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ABSTRACT 

This study investigates the conversion of beef tallow lipid to biodiesel by transesterification in the presence of bone ash under 

supercritical methanol condition. The catalyst is synthesized from natural source and its characteristics are analyzed using Thermo 

Gravimetry analysis (TGA) and Scanning Electron Microscopy (SEM) along with Energy Disperse X-Ray (EDX). The maximum 

conversion of 99.8% was obtained under the following optimum conditions: reaction temperature: 250 °C; oil to methanol molar ratio: 

1:20; pressure: 6.89 MPa; reaction time: 20 min, the physical and chemical properties of tallow lipid and biodiesel are determined as 

per standard norms. The properties of biodiesel are coming under the standards of ASTM D6751 specifications. 

INTRODUCTION 
Fuel is an important backbone of world’s economy. Nowadays, the fossil fuels meet drastic depletion in availability, which 

results in cost pull ups. Biodiesel is accepted as an excellent alternative substitute for diesel by undergoing several researches. Biodiesel 

is capable of being renewed and decomposed by bacteria and other living organisms (Demirbas.A, 2005). Biodiesel normally contains 

zero sulphur and aromatic content which leads to environmentally safe diesel fuel. It significantly reduces the particulates and 

hydrocarbons (Demirbas.A, 2008). The definition given by American Society of Testing and Materials reveals that biodiesel fuel is the 

mono alkyl esters of fatty acids with long aliphatic chain. These free fatty acids are enormously available in vegetable oil, plant oil and 

animal fat. The process of exchanging the organic group of an ester with an organic group of an alcohol results in the formation of fatty 

acid methyl esters and glycerol (Isa K. Mbaraka, 2006). 

The production of alkyl esters are economically influenced by great in cost of feedstock and production requirements. It 

constitutes about 70% to 85% of biodiesel production cost. Careful selection of raw materials, reaction parameters and effective catalyst 

leads to achieve the production of biodiesel in convenient possible way (Demirbas.A.H, 2009). Undergone researchers found that edible 

and inedible beef tallow is enormously generated from rendering units of slaughter houses and in commercially lower costs. They have 

very low trade value as sold as it is in commercial market (Araujo.B.Q, 2010). Thus low graded tallow can be used to produce valuable 

biodiesel. Tallow based biodiesel has high calorific value and high cetane number than vegetable based biodiesel (Dias, J.M et al 2009).  

As tallow lipid and methanol are immiscible with each other, a catalyst is required to carry out reaction faster. However, the 

homogeneous alkaline catalysts require large amount of feedstock and the process of separating from product become tedious. The 

appropriate solution is the use of heterogeneous catalysts rather than alkaline catalysts (Duproz, C 2007). This reduces the process of 

separation of glycerol and FAME after settling of alkaline catalyst neutralization and purification of crude reaction products (Martino, 

D. S. et al, 2008).  

The production method with subcritical and supercritical conditions are capable of reducing the amount of heterogeneous 

catalyst employed. On the otherhand, it can mutually increase the solubility of methanol to oil at optimum conditions. Since the critical 

point of methanol is 239°C and 8.09MPa, the tests were carried out under 190°C to 250°C and 3-10MPa.The reaction materials can be 

dissolved easily in supercritical methanol reaction conditions (Song.C.et al.,2010). 

This study focused on the production of biodiesel from tallow lipid using bone ash catalyst and super critical methanol. The 

catalyst was synthesized by characterizing using the technique of TGA. The elemental analysis of the catalyst was undergone by using 

Scanning electron microscope along with Energy Disperse X-Ray (EDX). The fatty acid profile of tallow lipid was analyzed using Gas 

chromatography- Mass spectrometry (GC-MS). The product obtained was characterized by parameters described in ASTM and EN 

standards. 

MATERIALS AND METHODS 

The raw material for source and catalyst was collected from rendering unit of slaughter house near the outskirts of Chennai. 

From the analysis results of Sophisticated Instrumentation Analysis Center, it was found that the catalyst consists of basic oxides.  

Methanol and n-hexane of 99% purity were purchased from Merck, Mumbai, India. Other chemical reagents used in this study, were 

purchased from Rankem, Delhi, India. All solvents and chemicals obtained were used without any further purification. The supercritical 

methanol process was carried out in PARR 4593 micro-reactor with a 4843-controller (Parr instrument company, Illinois, USA) 

(Patil.P.D.et al., 20110.  

Extraction of Tallow Lipid: The primary method involved in preparation of tallow lipid was processing of slaughter house wastes. 

The solid waste collected from slaughter house was processed immediately in autoclave at 121°C temperature and 15 kPa, pressure to 

ensure the safety aspects for being free from pathogens. This method prevents the environment from biological hazards by removing 

pathogens and microorganisms. Tallow lipid was an extracted product of waste tallow and the remaining stuffs such as hair, bone and 

skin etc were removed. Extraction was carried out using hexane solvent in soxhelt extractor. The process involved the mixing of tallow 

with hexane at high temperature of 60°C in a round bottomed flask. The extraction operation is continued for around 3 cycles per hour. 

The extract is filtered using filter paper and rinsed well with the same extract to get clear transfer. The extracted oil was recovered after 

a solvent evaporation in a rotary vacuum evaporator. 

Characterization of beef tallow: Gas chromatography was used to qualify and quantify various fatty acid profiles present in lipid 

extracted from beef tallow. The data obtained were collected by Win-Chrom software and were identified by comparing with standard 

methyl esters retention time. The physical and chemical properties of extracted lipid such as kinematic viscosity, free fatty acid content, 
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iodine value and saponification values were measured according to standard methods (Sanford, S.D., et al., 2009). A K23700 kinematic 

viscosity bath manufactured by Koehler Instrument Company, Inc. was utilized. The water content of feed stock was measured 

according to the standard method for water using Volumetric Karl Fisher titration. 

Catalyst Preparation: The fresh bone was washed with tap water and again with distilled water. It was dried in hot air oven. The 

drying temperature was maintained at about 100°C for 4 hrs. This step removes moisture present in bone sample. It was crushed into 

small pieces using impact crusher. The thermal decomposition temperature of bone was identified through thermal gravimetric analysis. 

The samples were heated in muffle furnace. The temperature was uniformly increased at the rate of 5°C per minute to 400°C and was 

maintained for 30 min and the process was continued at 600°C and 900°C. The bone ash was taken out after reaching room temperature. 

The ash was finely crushed into powder form and sieve through 40 mesh. About 32.66 wt % of bone ash was obtained from oxidation 

of fresh bone. 

Characterization of catalyst: The characteristics of catalyst such as decomposition temperature, elemental compositions were 

determined using TGA, SEM and EDX. 

Experimental Setup: Transesterification of both non-catalytic supercritical and catalytic super critical methanol process was performed 

in 100mL PARR micro-reactor having 50 mL of tallow oil under optimum conditions: pressure 6.89 MPa, reaction times 10, 15 and 20 

min, reaction temperature of 190 °C, 210 °C, 230 °C and 250 °C and tallow oil to methanol (wt%) ratios of 1:16, 1:18, 1:20 and 1:24. 

After completion of reaction, the contents were transferred to 250 mL round bottom flask in order to remove excess methanol and other 

volatile compounds at reduced pressure in a rotary evaporator. 

Characterization of biodiesel: The fuel properties were studied from two 250 mL batches of formed biodiesel at optimum condition. 

The mixture obtained after reaction was kept for cooling and transferred for separation using separation funnel. The process was carried 

out for a minimum period of 6 to 8 h. The mixture was allowed for gravity separation in order to separate glycerol. The settled glycerol 

was drained from funnel and the fatty acid methyl ester was subjected to washing with warm distilled water. The procedure was 

continued until neutral pH reached. The biodiesel was later dried over an anhydrous sodium sulphate bed. The dried biodiesel was used 

for analysis of physic-chemical properties using standard ASTM methods and compared with the specifications of ASTM D6751 

standards. 

RESULTS AND DISCUSSIONS 

Table.1.Physical and Chemical properties of Beef Tallow 

Properties Method Values 

Viscosity @ 40 °C (mm2.s-1) ASTM D445 45.65 

Acid Value (mg KOH.g-1) ASTM D664 2.43 

Water content (wt %) ASTM E203 0.045 

FFA (wt %) AOCS Ca 5a-40 1.215 

Saponification value (mg KOH.g-1) AOCS Cd 3-25 187 

Iodine value AOCS 44.266 

Average molecular weight (g.mol-1)  978.74 

 

Table.2.Fatty acid profile of beef tallow 

Acid name Carbon Number % Composition 

Myristic acid C14:0 2.10 

Palmitic acid C16:0 25.56 

Stearic acid C18:0 23.13 

Oleic acid C18:1 43.42 

Linoleic acid C18:2 2.7 

Linolenic acid C18:3 0.9 

Arachidic acid C20:0 0.1 

Behenic acid C22:0 0.15 

Others  0.9 

Properties and Characteristics of Beef Tallow: The beef tallow lipid was viscous than vegetable oil and remain as solid in normal 

room temperature. About 60 wt% of tallow lipid was obtained from 1 kg of fresh beef tallow. The phsico-chemical properties of lipid 

are listed in Table 1. The lipid was comparatively higher than oils extracted from soya beans, rapeseed, sunflower, palm, etc. The 

saponification value of 187 mg KOH.g-1 indicates the presence of C16 and C18 group fatty acids in greater amount. The acid value was 

determined as 2.43 mg KOH.g-1from ASTM method and corresponding free fatty acid value was found as 1.215% which is very less. 

Thus pretreatment was not required before transesterification process. 

The fatty acids present in beef tallow were studied from GC-MS and listed in Table 2. It was found that the lipid contains 

major composition of oleic acid (C18:1). Along with unsaturated fatty acid, saturated fatty acids such as palmitic acid (C16:0) and 

stearic acid (C18:0) are present in considerable amount. Their composition is higher in total weight percentage of fatty acids of lipid. 

The presence of saturates induces high cetane number and prohibits sudden oxidation and polymerization.  
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Production and Characteristics of Catalyst: TGA analysis was used to study the decomposition temperature of beef bone. This 

represents the processing temperature of catalyst. The ultimate burning of 70% of inorganic matter HydroxyApatite (HA) occurs from 

272.93 °C to 800 °C. In that, the slow degradation of CaCO3 into Ca(OH)2 occurs  from 600 °C to 800 °C. The formation of Ca (OH)2 

and CaO play a major role as catalyst in transesterification reaction with methanol and lipid oil. The temperature determined from the 

above result is maintained in muffle furnace for 4 h to synthesis of catalyst. The synthesized catalyst was subjected to methanol wash 

for 8 h at the boiling point of methanol. The observations from SEM insisted that the catalyst has to be activated thermally before it can 

be used to catalyze the reaction .The higher magnification image indicates that the catalyst exhibited a loose irregular structure. The 

larger amounts of pores and larger pore size would increase the accessibility of Calcium hydroxide into CaO powder bulk, which would 

give a higher concentration, was investigated. Along with SEM, EDX analysis was carried to find elemental composition of methanol 

washed bone ash catalyst. From the EDX graph the individual weight percentage of main elements such as calcium, oxygen and 

phosphorus present in sample are found in higher amount: Calcium 33.10%; Oxygen 34.35%; phosphorous 13.67%; C 18.22%.  

Super and Sub critical methanolic transesterification:  

Effect of Catalyst Amount: 

 
 

Figure.1.Effect of Catalyst Amount Figure.2.Effect of Oil/Methanol Molar Ratio 

The effect of catalyst amount on transesterification reaction was studied by carrying out   the experiment at 250 °C reaction 

temperature with 1:18 oil/ methanol molar ratio for 20 min. The fig shows the effect of catalyst weight % on yield of ester as a function 

of time. From the graph it was found that only 10 wt% yield was obtained in 20 min in the absence of catalyst. To determine the effect 

of catalyst, 0.2 wt% was taken as new reaction parameter and keeping other parameters constant. The yield was about 80 wt% after 20 

min. Then the catalyst amount was increased to 0.5 wt %. The yield was increased from 65 % to 80% between 3rd and 4th minutes. The 

maximum yield of 98.8 wt% was obtained after 20 min. At 0.8 wt% of catalyst, 80 wt % yield was achieved in 3 min and the maximum 

yield of 98 wt% was achieved in 6min.After 20 min, the maximum yield was maintained. Taking 1 wt% catalyst amount could not show 

greater differences in conversion range. Thus 0.8 wt% was considered as optimum catalyst amount for further experimental analysis.  

Effect of oil/methanol molar ratio: Another prominent factor influencing conversion of tallow lipid is oil/methanol molar ratio. The 

effect of oil/ methanol molar ratio on ester content as a function of time was shown in fig. The conditions which were kept constant are 

as follows: temperature: 250°C; catalyst weight percentage: 0.8 wt%; reaction period: 20 min. Oil/methanol molar ratios of 1:16; 1:18; 

1:20 and 1:24 were experimented and ester contents were measured with time. In 20 min the ester content reached 58 wt% for 1:16 

molar ratio. As it can be seen in Fig 2, the reaction was completed after 20 min for 1:18 oil/methanol molar ratio and 15 min for 1:20 

oil/alcohol molar ratio. At 1:24 molar ratios the conversion follows same as that for 1:20 molar ratio. Therefore optimum oil/methanol 

molar ratio was chosen as 1/20. 

Fuel properties of beef tallow biodiesel: Solid base-catalyzed transesterification reaction under supercritical methanol condition 

successfully produced high quality biodiesel. The fuel properties were analyzed using standard methods and values are listed in Table 

5. The yield of biodiesel is about 99.8%. The conversion rate of biodiesel was found from 1HNMR spectroscopy. The values meet 

ASTM D6751 specifications.  
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Table.5.Physical and chemical properties of biodiesel 

Properties ASTM method ASTM limits Biodiesel 

Viscosity(mm2/sec),40°C D445 1.9-6.0 5.25 

Ash (%mass) D874 max0.02 0.015 

Water content, (% vol) D2709 max0.05 0.0346 

Cetane number D613 min47 56 

Acid value(mg KOH/g) D664 max0.50 0.495 

Cloud point(°C) D2500 report 2.5 

Pour point(°C) D2500 report 5 

Flash point(°C) D93 min93 185 

Oxidation stability(h) EN14112 min3 1.95 

Phosphorous content(%mass) D4951 max0.001 0.00056 

Sodium and potassium 

combined(ppm) 
EN14538 max5 1.234 

CONCLUSION 

Economically feasible raw material for feedstock and catalyst was efficiently produced from slaughter house waste. Tallow 

lipid was analyzed using GC-MS and the characteristics of bone ash were determined from TGA, SEM and EDX. High quality biodiesel 

was produced in greater yield under supercritical methanol of temperature 250 °C in the presence of 0.8 wt% catalyst. The fuel properties 

of biodiesel satisfied the specifications of ASTM D6751 standards. The kinetic model of transesterification reaction followed pseudo 

first order, the thermodynamic parameters indicated the flow of reaction is irreversible, non-spontaneous and endothermic in nature. 
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