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Preparation, Microstructure and Performance of WC-Ni Reinforced
Fe—-based Graded Coating

YUAN You-lu"?, LI Zhu-guo®
(1. Department of Materials Engineering, Hubei University of Automotive Technology, Shiyan 442002, Hu-
bei; 2. School of Material Science and Engineering, Shanghai Jiao Tong University, Shanghai 200240)

Abstract: A multilayer graded coating of WC—Ni reinforced Fe—based matrix was prepared on Q235 steel
plate by plasma cladding with a coaxial feeding powder system. Results show that most of the WC particles
are dissolved in the Fe—based matrix, and two types of carbides are precipitated in the follow cooling stage.
One is coarse dendrites mixed with lamellar eutectics carbides when WC—Ni content is less than 20% ; the oth-
er is polygonal block primary carbides when WC—-Ni content is more than 30%. The half-dissolved WC parti-
cles are all with round angles, and an alloy reaction layer forms between the particles and the matrix. The
main phases of the coating are y— Fe, WC, Fe;C, Fe; W;C, and Cr;C;. Microhardness of the graded coating
is higher than that of the substrate; however is fluctuated through the coating due to the dissolution of WC

and the inhomogeneous distribution of the precipitated carbides.
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Components WC B Cr Ni Si C Fe
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Fig. 5 Microstructure characteristics of the transferred zone between each layer in the graded coating
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Fig. 6 X-ray mapping results of the interface between WC particle and the matrix

F2HWMEE6HRABCHTEREN S (w/ W) RIBEFHESE (a/ %)

Table 2 Mass and atom fraction of elements in the area A, B, and C in Fig. 6

C Fe Cr Ni w
Location
w/ % a/% w/ % a/% w/ % a/% w/ % a/% w/ % a/%
A 1. 29 9. 38 15. 85 24. 80 19. 82 33. 31 2.52 3.75 60. 52 28.76
B 1.03 7.32 18.13 27.75 16.12 26.50 9.35 13.62 53. 37 24. 81
C 2.47 11.69 20. 28 20. 67 49. 45 54,16 7.37 7.15 20. 43 6.33
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Fig. 7 Microstructure characteristics of the graded coating
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Table 3 Mass and atom fraction of elements in the area A, B, C, D, E in the Fig. 7

C Cr Fe Ni Si W
Location
w/ % a/% w/ % a/% w/%  a/% w/ % a/%  w/'% /% W% a/%
A 1.06 4. 87 9.41 9.99 59. 87 59.18 22.36 21.03 1. 64 3.22 5.67 1.70
1.03 5.37 19.59 23. 60 50. 16 56. 27 6.61 7.06 - - 22.60 7.70
C 1.01 6.22 16. 94 24.11 37.48 49. 67 2.39 3.01 - - 42.18 16. 98
D 1.03 7.32 16.12 26.50 18.13 27.75 9.35 13.62 - - 53. 37 24. 81
E 0. 84 6.14 20. 40 34. 60 14. 26 22.52 5.68 8.53 - - 58. 82 28. 21
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Fig. 8 Pore in the coating (a) and hollow sphere powder (b) existed in the original powders

2.4 BEREEESS

P9 O B R Uk 2 B0 IRORE R A . B 2R
fif 1,96 NLFFZEmf[a] 10 s, I 7 =44 5 i J 3
PN AR [ BE B A 6 A A O T2 0 Al 2 R K 1
W2 BORERE W] R i T AR R IR TR Z
Cr Ni JERIEA BRI 5 | A [ 7% o AL DL
e S5 e I RS T A DR S [ 7 AR Y
240 i i A T S

oof 1 1 1T
Interface | Graded coating | v
> 800} | | : b e
T i | | | b N
s 600f A |
‘; i 'E{.%,h —i;“v : /'" : : z 7\ 7
R S VARV f“*\f g
3 o 1 I I
g 200} ! ' ' 'WC-Ni
= _cﬁisfjwl 0% '10%|20% ;30%; 40% | 0%
0 L | L n L : L :‘ : L Loy
2 -1 0 1 2 3 4 5 6 7 8

Distance from the interface / mm

Pl O 0 JEE Uk 2 N V0 S TR R 3 A

Fig. 9 Microhardness distribution in the graded coating
B2 Bl B 9 A0 WC— NI 5 5 (1 2 itk i 1

BB TR )= (14 8 ORE 2 1 0 O A W . HAE
JE A B3 S PEAN I AL B s Bk e TR

JEE o WC K3 A T U T £ 005
1 FAESM A AR KON 451 BT B % B
FHE WC-Ni 3 Fe 302 T2, ik G
W H T i BB HE A 0 A 21 53

3 5 i

(1) 258 7 L ) XU 608 20 7E Q235
FMe Bl w9 WC-Ni 58 Fe JEZJZBEIR)Z
HhA BT O IR I s B A Y O A B
LI

(2) WCFE Fe JLUR 2= i 7 il 550 1 46 5
PR BT R AL . 2 WC-Ni 5 5 /8T 20
HT *ﬁtﬂ*ﬁjﬁmﬁaa Y 5B E 3 M, C BRAL

BHESG AR RT 3000 I AT PR ) A

C BRI St Ae A Bk e 9 22 K T7 3 AR/
%Eiﬁ%/}rﬁyd\%ﬁiﬁo

(3) w1 F WC RURE 14 75 Ak S A i e A 4 K
ANFIGY A AN B 5] 3 TR 2 B Sk R R D B 4K
Ko WEHBASL.ATRER CO 8 CO, L. =
H 20 B R T

&%k

(1] Apfems. podtml, Ji . 2. DUaess B bR i 8t 5
AR AEREEA [J]. B IR & bRHRE 2 5 TR, 2005, 10

(2): 78-87.



44 2 B X W L B 2012 4F

(2] F@. s, 2%E. 5. BOLWKE WC BRI Ni &4 [6] 2%, WC ££ WC/50CrMo 4 & 4 M Kl h (89 35 i 47 A

SWEMAL HHEae (1], hE R TR, 2010, 23(6): [J]. BB R 2 2 4 CH AR BRSO . 1993, 16(1): 94
4044, -100.

[3] Zhou SF, Dai X Q. Microstructure evolution of Fe—based (7] BhiaR. XISC4. Stellite 6+ WC 8005 8 )2 oW 2 21 0
WC composite coating prepared by laser induction hybrid AR [J]. 4 J@~Fk, 2002, 38(5): 495-500.
rapid cladding [J]. Applied Surface Science, 2010, 256 [8] fexm. E5. kg, . BOLIEH Stellite6/WC LS
(14); 470814, YEREWET [T, HEZFEm TH&. 2008, 21(1): 37-40.

(4] Juwi, REWE. sKAE, %. miaH - WC B4 k&
S RRALYI R AE BT SE (T]. AR AAD BE 23R . 2006, 27 {EZ byt Wb THET E R K 167 5 442002
(6): 74-T77. Tel: (0719) 8238 783

[5) EWE. BB, KW S HEHE WCBBHBELA  Emal, botar@situ, edu, cn
W WO RS W B0 BF 9 [1]. BHR TR 2008, (9
56 -59.

i L L L L L L L L L T L L L L T L 3

« AT -
012 (PEXREBIRIZMETIIEROLERBTEE

AR H [ B 2 B A SRS T A AE 50 O B L0y A RS =] T 2012 4F 9 H KRG R A 19 o [ 38
TG IER S I FIRRO DR s o o [ T R )52 i [~ 38 21) 0. 549, 51 F 104 FpLAR T 8% =7 B 26
TS 00 72 P E LR TR 22 2 E IR 36 Bl Al HE 4 55 = U0 UL C R 2 i 2 ) B R A
Ab BRI AT B A5 TR E .

Crpr [ R mm TR A O b R A L b R LR AR 2 2 I Y DR 2R AR M T G 0 R v T A
1o K ) R AR B S S AT AN S Y SR AR T R TR AT L BOR B g
IR FE 0T R LA AR RE T b OR3P PR Tt 1) BF S 0 R A R K T AR 5 01 Dl I 3 v T AR A o T
Sl i SE R A A R B T B A HE S A .

2 H A 1k o 2 T R ) A R 5 B RO ) SR B R e R ARG R
Pl % 0 2 AR (RCCSED A [ 99 ) 4 SORCHe I Wi s 393 ) 8 5 [ A 2 3O ) (CAD (i 22 AF B & 5
(IC) AR E i ST A% 75 ) 25 [ B Bl dha 128 A5 » 2008 4R 83R48 = i b [ BHBIML 75 30 T2

&S ETE 6 D)



