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ABSTRACT The frictiomr wear properties of spray deposited 6% silicon ZA27 alloy have been investigated,

and compared with those of conventional casting ZA27 alloys containing silicon or not. The experimental re-

sults indicate that wear resistance and antifriction abilities of the material prepared by spray deposition are

about 3.4~ 8.1 times and 1. 6~ 2.4 times higher than those of conventional casting alloys respectively. The

reasons for the improvements of friction wear performance were also investigated from the view of microstruc-

tures.
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1 INTRODUCTION

Conventional casting high silicon aluminum
zincbased alloys (ZA) have superior ambient
mechanical properties and excellent tribological
properties. Much study has been carried out on
the influence of the new forming process on the
mechanical properties of ZA alloys. Some former
research results showed that the composites man-
ufactured by extrusion casting, rheocasting and
vacuum infiltration had very outstanding friction

=31 Therefore, adopting novel

wear properties
processes would be an effective way to improve
the properties and widen application range of the
ZA alloys. For example, much attention has
been given to spray deposition, which is a new

4 . .
1. We will discuss

rapid solidification techniquel
the friction-wear properties of 6% silicon ZA27
alloy manufactured by the spray deposition,
comparing with those of the conventional casting

ZA27 alloys whether containing silicon or not.
2 EXPERIMENTAL DETAILS

2.1 Sample preparation
The procedures preparing deposits were car-

ried out as follows. First, the master ZA27 alloy
was melted in an electric resistance furnace.
Then 6% silicon and 0. 3% rare earth were
added into the melt and they were superheated to
780 C holding for 15~ 20 min. At last the
molten metal was transferred into the middle
package of the spray deposition apparatus to get
the deposits. The conventional casting samples
of ZA27 alloy were also made for comparison.
The sample number, composition and process are
shown in Table 1.

Table I Composition and process of

material investigated

No. Composition Processing
l ZA27 conventional casting
ZA2T7+ 6% Si . .
2 conventional casting

+ 0.3%RE

ZA2T7+ 6% Si
+ 0.3%RE

spray deposition

2.2 Wear tests

The wear experiment was carried out on an
MM-200 wear and abrasive testing machine.
The schematic diagram is shown in Fig. 1. Dur-
ing the experiment, the upper sample was kept
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on static while the lower one revolving around
the shaft. In all testing, sliding speed was kept
at 0. 418 m/s and 30~ 40 lubricating oil droplets
were dripped onto the surface of samples at 2 s
intervals. The experimental loads were 300, 500
and 700 N respectively. Each experiment was

finished in 3 h.

— 6

Fig. 1| Schematic diagram of wear and

abrasive testing installation
I —Upper sample; 2 —Lower sample;
3 —MM-200 wear and abrasive testing machine;
4 —Thermocouples; 5 —T emperature Recorder;

6 —Friction moment recorder

The upper samples of 18 mm X 8mm X §mm
were machined from the materials investigated.
Lower samples were made of 45 steel, heat

treated to give a hardness of HRC 50 X2.
3 EXPERIMENTAL RESULTS

3.1 Wear resistant property

The wearresistant property was measured
by the amount of upper sample s weight loss dur-
ing the testing. Table 2 shows the relationship
between the wearresistant property and the
load. The heavier the load, the larger the weight
loss. The conventional casting ZA27 alloy ( No.
1) had the poorest wearresistant property. Af-
ter adding silicon to ZA27 alloy (No. 2), the
wear resisting property was greatly improved.
The wear resistance of the spray deposited mate-
rial (No. 3) was approximately equal to that of
No. 2 material.

3.2 Antifriction property

Table 2 Weight loss of upper samples/ mg
Applied load/ N

M aterials
300 500 700
1 16.2 28.5 39.8
2 1.5 6.8 9.3
3 2.0 8.4 11.7

As an excellent bearing material, it should
have superior antifriction ability and good wear
resistance. In this paper both the weight loss of
the lower samples and friction coefficient were
used to evaluate the antifriction ability.

The friction coefficient during wear testing
changes with the friction moment (T able 3) and
can be expressed as follows:

M a+ sinQcosd

K= * (1)

R xp 2sina

Table 3 Friction coefficient( Tl) of the
samples under different load

Applied load/ N

M aterials
300 500 700
l 0.07 0.09 0.09
2 0.05 0.05 0.08
3 0.04 0.04 0. 06
where R is the radius of the upper sample; p

is the load; a is the contact angle between the
upper and lower samples. When the load was
fixed, the change of friction moment reflected
the change of the wear coefficient because there
was little change of the contact angle. Neither
the friction moment nor the wear coefficient was
a constant.

Therefore, we could use the mean wear co-
efficient W to evaluate the material s antifriction
ability:

n- (2)

2TRNp
where W is the total friction work in each
testing, N is the total rounds of the lower sam-
ple. The relationships between the mean friction
coefficient of the materials and the load are
shown in Fig. 2, and the mean friction coeffrr
cient of spray deposits has the least value.

The relationship of the shaft-wear amount
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and load is shown in Table 4. The amount of
weight loss of the shaft in contact with spray de-
posited material had the least value. Although
adding silicon to the ZA27 alloy improved the
wear-resistant property, it still cannot be used to
because it

manufacture bearing, intensively

wears the shaft.

Table 4 Shaft wear amount of
the samples/ mg

Applied load/ N

M aterials
300 500 700
1 0.7 4.3 5.4
2 1.9 5.5 6.3
3 0.7 2.3 3.4

3.3 Microstructures

The improvement of the frictiorwear prop-
erty is related to the difference of the microstruc
tures. The microstructure of the conventional
casting ZA27 alloy is composed of a (Al), cop-
per-rich phases and interdendritic eutectic phases
(Fig.3(a)). The microhardness (HV) of the a
(Al) phases is 110, which is higher than that of
the copper-rich phases (HV 60~ 80) and the in-
terdendrite eutectic phases ( HV 37 ~ 50).
Therefore this material belongs to the hearing al-
loy of soft-particle and hard-matrix. When 6%
silicon i1s added to the ZA27 alloy, the bulky
polygon silicorrrich phases appear and their vol
ume fraction is about 5% ~ 10% . The other mr

1 300 and its compressive strength is much
greater than that of the a (Al) phases.

The microstructure of the spray deposit ma-
[ts unetched
optical image is made up of the dispersed circular

terials varies greatly ( Fig. 3(c¢)).

silicorrrich phase ( approximately 20% ~ 25%
(in volume)) and the matrix. The matrix seen
from the SEM image is the lamellar eutectoid, in
which the black and white lamellar phases are
the solid solutions based on aluminum and zinc
respectively. So it belongs to the hard-particle
and soft-matrix bearing material.

4 ANALYSIS AND DISCUSSION

4.1 Wear resistant property and shaft wear
property

As we know metals will deform elastically
or plastically when they are loaded. If the value
of the load is over one third of that of the hard-
ness(HV), soft materials shall deform plastical
ly. At this time, as the load increases the aver-
age stress keeps at a constant and the contact
area will increase to support the load. Therefore
we may suppose that the soft material is in the
condition of elastic deformation when the value
of the average stress is under one third of the
value of the hardness. According to the Hertz’ s
contact stress theory, we can work out the max-
imum load only producing elastic deformation.

Supposing that the samples contact smooth-
ly, the average stress can be expressed as fol

crostructure is the same as the above material ex- lows:
cept that the volume fraction of interdentrite eu- o= p/(2bL) (3)
tectic phases increases a little (Fig. 3(b)). The and
microhardness (HV) of silicorrrich phases is b= JS])R//(JTLE/) (4)
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Fig. 2 Relationships between moment and time under different loads



*+ 108 -

Trans. Nonferrous Met. Soc. China

Dec. 1996

) =L
CoZléncn

Fig. 3 Microstructures of materials
(a) —1* material; (b) —2% material;

(¢) —optical image( unetched) of 3* material; (d) —SEM image of 3* material

. . [
L is the length of contact line; R is the
. . [ . .
equivalent radius and E is the equivalent elastic

w here

module.

According to the above assumption and eq.
(3), the maximum load for producing elastic de-
formation only can be deduced as follows:

32 R

. . 2 . 7
Puac< gt LB % (5)
where B is hardness HB; p . is shown in
Table 5.

Table 5 Maximum load to produce
elastic deformation only

Sample number HB D e / 107 N
1 112 2.12
2 106 1.90
3 102 .76

IVE = (1/2)(1/E |+ 1/E,); the elastic module £ of
the materials investigated is 7. 35T Pa, the elastic module

E > of the lower sample is 1. 96 T Pa.

The calculated results showed that all of the test-
ing loads are greater than the maximum value of
elastic deformation. Therefore, plastic flow
would happen in the upper sample even on the
condition of static load and adhesion phenomenon
would happen in some regions.

In the conventional casting ZA27 alloy, the
primary d phases are the hard matrix while the
interdentric eutectic phases play the role of the
soft phases. After machined and a pre-wearing,
lots of contact points were formed between the a
phases and the lower samples( Fig. 4(a)). How-
ever the first d phase is face centered cubic struc
ture, and it will soften and deform plastically in
the wear testing. After adding silicon to the al
loy, the bulky polygon silicorrrich phases had
They
damaged the shaft seriously but wore a little

themselves( Fig. 4(b)).

excellent high-temperature properties.

A large amount of silr
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corrrich phases in the spray deposits increased
wear resistance of the samples but did not dam-
age the shaft seriously(Fig. 4(¢)). So it has ex-

cellent wear performance.

Upper sample (a)

Lower sample

Upper sample (b)

Lower sample

Upper sample (c)
Lamellar eutectoid

Fig. 4 Microstructure models of
wear surface

4.2 Friction coefficient

According to the classic friction law, the
friction force F varies directly as the normal load
p changes, i.e. F'= Hp. When the load is kept
at constant, the wear coefficient mainly changes
with the friction force. The wear force comes
from the shearing force of the contacting points
and the furrow force between the soft

surface and hard particles. Different microstruc
tures are the main reasons for the various wear
forces. In the conventional casting ZA27 alloy,
the wear force mainly comes from the shearing
force of the particles, but after adding silicon,
the wear force mainly comes from the furrow
force. The adhesion tendency of the close packed
hexagonal structure zincrich phases in the spray
deposits is less than that of the a ( Al) phases
( fee) of the conventional casting alloys, and
the furrow force of dispersed siliconrich phases
is less than that of bulky polygon siliconrich
phases. Therefore the spray deposits have the
least friction coefficient.

5 CONCLUSIONS

(1) After adding 6% silicon to the conven-
tional casting ZA27 alloy, a large amount of
bulky polygon silicorrrich phases are formed in
the alloy, which greatly improve the wearresis-
tant property of the sample but make its mating
component (the shaft) wear seriously.

(2) Wear amounts of the three materials
have a positively linear relationship with the
load, which is fit to the Archard law. Friction
coefficient changes a little as the load increases.
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