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The effect of grain size as well as ageing temperature on the steady
state creep and microstructure parameters of -1 wt% Zn alloy have been
studied. The steady state creep rate ‘g is found to increase with ageing
temperature, whereas it decreases by increasing grain size. The relation
between “&; and the ageing temperature was fitted by a computer program and
was found to be expressed as In ‘s, = A + BT* with a strong negative
correlation coefficient = —1. The values of the activation energies controlling
the creep process around the transformation temperature (423K) from (a+ )
phases to -phase were calculated. The variations of “&; and the microstructure
parameters (a, ¢, Aala, and c/a) with the ageing temperature confirm the
precipitation process of Zn-rich phase in the temperature range (393-413 K)
and its dissolution in the temperature range (413 — 423 K).
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I ntroduction

The low mechanical strength of tin metal due to its high softness leads to
the idea of strengthening it by hardening alloying element [1,2]. So, it was
interesting for many workers to investigate the effect of adding alloying elements
on the physical and mechanical properties of Sn metal.

The creep behaviour of the eutectic solder (91 Sn — 9 Zn) has been
investigated [3]. The creep tests have been done in load-control with initial stresses
in the range of 10-22 MPa at two temperatures, 25 and 80 degree C. The activation
energies obtained from the creep tests were discussed in the light of the governing
mechanisms. The steady state creep of Sn-0.5 wt% Zn and Sn-9wt%Zn alloys were
investigated in the temperature range from 373 to 453K [4]. The steady state creep
in the low temperature range (below 413K) was found to be controlled by grain
boundary diffusion while it was controlled by volume self-diffusion in the high
temperature range [5]. The steady state creep and lattice parameters of Sn-1wt%Zn
alloy were determined around the transition temperature [2]. The steady state creep
rate increased with increasing the working temperature with an anomalous
behaviour in the vicinity of the transition temperature (423K). In the low
temperature range (below 423K) cross dip creep occurred by overcoming the
obstacles such as small precipitates which formed by the ageing process.

Heat treatment technique of aloys has a great effect on the resulting grain
size. The influence of grain size on the activation energy of high temperature creep
of some metals and alloys has been studied [6]. The activation energy of creep in
both fine and coarse-grained specimens were determined and found to be equal to
that of grain boundary diffusion and volume diffusion, respectively. The effect of
grain diameter on the steady state creep rate of some alloys has been investigated
[7,8]. The steady state creep rate was found to decrease with increasing the grain
size and was related to it by a Petch style relation.

Because of the industrial important applications of Sn-1wt%Zn alloy [1,2]
and the lack of information about the effect of grain diameter on its creep
parameters, the aim of thiswork isto investigate:

i) The effect of grain size and ageing temperature on some steady state creep
parameters.

ii) The determination of the structure parameters around the transformation
temperature of thisaloy.

A tria ismade to get the best fitting and the best correlation among them.

Samples and Experimental Procedure

Appropriate amounts of 99.99%Sn and Zn metals were used in
preparing Sn-1wt%Zn alloy by vacuum melting. The ingot was homogenized by
vacuum annealing at 403K for 24 hours, then swaged in wire samples of
diameter 1 mm and 102 m in length. The samples were divided into four
groups. The groups were annealed at 473K, each group for a different time
interval (1/2, 1, 2, and 3 hours) then rapidly quenched in water at room
temperature (293 K). The heat treatment for different time intervals yielded
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groups of samples with grain diameters of 64, 80, 97 and 122 um, respectively.
The average grain diameter | was measured by the line intercept method [9].

Strain-time relations were obtained using a conventional creep-testing
machine with a length dial gauge of a sensitivity 10 cm. All tensile creep tests
were made under a constant applied stress 10.9 MPa at constant temperatures
ranging from 393 to 453K with an accuracy of +1K.

The microstructures were examined before and after creep deformation
of the group of samples with a grain diameter of 64um rapidly quenched in cold
water (293K) after creep tests. The diffraction patterns were obtained by using
a Shimadzu X-ray diffractmeter (D-series
(Japan)) with CuK, radiation and a nickel
filter. The lattice parameters were
calculated precisely using the least-
squares method computer program. A
least sguares method computer program
gave the correlation coefficients and the
fitting equations between the parameters.

Experimental Results

Isothermal creep curves of Sn-
Iwt%zZn dloy samples of different grain
diameters 64, 80, 97 and 122 pm were
obtained under a constant stress of 10.9
MPa and at different working temperatures
ranging from 393 to 453 K in steps of 10K
are shown in Fig.(1). All curves show only
two stages, which are the steady state and
the fracture stages [2,10].

The values of the stationary creep
rate ‘s against the working temperatures
for al the grain diameters are illustrated
in Fig. 2. This figure shows that ‘g
decreases with increasing the grain
diameter | and increases with increasing
the working temperature, and there is an
anomalous behaviour in its variation
around 423K.

The activation energies of the _
steady state creep Qs of Sn-1wt%Zn aloy 119 (@) Crﬁi% C:t“’es u?df{)gc&nstag
are calculated from the slopes of the applied Sress of 15,9 MiFa
. . . different temperatures for Sn-
relation between In “es and 1/T. Using the 1Wt96Zn alloy
least sguares method computer program
and can be expressed as fits this relation
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In‘es =A +BIT 70 oonn
with a strong negative correlation °
coefficient = -1 for al gran 50
diameters in both the low (393- opm
413K) and the high (423-453K)  — o}
temperature ranges (Fig. 3). A and o 97pm
B are constants depending on the .o *°
experimental conditions. | y 122m
Qs is found to be dlightly 10 ////\\*////
affected by the grain size and has . g,;/://k/
average values of (75.6x4.2) and 393 03 13 423 433 6L3 453
(103.1+3.8) kJ/mol in the low and Tk
high temperature regions, Fig. (2) Relation between ‘es and T for
respectively. different grain diameters.
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Fig. (3) Relation between In "g; and 10°T for different grain diameters, experimental
values (), calculated values from the best fitting equation (----)

The dependence of ‘s on grain diameter | for al specimens at different
temperatures is shown in Fig. 4a from which it is clear that "¢, decreases by
increasing grain diameter. Figures 4(b and c) show micrographs of rapidly
guenched original samples after annealing at 473 K for 2 and 3 h respectively.

At each working temperature, the experimental values of both the
steady state creep rate e and the reciprocal of the grain size | are fitted by a
computer program (see Fig. 5). All these relations are found to be linear with a
strong positive correlation coefficient >0.98 and satisfy an empirical relation of
the form

‘es =a +hl?
where aand b are constants depending on the experimental conditions.
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The effect of creep )
temperature on the atA)
microstructure parameters of Sn- |
rich phase of the Sn-1wt%Zn 584}

alloy samples rapidly gquenched //\ \/\*7>

(23]
o

in water at room temperature saol / °
(293K) after creep tests at all ' /

working temperatures are shown
in Fig. 6. The precise lattice 5.76f
parameters (a, c), the residual
lattice strain (Aa/a,) and the ratio

~
<

S
104 ( Aa/dg)

(c/a) are calculated from the X- 572 60
ray diffraction patterns of X : ' .

samples with grain diameter 64 < A) leo
pm. From Fig. 6 it is clear that " |
both a and (Aala) have ' ' _
minimum values, while ¢ and c/a \ ,/\,\_ G B
have maxima at the EIEN S Jss ©
transformation temperature. _F_‘\ 5

\/ 152
o ¢, ™
Discussion e \/ 50

It has been established ,
previoudly [2] that quenching 3
technique prior to creep testing 393 “3,T _( ‘K"? 3083
of Sn-lwt%Zn aloy increases B
point defects and dislocation Fig. (6) Effect of working temperature on a) the

density. The rearrangement of lattice parameter a and the residual lattice
these defects and disocations strain Aala,; b) the lattice parameter ¢ and
leads to an inverted primary the ratio c/a for the B-phase of Sn-
stage in which the strain rate 1wt%Zn aloy of grain diameter 64 um

gradually increases into the

steady state region causing a disappearance of the primary creep stage in the
isothermal creep curves [10] [see Fig. 1]. The strain vaues for all the
investigated grain diameters show an anomalous behaviour in the vicinity of the
transformation temperature (423K), which is due to changes in the structural
state of the examined alloy at this temperature [11].

The changes in the steady state creep rate (‘€s) of Sn-1wt%Zn alloy
with both the working temperature and the grain size are shown in Fig. 2. These
changes indicate that in the temperature range 393-413K the diffusion of Zn
atoms to form a-phase (Zn-rich phase) by ageing during creep tests enhances
the creep process. This a-phase starts to dissolve in the B-phase (Sn-rich phase)
in the temperature range 413-423K causing adecrease in ‘€s. The decrease in "&g
is due to the formation of Cottrell clouds which cause the capture of some
mobile dislocations. The rapid increase in "&s in the high temperature range may
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be due to the viscous self-diffusion of Sn during the creep tests to reach the
homogenized state of the alloy.

The observed decrease in "€ with increasing grain diameter at constant
stress in the whole working temperature range could be explained on the basis
that Zn in solid solution is homogeneously distributed on dislocations and has a
strong influence on their thermal glide in the grain interior. As the grain size
increases during the annealing process, the grain boundaries become more
perfect and Zn atoms will no longer precipitate at these boundaries but remain
in the grain interior. This eventually impedes the motion of the dislocations,
consequently the steady state creep rate ‘e decreases [12]. The linear relation
between ‘e; and the reciproca of the grain diameter at each working
temperature is to some extent similar to these previously found [7,13,14].

All the results between In ‘s and /T (Fig. 3) are in agreement with the
equation of the steady state creep [15].

'83 =A exp (’QJKT)

The activation energy of the steady state creep Qs is dightly affected by
the grain size of the test samples. In the low temperature range Qs has an
average value of 75.6+4.2 kJ/mol which indicates that grain boundary sliding
may be the dominant operating mechanism [16]. The average value of Qs
increased to 103.1+3.8 kJ/mol in the high temperature range. This refers to
viscous self-diffusion of Sn (92-102 kJmol) [2,17] as the controlling
mechanism in this temperature range.

The variations of the microstructural parameters (a,c,Aala, and c¢/a)
with the working temperature confirm that there is a transition point at 423 K
for Sn-1wt%Zn alloy. These variations also emphasi ze the precipitation process
of Zn-rich phase in the temperature range (393-413K), the dissolution of Zn-
rich phase in the temperature range 413 to 423 K and the decreasing in the sum
of internal lattice strains due to the thermally activated process at temperatures
above 423K. The decreasing value of the residual lattice strain (Aa/ao) at 423K
can be attributed to the increase in the (partial) recovery of the internal stresses
created in the process of formation of Zn precipitates and/or grain boundary
diding.
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