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Ilpusooamca pezyirvmamol Uccie006aAHUA 6AUAHUA 00BEMHOU MACCHL CUIUMBIX U 8Che-
HEHHBIX COPOEHMO6 HA OCHO8E KOMRO3UYUIL 6MOPUYHO20 YOAPONPOUHO20 ROAUCHUPOA C Oumy-
MOM U Ceapamom YUHKA HA UX COPOUUOHHYI0O eMKOCb no Hedymu u nedhmenpooykmam. Mexa-
HOXUMUYECKUTI CUHME3 NEHONOJIUMEPHBIX COPOEHMO6 NPOGOOUIU HA IKCIPydepe ¢ 3-X 30HHbIM
MamepuaibHbIM YWUIUHOPOM. B Kauecmee nenoodpazoeamens ucnonbv3oeanu azoouKkapoonamuo,
a cuuearowezo azenma nepekucy ouxkymuna. Illenononumepusie copoenmeot 061a0aom 8blCOKOIL
naagyuecmsio u 2udpoPhooHOCMbIO, YN0 6 COBOKYRHOCHIU CROCOOCHEYEm NOBLIUIEHUIO CEJIeKIMUG-
Hocmu npouecca copoyuu Hepmu u Hepmenpodykmoes ¢ 600Hou nosepxnocmu. Copouuonnyio
EeMKOCHLb ONPEOeAIU 6€COBLIM MEMOOOM HO PAZHOCHILU MACCHL COPOEHmMA 00 U nocie copoyuu.
Ilokazano, umo nepmo yuuie 6cezo copoupyemcsa Ha NEHONOIUMEPHBIX COPOEHmMax ¢ HU3KOU
00bEMHOUL MACCO U DOTLULUM OUAMEMPOM 3AKPLIMOAUCUCBIX cmpPYKmYp. B mo xce epem=a, ou-
3e/lbHOe MONIUGO XOPOUIO COPOUPYEMCA HA COPOCHMAX ¢ OMHOCUMEIbHO 6bICOKOU 00bEeMHOI
Maccoil u cOOmeencmeeHHo MeHbUM ouamempom nop u auveex. Hecpmanvie macna naubonee
Ihpekmueno copoupyromca Ha neHOROIUMEPHBIX COPOEeHmMAx, 00vemMHas macca u ouamemp
AYeeK KOMOPHIX 3AHUMACH RPOMENHCYMOUHOE NOJIONHCCHUE 8 CDAGHEHUN C COpOeHmamu, npeoHa-
3HAYEHHBIMU 0715 COpOYUU Hepmu U OU3eIbHO20 MONIAUEA. YCMAH08/1eHO maKsice, Umo He3asu-
CUMO Om Ouamempa nop u A4eeK CKOpoCHb COPOUUOHHBIX NPOUECCO8 603pacmaem ¢ nogvlile-
HUuem memnepamypul 600HOI cpedvl. B amom ciayuae, 6 3agucumocmu om muna copbéama, oo6vem-
HOIl Maccobl copdeHma u memnepamypsl cpeobl U3MEHEHUEe COPOUUOHHOU eMKOCIU RPOUCX00Um
no onpeoenennoii 3akonomeprnocmu. Illoxazano, umo nojiyuennsle copoeHmol Xapaxmepusyomcs
CROCOOHOCHIBbIO K MHOZOKPAMHOIL pezeHepayuu nPpU COXPaAHeHUU 8bICOKOU niaagyiecmu, 2ZUopo-
thodnOCmU U copOUUOHNOI emKOoCmU NO Hepmu u HehmenpoOyKmam.

KuaroueBsble cjioBa: copOus, EHOTOIUMEPHI, 00BEMHAs INIOTHOCTH, THAMETP sIYeeK, COPOIMOHHAs
€MKOCTB, COPOEHTBI, HEPTEPOAYKTHI, BOAHAS IOBEPXHOCTE, U30TEpMa, TU(y3us, MIaBydecTb, THAPOPOO-
HOCTB, SKCTPY3Us
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Research results of influence of volume mass of crosslinked and foamed sorbents on the
basis of secondary high-impact polystyrene with bitumen and zinc stearate upon their sorption ca-
pacity arerepresented. The mechano-chemical synthesis of foamed polymeric sorbents was carried
out on the extruder with a three zone material cylinder. Azodicarbonamide was used as foaming
agent and dicumyl peroxide was used as crosslinking agent. Foam polymer sorbents have a high
buoyancy and hydrophobicity. This circumstance contributes to increasing the selectivity of sorp-
tion process of oil and oil products from water surface. The sorption capacity was determined by
gravimetric method according to difference between sorbent weights before and after sorption. It
was shown that petroleum are better sorbed on foamed polymeric sorbents with low volume weight
and greater diameter of closed-celled structures. In the same time the diesel fuel sorbed well on
sorbents with relatively high volume weight and accordingly lesser diameter of pores and cells.
Petroleum oils are most effectively sorbed on foamed polymeric sorbents which volume weight and
cellsdiameter areinterim in comparison with sorbents for sorption of petroleum and diesel fuel. It
was determined that rate of sorption processes increases with rising of temperature of aqueous
medium independently on pores and cells diameter. I n this case changing in sorption capacity oc-
curs according to certain regularity depending on sorbate type, volume weight of sorbent and me-
dium temperature. It was shown that obtained sorbents are characterized by capability to multiple
regeneration at keeping of high buoyancy, hydrophobicity and sorption capacity on petroleum and
oil products.

Key words: sorption, foam polymers, bulk density, cells diaengsorption capacity, sorbents, oil
products, water surface, isotherm, diffusion, bunaya hydrophobicity, extrusion
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INTRODUCTION oceans. The increased environmental footprint @sntr
With increasing production and transportatiofites to a gradual decrease in the compensatorygitapa
of oil, respectively, increases the number andesofl ©f the natural environment, as a result of whighebo-
environmental disasters related to the acciderital ¢gical situation grows into a global human problem
spills, polluting the land and water area of sead aPollution of the seas in the process of oil exteact
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from the seabed and its transportation by tankeds aPSIPS was determined from the ratio of the matseof

underwater main pipes always carry the danger of aample to its geometric volume.

ecological catastrophe [1, 2]. The content of the gel fraction in the PSIPS
In recent years, more and more attention f®rmed as a result of crosslinking the polymer iratr

paid to the development of effective methods afieli with dicumyl peroxide was determined by extracting

nating emergency spills, one of which is the useaof the sorbent in a Soxhlet extractor with toluene.

ious types of organic and inorganic sorbents. Faom Some physico-chemical characteristics of Bi-
economic point of view, preference is given totlse nagadi oil have been given below:
of sorbents based on waste derived from the industr Density, kg/m — 902
processing of agricultural products or secondaci-te Kinematic viscosity, mrits — 14.6
nological polymer waste [2, 3]. Hardening temperature, K — 223
The article describes the process of sorption of Coking capacity, % mass — 2.81
oil and petroleum products using polymeric sorbents Sulphur content, % mass — 0.28
based on polymer foams secondary impact polystyrene In determining the average cell diameter, ap-
(PSIPS). parent density and sorption capacity for oil andd oi
products relative measurement error is respectively
EXPERIMENTAL PART 59, 8%. and 7%.
Foam-polymer sorbents were prepared by ex- The sorption capacity for oil and oil products

trusion in the mixing process of the secondary highvas determined by the weight method. A suspended
impact polystyrene (HIPS) having an average medimount of a polymer sorbent in the form of a crumb
flow rate of 2.3 g/10 min, blowing agent — azodicarnvas dumped onto the water surface containing the oi
bonamide (ACA) in an amount of 5-6, crosslinkei— d After holding the sorbents for a certain time omaer
cumyl peroxide — 1.0, zinc stearate — 0.5 and f&tro  surface with an oil layer of 1.0 mm, the samplesewe
bitumen — 5%wt. The whole mixture was mixed in eXdried and weighed on an analytical scale. The atoun
trusion machine in the melt of HIPS at 403-468 K [4 of absorbed oil or oil products was determined fthen
As a result of the thermomechanical action of the edifference in mass of the sample before and aftgr-s
truder on the polymer melt was occurred the decempgon. The ratio of the amount of sorbed oil to ithigial
sition of the ACA with the evolution of nitrogen®r mass of the sorbent characterizes the sorptiorcitgpa
moting the foaming of the polymer matrix. Crossdin for oil. During centrifugation the oil was presdenim
ing of the polymer sorbent is a desperate meabate tthe polymer sorbent, and the sorbent was sengrser.
facilitates not only the process of its foamingt &lso  |n this way polymer sorbents were exposed to meltip
improves the physicomechanical properties of thegeneration. Similarly, the sorption capacity of
foam pollymers.dﬂowiver, this W]\ceﬁsure ﬁllO\le _Sif?U&orbents for fuel oil and diesel fuel was determine
taneously extending the range of the technologiaa
rameters of its processing by extrusion. RESULTS AND DISCUSSION
It is possible to obtain crosslinked, foamed and Before proceeding to establish the relationship
bitumen filled polymer sorbents with closed-celbetween the sorption process of oil and oil prosluct
macrostructure and high degree of buoyancy by reguith the sorbent macrostructure, it was necessary t
lating the temperature regime and extrusion pressudwell on some of the fundamental points that charac
and also by selecting the mixture components fdtio terize the sorption capacity of the sorbent. Is ttase
5]. The introduction of petroleum bitumen into thehe sorbent is a foamed polymer with the closet-cel
composition of the polymer compaosite makes it possnacrostructure in which the cells are isolated from
ble to obtain hydrophobic sorbents, by means ottwhi each other. The cells located in the depth of thieet
high selectivity of the process of sorption ofanild oil are isolated and filled with nitrogen gas. Therefave
products from the water surface is achieved. Thsssr can agree with the concept of Scheidegger thatehe
linked structure of the sorbents was provided highill be correctly called the gas-structural element
strength and sufficient resistance to swellingiime- (GSE), meaning by this statistically averaged madel
dium. In the process of extrusion, continuous faaimenot only the cell of the foam plastic, but also vls
polymer strands were obtained, which were then cat its closure [3].
into crumbs of 5-7 mm in size. Previously, with the example of polyethylene
The average diameter of the cells in the macrésam, it was shown that the bulk density of thenfoa
structure of the sorbent was determined using &n ogolymer sorbent and the diameter of the GSE haye si
cal microscope, and bulk density (apparent density) nificant influence on the regularity of sorptionfn the
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water and earth surfaces [5, 6]. It was necessdigd In this connection, it seemed interesting to
out how to change the regularity of sorption wheedis study the selective effect of certain petroleundpias
as a sorbent PSIPS. — fuel oil and diesel fuel, which are part of thedadi

_InTable 1 presents the results of research gfj on the sorption characteristics of the coneern
the influence of exposure time and the bulk derdity sorbents

sorbents based on PSIPS on their sorption cagacity Analvzing the data aiven in Table 1. it can be
oil and oil products on the water surface. Comgarin yzing I gr -

the data of Table 1, it can be established thah dé- seen that with an mcreasg in the bulk densityhef t
crease in the bulk density of the sorbent, thatmsorp- SOrbent, the sorption capacity of the sorbent shaigp
tion of the latter at an exposure time of 96 hdars Creases for fuel oil. And in this case, a high 8orp
creases by 10.2 kg/kg. It is characteristic thdbat rate is established in the first 2-4 h, and thensibrp-
values of the bulk density of the sorbent, mosthef tion rate for fuel oil has sorbents with bulk déynsif

oil was sorbed in the first 2-3 h. All this is eapled 535 kg/ni.

by the fact that the volume mass is inversely propo By identifying the data (see Table 1), it can be
tional to the diameter of the cells and varies eliog  established that, unlike oil and fuel oil, the simp of
to the known regularity given in [4]. diesel fuel is most efficiently carried out on semts

It. was also found th"?‘t with a _decrease in th\?/ith a bulk density of 310-535 kgfand cell diameter
volumetric mass of sorbents in the series 58310— ) )
of 0.1-0.04 mm. It was found that further increase

190— 80 kg/n?, the diameter of their cells increasesb Ik density of th b ready lead derd
respectively, in the following sequence 0:04.09— QU density of the sorbent already leads to deeréa

0.45— 1.0’ mm. Proceeding from this, it was believed€ SOrption capacity. The latter circumstancenis i
that the oil would diffuse into larger diameterlselt a Portant, since it allows us to assume that for egpé
higher rate, i.e. in sorbents with a smaller budksity. of oil product there are certain types of sorbevita
an optimal combination of bulk density and cellrdia
Tablel . . . . .
Theinfluence of exposition time and volume weight of  €t€r: at which the maximum effect is achieved lgyrth
PSIPS upon its sor ption capacity on petroleum and oil ~ Sorption capacity. At lower bulk density valueswt
products cell diameter of 0.8-1.0 mm, the diffusion of didsel
Tabauya 1. Binsinue BPeMenH BRUIEPKKH 1 06beMHOro s sharply slowed down due to the fact that it oot

Beca PSIPS na ero copounoHnyIo eMKOCTL 0 HeTH M ¢ 1o sorhent with a large diameter of the celisd
HedTenpoayKTam

Apparent |ExposurdSorption capacity of PSISP, kglkg weighing. This is explained by the fact that théue
density kg/ time, h oil Fuel oil [Diesel fudl tion in the sorption of diesel fuel on coarse-atlle
3 18.0 6.3 2.6 structures is possibly connected with the diffiguof
10 19.5 21.0 4.0 retaining a low-viscosity component in cells ofgar
24 20.8 26.5 4.1 size (0.8-1.0 mm), é. in this case there is a situation
80 48 21.3 27.3 4.5 .
72 515 275 45 where the forces of attraction between sorbent and
96 220 28.0 4.5 sorbate molecules are lower than the forces ohattr
3 14.0 3.0 6.0 tion between sorbate molecules.
10 15.8 3.5 7.2 It is important to note that when collecting olil
190 24 17.1 4.0 8.0 and oil products from the water surface, the antbien
‘712 igg ‘51:2 gg temperature has a significant effect on the diffinf
96 20.0 5.0 10.0 sorbate in the foam polymer sorbent. In table 2 is
3 12.5 3.0 9.0 shown the results of research of the influencehef t
10 14.0 3.5 10.0 temperature of aqueous medium and bulk density of
310 24 14.3 4.0 10.7 sorbents on the sorption capacity for oil and cidp
‘712 12? gg gg ucts. In this case, the PSIPS sorbents with cathdter
96 16.3 50 13.0 of 0.8-1.0 and 0.1-0.2 mm are considered, withxan e
3 6.5 20 10.0 posure time of 48 h. As can be seen from Tabldth, w
10 9.0 3.0 11.8 an increase in temperature, there is a genera¢heyd
535 24 9.3 3.5 13.0 to increase the sorption capacity for oil and fikhnd,
‘71223 ﬂg j:g 13:8 conversely, a decrease in the sorption capacitgliéar
96 11.8 4.2 14.8 sel fuel. It can be assumed that an increase itethe
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perature of the medium contributes to a certain deelume of the sample and diameter of its cellsazaour
crease in the viscosity of oil and fuel oil and¢@d- in the polymer sorbent with bulk density of 535rkgy/
ingly, to an increase in the rate of diffusiontud sorb- Which, in the final, can also lead to an increasthe
ate into deeper layers of the sorbent. As a rethdte  Sorption capacity of oil and oil products.

is a general tendency to increase the sorptioncitgpa ~Sorbents with low bulk density and corre-
It should also be noted that in the regularity lifimge spondingly with a relatively .Iarge diameter of tedls

of sorption capacity of sorbent (535 kdjrfor oil and (0.8-1.0 mm) are characterized by small valuehef t

fuel oil, there is some abnormal change in thee/ali sorption capacity for diesel fuel. An increase e t
this index from temperature temperature of the experiment from 303 to 323 K for

sorbents with a bulk density of 80 kg/teads, on the
Table2 contrary, to anincrease in the desorption of ditess,
as evidenced by a decrease in the sorption capacity
from 4.1 to 2.0 kg/kg. Perhaps this is due to #m f
that an increase in temperature leads to an eeateyr
reduction in the forces of attraction between sorbe
and sorbate molecules and, as a consequence, a de-
crease in the sorption capacity.

Theinfluence of water medium temper ature and vol-
ume weight of sorbents on basis of PSIPS upon their
sor ption capacity on petroleum and oil products
Tabnuya 2. Bansinne TeMnepatypbl BOJIHOI cpebl U
00BEeMHOT0 Beca copoeHTOB Ha ocHOBe PSI PS Ha nx
COPOIMOHHYI0 eMKOCTh M0 He()TH U HePTeNPOAYKTAM

Apparent | Temperature| Sorption capacity of PSISP, One of the important characteristics of poly-
density | of aqueous kg/kg mer sorbents is the ability for multiple regenemati
kg/m? medium, K | Ol | Fueloil| Diesel | This important feature of the foam polymer sorbent

fuel contributes not only to increasing the efficienEyheir
283 10.0 70 15 use, but also to a substantial reduction in theé abs
288 163 | 13.6 30 material. In the course of the studies, it was tbtmat
80 203 212 | 27.7 4.0 even after 5-fold regeneration, the sorbents retafn
303 235 | 27.8 4.1 ficiently high values of the sorption capacity. $ar,
313 25 .4 295 35 example, in sorbents based on the PSIPS with a bulk
323 28.8 304 20 density of 80 kg/rf) the sorption capacity for oil rela-
283 55 15 9.0 tively to its initial value (before regeneratiorfjest the
288 8.0 28 13.5 first regeneration was 95%, the second — 93% hiing: t
535 203 10.7 4.0 14.0 87%, the fourth 82%, the fifth — 70%.
303 10.8 4.2 15.2 Thus, it can be concluded that foam polymer
313 10.8 57 16.7 sorbents on the basis of PSIPS are among the salver
323 13.0 6.0 19.3 sorbents possessing sufficiently high values of the

sorption capacity for oil and oil products, buoygnc
For example, in the temperature range of 298wy drophobicity and the ability for multiple regeaer
313 K the sorption capacity for oil practically ga®ot tjon. It becomes obvious that in order to corréutice
Change. Exactly the same situation occurs withdilel of po|ymer sorbent for Co”ecting Sp|||ed oil ot pi'od-
at temperature of 293-303 K. It is possible thdinite  ycts in emergency situations, it is necessary te ha
sorption equilibrium is achieved in this temperatursyfficiently complete data on the bulk density and
range. At a higher temperature (323 K), sorptioni-eq macrostructure of the sorbent. Only a comprehensive
librium is disturbed toward an increase in the 8orp gnalysis of the morphological features of the macro
capacity. Apparently, to fill small cells requirasela- structure of sorbents that predetermine the effiye
tively hlgher temperature and exposure time, ackvhi of the Sorption process opens up a promising oppor-
the Sorption equilibrium shifts toward an incregwsthe tunity for their rational use in performing opemﬂii

sorption capacity. One cannot exclude the factuhat cleaning of the water surface from spilled oil prots.
der the influence of temperature certain increadbe
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