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Abstract

An alternative gas phase nitration process was investigated wherein the reaction between an aromatic
substrate (benzene/toluene) and a nitrating agent (either a 68 mass % HNO; aqueous solution, or a mixture
of nitrous gases) occurs on a fixed-bed solid acidic catalyst. There have been studied physicochemical prop-
erties (elemental composition, pH, crystallinity) and catalytic properties inherent in the samples of natu-
rally occurring zeolites taken from the deposits of Siberia and the Far East. An effect of zeolite preliminary
treatment (calcination and acid extraction method) exerted on the activity thereof was investigated. It has
been demonstrated that the highest activity is exhibited by a sample with the highest concentration of
Bronsted acid sites (99 pmol/g according to NH3 adsorption), taken from the Kulikovo deposit (the Amur
Region). The productivity of the sample amounted to161 mg/(g.,; [h).

Key words: naturally occurring zeolites, acidic properties, gas-phase nitration of benzene, toluene,
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INTRODUCTION

For the last decades of the XX century in
the manufacture of nitro compounds there has
been a distinct trend outlined consisting in the
fact that the explosives those were the main
products of this industry during an entire cen-
tury, began to give way to, compounds wide-
ly used in the production of polymeric materi-
als and pharmaceutical preparations. The main
volume of the releasing thereof (4—5 million
t/year) falls at benzene and toluene nitro de-
rivatives, and, first of all, at nitrobenzene and
the mixture of dinitrotoluene isomers. These
compounds have become a major source of raw

materials for the production of polyurethane
foam, one of the fastest developing industries
of polymeric materials [1].

Despite a sesquicentennial history of the ni-
tration process, the chemical and technological
scheme thereof was not significantly changed.
In the industry, this process is carried out in
nitrators. The nitrating mixture consists of ni-
tric acid, sulphuric acid and water at a ratio
of 3:6:1, respectively. The molar ratio be-
tween HNO,; and an aromatic compound gen-
erally amounts to 0.95-0.98 [2]. Sulphuric acid
acts as a catalyst to activate nitric acid, and
simultaneously as a diluent that accumulates
the heat of the reaction and binds water un-
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der formation. The process is carried out to un-
til the H,SO, concentration is reduced to a lim-
iting value [3]. The mass of waste sulphuric acid
(at a concentration of at least 70 %) amounts up
to one ton per 1 t of commercial nitrobenzene.
Thus, the presence of a great amount of con-
centrated sulphuric acid in the reaction medium
and the fact that it is required for the circula-
tion and utilization thereof result in significant
instrumental and environmental difficulties.
Currently, efforts are underway to develop
heterogeneous catalytic nitration processes for
aromatic compounds. For example, the authors
of [4] performed the liquid phase nitration of
benzene (toluene) in the presence of catalysts
based on alumina or silica-alumina impregnated
with HySO, or H;PO, (70 mass % of acid). The
nitration process was performed in a solution of
dichloromethane (CH,Cl,), using a 70—90 % so-
lution of HNO, as a nitrating agent. The signifi-
cant disadvantages of this approach consist in the
periodicity of the process and the need of sepa-
rating the catalyst from the reaction product.
Interest in the gas-phase nitration that al-
lows avoiding many of the disadvantages of
liquid-phase catalytic processes grew significant-
ly during the past 20 years. This might be caused
by the appearance of novel heterogeneous cat-
alysts with strongly acidic properties those could
compete with concentrated H,SO,. The nitra-
tion reaction proceeds via an acidic mechanism
involving cation NOj , therefore the catalyst in
order to form NO, cation from the molecule
of HNO, should have a sufficiently strong pro-
tonic acidity (greater than —3.0) [5]. The nitrat-
ing catalyst activity directly depends on the con-
centration and the strength of Bregnsted acidic
sites (BAC) on the catalyst surface. As a nitrat-
ing agent in the gas-phase process one uses
HNO; or nitrogen oxides, which eliminates the
problems associated with the regeneration of
H,SO, and purifying the sulphuric acid waste-
water. Because of this the gas-phase nitration
appears to be a more environmentally safe pro-
cess. Another significant advantage of the gas-
phase process consists in the opportunity of
performing the process in a flow-through mode.
To date, a number of catalysts is known
those were investigated in the nitration processes
as applied to aromatic hydrocarbons and their
derivatives. The first group of the catalysts in-

cludes oxide systems. The required increase of
Bronsted acidity of metal oxides (Vb and VIb)
can be achieved both either via sulphation (met-
al hydroxide impregnation with sulphuric acid
and subsequent calcination) [6], or via the for-
mation of mixed oxides. Binary oxide systems
based on Mo, W, Ti, Zn, Zr, Sn, Al and Si,
are most frequently used. The majority of such
oxide systems can be attributed to solid super-
acids with the acidity level higher than the acid-
ity of concentrated H,SO, [6—10]. The most
active and stable systems are presented by
SO% /TiO, (80 %) + MoOs (20 %) [6] and 20 %
MoO,/SiO, [10].

Another type of catalysts for the gas phase
nitration of aromatic compounds is obtained by
applying sulphuric acid onto an inert carrier that
does not collapse under the influence of acids
(silica, silicon carbide, graphite, etc.). Despite a
high activity of these systems, a significant dis-
advantage is inherent in them that consists in
decreasing the stability of the catalyst due to
leaching the sulphuric acid [11]. Adding a het-
eropolyacid in the catalyst composition can cause
significantly increasing the operating lifetime
thereof [12]. Japanese scientists proposed to use
aromatic sulphonic acids for the nitration of
benzene (for example, o-nitrobenzene sulphonic
acid) applied onto silica gel [13].

The third group of catalysts consists of ze-
olites, layered clays and other aluminosilicates
[6, 14—20]. It is known that the acidic proper-
ties of zeolites depend to a considerable ex-
tent on such factors as the type of zeolite,
crystallinity thereof, the quantitative content
of Si and Al therein, the presence of addi-
tionally introduced metal ions in the zeolite.
As the result of preliminary heat treatment
of zeolite at a temperature of 500—600 °C,
mainly BAC are formed. At higher tempera-
ture values, the concentration of BAC de-
creases, whereas the concentration of the
Lewis acidity centers increases, however, the
role of the latter in the nitration reactions was
not revealed until now [2]. The acidity of zeo-
lites is affected by SiO,/Al,O; ratio. The range
of Si/Al ratio in zeolites obtained by direct
synthesis is severely limited. For changing the
composition of zeolites they are exposed to a
steam treatment or to aluminum acidic extrac-
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tion from the crystal lattice. It should be noted
that the undeniable advantage of the alumino-
silicate catalysts consists in a relatively low cost
and high selectivity thereof, including in the
case of toluene nitration.

In the presence of heterogeneous catalysts,
there is a real opportunity to influence the ratio
between the resulting nitro isomers. The nitration
reaction occurs on the surface of a solid catalyst,
so the rate of hydrogen atom substitution in the
aromatic ring by the nitro group depends on the
nature of the catalyst and the mutual arrange-
ment of the adsorbed molecules and the active
sites responsible for the nitration reaction. For
example, the authors of [18] demonstrated that
in the presence of zeolites H-beta and ZSM-5 re-
action proceeds with a high para selectivity level
as compared with other catalysts those do not
possess a microporous structure.

In this work, as the catalysts for the gas-
phase nitration of aromatic compounds, we stud-
ied naturally occurring zeolites taken from the
deposits of Siberia and the Russian Far East.
The composition of the zeolites can be present-
ed by the following empirical formula:
Mey ,[(AlyO5),(Si0,),] LEH,O, where Me are the
cations with the valency of n (Na, K, Mg, Ca,
Ba, and others), the y/x ratio depends on the
structure being generally within the range of
1-5. As it is known, mordenite, clinoptilolite and
montmorillonite those form the structure of the
majority of naturally occurring zeolites exhibit
a high activity in the process under investiga-
tion [6, 15—17]. Among the physical and chemi-
cal parameters of naturally occurring zeolites
determining the applicability thereof in cataly-
sis, of most interest are porosity, sorption ca-
pacity, moisture content, acid-base properties
and thermal stability. Of great importance is the
resistance with respect to aggressive environ-
ments, because under such conditions there could
occur the zeolite lattice destruction and, accord-
ingly, the loss of catalytic activity.

As an additional problem, we analyzed the
use of nitrous gases (NO,, NO/NO,) as a ni-
trating agent in the gas-phase nitration process.
It is widely known that recycling these hazard-
ous species represents an important environmen-
tal problem [21].

EXPERIMENTAL
Object of investigation

In the course of our work we investigated
a series of zeolitized rocks sampled from dif-
ferent deposits in Russia: the Holino deposit (the
Chita Region, clinoptilolite tuff, sample I), the
Kulikovo deposit (the Amur Region, clinoptilo-
lite-mordenite tuff, sample II), the Lyulino
deposit (the Khanty-Mansi Autonomous Dis-
trict, clinoptilolite tuff, sample III), the Ly-
utog deposit (the Sakhalin Region, clinoptilo-
lite tuff, sample IV), the Chuguyevo deposit
(the Primorie Territory, clinoptilolite-morden-
ite tuff, sample V) and the Vangino deposit (the
Amur Region, heulandite-clinoptilolite tuff,
sample VI). All the zeolite samples were frac-
tionated (0.25—0.5 mm), further they were con-
verted into H-form by means of soaking in a
1 M HCI solution for 3 h and calcined within
the temperature range of 300—600 °C. Samples
II, IV were exposed to acidic modification (IIa
and IVa, respectively), or they were treated
according to the method of ion exchange which
allowed us to vary the modulus of zeolitized
species (Si/Al ratio), and the content of cat-
ions [15]. In addition, we studied two samples
of naturally occurring zeolites with a high con-
tent of clinoptilolite taken from the Beliplast
deposit (Bulgaria) and the Tsagaan Tsab deposit
(southeast Mongolia), as well as a reference
sample 15 mass % H,SO,/SiO,, prepared ac-
cording to a procedure described by the au-
thors of [11].

Physicochemical properties of zeolites

The chemical composition of zeolitized rocks
were analyzed by means of atomic adsorption
spectroscopy (AAS) with the use of a Hitachi-
180-50 spectrometer (Japan). The calculation of
the modulus of zeolitized rocks (Si/Al ratio) was
performed according to the AAS.

The acid-base properties were studied by
means of IR spectroscopy using a Shimadzu
FTIR8300 spectrometer (Japan). The total
concentration of acidic sites in the samples was
determined from the adsorption of NH; after
preliminary calcination under vacuum at 450 °C
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for 1 h. For this purpose, onto the sample at a
room temperature there was adsorbed ammonia
gas, to desorb the excess thereof after 15 min
at 100 °C. The spectrum of adsorbed ammonia
was registered at a room temperature. Further,
we calculated the concentration of acidic centres
(C) from the intensity of &(NH;) band of

ammonium ion vibrations at 1450 cm™ !

C = (4,p)7 [log(T/T;)dv

where A, is the coefficient of integral absorp-
tion cm/pmol (A;(NH) = 10 cm/pmol [22]); p is
the “thickness” of a tablet, g/cm? Ty, T —
the transmittance of infrared radiation before
and after the adsorption, respectively, %,; V is
the wave number, cm™!. The BAC concentra-
tion on the outer surface of the zeolite was de-
termined from the adsorption intensity of CO.
The calculation was performed basing on the in-
tensities of the absorption band of OH groups
in the H-complex with the CO molecule (the max-
imum being at Vioy-co) = 3430—3450 cm™") using
the coefficient of Ay,(OH—-CO) = 28 cm/pmol. The
concentration of BAC in the zeolite channels
was determined from the intensity of OH
group band in the H-complex with the CO mol-
ecule (the maximum being at Vog_co) = 3310
em™!), using the coefficient of A,(OH-CO) = 57
cm/pmol. The concentration of strong and weak
Lewis acidic centers (LAC) was calculated from

2 3
N
R—CF
2 3
S%-OF
\ 5
140—-180 °C %
_z \ 6
1 i ™~
Nitrogen 4 20 °C
8
Benzene/toluene 0°C
9

the intensity of the absorption bands Vqo=
2198-2202 cm™! and Voo = 2225-2230 cm},
respectively.

The phase (mineral) composition of natu-
rally occurring zeolites was determined by
means of XRD method using an ARL X’'TRA
diffractometer (40 kV/mA). The phase iden-
tification was carried out using a PDF4+ da-
tabase.

Catalytic activity

Installation for the gas-phase nitration of
aromatic compounds. A schematic diagram of
the installation for the gas-phase nitration of
aromatic compounds is presented in Fig. 1. An
organic substrate 1 (benzene, toluene) was sup-
plied by means of an infusion pump (NIS-01,
Russia) into an evaporator, thermostated at a
temperature of 140—180 °C. Next, the substrate
was fed into the mixer wherein it was mixed
with a flow of the nitrating agent. The reac-
tion was carried out within a flow-through re-
actor (material Pyrex glass, 10 mm diameter,
100 mm length) in an inert gas (nitrogen) flow.
Then, the reaction mixture at the outlet of
the reactor was cooled and the liquid compo-

nents of the mixture were collected in a trap
flask at 0 °C.

3 2
b \{% -~— Nitrating

agent

Fig. 1. Schematic diagram of the installation for the gas-phase nitration of aromatic compounds: 1 — pipeline
of inert gas; 2 — stopcock, 3 — flow-rate meter, 4 — infusion pump, 5 — evaporator and gas-flow mixer;
6 — thermostated zone (140—180 °C), 7 — reactor, 8 — refrigerator for cooling the reaction mixture, 9 — trap

for the liquid components of the reaction mixture.
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We used two nitrating agents (NA). In the
first case, we used an azeotropic aqueous solu-
tion of nitric acid (68 mass %, b. p. = 120 °C,
density 1.40 g/cm?). In the second case, the line
of the azeotropic nitric acid solution was re-
placed by the line of nitrous gas NO, (NO/
NO,), preliminary obtained in a flow-through
reactor via NO oxidation according to a proce-
dure described by the authors of [23]:

NO, ~OH
+ + 2H,0
(D wass (O (S +om
NO,
Solid acid NO,
+ NO2 e + NO + H20

Gas-phase nitration of aromatic compounds.

Sohd acid
HNO;/H,O

In the standard catalytic experiment, a weighed
sample portion of zeolite equal to 2 g was load-
ed into the reactor. The flow rate of benzene
(SVg) was equal to 0.65 mL/(g.[h), that of
toluene being equal to (SVy) 0.78 mL/(g., [h),
that azeotropic nitric acid (SVy,) solution (68
mass %) amounting to 0.25 mL/(g., [h), carrier
gas (nitrogen) flow rate being equal to 3.5 L/h.
The molar ratio of substrate/nitric acid was
equal to 1.3 : 1. The experiment was conducted
during 5 h. In order to study the deactivation
of samples, the time of the experiment was
increased up to 20 h using an increased contact
load of reagents (SVg = 13, SVya = 5 mL/
(8cat [h)). The reaction mixture collected in the

TABLE 1

317

trap was separated from the inorganic phase
to wash with an aqueous soda solution (1 mol/L).
Further, an aliquot was taken from the organ-
ic phase for the chromatographic analysis. The
concentration of nitrobenzene was determined
by means of gas chromatography (a Crystal-
2000M chromatograph, Russia, column HP-5,
TCD), whereas the concentration of nitro-phe-
nolic impurities was determined using high per-
formance liquid chromatography (Agilent-1200
chromatograph, the USA, column SE-30,
UVD). The loss of the organic substrate did not
exceed 1 %. In the case of nitration with the
azeotropic nitric acid solution we sampled from
the inorganic phase an aliquot for the titrimet-
ric determination of the amount of HNO, re-
acted (Cya, %) to calculate the conversion level
of nitric acid. Using the gas chromatography
data, we calculated the catalyst productivity
parameter STY g (STYy7), in mg/(g.,; [h) as the
mass of nitrobenzene (nitrotoluene) per unit of
time, normalized to the mass of the catalyst. In-
creasing the value of STYyg (STYyr) is accom-
panied by increasing the value of Cy,. Thus, both
mentioned parameters could be used in order to
assess the catalytic activity of the samples.

RESULTS AND DISCUSSION
Studying physicochemical properties of zeolites

At the first stage of the research work,
naturally occurring zeolites from the Kholino,

Averaged chemical composition of naturally occurring zeolites

Samples  Deposits Oxide content for rock-forming elements, mass % CL?, Si/AIP
(SiO, + Al,O3)  (Na,O + K,0) (MgO + CaO) Fe,O4 mass %
I Kholino 77.02 422 348 0.77 11.35 2.34
II Kulikovo 82.07 452 1.73 2.47 8.84 3.21
III Lyulino 73.07 1.85 7.00 4.28 13.08 2.10
v Lyutog 79.35 3.86 3.32 1.82 10.90 2.62
A% Chuguyevo 78.49 4.09 344 0.77 13.08 242
VI Vangino 78.12 3.21 3.56 1.45 13.46 2.61
P-I Beliplast 81.10 4.95 3.30 1.01 9.70 2.93
P-II Tsagaan Tsab 79.00 5.02 3.17 1.83 10.10 2.68

2 CL — calcination loss.

® The modulus of zeolite.
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TABLE 2

Mineral composition of the samples of naturally occurring zeolites I-VI and P-I according to XRD, mass %

Phases I II II1 v A% VI P-I
Zeolite (clinoptilolite/mordenite/stilbite) 70—-80  80—-90 30—40 60-65 70-80 30—40 95
Layered clay (montmorillonite) 5-10 0 5-10 5-10 5-10 30—40 0
Catalytically inactive phases (calcite, quartz, etc.) 10—-15 10—-20 50-60 10—15 20—-30 20—-30 5
Lyulino, Lyutog, Chuguyevo, Kulikovo depos- 601 3630

its were studied by means of XRD and atomic
absorption spectroscopy in order to determine
the mineral composition and content of the rock-
forming oxides, respectively. As it can be seen
from Table 1, the molar ratio of Si/Al > 2 for
all the samples. According to data reported in
[2], only high-silica zeolites with a modulus of
greater than 2 satisfy the requirements for prac-
tical use. Zeolites taken from the Kulikovo de-
posit are characterized by a maximum modulus.

According to the XRD phase analysis data
(Table 2), samples I, IT and V represent highly
zeolitized tuffs with a total content of zeolite phas-
es (clinoptilolite (NaK),Ca[AlsSi; 0,,] [(R4H,0,
mordenite (NaK)g[Al;Si  Og6] [(R4H,0, stilbite
(NaK),Cag[AlySiz50;44] [B6H,0) greater than 70
mass %. Samples IIT and VI contain zeolite in a
relatively low amount, not more than 40 mass
%, but sample VI contains the phase of mont-
morillonite, that is also active in the case of gas-
phase nitration reaction [24].

According to IR spectroscopy (Fig. 2), the
samples of zeolites are characterized by a
predominance of the identical types of OH
groups: non-acidic terminal groups Si—OH
(Vog = 3745 cm™) and bridging Si—O(H)—Al
groups, as well as OH groups (Vo = 3630 cm™

TABLE 3

Si—O(H)-Al

40 Si—OH

Absorption

3300

Fig. 2. IR spectra of the samples II (1) and IV (2) within
the range of OH group vibrations.

1Y bound with polyvalent cations. It should be
noted that the BAC are predominantly located
within the channels of the zeolites. Data
concerning the concentrations of strong and
medium-strength LAC (connected with AI*") for
the samples of zeolites II and IV, determined
by means of CO adsorption are presented in
Table 3. From the data presented it follows that
the concentration of the LAC and BAC is

Total concentration of BAC and LAC, calculated from the adsorption of NH; and CO

Samples Deposits BAC concentration LAC concentration, pmol/g
[6(NH; ) = 1450 cm™'],  AI*" (strong) AP (medium)
pmol/g (Voo = 2198—2202 cm™) (Voo = 2225-2230 cm™)
I Kholino 37 - -
11 Kulikovo 99 20 10
v Lyutog 45 2 3
v Chuguyevo 49 - -
VI Vangino 52 - -

Note. Here and in Table 4: dash denotes “not determined”.
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TABLE 4

Catalytic activity of the samples of naturally occurring
zeolites in the nitration of benzene (STYyg), mg/(g.; [h)

Samples Deposits STY g
Nitrating agent
HNO,/H,0° NO,°
I Kholino 32 2
I Kulikovo 161 72
IIa Kulikovo® 96 -
IIT Lyulino 2 -
v Lyutog 51 37
IVa Lyutog?® 81 -
v Chuguyevo 134 51
VI Vangino 107 -
P-I Tsagaan Tsab 151 68
P-II Beliplast 157 70

Note. For designations see Table 3.

#Technique of acidic extraction for increasing the
modulus of naturally occurring zeolite [15].

PConditions of the process: reaction temperature 160 °C;
SVg = 0.65 mL/(g [h).

“Conditions of the process: reaction temperature 180 °C;
SVg = 0.65 mL/(g., [h).

maximum for the samples taken from the
Kulikovo deposit.

Gas-phase nitration of benzene

According to the results of catalytic tests,
both in the case of using HNO;/H,O nitrating
agent, and in the case of NO,, we revealed
the activity (Table 4 and Fig. 3) to depend di-
rectly on the Bronsted acidity of the samples
(see Table 3): II > V > 1. In the case of nitra-
tion with nitrogen dioxide, the yield of ni-
trobenzene was significantly lower. Thus, the
results obtained are in a good agreement with
the data from the literature [7].

Parameters STYyg and Cy, are in a good
correlation, except for sample III that exhibited
a high value of Cy, (11.0 %) at a low value of
STYyg- This is, to all appearance, connected
with a high content of iron in the zeolite
formation. In this case, there could occur a
partial reduction of the nitric acid by the
components of naturally occurring zeolite. The
catalytic activity of the rocks increases with
increasing the Si/Al ratio and the crystallinity

level (for the fraction of the zeolite phase in
the sample see Table 1).

The preliminary treatment of the zeolite
samples studied was carried out in the two
modes such as the treatment and acidic extrac-
tion, with further washing and calcination. This
sequence of operations is presented in Fig. 4.
Studying the influence of preliminary heat
treatment upon the catalytic activity of natu-
rally occurring zeolites demonstrated that af-
ter calcination at a temperature above 600 °C
all the samples lose the catalytic activity. In the
course of this treatment, there remain only the
LAC those are low-active in the gas-phase ni-
tration reaction [3]. In the absence of heat treat-
ment, the catalytic activity of zeolites was in-
sufficient for the reaction of gas-phase ben-
zene nitration.

Two samples of naturally occurring zeolites
taken from the Kulikovo and Lyutog deposits
were modified using an acidic extraction meth-
od [15] in order to increase the Si/Al ratio (sam-
ples IIa and IVa, respectively). This technique
included two procedures of acidic extraction
by a 6 M HCI solution and subsequent calcina-
tion. The testing have demonstrated that in the
case of Sample II this resulted in the reduc-
tion in the catalytic activity, to all appearance,
as the result of a partial destruction of the

2004
E [
. 1504
8 v
o) i
5
£ 100 a
2
E 1 * ]
0 =2
50 . vs
* A4
i .
0 T T T T T T
25 50 75 100

BAC concentration, pmol/g

Fig. 3. Catalytic activity (STYyg) of naturally occurring
zeolites from different deposits depending on the
concentration of Bre@nsted acidic centres (BAC):
1 — Kholino, 2 — Lyutog, 3 — Chuguyevo, 4 — Vangino,
5 — Kulikovo.
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Original zeolite
(the Kulikovo deposit)
3h, 1 M HCI

Original zeolite
(the Lyutog deposit)
3h, 1 M HCI

/

o~

11-450 (450 °C) II-600 (600 °C) II-0 I1-450 (450 °C)
11-450-a 11-450-a2 IV-450-a
16 h, 6 M HCI, 450 °C| | 2 x 16 h, 6 M HCI, 450 °C 6 M HCI, 450 °C
CNA =18.0 (7() CNA =147 % CNA =127 (70

Fig. 4. Catalytic activity of the samples of naturally occurring zeolites II and VI (the conversion level of nitric acid
in the gas phase nitration reaction (Cy,, %) depending on the procedure of preliminary treatment.

zeolite framework (according to XRD phase
analysis, the fraction of the zeolite phase
ranged within 40—50 mass %). The catalytic ac-
tivity of sample IV, that is more resistant to
acidic treatment, exhibited a slight increase:
STYy\g (IVa) = 81 mg/(g.,; [h).

Gas-phase nitration of toluene

The gas-phase nitration of toluene was car-
ried out under the same reaction conditions as
the nitration of benzene. As nitrating agents,
an aqueous solution of an azeotropic mixture
of nitric acid and nitrous gases (NO,) was used.
The results of catalytic testing are demonstrat-
ed in Table 5. It is seen that the conversion lev-
el of toluene increases with increasing the Bron-
sted acidity of the samples. The selectivity lev-
el for the formation of different nitrotoluenes
(p-NT/0-NT) in the reaction of nitration by

TABLE 5

Gas-phase nitration of toluene

Samples  Deposit STY yr%, p-HT /o-HT
Mg/ (gear L)

P-II1 - 352 1.84

II Kulikovo 176 7.11

I Kholino 50 6.90

* Process conditions: reaction temperature 160 °C;
SV = 0.78 mL/(g., [h).

HNO; (the sum of ortho and para isomers) was
amounted to about 99 %. The reaction by-prod-
ucts are presented by dinitrotoluene and ben-
zaldehyde as a product of toluene oxidation. In
the case of using the NO, the selectivity level
of nitrotoluene formation was higher. It should
be also noted that the zeolites are character-
ized by a high selectivity level of para isomer
formation. According to IR spectroscopy, the
BAC are located mainly in the internal chan-
nels of the zeolite. The average diameter of
the channels inherent in H-mordenite is equal
to 6.3 nm. When the reaction of electrophilic
substitution occurs in the zeolite channels, the
ortho positions of the aromatic ring are diffi-

cult to access for the interact ion with NO; .

< 50
T ] 1
% 40 -\-\-\‘\'\.
o
2 T
& 30
q>) o~ ° 4\0\2.
= 4
5]
Q
o 20
Z i
o
10 T T T T T T T T
0 2 4 6 8 10 12 14 16
Time, h

Fig. 5. Studying the stability of benzene nitration catalysts:
1 — reference sample P-III (15 % H,SO,/SiO,), 2 — sample
II (naturally occurring zeolite, the Kulikovo deposit).
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Studying the stability of nitration catalysts

The stability of one of the most active cat-
alysts for the gas-phase nitration of benzene,
15 mass % H,SO,/SiO, (sample P-III) [12], used
as a reference sample, as well as that of natu-
rally occurring zeolite from the Kulikovo de-
posit (sample II) was studied in the course of
the gas-phase nitration of benzene. The activi-
ty was evaluated from the conversion level of
nitric acid (azeotropic solution of HNO; as a
nitrating agent, see Fig. 1). The results of the
experiments presented in Fig. 5 demonstrate that
the activity of the sample of P-III gradually
decreases, whereas the naturally occurring zeo-
lite is deactivated to a lesser extent.

CONCLUSION

The physicochemical and catalytic proper-
ties were studied concerning the gas-phase ni-
tration reaction for a series of naturally occur-
ring zeolites taken from the deposits of Siberia
and the Far East. It has been demonstrated that
the zeolite rocks could be considered as effi-
cient catalysts for the gas-phase nitration of
aromatic compounds due to the presence of
mordenite, clinoptilolite and montmorillonite in
the structure of the rocks. The catalytic activ-
ity of zeolite increases with the crystallinity
level of the rock, the Bronsted acidity and the
modulus of the zeolite. The advantages of these
materials consist in a low cost thereof, a high
selectivity with respect to the nitration prod-
uct and an acceptable stability in operation.
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