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POLYCOMPLEXES BASED ON BIOPOLYMERS

Abstract. Studies of polymer complexes of humic acids with a synthetic polymer have
broad prospects for directed modification of humic acids and for the creation of a new class
of composite materials of various applications. As part of the creation of effective and
environmentally friendly technologies for deep processing of coal mining waste and the
production of new valuable import-substituting chemical products for multi-purpose
purposes, studies have been conducted to obtain self-organizing humic polymers and their
complexes with a synthetic polymer. The raw material for the production of sodium humate
was oxidized coals of the Shubarkol Deposit with a content of humic acids up to 60-80%,
isolated by alkaline extraction. As a synthetic polymer, polyacrylamide with a high
molecular weight of 5.0-10%, with a degree of hydrolysis of 10%, a content of carboxyl
groups — 1.4 mg-eq/g and a characteristic viscosity — 6.2 was used. By the method of mixing
solutions, polymer complexes of sodium humate with polyacrylamide were obtained and
characterized. Their acid and sorption properties by copper ions were studied. The analysis
of metal ions was carried out by the complexometric method. Synergetic effects of
increasing acidic and sorption properties for the obtained polymer complexes were
revealed, which manifest themselves about 30-40%. The application areas determined for
obtained polycomplexes.

Keywords: polycomplexes, sodium humate, humic acids, polymers, polyacrylamide,
sorption, complexometric method.

Introduction. The processes of structure formation between polymers with
heterogeneous macromolecules are widespread in nature and are carried out in
various industries. To date, there have been quite a large number of publications
devoted to the problem of obtaining and applying polymer complexes by combi-
ning, which indicates their importance for a number of production processes, as
well as for modeling complex biochemical processes [1-4]. Directed modification
by combining polymers gives almost limitless possibilities for the use of polymer
complexes in various fields of technology for the production of polymer coatings,
films, binders, catalysis, medicine, bioengineering, textile and paper industries,
processes of extraction, separation and concentration of metal ions and organic
substances, as well as in other fields of science and technology [5].

Natural polymers present great prospects for obtaining practically significant
and environmentally safe polymer gels and complexes. Natural ion-containing
polymers include humic acids, formed in nature as a result of biochemical trans-
formations of terrestrial vegetation and constituting the bulk of the organic mass of
coal, peat, soils and sapropels.
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Currently, there are various mixtures of humic acids, which are used in
medicine, animal husbandry, poultry. Due to the lack of systematic research in the
field of production and application of polymer complexes of humic acids with
synthetic polymers and given the high natural complexing potential of humic acids,
it seemed relevant to conduct research in this area. The combination of waste
products with synthetic polymers leads to the creation of a new composite material,
the properties of which are quantitatively and qualitatively different from the
properties of each of its components. Varying the composition of the composite
material, you can get a wide range of materials with the desired set of properties.
Therefore, many composite materials are superior to traditional materials in their
mechanical properties.

The aim of the work is to obtain polycomplexes based on sodium humate with
polyacrylamide, and study their sorption properties [6-8].

EXPERIMENTAL PART

Oxidized coals of the Shubarkol Deposit contain humic acids about 60-80%,
and is the initial raw material for the production of humic acids. In this work a salt
form of humic acid such as sodium HUMATE, isolated by alkaline extraction from
oxidized coals was used. HPa characteristic: Y COOH+OH - 4.5 mg-eq/g,
>COOH - 3,0-3,5 mg-eq/g, A- 13-15%, W2 — 10-12%, nitrogen content-less than
1%.

A synthetic polymer - polyacrylamide (PAA) has following characteristics:
molecular weight about 5.0-10° a.u.m. , a degree of hydrolysis of 10%, content of
carboxyl groups — 1.4 mg-eq/g, and a characteristic viscosity of - 6.2. PAA is
practically insoluble in organic solvents, and its melting point is 113°C. At
interacting with water, polyacrylamide forms a gel. The average pH level can vary
in the range of 7-14. The analysis of metal ions was carried out by the
complexometric method.

To obtain polycomplexes of sodium humate with polyacrylamide, the 0.5%
aqueous solutions of the initial components in various volume ratios were mixed at
room temperature. Aqueous solutions of polymer complexes are stable, and
delamination is not observed. At drying dark brown powders formed [9-13].

RESULTS AND DISCUSSION

Studies of polymer complexes of humic acids with various synthetic polymers
have broad prospects for directed modification of humic acids and for the creation
of a new class of composite materials of various applications, which can exhibit
higher sorption properties, hydrolytic stability, strength and other specified
properties in comparison with the initial compounds [14]. Humic acids are
characterized by the presence of a condensed aromatic nucleus and an exceptionally
rich functional composition. They exhibit the properties of colloidal substances,
have surface-active properties and belong to self-organizing anionic polyfunctional
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polyelectrolytes. The polyfunctionality of humic acids determines their ability to
enter into ion exchange reactions, electron transfer (redox reactions) and
complexation.

One of the little-studied ways to increase the desired humic acids and new
practically important characteristics is the creation on their basis of polymer
complexes with synthetic polymers [15].

The synthetic polymer used in the work, polyacrylamide, (CsHsNO),, is a
universal chemical substance. The widespread use of PAA is due to its special
chemical properties. PAA finds its application in various fields of human activity:
in the oil refining industry, in medicine, in molecular biology, in the mining and
processing sector. It is used in the production of polymer packaging, as well as as
flocculants in the wastewater treatment process.

By mixing 0.5% aqueous solutions of the initial components in different
volume ratios, at room temperature, we obtained polycomplexes of sodium humate
with polyacrylamide of different composition [16]. The influence of the initial
mixture composition on the process of structure formation is investigated. Noted
that the determining factors of the process of formation of selected compounds and
complexes are polymerchemistry concentration of the compound and pH, which is
associated with the need to achieve a critical concentration of structuring.
The conductometric method was used to study the acid-base composition and
evidence of the formation of polycomplexes. The experimental data on the content
of acid groups in PAA-GNa polycomplexes in comparison with additive values are
presented in table 1.

Table 1 — Acidic properties of GN a-PAA polycomplexes of different composition

Composition of initial mixture G Na: PAA > COOH+OH, Mg-EQ/g
mass ratios,% molar ratios.% exp. addit.
0:100 0:100 3,10 3,10
10:90 40:60 3,40 3,29
20:80 60 :40 3,60 3,48
30:70 70:30 3,90 3,67
40: 60 80:20 4,50 3,86
50:50 85:15 4,15 4,05
60:40 90:10 3,50 4,24
70:30 93:7 3,20 4,43
80:20 96: 4 3,33 4,62
90:10 98:2 3,33 4,80
100 :0 100:0 5,00 5,00
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It is known that polyacrylamide is used as a flocculant in wastewater clari-
fication, coagulant in metallurgy, flotation agent, dispersant, thickener. In water,
polyacrylamide is gradually hydrolyzed to the ammonium salt of polyacrylic acid.
Its macromolecules contain oxygen and nitrogen atoms, which act as proton
acceptors. Amide and carboxylate groups of multicolored PAA participate in the
formation of complexes [17].

As can be seen from data table 1 with a higher content of humate in the mixture
(50-90%) the complexation of humate with PAA occurs as a result due to the
formation of hydrogen bonds between the acid and amide groups of initial com-
ponents. At the content of humate in the mixture less than 40 mass %, a synergistic
effect of acid groups is manifested.

Using the obtained polycomplexes of humate with polyacrylamide their
sorption properties for copper ions were studied. The obtained experimental data
and calculated additive ESR values were compared (table 2, figure).

The data of table 2 and the curve of the dependence on the sorption of copper
ions by PAA polycomplexes - sodium humate on the composition of the initial
mixture (figure) have two maxima: high - in the region of 80 mass.%, and
insignificant in the region of 45% humate content in the mixture. In the area of 35-
45% humate in the complex there is a synergistic effect of increasing the sorption
of copper ions [18-20].

Table 2 — Sorption properties of HNA-PAA polycomplexes of different composition
by copper ions ([Cu2+] - 0.025 mol/l)

Composition SOE (Cu?), Sorption,
of the initial mixture NaH:PAA mg-eq/g %
mass ratios.% molar ratios.% exp.. addit. exp..
0:100 0:100 1,19 1,19 20,7
10:90 40:60 1,84 1,31 27,9
20:80 60 : 40 1,45 1,43 44,2
30:70 70:30 1,80 1,54 60,5
40: 60 80:20 1,65 1,66 52,3
50:50 85:15 1,52 1,79 46,5
60:40 90:10 1,48 1,91 39,5
70:30 93:7 1,53 2,03 41,8
80:20 96 :4 1,75 2,14 442
90:10 98:2 1,68 2,26 27,9
100 :0 100:0 2,38 2,38 442
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PAA-HNA
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Copper ion sorption, %
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Dependence on of copper ion sorption by HNA — PAA polycomplex:
1 - additive curve, 2 - experimental curve

Conclusion. Thus, based on experimental data have shown that polymer
complexes of sodium humate with a synthetic polymer were formed by mixing their
aqueous solitions. Acidic and sorption properties of polymer complexes have been
studied using copper ion. Synergistic effects of increasing acid and sorption proper-
ties for polymer complexes have been found.

The obtained polycomplexes can be recommended as sorbents for purification
wastewater treatment from heavy metals.
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Pe3rome

A. X XKaxuna, A. T. Takubaesa, C. A. Cemenosa,
A. Onocanvizol, A. H. Axoconmaii

BUOIOJIMMEP HETT3IHJETT ITIOJIMKOMIIJIEKCTEP

CHHTETHKAJIBIK MMOJMMEPIl TYMHH KbBIIIKBIJIAPBIHBIH MOJMMEPIIl KeIeHIepiH 3epT-
Ty, TYMUH KBIIIKbUIIAPBIHBIH OaFbITTaIFaH MOAN(MHUKAINSICH MEH KEH ayKbIMbI KOJIJIaH-
0aJIbl KOMIO3UIUSIIBIK MaTepPHAIIIAP/IBIH KaHa KJIaChlH KYpPY/IbIH KeH IIepClIeKTHBaNIaphIHa
ne. Kemip KanIpIKTapblH TepeH OHACY/IH THIMJI )KOHE SKOJIOTHSIIBIK Ta3a TEXHOJIOTHS-
JapelH KYPYyJIbIH KEH ayKbIMJIbl MakcaTTa MaiijanaHy YIIiH, )KaHa KYH/Ibl UMIIOPTTHI
aIMacTBIPATBIH XUMUSUIBIK OHIMIEPl OHIIPY asChIHAA CHHTETHUKAJBIK IOJIUMEpIIepMEH
©3iH-031 YHBIMIACTBIPATEIH TYMHUHII IIOJIAMEPJICP MEH OJapAblH KOMIUICKCTEPIH airy
OoiipIHIIA 3epTTeyIep Kyprizinai. Harpuii rymaTsiH eHOIpyTe apHaIFaH OacTaNKbI ITAKi3aT
peringe Illybapkem KeH OpHBIHBIH TOTHIKKAH KOMIpJIEPIHEH CUITUIIK SKCTPaKIHSIMEH
60-80% mefiiH cipiHIOUIEHTeH TYMHH KBIIKBUIAApEI OOJBIT TaOBUTamel. CHHTETHKAIBIK,
TIOJIMMEp PETiHIE MOJIEKYIANBIK canmarb 5,0-10° m.a.6. GonateiH , ruaponus aexreiii 10%,
KapOOKCHIT TOOBIHBIH MeIepi 1,4 MT-3KB/T ’KoHE CHITATTAyBIII TYTKBIPIBIFEL 6,2 O0IaThIH
HOJIMAKPHIIAMHATEP NalnanaHbuiasl. HaTpuii ryMaThIHBIH TOJHAKPUIAMUATICH HOJIUMEpITi
KEIIeH li KOCBUIBICTAapBhl OJIapAbIH €PITIHAIIEPIH apanacTelpy apKbUIbl adbHbI. OnapabiH
KBIIIKBUIIBIK JKOHE COPOLMSIIBIK KAacHEeTTepl MBIC HMOHAAphl KATHICHIHIA 3€PTTETiHI.
Meral MOHIApBHIH aHBIKTay KOMIUIEKCTOMETPHSUIBIK SIICIEH JKYPri3inml. AJbIHFaH
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MOJIMMEpITi KeIIeHaep YUIiH HaTtpuil rymatbiHbH 30-40% Memmepinae onapablH KhIIl-
KBUI/IBIK JKOHE COPOLMSUIBIK KACHETTEPIiH JKOFapbUIAYbIHBIH CHHEPTreTHKANBIK dcepliepi
aHBIKTAJIbl. AJIBIHFAH MMOJMKOMILICKCTEP, MAWBIHABI Cy KYPaMbIH ayblp METal HOH/a-
pBIHAH Ta3apTyAa KOJIaHbLIa bl

TyiiiH ce31ep: MOJIMKOMILICKCTEP, HATPUH T'yMaThl, TYMHH KBIIIKBUIIAPEI, TOJTUMEP-
JIep, TONMAKPHUIIAMHE]T, COPOIIHS, KOMIUIEKCOMETPHSL.

Pe3ome

A. X Kaxuna, A. T. Takubaesa, C. A. Cemenosa,
A. Onorcanxwvizel, A. H. Axorconmati

MMOJIMKOMIIJIEKCBI HA OCHOBE BUOITIOJIMMEPA

HccrenoBanus MOJMMEPHBIX KOMIUIEKCOB TYMHHOBBIX KHCIOT C CHHTCTHYCCKHM
MOJIMMEPOM UMEIOT IIUPOKUE TIEPCIIEKTUBBI JIJIsl HATPABICHHON MOAM(DUKALIUY T'yMHHOBBIX
KHUCJIOT W JJIs CO3[aHHMS HOBOTO KJIacCa KOMIIO3HMIIMOHHBIX MATEPUATIOB CAMOTO Pa3Ho-
o0Opa3Horo npuMmeHeHus. B paMkax co3ganus 3QQEeKTUBHBIX U HKOJOTHYECKU O0€30MaCHBIX
TEXHOJIOTUI TO TIIyOOKOW mMmepepaboTKe OTXOMOB YIVICAOOBIYM W MPOU3BOJCTBY HOBOM
LEHHON HMIIOPTO3aMEeIIAIOIIeH XUMHYCCKONH MPOAYKIMH MHOTOLCICBOr0 HAa3HAYCHHUS
MIPOBEACHBI ICCIIEIOBAHMUS 10 MTOIYUCHHUIO CAMOOPTAHU3YIOIIIXCSI TYMUHOBBIX TTOJIMMEPOB
U X KOMIUIEKCOB C CHHTETHYECKHM ITOJUMEpPOM. VICXONHBIM CHIpBEM IS ITOTyYEHHS
ryMaTa HaTpHs CIyXWiIn okucieHHble yrau Ly0apKoiabcKOro MECTOPOKACHUS ¢ COIep-
YKaHWEM TYMHHOBBIX KUCIOT 10 60-80%, BBIOENCHHBIN METOIOM IIENIOYHON SKCTPAKINH.
B xadecTBe CHHTETHYECKOTO TOJIMMEPa UCTIONIF30BaH MOTHAKPUIAMHUJL C BEICOKOH MOJIEKY-
nspHOM Maccoit 5,0-10% a.e.M., co cTeneHblo ruaposuzoBaHHocTH 10%, cojpepxaHueM
KapOOKCHIIBHBIX TPYyMIT — 1,4 MT-3KB/T U XapaKTEPUCTHIECKOH BA3KOCTHIO — 6,2. MeTomom
CMEIIICHHS PACTBOPOB IMOJYYCHBI M OXAPAKTEPU30BAHBI IMOJIMMEPHBIC KOMIUICKCHI I'yMaTa
HATpUsl C TMOJIMAKPHIAMHIOM. V3y4eHbI MX KHCIOTHBIE U COPOIMOHHEBIC CBOWCTBA IO
HMOHAM Me/d. AHaJN3 HOHOB METAJIOB MPOBOAMIN KOMIUIEKCOHOMETPUIECCKAM METOIOM.
OOHapyXeHbl CHHEpreTHYeckre 3(P(eKThl MOBBIMICHHUS KHUCIOTHBIX M COPOIMOHHBIX
CBOWCTB JUIS TIOJIYYEHHBIX TOJUMEPHBIX KOMIUICKCOB, MPOSIBIISAIONIMECS MPH COACPIKAHUH
nucxonuelx rymatoB Hatpusi 30-40%. OmpeneneHsl 00JacTH NPUMEHEHUs! ITOJTyYEHHBIX
MTOJIMKOMITIEKCOB.B OYHCTKE CTOYHBIX BOJ OT HOHOB TSDKEIIBIX METAJIIOB.

KiroueBble ca0Ba: MOTMMKOMIUIEKC, TyMaT HATPHs, TYMHHOBBIE KHCIIOTHI, ITOJHU-
MepBbI, TOJIMAKPHIAMHUL, COPOITHS, KOMILIEKCOMETPUIECKUH METO/I.
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