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Abstract: The pressing bonding of steel plate to QTi3. 53. 5graphite slurry was studied. The bonding conditions were

620 C for preheating temperature of steel plate, 530 C for preheating temperature of dies, 50 MPa for pressure and 2

min for pressing time. The relationship between the solid fraction of QTi3. 5 3. Sgraphite slurry and the interfacial me-

chanical property of bonding plate was obtained. The results show that when the solid fraction of QTi3. 5-3. Sgraphite

slurry is smaller than 45. 8%, the interfacial shear strength of bonding plate increases with the increasing of solid fraction.

When the solid fraction is larger than 45. 8%, the interfacial shear strength decreases with the increasing of solid fraction.

When the solid fraction is 45. 8% , the largest interfacial shear strength of bonding plate 127 M Pa can be got, and the in-

terface is made up of Fe Cu solid solution.
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1 INTRODUCTION

The common steelbacked metal matrix bearing
is steekFbacked Al matrix bearing which mainly in-

cludes steeFbacked AFSn bearing, steebbacked AFPb
bearing and steetbacked AFgraphite bearing!'™.
This bearing has perfect property under low load at

31 However, under heavy load es-

low temperature
pecially at high temperature, Al matrix whose melt-
ing point is 660 ‘C will soften'®, and the property of
bearing deteriorates rapidly!”.
cation of steelbacked metal matrix bearing greatly.
Copper alloys such as brass, bronze, have perfect
abradability, embedability, high strength and higher
melting point (higher than 880 ‘C)!®. Graphite has

It is the most com-

This limits the appli-

excellent lubricating property!”!.
mon solid lubricant, and its usage temperature can be
higher than 400 ‘C without oxidization in the air '’
It can be seen that steekbacked Curgraphite composite
will be very ideal for heavy-load high-temperature
bearing.

Cu-graphite composite with uniform distribution
of graphite particles was prepared using semrsolid
processing technology! ' "1, In this work, the press-
ing bonding of steel plate to QTi3. 53.5 graphite
slurry was conducted. The relationship between solid
fraction of QTi3. 5 3. Sgraphite slurry and interfacial
mechanical property of bonding plate was established,

and the condition for the largest interfacial shear
strength was determined.

2 EXPERIMENTAL

The materials used in this experiment were 1.2
mm-thick O8Al steel plate, QTi3. 5 and 230 mesh
graphite particles (about 60 Hm). QTi3. 5 is a copper
alloy containing 3. 5% 4. 0% T1i and the total amount
of impurities such as As, Sb, Sn, Si, Al, Pb, P,
Fe, Bi, Zn, Mn, are less than 0. 5%. Its freezing
range is 890~ 1 070 C.

The experimental procedures were as follows.

1) Surface treatment of the steel plate. Firstly
degrease and descale the surface to get fresh surface.
Secondly immerse the surface in aqueous solution of
flux (No. 2 flux being patented). The concentration
of solution was 7% (mass fraction). The temperature
of solution was 90 'C. The immersing time was 1. 5
min. These conditions could form a 25 Pm-thick flux
layer on the surface of steel plate. This flux layer
could prevent the fresh surface from oxidizing at high
temperature during preheating. Thirdly stove the
steel plate for 2 min at 250 C in order to remove the
water in flux layer.

2) Preparation of QTi3. 53. Sgraphite ( mass
fraction) slurry. Electromagnetic mechanical stirring
technique was used to prepare QTi3. 5 3. 5 graphite
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slurry! ™. The precision of solid fraction of slurry
was 10.5%.

3) Conducting steeF mushy QTi3. 5 3. Sgraphite
pressing bonding. The experimental equipment is
shown in Fig. 1. The pressing equipment was a 100-
ton oil hydraulic press. The bonding procedures were
as follows. Firstly put the steel plate (620 C of pre-
heating temperature) into the lower die (530 C of
preheating temperature ). Secondly delivere the
QTi3.53.5 graphite slurry with required solid frac
tion onto the steel plate surface in the lower die
through the slurry transfer. Ar gas shield must be
used to prevent the slurry from oxidization. Thirdly
cover the upper die (530 C for preheating tempera-
ture) and descend the press head (50 M Pa for pres-
sure) to conduct pressing bonding for 2 min. The
preheating temperature precision was 1 C. The pres-
sure precision was 0. 1 MPa. The thickness of bonding
plate was 4. 0 mm.
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Fig. 1 Sketch of steeFmushy QTi3.53.5
graphite pressing bonding

4) Cutting the bonding plate into test samples
for interfacial mechanical property experiment using
linear cutting method. The samples for interfacial
shear strength (as shown in Fig. 2) were sheared on
universal material testing machine.

3 RESULTS AND DISCUSSION

3.1 Relationship between solid fraction of slurry
and interfacial shear strength
112 mm

=
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Fig. 2

Testing sample for interfacial shear strength

According to the experimental data, the relationship
between solid fraction of QTi3. 5-3. Sgraphite slurry
and interfacial shear strength of bonding plate in
steekmushy QTi3. 53.5 graphite pressing bonding
was gotten (‘as shown in Fig. 3). Using nonlinear
theory the regressive equation is obtained as:
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Fig. 3 Relationship between solid fraction and
interfacial shear strength

S= — 468+ 26 ¢.— 0.284 # (1)
where S is the interfacial shear strength, % is solid
fraction. The regression coefficient R is 0. 986 76.
This illustrates that the regressive Eqn. (1) has built
a correct relationship between solid fraction of QTi3.
5-3. Sgraphite slurry and interfacial shear strength of
bonding plate. Let the derivative of Eqn. (1) equal to
zero, the condition for the largest interfacial shear
strength is gotten: ®.= 45.8%, and the correspond-
ing largest interfacial shear strength is 127 MPa.
Therefore, in steekmushy QTi3. 5-3. Sgraphite press-
ing bonding, when the bonding parameters are 620
‘C for preheating temperature of steel plate, 530 C
for preheating temperature of dies, 50 M Pa for pres-
sure and 2 min for pressing time, the solid fraction of
QTi3. 5-3. Sgraphite slurry should be 45. 8% in order
to obtain the largest interfacial mechanical property.
This reasonable technology has been verified through
further experiments. The experimental data is shown
in Table 1. This interfacial shear strength value ( 127
MPa) is much larger than that of steeFbacked Al ma-
trix bearing (about

Table 1 Experimental data of largest
interfacial shear strength

Sample No. ; S(.)lid . Interfacial shear
raction/ % strength/ M Pa

1 45.8 127.3

2 45.8 126. 8

3 45.8 126.6




© 920 + Trans. Nonferrous Met. Soc. China

Oct. 2004

70 MPa), and the steeFbacked Curgraphite compos-
ite is very safe and competent for heavy-load high-
temperature bearing.

3.2 Discussion

For steekmushy QTi3. 53. Sgraphite bonding,
when QTi3. 53. S5graphite slurry contacts with the
steel plate surface, the bonding behaviors such as
wetting, spreading, adsorption and diffusion will oc
cur' ! The interdiffusion of Cu atoms and Fe atoms
will result in the forming of interface which is made

4 1n this experi-

up of Fe-Cu solid solution ( Fig. 4)
ment, the bonding behaviors such as wetting, spread-
ing and adsorption could be accelerated due to the ac
tion of pressing and the flux layer on steel plate sur
face. However, this flux layer would need some ener
gy to melt and decompose. Therefore, the interdif-
fusion of Cu atoms and Fe atoms generated only after
the removing of flux layer from the surface of steel
plate. When the solid fraction of QTi3. 5-3. Sgraphite
slurry was too large(such as larger than 45.8%), the
removing of flux layer was restricted because of the
lower temperature and the hindering of primary solid
particles in QT1i3. 5-3. S5graphite slurry. Thus the in-
ter-diffusion of Cu atoms and Fe atoms did not gener-
ate at the whole contact surface, and the remaining
flux became an obstacle to steebmushy QTi3. 5
3. S5graphite bonding. That is to say the effective
bonding area became smaller. The larger the solid
fraction, the more the remaining flux, and the small-
er the effective bonding area between steel plate and
QTi3. 5-3. Sgraphite layer. Therefore, when the sol-
id fraction of QTi3. 5 3. Sgraphite slurry was larger
than 45. 8%, the interfacial shear strength of bond-
ing plate decreased with the increasing of solid frac
tion (as shown in Fig. 3).
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Fig. 4 Fe Cu binary equilibrium diagram

For the bonding plate which is made up of differ-
ent materials, the subsidiary stress will generate at
the interface because of the difference of physical

[15]

characters' ™. The subsidiary stress can be approxi

matively determined as:

O= A(IATE]Eztl/[(l— U)(t1E1+ tzEz)] (2)
where O is the subsidiary stress, Ada is the differ
ence of thermal diffusivity, AT is the difference of
temperature, E is the elastic modulus, U is Poisson
ratio, ¢ is the thickness, subscript 1 and 2 represent
the two bonding materials. This interfacial subsidiary
stress can decrease the interfacial mechanical property
of bonding plate. The larger the subsidiary stress,
the lower the interfacial mechanical property. In this
experiment, the difference of physical characters,
such as expansion coefficient, elastic modulus, thick-
ness and temperature, between steel and QTi3. 5-3.
Sgraphite resulted in the subsidiary stress at interface
of bonding plate. When the solid fraction of QTi3. 5
3. Sgraphite slurry was too small( such as smaller than
45.8%), the high temperature and the more liquid in
QTi3. 5 3. 5graphite slurry guaranteed the removing
of flux layer from the whole interface and the suffr
cient inter-diffusion of Cu atoms and Fe atoms. How-
ever, the larger difference of temperature between
steel plate and QT1i3. 5 3. Sgraphite slurry resulted in
larger interfacial subsidiary stress. The smaller the
solid fraction, the larger the difference of tempera-
ture, and the larger the interfacial subsidiary stress.
Therefore, when the solid fraction of QTi3. 53.
Sgraphite slurry was smaller than 45. 8%, the inter-
facial shear strength of bonding plate decreased with
the decreasing of solid fraction (as shown in Fig. 3).

Only when the solid fraction of QTi3. 5
3. Sgraphite slurry not only ensure moderate inter-dif-
fusion of Fe atoms and Cu atoms but also avoid the
large interfacial subsidiary stress, for example, when
the solid fraction is about 45. 8%, the interfacial
shear strength can reach its largest value (as shown in
Fig. 3).

Fig. 5 shows the SEM micrograph of interface of
bonding plate which is prepared according to the rea-
sonable steeFmushy QTi3. 53. Sgraphite bonding
technology. The left side is 08A1 steel plate, the right
side is QTi3. 53. Sgraphite layer. In QTi3. 53.
Sgraphite layer, the white round parts are the prima-
ry solid particles and the dark round parts are graphite
particles. It can be seen that not only the primary sol-
id particles but also graphite particles distribute rather
evenly in QTi3. 5 3. Sgraphite layer. The juncture of
steel plate and QT i3. 5-3. Sgraphite layer is the inter
face. QTi3. 5 3. Sgraphite layer contacts with steel
plate rather closely, and there is no defect at the in-
terface. Fig. 6 and Fig. 7 show the line profiles of Cu
and Fe at the midst of interface. It can be seen that
there is a narrow inter-diffusion zone of Fe atoms and
Cu atoms at the interface. Therefore, a firm metal-
lurgical combination forms at the interface of steek
mushy QTi3. 5-3. Sgraphite bonding plate.
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Fig. 5 Interface of bonding plate
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Fig. 6 Cu line profile near interface
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Fig. 7 Fe line profile near interface

4 CONCLUSIONS

1) SteeFmushy QTi3. 53. Sgraphite pressing
bonding is a new and effective technology for prepar
ing steelbacked metal matrix composite.

2) For steeFmushy QTi3. 5 3. Sgraphite pressing
bonding, when the bonding parameters are 620 C for
preheating temperature of steel plate, 530 C for pre-
heating temperature of dies, 50 MPa for pressure and
2 min for pressing time, the relationship between sol-
id fraction of QTi3. 5 3. Sgraphite slurry and interfa-
cial shear strength of bonding plate is

S= - 468+ 26 ®— 0.284 %
where S is the interfacial shear strength, 9, is the

solid fraction. When the solid fraction of QT1i3. 5-3.

Sgraphite slurry is 45. 8%, the largest interfacial
shear strength 127 MPa can be got. The interface is
made up of Fe-Cu solid solution, and a firm metallur-
gical combination is obtained.
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