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Abstract — In this work, the reaction characteristics for the non-catalytic esterification of palm fatty acid distillate were
analyzed. The esterification reaction was assumed as the pseudo homogeneous 2" order reversible reaction and ‘reac-
tion effectiveness factor (r)” was used to take accounts into evaporation and reaction of water and methanol, which take
place simultaneously in the liquid phase. The nonlinear programming was used to derive appropriate kinetic parameters,
the reaction rate constant and mass transfer coefficient, minimizing the error between experimental data and the numer-

ical values. Based on these parameters, the apparent activation energy was calculated to be 43.98 kJ/mol.
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Fig. 1. Schematic diagram of the reaction system for the non-cata-
lytic esterification.

. Semi-batch reactor (volume: 2L) 9. Pressure regulator

. Methanol feed pump 10. Nitrogen introducing line

. Impeller 11. Thermocouple

. Temperature and RPM controller 12. Pressure gauge

. Electrical heater jacket 13. Sampling line
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Table 1. The optimal values of kinetic constants at several operating
temperatures

Reaction Rate Mass Transfer

T (°C) Constant (cm*/mol-min) Coefficient (mol/min)
kr k, v w
230 171.00 8.86¢-04 0.76 1.29
250 132.02 9.21e-04 0.73 0.93
270 94.87 7.38e-04 0.59 1.14
290 5532 5.17e-04 0.45 0.94
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Table 2. Comparison of the computation errors (RMSE) for the estimation
of the concentration with the reference work[8]

Temperature RMSE (x107%)
(°C) The present study Cho et al. [8]
230 0.294522 5.528009
250 0.265438 5.598415
270 0.260732 5.714274
290 0.318779 0.505774
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Fig. 5. Estimation of the behaviors of methanol(@) and water((1)
in liquid phase by the rigorous model in the present work.
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Nomenclatures
C : concentration [mol/cm?’]
E, : apparent activation energy [kJ/mol]
F : objective function
F, : molar liquid feed flow rate [mol/min]
F,  : molar vapor effluent flow rate [mol/min]
AHy : heat of reaction [kJ/mol]
j : mass transfer coefficient [mol/min]
J : mass transfer rate [mol/min]
k : reaction rate constant [cm®/mol-min]
K., :equilibrium constant
MW : molecular weight [g/mol]
n : number of moles [mol]
N : total number of sampling points
P : pressure [MPa]
P*  : saturated vapor pressure [MPa]
R : gas constant [kJ/mol-K]
r : reaction rate [mol/min]
T : temperature [K]
t : reaction time [min]
t, : sampling time [min]
: volume [cm?]
wt : weight fraction [%]
w : mass of liquid [g]
X : mole fraction in liquid phase
x“  : mole fractions at interphase corresponding vapor phase
y : mole fraction in vapor phase
Y : activity coefficient
n : reaction effectiveness factor
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p - density [g/em?]

Subscripts

0 : pre-exponential factor

A : free fatty acid (FFA)

cal  :computed value

E : fatty acid methyl ester (FAME)

exp : experimental data

f : forward reaction

i : index of i th component

L : liquid phase

M : methanol

N,  :nitrogen

r : reverse reaction

TOT : total

A% : vapor phase

w : water
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