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Development of Copper Nanoparticle Fabrication Technique 
Using Electrochemical Reduction

Tomohiro Ishii *, Hideo Nishikubo*, Hidemichi Fujiwara*

Recently, the R & D on the sintered materials are very active to realize the sol-
dering of electronic components and the forming of fine wiring circuits at a low 

temperature using metal nanoparticles as a raw material. Especially, the prospects for copper 
nanoparticles, which have advantage in a material cost in comparison with that of gold or silver, 
is increasing. So the mass production technique of the copper nanoparticles is required at a low 
cost and at a low environmental impact. In this research, the fabrication process adopting the 
electrochemical reduction is investigated as a method to synthesize the copper nanoparticles. 
As a result, it is confirmed that the copper nanoparticles of smaller than 100 nm in the primary 
particle diameter can be fabricated by the electrochemical reduction method and that the cop-
per nanoparticles fabricated in it can be sintered at a low temperature around 200℃.

ABSTRACT

1. INTRODUCTION

It is already known that the metal shows some character-
istics different from those of bulk materials and those of 
fine particles of the size in nanometer. These changes of 
characteristics are caused by the remarkably increased 
ratio of atoms which are exposed to the surface of the 
particles and have a large surface energy in comparison 
with that of bulk materials. They show various features 
such as the improved catalytic activity and the lower 
melting point. Especially, the characteristics of lowering 
the melting point have been investigated for a long time. 
The equation of Pawlow, which is a classic model to 
show the relation of the particle size and the melting 
point, is shown as follows: 

T = T0    1 -           - (1)

T : The melting point of the nanoparticle, T0: The melting 
point of the bulk, L : the Latent heat, d : the Diameter of 
particle, ρs: the Density in the solid phase, ρl: the Density 
in the liquid phase, σs: the Surface tension of the solid 
phase, σl: the Surface tension of the liquid phase

The relation of the melting point of copper against the 
diameter of the particle based on Equation (1) is shown in 
Figure 1. It is expected that the melting point may 
decrease suddenly where the diameter of particle is 
around 10 nm. Recently, the R & D on the sintered materi-

als is very active to realize the soldering of electronic 
components and the forming of the fine wiring circuits at 
a low temperature with the use of such a feature of the 
metal nanoparticles where the melting point decreases. 
From the view point of metal types, the research of silver 
is ahead of the others but it presents a problem because 
of the high cost of raw material and of the ion migration 
phenomenon in silver. Therefore, the expectation from the 
nanoparticles of copper which is low in cost and resistant 
to the migration is increasing as a metal to replace gold 
and silver.

As for the fabrication methods of metal particles, they 
are roughly classified into three types, the solid-phase 
method in which bulk materials are broken into particles, 
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Figure 1 Melting point of copper particles against the particle 
size.
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the liquid-phase method in which particles are formed in 
a solution and the gas-phase method in which particles 
are formed from a metallic vapor. The solid-phase meth-
od is a simple process but there are some problems in its 
productivity in case of breaking the material from its bulk 
size. The range of distribution of its particle diameter is so 
broad that in general it is difficult to fabricate fine parti-
cles in the order size of nanometer. In the gas-phase 
method, particles in the order size of nanometer with little 
impurities are easily formed. But, it has also the weak 
point that its production equipment is large in size in 
addition to the tendency of its widening range of distribu-
tion of its particle diameters. The liquid-phase method is 
a process to fabricate particles by some chemical treat-
ment in a solution. The liquid-phase reduction method is 
the most popular process in which a strong reducing 
agent is put in a solution of the target metal ion to deposit 
this metal particle by reduction. However, ordinarily in the 
batch processing is required in the liquid-phase reduction 
method, there are major problems that the quantity of the 
waste liquid and complexity of the process increases with 
the building up of the capacity of production because the 
reuse of raw materials applied in the fabrication is diffi-
cult. That is the reason behind developing the research of 
a fabrication technique of the metal nanoparticles by the 
electrochemical reduction which may realize the continu-
ous synthesis under the use of the features of the wet 
process2). A schematic illustration of the electrochemical 
reduction process is shown in Figure 2. In this method 
such a procedure is applied that electrodes are set in a 
solution of a target metal ion to deposit the metal 
nanoparticles by the electrochemical reduction on the 
surface of a cathode by applying potential between the 
electrodes. In the electrochemical reduction method, the 
quantity of wasted liquid can be drastically reduced in 
comparison with that in the liquid phase reduction meth-
od because the raw materials can be reused similar to the 

present electroplating process. And the productivity is 
expected to improve drastically as well, because the 
scale of production can be easily expanded. If the fabri-
cation technique of copper nanoparticles using the elec-
trochemical reduction is established, it is expected to 
supply the metal nanoparticles at a very low cost in com-
parison with a copper nanoparticle by a conventional pro-
cess.

Considering the above mentioned background, in this 
paper, we are going to report mainly the results of the 
analysis of the basic behavior of the copper nanoparticles 
in the electrolytic deposition in various kinds of electrolyt-
ic bathes. Further, the characteristics of the low tempera-
ture sintering of the copper nanoparticles formed in the 
electrochemical reduction are checked as well. 

Metal Nanoparticles

Electrolytic 
solution

Anode Cathode

Figure 2 Schematic illustration of electrochemical fabrication 
method for metal nanoparticles.

＋－

SUS304 or PtSUS304

Electrochemical measurement
(3 electrode system)

Particle electrolytic synthesis
(2 electrode system)

Collection of products Cleaning Analysis

Figure 3 Schematic illustration of the experimental process.
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 2. THE METHOD OF EXPERIMENT AND 
ANALYSIS

2.1 The Process of Experiment
A schematic illustration of the process of experiment is 
shown in Figure 3. Plates made of SUS304 after degreas-
ing and acid cleaning are installed in an electrolytic bath 
as the electrodes. And applying potential between the 
electrodes in the initially made-up electrolyte, the copper 
deposition reaction by the electrochemical reduction is 
investigated. Further, the most important parameters in 
the electrochemical reduction reaction are the type of 
electrolytic bath which affects largely the ionic state of 
the copper and the supporting electrolyte which is neces-
sary to control the solution resistance and the pH value. 
Therefore, as shown in Table 1, the copper sulfate bath, 
the copper pyrophosphate bath and the copper cyanide 
bath, which are types of bathes used in a general electro-
lytic copper plating and in addition the copper acetate 
bath are applied. In each of these kinds of bathes, the 
Linear Sweep Voltammetry (LSV) is carried out  with a 
three-electrode system using a reference electrode and a 
suitable condition of current density for synthesizing the 
particles is estimated based on the form of copper depo-
sition accompanied by the cathodic polarization. Based 
on the obtained suitable condition, the copper particles 
are formed on the electrode with the application of poten-
tial between the two electrodes. After finishing the elec-
trolysis, products formed on the electrode are separated 
and collected and these products are washed with alco-
holic organic solvent. Then, the particles are dried under 
the reduced-pressure atmosphere.

2.2 Method of Evaluation
A Scanning Electron Microscope (SEM) equipped with an 
Energy Dispersive X-ray analyzer (EDX) is used for the 
observation of form of products and the analysis of ele-
ments. Samples for the SEM observation are prepared by 
trapping the products in a filter with holes of 20 to 200 
nm in diameter. And the Raman spectrum of the products 
on the electrode is measured in situ in the solution. A 
working electrode with the uneven nanometer-size struc-

ture which shows the effect of Surface-Enhanced Raman 
Scattering (SERS) is used to increase the detection sensi-
tivity. Some electrolytic solution is added after a counter 
electrode and a reference electrode are installed in addi-
tion to this working electrode in an electrochemical cell. 
And the measurement is carried out by a Raman micros-
copy (Tokyo Instruments, nano-finder 30) under a con-
stant potential of the working electrode. 

As for the evaluation of low temperature characteristics 
of sintering, the copper nanoparticle ink made of the cop-
per nanoparticles dispersed in an organic solvent is used 
for investigation. After applying the copper nanoparticle 
ink on a glass substrate, it is heated up in nitrogen atmo-
sphere to make a sintered film. The measurement of elec-
tric resistance and the analysis of crystal structure with 
the X-Ray Diffraction (XRD) are carried out.

3. RESULTS

3.1 Behavior in the Electrochemical Deposition of 
Copper Nanoparticles

3.1.1 Investigation into the Condition for Particle 
Deposition by the Cathodic Polarization

The LSV of the copper sulfate bath, the copper pyrophos-
phate bath and the copper acetate bath with a silver-sil-
ver chloride reference electrode are carried out to esti-
mate the condition of current density suitable for the 
forming of particles. The measurement is carried out at 
the set scan rate of 5 mV/second with a working elec-
trode of 16 mm × 16 mm in area in an electrolytic bath 
without stirring. The cathodic polarization curves 
obtained by the LSV are shown in Figure 4. The reduction 
current increases clearly at -50 mV (vs. Ag/AgCl) in the 
copper sulfate bath, at -950 mV (vs. Ag/AgCl) in the cop-
per pyrophosphate bath and at -200 mV (vs. Ag/AgCl) in 
the copper acetate bath approximately. And then, the 
current density does not increase through the plateau 
region and it is drastically increasing after reaching -1.5 V 
(vs. Ag/AgCl). At this moment, the deposition in powder 
form becomes obvious and bubbles of hydrogen are 
heavily generated in accordance with the following equa-
tion.

H2O + 2e- → H2 + 2OH- (2)

In the plateau region in which the current density is 
constant, it is explained that the current density has 
reached the critical current density at which the supply 
rate of copper ions by their diffusion reaches its limit. 
Since a long time ago, it has been explained that the 
electrolytic deposition of powder is caused by some 
obstruction in supplying the reactants and that the critical 
current density is one of its aims3). In the electrolytic bath 
of this experiment, the concentration is adjusted to such 
a level as to cause the diffusion-controlled reaction more 
easily than that in a general plating bath. It is not a rare 
case that the potential for hydrogen production is exceed-

No. Type of bath
Copper  

salt
Concentration

Supporting  
electrolyte

Concentration pH

1
Copper sulfate 

bath
CuSO4・ 

5H2O 
0.1 mol/L Na2SO4 0.005 mol/L 4.1

2
Copper 

pyrophosphate 
bath

Cu2P2O7・ 
3H2O

0.05 mol/L K4P2O7 0.24 mol/L 10

3
Copper 

acetate bath
Cu（CH3COO）2・ 

H2O
0.1 mol/L

CH3COONa・ 
3H2O

0.01 mol/L 5.5

4
Copper 

cyanide bath
CuCN 0.1 mol/L NaCN 0.2 mol/L 10

Table 1 The composition of electrolytic bath for 
electrochemical deposition of copper particles.

2. THE METHOD OF EXPERIMENT AND 
ANALYSIS

3. RESULTS
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ed under the electrolytic condition in which the current 
density reached the critical one although it may depend 
on the concentration of the electrolyte or the condition of 
stirring. Further, it is also a feature that bubbles of hydro-
gen are generated along with the deposition of powder. 
The influence of the generated hydrogen over the powder 
deposition is not yet clearly known. But, it is explained 
based on the present knowledge that the bubbles of 
hydrogen give some supplementary actions such as exfo-
liation and mechanical destruction of deposited products4). 
In the phase where the current density exceeds 100 mA/
cm2, the quantity of powder is as much as to cover the 
electrode as shown in Figure 5, while the generation of 
hydrogen gas becomes more intense. In this investiga-
tion, the current density of 100 mA/cm2 or over is applied 
as the condition of particle forming.

3.1.2 Analysis of Products Obtained by the 
Electrochemical Reduction

The observation of the SEM image and the result of the 
element analysis using the EXD of the products are 
shown in Figure 6, which are obtained by applying a 
power of current density of 100 mA/cm2 or higher using 
the copper sulfate bath, the copper pyrophosphate bath 
and the copper acetate bath in the two-electrode system. 

In a specimen (a) from the copper sulfate bath, there are a 
lot of dendrite crystals of 1 to 20 μm intermingled and 
very few particles are formed. On the other hand, in a 
specimen from either the copper pyrophosphate bath (b) 
or the copper acetate bath (c), there are much less den-
drite crystals intermingled and nanoparticles whose pri-
mary particle diameters are 100 nm or under are formed. 
Especially the nanoparticles formed in the copper acetate 
bath are the smallest and the diameter of the primary par-
ticle is approximately 30 to 40 nm. Based on the result of 
the point analysis by the EDX of the nanoparticles 
obtained from the copper acetate bath, it is confirmed 
that they are mainly composed of copper as well. There is 
such a characteristic in a specimen from the copper pyro-
phosphate bath that there is large-size powder of micron 
size intermingled with nanoparticles whose primary parti-
cle diameters are 40 to 100 nm more than that from the 
copper acetate bath.

3.1.3 Influence of pH value and Complex Formation
Although it is confirmed that nanoparticles can be formed 
by the electrochemical reduction, conclusive factors 
which contribute to the deposition of nanoparticles have 
not been discovered, yet. The quantity of copper included 
in each of the electrolytic bathes of No.1 to No.3 in Table 
1 is same but the shapes obtained in the electrolytic 
deposition are quite different. The pH value of the electro-
lytic bath is the first factor we focused to explain clearly 
the factors that influence the deposition of nanoparticles. 
The pH value of the copper acetate bath in which the 
smallest copper nanoparticles among No.1 to No.3 in 
Table 1 have been deposited is pH 5.5 of a slightly acidic 

（a）copper sulfate bath
（b）copper pyrophosphate bath
（c）copper acetate bath
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Figure 4 Cathodic polarization curves obtained from each of 
the copper salt solutions. (scan rate = 5 mV/s)

 (a) copper sulfate bath
 (b) copper pyrophosphate bath
 (c) copper acetate bath

Before the reaction After the reaction

Cathode Particles Hydrogen gas

Figure 5 Appearance of a cathode before and after the 
electrolytic reaction.

Cu

Cu
Cu

CO

(c) (b) (a) 

1μｍ 100 nm 100 nm

Figure 6 SEM images of particulate substances synthesized 
from (a) copper sulfate bath, (b) copper 
pyrophosphate bath and (c) copper acetate bath.

 (EDX spectrum corresponds to the sample (c). )



 Furukawa Review, No. 47 2016 53

〉〉 Advanced Technology

 Furukawa Review, No. 47 2016 53

The Development of Copper Nanoparticle Fabrication Technique Using the Electrochemical Reduction

solution. The influence of the pH value over the deposi-
tion form is investigated by carrying out the same reduc-
tion process under the control of the pH value by adding 
acetic acid or sodium acetate in the copper acetate bath. 
The result of the investigation is shown in Figure 7. The 
specimen (a) from the bath adjusted at pH 4.7 shows 
there is a lot of micron-size dendrite intermingled as 
same as that from the copper sulfate bath. No dendrite is 
confirmed in the specimen (b) from the bath adjusted at 
pH 6.0 and mainly the nanoparticles formed in it are 
found out. It is explained that it is necessary to keep the 
pH value of the bath not to drop to be acidic in order to 
suppress the dendritic growth. The upper limit of the pH 
value can be estimated only from the results of other 
bathes because copper ions are precipitated as copper 
hydroxides when the pH value is adjusted to a higher 
level in the copper acetate bath. The specimen (c) shows 
the large-size powder of micro size obtained from the 
copper pyrophosphate bath together with the nanoparti-
cles. The specimen from the copper pyrophosphate bath 
shows the existence of a lot of large-size powder inter-
mingled and clearly a lower characteristic in the deposi-
tion of nanoparticles than that of the copper acetate bath. 
The copper cyanide bath (shown in No.4 in Table 1) which 
used as a typical alkaline copper plating bath is also 
investigated to check whether the phenomenon is pecu-
liar to the copper pyrophosphate bath where the charac-
teristic in the deposition of nanoparticles tend to drop 
even though its pH value is much higher than that of the 
copper acetate bath. The cathodic polarization curves 
obtained from the copper cyanide bath in which the con-
centration of copper is adjusted similar to each of the 
electrolytic bathes of No.1 to No.3 are shown in Figure 8. 
Those of the copper cyanide bath are different from any 
of the copper sulfate bath, the copper acetate bath and 
the copper pyrophosphate bath and a very little reduction 
current flows until -1.5 V (vs. Ag/AgCl) and no powder is 
deposited even when the excessive potential of -6.0 V 
(vs. Ag/AgCl) or lower is  applied. Those pictures inserted 
in the graph of the polarization curves show the condi-
tions of the electrodes at the measurement. It is found out 
from them that only copper plating coat is uniformly 
formed and that there is no powdered deposition. The 
investigation is carried out in case the concentration of 
copper is reduced down to 0.01 mol/L and also increased 
up to 0.20 mol/L, however, only copper plating coat is 
formed as well. The result is that the deposition of copper 
nanoparticles in the copper cyanide bath is very difficult 
even though the pH value is approximately the same as 
that of the copper pyrophosphate bath. It is expected 
based on these results that the stability of the copper 
complex has some effects in the deposition of nanoparti-
cles as a factor. It is very clear from the potential-pH 
value diagram (Pourbaix Diagram) of copper-water sys-
tem that fundamentally in an aqueous solution including 
copper ions, copper hydroxides are formed and deposit-
ed under the alkaline environment. But the copper ions 

become soluble even in alkaline solution if a chemical 
agent including such a ligand that is strongly coordinated 
with copper to form complex ions is introduced. The 
complex formation constants of copper and ligands in the 
electrolytic bathes used in this investigation are shown in 
Table 25), 6). The larger the value is, the more stable the 
complexes with the stronger coordinating property are 
formed. The complex formation constant of copper cya-
nide is the largest and that of copper pyrophosphate is 
the second and that of copper acetate is the third. This 
order corresponds to the tendency of deposition of the 
nanoparticles. The reaction process of deposition of the 
copper nanoparticles is not clearly known, but it is 
explained that assuming that several cathodic reactions 
necessary for forming the nanoparticles proceed after the 
complex is decomposed, the forming ability of the 
nanoparticles is reduced in the electrolytic bath of too 
stable complexes because the  overpotential necessary 
for the decomposition of complexes is also high.

pH 4.7

(b) (a) 

pH 6.0

(c) 

pH 10

500 nm 200 nm 500 nm

Figure 7 Influence of pH of a bath on the deposition 
characteristics.
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Figure 8 Cathodic polarization curves obtained from copper 
cyanide bath. (scan rate = 5 mV/s) 
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measurement.
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3.2 Sintering Properties of Copper Nanoparticles
The nanoparticle ink containing 20 mass % Copper 
(shown in Figure 9) is prepared by mixing the copper 
nanoparticles and an organic solvent to evaluate the low-
temperature sintering characteristics of the copper 
nanoparticles synthesized by the electrochemical reduc-
tion. There was a problem that the oxidation reaction of 
the copper nanoparticles easily progressed because no 
coating treatment was provided on the surface of the par-
ticles in the synthesis condition for the copper nanoparti-
cles in this investigation. A too thick layer of oxides may 
be a large factor to prevent the sintering. Therefore, ethyl-
ene glycol is added to the solvent as an agent for remov-
ing oxide films at heating. Ethylene glycol is a typical and 
known polyol as it shows a reduction action in its decom-
position process at high temperature heating. In addition, 
the dispersion stability of the particles is raised by adding 
various organic solvents. A specimen is prepared with 
dropping the copper nanoparticle ink on a glass plate and 
is transferred in a nitrogen atmosphere of oxygen density 
of 1000 ppm or less. After that, the prepared specimen is 
heated to the prescribed temperature and held on that 
temperature for 10 minutes. The appearance and the sur-
face SEM image of a 200℃ sintering film on the copper 
nanoparticles prepared in the above mentioned proce-
dure are shown in Figure 10. From the SEM image, it was 
suggested that the copper particles have formed necking 
together and started fusing. Next, the result of the XRD 
measurement before and after the sintering of the copper 
nanoparticles is shown in Figure 11. The main peaks of 
not only Cu but also Cu2O are intensely detected before 
the sintering, but only the peak of Cu is detected on the 
sintered coat at 200℃ and 300℃. And, the  results of  
the measurement of the electric resistivity of the sintered 
film are shown in Figure 12. The specific resistance is 
68 μΩ・cm at 180℃, 27 μΩ・cm at 200℃ and 
22 μΩ・cm at 300℃. 

Based on the above mentioned results, it is found out 
that even though some degree of oxidation on the sur-
face of copper nanoparticles has already progressed, the 
copper nanoparticles can be reduced and sintered to the 
metal copper sufficiently even at a low temperature of 
200℃ if they are combined with such a solvent, as poly-
ols, which has the reduction effect of oxide.

Copper salt pH Ligand
Complex 
formation 

constant （logβ）

Form of 
deposition

CuSO4・5H2O 4.1 SO42－ 2.36 dendrite

Cu（CH3COO）2・
H2O

5.5 CH3COO－ 3.09 nanoparticle

Cu2P2O7・3H2O 10 P2O72－ 6.2
nanoparticle 

coarse particle

CuCN 10 CN－ 30.3 plating film

Table 2 Complex formation constant of each of various 
copper salts, and relevant information on the 
deposition characteristics.

Ink Copper nanoparticle ink

Ethylene glycol

Dispersion stabilizer

Solid content 20 mass%

Atmosphere N2

Period of 
sintering

10 min

Thickness of film 
after sintering 10～30 μｍ

Solvent

Figure 9 Copper nanoparticle ink (Cu Nano-Ink) manufactured 
by electrochemical reduction.

1 cm

Figure 10 Appearance and SEM image of the sintered copper 
nanoparticle film after heat treatment at 200℃ for 10 
min.

0.E+00

5.E+04

1.E+05

2.E+05

2.E+05

3.E+05

3.E+05

4.E+05

4.E+05

5.E+05

5.E+05

20 30 40 50 60 70 80 90 100

In
te

ns
ity

 (a
.u

.)

2θ（deg.）

○ Cu
▼ Cu2O

○

▼

▼

▼

○

○

○

○

○ ▼

○

○

○

○

○

○

○

○

（c）300℃ 

（b）200℃ 

（a）Unsintered 

Figure 11 XRD pattern of the sintered copper nanoparticle film
 (a) unsintered
 (b) 200℃
 (c) 300℃



 Furukawa Review, No. 47 2016 55

〉〉 Advanced Technology

 Furukawa Review, No. 47 2016 55

The Development of Copper Nanoparticle Fabrication Technique Using the Electrochemical Reduction

4. DISCUSSION

4.1 Analysis of the Deposition Process of the 
Copper Nanoparticles in the Electrochemical 
Reduction Reaction

Although it is already found out that the pH value and the 
stability of the complexes are important factors in the 
synthesis condition, the details of the reaction process 
until the copper nanoparticles are electrochemically 
deposited, is not sufficiently explained yet. In the analysis 
of this type of electrode reaction, where nanosize depos-
its are formed and which might easily drop off from the 
electrode and deteriorate, this type of evaluation method 
is very effective when the reaction site is directly mea-
sured in situ. Therefore, we built an electrochemical cell 
of the three electrode system type and have been devel-
oping the direct measurement of the reactants on the sur-
face of the electrode with a Raman microscopy. This 
electrochemical cell can detect the Raman scattering 
light at a high sensitivity, whose objects are the molecular 
species on the surface of the electrode in a solution as 
this electrochemical cell has nanostructure electrodes 
inside, which increases the Raman effects.

The result is obtained, which indicates the existence of 
several copper compounds as the intermediate products 
around the cathode after analyzing the deposition reac-
tion of the copper nanoparticles from the copper acetate 
bath by the measurement in situ with the Raman micros-
copy. The detected compounds change depending on 
the pH value and the concentration of the electrolytic 
solution and the potential applied on the working elec-
trode at measurement. The existence of CuO, Cu2O, and 
Cu (OH)2 are confirmed so far7). The spectrum is shown in 
Figure 13, which is obtained from the measurement of the 
Raman spectroscopy when keeping the potential of cath-
ode at -0.2 V (vs. Ag/AgCl) in the copper acetate bath. 
Referring to the result of earlier research8), a peak mainly 
originated from Cu2O has been already detected under 
the condition of this potential control. Even when the 
cathode potential is -1.0 V (vs. Ag/AgCl) or lower, the 

result is that the peak of Cu2O is also intermingled. The 
process is explained that such a reaction environment is 
formed at the early stage of the electrolytic reaction in 
which oxides and hydroxides are formed as precursors of 
the copper nanoparticles one after the other. Probably, 
this reaction environment may be  created by the condi-
tion where the pH value around the cathode becomes 
higher than that of a bulk solution along with the genera-
tion of hydrogen shown in Equation (2). A schematic 
description of this reaction path is illustrated in the poten-
tial-pH value diagram (Pourbaix Diagram) of copper-water 
system in Figure 14. Please note the fact that the actual 
potential-pH value diagram is a phase diagram including 
the equilibrium state with anions and ligands generated 
by the solution of copper salt. The alkali reaction field is 
built up by the enrichment of OH ions along with the gen-
eration of hydrogen when the hydrogen generation poten-
tial is reached in the initial stage of the electrolytic reac-
tion. Therefore, the environment which pH value is higher 
than that of the bulk solution is generated around the 
cathode and the electrochemical reaction to form the 
hydroxides and the oxides is progressing, which are 
expected as precursors of the creation of the nanoparti-
cles. However, in case that the pH value in the bulk solu-
tion is too low, no stable phase of hydroxides or oxides 
can be reached and the deposition follows the process 
which is in conformity with a general mechanism of den-
dritic growth9). And, in case that the pH value in the bulk 
solution is too high, the decomposition of complexes 
hardly progresses a situation in which the stability of the 
complexes is inevitably high. It is explained that as a 
result, the efficiency of forming of the precursors shows 
decline and the frequency of deposition of the large-size 
powder becomes higher. Based on the above mentioned 
discussion, the deposition processes of the copper sul-
fate bath, the copper pyrophosphate bath and the copper 
acetate bath used in this investigation are summarized in 
Figure 15.
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acetate bath. (cathodic potential:  -0.2 V vs. Ag/AgCl)
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4.2 Behavior of Sintering of the Copper 
Nanoparticles

When the copper nanoparticles synthesized by the elec-
trochemical reduction method are made to a kind of ink 
with an organic solvent to evaluate their behavior in the 
sintering, it is shown that there are exhibiting the low tem-
perature characteristics of sintering as the necking 
among the particles is confirmed. However, the specific 
resistance of sintered film tends to be higher in compari-
son with 1.7 μΩ・cm of bulk copper. It is found out from 
the SEM image shown in Figure 10 that the sintered film 
still has the high porosity and the porous structure and it 
seems to have no sufficient conducting paths. 
Consequently, it can be expected that the perspective for 
the reduction of the resistance of sintered films are 
acquired by the analysis of the influence of oxides exist-
ing on the surface of the particles and that of the size of 
particles obtained by synthesis against the condition of 
sintering. 

5. CONCLUSIONS

In this paper, fundamental guidelines are shown to 
deposit the copper nanoparticles electrochemically. It is 
possible to obtain the copper nanoparticles of smaller 
than 100 nm in primary particle diameter if the composi-
tion of electrolytic bath and the condition of applying 
potential are controlled. Especially, the pH value of the 
electrolytic bath and the stability of the complexes are 
important as the conditions of fabrication. The result of 
the analysis by the measurement in situ with a Raman 
microscopy indicates the possibility for oxides and 
hydroxides to be formed on the electrode as intermediate 
products. Further, it is also confirmed that the copper 
nanoparticles obtained in the electrochemical reduction 
process can be sintered at a low temperature such as 
200℃.

At present, we are making our best effort in the devel-
opment to establish this method as a fabrication tech-
nique of metal nanoparticles because of its low cost and 
its low environmental impact.
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5. CONCLUSION
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