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Challenging to Angstrom

Abstract

The electrochemical behavior of the SiC-nanopowder in deionized water was
studied.

The electrochemical cell was composed of two pure copper electrodes, across
which different voltages were applied. The morphology of the nanopowders or
even with reacted products was examined using field emission electron microscope
(FESEM) and the corresponding phases were identified with X-ray diffraction
method (XRD).

The experimental results show that the nano-powders precipitated at the
surface of the anodic copper electrode and in the same time the nanopowers in the
solution aggregated when 20 volts were applied across two electrodes. That is, net
negative charge could be induced around the nanopowder.

Deposition rate of the aggregated powders in the various pH-value solutions
was evaluated and the aggregated powders were examined with FESEM.

The higher Zeta potential of the SiC-nanopowder was examined as the
nanopowders immersed in the higher pH value solution. The nanopowders
aggregated themselves as the pH value under 2. The anodic polarization behavior
of the copper electrode in SiC-nanopowder solution was measured and the results

were compared with the aforementioned tests.
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Introduction
Once I set two pure Cu electrodes into SiC
nanoparticle solution and applied a DC power

supply. The SiC nanoparticles aggregated at the 5 .’ "
surface of the anodic Cu electrode, and in the same | b
time the nanoparticles precipitate in the solution. l

These phenomenona mean there is negative
electric charge surrounding the SiC nanoparticles.
These electrochemical (EC) characteristics could yvni?:tr?vce-[g%%%rr?nﬁglr%%)é? '_frmeea%:d?l: e
be applied to filter the particle size of the electrade fs shown on fhe flgnt hand side
nanopoparticles.

Therefore, the key parameters which affect
the pricipatating of nanoparticles were investigated and applied to develop the
technology of filtering method of nanoparticles.

Materials and methods Ja—
Materials
SiC nanoparticles (size :50 = 10 nm)

Acrylic cover — e

e
L-shaped T
| | Beaker

Deionized water (resistance:17.9 M ()/cm) Sl l
Cu electrodes i Nowgperice
SUIE’IIiDH 0.5
sto4 , NaOH Cu glectrode’ " (b)
: Fig. 1 (a) Structure diagram of the electrochemical
EXPerlment SyStem Setup ctleII an(élj (b() Schema;tic diagram of the Cu
. . electrode (unit: mm

The experiment system setup is configured

with:
1) DC power supply

2) Homemade EC cell(Fig. 1 (a), (b))
3) Electrical circuit measuring the current through the EC cell and the resistance
of the EC cell.
Precipitating modeling
The diameter of the SiC nanoparticle is calculated by the following formula (Eq.

).




Filtering system and separator design and set up
The filtering system was design and set up (Fig. 2).

Electrode

Inject SiC nanoparticle solution to j
fill the vacancy space

B Inhale the SiC
Al g2 nanoparticles at

various layers
T Exit 3
Avoid the injected SiC 5} i
nanoparticle solution [P

destroys flow layer D%
[> (YOI E nnnnmi =
= . SiC Nanoparticle

Electrode Flow guide Solution

Fig. 2 Schematic diagram of the homemade filtering
system

But the nanoparticles would aggregate if the experiment time were too long.
Therefore, the separator had been design to solve this problem (Fig. 3). The
container was filled with nanopartocle solution, and the solution was pumped at
rate as 4 ml/min.

Electrode Eh

= O TR0 > Exit 1
Nanooartic OO — Bt 2

Nanoparticle ULl U _
Solution Entry||  Solution [1 KO —Eit3
O TKO— Exit4

—
P 00 exts
Electrode u%u

Fig. 3 Schematic diagram of the separator

In order to observe the geometrical structure of the aggregated nanoparticles,
the reacted products were examined with the field emission scan electron
microscope (SEM) and it were identified and analyzed with the X-ray diffraction
methods (XRD) or energy dispersive spectroscopy (EDS). The surface
morphological microstructure of the products was also examined by a conventional
phase contrast optical microscopy (PCOM).



Results
A. DC bias dependent experiment

5 —o—v]
4 ——v2
2 = —0— 4
1

0

10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60
v(mm/hs) t(min)
Fig. 4 Plot of diameter of the aggregated Fig.5 Plot of DC bias-dependent deposition height (h)

particles (r) versus the falling final velocity (vs).  versus reaction time (t). DC bias v1, v2, v3, and v4 are
20V, 30V, 40V, and 50V, respectively. At the beginning
of every experiment, all the heights of the solutions in
the beaker are 10 cm.

‘‘‘‘‘

Photo 3 The FESEM pictures of (a) original SiC \W'L;L A_fl A

nanoparticles ( the small white points are the original T

SiC nanoparticles.), (b) SiC particles experimented

with 30V voltage and (c) SiC particles experimented Fig.6 Plot of intensity (1) versus 28(28 / 6). L,

with 50V voltage. is the X-RD result of the original SiC ]
nanopowder. L; is the X-RD result of the SiC
nanopowder experimented with 50V voltage

hetartieta (o)

B. pH value changing experiment

10 pH value <
8 —e—10 ¢
€6 @
A £
Z, —m—2 $
>
2 j=2)
1.5 2

0

0 10 20 30 40 50 60 ——1
t(min)

Fig. 7 Plot of deposition height (h) versus Fig. 8 Plot of current density (log J) versus

reaction time (t). The pH values of the SiC voltage (v) in semi-log scale. The symbols pH10
nanoparticle solution are shown in the figure. At and pH2 represent the pH values 10 and 2
the beginning of every experiment, all the ’

heights of the solutions in the beaker are 10 cm.

—

Photo 4(a) The PCOM result of Photo 4 (b) The SEM photo Fig.9 Plot of counts (intensity) versus
the transparent film. of the transparent film. energy (k eV).

C. Filtering system and separator development

18
16 -
14 -

12 + ——T1

€ 1r

Zos | ——T2
06 -
04 |

02
0

1 2 3 4 5
L (exit number)

Fig. 10 Plot of average diameter of the SiC nanoparticles (r) versus the layer where them in
(exit number),T1 and T2 are results of filtering system and separator under condition of DC
voltage 30 V, 20 minutes, respectively.



Discussion
A. DC bias dependent experiment

1. Plot of the diameter (r) againsts the falling final velocity (vy) 1s a
monotonically increase parabolic function (Fig.4). It’s clear that the faster
the particle prcipatate, the larger the diameter is.

2. When Voltage was higher, the deposition height (h) decreased more rapidly
(Fig. 5). In other words, the SiC nanoparticles precipitated faster. According to
Eq. 1, the size of the precipitating particles was larger.

3. Photo 4 (a), (b), (c) proves discussion 2. The size of the original nanoparticles,
particles experimented with 30V, and 50V DC voltage are about 100 nm, 2 pm,
and 6 um, respectively.

4. Why SiC nanoparticles aggregated? The XRD results of the original SiC
nanoparticles and the products revealed the answer (Fig. 6). The peaks number
and position as well as line shape are almost the same. It means there weren’t
new substances produced when DC voltage was applying. DC voltage on the
electrodes decreased the magnitude of the negative electric charge surrounding
the nanoparticles, and they aggregate by London-ven der waals (LVDW)
attractive force.

B. pH value changing experiment

1. The pH value of the solution was lower, and the SiC nanoparticles precipitated
faster (Fig. 7). The results are explained that the negative electric charges
surrounding the SiC nanoparticles are fewer, so Coulomb’s repulsive force
between the particles become weaker. Thus, LVDW attractive force made them
aggregated.

2. Anodic polarization behavior of the Cu electrodes in SiC nanoparticle solutions
with pH value 10 or 2 affirmed discussion 1. The more negative electric charge
composes the interface of the electrode and solution, the less potential the
power supply has to apply for cathodic reaction. OCP of the Cu electrode is
higher in pH=2 (0.65mV) then in pH=10 solution (0.30 mV) (Fig. 8), It has
been verified that the magnitude of the negative electric charge surrounding the
SiC nanoparticles is smaller in low-pH value solution.

3. A transparent film on the Cu electrode was found after experimental
measurement.(Photo 4(b)). The result of EDS test shows peaks of x-ray
intensity appeared in the energy position of Cu. It represented the main element
of the transparent film is Cu (Fig. 9).

C. Filtering system and separator development

1. The results of dynamic light scattering particle size analyzing method shows
the average diameters at the highest and lowest layer were bigger (Fig. 10).

It’s because the reaction time (20 min) was too long, the particles nearby the
electrode aggregated too fast.

2. The improvement of the separator solved this problem. The plot of average
diameters versus exit number increased monotonically, and the particle sizes
were smaller then L1 (0.3~0.8 um), The embryonic form of the nanoparticles
distribution after applying voltage was completed. Further investigation could
make this technique perfect.



Conclusion

In this research, the precipitating and filtering techniques of the nanoparticles
have been developed using the electrochemical method. Two key parameters, DC
bias and pH value dependent experiments, for precipitating of the SiC nanoparticles
have been extensively studied and the optimum conditions of the precipitating and
deposition rate of the nanoparticles are obtained.The filtering method of the
nanoparticle size was also developed. The results demonstrate these techniques could
separate the different diameters of the nanoparticles be successfully. In addition, the
transparent film with high electrical conductivity are deposited on the electrode and
discovered after the experiments. It may provide a cheap way to produce this film.
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