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The apparent density as a function of the specific surface of
copper powder and the shape of the particle size distribution
curve

KONSTANTIN I. POPOV,” PREDRAG M. ZIVKOVIC and SNEZANA B. KRSTIC"

Faculty of Technology and Metallurgy, University of Belgrade, P. O. Box 3503, Karnegijeva 4,
11001 Belgrade, Serbia and Montenegro

(Received 2 June 2003)

Abstract: The relation between the specific surface and apparent density of copper powders
electrodeposited from acid copper sulphate solutions is established. It is shown that the
apparent density is inversly proportional to the specific surface of copper powder. The shape
of the particle size distribution curve is also discussed.
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INTRODUCTION

Some properties, called decisive properties, charcterise the behaviour of copper
powder. The most important of these are the specific surface and the apparent density.!-2
These properties had not been related to the conditions of electrodeposition by any
quantitative or semiquantitative relationships, until it was shown recently3# that the
specific surface, S, of copper powder can be related to the deposition overpotential, 7.
The aim of this work was to relate the apparent density of copper powder, p, to the
corresponding value of the specific surface, Ssp, and, hence, to the deposition over-
potential, 7, and other deposition conditions.

DISCUSSION

Using the data of Calusaru,! it is possible to obtain the diagram given in Fig. 1, which
indicates
K
oo K (M
Ssp

where K is a constant, as the relation between the apparent density and the specific surface
of a copper powder. This is confirmed by the plot in Fig. 2, which was obtained by

#  Serbian Chemical Society active member.
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Fig. 1. The apparent density, p, of copper powder as a function of powder specific surface Ssp.
replotting the data from Fig. 1 in the p — 1/ Sg, coordinates. From the slope of the straight
line from Fig. 2, K = 1009 cm™! is determined. The maximum difference between
experimental value of the apparent density and the one calculated using Eq. (2) is 20 % and
less then 10 % in other cases. Hence, Eq. (1) correlates the apparent density with the
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Fig. 2. 2p — 1/Sg,, dependence obtained by replotting the data from Fig. 1.
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specific surface of a copper powder well. On the other hand, Eq. (1) can be rewritten in the
form:

K=p X Ssp @)

which means that the value of K can be estimated using the values of the specific surface
and apparent density of each particular powder.

It was shown in a previous paper> that copper powder could be treated as a homoge-
neous material the density of which is equal to the apparent density of the copper powder.
The mass, m, of the volume, V, of the powder is given by:

m=p XV 3)
If § is the corresponding surface of the powder, Eq. (3) can be written as:
S _pxS )
vV m
or
S
2 _pxS ®)
% PXOsp
where:
S5p=35 ©)

It follows from Egs. (2) and (5) that:

k=5 @)
14

Hence, the physical meaning of K is the surface per unit volume of copper powder. The values
of Ssp and p used for plotting Figs. (1) and (2) correspond to powders obtained under very
different deposition conditions and K = 1009 cm! can be considered to be valid for any
powder obtained by electrodeposition from a pure sulphate bath. It is interesting that this value
is not valid for commercial copper powders.® It can be seen from Fig. 2 that the equation:

p=0.12+944L ®)

Sp
valid for Sg, > 400 cm?/g, fits the data of Calusaru better. This plot is presented by the
dashed line in Fig. 2. Substitution of p from Eq. (8) in Eq. (2) produces:
K'=944+0.12 Ssp )

meaning that K" increases slightly with increasing Sgy,.
It was shown in a previous paper? that the size H of the representative particle of a
powder is given by:
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g=_0 (10a)
P S Sp
or
= 6 (10b)
K
Hence, because of Eq. (2) and taking into account Egs. (9) and (10a).

-6 (1D

944 + 0128 g,

assuming the particles have a cubic shape. It follows from Eq. (11) that the size of the rep-
resentative particle decreases slightly with increasing specific surface of the powder and
deposition overpotential, which is in accordance with literature data.1-¢
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Fig. 3. The shape of the particle size distribution calculated using Eq. (15) and #= 1.

The shape of the particle size distribution curves can also be discussed.

The representative particle of a copper powder has the same specific surface as the
powder,> meaning that the mass m of powder should have the same surface as mass m of
the representative powder particles. It follows from the above fact that two equal portions
of two fractions of the particles can have the same surface as the same quantity of represen-
tative powder particles. Hence,

Si+8, =28, (12)
or

Ssp1 +Ssp2 =2Ssp (13)
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where S}, Sy and S; are the surfaces of mass m of particles 1, 2 and representative ones,
respectively, and Ssp1, Sspp and Sg,, are the corresponding values of specific surface.
Taking into account Eq. (10a), Eq. (13) can be rewritten in the form:

.2 (14)
H, H, H
assuming that p' is approximatly the same for all fractions as shown earlier,” where H; and
H, are the sizes of the particles 1 and 2, respectively, and H is the size of the representative
particle. It follows from Eq. (14) that:

iy X (15
2H,—H
which is valid for H, > H, if
Hy<H<H, (16)

Assuming that the large fraction of particles corresponds to the representative ones, it
is now possible to calculate the shape of the particle size distribution curves, which is pre-
sented in Fig. 3. It is obvious that its shape is in perfect agreement with literature data.!-6
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U3BOJ

HACHUITHA MACA KAO ®YHKIIMJA CIIEHV®WYHE ITOBPIIMHE BAKAPHOTI!
ITPAXA 1 OBJIMK 3ABUCHOCTHU PACITIOIENE BEJIMYMHE YECTULA

KOHCTAHTUMH H. ITOTIOB, ITIPEJPAT M. 2KMUBKOBWH 1 CHEXXAHA B. KPCTUh

Texnoaouwiko-meiianypuiku gaxyaitieisi, Yuusepsuitieii y beozpaoy, i. up. 35-03, Kaprezujesa 4, 11001 Beozpao

YTtBpbena je 3aBucHOCT m3Meby crienucryHe MOBPIIMHE U HACUITHE Mace GakapHOT Mpaxa
HCTAJIOXKEHOT eJIEKTPOXEMMU]CKIM IOCTYIIKOM U3 KuceJIor 6akapHor kynarunia. ITokasaHo je fa je
HacHIHa Maca OOpHYTO cpa3MepHa crenuuyHOj MOBpIIMHU OakapHOr npaxa. Pasmorpel je u
OOJUK 3aBUCHOCTH pacrofiesie BeJIMIMHA YeCTUIIA.

(ITpumsbeHo 2. jyna 2003)
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