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Study for Pyrolysis of Ethylbenzene and Xylene under Supercritical Pressure
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(“College of Chemical Engineering, Sichuan University, Chengdu 610065)
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Abstract Under the supercritical pressure, the pyrolysis reactions of ethylbenzene and xylene were investigated by using
the continuous flow device. At the pressure of 4 MPa and the different temperatures of 700, 750 and 780 °C, the pyrolysis
gaseous products were analyzed by online gas chromatography for ethylbenzene and xylene, while their liquid products were
quantitatively analyzed by gas chromatography-mass spectrometry (GC-MS). It is found that the gaseous products of ethyl-
benzene decomposition are similar to those of xylene, while the liquid products of ethylbenzene and xylene decomposition
are quite different, of which the major products are aromatic hydrocarbons. The experiment reveals that the higher the pyro-
lysis temperature is, the higher the conversion ratio will be for ethylbenzene and xylene. On the other hand, the conversion
ratio of ethylbenzene is higher than that of xylene at the same temperature in experiment. From the experimental observation,
we conclude that the pure aromatic hydrocarbon does not cause serious coking during the cracking process, owing to the low
pyrolysis. Theoretical calculations are performed to obtain the bond energies for the different C—C or C—H bond types in
side alkyl groups of ethylbenzene and xylene, by using density functional theory (DFT) method at the BHandHLYP/6-31-+
G(d, p) level. The bond energies calculated in this study agree well with those available from literature. It is found that the
weakest bond is the C—C bond in the ethyl group of ethylbenzene, with a bond energy of 313.1 kJ/mol. This value is much
smaller than the smallest bond energy of 393.2 kJ/mol of the C—H bond in the substituted methyl group in xylene. The
weakness of the C—C bond in ethylbenzene thus leads to the fact that the pyrolysis of ethylbenzene is much easier than that
of xylene. The theoretical results predict a higher conversion ratio of ethylbenzene than that of xylene. So the calculation
gives a good explanation for the experimental phenomenon. Finally, the study in this work shows a new and important insight
to the coking mechanism for the hydrocarbon fuels.
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Figure 1 The relationship between yield Y (mass%) of gaseous product
and temperature

PRI Y R SO RS i B DA R
=, A

y=""2 %100% (1)
m

X m A B HERL TR, my A SR SAN ) T

HH P 1 AT, A IR A R IS A B P8 T T v i
bn, £E 700, 750 F1780 C N LZRIK =S Bl HIZK
M 4.17 £5.3.61 551 2.75 fif. LORF FEORHER & 5 ke th
G, HT RIS e, TFIR O N A, A7 0B e
M5 H, B e 5 R A s e S D SR R0 B S0 s Y, 1
IRFFANAR S BT L35 (A= = R AR LU AR T
BERELL R A RV EWER A RPTR, LA EE
Ltk C(7)—CR)t B Re />, L= HIRMBEREE C(1)—
C(7), C(T)y—H($E X F Wi, R OR 25 ) e A3
filt [N, FEUSAH P A R

HE 2(a)F1 2(b) AT LA, ZORF  HEORAE S AN
FERUF RS R A L. Of. SIBMEA
M TR, (AR b, REEE g ), 1
R G RN AL d e, B L TR T v R e AR R
RPN E R B T A RN, e L
PRI AR R 1 A AN B R AR A
222 RAFEMHAT

SN HRAE B 4% A1 T 2R (1 Y80AH 7= ) 3
bt TR AT e AT, JE U mAUE — 1T %
AR R, T S E RS MR AR
BRI A PRI ST e, BT SRR T 2% 4,
AR FZ= I T R 1.

afi ) o 1¥) 24 A S L 1R B Ak 23 iT P DU 2 I N0 1)
FRIE DL, AR X E N

x=01—"" % 100% Q)
m

http://sioc-journal.cn 89



& F ¥ &k AR
—=&— Methane 80
80 - a —e— Ethane ] b
70 —A— Ethene 704
i —w— Hydrogen _
4 60
80 ‘\-§| | —a— Methane
50 50 —e— Ethane
L 1 = 1 —A— Ethene
3 40 - T 40+ —w— Hydrogen
> i s J
30 30 4
20 ] ///—‘ 20 //‘
10 4 — 10 4 "
] —————
0 T T T | 0 T T T T T 1
700 720 740 760 780 700 720 740 760 780
T°C TI°C
Bl 2 ZR(a)fl— FR(0) Y T2 (B 1 2350
Figure 2 The major gaseous product contents Y (mass%) of cracking of ethylbenzene (a) and xylene (b).
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Table 1 Mass content of liquid residue for ethylbenzene and xylene
Primary pyrolysis products Ethylbenzene Xylene
(mass%) 700 C 750 C 780 C 700 C 750 C 780 C
Benzene 3.14 8.76 8.31 — — 2.19
Toluene 7.96 13.27 10.82 — 7.29 9.71
Ethylbenzene 69.68 39.79 27.78 14.57 7.13 —
Styrene 16.09 22.13 21.05 — — —
Xylene — — — 80.10 70.96 62.27
Phenanthrene — — 2.84 — — —
2-Ethyltoluene — — — — — 2.33
1-Methylstyrene — — — — 222 4.73
Benzene, 1,1'-(1,2-ethenediyl)-bis- — — 4.68 — — —
Benzene, 1,1'-(1,2-ethanediyl)bis[2-methyl-] — — — — 7.27 —
Benzene, 1,1'-(1,2-ethanediyl)bis[4-methyl-] — — — — — 2.98
Conversion rate/% 31.07 61.78 74.06 20.11 29.82 39.23
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Figure 3 The molecular structure of ethylbenzene and toluene
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Table 2 The C—C and C—H bond energies in ethylbenzene and tolue-
ne*

Ethylbenzene kJ/mol Toluene kJ/mol
C(3)—H(3) 494.8 C(3)—H(3) 495.0
C(1)y—C(7) 409.9 (415.0) C(1)—C(7) 422.1(426.8)
C(7)—C(8) 313.1(319.7) C(7—H(7) 393.2(379.0)
C(7)—H(7) 383.7 (377.8)

C(8)—H(8) 4438.1

“The data in the parentheses are from Ref. [14].
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Table 3 The basic physical properties of ethylbenzene and xylene
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Physical parameters Ethylbenzene Xylene
Formula CsHio CsHio
Molecular weight 106.16 106.16
Density (Relative water=1) 0.87 0.86
Critical temperature/'C 343.1 3439
Critical pressure/MPa 3.70 3.54
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1—feed stock, 2—pump, 3—check valve, 4—mass flowmeter, 5S—manometer, 6—electrical heater, 7—condenser, 8—filter, 9—back pressure controller, 10—

seperator, 11—liquid collector, 12—GC, 13—gas flowmeter
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