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A study on triboelectrostatic separation
for material separation

of ABS and PBT mixing waste plastic
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ABSTRACT

A study on triboelectrostatic separation for material

separation of ABS and PBT mixing waste plastic

Park, jong—cheon
Advisor : Prof. Han, Oh-Hyung Ph.D.

Depart. of Resource & Environmental Engineering

Graduate School of Industry, Chosun University

Korea is the world's 4th plastic producing nation next to USA, Japan and
Germany due to development of oil industry. Plastic consumption is about 100
kg per person and ranked 8th in the world and 4 million tons of waste
plastic occurs annually. Plastic usage is increasing more than 10% every
year, because the lack of developing a replacement material with good
material characteristic such as high function, hygiene, convenience and
economic. Therefore, more than 5 million ton of waste product is predicted
to occur in 5 years, but the recycling rate of waste plastic is only 20 ~
30%, and the rest of 70 ~ 80% is disposed by reclamation and incineration
methods. Hence, it is evaluated to have great environmental problems as well
as economic problems.

Generally, technologies for waste plastic recycling are energy, chemical
and material recycling. However, if a different kind of plastics are mixed,
none of the technologies is not effective because the rate of recycling
decreases. Therefore, material separation technology of waste plastic is

most important in recycling. Specially, there is a need for inexpensive

- viii -



technology considering the price of plastic.

The triboelectrostatic separation is a method that separates the particles
charged by means of particle/particle and particle/charger charging
mechanisms, due to its work function or tribo series of materials through
electric field. This separation method can improve separation efficiency
according to development of charging material and charger. Also, Energy
consumption is less, equipment and processing cost are inexpensive.

In this study, we carried out the research on materials separation of ABS
and PBT mixing waste plastic by triboelectrostatic separation. ABS and PBT
mixing waste plastic is consist of scrap of cars, electric and electronic
goods which are destroyed by reclamation and incineration methods. In
charging characteristic research, PP material is verified as the optimum
charger material for material separation of ABS and PBT mixing waste
plastic. Therefore, we carried out the research on materials separation
using pipe-line PP charger. Good test results were obtained with the recover

ABS material of 92.5% and PBT removal of 100% in optimum test conditions.

Key words : waste plastic, material separation, work function,

triboelectrostatic separation, charging material
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Fig. 1 Kinds and principle of electrostatic separations.



Table 1. Kinds and

application of electrostatic separator.

Charging Method

Charging
Equipment

Materials

Rotational Drum

Lunar soil, Aluminum from Dross
Feldspars/Quarts, Boron Minerals
Mineral Sand,

Fly Ash/Unburned Carbon

Induction Cu/Glass Fiber/Resin
Slide Plate ?/E:iig?rscgfé Lunar Soil
Moving Belt Onion Seeds, Flower
PET/Aluminum, Rare Metal
Rotational Drum Rutile/Zircon/Quarts
Corona Tea Leaves/Stalks, Cu/PVC
Moving Belt Carrot/Celery Seed
Blectrode KCUNC!
Cyclone Coal, Fly Ash
Rotating Cone Coal, Plastics, Fly Ash
Charging Tube Coal, Calcite, Feldspar, Quartz
Triboelectricity Fluidized Bed Coal, Plastics

Electrostatics
) Coal
Sieve
Crusher Coal
Rotating Pipe Plastics
Vibrating Feeder Plastics




F 2 WA (corona discharging, ion bombardment)oll &3 YAt x-S A A
Al dRkAQl st oRA dEAe] =L FEH HHAEA FES TG

Yy
=
>
Ir
o,
rlo
o,
o
rN
by
f
N
N
X
k1
%2
X
[vie]
o
o
i
N
2L
M
_,>i
ru
Mo
2 oy
ol
rot
=)
rO
__)i:“
o,
o o

o2
o
i_/ﬂ
lo
o,
iy
o
N
A
X
4,
k%)
W
et
rlo
L

A ETEo] HAE rotoret HAE mEL} WA
AIAbol2 FEHE Z2 L JAE 7E A M (fine wire)o] Y #H = (needle point) &)
= Fd ¥ HolA = A7) oA WA sk,

=
=
Ay A52 BE "H2Eo] ojgHn Aird = de F=AY )9 Ag A

3t A= FAo wet 2y WP (corona glow)¥} FE
WA (corona discharge)d@ o] vl Z 2 ZHFeo] (HAFY AE (D)ool A=
zZo g ety Fr)EAte] AdAgyE ZZ Y B (corona glow)d BFE 2 A9
To 2 (+)o]o] AARoZA HAHTG, 2 FA HAFY 4§ dFo22Y

S()OR FUH Ak o] eFe] WL AoAWA (o] Lo AFE G &

e
o

o] Adst & 1& ztelth. S v AEA Edoy dAAE FA o s dat
2 A H a1 wetA ‘image force’o g3l HA =9 mwo] o] 9A ).
W 2 EAE A HJA Folu A= MEE EulstAY €A Ho] A4E,
<9, 399 3o wet 224 55 stHA JAEZFE Y o]Fate] st

@tk o] 714 ‘image force’s= HAS FWI sFdE YA Alole dHom RHT

S oqnh ok sdE AARYH PAF mHel AL 929 gL wyye



= N
I dAE 7
=

Fig
3o A
A [ =
(Conductive ind

uction)ol

|

‘WEE
. H
Mwﬂ_ﬁwﬁﬂl
0 B = <
.Jﬁ‘.ﬂ‘m.m < T
ﬂAMﬂMﬂ.TﬂXE]dﬂi.ﬂﬁﬂmo
nnOWE_/ JlﬂBlE..ﬁ 71v_m JIXEL.
X 1aﬂ4&u% iggwﬁﬁr
g_qgevzaaa oo BT
,._ﬁ.o oF M . K B x %o ! @lu ESSRAE
@mﬁ@&mr%mﬂﬂri ﬂﬂaﬂiwlﬁﬁﬂoﬂlegoﬂo
i~ Ho ,muﬂuwoﬁ o| ool OtW M_l‘lvﬁ iﬁ‘o|1br~1,w|:1_ I 20 R EmuAl
<) - . _00 0
fEExﬂ.HMMW%d; ﬂeﬁemﬂgaﬂﬁe]azoﬂa_n%ﬂn ™
}Hlﬂrmﬂwrx »zLEmM = ﬂArﬂmLx]moﬂmMu:wE7
N oo o = ~ oF o = N o = *
ﬂ_olmﬂ.uuﬁoo Pq__o = " MHOH XJn,lo_HJI,m_.Lq
J%%M%eﬂ%@u 5 X ﬂ%ﬁM}u*ww
,Wu lezﬂoﬂlﬂﬁﬁlﬂoﬂ MMMJWLWW:EHLXLWW&QLJLU&
ﬁoEMOJ@ﬂHﬂHTMoEL " .QuhArﬂAlzoEloahAu@zowryu
H@;%@mﬂ%g ﬂm1og%$qo%%M@
5 11J§Hﬁﬂ & Mu%%o_ninﬁm_ﬂov%d
o} O&IEX o . —
mﬂ_lafl ) wr7o@ Bfﬁx%. o
ﬂﬂr@A wﬂmﬂ%% eglﬂ,}o:ﬂor ﬂ}arlowﬂ
E@ﬁ%@%ﬁrﬂ.c ﬂﬁ%ﬂa% liuue__ﬁr
%Ef%&%ﬂgﬂro@ mfy%_fizmﬂﬂco%%%
4%§mfﬁﬂ§ov%§ %ﬂlﬂwquwﬂﬂtzﬂﬁ
x %P@% zﬂﬂleox Do E io]
~ r \Lﬂ E = Mo o 0y ~+ Q] ~ F | RAR o= o
@@xzﬁﬂ%x%% o %mﬂﬂmﬂlarﬂﬁoomw%
& & Coy ol %4%y\xo€_z_® £y
© 2 ﬁlaﬁoﬂrwﬁ AE W T EOR b T S
oﬁ_@@@ﬂm%@%ﬂ ﬂﬁuﬂ@ag%@,zo%ﬁg
Cgﬂﬁmﬁw%:wﬂﬂmﬂ g%g&@m}%mwzo
HA‘_E‘%W‘_QO‘WOH‘N%E JIHLZ?LH‘UI\%AIMLM_IO]M%W
G Lzaﬂmﬂ MoK - \_/Aﬂm 711_%Loqy
%muo_ochmp_]fral dmﬂurdﬂwxﬂﬂxlzé%m
= o % =) w oy ~ ° B0 ,._/11__l No M = o __M,l__/l N W) ™ ﬂam,
Hﬁ@ﬂﬂ@%ztfaoﬁﬂ @ogoya;g zﬂoﬂwagﬂm
11.! ) — o0 my — .
@ww%%gwgz@ di_o_n@ammwm}%m;wﬁmﬁ
‘Jluu\l_l e Y % \/70]]
zxomwurxﬂ%_uaw ﬂatan%ﬂﬂowﬂxu}Wn o
OHU%E = ‘LIA..‘a \)ﬂZ E#E7Q.wﬁ£gﬂ
< wE ug%iw@wﬂwgﬂmmﬁﬁﬂ
z - e ]H]l )
3FﬂAmtﬂﬂ$Mﬂmﬂuh%
maoame_}.JAo_uli_
D_E7droﬂwﬁd.mw = M
\a‘OI:Aﬂ\LIQ‘:LMHO_
ovﬂ%%ﬁ T
Ov‘IHT]r
~ o
TR

1



CORONA

INDUCTION
ELECTRODE

0%96° | o§8¢%e ) @

NON-CONDUCTOR MIDDLINGS CONDUCTOR

Fig. 2 Principle and schematic of corona electrostatic separation.
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Fig. 3 Principle and schematic of induction electrostatic separation.
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Table 2. Comparison of four published triboelectric series.”’

)

T Fujita A. Coehn, J. Henniker, C.K. Adams,
1 Positive charge
Acrylonitrile- Nylon 6,6 Nylon Polyamide 11
butadiene-styrene Wool Wool
Cellulose Silk
Silk
Polypropylene Pol - " i c Cotton
olymethylmethacrylate otton Polyurethane elastomer
Polycarbonate Polyacetate Wood Styrene-acrylonitrile
Hard rubber Polystyrene
Polyethylene- Polyethyleneterephthalate | Styrene Epoxide resin
terephthalate Polyurethane Natural rubber
Polyvinylchloride
Polyethylene Polyethylene
Polyethylene ; ; 0
Polystyrene Polypropylene Polyvinylchloride(25%
Polyvinylchlorid DOP)
. . olyvinylchloride
Polyvinylchloride Polyethylene Polyvinylchloride no
Silicon o
plasticizer
Teflon Polypropylene Teflon

Polytetrafluoroethylene

| Negative charge
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Fig. 13 Various tribo chargers of triboelectrostatic separation.
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Fig. 18 Bench scale triboelectrostatic separator used in this study.
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(a) feeder

(c) charger (d) electrode

(e) collection bin (f) power supply

Fig. 19 Part details of bench scale triboelectrostatic separator.
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Fig. 20 A vertical-reciprocation charger set and peripheral measurement.

(a—vertical reciprocation charger, b—charging bottles, c-Faraday cage, d-electric balance)
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Fig. 21 Flowchart of tribo—charging test by vertical motion charger.

screen

Fig. 22 Cutting mill for size reduction of plastic.

_36_



1 ABS¢ PBT]

o]

==

<)

"

Nro
o)
B
B
e
O
e
—_
o

-

o

A5 A1 ZE, RPM,

I
X
XO
e
jr.
o

o
T
ﬂo

—

o

1
A
o
o)

in
o

3!
jr.
o
)
oF

i)
i
Ul
i
<

B

A&

228 o

X
L

3T

=

g
o

=

33, ABS9 PBT

FHd &gl "ol Fig. 159

S

h

o]

P oga oAMd o n

o
=

g9 o

Ea

A Al 2~ n

o

5%
2}

o

™

T
Hr

=

o

i
o

o

il

pilg

B

)

do

"

TH

<

0
T
T

ugel
=
o
0

p—

)
X

~

X
Jr
o

—

X
i
B
o)
ZO
Ho

o

ol

T
%/

fvzel

‘_ﬂowo
X/
~
o

0

ol

pilg

el
=

%l-

ABS¢} PBT &

KR
T

Fig. 23

, A1

o2 A 8E Fig. 229 cutting millel 93] 3} 3

F A7 (-6/+lmE DEZ

2]
&

o o =

=

m)7}+&

—
o

o

0

!

olo

"

i
N
_,AO
</
.
o

o

XY

5]

o]
H
positive

L

negative A=
.,

pipe® F

ls

R

pul
L

= ¥} pipe°l rubbing %

st ¥ PBT

)

178 ABS

°

2ot}
dael 912, F719 A7,

R

L

o] # negative®
o] A A =

L

717k FBY olgol 94

o} positive=

o
Yol 4

4
=

-

[e)

=
T

fai3
=)

A A gk

ol 5

=4

27} o]
A= AekA 7],

RLN

=]

3 pipe line<

5]

A =4,

T

1

)

2 olF

Aol A

AR FF A
Gl

7b 710l 9
W o] Fo) A A 1, piped

e £

L

AT,
B

o
oE
ojp

i
K
T

Nd

]

xX

-
N
o

i
<

el
=y

%l-

i ABS¢ PBT &

S

3}

KeN
=

Zl

_37_

Foach.

[

]

R4

(e}



Mixed Plastic A ABS & PBT
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Fig. 23 Flowchart of material separation test by triboelectrostatic separator.
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WORK FUNCTION OF UNKNOW MATERIAL

® 4 WORK FUNCTION

CHARGE DENSITY
S
=
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()

Fig. 24 Deriving method of work function.

Table. 3 Work function of plastics.

Plastics Work Function(eV)
Hard-PVC 5.32
PBT 5.19
CO-PP 5.04
HDPE 477
PET 4.42
HIPS 4.31
ABS 4.08
PMMA 3.72
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