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Abtract The influence of Mn Mo . Ti additions on the microstructure and magnetic properties of FeNiCr/60%WC
composite coatings produced by laser cladding are investigated. The microstructure, composition and phase of
FeNiCr/60% WC coatings are characterized using scanning electron microscopy (SEM), transmission electron
microscone (TEM) and X-ray diffraction (XRD). The magnetic properties of the composite coatings are examined
by a vibrating sample magnetometer (VSM). The results show that there’s good metallurgical combination between
WC-FeNiCr composite coatings and substrate, no defects on the surface such as porosity and crack. With the
addition of Mn, Mo, Ti, the metallurgical reaction and microstructure is more complex, there're interaction between
elements of Fe, Ni, Cr and mutual fusion diffusion with WC, generate new non—magnetic phases TiC, MoC, Fe -
Cr (sigma), Crois Feor Nigi. And that with the addition of Mn, Mo, Ti, composite coating’s relative permeability
decreases significantly, and magnetic has strong stability.
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S e AR R 3161 JCREAS B AN, I I T AL SF N 75 mmx60 mmx 12 mm B A M o 45 T 0 R AR R
FeNiCr+60% WC i) 2 & ¥ K , WC-FeNiCr ¥ K H R B 2 20~90 pwm (9 Fe JE [ 45 M ¥y K (53 & 53 505 5 0
0.03% C,0.70% Si, 19.50% Ni, 17.60% Cr, 43 it 4 Fe) XK B4 30~120 pum [ W C J0RLZH AT

ARSI A FUE TR A A FeNiCr+60% W C #3 A o 8 IS 8] 5 8 4300 Mn Mo\ Ti 83 A (46 99.95% , ki
JF 10~40 pwm), B3t 5 Fh & A A6 4380 Mn Mo  Ti JG K 102 A8 K, 1% 2 908 K T8 30O 45 78 /T 0k 47 58 4
FIRG S TR, B8 REC R VR, B EEHOE T2 S 800 M BB RE 52 M, A SE 560 h BT A IR 24
i 1) 1 B SR T R RE (9 SO 2 T2 S 80 WO T 3 1800 W, 5 44 3 240 mm/min, 3% B3 3 8 15 ¢/min, $5
B% R 50%.

1 ASIA] Mn, Mo, Ti & 19 &2 A K K (5 4380, %)

Table 1 Composite powder with different Mn, Mo, Ti additions (mass fraction, %)

Sample number Ti Mo Mn WC-FeNiCr
MnMoTi-0# 0 0 0 100
MnMoTi-1# 2.5 3.5 4.0 90
MnMoTi-2# 2.5 1.5 4.0 92
MnMoTi-3# 3.25 3.5 4.0 89.25
MnMoTi-4# 2.5 3.5 3.0 91

S5 FHOE AR 24 Trampf 6000 W MR 4l i COL OB , RGN 270 mm, 1F £ 60 mm 15 2| {1224
4 mm BEHE. K50 R H METCO-TWIN10C AU 3% 85 2% e [ AT 8 3 A9 00 1] 26 4 9 78 T4 Sk SR 20 326 4
it AR AR 328 TAE SRR B A . SO 8 S 36 5, % g O 45 2 )23 B RE SR 6 U381 18 5 ok AR
G AR RE L T OGO E KIS iU T OS5 13 43 Hr . D8 ADVANCE A1 X UE & 437 S A3 0 s 4
JZHEAT YA 23 BT LEO 1450 B 494 H 455 (SEM) W 28 402U 3, LB £ EDAX Genesis 2000 X £k fg it
HOE AL EDS)PEAT AT 43 M7 o WAl Mn Mo \Ti JCZE ) WC—-FeNiCr 74 J2 F£ & % FH Lake Shore7410 % % 2l k¢ 5 i
s 1 R AT RGP R A I, (R A5 K3 10 KOe (REBE: 1 x10 Temu, 48X B /N F 1%, I /N F+1%).

3 SEEREE AR
3.1 EGRBHRAEHRNEST
G 1(a), (b)J& MnMoTi—0#4E i (JC Mn, Mo, Ti)Fl MnMoTi—2#4E 5 (i £ 4380 Mn2.5 % ,Mol.5%,Ti4.0%)
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Fig.1 SEM images of #0, #2 and WC particle
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BRI IR W\ C L2 Fe 0 42 36 RIE- 15 2 I W B e AR 640 (Fe- W - C), B S REME R Feo W, C1 1,
ARJIT SRV, A e A 0 S A5 i AL, 5 R R S AN B T 45 )R 0 TC G VE BB IR S R e LA MR . 455 R 3,
Fe—W-C = JCAH B, HA it BT
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1380 C: L+ Fe,W, > m+a
1335C: L+a—vy+n+a

B X EE 5K : Fe 64.82% ,Ni 14.69% , Cr 12.03% (Jii T 5053 %0), I FH D & 19 Mn Mo . W . 4 4 J&E 2
TR A ) 3 26 DU R [ T G 4 0 R A I Ay — (Fe, Ni) [ 4, Ni .M 1T DL Ry AH X, BEAT 85 A B2
[T 725 1) B T B

P 2(b)rfr D DX 1A 200K 28 68 J50KE Fi EDS A6 AT 1 L 32 1 43 oA IR 43 8 Ti 94.62% , JF A b 4t Cr Fe
W, 3 A1 ] 192 8 UKL Y S T I Bk A6 ) TiC, Ti Ry s Bk AL W) E iOC 2, A L T Fe . W 5 C L7 (9 552 A ) B
5, R BB AL 5 5 0 3t rh 9 C 25 6 AR B THC, DT 20 555 M A Fes WSC 19 A i, BRI 7 2 i PR g

[ 2(c) 1 (d)r EDS A I AT 01 E DX A 3228 5 40 8 - 43 400 Mo 61.23% , Fe 23.13% , 3747 /D 0 Cr Ni W,
A3 M AT I R A A 5E 4 A (0 Mo BURL , B /D Fe  Cr Ni W 7 BUZE Mo ki b, i T Mo B8 A5 5 ik
2610 °C, Al WC 14 sSUAH I (2870 °C), O B A8 v 78 VRS o i LS8 1 8B40 Ak o ()P 9 F XY 32
B R Fe 71.82% ,Ni 10.13% , Cr 17.08% (J& T %043 %0) , 77 /D #0 BY Mo [ Hovp, 20 A T AT, 12 22 0 J00ks A
T /0> 37 J5 Z5 R ) CronoF eosNioaro BB 98 45 SRR W] Mn 70 3R B35 A 1 T CrouoFeosNion 1942 1 o

o Sl Ce) ‘ (d)
Jﬁ? y 3 - ‘*\'

2 248 b SEM #1132
Fig.2 SEM images of 2# sample

Pl 4 g O#FF: fit 5 248 iy 19 XRD AT 5 B, T A0S 0 77 /0 35 76 Min Moo T 246 il 2 B T B2 I WA,
BT :y—(Fe.Ni), WC, W,C, FesW,C, TiC, MoC, Fe~Cr(o ), CruioFeosNio i, 15 AT %8 I Mn Mo . Ti ) O#FF i G
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Fig.3 Fe-=W-C ternary phase diagram Fig.4 X-ray diffraction pattern of MnMoTi O # and 2 # sample

TiC,MoC, Fe—Cr(a#), CrowwFeoNion , B I AT 1 Mn Mo\ Ti F N A 45 3t v 4 2 0 52 2% 91 A8 BT A1, o TR I el
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Table 2 Magnetic properties of composite coating with different of Mn, Mo, Ti additions

Sample number Relative permeability u, Remanent magnetization 4mwM, /Gs Intrinsic coercivity .H¢ /Oe
MnMoTi-0# 1.104 6.08 48.01
MnMoTi-1# 1.017 0.49 26.92
MnMoTi-2# 1.008 0.17 22.8
MnMoTi-3# 1.005 0.13 31.33
MnMoTi-4# 1.007 0.18 26.37

I 2t AT LU Y, L~ 48R I A X 8 5 %8 (1.005~1.017) , B AR TR B INAT AT 7T 25 19 O#FE 5 (1.104), 24
Mn Jii #5000 4.0% , Mo Jii 1 53 50K 3.5% , Ti it i 53050 3.25% (B MnMoTi—3#)H , V% J2 B AR 6 1 5 55 1K 31 e 1%
(1.005), [] i} O#4%: iy EL A 58 K 118 T80 44 Mol Aot J3 A0 DN S0 g o Tl 5 SRS [R) Min Mo T 355 22 A i 1180 DX i S R AR
PR o 3% i 42 T A U A 2 B0 A R IRE R I Min Mo T B RE i EL A B0 R 0 AR R B S 2 i EL V8 A [] o 4
U Mn Mo [ Ti JTFR 1Y 1~4#FE SR 52 38 LA 6] — K48 b, 45 G R T 7 45 1, al e i /i A Mn Mo |
Ti 3 70 2 AN AN GE T A 25 AT A 7 U2 i AR 1 S 32 nd ELAE 52 45 1R 28 O G P 8 LA R A R e Pk
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1.00} . MnMoTi-2# _ MnMoTi-4#

0 1 2 3 4
Different number of MnMoTi

5 IR M Mo Ti 7 B h 10 A 65 5 % 25 £k i 2
Fig.5 Variation curve of relative permeability with different Mn, Mo, Ti additions
1 6 Mn \Mo  Ti &t A b 1 0 7 14k o DAz [ it ] DL ) B 08 0 3 80 o0 3R AR i 79 i s o] 2
T HZ LT ES, LT Jomg s DX i, 53X 3R BT 52 D0RE 1 1, AR b L AN AR TR R mE AR .
MnMoTi—0#4F it 48 FHABFE i i) 2 Fi DX 8K, HOAE X 85 8, T80 A W6 A0 88 B2 A M, PN L0 70 ) i H AL 358 185 o
K7 AR Mn Mo Ti %t dh I BE ALt 2 o DO & ep T LU HE S Itk 3 oo R A #F i Ak it 2L 7 &
ANECER, HARVRI BN T H AR . 11 MnMoTi-O0#4F 5 B BE AL th 28 R I ZIE 38, HRPRI R, XKW, %
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Fig.6 Hysteresis loops with different Mn, Mo, Ti additions Fig.7 Magnetization curves with different Mn, Mo, Ti additions
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WC-FeNiCr i J7 5 4 1% 216 & it B AF, SR JE 280 S AL FE , Fe Ni Croo R Z WA 7E M BEAEDOF S
WC Z B AFTE B IEY

2) Mn. Mo . Ti & & 70K MU, A 1R 24 4 AR BE 1S I, 85 3t vb (996 4 Jo iy & 24 1 BE 38 K, HLAE L )
FHFR I 2 0 RSN Mn Mo\ Ti (9 O#FF & 2E LB WA 2224 - y—(Fe,Ni), WC, W,C, Fe; W,C &5 T fE B I 1 2>
Y Mn Mo [ Ti F 2#FE S AE B TR Z WA, E2EAH :y—(Fe,Ni), WC, W.C, Fe;W,C, TiC, MoC, Fe—Cr(o ),
CroFeosNip 1 5 .

3) Mn Mo\ Ti & 4 JC R RGN, 428 45 78 )2 v TiC, MoC , Fe—Cr(o#H), Cro 0Feo Nioy 25 JCREF 09 48 B, W25
WA T 8 7 J2 B BR G 1, 24 Min Bt i 20 800 4.0% , Mo N 3.5% , Ti h 3.25%F , 14 2 O RH 6T 5 8 3k 3] e 11K (=
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