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Table 1 Chemical composition of Ti-6Al-4V titanium alloy (/%)

Al \ Zr Cu Ni Ti

6.0 4.0 - - - Bal.

5555 BEAEBR S THT 00 AF B RS SE IR R X TC4 i W
CuTi & &M (<75 um) LR Cu 5 I E &N
50%.

1 AL-12S1 EPRHH A N 5T 553 208 20% 4 NIl Rk,
A Je J B 43 BN 10%CuTi & 48y o SR FHER B 1 7 5|
& E AR B, TR0 B 6 BN @6 mm~10 mm [ %
b 45 P BRER 5 90 min, BR/RL BT B LM 8:1. B RS
420 mmx15 mmx4 mm, 7ER S S E&M P MALER
W EIRYD , S TR B AE TCAAK & iR FER I, JE AN
2 mm; B 5 7E LS B BT, B S 180 °C, fR I
2 ho KA TRE AR TC4 B BN A ST Y, I
) A7 S BN SR 00T SP35 i AT 2 B (A3
SETHE 35 kW, 8% 4.5 kHz) Ik, B PID I5 FF 2 1 2%
Gl BEFEHIRE P21 CO R SRS FE CIT-2S ZLAMIR K, £04h
TR R Sk 88 3 A I B AR B ) DR L R AR
HETE450 C R TRIR T, PRI 150 s, LR ORTA 1
SEAZEI , 5 AT IR R B I R — BEAF 8], SR J5 45
1B A = I, BARIETIR T 28 sk 2 Fs.

V56 BCET U A 56 (1 B S A A TR R )L I A
2000#SiC 75 48410 6 A1 Kroll il )k %1 . & NI & A 6T ik
JZ BN 45 440 R T 2R 70 A SR FH ZEISS EVO-10 F14# H 1
A (A 4+ Ultim 40 B RERE 4O 4387 3% Ff MML-
1G BE F R 45 R B0 AL AT B AR B 4000 , B0 BN AG R e i

®2 HRIZEH

Table 2 Parameters of brazing process

Test group CuTi particle size/um  Temperature/°C Time
1 250-280 650 90 s
2 250-280 750 90s
3 250-280 830 90 s
4 75 650 90 s
5 75 750 90 s
6 75 830 90 s
7 75 750 8 min
8 75 750 20 min
9 75 750 40 min
10 75 750 lh
11 75 750 2h

FER2.5 mes™, i INET N 15 N, BERER H A RIE ALO,,
HEL T Y 4.6~5.0 g/s. 4F 2 min FREFE S HI B,
FHIEE A 0.1 mg [ AUY220 LT 20 BT KPR &, BN 52
B0 HE 3, HUSE G 25 P YA o DXORE AR
HV-1000A % fUA# 5 i1, 76 50 g(0.49 N % faj A1 15 s
V=435 LT i

2 FER55H

2.1 FRREMNEI

16 AISi £F B} R8I 10% CuTi & &8, 5P IR IR E N
750 °C , PRI [A] 90 s I EFI 2 M A 1) S i 4k tn 1 1 e
Ne AT UAEBIEFIRZH L0, A HIFLIA RS Gt
Ko MEFIREEAR 5, AT RASR R 3 A X3 X 3T, 6 W1
FE X AL TR B B, WA BN 5 40 A
TEZIX I DXL, 6T i 2 & S 2k, 1% X 3 32 B ALSi
55 CuTi [ 82 AR PR 2K £ 5% R AR K € FH 28 48 43 A7 1 J
L ARHE R 3 o EDS 73 b 45 SR T A, R REAEE IPIAE 3=
L a-AlLTiAlL« CuAl, & S 1 A1/ 8 (1) CuTis Ko, 4
1b Fl 1c Jfi7R , O(CuAL) = Z M AT 7E a-Al fiy FHAL . X5k
M, 5T B &4 5 Ti-6A1-4V F AR S s N 2, T3 h
TIAL MR, %42 8 (R 46 A1) B S0 ) TR 2 N 30 1) AR
Ko BT TiAL fa 4% Si R Re % & A AL, YA
AR G —HhRid N Ti(AL_Si);e

ANFETF IR E N AT R 4120 B 2 BT , 758 250~
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i, B 2a W) CuTi & 4 0 S L8 i A 77 A 4 1 22
S, 2 B CuTi B0k 5 J] [ PRV ALST AR RN AE T I R 9
A BCHT A , 456 EDS 23 AT, 43 A 7E CuTi ROk JE [ (1)
R BN Ti(AL_Si,), s I8 802 A7 1) 6 550RL ) 24
EDS RE 1 73 B w] &0, 4 AR 09 i1 43 300 5l Dy 32.4% A
67.6%, 1] LAHED [ B A2 B T CuAL A s 6P iR & & 210k o
-ALNE, D CoAL M AR AE o-AL T . 8RR
B8 750 CHE, 4 2b s, CuTi FURLJE BBl 3 2K €447
HH 53 A7 96 B B S 00, 3K B B R FE R 0, CuTi 5 S
ALSiEF R HIUR AR B IR , CuAL AH 1 43 S [l 58
JZ e 4ATHRIRIE 830 “CHY , CuTi Bkiil 2%, a-Al 5 Ti
(Al_Si), TEEFIRH LA S H 40 AT , CuAL A M AT T 3 i
Fihk.

M 2e~2g TR LR H L, £ 75 um B CuTi & &8
HEERES, SR SE R B S EF IR
650 ‘C I, CuTi Bk % A 58 46 il s 5 & F B CuTi B
KL IR B H AR 2, R RE ST R IR %6 1, Ti
(Al,_Si), % 4 1 43 A 78 CuTi JURL 34, 1 A2 78 P 5
CuTi U — &7 B H I, 3R B 44 35 CuTi fkL 56 4
TR, AT I TR T 5 AISUEF R R AR T OB . 249%F
FRIREE A 750 “CIN, CuTi UKL JLF 58 4 4 il CuAL AH
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Fig.1 Typical interface structure of diamond/AlSi brazed coating: (a) overall microstructure of brazing coating, (b) enlarged image of region 1,

and (c) enlarged image of region 2
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Table 3 Possible phases in the marked area of Fig.1 (at%)

Spot Al Si Ti Cu Possible phase
A 99.2 - - 0.8 a-Al
B 64.3 10 25.7 Ti(Al,_Si),
C 68 - - 32 CuAl,
D 62.2 37.8 Eutectic silicon
E 66 11 22 Ti(Al,_Si),

FONTTIZ M A TE a-AlLS Ti(AL_Si), f S ib . 75 245
JIE B O 830 “C I, Ti(Al,_ S ), FITE S 56 AR N ALK & » 4
A e H S AL B CuALAH R FERE N

i3S XRD X £ i 2 WA BEAT 43 B, 25 A0 18 3
Ne BT LAENIATE A IR C R TiVALSE , AR CH 3L
T CuAl,~ ALTi\ Ti,Al,;« Cu,Ti. Ti(Cu, Al), % £ J& i) {b &
Yo Forb BFUR 2 BAA T AR R AL S P DL CuAL
Qi 5 NI 55— 1tk 5t 30 4 45 46 g 1) 4 & 4 1) TR s e
HHAT T RS, H 45 BN CuAlL I B RE A, B i 5 %
%, R 7 AE BRI R IR 56 AT T ST IR B I A IR 4
LA LA CuAL N R A

W 3 prs , AR IR IR BE N 650 CHEFH I T ALTIfiT
i, B AISTEF R AR5 Ti RAE T R 45F
FEIEFETE 22 750 “CHF, TigAL, AT S0 T 46 H 30 45 1 72
gERRBAP, JEER Si A X T A A SR N KR
i), 7 35 % H 650 °C FHIE % 750 C IR FEd , i T Si i1
9 B ALTI #4554 Ti(Al,_Si,),» Ti(Al,_Si), FI2E K 5 8
FHAL TSR 7 & &M FES ALUE 72 &M, /2
BET T AL S VIR A B 5T IR E T %2 830 CHY,

T AL TR BOA ARAE Cu 5T, Ti(Cu, AL, AT 5
W FF 46 B, iZAK A W 2 B Cu, Ti i 3 BT i 0k A T3S
HEEIEH. g5 LR, 5 R T 4 8 AL A YRR
ST IR B MK
2.2 FRRMATEF

B 75 um B CuTi & &8 K, FF N & AISi & &8
TR G NEFRE, 7E 750 “C IR #4264 F 4745 90 s,
8 min.20 min 40 min.1 h A2 h, i )5 HRAHE =R . 4T
WRIE WA 2 B 4 P, S5 SN I Kk $ 8 min
BT 2 FEAR I Ti(AL_Si)), diki &R TR EK K. [H
B, CuTi UKL i 550 78 7 Cu i A1 VR AH ALST EF L
P8 Y BOL FE R o- ALV AR 1A B 2H 00 Cudks 2 T
[i] 55 1% PR , BT 5 75 FETH AL TE B CuAL AH , CuAL FHFR BL
IIARTE a-AVH S T, T REAE a-AL IR 2 B R A2 e, BHL
TIALEIE R , P UTIEREAL RN, B2 i IR B e A 1Y)
TR RSE 5 R R o o o 7 S S R ] (19 386 0, 6 Ui B R B K
K520 min i, a-Al 5 Ti(Al,_Si), ¥ % 25 W& ERL, 43
A TE S S AR 1) CuAL A FF IR R . 244 s B[R] 14 3]
2 hivf, CuAlL, A JE FE R 0 I AH ELAEHTE SO R AR 21,
HAEMeRe P S5 AR A LIS & W e REUHRE G &
P S 3G, o PR AR E N P

HH TR JZ B9 XRD (B 5) 43 i 45 R o] A1, 8 750 C4
I3 — & W R B4 85U B DL BT % 2 A R R W A )
YA A CuALTi(Al,_Si ), Cu,Ti.a-Al f1 Ti(Cu,Al),.
WL, 7 750 C I R TRARRF 90 s (46 1E R » AISi AT R )
Al 5 Ti R RN FE 26T B ALTI, 1 T 77 Si g
B A8 N Ti(AL_Si,),o B8 & SR 8] (1 3 0 %) 8 min,
Ti(Cu, Al), FIfiT5F 0B i, 454 EDS Beil 0 41, KILE I8
B4k A9 Ti(Cu, Al), 32 7E CuTi FORLHT H B 1X A& B
T BE A OR R B A) (3 0, VS AISTET R ALE T 5
Cu,Ti 1 Cu il F R AAEPHTY #L. Yang % NPHEH,
B A6 I FE A 1 5 DR IS TR 3G 0, Ti(Cu, AL, I B39
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Fig.2 Microstructures of brazed coatings at different brazing temperatures, containing 250-280 um (a-b) and 75 pm CuTi particles (e-g):

(a, €) 650 °C, (b, ) 750 °C, and (c, d, g) 830 °C
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Fig.3 XRD patterns of phases in brazed coatings at different

temperatures
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HIETFIRZ s 72 BE SR AT A HY B (20 min BAPY)D , #5347 540
B ) P9 25 45 2K B AH 22 A8 K, a2 E T TRk 4 WU 1
RS R A, FEVILEMY B 5 B TUR AT RS 6
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it B4 R SR L HE R

Tk B 6} T T 1 2 1 B 1 e R R, AR TR
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Fig.4 Microstructures of brazed coating at 750 °C for different diffusion time : (a) 90 s, (b) 8 min, (c¢) 20 min, (d) 40 min, (e) 1 h, and (f) 2 h
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Fig.5 XRD patterns of phases in brazed coatings after different

diffusion time
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Fig.6 Effectofbrazing temperature on wear resistance of brazed coating
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Fig.7 Effect of isothermal reaction time on the wear resistance of

brazed coating
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Ti-6Al-4V
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Fig.8 (a) CuTi alloy particles after dissolution and diffusion and (b) interface of AlSi solder/Ti-6Al-4V substrate
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Table 4 Possible phases in the marked area of Fig 8 (at%)

Spot Al Si Ti Cu Possible phase
A 10.6 - 29 60.4 CuTi solid solution, little Ti(Cu, Al),
B 34.1 - 62.5 3.4 Cu-Ti solid solution f
C 53.7 6 25.4 14.9 Ti(Al,_Si),, Cu,Ti and CuAl,
D 66.5 - - 335 CuAl,
E 65.6 11.3 23.1 - Ti(Al_Si),
F 98.3 - - 1.8 a-Al
G 65.1 12.5 22.4 - Ti(Al_Si),

K9 &N R EHREESIEI A TR 216

Fig.9 Wear morphologies and element mappings of diamond composite brazed coating: (a) brazing coating and (b) diamond particles
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Influence of Brazing Process on the Microstructure and Wear Resistance of Diamond
Composite Coating on TC4

Sun Huawei', Liu Pan', Zhang Lei’, Qin Jian'*, Zhu Hongtao', Jing Peiyao'
(1. State Key Laboratory of Advanced Brazing Filler Metals and Technology, China Academy of Machinery Zhengzhou Research Institute of
Mechanical Engineering Co. , Ltd, Zhengzhou 450001, China)
(2. Ningbo Intelligent Machine Tool Research Institute Co. , Ltd. of China National Machinery Institute Group, Ningbo 315709, China)
(3. University of Science and Technology Beijing, Beijing 100083, China)

Abstract: In order to improve the surface wear resistance of titanium alloys, TC4 (Ti-6Al-4V) was selected as the matrix material, and diamond
particles (20%, mass fraction) and CuTi alloy powder (10%, mass fractions) were added to Al-12Si filler metal. The diamond composite wear-
resistant brazing coating on TC4 surface was prepared by induction brazing under argon protection. The effects of particle size of CuTi alloy,
brazing temperature, and isothermal reaction time on the microstructure and wear resistance of composite coatings were studied. The results
indicate that the composite coating is mainly composed of a-Al, Ti(Al,_Si ),, CuAl,, and diamond particles. Reducing the particle size of CuTi
alloy powder and increasing the brazing temperature can promote its full reaction with the brazing alloy. With the increase in temperature and
insulation time, the CuAl, phase at the grain boundary between a-Al and Ti(Al,_Si ), gradually disperses, improving the hardness of the brazing
alloy coating. However, excessive insulation can cause the CuAl, phase to start growing and to overlap with each other to form a coarse network
structure, resulting in a significant increase in brittleness and a decrease in wear resistance of the brazed coating alloy.

Key words: brazing coating; diamond; titanium alloy; composite coating
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