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INFLUENCE OF MICROSTRUCTURE ON THE PROPERTIES OF
A COLD DRAWN ALPHA BETH Ct.--Zn— Al ALLOY )

L
By: Dewa Nyovwan Adnvana /

SARI

Sebualt paduan Cu—Zn—Al dengén struktur o + §, diuji tarik melalui proses “wire drawing”
pada temperatur kamar, Pengujian ini dimaksudkan untuk mempelajari dan sekaligus mem-
perbaiki sifat "kemampuan tarik’ dari paduan,

Kawat hasil penarikan dingin ini kemudian divuji mekanik dan kuantitatif metallografi,
untuk memperoleh suatu hubungan antara struktur-mikro dan sifat-sifat logam. Hasil perne-
litiann menunjukkan bahwa perbedaan dari sifat deformasi antara fasa « dan fasa § tergantung
pada faktor-faktor seperti, perbedaan kekerasan antara kedua fasa, besarnya regangan yang
diberikan ketika proses penarikan dingin dan perubahan bentuk butir /struktur  dari
kedua fasa sebelum dan sesudah penarikan.

ABSTRACT

In order to improve its drawability at room temperature, the large strain deformation be-
havior of a Cu-Zn-Al alloy with a two-phase o + § structure has been studied. Mechanical
tests and quantitative metallography on wire specimens, in different stages of the drawing
process allowed to come to a better understanding of structure-property relationship. The
relative deformation of the two phases has been found to depend on various factors such as
the hardness difference between the two phases, the drawing strain and the shape indices of
the constituents.

Introduction

Cu-Zn-Al is one of the more extensively studied copper-base alloys with such
unusual properties as shape memory ctfect, super or pseudoelasticity and high
damping capacity (1) | For material to exhibit such properties, it should be in
its final shape and structural condition, hence either completely 8 or complete-
ly martensitic. Up to now, however, it was not possible to have this material in
wire form which is the desired shape for many applications; therefore a special
effort has been made to improve the cold drawability,

A study of the cold deformation of Cu-Zn-Al alloy was made by means of

*). This wark was carried out at the Departement Metaalkunde, Katholicke Universiteit Leuven, Bel-
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drawing cxtruded rods into fine wires. This was made possible by transtorm-
ing single . phase g structure into two-phase & + § structure in which the hard-
er §-phase is  surrounded by a contiguous soft a-phase.

The deformation behavior of two-phase o + § structure was investigated by
tests on undetormed and wire drawn specimens to determine the structural
changes and mechanical properiy variation.

Stresses as well as strains are subject to repartitioning during the deformation
of a two-phase structure @3 _ This allows to maintain compatibility during
deformation. The stress repartitioning can be described in terms of Joad trans-
ter from the soft phase to the barder phase 4, While the strain repartition-
ing reflects  the amount of strain taken by the softer phase during deforma-
tion. It can be demonstrated by developing a correlation between the degree
of deformation and the mechaneal property changes 582

In the present work an ceffort was made to assess the strains sutfered by cach
of the constituents after the material being cold drawn with different strains,
Under favorable circumstances,  this could be done by geometrical measure-
ments on the microstructure and by microhardness measurements which
reflect the local tlow stress and thus the strain to which a region of a given
constituent has been subjected. The results ol our investigations show that
differences in detormation between the two phases are dependent on various
factors such as the hardness dilference between the two phases. the drawing
stram and the shape indices of the consitutents,

A model is proposed that quantitatively describes the intuence ot the ditfrer-
ent paramceters mentioned on the flow siress ot the two-phase strocture,

EXPERIMENTAIL PROCEDURES

A Cu-Zn-Al alloy with chemical composition given in Table 1 was used in this
study. An appropriate anncaling treatment has been developed @ 1o produce
better detormable o + g structure, able to undergo farge delformations during
wire drawing. [his appropriate annealing treatment inctudes five different
imtermediate anncals, oo st anoealing treatment o the Cu-Zn-Al rod whose
composition is given in Table 1 was hot extruded at 800 C and quenched in
water alter leaving the dies The extroded rod was then reheated to a tempera-
ture of H007C Tor 13 mune, and was then gquenchad in water, The quenclied
specimen was up-guenchied to 330 C tor 2 hours, cooled slowly in the furnace
to g temperature of 430 Coand Tinally e cooled. The subsequent interne-
diate anncaling treatments 1 2md e St weere treatments of 2 hours at 500 €
followed by furnace cooling until the temperature in the furnace had reached
350 7C Atterwands, the wires woere quickh cooled in the air, Examples ol the
rcrostructures which were taken from longitudinal sections alter difterend
anmealing stages are shown in g 1
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Table 1 : Chemical composition of the specimens

Cu (wt. — %} Zn (wt, — %) Al (wt, — %)

69.49 26.42 4.09

To characterize the grain deformation, quantitative metallographic exami-
nations were performed on undeformcd and drawn speciiiens. This  was
done 1n order to determine the extent of relative deformation between the
phases, 1.e. by measuring the average values of mcan phase intercept andjor
mean free path ol the phases in the longitudinal and transverse directions
within the sample.

Microhardness measurements were made on the individual phases o and g8 with a
load of 10 gt using a Zwick apparatus with Knoop indentor,

RESULTS AND DISCUSSION

a. Mean free path and inean phase intercept.

A series of specimens was suceessively cold drawnto more than 50% reduction.
Photomicrographs taken from transverse and longitudinal sections were analy-
zed for the changes in the grain shape. As the drawing reduction increases,
the grains of the a-phase becomes quite clongated in the drawing direction. On
the other band, the width of the o-phase is reduced as drawing reduction in-
creases. At the same time the width of §-phase is also reduced. The changes in
grain dimensions during wire drawing have been evaluated in o and §-phases

using the formula ®,

o
g afl Vo &
St =3y
and 8 4\/'6
A = T =
9
5,7 2)
where:
o . . . .
Ao = The mean phase intercept of the a-particles

o

(or the o grain sive).

AP = the mean free path of the g-phase.
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o 8 L }
Vo oand V' @ the volume fractions of the o and 8 constituents,
respectively.
Sy : thesurface area perunit  volume of boundary shared

by a phase.

The evaluation of the changes of the mean phase intercept of «-phase in trans-
verse and longitudinal wire directions as a function ot the true strain due to
drawing is seen in Fig .2, Subsequent to the first annealing cycle, wire drawing
only produced slight deformation in the a-phase and this s jllustrated in the
curves of Fig.2 in which the a-phase changes slightly in either direction.
(This first annealing treatment only allowed a reduction of 22.35% after
which the material failed.). _
The results of the o grain measurcments in the longitudinal direction, Fig. 2,
may be usetul to describe the relationship between the macroscopic and micro-
scopic deformation. This is depicted inFig, 3 with the drawing strain of test
pieces as the abscissa and the true strain of the a particles as the ordinate.
The true strains of the a particles were caleulated using the relation,

2(6{_1) &
el = In — 3)
Ao

where A3 1l and X (e )|l are the initial and final mean phase intercepts of the
a-phase in the longitudinal direction ot the wire,

A line drawn at 45° divides the diagram into two parts: the line describing
the deformation ot the a-particles lics above that line, whereas curves below
it wauld describe the behavior of a phase harder than the matrix,

The 45° line itself represents the homogencous detormation case. It is clearly
seen in Fig. 3 that strains in the a-phase arc always higher than those in the
test specimen. It also shows that all curves have a tendency to approach the
homogeneous line with increasing strain, This indicates that the defonmation
gradients in the two phases are dependent on the strain, €.

b. Inhomogeneity of the plastic deformation of o and g-phases
The nominal strain in the a-phase is given by

[«

o]
€ = exp. (eg ) -1 4)
The strain in the g-phase is then calculated using the rule of miixtures,

e = (l _vﬁ). 4 yP. B

A
—
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Fig. 2 Transverse and longitudinal phase intercepts of alpha particles as a function of
log. drawing strain.
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Fig. 3. True drawing strain of individuai alpha—phase function of log. drawing strain
of drawn wire,



24 PROCEEDINGS [TR Vol 16, No. I, 1983

where €, €¥ and e’B are the nominal strains in the « +§ aggregate, in ¢ and in §,
respectively.
From equation (5), the nominal strain in the g-phase s given by

B fexp.(eg) =11 - (1 —--Vﬁ) [exp. (eda) — 1] 6)
vP
where Vﬁ £ 0

The true drawing strain in the g-phase is thus given by

e = na+e 7)

The calculated true drawing strain in the a-phase as a function of that in the
B-phase is shown in Fig. 4. It shows that the inhomogeneity in deformation
between the two phases is pronounced at small strains white it becomes less
significant at higher strain levels. At higher drawing strains, the deformations
in both phases are more or less cqual. This is also represented in Fig. 5 in
which the microhardness ratio of both phases approaches unity after large
deformations,

The deformation of « + 8 Cu-Zn-Al structure is characterized by a high degree
of deformation of soft a-phasc ¢, This means that the soft a-phase strain-
hardens relatively more than the harder g-phase, so that the difference in flow
stress becomes less in the course ot the deformation. This is also represented
in Fig. 5 in which the microhardness ratio of both phases H * decreases as
drawing strain increases. The softer a-phase deforms more in the two- phase—,
alloy with laree U * dlllC Namely, €47 is ncarly equal to ¢ ® when 11
small, But, edu becomes larger wmp&zed with E(IB when H¥ becomes ldrl,t'
Ihe dependence ol the strain-in-equality, m, {i.e, m = ¢ ] /cd yon the H

value is given in Fig, 6. It sh()ws that m decreases as H ¥ increases. The m-val
ue approaches unity when 0 becomes lower than 1.20. The same effect was
afso observed o pearlite-ferrite material (steel) in which the stram ficld is
very inhomogeneous and the inhomogeneity increases substantially with
increasing vickd stress raijo 2.

€. Effect of drawing straiu on the mean shape factors of the o particles

The strain wequality in both constituents is also supposed to be dependent on
the shape change of the microstructure during deformation, The simple shape
change index Q% = I/A®  has been evaluated and plotted versus the
drawing strain, bFig 7. The results of measurements shown in Fig. 7 approach
the calculated values with increasing drawing strains,
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Fig. 4 Caleulated cumulative true drawing strain in the soft alpha phase vs that in the
harder beta—phase.
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Fig. 5. Hardness ratio of the two phases vs. log. drawing strain.
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Fig. 6. m—values vs hardness ratio of the two phases.
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The calculated valucs ot Q describe the homogeneous  deformation during
wire drawing which is given by

Al )
0 _ |(Ed7=( Al

wxp, (3-€ 8)
Xp. D]
M (eg) o o e

where A | (e ) and M(ed) are tiie mean cffective grain size of the two-phase
structure in long,ltudmal and transverse directions, respectively., When Q in
equation (8) is plotted against the drawing strain starting from the initial ratio
of ( Al )o for thea-phase only, it is seen in Fig, 7 that the measured values of
Q% are different from the calculated Q-values. The difference reflects the defor-
mation gradient between the phases develeped during deformation. But it is
also evident from Fig, 7 that the difference becomes smaller with increasing
drawing strain. Figure 7 also shows increasing values of (,)na after successive
annealing treatments,

When cquation (8) is given in the form

Q/Q,= exp. (—=) 9)

there should be one curve only that correlates the ratio Qf{Qn and the drawing
strain € as seen in Fig. 8 This parameter Qj() is not more dependent on the
initial grain structure due to ditferent dnnuahn}: treatinents. Again, the mea-
sured values tend to appreach the homogencous deformation situation exp.
(3.ed/2) at larger drawing strains.

So far, the value of strain-incquality n) is shown to be a tunction of total
drawnu, strain €4, the hardness ratio Ho and the shape index of the constit-
uents. In alloy with ditfering harder sccond phase contents, it was found that
the strain difference in a two-phase alloy with a small volume traction of
harder phase is larger than that in an alloy with higher volume fraction of
that phase {19

CONCLUSIONS

The differences in detormation between the two phases ot a Cu-Zn-Al alloy
during wire drawing are dependent on vartous tactors such asthe hardness differ-
ence between  the two phases, the drawing strain and the shape indices of the
constituents,



PROCEEDINGS ITB Vol 16, No. 1, 1983

11" T l T [ I T I/ T
| Int Ann. Treaiments. /
121~ 2nd.

10

28
: 7204
u 6 /
S /

e

Q=Qqy-expl3&4/2]

j

% i l i 1 ] l 1 i 1
.0 0.2 0.4 0.6 0.8
£q4 = 2.n(d,/d:)

Fig. 7. “/ariation of shape index Q as a function of true strain due to drawing.

1.0

29



30 PROCEEDINGSITB Vol 16, No. I, 1983

Q/Qq = expi3&q/2)
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Fig. 8. Shape index ratio of alpha—phase vs true drawing strain.

{The dashed line curve is the relation Q/Q, = exp. {3€d/2). The experimental
results are plotted as points.
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