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[Abstract] The slurry of AF20Sn alloy was prepared using electromagnetic- mechanical stirring method. The bonding of

steel/ mushy AF20Sn was conducted using casting rolling technique. The bonding parameters were 505 C for preheat

temperature of steel plate and 10 mm/ s for rolling speed. The interfacial mechanical property and structure of steel/ mushy

AF20Sn bonding plate were studied. The results show that the relationship between solid fraction of AF20Sn slurry and
interfacial shear strength of bonding plate is S= 52.9+ 0.998 ¢,— 0.014 4 ‘Pf( where S is interfacial shear strength, @ is

solid fraction) . The largest interfacial shear strength is 70. 2 MPa when solid fraction is 34. 6% . The interface of bonding

plate is made up of Fe Al compound and Fe Al solid solution alternatively.
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1 INTRODUCTION

Steel/ AF20Sn bonding plate is the ideal material

3]

of neotype bearing! '™ ?'. Almost one million tons per

year of this kind material are needed in machinery and

d* . Two kinds of techniques are

automobile fiel
usually adopted to process this bonding plate!”!. One
is solid to solid bonding, that is, bonding of solid
steel plate to solid AF20Sn alloy plate. The other is
solid to liquid bonding, that is, bonding of solid steel
plate to liquid AF20Sn alloy.

For solid to solid bonding, there mainly exist
mechanical occlusion and only a little physical combi

81 " Therefore interfacial me-

nation at the interface'
chanical property is generally lower, usually only
about 40 MPa. This limits the application of bonding
plate greatly.

For solid to liquid bonding, there mainly exists
metallurgical combination, which is the firmest one,

at the interface'®.

However, the higher bonding
temperature often results in a thick continuous Fe Al
compound (FexAls and FeAls) layer at the interface.
This layer embrittles the interface to a certain ex-
tent! "%,

not reach its own level, usually is about 60 M Pa.

So the interfacial mechanical property does

Therefore, the development of new technique to elim-
inate the embrittlement at the interface becomes the
focus in steel/ AF20Sn bonding field.

The embrittlement results from the stratification
of FeAl compound. Therefore, only destroying the
Fe Al compound distribution can the embrittlement

be eliminated. Fe Al compound is the result of Al
atoms diffusion to steel substrate and reaction with Fe

U 1f the concentration of Al atoms in steel

atoms
substrate is not uniform, the distribution of Fe Al
compound will be different at the interface. In this
work, the bonding of steel/ mushy AF20Sn was con-
ducted. The aim of using AF20Sn slurry is to create
the uneven distribution of Al atoms in steel substrate
and thus destroy the stratification of Fe Al com-
pound.

In this paper, the slurry of AF20Sn is prepared
using electromagnetic mechanical stirring method.
The relationship between solid fraction of AF20Sn
slurry and interfacial shear strength of bonding plate
under the condition of 505 C for preheat temperature
of steel plate and 10 mm/s for rolling speed is deter-
mined. The interface of bonding plate is also studied.

2 EXPERIMENTAL

The materials used in this experiment were
1.2 mm thick 08Al steel plate and AF20Sn ( mass
fraction, %) alloy.

The experimental procedures were as follows.

1) Treat the steel plate surface. Firstly defat and
descale the surface to get fresh surface. Secondly im-
merse the surface in flux (K2ZrFs) aqueous solution.
The concentration of the solution was 7% . The tem-
perature of the solution was 90 C. The immersing
time was 1 min. These conditions could form a 10 Pm
thick flux layer on the steel plate surface. This flux
layer could prevent the fresh surface from oxidizing.
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Thirdly the steel plate was heated at 200 C for 1 min
in order to remove the water in flux layer.

2) Prepare AF20Sn alloy slurry. Fig. 1 is the dir
agram of AF20Sn slurry-making apparatus. It in-
cludes three main parts such as electromagnetic stir-
rer, uniform device and graphite crucible. Electro-
magnetic stirrer is made up of three couples of electric
poles which distribute around the crucible evenly, its
main action is to break up the arborescent crystal in
the process of solidification by the circular motion of
slurry. Its power is 10 kW. Uniform device is a spe
cially-designed fluid director, it can move up and
down by using an assistant electric device. Its main
action is to change the centrifugal flow and gravity
segregation of Sn in order to get Srrdistributing-uni-
formly AF20Sn slurry. Graphite crucible is a temper-
ature adjusting container, there are holes in its wall
evenly, these holes contain heaters and coolers so as
to adjust the temperature of slurry. The process of
making slurry was as follows: preheat the crucible up
to 550 C by using the heaters, pour alloy liquid of
the 700 C into the crucible, overlay the upper cover,
inlet Ar gas through the gas pipe in order to prevent
the alloy from oxidizing, switch on the electromag-
netic stirrer and the uniform device, pump the cooling
mediator into the coolers to cool the alloy to the re-
quired temperature. Switch on the heaters and adjust
the current to keep the temperature stable. The pre-
cision of temperature was £0.5 C. After a certain
time, the uniform slurry with required solid fraction
could be made.

3) Conduct the bonding of steel/ mushy Al
20Sn. The experimental equipment is shown in Fig.
2. The length of pouring mouth is 200 mm. The di-
ameter of roller is 320 mm. The preheat temperature
of steel plate is 505 ‘C. The precision of temperature
is £1 C. The rolling speed is 10 mm/s. The preci

sion of speed is +0. 1 mm/s. The thickness of bond-
ing plate is 2. 5 mm.

4) Cut up the bonding plate into testing samples
for mechanical experiment and SEM experiment using
linear cutting method. Testing sample for mechanical
experiment is shown in Fig. 3. Testing sample for
SEM experiment was block of 10. 0 mm % 10. 0 mm
X 2.5 mm; one side of this sample must be carefully
ground, polished, eroded, cleaned and dried. The
volume fraction of etching liquid was 0.5% HF,
1.5%HCl, 2.5%HNO3 and 95. 5% H-0.

5) Conduct mechanical experiment to measure
interfacial shear strength on universal material testing
machine, and conduct SEM experiment to determine
interfacial structure of bonding plate.

3 RESULTS AND DISCUSSION

3.1 Relationship between solid fraction and inter-
facial shear strength

According to experimental data, the relationship
between solid fraction of AF20Sn slurry and interfa-
cial shear strength of bonding plate in steel/ mushy
AF20Sn bonding is obtained (as shown in Fig. 4).
After regressive analysis using nonlinear theory, the
regressive equation is

S=52.9+ 0.998 ¢— 0.014 4 ¢ (1)
¢, is solid
fraction. The regression coefficient R; is 0. 979 4.

where S is interfacial shear strength,
This illustrates that regressive Eqn. 1 has built a cor
rect relationship between solid fraction of AF20Sn
slurry and interfacial shear strength of bonding plate.
Let the derivative of Eqn. 1 equal to nought, the con-
dition for the largest interfacial shear strength is ob-
tained as %= 34. 6%, and the corresponding largest
interfacial shear strength is 70. 2 M Pa.

3.2 Interfacial structure of bonding plate

N pale , Graphite crucible

Fig. 1 Diagram of AF20Sn slurry-making apparatus
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Fig. 4 Solid fraction vs interfacial shear strength

Fig. 5 is the typical SEM image of interface of
the bonding plate. The right side is O8Al steel sub-
strate. The left side is AF20Sn alloy layer. In Al
20Sn alloy layer, the white round parts are the pri-
mary solid particles and the dark round parts are Sn
particles. It can be seen that not only the primary sol-
id particles but also Sn particles distribute rather
evenly in AF20Sn alloy layer. The juncture of steel
substrate and AF20Sn alloy layer is the interface. It
can be seen that the interface is made up of the re-
gions such as 1, 2 and 3. The results of composition
analysis show that regions 1 and 3 are made up of Fe
Al compound and region 2 is made up of Fe Al solid
solution whose aluminum content is less than 3. 5%.
Therefore the interface of steel/ mushy AF20Sn bond-
ing plate is made up of FeAl compound and Fe Al
solid solution alternatively. There is no continuous
Fe Al compound layer at the interface.

Fig. 5

Interface of bonding plate

3.3 Discussion

For the bonding of steel/ mushy AF20Sn, when
AF20Sn slurry contacts with the surface of steel
plate, the primary solid particles and liquid AF20Sn
alloy in the slurry contact with steel substrate in some
proportion respectively. The liquid Al atom has high-
er energy, its diffusion and reaction capability is big-
ger 12
at the place where liquid AF20Sn alloy contacts with

. So there exists severe diffusion and reaction
steel substrate, which generates the Fe Al com-
pound, and the interfacial structure is just the same as
that of solid to liquid bonding. However, the solid Al
atom has lower energy, its diffusion and reaction ca-
pability is smaller. Furthermore, the contact of pri-
mary solid particles with steel plate is not as close as
that of liquid AF20Sn alloy with steel plate, so there
exists little diffusion at the place where primary solid
particles contact with steel substrate, here only gen-
erates the Fe Al solid solution. Thus the interface of
steel/ mushy AF20Sn bonding plate is made up of Fe-
Al compound and Fe-Al solid solution alternatively.
To steel/ mushy AF20Sn bonding, the smaller
the solid fraction of AF20Sn slurry, the more the dif-
fusion of Al atom in steel substrate, and the more the
FeAl compounds at the interface. When solid frac
tion is 0, the bonding becomes solid to liquid bond-
ing. On the contrary, the larger the solid fraction,
the less the diffusion of Al atom, and the more the
Fe Al solid solution. When solid fraction is 100% ,
the bonding becomes solid to solid bonding. There
fore, when solid fraction is too small, the interface is
made up of FeAl compound mainly. The embrittle-
ment happens just as solid to liquid bonding. Howev-
er, with increasing solid fraction, the quantity of Fe
Al compound decreases but that of Fe-Al solid solu-
tion increases gradually at the interface. Fe Al com-
pound forms strong metallurgical combination, and
Fe Al solid solution forms weak combination. Never
theless, it is this Fe- Al solid solution that destroys the
thick continuous Fe-Al compound layer into an Fe-Al
compound net and decreases the embrittlement.
Therefore, when solid fraction is smaller than
34.6% , the interfacial shear strength increases grad-
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ually with increasing solid fraction (as shown in Fig.
4) . Furthermore, when solid fraction is 34. 6%, the
interface is made up of Fe-Al compound and Fe Al
solid solution in moderate proportion and the interfa-
cial shear strength reaches to the largest value. But
when solid fraction is larger than 34. 6%, with in-
creasing solid fraction, the weak combination of Fe
Al solid solution becomes the dominant form of com-
bination at the interface gradually, thus the interfacial
shear strength decreases gradually at this condition
(as shown in Fig. 4).

4 CONCLUSIONS

1) For the bonding of steel/ mushy AF20Sn, the
interface of bonding plate is made up of Fe-Al com-
pound and Fe Al solid solution alternatively. This
new structure eliminates the interfacial embrittle-
ment, so the interfacial mechanical property of bond-
ing plate is improved. This bonding method can be
expected to become a good technology for processing
steel/ AF20Sn bonding plate.

2) Under the conditions of 505 C for preheat
temperature of steel plate and 10 mm/s for rolling
speed, the relationship between solid fraction of Ak
20Sn slurry and interfacial shear strength of bonding
plate is S= 52. 9+ 0.998 ¢,— 0.014 4 ¥ where S is
€. is solid fraction. The
reasonable solid fraction for the largest interfacial

shear strength 70. 2 M Pa is 34. 6% .

interfacial shear strength,
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