
 

 

Abstract— Carbon nanospheres have been synthesized 

using coconut fibre as a renewable feedstock in a three step 

process which involves pyrolyzation, physical activation and 

ethanol vapour treatment. The synthesis method produced 

nanomaterials consisting of nanospheres which have been 

analysed using field emission scanning electron microscope 

(FESEM), transmission electron microscopy (TEM), energy 

dispersive X-ray spectroscopy (EDX), powder x-ray diffraction 

(p-XRD), fourier transform infra-red spectroscopy (FTIR) and 

thermogravimetric analysis (TGA). Scanning Electron 

Microscope (SEM) investigations confirm the production of 

carbon nanospheres with diameter between 30nm-150nm. The 

synthesized carbon nanospheres can be used as base particles in 

nanofluids, in lithium-ion batteries and in the medical field for 

drug delivery. 

 

Index Terms—, Bio-based feedstock, carbon nanospheres, 

coconut fibre, low-cost synthesis. 

 

I. INTRODUCTION 

NNUALLY, 12,280 hectares of land are cultivated for 

coconut trees, from which 64.3 billion nuts are 

harvested [1]. Fibres from coconut have the highest 

ductility compared to other fibres obtained from vegetation 

sources as they have the capability of taking 4-6 times of 

their strain which is more than that of other fibres 

comprising of cellulose, hemi cellulose and lignin as major 

composition [2]. Coconut fibre (CF) is obtained from the 

pericarp of coconut fruit and a coconut is made up of 33 to 

35% of husk. Presently, CF are being used as fuel in the 

processing of coconut-based products, as a fibre source for 

manufacturing ropes and mats and as a fuel for domestic 

application [3]. To benefit from this plentiful and low-cost 

agricultural waste, coconut fibre has been transformed into a 

carbon nanomaterial. The conversion of CF into carbon 

nanomaterials will function as an important raw material 
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obtained from agricultural waste. Carbon is a group 14 

element that is distributed very widely in nature. It also has a 

remarkable ability to bond with several other elements as a 

result of its polyvalent properties. The three allotropes of 

carbon are amorphous, diamond and graphite which occur 

naturally. Recent research has tuned carbon into nanoscale, 

resulting into carbon nanotubes, carbon nanofibers and 

carbon nanospheres.  

Carbon has the remarkable capability to bond in several 

exceptional ways thereby creating structures with distinct 

properties. This can be seen in the filament-like arrangement 

of graphene sheets corresponding to carbon nanotubes 

(CNTs) and carbon nanofibres (CNFs). Heptagonal and in 

pentagonal pairing of carbon atoms can result in the creation 

of carbon nanospheres. The graphite sheets in nanospheres 

occur as waving flakes instead of closed shells which takes 

the form of the sphere, hence having several open ends at the 

surface and establishing carbon nanospheres (CNS) as 

suitable materials for catalytic and adsorption application 

[4].  

Laboratory fabrication of carbon nanospheres involve 

methods such as chemical vapour deposition (CVD) [5-8], 

hydrothermal treatment [9], pyrolysis of polymers [10], 

ultrasonic treatments and chlorination of cobaltocene [11]. 

Generally, chemical vapour deposition (CVD) occurs when 

rare earth metal oxides or metal oxides are used as catalysts 

which results in a need for purification of the synthesized 

carbon spheres in order to get rid of the catalyst. This makes 

the process limited to a small scale [12]. Various sources of 

biomass are being used for the production of nanomaterials 

derived from carbon [13, 14] because of their low toxicity 

and availability. These biomasses are often first carbonized, 

and then activated before being converted to carbon 

nanomaterials using different methods [15-20]. The method 

of activation used can either be physical (thermal), chemical 

or a combination of both physical and chemical processes 

[3]. The physical process involves the use of CO2, steam or 

air and takes place at higher temperatures while the chemical 

process which is one-step, takes place at lower temperatures 

and involves the co-carbonization of a parent feedstock with 

a suitable chemical compound. Three chemicals, which have 

been frequently used, include zinc chloride, phosphoric acid 

and potassium hydroxide or potassium carbonate. Even 

though any carbon rich material can be used to produce 

activated carbon, the bio-mass precursor to be used has to 

possess factors like reliability and consistency in order to be 

considered sustainable [21].  

A study was carried out on natural sources by Kumar et 

al. [22] as a means of synthesizing carbon nanomaterials. 

The study revealed the use of fossil hydrocarbons, waste 

natural products natural and botanical hydrocarbon 
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precursors as sources of hydrocarbon for CNT and graphene 

synthesis. Those based on fossil hydrocarbon are mostly 

costly and not readily accessible. In addition, a lot of the 

liquid and gaseous fossil hydrocarbons are explosive or toxic 

in nature and are not acceptable for both atmospheric and 

human health. On the other hand, carbon nanomaterials 

derived from carbon based natural precursors have the 

advantage of producing scalable amounts, they are safe to 

use in the environment, cheap and allows for fast production 

techniques. Activated carbon has been prepared from oil 

palm fibre and oil palm shell [23] using physical activation 

process. The process was optimized by adjusting retention 

time and CO2 conditions (activation temperature, flow rate). 

Tan et al. [3] prepared activated carbon from coconut fibre 

using a complexion of physical and chemical methods of 

activation made up of carbon dioxide (CO2) gasification and 

potassium hydroxide (KOH) treatment. The rate of reaction 

between carbon [24] and carbon dioxide was inhibited by 

the reaction products of hydrogen and carbon monoxide. 

The mechanism is as follows [21, 25]: 

 

   

Initially, a surface oxygen complex (C(O)) is formed, 

which afterwards acquires some stability under the 

conditions of reaction: 

 

  

In this study, the authors present the results from the green 

synthesis and characterization of carbon nanospheres from 

coconut fibre biomass using a scalable, time efficient (210 

mins) and cost effective process. The materials were 

synthesized from agricultural waste in the absence of 

catalysts and acids. The production of the nanospheres 

involved a three step technique which consists of 

pyrolyzation, physical activation and ethanol vapour 

treatment at high temperature followed by characterization 

using SEM, TEM, EDX, FTIR, TGA and XRD. The 

produced nanomaterial can be applied in thermal 

applications for the enhancement of heat transfer working 

fluids, lithium-ion battery and medical drug delivery.  

 

II. EXPERIMENTAL METHOD 

Coconut fibre used in the study was purchased from 

farmers in a local market in Nigeria and taken to South 

Africa for research studies. It was received in fibre form and 

was first washed then dried to reduce moisture content after 

which it was cut with scissors to size ranges of about 1 mm. 

Both carbonization in an inert atmosphere and physical 

activation were carried out in a heat resistant quartz tube 

(maximum temperature: 1200
o
C) which was placed into a 

horizontal tube furnace (Carbolite furnace type MTF 

12/25/250, Parsons Lane, with  maximum temperature of 

1200
o
C at 700 watts, 50-60 Hertz and 220 volts ). Some 

14.0 g of the dried specimens were put in a quartz tube, and 

then placed in the centre of the horizontal tube furnace (Fig. 

1). While pyrolysis was ongoing, pure 

 nitrogen gas at a flow rate of 80 scfm
-1

 was used as purge 

gas and introduced into the system at one end. The other end 

of the tube was exhausted into a beaker of water. The 

temperature of the furnace was elevated from 25 to 600
o
C 

and held for 2 h. The resulting char was physically activated 

at 800
o
C for 30 mins under CO2 gas. A heating rate of 

60
o
C/min was used. 

The activated carbon obtained above was inserted into a 

tube placed in a tube furnace, flushed with argon gas and 

heated at a temperature of 1100°C at 60°C min
−1 

for 1hr. At 

a desired target temperature, 75.0 mL of argon gas passing 

through a flask of ethanol vapour placed on an ultrasonic 

humidifier (99.9 %) was introduced into the system.  

After 60 min treatment, the system was allowed to cool 

down at a rate of 5 °C min
−1

 under the flow of argon gas. 

 

 
 

Fig. 1. Experimental setup 

 

A. Material characterization 

The coconut fibre charcoal, activated charcoal as well as 

synthesized carbon nanospheres were analysed using 

FESEM, TEM, EDX, XRD, FTIR and TGA. The synthesis 

of CNS was carried out in a Carbolite wire-wound tube 

furnace - single zone (model MTF 12/38/400). The 

morphology of the samples was examined in a field emission 

scanning electron microscope (Zeiss, Germany (Ultra Plus, 

FEGSEM)). The FESEM was equipped with an energy 

dispersive X-ray spectrometer (EDX) for elemental 

composition analysis. The microstructure and the phase 

identification of the samples where studied further by 

transmission electron microscopy (TEM) using a JEOL 1400 

TEM. The sample preparation was carried out by placing a 

drop of dilute solution of nanoparticles on Formvar-coated 

Cu grids (150 meshes) for TEM. The samples were left to 

completely dry at room temperature and viewed at an 

accelerating voltage of 100 kV (TEM), and images captured 

digitally using a Megaview III camera; stored and measured 

using Soft Imaging Systems iTEM software (TEM) and 

Gatan camera. The sample (a very fine powder) for XRD 

analysis was prepared by utilising the back loading 

preparation method. The sample was then analyzed with a 

PANalytical Empyrean Diffractometer (made in the 

Netherlands) with an X’Celerator detector and Co-Kα 

radiation. The generator setting was 40 kV (voltage) and 40 

mA (current). The coconut fibre carbon nanospheres were 
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directly dispersed in 95% ethanol directly. After being 

sonicated for 15 minutes, the samples were placed onto 

carbon coated copper grids and dried for TEM investigation. 

The FTIR was analysed using a Perkin Elmer Product FT-IR 

 Spectrum 100 Series while for thermal gravimetric analysis 

(TGA), simultaneous thermal analyzer (STA) 6000 | 

PerkinElmer was used. 

 

III. RESULTS AND DISCUSSSION 

A. Particle Size Distribution and Morphology 

Fig. 2 shows a histogram which analyses the size 

distribution of the nanospheres synthesized. The 

nanospheres are in the size range of 10 -150 nm and the size 

with the highest occurrence is 60-89 nm. From the fig., 

nanospheres of diameter in the range 60-89 nm constituted 

almost 50% (48.5%) while nanospheres of diameter 30-59 

nm constituted 41%. This shows uniformity in the size range 

of the nanospheres. In the process of carbonization, porosity 

begins to develop at 600 
o
C; however the porosity is 

irregular and not defined. Fig. 3 depicts some typical SEM 

images of the carbonized coconut fibre at 600 
o
C for 2hrs. In 

order to increase porosity, the pyrolyzed coconut fibre was 

activated under CO2 for 30 mins. Fig. 3c shows the SEM 

image of coconut fibre charcoal after being physically 

activated which indicates some porosity. 

The morphology obtained from SEM analysis of the as-

synthesized nanospheres is shown in Fig. 3d. The 

morphology indicates agglomeration between the particles 

which is as a result of the high surface energy present.  The 

TEM image obtained shows solid nanospheres of high purity 

graphite as shown in Fig. 4. The particle size obtained agrees 

with that obtained from the SEM analysis (30-100 nm).  
TEM and SEM images show mono-dispersed carbon 

nanospheres without impurities. These carbon nanospheres 

have diameters of 30-150 nm. More than 80% of the carbon 

nanospheres have sizes in the range of 30-100 nm. Fig. 3a-d 

shows the SEM images carbonized material, activated 

carbon and synthesized carbon nanomaterial. Fig. 4 shows 

TEM image of the as-synthesized CNS which is in 

correlation with SEM results. Observations show that the 

CNS are perfect spheres with smooth surfaces. Several 

agglomerates of the spheres and also bead-like accretions are 

present in both SEM and TEM. The size distribution 

obtained from the CNS obtained  makes them a potential 

candidate for biomedical applications [26] and for use in 

heat transfer applications when dispersed in working fluids 

for enhanced thermal conductivity [27]. 

 

                              

      
Fig. 3.  (a and b) SEM images of carbonized coconut fibre at 600oC under 

different magnifications. (c) SEM image of activated carbon, physically 

activated under CO2 for 30 mins at 800oC (d) SEM image of carbon 

nanosphere at 1100oC under ethanol vapour 

   
Fig. 4.  (a): TEM image of carbonized coconut fibre (b) TEM image of as-

synthesized carbon nanospheres. 

 

B. Elemental Composition Analysis 

The elemental composition of carbonized coconut fibre, 

activated carbon and CNS synthesized over ethanol vapour 

was revealed by EDX analysis shown in Fig 5a-5c. 

Carbonized coconut fibre contains mostly carbon (87.80%), 

oxygen (9.66%), magnesium (0.15%), chlorine (0.48%), and 

potassium (1.91%). Activated carbon elemental analysis 

contains carbon (87.40%), oxygen (5.36%) and other 

materials in trace quantities. The elemental composition of 

CNS has 98.59 % of carbon which confirms the purity of the 

nanomaterials produced. These results prove that treatment 

with ethanol vapour at 1100 
o
C formed well rounded carbon 

nanospheres. Table 1 shows elemental composition of 

carbonized CF, activated ACF and CNS. Decrease in oxygen 

is due to the rise in temperature from 600 
o
C for carbonized 

CF to 800 
o
C for activated CF and finally 1100

o
C for 

nanosphere production. The increase in temperature results 

in oxygen removal and an increment value of carbon. 
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Fig. 2.  Nanosphere particle size distribution  
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Fig. 5.  (a) EDX of carbonized coconut fibre at 600 oC (b) EDX of coconut 

fibre activated carbon (c) EDX of CNS  

 

C. Structural Analysis 

The crystallinity and graphitization degree is studied using 

XRD analysis. Fig. 6 presents the XRD pattern in which the 

two Bragg diffraction peaks at 30.34
o  

and 50.44
o 

can be 

assigned as typical graphite (003) and (101) planes [28].  

The d-spacing calculated is 0.342 nm which is close to 

graphite 3R given as 0.340 nm. The broadening peaks 

suggest a low graphitization degree and the possibility of the 

presence of amorphous carbon. These results fall in the 

range of authors [24] and [29] with d-spacing of 0.33nm and 

0.36 nm respectively  No other peaks of are visible in the 

XRD pattern, which could be due to the high purity of the 

product. Fig. 5 confirms the purity of the material with a 

well-defined presence of carbon (98.59%).       

The functional groups present in the carbon nanospheres 

synthesized were analyzed using FTIR analysis (Fig. 7). A 

peak at 3437 cm
-1

 can be assigned to the O-H stretching 

vibrations including hydroxyl functional group [30]. 2787 

cm
-1 

to O-H acids, 2100 cm
-1 

to C=C stretching in alkyne, 

the peaks at 1798 to the stretching vibration of C=O in 

carboxyl group [31] and 1743 can be attributed to C=C 

stretching vibrations. At 1210 cm
-1

 the vibration can be 

assigned to C-C bond.  The aromatic C-H bend at 805 cm
-1 

suggests the presence of aromatic ring [32] while the 

unsaturated C=C groups indicates that a carbonization and 

activation process occurred while the presence of a hydroxyl 

group improves the rate of hydrophobicity and stability of 

the CNS in aqueous solution. 
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Fig. 6.  XRD pattern of carbon nanospheres synthesized at 1100 oC 
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Fig. 7.  FTIR spectra of CNS 

IV. THERMAL STABILITY 

The thermal stability of the material was studied through 

TGA in Fig. 8. The curve shows a single decomposition 

phase between 350
o
C and 1000

o
C. The curve shows that the 

material is fairly stable in an inert atmosphere with a small 

weight loss of about 5% which can be seen before 350
o
C. 

This could be as a result of loss in moisture in the sample. At 

about 400
o
C, there is a sharp slope which may indicate the 

presence of lattice defects that enables oxygen to rapidly 

pass through the spheres thereby facilitating rapid oxidation. 

The samples are entirely burnt off at 1000
o
C. 

V. CONCLUSION 

A general time effective and cost effective strategy has been 

adopted for preparing carbon nanospheres from coconut 

fibre bio-based feedstock. This method is not only cheap, 

but non-toxic and sustainable. The synthesis method 

involves carbonizing, followed by physical activation and 

a 

b 

c 

TABLE I 

ELEMENTAL COMPOSITION OF CARBONIZED CF, ACTIVATED CF AND 

CNS  

 Carbonized 

CF 
Activated CF CNS 

Carbon 87.80% 87.40% 98.59% 

Oxygen 9.66% 5.36% 1.08% 
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Fig. 8.  TGA curve of as-synthesized carbon nanospheres 

finally passing ethanol vapour through the activated carbon 

obtained. The carbonized coconut fibre and carbon 

nanospheres formation was investigated through XRD, 

SEM, TEM, EDX, FTIR and TGA analysis. SEM 

investigations confirms the production of carbon 

nanospheres with diameters between 30-150nm. The 

observations also show that the CNS are perfect spheres with 

smooth surfaces. Multiple conglomerates of the spheres are 

observed and also bead-like lumps are observed in both 

SEM and TEM. The nanosphere obtained can be used in 

Lithium-ion batteries, heat transfer fluids and medical field 

for drug delivery. 
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