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ALKYLATION OF TOLUENE WITH ISOPROPANOL ON ZSM-5 TYPE ZEOLITE
MODIFIED BY RARE-EARTH METALS
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Abstract: Influence of rare-earth elements (La, Ho, Yb, Pr) on acidic,textural and catalytic properties of
ZSM-5 high-silica zeolite in the reaction of toluene alkylation with isopropanol was studied in the
temperature range of 250-350 ° C in a flow unit of ideal displacement. It revealed that the nature of rare
earth metal in zeolites ZSM-5 plays a crucial role in its para-selectivity and catalytic activity. Maximum
selectivity with respect to cymols is achieved on a Yb modified zeolite and is 70.5%. The highest para-
selectivity is displayed by La modified zeolite to make up 72.4%. It found that rise in selectivity for cymol
is due to decrease in concentration of strong acid centers, rise in proportion of acid centers of moderate

strength, as well as changes in the porous structure of the zeolite due to its chemical modification.
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Introduction

Alkylaromatic hydrocarbons are widely
used in petrochemical and organic syntheses.
Isopropyltoluenes  (cymols) obtained by
alkylation of toluene with isopropanol in the
presence of Friedel-Crafts acidic catalysts are
used to produce iso- and terephthalic acids,
cresols and other important products of
organic synthesis [1,2]. Acid catalysts used in
industry make it no possible to obtain a p-
isomer enriched mixture of cymols. These
catalysts have low stability, undergo no
regeneration and pollute the environment.
Conducting such a process at one stage on
solid acid catalysts, corrosion-resistant and
environmentally friendly is an important and
urgent task. Therefore, much attention has
recently been paid to the creation and

introduction of zeolite catalysts for alkylation
of aromatic hydrocarbons with olefins and
alcohols [3-5]. Zeolite catalysts are replacing
traditional homogeneous acid and
heterogeneous oxide catalysts everywhere [6-
8]. A very promising direction of zeolite
alkylation was discovered due to the
development of syntheses of high-silica
zeolites such as ZSM-5 have a three-
dimensional channel structure with two
different channels and 10-membered oxygen
rings with pores of size 0.53x0.56 nm [9].

The purpose of this report was to study the
influence of rare-earth elements (REE) (La,
Ho, Yb, Pr) on physicochemical and catalytic
properties of ZSM-5 type zeolite in the
alkylation of toluene with isopropanol.

Experimental part

For the study, a high-silica zeolite of the
type of a ZSM-5 with a molar ratio SiO, /
Al,O3 = 58 was used and then converted by ion
exchange into the NH4-form according to the
procedure described previously [10].

The H-form of the zeolite was obtained
by thermal decomposition of the NH4-form at
500°C for 4 hours. Catalysts modified with 5.0
wt% REE were obtained by impregnating the
H-forms of the zeolite with an aqueous
solution of nitrates La, Ho, Yb, Pr at 80°C for

6 hours. Samples were dried in air for 16
hours, then 4 hours in an oven at 110°C, and
finally calcined for 4 hours at 550°C.

The acidic properties of the modified
zeolites were studied through ammonia
thermal desorption. The porous structure of the
samples was studied by means of low-
temperature nitrogen adsorption at 77 K using
the ASAP-2000 unit of Micromeritics.

Before the experiment, the catalysts
were activated in air flow at a temperature of
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550°C for 1 hour, then lowered a temperature
to 400°C and hydrogen was supplied for 1
hour. Experiments were carried out on a flow-
type installation in a quartz reactor with a
stationary catalyst bed and a volume of 4 cm®
at an atmospheric pressure in the presence of

hydrogen in the temperature range 250-350°C,
bulk flow rate of 2h™ at a molar ratio of C;Hs:
I-C3H;OH: H; equal to 2: 1: 2. Analysis of the
reaction products was performed by gas-liquid
chromatography [10].

Results and its discussion

Table 1 presents data on the activity and
selectivity of HZSM-5 in the reaction of
toluene alkylation with isopropanol. It is clear
that as reaction temperature rises from 250° C
to 350°C, the conversion of toluene increases
from 8.8 to 27.1 mass%. The reaction products
consist of benzene, cymols, propyltoluenes, C5
+ aliphatic hydrocarbons and alkylaromatic
hydrocarbons Cs .. Alkylation is accompanied
by side reactions of transalkylation and

isomerization of alkylation products, as well as
dehydration of isopropanol, oligomerization of
the resulting propylene followed by cracking
and flavoring the resulting olefin fragments.
As the reaction temperature increases to
330°C, the yield of by-products increases and
the content of p-cymol in the mixture of
cymols decreases from 43.8% to 33.7%, i.e.,
isomerization of p-cymol to m- and o-cymols
occurs.

Table 1. Composition of toluene alkylation products with isopropanol on HZSM-5

t,°C Conversion, wt.% Selectivity for products in catalyzate,% Isomeric
composition of
cymols,%
toluene | isopro- | ben- | cymols | propyl- | Cs+aliph. | ArH | m p 0
panol zene toluenes | hydro- Cas+
carb.
250 |8.8 94.2 0.3 52.5 33.3 12.4 15 50.8 |43.8 | 5.4
300 |195 99.1 25 56.4 30.2 8.8 5.1 53.2 |40.3 | 6.5
330 |27.1 99.7 3.1 55.8 29.0 6.2 5.9 58.2 | 33.7 | 8.1
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Fig. 1. Dependence of selectivity for cymols on the REE nature in the catalyst HZSM-5 at

different temperatures.
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Modification of REE zeolite
significantly affects its activity and selectivity.
Modification of HZSM-5 with metals
amounting to 5.0 mass% significantly reduces
the vyield of by-products and raises the
selectivity for p-cymol. It found that the
modification of HZSM-5 by any of the REEs
leads to rise both in the selectivity for cymols
(Fig. 1) and the content of p-cymol in the
catalyzate (Fig. 2).

The highest selectivity for cymols is
observed on the Yb-modified catalyst, and at

Content of p-cymol in
catalyzate,mass.%o

350°C it makes up 70.5%. According to the
selectivity of cymols formation depending on
the modifying metal, the catalysts are arranged
in a row as follows: Yb-HZSM-5> La-HZSM-
5> Ho - HZSM-5> Pr - HZSM-5.

The difference in selectivities observed
on Yb and La modified catalysts is 2.2%. As
can be seen from Fig. 2, the highest content of
p-cymol in a mixture of cymols is observed on
a modified La catalyst, i.e. the highest p-
selectivity is shown by the catalyst with 5% La
| HZSM-5.
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Fig. 2. Influence of the REE nature in the composition of HZSM-5 on the content of p-cymol in

the catalyzate at different temperatures.

On this catalyst at 300°C, the selectivity
for p-cymol is 72.4%. The rise in the reaction
temperature from 300°C to 330°C significantly
reduces the p-selectivity of modified catalysts.
According to p-selectivity, depending on the
modifying metal, the catalysts are arranged in
the following row: La- HZSM-5>Ho —

HZSM-5> Yb - HZSM-5> Pr - HZSM-5.

Effect of the modification and REE
nature on the activity and para-selectivity of
the zeolite catalyst may be due to changes in
the acidic and textural properties of catalysts
as a result of modification.

Table 2. Acid characteristics of modified catalysts

Catalyst Tmax forms,°C desorption | Concentration of acid sites,

of ammonia (ukmol « g-1) C, /C,

T Tu C1 G

HZSM-5 198 421 625 548 1.14
5%La HZSM-5 183 284 182 103 1.77
5%Ho HZSM-5 185 296 197 119 1.65
5%Yb HZSM-5 189 314 349 231 151
5%Pr HZSM-5 190 326 358 242 1.48

T,, Ty -peak temperatures for forms I and I |

C, and C; - concentrations of acid sites in forms (1) and (I1).
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As the Table 2 shows, two peaks are
observed in the thermally desorbed spectrum
for the initial HZSM-5 spectrum which
indicates the presence of two forms of
ammonia desorption from the zeolite catalyst:
a low-temperature peak in the region of 120-
230°C with a maximum peak temperature Tmax
= 198°C refers to the desorption of ammonia
with weak Lewis acidic and high-temperature
peak in the region of 300-500°C with Tmax =
421°C related to ammonia desorption mainly
from strong Bronsted acid centers which are
hydrogen ions of bridging hydroxyl groups
[11-12]. The introduction of modifiers into
HZSM-5 leads to significant changes in its
thermal desorption spectra. The largest
decrease of strong acid sites concentration is
observed when lanthanum HZSM-5 s
modified: the concentration of strong acid sites
decreases from 548 umol /g to 103 pumol /g.

The concentration of strong acid sites
on samples containing Yb and Pr is
significantly  higher than on samples
containing La. When comparing the acidic and
catalytic properties of modified catalysts, some
assumptions can be made as follows: a
decrease in the total number of acid sites leads

to an increase in the p-selectivity for p-cymol,
and the ratio of the proportion of medium to
strong acid centers plays an important role The
best results are provided by medium-strength
acid centers of Bronsted and Lewis which
were formed after modification of zeolite
HZSM-5 with lanthanum and holmium. The
catalyst 5% La HZSM-5 with its highest ratio
of medium to strong acid sites (1.77) shows
the highest selectivity for p-cymol.

The Table 3 presents textural properties
of modified zeolites. It can be seen that the
nature of the modifier significantly affects the
porous structure of the zeolite. It is seen that as
a result of the modification, the surface area,
volume and radius of the pores decrease.
Apparently, this is explained by the fact that
during the preparation of the catalyst, part of
the zeolite proton centers is exchanged for
REE cations, as well as the deposition of REE
oxides on the surface and in the channels of
the zeolite, which leads to a change in the acid
properties and geometry of the zeolite
framework and, accordingly, the pore radius
from Rmax 10-110 to 8-83 A, with which the
activity and selectivity of zeolite systems are
closely related.

Table 3. Textural characteristics of catalysts according to the BET method

Vpore

Catalysts S M%/r () Rer, A Rmax, A
H-ZSM-5 266.3 0.24 10-110 65
5% La-ZSM-5 223.4 0.17 8-75 56
5% Yb-ZSM-5 2314 0.19 8-77 58
5% Ho-ZSM-5 226.2 0.18 8-75 57
5% Pr-ZSM-5 236.7 0.20 8-83 61

Thus, the REE nature in HZSM-5 zeolites
plays a decisive role in its paraselectivity and
catalytic activity which is due to changes in
the acidic and textural properties of zeolites as
a result of their chemical modification. It

found that the most active with respect to
cymol is Yb-modified HZSM: the maximum
selectivity for cymol is 70.5%. Maximum
paraselectivity is observed on the modified
lantan catalyst and is 72.4%.
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NADJR TORPAQ METALLARI IL& MODIFIKASIYA OLUNMUS ZSM-5 NOVLU
SEOLIJTIN iSTIRAKINDA TOLUOLUN iZOPROPANOLLA ALKILLOSMOST
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Axin tipli qurguda 250-350°C temperatur interval:nda toluolun izopropanolla alkillogmasi

reaksiyasinda nadir torpaq elementlorinin (La,Ho,Yb,Pr) tabiatinin yiksak silisiumlu ZSM-5
novlu seolitin tursu, tekstur va katalitik xassalarina tasiri 6yranilmigdir. Mlayyan olmugdur ki,
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ZSM-5 seolitda nadir torpaq elementlarinin tobiati onun para-segiciliyina va katalitik aktivliyina
muhum daracada tosir edir. Cimollara géra maksimal secicilik Yb ilo modifikasiya olunmusg
seolitdo bags verir vo 70.5% togkil edir. Para-seciciliya goro daha ylksak secicilik La ila
modifikasiya olunmus seolit gostarir(72.4%). Muiayyan olunmugdur ki, kimyavi modifikasiya
naticasinda p-cimola gora segiciliyin artmas: givvatli tursu markazlorinin azalmas:, orta tursu
markazlarinin paymun artmas: va seolitin masamoli qurulusunun dayismasi ila alagalidir.

Acar sozlar: ZSM-5, alkillagma, toluol, izopropanol, cimol, tursu markazlori, modifikasiya.

AJIKH/TUPOBAHHUE TOJ1YOJIA H30OIIPOIIAHOJIOM HA HEOJIUTE THIIA
ZSM-5 MOTH®HITHPOBAHHOI O PE/IKO3EMEJ/IbHBIMH METAJVIAMHA

H.M. A60ynnaesa

baxunckuii 2ocyoapcmeennwiii ynusepcumem
AZ 1148, Baky, yn. 3. Xanunosa, 23; e-mail: nigaramirova@yandex.ru

B unmepsane memnepamyp 250-350° C 6 npomounou ycmanogxke uoeaibHO20 GblMeCHeHUs
U3VUeHO GausHUe Npupoobl pedkozemenvhuix iemenmos (La, Ho, Yb, Pr) uma xuciommuvie,
MeKCmypHble U Kamaiumuieckue C80UCmed blcOKOKpeMHe3eMHo20 yeoauma muna ZSM-5 e
peakyuu  AIKUIUPOBAHUA — MONYOAAd  U3ONPONAHONOM.  YcmanoeneHo, 4mo  npupooa
peokozemenvHo2o memania 8 yeoaumax ZSM-5 uepaem onpedenaiowyro poav 6 e2o napa-
CeNeKMUBHOCIMU U  KAMAIUMu4eckolu axkmueHocmu. Makcumanouas celeKmusHoCcms no
OMHOWEHUIO K YUMOIAM Oocmueaemcs Ha yeoaume, mooupuyuposannom YO u cocmaensiem
70.5%. Haubonvwiyro napa-cenrekmuHocms npossisem yeoaum, moouguyuposannsiti La u
cocmaensiem 12.4%. Ycmanosneno, umo ospacmanue CeleKMUSHOCMU NO YUMONY C8A3AHO C
VMeHbuleHueM KOHYEHMPAayuu CUIbHLIX KUCIOMHBIX YEHMPO8, yeeaudeHuem OO0aU KUCTOMHbIX
YeHmpos cpeoHell CUbl, a MAaKH#ce UsMeHeHUueM NOPUCMOl CMPYKMYpPbl YeoIuma 6 pesyibmame
€20 XUMU4eCcKo20 MOOUDUYUPOBAHUL.

Kniouesvte cnosa. ZSM-5, anxunuposanue, monyon, U30NPONAHON, YUMOIbL, KUCIOMHbLE
yenmpwi, Moouguyuposanue.
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