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ABSTRACT
Organic materials such as cellulose and thiourea are widely found in nature; in this regards, an attempt is made to
use biomaterials for synthesis of nanomaterials. Thus, an attempt has been made in the present research to
examine effects of these two materials in synthesis of nano copper materials produced via pulse electrolysis
method. The obtained results indicate that in most cases copper powder is produced by complex of copper and
additive, that the obtained copper is pure in both additives of cellulose and thiourea, but the obtained dimensions
of copper are at nano range in additive thiourea. In both additives, change can be seen in morphology of copper
grains in both additives with changes in concentration; in both additives, change is created in grain size by
changes in concentration.
Key words- thiourea, cellulose, copper nano, pulse electrolysis

INTRODUCTION
A huge attention has been paid to combination
of nanopowders and ultrafine copper powder
due to understanding their physical and
chemical properties [1,2]. Nano and ultrafine
powders can be combined via numerous
methods such as new methods such as vapor
deposition,
plasma
method,
mechanical
chemical methods, electrical explosion, microemulsions (3.4) and conventional methods such
as chemical reduction, electrolytic deposition
and liquid metal atomization[1, 2]. Among
these, electrolytic method is an ideal method
because of its simple process flow, low energy
consumption, high output, easy control, low
environmental pollution and the ability to work
in a closed circuit[3, 5]. Electrolytic deposition
has two stages, germination and growth; for

uniform cathodes, growth is strengthened in
germination. So, the key to change the average
copper powder particle size is relative rates of
germination and crystal growth [5]. Increase in
germination and growth of pulse current
advantages has been found compared to direct
electrolysis current. Electrolytic powder is
produced from copper cathode of high purity
and powder has purity above 99% [6, 7]. Due to
excellent electrical and thermal conductivity,
copper powders are widely used in most
applications such as fuel cells, batteries and
chemical sensors [2-4, 7, 8]. Many researchers
have
examined
copper
powders
electroplating from acid sulfate solvents by
retrofitting or galvanostatic methods [1-14].
They have examined morphology of copper
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deposits obtained in potential of additive
belonged to maximum emission of current
density limiter and larger increasing potential.
With regard to their results, morphology,
average particle size, chemical composition and
other properties of copper powders depend on
the parameters such as additive potential,
amount of evolved hydrogen, the current density
[Cu2
+],
[H2SO4],
organic
additive
concentration, temperature, type of anode
(solvent and non-solvent) and range of dragging
brush[3,6]. In electroplating, we know that
adding small amounts of materials in
electroplating bath results in considerable
changes in properties and causes powder
deposition [13]. Thus, technical Key for
electrolytic preparation of copper powder is
average particle size. Additives change cathode
polarization and improve copper crystal
composition [5, 15].
Research method
In this research, rectifier model SL20RPC-IPC
was used for powder deposition. Ton and toff
times have been 0.1 and 0.9 ms. Average flow
used to synthesize has been 0.2 (A / cm2).
Electrolyte solution consisted of a mixture of
copper sulfate (2 g/L Cu2 +,), sulfuric acid (140
g/L) with organic and water additives. To
prevent powder agglomerates, magnetic stirrer
and ultrasonic devices were used, which the

solution was stirred for 20 minutes and placed in
ultrasonic devices at PH 9.5 for 40 minutes.
Each test was performed twice, each time for 10
minutes, and the average grain size was reported
and the process temperature has been reported
about 50 degrees. Table 1 displays different tests
conditions.
Table1. Conditions of tests made at different
concentrations of organic additives
Type of
Concentration
Sample code
additive
(grams per liter)
C1
Cellulose
1
C2
Cellulose
2
C3
Cellulose
3
C4
Cellulose
4
T1
Thiourea
0.01
T2
Thiourea
0.05
T3
Thiourea
0.1
T4
Thiourea
0.2

Without additive
Figure 1 shows morphology and particle size of
sample without additive; the powder was in the
red. As shown in figure, fraction particle size is
in micron and the particles have not still reached
to nanoscale and the particles size is about 1.96
micron and their morphology is in dendritic. In
this research, an attempt is made to examine
reduced grain size with additives; on the other
hand, reduced particles size with additives has a
mechanism which tries to reduce particles size.

fig 1. Scanning electron microscope image for sample without additives
Effect of cellulose ((C6H10O5)n)
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in adding cellulose at low concentrations(1 gram per liter), the copper powder is of pure copper, but
regarding figure 2, the copper particles size is about 1.8 micron, indicating that the particles have not
entered into the nano range by this additive. Yet, the particle size decreases by increasing the additive
concentration. This reduced particle size raises several major problems, the first is that the particles size
reduces, but particles size is still at micron scale and second is that impurity enters into the sample.
Figure 3 displays X-ray diffraction testing for sample containing 4 grams per liter of cellulose; as
shown in figure, in addition to the presence of copper, peak of copper oxide has been obtained,
indicating impurity of sample. Thus, it can conclude that the cellulose additive is not suitable to produce
copper powder.

Fig 2. Scanning electron microscope image for cellulose additives at a concentration of 2 grams per liter

Fig 3. X-ray diffraction test for cellulose additives at a concentration of 2 grams per liter

The effect of thiourea (CH4N2S)
In this section, the amount of thiourea additive is examined. thiourea concentration affects particle size
and morphology which is mentioned in future also. Figure 4 displays the copper powder at
concentration of 0.1 gram per liter thiourea; as shown in figure, particles size is under 100 nm under
these conditions and morphology of particles at this state is in spherical shape. At high concentrations
of thiourea, copper sulfide increases; as shown in figure 4(B), nitrogen and carbon are not detected in
thiourea. Copper sulfide is produced in layers on pure copper layer. In this method, thiourea produces
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complex with both types of copper ions and whereby copper sulfide and oxide are produces in addition
to pure copper, and the mechanism of this method is as follow.

Tailored to different concentrations of thiourea and FDS, different complexes of copper are produced.

Equations 5-7 display different complexes of thiourea, FDS and different copper ions. In equations
below, copper deposition and reduction in all complexes can be seen.

Equation 9 indicates two thioureas transform to FDS, two hydrogen ions and two electrons.
Existing FDS has composed of carbon, oxygen and sulfur. In EDS test, carbon is not specified, but
sulfur and oxygen appear. Thus, as shown in EDS test, the sample contains sulfur and oxygen in
addition to copper.

A

B

Fig 4. The sample containing thiourea; A) Scanning Electron Microscope B) EDS
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Effect of concentration of additive on size and morphology
Effect of cellulose
In this section, effect of concentration of the additive is not examined. In this section, particle
morphology and size and effect of concentration of additives on it will be examined. Figure 5(A,B,C)
displays the powder produced with cellulose additive at three different concentrations; as shown in
figure, the particle size decreases by increasing the cellulose concentration; as mentioned earlier,
particle size decreases by increasing concentration of cellulose additive, but the oxide impurity in
powder raises; at low concentrations, the particle size is larger than nanoscale. figures below display
that changes in concentration affect particles morphology in addition to particles size; as shown in
figure 5(A), particles are in circular discs, while the particles are spherical in figure 5(B) which
associates to concentration of 2 gram per liter; at higher concentration, the particles are in dendritic
forms. Table below displays better comparison.
A

B
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C

Fig 5. Scanning electron image for sample with cellulose additive A) concentration of 1 gram per liter, B) 2 gram
per liter, C) 4 gram per liter
Table 2. Comparison of concentration of cellulose additive on particle size and morphology
Name of sample
additive
Amount(gram per liter)
Particle size(micron)
C1
cellulose
1
1.85
C2
cellulose
2
1.76
C3
cellulose
3
0.77
C4
cellulose
4
-

morphology
Disc
Spherical
Dendritic

-

Effect of thiourea
As mentioned earlier, thiourea refers to one of the most important additives which is produced by the
powder grains produced at nanoscale. as figure 6(A,B,C0) displays, the particle size increases by
increasing concentration of thiourea, and this is probably due to increase in speed of reaching copper to
cathode which causes particle growth. on the other hand, with regard to figures, it can see that
morphology changes by increasing concentration; at low concentrations, morphology of copper
particles has been spherical; at high concentrations, this morphology is in dendritic or disc shape. Figure
6 displays a better comparison of concentration changes.
A
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B

C

Figure 6. Scanning electron microscope image for the sample with thiourea additive, A) concentration of 0.05
gram per liter, B) concentration of 0.1 gram per liter, C) 0.3 gram per liter
Table 3. Comparison of concentration of cellulose additive on particle size and morphology
Name of sample
additive
Amount(gram per liter)
Particle size(micron)
morphology
T1
thiourea
Under 0.1
Spherical
0.01
T2
thiourea
Under 0.1
Spherical
0.05
T3
thiourea
Dendritic
0.1
0.12
T4
thiourea
Disc
0.2
0.2

CONCLUSION
1-in most cases, copper powder is produced by
producing additive and copper complex.
2-in cellulose and thiourea additives, the
obtained copper is pure.
3-in thiourea additive, the obtained copper
dimensions are at nanoscale.
4-in both additives, change in morphology of
copper particles is seen by changes in
concentration.
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5-in both additives, change is made in particle
size by changes in concentration.
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