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Abstract

For the preparation of copper nanoparticles several methods, i.e., thermal reduction, mechanical
attrition, chemical reduction metal vapour synthesis, radiation methods, laser ablation and micro
emulsion techniques were developed in the past. Electrolytic deposition is one of the most suit-
able, simplest and low cost methods which are used for wide range of materials. In the present in-
vestigations, efforts were put to produce copper nano powder using electrolytic technique. It could
be possible to obtain near nano copper powder of 258 nm size using high cathode current density
of 1100 A/m? in sulphate bath. The specific surface area and shape of the particles were found to
be 23.2 m?/g and irregular, respectively.
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1. Introduction

The field of nanoscience and nanotechnology has recently become one of the most important areas of knowl-
edge encompassing various scientific disciplines, including physics, chemistry, biology and engineering. Interest
in this discipline is mainly due to two reasons. Firstly, nano scale materials have many prospects in various
technological applications because most of the time they show novel functionalities. Secondly, there is a tre-
mendous scope of creating new knowledge in explaining the size dependencies of the evolution of various phy-
sical properties, and in explaining new and previously unnoticed features. Nanostructured materials can be util-
ized in fabricating novel active devices with improved functionalities. For example, one dimensional nanomate-
rial (tubes, wires, rods, etc.) is an important class of nanostructured materials with potential applications in elec-
tronics, composite fabrications or sensor developments [1].

Mainly nanotechnology is the ability to form nano-sized particles, for example nano powders, which are solid
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particles that measure on the nano scale, usually comprised of 3 to 5 molecules together. Nano powders can be
used in most of the aforementioned applications; so, it has been an interesting field of great interest [2]. The
considerable interest has been focused on metal nanoparticles due to their potential applications and special
properties in diverse fields.

Among various non-metal and metal particles, copper nanoparticles have attracted considerable attention be-
cause of their catalytic, optical, and electrical conducting properties. For the preparation of copper nanoparticles
several methods were developed, i.e., thermal reduction, mechanical attrition, chemical reduction, metal vapour
synthesis, radiation methods, laser ablation and micro emulsion techniques. In nanoparticle preparation, it is
very important to control the particle size, particle shape and morphology. Most of the preparation procedures
have some factors that restrict the use and development of the copper nanoparticles. For example, copper nano-
particles synthesized by mechanical chemical method have low purity and wide particle size distribution. Gas
evaporation method presents the costly raw materials and complicated equipment [3]. Nanoparticles synthesized
in lithographic and by vacuum deposition provide uniform shape, size and size distribution, but these techniques
are expensive.

Electrolytic deposition is one of the most suitable, simplest and low cost methods which are used for wide
range of materials and characteristics [4]. Therefore, in the present investigations, it was planned to produce
nano copper powder by using electrolytic deposition from copper sulphate bath under suitable bath conditions
[5] and additives like boric acid and glycerine [6].

2. Experimental

Copper sulphate bath was prepared by dissolving CuSo,SH,0 (99% purity) in distilled water EC grade copper
was used as anode and stainless steel as cathode. The experimental conditions under which the copper powder
was prepared have been summarized in Table 1.

The deposited copper powder was removed by brushing after every 15 minutes and washed thoroughly with
distilled water. Subsequently the powder was dried in the air atmosphere. This powder sample was then deag-
glomerated in a mortar pestle to obtain the final product. Copper powder samples were also prepared after add-
ing 1 wt% of boric acid or glycerine to the electrolyte bath.

The resultant powder was tested for its purity using EDS analysis. Particle size, size distribution and specific
surface area of the powder produced was studied by laser technique using Malvern Mastersizer 2000, while the
morphology was studied using ZEISS Supra-50 FESEM.

3. Results and Discussion
The electrolyte copper sulphate when dissolved in water dissociates to give Cu*" and SO; ions.
CuSO, (aq) - Cu®" (aq)+S0; (aq)

Current is carried by Cu®" and SO2~ in the solution Cu*" ions go to cathode and get reduced to metal copper
and deposited on it. The SO; ions move towards anode but are difficult to get oxidized. So at anode oxidation
of OH™ ions (produced by the self-ionization of water) takes place in preference to SO .

So, the reaction at anode is

Table 1. Bath conditions for preparation of copper powder.

Condition Quantity
Copper 13 g/L
Temperature 30°C-35°C
Anode current density Low—400 A/m?; High—550 A/m’
Cathode current density Low—800 A/m?; High—1100 A/m?
Cell potential 5V
Additives 1 wt% boric acid or glycerine
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2H,0 — 2H" +20H"
1
20H” - H,0 4—502 (g)+2e
The net reaction at anode:
.1 _
H,0 —» 2H +502 (g)+2e

Thus during the electrolysis of CuSQy, solution, the current is carried by copper ions and sulphate ions, but the
ions which travel in the electrode reactions are Cu*" and OH™ . Liberation of H* makes the solution around
anode more acidic.

The EDS results are shown in Figure 1 indicating presence of some amount of the oxygen phase in the copper
powder prepared.

3.1. Particle Size Analysis

Particle size analysis results and specific surface area of various samples of copper powder prepared under dif-
ferent bath conditions have been summarised in Table 2. At low cathode current density of 400 A/m? particle
size was 8.8 um (surface weighted mean), with a specific surface area of 0.7 m%g could be prepared. Particle
size distribution in this sample is shown in Figure 2, which is very broad.
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Figure 1. EDS spectrum of the copper powder prepared using
high current density.
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Figure 2. Particle size distribution in copper powder prepared at

low current density.
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Addition of 1 wt% boric acid to the electrolyte gave better mass deposition of copper on electrode due to the
increased current efficiency of the electrolytic cell. When boric acid reacts with the copper sulphate solution it
produces the H* ions

B(OH), +H,0 — B(OH), +H"

In this reaction boric acid interacts with water molecules to form the tetrahydroxyborate ion and hydrogen
ions. Boric acid was found to prevent the rate of electro reduction of copper on stainless steel by an order of
magnitude [7]. Therefore, the particle size obtained in this case was significantly smaller (5.2 um) than the par-
ticle size obtained at low current density, and consequently a marginal increase in specific surface area. Particle
size distribution in this sample is shown in Figure 3, which is narrower as compared to earlier one (Figure 2).

The other additive was glycerine which is a non-electrolyte. When glycerine was added in the electrolyte it
created the obstacles in direct deposition of copper particle, due to which the copper particles deposited in this
case were finer in size. As shown in above results, the particle size obtained by glycerine addition was 8.3 pm
but with no change in specific surface area indicating non suitability of such additives to the bath for lowering
the particle size in the deposits. Particle size distribution in this sample is shown in Figure 4.

Table 2. Size and specific surface area of the copper powder particles obtained from different bath conditions.

» A Q@) dy oy Buesueidiet VELEE oo oo oo
S. No Bath condition (o) ) (o) surface area mean weighted mean R R
(m’/g) (pum) (pum)
1 Low current density 34 13.2 418.2 0.7 8.8 97.8 -
2 Boric acid 2.6 6.6 15.5 1.1 52 8.0 -
3 Glycerine 32 132 101.6 0.7 8.3 47.8 -
4 High current density 140 nm 230 nm 1.6 232 258 nm 611 nm 73.1
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Figure 3. Particle size distribution in copper powder prepared
after addition of boric acid to the bath.
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Figure 4. Particle size distribution in copper powder prepared
after addition of glycerine to the bath.
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From the results shown in Table 2, it can be seen that near nano copper powder can be prepared by applying
high current density to the bath. The metal powder deposits can be obtained at current densities higher than lim-
iting diffusion value. The increasing over potential leads to increased nucleation rate, as well as the number of
sites suitable for instantaneous dendrite growth initiation. The number of nucleation sites on the initial surface is
obviously limited, while the nucleation on the growing grains can take place continuously. Assuming that pow-
der particles and powder sub particles are the product of further dendrite growth on nuclei formed on the initial
surface and the particles themselves, respectively, it is easy to explain the well-known fact that powder particle
size decreases with increasing current density. In this sample particle sizes was found to be 258 nm, with a nar-
row particle size distribution (Figure 5). The volume percentage of the particle size less than Ipum is 73.1
(Table 2). The specific surface area of this sample was 23.2 m%/g, which is the maximum among all these cases.
This is as per known fact that as the particle size decreases the total surface area increases for the same mass of
the powder.

3.2. Morphology

Morphology of these copper powder particles have been shown in Figures 6-9.

The powder particles produced using low and high current density appears to be irregular shape (Figure 6 and
Figure 7). With increased current density, morphology of copper powder deposits was seen to change from
compact to massive dendrites (Figure 10). The massive dendrites broke and converted into small irregular shape
particles during the deagglomeration. Addition of boric acid to the bath converted the particle shape into sphe-
roid shape (Figure 8), while the addition of glycerine to the bath gave equant shape particles (Figure 9).
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Figure 5. Particle size distribution in copper powder prepared at
high current density.
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Figure 6. SEM of copper powder prepared at low current density.
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Figure 7. SEM of copper powder prepared at high density.
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Figure 8. SEM of copper powder prepared by addition of bo-
ric acid.
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Figure 9. SEM of copper powder prepared by addition of glyc-
erine.
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Figure 10. Deposition of copper powder on cathode showing
massive dendrites.

4. Conclusions

The near nano copper powder was prepared by electrolytic method. These particles were generated when high cur-
rent density was applied through the bath.

The particle size in copper powder produced was found to be 258 nm, with a narrow particle size distribution.
The specific surface area of these particles was 23.2 m*/g and the shape was irregular.
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