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ISOMERIZATION OF M-XYLENE OVER THE MODIFIED NATURAL MORDENITE
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In the temperature range of 300-400 C in a fixed bed continuous flow type quartz reactor in
the presence of hydrogen, the regularities of the transformation of m-xylene in the presence of H-
and cationic forms of natural mordenite modified with transition metals were studied. It is shown
that in the presence of H-mordenite, m-xylene undergoes isomerization to p- and o-xylenes in app-
roximately equal amounts. Paraselectivity of the catalyst is 53.3%. Transition metal cations (Gd3+
Ni2+ Mn2+) exerting a promoting effect directs the transformation of m-xylene towards the forma-
tion of p-xylene, which leads to an increase in the paraselectivity of the catalyst. The maximum pa-
raselectivity (77.6%) is achieved over the 0.74 Ni-mordenite at 450° C.

Keywords: natural mordenite, isomerization, Mn, Ni, Gd, xylenes, paraselectivity

INTRODUCTION

Xylenes, especially n-xylene, are valuable semi-products of petrochemistry and can be used
for production of the terephthalic acid, polyethylene terephthalate, fibers, plasticizers, and other va-
luable products [1-4]. The main source of xylenes production is aromatic fraction of hydrocarbons
that is generated by catalytic reforming and cracking of petroleum distillates. For an additional reso-
urce increase of n-xylene, isomerization of m-xylene on zeolite-containing catalysts at atmospheric
pressure and under hydrogen pressure in the temperature range of 425-485° C is important [5-8].
Halloysite, MCM-41, mordenites, high silica zeolites, such as ZSM-5 act effectively in the isomeri-
zation of the xylenes.

Recently, catalysts of natural zeolites are of great importance in the transformation of the
alkyl-aromatic hydrocarbons. We have lots of reserves of these minerals, and physiochemical pro-
perties allow to replace expensive synthetic zeolites.

Specific and unique properties of natural zeolites, also possibility of modifying them by ion
exchange with transition metal cations, stimulates works focused on the development of new effec-
tive catalyzers (based on natural zeolites) and transformation of the alkyl-aromatic hydrocarbons.

The purpose of this work is to study patterns of transformation of m-xylene over the natural
mordenite modified by transition metal cations.

MATERIAL AND METHODS

The natural zeolite mordenite (SiO,/ Al,O3 = 8.68) from the Chananab deposit of the Repub-
lic of Azerbaijan was used to prepare the catalysts. Modification of natural mordenite was carried
out by ion exchange. Mordenite by ion exchange with a 1 N solution of NH 4 Cl was transferred to
NH 4 - shape. For conversion to H - form NH 4 - the zeolite form was calcined at 550 °C within-ho 4
urs[6 ].

Cationic forms of mordenite were obtained by triple ion exchange of the initial zeolite with
2% solutions of gadolinium, manganese and chromium nitrates at pH = 4.5-6.7 and a temperature of
80 ° C. One stage lasted 2 hours. After completion of the ion exchange, the zeolite was washed with
distilled water until the absence of NO 3 “ions, dried in air (14 h), in an oven at 110 ° C(4 h), and
calcined in a muffle furnace at 350 ° C and 550 °C respectively 2 hours. The degree of ion exchan-
ge in the zeolite for cations was, % (eq .) Gd - 78; Mn - 70, Ni -74.
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The experiments were carried out in a fixed bed reactor (4 cm *) in the temperature range
300450 ° C, m-xylene transfer volume rate equal to 1.0 h *, pressure 1.0 atm. The molar ratio of
hydrogen: xylene =3:1. The reaction products were analyzed by chromatographic method.

RESULT AND DISCUSSION

Isomerization of m-xylene enhanced by the presence of H and cation forms of natural morde-
nite shows different outcomes based on the temperature dependence of reaction. H form was prefe-
rably experienced the selectivity between 300-350° C. Respective total conversion of m-xylene to
p- and o- xylene fluctuates between 16.7 - 24.6 wt. %. Temperature growth up to 452° C enhances
total conversion to 36 %. Temperature grows from 300 to 450° C conversion percentage of p-xyle-
ne increases from 8.2 to 19.2 wt. % and from 7.9-16.8% for o-xylene (Fig.1).
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Fig. 1. Temperature Dependence of p-xylene and o-xylene yield during isomerization of
m-xylene over 0.83 H Mordenite

Zeolite type mordenite containing transition metal of Gd demonstrates the intensive involve-
ment over the isomerization of m-xylene. General observation is more based on the enhancement of
p-Xxylene conversion rate during the application of previously indicated catalyst. Additionally, con-
venient temperature gap for proper implementation of this catalyst stands for 300-450° C interval.
Conversion of p-xylene for that special condition accounts for 14.8-24.8 wt. % (Fig.2). Among the
liquid products, amount of o-xylene floats near to 9 % (8.7-9.7 %).
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Fig. 2. Temperature dependence of p-xylene and o-xylene over 0.78 Gd Mordenite

Almost the same behavior is observed via application of Ni and Mn separately based on
catalyst of mordenite. 0.74 Ni Mordenite catalyst presence makes the reaction to proceed with the
conversion of m-xylene to p-xylene which increases from 18.6 % to 27.7 wt. % caused by the
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temperature growth from 300 to 450° C. The same catalyst activity towards the formation of o-
xylene from isomerization of m-xylene is non-critical because it increases the conversion rate from

7.2t08 wt. % (Fig.3).
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Fig. 3. Temperature Dependence of p-xylene and o-xylene over 0.74 Ni Mordenite

In comparison with 0.78 Gd Mordenite and 0.74 Ni — mordenite catalysts, 0.70 Mn - mordeni-
te catalyst demonstrates slightly lower activity towards isomerization of m-xylene. Application of
0.7 Mn Mordenite makes it possible to rise the conversion of m-xylene to p-xylene in temperature
rate 300-450°C to 11.3-21.2 wt. %, yield of o-xylene constitudes 3.2- 8.2 wt. % (Fig.4). The main
driving force observed is the presence of modifications on process parameters of which temperature
is the most important. It is obvious from the obtained results that unmodified H-mordenite presence
makes it possible to convert m-xylene to the direction of production of p and o-xylene. Selectivity
between o and p — Xxylene production is differed by the application of cationic form of mordenit
which favor direction of p-xylene formation.
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Fig. 4. Temperature Dependence of p-xylene and o-xylene over 0.70 Mn Mordenite
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Figure 5 below shows the activity and selectivity of different catalysts in 450°C on o and p —
xylene production on mass basis.
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Fig. 5. Para Selectivity % for different mordenite catalysts

Based on the selectivity analysis, it is obvious that modified version of mordenites with transition
metal group representatives make the p-xylene conversion enhancement from the isomerization of m-
xylene. Least favorable behavior is observed for H-mordenite application 53.3 % for isomerization of
m-xylene whereas most desirable activity involved utilization of Ni based catalyst (77.6 %). The order
of para selectivity could be arranged in the following way based on the recent outcomes:
Ni- mordenite > Gd- mordenite > Mn-Mordenite > H-mordenite.
Eventually, application of natural mordenite cation forms shows a great selectivity towards for m-
xylene isomerization. Together with this, they also demonstrate great compatibility on governing
maximum paraxylene production amount.

CONCLUSION

Stated work includes the investigation of conversion of m-xylene into value added p and o-
xylene species with the help of synthesized forms of mordenites combined with H and transition
metals. Together with advances on conversion , chemical and catalytic characteristics of mentioned
type mordenite catalysts were determined for creating large question mark on applicability of them
into new processes. It was found out that p-xylene formation from isomerization of m-xylene was
enhanced by the use of zeolite type H-modernite catalysts.Morever, applying differnt sources of ca-
talyst being as modified versions of mordenites with transition metals conversely helped to maximi-
ze the conversion of m-xylene not only to p-xylene but also to o-xylene. Among transition metal
type mordenite catalysts,combination with Ni showed the greatest activity on conversion of m-xyle-
ne to p-xylene with enhanced selectivity being as 77.6 %.
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MODIFIKASIYA OLUNMUS TOBIi MORDENITIN ISTRAKINDA
M-KSILOLUN iZOMERLOSMOSI

A.Z. Mammadova, I.9. Qurbanh

300-400°C temperatur diapazonunda stasionar layda fasilosiz axin tipli kvars reaktorunda hid-
rogenin gazinin axininda tobii mordenitin H- vo kegid metallarla modifikasiya olunmus kation for-
malarinin istiraki ilo m-ksilolun ¢evrilmo ganunauygunluglar: dyronilmisdir.
Gostorilmisdir ki, H-mordenitin istirakinda m-ksilol izomerlosmays moruz galarag toxminon bora-
bor galaraq toxminon barabor miqdarda para vo orto ksilola ¢evrilir. Katalizatorun para segiciliyi
53.3 % toskil edir. Kegid metal kationlarin (Gd*" , Ni?*,Mn®*) mordenit zeolitino premotorlasdirici
tosir gostararok m-ksilolun ¢evrilmasini asason p-ksiolola istigamatlondirarak onun parasegiciliyini
artirtr. Maksimal parasegicicilik (77.6 %) 0.74 Ni-mordenit katalizatorunun istirakina nail olunur.

Acar sozlar: tobii mordenit, izomerizasiya, Mn, Ni, Gd, ksilollar, parasecicilik

N30MEPU3AIIUA M-KCUIOJIA HA MOIUPUIINPOBAHHDBIX
MNPUPOJHBIX MOPJAEHUTAX

A.3. Mamenosa, U.A. I'ypOaniibl

B nntepBane remneparyp 300-400° C B pOTOYHOM YCTAaHOBKE B IPUCYTCTBHH BOJIOPOJA H3YUEHBI
3aKOHOMEPHOCTH TIPEBpAICHUS] M-KCHWJIONa B TMPUCYTCTBHM H- M KaTHOHHBIX (HOPM TPUPOTHOTO
MOp/ICHATa MOJU(UIMPOBAHHBIX TEPEXOMHBIMU MeTaulamu. [lokazaHo dro B mpucyrctBum H-
MOPJICHUTAa METaKCHJION TMPUMEPHO B PABHBIX KOJIWYECTBAX IMOJBEPracTcs M30MEpU3allid B M- U O-
kcmtoniel. [lapacenekTMBHOCTD KaTamm3aropa coctaBisier 53.3%. KatnoHsl epexoiHbIX METaIoB (Gd3+
Ni** Mn?") okasbiBasi MPOMOTHPYIOIIEE BIMSHHE HAIPABISCT MPEBPAIICHHE M-KCIIONA B CTOPOHY
0o0pa3oBaHMsl TII- KCWJIOJA YTO TIPUBOAMT B YBEIMUYCHHIO MAPACEIEKTUBHOCTH KaTall3aTopa.
MakcrMarbHas apacesieKTHBHOCTD (77.6%) nocturaercs Ha 0.74 Ni- mopnenut mpu 450° C.

KiroueBblie ciioBa: npupoonsiii mopoenum, uzomepusayus, Mn, Ni, Gd, xcuronsi, napace-
JIEKMUBHOCHb
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