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INVESTIGATION OF SORPTION PROPERTIES OF A DISPERSED
SYSTEM OBTAINED FROM NATURAL BIOPOLYMERS

Abstract. In this paper, the regularities of the processes of structure formation of
mixed aqueous solutions of sodium humate with a natural polymer — gelatin are studied and
their sorption properties are studied. The choice of gelatin as a natural polymer is due to its
high gel-forming properties, the presence of functional groups that contribute to the
formation of intermolecular bonds, as well as industrial availability.

To obtain a dispersed system, a method of mixing water solutions of the initial
components is used, in which the self-organizing forces of the initial polymer components
are manifested. The modifying influence of humate, pH of the medium and time on the
process of system structure formation is studied. It is assumed that the stability of mixtures
is related to the structure of the structure of humate and gelatin. That when combined,
various forces of intermacromolecular interaction come to the fore and self-organizing
capabilities of polymers are realized, which lead to a significant improvement in the
properties of the original polymers. It is noted that the directed modification by combining
polymers gives almost limitless possibilities for their application in various fields, primarily
in wastewater treatment. Sorption properties of absorption of copper, nickel and lead ions
from aqueous solutions of their salts were studied for the obtained mixtures of different
compositions. The influence of the ratio of initial components on sorption is estimated. It
was found that the sorption activity of polymer-polymer complexes increases with the in-
crease in the humate mixture. The effectiveness of their application in sorption processes is
shown and they are recommended as sorbents for wastewater treatment from heavy metal
ions.

Key words: dispersion system, gelatin, sodium humate, sorption, sorbent, cleaning.

Introduction. Polymer materials are increasingly used in various fields of
industry and in everyday life due to the ability to regulate the composition and an
unlimited variety of properties.

Recently, researchers of various profiles have been paying close attention to
the issues of obtaining a dispersed system from natural high-molecular compounds
and studying their sorption properties [1-3].

One of the most important methods for obtaining such dispersion systems is
mixing various polymer solutions. When combined, various forces of intermacro-
molecular interaction come to the fore and self-organizing capabilities of polymers
are realized, which lead to a significant improvement in the properties of the origi-
nal polymers. Directed modification by combining polymers gives almost limitless
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possibilities for using polymer-polymer complexes in different fields. Polymer-
polymer complexes are a new class of composite materials that can exhibit higher
sorption properties, hydrolytic stability, and strength in comparison with the origi-
nal components. The method of obtaining them is the most economical and tech-
nological method and allows in many cases to fundamentally change the perfor-
mance properties of materials, reduce their cost [4-7].

Natural polymers offer great prospects for obtaining practically significant and
environmentally safe polymer-polymer complexes. The most widely used biopoly-
mer is gelatin.

Gelatin is the most widely studied and natural gel-forming, highly symmetric
polypeptide polymer of protein nature, in which individual parts of macrocycles
bind a peptide bond with NH-CO. It consists of 5 a-amino acids (the predominant
v-glycine), it is a typical polyampholite. The presence of peptide bonds, acidic and
basic groups determines the ability of gelatin to form donor-acceptor complexes
with humic acids. The isoelectric point of gelatin is located in the pH range from
481t05.1[8,9].

Natural ion-containing polymers include humic acids, which are formed in
nature as a result of biochemical transformations of land vegetation and make up
the main part of the organic mass of coal, peat and soil.

Humic acids (HA) are characterized by the presence of a condensed aromatic
core and an exceptionally rich functional composition. They exhibit properties of
colloidal substances, have surface-active properties, and participate in donor-
acceptor and sorption interactions.

Numerous studies have shown that humic acids can bind almost all types of
ecotoxicants, including transition metal ions and radionuclides [10].

Due to the lack of systematic research in the field of obtaining and using
polymer-polymer complexes based on humic acid with natural polymer — gelatin,
and taking into account the high complexing potential of humic acids, it seemed
relevant to conduct research in this area.

The main purpose of this work is to study the dispersion system obtained from
natural biopolymers and study their sorption properties [11].

EXPERIMENTAL PART

The initial raw material for obtaining humic acid was oxidized coals of the
Shubarkol Deposit with a humic acid content of up to 60-80%. The work used a
salt form of humic acid, in the form of sodium humate, which was isolated by
alkaline extraction from oxidized coals of the Shubarkol Deposit. Feature SH:
Y COOH+OH is 4.5 mg-eq/g, Y COOH - 3,0-3,5 mg-eq/g, A — 13-15 %, W? —
10-12%, a nitrogen content of less than 1% [12-14].

Gelatin was used as a natural polymer. Gelatin solutions were prepared as
follows: a certain amount of water was added to the gelatin suspension and left to
swell for 10-12 hours at 10°C. Then the flask with the swollen gelatin after adding
the necessary amount of water was immersed in a water bath, heated to 50°C and
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kept in it until the gelatin completely dissolved. Characteristics of gelatin: humi-
dity - 15%, ash content - 2 %, molecular weight — 70 000, d?°- = 1368 kg/m? [15].

The viscosity of polymer-polymer complexes was determined using a
Ubellode viscometer with a capillary diameter d = 0,56 at 293 K with an accuracy
of + 0,5°C.

To obtain polymer-polymer complexes based on sodium humate with gelatin,
the method of mixing agueous solutions of the initial components in various volume
ratios at room temperature was used. Polymer-polymer complexes are stable in
aqueous solution and there is no delamination. When dried, black films are formed.

To determine the sorption capacity of polymer-polymer complexes of different
compositions, the absorption of Cu (I1), Ni (I1) and Pb (I1) ions from aqueous solu-
tions of their salts at a concentration of 0.025 mol/l after a day was studied. When
the sorption equilibrium is reached in the solution, the equilibrium concentration of
metal ions is determined by complexometric titration. The sorption capacity of the
rock was estimated by the static exchange capacity of SEC, mg-eq/g [16,17].

RESULTS AND DISCUSSION

The results of the study showed that when mixing aqueous solutions, where
the main component is a natural polymer-gelatin, and sodium humate is a modifier,
homogeneous mixtures are formed that do not delaminate over time. The content
of the modifier varied from 2 to 10 wt.% relative to the main polymer. The gelatin
concentration was 7%. The choice of this concentration is due to the achievement
of a critical concentration of gelation, which forms jellies with practically measu-
rable strength. Their resistance to delamination is due to the action of intermole-
cular forces and the formation of hydrogen bonds between the original macromo-
lecules [18].

The study of structure formation processes was carried out by changing the
relative viscosity for mixtures of different compositions in time and pH. The rela-
tive viscosity of mixed solutions was determined by the viscometric method in ther-
mostatically controlled capillary viscometers. The kinetics of structure formation
processes in mixed solutions of gelatin with sodium humate is shown in table 1.

Table 1 shows that the highest relative viscosity values for gelatin mixtures
with humate are observed at pH 3.The minimum viscosity is observed near the iso-
electric point at pH 5, when all positive and negative charges are compensated and
favorable conditions are created for compacting the macromolecules of the mixture.
With an increase in the humate content in the mixture, the gelation time increases.

Obtaining stable, homogeneous, non-delaminating mixtures over time is
associated with the structure of the structure of humate and gelatin. Such reactions
are described by the basic laws established for the reaction between oppositely
charged polyelectrolytes, since both humate and gelatin exhibit typical polyelec-
trolyte properties in aqueous solutions. Gelatin as a microporous substance has a
very developed surface, so that in contact with an aqueous solution, both solvent
and sodium humate penetrate into its array [19, 20].
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Table 1 - Kinetics of changes in the relative viscosity of aqueous solutions
of gelling polymer depending on the content of sodium humate and the holding time at 20°C

) Relative viscosity, 1,
No T('jg;e' at the content of sodium humate in the mixture (%wt.)
0 2 4 6 | 8 | 10
Gelatin-sodium humate, pH 3
0 1,50 1,45 141 1,37 1,33 1,28
1 1,56 1,52 1,48 1,44 1,40 1,37
1 2 1,60 1,56 1,52 1,48 1,44 141
3 1,62 1,58 1,54 1,50 1,47 1,43
4 1,66 1,63 1,60 1,58 1,55 1,53
Gelatin-sodium humate, pH 5
0 1,24 1,21 1,19 1,16 1,13 1,12
1 1,34 1,31 1,30 1,29 1,26 1,22
2 2 1,40 1,37 1,34 1,31 1,28 1,26
3 14 1,43 1,40 1,37 1,34 1,32
4 1,54 1,51 1,48 1,45 1,43 1,40
Gelatin-sodium humate, pH 9
0 1,30 1,28 1,25 1,23 1,21 1,19
1 1,37 1,35 1,33 1,30 1,28 1,26
3 2 1,42 1,40 1,37 1,35 1,32 1,30
3 1,46 1,44 141 1,39 1,37 1,35
4 1,53 1,50 1,48 1,45 1,43 1,40

Despite the complexity of studying the sorption mechanism, the resulting
polymer-polymer complexes can be considered as effective absorbers of both ca-
tions and anions due to their structural organization.

Sorption properties were studied for the obtained polymer-polymer complexes
of different compositions. To determine the sorption capacity of polymer gelatin-
humate films of different compositions, the absorption of Cu (1), Ni (II) and Pb
(1) ions from aqueous solutions of their salts with a concentration of 0.025 mol/I
after a day was studied. When the sorption equilibrium is reached in the solution,
the equilibrium concentration of metal ions is determined by complexometric
titration with a solution of Trilon B. The sorption capacity of polycomplexes was
estimated by the static exchange capacity of SEC. The results of the study of sorp-
tion of metal ions by the obtained complexes are shown in table 2.
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Table 2 — Sorption of metal ions on gelatin-humate complexes of different composition

SEC, mg-eq/g
exper. theoret. exper. theoret. exper. theoret.
100:0 0,13 0,13 0,38 0,38 1,00 1,00
90:10 0,38 0,36 0,75 0,54 1,25 1,14
60:40 1,00 1,03 1,00 1,02 1,50 1,55
50:50 1,25 1,26 1,13 1,19 1,63 1,69
40:60 1,75 1,48 1,38 2,10 1,88 1,82
10:90 2,25 2,15 1,75 1,35 2,13 2,23
0:100 2,38 2,38 2,00 2,00 2,37 2,37

*The salt concentration of 0.025 mol/l, S:L = 1:250, 20°C, 1 day.

The data in table 2 allow us to evaluate the effect on sorption of the
composition of the complex with a different ratio of gelatin and humate, the nature
of the metal ion, and also to compare the sorption capacity of humate. Table 2
shows that polymer-polymer complexes have sufficient sorption capacity in
relation to metal ions of copper, nickel and lead. As the humate mixture increases,
the sorption activity of polycomplexes increases and is 0.38-2.25 mg-eq/g, depen-
ding on the composition. The obtained SEC values are comparable to the calculated
values. A small synergistic increase is observed in the sorption of copper ions. A
synergistic increase in the complexing ability of nickel in a gelatin medium was
also found. SEC sorbents for nickel in the absence of gelatin do not exceed the
value of 2.0 mg-eq/g. Lead ions in a mixed gelatin gel slightly reduce their com-
plexing activity and, on average, show lower values of SEC than copper and nickel
ions. The resulting polymer-polymer complexes can be recommended as sorbents
in water treatment processes from heavy metal ions.

Conclusion. Thus, the research shows that polymer-polymer complexes based
on humate and gelatin are obtained by a simple method of mixing their aqueous
solutions. The regularities of the processes of their structure formation are studied
using viscometry methods. The determining role of the concentration of the
modifying additive, as well as the pH of the medium on the process of structure
formation of the system is shown. Sorption properties of the obtained polymer-
polymer complexes are investigated. The effectiveness of their application in
sorption processes as sorbents for wastewater treatment from heavy metal ions is
shown.
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Pe3iome

A. X XKaxuna, A. T. Takubaesa, C. A. Cemenosa,
A. H. Axorconmaii, A. Onoicankbizvl

TABWFHW BUOIIOJIMMEPJIEPJIEH AJIBIHFAH TUCITEPCTI
KYWEHIH COPBLIAIIBIK KACUETTEPIH 3EPTTEY

JKympicTa TaOMFH momMMepIIi — JkeNaTuHI 0ap HaTpuUil T'yMaThIHBIH apajac Cy epiTiH-
IIepiHiH KYPBUIBIM TY3UTy HPOIECTepiHiH 3aHABUIBIKTaphl 3epPTTEITeH JKOHE OJapAbIH
CcOpOUMSITBIK KacueTTepi 3epTrenred. JKenaTuHi TaOUFH TOJIMMEp PeTiHAe TaHIay — OHBIH
XKOFaphl TeNb TY3€TiH KacHeTTepiHe, (YHKIMOHAIABIK TONTAPABIH KYPaMbIHIAFBl MOJIC-
KyJaapajiblK OafmaHBICTApABIH Maiifna OONybIHA BIKIAN €TyiHe, COHAal-aK ©HEePKOCINTIK
KOJI YKETIMIUTITIHE HET13IENTEH.

JucriepcusnblK JKyHeHi aimy ymIiH OacTamkbl KOMIOHEHTTEPIIH Cy epiTiHAUIepiH
apajacThIPy 9JiCi KOJIAaHbLIA I, OHJIa OACTANKBI OJHMMEPIIiK KOMIIOHEHTTEPIiH ©3/1iriHeH
YHBIMIACTBIPBUIATEIH KyIITepi KkepiHedi. ['ymarteiH, pH opTaHbIH XOHE YaKbITTHIH
KYHCHIH KYPBUIBIM KYpY TIPOIICCiHE TYpieHIipyIi acepi 3eprrenai. KocnagapabH Typak-
TBUIBIFBI TyMaT IEH JKeJIATHMH KYPBUIBIMBIHBIH €peKIIeNiKTepiMeH OainanbIcThl. bipinmi
xocrapra OIpIKTIpUIreH Ke3Jie MoJMMepapaliblK e3apa OpeKeTTeCyliH op TYpJl Kyurepi
LIBIFAJIbI KOHE 0ACTANKBI MOJUMEPIICPIIH KACUETTEPIH aliTapIIbIKTal KaKcapTyFa OKEJICTiH
TTOJIMMEPIIEPIiH ©31H-631 YHBIMIACTHIPY MYMKIHIIKTEpi icke achIpeuiansl. [lommmepnepmi
OipiKTIpy MKOJBIMEH OAFBITTATIFAaH MOTU(PUKAIIHS OJapIbl OPTYPIIL cananapia skoHe OipiHIi
Ke3eKTe aFbIHABI CyJapAbl Ta3aaya KOJMJaHyFa MIeKCi3 MYMKIHIIK OepeTiHi aTam eTui.
OpTYpIi KypaMAarel aJbIHFAH KOCTajap YIIiH OJIApIBIH TY3IapBIHBIH Cy epiTiHAUICpIHCH
MBIC, HUKEJb OHE KOPFACHIHHBIH MOHAAPBHIH CIHIpY OOWBIHIIA COPOIMAIBIK KacHeTTepi
3epTTeni. bacTamkpl KOMIIOHCHTTEpPAIH apakaTblHACH copOIsiFa ocepi 0ap eKeHmiri
GaramaHbl. [ 'yMaT KOCIIACHIHBIH ©CYiMEH HOIMMEP-TIOIUMEPITi KeIIeHASPAIH COPOIMSIIBIK,
oencenainiri eceai. CopOUUANBIK MpoIecTEpIe OJapIbl KOJAaHyAbIH THIMIIIIT Kepce-
TIJTEH JKOHE aFBIHIBI CYTapAbl ayblp METAI HOHAAPBIHAH Ta3apTy YIIIH COPOCHT peTiHae
YCBIHBUIFaH.

Tyiiin ce3mep: nucrepcHsIIBIK XYHe, )KeTaTHH, HATPUHA TyMaThl, cOpOnus, copOeHT,
Tazanay.

Pe3rome

A. X XKaxuna, A. T. Taxubaesa, C. A. Cemenosa,
A. H. Axorconmaii, A. Onoicankbizvl

NCCIENOBAHME COPBIIMOHHBIX CBOMCTB JIMCIIEPCHOM CUCTEMBI,
INOJIYYEHHOMU 13 ITPUPOJHBIX BUOITIOJIMMEPOB

B pabore n3y4eHbl 3aKOHOMEPHOCTH TPOLIECCOB CTPYKTYpOOOpa30BaHMsI CMEIIAaHHBIX
BOJHBIX PaCTBOPOB r'yMaTta HaTPHs C IIPUPOIHBIM ITOJTUMEPOM — KEIATHHOM M H3YUCHBI HX
copOUMOHHBIE CBOMCTBA. BRIOOD KenaTrnHa B Ka4eCTBE MPUPOIHOTO IOINMEPa 00y CIOBICH
€ro BBICOKMMHU refieo00pa3yoluMy CBOHCTBAMHU, HATMYMEM B COCTaBe ()yHKIMOHAIBHBIX
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TPy, CHOCOOCTBYIOMIMX 00OpPa30BaHUIO MEKMOJICKYIISIPHBIX CBS3CH, a TAKXKE IMPOMBIII-
JIEHHOW JOCTYIHOCTBIO.

Jnst mosydeHus AMCTIEPCHOW CHCTEMBI HCIIOJNB30BaH METOJI CMEIIEHHUS BOJHBIX
pPacTBOPOB HMCXOJHBIX KOMIIOHEHTOB, IPHU KOTOPOM IMPOSBISIIOTCS CaMOOPraHU3YIOIINE
CWJIBI MCXOJHBIX MOJUMEPHBIX KOMIIOHEHTOB. M3yd4eHO MOIU(UIUpPYIOIIee BIUSHAC TYy-
MaTa, pH cpebl 1 BpeMeHH Ha TIpoIiecce CTPYKTypooOpa3oBaHus cucTeMsl. [Ipennomnoxeno,
9TO CTaOMIIBHOCTH CMECEH CBS3aHO C OCOOCHHOCTSMH CTPOSHHS CTPYKTYpPHI rymaTta
KeJaTHHA. YTO TP COBMEIIIEHIH Ha ITEPBHI IUIaH BCTYMAIOT Pa3IIHBIE CHIIBI MEKMaKpO-
MOJIEKYJIIPHOTO B3aMMOJEHCTBHA W PEANM3yIOTCS CaMOOPTaHU3YIOIINE BO3MOKHOCTH
MTOJIMMEPOB, KOTOPBIEC MIPUBOAST K 3HAUUTEIIEHOMY YIIYYIICHHIO CBOMCTB UCXOIHBIX ITOJH-
MepoB. OTMEUYEHO, 9TO HaNpaBJIeHHAs MOAN(UKAIUS ITyTEM COBMEIICHHUS MOIMMEPOB 1aeT
MMPaKTUYCCKU 6e3rpaH1/mH1>1e BO3MOXXHOCTH UX MPUMEHCHHA B PA3HBIX 00JacTSAX U B nep-
BYIO O4Y€pE€Ab B OYUCTKE CTOYHBIX BO. IIJ'I}I TMOJTYUYCHHBIX cMecel Ppa3HOTo CoCTaBa U3Yy4YCHBI
COp6HI/IOHHLIe CBOIICTBa IIO NOTJIOINCHUIKD HMOHOB MCAU, HUKCIIA WM CBHHIA U3 BOJHBIX
pacTBopoB ux cojieid. OLeHEeHO BIUSHUE Ha COPOLHMIO COOTHOILIEHUE MCXOAHBIX KOMIIO-
HEHTOB. Y CTaHOBJICHO, YTO C BO3PACTAHUEM B CMECH I'yMaTa COpOIMOHHAS aKTHBHOCTB T10-
JIUMEP-TIOJIMMEPHBIX KOMIUIEKCOB Bo3pacTaeT. [TokaszaHa 3()(hEeKTUBHOCTh MX IMPUMCHEHUS
B COpPOIMOHHBIX IIpoIeccaX M PEKOMEHIOBAaHBl B KAauyeCTBE COPOCHTOB MJISI OYHUCTKH
CTOYHBIX BOJI OT HOHOB TSDKEJBIX METAJUIOB.

KiroueBble cjI0Ba: IHCIICPCHOHHAS CHCTEMa, JKEIATHH, TyMaT HaTpus, COpOIus,
COpOCHT, OYUCTKA.
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