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Abstract7

The transesterification reactions of sunflower and corn oils in supercritical methyl and ethyl8

acetates in a tubular flow reactor without catalyst were studied. The residence time of the9

reaction mixture was 2.9 min. The reaction of sunflower oil in supercritical methyl acetate10

yielded a large amount of free fatty acids and respective esters. The fraction of free fatty acids11

among the reaction products at high temperatures attained 5012

13

Index terms— biofuel, biodiesel, vegetable oil, supercritical methyl and ethyl acetates, tubular reactor,14
reaction.15

1 Introduction16

he reactions of plant raw materials and food industry wastes in supercritical solvents (lower alcohols,17
in particular) show some promises for the full-scale production of cheap biodiesel fuel and chemicals18
[1][2][3][4][5][6][7][8][9][10][11][12][13][14]. First, these reactions proceed in the absence of homogeneous catalysts19
and therefore allow the use of a lower-grade feedstock. Second, they provide a 90-98% conversion of initial20
feedstock during short residence times (several tens of minutes) and thus make possible to use the reactors of21
flow type that considerably enhances the process efficiency. Third, these processes are free of huge amounts22
of waste water because there is no need to wash up the products from homogeneous alkaline or acid catalysts.23
Forth, all these factors enable a significant reduction in the cost of biodiesel fuel.24

The use of heterogeneous catalysts in the reactions of vegetable oils with alcohols allow s ??15 -to partially25
get rid of the homogeneous catalysts drawbacks: elimination the problem corrosion of reactor material, does not26
require the separation of products and acid, and makes it possible to perform the process in the continuous mode.27
At the same time, some poisoning of the heterogeneous catalyst is to be expected, along with a reduction in its28
activity and the emergence of pore diffusion resistance, resulting in a low rate of reaction. The surface of the29
heterogeneous catalyst used in the transesterification of triglycerides must have hydrophobic properties in order30
to limit glycerol and water adsorption on the active centers of the catalyst, as such adsorption results in a loss31
of its activity. The properties and nature of heterogeneous catalyst being used determine to a large extent the32
conditions for conducting the reaction and the method of products separation. Heterogeneous catalysts with acid33
[19,20] or basic [21,22] properties are used in triglyceride transesterification reactions.34

The presence of hydroxyl group in alcohol molecule leads to the formation of glycerol at transesterification of35
triglycerides, which are the main constituents of all vegetable oils. The reactions of fuel synthesis from vegetable36
oils in methanol, including the supercritical one, yield byproduct glycerol in an equimolar amount to the amount37
of converted oil. Besides the need to separate glycerol from the reaction products, the problem appears how to38
utilize it, for example, in the synthesis of useful chemicals.39

The use of the acylated alcohol instead of the lower alcohol for transesterification of triglycerides may also40
lead to the formation of fatty acid esters (biodiesel), but instead of glycerol another product will be formed as a41
byproduct. For example, the use of methyl-or ethyl acetate may lead to the formation of 1,2,3-triacetoxypropane42
known also as triacetin.43
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3 A) METHODS OF ANALYSIS

Triacetin is itself a valuable compound that can be used in the cosmetic and food industry or as an additive to44
petrol fuel [18,23]. It is also a good solvent, can be easily mixed with fatty acid esters and used as a fuel additive45
improving low-temperature stability and viscosity of diesel fuel (triacetin melting point is -78°C).46

Methyl acetate (acetic acid methyl ester), being an acyl group donor, has been already used instead of methanol47
in the enzyme-catalyzed reactions of vegetable oil transesterification (see Scheme 1) [24][25][26], since methanol48
inhibits enzyme activity. Although enzyme-catalyzed synthesis of biofuels is proved feasible, it still has serious49
disadvantages restricting its wide application, such as enzyme susceptibility to the oil type and quality, large50
residence times to provide sufficient conversion, low process efficiency. Trying to Abstrect-The transesterification51
reactions of sunflower and corn oils in supercritical methyl and ethyl acetates in a tubular flow reactor without52
catalyst were studied. The residence time of the reaction mixture was ~2.9 min. The reaction of sunflower oil in53
supercritical methyl acetate yielded a large amount of free fatty acids and respective esters. The fraction of free54
fatty acids among the reaction products at high temperatures attained 50%. The product distributions in the55
transesterification reactions of vegetable oils with supercritical methyl and ethyl acetates were studied in detail.56
The methods of qualitative and quantitative analysis of the reaction products have been developed. perform57
transesterification of vegetable oils in supercritical methyl and ethyl acetates in a flow reactor.58

The use of methyl acetate instead of methanol for supercritical synthesis of glycerol-free biodiesel from vegetable59
oils is a new process and its study is very limited in the literature. There are several studies in this field,60
e.g. ??27][28][29][30][31][32]. The authors of [27] tested some oils with different fatty acid composition. The61
process was also applied to waste oil with higher free fatty acid (FFA) content. The results demonstrate that62
the oil composition does not significantly influence the biodiesel yield. These authors studied the influence of63
temperature, pressure and molar ratio of reactants by oils transesterification with supercritical methyl acetate.64
It has been shown that all oils achieved complete conversion after 50 min at 345 0 C and 20 MPa with methyl65
acetate:oil molar ratio equal to 42:1.66

Kinetic of transes terification reactions of four oils with supercritical methyl acetate was studied in ??27] in67
mixed batch reactor. Pseudo-first order equations used for modeling.68

Conversion of rapeseed oil and oleic acid with supercritical methyl acetate to free acid methyl esters (FAME)69
and triacetin (TA) in flow tubular reactor investigated in [28] without catalyst. The results of these studies are70
shown that the transesterification reaction of triglycerides with methyl acetate can proceed under supercritical71
conditions, generating FAME and triacetin. In this work, methyl acetate (? cr = 233.7°?, ? cr = 4.63 ?P?) and72
ethyl acetate (? cr = 250.4°?, ?cr = 3.78 ?P?) were used in experiments for transformation of vegetables oils in73
continuous flow reactor.74

Fatty acid methyl esters have been successfully produced from noncatalytic transesterification reaction between75
triglycerides (palm oil) and methyl acetate in batch-type reactor (12ml) [29]. The optimum conditions were found76
to be 399 0 C for reaction temperature and residense time of 59 min to achieve 97.6% biodiesel yield.77

The reactions of triglycerides transesterification by methyl and ethyl acetates are assumed to proceed according78
to Scheme 1 and Scheme 2.79

2 Experimental80

Transesterification of vegetable oils with supercritical methyl and ethyl acetates was performed in stainless steel81
tubular flow reactor of volume ~23.5 cm 3 , inside diameter of reactor tube ~0.3 cm, its length ~3.3 m. The82
experimental setup is described in details in our earlier works [33,34]. The acetate and vegetable oil were fed to83
a mixer at the reactor inlet as two independent flows. The first flow was pure methyl or ethyl acetate; it was84
fed to the mixer by a piston pump through a heat exchanger, where it was heated to the reaction temperature.85
The second flow was sunflower or corn oil; it was fed directly to the mixer by a syringe pump. The ”acetate/oil”86
parameter was calculated as a ratio of volume flow rates (cm 3 /min) of acetate and vegetable oil supplied to the87
reactor.88

The cooled product mixture was a homogeneous non-segregating liquid, which was sampled for analysis under89
fixed stationary experimental conditions.90

The present studies were performed using refined edible sunflower and corn oils and an ACROS ORGANICS91
methyl acetate (>99.8 wt.%), ethyl acetate (>99.5 wt.%).92

The residence time of the reaction mixture was calculated as a ratio of the inlet acetate-oil mixture flow rate93
Q (cm 3 /min) to the reactor volume (23.5 cm 3 ). For example, if Q = 8 cm 3 /min, the residence time94
was ~2.9 min. The reaction was performed in the temperature range of 213-400°C at pressure ~200-220 atm.95
The temperature and pressure providing supercritical state of the reaction mixture were selected on the base of96
thermodynamic calculations and phase diagram plotting O O OC(O)R 2 OC(O)R1 OC(O)R3 + 3 OC(O)CH 397
OC(O)CH 3 OC(O)CH 3 + R1C(O)OCH3 R 2 C(O)OCH 3 R3C(O)OCH3 1 2 3 4 O O OC(O)R 2 OC(O)R 198
OC(O)R 2 + 3 OC(O)CH 3 OC(O)CH 3 OC(O)CH 3 + R 1 C(O)OC 2 H 5 R 2 C(O)OC 2 H 5 R 3 C(O)OC 299
H 5100

3 a) Methods of analysis101

Transformations of vegetable oils with acetates are performed usually at low temperatures and in the presence of102
catalysts, mainly, enzymes. Under these conditions, triacetin and fatty acid methyl or ethyl esters are the main103
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reaction products. Increased temperature and pressure will most likely facilitate the formation of other products.104
For this reason, in this work we focused special attention on the methods of qualitative and quantitative analysis105
of the reaction products.106

Liquid products were analyzed by a chromatomass-spectrometer Agilent Technologies 7000 GC/MS Triple107
Quad, GC System 7890A, using a Zb-Wax column of length 30 m, i.d. 0.25 mm, film thickness 0.25 ?m;108
measurement range m/z: 40 -500. Heating protocol: 2 min at 50°C, 8°C/min to 260°C, 30 min at 260°C.109
Carrier gas He, ion source temperature 230°C, flow split ratio 1:20, vaporizer temperature 300°C. The products110
were identified by comparing the retention times and massspectra with the reference libraries NIST and Wiley7.111
Quantitative analysis of the fatty acids and respective esters was performed using an internal standard (1hexanol)112
calibration method.113

The content of free fatty acids in the initial sunflower oil was determined by two methodschromate-mass-114
spectrometry and titration. According to chromate-mass-spectrometric data, the initial oil contained free fatty115
acids in the amount of ~2.75 vol.%. Note that the quantitative analysis of fatty acids was complicated by their116
partial adsorption on the analyzer surfaces. To improve measurement validity, after each analysis a certain117
amount of pure solvent was injected into the analyzer for washing out the residual fatty acids. Then the amounts118
of the fatty acid detected in the washout and in the sample were summated that provided correct data on the119
fatty acid content in the initial oil.120

Titration of heated oil-isopropanol mixture with added indicator (phenolphthalein) was performed by a solution121
of 0.1 g NaOH in 100 g of water (0.1% NaOH aqueous solution) till the mixture turned pale pink. Then the122
titration was stopped and the consumed amount of the titrant was measured. According to titration analysis,123
initial oil contained ~2.7% of free fatty acids.124

Based on the results of chromate-massspectrometric and titration analyses, the total content of fatty acids in125
the sunflower oil was assumed to be ~2.7 vol.%.126

Among the indentified acids, linoleic acid showed the highest content.127

4 III.128

5 Results and Discussions129

Before starting experiments on the oils transesterification in supercritical methyl and ethyl acetates, thermal130
stability of the latter has been studied. To study thermal stability of methyl and ethyl acetates, we used the131
above setup without oil feeding to the reactor. Thus, methyl acetate showed sufficient thermal stability in the132
flow reactor at temperatures 200-340°C, pressure 200 atm and residence time ~2.9 min. At temperatures above133
350°C, weak gas emission was observed at the reactor outlet, and acetic acid was detected in the liquid-phase134
products.135

It was found that supercritical ethyl acetate in a flow reactor at temperatures 250-340°C, pressure 200 atm and136
residence time ~4.7 min remained stable. As the temperatures exceeded 340°C, the release of gaseous products was137
observed; the liquid phase contained also the acetic acid. The gaseous products included hydrogen, CO, methane,138
CO 2 , ethane and ethylene. With the temperature increase from 360 to 450°C, the outlet concentration of acetic139
acid increased by more than 6 times. The yield of gaseous products increased similarly. No ethanol traces were140
found in the liquid phase.141

Since the initial reaction mixtures contained no water, and no methanol and ethanol was detected in the142
reaction products, it seems hardly possible that the acetic acid appeared by the reaction of methyl or ethyl143
acetate hydrolysis (a reverse reactions to the synthesis of methyl acetate from acetic acid and methanol, and ethyl144
acetate from acetic acid and ethanol). It should be noted that methanol or ethanol formation cannot be excluded145
entirely -they may be formed and then rapidly consumed in the reaction of triglycerides transesterification. Thus,146
transformation of methyl or ethyl acetates under the reaction conditions proceeds by thermal decomposition to147
produce acetic acid and gaseous products. Since acetic acid appears in the reaction mixture in trace amounts, it148
catalytic effect on the oil transesterification reaction is insignificant.149

6 a) Sunflower transesterification in supercritical methyl ac-150

etate151

As shown in our earlier studies of vegetable oil (including sunflower one) transesterification with supercritical152
methanol [33,34], fatty acid esters and glycerol were the main reaction products.153

Table 1 presents the product distribution in the reactions of sunflower transesterification in supercritical154
methyl acetate at various temperatures. Obviously, the qualitative and quantitative product compositions in155
this reaction are strongly different from those in the reaction of sunflower oil transesterification in supercritical156
methanol [33][34][35] under similar reaction conditions.157

As the temperature increased from 380 to 400°C, the yield of glyceryl linolate and glyceryl oleate increased158
approximately threefold. Previously [33][34][35], we found a weak effect of pressure on the of oils transesterification159
reaction in supercritical alcohols. We explain this effect in the absence of significant changes in the solvent160
properties under pressure changes. For this reason, the effect of the pressure on the reaction rate of oils with161
acetates has not been studied. 1, the product content (besides triglycerides) is presented as a volume fraction of162
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10 CONCLUSIONS

the product with regard to total volume of the analyzed compounds. The content of non-converted triglycerides163
is given as a volume fraction with respect to the fixed volume (V = 0.5 ?m) of the sample injected into the164
chromato-mass-spectrometer. The volume of nonconverted triglycerides V prod. trigl was calculated on the base165
of total volume balance of the reaction products:166

(1) where V MA -volume of methyl acetate, V hex -volume of 1hexanol, V acet.acid -volume of acetic acid, V167
FAME -volume of fatty acid methyl esters, V FFA -volume of free fatty acids All components of equation ( ??)168
were calculated on the base of chromato-mass-spectrometric data. The results obtained showed that the content169
of fatty acids and respective esters in the reaction products increased with increasing reaction temperature. The170
most significant increase was observed for oleic and linoleic acids, and respective esters.171

Formation of fatty acids and their increasing content in the reaction products with the increasing temperature172
would be explained by hydrolysis of triglycerides according to Scheme 3, if the reaction mixture contained large173
amounts of incompletely transesterificated triglycerides and a source of protons.174

7 Scheme 3175

However, in our experiments incompletely transesterificated triglycerides, such as glyceryl linolate and glyceryl176
oleate, appeared in small and almost equal amounts only at high temperatures. Moreover, although the content177
of all fatty acid esters significantly increased with increasing temperature, small amount of triacetin was detected178
only at 347°C; at higher temperatures it increased almost twice.179

The fractions of methyl oleate and methyl linolate increased most strongly with increasing temperature (Table180
1).181

The oil conversion was calculated according to equation: Conversion = (1? prod trigl ) ? 100%, where ? prod182
trigl -volume fraction of triglycerides in the reaction products, calculated by eq. ( ??): Year 2016 C V prod.183
trigl. = V -V MA -V hex . -V FAME -V FFA -V acet.acid , (2) where V 0 trigl -volume of triglycerides in the184
initial oil; V prod trigl -volume of triglycerides in the reaction products, calculated by eq. ( ??).185

Precise determination of the free fatty acid content in the initial oil makes possible to calculate the content of186
triglycerides (V 0 trigl ).187

As the residence time was increased from 2.9 to 5.9 min, the oil conversion and the yield of the target products188
(methyl esters of fatty acids) increased considerably (Table 2). It is clearly seen that the temperature increase189
of 20°C at this residence time caused a three-fold increase in the esters yield. This result seems very important,190
because slight elongation of the tubular reactor makes feasible to reach complete oil conversion at a lower reaction191
temperature. 3 presents the product distribution (after deduction of acetic acid and ethyl acetate) for the reaction192
of sunflower oil transesterification by supercritical ethyl acetate at various temperatures. Note, the qualitative193
and quantitative product compositions in this reaction vary strongly from those in the reaction with supercritical194
methanol [33,34], other conditions being the same. The main differences are low content of fatty acid esters,195
high content of free fatty acids and incompletely substituted products. It is seen that even at low temperatures196
the reaction products contain fatty acids that proves the presence of initial oil. Analysis of initial oil supports197
this suggestion. However, the content of fatty acids increases slightly with increasing temperature, i.e. they198
form during the reaction. It is reasonable to suggest that the free fatty acids are formed during acid-catalyzed199
hydrolysis of triglycerides.200

8 ii. Reaction of corn oil transesterification with ethyl acetate201

The studies showed no significant differences in the reactions of sunflower and corn oils transesterification in sc202
ethyl acetate (Table 4). In both cases, formation of free oleic and linoleic acids was observed with increasing203
temperature; no traces of triacetin-the product of complete grycerin transesterification -were detected. IV.204

9 Global205

10 Conclusions206

Although transesterification of vegetable oils with supercritical methyl and ethyl acetates has some advantages207
over this process with lower alcohols (methanol, ethanol), the obtained products are still below the biofuel quality208
standards at the selected parameters of reaction. The reaction of oils with supercritical methyl acetate yields209
fatty acid esters and free fatty acids. The fraction of the latter in the reaction products attains up to 50% at210
high temperatures.211

Product distribution at transesterification of sunflower and corn oils in supercritical ethyl acetate was quite212
different -it showed small content of fatty acid esters, and high content of free fatty acids and partially213
(incompletely) substituted triglycerides.214

Nevertheless, the obtained data on vegetable oils conversion in supercritical methyl and ethyl acetates at the215
same fixed parameters in a flow reactor at short residence times are the starting point for the optimization of the216
transformation conditions providing the desired product composition.217
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Figure 1:

Figure 2:
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10 CONCLUSIONS

1

Sample 0 1 2 3 4 5 6 7
?, ? ? 27 213 271 301 334 347 380 400
Methyl acetate 0.967 0.924 0.924 0.904 0.838 0.743 0.556 0.426
1-Hexanol 0.017 0.022 0.018 0.016 0.018 0.020 0.011 0.010
Acetic acid 0.0008 0.0014 0.0006 0.0007 0.002 0.003
Methyl palmitate 0.0003 0.0005 0.003 0.005
M w =318 0.0002 0.0004 0.004 0.007
Methyl stearate 0.0002 0.0005 0.002 0.005
Methyl oleate 0.0004 0.0010 0.006 0.011
Methyl linoleate 0.001 0.003 0.023 0.042 0.172 0.262
Sum of esters 0.001 0.003 0.0241 0.0444 0.186 0.290
Triacetin Traces Higher

than 4
Higher
than 5

Higher
than 6

Palmitic acid 0.005 0.008 0.009 0.015 0.021 0.036 0.042 0.047
Stearic acid 0.004 0.003 0.007 0.015 0.015 0.018
Oleic acid 0.003 0.011 0.008 0.013 0.019 0.030 0.048 0.049
Linoleic acid 0.007 0.036 0.035 0.044 0.073 0.112 0.140 0.157
Sum of acids 0.015 0.054 0.056 0.075 0.119 0.192 0.245 0.271
Triglycerides 0.361 0.360 0.365 0.359 0.308 0.297 0.178 -0.048**
Conversion, % 1.89 2.11 0.68 2.30 16.13 19.16 51.61 ~100.0

[Note: **Includes experimental errorIn Table]

Figure 4: Table 1 :

2

Sample 1 2
?, 0 ? 330 350

Volume
frac-
tion
*)

Palmitic acid methyl ester 0.08 0.18
Stearic acid methyl ester 0.03 0.08
Oleic acid methyl ester 0.07 0.17
Linoleic acid methyl ester 6.96 20.25
) Volume fraction was calculated as a ratio of
the ester volume to the fixed volume (5 ?m) of the
sample injected to the analyzer
b) Transesterification of sunflower and corn oils by ethyl
acetate
i. Reaction of sunflower oil with ethyl acetate
Table

Figure 5: Table 2 :
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3

Temperature , ? ? Product ,vol. % 260 300 340 360 400 425
glyceryl 1,2-diacetate 0.61 1.03 5.02
palmitic acid ethyl ester 1.48 3.88 6.35
stearic acid ethyl ester 0.95 2.64 3.04
oleic acid ethyl ester 0.89 2.8 11.14 12.22
linoleic acid ethyl ester 1.96 4.2 13.83 11.18
Sum of esters 2.85 9.43 31.49 32.79
palmitic acid 2.7 2.6 2.64 2.77 3.85 3.3
stearic acid 1.1 1.1 1.08 1.57 2.22 2.3
oleic acid 6.0 6.6 6.85 7.83 10.86 9.71
linoleic acid 7.8 13.1 15.06 13.63 12.75 11.55
Sum of acids 17.6 23.4 25.63 25.8 29.68 26.86
glyceryl palmitate, 2,3-diacetate 2.14 0.98 4.3
glyceryl oleate, 2,3-diacetate 1.59 3.45 2.92
glyceryl linoleate 0.67 8.66 4.39

Figure 6: Table 3 :

4

Year 2016
25
C

Figure 7: Table 4 :

7



11 GLOBAL

11 Global218
1 2219

1© 2016 Global Journals Inc. (US)
2© 2016 Global Journals Inc. (US) Global Journal of Researches in Engineering ( ) Volume XVI Issue I Version

I

8



[Tan et al. ()] ‘A glycerol-free process to produce biodiesel by supercritical methyl acetate technology: an220
optimization study via response surface methodology’. K T Tan , K T Lee , A R Mohamed . Bioresour221
Technol 2010. 101 p. .222

[Saka and Isayama ()] ‘A new process for catalyst-free production of biodiesel using supercritical methyl acetate’.223
S Saka , Y Isayama . Fuel 2009. 88 p. .224

[Taher et al. ()] ‘A Review of Enzymatic Transesterification of Microalgal Oil-Based Biodiesel Using Supercritical225
Technology’. H Taher , S Al-Zuhair , A H Al-Marzouqi , Y Haik , M M Farid . ID 468292. Enzyme Research226
2011. 2011.227

[Amish et al. ()] ‘A review on FAME production processes’. P Amish , Jaswant L Vyas , N Verma , Subrah-228
manyam . Fuel 2010. 89 p. .229

[Melero et al. ()] ‘Acid mesoporous silica for the acetylation of glycerol: synthesis of bioadditives to petrol fuel’.230
J A Melero , R Van Grieken , G Morales , M Paniagua . Energy Fuel 2007. 21 p. .231

[Demirbas ()] ‘Biodiesel from sunflower oil in supercritical methanol with calcium oxide’. A Demirbas . Energy232
Conversion and Management 2007. 48 p. .233

[Saka and Kusdiana ()] ‘Biodiesel fuel from rapeseed prepared in supercritical methanol’. S Saka , D Kusdiana234
. Fuel 2001. 80 p. .235

[Zhang et al. ()] ‘Biodiesel production from vegetable oil usisng heterogenous acid and alkali catalyst’. J Zhang236
, S Chen , R Yang , Y Yan . Fuel 2010. 89 p. .237

[Shin et al. ()] ‘Biodiesel production from waste lard using supercritical methanol’. Hee-Yong Shin , Si-Hong Lee238
, Jae-Hun Ryu , Seong-Youl Bae . J. of Supercritical Fluids 2012. 61 p. .239

[Semwal et al. ()] ‘Biodiesel production using heterogeneous catalysts’. Surbhi Semwal , Ajay K Arora , Rajendra240
P Badoni , Deepak K Tuli . Bioresource Technology 2011. 102 p. .241

[Refaat ()] ‘Biodiesel production using solid metal oxide catalysts’. A A Refaat . Int. J. Environ. Sci. Tech 2011.242
8 p. .243

[Ma?aira et al. ()] ‘Biodiesel production using supercritical methanol/carbon dioxide mixtures in a continuous244
reactor’. Jose Ma?aira , Aline Santana , Francesc Recasens , M Angeles Larrayoz . Fuel 2011. 90 p. .245

[Anikeev et al. ()] ‘Biodiesel synthesis from vegetable oils with supercritical methanol’. V I Anikeev , E Yu ,246
Yakovleva . J. Supercritical Fluids 2013. 77 p. .247

[Santana et al. ()] ‘Continuous production of biodiesel from vegetable oil using supercritical ethanol/carbon248
dioxide mixtures’. Aline Santana , José Maçaira , M Angeles Larrayoz . Fuel Processing Technology 2012.249
96 p. .250

[Komintarachat et al. ()] ‘Continuous production of palm biofuel under supercritical ethyl acetate’. Cholada251
Komintarachat , Ruengwit Sawangkeaw , Somkiat Ngamprasertsith . Energy Conversion and Management252
2015. 93 p. .253

[Harvind et al. ()] ‘Direct conversion of wet algae to crude biodiesel under supercritical ethanol conditions’. K254
Harvind , Tapaswy Reddy , Muppaneni , D Prafulla , Sundaravadivelnathan Patil , Peter Ponnusamy , Tanner255
Cooke , Shuguang Schaub , Deng . Fuel 2014. 115 p. .256

[Franken et al. ()] ‘Effect of Treatment with Compressed Propane on Lipases Hydrolytic Activity Food’. L P G257
Franken , N S Marcon , H Treichel , D Oliveira , D M G Freire , C Dariva , J Destain , J V Oliveira .258
Bioprocess Technol 2010. 3 p. .259

[Kusdiana and Saka ()] ‘Effects of water on biodiesel fuel production by supercritical methanol treatment’. D260
Kusdiana , S Saka . Bioresour. Technol 2004. 91 p. .261

[Galan et al. ()] ‘From residual to useful oil: revalorization of glycerine from the biodiesel synthesis’. M I Galan262
, J Bonet , R Sire , J M Reneaume , A E Plesu . Bioresour Technol 2009. 101 p. .263

[Niza et al. ()] ‘Influence of impurities on biodiesel production from Jatropha curcas L. by supercritical methyl264
acetate process’. M N Niza , K T Tan , K T Lee , Z Ahmad . Journal of Supercritical Fluids 2013. 79 p. .265

[Os´orio et al. ()] ‘Interesterification of fat blends rich in -3 polyunsaturated fatty acids catalysed by immobilized266
Thermomyces lanuginosa lipase under high pressure’. N M Os´orio , M H Ribeiro , M M R Da Fonseca , S267
Ferreira-Dias . Journal of Molecular Catalysis B: Enzymatic 2008. p. .268

[Kusdiana and Saka ()] ‘Kinetics of transesterification in rapeseed oil to biodiesel fuels as treated in supercritical269
methanol’. D Kusdiana , S Saka . Fuel 2001. 80 p. .270

[Kok Tat Tan ()] Kok Tat Tan . Keat Teong Lee. A review on supercritical fluids (SCF) technology in sustainable271
biodiesel production: Potential and challenges, 2011. 15 p. .272

[Sharma et al. ()] ‘Latest developments on application of heterogenous basic catalysts for an efficient and eco273
friendly synthesis of biodiesel: A review’. Y C Sharma , B Singh , J Korstad . Fuel 2011. 90 p. .274

9



11 GLOBAL

[Yusuf et al. ()] ‘Overview on the current trends in biodiesel production’. N N A N Yusuf , S K Kamarudin , Z275
Yaakub . Energy Conversion and Management 2011. 52 p. .276

[Naik et al. ()] Production of first and second generation biofuels: A comprehensive review Renewable and277
Sustainable Energy Reviews, S N Naik , V Vaibhav , Prasant K Goud , Ajay K Rout , Dalai . 2010. 14278
p. .279

[References Références Referencias 16. Warintorn Thitsartarn, Sibudjing Kawi. Transesterification of oil by sulfated Zr-supported mesoporous silica ()]280
References Références Referencias 16. Warintorn Thitsartarn, Sibudjing Kawi. Transesterification of oil by281
sulfated Zr-supported mesoporous silica, 2011. I&ECR p. .282

[Hoang et al. ()] ‘Supercritical fluid technology in biodiesel production’. Dung Hoang , Samir Bensaid , Guido283
Saracco . Green Process Synth 2013. 2 p. .284

[Karne De Boer and Bahri ()] ‘Supercritical methanol for fatty acid methyl ester production: A review’. Parisa285
A Karne De Boer , Bahri . Biomass and bioenergy 2011. 35 p. .286

[Ferenc et al. ()] ‘Supercritical transesterification: Impact of different types of alcoholon biodiesel yield and LCA287
results’. E Ferenc , Kiss , D Radoslav , Milan D Micic , Tomi , B Emilija , Mirko Ð Nikoli-Djori , Simikic .288
J. of Supercritical Fluids 2014. 86 p. .289

[Campanelli et al. ()] ‘Synthesis of biodiesel from edible, nonedible and waste cooking oils via supercritical methyl290
acetate transesterification’. Pasquale Campanelli , Mauro Banchero , Luigi Manna . Fuel 2010. 89 p. .291

[Anikeev (ed.) ()] Synthesis of biodiesel fuel in supercritical lower alcohols with and without heterogeneous292
catalysts (thermodynamics, phase and chemical equilibriums, experimental studies), V Anikeev . Vladimir293
Anikeev, Maohong Fan (ed.) 2014. Elsevier B.V. p. . (Supercritical Fluid Technology for Energy and294
Environmental Applications)295

[Lotero et al. ()] ‘Synthesis of biodiesel via acid catalysis’. E Lotero , Y Liu , D E Lorez , K Suwannakarn , D A296
Bruce , J G Goodwin . Ind. Eng. Chem. Res 2005. 44 p. .297

[Anikeev et al. ()] ‘Transesterification of rapeseed oil in supercritical methanol in a flow reactor’. V I Anikeev ,298
? Yu , Yakovleva . Russian Journal of Physical Chemistry 2012. 86 p. .299

[Xie Wenlei et al. ()] ‘Transesterification of soybean oil catalyzed by potassium loaded on alumina as a solid-base300
catalyst’. Peng Xie Wenlei , Chen Hong , Ligong . Applied Catalysis A: General 2006. 300 p. .301

10


	1 Introduction
	2 Experimental
	3 a) Methods of analysis
	4 III.
	5 Results and Discussions
	6 a) Sunflower transesterification in supercritical methyl acetate
	7 Scheme 3
	8 ii. Reaction of corn oil transesterification with ethyl acetate
	9 Global
	10 Conclusions
	11 Global

