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Tab.1 The isobaric heat capacity constant and integral constant of each reaction calculated by Benson method

KR AA/ AB/ AC/ AHo/ I/
(J mol* K1) (J mol* K1) (104J mol* K1) (kJ mol?) (J molt K1)
1 —70.97 0.109 -0.75 -7.91 —286.05
2 8.39 0.053 -0.87 4.70 29.44
3 -12.47 -0.075 112 -88.38 -80.31
4 —67.15 0.088 -0.51 -14.11 —256.39
5 -0.25 —-0.043 0.49 —89.76 —21.18
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Tab.2 The isobaric heat capacity constant and integral constant of each reaction calculated by Joback method

5 i AA/ AB/ AC/ AHo/ I/
(J molt K1) (Jmolt K (104 mol* K1) (kJ mol?) (J molt K1)
1 27.12 0.103 -1.10 2.46 -338.71
2 -78.81 -0.034 0.43 28.87 40.20
3 -2.93 -0.021 -0.23 -100.80 —409.03
4 7.65 0.070 -0.04 -17.24 60.78
5 27.12 0.103 -1.10 —90.88 28.15
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Tab.3 The isobaric heat capacity constant and integral constant of each reaction calculated by CG method

5 R AA/ AB/ AC/ AHo/ I/
(J molt K1) (J molt K1) (104 J mol* K1) (kJ molt) (J mol* K1)
1 -51.657 0.041 -0.049 -23.44 —286.05
2 24.975 —0.058 0.299 29.69 29.44
3 —31.588 0.040 —0.080 -112.71 -80.31
4 -49.619 0.029 0.117 -29.41 —248.92
5 —4.575 —0.030 0.385 —88.98 —13.73
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Fig.4 The three-dimensional surface diagram of the equilibrium conversion rate versus changes of both pressure and
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Fig.5 The three-dimensional surface diagram of the equilibrium conversion rate versus changes of both pressure and
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Thermodynamic calculation of the synthesis
of 1,3-propanediol by hydrogenation of methyl
3-hydroxypropionate

LAI Enyi, ZHOU Yuting, LI Weijie, LIN Lina, CHEN Yilin, ZHANG Chuanming,

ZHU Hongping*

(State Key Laboratory of Physical Chemistry of Solid Surfaces, National Engineering Laboratory for
Green Chemical Productions of Alcohols-Ethers-Esters, College of Chemistry and Chemical Engineering,

Xiamen University, Xiamen 361005, China)

Abstract: Catalytic hydrogenation of methyl 3-hydroxypropionate (3-HMP) is an important reaction in the synthesis of
1,3-propanediol (1,3-PDO), which has application potential in industry. In this contribution, thermodynamic
calculations in detail were carried out of this reaction and other related side reactions. Methods by the Benson, Joback,
and Constantinou-Gani groups, respectively, were applied to gain the data involved in the reactions that had not been
available so far in the textbook. The diagram of Ig k versus temperature was plotted according to the Gibbs-Helmholtz
equation. Meanwhile, the results obtained using the Benson method were more consistent with the experimental results.
The surface diagrams or curve diagrams of the equilibrium conversion rate versus pressure and temperature, pressure
and hydrogen-ester ratio, and the concentration of substrate for hydrogenation of 3-HMP to 1,3-PDO were plotted, based

on the equilibrium constant calculated using the Benson method. The effects of the above parameters on the reaction
11



were also discussed. The calculated data showed that high pressure, high hydrogen ester ratio, low temperature, and low

liquid space velocity were helpful to increase the conversion of 3-HMP to 1,3-PDO. These results were well consistent

with the experimental data obtained in our lab.

Keywords: methyl 3-hydroxypropionate; hydrogenation; 1,3-propanediol; thermodynamic calculation
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