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Effect of coldrolling and annealing on interfacial
structures and properties of A500/ steel bimetal strip®
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Abstract The effect of cold-rolling, by both a series of small passes and single-pass with different deformations as
well as the subsequent annealing, on the interfacial structures and properties of A500( AlSngPb,Si s Cuo.g Cro.2)/
steel bimetal strip produced by liquid-solid roll cladding was investigated. Experimental results of the cold-rolling by
a series of small passes show that the interfacial bonding strength increases slightly when the total deformation is
less than 7.32% and then decreases gradually with the increase in deformation. Subsequent annealing has no effect
on the interfacial structures and properties. The effect of coldrolling by single-pass less than 33. 2% deformation on
the interfacial structures and properties is the same as that of multrpass cold-rolling, whereas cold-rolling by single
pass more than 33. 2% deformation followed by annealing at 350 C for 2. 5 h can make the interfacial bonding
strength increase to a great extent. Metallographic examination of the interface shows that there exist only trans-
verse cracks within the interfacial layer and the clad strip does not split along the interface during cold-rolling if the

thickness of interfacial layer is less than 4 =5 Hm. The thick interfacial layer(> 5~ 6 Hm), however, crumbles dur-
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ing coldrolling, thus resulting in the splitting of the clad strip.
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1 INTRODUCTION

AFSn base alloys have more and more re
placed copper alloys and Babbitt alloys for engine
bearing applications since 1960s because of their
better antrseizure property, wear resistance, and

"™ However, the recent

corrosion resistance
trend toward the high-speed, high specific loading,
and light-mass constrution of automotive engines
has been imposing higher requirements of load ca-
pacity, wear resistance, and high-temperature
properties on bearing materials. In order to meet
these requirements, a new engine bearing alloy,
A500( AlSnsPbaSiz. 5 Cuo.s Cro.2), was developed in
Japan and USA"™ . This alloy shows excellent per-
formance characteristics, particularly wear resist-
ance, conformability, antrseizure, and load capac
ity because of the fine and uniform distribution of
Sn, Pb soft phases as well as Si, Cu, Cr hard pha-

679
SGS[ ]

. In order to assure the excellent perform-
ance characteristics of AS500 alloy, it is usually
bonded to a steel backing by either powder metal-
lurgy or rapid solidification process''”"? . Such
complicated and costly manufacturing processes
limit the further spreading and using of this alloy.

A new low-cost and high-efficiency process,

liquid-solid roll cladding( LSRC) process, for pro-
ducing A500/ steel bearing clad strip has been de-

(31 As is the case of producing

veloped recently
strip by direct twin-roll casting, however, the
thickness of the clad strip produced by LSRC
process is usually uneven. Therefore subsequent
cold-rolling and annealing should be conducted in
order to control the thickness of the clad strip pre-
cisely. Since the interfacial layer of A500/ steel is
intermetallic compound'"” and the differences of
mechanical properties between A500 and steel are
large, unreasonable coldrolling and annealing
process will result in not only a decrease in the in-
terfacial bonding strength but even the splitting of
the clad strip. It is thus meaningful to investigate
the interfacial behavior of AS500/steel clad strip
during cold-rolling and annealing and further to de-
termine the optimal process of cold-rolling and an-

nealing.
2 EXPERIMENTAL

2.1 Materials
The steel strip with 1. 2 mm in thickness and
120 mm in width was commercial 08A1. A500 bear-

ing alloy whose nominal composition is AF8Sn-
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2. 55t 2Pb-0. 8Cu-0. 2Cr was melted and refined in
medium-frequency induction furnace. The A500/
steel bimetal bearing strip was produced by LSRC
process (the full details were given in Ref. [ 13])
and its thickness was 2. 05 mm.

2.2 Coldrolling

The A500/ steel clad strip was cold-rolled by a
series of small passes and single pass with different
deformations respectively. The pass reduction of
multrpass cold-rolling was less than 5% . Samples
were then taken from the cold-rolled clad strips.
The interfacial bonding strength was measured and
the interfacial morphology was examined.

2.3 Annealing

The cold-rolled clad strips were annealed at
the temperature of 350 C for 1.5, 2.5, 3.5h with
reference to Ref. [ 16]. Samples were then taken
from the annealed clad strips. The interfacial
bonding strength was measured and the interfacial
morphology was examined.

2.4 Measurement of interfacial bonding strength
Since the thickness of the clad strip produced
by LSRC process was thin, the lap-shear test de-
fined in GB6396-86 and peel test could not be used
to measure the interfacial bonding strength.
Therefore repeated bending test was used to evalu-
ate the interfacial bonding strength indirectly. The
rectangular bending samples having 160 mm x 10
mm in dimensions were prepared in accordance
with GB23582.
clamped vertically in the bending head and then
bent alternately to left and right at 90° until the

samples either split along the interface or broke.

samples were

The prepared

3 RESULTS AND DISCUSSION

3.1 Results of cold rolling
3. 1.1 [Interfacial layer

The interfacial metallographs of clad strips
cold rolled to different deformations( & by a series
of small passes are shown in Fig. 1. It can be seen
from Fig. 1 that the interfacial layer does not take
place any changes when the total deformation is
less than 3. 25%. When the total deformation is
more than 7. 32%, however, cracks begin to e
merge within the interfacial layer and widen gradu-
ally with the increase in deformation, making the
original continuous interfacial layer turn into isola-
ted blocks and the base metals ( A500 alloy and
steel strip, especially A500 alloy) be extruded
gradually into the cracks of the interface. A500-to-
steel contact among the “blocks” of interfacial lay-
er, however, does not occur with up to 46.2% to-

tal deformation. Although the interfacial layer

breaks into blocks during coldrolling, the clad
strip does not split along the interface owing to the
bond of the unbroken parts. It can also be seen
from Fig. 1 that the interfacial layer is thin(< 5
Pm) and there exist only transverse cracks within
the interface.

The metallographic examination of the split
clad strips shows that the interfacial layers are
thick (576 Bm). The thick interfacial layers pro-
duce not only transverse cracks but longitudinal
ones during cold-rolling, which results in the
crumbling of the thick interfacial layers ( Fig. 2)
and the splitting of the clad strips.

The metallographic examination of the clad
strips cold rolled by single-pass to different de
formations shows that the interfacial behavior is
the same as that of the clad strip cold rolled by
multrpass when the deformation is less than
33.2% ( Fig. 3). When the deformation is more
than 33. 2%, however, A500 alloy comes in con-
tact with steel among the “blocks” of interfacial
layer( Fig. 4 and Fig. 5) and rewelding between
A500 and steel strip takes place. Therefore the
clad strip does not split apart during cold rolling.
3.1.2

The measuring results of bending numbers

(N) of the clad strips cold rolled to different de-

formations( & are shown in Table 1. It can be seen

Interfacial bonding strength

from Table 1 that the interfacial bonding strength
increases slightly first and then decreases gradually
with the increase in deformation. The maximum
interfacial bonding strength is reached at about
3.25% deformation. The reason for the variation
law of the interfacial bonding strength is as fol-
lows. The expansion coefficient of A500 alloy is
larger than that of steel, the contraction of A500
alloy is thus larger than that of steel during the
cooling after LSRC, resulting in the formation of
compressive residual stress in steel strip and tensile
residual stress in A500 alloy. In the course of cold
rolling the residual stress formed during cooling
can be eliminated because the plastic deformation
of A500 alloy is larger than that of steel strip, as a
result the interfacial bonding strength rises. When
the deformation is above about 7%, however,
cracks begin to emerge within the interfacial layer
and widen gradually with the increase in deforma-
tion(Fig. 1), thus resulting in the gradual decrease
in interfacial bonding strength. It should be point-
ed out that A500 alloy gets fragile when the de

Table 1 Bending numbers of clad strip cold rolled
to different deformations

g% 0 3.25 7.32 15.2 25.5 35.3 46.2

Noo12 15 1 8 6 3¢ ¢
O A500 alloy fractured
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Fig. 1 Interfacial morphologies of clad strip cold-rolled to different deformations by multrpass
(a) —&= 0; (b) —&= 3.25%: (¢) —&= 7.32%; (d) —&= 15.2%; (e) —& 35.3%; (f) —&= 46.2%
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Fig. 2 Interfacial morphology of split clad strip

(& 35.3%) Fig. 3 Interfacial morphology of clad strip

cold-rolled in single pass( & 23.8%)
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n 10 um

Fig. 4 Interfacial morphology of clad strip
coldrolled in single pass( & 33.2%)

10 um

Fig. 5 Interfacial morphology of clad strip
coldrolled in single pass( & 43.6%)

formation is above about 35.3%, thus A500 alloy
cracks before the clad strip splits along the inter-
face during bending.

3.2 Results of annealing
3.2.1 Interfacial layer

The interface of the annealed clad strip is ex-
amined by using optical microscope and electron
microscope in order to determine the variation law
of the structure and thickness of interfacial layer
during annealing. Fig. 6 shows the interfacial mor-
phology of the as-clad strip after annealing at 350
‘C for 3. 5 h. It can be seen by comparing Fig. 6
with Fig. 1(a) that the thickness of the clad strips
before and after annealing is basically the same.
EPMA result shows that the interface is composed
of 60. 4% Al and 39. 5% Fe. This composition of
the interface corresponds typically to FeAls, which
is the same as that of the as-clad strip'"”’. These
results indicate that the structure and thickness of
the interface before and after annealing do not
change.
3.2.2 Interfacial bonding strength

The measuring results of bending numbers of
the clad strips after cold rolled by both a series of
small passes and single pass with different deform-

ations and annealed at 350 C for 1.5, 2.5, 3.5h

10 pm

Fig. 6

Interfacial morphology of as-clad strip

after annealing at 350 C for 3.5 h

are shown in Tables 2 and 3 respectively. It can be
seen by comparing the data in Table 2 with those
in Table 1 that after annealing the interfacial bond-
ing strength of the as-clad strip increases slightly
whereas that of the clad strips cold rolled by a se
ries of small passes to different deformations does
not change. By comparing the data in T able 3 with
those in Table 1 it can be seen that the interfacial
bonding strength of the clad strips before and after
annealing does not change either when the pass re-
duction is less than 33.2% . But when the pass re-
duction is more than 33. 2% the interfacial bonding
strength of the clad strips increases greatly after
annealing, especially when the annealing time is
longer than 2.5 h the separation of the clad strip is
not observed before A500 alloy cracks. This means
that the interfacial bonding strength of the clad
strip has reached the strength of its weaker compo-
nent A500 alloy already.

The above variation law of the interfacial
bonding strength is related to the interfacial behav-
ior during cold rolling and subsequent annealing.
As stated above, in the course of cold rolling of a
series of small passes and single pass with less than
33.2% deformation the interfacial layer fragments

Table 2 Bending numbers of clad strips cold
rolled by multrpass and annealed

0 1.5 13 15.2 3.5 9
0 2.5 13 25.5 1.5 7
0 3.5 14 25.5 2.5 7
3.25 1.5 15 25.5 3.5 6
3.25 2.5 15 35.3 1.5 4
3.25 3.5 16 35.3 2:5 5
7.32 1.5 10 35.3 3.5 5
7.32 2.5 11 46.2 1.5 3
7.32 3.5 10 46.2 2.5 4
15.2 1.5 8 46.2 3.5 3
15.2 2.5
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Table 3 Bending numbers of clad strips cold rolled
by single pass and annealed

I R
14. 1 1.5 8 33.2 1.5 11
14.1 2.5 9 33.2 2.5 19¢
14.1 3.5 8 33.2 3.5 71 ®
23.8 1.5 6 43.6 1.5 13
23.8 2.5 7 43.6 2.5 20
23.8 3.5 7 43.6 3.5 73 ®

O A500 alloy fractured

into blocks gradually with the increase in deforma-
tion and A500 alloy does not come into contact
with steel among the blocks. During the subse-
quent annealing the thickness and composition of
the interfacial layer do not change and the inter
diffusion between Al and Fe at the cracks can not
take place because of no AS500-to-steel contact.
Therefore the interfacial bonding strengths before
and after annealing are basically the same. During
cold rolling by single-pass with more than 33. 2%
the A500-to-steel contact
occurs among the fragmented blocks of the inter-

deformation, however,

face and the subsequent annealing promotes the in-
ter-diffusion between Al and Fe at the contact re-
gions further. So the interfacial bonding strength
increases. As can be seen from Table 3 that the
bending numbers of the clad strips are determined
by the properties of A500 alloy when the annealing
time is above 2.5 h. So the annealing process pa-
rameters are determined as 350 C for 2.5 h.

4 CONCLUSIONS

1) The interfacial bonding strength of the clad
strips cold rolled by a series of small passes increa-
ses slightly when the total deformation is less than
7.32% and then decreases gradually with the in-
crease in deformation.

2) Annealing has no effect on the interfacial
bonding strength, interfacial composition, and the
thickness of interfacial layer of the clad strips cold
rolled by both a series of small passes and single
pass with less than 33.2% deformation.

3) More than 33. 2% deformation of single
pass coldrolling followed by annealing at 350 C
for 2. 5 h can improve the interfacial bonding
strength of the clad strip to a great extent.

4) Only transverse cracks emerge within the
interfacial layer and the clad strip does not split
apart during cold rolling if the thickness of interfa-
cial layer is less than 4 =5 Hm; if the thickness of
interfacial layer is more than 5~ 6 Hm, however,
the interfacial layer crumbles and the clad strip
split apart during cold rolling.
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