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Abstract : The deformation creep characteristics of as-cast silicon particles reinforced zinc based alloys ( Si/

ZA27) were determined by high te mperature creep experiments at 453 K and 61 .1 MPa condition. The exper-

imental results indicated that the minimum creep rate of the silicomr containing alloys are about three fifth of

that of the matrix alloy( ZA27) . The deformation process is mainly controlled by grain boundary sliding mech-

anism . Both dislocation climb and disperse silicon phase are also contributed to it . Microstructural changes

were investigated during the deformation experiments .
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1 INTRODUCTION

Zinc based cast alloys containing a high con-
centration of aluminum and some copper have
been found to be economical -andeffective for
substitutes for bronze in a variety of general en-
gineering with their excellent comprehensive me-

(11 How-

chanical properties and wear resistance
ever, there are some practical demerits such as
poor impact property, low creep resistance and
dimensional instability for most zinc based cast

(2] which have restricted their use to slow

alloys
moving tribological application ( Vi, <7 .1 m/s)
at operating te mperature beyond 150 C . There-
fore , improving the elevated te mperature proper-
ty of zinc based alloys, which in turn could
widen the range of their utility and working ca-
pability . Some achieve ments have been reached
by ways of microstructural and compositional
modifications such as zinc matrix composites
have high strength and stiffness at the room
te mperature, moreover, the reinforced particles
can effectively improve their high temperature

creep resistance and elastic modulust®!. Howev
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er, the study on the high te mperature creep be-
havior of particles phase reinforced zinc based
cast alloy has seldom been reported by now.
This investigation focused on the creep behavior
of silicon particles reinforced zinc based cast al-
loys at high temperature and high deformation
stress , compared with those of the similarly pro-
cessed conventional zincbased alloy ( ZA27) .
The creep mechanism of these alloys also dis-
cussed under the experimental condition .

2 EXPERI MENTAL

2.1 Sample Preparation

Two silicon particles (5 % and 8 %) ( mass
fraction) respctively reinforced zinc -based cast
alloys modified by 2 %( NaPO;)¢ and one con-
ventional zinc based alloy (ZA27) were produced
by casting into permanent mould. Microstruc-
tural studies were carried out on metallograph-
ically prepared samples after etching them with
0.05 % HF( hydrofluorine acid) . A Neuphot-21
optical microscope and Rigaku D/ Max X ray
diffractometer using Cu radiation were used for
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carrying out the microstructural investigation .

2.2 Determination of hardness and thermal
expansion coefficient

Hardness of specimens were determined
with a Brinell hardness tester while density was
measured by water displace ment technique using
an analytical balance , simiearly , thermal expan-
sion coefficient was found with help of a thermal
expansion tester. The data points represent an
average of at least three observations .

2.3 Deformation creep test

The deformation creep test was carried out
under stress of 61 .1 MPa on a constant load
creep machine. The sche matic diagram is shown
in Fig.1 . The temperature of creep test was
controlled at 180 =2 °C . Strain was measured by
a CWB-2 model digital recorder being accurate to
1 um, the specimens subjected to creep tests
were 3mmX3 mmX6 mm.

Sche me of creep experiment device

3 RESULTS AND DISCUSSION

3.1 Properties and microstructure

Table 1 shows the composition, density and
thermal expansion coefficients of the samples.
The present of silicon particles led to increase the
hardness of samples while the density and ther-
mal expansion coefficients were decreased. As
revealed by the X ray diffraction pattern shown
in Fig .2, the sample A mainly contains a, gand
€ phases . Compared with sample A, sample B
also contains Si phase besides the above three
phases. Fig.3 ~ 5 represent the microstructural
features of ZA27 and two modified zinc based al-
loys ( 5Si/ ZA27 and 8Si/ ZA27 , respectively) .
The ZA27 showed primarily a dendrites along
with eutectoid gand metastable £phase (regions
marked a, b and c, respectively) . Addition of
silicon element led to the features of primarily
silicon particles ( regions marked Si) , rest of the
features of silicon containing alloys re mained i
dentical to those of the silicon free specimen . Af-
ter modification of ( NaPO;)4, the primary sili-
con particles become more fine and blunt. The
microstructural characteristics of these alloys sys-

tem have been discussed else where! 101,

3 .2 Deformation creep characteristics

Fig .6 shows the relationship between the
strains of three samples and the times under the
stress of 61 .1 MPa and 453 K experimental con-
dition. The stable creep rates of silicomr contain-
ing alloys are lower than that of the silicomrfree
sample . Fig.7 reveals the creep rates of samples
during the experiment. The minimum creep
rates of samples A, B and C are approximately
50x10°°,42x 10 ° and 30 x 10" *min" " re-
spectively. The creep resistance of the three

samples at this high temperature are the

Table 1 Che mical compositions and properties of samples

Composition/ %
No HB
Al Cu Mg Si Zn

Density

27 2.5 0.04 — Bal 123 4 .96
27 2.5 0.04 5 Bal 138 4 .68
27 2.5 0.04 8 Bal 138 4.57

Melting Thermal expansion coefficient x 10~ ¢
/(geem™?) point/ C 50 C 100 C 150 C 200 C 250 C
484 25.8 289 29.29 34.16 36.37
470 23 .81 25.66 26.23 28.23 29.64
456 8.84 16.87 20.79 25.93 28.92
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Fig.2 Xray diffraction patterns of samples
A—ZA27; B—5S8i/ ZA27

Fig.3 Microstructure of as-cast ZAl7 alloy

following order: A<B<C.

3.3 Simulation graph of mini mum creep rates

Fig .8 shows the simulation graph of the
minmum creep rates of the three samples. The
results indicated that the slopes of the silicomr
containing alloys are lower than that of the sili-
comrfree sample, moreover, the slopes of higher
silicorr containing alloys is the lowst among the
three materials .

Fig.4 Microstructure of as-cast 5Si/ ZA27
alloy ( Before modification)

3 .4 Microstructural analysis

Fig .9 shows the cross section morphology
of the samples after the creep deformation, there
are some structures with special orientation, but
no similar phenomenon on the vertical section of
the samples. Zhu Y H''') has discussed these
structures with some special orientation induced
by creep stress. Fig.10 reveals the morphology
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Fig .5

Microstructure of as-cast 5Si/ ZA27
alloy ( After modification)

Fig.6 Curves of strain vs time of
three sa mples

of some fragmented silicon particles at the edge
of the samples, because the stresses easily con-
centrate on the edge of the sample and the ma-
trix ( ZA27) has an excellent plasticity at the
high te mperature . On the other hand, the sili-
con particles are so brittle as not to afford the
high stress and then led to break down.

3.5 Creep mechanism

As a result, the creep resistance of the zinc
based alloy containing silicon particle phase per
formed better than that of the conventional ZA27
alloy. The creep mechanism of the zinc based
should be

alloy containing silicon particle

Fig.7 Curves of the strain rate vs time of
three samples

Fig.8 Simulation graph of the
minimal creep rates

developed from the traditional creep mechanism ,
because the existence of fine silicon particles ef-
fected the movement of dislocation and grain
boundary sliding behavior, and finally led to de-
crease the minmum creep rate .

4 CONCLUSIONS

(1) The silicon particles reinforced exhibit

higher hardness, lower density and lower
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Fig.10 Damage morphology of
silicon particle

zinc based cast alloys modified by ( NaPO;)g
thermal expansion coefficients than those of the
conventional zinc based alloy( ZA27) .

(2) The creep resistances of the modified
zinc based alloys containing silicon particle were
significantly better than that of ZA27 alloy at the
same experimental condition. Moreover, the al-
loys with higher concentration of silicon ele ment
have better creep resistance .

(3) The modified zinc based alloys contain-
ing silicon phase with improved elevated te mper-
ature property could be developed through mi-
crostructural and compositional alterations, this
would greatly widen the application of zinc based
alloy .
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