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ABSTRACT

Modified multiwall carbon nanctubes (MWCNTs} were used as the elecirodes of flow-through capacitor for the
desalination, which were cost-cutting, energy-saving, and environment-friendly and could be expected to be an
alternative technology for reverse osmosis membrane for sea water desalination. Investigated by transmission
electron microscope (TEM) and nitrogen adsorption/desorption for modified MWCNTs, it was confirmed that
after modification treatment by immersion in diluted HINO; solution with ultrasonic and then milling by ball at a
high velocity, the metal catalyst particles at the tip of MWCNTS disappeared, the MWCNT length became short,
the cap at the tip of nanotube was opened, the internal surface area could be effectively used, leading to the
increase of the specific surface area and pore volume, and thus MWCNTs modified by that method had the best
desalination performance. This modification technique is simple and the efficiency is high,
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1.0 INTRODUCTION

‘Water resources crisis is one of the biggest resources crises in the century, in the world. Seawater
desalination is an important way in solving this crisis. There are various techniques for seawater
desalination such as seawater reverse osmosis, multi-stage flash, multiple effect distillation, vapor
compression distillation, and electrodialysis [1-5]. In recent years, desalination with reverse osmosis
membrane has been developed as one of the most important techniques to reduce the cost of seawater
. desalination.

In 1990’s, Andelman mentioned a new seawater desalination method using flow-through capacitor
by extending the concept of the double layer capacitor seen from Figure 1, which made use of an
electricity layer principle, regarding activated carbon as the electrodes [6]. However, activated carbon
with high resistivity had many micropores which hydrated ion could not entered into, which had a
bad effect on the desalination. This resulted in early versions using activated carbon as electrode not
saving much energy nor work well at high concentrations {7-9]. The high surface area materials such
as graphite, acetylene black, noble mentals, conductive ceramics, and conductive polymers were
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Figure 1 Simple flow-through capacitor

also mentioned in flow through capacitor but the desalination performances were not satisfied [10,
11]. Carbon nanotubes have a narrow distribution size, highly accessible surface areas, low resistivity,
and high stability. Considerable theoretical and experimental investigations en their novel structure
and applications had been carried out [12-18]. Shi, L. ef al. [19] had patented using carbon nanotubes
in the fabrication of flow-through capacitor, which was applied to desalt seawater.

This desalination technique which was cost-cutting, energy-saving, and environment-friendly as
compared to other above-mentioned technologies, could be expected to be an alternative technology
for reverse osmosis membrane for sea water desalination. In this paper, the influence of MWCNTs
with different modification methods on the desalination performance was investigated.

2.0 EXPERIMENTAL
2.1 Raw Materials

MWCNTSs synthesized by the catalytic decomposition of methane were supplied by Shenzhen
Nanotech Port Co., Ltd. Activated carbon was supplied by Chaoyang Activated Carbon Co., Ltd.
Phenolic resin and urotropine were supplied by Shanghai SANAIFU Co., Ltd.

2.2 Modification Of MWCNTSs

Raw MWCNTSs were marked as sample A. The raw MWCNTSs were immersed in 20% HNO; solution
with ultrasonic for 2 hours, then washed several times with distilled water on a sintered glass filter
until the washings showed no acidity. Finally, it was dried in an oven at 100°C for 24 hours. The
product was marked as sample B. Circumfluence in concentrated HNO;z and H,80, solution was
employed to MWCNTs for 0.5 hours, and then MWCNTs were washed several times with distilled
water on a sintered glass filter until the washings showed no acidity. Then it was dried in an oven at
100°C for 24 hours and sample C was obtained. As oxidization in air atmosphere could open the tip
of carbon nanotubes and increase their surface area [20], sample B was oxidized in air atmosphere
at 600°C for 0.5 hours, and the product was marked as sample D. After being milled by ball at a high
velocity as 1200 r/min for 2 hours, sample B was marked as sample E.

2.3 Preparation of MWCNT Electrodes

The mixture of modified MWCNTS and binder powders in a weight ratio of 80:20 was molded under
25 MPa pressure at 150°C for 15 minutes, where the binders were made up of phenolic resin {90%)
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and urotropine (10%), and then the tablet was carbonized at 850°C for 2 hours under nitrogen
atmosphere. Finally, the electrodes were obtained after natural cooling. Activated carbon electrode
was fabricated by using the same method. All electrodes were 115 mm in length, 75 mm in width,
and about 1 mm in thickness.

2.4 Apparatus of Flow-through Capacitor

The apparatus of flow-through capacitor shown in Figure 2 was employed. Graphite foil was used as
an inert current collector on the backside of the MWCNT electrode, and the electrodes were separated
by the separator into anode/cathode pairs. 2000, mg/L saltwater solution was passed through the
capacitor at a flow rate of 10 ml/min. NaCl was removed by applying a direct voltage of 1 V between
the collectors. In order to examine the desalination effect of the apparatus with precision, the removal
process was started after the concentration of the saltwater solution exiting the apparatus was constant.
After along time operation, the electrode was saturated with the ions and thus the outlet concentration
increases. For regeneration of the MWCNT electrodes, a reverse voltage of 1 V was applied to both
collectors to desorb and recover captured concentrated saltwater solution,
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Figure 2 The sketch of desalinator

2.5 Test and Measurement

MWCNT powders were observed by TEM of JEOL JEM-2010, and powdered samples were dispersed
in absolute ethanol by ultrasonication for 10 min in a KQ-250B ultrasonic bath. The surface texture
of all samples such as surface area and pore volume, were characterized by nitrogen adsorption at 77
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K with Micromeritics ASAP 2010. The CyberScan CON 200 conductivity meter was employed to
directly get the data of desalination.

3.0 RESULTS AND DISCUSSION

Different desalination curves of electrodes fabricated by modified MWCNTs and activated carbon
are shown in Figure 3, where C is the outlet concentration, C is the inlet concentration, and C/C, is
the relative concentration. The surface texture of A~E samples is listed in Table 1. Tt could be seen
that the electrode made of modified MWCNTSs with the highest surface area and pore volume had the
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Figure 3 The desalination curves of different electrodes

'I'ablé 1 The surface texture of MWCNTSs with different modification methods

Sample  Modification methods Surface area Pore volume
(m?/g) (cm’/g)
A Untreatment 49.9 0.077
B Immersion in diluted HNO; solution with ultrasonic 55.5 0.103
C Circumfluence in concentrated HNO; and H, 80, solutions 75.3 0.186
D Immersion in diluted HNQ; solution with ultrasonic and 91.2 0.165
then oxidization in air atmosphere
E Immersion in diluted HNO; solution with ultrasonic an 128.5 0.400

then milling by ball at a high velocity
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best desalination performance. Compared with activated carbon electrode in Figure 3, sample E had
a better desalination performance, which was the reason why carbon nanofubes were chosen as the
alternative electrode materials of flow-through capacitor.

In this study, MWCNTSs synthesized by the catalytic decomposition of methane contained catalyst
particles and other impurities. Figure 4 shows the TEM image of MWCNTSs, which shows that the
diameter was about 40~60 nm. Some metal catalyst particles were encapsulated at the tip of the
nanctube and the tip was closed, and thus the inner surface area could not be used effectively.
Therefore, modification was a critical step in the use of MWCTs as electrodes materials. TEM image
of sample E in Figure 5 shows that the metal catalyst particles at the tip of MWCNTs disappeared,
the length of nanotubes became short, and the cap at the tip of nanotube was opened. Diluted HNQ;
solution could dissolve catalyst particles with ultrasonic and thus purified MWCNTs were obtained,
but their surface area increased a little. Generally, MWCNTs possessed many defects, such as localized
kinks or bends. During ball milling, frequent collision and the high velocity of the balls caused large
impacts on the MWCNTSs. If the collision energy was high enough, the cylinder structure of the
nanotubes would cracked at the site impacted and the tube layer would ruptured completely. Thus
nanotubes with open ends could be formed. Milled nanotubes were prone to break at the sites of

Figure 5 TEM image of sample E

structural defects, such as bends, thus causing the length of majority of milled nanotubes to become
short {21]. Consequently, the internal surface area could be effectively used, leading to the increase
of the specific surface area and pore volume. As other methods used in sample B, C, and D could not
effectively cut the nanotubes, the internal surface area could not be used effectively, and thus their
surface areas and pore volume were inferior to that of sample E. Compared with other modification
in literatures [22-24], the modification technique used in sample E was simple and the efficiency
was high. After this modification on MWCNTS, the mechanical properties of the final electrode still
remained.

MWCNTs with different modification methods in Figure 6 present a type 1V nitrogen adsorption
isotherm with a hysteresis loop typical of a mesoporous material, where the desorption required
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Figure 6 Nitrogen adsorption/desorption at 77 K for modified MWCNTS

definitively higher energy than adsorption [25]. The hysteresis was definitively more pronounced in
the case of sample E, which confirmed a wide distribution of pores. After the modification, the
specific surface area of MWCNTS increased from 49.9 to 128.5 m?%/g and the pore volume increased
from 0.077 to 0.400 m>/g, as shown in Table 1, which verifies the importance of modification of
MWCNTs.

Generally, the electrostatic capacity of doubte layer capacitor depended on the surface area of the
electrode, as follows [26]:

C= _[5/47:(5-(1?8

where ¢ is the permittivity of solution, & is the distance between the electrede and center of ion, and
§ is the surface area of the electrode. Therefore, the desalination of the electrode increased with the
surface area of the electrode. In general, the surface area of the electrodes increased with the specific
surface areas of MWCNTs. As a result, the electrode made with sample E with the highest surface
area had the best desalination performance.

4.0 CONCLUSIONS

Using modified MWCNTs as the electrodes of flow-through capacitor, it was possible to efficiently
remove NaCl from saltwater solution. This technique was cost-cutting, energy-saving, and
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environment-friendly and could be expected to be an alternative technology for reverse osmosis
membrane for sea water desalination. The results showed that the modifications of MWCNTSs had a
great effect on the desalination performance. It was confirmed that after modification treatment by
immersion in diluted HNO; solution with ultrasonic and then milling by ball at a high velocity, the
metal catalyst particles at the tip of MWCNTS disappeared, the MWCNT length became short, the
cap at the tip of nanotube was opened, and the internal surface area could be effectively used, leading
to the increase of the specific surface areas and pore volume. The amount of NaCl removal was
generally dependent on the surface area and pore volume of MWCNTs.
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