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Failure Behavior of Cobalt-based Plasma Cladding Layer
in Thermal and Mechanical Conditions
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(1. National-Local Joint Engineering Laboratory of Intelligent Manufacturing Oriented Automobile Die & Mould, Tianjin
University of Technology and Education, Tianjin 300222, China; 2. College of Material Science and Chemical Engineering,
Harbin Engineering University, Harbin 150001, China)

Abstract: Surface/interface structure is crucial to the service performance and safety reliability of mechanical parts. To study
the failure behavior of surface/interface structure under the action of thermal and mechanical, cobalt-based cladding layer was
prepared on FV520B substrate by plasma cladding technology, the surface/interface structure of the cladding layer was
detected through thermal fatigue test, tensile test at normal/high temperature, and the microstructure was observed by a
scanning electron microscope and a metallographic microscope. Results show that cobalt-based cladding layer has excellent
thermal fatigue resistance at 600 °C, and the fatigue resistance of the surface/interface structure of cladding layer decreases
with the increasing of temperature, and the fatigue crack originates in the interface between the coating and the substrate. The
coating breaks in the uniaxial tensile experiment, and further studies show that the coarse dendrite are broken at the multilayer
lap position. In high-temperature tensile experiment between 300 and 700 °C, the surface/interface structure of cobalt-based
cladding layer failes inner the coating at various temperatures, while the failure position transferres from the coating to the
substrate as the strength of the cladding layer increased with the addition of alloy elements.
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FV520B Jf&—Fh 5 FRARTTIE AL NN, 22
L R R A A R SR g AL Bl R T
RS, WS E N R AR AL A AT R B A
I LATEFE FV520B ANEENIE AR A B, Co50 U
JZHA R B s ik AR S T A
EHTFEETHE, HHT 800 C LI FZRAA
O R it s R i ol i RE R S, R N T
MF, FTRAERE Cos50 1 IR IEA B,

Co50 FHEIF FV520B AR R/ T 1 AN
F2 PR, Co50 AR KRZ NERILL:HY, Kitt
A 48~150 um, ZRAT NI4T & 45 B I X T
WK B AR B R . Co50 By A By 14 1k 15 B 78
1380~1395 °C, ¥ 8.05 glem®, FRIGIETE 2 i i
257 HRC45-50, & T 1E Co50 ARl i — D4
FHRIZLEAERE, 8T Nb il CeO2 WIFH U INAH
5 Co50 MiRKIRG, MAEAFICE & BIIFEZN
BOEAE, A8 ESEGEAHE, e T Cos0,
C050+5%Nb Fl Co50+5%Nb+1%Ce02 iX 3 Fl />
Hefl e fe R K

R1 Co50 MKMALS
Table I Composition of Co50 powders (W/%)

SRR, BRERMAMZ GG, FAHE
FeRg R, MRS BT 120 € F 2 h 9T
BRALBR, BRIy, BEIRR AR £ 807 AT
FETHE. SETHRERATZSHME 3
IR

®3 FETHESY

Table 3 Parameters of plasma cladding process

Parameters Value
Current / A 90-110
Scanning speed / (mm-s™) 2—4
Powder feeding rate / (g'min™") 10-14
Powder flow rate / (L-h™) 4-7
Protective gas flow / (L-min™") 2-4
Plasma gas flow / (L-min™") 2-3
Lifting height / mm 4-8

Element C Si Cr Ni B Co w

Content 0.07 1.80 21.5 190 255 6656 5.62

#2 FV520B ERAIR S
Table 2 Composition of FV520B substrate (W/%)

Element C Mn Si Cr Cu

Content 0.02-0.07 0.3-1.0 0.15-0.70 13.0-14.5 1.3-1.8

Element Ni Mo Nb Fe

Content 5.0-6.0 1.3-1.8 0.25-0.45 75.48-79.98

VPR 24 55 B IR B A 7E FV520B AR
A& T RZRIE M R 2RSS T
ISBIE, SR FInisss £ M TBIPLP200 #U4%
BT A4, DPSF-2 BN %K 45, PAW-160 %4
BT EE, KSR, KBRS LR
G IR R 0 U & 1R 2 . 7S
AT, XHELAARRL FV520B 9 172 i 47 8 kb 2

1.2 AERRIFRMERMIK

fi P ) FPR AR VT BT 10 mmx
10 mmx10 mm AIRER,, APACRHRE o B A 74T 8%
FEME, A D 3 bR A T A 55 KR,
#4600, 700, 800 1900 °C, HFEE T 4T
5 A FERE S I, RIS EE RBCEE . 1%k
B SEAETZS Tk AT HB6660-1992 4 & M b1 $1u%
SR, MRS SR S A P AL T
Ji B d AR RS AR T 0.8 umo A T HEHRIC
B, B2 10 AEBIGEE T WMEE ™A R0 A
W52 B 805 PRAFAFAE AL, SR )5 R SteREO
Discovery V12(ZEISS) AU A I Sl B W88 #7557 10
IR S A AL

i H Instron5500R F J7 GE 56 AL X it i 45 44
AT E IR, W& T 2R EREEZ, |
TR Z RN R, Haek B br R ik
BE, W& 2, 7E FV520B 4k Ll &L 2L
B AWZE, B =k 12 TRIZ+1/2 Jeik “mE
BERRLREER , WEREA 4 10 mm,
Frum AR S mm, HEEAAN 3 mm, FHEHER
4 0.1 mm/min; {3 4XC-BD %4 4H & i34 A1
QUANTA 200 #4714 fa B o s 783 )2 20 2Lk 170
£ il AP A SRR R 5 5 iR At
A, 7E Instron5500R 5 REIREGHL - H H7 xF
FES NI, RR A R4S IR S JEAT R
fd, FIHEE A 0.1 mm/min,
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Fig.3 Microstructure of different positions in Co50 cladding layer

AT, BRRJZES R OR ) A o~ A, I AE
T IS 81 TS 73] A AR PR A . AR AR ARt
SERIA A R o MBI B AS iRES B T A 5 i
BT B BE A G 55 BETEEE R B-FJ7 MR LU fE
G/ VR, MFTE, MR, R 25 e
G/ VREEMRA R, AR RSTIDE T GR e,
45 At P I AR AT AT A BE BRI G L5 B Ik
JE R AL A e A MRS B B TR AR U 1 T
PEDIRAR A . AEDRAR A i B S50 o

22 PMERATRE/ABEEWHTERKWITH

F IR GIRIZAE 600 °C K LA i A
Fa g P L VT, X Co50 ¥4 78 J2 3¢ i/ A 1 45 74
HEAT I 57 I, I 32 2 E R 600, 700, 800
F1900 °C XJ 44 BFHEA T B 55 VERETTAL o 1SR 4K
FrifE HB6660-1992 ( 4 J& Ml b #4u% 57 S 40 77 7 )
17,

& 4 ARG T Co50 H 7 J2 2 1 /7 1 (1)
PARIAREL, 2593 900 °C Hup% 75k & I 7 )2
FE AT/ P25 F4 178 PG A EUAE 50~60 YR =4
WFREL, Lt 800 °C B 7 K K& P 2 %
T/ 5 T 245 0 1) ¥ AR PR R BTE 80 IR ) 7= A 9 55
Har, 23t 700 °C IR & I )2 R R
T4EFITE PG ER 2 320 IRIH & AR o5 P 2ot
600 °C I 57 IR K IR 78 )2 3 v/ L 1 45 F) T A
R HEER B 400 YRHE T B W 3Bs TR &
MARL, Wik, BiElEE AT 600 C IBEIER
1f1/ T 45 0 ELAT RAF % 55 PERE, 700 °C F 2%,
800, 900 °C IR UKELAE 100 YK/~ A= B i 244,

450

400 rp
350
300
250
200
150

Thermal cycling times

100
50

550 600 650 700 750 800 850
r/c

0

950

[l 4 AFHEEET Co50 i/ 5 451 nHIR SF IR R AL
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(b) Source of crack
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Fig.6 Location of fatigue cracks initiation in Co50 surface/interface structure
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Fig.7 Fracture condition of tensile sample

(a) Schematic of vertical cross-section

(b) Overlap position in the coating
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Fig.8 Section morphology of tensile sample
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Table 4 Failure position of three kinds of materials at different temperature in tensile test

300 C 400 C 500 C

600 C 700 C

Fracture in coating Fracture in coating

B Fracture in coating Fracture in coating

C Fracture in coating Fracture in coating

Fracture in coating
Fracture in coating

Fracture in substrate

Fracture in coating Fracture in coating

Fracture in substrate Fracture in substrate

Fracture in substrate Fracture in substrate
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(d) EDS of black phase (point 1)

(e) EDS of white phase (point 2)

(f) EDS of gray phase (point 3)
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Fig.9 SEM and EDS results of cobalt base cladding layer
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