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1.1 EE8REHE

EH TC4 Bk & & NSRBI, FHRERA & TIE K
B AR, BEAERA30mm, BEAEKE 15 mm. BEA
i [ FH 7K RS AREEAT B 4T BE O T, H oK 21
TEVE G, DAORUE [ Ay 3 18 J6 5% B 1R S A A 5
SR o R BN 99.5%1 TiB, K3 A (ks K ~F
5 um) 5 RS ECN 99.0%1) Ni By KA 5 pm)
NIEEMEL. AT BRIEEM B R, KA D&
(1) 2123 By I W RGEE R B TiB, My K5 Ni+TiB,
3 K (n(Ni):n(TiBy)=1:1) 73 il 75U & TR 1 B o T |,
B REREEESHN 0.4 mm. S5, BHEEBRE
FREHATIHET, RS HTI 23 0 8 E N 120 ‘CHI
5h. WG IEH YLS-6000 % IPG Y4l ot as, MRy
I Ar, FEBCE N 15 Lh. HAREOE T 255
N BOETHE P N 1~5 kW, BOLHRFRIER v N 3~10
mny/s, PR D A5 mm CRIATE ). BOGERE
ARG %, Wil 1 Fs .

Laser

— ~—— Protective gas

Preset layer

Console

Substrate
E1 BotmEsie ks Emi
Fig.1 Schematic diagram of laser cladding test method

®1 THANERELRSH

Table 1 Measuring parameters of dry sliding wear test

1.2 E&FRBEREFMMERENIK

WOCISE G, KRB KL YIR. . i,
FRFR LN V(HNO,): V(HF): V(H,0)=3:2:95 HIJE 1h 7]
JEMUR, FIFH ISM-6490LA R34 4 (SEM)M
BREREAI AN AL . KA D/max 2550 VL/PC
B X SRATHAUXRDYN AR JE R 3T A IR
Ale BT BIGRZMETIFEL Rtk Aae e S H

KH MM—200 RIABRAEBAIEHLEAT B AR
R BT S B RGR L, LIRS HINE 1 PR, K
FY FTM200 iR 2l BE 2 % 4 B LHEAT 525 2 R L
BN EEG RN, BRI RE P N R Oy 1 4%
fil, SREGZHANK 2 Fron. K2 s A B0 B 12 B
PO P X A RTINS, MR R T, ] 2
Fis. WHERE SR E, BEIRIESER 34 BT (SEM) AL

Move direction
Edge ___ |__—Edge
Thermocouple Thermocouple
1 mm
Coating or
substrate
Si;N,

B2 B4 I e fid DX P88 U0 U7 s i
Fig. 2 Schematic diagram of temperature measurement

method for friction and wear contact zone

Wear material Hardness, HRC Diameter/mm Speed/(r-min”") Load/N Time/min Size/mm
GCrl5 60 45 480 200 30 10X 12
R2 BB SH
Table 2 Measuring parameters of fretting wear test
Test temperature/ C Load/N Frequency/Hz Amplitude/pm Time/min Size/mm
23-30 100 20 100 30 12X20X10
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B, HEWRZFIHN (1 B IR FC 5K Mahr-M1 A58 1
POEATINE, HARYE DL A RSB AR, A
AW
V=S4

A VONBEIRARR S NBEIREIAR . A R

2 HBRS7h

N T XTSI\ NITi & 400 5 6 TiB JE 4P 48 &
EIRZPUMBH BB RERI M, BL TiB, 1 Ni+TiB, 4
AN EAEL,  TEARE 4 RIR H BO AL i &
FEREERZE. @IEXSHRE, L2254
Wk 3 fim.

®3 HEBENTZSH

Table 3 Process parameters of composite coating

Cladding ~ |relaver  Laser = Scanning  Spotsize
material thickness/ power/ speed/ (square)/
mm kW (mm-s_l) mm
TiB, 0.4 2.62 6 5%5
n(Ni):n(TiB,)= 04 536 . Sxs
1:1 ’ :

2.1 E&REHEREN

Bl 3 Bzl Ni i IaT G 243 E 1) XRD . H
B3 ATLVEH, EARE &R R A TiB, NS M k|
BHOCEEWRZE, EEH TiB, - TiB 5 o-Ti YK
VLB LE IO 2614~ 5 Ti 5 TiB, 2 i AL N
TiB. MELE & RITFH Ni 5 TiB, AIEE R4
BOLEARE, Tl BCC 4541 NiTi. TiB. TiB,.
o-Tiv B-Ti J/D &) TiO, ARk . YiBE O &4 T,
AI R A NITL A 4 o 1T 2 FT LA RE3EE 5 NisTi & NiTi,
MTER, FES TiB WS /K. Ti R 3 BR
KT BAT A Ni A Ti oA A el

Bl 4 B NiESINAD G 5260 2 1 A s
SEM {%. HE 4 WLUEH, Ni &, E8%EE
PR S AEIRA R R, BRI R 5~7
pm 7iA7, ERIRFIIKEN 12~15 pm a4, @it
XRD Al EPMA ], & BUBURLANGHEIR 23 54 TiB,
FMTIB, W 4 fn. M NiwNGE, E6EEHEE
EHURL S AE RS R, (B BRI B AR S 2
NS, BRI RSN 3~5 pm A . B Ni
TN RAE = T TiB, WURL A RFERE . AR E 2
W, (HANEPRKE ZIERIEE, giEbRTFIK
JEN 8~10 um 4. FAh, T Ti 5 NiTi (i ik

(@) *— ¢-Ti
+— TiB,-Hexagonal
o— TiB-Orthorhombic

20 30 40 50 60 70 80

20/(°)
(b) *— g-Ti
1 " — 4-Ti
e — TiB-Cubic

v — NiTi-Cubic

+ — TiB,-Hexagonal

@ — TiB-Orthorhombic
4 — TiO,-Tetragonal

20 30 40 50 60 70 80

3 Ni il E 2 &HZERZ R XRD i
Fig. 3 XRD patterns of surface of composite coating: (a) TiB,;
(b) n(Ni):n(TiB,)=1:1

B4 NidsInarja =63 R K SEM &
Fig. 4 SEM images of middle regions of coatings before(a)
and after(b) adding Ni
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PEREZE /DN, T TiB 5 TiB, P AH SR & it K11,
KA EPMA £33 7708, KL Ni Jt&E 5 B THR
1 B A NILE AR S, 456 XRD I NiTi &
&2 ARTE TiB A, WK S iR,

F4 E4PhEAER EPMA mIX KSR
Table 4 EPMA point area test results of different positions
marked in Fig. 2

Position Mass fraction/%
No. Ti B Ni Al \%
1 48.7 433 0.9 5.2 1.9
2 36.9 57.2 1.2 3.2 1.5
3 79.5 0 5.6 10.8 4.1
4 34.2 58.5 1.5 42 1.6
5 47.5 42.7 1.5 6.5 1.8
6 65.1 0 27.4 5.3 22

Ti

Ni

0 2 4 6
Energy/eV

B 5 HERZEEHRNALE R

oo
—_
(e}

Fig. 5 Line scanning test results of coating: (a) Scanning area;

(b) Line scan results for different elements

22 EEREMTAENBRSHNEBRELE

H AT e e 50T, TiB A 4EE SR EA
T BB AR A T R I A R T B M RE, (EAERS)
B T ZEARELIEA S PsE Y . B
TiB 1 45 4E7E B2 9% 57 77 T RE R I — 58 I AR
PE, (BN SEEGZE R B R ORI E AN 3 . A MRy
TERICIZINREN NiTi &) A6 & PR T 2 b R
PR AR N 5 R B ERAA KR AR R A RN T R I H R AT
(P o7 M de . TAEA SN PR A NITi A fh Ak AR
(11 B4C. TiB,. TiC K NisTi)sa4kit 5 542,
B B R AR ETE T SR B b BE R 45 1 T # R B
PE e i BE R RE . ASBF 70 ER A NITi Al TiB, MiUkE
J TiB J4F 447 52 A sk — B3 m bt sh B 45
PERE.

e TR 4TI %0, S TiB, K3 AR A n(TiB,):n(Ni)=
1:1 PR AR 4 B IS AR, FEEE S 3R i WOt
JEAE A 7 e R AR BE i 4 H TiB, JURL AN TiB 46 £1 4 4 3
EREEFAWRE, HFH Ni (SIS AT AR NiTi A 4.
Bl 6 BT W FA ] BE AT 52 AU S R R Ak 1) S
g . FHE 6 nAL, fE S BT 1 (200 N), &
HRENBRAREILEAR, FHFENIBNE, 46
BRI BEBATE K. TEARE BT 2% 4F F (100 N),
BRI B IR E B B F A L 3R, {H NI,

0.8
(@
E 0.6f
£
g
304+
o
>
g
= 0.2+
0
Substrate Before After
adding Ni adding Ni
0.25
(b)
& 0.20 |
E
(5} L
2 0.15
=
2 010t
S
= 005}
0
Substrate Before After
adding Ni adding Ni

Bl6 AFIBEBEM NG REMEER R B &
Fig. 6 Wear loss of coatings and substrate at different wear
loads: (a) 200 N; (b) 100 N
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HAWRZ BRI EL Ni 380057 0K e 2 o 5l
A5 NiTi A& H A REiCE i sh B 1 e .

Bl 7 B REsIn Ni i G 260 E 0BT
100 N FEJRES. HE 7 w5, NidjGE, 2L
THI 98 5 ORL V& TR AR AR AR B K . pH A B gk — 20
R ZEH NiTi A& 05 NG S pu s 55 v
Ae. XEEH 3IANHHMERE; 1) BTEEAER, I
BB A G HE S, 2 5 U i X R
FRelTh . MR S mIan, PEEEDREEEE 132 C,
T NiTi A 4 B AT R 1A B0 BE X (AR T 110 °C
TARERIEWHEAERPY, 2) EERZEPHFL NITI &
SR RL e J7 17 R A e - IS 8 AT AT, NiTi
X J& Bl 1) TiB, MU E W 2 OB 280 J& 77 1] 5 {H NiTi
AR B TR HoAhE 7o P 7T 3 0 2 4 UL
TN R AR A AR, NiTi A& &8y
JEJT R RAEME . 3) 2 NiTi & & O @Mk
i, AN 241 HV,,, HUEK & 4 AOTE AR (330
HVj2)-

7 BEASEEAAT Y 100 NI ) R TE S
Fig. 7 Wear scar morphologies under 100 N of wear load:
(a) Before adding Ni; (b) After adding Ni

RS5 TIENESRS MBS FEERIX UL | mm (&K
R
Table 5 Temperature at location of 1 mm from wear area

edge under dry sliding and fretting wear

Material Pry sliding wear ] Fretting wear poﬂsmon
position temperature/‘C temperature/ 'C

Substrate 158 183

Coating 2 105 132

B8 NiTi H4 RIX KA
Fig. 8 Morphology of crack propagation of NiTi

23 ERRETEINSHIERNER M

TIE BN EEIRANGAEN B4, s 2 (1 BE AL ) 3 22
e KGR EER . BERLEER . 9% 57 W 2L R 45 RN AR AL BE 45
H T TiB, Al TiB #& Pt s b &A1, B4t B—B
LA AN Ti—B B8 R A B HE N T5 R AT i
REMARR, BAMREAEERMILERRE R, K
I, R IR UL R T, TiB, MURCF TiB i 414
B Tiv Oy Si N RAMZEIN, FEE SR
F2 B BRI AN RS . SR, AT T 2 AT 4
AL, MRIE AR EETTT 1 3 B ANl B 5 i 2L
REFRK . T REMECLT 3 77 TR 1 3h B 45
AN B 7 2 22 e 1k

T, PR DRI A P B A O v 1 — T AR
W, RELREr I BT RL T B o JRE 458 B 401 2R B S R
PR R ZE BT AR 7048 S rT B, AR E AR E )
R 5 DRI K 52 S SR T e e 3 o T R 4 R ) R
PRSI F S B R SR, Rl AR
T Bt AR SR 270 i A 2L i P 7 R K SRR
FEFRIPEP, T sh B AR, BN £ B
AR ) et Y ) P e coths o e e 0V BTN Y-
Blo XA T H0BN BE 4 AR 0 B g AN AE /N X 43 L Py
Fal, XM SAEE BN =R S5



1062 hEA O RYR

2020 45 A

3o T 0 B A A ) B T AR 2 e e LR R R X
/BRI R H AR Tt 51 1 R DRI ) /N
Bzl

Hk, REANRE R BAURNERE S5 L2 Ry
AR EER R TR, S ERKER
BEER, A R R 2R T . 5T sl
L, WEhESRARIRE D, = SBUEEA S
P, ST BE R R . 3R S R,
IR BERR, MBS NI ESIX 1 mm B9
I FEAS P B B4 T B v o S I B R A
AET 51 TiB, Ml TiB 5 HAb R R A2 U, (H
SR AR (U AR JE 40 1) BB PR AL T A SR A F R
MR T AR B 452 o

e, AEFEEHATET, Eahm BN e
FRARBIONL A SR, TRAEAEIARL )T I r R
i S MR SR S5 ARSI A S e MALE T T 3
B, lEh R Al R A B IR IR AR /DN, S BOS RS
SRR AR AR T AR AL /N, TSR A JR) 38 2K 52 B
REEATR ST B9 Fros NEB AT 200 N 5 45
ITEIDN 3 min iR/ 1 MBRES . H1E 9 WRIl, 1

B9 ¥R 11E200 N #fi TS 3 min 5 BE 43 X AU TS
Fig. 9 Wear scar morphology of coating 1 under load of
200 N for 3 min: (a) Dry slid wear; (b) Fretting wear

[FISERAT T, sl B 2 X R R SO K AR L 3
NEERIX 2 R X R YILEXTHRZ sl B 45 Lt
Mt fE Ay, BN IR R B 7 R

CAESM TR, T sl BE 40 5 S sh R i 2 5%
BRI BEE N B IR S AR B T AN o T
MR, TS AL 5 sl it A B
(e B B R . FEAAAH AN AL . AR X R A
AT o

3 Z5ip

1) Ni #8007, KA &R MBOLEAEE TiB, f
AT il &t TiB, BUR 5 TiB M 4T 4EG sk R E A1 2
Ni )G, s EOE A G 7 T & H NITE &8 7R
£ TiB, UKL 5 TiB Fa4F4EH, {H TiB, Bk R Al
TiB %5 21 4K FE#45 LAR/N o

2) JE I A S, RGN NITi & 4 TiB,
WKL K TiB J4F4EE A5k, TCIEA AP iE 5y
PERE . X AT AR EEE Bl X (R B I NAT R4
RNEREE XA, H NiTi & &3R8y il
.

3) TN B A5 (T B 40 X iR v T i B B 4
X PR, HHMSERX IREENKEZ T
TN X RSB .
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Friction and wear properties of laser in situ synthesized titanium
diboride and NiTi alloy

LIN Ying-hua', LIN Zhen-heng', CHEN Qing-tang', LEI Yong-ping'*

(1. School of Mechanical and Electrical Engineering, Putian University, Putian 351100, China;
2. College of Materials Science and Engineering, Beijing University of Technology, Beijing 100124, China)

Abstract: In order to prepare two kinds of composite coatings for comparison, TiB, and Ni+TiB, were, respectively, used
as cladding materials, and the composite coatings were prepared by laser in-situ cladding technique on the surface of
titanium alloy. The synthesized titanium-based composite coatings were studied by XRD, SEM, EPMA and friction and
wear instruments. The results show that TiB, particle and TiB short fiber reinforced titanium-based composite coating can
be obtained when TiB; is used as the cladding material. When Ni+TiB, is used as the cladding material, the NiTi alloy
can be formed to be filled around the TiB, particles and the TiB short fibers, but the size of the TiB, particles and the
length of the TiB short fibers are all reduced. Through the fretting wear test, it is found that the composite reinforcement
of NiTi alloy and TiB, particles and TiB short fiber can not effectively resist the fretting wear performance. There are
three reasons for this: the temperature of the friction contact zone exceeds the temperature of the NiTi superelastic
deformation, the crack propagation cannot be deflected by the introduction of NiTi, the hardness of the NiTi alloy is low.
Finally, the difference between the anti-friction wear and dry sliding wear of the composite coating was discussed.
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