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Study of esterification of acid oil with glycerol
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Abstract: The esterification process of acidified oil with glycerol was thoroughly investigated by varying
reaction temperature, molar ratio of glycerol to the free fatty acids in oil and the monoglyceride content in
starting materials. It is found that monoglyceride can significantly promote the reaction process and lead to a
much lower content of fatty acids in the product. This is elucidated by the additional analysis of experimental
liquid-liquid equilibrium data for the binary systems of triglycerides-glycerin, oleic acid-glycerol and
monoglyceride-glycerol, as well as the ternary phase diagram of glycerol-monoglyceride-oleic acid system. The
comparison between the above ternary and binary systems clearly indicates that the appearance of monoglyceride
remarkably improves the solubility of both glycerol and fatty acids in its counter phase, which can account for the
observed promotion effect of monoglyceride in the esterification process of acidified oil.
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Table 1 Experimental liquid - liquid equilibrium data for the binary systems of triglycerides-glycerol
oleic acid-glycerol and monoglyceride-glycerol between 295.65 and 403.15 K
Triglycerides-glycerol w/% Oleic acid-glycerol w/% Monoglyceride-glycerol w/ %
Temp. 7/K
X, X, X, X, X, X,

295.65 0.039 99.953 0.272 99.857 emulsification
303. 15 0.041 99.712 0.325 99. 841
313.15 0.045 99.543 0.331 99. 809
323.15 0.051 99.226 0. 460 99.791
333.15 0. 055 99.152 0.503 99.784 3.565 99.872
343.15 0.085 98.919 0.614 99.752 3.630 99.073
353.15 0.102 98. 865 0.736 99.723 3.840 98.986
363.15 0.139 98.713 1.378 99.708 4.026 98.618
373.15 0.159 98.703 1.415 99. 699 4.260 98.436
383.15 0.252 98.681 1.539 99. 659 5.041 97.568
393.15 0.338 98.639 1.855 99.651 5.999 95.645
403.15 0.444 98.543 1.898 99.583 6.570 94.849

X, : glycerol% in triglycerides phase; X, : glycerol% in oleic acid phase; X : glycerol% in monoglyceride phase; X, : glycerol%

in glycerol phase
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Figure 1

Liquid-liquid equilibriums for the binary systems of (a) triglycerides-glycerin,

(b) oleic acid-glycerol and (c¢) monoglyceride-glycerol from 295. 65 to 403. 15 K
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Table 2 Compositions of the points on the tie lines in the ternary
diagram for glycerol-monoglyceride-oleic acid system at 363. 15 K

Oil phase Glycerol phase
X, X, X5 X, X, X,
1.673 20.135 78.192 99.321 0.436 0.243
3.037 30. 839 66. 124 99.083 0.547 0.370
3.136 37.737 59.127 98.923 0. 667 0.410
3.193 42.075 54.732 98.818 0.749 0.433
3.467 50. 168 46.365 98. 654 0.881 0. 465
3.887 62.595 33.518 98.121 1.397 0.482
4.005 70. 693 25.302 97.555 1.953 0.492
4.942 75.752 19.306 97.401 2.067 0.532

X, : glycerol % ; X, : monoglyceride % ; X, : oleic acid %
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Figure 2 Ternary diagram for
glycerol-monoglyceride-oleic acid system at 363. 15 K
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Figure 3 Temperature dependences of the monoglyceride content (a) and the acid value (b) in the reaction products
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Figure 4 Dependence of the monoglyceride content (a) and the acid value

(b) in the reaction products on the molar ratio of glycerol to fatty acids
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Table 3 Composition of acid oil with
different contents of monoglyceride

Xl X2 X3 X4
a 48.35 1.23 2.67 47.75
b 48.35 10.26 2.67 38.71
c 48.35 18.21 2.67 30.77

X, . fatty acid % ; X, : monoglyceride % ; X, . diglyceride % ;
X, : triglyceride %
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Figure 5 Effect of the initial concentration
of monoglyceride on the esterification reaction
contents of a, b, ¢ was shown in Table 3
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