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ABSTRACT
Using industrially relevant operating parameters, the transalkylation of 1,2,4-
Trimethylbenzene (TMB) with toluene was studied. The effect of acidity and structure,
increased reaction pressure and very low levels of Pt impregnation have been investigated
over both H-form and Pt-loaded zeolites: Beta, MOR, and Y. A fixed bed reactor was used at
WHSV of 5 h™', 400 °C and a 50:50 wt. % Toluene: TMB ratio with the order of activity after
50 h TOS of Y > Beta >> MOR at 1 bar. At elevated pressure (10 bar), all catalysts showed
better performance with significant improvement in MOR as pore blockage reduced and the
order of activity was Beta > MOR > Y. Incorporation of Pt (0.08wt. %) further improved the
activity of all catalysts with the highest conversion after 50 h TOS over Beta (62 wt. %)
where Beta and MOR yielded similar levels of xylenes (40 wt. %). All catalysts were further

optimized for activity whilst maintaining the desired stability and highest xylenes yield.
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1. Introduction
The use of aromatics to produce petrochemicals is incentivised by the recent reduction of total

aromatics in motor fuels. Benzene, toluene, and xylene (BTX) are the three main raw materials
used to produce aromatic derivatives. Xylene isomers (o0-, m-, and p-), with their continuous
growing global demand over benzene,' are the starting components for the production of
different important polymers such as synthetic fibres, unsaturated polyester resins, and phthalate
plasticizers.

Owing to the low market demand for toluene, several processes were developed such as
hydrodealkylation,? toluene disproportionation®™* and transalkylation’ to convert the surplus
toluene into more valued products e.g. benzene and xylene. Transalkylation of toluene with
heavy aromatics (Cy) is a promising reaction aiming to produce xylenes in Figure 1. Other
possible side reactions include disproportionation of toluene and TMB; xylene and TMB
isomerization; and, dealkylation of TMB and toluene to produce toluene and benzene

respectively with light gases.’

CH; CH3; CHs

(CH3). CHs

Toluene C, isomers Mixed xylenes

Figure 1: Transalkylation reaction of toluene with 1,2,4-trimethylbenzene.
A number of commercial transalkylation processes have been developed such Xylene-Plus
process developed by ARCO-IFP,” Tatoray' ™ process developed by UOP,® and TransPlus

process developed by Mobil-CPC’ with key operating parameters listed in Table 1. Research on
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transalkylation has been carried out using various types of zeolites, including both medium pore
zeolites, such as ZSM-5,'° NU-87,'! and MCM-22,'? and large pore zeolites, such as zeolite Y,
Beta,14 mordenite,15 SAPO-S,16 and ZSM-12."7 This research demonstrated that zeolite based
catalysts have unique properties promoting their use in aromatic transformations. The
concentration of Brensted and Lewis acid sites has been shown to directly influence the reaction
pathway with Lewis acid sites promoting toluene/TMB disproportionation and Brensted acid
sites promoting ‘[ransalkylation.18 Matsuda et al.'’ have also reported that TMB isomerization

could occur predominantly over Brensted acid sites.

Table 1: Overview on key operating conditions used in commercial transalkylation processes.””

Process name

Tatoray Xylene-plus TransPlus
Reactor type Fixed bed Moving bed Fixed bed
Temperature (°C) 380-500 454-538 385-500
Pressure (bar) 30 - 40 1.1-1.3 20-30
H,/HC ratio (mol%) 4-6 None 1-3
WHSYV (h™) 1.5-2.2 0.7-1.7 2.5-35

Catalyst lifetime, which is primarily affected by its deactivation, is a major concern in the
transalkylation process where the conversion of C; and Cy aromatic molecules is influenced by
the zeolite pore structure. Fan and Wang et al. highlighted the importance of bulky dimethyl
diphenylmethane intermediates (DPMs) in the activity of medium and large pore zeolites.”

As shown in Table 2, the three trimethylbenzene (TMB) isomers (1,3,5-, 1,2,4-, 1,2,3-)
account for 45 wt. % of Co*' with 1,2,4-TMB being typically 60 — 65 % of total TMBs.” In
commercial heavy reformate, the typical amount of 1,2,4-TMB is 39 % and hence 1,2,4-TMB
can be considered as a representative model compound of Cy aromatics to be investigated in the

transalkylation tests.
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The addition of low levels of metals introduces bi-functionality, improving catalyst stability
and xylene product yield, dependent on the conditions used, whilst minimising the increase in
catalyst cost. Meshram et al.> impregnated Ni (0.5 wt. %) into ZSM-5 based catalyst to reduce
the catalyst aging. Adding Ni (2.4 wt. %)** and Pd (0.43 wt. %)* onto mordenite based zeolite
catalysts was shown to reduce coke formation and improve stability. Another study on mordenite
incorporated Pt (0.06 and 5 wt. %)'” and only the higher level of Pt increased toluene conversion
in the transalkylation of toluene with 1,3,5-TMB. Chao et al.” used pre-coking treatments on Pt-
ZSM-12 (0.02 wt. %) to help stabilize feed conversion and reduce hydrogenated impurities in the

benzene produced

Table 2: Typical compositions (wt. %) of the commercial heavy reformate and Cy aromatics.

Heavy Reformate”’

Cy aromatics”

Iso-propyl benzene 1.7 1.0
n-propyl benzene 43 3.0
1-methyl 2-ethylbenzene 6.5 8.0
1-methyl 3-ethylbenzene 18.5 19.0
1-methyl 4-ethylbenzene 9.1 11.0
1,2,3-trimethylbenzene 6.6 10.0
1,2,4-trimethylbenzene 39.0 36.0
1,3,5-trimethylbenzene 10.1 12.0

Total Cy aromatics: 95.9

n-butyl benzene 0.5 -
1,4-diethylbenzene 0.8 -
1,3-diethylbenzene 0.4 -
1,3-dimethyl, 5-ethyl benzene 0.8 -
1,4-dimethyl, 2-ethyl benzene 0.4 -
Others Cys 1.2 -

Total C,y aromatics: 4.1

In this work, the role of large-pore zeolites in the transalkylation of toluene with 1,2,4-TMB

behaviour has also been examined.
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2. Experimental Procedure

2.1. Materials
Zeolite Beta, Y and mordenite (MOR) were obtained from Zeolyst International, and the main

characteristics of the large pore catalysts are shown in Table 3. The feed was an equal weight
mixture of toluene (Fluka >99.7 %) and 1,2,4-TMB (Sigma-Aldrich >98.0%), both chemicals
were used as received and the space velocity was based on the total feed flow rate. Hydrogen
(99.99 wt. % purity, BOC) was used to feed the reactor and tetra-ammine platinum (II) chloride

(Pt(NH3)4Cl,) (Sigma-Aldrich, 98 wt. % purity) used for Pt loading.

Table 3: Characteristics of zeolites used in the transalkylation tests.

Channel Pore Entrance Channel Diameter Surface area'

. . 1
Zeolite Dimension (T atoms) (nm) (m’/g) Sval
MOR 1D 12T 0.65%0.70 500 10.0
Y 3D 12T 0.74x0.74 730 6.0
0.65%0.67
Beta 3D 12T 0.56%0.56 680 12.5

" As quantified by manufacturer.

2.2. Catalyst preparation
Ammonium exchanged zeolites were calcined in a three zone tubular furnace at 500 °C for 16

h at a ramping rate of 1.5 °C min™ under flowing air (30 ml min™). After calcination, the zeolite
was mixed with the appropriate platinum salt Pt(NH3)4sCl, in deionized water (1g:10mL
zeolite:solution ratio) and stirred for 24 h at an average temperature of 65 °C. The samples were
then dried at 110 °C for 12 h. An additional calcination step (500 °C) for 8 h was carried out in-
situ for the Pt-loaded zeolites. Then, the temperature was reduced to 450 °C and air was switched

to H, (70 ml min'l) and held for 16 h to reduce the platinum in the zeolite.

2.3. Catalyst Characterization
The catalysts were characterised by X-ray diffraction (XRD, Rigaku-Miniflex), scanning

electron microscopy (FEI Quanta 200) and transmission electron microscopy (FEI Technai F30).

Coke deposition on the spent catalysts was analysed using thermogravimetric analysis (Q5000-

ACS Paragon Plus Environment
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IR, TA Instruments). The amount of Si, Al, and Pt in zeolite was determined by HF digestion
followed by inductively coupled plasma optical emission spectroscopy (ICP-OES-MEDAC
LTD). BET surface area was measured using a Micromeritics Gemini 2365 surface area analyser
and the Pt particle size, dispersion and surface area were determined using a Quantachrome
ChemBET Pulsar TPR/TPD analyser. Pt containing zeolites were reduced at 450 °C for 1 h in
flowing H» at 40 ml/min; then the adsorption of CO carried out at -50 °C using pulses of 1% CO
in Argon (BOC). In addition, the distribution and size of the platinum within the catalyst was
observed using high-angle annular dark-field (HADF) imaging on a FEI F30 transmission
electron microscope (TEM) operating at 300kV in STEM mode. Characterisation of the acidic
OH groups (Brensted acid sites) and Lewis acid sites in zeolites was carried out using pyridine
(Py) adsorption and transmittance FTIR measurements in the 4000-1200 cm™ spectral range at 4
cm™ resolution using a Thermo iS10 spectrometer. After the zeolite was dehydrated at 450 °C,
the temperature was reduced to 150 °C and Py was admitted into the vacuum transmittance cell
in a stepwise manner until no changes in the spectra were observed. The saturated sample was
then evacuated for 10 min at 150 °C to remove physically adsorbed Py and the FTIR spectrum

was collected.

2.4. Catalytic Testing
The catalyst powder (1 g) was pressed, crushed and sieved to 250 - 425 pm and then placed in

a stainless steel down-flow fixed bed reactor (530 mm length x 10 mm ID) with a type K
thermocouple to measure the catalyst reaction temperature. The liquid feed was introduced to the
reactor using a Jasco HPLC pump PU-980, while air and hydrogen flows were controlled using
gas mass flow controllers (Brooks 5880). The liquid and H, feeds were premixed prior to

entering the reactor and a back pressure regulator controlled the system pressure.
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The catalytic activity for all samples was studied at 400 °C, a molar H,/HC ratio of 4, a
WHSV value of 5 h™' and the pressure varied between 1 and 10 bar. The overall conversion
(1,2,4-TMB + toluene) was calculated using equation 1, where my, and mpyp are the weight of

toluene and 1,2,4-TMB, respectively.

(me1+mrMmp)in—(mre+mrymp)out
X = - x 100 1
we.% (mpe+mMBlin €y

2.5. Feed and Product Analysis
The feed and product samples were analysed using a Varian 3400 Gas Chromatograph fitted
with a Stabilwax Capillary Column (30mx0.32mm i.d. x 1.0 pm film thickness) using a flame

ionization detector (FID).

3. Results and Discussion

3.1. Characterization Results

3.1.1. Elemental Analysis
The Si and Al composition of tested catalysts is shown in Table 4 where the error was +0.1 %,

and the Si/Al ratios were found to be in good agreement with those quoted by the manufacturer.
The platinum loading was found to be within 5% of the targeted amount allowing for

measurement error (typically 10 ppm).

3.1.2. BET surface area
The surface area of the catalysts is presented in Table 4 and decreased in the order of

Y>Beta>MOR. A small decrease in the surface area was observed when Pt was incorporated,
however, as the Pt content increased very little change was observed (further data shown in the

supporting information).

ACS Paragon Plus Environment
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Table 4: Characterization results of the zeolites/Pt-zeolites used in this study.

Zeolite Element  Results  Units sial ~ BETsurfacearea — Pore Volume
(m’/g) (em’/g)

Al 2.85 %

MOR Si 34.1 % 12.0 459 0.23
Pt - ppm
Al 5.08 %

Y Si 34.47 % 6.8 571 0.25
Pt - ppm
Al 2.88 %

Beta Si 36.51 %127 531 0.18
Pt - ppm
Al 3.41 %

Pt-MOR-800 Si 40.77 % 12.0 382 022
Pt 843 ppm
Al 5.05 %

Pt-Y-800 Si 34.61 % 6.9 542 0.24
Pt 873 ppm
Al 2.89 %

Pt-Beta-200 Si 36.45 % 12.6 437 0.13
Pt 220 ppm
Al 2.86 %

Pt-Beta-400 Si 36.22 % 12.7 417 0.12
Pt 412 ppm
Al 2.89 %

Pt-Beta-800 Si 37.66 % 13.0 457 0.13
Pt 829 ppm

3.1.3. Py-FTIR

The acid sites were investigated using the intensity of the Py-H' and Py-L peaks at ~ 1455
and 1545 cm™ to compare the effective acidity of the tested catalysts (Py-FTIR spectra are
available in the supporting information). The highest Bronsted concentration was observed for
MOR and therefore should be expected to favour transalkylation, whereas Y and Beta with

higher Lewis acidity and lower Bronsted might show increased disproportionation (Table 5).
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Both Beta and Y had similar Brensted and Lewis concentrations and therefore the effect of

structure on the reaction pathway should be observable.

Table 5: Acid site concentrations for the studied zeolites determined by Py-FTIR adsorption.

Zeolite Py-FTIR (mmol/g)
Brensted (B) Lewis (L) B/L
MOR 1.07 0.19 5.62
Y 0.37 0.56 0.66
Beta 0.46 0.47 0.98

3.1.4. X-ray Diffraction and Scanning Electron Microscope (SEM)

The XRD patterns of the calcined catalysts showed good crystallinity and purity (Figure 2)
and SEM analysis showed the varying particle sizes of the different zeolites (Figure 3).

Typically, the aggregate size for Beta was about 0.2 - 0.4 pm, 0.25 - 1.0 um for MOR and 0.5 -

1.0 pm for Y with no observable amorphous material.

Intensity (a. u.)

[ | | /] | v
b

MOR

10

20 30 40 50
2 theta

Figure 2: X-ray diffraction patterns for the catalysts used in this study.
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Figure 3: SEM images of zeolites MOR (a), Y (b), and Beta (c).

3.1.5. Chemisorption
The chemisorption results for Pt-Beta showed good Pt dispersion of 71 and 82 % for 400 and

800 ppm, respectively, with an average particle size of 1.3 nm (Table 6).

Table 6: Chemisorption Results for Pt-Beta.

Catalyst Metallic surface area (mz/g) Metallic dispersion (%) Avg. particle size (nm)
Pt-Beta-400 0.07 71 1.4
Pt-Beta-800 0.16 82 1.2

3.1.6. Transmission Electron Microscopy (TEM)
TEM bright field images of Pt-Beta800 catalyst (Figure 4) showed the average Pt particles to

be in agreement with the CO adsorption (shown as white dots located within the zeolite support)
with the average size of each Pt particle was found to be between 1.0 — 1.5 nm. With the
dispersed Pt cluster size typically of 1.3 nm and since the intra crystalline pore diameter of Beta
i1s 0.67 nm, the platinum must be predominantly located on the external crystalline surfaces of
the zeolite. The location and level of dispersion observed was in line with a previous study where
comparison of metal loading methods demonstrated much higher dispersion obtained when using

impregnation as opposed to ion exchange.”

ACS Paragon Plus Environment
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Figure 4: TEM (HADF) images showing Pt aggregates for Pt-Beta-800.

3.2. The effect of pressure on the catalytic activity of large pore zeolites
Conversion and xylenes yield were compared at 1 and 10 bar over MOR, Y, and Beta (Figure

5). The deactivation was investigated with time on stream, and as expected, at atmospheric
pressure the conversion of MOR dropped rapidly and after 50 h TOS was less than 2 wt. % with
<1 wt. % xylene yield. However, zeolites with a three-dimensional framework are less sensitive
to pore blockage from larger aromatics and coke precursors and hence showed less deactivation,
resulting in conversion over Beta and Y reducing to 24 and 29 wt. %, respectively after 50 h
TOS (Figure 5a). The yield of xylenes showed a similar trend to conversion with typical values
of 7 wt. % over Beta and 11 wt. % over Y after 50 h TOS (Figure 5b).

The three catalysts showed different deactivation behaviour on increasing the pressure to 10
bar. The pressure had had almost no effect in the case of zeolite Y where conversion after 50 h as
well as the yield of xylenes remained very similar to atmospheric pressure. This may well be due
to the large super cages trapping bulkier Cys and allowing bulkier coke precursors to form. This
is further supported with improved conversion and xylenes yield on the addition of Pt, discussed
later. Significant improvement in MOR was achieved at pressure as both Beta and MOR showed

much reduced deactivation resulting in 37 and 41 wt. % of conversion after 50 h TOS

ACS Paragon Plus Environment
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respectively (Figure 5c). The improvement in MOR could be attributed to reduced pore blockage

and coking as the pressure increased and hence access to the large amount of Brensted acidity

yielded much improved transalkylation. The xylenes yield remained the highest over Beta at 25

wt. % with MOR yielding around 20 wt. % (Figure 5d).
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Figure 5: Total feed conversion and xylenes yield over large pore zeolites at 1 bar (a, b) and 10 bar (c, d).
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3.3. The effect of pressure on the catalytic activity of Pt loaded large pore zeolites
Although the incorporation of Pt showed no effect on zeolite Y at atmospheric pressure, all

catalysts showed increased conversion as the increase in pressure led to enhanced adsorption of
toluene and TMB on the active sites.”> The increased pressure also enhanced the hydrogenation
of coke precursors with increased occupation of active sites by H, helping to maintain the
activity and lifetime of the bifunctional catalysts (Figure 6). Addition of Pt to MOR enhanced
activity at atmospheric pressure but the catalyst steadily deactivated from 55 to 25 wt. % within
30 h TOS. However, at higher pressure further reduced fouling/coking led to a significant
increase in conversion (56 wt. %) and improved stability.

Pt addition also further improved conversion over zeolite Beta (6 wt. % higher at 50 h TOS),
however, at elevated pressure there was a doubling of total feed conversion after 50+ h (Figure
6) and an enhancement in both toluene conversion (approximately 400%) and 1,2,4-TMB
conversion (40%, Table 7). As expected increased activity also resulted in increased light
products rising from around 0.2 wt. % for all runs carried out at atmospheric pressure to up to 6
wt. % of predominantly saturated C,-Cgs were produced at 10 bar with Pt-Beta-800 (Table 7).
The highest activity and stability were achieved with Beta but it is worth noting that very similar
yields of xylenes were obtained (40 wt. %) over Beta and MOR with slightly lower at 32 wt. %
over Pt-Y.

The effect of structure can be seen when comparing Cs — C;( aromatic products at elevated P
(Figure 7) with the more open Pt-Y with large alpha cages having approximately 2 — 5 times the
yield of bulky C;os (TeMBs) than Beta and MOR respectively. The difference between MOR
and Beta Cj¢s yield may be done to the increased transalkylation in MOR compared to Beta
where the much reduced Brensted acidity and more balanced B/L ratio may give rise to more

disproportionation. Although roughly equivalent in B and L acidity in Beta and Y, the higher

ACS Paragon Plus Environment
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Figure 6: Total feed conversion and xylenes yield over Pt-zeolites (800 ppm) at P=1 bar (a,b) and P= 10 bar (c,d).
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Figure 7: Product selectivity over MOR (a), Y (b), and Beta (c).

3.4.

Effect of reduced Pt loading

As the amount of Pt was reduced from 800 ppm on Beta, unsurprisingly the conversion

decreased (also see supplementary information). Interestingly though the overall yield of xylenes

remained the same for 400 and 800 ppm Pt (Figure 8) for only a small penalty on conversion.
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Figure 8: Total feed conversion (a) and xylenes yield (b) at T =400 °C, P =10 bar and WHSV =5 h! over zeolite Beta
(Si/Al = 12.5) with 0, 200, 400 and 800 ppm of platinum.
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Halving the Pt content on the other two large pore zeolites showed Y much more sensitive to
Pt reduction to 400 ppm, with an obvious deterioration in conversion with TOS as the ability to
hydrogenate coke precursors was insufficient and the catalyst began to deactivate. Whereas
MOR showed good stability with only a decrease of 5 wt. % in conversion whilst maintaining

the yield of xylenes very close to 40% similar to Beta (Figure 9).
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Figure 9: Total feed conversion (a) and xylenes yield (b) over Pt-zeolites (400 ppm) at P=10 bar.
3.5. Further consideration of product selectivity over Beta (1 and 10 bar)

3.5.1. Product Selectivity
Product selectivity was compared over Pt-Beta-800 (Figure 10) and at 1 bar, xylene

production was significantly decreased after 50+ h, whereas at higher pressure, xylene selectivity
remained relatively stable with time on stream around 64 wt. %. At ambient pressure, TMB
isomers (1,3,5- and 1,2,3-) increased with time resulting in 51 wt. % compared to only 16 wt. %
at the higher pressure. The TeMBs (1,2,3,4-, 1,2,3,5-, and 1,2,4,5-) were similar at around 8 wt.

% suggesting that the disproportionation reaction of 1,2,4-TMB was limited. Benzene showed
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initial selectivity of ~ 2.5 wt. % at 1 and 10 bar decreasing to 0.9 and 1.8 wt. % respectively. The
increase in benzene suggested that at pressure, the disproportionation of toluene to produce

benzene and xylene was favoured rather than the TMB disproportion to produce xylene and

TeMBs.
90 90
< Benzene
%0 | Pt-Beta-800-1bar OXylenes 0 | Pt-Beta-800-10bar
ATMBs
_70 70}
Q OTeMBs S
£60 | 5 60 E T
P =
=30 250 ¢
k3] k3]
;340 - §4o .
3] 23]
230 t 530
2 e
ﬁ-<20 - A 20 F
Lh————AA—ANAA
10 5
0 0 >—— 3858 080
0 10 20 30 40 50 60
Time-on-Stream (h) Time-on-Stream (h)

Figure 10: Product selectivity over Pt-Beta-800 at 1 and 10 bar.

3.5.2. Para-Xylene (p-Xylene) selectivity
The typical thermodynamic equilibrium values for the distribution of xylene mixtures are

(24% p-, 52-% m-, and 24% o-)’° and the experimental p-xylene selectivity at elevated pressure
falls within this range (Figure 11b). However, the selectivity to p-xylene was increased above the
thermodynamic equilibrium value as the conversion dropped at 1 bar (Figure 1la). The
enhancement of p-xylene selectivity could be attributed to increased diffusion limitation (e.g.

shape selectivity) which would be exacerbated by the increased coke formation.
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24 Figure 11: Selectivity to p-Xylene at 1 bar (a) and 10 bar (b) over zeolite Beta (Si/Al = 12.5) with 0, 200, 400 and 800 ppm

25 of platinum.

27 3.5.3. Efficiency of xylenes production
28 The efficiency of xylenes production was estimated (equations 2 and 3) for the feed of 1,2,4-

35 the selectivity of isomerization (1,3,5-TMB and 1,2,3-TMB) was calculated using equation 4.

39 E (toluene) =

44 E (TMB) =

0.5 (xylenes wt. %) product /106

%X 100
(toluene wt. Yopeeq — toluene wt. %product)/92

0.5 (xylenes wt. % 106
( y O)product/ % 100

(1,2,4TMB wt. %peeq — 1,2,4TMB Wt. %proquct )/ 120

1,3,5TMB wt. % + 1,2,3TMB wt. %
x 100

Sic =
50 is0 ™ (1,3,5TMB wt. % + 1,2,3TMB wt. % + 1,2,4TMB wt. %)

TMB and toluene, with the assumption that one mole of toluene (which is in excess in this

33 reaction) reacted with one mole of 1,2,4-TMB to produce two moles of xylenes®'. In addition,

(2)

(3)

4)

53 The TMB and toluene efficiency levels to produce xylenes as a function of time-on-stream are
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stream (2 h) but then decreased gradually for toluene and significantly for TMB as the catalyst

deactivated. However, at elevated pressure, the TMB remained relatively stable at 70% and

although decreased overall, the toluene efficiency level was stable at 56%. Undesirable

isomerization of TMBs, leading to bulkier 1,2,3 and 1,3,5 isomers and deactivation, did not

increase as the catalyst remained active whereas the selectivity increased to 70% at ambient

pressure mirroring the decline in xylene production from TMB (Figure 12a & c).
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Figure 12: Effect of pressure on xylenes production efficiency from toluene (a) and 1,2,4-TMB (b), and the selectivity to
isomerization (c) over Pt-Beta-800 at T =400 °C and WHSV =5 n.

Table 7: Product distribution over zeolite Beta in the transalkylation of toluene with 1,2,4-TMB at 1:1 w/w, TOS=50 h

(T=400 °C, WHSV 5.0 h'', H2/HC = 4.0).

Pt loading (ppm) 0 200 400 800 400 800
P (bar) 1 1 1 1 10 10

Conversion (wt. %)
1,2,4-TMB 40.12 47.59 46.18 45.58 65.44 64.11
Toluene 9.12 6.33 16.75 16.28 51.05 59.74
Product distribution (wt. %)
Light products (C; — Cy) 0.16 0.16 0.10 0.19 3.43 6.02
Benzene 0.19 0.19 0.23 0.28 1.15 1.12
Toluene 47.58 48.39 40.82 42.08 24.00 20.02
p-xylene 2.06 2.72 3.42 3.30 9.45 9.49
m-xylene 3.26 4.42 6.37 6.30 20.68 20.91
o-xylene 1.65 2.29 3.02 2.83 9.01 9.11
Total xylenes 6.97 9.44 12.81 12.43 39.13 39.50
1,3,5-TMB 11.71 11.02 11.62 11.78 7.33 7.51
1,2,4-TMB 28.25 25.34 2743 27.07 17.62 18.05
1,2,3-TMB 3.86 343 3.96 3.75 2.54 2.60
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TeMBs 1.28 2.04 3.04 2.41 4.81 5.18
Cg/Cg (Wt/wt) 36.09 50.27 55.94 43.76 34.12 35.17
Xylene isomers (%)

p- 29.53 28.85 26.70 26.55 24.14 24.02
m- 46.86 46.86 49.70 50.67 52.84 52.93
o- 23.61 24.29 23.60 22.78 23.02 23.05
Coke wt. % 949+0.2 682401 6.13+0.2 6.09£0.2 525+02 4.55+0.2

4. Conclusions

The catalytic performance of both H-form and Pt-loaded zeolites: Beta, MOR, and Y were
investigated and their conversion and xylenes yield were highest at increased reaction pressure
with low levels of Pt impregnation. The effect of pressure enhanced the adsorption of toluene
and TMB on the active sites increasing the performance of all catalysts with significant
improvement shown by MOR as the hydrogenation of coke precursors prevented the blockage of
the unidimensional 12 ring pore structure. The overall activity of all catalysts was similar with
the order of activity being Beta > MOR > Y. The addition of Pt enhanced further the conversion
and stability, however, the increased hydrogenation of aromatics yielded more light saturated
products. Although the highest conversion was observed with 0.08 wt. % Pt Beta (62 wt.%),
activities were within 10 wt. % in the order Beta > MOR > Y with Beta and MOR yielding
similar levels of xylenes (40 wt.%). The more open zeolite Y produced less xylenes (32 wt.%)
and was more sensitive to reduced metal loading as higher levels of isomerization generated
bulkier aromatics and disproportionation yielded higher levels of TeMBs in the order Y > Beta >
MOR.

The level of metal loading was optimised with the aim of reducing catalyst costs whilst
maintaining the desired stability and highest xylenes yield (Figure 13). Lowering the Pt loading

to 0.04 wt. % demonstrated that both Beta and MOR gave very similar xylenes yield for only a
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slight drop in overall activity of MOR. This work is being extended to investigate the effect of

alumina binder on activity and selectivity and with a blended C9/C10 feed.
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Figure 13: Total feed conversion (a) and xylenes yield (b) at TOS= 50h vs the Pt loading.
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