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SURFACTANT ADSORPTION PARAMETERS DETERMINED
FROM SURFACE TENSION DATA AS MEASURED BY DROP
AND BUBBLE PROFILE ANALYSIS TENSIOMETRY

Abstract: Drop and bubble profile analysis tensiometry is the most frequently used methodology for studies of
surfactant adsorption at liquid interfaces. However, there is depletion of surfactant molecules caused by adsorption
when drop profile analysis tensiometry is applied for surface tension measurements at low surfactant bulk
concentration. This depletion can lead to wrong characteristic adsorption parameters when not quantitatively
corrected in the data analysis. We show for the two surfactants CTAB and Tween 20, that particularly the values for
the adsorption activity coefficient and the molar area of adsorbed molecules are largely overestimated when using
drop profile analysis data. It is shown that bubble profile analysis data provide correct values of the adsorption
characteristics. The data analysis presented here is based on the Frumkin adsorption model.

Keywords: Adsorption of surfactant, bubble and drop profile analysis tensiometry, depletion effects due to
adsorption, Frumkin adsorption model.

1. Introduction

Surface active molecules — surfactants — are omnipresent in our daily life and applied in many
modern technologies. The optimum use of surfactants requires good knowledge of their surface
properties. The surface tension isotherms measured for aqueous solutions of surfactants as a function of
bulk concentration give access to the most important fundamental information about the properties of the
surfactant adsorption layers, such as surface activity, molar area at the surface and critical micelle
concentration [1].

Among the various surface tension methods, the bubble and drop profile analysis tensiometry is the
most frequently used one to day. The pioneer for this methodology was A.W. Neumannwho published a
number of fundamental papers about this method which he called ADSA (Axisymmetric Drop Shape
Analysis) [1,2,3,4].Recently, the state of the art of this methodology was described with details referring
to the Profile Analysis Tensiometer PAT1 (SINTERFACE Technologies, Berlin, Germany) [6].

It was discussed in [6] that in studies with protein solutionsa depletion happens due to the adsorption
of part of the protein molecules at the drop surface. In contrast, when using an air bubble immersed in the
protein solution, the depletion due to protein adsorption at the bubble surface is negligible. From the
difference between the obtained data the adsorbed amount of protein can be estimated [7].

The mentioned depletion effects in protein adsorption experiments appear as the used bulk
concentrations are very low. However, also studies of solutions of strongly surface-active moleculescan
be affected by this phenomenon. Thus, it is important to know from what surface activity and surfactant
bulk concentration on the mentioned depletion effects become important and have to be quantitatively
considered.

In a recent work, we presented experimental data for the surface tension isotherms of three different
surfactants: sodium dodecyl sulphate (SDS), hexadecyl trimethyl ammonium bromide (CTAB) and the
non-ionic surfactant Polyoxyethylene(20)sorbitanmonolaurate (Tween20) [1]. In this work a protocol was
proposed thattakes into account the mass balance of the amount of surfactant adsorbed at the drop surface

— 5 —



Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

and remaining in the drop bulk. It is the purpose of this short communication to show how the erroneous
use of surface tension isotherm data can lead to large errors in the determination of characteristic
adsorption data for the studied surfactants.

2. Adsorption model for describing the experimental isotherm data

The Frumkin adsorption model is one of the most frequently used one for many surfactant systems
although it had been proposed already almost 100 years ago [1]. The equation of state for this model reads

—HC;O =1n(1—6’)+at92 (1)

while the adsorption isotherm has the form

bc =
1

09 exp(-2a0) )

Here#=T w is the surface coverage, I'is the adsorption, wis the molar area, I1= y — 7is the surface

pressure withj, and jbeing the surface tension of the solvent and solution, respectively, ais the interaction
parameter, Ris the gas law constant, 7is the temperature, and bis the adsorption activity coefficient. In [8]
it was assumed that the intrinsic compressibility coefficient edepends on the surface coverage, however,
for the discussion here, we will assume that this coefficient is negligible in order to simplify the
discussion of the adsorption parameters.

To quantify the depletion effects appearing during the adsorption of surfactants at the surface of a
single drop, we have to make a quantitatively mass balance. In [8] it was shown that the final
concentration inside a drop is given by

c=c,—(A4/V) 3)
While ¢, is the initial surfactant concentration in the drop having the volume V and the surface area
A. Introducing this final bulk concentration ¢ into the adsorption isotherm given by Eq. (2) we obtain:

A 0
——TI |=——exp(-2
b[co ; j g exp(-2a0) @)

The set of Egs. (1) and (2) can be used for the analysis of data obtained from experiments without any
depletion effects, as it is the case for bubble profile analysis tensiometry. In contrast, using isotherm data
measured with drop profile analysis tensiometry, a depletion appears and Egs. (1) and (4) have to be used
to correct the evident loss of molecules in the drop volume caused by adsorption at the drop surface.

The question we want to answer here is now, what happens when we apply the original Frumkin
model, as given by Egs. (1) and (2), to data measured by drop profile analysis without considering
depletion effects. Note, this was the well accepted procedure done before we discussed the depletion
effects due to adsorption.

The amount of lost surfactant molecules due to adsorption can be estimated by Eq. (3) and is mainly
given by the ratio of drop area over drop volume A/V. In routine experiments, the drop surface area is
about 0.35 cm? while the volume is about 0.02 cm?, so that the ratio is A/V=17.5 cm™, i.e. A/V » | cm.
For bubbles of the same size like the drop, immersed into a surfactant solution of say 20 cm® volume, the
ratio is A/V=0.0175 cm™, i.e. three orders of magnitude less. Note, for smaller drops the ration A/V is
even larger, which is less favourable and the loss of surfactant determined via Eq. (3).

3. Materials and experimental methods

The experimental data we want to reinterpret here were obtained in [8] by using the drop and bubble
profile analysis tensiometer PAT-1 (SINTERFACE Technologies, Germany) [10].The surfactants
studiedin [8] were SDS, decanol, CTAB and Tween20.As the data obtained for SDS did not show any
measurable depletion effects, and for decanol only very little effects, we will not discuss them here. Note,
for all surfactants having a surface activity less than that of decanol or SDS any depletion effects can be
neglected. We do not want to present an extensive discussion on how the surface activity of a surfactant is
defined, but we just use the value of the adsorption activity coefficient b in Eq. (2) as a useful parameter.
The larger the value of b is, the higher is the surface activity of the corresponding surfactant.

4. Results and Discussion

The experimental results presented in Figs. 1 and 2 are replotted from [8]. There are two sets of data
in the given isotherms, one measured with drop profile (black squares) and one measured with bubble

— §f —
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profile analysis tensiometry (red circles). As expected for the two rather strong surface-active surfactants,
the data points obtained from bubble experiments are further left at lower concentrations than those
measured with single drops. This was expected because to reach the same surface tension with a single
drop, we need a higher initial bulk concentration. During the experiment, the concentration inside the
single drops decreases due to the loss of surfactant molecules adsorbed at the drop surface.

Following the target of this work, the experimental data were fitted by the Frumkin adsorption model
given by Egs. (1) and (2). As mentioned already further above, we used the Frumkin adsorption model in
its classical form as derived in [9] and did not add the dependence of the molar area of adsorbed surfactant
molecules as function of the surface coverage 6, as it was made in [8], i.e. assuming a so-called intrinsic
compressibility coefficient which allows a qualitatively better reflection of the experimental findings by
the model. In the data analysis performed here, we also did not consider the obviously happening
depletion due to adsorption. This “wrong” approach on purpose was made in order to demonstrate the
impact of depletion effects on the adsorption parameter values. The results of fitting are summarized in
Table 1.

Tablel - Model parameters used for fitting of experimental data
by the classical Frumkin adsorption model given by Eqgs. (1) and (2)

Surfactant Experimental , b, a Line in the
mode 10°> m%mol m*/mol figure
CTAB, Fig. 1
Drop 2.36 40 0.95 dashed line
Bubble 2.1 14.7 1.8 solid line
Tween 20 Fig. 2
Drop 2.27 300 0.7 dashed line
Bubble 1.6 170 0.6 solid line

As we can see, in particular the value of the adsorption activity coefficient obtained for the drop data
as much larger than that for the bubble data. For CTAB this value for the coefficient b is almost three
times larger, which means the isotherm is shifted to larger concentrations by a factor of almost 3, a shift of
half an order of magnitude. The molar area obtained from the drop data is also larger (by more than 10%)
as compared to the bubble data. This would mean that the molecules require more area at the interface, or
in other words are less close packed, as we would conclude from the data obtained from bubble
experiments.

For the second surfactant discussed here, the non-ionic surfactant Tween 20, the situation is quite
similar. The surface activity coefficient is decreased by a factor of about 2 (larger value of b for the drop
data), while the area per adsorbed molecule is larger by even 30%. These changes can be evaluated as
dramatic and reflect a strongly different adsorption behaviour.

70 -

40

30

1,0E-2 1,0E-1 1,0E+0
c [mol/m?]

Figure 1 - Equilibrium surface tension isotherm for aqueous solutions of CTAB plotted as a function of the initial solution
concentration, as measured by bubble profile (@) and drop profile analysis tensiometry (M); lines represent the results of fitting
the adsorption model to the experimental data
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80

Tween 20

30

20

1E-04 1E-03 1E-02 1E-01

¢ [mol/m?3]

Figure 2 - Equilibrium surface tension isotherm for aqueous solutions of Tween 20 plotted as a function of the initial solution
concentration, as measured by bubble profile (@) and drop profile analysis tensiometry (B); lines represent the results of fitting
the adsorption model to the experimental data

Let us somehow generalize the findings so that we can apply them to other surfactant systems. It was
shown that for the given experimental conditions the ratio of A/V for drops (17.5 cm™) is much larger
than 1 cm™, while it is much smaller than 1 cm™ for bubble data. Assuming that typical values of the

adsorbed amount I are between 10 'mol/cm? and 10 mol/cm?, we obtain for the second term (A/ V)F on

the right-hand side of Eq. (3) values of roughly 10™° to 10®mol/cm?, i.e. 10 to 10 mol/m?®. This is
exactly the concentration range in which the two studied surfactants adsorb (see Figs. 1 and 2). Their
surface activity, expressed by the adsorption activity coefficient b, let us expect this. We know that at a
bulk concentration of c=1/b the surface layer is covered by approximately 50%, i.e. the parameter 1/b
refers to a concentration which tells us where we must expect serious depletion effects. For all
concentrations below 1/b, these depletion effects must be essential. For CTAB this means for
concentrations below about 10"'mol/m* and for Tween 20 below 10”mol/m?® the depletion effects are
remarkable. Comparing this finding with experiments for the various surfactants studied and applied in
surface science and technology (cf. the isotherms given in [1] for many surfactants), we can conclude that
for example for Triton X100 or the oxyethylated alcohols like C;,EOs or C4EOs the depletion effects are
substantial, while for SDS and shorter chain alkyl sulphates, DeTAB (decyl trimethyl ammonium
bromide) or C,oEOgthe depletion effects are negligible and errors will not appear when drop profile data
are analysed and interpreted with the classical version of the Frumkin or any other adsorption model.

Finally, we should compare the parameter values in Table 1 with those published in [8] using a more
refined adsorption model. The absolute values deviate from those presented in the table. This is clear as
the parameters are not completely independent of each other. During the fitting process, any change in
one parameter value causes changes in the optimum values of any other parameter. This is particularly
true for the technical surfactant Tween 20, which is obviously a large mixture of many surface-active
compounds. Thus, only the complete set of parameter values describes the adsorption behaviour of a
surfactant sufficiently well. Note, however, the parameter values given in Table 1 are based on fitting
drop and bubble data by exactly the same adsorption model and all discussed differences originate from
the depletion effects, which were neglected on purpose when fitting the drop data (although these effects
are essential).

5. Conclusions

As discussed recently in [8], a specialcorrection and fitting algorithm has to be applied to determine
the characteristic adsorption parameters from experimental data obtained from drop profile analysis
tensiometry. This algorithm is based on the balance between the surfactant mass in the drop bulk and the
amount adsorbed at the drop surface. Exact knowledge about the surface area and volume of the drop is
required for these corrections as shown above.When ignoring the mentioned effects, the error made by
this erroneous procedure is significant and can lead to wrong conclusions.

— § —
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Similar mistakes are sometimes made in studies on emulsions. When supporting emulsion properties,
often interfacial tension studies are performed in order to determine the number of surfactants adsorbed at
drop surfaces. In the case, however, when the emulsion drops are rather small (much smaller than the
drops used in tensiometry so that the ratio A/V becomes even much larger than here), the amount of
adsorbed surfactant is enormous and data measured at macroscopic interfaces are not relevant. As shown
here, errors in the determined coefficient b used to estimate the order of magnitude for the required
concentration c>1/b for covering the emulsion drop surfaces sufficiently by surfactant molecules, can lead
to wrong values, too loweven by several orders of magnitude.

It could be recommended to use only bubble profile tensiometry in order to avoid errors in the
determination of adsorption characteristics for surfactants. Experimentalists know, however, that
experiments with single drops are much easier performed than with bubbles immersed in a solution
container. In addition, some specific samples can be provided only in extremely small quantities so that
drop profile analysis with single drops (typically with volumes of 20 ul) is the method of choice while for
bubble experiments a much larger amount of solution (typically 10-25 ml) would be required required.
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TAMIIBIJIAP MEH KOIIIPHIIKTEP CYJIBACBIH TAJIIAY APKbBLJIbI BETTIK KEPLTY II ©JIHIEY
OJICIMEH BETTIK-AKTUBTI 3ATTAP/JIbIH AICOPBIUAJIBIK IIAPAMETPJIEPIH AHBIKTAY

AnHotanusi: TaMineiap MeH KemMipLIIKTep CyIOAchlH Tajlay TEH3MOMETPHSCHl OCTTiK-aKTHUBTI 3aTTapiblH
CYHBIK OeTTepaeri aacopOIMsACHH 3epTTeyAe Ui KONTaHBUIAAbl. AJaima, Oy omicTi OSTTIK-aKTHUBTI 3aTTaplbIH
(BPA3) TemeH KOHIEHTpaMACHHAA Konnany bA3-mapapH KexeMeri MeepiHiy a3aroblHa anapaabl. by esrepic
OeTTiK-aKTUBTI 3aTTapAbIH aJACOPOIMSIBIK IapaMeTpliepiH aHBIKTay OapbICBHIHAA AyBITKylap Oepyl MYMKiH, COJ
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ce0enTi albIHFaH CaHIBIK HOTIDKENEpre TY3eTHelep eHrizy Kaxer. OcbiFaH opail ancopOUMsIIBIK OeNCeHIirT MEeH
MoONBAIK aymaHbl xkorapel OomraH CTAB xome Tween 20 cusakrel exi BA3 ymiiH agcopOUMsIIBIK MOTIMETTEp
Oepinren. Kemiprrikrep cyi0achlH Tanmay apKbUIBI aJbIHFAH MONIIMETTED aaCOpPOLUSHBI AYPHIC CHIATTANTHIHIBIFBI
kepceriren. Tannay @pyMKHHHIH axcopOuns MOIEIiH/IE )KacaFaH.

Tipek ce3mep: berTik-akTHBTI 3aTTapAblH aACOPOLMSCHl, TAMIIbUIAD MEH KOIIpUIKTep CYI0achlH Tajuay
TEH3HMOMETPHSICHI, aIcOpOIMs OaPhIChIHAA 32T MOJIIIEPiHiH a3aiobl, DPyMKUHHIH aICOPOIHS MOJIENI.

v * v
T. Kaiipaauesa"™’, C. Aiinaposa’, P. Musiep'
' Makc [nauk Muctutyt Komnounnos u Mexdasneix cioes, [Torcaam, Tepmanus;
2 Kasaxckuit Hauunonanensiit UccnenoBarenbekuil TexHuueckuil Y HUBEpcUTET
uM. K.W. CarmaeBa, Anmatsl, Kazaxcran

* OTBeTCTBEHHEIH aBTOp: talmira.kairaliyeva@mpikg.mpg.de; Tel.: +49-331-5679251

AJICOPBIHUOHHBIE TAPAMETPBI ITAB (HIOBEPXHOCTHO-AKTUBHOI'O BEIIIECTBA),
YCTAHOBJIEHHBIE UBMEPEHUEM JAHHBIX INOBEPXHOCTHOI'O HATAKEHUA
METOJAO0OM AHAJIN3A MTPOPWNIIA KAITEJBb U ITY3bIPBKOB

AnHoranus. TeH3noOMeTpus aHau3a MPOQUIIS Kaelb U My3bIPhKOB ABJSICTCS HAaHOOJIEe YaCTO UCTIONIB3YEeMOM
METOJMKOMN JUTS UCCIICIOBAHUS aJICOPOIIMY MTOBEPXHOCTHO-aKTUBHOTO BEIIECTBA HA XKUIKAX MEK(A3HBIX TPAHHUIAX.
OmHaKo, IPOUCXOIUT YMEHBIICHHE MOBEPXHOCTHO-AKTUBHBIX MOJICKYJ B OOBEMHON KOHIICHTPALMU B CBSI3U C UX
azcopOIMeld TpH UCIOJNB30BAaHUHM TEH3UOMETPUYECKOTO METOJA AaHajw3a, MPHMEHSICMOTrO ITIpU H3MEPEHHHU
MMOBEPXHOCTHOTO HaTshKeHUs [IAB mpy Manplx KOHIEHTpAIusX. JTO yMEHBIIEHHE B 00bEME MOMKET MPUBECTH K
HETIPAaBIIIBHBIM XapaKTePHCTUKAM I1apaMeTpOB aiacOpOINK, €CIM HE BBECTH KOJIHUYECTBEHHBIC MOIPABKH MPH
aHanmm3e JaHHBIX. lIpencTaBieHBl NaHHBIE A OBYX HOBEepXHOCTHO-akTHBHBEIX BemecTB: CTAB m Tween 20, B
YaCTHOCTH, U1 KOTOPBIX 3HAYUTEIBHO 3aBBIIICHBI TaHHbIE KOI(PQHIKMEHTa aICOPOLMOHHON AKTHBHOCTH W
MOJISIDHOM TUIOMIaAN aJcOpOMPOBAHHBIX MOJIEKYI MPH aHAIW3e AaHHBIX mpoduis karmd. [loka3aHo, 4TO JaHHbIE
aHanm3a TpoQuis My3bIPHKOB TPEICTABIAIOT MPABWIBHBIE 3HAYEHUS aJCOPOIMOHHBIX XapaKTEePUCTHK. AHaIN3
JTAHHBIX OCHOBAH Ha MoJienu ajcopounu OpymKuHa.

KimroueBbie ciaoBa: ApncopoOuust I1AB, Tensuomerpusi aHanusza npoguisl Kamneidb M Iy3bIpbKOB, 3ddekt
00eIHEeHUs pacTBOPA IPH aICOPOIIUH, MOJIEIb agcopormu OpyMKuHa.

— 10 ——
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RESEARCH OF THE CONTENT OF ZINC AND LEAD
IN THE LIGHT-CHESTNUT SOILS ON THE TERRITORY
OF ISLANDS “POLKOVNICHII” (KAZAKHSTAN)

Abstract. The aim of the work was to study and evaluate the main regularities of distribution of zinc and lead
compounds in light chestnut soils. The study was carried out to assess the impact of man-made pollution on the
environment and monitoring of soil pollution. The objects of research were the natural typical light chestnut soils of
“Polkovnichii” island, located in the city of Semipalatinsk (Semey), Kazakhstan. For the monitoring, samples of all
available genetic horizons of the soil section were applied. It is established that with increase in content of physical
clay in the soil the maintenance of a bulk form of lead increases. With increase in maintenance of a humus in the soil
the tendency to increase in maintenance of a bulk form of Zn is observed. The total lead content varies from 4.91 to
12.24 mg/kg; the total content of zinc is in the range of 14.84-23.67 mg/kg. It has been revealed that, according to
the level of the average content of the mobile form of zinc, the researched soils are related to the average soils
provided by these elements. The authors conclude that it is necessary to study the effect of the physical and chemical
properties of the region’s soils on the effectiveness of zinc fertilizers and to continue research in this direction.

Keywords: light chestnut soils, zinc, lead, “Polkovnochii” island, Semipalatinsk.

Introduction

The soil produces minerals from the substances which are contained in it, the introduced fertilizers,
pollinators. The minerals which are contained in them pass into plants. Therefore the plants going to food
reflect features of microelement structure of this soil and its geological structure. Emissions of industrial
plants also contain harmful impurities deposited on the soil. So, in the soil around the enterprises of non-
ferrous metallurgy there are oxides of lead, tin, molybdenum, arsenic, etc.; around factories of ferrous
metallurgy contain zinc, lead, phenol, arsenic, sulfur [1-3]. Excess of minerals, such as mercury, lead,
cadmium or selenium, obtained from vegetable or animal food, can cause the human body poisoning,
whereas copper deficiency, iron, manganese, zinc, iodine, fluorine, cobalt and molybdenum cause a
variety of problems related to nutrition [4, 5-8]. In natural, uncontaminated reservoirs and in places where
there are no enterprises for production and processing of minerals and where mineral substances are not
brought in the soil as fertilizers or growth factors of plants, minerals contain, as a rule, in thousand or ten-
thousand shares of milligram on water liter.

At the solution of practical questions of environmental protection from anthropogenic pollution the
important place is taken by data on the content of toxiferous ingredients in soils of the concrete region. At
pollution level assessment as background usually take uncontaminated territories with a similar soil cover
for which concentration of heavy metals are known. The way of analogy in this case is very difficult to
observe, since city soils are urban soils, strictly speaking there are no analogues in natural conditions. In
this regard, there is an urgent problem of finding a local urbanized background that could be used to
assess the level of soil contamination.
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The aim of the work was to study and evaluate the main regularities of distribution of zinc and lead
compounds in light chestnut soils.

The natural typical light chestnut soils of “Polkovnichii” island (fig. 1), located in the city of
Semipalatinsk (Semey), Kazakhstan, were chosen as objects of research. The city of Semey is divided by
the Irtysh River on left-bank and right-bank. In the middle of the Irtysh River there is an island
“Polkovnichii” (fig.2). The original and present name of the island is associated with the name of Matvei
Ivanovich Geytsig, the lieutenant colonel (later Colonel), who was appointed commandant of the
Semipalat fortress in 1787. The name of the island “Polkovnichii” is mentioned in plans from the 19th
century [8]. The island “Polkovnichii” is one of the main sights of Semey. During its long history, it
experienced different periods. To restore the island to its former glory, it is necessary, first of all, to
change its consumer attitude to natural resources. Today, the fate of the Polkovnichii’s Island is also
worried about environmentalists, public figures, and law enforcement agencies.

n

Figure 2 — General view of the island location map

For tests were taken samples of all of the genetic horizons of the soil profile. Definition of
macrocomposition of all tests of soils (pH, a humus, CO, of carbonates, granulometric composition) was
carried out by standard methods [9].

Among the heavy metals as studying objects lead and zinc have been taken. The choice of these
elements is due to two factors: firstly, the physiological importance of zinc in living organisms and in
particular for plants, and second - the lack of information on the biogeochemistry of these elements on the
island “Polkovnichii” needed to solve a number of scientific and practical issues [10, 11].
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Lead (Pb) is a metal that has long been extracted and used by man in various spheres of economic
activity. Just as long ago, the negative impact of lead on human health is known: already in the II century
of BC signs of “saturnism”, lead poisoning of the organism, were described. In urban conditions, the most
studied is lead contamination: it is more where there is more humus (the soil of the city is parks, gardens,
squares, transport arteries). In the soils of transport highways lead is detected even at great depths.

Zinc (Zn) is one of the most important trace elements: it is part of the enzymes that lead and regulate
many vital processes. Zinc increases the heat and frost resistance of plants. With its lack in the soil, the
inorganic phosphates are slowed down into organic plant compounds. On the other hand, a significant
increase in the content of zinc in the components of the environment and foodstuffs negatively affects
living organisms, accompanied by a deterioration in human health. Plants have a different ability to
absorb zinc from the soil. Of all heavy metals, zinc is the most mobile element and is well absorbed by
plants.

The content of heavy metals in the explored soils was determined on the KFK-3 device by a
photocolorimetric dithizone method by G.Ya.Rin’kis’s recipe [9, 12, 13]. The reproducibility of the
method was equal to + 4.2%. Selection of fractions of Pb and Zn was carried out by method of parallel
extraction. All analytical data were processed by mathematical analysis and mathematical statistics in soil
science according to E.A.Dmitriev [14].

Results and discussion

Results of the performed researches (table) show that the average total content of lead in the general
set of soil samples of the investigated territory in 1.2 time, of zinc — is 2.4 times lower than their clark
contents in soils.

Table - The total content of lead and zinc in the light chestnut soils of “Polkovnichii” island (in mg/ kg)

Metal K,, M=+m, V, % Clark in a Clark in the Maximum concentra-tion
soil [15] lithosphere [15] limit in the soil [5]
Pb 491 -12.24 832+ 1.05 34.0 10.00 16.0 100
Zn 14.84-23.67 20.86+ 1.37 17.0 50.00 83.0 300

Note: K, - a range of a variation, M+m — an arithmetic average and its mistake, V — variation coefficient.

The studied heavy metals on magnitude of the average total content are arranged in such a way:
Zn>Pb. On value of coefficient of a variation (in %) heavy metals in the researched soils are located in the
following decreasing order: Pb (34)>Zn (17).

It was found that the content of total forms of heavy metals on a profile of soils is distributed
unevenly. The maximal content of lead is characteristic of the illuvial horizon of B, minimum — of the
humic horizon A. The maximal content of a total form of Zn is characteristic of the humic horizon of A,
and the humic and accumulative horizon of A;, minimum - of the transitional horizon of BC. The
increased content of a total form of Zn in the humic and humic and accumulative horizons is explained by
the increased contents in them of the maximum quantity of a humus, and also higher value pH. In turn, the
increased content of a total form of lead in the illuvial horizon B, is explained by the increased contents in
this horizon of the maximum quantity of physical clay (<0.01 mm), possible carbonaceous and alkaline
geochemical barriers.

According to numerous researches, organic matter and its components form various complex
compounds with heavy metals [6, 11], and the fine-grained mineral phase is the strong adsorbent of heavy
metals [7]. Results of the carried out researches show that with increase in content of physical clay in the
soil the content of a bulk form of lead increases, and also with increase in content of a humus in the soil
the tendency to increase in content of a bulk form of Zn takes place. Reaction of aqueous soil slurries in
the humic and humic and accumulative horizons is neutral. Namely at values pH, the close to neutral, the
maximum of absorption of heavy metals by organic matter and clay minerals is reached [7, 16]
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Amplitude of fluctuation of content of elements in the soil is a little various: for lead accumulation in
the top horizon of the soil sharply increases with a depth, on the contrary, accumulation in the humic and
accumulative horizon which gradually decreases is characteristic of Zn. It indicates that lead in the
researched soils is less mobile metal, is capable to form steady compounds with finely dispersed mineral
phase of the soil. It should be noted that zinc in these investigated soils relates to metals less mobile in the
soil; a key role in this belongs to an organic substance capable of forming stable complexes with zinc,
which is very important and has great practical significance for the management of migration and
bioavailability of this element in the soil. The research of the work showed that the observed the unequal
correlation between the total content of heavy metals and indicators of humus, soil pH and physical clay.
A positive reliable correlative dependence of content of a total form of lead only on availability of
physical clay is revealed. In the investigated light chestnut sandy loam soils reliable positive correlative
dependence between the total content of Zn and existence of a humus, and also value pH is found. The
established level of total contents in soils of the studied urbanized background is much lower than the
recommended maximum permissible limits. V.V.Kovalsky established the threshold concentrations of
some elements in soils according to their possible pathological influences on farm animals [17]. When
compared with these threshold concentrations total zinc content is within the lower threshold boundary.
The investigated light chestnut soils of “Polkovnichii” island are characterized by low total zinc content
in comparison with soils of different regions [12, 13, 16, 17]. According to gradation to Ya.V.Peyv and
G.Ya.Rin’kis [9, 12-14], by the level of average content of the mobile form of Zn the researched soils
belong to the medium soils accordingly presence of this element.

Data on the background content of zinc and lead in the studied soils are very valuable, give the
possibility of systematic observations in this natural region and improve the objectivity of the evaluation
of the emerging environmental conditions. In recent years farmers to the soil introduce Zn-containing
fertilizers therefore carrying out a research of influence of physical and chemical properties of soils of the
region on effectiveness of zinc fertilizers has applied value. Thus, as a result of the research it was found
that the studied soils are characterized by deficiency of zinc content and by the level of the average
content of mobile forms of zinc belong to the medium soils by the presence of this element. This must be
considered when using zinc-containing fertilizers into the soil. It is necessary to carry out detailed
investigation of the influence of physical and chemical properties of the soil in the region on the
effectiveness of zinc fertilizers, and to continue research in this direction.

Conclusion

The researches on the soils of the territory of the island “Polkovnichii” (Kazakhstan) for an
assessment of the main regularities of distribution of forms of finding of Zn, Pb in light chestnut soils
were carried out. It is found that the total content of lead fluctuates from 4.91 to 12.24 mg/kg, the average
value is equal to 8.32 mg/kg, the coefficient of a variation is equal to 34.0%; the total content of zinc is in
limits of 14.84-23.67 mg/kg, the average value is equal to 20.86 mg/kg, the coefficient of a variation is
twice less, than for lead and amounts 17%. Average total content of lead in 1.2 times, zinc - 2.4 times
lower than their clark contents in soils. The total content of zinc in the soils of investigated area is located
within the lower threshold limits. Migration of forms of finding of lead and zincum on a profile of the soil
happens nonuniformly: accumulation of zinc is noted in the top horizons of the soil — humic A, and the
humic accumulative horizon of A;. It indicates the leading role of soil organic matter in accumulation of
this element. Lead accumulation occurs in the illuvial horizon B, of the investigated soils, due to the
increased content of physical clay in this horizon.
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«ITOJIKOBHUYH» APAJIBIHIAFBI AILIBIKKAIITAH/IbI TOIBIPAK
K¥YPAMbBIHAH MBIPBIII )KOHE KOPFACBIH MOJILIEPIH 3EPTTEY

Tipek ce3aep: ambIKKaTaHb! TOMBIPAK, MBIPBIII, KOPFACHIH, MOHUTOPUHT, «[lonkoBHHYMID apaibl, CeMei.

AHHoTanms. JXyMBICTBIH MaKcaThl alIbIKKAIITAHIBI TOMBIPAK KYPAMBIHAH MBIPHIII KOHE KOPFACHIH KOCBIIBICTAPBIHBIH
TapaIybIHbIH HETI3r1 3aHJbUIBIKTApbIH Oaranay MeH 3epTTey 0obln Tabbuialpl. 3epTTey KOpIIaraH opTara TEXHOTESHJI JlacTay-
HIBUIApBI Oaraay MEH TONBIPAKTHIH JacTaHybIHA MOHHTOPHHT jKacay YIIiH Kypri3ingi. 3eprrey HplcaHbl peTinae CeMmeit Kana-
CBHIHBIH MaHbBIHAA opHanackaH «[loikoBHIUMIY apaibIHBIH TaOWFH amIBIKKAIITAHABI TOMBIPAFsl aTbIHABL. MOHHTOPHHT XXacay
YIIiH TeHeTHUKAJBIK TOPH30HTAIIBI TOIBIPAKTHIH OapIIbIK YITICI KONIAHBUIAEL TONBIpaK KypaMbIHAQ (HU3MKAIBIK Ca3[bIH MOJ-
mIepi apTKaH CaifbH KOPFAaChIHHBIH BAJIBIK TYPIHIH yieci fe apTanbl. TomnbIpak KypaMbIHIa TyMYC MeJIIEpi apTKaHAa MBIPBIII-
THIH BaJIJIBIK TYpi apTaThiHbl Oaiikanabl. KoprackiHHBIH Baiaslk Memiiepi 4,91-nen 12,24 wr/kr, an MeIpsiin memepi 14,84-
23,67 Mr/kr Gonazbl. 3epTTEIreH TONBIPAKTa MBIPBIIITHIH OpTalla KO3FajJMalbl TYpi TOIBIPAKTHI OCHI 3JIEMEHTIICH KaMTaMachl3
eTy/IiH OpTalla JIeHreiiHe XKaTaTbIHbI aHBIKTaJIbl. AHMAKThIH TONBIPAFbIHBIH (PM3UKAJIBIK-XUMHUSIIBIK KACHETIHE MBIPBIIITHIH Thi-
HAWTKBILIBIHBIH THIMIUTITHE )KETKUTIKTI 3epTTey KaXKeT AereH TY)KBIPBIMFa Kellill, Oy OaFbITTaFbl 3epTTEY Al )KAIFACThIPY KepeK.
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HCCIENOBAHUE COJAEPKAHUSA IUHKA U CBUHIIA B CBETJIO-KAIITAHOBBIX IOYBAX
HA TEPPUTOPUH OCTPOBA «IIOJIKOBHAUHI» (KASAXCTAH)

AnHoTamms. Llenpio pa®oThl SBIsETCS M3y4YEHHE U OLEHKA OCHOBHBIX 3aKOHOMEPHOCTEH pacHpeneNeHHs COeIUHEHHH
LMHKA U CBUHLA B CBETJIO-KAIITAHOBBIX MOYBax. lccienoBaHne NpOBOAMIOCH Ui OLIEHKH BIUSHUS TEXHOT'CHHOTO 3arpsI3HEHUS
Ha OKPY)KAIOLIYI0 CPely W MOHUTOPHUHT 3arps3HeHus mouB. OOBEKTHl HCCICAOBAHUI — 3TO €CTECTBEHHBIC THUIIMYHBIC CBETIIO-
KallITaHOBBIE TOYBHI ocTpoBa [lonkoBHWUMIL, Haxomsmerocs B uyepte ropoga Cemumanatuack (Kaszaxcran). [{ns MmoHuTOpMHTra
OBUIM HCIIOJIB30BaHBl 00pa3Ibl BCEX HMEIOIIUXCS TCHETHYSCKHX TOPH30HTOB IMOYBEHHOTO pa3pe3a. YCTaHOBJIEHO, 4YTO C
YBEIUYCHHEM COJICpKaHUS (PU3NICCKON TIIMHBI B TIOUBE YBEIIMYUBACTCS COJEpKaHUE BAIOBOI (hopmbl cBUHIA. C MOBBIIIEHUEM
CoJiep KaHusI TyMyca B TIOYBE HAOIIOIACTCS TCHICHIIUS K YBEIMUCHHUIO COJICPKAHU BaloBoM (hopMbl IIHKA. BajoBoe comepixa-
HHUE CBHHIA Konebnercs oT 4,91 1o 12,24 mr/kr; BaloBOE COACPKAHUE [UHKA HAXOAUTCs B mpeaenax 14,84-23,67 mr/kr. Boiss-
JICHO, YTO II0 YPOBHIO CPEIHETO COJEPKAHUS MOABMKHON (hOPMBI IIMHKA HCCIIelyeMble TIOUYBbI OTHOCSTCS K CPEAHUM IO obecre-
YEHHOCTH 3THUMHU 3JIEMEHTAaMH I0YBaM. ABTOPHI [ENAal0T BBIBOJ, YTO HEOOXOIUMO MPOBECTH HCCICIOBAHMS BIHSIHUS (PUIUKO-
XUMHUYECKAX CBOWCTB IOYB PETHOHA Ha 3()()EeKTUBHOCTH MUHKOBBIX YAOOPEHUH W MPOIOIKUTH UCCIEIOBAHUS B 3TOM HAIpaB-
JICHUU.

KuroueBble ¢J10Ba: CBETIIO-KAIITAHOBBIE [TOYBBI, IUHK, CBUHELl, MOHUTOPUHT, OCTpoB «lloiaxoBHuumily, CeMunanaTHHCK.
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CATALYSTS OF CRACKING ON THE BASIS
OF HETEROPOLYACIDS

Abstract. Heteropolyacids (HPA) are strong Bronsted acids. The heteropolyacids of the 12 series the most
value for catalytic reactions are. The purpose of the work was to develop the composition of cracking catalysts based
on the natural zeolite of the Shankanay deposit (Kazakhstan). Modification of the catalysts was carried out with
mineral acids, organic acids and HPA. The catalysts have been extensively studied by a complex of physicochemical
methods. According to IR spectroscopy data, after decationation and dealumination, the natural zeolite does not
change its crystal structure. Presumably, the formation of the bond of HPA with the zeolite occurs when the zeolite
of the HPA is modified. Electron microscopy data indicate high degrees of dispersion and particle distribution of
PW ,-HPA on the surface of clinoptilolite. A detailed study of the zeolite surface by the TEM-BP method has shown
the formation of stable cluster structures 1-2 nm in size, which are partially embedded in the zeolite volume. These
clusters are evenly distributed over the surface of the zeolite and are available for reacting substances.

Keywords: catalytic cracking, heteropolyacids, zeolite of the Shankanay deposit, electron microscopy.

Introduction

Catalysis using heteropolycompounds is one of the important directions in modern catalysis. In acid
catalysis, predominantly heteropolyacids are used. The compounds of a proton with a complex anion of
inorganic polyoxometallates - molybdenum, tungsten, less frequently vanadium are called heteropolyacids
(HPA) [1-3]. HPA are ionic crystals in the solid state, they consist of a large heteropolyanion, a cation,
crystallization water, in some cases they also contain additional molecules. The unique physicochemical
properties of HPA, providing great potential for the preparation of catalysts with controlled acidity,
dispersity of the modifier metal, increased thermal stability, have led to their use as modifiers of
heterogeneous catalysts in catalysis”''. The highest value for catalysis is HPA of 12 row. They contain
heteropolyanions - the structures of the most common heteropolyanion Keggin X*M;,"'04** or X*M,.
21040 ¥, where X is a central atom (Si*, P, As"), x is its oxidation degree, M is metal (molybdenum,
tungsten or Vanadium)lz'15 . HPA of tungsten row PW,-HPA (H;PW,049°6H,0) or of molybdenum row
PMo,-HPA (H3PMo01,04*6H,0) are well studied*” " In the Keggin anion H;PW,0,, for example,
the tungsten atom is located in the center of the oxygen octahedron. The phosphorus atom is surrounded
by 12WOQg octahedra, forming PO, tetrahedron. This structure is retained in concentrated solutions of
HPA even after the loss of several oxygen atoms. For this reason, HPA has, like zeolites, a high
adsorption capacity. For example, polar molecules such as water and alcohols easily penetrate the pores of
the HPA and leave the volume of the catalyst, expanding and compressing the distances between the
keggin anions, while nonpolar molecules (eg, hydrocarbons) do not give such an effect. This model
allows to successfully explain the characteristic behavior of HPA, for example, high catalytic activity at
low temperatures, the Keggin structure has a sufficiently high strength®’. Acid-catalytic liquid-phase
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processes based on HPA catalysts were carried out on an industrial scale, for example, hydration of
propylene, isobutylene, butenes, polymerization of tetrahydrofuran®**°. HPA are strong Bronsted acids
and surpass the strength of many mineral acids. HPA have stronger acid sites than the zeolites HX, HY
and amorphous aluminosilicates. The acidity of the solid acidity of HPA close to acidity of superacids.
This determines the prospects of their use as acidic homogeneous and heterogeneous catalysts. HPA can
be applied to the surface of such carriers as SiO,, TiO,. The main carriers-Al,O;, MgO, - tend to
decompose HPA. The practical use of HPA is mainly due to their use as catalysts for the oxidation of
unsaturated hydrocarbons, olefin polymerization, epoxidation. Solid HPA, including applied, are used as
catalysts in the alkylation of aromatic compounds, hydration of olefins and in other acid-type reactions.
Heteropolycompounds of molybdenum find application as flame delayers®’. An even wider area is their
use in reactions where it is necessary to combine acid-base and oxidation-reduction properties of the
catalyst®. It is known that the acid nature of the catalyst plays a fundamental role in the cracking of
hydrocarbon feedstocks. However, the information on the use of HPA in cracking is not numerous, and
the cracking properties of HPA-modified natural zeolites have not been practically investigated® >

The aim of the work is the synthesis of cracking catalysts based on the natural zeolite of the
Shankanay deposit (Kazakhstan), modified with mineral acids, organic acids and HPA and the study of
the qualitative and quantitative compositions of the working surface of the catalysts by physical and
chemical methods of investigation.

Materials and methods

For preparation of long-chain a-olefins from paraffins, cracking catalysts based on the natural zeolite
of the Shankanay deposit (Kazakhstan) were prepared by modifying the natural zeolite with mineral acids,
organic acids and HPA. Samples were also synthesized on the basis of industrial y-Al,O; with bulk
density 0.68 g/cm’ modified by HPA. For removal various metals from the cation surface (mainly alkaline
and alkaline earth), the zeolite was treated with mineral acids. Natural zeolite (NZ) and previously
decationated with hydrochloric acid samples of natural zeolite (H-NZ) were processed with complexons.
For example, using one-, two- and three-fold modification of the natural zeolite with 1.75 N HCI samples
of cracking catalysts: H-NZ-1, H-NZ-2 and H-NZ-3 were synthesized. For the selective removal of Fe’*
iron ions, facilitating the carburization process, a chosen zeolite was treated with organic acids. For this
aim, chelating agents (for example, sulfosalicylic acid and citric acid with 10% or 20% concentration),
ethylenediamine-tetraacetic acid and its disodium salt of EDTA (Trilon B, aqueous 10% strength solution)
were used. All these listed compounds with iron ions form stable water-soluble complexonates.

Treatment of zeolites with HPA was carried out for strengthening of force of the acid centers on
which cracking reaction proceeds. For this aim the new catalysts for the cracking of decationized natural
zeolite and industrial aluminum oxide have been synthesized and have been modified by the
heteropolyacids of the molybdenum and tungsten series: PMo,-HPA/H-NZ, PMo,,-HPA/AL, O3, PW ;-
HPA/H- NZ and PW,-HPA/AL,O;. HPA were used in an amount of 1.0% to 10% by impregnation on the
surface of a decationized natural zeolite (H- NZ) by a known technique’*'>"’.

Results and discussion

By IR spectroscopy and X-ray diffraction analysis were studied the structure and phase composition
of the catalysts synthesized on the basis of the natural zeolite of the Shankanay deposit (NZ-1) and
industrial alumina, modified by the HPA of the molybdenum and tungsten series (PW,-HPA/H-NZ-1 and
PW,-HPA/AL,O; (the content of the HPA was 1% , 3%, 5%, and 10%), 10% of PMO,,-HPA/H-NZ-1 and
10% of PMO1,-HPA/AIL,0O5). The IR spectra (fig. 1, 2) of the starting PMO,,-HPA and PW,-HPA contain
the following main absorption bands: 510; 594; 789; 867; 962; 1,065; 1,400; 1,618; 2,850; 2,925; 3,210;
3,419 cm’! , which are typical for the compound of the composition H;PMo01,049 * 6H,0O and H;PW 1,049 *
6H,0, respectively (fig. 1, a; fig. 2, a). The results of the investigation of the samples of H-NZ-1, PMo,-
HPA/H-NZ-1, PW,-HPA/H-NZ-1 by IR spectroscopy and their comparative analysis show that their
spectra contain characteristic absorption bands of the clinoptilolite type zeolite in the region of 465; 615;
780; 1,060; 1,635; 3,460 cm™. In the IR spectra of the zeolite sample of the Shankanay field activated by
acid, these absorption bands are very clearly manifested (fig. 1, b, c; fig. 2b, ¢); at decationization and
dealumination, the natural zeolite retains its crystalline structure. Figures 1, 2 show that the modification
of the HPC of an acid-activated sample of zeolite of the Shankanay deposit is unambiguously manifested
in the IR spectra of the resulting catalysts. For example, when PMo,-HPA is introduced into the zeolite
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composition on the IR spectra of the catalyst, some absorption bands characteristic of zeolites are shifted
and new bands appear.
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Figure 1-IR spectra of the catalyst 10% PW,-HPA/H-NZ-1 and its components:
a) lower green curve- initial tungsten HPA - PW,-HPA (H;PW,04 ¢ 6H,0),
b) upper green curve - H-NZ-1, c) red curve - the catalyst 10% PW,-HPA/H-NZ-1

TFriDec1911:31
6 5<WedApr 09 16:25!!

8 Aseml5
08 Kadirbekov 16

7890

9625

6.01
5.5- o
1 3
g 3
| 0
5.0‘_ | \
4.51 3 e
1 n < >
51 3 |% :
8 4ol ¥ 3 g 3 !
g T d
'g |
2 3.5‘_
<
3.0-
2.5
2.0-
i o~
<
| 2
1.51 8
I S Q I
l.O‘_ % g g
0.5-

4000 3500 3000 2800 2000 1500 1000 500
Wavenumbers (cm-1)

Figure 2-IR spectra of the catalyst 10% PMo,-HPA/H-NZ-1 and its components:
a) red curve- initial molybdenum HPA-PMo;,-HPA (H3PMo;,04, ¢ 6H,0),
b) green curve- H-NZ-1, c) blue curve - 10% PMo,,-HPA/H-NZ-1 catalyst

So, a shift of the band in the region of 1,060 cem” to 1,097 cm™ and 1,108 ¢cm™ is found. The
absorption band of 780 cm™ disappears, and in the 800 cm™ area a new band appears, which is typical for
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valence vibrations of the Si-O bond. This indicates the formation of a bond of HPA with a zeolite. If take
into account the appearance of a shift in the band in the range of 1,065 to 1,100 cm’, it can be concluded
that Al-O-Si-bonds are broken in the zeolite structure and Si-O-Si bonds are formed, and aluminum goes
into the ion exchange position. Dealumination of the clinoptilolite framework is also indicated by the
appearance and growth of the intensity of the shoulder at 1,210 cm™ on the IR spectra of this sample,
referring to the asymmetric valence vibrations of the Si-O end groups. Inspite of it a complete destruction
of the crystalline skeleton of the zeolite is not revealed and only its partial amorphization is observed.

The EM-image and the elemental composition of the scanned section of the catalyst PW,-HPA/H-
NZ-1 (fig.3) show that the content of its basic elements predominates on the surface of the zeolite, at the
same time, the intensities of the spectra of the components of the HPA (tungsten and phosphorus) are
clearly manifested. Apparently, this is due to the high degrees of dispersion and distribution of PW,-HPA
particles over the surface of clinoptilolite.

Figure 3- Electron microscopic image(a) and elemental composition (b) of the scanned section
of the catalyst PW,-HPA/H-NZ-1, obtained by SEM
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X-ray patterns of the samples also indicate a change in the structure of the natural zeolite when
modifiying its by HPA (fig.4). Thus, a decrease in the intensity of one of the main peaks and the
disappearance of several peaks characteristic of the mineral clinoptilolite on X-ray patterns of 10%
PMo,-HPA/ H-NZ-1 and 10% PW,-HPA / H-NZ-1 were clearly detected, which is apparently related to
partial amorphization of the structure and a change in the cation composition of the zeolite surface.
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Figure 4 - The XRD pattern of the catalyst 10% PMo,,-HPA / H-NZ-1:
a) X-ray diffraction pattern of the initial HPA: H;PMo0,,04, ¢ 6H,0,
b) X-ray diffraction pattern of the catalyst 10% PMo;,-HPA / H-NZ-1

It was found in electron microscopic images of a thin layer of catalyst PW,-HPA/H-NZ-1, obtained
by TEM (translucent electronic microscopy), it is possible to see spots of different sizes with different
shapes and contrasts. The microanalytical experiments on the EDAX-spectrometer showed that the above-
mentioned spots have the similar compositions, identical to the PW,-HPA (fig. 5).

It is considered'" ***** that during the deposition and as a result of calcination of the catalyst, PW/,-
HPA is converted to a highly dispersed state, in which PW,-HPA particles exhibit special adsorption and
catalytic properties. It is obvious that the emergence of nanostructures and the presence of a large number
of strong acidic centers lead to an increase in the cracking activity of the catalyst of 10% PW,-HPA/H-

NZ during the cracking of paraffins.
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A detailed study of the zeolite surface by the TEM-BP method has shown the formation of stable
cluster structures 1-2 nm in a size, which are partially embedded in the zeolite volume (fig.5). These
clusters are evenly distributed over the surface of the zeolite and are available for reacting substances.

In some places on the surface of clinoptilolite, the fine particles of the HPA are located in layers in
the form of associates - they appear in the images as contra-sections, while the particle sizes clearly
appear (0.78 - 1.32 nm) (fig. 6). Compositions of nanostructures according to the EDX-spectrometer are
also identical with PWi,-HPA.

Figure 5 - Electron microscopic image of the catalyst PW,,-HPA / H-NZ-1, obtained by TEM BP.
Degree of resolution 1ecm = 20nm

Figure 6- Electron microscopic image of the catalyst PW,-HPA / H-NZ-1, obtained by the TEM-BP method.
Degree of resolution 1ecm = 20nm

Conclusion

In the work catalysts for cracking on the basis of natural zeolite of the Shankanay field (Kazakhstan)
modified by mineral acids, organic acids and HPA were synthesized. Investigations of the working
surface of catalysts by physical and chemical methods of a research were carried out. By IR data during
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decathionization and dealumination the natural zeolite retains its crystalline structure. It is possible to
assume formation of a bond of HPA with a zeolite at modifying of the zeolite by HPA. Possibly because
of the shift of the band in the region of 1,065 to 1,100 cm™ the Al-O-Si- bonds are broken in the zeolite
structure and Si-O-Si- bonds are formed, and the aluminum goes into the ion exchange position. The
complete destruction of the crystalline skeleton of the zeolite is not revealed, only partial amorphization is
observed. X-ray patterns of the samples also indicate a change in the structure of the natural zeolite when
its is modified by HPA. By EM data there are high degrees of dispersion and particle distribution of
PW12-HPA on the surface of clinoptilolite.
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IF'ETEPONOJIUKBIINKBIIJAP HEI'IBIHAEI'TI KPEKUHI KATAJIM3ATOPBI

Annoranus. ['erepononukbimkeuigap (['TIK) kymri Opencrenri Kpimkeuiaap Oosbin Tabbuiamsl. [TIK 12
KaTapJaFbIHbIH KaTaJli3 VIIH MaHbI3bl oTe 30p. JKyMmbIcThiH MakcaThl — lllanxaHail KeH OpBIHBI TAOWFH I[COJMTI
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HETi31H/Ie KPEKUHT KaTaJIu3aTOPBIHBIH KypaMbIH xkacay. KaranuzaTopapl MoauUIupiey MUHEPAJIbl, OPraHUKAJIBIK,
KeImKpuTapMer sxkoHe [TIK xprizinmi. Jaisiaanrad KaTanrn3aTtop (GU3UKANBIK-XUMISUIBIK, 9ICTEPMEH 3epTTEIII.
UK-cnekTpockonusi HOTIKeIepiHe collkec TaOWFH LEONUT IEKaTHOHUPIIEY MEH JIealFOMUHHpIIEYIeH KeiiH ©3iHiH
KPHUCTAI/IBLIK KYPBUIBIMBIH ©3repTreiini. Moanduuupiey kesinne ['TIK Men neonut apacsinna 0ainaHbiC Ty3ieTiHI
0OJDKaHABI. DJEKTPOHIBI MUKPOCKOIHS MaiMeTi OoiibiHia PWi,-I'TIK OesmiekTepi KIMHONTHIONUT O€TiHIE
JKOFaphl TUCIEPCTLIIK aopeskecinme tapananbl. leomur Oerin [IOM BP omiciMen 3eprrerenae esmmemi 1-2 HM
TYPaKThl KJIaCTepJli KYPbUIBIMHBIH TY3UIT€HIH KepceTTi. byn kinacrepiep 1eonut OeTiHle Tene-TeHIIKTe TapajFaH
JKOHE 9PEKETTECYIl 3aTTapFa KOJIaiJIbl.

Tipek co3ep: KaTanu3aiK KPEKHHT, TeTePONOIMKBINIKbULAAD, [1lanxaHall KEeHOPBIHBIHBIH LEOJINTI, SIEKTPOHIBI
MHKPOCKOTL.
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KATAJIN3ATOPBI KPEKMHT'A HA OCHOBE I'ETEPOIIOJIMKHUCJIOT

Annoranus. ['ereponomukucnotsr (I'TIK) sBisrores cunbHbIMEA OpeHcTenoBckumu kucmoramu. [TIK 12 psima
MMEIOT HauOoJpllee 3HaUeHWe Ui Karanusa. Llenb paboTel — pa3paboTka cOCTaBa KaTaM3aTOPOB KPEKHHTa Ha
ocHoBe mpupoaHoro neonuta lllankanaiickoro mecropoxnenus (Kaszaxcran). MoauduiupoBanue KaTaan3aTopoB
MPOBOAMIIOCH MHHEPAIbHBIMH KHCIOTaMH, opranudeckumu kucnoramu u I'TIK. Karammsatopel BcecTopoHHE
UCCIIEJOBaHbl KOMIUIEKCOM (H3HKO-XMMUYecknx MeTonoB. Ilo manHeiM MK-cnekrpockonuu nocie AeKaTHOHUPO-
BaHUS U JICATIOMUHUPOBAHMS IPUPOAHBIA IIEONUT HE M3MEHSAET CBOIO KPUCTAJUIMYECKYIO CTPYKTypy. Ilpeamoio-
KHUTEIBHO, MPOUCXOAUT oOpa3zoBanue cBszu [TIK ¢ meomurom npu moguduuupoBanuu teonuta ['TIK. lanHbie
3JIEKTPOHHON MUKPOCKOIIMM TOBOPST O BBICOKHX CTENEHSIX IUCIEPCHOCTH M pacmpeneneHus yactur PWi,-I'TIK no
MOBEPXHOCTH KIIMHONTWIONHTA. [leTallbHOe H3yuYeHHe IIOBEpXHOCTH IeosnTa MetosioM I119M BP nokazano o6pazo-
BaHHME YCTONUYMBBIX CTPYKTYp KJIAacTepoB pa3MepoM 1-2 HM, KOTOpbIE YaCTHYHO BHEAPEHBI B 00BEM LieONnTa. DTH
KJIaCTE€Pbl PABHOMEPHO PaCIIPEIENICHBI 10 IOBEPXHOCTH LIEOIUTA U JOCTYIIHBI AJISl pearupyroIiuX BEIIECTB.

KiroueBble €JI0Ba: KAaTaJUTUYECKUH KPEKUHI, TE€TEPOINOJUKHUCIOTHI, LeoauT lllaHkaHalicKOro MecTOpoXk-
JIEHHs, DIIEKTPOHHAsE MUKPOCKOIIHSI.
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INVESTIGATION OF CHEMICAL CONSTITUENTS
OF BERGENIA CRASSIFOLIA

Abstract. The roots of Bergenia crassifolia collected in Kazakhstan, were investigated for chemical
constituent. The quantitative and qualitative analysis of the medicinal plant have been made. Biological active
constituents such as organic acid (1.49 %), flavonoids (0.14%), and polysaccharides (1.74 %) together with moisture
content (8.6%), total ash (8.4%), and extractives content (34.8%) of plant B. crassifolia were determined. In The
Institute of Combustion Problems using the method of multi-element atomic emission spectral analysis in the ash of
the plantwas identified 7 macro-micro elements, in which the main contents were calcium (2054.10 mg/ml) and
potassium (1050 mg/ml). In addition, twenty amino and eight fatty acids were analyzed from B. crassifoliaextract.
The results showed that the major contents of amino acids were glutamate (2705 mg/100g), aspartate (1216
mg/100g) and alanine (958 mg/100g), as well as fatty acids were linoleic (56.8%) and oleic acids (28.4%),
respectively.

Key words: Bergenia crassifolia, bioactive constituents, macro-micro elements, amino-, fatty acids, GC-MS.

Introduction

Bergenia is flowering plant of the family Saxifragaceae which named in commonly as elephant-eared
saxifrage, or elephant's ears. This genus contain of 10 species, which is widespread in area of Siberia
regions (including Altai) andcentral Asia, from vastness’s of Afghanistan to north-west in China and the
Himalayan mountains [1].In territory of Kazakhstan can be found two species Bergenia crassifolia and
Bergenia ugamica, where second is listed in the Red Book of Republic of Kazakhstan [2]. Bergenia
crassifolia(L.) is commonly known as badan, Siberian tea, Mongolian tea, leather bergenia. In Altai, B.
crassifolia is popular as a subtea and called as "Chigir Tea". Brew the overwintered leaves that have
undergone natural fermentation, taking dark colored drink with taste remotely like black tea, and has a
number of beneficial properties and a tonic effect [3]. B. crassifolia has been used for treatments of
bronchitis, gastroenteritis, diarrhea, hemostasia, and metrorrhagia in Kazakh Medicine [4].The
phytochemical constituents including bergenin, tannins, flavonoids, phenols, polysaccharide, amino acids
and coumarins with some pharmacological actions such as antioxidant, antimicrobial, antiviral, anti-
inflammatory, diuretic, immunostimulating, and lipase inhibiting activities have also been reported [5-10].

Proteins are large, complex molecules that are critical for the normal functioning of the human body.
They are essential for the structure, function, and regulation of the body’s tissues and organs. Proteins are
made up of hundreds of smaller units called amino acids that are attached to one another by peptide
bonds, forming a long chain. First point of investigation was on amino acids, which is organic
(carboxylic) acids, the molecules of them contain one or more amino groups (NH,-groups), the basic
structural elements of protein molecules. In recent years, individual amino acids, their salts and mixtures
have been increasingly used as highly effective, low-toxic drugs for children and adults. Drugs containing
amino acids are used for a variety of diseases.So, glutamic acid is used to treat diseases of the central
nervous system, methionine and histidine - the treatment and prevention of liver diseases, cysteine - eye
diseases [11].

—— 4 ——
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It is known that fatty acids - components of lipids exist in plants, animals, and microorganisms.
Lipids are necessary for our body, because without them, metabolism cannot be carried out normally, and
toxins and toxins accumulate in cells and tissues, as purification processes are slowed down. Many of
fatty acids cannot be synthesize in human organism. Those fatty acids are required, however, for cellular
processes and the production of other necessary omega-3 and omega-6 fatty acids. In addition fatty acids
have a wide range of commercial applications, for example, they are used not only in the production of
numerous food products but also in soaps, detergents, and cosmetics. Soaps are the sodium and potassium
salts of fatty acids [12].

In the present study, the quantitative and qualitative analysis of bioactive constituents such as
moisture, total ash, and extractives contents of B. crassifoliahave been carried out, as well as amino-fatty
acid contents were determined. In all this study, the quantitative and qualitative analysis of bioactive
constituents and fatty acid contents ofB. crassifoliawhich growing in Altay region of Kazakhstan were
reported for the first time.

Materials and Methods

The root of plant material Bergenia Crassifolia was collected at Altay region Kazakhstan in July,
2015.The botanical identification was made by pharmacist Bahargul Konirhan, Institute of Medicine
Inspection Department of Altay City, Xinjiang, China.The air dried roots of B. crassifolia were cut into
small pieces and stored at room temperature.

The quantitative and qualitative analysis of biologically active constituents of the plant were made
according to methods reported in the State Pharmacopeia XI edition techniques.

In the “Center of Physico-Chemical methods of research and analysis”, Republican State Enterprise
Kazakh National Al-Farabi University, MON RK using the method of multi-element atomic emission
spectral analysis in the ash of B. crassifolia was analyzed elemental constituents. To determine the
mineral composition of ashes was used Shimadzu 6200 series spectrometer.

To determine the amino acid composition was made erenow [13] of the raw material used GC/MS
device.GC-MS analysis: the aerial part of B. crassifolia were analyzed byGas Chromatograph coupled to
Mass Spectrometer using polar mixiture of 0.31% carbowax 20 m, 0.28%silar SCP and 0.06% lexan in
chromosorb WA-W-120-140 mesh.,column (400 x 3mm). The column temperature was programmed
from 110°C (held for 20min), at 6°C/min from 110°C to 180°C, at 32°C /min from 185°C to 290°C.
when it reaches to 250°C, it should stay constant till finishing of exit of all amino acids.

Results and discussion

The quantitative and qualitative analysis of biologically active constituents together with moisture
content, total ash, extractives contents were determined from roots of B. crassifolia. The results shown in
Table-1.

The ash of plant raw materials is the balance of inorganic substances obtained after burning the raw
material and then calcining the residue to a constant mass. The ash of plants consists of a mixture of
various inorganic substances characteristic of the plant, and mineral impurities that can get into the raw
material during collection and drying. The moisture of plant materials is the loss in the mass due to
hygroscopic moisture and volatile substances detecting when plant material is dried till constant weight.
The moisture content in medicinal plant raw materials serves as one of the numerical indicators
characterizing its quality. Medicinal plant raw materials should not contain moisture above the
permissible standards, because with high humidity, during storage conditions are created that contribute to
a decrease in its quality. For most types of medicinal plant raw materials, the permissible moisture limit is
usually 12-15%.

Table 1 - Quantitative and qualitative analysis of Bergenia Crassifolia

Content, %

Moisture Ash Extractives | Organic acids Flavonoids Polysac-charides
content
8.6 8.4 34.8 1.49 0.14 1.74




Uzeecmuss Hayuonanvnou akademuu nayk Pecnyonuxu Kazaxcman

In The Institute of Combustion Problems using the method of multi-element atomic emission spectral
analysis in the ash of B. crassifolia were determined seven macro- and microelements, showed in Table-2
and major of them are Calcium (2054.10 mg/ml) and Potassium (1050.10mg/ml). One of the main factors
of nutrition, affecting health, working capacity and active longevity, are micronutrients - macro- and
microelements. The body does not produce microcircuits and should receive them in ready form, for
example, with food. The ability to store these substances in the body is absent. Calcium is participating on
formation of bone tissue, the formation of teeth, the process of blood coagulation, neuromuscular
conduction. Potassium is the most important component of intracellular fluid, controlling acid-base
balance, muscular activity, and synthesis of proteins and glycogen [14].

Table 2 - Composition of macro-micro elements in ash ofBergenia crassifolia

Element K Mg Ca Mn Fe Zn Cu
pg/ml 794.5750 107.73 440.63 1.3556 4.5005 1.6911 0.6098

Determination of fatty acid composition of raw material, and dried plant B. crassifolia extracted with
a chloroform-methanol mixture (2: 1) for 5 minutes, the extract is filtered through a paper filter and
concentrated to dryness. Then, to taked extract add 10 ml of methanol and 2-3 drops of acetyl chloride
and further methylation at 60-70° C in a special system for 30 minutes. The methanol is removed by
rotary evaporation and the samples are extracted with 5 ml of hexane and analyzed using a gas
chromatograph "CARLO-ERBA-420" allocated the Kazakh Academy of Nutrition for 1 hour. As a result,
chromatograms of methyl esters of fatty acids were obtained. By comparison with reliable samples by the
time of exit from the column, eight fatty acids were identified.

Table 3 - Amino acids contents of B. crassifolia

Ne Amino acids Molecular Structure MW | Amount in plant,
formula mg/100g

1 Alanine C;H/NO, 0] 89 958

C

H \)KOH
NH>

2 Glycine C,HsNO, O 75 405

L,

NHy
3 Leucine C6H13N02 ¢ 131 462

ﬁ/\rL'DH
NH2
4 Isoleucine C¢H3NO, CH; O 131 344
HiC_~
: OH
NH2
5 Valine C5H11N02 o 117 220
PN .
NH>
6 Glutamate CsHoNO, 0 o] 147 2705
HMOH
NHz
7 Threonine C,HoNO; OH O 119 232
Hac)\r“\OH
NH;
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8 Proline CsH,NO, 0 115 806
O)%H
MNH
9 Methionine CsH;;NO,S 9] 149 125
S
HeC” OH
NHz
10 Serine C;H;NO; [o] 105 502
HO/\.)LOH
NH
11 Aspartate C4H/NO, 133 1216
Q.
i ol
OH NHy
12 Cysteine C;H;NO,S O 121 46
H S/YkOH
NH;
13 Oxyproline CsHgNO3 NH 131 3
HO
O
HO
14 Phenylalanine CoH,;NO, O 165 382
OH
NH;
15 Tyrosine CoH,;NO; (o] 181 394
H
NH.
HO 2
16 Histidine C6H9N302 O 155 248
N
¢ ) OH
HN NH;
17 Ornithine C5H12N202 O 132 3
HyN NYLOH
NH2z
18 Arginine C6H14N402 ﬂ 0 174 365
HoN N/\/\l)l\OH
H
NH;
19 Lysine C6H14N202 NH2 146 260
< _OH
HoN w
O
20 Tryptophan C11H12N202 0 204 92
’ OH
HN NH3

Quantitative composition of fatty acids in B. crassifolia mostly contained in linoleic acid (56.8%) and
Oleic acid (28.4%). Linoleic acid has received much attention in recent years because of its interesting
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biological benefits. The main health effects described for linoleic acid include reduction of
carcinogenesis, atherosclerosis, inflammation, obesity, diabetes, as well as growth promoting and bone
formation-promoting properties [15]. Oleic acid can inhibit the progression of diseases affecting the brain
and adrenal glands, as well as improve memory and reduce blood pressure, but there is evidence that the
substance can provoke cancer, in particular breast cancer [16].

Table 4 - Fatty acids contents ofBergenia crassifolia

Ne Fatty acids Molecular Structure MW Amount in
formula plant, %
1 Meristic acid C14:0 C14H2802 (e] 228 1.2
/v"v"vW\)koH
2 Pentadecanoic C,5H300, aQ 242 0.4
acidCis; H3c\/'\./\/\\/\\/\/\)koH
3 Palmitic acid C 16:0 C16H3202 O 256 7.2
/‘\/‘\/‘\/\/““%\\/’\)I\OH
4 Palmitoleic acid Ci6H300, Q 254 1.5
C16:1
= OH
5 Stearin acid C18:0 C13H3602 o] 284 34
,/\u/\.,/\.,/\,/\_/\_ﬁ/\)LuH
6 Oleic acid C]g:l C18H3402 _ 282 28.4
7 | Linoleic acid Cyg, C 5H3,0, i 280 56.8
N T T N T N T T T Yy
8 Linolenic acid C5sH300, _ ] 278 1.1
Ciss o ’\/j\m

In the composition of amino acids mainly were glutamate (2705 mg/100g), aspartate (1216 mg/100g)
and alanine (958 mg/100g). Glutamate is replaceable amino acid, which plays the role of a
neurotransmitter with high metabolic activity in the brain, stimulates redox processes in the brain, the
exchange of proteins. Normalizes the metabolism, changing the functional state of the nervous and
endocrine systems [17]. Aspartic acid increases immunity, metabolism, deactivates ammonia, participates
in the formation of ribonucleic acids, promotes the removal of chemicals, including drugs, restores
working capacity. Studies conducted by scientists have proved the effectiveness of taking asparaginic acid
preparations for increasing testosterone levels. Aspartic acid is taken as an additive by bodybuilding
athletes to improve strength, increase libido and testosterone in the blood [18]. Alanine plays a significant
role in metabolic processes, as well as to regulate the level of sugar in the bloodstream. This amino acid
protects against the development of cancer of the pancreas and prostate gland, it is an important part of
sports nutrition, increases physical endurance and allows to build muscle mass [19].

Conclusion

Quantitative and qualitative analysis of bioactive constituents and the moisture, total ash,and
extractivescontents of rootsB. crassifoliawere determined. Besides, macro-micro elementsin the ash of the
medicinal plant were investigated, and total sevenmacro-micro elements were identified by the method of
multi-element atomic emission spectral analysis.Meanwhile, twenty amino and eight fatty acids were
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determined from B. crassifolia. The results showed that the major contents of amino acids were glutamate
(2705 mg/100g), aspartate (1216 mg/100g) and alanine (958 mg/100g, and fatty acids were linoleic
(56.8%) and oleic acid acids (28.4%), respectively.

The main health effects described for B. crassifoliaconstituents include reduction of carcinogenesis,
atherosclerosis, inflammation, obesity, diabetes, as well as growth promoting and bone formation-
promoting properties, allows to build muscle mass, normalizing the metabolism, changing the functional
state of the nervous and endocrine systems regulate the level of sugar in the bloodstream. The research
work on investigation of chemical constituents of the medicinal plant to be continuing.
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BERGENIA CRASSIFOLIA XUMUSIJIBIK KYPAMBIH 3EPTTEY

Annoranus. Kazakcranna xxuHanran Bergenia crassifolia TAMBIPBIHBIH XUMUSUIBIK Kypambl 3epTreni. Jopitik
OCIMITIKTIH CaHIBIK )KOHE CaIalbIK TaJIaybl XKYPri3uiai. OCIMIIKTIH bUTFaIAbUTBEFHI (8.6%), xkammsl Kymaitiri (8.4%)
)koHe dKcTpakTuBTLIr (34.8%), COHBIMEH Oipre opraHuUKaNbIK KeIKeUT (1.49%), dmaBoHomarap (0.14%) >xoHe
noymucaxapuarep (1.74%) cUAKTbI OMOJIOTHSIBIK AKTUBTI KOMITOHEHTTEP KYpaMbl aHBIKTaIABL. JKaHy mpobiaemanapsl
WHCTHUTYTHIHIA, aTOMIBIK 3MHUCCHS CIEKTPAJBIbl TAlAay OMiCiH KOJIaHa OTBIPHIN, OCIMAIKTIH KYJIiHIEri 7 MHKPO
JKOHE MaKpO AJIEMEHTEPi aHBIKTAJIIBI KOHE OHBIH HeTi3ri Kypambl Kanbiui (2054.10 mr / mor) xone kamui (1050 mr /
J) 3IEMEHTTepiHeH TYpPAaTBIHBI aHBIKTANABL. bynmam Oacka, B. crassifolia-neH >XUbIpMa aMUH XOHE CETi3 Mailibl
KBIIIKBUT aHBIKTAIABI. AJIBIHFAH HOTHXKeJep OOMbIHIIIA aMUH KbIIIKBUIIAPIBIH Heri3ri Kypamsl riaytamar (2705 mr /
100 r), acmaprar (1216 mr / 100 r) sxone ananus (958 mr / 100 r) sxoHe Maii KypaMbinaa JMHOI (56.8%) xoHe oJierH
KBIIKBUTIApHI (28.4%).

Tipek ce3nep: Bergenia crassifolia, 0MoakTuBTI Kypamaacrap, Makpo-MHUKPOIJIEMEHTTEP, aMUHO-MaIIbIKbIII-
kbu1aap, GC-MS.

1K.A. A6usioBa, 'A.M. BaiicentoBa, 7K. Kennc *

'DakynpTeT XMMHUK M XMMHUIECKOH TEXHOIOTHH, KazaxcKuil HalMOHANbHbIH YHHBEPCHTET
M. anb-Dapadu, Anmarsl, Kazaxcran

HCCJEJOBAHUE XUMHNYECKOT'O COCTABA BERGENIACRASSIFOLIA

AnHoTanus. bbu1 uccienoBaH XuMHYECKUil cocTaB KopHe# Bergeniacrassifolia, codpannoro B Kazaxcrane.
CrenaH KOJMMYECTBEHHBIH M KAdyeCTBEHHBIM aHAIM3 JIEKapCTBEHHOTo pacTeHus. OmnpeneneHbl OHOIOTHYECKH
AKTHBHBIE KOMIIOHEHTBI, Takue Kak opraHudeckue KuciaoTsl (1.49%), dnaBoHouasr (0.14%) u mnosimcaxapuisl
(1.74%), a taxxe comepxanue Biaru (8.6%), oOuiss 3oibHOCTE (8.4%) U 3kcrparentsl (34.8%) pactenus B.
crassifolia. B HWHcTuTyTe mTpoOIeM CXKHraHusi C HCIIOJIB30BAHHEM METOAa MHOTOBJIEMEHTHOTO aTOMHO-
SMHCCHOHHOI'O CIEKTPAJIbHOTO aHAJIM3a B 30JI€ pacTeHusi ObUIO HAalAEHO 7 MaKpO-MHKPO3JIEMEHTOB, OCHOBHBIMH
BEIECTBaMH M3 KOTOPBIX Obun Kambiwid (2054.10 mr / mi) m xanumit (1050 mr / mur). Kpome Toro, n3 kopHei B.
crassifolia 6p1TM MOCHTH(GUIIMPOBAHBI IBAALATh AMHHOKHCIIOT U BOCEMb XHMPHBIX KHCIOT. Pe3ynbpTaTsl moKkasai,
YTO OCHOBHEIM COJIEPYKAaHHEM aMHHOKHCIIOT SBIAIOTCA Tayramar (2705 mr / 100 1), acmaprat (1216 mr / 100 1) u
amaauH (958 mr / 100 1), a cpemu >KHPHBIX KHCIOT - JUHONEBBIE (56.8%) m onewHOBBIE KUCIOTH (28.4%)
COOTBETCTBEHHO.

KaroueBble cioBa: Bergeniacrassifolia, OHOaKTHBHBbIE KOMIIOHEHTBI, MaKpPO-MHKPOIJIEMEHTBI, aMHHO-,
xupHbIe KuciaoTel, GC-MS.
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ORIGINAL TECHNOLOGY OF SYNTHESIS POLYMER SULFUR
COMPOSITES ON THE BASE OF BY-PRODUCT SULFUR
OF THE PETROLEUM DESULFURIZATION

Abstract. Technological methods for obtaining of polymer sulfur composites by redox copolymerization on
the basis of by-product sulfur with electrically conductive copolymers (pyrrole, aniline) have been developed. The
conditions for carrying out the reaction are established, which allow varying the sulfur content of the obtained
materials. The electrochemical activity and efficiency of the use of sulfurous polymeric compositions of aniline and
pyrrole as active electrode materials of lithium-sulfur batteries have been studied. It was established by physical-
chemical methods that the obtained high-sulfur polymers possess electroconductive properties, oxidation-reduction
activity and are promising for the development of active cathode materials of modern rechargeable lithium current
sources.

The developed technology of sol-gel synthesis of copolymers of aniline and pyrrole based on nanoscale sulfur
by the method of redox copolymerization to produce electrically conductive high-sulfur polymers can be
recommended for use in the creation of domestic production of cathode materials for lithium-sulfur batteries.

Key words: polymer sulfur composites, polypyrrole, polyaniline, cathode materials, lithium-sulfur batteries.

Introduction. The annual growth in hydrocarbon production in Kazakhstan and the environmental
requirements for the quality of petroleum products resulted in the accumulation of more than 10 million
tons of sulfur at the sulfur storage site as it is a large-scale by-product of oil and gas processing. In this
regard, there is an excess of world production of sulfur - the product of desulfurization of hydrocarbon
raw materials  over consumption.The inevitable consequence of this is the technogenic impact on the
objects of the environment. The actual task is the development of modern utilization ways into new
polymeric sulfur composites, possessing a number of valuable properties , which will increase the world
demand for elemental sulfur.

In recent decades, special development has been given to a new direction in polymer sulfur
technology: the development of electroconductive, electrochemically active polymeric sulfur composites
for their use in modern lithium-sulfur batteries. Prospectivity of lithium-sulfur batteries is due to high
values of their theoretical specific energy (2500 Wh / kg), low cost and environmental safety. In terms of
their energy intensity, they outperform other chemical sources of current 2.5-5 times. Using rechargeable
lithium cells allows to solve a purely economic problem, because their use is much cheaper than the use of
relatively expensive elements of a one-time action. In this regard, particular interest is due to the
peculiarities of the properties of polymeric sulfur [3-10]. Lithium-sulfur batteries were first shown to the
world public by Sion Power in 2004. Even then, such batteries were much more efficient than current
lithium-ion batteries. The main distinguishing features of these drives can be called a less expensive
production, as well as more than double the capacity in comparison with analogues. This type of battery is
called Li/S.

Despite intensive research in this field, up to the present there was practically no information on
synthesis and properties high-sulfur polycondensed heterocyclic systems with oxidation-reduction
31
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functions (S-S, S-H and C = S), which have redox activity and are promising as active cathode materials
of rechargeable lithium current sources. In connection with this, the synthesis and study of new high-
sulfur materials that combine in the molecule condensed aromatic heterocyclic fragments and redox-active
functions are relevant.

There are various methods for obtaining polymeric sulfur [3-13], including the direct sulphuration of
industrial polymers [4,7], the reverse vulcanization method [14]. Polymer sulfur with improved
electrically conductive and redox activity properties for use as cathode materials of lithium-sulfur
batteries is formed by using the initial nanostructured colloidal sulfur [15].

Conducting polymers such as polyaniline (PANI), polypyrrole (PPy), are very interesting materials
for using in Li/S batteries. Polymer modification of the carbon surface facilitates a more complete
reaction by providing a chemical gradient that retards diffusion of the polysulfides into the electrolyte.
Reversible capacities up to 1320 mAh/g are attained with no shuttle phenomenon on the first cycle,
indicating the shuttle mechanism is fully suppressed. This polymer modified composite clearly exhibits
better morphological control than the unmodified composite during cycling [16]. Therefore, the
development of new methods for the preparation of the sulfur-polypyrrole and sulfur- polyaniline
composite by the method of redox copolymerization of elemental sulfur with aniline / pyrrole is actual.

Materials and methods. Used reagents: Petroleum-based sulfur was supported by TengizChevrOil
LLP - Stco (sulfur granulated), Ty 122 OC, as well as the block sulfur of the Shymkent Petroleum
Refinery (PetroKazakhstan Qil Products LLP) Sgpr, Tiere 113 °C. Other chemical ingredients, namely,
aniline were purchased from Sigma-Aldrich Chemie GmbH, 99.5(registration number is Beilstein 605631,
density is 1,022 g / ml at 25 °C); pyrrole from Sigma - Aldrich GmbH, 98% (registration number is
Beilstein 1159, density 0.967 g / ml at 25 °C); Iron trilogy six water (FeCl; - 6H,0) - chemically pure,
GOST (TU) 4147-74; Sodium sulfurous nine (Na,S-9H,0) - chemically pure for analysis, GOST (TU)
2053-77.

Method of redox copolymerization of sulfur with aniline or pyrrole. Colloidal cross-linked
copolymers were synthesized by redox copolymerization of sulfur with monomer (aniline or pyrrole). The
sulfur was introduced into the reaction mixture in a colloidal form. Colloidal activated sulfur was
prepared by in situ from sodium polysulphides Na,S, (x = 4.0-4.5). Sodium polysulphide was
synthesized from sodium sulfide Na,S-9H,0 (8.3 g, 34.7 mmol), preheated to 80-90 °C, to which 4.2 g
(130 mmol) of powdered sulfur Stco or Sspr (for 30-40 minutes) was added in portions. The reaction
mixture was stirred at 80-90 °C for 40 minutes, then diluted with 6.7 ml of hot water (80-90 °C), left over
night at room temperature and then filtered from unreacted sulfur. The resulting sodium polysulfide Na,Sy
was used subsequently for the synthesis of new high-sulfur copolymers based on aniline/or pyrrole and
sulfur. The synthesis was carried out in the presence of the oxidation system H,O, / FeCl; / HCI, which is
7 ml of a 33% solution of H,0,, 0.2 g of FeCl;-6H,0 and 50 ml of 2 N HCI solution. In the second stage,
a mixture of a water-alcohol solution of sodium polysulphide and monomer was prepared. This mixture
was added with vigorous stirring to a H,O, / FeCl; / HCI oxidation system containing 1-5 wt % gelatin,
and stirring was continued for 3 hours. As a result, the high sulfur copolymers on the base of aniline or
pyrrole were obtained in the form of powders of dark brown color.

Results and discussion. Polyaniline is among the most studied conductive polymers, mainly due to
the combination of high conductivity, various different oxidations and protonation states each one
exhibiting different color and electronic properties, light weight, easy preparation and low cost. Its ability
to form ultra-small nanostructures, including nanowires, nanoneedles and nanofibers has been proven
particularly useful in the application of the polymer in sensors applications since their extremely high
specific area enables the fast detection of small molecules that can cause immediate changes in the
oxidation states and as it is expected to the conductivity values and the optical absorption spectrum, the
latter can exhibit from one to three absorbance bands depending on the polymer form [8-11].

Colloidal activated sulfur was prepared by in situ from sodium polysulphides in the first stage.
Synthesis of new sulfur and aniline copolymers was carried out in the presence of oxidation systems:
H,0, /FeCl3/HCI, and K,Cr,0O; (H,O,)/HCI. In the second stage, the above oxidation system was
prepared. The effect of surfactant and gelatin on the reaction process and the yield of the desired product
were investigated. Gelatin (or surfactant, 0.25 g in 5 ml H,O) was placed in the flask and stirred
vigorously for 15 minutes, a solution of HCI (or H,SO,) was added to the emulsion and stirring was

— 3 ——




ISSN 2224-5286 Cepus xumuu u mexnonozuu. Ne 6. 2017

continued for 0.4-2 hours. Next, FeCl;-6H,O and the emulsion was stirred for 15 minutes before the
formation of the oxidation system H,O, / FeCl; / HCI as a white foam. The product was filtered off,
washed with water to pH ~ 6 and a negative reaction to chlorine ions, dried in vacuo at 40 °C to
constant weight (Table 1).

Table 1 - Conditions for the synthesis and yield of polymers based on aniline and elemental sulfur

Copolymer Reaction conditions Yield,
cipher Composition of the reaction mixture Temperature, °C Time, h %
SPAN-1 polysulphide, aniline, HCI, FeCl;-6H,0, H,0,, 25'42 40 612

surfactants (self-heating)
SPAN-2 polysulphide, aniline, HCI, FeCl;-6H,0, H,0,, 25-45 2.5 54.6
gelatin (self-heating)

As a result of redox copolymerization of aniline with sulfur, sulfur-aniline polymers are synthesized
in the form of powders from light brown to black. The composition of the obtained copolymers was
determined by the methods of elemental analysis (Table 2).

Table 2 - Element composition and melting temperature of polymers based on aniline and elemental sulfur

) Elemental analysis
Sample cipher Tinens °C
C H N S Cl
SPAN-1 9.7 0.4 1.3 80.4 - 190-240
SPAN-2 8.5 0.4 1.4 89.2 0.8 165-260

Depending on the reaction conditions, the nature of the oxidation system, the addition of gelatin or
surfactant to the reaction mixture, sulfur-aniline polymers with a high sulfur content were obtained: from
80.4 to 89.4 %.

The main synthesis conditions and properties of the copolymers obtained are shown in Table 3.

Table 3 - Composition of the obtained copolymers

Cog(};lﬁ/er?er Composition of the reaction mixture Yl(;old’ Sulfuroz)ontent, Tperr, °C o, S/cm
: polysulphide, aniline, HCI, FeCl;-6H,0, 190-240 s
SPAN-1 H,0,, surfactants 81.0 80.4 (partially) 2.1-10
: polysulphide, aniline, HCI, FeCl;-6H,0, 165-260 e
SPAN-2 H,0,, gelatin 73.4 80.2 (partially) 1.2-10
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Figure 1 - IR spectra of a high-sulfur polymer based on Tengiz sulfur and aniline
Synthesized copolymers are characterized by a high sulfur content (80-89 %). In the IR spectra of copolymers there are
characteristic absorption bands (cm™): 1625, 1503 (v, C = C of the polyaniline chain); 1314 (v, C = C-H); 1301 (v, 0 =S = O);
1246 (v, C =S, v, C-N); 1160 (v, O =S = 0); 1025 (v, O =S); 824 (v, C = C-H); 635, 510 (v, C-S); 467 (v, S-S).
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The composition of the obtained copolymers was determined by elemental analysis. IR spectra were
recorded for all the samples, specific electrical conductivity (o) was determined, and oxidative thermal
destruction was studied by thermogravimetric analysis.

Copolymers have a high resistance to thermal oxidative degradation (up to 210-230 °C) and
electrical conductivity of the order of 10°-10"° S / cm. Figure 1 shows the IR spectrum of a synthesized
high-sulfur polymer based on Tengiz sulfur and aniline.

The redox copolymerization of elemental sulfur with pyrrole. In contrast with polyaniline that is a
slightly hydrophilic polymer and can be solubilized in water upon high dilution, polypyrrole is a
completely insoluble polymer in any solvent either organic or water. With respect to the above, the
interfacial polymerization seems an excellent candidate for the synthesis of a thin film in the boundary of
the two phases. This thin film can be easily extracted and purified. The poor solubility of polypyrrole in
any solvent has been assigned to an extensive cross-linking 20 between the polymer chains. Oligomers
however, tend to be easily dispersible. The polymerization of pyrrole involves oxidation of the monomer
with metal cations.

For the synthesis of high-sulfur pyrrole-based polymers, the method of co-oxidation of pyrrole and
polysulfone, previously generated in situ from an aqueous solution of sodium polysulphide in the presence
of an oxidizing system and a colloidal stabilizer (gelatin), was used. The stabilizer was used as a pre-
prepared aqueous solution. The oxidation system H,O, / FeCl; / HCl includes 7 ml ofa 33 % solution
of H,0,, 0.2 g of FeCl3- 6H,0 and 50 ml of a 2 N solution of HCI.

The resulting filtrate was used subsequently to prepare colloidal sulfur-pyrrole copolymers. In the
same way, colloidal activated sulfur was obtained from the associated sulfur of Shymkent refinery Sspr.
As a result of the variation in the nature of the initial sulfur (Stso or Scpr), sulfur-pyrrole copolymers are
obtained in the form of powders of a dark brown color with a different sulfur content (Tables 4, 5).

Table 4 - Synthetic conditions and polymers yield based on pyrrole and the desulphurization product
of TSP (SPPy TSO) and (SPPy SPR)

Copolymer Composition of the reaction mixture Reaction temperature, Reaction time, h Yield,
cipher °C %
polysulfide, pyrrole, HCI, FeCl;-6H,0, 25-47
SPPy 150 H,0,, (self-heating) 4.0 80.3
gelatin
polysulfide, pyrrole, HCI, FeCl;-6H,0, 25-53
SPPy spr H,0,, (self-heating) 4.5 79.2
gelatin

Table 5- Elemental composition and melting point of polymers based on pyrrole and sulfur

. Elemental analysis
Sample cipher Tinet, °C
C H N Cl S
SPPy 150 6.2 0.6 1.1 0.58 72.0 170-255
SPPy spr 10.6 1.5 1.8 0.38 80.0 167-210

Thus, as a result of redox synthesis of high-sulfur polypyrrole, sol-gel copolymerization of pyrrole
with associated Stso or Sspr sulfur, with other equal process conditions, depending on its origin, the sulfur
content of sulfur - polipyrrole is higher than in case of succumbing associated Tengiz sulfur.

In the IR spectra of high-sulfur pyrrole-based polymers (Fig. 2 a, b), there are characteristic
absorption bands (cm™): 1714, 1718 (v, C-O); 1557, 1457, 1414, (v, C=C a polypyrrole fragment); 1328,
1235 1225, 791 (6, C=C-H); 1236, 1047, 1025 (12), 1225, 1138, 1051, 1032 (13) (v, O=S); 791, 771,
800(8, C=C-H); 628, 632(v, C-S); 467, 464 (v, S-S).
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Figure 2 - IR spectra of high-sulfur polymer based on:

When studying the electrical conductivity of the obtained high-sulfur aniline-based polymers and also
on the basis of pyrrole, they have a specific electric conductivity of the order of 10 - 107 S/cm,
corresponding to high-resistance organic semiconductors (Table 6).

Table 6 - Specific electric conductivity (o) and thermogravimetric analysis of high-sulfur polymers based on aniline SPAN (Ne 1,
Ne 2) and pyrrole SPPy (Ne 3, Ne 4)

Ne Sample cipher Content The temperature of the onset of o,

/i pie ciphe S, % thermooxidative degradation,°C S/ecm
1 SPAN-1 80.4 ~210 2.1-10°
2 SPAN-2 89.2 210 1.2:107
3 SPPy -1 72.0 ~220 81.107
4 SPPy -2 80.0 ~210 43.107

According to the results of thermogravimetric analysis, the polymers obtained are highly resistant to
thermal-oxidative degradation (up to 210 -220 °C).

Microstructure of synthesized polymers based on elemental sulfur and aniline. For the purpose of
conducting comparative studies of the microstructure of synthesized high-sulfur polymers based on
aniline, and also on the basis of pyrrole, X-ray dispersive spectral microanalysis was used. Typical
micrographs of synthesized sulfonated copolymers SPAN (Ne 1) and SPPy (Ne 2) are presented in figure 3.

20161003 W DE1 x60k  10um  TMI000 1450 201611003 N D81 6.0k 10um  TM3000_1454 2161107 N D79 x50k 20um  TM3000 1458 2016711107 N D81 x50k 20um

a b ¢ d

a) SPAN -1 (587 nm — 1.10 um); b) SPAN -2 (755 nm — 2.36 um);  c) SPPy (474 nm — 1.47 um); d) SPPy (644 nm — 1.54 um)
Figure 3 — Micrographs of synthesized sulfonated copolymers

The obtained results indicate that the synthesized copolymers have a developed microstructure, with
sufficiently small microparticles of narrow polydispersity. The SPAN-1 copolymer has the smallest
35
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particle sizes in the range of 587 nm to 1.10 pm, in the case of SPPy-1 in the range 474 nm - 1.54 pum. A
somewhat larger particle (up to 755 nm - 2.36 um) is formed in the synthesis of an aniline-sulfur
copolymer SPAN-2, also slightly larger than the particle in the case of SPPy - 2 (up to 644 nm - 1.54 um)
using the H,O, / FeCl; / HCI oxidation system and adding gelatin to the reaction mixture.

The oxidation-reduction properties and the electrochemical activity of the synthesized products, as
well as the possibility of their use as active cathode material in lithium batteries, were investigated by
cyclic voltammetry and charge-discharge processes of cathodes.

Electrochemical properties of synthesized cathode samples Ne 1 SPAN-1 and Ne 2 SPPy-2 (Table 6)
were studied in lithium batteries. Galvanostatic measurements were carried out on a multichannel tester
(BT-2000, Arbin Instruments) in the range of potentials from 0.1 to 2 V. The values of current intensity
and specific capacitance were calculated taking into account the weight content of sulfur in the SPAN-1
electrode composite (80.4 %) and SPPy - 2 (80 %) (Figure 4).
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Figure 4 - Charging-discharge curves (a, ¢) and cycling curves (b, d)
at a current density of 0.2 C of an aniline-based SPAN-1 (a, b) based aniline based polymer based on SPPy-2 (b, d)

The results of the electrochemical cycling of the SPAN-1 sample deposited on the aluminum current
collector showed a low capacitance, but when deposited on carbon paper (TGP-H-030), showed a high
capacitance (Fig. 4 a, b), the test samples of button batteries were high the initial discharge capacity is
2500 mAh™ at a current density of 0.2 C, it can be seen that the battery gradually loses its original
discharge capacitance to 50 % within 15 cycles. However, the charging capacity is more stable for 15
cycles (the battery continues to cycle).

The specimen of the SPPy-2 sample was also electrochemically tested, showed a smaller charge
capacity within 430-320 mAh™ and a maximum discharge capacitance of 520 mAh™. Figure 4 ¢, d shows
charge-discharge curves and cycling at a current density of 0.2 C.

On cyclic voltammograms one anode peak is observed at 2.5 V and two cathode at 2.4 and 1.9 B,
which indicates the multistage nature of the reduction process in polymers. The electrochemical behavior
of a polymer with polysulfide blocks is determined by two fundamentally different parts of it.

The first is polysulfide blocks, which give peaks of oxidation and reduction, in position close to the
peaks of sulfur, and are not very dependent on the structure of the polymer. The second part is fragments
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remaining on the cathode (organic or heteroorganic thiolates), which modify the cathode matrix in a
certain way, accelerating or slowing down the intermediate stages of the redox process. It is possible to
learn how to control this process in order to achieve its maximum reversibility and speed, by searching for
the optimal structure and combination of the two specified parts of the electroactive sulfur-organic
polymer.

Thus, technological methods for the synthesis of high-sulfur polymers have been developed, based on
the redox copolymerization of elemental sulfur with aniline and pyrrole. Conditions for carrying out the
reaction have been found, which make it possible to vary the sulfur content of the obtained materials. It
has been established that synthesized high-sulfur polymers have thermal stability, semiconductor
properties, developed surface morphology and are promising for the development of active cathode
materials of modern rechargeable lithium current sources.

Conclusion. Technological methods for obtaining polymeric sulfur composites and an original sol-
gel technology for the synthesis of nanoscale polymer sulfur and its composites with electrically
conductive polymers (polypyrrole, polyaniline) have been developed. Conditions for carrying out the
reaction have been found, allowing to vary the sulfur content in the obtained materials. The
electrochemical activity and efficiency of the use of aniline and pyrrole-based gray polymer compositions
as active electrode materials of lithium-sulfur batteries have been studied. It has been established by
physico-chemical methods that the obtained high-sulfur polymers possess semiconductor properties,
redox activity and are promising for the development of active cathode materials of modern rechargeable

lithium current sources.
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I'.K. Bumum6aesa’, B.A. Tpopumor?, I'.®. Iposoposa’, /I.C. Kymabaena',
A.I'. Manbkuna’, C.A. Kopmonaz, A.M. Haiub6aesa', ¥.0. Kbiabip6aeBa

J.B. Coxonckuii at. OTBIH, KaTaIH3 XKOHE IEKTPOXUMUS HHCTHTYTHL., AnMaTsl, KasakcraH;
’A.E. ®aBopckuii ar. HpkyTCcK XMMHUS HHCTUTYThL. Pecell FbUIbIM aKaeMHUsChIHBbIH
Ci6ip 6emimmeci, UpkyTck, Peceit

MYHAMIBI KYKIPTCI3JEHIIPYJIE AJIBIHFAH LJIECIIEJII KYKIPT HETI3IHJIE KYKIPT-
MNOJMUMEPJII KOMIIO3UTTEPAIH CUHTE3IHIH O3IHAIK TEXHOJIOTI'USICBI

Annotanus. ITonmumepii KyKipT KOMIO3UTTEPIH 3JIEKTPIIiK OTKI3iIl COMONMMeEpiiepMeH (IIMPPOJI, aHWIIKH)
iecneni KYKIpT HeTi3iH/le TOTBIFY-TOTBIKCBI3JIaHy COIIOJIMMEPIIEY apKbUIbI TEXHOJIOTHSUIBIK ICTEp >KacalbIHIbI.
ATBIHFaH MaTepHanmapIarbl KYKIPTTIH MONIIEpiH ©3repTyre MYMKIHAIK OSpeTiH peakIHsHBI KYPTri3y MapTTapbl
Oenrinerni. JIMTHH-KYKIPT aKKyMyJIATOPIAPBIHBIH O€ICEeHAl AIEKTPOATHIK MaTepHalIapbl PeTiHAe aHWINH MEH
MUPPOJIIBIH KYKIPTTI MOIUMEPITi KOMITO3UIMSIIAPEIHBIH AJIEKTPOXUMHUSUIIBIK, OSICEHALTIrT MEH THIMIUTITI 3epTTeIIi.
DU3NKO-XUMHSITBIK 91icTep OONBIHINA AJTBIHFAH KOFaphl KYKIPT MOJMMEPJIEPIHiH AJISKTP OTKI3Till KacHeTTepiMeH,
TOTBIFY-TOTHIKCHI3TIaHy O€JICEHIUTITIMEH XOoHE Ka3ipri 3aMaHFBl KaWTa 3apsITajJiaThlH JIUTHIJII TOK Ke3AepiHiH
OernceH/1i KaTOATHI MaTepHALAAPBIH 93ipJey YIIiH NepCHeKTHBAIIBI OO TaOBIIATHIHBI AHBIKTAJIbL.

JIMTHIA-KYKIPT aKKyMyJISITOpJIapbl YIIIH KaTOATHl MaTepHaiJap/Abl OHAIPETIH OTaH/AbIK OHIIPICTI KYpY Ke3iHIe
QJIEKTP OTKI3ETIH KOFaphl KYKIpT HOJMMEpJIEPiH IIBIFApyFa apHaJIFaH TOTBIFY-TOTBIKCBI3JaHy COINOJMMEpU3aIIHs
apKbUIBl HAHOMOJILIEPJl KYKIPT HETi3iH/Ae aHWIMH MEH IHUPOJ CONOJIMMEpPJIEpiH 30Jb-Telb CHHTE3IHIH JaMblFaH
TEXHOJIOTHSICHIH YChIHYFa OO0JIa Ibl.

Tyiiin ce3mep: monmmepIti KYKipT KOMIO3UTTEPI, TOJUIPHPOIL, NOJIHAHWINH, KaTOATH MaTepHaiiap, JUTHH-
KYKipT Oatapesiapsbl.

I'.K. Bumuméaesa’, B.A. Tpopumor?, I'.®. Iposoposa’, /I.C. Kymabaepa',
A.T. Mam,xmlaz, C.A. Kopmonaz, AM. Hannﬁaena', ¥.0. Kbiapip6aeBa

II/IHCTI/ITyT TOTUIMBA, KaTanu3a u djekTpoxumun uM. J[.B. Cokonbckoro, Anmarsl, Kazaxcran;
*UpkyTcknii xumudecknii uHCTHTYT M. A.E. ®aBopckoro, CHGHPCKOro OT/aeIeH s
Poccuiickoii akanemuu Hayk, UpkyTck, Poccus

OPUT'MHAJIBHASA TEXHOJIOTHsI CHHTE3A CEPOITIOJIMMEPHBIX KOMIIO3UTOB
HA OCHOBE HOITYTHOU CEPbI OBECCEPUBAHUA HE®TH

AHHoTanusi. Pa3paboTaHbl TEXHOIOTHYECKHE METOBI TMOJIyYCHHUS] MOJIUMEPHBIX CEPHBIX KOMIIO3UTOB MyTEM
OKHCIIUTENHbHO-BOCCTAHOBUTEIHHOM COIMOJIMMEPHU3AlMd HAa OCHOBE MOMYTHOW CEpbl C DICKTPOHPOBOASAIIUMHE
cornojuMepamu (TUPPOJT, AHKITHH). Y CTaHOBJICHBI YCIOBUS MPOBEJICHUS PEAKIINU, KOTOPBIE MTO3BOJISIOT BAPHUPOBATH
CoJIep)KaHHe Cepbl B IOJYYSHHBIX Marepuaiax. M3ydeHa 3JeKTpOXMMHYECKas aKTHBHOCTh WM I(PPEKTHBHOCTDH
MCIIOJIb30BaHKS CEPHUCTBIX MOJMMEPHBIX KOMIO3UIMH aHWIMHA U MUPPOJa B Ka4eCTBE aKTUBHBIX JJIEKTPOIHBIX
MaTepuajioB ﬂMTHﬁ-CeprIX 6aTapeI71. DuU3NKO-XUMHUYECKUMU METOAaMH YCTAHOBJICHO, 4YTO IIOJIYUYCHHbBIC
BBICOKOCEPHHCTBIC TOJIMMEPHI 00JIAal0T 3ICKTPONPOBOAAIIMMUA CBOWCTBAMH, OKHCIMTEIBHO-BOCCTAHOBHUTEIBHOM
AKTUBHOCTBIO U NIEPCIICKTUBHBI JJIs pa3pa60T1<1/1 AKTHUBHBIX KaTOAHBIX MAaTCpHUaJIOB COBPEMCHHBIX MEPE3apsAKaCMbIX
HUCTOYHUKOB TOKA JTIUTHS.

Pa3paboTaHHas TEXHOJIOTHUS 30JIb-T€Ib CHHTE3a CONOJIMMEPOB aHWIMHA U MHPPOJIa HA OCHOBE HAHOPa3MEPHOU
Cepbl METOAOM OKHCIUTEIHbHO-BOCCTAHOBUTEIHHON COMOJIMMEPU3AIUHA ISl TIONyYSHHS DIICKTPOIPOBOISIINX
BBICOKOCEPHHUCTBIX MOJUMEPOB MOXKET ObITh PEKOMEH/IOBAHA ISl MCIIOJIB30BAHMS MPU CO3JAHUH OTEUSCTBEHHOTO
MPOM3BOJICTBA KATOHBIX MATEPHAJIOB LIS JINTUH-CEPHBIX aKKYMYJISITOPOB.

KiioueBble ¢JI0Ba: MOJUMEPHBIC CEPHBIC KOMIIO3UTHI, MOJUIUPPOI, MOJHAHUINH, KATOJHBIC MAaTepPHAbI,
JTUTHI-CepHBIC OaTapen.
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POTENTIAL OF USE THE MODIFIED POLYMERIC
SULFUR BASED ON THE BY- PRODUCT PETROLEUM SULFUR
IN THE RUBBER PRODUCTION

Abstract. Technological methods have been developed for the production of new polymer sulfur composites
based on activated by-product sulfur and polystyrene for their use as a vulcanizing agent with improved binding and
astringent properties. Optimum process conditions have been worked out, allowing to vary the sulfur content in the
obtained materials. An experimental laboratory batch of new sulfur-polymer composites for testing in extended
laboratory conditions as a vulcanizing agent has been gained.

Formulations, optimal conditions for mixing and vulcanization of rubber compounds have been developed.
Tests of physical- mechanical and operational properties of rubbers on their basis showed the effectiveness and
prospects of their application in the production of tires and rubber products.

The developed technology for the production of new sulfur-based vulcanizing agents based on activated by-
product sulfur and polystyrene is promising and can be recommended for use in the production of rubber products
with improved performance properties.

Key words: modified polymeric sulfur, polystyrene, rubber, caoutchouc, vulcanization.

Introduction. Vulcanization plays an important role on rubber industry by offering the rubber
products containing three-dimensional net work of rubber molecules. By this mean, the significant
improvement innumerous properties including tensile and tear properties, set, resilience and abrasion of
rubber vulcanizates is resulted. The vulcanization could generally be divided into 3 main systems, i.e.,
sulfur, peroxide, and metal oxide systems [1-4]. The sulfur vulcanization system is generally preferential
because of its superiority in mechanical properties and ease of cure behavior adjustment [5, 6]. Typically,
the sulfur used in rubber industry originates from 2 main resources, i.e., natural resource and petroleum
refinery. Basically, the sulfur from natural resource is more prefer able because of its certain chemical
structure in conjunction with its high sulfur content (99 %). The petroleum-based sulfur is taken as a by-
product from petroleum refinery. The annual growth in hydrocarbon production in Kazakhstan and the
environmental requirements for the quality of petroleum products resulted in the accumulation of more
than 10 million tons of sulfur in the Tengiz field at the sulfur storage site. Our main goal of this work is to
make full use of such sulfur by investigating the modification technique for enhancing the petroleum-
based sulfur to match the requirement of rubber industry. Thus, the most promising direction for the
creation of large-scale production of associated sulfur utilization is the production of polymer
compositions of modified sulfur with improved properties for use as vulcanizers and hardeners, as well as
a plasticizer of rubber compounds and bases for soft rubbers and elastomers.

This article presents the results of studies on the production of high-sulfur polymers based on the by-
produced Tengiz sulfur and polystyrene (PS) and the use of the polymers obtained as the vulcanizing
agent of rubber compounds.
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Results and discussion. Studies of the using possibility a by-product of oil processing-by-sulfur as a
vulcanizing agent of unsaturated rubbers compared to commercially available rhombic sulfur offer several
advantages. In contrast to conventional polymeric sulfur has a complex of unique properties: high
resistance to aggressive media, high impact strength, the absence of thermal shrinkage deformations in the
compositions, insolubility in organic solvents and rubbers, does not "bloom" on the surface of rubbers and
vulcanizates, which stabilizes the properties of the product in for long periods of storage and can be
widely used as a vulcanizing agent in the tire and rubber industries [7-10].

At this study, the production of polymer sulfur was carried out by direct catalytic sulphurization of
polystyrene (PS) using by-product sulfur. In order to obtain high-sulfur polymers, deep sulfurization of
granular polystyrene by Tengiz sulfur was carried out, and the physical-chemical properties of the
products obtained were studied. In the synthesis, activated colloidal nanosized sulfur was used, obtained
by acid decomposition of calcium polysulphides [8].

The reaction was studied in the temperature range 240-330 °C at a molar ratio of PS and sulfur (16
grams of sulfur atoms per unit PC), calculated on partial or exhaustive sulfurization. The synthesized
samples are powders of dark gray and black color with metallic sheen, insoluble in water and organic
solvents.

The synthesized samples were analyzed for the content of S (C, H). According to the
thermogravimetric analysis, the polymers obtained are heat-resistant up to 220-240 °C.

Copolymer sulfur modified with polystyrene (SPSM-PS) is formed by the catalytic copolymerization
of colloidal sulfur, obtained on the basis of by-product sulfur (by using diphenylguanidine, DPHG, as a
catalyst). It was expected that the reaction would proceed according to figure 1 [11-13].
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Figure 1 — Reaction scheme of copolymer sulfur modified with polystyrene

As can be seen from the scheme, in the copolymerization products there are condensed
benzothiophenes linear and partially cross linked polymers with sulfide units. Under the studied
conditions, high-sulfur polymers are formed from PS and colloidal sulfur (content S = 65.7-73.0%) (table 1).

Table 1 - Results of catalytic sedimentation of PS by elemental sulfur

Experi-ence Pnslé)sl’ T,, °C Time, h Catalyst, wt. % Yield S, %
1 1:8 240 2 DPHG(1) 47.0 42.1
2 1:16 240 2 DPHG (1) 78.1 66.5
3 1:16 240 3 DPHG (1) 98.1 73
4 1:16 300 3 no 96.5 65.7

— 4) ——
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Analysis of the data given in table 1 shows that the molar ratio of polystyrene to sulfur of 1:16 is
optimal, because the molar ratio of PS:S = 1:8 shows a low yield of the product and a low sulfur content
in it (runs 1-4). It should be noted that the catalytic synthesis of the sulfurized polystyrene with activated
colloidal by-product sulfur shows the best yields (98.1 %) and sulfur content (73 %, experiment 3)
compared to elemental sulfur (experiments 1, 2).

In the IR spectra of the compounds obtained (figure 2), the absorption peak with a maximum at 471
cm” refers to the v (S-S). Absorption in the 1700-1000 cm™ region (maxima of 1639-1403 cm™) is
apparently due to the vibrations of the skeleton of the exhausted sulfurized benzothiophene skeleton 10a
(figure 1). The peak of 1108 cm™ can be attributed to the oscillations of v(C = S) in structures 9
b, c and 10 b. The triplet 757, 729, 707 cm’ may be due to the mixed vibrations of the aromatic bonds C-
C and C-S, in this case in the structure 10 a.
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Figure 2 — IR spectrum of sulfurized polystyrene

Development of formulations, optimal conditions for mixing and vulcanization of rubber compounds.
The resulting high-sulfur polymers on the basis of associated sulfur and polystyrene were tested during
vulcanization of rubbers.

The tests were carried out in the enlarged laboratory conditions on the serial formulations of rubber
compounds for the insulation of the bead wire of truck tires containing various amounts of high-sulfur
polymer.

The necessary amount of colloidal sulfur preparation depends to a large extent on the compounding
formula. As a rule, with an increase in its content for the same composition in the rest of the mixture, the
degree of vulcanization increases to a certain optimum. With a further increase in the sulfur dosage,
hardness continuously increases, but the overall technological properties deteriorate. For the production of
rubber products, 0.2-5.0 wt. h. sulfur (based on 100 parts by weight of rubber); Conversely, for ebonite
mixtures, the sulfur content must be increased to 25-40 wt.h. The dosage sulfur in rubber mixtures
depends on the rubber type and the number of vulcanization accelerators taken. In mixtures based on
sodium-divinyl rubbers, sulfur is taken in an amount of up to 2.5 %, in mixtures with divinyl-styrene
rubbers up to 2 %. Rubber is a complex multicomponent system, consisting of 10-15 or more ingredients.

SKMS-30 ARKM-15 (GOST 11138-78 E) - synthetic methylstyrene rubber with a methylstyrene
content of 30 %. This rubber refers to the "oil" with an average content of highly aromatic oil. Properties
of butadiene-methylstyrene rubbers SKMS largely depend on the content of a-methylstyrene in them.

To establish the curing activity of the obtained SPSM-PS, laboratory samples of copolymer sulfur
were tested on model filled rubber compounds based on SKMS-30 ARK rubber of insulation of the bead
wire in comparison with the standard (table 2), where a different content of the modified polymer sulfur
SPSM- PS (2, 3, 4, 6 mph).
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Table 2 - Formulation card. Cipher 3 - 111. Assignment: Insulation of the bead wire

At 100 m.ch. rubber, m.ch.

Standard 1 var 2 var 3 var 4 var
SKMS-30 ARC 70,0 100,0 100,0 100,0 100,0
SKI-3 2 gr. 30,0
Technicalsulfur 4,0
Sulfur modified polymeric 2 m.ch.
Sulfur modified polymeric 3 m.ch.
Sulfur modified polymeric 4 m.ch.
Sulfur modified polymeric 6 m.ch.
Sulfenamide M 1,2 1,2 1,2 1,2 1,2
Santograd 0,2 0,2 0,2 0,2 0,2
ZincWhite 4,0 4,0 4,0 4,0 4,0
Stearicacid 2,0 2,0 2,0 2,0 2,0
Pinerosin 6,0 6,0 6,0 6,0 6,0
Softener ASMG 7,0 7,0 7,0 7,0 7,0
Oil PN - 6SH 4,0 4,0 4,0 4,0 4,0
Technical carbon P-514 70,0 70,0 70,0 70,0 70,0
Total 198,4 1974 1954 198,4 200,4

As the temperature and degree of vulcanization increase, the solubility of sulfur in rubber increases
significantly. In natural rubber, during the mixing process at a temperature of 55-56 °C, its solubility
reaches 3-4 % of the mass of the rubber.

In the production of soft rubber, where the sulfur content usually does not exceed 3%, during the
mixing of the rubber compound, all sulfur can dissolve in the rubber. At the vulcanization temperature,
the solubility of sulfur reaches 10%.

When the rubber mixture is cooled, supersaturated solutions can form, from which, due to diffusion,
excess sulfur partially crystallizes onto the surface of the rubber mixture. Such a crystallization of sulfur
on the surface of a rubber compound or vulcanizate is called "blooming" of sulfur.

Crystallization of sulfur on the surface of rubber unvulcanized parts reduces stickiness, which causes
difficulties in assembling rubber products. Reduction of sulfur fading is observed when:

1) introduction of some softeners (stearic acid and pine resin into the rubber mixture, obviously,
because these softeners are sulfur dispersants that promote a more even distribution of it in the rubber
compound,

2) introduction of a regenerate and carbon black into the rubber mixture, which is explained by the
high solubility of sulfur in the regenerate and the adsorption of sulfur by a gas black;

3) conducting the mixing process at the lowest possible temperatures, at which part of the sulfur
remains in the undissolved state;

4) the use of small amounts of sulfur during vulcanization, as well as the use of mixtures of sulfur
with selenium. The fading of sulfur in rubber is one of the signs of the rubber's lack of vulcanization, and
also the consequence of the excess content of free sulfur in rubber. Mixing of rubber compounds was
carried out in two stages on laboratory rollers PD 320 160/160. The temperature of the front rollers is 50-
60 °C, the rear temperature is 60-70 °C. Duration 25 minutes in the first stage; on the second - 6 min.
Vulcanization of the samples was carried out on a vulcanizing press RDE 800x800, at a temperature of
1550 °C, for 20 minutes (table 3). Difficulties were not observed during the mixing process, high-sulfur
polymers are easily introduced into the rubber mixture. The distribution of polymer sulfur in rubber is
satisfactory, which does not require a change in the rolling and vulcanization regime. The production of a
rubber compound for the insulation of the bead wire of trucks was carried out in the following mode
(table 3):

Equipment: Laboratory rollers PD 320 160/160

Roller temperature: Front 50-60 °C; Rear 60-70 °C

— 4y ——
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Table 3 - Mode of manufacturing of a rubber compound for insulation of the bead wire of truck tires

Time, min
Name of operation .
Begmnlr}g of End of operation
operation
1 mixing stage

Loading of rubbers, SKMS-30, ARC, SKI-3, plasticization 0 3

Load loose ingredients (zinc white, pine rosin, stearic acid, santograd, softener

ACMG) and 1 / part of the carbon tetrachloride P-514, mix, rolling rolls on both 3 8

sides 8 times (4 times on the left side, 4 times on the right)

Cut 1/3 part of the mixture, load 1/2 part of technical sulfur P-514, insert the cut 1/3
part of the mixture, mix, rolling rolls on both sides 8 times (4 times on the left side, 8 12
4 times on the right)

Cut 1/3 part of the mixture, load the plasticizer PN-6SH, load 1/2 part of the
technical sulfur P-245, insert the cut 1/3 part of the mixture, mix, roll rolls on both 12 17
sides 8 times (4 times on the left side, 4 times with the right)

Table 3 continue

Cut 1/3 part of the mixture, load 1/2 part of technical sulfur P-245, add cut 1/3 of the

mixture, mix, roll rolls on both sides 8 times (4 times on the left side, 4 times on the 17 23
right)

Remove the mixture from the rollers 23 25
Total 25

2 mixing stage

Load the mixture of the first stage, heat 0 2
Cut 1/3 part of the mixture, load the Sulfenamide M acce-lerator, insert the cut 1/3
part of the mixture, mix, rolling rolls on both sides 4 times (2 times on the left side, 2 4

2 times on the right side)
Cut 1/3 part of the mixture, load the modified sulfur, insert the cut 1/3 part of the

mixture, mix, rolling rolls on both sides 4 times (2 times on the left side, 2 times on 4 5
the right)

Remove the mixture from the rollers 5 6
Total 6

After the first operation, the rubber mixture was aged for at least 2 hours, the mixture was cooled to
room temperature not higher than 250 °C. Vulcanization of the plates was carried out at a temperature of
1550 °C for 20 minutes. At the same time the equipment was used: vulcanization press RDE 800x800.

Thus, as a result of the research, new high-sulfur polymers based on colloidal Tengiz sulfur and
polystyrene have been synthesized.

Technological parameters of obtaining sulfur-enriched polymeric composites have been worked out.

It is shown that polystyrene is sulfurized by excess sulfur at temperatures of 240-330 °C. Conditions
for carrying out the reaction have been found, which make it possible to vary the sulfur content of the
obtained materials. At the same time, the product contains 63.7-73% sulfur.

The resulting composites have been studied as a vulcanizing agent for rubber compounds. Developed
recipes, the optimal conditions for mixing and vulcanizing rubber compounds.

In accordance with the developed prescription map (table 3), high-sulfur polymer compositions based
on associated sulfur and polystyrene on the physico-mechanical properties of rubbers as a result of
vulcanization were also studied.

To establish the curing activity of copolymer sulfur modified with polystyrene-SPCM-PS, laboratory
samples of copolymer sulfur were tested on model filled rubber compounds based on SKMS-30 ARK
rubber on board wire insulation in comparison with the reference (table 2), where different technical
contents were used instead of technical sulfur modified polymer sulfur SPSM-PS (2, 3, 4, 6 m.ch).

Properties of rubber compounds and vulcanizates based on rubbers of general purpose for
manufacturing insulation of bead wire of truck tires with additives of polymer sulfur are given in table 4.

Calculation of rheometric curves recorded on a Monsanto rheometer given in table 5.
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Table 4 - Physical and mechanical properties of rubbers using modified sulfur

Standard of Modified sulfur
.. Control
Name of indicators sulfur tech- 1 var 2 var 3 var 4 var 5 var
standards
4m.ch. 2m.ch | 3 m.ch. 4 m.ch. 5 m.ch. 6 m.ch.

Plasticity, conv. units 0,23-0,33 0,30 0,37 0,34 0,31 0,30 0,34
Breaking strength, kgf / cm® n/m 112 140 120 120 135 140 140
Relative elongation,% 180-350 345 367 367 350 355 335
Tear resistance, n / cm n/m 60 65 55 55 62 63 63
Hardness, conv. units 65-75 71 65 65 67 68 70

Table 5 - Calculation of rheometric curves recorded on a Monsanto rheometer. Mode: 1550C x 20 minutes

Indicator name Standart 1 variant 2 variant 3 variant 4 variant 5 variant
M, 10 units dam 10,5 units 11units 11 units 12 units
T] 1'22" p 1|35|| 1!25" 1!25" 1'22"
M, 12 units i 11,5 units 11,5 units 11,5 units 12 units
T, 2'15" 220" 220" 220" 2'15"
M; 35,2 units i 36,1 units 36,2 units 36,2 units 37,2 units
T3 18'00" 17'30" 17'20" 17'20" 17'10"
My 38 units 39 units 39 units 39 units 40 units
T 19'15" ) 1920" 19'20" 19'20" 1927"

The positive influence of the investigated high-sulfur polymers on the technological properties of the
obtained rubber mixtures was established. The results given in Table 4 indicate that the use of polymer-
modified polymeric sulfur as the vulcanizing agent improves such physico-mechanical characteristics of
rubber products as plasticity, elongation and hardness.

The tests carried out showed that, compared to the standard sample, the plasticity index at a polymer
sulfur content of 3 parts by weight are improved by 23 %, a further increase in the content of polymeric
sulfur to 6 m.ch. leads to a decrease in this indicator. The value of the relative elongation is maximum at a
content of 3 m.p. polymeric sulfur, an improvement of 22 % of the standard sample. The optimum sulfur
content is 3-4 parts by weight by 100 parts by mass. rubber.

Conclusion. Thus, based on the results of the conducted studies, it can be concluded that the use of
polymeric sulfur as a curative agent has a positive effect on the properties of rubbers based on SKI-3,
SKMS-30, ARKM-15.

Based on the results of enlarged laboratory tests on the use of polymer sulfur obtained during the
vulcanization of rubber compounds, optimum amounts of polymer sulfur were determined to produce
vulcanizates with the best performance properties.

The developed technology for the production of new sulfur-based vulcanizing agents based on
activated by-pass sulfur and polystyrene is promising and can be recommended for use in the production
of rubber products with improved performance properties.
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MYHAM-T'A3 OHJEYIHIH, UIECHEJI KYKIPT HEI'I3IHJE
AJIBIHF AH NOJIUMEPJII KYKIPTTIH, PESEHKE OHAIPICIHAE KOJIJAHY MYMKIHAIKTEPI

AnHOTamms: benceHnipiires iiecmneni KyKipT MEH MOJUCTUPOI HETi3IHIE OHICNITCH, OJNapblH apbl Kapai xakcapThlUIFaH
GailIaHBICTBIPYLIBI KOHE TYTKbIpJIAYLIbl KacHeTTepi 6ap ByJKaHW3ALMANAHATBIH areHT PETiHAe NakpanaHy YIUiH HOJMMeEpi
KYKIPTTiH KaHa KOMIIO3HLHSIAPbIHBIH TEXHOJOTUSUIBIK 9ICTepiHiH OHIipici AaibIH-qanabl. AJIBIHFAH MaTepHAILAapIbIH KYKIpT
KYpaMbIH ©3TepTyre MYMKIHIOIK OepeTiH OHTAaiIbl TEXHOJOTHSUIBIK MIapTTap Xacauibl. ByJIkaHM3alUsIaHFaH areHT peTiHae
KEHEHTLIreH 3epTXaHaNbIK JKaFrAaiinapaa TeCTijiey YIIiH jkaHa KYKipT-TIOJIMMEPIIiK KOMITO3UTTEPAiH IKCIIEPUMEHTANIB 3epTXaHa-
JIBIK TAPTHSCHI 931pIICHA].

OHBIH HeriziHue Kypamuap, Pe3eHKeTi KOCBUIBICTAPIbl apaiacThIpy JKOHE BYJIKaHM3AlUMsUIAyIblH OHTAWIbl IIAPTTaphl
JKacanbl. Pesenkenepin ¢pu3nka-MexaHUKAJIbIK XKoHE MaliganaHy KaCHeTTepiH ChIHAY OJIapJIbIH HETi31HIe IHHAIAp MEH pe3eHKe
OYHBIMIAPBIH OHAIPY/IC KOJIAAHY/IbI OIaH 9pi 3ePTTEY/iH THIMILTIITT MCH KEJICIICTiH KOPCETTI.

Bencenpipiiren inmecneni KyKipT IeH HOJMCTHPONFAa HETi3[EIreH jKaHA BYJKAaHW3AUVSUIAHATBIH 3aTTapibl OHAIPYIiH
JJAMbIFaH TEXHOJIOTUSCHI KEJIEIEeKTi 00BN TaObuIa/Ibl JKOHE JKAKCAPTHUIFaH Maii/laaHy CUIaTTaMajiapsl 0ap pe3eHKe eHIMIepiH
eHJlipy /e NalilalaHyFa YCHIHBLTYbl MYMKIH.

Tipek ce3aep: KeTUIIIPIITeH NOTUMEPII KYKIPT, MOJHUCTUPOI, PE3CHKE, KayuyK, BYJIKaHU3AIIH.
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BO3MOKHOCTH UCIIOJIb30BAHUSA MOIU®UAILIAPOBAHHOM IIOJIMMEPHOM CEPBI HA OCHOBE
MOITYTHOM HE®TET A30BOM CEPBI B TIPON3BOJICTBE KAYUYKA

AHHoTanms: Pa3paGoTaHbl TEXHOTOTHUECKUE METOBI MPOU3BOACTBA HOBBIX KOMIIO3UIMI MOIHMMEPHOH cepbl HA OCHOBE
aKTHBUPOBAHHOHN MOMYTHOH MPOAYKIUH CEPhI M MOJIUCTUPOIIA JUIS UX UCIIOIb30BAHHS B KAUECTBE BYJIKAHU3UPYIOIIETO areHTa ¢
YIIy4IIEHHBIMH CBS3YIOMIMMHY U BSDKYIIMMH CBOMCTBaMU. Pa3paboTaHbl ONTHMANIBHEIE YCIIOBHS HPOIECCa, O3BONISIONINE BapbH-
poBaTh COJep)KaHUE Cephl B MOIyYeHHBIX Marepuanax. Hapaborana skcrmepuMmeHTanpHas 1abopaTopHas MapTusl HOBBIX CEPHO-
MOJMMEPHBIX KOMITO3UTOB JUISl HCIIBITaHN B pacIINPEHHBIX JIAOOPATOPHBIX YCIOBHUIX B KaUeCTBE BYJIKAHH3UPYIOIIETO areHTa.

Pa3paboraHbl cocTaBbl Ha MX OCHOBE, ONTHUMAJIBHBIEC YCIOBUS IS CMEIIMBAHMS M BYJIKAHW3AIUH PE3UHOBHIX cMmeced. Mc-
HBITaHNUS (PU3NKO-MEXaHNYECKUX M KCIUTyaTallMOHHBIX CBOMCTB KaydyKOB Ha MX OCHOBE NOKa3aau 3()(GEeKTUBHOCTb U IEPCIeK-
THUBBI UX JAIBHEHIINX UCCIIE0BaHNUM [UISl IPUMEHEHUS B IPOM3BOJICTBE LIIMH U PE3MHOBBIX M3EIIHNA.

PazpaboraHHast TeXHOJIOTHs TPOU3BOJICTBA HOBBIX BYJIKAHHM3YIOLIMX BEIIECTB HA OCHOBE aKTHBUPOBAHHOU MOIyTHON CEphI
U TIOJMCTHUPOIIA ABIAETCS MHOTOO0CIIAIOMEeN 1 MOXKET OBITh PEKOMEHIOBAHA JUISl HCIIOJIB30BAaHUS TIPU MPOU3BOACTBE PE3UHOBBIX
W3/ENUH C yIyqIIeHHBIMH 3KCILTyaTaI[HIOHHBIMA XapaKTePUCTHKAM.

KatoueBble cjioBa: MoanHUINpOBaHHAS ONUMEpPHAs cepa, MONUCTUPOIL, Pe3HHA, KaydyK, By TKaHU3ALHL.
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SYNTHESIS AND CATALYTIC PROPERTIES OF SUPPORTED
POLYACRYLAMIDE-STABILIZED Pd-Ag CATALYSTS

Abstract. Low-percentage mono- and bimetallic polyacrylamide-stabilized Pd and Ag nanoparticles fixed on
the surface of zinc oxide have been synthesized. Catalysts without treatment of zinc oxide with polymer have been
prepared to determine the effect of polyacrylamide on the catalytic properties of palladium and silver monometallic
systems. Preliminary treatment of inorganic oxide with polyacrylamide leads to an increase in the dispersion of
palladium particles. The formation of palladium and silver nanoparticles on the surface of zinc oxide have been
confirmed by transmission electron microscopy. A palladium catalyst stabilized with PAA is characterized by the
formation of fine metal particles with a size of 10-15 nm. The catalytic activity of polymer-stabilized mono- and
bimetallic catalysts in the hydrogenation of 2-propyn-1-ol and propen-2-ol-1 at 40°C and atmospheric pressure of
hydrogen have been studied. The obtained bimetallic catalyst during the hydrogenation of alkynol to alkenol exhibits
high activity and a selectivity of 97.0% with a conversion of 98.6%. The resulting propen-2-ol-1 was hydrogenated
to propanol on palladium-silver catalyst, in contrast to the processes occurring in the presence of a monometallic
palladium catalyst. Analysis of the results confirms that the bimetallic catalyst is optimal, at which the reaction rate
and selectivity for the alkenol are maximal. The introduction of silver helps to suppress a significant increase in
selectivity.

Key words: polymer-metal complexes, bimetallic catalyst, hydrogenation, 2-propyn-1-ol, palladium catalysts.

Introduction

In recent decades, a significant interest of researchers working in the field of catalysis is aimed at the
design of new types of catalysts that have high activity, selectivity and stability. Approaches used in
nanotechnology, materials science, achievements in macromolecular and coordination chemistry, many
other branches of knowledge are used for these purposes. Thus, the structure, size and homogeneity of the
supported active phase are of great importance for the catalysts most demanded in industry [1-4].
Reducing the particle size contributes to an increase in the number of catalytic sites involved in the
process, and, consequently, to an increase in the activity of the catalyst with a low metal content. In recent
years, polymers with various functional groups have been actively used to create such systems. Their
main functions are stabilization of metal nanoparticles, fixation of the latter on the surface of supports.

Various approaches in the creation of such catalysts are presented in the literature [5-8]. In many
cases, the nanoscale metal particles are formed on the surface of the supports in the preparation of
supported catalysts, their further calcination and reduction, the polymer, as a rule, not involved in the
catalytic process as part of the active phase. These works are mainly devoted to palladium catalysts. At
the same time, interest in gold and silver nanoparticles has increased with the development of
nanotechnology. There have appeared papers on their application in catalytic processes [9-10].

We have developed a simple and sufficiently reliable method of preparation of polymer-metal
catalysts fixed on oxides [11-12], consisting in the sequential adsorption of functional polymers, and then
the metal on the surface of the oxides. High catalytic activity of such palladium and nickel catalysts in the
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hydrogenation reaction was demonstrated. In this paper, we consider the methods for the preparation of
bimetallic palladium-silver catalysts for the hydrogenation of 2-propyn-1-ol as a model compound.

Experimental

Reagents. The 2-Propyn-1-ol of chemically grade was purified by distillation, the purity was
determined by chromatography. The ethanol (reagent grade), PdCl, (reagent grade), HCI (reagent grade,
p = 1.19 g/em®), AgNO; (pure for analysis) and polyacrylamide (M,, = 500 kDa, "Sigma Aldrich") were
used without further purification. The zinc oxide (reagent grade) with a specific surface area of about 10.2
m?/g was used as an inorganic support.

Preparation of 1%Pd-PAA/ZnO, 1%Ag-PAA/ZnO and 1%Pd-Ag(3:1)-PAA/ZnO catalysts. The
catalysts were prepared by the adsorption method according to the procedure proposed in [13]. An
aqueous solution of polymer (5 ml) containing 0.0067 g of PAA was added to the aqueous suspension of
the support (1 g of zinc oxide in 5 ml of water) by dropping. The mixture was stirred continuously for 2
hours at room temperature. The amount of used polymer to prepare the catalyst was taken from a
calculation of one transition metal atom per one macromolecular unit. Then, to the suspension of the
polyacrylamide-modified zinc oxide were added a solution of palladium chloride (silver nitrate) (Sml)
dropwise, which contains 0.0101g of metal(s) and the mixture was further stirred for 3 hours until the
metal was completely bound with polymer-modified system. The obtained catalysts kept in the mother
liquor for 16 hours and then were washed with distilled water and dried in air.

In the case of obtaining bimetallic systems, metals were supported sequentially - first silver, then
palladium. The amount of metals was taken from a calculation for the preparation of 1% catalysts with the
ratio of metals Pd:Ag = 3:1.

The analysis of catalysts. The extent of attachment of the components was determined by the
difference of metal ions concentration in mother liquor before and after sorption. The palladium ions
concentration was determined on an SPh-2000 spectrophotometer at wavelength Apy = 410 nm. The silver
ions concentration was determined on an ANION-4100 ionometer using ion-selective electrodes
(Elis131Ag, Elis131Cu). The ionometer was calibrated using a series of standard solutions of silver nitrate
with a concentration of 102-107 mol/l. Analysis of mother liquors after sorption showed that the
supported metals amount is about 99.0%.

The electron-microscopic studies were performed on a "EVO 50 XVP" (Carl Zeiss) scanning electron
microscope (SEM).

TEM (transmission electron microscopy) patterns of samples were obtained on a JEM-1011
transmission electron microscope with a Morada (OLYMPUS) CCD-digital camera from Geol (Japan) by
method of suspensions.

Hydrogenation of 2-propyn-1-ol. Hydrogenation were carried out in thermostatic glass vessel with
constant shaking (600-700 oscillations per minute). The reaction was carried out in ethanol (20ml) at
40°C and atmospheric pressure of hydrogen. The weight of the catalyst was 0.05 g. Catalysts were treated
with hydrogen during 0.5 hour before reactant was added into the reactor. The substrate concentration was
0.11 mol/l. The volume of the introduced substrate calculated for the absorption of 100 mL hydrogen. The
reaction rate was calculated from the change of hydrogen absorption per unit time.

The analysis of hydrogenation products was carried out on Khromos GKh-1000 (“Khromos”, Russia)
using a flame ionization detector in an isothermal mode and a capillary column BP21 (FFAP) with 50 m
length and 0.32 mm inner diameter polar phase (PEG modified with nitroterephthalate). The column was
maintained at 90°C, the temperature in the evaporation chamber was 200°C. Helium was used as a carrier
gas. The sample volume was set to 0.2 pl. Reaction mixture samples were taken 4-5 times during the
experiment. The selectivity of the catalyst was defined as the proportion of the main product among all
reaction products at a given conversion rate.

Results and discussion

Hydrogenation of 2-propyn-1-ol is carried out with formation of propene-2-ol-1 (1) and the latter is
converted into the propanol (2). Depending on the nature of the catalyst also may be formed propanal (3)
[14-17]:
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The palladium catalyst was shown high activity in the first minutes of the reaction (Figure 1, a).
However, the reaction rate on it decreases from 4.5-10° mol/s to 0.5-10° mol/s and remains so until 70
minutes.
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Experimental conditions: catalyst weight 0.05 g, temperature 40°C, pressure H, 0.1 MPa, solvent - ethyl alcohol

Figure 1 — Rate (a) and the diagram of the composition of formed reaction products (b)
of the hydrogenation of 2-propyn-1-ol on 1%Pd-PAA/ZnO catalyst

According to the chromatographic analysis, the maximum yield of propen-2-ol-1 was reached by
1%Pd-PAA/ZnO at 52% conversion of alkyne-2-ol-1 (Figure 1, b). The propanol, the amount of which
reaches 60%, was rapidly accumulated in the reaction products, and then gradually decreases.

The rate of formation of propanal increases after the full conversion of the olefinic alcohol to the
reaction products (curve 2). This is probably due to the isomerization of propen-2-ol-1 to propanal
(migration of the double bond) or to the dehydrogenation of the resulting propanol, decrease of the
content of this in the reaction products and a significant slowdown of the process indicates this.
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Hydrogenation of propen-2-ol-1 on 1%Pd-PAA/ZnO have been carried out in comparison (Figure 2).
The reaction rate drops sharply from the first minutes. The process ends with the full conversion of the
alkenol to the reaction products.
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Experimental conditions: catalyst weight 0.05 g, temperature 40°C, pressure H, 0.1 MPa, solvent - ethyl alcohol

Figure 2 — Rate (a) and the diagram of the composition of formed reaction products (b)
of the hydrogenation of propen-2-ol-1 on 1%Pd-PAA/ZnO catalyst

It should be noted that, as in the case of hydrogenation of propen-2-ol-1, formed during the reduction
of 2-propyn-1-ol, propanol predominantly accumulates in the reaction products, the amount of which
decreases after complete conversion of the initial alkynol, and the propanal increases. (Figure 2, b).

It should be noted that, the propanol is mainly accumulated as in the case of hydrogenation of propen-
2-0l-1, formed during the reduction of 2-propyn-1-ol in the reaction products. The amount of propanol
decreases after full conversion of the initial alkynol, and the propanal increases (Figure 2, b).

The rate of hydrogenation of 2-propyn-1-ol increases gradually when silver was added to the catalyst
composition in the ratio Pd:Ag = 3:1 and reaches the maximum value (4.5-10"° mol/s) after ~ 25 minutes
after the reaction initiation, and then falls sharply (Figure 3, a). According to chromatographic analysis, at
this time, the reaction medium was observed accumulation of substantially only the olefinic alcohol — 2-
propen-1-ol (Figure 3, a). L.e. the selective hydrogenation of alkyne to alkenol occurs, the yield of which
on this catalyst reaches 87.2%, and then sharply decreases, which is associated with the formation of both
propanol and propanal as the reaction product. The resulting propen-2-ol-1 was hydrogenated to propanol
on palladium-silver catalyst, in contrast to the processes occurring in the presence of a monometallic
palladium catalyst. This catalyst does not show a decrease in propanol content. It can be assumed that
propen-2-ol-1 is predominantly isomerized to the aldehyde.
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Experimental conditions: catalyst weight 0.05 g, temperature 40°C, pressure H, 0.1 MPa, solvent - ethyl alcohol

Figure 3 — Rates (a) and the diagrams of the composition of formed reaction products (b) of the hydrogenation of 2-propyn-1-ol
and propen-2-ol-1 on 1%Pd-Ag(3:1)-PAA/ZnO catalyst

When hydrogenating propene-2-ol-1 (Figure 3, b), the course of the kinetic curve, also the change in
the composition of the reaction mixture in time, almost completely corresponds to the results obtained
during the hydrogenation of 2-propyn-1-ol starting from 25-30 minutes, when the alkanol was completely
converted to alkenol.

Thus, the correlation between the change in the composition of the reaction mixture and the rate of
the hydrogenation reaction of both the tested alkyne and the alkenol on all the studied catalysts was found.

The hydrogenation of 2-propyn-1-ol on synthesized catalysts is presented in Table 1. The catalysts
have been prepared without polymer treatment with zinc oxide to determine the effect of polyacrylamide
on the catalytic properties of palladium and silver monometallic catalysts. It was found that the
introduction of polyacrylamide in the catalysts leads to a significant improvement in their catalytic
properties. Thus, the reaction rate on palladium and silver catalysts without a polymer is more than 2-4
times lower than for similar polymer-containing catalysts. The yield of propen-2-ol-1 and, accordingly,
the selectivity of the process were increased. The reaction rate is low on both monometallic silver
catalysts and the process spontaneously stops. The maximum conversion did not exceed 11%. At the same
time, propanal did not form on the silver catalyst (Table 1).
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Analysis of the results confirms that the bimetallic catalyst is optimal, at which the reaction rate and
selectivity for the alkenol are maximal. The introduction of silver helps to suppress the isomerization
process and a significant increase in selectivity, which is consistent with the data in [18-19].

Table 1 — Hydrogenation of 2-propyn-1-ol in the presence
of one-percent monometallic Pd, Ag and bimetallic Pd-Ag catalysts

Reaction rate Composition of catalyzate, % o

Catalysts W10, mol /s’ Selectivity of C=C, %
propen-2-ol-1 propanol propanal
Pd /ZnO 2.1 34.6 13.4 7.5 62.3
Pd-PAA/ZnO 4.5 50.8 1.4 0.4 96.6
Ag /ZnO 0.3 8.7 2.3 0 79.9
Ag-PAA/ZnO 1.2 9.2 1.5 0 86.0
Pd-Ag(3:1)-PAA/ZnO 4.5 95.7 2.8 0.1 97.0
Conditions: T= 80°C; P = latm; my, = 0.05g; solvent - C,HsOH

The increase in activity and selectivity of catalysts in the modification of their polyacrylamide is
probably due to the formation of a layer of polymer with embedded particles of the active phase
(palladium, silver or their mixture) on the zinc oxide surface, which was confirmed by electron
microscopy.

Thus, when comparing the photomicrographs of 1%Ag/ZnO and 1%Ag-PAA/ZnO samples obtained
by scanning electron microscopy (SEM), it was found that the aggregates in the form of thin coiled
needle-like films of the polyacrylamide compound with silver ions was formed on the PAA-modified
surface of ZnO in contrast to a catalyst without a polymer (Fig. 4, b).

Figure 4 - Micrograph (SEM) of 1% Ag/ZnO (a) and 1%Ag-PAA/ZnO (b)

The formation of the polymer-metal complex on the surface of zinc oxide was confirmed by
transmission electron microscopy (TEM). Thus, the polyacrylamide film with impregnations of silver
nanoparticles (30-40 nm) uniformly distributed in the polymer matrix was observed on a
microphotography of 1%Ag-PAA/ZnO catalyst (Fig. 5).




Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

100 H™m
Figure 5 - Micrograph (TEM) of 1% Ag-PAA/ZnO

A palladium catalyst prepared with the participation of PAA is also characterized by the formation of
fine metal particles with a size of 10-15 nm, which uniformly covered the surface of the support (Figure
6).

Figure 6 - Micrograph (TEM) of 1%Pd-PAA/ZnO

Earlier, we showed that in the polymer-free system obtained by supporting an aqueous solution of
palladium chloride to zinc oxide, the active phase of the catalyst is a particle size of 30-35 nm, which is
quite randomly distributed on the surface of zinc oxide [20]. Thus, pretreatment of inorganic oxide with
polyacrylamide leads to an increase in the dispersion of palladium particles, which is probably due to
complexation and stabilization of palladium by polyacrylamide.

The bimetallic catalyst was characterized by the formation of active phase particles with sizes of 30-
40 nm, as in monometallic silver (Figure 7). Probably, both metals enter into the composition of such
particles, since during the hydrogenation of 2-propyn-1-ol in propen-2-ol-1 showed the highest selectivity
on these catalysts.
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Figure 7 - Micrograph (TEM) of 1%Pd-Ag(3:1)-PAA/ZnO

According to the data of [21-22], bimetallic clusters are formed on the surface of the catalyst by
successive deposition of palladium and then silver onto supports, followed by their calcination and
reduction; they are possibly responsible for the selective hydrogenation of acetylene to ethylene. It is
possible to form nanoparticles by the Core-Shell type [23] with the use of polymer-stabilizer.

Thus, the method for the preparation of polyacrylamide-stabilized palladium-silver catalyst on zinc
oxide has been developed. The obtained composite exhibits high activity and selectivity in the
hydrogenation of 2-propyn-1-ol to propen-2-ol-1 with the yield of the desired product of 95.7% and 97%
selectivity. High-temperature stages of calcination and reduction are eliminated in the preparation of the
catalyst, which greatly simplifies the procedure for their synthesis.
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STUDY OF COMPOSITE CATALYSTS CONTAINING SLUDGE
OF FERROALLOY PRODUCTION IN THE PROCESS
OF CYCLOHEXANE OXIDATION

Abstract. Wastes from metallurgical production contain a significant amount of valuable elements such as iron,
chromium, manganese, titanium, aluminum. The introduction of small and dispersed fractions in the smelting
furnace leads to disturbances in the technological regime. Therefore, these wastes are accumulated in various types
of storages. To increase the efficiency of the use of resources, it is necessary to utilize these wastes. The main ways
of utilization are agglomeration, as well as the addition in building materials as additives. It is proposed to combine
these ways with a new approach to utilization — the production of catalysts for processing hydrocarbon raw
materials. We have obtained catalysts using sludge from the system of wet gas cleaning (WGCS) as an active phase
and inorganic oxides Al,Os, SiO,, ZnO as carriers. Elemental analysis has shown significant presence of chromium —
6-12% and iron 1.5-3.2% (5.7% in initial WGCS). Mn was found in trace amounts in clear WGCS. Surface analysis
has shown significant increasing in value of specific surface approximately in two times in case of using SiO, as a
carrier. So, it was shown that using of carriers of various nature can lead to change some surface properties in given
direction. In the studied process of cyclohexane oxidation over the obtained catalysts in the given conditions
(temperature - 40 °C, the reaction duration - 240 min) the conversion of cyclohexane achieved 6-9%. Finally, it was
found that there is a notable dependence between the value of specific surface and catalytic activity of studied
samples.
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Introduction

It is known, that approximately 700 million tons of industrial waste are produced in Kazakhstan every
year. According to the Ministry of environmental protection, «in our country more than 22 billion tons of
waste are accumulated. More than 16 billion tons from them are technogenic mineral concretion and
about 6 billion tons are dangerous waste» [1].

The problem of industrial waste utilization is actual not only for Kazakhstan, but for the wide range
of other countries, which has developed industry [2]. The waste of metallurgical industry have great
importance because of content. It is known, that a number of valuable elements, especially transitional
metals, such as chromium, iron, manganese, vanadium, titanium are in the content of ashes and slimes of
metallurgical industry. The content of some of these elements in metallurgical waste achieves such level,
that waste storages can be considered as a secondary mine for mining of these valuable metals.
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Utilization of metallurgy industry waste is necessary for creation of a closed-loop production with
maximal economic and ecological efficiency [3]. A closed-loop production in metallurgy is mainly based
on using of the waste in building materials production [4]. However, the valuable elements presented in
the waste are used without enough effectiveness at production of building materials. It is much more
effective to obtain catalysts from that kind of waste.

At ferroalloy plants, ferromanganese, ferrosilicon, ferrochromium are produced. Industrial products
determine the composition of waste. Thus, in sludge of ferroalloys production, significant amounts of
manganese and chromium are contained in addition to iron [5]. These elements are catalytically active and
are included in the active phases of many catalysts [6-10]. Waste of aluminum production besides iron
compounds also contains valuable components - aluminum and titanium. These metals are also actively
involved in catalytic processes [11-14].

The preceding discussion points that utilization of industrial waste of ferroalloy plant by obtaining of
catalysts for various chemical processes is a prospective and actual way. We have researched the wastes
of ferroalloy plants of Kazakhstan (Aksu ferroalloy plant, Aktobe ferroalloy plant). In our work, we offer
another way of utilization of ash and sludge wastes of ferroalloy production — obtaining of catalysts for
various processes of hydrocarbon-containing raw materials refining. The way is characterized by high
economic efficiency because it is offered not just to utilize the waste, but obtain on their basis of new
profitable product.

Experimental

Preparation of catalysts. Samples of wet gas cleaning sludge (WGCS) were dried in drying oven at
the temperature of 100 °C within 1 hour and grinded in a mortar. Composite catalysts were prepared
based on WGCS and oxides: Al,O3, SiO,, ZnO. To obtain a catalyst of the type WGCS/X, where X is the
carrier we took sample of WGCS — 1,0 g, sample of carrier — 1,0 g, then placed it in a weighing bottle
with a ground cover, poured 10 ml. of distilled water and stirred for 3 hours. After mixing, excess water
was poured off, the remaining suspension was air dried for 24 hours.

Elemental analysis. Analysis was performed using energy dispersive x-ray fluorescence spectroscopy
with energy dispersive system for microanalysis INCA Energy 450, set on scanning electron microscope
JSM-6610LV (“JOEL”, Japan). Spectra were obtained three times with calculation of average value.

The surface investigation. The surface investigation was performed by low-temperature nitrogen
adsorption using method BET on "AccuSorb" unit ("Micromeritics", USA). A charge of sample (0.1 g)
was placed in a special vial, then vacuumed at 200 °C within 3 — 4 hour. The definition of the surface of a
catalyst was performed with measurement of nitrogen adsorption at the temperature of —196 °C.
Calculation of porosity by isotherms of nitrogen adsorption and desorption in the pores of the sample was
performed with kit software.

Cyclohexane oxidation

The oxidation of cyclohexane was carried out on the installation, composed from magnetic stir,
thermostatic three-neck glass reactor and volumetric burette. Acetonitrile as a solvent (1.2 ml), sample of
catalyst (0.03 g), cyclohexane (0.3 ml), and hydrogen peroxide (0.9 ml of 30% aqueous solution) as an
oxidant were consistently placed into the reactor. Stirring of reaction mixture was conducted using
magnetic stir. Temperature - 40 °C. The pressure - atmospheric. Duration of the reaction — 240 minutes.

Chromatographic analysis

Reaction products were analyzed using GLC. Analysis was carried out on chromatograph Chromos
GC-1000 (Russia).

Results and discussion
Elemental analysis of catalysts showed redistribution of elemental composition with characteristic
increase of containing of elements dominating in supporter in comparison with initial sample of WGCS
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(Tables 1-4). Catalyst WGCS/Al,O; shows increased containing of aluminium, WGCS/SiO, — silicon,
WGCS/ZnO — zinc. The results are quite natural. As well in the case of supported catalysts in comparison
with the initial WGCS some elements, presented in small amounts (Zn, Mn, S, K), are disappeared. This
can be explained by the sensitivity of the device to the elements present in negligible concentrations.

Table 1 — Results of elemental analysis of WGCS

Containing of element (wt.%)

C (6] Mg Al Si S K Ca Cr Mn Fe Zn Total
Spectrum 1 15.55 31.84 29.35 1.32 | 7.15 1.22 | 0.08 | 0.29 | 6.95 0.30 | 5.73 0.22 | 100.00
Spectrum 2 1542 | 32.68 | 2958 | 1.21 | 725 | 125 | 0.11 | 034 | 6.23 | 0.21 | 552 | 0.21 | 100.00
Spectrum 3 1462 | 31.94 | 2990 | 1.09 | 735 | 1.21 | 0.08 | 0.34 | 7.05 | 0.28 | 5.85 | 0.27 | 100.00
Average 1520 | 32.15 | 29.61 1.21 | 725 | 1.23 | 0.09 | 0.32 | 6.74 | 0.26 | 570 | 0.23 | 100.00
Table 2 — Results of elemental analysis of catalyst WGCS/A1,04
Containing of element (wt.%)
o Mg Al Si Ca Cr Fe Total
40,67 5,59 36,70 3,26 0,15 10,84 2,80 100,00
Spectrum 1
Spectrum 2 38,06 7,97 27,46 3,32 0,35 18,27 4,57 100,00
41,53 7,97 33,40 5,59 0,25 3,92 2,35 100,00
Spectrum 3
Average 40,08 7,17 32,52 4,06 0,25 12,68 3,24 100,00
Table 3 — Results of elemental analysis of catalyst WGCS/SiO,
Containing of element (wt.%)
o Mg Al Si Ca Cr Fe Total
Spectrum 1 44,77 5,98 1,00 35,54 0,30 9,68 2,72 100,00
Spectrum 2 47,15 5,00 0,68 38,03 0,20 6,88 2,06 100,00
Spectrum 3 45,86 6,42 0,99 34,65 0,15 9,42 2,51 100,00
Average 45,92 5,80 0,89 36,07 0,22 8,66 2,43 100,00
Table 4 — Results of elemental analysis of catalyst WGCS/ZnO
Containing of element (wt.%)
(0] Mg Al Si Ca Cr Fe Zn Total
22,86 6,10 1,01 2,25 0,12 7,51 1,82 58,33 100,00
Spectrum 1
22,01 5,44 0,82 2,13 0,14 5,12 1,57 62,78 100,00
Spectrum 2
22,53 6,75 0,95 2,77 0,24 5,44 1,52 59,79 100,00
Spectrum 3
A 22,47 6,10 0,93 2,39 0,16 6,02 1,64 60,30 100,00
verage

The surface investigation
Results of analysis are shown in figures 1-4. Calculated values of pore volume and specific surface

are given in table 5.
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Figure 3 — BET analysis of catalyst WGCS/AL,O3 Figure 4 — BET analysis of catalyst WGCS/ZnO

Table 7 — Results of BET method analyses of composite catalysts based on FPW

Sample Total pore volume V45 max, ml/g Specific surface Sy, mz/g

WGCS 149,19 23,81
WGCS/ZnO 89,45 17,55
WGCS/ALO; 155,88 43,58
WGCS/SiO, 166,04 56,08

Thus, as a result of comparing analysis of composite catalysts with activy phase — WGCS it was
found significant increase in surface properties when using as a supporter aluminium and silicon oxides.
Using WGCS as an active phase of composite catalyst it is possible to improve structural properties of
developed catalyst.

Cyclohexane oxidation

Powder catalysts WGCS/ZnO, WGCS/AL,O;, WGCS/SiO, were tested in the reaction of liquid phase
oxidation of cyclohexane with hydrogen peroxide. In the process cyclohexanone (C-one) and
cyclohexanol (C-ol) are produced.

When using powdered composite catalysts based on WGCS and inorganic oxide carriers as catalysts
in the given conditions, the conversion of cyclohexane as well as selectivity of the process was
sufficiently low. However, it has been observed that catalysts using silica and aluminum oxides as a
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carrier showed higher activity in this process than the catalyst containing zinc oxide. This result agrees
with the results of the investigation of surface properties obtained by the BET method. The BET method
has shown that when using SiO, and Al,Oj; as carriers, the total pore volume and the specific surface area
are significantly higher than when using ZnO. Thus, in this example, the dependence of the activity of the
catalyst on its surface properties is clearly traced. Low yields of products may be due to the fact that
during the preparation of this type of catalysts, high-temperature catalyst treatment has not been carried
out, which, as previously shown [15], leads to an increase in the porosity and specific surface area of the
catalyst. Therefore, this process appears to have a significant activating effect on the catalyst. The results
of the experiments are given in Table 8.

Table 8 — The results of the oxidation of cyclohexane with hydrogen peroxide on powdered catalysts, based on the wet gas
cleaning sludge of ferroalloy production

Ne Catalyst Products Conversion, % Selectivity %
C-one, % C-ol, %

1 WGCS /Si0O, 4,9 4,4 9,3 Sc-one—32,7
Sc.ol 47,3

2 WGCS /ALO; 3,8 4,8 8,6 Sc.one—44,2
Sc.o1 —55,8

3 WGCS /ZnO 3,7 2,3 6,0 Sceonc—61,7
Sc.o1 —38,3

Conclusion

Thus, we have obtained catalysts using waste of ferroalloy production — sludge from the system of
wet gas cleaning — as an active phase and inorganic oxides Al,Os, SiO,, ZnO as supporters. Elemental
analysis has shown significant presence of chromium — 6-12% and iron 1.5-3.2% (5.7% in initial WGCS).
Mn was found in trace amounts in clear WGCS. Surface analysis has shown significant increasing in
value of specific surface approximately in two times in case of using SiO, as a carrier. So, it was shown
that using of carriers of various nature can lead to change some surface properties in given direction. In
the studied process of cyclohexane oxidation over the obtained catalysts in the given conditions
(temperature - 40 °C, the reaction duration - 240 min) the conversion of cyclohexane achieved 6-9%.
Finally, it was found that there is a notable dependence between the value of specific surface and catalytic
activity of studied samples.
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®EPPOKOPBITITA OHAIPICIHIH KAJIIBIKTAPJAH KYPACTBIPBIJIFAH KOMITIO3UTTIK
KATAJIN3ATOPJAPABI HUKJIOT'EKCAH TOTBIF'YBI IPOLHECI HEI'I3IHJAE 3EPTTEY

AnHoOTanus. Metamyprus OHIIPICIHIH KaJIbIKTapbl TEMIp, XpOM, MapraHell, THTaH, aJOMHHHN CHSIKTHI
maiiansl >JeMEeHTTepACH OipKaTap MeJIIepiHae KypacThIpbUIFaH. ¥ CaK JKOHE IUCHEPCTIK (paKuusIapabl KOPBITY
MeLTepre eHriiyi TEXHOJIOTHSIIBIK TOPTIOiH Oy3ybiHa KenTipeni. COHABIKTaH, 0Chl KAIIBIKTAPHI SPTIpii KoiManap/a
JKUHAJIBI Kanmagpl. Pecypcrap KonmaHy THIMOUIITIH KOTepy VINIH OCHl KaJABIKTapAbl KOIEere jkKapary Kepek.
Ariomepanus JKOHE KYpPBUIBIC MaTEpHANIBIPFa KOCHIMIIANIAP PETIHAC KOJNJTAHYBI KOJAEre KapaTyAblH 0acThl
Konmapel Oon ecenTeneni. Komere jkapaTy yIIiH OCBI JKOJNJapAbl jkaHa KOMIPCYTEKTI LIMKI3aT yYKcaTry YIIiH
KaTajM3aTopiiapAbl JaiblHIay TOCUIIMEH KUBICTBIPYFa YCHIHBIC jKacaubin Typ. bi3 cyinsl razgan tasanay (CI'T)
KYHeCIHeH alblHFaH KaJJbIKTap/bl KOJJIaHy apKbUIbl aKTHBTIK (ha3a peTiHIe KaTanu3aTtop NalbIHIAbIK JKOHE
Al O3, Si0,, ZnO opraHuKaiblK eMeC OKCUATEPAl TaCyIIbl PETIHAE TabIHAAIBIK. DIEMEHTTIK TalAbLybl XPOMIIIH 6-
12 % maHBI3OB Ma3MYHBIH, TeMipaiH 1,5-3,2% (amramker CI'T-na 5,7%) ma3smyHbsiH kepceetTi. Anramkel CI'T-na
Mn 13111k KypambiHAa TaObuFaH. CRIPTKBI TAJIaybl MCHITIKTI OCTTiH MaHBI3IbI KOOCYiHIH KOPCETTI, MBICAJIBI, €Ki €ce
kebeyi SiO, Tacymsl peTiHAe MaipanbiHFaH Ke3zie KepceTiaiHreH. COHBIMEH, opiypii TaOMFAaTThl TACyIIbLIap.bI
KOJIZIaHybl KeWOip CHIPTTHIH KaCHETTEPiHiIH OepiireH OarbiTTa e3repyiHe oKesly MyMKiH. 3epTTelreH LUKIOTeKCaH
TOTBIFYBI TPOLECIHIH JalbIH/IANBIHFAH KaTann3aTopiap OoiibiHIAa OepiireH maprrapsiMen (Temmeparypacs - 40 °
C, peakiusHBIH Y3aKTBUIBIFBI - 240 MUH) IMKJIOTEKCAaHHBIH KOHBEpPHACH 0-9% keTTi. AKBIp asfbIHIA, MEHIIIKTI
0eTTiH KeJeMiHiH JKOHE 3epTTENTeH YITUIepIiH KaTaJHuKaJIbIK OSIICeHIUTITIHIH apachlHIa MaHBI3bl TOYEIIUTIK Oap
Oort TaOBUTFaH.

Kiar ce3mep: 1UKIIOreKcaH, TOTHIFYHI, (hepPOKOPHITIIA, KAIABIKTAp, KATaIH3aTop.
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MN3YYEHUE KOMITIO3UTHBIX KATAJIU3ATOPOB COAEPKAIIUX HIJIAM ®EPPOCIIJIABHOI'O
IMPOU3BOJCTBA B ITIPOLHECCE OKHCJIEHUS HUKJIOI'EKCAHA

AHHOTaIIHH. OTXOI[LI MCTAJUTYPru4eCKOro IMmpou3BOACTBA COACPIKAT 3HAYUTCIIBHOC KOJIMYCECTBO MLCHHBIX
9JIEMCHTOB, TAKHUX KaK JKEJIC30, XpOM, MapraHen, TUTaH, AJFOMUHUH. BBGZ[CHI/IC MCJIKUX U JUCHEPCHBIX (1)pa1<u1/1171 B
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MeY BBIIUIABKM MPUBOJUT K HAPYIICHUSIM TEXHOJOTHYECKOTO pexuMa. I103TOMy 3TH OTXO[BI HAKaIUIMBAIOTCS B
XpaHWIMIIAX pa3nuyHoro tuma. Jlias moBbleHHs S(GQGEKTUBHOCTH HCIIOJIB30BAHUS PECYpPCOB HEOOXOIMMO
YTUIU3UPOBATL 3TU OTXOIBI. OcHOBHbBIE MMyTW YyTUIMA3alUX 3TO arjioMmepanus, a TakKXKC BBECACHUEC B CTPOUTCIILHBLIC
MaTepuralibl B Ka4C€CTBC [lOGaBOK. HpeaﬂaraeTca KOM6I/IHI/lpOBaTl> OTW NIYTH C HOBBIM MNOAXOAOM K YTWUJIU3alUUU -
HOJly4eHHEM KaTalu3aTopoB I IepepadoTKHU  YIIeBOJOPOJHOTO ChIpbS. MBI HOJYYHIN KaTalu3aToOphl ¢
HCTIOJIh30BaHUEM IIIaMa U3 CHCTEMBI MOKpoii razoounctku ([IIMI') B kauecTBe akTHBHON (pa3bl 1 HEOPTaHMYECKUX
okcunoB Al,Oz, Si0,, ZnO B kadecTBe HOCHUTENCH. DJIEMEHTHBIH aHANN3 ITOKa3ajl 3HAYUTENBHOE IPUCYTCTBHE
xpoMma - 6-12% wu xenesa 1,5-3,2% (5,7% B ucxomnom LIMI'). Mn Obin 0OHapy>KeH B CIEOBBIX KOJIMYECTBAX B
ucxogHom [IIMI'. [ToBepXHOCTHBII aHAIN3 TTOKAa3aJl 3HAYUTENLHOE YBEIUUCHHUE YACIbHON MOBEPXHOCTH, IPUMEPHO
B JBa pa3a, B ciydae wucnoib3oBanusi SiO, B kauyectBe HocuTelds. Takum oOpasom, ObUIO IMOKa3aHO, 4TO
UCIIOJIb30BAaHNE HOCUTENEH Pa3Nu4yHON MPUPOIBI MOXKET IPUBECTH K M3MEHEHUIO HEKOTOPBIX CBOWCTB IIOBEPXHOCTH
B 3aJaHHOM HalpaBJICHUH. B M3yd4eHHOM Ipoliecce OKMCICHMS IUKIJIOTeKCaHa I10 TOJyYeHHBIM KaTalu3aTropaM B
JAHHBIX ycnoBusX (temmepatypa - 40 © C, mpomOKUTETHHOCTh peakuuu - 240 MUH) KOHBEpCHS IHKIOTEKCaHa
pocturaga 6-9%. B koHeuHOM cuere, ObIIIO OOHApyKEHO, YTO CYLIECTBYET 3aMETHAas 3aBHCHMOCTb MEXIY
BEJIMYNHOM y/IeJIbHOM IMOBEPXHOCTH M KaTAIUTHYECKOH aKTHBHOCTBIO NCCIIEJOBAaHHBIX 00pa3IoB.
KaioueBble ci10Ba: IUKIIOreKcaH, OKUCICHUE, (eppOCILIaBbl, OTXO/bI, KAaTaINn3aTop.
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EXTRACTION OF GOLD FROM FLOTATION TAILS
OF GOLD-PROCESSING PLANT

Abstract. A representative sample of dump flotation tailings is selected and its chemical, phase and
mineralogical composition is studied. It is shown that gold is in association with quartz, and is present mainly in a
finely dispersed form in the intergrowths, which requires a careful choice of conditions and the way it is extracted. In
the course of the studies, a direct cyanidation of the tailings was carried out, as well as with the preliminary action of
the oxidants. Oxidation with chemical reagents - sodium peroxide and calcium hypochlorite and various strains of
biocultures was used. Studies have shown that preliminary re-grinding and oxidation of tailings makes it possible to
increase the degree of leaching of gold at the subsequent cyanidation stage by 2.34% compared to direct cyanidation.

The most effective oxidizer is calcium hypochlorite, then the biocultures and sodium peroxide follow the
oxidation state, the bioculture strain isolated from the one with the flotation tailings of the deposit is the most active
oxidizer, so that the microorganisms adapt quickly to the material composition of the object under study and the
biooxidation process takes place much more intensively, than when using bacterial cultures isolated from other
deposits.

The results of the cake study after biooxidation by the method of electron-raster microanalysis (SEM) showed a
visible change in its structure relative to the initial feedstock: after biooxidation, the gaps and openings formed are
clearly visible on the topographic image. The result of such a change in structure is the destruction of the bonds of
gold with rock-forming minerals and, as a consequence, an increase in the degree of leaching of gold during
cyanidation.

The conducted researches established that the use of oxidizing agents as intensifiers allows to increase the
degree of gold recovery from man-made waste, bio-oxidation should be considered the most environmentally safe.

Key words: gold, flotation tails, biooxidation, cyanidation, hydrometallurgy.

Introduction

In connection with the depletion of gold ore reserves, low-grade, off-balance raw materials are
increasingly involved in production, and as a result, the amount of man-made waste is growing. Tailings
of flotation are one type of such waste. As a rule, it is a stubborn, difficult-to-hide raw material that did
not lend itself to opening during the processing of the original ore. However, the content of precious
metals in such raw materials is often higher than in low-grade mineral.

The development and development of technology for extracting gold from accumulated technogenic
and mineral objects, first of all from dumps, tailings of gold recovery factories and industries, acquires
special significance for many gold mining enterprises, where the raw stock of conditioned ore is close to
depletion. In this connection, researchers pay great attention to the development of new methods that can
be competitive and effective in extracting precious metals from low-grade and technogenic raw materials.

The youngest and most promising direction is biotechnology, which mainly provides for
biooxidation. Bio-oxidation of gold and related metals from technogenic raw materials is considered as
the most acceptable, less expensive and environmentally safe method [1-20].
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The experimental part

In the process of research, the tailings of the flotation of the gold recovery plant (ZIF) Altynau
Kokshetau were used as a raw material, their chemical, mineralogical and phase composition was studied.

According to the chemical analysis the composition of the feedstock is the following,%: Fe - 1.578; S
is 0.2; Cu - 0.002; Pb 0.0001; Zn = 0.001; Bi-0.0006; As is 0.108; MgO: 1.100; Al203 - 14.60; SiO2 =
66.98; CaO = 3.765; So4-2 - 0.0196; Au-0.43 g/ t.

The phase composition of flotation tailings tailings presented in Table 1.

Table 1 - Phase composition of flotation tailings tailings

Name Formula S-Q, %

Albite Na(AlSi;0g) 29,4

Microcline (KgsNags)AlSi;Og 27,8

Quartz, syn SiO, 19,5
Magnesiohornblende Ca,Mgy(AlFe-3)Si;Al0,,(0OH), 11,2
Calcium Iron Aluminium Oxide CagFe; 5Al17.6703; 9,1
Clinochlore Mg,.gsFeq22Al).881512.906010(OH)g 1,7
Cristobalite SiO, 1,3

Total: 100,0

It can be seen from the table that, in general, the phase composition is represented by minerals of
silicon, iron and aluminum, calcium and magnesium are less present.

The results of the mineralogical analysis confirm these conclusions and point to the minerals with
which gold is associated.

According to mineralogical research, the associated ore components are:

- sulphides: arsenopyrite (FeAsS) - 46%, chalcopyrite (CuFeS2) -10%, pyrite (FeS2) - 9%, marcasite
(FeS2) and bismuthine (Bi2S3) are very rare.

- iron oxides and hydroxides: magnetite (FeFe204) - 35%, in small amounts there are hematite
(aFe203), goethite / hydrogoethite (HFeO2 / HFeO2 » ag).

Of the rock-forming minerals, quartz, feldspar, and less often mica are noted.

It can be seen from the above results that in the flotation tailings tailings, gold is in association with
quartz, and is present mainly in a finely dispersed form in the intergrowths, which requires a careful
choice of conditions and the way it is extracted.

In the course of the studies, the flotation tailings were further ground on a ball mill with a yield of
92% of the -0.044 mm class and their direct cyanidation was carried out. In fine material, gold is more
fully disclosed, which provides maximum access to cyanide solution during agitation.

Direct cyanidation conditions (variant 1): sample mass 100 g (90% -0.044 mm), alkaline cyanide
solution with concentration 0.2%, time 24 h, T: F = 1: 3 with air supply. During the cyanidation Au- 0.1
mg / | passed into the solution; Cu- 2.2 mg/1; Fe 6.1 mg / L.

At the next stage of the study, the influence of preliminary influence of chemical and biological
oxidants on the cyanidation process of pre-ground tails of flotation was studied (experiments 1 and 2).
Sodium peroxide and calcium hypochlorite were used as chemical oxidants. Various strains of thionic
bacteria A.ferrooxidans isolated from the initial ore of the Vasilkovsky deposit - strain 1 (experiment 3),
heap leaching of the same deposit - strain 2 (experiment 4) and a laboratory strain - strain 3 (experiment
5) served as a biological oxidizer. In the process of biooxidation, the biological properties of these strains
were studied in parallel, which directly determine their activity: changes in the pH of the medium, cell
density, oxidizing properties (oxidation of Fe2 + to Fe3 +).

Conditions for preliminary chemical oxidation:

Experiment 1: sample mass 100 g (90% -0.044 mm), time 10 h, T: F = 1: 3, sodium peroxide - 10 g /1
(in the presence of sulfuric acid 5%). The content of gold and impurities in the liquid phase after 10 hours:
Cu-0.14 mg/1; Fe-0.53 mg/ 1, oxidation-reduction potential (ORP) - 305 mV, pH = 1.85.
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experiment 2: sample mass 100 g (90% -0.044 mm), time 10 h, T: F = 1: 3, calcium hypochlorite 10 g
/1 (in the presence of sulfuric acid 5%). The content in the liquid phase after 10 hours: Cu - 0.55 mg / [;
Fe-1.23g/1, ORP-310,pH = 1.8.

The conditions of preliminary biological oxidation for the three strains are the same:

- experiments 3.,4,5: sample weight 100 g (90% -0,044 mm), preliminary flushing tailings washing
out of traces of impurities (T: XK = 1: 4; H2SO4 1-2%; temperature 25 ° C; h); bacterial oxidation of the
washed cake (T: F = 1: 5, pH - 1.8-2.5, Fe3 + - 8.5 g / dm3, concentration of bacterial cells of A.
ferrooxidans - 106 cells / ml, duration of biooxidation - 240 h with by continuous stirring on a shaker at
230 rpm). After biooxidation, the obtained cake was neutralized with an alkaline solution to pH-10.

- cyanide leaching of the pre-ground flotation tailings after preliminary chemical and biological
oxidation was carried out under the following conditions: NaCN concentration 0.2%, T: F = 1: 3, duration
24 h. The process was accompanied by air supply.

As mentioned above, during the biooxidation process, the properties of the strains were studied in
parallel, the following parameters were determined: pH change of the medium, bacterial cell density, and
oxidation of the two-iron iron to the trivalent state. It should be noted that all three cultures were
cultivated on synthetic medium 9K (Silverman and Lundgren). The results of the studies are shown in
Figures 1, 2.

Figure 1 - The degree of iron oxidation (Fe*" to Fe**) by thiobacteria in the process of biological recovery
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Figure 2 — pH change of medium and cell concentration during biological recovery
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It follows from figure 2 that the oxidative properties of different strains, the criterion of which is the
oxidation of Fe2 + to Fe3 +, differ from each other. The most active is strain 1. Oxidation of ferrous iron
to the trivalent state with this strain is observed from the first day and further, as the process proceeds,
almost complete oxidation of iron occurs on day 10. The residual concentration of bivalent iron after 10
days was 0.05 g / dm3. In the remaining strains on day 10, this indicator was equal to: strain 2 - 0.3 g /
dm3 and strain 3 - 1.9 g/ dm3.

It follows from Fig. 3 that in the process of biooxidation in solutions with strains 1 and 2 active
medium is acidified. Initially, the pH of the medium was 2.46-2.56, after 10 days the pH was 2.13-2.14.
The most active is strain 1. In strain 3, the pH value for the 10th day was 2.53. The process of cell growth
and oxidation of iron for strain 3 is less active.

By the concentration of cells in solutions (Figure 3b), it can be concluded that strains 1 and 2 adapt
well to flotation tailings: during the biooxidation process there were no abrupt contractions in the
concentration of cells, a change in their concentration is very slow. The decrease in cell density in strains
1 and 2 is 15.4 and 40%, respectively, and the residual cell concentration in the solution is 84.6% in strain
1 and 60% in strain 2, which indicates the resistance of these strains to the test substrate.
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Figure 3 - REM analysis of the initial sample and bio-cake

In laboratory strain 3, the density of cells decreases sharply after the first day of contact with the
flotation tail, then after 3 days the number of cells gradually decreases. When the concentration of cells
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decreases, the process of biooxidation of tailings of flotation proceeds at a very slow rate, which
subsequently adversely affects the process of leaching of gold.

Thus, as a result of the biooxidation experiments, it was found that the most active among the studied
cultures is strain 1 isolated from the Vasilkovsky ore, which showed rapid adaptation to the object under
investigation-flotation tailings-in all respects.

Physicochemical studies of cake after biooxidation in the presence of strain 1, in particular X-ray
phase analysis, showed that, compared to the initial sample, the microcline content in the cake was
reduced (7.7 instead of 20.0%), and the resulting hydroxonium jarosite compound in the amount of 9.9%,
the product of the vital activity of microorganisms formed in the process of biooxidation of the bivalent
iron to the trivalent state. The content of other minerals entering the composition of the initial sample,
such as anorthite, muscovite, riebeskite, clinochlore after biooxidation has not changed.

The results of the cake study after biooxidation by the SEM method are shown in figure 3.

As we can see in Figure 3, the structural morphological modifications took place in bio-cake in the
form of the appearance of gaps and holes on the surface of a solid residue. It can be seen that the surface
structure of the initial sample is smooth, without any morphological modifications, whereas in contrast,
the topographic image of the bio-cake allows us to see the apparent structural modifications that were the
result of the contact of bacteria with minerals, where in the subsequent, micro-destructions of crystal
lattices occurred, where residual refractory gold is centralized.

After biological recovery, bio-cake was subjected to cyanide leaching in parallel in comparison with
chemical oxidants. Table 2 shows parameters and indicators of experiments, as well as the results of tests
for the determination of the effect of chemical and biological oxidants of regrinded samples on
cyanidation parameters. The final results are comparatively shown in Figure 4.

Table 2 - Results for the determination of the effect of oxidants

Name of indicators Control
(without Test 1 Test 2 Test 3 Test 4 Test 5
oxidation)

Gold content in the initial sample, g/t 0.43 0.43 0.43 0.43 0.43 0.43
Quantity of solid phase of the sample, kg 0.1 0.1 0.1 0.1 0.1 0.1
Volume of liquid phase of pulp, L 0.3 0.3 0.3 0.3 0.3 0.3
NaCN concetration, % 0.2 0.2 0.2 0.2 0.2 0.2

Sodium cyanide consumption, kg/t 6.6 6.58 6.48 6.48 6.48 6.48
Consumed cyanide, kg/t 6.6 6.58 6.48 6.48 6.48 6.48

Gold content in leached tailings, g/t 0.13 0.12 0.11 0.12 0.14 0.265
Gold extraction from solid residue (cake),% 69.76 7.1 74.4 7.1 67.4 383

Experiment 1 - preliminary oxidation with hydrogen peroxide.
Experiment 2 - preliminary oxidation with calcium hypochlorite.
Experiments 3,4,5 - preliminary biooxidation in the presence of strains 1,2 and 3.

It follows from Figure 4 that the use of chemical oxidants prior to cyanidation increases the recovery
of gold (72.1 and 74.4%) compared to direct cyanidation (69.76%). The result analogous to the
preliminary oxidation with hydrogen peroxide (72.1%) demonstrates the biooxidation experiment with
strain 1. The degree of gold recovery from cyanidation with pre-oxidation in the presence of strain 2 is
lower than for direct cyanidation (67.4%), laboratory strain 3, showed the lowest gold recovery result
(38.3). This fact is explained by the fact that strains 1 and 2 were extracted from the same field, where our
objects - flotation tailings - were taken for research, so they quickly adapted to the material composition
of the investigated object and the biooxidation process is much more intensive than with the use of
bacterial cultures, extracted from other deposits.
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Figure 4 — (Biological and chemical) influence of various oxidants on the extraction degree of gold from flotation tailings

For the purpose of comparative study of gold recovery from tails of flotation, studies were conducted
on cyanidation of tailings of enrichment tailings in the mineral processing department of the Federal State
Unitary Enterprise "Central Research Geological Prospecting Institute of Nonferrous and Noble Metals"
(FSUE TsNIGRI), Moscow, Russia.

In order to set up the experiments, a preliminary assay for gold was carried out from three parallel
determinations from a sample material of initial size 0.074 mm. Analysis of the data obtained in the
Institute for Determining the Gold Content in the Test Sample shows that the gold content in them is close
to our data and is 0.367 g/ t, whereas according to our results of the assay the initial sample contains 0.32
g/tgold.

Experimental conditions for sorption cyanidation of flotation tailings were carried out in the
following mode: T: F = 1: 2, sodium cyanide concentration 0.1 %, pH = 10.5-11.0; loading resin AM-2B
5% by volume, temperature 20-25 °© C, duration 24 hours.

Analysis of the results of the study showed that the sample in question is poor and contains 0.367 g /
ton of gold (average values of gold content in three parallel determinations by the assay method). The
extraction of gold from poor flotation tailings by the method of sorption cyanidation is quite acceptable -
67.3% with a gold cyanide tailing loss 0of 0.12 g / t gold.

Conclusions

Thus, in the study of the cyanidation of pre-ground (0.044 mm) flotation tailings, it was established
that with the preliminary oxidation by sodium peroxide, the degree of gold recovery during subsequent
cyanidation is increased by 2 %, calcium hypochlorite - by 4.64 %, with bio-oxidation by an active strain
of 1 bacterial culture this The indicator is higher by 2.34 % compared to direct cyanidation.

The conducted researches have shown that the use of oxidizing agents as intensifiers allows to
increase the degree of pre-extraction of gold from man-made waste, bio-oxidation should be considered
the most environmentally safe.

The work was performed under the research grant "Development of technology of gold development
from drawing tails of flotation of gold-entertaining factory” LLP "Altyntau Kokshetau" (0139/PCF).
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AJITBIH OHAIPY ®ABPUKAJIAPBIHBIH ®JIOTAIUA KAJIJABIKTAPBIHAH
AJITBIHABI BOJIIII AJTY

Annotanusi. @OrnoTanust KaaABIKTapblH KUK YArICI  ajJbIHBIT OHBIH XUMHSJIBIK, (a3alblK JKoHE
MHUHEPAIOTHSUIBIK KypaMbl TeKCepisiai. ANTHIHHBIH KBapIIIeH OaiiylaHbIChl O0ap eKeHAIrl KepCeTiin, Heri3i JucepeTi
TYPJZE, OJ >KarAaiJblH MYKHAT ipIKTENIyiH )OHE OHBI Kajail ally KepeKTiriH Tayian ereii. 3eprreysiep OapbIChIHIA
KaJIABIKTap/IblH TiKeJIell IHaHWATeY, COHAail-aK, OKCHIAHTTAapIblH ajJblH-ajla KOJJAaHBUIYBl JKY3€re achIPbUIIBL
XVMUSIIBIK PEareHTTEPMEH TOTBIFY - HATPUil TIEPOKCU/II KOHE KaJbLIUHA THIIOXJIOPUTI JKOHE opTYpJIi OHOIITaMIaphl
KOJIIaHBUIIBL. 3epTTeyep KOpCeTKEeHAeH, KaIbIKTapAbl allibIH-aJ1a KaiiTa OHJey XKoHE KBIIIKbIIAAY TOTBIFY KeHiHT1
MUAHWJANNS CaTBICHIHAA AaNTHIHHBIH IIaiiMajay IOpeXeciH Tikened IMaHuAIlleH cajbIlcThipranga 2,34% -ra
apTTRIpPyFa MYMKIHIIK Oepei.

EH THiIMAI TOTBIKTBIPFBINI KaJbLHH THIIOXJIOPHUTI OOJIBIN TaObLIaAbl, COJaH KeHiH OMOKChIHAManap MeH HaTpUH
MEPOKCUTIHIH TOTBIFY KYHiH OaKbUIAIl OTHIPAIbl, MUHEPAJIbI HIOT1H/I KCH OPHBIHBIH (IOTALUSIIBIK KAJIBIKTAPBIMECH
OKIIayJIaHFaH, €H OEJICeH/l TOTBIKTBIPFBILI OOJIBIN TaObLIa/Ibl, COHABIKTAaH MHUKPOOPTaHU3M/EP 3€PTTEJETiH 3aTThIH
MaTepualbl KypaMblHa KbULiaM Oedimuenin, 6acka KeH OpbIHIapbIHAH OKLIAyJaHFaH 0aKTepHUsUIbIK ChIHaMallap/ibl
naiiananyFra Kaparanaa OMOTOTBHIKTBIPY MPOLEC] aneKaiaa KapKbIHABI XKYPEei.

DJIEeKTPOHIBI-PACTPIIBIK MUKPOAHAIN3 SiciMEH OMOTOTBIFYIaH KeHiHT1 3epTTey HoTmkenepi (POM) Oactanks
KYPBUIBIMFa KaTBICTBI ©31HIH KYPBUIBIMBIH/IA KOPIHETIH e3repicTi KepceTTi: OMOTOTHIFy#aH KeiiH maijga OoiraH
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TECIKTEp MEH TECIKTep TOIOTpadHsIIbIK KECKiHAe aHbIK KopiHedi. KypbuleiMaarsl ocbIHIAH e3repicTepIiH HOTIKe-
CiHJIe Tay KbIHBICTAPBIHBIH MHUHEpaIapbl 0ap aJTBIHHBIH OONUTAlMsIIAPBIHBIH OY3bLTYbI )KOHE COHBIH CallIapbIHAH
[UaHHUATEY ANTHIHHBIH IafiMalay IeHreHiH XKOoFapiaTaibl.

XKacanran 3epTTeyNepAiH HOTHXECIHAE HHTEHCU(HUKATOP PETiH/Ie KOJIAAHBUIFAaH TOTHIKTBIPFBILITAp TEXHOTEH ]
KaJIABIKTap/IaH alThIH aly KOPCETKILIiH KOFapIaTaabl )koHe OHOTOTBHIKTBIPY SKOJIOTHSFA 3apAaIChl3.

Tipex ce3xep: anTbH, GIOTALMS KaJIIBIKTaPbl, GHOTOTHIKTHIPY, IMAHUATEY, THAPOMETAILTYPTHSL.
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JOU3BJIEYEHUE 30JI0TA U3 OTBAJIBHBIX XBOCTOB ®JIOTALIUHU
30JIO0TOU3BJIEKATEJ/IBHBIX ®ABPUK

Annoranusi. OToOpaHa npencTaBuTeIbHas Ipo0a OTBAJIBHBIX XBOCTOB ()JIOTALIMU M M3Y4YEHBI €€ XUMHYECKHUH,
(a3oBbIf M MUHEpaJOrWYecKHii cocTaB. [loka3aHo, YTO 30JI0TO HAaXOAWTCS B  acCOLMAIMAX C KBaplLeM, H
NIPUCYTCTBYET, B OCHOBHOM, B  TOHKOJMCIIEPCHOM BHJI€ B CPOCTKAX, 4TO TPeOyeT TLIATEILHOTO BHIOOpa YCIOBHH H
crocoba ero m3BiedeHHs. B Xxone mccienoBaHuii OBUIO MPOBEICHO NPSMOE IHAHWPOBAaHHUE XBOCTOB, a TAKXKE C
NpeIBapUTEIbHBIM BO3ACHCTBHEM OKUCIHTENeH. [IpUMEHSIIH OKMCIICHHE XUMUYECKUMH PeareHTaMu - IePOKCUIOM
HATpUsl ¥ THUIIOXJIOPUTOM KaJbLHUs M Pa3HBIMH LITaMMaMH OuokynbTyp. VccmemoBaHus TNOKa3aid, 4TO
IpeIBapUTeIbHOE TOU3MENbUYCHHAE H OKUCIICHHE XBOCTOB ITO3BOJISICT TIOBBICUTH CTEIICHb BBIIIEIAYMBaHUs 30JI0TA HA
CTaJIn¥ MOCIIEAYIOMEro IIMaHupoBaHus Ha 2,34 % 10 CpaBHEHHUIO C IPSMBIM [IHMaHUPOBAHKEM.

HanbGonee »>((eKTUBHBIM OKHCIHTENEM SBIAETCS THUIOXJIOPUT KAaJIbIUS, Hajee IO CTEHeHH OKHCIICHUS
CIIEIIYIOT OMOKYJIBTYPBI M IEPOKCHA HATpUsl, IpH4YeM 0oJiee aKTUBHBIM OKHCIIUTENEM SBIISETCS ITaMM OHOKYJIBTYD,
BBIJICJICHHBI W3  OJHOTO C XBOCTaMHU (UIOTAlMM MECTOPOXKIEHHUS, BBHUIY YEro MHKPOOPTaHM3MbI OBICTPO
aIalTHPYIOTCSl K BELIECTBEHHOMY COCTaBY MCCJIENyeMOro 00beKTa M MpoLecc OMOOKUCIICHUS! TPOMCXOAUT HAMHOTO
WHTEHCHBHEE, YeM TPU HCIIOJIb30BAHUH OAKTEPUATIbHBIX KYJIBTYD, BBLICICHHBIX U3 APYTHX MECTOPOKICHUI.

PesynbraThl HcciieoBaHUs Keka MOciie OMOOKHCIEHHS METOJOM 3JIEKTPOHHO-PACTPOBOTO MHKPOAHAIHM3a
(POM) noxka3zany BUIMMBbIE U3MEHEHHUH B €T0 CTPYKTYPE OTHOCUTEIBHO HCXOJHOTO CHIPhS: IOCiIe OMOOKUCIICHHUS Ha
TororpaiecCKoM CHUMKE SIBHO BHHBI OOpa3OBaBILMECS LIEIH U OTBEPCTHA. Pe3yiapTaToM Takoro M3MEHEHUs
CTPYKTYpBl ~ SIBISCTCS paspyllIeHHE CBsi3el 30J10Ta C NOPOJO0OPa3yIOIIMMH MHHEpalaMH M KaK CIEICTBHE —
TIOBBIILICHUE CTEIICHHU BBILIEIaYNBAHUS 300TA IPU LIUAHUPOBAHHH.

[IpoBeileHHBIMH MCCIICIOBAaHUSIMU YCTAHOBIICHO, YTO NPHMEHEHHE OKHCIUTENell B KayecTBe MHTCHCH(HKa-
TOPOB IO3BOJIAET HMOBBICHTH CTENEHb JOM3BJICUYEHHMS 30JI0TA U3 TEXHOTCHHBIX OTXOAOB, HAHOOJEE IKOJIOIMYECKH
0e30IacHBIM ClIeyeT CYUTaTh OMOOKHCIICHHE.

KaioueBblie ci10Ba: 3051070, XBOCTHI (PrIoTalIMK, ONOOKHCIICHHE, [IMAHUPOBAHUE, THAPOMETAILTYPIHSI.
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PHASE EQUILIBRIUM AND MORPHOLOGICAL FEATURES
OF POLYMER-N-METHYLMORPHOLINE-N-OXIDE SYSTEMS

Abstract. The processes of dissolution of thermotropic liquid crystal (LC) alkylenearomatic copolyesters and
isotropic poly-meta-phenylene isophthalamide (PMPIA) in a highly polar solvent of the donor type N-
methylmorpholine-N-oxide (MMO) have been studied. It has been found that MMO has a high dissolving power
with respect to hydrophobic synthetic polymers, here with the dissolution of polymers is associated with the
formation of crystalline solvates of various compositions. Using the methods of polarization microscopy, DSC and
X-ray diffraction analysis, the stages of formation of crystal solvates were analyzed and the phase equilibrium in
systems containing crystal solvates was considered. Particular attention is paid to the structural and morphological
features of such heterophase systems.

Key words: poly-meta-phenylene isophthalamide, N-methylmorpholine-N-oxide, crystalline solvate, phase
equilibrium, heterophase systems, thermogram, scattering.
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®A30BOE PABHOBECHUE U MOP®OJIOI'MYECKHUE OCOBEHHOCTHA
CUCTEM NOJIMMEP - N-METUJIMOP®OJIMH-N-OKCHU /]

AnHoTauus. B pabote uccrnemoBaHbl mporecchl pacTBopeHus TepMoTponHbIXx KK aakuieHapoMaTudecKux
COMOJIUA(PHUPOB U M30TPOIHOIO mosu-uema-henmneansodranamuna (IIMDIA) B BRICOKOIOISIPHOM PACTBOPHUTEIIES
noHopaoro Ttuna N-metunmopdonuH-N-okcuge (MMO). O6HapyxeHo, uto MMO o0nagaer BBICOKOH pacTBO-
psitoIIed CroCOOHOCTRIO MO OTHOIICHUIO K THAPO(MOOHBIM CHHTETHYECKHAM MOJHUMEpaM, MPH 3TOM PacTBOPCHHUE
MOJMMEPOB CONPSDKEHO € 00pa3oBaHMEM KPHCTAJUIOCOJIBBATOB pa3M4HOrO cocraBa. C IOMOIIBIO METOJOB
nosisipusanmontont mukpockonuu, JICK u PCA npoanann3upoBaHbl cTaaud (OPMHUPOBAHUS KPUCTAILIOCOIBBATOB U
paccMoTpeHO (ha30BOE PaBHOBECHE B CHCTEMAaX, COJACPIKAIIMX KPUCTAILIOCONBBAaThL. Oco00€¢ BHUMAHHE YIEICHO
CTPYKTYPHO-MOP(OIIOTHIESCKAM OCOOCHHOCTSAM TaKHX TeTepO(a3HBIX CHCTEM.

KiaroueBble cioBa: monu-uema-penmieHn3odranamua, N-MeTmmMoppoarH-N-OKCHI, KPHUCTAIUIOCOIBBAT,
(hazoBoe paBHOBecHE, reTepodazHbIe CHCTEMBI, TEPMOTPaMMa, PACCESTHUE.

Beenenue. lccienoBanne (a30BOro COCTOSHMS JKECTKOLIEITHOIO apOMAaTHYECKOro IOJIHaMHIa
JOTOJHSIIOT ¥ TPOJIMBAIOT CBET Ha MPHUPOAY (Pa3oBBIX MEPEXOIOB B MOMYKECTKOLECTHBIX alu(aTHIecKuX
MOJTMAaMHJIOB, PACCMOTPEHHBIX B padote [1].
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Apomarndeckuid mommamug, [IMOUA mogo0HO TEepMOTPONHBIM —aTKAJICHAPOMATHIECKUM (CO)
o3 upam, TOCTATOYHO JIETKO pacTBopsieTcss B MoHOTHApate MMO. O6 3TOM roBOpAT AaHHBIC, TPE/I-
CTaBJICHHBIC B cTaThe [2].

JKcnepuMeHTAIbHAA YaCTh

PactBopst momumepoB B MMO roTOBMIM MEXaHHYECKHM CMEIIEHHEM MOPOIIKOOOPA3HBIX
KOMIIOHEHTOB C IIOCJIEAYIOIIMM HarpeBaHHEM B CTEKJISHHBIX PEAKTOpax, CHA0XKEHHBIX IEepeMelIn-
BaloOLMM ycTpoiicTBoM. [1oMHOTY pacTBOpeHMsS KOHTPOJMPOBAIM BHU3YalbHO M C MOMOIIBIO HOJSpU3a-
LIOHHOT'O MUKPOCKOIA MO (PMKCHPOBAHHUIO TEMIIEPATYpPHl MEPEeXoa CUCTEMBbI B MOJHOCTHIO H30TPOITHOE
COCTOSIHHE.

dazoBoe paBHOBecHe W MOp(doJOrHUecKre 0COOEHHOCTH cucTeM monuMep - MMO wm3ydanu Ha
noJsipu3alinoHHOM Mukpockore «Boetius» (VEB Kombinat Nadema, ['ZIP).

JACK wuccnemoBanus mpoBoawiu Ha muddepeHInaIbHOM CKaHUpYomeM Kainopumerpe «Mettler-
822e» nipu ckopoctu HarpeBanus 10 rpaj/muH.

st mpoBeneHUsl peHTTeHOCTPYKTYPHBIX MCCIeN0oBaHUi ncnonb3oBanu auppakromerpsl JJPOH-3 u
JPOH-3M (CuKo-u3nyuyenne, Ni-GuibTp), cHaOKEHHBIE BBICOKOTEMIIEPATYpHOH KaMepoil (TOYHOCTH
nojyepxkanus temrmeparypsl £1°), u ycranoBka MPUC-3.0 (CuKo-uznydyenue, Ni-QuiubTp, mockas
kaccera). udpaxrorpaMmel 1 HOTOPEHTICHOTPaMMBI UCCIIELyEMbIX 00pa3OB MOIYUYEHBI IPH ChEMKE Ha
MIPOCBET.

Pe3yabTaTthl 1 ux o0cy:kaeHue

HUccnenoBanue nporecca pactBopenus [IMOUA metonom JICK mo3BoNMiIO0 yCTaHOBUTH, YTO MPHU
COXpaHEHWH OOIINX TEHACHIWH, BBISBICHHBIX MPH pacTBOPEHHH coronuddupoB B MMO [2], a, uMeHHO,
(GbopMHPOBaHUH B IIPOLIECCE PACTBOPEHUS AJAWTHUBHBIX COCIMHEHUH - KPUCTAIOCOJIBBATOB, IPOLIECCHI
o0Opa3oBaHHs COJIbBATOB, MpoTekarolue npu pactBopeHnn [IMOUA B MMO, HocsT 0Oojice CIIOKHBIN
xapakrep. Tak Ha JICK Tepmorpammax cmeceii, cogepxamux 5-10% IIM®OUA B monoruapate MMO,
Tak ke kKak u Ha JJCK Tepmorpammax cmeceil CIID - monorunpar MMO, Hapsiny ¢ SHIOTEPMUUYECKUMU
nukamu TutaBneHust Ourmapara MMO (7,,,=36°C) u monorumpara MMO (7,,=78°C) mpUCYTCTBYIOT
9K30TePMUYECKHE THKH C MakCHMyMOM TIpu TemiepaTtypax 86-94°C, cBuaerenscTBylomme 00
00pa30BaHNY HOBBIX aIUTUBHBIX coenuHeHuit [IMOUA ¢ mororuaparom MMO.

[IpoBeneHHbIE PEHTIEHOCTPYKTYpHBIE uccienaoBanus 5-20% pactBopoB IIMOUA B moHormapate
MMO u B BrIcOKOMIaBKOM MMO nanu BO3MOKHOCTH 3aKJIIOYMTh, YTO B 3aBUCUMOCTH OT THApPAaTHOH
¢dopmsl ucnonszyemoro MMO BO3MOXXHO 00pa3oBaHHE YHIOPAJOYCHHBIX COJBBATHBIX CHCTEM Pa3lIUYHbIX
THUIIOB.

Ha puc. 1 mpuBeneHsl cpaBHUTENbHBIE audpakTorpammbl 5 u 15 % pactBopo [IMOUA B
MoHoruapare MMO, a Takke WHAMBHAYAJIbHBIX KOMIIOHEHTOB JTOM CHCTEMBI IpPHU pPa3IUYHBIX
TeMIeparypax.
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Pucynok 1 - Iudpaxrorpammsr Mororuapara MMO (1), 5% (2) u 10% (3) pactBopos B nem IIMOHUA npu 20°C; 5% (4) 1 15%
(5) pactBopos [IM®UA B monoruapare MMO npu 90°C, a Taxxe pacmnasa MmoHoruapara MMO npu 95°C ).
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Kak Bunmno, nudpaxrorpamma [IMOUA (kpuBas 6) COIEpKUT JBa TEPEKPHIBAIONMINXCS aMOP(HBIX
rajio ¢ MakcuMyMamu npu 26* ~ 13.9 u 23.3°, uHTErpanbHble MHTEHCUBHOCTH KOTOPBIX COOTHOCSTCS KaK
1:5 (I;:L; =1:5). dudpakroramma uHAMBHAyanbHOro MoHoruapata MMO npu 20°C (puc.l, kpuBas /)
COJIEPKUT Habop pedeKcoB, KOTOPbIE OTBEYAIOT U3BECTHOM CTPYKTYpe KPHCTAIJIOB 3TOTO BEIIECTRA.

Kaprtuna paccesaust pacmiaBa MmoHoruapara MMO (puc.l, kpuBas 7) XapakTepusyeTcs HaIHIHeM
onHOro amopgHoro rano npu 20* ~ 16.9°. [lna pactsopoB [IMOUA B monoruapara MMO kapTuHBI
paccesHus KadecTBeHHO WHBIe (puc.l, kpuBble 2 1 3). OHM XapaKTEpU3YIOTCS BHOBB IOSBHBLIMMCS
aMopdHBIM HKOM B 00nact 20; ~ 6.8°, u onpeneneHHbBIM HAOOPOM JOCTATOYHO XOPOILO Pa3peIINMbIX
pednexcoB B obmactu 26, =17-30°. Ilpu HarpeBe pacTBopoB a0 95°C amop¢Hoe ramo mpu 26,
coxpansiercsi ¢ HeOONBbIIUM CMEIICHHEM B CTOPOHY MallbIX yIiIoB (no 6.5°), a B obmactu 26, Bce
peduiekchl MpomagaloT U MOsABIsAeTcs aMop(HOe raio ¢ MakcuMmyMmoMm mipu 26, ~ 16.8°. CpaBHHBas
pacrpeqefieHie HHTEHCUBHOCTH aMOP(HOTo paccesHus st uHAnBUAyansHoro [IM®UA u moHorHapaTa
MMO, a TaxxXe WX PacTBOPOB MOKHO IPENNOJOKUTH, YTO OOpa3yIOIIHecs pacTBOPHI He SBISIOTCA
onHo(azHeIMU cucteMamu. llpum sToM, amopdnas ¢asa pacTBopa 00pa3oBaHa NPEHMYILECTBEHHO
makpomonekynamu [IMOUA, conbBaTHpOBaHHBIMH BCIEACTBUE CHEUU(PUYECKUX B3aMMOACHCTBHUH C
MoOJIeKyJaMu pacTBopuTens. Jlpyras, kpucramdeckas asa pacTBopa oOoramieHa MOJEKyJaMH
pacTBOpHTENS U XapaKTepu3yeTcs paccestaueM npu 26, ~ 16.8°.

CTpyKTypHasi HEOJHOPOIHOCTh PACTBOPA MOATBEPKIAETCS OCOOCHHOCTBIO €r0 KPUCTAJUIN3ALNH TIPH
OXJXKICHUH, a TaK)Ke 3aBHCHUMOCTBIO OTHOCHTEIHHON HWHTETpaibHOM MHTEHCUBHOCTH aMOpP(HOro Trajo
mpu 260, (I ) ot conepxkanust [IMOUA B pactBope. [elictBurensHo, Kak BUIHO U3 puc.l (kpuBble 2 1
3), KprcTaIUIM3YeTCsl TOJIBKO Ta (pa3a pacTBOPOB, KOTopasi o0oramieHa MojeKkyiaMu Monoruapara MMO.
[Ipr 3TOM YIJIOBBIC TOJIOKEHHS OCHOBHBIX PE(IEKCOB MPAaKTUYECKH HE 3aBHCAT OT KOHIICHTPAIMH
pactBopa. CremyeT Takke OTMETHTh, 4YTO YIJIOBBIE IIOJNIOKEHHsSI HEKOTOPBIX pediaekcoB Ha
JudpakTorpaMMax —3aKpHCTAUIM30BAaHHOM (a3pl HAaxXOAATCS B  ONPENENCHHOM COOTBETCTBUM C
peduiekcamu MoHoruapara MMO, Ho nonymupuHa pedaekcoB HOBOM (has3bl CYIIIECTBEHHO OOJIbIIIE, YeM Y
uHauBUayansHoro MMO.

OTH 3KCTIepUMEHTAJIbHBIE (aKThl MOXHO OBUIO ObI OOBACHUTH C MO3UIMK OOBIYHOTO YMEHBIICHHS
pa3MepoB KpUCTAUIUTOB MoHoruapata MMO u HamuuueM NeeKTHBIX KPHUCTAIIITMYECKHUX OO0sacTeil.
VYBenuueHue AeeKTHOCTH KpUCTaUIOB MoHOoruapara MMO HenmpeMeHHO NOJDKHO ObLIO Obl MPUBECTH K
nenpeccun 1, cuctembl. OgHako HabmogaeTcst oOpatHast KapTuHA: 71, 3aKPHCTAIUIM30BAaHHON CHCTEMBI
«(IMO®UA — monoruapatr MMO» Gonee uem Ha 10° mpeBbimaet 7, paCTBOPUTEIIS.

Torma MOXXKHO NPHHATH, YTO 3aKPUCTAJUIN30BaBIIAsics (a3a mpeicTaBiseT cOO0M KpUCTAIOCOIb-
BaTHBIH KOMIUIEKC, OCHOBOH KOTOporo sBisitoTcst Kpuctamasl MMO, ¢ BCTpOGHHBIMM B HHX B
OTpeAENCHHBIX MOJIBHBIX OTHOIIEHHAX Makpomoiekyidamu [IMOUA. BkioyeHne MaKpOMOJIEKYI
rupooOHOTO ToNMMMepa B KpucTammndeckyto sueiiky MIT MMO Hens0exHO TpHBENET K OTPHIBY
MOJIEKyJ Boay oT MoHoruapata MMO u nepemenienuio ee B a3y MOJIMMEPHOTO aMOp(HOrO cojbBaTa
[IM®UA ¢ MMO. ®axT nepepacipe/ieleHns BOAbI B pacTBOpax «rUApOPOOHBII MOIMMEpP — MOHOTHJIpAT
MMO» Obi1 0O0Hapy>KeH W BIIEpBBIC OIMMCAH B mporecce (OpMHUPOBaHUS KPHUCTAIIIOCONBBATOB [2] U
uMeeT o011ee 3HaUeHUE ISl CHCTEM TaKoro poJa.

WccnenoBanus, NpoBeIeHHBIE C IOMOIIBIO TMONSAPU3ANUOHHON MHKPOCKOIHH, MO3BONMIN Oojee
HATJSIAHO TIPOCTIENUTh 3a Tpolieccamu (ha30BO-CTPYKTYPHBIX TMpeBpamieHnid B cucteme [IMOUA —
MoHoruzapat MMO B pexuMax «HarpeB — oxyaxiaeHuey. CoriacHo HaOMIOACHUSIM, BCE HCCIEIyeMbIe
o0pa3ipl aHU30TPONHBI M IUIABATCS, NEpPEeXoAs B M30TPOINHOE cocTosHue, npu 86-87°C, T.e. mpu
TeMreparype, npepbimammeil T,, uHAUBHAYyadbHOro MoHoruapata MMO Oonee wem Ha 10°C. Ilpwm
OXJIaXKJICHUH W30TPOIHBIX PAcTBOPOB BHAaYajle MOSBISAIOTCS aHU30TPOINHBIE cheponuThl (puc. 24), Ha
KOTOpPBIX (opMupyeTcss Bropas (aza, oOpa3ys ONTHYECKH MPO3payHble 3KBATOPHAIBLHBIE KOJBLIEBBIC
TeKCTypbl (puc. 25). I3MeHss ycI0BUS OXJIXKICHUS PACTBOPA MOKHO C(OPMUPOBATH TOJIBKO OAHY a3y,
MOPQOJIOTHsI KOTOPOH XapaKTepu3yeTcs SPKO BBIPaKEHHBIMH KOJNBLEBBIMH TeKcTypamu (puc. 2B). B
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ciydae Ooliee KOHIEHTPHPOBAaHHBIX 15% pacTBOpoB Ha oOpasyromuxcs cdepoiurax (GopMUPYIOTCS
KOJIBLIEBBIE MOJIOCHI (KOJIBLEBbIE KaPTHHBI OTaCaHus) peryJsIpHOi ieproauaHocTy (puc. 27).

B

Pucynok 2 - Mukpodororpadum, moydeHHbIe IPU pa3IHIHBIX YCIOBUSIX oxinaxaeHus 5% (A-B) u 15% (I') pactBopoB
[MIM®UA B monorugpare MMO

To, 4T0 moAMMeEpbI CIOCOOHBI 00PA30BBHIBATH KPUCTAIUIOCOIBBATHI XOPOIIO U3BECTHO [3, 4]. OmHako
OOJBIIMHCTBO M3BECTHBIX U3 JUTEPATYPHl MOJUMEPOB, 00pa3yIOMUX KPUCTAJUIOCOILBATHI, OTHOCITCS K
kimaccy JKK-mommmepoB [5, 6]. B »artoit cBmum MMO, SBISICH HOBBIM BBICOKOA()(PEKTUBHBEIM
pacTBOpUTENIEM KakK II0 OTHOIICHHIO K HoiauddupaM, Tak W MOJIMAMHUAAM, II03BOJIMJIO HE TOJBKO
CYLIECTBEHHO PAacUIMPUTh KPYyr KPHUCTAUIOCONBBATOB, HO M Ooyiee JETanbHO ONPElNesUTh POJb
pacTBopHTENs B UX (GOPMUPOBAHHU.

Baxnoii ocobeHHOCTBIO HcciienoBaHHOM cucteMbl [IMOUA-MMO, sasnsercs To, uro [IMOUA
SBIIAETCS aMOpPGhHBIM THAPOGOOHBIM TOIMMEepOoM. BrICOKas MOABMKHOCTH Makpomosiekyn [IM®UA B
TEPMOJIMHAMUYECKH XOPOILEM pacTBOpUTee, KakuM siisiercss MMO, onpeneneHHbIM 00pa3oM BIIUSIET
Ha KHHETHKy mponecca QopmupoBanuss KC u 0CIOXKHSET BO3MOXKHOCTb IOJY4YEHHS DPaBHOBECHOMN
KpHCTAJUIOCONIBbBaTHON (a3pl. Tak, mpu MOP(OIOTHUECKOM ONHMCAHUK IPOLECCOB (OPMUPOBAHMS
kpuctaiuioconbBatoB [IMOUA ¢ MMO 06bUT0 YCTaHOBICHO, YTO B 3aBUCHMOCTH OT THAPATHOH (HOpPMBI
pacTBOpUTENS, MPEABICTOPUM CUCTEMBI, @ TaKXKE€ BPEMEHH BBIIEPKUBAHUS PAacTBOpa MpH TEMIIEpATypax
BBIIIIE TEMIEPATYpHl IJIABIEHUS KPUCTAIUIOCOIbBATa U CKOPOCTH OXJIAXKACHHUSA, CTPYKTYpPHBIE JIEMEHTHI
MOpGOJIOTHH MOTYT IpEeTepleBaTh CTOJIb CYLIECTBEHHbIE M3MEHEHMSA, YTO HMX MOpQorornieckas
UACHTU(UKALUS CTAHOBUTCS IPAKTHUECKH HEBO3MOXKHOM.

Hamuune nByx kpucraminoconbBaTtHeIXx (Gopm [IMOUA ¢ MMO wu omnpeneneHHblE 3KCIEPUMEH-
TalbHbIE TPYJHOCTH TIONYYEHHS PABHOBECHBIX KPUCTAJJIOCOJIBBATOB UPE3BBIYAHO OCIOXKHSIOT
ompeneNeHre rpaHull (a3oBBIX MEPEXOJ0B U paccMOTpeHue (a3oBOro paBHOBECHS B 3TUX cucTeMax. B
CHITY 3TOTO HE YJaeTcsl TOCTPOUTH (ha30BYIO AMArPAMMY ITOM CUCTEMBI, & MPUXOAUTCS TOBOPUTH JIHIIH 00
OIIpeICJIEHHBIX OCOOCHHOCTSIX €€ MOBEICHHS IIPY HarpPEeBaHUU U OXJIAXKICHHUH.
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"X JJocMyXaMe/I0B aThIHIaFbl AThIpay MEMJICKETTIK yHHBEpCcHTeTi, AThIpay, Kasakcran
28n—<13apa6n aTerHAarel Ka3ak YITTHIK yHUBepcuTeTi, Anmatel, Kazakcran
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MOJMMEP- N-METHJIMOP®OJNH-N-OKCH/I ) KYUECTHIH ®A3AJBIK
TENE-TEHAII'T MEH MOP®OJIOT'UAJIBIK EPEKINKJIIKTEPT

Annoranus. JKorapbIoJsIpiIel JOHOPIEI THITI epiTkim N-metnnmopdonua-N-okeuare (MMO) tepmoTporra-
pameik  CK amkunenapoMaTrThl  conmoimdGUpPIEpHiH KOHE H30TPOITHl TONH-Memd-QeHWICHN30(PTaJTaMUITiH
(ITM®UA) epirimrriri 3eprrenrer. [uapodoOTs cHHTETHKANBIK omuMepiepain MMO-ma jxakchl epUTIHIIT XKoHE
epy MpOoIeciHae OpTYpii KypaMOarbl KPHUCTAJUIOCOIBBATTAPIBIH TY3UIETIHAITT aHBIKTAIABL. duddepernnansast
ckanepiik kanopumetpus ([CK) xoHe peHTreH crpykrypanblk aHamn3 (PCA) keMmeriMeH KpHCTaUIOCOThBATTHI
JKYHeHiH (a3anplk Tere-TeHIIr, KpUCTaJUIOCOIBBATTaPIBIH TY3UTy caThuIapsl TanmaHabl. OcelHAal reTerodasaibik
JKYHenepaiH KYphUIBIMABIK-MOP(OIOTHSIIBIK epeKIIeiTepine 6aca KoHII OoiHIi.

Tipek ce3aep: momu-uema-henmnenm3odranamua, N-MeTHIMOPPOIHH-N-OKCHI, KPUCTAIUIOCONBBAT, (Pa3IIbIK
Tene-TeHIK, TeTepoda3albK KyHenep, TepMorpaMMa, Tapatysl.
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OXIDATION OF CYCLOHEXANE AND N-OCTANE TO KETONES
AND ALCOHOLS UNDER MILD CONDITIONS

Abstract. PHMG-containing iron, chromium and manganese catalysts fixed on montmorillonite of the
Taganskii support (MMT) were synthesized for the liquid-phase oxidation of cyclohexane with hydrogen peroxide
under mild conditions. The surface of the support was modified with water-soluble polymer -
polyhexamethyleneguanidine (PHMG). Method of preparing the catalysts excludes step of reduction and calcination.
By spectrophotometry the fixing of the active phase on the surface of the polymer-modified support was shown.

Previously, the process of hydrogen peroxide decomposition on the developed supported polymer-metal
complexes was carried out. The synthesized catalysts showed activity in the decomposition reaction of H,O, under
mild conditions. Liquid-phase oxidation of cyclohexane and n-octane with hydrogen peroxide was carried out at a
reaction temperature of 40°C and atmospheric pressure. Analysis data on the oxidation of hydrocarbons on the
developed PHMG-modified bimetallic catalysts showed that the highest degree of hydrocarbon conversion observed
on 10%Fe-Cr(1:1)-PHMG-MMT catalyst. By varying the nature of the solvent (acetonitrile + water and acetone +
water), an increase in hydrocarbon conversion and selectivity of the process was achieved. When a water-acetone
mixture is used as a solvent, the conversion of cyclohexane to cyclohexanol (COL) and cyclohexanone (CON) on
10%Fe-Cr(1:1)-PHMG-MMT reaches a maximum value and is 51.4%. The degree of n-octane conversion is 48.7%.

Key words: polymer-modified catalysts, hydrogen peroxide, oxidation, cyclohexane, montmorillonite.

Introduction

Oxidation reactions constitute an important group of processes in organic chemistry, but the toxicity
of many commonly used oxidants and the need for the solvent are the main obstacles for further
development of the technology [1-5]. One disadvantage of the process is the low selectivity. The search
for new methods of oxidation in organic chemistry, and the use of "friendly" to the environment of
solvents and oxidizing agents is relevant [6, 7]. In this regard, heterogenizing oxidation on catalysts with
non-toxic hydrogen peroxide as the oxidant is a promising method of converting of hydrocarbons to a
specific product [8-20].

The use of metal complexes immobilized on polymer-modified supports, as catalysts in oxidation of
hydrocarbons is of great interest. The catalyst chemically tied with the support has improved stability and
relieve the separation of the products after the reaction. The role of polymer is to stabilize the active
phase.

In this regard, in the present work the catalytic properties of supports PHMG-modified catalysts of
transition metals (iron, chromium and manganese) in the liquid-phase oxidation of cyclohexane and n-
octane with hydrogen peroxide were studied.

The oxidation of cyclohexane with hydrogen peroxide conducted in a mixture of acetonitrile or
acetone with water at a temperature of 40°C and atmospheric pressure.

The experimental part
Method of catalysts preparation based on the modification of the natural support (montmorillonite)
the polymer with subsequent consolidation of the active phase. To obtain the active phase of the catalysts
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were used salts of manganese (Mn(CH;COO),-4H,0), iron (FeCl,), and chromium (KCrO,). The
polymer-modifier — polyhexamethyleneguanidine (PHMG).

Catalysts were synthesized by the developed technique by mixing an aqueous solution of the polymer
with the support, with the addition of aqueous solutions of metal salts. The resulting catalyst was dried at
room temperature in air.

The concentration of metal ions in the catalyst was determined on spectrophotometer SF-2000
(Russia, 2015) from the calibration curve. Calibration was performed using a series of standard solutions
of iron, chromium and manganese.

The activity of prepared catalysts in the decomposition of hydrogen peroxide was studied by the
volumetric method at the rate of release of oxygen. A portion of the catalyst (0.03 g) in 5 ml of
acetonitrile (acetone) and 5 ml of water were placed in a thermostated glass flask connected to a burette.
In their experiments, the supply of H,O, was carried out by a one-step introduction of the calculated
amount of 0.9 ml of a 30% aqueous solution. The hydrogen peroxide concentration was determined with
refractive index.

The oxidation reaction was carried out in a mixture of acetonitrile or acetone with water. In the
catalysate obtained after decomposition of hydrogen peroxide, catalyst (0.03 g), a solution of water with
acetonitrile or acetone in the ratio of 50:50, cyclohexane or n-octane (0.3 ml), 30% hydrogen peroxide
(0.9 ml) were added to the initial reagents. The reaction temperature of 40 ° C, pressure - atmospheric.
The reaction duration 240 minutes for cyclohexane and 360 min for n-octane.

Analysis of the reaction products was performed on a chromatograph Khromos GC-1000
(“Khromos”, Russia) with a flame ionization detector in isothermal mode, using a capillary column BP21
(FFAP) with a polar phase (PEG modified nitroterephthalate) of length 50 m and internal diameter 0.32
mm. The column was maintained temperature of 40°C, the temperature in the evaporation chamber was
200°C, the support gas was the helium, the volume of injected sample 0.2 mkl.

Results and discussion

10% bimetallic PGMG-modified Mn-Cr and Fe-Cr systems supported on montmorillonite (MMT)
were synthesized.

The fullness of the deposition of the active phase on PHMG-modified support were recorded on a
spectrophotometer SF-2000 at a calibration curve. It was shown the formation of the catalytic systems
with the content of the active phase of ~ 10%.

Liquid-phase oxidation of cyclohexane and n-octane with hydrogen peroxide includes two parallel
competing reactions — catalytic oxidation of activated hydrocarbons with oxygen with the formation of the
desired products and the stoichiometric decomposition of H,O, into water and inactive molecular oxygen
which leaves the system in the form of gas.

The data of chromatographic analysis showed the formation in the case of cyclohexane —
cyclohexanone and cyclohexanol, in the case of n-octane — ketones and alcohols.

The first stage the process of decomposition of hydrogen peroxide on the developed catalysts was
carried out (figures 1 and 2).

It should be noted that the amount of oxygen released in the process of oxidation of cyclohexane on
PHMG-modified catalysts is lower than in the decomposition of H,O, (figures 1 and 2). This fact implies
a process of oxidation of cyclohexane at atmospheric pressure on the developed catalysts.

When comparing the influence of the solvent response to the output products of the oxidation
reaction it has been shown that the application of acetone as solvent increases the conversion of
cyclohexane and n-octane more than 2 times. That is associated with the presence of acetic acid, acting as
promoter of the reaction when carrying out the oxidation of acetone.

From the literature it is known that the presence in the solvent of acetic acid (which was discovered
during studies of the oxidation process) contributes to the suppression of the competitive reaction of
recombination of atomic oxygen in molecular, at the cost by increasing the rate of formation of oxidation
products of cyclohexane.

The oxidation of cyclohexane optimal values of conversion obtained for 10% Fe-Cr(1:1)-PHMG-
MMT catalyst and is 51.4%. The selectivity of the process by ketone ranges is 63,8%-88,6%.
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1 2

Conditions of the experiments: H,O, = 0.9 ml, Acetonitrile - 5 ml, my, = 0.03 g, C¢H;, — 0.3 ml, T=40°C, P= 1 atm, 240 min.

Figure 1 - Number of released oxygen during the decomposition of hydrogen peroxide and in the oxidation of cyclohexane on
synthesized catalysts in acetonitrile: 1 — 10% Fe-Cr(1:1)-PHMG/MMT; 2 — 10% Mn-Cr(1:1)-PHMG/MMT

1 2

Conditions of the experiments: H,O,= 0.9 ml, Acetone - 5 ml, my, = 0.03 g, C¢Hy, — 0.3 ml, T=40°C, P= 1 atm, 240 min.

Figure 2 - Number of released oxygen during the decomposition of hydrogen peroxide and in the oxidation of cyclohexane on
synthesized catalysts in acetone:
1 —-10% Fe-Cr(1:1)-PHMG/MMT; 2 — 10% Mn-Cr(1:1)-PHMG/MMT

In the case of n-octane, has a smaller reactivity, were obtained lower values of conversion. The
degree of conversion of hydrocarbons in aqueous-acetone medium is higher than in a solution of
acetonitrile and reaches of 48.7% for 10% Mn-Cr(1:1)-PHMG-MMT.

Table 1 — Liquid-phase oxidation of cyclohexane on 10% synthesized bimetallic catalysts

The reaction products, %
The catalysts CON, % COL, % The conversion, % S %
Water-acetonitrile medium

Mn-Cr-PHMG-MMT 10,5 3,7 14,2 Scon-73,9
Scor —26,1
Scon—63,8

Fe-Cr-PHMG-MMT 252 14,3 39,5
ScoL —36,2

Water-acetone medium

Mn-Cr-PHMG-MMT 26,5 34 29,9 Scon—88,6
Scor —11,4
Scon—74,5

Fe-Cr-PHMG-MMT 38,3 13,1 51,4
Scor —25,5




Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

It should be noted that the values for the conversion of n-octane on both catalysts have similar values.
For the 10% Mn-Cr(1:1)-phmg-MMT catalyst — 48,7%, for 10% Fe-Cr(1:1)-phmg-MMT - 43,0%.

Table 2 - Liquid — phase oxidation of n-octane on the 10% synthesized bimetallic catalysts

IIponyxTs! peakuuu, % C o o
The catalysts S ketones | S alcohols The conversion, % S, %
acetonitrile+water
Schtoncs '8873
IMn-Cr-III'MI'-MMT 233 3,1 26,4
SZketones -71 77
Fe-Cr-II'MI'-MMT 27,3 10,8 38,1

acetone +water

SZ alcohols ~ 73 ’5
Mn-Cr-III'MI'-MMT 12,9 35,8 48,7

SZ alcohols ~ 64a1
Fe-Cr-II'MI'-MMT 15,4 27,6 43,0

The results obtained by the oxidation of cyclohexane and n-octane showed that the use of a mixture
of acetone with water leads to increased conversion of substrates to oxygen-containing compounds. In the
presence of the solvent the activity of PHMG-modified bimetallic catalysts increases.

Thus, a mixture of acetone with water is a promising solvent for the implementation of the oxidation
of cyclohexane and n-octane with hydrogen peroxide under mild conditions, in the presence of which can
be achieved with high values of conversion of the substrate.

Conclusions

Thus, supported on montmorillonite PHMG-modified catalysts of iron, chromium and manganese
were synthesized with a content of active phase in the amount of 10%. The catalytic properties of PHMG-
modified catalysts in the decomposition reactions of hydrogen peroxide and liquid-phase oxidation of
cyclohexane and n-octane at 40°C and atmospheric pressure were studied.

It is shown that the developed catalytic systems are promising for the production of oxygenated
compounds (alcohols and ketones).

By varying the nature of the solvent (acetonitril+water and acetonetwater) improving the conversion
of hydrocarbons and selectivity of the process was achieved. When used as solvent of water-acetone
mixture, the highest conversion (51,4%) was obtained in the presence of PHMG-stabilized iron-chromium
catalyst supported on montmorillonite. The degree of conversion of n-octane - 48.7%.

The work was performed under the research grant "Development of processes of gaz and
petrochemistry products production based on oxidation reactions" (0330/GF4).
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*Peceii FBUIBIM aKaIeMUSICHIHBIH X HMHSIIBIK ¢usmka mocenenepi UHCTUTYThI, UepHorosoBka, Peceit

K¥YMCAK KAFJTAUJIA HUKJIOTEKCAH MEH H-OKTAH/IbI KETOHJIAP MEH
CIIMPTTEPTE JEUIH TOTBIKTBIPY

Annotanus. JKymcak karnaiija CyTeK acKbIH TOTBHIFBIMEH IMKJIOI€KCAaH MEH H-OKTaHIbl CYHMBIK-(ha3aiblK
TOTBIKTBIPY YPAiCi YIIIH KypambIHIa Temip, Xpom, maprasen, I[II'MI" Gap Taran keH OpHBIHAH aJbIHFaH MOHT-
MopuiutoHuTKa (MMT) OexkiTinreH karanu3aTopiap CHHTE3eNreH. TachMaaarbIIThIH OeTTiK KabaThl Cya epuTiH
momuMmep monmrekcamermwnenryanuanes ([ITMIY) mommdunmpnenren. Karammsaropmapabl JalblHOay omicTemect
KaJIbIHA KENTipy MEH KBI3JBIPY CATBUIAPBIHBIH OONMAaNTHIHABIFEIH KopcerTi. ChekTpodoToMeTp MoamiMerTepi
TaChIMAJIIAFBIIIIICH MOTU(PHUIIUPICHICH TOJUMEPIiH OCTTIK KabaThiHa OeIceH i (pasaHblH OCKITUITeHAITIH pacTa bl

AnpplH-ana JadblHOadFaH OeKiTUINeH HOJIMMEpP-MEeTanabl KOMIUIEKCTEepre CyTeK acKbIH TOTBIFBIHBIH BIABIPAY
ypaici xy3ere acwlpputafpl. CHHTE3NENTeH Kataiam3aTtopiap kymcak skarmaiina H,O, simelpay peakumsichiHAa
OenceHauTIK KopcerTi. [[UMKIorekcaH MEH H-OKTaHbl CYTEK aCKbIH TOTBIFBIMEH CYHBIK-(ha3anblK TOTHIKTBIPY 40°C
TeMmepaTypa MeH aTMmocdepaniblK KbichiMaa xkypriziami. Jadeiapanran [TT'MI-MoauduuupicHreH OHOMETAIbI
KaTanu3aropiiapAa KeMIpCYTEKTEpiH TOTHIKTHIPY OOWBIHIIA aNbIHFaH MOJIMETTEePIH Tayfay KeMipCiTeKTepIiH
altHaimy aeHrewiniH sxorapbl MoHI 10% Fe-Cr (1:1)-IITMI'-MMT karanu3atopbiHaa OaifKalaThIHIBIFBI KOPCETUIII.

EpiTkim TaburaThlH (alETOHUTPUIITCY MEH alleTOHTCY) ©3repTy Ke3iHAe KOMIpCYTEKTepiH KOHBEPCHICH MEH
YPAIC CeNeKTHBTLIIT >KOoFapbuIaabl. EpiTKim peTiHje cylsbl-aleToH KOCIAChlH MaiaanaHy Ke3iHae HUKIOTeKCaHHBIH
kouBepcusacel 10% Fe-Cr(1:1)-IITMI-MMT xkatanu3aTopblHIA MaKCHMalabl MoHre ue Oonmel skoHe 51,4%
Kypaiinsl. H-OKkraH aifHany neHreiti — 48,7% Kypaiiabl.

Tipex ce3mep: noiMMep-MOAUGHULIHMPICHICH KaTaln3aTopiap, CYyTeK acKblH TOTBIFBI, TOTBHIFY, LUKJIOTEKCaH,
MOHTMOPHWJUIOHHT.
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OKHUCJIEHHUE HUK/IOTEKCAHA 1 H-OKTAHA
10 KETOHOB 1 CIITMPTOB B MAT'KHUX YCJIOBUAX

Annorauus. CunresupoBansbl [II'MI'-coneprkaiiye karaau3aTopsl kKeje3a, XpoMa U MapraHiia, HAHECEHHbIE Ha
MOHTMOPHIDIOHHUT Taranckoro mecropoxaenus (MMT), mis mpomuecca xuako(a3sHOTO OKHCICHUS UKIOTeKCaHa U
H-OKTaHa MEPOKCHIOM BOJOPOAA B MATKUX YCIOBHIX. [IoBEpXHOCTH HOCHTENS MOAM(DHUIIUPOBAIN BOAOPACTBOPH-
MBIM TIONUMEpOM — monurekcamermwieHryanunauaoM (II'MIY). Meronnka TpPUTOTOBICHUS KaTalH3aTOPOB
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UCKJTFOYAeT CTaJUU BOCCTAHOBIICHHSI W TPOKaTUBaHWA. JlaHHBIE CIIEKTPO(OTOMETPHH MOATBEPAWIHA 3aKpeIUICHHE
aKTUBHOU (ha3bl HA MMOBEPXHOCTH MOAM(PHUINPOBAHHOTO ITOIMMEPOM HOCHUTEIIS.

[IpenBapuTEIbHO OCYIIECTBIIICS MPOIEcC Pa3IoKeHUs IEPOKCH A BOIOPOIa Ha pa3paboTaHHBIX HAHECECHHBIX
MOJTMMEP-METAIUTHYECKIX KoMIUIekcax. CHHTE3MpOBaHHBIE KaTalU3aTOPHl MPOSBHIN AKTHBHOCTh B PEAKIIMU
paznoxenus HyO, B Markux ycnoBusix. JKunkogaszHoe OKHCICHNE IIIKIOTeKCaHa U H-OKTaHa MEPOKCHIOM BOIOPOAa
npoBommind mpu Temmeparype peakumu 40°C m aTMocdepHOM [aBICHHWH. AHAIW3 IAHHBIX [0 OKHCJICHHUIO
YIJIEBOJOPOAOB Ha pa3padoTanHbix [II'MI'-MoanpuUIMpPOBaHHBIX OMMETAIUTHUECKUX KaTalM3aTopax MOKa3aj, 4To
HauOOoJIbIIAs CTENEeHb MpeBpallieHus yrieBogopoaos Haomopaaercs Ha 10%Fe-Cr(1:1)-II'MI-MMT karanusarope.

[Tpn BapbuUpOBaHWUM TNPHUPOIBI PACTBOPUTENS (ALETOHTUPWITBOAA M allETOH+BOJA) OBUIO JOCTUTHYTO
MOBBIIIEHUE KOHBEPCUH YIIEBOJOPOJOB M CEIEKTHBHOCTHU Ipouecca. I[Ipu ucrnoap30BaHUM B KaueCTBE PAaCTBOPH-
TeJsT BOJHO-AIIETOHOBOW cMecH KOHBepcHs Imkiorekcana B nukiorekcanon (IL1OJI) u muxmorekcanon (LIOH) na
10%Fe-Cr(1:1)-II'MI'-MMT pocturaer MakcCUMalIbHOTO 3Ha4eHHs U coctaBiseT 51,4%. CreneHp npeBpalleHus H-
okraHa - 48,7%.

KiaroueBble cJjioBa: MOMUMep-MOAU(DHUIIMPOBAHHBIE KAaTalM3aTOPBI, IEPOKCHA BOIOPOJA, OKHCIICHHUE,
UKJIOTeKCaH, MOHTMOPHIIJIOHUT.
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EFFECT OF THE STRUCTURE OF NATURAL ZEOLITES
ON THEIR ACIDIC CHARACTERISTICS

Abstract. In this paper, the phase composition of natural zeolites of the Shankanay and Semeytau deposits was
studied by X-ray phase analysis. The results of XRD show that the main phase component of the zeolite of the
Shankanay deposit is calcium heylandite of intermediate composition.As a result of heat treatment of the catalyst on
the basis of this zeolite, a more stable wairakite structure is formed.It is established that the initial zeolite of the
Semeytau deposit is represented mainly by mordenite.Acidic properties of decationized and heat-treated zeolites of
Shankanay and Semeytau deposits, carbonate rocks of Narynkol and Atyrau deposits and catalysts based on them,
modified with nickel, copper and zinc were studied by the method of temperature-programmed desorption of
ammonia.lt is shown that the catalysts based on the modified natural zeolites of the Shankanay and Semeytau
deposits differ on strength of the acid sites.A sample of a catalyst based on the zeolite of the Semeytau deposit,
jointly modified by nickel and zinc ions are characterized by strongest acid sites.

Key words:zeolite, clinoptilolite, mordenite, acid properties.
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BJIMAHUE CTPYKTYPBI IPUPO/JIHBIX HEOJIMTOB
HA UX KHCJIOTHBIE XAPAKTEPUCTHUKH

AnHotanusi. B naHHO# craThe wuccienoBaH (ha3oBBI COCTaB MPHPOTHBIX IICOJUTOB MECTOPOKICHUMN
[lankanait n CemeliTay MeToJOM peHTreHo(daszoBoro aHamuza. Pesynbratel POA moka3sBaloT, 4YTO OCHOBHOM
(ha3oBoii cocraBistomieil neonauta MectopokaeHus lllaHkanail sBisieTCs KanbUMHIeHIAHIUT MPOMEKYTOYHOTO
coctaBa. B pesynbrare TepMooOpabOTKM KaTaju3aTopa Ha OCHOBE 3TOro IieosiuTa oOpasyercst Oosiee crabwiibHas
CTPYKTypa BaHpakuT. YCTaHOBJICHO, MCXOOHBIH HEOJUT MecTopoxiaeHns CemelTay NpeicTaBleH B OCHOBHOM
MODPJCHUTOM. V3y4eHbl KHUCIOTHBIE CBOMCTBA JAEKaTHOHHPOBAHHBIX M TEPMOOOPAOOTAHHBIX LIEOJIHTOB MECTOPOXK-
nennii [llankanaii u Cemeiitay, kapOOHATHBIX ITOPO MECTOPOXKACHUI HaphiHKON 1 ATBIpay M KaTaau3aToOpoB HA UX
OCHOBE, MOAMGHIMPOBAHHBIE HHUKEIEM, MEAbI0 M IIMHKOM METOIOM TeMIIepaTypHO-IIPOrpaMMHUPOBaHHON
JecopOuun ammuaka. [loka3aHo, YTO KaTaaW3aTopbl HAa OCHOBE MOAMGHMLIMPOBAHHBIX IPUPOJHBIX IIEOJHTOB
Mectopoxxkaernii lllankanait n CeMelTay OTIMYAIOTCA IO CHJIE KHCIOTHBIX IIGHTpoB. Hamboiee cHIbHBIMU
KHCJIOTHBIMH LIEHTPAMH XapaKTepH3yeTcsi oOpasel] Karajiu3aropa Ha OCHOBE IieoynTa MectopoxieHus Cemenitay,
COBMECTHO MO/IM(HUIINPOBAHHBII HOHAMU HUKEJS M LIUHKA.

Ki1roueBblie cjioBa: 1eOIUT, KITMHONTUIIONNUT, MOPJICHHUT, KUCIIOTHBIE CBOMCTBA.

BeBenenue
B paGorax [1-5], MOCBAMIEHHBIX MCCICIOBAHUIO CBONCTB IICOJIUTOB, CIHEIMU(DUIHOCTh UX
KaTaJIMTUYCCKOrO JECHCTBUS B CHHTE3¢ U MPEBPALICHHUSX YIJICBOJOPOIOB OOBICHSIACH MOJICKYJISIPHO-
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CHUTOBBIMH U CTEpHUYECKUMHU 3¢ deKTamu, 0OyCIOBICHHBIMH OCOOCHHOCTSIMH CTPYKTYPHOI'O CTPOCHHMS
neonutoB. OIHAKO, XOTA pa3Mepbl U KOHGUrypauus KaHaJOB B LIEOJMTHOM KapKace MMEIOT Ba)KHOE
3HavYeHUe U MU PY3HOHHBIX MPOIECCOB U MPOTEKAHUS BHICOKOCEIEKTHBHOTO KaTaji3a Ha LIEOJHTaX,
OONBLIYIO POJb IPH 3TOM UTPAIOT U MX KUCIOTHO-OCHOBHBIE CBOMCTBA.

VYcranosneno [1; 6-15], 4TO Ha MOBEPXHOCTH IEOJUTHBIX KaTAIM3aTOPOB UMEETCS LEeJblid Habop
KHCJIOTHBIX LICHTPOB, IIPUYEM B PEAKLUAX YYaCTBYIOT HE BCE LIEHTPHI, a JIMIIb MX HEOONbIIAs 4YacTb,
cneuuguyuecKas g Kaxaoro Tuma peakiuid. Cuia M KOHLEHTpalMs KUCIOTHO-OCHOBHBIX ILIEHTPOB,
HaXOISIINXCS B LICOINTE, OKA3bIBAIOT CHJIBHOE BIHMSHHE HAa KaYECTBEHHBIM M KOJNYECTBEHHBIH COCTaB
IPONYKTOB Peakuuu. B cBsA3u ¢ 3TUM HccienoBaHHE KUCJIOTHBIX CBOMCTB LEOJIMTHBIX KaTalW3aTOPOB
uMeeT OOJbIIOoe 3HAYEHHWE C TOYKM 3PEHHUS KaK BBICHEHHS MPUPOIBI MX aKTHBHBIX IIEHTPOB, TaK U
VIIyYIICHUs] WX CEJEKTUBHOCTH MYTEM PETyJIMpPOBAHUHM WX KHCIOTHOM (QyHKIMH M pa3pabOTKH HOBBIX
3(h(PEeKTUBHBIX KaTaIN3aTOPOB.

Lenpto HacTOsmmIeld pabOTHl SBISETCS HCCIEIOBAHME KHCIOTHBIX XapaKTEPUCTHK MPUPOTHBIX
1eonuToB MecTopoxaeHuil [llankanait u Cemeiitay M KaTanu3aTopoB Ha HX OCHOBE.

IKCNepUMeHTAIbHAS YaCTh

Leonutconepxkamme KaTalu3aTopbl CUHTE3WpoBain 1o Meroauke [16]. IIpomotupoBanue
KaTaJu3aTOpPOB  OCYLICCTBISJIM METOAOM IPONHUTKH BBICYIIECHHBIX KaTaJU3aTOPOB PacueTHBIM
KOJIMYECTBOM BOJHBIX PAacTBOPOB YKCYCHOKHCIBIX HHKeENs, MeId W IuHKa. KolndecTBO BBEIEHHBIX
MPOMOTOPOB COCTaBIsLIO: 5 Macc. % Hukens, 2 Macc. % menu U 2 macc. % LUHKA OT MaccChl
KaTaJlu3aTopa.

@Da30BBIl COCTaB HMCXOMHBIX IIEOJIUTOB, KapOOHATHBIX MOPOJ M KaTalU3aTOPOB Ha HX OCHOBE
OTIpeNIeNIsUI METOIOM peHTreHogazoBoro anamusa (POA). IudpakrorpamMmel ObUIM CHATHI Ha ammapare
JAPOH-4 na Cu o-uznydeHun npu HampsokeHuun Ha TpyOke 30 xV u cune toka 30 mA. Ckopoctb
BpameHus cuerynka 2 uw 0,50 B wMuHyTy. llpm komwdecTBeHHOM (a30BOM aHAW3€ 3aluCh
IuQpakTorpaMM MPOM3BOAWIACH C BpalleHWeM oOpas3ma BOKpYT TOpW3OHTanbHOW ocu. Jlis
NPEIOTBPAILICHUST OKHCICHUS 00pa3mbl KaTaau3aTOpOB IMOCIE€ TPOMBIBKM BOJOW M aOCOIIOTHBIM
METaHOJIOM 3aMEIIUBAINCH ¢ KiieeM bd-2. 3Ty cMech ToMeIaau B Y00HUTOBYIO KIOBETY nuameTpom 20
MM u Tayomnoit 0,5 mwm. Ilocie cymkd Tpw KOMHATHOM TemrepaType IOBEPXHOCTh oOpasia
OTUUTU(OBBIBAIA TOHKOW HAKAAYHOH OyMaroi.

KucnorHele xapakTepUCTHKH HMCXOAHBIX IICOJIMTOB M KaTalM3aTOPOB HAa MX OCHOBE H3MEpPsUIU
METOJIOM TeMIIEpaTypHO-IIPOrpaMMHUpPOBaHHON JecopOuuu ammuaka. llepex anmcopbumed ammuaka
oOpasipl «tpenupoBanm»y npu 400 °C B Toke remus B TedeHue 30 MUHYT. AAcopOIuio aMMuaka
npopoawu  mpu 100 °C s wuckmroueHus:  Qusmdeckoit  popmber  agcopbumu.  Koaddunment
JyBCTBUTEIBHOCTH i1 ammHuaka cocrtaBisger 00,9913 monb/r. [lecopOrmio amMMuaka TPOBOIIIA B
temreparypHoM uHTepBaie 100-400 °C c nuneliHOW ckopocThio HarpeBa 10 °/muH. CKOpOCThH Tenwus
coctasisina 170 mi/MuH. MakcuMaibHast HOIPEIIHOCTh U3MEPEHHsI He mpeBbimana 5 %.

Pe3yabTarhl U MX 00CyxKaeHUE

IIpupomusie meonuTsl MecTopoxkaeHuil 1llankanait m CemeiTay OTHOCITCS K IEOTUTaM Pa3THIHON
cTpykTypbl. [lo manHbiM  P®A, ocHOBHas (aza McxogHOTO meonuta MectopoxaeHus llankanai
MpeCTaBIIsAET coboit relIaHanT-KIMHONTHIIONUT. I'elinan M T-KIMHONTUIOIUT
/KNa,Cay(SizyAl;)O07,-32H,0/ umeeT MOHOKIIMHHYIO PEHIETKY C mapameTpamu: a=17,64 A; B=17,88 A;
c=7,40 A; PB=116,30°. TepmoobpaboTKa LeoaUTa, B MHTepBaie Temmeparyp 100-500°C, npuBomuT K
3HAYNTEIHPHOMY CXKATHIO KPHUCTALNTHICCKON PEMIeTKH W MEepPeXoay IeoJMTHOM ¢a3bl B Hadame ot 100-
230°C k MerareianauTy, a 3aTe€M IpU JajdbHEHIIEM NOBbINEHMH Temmeparypbl 1o 500°C, x Gomee
crabuinpHON cTpyKType — Baiipakuty Cag[Al 6Si32006] 16H,0, ¢ nmapamerpamu: a=1,369 A; B=1,368 A;
c=1,356 A; PB=90,5°. [lonyyeHHble HAMM JAHHBIE 10 TEPMHYECKOH YCTOMYMBOCTH HCCJIEIOBAHHOTO
o0pasia CBHIETEIBCTBYIOT O TOM, YTO OCHOBHAsI (pa30Basi COCTABIISIONIAS LIEOJHNTA, B OTIIMYHE OT paHee
MOJyuYeHHBIX JaHHbIX [17], mnpeacraBneHa He KIMHONTUIIOIUTOM, a KalbUMHIeHIaHAWTOM,
MIPOMEKYTOUHOro cocrana [18].

Wcxonuprit  1eonut MecTopokaeHus CemeiTay TpencTaBieH B OCHOBHOM MopaeHuTtoMm Ca,
Na,K,A1,S119024°7H,Oc pomOuueckoii pemerkoli ¢ mapamerpamu: a=18,11 A, B:20,55A, c=7,53 A.
Hapsiny ¢ aTum B neonautHod (aze MpUCYTCTBYET B 3HAUNUTEIHLHO MEHBLIEM KOJIMYECTBE KIMHOMTHIIONUT.
82
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B cymme ob6e ¢daspr coctaBnstor 60 mace. %. TepmooOpaboTka neonurta mectopoxineHus CemeilTay
OTpa)kaeTCs Ha €ro CTPYKTYPe U CBOMCTBAX.

B pabore wuccienoBaHbl KHCIOTHBIE CBOMCTBAa JI€KATHOHHPOBAHHBIX U TEPMOOOPAOOTAHHBIX
neonutoB MectopoxaeHui [lankanait n Cemelitay, kKapOOHATHBIX TIOPOA MecTopoxaeHniH Hapbsiakon u
ATBIpay ¥ KaTaJlu3aTopoB Ha UX OCHOBE, MOJU(DHULIMPOBAHHBIC HUKEIIEM, MEAbIO U LIMHKOM (Tabuumpl 1 u
2, pucyHku 1 u 2).

Tabmuna 1 — KoHueHTpanuus KUCIOTHBIX IEHTPOB AEKaTHOHUPOBAHHOTO IieonuTa Mectopoxaenus lankanait (H-LIMILI),
kapOoHaTHOI opoasl Mectopoxaeaus Haperakon (KIIMH) n katann3aTopoB Ha MX OCHOBE

Ne Oopa3zen Tyace, C KonueHTpanus, MKMOJIB/T
1 I C[ CII CZ
1 H-IIMIII 120 285 43,7 9,0 52,7
2 KIIMH 110 - 23,1 - 15,4
3 Ni/IMII+KIIMH 150 - 55,3 - 553
Ni-Cw/LIMII+KIIMH 155 - 53,1 - 53,1

5 Ni-Zn/IIMII+KIIMH 160 - 60,2 - 60,2

[Ipumeuanus

1 Cy, Cy;, Cs — KOHLIEHTpALIUU KUCIOTHBIX LEHTPOB cOOTBETCTBEHHO I, Il miKoB u cymmapHas;

2 Tk, — TEMIEpaTypa MakcuMyMa 1 u 2 NuKoB.

45
40 -
35 A
30 A
25 1
20 1
15 4
10 1
5 4
0 4

a 100 200 300 400

Temnepawpa,ﬂc

WMHT eHCHBHOCTL, MB

1 — H-IIMIII; 2 — KIIMH; 3 — Ni/LIMII+KIIMH; 4 - Ni-Cu/LIMII+KIIMH; 5 - Ni-Zn/LIMII+KIIMH

Pucynok 1 — TepmozaecopOuust aMMuaka, acopOMpPOBAaHHOTO Ha JEKaTHOHMPOBAHHOM LieonTe MecTopoxaeHus Lllankanait (H-
IIMIII), xap6onatHOit nopoas! Mectopoxkaernst Hapsakon (KIIMH) u karanu3aropax Ha HX OCHOBE

Ha tepmogaecopOrmonnoii kpuBoit NH; (pucyHok 1, kpuBas 1) aisi JeKaTHOHUPOBAHHOTO ILICOJIUTA
MectopoxaeHus [llankanait HaOMIOAAOTCA ABa YETKO Pa3/IEICHHBIX TEPMOJECOPOIIMOHHBIX THKA C SPKO
BEIPQXCHHBIMH TEMIEpPaTyPHBIMH MaKCHMyMaMH, YTO CBHIETEIBCTBYET 00 Yy3KOM paclpeieleHHH
KHCIIOTHBIX LeHTpoB. [lepBriif, HU3KOoTeMnepaTypHBIH MUK (T, =120 °C) 06BIYHO OTHOCAT K JecopOouuu
NH; ¢ mTbIOMCOBCKUX KHCIOTHBIX HMEHTPOB, BTOpol MUK (T,,,=285 °C) — ¢ OpeHCTeA0BCKUX KUCIOTHBIX
meHTpoB [19]. CormacHO MONYYeHHBIM TAaHHBIM, IO TEPMOIECOpPOIMH amMMuaka (Tabmmma 1), Ha
MMOBEPXHOCTH TMPHUPOJHOTO IICOUTA HAXOIATCS, B OCHOBHOM, KHCJIOTHBIC IIEHTPHI YMEPEHHO CpeaHEit
cuibl (83%), u Toapko 17% MOXXHO OTHECTU K CHIIBHBIM KUCIOTHBIM IICHTPaM.

KapOonaTtHast mopoma mectopoxxaeHus HapbeiHkoi, coriiacHO maHHBIM Tabnumbl 1 u pucyHka 1
(kpuBast 2), XapakTepU3yeTCs OYEHh HHU3KOW KHCIOTHOCTHIO. KOHIIEHTpamus KHUCIOTHBIX IIEHTPOB
cocraBusger 23,1 mkMonb/T. Ha TepMoaecopOIIMOHHOM CIIEKTpe OTMEYEHa TOJBKO oOnHA Qopma
necopounn ammuaka B uHTepBasie 100-250°C, 9To CBUAETENHCTBYET O HAMYUN CIIA0BIX HU3KOTEMIIepa-
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TYPHBIX KHCIIOTHBIX IIeHTpPOB. CIEeKTp MecopOlMH aMMHaka MMeEeT Pa3MBITHIA BUI, XapaKTePHBIN IS
IIIPOKOTO pacIpee’eHns KUCIOTHBIX IIEHTPOB 0 UX CHIIE.

IIpu BBenmeHnun B kKapOoHaTHYIO mopoay 15 macc. % akTHBHPOBAaHHOTO LIEOJIUTA U JAlbHEUIIEM
MPOMOTHUPOBAHUU KaTanu3aTopa MoHaMH Ni MPOUCXOJUT M3MEHEHHUE CIEKTpa JecopOlMU aMMUuaKa U
yBeIMYeHHE KOHIICHTPAIlMA KHUCIIOTHBIX IeHTpoB (Tabmuma 1). TepmoaecopOIMOHHEIA criekTp oOpasia,
Kak M B CJIy4ae MaTpHIbl, UMEET pa3MBITBIA BHI, 0€3 YEeTKO BBIPAXEHHOTO MAaKCHMyMa, OJHAKO
TeMIepaTypa MaKCHUMyMa JCCOpOIMM aMMHaKa CIBUTACTCS B BBICOKOTEMIICPATYPHYIO 00JacTh, YTO
CBUJIETENCTBYET 00 YCHIIEHHH KHCIOTHOCTH KaTaliu3aTropa. YBEIWYCHHWE CHIIBI KHCIOTHBIX IIEHTPOB
[IEOTTUTCOAEPIKAIIETO KaTalun3aTropa, BEPOATHO, OOYCIOBICHO TEM, YTO B MECTaX KOHTAaKTa IEOJIHT-
MaTpulla TMPOUCXOIUT OJIOKUPOBKA JIBIOMCOBCKUX KHCJIOTHBIX IIEHTPOB IICOJIMNTA, a KOHIICHTPALUs
OpEHCTENOBCKUX KUCIIOTHBIX IIEHTPOB Ha LIEOJIUTE, B COCTABE KATaIM3aTOPa, MOBBIIIACTCS 110 CPABHEHUIO
C UCXOTHBIM T1eouToM [20].

JanbHeiiiee npoMoTrpoBanue Ni-IEOJUTCOACPKAIIETO KaTaau3aropa HOHAMM MEAW M IMHKA
MPHUBOJUT K CHABHTY TEMIIEpaTyphl MaKCMMyMa B 00J€e BBICOKOTEMIIEPATYPHYIO O00JacTh, YTO
JIOTIOJTHUTENEHO YyKa3biBaeT Ha (opMupoBaHWEe 0OJee CHIBHBIX KHCIOTHBIX IICHTPOB KaTaJM3aTOPOB
(pucyHok 1, kxpuBsie 4 u 5). HanOompImuit cABUT B BRICOKOTEMIIEPATYPHYIO 001acTh Habmromaercss Ha Ni-
LICOJUTCOACPIKAIIEM KaTalu3aTope, MPOMOTHPOBAHHBIM HOHAMHU IIMHKA. MOXKHO MPEIIOJI0KUTh, YTO B
pesynbrate MoaupunupoBaHus Ni-IEONUTCOMEPKAIIETO KaTalu3aTopa IWHKOM Ha €ro MOBEPXHOCTH
(hOopMUPYIOTCS CHIIbHBIE allPOTOHHBIE KHUCIOTHBIE IEHTPHI, CIOCOOHBIE yAEePKUBATh MOJIEKYJIBI aMMHUaKa
mpu 6oJiee BRICOKUX TemrepaTtypax [21].

Tabmuma 2 — KoHneHTpanus KUCIOTHBIX IIEHTPOB AEKaTHOHHPOBAHHOTO LeonnTa MectopoxaeHus Cemeritay (H-LIMC)
1 KaTaJIM3aTOPOB Ha €r0 OCHOBE

Oopa3zen T yaxe. opmel, °C KonieHTpanus, MKMOJIB/T

H-IIMC 130 330 201,3 10,5 211,8
N/LIMC+KIIMH 140 - 63,5 - 63,5
Ni-Cuw/IIMC+KIIMH 150 - 62,3 - 62,3
Ni-Zn/IIMC+KIIMH 170 - 62,2 - 62,2

[Ipumeuanus

1 KIIMH — kapGonatHas nopoja MmectopoxaeHus Hapsiakom;

2 Cy, Cyj, Cs — KOHIICHTpAIMH KUCIOTHBIX IIEHTPOB cOOTBEeTCTBEHHO I, I mukoB n cymmapHas;

3 Tyaxe. — TEMIEpATypa MakcuMyMa 1 1 2 MUKOB

80
70 4
60
50
40
30
20 A
10 ~
0=

] 100 200 300 400

Teumn eparypa,uﬂ
1 -H-IMC; 2— N/LIMC+KIIMH; 3 - Ni-Cu/LIMC+KIIMH; 4 - Ni-Zn/LIMC+KIIMH

HHTeHcHBHOCTL, MB

Pucynok 2 — TepmozaecopOrust aMMHaKa, aacopOUPOBAHHOTO Ha JEKATHOHHPOBAHHOM
neosute MectopoxaeHus Cemeiitay (H-IIMC) u karanuzatopax Ha €ero OCHOBE

CorracHO TaHHBIM TaOIUIEl 2 U pUcyHKa 1 (kpuBas 1), Ha TepMomecopOImoHHoN kKpuBoit NH; mis
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JEKaTHOHUPOBAHHOIO IIe0NuTa MecTopokaeHus Cemeiitay, Kak M B Cilydae JCKaTHOHHUPOBAHHOTO
neonuta mecropoxaeHus lllankanaii, HaGmrogaercss JBa 4ETKO Pa3[ENCHHBIX TEPMOAECOPOIMOHHBIX
MUKa C SpKO BBIPAXEHHBIMH TEMIIEPAaTypPHBIMM MaKCHMyMaMH, OJHAKO TeMIIEpaTypHble NMUKH Ha
1eonauTe MecTopoxkaeHus CeMeliTay, Mo CpaBHEHHIO C LIEOJUTOM MecTopokaeHus [llankanail, CIBUHYTHI
B Ooyee BBICOKOTeMIepaTypHyto obmacts or 10 g0 45 °C, 94TO CBHIETENHCTBYET O MPHUCYTCTBHH Ha
MOBEPXHOCTH LI€oanuTa MecTopoxaeHusa Cemeiitay 6ojee CHIBHBIX KHCIOTHBIX IIEHTPOB, I10 CPABHEHHIO C
LIEOJIUTOM MecTOpokaecHUs [1laHkaHai.

CornacHo NaHHBIM TaOMUIBI 2, HA MOBEPXHOCTH AEKATHOHHPOBAHHOIO IEOJHTA MECTOPOKACHHS
CemeiliTay HaxomsATCs, B OCHOBHOM, IIEHTPBI yMepeHHO cpenHeit cmibl (95%), u Tompko 5% MOXHO
OTHECTH K CWJIbHBIM KHCJIOTHBIM IeHTpaM. llpum BBemeHuum B kapOoHaTHyro mopoxay 15 macc. %
AKTUBHPOBAaHHOTO LIEONIMTA M AajbHEHIIEM MPOMOTHPOBAHUM KaTaju3aropa HOHamMH Ni MPOHCXOAMT
yBEJIMYEHHE KOHLIIEHTPAIlUN KUCIOTHBIX LIEHTPOB Ha 8 MKMOJIB/T M CABUT TEMIIEpaTyphl MakcuMyma Ha 10
°C B BBICOKOTEMIIEpaTypHyl o0nacte. JlanpHeimee mnpomMoTHpoBaHue Ni-IEOIUTCOACPIKAIICTO
karanu3atopa Cu 1 Zn NpakTUYECKH HE CKa3bIBA€TCS HA KOHLEHTPALUMU KHCIOTHBIX LIEHTPOB, OAHAKO
HaOJIONAeTCs  TOBBILIEHUWE CHJIBI KHCIOTHBIX LEHTPOB (Tpna CHBHUIaeTcst B BBICOKOTEMIIEPATYPHYIO
obmacts Ha 10 °C).

Takum 00pa3oM, Ha OCHOBAHHH IOJIyYEHHBIX JAHHBIX MOXHO YTBEpPXAaTh, YTO KaTaJU3aTOPHl HA
OCHOBE MOIU(HULIMPOBAHHBIX NPUPOIHBIX LEOIUTOB MecTopokiaeHuid lllankanait m Cemeitay oTiH-
YarOTCs 10 CHJIE KUCJIOTHBIX LEeHTpoB. Haunbosee cUIbHBIMHM KHCIOTHBIMHM LIEHTPAMH XapaKTEpPU3yeTCs
obpaserr kaTaim3aTopa Ha OCHOBE CEMEHTAyCKOTO IICOJUTa, MOAUGUIIMPOBAHHBIA WOHAMHU HHUKEIS U
IIHKA.
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TABUTU HEOJIUTTEPJAIH K¥PbL/IBIMbBIHBIH
OJIAPJBIH KbIHIKBIJIIBIK KACUETTEPIHE 9CEPI

Annoramms. Ocbl makanana Illanxanaii sxone Cemeit Tay KeH OpbIHAAPBIHBIH TaOUFH LEOJIUTTEPIHIH (a3ablK Kypambl
peHTreH (a3ajiblK Tangaysl apKeUIbl 3epTTeNreH. PeHTren daszansik Tannay HoTikenepi lllanxaHail KeH OPBIHBIHBIH [EONUTIHIH
HeTisri (a3anblk KOMIIOHEHTI - apaiblK KypaMAbl KaJIbIUid TEHIaHIUT eKeHOiriH kepceredi. OCBl HEONHT HETi3iHAETI
KaTaJIU3aTOPABIH TEPMISIIBIK OHICY HOTIKECI Ke3iHAe BalpakuT IereH TYpPaKTHIpaK KYpbUIBIM Kaibimracansl. Cemeil Tay keH
OpHBIHBIH 0AacTanKpl LEOJUTI MOPACHUT OONBIN TaObLIATHIHBI aHbIKTa bl I[lanxaHaii sxoHe Cemeil Tay KeH OpbIHIAPHIHBIH
JIEKaTHOHJIAJIFaH JKOHE TEPMOOHIENTEeH LeosnuTTepi, HapelHKON jkoHe ATBHIpay KEH OpBIHIAPBIHBIH KapOOHATTHIK JKBIHBICTAPHI
JKQHE OJIapJIbIH HeTi3lepiHeri HUKEeNb, MBIC JKOHE MBIPBIIIIICH MOIU(UKALMIIAaHFaH KaTaJu3aTopiapAblH aMMHAKThl TeMIepa-
TypajbIK HporpaMMmaiaHfaH gecopOuus ofiCiMeH KBIIKbUIABIK Kacuertepi 3eprrenai. Moauduimpnenren Ilanxanail sxone
Cemeii Tay keH OpBIHIAPBIHBIH TaOWFU LEOIMTTEPI HETi3AepiHAeri KaTaau3aTopiap KbhIIKBUIABIK OPTANBIKTAPIBIH KYIIiMEeH
epeKIICTICHETIHAIr KopceTinred. EH KYIITiI KBIIKBUT OPTAIBIKTAPEIMEH HUKEIF MEH MBIPBIII HOHAAPBIMEH Oipre MOIU(HIUp-
nenred Cemeii Tay kKeH OpHBIHBIH LIEOJHTI HET131HIET] KaTa H3aTOPIBIH YITIiCI CHITaTTaa bl

Tipexk ce3aep: 1EOIHUT, KIMHONTHILIONHUT, MOPAEHHT, KBIIKBIIIBIK KaCHETTED.
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REACTION OF HYDRAZINOLYSIS OF OXALIC ACIDS
AT PRESENCE OF SULFONIC ACID CATION EXCHANGER

Abstract. In this work for the first time the reaction of hydrazinolysis of oxalic acid in the presence of sulfonic
acid cation exchanger KU-2-8 is considered. Experiments were made in the static conditions. This work studies the
influence of various factors (quantity of hydrazine hydrate, catalyst, butyl alcohol, temperature, reaction duration) on
formation of oxalyldihydrazide . It reveals optimum conditions of synthesis under which the most dihydrazide yield
made 62%. In comparable conditions is investigated of the dibutyloxalat hydrazinolysis. Thus dihydrazide yield
made 51%. On the basis of IR-spectroscopic researches is offered the probable mechanism of oxalic acid
hydrazinolys with the active centers of sulphonic cation-exchange. The practical value of this work is to develop an
effective method of oxalyl dihydrazide preparation.

Keywords: hydrazinolysis, dihydrazide,oxalic acid , cation exanger.
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KBIMBI3ABIK KbIIIKBUIBIHBIH TIPASUHOJIN3 PEAKITMSICHIH
CYJIb®OKBIIIKBLIIB KATHOHUT KATBICBIHJIA 3EPTTEY

AHHOTanusi. Byj1 JKyMmbICTa anFail peT KbIMBI3ABIK KBIIIKbUIBIHBIH THIPA3UHONIN3 PEAKIMsCH CYJb(OKDIII-
KbUIIBI KaTHOHUT KY-2-8 KaThIChIHIa KapacThIpblabl. Toxipubenep CTaTHKAIBIK XKaFaaiaa sKyprizinmi. KeIMbI3abIk
KBIIIKBUIBI TUAPA3HUIIHIH Ty3UTyiHe apTypili dakTopiapabiH (THAPa3HHTHAPAT, KaTallu3aTop, OyTHI CIUPTI MeJIiie-
piHIH, TeMIepaTypaHblH, peakluusi Y3aKTBIFBIHBIH) ocepi 3eprrenai. CHHTE3IH OHTAilbl KarqaiIapbiHIa
THIPA3UITIH MIBIFBIMBI 62 %. CanbICThIpMaibl XKaFAaiaapaa JUOYTHIOKCAIATThIH THAPA3UHOIM31 3epTrenai. by
Ke3ze auruapasu WeFbIMbl 51 % 6onael. UK crieKTpOCKOMMSIIBIK 3€pTTEyJIep HOTHXKECIHAE KhIMBI3IBIK KBIIIKbBI-
JIBIHBIH THAPA3UHOJIN3 PEAKIHACH CYIb(OKaTHOHUTTIH aKTUBTI LEHTPJIEPIHIH KATBHICYBIMEH JKY3€ere acaThlH MeXa-
HU3MIi YCBIHBUIIBL. BYIT )KYMBICTBIH MPAKTHKAIBIK MAHbI3IBUTBIFBI KBIMBI3IBIK KBIIIKBUTBIHBIH JATHIIPA3HIIH ATy IbIH
THIMZIL OHiCiH OWIAaCTHIPY OOJBIN TaOBITAIEL.

Tipek ce3nep: THAPa3HHOIN3, JUTHAPA3HU, KBIMBI3IBIK KBIIIKBUTEL, CyTh(OKATHOHNUT.

KpIMBI3BIK KBIIKBIIBIHBIH JATHIPA3HAlI JKOHE OHBIH OPBIHOACKAH TYBIHIBUIAPHI OPTaHUKAJIBIK
CUHTE3/IC TIOJUMEpHU3alis MPOIECIHIH KaTalu3aTOPhl, CHH-TETHKAIBIK MOJMMEPIIEP YIIIH JKapbIK XKOHE
JKBUTYJIBIH OCEepiHE Kapchl CTa0MIN3aTOP-aHTHOKCHAAHT, COHBIMEH KaTap MEAMIMHANIBIK Iperaparrap
peTinae Komnansuans [1,2].

KpIMBI3IBIK KBIIIKBUIBIHBIH 2-THAPOKCHATKAIIUTHIPA3HIL apajac (PePMEHTTI KyHenepae MOHOAMU-
HOKCHJIa3aHbl CYPBINTBHIK HWHTHOWpIEY YIIIH JKYPri3lIeTiH 3epTTeyniepae, COHBIMEH KaTap CYTKO-
PEKTUIEPIiH TepanusIChIHIa Ta0JIeTKa, YHTAKTHI KaJITa HeMece Karcyia TypiHae Koaaaneiians [3,4].
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JukapOOH KBIIKBUITAPBIHBIH THAPA3UATEPiH KapOOH KBIMIKBUINAPBIHBIH KYpAeNi 3dupiepin
(MeTmimi HeMece PTIWII d(MUPIEPiH) THAPA3ZUHTHUAPATIICH EPITKIMNT OPTACKIHIA KBI3IBIPY apKbUTBI aJlajlbl
[5,6]. A#iTanbik, KbIMBI3JBIK KBIIIKBUIBIHBIH JUTHAPA3HIIH CHHTE3ACY YINIH JUITHIOKCAJIATTHI
ruapasunHig 70% apThIKk MeumiepiMeH Oipre 3TaHoina 4 carar Ooiibl KaiiHatajgel. MyHai oJIiCTiH
KEeMIIIUTITiHe XKaHaMa eHIMJIEp/iH TY3Ulyl, epiTKIIITIH Kem Meiepae KOMIaHBUIYbl )KoHE peaKIUsSHBIH
V3aK JKYpPYi KaTaIpl.

lMunpasuHHIH €Ki Heri3di  KBIIKBUIIAPMEH KOHJCHCAIMS PEaKIMsIaphl JKETKUIIKTI JIopexKese
3epTTEIMETeH, SAcOMETTIK MATIMETTEp apOMAaTThl JKOHE KaHBIKNaraH anudarTel Oip Heri3mi kapOoH
KBIITKBUIIAPBIHEIH  THAPA3UHONM3IH KaMTuIel [7]. OcblfaH OailfIaHBICTBI TETEPOTCHII KaTaln3aTop
KaThICBIHIAa JTUKApOOH KBIMIKBUIAAPEl MEH OJNApAbIH KypJeli 3(UpIECpPIHCH NPaKTHKAIBIK JKarbIHAH
MaHBI3/Ibl TUTUPA3HITEP/II CHHTE3/ICY dICTepl ©3eKTi Macese OOMNBIN Ta0bLIa b,

YCHIHBUIBIT ~ OTBIPFAH  JKYMBICTBIH ~ MaKCaThl ~ alfalllKbl pPET  KBIMBI3JABIK  KBIITKBUTBIHBIH
CyIbQOKBIIKBUINE KaTHOHUT KVY-2-8 (H) KaTeichiHAa THAPA3WHOIM3 PEAKIUSACHIH 3€PTTEY JKOHE
PeaKIUSHBIH MEXaHU3Mi )KOHIHIe OoKaMaap jkacay OOJIBI TaObLIAIbI.

Taxkipube omicremeci. Toxipubenep craTukanblK xarmainapaa >kyprizinmi. Kepi my3nmaTkeimmes,
TepMOMETPMEH JKaOapIKTaIFaH kKejeMmi 250 mui. meHremek tynrti koibara 1 r. (0,011 MoJB) KBIMBI3IBIK
KBIIIKBUIBH, 1 T. ayanma kenripinred KY-2-8(H) katuonurin, 1,08 r (0,022 Monb) rHapa3suHTHAPATTHI
xoHe 2,43 1. (0,033 Monb) OyTHII CIMPTI MOJIIEPiH anbli, 3 caraT cy MoHIackiHAa 95°C TeMneparypazaa
KBI3JIbIpa OTHIPKIN apaiacThipaabl. OChIIaH KEWiH peaklUsIbIK KOCIIaHbI 06JIMe TeMIrepaTypachiHa JACiiH
CANKBIHAATHIM, TY31ITe€H KBIMBI3IBIK KBIIIKBUIBI IUTHAPA3UiHIH ePITIHIICIHEH HOHUTTI CY3ill ajlajibl, OHBI
OyTtun criupTiMeH masabl. KBIMBI3ABIK KBITIIKBUIEI TUTHAPA3UIIHIH ePITIHIICIH OyJIaHABIpaabl, alblHFaH
KarThl Kyimeri muruapasunari 60°C temmeparypana kenripedi. Jurumpasunari (GOTOKOIOPHUMETPHSITBIK
onicien ®mroopar-02-5SM  (Peceit) mpubopbiHna ananuzneiai [8]. AnbIHFAH AMTCHAPA3UATIH OalKy
temriepaTypackl 240-242°C. CunTte3nin OacTamkel 3aTTapsl MeH eHiMmuepiHiH MK-cmekrpiepi «Impact
410» (AKL) cnexTpo-MeTpiHae Tycipinmi.

Hatukesnep xoHe onapapl Tanaay. KeIMBI3IBIK KBIIIKBUTBIHAH THIPA3HHONNA3 PEAKIUACH apKBLIBI
o3iHe CoMWKeC AWTUAPA3UATI CHHTE3AeYy TMporeci 3epTTenmi. KapacThIphUIBIN OTBIPFaH JKarmahma
KBIMBI3IBIK KBIMKBUIBI MeH ruapasuHruapattei (I'T) Oytun crmumpringe (BC) opekerrecy eHimi
KBIMBI3]IBIK KBIITKBUTBIHBIH TUTHIPA3HUII OOJIbL.

COOH ey CONHNED
| + ONH,-NH, ———— |
COOH CONHNH;

+ 4H;0 (1)

KBIMBI3ABIK KBIIKBUTBI JUTHAPA3UIIHIH TY3UTyiHe apTypii dakropiapislH (THAPa3WHTUAPAT KOHE
OyTWJI CTUPTIHIH MeJIIepi, TeMIepaTypa, Peakiiysl Y3aKThIFb) ocepiaepi 3eprreni (kecre). [uapasunonus
PEeaKIUACH HOTHXKECIHJIE TUTHAPA3HUITI CHHTE3/eY YIIiH OHTAWIbl JKaFrlaiaa opeKeTTeCyIli 3aTTapIblH
MacCajblK KAaThIHACKI KBIMBI3IBIK KBIKBUTBI: THAPA3HHTHIpAT: Karaau3arop: OyTWI CHOHpPTI =
1:1,08:1:2,43, tremnepatypa 95°C, peakuust Y3aKTBIFBI 3 caraT OONFaHIa TUTHIPA3UITIH MIBIFBIMEI 62 %
0O0IBI.

KBIMBI3ABIK KBIIKBUIBIHBIH THAPA3UHOIM31 (KBIMBI3IBIK KBIIIKBUIBIHBIH Maccachl - 1 T.)

IT, r Karnonut,r BC, 1 Peakuus y3akThIFbl, Temnepa- T'unpasun
car Typa, C LIBIFBIMBL, %
1,03 1,0 2,43 3 95 58
1,08 1,0 2,43 3 95 62
1,40 1,0 2,43 3 95 53
1,76 1,0 2,43 3 95 51
1,08 2,0 2,43 3 95 24
1,08 1,0 1,62 3 95 55
1,08 1,0 2,60 3 95 59
1,08 1,0 2,43 2 95 36
1,08 1,0 2,43 3 80 47
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CanpIcThIpMabl JKaFaalia KbIMBI3BIK KBIIIKBUTBIHBIH OyTHII 3(GUPIHEH THAPAZUHONIN3 PEAKIHSICHI
apKbUTBl TUTHAPA3HIATI CHHTE3JEY IPOIeci KapacTBIPBUIABL. 3epTTeyiiep KYPTi3iIreH xkarmaimapia
JMUOYTHIIOKCAJIATTHIH THUIPA3HMHTHAPATIICH OPEKETTECYIHIH HETi3ri ©HIMI KbIMBI3JBIK KBIIIKbLUIBIHBIH
JUTHPA3HU]TL OOJIJIBIL.

COOC,Hs yagy CONHNH:
| + INH:NH: ———— | + 2 C4H;0H (2)

COOC4Hs CONHNH:

CuHTEe3 KBIMBI3BIK KHIIIKBUIBIHBIH THIPa3HHONM3IHE YKCac Kar[aima Xyprizuiai. OpekeTTecyli
3aTTapAbIH MacCaIbIK KATBIHACKH! JUOYTHIIOKCANIAT: THAPA3HHTHIPAT: KaTaau3aTrop: Oyt cnupti=1:3:2:2
Temnepatypa 95°C, peakuus Y3aKTBIFBI 3 caraT OoJFaHaa, IUTHIPA3UATIH MIBIFEIMBL 51 % Oommpl.

KpIMBI3IBIK KBIIIKBUIBI THApasuainiy WK-cnekrpinge ciHipy sxonakrapbl 3424, 3466 om’! (N-H),
1637, 1704 cm™' (C=0), 3118 xome 1488 cm' (C-H), 1174 cm” (C-N) TONTaphIHBIH BaJeHTTLTIK
TepOemicTepiHe colikec Keneni (cyper ).
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1-cypet - KbIMBI3IBIK KBIIIKBUTEI quruapasuainin MK-cekrpi

JukapOoH KBIIKBUIIAPBIHBIH KaTHOHUTTEP KaTBICBIHAA THAPAa3WHOIHM3 PEaKUHUSICHIHBIH MEXaHU3Mi
Kazipri yakpITKa JneidiH 3eprrenMered. KartnoHutrepne ¢aszanapablH OeJiHy MIeKapachl apKbUIbI
TaceIMasIaynis! 6emmekTep npotoraap (H') 6omsim canamansl. COHIBIKTaH KATHOHUTTEP/IET] afcopomms
npoton (H") TackIManaynisl HOTHXKECIHIE XKY3€ere achpbliabl. OnebueTTik MaiMeTTepi [9-15] eckepe
oteipein, KY-2-8(H) noH anmacTBIpFBII MANBIP KATBHICHIHAA KBIMBI3IBIK KBIIIKBUIBIHBIH THAPA3HHONIN3
peaknusIChl TeTEePOTeHI KaTamu3 OOHBIHINA JKy3ere acamsl Aeml OopkayFa OoJlambl JKOHE IPOIIECTIH
KYpYyiHe mosrMepIti OaitiaHbICKaH CYTb(QOKBIIIKBIII TOI JKayanThl 00JabI.
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SO

CoHBIMEH monuMepni OekiTinren cymbboaHmoHzap ~ ~ koHe Kapama- kapeol (H) wmommap
OacTamkbl 3aT - KbIMBI3JBIK KBIIIKBUIBI MOJICKYJIACBIMEH OPEKETTECIN, KATAJUTTIK OPTANbIK pETiHIEe
OpEKET KepceTe anajpl.

ATNIBIMEH KIMBI3ABIK KHIIIKBIIBEI MEH THAPA3HH CYIh()OKATHOHUT OCTIHIE OpEKEeTTEeCYl HOTHKECIHIE
apajblK ©HIM MOHOTHApasuj Ty3uieai. KaTmoHuT OeTiHze amcopOlMsiiaHFaH MOHOTHIPA3Ua apbl Kapain
THIPa3UHHIH KeJleCl MOJIEKYJIachbIMEH 9pEeKeTTECiN, TUTHApa3H TY3UIeldi *oHe ol OipTiHmen epiTiHire
JlecopOnMsiIaHa bl e OomkayFa O0Ia bl

o
., /{/ L1
HOOC-C + NH-NH, —
AN . | :
O-H H
H-05=0
P .
HNNH(CO)-C_ + NH-NH, —
0-H H
H-CI-IS =0
O-H
Wt |
HNNH(CO}C_ + HO + 0=8=0
NH-NH, |
Ocpiran ykcac Mexanm3M UK — CHEKTpOCKOMUANBIK 3epTTeyliep HETi3iHAe CyIb(OKATHOHHUT

KATBICBIH]IA TPUXJIOPCIPKE KBIIKBUTEIHBIH THAPA3HHOM31 YIIIiH YCHIHBUTFAH [16].

ConbiMeH anramikbl  peT  cyibdokatuoHuT KY-2-8(H) KaThICBIHIA KBIMBI3JBIK —KBIIIKBLUIBIH
TUIPA3UHONM3ACY AapPKbUIbI TPAKTUKAJBIK JKaFbIHAH MAaHBI3ABl JUTHAPA3UATI CHHTE3NEy MpoIleci
3epTTENIHAI, PEaKIUSHBIH OHTAWIBI J>KaFmaiyiaphl aHBIKTAIABI JKOHE peaKIHusd MEXaHW3Mi JKOHIHIE
Oomxammap Kacalbl.
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HCCIETOBAHUE PEAKIIAY IT'MIPA3STHOJM3A IIIABEJIEBOIT KUCJIOTBI
B IPUCYTCTBHUHU CYJIBb®OKHNUCIOTHOI'O KATUOHUTA

AHHoTaums. B Hacrosel paboTe BHepBbIE PAaCCMOTPEHA PEaKLUs TMAPa3HHOIM3a LIABEIEBOM KUCIOTH B NPUCYTCTBHUH
cynb(poKkucIoTHOro kKaTnornuTa KY-2-8. OmbITEl IpOBEIEHBI B CTATHYECKUX YCIOBHUSX. M3y4eHO BIHSHUE Pa3IHYHBIX (HaKTOPOB
(KonM4ecTBa I'MAPA3MHTUpATA, KaTajlu3aTopa, OyTUIOBOTO CIIUPTA, TEMIIEPATYpPhI, MPOAODKUTEIFHOCTH PEakiui) Ha 00pa3o-
BaHME IWTHAPA3WfAa IMABEJICBOI KUCIOTHL. BEISBIEHB! ONTHMAalbHBIE YCIOBHS CHHTE3a, IIPH KOTOPHIX HAHUOONBIINK BBIXOJ
JUrHapasuaa coctaBuil 62 %. B comocTaBUMBIX YCIOBHUSIX HCCIENOBaH TMAPa3WHONN3 AUOyTHIIOKcanara. IIpy 3ToM BEIXOX
ruapasuna cocraBun 51%. Ha ocnHoBanmm MK-CIeKTpOCKONMYECKUX HCCIEIOBAHUM IPEIUIONKEH BEPOSTHBIH MEXaHH3M
THAPa3HHONIN3a IIABEJICBOH KHUCIOTBI C Y4acTHEM aKTHUBHBIX IIEHTPOB cyib(okarHoHnTa. IIpakThueckass LEHHOCTH JAQHHOMN
paboThI 3aKiovaeTcs B pazpadborke 3pdekTHBHOro crocoba Mmoay4eHns JUruapa3uaa UIaBesieBoi KUCIOTEL

KiroueBble ci10Ba: ruipa3svHoNN3, AUTHIPA3UL, IABENICBas KUCIIOTA, CYIb(OKATHOHUT.
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SYNTHESIS AND MODIFICATION OF
5-(2,4-DICHLOROPHENYL)-1,3,4-OXADIAZOLE-2-THIOL

Abstract. Heterocyclic compounds play an important role in organic chemistry, medicine, physics,
agrochemistry, materials science and other fields of natural and technical sciences. In recent years, among a wide
range of heterocyclic compounds, the attention of organic chemists, pharmacologists, and technologists has attracted
1,3,4-oxadiazoles, which is due to not only the overall progress in the study of various cyclizations, but also to the
unique ability of the 1,3,4-oxadiazole ring to conversion to other heterocyclic compounds, as well as to the search
for biologically active drugs among compounds of this series. The relevance of works on the study of the
heterocyclization of hydrazides is determined by their great significance for synthetic and theoretical organic
chemistry, as well as for a wide range of practically useful properties of their derivatives. Substituted 1,3,4-
oxadiazol-2-thiols are successfully used in medical practice as pharmaceutical preparations. In order to search for
new highly effective biologically active substances in the series of 2,4-dichlorobenzoic acid derivatives (1), the ethyl
2,4-dichlorobenzoate (2) was synthesized sequentially as a result of the esterification reaction. Further reaction of
2,4-dichlorobenzoate (2) with hydrazine hydrate led to yield 2,4-dichlorobenzhydrazide (3). Cyclization of
hydrazide (3) with carbon disulfide in an alkaline medium led to yield 5-(2,4-dichlorophenyl)-1,3,4-oxadiazole-2-
thiol (4), and continually alkylation of (4) led to obtain previously not synthesized S-5-(2,4-dichlorophenyl)-1,3,4-
oxadiazole-2-yl O-propyl carbonothioate (5). The structures of the synthesized compounds were confirmed by NMR,
PMR spectra. The physico-chemical characteristics of compounds synthesized earlier correspond to the reference
data. S-5-(2,4-dichlorophenyl)-1,3,4-oxadiazole-2-yl O-propyl carbonothioate (5) is a novel compound which
reported for the first time and has the interest study in further investigation of biological activities.

Key words: 2,4-dichlorobenzoic acid, hydrazide, cyclization, alkylation, biological activity.
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Axanemus Hayk Kuras, CHHBIBAHCKHI (PH3MKO-XMMUUIECKHH TeXHUUECKHi HHCTUTYT, KuTaii

CHUHTE3 U IPEBPAIIEHUE
5-(2,4-IUXJIOP®EHNJI)-1,3,4-OKCAIUA30J1-2-THOJIA

AHHOTaUMA. ['eTeporUKINYecKre COeINHEHUSI 3aHUMAIOT JOCTOMHOE MECTO B OPraHWYeCKOW XHWMHUH, B
MenulrHe, (U3MKe, arpOXUMHHU, MAaTEPUAIOBEACHHH M JPYTUX O0JACTSIX €CTECTBEHHBIX M TEXHHYECKHX HayK. B
MOCTIENHUE TONBI CPENU IIHPOKOTO CIEKTPa FeTepOIUKINICCKIX COSINHEHNH BHUMAaHHE XHMHKOB-OPTaHUKOB,
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(hapMaKoJIOTOB, TEXHOJIOTOB TPHUBIEKIHN 1,3,4-0KCaamas3oibl, 9TO CBA3aHO HE TOJNHKO C OOIIMM IPOTPECCOM B
N3yYECHUH Pa3lIMuHbIX [UKIM3aLUH, HO U C YHUKAIBHON criocoOHOCTHIO 1,3,4-0Kcaana3oiapHOrO KOJIbLA K IpeBpa-
LIEHUIO B JIDYTHE T'eTEPOLMKINYECKHE COSJMHEHUs, a TaKKe C MOUCKaMU OMOJIOTHUECKH aKTHBHBIX IPErNapaToB
Cpelu COECIUHEHHMM ITOTO psna.AKTyallbHOCTh PabOT MO M3YUYEHHIO T'eTePOIMKIM3AIUUTHIPA3HIOB OMpeneseTcst
OONBIION 3HAYUMOCTBIO HMX JUISI CHHTETHYECKONM W TEOPETUYECKOW OPTraHWYeCKOW XHWMHUH, a TaKKe IHPOKUM
CHEKTPOM TPAKTHYECKH IIOJIE3HBIX CBOWCTB WX MPOM3BOIHBIX. 3amemieHHbIe],3,4-0kcaanazon-2-THONbl YCIEeITHO
MPUMEHSIOTCST B MEIWIWHCKOW TMPAaKTHKE B KadecTBe (hapMaleBTHUSCKUX mpernapaToB. C IENbI0 MOMCKAa HOBBIX
BBICOKOA((PEKTHBHBIX OMOJIOTMYECKH aKTHBHBIX BEIIECTB B PsAY MPOU3BOAHBIX 2,4-muxiopOen3oitHoi kucnotsl (1)
MOCJIEIOBATENILHO OCYLIECTBIIEH CHUHTE3 3THI 2,4-nuxiopOen3oara (2) B pesynbrare peakuuu 3TepHUKalyu.
JanbHeiimee B3aumoaencTeue 2,4-auxiopoensoara (2) ¢ TuApa3suHTUAPATOM MPUBEIO K 2,4-TUXI0pOCH3rHAPA3HITY
(3). Huknmzamus ruzapasuaa (3) ¢ cepoyriepoioM B IIENOYHON cpexae mpuseno K S5-(2,4-muxnopdennn)-1,3,4-
OKCcanua3on-2-tnony (4), aJIKWINpOBaHHWE KOTOPOTO TIPUBEIO K paHee HE CHHTE3UPOBaHHOMY S-5-(2.4-
nmuxaopdennn)-1,3,4-oxkcaguazon-2-un O-nporunn kapooHOTHOATY (5). CTpYKTypa CHHTE3HPOBAHHBIX COEIMHEHHNA
noareepxkaeHa gaHHbIMU SAMP-, [IMP cniektpoB. OU3HKO-XUMHUYECKHE XapaKTEPUCTUKU CUHTE3UPOBAHHBIX paHee
COCIMHECHUH COOTBETCTBYIOT CIPABOYHBIM JaHHBIM. S-5-(2,4-muxiopdennn)-1,3,4-okcaauazon-2-ui O-npomnui
kapOoHoTHOAT (5) SABISIETCS HOBBIM, paHEe HE ONKCAHHBIM COCAMHEHHEM U MPEACTABSICT HMHTEPEC JUIs
JTATbHEHIIET0 UCCIe0BaHuUs OMOIOTHYECKON aKTHBHOCTH.

KuaroueBsble ciioBa: 2,4-1uxiopOeH30iHAS KACIOTA, TUAPA3U, IUKIA3ALNS, aJKIINPOBAaHIe, ONOIOTHIecKas
aKTUBHOCTb.

Beenenne. IlpousBoanbie 1,3,4-0kcagua3zonoB 3aHUMAIOT 3aMETHOE MECTO B CHHTETHYECKOU
opraHn4eckoi XuMuHd. [10BBIIEHHBI WHTEPEC K COSAMHEHUSIM JaHHOTO KiIacca BBI3BaH, MPEXKIE BCETO,
X OHMOJIOrMYECKOH aKkTHBHOCTBIO. B psay 1,3,4-0kcaamna3osioB W3BECTHBI MpPENapaTrhl, MPOSBIISIOIINC
MPOTHUBOPAKOBYIO, TPOTUBOTPUOKOBYIO, aHTHOAKTEPHATbHYIO0 aKTUBHOCTE [1, 2].

YuuTsiBas BRICOKAN (hapMaKOJIOTHUSCKHH MOTCHIINAT TIPOU3BOIHBIX 1,3,4-0KCaama3oiioB, HX CHHTE3
MIPEICTABIIICT HHTEPEC HE TOJBKO C TOYKHM 3PEHUS PA3BUTHS CTPYKTYPHOW OPTaHUYCCKON XUMUHU, HO U
JUTSL X TIOCIICAYIOIIETO MCIIOJIb30BaHUS B KAUeCTBE OMOJIOTHYECKH aKTHBHBIX BEIICCTB.

B npopomkenne paboT Mo CHHTE3Y HOBBIX IMOTEHIUAIBHO OMOJIOTHYECKN aKTUBHBIX COeIUHEHUH [3]
B pany 1,3,4-0kcannazonoB HAMH MPOBEACHBI CIETYIONTNE TPEBPAICHUS:

COOH COOC,H; CONHNH,
Cl Cl Cl
H,S0, NH,NH,*H,0
+ C,HsOH > —_—
Cl Cl Cl
. o (110
) 2,4-dichlorobenzoic acid 1)
CS,, KOH
C,H;OH
Cl & Cl
Br/ \O/\/
N N
~ ~
N NaOH, MeCN N
Cl 4 / - Cl 7 /
reflux, 8-24 h
(0] (0]
V) 1v)
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C nenpio cUHTE3a MCXOIHBIX CHHTOHOB JJIS1 TOJMYYEHHs MOTEHIMAIbHO OMOJIOTHUECKH aKTHBHBIX
COEMHEHWI HaMU OBUT CHHTE3WPOBaH ATHIIOBBIN 3up 2,4-nuxnopoenszoara (II) B pesynprare peakuun
srepudukanun 2,4-nuxnopoeH3oitHoi kucnotsl (I) ¢ abc. 3TaHOIOM B KHUCIIOH cpee.

OnHoli W3 HamOoyee MIMPOKO WCIONB3yeMbIX (YHKIMOHAIBHBIX TPYIN JJIsl  TIOCTPOCHHUS
rerepormkiandecknx cucreM spisiercss —C(O)NHNH2 — rpymnma, Tak Kak B CBOEH CTPYKTYpE COLCPIKHT
JBa pa3IM4YHBIX IO CBOEH NpUpone HYKICOQWIBHBIX LEHTpa. BBeneHue ruapa3sugHOH Tpynmnsl B
CTPYKTYpy COEIMHEHHs B 3HAUMTENbHON CTENeHH H3MeHseT OHnosiorumueckue cpoicTBa. IlosToMy Ha
OCHOBE THUAPA3UAOB M WX (QYHKUMOHAIBHBIX MPOM3BOAHBIX OBII CHHTE3UPOBaH LENBIH psin
JIEKapCTBEHHBIX MPENapaToB, 00IagaronX IPOTUBOTYOEPKYIE3HBIMHU, aHTHOAKTEPHATIBHBIME U APYTUMH
cBoiictBamu [4, 5]. OIHUM U3 OCHOBHBIX CIIOCOOOB TOJYYCHHS THUAPA3UIOB SBISICTCS B3aUMOJICHCTBHC
CIIOKHBIX 3()MpOB KapOOHOBBIX KHCIOT C TMAPA3MHTUAPATOM. Tak, KUISTYCHHEM 3TUIoBoro 3¢wupa 2,4-
nmuxnopoensoarta (II), B reuenue 4 4, ¢ 98%-HbIM TUAPA3UHTUAPATOM, B 3TAHOJIE, OBUI MOTYYCH THAPA3U
4-xap6oxcuakpunona (III), Berxom cocraBun 80%. [Hamee, mpu B3anmoneictBum runpasuaa (III) c
cepoyriepoioM, oiydeH 5-(2,4-nuxmnopdenun)-1,3,4-okcagnazon-2-tuon (1V).

B nwurepatype onmcaHo OonbpIIOe  KOJMMYECTBO  (DYHKIMOHANBHBIX MPOM3BOAHBIX  1,3,4-
OKCaaMa30laMUHOB,  OOJIAAIONIMX  Pa3HOOOpa3HOH  OHMOJIOTHUECKOW  aKTUBHOCTBHIO.  BBeneHwe
JOTMOJTHUTENIBHBIX (JyHKIMOHAIBHBIX (ALUIIbHBIX, CYyJb(aMUIHBIX, YPEUIHBIX, THOYPEUIHBIX U p.) TPyl
MO3BOJIACT MOJYy4aTh COEAMHEHHS C LIMPOKUM CHEKTPOM OHONOTMYecKoi akTuBHOcTH [6, 7]. Ha
OCHOBaHHUM BBINIECKA3aHHOTO CHUHTE3UpoBaH S-5-(2,4-nuxnopdennnl)-1,3,4-okcanuazon-2-un O-mponui
kapOoHotnoara (V) mpu B3aumojeiicteunS-(2,4-nuxmnopdenmn)-1,3,4-okcaanazon-2-tuona (IV) cramoren
3aMEIeHHbIM COeMHEeHneM (Tpomui KapOoHoOpomumaToMm). JlaHHOE coelWHEHHE SIBISIETCS HOBBIM,
paHee HE ONHCAaHHBIM B JIMTEpaType, 4YTO NPEACTABIISIET HWHTEPEC B M3YYCHHH OHOJIIOTHYECKON
AKTUBHOCTH.

Crpoenue S-5-(2,4-nuxnopdenunnl)-1,3,4-okcaanazon-2-un  O-nponun  kapOooHotuoara (V)ObLIO
n0Ka3aHo Ha ocHoanuu crektpos °C u 'H SIM. JlanHble mokasaHs B Tadmume 1.

Ta6mura 1 — Xumueckne capuri °C un 'H IMP Crpoenne S-5-(2,4-muxnopdermil)-1,3,4-okcaamazon-2-mm O-nporu
kapbonotuoara (V)

Cl
3002
HC—C N
4/ \ i J SN
Cl—C C
VN //k 0
HC—CH 0 I H, H
5 6 S—C—0—(C —C —CH;
'H SIMP (400 MHz, IMCO) C SIMP (101 MHz, IMCO)
[Iporonst S, ML J, Hz MyJIbTUILIETHO VYrnepoast S, M.
CTh
IH,H=6" 7.95 2.1 d 1C, -COO 174.15
IH,LH=5" 7.92 8.9 d 2C, oxad 155.82, 147.72
IH,H=3" 7.71-7.63 m 2C, Cl-Ph 132.96, 132.47
2H, H = OCH, 4.39 6.5 t 4C, Ph 131.43, 131.28,
2H,H=CH, 1.80- 1.69 m 128.76, 128.65
3H, H=CH; 1.03-0.93 m 1C, -O-CH, 70.86
2C, alk. 21.79, 10.86

3KC]’[epHMeHTaJ’IbHaH 4acTb

KoHTponb peakiuii ¥ YHCTOTHI CHHTE3MPOBAHHBIX BEIIECTB OcCymiecTBIs MeTtogoM TCX Ha
iactuakax SilufolUV-254 (nposiBnsum mapamu iona). MK-criekTpel CHHTE3UPOBAHHBIX COCIMHEHHH
3anmcanbl Ha cnektpomerpe Specord 75 IR B Bume ToHKOTO cios, B TabneTkax KBr, B BazennHOBOM
Maciie, B pacTBopax xyopodopma u dYeTblpexxjopuctoro yriepoma. Crektpsl [IMP 3ammcanbl Ha
cnektpometpe BrukerWM 250 u cnektpomerpe BrukerDRX 500 ¢ paboueit uactoroit 250, 500 MI'n ipu

— g4 ——



ISSN 2224-5286 Cepus xumuu u mexnonozuu. Ne 6. 2017

temneparype 25°C. Buyrtpennuit cranmapt ['M/IC, pactBoputenun CD;OD, IMCO-ds, xumndeckue
CABUTH IIPOTOHOB BBIPAXKEHBI B IIKAJE O, M.,

Cunre3s 3THI0BOT0 3pupa 2,4-quxaopodenzoara (1I)

Cwmech10 1 (0.0523 M) 2,4-nuxiopoen3oitHoi kuciotsl (1),4.6 T (2.5 m)abc. ataHosa U2.5 MJIC KOHII.
H,SOgnarpesator npu Temneparype 70-80°Ce Teuenne 4-x uacoB. OCTaTOK 3TaHONA OTrOHSIOT. Ilocre
COOTBETCTBYIOIICH 00paboTku noxy4aroT 10.1 r (88%)atunoBoro adupa 2,4-nmuxiaopoensoara (11).

Cunre3 2,4-nuxyopoensruapasuaa (11I)

Cmech 8.8 T (0.1 M) stunoBoro 3¢upa 2,4-muxmopoenszoata (II), 6 r (0.12 M) ruapasuHTHApaTa
(100%) HArpeBAIOT B STHIOBOM CIHPTE B TEYCHHH 24acoB mpu Temmeparype 75-80°C. ITo okoHuanuu
pEeaKIuy 3TaHOJ OTTOHAIOT. BhIMaBmMK OCaloK KPUCTAJUIM3YIOT W3 IeTposeiHoro s¢upa. llomyyaror
6.43 1 (78%) 2,4-nuxnop6ensrunpazunaa (11I).

Cunres 5-(2,4-nuxaoppenmi)-1,3,4-oxcaaunazon-2-tuoga (IV)

Cwmecs 2.05 1 (0,01 M) rugpazuga (I11), 0.56 T (0.01 m) KOH u 0.76 t (0.01 m) CS, HarpeBaroT B
abcomoTHOM 3TaHoie 4 uyaca. [lomyueHHYI0 Maccy KOHLEHTPHPYIOT B CTakaHe M OXJaXKAAOT 10
KOMHAaTHOH Temmeparypbl. amnbiie CMeCh TMOJKHUCISIOT pa30aBICHHOW CONSHHOM KHCIIOTOH.
[Monyuennsiii ocanoknepekpucrauiuzoBeiBaoT u3 C,HsOH. [Monyuarot 2 1 (81%) 5-(2,4-nuxnopdenun)-
1,3,4-oxcamnazon-2-tuona (I1V).

Cunre3 S-5-(2,4-nuxnopdenninl)-1,3,4-oxcaanazo-2-ua O-nponua kapoonornoara (V)

K pactBopy 0.44 r (2 mMmonb) 5- (2,4-muxnopdenun) -1,3,4-okcanuazon-2-tuona (IV) u 0,08 r (2
mMmoins) NaOH B 50 min aneronutpuianobasnstor mo 0.334 r (2 mmons)nponui kapOOHOOpoMHATA.
[Mony4yenHnyto maccy HarpeBaloT B TeueHMH & wuyacoB.llocime cooTBeTcTBymomeld 00pabOTKH U
HepeKpUCTa/UIM3alul 13 aneTonutpuna mnoiayvarot 0.57 © (86 %) ¢ t. mr 126-127 °C.S-5-(2,4-
muxinoppenunl)-1,3,4-oxcagnazon-2-un O-nponuia kapoborotunoara (V).
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5-(2,4-TAXJJOP®EHMT)-1,3,4-OKCATUA30.J1-2-THOJIBIH
CHUHTE3I ’KOHE TYPJEHIIPYJIEPI

AnHOTanusi. ['eTepolMKIIK KOCBUIBICTAp OPraHMKAIBIK XUMHS, MEIUIWHA, (U3UKA, arpoXUMUs,
MaTepHalITaHy jkoHe 0acKa Jia sKapaThUIBICTaHY MEH MHXXECHEPHS FhUIBIMIAPHI cananapblHa MaHbI3Abl OPbIH ajajbl.
COHFBI XKBUIIAPBI, OPraHUKAJIBIK XUMHUKTED, (hapMakoorrap, TEXHOJIOTTap Ha3aphl FeTePOLHMKIIIK KOCBUIBICTAp KEH
ayKBIMBI apacsiHa 1, 3, 4-oxcamua3onmapra ayaapbUIabl, OWT TYPIIi MUKIACYII 3epTTEYAiH KaJIbl OaphICHIMEH FaHa
emec, coHmaii-ak 1, 3, 4-okcamma3onl CaKWHACHIHBIH ©3T¢ [I¢ TeTepPOIMKIIl KOCBUIBICTapFa alHamyra Oiperei
KaOleTi, ®OHEe OChl KOCBUIBICTAp CEPHUSsCHI apachlHa OMOMOTHSUIIBIK OEJICEeH/II KOCBUIBICTAp i3/ieyre OaijaHbICThI.
I'mapasunTepliH  TeTepOLUKIACY 3€pTTeY IKYMBICTAPBIHBIH ~ ©3CKTLNN TEOPHSIIBIK JKOHE CHHTETHKAJIBIK
OpraHUKAaJbIK XMMUS YIIIH YJIKEH MaHbI3BIMEH, COHIali-aK OJapIblH TYBIHIBUIAPBIHBIH Maiilajgbl KaCHETTEPiH KeH
CICKTPIMEH aHBIKTAJNAAbl. MEIUIMHAIBIK MpaKkTHKaAa (GapMaleBTUKAIBIK Topl PETIHAC OKCaaMa30Ji-2-THOJIap
KOJIIaHbUIaabl. 2, 4-1uXiIopOeH30i KhILKbUIBI (1) KaTapblHaH jkaHa OFapbl OEJICeHAl KOCBUIBICTAp i3/ey YLIIH
sTepuUKanusl peakuusachl periMeH 3Tui 2, 4-nuxiopOenzoar (2) cuHresnenreH. [wapasuH ruaparteiy 2,4-
nmuxaopOen3oarner (2) omaH opi peakmusicel 2, 4-muxnopoensruapasuake (3) okemmi. ['mapasunrin (3) cinTirik
opTajarbl KeMipTeri qucyabQuiaiMeH nuKiaeyl Hotmwkecinne 5-(2,4-nmuxnopdennn)-1,3,4-okcagnazon-2-tuosra (4)
OKeJNZl, OHBIH aJKwiaeyl OyYpbIH cuHTe3genMereH S-5-(2,4-nuxnopdenun)-1,3,4-okcamuazon-2-un  O-nporw
kapbonoTHoat (5) 6epai. CuHTe3aeNTeH KOChUTBIcTapAblH KypeutbiMel SIMP, TIMP cniektpinae tekcepinmi. bypea
CHHTE3JIENITeH KOCBUIBICTAPABIH (PH3UKA-XIMISUIBIK CHIIaTTaMallapbl IEPeKTeri ciiTremere coiikec kememi. S-5-(2,4-
nmuxaopdennn)-1,3,4-okcanuazon-2-un O-mponwn kapOboHOTHOAT (5) *KaHA KOCBUIBIC, OYPHIH CHITATTaJIMaFaH >KOHE
OHOIOTHsIIBIK OSNICEHALTITIH O/1aH dpi 3ePTTEeY YIIIH KbI3bIFYIIBUIBIK KOPCETE I

Tipek co3nep: 2,4-11xI0pOEH30# KbILIKbUIbI, TUAPA3U], LIUKIIIEY, AIKHIIEY, OHOIOTHSIBIK OSICeHILTITI.
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INVESTIGATION OF THE PROCESS OF HYDRAULIC
CLASSIFICATION OF PHOSPHORUS SLIME TO OBTAIN THE
PHOSPHORUS FOR THE PRODUCTION OF GLYPHOSATES

Abstract. At the phosphoric plants, at technological processing of phosphatic and siliceous raw materials in the
ore thermal furnaces, at a stage of condensation of phosphorus the withdrawal in the form of slime containing on
average up to 65% of elementary phosphorus, 25% of water and 10% of mineral substances is formed. For economic
reasons, in order to avoid phosphorus losses, and especially on sanitary conditions to throw out them categorically it
isn't admissible as sludges being oxidized in oxygen air form a large number smoking unhealthy to all live organism
of oxide of phosphorus. In process of accumulation they are processed, and at long storage sludges "grow old",
reduce a phosphorus exit. The analysis of references by training of sludges and to release of phosphorus from them
shows that works were carried out on sludges with the content of phosphorus more than 30%. We, based on earlier
provided data, have conducted researches on enrichment of poor phosphoric slime by cold washing at hydraulic
classification and extraction of phosphorus from him. Applied pressure head capacity of 10 1 to washing of the poor
phosphoric slime used in researches., supplied with the crane, long funnels with a capacity of 0,6 and 1 1., connecting
hoses other. As a result of the conducted researches it is revealed that reduction of speed of washing water / with
leads less than 0,02 c¢cm to reduction of losses of phosphorus with the washed dirt and to his enrichment from 20 to
30-35% of P4; besides increase in volume of humidity of phosphorus-containing slime at washing is followed, under
identical conditions, by increase in a specific consumption of water. These dependences of extraction of phosphorus
from phosphoric slime from temperature have shown that temperature increase promotes increase in an exit of
phosphorus up to 84%. Data of the analysis of the dry rest of the slime which is carried out on a raster electronic
microscope of ISM 6390 LV (Japan) have shown that he contains (in %) phosphorus near — 23; zinc — 1,03;
magnesium — 0,1; silicon — 1,2; calcium — 1,3; potassium — 0,1; aluminum — 0,3 and sodium 0,35. Proceeding from it
it is possible to draw a conclusion that it can be carried to the enriched superphosphate containing minerals and are
recommended for use as phosphorus-containing fertilizer.

Keywords: glyphosate, phosphorites, phosphorus, phosphorus slime, hydraulic classification, phosphorites,
phosphorus
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Annoranus. Ha docdopHBIX 3aBomax, mpu TexHOJOrHmYecKoM mepenene (ochaTHO-KPEeMHUCTOTO CHIPhS B
PYAHOTEPMHUUYECKHX TE€4Yax, HAa CTaJuM KOHICHcauuu ¢ocopa obpazyercss oTXOX B BHAE [UIAMa, COACPKAIIUN B
cpenHeM n0 65% nsnementapHoro (ocdopa, 25% Bomer m 10% wmuHepanbHbIX BemecTB.Ilo skOHOMHUYECKHM
coobpaxeHussiM, Bo u30exxaHue morepb (ocdopa, ¥ OCOOEHHO IO CAHUTAPHBIM YCJIOBHSIM, WX BBIOPACHIBATH
KaTerOpUIECKH HE JOMyCTHUMO TaK Kak [IIaMbl OKHCIISISICh B KHCIOPOJHOM BO3yXe 00pa3yroT O0JIbIIOE KOIMYECTBO
JBIMAIIETO BPEIHOTO U 3[0POBbS BCEMY JXMBOMY OpraHmsMy okcuna ¢ocdopa. Ilo Mepe HakomieHHs HX
nepepabaThIBalOT, U MPH JIOJITOM XPaHEHUH IUIAMbI «CTapeloT», CHIKAIOT BhIX0X (hochopa. AHAIN3 TUTEPATYPHBIX
HMCTOYHUKOB 110 00pPA30BAHMUIO IIIJIAMOB ¥ BBIICICHUIO M3 HUX (ocdopa MOKas3bIBACT, 4TO PabOThI MPOBOIUINCH Ha
nuiamax ¢ cojaepkanueM ¢ocgopa 6omnee 30%. Hamu, ocCHOBBIBasICh Ha paHee MPUBEACHHBIC CBEIACHUS, TPOBEICHBI
UCCIIeOBaHMs 10 oborameHuio 6eaHoro (ochopHOro IuIaMa IyTeM XOJIOJHONW OTMBIBKH NMPU THAPABIMYECKON
knaccudukanuu 1 n3BiedeHun (ocdopa nz Hero. s orMbIBKH OenHOTO ocdopHOro nuiama, MCroiIb3yeMoro B
HCCIIEJOBAaHMSAX NPUMEHSUIN HAIOPHYIO eMKOCTh 00beMoM 10 J1., cHaO)KEHHYIO KPaHOM, JUIMTEIbHBIMH BOPOHKaMHU
emkoctbio 0,6 u 1 1., coennHUTENbHBIE IUTAHTH JIp. B pe3ynprare MpOBEACHHBIX HCCICIOBAHUN BBISBICHO, YTO
CHIDKEHHE CKOPOCTH MPOMBIBHOU Boxbl MeHee 0,02 cM/C MPUBOIUT K YMEHBIICHHIO TOTEPh (pocdopa ¢ OTMBITOM
rps3eio U oboramenuto ero ¢ 20 mo 30-35% P4; kpome 3TOro compoBOXIaeTCs yBeNIWYeHHE 00BbeMa BIAKHOCTH
(docdopconeprkamiero nrIaMa Ha IPOMBIBKY, IIPH OJMHAKOBBIX YCIOBHSX, HOBBIILIEHHEM yJEIbHOIO pacxosa BOABL
JlaHHbIe 3aBUCHMOCTH H3BiedeHus docdopa n3 GochopHOro muIaMa OT TEMIIEPaTyphl MOKa3aIH, YTO HOBBIILICHUE
TeMIIepaTypbl CIOCOOCTBYET yBENIWYEHHIO BbIXxoAa (ocdopa mo 84%.JlaHHble aHamM3a CyXOro OCTaTKa LIIama,
MPOBEACHHOIO Ha PacTPOBOM 3JIEKTPOHHOM MuKpockorne ISM 6390 LV (Slnonus) mokasaiu, 4TO OH COJACPXKHUT (B
%) docdopa okomno — 23; nuaka — 1,03; maruus — 0,1; kpemuus — 1,2; kanpuus — 1,3; kanus — 0,1; amromununs — 0,3
n Harpus 0,35. Mcxoms M3 3TOro MOXKHO cCJenaTh BBIBOJ, YTO OH MOXKET OBITh OTHECEH K 00oramieHHOMY
cynepdocdary coxepramieMy MHUKPOIEMEHTaMHI M PEKOMEHIYIOTCSI K HCIIOIb30BaHMIO Kak (ocdopconepskamiye
ynoOpeHue.

KiaroueBsle ciaoBa: rmudocar, dochoput, docdop,pocdoprsrii muiam, ruapaBrIudeckas KiaccH(pHU-Kamus,
CKOPOCTH IPOMBIBKH, CyXOH OCTaTOK.

Brenenue

JItoOble JOCTMIKEHUS HAYYHO-TEXHHUYHOTO TIPOIlecca B arpOTEXHUKE M CEIICKIMU MOTYT JaTh
OKUIAeMBIX PEe3yJIbTaTOB, €CIU CEIbCKOXO3SIICTBEHHBIE KYJIBTYPhl OKAXKYTCS HE 3alIUIIEHHBIMH OT
COpPHSKOB U BpeauTeneir. Hanboee 3(pPpeKkTHBHEIM METOIOM 3aIllUTH PACTCHHUM OT 00JIE3HEH U COPHIKOB
SIBJISICTCSI XUMUYECKUNA METOI.

Hcropun npuMeHeHHs] XUMUYECKHUX METOJI0B OOpBOBI ¢ 00JIe3HAMU pacTeHuil HaunHaeTcs ¢ 1882 r.,
Korza (QpaHIy3cKuil ectecTBoucbITaTensb [Ibep Muimsipiie OTKpbUT OOPIOCCKYIO KHUIKOCTH, KOTOpast 10
HACTOSIIIIETO BPEMEHH HE YTpaTHia CBOEro 3HauyeHHs. B ucropum umerorcst emie Oonee paHHHE
CBUJICTEIHCTBA 00 UCIOIB30BAHUU PA3IMYHBIX BEIICCTB JUIsSl 3aIlIUTHI pacTeHui. DpaHIly3CKUi ydeHBIH
Punere me Cep B 1629 romy mpemioxun o0Oe33apakuBaTh CeMeHa MOYOH, I/ie aKTUBHBIM BEUIECTBOM
SBJISICTCSI aMMHUak, a B 1867 roay (yHTHIHIHBIE CBOMCTBA (opManbaeruaa OTKPHII HEMEIKHH XUMUK-
opranuk ['opman ABryct Bunbrenasm. Tonbko B koHIle XIXBeka (Gopmanbaerua cTaid MPUMEHSTh IS
00paboTku KiIIyOHEH KapTodens U CeMsiH 36pHOBBIX KynbTyp [1].

Ha ocHOBaHMM aHanmm3a HaydHBIX pabor [2-11] BEIIBIEHO, YTO OJHHM U3 TIEPCIEKTHBHBIX
MECTUITUIOB SIBJISICTCS TMGOcaT — IperapaT MIUPOKOTO CIEKTpa NEHCTBUS.

I'madocar, kak oAMH W3 TPEACTaBUTENCH (DYHTUIIMIOB W TECTUIMIOB, UCIOIB3YETCS TaKKEe JUIs
00pabOTKH MPUCTBOIBHBIX KPYTOB M MEXKITyPSIUNA B Calax ¥ BHHOTPAIHUKAX.

Ha ¢ocdopHbix 3aBomax, mpH TEXHOIOTHYECKOM THepenene (ochaTHO-KPEMHUCTOTO CHIPbS B
PYIHOTEPMHUYECKUX Ie4aX Ha CTaauu KoHjaeHcarmu Qochopa oOpasyercs ImiaM, COACPIKALIHI
(ocopHBIl MIUHEPAIBHBI OCTaTOK BemlecTB. 110 IKOHOMHUYECKUM U JKOJIOTHUYECKHUM COOOpakeHUsIM U
OCOOCHHO 110 CaHUTAPHBIM YCJIOBHAM, IIJIaMBl BBIOpaceiBaTh HemomycTumo. lloatomy mo wmepe
HAKOIUICHUS U JIOJTOM XPaHEHHHU MUIAMBI «CTaperoT», BHIX0A Gocdopa Npu ux mnepepaboTke Ha YCIOBHE
nponykTel. Cpeanee comepskamue ¢ocdopa B mutaMe cocTasiser okoio 65% u no 10% muHepanbHbIe
YJacTH, XpaHsaImmecs 1Mo Bomoit [12-15].

AHanmu3 JUTEepaTypHBIX HCTOYHHKOB [15-17] mo oOpa3oBaHWIO NUIAMOB W BBIICIEHUIO U3 HUX
(docdopa mokaspIBaeT FIKCICPUMEHTAILHBIC UCCIIEAOBAHUS, YTO MPOBOAMIKNCH HA IIJIAMAaX C COJACPIKaHUEM
¢docdopa 6omnee 30%. Hamu, ocHOBEIBasiCh Ha paHee NMPHUBEACHHBIC CBEIIEHUS, IPOBEACHBI UCCIEAOBAHUS
mo oboramieHno 6emxHoro $GochOopHOTO NIIaMa IMyTeM XOJOJIHONH OTMBIBKH B MPOIECCE THAPABIMICCKOM
KIaccuduKaluy U u3BiacueHun ocdopa.
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[Ipu nepepabotke hochopHOro nuTamMa Ha sIeMeHTapHbINH Gocdop, a 3aTeM Ha GOochOpHbIC KUCIOTHI
«OemHOTO» TUTaMa HWCITONB30BAICS TMPOAYKT OceBIMM B cOopHHMKax (ochopa OarmeH
«ropsiueii» U «XOJOJHOW» KOHACHCAINH, 00pa30BaBIIMIiCcsS TpHU niepepaboTke GochopuTHOro arimomepara
u3 Menoun Gpochoputos Oacceiina Kaparay Texymiei TOCTaBKH.

B mnmrensHyo BopoHKY eMKocThio 250 Mr 3arpyxanu 20% dochoprsrii nuram B kommuectse 338 rp,
MMEIOIIEro MIOTHOCTH 1, 755T/cM® M CHU3Y TOJ1aBaii FOPSUYI0 BOY, KOTOPAs yAANsIa OTMBITYIO IPS3b C

B Ka4YCCTBC

BEPXHEU Y4aCTU €MKOCTH.

B nanpHeHmuX McCClienOBaHUSAX HCXOJHBIN IUIaM MPOLEKUBAIM Yepe3 CUTO C pa3MepoM sueek 1,
5x1, 5mM, Toe B HaacuTeBOM clioe ¢ochopcoaepikaliero mpoaykra oOHapYKEHbI YaCTHUKH JKEITOTO
¢dochopa sHTApPHOTO 1BETA, B JOPME HEMTPABWILHBIX KaleleK, pa3MepoM OT 5 10 15MmM.

M3Baedenne dhocdhopa u3 hochopHOTro NMITaMa MPOU3BOIATCS B almapare, MPeCTaBISIONIEro co0oit
Oapaban gumamerpoM 100MM, mmuHOW 100MM, Kavaromuiics Ha omopax-ponukax. Kauanwe OapaOana
OCYIIIECTBISCTCS BPYYHYHO B 00€ CTOpOHBI. 3arpy3ka QociuiamMa B 0OapabaH NpPOU3BOAUTCSA dYepes
BOPOHKY, YCTAaHOBJICHHYIO Ha MOJIbIN Bajl ¢ TOpIeBOM cTopoHbl. [lopuinonHas 3arpyska coctasisier 0,02-
0,025cM(3-4kr). s BeICHHS TeXHONOTHYECKOro Mpolecca pa3paboTaH BPEMEHHbIH TeXHONOIHYeCKHH
periiaMeHT M UHCTPYKIUS, C YYETOM COOJIIOICHUS PABHUII TEXHUKH 0€301MacHOCTH.

Pe3yabTaTthl 1 ux o0cy:KaeHue

Cosznanue onpe/eleHHbIX YCIOBUN MPH THAPABIHYECKON KIIACCU(PUKAIUH, T.€. CKOPOCTEH, TTO3BOIHT
MOBBICUTh KOHIICHTpaluio (ocdopa B 1miame, a 3areM u3 3Toro ¢ochopa monyuutb GpocHopHyo U
(hochopucTyIO KHCITOTHI.

Juns oTmbiBKE (QochOpHOro ImiaMa, HCHOJIB3YeMOTO B HCCIEIOBAHUSAX NPUMEHSIIA HAMOPHYIO
eMKocTh 00bemMoM 10 7, CHaOGXXEHHYI0 KpaHOM, JUIMTeNbHble BOpoHKH emkoctd 0, 6 um 1 .,
COEMHUTENbHBIE IIJIAHTH IPYTHE MPUCIIOCOOICHUS.

Borarernit mutam comepxkut (MonbH. goiu %): P,0s-71,4; Fe,05— 0, 17; AlL,O;— 0,08; Mg — 0,25; CaO
— 18, 8; H. 0. — 7,5; B TOo BpeMs kak Oenubiii uam: P,Os - 24, 3; Fe,053— 0, 2; A1,0;—0,9; Mg — 0,27; CaO
—35,5;H. 0. — 24,7. Pe3ynbTaThl UCCIAEAOBAHBIN MPHU Pa3TUIHBIX CKOPOCTSX Ipoiiecca TUAPOOTMBIBKH, OT
0, 001 mo 0, 01 cm/c, moka3aHn B Tabmule 1.

OTMBIBKA IIJamMa TPOBEJEHA C IENhI0 COCTABJIICHHS] MaTepUalbHOTO OanaHca, 0e3 MPOIeKUBAHUS
MCXOJHOTO IITaMa OT BOJBL. B mporiecce OTMBIBKE MUHEPAIbHON YacTH OOHAPYKEHBI TBEP/Able KyCOUKH
HEeNpaBUIHHON GopMBI pazmepom oT 1 10 10MmM.

Ta6muna 1 — CopeprkaHue MPOIYKTOB IIPU Pa3IMYHBIX CKOPOCTSIX OTMBIBKH (hocruiaMa
CKopocTs, Ob6vem Konnenrparus P, B Konnentpanusa P, 8 | Konnenrparus P48 % O6Bem
cm/c IIPOMBIBHOM % B UCXO/HOM IIJTaMe % B BOpPOHKE B OTMBITOH IpsA3H uuiaMa
BO/IbI B JIUTPaX e’
0,001 2 20,3 24,8 4,23 250
0,01 2 20,3 25,16 4,23 250

AHanu3 1aHHBIX TaOIUIB! 1 TOKA3bIBAET, YTO:

- CHI)KCHHE CKOPOCTH TpPOMBIBHOW Bombl MeHee 0,02 cM/C TPHUBOIUT K YMEHBIICHUIO IIOTEPH
¢docdopa ¢ OTMBITO# Tpsi3bi0 U oboramieHuo ero ¢ 20 10 20-25% Py;

- yBenuueHue oObema (Qocdopconepxkamero nulaMa Ha TPOMBIBKY CONPOBOXKAAETCS, IPH
OJIMHAKOBBIX YCIIOBHSX, IOBBIIICHUEM YAEIBHOTO PACX0/a BOIBI.

Jannble u3 KoToporo u3BnedeHus pocdopa u3 pochopHoro nuiaMma B 3aBUCUMOCTH OT TeMIIEPaTyphl
MOKa3aHbl HA PUCYHKE |, M3 KOTOPOTO BUAHO, YTO TIOBBILICHUE TEMIIEPATY Pl CIIOCOOCTBYET YBEIHMUYECHUIO
BeIxoaa hocdopa u3 pocdopconepxariero maama 1o 84%.
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Pucynok 1 — 3aBucuMoCTb cTeneHH u3BieueHus Gpocdopa U3 nuiaMa oT TeMIIepaTypbl

JlaHHbIe aHATH30B YCPEIHEHHOTO XMMUYECKOTO COCTABANPOAYKTOB — GocOopHOro Iuiama, nuiaka u
¢dochopa mpuBeneHb! B Ta0IMIIE 2.

Tabnuua 2 — YcpeaHeHHbBI XUMHYECKUI COCTaB MIPOAYKTOB

Haumenoanme CoaeprkaHue KOMIOHEHTOB B %%

H. O P205 CaO A1203 FEZOj, F P4
[nam 42,2 18,5 16, 8 2,6 2,3 0,94 12,6
lmax 18,5 18,9 9,9 1,7 1,3 3,2 6
Dochop 0,4 - - - - - 99, 6

JlanHple aHamM3a CyXOro OCTaTka MulaMa MPHUBEIEHHOTO [0 HCCICNOBAHUAMU Ha PacTPOBOM
ANEeKTPOHHOM MHKpockorne ISM 6390 LV (Slmonns) Ha pucyHKe 2 TIOKa3bIBaIOT, YTO OH COAEPIKHUT (B %)
docdopa okono — 23 u Gonee; xeneza — 1,8; munka — 1,03; maraus — 0,1; kpemuus — 1,2; kanbiws — 1,3;
kanusa — 0,1; amomunusa — 0,3 u Hatpus 0,35. Mcxoas U3 3TOro MOKHO CHENATh BBIBOJ, YTO OH MOXKET
OBITH OTHECeH K oborameHHOMY cymnepdocdary, comepikameMy MHUKPOIIEMEHTBI U PEKOMEHAYIOTCS K
MCIOJIB30BaHMIO Kak ochopcoaepkaiiue yaoopeHue.

T FNEKTROHHOS KIODPAHEHIE |

CnexTtp 1

0 1 2 3 4 5 =] 7 g a
MonHaa wkana 8337 wwn. Kypcop: 0.000 [3<l=]

Pucynok 2 — CrieKTpaJibHBIN aHATU3 3JIECMEHTAPHOTO COCTaBa CyXOro ocrarka (pochopHOro nuama

— 100 ——
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BoIBOaBI

dochopcoaepkamue IUIaMbI, 00pa3yIONTHeCs MPH IESKTPOTEPMUIECKON U mepepadboTku docdopa
TaKkKe MX arperatHyr YCTOHYMBOCThH CJIEIYeT pacCMaTpUBaTh KaK COBMECTHBIC JeicTBHS BaHn-nmep
BanbCOBCKHX CHIT 3JCKTPUYECKOTO B3aWMOJCHCTBUS 3JICKTPONOBEPXHOCTHOTO U aJICOPOIIMOHHOTO
HATSDKEHUs, OOpa3ylolue Ha IMOBEPXHOCTH YACTHI] IJIJaMa MeXaHO-dHepreThieckne Oapbephl MOHOB
KaJbIWsl, Maraus, (ropa, Xjopa, cepbl, KpeMHUs, pocdopa, HATPHS, YACTUIIHI HEMTPOPEArHPOBABIIETOCS
yrieposia, Ha OCHOBE METAJLIYPTHYECKOr0 KOKCa, rpaduTa M Pa3IUYHBIX OPraHUYECKHUX COCIUHCHUIMA
JIPYTHX BEIECTB.

Ha ocHoBaHmm 3TOro mpemyokeH THAPOKIACCH(PUKAIIMOHHBIA METON pa3[elieHHs MulaMa IpH
CKOpPOCTSIX TpOMBbIBaHUS xojiomHou Bomout ot 0,001 mo 0,01 cm/cek, ¢ MOCIENYIOIMUM H3BJICYCHHEM
dochopa B TemMmepaTypHOM HHTEpBAIIC 250-260°C u xomjeHcaunmeil B Gamime, MyTEM OPOLICHUS
XOJIOAHON BOJAOH.

BrisiBeHo, 4ro B mpoiecce OTMBIBKH (ocdopa Bomoi cojiepxanue (ocdopa MOBBIIIACTCS B
3aBHCUMOCTHU OT CKOPOCTH NPOMBIBKH Ha 10-15% OT MCXOHOTO collepKaHUs €ro B ILIaMe.
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TIIM®OCATTBI ATY MAKCATBIMEH ®OC®OP/Ibl HIBIFAPBIII AJTY YIIIH
DOCPOP IIVIAMbBIH I'MJIPABJIMKAJIBIK KIKTEJIIM YPAICIH 3EPTTEY

Annotanusi. Pocdop 3aybITTapbiHIA, KEHII TEPMISUIBIK Temrepae (ocgaTThl-KPeMHHUIII IIMKI3aTThIH
TEXHOJIOTHSUIBIK Oeirinze, GochopaslH KOHIEHCAIMSIaHy CaThICBIHAA KypaMmblHOa 65% ne#in mutam, 25% cy
soHe 10% MuHepanapIK 3aTTap 6ap nulam KyHiHIe KalabslKTap Ty3uIei.

OKOHOMUSUTBIK JKaFbIHAH, COHAai-aK (pocopmpl KOFanTIay MaKcaTBhIHAA, 9cipece CAaHHUTApJBIK IIapTTapra
OaiinaHbICTBl ONIAP/BI TAcTayFa MyJiieM Oonmaiapl, ce6ebl mulammap OTTEKTI ayajga TOThIKKaHAa OapiblK Tipi
ar3ajiapra 3usiH OOJIBIN KelieTiH TyTeHreH (ochop OKCUAIHIH YiKeH Medmepi Ty3eneai. XKuHanybiHa Kapail ojap/sl
KaiTa eHJIeii, XKoHe y3aK cakTay Ke3iHJe HIIaMaap «KapTasabh», hocopasiH Oeminyi azasasl. [llnamaapasiy Ty3inyi
xkoHe onapaaH ¢ochopasiy OemniHyi OoifbiHIIA omeOM capanTay KaiTta eHjaey MKXYMbIcTapbl KypambiHga 30%
acamnaiteiH (ochopsl 6ap nuIAMIapMEH KacaJlaThIHBIH KepceTTi. Eprepek kenripiireH kepceTKimTepre Heri3uenin,
THIPABIUKAIBIK KJIacCH(UKAIUA KOHE IUIaMHAH (ocdopabl Oefinm amymarbl IIIaMaapiasl My3aail KyyMeH
KezneneHrex ¢pochopisl muIam sl 0aiibITy OolbIHIIA 6130€H 3epTTeyIIep KacaFaH.

Kepeitnenren nuiamaapabl xKyy Ke3iHIe KpaHMEH, ChIbIMABLIBIFEL 0,6 %koHE 1 11 y3apThUIFaH BOPOHKATAPMEH,
0aiIaHBICTHIPFBILI NIJTAHTAIAPMEH T.0. Ka0AbIKTaIFaH CHIABIMIBUIBIFEL 10 JT aFBIMIBI CHIAMIBLIBIK KOJIJAHBUIFaH.

KacanmraH 3epTTenep HOTHXKECIHAE >KYBIHABI CyIbIH KeurmamasirslH 0,02 cM/c TemeH Tycipy dochopasiH
JaiiMeH KoraryblH xkoHe oHBIH 20 man 30-35% neiin P4 GaifpIThuTysIH; OfaH Oernek Oipneit armalaa, sSsFHU CyIbIH
YJIECTIK UIBIFBIHHBIH KOOCIiMEeH JKyyFa HABIMKBUINBIK KONeMiHiH YiFaloblH kepceTTi. Docdopmasr dochopisr
HIIaMHaH 06l ajyAblH TeMIleparypara TOYeNIUIIrT KepCeTKilTepl TeMIeparypaHblH yIFaiobl (ochopabiH
Oemninyin 84% neiiin okenetini kepceTti. ISM 6390 LV (OKanoHwus) 351eKTpOHIIBI PacTpiibl MUKPOCKONTA JKacaFaH
KYpFaK [UIAMHBIH capanrtay kepceTkimTepi oHblH 23% ¢ocdop; uunk — 1,03%; marauit — 0,1%; kpemuuii — 1,2%;
kanbimi — 1,3%; kanmii — 0,1%; amromunuiit — 0,3% sxone Hatpuii 0,35% KypalThiHbl KepceTinai. byaan Kopbita
KeIreHae, OHbI KypaMbIHIa MHUKPOIEMHTTEpi Oap cymepdocdarka KaTKpi3yFa xkoHE (ochopkypamaam
THIHANTKBILITAP PETiHJE Maiifananyra G0NaTHIHBIH TY)KBIPBIM JKacayFa 0o ibl.

Tipek ce3mep: rimdocar, gocdoput, dpochop,pochop nuIAMBI, THAPABIUKAIBIK JKIKTEY, A0 XKbUITAMIbI-
TIBIFBI, KOy KaJIBIK.
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PHOSPHATE RAW MATERIAL AND ITS PROCESSING
PRODUCTS ANALYSIS FOR RARE EARTHS BY
COMPARATOR INAA USING REACTOR WWR-K

Abstract. Instrumental neutron activation analysis (INAA) proved itself long ago as one of the basic analytical
techniques applied to analyze mineral resources and other objects for rare earth elements (REE) content. One of its
up-to-date modifications based on comparator INAA uses the internal standard method to improve analytical
precision. Element Fe often appears as the internal comparator, but precision of its measuring by an independent
method, such as X-ray fluorescence, as a rule, is insufficient to analyze objects with artificial matrixes for REE
contents with relative uncertainty lower than the admissible one. Such objects include phosphorous production
wastes, which are a valuable REE source, as well as wastes processing products, and REE concentrates.

In the present work, based on samples irradiation conditions and measuring conditions optimization as a result
of investigations, potential of INAA relative standardization method to analyze Fe comparator with required
precision (relative uncertainty <5%) is demonstrated. This eliminates necessity in an independent method. Using the
certified reference materials of phosphate mineral resources, relative uncertainty of REE content measuring by
internal standard based comparator INAA is evaluated — not more than 8%. Following the example of REE analyses
in different samples of phosphorous production and its processing products, the proposed approach is shown to
analyze technological samples for REE contents according to III category of precision.

Keywords: neutron activation analysis, rare earth metals, phosphate raw material.

VK 543.621
H. 10. Cuiaués

PI'TI «MaCTHTYT sinepHON du3ukm», Anmatel, Kasaxcran

OINPEJAEJIEHUE COAEPKAHUA PEJAKO3ZEMEJIBHBIX METAJIJIOB
B ®POCPATHOM CBIPBE U ITPOAYKTAX EI'O IIEPEPABOTKH
KOMITAPATOPHBIM NHAA C UCITIOJIB3OBAHUEM PEAKTOPA BBP-K

AnHoTtanusi. THCTpyMeHTaNbHBIH HEHTPOHHO-aKTHBAIMOHHBIN aHann3 (MHAA) naBHO 3apekomMeHoBall ceds
B KayecTBE OJHOTO M3 OCHOBHBIX METOAOB, NMPHUMEHSEMBIX Ui ONpPEICNICHHs] COJEpKAHUA PEIKO3EMEIbHBIX
MeTaiuioB (P3MoB) B MUHEpallbHOM CBHIphE W IpyTrux oOBekTax. OgHAa W3 COBPEMEHHBIX MOIU(MUKAINA METOAA,
OCHOBaHHas1 Ha KommaparopHoM MHAA, mcmones3yer crmocod BHYTPEHHErO CTaHAApTa IJIS MOBBIICHHUS TOYHOCTU
aHanu3a. B kadecTBe 3eMeHTa-KoMIapaTopa OOBIYHO BBICTyHaeT Fe, OZHAKO TOYHOCTH €ro ONpEACIEHHS
HE3aBUCUMbIM METOIOM, KaK IIPABUIIO — PEHTI€HO(UIyOpECIEHTHBIM METOJIOM aHAJIN3a, HEOCTAaTOYHA [UIsl aHAIM3a
P3MoB ¢ OTHOCHTENIBHOI MOTPEIIHOCTHI0O MEHBIIE AOIMYCTHMOM B 00BEKTax € HMCKyCCTBeHHOW Mmarpumei. K
TAKOBBIM OTHOCATCSI OTXOJIbI (OCHOPHOro MPOU3BOACTBA, MPEICTABIIIOIIME CO00I NeHHbI ucrounnk P3Mos, a
TaKKe MPOAYKTHI X NepepaboTKy, BKIOUast KOHLEeHTpaTsl P3MoB.

B nanHoli pabote, B pe3yiabTraTe ONTUMU3ALUM YCIOBHUIl OONydeHHS U M3MEpeHHs 00pa3loB Ha OCHOBE
MPOBEACHHBIX UCCIEA0BaHMM, MOKa3aHa BO3MOXHOCTb OTHOCUTENBHOrO MeToja cTanjaprusauuu B MHAA mns
OTIpeJIeTIeHNs] coJlepKaHKs KoMmIapaTopa Fe ¢ oTHocHTenbHOM NorpenHocThio <5%, 4To ycTpaHsieT HeoOX0ANMOCTb
B HE3aBHCHUMOM Meroje aHaim3a. C IOMOIIBIO CTaHAAPTHBIX 00pa3loB (OC(ATHOTO CHIPhS OLEHEHa TOYHOCTH
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ompeneneHus conepxkanus P3Mor xommaparopasiM MTHAA ¢ ncnonp3oBaHHEeM BHYTPEHHETO CTaHIapTa (OTHOCH-
TeJIbHas TorpemHocTh He Oonee 8%). Ha mpumepe aHanm3a pa3nudHbIX 00pas3noB (ochOpHOTO MPOM3BOACTBA U
MPOXYKTOB €ro NMepepadoTKH MPOJIeMOHCTPHUPOBAHBI BO3MOYKHOCTH TPEUIOKEHHOT0 TT0AX0a i1t aHann3a P3MoB B
TexHoJoruueckux obpasmax mo Il kaTeropun TOUHOCTH.

KiroueBble cj10Ba: HEHTPOHHO-aKTHBALMOHHBII aHAIN3, PEAKO3EMeIbHbIE METaIUIBI, (POC(hATHOE CHIPbE.

Beenenne. B HacTosmee BpeMss B MHpE YIEISIETCS NPUCTAIBHOE BHUMAHUE KOMIUIEKCHOM
nepepaboTke QochopocomepKaIero Celpbs BBHIY TPOMAJHOTO KOJHMYECTBA HAKOIUICHHBIX OTXOJOB, B
OCHOBHOM, B Bue docdopHoro 1muraka u docdorurca [1-5]. Muyummapasl TOHH OTXOA0B CKIaHUPOBAHO B
oTBaax (GocOPHBIX MPOU3BOJCTB MO BCEMY MHPY [6], U3 HUX — JECATKH MWUIMOHOB TOHH TOJBKO B
otBaniax pochopubix npeanpustuii KOxHoro Kazaxcrana, nepepabarsiBaromux gochoputs Kaparay [7].
OTtxomb!l pochopHOTO MPOU3BOCTBA YACTHYHO HCIIONB3YIOT B CEIIBCKOM XO3SHCTBE W ISl IPOU3BOICTBA
CTPOUTENBHBIX MAaTEepHajoB, OJHAKO TPH 3TOM OE3BO3BpAaTHO TEPAIOTCA CoJep)Kaluecs B HHUX
MIPOMBIIIICHHBIE 3aMIaChl LICHHBIX TAXKEIBIX METAIJIOB U, B IEPBYIO ouepean, P3MoB.

®ocdoruric U apyrue oTxoabl GochOpHOTro MPOU3BOJACTBA CUUTAIOT OAHUM U3 IMEPCIEKTHBHBIX
TEXHOTEHHBIX HCTOYHWUKOB TONYYCHHsI PEeAKo3eMelnbHBIX MetamwioB [7-11]. Tak, mpum mepepaboTke
dochopurorsix pya mo (85-90)% P3Mor nepexonst B docdorumnc [1, 2]. PazpaboraHHbIe TEXHOIOTHU
MO3BOJISIOT MPOBOAMTH MPAKTUYECKH MOJTHOE U3BleueHrne cyMMmbl P3MoB u3 ocromurica (10 96%) [1] u
n3 ntaka gocdoproro npomussoicTBa (10 98%) [12].

PaznenpHOE ompeneneHue peaKo3eMeNbHBIX METaIOB B UCXOAHOM (oc(aTHOM CHIphE, OTXO0HAaX
MPOU3BOJCTBA, MPOMEKYTOUYHBIX M OKOHYATEIBHBIX MPOJYKTaX IMepepaboTKU MPEICTaBIsIeT COoOOou
CIIOKHYIO aHAUTHUYECKYIO 3aiady. Pa3iuuHbIi MUHEpaIbHBIH COCTaB O0Pa3IOB W IIMPOKUN HHTEPBAI
comepxannii P3MoB, mocturaromuii 3-4 TOPSIKOB BEIMYWHBI, 3aTPYAHSIIOT TOMYYCHHE HAICKHBIX
pe3yNIbTaTOB, a BHICOKHE COJICPKaHUs (B KOHIICHTpATaX) YKECTOUAIOT TPEOOBAaHUS K TOYHOCTH aHAJIM3a.

Tak, nomycrtuMas OTHOCHTENbHAs TIOTPELIHOCTh O ; onpejencHus maccooit nomu P3Mos (1-2)% He

nomwkHa mpeBbimath (10-15)% [13], uyTo HakmanbiBaeT cepbe3Hble OrpaHMYCHHS Ha BHIOOp METOJO0B
aHaJM3a.

Ora 3agaya MOXET OBbITh YCICIIHO pelleHa ¢ IOMOINBI0 HHCTPYMEHTAJIBHOTO HEHTPOHHO-
aktuBannonHoro aHanmm3a (MHAA), mpumensemoro aist onpexaeieHus: cogepkanus P3MoB kak B
HCXOAHOM ChIphe — (ochopurax [14, 15], Tak U B oTX0oAax ero mnepepabotku — docdorumce [6, 16] u
dbochopaom mwrake [7]. C MempI0 METPOJIOTHYECKOTO O0OECIeUeHUsT TMPOMOIDKACTCS aTTeCTAIIHS
COOTBETCTBYIOIINX CTaHAApTHBIX 0Opasmos (CO) [17].

Tem He MeHee, pacpOoCTpaHEHHbIH OTHOCUTENBHBIN MeTo cTanaapTu3anuu B UHAA, ¢ THIMYHBIME
3HAYCHUSIMH OTHOCHUTENBFHOHM morpemHoctu ananuza P3Mos (15-20)%, He oOecrnieunBaeT HEOOXOAUMYIO

TOYHOCTb MX OIPCACIICHUSA BO BCCX 06’beKTaX, T.K. IOrPpCIIHOCTL aTTECTAalMU COIIOCTaBHMMa C O-ZZ JJIsL

oompmuaCcTBA CO. Hcemonp3oBaHue BHENTHETO CTaHAapTa HEYMOOHO TIpH aHAW3e KOHIICHTPATOB,
MMOCKOJIBKY COKpAIlleHNe BPEMEHH aKTUBAIUU MPUBOIUT K Bo3pacTanuio pacxona CO, 1o K CHIKCHHIO
ToyHOCTH UX u3MepeHuid. ([Ipu anpTepHATHBHOM YMEHBIIEHHH MAacchl 00paslia MeHee 5 MI' CTAaHOBHUTCS
3HaYMMOM MOTPEIIHOCTh B3STHA HABECKH Ha aHAIMTHYECKHX Becax.) Hemocrtarounas TOYHOCTH
OTHOCHUTETIFHOTO METO/Ia TaKkKe 00YCIIOBJIeHa CTaHAAPTHBIM CIIOCOOOM YMAaKOBKH 00pasLioB (PyJIOHOM) U
X ClIydailHOH opueHTanueld B HEHTPOHHOM TMOJ€ C BBIPAXCHHBIM TPAaJUCHTOM IIOTOKAa BHYTPHU
oOmydatenbHOro KoHTelHepa. IlocnenHee o00CTOATENBECTBO —YCYryOMJIOCH TOCHE MOJEPHHU3ALMU
nccienoBareabckoro peakropa BBP-K [18]. B pesymbrare yMeHbIIEHUS pa3MepOB aKTUBHOW 30HEI,
BEpTUKAIBHBIC Tiepu(epuuecKue KaHalbl, Ucroab3yeMbie B MHAA, BB 3a €€ mpeaelsl, YT0 MOTJIO
NPUBECTH K YBEIUYCHUIO B HUX I'PaJINCHTa HEUTPOHHOTO MOTOKA.

OTMedeHHBIE HEIOCTaTKH, BMECTE€ C HEKOTOPBIMHU ApyruMu [19], memaroT OTHOCUTEIBHBIM METOJ
MaJo TPUEMIIEMBIM ISl pEIIeHUs TOCTaBICHHOW 3ajauyd. BONBIIMHCTBO HEIOCTATKOB 3TOTO METOAA
ycrpasstorcsi B kommnapatopuom MHAA ¢ mpumeHeHueM crmocoba BHyTpeHHero cranpapta [20].
CopnepxaHue >JIEMEHTa CpPaBHEHUS B KaXKIOM o0pasle OOBIYHO HAaXOAAT HE3aBHCUMBIM METOJIOM.
JlaHHBI MOXXOM C MCHONB30BaHMEM peHTreHodyopeciienTHOro MeTonma aHamm3a (PDA) mns
OmpelieNieHHsT COMACpKaHUS KOMIapaTopa ObUT YCHEIIHO NPUMEHEH B psjAe HCCICJOBaHUA MpH
AJIEMEHTHOM aHaju3e reojormueckux odpasmnos [21-23]. K nanbonee yqo0HBIM 3JIeMEHTaM CpaBHEHHS B
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3TOM Cilydae OTHOCAT kene30. OTHocuTenbHas mnorpemHocTs aHanuza CO yKa3aHHBIM BapHaHTOM
kommapatopHoro MHAA cocrasisier okono 10%, 9To 00yCIOBIEHO BBICOKOH TOYHOCTBIO OIpEEIeHHUS
coniepkanus Fe B reosoruueckux obpasiax COBpeMEeHHBIMHU peanu3anuiMu Metoga POA.

CootHomenne conaepxxkanus Fe B ropHeIx nopoaax, HaaeHHoe merogamMu MHAA n POA (pucynok
la), moKa3bIBaeT OTCYTCTBHE CUCTEMATHYECKOW MOTpeImHocTy aHanm3a Fe mocnenaum metomgom (PJITI-
21T, TOO «Acmanl'EO», AnmMatel) Ha (oHE IpUEeMIIEMON CITydaiiHOH morpemntHoctr. Omnpenenenue Fe
metogoM MHAA ocyiecTBieHo criocoOoM BHEITHETO CTaHgapTa ¢ Mcmoiab3oBanueM pasnuuneix CO. B
oO0ImIel CIOKHOCTH MPHUBEACHBI pe3yibTaThl aHaiu3a nopsaka 90 oOpas3loB, BBHIIOIHEHHOTO B pa3HOE
BpeMS.

C npyroif CTOpOHBI, HCCeI0BaHUE NMPOMEKYTOUHBIX MPOIAYKTOB IMepepaboTku (HocGopHOro muiaka
MOKa3blBaeT 3HaYMMOE CHCTEMaTHYecKoe 3aBblllieHHE ompereneHus Fe meronom PDA B cpaBHEeHHH ¢
MeronoM MHAA (pucynok 10). Hemocrarounasi TOYHOCTH D3JIEMEHTHOTO aHAIM3a TEXHOJOTHYECKHUX
00pa31oB, 00yCIOBIEHHAS CIOKHOCTBIO YIUIOTHEHUS TOHKOJIMCIEPCHOTO MaTepHalla B M3MEpPHUTEIbHOU
KIOBETE, HE MO3BOJIAET UCNOIb30BaTh cofepxkanust Fe Metonom POA B kauecTBe BHYTPEHHETO CTaHAapTA.
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Pucynok 1 — CootHomenue copepxanus Fe B mpo6ax ropHsix nopof (a)
Y TEXHOJIOTHYECKUX Mpobax (0) HeHTPOHHO-aKTHBAMOHHBIM
U PEHTIeHO(IIyOPECLEHTHBIM METOJAMH aHaJIN3a

B nannoii paboTe mpHuBeneHBI pe3yabTaThl WCCICIOBAHUS TOBBILICHWS TOYHOCTH aHanu3a Fe B
MOOBIX 00pasmax oTHocHTeNbHEIM MHAA ¢ 1enbio MCIOMB30BaHMS TIOMYyUYCHHBIX 3HAYCHHH B KaUeCTBE
BHYTpeHHero cranjgapra. Ha mpumepe omnpenenenus coxaepxkanus P3MoB B ¢ocharHOM chippe U
NPOAYKTax €ro mnepepadOTKH TMOKa3aHa BO3MOXKHOCTh TIpUMEHEHHs Tonbko Metoga MHAA ¢
WCTIOJIB30BaHUEM CII0c00a BHYTPEHHETO CTaHAapTa Ul pacdera cojepxanuii P3MoB B TEXHOIOTHYECKUX
o0pa3rax ¢ HeoOX0IMMOW TOYHOCTHIO, HETOCTHKIMOH /711 OTHOCHUTEIIFHOTO METO/1a CTaHJapTH3AINH.

TeopeTuyeckoe 060CHOBaHME

Conepxanue mo0oro syeMeHta B aHammsupyemoM oOpasne C, (%) cmoco0oM BHYTPEHHETO
CTaHIapTa MOXXET OBITH IOJyYeHO Ha OCHOBAaHMHM YPaBHEHHS IPOCTOr0 KOMIIAPaTOPHOTO METOna
cTaHmapTH3auy [24] (MHAEKC a COOTBETCTBYET ONPEACIIEMOMY JIEMEHTY, HHICKC ¢ — KOMITapaTopy):

¢ _¢ kS SEN +ONSDO)GF, 0
k,J 8(E,)(f +05)(SDO),G,F, "
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rae C, — comeprkaHue syieMeHTa-kommnaparopa (%); J— cKopocTb cueTa 3a BBIYEeTOM (OHA B ITUKE ITOJIHOTO
HOTJIOICHNS AaHATUTHYECKUX TaMMa-JTHHUH COOTBETCTBYIOIIETO M30TOIA, UMII/C; &(F) — OTHOCHTEIBHAS
3P PEKTHBHOCTh PETHCTPALUN JETEKTOPOM TaMMa-M3JIydeHHsl H3MepsieMoil sHeprued, %; Qp —

OTHOIICHHE PE30HAHCHOTO HHTEerpana Iy (cM>) K CEUCHHIO aKTHBAINU TEIUIOBBIMH HEHTPOHAMHI o, (eM); f

— OTHOUICHHE IUIOTHOCTEH MOTOKOB (@) TEMJIOBBIX M PE30HAHCHBIX HEUTPOHOB; S — K03 UIHMEHT
HACBHIIEHHS, 3aBUCAIMI OT BpeMEHM OOJyueHHMs f; M MOCTOSHHOW pacmaga A; D — kodddumueHt
pacmazia, 3aBUCSIIUIA OT BpeMeHH "OCTBIBaHUS" fq TOCIE OKOHUaHHs 00mydenus; C — mompaBKa Ha BpeMs
nu3MepeHus obpasua ty,; G — Ko3hPUINEeHT KOPPEKLUUH CaMOIOTJIOLUICHUST 00pa3oM MOTOKA TEIJIOBBIX U
PE30HAHCHBIX HEUTPOHOB; [ — KOA(QPUIMEHT KOPPEKIMH CaMOIIOIIOIIEHH 00pa3loM raMMa-H13JIyYeHHs
aHamMTU4YecKoi ymHuM; U k — ko3ddunuent (k-¢pakrop), oOpa3oBaHHBIA W3 MPOU3BEACHUS SACPHBIX
KOHCTaHT:

k=oc,0PM™, 2)

rae 0 — AO0JId aKTUBUPYEMOI'O0 M30TOIIa B €CTEeCTBEHHOI cMecH HN30TOIIOB; P7 — BBIXOJ aHAJINTUYECKOM

ramma-nuHuN (%), M — aToMHas Macca 3neMeHTa, Jla.

OMIMpUYECKUil ONMPaBOYHbIN Kod(hduiuenT K, . KOMIIEHCUPYET CHCTEMATHYECKYI0 TOTPEIIHOCTh
aHaJin3a, OOYCIIOBJICHHYIO TOTPEIIHOCTSIMM OIPEACIICHUS SACPHBIX KOHCTAHT, 3KCICPUMEHTAIBHOIO
napamMmeTpa f U rpalyMpOBKH JIETEKTOpa 1m0 3PPEKTUBHOCTH PETUCTPALIUH.

®daxrtop BpeMeHn SDC B SBHOM BHIIC MOXKET OBITH MPEACTABIICH CICAYIONAM 00pa3oMm:

SDC = (1-exp(—=At, ))exp(—At, ) (1 —exp(—=At, )/ AL, . (3)

[Ipn mpoBezeHHH aHaiM3a MO JOJTOKMBYIIMM PaAMOHYKIWAAM TOMpaBKa Ha Bpems umepeHus C
Bceraa Menee 1%, u eif MO>KHO peHeOpeyb.

Koaddumment koppekunu camorornomeHust G, Kak MpaBmiio, OYeHb OJIM30K K | pu Macce HaBeCKH
obpasma ropHBIX mopox mo 200 mr. B ciydae aHanm3a KOHIEHTpaToB P3MoB, XapaKTepHU3YIOMIUXCS

BBICOKUMH 3HA4YE€HUSIMHU [y U O, IyTeM IPOCTOr0 yMEHBIIEHHs HaBECKH d()(EKT CaMONMOIrTIONICHHs

MOYKHO JIETKO CBECTH 10 IPEHEOPEKUMON BEMUINHBI <5%.

Kosddumuent koppekunu CcaMONOIJIOMIEHUsI raMMma-u3jlydeHus F HeoOXoQuMO NPHUHHMATh BO
BHHMMAaHHE TOJIBKO TMpPH aHaIM3€ 3JEMEHTOB IO OTHOCHTENIHHO "MITKMM' TaMMa-JIMHUSAM B TSDKETIOU
MaTpHLE.

Bennunny otHomenus 1/f yaoO0HO BBIYMCIATE C IOMOLIBIO CIIEIUATBHOIO MOHUTOPA CHEKTPAILHOTO
cocTaBa TIIOTOKa HEHTPOHOB B BHAEe o0Opa3na C BBICOKMM COJACpKaHHEM dleMeHTta  Zr,
XapaKTEPU3YIOIIErocs AByMs H30TONAME — Zr i **Zr — ¢ BRICOKHM (252) 1 Hu3kuM (5.3) 3HaueHusMu O

(Qo,l << Q0,2)3
1 o0,,-Boy, B J,&e(E\)O\P,,

- - ,g=20 @
f BIO,I -1, J,e(E, )GZPM

rlie HIDKHUE MHICKCHI | ¥ 2 COOTBETCTBYIOT ABYM HM30TomaM. Takoil crocod pacuera Oonee yaoOeH, yem
Meton Cd-ro OTHOIIEHHUs, U TO3BOJISIET C BHICOKOW TOYHOCTBIO OMNpEJNENsATh 3HaueHus 1/f B cinydae He
CJIMIIKOM TEPMAJIM30BaHHOIO TIOTOKAa HEWTPOHOB, KaK, HAIIPUMED, B HCCeA0BaTeNIbckoM peakTope BBP-K.

MeTtoanka ucciae10BaHUSA

Jis mpoBeneHus uccienoBaHuil BeiOpaHa mo3umusa Ned BepTHKaNbHOTO Tepr(eprUuecKoro KaHaja
10-6, pacmosio’)keHHOTO 3a IMpejeiaMyd akTHBHOM 30HBI HccienoBaTesbckoro peaktopa BBP-K, c
IIOTHOCTBIO TOTOKA HeiitpoHoB 3.7-10° cm?c’. C wuenblo oueHkM BenwuuHbl 1/f BBIIONHEHO
MHOTOKPaTHOE 00JlydeHHEe MOHUTOPOB CIIEKTPaIBHOTO COCTaBa MOTOKA HEUTPOHOB — 00pa3LoB OKcuaa Zr
Maccord okono 20 mr. I'amMa-crieKTpoMeTpudecKiue H3MEpeHHsl OONydYeHHBIX MOHHTOPOB MPOBOJIWIH
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cnyctss 6 mHelr "ocTeiBaHWA". Bpems HaOopa CHEKTPOB COCTaBsuI0 mopsaka 20 MUHYT, HIpU 3TOM
BBITIOHSIACH KOPPEKIHS CKOPOCTH CYeTa KOPOTKOKHBymero msoroma - Zr (Ty, =16.9 1) 3a Bpems
M3MEpEHH.

OneHka BeMMYMHBI W HANpaBlICHUs TpajueHTa IUIOTHOCTH HEHTPOHHOTO IMOTOKAa B OJHOM U3
nepudepruuecknx BePTHKAIBHBIX KaHAJIOB HOBOHM akThBHOU 30HBI BBP-K mpoBenena smepseie. C aToit
LeNIBI0 OBbLIa M3rOTOBJIEHA CHEeNHaNbHas cOOpKa — MOHHUTOp IpaaueHTa @, cocrosimas u3 12 cTaabHBIX
BTYJIOK, pazMepamu 12x18 MM, oOpa3syromias npaBuibHYI0 6-rpaHHyIo npu3Mmy. Kaxngas u3 BTynok Obuia
NPOHyMEpOBaHa, I[OMEYEHA M B3BEIICHA HA AaHAJIUTUYECKUX BecaxX. PaccTosHue MeXIy LEHTpamu
MIPOTUBOIIOJIOKHBIX BTYJIOK BJOJIb OCHOBaHUS NPU3MbI — 25 MM, BJI0JIb TpaHel mpusmsbl — 21 Mmm. BTynku
MOMEIIeHBl MTOMEYEHHBIM OCHOBaHMEM BBEpX B JBE LMIHMHAPHUYECKHE KOPOOOUYKH U3 paJuallliOHHO-
yCTOMUYMBOrO MaTepuana (TOJMUCTHPONA), CKpEIUIEHHBIE MexAy coboil. [Imametp Kopobouek
COOTBETCTBOBAJI BHYTPEHHEMY JHAMETPy OOJIydaTeJbHOIO KOHTEHHepa, IpuyeM o01Ie pasmMepsl COOpKH
JieNIagy BO3MOXKHBIM €€ pacrojIokKeHHe BHYTPH KOHTeMHepa TOJIBKO BIOJIb OCH O0JIydaTeNbHOTO KaHaja.
Taxoe monoxeHue, a Tak’Ke COOCTBEHHAsi CHMMETPUYHAsI KOHCTPYKIHSA COOPKHA OTHOCUTENHHO BpPAIICHHS,
MO3BOJISAIOT JIETKO BOCCTAaHOBUTH HAIPaBJICHUE rpaueHTa @ M0 U3MEPEHHAM HaBelleHHOH akTuBHOCTH Fe
B KXo BTyske. CxeMaTU4HbIM BUA COOPKHU U €€ IOJIOKCHHUE B KaHajle IOKa3aHbl Ha PUCYHKE 2a.

MOoHHTOp IpaUeHTa MOTOKA ObLT 00yueH B mo3uiiuu Ned kanana 10-6 B TeueHue 2 MUHYT. ['amma-
CIIEKTPOMETPUYECKIE M3MEPEHHsI BTYJIOK MPOBEICHBI CIycTs 2 Hexenun B "mampHeil" reomerpuu (90 MM
OT KOJIIIaKa JIETEKTOpa) C yU4e€TOM HUX PACIIOIOKECHUS PH 00TyIECHUH.

3HavYeHUs IMIUPUICCKUX MOMPABOYHBIX KOI(DPUIIHEHTOB K, F. JAJISI pacdyeTa CoJepKaHUs DIIEMEHTOB
no oTHomeHno k Fe B kadectBe BHyTpeHHero ctanaaprta (1) Obuim ompeznenensl panee [22]. OxHaxo,
MOCKOJIBKY B HPEABITYLIEM HCCICAOBAHMU HCIIOJIB30BAM APYTOM OOJyyaTelbHbIH KaHAl B aKTHBHOW
30H¢ WMHON KoH(puryparuu (10 MOJIEPHU3ALMU UCCIEA0BaTeNbCckoro peakropa BBP-K), s
JIAHTAHOUJIOB, XapaKTEPU3YIOIIUXCS BBICOKMMH OTHomeHusMu (y (Sm, Tb, Ho, Tm), mposenena
MOBTOpHAast OLEHKa 3HaueHHH K,p.. C 3TOW LENbI0 BBHIOJHEHB MHOTOKPATHBIE OOJIyUeHHS pPa3IMYHBIX
CO ropuex mopox (ot 7 mo 15) ¢ arrecToBaHHBIME 3HAYCHUSMHU cozeprkanuii >tTux P3Mos u Fe. [[ng
pacdera cpemHUX 3HaueHUH K,p. WCIOIH30BaIM TOJIEKO COTJIACYIOIIMECS MEXTy CO0O0i OICHKH IO
pasaeiM CO B mpezenax kecTkoro pacxoxaeaus +£5%. Hekoropeie CO OBbIIM UCKITIOUEHBI M3 OICHKH,
IIOCKOJIbKY HE OoOecreuuBagy HaJeKHOCTh PE3yJIbTaTa H3-3a HU3KOM CKOPOCTH CYeTa aHaJIMTHYECKUX
raMMa-JIMHUH, 100 U3-3a CYIECTBEHHBIX CIIEKTPAIbHBIX HHTEP(HEPEHIIHIA.

Haecku BoiOpanHbix CO Mmaccoit ot 20 mo 150 mr, B 3aBucuMocTH OT cojepxanus P3Mos,
3areyvaThiBaIM B IBOWHBIC MOJMATHICHOBBIC MAKETHKHU U YKIAAbIBAIU B PyioH u3 Al ¢oibru, obpasys
CTAaHIAPTHYIO MIJIMHIPWUECKYI0 YIMakKoBKY (pHCYHOK 20). PacmomoskeHmne oOpa3IioB B YITAKOBKE W €€
MOJIOKEHUE B OONydaTeNbHOM KOHTEWHEepe He HMMEIOT 3HaueHus A oueHku K,p. (a2 Takke MpH
UCIIOJIB30BaHUU croco0a BHYTPEHHEro CTaHAapTa, KOrAa COACp)KaHWE KOoMIapaTropa ONpeneleHO
HE3aBHUCHUMBIM MeTo10M). OIHAKO ATOT MOPSAOK OBLI M3MEHEH IpH pa3padoTke kommapaTropaoro MHAA
TEXHOJIOTMYECKUX 00pa3I0B, KaK MOKAa3aHO HUXKeE.

Macca 00pa3ioB mpoAyKToB niepepaboTku ¢ocdarHoro chipbs cocTapisia oT 10 g0 200 mr, Takxe B
3aBHCHUMOCTH OT TpeamnojaraeMoro comepkanmsi P3MoB. B oriawmume or CO TOpHBIX TOPOA, HU3KHE
HaBECKU He BIUSIOT Ha BOCIPOM3BOINMOCTD aHAJIN3a BBUY BBHICOKON OJJHOPOJHOCTH MaTepHara.

Onenka npaBuiabHOCTH omnpeneneHus Fe otHocurensHbiM MHAA nns ananmmsa P3MoB crioco6om
BHYTPEHHETO CTaHJapTa MpoBesieHa ¢ momoibio CO pa3anyHbIX 00BEKTOB — FOPHBIE TOPObI, MUHEPAJIBL,
PYIbl, I0YBA U T.[l. C ATTECTOBAHHBIMH COJIEPKAHUIMH XKeJe3a.

l'amma-ciekTpoMeTpudecKkre U3MEPEHHUs UCCIelyeMbIX 00pa3oB MPOBOIMIN JIBAXAbI — CIIyCTd 7 U
30 mmelr mocnme oOmydenus. Bpems HabOopa cnektpa cocraBmsio 20 muHyT u (40-60) MuHYT,
COOTBETCTBEHHO. B 0001X ciIy4asx MCIOIb30BAIN FAMMa-CIEKTPOMETPUIECKUI KOMIUIEKC IIPOU3BOCTBA
Canberra, cocTosiMii H3 KOAKCHAIBLHOTO JeTekropa M3 cBepxuucroro Ge ¢ pacuMpeHHbIM
sHepreTndeckuMm  nuanazoHoM GX5019  (otHocurenbHas addexktuBHOCTE  peructparyu - 50%,
sHepreruyeckoe paspemenne 1.86 k3B mo muann 1332 1B “Co) n MHOrokaHampHOro aHamH3aTOpa
ummynbcoB DSA-1000. 'pagynpoBka AeTEeKTOpa IO OTHOCHTENHLHOW 3(PQEKTHBHOCTH pPETHCTpAIiN
MpPOBEICHA C IOMOIIBIO OOPA3LOBOr0 HCTOYHHKA raMMa-u3iydeHus m3otornos espormus (°Eu, *Eu,
'*Eu) n m3otonHoro ncrounnka *’Ba, 06a mpoussoacta Canberra. HaGop 1 mocienyomnyio o6paboTky
CIIEKTPOB NMPOBOAWIN C IIOMOLIBIO IIPOTPAMMHOI0 o0ecnedeHusi, pa3paboTaHHOToO B MHCTUTYTE sinepHON
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¢uzukn. Koaddumumentsr Bknaga npoxykros aenerns U mns onpenenenus La, Ce, Nd u Ho nHaiinens
OMIHUPUYECKH, IyTeM OONYy4YeHHS U W3MEpPEHHUs CIeNHAIbHOTO 00pasia, MPUTOTOBIEHHOTO U3
cra"paptaoro pacteopa U mpousBojactsa Perkin Elmer.

OCHOBHBIC SiZICpHBIC TAPAMETPhl AHATUTHYSCKUX TaMMa-JIMHUEM PaIMOHYKIIUIOB, UCTIOIb3yEeMBbIC IS
ompexaeneHust cojepxkannii P3MoOB 1Mo J0JT0XMBYIIMM H30TOIIAM, M YYUTHIBaeMble WHTep(depeHnnn
npuBenensl B Tabuue 1. U(n,f) 03Ha9aeT TOT ke caMblil paJuoHyKIN/, Kak mpoaykT aenerms U. > Xe —
TOXE MPOMYKT JeneHuss U, HO y)Ke YYHTHIBAJICSA KaK CIIEKTpaibHas MHTEepdepeHius. BnusHaue npyrux
nHTephepeHnnii B OJM3KHUX 110 COCTaBY MaTPUIaX HE3HAYUTEIHHO U HE YUUTHIBAIOCH.

Ta6mmna 1 — OcHOBHBIE siiepHBIE TApaMETPhI M HHTePQEpPEeHINH PaANOHYKINIO0B,
ucnonb3yeMslx 11t THAA P3MoB crioco6oM BHYTpEHHETO CTaHAapTa

Pasomyoms | monypeeram, | W | Keumomt | Huepbepen
ITHEN

Fe 44.5 1099.2 56.5

3¢ 83.8 889.3 99.9

M0 5 1.7 1596.2 95.4 U(n,f)
e 32.5 145.4 48.3 U(n,f)
4Nd 11.0 91.1 28.1 Unf)
3Sm 1.9 69.7 4.7 187w, 140La
2By 4943 121.8 28.7

3Gd 240.4 103.2 21.1 '53Sm, »*pa
1607 72.3 298.6 26.1

1%6Ho 1.1 80.6 6.7 133Xe
70T m 128.6 84.3 2.5 1827
3yb 42 396.3 13.2

"Ly 6.6 208.4 10.4

Pe3yabTaThbl 1 00cyxIeHHE

OTHoOIICHHE TIOTOKOB PE30HAHCHBIX M TEIUIOBBIX HEHTpoHOB B mo3uiinu Ned4 kanama 10-6 oreHeHO
COTJIACHO ypaBHEHWIO (4) mo pe3ynbrataM 13 HE3aBHCUMBIX OOJIy4eHUH Zr MOHUTOpPAa W COCTaBUIIO
0.0210 £0.0035 (P =0.95). Kak u 0XHIaI0Ch, 3TO OTHOLICHHE OKa3aJ0Ch HECKOJHKO MEHBIIE, YeM B
aHaJOTUIHOM KaHaJie mpeaplaymeii aktusHOU 30HEI — 0.0280 £ 0.0040 [22, 23], 3a cUeT JOMOTHUTEIHLHOM
TEPMAJIU3AI[MH SMUTEIUIOBBIX HEUTPOHOB B BOJE MEXKIY KpaHUMH TEIIOBBLICISIONIMMU COOpPKaAMHU U
kaHajiom 10-6.

CHmXeHHne 0NN PE30HAHCHBIX HEWTPOHOB YIIydIIAeT CTAaOMIBHOCTH JIIEMEHTHOTO aHalu3a IIo0
PaJMOHYKIUAaM C BBICOKUMHU 3HaueHUSIMHU (Jy IPU BO3MOXXHOM HM3MEHCHHUU OTHOIICHUS 1/f B MO3UIUH
00y4YeHHs, BBI3BAHHOM OJHOBPEMCHHBIM TMPOBEACHUEM JPYIHX OKCIHEPUMEHTOB B OCTaIbHBIX
o0yyarenbHBIX KaHajdax. PaccunTaHHbile MUHUMAaNbHBIE M MaKCUMalbHBIE 3HAUEHUS 1/f, mpuBOsIIAE K
CHCTEMAaTHIECKOMY 3aBBIIICHUIO (3aHIKEHUI0) Ha 5% pe3ylIbTaTOB aHaIN3a JIAHTAHOWIOB C BHICOKHMMH
otHomeHusiMu Oy komnapatopasiM MHAA, npuBenensr B Tabmune 2. Kak BUIHO, AaKe CYIIECTBEHHBIC
M3MEHEHHS OTHOIICHHUS MMOTOKOB PE30HAHCHBIX M TEIUIOBBIX HEUTPOHOB B MO3UIMH 00My4eHus — 1o (19-
21) % — IPUBOIAT K CHCTEMATHYECKOM TIOrpelHOCTH aHamm3a Tb He Gomee 5%

B kadecTBe cpaBHEHUs B Ta0/MIIe 2 TAKXKE MPEACTABIICHBI JAaHHBIC 11 HEKOTOPBIX PAIUOHYKITHIIOB C
aHOMAaJbHO BBICOKMMH 3HauYeHUsMU (Jy; JUIA HHUX TpeOOBaHHWS K CTA0WILHOCTH OTHOIICHUs 1/f
3HAYUTENHHO KECTUe.

' S paIMOHYKIMIOB C HH3KMMM 3HaueHHAMH (), M3MEHEHHME OTHOIICHMs 1/f MpaKTHUeCKH He BIHMSET Ha
pe3ynbTatel komnaparopHoro MHAA.
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Tabmuna 2 — Kopumop 3HaueHunit 1/f, mpuBOIAMINX K CHCTEMAaTHIECKOH OTPEITHOCTH
pe3ynbTaToB KomnaparopHoro MHAA +£5%

Panuonykun 0v=Iy/cy Min 1/f Max 1/f OTHOCHTIC/;I;H& 3; ngj]&)HeHHe or
66Ho 10.9 0.0150 0.0276 -28.6 31.4
53Sm 14.5 0.0163 0.0262 224 24.8
0Tm 15.5 0.0166 0.0259 -21.0 23.3
1601 17.7 0.0171 0.0255 -18.6 21.4
228p 33.0 0.0185 0.0238 -11.9 13.3
Mo 52.2 0.0190 0.0232 9.5 10.5
2Np 103 0.0195 0.0227 -7.1 8.1

Ha pucynke 2a cxeMaTW4HO TMOKa3aHa OPUEHTALMS MOHUTOpA rpagueHTa @ B MO3UIUN OOIyUYEHHUS,
BOCCTAHOBJIGHHAass IO pe3yJbTaTaM TraMMa-CIEeKTPOMETPUYECKOro aHaiu3a. BennuumHa HaBeneHHOU
akTuBHOCTU Fe B y3max MOHHMTOpa (T€OMETPHUYECKMX LEHTPax BTYJIOK) IPHUBEIEHA B OTHOCHUTEIBHBIX
eIMHUIIAX, TJIe MaKCHMaIbHOE 3HaYCHHE | COOTBETCTBYET DJIEMEHTY, PACIONIOKEHHOMY OJIMKE BCETO K
aKTHBHOM 30He. Kak MOKHO 3aKITIOYUTH U3 SKCIEPUMEHTA, aKCHaJIbHOM (BEpTHKAILHON) COCTAaBISIOMICH
rpaauenta @ — He 6omnee 1.3% Ha 1 cM — B JaHHOW MO3MLUM MOKHO IpeHeOpeds. C ApYrol CTOPOHBL,
paanaibHas COCTABILIONIAs TpaaveHTa @ MOCTUTAeT 3HaYMMOW BeIWdWHBI — okojo 11% nHa 1 cwm.
CnenoBaTenpHO, €CITM HW3MEHUTH pACIONIOKEHHWE O0O0pa3loB B YHNAaKOBKE W COPUEHTHUPOBATH €€
ONpeleICHHBIM  00pa3oM OTHOCUTEIbHO @, MOXHO MUHHMH3HMPOBaTh BIHMSHHE TpagdeHTa Ha
HaBEJICHHYIO aKTUBHOCTb.

Jnga mpoBepkH 3TOTO MPENNONOXKEHHWs MNpUroTtoBieHsl o0pasupl 20 pasgumuneix CO ¢
aTTEeCTOBaHHBIMU cojepkaHusiMu Fe, pasnuuaromumuics Ha JABa MOpsjAka, W 2 oOpasla peakTuBa
BOCCTaHOBJIGHHOTO *kene3a maccoit 10 mr. O6pasubr CO ciokeHbl cToi0ukoMm mo 10 mryk ¢ oOpasmaMu
Fe mocepenune m ymakoBanel B Al Qombery. Kaxkayio ymakoBKy MOMECTHIM B KOHTEWHEpe BHYTpPb
CTHeUUaTbHON BTYJKH, TIO3BOJISIOIEH COXPaHATh TEOMETPHUIO OOMyUeHHMs, KaK TIOKa3aHO Ha PUCYHKE 2B.
[Tpu Takoil opueHTaMK BIUSHUE HA 00pa3Lbl rpagueHTa @, NpaKTHIECKH, OTUHAKOBOE.

[Toce HeszaBucuMoOro o0IydeHwms, onpeneneHo comepkanne Fe B8 CO OTHOCHTENHHBIM METOIIOM C
WCIIOJIb30BaHUEM 00pasloB jkKejie3a B KauecTBE BHEIIHEro craHjgapra. /s MOBBIIIEHHS TOYHOCTH
aHanmu3a, Bpems '"ocThiBaHWA" 00pa3moB (He MeHee 25 AHEW, 4YTOOBl pacHaliuCh CpPETHEKUBYIIHES
PaTUOHYKIUIRI) U TeoMeTpus m3MepeHni (90 MM 10 KoJTaka JETeKTopa) BHIOpAHBI TaKUM 00pazoM,
9TOOBI MEPTBOE BpEMS aHAIM3aToOpa COCTABISUIO MeHee 5%. JTuM n3beranachk CymecTBEHHAS KOPPEKIIHS
CKOPOCTH cYeTa N0 MepTBOMY BpeMeHH. "JlanbHsAs" reoMeTpusi Takxke IM03BOJISIET MUHHUMHU3UPOBATh
COCTABIISIIOIIYIO TOTPELIHOCTH aHalIn3a, OOYCIOBJICHHYIO MOJOXKEHHEM o00paslia OTHOCHUTEIBEHO
JIETEKTOpa BO BpeMs U3MEPECHHUS.

(JCcb aKTHBHOH 30HBI
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Pucynok 2 — OGpatHslit rpagueHT @ U ero coCTaBIIAIoImue (a) U OpUEeHTAIHs
OTHOCHUTEIBHO @ NUIHHAPHYECKOit (0) 1 MpU3MaTH4eCKO (B) YIIAKOBOK ¢ 0OpasiaMu
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Uzmepennslie cogepxanue Fe 8 CO BMecTe ¢ aTTeCTOBaHHBIMH 3HAUCHUSMH MPUBEACHBI B TAOIUIAX
3 u 4. (3nauenne mMaccoBoil nonmu Fe B obpasme YOP, cormacHo macmopry CO, — OpUESHTHPOBOYHOE.)
OreHKa MOTPENTHOCTH U3MEPEeHUH BKIIIOYalla TaKhe COCTaBIISAIOIINE, KaK CTaTUCTHYECKas MOTPEIIHOCTh
OINpeseNeHNsl CKOPOCTH cueTa TMHUM Fe (kak ompepensieMoro ajieMeHTa, TaK U BHEIIHEro CTaHAapTa) U
OTHOCHUTENbHAS MOTPELIHOCTD B3SITHA MAacChl HABECOK 00pa3loB HA aHAIMTHYECKUX Becax. Kak BUOHO U3
Tabmuu 3 ¥ 4, BHE 3aBHCUMOCTH OT coiepkaHus Fe, mpu M3MeHEHMM CIOCO0a yNaKOBKU IJIOCKHX
0o0pa3LloB M OpHEHTAUMH HUX BIOJNb TPaJueHTa IUJIOTHOCTH IOTOKAa HEWTPOHOB, CHUCTEMaTHYecKas
norpemHocTs aHanu3a Fe otHocutensHbIM MeromomM MHAA cocraBmser He Gomee 5%. Ilomydennas
OLIEHKA IIOKAa3bIBAaCT, YTO JAHHBIM cr1oco0 omnpexaeneHus Fe ams UCronp30BaHus NOIyYEHHBIX 3HAUCHUH B

Ka4yecTBEe BHYTPEHHETO cTaHapra kommaparopHoro MHAA BrionHe 060cHOBaH.

Tab6muua 3 — Pesynberats! onpenenenns Fe B CO otHocutensueiM UHAA, %

CrangapTHbIi ATtTecToBaHHOE OrtHocuTeNnbHas
Tun CO l3MepeHHOE 3HaUEHHE o
obpaszen 3HAUCHHE MIOTPENIHOCTb, %
AP Anarut 4.37+0.10 433+0.12 -0.9
07104 I'opHas nmopona 3.43 +0.04 3.35+0.08 -2.4
CTXM-2 AJIOMOCHINATIIbIC PhIXJIbIe 4.43 £ 0.06 4.45+0.12 0.5
OTIJIOKECHUS
07406 ITousa 5.66 £ 0.09 5.46 £0.12 -3.6
CI'/I-2a I"'a60po 3CCEKTUTOBOE 7.93 +0.08 7.88 £0.18 -0.6
73301 I'opHas nmopona 1.50 + 0.04 1.49 +0.04 -0.7
07159 PenxosemensHas pyaa 0.805 +0.04 0.787 £ 0.04 -2.3
MCO 0405 Pyna menHo-niopdupoBas 3.11 £0.04 2.98 £0.08 -4.3
MCO 0406 Pyna ciaptiobas mezto- 13.84+0.13 14.11 +0.35 2.0
MOJINOIeHOBAsT
MCO 0407 Pyna caproas meao- 15.17 £0.14 15.08 + 0.34 0.6
MOJHOIEHOBAS
Tab6muna 4 — Pesynsrats! onpenenenns Fe B CO otHocutensasiMm UHAA, %
. ATTecToBaHHOE H3mepennoe OrtHocuUTeNbHAs
CranmapTHEIA 0Opaser| Tun CO N
3Ha4YeHUE 3HauCHUE MOTPELIHOCTb, %
VP Pyna pocopucro- 15.33 16.10 + 0.42 5.0
peIKo3eMeTbHO-yPaHOBast
CH-3 TToneBommnarcoaepx aiiuii 10JI0MUT 2.23+0.10 2.25+0.06 0.9
MB MOHIIOHUT 4.56 £0.06 444 £0.11 -2.7
I'CO 6318-92 ITermaTtuT-2 0.56 +0.01 0.57 £0.02 1.8
CHK-1 Pyna xobanbTo-HUKENEBast 19.80+0.14 19.36 £ 0.43 2.3
MJI-1 Pyna xene3Has 25.90+0.22 25.26 £0.53 2.5
CUC-1 UepHslii cllaHel 3.90 £ 0.09 4.01 £0.13 2.8
CIXM-1 KapOoHaTHO-CHIIMKATHBIE PBIXJIbIE 3234 0.14 3244012 03
OTJIOXKCHUS
Pyna cynedunnas komuenano-
PAC-6 MOTMMETaIUTIEeCKast 19.29+£0.20 19.15+0.52 -0.7
OapuTcoaepkamas
PAC-10 Pyna xorenano-Gapur 3.64 +0.05 3.73+0.13 2.5
MOJTMMEeTaJUTIecKast

B Tabmume 5 npuBenenel pesynbTarthl aHanmu3a P3MoB kommapatopasiM UHAA B nByx CO
dochartroro ceiphs — anatute (AP) u dhochopucro-penkozemensHo-ypaHooit pyae (Y PP). Hexortopsie
colep)KaHUsl JTaHTaHOMJOB B oOpasue AP — opuentupoBounsie. Jlns pacuera copepkanuii P3Mos
UCIIOJIB30BaHbl M3MEPEHHbIE 3HaueHUs MaccoBod monu Fe u3 tabmuu 3 u 4. OueHka MOTPELIHOCTH
OIIpeIeJICHNsI, IOMUMO YKAa3aHHBIX BBIIIE COCTABILIOIIMX, BKJIIOYAJA CTaTUCTUYECKYIO IMOTPELIHOCTH
W3MEpEHHs CKOPOCTH cUeTa JIMHUHN 1711 yaeTa nHTepdepeHuii (tabnuna 1) u oleHeHHYI0 MaKCUMAIIbHYIO
OTHOCHUTEJBHYIO MOTPELIHOCTD U3MepeHus cogepxanusd Fe — 5%.
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Tab6nuua 5 — Pesynerats onpeaenetns P3Mos B 1Byx CO docdaTHOro chipbst
kommaparopabiM MHAA, r/T

AP (I'CO 2463-82) Y®OP (OCO 528-12)
OMEMEHT | Arrecropanmoe | Wsmepennoe | Otaocutenmsas | AtTectoBammoe | M3mepennoe | OTHOCHTETbHAS
3HAYCHUC 3HAYCHHUC MOTPEUIHOCTD, % 3HA4YCHUC 3HAQUCHUC NOrpeuIHOCTD, %
Sc - 4,73 £0.33 - 157+1.5 16.5+1.3 5.1
La 861 =77 914 + 64 6.1 4442 +33.1 477 + 36 7.4
Ce 1300 + 81 1380 + 96 6.2 782.4 +69.1 795.7 + 61 1.7
Nd 514 +£ 51 533+42 3.7 382.4+252 396 + 28 73
Sm 733+6.9 74.7 £ 6.1 1.9 82.1+4.0 87.0+£6.1 6.0
Eu 22.5+43 215+1.7 -4.6 21.7+5.0 232+1.8 6.9
Gd 130 133+ 11 2.3 100.2+59 1057+ 8.4 55
Tb 7.4 7.1+£0.5 -4.2 15.1+04 15.8+1.0 4.6
Ho 6.1 6.2+0.5 1.6 18.5+0.7 19.5+1.5 54
Tm 53 - - 6.68 = 0.30 6.95+0.51 4.0
Yb 64+12 6.0+0.5 -6.7 40.2+0.6 427+£29 6.2
Lu 0.88 - - 5.64+0.23 6.02 +£0.42 6.7
Pesynbratel  ompenenenust coxepkanuss P3MoB B CO coBmajaloT ¢ aTTeCTOBAHHBIMU

(OpHEeHTHPOBOYHBIMA) 3HAYCHHSIMH B IIpeeiIax OTHOCHUTENbHOW morpemHoctn £8%. CucremaTrndeckoe
3aBBIIIEHNE U3MEPEHHBIX 3HAUeHUH A oopasma YOP cBsizaHO ¢ 3aBBINIEHHEM OIpejieneHns B HeM Fe.
[lomyueHnHast TOYHOCTH aHaiM3a HENOCTIXKMMa MerogoM WMHAA, HCHONB3YIONIMM OTHOCHTEIBHYIO
CTaHIaPTHU3AIIHIO.

IIpennoxenasiii BapuanT kommaparopHoro MHAA npuMmenen s onpezenenus coaepxanus P3Mos
B pa3IM4HBIX 00BeKTax (PocHOpHON NMPOMBILUIEHHOCTH: MCXOOHOM Chipbe ((ocdoput), oTxomax ero
nepepabotku (pochorurc u GpochopHbI 1ITaK), B TPOMEKYTOUYHBIX (BBIIIENATH a30THOW KHCIIOTOH) U
KOHeuHbIX (Oenmast caxka W KoHIeHTpaThl P3MoB) mnpoaykrax mnepepabotku (ochopHOro muiaka.
TexHonornueckue oOpasubl A NPOBEACHHS HCCICAOBAHUN MPEIOCTaBICHB AKIMOHEPHBIM OOLIECTBOM
«llentp Hayk o 3emie, Metalmyprud u oOorameHus’». B Tabmume 6 mpuBeneHBl pe3yNbTaThl
onpenencaus 12 P3MoB 1Mo MOJTOXKUBYIIIUM W CPETHEKHUBYIIHM PATAOHYKIHIAM. BeiOpaHsl mo aBa
TUMMAYHBIX 00pasIia BEHIMIEIATOB U OENO Caku M3 COOTBETCTBYIONINX OOBEKTOB HCCICIOBAHUS, APYTHE
0o0pa3upl SBISAIOTCS YHUKAJIbHBIMU. [lOrpemHocTs OTAENBHBIX HM3MEPEHHH HE OLIeHWBAlach, T.K.
CUHMTAETCs, 9YTO OHA HE IMPEBBIIIAET MAKCUMAIbHOW OTHOCHUTENBHOHN morpemrHocTH +£8% (tabmuma 5).
Conepxxanue Fe ompeneneHo oTHOCHTENbHBIM MeTogoM MHAA, kak ommcaHo HIDKE, 3a HCKIIOYCHHEM
00pa3uoB Oenoi ca)xxu, XapaKTepU3YIOLINXCS OUYeHb HU3KOW MacCOBOM J0JeH Kene3a, 4YTo He MO3BOJISAET
WCTIONh30BaTh KJIACCHYECKU Crmocod BHYTPEHHErO CTaHAapTa. AHalW3 3TUX 00pa3oB BHIOJHEH
komnapatopabiM MHAA, HEmocpeACTBEHHO ONMMUPAIONIMMCA Ha BHEITHUN cTaHAapT skene3a. [lockoybKy
3HAQUEHUs TONMPABOYHBIX KOA(P(GUIHMEHTOB K,p. B 3TOM CIIydae MOTYT OBITh HECKOJBbKO HWHBIMH,
OTHOCHUTEIbHAs MOTPEIIHOCTh U3MEPEHUH MOXeT mpeBblath 8%. JlampHeilmee pa3Buthe Metoma s
aHaJM3a TMOAO0HBIX OOBEKTOB CBSI3aHO C BHECEHHEM HM3BECTHOTO KOJIHMYECTBA dIIEMEHTa-KoMIapaTopa B
KaKIIBI HUCCIIEAYEeMBII 00paserl.

Tab6nuua 6 - Coneprxanust P3MoB B pocdaTHOM chIpbe, 0TX0JaxX U MPOLYKTaxX ero nepepadboTku, I/T

Obpazen Sc La Ce Nd Sm Eu Gd Tb Ho Tm Yb Lu
Docopur 7.81 45.1 128 46.8 7.8 1.9 7.5 1.3 1.7 0.74 34 0.49
Docgorunc 1.9 413 453 255 43.6 9.4 36.3 4.8 5.9 1.4 6.4 0.65

docd. muax 4.9 111 114 98.6 18.2 4.1 19.5 2.7 2.9 1.2 6.0 0.76

Beimenar 6.3 36.6 37.1 313 6.3 1.3 6.4 1.0 0.77 0.41 2.1 0.24

Beimenar 8.0 18.3 20.1 16.7 3.3 0.67 5.2 0.54 0.36 0.23 1.2 0.14
Bemas caxa 0.20 33 3.7 2.9 0.63 0.14 <1 0.11 0.06 | <0.1 0.20 0.02
benas caxa 0.21 34 3.8 3.0 0.62 0.14 <1 0.11 0.07 | <0.1 0.21 0.02

Konnentpar 1 105 14040 | 15830 | 15480 | 2820 634 3180 446 545 253 1390 187
KoHuenTpar 2 73 9360 | 10330 | 9670 1610 344 1840 244 337 152 924 124
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C 1menpl0 CcoKpamlieHHs BpeMeHH aHanmu3a P3MoB, ompenenseMoro Mpoa0IDKHUTENLHOCTHIO
"ocThIBaHMA" 0OPA3LOB I H3MEPEHNUS yIeIbHON akTHBHOCTH ' Gd (mopsimka 30 IHei, 4ToObI pacmancs
'3Sm), BosmoxkHO ompenenenne Gd Mo HaBeJeHHOH akTHBHOCTH ' Tb, obpasyromierocs u3 ¢ Gd.
V3Mepenne akTuBHOCTH "Msrkoil" muamm '°'Tb (25.7 k3B) IPOBOAAT AETEKTOPOM ILIAHAPHOTO THIIA,
OJTHAKO HU3KHI BBLIXOJ JUHHUU YFe ¢ sHepruert 192.3 k3B (3.1%) He mo3BosAeT B OONBIIMHCTBE CIIydaeB
(kpome oOpasma ¢ocdopuTa) HCIOTL30BaTh dJIeMEHT Fe B kadecTBe BHyTpeHHero cranmapra. C 3Toi
LENBI0 BO3MOXHO HCIONB30BaHUEe Th, OTIMYAIONIErocss JOCTATOYHO BBICOKUMH COJCPKAHHSIMH,
MOCKOJIbKY OH comyTcTByeT P3Mam B pochaTHOM CBIphe, YTO MOXKET CTaTh MPEAMETOM ITOCIIEIYOIUX
HCCIEeI0BaHUN.

BoiBoabI

OKCIepUMEHTalIbHAS OIEHKA BEJIMYHMHBI T'PaIdeHTa IIOTHOCTH HEUTPOHHOTO IOTOKA B OJHOM W3
0o0Jy4yaTenbHBIX TO3MLIMH HOBOW aKTHBHON 30HBI HCClenoBaTeibckoro peakropa BBP-K mosBommna
ONTHMHU3HUPOBATH CIIOCO0 YIMAKOBKH U OOJIy4YeHHS O0pa3loB JUIsi MUHUMH3AIMK BIIMSHUS TPAaJUCHTa Ha
onpenenenue coxaepxkanuii Meromom MHAA c¢ ortHocutenbHOU crannaptuzauueid. [locnenyromue
TIIATEBHBIE HW3MEPEHHUS CTAaHMAPTHBIX O0O0pa3loB TOKa3add BBICOKYI0 TOYHOCThH ompenencHus Fe
OTHOCHUTEIHHBIM METOJIOM, C TIOTPEIIHOCTRI0 He 6osee 5%. Mcnonb3oBanue pe3yiabTaToB aHanmm3a Fe B
kommnapatopaoM MMHAA B kadecTBe BHYTPEHHETO CTaHIApTa MO3BOJIAJIO OINPENEIUTH MACCOBYIO IIOJEO
P3MoB B craHmapTHBIX 00pa3lax C OTHOCHTENHHOW TIOTPEmIHOCThI0 He Oomee 8%. OTo memaer
BO3MOXHBIM aHanmu3 P3MOB B TEXHOJNOTWYECKHX U JAPYyTHX oOpasliax, BKJIOYash KOHIIEHTPATEHI,
komnapatopabiM MHAA mo IIl kareropum TouHOCTH, He mpuOeras K HE3aBUCHMBIM METOJAM IS
oTIpesieNIeHHsI COJIepKaHus BHYTPEHHETO cTaHaapTa. Ha mpumepe ananmm3a o6pas3noB ¢ochaTHOTO CHIPhS,
OTXOJOB U TIPOJIYKTOB €r0 mepepaboTKU MPOJEeMOHCTPUPOBAHBI BOZMOKHOCTH MPEIIOKEHHOTO TOIX0/a
1 c(OPMHUPOBAHO HANPABICHUE NATBHEHIIINX UCCIICOBAHUH.
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O0X: 543.621
HN.10. Cunauén
SAnponsIk pu3nNKa HHCTUTYTHI, ATIMaTHI K., Ka3zakctan

CCP-K PEAKTOPBIH HAIJAJTAHA OTBIPBIII,
KOMIAPATOPJIBIK KHAT APKbLIbI ®OC®AT IIUKI3ATBIHJA
’KOHE OHBI KAITA OHJIEY OHIMJIEPIH/IE
CHUPEK)KEPJIIK METAJIJJAP MOJIIIEPIH AHBIKTAY

Annoranus. Kypangeik vHefitpor-aktuBammsiblk Tangay (KHAT) - MuHepanmslk muki3arTa oHe Oacka na
obwexTinepaeri cuperokepnik merangapapH (CXKXKMOpslH) MemmepiH aHBIKTay YIOIH KOJJAHBUIATHIH HETi3Ti
auictepaiy 6ipi petinae TaHbUILABL. OficTiH kKoMnaparopislk KHAT HeripenreHn 3amanayyn MoIuQUKaUsIapbIHbIH
0ipi Tangay IONAIrIH apTTHIPY YLIIH iIIKi CTaHAApT TSCUIH naiinanananel. KoMmnaparop-anementi perinae anerre Fe
Oosamel, anaiijia OHBI TOYEJCI3 OMICIEH, OJCTTE — PEHTIeH(IYOPECIEHTTIK Tajjay OIICIMEH aHBIKTAy OJIIIri
KacaHJpl MaTpPHULAIBl OOBEKTIIEPlE CalbICTRIPMAabl Karenmiri payansigan TemeH OonateiH CXXMapl Tanmayra
*ketkimikeiz. Orpaitnapra COKMuprH 6aransr ke3i 606 TaObUIATHH (Gocdop eHIipiciHIH KaIABIKTaphl, COHIA-aK
CXKMppIH KOHIIEHTpATTapbIH KOca alFaH/a, oflap sl KaiiTa eHaey eHiMAepi KaTa bl

ATanFaH >KYMBICTa, ©TKI3UITeH 3epTTeyJIepAiH HETi3iHIe YITrUIepal CoyNeNeHAipy JKoHe oJIlley JKarJalnapblH
OHTAJIaH-IIBIPy HOTIIKECIH/E, CaJBICTBIPMabl Kateliri 5%-1aH ToeMeH OonaThiH Fe KommapaTopbIHBIH MeJIepiH
anpikTay ymin KHAT cansicThipManbl cTaHgapTTay oICiH MaiijanaHy MYMKIHAIr kepcerinmi. bynm apkpuisl
3epTTENIETIH YJTIepaeri KOMIapaTopAblH MOJILIepiH aHbIKTAy YILIIH TOYeNCi3 Taljay 9JICiHE JereH KaKeTTLTiK
Koibaapl. DocaT MUKI3aTHIHBIH CTaHAAPT YITUIEPiHIH KOMETIMEH IIIKi CTaHAapTTHl MaiiansaHa OTBIPHIIM,
komnapaTtopislk KHAT apxpurer COKMIpIH MemIepiH aHBIKTAYIBIH CaIBICTHIPMAIBI KaTemiri Oaramanmsl, o 8%-
naH acmaiapl. Dochop eHIIPiCiHIH XKOHE OHBI KaiiTa eHJIey OHIMICPIHIH OpTYpIi YATUIepiH Taiaay MBICAIBIHIA,
texHojorusuiblk  yaritepgaeri COKMpwt 111 mongik caHatel OoO#bIHINA Tanjgay YIUIH YCHIHBUIFAH TOCUIIEMEHIH
MYMKIHIIUTIKTEPI KOPCETUI L.

Tipek ce3nep: HEHTPOH-AKTUBALMSIIBIK TAlIAY, CUPEKKEPIiK MeTanaap, pocdar muKi3arsl.
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STATE OF PRODUCTION AND RAW MATERIALRESOURCES
FOR GLYPHOSATE OBTAINING

Abstract. According to the State program of the agro-industrial complex of the Republic of Kazakhstan for the
period from 2017 to 2021, the release of herbicides is planed in the following names: "Tanderbolt", "Gladiator",
"Glyphos Super", "Touchdine", "Chistopol", "Vulcan","Smersh","Roundup "and" Hurricane". It was noted that
potassium salts of glyphosate, for example "Uragan Forte", the product of the company "Syngenta", which contains
44.7% of potassium glyphosate and up to 20% of substituted amines and hydrocarbons, are also very active. Being
the most widespread agrochemical product in the world, glyphosate is a class of herbicides and is a generic, it makes
the greatest contribution to the protection of useful crops. Many crops with the help of genetic engineering are made
resistant to glyphosate. The scheme of the laboratory installation for the preparation of glyphosate, consisting of a
thermostat, a four-necked flask equipped with a stirrer and a reflux condenser is shown in the article. The working
mixture is thoroughly mixed with the addition of the required calculated amount of phosphorus trichloride. After the
necessary amount of reagents is introduced, the mixing time is maintained within 100-120 minutes. The final result
is controlled by the change in the resulting suspension. Using physicochemical methods of analysis the
mineralogical and element-wise composition of the final product is established. Based on the results of the analysis,
it was found that the main component of the synthesized product is phosphorus up to 42%, and the impurity mineral-
forming components are iron, calcium, magnesium, aluminum, potassium, sodium.

Keywords: glyphosate, herbicides, harsh chemical, pesticides, thermal decomposition, maximum
decomposition rate.

0O.b. I[opmemmml, C.II. IManaraes’, K.T. ’Kanrtacos?,
I1.K. [lanamnos’, .M.’Kanracosa’, JK.M.AnTbi6aeB

'VO «Benopycckuii rocy1apcTBeHHbIH TeXHOIOTMYECK il yHUBEpCHTET», Pecry6nuka Benapych,
r. MUHCK, JOKTOp TEXHHYECKUX HAYK;
?FOxH0-Ka3axcTaHCKuil roCy1apCTBEHHbIH YHHBEPCHTET HMeHH M. Ay330Ba, IIbIMKeHT

COCTOSAHMUE ITPOU3BOACTBA U CBIPBEBBIE PECYPCbHI
JJIA HOJAYYEHUSA I'NIMPOCATA

Annoranus. CoriracHo ['ocynapcTBeHHOH MporpaMMe arporpoMBIIIICHHOTO KoMIutekca PecryOnmmku Kazax-
crad Ha 2017-2021 romplHAMEYEHO pacHIMpeHre TepOeIiIoB Mo CIEAYIONINM HamMeHoBaHUAM: «TaHmepOomray,
«'napuaropy, «'nmudoc cynep», «Taunaiiny, «Hucronomn», «Bynkany, «Cmepin», «Paynnan» u «Yparan». Otme-
YeHO, YTO BBICOKOH aKTHMBHOCTBIO O0JIQIAIOT M KaJWeBbIe cONM Iimdocara, HanpuMep «Yparan doprey, IpomyKT
¢bupmbl «CuHreHra», Kotopblit comepxut 44,7% rnudocara kamus u 10 20% 3aMelIeHHBIX aMUHOB U YTJIEBOJIO-
poaoB. SIBISISACH CaMbIM PaCHPOCTPAHEHHBIM arpOXMMHUYECKUM MPOJIYKTOM B MHUpE, IiudocaT mpeacTaBiseT Kiace
TepOUIIUIOB U SBJISAETCS JPKCHEPUKOM, OH BHOCUT CaMblii OOJIBIION BKJIAJ B 3aIIUTY IMOJE3HBIX KyJIbTyp. MHOrHE
CeNIbCKOXO03SIIICTBEHHBIE KYJIBTYPhI C IOMOIIBIO TeHHOW MH)XEHEPHHU JIENIAI0T YCTOMUMBBIME K rirdocary. B cratbe
NPUBE/ICHAa CXeMa JIAOOPAaTOPHOM YCTAHOBKH [UISl TOJIyYEHHs IiIMdocara, COCTOSINAs U3 YETHIPEXTOpJIoil KOJIObI,
CHAa0)XEHHOW MELIAJIKON ¢ 00paTHBIM XOJIOAMIFHUKOM U TepMocTaroM. Pabouas cMech TIIaTeNIbHO ITepeMenIBaeTCs
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npu 100aBIEHHN HEOOXOIUMOTO PACUETHOTO KONWYecTBa Tpexxiopuctoro ¢ocdopa. Ilocie BBemeHus HeoOXo-
JIUMOT0 KOJIMYECTBA PEArcHTOB BpeMs IepeMelinBaHus BbiaepxkuBaeTcs B npenenax 100-120 munyt. Koneunsii
pe3ynbTaT KOHTPOJIHPYETCS MO W3MEHEHMIO MOJIYYEeHHOW CycneH3nH. PH3MKO-XMMHYECKHMMH METOJAaMH aHaJIn3a
YCTAHOBJIEHBI MHHEPAIOTHUECKHHA M II03JIEMEHTHBIH COCTaB KOHEYHOTo INpoaykTa. Ha ocHOBe pe3ynbTaToB
aHaJIM30B YCTAHOBJICHO, YTO OCHOBHOW KOMIIOHEHT CHHTE3HpYEeMblil MpoayKT- docdop (10 42%), a npuMecHbIMH
MHHEPAI000pa3yOIUMI KOMIIOHEHTAMH SIBIITIOTCS JKEJIe30, KATBIHA, MATHUHA, aTFOMUHIH, Kanui, HATPUH.

KuaroueBbie ciioBa: rimdocar, repOMLInabl, SI0XUMHUKATHI, TIECTHLUIbI, TEPMHYECKOE PA3JIOKEHUE, MAKCUMYM
CKOPOCTHU Pa3IOKEHHUS.

Beenenue

TeMnbl pocTa XUMHUYECKOM MPOMBIIIUIEHHOCTH TMIPEBBIMIAIOT TeMIbl pocTta MupoBoro BBII u
yBeIMYeHHEe 00beMa NMPOU3BOJCTBA B XUMHUYECKOH OTpaciud SKOHOMUKHM Ha 1 YCIOBHYIO €IWHHUIY (B
nomnapax CIIIA) moBsilieHHe MPOU3BOACTBA B IPYTHX OTpacisax 3KoHOMHKH, 1o AaHHeIM CEFIC(2014 r)
¢ yu€tom HedTexumuH, coctasmser a0 2,1 y.e.[1].

Pecny6nuka Kaszaxctan siBisercss o0namaTeneM ChIPBEBBIM PECYpPCOM M MaTepHaloB, HMMEIOLINX
OonplIoe 3HAUYEHHE B PA3IMYHBIX MPOMBIIIICHHBIX CEKTOpaX SKOHOMHKH, rae u3 105 Xumuueckux
anemenToB Tabmuusl (.M. MenzneneeBa 99 31eMEHTOB HCIONB3YIOTCSA IMPHU MPOU3BOJCTBE Pa3IUUYHBIX
nponykiuuu. MaccoBoe pa3BUTHE BpeauTenedl i OoJe3HEeH JKUBBIX OPraHU3MOB — BBI3BIBAET
HEOOXOAMMOCTh OOpbOBI ¢ HUMH TPU MOMOIIM AJO0XUMHKATOB. CaMblil pacnpocCTpaHEHHBIN B MHUpE
crnoco0 OoprOBI € BpeAWTENsIMH W OOJIE3HSIMH KHMBOM MPHUPOABI M MaTEepHalbHBIX CPEICTB 3TO
XUMUYecKui croco0. CrnpaBUTBCS € BPEAMTEIISIMH CEJIBCKOXO3SMCTBEHHBIX KyJIbTyp Ha OOJBIINX
IUIOMAAAX 0e3 AAOXMMHMKATOB OYeHb TPYIHO U MO MHEHHIO YUYEHBIX, MpHOaBKa ypokas OT XMMHUYECKOU
3amuThl pacTeHuit coctaBmger oT 20 no 60%. Hampumep, mpubaBka ypoxas B EBpome Tonpko OT
XUMHUYECKOM 3ammThel pacteHHd coctaBisgeT or 40 mo 60 % [2]. IloaTomy, OTKa3 OT HpPUMEHEHMS
XMMHKATOB MOXET IIPUBECTU K OTPOMHBIM ITOTEPSIM IIPOAYKTOB IIUTaHHUS.

B Hacrosiee BpeMsi UCHIBITaHBI CBOWCTBA Oosee 4eM 35 ThICAY COEAMHEHHUH STOXMMHUKATOB, IMPH
BBIITYCKE UX BO BCEM MHPE OKOJIO 5 ThICSY HauMeHOBaHUK. B Poccun 3TOT CHHCOK 3HAYUTENBHO KOpOUe,
n Brimodaet okojo 200 mpemnaparos [3].K repOurmaam mmpoko CeKTpa ASUCTBH OTHOCUTCS Tirdocar,
HEOpPraHMYECKHE COCTUMHEHUS Ha OCHOBE (OCHOPOPraHNIECKUX BEIIECTB, KOTOPBIH MOXKET MHUTPUPOBATH
M0 COCYIUCTON CUCTEME COPHSAKOB, YHHUTOKAsi HE TOJIBKO Ha3eMHYI0, HO U MOJI3EMHYI0 KOPHEBYIO 4acTb
pacrenuii. BriepBoie repOununnsie cBovictBa rimocara Obutu BelsiBieHbl B CHIA  [[onom @paniem
paboTHuKOM Kommanuu Monsanto B 1970 roay ynocroenusnii HammonameHoi Menmamu 1987 romy.
Hcteuenune cpoka neiictBust B 2000 rogy mareHta Monsanto Ha MoOJeKydy rimdocata 3TO MPHUBEIO K
MIOSIBJICHUIO HA PBIHKE KOHKYPEHTOB, IPOU3BOASAIINX aHAJIOTH ITPOAYKTa TOproBoi Mapku Roundup.

B HacTosimee Bpems Ha pbIHKE CYIIECTBYIOT NECATKM Mapok riugocaTta MoJ CaMbIMHU Pa3Id4YHBIMU
HasBaHusaMu: «TanpepOonta», «[mammaropy», «[mudoc cymep», «Taumaitny, «Hucromom», «Bynkany,
«Cmepm», «Paynmam» u «Yparan».BpICOKOH akTHBHOCTBIO TarkkKe OONagaloT M KaJlueBbIE CONH
rudocara, Hanpumep «Yparan Dopte», mMpoaykT Gupmbl «CHHTEHTa», KOTOPBIA coiepkutT 44,7%
riugocara Kaiaus u 10 20% 3aMeleHHBIX AMUHOB M YTJICBOIOPOJIOB.

Imudocar - camplii MOMyNSAPHBIM M PAacHPOCTPaHEHHBIH B MHpE arpoXMMHUYECKUH TpOAyKT. B
MHPOBOM CEJIBCKOM XO3SHCTBE, HECMOTPS Ha TO, YTO IIH(OcaT MPEenCTaBiseT KiIacc repOMLUAOB U
ABISIETCS. JDKCHEPUKOM, OH BHOCHUT CaMblii OONBLION BKJIAJ B 3alUTy IIOJIE3HBIX KyJIbTyp. MHorue
CEeJIbCKOXO3SIMCTBEHHBIE KYJBTYPHl C IIOMOINBIO TE€HHOW WH)XEHEPUM JIeNaloT YCTOWYMBBIMH K
rugocaty[4-8].K ogHOMYy M3 OCHOBHBIX W LIMPOKO IPHUMEHSIEMBIX T'epOUIMIOB MOXHO OTHECTH
rudocar, TOTydaeMblii Ha OcCHOBe (oCHOpOpPraHUICCKAX BEIIECTB, XHMHUYecKas (opmyra
koTopoitCsHgNOsP unu dpochopopranmueckoe coeaunenne [N-(dpochoromernn)- raunuH]. ITo X0poio
BOJIOPAcCTBOPUMBIE T'paHyJIbl WIH KPUCTAJUIBI OENoro mBera, He MMeromue 3amnaxa. OHM OYeHb TPYIHO
PacTBOPSIIOTCS B OPraHUYECKUX PACTBOPUTENSAX, HO C OPraHMYECKMMM OCHOBAHMSMH OOpa3yroT COJIH,
XOpOIo pacTBOpUMEIC B Boje. C XMMHUYECKOW TOYKH 3peHHs paboThl [9] rmudocar sBisiercss crnaboit
OpraHUYEeCKON KHCIOTOM.

C Lenbio MOBBIIEHHS PACTBOPUMOCTH B NpeNapaTUBHBIX popMax rimdocaT mepeBoasiT B KaJHEBYIO,
3TaHOJAMUHHYIO, TUMETHWJIAMUHOBYIO, aMMOHHUIHYIO WIH H30IPONHUIAMHUHOBYIO COJEBYIO KOHCHCTCH-
nuo. B KadecTBe ACHCTBYIOIIETO BEIIECTBA, OOJBIIMHCTBO TEPOUIMAHBIX IIPEMApaTOB Ha OCHOBE
rimdocara, coaepkar coib m3omnpomnmwiamuHa [10].
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3a pybOexom rnudocaT HCIONB3YyeTCs TakKe MPHU IONydYeHHMH OaKOBBIX CMeced C alaxJopom,
aTpa3uHOM U CUMAa3MHOM, TUHYPOHOM, METPHOY3HHOM U JIp.

Kommnozummu, comepxaiiie pasHOOOpasHble TepOUIIbI, HEOOXOAUMBI B CEIILCKOM XO3SHCTBE U B
Opyrux o0jacTsaX Uil paclIMpeHus CHEeKTpa WM JAuana3oHa BHUIOB YHHUUYTOXAEMBIX DAacTeHU, ¢
KOTOPBIMHU Be€TCst 60phoa.

BBuny nmorpeGHOCTH B KOMIO3HIMSX C BBIIICYIOMSHYTHIMH CBOMCTBaMM, KOMOHMHAIUS TpHAa30-
JMHOHOBOI'O repOuumaa U rimudocaTHOH COMM pacKpbita, Hampumep, B mareHtax CLUA[11-13], PCT
MATeHTHBIX MyOnuKkanusax [14-16]. ABTOpsl 3THX pabOT MpPeanoararT, YTO KOMOWHAIMS TPUA30IUHO-
HOBOTO TepOMITMIa U TIMGOCATHONH CONIM 00JIamaroT TepOUITUIHEIM 3(PPEKTOM TPOTHB OYCHD ITHPOKOTO
CIIEKTpa COPHBIX PACTEHUH.

OObyHO ThHMdocar B BuAe coiu 00nagaeT AOCTaTOYHO BBICOKOM PacTBOPUMOCTBIO B BOJAE AT
MOJY4YEHUS! BBICOKOKOHIIEHTPUPOBAHHOTO TIepOMLMAHOrO Ipemapara. Tak Hampumep, B IaTeHTE
CHIA[17] npuBenens! u3onpomnuwiamuaHas coib (IPA) u Monoatanonamuanas (MEA) conpb rimdocara.
B natenrax CIIIA [18,19] npuBeneHsl pa3iauuHble Ipenaparsl, KOTOpble BKIodaroT kanueByto (K) conb
raudocara. BEICOKOKOHLIEHTPUPOBAaHHBIN MpenapaT NPeanoYTUTENCH [0 Pa3IMYHBIM 3KOHOMHUYECKUM H
9KOJIOTMYECKMM INpuuuHaM. Hampumep, OH sBIsieTCS BBICOKOKOHLEHTPHPOBAHHBIM IIPEHapaToM IS
CHIDKEHHUS 3aTpaT Ha TEPEeBO3KY M IOATOTOBKY, CHIDKEHHS KOJMYECTBAa YIAKOBOYHOTO MaTepuana,
KOTOPBI HEOOXOIUMO yTHIM3UPOBATh.

W3BecTHO, 4TO rimdocaT UCHIONB3YyeTCs M Kak AecHKaHT. [Ipu 3ToM B KauecTBE MOJIOKUTEIHHOTO
3¢ deKTa yKa3pIBacTCs YMCHBIICHHE 3aCOPEHHOCTH IIOJICH MHOTOJICTHHMH COpPHSKAaMH, a WHOTIA H
OJTHOJIETHUMH.

OpnHako, Bo Bcex paboTax HE NMPEICTABICHO CBEACHUN HCCIeN0BaTeNeH Mo MOMyuyeHHIo rrdocaTa ¢
MCIIOJIB30BAaHUEM OTXOJIOB MPOU3BOACTB. [lo3TOMYy, 11eNIbI0 HCCIeIOBaHUN SBUJIIOCH COBEPILIEHCTBOBAHUE
TEXHOJIOTHHU TIOIy4eHHe Tiudocara 3a cyeT BBEACHHUS B TEXHOJOTMYECKUH Mpolecc peTypa ammodoca -
U3IEPKEK IPOU3BOACTBA MUHEPAIBHBIX YA0OpEHUI.

BKCHepHMeHTaJII)HaH 4acTb

s mpoBeleHUS KadeCTBEHHBIX W KOJMYCCTBCHHBIX aHAIM30B JKUIAKO(PA3HBIX U TBEPA0(a3HBIX
mpo0, KOTOpble OTOMpPAlOT Ha Pa3HBIX IOATANHBIX CTAAWSX SKCIIEPHUMEHTAIBHBIX HCCIICIOBAHHIA,
coJiepKaHUEM OIPEIeIEHHBIX 3JIEMEHTOB W COCTUHEHWH, OBUTM MPUMEHEHBI OOIICTIPUHATHIC CTaHAAPT-
HBIC METOJIbI U COBPEMEHHBIC TPUOOPBI U 000py10BaHHEe HU3UKO-XUMUUICCKHX HCCIICIOBAHUM.

2
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1 — 4-x roprnas kon6a; 2 — MemIanka; 3- oOpaTHbIM XOMOIMIBHUK; 4 — BaHHA C LIEJI0YbI0; 5 — OAJUIOH C aprOHOM;
6,7,8 — éMKOCTH TOJ] pacTBOPHI IUKEHTONUIIEpa3iHa, (popMalbAeruia U YKCYCHOH KHCIOTHI; 9 — TepMonapa; 10 — BoasHas O6aHs;
11 — snexrporuTka; 12 — KCIT
Pucynok 1 - YcraHoBKa 10 Iojy4eHHIo rimdocaTa
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Memoouxa npogedenus sxcnepumenmos. llpoBeneHue SKCHEPUMEHTANIBHBIX HCCIEIOBAHUM IO
NOJIy4eHUI0 Iaudocara OCyLIECTBIAIOT, B YCTAHOBKE NPUBEICHHON HA pUCYHKe 1, rne B BOASHOM OaHe
ycTaHoBJIeHa 4-x ropinas konba €mkocthio 500Mi, cHaOXEHHAS YCTPOWCTBOM ISl MEPEMEIUBAHUS
PacTBOPEHHBIX BEIIECTB B OOpAaTHBIM XOJOJWIBHHUKE, MOJCOCIMHEHHOM K KayCTHYECKOH BaHHE uepes
CHCTEMY MIJAHTOBBIX TPyOOmpoBoAoB. B konly BHOCAT ompenenéHHbIE KOJINYECTBa2,5 AMKETOIHUIIE-
pasuHa, n-popManpAeruia M YKCYCHOM KHCJIOTBI, IPU TIOCTOSIHHOW paboTe IepeMEelINBaIOLIETO
YCTPOMCTBA M MPOIYCKAaHUK BOJBI Y€PE3 XOJOAUIbHUK.

3areM BKIIOYAIOT HarpeBaTeIbHOE YCTPOWCTBO, IJISl MOJOTPEBA CYCIIEH3UH, HOBOIAT TEMIEpaTypy
CYCHCH3MIO O KHICHHS M HAaYMHAsi C MOMEHTa KHIIEHHMS PEAaKLUOHHOW CMECH, NPH IOCTOSHHOM
nepeMeNIBaHuU BelyT MpOIleCC HarpeBaHus emie B TeueHwe 45 muH. LlBer cycnensmm u3 Oenoro
npuoOperaeT XKENTHIA OTTeHOK. [locie OTKIIOYEHHS BIIEKTPOHArpeBaTelbHOro mpubopa Koily c
pacTBOPOM PEAKLUMOHHOH CMECH OXJaXAAalT A0 KOMHATHOM TEeMIeparypsl, NPH IOCTOSHHOM
nepeMeNINBaHud, U JO0aBISIOT OINpeleIEHHOe KOJIWYECTBO Tpexxiopucroro ¢ocdopa. Cuemyer
OTMETHTB, YTO BIIEPBBIE 5 MHHYT NPH BBEACHUU TPEXXJIOPHUCTOTO BOAOPOJA MPOTEKACT pEakus ¢
BBIJICJICHHEM XJIOPHUCTOTrO BOAOPOA.

Ilocne wu3pacxomoBaHus Bcero konuuectsa Beoaumoro PCl; peaknMoOHHYIO CMeCh IIOBTOPHO
HarpeBaroT MPHU MOCTOSHHOM IiepeMemuBanuu B TeueHune 120 muH. B Xome HarpeBaHUs OTMEYaeTCs
MOBTOPHOE BBIAETICHUE XJIOPUCTOTO BOAOpOAA. B TeueHme Bcero BpeMEHM MpPOBENEHHS PEAKLUHU LIBET
pacTBOpa U3MEHsETCsl ¢ 00pPa30BaHUEM CBETIIO-OPAH)KEBOW CYCIIEH3HU.

[Mony4yeHHYI0 CYCNEH3UIO OXJIAXKIAIOT W Pa30aBISIOT AUCTHUIMPOBAHHOW BOMOH, C UeEIbIO
paspyLeHHs MOsBICHUsI 00pa3oBaHMsl OMC-XJIOPHCTOMETHIOBOTO 3(upa, a 3aTeM MOBTOPHO HAarpeBaloT,
IpY TIOCTOSIHHOM II€pEMEIIMBAaHUM B TedeHHe 15 wacoB. IlomyueHHBIH NPOAYKT cymIaT M MOIYyYaroT
CBETJIO-JKENTON 0CafoK, KOTOpoi pazbamBimstioT B 350 mMu1 gucTWUiMpoBaHHOW Bojoil. [lomydeHHBIN
pacTBOp MEpEeMENINBAIOT C TMOMOIIBI0 MarHUTHOM MEIIANKd W K MOJYYeHHOH peakUMOHHOW cMecH
JOOABJISIFOT TUAPOKCUA HATPHs, MPEIBApUTENHHO pacTBOpeHHBIH B 220 mu Bombl. OOpa3oBaBHIMIiCS
pacTBOp KENTOTO IiBeTa HarpeBatoT B TedeHue 1200 MuH, a 3areM aia noidydeHuss cMecu ¢ pH=1
MOAKUCIISIFOT KOHLIEHTPUPOBAHHON COJISTHOM KHCIIOTOM.

C uenplo MHTEHCH(MKAIMK IIpoliecca MONyuyeHHs Tudocara U CHUKEHHUS KOJIMYECTBA TOBAPHBIX
IPONYKTOB PEAaKUUU IPOBEIEHBI MCCICIOBAHUA II0 YAaCTHYHOM 3amMeHe aMmuaka u ¢ocdopa, B Buae
dochopucToit KUCIOTHI U3 aMMOdoca, TepMOrpadUISCKHil aHAIU3 KOTOPOTO MPUBEICH Ha PUCYHKE 2.

Rrexo TNyrun Amodpoc (Kasaxcran) 31.05.2016 17:31:47
mw | NyriH AMMQd:oc (KasaxcraH), 31.05.2016 17:11:14 Module: TGA/DSC 1 HT/319, 12.02.2009 13:47:46 Method: 25 1000 10 150ul N
Sample Weight dt1,00s
. Nyrun Ammodpoc (Kasaxcran), 54,8700 mg 25,0-1000,0°C 10,00°C/min <
b L Synchronization enabled 55
9 - Signal Value 43,68 mW TG -
] at  358,84°C y i
50 4
1 4,82 mW
‘. Signal Value -21,47 mw 50 -
- DbscC 4
0 ] 489,60 °C / at 950,34 °C
] / / 4
1 Signal Value -39,97 m /\]\ | Step -6,7377 %
-50- at  198,90°C 3 -3,8970 mg b
] \ \ Residue 69,3857 % 5 i
i . | \’/ 38,0719 mg Step 43,86 .
i Left Limit 357,78 °C : B
Step -1,2920 % (A -2 q
1 -0,7089 mg | ?‘w nal Valie -0,57 mgmin~-1 Right Limit 449,63 °C Residue 56,1403 % B
-100 Residue 98,7089 % ’\‘a[ 382,52 °C 30,8042 mg J
T 54,1616 mg T 3 Left Limit 27,03 °C
- LeftUimit 27,03°C \ Signal Value -0,65 mgmin~-1 Right Limit 991,53 °C A
] Right Limit 124,62 °C at 501,85 °C 5 05 | 404
-150 2 Step s mgmin”-1 4
. Signal Value -0,77 mgmiry=t * B
| step -14, Z?o; Y% at 8,60 °C 5 Residue Step -5,3989 %
] -7,8115 mg 3 -2,9624 mg 1
Residue 84,4726 % - Resid 55’ 1403 %
1 46,3501 mg Step -8,3492 % RAEGS, esidue 2 b
200 _ 5,35 v Right Limit 557,01 °C 30,8042 mg
Left Limit 124,62 °C 5812 mg Left Limit 557,01 °C 17
7 Right Limit 277,40 °C | Residue 76,1234 % &ft Limif .
4 " ' 41,7689 mg Right Limit 951,53 °C <A
E Left Limit 277,40 °C 7 3 -
R Right Limit 357,78 °C 16 i
-250 —{Signal Value -1,14 mgmin~-1
E at 204,66 °C =
1 304
7 100 200 300 400 500 600 700 800 900 g
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Lab: METTLER STAR® SW 9.20

Pucynok 2 — Tepmorpamma petypa ammodoca
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O0cy:kaeHue pe3ybTaTOB

Ha ocHose OKCIICPUMECHTAJIBHBIX I/ICCJIGI[OBaHI/Iﬁ 1 MMOJYYCHHBIX PE3YJIbTAaTOB CJIICAYCT OTMCTUTD, UTO
npomecc  MOJMYYEeHUS TpU ankwicynbdaTHOH comu  N-pochOHOMETHITIMINHA XapaKTepu3yeTcs
CJICAYIOIIMMHI OCHOBHBIMH CTaUSIMU:

- 1 cragusa — nomyueHne IPOMEXYTOYHOTO IPOAYKT Ouc-pocdonomernn 2,5-1ukeTonunepasuta npu
WCIIOJIb30BAaHUM HHU3KO MOJIEKYJISIpHOH KapOOHOBOH KHCJOTBI Ha OCHOBE YKCYCHOH, NMPOMUOHOBOH H
OyTaHOBOH KHCIIOT;

- 2 cTamus — BhIICIICHUE TTPOMEKYTOUHBIX COCTMHCHUH Onc-hoCcPOHOMETHI2,5- THKETOTUIIepa3Ha B
MpoIeCcCce HarpeBaHus;

- 3 cragus — B3auMmozelcTBHe Ouc-(pocHOHOMETHIT 2,5-TUKETOMMUIICPA3HHOBOTO  COCTUHEHUS C
THUAPOIM30M ITHCTHUINPOBAHHON BOJOW M pa30aBiIcHUEM B HEW HATPHUEBOH IIETIOUN;

- 4 cragus — TMOJKHUCICHHE TOJIYYEHHOH CONM COJISIHOM KHCIOTOM 1uis 0oOpa3oBaHHS KOHEYHOTO
nponykta N—dochonomerunriannuHa. CooTHomeHue — 2,5-auKeTonunepasuHa:n-popmanbaeruia
TpexxiopucToro ¢ocodpa B Xoje uccienoBanuu cocrasisumo 1:1,5:1,5.

Jist yirydiieHus 3K0JI0THYeCKUX ¥ TEXHUKO-3KOHOMHUUYECKUX MOKa3aTesIel MPou3BOICTBa aMModoca
u I‘J'H/I(l)OcaTa IMPOBCACHBI HCCJICIOBAaHUA I10 I/IHTGHCI/I(I)I/IKaHI/II/I TEXHOJOIHMN 3a CUYCT HCIIOJb30BAaHUA
perypa aMmmodoca.

HK-ciekTpockonmmueckuid aHaimm3 amMMmodoca TMONyYeHHOTO U3  (OCHOPUTOB MECTOPOKIACHUS
Kanarac u MMPUBCACHHOI'O Ha PUCYHKE 3HOKa3I)IBaeT, 4YTO B €r0 COCTaB BXOAUT MNPECHUMYUICCTBECHHO
muruapogochar ammonmsa, T.K. B HK-cmektpe ammodoca Bce Hamboiee HHTECHCHBHBIE MOJIOCHI
MOTJIOLIEHHUSI COOTBETCTBYIOT MOJI0CaM MOTJIONIeHUs Auruapodocdara aMMOHUS.

Cornacao pamabpix TI'A u JICK TepMorpamm, YCTaHOBJIEHO HYTO TEPMHUYECKOE pa3okKeHHe
ammooca poTeKaeT B 6 CTaIHid:

l-ag cramus - B mHTepBane Temmepatyp 27-125°Cc moreper 1,29% wMaccel;2-asg - B HHTepBaie
temneparyp 125-277 °C, rme MakcMManbHas CKOpPOCTh MmoTepu maccel 14,24 % cocTaBiser - IpH
temnepatype 205 °C;3-s cragus - B uatepBayie 277-358°C; npu MakCUMyMe CKOPOCTH pPa3iIoKeHHUs Ha
stoit craguu 8,35 % mpu temmeparype 309 °C;4-as cramusa - 358-450°C; mpu KOTOpOH MakCUMyM
CKOpPOCTH pasnoenust 6,74% cocrasiser npu 382°C; 5-ast cragust - 450-557 °C; npu KOTOPOI MaKCHMyM
cKkopocTH pasnoxenus 7,85 % cocrasnsger npu 502°C;6-as cragus npu 557-991°C; mpu nmotepe Macchl
5,4%.

Ammophos
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2-Theta - Scale
Bl Ammophos - File: Ammophos. faw - Type: 2THTh locked - Start: 5,000 * - End: 80,000 * - Step: 0,100 * - Siep time: 2. & - Temp.: 25 °C (Room) - Time Started: 10 & - 2-Theta: 5,000 - Theta: 2.600 ° - Chi: 0.0
=01-085-0815 (C) - Biphosammite, syn - NHSH2PO4 - ¥: 50.00 % - d x by: 1. - WL: 1.5406 - Tetragonal - a 7.49970 - b 7.49970 - ¢ 7.54940 - alpha 90.000 - beta 90 000 - gamma 90.000 - Body-centered - -42

Pucynok 3 - PenrrenodasoBslii ananus perypa ammodoca

Ha mepBoli craguy NpoMCXOAMT yJaleHHE aacopOUpoBaHHOW BoAbl. B wmHTEpBane Temmeparyp,
COOTBETCTBYIOMX BTOpoit cramuu (125-277°C), Habmromaercs Oobllias MOTEPS MAacChl, KOTOpas
WHTCHCUBHO IPOTEKAET 10 M Mocie IuiaBieHus auruapodocdara ammonus (t.aur.=199°C, cormacHo
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muauMyMy Ha kpuBoii JICK). B aToM TemmneparypHOM MHTEpBaie HauWHAETCS MPOIlecC eaMMOHHU3AIHN
u geruapatanmud  guruapodocdara aMMOHHUSA, KOTOPBIA  COMPOBOXKIAETCS — IMONHMEpH3aIHen
nuruapoopTodochaT-uoHOB ¢ o0pazoBanueM audocdar-, Tpudochar- u Terpadochar aHHOHOB.

Ha 3 u 4 ctaausax TepMHUYECKOTO Pa3IoKeHH aMMO(oca POI0IDKACTCS MPOIECC MOJIMKOHACHCAIUH,
Oonee riryboko mporekaromuii B uHTepBaiie Temreparyp 300-440 °C, B pesynbrare Yero oOpasyrorcs
(ocdarHbie aHUOHBI CO cpeaHeil MuHOM 1enu Oonee 7. [Ipu Temneparype Boime 450°C (msarTas cramus)
HAYMHAETCS Pa3JIOKEHUE TPOMYKTOB IOJHMKOHICHCAIMU, KOTOpAas COMPOBOXKAAETCS OojblIeHnoTepei
Maccel, 4eM Ha mpenpaymed cragun. llpm srom HakpuBor JICK HaOmomaercs HeOombIIONH
sugoTrepmudeckuii 3 dexr. [lomras morepss Mmaccsl mpu nmpokanuBanuu ammodoca mo 1000°CcocraBser
43,86%, uto BeImepaccuntanaoi (39,05%) mist cmecu mauruapodocdara (90mace.%) u ruapodocdara
(10macc.%), xapakTepusyromiedl NpHONMKEHHBIH cocTaB ammodoca. OTO MOXKET OBITh CBSI3aHO C
BO3TOHKOH OKcuaa docdopa, MPoayKTa MOIHOTO pa3ioKeHus (GocdaToB aMMOHHS, IMPU TEMITepaType
Boie 600°C 1 BbIAEIEHUEM 3HAUNTEIBHOIO KOJIMYECTBA AMMHAKA.

AHanu3 XMMHYECKOTO COCTaBa IOKa3bIBACT, UYTO coaepikaHue ¢ocopa B HCCIETYEMOM MPOIYKTE
cocraBister oT 35 no 42%, B kadecTBe NpUMeceid B HEM INPHUCYTCTBYIOT KEJE€30, MAarHui, KajbLHM,
ATIOMUHUHN, KaJIUM, HATPUIL, MapraHell U KPEMHHUM.

BoIBOaBI

Taxum 00pa3oMm, Ha OCHOBE SKCIIEPUMEHTAILHBIX HCCIIEAOBAHIN U TTOJIYICHHBIX pe3yabTaToB TI'A u
JACK Ttepmorpamm (puc2) ciemyer OTMETUTb, YTO MpPOIECC TEPMUYECKOTO pas3lokeHus ammodoca
nporekaeT B 6 craaumil. MK-cnexTpockommyeckuid aHann3 ammodoca HOodydeHHOro u3 docdoputos
MecTopoxaeHus JKaHarac MOKa3bIBaeT, YTO B €0 COCTAaB BXOIUT MPEUMYIIECTBEHHO Iuruapodocdar
ammonus, T.K. B HK-cnektpe ammodoca Bce Hambonee WHTEHCHBHBIE TMOJOCHI TMOTJIOMEHHUS
COOTBETCTBYIOT TOJiIocaM TomiomieHus auruapodocdara amMoHus.B  wHTEepBasme Temmepartyp,
COOTBETCTBYIOLIMX BTOPOi cramuu (125-277°C)HaunHaeTrcs MpoLece NeaMMOHHM3AIMU U JIETUIpaTaiuy
muruapodochaTa aMMOHHSI, KOTOPBIA COMPOBOXKAAETCS MOIMMEpPH3aITUe TUTuapoopTodhochaT-nHOHOB €
oOpazoBanueM nudochar-, tpudochar- u Terpadochar anmoHoB. Ha 3 u 4 cramusx oOpaszyrorcs
docharHble aHHOHBI CO cpeaHel MHON nenu Oosee 7. [Ipu Temneparype Boinre 450°C (nsras craaus)
HAYMHAETCS Pa3NIOKEHHE MPOAYKTOB MOJUKOHIEHCAIMH, KOTOpas COMPOBOXKIAETCS OONbIIeil morepen
Maccel. [lomHas moTepss maccel mpu mnpokanuBaHuu ammodoca 1o 1000°CcoctaBnser 43,86%, uto
BhInepaccuntannoi (39,05%) ms cmecu auruapodocdara (90macc.%) u ruapodocdara (10macc.%),
XapaKTepu3yoIel MpUOIMKEHHBIH cocTaB aMMo(oca. AHAIN3 XUMHUYECKOTO COCTaBa MOKa3bIBAaET, UTO
conepkanme docdopa B UccIeayeMOM MPOIYKTe cOCTaBisAeT OT 35 10 42%, B kadecTBe mpuMeceil B HEM
IIPUCYTCTBYIOT XKEJIE30, MArHUM, KaJIbLIUM, alIOMAHUAN, KaJIUi, HATPUI, MapraHel U KpeMHU.

Pabora BemonHeHa B cootBercTBuu ¢ TwiaHom HUP HOxno-Kazaxcranckoro rocymapcTBeHHOTO
yHuBepcuteta uMeHun M. AyszoBa b-16-02-03 «McciaegoBanuda 1o CO3JIaHUIO aJlbTEPHATHUBHO-
WHHOBAIIMOHHBIX TEXHOJIOTMH O00OTalleHUsI ChIPhbsl M TOJYYCHHS MPOIYKTOB CHHTE3a HEOPTaHUYECKUX
COCIMHCHHI W3 TPUPOIHBIX PYJAHO-MUHEPATBHBIX PECYpCOB M TEXHOTEHHBIX OTXOAOB (ochopHoii
MOJIOTPACII XUMHUYECKOH MPOMBIIUIEHHOCTHY Ha Kadenpe «XuMUYecKas TEXHOJOTHS HEOPraHWYIECKHX
BemiecTB» (r.11IsiMkenT, Kazaxcran)
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O.B. Topmemxun', C.III. [anaraes’, K.T. Kanracos?,
I.K. Ilananos’, .M.’ Kanracosa’, ’K.M.Anrbi6aes

'VO «Benopyccus MeMIEKeTTiK TeXHOIOTHAIBIK yHHBEpCHTETI», Benapych PecrryGmukachl, MUHCK K.
2M.AyesoB atpiHgarel OHTYCTIK KazakcTan MemiiekeTTik yHuBepcuTer, LIbiMkeHT

TJIMDPOCAT AJTY OHJIIPICIHIH, XAJI-)KAFIAUBIMEH IIUKI3AT PECYPCTAPBI

TyxbipbiM: Kazakcran PecrnyOiMKachlHbIH arpOOHEpKICin KelleHiH MEeMJICKETTIK OariapiiaMachiHa coiikec
2017-2021 sxpurgapeiHa TepOMIMATEPAI OHIIpICI MbIHAmAM aTaylnapMeH KEHEWTy JKOCHApIaHBII OTHIP:
"Tangepoonra", "I'naguarop", "cynep ['mudoc", "Taunaiin", "Hucronon", "Xanapray", "Cmepur", "Paynnan” xone
"HNaybut". YKorapsl OenceHilikke coOHIai aK rinMOCaTThIH Kaduil TY3Iapbl Ja He, MbIcalibl Kypambinaa 44,7%
Kanui riudocarsl xoHe 20% amuHaep MeH keMipcyTek 6ap « CuHrenTa» pupmaceiabi «Yparad @oprey eHimi 0ap
eKeHl aiThuIFaH.OJIeMIe €H KOII TapajfaH arpOXHMHUSIIBIK OHIM 00j1a Typa riudocaT repOUIuaTep KiIacChiHa Kipel
KOHE JDKEHEPUKOOINbINT TaOblIagbl, O Hal[ajibl AaKbULAApIbl KOpFayna eH YJKeH yiec Kocaibl. Kemnreren
aybUIIIApYaIIbUIbIK JaKbULAAPIbI TeH/IIK MHKeHepHs KeMeriMeH raudocarka Te3imuai erei. Makanana rindocaTTsl
alyra apHajJfaH KaWTapbIM/Ibl TOHA3BITKBIIIBI JKOHE TEPMOCTATHl 0ap apalacThIPFBIINECH JXAOABIKTAIFaH TOPT
TYTIKIIE KoibamaH TYpaThlH KOHIBIPFBIHBIH cystoackl kentipiared. Illukizar KocmachiHa yIxaopiisl GochopabiH
Ka)KETTi eCeNTeNIreH MOJIIEPIH KOCY apKbLUIbl MYKHST apalacThipbliaibl. PeareHTTepIiH KaKeTTi MOJIIIepiH KOCKaH
CoH apanacTepy yakbIThl 100-120 MUHYT apanbIFblHAA cakTajaabl. TYIIKI HOTHKE albIHFAH CyCIICH3USHBIH ©3TepTy
OoiibiHma OaxpuiaHagbl. TangayaplH (HU3MKa XUMUSUIBIK OIICTEPIMEH COHFbl OHIMHIH MHHEPAJOTHSUIBIK JKOHE
AJIEMEHTTI KYpambl aHbIKTaNIbl. Talfaynap/blH HOTHXKeIepl Heri3iHlae Heri3ri KOMIOHEHT OOJIBIN CHHTE3JCHETIH
eHiM — (ochop (42% neitin), an KocHallbl MUHEPaI KypayIibl KOMIIOHEHT OOJIBIN TeMip, AIFOMHHUI, Kaluil, HATPHii
TaObLIATHIHBI AHBIKTAIIBI.

Tipek ce3nep: rmdocar, repOUUKUATED, YJIbI XUMHKATTAp, MECTULHITED, TEPMUSUIBIK bIABIPAY, BIABIpAY
KBULAAM/IBIFbl MAKCUMYM.
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