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ABSTRACT

Significant work has been conducted to examine the synthesis and characterisation of MWNT buckypapers.
Optimisation of the sonication time, electron microscopic investigation, contact angle analysis, electrical
properties measurements, mechanical properties testing and surface area analysis were studied and compared to
those of corresponding buckypaper membranes containing the same surfactant Triton X-100. Analysis of
scanning electron microscopic images of the surfaces of MWNT/Triton X-100 buckypapers revealed that the
diameter of their surface pores (65.6 + 2 nm) was marginally smaller than that of the corresponding materials
prepared using MWNTSs (80 = 2 nm). In contrast, the average internal pore diameter of MWNT buckypapers
(27.7 £ 2 nm) was found to be slightly higher than that of their MWNT counterparts (24 £ 1 nm), after analysis
of binding isotherms derived from nitrogen adsorption/desorption measurements performed on the materials.
The average electrical conductivity of MWNT/Triton-X buckypapers reported here (~56 S/cm) was roughly
double the average conductivity of MWNT/Triton-X buckypapers mentioned in a previous study (~24 S/cm).
Mechanical property measurements in this research displayed significant variation from those obtained from
other MWNT buckypapers prepared under the same conditions. The tensile strength, Young’s modulus and
ductility of the MWNT/Triton X-100 buckypaper prepared in this study were 3.4 + 0.8 MPa, 0.4 + 0.2 GPa and
2.4 +0.2% respectively.
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I. INTRODUCTION

The first appearance of CNTs was in 1991
when they were discovered by lijima [1]. Since
CNTSs were discovered, they have been widely used
in most areas of science and engineering due to
their unique physical and chemical properties.
CNTs have exhibited a combination of exceptional
mechanical, thermal and electronic properties that
make them superlative materials for a broad range
of applications [2, 3] such as field-emission
materials [4], scanning probe microscopy tips,
microelectronic  devices [3], electrochemical
devices [5] and hydrogen storage devices [6].
Nanoparticles such as CNTs have exceptional
absorption properties and can be applied to remove
chemical and biological pollutants. CNTs met with
special attention because of their capabilities for
water treatment and their effectiveness against

chemical and biological pollutants [7]. In
environmental engineering, CNTs are regarded as
an excellent media for different adsorbent
applications, including: heavy metals [8]; organic
compounds inclusive of herbicides [9], chlorinated
compounds [10]; disinfection byproducts [11];
endocrine disruptors [12]; biological contaminants
including microorganisms [7]; natural organic
matter [13]; and cyanobacterial (e.g. microcystin)
toxins [14].

Currently, CNTs are produced
fundamentally by three techniques: arc discharge,
laser ablation and chemical vapour deposition
(CVD; [6, 15]). Both arc discharge and laser
ablation, theoretically, cannot synthesize CNTs
continuously; therefore, the product vyield is
limited. Additionally, purification steps are
essential to separate the tubes from unwanted by-
products. These limitations have motivated the
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development of gas-phase techniques, such as
chemical vapour deposition (CVD), where
nanotubes are formed by the decomposition of a
carbon-containing gas. The gas-phase technique is
amenable to continuous processes since the carbon
source is continually replaced by flowing gas.
Furthermore, the final purity of the as-produced
nanotubes can be fairly high, minimizing following
purification steps [3].

Recently, CNTs have attracted extensive
attention for using as bio-nanomaterials at both
molecular and cellular levels [16]. Nevertheless,
the poor dispersion of CNTs in aqueous and
organic solvents has prevented extensive
application of CNTs in biological fields [17]. Thus,
the development of approaches toward the
dispersion of CNTs is essential for their
applications. To overcome this issue, researchers
have made a great effort to improve techniques for
modification of CNTs and dispersions of individual
CNTs [18]. Mechanical methods involving ultra-
sonication are used to fabricate buckypapers. The
high energy imparted through the use of an
ultrasonic horn allows large bundles of nanotubes
to be physically separated and the resulting
individual tubes are stabilised through noncovalent
inter-actions with dispersant molecules [19]. These
dispersions can be filtered using either vacuum or
positive pressure which eventually results in
formation of the buckypaper [20].

Our aim in this study is to examine the
synthesis, characterisation and water permeability
of MWNT buckypapers and compare them to those
of other corresponding buckypaper membranes
containing the same surfactant Triton X-100.

Il. MATERIALS AND METHODS

2.1. Reagents

The CNTs used in this investigation were
mainly multi-walled thin nanotubes, with 95% C
purity, supplied by Nanocyl (Nanocyl-3100).
Triton X-100 (T9284; [21]) was supplied by Sigma
Aldrich. Dispersion was prepared using Milli-Q
water (18 MQ cm). A hydrophilic 0.22 pm
cellulose nitrate [22] membrane filter was provided
by Millipore. Only one type of membrane was used
as the support material for the preparation of the
buckypapers in this project. Small, circular
buckypapers were made using
polytetrafluoroethylene (PTFE) membranes of ~4.5
cm diameter (with 0.22 um pores).

2.2. Dispersion preparation

The dispersant used in the preparation of
buckypapers was 1% (w/w) Triton X-100. The
structure of Triton X-100 can be seen in Fig 1.
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Fig. 1: Structure of the surfactant used as the CNT
dispersant (Triton X-100).

The dispersion in this study was
prepared with a multi-walled nanotube (MWNT)
concentration of 0.1% in accordance with earlier
studies. Basically, 15 mg of MWNTs were
dispersed in 15 mL of dispersant solution
using a Branson 450 (400 W, Ultrasonics Corp.)
digital sonicator horn with a probe diameter of 10
mm. A power setting of 30% (120 W) and pulses of
0.5 sec ‘on’ and 0.5 sec ‘off” were used. The total
amount of sonication ‘on’ time (i.e. the amount of
time that the horn is energised) was obtained from
a series of UV-vis NIR experiments conducted
using Triton X-100 dispersions. During
sonication, the sample vials containing the
MWNTs and dispersant were placed inside an
ice water bath to minimise changes in
temperature that may happen from the heat
generated. The dispersion (1% in Triton X-100)
was prepared and added to 50 mL of dispersant
solution before being bath sonicated for 3 minutes.
The resulting 80 mL dispersion solution containing
30 mg of MWNTSs was then diluted to its ultimate
volume using Milli-Q water, and was inverted to
facilitate complete mixing.

2.3. Buckypaper preparation

“To produce a regular size of buckypapers,
circular buckypapers measuring approximately 35
mm in diameter were prepared by using Aldrich
glass filtration units. The dispersion was drawn
through a membrane filter (0.22 um pore size;
Millipore) under vacuum, produced via a
Vacuubrand CVC2 pump, operating between 50
and 100 mbar. The upper part of the filtration unit
was covered with plastic film to prevent
evaporative losses during the filtration process,
which typically took roughly one day. After
completion of the filtration process for dispersion,
the resulting buckypapers were rinsed with 250 mL
of Milli-Q water followed by 10 mL of methanol
(99.8%, Merck) while still in the filtration unit.
After being rinsed, the damp buckypaper was
placed between absorbent paper sheets and allowed
to dry for 24 hours. In the final step, the dry
buckypaper was then carefully peeled away from
the filtration membrane.
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2.4. Characterisation techniques

Significant work has been conducted to
examine the characterization of MWNT
buckypapers. Optimisation of the sonication time,
electron microscopic investigation, contact angle
analysis, electrical properties measurements,
mechanical properties testing, and surface area
analysis were examined.

2.4.1. UV-vis-NIR Spectroscopy

An important step that should be
considered before the preparation of a buckypaper
is to optimise the sonication time used for
preparing the CNT dispersion from which the
buckypaper will be made. The reason for that is the
energy input during the sonication process could
lead to shorter CNTs and subsequently will
unfavourably impact the mechanical and electrical
properties of the resulting buckypaper. Therefore,
UV-vis-NIR spectra of the dispersion (Triton-X)
was acquired between 1000 and 300 nm using
a Cary 500 UV-vis-NIR spectrophotometer. The
dispersion (Triton-X) was diluted in quartz cuvettes
by adding 2.4 mL of Milli-Q water to a 0.1 mL
sample of dispersion and then mixed by inversion
to ensure the absorbances were within the optimal
range of the instrument.

2.4.2. SEM-EDS and AFM analysis

The surface morphology and cross-
section of the prepared buckypapers was examined
using a JEOL JSM-7500FA field-emission
scanning electron microscope (SEM). Images were
analysed using Image Pro Plus software to
ascertain quantitative information concerning the
size of surface pores. Energy dispersive
spectrometer (EDS) analysis was performed in
conjunction with imaging using the SEM to
provide information on the identity of elements
present on the surface of buckypaper samples. The
surface topography of membranes was examined
by means of atomic force microscopy (AFM).

2.4.3. Contact angle measurement

The contact angles of MWNT
buckypapers were measured using the sessile drop
technique on a custom device developed by R.
Taylor (University of Wollongong) utilising a
Dinolite am-211 digital microscope. The contact
angles of 2 pL Milli-Q water droplets on the
surfaces of the buckypapers were computed
utilizing the accompanying Data Physics software
(SCA20.1). The mean contact angle was computed
using measurements performed on at least five
water droplets.
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2.4.4. Electrical properties measurements

The electrical conductivity of buckypaper
samples was examined according to a standard
two-point probe technique [23]. Rectangular strips
roughly 3 mm wide and 3-5 cm long were used to
test resistance measurements of buckypaper as a
function of length. A strip of buckypaper 3 mm
wide was connected to pieces of copper tape (3M)
on a glass microscope slide using high purity silver
paint (SPI). Another glass microscope slide was
clamped onto the initial glass slide containing the
buckypaper strip using bulldog clips to ensure the
sample was protected and a constant force was
applied. The 1-V characteristics between -0.05
V and 0.05 V were determined using an
Agilent waveform generator (33220A) and
multi-meter (34410A) connected to the copper
tape  contacts through a simple circuit. The
resistance was computed from the slope of the line
in the I-V plot. The strip was shortened and then
reconnected to pieces of copper tape on the
microscope slide using silver paint before the
resistance was measured again. At least 5 lengths
were measured for each strip of buckypaper.

2.4.5. Mechanical properties testing

The mechanical properties of buckypapers
were measured by using a Shimadzu EZ-S
universal testing device and buckypaper samples
cut into small rectangular strips measuring 15 mm
by 3 mm and attached into a small paper frame.
Five different strips were used to determine the
tensile strength of buckypapers. The distance
between the top and bottom of buckypaper strips
was kept constant at 10 mm. The paper frame was
cut between the clamps prior to testing, and the
attached samples were then stretched by means of a
10 N load cell, at a strain rate of 1 mm min™ until
failure. The tensile strength of every single sample
was determined as the maximum stress measured.
The ductility was determined by taking the
percentage elongation (% EL) of the sample at
break, and is defined by Equation (1):

Where | is the length at break and |y is the starting
length. The Young’s modulus of each buckypaper
strip was calculated as the slope of the linear part of
the stress-strain diagram using the equation (2):
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Where E is the Young’s modulus (MPa), o
is the stress (MPa) and ¢ is the strain. The
toughness of a sample is described as the area
under its stress-strain curve up to the point of
fracture [24]. The toughness of each buckypaper
was linked to its mass and expressed in units of
Jig by dividing the toughness (in J/m® by the
density of the buckypaper (in g/m°).

2.4.6. Surface area analysis

Triton-X-100 buckypapers subjected to
BET (Brunauer, Emmett,  Teller)  analysis
externally at the King Abdullaziz City for Science
& Technology (KACST), Riyadh, Saudi Arabia, to
evaluate the surface area of the buckypapers.
The samples were annealed underneath argon to
burn off the surfactant and cut into small
pieces, before being tested using a Micrometric
ASAP2010 and a Micrometric ASAP2400.

2.5. Permeability studies

The permeability of buckypapers towards
water was performed using a custom-made dead-
end filtration cell setup as described in part 3.4.2.
Initially, a pressure of 0.15 bar was applied to
induce water transport across the buckypaper and
then the pressure was increased gradually.
Permeate was received in a beaker on top of a
computer-controlled balance (Mettler Toledo AB2
with Balancelink 1.0 software).

MWNT buckypapers were examined by
means of five or six different flow rates. At each
flow rate, the mass of permeate was recorded every
second for 5 minutes. The period of each test was
kept to a minimum to avoid fouling of the
membrane. The flux of water through the
buckypaper was then calculated using following
Equation:

1
|

Where J is the permeation flux (L/m%h), Q is
the permeation volume (L) of the testing
solution, A is the effective area of the tested

substrate (m?), and At is the sampling time (h).

I11. RESULTS AND DISCUSSION

3.1. Optimisation of sonication time

Optimisation of the sonication time to
disperse MWNTSs in Triton X-100 solutions was
conducted using UV-vis-NIR spectrophotometry
and samples containing 0.1% (w/v) MWNT and
1% (w/v) Triton X-100 which was used as a
surfactant. Spectra were obtained after different
periods of sonication and are presented in Fig. 4. It
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is clearly observed that absorbance increases at all
wavelengths consistent with increasing sonication
time, indicating an increase in the quantity of
MWNTs dispersed in the aqueous solution (Fig.
2a).

Fig. 2b displays that extremely dispersed
MWNT/Triton X solutions were achieved after
very short sonication times. Nonetheless, after 6
min the increase in absorbance became more
gradual. After 24 min sonication the absorbance
became more stable and there was no notable
change to the absorbance at 660 nm. This means
that after 24 min sonication, additional dispersion
of MWNTs into solution is negligible.
Additionally, sonication of samples for longer
periods of time could expose the nanotubes to
increased amounts of energy, which may cause
further degradation of the nanotubes and be
accompanied by a decrease in the physical
properties of the resulting dispersion. Thus, it can
be concluded that 24 min is the optimum sonication
time to disperse MWNTs in Triton X-100
solutions.
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Fig. 2: (a) Absorption spectra of a 0.1% (w/v)
MWNT/1% (w/v) Triton-X dispersion taken at
different sonication times. (b) Effect of increasing
sonication time on the absorbance at 660 nm of the
MWNT/Triton X-100 dispersion.
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3.2. AFM, SEM and BET analysis

Average roughness was studied by 3D
topographic analysis (see Fig. 3 and Fig. 4). The
AFM image (Fig. 3) of the carbon nanofibrous
films shows that the vertically aligned CNTs have
an average diameter of ~294 nm and length of 10
pum. In this image, the brightest area presents the
highest point of the membrane surface and the dark
regions indicate valleys and this can be seen clearly
in Fig. 5 [25]. The amount of MWNTSs in the
composite membrane is an important factor
affecting the morphology, so the image in Fig. 3
indicates that the roughness of the membrane was
somewhat smoothed by adding 0.1 wt % MWNT to
the composite membrane. This result supports the
conclusion reached in a previous study [26]. In this
later study the roughness of the MWNT membrane
was reduced by adding 0.04 wt % MWNT to the
polymer matrix. Following that, the roughness
increased significantly after adding 0.2 wt % and
once again reduced by adding 0.4 wt %.
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The surface morphology and cross-section
of MWNT buckypapers was studied using a JEOL
JSM-7500FA field-emission scanning electron
microscopy (SEM). The surface morphology of the
MWNT buckypaper seems to be small bundles of
tubes with an abundance of small pores (Fig. 6A)
and this agrees well with the results of a study
conducted by [27]. Also from Fig. 6A, it can be
seen that the buckypapers are composed of
randomly dispersed MWNTS, which tangle through
the van der Waals force and form a uniform porous
structure. Furthermore, the cross-sectional image of
MWNT buckypaper (Fig. 6B) shows clearly what
has been noticed above.
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More information about the surface area
and average internal pore morphology of the
MWNT  buckypapers was obtained through
analysis of the isotherms derived from nitrogen
adsorption/ desorption measurements for all
MWNT buckypapers and this is demonstrated in
Fig. 7. The isotherms obtained for the
MWNT/Triton X-100 buckypaper (Fig. 7) exhibit
that nitrogen adsorption and desorption occur
predominantly at P/Po > 0.8. The isotherm for the
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MWNT/Triton-X buckypaper in this study is very
comparable to those reported previously for other
buckypapers prepared using identical conditions
[28]. In contrast, the isotherms obtained for the
SWNT buckypapers in another study displayed that
nitrogen adsorption and desorption occurred at
relative pressures (P/Po) below 0.1 can be
attributed to the presence of micropores with
diameters <2 nm [29].
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To investigate the pore structure and
surface  morphology of MWNT buckypapers,
Brunnauer, Emmett and Teller (BET) analysed the
results  of  nitrogen adsorption/desorption
measurements. This allowed determination of the
specific surface area of the buckypapers and the
average pore diameter as well which exists
throughout the samples. Table 1 shows surface pore
diameter, buckypaper surface area, average internal
pore diameter and average nanotube bundle of
MWNT buckypapers. If it is assumed that the
surface area is related to the outer surface of large
CNT bundles, then the bundle diameter (Dy,,) can
be calculated using following equation:

4

AE - pNT-‘Dhnn

(4)

where A, Dy, and pCNT are the BET surface
area, CNT bundle diameter, and nanotube bundle
density (estimated as 1500kg/m?), respectively
[30].

The Brunnauer, Emmett and Teller (BET)
results presented in Table 1 display large
differences in surface area (Ager) and small
differences in average internal pore diameter (Dgget)
to those obtained previously for MWNT
buckypaper prepared using Triton X-100, which

exhibited a surface area of 300 m?/g and average
pore diameter of 24 = 1nm [31]. On the other hand,
the results obtained for a MWNT/Triton-X
buckypaper in this study display a notable
difference to those obtained previously for a
SWNT/Triton-X buckypaper, which showed a
surface area of 794 m%g and average internal pore
diameter of 4.0 £ 0.4 nm [29]. The interbundle pore
volumes determined for the MWNT buckypaper
(86 %) is slightly less than what was measured
previously for the corresponding membrane
composed of MWNT (prepared under the same
conditions) and was 91 % [31]. In contrast, the
interbundle pore volumes of SWNT buckypaper
studied previously was slightly greater than that
found in the current study 85 % [29].
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To determine the volume of pores with
diameters smaller and larger than 3 nm, MWNT
buckypapers were subjected to analysis using the
Barrett, Joyner and Halendar (BJH) and Horvath-
Kawazoe (HK) methods [32, 33]. Analysis by the
HK method gave information on the distribution of
small pores (<2 nm) within each of the membranes,
whereas the BJH method permitted estimation of
the larger pores. Combining the two sets of results
produced the pore size distribution profiles shown
in Fig. 8.
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As seen in Fig. 8, the large peak ranged
between 5 and 10 A consistent with the channels
between CNTs within CNT bundles. In contrast,
the second peak was nearly 277 A consistent with
the pores formed between CNT bundles. These
results agree well with the average pore diameter
calculated using BET and shown in Table 1.
Numerical combination of curves shown in Fig. 8
was performed to calculate the average internal
pore diameter of the membranes, in addition to the
percentage contribution of the interbundle pores to
the total free volume. The results of this analysis,
along with those obtained by use of the BET
method are presented in Table 1 [30].

Numerical integration displays that
intertube pores contribute ~14% of the total free
volume of the buckypaper. Nevertheless, the pores
with a diameter larger than 10 A are linked to the
spaces between bundles. The distribution shows
peaks at roughly 2 nm and a small tail out to 1000
nm. As they contribute ~86% of the total free
volume, the existence of these pores will have a
significant impact on the physical properties of the
paper as a whole. These results agree well with the
results of a similar study which was conducted by
[31] who reported that intertube pores contribute
~12% of the total free volume of the MWNT Triton
X-100 buckypaper, whereas interbundle pores
contribute ~88% of the total free volume of the
buckypaper.

3.3. Physical properties of MWNT buckypapers

1
RTZEL_FRC (5)

Physical properties of MWNT
buckypapers include the examination of the
electrical properties of MWNT buckypapers (e.g.
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electrical conductivity and resistant of MWNT) and
mechanical properties of MWNT buckypapers (e.g.
the tensile strength, Young’s modulus and
ductility). The electrical properties of MWNT
buckypapers are important for separation
applications through providing an additional means
to exhibit selectivity towards solutes when exposed
to an electrochemical potential [34]. The electrical
properties are extremely influenced by the filler
concentration, the filler morphology (such as
particle size and structure) besides filler-filler and
filler-matrix interactions which determine the state
of dispersion [35]. The 2-point probe technique
was employed to measure the conductivity of
the MWNT buckypapers prepared in this study.
The I-V plots obtained for a MWNT buckypaper
prepared using Triton X-100 as the dispersant are
presented in Fig. 9. As seen in this figure, the slope
of the plots decreased as the length of the
strip increased.
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As the inverse of the slope is equal to the
resistance, the resistance was found to increase
linearly with strip length. This relationship between
the resistance and strip length is presented
graphically in Fig. 10. The resistance in the circuit
is described through following equation:

Where Ry is the total resistance (), ¢ is
the bulk conductivity (S/cm), A is the strip cross-
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sectional area (cm?), | is the length of the strip (cm)
and R is the contact resistance ().
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Electrical conductivity and resistance of
MWNT buckypapers prepared using Triton X-100
are presented in Table 2. As shown in Table 2,
electrical conductivity varies significantly (~56
S/cm) from reported by [31] for MWNT
buckypapers prepared using the same dispersant
and prepared using the same conditions to those
used here. In fact the average of MWNT/Triton-X
buckypapers reported here was approximately
double the average conductivity of MWNT/Triton-
X buckypapers which were mentioned in
Sweetman et al.’s study. This can be attributed to
conditions associated with the manufacturing
process of buckypapers, such as the sonication
times, the purity and provider of the carbon
nanotubes.

3.4. Mechanical properties of MWNT
buckypapers

Mechanical strength is an important
property of buckypaper membranes for separation
applications because the membrane must be able to
survive the application using a wide range of
pressures and flow rates [36]. An examination of
the mechanical properties of the MWNT
buckypapers was therefore carried out using the
tensile test method and these include the tensile
strength, Young’s modulus and ductility. These
properties  were  determined for MWNT
buckypapers  prepared  using  Triton-x-100
dispersant and are shown in Table 2.

The values displayed in Table 2 vary
significantly from those obtained for MWNT
buckypapers prepared under the same conditions by

WWW.ijera.com
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Sweetman et al. [31]. For example, the tensile
strength, Young’s modulus and ductility of a
MWNT/Triton X-100 buckypaper prepared in the
previous study were 6 £ 3 MPa, 0.6 + 0.3 GPa and
1.3 £ 0.2 %, respectively.

Table 2 Pevacel ropestes of beckpepes. Ve showm e the vmaze ofat s sl wifhthe emoms
rputed deeereined fem fhe stdind disietion b from ol mvwrmyats
Vehra:  Tesk Yo't Duiy Thices fhenal Restm Cobat
wagh wils () ol ool (@ gk
() (Gh) fm) f)

WWNITrhe 34208 Q400 1401 421 23 SLEL T (3]
J8%

The elongation and toughness of a
MWNT/Triton X-100 buckypaper prepared in this
study was 2.4 + 0.2% and 0.05 + 0.01 MJ/m?,
respectively. On the other hand, the elongation and
toughness of a MWNT/Triton X-100 buckypaper
prepared in another study were 8.89 £ 0.94% and
0.69 + 0.12 MJ/m?, respectively [37].

3.5. Hydrophobicity of MWNT buckypapers

To measure the hydrophobicity of
material, commonly the contact angle of a water
droplet on its surface is used. A data physics SCA
goniometer fitted with a digital camera, combined
with the data physics software package SCA20.a
was used to determine the contact angle of 2 pL
water (Milli-Q, Millipore) droplets on the surface
of the buckypapers. In the case of measurements
performed using water droplets, small contact
angles (< 90°) indicate that the surface of the
material is hydrophilic, whereas large angles (>
90°) show that the material is hydrophobic in
nature. The contact angles for all MWNTs
buckypapers examined in this study were measured
using 2 pL water droplets delivered via a syringe,
as shown in Fig. 11.

Fig 11 Tz of ) . wr doplts el b e oo of
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The mean contact angle of water on
MWNT  buckypapers calculated based on
measurements performed using 5 water droplets is
51°, indicating that their surfaces are in general
hydrophilic in nature (Table 2). This agrees well
with the results of a similar study by Alcock [38]
who reported a water contact angle of 55° for
MWNT buckypapers produced from dispersions
containing the surfactant Triton-X [31].

3.6. Water permeability experiments of MWNT
buckypapers

One of the main considerations that should
be taken into account when evaluating a potential
filtration membrane is its permeability, particularly
towards water. Consequently the first objective of
this stage of this study was to quantify the
permeability of MWNT buckypapers made with
Triton-x-100. The second objective was to compare
the measured permeability in this study with
previous studies [38, 39]. To achieving this, small
buckypapers were examined. Each buckypaper
studied became permeable to water after around 14
kPa of positive pressure was applied. The flux of
water across all buckypapers usually looks like that
shown in Fig. 12 with a linear correlation between
the mass of permeate and time being observed.

)

45

Permeate Mass (g)

100 L 30 {w 0
Time (3]
Fig, 12: Efact of pressere oo e mass of water pormzteg avoss 2 AWNT Trvon 3100
Yeckvpaper The slopes of e mdvodad plot e the permeaaoe v Deta fre cnfy seeced
prEns 22

The permeate flux was noticed to increase
for all buckypapers as a function of applied
pressure until membrane rupture occurred. The
slopes of the lines shown in Fig. 12 were then
plotted as a function of the applied pressure to
provide the graph shown in Fig. 13. From the
resulting linear plot the membrane flux was
calculated from the slope, after correcting for the

DOI: 10.9790/9622-0810055869

actual filtration area. This yielded a flux of 23 L m’
2 h* bar! for MWNT/Triton-x-100 buckypaper.
The membrane flux of the MWNT buckypaper
prepared in this study is presented in Table 3, along
with the membrane fluxes obtained by [38] and
[39] for the same type of buckypaper for
comparison.
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Fig. 13: Effect of applied pressure on the
permeation flux of a MWNT/Triton-X buckypaper.
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IV. CONCLUSION

Buckypaper membranes were successfully
fabricated from aqueous dispersions containing
MWCNTs and Triton-x-100 and significant
characterization work has been conducted to
examine these buckypapers as well. Analysis of
scanning electron microscopic images of the
surfaces of MWNT/Triton X-100 buckypapers
revealed that the diameter of their surface pores
(65.6 + 2 nm) was slightly smaller than that of the
corresponding materials prepared using MWNTSs
(80 = 2 nm). In contrast, the average internal pore
diameter of MWNT buckypapers (27.7 + 2 nm)
was found to be marginally higher than that of their
MWNT counterparts (24 £ 1 nm), after analysis of
binding isotherms derived from nitrogen
adsorption/desorption measurements performed on
the materials. The buckypapers were permeable
towards water and this is consistent with the results
which were reported in previous studies. The
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mechanical and electrical properties of MWNT
buckypapers varied significantly from those
obtained for MWNT buckypapers prepared under
the same conditions which were mentioned in
previous studies. It may be attributed to the
sonication times. The previous study reported that
changing the sonication times could affect the
mechanical properties of BP membranes [40]. A
series of BPs were fabricated from dispersions
made using different sonication times from 15-60
min, and were then subjected to mechanical
properties tests. Additionally, the previous study is
exhibited that the tensile strength of buckypaper
membranes fabricated from CNTs was significantly
enhanced only when high molecular mass
surfactants (e.g.  proteins or polysaccharides),
which intercalated between CNTSs to increase the
number of tube-to-tube junctions and hence
increasing mechanical properties of these
buckypaper membranes [41]. Furthermore, the
purity and provider of the carbon nanotubes could
play a significant role in existence like this
variation.
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