48 4% o552 1
2019 4 2 A

WAEERMBIS IR

RARE METAL MATERIALS AND ENGINEERING

Vol.48, No.2
February 2019

R ARELIEEECRBRERE
HITI 2H 20 514 BE

ko, BmERY, 3 A

IO EESL B OR!

(1. FER¥%, W Kb 410083)
(2. WIEE NSRS BE, Wi 2 417000)

OB SR KAETTIR I B 4 T BRAL B8 4k 5 B B2 RURJE AR AL B BB BE /N A2 . SR X ST 2R X
(XRD). 34t L EE(SEM). 0 T 2 o1 0 B 5 s A i B LGS FUBE R T S B R S IR E I AH . O AL NS5 0 . B i
JERPEBR R BAPERE . 45 R N], TIAMRIZA PG MEUE, SRR RIFRIR Y a, JFEIRIZ NTB T 90K 5 30
N RAUIET FeCroaoNio16Co 06 FIVEAR S IG I, LU JZ S M AAAFAERL IR Ni, JF LIRS TR i 05 U TR T B 2 95t
B 7= AR RN g, DR TR 2 R SO S kD o B2 50 2 R W ELBE B (11.86 GPa) BUBRAIR T L8R J  (HAZIR = AT B /MK JEE
PEAR40(0.2462), 1 h BEHERACH FIRJZ ) 1/3, DI I 54 R PR, 3 32 TSR AL IR Ay B L IR 4URIT I 5 PR 43 o

KRB BB ESEEERZ BARIETIR, A8,

FEEHSES: TG174.44 XHERFRIRES: A

e
XEHS: 1002-185X(2019)02-0601-07

T b % < e B S v |2 AT D0 S O S 1k T ot
PERPURE A Y, O N AR N K
H &ML R &P R R e . Hoar, %2
PR (Ui E ¥ JOAmER T, S PR te 1R
FEWTERUD) 2 A R AL 4 M R 2 S H I T
2o REZERRECIKRE TRZ LN, (HiT
HILZARG RN, Frilie)= 5 ALl R 2 i
iGNNGS &8 F, WRIZNE GRS A Rk —
At A, KRB EAA - ERSLERE, B
VR Z IR FH P R o O 3 T A B R T A 1 B Ak
EeEWEREZSEGERIFIMES S, IFHASR
BRI G R, ANIRIE B8 T B B & R E
(1) 37 H ALV R A N D1, A4S0 2 4 1R AR K
B, AR TZKRZWTZ N .

H K AE VTR Celectro-spark deposition, ESD) 4
PRy o B IR e R, e R R S P 7 AR
(1% van B 2 P K o AR A L [R] oy 10 e B 4 4 e Bk 1
i, LB RERED . o A R & ABUN,
BRI, I ARG, By SEBI R T A 3 1 1 AR &
SRALERE S A . AEDTRE R, AR R S
FE Al P He AR ) ] I s A, DR T SR )2 PR 2 2 A A

W, OURE SRR DL R TR SR S BT A

UgFE HEA: 2018-02-01
EEUH: WIEH N H IR E S H (2016JC2007)

MR f. AN, FUCAKR IR AL Kk RE R L
VLS ST 3 BT D i o PR FRL AR R AR R )
JEEUELE] S DA I BT ARl J2= - Rl AT Al oK il O O AL 21,
BEAT OB iR 2 I Rt e AN, IR
R PR Ve I R 2 AR R TP R AN g, 2
IS 3 FFAN BT R AR RO - A R s AR PR e, T
JZ R T B EL T AR I DN 1 S0, B TR R A PERE .
HLRAETTRR TR J2 B0 FOM e 58 4 il B _EidRe, M
B AL I H L 2 R A 5 26
WFFE I, G S N2 I 58 AR TR S TR
N 77 IR 22 58 A B TiC/Ni TR IE RS, M
FETHOLES, % TR R, W2 B R R B R
KA R, &P BRI RSO S 5 .

DI, A S8 A L K AE TR 5% B A0 % 2 < s Bl
BRI ARG B, DY IRIE TR IRG, 3D
JEPERE, SCHI# T LAms BB 2 N Ay el 980 J2 F 4 A i
4 I B /N I AR 2, AT T IR E R S
K O EARCT e

1L %

AU R ] TS A O TR A
AR LA AT ) Cr12MoV ¥ VE A FLA A JE AR 44 Kl

TEHEN: 5k 0, &, 1993 44, fit, PERYE, WiE Kb 410083, E-mail: 452190668@qq.com



.« 602 » M & ERS TR

848

BRI M e Al R & N R, R
T 5 52 45, 3 5 W B A TR 5 i, DR A L
SR I SO K S50 B FH B 644 RSH 4 50 mmx
35 mmx 5 mm, HALZRE > WER 1 FTR,

LRI R SR F R K16 4 T 2 4 I B AL B F 4
Ja& i % (Cr3C5-20%Ni-5%Cr), K~F 2k &7 mmx45 mm,
T A RE R P B AR DU W) A5 ) @10 mm x50 mm
& )8 AR (A1 >99.98%) . B 1y M AR A RH Ak B Ik
& RPER XRD K. o] LUF e 3 B A A
Cr3C,, Cr;Cs, CrysCe ARG 45 4H Cr-Nio

L K AEDTRCR ] DL-4000D 7Y | K AL TR B 4
SEHHTH SiC W 4K Rr T AR R NE 4T B, AR )5 H G
IK CWEFRL R VT . RS L 4 B e )2 A ik
P2 NI ¥R A [ ) 2 2400 %, JLRAR R 2500
VUL S 200 V, HLE 300 uF, #$% 4500 Hz, 44
AR AR, R 10 L/min. A E N 10
mm, HLHIE 2600 r/min.

KH D/Max-2500 %! X 5 26 f7 4 (XRD) 7 #1 i
JE A4 . KA Quanta-200 %Y R854 3 1 B85 (SEM)
MEEUR 2 R T TSRO A1 28, (7] B R FH 414 L e
[P GENE SIS60E RE B A 6 v 2 B A X Bl 4 kAT
P M. KM MK-VK B 5 5 4 R A 32 o 0 B 9
J2 0 S A S, TS e E B ) SON, LRI TA) 2y 10
so K H] HSR-2M JEHR IS L0 U J2 HEAT = AT 5 R 42
BERPERE IR, MRATRE R 180 m, WA Zk 74 10
N, #ii# ) 5 Hz, W5 (824 1 h, XFEELER SiC 2R (D6
mm, fifl £ 4 80 HRC), it Jot f% Jik 4% S I 1 5% R 2 R 4L
BEBTUE R ] AB304-3 AL HL 7 KPR &= (e /N LA

£ 1 Cri2MoV WAL E K &
Table 1 Chemical composition of the Cr12MoV steel (w/%)
C Cr Mo \% Si Mn Fe

1.4~1.7 11.0~12.5 0.4~0.6 0.1~0.3 <04 <0.4 Bal.
% =-CrC,
.- Cr7C3
. - Cr, G
a *- Cr-Ni
>
7
=
ol *
= :
1 1 I 1 1

20/(°)

1 AUARAEK) XRD & i
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Fig.2 XRD patterns of the two ESD coatings
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Fig.3 Surface morphologies of two ESD coatings: (a, ¢) monolithic coating and (b, d) composite coating
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Fig.4 Cross-section microstructures and EDS line scanning analysis of two ESD coatings
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Table 2 EDS results of the worn surface marked in Fig.9 (at%)

Spectrum No. (6] Si Cr Fe Ni
1 59.60 6.94 4.53 28.93
2 5.03 1.35 6.29 87.33
3 70.83 3.26 16.22 5.70 3.99
4 9.90 0.96 40.70  42.31 6.13
5 6.10 0.46 29.96  36.73  26.75
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Microstructure and Properties of Chromium Carbide Based Metal-Ceramic
Coatings Prepared by Electro-Spark Deposition

Zhang Yi', Chen Zhiguo'?, Wei Xiang', Wang Li*, Hou Zhiwei’, Yang Wei'
(1. Central South University, Changsha 410083, China)
(2. Hunan University of Humanities, Science and Technology, Loudi 417000, China)

Abstract: The chromium carbide based metal-ceramic monolithic coating and chromium carbide based metal-ceramic/Ni composite
coating were prepared by electro-spark deposition. The phase composition, microstructure, microhardness and tribological properties of
the monolithic and composite coatings were characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM),
microhardness test, friction and wear test, respectively. The results indicate that the two kinds of coatings are dense, metallurgically
bonded to the substrate and have a nanocrystalline microstructure. In the composite coating, the content of FeCrg29Nio.16Co.06 plastic phase
increases and the Ni transition layer exists at the interface, which can release the thermal stress via plastic deformation; therefore the cracks
decrease in number significantly. Meanwhile, the maximum microhardness of the composite coating (11.86 GPa) is slightly lower than that of
the monolithic, but the composite coating displays the minimum friction coefficient (0.2462), and its wear mass of 1 h is only 1/3 of that of the
monolithic; therefore it displays better tribological properties and the main wear mechanisms are abrasive and fatigue wear.

Key words: chromium carbide based metal-ceramic coatings; electro-spark deposition; microstructure; properties
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