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Palladium - potassium humate coated by Polymetallic catalysts for
the process of hydrogenation of nitrocompounds

Results of studies of humic substances in the quality of natural polymeric modifier for the coated palladium catalysts
are presented in the paper. Synthesis of new catalysts based on palladium - potassium humate fixed on various inorganic
carriers and their catalytic properties have been studied. The catalysts of 0,8% Pd - Potassium’s Humat(1%)/B-94 and
0,8% Pd /Shungite 1% KOH are optimal.
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KK, Kaitpipoexos, O.T. Epmonauna
HuTpoKOCHLIBICTAPABI TOTHIKCHI3AAHABIPY NpoueciHaeri najiaamii-kaanii rymarsl Herizingeri
KOHABIPBLIFaH NOJIMMEPMeTaJT KaTaJIu3aTopJapbl

Bepinren Makanasia KOHABIPBIIFAH TAJUIA M KaTaIn3aTOpbIHA TYMUH IIPeNapaTbIHbIH TAOUFHU TTOINMEP-MOIH(DUKKATOD
peTiH/e KOJJaHbUTYbI XKSHE O KaTaJIN3aTopJIap/IbIH KaTaIUTHKAIIBIK KACUETI HUTPOKOCHUIBICTAP Il THAPIICY ITPOLIECIHIe
3eprrenyi. [Tammaauit — kanuii rymarts! HeTi3iHe opTypiti GeopraHuKaIbIK TachIMaJIaFbIIIKA KOH/IBIPBUIFAH XKaHa Ka-
tanu3aropnap cunresnengi. 0,8 % Pd-kammii rymarst (1%) / boxcur-094 xone 0,8% Pd / llynrur.1 % KOH xaramu-
3aTOpIIaphl €H ONTHUMAJIIBI XKOHE aHAFYPJIBIM aKTHUBT1 OOJIBIN TaOBUIIHL.

Tyiiin ce31ep: ryMUH KbIIIKbULAAPBI, CHHTE3, KaTAJIM3aTOpIIap, TAOUFH IOJIUMEpIIep, THIPIEY.

JK.K. Kaup6ekos, O.T. Epmonaiaa
HaneceHHbIe MOIHMEPMETALIHYECKHE KATAIN3ATOPBI NAJLIAIUI-ryMaT KaJaus
B Npolecce rHAPUPOBAHUS HUTPOCOETNHEHU I

B pabote npencTaBiaeHbI Pe3yIbTaThl HCCIIEI0BAHMUS 110 pa3paboTKe MONTMMEPMETANINYECKUX KaTaIn3aTOPOB Ha OCHOBE
MPUPOHOTO MONUMEpa-rymMaT Kanus u namiagus. Karamutudeckue cBoicTBa pa3pabOTaHHBIX KaTalnn3aToOpoB OBLIN
HCCIIEIOBaHbI B PEAKLUAX THAPUPOBAHUS HUTPOCOECANHEHUH. B kauecTBe HocuTesnel U moauMepa UCHoIb30Ball IPU-
ponHbie Matepuainbl. OnTHManbHBIME Katanu3aTopamu sisistitorest 0,8 % Pd-xanmit rymarsr (1%) / Bokent-094 1 0,8 %

Pd / Ilynrur 1% KOH.

KuroueBble ci10Ba: T'yMUHOBBIE KUCTIOTBI, CHHTE3, KaTaJIN3aTOPBI, IPUPOAHBIC MOIUMEPHI, THAPHPOBAHHE.

Introduction

The development of new type of catalysts,
combining the advantages of inorganic and organic
ion exchange properties has become a topical
problem recently. Such catalysts may be obtained
by fixation of the surface of inorganic substances by
organic substances, containing ionogenic functional
groups. The utilization is possible of natural mineral
source, which possesses not only adsorption and
ion exchange properties, but is also cheap, and
abundant. For instance, it may be highly efficient
catalysts based on fixed complexes of humic acids
with metals of VIII group with inorganic matrix of
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natural origin. In works [1-3] the high efficiency of
palladium catalysts is noted. Thus, the polymers [4],
containing fragments of trans — M — (CH,-CH,~-
CH,N),Cl, where M may be palladium or platinum
were obtained. Thus, the authors have found the
selectivity of nitrocompounds and almost complete
reduction to corresponding amines, while polymer
complexes of palladium possessed high activity,
compared to platinum complexes.

Related to this the humic acids (HA) and
compounds on their basis have become the objects
of studies. This is related to the fact, that these
substances possess numerous valuable properties,
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the main of which are — abundance and ecological
security. Humic acids can enter various chemical
transformations and are very rich initial material for
obtaining natural-synthetic polymers of numerous
forms of purpose and properties — qualitatively new
preparates with properties of higher level [5].

According to modern conceptions humic acids
(HA) — this group of amorphous dark coloured
aromatic polymers of ox carbonic acids, united
by general principle of structure, but different
in composition in wide range depending on the
character of initial charcoal. These high-molecular
compounds with the nucleous of condensed carbon
contain various functional groups, primarily,
oxygen containing (phenolic, hinoid, carboxylic,
methoxylic, ketonic, ether).

Aromatic nuclei contain from 2 to 6 condensed
benzene rings [6-7]. Humic acids are related to
polyelectrolyte [8]. Their acidic properties are due
to the presence in the structure of HA of carboxylic
and phenolic groups, the content of which changes
depending on the source, from which they are
extracted. According to literature data [8], the
range of content of carboxylic groups in various
preparations of HA may vary within the interval
of 1.5-5.7 mg*eq/g, and in phenolic hydroxyls
2.1-5.7 mg*eq/g. The development of methods of
preparation of monodisperse homogeneously fixed
on carriers catalysts with nanosizes of particles
of active phase gave new impetus to utilization of
soluble polymers with various functional groups for
stabilization of nanoparticles on carriers. Besides,
the utilization of polymermetallic complexes
causes the increase of interest of researchers due
to the development of combinatorial chemistry and
development of new processes, including multiple
use of catalysts.

Topicality of studies of polymermetals in the
catalysis is supported by the fact, that the leading
foreign companies study such systems in numerous
industrial processes of organic synthesis. The main
achievement of latest years in this direction is the
development of industrial technologies based on the
multifunctional polymermetallic catalysts and their
introduction to the industry.

Materials and methods
In the work catalysts were prepared by

impregnation method. A bauxite-094 (B-094) hinge
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plate (3r) brought on 150 ml of the distilled water,
then when hashing added humate of potassium
solution (0,7-2,0 masses. % in relation to mass of
the carrier) At the same time added water solution of
chloride of a palladium (1,0 macc.%). The received
catalysts mixed within 3 hours, and then washed
out, filtered and dried at temperature 383 K within
two hours.

Samples were investigated in the analytical center
of Xingjian university by means of an electronic
microscope by a TEM method of remarks with an
extracts with application of microdiffractions (of
Hitachi, Japan. Instrument Type: H-600, electronic
microscope of SEM Instrument Type: LEO1430VP).

Catalytic properties were tested in thermostats
“duck” with electrodes for measurement of potential
of the catalyst. Hashing carried out by acceleration
of “duck” with speed of 650-700 in a minute. It
allows to carry out process for lack of diffusive
braking.

Potential of the catalyst measured by means of
voltmeter. Reliability of kinetic results proves to
be true accuracy of individual measurement and
reproducibility of experimental data.

Results and Discussion

As potassium humate may form polymermetallic
complex with palladium [8-10] we studied the
possibility of utilization of humic preparations in
the quality of natural polymer-modifier for coated
palladium catalysts, and new catalysts are synthesized
based on palladium-potassium humate, fixed on
various inorganic carriers and their catalytic properties
are studied (table 1). In the quality of nitrocompounds
potassium ortho-nitro phenolate (PONP) and para-
nitrodiethylaniline (PNDA) were studied.

According to table 1 during reduction of PONP
the high rates of reaction are observed on the catalysts
Pd/B-094, Pd/Shungite (Sht) and Pd/NiO. The shift
of potential of catalyst during reduction of PONP is
240-322 mV (table 1), which serves as evindence of
adsorption of PONP and absence of hydrogen on the
surface of the catalyst. The rate of reaction is limited
by activation of PONP and strengthening of bond of
hydrogen with the surface of catalyst leads to more
favourable relation of concentration of reacting
components on the surface of catalyst, in the result
of which the rate increases of reduction of organic
nitrocompound.
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During reduction of PONP on catalysts covering
the oxides (NiO, Si0,, Al,O,), the activity increases
with the increase of specific surface of carrier. And
on the catalysts on the natural minerals, the activity
depends on the acid-base properties of carrier. Thus,
with the increase of values of isoelectric point of
carrier (from acidic to amphoteric) the activity
of catalysts increases, and then on the transition
to isoelectric point from amphoteric to basic the
activity decreases.

During reduction of PNDA on the catalysts on
the surface of oxides (NiO, SiO,, AL,O,), the activity
increases with the increase of specific surface of the
carrier. And on the catalysts on the surface of natural
minerals with the low specific surface, activity also
depends on acid-base properties of the carrier. Thus,
with the increase of values of isoelectric point of
carrier (from acidic to amphoteric) the activity

Table 1 — The rate of reduction of PONP in 0,1N KOH under 313K (P.

of catalysts increases, and then on transition to
isoelectric point from amphoteric to basic the activity
decreases. High rates of reaction of reduction of
PNDA in ethanol are also observed on the catalysts
Pd/Sht, Pd/NiO, Pd/B-094. The shift of potential
of catalyst during reduction of PNDA constitutes
100-141 mV (table 1), which serves as evidence
of adsorption of hydrogen and PNDA. The rate of
reaction is limited by activation of both hydrogen
and PNDA.

On palladium catalysts covering SiO,, Al,O, and
charcoal of Oy-Karagay mine field the reduction
occurs with lower rate, compared to catalysts of
Pd/Sht, Pd/NiO, Pd/B-094 and Pd/Ct. The studied
catalysts may be placed in the following row
according to activity: Pd/Sht > Pd/NiO > Pd/B-094
>Pd/SiO, > Pd/ A1L,O, > Pd/C

oy-karagay®

o 9, =0,1g, m ,=0,21g, VH2:1OOcm3) and PNDA

al

in ethanol at 333K (P_, qcamlyst=0,1r, m,,=0,29g, V,,=100cm’) on the catalysts 0,8% Pd/carrier
Isoel. Point of Specific Rate of reduction of PONP Shift. Of Rate of reduction of Shift of
carrier surface of (solvent-0,1n KOH), potential of the PNDA potential of
Catalyst the carrier, cm®/min catalytst, (solvent-ethanol), the catalyst,
m?/g D, mV cm’/min Do, mV
initial average initial average

Pd/SiO, 1,0-2,0 156,0 6,2 5,8 300 18,4 18,4 120
Acidic

Pd/AlL0, 7,0-9,0 88,0 4,8 43 240 13,6 12,8 110
amphot.

Pd/NiO 10,5-11,0 200,0 11,3 8,0 260 34,4 30,0 110
basic.

Pd/Sht 5,0-6,5 5,0 11,7 10,3 309 35,6 32,6 100
amphot.

Pd/Sht 7,0-8,0 7,7 23,8 18,3 270 42,6 422 100

proc.1% amphot

KOH

PAC 9,0-9,8 11,8 5,0 3,6 250 1,6 1.4 100
basic.

Pd/B-094 5,0-7,0 38,3 16,0 15,2 289 21,6 21,6 139
amphot.

With the aim of improvement of functional
characteristics (or activity, stability) of catalysts, it
is important to develop the method of preparation,
under which the main mass of active metal would
be located on external attainable surface of carrier.
Realization of such method became possible with
the use of properties of palladium chloride(Il) to
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form polymeric complexes under variation of pH of
aqueous solution.

In the quality of natural polymer for preparation
of polymermetallic catalysts the potassium humate
(PHum) was chosen. The content of PHum in the
catalyst varied from 0.7 to 2.0 mass %.

On figure 1 the electronmicroscopic image
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is shown of the sample of potassium humate (1).
From the figure it can be seen the nature of PHum.
Analysis of microphotograph has shown, that
the initial powder of PHum exhibits practically
defectless particles of polyhedric shape.

The study of activity of catalysts was carried out
in the reactions of reduction of PONP in the media
of 0.IN KOH under 313 K and PNDA in ethanol
under 333 K.

On reduction of PONP according to activity the
catalysts may be place in the following order: Pd-
PHum /B-094 > Pd-PHum/Sht proc.1%KOH > Pd-
PHum/Sht > Pd- PHum /SiO, > Pd- PHum/ALO..
Processing of carrier (shungit) by base in the catalyst
Pd- PHum /Sht weakly increases its activity (about
5%). The shift of potential of catalysts constitutes
290-320 mV, which supports adsorption on the
surface of catalyst of PONP (table 2).

! 50MKm

Figure 1 — Microphotograph of the sample: potassium humate

Catalysts, obtained by fixation of such
polymermetallic complex on natural minerals, are
more active (table 2), than catalysts, obtained by
fixation of only palladium on the same carriers
(table 1). Optimal concentration of active phase
(palladium) in catalysts constitutes 0.8 mass.%,

Table 2 — Rate of reduction of ONP on the catalysts of 0.8%Pd- PHum (1%)/carrier in 0.IN KOH at 313K (P_ , q
=0,1g, m,,=021g, V,, =100 cm?) and PNDA in ethanol at 333K P, .9

PONP

and potassium humate — 1.0 mass.%. Processing of
shungite (Sht) (carrier) by base increases activity
of Pd- PHum /Sht catalyst, but more higher values
of the rate of reaction under hydrogenation of
nitrocompounds is observed on the Pd/Sht catalyst,
proc.1% KOH (table 2).

cat

=0,1g, m,,,= 0,29g, V,, = 100 cm’)

catalyst PONP

Rate of reduction of PONP | Shift of potential | Rate of reduction of PNDA, | Shift of potential of
cm’/min of the catalyst, cm’/min the catalyst,
Catalyst Do, mV Do, mV
W W
initial average initial avarage
Pd- PHum /SiO, 12,6 11,5 300 19,8 19,2 160
Pd- PHum /Sht 17,7 17,3 300 38,0 38,0 160
Pd- PHum /Sht, 18,5 18,5 310 19,9 19,9 230
proc.1%KOH
Pd- PHum /B-094 252 25,2 320 33,3 33,3 160
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From the data of table 2 it can be said, that in
ethanol the high rates of hydrogenation of PNDA
are observed on the catalysts Pd-HumK/Sht and Pd-
HumK/B-94. Here the value of the shift of potential
is 120-230 mV, meaning the adsorption on the
surface of the catalyst of both hydrogen and PNDA.

During reduction of PONP the catalysts may be
placed in the following order according to activity:
Pd-PHum/B-094 > Pd-PHum/Sht, proc.1%KOH >
Pd-PHum/Sht >> Pd-PHum/Si0O,.

Processing of carrier (shungit) by base in the
catalyst Pd-PHum/Sht weakly (about 5%) increases
its activity. The shift of potential of catalyst
constitutes 290-320 mV, which supports adsorption
on the surface of the catalyst of PONP (table 2).

Conclusion

Hence, the conclusion may be made, that

potassium humate is able to form polymetallic
complex with palladium. PHum produces stabilizing
effect in the process of preparation of the catalyst.
Catalysts, obtained by fixation of this polymer
metallic complex on inorganic oxides and natural
minerals, are more active, than catalysts obtained
by fixation of only palladium on the same carriers.
Optimal concentration of active phase (palladium)
in catalysts is 0.8% and potassium humate — 1.0
mass %. The activity of catalysts fixed on shungit
is positively affected by processing of shungit
(carrier). Such processing increases the activity of
the catalyst Pd/Sht. More higher values of the rate
of reaction during reduction of nitrocompounds are
observed on the catalyst Pd-PHum/B-094.

Thus, based on the obtained results it can be
stated, that from all developed and tested catalysts,
the most active and optimal are catalysts 0,8% Pd-
PHum (1%)/B-094 and 0,8% Pd/Sht proc.1%KOH.
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