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Abstract — The rapidly-growing increase in the events of oil spills in the water environment
motivates researchers to the fast development of oil sorbents. The oil pollution removal process
requires a highly hydrophobic sorption material with suitable oil capacity. This study presents the
results of preparing oil sorption material (PPU10C-SA) with improved hydrophobicity which is
based on polyurethane foam and chitin sorbent (PPU10C) by impregnating it with the stearic acid
(SA) solution. The influence of the impregnation time and concentration of SA on its content in the
resulted sorbent and on its sorption capacity in relation to oil and water is studied. It is shown that
the optimal conditions for obtaining the improved hydrophobized material are as follows: the
concentration of SA — 0.01 g/ml and the impregnation time — 60 min. In this case, the oil capacity of
the material reaches 12.54 g/g along with the water capacity of 1.44 g/g. Thus, the hydrophobicity
of the modified sorbent has been increased 4 times in comparison with that of the unmodified
material. The obtained results indicate that the SA-modified PPU10C-SA oil sorbent can be a
promising sorbent for efficient water purification from spills of oil and oil products.
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AHHoOTauMss — bBBICTpBI pocT ciiyyaeB pa3nuBOoB He(TH M HEPTENPOIYKTOB, BEAYIIUX K
3arpsI3HEHUIO BOJHBIX OOBEKTOB, MOTHBUPYET OBICTPYIO Pa3pabOTKy COpPOITMOHHBIX MaTepHasIOB
JUIE OYMCTKH BOJBI OT He(TAHBIX 3arps3HeHuid. /g s¢ddexkTuBHOrO ynamneHuss HEPTIHBIX
3arpsi3HEHUH HEOOXOMM BBICOKO THAPOGOOHBIN MaTepral ¢ Xopolieil HehTeeMKOCThI0. B nanHOM
UCCIICIOBAaHUH TIPEAIPUHATA MOIBITKA YBEIUYUTh TUAPOPOOHOCTH COPOLIMOHHOTO MaTepuala Ha
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ocHoBe meHononmyperana u xutuHa (PPUL0C) myteM ero mpommMTKH pacTBOPOM CTEApUHOBOM
kuciaotel (CK) ¢ monyuenunem ruapodobusupoBannoro copdenta (PPUL0C-SA). HccnemoBaHo
BIMsIHUE BpeMeHH 00paboTku u koHIeHTpaunu CK Ha ee cogepkaHne B KOHEUHOM COPOIIMOHHOM
MaTepHuaje U Ha ero COpOLMOHHYIO CIIOCOOHOCTh IO OTHOLIEHMIO K HedTu u Boxe. [lokazaHo, uTo
ONITUMAJIbHBIC YCIOBUS JJIs OJy4YeHus: ruipooOHoro Marepuana cienyrommue: KonueHTpanus CK
— 0,01 r/m1 u Bpems o6padotku 60 muH. [Ipu 3TOM HepTeemMKkocTs MaTepuaia gocturaet 12,54 r/r,
a BojoeMKocTh coctaBisieT 1,44 r/r. Takum o6pazom, runpooOHOCTE MOAM(PHUIMPOBAHHOTO
COpOLIMOHHOIO0 MaTepuana yBeldMuYeHa B 4 pa3a [0 CPaBHEHUIO C HEMOJU(PHIHUPOBAHHBIM
MatepuaioM. [lomydyeHHbIE pe3ynbTaThl CBHIETEIBCTBYIOT O TOM, YTO COpPOIIMOHHBINA Marepual,
MOJIUGUIMPOBAHHBIA  CTEAPUHOBOM KHUCJIOTOM, SABISETCA MEPCHEKTUBHBIM COPOEHTOM Juis
3¢ GEKTUBHON OYMCTKU BOJIHBIX CPEJl OT UX 3arpsi3HEHHs] He(PThIO U He(PTEPOTyKTaMHU.

Knouesvie cnosa: meHONONWypeTaH, XUTHH, KHCJIOTa CTeapuHOBasA, TUApo(oOHOCTH, copOIus
HeTH, HEPTIHOE 3arps3HEHUE.

INTRODUCTION

In recent years, the water pollution caused by oil and its derivatives is increasing
rapidly and has become a global challenge [1]. Meanwhile, the impact of oil pollution in
the aqueous environment is extremely detrimental, since it leads to biological death of
living organisms, changes in entire ecological structure, negatively affects the waterway
traffic, tourism, etc. [2-5]. And what is the most serious thing, oil pollution is considered
as one of the main causes of cancer, allergies, respiratory and digestive diseases in
humans [6]. Therefore, the purification of water environment from oil and oil products is
urgently needed [7].

Currently, various methods have been developed to remove oil pollution from
water environment. In particular, the use of various types of sorbents is considered to
be one of the most potent methods due to its simplicity and effectiveness [8, 9].
Recently, the combined sorbent PPU10C based on the natural polymer — chitin and
polyurethane foam (PPU) has been designed as one of the sorption materials
providing an effective treatment of water environments from oil pollution. It has been
shown that this material has many advantages, such as high oil sorption capacity and
high degree of the adsorbed oil recovery, buoyancy, reusability, applicability to
various water environments, cost-effectiveness, and environmental friendliness [9—
12]. However, this material has a shortcoming such as insufficient hydrophobicity.
When tested in conditions of oil spills in the form of a thin layer on water, the
PPU10C absorbs not only oil but also water in relatively noticeable extent. This
material has a high-water sorption in a saturated state, quickly loses its buoyancy,
gravitates to the bottom, and also contributes to the unwanted desorption of the
adsorbed oil back into the aqueous environment. In this regard, it is necessary to
increase the hydrophobicity of this sorbent.

Currently, the hydrophobicity of the PPU-based sorbent materials has been
Improved using a variety of known methods such as sol-gel method [13], grafting the
hydrophobic molecules [14, 15], or immobilization of micro- and nanoparticles on
the surface of the material [16-20]. In particular, the grafting of hydrophobic
molecules on the surface of the material by impregnation method is considered to be
a simpler and more economical approach than other methods [21].
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Stearic acid (SA) is one of the most popular hydrophobic materials which is
widely used in polymer technology. Because of the long hydrocarbon chain in its
molecule, stearic acid is known as the high hydrophobic fatty acid [22]. In many
studies, stearic acid has been used to improve the hydrophobicity of materials by
attaching nanoparticles to the surface of the material [18-20]. However, the cost of
obtaining nanoparticles is quite expensive. Moreover, the process of attaching
nanoparticles to the material surface is not simple. Recently, a surface coating by
stearic acid without nanoparticles has been studied for such materials as cotton [23],
cellulose fibers [24], and stainless steel [25]. The results show that the
hydrophobicity of the modified materials is significantly improved in comparison to
the original materials. In addition, coating the surface of the material with stearic acid
by impregnation is the simplest and cost-effective method [21].

The aim of this work is to increase the hydrophobicity of the oil sorbent
PPU10C (based on chitin and PPU) by the sorbent coating with SA using an
impregnation procedure. The influence of the concentration of the used SA and the
Impregnation time on the oil capacity and water capacity of the sorbent is to be
investigated and the optimal parameters of the hydrophobization process with the
impregnation mixture are planned to be studied.

MATERIALS AND METHODS
Materials

The procedure for preparation of the PPU10C sorbent and characterization of
its properties are described in our previous study [10].

Stearic acid (CAS number 54-11-4, purity grade > 98%, Alfa-Service, LLC,
Kazan, Russia) — white solid, density — 0.9408 g/cm® (20°C), molecular mass —
284.484 g/mol.

Isopropanol (purity >99.7%, Khimprom, Russia) — transparent, molecular
mass — 60.09 g/mol, melting point — 82.4°C, density — 0.7851 g/cm?, dynamic
viscosity — 0.00243 Pa:s.

Oil (Nurlat region, Tatarstan, Russia) density — 0.931 g/cm?3, dynamic viscosity
— 7.8 mPas.

Synthesis of hydrophobized sorbent PPU10C-SA

Preparation of the starting sorbent PPU10C. PPU10C containing the natural
filler — chitin in an amount of 10% mass. was obtained according to the technological
scheme described in [10, 11]. The obtained PPU10C is used in the form of cubes with
the mean sizeof 1cmx 1cmx 1 cm.

Preparation of hydrophobizing liquid. Hydrophobizing liquid with the
concentration of 0.005; 0.01; 0.025; 0.05 and 0.1 g/ml is prepared by dissolving
stearic acid in isopropanol at the temperature 50-55°C.

Preparation of the hydrophobized sorbent PPU10C-SA. The fresly prepared
material PPU10C is immersed in the hydrophobizing liquid so that the liquid covers
the entire volume of cubes. The impregnation time was 5, 15, 30, 60, 90, and 120 min.
Then, the sorbents are removed from the hydropholizing liquid and the sorbent is dried
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at the ambient temperature within 24 h. The dried material is used for the
determination of its sorption capacity.

Sorption capacity determination procedure

The determination of the oil and water sorption capacity of the obtained
materials is carried out by using the mass method [11]. Approximately 0.1-0.2 g of
the adsorbent is added into the beaker containing 30 ml of oil or 30 ml of water. After
the sorption process, materials are removed and weighted.

The amount of the adsorbed oil or absorbed water is determined by the mass
method according to the difference of the mass sorbent before and after sorption. The
sorption capacity is calculated as the ratio between the mass of the adsorbed oil or
water and the mass of the initial sorbent.

RESULTS AND DISSCUSSIONS
Preparation of hydrophobized PPU10C-SA

The mechanism of improving the hydrophobicity PPU10C is apparently based
on the adhesion of SA molecules on capillary walls of the sorption material. The use
of the movable hydrophobizing liquid containing SA allows acid molecules to easily
enter into the capillary pores of the material. During the drying process, the
isopropanol solvent evaporates, and the SA molecules are fixed on the surface of the
material, creating the hydrophobic coating of stearic acid on the surface of the
material (Fig. 1).

The sorbent PPU-chitin
(PPU10C)
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Fig. 1. Synthetic scheme for preparation of hydrophobized sorbent PPU10C-SA.

Effect of SA concentration on hydrophobicity of PPU10C-SA sorbent
The data in Table 1 show that increasing concentration of SA in the
hydrophobizing liquid leads to an increase in the SA content in the obtained material.

Table 1. Effect of SA concentration on sorption capacity of obtained sorbent

Concentration of SA, g/ml | Content of SA,% | Oil capacity, g/g | Water capacity, g/g
0 0 13.130) 5.66("
0.005 5.06 12.85 2.92
0.010 6.67 12.54 1.44
0.025 22.11 11.31 1.12
0.050 34.13 9.22 0.81
0.100 35.03 7.83 0.63

®) _ results of the previous study [10]
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For oil sorbents, the oil sorption capacity is one of the most important
parameters. The results indicate that when increasing the concentration of SA from
0.005 g/ml to 0.01 g/ml, the oil adsorption capacity of the obtained materials
practically does not change. The increase in the concentration of SA to 0.1 g/ml
decreases the oil capacity of the material, since the SA molecules fill the pores and
reduce their total volume [21]. Therefore, the entering of oil molecules in the
capillary pores of the modified material is becoming limited. Eventually, it leads to a
reduction in the oil sorption capacity. So, the oil sorption capacity of the obtained
sorption material is inversely proportional to the SA content in it (Fig. 2).

To evaluate the hydrophobicity of the modified material, its water sorption
capacity has been studied. The data in Fig. 2 and Table 1 show that the use of low
concentrations of SA leads to incomplete filling of the surface with molecules SA to
create the hydrophobic coating. Consequently, the lower the SA concentration, the
higher the water capacity of the material.

15 & Oil capacity = Water capacity

—
(=2} =] 8]

Sorption capacity, g/g

(8

0 0.005 0.01 0.025 0.05 0.1
Concentration of SA, g/ml

Fig. 2. Effect of SA concentration on oil and water sorption capacity of PPU10C-SA.

The evaluation of the parameters of water capacity and oil capacity shows that
despite the fact that the material when impregnated with SA at 0.005 g/ml has the high
oil capacity, at the same time its water absorption is also quite significant. Meanwhile,
the material when impregnated with SA at 0.01 g/ml has the oil capacity close to the
modified material in the concentration of SA 0.005 g/ml. At the same time, its water
uptake is significantly reduced. So, the optimal concentration of SA in the
hydrophobizing liquid 0.01 g/ml.

Effect of impregnation time on hydrophobicity of PPU10C-SA sorbent

It is obvious that the longer the impregnation time of the material in the
hydrophobizing liquid, the higher will be the content of SA that covers the sorbent
surface (See Table 2). However, the significant increase in SA content the surface of
the sorbent occurs within the first 60 min of the immersion process. After 60 min of
contact with the hydrophobizing liquid, no significant difference is observed in the
SA content on the material surface.
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The increase in the impregnation time results in an increase in the content of
SA on the material surface. The sorption capacity of the impregnated material with
respect to both oil and water decreases (Fig. 3). It has been found that with an
impregnation time of 60 min, the obtained material has oil sorption values
comparable to those corresponding to the shorter impregnation time, but significantly
higher than that with a longer impregnation time. At the same time, the water
capacity of the material with the impregnation time of 60 min is significantly reduced
and is practically comparable to higher values of the impregnation time.

Table 2. Effect of PPU10C impregnation time on sorption capacity of obtained sorbents

Impregnation time, min | Content of SA,% | Oil capacity, g/g | Water capacity, g/g
0 0 13.130 5.66")
5 1.79 13.10 5.06
15 2.19 12.79 3.22
30 5.93 12.61 2.17
60 6.67 12.54 1.44
90 6.76 10.84 1.30
120 6.83 10.29 1.19

) _ results of the previous study [10]

Thus, the optimal immersion time for obtaining the hydrophobized sorbent is
60 min.

15 WOl capacity, g/g  # Water capacity, g/g

—
=)} \o ]

Sorption capacity, g/g
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Fig. 3. Effect of impregnatiom time on oil and water sorption capacity of PPU10C-SA.

At the same time, the oil sorption capacity of the obtained material reaches
12.54 g/g, and the water capacity — 1.44 g/g. Thus, the hydrophobicity of the
modified sorbent has been improved 4 times compared to that of the non-modified
PPU10C material.

CONSLUSIONS
The hydrophobization of the oil sorbent based on chitin and polyurethane foam
(PPU10C) by modifying it with stearic acid has been studied. The method for
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obtaining hydrophobized oil sorbent (PPU10C-SA) has been developed. The effect of
the concentration of stearic acid in the composition of the hydrophobizing liquid
along with the effect of the impregnation time on the SA content in the obtained
materials and their oil uptake and water uptake are evaluated. The optimal conditions
for obtaining the hydrophobized material are the following: concentration of stearic
acid — 0.01 g/ml and the impregnation time — 60 min. The oil sorption capacity of the
obtained optimized sorbent reaches 12.54 g/g with the simultaneous 4-fold decrease
In its water sorption capacity (1.44 g/g) compared to that of the original material
PPU10C. Thus, the stearic acid modified sorbent can be considered as a promising
hydrophobic material for use in water purification from spills of oil and oil products.
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