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Preparation of Steel-Based Surface Composites with Wear Resistance

SHAQ Jianmin, PEI Xuming, LIU Jianxiu, NING Xiangke, LIU Yongjun
(College of Mechanical and Electronic Engineering, Zhengzhou University of Light Industry, Zhengzhou 450002, China)

Abstract; By determining the components of steel-based surface composites, the wear resistance
of the composites with different formulas was obtained by wear test. The formulas were opti-
mized by orthogonal test, and the optimum components were obtained: about 40% (volume frac-
tion) of SiC particles in 80 ym dimension, about 1. 5% (volume fraction) of Cr powder in 60 pm
dimension, and EPS particles as the remainder. The analysis indicates that the wear resistance of
the steel-based surface composites can be obviously improved by Cr powder, and significantly in-
fluenced by SiC content and granularity. Investigation to the microstructure of the surface layer
shows that the wear resistance of the steel-based surface composite can be significantly improved
with the formula.

Keywords: surface composite; SiC particle; orthogonal test; wear resistance

TERZMIE 2 AR & B b WP ORE 1 3. 2 A%, SClk[ 4 B 508 T A e EERE B AL
T 0.2~0.6 mm JEf) Al & SALPIIIRE (i H
MR ILRE 38 T 700 ~2000. AR WY
NBAER TGS T E0PFE 7 s 7 A D TAR A5

WC/ME Cr 8k 2 & 98 J2 U0 1l 4 ¢ K
VST, 2 WY Bl A 7 B v WC JB0RE 55 12 1 3%
B )= TR RE SO A AR B . A WC B B 3 B0
SO VOB 22 T i fic if» P A e fie /N 5 Uskov 45 A
AT T k& SR IZZ SRR G a1
e 25 R R BLLL SiC o TR IR hlER R E A4
BHEF BF RO PR RESR o5 1 2. 9 5. Cr B A
IR ITCHAT R G B AL S5 R A L RE 32

e ks H . 2009-03-23.

P b AL TSR B B L AR R A 7 IR A A
AR 2 [A) L.

ARSCUUR N ESR R G PR 25 2 i
RERZIA B 3 A PR —— g sl (AR JURRL B2 | 1 5
PRIBORL & A E G on R & AR i T 5E H A
A M P VAR R IE 5 1E SR B 3RS T LA T L OFR
RIZEZ AP T BNLL R A o3 % ot M RE 14

YEFE A BRAEE(1965—) A Bl Hd%.  ZEGIH . EEARPEEEER I H (1057213D).



82 [ 7 S B N S B3k

ST T ST
1 BRERIZE SR 5

1.1 RWASHHHE

LA BHE R # I 35 4. 3 SIC ki 1E K
PUESRE T AH R 23 31k 80,10 A1 2.5 pum, X FERE
AN RRLEE I KAE R A MR A itk 2R s AR 25
PRURLJEE 2 /0N S0 A 7 B, L ASORE 1] A L B T PR E
& IRWRENS 5 5 E 25, 25 IR B M R TR s Pk 225K
SiC kL B B AN FE A D — B AR RS B 30 % ~ B1 e T
50 %6 K B » PR AR S 56 14 T 5 ek v SHC B0 11
AR 3094 .40 Y6 i1 50%.

Cr R8I B B P = 1 & S ik, I ReEA T
R SR A T o R A () 5 R R R R A4 TR I o
B Cr WAt s or v i & kK. iR & B, Cr
o Aok 2 (T 408 5 U 7 A v A A R AR 2%
B Z 05 B SN R A RS 20, X
SHHORREE T i N B B SR AURL RSN IERT R 5
J & T S80S B PR T 8 A1 i g v B
RO 1961, 5% M1 3% R R 60 pm.

BRI (EPS) /NEURL AL A B T &Rl s

2 2 SRIZEAPRHE IR R H 0 i B A

AR R S SIC ORCRT Cr #7840 45 firh, & A1 WEAMEXHAEKRTA

MR AR N » R I A T B 0 i AL T S T K2z

FY EPS /Nk . K

L2 HETERE Alpm  B/%R %
FUAS SRS T ¥ 6 ) EPS T R 4 ! 5 %0 o

BURERIAL SRS H IR 1 777 19 1F 22 1 S0 15 04 2 10 40 19

T 7K 45 [ A AR R U5 2 511 A o I A 45 70 1 3 2.5 50 3.0

JCIT B SRR} I 34350 b i i A SRR AR ) 2 1T U4 TP A Wy SIC BURIREE s BRI % B SIC BURIR AR

B 23R SIC Uk RE 4 78 iU A5E 80 28 A i 7% . 1€ SYRL B E C ol Cr iR

B SR N T IR Tl o vk S Ve f B 7 {8, — k2 ERRIF ERRIER

WIRMEEETE 0.7 mm A4y, THEEIRIZNREZ KBE A/um  B/%  C/%  M/g

1. 3~2.0 mm. PR AE TR LR AR Yt s

AT RS  EHATRAS T VELE, SETERBLREROR S
FERTR T i Ak 77 A 0 SR AE B A il 1 7 3 %0 50 3.0 8 065
TR 4 VR A AR TR R AT T B R R A A 10 20 L5 8130
PAEH  BAIY BB 5 B 4 m T B [ i, A 5 10 10 3.0 8621
FLFRMRIE BT 5 52 & M RHZ. A T 2w 6 10 50 L0 7.545
LR« 2 5 52 A M RaURE 78 BB 45 00 1 A 451 4 7 2.5 30 3.0 7. 634
HLE A L] 2. 8 2.5 40 1.0 7.246
1.3 EXRWRERSH 9 2.5 50 1.5 9.101

S AR AR T S VR G T s SR FH I 3SR 06 VA SR AT Hfk 1 3. 367
JriR g, 2% 1 R VR R E 58 PR R K-35 1E 38 Sk 2 3. 399

TR ARG A R I F 2, B R B M=1/m,



94

AR 55 AR R R S ARH A B S B R AT Y 83

L3I TR K,k AR ZER, 1Y
THEAE. B BRI 45 R T BES 3R H o
PR BE VRORHC 7 o BB AL T 1 25 IR 3% 52 e 7y o 22
FREES

k3 ERBAMGTHELER

JEMSEL YR A Xt B xR C
K, /g 25. 650 23. 456 22. 483
K,/g ! 24. 296 25. 768 27.132
Ki/g! 23. 980 24.711 24. 320
/g ! 8.553 7.819 7.494
ky/g ! 8. 099 8. 589 9. 044
ks/g ! 7.994 8.237 8.107
R/g! 0. 559 0. 770 1.550

HEF K. C>B>A; k7% AiB.G

THEZAHHEAMNK, k; R RS, HAl
R 2R 19T R A [

(DK, £RER 255 j SRk ik ds
B Z AL FER R A ey 19 F.1.2.3 59K
B A BUKE LLL Ky oy 1.2.3 S5 245 R OF
PREL M) ZFN

Ky =7.69249.901+48. 065 = 25.658 (g1

TERER AFERSE 19 F.4.5.6 ikt A

BUKSF- 2, BT LA Koy i 4.5.6 StBG 45 R 2 1
s = 8.130+8. 621 + 7. 545 = 24. 296 (g 1)

TERER A FEREE 141 1,7.8.9 Sl A

BUKF 3, BT LL Ko iy 7.8.9 Sl 4 R 2 M
Ky = 7.63447.246+9.101 = 23.981 (g )

(2 by Fom T 2 HAE—5 LA EBUKN ¢ B Br
PRI A R R AR ME. by =K, /s, Horb s 4E
— ] EAIKE IR TEA IR, s= 3, 7E ]
2 A FTERSE 1 5

ky = Ky /s = 25.658/3 = 8.553 (g 1)

by = Ko /s = 24.296/3 = 8.099 (g )

by = Ky /s = 23.981/3 = 7.99% (g ")

(IR; Fosth2e 1L 3 AL —Frh

R; = max{K,;,K;,K;} —min{Ky; , Ky, K3}
oy,

R; = max{ky, - ks - ksj} — min{ky; koo ks )
TER R A BTt ay s 15

R, =8.553—17.994 = 0.559 (g »)
e 2E R F W45 B 3R A 7K1 B8 Xk 46 45 2R 1Y)

M L W 250K Fn i 8 IR 2 B BB e IR Y L
A8 2 BOA I A8 R 7EBUE A R A8 Ak, i
DIRR 22 B R IR — 31 3 I R 3R ) 7K S X B 4
M f KIE R, R RE R AR 3 i LA,
Re>Rp>>Rn R4 R EBNR B IF H7 . C(Cr
RT3 80 =B (SIiC RT3 80 > A (SIC RLEE).

G R B AL I R B 1 S0 5 b (B
FORRGF s B AR Pk I R Ko Ko VK (B &y ko ckes)
SR NI ER A OF ! S S

A HES Ki > K, > K;
B K4 K: > K; > Ky
C =% K, > K; > K,

FH A5 I B U Rk B B T 20 Ay B, G, BV SIC R
JEh 80 pm, SIC KRBV HR 40% . Cr MR FL 2%
H1.5%.

2 A

B SR HH ML-100 B R0 B 4 L g AL AT, T
YEJEFRANIE 3 Ftan. X3 2 Wiy 9 Fic 5 45 D1
2 RE S BRI R AT 0 AT 1 B P S . A
SN T8 6 mm X 25 mm B[R A RS , 38086 5y F T
RSV W e R S S VA TS VR, AR TR H
BS210S BYHL - RF-FRie , BE 55 PRI U8 PR,
I AR B b oA WU it B 1 B A 25

TR R FRE A 40 pm (Y SIC B 4K, TR
F14) i) st B e D 20 DA A LA A () A 3k
B2k, I TAESEOR : TAES T 18 N, [l Sk
60 r/min, A& 4 mm/r, FATEH 20 IR,

Shy F AR 55 AR L AR Y i s DR 2 4 O
PRI (R B A 73 IR 5 2R L3 2, SR P iR 1Y
B Ay A 2R - (A

3 ML-100 BUPE 7P H i g AL T A B B

w

A5 7 L R B E Y 52 1)

i 2 2 0 AL A bR R RO
TR L7 0 45 L T S R
AESIR 3 AT LI T A3 .



84 i . 1}

543 5

3.1 CrM&ENEm

H 4 AL, Cr ok & XTI R IZ E A M R
it VP s A A R 3. B Cr Ry & s 38 0, 12Uk
(TR S PE B e, 2 i B vk v Cr Ry AR R 53 ik 3
L. 5% OKF- 2 B BE R R BGE B e i fH. (A2, Cr #
FHEIF AR, Y Cr B &4k it &2
B2 I B 1 S R B . AL, Cr B AR R
SPBUE 1. 5 %0 A A UG L.

9.2

8.7

282
K

7.7

ol L]

1

2 3
Cri & EKF

B4 TR EERRE Cr A5 i Xt PR P ) 32 )

3.2 SICEENEIN

SIC B s AR 22 2 I S 4 i s i n &1 5
7N AT Y SIC B B e, e it s
PR H R TR B R SIC AR A BokE 1 40 %%
B, Bl SIC & 5 0N, &4 )2 0 B M i
fi%. I, SIC A IARF A ETE 40 %0 A2 47 FLAGE H.

8.6

8.2

kiz/g_l

7.8

7.4

1 3

2
SiCE &K
B 5 MRS SiC & X B A i

3.3 SiC fi E RN

SIC AL EE X a{URE 2 1 TR P 1 ) 2 e A ] 6 o
NS WA BEE SICRLEE RIS/ S5 2 AT B %
HRIEAR. SRR I 5 R IR 2 5 bR R WA
TSI ORI R LA B A A AT L R T LR
PRSL 4 7 REAR L X L JIRS7 1) A8 K7 AT AR 2
AP 0 80 gV P D7 A i 1 B S 28
SIC PORE (R BE B » JUHE REAS B e 1) T B AL K
DRLIH ™ B 2 000 ™ AU S A A S Pt e vy e
L BORL SiC UREL ] & 1 322 5 ORER A B
TS B, {ELIES - SIC 0K RORL L 23 52 i A 8 24 5 1
I FHUSEPE. IR E M Y 45 Rk &, SiC kL
JEAE 80 pom 7oAy HUBGE H.

8.6

8.4
Tep 82

< 8.0

7.8

7.6

1 2 3
SiCHL FE K F

Pl 6 T R oAk b SIC AL IEE X S J5 P P 52

4 BEZERBMEHL

XA I 2R 2 2 A BDRHBORE . ] B AR D 4R
T RN D CE AL BE . 2 AR Bk
A9 R RS AR VA WU 1o + AT AR S BB AN 4T £
FLBEILEE A5 5 5245 2 14 2 IR 2l SR o ORI A
TP 7.1 8 FH 9.

MNP 7 el 8 n] UL S A TR R BON B0 S
PRSI AT — 2 BRI . 22007 XA IR R IE
ARBET GBS B2 B9 T7 1A 5. MR 9 T LR
i SIC BURL A TEFR SCIR R BROL R 21 B AT
—E RS AR  (EE X ORL AR BT O R AN
HLBURLAR SR DR 58 1 L X SRR 5 AL 1 T HE A
PR RS S R BRI BE 1) 2 e Al A .

g
&
2
3t
*
K7 2 SR AR MM
5
=)
2
2
*

K8 3 5ikHESZM RHAA



3

AR AR 55 ALK R R S MR A B S B RERTT5E 85

o

B9 2 SR AR B

5 4% i

ZNS @R U2 o N7 W g TR 1 R 7o

(1) FHIE A A 50 A5 21 14 Bl 5 B0 A2 ] S 1.

()Tt B vk Cr ¥y & AN EER Z S48
FRY TR S P S e 4 d 2. Cr B3 9 fi0 ACRT LA S 4 5
FZ PR BB 1 o A T B U Rk v B AR R A3 A
L 50 A A TS AL

(3)SIC & X R )2 G BRI B M 1) 52 e
B . W SIC P i 0, aXCRE T B P b 25 4

HARFU LA 40 %0 2247 M EL. SiC AR XS 22
Zilx$i*+ﬂﬁmﬁﬁ§ktﬁl¥§§”ﬂﬁ REEIH 80 pm HLHZ
EH.

SE

(1]

(2]

(3]

(4]

(5]

[6]

ZEWL XML 5T 4 R s WC BTk L
WL BT Z, 2008, 37(3): 93-95
LI Yanming, LIU Yi, SHI Haifang, et al. Research
on process of casting-penetrating WC particles into
low-Cr cast iron [ J]. Hot Working Technology, 2008,
37(3): 93-95.
Tjivl_nb*'a F 7K A B WO R Bk RO A2 30
LG EMERE R mg L] ] R A #53E JA A5 4
2008, 28(6): 422-424.
NING Shuang, BIAN Xiufang, TIAN Yongsheng, et
al. Effects of WC on the microstructure and wear re-
sistance of Fe-based laser-cladding coating [J]. Special
Casting & Nonferrous Alloys, 2008, 28(6); 422-424.
USKOV 1V, KRUSHENKO G G, SHENIN A B.
Improving the wear resistance of steel castings by
strengthening the surface with silicon-carbide and
chromium-carbide powders [ J]. Soviet Journal of Fric-
tion and Wear, 1989, 10(2). 124-126.
Anon. Surface alloying the operating layer of ingot
molds [J]. Mezhdunarodnaya Kniga, 1998(3): 78-81
(in Russian).
A R TT S A B M. Jb st P EEM T
At Rk, 2004,
U\ Oy ]
2001.

JEB LM Jb st if 4 Tl i i

Gl BAE)



