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Abstract

C-CVD grown Multi-Walled Carbon Nano-tubes (MWCNTSs) as reinforcement
have shown excellent mechanical, thermal properties as long as homogeneously dispersed
in the matrix (polymer, epoxy and etc.). Modification of carbon nano-tubes is the base
steps to prepare the surface microstructure to strong bonding with matrix thereby decouple
bundled nano-tubes due to Vander Waals interactions. The main purpose of this research
work is modification of MWCNTs in order to obtain less damaged and strong bondable
nano-tubes and comparing to two vacuum-drying methods to find most effective one.

In this research, we carried out by sulfuric and nitric acid treatment (H,SO,:H-
NO,) as 3:1 v/v to modify the side-wall surface. Two types of condition of dehydration
have been performed during 24 hrs: heating (120°C) at 750 mmHg and freezing (-80°C)
at 1900 mmHg to obtain qualitative MWCNTs with low viscosity and higher aspect ra-
tio. It is believed that the most important factor is low viscosity within higher loading of
MWCNTs. Quality of well-dried functionalized multi-walled carbon nano-tubes (F-VFD
MWCNTs) can be estimated as well in creating well-oriented nano composite. A quantita-
tive characterization of presence carboxyl (-COOH) group on the external wall observed
by Fourier Transmission Infrared Spectroscopy (FTIR). Disclosure of defects and disrup-
tion on the graphitic structure of F-VFD MWCNTs was analyzed by Raman Spectroscopy.
In order to enhance dispensability, it is necessary to quantify the F-VFD MWCNTs dis-
persion quality after applied chemical modification. Although, purity of F-VFD MWCNTs
was analyzed by Energy-Dispersive X-ray spectroscopy (EDX) to predict in-organic and
metal impurities after performing functionalization. Observation by Scanning Electron
Microscope gave us clear view of structure surface of MWCNTs. According to the results,
we found out that effect of drying temperature is one of the critical factors to obtain less
damaged and strong bondable nano-tubes regardless of matrix thereby to improve me-
chanical and thermal properties of nano-composites in advance. The results showed the
effective influence of functionalization (unlocking) on the interfacial interaction between
MWCNTs and isophthalic polyester resin which obtained after performing vacuum-freez-
ing dry method.
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Introduction

Generally, nano-materials reinforced by MWCNT are
becoming a newest area of research investigation for scientists
especially, who related work with materials science and mechan-
ical engineering even medicine. More and more comprehen-

sively investigations of carbon nano-tubes are presenting new
methods as reinforcement in nano-materials and opening new
remarkable applications to apply for many industry and mili-
tary innovation''?. Unbelievably properties, such as resistance
and flexibility make them ideal candidates as reinforcement ma-
terials in polymer nano-composites. The basic idea is to create
ideal nano-composite material, where carbon nano-tubes prop-
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erties transferred to a polymeric matrix to make a strong bond.
In the process, it is very difficult to achieve a good adhesion at
the MWCNT and polymeric matrix interface. Because, electro-
static and Van der Waals forces cause that agglomeration of the
nano-tubes in bundles and entanglements. As known, pristine
MWCNTs have poor disperse ability in the polyester or even
epoxy because of their bundled and tangled structure originated
from strong Van der Waals forces, which become a barrier in
way to reach the high level of physical properties. These defi-
ciencies might have affected on the characteristics of nano-com-
posite, until a method to disperse nano-tubes homogeneously in
the matrix will not be found. Attractive Van der Waals forces
between nano-tubes are difficult to quantitatively measure with
any surface force technique since these forces increase by orders
of magnitude close to the surfacel>*. However, the observance of
the Van der Waals pressure indicates that even electrically neu-
tral bodies attract. The major disadvantage of carbon nano-tubes
is the strong tendency to aggregate to form bundles in low vis-
cosity fluids, which hampers molecular level studies and device
applications perhaps due to the Van der Waals forces. Moreover,
theoretical calculation and explanation of Van der Waals forces
between nano-tubes is quite limited™. When carbon black parti-
cles are dispersed in polymers, two comparative forces have to
be considered, touching particles stick together due to the Van
der Waals forces of attraction, and second, the surface of parti-
cles dispersed in the medium becomes charged, which causes a
repulsive columbic force!®.

Functionalization and oxidation have shown to be
feasible and effective means of improving the homogenously
disperse ability and distribution of nano-tubes into a matrix”.
However, dehydration temperature MWCNTs tend to aggregate
and their agglomeration in common solvents in polymer matri-
ces is the results in unsatisfactory effects. Consequently, various
methods have been proposed for functionalizing MWCNTSs!®,
Functionalization of MWCNTs for polymers is obtaining par-
ticular interest because long polymer chains will help the tubes
dissolve in good solvents even with a low temperature. As most
MWCNTs are generally inert and chemically resistant as a com-
mon approach to covalent modification (chemical treatment) of
MWCNTs requires severe drying conditions after treatment with
strong acids such as sulfuric acid, nitric acid and etc. Significant
damages to the molecular framework of MWCNTs are inevita-
blel.

Speaking of acid treatment, the first use of concentrat-
ed H,SO,:HNO, (3:1) mixtures to cut the highly entangled long
ropes of MWCNTs into short, open-ended tubes with many car-
boxylic groups at the open end as reported by Liu ef all'”. As a
result of chemical oxidation, the ends and sidewalls of the na-
no-tubes are covered with oxygen-containing groups which have
important implications for the electronic properties of these ma-
terials. This acid treatment method using a mixture of H,SO, and
HNO, may effects on the diameter dependent length separation

Table 1: Specification of pristine MWCNTs.
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of single walled carbon nano-tubes as investigated by Kim e?
al™. They observed that smaller diameter nano-tubes were pref-
erentially shortened by the acid treatment process and migrated
farther from the original sample. This technique can provide a
preparative and scalable method for separating nano-tubes by
length and diameter.

The influence of acid treatment duration on MWCNTs
functionalized by H,SO,:HNO, on length and diameter due to
decreasing in oxidation resistance rather than the lower degree
of crystallinity as discussed by Chiang et a/l'"?l. They found that
if the samples are oxidized for two days they will have the most
abundant surface carboxyl (COOH) and the highest oxidation
resistance. In fact, functionalization of carbon nano-tubes is
used to increase their disperse ability and to facilitate a uniform-
ly distribution in polymers. It has been confirmed that refluxing
nano-tubes with concentrated nitric acid creates acidic sites on
nano-tubes such as carboxylic, carbonyl and hydroxyl groups
and etc!¥l. Also the presence of carboxyl groups leads to a re-
duction of Van der Waals interaction between nano-tubes, which
strongly facilitates the separation of bundles into individual
tubes. Two main problems must be solved to prepare pristine
MWCNTs reinforced polyester matrix: it is difficult to disperse
pristine MWCNTs in the polyester matrix because the carbon na-
no-tubes are self-actively forming bundles and poor interfacial
adhesion between MWCNTs and a matrix which are influences
the MWCNT reinforcing effect. Functionalizing the MWCNTs
with side chains that can form covalent bonds with the polymer
matrix have proven successful in addressing these problems.
Furthermore, during the functionalization of MWCNTs occur-
ring disruption on the graphitic structure of MWCNT: uncap-
ping that occurs at the end of the tubes thereby shortening the
length of the carbon nano-tube!'4.

The main goal of this work is to avoid the self-breaking
(shortening the length) that occurring while functionalization
and enhance the disperse ability by finding effective dehydration
methods in order to improve a process that allows MWCNTs to
be incorporated into isophthalic resin to give light-weight and
high-strength nano-composite materials. The results showed the
effectiveness of vacuum-freezing dry method after functional-
ization by low concentration of sulfuric and nitric acid mixture
as well as the low frequency of ultrasonication with pH neutral-
izing after which also minimized the damage and fragmentation
of carbon nano-tubes.

Experimental Part

Material
Multi-Walled Carbon Nanotubes (MWCNTs)

Pristine MWCNTs (CNT90, Applied Carbon Nano
Technology, Korea) were used as a reinforcement in this investi-
gation. Physical properties of the MWCNTSs were given in Table
1 and TEM images are shown in Figure 1.

Product type Diameter (nm) Length (um) Aspect ratio Purity (wt %) Remark
MWCNT90 5~20 1~10 1,000<... 90=<.. AP grade
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Figure 1: TEM images of pristine MWCNT.

Equipments
Vacuum oven

Vacuum oven (OV-12, JEIO TECH Co., Ltd., Korea)
was used to dry after acid treated MWCNTs by heating up to
120°C at 750 mmHg pressures within 24 hrs.

Speed vacuum centrifugal concentrator

Vacuum-freezing machine (OPERON SVQ-70, OP-
ERON Co., Ltd., Korea) was used to dry after acid treated
MWCNTs. Dry condition was arranged under -80°C at 1900
mmHg pressure during 24 hrs. In order to dehydrate of modified
MWCNTs two 500 ml bottles were used at the same time.

Morphology characteristic
Fourier Transform Infrared Spectroscopy (FTIR)

Fourier Transform Infrared Spectroscopy (VER-
TEX-80v, BRUKER Optics Co.) was performed to verify the ex-
istence of carboxyl group (COOH) on the surface of MWCNTs.
The vacuum FT-IR spectrometers are based on the actively
aligned Ultra-Scan interferometer, which provides PEAK spec-
tral resolution capable of acquiring 100 full spectra per second
at 16 cm™' resolution. Resolving time spectral acquisition, with
temporal resolution is 12.5 microseconds using an internal 24 bit
analog to digital converter and signal to noise for acquisition of a
100% line spectrum. High resolution spectra in the visible spec-

Figure 2: MWCNTs growing using chemical vapor deposition (CVD).
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tral range demonstrate a resolving power of better 300,000:1.
The FT-IR spectra of pristine and functionalized MWCNTs were
recorded between 600 and 4000 cm™!. The samples were mixed
with KBr powder and then sample pellets prepared with press
device. Elemental analysis was analyzed with OPUS Software.

Scanning Electron Microscopy (SEM)

Observation made by scanning electron microscopy
(JSM-6380, JEOL Co.) which equipped with a gun type Ther-
mal Tungsten Filament (TTF), with 2-stage zoom condenser
super conical objective lens, which apertures three position con-
trollable in X/Y directions. Three types of MWCNTSs have been
analyzed the surface morphology: pristine MWCNTs, and after
modified MWCNTs with two different conditions. Test condi-
tions: magnification was x 20,000 ~ 100,000 with resolution 100
nm at 15 kV accelerating voltage.

MWCNT synthesis

The process involves passing a hydrocarbon vapor
(C_H,) around 30 ~ 60 minutes through a tubular reactor in
which a catalyst material is present at sufficiently high tempera-
ture (600°C ~ 800°C) to decompose the hydrocarbon as can be
seen in Figure 2. MWCNTs grow on the catalyst in the reactor,
which are collected upon cooling the system to room tempera-
ture!’],
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The liquid hydrocarbon (C.H,, alcohol, etc.) is heated
in a flask and an inert gas is purged through it, which in turn
carries the hydrocarbon vapor into the reaction zone. If a sol-
id hydrocarbon is to be used as the CNT precursor, it can be
directly kept in the low-temperature zone of the reaction tube.
Volatile materials (camphor, naphthalene, ferrocene etc.) direct-
ly turn from solid to vapor, and perform CVD while passing over
the catalyst kept in the high-temperature zone. Also the catalyst
precursors in CVD may be used in any form: solid, liquid or gas,
which may be suitably placed inside the reactor or fed from out-
side. Hydrocarbon (C_H, ) vapor when comes in contact with the
“hot” metal nano-particles, first decomposes into carbon and hy-
drogen species; hydrogen flies away and carbon gets dissolved
into the metal. After reaching the carbon-solubility limit in the
metal at that temperature, as-dissolved carbon precipitates out
and crystallizes in the form of a cylindrical network having no

Pristine MWCNT

m
d st 0,(95%) +H,0 !:x m‘“
"L :r .‘b."-“

""%
*8’:,-';"‘@
Figure 3: Schematic structure of MWCNT functionalization process.
In order to get aqueous acid solution, 190 ml of 95%
sulfuric acid (H,SO,) was mixed with 110 ml of distilled water.
After that, 100 ml of 60% (HNO,) was added into the acid solu-
tion. In this study, to ensure 400 ml of nitric acid and sulfuric
acid concentration (H,SO,:HNO,) acid mixture was in the ratio
of 3:1 by volume per volume 4 g of as-synthesized MWCNTs
with 400 ml of aqueous acid solution was added into a 1000 ml
flask to treat. The flask was then immersed in bath ultra-soni-
cation 75% operating with maximum amplitude at 40 kHz fre-
quency for 10 mins at room temperature (25°C). The mixture
was then stirred by magnetic bar at 200 rpm for 6 hours under
reflux at 130°C. During the refluxing, dense brown gas was col-
lected and treated with a NaOH aqueous solution connected to
the condenser by a plastic pipe. The mixture after cooled down
to room temperature, the reaction was diluted with 2000 ml of
De-lonized (DI) water and then vacuum filtered through a 0.45
mm millipore polycarbonate membrane filter paper. The func-
tionalized MWCNTs was collected via discard method and then
washed thoroughly with distilled water until the pH value of
MWCNTs solution is approximately to pH 7.

Neutrality (pH) effect on dispersion MWCNTs

The stability of colloidal solutions as a function of at-
tractive forces, such as Van der Waals interaction, and repulsive
forces caused by the electrostatic of each carbon nano-tubest.
The effect of pH is in fact a collision of two separate base factors
—Na+ concentration and presence rest of the oxidation debrist!”.
The pH deviates from the iso-electric point; the more carboxylic

www.ommegaonline.org
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dangling bonds and hence energetically stable. Hydrocarbon de-
composition (being an exothermic process) releases some heat
to the metal’s exposed zone, while carbon crystallization (be-
ing an endothermic process) absorbs some heat from the metal’s
precipitation zone. This precise thermal gradient inside the metal
particle keeps the process on.

Functionalization (Modification) of MWCNTs
Acid treatment

MWCNTs for this investigation synthesized by catalyst
CVD, most effective method of chemical surface modification
of carbon nano-tubes was to use sulfuric (H,SO,) and nitric acid
(HNO,). Purification and chemical oxidation of MWCNTs was
carried out by using mixture of acid oxidation method as shown
in Figure 3.

Functionalized
MWCNT

-COOH

( CDOH 5'.‘;2;3 !
120°C
r w"-’t

.-,
" t
!" ¢ COOH

groups become deprotonated, leading to a higher absolute zeta
potential and enhanced dispersion stability!'®. Hence, interac-
tion with carbon nano-tubes is strong, low solubility at pH 2-5
and becomes weaker with increasing up to pH 7. Therefore until
completely NaOH washed up to pH 7 due to the increased dis-
persibility of both the debris and MWCNTs, which weakens the
interactions between carbon nano-tubes and a polymer matrix.
In fact, the conjugate base of the carboxylic acid is resonance
stabilized sharing the delocalized electrons between oxygen at-
oms. Only less than pH 7, where total detachment of the debris
occurs, the solubility of unwashed carbon nano-tubes drops al-
most instantly. Constant values of carboxylic acids naturalized
with acid dissuasion are ranging from pH 2 to 5 and are consid-
ered moderately strong acids such as sulfuric and nitric!®!. In
this investigation at least 4 times NaOH washing was performed
to decrease Na+ concentration and increase dispersibility of
acid treated MWCNTSs, which allows the purity of acid treated
MWCNTs to be around 98 - 99%.

Degassing and drying of functionalized MWCNTs
Vacuum-heating dry

Remained MWCNTs after the last rinsed and filtered
used a similar polyester membrane with 200 nm pores. In order
to evaporate excess of acidic aqueous the MWCNTs were trans-
ferred into a 0.45 mm millipore polycarbonate membrane filter
paper and lest to vacuum in a lab oven at a temperature of around
120°C under pressure 750 mmHg for 24 hours.
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Vacuum-freezing dry

After acid-water solution was completely drained and
released with de-ionized water and neutralized up to pH 7 the
MWCNTs was transferred into two 500 ml special glasses and
carefully closed with plastic glass-pipe-cap. Capped glass-
es were then connected to a vacuum centrifugal concentrator
though the plastic tube and dried under -80°C pumping down at
1900 mmHg for about 24 hrs as shown in Figure 4.

Figure 4: Drying process in under -80°C pumping down at 1900 mmHg

The chemical modification is limited mostly to the
opening of the tube caps and the formation of functional groups
at defect sites along the sidewalls and length. Also strong oxi-
dation conditions cause the graphene structure around the gen-
erated active sites broke, and the tube ends will cut off. Turns
out oxidation process not only attacks defects but also takes ac-
tion on the relatively integrated graphene structures as well. As
matter of fact, the temperature of drying process also play vital
role in functionalization step. To analyze the compassion of na-
no-tubes destructions and influence by chemical modification,
filtered mixture was dried in two dry conditions; heating in an
oven up to 120°C at 750 mmHg (Figure 5, a) and freezing in the
centrifugal concentrator under -80°C at 1900 mmHg (Figure 5,
b). Time of both drying process was for 24 hrs.

OMMEGA
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a) vacuum-heating (hard and solid).

b) vacuum-freezing (soft and powder).

Figure 5: Samples obtained after performing two different dry-
ing conditions.

25 25

20
+ 20

+ 15

10

Diametar [nm] Length [jum]

T pristine MWCNTe
EZEE acid treated MWCONTSs (vacuum-freszing dry)

20

Diamater [nm] Length [pm]

1 pristine MWCNTs
ESES acid traated MWCNTs (vacuum-heating dry)

Figure 6: Dimensions of MWCNT after acid treated with different dry conditions.
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As can be seen after performing vacuum-heating dry
method we obtained weaker MWCNTs (F-VHD) with short
length and damaged MWCNTs (a) than after vacuum-freezing
dry method MWCNTs (F-VFD) (b) in Figure 6. State of out-
er and inner diameter of nano-tubes is also important factor to
introduce the polyester hence strong bonding. From the Figure
6, side walls of nano-tubes are softer and porous (a) caused by
freezing effect on dehydration process, clinched and shrinkage
(b) of side walls caused by heating effect and also observed inner
cracks which are results of bamboo structure.

As we followed through to the point of dehydration:
Vacuum-heating

The drought sample was scraped from the filter paper
and transferred into the mortar to crush by pestle until sample
become granule. Unfortunately, some parts of MWCNTs were
damaged during the process. Next step was powdering using bath
type sonication; F-VHD MWCNTs were transferred into a 100
ml glass cup, following by pouring 50 ml alcohol and capping by
plastic paper to avoid alcohol self-evaporation. Sonication was
approximately 60 minutes at full amplitude (40 kHz) and bath
condition was 25°C. After sonication, sample was placed into an
oven and re-dehydrated overnight at 50°C.

Vacuum-freezing

After acid-water solution was completely drained and
released with de-ionized water and neutralized up to pH 7 the
sample was transferred into two 500 ml special glasses. Capped
glasses were then connected to a vacuum centrifugal concentra-
tor though the plastic tube and pumped down to dry for about 24
hrs. Ice crystallization on the side walls of nano-tubes during the
dehydration process were melted in an oven overnight at 50°C.

Results and Discussion

Energy-dispersive X-ray spectroscopy analysis

Energy-dispersive X-ray spectroscopy analysis was
performed to identify in-organic and metal impurities contami-
nation in pristine MWCNT and F-VFD MWCNT samples. EDX
investigation (Figure 7, a) showed the characterizations of the
pristine MWCNT sample prove presence in-organic and metal
impurities!'®’. After acid treatment metal impurities Mg, Fe, Cu
and Zn in the F-VFD MWCNT samples disappeared (Figure 7,
b), only carbon and oxide peaks showed high integration then
in pristine one. Metal concentrations of pristine MWCNT were
1.54% - Mg, 6.89% - Fe, 1.51% - Cu, 1.02% — Zn as presented in
Table 2. And for the carbon percentage of F-VFD MWCNT sam-
ples higher then pristine MWCNTs, but oxide percentage de-
creased. This indicates that the in-organic and metal impurities
were extracted from F-VFD MWCNT by acid treatment. The
observation from EDX showed that the effect of sulfuric and
nitric acid treatment cased the concentration of in-organic and
metal impurities lower and thereby enhancing the purity. This
also indicates that the vacuum freeze-drying is also efficient to
obtain dispersible MWCNTs. The purity of the MWNTs has
been improved as the Mg—Fe—Cu—Zn catalysts do not present
in the functionalized samples anymore. Although this result is
confirmed by other, such as TEM and SEM observations, the
purity of the MWNTs may not be indicated precisely by these
microscopic observations.

www.ommegaonline.org 44

& ommssn puvisner

a) pristine MWCNTs.

b) F-VFD MWCNTs.

Figure 7: EDX spectroscopy analysis. Effect of the functionalization
on purity of MWCNT by vacuum freezing method.
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Table 2: Percentage of metal impurities in the MWCNTs.

Element Weight% Atomic%
Carbon K 83.43 92.34
Oxide K 5.60 4.66
Mg K 1.54 0.84
Fe K 6.89 1.64
CuK 1.51 0.32
Zn K 1.02 0.21
Totals 100.00

Element Weight% Atomic%
Carbon K 95.59 96.65
Oxide K 4.41 3.35

Fourier Transform Infrared Spectroscopy (FTIR) analysis

Fourier Transform Infrared Spectroscopy was per-
formed in three types of MWCNTs: pristine MWCNTs, chemi-
cally modified MWCNTs by vacuum-heating and vacuum-freez-
ing dry methods. The spectra average from 4000 to 6000 cm™
scans were taken from samples pressed in pellets with KBr pow-
der. In order to get accurate data at least 3 - 4 samples were tested
to detect the carboxylic group (COOH). FTIR spectra of pristine
MWCNTs have shown some weak peaks in Figure 8, (a) C-O
(strong ester) stretching at 1172 cm™, C=C at 1637 cm™ (vari-
able alkane), C-H stretching at 2920 cm™' (strong alkane) and
O-H (hydroxyl group) at 3427 cm™" associated absorption band,
but no carboxyl groups!'’.. That indicates that pristine MWCNTSs
have contained some defects on the sites of structure. Few peaks
signal were found in spectra in the functionalized MWNCTs by
heating dry method in Figure 8, (b). C=0 (Carboxyl acid) peak
appears at around 1718 cm™ which is assigned to the presence
of C=O0 stretching mode of carboxylic groups as a result of acid
treatment. The feature at 3115 — 3740 cm™" corresponds to the
absorption of O-H stretching of hydroxyl groups and the C-O
stretching band is at 1150 cm™ and C—C stretching band 1558
cm ™. A peak C-O is stretching vibrations at 1150 cm™ and C-X
(strong chloride) stretching at 769 cm™' of asymmetrical coupled
vibration of C-CO-OU!8]. Also a peak which was identified at
1705 cm™ characterized a clear indication of carboxyl groups
in the functionalized MWNCTs by freezing dry method in Fig-
ure 8, (c). Unlikely, spectra of lower wave numbers are multiple
overlapping peaks. That means the existence of carboxylic and
carboxylate groups, and bonding. Compared with the corre-
sponding results in peak in Figure 8, (b), the peak at 1705 cm™
in Figure 8, (c) is much weaker. The intensity of the bands at
3425 cm™ and at 1383 cm™, corresponding to the (O—H) and
(C-0) bands, respectively, increased. The peak at 1637 cm™" as-
signs C=C bond in MWCNTs which is also increased due to the
connection of oxygenated functional groups. Therefore, peaks at
around 2917 and 2848 cm™ correspond to the C-H stretch modes
of H-C=O0 in the carboxyl group.

Muhammad Ali Turgunov., et al. 45
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Figure 8: FTIR spectroscopy analysis of MWCNTs after performing
two different drying conditions.

Scanning Electron Microscopy (SEM) observation

Morphology study and structural observation of
MWCNTs surface were analyzed by SEM. For comparison re-
sults three types of MWCNTs have been taken under the mi-
croscope: pristine MWCNTs, acid treated MWCNTs by vacu-
um-heating and acid treated MWCNTs by vacuum-freezing dry
method.
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Through the SEM examination we identified that
MWCNTs have different morphologies. Pristine MWCNTSs has
smooth and plexiform structural walls as shown in Figure 9(a).
It’s practically impossible to align nano-tubes due to heavily en-
tanglement without physical intervention!”. However, during
the functionalization process the smooth structure of carbon na-
no-tubes had change to be rough after performing acid treatment
as can be seen in Figure 9(b) and (c). This phenomenon might
be associated with chemical functional groups attached on the
surface of the carbon nano-tubes. Wall roughness was actually
formed by defect sites via carboxylic group attachment to the
side walls.

Preliminary scanning of pristine MWCNTs detected
presence of impurities such as catalyst as bright particles with

a) pristine MWCNTs
b) F-VHD MWCNTs.
c) F-VFD MWCNTs.

% ommEGA
bundles of nano-tubes. No existence of impurities was detected
in the acid treated MWCNTs by both dry methods, which might
be probably due to the oxidation with acids during reaction. Be-
cause catalyst used to manufacture MWCNTs and mostly com-
posed of metal oxide that can be dissolved and oxidized with
acids.

Examination of acid treated MWCNTs showed that less
structural damage was found on the surface of MWCNTSs in vac-
uum-freezing dry type than other type. Also, resulting of tubes
length might be shortened by the oxidation process and due
to the condition of aqueous acid solution which caused severe
structural damage to the MWCNTs structure through mixture
scission effect.

Figure 9: SEM images of MWCNT. The high resolution images with square mark indicating roughness of surface of MWCNT.
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Conclusion

Effective dehydration method for chemical modifica-
tion of MWCNTs has been found and investigated in this re-
search work. The aqueous acid solution is highly oxidative with
the ability to break and open the end of tubes of MWCNTs de-
pending on the technique used for the oxidation reaction. Low
concentration of sulfuric and nitric acid mixture as well as the
low frequency of sonication was applied in order to minimize
the damage and fragmentation of nano-tubes during the func-
tionalization process. Main goal was to obtain less damaged and
strong bondable carbon nano-tubes with polyester matrix after
acid treated; in our experiment we used two types of dry con-
ditions such as vacuum-heating (120°C) and vacuum-freezing
(-80°C). The results showed that the vacuum-freezing dry meth-
od provided the MWCNTs to be less damaged soft-powder type
and more interactive carbon nano-tubes with polyester fluids. As
confirmation the surface morphologies of the MWCNTs were
characterized by FTIR, SEM and Raman spectroscopy. FTIR
spectroscopy confirmed the higher amount of existence of the
carboxyl groups (COOH). SEM observation showed that the
functionalized MCWNTs was quite entangled from each oth-
er and formed an interconnecting structure. Also roughness of
nano-tubes walls were actually formed by defect sites, which
damaged due to harsh acid treatment and introduced via carbox-
ylic group attachment to the side wall, and were significantly
different from those of pristine MWCNTs.

According to the results, the effective and optimal can-
didate as reinforcement for polyester matrix is MCWNTs func-
tionalized especially by propitiate concentration of sulfuric and
nitric acid mixture and dried by vacuum-freezing up to -80°C.
Compared with other type of acid treatment this method generat-
ed carboxyl groups on the surface of nano-tubes effectively they
can keep the structure to be uniform and less damaged. Func-
tionalized MWCNTs were well dispersed in the polyester ma-
trix due to well entanglement and strong bondable by generated
of carboxyl groups and applying vacuum-freezing dry method.
Moreover, their modified surface proved better interconnection
with polyester matrix and thereby justified our expectation to
further use.
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