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ABSTRACT

Compositions of the equiliprated solid-liquid phases in the Al-CuAl,, Al-Si and Pb-Sn
systems were examined by using Cameca microprobe microanalyser. All the solid and liguid
phases were found to be uniform for the systems. The measured consentraticns of the solid and
liquid phases in the Al-CuAl, system, the sclid phases in the Al-Si system, the solid Pb and the
liquid PbSn phases in the Pb-Sn system were in agreement with the phases diagram values.
However the measured compositions of the solid Sn phase and liquid Al-Si phases were found
to be quite different from the phase diagram values. The difference for the solid Sn phase came
from the semaring effect, and the liquid AlSi phase might came from the very different obsorbsi-
tion coefficient for AlKa and STKa lines. The corrected consantration of the liquid AlSi phase

was aiso in good agreement with the phase diagram values.

INTRODUCTION

When a binary system is held in a constant temperature gradient
for a long time (5-7 days) above the eutectic temperature, T, with a
casting composition of, Co, (where Ca << Gy << Ce or e << Gy < Cg,
Fig.1), initially the alloy is a mixture of solid and liquid up to the li-
quidus temperature, (fig.1). The liquid droplets move up the tempe-
rature gradient direction according to TGZM, [Pfann, (1956), Allen
and Hunt, (1979), Gindiiz, (1987)]. The TGZM process is completed
when the uniform liquid phase has a sharp solid-liquid interface with
the uniform solid phase. The shape of the solid-liquid interface and
the phases can be preserved by a rapid guenching. The thickness of
the phases is mainly dependent on the casting composition, C,, and the
equilibrium time, t, (the time to obtain the uniform solid and liquid
phases) is mainly dependent on the applied temperature gradient of
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Fig.1. A binary equilibrium (eutectic) phase diagram.

the sample, [Giindiiz, (1987)]. The composition of the equilibrated solid

and liquid phases can be examined by a microprobe microanalyser.

Composition of the equilibrated phases in the Al-CuAl,, Al-Si and
Pb-Sn systems were analysed by the microprobe microanalysis me-
thod. Before starting to discuss how the actual composition were
obtained from the measured values, it is necessary to briefly examine
the measurement of composition by microprobe analysis.

Compositions, C,, for quantitative analysis are generally obtained
in the form of an intensity ratio, (k:I? / Iﬁ) equal to the peak count
rate above the background, for a selected characteristic line from the
sample, divided by that from a 100 9, standard examined under iden-
tical experimental conditions. To obtain accurate values of concentra-
tion, the intensity measurements must be corrected for dead time and
background radiation, (fig.2). This corrected ratio is called the k ratio
and is given by

k = I

=
i

where I} denotes the corrected intensity of A radiation from the spe-

cimen and I} the corrected intensity of A radiation from the pure

standart of A,
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Fig.2. Definition of X-ray peak intensity P, and background intensity, B.

Having obtained high quality k values, the problem then is to
convert them into values for chemical composition without a loss of
accuracy. In order to do this a correction procedure has been develop-
ed which is commonly known as "ZAF’ correction. This name arises
from the fact that to obtain true concentrations from k-ratio data, it
is necessary to apply in general atomic number (Z), absorption (A) and
fluorescence (¥) corrections. The atomic number, Z, corrections [Cox,
1983] arises from the fact that the X-ray intensity of a characteristic
line generated within a target depends not only on the concentration
of the element, but also on the atomic numbers of all the constituent
elements.

The absorption correction, [Love, 1983], A, arises from the fact
that the X-rays generated are observed by the target material and
that in general the attenuation in the specimen and standard are dif-
ferent.
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Photoelectric absorption, [Reed, 1983], F, is the mechanism by
which X-rays are attenuated and the correction which must be incla-
ded is predominantly caused by the difference in mass absorption coef-
ficents of specimen and standard. The "ZAF’ corrections are based on
a considerable amount of theorctical and empirical work. Martin and
Poole, (1971), Poole and Martin, (1969), Reed, (1975), Scott and Love,
(1983), have presented detailed discussions of various correction pro-

cedures.

Tterative composition calculations, resulting from the ZAF’ cor-
rections and k-ratios are usualy taken as starting approximations to
the true values. These compositions are conveniently carried out on
a computer and a number of package-computer programmes are availab-
le to carry out data correction. The package-computer programmes
which have been developed by Cameca based on the *ZAT’ correction
technique are similar to those adopted by Colby, (1971).

COMPOSITION ANALYSIS OF THE PHASES

Composition profiles across the solid-liquid interface in the quenc-
hed liquid and in the single solid phase and parallel to the interface
were measured, (Fig.3) using a fully automatic camebax microanalyser.
Al, Cu and Si elements were analysed using their Ko lines. Pbh and Sn
elements were analysed using their Lo and Mx lines respectively. An
accelerating voltage of 20 kV or 15 kV, a take off angle of 40°, 20 se-
cond counting times and two microsecond dead times were employed
throughout. Pure element standards of 5 N’s purity were used. Counts
were always collected from the specimens under exactly the same con-
dition as from the standards. Care was also taken to ensure that there
was no drift in beam current, voltage and spectrometer spositions over
the period when analysis were being taken.

The composition profiles in the solid, away from the solid-liquid
interface were examined by scanning the beam along a line vertical to
the interface and approximately 200 um away from the grain boundary
groove. Measurements of the composition were made at 2 pm intervals
in the 10 to 20 um distance from the interface and various intervals

ranging from 10 to 25 pm up to 1000 ym in the solid phase.

Composition measurement using point analysis in the quenched
liquid gives a too large scatter in the results. This is because the quenched
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Fig.3. Schematic representation of the microprobe analysis for the phases (HC = 150-200
pm, ID = IE = 40-50 ym, IC = IF = 400-700 pm, CC’ = 2-5 mm, a = 15-30 pm,

b = 4—10 pm).

liquid is a mixture of phases, thus the composition profiles in the
quenched liquid were measured using an area counting technique. The
beam was scanned over a square of side 5 pm and an area count was
made at 5 pm intervals in the range of up to 50 pm from the interface
and various intervals ranging from 10 to 25 pm for up to 500-1000 pm.
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The composition profiles of the solid and liquid phases were also
analysed parallel to the interface, 40 to 50 pm and 400 to 700 pm away
from the interface (depending on the thickness of the phases).

RESULTS AND DISCUSSIONS

It must be noted that when the composition is measured near the
interface (1 pm to 2 pum away from the interface) the detected ray is
effected by the composition of the other phase, that is, when the com-
position is measured in the solid phase the detected ray is affected by
the liquid phase and vice versa for the liquid phase.

The incident beam affects an area approximately a few pm wide
and a few pm deep (figs.4 and 5). So the measured composition of the
phase in the order of a few pm from the interface is not the actual com-
position of the phase because of the contamination effect from the ot-
her phase. The actual composition near the interface (as close as 0.1
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Fig.4. Schematic representation of the production of A radiation in a specimen AB for which
Z)<<Zy. (From Martin and Poocle, 1971).
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Fig.5. Electron scattering in:
a) a light element
b) a hevay element.

um to the interface) may be the same as the rest of the phase. This can
be seen clearly from Fig.12b which showss x-ray intensity composition
current ray on the secondary electron image ‘photograph (See also
Figs. 11 to 14). The solid-liquid interface was found to be in the same
position by comparing the secondary electron image photograph with
the etched-sample optical microscope photograph for the same magni-
fication. It appeared that there was no significant interface move-
ment during the quench. There were no significant composition gra-
dients in the phases. As can be seen from Fig. 6 to Fig. 8 the compositions
are uniform within the error limits for both phases for Al — CuAl,, Al —
Si and Pb-Sn eutectic systems. However, in spite of the uniformity of
the phases, the observed compositions, especially for the Al-Si quenched
liquid is very different from the equilibrium phase diagram composition.
The same effect was also observed by McCartney (1981) and Fuchs and
Tensi, (1984).

As can be seen from Figs. 6 to 8 composition profiles (using the
ZAY’ correction) are perfectly uniform for the solid phases (except the
Ph phase) and reasonably uniform for the quenched liquid phase when
measuring from a square of side 5 um and even more uniform compo-
sition profiles were obtained when using a larger square (a square of
side— 16 pm, fig.7a). Inspite of the uniformity of the phases the measur-
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Fig.6. Composition profiles for Al-CuAl system.
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Fig.7. Composition profiles for Al - Si system.

ed composition using the ZAF’ correction was slightly different for
the quenched Al — CuAl, and Pb — Sn phases and was higher for the
AlSi quenched liquid phases than the equilibrium phase diagram com-
positions. The "ZAT” procedure over-estimates the amount of absorb-
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Fig.8. Composition profiles for Pb - Sn system.

tion of SiKa radiation by silicon and aluminium. It is important to
note that Ko radiation from Si is strongly absorbed by Al. The ab-
sorption coefficient of SiKa is 503 while the absorption coeficient of
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the same line by pure Al is 3492, (Reed, 1975) and hence gave "ZAF’
corrected composition which were too large. So, a relatively large ab-
sorption correction is required for the SiKu« radiation. Thus the accu-
racy of the correction procedure for the AlSi quenched liquid was
checked in the following way.

Molten alloy of known composition, Al — 13 wt%,Si, was kept in
the vacuum melting furnace for about two hours, stirred, poured into
a cylindrical graphite crucible and quenched. A test sample containing
a transverse and longitudinal section from the middle part of the speci-
men was prepared for microprobe analysis. The microprobe analysis
was carried out in the same way as for the equilibrated solid-liquid in-
terface sample. The measured composition from the test sample was
found to be in good agreement with the quenched liquid phase (from
the equilibrated solid-liquid interface sample) composition.

Salter (1984) has numerically calculated "ZAF’ corrected and ac-
tual values of Si for the Al — Si system, (table. 1). So a calibration graph
was obtained by plotting actual compositions versus measured "ZAF’
corrected compositions (fig. 9). This calibration graph was subsequently
used to obtain the actual weight fractions of silicon from the "ZAF’
corrected values. The actual eight fraction of silicon for the equilib-
rated liquid phase (12 — 13 wt 9%, Si) and for the test sample (12-13 wt
% Si) are found to be in good agreement with the phase diagram values
(11.7 - 12.7 wt 9, Si), (Chraighead et al, 1935).

Calibration graphs (the ZAF’ corrected composition versus actual
composition) may be obtained for Al — CuAl, and Pb — Sn systems in
the same way in order to obtain more accurate quenched liquid compo-

Table 1. The correction required for AlSi quenchéd phase.

Area 9% Si| 0.0 0.1(0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.¢

"ZAF
corrected | 0.0 | 0.146 0.279] 0.401| 0.513] 0.617] 0.712| 0.799| 0.877| 0.944} 1.0
Wt 9, St

"ZAE’
corrected 1.0 | 0.904f 0.806| 0.707 0.607] 0.506] 0.405] 6.303| 0.201j 0.099| 0.0
Wt 9%, Al

True
Wt 9, S5i 0.0 | 0.088] 0.117| 0.270| 0.365] 0.463] 0.564| 0.668] 0.775| 0.886| 1.0

True
Wi 9, Al 1.0 { 0.912{ 0.823] 0.730]| 0.635| 0.537| 0.436] 0.332| 0.225] 0.114} 0.0
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Fig.9. Correction required for Al - Si composition measurement.

sitions. "ZAF’ corrected micro analysis results are in good agreement
with the phase diagram values for Al — CuAl, and Pb — Sn eutectic
systems (except the Sn phase). As can be seen from fig. 10 without slig-
htly etching it is impossible to obtain a concentration prdfﬂe for the
Pb — Sn system, because of a smearing effect. Slightly higher concent-
ration measurements (than the phase diagram values) and scattered
values might be due to the smearing effect, precipitation of the Sn
particle to the Pb phase and the etching effect. Etching gives surface
contamination and roughening both of which can influence the ele-
ments detected and the number of back scattering electrons. An error
in the order of 5 9, might be excepted from microprobe analysis. Re-
cently Bennett and Kirkwood (1984) used the microprobe analysis

-
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Fig.10. Smearing effect, (Solid Pb - liquid PbSn system).

technique to measure the liquid phase composition in Al — Cu and
Al — Cu — Fe systems. They estimated that the accuracy of their me-
asurements was 4 4 9 for copper and | 109, for iron.

A line scan provides information which is intermediate between
that given by a scanning image and a point analysis. Therefore, the line
scan simply shows the composition profile of the phases (for small
magnification (< X800) there is incident X-ray beam tilt effect) and
the relative composition difference between the phases (see Figs.1l to

14).

As can be seen from Figs. 6 to 8 the measured compositions of the
Al — CuAl, system (solid Al, solid CuAl, and CuAl quenched liquid),
Al — Si system (solid Al, solid Si and AlSi quenched liquid) and Pb —
Sn system (solid, Pb solid Sn and PbSn quenched liquid) are in good
agreement with the equilibrium phase diagram values, (table. 2). The
composition of both the solid and liquid phases as shown in figs. 6 to
8 and figs. 11 to 14 are uniform.
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Fig.11. Composition profiies for the solid Al - liquid AlCu system with the line analysis.
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Fig.12. Composition profiles for Al - CuAl, system with the line analysis.
a,b) Solid Al - liquid AlCu system
c) Solid CuAl, - liquid AlCu system.

73
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Fig.13. Composition profiles for Al-Si system with the line analysis.
a,b) Solid Al-liguid ALSi system, ¢,d) Solid Si-liquid AlSi system,
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Fig.14. Composition profiles for Pb-Sn system with the line analysis.
a,b) Solid Sn-liquid PbSn system, ¢,d) Solid liquid Pb-Sn system.
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CONCLUSION

a) At the equilibrium, the solid and liquid phases are separated
with a sharp interface.

b) Composition of the solid phase can be examined by point analysis
method.

¢) In order to obtain reliable composition for the liquid phases area
scanning method must be used,

d) The line analysis gives the composition distribution and the re-
lative ratios of the composition.

e) The analysis shows, that at the equilibrium all the phases are
uniform and the measured compositions are in good agreement with
the phase diagrams values,
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