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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
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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.

— § —



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

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]




Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

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
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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
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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
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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




Uzeecmuss Hayuonanvnou akademuu nayk Pecnyonuxu Kazaxcman

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.




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

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES CHEMISTRY AND TECHNOLOGY
ISSN 2224-5286
Volume 6, Number 426 (2017), 39 — 45

G.K. Bishimbayeval, G.F. Prozorovaz, A.M. Nalibayeva‘,
S.A. Sakibaeva®, G.Z. Turebekova®, S.A. Korzhova’, U.O. Kydyrbayeva'

'D.V. Sokolskiy Institute of Fuel, Catalysis & Electrochemistry, Almaty, Kazakhstan;
’A.E. Favorsky Irkutsk Institute of Chemistry, Siberian Branch of the Russian Academy of Sciences, Irkutsk, Russia;
M. Auezov South Kazakhstan State University, Shymkent, Kazakhstan
E-mail: g.bishimbayeva@ifce.kz

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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