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Introduction 

 

The chemical and thermal stabilities, electronic properties, high tensile strength and ultra-light 

weight are the main features of multi-walled carbon nanotubes (MWCNTs). MWCNTs normally 

come with purity degree of only less 95%. The purity can be increased by removing the particles of 

carbonaceous materials (amorphous carbon particles, fullerenes and nanocrystallinepolyaromatic 

shells) and metal catalysts (generally compounded by Co, Ni or Fe) using refluxing process.  

 

Comparative studies of two multi-walled carbon nanotubes (MWCNT) from different 

manufacturers were reported in this paper. The purification and functionalization of commercial 

multi-wall carbon nanotubes were investigated. MWCNTs were treated with boiling concentrated 

HNO3 under a reflux condenser for 2 hours at 100 °C in order to purify and oxidize the raw material. 

The oxidized MWCNTs were rinsed with de-ionized water until the filtrate pH stabilized.  

Measurement technique used was by applying the thermogravimetric analysis (TGA) for thermal 

analysis decomposition products and at the same time, the chemical shifted in MWCNTs can be 

determined by using Raman Spectroscopy. 

 

 
Results and discussion 

 

Different MWCNTs were analysed using Raman Spectroscopy and Thermogravimetric analyser 

(TGA). Figure 1 and Table 1 show the Raman spectra for Skyspring and Baytubes. 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1: Raman spectra for Skyspring and Baytubes, before (pristine) and after (oxidized) 
acid treatment. 

 

 
 

 

 

 

 

 

 

 

Table 1: The Raman shift (cm
-1

) and the ID/IG ratio for Skspring and Baytubes;  
Before & after acid treatment 

 

Figure 1 shows the Raman band of defect (D) & graphitic (G) structure of samples. 

The Raman shift (cm
-1

) and the ID/IG ratio for  

nitric acid modified MWCNTs samples 

Samples  Raman shift (cm-1) ID/IG 

D G 

Skyspring Pristine 1318.06 1593.38 1.30 

Oxidized 1310.62 1580.23 1.32 

Baytubes Pristine 1304.91 1591.48 1.31 

Oxidized 1303.41 1590.31 1.34 

SKYSPRING BAYTUBES 
- Pristine 

- Oxidized 
- Pristine 

- Oxidized 
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The intensity ratio, ID/IG of both samples was slightly changed after acid treatment and it was 

demonstrated by the formation of structural defects on the MWCNTs as shown in Table 1. 

 

For both Figure 1 and Table 1, Raman Spectra of Pristine and Oxidized for MWCNT Skyspring and 

Baytubes were slightly moved.  

 

 

 

 

 

Table 2: The TGA analysis result on the 

left shows the % of impurity for Skspring 

and Baytubes, before & after acid 

treatment. 

 

 

Based on Table 2, it shows that the purity of MWCNT is slightly increased after purification process. 

The purity of MWCNT had been improved due to purification process. 

 

TGA analysis also proved that the acid treatment of Oxidized Baytube sample has strongly enhanced 

the percentage of purity as compared to Oxidized Skyspring sample. 

 

 

Conclusion 

 

Functionalization of MWCNTs has been achieved via acidic treatment. Two different types of 

MWCNTs from different sources were studied. Raman spectra showed that the D- and G band were 

shifted in Oxidized Baytube and vice versa for Oxidized Skyspring. TGA analysis showed the acid 

treatment of Oxidized Baytube sample eliminated the metal catalyst as compared to Oxidized 

Skyspring sample which was not changed after the treatment.  For both analyses, Baytube MWCNTs 

are more stable compared to Skyspring MWCNTs. 

 

Sample % of impurity % of 

Different 
Pristine Oxidized 

Skyspring 98.5898 99.1014 0.5116 

Baytube 96.9348 98.2082 1.2734 


