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Optimal Post Heat-treatment Conditions for Improving Bonding Strength
of Roll-bonded 3-ply Ti/Al/Ti Sheets
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Abstract

The influence of post-roll bonding heat treatment conditions such as temperature and time on the variation in the diffusion

layer, generated at the bonding interface and the subsequent mechanical properties of the roll-bonded Ti grade 1/A11050/Ti

grade 1 sheets, was systematically investigated. The intermetallic compound (IMC) phase generated by post heat treatment

conditions adopted in this study was obviously indexed as monolithic TiAls. Whereas the thickness of IMC layer generated by

annealing at 500 °C was approximately 100 nm scale, it drastically increased above 1.5 um when annealed at 600 °C. Uniaxial

tensile and peel tests were then performed to compare mechanical properties. As a result, the bonding strength drastically

increased above 7.9 N/mm by annealing at 600 °C, which implies that proper annealing condition was a prerequisite, to

improving interface bonding strength as well as global elongation properties for Ti/Al/Ti 3-ply sheet.
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Fig. 1 Schematic diagram for manufacturing process of
Ti/AlV/Ti multi-layered sheet.
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Table 1 Chemical compositions of the constituent
alloys adopted in this study.

Ti H N 0 Fe Ti
(Grade 1) | 0001 | 0.011 | 0.127 | 0.05 | Bal.

Al Fe Si Ti Mg | Al
(AI1050) | 026 | 009 | 001 | 001 | Bal

Table 2 Annealing conditions of Ti/Al/Ti 3-ply sheets
adopted in this study.
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Fig. 2 (a) Picture of the ASTM E8 sub-size specimen used
for uniaxial tensile test. (b) Schematic diagram of
the ISO 11339 specimen used for the peel test
adopted in this study. (c) The appearance of the peel
test specimen installed in the universal tensile tester.
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Fig. 3 (a) Representative SEM image of the Ti/Al
interface subjected to heat treatment at a
temperature of 400 °C to 600 °C for 5 hours. (b)
Thickness comparison graph of the IMC layers at
the Ti/Al interface obtained by SEM images.

TI/AUTI tFE5 <534 2] 400 ~ 600 °C =% Z719]
A BAIZE A ElE W83 Al (A4-400 °C, A8-500 °C,
A12-600°C) 2 @A 2&E 3HA &2 AIA(AR)S] AH
S SEMS &85t 1500081 & Soiste] =43 o
" A= Fig. 39t i, FEAE £E7F ezt

gl AWl AdE S5 FET] FAYIAE
e Wes] gl o+ vk Fig. 3(b)= TilAl AW
a&5s gt ES FAE 7 Ex8 21 HE SEM
A 5 =H3 WHsl g X 400 °ColAlE SEM
Tals B E FE538ESY] FAo] HE
FEE A gol F4o] E7Fs o1}, 500 °Co A2 A
g5 FAE FIAY Ak FasA Ha of



182 AWE -

015 m A=
600 °C= A%
m O] A} O i

VWW *“J'S}% AL AT 4 Qv

TiIAl &7 8t E5o A8 74 92 A g9l
S 98 TEMES o]&3kd TilAl AWS A3
Fig. 4(a)«= 500 °C oAl 2AI7F EA2& %3k A5
Al AW ou A=, A FA <F 100 nm<l =
28l E ol AAE RS FAT 5 At Fig. 4(b)
= 600 °ColA 5AIZF EAEE g A12 A|H ]
A ol X2, Al 2 Ti A Alolol =7 °F 3 um

Aol FEHAAFEF IYHASS F9 53

.
IC @ I

—

500 nm

Fig. 4 Ti/Al interface images from the representative
specimen heat-treated (a) at 500 °C for 2 hours, and
(b) at 600 °C for 5 hours.
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Table 3 Chemical compositions measured at four points
(P1~P4) from Fig. 4(b).

At. % P1 P2 P3 P4
Al 96.2 96.1 73.9 0.5
Ti 3.8 3.9 26.1 99.5

5 1/nm

10 1/nm

Fig. 6 Bright-field TEM images obtained from the
representative specimens heat-treated (a) at 500 °C
for 2 hours and (b) at 600 °C for 5 hours. Selected
area diffraction patterns obtained from the red-
rectangular boxes in (c) Fig. 6(a) and (d) Fig. 6(b),
respectively.
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