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ABSTRACT: The work aims to improve the corrosion resistance of metal/ceramic thermal insulation coatings in marine envi-
ronment. NiAl composite coating and NiCoCrAlY bonding layer were prepared by cold spraying and formed to a multi-layer
structure corrosion resistant and heat insulating coating system suitable for marine environment with 8YSZ ceramic coating pre-

pared by plasma spraying. The surface and cross-section microstructure of bonding layer and ceramic layer were observed by
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field emission scanning electron microscopy (FE-SEM), and the elements distribution was analyzed by energy dispersive spec-
tral (EDS). The phase compositions of coatings were characterized by X-ray diffraction (XRD). Bonding strength test was car-
ried out by tensile test with universal material testing machine. Thermal cycle test and high temperature flame erosion test were
used to investigate the high temperature resistance of the coating. Microscopic analysis showed that the morphology of NiAl
composite coating and NiCoCrAlY bonding layer was compact, there was few obvious oxidation observed in the coating and the
degree of particle deformation was different. Bonding strength between bonding layer and matrix was about 18.4 MPa. The in-
terface of bonding layer and 8YSZ ceramic layer was closely bonded. The components of the ceramic layer were stable. No
cracking, peeling or shedding occurred on the coating surface after 12 thermal shock tests and 1000 cycles of high temperature
flame erosion. The composite coating prepared by cold spray and plasma spray has excellent thermal resistance and corrosion
resistance. The metal coating prepared by cold spray has compact structure, low porosity and good bonding with ceramic layer,
which can effectively improve the corrosion resistance of the coating system in corrosive environment. NiAl composite coating
can alleviate the thermal matching problem between NiCoCrAlY layer and aluminum alloy substrate, thus enhancing bonding
performance of the coating.
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2019 4 4 A

erosion

Bifi 5 NN ) R R R TR A, 42 J8 BPBHE
WS R IR B 2592, 88 SE N —F R
SRS R, TR LS KB EE A A
VR AN, a4 GmiEfes 2, MRS
A MR E AR B YRR, W R T e AE

Ao H b SR TR A AR TR )2 o AR 2 — Rl s iR
MR R G, W TRRAAIL . i Zahdlinie
o BRBE SIS S R AR R T, DA AR A 1 v
AR TARRCR KR A ar >, % I MCrAlY+
YSZ HRBE TR R IR R RS SE A B KR
i K, BHEBERIEM T REG SRR
BF, s R AR et AR R SRR R, TR S B
Jg i i SRR T R, AR R A T g 2 A
F N HM T, IR HZ K PERE . BR A PE RE
8, SR VE PRI i ok B B 2 T E 8 DI e B R
MERI

VA MR e AR T A R R JR R — i 2 i A
BB, T 1R ) P 3 ST S A A A I ek 3
300~1000 m/s L b, J& n e MUK 73, BORE7E 58 42 [#]
AT EA, 8 WO o & AR R LA M AR TR A
FEARREIBIEBRZED, BuRE AR EEAUT
R P I I (V7 o= AN 0 o 17 B T A N
%5 2) XK/, BN IR 3) ATmETR
AU RN M S R A RE; 4) W2 HA RN P
B, BeEbEE, WA EA A TRIERIRZ; 5) Bk
YRR, R &SRS . FER SRR AR
S UATRI 4 I 04 1 4 O R 1 2 FLIBURARAIG , 217K b
P14 P A2 JE o 5 B e ) RO B AR, T b 1k 6 55 g ol
PSR, T FEARTE BA RLB P, D. Lahiri 25U
BIRTE 6061 455 AR M Hil 45 T AlggosY4.4Nis3C009S¢ 35
2, R A, WIZBEEIRE] 98%, MffEtE
AEXT M LT T 600%. SRR, JE&

W2 B S 6061 FRERIRRY 5 A% Rl 2 v
Wil RURIR ,, LURRL N, TERGRAIMF T R
WS S BR o PRI, K v TR N H] TP BRI T (Y i
ok B O 2 i A A RIS

SRR X A 4 3R B AR R AR T R ER T i
JE ok A 0 2 ) TRDE ) R AV v W 0 i 5 4T G
JZ LR RV WU A A e DA 45 2 R A B T TR A
RIMPHEEURZ , T £ MR PR IE Hh IO 9 i ke o 24
WIEMER . XIRJZ R FEAERE AT RAEF 04, Ny
Vo WS U A A TV 5 5 45U 48R 1 7 P B 0t — o 1 B
BE

1 SKBWHE

1.1 #&7#

FARB B 5083 G4, AERST 80 mmx
50 mmx5 mm, ¥ Ni KA ALK a3t 42488,
NiCoCrAlY #A FI4E 2 Wi ik S AL A Fe o nY S AL B
(8YSZ) ¥iA 43 5lR FH2EE Sulzer Metco 2\ H A=
) Amdry 997 Fl1 204B-NS. Al ¥pkifehy 15~65 pum,
WKL 2 AN I ERIE D BUBORL Z 18] A7 7 AH HORS
g5 NiBPRIAR A 10~30 um, JH0KE 5SS HAHE I 1 BRIE 5
NiCoCrAlY ¥y A M HEEKIE WUkL , KWORL 2 T A — L8/
TORDKG R, By AR KAl 15~40 um; 8YSZ My R BRIE
RAF, BORR/N AT 45, KA BORRLARTE 50 um
K
12 REHE

SRV BERTE 4 NiAl 2 54T JZ 1 NiCoCrAlY
LS, Hoh NiALJZ SR AN Ni # ALK (Al
W EON 30% ) SRR Ak, R BRI
4 PS-1000 ¥ iR R4 (SFEFRMAR, HA) ,



Fagt Al

45 . NiAUNICoCrAlY/8YSZ & A W8 J2 M O 45 ¥ 5 P RE BT 5

- 63 -

PR T ESHOLE 10 RASEE TR H] &R m

AIRAF, PE) , BEIFRN2KkW, HEZREE

M YSZ W% )2, 45 JPS-8000 ( JLITZE B THAR FEHIAE 230 um 247, HAL T ZESEIE 2,

x1 RBRIZSH
Tab.1 Cold spray process parameters
Materials Gas Gas pressure/  Traverse speed/ Spraying Powder feed Coating
temperature/ C MPa (mm-s™) distance/mm rate/(g-min~") thickness/pm
NiAl 450 3.0 400 20 25 110
NiCoCrAlY 950 5.0 100 20 60 250
R2 EETHAIZSH
Tab.2 Plasma spray process parameters
Flow rate of Flow rate of Flow rate of carrier Powder feed
Voltage/V Current/A Ar/(L-min”") Ho/(L-min”") gas (N)/(L-min ") rate/(g-min”')
73 600 50 6 5 20
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Fig.1 Surface SEM image and EDS analysis of different coatings: a) NiCoCrAlY bonding coating;
b) EDS spectra of a; ¢) 8YSZ ceramic coating; d) EDS spectra of ¢

NiCoCrAlY layer

NiAl layer
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Fig.2 Cross-section morphology of the coating: a) entire cross
section; b) interface between bonding layer and substrate
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Fig.3 XRD spectra of different coatings: a) NiCoCrAlY
bonding coating; b) 8YSZ ceramic coating
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Tab.3 Bonding strength of the coating

Sample Maximum load/kN Bonding strength/MPa
1# 7.94 16.2
24 11.39 23.2
3# 7.72 15.7

10 pm  =-moew Signal A = SE2
| WD = 8.0mm Mag= 500X
—

K4 URIZES G s BN e A
Fig.4 SEM image of coating cross section
after bonding strength test
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Fig.5 SEM image and EDS analysis of 8YSZ
ceramic coating after thermal shock test
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Fig.6 Surface morphology of coatings before and after
thermal shock test: a) before test; b) after 1000 cycles
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