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The scientific journal News of the National Academy of Sciences of the Republic of Kazakhstan,
Series of Geology and Technical Sciences has been indexed in the international abstract and citation
database Scopus since 2016 and demonstrates stable bibliometric performance.

The journal is also included in the Emerging Sources Citation Index (ESCI) of the Web of Science
platform (Clarivate Analytics, since 2018).

Indexing in ESCI confirms the journal s compliance with international standards of scientific peer
review and editorial ethics and is considered by Clarivate Analytics as part of the evaluation process
for potential inclusion in the Science Citation Index Expanded (SCIE), Social Sciences Citation Index
(SSCI), and Arts & Humanities Citation Index (AHCI).

Indexing in Scopus and Web of Science ensures high international visibility of publications,
promotes citation growth, and reflects the editorial board’s commitment to publishing relevant,
original, and scientifically significant research in the fields of geology and technical sciences.

«Kazaxcman Pecnybnuxacel ¥immulx 2vlieim akademuscvinvly Xabapnapul. [eonocus wcomne
MEXHUKANBIK  bLILIMOAD Cepuschly eblivlmu dcypuanst 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe EbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneol JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCemKiumepoi Kepcemin Keneoi.

Convimen kamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvikapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopwl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexkopuvinoa unoekcmenyi scypHAIO0bIH XATbIKAPAbIK SbLILIMU PeYEH3UANAY MATAnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan oaceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmulpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OOIYbIH KAMMAMACHI3 emeoi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusiblK alKanbly 2e0n02us MeH MeXHUKATbIK
SBLILIMOAD CANACHIHOA&bL ©3eKMmi, Oipecell JiCoHe EbLIbIMU MYPEbIOaH MAHbI30bl 3epmmeynepoi
JCapuAnay2a YMmuliblColH AUKbIHOALObL.

Hayunwiii sicypran « News of the National Academy of Sciences of the Republic of Kazakhstan, Series
of Geology and Technical Sciencesy c 2016 2o0a undexcupyemcs 6 mesncoyHapooHoll pepepamusHol
u Haykomempuueckou 6aze Oanuwvix Scopus u OeMOHCmpupyem cmabuivHvle OubIUOMempuiecKue
nokasamern.

JKypHan maxaice 8KIHOUEH 6 MENCOYHAPOOHYIO pedhepamueHyio U HAYKOMEmPUYecKyro 6azy OaHHbIX
Emerging Sources Citation Index (ESCI) nramgopmer Web of Science (Clarivate Analytics, 2018).

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MENCOYHAPOOHBIM
CMAHOApMam HAyUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU IMUKU, d MAKIHCE PACCMAMPUBAEMCS
xomnanueu Clarivate Analytics 6 pamkax oanvHetiue2o exkarouenus uzoanus 6 Science Citation Index
Expanded (SCIE), Social Sciences Citation Index (SSCI) u Arts & Humanities Citation Index (AHCI).

HUnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem pocmy YumupyeMocmu u noomeepicoaen
cmpemaerue pedaKyuoHHOU Koate2uu nyOIuKo8anms akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OIACTIU 2€002UU U MEXHUYECKUX HAVK.
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Abstract. Relevance. Separation of mixed plastic waste with similar density
values remains one of the major challenges in modern recycling technologies.
Conventional sorting methods often demonstrate insufficient efficiency for
engineering plastics with close physical properties. In this regard, flotation
is considered a promising method for selective polymer separation based on
differences in surface wettability. Methods. The study investigated flotation
separation of two model plastic mixtures: acrylonitrile-butadiene-styrene (ABS)
with polybutylene terephthalate (PBT), and polyethylene terephthalate (PET)
with polyphenylene sulfide (PPS). Experimental studies were carried out using
a laboratory flotation column with pneumatic aeration operating in batch mode.
The influence of surfactant type, concentration, air flow rate, and working solution
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temperature on flotation efficiency was studied. Alkyl polyglucoside, sodium
laureth-3 sulfosuccinate, and polysorbate 80 were used as flotation reagents. Results.
It was established that flotation efficiency strongly depends on reagent composition
and operating parameters. For the ABS-PBT mixture, alkyl polyglucoside at a
concentration of 3.88 mg/dm* provided recovery of up to 95% and concentrate
purity above 98% at an air flow rate of 2.2 m?*/(m?-h) and a temperature of (20 + 1)
°C. For the PET-PPS mixture, the combined use of sodium laureth-3 sulfosuccinate
and polysorbate 80 produced a synergistic effect, increasing flotation selectivity
and process stability. Under optimal conditions, recovery reached 93-95%, while
concentrate purity was 97-98% at a temperature of (13 + 1)°C. Conclusions. The
obtained results confirmed the high potential of flotation for selective separation
of polymer mixtures with similar physical properties. Optimization of surfactant
systems and hydrodynamic conditions allows effective control of polymer
wettability and flotation selectivity. The proposed approaches may serve as a basis
for further studies involving multicomponent and contaminated post-consumer
plastic waste streams.

Keywords: flotation, plastic mixtures, selective separation, surfactants,
hydrophobicity, hydrophilicity, recovery rate, concentrate purity, recycling
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AHHOTAUUA. O3exminizi. THIFBI3ABIK MOHACpPI JKakKblH IIacTMacca
KaJIBIKTapbIHBIH KOCTaJapblH 06y MoJuMepiiepli KalTa eHICYIiH 3aMaHayn
TEXHOJIOTHSUIAPbIHJIAFbl HETi3r1 Macenenep iy Oipi 6onbim Tabbutagsl. JacTypii
CypbInTay dAicTepi PU3NKAIBIK KaCHETTepl YKcac MHKEHEPIIiK IIacTMaccanapabl
Oeny Ke3iHIE >KETKUTKTI THIMIUTIK Kepcere Oepmeiini. OcbiFaH OailaHBICTHI
¢dioranus monMMeprepal onapAblH OCTiHIH CYJTaHFBIITHIK AHBIPMAIIBUIBIFBIHA
HETI3/IeNITeH CEJIeKTHBTI 06Jy oJici peTiHAe MNepcleKTUBalbl OarbIT OOJBII
caHananel. OQodicmepi. JXyMmpicTa €Ki MOIENBAIK IUIACTMAacca KOCIAChIHBIH
¢noranusnblk OemniHyi 3eprrenmi: akpuioHUTpuiOyTanueHctupon (ABC) men
nonuOytuieHtepedranar (I1I6T), conpaii-ak nonuastunentepedranar (I19T) nen
nonudennnencynbdua (IIDC). DxcrnepuMeHTTIK 3epTTeyep TEPUOATHIK PEKUMIE
KYMBIC ICTCHTIH MHEBMATHUKAIBIK a’palyschl 0ap 3epTXaHaJIbIK (IIOTALUSIIBIK
KOJIOHHaJIa Kyprizimai. DroTanusuiblk OedyliH THIMIUIITIHE OeTTiK-OelceH/Ii
3aTTapAblH TYpl MEH KOHLEHTPAIMSCHIHBIH, aya IIBIFBIHBIHBIH JKOHE YKYMBIC
epiTiHAici TeMIepaTypachlHbIH ocepi 3eprrenii. (DiIoTauusiblK peareHTTep
peTiHae ANKWINOIMITIIOKO3U[, HATpUid JaypeT-3-cyab(POCyKIHHATHl KOHE
nonucop6ar 80 konnaneuibsl. Hamuosicenepi. OnotanusiblK O6OTyIIH THIMIUTIT
peareHTTiK Kyiie KypaMblHa »XOHE MPOLECTIH TEXHOJOTHSJIBIK MapameTpliepine
afiTapibikTail Toyenai ekeHi anbikTanel. ABC-IIBT kocmackr yuria 3,88 mr/am?
KOHLEHTPAHSIIAFbl aNKHITIOIHITIOKO3UATI KOJIaHy aya IIBIFBIHB 2,2 M?/(M?-car)
xoHe Temieparypachl (20 + 1) °C donranga 95%-ra geliinri any 1opekKeci kKoHe
98%-1aH KOFapbl KOHIIEHTPAT Ta3albIiFbiH KamTamachi3 eTTi. [I1DT-T1dC kocmack
YIIiH HaTpuid naypet-3-cynbhocykunHarel MeH nonucopbar 80 KocmackiH Oipre
KOJIJaHy CHHEPreTUKAJIBIK ocep Oepir, (IoTausi CelIeKTUBTUIIM MEH mpolecc
TYPaKTBUIBIFBIH apTThIpAbl. OHTANNBI KaFdainapaa amy gopexeci 93-95%, an
KOHLIEHTpaT TazajibiFbl 97-98% kypaapl, Temneparypacsl (13 + 1) °C Gonpsl.
Kopbimbinobl. ANbIHFaH HOTHKENEp (QHU3UKAIBIK KaCHETTEpl JKaKbIH TOIHUMED
KOCHaJIapbIH CEJIEKTUBTI 06y YIIiH (oTanus oficiHiH )KOFaphl 9JIeyeTiH pacTabl.
PearenTTik kylenep MeH T'HIPOAWHAMHKAIBIK HapamMeTpiepli OHTalIaHIIbIPY
noauMep OCTIHIH CYTaHFBIUTHIFBIH JKOHE (IOTAlUs CENEKTHBTIIITIH THIMII
Oackapyra MYMKIHIIK Oepeni. YCHIHBUIFAH TOCUIIEp KOIKOMIIOHCHTTI JKOHE
JacTaHFaH MOCTTYTHIHYWIBUIBIK IJIACTUK KaJABIKTApbIH 3epTTeyre Heriz Ooma
anajpl.

Tyiiin ce3mep: uoranus, miacrMacca Kocnanapbl, CEJICKTUBTI 0oy, OeTTiK-
Oerncenni 3artap, rTuAPOPOOTHUIBIK, THAPOPUIBAIIIK, ally 19pexkeci, KOHIEHTpAT
Ta3aJbIFbl, KaliTa eHJey
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AuHotanus. Axmyanvrocms. CMeCH IUIACTUKOBBIX OTXOIOB C OJIM3KUMH
3HAUEHUSIMH TUIOTHOCTH TNPEACTABISIOT cOOOM OIHY M3 OCHOBHBIX HpoOiIeM
COBPEMEHHBIX TEXHOJOTHH MepepaboTKH MOJIMMEPOB. TpajWIUOHHBIE METOABI
COPTHUPOBKH YaCTO OKa3bIBAIOTCSI HEIOCTATOYHO () (DEKTUBHBIMU ISt HHKEHEPHBIX
IJIaCTMAacC ¢ ONMU3KMMH (U3MYECKUMH CBOWCTBaMH. B CBsI3W ¢ 3TUM QuroTanus
paccmarpuBaeTcsi Kak MEpCIEeKTHBHBIM METOJ CEJIeKTHBHOTO pa3/eleHHs
MOJIMMEPOB, OCHOBAHHBIN Ha Pa3MUUH CMAauUBAEMOCTH UX IOBEPXHOCTH. [[ens.
Ouenuth 5((EeKTUBHOCTH (QIOTANMHM KaK METOJA CEJICKTHBHOTO Da3lesICHUs
cMecell TulacTMacc ¢ ONM3KUMH (U3WYECKMMH CBOWCTBAMU M OIPENCIIUTh
ONTUMAIIbHBIC PEarcHTHBIC U TEXHOJIOTHYECKUE TTapaMeTpsl mporiecca. Memooul.
B paGore mccnenoBaHo (GIoTaMOHHOE pa3feleHHE IBYX MOICIBHBIX CMecel
macTMace: akpuioHuTpunoyTaauenctupona (AbC) u monmubytunenrepedranara
(IIBT), a rtaxke nommdtmiaeHrepedtanara (I19T) u nmonmudenunencynbduna
(IT®C). DkcnepuMeHTaNbHbIE HMCCIEIOBAHUS TMPOBOAMINCH Ha J1abOpaTOpHOMN
(GIIOTalMOHHOW KOJIOHHE C [HEBMAaTHUECKOW adpauueit, paboraromed B
MEPUOMUECKOM pexuMme. I3ydamoch BIMsSHWUE THINA ¥ KOHICHTpAIUU
MOBEPXHOCTHO-aKTHBHBIX BEIIECTB, PAcXola BO3IyXa W TeMIepaTypsl pabodero
pactBopa Ha d3((deKTHBHOCTH (IIOTAIIMOHHOTO pasieieHus. B kauecTBe
(IOTAMOHHBIX PEAareHTOB HCIIOJIB30BAINCH  AJKHIIIOIUIIIOKO3UA, JlaypeT-
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3-cyneocykumHar Hatpus u noimcopbar 80. Pesyromamui U 6616000L.
YcranoBneHo, 4To 3QQGEKTUBHOCTH (IIOTAMOHHOTO Pa3[AesICHUs] CYIIECTBEHHO
3aBHCHUT OT COCTaBa PEArceHTHOW CHCTEMbl M TEXHOJIOTHYECKHX IapaMeTpoB
mporecca. Jns cmecu ABC - [IBT wucmonp3oBaHue alKIIIOIUTITIOKO3UIA B
KOHIIEHTparuu 3,88 Mr/am’ obecrednto CTerneHb U3BIeYeHns 10 95% u yucToTy
KoHLeHTpara Oonee 98% mnpu pacxozme Bosayxa 2,2 M*/(M*'4) U TeMmeparype
(20 = 1) °C. Husa cmecu IIOT - IIDPC coBmecTHOE TpPUMEHEHHUE JlaypeT-3-
cynbdocykimHata Hatpuss u nonucopbara 80 00ECHEeUnso CHHEPreTUYeCKUit
3 QeKT, MOBBICUB CEJNEKTUBHOCTh (IOTAMM W YCTOWYMBOCTH Tporecca. B
ONTHMAJIFHBIX YCIIOBUSX CTENEeHb M3BJeueHus coctaBuia 93-95%, a umcrora
KoHIIeHTpara - 97-98% npu temmneparype (13 + 1) °C. IlomydeHHble pe3ynbTaThl
MOATBEP)KJAIOT BBICOKMM MOTeHUUAN (IOTALUH AJS CEJIEKTUBHOTO pa3/ieiCHUs
MOJMMEPHBIX cMeceil ¢ OMM3KuMH (pu3uyecKuMu cBoiicTBamMu. OnNTUMH3ALUS
pEeareHTHhIX CHCTEM U THAPOJUHAMUYECKHIX TapaMeTpoB Nno3BoseT 3¢ dekruBHO
VIPaBIATh CMauMBAaCMOCTBIO TOBEPXHOCTH TOJMMEPOB U CEJICKTUBHOCTBHIO
¢uroranun. IIpennokeHHbIE OAXOIBI MOTYT CIYXHTh OCHOBOM ISl HajbHEHIIMX
HCCJICIOBAHUH MHOTOKOMIIOHEHTHBIX W 3arps3HEHHBIX IUIACTHKOBBIX OTXOZOB
MOCTIIOTPEOUTENIECKOTO IPOUCXOKICHHS.

KitoueBsie cioBa: ¢uoranus, miacTMacchl, celieKTUBHOE pasaenenue, [1AB,
ruipooOHOCTh, THIPOPUILHOCTD, CTENICHb U3BJICUCHUS, YUCTOTa KOHIIEHTpATa,
nepepadboTka

Introduction. The rapid growth in the production and consumption of plastic
materials over recent decades has led to a significant increase in plastic waste
generation. Due to their durability, low cost, and versatile properties, plastics
are widely used in packaging, construction, automotive, and consumer goods
industries. However, the accumulation of plastic waste in landfills and natural
environments has become a global environmental challenge, necessitating the
development of efficient recycling and waste management technologies (Kokkilig
et al., 2022; Lange, 2021).

A critical stage in plastic recycling is the effective separation of mixed polymer
waste streams. Conventional sorting methods, such as density-based separation,
electrostatic separation, and infrared spectroscopy, are widely used in industrial
practice. Nevertheless, these techniques often exhibit limited efficiency when
dealing with multicomponent plastic mixtures, especially when polymers have
similar densities, surface properties, or optical characteristics (Kokkili¢ et al.,
2022). This limitation significantly reduces the quality of recycled materials
and increases processing costs. In addition, contamination of recycled fractions
significantly limits their reuse in high-value engineering applications (Hopewell
et al., 2009).

It should be noted that real post-consumer plastic waste streams are usually
multicomponent and may contain various contaminants such as adhesives,
printing inks, labels, and organic residues. These impurities can significantly
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affect interfacial interactions and flotation selectivity due to their surface-active
behavior. Therefore, investigation of model polymer mixtures under controlled
laboratory conditions represents an important preliminary stage for understanding
the fundamental mechanisms of selective flotation separation.

Flotation has emerged as a promising alternative method for the selective
separation of plastic mixtures (Fraunholcz, 2004; Kokkili¢ et al., 2022). Unlike
traditional approaches, flotation is based on differences in surface wettability
of materials, allowing for the separation of particles with similar physical
characteristics. In this process, hydrophobic particles attach to air bubbles and rise
to the surface, forming a froth product, while hydrophilic particles remain in the
liquid phase (Abramov, 2016).

The efficiency of flotation largely depends on the control of interfacial
interactions, which can be achieved through the use of surfactants. Surfactants
are capable of modifying the surface properties of polymers by altering their
hydrophobicity or hydrophilicity, thus influencing their behavior in a flotation
system. Previous studies have demonstrated that the appropriate selection and
combination of surfactants can significantly enhance the selectivity and efficiency
of plastic separation processes (Levdansky et al., 2019; Kovaleva et al., 2023;
Leudanski et al., 2020).

Despite the growing interest in flotation-based recycling methods, there
remains a need for systematic investigation of the influence of surfactant type
and concentration on the separation efficiency of specific polymer mixtures. In
particular, mixtures consisting of polymers with close density values present a
significant challenge and require optimized process conditions (Fraunholcz, 2004;
Shen, 2000).

Therefore, the aim of this study is to develop effective flotation methods for
the selective separation of plastic mixtures by optimizing process parameters and
surfactant systems to achieve high recovery and concentrate purity. Particular
attention was paid to polymer systems with similar density values, which are
difficult to separate by conventional methods.

Literature Review. One of the key technological challenges in polymer recycling
is the separation of mixed plastic waste. In industrial practice, several conventional
sorting methods are applied, including density separation, electrostatic sorting,
sensor-based classification, and infrared spectroscopy. Although these techniques
are effective for certain waste streams, their performance decreases significantly
when polymers possess similar density values, overlapping optical signatures,
or comparable surface characteristics (Kokkilig et al., 2022). As a result, mixed
engineering plastics such as ABS/PBT or PET/PPS are particularly difficult to
separate using standard technologies (Fraunholcz, 2004).

Flotation has attracted considerable attention as an alternative selective
separation method for plastic mixtures. In contrast to density-based processes,
flotation utilizes differences in surface wettability between polymer particles.
Hydrophobic particles tend to attach to air bubbles and rise into the froth phase,
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whereas hydrophilic particles remain suspended or settle in the pulp. The
probability of particle-bubble attachment is governed by collision, adhesion, and
stability mechanisms. This principle has long been applied in mineral processing
and has increasingly been adapted for plastic recycling applications (Abramov,
2016; Shen, 2000).

The effectiveness of flotation separation depends strongly on the surface
chemistry of the polymers. Since many plastics naturally exhibit hydrophobic
behavior, selective modification of their surfaces is required to generate sufficient
differences in flotation response (Fagkaew et al., 2022). For this reason, surfactants
and wetting agents are widely used as conditioning reagents. Depending on their
molecular structure, surfactants can adsorb onto polymer surfaces, alter interfacial
tension, and increase either hydrophobicity or hydrophilicity. Appropriate reagent
selection therefore plays a decisive role in flotation selectivity (Fraunholcz, 2004;
Pita et al., 2023).

Previous studies have demonstrated the feasibility of separating common post-
consumer plastics such as PVC, PET, PE, PP, and PS by flotation using various
chemical reagents. Kokkili¢ et al. (2022) concluded in a comprehensive review
that froth flotation is one of the most promising technologies for complex plastic
waste treatment, particularly when particle density differences are insufficient for
gravity-based methods.

Recent investigations have also emphasized the importance of operational
parameters such as particle size distribution, air flow rate, bubble size, pulp
temperature, and reagent dosage. Variations in these factors can substantially
influence collision probability between particles and bubbles, froth stability,
and entrainment behavior, ultimately affecting recovery and concentrate purity
(Shen, 2000; Fraunholcz, 2004). Therefore, optimization of both chemical and
hydrodynamic conditions is necessary for industrial implementation.

Despite the progress achieved in flotation recycling technologies, limited
information is available regarding the separation of engineering thermoplastics
with closely related densities and high commercial value, particularly mixtures
containing ABS/PBT and PET/PPS. These materials are increasingly used in
automotive, electrical, and electronic industries, where recycling demands are
continuously growing. Their effective separation would enable recovery of higher-
value secondary raw materials and reduce disposal volumes.

Thus, the available literature confirms the high potential of flotation for polymer
recycling while highlighting the need for further studies on selective reagent
systems and optimized process parameters for difficult-to-separate engineering
plastic mixtures. This need forms the basis of the present investigation.

Materials and methods. Two plastic mixtures were used in this study. The first
mixture consisted of polybutylene terephthalate (PBT), manufactured in accordance
with technical specification TU 2253-025-11517367-2002 (with amendments 1
and 2), and acrylonitrile-butadiene—styrene (ABS), conforming to TU 2212-019-
00203521-96. The second mixture included polyethylene terephthalate (PET),
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meeting the requirements of GOST R 51695-2000, and polyphenylene sulfide
(PPS), produced in accordance with TU 2224-001-86535236-2016. The plastic
particles had an approximately cylindrical shape, with a height ranging from 3
to 4 mm and a diameter of 2 to 3 mm. The density of PBT particles was 1210
+ 10 kg/m?, while ABS exhibited a density of 1119 = 10 kg/m®. In the second
mixture, the densities of PET and PPS were 1390 + 10 kg/m* and 1370 + 10
kg/m?, respectively. All materials were dried under ambient laboratory conditions
before experimentation. The similarity in geometric and physical properties of
the materials ensured standardized and reproducible conditions for flotation
experiments.

Three types of surfactants were used to modify the surface properties of the
polymers:

— sodium laureth-3 sulfosuccinate (Setacin 103, Zschimmer & Schwarz, Italy),
an anionic surfactant presented as a transparent, colorless liquid;

— polysorbate 80 (Tween 80, “AiS” Company, Russia), a nonionic surfactant
presented as a viscous, oily, light-yellow liquid;

— alkyl polyglucoside C8-C14 (50%) (Green APG 0814 2000 UP, Nanjing
Tichem Industry Co., Ltd., China), a nonionic surfactant presented as a light-yellow,
turbid, viscous aqueous solution with an active substance content of 50-53 wt.%.

The experiments were carried out using a laboratory-scale flotation unit with
pneumatic aeration of the working solution (Kovaleva et al., 2023). A schematic
diagram of the setup is shown in Figure 1. The design concept is consistent with
laboratory flotation columns reported in previous studies (Fuerstenau et al., 2007).

Mixture of shredded plastics

|||||| 13

Spent process solution

Figure 1. Schematic representation of the flotation column with pneumatic aeration.

1 — column; 2 — spiral aerator; 3 — compressor; 4 — air supply valve; 5 — rotameter; 6 — cell feeder;
7 — working solution inlet pipe; 8 — pump; 9 — discharge launder; 10 — concentrate separator; 11
— removable grid; 12 — outlet nozzle for spent working solution; 13 — valve for draining the spent
working solution.

207



ISSN 2224-5278 3.2026

The flotation apparatus consisted of a column (1) made of transparent polymer
material, which allowed visual observation of the process. To ensure uniform
distribution of air bubbles across the column cross-section, a spiral aerator (2)
was installed in the lower part of the column. The aerator contained openings
with a diameter of 0.33 mm, spaced at intervals of 2.5-3.0 cm. The column design
allowed adjustment of the working liquid height, enabling control of the liquid
level. Air was supplied from a compressor (3) through a valve (4) and regulated
using a rotameter (5), after which it entered the aerator. The plastic mixture was fed
into the upper part of the column through a cell feeder (6). The immersion depth of
the feed inlet into the solution was maintained at 2.5-3.5 cm. A circulation system
of the working solution was implemented to ensure continuous removal of the
froth concentrate. To prevent the accumulation of plastic particles in the feeding
zone, the solution was recirculated back into the column through a pipe (7) using a
pump (8). The froth product was discharged via a launder (9) into a separator (10),
where solid particles were separated from the liquid phase. The separator also
served as a reservoir for the circulating working solution. The liquid was drained
from the column through an outlet nozzle (12) and a valve (13). During flotation,
hydrophilic plastic particles settled on a removable grid (11), which was removed
after completion of the experiment and emptying of the column.

The flotation process was considered complete when no plastic particles were
visually observed in the working solution. The concentrate, together with the
froth, was collected from the top of the apparatus, while the settled particles were
removed from the bottom as tailings. The efficiency of flotation separation was
evaluated by determining the amount of each type of plastic in the concentrate and
tailings.

The laboratory flotation unit operated in a batch mode and was intended
primarily for investigation of flotation separation mechanisms and evaluation
of the influence of operating parameters on separation efficiency. Depending
on the experimental conditions and availability of plastic materials, the mass of
the processed plastic mixture in a single experiment varied from 30 to 200 g.
The flotation column had a height of 1.0 m and an internal diameter of 0.18 m,
corresponding to an effective working volume of approximately 0.025 m?. The
duration of the flotation process typically ranged up to 2 min and depended on the
air flow rate and polymer feeding conditions.

Based on the experimental data, the recovery of the floated component and the
concentrate purity were calculated using the following equations (Abramov, 2016;
Fuerstenau et al., 2007)

c = Mconc - 100%,
Meeeq
m
B =—25.100%.
mC
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where My, 1s the mass of the PET component in the concentrate (kg),
Mygeeq 1s the initial mass of PET fed into the flotation process (kg), and M, is the
total mass of the concentrate (kg).

To improve the reliability of the results, each experiment was performed in
triplicate. The obtained data were averaged, and corresponding dependencies were
constructed.

Results and discussions. A series of experiments was conducted to investigate
the effect of the nature and concentration of surfactants on the flotation separation
of various plastic mixtures. Based on the obtained results, two methods for flotation
separation of plastic mixtures were developed (Kovaleva et al., 2023; Kovaleva et
al., 2024). For each method, optimal process parameters were identified, ensuring
a recovery of the target polymer and a concentrate purity of at least 95%.

Additional experimental observations demonstrated that moderate variations
in air flow rate and surfactant concentration did not result in critical deterioration
of flotation performance. Variations of process parameters within approximately
+10% caused gradual changes in recovery and concentrate purity; however, the
flotation system generally maintained stable separation behavior near the optimal
operating region.

The most suitable operating parameters, including the temperature of the
working solution and the air flow rate, required to achieve high flotation efficiency,
were determined experimentally.

Figure 2 illustrates the effect of alkyl polyglucoside concentration on the
efficiency of flotation separation of a plastic mixture consisting of PBT and ABS.
The flotation experiments were carried out at an air flow rate of 2.2 m*/(m?-h) and
a working solution temperature of (20 = 1) °C.

Hg EIB

60

50

Recovery, €, %
Concentrate purity, B, %

40

30

20

1,94 3,88 5,83 7,76 9,7
AlKkyl polyglucoside concentration in the working solution, mg/dm?

Figure 2. Effect of alkyl polyglucoside concentration in the working solution on PBT recovery
and concentrate purity.
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The analysis of the data presented in Figure 2 indicates a pronounced
hydrophobicity of PBT particle surfaces with respect to the working solution.
At an alkyl polyglucoside concentration of 3.88 mg/dm?, the recovery of PBT
reached 95%, while the concentrate purity exceeded 98%, which suggests a
high hydrophilicity of the ABS surface under these conditions. Comparable
high recoveries were reported for selectively conditioned polymer systems in
previous flotation studies (Fraunholcz, 2004). This confirms that selective surface
conditioning of PBT was successfully achieved under the chosen reagent dosage.

An increase in surfactant concentration to 5.83 mg/dm? resulted in a decrease
in PBT recovery to 83.5%. Further increases in surfactant concentration led to a
decline in flotation efficiency, which is likely associated with disruption of the
interfacial interaction balance in the system. Excess surfactant may reduce the
selectivity of particle—bubble attachment due to changes in surface wettability and
possible formation of excessive adsorption layers.

Thus, the flotation separation efficiency of the PBT-ABS mixture exceeded
95% at an alkyl polyglucoside concentration of 3.88 mg/dm?, an air flow rate of
2.2 m3/(m?-h), and a working solution temperature of (20 = 1) °C.

In the study of surfactant effects on the flotation separation of PET-PPS
mixtures, it was found that the best results were achieved using polysorbate 80
as a surfactant. At a concentration of 8.0 mg/dm?, the PET recovery reached
94%. However, under these conditions, PPS particles exhibited insufficient
hydrophilicity, which led to their partial attachment to air bubbles and subsequent
entrainment into the concentrate. As a result, the concentrate purity decreased to
70%. This result indicates insufficient selectivity when a single surfactant system
was used.

Therefore, despite the high recovery of PET, the obtained results indicate the
need for an additional purification stage to improve the quality of the target product.
It was hypothesized that combining surfactants of different nature could produce
a synergistic effect, enabling more precise control of the hydrophobic—hydrophilic
balance of particles and stabilization of the froth phase, thereby enhancing both
selectivity and overall flotation efficiency (Pita et al., 2023).

Figures 3—5 present the effect of different ratios of polysorbate 80 and sodium
laureth-3 sulfosuccinate on the flotation separation efficiency of the PET-PPS
mixture. The experiments were carried out at an air flow rate of 3.3 m*/(m?-h) and
a working solution temperature of (13 £ 1) °C.

The selected temperature range was determined experimentally as the most
favorable for achieving selective flotation separation of PET and PPS. Lower
temperatures improved the selectivity of surfactant adsorption and enhanced the
difference in wettability between polymer surfaces, which contributed to higher
concentrate purity and recovery.
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Figure 3. Effect of surfactant mixture concentration in the working solution on PET recovery
and concentrate purity at a sodium laureth-3 sulfosuccinate: polysorbate 80 ratio of 1:1.

Figure 3 shows the dependence of PET recovery and concentrate purity on the
concentration of a surfactant mixture consisting of sodium laureth-3 sulfosuccinate
and polysorbate 80 applied at a ratio of 1:1. According to the obtained data, the
concentrate purity reached 90%, indicating high wettability of PPS particle surfaces
and their pronounced hydrophilic properties. At the same time, PET recovery
remained within the range of 73—-80%, which suggests limited hydrophobicity of
PET particle surfaces under the given flotation conditions.

Figure 4 illustrates the effect of the concentration of a sodium laureth-3
sulfosuccinate : polysorbate 80 mixture at a ratio of 1:2 on the flotation separation
efficiency of the PET-PPS mixture.
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Figure 4. Effect of surfactant mixture concentration in the working solution on PET recovery
and concentrate purity at a sodium laureth-3 sulfosuccinate : polysorbate 80 ratio of 1:2.
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According to the data presented in Figure 4, PET recovery did not exceed
73%, indicating insufficient hydrophobicity of PET particle surfaces with respect
to the applied working solution. As a result, part of the material settled under
gravitational forces, reducing the efficiency of flotation recovery. At the same time,
the high concentrate purity, ranging from 88% to 95%, indicates the pronounced
hydrophilicity of PPS particles, which ensured their stable wetting by the working
solution and effective separation from PET.

The effect of the concentration of a sodium laureth-3 sulfosuccinate and
polysorbate 80 mixture at a ratio of 2:1 in the working solution on PET recovery
and concentrate purity during flotation separation of the PET-PPS mixture is
presented in Figure 5.
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Figure 5. Effect of surfactant mixture concentration in the working solution on PET recovery
and concentrate purity at a sodium laureth-3 sulfosuccinate : polysorbate 80 ratio of 2:1.

The results presented in Figure 5 demonstrate the high efficiency of flotation
separation of the polyethylene terephthalate (PET) and polyphenylene sulfide (PPS)
mixture when combined surfactants were used. At a total surfactant concentration
in the range of 7.5-10 mg/dm?, including 2.5-3.3 mg/dm® of sodium laureth-3
sulfosuccinate and 5.0-6.7 mg/dm?® of polysorbate 80, PET recovery reached
93-95%, while the concentrate purity was 97-98%. The improved performance
may be associated with synergistic adsorption effects of anionic and nonionic
surfactants on polymer surfaces.

These indicators confirm that the selected parameters provided an optimal
balance between the hydrophobic and hydrophilic surface properties of the
separated particles, thereby ensuring high flotation efficiency (Fujita et al., 2014).

Conclusion. Based on the results of the study, two flotation methods for the
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separation of plastic mixtures were developed, and the corresponding technological
parameters ensuring high process efficiency were determined.

It was established that effective flotation separation of the acrylonitrile—
butadiene—styrene (ABS) and polybutylene terephthalate (PBT) mixture, with
a recovery of 95% and a concentrate purity of 98%, was achieved at an alkyl
polyglucoside concentration of 3.88 mg/dm?, an air flow rate of 2.2 m*/(m?-h), and
a working solution temperature of (20 + 1) °C.

For efficient separation of the polyethylene terephthalate (PET) and
polyphenylene sulfide (PPS) mixture, high separation performance (95% recovery
and 98% concentrate purity) was achieved using a surfactant mixture with a
total concentration of 7.5 mg/dm?, including 2.5 mg/dm® of sodium laureth-3
sulfosuccinate and 5.0 mg/dm?* of polysorbate 80. Suitable operating parameters
were an air flow rate of 3.3 m*/(m?-h) and a working solution temperature of (13
+1)°C.

The conducted studies demonstrated the possibility of achieving efficient
flotation separation of polymer mixtures with similar density values through
optimization of reagent systems and operating parameters under controlled
laboratory conditions.

One of the important directions for future research is the investigation of
flotation separation under conditions closer to industrial recycling systems,
including multicomponent plastic mixtures and contaminated post-consumer waste
streams. Particular attention should be paid to the influence of organic impurities
and residual surface-active substances on flotation selectivity and process stability.
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