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Abstract
Green production of diesel was carried out using waste coconut oil and rubber seed oil. Experimentswere carried out using preliminary apparatus constructed in house as well as using a high temperaturepressure reactor. Acid values of oil samples were determined before and after the decarboxylation process.Decarboxylation of hydrolysed waste coconut oil produced the hydrocarbons, nonane (15.60% w/w), decane(46.38% w/w), undecane (23.2% w/w), dodecane (1.34% w/w) and tridecane (0.36% w/w). Decarboxylation ofnon-hydrolysed waste coconut oil when reacted at 350 °C using Pd/C catalyst resulted in hexadecane, undecane,tridecane and pentadecane. Decarboxylation of non-hydrolysed rubber seed oil resulted in 6-dodecene,5-undecene and tridecane, while hydrolysed rubber seed oil resulted in tetradecane, 2-tetradecene,1-hexadecene, pentadecane and 6-tetradecyne. Many hydrocarbon compounds produced are correspondingto the diesel range of C10-C22 indicating the possibility of using these products in diesel fuel applications afterfurther testing. The decrease in the acid value of reaction mixtures containing waste oils after decarboxylationwas used as an indicator for the conversion or the decarboxylation. The process employed in the production ofbiodiesel was a simple and environmentally friendly green method supported by catalysis and did not involveany toxic chemicals, derivatizing agents or harmful solvents.
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Introduction
Due to the adverse effects on the physicalenvironment and biosphere, the use ofpetroleum fuels is needed to be limited. Inaddition to their contribution to greenhousegas (GHG) emissions and climate changes, theimpurities in petroleum fuels, including sulfur,nitrogen substances, aromatics and lead,contribute to severe atmospheric pollution.On the other hand, petroleum is a depletingresource, which will not be replenished onceused up.

Scientists have forecasted that remainingglobal petroleum resources will be sufficientonly for another few decades in the currentrate of consumption (Hubbert, 1956;Deffeyes, 2003). Therefore, possible energyalternatives are much investigated. Amongsuch alternatives, biodiesel (Huang et al.,2012), bioethanol (Thangavelu et al., 2016),biogas (Ray et al., 2013), and syngas (Guptaet al., 2010) have attracted much attention.Such energy alternatives are renewable,accompany no significant amounts of sulfurand nitrogenous compounds. They contributeto lower GHG emissions as compared topetroleum products and less harmful to theatmosphere during combustion (Nabi et al.,2006; Kathirvelu et al., 2017). Further, as theydo not come from earth’s geological carbondeposits, there is no contribution to a netincrease in atmospheric carbon. However,with many advantages, a few significantdisadvantages are associated with biofuels,such as biodiesel and bioethanol, whichhave limitations on their application astransportation fuel. The water content, lessenergy content, oxygenated structures, andhigh freezing and cloud points are given inTable 1 (Nabi et al., 2006; Elfasakhany, 2019).
Due to the presence of oxygen in theirchemical structures, biodiesel and bioethanolhave some degree of polarity. They attractmoisture due to this fact. Due to the samereason, they are more reactive compared topetroleum fuels. They can damage engine

parts made up of rubber due to their rubbersolvent properties. Furthermore, corrosionof engine components is also possible due tothe moisture content associated with them(Anguebes-Franseschi et al., 2019). Moreover,energy values of biodiesel and bioethanol areless compared to petroleum fuels, such aspetroleum diesel and gasoline (Table 1). Due tothese limitations, using 100% pure biodieselor bioethanol in automobiles is not feasible.They should be blended with fossil fuels, oralternatively, engines of automobiles shouldbe modified (Celik et al., 2008).
Green diesel, which is also calledrenewable diesel, is chemically hydrocarbonsunlike biodiesel, which contains the fattyacid methyl esters. It has similar energycontent as the petroleum diesel and beingfree of contaminants such as sulfur andaromatic compounds adding more value torenewable diesel over biodiesel. Renewablediesel has better emission characteristics overpetroleum diesel (Moser, 2009; Douvartzideset al., 2019). Biodiesel types can be used inmodern automobile engines in 100% quantity(R100) without blending with petroleum diesel(Douvartzides et al., 2019). No solidificationoccurs at cold climates due to their lower cloudpoints.
Green diesel can be produced using naturalplant and animal fatty acids as feed stock(Douvartzides et al., 2019; Amin, 2019; Vigneshet al., 2021). As waste plants and animal oilscan be used as raw materials in the production,it is economical and ecofriendly, providing asolution to waste oil, which is a threat to theenvironment. Green diesel further has somedistinct advantages, including high cetanenumber, decreased cloud point, lower levels ofNOx, compared to biodiesel (Phoon et al., 2017).This makes green diesel a more promisingcandidate as an alternative to fossil fuels. Plantoils contain a significant percentage of oxygen,which needed to be removed in the productionof green or renewable diesel. There are twomajor methodologies used for this purpose.



Weliwegamage et al. | 57

Hydrodeoxygenation involves removal ofoxygen as a water molecule. This requiresthe presence of a catalyst, high temperatureand high hydrogen pressures. Various studieshave been conducted to convert plant oils tohydrocarbons through this process (Morganet al., 2012; Santillan-Jimenez et al., 2014;Ding et al., 2015; Arun et al., 2015; Guan et al.,2016; Ameen et al., 2017; Jeništová et al., 2017;Heriyanto et al., 2018). Hydrodeoxygenation,which produces hydrocarbon, H2O and CO,takes place as given below (Furimsky, 2000;Stepacheva et al., 2016).
CnH2n+1 COOH + H2 → CnH2n+2 + H2O + CO

In decarboxylation, the carbonyl oxygen inthe fatty acid is removed as CO2 using a catalystas shown below:
R–COOH soda lime(CaONaOH) 2

Investigation is carried out on producingbiodiesel via decarboxylation (Sari, 2013;Aliana-Nasharuddin et al., 2020; Edehet al., 2021). Decarboxylation reactionsare thermodynamically favourable due tothe increase of entropy during reactionwith a stable gaseous product, CO2. Eventhough both the processes serve thesame purpose, production of CO duringhydrodeoxygenation can have an impacton the catalyst performance. Also, theuse of large quantity of hydrogen makesthe process expensive as well as unsafedue to the explosive nature of hydrogen.Therefore, decarboxylation is the preferredprocess. Production of hydrocarbon throughdecarboxylation was the main objective of thisresearch, which focused on the preparationof green diesel from fatty acids originatingfrom waste coconut oil and rubber seed oil.The three types of fuels, petroleum diesel,biodiesel and biodiesel are compared for theirproperties as given in Table 1.

Experimental
Instrumentation
In order to conduct experiments at highertemperatures and pressures, the TOPT-Hreactor shown in Figure 1 was employed.Specifications of the reactor are given inTable 2.

Figure 1. TOPT-50 mL high pressure reactor used inadvanced experiments.

Gas chromatography-mass spectrometry(GC-MS) analysis of products
The products obtained by decarboxylation ofwaste coconut oil with soda lime were analysedwith GC-MS at the Department of Chemistry,University of Colombo. It was equipped withan HP-5MS column (30 µm × 250 µm × 0.25
µm).
Materials
Raw materialsAs sources of fatty acids, two plant oils,namely, waste coconut oil and rubber seed oil,were used. Waste coconut oil was collectedfrom some restaurants and hotels, located inColombo, Sri Lanka, while rubber seed oil wasextracted using dry rubber seeds obtained fromlocal rubber plantations.

→––––––––––––––  RH + CO
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Table 1. Properties of petroleum (Ultra Low Sulfur Diesel, ULSD), biodiesel (Fatty Acid Methyl Ester, FAME)and green diesel (Source: Fuels comparison chart, National Renewable Energy Laboratory, US Department ofEnergy Website http://www.eere.energy.gov).
Property Petroleum (ULSD) Biodiesel (FAME) Biodiesel% Oxygen 0 1 0Specific gravity 0.84 0.88 0.78Sulfur, ppm <10 <1 <1Heating value, MJ/kg 43 38 44Cloud point, °C -5 -5 to +15 -10 to +20Distillation, °C 200-350 340-355 265-320Cetane 40 50-65 70-90Stability Good Marginal Good

Table 2. Technical specifications of the reactor.
Parameter Maximum value/rangeVolume 50 mLWorking pressure 12.5 MPaDesign temperature 10 MPaWorking temperature 400 °C - 450 °CTemperature control accuracy ± 1 °CStirring speed 10 - 000 rpmMotor power 80 WElectric heating rated power 1 kW
Working environment Ambient temperature 5 - 35 °C;relative humidity ≤ 85%;surrounding medium does not contain conductive dust and corrosive gases.

Chemicals and catalysts
Soda lime, alumina, KOH, hexane, ethanol,isopropyl alcohol, glacial acetic acid purchasedfrom Sigma-Aldrich were of 99% purity andused without further purification. The catalystused for the decarboxylation process waspalladium on carbon (5 w/w%), which waspurchased from Sigma Aldrich. Hydrogengas, purchased from Ceylon Oxygen Ltd., wasused to activate the catalyst and to saturateunsaturated hydrocarbons.

Methods
Decarboxylation of oils with preliminary
apparatus

The reaction vessel contained thereactants and catalysts, which provided spacefor them to react with each other. It alsocontained a thermometer to check and controlreaction temperature. The reaction vessel wasoften heated, and products were collected inthe vapour phase. Heating was conducted with

a heating mantle which provided a constanttemperature throughout the reaction vessel.The tube “a”, extended from the reactionvessel was shorter, and used to collect gaseousproducts. However, this tube “a” extendedinto the catalyst vessel was long enough toreach the catalyst bed. This allowed unreactedreactants in the vapour phase to further reactand form products. The catalyst chamberwas heated with a heating mantle, mildlycompared with reaction vessel, to keep theproducts in vapour form, which then waspassed through tube “b” having a shorterstem in the chamber. This tube was passedthrough a condenser to convert gaseousproducts into a liquid and collected at thecollection vessel. The collection vessel wassealed as the product was volatile.
Decarboxylation of waste coconut oil with the
high-pressure reactor using Pd/C as the catalystThe acid value of waste coconut oilcollected from households and restaurants was
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Table 3. Experimental conditions for decarboxylation of waste coconut oil with 100% soda lime.
Sample Oil (g) Soda lime (g) Temperature (°C) Pressure (MPa) Agitation speed (rpm)
WCO 1 45.57 5.00 150 1.2 250WCO 2 45.67 5.00 200 1.2 250WCO 3 45.58 5.00 250 1.2 250

Table 4. Experimental conditions for decarboxylation of waste coconut oil with soda lime:alumina 1:1 ratio.
Sample Oil (g) Soda lime (g) Temperature (°C) Pressure (MPa) Agitation speed (rpm)
WCO 1 45.48 5.00 150 1.2 250WCO 2 45.56 5.00 200 1.2 250WCO 3 45.54 5.00 250 1.2 250

Table 5. Experimental conditions for decarboxylation of waste coconut oil with 100% alumina.
Sample Oil (g) Soda lime (g) Temperature (°C) Pressure (MPa) Agitation speed (rpm)
WCO 1 45.72 5.00 150 1.2 250WCO 2 45.57 5.00 200 1.2 250WCO 3 45.81 5.00 250 1.2 250

determined using KOH, ethanol and diethylether as analytical reagents, and 1% (w/v)phenolphthalein as the indicator. The acidvalue was tested with standard AOAC 940.28method (AOAC International, 1999). Oil wasfiltered prior to experiments to eliminateparticulate matter. The sample volume ofwaste coconut oil used for decarboxylationwas 50 mL and 0.050 g Pd/C (5% w/w)was used as the catalyst. The pressurewas a fixed at 1.2 MPa during experiments,and the temperature was varied as 150 °C,200 °C, 250 °C, 300 °C and 350 °C in differentdecarboxylation trials.
Water was eliminated from the sampleby adding anhydrous Na2SO4 prior todecarboxylation. The sample was agitatedat 250 rpm. The reaction was carried out for2.0 h after the pre-determined temperaturewas attained. The product was recovered byisolating the catalyst. The mixture of productsand the catalyst was centrifuged followed byseveral filtrations to separate the product fromthe catalyst. The acid value of each sample wastested after the product was recovered.
The product recovered was analysedby GC-MS. The oven temperature of the

instrument was programmed as follows:2 min hold at 80 °C, 10 °C min–1 ramp to300 °C, 10 min hold at 300 °C. The detectortemperature was maintained at 300 °C.Samples of 1 µL were injected into the columnwith a 50:1 split ratio. The results obtainedwere analysed using the library.
Decarboxylation of waste coconut oil withsoda limeandaluminaas a catalystmixture
Experiments were conducted to carry outdecarboxylation of waste coconut oil in thepresence of mixtures of soda lime and alumina(Al2O3) at 150 °C, 200 °C and 250 °C, and1.2 MPa pressure. The acid value of eachproduct was determined. Table 3, 4 and5 show experimental conditions for threedifferent soda lime:alumina ratios used in thedecarboxylation process.
Decarboxylation of rubber seed oil
Decarboxylation of rubber seed oil was carriedout in the preliminary apparatus. Rubberseeds were de-shelled, dried, crushed and oilwas extracted using Soxhlet apparatus withhexane as the solvent. The acid value was
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determined, in triplicate, using Standard AOAC(1999) method, and the average values weretaken into consideration.
Prior to adding to the reactor, a part of theoil was hydrolysed using ethanolic KOH to yieldfree fatty acids. Hydrolysis was carried out at60 °C for 2.0 h. After alkaline hydrolysis, themixture was acidified using glacial acetic acid.The acid value of the hydrolysed rubber seedoil was determined using the same methodmentioned previously.
In the reaction vessel, the combination ofsoda lime was added along with alumina, andthe same was added in the catalyst chamber.The mixture was heated, and the temperaturewas recorded. Catalytic compositions werevaried as shown in Tables 6 and 7. Bothhydrolysed and non-hydrolysed rubber seedoils were used for the decarboxylation process.The size of the oil sample used was 50.00 mL,and decarboxylation was carried out at a fixedtemperature of 235 °C.
The products were collected at thecollection vessel and analysed by GC-MS usingexperimental conditions given below: Theinitial oven temperature was 80 °C held forone minute, and then increased to 180 °Cat 10 °C min–1 and held for 1 min. Then thetemperature was increased to 250 °C at a rateof 4 °C min–1 and held at for 5 min. A sampleof 1 µL was injected at the injector temperatureof 325 °C. The flow rate of the carrier gas Hewas kept at 0.9 mL min–1. The total runtime ofthe process was 34.5 min.

Table 6. Decarboxylation of non-hydrolysed rubberseed oil (RSO).
SampleNo. Soda lime,w/w% Alumina,w/w%RSO1 100 0RSO2 75 25RSO3 50 50RSO4 25 75RSO5 0 100

Table 7. Decarboxylation of hydrolysed RSO.
SampleNo. Soda lime,w/w% Alumina,w/w%RSH1 100 0RSH2 50 50RSH3 0 100

Results and Discussion
Acid value (AV) determination of oils
Acid value determination of both waste coconutand rubber seed oils was carried out before andafter decarboxylation. The acid value (AV) wasdetermined with the standard equation,

AV = V × N × 56
W (1)

where V is the volume of ethanolic KOHadded, N is the normality of the ethanolic KOHsolution, W is the mass of oil taken (g), and 56is the equivalent mass of KOH.The acid value of the waste coconutoil sample before hydrolysis was found tobe 78.32±0.32 mg/KOH. The percentageof free fatty acids (FFA) was calculated asacid value×0.503 = (78.32±0.32)×0.503 =39.39±0.16. According to literature, the acidvalue of unused coconut oil is 0.37 mg/KOH.Therefore, the percentage of FFA in unusedoil is 0.37×0.503 = 0.19. It is thus clear thatthe percentage of FFA in unused coconut oil isvery much lower than that of waste coconut oil.The reason for this may be the dissociation offatty acids from triglycerides during the fryingprocess, where heat absorbed can dissociatetriglycerides to form free fatty acids. Theacid value of the waste coconut oil sampleafter hydrolysis was 162.70±0.16 mg/KOH,and the percentage of free fatty acids wasacid value×0.503 = (162.70±0.16)×0.503 =81.49±0.08.
Hydrolysis of waste coconut oil
The fatty acid percentages of waste coconut oilbefore and after hydrolysis were 39.39±0.16and 81.49±0.08, respectively. These values
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show that the acid value has substantiallyincreased after hydrolysis. The abovecalculations show that hydrolysis withKOH/EtOH, the triglyceride (triacylglycerol)dissociates into potassium salts of the fattyacids and glycerol. The type of potassiumsalts of fatty acids depends on the nature offatty acids that form the triglyceride. Thatcan either be same or different dependingon chain lengths of R1, R2 and R3 (Figure 2).Upon acidifying the fatty acid salts, a mixtureof fatty acids is yielded, and subsequently,the acid value is increased. Therefore, thehydrolysed waste coconut oil sample with ahigher amount of free fatty acids was used fordecarboxylation.
Decarboxylation products of hydrolysedwaste coconut oil
The products received from decarboxylationof waste coconut oil at three differenttemperatures (250 °C, 200 °C and 150 °C), wereanalysed for the presence of hydrocarbons.The product received at 250 °C (WCO 1) showedhydrocarbons in its GC-MS profile. TheGC-MS results given in Figure 3, and thehydrocarbons produced are shown in Table 8.

According to the GC-MS results andlibrary comparison, nonane, decane,undecane, dodecane and tridecane arepresent in WCO 1. The carbon chain lengthsof these hydrocarbons are 9, 10, 11, 12 and13, respectively. The percentage areas couldbe used as a measure of the abundance ofthe respective hydrocarbon. According toGC-MS results of WCO 1, the most abundanthydrocarbon is decane with a percentage peakarea of 46.38. The most abundant fatty acid incoconut oil is lauric acid [CH3(CH2)10COOH],which is 48.90 % of the total fatty acid content.According to the decarboxylation reactiongiven in Figure 4, lauric acid should beconverted to C11 hydrocarbons.
However, in the above experiment, themain component was decane which is a C10hydrocarbon.

Decarboxylation of non-hydrolysed wastecoconut oil with the high-pressure reactorand Pd/C
The acid value of the waste coconut oilsample, taken from the same batch whichwas used in the preliminary apparatus,before decarboxylation is 78.32±0.32 mg/KOH.Table 9 shows the acid values of the productsrecovered at different temperatures. Figure 5graphically depicts how the acid valuehas decreased with the temperature ofdecarboxylation.

Figure 5 indicates that the acid valuesdecreased when the decarboxylationtemperatures were increased. Acid valuecorrelates to the amount of free fatty acidspresent in an oil sample. This illustratesthat the amount of free fatty acids wasdecreased as the decarboxylation temperaturewas increased, which in turn indicates thatthe decarboxylation has proceeded duringthe reaction. However, the GC-MS resultsindicate that only the products obtainedat 300 °C and 350 °C show the presence ofhydrocarbons (Figures 6 and 7). Table 10shows the retention time and percentage peakareas of hydrocarbons present in the products.
The hydrocarbons obtained, undecane,tridecane, pentadecane and hexadecanecorrelate to the fatty acids present in coconutoil.

Decarboxylation of waste coconut oil withsoda limeandaluminaas a catalystmixture
A new batch of waste coconut oil with anacid value of 56.32±0.64 was employed in thisexperiment. Acid values of decarboxylatedproducts at temperatures 150 °C, 200 °C and250 °C with the presence of 100% soda lime, 1:1soda lime to alumina and 100% alumina, andtheir product recovery percentages are givenin Table 11. Figure 8 graphically represents thevariation of acid values of the products.

The lowest acid value of 2.99±0.03given in Figure 8 corresponds to the productobtained at 250 °C with 1:1 soda lime:alumina
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Figure 2. Hydrolysis process of a model fatty acid.

Figure 3. GC-MS recording of the products received after decarboxylation of WCO 1.
Table 8. Hydrocarbons present in WCO 1.

Hydrocarbon C number Retention time Peak area (%)Nonane 9 3.029 15.60Decane 10 3.984 46.38Undecane 11 5.197 23.20Dodecane 12 6.502 1.34Tridecane 13 7.824 0.36

Figure 4. Decarboxylation of lauric acid.
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Table 9. Acid values of decarboxylated productsof non–hydrolysed waste coconut oil at differentdecarboxylation temperatures
DecarboxylationTemperature (°C) Acid value (mg g–1)

150 62.64±0.32200 28.79±0.32250 11.03±0.31300 10.29±0.38350 8.58±0.50

Figure 5. Variation of acid value of the products withdecarboxylation temperature.

ratio. Therefore, it can be determined thatdecarboxylation process was optimumwhen soda lime:alumina ratio was 1:1 ata temperature of 250 °C. Low acid valuecorrelates to the low content of free fatty acids,and therefore, it can be assumed that most ofthe fatty acids could have been converted tohydrocarbons. In general, under all conditions,acid values of the products are lower than thatof the initial value (56.32 ± 0.64). This is anindication of the decarboxylation has takenplace.
Recovery of the hydrocarbon products andsoda lime aluminamixture
Hydrocarbon product recovery percentagesunder all conditions were calculated by,

Initial mass of the sample-Final mass of the product
Initial mass of the sample × 100%

Recovery percentages calculated usingthe above relationship are given in Table 11.The highest recovery percentage according

to the results obtained is 96.87%. Thiswas obtained at 325 °C, when alumina wasemployed as the catalyst. However, accordingto Table 11 and Figure 8, the highest amountof hydrocarbons is present when 1:1 mixtureof soda lime and alumina was employed asthe catalyst mixture, at 250 °C. Table 11 showsthat the recovery percentage is 88.46 at theseconditions. Therefore, it can be concluded thatthe optimum decarboxylation conditions areat 250 °C, with soda lime:alumina 1:1 mixture.Product recovery was much more feasible incatalyst mixtures of soda lime and aluminathan when soda lime was used alone. Soda limewas found to be coagulated with the product,which made it difficult for the soda lime andproduct to be separated. However, addition ofalumina supported to overcome that problemas the soda lime and alumina mixture waseasily separated from the product.
Decarboxylation of rubber seed oil
GC-MS analysis showed presence of severalhydrocarbons in the decarboxylated mixturesof hydrolysed and non-hydrolysed rubberseed oil. The hydrocarbons, 6-dodecene,5-undecene and tridecane were present inthe decarboxylated product of non-hydrolysedrubber seed oil, in the presence of 25% aluminaand 75% soda lime. The percentage peak areasare given in Table 12. Other decarboxylatedmixtures of non-hydrolysed rubber seed oildid not show presence of any hydrocarbons.Decarboxylated mixtures of hydrolysed rubberseed oil samples showed presence of thehydrocarbons given in Table 13.

The highest hydrocarbon percentage isfor 6-dodecene found in non-hydrolysedrubber seed oil. Further, the data shownabove indicates the presence of unsaturatedhydrocarbons in the products obtained. Thiscan be attributed to the fact that rubber seedoil is mainly composed of unsaturated fattyacids. Percentage peak area can be consideredas an indicator to quantitatively compare thehydrocarbons. These experiments indicate
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Figure 6. GC-MS results of products after decarboxylation of waste coconut oil with the high-pressure reactorand Pd/C at 300 °C.

Figure 7. GC-MS results of products after decarboxylation of waste coconut oil with the high-pressure reactorand Pd/C at 350 °C.
Table 10. Hydrocarbons obtained at 300 °C and 350 °C, after decarboxylation of waste coconut oil with thehigh pressure reactor and Pd/C.
Temperature (°C) Hydrocarbon C chain length Retention time (s) Percentage peak area300 Hexadecane 16 7.295 6.44350 Undecane 11 3.636 0.50350 Tridecane 13 5.204 0.39350 Pentadecane 15 6.635 0.43

that decarboxylation of rubber seed oil inthe presence of soda lime and alumina canbe employed to produce hydrocarbons in thediesel range.

Conclusion
The decarboxylation of waste coconut oiland rubber seed oil results in a large numberof hydrocarbons in the diesel fuel range(C10–C22), depending on the nature of the
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Table 11. Acid values of products obtained by decarboxylation of waste coconut oil at 150 °C, 200 °C and 250 °Cwith the catalytic compositions of 100% soda lime, 1:1 soda lime to alumina and 100% alumina, and theirpercentage product recoveries.
CatalyticComposition 100%Soda lime 1:1 Soda lime:Alumina 100% alumina

Temperature(°C) Acid value/mgKOH/1 g oil % Productrecovery Acid value/mgKOH/1 g oil % Productrecovery Acid value/mgKOH/1 g oil % Productrecovery150 13.62 ± 0.32 68.42 7.24 ± 0.64 83.24 14.12 ± 0.32 91.68200 6.80 ± 0.05 71.42 3.85 ± 0.64 81.42 8.8 ±0.64 94.89250 7.50 ± 0.32 65.34 2.99 ± 0.03 88.46 7.62±0.32 96.87

Figure 8. Acid values of decarboxylated products at 150 °C, 200 °C and 250 °C in the presence of 100% sodalime, 1:1 soda lime:alumina and 100% alumina.

Table 12. Hydrocarbons present in decarboxylatedproducts in non-hydrolysed rubber seed oil in thepresence of 25% alumina and 75% soda lime.
Hydrocarbon Carbonchain length Percentagepeak area6-Dodecene 12 57.615-Undecene 11 19.9Tridecane 13 12.03
Table 13. Hydrocarbons present in decarboxylatedmixtures in hydrolysed rubber seed oil.
Hydrocarbon Carbonchain length Percentagepeak areaTetradecane 14 4.462-Tetradecene 14 6.481-Hexadecene 16 0.415-Tetradecene 14 2.39Pentadecane 15 7.96-Tetradecyne 14 0.3

substrate and decarboxylation conditions(temperature and pressure). One limitation is

the small quantity of oil (50 mL) which can beplaced in the reactor chamber, results in smallquantities of products, where quantitativeanalysis of products makes it difficult. Theprocess of producing biodiesel is a simpleenvironmentally friendly process, which doesnot involve any toxic reagents or products.
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