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HEATING COPPER AND ALUMINIUM NANOPOWDERS IN MIXTURES
WITH ALUMINIUM AND SILICON OXIDES IN AIR

Yu.A. Amelkovich, A.P. Ilyin, A.Yu. Godymchuk

The Research Institute of High Voltages of Tomsk Polytechnic University
E-mail: amely@tpu.ru

Oxidation of copper and aluminium nanopowders obtained by the method of electric explosion of wire in mixtures with inorganic oxi-
des at heating has been investigated. It is shown that in the presence of ALOs, SiO, and MnO, oxidation stability of nanopowders raised,
which was testified by the values of oxidation parameters: temperature of oxidation start, oxidation degree and maximum velosity of
metal oxidation. Oxidation processes taking place in nanopowders slowed down with increase of oxidation additive content.

Introduction

The growth of production and expansion of applica-
tion fields of different metal nanopowders explain the de-
mand for investigation of their properties [1]. For exam-
ple, nanodispersed aluminium powders find application
in the processes of self-spreading high temperature
synthesis [2], pyrotechnics [3], powder metallurgy; copper
nanopowders are the part of metal-plating lubricating
compositions [4], the composition of furnace charge in
production of metal-ceramic and ceramic materials, whe-
re their application is conditioned by direct contact with
inorganic substances including oxides [2]. Due to

heightened reactivity of metal nanopowders their contact
with other substances is connected with the danger of un-
controlled ignition. At simultaneous metal oxidation by
air oxygen exothermic chemical reactions accompanying
by significant heat emission can occur [3]. In this connec-
tion the problem of research of metal nanopowders at he-
ating them in mixtures with inorganic oxides is rather ur-
gent. The results of the experiment are necessary for the
development of means of extinguishing of nanopowders.

The purpose of the given work is to investigate the
oxidation of copper and aluminium nanopowders in
mixtures with inorganic oxides when heating.
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The experiment

In the work aluminium nanopowders (ANP) and
copper nanopowders (CNP) obtained by means of elec-
tric explosion of wire of diameter 0,3 mm and 60 mm
long in the argon medium have been investigated. The
given method is based on dispersion of metal conduc-
tors by powerful current pulses (up to 500 kA) at the
discharge of capacitor battery [5]. The value of the en-
ergy introduced into conductor is measured by means of
supply of various voltage (from 18 to 30 kW) to the ex-
ploding conductor, it amounted from 0,7 to 1,8 of its su-
blimation energy. The nanopowders were obtained at an
experimental-industrial device «<UDP-4G» of scientific
management group of «The research institute of high
voltages at TPU», city Tomsk [6].

Determination of microstructure characteristics of
ANP and CNP surfaces was made by means of a scan-
ning electron microscope JSM-840 of «Jeol» (Japan)
production.

The square of specific surface (S, m’/g) of nano-
powders was measured by BET method using AS-
AP2020 device. Using the value of the magnitude S,,.,
the value of average surface diameter (d,,, mkm) of pow-
der particles was calculated by empiric formula [7]:

Dav=6/(pSspec)’
where p — metal density, g/sm’.

As inorganic additives chemically inert aluminium
oxide (y-Al,0;) and possible oxidants — silicon (SiO,)
and manganese (MnQO,) oxides were chosen.

To study the influence of the oxides involved on oxi-
dation parameters of nanopowders at heating the un-
consolidated mixtures (in freely poured form) contai-
ning 90, 50 and 10 % of mass of nanopowders (the
method of dry mixture) were prepared. The oxides had
been bolted beforehand through the sieve with the
meshes of 63 mkm size.

The determination of oxide influence on the oxida-
tion parameters of the nanopowders under investigation
was carried out on the basis of the data of differential-
thermal (DTA) and thermogravimetric analysis using
derivatogrph Q-1500 (Hungary) of «Paulik-Paulik-Er-
dey» system in the mode of linear heating (10 °C/min)
in the air atmosphere in the temperature range
20...900 °C [8].

The nanopowders reactivity was estimated by the
following parameters: temperature of oxidation start
(t,, °C), oxidation degree (the mass growth of samples
due to oxide formation, mas. %), maximum velocity of
metal oxidation (the change of sample mass per minu-
te, V,,, mas. %/min) and reduced oxidation heat effect
(S/Am, rel. unit). The temperature of the beginning of
intensive oxidation processes by Piloyan methods [9]
was taken as the temperature of oxidation start. The de-
gree of oxidation was defined by thermogravimetric de-
pendence as a relation of mass growth of the sample to
initial metallic powder mass in the sample. The maxi-
mum velocity of metal oxidation was also defined by TG
as the quickest change of sample mass in the definite
temperature range (fig. 1).
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Derivatograms of sample oxidation of aluminium and
copper nanopowders: TG =~ change of sample mass in ti-
me, mg,; ATAy=ANPy and ATA=CNP., — dependence
of heat emission during heating, heating speed —
10°C/min, atmosphere-air

Testing the initial electroexplosive nanopowders of
aluminium showed that with the increase of voltage de-
livered on the conductor the dispersity of particles rai-
sed. The change in the temperature of oxidation start on
the particle size of nanopowders was observed in the
narrow range from 530 to 550 °C (table 1), but it was not
more than standard temperature of aluminium melting
(660 °C). C The degree of nanopowders oxidation also
changed ambiguously. The reduced oxidation heat ef-
fect of oxidation processes proceeding in nanopowders
had a tendency to increase: the more the square of the
specific surface of particles, i.e. the fewer diameters of
particles, the higher the reduced heat effect of the reac-
tion.

Table 1. Characteristics of aluminium nanopowders obtained

by means of electric explosion of conductors

Voltage de- [Square of | Tempe- | Growth of | Reduced he-
NeNe livered to | specific |rature of mass accor- | at effect of
" |the conduc-| surface | oxida- | dingtoTG | oxidation
n/n torexplo- | Spec,  [tion start| up to 660 “C| (S/Am), rel.
ded, kW | m?/g | Tos "C |Am, mass. %|  unit
1 30 10,8+0,3| 540 27,4 39
2 28 9,9+0,3| 530 28,6 5,5
3 26 9,9+0,9| 550 26,5 3,7
4 24 9,3+0,3| 540 35,4 2,9
5 22 8,8+0,25| 550 391 3,3
6 20 6,7+0,2 | 540 31,3 31
7 18 7,7%£0,25| 550 28,3 2,9
Table 2.  Characteristics of copper nanopowders obtained by
means of electric explosion of conductors
Voltage de- [Square of | Tempe- | Growth of | Reduced he-
NeNe livered to | specific |rature of mass accor- | at effect of
~ ““|the conduc-| surface | oxida- | dingto TG | oxidation
1 tor explo- | Syec, [tion start| up to 660 °C| (S/Am), rel.
ded, kW | m?/g | T 'C |Am, mass. % unit
1 30 6,240,2 165 20,1 1,53
2 28 8,2+0,2 170 19,4 1,43
3 26 10,2+0,3 170 19,6 1,62
4 24 5,740,2 160 18,7 1,54
5 22 3,840,2 170 19,8 1,52
6 20 3,740,3 170 20,8 1,41
7 18 3,910,1 170 20,6 1,24
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It is also typical for nanopowders to have constant
temperature of oxidation start of the particles exposed to
passivation by air, it amounting 160...170 °C (table 2).
The degree of oxidation of metallic copper before melting
was not more than 20,8 mass %. In this case the reduced
heating effect at the copper nanopowders oxidation (tab-
le 2, samples 3—7) with the decrease of specific surface
square (the increase of particle dispersivity) fell down.

ANP and CNP testing showed that nanopowders par-
ticles have a spheric form (fig. 2). For the investigation
ANP and CNP were chosen the specific surface square of
which amounted 9,9 and 3,7 m?/g correspondingly.

Puc. 2. Microphotos of particle fractions of electroexplosive na-
nopowders a) aluminium, b) copper

Results and their discussion

When contacting metal nanopowders with air there
forms a layer of oxides preventing from the total oxida-
tion on the metallic particles. Heating up to definite
temperatures the oxidation-reduction processes are ini-
tiated in the metallic particles [4]:

2A1+3/20,=Al,0,—1675 kJ/mol,
Cu+1/20,=Cu0-157 kJ/mol,
2Cu+1/20,=Cu,0-173,2 kJ/mol.
According to TG (fig. 1), the oxidation processes in
ANP become apparent at ~ 500 °C (table. 3, samp. 1),
in this case the maximum velocity of oxidation amounts
4,75 mass. % per minute. In linear heating the maxi-
mum degree of aluminium transformation (oxidation)
amounts 51,8 mass. %.

When heating ANP in mixture with oxides the tem-
perature of aluminium oxidation start increased with
the growth of mass content of oxides in the mixture,
which appeared to be typical for all types of examined
samples [10]. Thus, in the presence of 10 mass. % of
aluminium oxide the temperature of oxidation start inc-
reased by that time by 20 °C (table 3, samp. 2). In this
case the more the additive content (oxide) in mixture,
the more maximum speed of aluminium oxidation (tab-
le 3, samp. 2—4).

In the presence of silicon oxide in the mixture the
temperature of ANP oxidation start also increased, but
the velocity of aluminium oxidation changed insignifi-
cantly (table 3, samp. 5—7). As it was at introduction of
Al,O,, heating ANP with SiO, was accompanied by less
mass growth in comparison with ANP oxidation with-
out additives in the similar conditions: the degree of
ANP oxidation decreased from 50,3 to 43,9 mass. %
when decreasing the content of aluminium metallic na-
nopowders in mixture.

Table 3.  Parameters of aluminium nanopowders oxidation in
mixtures with aluminium, silicon and manganese (1)
oxides

T Degree of| Maxi- | Tempera-
empera- . )
sample | mum oxi-| ture of fi-
ture of idati . VR
Ne Content oxidation| X'S21OM datlt_)n nlshlngln-
- start T Am* | velocity, | tensive
(5) OC (£2 %), | Vix, mass | oxidation,
- mass. % | %/min To, °C
1 ANP 500 51,8 4,8 810
2 | ANP:Al,0;=90:10 520 39,6 3,5 590
3 |ANP:ALO,=50:50| 560 47,1 4,4 590
4 | ANP:AL0O;=10:90| 590 44,7 9,3 600
5 | ANP:Si0,=90:10 520 50,3 4,7 580
6 | ANP:SiO,=50:50 520 48,1 4,8 590
7 | ANPSI0=10:90 | 600 43,9 4,9 610

* calculation of sample mass increase (Am) was carried out at
conversion into ANP content in sample

Testing the copper nanopowders showed that their
oxidation started even at ~180 °C (table 4, samp. 1),
while the oxidation of coarsely dispersed powders of the
given metal started at 240 °C. Small size of particles is
also responsible for high velocity of oxidation achieved
1,7 mass. % per minute, the degree of powder oxidation
amounting 15,5 mass. %.

It was stated that the presence of inorganic oxides
increased temperature of CNP oxidation start insuffici-
ently: from 180 to 190 °C. But mass content of oxides in
samples did not affect this value.

Addition of small quantity of such chemically inert
oxide as Al,O, to the mixture resulted in increasing the
degree of CNP transformation (table 4, samp. 1, 2).
Further increasing the content of the additive in the
samples (table 4, samp. 3, 4) resulted in decreasing the
degree of CNP transformation at heating. Similar de-
pendence was observed at addition of SiO, into the mix-
ture (table 4, samp. 1, 5-7).
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Table 4.  Parameters of copper nanopowders oxidation in mixtu-
res with aluminium, silicon and manganese (1) oxides
Tempera- Degree of | Maxi- | Tempera-
‘[urs of sample [mum oxi-| ture of fi-
\e Content oxidation oxidation, | dation |nishing in-
- onten art 7 | AmT | velocity, | tensive
(+5) OC (£2 %), | Vi, mass | oxidation,
- mass. % | %/min To, °C
1 ANP 180 15,5 17 220
2 | ANP:Al,05=90:10 190 17,0 1,5 210
3 |ANP:ALO5=50:50 190 12,4 14 220
4 | ANP:Al,05=10:90 190 9,8 0,7 -
5 | ANP:Si0,=90:10 190 16,7 17 210
6 | ANP:Si0,=50:50 190 9,2 14 220
7 | ANP:Si0,=10:90 190 71 0,9 350

* calculation of sample mass increase (Am) was carried out at
conversion into CNP content in sample

Ves

VESs.

Maximum velocity of sample oxidation with additi-
decreased in comparison with CNP without additi-
Raising the content of both Al,O, and SiO, in the

mixture the velocity of oxidation processes in the nano-
powders slowed down.
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Conclusion

The analysis of activity parameters showed that ad-
dition of Al,O;, SiO, and MnQO, in the powder form
into aluminium nanopowders increased the stability
of nanopowders to oxidation: the temperature of
oxidation start raised, the degree of sample oxida-
tion decreased in comparison with the initial sam-
ples. At the same time oxide additives into copper
nanopowder first resulted in increase (by 10 °C) of
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