Vol. 8 Ne 3

Trans. Nonferrous Met. Soc. China

Sep. 1998

FORMING PROCESS OF HOT- EXTRUDED
SiC,/ 6061A1 COMPOSITES( I )"

Zhang Wenlong, Cai Liuchun, Peng Huaxin, Wang Dezun and Yao Zhongkai

School of Materials Science and Engineering,

Harbin Institute of Technology, Harbin 150001, P. R. China

ABSTRACT The pressure displacement curves of hotrextruded 6061 aluminium alloy and SiC,/6061A1

composites under different forming temperatures were measured to show the difference between these two

kinds of materials. Based on the analysis of the forming process, the directionality and breakage of whiskers in

hot-extruded tubes and cup-like parts were also investigated. It is shown that, compared with aluminium al-

loy, the resistant force of deformation of the composite is remarkably higher; and when the back-extrusion in

solid state is conducted, the phenomenon of work-hardening appears, but it does not appear when the sample

is extruded in liquidsolid region. SiC whiskers tend to break and distribute directionally in extrusion processes

and the degree of breakage and directional distribution is consistent with that of plastic flow of metals.
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1 INTRODUCTION

In recent years, more and more continuous-
ly or discontinuously reinforced metal matrix
composites ( MM Cs) have been used to make
structural components, because of their high
specific strength and specific stiffness. It was in-
dicated that discontinuously reinforced MM Cs,
would have a brighter future for practical appli-
cation. In the application of discontinuously re-
inforced MMCs the key is plastic forming,
which is the basis of a wide application.

Silicon carbide whiskers reinforced alumint
um matrix composites( SiC,/Al), as a represen-
tative of discontinuously reinforced MM Cs, have
been widely studied such as on the materials’
stress and

fabrication techniques, interface,
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properties
on the plastic forming that the application of this
kind of materials is surely hindered.

In this paper the forming process of hot-ex-
truded SiC,,/ Al composites was studied and the
hot-extrusion characteristics of SiC,/ Al compos-

ites compared with that of aluminium alloys was

presented.

2 MATERIALS AND EXPERIMENTAL
PROCEDURES

SiC,/ Al composites were fabricated by pro-
cess of squeeze-casting with a preheating temper-
ature of 510 C and a pouring temperature of 800
C, as well as an extra pressure of 50 M Pa.

The volume fraction of SiC whiskers with a
mean length of 8. 50 Pm was 20%, and the
solidus temperature of the alloy was 580 C.

Experiments of hot extrusion were conduct-
ed on a four hundred-ton oil press. Schematic dr
agrams of the extrusion devices are shown in
Fig. 1. A Hitachi S-570 scanning electron micro-
scope ( SEM ) was used to observe the mr
crostructure. The length and orientation of the
whiskers were measured by an image analyzer

(MAGISCAN 2A. British) .
3 RESULTS AND ANALYSES

3.1 Pressure displacement curves
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Fig. 1 Schematic diagram of extrusion devices

{a) —Normal extrusion; (b) —Back extrusion

Pressure-displacement curves of the SiC,/
6061A1 composites and 6061 aluminium alloys
are shown in Fig. 2. It can be seen that back-ex-
trusion process of either the composites or the a
luminium alloys may be divided into three steps:
filling step ( OA ), continuous extrusion step
(AB) and whole deformation step of the residual
materials( BC) . Schematic diagrams of the back-
extrusion steps are shown in Fig. 3.

Step one ( OA): The stem contacts the bil
let, which is then pressed to fill the die. During
this step the deformation is a whole one and its
amount is high. The increase of extrusion pres-
sure is also very rapid.

Step two (AB): The stem continues to
move downward and the materials are forced to
move upward along the ring-like space. As the
deformation in this step is a partial one and a
heat effect exists, the increase of hot extrusion
pressure is very slow or even zero.

Step three ( BC): With the progress of hot
extrusion, residual thickness of the extruded ma
terials becomes smaller and the extrusion pres
sure increases very rapidly.

From the pressure-displacement curves of a
luminium alloys and composites it can be seen
that the extrusion pressure of composites is evi
dently higher than that of aluminium alloys.
When extruded at solid state( < 580 C), extru-
sion pressure of the composites in step two (AB)
increases with the progress of deformation,

while that of the aluminium alloys keeps cons
tant. And when extruded at liquid-solid state

60 (a

|
—

50

40

30

20

10

0

p/(10°N)

50

40

30 /C

20 A

10

0
0 10

20 30 40 S50 60 70 80

L/mm

Fig. 2 Pressure displacement curves of

SiC,/ 6061A1 composites and
6061 aluminium alloy

(a) —Composites; (b) —Aluminium alloys
1 —420 C; 2—460 C; 3—540 C;
4—580 C; 5—420 C; 6—500 C
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Fig.3 Schematic diagrams of

back-extrusion steps
{a) —Filling step; (b) —Continuous exirusion step;

{¢) —Whole deformation step of residual materials

( 2580 C), extrusion pressure of the compos
ites keeps constant too, which is the same as
that of aluminium alloys when extruded at solid
state. For extrusion at solid state the increase of
above extrusion pressure for SiC,/6061Al com-
posites in step two may be due to the existence of
SiC whiskers. Since for the plastic deformation
of metallic materials there exist two contrary
processes: work hardening and softening, which
determine the increase or decrease of the resis-
tance to deformation. Therefore, as work hard-
ening and softening effect of aluminium alloys in
step two can be balanced each other, the extru-
sion pressure keeps constant. But for the SiC,/
6061A1 composites SiC whiskers may hinder the
dislocation movement in the aluminium matrix,
which will put the work hardening effect in a
predominant position and so lead to an pressure
increase In step two.

For extrusion at liquidtsolid state the un-
changing extrusion pressure of the composites in
step two may be a result of the presence of liquid
phase. Here the presence of liquid phase works
as a lubricant for the sliding and rotation of the
grains and whiskers, which helps to finish the
deformation of composites by mechanisms of
plastic shear, sliding and rotation of grains.
Therefore, both the degree of the matrix’ s plas
tic deformation and the constraint effect of
whiskers on the matrix may decrease, and the
work hardening effect is weakened, which final-
ly leads to a constant extrusion pressure of the
SiCy/ 6061A1 composites in step two.

Results in Fig. 2 show that the reason why

the forming properties of SiC,/6061A1 compos
ites are worse than those of aluminium alloys, is
that the extrusion pressure of composites is in a
higher level and there exists a work hardening
tend in step two for the composites.

Since in the forming process of the compos
ites’ extrusion at liquidsolid two phase region,
the level of extrusion pressure is a lower one and
it keeps constant in step two, it is possible to
improve the forming properties of SiC,/6061Al
composites.

3.2  Whiskers’ orientation and breakage in
forming process

3.2. 1 Whiskers’ orientation and breakage in
back-extruded cups

Fig. 4 gives a longitudinal section of the
back-extruded cup ( extrusion temperature
540 C) and Fig. 5 presents some SEM pho-
tographs of the corresponding locations. Fig. 5
shows that all whiskers, in every locations of the
cup, tend to align directionally along the extru-
sion direction; and during the plastic flow of
metal matrix from region [ to region II and
[II the whiskers’ orientation, due to the con-
straint of dies, continuously changes from trans
verse to longitudinal direction, which always
adapts to the metal’ s flowing direction. All facts
above prove that the directional alignment of

whiskers is caused by metal’ s plastic flow.
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Fig. 4 Longitudinal section of
extruded cup

Whiskers’ orientation distribution in region
[ITis shown in Fig. 6. To consider the direction-
al alignment degrees of whiskers in this region,
the mid-part has the highest degree, the inner
part is lower, and the outerpart is the lowest.
The above phenomenon appears in region [ and
region II too. The reason may be the smaller
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Fig. 5 SEM photographs of different locations in extruded cup
(a) —Region [ ; (b) —Region II; (c¢) —Region III
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Fig. 6 Whiskers’ orientation distribution in
region Ilof extruded cup
(a) —Innerpart in region IIE
(b) —Midpart in region IIE
(¢) —Outer-part in region [II

flowing amount of metals on bhoth sides due to

the frictional force, and the bigger flowing

amount in the mid-part' !

Whiskers” length distribution in different

parts is shown in Fig.7. The fact is that
whiskers’ length changes from 8. 50Hm in as cast
state to 3. 75 Hm after back-extrusion, which
proves that the breakage of whiskers in the
forming process of back-extrusion is very serr
ous. In the extruded cup different parts have
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Fig. 7 Whiskers’ length distribution in

different parts in region [lof extruded cup
{a) —Innerpart; (b) —Midpart; (¢) —Outer part
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different degrees of breakage. The midpart has
the highest, the innerpart is lower, and the
outerpart is the lowest, which corresponds to
the flowing degrees of metals.
3.2.2 Whiskers’ orientation and breakage in
extruded tubes

The schematic diagram of the tube and
some photographs of the corresponding locations
are shown in Fig. 8.

direction; and during the metal flowing from re-
gion II to region I the whiskers, due to the con-
straint of dies, tend to align parallel to the longi-
tudinal direction. Statistical results show that
orientation and breakage of whiskers in extruded
tubes are similar to those in back-extruded cups,
that is, in the mid-part the orientation degree is
the highest and the breakage is the most serious,

After extrusion, all case in the innerpart takes second place, and

whiskers align directionally along the extrusion
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::} /. i”- !J-'i ..

£333F STEL

Fig. 8 Longitudinal section of tube and corresponding SEM photographs

(a) —Longitudinal section of tube; (b) —Remainder (region II); (c¢) —Tube (region [ )
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