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The article is an overview of the research carried out in the LLP «Institute of Organic Synthesis and Coal 
Chemistry of RK» in recent years. The application of methods of ultrasonic and microwave chemistry to the 
processes of oxidation and oxidative modification of coal, activation of the processes of immobilization of 
humic acids and their derivatives on the surface of burnt rocks, as well as the effect of carbon nanotubes on 
the processes of obtaining humic-mineral compositions were studied. The properties of new activated forms 
of humic sorbents were studied and tested as sorbents for wastewater treatment. Composite catalysts based on 
compounds of VIII (Fe, Ni, Co, Mo) group metals were obtained and their activity was studied in the process 
of hydrogenation of anthracene and phenanthrene. The optimal parameters of cavitation treatment of fuel oil 
fractions in the presence of synthesized composite catalysts based on water-soluble metal salts deposited on 
zeolites and carbon sorbents were determined. Based on aniline-formaldehyde polymer and its mixed compo-
sitions with melamine-formaldehyde polymer and polyaniline, new metal-polymer composites with 
electrocatalytic properties were obtained. Their structure and morphological features were studied by IR spec-
troscopy, X-ray phase analysis, atomic emission spectroscopy and electron microscopy. Electrocatalytic ac-
tivity was investigated in the processes of electrohydrogenation of organic compounds. New derivatives of 4-
amino-1,2,4-triazole, thiosemicarbazides N-morpholinyl acetic and N-anabasinyl acetic acids were synthe-
sized, their structure, biological activity, reaction mechanisms were studied and optimal conditions for their 
synthesis were proposed. 
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fulleropyrrolidines, bioactivity. 

 
In 2018, the Institute of Organic Synthesis and Coal Chemistry celebrated its 35th anniversary, the crea-

tion of which was associated with the need to expand and deepen basic and applied research in Central Ka-
zakhstan, since the billions reserves of low-energy coals from Shubarkul, Maikubensky and other deposits 
that are here, also the industrial enterprises of the Karagandaugol and Carbid factories, the coke-chemical 
production of the Karaganda Metallurgical Plant represented a unique basis for the development of industrial 
organic synthesis and chemistry of coal. The Institute has carried out a large amount of research, the results 
of which are published in numerous monographs and rating journals. This article presents the most important 
results of the last time. 

In the field of modification of low-energy coals, the processes of oxidation, oxidative amination, nitra-
tion and sulfonation of selected black and brown coals of Kazakhstan were carried out under conditions of 
ultrasonic and microwave activation. Oxidized coals of the Shubarkol deposit and brown coals of the 
Kuznetsky and Oi-Karagaysky (Almaty region) deposits were used. 
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Physical methods using ultrasonic processing (USP) and microwave radiation (MWR), which were first 
used to intensify the reactions of obtaining a number of coal-chemical products and carrying out chemical 
modification of coal, are among the poorly studied and promising methods for the intensification of techno-
logical processes for the production of humic substances and their compositions. Elucidation of the types of 
reactions under the influence of ultrasound and microwaves, as well as the prospects for their use, is an im-
portant task. 

Studies have shown that ultrasound contributes to the accumulation of new acid groups in the coal 
composition and to an increase in the yield of humic acids from the products of sonolysis. Oxidation pro-
cesses in coals under the action of ultrasound occur at moderate temperatures for a short time (5–30 minutes) 
and depend on the nature of the coals. According to the susceptibility of the energy of ultrasound, the coals 
are arranged in the following row: Oi-Karagai ≥ Shubarkol > Kuznetsky. The effect of various oxidative ad-
ditives (hydrogen peroxide, nitric acid and sulfuric acid) with modifying ability on the oxidation of coal has 
been studied. The possibility of introducing nitrogen, sulfur in the form of amino-, amido-, nitro- and sulfo-
groups, which increase the sorption characteristics of the oxidation products obtained, was proved by the 
methods of functional analysis and data of the elemental composition [1]. 

According to the study of sorption and other characteristics of sorbents and comparison with conven-
tional methods for their preparation, the high efficiency of using physical methods of exposure to obtain new 
humic compositions was noted, including by introducing them into a nonorganic matrix based on burnt rocks 
that are waste coal mining. 

Studies on the activating effect of ultrasound and microwaves on the immobilization of humic acids and 
their derivatives on the surface of the burnt rock showed that immobilization in USP and MVR conditions 
showed the promise of using porous aluminosilicate rocks as available and effective sorption-filtration mate-
rials. However, to solve the problem of chemical resistance and mechanical strength of humic mineral 
sorbents, the use of «Taunit» multi-walled carbon nanotubes (MWCNTs) (produced by LLC Nanotechtsentr, 
Tambov, Russia) allowed. 

According to the electron microscopic analysis, the MWCNTs are filamentous formations of polycrys-
talline graphite, which are predominantly cylindrical. The outer diameter is 20–70 nm, the inner diameter is 
5–10 nm. The length is several orders of magnitude greater than the diameter and is 3–10 microns. Modifica-
tion of the side and end sections of the MWCNTs is often a necessary manipulation when creating materials 
with improved surface and bulk properties. 

Oxidation is the most common method of chemical modification of carbon nanotubes. A mixture of 
concentrated nitric and sulfuric acids, potassium permanganate, a mixture of ammonia and hydrogen perox-
ide solutions was used as oxidizing agents. The yield of products using a mixture of concentrated acids was 
50–60 %. The highest yield of products (92–95 %) was obtained when potassium permanganate was used as 
an oxidizing agent. For the first time, the processes of immobilization of humic acid and multi-walled carbon 
nanotubes on the surface of burned rocks (BR) have been carried out by ultrasonic and microwave activation. 

Ultrasonic dispersion and microwave irradiation of components were also used to create humino-
mineral compositions modified with carbon nanotubes [2]. For the immobilization processes being devel-
oped, an ultrasonic disperser of the IL-100-6/2 brand with an operating frequency of 22 kHz was used. Modi-
fication of humic acid with MWCNTs was performed by ultrasonic homogenization of humic acid with 
MWCNTs. During the study, the influence of various factors (the ratio of initial reagents, the duration of the 
USP) was investigated. The largest amount of acid groups (4.26 mmol-eq/g) is contained in the sample, 
which was irradiated with ultrasound for 10 minutes. The product yield was 60–68 %. It was established that 
the most homogeneous structure, according to microscopic analysis, was achieved with the ratio 
BR:HA:MWCNT = 50:20:1 and 50:10:1. The yield of products was 94–97 %. The number of acidic groups 
in the samples is in the range of 2.07–2.38 mmol-eq/g, the largest number of them is contained in humic-
mineral composites with activated forms of carbon nanotubes obtained by USP for 10 minutes [3]. 

The effect of microwave radiation on the immobilization process was carried out in aqueous suspen-
sions at a ratio of the initial components of the BR:HA:MWCNT = 50:20:1 and 50:10:1. The influence of the 
ratio of the initial components, the duration of MWR-effects and the nature of the modifier on the processes 
of obtaining humic-mineral nanocomposites has been studied. The number of acidic groups in the samples is 
in the range of 1.97–2.19 mmol-eq/g [4]. 

The laboratory tests of humic-mineral nanocomposites during the purification of industrial wastewater 
from the processing plant Priozersk indicate that humic-mineral sorbents (including those obtained under 
UZO and MVI conditions) containing nanotubes are highly competitive on the sorption activity with 
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nanohumic composites. In particular, BR + GA + MWCNT composites purify sewage from the main com-
ponents: aluminum (by 99.93 %), iron (by 98.02 %), manganese (by 60.58 %), lead (by 97.35 %), strontium 
(by 67.37 %) and zinc (by 97.98 %). The efficiency of using humic-mineral sorbents containing multi-walled 
carbon nanotubes as sorbents for wastewater treatment at enterprises has been proven [5, 6]. 

Thus, for the first time, the high efficiency of ultrasonic treatment on the process of obtaining humic-
mineral compositions has been established, and the use of microwave radiation reduces the time of the syn-
thesis process. The composition and structure of humic-mineral samples activated by MWCNTs under con-
ditions of ultrasonic and microwave radiation has been proved by modern physicochemical methods. It has 
been shown that humic-mineral composites modified by multi-walled carbon nanotubes can be used as 
sorbents for wastewater purification. 

As a result of the research work, a pilot setup was manufactured for testing the developed technologies 
of humic-mineral sorbents under experimental conditions and the optimization of the technological mode of 
their production. A draft technical specification for the design of the plant has been drawn up. The calcula-
tion of the equipment was done. Two chemical reactors have been manufactured for carrying out processes 
for the preparation of sorbents [7]. 

Products of modification of coal and coal waste with various chemical compounds and their applica-
tions as sorbents for wastewater treatment, restoration of fertility of depleted and man-made soils, and im-
proving the soil structure are new and have no domestic and foreign analogues. The novelty is confirmed by 
the patent of the Republic of Kazakhstan [8]. 

In the field of hydrogenation of heavy hydrocarbon raw materials, studies were carried out to obtain 
composite catalysts based on compounds of VIII Group metals (Fe, Ni, Co, Mo), and their activity was stud-
ied in the process of hydrogenation of polyaromatic compounds. The optimal parameters of cavitation treat-
ment of heavy hydrocarbon feedstock (fuel oil) in the presence of these composite catalysts based on water-
soluble salts of iron, nickel, cobalt, and molybdenum deposited on zeolites and coal sorbent were deter-
mined. 

It has been established that the highly dispersed distribution of the compounds of these metals by the 
impregnation of active carbon with solutions of their salts and their complex compounds leads to the conver-
sion of metal compounds deposited on the surface of the coal into an oxide form. So it was shown that the 
impregnation of iron, nickel and cobalt sulfates on a carbon sorbent results in highly dispersed metal-sulfate 
catalysts on a carbon carrier (FeSO4·7Н2О/С, NiSO4·7Н2О/С, binary FeSO4·7Н2О — СoSO4·7Н2О/С) with 
a content of active ingredient of 5 % (for metal). High-dispersion catalysts based on iron, nickel and cobalt 
oxides on a carbon substrate Fe2O3/C, NiO/C, binary catalyst Fe2O3–CoO/C were synthesized by a thermal 
modification of the corresponding metal sulfates [9]. 

The catalytic properties of the synthesized catalysts in the hydrogenation reactions of model polycyclic 
hydrocarbons — anthracene and phenanthrene — have been studied [10]. 

In a comparative analysis of the catalytic activity of the obtained composite catalysts with a known 
iron-chromium catalyst (STK-1), it was found that under the same conditions, Fe2O3 and Fe2O3/C catalysts 
give the composition of the reaction products with different ratio of components. It should be noted that, in 
terms of the active component of the catalysts, iron, the content of the latter in Fe2O3/C is 14 times lower 
than in Fe2O3. It was revealed that the replacement of nickel-sulfate by nickel-oxide catalyst leads to a more 
noticeable increase in the products of hydrogenolysis than on iron-containing analogues, while the content of 
hydrogenated components in the process of hydrogenation decreases. The composition of gaseous products 
of anthracene hydrogenation on the catalyst, including methane, ethane and propane, was established by gas-
liquid chromatography (GLC). The product of isomerization of anthracene (phenanthrene) on nickel catalysts 
is formed in larger quantities than on iron ones. 

It was established that as a result of the anthracene hydrogenation reaction, two groups of compounds 
are formed: hydrogenated and hydrogenolysis products. In this case, the transition of the linear form of 
anthracene to angular phenanthrene and its transformation products is observed [11]. 

The reaction proceeds according to the scheme: 
 

  
I II III IV 

аnthracenе dihydroanthracene tetrahydroanthracene octahydroanthracene 
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V VI VII VIII IX 
1-methyl-naphthalene 1-ethyl-naphthalene 2,3-dimethyl-naphthalene 2-ethyl-naphthalene 2-buthyl-naphthalene 

 

     

X XI XII XIII XIV XV 
1-methyl-2-

phenylmethyl- 
benzene 

2- methyl-1,1'- 
diphenyl 

2-ethyl-1,1'-
diphenyl 

2,2'-dimethyl- 
1,1'-diphenyl 

anthracene phenanthrene 

 
As a result, two groups of compounds were obtained: hydrogenated II–IV, which include 9,10-dihydro-

anthracene, 1,2,3,4-tetrahydroanthracene and 1,2,3,4,5,6,7,8-octahydroanthracene, and V–XV hydrogenoly-
sis products: 1-methyl-naphthalene, 1-ethyl naphthalene, 2,3-dimethylnaphthalene, 2-ethylnaphthalene, 
2-butylnaphthalene, 1-methyl-2-phenylmethylbenzene, 2-methyl-1,1'-diphenyl, 2,2'-dimethyl-1,1'-diphenyl 
and 2-ethyl-1,1'-diphenyl. Compounds V, VI, XI–XIII do not belong to the products of destruction of 
anthracene or its hydro-derivatives. The presence in the reaction mixture of 1-methyl-naphthalene V, 
1-ethylnaphthalene VI, 2-methyl-1,1'-diphenyl XI, 2-ethyl-1,1'-diphenyl XII and 2,2'-dimethyl-1,1'-diphenyl 
XIII can be explained by the result of the destruction of phenanthrene or its hydrogenated derivatives — di- 
and tetrahydrophenanthrene. In this case, there is a transition of the linear form of anthracene to angular 
phenanthrene and the products of its transformation: 
 

    

phenanthrene 9,10-dihydro-
phenanthrene 

2-methyl-1,1'- 
diphenyl 

2-ethyl-1,1'- 
diphenyl 

2,2'-dimethyl- 
1,1'-diphenyl 

 

 

1,2,3,4-tetrahydrophenanthrene 1-ethyl-naphthalene 
 

The use of zeolite as a carrier was associated with their geometry, porous structure, frame chemistry, 
and the nature of extra-frame structures. The presence of a large group of microporous crystalline 
aluminosilicates, the three-dimensional framework of which is permeated with cavities and channels of 
nanometric dimensions, creates a unique opportunity to modify catalysts. Impregnation of zeolites with 
aqueous solutions of metal salts, the cations of which are required to be introduced into the zeolite, is the 
most common method of modifying zeolites. 

In order to study the activity of the synthesized iron-containing composite catalysts supported on zeo-
lite, hydrogenation of polyaromatic compounds was carried out. 

During the research the following results were obtained: 
– by an impregnation of iron, nickel and cobalt sulfate on zeolite, the highly dispersed metal-sulfate 

catalysts based on synthetic zeolites CaA and ZSM were prepared: FeSO4·7H2O/CaA (FeSO4·7H2O/ZSM), 
NiSO4·7H2O/CaA (NiSO4·7H2O/ZSM), binary FeSO4·7Н2О – СоSO4·7Н2О/СаА (FeSO4·7Н2О – 
СоSO4·7Н2О/ZSM) with the content of the active component 5 % (by metal). By a thermal modification of 
iron, cobalt and nickel sulfates supported on a carrier (zeolite), the composite catalysts based on iron, nickel 
and cobalt oxides on a CaA and ZSM zeolite substrate were synthesized: Fe2O3/CaA (Fe2O3/ZSM), NiO/CaA 
(NiO/ZSM), binary catalyst Fe2O3 – CoO/CaA (Fe2O3 – CoO/ZSM) [12]. 

– the catalytic activity of synthesized catalysts was investigated in the reactions of hydrogenation of 
anthracene. The chromatographic mass-spectroscopy (CMS) and GLC analysis established the component 
composition of the hydrogenation products. A method for analyzing the products of anthracene hydrogena-
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tion was developed for GLC. The method used a database of component composition, created on the basis of 
the results of the analysis of standard samples and CMS analysis of reaction products [13]. 

– it was established that under the same conditions, the synthesis of catalysts Fe2O3/CaA and CoO/CaA 
give the composition of the reaction products of different component ratios. So, with a slight difference in 
the degree of conversion of anthracene — 95.02 % for Fe2O3/CaA and 97.38 % for CoO/CaA, the difference 
in the content of the products of hydrogenolysis and hydrogenation is more noticeable. In the process of hy-
drogenation in the presence of Fe-Co/CaA catalyst, hydrogenation products amounted to > 80 %, cleavage 
products < 10 % [11]. 

– it was found that the replacement of a cobalt sulfate by a cobalt oxide catalyst leads to a more notice-
able increase in the products of hydrogenolysis, in comparison with nickel and iron based analogues  
(14.12–23.62 % for Ni and 9.01–12.96 % for Fe). At the same time, the content of hydrogenated components 
decreases (77.67–63.81 % for Ni and 84.95–77.49 % for Fe) [14]. 

Thus, the synthesized binary catalysts based on compounds of VIII group metals deposited on a coal 
sorbent and zeolite demonstrate high activity in the process of hydrogenation of model compounds. 

In the process of fuel oil hydrogenation, it was established that the conversion and the quantitative 
composition of the products formed are different and depend on the activity and selectivity of the catalysts, 
which, in turn, are associated with the surface, dimensionality and porous structure. The use of iron-
containing composite catalysts makes it possible not only to increase the conversion of hydrocarbon deriva-
tives, but also to improve the quality of the products obtained, in particular, alkanes of iso-construction with 
a lower molecular weight (2-methylpentane, 2-methylpentene, etc.) [15]. 

It was noted a rather significant increase in the content of paraffinic hydrocarbons and a decrease in ar-
omatic, polyaromatic, oxygen-containing hydrocarbons. In the cavitation treatment of the fuel oil fraction in 
the presence of the composite catalysts Fe2O3/C, Fe2O3/ZSM and Fe2O3/CaA, the content of paraffins with a 
longer C15-C19 chain increases. This is due to the fact that during cavitation treatment in the presence of 
Fe2O3/ZSM, Fe2O3/CaA, Fe2O3/C catalysts, two coupled processes occur in the mixture — destruction and 
condensation, however, the destruction of paraffins prevails over condensation processes [16]. 

Optimal conditions and a number of factors influencing the cavitation treatment of the fuel oil fraction 
in the presence of the Fe2O3/C catalyst are determined. In accordance with the regression equation obtained, 
the optimal conditions for cavitation treatment are as follows: τ = 90–120 s, the amount of added catalyst is 
0.7–1 g and the amount of added water is 1.5–2 ml [17]. 

Thus, by quantifying the individual composition of the fuel oil fraction, the positive effect of the cata-
lytic-cavitation treatment in the presence of the studied catalysts was established. According to the hydrocar-
bon conversion, the catalytic systems are arranged in the following order: Fe2O3/C > Fe2O3/CaA > 
Fe2O3/ZSM. 

In the field of electrocatalysis of organic compounds, by a combined chemical and electrochemical 
method, new polymer-metal catalytic systems were created with the study of their activity in the 
electrohydrogenation of organic compounds [18–26]. 

The synthesis of metal-polymer composites based on conductive polyaniline (PAni) polymer with im-
mobilized metal salts (Ni, Co, Cu, Pd, Zn, Ag, Fe), metal oxides (CuO, FeO) without and with further chem-
ical and electrochemical reduction of their cations were carried out [18–23]. The possibility of electrochemi-
cal reduction of cations of a number of metals in the composition of the PAni polymer matrix was estab-
lished when powder composites were deposited on the surface of the Cu cathode (without fixing them), and 
PAni + M0 composites possessing electrocatalytic activity were created. 

Preparation of polymer-metal composites according to the developed direction was continued with the 
participation of aniline-formaldehyde polymer (AFP) and its mixed compositions with melamine-
formaldehyde polymer (MFP) and PAni with the following monomeric structures: 
 

 
AFP PAni 

 
  

Ре
по
зи
то
ри
й К
ар
ГУ



Серия «Химия». № 2(94)/2019

 
It should be noted that, unlike p

even, on the contrary, are good ins
new materials with semiconductor 
tions. 

Metal-polymer composites wit
salt (CuCl2, NiCl2, FeCl3, FeSO4) in
treatment (TT), as well as the «impr
ous solutions. X-ray diffraction (XR
nature of the introduced metal (in th
posites. Metal oxides (Cu2O, Cu
2CuCl2·5Cu(OH)2·H2O complex sal
composites prepared according to th

The electrocatalytic activity of
o-nitroaniline (o-NA) in a diaphragm
1.5 A, 30 ºC, catholyte — 2 % NaOH
The electrochemical reduction of 
3.3 mL H2/min, and a degree of tran

Experiments have shown that
AFP + FeCl3 and AFP + FeSO4) 
which is caused by the inability of t
ditions. According to the XRD anal
formed during the synthesis and TT
which catalyze the electrohydrogena
by the «impregnation» method show
to 5.6–6.1 mL/min, its conversion —
having a wide range of practical ap
contributes to a more complete ex
amount of their electrochemical redu

For the synthesized new polym
NiCl2, FeCl3, FeSO4, their electrica
allows us to classify them as organic
manufacture of various kinds of sen

Mixed aniline-melamine-forma
veloped method of synthesis, which
with formaldehyde separately for ea

Metal-polymer AMFP-compos
chlorides (Cu2+, Ni2+, Co2+), their ox
cations from aqueous solutions of s
the polymer matrix, and 2 — the «im
and after their application in electro
from AMFP powder composites do
of composites synthesized in situ w

Institute of Organic Synthe

MFP 

polyaniline, AF- and MF-polymers do not have co
sulators. The introduction of salt or metal nanop
properties on the basis of individual polymers o

th the participation of AF-polymer were obtained
n situ polycondensation of aniline and formaldehy
regnation» method by sorbing metal salts with p
RD) analyzes revealed the influence of the synth
he form of its salt) on the phase constitution of th
uO, NiO, Fe3O4) are formed in composite
lt, hydroxides and oxyhydroxide (Ni(OH)2, FeOO

he second variant of the synthesis. 
f the synthesized composites was studied in the 
m cell when they are deposited on the surface of
H solution with the addition of ethanol, anolyte —

o-NA under the same conditions is carried 
nsformation of o-NA to o-phenylene-diamine (α) i
t Ni- and Fe-containing AFP composites (AFP
exhibit a weak electrocatalytic activity in o-NA

the cations of these metals to electrochemical red
ysis, copper cations are reduced from copper oxi

T, giving copper particles in the zero-valence stat
ation of o-NA [24]. At the same time, AFP + Cu
wed a higher electrocatalytic activity: o-NA hydr
— to 91–94 % with the formation of one product 
pplications. Preliminary ultrasonic treatment (US

xtraction of copper cations from its aqueous so
uction. 

mer-metal composites based on an AF-polymer an
al conductivity was determined to be about 10–6–
c semiconductors with promising applications in 
sors, etc. 
aldehyde polymers (AMFP) were obtained main
h consists in carrying out the polycondensation o
ach monomer (with a 1:1 ratio), followed by their 
sites were prepared by two methods: 1 — in situ
xides and metal nanoparticles (synthesized by che
salts with sodium borohydride and hydrazine hyd
mpregnation» method. By the XRD analyzes of A
ohydrogenation of o-NA, the electrochemical red
oped with CuCl2, CuO and Cu2O and the highest
were established (Table 1) [25]. As follows from

esis and Coal Chemistry … 

93 

onductive properties and 
particles allows to create 
or their mixed composi-

d by introducing a metal 
yde with further thermal 

polymer from their aque-
hesis conditions and the 

he synthesized AFP com-
es synthesized in situ; 
OOH) are present in the 

electrohydrogenation of 
f the Cu cathode (current 
— 20 % NaOH solution). 

out at a rate (W) of  
is equal to 84 %. 
P + NiCl2, AFP + Ni0,  
A electrohydrogenation, 
duction under given con-
ides and its complex salt 
te in the polymer matrix, 
uCl2 composites obtained 
rogenation rate increases 
— o-phenylene-diamine 
ST) of these composites 
lutions and to a greater 

nd salts of metals CuCl2, 
–10–4 Ohm–1·m–1, which 
microelectronics, for the 

nly according to the de-
of aniline and melamine 
combination. 

u by immobilizing metal 
emical reduction of their 
drate and sonicated) into 
AMFP composites before 
duction of copper cations 
t electrocatalytic activity 

m the data presented, the 

Ре
по
зи
то
ри
й К
ар
ГУ



Z.М. Muldakhmetov 

94 Вестник Карагандинского университета 

rate of o-NA hydrogenation and its conversion increase with an increase in the copper content in 1 g of 
AMFP + CuCl2 composites. 

T a b l e  1  

Electrocatalytic hydrogenation of о-NA on the copper-containing AMFP composites 

Composites 
The copper content  
in 1 g of composite 

W, mL Н2/min 
(α = 0.25) 

η, % 
(α = 0.25) 

α, % 

Cu cathode – 3.3 27.7 84.0 
AMFP (1:1) + CuCl2 (1:0.5) 0.150 2.4 20.7 80.5 
AMFP (1:1) + CuCl2 (1:1) 0.253 4.8 46.7 84.8 
AMFP (1:1) + CuCl2 (1:1.5) 0.324 6.1 62.7 98.0 
AMFP (1:1) + CuCl2 (1:2) 0.559 8.5 80.3 100 
AMFP (1:1) + CuCl2 (1:1) + NaBH4 0.252 4.1 37.2 100 
AMFP (1:1) + CuO (1:1) 0.369 4.7 41.7 89.1 
AMFP (1:1) + Cu2O (1:1) 0.209 3.2 30.6 73.7 
 

Mixed AFP + PAni and PAni + AFP polymers were prepared according to the synthesis procedures of 
AF-polymer and PAni, respectively. Metal-polymer composites PAni + AFP (2:1) with introduced metals 
(Cu2+, Fe3+, Zn2+) chlorides and their oxides sonicated were produced according to several synthesis options. 
Their structure, phase composition and morphological features were studied by IR spectroscopy, X-ray pow-
der diffraction, and electron microscopy. The structural-phase changes in the composites under the action of 
the reaction medium of the oxidative polymerization of aniline and current cathodic polarization are ana-
lyzed. It was found that the metal cations in copper (II) and zinc (II) chlorides, as well as in FeO (wustite) 
(Fig. 1), CuO and ZnO oxides introduced into the polymer matrix undergo electrochemical reduction (on the 
stage of hydrogen saturation) to form copper, zinc and iron particles in the zero-valent state, which catalyze 
the electrohydrogenation of o-NA. 
 

 
 a)  b) 

Figure 1. X-ray patterns of the PAni(2) + AFP(1) + FeO(1:0.6) composite  
before (a) and after (b) electrohydrogenation of o-NA 

Comparison of the electrocatalytic activity of the synthesized composites based on the mixed polymer 
PAni(2) + AFP(1), doped with metal salt, gives the following series of their activity: CuCl2 > ZnCl2 > FeCl3 
(not active). The electrocatalytic activity of the PAni(2) + AFP(1) + MeO composites decreases in the fol-
lowing sequence of oxides introduced: CuO > FeO > ZnO. 

Table 2 shows the results of experiments on the electrohydrogenation of o-NA using Zn-containing 
composites PAni + AFP, performed under the above described conditions with a current of 2.0 A [26]. 
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T a b l e  2  

Electrocatalytic hydrogenation of о-NА on the PAni(2) + AFP(1) + ZnCl2 (ZnO) composites 

Composites 
The zinc content in 
1 g of composite 

W, mL Н2/min 
(α= 0.25) 

η, % 
(α= 0.25) 

α, % 

Сu cathode – 3.5 25.0 71.0 
PAni(2) + AFP(1) + ZnCl2 composites 

PAni + AFP + ZnCl2 (1:2) 0.138 3.7 26.7 78.1 
PAni + AFP + ZnCl2 (1:2) + NaOH 0.243 4.9 34.4 85.0 
PAni + AFP + ZnCl2 (1:2) + NH4OH 0.270 5.4 39.4 97.7 
PAni + AFP + ZnCl2 (1:1) + evaporation 0.085 6.6 47.7 87.6 
PAni + AFP + ZnCl2(1:1) + evaporation + TT 0.089 7.0 50.8 92.1 

PAni(2) + AFP(1) + ZnO (Zn) composites 
PAni + AFP + ZnO (1:1) + NaOH 0.285 5.1 33.8 99.9 
PAni + AFP + ZnO (1:1) + NH4OH 0.275 4.0 26.7 92.0 
PAni + AFP + Zn (1:1) + NaOH 0.384 7.1 52.3 86.4 
PAni + AFP + Zn (1:1) + NH4OH 0.370 7.1 51.6 81.2 
 

It follows from the above data that all synthesized Zn-containing composites based on the mixed 
PAni(2) + AFP(1) polymer possess electrocatalytic activity in electrohydrogenation of o-NA; in their pres-
ence electrocatalytic hydrogenation of o-NA is carried out at higher rates and more complete o-NA conver-
sion than electrochemical reduction at the Cu cathode. 

Thus, on the basis of the AF-polymer and its mixed compositions with MFP and PAni, metal salts and 
oxides, new metal-polymer composites have been created, relating mainly to organic semiconductors and 
exhibiting electrocatalytic properties depended on the nature of the introduced metal, its content, conditions 
of synthesis and the influence of ultrasonic treatment. The resulting metal-polymer composites are multi-
functional materials and can be used not only as catalysts or electrocatalysts in the synthesis of chemical 
compounds, but also in other areas of technics, including nanotechnology. 

In the field of synthesis of biologically active substances, in continuation of previous studies [27–30] on 
the basis of heterocyclic compounds, new approaches were proposed to the reactions of interaction of 
acetoacetic acid anilide with 5-aminotetrazole and substituted aromatic aldehydes, which led to the develop-
ment of methods for obtaining new series of 7-aryl-5-methyl-N-phenyl-4,7-dihydrotetrazolo-[1,5-α]-
pyrimidine-6-carboxamides [31]. Studies are being carried out on the chemical transformation of the struc-
ture of fullerene C60 with modified derivatives of alkaloids with obtaining interesting in terms of studying 
the biological properties of fulleropyrrolidines [32, 33]. 
 

 
 

In order to expand a number of polyfunctional 1,2,4-triazoles bearing valuable biologically active 
groups [34, 35] based on N-morpholinyl acetic acid hydrazide, were synthesized and intramolecular 
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heterocyclization of thiosemicarbazide derivatives (5) was carried out. These compounds can be widely used 
in organic chemistry as starting synthons in the synthesis of many nitrogen-containing heterocyclic com-
pounds. 
 

 

 
 

The cyclization of thiosemicarbazide derivatives (5) was carried out in an aqueous-alkaline medium by 
heating the reaction medium to 80–85 °C. The starting N-morpholinyl acetic acid thiosemicarbazides were 
obtained by the interaction of N-morpholinyl acetic acid hydrazide with alkyl and aryl isothiocyanates. In the 
presence of alkali, N-alkyl(aryl)thiosemicarbazides of N-morpholinyl acetic acid (5) are converted to 
thiolate, and upon further acidification, 5-(morpholinomethyl)-4-alkyl(aryl)-1,2,4-triazole-3-thions are 
formed (6–10) [35–37]. 

In order to establish the spatial structure of 5-(morpholinomethyl)-4-allyl-1,2,4-triazol-3-thione (6), its 
X-ray structural examination was carried out, the general view of which is shown in Figure 2. From the ob-
tained data it follows that the bond lengths and valent angles are close to normal [37]. 
 

 

Figure 2. The structure of the molecule 5-(morpholinomethyl)-4-allyl-1,2,4-triazole-3-thione (6) 

In continuation of these studies, N-phenyl thiosemicarbazide N-anabasinyl acetic acid (12) was synthe-
sized by reacting N-anabasinyl acetic acid hydroxide (11) with phenyl isothiocyanate in ethanol with a yield 
of 74 %. It is established that upon acidification of a water-alkaline solution of the obtained phenyl-
thiocarbazide derivative (8), the latter one is subjected to intramolecular hetero-cyclization with the for-
mation of 4-phenyl-5-anabazinomethyl-1,2,4-triazole-3-thione (13) [38]. 
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In continuation of the ongoing research on dithiocarbamine derivatives, a series of preparatively con-
venient chemical transformations with the potassium salt of hydrazinodithiomorpholinyl acetic acid (15) was 
carried out. A study of the hetero-cyclization of the potassium salt of hydrazinodiomorpholinyl acetic acid 
(15) showed that the nature of the forming substances depended on the conditions of the process [41–43]. 
 

 
 

So, by reacting the potassium salt of hydrazinodithiomorpholine-acetic acid (15) with hydrazine hydrate 
in the presence of potassium hydroxide in absolute ethanol, followed by acidification with hydrochloric acid 
to a neutral medium (pH = 7), 4-amino-3-(morpholinomethyl)-(1H)-1,2,4-thiazolo-5e(4H)-thione (18) was 
synthesized [44]. It should be noted that a change in the nature of the reaction medium from absolute ethanol 
to water-ethanol (1:2) leads to the formation of the potassium salt of 3-(morpholinomethyl) -1,2,4-thiazole-4-
thione (17). The structure of the substance (17) was also confirmed by X-ray diffraction [40–43]. 

As a result of research and experimental works, optimal methods of synthesis were developed and the 
physico-chemical properties of new potentially biologically active compounds of dithiocarbamate, thiourea, 
thiazole, and thioamide structures based on N-morpholylacetic acid hydrazides, as well as the known 
anabasine alkaloid, were studied. The synthesized new substances are of interest as potential objects for 
studying the biological properties and establishing the regularities of the «structure-bioactivity» relationship. 

It should be noted that Institute of Organic Synthesis and Coal Chemistry of RK throughout all the 
years of its activity takes an active part in the implementation of the most important tasks in the framework 
of the priority directions of the development of science of the RK. The Institute staff at a high modern level 
conducts the scientific researches on the development of high technologies for the production of industrially 
important coal products, including modern approaches based on the use of microwave and ultrasound activa-
tion technology in chemical processes for the creation of new natural-synthetic polymers nanostructured cat-
alysts, nanocomposites of various purposes and biologically active substances with the participation of C60 
fullerene and nanofibers and other new products. 

At the same time, the Institute should pay attention to the issues of commercialization of scientific re-
sults, taking into account the experience of promoting a number of developments, namely, the 
electrocatalytic production of 2,4,5,6-tetraaminopyrimidine and 2,4,5-triamino-6-oxypyrimidine used in the 
production of the antitumor drug «Methotrexate» and folic acid, introduced at the Shchyolkovo Vitamin 
Plant (Russia), the creation of the production of the highly effective flotation reagent dimethyl(isopropenyl 
ethynyl)carbinol (DMIPEK) in Moscow, the release of coal-alkaline reagent from off-balance coals Central 
Kazakhstan on SJSA «Ekibastuzugol» and LLP «Uglesintez» with capacity up to 1000 tons of products per 
year. 

At this stage, it is necessary to increase the efficiency of implementation works on the basis of the cre-
ated mini-workshops for obtaining sodium humate and coal-fuel briquettes based on coal screenings from the 
Shubarkol coal deposit. 

It is necessary to ensure further improvement of the created innovative developments of the Institute: 
− on the creation of new domestic polymer-humic soil builders and organic-mineral humic fertilizers, 

coal-alkaline reagent, coagulants and corrosion inhibitors based on coal products; 
− on obtaining magnetically controlled nanosorbents for collecting oil spills from the water surface; 
− on obtaining valuable chemical compounds (p-aminobenzoic acid in the electrocatalytic system, 

piperidine by electrocatalytic reduction of pyridine, methylphenylcarbonyl by electrocatalytic reduc-
tion of acetophenone and etc.), which are the basis of medicinal and fragrant substances. 

The results of the implementation of these developments will contribute to the advanced development 
of high-tech and knowledge-intensive industries that save mineral resources, diversify the economy from raw 
materials to processing, and also contribute to solving environmental problems in the region. 
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З.М. Молдахметов 

Органикалық синтез жəне көмірхимия институты:  
қазіргі жетістіктері мен даму бағдарламалары 

Мақалада «ҚР Органикалық синтез жəне көмірхимия институты» ЖШС-де соңғы жылдары 
орындалған зерттеулер негізінде шолу жасалған. Ультрадыбыстық жəне микротолқынды химия 
əдістерін көмірді тотықтыру жəне тотығу түрлендіру үрдістеріне қолдану, жанған жыныстың бетіне 
гумин қышқылдарын жəне олардың туындыларын иммобилизациялау үрдістерін белсендіру, сондай-
ақ гуминминералды композицияларды алу процестеріне көміртекті нанотүтіктердің əсері зерттелді. 
Гуминді сорбенттердің жаңа белсенді формаларының қасиеттері анықталып ағынды суларды тазарту 
үшін сорбенттер ретінде сынаулар жүргізілді. VIII-ші топтағы (Fe, Ni, Co, Mo) металдардың 
қосылыстары негізінде композиттік катализаторлар алынды жəне антрацен мен фенантренді 
гидрирлеу процесінде олардың белсенділігі зерттелді. Цеолиттер мен көмір сорбенттеріне 
қондырылған металдардың суда еритін тұздары негізінде синтезделген композитті катализаторлардың 
қатысуымен мазут фракцияларын кавитациялық өңдеудің оңтайлы параметрлері анықталды. 
Анилиноформальдегид полимері жəне оның меламиноформальдегид полимерімен жəне 
полианилинмен аралас композициялары негізінде электркаталитикалық қасиеттері бар жаңа полимер-
металды композиттер алынды. Олардың құрылысы мен морфологиялық ерекшеліктері 
ИҚ-спектроскопия, рентгенофазалық талдау, атомды-эмиссиялық спектроскопия жəне электрондық 
микроскопия əдістерімен зерттелген. Электркаталитикалық белсенділік органикалық қосылыстарды 
электргидрациялауда зерттелді. 4-Амино-1,2,4-триазолдың, N-морфолинилсірке жəне N-анабазинил-
сірке қышқылдарының тиосемикарбазидтерінің жаңа туындылары синтезделген, олардың құрылысы 
мен биологиялық белсенділігі, реакция механизмдері зерттелген жəне де оларды синтездеу 
əдістемелерінің оңтайлы шарттары ұсынылған. 

Кілт сөздер: гумин қышқылы, жанған жыныс, көпқабатты көміртекті нанотүтіктер, гуминоминералды 
композиттер, композитті катализаторлар, антрацен, фенантрен, мазут, гидрогенизация, полимер-
металды композиттер, анилинді жəне меламиноформальдегидті полимерлер, полианилин, 
электркаталитикалық қасиеттер, 4-амино-1,2,4-триазол туындылары, фуллеропирролиндер, 
биобелсенділік. 

 
З.М. Мулдахметов 

Институт органического синтеза и углехимии:  
состояние и перспективы развития 

Статья носит обзорный характер по исследованиям, выполненным в ТОО «Институт органического 
синтеза и углехимии РК» за последние годы. Изучено применение методов ультразвуковой и микро-
волновой химии к процессам окисления и окислительного модифицирования углей, активации про-
цессов иммобилизации гуминовых кислот и их производных на поверхность горелых пород, а также 
влияние углеродных нанотрубок на процессы получения гуминоминеральных композиций. Изучены 
свойства новых активированных форм гуминовых сорбентов и проведены испытания их в качестве 
сорбентов для очистки сточных вод. Получены композитные катализаторы на основе соединений ме-
таллов VIII группы (Fe, Ni, Co, Mo), и изучена их активность в процессе гидрирования антрацена и 
фенантрена. Определены оптимальные параметры кавитационной обработки фракций мазута в при-
сутствии синтезированных композитных катализаторов на основе водорастворимых солей металлов, 
нанесённых на цеолиты и угольные сорбенты. На основе анилиноформальдегидного полимера и его 
смешанных композиций с меламиноформальдегидным полимером и полианилином получены новые 
металлополимерные композиты, обладающие электрокаталитическими свойствами. Их строение и 
морфологические особенности изучены методами ИК-спектроскопии, рентгенофазового анализа, 
атомно-эмиссионной спектроскопии и электронной микроскопии. Электрокаталитическая активность 
исследована в процессах электрогидрирования органических соединений. Синтезированы новые про-
изводные 4-амино-1,2,4-триазола, тиосемикарбазидов N-морфолинилуксусной и N-
анабазинилуксусной кислот, изучены их строение, биологическая активность, механизмы реакций и 
предложены оптимальные условия их синтеза. 

Ключевые слова: гуминовая кислота, горелая порода, многостенные углеродные нанотрубки, гумино-
минеральные композиты, композитные катализаторы, антрацен, фенантрен, мазут, гидрогенизация, 
полимер-металлические композиты, анилино- и меламиноформальдегидные полимеры, полианилин, 
электрокаталитические свойства, производные 4-амино-1,2,4-триазола, фуллеропирролидины, биоак-
тивность. 
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