23

EEWEB: BRALEXRHRTHRMA (20152X06004001-002 ); # i 5K F /T E & F B £4)37-F & Fahs (16K076)

Fund: National Science and Technology Major Special Sub-project (2015Z2X06004001-002); Hunan Provincial Department of Education Key
Laboratory Innovation Platform Open Fund (16K076)

EZE N : #ik (1993—), 5, MEALE, HEHF QA& BMAR@ER,

Biography: YANG Zhen (1993—), Male, Master, Research focus: surface modification of metal materials.

BiEE: ik (1963—), Kk, ML, #&, ARHTZ QAL B L @R, ¥4 hefanyibang@163.com

Corresponding author: FAN Xiang-fang (1963—), Female, Master, Professor, Research focus: surface modification of metal materials. E-mail:
hefanyibang@163.com



F48E FoW

autoclave experiments. The adhesion of the film base was detected by automatic scratch tester. The phase composition of the
coating was analyzed by XRD. The microstructure of the coating before and after corrosion was observed by SEM. The type and
content of the coating elements were analyzed by EDS. The AL,O; coating and Cr/TiAIN coating prepared by multi-arc ion
plating technology had higher density, but there were some small amount of large particles and micropores on the surface. The
TiN coating prepared by magnetron sputtering technology was even and flat, and the surface had small particles. The critical
loads that the Al,O; coating, TiN coating, and Cr/TiAIN coating could withstand are 26 N, 16 N, and 26.5 N, respectively. Under
the experimental conditions, the surface of Cr/TiAIN coating and TiN coating peeled off or corroded, and a large amount of ZrO,
was detected on both surfaces. Al,O; coating was almost unbroken and the substrate was fully protected. The adhesion of oxide
coating Al,O5 and composite coating Cr/TiAIN film prepared on the surface of Zr-4 alloy by multi-arc ion plating technology is
high, while nitride coating TiN film base prepared by magnetron sputtering technology has poor bonding properties, and the

Al,05 coating has good corrosion resistance and can effectively protect the zirconium alloy matrix in the high temperature and
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high pressure hydrodynamic corrosion environment.

KEY WORDS: Zr-4 alloy; Al,O5 coating; Cr/TiAIN coating; TiN coating; film-based bonding force; corrosion resistance
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Tab.1 Coating process parameters

Coating type ~ Base bias/V  Duty cycle/% I\C/[Jlrlrt;ijz ?;%I?nmf}?:/; S;aet/irr;%n Temperature/"C  Thickness/pum
Al,O4 -200 50 60 100 240 330 13.9
Cr -200 50 65 110 240 330 5.4
TiAIN -100 50 60 100 120 260 8.5
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Fig.1 SEM topography of three coatings

22 BREZS

Pl 2 S BREEEZS A ) A5 SR o H 8] 2a W] T, ALLO;
HRJZAEBEATRIR S IR, A AR S AN, dol
FEE AR5 FIRZ R ARG & IR RS & 07, 42
i 26 NI, BEE ) M4k A A8 0F HARREE IR 2
FIVE BT AR FI T I R 38 26 N ALOs TR =
) AL BAT RAFR) S 3E, BERS K ELE WA Sk AE
INAR IS ) FR 2> B, BRAIR TR, TR v R

i AMERE. WK 2b IR IRERIERE LT A, #
FEWES TIN IR 2R IILZE A T8 16 N, LSS &1
e 2. R 2c, 45HBEE ML &KHHES
HIWr Cr/TIAIN TR )2 MG F 8 26.5 N, XJEH T
Cr/TiAIN VR JZBR T &4 Al Z 45, Cr JZ2H940/N kit
TELL S5 b R YA W AR, BET LA S 25 AT
TRV, NREA MM A4 55 Al )22 A
ik 7 K2 S xS 25 A Pk BB A R g 151

£ 1600 I "321600 E— I‘é’lSOO —
| — Acoustic emission signal L — Acoustic emission signal-——— | — Acoustic emission signal

2 1400 ZOUSHIC € &1 £1400 : tion i g 516001 __ Friction signal

% 1200~ Friction signal " g 1200F — Friction s1gneii g 1 ;gg i gn p

3 1000 =1000 F f <1200 W

5 800} 5 g0l AV &1000} ./

7} @ Fay. % 800 /e

z 600} g 600 V g 600k o

g / R / g 600 -

2 400 .Y ‘2 400 e Z 400+ P

g 200F vod g 200f E 200f I

g Of o of £ I — o oF Z l

=] . = B} -2

: e | — | B

IS4 . . . . : . 18 . . . L . L 18 . A . . . .

< 0 10 20 30 40 50 < 0 10 20 30 40 50 < 0 10 20 30 40 50
Load/N Load/N Load/N
a ALO; b TiN ¢ Cy/TiAIN

K2 ALOs. TiN, CoTiAIN IJZ 5 R GHERE A BEEHTZE
Fig.2 Acoustic emission pattern and tangential friction curve of Al,0; coating (a), TiN coating (b) and Cr/TiAIN coating (c)
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Fig.3 Comparison of macroscopic
morphology of Al,O3 coating:
a) before corrosion, b) after corrosion
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Fig.4 Comparison of macroscopic
morphology of TiN coating:
a) before corrosion, b) after corrosion
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Fig.5 Comparison of macroscopic
morphology of Cr/TiAIN coating:

a) before corrosion, b) after corrosion
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Tab.2 Change of sample quality

Coating type Original quality/g 15 d quality/g Weight gain/g Combination status
Al O3 13.182 80 13.181 56 —-0.001 24 Not falling off
TiN 12.196 37 12.196 56 0.000 19 Completely corroded
Cr+ TiAIN 12.433 65 12.427 57 —0.006 08 Partial shedding, partial corroded
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Fig.6 XRD patterns of Al,O; coating (a), TiN coating (b) and Cr/TiAIN coating (c) after water corrosion
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Fig.8 Energy spectrum of Al,O3 coating (a), TiN coating (b)
and Cr/TiAIN coating (c)
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Tab.3 Surface element ratio of Al,O; coating

Element CK CrK OK AlK Pt
Weight% 12.88 5.15 18.12 55.61 8.24
Atomic% 33.75 10.13 21.14 33.66 1.33
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Tab.4 Surface element ratio of TiN coating

Element CK N K OK Ti K Zr K
Weight%  4.89 4.70 34.39 3.04 52.98
Atomic% 15.07 12.40 33.27 17.79 21.48

#5 CrTIAIN RERETELLSG
Tab.5 Surface element ratio of Cr/TiAIN coating

Element CK Al K OK Ti K Zr K
Weight%  8.20 0.25 31.79 0.34 60.26
Atomic% 20.50 0.28 59.66 0.21 19.84
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