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ACTIVATION INFLUENCE ON CATALYTIC ACTIVITY OF CATALYSTS, MODIFIED
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Catalytic activities of synthetic zeolite (SiO,/Al,0;=18) — mordenite, modified by metal cations (Pd**,
Ni?*, Co?*, Nd*, Mo, Zr**, Nb®") activated under different air stream conditions in the temperature
range of 300-420°C in disproportionation reaction of toluene to benzene and xylenes were studied. It
was found that mordenite zeolite catalysts comprising Pd**, Ni** and Nd** cations are more active than
the catalysts containing Co?*, Mo®", Zr**, Nb**. It has been established that in conditions under study the
samples activated in dry-wet air medew (by joint of toulene and xylene) display the most activity and

selectivity.
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Zeolite mordenite catalyst exhibits more
activity and selectivity than faujasite type zeo-
lites in disproportionation reaction of toluene
[1, 2]. For toluene disproportionation reactionit
is possible to receive highly active and highly
selective catalysts at molar ratio in zeolite mor-
denite catalyst SiO,:Al,O3 within frame of cati-
ons into it [3-5].

One of the important prospective meth-
ods of regulating activity and selectivity of zeo-
lite catalysts is their calcination under various
conditions. But, influence of calcination on the
activity of a metal-containing mordenite zeolite
catalyst in this reaction has not been studied
sufficiently [3].

The main goal of the work is to study the
effect of calcination of zeolite mordenite cata-
lysts modified with different metal cations on
their activity in toluene disproportionation reac-
tion.

Experimental part

Modification of zeolite H-mordenite
(Si02:Al,03=0=18) with cations of different
elements (Pd®*, Ni**, Co?*, Mo*, Nd*, zr*,
Nb>*) was performed in their sold of chloride
and nitrate solution using ion-exchange tech-
nique. Preparation of zeolite H-mordenite
(a=18) is given in the work [4]. Modification

with Pd*? ions was performed in the solution of
[Pd(NH3)4]Cl, complex salt. Mo H-mordenite
catalyst was prepared with using para-
ammonium molybdate salt solution by absorp-
tion method. The content of metal cations in
zeolite is about 1.0% of a zeolite mass.

After drying synthesized catalysts (100
120° C, 8-10 h) they are thermally treated at
350°C (5 h) and 500°C (3 h). Prepared catalyst
samples are pressed, then granules with sizes of
0.25-0.7 mm are separated into fractions. The
process is carried out in U-shaped flow type
reactor, in the temperature range of 300-420°C,
in flow rate of 3.1 h™, Hy:CH(toluene)-3:1 mo-
lar ratio, under atmospheric pressure. VVolume
of catalyst samples in the reactor is 3 cm®, sizes
of granules are 0.25-0.63 mm. The reactor is
placed into a thermostat equipped with an elec-
tric ventilator and after treating the catalyst at
400°C for 10 I/h in dry (d) (dried before in sili-
cagel then NaX zeolite for 3 h), wet (w) (in
50% of water steam with air for 3 h), wet-dry
(wd) (50% of water steam air mixture for 2 h,
on dry air for 1 h) and dry-wet (dw) (on dry air
for 1 h, wet air for 2 h) air stream conditions
argon gas is supplied into the system for 5-10
min (1.0 I/h) and at the same temperature it is
reduced with hydrogen (8.0 I/h) for 3 hours and
the temperature is regulated according to the
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temperature of the experiment, and using NE-
1600 microdosator toluene is passed with a vol-
ume rate to a mixer regulated with thermoregu-
lator XMDT-6000 placed in a thermostatic
chamber heated with electric spirals.

Hydrogen is supplied into a mixer from a
separate line. Stable temperature is regulated
using microelectronic thermoregulator in a ther-
mostat. After toluene and hydrogen are supplied
to a mixer toluene passes to a gas phase and
toluene-hydrogen mixture enters to the reaction
zone through the entrance of the reactor.

Analysis methods of primary reagents
and products are given in the work [4]. After
the experiment is finished argon gas is supplied
with 2-3 I/h rate for 10-15 min and calcinated
in air flow at 500°C for an hour to extract the
reaction products from the reactor.

Results and discussion

First the effect of thermal treatment of
mordenite zeolite catalysts modified with dif-
ferent metal cations (Pd®*, Ni®*, Co?*, Nd**) in
dry, wet, dry-wet air stream condition on their
catalytic activity in disproportionation of tolu-
ene at 350°C in V=3.1 h?, Hy:CH=3:1 was
studied (Table 1.)

As Table 1 shows, mordenite zeolite
catalysts modified with different metal cations
exhibit various activity in disproportionation of
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toluene depending on calcination method. It
was determined that catalyst samples treated in
dry-wet air stream condition exhibit higher ac-
tivity and selectivity than catalyst samples
treated in dry, wet, wet-dry air stream condi-
tions. As a result of the reaction trimetylben-
zenes (TMB) and non-aromatic (Non-ar) hydro-
carbons are formed together with the target
products — benzene and xylenes. Thus, conver-
sion of toluene in the samples treated in dry-wet
air stream condition is 41.2-44.2%, joint yield
of benzenes and xylenes is in the range of 37.2—
42.5% (selectivity of the process — 90.3—
96.2%), conversion of toluene in samples treat-
ed in dry air stream condition is 30.4-35.2%,
joint yield of benzenes and xylenes is 11.3—
18.8% (selectivity of the process — 37.2-56%).

It should be noted that the yield and
selectivity of benzene and xylenes in the
samples calcinated in wet-dry air stream
condition are higher than in the samples treated
in dry and wet air stream conditions. If the
selectivity is in the range of 85.5-89-2% and
the joint yield of benzenes and xylenes is in the
range of 33.9-37.3% in the samples treated in
wet-dry air stream condition, these indicators
are 62.1-81.3% and 23.1-30.5% in the samples
treated in wet air stream condition, correspon-
dingly.

Table 1. Catalytic activitie of the catalysts calcinated in dry, wet, wet-dry and dry-wet air stream condition at 400°C in
disproportionation of toluene, T=350°C, V=3.1 h™*, H,/CH=3:1

Yield of reaction products, % Selectivity % . .
Cata- Conver- Yield of | Selectivity for
lysts |benzene|xylenes| TMB not?c-ar sion, % | benzene | xylenes | TMB nor?(;ar S Xy+b, % | Y Xy+h, %
Kid | 10.2 86 |113| 35 33.6 30.4 256 | 336 | 104 18.8 56.0
K, d 8.1 6.8 | 152 | 4.1 34.2 23.7 19.9 | 444 | 120 14.9 43.6
Ksd 6.2 5.1 14.5 4.6 30.4 20.4 16.8 477 15.1 11.3 37.2
K,d 8.3 81 |146| 42 35.2 23.6 23.0 |415] 119 16.4 46.6
Kiw | 157 | 148 | 5.1 1.9 37.5 41.9 395 |136| 51 30.5 81.3
Kow | 141 | 126 | 8.2 3.5 38.4 36.7 328 214 91 26.7 69.5
Ksw | 129 | 102 | 103 | 38 37.2 34.7 274 | 277 ] 10.2 23.1 62.1
Ksw | 147 | 116 | 8.3 3.5 38.1 38.6 304 |218| 9.2 26.3 69.0
Kiwd | 195 | 17.8 | 3.3 1.2 41.8 46.7 42.6 7.9 2.9 37.3 89.2
Kowd | 183 | 164 | 4.0 1.9 40.6 45.1 40.4 9.9 4.7 34.7 85.5
Kswd | 18.1 15.8 4.1 1.1 39.1 46.3 40.4 10.5 2.8 33.9 86.7
Kswd | 19.1 | 16.1 | 35 0.9 39.6 48.2 40.7 8.8 2.3 35.2 88.9
Kydw | 23.1 19.4 1.5 0.2 44.2 52.3 43.9 3.4 0.5 42.5 96.2
Kodw | 209 | 182 | 3.7 0.3 43.1 48.5 42.2 8.6 0.7 39.1 90.7
Ksdw | 194 | 178 | 3.6 0.4 41.2 47.1 43.2 8.7 1.0 37.2 90.3
Ksdw | 208 | 176 | 3.2 0.2 41.8 49.8 42.1 7.7 0.5 38.4 91.9

K;—Pd Hm, K, — Ni Hm, K3 — Co Hm, K, — Nd Hm.
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The vyield of TMB and Non-ar
hydrocarbons decreases in reaction products in
the samples calcinaned in wet-dry and dry-wet
air stream conditions and the selectivity of the
reaction increases (Table 1).

Regardless of calcination condition the
samples modified with Pd** and Ni* cations
exhibit higher activity and selectivity in
disproportionation reaction of toluene than
other MeHM (Nd, Co) samples (Table 1).

In the following studies the influence of
temperature on catalytic activity of H-mordenite
zeolite catalysts modified with different metal
cations calcinated in dry-wet air stream
condition in disproportionation of toluene was
studied. The results are shown in Table 1 and 2.

As Table 1 and 2 show when the temperature
increases from 300 to 400°C in metal-
containing  H-mordenite  zeolite = samples
conversion of toluene and joint yield of benzene
and xylenes increase (Figure).

The subsequent increase (420°C) of
temperature does not essentially influence on
joint yield of benzene and xylenes (Table 1).
But zirconium- and niobium-containing zeolite
mordenite catalysts exhibit a high activity at
400°C in disproportionation reaction of toluene
and due to joint yield of benzene and xylenes
and selectivity of the reaction it is found to be
higher than cobalt- and molybdenum-containing
samples (Table 2).

Table 2. The influence of temperature on activity of H-mordenite zeolite catalysts, modified with transition element
cations calcinated in dry-wet air stream condition in disproportionation of toluene. V=3.1 h™*, H,/CH=3:1

Element cations Tempegature Yield of reaction products, % Selectivity for

C Benzene Xylenes TMB Non-ar hc >Ks+B, %
300 16.5 20.1 0.5 0.0 98.7
Pd? 350 194 23.1 1.5 0.2 96.2
400 21.4 23.7 3.1 0.4 92.8
300 14.8 18.7 0.9 0.0 97.4
Ni%* 350 18.2 20.9 3.7 0.3 90.4
400 20.6 23.7 53 0.5 88.4
300 13.6 17.8 0.8 0.0 97.5
Co* 350 17.8 19.4 3.6 0.4 90.3
400 195 20.3 5.2 0.8 86.9
300 12.8 17.7 0.7 0.0 97.8
Mo®* 350 16.6 19.8 34 0.3 90.8
400 18.4 21.1 4.8 0.5 88.2
300 14.1 18.1 0.6 0.0 98.2
Nd** 350 17.6 20.8 3.2 0.2 91.9
400 19.7 22.7 4.1 0.5 90.2
" 350 10.4 131 1.6 1.0 93.3
21 400 20.2 224 3.8 0.3 91.2
Nb®* 350 8.9 12.6 1.7 0.2 91.9
400 18.3 21.8 4.2 0.3 89.9
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Dependence of toluene conversion (a, x) and joint yield of benzene and xylenes (b, A)
on the temperature in disproportionation of toluene on metal zeolite catalysts. V= 3.1

hlH,/CH=3:1. # -Pd: m -Ni; & -Nd

But increase of reaction temperature
causes the high yield of by-products (TMB and
Non-ar hydrocarbons) and the selectivity of
reaction decreases.

Thus, the results suggest that the activity
and selectivity of a metal zeolite catalyst in
disproportionation reaction of toluene can be
regulated by calcinating them in dry-wet and
wet-dry air stream conditions.

References

1. TCybulevskii A.M., Pak P.M., Zolotareva Z.V.
Disproportcionirovanie toluola na nikel dealiumi-

;A -Co : O-Mo

nirovannom mordenite. Neftehimiia. 1990. T. 20.
Ne 3. S. 372-380.

2. Butler I. R., Xiao X., Hall Rosa. Toluene
disproportionation catalyst, Pat. US 20100041934
Al. 2010.

3. Pat. 4956511 US. Toluene disproportionation
process / Butler I. R., Randall J. Curtis. 1990 .

4. Oliyev AM, Agayev V.S, Saricanov 9.0. Miix-
talif silikat modullu H-mordenit seoliti lizerinda
toluolun benzol va ksilollara disproporsionlagmast
/l Kimya Problemloari. 2018. Ne 2. S. 239-244.

5. Hak Sung LEE, Byung Kyu Kim. Bok Soo Park.
Toluene disproportionation over metal loaded
mordenites // Korean J. Chem. Eng. No 4. 1990.
P. 243-249.

TOLUOLUN DiSPROPORSIONLASMA REAKSIYASINDA SINTETIK SEOLITIN - METAL
KATIONLARI IL® MODIFiKASIYA OLUNMUS MORDENITIN KATALITIK FOALLIQLARINA
AKTIVLOSMONIN TOSIRi

A.M.9liyev, V.S.Agayev, 9.9.Saricanov, R.Y.Mirzayeva, S.R.Mammoadova

Toluolun benzol va ksilollara disproporsionlagsma reaksiyasinda miixtslif hava miihitinds aktivlogmis metal katalionlar
ilo (Pd*, Ni**, Co*, Nd*, Mo*, zr*, Nb>*) modifikasiya olunmus sintetik mordenit seolit (SiO,/Al,05=18) —
katalizatorlarinin 300—420°C temperatur intervalinda katalitik foalliglar todqiq edilmisdir. Gosterilmisdir ki, torkibindo
Pd?*, Ni%" vo Nd*" kationlari saxlayan seolit mordenit katalizatorlari Co%, Mo*, Zr**, Nb®" torkibli katalizatorlara
nishoton yiiksok foalliga malikdirlor. Miioyyan olunmusdur ki, todqiq olunan reaksiyada benzol vo ksilollarin birgo
ciximi va selektivliyi quru-nam hava miihitinds aktivlesmis katalizatorlarda maksimum olur.

Agar sozlar: disproporsionlasma, toluol, seolit, mordenit, benzol, ksilollar, kation, aktivlagsma, modifikasiya.
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BJIMSAHUE AKTUBAIIMA HA KATAJIMTUYECKYIO AKTUBHOCTh CHUHTETHYECKOI'O
HNEOJIUTA - MOPAEHUTA, MOAUPULINPOBAHHOI'O KATUOHAMMU METAJIVIOB, B PEAKIIUU
JUCITPOIIOPIIMOHUPOBAHMUSA TOJYOJIA

A.M.Anues, B.Ill.Araes, A.A.Capsbir:kanon, P.JO.Mup3oesa, C.P.MamenoBa

HccenoBaHo BIMSHUE aKTUBALMM Ha KaTaJUTHYSCKHE CBOWCTBA KaTaJIM3aTOPOB, MOAWU(UIMPOBAHHBIX KaTHOHAMH
meramos (Pd*?, Ni%*, Co®, Nd**, Mo*, Zr**, Nb*), cumrermueckoro meomnra, mMopaennta (SiO./Al,0;=18) — B
PeaKIyy AUCTIPOTIOPIMOHMPOBAHHS TONYOJIa B GEH30J M KCHIIONBI B MHTepBane Temmeparyp 300—420°C. Haiinero, 4to
KaTanu3atopsl, Moxudumposanuse katronamu Pd™?, Ni* u Nd** neonnra, MopiennTa MpOSBIAIOT OTHOCHTENBHO
6oltee BHICOKYIO AKTHBHOCTh I CEEKTHBHOCTD 10 CPABHEHHIO C 0OPA3LOM MOPICHHTA, Copepkaiiero karnons Co?
Mo**, Zr**, Nb®*. YcraHoBIeHO, 94TO B H3YUCHHBIX YCIOBHAX HAHGOMbIICH AKTHBHOCTHIO (II0 BEIXOY CYMMbI OEH30I 1
KCHJIOJIBI) U CEJIEKTHBHOCTBIO 00JIalatoT 00pa3Iibl, aKTHBUPOBAHHBIE B CYX0-BIaXXHOH cpesie BO3ayXa.

Knrouesvie cnosa: oucnponopyuoHuposawie, moryolu, yeoaum, MopoeHum, OeH3on, KCUNONbl, KAMUOH, AKMusayus,
MoOuurayusi.
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