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Cmampsa noOCeAWEHa UCC1e006AHUIO 6TUAHUA RPUPOObL PACHEOPUMETIA U KAMATUIAMOopa
Ha KuHemuuecKkue 3aKOHOMEPHOCHU NPOMEKAHUA UOPOZeHu3ayuu 2-xXa0p-4-Humpoanuiuna Ha
HAHECEHHBIX NANIA0UEEHIX U NIAMUHOGHIX KAMAIUIAMOPAX 8 600HOM PACMEope 2-RPOnanoa azeo-
mponnozo cocmaea u ymunayemame. Mzeecmno, umo eoccmanoenenue 2an02eH3ameuieHHbIX HUn-
PO00en301106 MoHCEm COnPoBoICcOambesa ROOOUHOIL cmadueil 2udpozenoausa. B ceazu ¢ smum, paspa-
OomKa 00veKmMUBHbHIX NPEOCMABIECHUIL 0 MEMOOAX CENEKMUBHO20 YRPAGIEHUA CIAOUIIHOCIU npe-
6pauieHuil U3yuaemMoll peaKyuu nPeocmasiaem Ype3euiuaiino 6axcuyio 3adauy. B pabome obcyic-
OeHbl 8IUAHUE NPUPOOBL PACHBOPUMENA U KAMATUIAMOPA HA 8b1X00 X0p3amenienHo2o amuna. Cre-
oyem ommemumy, Ymo U0 KUHEMUYECKUX KPUGHIX NO 8000pO0Y NPU 2UOPUPOGAHUU 8 IMUIAYe-
mame u 2-nponanone ceudemenbcmeyem 0 3HaAYUMeabHOM GIAUAHUU NPUPOObL PACMEOpUmMeNn U
CIIOMCHOU 63AUMOCEA3U CMPYKMYPA KAMAIU3AMOPpA — PACmEopumens. Ycmanosneno, 4mo nooou-
HBIM RPOUECCOM, CHUMNCAIOWUM CEJIeKMUBHOCMb PeaKyuu no omuouienuro Kk 2-xanop-1,4-gpenunen-
OUAMUHY, ABTIACHCA €20 0e2anozeHuposanue. B ciyuae ucnonvzoeanus ¢ Kauecmee pacmeopumeinsn
Imunayemama OmMmeyeHo Omcymcmeue 8 2UOpozenuzame NPOOYKmMa 0e2ano2eHuposanus 2-xanop-
1,4-penunenouamuna npu peanuzayuu npoyecca KaK Ha NAIIAOUEEOM, MAK U HA NIAAMUHOBOM Ka-
manuzamopax. Ycmanoeneno, Umo cKOpocmu NO2N0ueHUA 6000P00a 6 IMunayemame Ha nAJNAOU-
€60M Kamanu3amope 6 60Cemb pa3 evluie, Yem HA NAAMUHO8oM. /Jannblii Ihdexm morcem ovimp
CGA3AH C MEHBULUM 6K1A0OM OUPPY3UOHHO20 MOPMOICEHUA RO 6000P00Y HA RATINAOUEEOM KAMAIU-
3amope. Ouesuono, umo noooodHvle IPPexkmut mozym Obimsb 00YC061€HbL CHPYKMYPOI HOCUmMeNell.
Bepoamno, naamuna npu HaneceHuu HA NOOI0MHCKY pacnpedeneHa Ha 6HYMPEHHel NO8EPXHOCHU
21YOO0KUX nop Hocumens, moz20a Kak pacnpeoeieHue (aszvt naiiadous cKkopee omeeuaem KopouKko-
eéomy pacnpeoenenuio. /lannoe npeononoiceHue maksice 00vAcCHAem U hakm 6oJiee 6bICOKOU AKMUG-
HOCMU NANA0UEE020 KAMAAU3IAMOopa, Ymo COnPOBOIHCOAEMCs 6bICOKUMU CIENEHAMU 0e2al02eHU-
posanus é 2-nponanosne.
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The article is devoted to studying the solvent and catalyst nature influence on the 2-chloro-
4-nitroaniline hydrogenation kinetic regularities on supported palladium and platinum catalysts in
an aqueous solution of azeotropic composition and ethyl acetate. It is known that the halogen-
substituted nitrobenzenes reduction may be accompanied by a secondary stage of hydrogenolysis.
In this regard, the development of objective ideas about the selective control methods of the studied
reaction the transformations staging is an extremely important task. The paper discusses the influ-
ence of the solvent and catalyst nature on the chlorine substituted amine yield. It should be noted
that the form of kinetic curves for hydrogen in hydrogenation in ethyl acetate and 2-propanol in-
dicates a significant influence of the solvent nature and a complex relationship between the catalyst
structure and the solvent. It was established that a side-effect process that reduces the selectivity of
the reaction with respect to 2-chloro-1,4-phenylenediamine is its dehalogenation. In the case of
using ethyl acetate as a solvent, the absence of the 2-chloro-1,4-phenylenediamine dehalogenate
product in the hydrogenation during the process, on both palladium and platinum catalysts, is
noted. It is established that the hydrogen absorption rate in ethyl acetate on a palladium catalyst is
eight times higher than on platinum. This effect may be associated with a smaller contribution of
diffusion braking on a palladium catalyst. It is obvious that such effects may be due to the structure
of the carriers. Probably, platinum, when applied to a substrate, is distributed on the inner surface
of the carrier deep pores, while the distribution of the palladium phase is more likely to correspond
to the crust distribution. This assumption also explains the fact of the palladium catalyst higher
activity, which is accompanied by dehalogenation high degrees in 2-propanol.

Key words: 2-chloro-4-nitroaniline, supported palladium catalyst, supported platinum catalyst, rate, hy-
drogenation, dehalogenation degree, 2-propanol, ethyl acetate
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different processes both a high and a low target com-
pounds dehalogenation degree are necessary. This
leads to considerable interest in optimizing catalytic

INTRODUCTION
The synthetic fuel production from renewable

hydrocarbons is one of the possible alternatives to the
existing methods of processing fossil energy sources
[1, 2]. Aromatic hydrocarbons are represented in petro-
leum by benzene and its homologues [3]. Therefore,
the most optimal option for the aromatic hydrocarbons
transformation is to obtain aromatic amines using cat-
alytic methods. Aromatic amino compounds are
known to possess high detonation resistance. They are
widely used as a replacement for antiknock additives
containing lead and manganese. In addition, the prod-
ucts of halogen substituted amines liquid-phase hydro-
genation are widely used in the manufacture of pesti-
cides, herbicides, synthetic dyes, fibers, pharmaceuti-
cals and other substances. It should be noted that for

systems involving halogen substituted amines. One of
the most significant parameters of the catalytic system
determining both the rate and hydrogenation selectiv-
ity is the solvent and the catalyst nature [4-6]. In this
regard, the studies, aimed at clarifying the influence of
active metal nature in supported catalysts and the sol-
vent nature on the hydrogenation rate and the dehalo-
genation degrees of 2-chloro-4-nitroaniline (2C4NA),
as well as the depth of the process and the selectivity
of this compound hydrogenation with respect to to hal-
ogen-substituted amine, are relevant.

This investigation purpose is to study the sol-
vent and catalyst nature influence on the hydrogenation
kinetics of 2-chloro-4-nitroaniline on supported palla-
dium (10% Pd/C) and platinum (0.5% Pt/C) catalysts.
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EXPERIMENTAL PART

During the experiment, the kinetics of 2C4ANA
hydrogenation on deposited palladium and platinum
catalysts with a metal content of 10% and 0.5%, re-
spectively, in 2-propanol (0.68 mole fraction) and ethyl
acetate aqueous solution was studied.

According to the literature data, in the reduc-
tion of chlorine-substituted nitro benzenes in low-
grade aprotic solvents, and in proton-containing solids,
high degrees of dehalogenation are observed [7]. In
this regard, the study of the 2C4NA liquid-phase hy-
drogenation kinetics in ethyl acetate and 2-propanol is
a practically significant task.

When carrying out the kinetic experiment, a
static method was used to carry out the hydrogenation
reaction in a semi-closed system at a constant temper-
ature (303 £ 1 K) and hydrogen pressure with intensive
liquid phase mixing (3000 rpm). Such an experimental
scheme allows one to determine the observed reaction
rates with high reliability, and the experimental condi-
tions ensured the elimination of the external mass
transfer influence on the observed reaction rates.

The catalysts used were 10% palladium cata-
lyst deposited on carbon grade ARD, as well as 0.5%
platinum catalyst supported on coal grade OBB. The
surface morphology of the catalysts was studied using
a Mira 3LMH, TESCAN high resolution scanning
electron microscope and a VEGA 3SBH scanning elec-
tron microscope, TESCAN, Czech Republic.

The main process characteristics were the ob-
served reaction rate constants for hydrogen. They were
calculated by processing the kinetic curves, examples
of which are shown in Fig. 1 and 2. The values of the
observed reaction rate constant for hydrogen in each
case corresponded to the tangent of the slope of the in-
itial linear portion of the kinetic curve, indicating a
zero order.

According to the data obtained, during the
transition from an aqueous solution of 2-propanol to
ethyl acetate, there was a decrease in the observed re-
action rate by almost four times, both on palladium and
platinum catalysts. It is worth noting that in 2-propanol
aqueous solution on a palladium catalyst, the hydrogen
absorption was observed in excess of the stoichiomet-
rically necessary amount for the conversion of 2C4NA
to 2-chloro-1,4-phenylenediamine (2CPhDA).

This indicates that the process proceeds more
deeply and under the conditions of 2C4NA hydrogena-
tion, hydrogen reacts not only with the nitro group, but
also with the halogen substituent.
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Fig. 1. Kinetic curves of hydrogen absorption for the 2CANA hydro-
genation in 2-propanol aqueous solution on 10% Pd/C (a) and 0.5%
Pt/C (b): 1 - hydrogen, 2 - 2-chloro-4-nitroaniline, 3 - 2-chloro-1,4-phe-

nylenediamine, 4 - 1,4-phenylenediamine
Puc. 1. Kunetrueckue KPUBBIC IMOIJIOMICHW BOAOPOJAA B T'MIPOTrCHU-
3aluK 2-XJI0p-4-HUTPOAHWIIMHA B BOAHOM PacTBOpE 2-TPONaHoIa
Ha 10 % Pd/C (a) u 0.5 % Pt/C (b): 1 —Bomopox, 2 — 2-xsop-4-HuTpo-
AHIINH, 3 — 2-x110p-1,4-henmnennramu, 4 - 1,4-GeHuneHmaMus

In works [8-15] it is noted that upon comple-
tion of the reaction a mixture of substances is formed,
containing 2-chloro-1,4-phenylenediamine and 1,4-
phenylenediamine (PhDA). The ratio of products, both
during the reaction and at its completion, may be dif-
ferent based on the characteristics of the selected cata-
lyst, solvent, temperature and pressure.

The reaction media analysis, which was car-
ried out using a scanning spectrophotometer “LEKI SS
2110 UV”, showed that in the 2-propanol aqueous so-
lution, the integral selectivity in 2CPhDA and PhDA
was 76% and 23%, respectively. On the contrary, dur-
ing the 2C4NA hydrogenation in ethyl acetate by 10%
Pd/C, the 2CPhDA selectivity was higher and was
89%. At the same time, no PhDA significant amounts
were detected in the reaction mixture. The data illus-
trating this provision is shown in Table.
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Fig. 2. Kinetic curves of hydrogen absorption (4) for the 2C4NA (1) hy-
drogenation in ethylacetate on 10% Pd/C (a) and 0.5% Pt/C (b): 1 - hy-
drogen, 2 - 2-chloro-4-nitroaniline, 3 - 2-chloro-1,4-phenylenediamine
Puc. 2. Kunernueckre KpyBbIe TOTIIOHIEHUS BOJIOPO/Ia B THAPOTeHU3a-
MK 2-XJI0p-4-HuTpoanunHa B strarerare Ha 10 % Pd/C (a) n
0.5 % Pt/C (b): 1 — Bonopox, 2 — 2-XJ10p-4-HUTPOAHWITHH, 3 — 2-XJI0p-
1,4-henuneHnaMuH
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THE RESULTS AND THE DISCUSSION

The appearance of kinetic curves (Fig. 1 and 2)
for hydrogen in hydrogenation in ethyl acetate and 2-
propanol indicates a significant solvent nature influ-
ence and a complex relationship between the catalyst
structure and the solvent. It should be noted that in 2-
propanol for platinum and palladium catalysts the ki-
netic curves have the same type and the reaction fol-
lows the zero order in hydrogen.

When going from 2-propanol to ethyl acetate,
the observed rates drop significantly. This may be due
to the low mutual miscibility of ethyl acetate and water
formed during the reduction of the nitro group. In this
case, the separation of the liquid phase of ethyl acetate-
water occurs and, as a result, the contribution of diffu-
sion braking on hydrogen to the observed reaction rate
increases. Due to the decrease in the solubility of the
starting compound, its concentration in the surface
layer increases, which leads to an increase in the result-
ing chloramine desorption rate. This assumption is
consistent with the obtained data on the final 2CPhDA
amounts in the reaction mixtures on platinum and palla-
dium, where also no PhDA traces were detected (Table 1).

When using a palladium catalyst, an increase
in chloramine selectivity becomes a side effect of dif-
fusional drag on hydrogen. This may be due to the pal-
ladium ability to dissolve a larger amount of hydrogen
as compared with platinum [16], which is able to par-
ticipate in the nitro group reduction [17, 18].

Table

The observed 2-chloro-4-nitroaniline hydrogenation rate constants on supported palladium and platinum catalysts
in 2-propanol and ethyl acetate
Taéauya. KOHCTAHTBI CKOPOCTH O BOAOPOAY U 2-XJIOP-4-HUTPOAHUIUHY HA HAHECEHHBIX MAJIaJHeBOM M NJIATH-
HOBOM KaTaJUu3aTopax B 2-l'lp01'lal-10.l'le H ITHJIaleTarTre

Catalyst 0.5% Pt/C 10% Pd/C
Solvent 2-propanol ethylacetate 2-propanol ethylacetate
kn2-102 mmol/(s-g) 0.87 + 0.04 0.23+0.03 2.16 £ 0.04 0.55 + 0.03
N2, mmol 3.30 + 0.04 2.71+0.03 3.22+0.04 2.90 + 0.03
N2cphpa, MMoO 2.56 +0.05 2.02 +0.05 2.20+0.05 2.57+0.05
NphpA, MMOI — 0.68 +0.05 -

The hydrogen absorption rate in ethyl acetate
at 10% Pd/C is in eight times higher than at 0.5% Pt/C.
It can be assumed that the contribution of diffusional
drag on the palladium catalyst is less than on platinum,
which also provides 2C4NA conversion high degrees,
as evidenced by the data in the Table.

Such effects may be due to the carrier's struc-
ture [19]. Probably, platinum, when applied to a sub-
strate, is distributed on the carrier's deep pores inner

surface, whereas the distribution of the palladium
phase rather corresponds to the crust distribution (Fig. 3
and 4). It can also provide a higher activity of the pal-
ladium catalyst, which is accompanied by high dehalo-
genation degrees in 2-propanol, and the formation of
PhDA is observed from the very beginning of the reac-
tion (Fig. 1a).

Thus, it can be concluded that in ethyl acetate
both on platinum and palladium catalysts, the 2CANA
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conversion degree does not reach 100%. As a result,
the 2C4NA conversion degree on 0.5% Pt/C is 94%,
and on 10% Pd/C — 88%. The process proceeds selec-
tively to 2CPhDA at 10% Pd/C in ethyl acetate and at
0.5% Pt/C in a 2-propanol-water azeotropic composition.

Fig. 3. Images of the catalyst surface of 10% Pd/C obtained with high-
resolution scanning electron microscope Mira 3LMH, TESCAN
Puc. 3. U306paxenue noBepxHocTH kartamusaropa 10 % Pd/C,
TIOJIYYE€HHOEC C UCITOJIb30BAHUEM CKaHUPYIOIIETO MUKPOCKOTIIA BbI-
cokoro paspernreHus Mira 3LMH, TESCAN

Therefore, supported catalysts are very prom-
ising. They are distinguished by versatility, sufficient
wear resistance, relatively high activity and selectivity.
However, disclosure of the relationship "catalyst struc-
tural characteristics - activity and selectivity in the re-
action™ is not yet possible due to the catalysts diversity
and the scientifically lack based principles for their se-
lection. To solve this problem, it is advisable to con
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duct similar studies with catalysts that have a longer
service life, lower deactivation rate and greater activity
compared to traditional deposited ones [20].

Fig. 4. Pictures of SEM VEGA 3SBH, TESCAN catalyst surface
of 0.5% Pt/C obtained with electron microscope SEM VEGA
3SBH, TESCAN
Puc. 4. Kaptuna nosepxaoctu karanusaropa 0.5 % Pt/C, momy-

YeHHAs Ha CKAaHUPYIOLIEM 3JICKTPOHHOM MUKpockore SEM
VEGA 3SBH, TESCAN

Achievement of the goal for the synthesis of
such catalysts will be provided, both using template
methods for the synthesis of modified catalytically ac-
tive surfaces, and the traditional sol-gel method.
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