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Table 1 Actual chemical composition of different surfacing layers

e oM %
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Fig. 1 Surface macromorphology of different surfacing layers: (a) 1 surfacing layer; (b) 2* surfacing layer and

(¢) TN65 high-chromium cast iron surfacing layer

89



NMLEHH

MATERIALS FOR MECHANICAL ENGINEERING

Ak G, F: BT R E AR PR S B AR IR R 0 L R e it B A

I 2 AT VR, AN RIMERRZ & H MG, y-
Fe. M3C. (Nb, Ti, Mo, V)C/(Nb, Ti, Mo, V)(B, C)
H1 Fe,B #H, M T TN6S S tFekh S Ao Ek, H
MR GREZ, HHEREZ PRI T Mo,C
I WC YA, H8. Bk B B S Y L EL
55 4 BA IR G0, XA F T N 4 4H (Nb,
Ti, Mo, V)C/(Nb, Ti, Mo, V) (B, C), M il il NbC,
TiC B AL IE L7 o o, IR E 9 M, C,
AHAT S 06 B B 5 Ak, HLBU T AR R, 3R M,C;
IEIVNER e e

A-WC
-Mo,C
*-Fe,B

N + —(Nb,Ti,Mo,V)C/
TN65.%E%§ (Nb,Ti,Mo,V)(B,C)
%%Mﬁ}#}%iﬂ% K 33 11*“

Y

H
2HERE ﬁ:ﬂl t .

# JHE .
”ﬁ*"";:ni SR

¢ —M,Cq
+—y-Fe
s+ v-M,C

Gl S

oo
Joo>

10 20 30 40 50 60 70 80 90
20/(%)

B2 REHEEEK XRD &
Fig. 2 XRD patterns of different surfacing layers
HIP 3 A% 2 AT LU Y, AN [RIEAR = 4 7K 3l
TE Rk AL M,C(n £ A, C, B) . FIR 3 F ik b 9
M;C. KR & 45 B J5T A (Nb, Ti, Mo, V)C/(Nb, Ti,
Mo, V)(B, C)(xi B, D, F)LL KK {4 S A AR y-Fe 41
o FEBEM S AR, BRABR B 26 FEE ok, Tic 2

_,i‘i’ W2 ‘: -,;g g .
e

(@) 1" HEER, S

(e) 2 HRE, Sf&

SErT A AR AR LA R R K fE v, B8
FERR T R AR R, HARFIER I I - AR 0 | ik
W EER AR, PEB G B (ND, Ti) CHY; fR 22
BHLOLAER BRI B AR IR, 2B L
#8. Bk =AY (ND, Ti, Mo, V)C £ZI0E A M8 A ; 1t
A, HB oy 0 25 B B T B 0 ik B R AH . N i
M;Cy 258 Pt A AL, 33X S 25 L B b 4 o5 Tl
A G BB A IE B . M,C3 TR, 243511
& B RN Bl oG 3R AR LR Bl E A YR R R L A 2
B, 78 y-Fe J BBl & AE S G A, J1 s bR e it ik £k
Y M;Co X LR B, VHERRZ it fb ) 70 A e 3841,
M, C; Rl Ak ) B [5 8E , #2 #f #7132 Ry 85°~125°, V- 34k
Bed /N, 2990 12.45 pm; M, C5 B A4 15 HE SR DT AR

I 3 A A, A A A R v TR AT, X — A
FIF £ o R i EE R RRDY . 5 IHEARZ A L,
2HERR R ) MsC RPRIRILE @i Ak 322, T MC 1Y
B BEAIC T M,Cs, PRI LR R ) HI 9 fE 7 #5055 -
2HERRZE Y M Cy BRI PRI AR 292 13.68 pm,
KT HEARIZ, B8 ai Ak TR AR Se 26 K 5 D 1k
K SOMRTE 3; Hobe /1 f BETE 80°~ 120°, AR FE i W
T UMERE . 5 VR 2SRRI L, TNGS ik
BRHEIRZ Th i M, Cs ik fb ) RT3 K, S ¥hiAe
15.43 um, A ME R 67°~102°, REEE i K B
SR LA S Ak o AR, HORL R L R BLA PR
M, C; R Al it BEAA ) B 240 R Oy 1o 2, 3042
JEMEMEE K A U PR SR A DL ik £k

() TN65 SiEEkHIRE, BfF

B3 FEHEERMRENSE SEM B
Fig. 3 SEM morphology at low (a—c) and high (d—f) magnification of different surfacing layers: (a, d) 1* surfacing layer;

(b, e) 2% surfacing layer and (c, f) TN65 high-chromium cast iron surfacing layer
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YIS RTE A% O, ANIR AL 41, BB b e 3, JF
S RARGE A KR RE B E R TR BB R T I
AEIUS . . Bk B BN S Y LA
SHEIR R AL A AR AL R &
SN, DA B s AR 2 (B, 00 7
2.2 WEETNMm R

URHERRLZ | 2 HEIRZ T TNGS 4% H5 k152 1
SEXRERE A9k 64.1, 62.5, 65.1 HRC, KR (AR #E2E
7 0.78, 0.81, 0.99 HRC, #/NIIATE 2 160 4% M2
HLV A AT 5) . Hirp, TNGS 1o 55 B ke IR 2 1)
HaITR GRS, ik HRSHECR, Wi
TR e o VMBS RO RE B 5 T 2 AR . XS
T UHESRZ LSV g/, M,Cs Ak oA 5 3
A BT R, i 2, HZ iR mE g
SRS, PR B B, H 5 TNGS i 54k
MR R 00T 5 T 24 ) v A R X A AT g A
rnlsAL T 22, DRI A R A I

IAHERLZ | 2HEIRZ AT TNGS 4% F5 k152 1Y
JEE R 2 20 B 0.077 1, 0.093 1, 0.067 7 g, 7]

(a) 1" R

() 2 ERE
B4 FREHEREHERTHR

Fig. 4 Wear morphology of different surfacing layers: (a) 1* surfacing layer; (b) 2* surfacing layer and
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Microstructure and Wear Resistance of Surfacing Layer of High-Chromium Cast
Iron Reinforced by Near-Equal Molar Ratio Mo/V/Nb/Ti

HU Shichang, HUANG Zhiquan®, GAO Zhanqi, NI Junjie, WANG Chongyang
(China Machinery General Institute Group Zhengzhou Research Institute of Mechanical Engineering
Co., Ltd., Zhengzhou 450001, China)

Abstract: Based on the high-entropy alloy design philosophy, two near-equal molar ratio multi-component
reinforced high-chromium cast irons (with a chromium mass fraction of approximately 15.7% ) were designed with Mo, V,
Nb, Ti molar ratios of 0.7:1.0:1.0:1.0 and 1.0:0.7:1.0:1.3 (corresponding to mass fractions of 0.88% Mo, 0.68% V,
1.22%Nb, 0.68% Ti, and 1.25% Mo, 0.48% V, 1.22% Nb, 0.85% Ti, respectively). The powders with the aforementioned
compositions were used as coatings to prepare corresponding welding electrodes. Subsequently, the corresponding surfacing
layers were deposited on Q235 steel plates by shielded metal arc welding, denoted as 1* surfacing layer and 2* surfacing
layer, respectively. The microstructure, hardness, and wear resistance of the surfacing layers were investigated and
compared with those of the TN65 high-chromium cast iron surfacing layer used in practical engineering applications. The
results show that the phases in both the 1% and 2* surfacing layers were similar to those in the TN65 high-chromium cast
iron surfacing layer, all mainly consisting of M,Cs, y-Fe, M5C, (Nb, Ti, Mo, V)C/(Nb, Ti, Mo, V)(B, C), and Fe,B.
Compared with the TN65 high-chromium cast iron surfacing layer, the M,;C; carbides in the 1# and 2* surfacing layers were
more rounded, smaller in size, and the content of M3C eutectic carbides was higher. Among them, the M,C; carbides in the
1# surfacing layer were the most rounded, with the largest quantity and the smallest average particle size of 12.45 um, and
the content of M;C eutectic carbides was lower than that in the 2* surfacing layer. The hardness of 1# surfacing layer was
64.1 HRC, which was higher than that of 2* surfacing layer (62.5 HRC) and closed to that of TN65 high-chromium cast
iron surfacing layer (65.1 HRC). The wear mass loss of 1* surfacing layer was 0.077 1 g, lower than that of 2* surfacing
layer (0.093 1 g) and similar to that of TN65 high-chromium cast iron surfacing layer (0.067 7 g). The wear grooves on the
surface of 1# surfacing layer and TN65 high-chromium cast iron surfacing layer were both relatively shallow. The hardness
and wear resistance of high-chromium cast iron surfacing layer reinforced with Mo, V, Nb, Ti at a near-equal molar ratio of
0.7:1.0:1.0: 1.0 were most similar to those of TN65 high-chromium cast iron surfacing layer.

Key words: near-equal molar ratio; high-chromium cast iron; carbide; hardness; wear resistance
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