%48 4 %54
2019 4 5H

mAERMBIS IR
RARE METAL MATERIALS AND ENGINEERING May 2019

Vol.48, No.5

KRR EERELINE &/ HH
EERBHEHMFIERE

A AR, BTLA,

GELLK, Ik #EH 066004)

B OE: AW INA S EEAELE A I, BRI TSk h e E AR, SR B AL TR AR AR &
RNEEWE AW PN B0 B0 X S ERATAHMCRR BTS2 a6, B 0l v In) J2 R0 A [ 33 ) 53 & A 9 1
MY TERE M . 45 R naigk b 25, A5LHIRE N 750~950 C. & FHh 20%H0, BEAG EL 1w
T m, EETPBTOIREER N, A5LEEE A 950 TR, EA%RELr, SR Myl s 248 MPa; £
i 1050 CHY, SEkMEL G &M AT EA K B-Ti F1 FeTi (AW A PRIR R & 98/

EHER: RKES/AENEL AR, ik WEE: SamE
XEHS: 1002-185X(2019)05-1631-06

FEESES: TB331 XERFRIRAG: A

R/ AN 2 6 B R RS 8 1 2 A B R &
Kt (M) 58BAEN CGEM) BEGE&48H
WENEBE AW W AN G AR L7 )5
FEEGY RN BEEAPIRELENE AP0
Hrh, HLWES B AR AR KI5 (KRE
FE LA K n] A 7 K T R R A 52 2 A PR A 1

MERS A H R AN, A S A K o M
A #. Fe,Ti. FeTi. Cr,Ti fl NiTi, 252 F 4 @ 04
WS e 4 A S 2 S A S R BRI, AR
TGN A5 ) ) 6 ok — s TR EDY o Oy 7 3 4 4 )
(A6 ) B AR O T B i G o, 1 2 2% 3 1R AR
ANEN Z (B IN I JZBAFE L I BOR B T IR S
HUARAE 246, 5O R ELE & 4% H
F) cul®' N2 NP b ] 2 42 & . D. S, Zhao
2MOUER Cu a2, fESLEIEE 780 C. 20%)0K F
R, PFAERANME A MYl 343 MPa (K
P By D) 3 5 Prh sm B N G R v=0.580, By V)R
210 199 MPa). J. C. Yan 2502 ] Ni ]2, 7240
HIEEE 760 C\ 20% Mk N T, SRR E A ST
PRI LR 440.1 MPa(BY V)3 FE 294 255 MPa).D. S.
Zhao 2" H Nb a2, ZEALHIEE 900 T 25%
JEFET, SRR KNKE G HPTHsREd 396 MPa
CBUY) M2 4 230 MPa), WiZd & A 4E Nb i) )2,
Z. A. Luo %M Nb i a] 2, fE4LHILE 900 C.
83%H TR, RGE G AP Kol 417.5

IiF= HHA: 2018-05-07
EETH: ExRAREEISE (51474190)
TEER/N: & 8, 5, 1990 F4, W4, #Hl AN TR 2R

MPa (BI)J 320 % 242 MPa), Wi & 44(E Ti-Nb &8
S b, SEPUEEWTRRRAE . AR AR N A
TG AR A 7 B R SE R = A, M
Cu. Ni. Nb Bosh 9 R8N, T H AR, AT
B by v T J2 78 1) 46 K 58 e ER /AN 45 4 52 45 A i) Tl 2
P2 B T R Ak B A BN R R SRR, T LB
W ATRAANSZIX PR . k5 AN AN 2 T4k 27 4y
A, AAEEAERAE YIRS, WRESEA. M
Al gk 5 aiEKAE 850 Cy 25%5 FRITEF, AR
IR ARCRY, BRG & S Ak, MUAHRR
(T JE3 ko, i LR A T e R R R R B
KA G/ AN E AN G BRI T S M 3R A B
RS, WA AEE . AN, WVE TR . BRI
Pl DL Al gk Ay o ] )22 Sk L 1 45 BK B B AN RN 2 A B

FEASESG WS n Al gk 8] 2 S NS e
JEAE R, KRB SRELE SR ES/ABN, TR
2l Bk e [R] 2 R0 L S 0 2 ST PR RO 45 R RN 5
58 JE R E

1 % &I

S A A AR A 4 TC4, FEATIE ] 304 REB4N,
K Tl gk DT4 1E 2k ) =M 6L, MR A6 2% 5 53
T3 1, TC4. 304, DT4 JE% 53514 3, 3, 1 mm.
AT RS gl gk v T 2 B NS n gl gk v a) [ AR T L
KA UTE 1 Fros A 7y 2. AU ET 5 BTG B HL

b #55 066004, E-mail: ymachine@163.com



- 1632 - it S Jm AR TR A8
x1 REMBBLERS
Table 1 Chemical composition of the experiment materials (/%)
Materials C o N H Al \% Mn P Si S Cr Ni Fe Ti
TC4 0.10 0.15 0.03 0.01 6.2 3.9 0.18 Bal.
304 0.03 1.4 0.03 0.7 0.03 18.9 8.7 Bal.
DT4 0.02 0.05 0.07 0.02 0.003 Bal.
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Fig. 1 Assembly pattern
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Fig.2 Tension-shear sample
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Fig.3 Schematic of tension-shear sample: (a) 304 and DT4, and
(b) TC4 and DT4
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Fig. 4 Microstructure of composite plate interface under 20% reduction ratios and at different temperatures: (a, b) 850 C, (c, d) 950 C,

and (e, f) 1050 C
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Table 2 EDS point scanning results of Fig.4f (w/%)

Point Fe Ti Al v
1 98.30 0.60 1.10 0
2 96.74 1.47 1.79 0
3 12.26 81.06 4.19 2.49
4 12.32 80.94 4.38 2.36
5 2.28 88.70 5.14 3.88
6 1.76 89.19 5.43 3.62
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Fig.5 Distribution of elements between DT4 and TC4 at temperature of 950 ‘C (a) and 1050 C (b)
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Fig.6 Shear section of different areas at temperature of 950 C and 1050 °C: (a) 950 ‘C-304 side, (b) 950 C-TC4 side, and (c¢) 1050C
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Fig. 8 XRD patterns of DT4 and TC4 shear section at 1050 C
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Fig. 9 XRD patterns of bonding surfaces at 950 C (a) and
1050 C (b)
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Fig. 10 Shear strength of bonding surface at different

temperatures
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Mechanical Properties and Interfacial Structure of Hot-roll Bonding TC4/304
Composite Plate Using DT4 Interlayer

Yu Chao, Xie Hongbiao, Xiao Hong
(Yanshan University, Qinhuangdao 066004, China)
Abstract: In view of the problem that TC4/304 is difficult to be directly bonded by hot-roll, a TC4/304 composite plate was prepared by
hot-roll bonding in a vacuum using a DT4 interlayer. The effects of the DT4 interlayer and the bonding temperature on the mechanical
properties and interfacial structure of the composite plate were investigated by scanning electron microscopy, energy spectrometry, X-ray
diffractometer and tensile-shear testing. The results show that after addition of the intermediate layer of DT4, the shear strength of the
bonding surface increases with the increasing of bonding temperature when the bonding temperature is between 750 °C and 950 °C and the
reduction ratio is 20%. At 950 °C, the bonding effect is best, and the shear strength of the bonding interface reaches 248 MPa. At 1050 °C,
formation of intermetallic compounds including $-Ti and Fe,Ti at the interface between DT4 and TC4 decreases the bonding strength.

Key words: TC4/304 composite plate; DT4; hot-roll bonding; bonding strength
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