A IERFER

Journal of Henan Institute of Technology

Vol. 33 No. 5
Sept. 2025

B33E HsSH
2025 4E 9 A

L TR 5% TR B EAT R T M
SEACDS

Mo, RN, R,

(1. W@ Tk PR TA¥E, M 3 2 453003; 2. ¥ T¥ ke MBTR¥K, #E # 2 453003)

WE: ARTEETHRGEFTHERM TR R BN, FAMREAETEFENREHEET N ZEWC
Aoz, AXAGRABHE RS . LEFEHELERERREIE RS, REM LN T HARE UL R EH,
BEEWEM EREN: AHRESEERELE 6 R, WAL RAFRE; L, s0rREREANRKE &,
M RRERENEEEE, HARREFW B ERD 24, HEREFWHMEE SKADR, FHAERERER
HEE] (CrNi,Fe)C,. (CrNiFe),Cy W AR AR AR K — R BRALH o Wik i & o B WC Bk oy 4 KR R BB IR B P i i 12.7 %,
BEABREMELF H 0331053, MU T, £BFHRRELHEH T BEEE,

r [ %71 Y

XER: B TR, FETHE; RE; MUAREN; WEK

REDHES: GT146 XEkFRERD: A

XEHS: 2096-7772-(2025)05-0001-05

0 3l

Wi TAREHUBA W 1) o AL A JE, R R GER
SEAROE (AAEZER | fRIARAR . TEZEFFSE ) BTl AY
e hs s H a5 o 3 ZEATVRE D e A TR %
DA, TSR B R RSBt T
LAGHER . WIERM, WEIER ARSI T R
P, B GE U AR, AT RES | &
ATzt B, 7RG FEA R I SRR R 2
S E U NN O R Sy W S T TR
FPOR ERALHE T THIIIUE | PBER OIS
T THUIR TARRCRAR, WRJZ T LLORIIE ;R0
URHCGE R R TUIRBUE R Z , AATEIRRIZE iR 4L
SR s WO BT R AR B IRZ . PERE
RAFIIRIZ ARBAR MK 200 T 7T/ & L A i B

il

T LA EFOR, S8 7 iR 5 &5 B TR 1
ARBEA AR R T2 R A A A A I A
DLric BTSRRI, PR P Sk 2
O B IR 7 RS BIR A 1
W TR 5 25 B8 T AR BORAE TS ZEAT A R M 45 Ni 2
WCEZEWRIZ, FFoaxt iR iRz r RO A5 |
2 AN PR P A TR RALE , i s R SR
PR RZHOR OIS BB S S HOR S

1 REHRIFN T E

1.1 Rew el

6 FEFF R R Q235 MR, b Py (iitsr
B, %) M. 0.18C. 0.44Mn. 0.15Si. 0.004S. 0.008P,
AN Feo WEERFIBTAEET M A =4l Ni 2k WC IR
AR, FEAF IR 1R,

®1 BEEMARNLERS (RESE, %)

WC Ni Fe Cr Si

Al Co Mo Mn Cu

249 48.5 10.3 12.6 1.20

0.74 0.65 0.28 0.50 0.24

i EHE: 2025-08-06

ESWE: WHARHEUOGTHRITH (232102241027 ) ; W44 & 2 @S RHPT H (25B480008 )

E—EEMA B (1983 — ) &, WEHS A, B, EEAIRR AR R R RS
1
https://www.cnki.net



r [ %71 Y

LA B AR

2025 4E5 5

12 RETE

i FH 55 B8 T WS R (AR 0 ZE AT R A TR, B
IRIBSR T 22800 W 380 A, HIJE S8 V, RS
R Al AL 99.99 % ., Ykt 32 L, #8377 0.38
MPa, WEIRFEES 115 mm; i AR A S5 2 1 AR X%
FEMFRMMIEELR, BREE T ES35800:
U150 A, HLE 25V, BUGIESIEE 920 mm/min, 2
BTERE 25 mm, BN S AR LR 99.99 % . Ui
380 L/min, PRI AEE L 99.99 % . i
425 L/min,
1.3 iREHF SR

K FH HL K AELR Y ) 0 TR 2 ARG I
PEATHTES | JOGAE . 2R Olympus PME-3 Y§2%
B (OM) MEWRIZHOWHLZE, Bl Image—
Pro Plus 6.0 EURAMAT AR BUR RO 251 7 e i it
K HH JSM=5610LV $94 L F S fsE (SEM ) ML &
RRRIZREIEA, RS A RIS (EDS)
BEATI X L3208 SR HR150A %19 FG i i3 HRA
B RO FTHVS-1000 %Y 5 2 FCAT B -t 2 A
Y FCI EE IR A5 A 3T 100 g, PREZETIE 10 s,
FEAFEINR 5 A S BCEE,

K MMW-1A by 20 B8 48 5 45 i 3 AL i A 7
i B PEREM 4K, #0A7 150 g, He#k 1250 r/min; >R
CSM Instruments JE 45 5 351 I 0 (S R A 7 70 &2 X028 4 s
FHREE, Yo EAE 10 mm (1) WC-6%Co BRYVE Jy Xif R R
HmER e 6 N, BEEIEES 120 m, W shHEE 6 cm/s,
SEAFIC SR AR R4k

2 AREREHW

P 1 D 55 T IR 1 A IR U 2 AT < A
OIS . AT, PR 2R iRZ 5 AR
PIZEG Ry, Frmbbdodeas . AL, BORSUE B
FAE . TEREETIERINIRIZH, T RIS B 5K
RF W Bk, HEREREF ML, B U
JIE” A, SEPURAUES G RE, WE 1 (a) FR;
11T 7E 45 1 T KR IR 2 v WC B0 X 5 43 A 76 S 1 B
I, RWEBIWIRRERSG . HHh, (e n] DL
WA X, RBUHRSZEEHHE, WE 1 () Pk,

Pl 2 S Ah g 2 DR SEM RO SR P AT
M, FEEFBIRIRZTH WC BRI ERE , TR
WiRT UL, RAAEDTR R, TR AT WA
W R A/ NORE, IR 2 (a) ST Sk iR AL
2T, FETRYRRIZ T WC BRI RA S, 2
ZHMIERL, XL m e TR R AR R T
2

https://www.cnki.net

WC BRI ZIR)Z Il AT B E0RE, (EHEL
R ATEEREE, WE 2 (b) HEEETLFTR .
Ak, FEWGIRIR 2 F ik o Al K A R R S
HRAOTIRL, L3I Uiy, a2 (b)
HEL TR R .

(a)

(bh)

B1 £EFHR (a) 5EEFEER (b) &2
B mEEEHMN AR EEE

Fe2 G T 2 RO R A A B N R Y
RETE AT 4E A, MR AT, MEURTR)Z Y R /N
R(1,234) PWILRE S ®RYMT 1.8 %, &
1. 2 13 4b Ay CreNitFe 5 C LR MR T LA % T
7t 3, {44k CreNitFe 5 C L E MR T L A%
F3 020 A ScEk Y e HERr, A 1. 2 f1 3 b/
R AT (Cr,Ni,Fe),Cy HH , T3 & 4 AL UKL R (Cr,Ni, Fe),C,
A, X SR AR 2 CryC, A 4Y Cr JBF 88 Ni Al Fe
JE T BEHFTE R ALE S Ab R K AR Ni R
W (649 %) o XFBURRZ, I8 6 F17 4b1
WA LR T (CroNiLke),C, #H, 78 8 Abisrizin F
(Cr,Ni,Fe),C; #H; {78 9—13 Ay —RERiEYI+ W ot
R Eliee, RHEME 12134, W, C &5
BEETHAMALE, ZIG U B R SR 2L
T WC ki kA i oo sy



WRD5, S5 S5 TR 555 B T TR X 2 AT A 1A 1R RE Y SR S AT

r [ %71 Y

(a)

(b)

B2 EBFHR (a) EBTFHE (b) REXRA
SEM R
F2 RAREABRMELEESINER (at.%)

g G Cc Ni Fe W Si

307 537 79 7171 - -
272 571 82 64 11 -
HET 270 538 83 91 18 -
BRI Z 380 525 45 34 16 -

106 79 649 115 13 37
375 536 32 34 23 -
385 504 32 34 23 -
294 532 92 64 18 -
290 184 258 48 220 -
s 100 280 189 261 52 217 -
mep2 11 285 194 255 55 211 -

12353 139 150 44 314 -

13 349 152 159 45 295 -

14 115 69 633 128 18 36

Pl 3 Sy A A 2 A 9% R R Ik )2 X Pl X
(A 2 A B AR T, B RTS8 TR TR 2
7% R B2 (62 HRC) i T 55 15 W AR i B B2 (59
HRC) , {HIAXAE AR R s Fur
TR R 2 WC IURL A A B S22 5 T4 B TR 2
Y WC R, B 12.7 %; SRS HIRING 2 B LIk

O 0 [N N B W N =

https://www.cnki.net

B LA AR ], fH 55 B WA TR )2 ) ki fb )
WORLAE A 1910 HY, AT WC ki FE A Z 1], 1
LB TBIRGIZETHN 00 FREEIFIT 15 AT
WC BARABARGR JZ h R WA S AR TR 2
R BRI

(a)

(h)

El3 EBETFRASHEREREREE
(a) MMREREE (b) FHRE
Kl 4 Jyzgid 24 h BESERUAER S 19 SEM JEHUE
Bl AR, i BRI P i 4 S TR IR
JRR SR BER AL FIRR, TR)ZH 00 WC Rk
R IURTE LG . X ERUR R DR (&4 (b))
AR, WC R A7 EAR/ NIR, FF4)
A BLBAN 7 B IR R, IX 2 B O FE B e
HIRIZH R WC BURRH | SRR, R R
ZRIFER M ML R, SRR IR B R AT I
Bz HEDRM AL TIRIR, se% WC Bkisb, X3
S i T ek = R Al Wy A PR A5 2o R e A A A
FIETTEC, R B TERER 2
XA T2 TR E AT A BRI R
B 5 g BB EERE R B £ . P TRTRT R, R4 R Kt
EFEE A BT B, BRI AR KDLAKo BRI
3



LA B AR

2025 4E5 5

FECPR B, #E 0—20 m Z 1], RPEESEEESIT IR
B, BESEAR RGO BN Z A R S
B 20 m 7, WIRD L 23R HEE R B0 TR
Ko Hoh, SR TR IR R R R B E (E N 0.33,

71756 B F AR 2 Ry 0.53 0 X 16 AH 45 88 F IR TR
JEA AT AN LG 5 AR P SRR |/, [ A o 3 1
PRI HA A R

B4 EBEFHR (ab) EFFHIE (c,d) RENEEEIREH

El5 MMRENERRIEZ
3 Hit
(1) ZFE TR Z S REIE RS &, T
SR TR IR R SRR UG RA S, WRNRZES
BEVR ) ST A SRS R, AR 2 AL

MBI
4
hE4NM  https://www.cnki.net

(2) S B F MR A B R )2 A We
Fl Ni-Cr-Fe #H; 55 85 1B IR IR )2 N WC R B
REERBRIV A, 555 TR IRZ NI WC B0k
RERMAEN. WA, FEFRER)ZE PR s
(Cr,Ni,Fe);C,. (Cr,Ni,Fe),Cy A KA B IED)

(3) SFE TR 55 B WSR2 I % FC
43514 62 HRC F1 59 HRC; WHRIRIZH A WC kL
Y PR R AR 2 TP R 12,7 %0 A5 ESTWEIR 5
BT IR 2 I B R S E (0 0.33 F10.53,
MHZTN, &8 FIORR)Z HAT E A n i B RE

BEK:

(1] B, ZEER, B 85 ik Ni 28 42 E R
FRIGBEFEBAR [J]. FH AR | 2016, 45(3): 64-71.

[2] IBR, BN B, 45 . SbE — B faER 2wk 12000
A BT HGEVERE BT [1]. A2 M40 L 2025, 45(4): 45-55.

[3 ] 2R, ] et | AP, 55 . BOCIE BIR 2 M A 7= AT (7).
B4 SR 2025,45(7):28-30.

[4] Az, 2040, PR, & R HE X 50CMnMo 5K 2



WRD5, &5 S5 TR 555 B T WU X 28 AT 28 1A 1R RE Y SR 23 AT

TR VR4 1 07 e 0 R T )2 2 5 P B S i (0], 4 s A
B 2025,50(7):10-17.

[5] HRFHF . M 58, AR R 56 . 58 B T IR I 45 i YSZ-
ZeC 9K S A5 TR 2 W A0 8L 1 5 0 BE T T (0. AR VR 4L
AR 2025,17(2):47-56.

(6] S, FHE, 19 TR, 5 . [l K A x4 % 7
W AR Ni-WC VA 2 ol Rl k47 A 1 82 e AL SR (D). % T 4L
A 2025,54(6):74-86.

(7] XUEI ., Gakds  MNEA , 55 . 55 B TR AL A A TiC 15
Fe JEA At 2 AU S VERE (1] SRR 2024,53(5):34-38.

[8] ZHANG H X , LUO C , ZHAO H L , et al. Interface and wear

resistance of high frequency induction remelted Ni-based WC
coating[J]. Advanced Materials Research, 2010, 105-106:509—
512.

(9] BRJ5 , B HIE , FRIZE . MU IR ZE 5 i 2 T v 2 5 T s
PEREWFSY [J]. BroR iR 4 Talk ,2020,30(5):60-64.

[10] Eff, FHEAR . 58 TWE Ni 56 WC IRZ A2 S M e
9% [J]. BIN T T2 ,2010,39(12):134-136.

[10 T ARA, B/NBT, XU, 45 R o i e F DI s 0% o T T
RIZPERENIY [J]. BARIA 4 Tl ,2018,28(1):34-37.

[12] XURI, aap 2, %5 0, 5 WC—(W,Cr)2C-Ni/Ag & A ¥k
R o8 S BESEEAVERE (D). v R TR 12015,28(3):10-16.

Effect of Plasma Spraying and Plasma Spray Welding on the Surface Properties

of Piston Rods
CHEN Fang', YAN Lipeng®, ZHENG Lulu', XU Kaige®
(1. School of Mechanical Engineering, Henan Institute of Technology, Xinxiang 453003,China; 2. School of Materials

Science and Engineering, Henan Institute of Technology, Xinxiang 453003,China )

Abstract: To investigate the influence of different processes on coating performance, this study employed
plasma spraying and plasma spray welding technologies to successfully prepare Ni—based WC composite
coatings on the surface of piston rod substrates. The microstructures, hardness, and wear resistance of the
two coatings were systematically compared and analyzed using field emission scanning electron microscopy,
optical microscopy, and a friction and wear tester. The results indicate that both coatings exhibited good
interfacial bonding with the substrate without defects such as pores or cracks. The sprayed coating interface was
characterized by mechanical bonding, whereas the spray—welded coating interface demonstrated metallurgical
bonding. In the sprayed coating, WC particles were spherical in shape, while in the spray—welded coating,
WC particles showed a polygonal morphology. Additionally, two types of hard phases—(Cr,Ni,Fe);C, and
(Cr,Ni,Fe),Cs—as well as secondary carbides were observed. The hardness of the sprayed coating (62 HRC) was
5.1% higher than that of the spray—welded coating (59 HRC). The steady—state friction coefficient of the sprayed
coating (0.33) was significantly lower than that of the spray—welded coating (0.53), and the wear rate decreased
by 37.7%. These results demonstrate that the plasma—sprayed coating possesses superior wear resistance.

Key words: plasma spraying; plasma spray welding; coating; microstructure; wear resistance
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