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Abstract — The electrostatic separation is frequently emplagd
for the selective sorting of conducting and insulang materials
for waste electric and electronic equipments (\EEE). In a series
of recent papers, the authors have presented sevérmvel tribo-
electrostatic separation installations for the recgling of the main
categories of plastics contained in information tdmology
wastes. The aim of the present work is to optimizéne design and
the operation of such an installation, composed cd belt-type
electrostatic separator associated to a propellesspe tribo-
charging device. The experimental design method iemployed
for modeling and optimizing the separation of a mixure of high-
impact-polystyrene (HIPS) and acryl-butyl-styrene ABS)
granules originating from shredded out-of-use compter cases. A
distinct experiment is carried out on three synthat mixtures of
virgin plastic granules: 75% polyamide (PA) + 25%
polycarbonate (PC); 50% PA + 50% PC; 25% PA + 75% E.
The best results are obtained for the mixtures coaining equal
quantities of the two constituents.

Index Terms—electrostatic separation, plastics,
triboelectricity, waste electric and electronic eqipment

recycling,

l. INTRODUCTION

The electric and electronic appliances (refrigesato
washing machines, mobile phones, computers, psinters)
have a relatively short life, due to rapid chanigesquipment
features and capabilities, and this creates a laegte stream
of obsolete equipment [1, 2]. In the European Unithre
waste electric and electronic equipment (WEEE) es@nt
more than 10tons per year, out of which up to 30%
plastics: ABS, HIPS, PA, PC [3]. The vast majoofyWEEE
are subject either to component recycling via disasly; or
to materials recycling via mechanical treatment involving
shredding, granulation, magnetic  separation,
classification [4].

Electrostatic separation processes have been ispdyif
developed for the selective sorting of the varidyses of
plastics contained in the WEEE [5-8]. Several typkefibo-
electrostatic separators have been specificallygded for
this important class of industry applications [9].1Research
is in progress for developing new tribo-chargingvides
(vibratory, compressed-air, fluidized-bed) and ioying the
overall separation efficiency of the associatedassjon
equipment [11, 12].

Amar Tilmatine

Senior Member, IEEE

IRECOM laboratory
University of Djillali Liabes

atilmatine@gmail.com

and

Lucian Dascalescu
Fellow, IEEE
Institut P’, UPR3346, CNRS
University of Poitiers-ENSMA
IUT, 16021 Angouléme, France
lucian.dascalescu@univ-poitiers.fr

22000, Algeria

)00 o #omo0 4
ﬁ ; T ¢ — N . e I \\
I‘ ’ EE d-- > 1
Vibratorve— S —— S c?
feeder : oo S
Brust ‘ 2ao o TN \Ya."g}%
v
——
Collectol

Figure 1: Schematic representation of the belt-tyibe-electrostatic
separator

In a series of recent papers [13-15], the authcesgmted
several novel tribo-electrostatic separators ferrtcovery of
granular materials issued from shredding of compciéses,
which contain large quantities of ABS and HIPS. Phesent
work is aimed at optimizing the design and the afien of a
belt-type electrostatic separator processing geanplastics
tribo-charged in a propeller-type device [16]. Exipental
design methodology has been employed for evaludtieg
effects of three control variables of the sepamtimcess of a
50% ABS + 50% HIPS granular mixture. The optimdlea
of the three control variables have then been asesbt-point
for the separation of another type of mixture, aonihg PC

a'%nd PA granules in different proportions (75% PR58 PC;
50 PA + 50% PC; 25% PA + 75% PC) to simulate the

diversity of the situations of practical interest.

II.  EXPERIMENTAL SET-UP

The experiments were carried out using a belt-tyibe-
electrostatic separator (Fig. 1) consisting in astaon-
designed tribo-charging device (Fig. 2), a vibrattaeder, a
metallic conveyor (roll diameter: 5 cm), connectiedthe
ground, an elliptical electrode (axis: 15 cm andcrb),
energized from a fully-adjustable DC high voltagewpr
supply (40 kV; 1 mA) and a three-compartment codleof
particles: two boxes for the pure products and fomethe
middling.
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Fig. 2. Schematic representation of the propejlpetribo-charging device.

High voltage (HV) supply

(Bel drive -..\\x\. '.g\__;

Conductive belt electrode
conpected to the ground

Fig. 3:.Photograph of the belt- electrostatic-safwar

The cylindrical chamber of the tribo-chaging devic

(diameter: 100 mm; length: 350 mm) is made of Peljyi-
methacrylate (PMMA) and is provided at its lowedewth a
co-axial prcpeller, driven by a variable-speed DEcteic
motor [16]. This device entrained the granular malginto a
helical motion that is expected to favor their drblectric
charging by granule-to-propeller, granule-to-cyérdwall,
and granule-to-granule collisions. The sign andntlagnitude
of the charge of each granule are determined bgah#ined
action of these three physical mechanisms.

When the tribocharging process is considered to
completed, the cylindrical chamber can rotate wétspect to
a horizontal axis and the granules can be evacudieid
operation can be performed with the propeller stilnotion,
so that to facilitate the recovery of all the clett@ranules,
which might otherwise remain attached to the walflshe
cylinder. The tribocharged materials are then digpadsby
gravity on the tray of a vibratory feeder that sfams them at
a constant rate on the metallic belt (Fig. 3) ghdable-speed
conveyor, entrained by a DC motor. The feed-rate tie
speed of the conveyor are co-related, so that el to
form a mono-layer at the surface of the belt.
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Fig. 4. Photograph of ABS and HIPS granules.

Fig.5. Photograph of PA and PC granules.

The conveyor introduces the particles in the eledield
zone generated between the high-voltage electrbdesitive
polarity and the grounded belt. The negatively-ghdr
particles are subjected to an attraction force tegeby the
electrode of opposite polarity, while the positiveharged
ones are pinned to the surface of the belt, uniitush will
mechanically remove them, as shown in Fig. 1.

Based on the results of several preliminary expemis
éhe high voltage electrode is positionedhet 7 cm above the
plane of the belt, while the speed of the DC mahave is
adjusted at 15 RPM.

I1l.  MATERIALS AND METHOD

Two classes of samples are used for the experifnis
first granular mixture is composed of 5 g ABS and HIPS
(Fig. 4; size distribution: 1 to 2 mm), originatingom
shredded out-of-use computer cases, provided byE&ERV
recycler (APR2, France). The second class of nastur
sontained PA and PC granules (Fig. 5; size disiobu2 mm
to 4 mm) in different proportions: 75% PA + 25% FS0; PA
+ 50% PC; 25% PA + 75% PC. After each experimdrd, t

mass of the collected products were measured with a

electronic balance (resolution: 0.01 g).

Using the experimental design methodology [17Fk th
outcomey of the separation process (i.e., collected nmss
can be described by a quadratic model:

y=ataxta X+an X%+ 8 X + 812 X1 X 1)
wherex;: normalized centred valueg of each factow;:
% (U; - Uc ) du; = u*, 2

H:(uimax"'uimin)/Z; Aui = (uimax' umin)/2 (3)



For the factors considered in the present stugy,the

applied voltagdJ, the anglea and the horizontal positioth | —=— ABS particles
of the electrode, the quadratic model of the respsyugs, 7 el ot
—&— HIPS particles

Vaips Wvixures 1-€. the mass of the three collected products, ,
will take the following form:
Y = &+ a,U* +a,d*+ ago* + aUr2+ ap, d*? +ag0” +
2 Urd*+ ay; d*o*+ ag, a*U* (4)

In order to obtain such a quadratic model, the pusite
design was employed for the present study [17, I8k |
experimental data were analysed with MODDE 5.0vearid 24
(Umetrics, Sweden) [19], which calculates the doefiits g |
of the model, draws the response contours andifigsnthe |
best adjustments of the parameters for optimiziegorocess. o ! T s s X

Moreover, the program calculates two statistiaéteda: High Voltage U[kV]
the “goodness of fit"R?, and the “goodness of prediction™: @

Q. The latter is a measure of how well the model prigdict
the responses for new experimental conditions. Adgo
mathematical model has criteff@andQ? with the numerical
value approaching unity 4

The optimal values of different factors were thesed as ]

set-point for the separation of PA + PC mixturean(gsle

5. -

] —®—  ABS particles
on 3 —#— Mixture particles

mass: 20 g). P — & HIPS particles
= ]
IV. RESULTS ANDDISCUSSION 17
A. ABS - HIPS separation o _
The experiments were performed at temperaturesngng ]
between 20.2°C and 23.3°C, at an ambient relativaidity 0 ]
that varied between 37.2% and 41.3%. The domain of s ss 60 65 70
variation of the control variables was establishaded on the (b) Distance d [cm]

results of three sets of "one-factor-at-a-time" exkpents
(Fig. 6, where each point is the average valud tdast three
experiments). In the first set (Fig. 6, a), the legabvoltage
was adjusted at various values between 5 and 25nkile 1
the other two variables were kept constant: 30°,d = 7 cm. 4
At voltages > 15 kV, more than 80% of the ABS anié &l 1
particles in the feed are recovered in the finaldprcts. The
lower recovery of HIPS at 25 kV is due to the stratectric
field forces that made some of the particles implaethigh- 1
voltage electrode and be deviated in the ABS cotmpant. 21

For the second set of experiments (Fig. 6oby 30°,U = 1
15 kV and the horizontal positiahof the static electrode was 1]
adjusted between 5 and 7 cm (see Fig. 1). Sligtttigller ] .\,,/"ff*\*
quantities of HIPS were collecteddat 7 cm, but the process 20 30 10 50 80
is quite robust with respect to this factor. THieet is due to ) Angle & [°]
the modification of the electric field distributioAt largerd,
the reduction of the local strength of the elecfi@d is Figure 6. Mass of the products obtained from 1@sgmes of 50% ABS —
accompanied by a diminution of the electric foraeng on  50% HIPS, as function of: (a) the applied voltafdor a = 30°,d = 7 cm;
the HIPS particles, which will detach sooner frdra surface (b) the horizontal positiod, fora = 30°,U =15 kV;
of the belt and be collected in the middling cormant. (c) the angular positian forU = 15 kv:d =7 cm.

In the third set of experiments, the angular pasit of the
static electrode was varied between 20° and 60¢pastant Based on the above data, the domain of the vasalks
U =15 kV andd = 7 cm. Ata > 30°, the quantity of HIPS established as followst = 15 to 25 kVia = 20 to 30°d =5
diminishes, for reasons similar to those givertffiervariation to 7 cm.
of d.

—&—  ABS pariicles
—#—  Mixfure particles
— & HIPS particles

Mass [g]
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Fig, 7. MODDE 5.0-predicted variation of collectedsses of ABS, HIPS and mixture, as function ofaghglied voltage) (a), the horizontal positiod (b)
and the angular positian (c) of the electrode. The upper and the lower cioreeach graph indicate the limits of the 95% iciemfce interval.

TABLE |. MASSES OF THE PRODUCTS OBTAINED FROM%g HIPS+5 gABS
GRANULAR MIXTURE, USING A COMPOSITE FACTORIAL EXPERIMENTAL DESIGN

U d o HIPS Mixte ABS
kvl [em] [ [ gl gl
15 5 20 4,26 0,76 5
25 5 20 4,09 0,85 5
15 7 20 4,23 0,81 4,9
25 7 20 4,71 0,64 4,6
15 5 40 4,77 0,27 5
25 5 40 4,51 0,41 5
15 7 40 4,49 0,7 4,8
25 7 40 4,89 0,52 4,6
15 6 30 4,9 0,34 4,7
25 6 30 4,99 0,37 4,6
20 5 30 4,72 0,33 5
20 7 30 4,86 0,5 4,6
20 6 20 4,57 0,69 4,7
20 6 40 4,92 0,48 4,6
20 6 30 4,95 0,44 4,6
20 6 30 4,99 0,4 4,6
20 6 30 4,95 0,43 4,6

The results of the composite factorial experimiedésign
performed in view of separation process modellingl a
optimization are given in Table |. The correspogdin
mathematical models of the responsgss and yass were
obtained with MODDE 5.0 and — after eliminationtioeé non-
significant coefficients — can be expressed as\l

Yuips= 5.02 + 0.043J* + 0.067d* + 0.134a* - 0.0016U*?
- 0.14d*? + 0.104U* d*- 0.0098U*o* - 0.037 d*a*
%)
Vags= 4.58 - 0.03Q* - 0.139d* - 0.034a* + 0.072U** +
0.10@*? + 0.04¢*? - 0.037U*d* +

0.018*a* +0.0197d*a (6)

The two statistical criteria computed by MODDE %6re
excellent for both models: the goodness oRfi= 0.998 and
0.991; the goodness of predictiQf = 0.991 and 0.939.The
predicted mass of collected ABS, HIPS and mixture a
represented in figure. 7

MODDE 5.0 offered also the possibility of identifg the
optimal point of the procestl = 15 kV,d = 5 cm andu =
35°, for which the predicted masses of collecteddpcts
were:Yyps= 4.83 g and/ags = 4.94 g (see also Fig. 8). The
masses collected in an experiment conducted irogtienal
conditions weranyps = 4.64 gaandmyps= 4.97 g, in very
good agreement with the predictions.

B. PA - PC separation

The separation of the PA —PC samples was perfoimed

the conditions previously-established as optimaltiie ABS
— HIPS mixture = 15 kV,d = 5 cm anda = 35°). The
results of the experiments are given in Table lhey
demonstrate that the efficiency of the tribo-elestatic
separation depends on the proportion of PA and rRBuies
that compose the mixture. The best results werairmdd for
the balanced mixture 50% PA + 50% PC, at puriti€3%.

TABLE II: RECOVERY OF PAAND PC AFTERELECTROSTATICSEPARATION
OF THREE DIFFERENTSAMPLES

Sample Recovery after

composition separation

PA PC PA Mixte PC
o] gl ld]

75% 25%

(159) (59) 147 0.7  4.32

50% 50%

(10g) (10g) 9.99 03 971

25% 75%

(59) (15g9) 4.7 152 13.74




Mass of ABS particles
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