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Abstract

Dodecyl itaconate (DI) was used as the dispersant for preparation of mono-dispersed carbon nanotubes in
aqueous solution in this study. It is a unique type of anionic surfactant synthesized by the authors, and its
high capability for dispersing CNTs is attributed to the double bond moiety on its head-group. Furthermore,
author mixed aqueous mono-dispersed CNTs with pulp to produce the CNT-based paper. Different from the
reported papermaking process, a novel adjusting PH process was employed to prepare paper. This method
could transfer easily dispersing mono-dispersed CNTs in aqueous onto the surfaces of cellulose fibers, be-
cause PH adjustment of CNT-pulp is from the initial neutrality to weak acidity and then raising to alkalinity,
The dispersion of tubes in cellulose matrix and characteristics of composite were investigated. Also, electric-

al resistance for retrieved CNT-based sheets was measured using fore-probe method.
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1. Introduction

CNTs typify a class of nano-sized materials having many
potential applications due to their exceptional structural,
mechanical, electronic and thermal properties [1]. It has
been demonstrated that the C-C covalent bond formed in
a graphene layer is one of the most stable chemical
bonds, which have made them potentially useful such as
nano-reinforced materials, and nanoelecdevices, etc. [2].
However, the inertia of the C-C bond also make the
as-produced CNTs appear in thick bundles plausible held
together by Van der Waals attractions. For every rod-like
particle, Van der Waals attractions are highly directional,
which favors parallel alignment so that the nano-effec-
tiveness and function of themselves were limited [3]. So
far, significant progress has already been established for
dispersing CNTs in aqueous and/or organic solvents. In
general, two main strategies have been developed to
achieve their exfoliation from initial bundles state. One is
the so-called chemical modification, which was achieved
by functionalizing the surface of tube’s sidewall, fol-
lowed by reaction with chemical group such as fluorinc,
alkanes, or diazonium salts [4]. Although the desirable
CNT dispersion could be achieved; it deteriorates their
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inherent mechanical and electrical properties, due to
tubes to be shorted aroused simultaneously. Another is
the use of some particular chemicals as the dispersant
which is well-known the so-called noncovalent function-
alization, achieved based on physical adsorption of sur-
factants or polymers on the tube surface [5]. CNTs ob-
tained in this manner remain their pristine structure/
properties and therefore practicable for applications.

Herein, it is reported a novel-type surfactant, dodecyl
itaconate, which is synthesized in one-pot by the present
authors. The final reaction product was characterized and
the capability for dispersing ability in water was investi-
gated. Furthermore, retrieved aqueous mono-dispersed
CNTs with pulp to produce the CNT-based paper were
prepared. Different from the reported papermaking proc-
ess, a novel adjusting PH process was used to produce
paper loaded with CNT in this work.

2. Experimental

2.1. Synthesis of Dodecyl Itaconate as CNTs
Disperser

Dodecyl itaconate was synthesized by a procedure as
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described in Figure 1 [6]. In a typical run for synthesis of
DI, the dodecanol (8.00 g, 0.043 mol) was dissolved pre-
liminarily by heating at 50°C for 0.5 h, and then itaconic
acid anhydride (5.01 g, 0.044 mmol) was added. The
mixture was stirred at 115°C for 2 h in the nitrogen at-
mosphere to obtain the dodecyl itaconate. After the reac-
tion was completed, 300 ml hexane was added into the
reaction mixture at 80°C under a vigorous mechanical
stirring, and the crude product of white crystal was pre-
cipitated. The crude product was isolated and purified by
recrystallized in 500 ml ethanol twice, and followed to
vacuum-dry at room temperature for 24 h. The final
product was proven to be more than 99% purity with a
melting point 76-78°C. The yield is between 85-90wt%
(dodecanol based). The final reaction product was char-
acterized by '"H NMR and FT-IR techniques.'H NMR
spectra were recorded on a JEOL 400 NMR spectrometer
operating at 400 MHz for the proton investigation in
CDCI; solution with tetramethylsilane as the internal
standard at room temperature.

2.2. Preparation of Mono-Dispersed Agueous
CNTs

Dodecyl itaconate was neutralized by sodium hydroxide
and N, N-dimethylbenzylamine at 50°C to obtained the
corresponding salts. In order to retrieve CNT dispersion
aqueous, multi-wall CNTs (MWNTs) supplied by Mit-
sui-bussan Nanotech Co. Ltd. (Japan) were employed in
this study. The raw CNT synthesized by the chemical
vapor deposition (CVD) process had the average diame-
ter of 10-30 nm and the length of 5-15 um. For a typical
sample, 10.0 g MWNTs were mixed with 500 ml
aqueous loaded with 2.0g the above-mentioned SDI,
which is solved into water preliminary. The mixture so-
lution was grounded by Biz-miller (DYNO-Mill, Shin-
maru Enterprises Corporation) for 2.0 h at room temper-
ature. In addition, typical scanning electron microscope
(SEM) images performed with a JEOL JSM-5610 HV
with an electron voltage of 15 kV and a secondary elec-
tron detector was used to evaluate the dispersion effect of
retrieved aqueous MWNT solution after dilution to 0.001
mg/ml. The nanoparticle size of CNT in the mono-dis-
persion aqueous was examined by Dynamic Light Scat-
tering (DLS) measurement, which is performed on a Mi-
crotrac HRA 9320-X100 with a measure range as
0.01-1000 m at room temperature, and fluid and particle
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Figure 1. Synthetic procedure for DI.
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refractive index were defined as 1.33 and 2.42, respec-
tively. Meanwhile, ionic surfactant, sodium dodecyl sul-
fonate (SDS) was employed as a reference to evaluate of
competing stabilization characteristics of DI [7].

2.3. Manufacture of Paper Loaded with CNTs

After the mechanically mixing the aqueous CNTs and
cellulose, poly aluminum chloride and ammonia water
were employed to modify PH of the suspension solution.
As a typical acid papermaking process, PH was adjusted
from the initial neutrality to weak acidity (PH = 6.0 = 0.2)
and then raising to alkalinity (PH = 10.0 + 0.2). In order
to compare the properties of paper loaded CNTs, the
traditional papermaking process was also prepared de-
pending on adjustment of PH to mixture suspension so-
lution from the neutrality to alkalinity (PH = 10.0 + 0.2)
directly. CNTs dispersion effect on single cellulose fiber
was observed by SEM, and the electrical resistance was
measured using a four-probe method to each sample.

3. Results and Discussion

When dodecanol reacted with itaconic acid anhydride to
form dodecyl itaconate, the signal peak at 3.64 ppm,
which ascribed to methylene group of —CH,—O—- of do-
decanol as shown in Figure 2(a), was shift to 4.12 ppm,
because the hydroxyl group disappeared to substitute
with a different chemical group. In Figure 2(b), three
novel proton resonances were appeared in the synthe-
sized product, simultaneously. Although the proton
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Figure 2. 'H NMR spectra of (a) raw 1-dodecanol, (b) syn-
thesized dodecyl itaconate. (in solvent CDCly).
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resonances from the double bond of the raw itaconic acid
anhydride are measured at 6.57 and 5.92 ppm (data is not
shown), respectively, it is observed that their signals shift
to 6.45 and 5.82 ppm after the final reaction. These re-
sults indicated that the ring of acid anhydride was opened
and the proton of the double bond was attractive by dif-
ferent adjacent methylene group after reaction. Further-
more, the proton resonance at 3.64 ppm, which is cor-
responding to -C(=C)—CH,-C(O)- of pristine acid anhy-
dride was seen a shift to 3.37 ppm. It could be considered
an influence from the adjacent ester group. On the other
hand, FT-IR results gave the further evidence for the
synthetic product to indicate that the peak corresponding
to the C=C double bond stretching vibration at about
1630 cm™ appeared in the dodecyl itaconate compared
with raw dodecanol material. And, the stretching vibra-
tion of the carbonyl groups at about 1685 and 1710 cm’
merged in the final product.

According to the literature, the adsorption of surface-
tant onto CNT solid surfaces usually depends on the
characteristics of the tube and nature of the surfactant
molecule [8]. DI is a typical linear surfactant, possessing
a hydrophobic, C12-alkyl group and a hydrophilic head-
group with an olefin functional group. The initial inte-
raction between surfactant molecules and tubes lie in the
parallel the adsorption on side-walls of tubes driven by
the hydrophobic interactions exclusively. In this connec-
tion, the power from the external matrices is essential to
peel individualized tubes from the out-layer of their bun-
dles while surfactant molecule attached onto the CNT
surface and then introduce the steric repulsion forces to
overcome the interaction between the tube comrades’
attractions aroused by Van der Waals. Consequently, a
stable mono-dispersion of individual was retrieved, as
presented in Figure 3.

Different from the reported surfactant, an olefinic
bond functional group was near the head-group for the
novel surfactant. It is proposed that the double bond on
the DI molecule played an important role to achieve the
mono-dispersion of CNTs in water. For verification, we
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selected cyclic methylsuccinic anhydride to substitute
itaconic anhydride for the synthesis of dodecyl methyl-
succinic which have a similar chemical structure as DI
but without double bond, and dispersed the MWNT, ac-
cording to above-mentioned procedure. As a result,
CNTs dispersed via the dodecyl methylsuccinic aqueous
solution was still aggregated seriously. It helps to pro-
pose that a monolayer of adsorbed surfactant with the
anionic head-groups directed outward to the aqueous
phase and the adsorption reaches equilibrium depending
to function of the olefin bond on the DI molecules. On
the other hand, as listed in Table 1, the results of nano-
particle size distribution obtained by DLS meas- urement
were ~4.1 m and ~5.8 m in an average volume for DI and
SDS surfactant, respectively, and approximate with their
SEM observation. This result is also proved mono-dis-
persion state of dispersed solution as indicated SEM im-
agines. It has been reported that CNTs solubilized by
SDS could be preserved as the soluble state more than
500h at room temperature [9]. In order to explore the
characteristic of DI, a heating treatment was used in this
research work. It is known that the colloidal stability in
the surfactant solution will be destroyed dur- ing thermal
treatment, because of the inner molecular activity. Al-
though both of aqueous CNT solubilization presented a
mono-dispersion from their aggregated bundles, individ-
ual MWNTs exfoliated by SDS gave a re-aggregation
after the thermal treating at 50°C for 168 h as indicated
in Table 1. It could be explained that 7t- electron of the
double bond functional group in DI structure provide the
colloidal stability. In fact, n-m stacking such as benzene
rings onto the surface of graph- ite is reported because it
could be considered that func- tion could increase the
binding and coverage of surface- tant molecules to gra-
phite significantly [10]. According to our knowledge,
this is the first report to examine function of double bond
on surfactant molecules for the CNT dispersion in the
water.

In order to improve the CNT/cellulose paper, acid pa-
permaking process was employed in this work. Figure 4
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Figure 3. SEM micrographs of dispersed CNT (a) without and (b) with DI.

Copyright © 2011 SciRes.

ENG



X.S.WANG ET AL 53

Table 1. DLS measurement results or dispersed CNT.

Surfactant Treatment Mv (m)' Mn (m)? Ma (m)’
DI r.t. 4.119 2.884 3.710
50°C/168 h 5.868 3.065 5.309
SDS r.t. 5.868 5.319 5.309
50°C/168 h 15.710 8.897 12.880

1. Mv: average volume, 2. Mn: average number, 3. Ma: average area.
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Figure 4. SEM micrographs of dispersed CNTs on single cellulose fiber (a) in the acid and (b) in the general papermaking.

shown the interconnected network established by the
individual tubes on the surface of cellulose fiber in the
CNT/cellulose paper, and its good conductivity was also
presented, simultaneously. It is well known that the form
of CNT network in (on) to the matrices would help the
conductivity development of CNT. In this work, the ob-
jective is achieved by preparation of mono-dispersed
CNTs aqueous and followed by transferring these tubes
onto the surface of cellulose fibers by the PH adjustment
to acidity for the CNT-pulp suspension. Although the
mechanism for acid papermaking process is being under
studied at present, it is reasonable to consider that the
acidity could influence the mono-dispersion of CNTs
because some DI salt would be reduced to the DI result-
ing to the homogeneous individual tubes interacted with
cellulose fiber and formed corresponding CNT network
[11]. On the other hand, the vigorous morphological
change on the surface of the tubes was shown the ag-
glomeration for the general papermaking process. The
result also certified that the PH adjustment in the paper-
making play an important role to transfer the individual
CNT tubes from the aqueous solution to the cellulose
fibers, forming a “CNT-pulp”. Furthermore, it should be
emphasized the CNT effectiveness that the electrical
resistance was increased with loaded CNTs amount to
both of papermaking process, as shown in Figure 5. For
the expensive CNT material, what net-work structure
was formed onto surface of cellulose fibers would be
more practical to retrieve higher properties CNT-paper.
Additionally, polymerizable capacity of DI functional-
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Figure 5. Electrical resistance for CNT-based paper.

ized as a monomer is expected to trigger the further re-
search due to high reactivity of olefinic carbon. At pre-
sent, wrapping ultrathin polymer film formed by DI po-
lymerization on CNTs surface to diversify their appli-
cation in the other nano-composites field is being proc-
essed.

4. Summary

In summary, we have demonstrated a simple procedure
for a novel-type surfactant DI in one-pot. Due to n-elec-
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tron function of double bond group on the surfactant
molecule, aqueous mono-disperse CNTs was retrieved.
Also, it provides the mono-dispersion solution to keep
colloidal stability for longer period than general surface-
tant. Different from the general papermaking process, a
novel adjusting PH process was used to preparation the
paper loaded with CNT. As a result, this method could
transfer easily dispersing mono-dispersed CNTs in
aqueous onto the surfaces of cellulose fibers homoge-
nously and higher properties CNT-paper was retrieved.
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