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B 99.7%) FIEA 5 mm WP &EBER NN, Ee
R0 RLAE 3~5 um WC FURCEY R ARLAE 53~150 pm
TC4 K& & B R ATIREE IR K (Ab 22 543 4 i
F LMK 2 PR, H43 WC BRI &4 HCN 1%,
2%, 5%, 10%MIE AR K. Jo/K LEE—J7 1H P ER B
Tk FR RO B R R M RE IR, 5 — 5 TAE TRk R
AR G ¥ R RTEFE N AT B ERENLR A 200
rimin fHIE, Bk, Fy. QEEEECA 1:2:2 $HATIR R 4 h,
& Je A AR & T Nk 3 BT

TR Gk R G 1E 2 i TR HLAE 120 Tk 5 h,
H 2T OB DU SL 50 BT B o He k% F] TC4 %k
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x1 TCAEEUERS
Table 1 Chemical components of TC4 alloy (/%)

Al \% Fe 0] C Ti
6.35 4.02 0.17 0.07 0.01 Bal.

F2 WCHAKLERS
Table 2 Chemical components of WC alloy

®3 (TEXENZSELEDMHRE

Table 3 Material mass in each nylon tank of planet ball

mill (g)
Number wcC TC4 Ceramic ball  Alcohol
1 2.1060 198.782 101.787 200.862
2 4.0360 196.539 100.624 200.364
3 10.036 194.136 99.583 200.304
4 20.139 180.810 101.242 201.553

C Co Fe Cr Ti W

3.95 95 0.157 90 12 Bal.

Note: C, Fe-w/%; other elements-pg/g
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Fig.1 Microhardness test point on top (a) and section (b) of

cladding layer
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Fig.3 OM microstructures of top cladding layer with different WC particle contents: (a) 1%, (b) 2%, (c) 5%, and (d) 10%
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Fig.4 OM microstructure of cladding layer cross section
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L [RAR LR, 435 IR T N E 2 3550 . 1 IRk 2 1]
(&5 & 7143 LAY 5
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Fig.5 SEM microstructures of top cladding layer with different WC particle contents: (a, b) 1%, (c, d) 2%, (e, f) 5%, and (g, h) 10%
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El6 10% WC TZIE%Z SEM HOW 4411 EDS MIix »5
Fig.6 EDS test point of SEM microstructure of top cladding
layer with 10% WC particle

2.2 WC B & 23 8 H6EE 8

7 AR WC R 5 12 48 T 2 Rl AR 7 AT
bt WC RIURL 7 5 38 ke 7 )2 4 A S0 A kil P2 A B Y 1
PRI, A28 o F b SF H BAE E HV (3173.34 MPa).
[ 20 32 M v S AT 8 e KA B WC & 231N (1% 3
10%) M 3436.1 MPa $& 7t %% 4729.68 MPa, i KIHHK
FEMEET; 1556.34 MPa, H &M 1 1.49 f5. 4Tk
N: 2 WC kL& /D, IS8 2R 8 Ti ik
PO 5 B M B, TENSRTE E 4 AR b e AR
(Ti,W)Cy [ J TIC J& T8l 5 A, A5 53 A Sl A fl 22
eH v, T Ti Ak, BT A o A A 2 2 il
RO WU REF A T = AR By, — RRCI O T R 8 B R 3
HE 98 MPa £ 4. FtidF WC S =AW I TiC i
i, AR W TR S Ti 0% B #%4 (Ti,W)Cypy [Fl
AR, T ECRE B AR TE ORI, e KB LN
303.8 MPa.

#4 BE6HRLESEDS HHER
Table 4 EDS analysis results of different points in Fig.6

(%)

Point Ti w c Al v
1 7206 064 2042  3.87 3.01
2 7423 831 9.35 4.76 3.35
3 7872 12.93 0 5.62 2.73
4 8552  0.73 6.87 4.38 2.50
5 7961 555 8.84 1.99 4.01
6 7726 421 1193 421 2.39
7 7429 079 1848  3.60 2.84
8 7113 859 1293 467 2.68
9 79.09 486 5.62 5.56 4.87
10 7772 495 1227 418 0.88

1678 2P Y AR B LT — 8, W UGS 2 T
= DO i M (E R R R B A, 1Kl 8 v WC Bk
AN A JE TS RO BB A . B 8 Wl
V578 )2 T2 ST FE HV PR {E Rl & WC & & 138
M 3360.42 MPa $2F+ %] 4260.26 MPa LI T
26.78%. BHEM VB (3173.34 MPa)it
34.25%, “FIRMMIERE T 1.34 fif. XRFAE
TC4 LR AR i i WC JBURL 5E A i, TE R W JE 3R
M CIFEIFE Ti szt — = A 5 N, 3 R EL
SEALAE I IR BRRSG AL HE I Bl LA 2 R . AR
T TP IERR D AR ala' Ml TE B AEIR & P Rk
GRiAZEN, BEAE WC & BRI IS et /. £
WA, RPN AR M R A R BN 1R
RRHE T4 4 10 88 5 0 2 g 1290,

2.3 WC R & £ Xl B 1 s A9 520
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Fig.7 Microhardness of cladding layer section with different WC

contents
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Fig.8 Average microhardness of cladding layer with different

WC contents
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Fig.9 Wear coefficients of substrate (e) and cladding layer with different WC contents: (a) 1%, (b) 2%, (c) 5%, and (d) 10%
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JCGARIRGERE, X TCA Bk & <Exiiif B 1L REA W B3R TH 2%
R X TREMIRTE 25%, KA W BESCEER S
RGP L, AT SR A R 55 1 7 i

s

10 Y& 2 B AL B
Fig.10 Topography of worn positions for cladding layer: (a) 1%,
(b) 2%, (c) 5%, (d) 10%, and (e) substrate
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Table 5 Variable parameters in the formula (1) of wear rate
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Influence Mechanism of WC Particle Content on Wear Resistance of TC4
Laser Deposition

Li Xin'?, Liu Hongjun', Zhao Yuhui®*?, Zhao Jibin?**, He Chen?? Wang Zhiguo?®, He Zhenfeng®®
(1. College of Mechanical and Electrical Engineering, Shenyang Aerospace University, Shenyang 110135, China)
(2. Shenyang Institute of Automation, Chinese Academy of Sciences, Shenyang 110016, China)

(3. Institutes for Robotics and Intelligent Manufacturing, Chinese Academy of Sciences, Shenyang 110169, China)

Abstract: In view of the poor wear resistance of TC4 titanium alloy, laser melting deposition (LMD) technology was used to fabricate a 2
mm thick wear resistant cladding coating of composite powder (3-5 pm WC and 53-150 um TC4) by synchronous powder feeding method.
Optical microscope (OM) and scanning electron microscope (SEM) were used to analyze the microstructure and elemental composition of
the cladding layer. The wear properties of the cladding layer were tested and its wear mechanism was analyzed under the condition of dry
friction reciprocating sliding at room temperature. The results show that the cladding coating has good adhesion to the substrate and no
obvious cracks, pores and other defects. With the increase in WC particle mass fraction, (Ti,W)C. increases gradually and distributes at
alp phase boundary and grain boundary. The average hardness of cladding layer is ~34% higher than that of matrix, and the hardness is up
to 1.49 times of that of the matrix. The wear volume and wear coefficient of the cladding layer change in the same way, decreasing first,
then increasing and finally decreasing. The wear is abrasive wear, and the wear coefficient is close to that of the base material. The wear
rate decreases with the increase in WC particle mass fraction. When WC content is 10%, the wear resistance of cladding layer is the best,
which is 25% higher than that of base material.

Key words: laser melting deposition; titanium alloy; particle reinforcement; microstructure; wear-resistance

Corresponding author: Zhao Yuhui, Ph. D., Associate Researcher, Shenyang Institute of Automation, Chinese Academy of Sciences,
Shenyang 110016, P. R. China, Tel: 0086-24-83601252, E-mail: yhzhao@sia.cn


https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2020&filename=JSXB202007011&uniplatform=NZKPT&v=7mOE6888sIzUDyj1HOPZAJyA5Y8x7khLvrLoqlSPN11bvPBat2CriWFUQRqEA_Vd
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFD2010&filename=JXXB201014007&uniplatform=NZKPT&v=NKsXJ9ACe92nRji5Lum43SFVBBVtyy2WaIiEtqqiM26zE5waHXQtarpM0lYYOggq
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFD2010&filename=JXXB201014007&uniplatform=NZKPT&v=NKsXJ9ACe92nRji5Lum43SFVBBVtyy2WaIiEtqqiM26zE5waHXQtarpM0lYYOggq
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFD2010&filename=JXXB201014007&uniplatform=NZKPT&v=NKsXJ9ACe92nRji5Lum43SFVBBVtyy2WaIiEtqqiM26zE5waHXQtarpM0lYYOggq
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFD2014&filename=RPTJ201402002&uniplatform=NZKPT&v=RSKEBr1NT5QLH0icUaQOYW-s9CfEz_vtRL5V8ycV2oGvxlD6aeQTU93Nj3NzYYWJ
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFD2014&filename=RPTJ201402002&uniplatform=NZKPT&v=RSKEBr1NT5QLH0icUaQOYW-s9CfEz_vtRL5V8ycV2oGvxlD6aeQTU93Nj3NzYYWJ
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFD2014&filename=RPTJ201402002&uniplatform=NZKPT&v=RSKEBr1NT5QLH0icUaQOYW-s9CfEz_vtRL5V8ycV2oGvxlD6aeQTU93Nj3NzYYWJ
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2017&filename=SJGY201620009&uniplatform=NZKPT&v=lMR6QDKnbbOhsRmNkBJ_daag7v2cUWIf3WiSkWUAMJUHia8VIc_-oY98WbksUpkT
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2021&filename=YYJG202104019&uniplatform=NZKPT&v=S0HldoewKOVOet8SZpCL4dLxVK1Vmj3YFim4bBvLdzb5dC0SM_Pgm2nUlm7Mq9Kq
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2020&filename=CLDB2019S2074&uniplatform=NZKPT&v=g5ODJ9bQ3BMwe6XgbpfdaHHDJl4-ChePozliaJySO8bRQ-yjczMvRcmGgJxpwFQS
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2020&filename=HKCB202003008&uniplatform=NZKPT&v=0mluyENDF96YoSQnLhQJYVV_hTS7P66yhwXRzuJAcOzuyLHsJkP9v9AH42NoFxB1
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2021&filename=JMCX202103003&uniplatform=NZKPT&v=b_JMLaPZLIq1mZ1eMhn5_SVv3OVCIZdV-5WbxKDh31h_Hg7hFJEIjzWXkZx2CSRf
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2021&filename=JMCX202103003&uniplatform=NZKPT&v=b_JMLaPZLIq1mZ1eMhn5_SVv3OVCIZdV-5WbxKDh31h_Hg7hFJEIjzWXkZx2CSRf
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2021&filename=JMCX202103003&uniplatform=NZKPT&v=b_JMLaPZLIq1mZ1eMhn5_SVv3OVCIZdV-5WbxKDh31h_Hg7hFJEIjzWXkZx2CSRf
https://www.sciencedirect.com/science/article/abs/pii/S0263436820301335
https://www.sciencedirect.com/science/article/abs/pii/S0263436820301335
https://www.sciencedirect.com/science/article/abs/pii/S0263436820301335
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2019&filename=BMJS201911008&uniplatform=NZKPT&v=e1D5rF2M4yCYuM5j09brpwGOSbm32NOkMNXkHqwxUpAQ7nPsVs4zodWlvyTrBFDN
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2020&filename=CLDB202015018&uniplatform=NZKPT&v=UzKlC3mndqO3l5RDKsA7ZoBccBWHFFFBL5F9A1VTBQMEQtG4QNSj7BUyJ2_p3PH1
��������Ʊ�WC������ǿ��(
https://www.opticsjournal.net/M/Articles/OJ8027cca346a1bc2/FullText
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2020&filename=JSXB202007011&uniplatform=NZKPT&v=7mOE6888sIzUDyj1HOPZAJyA5Y8x7khLvrLoqlSPN11dwMxrdL7udEiMIVL1NT5y
https://www.opticsjournal.net/Articles/HPAbstractM?manu_number=z201568
http://www.rmme.ac.cn/rmme/ch/reader/view_abstract.aspx?flag=1&file_no=20150817&journal_id=rmme
http://www.rmme.ac.cn/rmme/ch/reader/view_abstract.aspx?flag=1&file_no=20150817&journal_id=rmme
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFD2012&filename=ZYXZ201209027&uniplatform=NZKPT&v=dhom0en6UikHFF-CwG7GOmA_LNpkjGRRMhjNMU3RcynrQgUtzR7vAfXbSAgR98Wb
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2015&filename=GNCL201507005&uniplatform=NZKPT&v=2RPMvM8Fuvnyzr7V83XZ-stDbM-pitPklBNDq9n9e8YJbA4aWnddYypnZ5WQ4TQD
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2015&filename=GNCL201507005&uniplatform=NZKPT&v=2RPMvM8Fuvnyzr7V83XZ-stDbM-pitPklBNDq9n9e8YJbA4aWnddYypnZ5WQ4TQD
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2015&filename=GNCL201507005&uniplatform=NZKPT&v=2RPMvM8Fuvnyzr7V83XZ-stDbM-pitPklBNDq9n9e8YJbA4aWnddYypnZ5WQ4TQD
https://www.sciencedirect.com/science/article/abs/pii/S0261306906001920
https://link.springer.com/article/10.1007/s11431-014-5566-5
https://link.springer.com/article/10.1007/s11431-014-5566-5
https://link.springer.com/article/10.1007/s11431-014-5566-5
https://www.sciencedirect.com/science/article/abs/pii/S1526612521005983
https://www.sciencedirect.com/science/article/abs/pii/S1526612521005983
https://www.sciencedirect.com/science/article/abs/pii/S1526612521005983
mailto:yhzhao@sia.cn

