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X-ray analysis of microscopic structure in

deformed brass
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The microscopic structure of brass is systematically studied by X-ray diffraction profile analysis
in this paper. The samples were heat treated differently and deformed in an unidirectional ten-
sile state. Parameters such as the effective grain size, average dislocation density, dislocation
configuration parameter and stored deformation energy density are carefully deduced from
X-ray diffraction data based on some recent theories and models. These parameters change
with macroscopic stress and strain regularly and it is possible to establish a quantitative
relationship between the microscopic structure and macroscopic properties. There is an unigue
relationship between the structure parameters and stress rather than strain for different sample

heat treatments.

1. Introduction

After plastic deformation in metals there are a lot of
dislocations with various distributions regarding
different degrees and ways of deformation [1]. Dislo-
cations may be arranged to form subgrain boundaries
or to cause a cell structure and thus make the coherent
domain size smaller which can be evaluated by an
X-ray method. In the case of dislocation pile-ups or
random distribution there is a large long range strain
field causing a specific broadening of X-ray diffraction
profiles [2]. The macroscopic mechanical properties
change correspondingly with the microscopic structure
which can be studied statistically by X-ray diffraction.
Line profile analysis is able to give the average
coherent domain size, dislocation density and con-
figuration. Stokes’ [3] deconvolution method allows
the separation of the physical broadening profiles
from the instrumental ones and the Warren—Averbach
[4, 5] analysis gives the domain size and mean square
strain. Wilkens [6] has proposed a model of “restric-
tedly random” distribution of dislocations to analyse
the line profiles and has obtained the dislocations
density ¢, configuration parameter M, strain field
range R, and stored elastic energy (E/¥) for mono-
crystal copper. Langford [7, 8] has suggested that each
profile can be considered as a convolution of several
Gaussian functions with Cauchy ones [7-9]. Based
on the above mentioned ideas Wang ez al. [10] has
worked out a practical procedure and some standard
curves for line profile analysis of fcc polycrystals.
Recently satisfactory results have been obtained on
hcp and bee polyerystals and on multi-phase fcc
alloys as well [11]. In this paper the results on commer-
cial a-brass after unidirectional tensile deformation
are presented.

2. Experimental details

Samples were cut from the commercial a-brass con-
taining 31.55wt % Zn, 0.6 mm thick, along the rolling
direction. After polishing they were annealed in
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vacuum at two different temperatures for 2 h, namely
at 617K for samples of group A and at 651 K for those
of group B. As for group C, samples of filings at room
temperature without any annealing were used. Tensile
deformation was performed at room temperature with
a speed of 0.26 mm min~'. The stress—strain curve is
shown in Fig. 1.

X-ray diffraction line profiles were recorded by a
rotating anode X-ray diffractometer with CuK« radi-
ation and a graphite monochromator. Two pairs of
reflections 111/222 and 200/4 00 were measured on
deformed and standard (annealed but not deformed)
samples of 18mm x 10mm size.

After Stokes’ [3] deconvolution the physical
broadened profiles and its corresponding Fourier
coefficients A(L) were obtained and then the two com-
ponents, “particle” coefficients AP(L) and ““strain”
coefficients 4°(L) were separated according to [10] as
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where a is the quantity expressing the “hook” effect,
L the specific length perpendicular to the reflecting
planes, D.; the average “effective” coherent domain
size, and . and f, the Cauchy ad Gaussian widths of
“strain” broadened profile, respectively. Making use
of the standard curves and procedures described in [10],
the average dislocation density ¢ and configuration
parameter M have been obtained and they give directly
the stored elastic energy density E/V

E . M
where 4 = 1/4n for screw dislocations, 4 = 1/4n
(1 — v) for edge dislocations, v is Poissons ratio, G is
the shear modulus, B is the dislocation strength and r,
is the dislocation nucleus radius.
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Figure 1 Flow stress—strain curves for samples of
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3. Results and discussion

The flow stress—strain curves for samples of group A
and B are shown in Fig. 1. The data for both groups
cannot be put on an unique curve, i.e. for a definite
¢ there is big difference in ¢ for samples annealed at
different temperatures.

The D—¢ curves are presented in Fig. 2 showing
that DiI! is always bigger than D°, especially after
small deformation. At very severe deformation as in
the case of filings, Dii' ~ DX°. The D¢ curves for
samples of group B (experimental points in figures are
expressed by small circles) are located higher than for
samples of group A (experimental points in figures
expressed by small squares). This is in correspondence
with those in Fig. 1.

On the other hand, Fig. 3 shows the D 4—o relation-
ships which can be expressed by an unique curve for
samples of both groups, i.e. there is a one to one
correspondence between D.; and o in spite of the
history of sample treatments. So it might be possible
in the future to evaluate flow stress by only measuring
microstructural parameters such as D, and others
without destroying the sample.

In Fig. 4, (E/V) is calculated by Equation 3 as
follows. Supposing the 111 reflection is affected only
by screw dislocations, one can obtain (E/V).''. Then
(E/V)I, (E/V)F** and (E/V)2*2 can also be deduced in
the same way, where the subscript e or s denotes the
edge or screw type of dislocations, respectively. A
crude average is made as
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and similarly the (E/V)*. It is clearly shown in Fig. 4
that (E/V)'"" is always smaller than (E/V)**® and
the difference increases rapidly with increasing defor-
mation.

Comparing Fig. 4 with Fig. 2, one can notice that
at ¢ < 12% the deformation work is mainly used
to destroy the original crystal grains while after
& > 18% the energy stored inside the domain increases
rapidly because of the increasing dislocation density.
The (E/ V)¢ curve for group B is lower than that for
group A, in correspondence with those in Figs 1 and 2.
One should keep in mind that (E/V") obtained by us
from Equation 4 is not a precise average. In order to
improve it the weighted average of real screw and edge
dislocation densities and configuration parameters
have to be considered.

From Fig. 5 one can seen that data for both A and
B group of samples again may be put on one unique
(E/V )0 curve unlike the case of (E/V )¢ curves.

It is clear in Fig. 6, dislocation density at first
increases with increasing ¢ but stops changing at
¢ > 10°cm™? while M rapidly reduces at large
deformations, especially for M (200/400). This prob-
ably means that dislocations exist mainly in pile-ups at
small deformation to form a long range strain field
while with increasing deformation the dislocations
will gradually form the regular lattice of dipoles or
rows normal to the glide plane and the long range
strains cancel each other out.

There is significant difference in the above stated
structural parameters between those deduced from
111/222 and from 200/400. For our plate sample,
any hkl reflection is given by those crystal grains
whose {h k} planes are parallel to the sample surface.
Different reflections are attributed to grains of dif-
ferent orientations which certainly have different

Figure 2 Effective domain size against strain curves
for samples of group A, B and C (O) group A, (O)
group B, (&) group C (filings).
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stress and strain states hence different structural
parameters.

The data obtained from the filings are put together
on the curves in Figs 2 to 5 with those of tensile
samples to show the reasonable tendency of curves.
But our data for filings are a little different from others
(12, 13].

4. Conclusions

The X-ray method for studying a deformed structure
is a non-destructive one which can give the statistically
averaged microscopic parameters associated uniquely
with the macroscopic flow stress regardless of the heat
treatment history of the sample. This may allow a
prediction of the macroscopic properties from the
microscopic structure.

The quantitative relationship between macroscopic
mechanical properties and the microscopic deformed
structure could probably improve the work-hardening
theory for metals.
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