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Kinetics of jatropha oil transesterification catalyzed by modified bentonite and
biodiesel purification
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Abstract: A bentonite catalyst was prepared using acid-treated bentonite modified by calcium hydroxide and
sodium hydroxide with wet method, and it was applied in the transesterification of jatropha oil with methanol to
form biodiesel. Firstly, the kinetics of this transesterification reaction was studied in the temperature range of
323.15—338.15 K after eliminating both inner and outer diffusion effects. Then, the crude biodiesel from the
transesterification was purified using the adsorption of natural bentonite at room temperature, and the effects of
bentonite dosage as well as adsorption time on the removal of free glycerin were investigated. The results showed
that the conversion of jatropha oil to biodiesel on the prepared catalyst reached 96.7% under the optimized
conditions. And the transesterification can be well described using the pseudo-first-order kinetic model with the
activation energy of 67.87 kJ * mol™". The purified product could meet the requirements of European Standard for
biodiesel fuel (EN 14214) with the yield of biodiesel over 96%, when the purification process was performed with
a bentonite dosage of 3% (mass) and reaction time of 30 min.
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Table 1 Comparison of catalytic activity of various catalysts for transesterification
Transesterification 333—338K
Catalysts Calcination — - - Ref.
Catalyst/% (mass) n Conversion or yield /%
KOH/AL O3 773 K/3 h 6 15:1 91.0 [25]
KOH/MgO 7718 K/5.5h 4 22:1 >98 [26]
K,COs/cinder 873 K/5h 17.4 12:1 99.5 [27]
KOH/bentonite 393 K/24 h 6.5 70:1 96.8 [21]
KOH/bentonite 673 K/5h 3 6:1 90.7 [28]
modified bentonite 473 K/2h 3 12:1 96.7 present work

(O molar ratio of methanol to oil.
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Fig.1 Effect of stirring speed on conversion of triglyceride
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Table 2 Regression of model parameters and correlations

under different temperatures

2

Temperature/K k 7
323.15 0.0137 0.9853
328.15 0.0090 0.9925
333.15 0.0058 0.9906
338.15 0.0045 0.9886
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Table 3 Characterization of crude biodiesel

Property Value EN 14214
acid value/mg KOH + g™ 0.32 <0.50
soap content/mg * kg™’ 763
FAME content/% (mass) 95.4 =96.5
free glycerin content/% (mass) 0.21 <0.02
total glycerin content/% (mass) 0.43 <0.25
sulfated ash/% (mass) 0.04 <0.02
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Table4 Comparison of main properties between

unpurified and purified biodiesel

Property Unpurified  Purified  EN 14214

acid value/mg KOH + g™ 0.32 0.27 <0.50

soap content/mg * kg™ 763 54 —
FAME content/% (mass) 95.4 97.2 =96.5
free glycerin content/% (mass) 0.21 0.007 <0.02
total glycerin content/% (mass) 0.42 0.23 <0.25
sulfated ash/% (mass) 0.04 0.01 <0.02
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