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Thermodynamics Analysis of Hydrogen Production in Vehicle
DME Steam Reforming Reaction System
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Abstract: For hydrogen production in vehicle dimethyl ether (DME) steam reforming reaction system,
the thermodynamic efficiency of reforming reaction system was analyzed. The change of chemical
equilibrium constant in main reactions with temperature was confirmed. The effects of steam-to-DME
ratio, temperature and pressure on equilibrium were studied. The results indicated that DME-reformed
gas increased low heat value by 15.45% . DME had a high conversion when the temperature was higher
than 473 K and steam-to-DME ratio was more than 2, and the equilibrium concentration was close to
zero. The main components of reformed gas were H,, CO and CO,. The content of H, showed the most,
and the largest concentration was 72% . With high temperature and low steam-to-DME, carbon in DME
would be converted to CO. With low temperature and high steam-to-DME, carbon in DME would be
converted to CO,. Pressure had little effect on the reaction equilibrium concentration.
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Tab.1 Thermodynamic data in reaction system

2H5 A H3og 15/kJ -mol ™! SSes. 15/J+mol 71 K ! A B c D
CH,0CH, -184.1 -263.4 17. 00 0.1789 -5.230x10 -1.916 x10~°
CH,OH -201.2 -239.8 21. 14 7.088 x 10 ~2 2.585 x10 73 -2.850x10 "%
H,0 -241.8 -188.8 32.22 1.923 x10 73 1.055 x10 =3 -3.594 x10~°
CO, -393.5 -213.7 19.78 7.339 x10 72 -5.598 x10 > 1.714 x10 8
(o(0) -110.5 -197.7 30. 85 —1.284 x10 2 2.787 x10 73 -1.271 x10°8
H, 0 130.7 27.13 9.268 x10 73 -1.380x10° 7.640 x10 ~°
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Tab.2 Equilibrium constant in reaction under different reaction temperatures
5 SN i JEE /K
423 523 623 723 823
Z H K AR 1.741 x10 72 5.839 x10 72 0.1296 0.2272 0.3448
F sk 28R 1.944 x 103 4.206 x 10* 3.863 x 10° 2.082 x 10° 7.843 x 10°
PP 7 fie 2.461 4.713 x10? 1. 843 x 10* 2.761 x 10° 2.208 x 10°
KA 7.899 x 102 8.924 x 10! 20. 96 7.542 3.552
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Fig.1 Effect of temperature and steam-to-DME

ratio on equilibrium conversion of DME
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Fig.2 Effect of temperature and steam-to-DME

ratio on DME concentration
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Fig.3 Effect of temperature and steam-to-DME

ratio on H, concentration
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ratio on CO, concentration
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Fig.5 Effect of temperature and steam-to-DME

ratio on CO concentration
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