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1. Introduction

Raw MWCNT, being a highly entangled product, is difficult to disperse uniformly in liquids
or melts in order to efficiently carry the mechanical load or provide useful transport properties.
Two different approaches to separate CNTs are usually used: physical methods and chemical
methods. Physical dispersion methods include ultrasonication, ball milling, grinding and high speed
shearing. Chemical methods use surfactants or functionalization to change the surface energy of the
nanotubes to improve their wetting or adhesion characteristics and to reduce their tendency to
agglomerate in the continous solvent phase. Acid-treatment can result in short lengths in MWCNT
These shortened CNTs can modulate the properties of the CNTs including their dispersion
properties. In various solvents functionalized CNTs are solvated as individual tubes, which makes
possible to carry out further solution chemistry.

The present study investigates the oxidation of raw MWCNT in nitric acid and assesses the
influence of different reaction condition on the solubility and CNT loss.

2. Experimental
2.1. Materials

Raw MWCNTs were purchased from NanoLabs. Nitric acid 60% was purchased from Wako.

2.2 Equipments

The oxidation was carried out in oil bath The Raman shift of the CNTs during the oxidation
was recorded by a Dilor spectrometer. The changes that occurred during oxidation were examined

by SEM Hitachi S4000.

2.3. Method

In a two necked round bottomed flask 0.4g of raw MWCNTs and 40ml of nitric acid 60%
were added. The mixture was sonicated for 30min at 35W and 35KHz. Next the reaction mixture
was refluxed in an oil bath at 126°C for up to 48 hours. At a predetermined time Iml of reaction
mixture was extracted and added to 15ml of dionized water. The CNTs were washed twice and
separated by filtration on polycarbonate membrane filter of 0.2um pore size. The filtered samples
were dispersed in 15ml dionized water with sonicator tip for 2min.

The Raman scattering of the samples were recorded using Ar” laser at 514.5nm and 30mW

output power.

3. Results and discussions
3.1 Oxidation kinetics by Raman spectroscopy

As the oxidation affects the graphitic structure of the nanotubes the Raman spectrum
changes accordingly. Fig.1 presents the Raman spectra of the raw MWCNTs. The two sharp Raman
peaks namely G (Graphite) and D (Disorder) bands will be correlated to the oxidation kinetics.
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1. Introduction

Raw MWCNT, being a highly entangled product, is difficult to disperse uniformly in liquids
or melts in order to efficiently carry the mechanical load or provide useful transport properties.
Two different approaches to separate CNTs are usually used: physical methods and chemical
methods. Physical dispersion methods include ultrasonication, ball milling, grinding and high speed
shearing, Chemical methods use surfactants or functionalization to change the surface energy of the
nanotubes to improve their wetting or adhesion characteristics and to reduce their tendency to
agglomerate in the continous solvent phase. Acid-treatment can result in short lengths in MWCNT
These shortened CNTs can modulate the properties of the CNTs including their dispersion
properties. In various solvents functionalized CNTs are solvated as individual tubes, which makes

possible to carry out further solution chemistry.
The present study investigates the oxidation of raw MWCNT in nitric acid and assesses the

influence of different reaction condition on the solubility and CNT loss.

2. Experimental
2.1. Materials

Raw MWCNTs were purchased from NanoLabs. Nitric acid 60% was purchased from Wako.

2.2 Equipments

The oxidation was carried out in oil bath The Raman shift of the CNTs during the oxidation
was recorded by a Dilor spectrometer. The changes that occurred during oxidation were examined
by SEM Hitachi S4000.

2.3. Method

In a two necked round bottomed flask 0.4g of raw MWCNTs and 40ml of nitric acid 60%
were added. The mixture was sonicated for 30min at 35W and 35KHz. Next the reaction mixture
was refluxed in an oil bath at 126°C for up to 48 hours. At a predetermined time 1ml of reaction
mixture was extracted and added to 15ml of dionized water. The CNTs were washed twice and
separated by filtration on polycarbonate membrane filter of 0.2um pore size. The filtered samples
were dispersed in 15ml dionized water with sonicator tip for 2min.

The Raman scattering of the samples were recorded using Ar” laser at 514.5nm and 30mW

output power.

3. Results and discussions
3.1 Oxidation kinetics by Raman spectroscopy

As the oxidation affects the graphitic structure of the nanotubes the Raman spectrum
changes accordingly. Fig.1 presents the Raman spectra of the raw MWCNTs. The two sharp Raman
peaks namely G (Graphite) and D (Disorder) bands will be correlated to the oxidation kinetics.
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Fig. 1 The Raman spectrum of the raw MWCNTs

Using the peak fitting tool of Origin 7.0, the G and D band were fitted with the Lorentz
function. It is clear from the fig.2 that there is a good correlation between the experimental and

fitted data.
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Fig. 2 Peak fitting and area-fraction of the G band for the raw MWCNTs

The peak fitting tool also integrates the peak areas, thus it is possible to monitor the change
of the area under each peak during the oxidation process. The area-fraction of the G-band decreases
as the oxidation advance (fig. 3). Mainly two processes contribute to the decrease of the area-
fraction of the G band: (1) the formation of functional groups (carboxylic, carbonylic and phenolic);
(2) the amorphous carbon structures generated from the disintegration of the CNTs contributing to

th: increase of the D band.
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Fig. 3 Oxidation kinetics expressed as G band area-fraction g vs. time

The oxidation rate depends on various parameters like: temperature, acid concentration, etc.
In this study we observed that the oxidation rate depend also on the initial concentration of the
CNTs.

Based on this method it is possible establish quantitative relationships between different
process variables and the degree of oxidation.

3.2. Solubility assessment by photographic method

It is difficult to clearly separate the contributions on the G band mentioned above, but the
visual observation of the solubility limit could be considered as a complementary criterion to
establish the oxidation time that minimizes the loss of CNTs.

In order to have reasonable transparency, 0.2ml of the previous sample solutions were added
to 8mL dionized water. The photographs corresponding to each sampling time is presented in fig. 4.

fu. Pt » cts 2 ¥ 'f-""% 7. ¥ R —
7.5h Oh 12h 18 24h
Fig. 4 Photographs of the raw and oxidized CNTs in water.
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As the oxidation proceeds the solubility of the CNTs increases. After 4.5 hours of treatment
there are sufficient functional groups to form a clear solution. As the oxidation goes further (t>6h)
the transparency of the samples increases as the CNTs are continuously destroyed.

3.3. SEM observations

SEM micrographs at different time of oxidation are presented in figure 5. After 6 hours of
acid treatment (fig 5b), the aspect of the MWCNTs are quit similar to that of the raw materia! (fig.
5a). After 24 hours (fig. 5c¢) it is noticed the presence of shortened CNTs and the disappearance of
the CNTs with small diameter. Practically 75% of initial mass of nanotubes are distroyed after 24
hours of treatment. After 48 hours of oxidation, the nanotubes are strongly fragmented (fig 5d), and
there are covered with amorphous carbon structures. In this case 90% of the nanotubes are lost.

Fig. 5 SEM micrographs of the raw and oxidized samples

4. Conclusions
a. Raman spectrometry is suitable for monitoring of the oxidation kinetics

b. The area-fraction of the G band correlates well with the oxidation kinetics

c. The Raman data correlaicd with the solubility test is convenient for estabhshmg
treatment time that provides good solublllty and minimal CNT loss.

d. The SEM micrographs show that in the carly stages of oxidation the nanotubes keep
their structures reasonably close to the raw material. After long oxidation (>24h) the
CNTs are strongly fragmented and covered with amorphous carbon structures.
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Fig. 3. Schematic of size separation system
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Table. 1 Diameter of particles

HEHA A FE (nm) i 10 E ORI TAFET D HE (no
NaOH-Fe,0, MF 10. 0 3. 21 4-15
Nalil-Fe)0, 7T 8. 04 2.22 4-12
NaDH-Fe,0, T™ 8. 83 2. 27 a-11
NaQH-Fe,0, TB 9. 76 2.33 5-13
NaQH-Fe,0, BT 8.64 2.54 4-13
NaOH-Fe 0, BM 9.78 2. 54 6-14
NaOH-Fe 0, BB 9. 64 2. 65 5-15
F{-Fe,0, NF 10. 8 3.25 5-16
F1-Fe,0, 1T 6. 27 2. 10 4-10
FI-Fe,0, TH 6. 51 1. 66 4-3
F1-Fe)0, TB 10. 2 2. 68 5-15
F1-Fe,0, B 7. 06 173 4-10
F1-Fe,0, BN 9.28 2,57 4-14
F1-Fe 0, BB 10.7 2. 92 5-15
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Fig. 4 Size distribution of NaOl-Fe;0,
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