Thi-Qar University Journal for Engineering Sciences, Vol. 2, No. 1 2011

Microstructural Investigation on Severe Cold work and Treated

Copper Drawn Wires

Adnan A.Ugla, Khalid A. M. ,TalibH. A., Sadig M. |. and Fadhil A.H.

M echanical Engineering Department
College of Engineering

Thi-Qar University

Abstract

The aim of this work is to sudy the microstructure of severe cold work copper wires,
which its already processed at Ur Foundation (Nasyeria) which in Ur are cold drawn from 10
mm to 2 mm in diameter, then at final process it will be treated automatically by treated box
by 200° C (semi treatment). Our work dealing with taken the final drown wire (2 mm in dia.)
and doing a laboratory treatment by 200° C, 300° C, 400° C, and 500° C, one hour a this
temperature and the furnace cooled. The result which concluded that the Ur treatment is hot
full treatment but a stress relief one with almost same wire property. While the treated wires
show a recrystallized structure with inclination by 45° angle for this structure. The high
treated temperature shows grain growth and demises the 45° angle structure.
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1. Introduction

High quality wires have been widely used as electrical wires in microelectronics,
telecommunication, network and transportation. Several approaches have been developed to
manufacture copper wires, such as continuous casting and rolling, dipping and upward
casting. However, the electrical conductivity and elongation of the copper wires with
polycrystals fabricated by these approaches are limited due to transverse grain boundaries in
the rods. Besides, fabrication of fine Cu wires without breaking is another challenge and
many effortsto solve the problem have been made [1-4].

2. Effect of Cold Work on Recrystallization of Copper Wire During
Drawing Process

Recrystallization is the rearrangement of the atoms or molecules of the solid into an
entirely new set of crystals. This results in drastic changes in the properties such as tensile
strength and ductility. For cold-worked metals and alloys recrystallization usually occurs at
temperatures of about 0.3 T, in pure metals and of about 0.5 T, in aloys [5].
Recrystallization results in the formation and growth of new grains. Distorted elongated
grains disappear, and new grains are formed. During the period of grain growth, the layer
recrystallized grains grow at the expense of the smaller ones (figure 1) [6]. The temperature of
recrystallization depends on the degree of deformation of cold —worked metal. The greater the
degree of work hardening is, the lower the temperature of recrystallization is. Also, the purer
the metal is, the lower the recrystallization temperature is. There isavalue of strain, called the
critical strain, below which there is no recrystallization (figure 2) [6]. At this critical strain a
few recrystallized grains form and grow extremely large. Thistechnique is some times used to
grow single crystals (tablel).

Table (1). Recrystallization and melting temper atures of some metals, °C[6].
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Cold work processes are accompanied by a marked decreases in ductility and a slight
decrease in density and in electrical conductivity. The cold work distorts the equated
microstructure of metals, causes the formation of crystal defects, particularly dislocations, and
frequently results in elongated grains in the direction of deformation. The percent of cold
work (CW) can be calculated from reduction in thickness or in area as follows:

% CW = 100(do>-d?)/ds?  or %CW = 100(Ao-A)/A,

Where d, is the initial thickness, d is the thickness after deformation, A, is the initial cross-
section area, and A is the cross-section area after deformation [7-8].

Grain size

% cold work or deformation

S

Figure (1). Effect of cold work on recrystallized grain isthecritical strain below which
thereisnorecrystallization [5].
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Figure ( 2). Effect of annealing on cold — worked metal[5].
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3. Experimental wor k

Twelve specimens were taken. Two specimens drawn to 2mm diameter without
treatment, two specimens treated by Ur process, eight specimens (2mm diameter) heated to
200° C, 300° C, 400° C, and 500°C which staying one hour at each temperature and finally
furnace cooled. Optical microstructures were reveals by well preparation (grinding and
polishing) for these twelve specimens and then examined by optical microscope.

4. Results and discussion

From the samples microstructure for the different trested drowns copper wires. The
cold drawing isreach 100% cold worked samples. Which calculated by the below formula:

Where : A, = original area mm?
A = final area mm?

This type of cold work will increase the wire hardness to duplicate [9]. The structure of
this wires was shown in figure 3-aThe destroyed lamellar structure wasshown clearly in
figure 3-b.

Figure 2 points out the Ur treated process which showed clearly the lamellar structure
with out any recrystallization process as in (a) and (b). Figures 5 and 6 represent the samples
which were full treated at 200 C°. From these figures, it can be clearly shown the organized
oriented at 45° angles of the started recrystallized grains with lamellar structure. The
recrystallization process which accumulated in , 45%angles, is likely happens as Liider bands
in tensile yielding, which may can explain due to well- defined yielding, the unlocking of
dislocation that occurs at the upper yield point is a localized phenomenon. The unlocked
dislocation move at a very high speed, because the stress required to unlock is much higher
than the stress required to move them, until they are stopped a grain boundaries [9]. For this
reason that drawing will done by more than one stage (in this work about ten stages from
10mm to 2mm in diameter). The clearly etched figure 5 and 6 showing that the high energy
inclined lines (by 45°) due to the dislocation moving clearly appear by the treatment process
(200°C) which is in recrystalization temperature. And by increasing the treatment temperature
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these inclined lines will disappear and by 400°C and 500°C, figures 8 and 9 shows horizontal
lines (energy lines).

5. Conclusions

The main conclusion from this work is that the severe cold work [more than 96% CW]
will lead to make easy the dislocation movement at or near the grain boundaries in destroyed
structure. Thiswill be preferred to make growth at 45° angles. And this phenomenon is likely
to the slipping process in tensile testing for metals (L Uder bands).
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Figurer (3). Optical Microstructure for severe drawing wire (96% CW).
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Figure( 4).Laméllar structurefor Ur treating process.
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Figure (5). Lamellar recrystallized growth for the wire from the top
surface to the down surface laboratory treated at 200 °C.
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Figure (6). Another region for treated wire at 200° C.
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Figure (7). Laméllar growth in parallel lines, which
showsthewiretreated at 300 C°, X100 .

82



Thi-Qar University Journal for Engineering Sciences, Vol. 2, No. 1 _

Figure (8). Microstructure of treated wire at 400° C, shows lamellar growth in parallé lines.
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Figure (9). Microstructure of treated wire at 500° C, which showsthe grain growth to new

organized structure.




