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D+ MeOHSM +E, (2
M+ MeOHS G+ E, (3
T+ MeOH=G + 3E. D

R R D FR TR H S (diolein) s M #78 — i8R H S (methyl oleate).
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Tab.1 Enthalpy of formation in gaseous state for each component at 298. 15 K kJ « mol™!

B ok I8 AR H R TR T R — I ER H I R THBR H P i FH i
Benson M —1 856.71 —1429.02 —1 001. 33 —628. 44 —573.64 —200. 75
ket —1 345.80 —1077.00 —808. 20 —484. 60 —539.40 —215. 80
SCER[15 E — — — —649. 90 —582. 80 —201.50

F 2 298. 15 K 48 2H 70 09 26 S0 08 A0 25 A s

Tab. 2 Enthalpies of vaporization and formation in liquid state for each component at 298. 15 K kJ * mol ™'

S8 BAERIE SR HMEE iR EER BRI R R Hl FH
~ Kolska M 291. 282 222. 266 155. 942 94.591 89. 490 27.196
A SeEkC 15744 — — — 84. 600 85. 800 37. 600
Benson 3£ —2 147.990  —1651.290  —1 157,270 —713.040  —659.440  —238.350
AHS (D Hrpspet®l —1637.080  —1 299,270 —964.142  —569.200  —625.200  —253.400
SCHRL151ME — — — —734.500  —668.520  —239.100
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Tab. 3 Normal boiling points for each component K
Hodh R IR SOMPRH IR R e — R T e Tl R HY H H
E-C i 1 023. 804 886. 345 719. 560 615. 060 510.17 312.590
C-G % 822.493 757.921 667.227 598. 784 500. 098 288.577
Joback 2 1 690. 260 1 308. 220 926. 180 696. 500 544. 140 314. 460
SCHRL15H — - - 622. 1500 563. 150 337. 850
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Tab. 4 Entropy of vaporization, the standard entropies in gaseous and

liquid state for each component at 298. 15 K J e+ (mol+ K)!

B8 ook ZuhmHwhER bR s —uhERHuhEs R g i H i
(o Benson ¥ 2 555. 220 1 839. 080 1122. 940 955. 980 406. 800 239. 840
k16 (A — — — — — 239. 880
- T, B E-C i 173. 292 162. 578 147.768 136. 411 183. 231 100. 219
A i — - — 137. 240 199. 947 113. 288
T, Bl E-C 3 2 381. 930 1676.224 975.173 819. 570 223.569 139. 661
S& (D T, WSCHRAE - — — 818. 741 206. 826 126.592
SCHRLL5MH - — — — 204. 470 127. 240
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Tab.5 Relationship between heat capacity and temperature in transesterification reaction
S 14 2% %638 SRR

A.C,/ 10.246—0.152T+ 10.246—0.152T+
J e (mol« K) ! 5.91X107"' T* 5.91X107'T*

—8X10'T 2X10°'T

3 298.15 K RME#H AFITE
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298. 15 K Iy 2% A5 Tt 224 L 1 8 ) 24 B0 495 2R 45 SR 11-12 1R 8 FE e a3k 6 R
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Tab. 6 Comparition of thermodynamic data in each step of transesterification at 298. 15 K

AHS (T) /K] » mol ™! AST(T) /]« (mol « K) !

R WRSE XROOE | OROZIE AR ORCIE L2
14 1. 306 1. 306 —157. 580 —14. 205 —11.520 —19.950
%28 —1. 386 —1. 386 —160. 280 —9.551 —720. 680 22.730
%34 —6. 648 —6. 648 —199. 780 —79.202 —88. 040 —81.490
S —6.728 — — —102. 958 — —

AGE (T)/k] « mol ™! KP
S
TR SR SCHRC1L A SCHRC12MH AR SR8 k12118
%148 5.541 4. 744 —151. 640 0. 107 0.998 ~10%
528 1.462 213.920 —167.050 0.554 0.917 ~10%
%38 16. 966 19. 660 —175. 480 1.062 X107 0.992 ~10%
J=Y A 23.969 — - 6.289X10° — -
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Thermodynamic Analysis of Triolein and
Methanol Synthesis of Biodiesel

LI Liu, CHEN Ying, LIN Jin-qing

(College of Material Science and Engineering, Huaqgiao University, Xiamen 361021, China)

Abstract;: Estimation methods were used to estimate the formation enthalpy and entropy of each component, and com-
bined with existing literature datum, the equilibrium thermodynamic analysis of triolein and methanol transesterification
reaction to the synthesis of biodiesel was performed. The results show that: the thermal effects of each step of triolein
with methanol transesterification reactions and the overall reaction are all not significant. The first step shows a slight en-
dothermic reaction, while the other two steps and the overall reaction show slight exothermic reactions. There are no sig-
nificant changes of enthalpy values in the second and the third step reactions as the temperature changes, while in the first
and overall reactions the values increase as temperature increasing. The changes of Gibbs energy of three steps and overall
reactions are all positive, which indicate that reactions can not occur spontaneously under standard state. The changes of
Gibbs energy of three steps and overall reaction increase when temperature increasing. From 298. 15 to 428. 15 K. the e-
quilibrium constants of three steps and the overall reaction are all less than 1, which are 0.1 t0 0.2, 0.4 to 0.6 and 4 X
107* to 10 X10* for each step, 3X 10 ° to 7 X 10 ° for overall reaction. respectively. The equilibrium constant of the
first step slightly increases as temperature increasing, while the other two steps and overall reaction slightly decrease,
which demonstrate that in order to make the reaction spontaneous, the concentration of the methanol should be increased,
or the concentration of the product in the reaction system should be reduced.

Keywords: biodiesel; triolein; methanol; transesterification; group-contribution mathod; thermodynamics
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