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Table 1 NRTL parameters for acrylic acid (1)/methanol (2 )/methyl acrylate(3)/water(4)

(i)/() @ % b (K) b (K) o

Acrylic acid(1)/Methanol (2)“ 0 0 —-493.342 3 443.547 6 0.3

Acrylic acid(1)/Methyl acrylate(3)“ 0 0 -295.8599 620.144 4 0.3

Acrylic acid(1)/Water(4)* 0 0 -301.998 1 931.261 6 0.3
Methanol (2 ) /Methyl acrylate(3)“ 0 0 340.596 1 85.5386 0.2958

Methanol (2) /Water(4)“ -0.693 2.7322 172.987 1 -617.2687 0.3

Methyl acrylate(3)/Water(4)® 2.4395 4.9957 -219.796 8 -467.109 3 0.3

a. Aspen Plus inner value; b. Aspen Plus estimated value.
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Table 2 Different kinetics models and their identification parameters

Chemical Equilibrium Pre-exponential Lo . I
Model Activation energy Adsorption equilibrium constant
constant factor
PH (ideal ) K., K Ey,. - - - -
PH K. ke Ey.- - - -
LH Ky K Ey . Ky, Kyeon Kyeae Ky
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Table 3 Reaction equilibrium constants at different temperatures

Temperature/K Chemical equilibrium constant( Activity ) Chemical equilibrium constant( Concentration )
333.15 0.5729 4.9110
338.15 0.8113 7.0853
343.15 1.0518 9.288 4
348.15 1.516 6 13.703 5

HRAE Van't Hoff 757 Al R4~/ 5 405 il B2 22 A AE e — 2 O S8 &R, 7 SE e Rt B6 i bl 734k
KA A7 Z M EE XS o], K A D 80, o mI A A BEARUR BUAEUR D0 T B9 SO B2 Ty 64. 57 FlI
61. 32 kJ/mol,

DA EE T In K, =-7.7669 x 10°/T + 24.9054 (6)
AT In K, =-7.3756 x 10°/T +21. 5824 (7)
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A ITER TG SHGHAT R (R 4) o F 2 (8) MR R H AR R, 24 B AR o8 U4 Ji/ M,
WG HER S
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Table 4 Adsorption equilibrium constant and reaction equilibrium constant of different models

T/K 102 ks KA(: KMe()H KMeA(- KW
PH (ideal ) PH LH LH LH LH LH
333.15 0.32 0.49 0.83 0.2422 0.4877 0.008 0 0.006 0
338.15 0.48 0.74 1.56 0.6915 0.2268 0.696 8 0.4537
343.15 0.55 0.83 1.63 0.6393 0.2268 0.6719 0.4175
348.15 0.71 1.09 1.89 0.5749 0.103 3 0.6228 0.3592
xS REFRPEYREMHFEEEEKRBEIRE
Table 5 Parameters for adsorption equilibrium constant of each substance
A B c
In K, -1.5471x10° 9.0289 x10° -1.3176 x 10
In Kyoon -4.6373 x10° 3.8039 x 10* -73.1911
In Kyeae -6.060 6 x 10 3.5296 x 10° -5.1387 x 10°
In Ky -5.9758 x10° 3.4817 x10° -5.0717 x10°

k6 TEENFELLE E, MISHET L PHALR

Table 6 Identification of activation energy E, . and pre-exponential factor k! of different models

Model k?/(mol'gfl'minfl) Ei\_e/(k}mol’l)
PH (ideal ) 1.52x10° 48.82
PH 2.12 x10° 48.55
LH 4.21 x10° 48.73
InK, =A/T° +B/T +C (10)

2.3.3 EAcse FEATE TR IELS M 6 Rl LIE AR AR HEAAE 2 A5 T AN R X2
AN TRV g T AN TR R sy o 1A 2 75 AL RESE AR — 25, 1 SN T AL REF- 20 48. 6 kJ/mol
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Table 7 Comparison of the calculated and experimental values of the different models

Model SRS MRD/%
PH(ideal) 1.962 x10 % 4.727
PH 0.1951x10°% 1.717
LH 0.1534 x10* 1.466
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Kinetic Study of the Esterification of Acrylic Acid with
Methanol Catalyzed by Strong-acid Cation Exchange Resin

PAN Jiajia, ZHANG Beike * , LU Bingnan
(College of Information Science & Technology , Beijing University of
Chemical Technology , Beijing 100029 , China)

Abstract The methyl acrylate was synthesized from acrylic acid and methanol by using strong-acid cation
exchange resin, Amberlyst-15, as catalyst and the hydroquinone as polymerization inhibitor. Effects of molar
ratio of methanol to acrylic acid, amounts of catalyst and reaction temperature on esterification rate of acrylic
acid were investigated. It was found that the reaction rate and the fractional conversion of acrylic acid
increased with increasing the temperature or the catalyst’s amounts, while the reaction rate increased first and
then decreased with the increase of the molar ratio of methanol to acrylic acid. In the meanwhile, the kinetics
of the esterification of acrylic acid with methanol was established on the basis of ideal and non-ideal state of
Pseudo-Homogeneous ( PH) and Langmuir-Hinshelwood (LH) , with the identification of relevant parameters to
obtain the equation of reaction rate. By comparison, the LH model, which uses activity instead of
concentration, has the lowest multireference single- and double-excitation( MRD) of 1. 446% , and is therefore
best fit for the reaction.

Keywords methyl acrylate, strong-acid cation exchange resin,chemical kinetics, esterification and catalysis
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