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Abstract

Paraxylene is known as the most important and widely-used isomer Received: 9 December 2024
within the xylenes due to its wide applications. The presence of Accepted: 28 July 2025
ethylbenzene as an undesirable component amongst xylene isomers has Page Number: 8-28

long been considered a major challenge in the process of xylene
isomerization. To optimize process performance, converting ethylbenzene
to other products is essential. On the other hand, in addition to
the effective conversion of ethylbenzene, the loss of xylenes must be
desirably prevented. Therefore, the catalyst used must have high shape
selectivity towards the conversion of ethylbenzene. The use of appropriate
hydrogenation metals and various surface modification methods,
including silanization, dealumination, and selective poisoning, as well as
the use of different binders have been investigated to achieve maximum
ethylbenzene conversion while to minimize xylene loss in the design of
catalysts for the xylene isomerization. This study, aimed at improving
the performance of the process above, examines researches conducted
upon the effect of the aforementioned modification methods and changing
of the operating conditions upon the catalyst performance of
the ethylbenzene conversion and xylene isomerization processes.
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Figure 1. Structure and boiling point of Cs aromatic compounds [2].

1. Transalkylation
3. Transalkylation

2. Disproportionation
4. Disproportionation
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Table 1. Different reactions of ethylbenzene during the isomerization of xylenes [6].

Specification Reactions

Isomerization

Hydrodealkylation

Hydrogenolysis
Disproportionation
Transethylation

Transmethylation

EB M, O, PX
EB — Benzene + C,H,
CoHs + H2—C5Hs
EB — Toluene + CHy
2 EB — Benzene + DEB ~
EB+M, O, PX — Benzene + DMEB *

EB+M, O, PX — Toluene + MEB ~

*Diethylbenzene (DEB), Dimethylethylbenzene (DMEB), Methylethyl benzene (MEN)
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2. Weisz and Frilette

3. Shape-Selective Catalysts
4. Chabazite
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Figure 2. Shape-selective catalyst mechanisms in isopropylation of biphenyl [11,12]

1. Mordenite
4. Hydrocracking
7. Restricted transition-state selectivity mechanism

2. Mobil Composition of Matter
5. Mechanism

3. Faujasite
6. Cracking
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Figure 3. Dependence of xylenes yield on zeolite topology [13].
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Figure 4. Structure of ZSM-5 zeolite (MFI) [17].
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Table 2. The effect of using metals in the ethylbenzene dealkylation process.

Catalvst Operating conditions EB. (% Xylene PX yield
atalys c
y T (°C) P (Mpa) WHSV (h?) H,/HC (%) loss (%) (%)
HZSM- 5 64.88 0.78
Pt-HZSM-5 870 15 4 4 93.45 779 [22]
Pd-HZSM-5 92.42 0.19
HZSM-5 32 >3.3 <185
400-500 07-1 - 2-5 [24]
Pt/Zn-HZSM-5 43.6 33 18.5
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Figure 5. EB dealkylation and Xylene isomerization performance of different catalysts:
(a) PXyield, (b) xylene loss, (c) EB conversion [30].
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Figure 6. Performance of ZSM-5 zeolites (Z5) and ZSM-5 modified with different amounts of silica (Z5-S-x) in (a) xylene yield (b)
ethylbenzene conversion (c) isomerization activity. (x: volume of TEOS per gram of catalyst) [33].
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Figure 7. (a) Ethylbenzene conversion using parent and dealuminated samples. (b) Concentration of

benzene produced using parent and dealuminated samples [38].
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Table 3. Different surface modification methods used to improve catalyst performance in the ethylbenzene dealkylation process.

Surface

Operating conditions

Para-

e Xylene . PXATE*
modification Catalyst T P WHSV selectivity
loss (%) (%)
method °C) | (Mpa) () (%)
Si-Pt-ZSM-48 -
Si-Ni-ZSM-48 I B 30-50 2B S i il i [28]
Pt-3Si/Z20
Pt- 86.7 0.48 12.5
asizo@slaz o0 15 R 716 175 232 [30]
§ 113
.§ H-Z5 95.3 36.9 103.5
= Silz5 390 2.758 10 2 93.5 198  emeeee e 94.6 [31]
@ PUSI/Z5 98.8 6.7 995
Si-ZSM-5 -
Lo - S — 14 | e | == 1. 2
ouE ) 0.206 6 30 91.6 [32]
Si-ZSM-5 (Z5-S-
' ( 380 1 20 1 o J — 517 R [ [ [33]
0.6)
HZSM-5 52
HZSM-5 (by 43 ~76
oxalic acid) 400 0.8 2 4 e [38]
83 g | = ~85
HZSM-5 (by 32 35 -85
c AHFS) ‘
.2
= EU-1
= 25.34
z EU-1 (by nitric 380 1 BB | == | e | e | = [ ST e [49]
= 0 28.41
2 aci
MORNLERnitric 21 16.98
aci;') 380 1 9B | == | == 2.39 BB | == | == [41]
SAPO-11 6.03 13.58
Pt/Si/Z5 98.8 6.7 99.5
Pt/Si/Z5 + 5,6- 390 2.758 10 2 s e [31]
= Quinoline 90.6 0.7 100.8
=
2 HZSM-5 MX 31.45
§ conv
= HZSM-5 (%)
§ poisoned by: 400 | | e 565 | [46]
Ammonia 56.26 31.98
Quinoline 30.18 55.93
Pyridine 30.21 60.44
* PXATE (%) = PX product—PX feed % 100

PX equil-PX feed
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Table 4. Comparison of the performance of different binders in the ethylbenzene dealkylation process.

Catalyst Binder Parameter Temperature (°C) Ref.
Halloysite EB Conv. (%) 22 37 48 62
Pt/ZSM-5/Hall Xylene loss (%) 7 5 7 8
nanotubes )
PX/OX ratio 1.03 1.06 1.05 1.025 [52]
EB Conv. (%) 66 63 70 82
Pt/ZSM-5/Al,03 Al,0; Xylene loss (%) 35 25 29 21
PX/OX ratio 0.97 0.98 0.99 1
EB Conv. (%)  -m e 75 e
Mo/MFI/y-Al,O3 v-Al,O3 Toluene and trimethylbenzene™ 44 e
(mass %) ' 5]
EBConv. (%)  -m e 75 e
Mo/MFI/AIPO, AIPO, Toluene and trimethylbenzene 15 e
(mass %) '

* Indicating side reactions and xylene loss
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Figure 9. Changes in ethylbenzene conversion and xylene loss with (a) temperature (b) WHSV (c) H2/HC. (Si/A1=32,50,150) [55].
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Table 5. The effect of operating conditions on the performance of the ethylbenzene dealkylation process.

Changing of the parameter if;i?eigi()EnB Effect on xylene loss Effect on para-selectivity
Increasing temperature Increasing Increasing Increasing [22; 53-55]
Increasing pressure Increasing Increasing Increasing [22]
Decreasing EB content Increasing - e [54]
Increasing paraffin content Decreasing - e [54]
Increasing WHSV Decreasing Decreasing Decreasing [22; 53-55]
Increasing H,/HC ratio Increasing Increasing Increasing [55] !
Decreasing SiO,/Al,05 ratio Increasing Increasing Increasing [55]
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Table 6. Calculated rate constants for the isomerization and dealkylation reactions of ethylbenzene at 400 °C [13,56].

Reaction

Reaction type

EB & P.X
EB & M.X
EB & 0.X
EB + H, <> Benzene + C,Hg

Isomerization

Hydrodealkylation

Kinetic parameters
Activation

e P | G |
mol?)
6.65E-10 114 5.03E-9
9.11E-11 9.99 5.43E-10
1.52E-9 10.53 1.00E-8
5.6E-18 38.74 5.69E-15
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