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Abstract- The main focus of this paper is to study the physiochemical properties of Neem de-oiled seed cake for its 
suitability in producing bio-oil. The de-oiled seed cake was analyzed by proximate analysis, ultimate analysis, calorific 
value, Thermo Gravimetric Analysis (TGA), Fourier Transform Infrared Spectroscopy (FTIR). The proximate and ultimate 
analysis of Neem de-oiled seed cake reveals that, it contains 73.2% of volatile matter, 0.5% sulfur, 4.8% of ash. The high 
volatile matter, less sulfur and less ash content makes de-oiled seed cake suitable for producing liquid fuel.  The calorific 
values of Neem de-oiled seed cake were found to be less (21.84 MJ/kg) due to presence of oxygen when compared to diesel 
(44 MJ/kg) and biodiesel (35-40 MJ/kg). TGA analysis reveals that the operating pyrolysis temperature of Neem de-oiled 
seed cake is 400- 4900C. The FTIR analysis of de-oiled seed cake reveals that it mainly consists of aliphatic and aromatic 
compounds, which could be a viable option of biomass energy source. 
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I. INTRODUCTION 
 
In developing countries like India, efforts are being 
made for using non-edible seeds for production of 
biodiesel. The biodiesel program would be 
sustainable only when the generated waste cake is 
converted into valuable energy products. Considering 
the future scenario of non edible seed’s utilization, 
there is an urgent need for development of a suitable 
technology for conversion of the seed cake into the 
more useful products. Otherwise, the seed cake will 
lead to many problems such as waste disposal 
management, space occupation. 
 Biomass fuels and residues can be converted 
to more valuable energy forms via a number of 
processes including thermal, biological, and 
mechanical or physical processes. Fast pyrolysis at 
moderate temperature of around 500 0C and very 
short reaction times of up to 2 sec has become of 
considerable interest. This is because the process 
directly gives high yields of liquids of up to 75 wt.% 
which can be used directly in a variety of applications 
[A.V. Bridgwater 2012]. 
 
As pyrolysis can give variety of fuels and chemicals, 
different feed stocks have been proposed and 
investigated for many years in many countries.[ S. 
Murugan et al. 2015] The production of bio liquids 
and other products (char and gas) by pyrolysis of 
different biomass species has been extensively 
investigated in the past. Some of these biomass 
species include bagasse [Marion Carrier et al. 2011], 
rice husk [W.T.TSai et al. 2007], de-oiled seed cakes 
such as Jatropa [C.H Biradar, et al. 2014], ground nut 
[Ankit Agrawalla et al 2011], Pongamia [Krushna 
Prasad Shadangi, et al. 2012]. Non edible jatropha 

curcas de-oiled seed cake was converted into bio-oil 
through pyrolysis process in fluidized bed with 
maximum feed rate of 12 g/min. Author carried out 
pyrolysis experiments using jatropha curcas de-oiled 
seed cake as a feedstock with different sizes of 0.175 
mm–0.5 mm, 0.5 mm–0.99 mm and 0.99 mm–1.66 
mm. The nitrogen gas was used as a sweep gas for the 
fluidization of the feed in the reactor at different flow 
rates of 6, 8, 10 and 12 LPM. The experiments were 
carried out at different temperatures of 425, 450, 475 
and 500 0C with a heating rate of 30 0C/min. It was 
reported that the optimum temp, particle size and 
sweep gas flow rate as 450 0C, 0.5 mm - 0.99 mm and 
8L/min respectively for obtaining 48% bio-oil and 
38.1% bio-char.[C.H Biradar, et al. 2014]. Slow 
pyrolysis experiments have been conducted on a 
sample of polanga seed cake in a semi batch stainless 
steel reactor to determine the influence of 
temperature between 450–600 0C at a heating rate of 
20 0C/min and produced the maximum yield of bio-
oil about 46 % at a temperature of 550 0C. The results 
show the potential of polanga seed cake as an 
important source of alternative fuel [Krushna Prasad 
Shadangi, et al. 2012]. 
Few works were carried out on production of bio-oil 
by pyrolysis from the de-oiled seed cake such as 
jatropha curcas, linseed, castor, karanja. But very less 
work is carried out on Neem de-oiled seed cake; 
hence it is the motivation to choose them as 
feedstock. 
 
II. DETAILS EXPERIMENTAL 
 
2.1. Materials and Procedures 
The Neem de-oiled cake was bought from "Biodiesel 
Production Center" Bagalkot- Karnataka, which was 
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left out after extraction of crude oil for producing the 
biodiesel. The cake was in the form of flakes and was 
powdered using a household grinder, before carrying 
out the pyrolysis experiments, its suitability is 
determined by characterization of Neem de-oiled seed 
cake using proximate analysis, ultimate analysis, 
bomb calorimeter, Thermo Gravimetric Analysis 
(TGA) and Fourier Transform Infrared Spectroscopy 
(FTIR). 
The proximate analysis was done by ASTM D3173-
75 and carried out in Bangalore Test House 
Bangalore. Ultimate analysis was carried out at 
Indian Institute of Science (IISc) - Bangalore with a 
Instrument Model Thermo Scientific Flash 2000 
Organic Elemental Analyzer using Eager Experience 
software under CHNS/O analysis mode with 
reference and carrier gas as Helium. Calorific value 
was determined using a Bomb Calorimeter of MAC 
make in Bangalore Test House Bangalore. TGA was 
carried out in Sipla Labs Limited Hyderabad using 
thermal gravimetric analysis Q500 V20.13 Build 39 
(Universal V4.5A TA Instruments) for the Neem de-
oiled seed cake sample weighing 23.998 mg with 
nitrogen as carrier gas at the heating rate of 20 
0C/min. Functional groups present were identified by 
using Perkin Elmer Model M15 fourier transform 
infrared spectroscopy in Bangalore Test House 
Bangalore.  
 
III. RESULTS AND DISCUSSIONS 
 
1.1. Proximate analysis 
Proximate analysis is the quickest and simplest way 
of investigating the fuel quality of solid materials. 
The Proximate analysis of Neem de-oiled seed cake 

as shown in table indicates that the volatile matter 
contents are almost nearer to the values of other 
biomass materials, as shown in table 1. Neem de-
oiled seed cake has very high volatile matter content 
of around more than 70%.  The carbon content is 
around 22% in Neem de-oiled seed cake, which can 
be converted into devolatilized residue (bio-char).  
High moisture content affects the conversion 
efficiency, calorific value of seed cake and has a 
potential to deteriorate its energy quality as a result of 
decomposition. Higher value of ash content also has 
the negative effect on the calorific value. High 
volatile matter indicates higher conversion of de-oiled 
seed cake to liquid fuels. Carbon content leads to the 
production of end product bio-char. Due to its high 
volatile matter, less moisture and less ash content de-
oiled seed cake can be used as a good source of 
energy. 
 
1.2. Ultimate analysis 
Ultimate analysis is performed to determine the 
elemental composition of the material. The ultimate 
analysis of Neem de-oiled seed cake indicates that the 
carbon (C), hydrogen (H), nitrogen (N), sulfur (S) 
and oxygen (O) contents are almost nearer to the 
values of the other biomass materials as shown in 
table 2. Neem de-oiled seed cake has lower sulfur 
content as compared to the crude oil. The end product 
derived from the lower sulfur feedstock would be a 
good quality fuel, which can be used as a fuel for 
combustion engines. The higher oxygen content 
effects the calorific value.  
Based on the ultimate analysis empirical formula was 
established as CH2.58N0.166S0.004O0.88 for Neem de-
oiled seed cake. 

 
Table 1. Proximate analysis of different seed cakes 

 
*Results on dry basis. 

 
Table 2. Ultimate analysis of different biomass materials 

 
* By difference 
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Table 3. Gross calorific value of different biomass materials 

 
 

1.3. Calorific value 
The calorific value of Neem de-oiled seed cakes is 
nearly in the same range of the values of other 
biomass as shown in table 3. This indicates that de-
oiled seed cake has a great potential to be a feed stock 
for production of alternative fuel.  
 The biodiesel produced by esterification 
reported that calorific value of Rubber seed oil; Rape 
seed oil, Cotton seed oil and Soybean oil were in the 
range of 35.0 to 40.0 MJ/kg [A.S. Ramadhas, et al. 
2005]. The calorific value of de-oiled seed cake is 
lesser than diesel and biodiesel. This is due to the 
higher oxygen content in the de-oiled seed cake. 
 
1.4. Thermo Gravimetric Analysis (TGA) 
TGA is the most common technique for investigating 
the devolatilization behavior of biomass. Temperature 
for effective pyrolysis of the non edible de-oiled seed 
cake is determined using TGA. It is used to determine 
a materials thermal stability and its fraction of 
volatile components by monitoring the weight change 
that occurs as a de-oiled seed cake is heated. The 
nature of a TGA curve gives a clear indication of 
number of stages of the thermal degradation.  
 Experiments with TGA comprise of three 
stage weight loss. The first stage the initial 
decomposition represents the evaporation of moisture 
contents. The second stage is treated as active   zone 
due to high decomposition rate per unit time where 
the decomposition indicates the formation of volatiles 
mainly CO and CO2. During the active pyrolysis 
zone, the intermolecular associations and weaker 
chemical bonds are destroyed. The side aliphatic 
chains may be broken and some small gaseous 
molecules are produced. During the third stage, the 
pyrolysis residue is slowly decomposed, the chemical 
bonds are broken, and the parent molecular skeletons 
are destroyed [R.K. Singh, et al. 2011 and Rahul 
Sinha, et al. 2013]. 
TGA of Neem de-oiled seed cake is shown in figure 
1. The first initial mass loss of moisture occurs from 
room temperature to 180 0C, the second mass loss 
occurs between 180 and 450 0C, whereas third mass 
loss for Neem de-oiled  cake is extended up to 600 
0C. TGA analysis reveals that the operating pyrolysis 
temperature of Neem de-oiled seed cake is 400 - 490 

0C. The variation of temperature ranges mainly 
depends on the moisture content. 

 
Fig.1. TGA analysis of Neem de-oiled seed cake 

 
A similar trend of mass loss was seen for Pongamia 
de-oiled seed cake, the first mass loss had occurred 
approximately between 30 to 166 0C, second mass 
loss occurred between 166 to 480 0C and third mass 
loss occurred upto 700 0C and also revealed that 
heating rate of 20 0C/min is better as compared to the 
higher heating rate of 30 0C/min [Lalta Prasad, et al. 
2014]. Same tend of mass loss was reported, when 
TGA is carried on Neem de-oiled seed oil cakes at the 
heating rate of 25 0C/min [Vikranth Volli, et al. 
2012]. 
 
1.5. Fourier Transform Infrared Spectroscopy 
(FTIR) 
FTIR is a fast, cheap, reliable, accurate, and 
nondestructive method, which provides information 
regarding functional groups present in the sample 
[R.K. Singh, et al. 2011].  FT-IR can provide the 
information about, it can identify unknown materials, 
it can determine the quality of a sample and it can 
determine the amount of components in a mixture. 
On interaction of an infrared light, chemical bond 
will stretch, contract and absorb infrared radiation in 
a specific wave length range regardless structure of 
the rest of the molecules [Vikranth Volli, et al. 2012].  
The FTIR spectra were recorded in the transmission 
mode between 4000 cm-1 and 500 cm-1 for Neem de-
oiled seed cake is shown in figure 2. The functional 
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groups identified from the FTIR are shown in above 
table 4, which mainly consists of aliphatic and 
aromatic compounds. Aliphatics 
include alkanes, alkenes and alkynes. 
 The C–H stretching at 2923, 2853 and C-H 
bending at 1240 indicate the presence of alkanes. The  
C=C Stretching at 1639 indicate the presence of 
alkenes. The C=C Stretching at 1544, 1450 and  O-H 
bending at 832 and 609 indicates aromatic 
compounds in Neem de-oiled seed cake. 
 The pronounced oxygenated functional 
groups O-H, C=O, C-O and aromatic compounds 
showed that the de-oiled seed cake was highly hydro 
oxygenated and therefore, it is acidic in nature. The 
oxygenated compounds reduce the calorific value of 
the de-oiled seed cake. However, presence of 
hydrocarbon groups C-H, C=C, and alcohols indicate 
that de-oiled seed cake has a potential feedstock for 
bio-oil. 
  

Fig.2. FTIR analysis of Neem de-oiled seed cake 
 
The combustion of any alkane produces energy, 
which makes alkanes useful as fuels.  As the length of 
the carbon chain increases, the amount of energy 
released during combustion increases.  A longer 
carbon chain contains more C-C bonds and more C-H 
bonds. The overall process of breaking C-C and C-H 
bonds and making C=O and O-H bonds releases 
energy.  The more C-C and C-H bonds broken, and 
the more C=O and O-H bonds formed, the greater the 
amount of energy released. The reactive site in alkene 
molecules is the carbon-carbon double bond (C=C).  
In chemical reactions this double bond either opens 
out to leave a carbon-carbon single bond (C-C) or it 
breaks completely to separate the molecule into two 
smaller fragments. Complete combustion of alkenes 
produces carbon dioxide and water. Alcohols burns 
with clean flame producing carbon dioxide and water 
vapor. FTIR results showed that this waste de-oiled 
seed cake could be a viable option of biomass energy 
source. 

Table 4. FTIR functional groups and indicated compounds in 
Neem de-oiled seed cake 

 
 
CONCLUSIONS 
 
This study was an attempt to show that the de-oiled 
seed cake left after biodiesel production contains high 
volatile matter which indicates high source of energy 
and pyrolysis could be one of the option for 
producing bio-oil which can be used for many 
applications including in diesel engines.  Neem 
de-oiled seed cake has high volatile matter (~70%), 
less moisture (~6.0%), ash (~6.0%) and sulfur 
(~0.5%) content and the end product derived from 
this feedstock will be a good quality fuel. TGA 
results showed the operating pyrolysis temperature of 
Neem de-oiled seed cake  is 400-490 0C. FTIR results 
showed that the waste de-oiled seed cake consisting 
of mainly aliphatic and aromatic could be a viable 
option of biomass energy source. 
 
REFERENCES 
 
[1]. Ankit Agrawalla, Sachin Kumar, R.K. Singh "Pyrolysis of 

groundnut de-oiled  cake and characterization of the liquid 
product"  Bioresource Technology 102 (2011) 10711–
10716. 

[2]. A.S. Ramadhas, S. Jayaraj, C. Muraleedharan "Biodiesel 
production from high FFA rubber seed oil" Fuel 84 (2005) 
335–340. 

[3]. A.V. Bridgwater "Review of fast pyrolysis of biomass and 
product upgrading" Biomass and Bioenergy 38 (2012) 68-
94. 

[4]. C.H. Biradar, K.A. Subramanian, M.G. Dastidar 
"Production and fuel quality upgradation of pyrolytic bio-
oil from Jatropha Curcas de-oiled seed cake" Fuel 119 
(2014) 81–89. 

[5]. I. A. Aldobouni, A. B. Fadhil & I. K. Saied " Conversion 
of De-oiled Castor Seed Cake into Bio-oil and Carbon 
Adsorbents" Energy Sources, Part A: Recovery, 



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092,                 Special Issue, Sep.-2016 

Analysis Of Physiochemical Properties Of De-Oiled Neem Seed Cake For Their Suitability In Producing Bio-Oil 
 

41 

Utilization, and Environmental Effects, 37:24, 2617-2624 
(2015) 

[6]. Krushna Prasad Shadangi a, Raghubansh K. Singh 
"Thermolysis of polanga seed cake to bio-oil using semi 
batch reactor" Fuel 97 (2012) 450–456. 

[7]. Lalta Prasad, P.M.V. Subbarao, J.P. Subrahmanyam 
"Pyrolysis and gasification characteristics of Pongamia 
residue (de-oiled cake) using thermogravimetry and 
downdraft gasifier" Applied Thermal Engineering 63 
(2014) 379-386. 

[8]. M C Navindgi, Maheswar Dutta and B. Sudheer Prem 
Kumar "Performance Evaluation, Emission Characteristics 
And Economic Analysis Of Four Non-Edible Straight 
Vegetable Oils On A Single Cylinder Ci Engine" ARPN 
Journal of Engineering and Applied Sciences VOL. 7, NO. 
2, (2012) 

[9]. Marion Carrier, Thomas Hugo, Johann Gorgens, Hansie 
Knoetze "Comparison of slow and vacuum pyrolysis of 
sugar cane bagasse" Journal of Analytical and Applied 
Pyrolysis 90 (2011) 18–26. 

[10]. R.K. Singh, K.P. Shadangi "Liquid fuel from castor seeds 
by pyrolysis" Fuel 90 (2011) 2538–2544. 

[11]. Rahul Sinha, Sachin Kumar and R. K. Singh "Production 
of biofuel and biochar by thermal pyrolysis of linseed 
seed" Biomass Conv. Bio ref. 15 (2013) 

[12]. S.Murugan, Sai Gu " Research andd evelopment activities 
in pyrolysis – Contributions from Indian scientific 
community – A review" Renewable and Sustainable 
Energy Reviews 46 282–295(2015) 

[13]. S. Yorgun, S. Sensoz, O.M. Kockar "Flash pyrolysis of 
sunflower oil cake for production of liquid fuels" Journal 
of Analytical and Applied Pyrolysis 60 (2001) 1–12 

[14]. Stanislav V. Vassilev, Christina G. Vassileva, Vassil S. 
Vassilev, "Advantages and disadvantages of composition 
and properties of biomass in comparison with coal: An 
overview" Fuel  (2015). 

[15]. Vikranth Volli, R.K. Singh "Production of bio-oil from de-
oiled  cakes by thermal pyrolysis" Fuel 96 (2012) 579–
585. 

[16]. W.T. Tsai, M.K. Lee b, Y.M. Chang "Fast pyrolysis of rice 
husk: Product yields and compositions" Bioresource 
Technology 98 (2007) 22–28 

[17]. Zheng Ji-Lu "Pyrolysis oil from fast pyrolysis of maize 
stalk" J. Anal. Appl. Pyrolysis 83 (2008) 205–212. 

 
 
 
 
 
 

 


