
5

Volume 67

Issue 1

May 2014

Pages 5-13 

International Scientific Journal

published monthly by the 

World Academy of Materials 

and Manufacturing Engineering 

© Copyright by International OCSCO World Press. All rights reserved. 2014

MWCNTs-Pt versus MWCNTs-Re 
nanocomposites manufacturing method

A.D. Dobrzańska-Danikiewicz*, D. Łukowiec, W. Wolany, D. Cichocki
Faculty of Mechanical Engineering, Silesian University of Technology, 
ul. Konarskiego 18a, 44-100 Gliwice, Poland
*  Corresponding e-mail address: anna.dobrzanska-danikiewicz@polsl.pl

Received 25.04.2014; published in revised form 01.05.2014

ABSTRACT

Purpose: The primary aim of the article is to compare fabrication methods and present 
newly fabricated MWCNTs-NPs nanocomposites whose structural components are carbon 
nanotubes and platinum and rhenium nanoparticles.
Design/methodology/approach: The newly fabricated nanocomposites underwent 
STEM examinations in the bright and dark to show their structure. Raman spectroscopy 
examinations were carried out, as well, to confirm changes in the structure of carbon 
nanotubes subject to the experiments.
Findings: It was found based on a comparative analysis of the structure of MWCNTs-Pt 
and MWCNTs-Re nanocomposites that functionalisation methods and a reduction method 
of precursors of selected noble elements have a significant effect on the structure and 
morphology of the compared carbon nanocomposites.
Practical implications: Nanocomposites consisting of carbon nanotubes decorated 
with metal nanoparticles, including Pt and Re, possess special electrical properties  and 
a developed specific area, which makes them particularly suitable as active elements of 
industrial gas sensors. The materials can also be used as biosensors and catalysts in the 
future.
Originality/value: A comparative analysis of the following author’s methods: (i) fabrication 
of MWCNTs-Pt nanocomposite, which was given numerous awards at international 
innovation and invention exhibitions and (ii) fabrication of MWCNTs-Re nanocomposite 
pending patent protection.
Keywords: Nanomaterials; Nanocomposites; CNT; TEM; Raman spectroscopy
Reference to this paper should be given in the following way: 
A.D. Dobrzańska-Danikiewicz, D. Łukowiec, W. Wolany, D. Cichocki, MWCNTs-Pt versus 
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Engineering 67/1 (2014) 5-13.

MATERIALS

1. Introduction 

A new era in carbon materials was launched when 
Professor Iijima discovered carbon nanotubes in 1991 [1]. 

This spectacular discovery had initiated a series of 
numerous studies into this new allotrope type of carbon 
having unique properties. Theoretical considerations 
backed up with experimental results [2-6] confirm 
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electrical, mechanical, thermal, optical and magnetic 
properties of carbon nanotubes unprecedented to date in 
other material groups. A versatile array of unique 
properties of carbon nanotubes indicates their broad pool of 
potential applications. 

Interesting chemical phenomena concerning carbon 
nanotubes include molecular surface sorption, attachment 
of functional groups to their surface and endings, improved 
wettability, and also additions of other elements outside, 
inside and within a graphene nanotube plane. The 
modification of carbon nanotubes’ structure is possible 
through their chemical functionalisation which, due to  
a very broad range of interests, has emerged in the recent 
years as an utterly new branch of nanotubes research. 
Carbon nanotubes functionalisation leads to the 
establishment of completely new nanotube hybrids 
combining unique properties of carbon nanotubes with 
other materials. Progress in science has made it feasible to 
conduct research into the development of materials based 
on carbon nanotubes modified with selected elements or 
chemical compounds.

By enriching nanotubes chemically, it is possible to 
control their electrical, mechanical, thermal, optical and 
magnetic properties [7-12]. The three key methods of 
nanotube enrichment can be distinguished between: 
exohedral, endohedral and substitution method [13]. The 
outcomes of research [13-21] pursued by research 
institutions and own research point out that deposition of 
noble metals nanoparticles of Pd, Pt, Rh, Au, Re type onto 
the surface of carbon nanotubes may contribute to  
a substantially higher density of carriers of free loads, 
hence to nanotubes’ enhanced thermal and electrical 
conductivity. A material manufactured in a deposition 
process may be characterised as an MWCNT-NPs nano-
composite (Multiwall Carbon Nanotubes-Nanoparticles). 
The principal fabrication methods of MWCNT-NPs 
nanocomposites include direct and indirect methods [7-9]. 
The first group of methods consists of direct deposition of 
nanoparticles onto the surface of carbon nanotubes by 
forming nanoparticles in-situ on the surface of carbon 
nanotubes, reduction reactions and electrolytic deposition. 
Indirect methods are very effective, but they involve the 
usage of toxic reagents, and their disadvantage is also that 
they usually have an adverse effect on electrical properties 
of nanotubes. The second approach provides that 
nanoparticles are deposited in two separate stages, i.e. 
nanoparticles are synthesised and bonded to the surface of 
nanotubes.

Considering an interaction occurring between a surface 
of carbon nanotubes and the adsorbed nanoparticles, 
MWCNTs-NPs nanocomposites fabrication methods can 

be grouped into physiosorption and chemisorption 
methods. Physiosorption caused by the van der Waals 
activity is observed in case of weak bonds, while strong 
interactions are connected with chemisorption where 
covalent bonds are created. An example of chemisorption 
is the functionalisation of carbon nanotubes with 
concentrated HNO3, H2SO4 acid or their HNO3/H2SO4

mixture causing the bonding of functional groups – COOH, 
–OH, =CO to nanotubes walls [7-8,22-25]. The so 
conducted chemical treatment enables to connect carbon 
nanotubes with adsorbents’ atoms.

This article presents and compares two different 
methodologies of obtaining MWCNT-NPs nanocomposites. 
An MWCNT-Pt nanocomposite was fabricated according 
to the first technique, consisting of carbon nanotubes 
coated with platinum nanoparticles, whereas MWCNT-Re 
nanocomponents were achieved in the other synthesis 
variant, where rhenium nanoparticles were used for 
decorating nanotubes’ surface. The nanostructural materials 
fabricated according to the author’s concepts were 
characterised using Scanning Transmission Electron 
Microscopy (STEM) and Raman spectroscopy. 

2. Experimental studies 

2.1. Raw materials 

Multiwalled nanotubes with the diameter of 10-20 nm 
fabricated through Chemical Catalytic Vapour Deposition 
(CCVD) were used in investigations aimed at attaining 
MWCNT-NPs nanocomposites composed of carbon 
nanotubes coated with platinum/rhenium nanoparticles. 
Raw MWCNTs (MultiWalled CarbonNanotubes) contained 
negligible impurities in the form of amorphous carbon and 
metallic catalyst nanoparticles. 8% chloroplatinic acid 
H2PtCl6 was used for synthesising the platinum 
nanoparticles, and rhenium acid (VII) - HReO4 was used as 
a precursor. 

2.2. Nanocomposites’ synthesis methods

The synthesis of MWCNTs-Pt nanocomposites with the 
indirect method applied in the experiments performed is 
carried out in two stages and involves carbon nanotubes 
functionalisation and then attachment of Pt particles onto 
their functionalised surface (Fig. 1). The stage of carbon 
nanotubes functionalisation consists in producing 
functional groups (-COOH, -COH, =CO) on their surface 

2.  Experimental studies

2.1.  Raw materials

2.2.  . Nanocomposites’ synthesis methods 
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by applying processing with a mixture of acids. Carbon 
nanotubes were immersed in a mixture of concentrated 
HNO3-H2SO4 acids at a rate of 1:3 for this purpose. The 
carbon nanotubes were dispergated in the mixture of acids 
in a beaker placed for 30 minutes in an ultrasound scrubber 
and left covered for 24 hrs. The same nanotubes treatment 
procedure with, respectively, submerging, ultrasound 
dispergation and leaving under cover, was then applied 
using a 30% H2O2 solution. The carbon nanotubes were 
permeated following the functionalisation process, washed 
5 times in deionised water and dried for 12 hrs at 120°C. 
Platinum was precipitated as a result of a reduction reaction 
of a chloroplatinic acid mixture H2PtCl6 with  sodium 
borohydride NaBH4 and ethylene glycol. The functionalised 
carbon nanotubes, with 15 ml of ethylene glycol added, 
were dispergated in an ultrasound washer in a process 
lasting 30 minutes. 5 ml of acetone was added to the 
suspension obtained during constant mixing with a magnetic 
stirrer. Chloroplatinic acid H2PtCl6 and sodium borohydride 
NaBH4 was added to the suspension using a pipette after 
preliminary mixing for 5 minutes. All this was heated 
under a reflux condenser for 8 hrs at 140°C, while stirred 
all the time. The nanotubes achieved were then filtered and 
washed 5 times in deionised water. The nanotubes were 
dried for 12 hours at 120°C following decoration. 

Fig. 1. Schematic of MWCNT-Pt nanocomposite fabrication 
process  

A carbon nanotubes functionalisation process in an 
oxidising medium was performed in the first place in order 
to synthesise an MWCNTs-Re nanocomposite (Fig. 2). 

Functional groups were formed on their surface as a result 
representing the bonding place of rhenium nanoparticles. 
Raw carbon nanotubes were placed in nitric acid (V) (65%) 
and were subjected to the activity of ultrasounds for  
3 hours for the purpose of thorough dispersion in acid.  
The mixture was then put aside without any interference 
for 24 hours. After filtering the carbon nanotubes once, 
they were placed in rhenium acid (VII), and the process 
was aided with ultrasounds for 3 hours, and then the 
mixture was again put aside for 24 hours. The proper 
decoration process of MWCNTs with Re nanoparticles 
took place in a heating oven as a result of reduction of 
rhenium acid with hydrogen. The pre-filtered, wet carbon 
nanotubes were placed in a quartz tube-shaped (boat-like) 
vessel with the cross section of 7 mm and with openings on 
both sides, placed with its inlet towards the gas flow 
direction. The carbon material was then subjected to initial 
heating at the temperature of 800 C in the atmosphere of 
hydrogen, the flow rate of which was 400 SCCM 
(cm3/min) and in the shield of inert gas – Ar. The flow  
of hydrogen after 15 minutes of heating was decreased to 
250 SCCM (cm3/min.) and the process was continued for 
30 minutes to harmonise the composition of the so obtained 
material. The sample was cooled down to room 
temperature, and then was subjected to microscopic and 
spectrometric investigations.  

Fig. 2. Schematic of MWCNT-Re nanocomposite fabrication 
process  

Table 1 shows a comparative analysis of the 
functionalisation method and conditions of MWCNTs-Pt 
and MWCNTs-Re nanocomposites. 



8 8

A.D. Dobrzańska-Danikiewicz, D. Łukowiec, W. Wolany, D. Cichocki

Archives of Materials Science and Engineering 

Table 1. 
Comparative analysis of the functionalisation method and conditions of MWCNTs-Pt and MWCNTs-Re nanocomposites 

Analysis factors MWCNTs-Pt MWCNTs-Re 

Functionalisation type Covalent functionalisation Covalent functionalisation 

Oxidising reagent used HNO3/H2SO4 at a rate of 1:3 
30% of H2O2 solution HNO3

Functionalisation time 48 hrs 24 hrs 

Functionalisation aiding method Ultrasounds 30 min. in HNO3/H2SO4
Ultrasounds 30 min. in H2O2

Ultrasounds 3 hrs in HNO3

2.3. Research methodology

The structure of the newly fabricated nanocomposites, i.e. 
MWCNT-Pt and MWCNT-Re were observed by means of an 
S/TEM TITAN 80-300 high-resolution transmission electron 
microscope by FEI Company with the point resolution of  

 0.200 nm. The microscope applied is fitted with an electron 
gun with XFEG field emission, a Cs condenser spherical 
aberration corrector, a STEM scanning system, and also 
Bright Field (BF) and Dark Field (DF) detectors and High 
Angle Annular Dark Field (HAADF), and also EDS. Imaging 
in the transmission mode (parallel beam) and scanning-
transmission mode (concentrated beam) was used during  
the examinations using BF, DF and HAADF detectors.  
An HAADF detector in the STEM mode was used to assess  
a morphology and structure of the examined nanocomposite. 
This type of examinations is adequate for materials the 
components of which are strongly differing in their ordinal 
number (so-called Z contrast). Platinum and rhenium 
nanoparticles, due to their much higher atomic number of 
platinum (Z=78) and rhenium (Z=75) than carbon (Z=6), are 
strongly scattering electrons from an electron beam and are 
thus discernible as lightly illuminating precipitates on the 
surface of carbon nanotubes.  

Materials for transmission electron microscopy 
investigations were prepared by dispergating the MWCNT-Pt 
or MWCNT-Re nanocomposites achieved in ethanol with an 
ultrasound washer, and then by depositing them as droplets 
using a pipette onto a copper mesh covered with carbon film. 
The material deposited as a droplet was dried with free air  
at room temperature.  

The level of defects of the attained carbon nanotubes’ 
structure before and after a platinum/rhenium nanoparticle 
deposition process was examined using a Via Reflex Raman 
Spectrometer by Renishaw fitted with a confocal Research 
Grade microscope by Leica. Excitations were carried out with 
a beam with the wavelength of =514 nm of an ion-argon 
laser with the power of 50 mW, with a plasma filter for  

514 nm. Measurements were recorded using a Long Working 
Distance (LWD) lens with magnification of x 20. 

3. Results and discussion 

The photographs of carbon nanotubes decorated with 
platinum and rhenium nanoparticles, being the outcome of 
own observations made with a transmission electron 
microscope, are presented in Figs. 3 and 4. An MWCNTs-Pt 
nanocomposite is characterised by highly dispersed Pt 
particles on the surface of carbon nanotubes and no tendency 
to agglomerate nanoparticles pointing out that a decoration 
process has been done correctly. An MWCNTs-Re 
nanocomposite possesses non-uniformly arranged rhenium 
nanoparticles on the external walls of carbon nanotubes. 
Carbon nanotubes not coated with rhenium nanoparticles 
were also observed. An HAADF detector was used during 
imaging in the STEM mode in both cycles of experiments in 
order to obtain more accurate information about the 
arrangement of metal nanoparticles on the surface of 
MWCNTs. Both, platinum nanoparticles (Fig. 3) and 
rhenium nanoparticles (Fig. 4) are visible as light spherically-
shaped precipitates. The size of the nanoparticles 
manufactured on the surface of carbon nanotubes is uniform 
in the whole volume of the observed nanocomposites and is 
about 3-5 nm. An average diameter of a single rhenium 
nanoparticle varies between 3 and 7 nm. A large number of 
rhenium nanoparticles with their diameter exceeding 10 nm 
was however observed during the examinations. The rhenium 
nanoparticles observed tend to agglomerate. A crystalline 
character of the platinum and rhenium nanoparticles 
fabricated is confirmed by STEM observations made with an 
HAADF detector, as crystalline planes of metals are clearly 
visible under a microscope. Comparative analysis of 
structure and morphology of MWCNTs-Pt and MWCNTs-
Re nanocomposites is shown in Table 2. 

2.3.  Research methodology 

3.  Results and discussion
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a)  b) 

      

Fig. 3. MWCNTs-Pt nanocomposites observed in: a) bright field, b) dark field 

a)  b) 

      

Fig. 4. MWCNTs-Re nanocomposites observed in: a) bright field, b) dark field 
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Table 2. 
Comparative analysis of structure and morphology of MWCNTs-Pt and MWCNTs-Re nanocomposites 

Properties MWCNTs-Pt MWCNTs-Re 
Deposited metal Platinum Rhenium 

Nanoparticle shape 
Spherical nanoparticles discernible in the 

whole volume of the observed 
nanocomposites 

Spherical nanoparticles are dominant, 
occurrence of irregularly-shaped nanoparticles 

was also observed 

Nanoparticle size 3-5 nm Nanoparticles with average diameter of 3-7 nm 
and nanoparticles with diameter over 10 nm 

Arrangement of 
nanoparticles 

High level of dispersion, no agglomeration 
tendency 

Non-uniformly arranged, agglomeration 
tendency 

Figure 5 shows Raman spectra of unmodified carbon 
nanotubes and carbon nanotubes modified with platinum 
nanoparticles. A spectrum of the base nanotubes is 
characterised by the occurrence of the following bands:  
D (~1344 cm-1), G (~1574 cm-1) and G`(~2685 cm-1). The 
presence of the D band (~1345 cm-1), G band (~1581 cm-1

and G` band (~2685 cm-1) can be observed on the spectrum 
of unmodified nanotubes, though. The intensity of the G 
band is the most important difference between two 
recorded spectra. The chemical modification of carbon 
nanotubes structure leading to attachment of function 
groups -COOH, =CO, -OH onto their surface and 
attachment of platinum nanoparticles in such places is 
manifested by a higher intensity of the D band in a Raman 
spectrum. The average intensity of the D band, as 
compared to the intensity of the G band, i.e. (ID/IG), for an 
unmodified nanotubes sample is 0.97, while it grows to, 
respectively, 1.26 for samples modified with platinum 
nanoparticles. A comparative analysis of variations in the 
ratio of the G` band and the D band intensity was also 
undertaken due to the fact that the G` band is independent 
of the impurities present in the sample. Variations in the 
value of the IG`/ID ratio of 0.66 for  an MWCNT-Pt 
nanocomposite and 0.51 for unmodified nanotubes are 
further underpinning the chemical modification of the base 
nanotubes used for the further experiments. The change of 
G band location is another significant difference observed 
with the analysed spectra. In the case of unmodified carbon 
nanotubes, the location of the G band in a Raman spectrum 
is situated near 1574 cm-1, whereas an MWCNT-Pt 
nanocomposite spectrum is distinguished by G band shift 
by about 8 cm-1 (1582 cm-1).

Figure 6 presents a Raman spectrum of base carbon 
nanotubes then used for fabricating a nanocomposite 
containing Re, and a Raman spectrum of the MWCNTs-Re 
already fabricated. A Raman spectrum of base carbon 
nanotubes is characterised by the occurrence of the D band  

Fig. 5. Raman spectra of pure carbon nanotubes and 
MWCNTs-Pt nanocomposites formed on their basis 

Fig. 6. Raman spectra of pure carbon nanotubes 
and MWCNTs-Re nanocomposites formed on their basis 
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at 1343 cm-1, G at 1571 cm-1 and G’ at 2686 cm-1. The 
presence of the D band at 1345 cm-1, G band at 1574 cm-1

and G’ band at 2693 cm-1 was recorded for a spectrum of 
carbon nanotubes decorated with rhenium. It was found 
based on the comparative analysis of the recorded spectra 
that a CNT-Re nanocomposite obtained as a result of 
modification of carbon nanotubes with rhenium nano-
particles is characterised by a higher intensity of the G
band and D band as compared to the base material. One of 
the stages of the decoration process of carbon nanotubes 
with rhenium nanoparticles is that they are heated at an 
elevated temperature (800-1600 C), which is directly 
influencing the degree of order of nanotubes’ graphene 
structure and removes carbon contaminants formed at the 
stage of synthesis. 

The ratio of the D band to G band intensity (ID/IG) for 
nanotubes modified with rhenium nanoparticles is 0.9 and 
is smaller by 28% relative to input nanotubes for which the 
value is 1.25. It signifies that a material with better quality 
is obtained. In addition, the intensity ratio of G’ mode to D
mode (IG`/ID) calculated for unmodified nanotubes and 
those decorated with rhenium also changed and is, 
respectively: 0.4199 for MWCNT-raw and 0.6153 for 
MWCNT-Re. A shift of the band D and G measured for 
MWCNT-Re was found when comparing the arrangement 
of the registered bands on Raman spectra, respectively by: 
2 cm-1 and 3 cm-1 in relation to the D and G bands 
corresponding to unmodified nanotubes. Table 3 lists 
numerical results of the spectroscope examinations 
performed. 

4. Conclusions

Very rapid advancements are seen in research works 
associated with nanocomposites whose components are  

carbon nanotubes. Pure and functionalised carbon 
nanotubes have enjoyed strong attention from many 
research institutions around the globe [1-3,6,13,26-30]. 
New applications for such materials are still being sought. 
It is therefore reasonable to develop and optimise their 
fabrication methods so that the quality of MWCNTs-NPs 
nanocomposites is as good as possible and the 
manufacturing process is uncomplicated and efficient.  
The article presents two carbon nanocomposites differing 
in the noble metal deposited on carbon nanotubes as 
nanoparticles. The specificity of the two elements, i.e. 
platinum and rhenium, was decisive for selecting an 
appropriate method of manufacturing the presented 
nanocomposites. It was found, based on a comparative 
analysis of the structure of MWCNTs-Pt and MWCNTs-Re 
nanocomposites, that functionalisation methods and a 
reduction method of precursors of the selected noble 
elements have a significant effect on the morphology of the 
compared carbon nanocomposites. A process in which 
platinum nanoparticles are precipitated takes place in a 
liquid environment with constant movement of carbon 
nanotubes as a magnetic stirrer is used. This process allows 
for uniform placement of platinum on carbon nanotubes. 
An MWCNTs-Re nanocomposite fabrication process, 
whose last step provides for to place a wet carbon material 
into a specially designed holder and heating it at high 
temperatures, is accompanied by completely different 
conditions. A process of HReO4 reduction with hydrogen 
takes place in an oven then and is not assisted in any way. 
This leads to formation of large rhenium agglomerations 
and hinders to achieve a homogenous material. The authors 
of the article pursue further research efforts to find the 
optimum process parameters which will consequently 
allow to achieve a high-quality nanocomposite composed 
of carbon nanotubes decorated with nanoparticles of 
rhenium. 

Table 3. 
Comparative analysis of results of spectroscopy examinations carried out for unmodified carbon nanotubes and MWCNTs-Pt 
and MWCNTs-Re nanocomposites formed on their basis 

Material ID/IG IG`/ID
D band location,  

cm-1
G band location, 

cm-1

Unmodified MWCNT being future component  
of MWCNTs-Pt nanocomposite 0.97 0.66 1344 1574 

MWCNT-Pt nanocomposite 1.26 0.51 1345 1582 
Unmodified MWCNT nanocomposite being a future 

component of MWCNTs-Re nanocomposite 1.25 0.42 1343 1571 

MWCNT-Re nanocomposite 0.9 0.61 1345 1574 

4.  Conclusions
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