A Study on Preparation of Copper Powder without
an External Electrical Current Source
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In this study, copper powder has been synthesized via cementation and electroless deposition methods,
which do not require an external source of current. Zinc was used as the reductant metal in cementation
method while ascorbic acid was used as chemical reducing agent in electroless deposition. The copper
powders prepared by these methods were characterized using X-ray diffraction (XRD) and scanning electron
microscopy (SEM). Based on results from these analytical techniques, it was determined that copper powder
was successfully synthesized using both methods. Autocatalytic or electroless method seems more
advantageous from some ways according to cementation method. Copper powder can be prepared using
these two methods that are more economical according to other methods in the literature.
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Copper is one of the most prevalent and valuable metals
used by industry because of its electrical, thermal, optical
and catalytic properties among the various conductive
materials. Copper is mainly used in the electrical and
electronics industries due to its high electrical conductivity
[1]. Because the production of metal pieces using powder
metallurgy technique has gained importance in recent
years, the synthesis of metal powders with different
morphology has attracted considerable attentions of the
researchers depending on this importance [2].

In order to produce the copper powder having the desired
shape and morphology for purpose of use in many scientific
and industrial applications, various synthesis methods,
such as thermal decomposition [1], thermal reduction [3],
polyol method [4], micro emulsion method [5],
solvothermal method [6], microwave heating [7], vacuum
vapor deposition [8], and electrochemical deposition [9,10]
have been performed by researchers. Nanometer-sized
copper powder with uniform and controllable dimensions
has been synthesized using these techniques. But, these
methods required the specific instruments or harsh
synthesis conditions, and they can be expensive for large-
scale production [11].

In addition to these syntheses methods, copper powder
can be also produced via electrochemical techniques,
which do not require an external source of current.
Generally, two deposition methods that do not require a
current source can be applied. The electrons required for
the deposition in these two processes are supplied either
by charge exchange reactions or derived from chemical
reducing agents [12,13]. The first of these processes is
cementation method. Cementation process can be
described as chemical reduction of metal ions by galvanic
interaction between noble metal ions and a more active
metal in an aqueous solution medium without an external
source of electrical current [14-16]. This method has been
used to produce the copper power [17-21]. However,
cementation process has been intensively used to purify
the leach liquor or to separate the impurities from solution
in the hydrometallurgical processing of ores. For example,
the resulting solutions after the leaching of copper and zinc
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ores contain high levels of contaminants depending upon
the structure of the ore and the type of solvent used. In
electrolytic production of copper and zinc, these
contaminants should be removed from the leach liquor
before the electrolysis process because they cause
decreasing in the current efficiency, the rate of metal
production, and the purity of the deposited metal [22-26].
For this aim, cementation process can be effectively used
to remove some impurities in the leach solution. This
process is one of the most effective and economical
techniques used to recover the metallic values from
industrial solutions because of its relative simplicity, ease
of control, and low energy consumption [27-29].

Recovery of copper from various solutions containing
copper (II) ions by metal displacement reactions has been
investigated by researchers. In these studies relating to
copper cementation, iron has been generally used as
sacrificing metal because of its cheapness. However, zinc
and aluminum have been also used as precipitant or
reductant metals [17-22, 30-43]. In most of these studies,
the kinetics of copper cementation has been generally
examined.

The second process applied without an external
electrical current source is known as electroless deposition
process. Electroless metal deposition method can be
described as chemical reduction of metal ions from an
aqueous solution containing a metal salt and chemical
reducing agent without an external source of electrical
current [13, 44]. In this method, the electrons required for
the deposition of metal ions are supplied by a suitable
chemical compound (reducing agent). During the process,
the reducing agent is oxidized. Such processes are usually
referred as autocatalytic or electroless plating process [12,
13]. The deposition of metals by this technique has been
widely used to produce the films of metal, alloy and
composite on conductive or non-conductive substrates
surfaces [13, 44-50].

In order to prepare the metallic copper powder particles
using electroless deposition method, various reducing
agents, like sodium borohydride [51], hydrazine [52],
hypophosphite [53] and ascorbic acid [54] have been
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applied. The copper powder obtained by this method have
been used for various applications, mainly in the electronics
industry and powder metallurgy [19,55,56].

Two methods mentioned above are simple, effective,
reproducible, easily controllable and low cost approaches
that do not require expensive and specialized equipment.
A study comparing these two techniques has not been
found in the literature. Thus, this paper describes an
introductory study made to compare the metal
displacement and electroless deposition methods.

Experimental part

Metal displacement reaction (cementation) between
copper (II) ions and metallic zinc was performed in a 500
mL glass reactor. The stock solutions containing Cu?* ions
were prepared using CuCl,.2H,0. The pH of the reaction
solution was adjusted using diluted HCl and NaOH. The
solution in the glass reactor was mixed using a mechanical
stirrer. During the reaction, the reaction temperature was
kept constant using a constant temperature circulator. The
experimental procedure and full details of cementation
study are noted in previous works [40,43], and briefly noted
here. After placing 250 mL of the solution containing Cu?*
(0.25 mol/L) into the reactor and bringing it to 45°C, 5.1 g of
granular zinc particle (1.3 times of stoichiometrically
required) was added to the reactor, and the reactor content
was stirred at 500 rpm for 60 min. During the experiment,
the pH of the reaction solution was 3. At the end of the
reaction, it was determined complexometrically that all of
the copper in the solution had precipitated. After the metal
precipitate separated by filtration from the solution was
washed by distilled water and ethyl alcohol, it was dried at
50°Cin air.

Electroless deposition experiment was conducted using
ascorbic acid as chemical reducing agent. This experiment
was performed as similar to the cementation experiment.
Metallic copper via this experiment was prepared as
follows: After putting 250 mL of a CuCl,.2H,0 solution (0.25
mol/L) into the glass reactor and f)ringing it to 60°C,
ammonia solution was added dropwise to the solution
containing copper (II) ions to adjust the pH value. The
solution pH was 6 after adding ammonia. Ammonia was
used as a complexing agent. Then, solid ascorbic acid was
added to this solution in small portions. The experiment
was performed for 30 min of reaction time. At the end of
the experiment, the copper precipitate separated from the
solution was washed by distilled water and ethyl alcohol,
it was dried at 50°C in air.

The morphological analyses of the solid products were
carried out using a LEO-EVO 40 XVP model scanning
electron microscope. The mineralogical analyses of the
samples also were carried out using a Rigaku RadB-DMAX
Il model X-ray diffractometer.

Results and discussions

Metal displacement reactions require the transfer of
electrons between the dissolving and the precipitating
metals. Due to the difference between the standard
electrode potential of two metals, metal ions in the solution
are easily reduced to its metallic state on the reductant
metal surface. The reaction between copper ions and zinc
metal occurs according to the reaction in eq. (1):

Cu2+( + Zn . —>Cu, . + Zn*
aq) (s) (s)

M

(aq)

The standard reduction potential of copper and zinc are
0.34 and -0.76 V, respectively. AE" of the cementation
reaction is positive (+1.1V), and the standard free energy
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AG'is to be negative (AG" = -nAE). The negative value of
the standard free energy indicates that this process is
favorable thermodynamically, and thus a spontaneous
heterogeneous reaction takes place through the galvanic
cell. As canbe seen from eq. (1), copper ions in the solution
precipitate in the form of metal while metallic zinc passes
into the solution by dissolving. As a result of this reaction,
copper powder can be produced with high-efficiency.

Copper powder obtained in the reaction conditions in
this study was in the red-brown color, and its purity was
determined to be 94% by complexometric titration method.
In addition, the EDX analysis of the powder was also
carried out. Figure 1 shows the result of EDX analysis of
the produced copper powder. The EDX spectrum in figure
1 indicates the presence of copper and oxygen in the
precipitated product.
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Fig.1.EDX spectrum of copper powder synthesized by cementation
method

The X-ray pattern in figure 2 shows the mineralogical
analysis of the copper powder. The major diffraction peaks
in this figure correspond to copper while the minor peaks
indicate the cuprous oxide (Cu,0) phase. Figure1 and figure
2 show that oxygen exists in the powder product obtained,
and it is in the form of compound with copper. Cuprous
oxide is likely formed during the drying of wet cement
copper. In the literature, it has been expressed that cuprous
oxide can form even at low temperatures like room
temperature [57,58].

The SEM image of copper powder is given in figure 3.
This figure shows that cubic copper (I) oxide is formed on
the surface of copper powder precipitated by cementation
technique.
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Fig.2.XRD pattern of copper powder synthesized by cementation
method
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Fig.3.SEM image of copper powder synthesized by cementation
method

In electroless or autocatalytic deposition, metal ions in
the solution are reduced using the electrons released by
the oxidation of the reducing agent. Ascorbic acid used as
reducing agent in this study produces the electrons by
oxidation reaction represented in the eq. (2).

CHO, 2 CHO, + 2H* + 2e @

When ammonia solution is added to solution containing
copper ions, the copper amine complex occurs according
to the following reaction.

Cu** + 4NH, 2 Cu(NH,) ** )

The electrons formed in the above oxidation reaction
(eq. 2) are utilized to reduce the copper ions in solution
according to the reduction reaction in the eq. (4).

Cu(NH,),** + 2e — Cu + 4NH, 4

Consequently, the total reaction occurred in this process
to obtain copper powder can be written as shown in the
eq. (5).

Cu(NH,)),** + CH,O, 2 Cu+ CH.O, + 4NH, + 2H*
©)

Copper powder obtained by electroless deposition in this
study was in the red color, and its purity was determined to
be 96.5% by complexometric titration method. Figure 4
shows the result of EDX analysis of the copper powder
produced by autocatalytic deposition. The EDX spectrum
in figure 4 indicates the presence of copper and oxygen in
the powder product. The XRD pattern of the copper powder
obtained by reduction of the copper ions using ascorbic
acid is given in figure 5. In this figure, the major diffraction
peaks relate to metallic copper while the minor peaks
indicate the copper (I) oxide (Cu,0) phase as in the
cementation process. The formation of this oxide product
can be due to reason mentioned for cementation process.
That is, cuprous oxide probably is formed during the drying
wet metallic product.

The morphology of the copper powder prepared by
electroless deposition method was examined by scanning
electron microscope. From the SEM photograph shown in
figure 6, it can be seen that the copper powder particles
are non-agglomerated polyhedral structure.

According to the findings obtained from the
experiments, in both methods have been reached similar

380 http://www.revistadechimie.ro

25

157

10—

T T T T T T T
2 4 6 8 10 12 14 16 18 20
kev

Fig.4.EDX spectrum of copper powder synthesized by electroless
deposition method
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Fig.5. XRD pattern of copper powder synthesized by electroless
deposition method
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Fig.6. SEM image of copper powder synthesized by electroless
deposition method

conclusions. However, autocatalytic or electroless
deposition process among two methods seems to be more
advantageous from the standpoint of the formed product
homogeneity. In addition, more pure product by electroless
deposition method can be obtained, and the reaction
happens in a much shorter period of time. In this method,
the product morphology can be controlled easier through
the use of different complexing agents. But, autocatalytic
method can be slightly more expensive according to the
cementation method due to the cost of chemical
substances used in the process.

In the cementation method, the reaction occurs on the
reductant metal surface, and a product layer covers the
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reductant metal surface as the reaction progresses. If the
deposit formed on the reductant metal surface is coherent,
then the reaction rate can excessively decrease since the
diffusion of ions through the deposit layer would be difficult.
In this case, for completion of precipitation can need longer
reaction times. In addition, the pH of reaction medium
should be well controlled to prevent precipitation of
hydroxides during the reaction. The formation of hydroxides
may cause a decreasing the yield and purity of the
precipitated product. In practice, the purity of the copper
product obtained by cementation method is not high, and
usually is around 80-90%. Nevertheless, cementation is a
more economical method.

While the cementation method is generally performed
to purify the leach liquor or to separate the impurities from
solution in the hydrometallurgy, electroless deposition
method is extensively used to form the films of metal, alloy
and composite on conductive or non-conductive substrates
surfaces. Depending on the purpose of their use, there can
be advantages or disadvantages of these methods.

Conclusions

In this introductory study examined synthesis of copper
powder without an external electrical current source, it
was determined that copper ions in the solution were
completely precipitated using metallic zinc and ascorbic
acid as precipitation agents. Copper powder was recovered
with high-efficiency in both methods. It was detected that
copper powder obtained by electroless method was more
pure. It was determined that the powder product obtained
by both methods contained cuprous oxide formed due to
oxidation of metallic copper in air. To produce the copper
powder, both cementation and electroless procedure are
simple, effective, reproducible, easily controllable and low
cost techniques that do not require expensive and
specialized equipment.
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