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Feasibility of Flotation to Separation of Waste Plastics
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As part of studies on the development of separation process for efficiently separating waste plastics, the ap-
plicability of flotation method to the separation of inherently hydrophobic plastics has been investigated. For
optimizing the flotation operation conditions, floatability measurements of plastics was carried out in solutions
including wetting-agent, and flotation separation using two plastics mixture as well. Moreover, the dense
media separation and flotation process, which has been proposed in this investigation, were examined in terms
of the plastic grade and percent recovery. Polyvinyl chloride (PVC), polycarbonate (PC), polyacetal (POM)
and polyphenylene ether (PPE) were used as test polymers, and tannic acid, sodium ligninesulfonate,
polyoxyethylene lauryl ether, Aerosol OT and saponin as wetting-agents.

The floatability measurements showed that the increased concentration of wetting-agent brings about the
decrease in percent floatability of each of polymers ; this might be explained in line with adsorption behavior
of surface-active species. Separation flotation using two plastics mixture indicated that one plastic is suffi-
ciently separated from another in an optimum concentration of wetting-agent. Furthermore, the wetting-agent
mixture was found to improve the efficiency of the separation flotation. Finally, according to the results ob-
tained from the flotation tests, a dense media separation and flotation process was proposed and applied to the
differential separation of the four plastics mixture. It was found that the proposed process satisfactorily sepa-
rated one plastic from others with high grade and recovery at each of the operations ; the 100 % PPE floats is
obtained with 100 % recovery in the dense media separation, the 95.7 % PVC sinks with 90.7 % PVC recovery
in the first flotation, and the 87.6 % POM floats and the 90.3 % PC sinks with 99.2 % POM and 83.6 % PC recov-
eries, respectively, in the second flotation. We suppose this separation process to be feasible for recycling waste
plastics.
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Table 1 Plastics used in this study.
Plastic Engineering Plastics
Pcohllyovrli?i)::., Polycarbonate Polyacetal Pmy:’l:?:yle"
Abbreviation PVC PC POM PPE
Specific Gravity 1.30 1.20 1.41 1.05
N &

Structure {W—O.:O}: -{»CH2-CH9-; _%O_C“z_o%n ‘('O_Q—O%_n
pipe of~seweragc switches,cover, . huum.ng of coPy
water,tile, camera body bile parts, machine,housing

Uses automobile parts, sheet films ¥ electronic parts, |of computer,
packing materials, artificial k;dne bearings,toys connector,
floor boards y switches
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D) A 7 VHEOBIERE D S REFN R FEE LTROL
NEELH B, ZORFEORBELZERVEEFEINSG,

TIGAF o 72 A 2 NVT B, FTEBEEELT,
BETIAF v 7RI LEARERE LTHBTEEZS LY S
IOE—F I3 —FREKD T T AF v 712508 - 55 - HBET
LUENHY, TNEEBELT, BETIAF v 7 OFHER
1970 #EREHIZW O RE SN TV BT, L Ledss, &
EEBORBHE LTREEOMUDPE LWLV V=TI T TS5
AF v 2T BEED D VITEEHOMIRE IOV T O
BRI E AL RB75HWDD) e BoREE: 75 A
F v U B REII T 5720103 B 5\ IR ELER S
BEEIKRD L ZANKEL, LdioT, 2L ik, REETE
GEBSBER LY IZTY) YT TSAF v 710 L CiRiEE
BlE% SR LA, REOMEREE, SHFEL R,
HESBO 7O AL LT ZEIZERELRBEETH S,
AFETE, FERNEICL TV =T Y VT TIAF
2 ENHTIAF Y 7 ORTOMBESHETH 5 R LY =
VOREWIZER L7z, Table 1 {IRT &) 2RV ELLY =,
RBYA—FKr—F, BRYT7ELy—NVBIVOR) 7LV —F
VORETIAF v 7 &g L, RENRIEEA & L TERE
EHoud Foy vV, BA T REEERIO) 7=V 2N
RAYBF MY LABIUEAF v EREEEROR) A XD T
LYyS9YNT—F Vi ERBEMBDLNGRAFER LR TOTS
FGAF T O AREE B L L ERRBROKRIZON
THET %,

2. RE&LURBRFE
2 -1 FEREHSIUHAE
FEEIER L22R VLY =)V (PVC LBERD), R H—FA—
L (PC), By T7+E&— (POM) BLUKR) 7=l v 1—
7)) (PPE) ® 7 I AF v 7ix, WTFNI=FRHILFEGRR) LD
R 2 Z -0 AR WE 2~4mm) TH%, RBOF
BAUALBEDHIZT LD, TIAFv 7 TLIBIIRE>TWE,
|, BEME LTIV, VISV ANVE VBT MY
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(1) flotation column
(2) cock
(3) flowmeter

(4) needle valve
(5) nitrogen bomb
(6) glass filter

Fig.1 Schematic diagram of experimental appa-

ratus.
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Fig.2 Relationship between conditioning agent and float percent.

conditioning time : 10 min, flow rate of nitorogen gas : 12 m//min, time of aeration : 3 min
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Fig.3 Relationship between pH and float percent.

conditioning time : 10 min, flow rate of nitorogen gas : 12 m//min, time of aeration : 3 min
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Fig. 4 Relationship between ligninesulfonic acid sodium salt

conc. and percent recovery of plastic in froth.

conditioning time : 10 min, flow rate of nitorogen gas :
12 ml/min, time of aeration : 3 min
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Fig. 10 Relationship between aerosol OT conc. and percent re-
covery of plastic in froth in a solution of 200 ppm

saponin.

conditioning time : 10 min, flow rate of nitorogen gas :
12 ml/min, time of aeration : 3 min
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Table 2 Results of flotation.

Conditioning Recovery| Purity
agent %) %)
Ligni Float
PVC Sl:lgfx:)l:if:acid (PC) 74.0 | 99.5
PC sodium salt X -
S00ppm | vy | 99.6 | 79.3
Ligni Float
PVC | satione acia| (POM) | 96.7 | 90.8
: di It :
FOM | = obppm | Sunkcy | 90.2 | 96.5
Ligni Float
PVC | salfonic acia| (PPE) | 97-4 | 94.9
sodium salt N
PPE | Soopom | Sink | 95.0 | 97.3
N i Float
PC 200ppm | (POM) 99.5 | 88.0
POM | Aerosol OT [Tg;
soppm | pey | 86.3 | 99.7
Float
PC Tannic acid | (PPE) 85.5 | 98.8
PPE 500ppm -
Sk 199.0 | 87.2
: Float
poM| Siporin | (pom) | 100.0]100.0
PPE | A 10T [&:
G00ppm | (ppry [100.0]100.0

3.3 ABRETSRFvIRDELESB

RMEEFCIHBONLEERERABRER LS E L, PVCO
11.126 g, PC o 114278, POM o 10.7858 ¥ & U* PPE o 6.711
ERBELIHRE 40008 D 4TBEETIAF v 7 BB ZHHRIC
BB ARz, TOBESTHRBRO 70— — P % Fig. 13
WRT, REOFEILUTOEN TH5B, 9, 4BOFTHRD
WED/NE Vv PPE %% FEY IG5 - BT 572012, BE
% 1099 M SNz L F P Y Y AR CTEREN T . X
2, EEEEYW (PVC, PCBXUPOMD3IEND TS5 AF v 7R
) %)= ANEVYEEF ) v 4@ 500 ppm % & B
TRELITV, PVCOARZRLTHE LTHINT 2, &E%IZ, &
EL7ZPCBIUPOM 2HR="200ppm & =71 V) OT
50 ppm DRSEBEFIER FHVWTPC 2t TH, POM % #E
e L ChEIXT %,

Table 3 IZEHEG, F—BRFEB L UE_BRZRORBE R
2RT, EVGENICB VT, PPERFNUSNEZESBEEI NS,
372, EBRETII PVC FALAT95.7 % OILMEEW s PVC £
I 90.7 % THOLN, FEERFBPEICBWTIL, POM difL 876
% O EWH POM EILK 99.2 % ¢, PC FfiL 90.3 % Dbk
BEM S PC EINK 836 % TENFNESNS,

Uk, ERENEGEESBEBEEEAGDEELES#ETT LA
W&, AFERETIAF v 2BBP L ENEFNE—T T XF
7 AR E B - BIATEETH B Z & RIR L7,

4. ¥ B

HEFEOMUPE LWL Y VT YV I TIRAF v 72t
BETIAF v VBEEROETIAF v 7 2 SMEINT 27200
TOtEtARBERETLI L2 BIZ, B—T75AF v 7 OFREERH
E, IARETIAF v 7 R TOBLFEERABRZITV, B
BT O A DRBILIZOWTKR 21To 72 T72, EBRY
ERBEEMABDOEIERTE IO ARREL, AEEO T
FGAF v 7R GRTARETIAF v 7 OBEESHEEA L7,

BiREFEM
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BERIELDTIAT v 7 058

MIXTURE OF PLASTICS

polyvinyl chloride (d=1.30)
polycarbonate (d=1.20)
polyacetal (d=1.41)
polyphenylen ether (d=1.05)

[DENSITY SEPARATION | NaCl sol. d=1.099
]

Y

[ SINK(HIGH DENSITY RESIN) |

[FLoAT(PPE)]

RINSE and DRY

CONDITIONING Conditioning agent

Ligninsulfonic acid sodium salt
FLOTATION,

500ppm

SINK(PVC)
RINSE and DRY

Conditioning agent

Saponin 200ppm
Acrosol OT %ppm

CONDITIONING

rFLOAT(POM) ] [sINK(PO) |

Fig. 13 Flow chart of flotaion.

Table 3 Results of separation of plastics.

Density Separation(NaCl sol. d=1.099)

Added Amount(g) Float(g) Sink(g)
PVC 11.126 0.0 11.126
PC 11.427 0.0 11.427
POM 10.785 0.0 10.785
PPE 6.711 6.711 0.0
Total 40.049 6.711 33.338
First Flotation
dded . Total PVC PVC
Ax:o::l(g) Float(g) | Sink(g) Recovery(%) |Purity(%)
PVC 11.126 1.030 10.096 90.7 95.7
PC 11.427 11.067 0.360
POM 10.785 10.695 0.090
Total 33.338 22.792 10.546

Conditioning agent : Ligninesulfonic acid sodium salt 500ppm

Second Flotation
Added Total

Amouni(@) | FO4® | SIK® | gecovery() Purity(%)
PVC 1.030 0.0 1.030
PC 11,067 1.516 9.551 83.6 90.3
POM 10.695 10.695 0.0 99.2 87.6
Total 22.792 12.211 | 10.581

Conditioning agent : Saponin 200ppm+Aecrosol OT 50ppm
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