M3BECTUS BBICIINX YUEBHBIX 3ABEJIEHUI.

T 62 (5) Cepus «XUMHUA U XUMHNYECKASA TEXHOJOI'UA» 2019
IZVESTIYA VYSSHIKH UCHEBNYKH ZAVEDENII
V 62 (5) KHIMIYA KHIMICHESKAYA TEKHNOLOGIYA 2019

RUSSIAN JOURNAL OF CHEMISTRY AND CHEMICAL TECHNOLOGY

DOI: 10.6060/ivkkt.20196205.5769
VIIK: 66.081

COPBIMS TAXKEJBIX METAJIJIOB MHOI'OKOMIIOHEHTHBIMHA NEHONNOJIMMEPHBIMH

COPBEHTAMUA

H.T. Kaxpamanos, P.I1I. I'agzkuesa, FO.H. Kaxpamanasi, H.b. Apsymanosa

Hamxad Todur ormer Kaxpamanos *, Hyma6a baba rer3er Ap3ymanoBa

JlabGopaTtopus “MexaHO-XUMUYECKON MOIU(DUKAINH U TIepepabOTKHA TOIUMepOB”, HCTUTYT MOTMMEPHBIX
MaTepuagoB HAIMOHAJIBHOM akajeMuu Hayk AsepOaiimkana, yin. C. Bypryna, 124, Cymraut, A3zepOaiikaH,

AZ5004

E-mail: najaf1946@rambler.ru *, arzumanova-nushaba@rambler.ru

IOnnc Hamxad ormer Kaxpamannsr, Peitxan [1laxmapman remsr ['apkueBa

Kadenpa xumun v TEXHOIOTHY HEOPTAaHUYECKHX BEIIECTB, A3epOaif/pkaHCKOTO TOCYJapCTBEHHOTO YHHBEPCHUTETA
HEQTH ¥ MPOMBIIIJICHHOCTH, Tipoctl. Azaeir, 16/21, baky, Azep6aiimkan, AZ1010
E-mail: yunislm@yahoo.com, reyhan.haciyeva@gmail.com

Cmambsa noceauieHa uccie006anuo NPOUEcca CopouUU MANCEIbIX MEMAl106 U3 600HOIL
cpeobl NEHONOTUMEPHBIMU COPOEHmMaMU, ROTIYUEHHBIMU HA 0CHOB8E MHO20KOMHOHEHNHbIX NOJIU-
MmepHvix cmeceil. Ilompednocmov ¢ makux uccied08anusax nPpoOUKmOBaAnda HeodX00UMOCHbIO No-
JIYYeHUA ROTUMEPHBIX COPOEHMOE C PASTUYHBIMU YYHKUYUOHATbHBIMU UTIU ROJIAPHBIM ZDYRRAMU,
axmuuecku cnocodcmeyouuMu 3HAYUMETLHOMY YEETUYEHUIO I pekmusnocmu copoyuu ms-
JHCeNbIX Memanioe NeHONOIUMEPHLIMU copbenmamu. buxomnonenmuule nonumepnvie cmeci,
RnOYYEHHble HA OCHOGE NOUAMUO + ROJIUYPemaH, 4 MaKice HA OCHO8E MPEXKOMNOHEHMHOIL
cmecu noauamud + noauypeman + cononumep Oymaouena, CUpOA ¢ AKPULOHUMPUTIOM, UC-
ROB306ANUCH 6 Kauecmee HONUMEPHOU MAMPUUbI NEHONOIUMEPHBIX COPOEHMO8 C PA3IUYHBIM
COOmMHOWeHUemM ROAPHBIX 2pynn. B 3aeucumocmu om xumuueckoi npupoost u cOOMHOULEHUS
KOMROHEHM 08 cMecu HA OCHOGe NOUYPEemanad, NOAUAMUOA U CONONUMEPA OYyMAduena co Cmuo-
JIOM U QKpUIOHUMPUIIOM, 8 OONOJIHEHUE K ZPDYRRAaM ypemana, 3pupa, amuoa u Mo4esuHsl 6 co-
cmaee KOMRO3UUUYU 3apuKcuposansl makue yHKUUOHAIbHbIE ZPYRNDL, KAK anupamuiecKue u
HumpunvHsle zpynnal. Ilpugodamcsa pe3ynromamol uccied06anus KUHemMu4ecKoil 3aKOHOMEPHO-
cmu copoyuu MANCEIbIX MEMAJII06 U3 600HOIL CPEObl 8 3A6UCUMOCHI OM MUNA U COOMHOUIEHUSA
ROUMEPHBIX KOMNOHEHMO086 8 cocmage copoenma. Ilokazano, umo cmpykmypa noaapHozo neno-
HOMUMEPHO20 COPOEHMA COCMOUM U3 NOP U AYEEK C MEMOPAHHOU CIPYKMYPOl, N03601a10Uiell
UCROJIb306aMb INMO OOCMOAMENLCHEO 014 Ihexkmuenoii copoyuu maxcenvix memainnos. Kou-
UEeHmMPAyUa coOpoOUPOBARHO20 MAIICEN020 MEMAINA 6 COCMAse copOdenma Ovlia onpeoeyena no
paspadbomannoii memoouxe YD- cnekmpanvrnozo ananusa. Iloxazano, umo nanuuue cucmemol
HOp U AYeeK 6 CMPYKMmMype NeHONOAUMEPHO20 COPHERmMa cnocodcmayem nPOmeKanuIo copoyuu 6
Haubonee 2YOOKO PACHONOHCEHHBIX €20 YHACMKAX. IMO 00CmoAmebCneo oaem 0CHO8AHUE 014
ymeepoicoenus 0 mom, Ymo 6 OAHHOM CIyuae umeen Mecnmo 00bemMnan copoyus madxjceavlx me-
mannos. Ilo cywecmey, cmpykmypa copoeHmo8 nenonoiumepa cnocoocmeyem KoHuenmpayuu
copbama na nogepxnocmu ux memopan. bonvwoe paznoobpazue adcopouUOHHBIX UEHMPOS HA
noéepxXHOCHU U HO 6CEMY 00beMY COpOeHma cnocodcmeyen npomeKanuIo yeio20 KOMnieKca 83a-
umooeiicmeuii copoenm-copoam, cpeou KOmopuwix e3aumoodeiicmeus Ban-oep-Baanvcoeckux cua,
INEKMPOCMAMUYECKO20 63AUMOOCHCMEUS U 6000POOHBIX C8A3€Il — AGIAIOMCA 21AGHbIMU.

KuroueBble ci10Ba: TIEHONOIUMEPHBIN COpOEHT, 00beMHasT Macca, COPOIMOHHAs CITOCOOHOCTE, MaKpO-

CTpYKTypa
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The article is dedicated to the investigation of the sorption of heavy metals from water bod-
ies by foam polymer sorbents obtained on the basis of multicomponent polymer mixtures. The need
for such studies was dictated by the fact that the more diverse the content of functional or polar
groups became in the composition of the foam polymer sorbent, the greater was the probability of
increasing the efficiency of sorption of heavy metals. Biocomponent polymer mixtures based on
polyamide + polyurethane and three-component mixtures polyamide + polyurethane + acryloni-
trile-butadiene-styrene copolymer were used as polymer matrix of the foam polymer sorbents at
various ratios. Depending on the chemical nature and the ratio of the initial components in the
macromolecules of polyurethane, polyamide and acrylonitrile-butadiene-styrene copolymer, in ad-
dition to urethane groups, functional groups such as ether—, ester, amide, urea, and also aliphatic
and nitrile groups are also present. The investigation results of the kinetic regularities of heavy
metals sorption under polymer components different ratios and ambient temperature are presented.
It is established that the foam polymer sorbent consists of pores and cells with a membrane struc-
ture, which allows using it for effective sorption of polar and nonpolar compounds. The concen-
tration of sorbed heavy metals was determined by UV-spectroscopic analysis. It is shown that the
presence of a system of pores and cells allows the sorbate to diffuse into its more deeply located
regions, as a result of which sorption occurs throughout the volume of the sorbent. Essentially, the
foam polymer sorbents sorb the molecules by dissolving them on the surface of their membranes.
A large variety of adsorption centers on the surface and in the bulk of the foam polymer causes a
whole complex of sorbent-sorbate interactions, among which the Van der Waals interactions, dis-
persion interactions, electrostatic interactions and hydrogen bonds are the main ones.

Key words: foam polymer sorbent, bulk weight, sorption capacity, macro structure
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INTRODUCTION

Constant and growing environmental pollution
by hydrocarbons and heavy metals occurs due to de-
velopment and expansion of different industries [1-7].
At the same time, not only the soil and water bodies are
polluted, but also the air environment, which, as is
known, adversely affects the environment and human
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health. At this stage, we are going through a rather dif-
ficult period in our activity, and therefore it becomes
necessary to carry out a set of measures aimed at elim-
inating or neutralizing centers that are dangerous to the
health of people and their descendants. At present, wa-
ter quality in natural sources has deteriorated signifi-
cantly. A special group presents a number of heavy
metals, many of which are toxic.
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A weighty argument in favor of purifying the
natural water environment is the degree of influence of
metals on human health. There are metals that even
with a slight ingress into the human body cause irrepa-
rable harm to his health with a possible fatal outcome.
At the same time, there are metals that are constituent
part of the body, performing a useful and necessary
mission under certain micro doses to strengthen human
immunity. If in the human body, the content of copper,
cobalt or chromium ions does not exceed the required
dose, then they can be considered as trace elements. At
their considerable excess in the body, the term "heavy
metals" comes into full force. Therefore, it will be pos-
sible to agree with the opinion that there are no harmful
substances, but there are dangerous concentrations for
human health.

In recent years, the interest of scientists in the
development of sorbents for the selective sorption of
those or other metal ions from the aqueous medium has
significantly increased [8-13]. A relatively new sorbent
for the sorption of heavy metals is the foam polymer
materials. This is explained, first of all, by the rela-
tively large sorption capacity of foam polymers for hy-
drocarbons and heavy metals, their buoyancy and the
ability to repeatedly regenerate. Unexplored in terms
of use for cleaning reservoirs from heavy metals are
foam polymer sorbents, especially derived from multi-
component polymer blends.

In this regard, the purpose of this paper is to
conduct researches aimed at studying the sorption
characteristics of multicomponent foam polymer
sorbents for various types of heavy metals.

EXPERIMENTAL

The foam polymers, which developed and ob-
tained by us on the basis of polymer mixtures have
been used as the object of the research. The initial com-
ponents of the polymer mixture were polyurethane
(PU), polyamide (PA) and acrylonitrile-butadiene-sty-
rene copolymer (ABS). Foam polymer sorbents were
being obtained during the mixing of polymer compo-
nents in the melt regime, into composition which the
dicumyl peroxide and porophore were simultaneously
added. The mixing process was being carried out in the
material cylinder of the extrusion machine [14-16].

The sorption properties of the foam polymer
sorbents have been studied in agueous solutionof metal
salts. The change in the concentration of heavy metals
were being periodically measured by spectrophotome-
try method, by which were being determined the ki-
netic regularities of their sorption.

Chemical modification of the foam polymer
sorbents was being carried out as follows: To remove
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air bubbles from the sorbent cells, the crumb or gran-
ules were pushed by glass rod.The granules were
mixed with a vibro-mixer in a vessel containing so-
dium nitrite (at the rate of 2.4 g/I) in 30 ml of 2 M aque-
ous solution of hydrochloric acid.

RESULTS AND DISCUSSION

Depending on the chemical nature and the ratio
of the initial components in the macromolecules of PU,
PA and ABS-copolymer, the following functional
groups are presented: urethane, ether -O-, ester-C(O) -
O-, amide -C(O)-NH-, urea NH»-C(O)-NH, and also
aliphatic -CHz- and CN-groups.

Foam polymer sorbent on the basis of PU, PA
and ABS consists of pores and cells with a membrane
structure, which allows using it for effective sorption
of polar and nonpolar compounds. The presence of the
pore system and cells allows diffusion of sorbate in its
more deep-seated areas. Unlike polymer plates in our
foam polymer sorbents sorption occurs throughout the
volume of the sorbent. In this case, the extraction of
compounds occurs not only due to adsorption (surface
adsorption), but also as a result of absorption (absorp-
tion by all volume of polymer). Essentially, the foam
polymer sorbents sorb the molecules by dissolving
them on the surface of own membranes. A large variety
of adsorption centers on the surface and in the volume
of polymer PU (PPU) causes a whole complex of
sorbent-sorbate interactions, among which Van-der-
Waals, dispersion, electrostatic and hydrogen bonds
are the main ones. The role of each of these types of
bonds largely depends on the structure of the polymer
link and the chemical nature of the molecules being
sorbed [17-19].

In order to show how effective the foam poly-
mer sorbents are for sorption of heavy metals, let us
turn to the results of the study given in Table.

Comparative analysis of the data unequivo-
cally proves the extent to which foam polymer sorbents
have wide possibilities. Table 1 gives data on sorbates
based on ions of heavy metals such as Cu?*, Co?* and
Ni2*. Analyzing the data, it can be found that the foam
polymer sorbents on the basis of PA + PU + ABS have
comparatively high sorption characteristics. As can be
seen from this table, the use of foam polymer sorbent
modified with sodium nitrite (NaNOy) contributes to a
significant increase (in 2-2.5 times) in sorption capac-
ity for heavy metals. To obtain more detailed infor-
mation on the sorption capabilities of polypropylene
sorbents based on multicomponent polymer mixtures,
we turn to a phased analysis of the results of the study.
Fig. 1 shows the sorption curves, obtained out at dif-
ferent temperatures, of copper ions on polyurethane
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sorbents based on a mixture (PU + PA), which differ
in the ratio of the components of the mixture. From a
comparative analysis of the data, it can be established
that the highest values of sorption of copper ions are
observed in the range of the ratios PU: PA = 60:40 -
40:60. Moreover, with increase in the temperature of
the aqueous medium from 298 to 318 K, the sorption
capacity of the copper ion increases.

Table
Physicochemical and analytical characteristics of the
foam polymer sorbents at sorption of Cu?*, Cd?*, Ni**
under 298 K. The bulk weight of the sorbent is 200-300
kg/m3. Time is 20 min
Tabauya. ®U3NKO-XUMUYECKHE H AHAJIUTHYECKHE Xa-
PAKTEPUCTHUKH NEHONOJUMEPHBIX COPOEHTOB NPH COpO-
uuu Cu?*, Cd?*, Ni?* npu Temneparype 298 K. O6nem-
Hasi Mmacca copOenta 200-300 xr/m°. Bpemsi 20 mun

Sorbent com- Sorption
Ne o Sorbate, Me?* pH capacity for
position ot
Me?*, mg/g
Cu? 3.5-45 4.2
1| PA+50%PU Cd?* 4.0-4.5 4.5
Ni2* 4.0-5.0 4.8
2+ _
(PA+50%PU)+ Cu2+ 3.5-45 53
2 10%ABC Cd 3.5-45 4.9
Ni* 4.5-5.0 55
Modified Cu? 3.0-45 12.6
3 |(PA+50%PU)+ Ca?* 3.5-4.0 13.3
10%ABC Ni2* 3.5-45 11.2
A, mg/g
6.
4.04
2.0
|
20 40 60 80 100
C,PA%

Fig. 1. Effect of PA concentration in the composition of the foam
polymer sorbent on the basis of PU + PA and the temperature of
the aqueous medium on the sorption capacity for Cu?* ions: 1- 298 K;
2-308K;3-318K
Puc. 1. BiusHue Temnepatypsl BOAHOHN cpe/ibl U KOHIEHTpaIUU
ITA B cocTaBe MEHOMOIMMEPHOTO cOpOeHTa Ha ocHoBe [TY+ITA
Ha COPOIMOHHYIO0 eMKOCTh 1o HoHy CU%*: 1- 298 K; 2- 308 K; 3- 318 K

Taking into account the fact that the composi-
tion of the sorbent mixture materially affects the sorp-
tion capacity, it seemed interesting to study the effect
of the ABS-copolymer on the regularity of the change
in the value of this parameter. Analyzing the data pre-
sented in fig. 2, one can note that with the introduction
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of ABS-copolymer into the PU + PA mixture, there is
a general tendency towards an increase in the sorption
capacity of the foam polymer sorbents obtained on
their basis. At the same time, the growth of the sorption
capacity for copper ions proceeds throughout the entire
range of PU + PA ratios.

A, mg/g
6.0

0 20 40 60 80 100
C,PA%
Fig. 2. Effect of PA concentration in the composition of the foam
polymer sorbent on the basis of (PU + PA) + 10% wt. ABS and
the temperature of the aqueous medium on the sorption capacity
for Cu?* ions: 1- 318 K; 2- 308 K; 3- 298 K
Puc. 2. Bausinue xonuentpauuu [TA B cocraBe neHonoaumep-
Horo copbenTa Ha ocHoBe (ITY+I1A)+10%macc. ABC u Temnepa-

TypbI BOAHOM cpe/ibl Ha COPOLMOHHYIO €MKOCTb 1o noHam Cu?*:
1- 318 K; 2- 308 K; 3- 298 K

Fig. 3 shows the kinetic regularity of copper
ions sorption for foam polymer sorbents based on indi-
vidual polymers of PPU and PPA, as well as their mix-
tures. As can be seen from Fig. 3, the sorbents based
on PPA, and then polyurethane foam, possess the low-
est sorption capacity. At the same time, the foam poly-
mer sorbents based on mixture of polymers are charac-
terized by higher values of the sorption capacity for
copper ions. The obtained experimental results of the
study allow to consider that the additional introduction
of ABS copolymer into the the polymer mixture PA +
PU makes it possible to some extent to increase the
sorption capacity. Apparently, this is due to the fact
that in addition to the available active functional
groups [ether -O-, ester -C(0)-O-, amide -C(O)-NH-,
urea NH,-C(0O)-NH:], CN- groups are added that can
further activate all available polar groups to sorption of
heavy metals.

The presence of end amine group in the com-
position of PA and PU opens up a promising possibility
of modifying their molecular structure. As a result, it is
possible to significantly increase the sorption capacity
of the foam polymer sorbents. As a result of modifica-
tion of the terminal amine groups in the composition of
PPU and PPA, it is possible to obtain a polymer cation
of diazonium according to the known scheme:

RNH, —N%2__ p N*=NCI"
2 2MHCI =
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As can be seen from the presented chemical re-
action, a cation of diazonium is formed in the hydro-
chloric acid aqueous solution of sodium nitrite, which,
as is well known, is characterized by high activity with
respect to heavy metal ions. Evidence of this was the
results of IR spectral analysis of diazotized PPU and
PPA, according to which absorption bands in the re-
gion of 2106-2110 cm™ appeared on the spectra of
these modified polymers. Their appearance is usually
interpreted by the vibrations of the N=N bond, which
indicates the formation of the diazonium salt in the pol-
ymer phase. Simultaneously, a redistribution of the in-
tensity in a wide band of NH:-valent vibrations was
observed in the 3260-3410 cm™ region, which indi-
cates the diazotization reaction involving NH. groups
[5, 20-21].

A, mg/g
8.0]
6.04
e . A
" 3
4.0 *- e o
” ” ol
2.0
A4 -o— B— A ¢
¢ 5 10 15 20

t, min

Fig. 3. Kinetic regularity of sorption of Cu?* by foam polymer
sorbents with bulk weight of 50-70 kg/m3: 1-PA; 2- PU; 3- PA +
50% wt of PU; 4- (PA + 50% wt PU) + 10% wt of ABS
Puc. 3. KuneTndeckas 3akoHOMepHOCTh copOumu CU?* meHomnommaMep-
HBIMHU copOeHTaMu ¢ 00beMHON Maccoit 50-70 kr/m®; 1- TIA; 2- ITY;
3- [TA+50% wmacc.I1Y; 4- (ITA+50%macc.I1Y)+10%macc. ABC

The obtained results of the study are in good
agreement with the previously developed ideas on the
possibility of chemical modification of the polyure-
thane foam. In fact, we have the opportunity to obtain
new materials — chemically modified polyurethane
foam. Assuming that the diazonium salts can have a
sufficiently high activity with respect to the salts of
heavy metals, it seemed interesting to study the sorp-
tion properties of modified polymeric foam sorbents
obtained on the basis of a mixture of PA + PU + ABS.
For example, copper salts in an aqueous medium with
concentration of 300 mg/l in the initial mixture have
been used as the sorbate. Fig. 4 shows the results of a
study of the effect of aqueous medium temperature on
the sorption capacity of a chemically modified ex-
panded polymer sorbent obtained on the basis of a mix-
ture of PU + PA + ABS.
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Comparing the results of the study in Figs. 1
and 4, it can be established that the process of copper
ions sorption on the modified sorbent in the entire
range of the PU:PA ratios proceed more efficiently. In
this case, the sorption process on sorbents is most ef-
fective in the range of the ratio PU: PA = 70:30 - 40:60.
With increase in the temperature of the aqueous me-
dium from 298 to 318 K, increase in the rate of sorption
and sorption capacity is observed. All these circum-
stances indicate that chemisorption occurs on the sur-
face of the membranes of the foamed polymeric
sorbent. Effective stirring of the sorbent in the solution
allows to maintain a constant concentration of the
sorbed dissolved copper ion near the sorbent-sorbate
interface and thus to exclude the influence of the diffu-
sion process from the volume of the solution on sorption.

A, mg/g
10.0:

8.04
6.01

4.0

2.0

D 20 40 60 80 100
C,PA%

Fig. 4. Influence of temperature and concentration of PA in the
composition of chemically modified foam polymer sorbent (PA +
50% wt of PU) + 10% wt of ABS on the sorption capacity for
copper ions: 1- 298 K; 2- 308 K; 3 318 K. The bulk weight of the
sorbent is 50-70 kg/m?

Puc. 4. BnusHue TeMneparypsl 1 KoHneHTpauuu [1A B cocTaBe
XUMUYECKH MOIU(PHUINPOBAHHOTO TIEHOTIOIMMEPHOTO COpOeHTa
(TTA+50% macc.ITY) +10% macc.ABC Ha COpOIIMOHHYIO EMKOCTb
o no”am meau: 1- 298 K; 2- 308 K; 3- 318 K. O6nemuas macca
cop6enta 50-70 kr/m®

In those cases, when the foam polymers are
used as a sorbent, the important moment is to study the
influence of their bulk weight on sorption processes.
So, for example, we used as the object of research foam
polymer sorbents on the basis of a mixture of PU + PA
+ ABS with different bulk density and, respectively,
cell diameter (Fig. 5).

In this case, we used 3 types of sorbent with
bulk density of 50-70, 200-300 and 500-600 kg/m3, re-
spectively, with cell diameter equal to 0.9-1.1, 0.1-0.2
and 0.01-0.02 mm. In addition, a modified sorbent with
bulk density of 200-300 kg/m? has been used. Compar-
ing the curves in this Fig. 5, one can pay attention to
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the fact that, with other equal conditions, sorbents with
bulk weight of 200-300 kg/m® (curve 1) possess com-
paratively better sorption properties. Worst sorption prop-
erties have sorbents with bulk density of 500-600 kg/m?
(curve 3). It is possible that in this case, it would be
appropriate to mention the peculiar "capillary” effect
that occurs in porous or close-cell macrostructures of
sorbents.

A, mg/g
4
16.04
12.0f - o o
/2
e *————"’/
8.0
1 & & o3
4.0
0 5 i0 is 20

t, min

Fig. 5. Kinetic regularities of Cu?* sorption by chemically modified
foam polymer sorbents on the basis of (PA +50% wt PU) + 10% wt of
ABS with different bulk weight: 1- 200-300 kg/m?; 2- 50-70 kg/m?;

3- 500-600 kg/m?3; 4- chemically modified sorbent with a bulk

weight of 200-300 kg/m3. The temperature of the aqueous me-

diumis 318 K
Puc. 5. Kunetnueckue 3akoHOMepHOCTH copoimu Cu?* xummnde-
CKHM MOM(HIIMPOBAHHBIMY NTEHOIIOJUMEPHBIMHU COPOCHTaMH Ha
ocHoBe (ITA+50%macc.ITY)+10%macc. ABC ¢ paznuaHOit 00beM-
Hoif Maccoii: 1- 200-300 kr/m3; 2- 50-70 xr/m3; 3- 500-600 kr/mS;
4- xuMugecKu MOIU(DUITMPOBAHHEII COPOEHT ¢ 00BEMHON MacCOi
200-300 kr/m®. Temnepatypa BoaHoi cpebl 318 K

According to this theory, as the diameter of the
cells decreases or the foam is compacted, the size of
the cells decreases to such an extent that it favors the
development of a dispersion interaction between the
sorbate and the functional groups of the sorbent. As a
result, the sorption capacity and the degree of extrac-
tion of metal ions increase. But with the further consol-
idation of the foam polymer sorbent within 500-600 kg/m?
and higher, the diameter of the cells sharply decreases
to 0.01-0.02 mm, which immediately affects on the one
hand, on diffusion difficulties in the delivery of metal
ions to deeper sections of the sorbent, and with another,
the difficulty of removing air from the fine-mesh struc-
tures of sorbents. As a result, the sorption of metal ions
in fine-grained macrostructures with a bulk density of
500 kg/m?® and above becomes inefficient, since it pro-
ceeds mainly on the surface areas. As for sorbents with
a bulk density of 50-70 kg/m?3, in this case, in connec-
tion with the increase in the cell volume, we are already
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confronted with the opposite effect: the possible weak-
ening of the dispersion forces of interaction between
sorbent functional groups and metal ions. As can be
seen from Fig. 5 (curve 2), this circumstance to a cer-
tain extent leads to a decrease in the degree of recovery
of the sorbate.

If the sorbent with a bulk density of 200-300
kg/m? is subjected to chemical modification it can be
seen that the sorption capacity of these samples rises
sharply from 12.0 to 16.0 mg/g (Fig. 5, curve 4). The
obtained results of the study once again confirm the
high efficiency of the diazonium salt during the sorp-
tion of copper ions.

C,%
1007
8Oy
601
40

20

) "2 4 6 § 10
pH

Fig. 6. Influence of the pH on the degree of extraction of Cu?*
from the aqueous medium by the foam polymer sorbents on the
basis of modified (PA + 50% wt PU) + 10% wt of ABS. The vol-

ume weight of the sorbent is 200-300 kg/m?
Puc. 6. Bousuue pH cpensl Ha cTenenb uspiaedenus CU%* u3 Bo-
HOM Cpeibl NEHOTIOJIMMEPHBIMU COPOSHTaM Ha OCHOBE MO (u-
muposanHoro (ITA+50% macc.ITY) +10% macc. ABC. O6vemuas
macca cop6enta 200-300 kr/m®

In order to obtain a more complete picture of
the processes that occur at the sorbent-sorbate inter-
face, it seemed interesting to study the effect of pH of
the medium and the bulk density of the foam polymer
sorbent on the sorption efficiency. Fig. 6 shows the
study results of the extraction degree of copper ions by
multicomponent and chemically modified foam poly-
mer sorbents on the basis of a mixture of PU + PA +
ABS. From the analysis of the curves in this figure, it
can be established that comparatively better sorption
occurs in media where the pH of the medium has val-
ues in the range of 3-5.

CONCLUSION

Based on the studies conducted, it can be ar-
gued that polymer blends based on PA + PU + ABS are
promising polymer composites for the preparation on
their basis of hydrophilic foam polymer sorbents in-
tended for selective sorption of heavy metals from an
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aqueous medium.The more different types of func-
tional groups in the composition of the foam polymer
sorbent, the more active centers for the effective course
of sorption of heavy metals. It becomes obvious that
the use of foam polymer sorbents on the basis of indi-
vidual polymers can not ensure their high sorption ca-

pacity.
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Along with this, carrying out of chemical mod-

ification of foam polymer materials with sodium nitrite
on the basis of terminal amine groups present in the
composition of PU and PA allows to get even more ac-
tive centers - diazonium cations, which resultsin the
maximum effect on improving sorption capacity of
foam polymer sorbents.
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