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Microstructure and Properties of Fe—based Alloy Coatings Synthesized by
Induction Cladding

ZHANG Pan', ZHANG Wei', YU He-long', ZHANG Meng—-qing', ZHAO Rui'*?
(la. Science and Technology on Remanufacturing Laboratory, 1b. Department of Equipment Maintenance and Remanufac-
turing, Academy of Armored Forces Engineering, Beijing 100072; 2. Troop at No. 66222 of the Chinese People’s Libera-
tion Army, Beijing 102200)

Abstract: Fe-based alloy coatings were prepared on austenite stainless steel (1Cr18Ni9Ti) by induction cladding. Sur-
face morphology, microstructure and composition of cladding coatings were analyzed by field emission scanning electron
microscopy (FESEM) with energy dispersive spectrometer(EDS). X-ray diffraction (XRD) was used to analyze phase
composition of the coatings. Differential scanning calorimetry (DSC) was used to study the exothermic reactions of the
coatings. The microhardness of the coatings were tested by a microhardness, and the sliding tribological properties were
tested by CETR tribometer under dry condition. The results indicate that the microstructure of coatings is compact, and
there are no pores in the coatings or in the interface. Metallurgical bonding can be achieved between the coatings and the
matrix. The composite coatings consist of a=Fe, (Cr,Fe);C;, Cr;C;, NizFe and Fe;C, et al. Precipitated (Cr,Fe);C;
and Cr; C;fine particles are uniformly distributed in a—Fe. The microhardness of the cladding coatings is about 250 HV, ;.
The tribological properties of the coatings are better than that of the base under different load and the wear mechanisms of

the coatings are lamellar stripping and adhesive wear.
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Table 1 Chemical composition of the 1Cr18Ni9Ti stainless steel (w/ %)
Element C Si Mn S P Cr Ni Ti Fe
Content  <C0.12 <1.00 <2.00 <0.03 <20. 035 17-19 8-11 5(w.—0.02)-0.08 Bal.

x2 FeEGEMRNLFERS

Table 2 Chemical composition of the Fe—based alloy powder (w/ %)
Element C Cr Si Mo Ni Mn Fe
Content 0. 07 18.21 0.92 2.24 23.74 0.73 Bal.
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Fig. 1 Schematic diagram of the process of

induction cladding
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Table 3 Contrast experiments of technological parameter

No. Power/kW Velocity/(mm ¢ s') Distance/mm
1 11 1.0 5
2 13 1.5 5
3 15 2.0 5

(a) Partially unmelted

(b) Reasonable

(c¢) Over-melting
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Fig. 2 Macro morphologies of the coatings after induction cladding

1.3 SESHHMSMEERIE

SR PR o 4 R A T 4 7 1% o T A ) TRk
s B A S R V) E I R BB LS . B K
A TR 5 MR R PR AR B B EE o 1+ 3) (AT I
BRI 5~10 s, JR1F NG B Fe JE 5 &2 8
M4 A . R FEI 24 ® 4 7 ) Nova Nano
SEM 450 %37 & 5 414 ¥ 35 (FESEMD WL %8 45 4
J2 WAL

SR 75 [ i Bh STA—449F3 7 2% $4 40 T 4%k
Fe JE4 &M R #4722 ORI 4047 U8 1R )2 05
BERL R TPOHT S AH TR 1 R AR AR L 22 e
(4 FHEE 2%k 20 C/min, LGRS AE MRS K,
W N 50 mL/min, % & [E Bruker /A &) D8
Y X IR AT SO s 3 2 R AT A 43 A R 56
[ Buchler 23 i MICROMET - 6030 # [ 5l & 1%
B 1 0 s 2 Y e RE ., e R A
100 g, Hp&kiffE] 10 s,

SR UMT -3 A1 57 2Bk — 45 R 48 B 1 iR 6
WL BB 2 AE T R A T M B R 2= M g i R
B AR YR BE T 400,600 F1 800 5 b 4% X Ja 1o 46 78 4%
JZIRFEFR G AT AT BE Ab B EE SR A A GCrl5 A9,
BIEAN 3,999 mm, 2 60~62 HRC, if 5 %
FHE:m] 5.10,15 F1 20 N X 4 g fr 18 5000 hy

5 Hz, W8] 24 30 min, AR E N ER25+2)C,

2 H#R5iR

2.1 BREENERELSYWHEESY

&l 3 R IR I Fe BE 45 4R JZ 1 XRD K4,
AUE N IEEZE FEH o Fe (Cr.Fo), G, .Cr, Gy |
Ni; Fe il Fe; C S 2 i, Hrpr & &0 oK E2 i Fe ot
HA . A ZEFHA o Fe, (Cr,Fe); G, .Cr; G
A AT AR A R NI TR R4 C o
REH T o Fe PIE AL NisFe 1 Fe, C,

% (Cr,Fe).C,
+ a-Fe

E X2 X
+<€>

v Ni Fe

Relative intensity / (a.u.)

I NP O R Y | PR i Lt s NN
20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
20/ )
Bl 3 JRNIER Fe R AIRE XRD Fi%
Fig. 3 XRD patterns of the Fe—based composite coat-

ings prepared by induction cladding
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Fig. 4 Cross section morphologies of the Fe—based alloy coatings after induction cladding

F A NE 4O 1.2.3 &b Ie R 5 Hrah
W1 FT LA, 1AL B BOR 4 2R 2 4k i AR S5k
424N (Cr,Fe);Cy 8{(Cr,Fe),Cy fll Cr,C; &
.3 4k i 2 o - Fe, 5 24 Fe,C, Cr, Gy Al
Ni; Fe 45 2H i, 5 /i 3¢ XRD 9 AH 73 #r 25 A0 4
TE A SRS KGR 2 H A (Cr,
Fe); C, \Cr; C; Wi i 5T AH T A,

R4 BE4(c)PREERERA EDS 5
Table 4 EDS analysis of the coatings by induction clad-

ding in Fig. 4(¢) (a/ %)
Zone Fe C Cr Ni
1 31.21 31.13 37.66
2 39.10 28. 20 32.70
3 50. 39 32.23 12. 84 4,55
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Fig. 5 DSC analysis results of the Fe—based alloy powder
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Fig. 6 Variation curve of the microhardness of cladding

coatings
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Fig. 9 SEM images of worn morphologies of the cladding coatings and substrate under different loads
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