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Tablel- Overal reactions of thermal cracking of ethane

No. Reaction AH? (kJ/mol)
(1) CoHp»CoHy+H, 136.36
(2 2C;Hg~>C3Hg+CHy+H, 113.33
3 CsHe+Ho>CoH,+CH, -42.92
4 2C;Hs>CyHg+2H, 141.83
(5) 2C,Hg>C3Hg+CH; -11.02
(6) CsHg+H>CsHg -1042.18
(M CoHge>CoHy+2H, 310.73
8) 2C,Hs>CsHa+CH4+2H, 273.77
9 CoHg+2H,02CO+5H, 104.85
(10) CsHe>C3Hy+H, 160.44
(11) 2C3Hs>3CoHs 116.48
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Figure 1- Effect of temperature on the Gibbs free energy of light olefins fomation reactions
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Figure 2- Effect of temperature on the Gibbs free energy of methane fomation reactions
oo Algi (5o STy uesS 313T 6551 ol 3m0 oo il Y s

Sl51 (5551 (Sly F IS8 0 el 355008 (bl )l cunSs anld o ppe (oilr SV game 5 K00 (S

YL oles o3gamme (0 4T 35 oo oddlive .awl ol oole Linled Wigd so (59,000 Aei 4 e oS oo STy S

0525 e 3 5 Ol e addg (nl pogdle 35800 pay Bl GBI 5 Gl adgi (ASTy (nglS az )0 VY-
g s0 (§395 4393 polS Az 0V Ve 5l YL Sles eogase jo U

230.00 - C,Hge>CoHy+H,

- CHg =C,Hy+2H,
180.00 = 2C,Hg~>C3Hg+CH +H,
-~ CyHg - C3H,+CH,+2H,
C,Hg +2H20-2CO+5H,
130.00 \\ ©- C3Hg —»C3HyH,

T —
-20.00 w \\

-70.00

30.00

Gibbs free energy (KJ/mol)

-120.00

-170.00

-220.00 ‘
3 900 1100 1300 1500
Temperature (K)

Figure 3- Effect of temperature on the Gibbs free energy of hydrogen formation reactions
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Figure 5- Effect of operating conditions on the olefin yield
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Figure 6- Effect of operating conditions on the propylene to ethylene ratio
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Figure 7- Effect of operating conditions on the propylene yield
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Figure 8- Effect of operating conditions on the ethylene yield
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English Abstract

Thermodynamic Analysis of Thermal Cracking of Ethane for Light Olefins
Production

Reza Khoshbin and Ramin Karimzadeh
Chemical Engineering Faculty, Tarbiat Modares University, Tehran, Iran
(Received: 2016.7.28, Received in revised form: 2016.10.4, Accepted: 2016.10.12)

In this paper, the reactions of thermal cracking of ethane for light olefins production have been investigated
thermodynamically. The process of thermal cracking of ethane has been evaluated by investigating the
dependency of Gibbs free energy to the temperature. In order to model this process, Gibbs free energy
minimization method has been used. Effects of steam to ethane ratio in feed stream and reaction temperature
on the ligh olefins yield and product distribution have been investigated. Results showed that with increasing
steam to ethane ratio, the light olefins yields decreased. Furthermore, light olefins variation in the
investigated temperature range has a volcano shaped trend and the highest olefins yield can be obtained at
950K (27wt%). As temperature was increased, the ethylene production increased. On the other hand,
propylene yield increased at first and then decreased for higher temperatures. Hydrogen selectivity increased
with enhancement of steam content in the feed stream, which can be ascribed to ethane reforming reaction.

Keywords: Ethane, light olefins, thermodynamic, Gibbs free energy
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