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Creep properties of Al - 10wt % Zn alloy were studied using specimens of
different grain diameters in the high stress range 163-193 MPa. The tran-
sient parameter n, was found to increase with increasing grain diameter. A
decrease in the steady state creep rate was obtained by increasing grain diam-
eter according to a Petch style relation. In this high stress region, the stress
exponent m, increases with grain diameter. This was explained as due to the
transition in climb velocity of dislocations from a linear to an exponential
function of stress.

I. INTRODUCTION

Jontinued creep at constant stress results from simultaneous action of work
hardening and recovery. Work hardening is relatively well understood. However,
in spite of many efforts an adequate understanding of the complicated processes
by which dislocations rearrange and finally disappear from the material during
recovery is still lacking {1-3]. In order to get better understanding of this situation
it is reasonable to identify the different mechanisms of dislocation motion taking
part in creep.

While most of the creep literature deals with determinations of the steady
state creep rate, there are comparatively few investigations on the effect of stress
changes. Following later reviews [4-6] the creep behaviour of solid solution alloys
is divided into two classes according to the value of the stress exponent m. For
class I alloys, m has a value of ~ 3, while for class I alloys m is similar to that of
pure metals and is close to 5. However, at high normalized stresses (/G > 1074},
where o is the applied normal stress and G is the shear modulus, the creep rates
increase rapidly with stress to higher values (m > 8) [7].

According to Sherby and co-workers (8] the stress sensitivity of the creep rate of
Al, at constant dislocation structure, is given by a power law with a stress exponent
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of 8 in the range of low stresses, where the steady state of creep obeys a power law,
Blura and co-workers [9.10] described the creep rate of Al Zn at constant structure
Dy an.exponential stress dependence. An exponential stress dependence was also
found for pure A] by Yaney et al [1].

In the present work it was found worthy to study the effect of grain diameter on
both the transient and steady state creep at high normalized stresses (¢/G > 10—,
The validity of the stress power law as well as the value of the stress exponent m
were alsc investigated at thege high normalized stress Jevel.

I1. EXPERIMENTAL PROCEDURE

2.1. Material Preparation

AL10%Zn was produced from pure Al and Zn (99.99). Both elements were
ultrasonically cleand for 10 min each in its proper solution [12] which etched away

2.2, Mechanical test

Creep tests were conducted with a constant load locally made creep machine.
Details of the creep testing equipment have been published elsewhere [13].

All creep tests were conducted in tension and in air at room temperature (300
K). Before testing, the specimens were prelimenary annealed in the solid solution
range for I h at the temperatures 573, 673, 773 and 873 K then immediately
quenched in water at room temperature. Specimens of average grain diameters
14, 20, 24 and 30 #m, as determined optically by the line intercept ‘method by
measuring approximately 50 intercepts, were obtained by this heat treatment.

The extension in the wire during creep was measured optically using a travelling
microscope with an accuracy of 10~%cm. Not less than three creep tests were
repeated for each grain diameter. Reliable and reproducible results were obtained.

2.3. Experimental Results And Observationg
Strain-time curves for specimens having grain diameters of 14, 20, 24 and

30 pm under different applied stresses 163, 173.3, 183.4 and 193.5 MPa are shown
in Fig. 1. From Fig. 1 we see that A] - 10% Zn exhibits normal creep behaviour.
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Fig. 1. Strain-time curves at room temperature for Al - 10wt % Zn wires with different
grain diameters as indicated at stresses: (a) 163, (b) 173.3, (c) 183.3 and (d) 193.5 MPa.

The creep curves consist of a transient stage with decreasing creep rate, a steady
state stage with constant creep rate which lasts up to a creep time of more than
4 hours. In the present experiments we did not reach the specimen failure.

(a) - Transient Creep. The straight lines in Fig. 2 are plots o.m Hrw logarithm
of the transient strain Ine,, against Int for the above different grain diameters at
the different applied stresses. The time exponent n in the transient creep equation
€ir = k" was obtained from the slopes of the lines in Em.. 2. The results mmo.ima
that n ranged between 0.55 and 0.99 depending on the applied Q.mmc. test no:m_soam
(grain diameter and applied stress). Fig. 3 m::w..aﬂam nasa function .Om the grain
diameter. ;From Fig. 3 it is clear that at a given mvv:o.m stress, n Increases by
increasing grain diameter. The parameter k in the transient creep equation was
obtained from the intercept at In¢ = 0 in Fig. 2. It was found that k depends on
the grain diameter as well as on the applied stress. .E:.m m_mtmmmgom 1s shown in
Fig. 4, from which it is clear that k decreases by increasing grain diameter.

(b) - Steady - State Creep Rate ¢,. The steady state creep rates ¢, as obtained
from the slopes of the linear parts of the strain-time curves shown in Fig. 1, were
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Fig. 2. Relation between In €er and Int for Al - 10wt % Zn wires with different grain
diameters and stresses as indicated.
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Fig. 3. The dependence of the transient creep exponent n on the grain diameter d at
different stresses as indicated.
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Fig. 4. The dependence of the transient creep parameter k on the grain diameter d, at
diflerent applied stresses as indicated.
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Fig. 5. The effect of grain diameter d on the steady state creep rate €, at different

stresses as indicated.

found to depend on both the grain diameter and applied stress. Fig. 5 depects ¢
as a function of the grain diameter at different values of applied stresses o. From
this figure, it is clear that £, decreased with a decreasing rate by Increasing grain
diameter for all applied stresses.

The steady state creep rates €, are presented in Fig. 6, from which it is seen
that €, values satisfy the relation €, = ao™. The stress exponent m introduced
in the above equation is found grain diameter dependent as shown from Fig. 7,
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Fig. 6. Iné. versus Ing for Al - 10wt % Zn wires with diflerent grain diameters as
indicated.
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Fig. 7. Grain diameter d versus stross exponent m(=4lne./otn a at diffcrent stresses as
indicated.

.:_ﬁ:am::m that m increases by increasing grain diameter. The value of m obtained
in the range of grain diameter we used varies from 8.4 up to 12.5.

III. DISCUSSION
3.1. Transient Creep

. iFrom Fig. 3, it is to be noticed that 1 increases with increasing both grain
diameter and applied stress. The parameter n determines the dependence of the
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Fig. 8. The variation of transient creep parameter k with the steady state creep rate &,.

mobile dislocation density p on the value of the mean internal stress o; and the
relaxed shear modulus [14,15] G, according to the relation p = 0?/(nGb)?, where b
is the Burgers vector of the dislocations involved. It is to be noticed that increasing
grain diameter will result in the decrease of the dislocation density p and since the
internal stress o; is a small faction of the applied stress it may be considered that
o; is constant at high stresses [16]. So the increase of grain diameter will result in
the increase of the transient creep parameter n.

In order to correlate between transient and steady state creep, values of Ink
versus Iné€, for different grain diameters were plotted as shown in Fig. 8. A linear
dependence was obtained irrespective of the applied stress and the relation & — ko€Y
was thus proved to be valied with the exponent v having an average value of 0.66.
The dependence of the steady state creep rate £, on the transient creep parameter
k seemed to be induced by the decrease of dislocation density which is proposed to
enhance the transient and steady state creep.

3.2 Steady State Creep

It is well established [17] that the creep rate dependence on the grain diameter
differs according to the type of annealing used to obtain the different grain diam-
eters. When different grain diameters are obtained with minimum grain growth
such that misorientation of grain boundaries is randomly distributed, the steady
state creep rate £, should increase with increasing grain diameter because of the
decrease of the boundary barriers to dislocation. On the contrary, €, decreases by
increasing grain diameters when the later are produced by grain growth method.
This is because large grain diameters are poor sources of vacancies leading to a low
dislocation climb rate.

The observed decrease in the steady state creep rate with increasing grain
diarmeter at constant stress (sce Fig. 5) could be explained on the basis that a
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HMMm_.U:_V_:m:o: process of the solute atoms (Zn) may take place in the solid solution
m ram.x [ _.o In .S:m respect point defects (vacancies and / or impurities) [18] with
gh concen ration - amvwzm:& on the annealing temperature - concentrate around

M”Mwww\nww_.ﬁ MM“MW% oﬁm £s with Snaommim grain diameter. The relation between the
- ‘H,E.m c:E e mam and the reciprocal of the grain diameter is represented
k4 + o s;:ﬂ:@ mtm:@mzom can be expressed by the emperical relation
o » where m::.* €0 are nozm?ﬁm depending on the stress and grain
llameter range :_.52 investigation, respectively. This equation is to t
similar to that privously used by Petch [19] and Hall [20] © some extent
. ”Mmmwwwmnﬂmwﬂm _w:% F“:mnm_ Q_.vm ?_Pmm.:v m:.owm. the creep rate in the power
s _;_H -ontroiled by the climb of dislocation [4]. In the present work the
i W of the power - _ms.awmmt was checked and it was found that log é, linearly
“MN_ ed S;:_ﬁq .Uw specimens of different grain diameters. C:@Gmomoa large
o mmag:mmm rom xm up to 12.5 for the stress exponent m depending on the grain
ameter were obtained. The value of m Increased with increasing grain diameter
as shown in Fig. 7. This large values of m may be explained from our point of
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