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Disproportionation
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Table 1  Comparison of literature values and calculation values of thermodynamic data of substances by Benson method (298.15 K)
AH /(K] - mol™) S*/(J-mol™ - K")/(kJ - mol™) Cgvm /(kJ » mol™)
Substances

Literature Calculation RSD/% Literature Calculation RSD/% Literature Calculation RSD/%
C,H, 52.5 52.34 -0.30 219.56 219.59 0.01 43.56 41.51 -4.71
C;Hg 20 19.97 -0.15 267.05 267.36 0.12 63.89 64.47 0.92
CsHy, -21.3 -21.31 0.05 344.28 345.16 0.26 108.20 110. 40 2.03
CqH), -41.95  -41.95 0.00 382.87 384.06 0.31 130. 83 133.37 1.94
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AH (T)=AH, + AaT + (Ab/2)T* + (Ac/3) T

+ (Ad/4) T (7)
A,S, (T)=AS, + AalnT + AbT + (Ac/2)T +
(Ad/3)T (8)
A,C,(T) =Aa + AbT + AcT* + AdT’ (9)
AG,(T)=AH, + (Aa - AS,) - AaTInT —%”W
_Aeps Adpy (10)
6 12
A G (T)=- RTInK(T) (11)

THEC AN RSB AR BE T 28 S L B S AR | 75 A

50T 4 P R R P 36
3 #RSWE

3.1 F—iBE THRM#

W45 RN AERRUEIRZS 298, 15 K T Ay 52 1w #4 At
AF(7), Al15%] 298 ~700 K i B [l N L 55 5%
il o kA SO Y RN, ANl 1 .

PNGREL RN AR 5 S i <=9 SR
£ 298 ~700 K i B A SO A5/ NTE O, B R
RN o 26 5 A L EAE oI 1) 0 4
H RN, N A 80 kJ/mol 5 T -4 1e A4
R P A5 9 LA PR s e 0 S 17 349 A 55 A R
76 298 ~700 K JEE P, 3K 0 ~ 20 kJ/mol



R LIRS a- Ml SN R ZR A 225 387

554 1
10
0+ < < < < < < <
*——eo = - >3 ~ ~ 4
\ 2 v b 4 v v
=20}

AHp (kJ/mol)
N
>

- —#— Ethylene oligomerization to a —olefin

—8— ¢ —olefin isomerization to cis internal olefin
—A— g —olefin isomerization to trans internal olefin

_50} —¥— Cis—2-butene and ethylene disproportionation
—<4— Trans—-2-butene and ethylene disproportionation

—60 1}

—70-

-80+ - - —a————*§

= L

0 1 1 1 1 1 1
250 300 350 400 450 500 550 600 650 700 750
T/K

Bl 1 57 R a Ikt ) S 345 3 BE 119 56 3R

Fig. 1 Heat of ethylene oligomerization to a-olefin reaction as

the function of temperature
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Fig. 2 Gibbs free energy of ethylene oligomerization to a-olefin

as the function of temperature
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Fig. 3 Equilibrium constants of ethylene oligomerization to

a-olefin as the function of temperature
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Fig. 4 The effects of temperature and pressure on the equilibrium

conversions of ethylene oligomerization to a-olefin
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Table 2 The comparison of a-olefin production technology

Production Unit

Chevron Amoco Shell Idemitsu
Reactor Tube Tube Stirred tank Stirred tank
Temperature/K 477 400 363 363
Pressure/MPa 20. 68 20.7 10.3 10.0

35S EEIZHGTHRANEFERNLE

TEHX Shell /4 & SHOP ¥ 1) T 2454 i ik
JER 363 K, W RS 10.3 MPa, 158 T 7Ei% T
MR OISR -l K A RN ) B 25T
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Table 3 The equilibrium constants and equilibrium conversions of ethylene oligomerization reactions

Reactions A,G./ (k] - mol™) K(T) K, X
Ethylene dimerization 257534.74 0.9990
Ethylene trimerization -27.23 8293.44 8054120. 15 0.9983
Ethylene tetramerization 81284780. 82 0.9974
-6.24 7.91 10. 89 0.9159
a-olefin isomerization

-8.43 16.34 22.51 0.9575

-4.70 4.74 954. 69 0.9392

Internal olefin disproportionation

-2.51 2.29 462.03 0.9149
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Thermodynamic Study for Ethylene Oligomerization to a-Olefin

WU Jian-min, SUN Qi-wen ", ZHANG Zong-sen, PANG Li-feng
(State Key Laboratory of Coal Liquefaction and Coal Chemistry, Yankuang Energy R&D Co. , Lid. ,
Shanghai 201203, China)

Abstract ; The standard molar enthalpy of formation, the standard molar entropy and isobaric molar heat capacity of
ethylene oligomerization products were estimated with Benson group contribution method. The reaction heat, Gibbs
free energy change and equilibrium constant of ethylene oligomerization to a-olefin reaction system were calculated
in detail as a function of the temperature from 298 K to 700 K. The thermodynamic equilibrium and the limit of dif-
ferent reaction steps were analyzed. The thermodynamic possibility and formation sequences of ethylene oligomeriza-
tion reaction system were also judged. The effects of temperature and pressure on the equilibrium conversion were
investigated. The appropriate process conditions of ethylene oligomerization to q-olefin reactions were determined
according to thermodynamic calculations. The results show that ethylene oligomerization to a-olefin reactions are ex-
othermic reactions, which are spontaneous when the temperature is lower than 546 K. The ethylene oligomerization
to linear a-olefin reactions are easier than a-olefin isomerization and internal olefin disproportionations. Low tem-
perature and high pressure are favored to ethylene oligomerizations to a-olefin reactions from the thermodynamic
view point. The appropriate process conditions of ethylene oligomerization to a-olefins are 323 ~473 K, 5 ~20
MPa. The equilibrium conversions of ethylene oligomerization to linear a-olefin reactions approach 100% in the
process conditions of 363 K, 10.3 MPa from SHOP method.

Key words: ethylene oligomerization; a-olefin; thermodynamics; equilibrium constant



