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Table 1 Chemical composition of TA1 (mass fraction, %).

Fe Si C N H (6] Ti

0.15 0.1 0.05 0.03 0.015 0.15 Bal.

®2 HGE AAGO6T ALY sy
Table 2 Chemical composition of AA 6061 aluminum alloy

(mass fraction, %).

Cu Si Mg Zn Mn Cr Fe Ti Al

0.1s 06 12 025 0.15 02 07 0.15 Bal
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Guide plate
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Fig.1 Schematic diagram for rolling Ti/Al clad plates at different temperatures
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Fig. 3 Deformation and ratio of Ti and Al with 29% reduction
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Fig. 5 Effect of temperature on shear strength of composite

plates with 29% reduction

Shear strength/MPa
& o ® o
(=) S (=] (=}

\

20 30 40 50
Reduction/%

6 iS5 800 “C IR TR HENE S A b 455 B BE 15 )
Fig. 6 Effect of reduction on shear strength of composite

plates at 800 C

23 EEMSSAERE

K7 B A T8 FER/ARE AR & St
SEM 1§}z EDS &434i45 K. HIE 7(a)~(d)n LAG i,
RS E T E R T — 2 a6, HE 7(g). (h).
OP R, ERFEITRAME I T EREN &, U St
A A R R I S o HH I 8 Hh e B T T A 1)
XRD [R5 B o] 5, BRI 32 2852 TiO Ml TiO,
PitH. tHE 7D (@F(h)AT A, 1F 29%HH R FLHI T
B, BKEEE A 500, 800 A11900 CH, 484k JZEE
I3 2.3 3.3 A1 3.8 um. Ui WK DG e,
FLGAEF AL TE SR ML 2 S . BB 7(g) ()
ALA R INFAE] 800°CJm, FLHIE T34 29%41 50%
I, 2RSS 3.3 um M2 pm, BB §L
RN R, BRI )2 R R ok . 8
T(b)F(c)r ML, SENT FETALERM L T 245%, BEAE R
FETHE, RIS 2 T8, BRI s, KA
TEPUIIAR, ARZAN AR 2 AR TR, 75 5 1 bkl
B G IR B 7(d)M(e)Fron A F)— T2 [ —AM
PEARTEAE, B 7G)T 0L, S EAA A ICR T
AT, BRI E MG, 455K T(e)
AW, BRERFIALGHT TR, 2GR, AN A
I P AR A A2 . B AT R S, 1
S FLHISE AR, R A A N R B T
—E MR, AR AR ST R M Y O A #
2 um, SR OGBS IR T 40/ 480, #S
HITHMEaFA. 5800 C. 50%HKELHIE FHETF,
BR/ER 2 BRI AL ER PR A A 2 A P )2 <6 e A ) 1) BY
PIWER T RAG IR, AR5 4B A5
4 5 0T AR 4 B Al ot HLAE R O UL R i AR R
BRL BEOC AN B HON IR B T A R A A



1124 v A 4 2 AR 2018 4F 6 H

—Al
—20
2.3 um
; A
0 5 10 15 20 25
Distance/um
(h) Ti
—Al
—O0
3.8 um
. . v . . J@m‘
0 S 10 15 20 250 5 10 15 20 25
Distance/um Distance/um
i [6))
o Ti WWWMWM% M-
Al Al
—0
2 pm
Wy
i i : b ; i .
0 5 10 15 20 250 5 10 15 20 25
Distance/um Distance/um

Bl7 ARITZ R4 500 SEM 1§ % EDS L4

Fig. 7 SEM images of interface and element line scanning under different processes: (a) 500 C, 29% reduction; (b) 800 ‘C, 29%
reduction; (c) 900 ‘C, 29% reduction; (d) 800 ‘C, 50% reduction/Oxide zone; (¢) 800 C, 50% reduction/ No oxide zone; (), (g), (h),
(1), (§) Ti, Al and O element line scanning results in (a), (b), (c), (d) and (e), respectively
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Deformation coordination compatibility and bonding properties of
Ti / Al composite plates prepared by different temperature rolling

QI Zi-chen"?, YU Chao" %, XIAO Hong' 2, XU Cheng'-?

(1. National Engineering Research Center for Equipment and Technology of Cold Strip Rolling,
Qinhuangdao 066004, China;
2. College of Mechanical Engineering, Yanshan University, Qinhuangdao 066004, China)

Abstract: The Ti/Al composite plate was prepared by the method of only heating titanium layer. The effects of the rolling
reduction and Ti layer heating temperature on the shear strength, interface and distribution of thickness ratios of Ti/Al
clad plates were investigated by shear experiments, metallographic microscopy and scanning electron microscopy. The
results show that with the increase of the temperature of the titanium layer and the total rolling reduction, the difference
between the titanium layer and the aluminum layer deformation of the Ti/Al composite plate decreases gradually. When
the temperature is 800 “C and the reduction is 50%, the reduction of aluminum layer and titanium layer reaches 51.4%
and 48.6%, respectively. And the deformation of titanium/aluminum composite plate tends to become coordinated. The
interfacial shear strength of titanium and aluminum reaches 107.5 MPa, which is close to the shear strength of aluminum
matrix. During the heating process, an oxide layer is produced on the surface of the titanium plates. However, the oxide
layer is completely broken with a large rolling reduction, and then, aluminum metal extruded into the cracks and made
contact with fresh titanium metal. Under the action of high pressure and high temperature, Ti and Al atoms mutually
diffuse so that the Ti/Al clad plates achieved a strong metallurgical bond.

Key words: Ti/Al clad plate; rolling; coordination deformation; shear strength; oxide layer
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