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Process Optimization for In-situ Synthesized WC Reinforced
Fe-based Alloy Coating by Reactive Plasma Cladding
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Abstract: The plasma cladding schemes were designed by the four-factor quadric orthogonal rotating
regression design method. Based on these schemes, the WC reinforced Fe-based alloy coating were in-situ
synthesized on the surface of Q235 steel and the optimum process was obtained. The microstructure and properties
of the coating prepared under the optimum process were also studied. The results show that the optimum process
parameters of the coating were listed as follows: C/W atomic ratio of 1.4, tungsten content of 20wt% , cladding

'. The coating prepared with the optimum process showed a

current of 130 A and cladding rate of 100 mm * min
good metallurgical bonding with the substrate; the microstructure of the coating mainly consisted of planar crystal,
cellular crystal, dendrite crystal and equiaxed crystal and the phase composition was composed of a-Fe, M,;C; and
WC; the sectional hardness of the coating was up to 1 120 HV and the surface average hardness was 68 HRC.
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F1 MOTTXREEAEFEERINERITR
Tab.1 Four-factor quadratic orthogonal rotation

regression design table

F2 OREZREPEEZEZRBEATARRER
Tab.2 Test schemes and results of four-factor quadratic

orthogonal rotation regression design

/S B ¥l B, B/

;: w0 BHETI o Bk e, WEBW oo BEEE o,
1 1 —1 —1 —1 —1
2 1 1 —1 —1 —1
3 1 —1 1 —1 —1
4 1 1 1 —1 —1
1 —1 —1 1 —1
6 1 1 —1 1 —1
7 1 —1 1 1 —1
8 1 1 1 1 —1
9 1 —1 —1 —1 1
10 1 1 —1 —1 1
11 1 —1 1 —1 1
12 1 1 1 —1 1
13 1 —1 —1 1 1
14 1 1 —1 1 1
15 1 —1 1 1 1
16 1 1 1 1 1
17 1 —y 0 0 0
18 1 Y 0 0 0
19 1 0 -y 0 0
20 1 0 y 0 0
21 1 0 0 —y 0
22 1 0 0 y 0
23 1 0 0 0 —y
24 1 0 0 0 y
25 1 0 0 0 0
26 1 0 0 0 0
27 1 0 0 0 0
28 1 0 0 0 0
29 1 0 0 0 0
30 1 0 0 0 0
31 1 0 0 0 0
32 1 0 0 0 0
33 1 0 0 0 0
34 1 0 0 0 0
35 1 0 0 0 0
36 1 0 0 0 0

AR 1 M2 € 36 ity %, 515
FIWRJZE B T AE R DL SR 2.

SR FH R MRT U 75 8 8 DU A 72 5 45 A 2 ] Y
KELH.

4

4
Y:boIo—FEb{Ii—FEszIiIi+Ebﬁ1? 3
i=1

i<j i=1

4 36

36
by =0.083 33 >y, —0.020 83> (D2 xly.) ()

a=1 i=1 a=1
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-
i T 7/ % B /A (mmemin~!) HRC
1 1.0 10 120 110 64
2 1.4 10 120 110 64
3 1.0 30 120 110 65
4 1.4 30 120 110 66
5 1.0 10 140 110 64
6 1.4 10 140 110 64
7 1.0 30 140 110 64
8 1.4 30 140 110 65
9 1.0 10 120 130 64
10 1.4 10 120 130 63
11 1.0 30 120 130 65
12 1.4 30 120 130 66
13 1.0 10 140 130 63
14 1.4 10 140 130 64
15 1.0 30 140 130 64
16 1.4 30 140 130 65
17 0.8 20 130 120 62
18 1.6 20 130 120 66
19 1.2 0 130 120 60
20 1.2 40 130 120 62
21 1.2 20 110 120 63
22 1.2 20 150 120 65
23 1.2 20 130 100 66
24 1.2 20 130 140 64
25 1.2 20 130 120 66
26 1.2 20 130 120 66
27 1.2 20 130 120 66
28 1.2 20 130 120 65
29 1.2 20 130 120 65
30 1.2 20 130 120 66
31 1.2 20 130 120 65
32 1.2 20 130 120 65
33 1.2 20 130 120 65
34 1.2 20 130 120 65
35 1.2 20 130 120 66
36 1.2 20 130 120 66
36

b, =0.041 67 D x.y. (5)
ajﬁl 36

b, =0.031 25> x4y, —0.020 83 >y, (6)
3&621 a=1

b, =0.062 SOZIa;xa,ya 7

a=1
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Tab.3 Variance analysis of regression design

7B 5 R YR 7 A FI B ¥or i A 5% il F p 1
) 3.736 7 1 3.736 7 0.465 1 5.796 6 0.025 3
o 8.772 5 1 8.772 5 0.627 1 13.608 4 0.001 4
z3 0.133 5 1 0.133 5 0.098 8 0.207 1 0.653 7
x4 1.045 8 1 1.045 8 —0.267 8 1.622 4 0.216 7
Z1 0.334 2 1 0.334 2 —0.155 2 0.518 4 0.479 5
Z22 28.557 9 1 28.557 9 —0.823 7 44.300 8 0.000 1
32 1.975 1 1 1.975 1 —0.356 8 3.063 9 0.094 6
22 0.022 6 1 0.022 6 0.040 8 0.035 0 0.853 3

PR 0.752 6 1 0.752 6 0.229 5 1.167 4 0.292 2
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174 0.021 8 1 0.021 8 —0.040 1 0.033 7 0.856 0

T2y 1.118 3 1 1.118 3 —0.276 2 1.734 8 0.202 0

T2 0.015 0 1 0.015 0 0.033 3 0.023 3 0.880 2

T34 0.051 8 1 0.051 8 0.061 7 0.080 3 0.779 7
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Fig.1 Microstructures of coating prepared with optimum process: (a) at low magnification and (b—c) substrate/coating

interface, central of coating and top of coating at high magnification
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Fig.2 SEM morphology (a) and linear scanning results (b) at substrate and coating interface after cladding by optimum process
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4 BEI3HAMBAEDSER

Tab.4 EDS results at spots A and B in Fig.3 %
C Cr Fe w
7 &
[ o % T % S o A T J i o L JET o % i 2 T o %
A ik 2.81 12.45 3.80 3.88 85.54 81.40 7.84 2.27
B &b 4.27 20.15 5.66 6.18 64.84 65.88 25.23 7.79

B3 MRUIZHERERHEZN SEM iR
Fig.3 SEM micrograph of dendrites in coating prepared

by optimum process

# A-q-Fe
*_Mzace
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1
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20/(°)

B4 RAETZHEREHN XRD &
Fig.4 XRD pattern of coating prepared by optimum process
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Bs5 RUIZHEREBENEMEESS
Fig.5 Microhardness distribution at cross section of

coating prepared by optimum process
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