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Abstract: To enhance the wear and impact resistance of titanium components, WC particles and TC4 welding wire were

used as cladding materials. Pulse plasma wire-powder cladding technology was employed to prepare a WC/Ti composite
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layer on the surface of TC4 titanium alloy. The optimal ratio of WC/Ti was determined through experiments, and its effects
on the hardness and toughness of the cladding layer were studied. The microstructure, microhardness, impact toughness, and
bonding strength between the cladding layer and substrate were analyzed. The results showed that by optimizing process pa-
rameters, a WC/Ti cladding layer with a bright black surface and no metallurgical defects inside was obtained. The cladding
layer mainly consists of phases such as WC, TiC, W,C, etc., with a strengthened structure primarily composed of TiC phase
around the WC particles. When the wire feed rate is 1.4 m/min and the powder feed rate is 18 g/min, the surface hardness of
the cladding layer reaches 51.9 HRC, which is more than 1.5 times that of the TC4 substrate. The impact toughness test re-
sults indicate that the cladding layer has certain impact resistance at room temperature, with an average lateral impact ab-
sorption work of 10.6 J. The bonding strength between the cladding layer and the substrate reaches 616.03 MPa, far exceed-
ing the engineering index of 450 MPa. Pulse plasma cladding technology can effectively prepare WC/Ti composite layers,
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enhancing the wear and impact resistance of TC4 titanium alloy surfaces.

Keywords: pulse plasma cladding; WC/Ti cladding layer; microstructure; impact toughness; bonding strength
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Fig.1 Schematic of plasma cladding equipment
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Fig.2 Schematic of plasma welding torch
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Fig.3 WC powder particle size

R1 TCAHBEUFERT (FRESH, %)

Table 1 Chemical composition of TC4 titanium alloy (wt. %)

Al \% Fe C N H O Ti
5.88 4.01 0.13 0.05 0.007 0.015 0.18 Bal.

R2 WCHARWZERS (FRESE, %)

Table 2 Chemical composition of WC powder (wt. %)

Mo+
C \'% Si Fe Cr Ti
Co+Ni
4.1 0.001 0.0021 0.12 0.0071 0.0013 0.01 0.0098 Bal.
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Table 3 Plasma cladding process parameters

R PR VA 2223/ (meomin™)  GERER/(gemin™)  FHREER/(mm-s)  BEFRRE/(Lomin™) AR E/(Lmin™)
WC-01 0.7 39
WC-02 1.0 31.5
60/170
WC-03 1.3 22.5 13 1.5 25
60/200
WC-04 1.3 18.8
WC-05 1.4 18
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Fig. 4 Schematicof longitudinal testing
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Fig.5 Schematic of side impact on cladding specimen
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Fig. 6 Schematic of plasma cladding specimen
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Fig.7 Metallographic photograph of WC-05 cladding specimen
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Fig. 8 Overall microstructure of WC particles in cladding layer
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Fig. 9 XRD test results of cladding layer
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Table 4 EDS analysis results of WC points in cladding layer (at. %)

RS Cy Ti, W,
90 58 2.2 92
91 8.5 245 67
92 9.3 81.3 9.4
93 3.1 553 36.8
94 2.7 58.1 33.6
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Fig. 10 Longitudinal test results of Rockwell hardness of cladding
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Fig. 11 The cladding specimen impinges on the fracture interface
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Table 5 Substrate-cladding impact test results

PR AR IR shO WlhERt R m

5 /mm /°C B KV,/J atk
WC-06 103
WC-07  55x10x10 20 12.1 exis
2 mm
WC-08 9.4
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Table 6 Cladding specimen bond strength test value

IR HURiRE/MPa  T-A49{EH/MPa H45{E/MPa
WC-LS-01 586.40
WC-LS-02 605.38 601.05 >450
WC-LS-03 611.38
WC-LS-04 666.80
WC-LS-05 584.47 631.01 >450
WC-LS-06 641.77
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Fig. 12 Relationship between tensile stress and displacement



5511 1]

K i, & TC4 Femm kb &5 T2 X WO/ GRS 31

RIS & B, W B T WO/TiH IR
JEIsE aEAL . BrhiE B4 A1k 616.03 MPa,
K B Tl 45 (0 WO/ THA T 22 5 TCA S M i 4 &
5% B KT 616.03 MPa,,

SR Dk i 88 25 0 7 R TE TCA 8RR T
il # WC/ITi 24 )2, IS X AR RE 152,
FIPEFHER A A B B AR AL T — RO T

(DTE TCA K G 4 R M H &1 WO/ T )= &
ZLH WC TiC . W,C E AL, WC Fkr il DB R 1T
DA TIC A E s ik a4,

(2) K A5 B FIE A BORAE TC4 Rl 76 WC/
TikEE 2 , Yk 2238 1.4 m/min, 25K 3% 18 g/min
A, s 7 J2 3 T B R4 00T T 45~55 HRC, JE 2 N
14 WC FUREHE A 42 v 0 RIS, 2 HT 1 WC
TR 5 et A0 8 Sl 3 AL, i 4t i WO/ T IR 3 2
AR BT, Sh R i 2 B AR

(3) X AR R A7 1 b o P BB I S s, e
i AR T2 A ) R A L, Hops
PEREMIR LS 051 103 1.12.1 1.9.4 1, Y8 iR,
Y ER i EREER (/T8 T) .

(4) R A5 3 I 22 36 By B R il 4 WC/Ti S 7
2 A5 TR IEIX 616.03 MPa, G T 4555450 MPa,
TP Z A T RAFEIR L& it T
SRR IR T

B3 -

(1] B, PRS0, VFIERE, 55 . TCABR B B RMHOLH

&k Ti-AI-Nb ¥ JZ B BE TS [T ). #i A s AR5 T
£,2017,46(08) :2266-2270.
GE X L,Zhong Y Y, Xu X J, et al. Study on Laser al-
loying Ti—Al-Nb coating on the Surface of TC4 tita-
nium alloy [J]. Rare Metal Materials and Engineering,
2017,46(08) :2266-2270.

[2] ZHANG K M, ZOU J X, LI J, et al. Surface modifica-
tion of TC4 Ti alloy by laser cladding with TiC+Ti pow-
ders [J]. Transactions of Nonferrous Metals Society of
China,2010,20(11):2192-2197.

(3] VR, SkAR G4, 55 . i TR S B i X TC4 k5
GHAERE M BRI (B3O [T]. Wl & Jm A RS

(4]

(5]

(6]

(7]

(8]

[9]

[10]

T,2017,46(06) : 1457-1462.

XX HY,ZHANG W, FAN K, et al. Effect of electron
beam high frequency Scanning on microstructure and
Properties of TC4 titanium alloy[J]. Rare Metal Materi-
als and Engineering,2017,46(06) : 1457-1462.

PR TCABR G &R AF 8 T B N R S IR Z 4
ZUEFEID ). SR - BN R, 2018.

CHENG C. Study on microstructure of Ni base compos-
ite coating on TC4 titanium alloy Surface by plasma
cladding[ D]. Guizhou: Guizhou University,2018.
XIS SRR, EAE] . OB WC BRI 3R A &
WAL K [T ] o A (46 8 2E R, 2012,
22(09):2600-2607.

LIU J D, ZHANG S Q, WANG H M. Microstructure
and wear resistance of laser cladding WC particle rein-
forced composite coating [J]. The Chinese Journal of
Nonferrous Metals,2012,22(09) : 2600-2607.

SRARE, X R, o 5 . B P A PR R AR R IR
JERWTTEHERE Y] TRERT R, 2005 (03 ) : 332-334+339.
ZHANG J G, LIU J Y, JIANG X L. Research progress
of tungsten carbide/cobalt thermal spraying powder and
coating [J]. Functional Materials, 2005 (03) :332-334+
339.

SRS . AF B T R A R Ni R 5 U 2
[D]. IR : INARFHER A, 2018.

ZHANG X J. Research on wear resistant anti—friction

bl
&

Ni base composite coating by plasma cladding [D].
Shandong: Shandong University of Science and Tech-
nology,2018.

TRA . BiACP A R HEORS 5 PR I T A J KA
HUEAFFE[D ). IRV W R Tl K2+, 2017.
ZHANG Q L. Study on surface formation and damage
mechanism of carbide materials in ultra—precision
grinding[ D ]. Heilongjiang : Harbin Institute of Technol-
ogy,2017.

Upadhyaya G S. Cemented tungsten carbides: produc-
tion, properties and testing[ M ]. William Andrew, 1998.
Yuan Y L, Li Z G. Microstructure and Dry Sliding
Wear Behavior of Fe-Based (Cr, Fe) ,C, Composite
Coating Fabricated by PTA Welding Process[J]. Jour-
nal of Materials Engineering and Performance,2013,22
(11):3439-3449.

Lou D, Hellman J, Luhulima D, et al. Interactions be-
tween tungsten carbide (WC) particulates and metal
matrix in WC-reinforced composites[J]. Materials Sci-
ence & Engineering A,2003,340(1):155-162.

'mn—ummﬁﬁ—wuaml



B
=4
.E.
&
|
HE
12
R
*®
[}
I
=

32

43K

2024 4F:

[12]

[13]

[14]

[15]

AL S PRI ARIRE 55 . TCA R I 28 R B0
ST 2 A M RHZ O A SRR [T ). A 4
JE MRS T, 2017,46(01) : 177-182.

LI F Q,GAO Z Z,LI L Q, et al. Microstructure and
properties of composite layer prepared by TC4 Surface
silk powder synchronous laser cladding[J]. Rare Metal
Materials and Engineering,2017,46(01):177-182.
FER . B 5T WC DRI SR AR BE 5 B MR I RO 21
LA S EEEEREMT S [D ] A0 7 AL TRHE R,
2023.

CUI L. Study on microstructure evolution and friction
properties of Hard WC particle reinforced Nickel-
based alloy surfacing layer[ D ]. Liaoning: Liaoning uni-
versity of science and technology,2023.

T VSO, PR — 0 2 IR CeO, M O B
Ni/WC A= B PERESR THITFE [J/OL | 0t 5ot
TEFHERE, 1-15[2024-09-27 ] http:: //kns.cnki.net/kems
/detail/31.1690.TN.20240919.0840.006.html.

JIANG L W, SHI W Q,LIN Y M, et al. Study on per-
formance improvement of Ni/WC-based laser cladding
by adding CeO, [J/OL]. Advances in Laser and Opto-
electronics, 1-15[2024-09-27 ] .http://kns.cnki.net/kem
s/detail/31.1690.TN.20240919.0840.006.html.

T, E AR, B0, %5 Ni60—-Cr,C,~WC/TIiC 4585 1
LR T R PERE AT SE T ] ARG 4 Tlk, 2019, 29
(06):23-27.

WANG G, WANG H F,ZHAO W, et al. Study on wear
resistance of NI60-Cr,C,-WC/TiC plasma surfacing

[16]

[17]

(18]

[19]

layer [J]. Powder Metallurgy Industry, 2019, 29 (06) :
23-27.

s SRR X T, AL B AR O A
NiCrBSi (25 W i PERE LT ]. Wiy & B A pHS TAE,
2002(02):99-102.

ZHANG S, ZHANG C H, LIU C S, et al. Cavitation
corrosion properties of laser cladding NiCrBSi on Alu-
minum Alloy Surface[J]. Rare Metal Materials and En-
gineering,2002(02):99-102.

ML, 0T, Bl /NIE L 4F . TiIGAIAV & 4 O IE 8
HEAAWE R B M IR T A A ERERT ST [T ], P
o', 2015,42(10) : 89-96.

YU P C,LIU X B,LU X L, et al. Tribology and high
temperature oxidation Resistance of laser cladding com-
posite coating of Ti6Al4V alloy[J]. Chinese Journal of
Lasers,2015,42(10) : 89-96.

Liu X, Lei W, Li J, et al. Laser cladding of high—
entropy alloy on H13 steel [J]. Rare Metals, 2014, 33
(06):727-730.

PR SN BT R TIC & R B 2 TiC/
TC4 Z GAEHHSURPERE R 2 [T ]. 76 4 8 A1k
5 T#E,2017,46(11) :3416-3421.

LUO J M, WU X H, XU J L. Effect of TiC content on
microstructure and properties of microwave-sintered
TiC/TC4 composites [ J]. Rare Metal Materials and En-
gineering,2017,46(11):3416-3421.

A Rk - http : //www.71dhj.com



