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Abstract

Paraxylene is known as the most important and widely-used isomer within the xylenes due to its
wide applications. The presence of ethylbenzene as an undesirable component amongst xylene
isomers has 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.

Keywords: ethylbenzene dealkylation, xylene isomerization, shape-selectivity, hydrogenation
metal, surface modification methods
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Figure 1. Structure and boiling point of Cs aromatic compounds [2]
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Table 1. Different reactions of ethylbenzene during the isomerization of xylenes [6]

Isomerization EB < M, O, PX
Hydrodealkylation EB — Benzene + C;Hy
C,H4 + H2—CyHs
Hydrogenolysis EB — Toluene + CH4
Disproportionation 2 EB — Benzene + DEB *
Transethylation EB+M, O, PX — Benzene + DMEB *
Transmethylation EB+M, O, PX — Toluene + MEB "

*Diethylbenzene (DEB), Dimethylethylbenzene (DMEB), Methylethyl benzene (MEN)
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Figure 2. Shape-selective catalyst mechanisms in isopropylation of biphenyl [11; 12]
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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

Catalyst eratln condltlons EB: (%) | Xylene | PXyield | Ref.
loss (%)
HZSM- 5 370 1.5 64.88 0.78 - [22]
Pt-HZSM-5 93.45 7.79
Pd-HZSM-5 92.42 0.19
HZSM-5 400-500 0.7-1 - 2-5 32 >33 <18.5 [24]
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Pt/Zn-HZSM-5 43.6 3.3 18.5

Gb.w C)La‘ Gbuﬁ”—"—f
o9 3 M-V -Y Y

il o eosSalassils ] LS 5 LT bl By oliand wogms, slo, 5l eolizal b oo Sl
s iy () zshw (55, 95750 (2255 28 Sl Slo olu 53l Jled et Sla by, 2550
alos ojlail als 5 (>l mhaw (59) 35790 slacole il e pué el ks (SLis 4 ladg, cnl 5o
S8 as dgnp 2 y2eia g (nl 0gdioe Bl (s Dl LBl o azgi BB ks slml g oD i
il 15 Ysane S5Salossil 5l osle iy 3950 by B 2alS 5 Ly (5 0y i35 Gtaliil g onlilS
bamlie ;3 (38 A) 0T JySUgn Jlab (392 55 )5 & 4295 b g oads 8 5 115 53 (TEOS) ik 3l

LYY 5¥8] 05t o oyl ebans (6550 Salos g, 4y s o1 51 e0litisl ZSM-5 gty ol i ailano

Cd$53 595 2 ohl5 Gl pagil 10 1) gl M 3l oolitl b mlaw Mol 136 (1l S o T salulis],
slcsls gilo b e 0l adrin a0 S gw)p SS9 D 638 <lixl Gl 5 x> 5o ZSM-48 ¢l»
a5 5 welhasl ol sla STy go8s el 4 o LSihiw gy dlwsy (215wl (55, 9525

IYAT sgace Ll s i a5 Ssue wizmod 5 okl M1 (5o alS

ot gy 5 (V2T (i) ST sl b alojeieagl] (sloo ;S alio 4y o (13l Sen 5 e
ShILL s 5o (ol dds ZSM-S slacsss (2 )5 phw lodleéeé o TEOS Ll L mile
slaols gluJbd e 5l G (5SS JeSge ojlail o a0 sl S9a a5 ol samlin LSl
ST ) ey 5 438l 0lS g5 B sy Shlie 3585 Lol (i oad Sl e 33 () (s
sl lolad 1 50 le (liord Cgusy by, Azl )0 LT ogdlay 95 s0 (6 S sl (5550 ok Loyl
e o Shas ol wiloo sy 9,Sbes s loipseiegll By, L avalie o (LT BT talS g (>
B gl slacale sileJld e ele 9 (gmuliidlow (g )3 &5 Ceils dllas pl 51 (256 Gl s |,
bl oS seme 5 ohly Sl fall 4 2o plojes jolar coudgiy Sl jao ailas olusl (al Sk

30 Chemical vapor deposition (CVD)
31 Chemical liquid deposition (CLD)
32 Ratnasamy et al.

33 Hua et al.

\Y




5,80hes 3guge 3 (2B (rhaw slacols 5lo b e Jule b (18 5pgainagd] oy, 50 a5 Jl>p3 gl oo
Ival o )ls ais codbls

Oesliaro932l 5 03l DsedeSITies sl YU o Slas b ooz GBS oS 5 (e 5 Tl
sl Slae b 3La/Z113 4 Pt-3S1/Z20 55 90 oS 5 5l cawdBlS cpl 00,5 (3 yme oy jeha oLl
s b oy Ll casloads ools ylid & S j0 ewJBS pl o Slae 31 glas o .ol ool | Dglao
P8 L bl 5 ol S o 55 w05 ZSM-5 6 g Sem (sl JUIS 3y il sn 558 Skt
O3S 55 (sl 5l 050 ol )08 aSol @y 4z b asile oo (SL B8l Sl ) 0 e SS 5
Jiss PE3SVZ20 codblS GlaJUS 59,5 s o3des! coesl L5 semliipoinl 3 ot 052!
2,38 a8 SLA/Z113 cendblS (59, s 590 928 4 Ghligissl 5 Ghlilie (ygali yeg il 45 Jl 3o w09 o
1, oo ool 6550 yeb 4 cymmnl 5adhons A Laseiie o] axdllae 4o 055 oo pll 3,18 oS (gond
P EB Lo gl a5 gmiar cdon o9 1) candBlS (IS o pdy S g wilig () maw 5o

I Togy 70 FA s oty Y1 5 LAPY L il Pt-3Si/Z20 e Jils

(a) (b) (c)
35 40 100
BN Z0 B PISVZ20 ™ s —,
30 B Zi3 O O3LOZID By e —————— . e
W 12,52, 30 &
s i QB ez epasiz2o | ST T ————
& S0 g 60
= 20 F 7113  —-3La/Z113 2 % e e
2 @ 5] —=12,/32,5 e e s S S s
> 15 s g 40
® 2 4 [ —a—720
B 10 % 3 8 30 —e—Pt-35720
: w] ——2113
. : e 1 s
n\—m—o——.—-c——o—aﬂ . ——=12,/3Z,,,
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
L P\ RPN CRPU
v\,‘g‘.;\n’ v 3\»([‘ \'MP Time on stream (h) Time on stream (h)

13 W (D) i3,k 03k (a) Gliseo GCand Bl 53 (xbl) cyguml i 709 11 9 ¢ Ft T ygumdsIT (63 & ySloc— O S
[¥+] o 3edest oo (©)

Figure 5. EB dealkylation and Xylene isomerization performance of different catalysts: (a) PX
yield, (b) xylene loss, (¢) 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
modification Catalyst
method
Silanization  Si-Pt-ZSM-48 30-50 <2 e e e [28]
Si-Ni-ZSM- --
48
Pt-3Si1/720 360 1.5 4 - 86.7 048 - 125 - [30]
Pt- 71.6 1.75 23.2
3Si/220@3La
/7113
H-Z5 390 2.758 10 2 95.3 369 e e 103.5 [31]
Si/Z5 93.5 19.8 94.6
Pt/Si/Z5 98.8 6.7 99.5
Si-ZSM-5 - 0.206 (S e——— 30 | e 91.6 [32]
(DOW-550) -

YA



Si-ZSM-5 380 1 20 ] o p— I [ R— [33]

(Z25-5-0.6)
Dealumination HZSM-5 400 0.8 2 4 52— [38]
HZSM-5 (by 43 - ~76
oxalic acid) 83 11.3 ~85
HZSM-5 (by 32 3.5 ~85
AHES)
EU-1 380 1 3.35 2534 - [49]
EU-1 (by 28.41
nitric acid)
MOR 380 1 335 e - 2.11 1698 - - [41]
MOR (by 2.39 18.96
nitric acid) 6.03 13.58
SAPO-11
Selective Pt/Si/Z5 390 2.758 10 2 98.8 6.7  eem - 99.5 [31]
poisoning Pt/Si/Z5 +
5,6- Quinoline 90.6 0.7 100.8
HZSM-5 400 MX 3145 - e [46]
conv
HZSM-5 (%)
poisoned by: 56.5
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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Figure 8. The effect of using (a) Alumina (b) Halloysite binders in Pt-ZSM-5 zeolite on the xylene
loss [52]
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Table 4. Comparison of the performance of different binders in the ethylbenzene dealkylation

process
Catalyst Parameter Temperature (°C)
360 | 380 [ 400 [ 420 |
Pt/ZSM-5/Hall Halloysite EB Conv. (%) 22 37 48 62
nanotubes Xylene loss (%) 7 5 7 8
PX/OX ratio 1.03 1.06 1.05 1.025 [52]
Pt/ZSM-5/A1,03 AlLOs EB Conv. (%) 66 63 70 82
Xylene loss (%) 35 25 29 21
PX/OX ratio 0.97 0.98  0.99 1
MO/MFI/Y—A1203 'Y—A1203 EB Conv. (%) —————————————— TS| =======
Toluene and - - 44 e
trimethylbenzene” [5]
(mass %)
Mo/MFI/AIPO4 AIPO4 EB Conv. (%) - - 75 -
Toluene and - - 1.5 -
trimethylbenzene
(mass %)

* Indicating side reactions and xylene loss
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Figure 6. Changes in ethylbenzene conversion and xylene loss with (a) temperature (b) WHSYV (c¢)
H,/HC. (Si/Al=32,50,150) [55]
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Table S. The effect of operating conditions on the performance of the ethylbenzene dealkylation

process.
Changing of the Effect on Effect on Effect on para-
parameter EB xylene loss selectivity
conversion
Increasing Increasing Increasing Increasing [22; 53-55]
temperature
Increasing Increasing Increasing Increasing [22]
pressure
Decreasing EB Increasing - - [54]
content
Increasing paraffin  Decreasing =~ ---—-- = ——-—- [54]
content
Increasing WHSV  Decreasing  Decreasing Decreasing [22; 53-55]
Increasing H)/HC  Increasing Increasing Increasing [55]
ratio
Decreasing Increasing Increasing Increasing [55]
Si0,/Al,0; ratio
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Table 6. Calculated rate constants for the isomerization and dealkylation reactions of ethylbenzene
at 400 °C [13; 56]

Reaction type Reaction Kinetic parameters
Activation Rate
(mol Pa" s kg cat™!) | energy | constant
(kJ mol! (K)
EB < P.X 6.65E-10 11.4 5.03E-9
Isomerization EB & M.X 9.11E-11 9.99 5.43E-10
EB < 0.X 1.52E-9 10.53 1.00E-8
Hydrodealkylation = EB + H, <> Benzene + C,Hs 5.6E-18 38.74 5.69E-15
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