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TO GROW SINGLE CRYSTALS OF ¢061 ALUMINIUM ALLOY

- Harsono Wirjosumarto

Department of Mechanical and Electrical Engineering

(Received: April 16, 1964)

ICHTISAR.

Kristal tunggal dari paduan aluminium 6061 dapat dibasilkan dengan
tjara Vstrain anneal” dari kawat jang berdiameter 2 mm. Dengan tjara
ini 70% dari kawat-kawat tersebut tumbub  mendjadi kristal tunggal
Jang pandjangnja 2,5 cm.

ABSTRACT.

Single crystals of 6061 aluminium alloy can be produced by “strain
anneal” method from wire of 2 mm. diameter. With this method 70%, of
the test specimens grown into single crystals of length of 2.5 cm.

1. INTRODUCTION.

Many recent metallurgical investigations have to be done on single
crystals in order to obtain a more accurate result. For example in studying
the cffect of grain boundaries or the effect of orientation on the properties
of a certain metal, a research on single crystals has to be done. Unfortu-
nately, up to now only the growing of single crystals of some highly pure
metals is well known, but only a little about the growing of single crystals
of alloy metals. The author of this paper wants to investigate the influence
of age hardening process on single crystals, therefore single crystals of an
age hardenable alloy must be made. '

The general steps of growing single crystals has been outlined by
many investigators. But it must be noted that a series of specific treatment
must be employed for a particular metal or alloy. It is this specific treat-
ment, that must be discovered for each metal or alloy in order to obtain
single crystals out of them. ’

In this paper a specific treatment for growing single crystals of 6061
aluminium alloy by ”’strain anneal” method is described in detail, which
may serve for further investigations,
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2. CHOICE OF MATERIAL AND METHOD.

The method of growing single crystals of several highly pure metals
and some alloy have been established. But usually the alloys are laboratory
made alloys, so it can be said that there are no fereign substances except
the composing elements. Therefore it will be interesting to investigate
the method of growing single crystals of a commercial alloy, in which
some other elements are added to the main composing elements.

In this investigation the 6061 aluminium alloy is chosen as the subject.
The reasons of this are:

1. 6061 aluminjum alloy is a commercial alloy.

2. 'The alloy is age hardenable.

By chosing this alloy, it is possible to make an investigation on the effect
of age hardening on the properties of single crystals.

There are many methods of growing single crystals, but here the
?strain anneal” method is chosen, because this method needs only stan-
dard equipments. So it is possible to carry out the work in any adequately
equiped ‘metallurgical laboratory.

3. BASIC THEORY OF THE STRAIN ANNEAL METHOD.

Strain anneal method actually is a recrystallization process, in which
metal resumes its condition from an unstable high energy state. Since
it is a process of recrystallization, so it involves nucleation and growth
processes. Thus strain anneal method is based on three basics, they are:

1. Unstable condition,

2. Nucleation and

3. Growth,

Unstable condition can be brought up by straining the test specimen and
nucleation and growth will proceed during the annealing process. The
formation of nuclei is caused by the driving force, which is produced by
the unstable condition, in this case the strain of the test specimens. So
it is clear, that the higher the degree of straining, the higher the driving
force and the higher the number of the nuclei. Consequently, it will pro-
duce a large number of crystals of small size.

It is obvious that in the process of growing single crystals, a small
number of nuclei which will produce large crystals, is preferable. There-
fore the degree of straining must be kept as low as posible, to obtain a
small driving force. The lowering the degree of straining is limited by
the critical diameter of the nuclei to be formed. Thermodynamics state
that a nucleus is stable if its diameter is larger than the critical diameter
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(see Appendix). Thus the degree of straining must be chosen so that it
will produce a small number of stable nuclei. This strain is called the cri-
tical strain.

The growth process will follow immediately after the nucleation.
Since the growth rate is higher at high temperature, it is preferable to
have a high temperature annealing process. It must be noted that at
different temperatures the critical diameter of the nuclei is different.
It is the purpose of this research to find out the best combination
between the critical strain an the annealing temperature.

4. MATERIAL AND EQUIPMENT.

It has been stated that the material is 6061 aluminium alloy. This
alloy has a composition as follows (Aloca specification):

Mg  Si Fe Cu Cr Zn Ti Al
909 .57%  .46% 269 249, .06%  .02%  rest

The alloy is received in the form of a plate with thickness of 1", in T6
condition, which means that the alloy has undergone an artificial age
hardening process.
The main equipments which are used in this work are:
1. ”Stanat” rolling mill, for preparing the specimens.
2. 7Instron” tensile test machine, for straining the specimens.
3. ”Heavy Duty” electric resistance furnace, in which the test specimens
are annealed.

5. METHOD OF GROWING THE CRYSTALS.

The plate is cut into small pieces with dimensions of } x 1" x 1,
the cut specimens are then annealed for 15 hours at a temperature of 750
F to soften them from the age hardened condition.

At this soft condition the cut specimens are rolled in the rolling mill
to obtain their final diameter without intermediate annealing. l'o obtain
a 2 mm. final diameter, the cut specimens are rolled through 12 reduction
holes of the rolling mill, in which the rolling direction is reversed for
cach pass. It must be noted that the rolling direction in this work is held
parallel to the rolling direction of the plate. Then the specimens are washed
in Lacombe’s reagent (50 parts HNO,, 47 parts HCL and 3 parts HF)
followed by rinsing them in running water.

The strain anneal process which has been modified for this particular
alloy consists of the following steps:

INSTITUT TEKNOLOGI BANDUNG




208 HARSONO WIRJOSUMARTO

1. Annealing of the aforemention prepared specimens at 1020 F for
- 40 minutes. Cooling on top of a flat metal plate.

2. Straining of the specimens up to 3.7%, annealing at 1020 F for 40
minutes. Cooling on top of a flat metal plate. '

3. Straining the specimens up to 3.7%, annealing at 1020 F for 40 hours.
Cooling on top of a flat metal plate.

4. Etching of the specimens in Lacombe’s reagent to reveal the crystals.
This is followed by washing them in water and dipping them in nitric

acid and washing them in water again.
The above speps allow about 70°) of the test spceimens grow into

single crystals which have an average length of 2.5 cm.
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Fig. 1 Schematic diagram showing some of the equipments.

6. CONCLUSIVE REMARK.

The method described in this paper is the result of a series of experi-
ments by varying the critical strain from 1.5% to 5.09%, the anncaling
temperature from 550 F. to 1050 F, which is close to the melting tempera-
ture of the alloy (1100 F). and the annealing time from 24 hours to 48
hours. The selection of this variation is based on the information that
pure aluminium (99.9999, AlL) has a critical strain of 1.89%, and aluminium
of 99.09% has a recrystallization temperature of 550 F. '

- Itis known that the size of the crystal produced depends on the pre-
vious grain size. So it is the purpose of the first strain anneal process,
which is described as step no 2 of the method, to coarsen the grain to a
certain value, which makes possible the forming of a more larger grain
on the second strain-anneal process, which is described as step no 3. The
degree of straining of this first strain-anncal process of this method is
also found experimentally, by varying the strain from 0.0% to 6.09%,.
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APPENDIX.

When a nucleus is formed, there exists at least two changes of energy.
The changes are:

1. The need of its interface or surface energy,

2. The release of its volume energy.
The total free energy of the nucleus is the difference of the two:

A f = dmiy — (43ms AF, M

in which:

f =free energy of the nucleus,

r =radious of the nucleus,

v =interface energy per unit arca,
A F, = volume energy per unit volume,

The maximum total free energy of the nucleus can be computed by
differentiating equation (1). The masimum value is reached when the
nucleus has a radius of

Y>

* = Here r* is called the critical radius of the nucleus.

AT,
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The relation between the total free energy and radius and the distri-
bution of the interface and the volume energy can be seen clearly in fig. 2.

Thermodynamics state that a substance is stable, if it possesses the
lowest free energy. Figure 2 shows clearly that nuclei with radius of lower
than the critical radius will be destroyed and those with larger radius will
grow into large crystals which possess lower free energy.

surface energy

Free energy
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(pos ) — total free energy
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—
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Fig. 2 Relation between the total free energy and the nuclear
radius,
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