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Abstract

This paper studies the preparation of Copper powder from copper sulphate aqueous solution
(CuS04.5H,0), sulfuric acid (H2SO4) and copper chloride (CuCl,.2H.0) by using the process of
electrodeposition. Process of Powder deposition has been investigated for copper powder; it is a fine
layer on cathode electrode by using the value of different from time of deposition (15, 30, 45, and 60)
min. it is noticed the weight of the powder rises with the rise of time of depostion.

Diffractions of X-ray (XRD) revealed high crystallinity and pure copper powder not contain
impurity or oxides. Optical microscopes have revealed the particles of copper have dendritic shapes.
The size of Particles analyzer measured the size of a particle which is about (4.645) um.

Key word: Electrodepositon, Time of depostion, Current efficiency, Copper sulfate, Copper chloride,
XRD, Particle shape, Particle size.

1. Introduction

Recently, powder metallurgy has rapidly grown, both in the variety of metal powder and in the
quantity produced .Almost all materials can be obtained as a powder, but the method selected for
production of powder depends on the specific material properties. [1]

Electodepoistion of copper is an economical processing method that allows obtaining copper of
high purity in an environmentally friendly way.

The shape and size of deposited particles strongly depend on the operation of parameters of the
electrodeposition process such as temperature, agitation, electrical potential, electrolyte, PH, copper
concentration, nature of the substrate, additive, electrolysis time and particularly current density. [2]

Copper powder is widely used in electronics and powder metallurgy, and it can be produced by
a number of methods. There are four main commercially available methods: Electrochemical, reduction
of copper oxide, chemical precipitation and atomization. [3]

Nanotechnology is the most promising technology that deals with manipulation of matter on an
atomic and molecular scale .Copper nanoparticles much attention due to its high electrical conductivity
,high melting point ,low electro chemical migration behavior ,excellent solderability and low material
cost .The electropeosition of copper powders from electrolytic solution of copper sulphate is the mostly
recommended because is most effective ,environment friendly and also economical .The advantages of
electrocamical method includes simple in operation ,high flexibility ,less contamination,easy
availabililty of equipments and no need of vacuum systems to produce pure product.[4]

The influence of organic additives on the kinetic of electrodeposition of copper ions on the
surface of the polycrystalline copper electrode from the mixed aqueous-organic solutions, The
possibility of obtaining ultrafine powders of copper by electrolysis in a water —isopropanol solution of
cupric nitrate in the presence of additives, the organic surfactant can reduce the particle size. [5]

Several methods are used to prepare the copper, thermal reduction, mechanical
attrition,chemical reduction metal vapour synthesis ,radiation methods. Eelectrolytic deposiotion is one
of the most suitable, simple and low cost methods which are used for a wide range of materials ,efforts
were put to produce copper nano powder using electrolytic technique .1t could be possible to obtain
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near nano copper powder of 258nm size using high cathode current density of 1100A/m2 in sulphate
bath .The specific surface area and shape of the particles were found to be 23.2m2/g and irregular.. [6]

Copper ion concentration, temperature and current density was effected on the morphology and
apparent density of copper powders obtained at high current density .The apparent density values of the
copper powder changed with respect to their morphologies .The smaller the cauliflower —like structure
of the powder particles, the lower was the apparent density of the copper powder, therefore, the
apparent densities of copper powders can be controlled by changing the electrolysis parameters. . [3]

Technological properties of powder depend on their granulomerty and particle morphology.
Different methods intended for clear definition of copper powders granulomertic and morphological
properties. Changes of selected structure parameters and copper powder particle morphology
galvanostatically deposited as a function on current density .The morphology was changed from
massive to ramified 3D dendrities.[1]

This research aims to produce copper powder from ores (copper sulfates ,copper chlorides and
sulphuric acids) and study the effect of deposition time ,current efficiencies on the important properties
(particle shape, purity and particle size of the producing powder), because the importance of copper
powder in the field of industry.

2. Experiment part
2.1-Electrolytic cell

The electrolytic cell using in this research was consist of heat resistance baker glass also two
copper electrodes were used as anode and cathode in the cell which have a dimension equal (4cm)
length, (4cm) width and (1cm) thickness, where purity of electrodes is 99%. Electrolytic cell provided
with crossbar of wood to put electrodes, where hole electrodes. Copper wires used to hang it and
immersed with in solution to ensure moving location of each electrode inside the cell. Fig. (1) Shows
electrolytic cell used in the electrodeposition.

Fig. (1) Electrolytic cell used in the electrodepostion

2.2-Aqueous Solution

The electrolyte solution was initialized by dissolving copper sulfate (CuSO4.5H20) with
distilled water, sulfuric acid (H2SO4) and copper chloride (CuCl2.2H20) by depending on the
operating conditions.

2.3-Electrodeposition process

Electrodeposition process started with installs the distance between the electrode and hang of
the electrodes in the specified place. Electric circuit connected with power supply to pass the electrical
current at temperature (30°C). As well as move of the solution during the electrodeposition, process to
dispose of the bubbles of hydrogen gas that formed on the electrode surface and this is done using a
magnetic stirrer. The chemical reactions are:
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CuSOs — Cu2+S042 ....(1)

CuCl, — Cu2+2CI"  ....(2)
H.SOs — 2H* +S0s2  ....(3)
Cu*2+2e— Cu e (@

After completing the experiment time, collects the powder deposited on the cathode by using a
brush and glass baker.

2.4-Washing and drying powder

At the beginning washing powder, was collected by distilled water and then treated with a
solution of sodium bicarbonate (0.05%) and sodium tartarate (6g/L). To protect the powder against
subsequent oxidation after completion of the process of washing, powder filtered and dry inside the
oven at temperature (80°C) then weighted powder. [7]

2.5- Effect of deposition time

The effect of deposition time an on electrodeposition process to produce copper powder by
taking different times and then note deposition process under those conditions the table (2-1) show
operating conditions for deposition time

Table (2-1) operating conditions for deposition time

CuS04.5H>0 | H2SO4 | CuCl2.2H20 | Current | distance | Deposition time

200 g/L 50g/L | 100mg/L | 25A | 2cm | (15,30,45,60)min.

2.6 Current efficiency

Electrolysis laws put by faraday to show the relationship between amount of electric charge pass
through solution and amount of deposition on metal surface. The current efficiency was calculated
from equation: - [8]

Current efficiency (%) = W/ W™ * 100... (5)
W =I1tM/nF
W: the weight of the metal deposition in experiment
W the weight of the metal deposition in theory
M: Atomic weight of copper (63.54) g/mole
I: Current in ampere
t: time in second
F: Faraday constant (96484.coulombs per mole).
2.7 Characterizations:

The produced Copper powder form electrodeposition process with different deposition time
was studied its morphology and the shape by optical microscope (Italy — Biolab — 1007). The powder
was characterized by the diffraction of X-ray (XRD), type (Shimadzo, XRD6000, diffractometer,
Japan). X-rays are generated using Copper (Cu-Ka) radiation at 30 kV, 40 mA and wavelength (A =
1.5406 A), radiations for generating pattern of diffractions from a powder sample at room temperatures
in a 20 ranges of 20° to 80°.To determine particle size of copper powder has tested by particle size
analyzer (Type Better 20000. [All tests were done in Materials Engineering College laboratories -
Babylon University].
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3-Result and Discussion

3.1. Electrodeposition Process:

In electrodeposition process used of acidic solution (PH=1.4), component of copper sulfate
(CuS04.5H20), Sulfuric acid (H2S04) and copper chlorideCuCl2.2H20), where deposition of copper
powder practically by electrolysis. Fig. (2) Show copper powder deposited on the surface of cathode
electrode. The deposited copper powder form a fine layer fine powder on the surface of cathode
electrode. Because high current efficiency of the produced copper powder, as shown in (Fig.3)

Fig. (2) Show deposited copper powder on surface of the cathode electrode

Fig. (3) Deposited copper powder after electrodepostion process
3-2. Effect time of deposition:

The time of electrodeposition is one of the important factors in the preparation of metal powders
by the electrochemical process. To show effect of the powder deposition time in the electrodeposition
process for copper powder, where procedure tests depending on the different values of time (15, 30, 45,
60) min. In electrolyte cell containing acidic solution from copper sulfate, sulfuric acid and copper
chloride at constant temperature and distance between electrodes (2cm). The results show which
obtained from electrodeposition process of copper powder in electrolyte cell. The effect of time of
effecting factor on weight of powder, where the weight of powder deposited during electrodeposition
process increase with increase deposition time because increased current efficiency.

Fig. (4) Shows the effect of time deposition on weight of powder deposited practically, were
reach current efficiency (73.6%) at time (60 min) while reach to value of (67.1%) at time (45 min) and
decrease to the value of (65%) at time (30 min) also decrease to the value (57.9%) at time (15 min).
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Fig. (4) Show the relationship between time of deposition and weight of powder
deposited practically

Any increase of time deposition means increased deposited substance mass of copper powder.
This is due an increase in the current rate of passing in the cell, lead to increase speed of the spread of
metallic ions and movement towards the cathode and deposite of copper powder on surface of cathode
electrode

3.3. Particle shape:

Optical microscope was used to determine shape of copper powder particles Fig. (5) show shape
of particles of copper powder as show dendritic shape of copper powder in different of values time of
depostion. Dendritic shape of copper powder identical to the results of the standard for copper powder
shape in the electrodeposition process.Copper powder formed a dendritic shape because of the
nucleation on the grains can occurred continuously. Those grains of copper powder and subparticles
grain can be produced dendritic growth on nuclei composed on "the initial surface™ and the grains
themselves. [9]

a-Particle shape at 15min. b-Particle shape at 30min.
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c-Particle shape at 45min.

d-Particle shape at 60min.

Fig.(5)show dendritic shape of copper powder at different values of deposition time

3.4. X-Ray Diffraction

XRD can be used to describe the particles crystallinity. XRD patterns of copper powder
prepared from aqueous solutions of copper sulphide, copper chloride and sulfuric acid as shown in
Fig.(6) comparing with the standard JCDPS card. Observed diffraction peaks matches well with JCPDS
cardsNo. 04-0836., are characterized and shown excellent crystal face centered cubic (FCC)
structuresof copper and no oxides or impurities could be found. [10]
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Fig. (6): X-ray diffraction of pure copper powder that produced in electrodeposition.
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3.5. Particle size:

The production of copper powder by electrodeposition process, calculated particle size of
copper powder at time of deposition as shown average particle size and distribution of copper particles
equal to(4.645 um).

these results because of the electro-crystallization of copper powder has two stages: "nucleation”
and "growth". The production of powder where each nucleus was powder particles, therefore, the key
for change of the relative rate of nucleating and crystal growth. was led to more disperse structure of
the powder particles. [9]
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Fig. (7) Particle size distribution of pure copper powder that produced in
electrodeposition.

4-Conclusions
1- The production copper powder have highly efficiency.
2- The deposition of copper powder on the cathode electrode have a fine layer shape.

3- The increase in time of depostion of copper powder deposition leads to increase in weight of
deposited copper powder.

4- Dendritic shape was formed of copper particles.

5-X-Ray diffraction had shown high crystallinity and high purity copper powder without impurities or
oxide.

6- The particle size of copper powder about (4.645 um. )
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