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Abstract: Only alternative and cheap source of energy which can be made easily be available to the world is 

bioenergy. Our experiment included the conversion of Kinnow/Orange peel into biofuels. In the first step Kinnow 

peel was gasified by using Cobalt oxide nano catalyst at 300, 400°C and at atmospheric pressure. Catalytic 

gasification yielded 60% liquid extract, 28% fuel gases, 1-5% tar and 10-12% charcoal. Gaseous products contain 

3.80-53.03% ethene, 13.15-29.51% methanol, 1.28-1.77% propyne, 6.32-28.67% propane and 3.89-4.59% methane. 

In second step liquid extract of Kinnow peel obtained from gasification, on etherification gave ethyl ester 

(biodiesel). This study reports an interesting finding that Kinnow peel as could be used for not only the production 

of biodiesel, biomethanol, hydrocarbon fuel gases and Char as a source of carbon nano fibers. The world today is 

producing several million tons of Kinnow peel. The XRD spectrum of char or ash shows the formation of carbon 

fibers. The technology could be utilized to produce alternate energy. 

Keywords: kinnow (orange), catalytic gasification, Co oxide nano particles, biofuel, nanotechnology 

 

Introduction 
Pakistan is the sixth largest producer of Kinnow 

(mandarin) and oranges in the world, with 2.1 million 

tons. Pakistan is also the largest producer of 'Citrus 

Reticula' variety (Kinnow), this unique variety of 

citrus is indigenous to this part of the world. 

According to an estimate approx. 95 percent of the 

total Kinnow produced all over the world is grown in 

Pakistan [1]. 

 

When biomass is burnt lot of heat is produced which 

can be used for various purposes. The biomass can 

also be converted into fuels like ethanol and biodiesel 

that can be used as the fuels for the vehicles. Methane 

produced from the biomass is the major component 

of natural gas which is being used. The 220 billion 

dry tons of annual available biomass potentially 

represents the world’s largest sustainable energy 

source. As a result, it is becoming one of the most 

important renewable energy sources in our planet’s 

immediate future [2]. 

 

Gasification and pyrolysis is the thermal 

decomposition of solid biomass at a temperature of 

650-800 K at 1-5 bars in the absence of air to yield 

liquid extract, solid charcoal and gaseous compounds 

[3]. On gasification million tons of Kinnow waste 

may produce million tons of liquid extract. On 

esterification of liquid extract million tons of Kinnow 

waste may gives several million tons of biodiesel and 

charcoal. A computer based model predicted that a 

high gas production can be achieved during 

gasification when a high temperature (750°C) was 

applied [4]. The use of catalysts during biomass 

gasification produce char gases and reduces the tar 

yield obtained when the gasifier is operated at lower 

temperature [2]. Basily, et al., [5] converted oil 

residues into unsaturated hydrocarbons by using nano 

catalyst.  For better fuel formation a pyrophoric 

catalyst is required. In this regard, cobalt has 

extensively been used for catalytic gasification. He et 

al. [6] studied the influence of catalyst and 

temperature on yield and product composition. They 

used temperature range 750-950°C.  However, 

reactions catalyzed by Co were very slow owing to 

the low surface area of the catalyst. The use of Co 

metal nano particles as catalysts in gasification is 

more popular [7]. Mahmood and Hussain [8] have 

employed nano particles in catalysis. Cobalt nano 

particle catalysts may be influenced by their size, 

morphology and structure. Co or Co oxide 

nanostructures are known to be effective catalysts 

([9]; [10]; [11]). Cobalt nano particles, in particular 

being cheap, need mild reaction conditions for high 

yields of products in short reaction times as 

compared to the traditional catalysts. 

 

 For the analysis of biofuels we used already 

documented techniques like GC-MS (Gas 

Chromatography-Mass Spectrometry) ([12]; [13], GC 

(Gas Chromatography) [14] and FTIR (Fourier 

Transform Infra Red spectroscopy). We studied 

properties of nano particles by TEM (Transmission 

Electron Microscopy), SEM (Scanning Electron 

Microscopy) and XRD (X-Rays Diffraction) as 

already documented in literature [15]. 
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In present study we converted Kinnow waste into 

hydrocarbon fuel gases, biodiesel and charcoal/char. 

Previously gasification was done by using Cobalt 

oxide catalysts at high temperature [8] similarly 

expensive reagents were used by Guru, et al., [16]. 

We converted Kinnow peel to biofuels at low 

temperature. The byproduct biochar/charcoal can be 

used as biosorbent for waste heavy metal’s removal 

from water. Gasification of biomass gives different 

carbon structures. Biochar is used as fertilizer for 

soil. Its adsorption of organic matter from soil 

facilitates interaction between the biochar and 

mineral phase of soil [17].  

 

Materials and Methods 

Synthesis of Nano particles: Nano particles of 

cobalt oxide were prepared by sol gel method by 

using CoCl2.H2O (AR grade). The technique used 

was same as described Mahmood et al (2010); 

Mahmood and Hussain (2010). After calcination and 

grinding the particles were characterized by SEM 

(Scanning Electron Microscope) Zeiss Supra 50VP 

with EDS Oxford), XRD (PANalytical, Netherlands, 

diffractometer (Model 3040/60 X
!
 pert PRO) 

equipped with a Cu Kα radiation source. Using 

Scherrer formula, based on line broadening, the mean 

crystal sizes of the powders were determined & 

particle size was measured) ([18]; [8]; [19]). 

 

For nano catalytic gasification 100g of Kinnow peel’s 

sample was taken while Cobalt oxide nano particles 

were only 0.010g. The sample was heated in carbolite 

furnace up to 400°C. The gaseous samples were 

collected at 300°C and 400°C. Gasification procedure 

which we used is described by Mahmood et al., (18), 

Mahmood and Hussain (8) Mahmood (19) and 

Hussain et al., (20). The Figure 2 shows that a flask 

of sample is placed in the center of furnace and out of 

the furnace a glass tube is coming it also shows the 

experimental set up. Figure 1 show that out of 

furnace gases are burning with flames. It shows the 

presence of hydrocarbon gases produced as a result 

of gasification. A U shape tube was used for the 

sample collection of bio oil and gases. Gaseous 

samples were collected by evacuated shilling tubes.  

Analysis of gaseous samples was carried out by Gas 

Chromatography Mass Spectrometery (GC-MS-

Hewlett-Packard [Palo Alto, A] 5890 series II gas 

chromatograph with Hewlett-Packard 5972 mass 

selective detector) [13] the results were recorded. 

Volume of liquid extract, gases and char/charcoal 

were measured. Esterification of liquid extract/bio oil 

obtained from gasification was done by the procedure 

as described by Mahmood and Hussain [8]. The 

samples of product oil were analyzed by FTIR as 

described by Hussain et al., [20]. The pH of 

extract/bio oil was measured by pH meter. XRD 

analysis of char was done by PANalytical, 

Netherlands, diffractometer (Model 3040/60 X
!
 pert 

PRO) equipped with a Cu Kα radiation source as 

described by Mahmood, [19]. 

 

Experimental conditions are given in figure 1 and 2.  

 

 
Figure 1: Tube with burning gaseous sample produced as a result of nano catalytic gasification 
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 Figure 2: Flask with burning ash placed in the center of furnace 

 

Results and Discussion 

The present study was based on nano catalytic 

pyrolysis, gasification, and esterification.  Pyrolysis 

is the thermal decomposition of solid biomass at high 

temperature and pressure [3].  In this study, low 

temperature due to high activity of Cobalt oxide nano 

particles was used. The thermal gasification produces 

hydrocarbons at 1000°C in the absence of air. The 

catalytic gasification decreased reaction temperature 

up to 650°C. The simplest type of gasification is the 

fixed bed countercurrent gasification.  The  major 

advantages  of  this  type  of  gasification  are  its  

simplicity, high  charcoal  burnout,  and  internal  

heat  exchange  that led  to  low  gas-exit  

temperatures  and  high  gasification efficiencies  

[21].  Cobalt nano particles due to high reactivity and 

higher surface area decreased the reaction 

temperature and activation energy.  In the present 

experiment, gasification was carried out at 300 & 

400°C which is the lowest possible temperature 

(Table 1 & Figure 8).  Thermo-dynamic calculations 

in the degradation process showed that the cleavage 

of C-O bond took place at 288°C. Generally,  thermal  

decomposition  proceeds  through either  free  radical  

or  carbonium  ion  mechanism.  Under these 

conditions of thermal decomposition, GC-MS 

analysis showed that product are made up of C 

numbers ranging from C=1 to more than 20 ([22]; 

[5]). On gasification, organic compounds were 

converted into CO2 and H2O.  Cobalt reacts to  

produce  CoO  after  converting  CO2  to  CO  and  

H2O  to  H2. Now CO+H2 are synthetic (syn) gas and 

Co is already known as Fischer-Tropsch catalyst for 

conversion of syn. gas to hydrocarbons.  The gaseous 

products of Kinnow waste gasification thus obtained 

were analyzed by GC-MS and the results were given 

in Tables 2 and 3. Reddy and Tucker [23] gasified 

water hyacinth plant at 800°C.  In  the  present  

investigation,  low  temperature due  to  high  activity  

of  Co  nano  particles  was  used.  For their 

characterization SEM (Figure 5) and XRD (Figure 4) 

were used. SEM image demonstrates the morphology 

as well   as crystallite size of metallic nano particles 

which were synthesized through hydrothermal 

method. The  image  indicated  that  the  particles  

were  uniformly  regular  spherical sponge like in the 

shape of Co and fall  in the size range of  2  –  90  

nm.   This  is comparable  to  the  crystallite  size 

calculated  from  XRD (Figure 4) by  applying  

Sherror  formula.  The XRD (Figure 4) has given 

prominent peaks for the metallic nano particles of 

cobalt. The XRD pattern of fresh cobalt oxide nano 

particles  was  studied  and  from  the  data,  cubic  

structure for cobalt oxide nano particles was obtained 

using the standard ASTM  XRD  files.  The XRD 

peaks corresponds to the indices (111) and (200).  It  

could  be  concluded  that  the nano particles  

prepared  through  this  method  were  pure with a 

controlled phase of FCC structure.  Various  studies  

reported  that  Co  nano  particles  are used  in 
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catalytic  gasification  of  biomass.  The  temperature, 

particle size, particle morphology, pressure, surface 

area,  nature  of  nano  particles  and  nature/  

chemistry  of biomass were responsible for product 

percentage, nature of product and reaction rate ([4]; 

[24]; [25]; [26]; [27];  [6].  The nano  particles  act  as  

green  catalyst  for  selective  reduction  of  the 

aldehydic  group  in  the  presence  of  other 

functional  groups.  For  example,  NO2,  CN  and  

alkenes gave  the  corresponding  alcohols  in  

excellent  yields [7] (Tables 2 and 3). These results 

were supported by previous studies [28]. The 

preparation of hydrocarbon gas like ethylene is also 

supported by Basily, et al., [5]. The same study 

confirms the production of alcohols from these 

unsaturated hydrocarbons. Formation of CaO due to 

oxidation of Ca may result into formation of 

unsaturated hydrocarbons from organic compounds. 

Because according to Basily, et al., [5] CaO acted as 

nano catalyst. The liquid extract of Kinnow waste 

containing small quantity of tar and showed acidic 

pH (4.13) due to carboxylic acids. After esterification 

the FTIR spectrum  (Figure  4)  showed  that  first  

percentage transmittance  peak  was  at  1633.10  

wave  number  cm
-1 

while the other was at 3304.83 

wave number cm
-1

. First is showing C=O linkage of 

ester.  Voort, et al. [29] described  that  the  peak  

between  1500  to  2000  showed ester  linkage  but  

between  3000  to  3500  is  of  –OH  or 

hydrocarbons.  According to Lima et al., [30] FTIR 

spectrum of biodiesel peaks is between 3000 and 

4000 and showed C-OH bending. During pyrolysis of 

biomass hydrocarbons are produced and are oxidized 

to alcohols and later to carboxylic acids by catalyst.  

Alcohols are reduced to hydrocarbons by catalyst.  

The alcohols react with carboxylic acid to give esters 

as shown in FTIR spectrum (Figure 4). The  liquid  

extract  of  Kinnow waste  was  esterified  with  ethyl 

alcohol  and  NaOH  at  low  temperature as 

described by Mahmood and Hussain [8]. Esters 

presence was verified from FTIR spectrum (Figure 

4). 

 

 

 
Figure 3: XRD Spectrum of Cobalt oxide Nano particles 
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Figure 4: FTIR Spectrum of bio oil sample 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 SEM of cobalt oxide nano particles before gasification 

 

Table 1: Results of Kino waste gasification 

Weight of Kinnow waste = 100g     Weight of Cobalt oxide  

nano particles = 0.010g 

Temperature = 300°C 

Temperature = 400°C, 

Gaseous product = 28% 

 

 

Liquid product = 60% 

With pH = 4.13 

Tar = 1-5% 

Solid (charcoal) product = 10-

12% 
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Table 2: Results of GC-MS of gaseous sample taken at 300°C. 

No of 

Peaks 

Fragments  m/z Abundance  Percentage  

1 

2 

3 

4 

5 

Methane (CH4) 

Ethene (C2H4) 

Methanol/(CH3OH) 

Propyne (C3H4) 

Propane (C3H8) 

16 

28 

32 

40 

44 

60774 

8388096 

4255232 

256512 

911616 

4.21% 

58.17% 

29.51% 

1.77% 

6.32% 

 

Table 3: Results of GC-MS of gaseous sample taken at 400°C. 

No of 

Peaks 

Fragments  m/z Abundance  Percentage  

1 

2 

3 

4 

5 

Methylenic group  

Methane (CH4) 

Ethene (C2H4) 

Methanol/(CH3OH) 

Propyne (C3H4) 

Propane (C3H8) 

14 

16 

28 

32 

40 

44 

826624 

746176 

8388096 

2672128 

246976 

5491200 

4.31% 

3.89% 

3.80% 

13.95% 

1.28% 

28.67% 

 

The char/charcoal produced by the gasification was 

analyzed by XRD. Generally carbon nano 

tubes/fibers or coil like material, is obtained at very 

high temperature but due to Cobalt oxide nano 

particles it was achieved at low temperature i.e. at 

400°C. Figure 6 and 7 are showing XRD spectrum of 

char/charcoal. These figures show that a broad 

reflection peak at 22-23.5° corresponds to (002) 

planes of carbon nano coils/fibers/tubes. The 

broadening of peak is an indication of very small 

amorphous forms of the samples. The particle size as 

calculated by using Scherrer formula. The average 

particle size is in nm. No other impurity peaks are 

observed in XRD which indicates that Kinnow 

waste’s ash can is potentially be used for the large 

scale production of relatively pure carbon 

nanocoils/fibers/tubes.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: X-ray diffraction patterns of Char/Charcoal particles 
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Figure 7: X-ray diffraction patterns of Char/Charcoal particles 

 

Standard peaks (in figure) show XRD Pattern of the 

spring like Multi Wall Carbon Nano Fibers [31]. 

XRD Pattern given in Kinnow ash/char is compatible 

with Multi Wall Carbon Nano fibers of synthesized 

via mechanothermal method by Manafi, et al., [31]. 

Figure 8: XRD Pattern of the spring like Multi Wall 

Carbon Nano Fibers. 

 

 
Figure 9: The XRD pattern of the carbon nano coils 

(a), compared to XRD pattern of carbon microcoils 

(b).

Standard peaks (in Figure 9) show XRD Pattern of the carbon nano coils which also confirm the formation of nano 

coils from Kinnow char [32]. 

 
Figure 10: The XRD pattern and Raman spectrum (inset) of CR-600 

http://www.hindawi.com/16209541/
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According to Du, et al., [33] a series of carbon 

materials [CR-x (where x denotes carbonization 

temperature)] have been prepared by pyrolysis of an 

anion-exchange resin at 600 °C). X-ray diffraction 

and Raman spectroscopy suggest the presence of tiny 

crystalline domains in these materials, whose content 

is strongly determined by carbonization temperature. 

The XRD pattern and Raman spectrum (inset) of CR-

600 is given in Figure 10. The XRD pattern spectrum 

of Kinnow char is showing same pattern. So the 

materials may be used as light-weight and highly 

effective microwave absorbers over a wide frequency 

range. The overall process of the present study is 

summarized in Figure 11. This figure shows that 

Kinnow waste is converted into biodiesel (alkyl 

esters), hydrocarbon fuel gases and carbon nano 

tubes containing char.  

 

Figure 11: Schematic diagram of the biofuel production from waste Kinnow peel 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

Conclusions   
The following conclusions were drawn from this 

study. 

1. Kinnow waste is a  potential  resource  that  can  

be  used  for  cheap  industrial  production  of  

biofuels. 

2. Gasification waste of Kinnow peel is a best 

source of carbon for soil fertility and can be a 

source of carbon nano tubes.   

3. Kinnow waste is an excellent source of 

environmentally friendly hydrocarbon fuel gases 

and alcohols.  

4. The use of this solid waste as a source of biofuel 

will add green energy technology in the existing 

environment.  

5. The process would be ideal for countries where 

Kinnow is produced and consumed.  

6. This study gives a base for further research.    

7. In this way solid trash may be converted into 

useful products in stead of dumping into 
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landfills. 
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Abbreviations: 

TEM = Transmission Electron Microscopy 

SEM = Scanning Electron Microscopy 

AFM = Atomic Force Microscopy 

XPS = X-Ray Photoelectron Microscopy 

XRD = X-Ray Diffraction 

FTIR = Fourier Transformed Infra Red 

Spectroscopy 

AAS = Atomic Absorption Spectroscopy 

MRI = Magnetic Resonance Imaging 

GC-MS  = Gas Chromatography-Mass Spectrometry
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