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Abstract

Wastewater treatment has become a growing environmental challenge due to rapid
urbanization and industrial development. Conventional physical, chemical, and biological treatment
methods often suffer from high operational costs and generate secondary pollutants. Among
alternative approaches, adsorption using natural materials has emerged as an effective and
environmentally friendly solution owing to its high efficiency, low cost, and minimal secondary
contamination.

Car washing stations generate large volumes of oily wastewater containing petroleum
hydrocarbons, detergents, suspended solids, surfactants, and trace heavy metals. If discharged
without proper treatment, these effluents can pose serious risks to aquatic ecosystems and soil
quality, potentially exceeding permissible discharge standards.

In this study, pumice obtained from the Irind mine was investigated as a natural adsorbent
for treating car wash wastewater. To enhance its performance, the pumice surface was modified
with polysiloxane, a widely studied biomaterial known for its chemical stability. The modified
pumice exhibited a 40% increase in adsorption efficiency compared to the unmodified material,
demonstrating its potential as an effective and low-cost adsorbent for treating oily wastewater.

Keywords: basins, car washing station; pumice; surface modification; adsorption;
wastewater treatment.

Introduction

The Car wash facilities are among the major sources of dispersed oily wastewater, and the
contamination of water resources by petroleum hydrocarbons has become a global environmental
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concern requiring urgent attention. During vehicle washing operations, motor oil, petrol, grease,
lubricants, and detergent residues are released into wastewater streams [1]. If discharged without
proper treatment, these contaminants can infiltrate soils, damage aquatic ecosystems, reduce oxygen
transfer, form oil films on surface waters, and impair the performance of municipal wastewater
treatment plants (WWTPs).

Car wash wastewater is characterized by its complex and highly variable composition,
which depends on factors such as vehicle condition, washing techniques, detergents used,
operational frequency, and the quantity of debris removed [2]. Rapid urbanization has significantly
increased the volume of wastewater generated, prompting regulatory authorities to impose stricter
discharge limits on sewage. Consequently, there is a growing interest in developing economical and
environmentally friendly treatment methods for car wash effluents [3].

Car wash wastewater typically contains detergents, phosphates, oils, surfactants, suspended
solids, and heavy metals [4]. Surfactants, which are widely used in cleaning agents, promote foam
formation and contribute to eutrophication in receiving water bodies, leading to increased pH,
oxygen depletion, and deterioration of aquatic ecosystems [5]. The presence of hydrocarbons,
organic matter, and heavy metals further intensifies environmental and public health risks [6].

Conventional treatment of car wash wastewater often involves multistage processes.
Primary treatments, such as sedimentation and oil-water separation, are effective for removing
large particles and free-floating oils [7]. Secondary treatment methods, including coagulation—
flocculation and advanced oxidation processes (AOPSs), are used to reduce the organic load and
turbidity. For example, coagulants such as ferric chloride and aluminum sulfate destabilize colloidal
particles, facilitating their removal; however, these processes require precise chemical dosing and
generate secondary sludge and by-products [8]. Ozonation, an advanced oxidation technique, is
effective for degrading organic contaminants; however, it is associated with high energy
consumption and operational costs [9].

Adsorption is a widely applied and efficient method for treating oily wastewater because of
its simplicity, low operational cost, and high removal efficiency. The physical interactions, such as
van der Waals forces, hydrophobic interactions, hydrogen bonding, polarity effects, steric
interactions, dipole-induced dipole interactions, and n—= interactions [10,11]. In this process,
sorbate molecules accumulate on the external surface and within the pores of the adsorbent without
penetrating its internal structure [12].

Oil adsorption generally proceeds through three main stages: dispersion of oil molecules
onto the adsorbent surface, entrapment of oil within the porous framework via capillary action, and
agglomeration of oil droplets within the rough and porous structure of the material [13]. Compared
with conventional treatment methods, adsorption offers advantages such as low capital investment,
operational simplicity, and flexibility. Although activated carbon is widely used as an effective
adsorbent, its high cost and regeneration requirements limit its large-scale applications [14].
Therefore, alternative low-cost and efficient natural materials such as pumice are being increasingly
explored.

In this study, pumice obtained from the Irind mine was modified with a polysiloxane

solution to enhance its oil adsorption capacity for the treatment of car wash wastewater.
1. Materials and Methods
1.1 Irind mine pumice

The Republic of Armenia leads the world in terms of nonmetallic mineral diversity and
abundance. The country has almost every type of mineral rock known globally. Light rocks (tuffs,
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perlite, pumice-stone, zeolite, scoria, etc.) are the most significant mountainous rocks formed by
volcanic processes in Armenia.

Irind is located in the Talin region. It is 46 km from the regional center. The village has
perlite and pumice resources of industrial importance. In the Republic of Armenia, pumices are
divided into two types according to their physical and mechanical characteristics: Ani type and
lithoid pumices [14, 15].

One type of Ani pumice was sourced from the Irind mine. This pumice primarily consists of
non-crystalline (amorphous) glass particles, plagioclase, pyroxene, mineral crystals, and fragments
of ancient lava. Its porosity ranges from 35% to 44%, and it typically appears yellowish,
occasionally exhibiting a yellow-brown or pink-yellow hue. The thermal insulating properties of
pumice are notably high. It has a bulk density of 0.3-0.6 g/cm3 [16].

Studies have shown that the pumice is composed of aluminosilicates in which the amount

of alkaline oxides is: SiO2 -61.54 %, MgO - 1.13%, TiO2 - 1.00%, Fe203 - 3.99%, K20
+Na20 - 8.18 %, Al203 - 16.58%, and CaO is 3.78 %.

Table 1
Chemical composition of Irind mine pumice (wt. %)

Oxide Content (wt%)
Si02 61.54
MgO 1.13
TiO2 1.00
Fe203 3.99
K20 +Na20 8.18
Al203 16.58
Ca0O 3.78

The examination of the pumice by X-ray diffractometry has shown that it is a volcanic rock and is
composed of cristobalite and coesite.
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Fig.1 X-ray Diffraction (XRD) analysis of pumice
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Coesite and cristobalite are high-pressure polymorphs of silica, silicon dioxide (SiO2). They
have the same composition but possess a different crystal structure [14].

1.2. Polysiloxane

Polysiloxanes are among the most extensively studied and utilized biomaterials owing to
their inherent stability and biocompatibility. Their hydrophobicity, low surface tension, and heat
stability render polysiloxanes ideal for manufacturing catheters and other medical devices [17,18].
In the laboratories of the chemical industry, polysiloxane is used as a mold release agent, lubricant,
plasticizer, emulsifier, or defoaming agent. Many of these applications are made possible by the
very low surface tension of polysiloxanes [19,20]. The chemical structure of polysiloxane is
presented in Fig.2.

T
| n
CH;

Fig.2 Chemical structure of polysiloxane

1.3. Wastewater
Car wash wastewater typically contains a complex mixture of physical, chemical, and
biological pollutants. The most frequently reported contaminants include diesel and gasoline
fractions, motor oils, lubricants, greases, and polycyclic aromatic hydrocarbons (PAHSs). These
compounds are predominantly hydrophobic and tend to form stable films or emulsions in water,
making their removal particularly challenging using conventional treatment methods.

1.4. Surface modification
Before use and modification, pumice was washed several times with distilled water to remove

any impurities and dried at a temperature of 40+10 °C. For chemical treatment using an acid
solution, pumice was immersed and stirred in HCI 1 M for 3 h and washed using distilled water,
then dried at 1300C for 3 h.

The optimum concentration of the modifier was 15% of the mass of the pumice; the ratio of the
water to the solvent was 1:25. The emulsion of polysiloxane was added, thoroughly mixed, and
dried at T = 60 °C for 8 hours until a complete hydrophobic effect occurs.

Conflict Setting

The rapid growth of car washing stations has led to increased discharge of oily wastewater,
posing serious environmental risks when inadequately treated. While effective, conventional
treatment methods are often too costly and complex for small-scale facilities. This creates a conflict
between environmental protection requirements and economic feasibility, highlighting the need for
low-cost and efficient solutions such as surface-modified natural adsorbents.
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Research Results

2. Results and discussion
2.1. FTIR investigation of polysiloxane modified pumice

Fig.3 shows the Fourier transform infrared (FTIR) spectrum of pumice before and after
modification with polysiloxane.

0.5 1
—— Sample A
—— Sample B
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wavenumber (cm-*)

Fig.3 FTIR analysis of pumice
Sample A is the spectrum before modification
Sample B is the spectrum after modification

The FTIR spectrum of the pumice sample reveals characteristic absorption bands confirming
surface modification with polysiloxane. The absorption peak observed at approximately 1260 cm™
is attributed to the Si—-CHs bending vibration, indicating the presence of methyl (C—H) groups. The
strong absorption band in the region of ~1100 cm™ corresponds to Si—O-Si stretching vibrations,
which are characteristic of siloxane linkages. In addition, stretching vibrations detected at around
~2960 cm™! are assigned to C—H stretching modes of methyl groups. The presence of these
characteristic bands confirms that the surface of the pumice has been successfully modified with
organic polysiloxane compounds, in agreement with previous studies [21].

..
-____

Fig 4. Standard laboratory cylindrical flask for filtration
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The study for water purification was carried out in standard laboratory cylindrical flasks
with volumes of 150 ml. Based on the existing dimensions of these mini-filters (diameter and
loading height), the speed of free-flow filtration was regulated using a valve located at the bottom.
The average results of filtration speeds (1.5-3.0 mm/s) for the retention of petroleum products were
observed.

2.2. Effects of contact time

To attain equilibrium throughout the batch process, the contact time and oil removal were
regulated, as shown in Figure 4. Oil removal increased with longer contact times. Due to adsorbent
surface modification, adsorption occurred on the surface between the first (20-30) and last (40-60)
minutes of the experiment.

2.3. Concentration determination

Oil concentrations before and after adsorption were measured using a UV-Vis
Spectrophotometer (Cary-60). The wavelength of 250.0 nm-1 corresponds to the maximum
absorbance of the oil on the pumice. After modification by polysiloxane, the absorbance increased
by 40% compared with unmodified pumice (Fig. 5).
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Fig 5. UV-Vis spectrophotometric analysis
Conclusion

This study demonstrated the potential of pumice obtained from the Irind mine as a low-cost
and effective adsorbent for the treatment of oily wastewater generated by car washing stations.
XRD analysis confirmed the predominantly amorphous aluminosilicate structure of the pumice,
which is favorable for adsorption processes. FTIR spectroscopy verified the successful surface
modification of pumice with polysiloxane through the appearance of characteristic Si-CHs, Si—O—
Si, and C—H functional groups, indicating the introduction of hydrophobic organic moieties.

Surface modification enhanced the adsorption performance of the pumice. The
polysiloxane-modified pumice exhibited approximately 40% higher oil adsorption efficiency
compared with the unmodified material, which can be attributed to increased hydrophobicity and
improved affinity toward nonpolar organic contaminants present in car wash wastewater. The
adsorption mechanism is primarily governed by hydrophobic interactions between the modified
pumice surface and petroleum-based pollutants.
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The results highlight that polysiloxane-modified pumice is a promising, environmentally

friendly, and economical adsorbent for oily wastewater treatment. Its natural abundance, simple
modification process, and improved adsorption efficiency make it suitable for practical applications
in car wash wastewater treatment systems.

Future studies should focus on regeneration, reuse potential, and performance evaluation

under continuous-flow conditions.
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MOJIUPUKAIINSA TOBEPXHOCTH NNEM3bI U EE IPUMEHEHME 115
YAAJEHHUSA CMA30OYHBIX MACEJI U3 BOJAHbBIX CPE/]

1 2
M. A. Kananrapsn', A.K. ApyTyHsiH
YHayuonansnwiii ynusepcumem apxumexmypur u cmpoumenscmea Apmenuu
2 Hncmumym 600nbix npo6aem u 2udpomexuku um. akad. U.B.Ecuazaposa

OuncTka CTOYHBIX BOJ CTaja OJHOW M3 HApacTAIOUIMX SKOJIOTMYECKUX MpodieM,
OOYCJIOBJIEHHBIX OBICTPBIM  IpOLECCOM  ypOaHW3alMM W  Pa3BUTHEM MPOMBIIIICHHOCTH.
dusnueckue, XMMUUECKUE U OMOJIOTNYECKHE METO/Ibl OYUCTKU YacTO XapaKTEPU3yIOTCs BHICOKUMU
HKCIUTYaTallMOHHBIMU 3aTpaTaMd M 0Opa30BaHUMEM BTOPHYHBIX 3arps3Hsmomux BemecTB. Cpenn
JIbTEPHATHBHBIX  IOJAXOJOB  afcOpOLMs C  MCIOJB30BAaHHMEM IPHUPOJHBIX  MaTEpHUaoB
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paccMarpuBaeTcs Kak d(pQPEeKTHBHOE M KOJOTHMUYECKH Oe30mMacHoe perieHue Oyiaromapsi BHICOKOH
3¢ (HEeKTHBHOCTH, HU3KOH CTOMMOCTH U MUHHUMAIILHOMY BTOPUYHOMY 3arpsi3HEHHUIO.

ABTOMOEYHBIE CTAaHIIUU 00Pa3yIOT 3HAYUTENbHbIE KOJNYECTBA MACIOCOAEPKAIIUX CTOUYHBIX
BOJ, BKJIIOYAIOIINUX HEPTIHBIC YTIEBOAOPOABI, MOIOIIME CPEACTBA, B3BEIICHHBIE YACTHUIIBI,
MMOBEPXHOCTHO-AKTHUBHBIE BEIECTBA U Majble KOJIMYECTBa TsKeNbIX MeTauioB. IIpu cOpoce Ge3
HaJJIeXkKAaIeld OYUCTKU CTOKHM MOTYT MPEJCTABIATH CEPhE3HYIO YIrpo3y JJsi BOIHBIX dKOCHCTEM H
KauyecTBa M0YB, 3a4aCTYyI0 IPEBbIIIAs IPEAETbHO-0MYCTUMbIE KOHIICHTPAIUH.

B nHacrosiem uccienoBaHuu nemsa, 1o0bITast Ha MecTopokaeHuu Mpunn, Oblia n3ydeHa B
KauecTBE NMPUPOIHOro afcopOeHTa A OYHCTKU CTOYHBIX BOJ aBTOMOEK. JlJis MOBBILICHHS €€
aJICOPOIIMOHHBIX CBOMCTB TOBEPXHOCTh IMEM3bl OblIa MOAM(PUIIMPOBAHA MOJUCHUIOKCAHOM —
IIMPOKO UCCIEAyeMbIM OHOMaTepuaIoM, HW3BECTHBIM CBOEH XHMMHMYECKOH CTaOMIBHOCTHIO.
MoaudunupoBanHas nem3a MpOJEMOHCTPUPOBAIA yBEIHUEHHE aACOPOIMOHHON 3(PPEeKTUBHOCTH
Ha 40 % 1o CpaBHEHUIO ¢ HEMOAU(DHUIIMPOBAHHBIM MAaTEPUAIOM, UYTO MOATBEPKAACT €€ MOTEHIAI B
kadecTBe A((PEKTUBHOTO M HU3KO3aTPATHOTO aacOpOeHTa UIsi OYHCTKHA MAaciIoCOACpPKaIIuX
CTOYHBIX BOJI.

Knroueswie cnoea: asromoeunas CTaHIIMsA, IIEM3a, MOI[I/I(l)I/IKaLII/ISI IMOBCPXHOCTH; az[cop6u1/m;
OYHCTKa CTOYHBIX BOJ.
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