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STUDY OF THE EFFECT OF AIR CONSUMPTION,
LIQUID LAYER HEIGHT AND TEMPERATURE ON THE PROCESS
OF FLOTATION SEPARATION OF GROUND PLASTICS

Abstract. For separation of plastic wastes (polyamide (PA), acrylonitrile butadiene styrene (ABS) and
polystyrene (PS)), a flotation method is proposed. Using this method, the effect of air consumption, liquid layer
height and temperature were studied. As surface-active substances (surfactants), polidocanol, sulphanole and a
mixture of surfactants containing sodium laureth sulfate and diethanolamide were used.

To analyze the research results of flotation separation of a mixture of ground plastic wastes, the extraction of the
floating component e and the purity of the concentrate p were calculated.

The research results on the extraction of polystyrene from the air consumption at various concentrations of a
mixture of surfactants show that the extraction has a maximum at a certain air consumption. At low air consumption,
the process is inefficient, since the working volume of the liquid is not saturated enough with gas bubbles. If the
optimum value of air consumption is exceeded, many gas bubbles are formed that are not involved in the flotation
process. Such bubbles, moving through a liquid, can create turbulent flows that impede flotation of particles. When
moving in a turbulent liquid flow, the bubble-particle complex is prone to destruction, as particles and bubbles have
different inertia (mass). In addition, it may be concluded that the air consumption value at which the maximum
extraction of the floating component is achieved depends on the type of polymer and surfactant. The air consumption
effect nature at different concentrations of surfactants is not changed - only the floating component extraction
changes.

The research results on the extraction of polystyrene from the aerated liquid layer height at various
concentrations of a mixture of surfactants indicate that at a low height of the aerated liquid layer the probability of
collision of a plastic particle with an air bubble is low and some potentially floating particles sink to the bottom of
the device, without having time to collide with an air bubble. The optimum height of the processed liquid layer
corresponds to a certain air consumption. When the liquid layer height is less than optimal, the achievement of the
required extraction degree of the dispersed phase is possible, for example, with an increase in air consumption.

When assessing the effect of liquid temperature on the flotation process, it was found that increasing the liquid
temperature above 20°C leads to a sharp decrease in the ABS and PS extraction. This is possibly due to the fact that
the dependence of the foaming capacity of surfactants on temperature is characterized by solubility curves and for
most surfactants they have an extremum. Probably, an increase in the solution temperature leads to the dehydration
of the dissolved surfactant molecules. Moreover, they separate as an independent macrophase, which leads to a
decrease in the number of surfactant molecules involved in the flotation process.

Key words: flotation, plastic wastes, surfactants, concentration, air consumption, liquid layer height,
temperature.

Introduction. In the world there is a constant increase in the consumption of polymer materials (PM)
[1, 2], which occupy a leading position in terms of production of raw materials.

The accelerated growth in the production of polymer materials and the expansion of their applications
in various industries is explained by their manufacturability, ease, convenience, cost-effectiveness, safety,
a set of valuable operational properties and high aesthetics. Plastics are serious competitors to glass,
ceramics and metal [3].

At the same time, the use of products from polymer materials certainly causes waste formation. The
increase in PM production and consumption inevitably entails an increase in the amount of their wastes.
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In recent years, the problem of processing plastic wastes has become to take an important place in the
world, since the bulk of wastes is destroyed by inefficient methods [4-8].

Promising processes for the PM separation are flotation based on different wettability, since they are
quite simple in hardware and reliable. The flotation process is close to the sedimentation process in
flotation baths, which is widely used in the world. The flotation process may allow to separate plastics
with fairly similar or equal densities. This requires the presence of surfactants and gas bubbles in the
working volume of the device [9, 11].

Research methods. The methodology for experimental research of the flotation process of separation
of plastics is as follows. It is necessary to prepare in advance a charge of the investigated ground plastics
with a mass mTox Due to the complexity of further manual sorting of the concentrate in a multilateral
research of the flotation process, it is recommended to feed a charge of a mixture of ground plastics
weighing about 10 g. In a laboratory setup, it is possible to study the dependences of the extraction of
certain types of plastics on physical and operational factors, while the charge with a mass mTX containing
one type of ground plastic is fed to the flotation. It is also possible to study the separation of a mixture of
several types of ground plastics. In the second case, the charge with a mass mTx should contain particles of

ground hydrophobic plastic with a mass T X and particles of ground hydrophilic plastic with a mass
mOCx. When studying the separation of plastics, it is recommended to feed a mixture of plastics to the
flotation in a 1:1 ratio.

Research results. In [12], the authors presented the research results of the effect of the concentration
of surface-active substances (surfactants) on the process of separation of plastic wastes. The tables with
experimental data presented in this work contain the results obtained by changing the air consumption, the
liquid layer height and its temperature. When conducting the research, the plastic wastes were polyamide,
acrylonitrile butadiene styrene and polystyrene. As surface-active substances, polidocanol, sulphanole and
a mixture of surfactants containing sodium laureth sulfate and diethanolamide were used [13-15].

To analyze the research results of the flotation separation of a mixture of ground plastic wastes, the
extraction of the floating component s and the purity of the concentrate P were calculated by the formulas
[16]:
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where T ddHy - a mass of the floating component (the particles of the ground hydrophilic plastic in the

concentrate, kg; T dCX- a mass ofthe floating component (the particles of the ground hydrophilic plastic in
the initial charge, kg; T KOHy- a mass of the concentrate, kg.

According to the calculation results of the extraction ofthe floating component s and the purity of the
concentrate P from the air consumption during the flotation separation of the mixture of the ground
polyamide and acrylonitrile butadiene styrene using various surfactants, the dependences were obtained
which are shown in figures 1-3.

Air consumption G]r,. m-/min-m2

Figure 1 - Dependences of the purity of the concentrate and the ABS extraction
from the air consumption at the concentration of sulphanole 11.56 « 10-3 kg/m3
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Figure 2 - Dependences of the purity of the concentrate and the ABS extraction
from the air consumption at the concentration of polidocanol 8.89 « 10-3 kg/m3
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Figure 3 - Dependences of the purity of the concentrate and the ABS extraction
from the air consumption at the concentration of the mixture of surfactants 2.7 « 10-3 kg/m3

Further, according to the results given in [12], the dependences of the PS extraction on the air

consumption are presented, obtained at the concentration of the mixture of surfactants of 5.41 « 10-3 and
16.22 « 10-3 kg/m3 (figure 4.).
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Figure 4 - Dependences of the PS extraction on the air consumption
at various concentrations of the mixture of surfactants
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As is seen from figures 1-4, the extraction has a maximum at a certain air consumption. The presence
of the maximum extraction of the floating component in these figures suggests a characteristic effect of
the air consumption on the flotation process of polymers. At low air consumptions, the process is
inefficient, since the working volume of the liquid is not saturated enough with gas bubbles. If the
optimum value of the air consumption is exceeded, many gas bubbles are formed that are not involved in
the flotation process. Such bubbles, moving through a liquid, can create turbulent flows that impede the
flotation of particles. When moving in the turbulent liquid flow, the bubble-particle complex is prone to
destruction, as particles and bubbles have different inertia (mass) [17].

Also, from the above dependences, it may be concluded that the air consumption value at which the
maximum extraction of the floating component is achieved depends on the type of polymer and surfactant.
The air consumption effect nature at different concentrations of surfactants is not changed - only the
floating component extraction changes.

When using polidocanol, the maximum extraction of ABS is 17% higher than when using sulphanole,
and reaches 70.5%. However, the purity of the concentrate in this case is reduced by 2.5%, namely, to
93.5% [18]. When using the mixture of surfactants containing sodium laureth sulfate and diethanolamide,
the ABS extraction reaches 95%, and the purity of the concentrate is 98.7%. And when using the same
mixture of surfactants during the PS flotation, its extraction reaches 99%.

To determine the optimal height of the aerated working liquid layer from the experimental data
presented in [12], the dependences of the PS extraction on the concentration of surfactants were
determined at different heights of the aerated liquid layer, which are shown in figure 5.
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Figure 5 - Dependences of the PS extraction on the concentrations
of surfactants at various heights of the aerated liquid layer

As is seen from figure 5, the PS extraction has a maximum at a low concentration of surfactants,
namely 5.41 « 10-3 kg/m3, and reaches 99% with a sufficient height of the aerated liquid layer.

At a low height of the aerated liquid layer, the probability of collision of a plastic particle with an air
bubble is low and some potentially floating particles sink to the bottom of the device, without having time
to collide with an air bubble. The optimum height of the processed liquid layer Ho corresponds to a certain
air consumption. When the liquid layer height is less than optimal (H>x< Ho) the achievement of the
required extraction degree of the dispersed phase is possible, for example, with an increase in the air
consumption [19].

In order to more clearly display the effect of the aerated liquid layer height on the PS extraction, the
corresponding dependences were obtained at the concentration of surfactants of 2.16-10-3 and 5.41 «HO-3 kg/m3,
shown in figure 6.
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Figure 6 - Dependences of the PS extraction on the aerated liquid layer height
at various concentrations of surfactants

As is seen from figure 6, a sufficient height of the aerated liquid layer is 0.5-0.6 m, its further increase
does not have a strong effect on the PS extraction. Exceeding the optimum height of the aerated liquid
layer leads to an increase in the material consumption of the device and an increased consumption of the
working liquid and surfactant, as well as to an increase in the length of the movement of the bubble-
particle complexes, which can increase the probability of their destruction [19].

The graphical dependences given above, as well as in [12], were obtained without additional heating
of the working liquid (about 10-15°C). In assessing the effect of the liquid temperature on the flotation
process, the experimental research was conducted, the results of which are reflected in [12]. After
processing the results of this experimental research, the dependences of the ABS and PS flotation indices
on the liquid temperature t were plotted, shown in figure 7, 8.

Figure 7 - Dependences of the purity of the concentrate and the ABS extraction on the liquid temperature
at the concentration of the mixture of surfactants, containing sodium laureth sulfate and diethanolamide,
2.7-10-3 kg/m3and at the air consumption of 0.104 m3Iminm2

Figure 8 - Dependence of the PS extraction on the liquid temperature at the aerated liquid layer height of 0.17 m,
the concentration of the mixture of surfactants of 5.41 « 10-3 kg/m3and the air consumption of 0.072 m3hm2
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As is seen from figures 7 and 8, an increase in the liquid temperature above 20°C leads to a sharp
decrease in the ABS and PS extraction. It should be noted that in Figures 7 and 8 there is a pattern of the
liquid temperature effect on the extraction of floating components. This is possibly due to the fact that the
dependence of the foaming capacity of surfactants on the temperature is characterized by the solubility
curves and for most surfactants they have an extremum [20, 21]. Probably, an increase in the solution
temperature leads to the dehydration of the dissolved surfactant molecules. Moreover, they separate as an
independent macrophase, which leads to a decrease in the number of surfactant molecules involved in the
flotation process.

Conclusions. For separation of plastic wastes (polyamide, acrylonitrile butadiene styrene and
polystyrene), the flotation method is proposed using surfactants (polidocanol, sulphanole and the mixture
of surfactants containing sodium laureth sulfate and diethanolamide). When conducting this method, the
effect of the air consumption, the liquid layer height and the temperature were studied.

The research results on the extraction of the floating component from the air consumption show that
its maximum extraction depends on the type of polymer and surfactant. The air consumption effect nature
at different concentrations of surfactants is not changed - only the floating component extraction changes.

The research results on the extraction of the floating component from the aerated liquid layer height
show that the optimum height of the processed liquid layer corresponds to a certain air consumption, and
when the liquid layer height is less than optimal, the achievement of the required extraction degree of the
dispersed phase is possible, for example, with an increase in the air consumption.

When assessing the effect of the liquid temperature on the flotation process, it was found that
increasing the liquid temperature above 20°C leads to the sharp decrease in the ABS and PS extraction.
This is due to the fact that the dependence of the foaming capacity of surfactants on the temperature is
characterized by the solubility curves and for most surfactants they have an extremum.

A. NeBpaHckuninl, E. Onumaxl, A. BonHeHko2, [. XKymagynnaes2

1 Benapycb MeM/IeKETIK TEXHOMOMUSAIbLLL YHUBEPCUMTETY MUHCK, Benapychb;
2 M. 3ye30B aTblHAarbl OuTycnK KasakcTtaH MeMMEKTNK YHBepcUTeTY LLbIMKeHT, KasaxcTaH

YcaKT”FaH nnactmaccanapbl hnoTaymsanbiK 6eny yaepKLlLy
aya WbWbIHbI, CYyAbIKTbIK KabaTbIHbIL, OLUKTM
YK3He TemnepaTypa acepLu 3epTTey

AHHoTaums. MnacTmacca KangplKTapbiH 6eny Ywid (nonvamung (MA), akpunoHntTpunbytagueHctmpon (ABC)
»aHe nonuctupon (MNC) hroTaumsanbIK 3410 YCbIHbIALL. ATanraH 34acn KofgaHy apKblibl aya WbIrbiHbl, CYMbIKTbIK
KabaTbIHbIL, GLUKMN >X3HEe TemrepaTypaHbly, acepi 3epTTeng” beTTik-6enceHgi 3atTap (MB3) peTwwije CMHTaHonN,
cynbhaHos XX3He KypaMbIHAa HATpWiA nayypeTcynbhaTbl XXaHe AuaTaHonamug 6ap MB3 kocnackl KongaHbIbI.

MnacTmaccaHbIy, ycaaTanraH KanablKTapbl KocnachbiHbIL (0TaumsbIK 6eiHyiH 3epTTey HITWXKeNepiH Tanjay
YLWiH thnoTaumsnaHaTbiH KOMMOHEHTTI ey X3He B KOHLEHTPaTbIHbIL, Ta3a/ibIrbl ecenTensi.

MB3 KochacbiHbIL, 3p TYPAi KOHUEHTpauuAChbl KesiH4e MOAMCTMPONAbl aya LWbIrbiHbIHAH 6Genin  any
3epTTEeY/EPLLLL, HITVDKENEPi ayaHbil, Keinbip LWbIrbIHbIHAA €L, Ker LWbirapblly 6ap eKeHL KepceTefi. AyaHbll a3
WhbIrbIHbIHAA NPOLIECC TWIMAa3 eTefdi, eMTKeHi CyMbIKTbIKTbIL XYMbIC Kefemi ra3 KenipLliKTepiMeH >KeTKiniKci3
KaHbIragbl. Aya LWbIFbICbIHbIL, OUTaIbl M3HiIHEH ackaH Kesfe (ioTaumsi NpoLeciHe KaTbICMaWTbIH Ken ras
KenipwikTepi naiga 6onagbl. MyHAal KeniplikTep CyWMbIKTbIK apKbUibl Ko3rasia OTbIpbin, 6enLlexkTepaill
thnoTaumscbIHa Keaepri KenTipeTiH TypOyeHTN arbiHAapabl Xacali anaabl. CynbIKTbIKTbIL TypOY/eHTNK arbiHbiHAA
Kosra/iraHfa "'Keniplwik - 6enwekTep' KelleHi Kupayra 6eiiiM, ce6ebi 6Genwektep MeH Kenipwliktep 3pTYpni
MHepumoHabl (Macca) 6onagbl. CoHbIMeH KaTap, dioTaumsfiaHaTbiH KOMMNOHEHT 6apbiHLLA anyra Kon XeTKi3eTiH
aya LWbIrbIHbIHbIL M3HI Nnoimmep MeH MB3 TYpiHe 6alinaHbICTbl eKEHAITT Typasibl KOPbITbIHABI XXacayra 6onagpl. MNB3
3pTYPAI WworblpnaHybl KesiHAe aya LbIrbIHbIHbIL, 3cep eTy cunaTbl e3repmenfi-hnotaumsanaHaTblH KOMIOHEHTTI any
raHa esrepegi.

Monuctupongbl MB3  KochacbiHbIL, 3p TYPAI  KOHUEHTpauusicbl Ke3iHAe CYMbIKTbIKTbIL, aspupieHeTL
KabaTbIHbIL, OMIKTIFiHEH 6enin anyfbl 3epTTey HITUXKENepi CyMbIKTbIKTbIL, aspupneHeTiH KabaTblHbIL a3 6LIKMAn
KesiHfge nnacTmacca OenuwlekTily aya KewpLUWMEH COKTbIFbICY bIKTUMaNgbIrbl TEMEH >K3He Kenbip aneyeTTi
thnoTaunsinaHaTbIH GefeKTep annapatTbil TY6iHe TYCipinedi, COHbIMEH KaTap aya KelUpLULWMEH COKTbIrbicrai-af,.
OHAEeneTiH CyibIKTbIK KabaTbIHbIL, OUTali/Ibl 6LIKNMHe ayaHbll 6enrini 6ip WbIrbiHbl Calikec Kenedi. An cyiibiK
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uabaTbiHbIH OLIKTLL AucrepcuabLy, (asaHbl anyabll, LaXeTn AeHreiiHe OHTaliNbl XeTyLeH asblpal, Mbicasbl, aya
LWbIbIHbI XXOrapbliaraH Kesae MyMKLL.

dnoTaumsa NpoLecciHe cymbILTbIL, TeMnepaTypacbIHbIH 3cepiH 6aranay KesiHae CybILTbIL, TeMNepaTypacbiHbIH
20 ° C-TaH xorapbl KeTepinyi ABC 3He KC wWbIryblHbIH KypT TeMeHgeyiHe akenedi. Byn MNB3-HbIH Kebxrey
LabLleTLl, Temnepatypara Tayenginiri epirilwTiH uMcbirbiIMeH cunatTanagbl XaHe [MMB3-HblH Kenwiniri yuiul
3KCTpeMyMMeH TYciHgipinegi. EpiTiHAIHIH TeMnepaTypacbliHbIH >Xorapbiiaybl 6a3 epiTisireH MosieKynaiapbIHbIH
JervapataymsicbiHa 3Ken couTblpybl MYMKIH. Byn peTTe onap »keke makpodas TYpiHge 6eniHeai, 6yn dnotaums
npoLeciHe LaTbicaTbiH MB3 MoneKynanapbIHbIH CaHbIHbIH TEMEHAEYiHe 3Keneai.

TYWiH ce3gep: cnoTaums, nnactmacca LanapluTapbl, 6eTTiK GenceHAi 3aTTap, KOHLEHTpauus, aya LUbIrbiHb,
CYMbILUTbIL, LabaTbIHbIH BWIKTITi, TemnepaTypa.

A. JleBgaHckuiil, E. Onumaxl, A. BonHeHKo2, O. XKymagynnaes2
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N3YYEHWE BIMAHNA PACXOOA BO3Y XA,
BbICOTbl CJ/IOA XXNAKOCTU N TEMIMEPATYPbI HA NMPOLIECC
PJIOTALMOHHOIO PASAENTEHUNA N3MEJIBYEHHBIX TMJTACTMACC

AHHOTaumsa. [na pasgeneHns otxofos nniactMace (nonvamuga (MA), akpunoHUTpundytagmneHcTmpona (AbC)
n nonuctupona (MNC)) npesnoxeH (GAoTaLMOHHbIA crnocob. C MCMob30BaHWEM YKa3aHHOro criocoba M3y4eHo
B/IMAHME pacxoja BO3AyXa, BbICOTbI C/I08 XXNAKOCTU U TeMnepaTypbl. B KauecTBe NOBEPXHOCTHO-aKTUBHBLIX BELLIECTB
(MAB) wucnonb3oBaMCb CUHTaHOM, CynbaHon u cmecb [MAB, cogepxawas naypeTcynbaT HaTpus W
AnaTaHonamug,

[ns aHanusa pe3ynbTaToB UCCNefOBaHUA  (PIOTALMOHHOIO pasfefieHnsl CMeCU K3MeslbYeHHbIX O0TX040B
nnacTmacc 6bln paccymTaHbl U3BeveHre (/I0TUPYEMOro KOMMOHEHTA € 1 YNCTOTa KOHLeHTpaTa p.

PesynbTaTbl 1ccnesoBaHUA M3BMEYEHUST MONMCTMPOAA OT pacxofa Bo3gyxa MpU pas/IMuHOM KOHLEHTpauum
cvecn MAB MokasbiBalOT, YTO M3B/IEYEHWE WMMEET MaKCMMyM MpW HEeKOTOPOM pacxofe Bosgyxa. lMpu masibix
pacxojax BO3fyxa npouecc nNpoTekaeT Hea(h(heKTMBHO, TaK Kak pabounii 06beM >KUAKOCTU HefoCcTaTOYHO
HacbILL@eTca NysblpbKamy rasa. Mpu nNpeBbILLeHUN ONTUMAIBHOIO 3HaYeHMs1 pacxofa Bo3fyxa 06pasyeTcs MHOro
rasoBblIX My3bIPbKOB, He YYaCTBYHOLMX B NpoLecce (oTaumm. Takve My3bIpbKW, ABUrasicb Yepes XXULKOCTb, MOryT
co3faBaTtb TYpOy/ieHTHble NOTOKW, MPenATcTBYOWMe (oTauum vyactul. Mpu ABUXKEHUN B TYpOY/NIEHTHOM NOTOKe
YKMAKOCTU KOMIJIEKC «MY3bIPEK - YacTULa» CKJIOHEH K PaspyLUeHWto, MOCKOJbKY 4YacTuubl U MNy3bIPbKW UMEKT
pasnMyHy0 MHEPLMOHHOCTL (Maccy). KpomMe Toro, MOXHO caeniaTb BbIBO4 O TOM, YTO 3HaYeHMe pacxoja BO3ayXa,
npy KOTOPOM AOCTUraeTcs MakKCUMasibHOe M3BfedYeHne IoTUPYEMOro KOMMOHEHTa, 3aBUCUT OT Tuna nonvmMepa v
MAB. XapakTep BAMsSHMSA pacxofa Bo3fgyxa MpW pas/IMyHON KOHUeHTpauun MAB He M3MEeHSeTCS - WU3MEHSIeTCA
LWL 13BAeYeHre (hN0TUPYEMOr0 KOMMOHEHTA.

Pe3ynbTaTbl CCNeL0BaHWNI N3B/IEHEHNS MOIMCTMPONA OT BbICOTbI a3PUPYEMOr0 C/I051 XXMAKOCTU NPY PasINYHOM
KOHUeHTpauum cMec MNAB cBUAeTeNbCTBYIOT O TOM, YTO MpU Masioli BbICOTE aspypyeMOro Criosi XXWUAKOCTU
BEPOSITHOCTb CTO/IKHOBEHMSI M1aCTMACCOBOM YacTuULbl C My3bIPbKOM BO34yXa HM3Kasi U HEKOTOpble MOTEHLMaIbHO
(hnoTupyemble YacTULbl OMYCKAKOTCA Ha AHO annapara, Tak M He YCMeB CTOMIKHYTbCA C My3biPbKOM BO34yXa.
OnTnManbHOM BbICOTe €/osi 06pabaTbiBaeMOl XUAKOCTU COOTBETCTBYET ONpedesieHHbIN pacxod Bosgyxa. A npu
BbICOTE C/1051 XXMAKOCTW MeHbLLE ONTYMaIbHON JOCTVXKEHWE HE0OX0ANMOM CTeneHN 13BeYeHNs AMCnepcHoN tasbl
BO3MOXHO, Hanpumep, Npu NoBbILLEHUN pacxoja Bo3ayxa.

Mpy oueHKe BAUSHUA TeMnepaTypbl XXUAKOCTWM Ha npouecc oTauum YCTAHOB/IEHO, YTO MOBbILLEHMWE
TeMnepaTypbl XUAKOCTA Bbie 20°C NPUBOAUT K PE3KOMY CHUXeHW u3BnedeHns ABC n MNC. 310, BO3MOXHO,
06BbSACHSAETCA TeM, YTO 3aBMCMMOCTb MeHoo6pasytolleli cnocobHocT MAB 0T TemnepaTypbl XapakTepusyetcs
KPWBbIMW PacTBOPUMOCTU U AN 60nblUMHCTBA [AB OHY MMEIOT 3KCTpeMyM. BeposaTHO, NOBbILLEHWE TeMMepaTypbl
pacTBopa NpUBOAMT K AervapaTaumnm pacTBOpeHHbIX Monekyn MAB. Tpy 3TOM OHW BbIAENSAOTCA B BUE OTAENbHOM
Makpoasbl, UTO NPUBOAUT K CHUXKEHWNIO KONIMYecTBa MoseKys MAB, y4acTBYHOLWMX B poLecce (hioTaumm.

KnoueBble cnosa: notaums, OTXOAbl MacTMacc, MOBEPXHOCTHO-aKTMBHbIE BELLECTBa, KOHLEHTpaLus,
pacxof Bo3ayxa, BbicoTa C/0S XXUAKOCTN, TeMnepaTypa.
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