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Abstract. Influence of different types of surfactants on
electrodeposition of copper- and carbon-bearing (graphite,
carbon nanotubes (CNTs)) composite powder has been
experimentally investigated. The size of powder particles
decreased, and corrosion resistance increased when
surfactants were added. Addition of cationic surfactant
CTAB to the electrolyte with simultaneous ultrasonic
treatment for CNTs dispersion gives maximum effect.
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1. Introduction

Composite copper-graphite powders are widely used
for sintering of various materials for electrical applications.

Chemical [1-2] and electrochemical deposition [3-
4] are the most common methods for such composite
powders manufacturing. Chemical deposition has several
disadvantages, like complex pre-treatment of graphite
powder and unstable composition of electrolyte. The
advantage of electrochemical method is high rate of metal
deposition, stability of the electrolyte and relatively low
costs. In addition, the properties of composite powders
can be controlled at deposition by varying the electrolyte
chemistry, electrical regimes, etc. In other cases, powders
size could be changed at further processing (drying,
grinding, scattering) only.

Nowadays, great prospects in material science of
composites are associated with the use of nanosized fillers
[5], among which the carbon nanotubes (CNTs) are of great
interest, because of unique set of properties: high strength,
elasticity modulus, as well as electrical and thermal
conductivity (5 times higher than copper). Such
characteristics make prospects for development the copper-
graphite composites for electrical applications: high-voltage
bursting and high-current sliding contacts [6-8].
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The uniform distribution of various phases in a
composite material volume has key importance to
guarantee its high and stable properties. On the contrary,
carbon nanotubes tend to gather in balls, where hundred
and thousand pieces of CNT entangle under the action of
the Van der Waals forces. Thus, their separation before
input into a matrix is very important making development
of methods capable to provide CNTs disconnection a
topical issue. The dispersing of CNT aggregates by
ultrasonic waves [9-13] is used most widely. Ultrasonic
treatment of electrolytes with the addition of cationic and
anionic surfactants allows forming stable suspensions of
microparticles at deposition, because all surfactants help
decrease the surface tension and free energy at the
interface between the carbon component and the aqueous
electrolyte solution.

Several papers [14-18] show the results of copper-
CNT composite coatings deposited from electrolytes with
various additives. Thus, Schneider et al. [14] obtained a
multilayered material, and studied the processes of copper
electrochemical precipitation from an aqueous electrolyte
on a layer of multi-wall carbon nanotubes (MWCNTS).
To improve the wettability of the hydrophobic surface of
the tubes, 0.001M sodium dodecyl sulfate (SDS) was
added to the electrolyte. This contributed to the deposition
of a homogeneous layer of copper on the CNT surface.
Anionic surfactant SDS in concentration of 300 mg/l was
added to the electrolyte to improve the wettability of CNT
[17]. This led to incorporated CNT content in the copper
coating as high as 2.84 wt %. Arai et al. [15, 16] in order
to achieve homogeneous dispersion of CNT in the
electrolyte, added polyacrylic acid PA-5000 in the amount
of 100 ppm to the base bath under stirring. In order to
increase the CNT content in thin films, a suspension of
5wt% solution of diallyldimethylammonium chloride
(PDDA) was prepared [18] resulting in the increase of
CNTs content in copper-CNT films by 4—6 times.

The effect of two surfactants (above mentioned
SDS and hexadecyltrimethylammonium bromide -—
CTAB) on the electrodeposition of Ni-CNTs composite
coating was studied by Guo and co-workers [19]. The
results showed that SDS addition in the bath slightly
decreased, but CTAB increased the content of co-
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deposited CNTs in the coatings. In addition, when
applying CTAB the nickel coating grains size was
smaller. Effect of hexadecyltrimethylammonium bromide
(CTAB) and polyoxyethylene octyl phenyl on deposition
process of a coating containing copper and graphite
powder has been investigated in [4]. It is shown that
addition of surfactant to electrolyte helps to stabilize and
evenly distribute graphite in the electrolyte. Among the
studied surfactants, the highest quality copper-graphite
deposits were obtained from electrolytes containing
CTAB. The CTAB concentration of 150 mg/dm’ was
recommended.

Electric parameters and other conditions of copper-
CNT composite powder co-deposition are also important
[20, 21]. Thus, Zheng et al. [20] reported that Cu-CNT
powder was electrodeposited from the sulphate bath
electrolyte with 90 g/l CuSO45H,0O and 20 ml/l of 98%
H,S0, with the current density of 300 mA/cm’. 100 mg/l
of carbon nanotubes were added to the electrolyte. CNTs
were pretreated by HNO; to form —COOH functional
group on their surface. It is shown that when adding CNT
to an electrolyte, the size of copper powder particles
decreases to 0.6 microns. There are a few papers devoted
to manufacturing of the copper-CNTs composite powder.
Arai et al. [21] obtained Cu-CNTs composite powder with
CNT content of 2 g/dm’, which was produced by
electrodeposition with addition of polyacrylic acid
(PA5000) as a dispersant to the electrolyte in the amount
of 2:10° M. Adding polyacrylic acid to the base
electrolyte has resulted in more uniform distribution of
CNTs in the deposited powder.

The publications review has shown that surfactants
(SDS, CTAB, polyacrylic acid) addition facilitates co-
deposition of copper and carbon particles; that is why they
were chosen for the further investigation.

This research focuses on co-deposition process of
copper and carbon (graphite, CNTs) for composite
powders manufacturing as well as on estimation of
different surfactant effect on morphology and size of
deposited particles and their corrosion resistance as an
indirect factor of particle stability.

2. Experimental

The electrolyte for co-deposition of composite
powder consists of copper sulfate (40 g/l) and sulfuric
acid (130 g/l) water solution. Direct current of 10A/dm’
density was used for deposition during 0.5 h. The bath
temperature was kept around 303 K. Pure copper plates
(area of each one was about 37 cm®) were set as a soluble
anode and cathode. The volume of the plating bath was
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500 cm’. The electrolyte was mixed by magnetic stirrer
with the frequency of 850 min". The deposited powders
were collected, washed by distilled water, stabilized to
prevent oxidation and finally dried at 313 K.

In this research the anionic surfactant sodium
lauryl sulfate (sodium dodecyl sulfate) NaCl,H»;SO4
(SDS) with the concentration of 0.5-1 g/l, cationic
surfactant cetyltrimethylammonium bromide C,9H4BrN
(CTAB) with the concentration of 0.15-0.3 g/l, and
polyacrylic acid PA4000 with the concentration of
0.025-0.05 g/ were under study. 3D molecular
structures of selected surfactants are presented in Fig. 1.
Hyperchem (Hypercube Inc., Gainesville, FL, USA)
software simulating molecular structure, which helps to
draw, edit and manipulate molecules shape to calculate
bonds energies and to optimize molecular geometries on
the base of molecular mechanics was used.

It is known that molecules with best surfactant
properties are amphifilic ones. They often contain various
hydrophobic tails and several hydrophilic heads and can
dissociate in an electrolyte forming a positively charged
organic cation and anion. The hydrophobic group is
typically a large hydrocarbon radical consisting of 10—18
carbon atoms, usually of a linear structure [22].

Two sorts of carbonaceous materials were added to
the electrolyte for co-deposition: powder of pencil grade
graphite (GK-3) and multi-walled carbon nanotubes. The
chemical composition of the graphite powder was as
follows: carbon — at least 94 %, ash — no more than 5 %,
volatile ones — no more than 1 %, humidity — no more
than 1 %. The average particle size was 40 um. Multi-
walled CNTs (outer diameter 828 nm, length 0.5-10 um)
were produced via chemical vapor deposition method
(CVD), the essence of which is a propylene
decomposition at 923 K in the presence of Al,03-Fe,Os-
MoOj; catalyst. The CNTs concentration in the plating
bath was 0.18 g/l, chosen according to literature
recommendations.

The appearance and morphology of the electro-
deposited copper powder were observed by scanning
electron microscopy (SEM) (Tescan Mira 3 LMU). Energy
dispersive X-ray spectrometry (EDS) (“X-max 80" Oxford
Instruments, England) was used for local chemical analysis
of produced powders.

Electrochemical investigations were carried out
using potentiostat PI-50-1. The potentials were recorded
relative to the chloride electrode and measured every 60
seconds. Then the data was transferred to the normal
hydrogen scale. The area of sample exposed to the
electrolyte was about 1 cm’. The tests were performed in
3M NaCl solution at 293 K.
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3. Results and Discussion

First series of experiments was carried out to detect
the influence of surfactant on the electrodeposition pro-
cess of copper-carbon (graphite, CNTs) composite pow-
der, the size and morphology of forming particles (Table).

It was shown that during electrodeposition without
any surfactant in the electrolyte, the copper ions discharge
on the cathode, but large graphite particles found in
deposite were not bonded with copper particles (Fig. 2a).
The addition of all types of surfactants supports co-
deposition of copper and graphite. It is clearly shown in
Fig. 2b that powder received in solution with surfactant
CTAB consists of copper deposited on graphite particles.
Addition of surfactant CTAB to the electrolyte reduces the
size of copper particles more than other surfactants (more
than twice). Electrodeposition with surfactant PA4000

<)

Fig. 1. 3D molecular structure of surfactants
SDS (a); CTAB (b) and PA (c)

leads to the formation of dendrites with rounded peaks
(Fig. 3). Deposits of such form could be further grinded to
obtain ultra-fine powders with good flowability, which is
important for powder that will be formed, for example, by
injection molding.

Electrodeposition with surfactant SDS leads to
formation of multifaceted powders with branched
dendrites (Fig. 4).

The first series of experiments with graphite as carbon
component have demonstrated that addition of the surfactant
CTAB helps to form the most dispersed composite powders,
in which copper is deposited on the surface of graphite
particles. Powders produced in the solutions with other
surfactants have the same structure as well, but consists of
bigger size particles (conglomerates up to 160 um).
Therefore, for further experiments with CNT the surfactant
CTAB in the amount of 0.3 g/l was used only.

Table

Concentration of electrolyte additions in the experiments

# Sample Concentration of electrolyte additions
Carbon material, g/l Surfactant, g/l

1 graphite, 0.6 —

2 graphite, 0.6 PA, 0.025

3 graphite, 0.6 PA, 0.05

4 graphite, 0.6 SDS, 0.5

5 graphite, 0.6 SDS, 1.0

6 graphite, 0.6 CTAB, 0.15
7 graphite, 0.6 CTAB, 0.3
8 CNT, 0.18 CTAB, 0.3
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Fig. 2. Morphology of the electrodeposited powder "copper-graphite"
without surfactant (a) and with 0.3 g/l of surfactant CTAB (b)

30.00kV  x300

30.00kV x250 200pm Qg WD=20.1mm 30.00kV  x3.00k

Fig. 4. Morphology of Cu-graphite particles from electrolyte containing SDS (0.5 g/1)
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Elemental composition (wt %) of Cu-CNT powder in the
points shown in Fig. 5

Spectra C (0) Cu
Spectrum 1 44.69 5.86 48.84
Spectrum 2 18.67 1.38 79.88
Spectrum 3 17.97 1.36 80.66
Spectrum 4 11.86 1.01 87.13

Fig. 5. SEM image of Cu-CNT powder deposited from ultrasonically agitated solution with CTAB surfactant

SEM HV: 20.0 kV
View field: 5.00 ym
SEM MAG: 57.8 kx

WD: 2.09 mm
Det: InBeam

View field: 2.67 ym

SEM HV: 10.0 kV WD: 1.98 mm
Det: InBeam

SEM MAG: 108 kx

Fig. 6. SEM images of Cu-CNT powder without (a) and with (b) ultrasonic agitation

In order to separate the CNTs agglomeration the
solution with surfactant CTAB and CNTs (0.18 g/l) was
treated by ultrasound for 30 min. The vibration frequency
of the ultrasonic mixer was 14.1 kHz. Figs. 5 and 6 show
the SEM images of deposited Cu-CNT powder surface.

According to the local microanalysis the
concentration of CNTs in particles varies from 11 to
44 wt %, which gives us evidence that we have succeeded
to produce composite powder with high content of
CNTs.The analysis of the Cu-CNT powders morphology

and their elemental composition have shown that when
the electrolyte with CNTs is agitated by ultrasonic, the
forming powders are more dispersed and the embedded
CNTs are more uniformly distributed.

The results have shown that surfactant CTAB
contributes to the co-deposition of copper and carbon
component (graphite, CNT). We can assume that the
molecules of cationic surfactant CTAB dissociate in the
aqueous solution and form the cation with a long
hydrophobic chain (hydrophobic tail). Both graphite and
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carbon nanotubes being the non-polar hydrophobic
substances well adsorb the surfactants from polar fluids,
such as aqueous solutions. It can be assumed that the
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hydrophobic non-polar part of the CTAB adsorbs on the
surface of carbon material (graphite, CNT) (Fig. 7). Due
to this the stabilization of the disperse system occurs.

CTABY

Positively charged CNTsY

CNT--CTABY

_ Cu?H]

Fig. 7. Schematic diagram of electrodeposition of Cu-CNTs composite with CTAB
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Fig. 8. Kinetic curves of steady state electrode potential
of composite copper-carbon powders samples in 3% NaCl solution

In order to determine relative stability of Cu-CNTs
composite powders obtained from different solutions,
their corrosion resistance was tested for one month in a
moist atmosphere. The powder was placed on a special
porous surface in the humidity chamber, which created
conditions for accelerated atmospheric tests.

All types of surfactants in the electrolyte contribute
to increasing the powder surface corrosive protection
when using the additional stabilization by 0.15 % soap
solution. However, only CNT additive to the electrolyte
also protects against oxidation powder without sta-

bilization. Research has shown that the powder obtained
with the addition of carbon nanotubes and CTAB in an
electrolyte has the best corrosive resistance as well.

Impact on the steady state electrode potential in the
modeling solution, for example 3% NaCl, is important when
studying the mechanism of surfactants action. Our results
given in Fig. 8 have shown that the initial potential of copper
powder is shifted to the negative side. In all samples of
copper powders, which were deposited from solutions with
surfactant CTAB, we observed the increase of the potential,
indicating the inhibition of oxidative reactions.
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At the same time, the potential of copper composite
powder deposited from electrolyte with CNTs and
surfactant CTAB was changed more rapidly, and we can
conclude that such powder has good corrosion resistance
and better stability than others.

Since the corrosion of metals is directly caused by
ionization of the metal, the dependence of the potential on
the stationary ionization rate is the most important
characteristic of its resistance to environments and indirect
evidence of their stability.

The more positive is this potential, the better is
corrosion resistance of composite powder. On the basis of the
experimental data, it can be concluded that a rapid increase in
the potential of samples No. 2, 6, 7 and 8 has positive effect
on their corrosion properties. Corrosion resistance of
electrical contacts, for example sliding contact of city electric
transport working in the air, is an important characteristic.

4. Conclusions

In this work, copper-graphite and copper-CNTs
composite powders were obtained via electrodeposition.

The using of cationic surfactant CTAB, in compa-
rison with surfactants of another action, contributes to the
co-deposition of graphite and copper. Deposited powders
shape presented by branched dendrites of multiaceted form
and particles size is most dispersed. The change in the
concentration of surfactant did not significantly affect the
shape and size of the powder particles.

Cu-CNTs composite powders deposited with CTAB
also consist of finer particles of the size up to 5 um, and the
embedded CNTs were more uniformly distributed when the
electrolyte with CNTs and surfactant was agitated by
ultrasonic.

Additives of CNTs and surfactant CTAB in the
electrolyte increase the corrosion resistance of copper
composite powder tested in the climatic chamber.

Electrochemical research has shown that the
potential of Cu-CNTs composite powder deposited from
electrolyte with surfactant CTAB was changed more
rapidly, and we can conclude that such powder has good
corrosion resistance and is potentially the most stable one.
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JOCJ/IJIZKEHHSA BILVIMBY ITOBEPXHEBO-
AKTUBHUX PEHOBUH HA OJEP’KAHHSI
KOMITIO3NIIMHUX ITOPOLIKIB MI/Ib-BHT

Anomauin. B pobomi excnepumeHmaibHO UHAYEHO 6NIIUE
nosepxtego-axkmueHux pevosur (IIAP) pisnoco muny ma npoyecu
CYMICHO20 eeKMPOXIMIYHOLO OCAOIICEHHSL KOMNOZUYITHO2O NOPOWKY
MiOv-gyeneys (epaghim, gyeneyesi nanompyoxu (BHT)). [lokazaro, wo
6gedenst [IAP CTAB 3meHwye po3mip 4acmuHOK nopowiKy ma no-
Kpaugye ix kopositiny cmitikicmo. Maxcumanshuil eghexm odepoicano
npu eeedenni 0o enekmponimy I[IAP kamionnoi 0if - CTAB 3
O0OHOYACHUM 0OPOBIEHHIM YIlbmMpPa3zeyKom 0iist ducnepeyéants BHT.

Knwuogi cnosa: nosepxmego-akmuena pevuosuna, gyeneyesi
nanompyoxku (BHT), MiOnuil KoMRO3UYiliHULl NOPOWIOK, — elLeKmpo-
ocaodicentsl, Yibmpaseyx, KOpo3itiki 61acmugocmii.



