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Paboma noceawiena uzyuenuro huuKo-xumuueckux u adcopoyuoOHHbIX C6OICHE COPOEH-
MO8 UCKYCCHBEHHO20 U NPUPOOHO20 RPOUCXO0HCOCHUSA, 3AZPAZHEHHbIX Hepmenpooykmamu. B pa-
Oome onpedenenvlt maxue napamempsl, KaK COpOYUOHHAA EMKOCHb RO HehmenpooyKmam, 6000no-
2/10U4eHUe U 671420CO0EPHCANHUE, HACLINHAA NIONMHOCHLb, @ MAKX}CE NAPAMempbl, XapaKmepusyioujie
COpOYUOHHbBIE PAGHOBECUA 8 HOBEPXHOCHHBIX C10AX (KOIhpuyuenmol pacnpeoenenus, 8eTUUUHDL
npedenvnoit adcopoyuu, koncmanmol I'enpu, uzmenenusn snepeuu I'uvooca, adcopoyuonnsvie Ko -
uyuenmot u cmenenu 3anonnenusn). Hzomepmot aocopoyuu 01 ecex copoeHmos umeron nPaKmu-
YyecKu UOeHMUYHDLIL XapaKmep ¢ APKO 6bIPAIHCEHHBIM JTUHEHHBIM YUACIKOM 8 001aCHmU HeGbICOKUX
KOHUeHmpauuil HegymenpooyKmoe u cOOmeemcmeyom u3omepmam MOHOMOIEKYIAPHOU aA0copo-
yuu. CopoyuoHnan eMKocHb UCcledyemslx copbenmos eapvupyemcs 6 ouanazone om 10 oo 50 mz
Hegpmenpodykmoes na 1 2 copoenma. MaxcumanbHOl COPOYUOHHOT eEMKOCHBIO U3 UCC1E0YEMBIX COP-
o0enmoe oonaoaem Ol-Ex Hard, omuocawuiica k copoenmam cunuxamnou zpynnot u Ol-Ex 82, oc-
HO06011 Komopozo cocmasnaem noauypeman. Haumenvuiee enazocooepiicanue xapaxmepnuo maxoice
014 cuUKamuwix copoenmos u ne npesvtuiaem 0,5 % om ux maccol. Maxkcumanwvhnoe éi1azonoznouie-
Hue xapakmepHo 0nsa copoenmos mapok COHET Cop6o u MI'C cop6. Bueiasneno, umo nogepxnocms
Ol-Ex Hard npakxmuuecku noanocmoio 3anoinena negpmenpooykmom (6—1), ¢ mo epems Kax o1s
WIYHZUMA RO8EPXHOCHb 0ydem 3anonnena auuis Ha 13 %. Ilokazano, umo naubonee r3¢ppekmuenvim
014 ynaenueanus Hepmenpooykmoe ciedyem cuumams copoenm Ol-Ex Hard, onsa komopozo xapax-
mepHbl MAKCUMATIbHO 6bICOKUE 3HAYEHUA A0COPOUUOHHBIX NAPAMEMPOE.

KiroueBble cioBa: HeTenpOyKThI, CHHTETHYECKHE COPOCHTBI, TIPUPOJTHBIE COPOCHTHI, PU3NKO-XU-
MHYECKHE CBOMCTBA
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The work is devoted to the study of the physico-chemical and adsorption properties of syn-

thetic and natural sorbents contaminated with oil products. The parameters such as sorption ca-
pacity for petroleum products, water adsorption and moisture content, bulk density, as well as pa-
rameters characterizing the sorption equilibrium in the surface layers (distribution coefficients,
maximum adsorption values, Henry constants, Gibbs energy changes, adsorption coefficients and
filling degrees) were determined. Adsorption isotherms for all sorbents are almost identical in char-
acter with a pronounced linear region in the region of low concentrations of oil products and cor-
respond to isotherms of monomolecular adsorption. The sorption capacity of the sorbents under
study varies from 10 to 50 mg of oil products per 1 g of sorbent. The maximum sorption capacity
among the sorbents studied the Ol-Ex Hard possesses. This sorbent belongs to sorbents of the sili-
cate group and OI-Ex 82, based on polyurethane. The lowest moisture content is also characteristic
for silicate sorbents and does not exceed 0.5 % of their mass. The maximum moisture adsorption
is typical for sorbents of SONET Sorb and MGS Sorb. It was revealed that the surface of OI-Ex
Hard is almost completely filled with oil (8 — 1), while for shungite the surface will be filled only
by 13%. The most effective for trapping oil products should be considered the sorbent Ol-Ex Hard,
for which the highest values of adsorption parameters are characteristic.

Keywords: oil products, synthetic sorbents, natural sorbents, physico-chemical properties
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INTRODUCTION method, which allows providing a high degree of purifi-
cation of industrial wastewater [3, 4]. The advantage of
the method is its efficiency (up to 95 %), the possibility
of treating wastewater containing several substances, as
well as the recovery of adsorbed substances [5, 6].
Traditionally, natural sorbents such as zeolites
[7], schungites [8], diatomites, as well as industrial
wastes [9-11] and the processing of cellulose-contain-
ing agricultural products are used to remove various
OP from water. A special category of sorbents is waste
wood processing [11-14]. Publications related to the
study of the sorption properties of individual sorbents,
and also after their modification by a variety of physi-
cochemical methods, are quite numerous [9-15]. The

One of the environmental problems of our time
is the problem of water pollution and deterioration of
water quality, which leads to a reduction in amount of
available drinking water. Problems of oil pollution ag-
gravate more and more every year and begin to take on
a global scale. Therefore, it is becoming urgent to de-
velop technologies for liquidation of oil product (OP)
spills, new technological schemes for wastewater treat-
ment from petroleum hydrocarbons, which must meet
modern requirements - to be as accessible, convenient,
environmentally safe and economically feasible [1, 2].

One of the effective methods of wastewater
treatment from organic compounds is the adsorption
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possibility of modifying inorganic sorbents in a dielec-
tric barrier discharge were demonstrated in [15]. How-
ever, there are practically no works in which a wide
assortment of sorbents well be explored.

Therefore, the objectives of this work were:

Determination and comparison of the proper-
ties of sorbents of different composition;

Study of the physical and chemical properties
of sorbents (sorption capacity, moisture content and
water absorption, bulk density);

Evaluation of the adsorption equilibrium pa-
rameters in the surface layers of sorbents under study:
distribution coefficient, maximum adsorption values,
Henry's constants, changes in Gibbs energy, adsorption
coefficient and degree of filling.

EXPERIMENTAL

Eleven sorbents were chosen as the objects of
research, the name and chemical composition of which
is presented in Table 1.

The choice of sorbent data for the study is due
to their availability, as well as relatively wide applica-
tion in various sectors of the economy. Model OP so-
lution is prepared by mixing a certain volume of M-8B
motor oil and distilled water.

Conditions of the experiment were: the initial
concentration of oil products (Co) varied in the range
of 10-700 mg/ I, the volume of the solution of OP (Vo)
— 100 ml, the mass of the sorbent (m) was 2 g.

Table 1
Objects of research
Taonuya 1. O0beKTHI HCCAEAOBAHUS

Name Composition
SCS)cl:IrET Peat (85 %)
OI-Ex 82 Polyurethane (90 %)
SCN-Sorb Cellulose (95 %)
ECOLAN Pyrolysis product of wood (92-95 %)
CTR-Sorb SiO; (75-80 %), Al,O3 (13.1-15 %)
MGS-Sorb | SiO; (47-50 %), Al.O3 (22.5 %), Fe,03 (27 %)
SMD-Sorb Si0 (92 %) AlLO3 (6 %)
Naural Si0, (80 %), Al,0 (13.1 %)
Natural C (26-30%), SiO; (40.3 %), Al,Os (2 %),
schungite Fe (26.9 %)
SiO- (80 %), Ca (1.9 %), Fe (2.42 %),
Ol-Ex Hard (AIzO)3 (10.(2 %), 2: 5 0(/0) :
VST-Sorb Vermiculite (SiO; (37.2 %), Al;O3 (6.2 %),
Ca0 (15.3 %), Fe;,03 (19 %), MgO (13.1 %))

The concentration of oil products were deter-
mined by a fluorometric method, based on the extraction
of OP from the sample by a low-polar solvent (hexane)
and measuring the fluorescence intensity of the extract
with the "Fluorate-02" fluorometer (Russia) [16].
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Sorption capacity of sorbents was calculated
by the formula:

Ji mg/g,
where J; — sorption capacity, mg/g; Vo — the volume of
the sample of the OP model solution, passed through
the sorbent, I; Co and C — the initial and final concen-
trations of OP, respectively, mg/l; m — the mass of the
sorbent sample, g.

The adsorption isotherms were constructed in

the following coordinates:

Q=1(Qy)
where Qy is the equilibrium concentration of OP after
passing through the sorbent, mg/l, Qy is the sorption
capacity of the sorbent, mg/g.

It should be noted that in the adsorption theory,
the sorption capacity can be considered in terms of
physical meaning as excess adsorption T, which cor-
responds to the number of adsorbate moles determined
by the excess concentration of the substance in the sur-
face layer as compared to the bulk phase. In this paper,
when discussing the experimental data, we used the
values of the sorption capacity for OP.

For the correct determination of the thermody-
namic equilibrium parameters, a transition to the total
adsorption values a; is necessary. Since the adsorption
processes were realized in the region of relatively low
concentrations of petroleum products, at these condi-
tions the values of excess adsorption will not signifi-
cantly differ from the total adsorption.

As additional information on the parameters of
adsorption interactions, the Kq oil product distribution
constants were found from the experimental data as the
ratio of the excess adsorption to the equilibrium concen-
trations of oil in the solution. The statistical analysis car-
ried out has showed that the average errors of excess ad-
sorption are 6-9 % of the measured values [17].

Obviously, OPs will be sorbed on centers of a
solid surface, which can be occupied by solvent mole-
cules. Thus, adsorption will proceed along a competitive
mechanism by displacing solvent components adsorbed
on active sites. The interface is inert at the same time
and does not enter into a chemical interaction with pe-
troleum products. The specific surface area of the solid
sorbent does not change during the process, therefore
adsorption will occur in the monomolecular adsorption
layer, and the monolayer capacity remains constant.

Formal processing of the obtained adsorption
isotherms for all samples of sorbents was carried out
within the framework of the Langmuir monomolecular
adsorption model. The numerical values of the adsorp-
tion coefficients b; and the limiting adsorptions am,
quantitatively characterizing the adsorption equilibria,
were determined by the standard method in the linear
coordinates of the Langmuir isotherm.

_ Vp:(Coi—=Cy)
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In addition, the values of Henry H; constants
were determined, which according to the physical
meaning coincide with the thermodynamic coefficients
of the distribution of adsorbate at low concentrations
of dissolved substances [18].

Within the framework of formal processing,
the maximal fillings of the surface 6; were calculated
from the adsorption values a; and the determined limit-
ing adsorption anm for every sorbent.

In addition, the known thermodynamic rela-
tionships determine the change in the Gibbs energy
AJG°(8) during the adsorption under the experimental
conditions [18].

Water absorption was determined by the ratio
of the mass of absorbed water to the mass of the
sorbent spent on sorption.

The moisture content of the sorbents is deter-
mined by the procedure when the sample is dried in a
drying box to constant weight and the product weight
is determined. The mass fraction of water is expressed
as a percentage [19].

DISCUSSION

The sorption process under dynamic condi-
tions consists in filtering the sewage through the
sorbent bed. This method has great technological, op-
erational and economic advantages over sorption in
static conditions. Sorption under dynamic conditions
allows more complete use the capacity of the sorption
material [18]. Therefore, the study of characteristics
and properties of sorbents was the carried out precisely
under dynamic conditions.

The results of experiments on the effect of the in-
itial concentration of OP in the model solution on the sorp-
tion capacity of the sorbents are the shown in Fig. 1-3.

45
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T T 1
0 250 C,p» me/l 500 750

Fig. 1. The dependence of sorption capacity of SONET Sorb
sorbents, ECOLAN and SCN-Sorb on the initial concentration of
OP (oil products) in the model solution; 1 — SCN-Sorb,

2 — SONET Sorb, 3— ECOLAN
Puc. 1. 3aBucuMOCTh cOpOIMOHHOIT eMKoCcTH copOeHTOB COHHET
Cop6, Dxomnan u CLIH-Cop6 ot HavanbHO# KoHneHTparmu HIT B Mo-
nenpHOM pactBope; 1 — CLIH Cop0, 2 — COHET Cop6, 3 — Dkonan
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The results of the measurements show that the
sorption capacity for sorbents SONET-Sorb, Ecolan,
and SCN-Sorb in the range of OP concentrations under
study is close and maximum value is 50 mg/g (Fig. 1).
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0 250 500 750
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Fig. 2. The dependence of the sorption capacity of schungite sorbents,
OI-Ex Hard, VST-Sorb and OI-Ex 82 on the initial concentration
of OP in the model solution; 1 — OI-Ex Hard, 2 — VST-Sorb,
3 - OIl-Ex 82, 4 — Schungite
Puc. 2. 3aBucuMocTh COPOLIMOHHON EMKOCTH COPOCHTOB LITYHIHTA,
OI-Ex Hard, BCT-Cop6 u Ol-Ex 82 0T Haua/IbHO KOHIICHTpAIHH
HII B MonesnsHOM pactBope; 1 — Ol-Ex Hard , 2 — BCT-Cop0,

3 - Ol-Ex 82, 4 — myHrur

J, mg/g

0 200 400 600
Cops mg/l
Fig. 3. The dependence of the sorption capacity of sorbents MGS-
Sorb, CTR-Sorb, zeolite and SMD-Sorb on the initial concentra-
tion of OP in the model solution; 1 — CTR-Sorb, 2 - MGS-Sorb,
3 - SMD-Sorb, 4 — Zeolite
Puc. 3. 3aBucumMocTs copOrmonHoi emxoctr copdertoB MI'C-Copbd,
LTP-Copb, neomta 1 CM/1-Cop6 0T HavaIsHOM KOHIIEHTPAIHN
HII 8 mogensHOM pactBope; 1 — LITP-Cop6, 2 — MI'C-Cop6,
3 — CM/I-Cop0, 4 — Lleomut

The sorbents OI-Ex Hard, Ol-Ex 82 and VST-
Sorb do not reach the saturation limit in the investi-
gated range of OP concentrations, in contrast to
schungite, which at the initial concentration of OP in the
model solution of 300 mg/l reaches the saturation limit,
i.e. at OP concentration above given value, its use for
purification of natural and wastewater is not advisable.

Fig. 3 shows the results of experiments on the ef-
fect of the initial concentration of OP in the solution on
the sorption capacity of sorbents MGS-Sorb, CTR-Sorb,
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zeolite and CMD Sorb, belonging to the group of sili-
cate sorbents. The most effective sorbent for waste-wa-
ter treatment is Sorbent CTR-Sorb, with a maximum
sorption capacity of 30 mg/g.

The obtained isotherms for all sorbents have
almost identical character with a pronounced linear re-
gion in the region of low concentrations and corre-
spond to isotherms of monomolecular adsorption.

The experiments showed that the sorption ca-
pacity of the investigated sorbents varies from 10 to 50 mg
OP per 1 g of sorbent. Ol-Ex Hard and OI-Ex 82 the
sorbents possessed maximum sorption capacity.

The maximum value of water absorption is the
observed for sorbent SCN — Sorb and it was 10 g¢/g.
The hydrophobic sorbents are sorbents of the silicate
group. The minimal water adsorption (0.08 g/g) has
OI-Ex Hard.

The moisture content of the sorbents is presented
in Table 2.

The lowest moisture content is also characte-
ristic for silicate sorbents and does not exceed 0.5 % of
their mass. The maximum moisture adsorption is typi-
cal for SONET Sorb and MGS sorb. It should be the
noted that the humidity of all the samples studied, in
addition to the SONET Sorb sorbent, did not exceed
1 %, which corresponds to the regulatory requirements
imposed on them and allows them to be the used as
sorbents in water treatment and water treatment pro-
cesses [19].

The bulk density of sorbents along with the sorp-
tion capacity is one of the main characteristics of sorption
materials, and was also one of the criteria for choosing the
further object of research. It was determined by [20], and
the shown in (Table 2).

Table 2
Sorbent properties
Tabnuya 2. CBoiicTBa COPOEHTOB
Name Bulk sorbent Moisture Water
density, kg/m3 | contents, % |adsorption, g/g
SONET
Sorb 334 1.04 0.69
OI-Ex 82 150 0.33 0.57
SCN-Sorb 50 0.22 10
ECOLAN 250 0.35 0.75
CTR-Sorb 674 0.4 0.86
MGS-Sorb 1100 0.84 0.5
SMD-Sorb 420 0.06 1.63
Natural 700 0.39 0.43
zeolite
Natural
schungite 412.5 0.05 0.42
Ol-Ex
Hard 1500 0.34 0.08
VST-Sorb 112 0.52 5.61

The results of formal processing of the ob-
tained adsorption isotherms for all sorbent samples are
presented in Table 2.

The results of calculations show that the distri-
bution coefficients for most sorbents are in the range
of 0.1-0.7. In the sorbent OI-Ex Hard, the Kq value is
maximal and exceeds the other sorbents. In schungite
sorbents and SONET Sorb, the Kq value is minimal.

It is also interesting that a similar regularity can
be traced in analyzing the maximum degree of filling of
the surface of sorbents. So, the surface of OI-Ex Hard is
almost completely filled with oil product (6 — 1), while
for shungite the surface will be filled only by 13 %.

It should be noted that for all sorbents, certain
values of 6; are consistent with the stated assumption
about the monolayer nature of adsorption.

Table 3

The results of calculations of the values of the distribution coefficients, limiting adsorption, adsorption coefficients,

Henry constants, changes in Gibbs energy and maximum degree of filling
Tabauya 3. Pe3ynbraThl pacuyeToB 3HaYeHHi KO3 PULNEHTOB pacnpeaeieHus, NpeaeJbHol agcopounu, agcopoum-
OHHBIX K03(ppuLMeHTOB, KOHCTAHT I'eHpHu, n3MeHeHnii IHepruu I'n60ca M MAKCHMAJILHOI CTeNleHU 3aI10JIHEHUS

Coefficient of Maximum ad- Adsorption Henry's Gibbs energoy Maximu_m_
Adsorbent distribution Kg sorption am, coefficient b Constant H change A,G°, |degree of filling
mg/g kJ / mol 0

Natural zeolite 0.23 8.87 0.005 0.04 13.38 0.58
Natural schungite 0.033 14.68 0.0037 0.054 13.87 0.39
SMD-Sorb 0.56 20.49 0.006 0.123 12.67 0.7
SCN-Sorb 0.44 68.03 0.0091 0.621 11.64 0.52
OI-Ex 82 0.12 5.72 0.0469 0.269 7.57 0.66
ECOLAN 0.28 13.3 0.0365 0.486 8.2 0.75
SONET Sorb 0.06 23.7 0.003 0.066 14.53 0.13
MGS-Sorb 0.14 20.62 0.0105 0.2165 11.28 0.8
CTR-Sorb 0.31 8.79 0.2065 1.815 3.91 0.87
Ol-Ex Hard 33.27 55.25 0.588 32.47 1.315 0.99
VST-Sorb 0.68 22.37 0.06 1.34 6.98 0.7
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The values of the limiting adsorption, calcu-
lated from the linear coordinates of the Langmuir iso-
therm, range from ~6 to ~70 mg/g of the sorbent. The
values obtained agree with the experimental data on
sorption capacity of sorbents. The maximum value of
the limiting adsorption is observed for the SCN-Sorb
and is 68 mg/g. But, a high value of am combined with
a relatively low value of the adsorption coefficient and
the average value of the degree of surface filling do not
allow us to consider the SCN-Sorb as the most pre-
ferred sorbent for extracting petroleum products.

Adsorption coefficients, which are the mean-
ing of the adsorption equilibrium constants, for most
sorbents have relatively low values. The maximum value
b = 0.59 belongs to the sorbent OI-Ex Hard. The
changes in the Gibbs energies calculated in terms of the
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magnitude of the coefficients b have positive values
during adsorption. The nature of the change in Henry's
constants is similar to that for adsorption coefficients.

The reason for this is probably related to the
influence of the different degree of dispersion of the
sorbents studied on the corresponding parameters of
adsorption equilibrium.

CONCLUSION

Thus, by analyzing exclusively the adsorption
characteristics of the samples studied, it can be concluded
that most of the sorbents can be used to extract petroleum
products. However, in our opinion, the most suitable is
the sorbent OI-Ex Hard, for which the highest values of
adsorption parameters are observed.
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