
J Serb. Chem. Soc. 71 (4) 397 – 400 (2006) UDC 66.011:669–492.2/.3–034.3:66.082

JSCS – 3435 Preliminary communication

PRELIMINARY COMMUNCIATION

Physical modelling of representative particles of electrodeposited

copper powders

KONSTANTIN I. POPOV #, NEBOJ[A D. NIKOLI]1, SNE@ANA B. KRSTI] and MIOMIR G.

PAVLOVI]1

Faculty of Technology and Metallurgy, University of Belgrade, Karnegijeva 4, 11000 Belgrade,

Serbia and Montenegro and 1ICTM – Institute of Electrochemistry, University of Belgrade,

Njego{eva 12, 11000 Belgrade, Serbia and Montenegro (e-mail: kosta@tmf.bg.ac.yu)

(Received 27 January, revised 29 July 2005)

Abstract: A method for the estimation of the size of the representative particle of a

copper powder is given. Cross sections of representative particles of flowing and

non-flowing powders estimated by this procedure are also presented.
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INTRODUCTION

The concept of the representative particle1 of a copper powder was succes-

sfully used for the determination of the critical apparent density at which free flow

of the copper powder becomes possible,2 as well as for the determination of the

surface and internal structure of particles of flowing and non-flowing powders.3,4

This was done by modelling the properties of representative powder particles. The

aim of this work was to initiate the physical modelling of them, which means not

just behaviour, but also structure modelling. Spherical particles were used in order

to avoid the influence of particle shape on flowability, i.e., to emphasize the effects

of the surface structure. The elementary cell of 3D-cross shape was chosen, as this

shape was shown as suitable for relating powder properties with the properties of a

particle. As opposed to previous paper,1 where the particle was presented by a

3D-cross, here this shape was used for the presentation of the elementary cell. Cer-

tainly, the requirement for the representative particle to be of spherical shape is not

very rigid. Actually, a particle which is required in the first approximation can be

considered as roughly (nearly) spherical and which is composed of elementary

cells, i.e., of a 3D-cross. Contrary to a previous paper,4 where the elementary cell

was calculated, in this work the dimensions of the particle were also calculated.
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DISCUSSION

A copper powder is not composed of particles of identical size and morphol-

ogy and, consequently, it is difficult to relate the properties of the powder with the

properties of the particles.1 The situation can be simplified by using the representa-

tive particle, as the particle which has the same specific surface as the powder. In

this way, a powder can be considered as a set of identical particles, which, as it was

shown,2 should be spherical when considering the free flow of the copper powder.

The radius r of the spherical representative particle can be calculated using:

r =
3

�'S sp

(1)

where �’ is the apparent density and Ssp is the specific surface of the powder. The

surface of the elementary cell of such a particle can be taken as the square segment

of the compact metal with edge a placed in the middle of an empty square segment

with edge b.3 As it has already been shown,4 the corresponding internal structure

can be represented by a 3D-cross. The specific surface of the 3D-cross inside the

lattice of a powder particle is given by:4

Ssp =
12 1

3 2

1
2
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�
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(2)

where � is the density of the bulk metal, the relation of which to the apparent den-

sity �’ is given by:

�' =

�

2

3 2

2 3

( )k k�

(3)

and

k = a / b (4)

On the other hand, it was also shown that:5

�' = �0 +
K

S

0

sp

(5)

where �0 = 0.12 g/cm3 and K0 = 944 cm–1, or

Ssp =
K

0

0
� �'�

(6)

Substitution of Ssp from Eq. (6) into Eq. (1) and further rearranging gives:

r =
3 0

0

( ' )

'

� �

�

�

K

(7)

which permits the calculation of the radius of a representative powder particle us-

ing the known apparent density of the powder.
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Simultaneously, elimination of Ssp from Eqs. (2) and (6) gives:

b =
12 1

3 2 2

0

0
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� �

�

(8)

Obviously, k can be derived from Eq. (3) if �’ is known. Hence, radius of the

representative particle and the dimensions of the elementary cell can be calculated

using Eqs. (4), (7) and (8).

The diameter d of a representative particle is:

d = 2r (9)

and number of elementary cells per diameter n is given by:

n =
d

b

(10)

For example, for the representative particle of a powder with �' = 0.528 g/cm
3

(non-flowing powder4) using Eqs. (4), (8) and (10), the dimensions of the particle

and elementary cell can be calculated: d � 5
. 10–3 cm, b � 0.8

. 10–3 cm, a � 0.2
.

10–3 cm and n � 6. For a powder with �' = 2.3 g/cm
3 (flowing powder4), d � 6

. 10–3

cm, b � 1.5
. 10–3 cm, a � 0.75

. 10–3 cm and n � 4. The corresponding cross sec-

tions of the representative particles are shown in Fig. 1.

It was shown earlier by a procedure based on the modelling of the powder prop-

erties3,4 that a powder with an apparent density lower than a critical value can not

flow, while a powder with an apparent density equal to or higher than a critical appar-

ent density can flow. The results obtained in this work are in agreement with this and
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Fig. 1. Shematic presentation of the cross sections of representative particles of powders in the
horizontal and vertical plane for different apparent densities: a) �’ = 0.528 g/cm

3, b) �’ = 2.3

g/cm

3. Magnification: � 1000.



indicate that a powder of lower apparent density can jam while it is not possible for

the particles of a powder of higher apparent density to jam to each other.

It can also be seen from Fig. 1 that the density of the particle decreases with de-

creasing apparent density of the powder, as well as with the size of it, which is in

accordance with literature data.6,7

The aim of further work will be the formation of a 3D presentation of above

representative particles, and a discussion of their mutual effects.
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