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MECHANICAL TWINNING EFFECT ON WORK
HARDENING RATE OF Cu-10 wt% Sn ALLOY

SAAD, G.!), GRAISS, G.!), FAWZY, A. '), KENAWY, M. A.2)., Cairo

The effects of mechanical twinning on tensile stress-strain behaviour of
polycrystalline specimens of a Cu-10 wt% Sn alloy of different grain diameters
were investigated at 623, 673, 723 and 773 K. It was found that the start of
the twinning is accompanied by a decrease in the work hardening rate and
that the concentration of deformation twins increases by increasing the working
temperature. A drop in ductility was observed at elevated temperatures, and
attributed to the formation of mechanical twins on intersecting planes. A value

of 19.26 kJ/mole was obtained for the energy activating the process of twin
formation.

L INTRODUCTION

Many physical properties of a polycrystalline material are influenced by the
grain size. The well-established Hall-Petch relationship [1,2] for grain size depen-
dence of the yield stress is one of the numerous examples. Lui and Alers {3} had
studied the effect of grain size on the rolling texture in a Cu-Sn alloy of different
concentrations, and found that concentrated Cu-Sn alloys revealed abundant mi-
crotwins which reflect on the value of the measured Young’s modulus. It has been
also demonstrated by a number of investigators [4—10] that deformation twinning
influences the mechanical response of fcc metals. However, the role that twinning

plays in the development of the desirable properties in polycrystalline fcc metals

has not been appreciated in literature. In the last decade two contradictory points
of view were proposed. In one, due to Vohringer [4—6), it is assumed that the
formation of twins is accompanied by a decrease in the work hardening rate. In
1980 Krishnamurthy and Reed-Hill {11} confirmed in one part of their work
on Cu-4.9 at. %Sn Vohringer’s proposition. The second point, of view was due to
Rémy [8] and Murr [10]. They assumed that twinning increases the flow stress
due to the fact the twin boundaries increase the total grain boundary area per unit
volume. ) :

The present paper aims at obtaining a clearer understanding of the effect of
deformation twinning on the stress-strain relations of a Cu—Sn alloy of various
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grain diameters. The effect of the working temperature was also taken into con-
sideration. The copper-tin alloy was chosen for this study because in this alloy
mechanical twins are resolvable in an optical microscope and are thus suitable for
metallographic analysis.

II. EXPERIMENTAL PROCEDURE
II. 1. Specimen Preparation

The Cu-10 wt% Sn alloy used in this work was prepared from cathodic copper
of 99.99% purity and zone refined tin of 99.999% purity. The pre-weighted materials
were melted in a graphite crucible. The as received cast obtained in the form
of a rod 12 mm in diameter was first given a homogenization anneal at 773 K
for 13 days, swaged and cold drawn into a rod of 8 mm in diameter. This rod
was reduced in diameter in steps with intermediate anneals at 873 K for 2 h.
The resulting test specimens were of 0.3 mm in diameter. Specimens of various
grain diameters were prepared by suitable annealing treatments, usually for one
hour at temperatures ranging from 823 K to 1093 K. To reveal the grains, the
specimens were electropolished in a well stirred solution of 50 g Cu(NO3)2)—3H20,
5ml HNO3, and 150 ml methanol maintained below 5°C. They were then etched
in a solution of m.pc& parts of water, HNO; and 25% glacial acetic acid. The grain
diameter was measured by a linear intercept method in which the intersections
with twin boundaries were neglected. For most determinations, over thirty grain
boundaries were considered.

II. 2. Mechanical Tests

The stress-strain experiments for the annealed wires were done using a con-
ventional type machine similar to that previously adopted by <o:mmom et al [12].
The. wires were heated while clamped in the tensile testing machine. The samples
were deformed at 623, 673, 723 and 773 K. The tensile tests were completed up to
fracture. The fracture stress as well as the fracture strain percentage were deter-
mined. All the tensile experiments were .Bshm on specimens of a gauge length of
50 mm at a strain rate of 0.5 mm,/min.

IL. 3. Experimental Results and Observations

The tensile stress-strain curves for the annealed wires tested at 623, 673, 723
and 773 K are shown in Fig. 1. Asno yield point effect occurred, the yield stress was
taken as that corresponding to the first deviation from linearity in the stress strain
curves. The Petch—Cottrell relations [2,13,14] proved to be valid for the studied
wires. This was deduced from the linear dependence of yield and fracture stress on
d-1/2 (d is the grain diameter) shown in Figs. 2 and 3. It is clear from these figures
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that: (a) the friction stress, o9, is nearly the same for all relations independent
of the working temperature, and (b) the Petch slope K, decreased by increasing
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Fig. 1. Representative stress-strain curves for Cu-10% Sn wires of grain diameters of
' 0.016, 0.063 and 0.124 mm, the working temperatures are indicated.
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working temperature. From the stress-strain relations it was observed that as the
working temperature increases the strain at which fracture occurs decreases. The
dependence of the fracture strain percent £; on the working temperature is shown
in Fig. 4. Figs. 5 and 6 are photomicrographs which show the mechanical twins
found at grain boundaries and at triple points in a test sample deformed to 2%
strain at 623 K and 723 K respectively. )
Comparison of Figs. 5 and 6 indicates that the concentration of the deformation
twins increased by the rise of working temperature. To study the functional form of
the curved part of the stress-strain curves immediately after yielding, plots of 0c/d¢
versus o for different grain diameters were made. The results obtained are shown
in Fig. 8a, b and c, at working temperatures 623, 723 and 773 K respectively. As
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Fig. 3. Dependence of fracture stress oy Fig. 4. Effect of .io:mbm non.uvmnmn:uo on
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working temperatures, d being the grain diameters of wire specimens.
diameter.

m,um 5. Photomicrograph showing the formation of twins in specimens of the alloy
deformed to 2% by tension at 623 K, 140x.

evident from these figs., the curves describing the variation of de /3o as a function
of o can be divided into four stages. Significant changes due to variations of the
effective parameters such as grain diameter and/or So.nwmm—m .noavonwgmo no..:m be
obtained particularly in the second stage. Thus we will be interested only in the

second stage.

I11. DISCUSSION

. The wire texture of this u.—._ow is basically a mixture of grains with orientations
close to (111) and (100), which is typical of that normally observed in fcc metals
{15]. As noted from the stress-strain curves (Fig. 1), the strain increases by an
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ig Photomicrograph showing the formation of twins in specimens of the alloy d
formed to 2% by tension at 723 K, 140 x. e

Fig. 7. Photomi i initial mi ’
g otomicrograph showing the initial microstructure of the specimen before strain
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begins.

The metallographic examination of the undeformed specimens revealed no

twins as shown in Fig. 7, while the examination of specimens deformed to a 2%
strain at 623 and 723 K showed the development of the twinned structure, (Figs. 5
and 6). This indicated that the appearing twins in Figs. 5 and 6 are certainly

deformation twins. Thus the abrupt increase of de /8o could be ascribed as being

due to twin formation. Careful inspection of Figs. 5 and 6 showed that as the

working temperature was increased the twin concentration increased. This may
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Fig. 8. Relation between de/davs. o for wire specimens of different grain diameters at

working temperatures: (a) 623, (b) 723 and (c) 773 K. The grain diameters are indicated.
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lead to a decrease of the work hardening rate. This conclusion is in consistence
with Voringer’s work [1—4] on the polycrystalline Cu-4.9 at % Sn alloy (which is
nearly equal to the concentration of the present alloy).

It has been observed from Fig. 4 that for a certain grain diameter the strain
at which the specimen fractures was decreased by increasing working tempera-
tures. This indicates that the ductility of the material under investigation is prone
to embrittlement (ductility drop) at elevated temperature. Elevated temperature
embrittlement has been observed during deformation of steel and was attributed
.no dynamic strain, aging or strain induced precipitation [16]. Since none of these
mechanisms occurs in the present alloy under the considered working conditions,

~one may propose that by increasing working temperature twins may occur pre-
ferentially ori intersecting planes.. This should influence the work wmaoilm rate
leading to an earlier fracture rather than to an increase of the flow stress. Such
an earlier fracture may be considered in view of the assumption that formation of

twins of intersecting planes creates microcracks at locations where a concentration -

of twin-induced stress exists. This is clearly seen in Fig. 6 where mechanical twins
are concentrated at the grain boundaries. . .
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ao%o :n.J relation gave an activation energy for twin

formation &~ 19.26KJ/mole.

From Fig. 8 it is clear that a sudden change in 9¢/80 took .Emnm. The stress
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o.—indicated by arrows on the figure—at which this change takes place was de-
termined by smoothly extrapolating the curve describing the first stage, i.e., as if
this first stage continued to proceed smoothly as illustrated on the curves by the
dashed lines. The point at which the second stage deviates from the first stage
determines g.. 0c Was found to depend on the grain diameter as well as on the
working temperature, and was accounted for by the start of twin formation. The
activation energy of this process was calculated from an, Arrhenius plot relating
In o, versus 1000/T (Fig. 9) and was found to have a value of 19.26 kJ /mole.
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3DDOEKT MEIXAHUYECKOI'O hWOMﬂNNO&.}mSmﬂ IIPH BAKAJIBKE CIOIABA
Cu-10%Sn

B pa6ore BccuefyeTcd 2ddexT BIRIHEL MeXaHHIeCKOro JBORHEXOBAHES Ha CBOHCTBa
YAApHOro PACThA)KeHHS NOTMKPHCTANRTECKEX 06pasnoB CniaBa COREPXAIIEro 10 BecoBHIX
nponentos Cu ¢ pasHEIM RAHAMETPOM BEPH. Yccreqopanas NpOBONBIACH MPH 623, 723
u 773 K. IHoxasano, ¥Tr0o Haialo JBOMHHXOBAHHA CONPOBOXHAETCH YMEHIECHHEM CEO-
POCTH OTBepXJeHEI KOIfla KOHNECHTPANHA fedOpMaNHEH NapoB HApPaCTAeT C yBEAIHICHACM
pabodel TeMnepaTypH:. [lapenme pacTAXKEMOCTE HabmONaeTCA TakXe NpH NOBHILEHHOH
TeMIepaType, IT0 MOXKHO OTHECTH K $OpMEPOBAHEIO MEXAHRTECKOTO CHAPABAHEA B MEpe-
CexaloUIEXCE MIOCKOCTAX. [lony1ennoe JHATeHHE SHCPTEY axtEBanza GopMHEpPOBAHEA ABO-
snExoBanma cocTasuger 19,26 x[Ix/mon.
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