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ABSTRACT Ultrafine powders of Al Cu alloy were prepared by gas evaporation process , formation law of
the phases in the as-prepared powders were examined. The results showed that the phases formed in ultrafine

powders are within the scope of the phases given in Al Cu alloy phase diagram . There are only # CuAl,, ¥-

Al,Cuy, g AlCu; alloy phases formed in the tested powders. The kinds of the phases formed in the powders

and their fractions are controlled by the pressure fraction of the components in the mixed vapor and the cooling

conditions of the experimental equip ment. Changing pressure of Ar gas could only change the fractions of dif-
ferent phases in the powders . The solid solubility of Al and Cu atoms in the lattice of phase Cu and phase Al in

the powders was within the scope of that in Al- Cu alloy diagram . The structure of the phases in the as pre-

pared powders were in equilibrium state .
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1 INTRODUCTION

Ultrafine powders with a particle size less
than 100 nm have excellent properties in contrast

1221 and have

to coarse grain materials!
widespread application prospects in metallurgy,
materials , che mistry etc industrial fields . Ultra-
fine powders of pure metals have been investigat-
ed intensively in the past[3]. If a certain transi-
tion phase or alloy phases can form in ultrafine
powders , the powders may show excellent struc-
ture and properties, such as unique magnetic
properties , good catalytic characteristics in reac
tivity , selectivity and durability . It has been
shown that ultrafine powders with alloy phases

[4

have special properties 31 Some investigations

have been done on some metal/ ceramic compos-

ite ultrafine powders[(”7’8]

[4,9,10]

and alloy ultrafine
powders in recent years, but a few are on
the formation law and mechanis ms of alloy phas-
es in ultrafine powders. To clarify these prob-

lems is very important in preparation of ultrafine
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powders with controlled alloy phases formation
for special application .

Gas evaporation method is an effective mean
for preparation of pure metal ultrafine powders,
it can also be used to prepare alloy ultrafine pow-
ders by evaporating a master alloy from a single
evaporation source or by evaporating the con-
stituent metals from two sources to make conflu-
ence of two metal smokes. Induction current,
electron beam, risistance ( in spiral or boat
shape) , laser or plasma flame can be chosen as
the heating source .

This paper intends to examine the formation
law of phases in ultrafine powders of Al-Cu alloy
prepared by evaporating master alloys with dif-
ferent compositions and in various argon gas
pressure using induction current as the heating
source .

2 EXPERI MENTAL

Fig .1 gives the sche matic illustration of the
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experimental equipment with 800 mm in diame-
ter and 350 mm in height. AF Cu alloys were e-
vaporated at 1 400 C in Ar gas at mosphere with
a purity about 99 .995 %, using an alumina cru-
cible of 120 mm in diameter and 100 mm in
height . The purity of aluminum and copper was
about 99 .95 % .
the bottom of the chamber. Amount of the mas-
ter alloy in the crucible was about 4 ~ 5 kg.

Argon gas was supplied from

Te mperature of the alloy melt was examined by
an optic pyrometer and controlled by adjusting
the input power of the equipment with a fluctua-
tion less than 30 K. A slow oxidation treat ment
was applied to the as-prepared powders before
being exposed to air after the evaporation proce-
dure. Samples were collected at the height of
300 mm above the evaporation source where the
te mperature are lower than 373 K and there is no
change in phase and particle size in as-prepared
powders .
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Fig.1 Sche matic diagram of
evaporation equip ment

1 —Powder collector ; 2 — Window ;

3 —Crucible ; 4 — Vacuum pump ;

5 —Coil ; 6, 7 — Water cooled wall

Kinds of the phase and morphology of the
particles were examined by X ray diffraction and
trans mission electron microscopy . The relative
amount of each phase is calculated by their rela-
tive area ratio of the diffraction peaks in the
XRD patterns .

Evaporation time was kept at about 10 min

to get enough samples for XRD and TEMexam,
there was no changing in Ar gas pressure during
the experiments .

3 RESULTS

3.1 Effects of composition of master alloy on
formation law of phases in as prepared
ultrafine powders

A series of master alloy with the composi-
tion of Aljyy. Cu,(x=15.5,30, 40, 46.3,
32.3,63,75.7 % ( mole fraction, %)) were e-
vaporated at 1 400 Cin 5.0 x 10° Pa Ar gas at-
mospheres. X ray diffraction patterns of the as-
prepared ultrafine powders are given in Fig .2.

As identified in Fig .2, the resulting ultra-
fine powders were composed of Al phase for the
master alloy with Cu less than 30 %, Al + ¢
CuAl, for the master alloy with Cu from 30 % to
46 3 %, Al( Cu) + ¢ CuAl, + ¥~ Al,Cu, for the
master alloy with Cu from 46 .3 % to52.2 %, &
Cu( Al) + ¥ Al4Cuy + g AlCu; for the master al-
loy with Cu from 52.2 % to 63 .0 % . There was
no alloy phase in the powders when the a mount
of Cu in master alloy was above 75.5 % .

The dependence of fraction of the alloy
phases upon the composition of the master alloy
was given in Fig.3 and the changing tendency in
lattice parameter a, of Al phase and Cu phase in
the powders was given in Fig .4 which was ob-
tained from the XRD results. Kinds of the alloy
phases and their fraction in the powders were ob-
viously affected according to Fig.3 . Lattice pa-
rameters a, of Al phase in the powders decreased
with increasing Cu in the master alloy, which
showed a solution of Cu atoms in Al lattice . The
maximum lattice distortion (Aa/ay) for Al was
0.5 %, so the maximum solid solubility of Cu in
Al was about 4 .93 % according to the Vegard e-
(111 When fraction of Cu in the master
alloy was above 63 .0 %, the maximum lattice
distortion (Aa/ay) for Cu was 1.2 %,so the
maximum solid solubility of Al in Cu was 9.9 %
according to the Vegard Equation.It is obvious
that the solid solubility of Al and Cu atoms in the
lattice of phase Cu and phase Al in the powders

quation

was within the scope of that in Al Cu alloy dia-
gram .
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2 Effect of Ar gas pressure on phases in

powders
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Fig.2 X ray diffraction patterns of
ultrafine powders

100 -
o O Al(Cu)
BE 80 FAN G—CUA.IZ
\'; a~ B—AICU3
£ 60 Q
g
[,

£ a0}
=
I~

20}

0 20 40 60 80 100
X/ %

Fig.3 Correlation bet ween composition of
master alloy and relative amount of
alloy phases in as-prepared powders
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Fig.4 Effect of Cu content on lattice
parameters of Al phase and Cu phase of
as-prepared powders

The master alloy Al;;Cug; was chosen to in-
vestigate the formation law of phases in ultrafine
powders when changing Ar gas pressure from
1.0x10% Patol .0x10* Pa, the X ray diffrac-
tion patterns of the powders were given in Fig .
5. It is obvious that the kinds of phases in the
powders remain constant, but the fraction of
each phase changed according to the characteris-
tics of the diffraction peak patterns as shown in
Fig .6 .

X ray diffraction measure ments showed that
the structure of all the phases formed in the as-
prepared powders were in equilibrium state and
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in as-prepared powders

within the phase scope given in Al Cu alloy dia-
gram .

3.3 Particle morphology

Fig .7 shows morphology and structure of
the particles under different experiment condi
tions .

ferent scattering contrast, particles B shows bi-
layer structure . These results are very different
from that of pure Al particles and pure Cu parti-
cles“], which means these particles comprises
different phases .

4 DISCUSSION

To provide insight into the mechanis ms that
controlling the formation law of alloy phases in
the as-prepared powders, it is necessary to anal-
ysis the partial pressure of the component in va-
por and nucleation, growth procedure of parti-
cles. The partial pressure can be calculated by e-

quation :
0 0
Py = anPa, Pao = acuPa (1)
where  a, and ac, are the activity of Al

and Cu in alloy melt, P&l and P%u are the satura-
tion vapor pressure of aluminum and copper at a
given te mperature . P% and P%u are 22 .6 Pa and
7 .3 Paat 1400 C calculated by equation[lz] :
lgPy =-16450/T -1 .231g T +12 .36
(2)
- 17650/ T - 1.2741g T + 13 .39
(3)
Table 1 gives the activity of Al and Cu in
master alloy melt with different composition .

lg P,

Table 2 gives the partial pressure of Al and Cu in
the mixed vapors calculated by Eq.(1) .

Table 3 shows the correlation among the
composition of the master alloys, the fraction of
components in the mixed vapor calculated by
Eq. (4) and the phases in ultrafine powders:

X — Pu 100 %
AT Pk Pyt °
(4)
X —LXIOO‘V
Q= py+ Pg ?

It was obvious that relation between the
fraction of components in the vapor and the
phases in the as-prepared powders was very dif-
ferent from that in the phase diagram given in
Fig .8 . There only & CuAl,, ¥y Al;Cuy and g
AlCu; alloy phases formed in the as-prepared
powders when composition of the master alloy
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Fig .7 Micrographs of ultrafine particles
(a) —Alsy 7Cuyq 55 (b) —Aly; Cugs

Table 1  Activities of Al and Cu in Aljy,. ,Cu, alloy melts at 1 400 ‘C( mole fraction, %)!'’!

Composition of
the master alloy

an 0.8239 0.6090 0.4543 0.3321 0.2549 0.1183 0.0166

Activities
Acy 0.0145 0.0721 0.0976 0.1134 0.1550 0.2925 0.5806

Table 2  Partial pressure (Pa) of Al and Cu in mixed vapor at 1 400 C( mole fraction, %)

Composition of

463 x =522 x=63.0 x=75.7
master alloy

x =155 x=30.0 x=40.0 «x

Partial pa 18 .62 13.76 10.27 751 5.76 2.67 0.38
Pressure Pcu 0.11 0.53 0.71 0.83 1.13 2.14 4.24
Table 3 Correlation between composition The present results are some different from
of master alloy, fractions of components that of other studies. In Umemoto M’ s experi-
in mixed vapor and phases in powders mentl 4] , there formed @ CuAl,, gAICu;y, ¥r
Composition ~ Composition Phases in Al;Cuy , 7~ AlCu phases in ultrafine powders of
of master of alloy as prepared AF Cu alloy by plasma flame method, but Nosaki
alloy/ % vapor/ % powders K only obtained ¢, ¥ phases by arc plasma
Alg, sCuys s Alyy ,Cug ¢ Al method *). When Ohno evaporated Al-Cu master
Al Cuyg Alog 5 Cus Al+ @ CuAl alloy by resistance heating method, there formed
Al Cuag Aly, 5Cug < Al+ 6 CuAl, Y, é’phases“5] , but Kaito C obtained &, ¥,
Algs Cuye 5 AlygCuyg Al + 6 CuAl 1p phases by the same method '®1.
Al sCusy »  Algs sCujg s Al+ @ CuAl, + ¥+ Al,Cu, So we can determine that the phases in ul-
AL, Cug, Al ;Cuy, S @ Cu+t g AlCy, trafine powders of the same alloy changes with
Al s Cuse » Al Cuy, #Cu the preparation process and the cooling effect of

the experimental equipment . In the present ex-

changing from AlyyCus to Aly; Cug; . periment , metal smoke is observed to form above

the evaporating source just at the height of sev-
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eral millimeters where the atmosphere te mpera-
ture is still very high and near to the evaporating
te mperature , the primary particles in the s moke
is generally only 1 ~ 3 nm[”], so it can be said
that these particles may be in liquid state . Onho
T°! had shown in his experiment of preparing
ultrafine powders of Cu-Zn alloy that there first-
ly formed the alloy phase with the highest melt-
ing point in the primary particles , then the phase
can change toseveral other phases during the fol-
lowing period of cooling . According to the above
state , the reason why there no yand § phases
formed in the as-prepared powders can be ex-
plained as that even though there formed yand
§ phases , they will change to gand ¥, phases in

the following period of cooling .
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Fig.8 Phase diagram of Al-Cu system
5 CONCLUSIONS

The formation law of the phases in ultrafine
powders of Al-Cu alloy system were investigat-
ed. The results are summarized as follows .

(1) The kinds of the phases formed in the
as-prepared powders and their fractions are con-
trolled by the pressure fraction of the compo
nents in the mixed vapor and the cooling condi-
tions of the experimental equipment . Changing

in pressure of Ar gas can only change the fraction
of different phase in the as-prepared powders in
present experiment .

(2) There only ¢ CuAl,, ¥y Al,Cuy, g Al
Cu; alloy phases can form in the ultrafine pow-
ders in present experiment , the phase structure
of these phases are of equilibrium state structure .

(3) The solid solubility of Al and Cu atoms
in the lattice of phase Cu and phase Al in the
powders was within the scope of that in Al Cu
alloy diagram .

(4) The structure and morphology of the
alloy particles are different from that of the pure
Al and pure Cu particles .
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