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Extended Behavior of Crack During Thermal Shock Testing of HVOF Sprayed
CoCrW Coatings

LV Yan-hong, ZHANG Qi-fu, WU Zi—jian
(New Metallurgical Technology Co. , Ltd. , China Iron &. Steel Research Institute Group, Beijing 100081)

Abstract: To study the thermal shock resistance,the CoCrW coatings were prepared by using the JP5000 HVOF equip-
ment, and the extended behavior of cracks during the thermal shock test under 800 C high temperature holding and water
quenching at 25 'C was analyzed. The results show that after 40 times’ thermal cycles there are net cracks evenly distrib-
uted around the surface and vertical cracks in the cross section but no delaminating phenomenon on the coating; there ex-
ists the main oxide— Al, O, near the interface of substrate, coating and cracks. Thermal stress and transformation stress
are analyzed to be the main driving forces for crack growth and propagation, however, the crack absorbed the energy pro-
duced during the thermal shock and avoids the stress concentration in the coating, which can be favor of improving ther-
mal shock resistance of the coating. The discretely distributed Al, O; decreases the adhesion strength between the coating

and the substrate, and the final failure mode of the thermal shock may be the delamination of the coating at the interface.
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Fig.1 Morphology of the CoCrW powder
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Table 1 Chemical composition of the CoCrW powder

(w/ %)

Element Ni Cr W C O  Others Co

Content 11.7 25.1 7.4 0.55 0.02 <{1 Bal

R2 GH4169 TEZULZEMH

Table 2 Chemical composition of GH4169 (w/ %)

Element Cr Mo Co C Al

Content  17-21 2.8-3.3 <1 <0.08 0.3-0.7

Element Nb Ti Others Ni

Content 4.75-5.50.75-1.15 <1 Bal.
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Table 3 Process parameters of the coating preparation

Patameters Values
0O, flow/(L * min™") 846
Fuel flow/(L « h™) 21
Supply gas(Ar) flow/( L ¢« min™") 11
Spraying distance/mm 370
Powder flow/(g * min™') 75

1.2 gk 5 R
L2.1  Z54G 5B

K H WA-10 BUJ5 fe RLAR L UEAT IR 2 45 5 o
JEM K, #2 BEHBS47 6 BT IR U 12 45 & 9 B i 3
TR RLE 19 07 AT IR R A5 A AL,
Tk B A I S A EE R 2 mm)/min, BUS AR
(RS- (B N Fe Xl 25 B s



%64

B 21, %5 . M JE IR CoCrW I 2 #UR i B A8y BT A 83

1.2.2 IGERMEREMN

KM RIX -4 -13 A4 25 5 g oA
H DWK 702 7K %5 i T 00 3 A0 00 5 4 fit 3k 32
BRI 7 1 Ry K PRk B G R Dy - R BE R
£ 800 C AR 10 min, B ECFERA R BE 25 C
7K Ve 20 R T S WA TR 2 R TR B AT
R HFESGHERSE ., MLREEAEZRZ
HE IR 7 AR RBGR B 40 WL S5 .
12,3 SREALFR 7

¥ A FEI A 1Y Quanta 650 B34 8B F T4k
BEULEEUR J2 3R TH Y A0 FAEG T 0 sk 20 21 D R R i
FErh 280 R AR O A B RE T (EDS) 43 # 15§
AR RGERE G IR R EE 21 .

2 HR5TR

2.1 BRALRENS

CoCrW ¥ J= iy F 100 T2 50 i St I 20 21 g
TSR ILIE 2. W LAE W IR Z BURE AR R
4 ALBR AR <7100 U J= AT b 9k o A A AR /D
A AL - AN A7 A5 R AL AR AL B A B B 1 SR B0 TR R
P — B0 RIS AR ORL & i A AL A e ok
iR SRR S PR B Nl T TR A T S €2
TETG R M BB A . WRJZ R AT 15 A i (19 LB
T R BRI I AL BRIE UL L (B SR 20 LB 22 ) R
MHEEE. REPAEETR S 85 BURE
RFREAM G, A W &R A B ol e 2

(a) Surface

(b) Cross section

o W Ot ER & 4 2 W0k i A AL TE B T ik Ak 95
fEAH . WRIZH A S R 0. 51 %, i T AR A b R
SR (0. 0200, Uk B IR A A Ry K M RHE AL
ARG ARIEAR T,

TR — A A FE AR S I T 4 o
i AR T8 00 55 [ HE B 0 2 IR 5 4
ST A2 il )R JRE o S ORI 1) U R B O R
SPRL A 5 A TR I 6 A AR U AR 43 1)
SNIHOR IR S AR A% 0 B TE TR 2 TR
A W0 A R R S B s R A
T VR T AR T AL RN B 2 B TR R
PALHE LU LA oK 58 A0 A0 R F A8 7843 i
AL AE 3 AL TE 1AL R Bk BB @ kL B [ B &
AR XTE 22 % 1 WBOAH #b 78 T TR B 46 AL s © IR
J22 2 T 1 R 58 4= 30 35 T 8 RV T 1 B 8 <AL
@1 )2 76 P B [ B ROk R Sk L B R AR TR
LT P T AL . SR TR s e T
TR 2 10 J2 IR 5 0 DL K AL B 1 S AT s, 5 0 o A
dh HUBEE i T2 S 800 Ak 4k i 2 412008 R
A REFEARAL BR F, iA B g . JP5000 #9 HVOF
TR A S R AP R ) G 1.7 MPa) , 3R
e G T T 5 (2 100 m/s) . By A B R 8 M AIE R
XU A AR R Z 3 51 785y, I
T A 0 TR R BB M SRR S RS
KIEACTE AT, UKL 22 0] 5 2 5% R 045 6 JURE A

BRBE R B A

Co

Element  w/% al%
Cr 0
Cr 2476 28.49
Co 52.64 53.45
Ni 13.03 13.28
w 448 156

051 192

Counts

0 2 4 6 8 10 12 14
Energy / keV

(c) EDS analysis
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Fig. 2 Morphologies and EDS analysis of the CoCrW coating
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Table 4 Adhesion strength of the CoCrW coating

No. Adhesion strength/MPa Mean/MPa
1 69.1
2 68.5
3 67.7 68.2
4 66. 8
5 69. 2

2.9 ¢cm

(a) Before test

B3 i I wi G U 2 09 28 U2 R A
Fig. 3 Surface state of the CoCrW coating before and

(b) After test

after tensile test
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Fig. 4 Surface state of the CoCrW coating before and

after thermal shock test
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Fig.5 Surface morphologies of the CoCrW coating after thermal shock test
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Fig. 6 Cross section microstructure of the CoCrW coating after thermal shock
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Fig. 7 EDS analysis of the point A and B after thermal

shock test
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