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Mechanical scraping and corona electrostatic separating of waste printed
circuit boards

ABSTRACT

New technological innovation continues to accelerate the replacement of equipment
leading to a significant increase of waste electrical and electronic equipments (WEEE). At
present, the discarding and eliminating peak of electrical appliances and the electronic
products has arrived in China. The annual discarding quantity was more than 1 million tons
and large quantities of WEEE flows to the nation from foreign countries. Because there is
lack of technology and equipments for recycling WEEE in domestic, backward processing
methods caused serious environmental pollution and wasted large quantity of resources.
The production of printed circuit boards (PCB) is the basis of the electronic industry as it is
the essential part of all most electrical and electronic equipments (EEE). PCBs contain
nearly 28% metals which have abundant nonferrous metals such as Cu, Pb, Sn etc, and the
purity of precious metals which is about more than 10 times of rich-content mineral.
Therefore, recycling of PCB is an important subject not only from the treatment of waste
but also from the recovery of valuable materials. The PCBs contain glass fiber, reinforced
resin and metals. Their special physical and chemical characteristics make it difficult to
recycle them. At present, the major processing method in domestic was density-based
separation, which was time-consuming and emits waste to the environment. So, it is
necessary to have research on recycling resources from waste PCBs without impact to the
environment.

On the basis of theoretical analysis, the scraping machines and corona electrostatic

separator (CES) were originally created to research the harmless and resources processing



for the waste PCBs in this study. At first the scraping characteristic of waste PCBs was
studied. The software of MATLAB was used to simulate the distribution of electric field
strength in the CES and the program was written to compute the trajectory of metal particle
from scraped waste PCBs. The critical rotational speed model of CES was established from
the analysis of dynamics of nonmetal particle. The method of applying the CES to separate
mixture metal particles was explored. Finally, the complete equipment was manufactured.
The complete equipment provided theoretical basis and industrial application experiences
for recycling resources from waste PCBs without impact to the environment.

The scraping machines and CES for researching the methods of processing the waste
PCBs were originally created. Two-step scrapping process which was combined with
shearing machine and hammer grinder was adopted. The metal parts were completed
striped from base boards of waste PCBs during scraping. The parameters of shearing
machine were: Rotational speed (n) was 1440 rpm and the radius of rotor was 0.25 m; the
parameters of hammer grinder were: Rotational speed (n) was 2000 rpm and the radius of
rotor was 0.2 m. The peak value of direct current power of CES was 30 kV. the electrodes
include the filar type corona electrode and the columnar electrostatic electrode. The
position of electrodes can be adjusted freely. The surface of rotating roll has chromate
treatment and the rotational speed can be adjusted from 10 rpm to1000 rpm.

When the particle size of scraped Type-A materials (from waste electronic equipments)
was below 1.2 mm and the particle size of scraped Type-B materials (from local PCBs
factory) was below 0.6 mm, the metal parts were completely striped from the base boards.
The shapes of particles from scraped waste PCBs were spherical, flaky and polyhedral.

The PDE tool box from software of MATLAB was used to simulate the distribution of
electric field strength in the CES. It was found that the position of maximum value of
electric field strength closed to the direction of electrostatic electrode. The way of
increasing the applied voltage, radius of static electrode, angle of corona electrode and
decreasing center distance, angle of electrostatic electrode were good for the separation.
Through the correlation of simulated and experimental results, the good separation results
were got under the optimized operating parameter: U= 20KV-30KV, L = L; = L, = 0.2Im, R,
=0.114, R, = 0.019m, 6, = 20° and 6, = 60°.

The program wrote by MATLAB was used to establish the trajectory model for metal

particle from scraped waste PCBs. The model was suitable for multi-compositions of



operating parameters and provided theoretical support to enhance recycling efficiency and
expand the applied domain of CES. From the analysis of relation between the particle size
and particle stress, it was found that the small particles (rp < 0.1 mm) were easy to be
impacted from outside factors and broke the separation. So the operating parameters of
CES should be adjusted to avoid colliding phenomenon.

The charging process and stress of nonmetal particle were analyzed. The critical
rotational speed model was established. From the model, the judgment equation of
charging critical rotational speed was got. The concepts of the charging critical rotational
speed (n"), the detaching critical rotational speed (1) and the critical rotational speed (V)
were proposed from the model. The method of increasing n’ are: 1) increasing the number
of corona electrodes, width of corona field and electric field strength to increase the
charging critical rotational speed (n*); 2) under the premise of avoiding spark discharge,
increasing applied voltage and decreasing discharge gap to increase corona electric field
strength and charging value of particles; 3) changing the curvature of rotating roll electrode
and position of corona electrodes to decease the loss of charge value on the surface of
rotating roll electrode. Large n could simultaneously improve the purity of metal parts and
recycle percentage of nonmetal parts. The critical rotational speed model has the important
guiding significance to the setting of operating parameters of CES.

The computer simulation was used to compute the trajectories of mixture metal
particles and the applied domain of CES was expanded. The impacts of electrical, material
and mechanical factors to the particle trajectory were analyzed and the optimized operating
parameters for separating copper and aluminum particles were got: U = 30 kV, R,= 0.025
m, o =30° L=0.07m, H=0.28 m, R; =0.125 m, n = 60 rpm, 1o = 0.2 mm.

On the basis of study the theory of scraping and corona electrostatic separating waste
PCBs, a set of production line for recycling resources from waste PCBs was manufactured.
The products of the line were metal particles, glass fiber powders. The capacity of
production line was 300 kg/h and the separating efficiency was 90%. The green processing
technology and advanced equipments were provided to make our treatment methods and
recovery of waste PCBs reaching the international advanced level, which has great
signification for China's economic, social and environmental sustainable development

strategies.
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Fig.1-2 Waste printed circuit boards were from all kinds of electronic equipments
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Fig.1-3 Flow chart of recycling noble metals from waste PCBs with combustion

D SERE R B SR o Sl Ve Ne kgl Rl BB U KSR | S of 7 D P v of oo e
SIEIEEDR B SR, FEIMBLY &, AR A YR E P T B TR A 1
JRH BRI L BRARGE N — R AP P AERE, KA ML 5 A 7 AR, A8 AL A A [
W85, BB IR ISR ST R e OR e P B ANAG 22 T3 30500 I IBDEs 5 A ALt (A
JU3E N AR R e A 5 HESCT e P 1-3 o T — i P AR AR TH LR HL AR
[l B B < i (19 KRR < L 2 A .

SRR B R R AT DU B LP- B A 83U 3 IR T4, B T 1A ) B S 73
e N N N 1 O S T e N AN s L v e d RS S | o = 0] EIT = S (E P
WAFAER W R )™ B ] 7L

1) BNV HL SR 45 AN AR A L) SF 22 B e o AR KA T U B I ]y
W 5 A RESARIR . Menad S SR I, BT h iS40 S A AE R e i Rt v 4%
AR IR I 25, B Bl AR AN SR LA R, 2 IR R (R EELARD
AR R IR AR e e 2 IR AR TR AT B A

2) BRH IR r i AR 1) i T e 380 1S o3 A s o R b o e o, R o (1
JBOCHEIN T R AR T, TR P h s (0 — 24 ] < AR St e L e



& & IR

3) Hegr @ i RCR A MR . YA Bl LTIk R CangeneE), KRR
8 AT I IR S AR A e R b i 2k

4) BEFEN, MEEEA G ST, SUF L3RI A .

SCHRP PRI, R SO AR B, 4 /MR R R Rk R
(RS AE TV AR PR IH 7~ 1 3, b pd 22 AR TP AR T B A, ) o BB ) A A e 1 M Y
IR (B 1-4). AR S IRUEAL BE W] 2 T 4, 2 IRIBEA T (polybrominated
diphenyl ether, PBDE) [ 7 &t ik 53 05 46350 LU DX 7K A2 BT 338 1K) 930 22 4% s — e ik
IR (PCDD/Fs) I 7 ft ik /K % i i - 438 vp 5 5 85 1%, S8 Ee ks (WHO-TEQ) B
T 630 £5.

23.4+
2339 ', Chine

2338

2337+ L

X
23.36 Y 7
23.35-
23.34
2333
2332
2331

Fe

23,34

11631 116,32 116.33 11634 11635 11636 11637 11638 11839

B 14 7R Fh0mE: (B) BALEesii ; (A) bFERERER
Fig. 1-4 Map of Guiyu and sampling locations: (m) acid leaching of printed circuit boards site; (A)

e-waste dumping and open burning site



1.3.2 BB E

W T KRR S TNE IR AL JUHGE T R D 4 B AR, A X R vk
AR K ] ﬁﬁm&ﬁ%ﬁ&m]MﬁﬁU$ﬁE&ﬂ% B HN . A
4o P 25 Ll R 6 AR I 1 T Bl e 5 O A TR P i 45 1F T R R
WA DIGE B, BACHe. I8 KRR I I OAT o 5, TR
S JE AT AR A o AT — A PR R AL S DR () 4 AR D S
&g, TR SEARE S H D P é%F%% Y15 TAb B G5
i i . LSRR T B, T DA LU K2R S BB 4 B IR Y FH B8 st A Fn) ™32

H A& R a2 B o e m s T2 F 2R

1) Hk 27 B30 355 85 1 R4 K 2% 14 Elaine 43 (K78 H— A i B 4
E5 NG

2) P rp e [ A SRS AT Gloe 25, T 90 SEARWIWFFTHE H (IR 12 -

R/ A AR T AP,

3) XA IK— TR T 2B,

4) EARK T EP,

5) 1996 4 EL P £ R % K 2% (1) Tenorio S5 7E H A [WRIFFSEAL b SSCdbHE Hh 11— TR X
TE, Z L 25N B & R IR EA A 80 B, A a TR I 2R, RICRRE
0 LR P sz e 4 3 B L,

MRV ) A B A

1) NAE A AT 2% 1) FEL A

2) W& BRI SCRAR, EHAR, 44805 i sUcH 158 I ORI,
B AR b (1) 03 4 SR Je kIR i i Bl

3) WS HAT T e SR, AR BEANY, By | S R PR ) R G

4) HBemIst 48 S5 4 s, ASRERI A 4 I A IE 4 iy o

Quinet™*"25 AT 5% H— M 22 AL B R I T WL AR 1 St 4 B 4 R R4,
ARG L A EDECR S B EE 95%. 93%- 99%, {H B[R R RbE FESR 74 kg
(1] HyO2 F1 19 kg [ NaCN S840, o NaCN JERIBEW T, HEH 2 U RI0Hs
X AR AR BRI AN A FEy AR a3 o FRIE 2R Wi LA IRV 2 4 N/AMES 2

I A 27 b B 7 3 (B R A R 1) B 4 S H%m%mﬁﬁﬁkﬂ%,Mﬁw%TW
H BRI G Q8. 5ah, B AR U 68 S s, HizikBioR
PRI 25 AT AT P AR B W PRI



133 £MAZERRER

M 40 P v i A B < A2 20 THEZD 80 AREAXTTARIFIT B FRIUAIC & S ARk B4
JEIBHA, WA ARG &1, R YRR A AR PR SRR
W AEEARIRIN S S s, R LR, WAE M, TR, B RSE
P AERAEDIABLE K SRS CA T MAL I N, 8 ] REACRE ARSI i
(K5 1A, B TEE N TR B, BICRBUR, A IR By, A e L
MR, i BLAE T AN S S AT R AT IR R

1.3.4 Hl A3 %

5 2h 1R TH FL B AR (S ) — T AR PR, AU BEEOAR D15 21 T 4R 5835 1
KRE. 90 AU, HUBRAL BT VR AR VU WOR 56 [ 15 LS, AR H A, HhE &
BN C LI IEWE T HEAT T T B Ml R SO, By Rl e 7 — &
CFEWERE Gy RN R ) 3 3 S A T 2 R U A FE 7 4k, il BT o T A
SRR R A DY B WU AR FE T EH, g K — AN R FE I 28 =) JF R Y T 220
B SRS VR A A EE B RIS, Al e B S B R I S B s PR EA Ak
2 W HA RS A A P R E R 2, A sl R Rk, HoA
IBM Fll H A LA A 24 (NEC) & 8 1 U I A= T30, 1 HLH A NEC 2
HIF R T PIBGRB Rk A BE T 2P, [ i ek 2 S v LR A I 9T 5 R E
T WAARTE IR e 0 S R AR I T R o AP LB AL TR AT 1k T Ak B T
B, BRI e e ) 0.6 mm N4 JBEEA ] LUA S 100%[0fR S, (Amk
17 SRR P B a8 T2 e

TBCRE i 12 1H BT R B2 A5 P Ve 5 UKL £ b A AN RN o3 3 777, ik &R SRS
JERY o Bk T VA G IR E  WARTRIE . KA IE S R ER IS

1.3 4.1 %k

Fig30E L BE 73 B HRBERAE Jim R TH PR AR P RO BRI DB, 1 & T F Al b 110 < Je v
AR FEARRBENEY) T R, 20505 3l A TRUAL BRABAAE = & T H e e A ) TR
Ykk



1.3 4.2 jgatist

T R A T F U 2 < SR AN AR G 1 ik o R AR T L ) e A
B BESE) BT AW, SlE A e A O B R ), AR R
AN TS B3 8

R QIR T 2 PO RSN SE AR T3 Ah— B ELGL o WRA (R RE SN 98 5L B Bt
[T A, I AAELEA R R ™ A T o A2 R, TN L™ AR — Bl L IE, BRI
Wi MGG OCER, W R iR I P RRTRLAE G h i AR 25 0 E L, e 1-5 i
o B 15 R EGE TR PRI R AT AR B, v N RoRBn T, F &
NEAC 2L, TR I

B 1-5 H A AR -FRBALARES) 82T
Fig.1-5 Stress of particle with eddy flow in the magnetic field

RO E LR, BRI 2 BT ). BB WA ER, MR IE M 7 X
Rz s 7\ B KT . EEASIE. RHTHESIE. B
1-6+ 1-7 23 ) Ay R AT 4936 15 AR T 43 114 Jir B ] 01

TR UL LG AL A AR A R PR 1 22 e SE B 3B R i 2% o I BOR DB N T FL s
WALFL . Shunli Zhang® VA5 FHl— Pl TF 2 (R0 30 2 3 AL B o e 25 4 A 4 v ]
W @sn, ISR AL A 85% & BN E ARk, MR ATk 90% o (HiZik I 2E
W TR 4B RS LEEART SRR GERTERD 2 505, HB kbR ik
FEARBLI . SF3%, R EEANRER /Do WA I8 SRR/, AR P A S i it
/N, INTIAS A A 42 & 52 1) 2 08 R I HE R IER, & e SR @A e 2400 8. i,
WZHAR T2 88 % 1H BT R i AR 110 < e DR 5 A 46 e ORE - R i 2 TH) B8 A R s i
0.6 mm LLF, A BESEIL A @ R0k 5 Al 4 Jm UKL K 58 A ) 52 31 L

10



metals

Side View

plastics, glass, etc.

— drum
p|arti|clc
Elﬁ Q Top View
NI SIN SN S

B 1-6 FH XA RGBSR
Fig.1-6 An eddy current separator consists of a drum covered with magnets that are oriented

alternately N-S and S-N

Magnetic strips
L ~of alternating
polarity

.~ Ramp

x N\
Nonmetallic
reject

Nonferrous
reject

B/ 1-7 #aaik/RE, EBAFMAE, &8 AHMNAHE

Fig.1-7 Schematic diagram of Ramp separator: (left) front view; (right) side view



1.3 4.3 JBHIZESE

A BEZ2 (MU IE BOR, XORRIRVE B ) 0SB (RR IR 70 38),  Je 4T R Jm 1R % TH
1L P B TR A DR I K 43 29 45 5 AR 2 JE AT RIS BB IR 43 3 S AE —AMITRHTY
PRI L, A B PRI A AN FRAE A8 Zh A R K IR £ G, AR 3 T 22 57
FEPRI 5 B B0 A IR 5038 T3k BUORIAERE R B2 By JKim 1. IRIZFE B2k
TV DL RS Dy IR GE R . sl 1-8 s, ANFEE . (EIORERED (RRORL LAAS [F)
PRI S AT PR TN T R ) d2 3, AT ] 18 T P i 2 308 5007 1) ) A BE AN TR], BUAEAS [F)
W ERORLAE PRI _E 5 e 0 A, SR 2038 F o 3 R IR RURE AT B IR A i B2 2 ek
JEANE NN I R BhIdE R, i [e) F P )Xo 5 /N R RURE B AT R (I G 1) 4% sl ke A
BRI R AZ B, i 10 DX LR VU RELRIURE 5 58 /0 P 240 AR (i i)
P

NG ko
(FEEEg)
i) MK .
(A7 170 wmE
<« ik
G
— W = o\ T
O # gny= P g
: g

F1-8 R (RIRTFAFEA) AR EGRER
Fig.1-8 Schematic diagram of the fluid bed separator

WAL ik Uy SNAE Dy a0 a3 Bl DBl e R S JE (28, iy HLix
AR L, AFE ST R BORE, AN AR (H T B R R AR L HE
W FR T WA T ik, BERER, X EACRZE. W 1-9 PR, K2 HIE A [l Ak
IR 00 LKA A JFEA T 70 B (B8 R B0 6 o 1% A AE AL BRI AR, A AR 15 P AR K,
SRR AT e 0 5 3 O™ RIS SR B Ao AR K R XE LA T
Bt LU e AN U0, DR MR B 70 3B X T AN G B K 0 S BOR B 22 e
A TEZK S TS AL B b By ST B AIG T

12



Waste water Metal were wasted

B 1-9 IR0 LG IR
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Fig.1-15 Investigated corona—electrostatic electrode system
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Fig.1-16 Computed electric field strength at the surface of the roll electrodes function of the position
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Fig.2-2 Waste printed circuit boards (PCB), (a) from waste of electric and electrical equipments, (b)

from PCB making factory
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Fig.2-3 Dismantling the capacitors from waste PCBs
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Fig.2-4 Equipments for screening, weighing and drying: (a) electric screen, (b) electric balance, (c) dry

oven
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Fig.3-2 Structure chart of hammer grinder and the process of particle pulverization
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Fig.3-3 Calculated relationships between impact force and circular & velocity rotor radius of crusher: (a)

impact force & rotational speed of crusher, (b) impact force & rotor radius
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Fig.3-4 Material appearance before and after scraping by shearing machine
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Fig.3-5 Prototype and schematic diagram of, (a) shearing machine, (b) hammer grinder
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Fig.3-6 Photograph of electrodes construction
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Fig.3-7 Photograph of vibrating feeder
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Fig.3-8 Diagram of fixing the strike plate
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Fig.3-9 Diagram of fixing shielding slab
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Fig.3-10 Photograph of Corona discharge

3.5 BERESIRIRE
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Fig.3-11 Photograph of corona electrostatic separator
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Fig.4-1 Particle shape of scraped waste PCB particles: (a) Type-A materials, (b) Type-B materials
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Fig.4-2 Particle size distribution chart of Type-A and Type-B materials
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WK 4-3 (). B 4-3 (b)s ()l /&-1.2mm [¥)% |H FE AR 0RE22 w8 TR i v 403k )
()4 R ARG R RORL o AL 4-3 (o)l WL, 4 s ks v 2 A — LUl ot 22 455 A 1) P B
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Fig.4-3 Stripping size for scraped Type-A materials: (a) complete stripping particles (-1.2+0.8 mm), (b)

metal particles and hard particles, (c) nonmetal particles
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Fig.4-4 Stripping size for scraped Type-B materials: (a) incomplete stripping particles (-1.2+0.8 mm), (a)

incomplete stripping particles (-0.8+0.6 mm), (c) complete stripping particles (0.6+0.45 mm)
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Fig. 4-5 Diagrams of impact force and grind force of single particle: (a) impact force, (b) grind force, (c)

impact force of Type-A particle, (d) grind force of Type-A particle
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Fig.5-1 Diagrame of corona electrostatic separator
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LEH AR R, BER A0 0.114 m, FEa2 HHZ 45k 0.00015 m, FHARHL
W2k 285 4 5000 V/ms.
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Fig.5-2 The geometric model used in electrostatic field simulation

5.3 BEFM

J% Jf MATLAB (] PDE T H A i A0l TR, v S i v 7 3B AL A a7 o L 1K
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2l 5-3(e). HIK 5-3 i B USSR, Fa a7 o 5 1) s R AR AT B K
P 37 908 2 R A7 "B ) 3 RN 7 1) o P s 180 18 DR 0T A0 AR AORSE (1) A P, i 38 RRURK A2
HY ABAESERR S o, ANRETC IR P iR L s o SER AL, AEILESRAEARKITE LT,
HUR R )€ (BRID 30 kV) AR Z AR AR KAETR L, B 7 e I A o
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(e)
A 5-3 AR WETHEH A (a) 20 kV; (b)25kV; (€)30kV; (d)35KkV; ()L W& (42
MA4: L=L;=L,=021m,R,=0.019 m, 6, =30°, 0, =60°)
Fig.5-3 Electric-field strength distributions on the rotating roll under different voltages: (a) 20 kV,
0)25kV, (c)30kV, (d)35 kV, (e) Curve of distributions. The parameters of simulation were: L=1, =
L,=0.21m, R, =0.019 m, 6, = 30°, 6, = 60°

5.4 EARYFIE

PR B PR AR 2 B T e I L AL AR S R . AR, R, TR, A
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1B 5-4(a) 5 (c) PT LA Y, A r 3 R 5 ) 100 A AR T ) PRI 9 R O T WL A
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HAR 2 T P10 #9122 RSO, W 87 9 PS8 TR ol N O S Y LA (R Bk o i 181 5-4(b)
UV, B0 TR AR LU, BRI g R L B R AR N K TR, AN
IR, H A s S i R A 2 T A%, AN IEX 3G F S AR Ky i, 12 i
¥e 7 —e AL, i ra AT
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(c)
B 5-4 REHRERGEH A (F LR O)LESER; LI HA&k (BEMAL: U=
20kV,L=L;=L,=0.21 m, R, =0.019 m, 6, =30°,6, = 60°)
Fig.5-4 Electric-field strength distributions on the rotating roll of different electrodes: (a) single
electrode; (b) multi-electrodes; (c¢) Curve of distributions. The parameters of simulation were: U = 20

kV,L=L;=L,=0.21 m, R,=0.019 m, 6, = 30°, 8, = 60°

5.4.2 EARFZAAF

HIE 5-5 ml%0, AER/MHIL, SEE & AFHIRIIE DL T, ASFEDARIa oAl 2R 1
L3 3 A SEATBLIR) I HL L3750 5 20 Al i 4 AN T AR B S e K AR I R /N A
BT o AR AR DR/ P 53 T 75 P A AV B3 TR 7 RIS HL 4 93 A1 BT S T 1)

AR
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A 5-5 K/ agegmEE L BB Heime ek EeA (A4 U=20kV,L=L,=L1,=0.21
m, R, =0.019 m, 6, =30°, 6, =60°)
Fig.5-5 Electric-field strength distributions on the rotating roll of ellipse electrode and circle electrodes.

The parameters of simulation were: U=20kV,L=L; =L, =0.21m, R, =0.019 m, 6; = 30°, 6, = 60°

543 LI RN
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(c)
A 5-6 REFSIES FHEGNIFA: (2)021m; (b)031m; () HHE (EHAdk: U=
20kV,R,=0.019 m, 6; = 30°, 6, = 60°)
Fig.5-6 Electric-field strength distributions on the rotating roll under different center distances, (a) L =
0.21 m, (b) L =0.31 m, (c) Curve of distributions. The parameters of simulation were: U =20 kV, R, =
0.019 m, 6, =30°, 6, = 60°
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5.4.4 B3R R T ¥

Bl 5-7 Bt e BTG i B 10 R AR A0 HL ) 43 A 38 ) 5 o BB A 7 PR A7
AWK, Hadz s S R i KA B 2 98K, ARG+ WAE s (H Lo B 1) Ay
ATREFANAR B AR WY A AR ATS AR A i [r it FEURR T A o b Eml 2, LA S A2 ) 1
RIS 93 3 ORI ML FE T L s sl Lo B, B8R AR A m] 488 fr HL A o
JE, kg R ERRE RN PR A BETCPRIE R, ARl K i R AR 2 s H
SRR, M IEROR s RN B AU THEEENNR, S iy B8 A7 FeAs
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(e)
B 5-7 REV KA EFH AR T e RERATDEH A (2) 0.01 m; (b) 0.019 m; (c) 0.03 m; (d) 0.04
m; ()L A&k (WAL U=20kV,L=L,=L,=0.21 m, 6, =30° 6, =60°)
Fig.5-7 Electric-field strength distributions on the rotating roll under different radius: (a) 0.01 m, (b)
0.019 m, (c¢) 0.03 m, (d) 0.04 m, (e) Curve of distributions. The parameters of simulation were: U = 20
kV,L=L,=L,=0.21 m, 6; = 30°, 6,=60°

5.4.5 Bk A E XN

5.4.5. 1 HHEHRASENZE, RN thide

HIP 5-8 Jror, Bt it AR WIS B 10 i > P o R AR e PO AR 2 TSI A3 K
P 1) () Ly R TR s R0 9 B B KA R ANANAR B L A S it o e P AR A1 58 PR k)
TN o T FELBRE FRD WIS B O A 3 S50 P 37 9 8 23 A IS Bl e 4 BRI 5 0B <)
TIURE i 125 (10 28R, 5 ] IR Nt HL s AR 5P PRI R D SR 5 e v A < e R ) i P B
INFETr s MR i < e RO B 2
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(d)

B 5-8 wRUREHBMERALRGZEZRKXAE: (a)0,=60° 0,=45° (b)06,=60° 6,
=30% (c)0,=60° 0,=15° (d) 2A WX (AL U=20kV,L=L,=L,=0.21 m,R,=0.019
m, 6, = 60°)

Fig.5-8 The relationship between electric field distributions and angle of electrodes: (a) 6, = 60°, 8, =
45°, (b) 6, =60°, 6, =30°, (c) 6, = 60°, 6; = 15°, (d) Curve of distributions. The parameters of
simulation were: U=20kV,L=L,=1L,=0.21 m, R,=0.019 m, 6, = 60°

5.4.5. 2 HHZ RN E] thi#s, af i e

HIP 5-0 wl g, Bt v s AR B ) D, PO PR S i rEL R 2 T (1 ) A 32 T
il P TR L T A, F s R R RN, HL B B AR AN
AR o UL, HEAR I O AT R 2 AR S R, F S EURK FRIS B e Xof HEAK 3 A
BAWRSGE. BT, nTDFEABA D SR R AT &, MR L2 SEBROUK A 5E
HL AR T A
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(d)
B 59 wRuiR5HaME kAL RGREZRKXAE: (a)0,=75° 0,=30% (b)06,=60° 6,
=30% (c)0,=45° 0,=30°% (d) HA &R (FEMAL: U=20kV,L=L,;=L,=0.21 m, R,=0.019
m, 6, = 60°)
Fig.5-9 The relationship between electric field distributions and angle of electrodes: (a) 6, = 75°, 8, =
30°, (b) 6, =60°, 6, =30°, (c) 6, =45°, 8; = 30°, (d) Curve of distributions. The parameters of
simulation were: U=20kV,L=L;=L,=0.21 m, R,=0.019 m, 6, = 60°

5. 4.5, 3 AU GHPHBITIA T, BEANITE b
WA 5-10 Pras, H g WAl S i AR B S Ay ANAR i A A7 A A 32 RS PR

AT IR I AT RIAZAL o HI75 00 AT FUE B H s r R 5 i r AR 1) 0 P AR A T e e 1 AR 1)
(IR, IR A I I e s g i B e R AEL R MY PR B AN
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(d)

A 5-10 wZwR 5% 0IRE A AL R REZRASAMELEA: (a)0,=75° 0,=45° (b)6,
=60° 0,=30° (c)0,=45° 0,=15% (d) ¥k (A U=20kV,L=L,=L,=0.21
m, R, =0.019 m, 6, = 60°)

Fig.5-10 The relationship between electric field distributions and angle of electrodes: (a) 6, = 75°, 6, =
45°, (b) 6, =60°, 6, =30°, (c) 6,=45°, 6, = 15°, (d) Curve of distributions. The parameters of
simulation were: U=20kV,L=L;=1L,=0.21 m, R,=0.019 m, 6, = 60°

SR LA, A e I e 0 e H LR S e I R ER T v s . KL B RS (1 L
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A2 T 73 < J UKLV S BT A s IRIP ALY, M BRARER AR A L, R
JRWCERMAEE, AEARE D AR Rt AR mceds, UMD AL BRI A .

5.5 SLIGIEIE
A L IR 5 5L, R o o P A e M L R J5 Type-A J52 1H FL B B 5

RIREAT 733k o SERIRUE ST 0 A I EZE N 5 CRIR, WA, X B4 R
TR, ISR E AT LA
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5.5.1 FB & ® Mm 36 E

SEBOAE F I S B e Type-A & TH EN R FELES B, P0RRIAE 4-0.8 0.6 mm. =y [k
HMENERES S BamiEE: 0.00015 m, [RJEFHEIZESE: 0.019 m, FiRF
£: 0.114m, HOFEE: 021 m, HEHEMME: 60°, FHEME 300

B 5-11 AR SET & Heyinss R
Fig.5-11 Results of particles under different voltage
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5.5.2 IRV E

(@

(b)
B 5-12 RERHALTHFHEL,RER: (a) KK, ,7%E; (b) 6, FRE, 6, K% (FEmbh
#:. U=25kV,L=L;=L,=021m,R;=0.114,R, =0.019 m)
Fig.5-12 Results of particles under different angle of electrodes: (a) 6, was changed and 6, was constant,

(b) 6, was constant and 0, was changed. The operating parameters of experiment were: U =25 kV, L =
Li=L,=0.21m,R;=0.114, R, =0.019 m.
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B 5-12 ()R, R AR A EORFFANAL, i RTINS S e i, it v A
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0.21 m,R; =0.114 m, R,=0.019 m, 6; =20° and 0, = 60°,
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A FHTAE A 5 37 A K SO 701, A UKL IR 52 0 73 A4 21 i 5 5 0 B0 e 125
I PRI B B o DA 18 s D 00 s TSR R Je B — R A B, 43 Bl s

Corona
i U
Vibratory “;lie 0 -
feeder /

Electrostatic
pole
J
)
£ ¢
b |
AN ®
S |
‘ ing | ! \  Conductin;
I Non-conducting Q.. .. g
[} .
) ‘ ‘ particles . l’ Middlings Q\ particles
g O
A
= [ S
1 5 10 15

A 6-1 HAE#w syt cER
Fig.6-1 Diagram of corona electrostatic separator

l l

Electric field X = fun (x;)

computation yir= fun (y;)
Detachment point X0, Y0,

computation Vo, 3

A 6-2 AL ST AE AT FAAR B
Fig. 6-2 Flow chart of the program for computing model
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6.2.2 BIFHITE

vy R e A AR RS TR PR ARG Pl P32 L F AR PR LA R G F A ) (1
BRARZ I, WAL i il i B8 4k, oy —4EAb 2, i 6-3 P
FT T < e RUREAE oy JI i LI R RN Al HL - FRLS U S AR &0 A T A DA e RN 1 H
Yo BEHEARIAT Ly BERE hy g R 1 i

y A
Electrostatic R=0.114m
electrode R»=0.019m
L=0.21m
a=30°

R

Rotating roll

A 6-3 @37 F F wALAY JUTARR

Fig.6-3 Geometric model used in electrostatic field computation

F SRR S B SRS T o3 A1, I SRS AT B R

E=|—fThin  Jthon (6-1a)
3 . 2 . 2
_(]_h1+x1) 0 (]+hl_x1) i

N N
E = - X f (6-1b)
’ _(j_h1+x1)2+y12 (j+hl_xl)2+y12_

E=\(E) +(E,) (6-2)
e,
hl

(£ +R*-R})+(2L);

h=(I=R’+R})+(2L);
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x, =xcos(a)+ ysin(a) ;
y, = ycos(a)—xsin(a) ;

j:\jhlz_Rlz ;

(h1+j_R1)(h2+j_Rz)
(R1+j_h1)(R2+j_h2)

BN E, 53 59)52 H 358 B R AP AN L 70

f=U=+In

6.2.3 FABERITE

fEiL:

D) RN ERR LA, 21200 v SN ps

2) FURLAE T 7y BNy AR W v,y H AR OR

3) AR P RURE [ FEZC R T HB0RE ST, RSO B JR A BRI BT
4) Iy e] A HL RO &

5) g BRI A .

LA AR A T i v s IR 5

Electrostatic
electrode

y A

Rotating roll
electrode

\/

0 7 ¢Fg
(Lxcos(a),0)

B 6-4 £ BB ki% HAER

Fig. 6-4 Force diagram of metal particles in process of corona electrostatic separating
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WK 6-4 Pios, <elsPbife it BT, Z2EHEN F., BOJ) F, 2
F ) F MR, e S, BRI R] F., F. F AR fERBUHTT, <)m Mok
LA v B e 4RIz 3l
v=0wR, (6-3)
A o EFRENIAIESE, R EHFAR,
24 JERURLAR [ 45 J73 AL R PG AEIN,  ORE M EE JE  -
Fgxsin(@) = Fe+ Fc (6-4)

. 2 ety g 4
X, Fe=0.8320F £z 1% 0 =§7r38r02E FEARL ) o B0 Fg =§p7rr03g P

ﬁﬁ%&%ﬁ;n:%mmwmlﬁ%@ﬁo
B 45 2 2 PN, R AR I

gmﬁpg xsin(f) = %7[1’3,00)2]3 +17.2¢r,E? (6-5)
A LUS Rt R
4 .
z, = Emfo pg xsin(f) (6-6)
Z, = %m;fpa)zR +17.2¢,1,°E? (6-7)
5.1r -:: 4
(0=31.04°)
5 - -
2
2 a9} .
Q
5
= 4.8 Z) ]
Z)
47t r e .
4.6 1 1 1 1 1 1 1 1 ]
0 10 20 30 40 50 60 70 80 90
Angel( 9)

B 6-5 BL5& Lt A8 E (A% p=8.9%10° kg m>, r,= 0.3 mm, n = 60 rpm, U = 25kV, o = 30°)
Fig.6-5 Graphing method for detachment point computation (parameters: p = 8.9x 10° kg m™, r,= 0.3
mm, n = 60 rpm, U = 25kV, o =30°)
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H17 6-6 15K 6-7 13 2ILL 0 AR H, 2z NpREIKI P A Ik . P R B0 4R KA o
Lz =z I, BRI ERE, Kl 6-5 Frs. Kl 6-1. 6-2 P xi. yi H

x, = R xcos(0—a) Fl y, = R xsin(@—a) O, $150 HyRTA 410 B A £

6.2.4 TRIENTEITE
YRR A BB IN, BURE(ME B TR R IR A -
M (x, < Lxcos(a)) I
ma,(x;,,y;) = Fe (x;,y,)+ Fr.(x,,) (6-8)
ma,(x,,y,)=Fe, (x,y,)+Fr,(x,y,)-Fg (6-9)
M (x, > Lxcos(a))
ma,(x,,,)==Fe (x,,y)+Fr.(x.) (6-10)
ma,(x,y,)=Fe,(x,)+Fr,(x,y)-Fg (6-11)
S, 2B Fro= _M%%%a Fr, = _MW% , (1=181X10°Nsm™ ereyy 2

) Wia@;@m%mpo
F, BERORLAT B TSR, F, 2 RGOS B8, Fo &0 & FRis sh i i
A, FEdt— 0, WIRTLLAH & @ BUR LAY E V (x,, ) » DI a(x,, y,) S0 B ) dt
M (x, 9) SIIEZBEN BN T (x5 9,,0) o
M 6-1, 6-2, 6-6 F1 6-7 Fril 5545 H () I 29 A PR IR 4 i, U)ol S A o aeke

i
V, (%0, %) = @R 5in(6,) (6-12)
V, (%, ) = @R, cos(6,) (6-13)
(%0, 9) = [=670V, (%, ) + O, E, (5 7)1/ m (6-14)
a, (%0 ¥0) =[677V, (%0, )+ Q,E, (5, vl m— g (6-15)
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x, =R, cos(6,) (6-16)
Yo = R;sin(6,) (6-17)

ﬁ¢,Qfgﬁ%wuwwﬁﬁwﬁﬁﬁm%ﬁ%%%ﬁo@wﬁﬁgé¢mmﬁ
Mo T

X, =x +V.(x,y)dt+0.5a (x,y,)dt’ (6-18)
Vi =Y +V,(x;,»,)dt +0.5a (x,, y,)dt’ (6-19)
Vo, y) =V (x v +a(x, ., y,)dt (6-20)
V.(x, )=V, (x .y ) +a,(x.,,y,)dt (6-21)
a,(x,y)=[6znV, (x,_,y, )+ O,E (x_,y. )l/m—g (6-22)

HRRLE BN, F 7 A T A, 28008
™ x, < Lxcos(a) i

a, (xi > yi) = [_67277Vx (xifl > yi—l) + QdEx (XH > Vi )/ m (6-23)
™ x, > Lxcos(a) i

a, (‘xi9 J/,) = [_67”71/)5 (xl;] ) yH) - QdEx (x,;] s Vic )] /'m (6'24)

HILL L5 #r, A MATLAB #1905 RE P B0 G ARRORL (I 2 B2, dt BEE N
0.1 mso LR AAN [ v s i L 20 e L AR AR AR RV E S 2, mT DLBEULAS
ENRE7Ru

6.2.5 1ERIFEFIEUE
G JE AR K B £k TIAL B A R TH BRI R AR, Ok R B AR R, kAR 0.8

+0.6 mm. T S EER RN 6-1 Fros, 36 18 MIEEM, L2805 LT
M (E 6-3) —&., —& Kodak Z-750 ZASAHH L Sk HhiHe ks 4T #1378
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Detachment point o’
—_—

B 6-6 & BBFBLEHRABB Y (A4 p=89x10"kgm™, r,=0.3 mm, n= 60 rpm, U =25KkV, a
=30°)
Fig.6-6 Photograph of metal particles detaching from the rotating roll (parameters: p = 8.9x10° kg m>,
o= 0.3 mm, n = 60 rpm, U = 25 kV, a. = 30°)

M 6-5 753 4 @ A BRI B s 0,=131.04° (rp=0.3 mm)z 0,=30.10° (rp=
0.4 mm). WK 6-6 frux, SLHAT BN L JRMURI LS f: 0 ymin =285 M 0 gmax=31.3
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A 6-1 TR 4E44%018 THENL B A AEANS WG EZ o] (A4 n=60rpm, U=25kV, 0=
45°, p=8.9x10° kg m™, ro min= 0.3 Mm, Io max = 0.4 mm )
Table 6-1 The detachment angle 64 and horizontal positions (y = -0.25 m) for different rotational speeds.

(parameters: n =60 rpm, U =25kV, a=45°,p= 8.9x10° kg m'3, To min= 0.3 mm, 1y pa = 0.4 mm)

Computing value Weight contents (%) of collecting boxes

n (rev/min) 04 (°) Time cost (s)

X (m) 11 12 13 14 15
40 12.3 0.1924 0.132 10 83 6 1 0
50 19.4 0.1902 0.147 5 78 13 4 0
60 28.7 0.1918 0.169 0 4 85 9 2

02 1 7
0.1 [ b
—
E o -
> n;=40 rpm
n,=50 rpm
n;=60 rpm
0.1 [ b
R;=0.114m
R, =0.019m n
L=021m , a0
U=20kV R 4
02 [ a=45° 1
_ -3
p =8900kgm n »
19 =0.35 mm
-0.1 0 0.1 0.2

X(m)

B 6-7 R R 44441k T & B A AR Mt B

Fig.6-7 Diagram of computed trajectories of metal particles for different rotational speeds
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Fig.6-8 Geometric configuration of particle trajectory for bumping the electrostatic electrode
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Fig.6-9 Simulation diagram of metal particle’s trajectory: (a) normal, (b) crash with electrostatic

electrode
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M B=30° (AEMAL: U=25kV,L=L;=1,=021m,R;=0.114m, R, =0.019m)
Fig.6-10 Electric-field strength distributions on the rotating-roll under different
electrode structures, (A) single electrostatic electrode a = 30°, (B) single
electrostatic electrode a = 30° + single corona electrode f = 60°. The parameters of simulation were: U

=25kV,L=L;=1L,=021m,R;=0.114 m, R, =0.019 m.
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Fig.6-11 Electric forces and gravitation forces exerting on the particles for different radius after

0 0.025 0.05 0.075

detachment
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Fig.6-12 Air drag forces and gravitation forces exerting on the particles for different radius after

detachment

6.5 AE/NG

AT BB AT MATLAB gfe, G571 <@ MRS S Hu iy, 5 st
R AU 45 R 5 S 2 R — 2. 5t R4 g

1) AR Al e e F LI DS H, 97 i i H BB L o 43

2) N BRI ROR S 5 52 J1 R A3 21 /N RSFRRE(ro < 0.1 mm)32 251
FHNZ MR, By MU IRIZ S0, WAy e R, A5 B A S R A e B B T
S, AR R R

96



B 3k

[1] T. Lehner, Integrated recycling of non-ferrous metals at Boliden Ltd, Ronnskar Smelter, IEEE
International Symposium on Electronics & the Environment, 1998: 42—47.

[2] A. Tuga, V. Neamtu, I. Suarasam, R. Morar, L. Dascalescu, Optimal high-voltage energization of
corona-electrostatic separators, IEEE T. Ind. Appl. 1998, (34): 286-293.

[3] R. Morar, A. Tuga, L. Dascalescu, A. Samuila, Factors which influence the insulation-metal
electroseparation, Journal of Electrostatics, May 1993, (30): 403—412.

[4] D. Rafiroiu, C. Munteanu, R. Morar, A. Meroth, P. Atten, L. Dascalescu, Computation of the electric
field in wire electrode arrangements for electrostatic processes applications, Journal of
Electrostatics, May 2001, (51-52): 571-577.

[5] D. Rafiroiu, I. Suarasan, R. Morar, P. Atten, L. Dascalescu, Corona inception in typical electrode
configurations for electrostatic processes applications. Industry Applications, IEEE Transactions on
2001, 37 (3) : 766-771.

[6] L. Dascalescu, Mouvements des particules conductrices dans un séparateur a haute tension pour
matériaux granulaires, Journal of Electrostatics, 1994, (32) : 305-316.

[7] M. Younes, A. Tilmatine, K. Medles, M. Rahli, L. Dascalescu, Numerical Modelling of conductive
particle trajectories in roll-type electrostatic separators, Conf. Rec. of IEEE/IAS Annual Meeting,
Hong Kong, 2005: 2601-2606.

[8] Anrenos A U, Bepemarun U I1, Epmos B C, u np ®usnyeckrue 0OCHOBBI IKTPUUECKON cenapanuu
[M]. MockBa Henpa, 1983: 160

[9] N. J. Félici, Forces et charges de petitis objets en contatct avec une électrode affectée d’um champ
électrique, Rev. Gén. Elect., 1966, (75): 1145-1160.

[10] S. Vlad, M. Mihailescu, D. Rafiroiu, A. Tuga, L. Dascalescu, Numerical analysis of the electric

field in plate-type electrostatic separators, Journal of Electrostatics, 2000, 48 (21): 217-229.

97



FLtE SEFRMIENZEIRAEEEE

71 318

SN e R L MR I N 5802, 2 U o i 1 VU SRR M 0 A 1K) 5, 5
ONFEENL T 4 R BUREE B (AR o i < e o P AR B R 70%, AR eI
FErP AR R I R AU HAGE N T @ i ARG Rk 3 itk 22, fEm ks
w7 A2 PR AR K 8 skl i L, JRRERR ltiash . P DURR A R
ARG R BURL AT L 32 ) DL RPN allEIRIeR, 2 ARH BB S 4.
AN T X P A A ST v s HL 0 B AR PR S MR BEA T B 0 T, DR A STy s i 20 WL
S IR 1 S e AR T

7.2 ¥ERIBGEE ST

Pl B R AR vy s L O S BCR KD M S M 361 DA L i e -
1) WPEERURL L2 I ) o3 A (e e R 1T, IR —il2is 8l
2) PAHRBRURL )BT AL 8K, REANURE i DL AT 5 s
3) ANGIERRL A 5 AR i, LASCRURE TA] () A %325 RURE T] PR A EL AT H 4 22
W% o
W 7-1 Pros, AR mATRL il TSI IE AR R, SR e,
A P Ry k7L s Tl G SR I W e
do_(0-0)
dt 70,
X, Oy WS E T I RRIE R E REUR T R F i . ROREIRI T 46 HL e

(7-1)

0(0)=k, -0, (7-2)
R, ko SRS TR, RSB ko<1Pe H T HL B4 F it 7 B 7

98



LER KA BT, BT DA AR A, 0, ATEATSRH T, AR b A
fi 7 1) T SR (1) 5 R H iy ek, BRI o 0 T o Je i i ) B K AR (. O, 1Y
H:

0.55d°nEe,é,

T s42 7.3
£ +2 (7-3)

0
Ref, e WEEARHEL o WK A R R 3T HOR A S8 0k 1 R 47
AR LA Qu AR TT LATH5E):

m

, (7-4)

Charge field

A 7-1 RBE FEH b AR B

Fig.7-1 The structure representational of laboratory roll-type corona electrostatic separator
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Fig.7-2 Current-Voltage characteristics of corona discharge for small gaps at negative polarity, (s was
the discharge gaps between corona wire and the surface of rotating roll electrode) R =0.114 m, corona

electrode was wire type, the radius of wire was 0.3 mm
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Fig.7-3 Distribution of electric field at the surface of rotating roll electrode, for discharge gaps s = 96

mm at negative polarity; R = 0.114 mm, corona electrode was wire type, the radius of wire was 0.3 mm
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Fig.7-5 Calculation relationship curve of critical roll speed and particle radius
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Feed Board Electrostatic Electrode

Rotating Roll
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3 0mm<l<—> Holding tanks
B 8-1 5 B b2 B Rk 6 & /R # i i gt A B

Fig.8-1 Diagram of roll-type electrostatic separator for separating mixture metal particles

Electrostatic

A
y electrode

R2

Rotating roll
electrode

Collecting point
B 8-2 4 BByt d iy B

Fig.8-2 Co-acting forces on a particle before leaving the rotating roll and after
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(b)

B 8-3 AL R IUTALRL: (a) 41K (HEK); (b) AR (EAER)
Fig.8-3 The geometry model of particles: (a) ellipsoid, (b) cylinder
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Electric field

Xi+1— fun (Xi)
computation

—»| trajectory dey
Yin=fun (y))
A
Y H dy,
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computation
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Fig.8-4 Flow chart of the program for computing trajectories of mixture metal particles
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X4 =14.8 mm Electrostatic Electrical
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> R,=0.125m
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/ 7
Rotating roll Cu \

X (m)

A 8-5 @A L LA TRIGEH L ANSRRESEHE (RE4H)
Fig.8-5 Simulation for separating mixture metal particles (copper and aluminum) with roll electrostatic

separator (RES) in general operating parameter
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Table 8-1 Experimental parameters for simulation

Electrical factors Material factor Mechanical factors
U (kV) R;(m) a() L(m) ro (mm) H(@m) R;(m) n(rpm)
Min 15 0.01 0 0.05 0.2 0.15 0.1 1
Max 60 0.1 60 0.1 0.5 0.40 0.2 80
Step 1 0.001 1 0.002 0.05 0.01 0.005 1
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Xd (mm)

Xd (mm)

8-6 4R4SHALIE B £ X, W) B /Ry AL AL R (a) U-Xs; (b)) Re-Xg; (0) a-Xg; (d) L-Xg
Fig.8-6 Computing results of the X, variety by the electrical parameters: (a) U-Xgq, (b) Ry-Xy, () 0-X,,
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254 n=57rpm
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~ 1 ;’I ..l
E "
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B 8-7 4R4aWALIE B £ X, (IR E K F 4R () H- Xy, (b)Ri-Xg;  (0) n-Xy
Fig.8-7 Computing results of the X, variety by the mechanical parameters: (a) H-X4, (b) R1-Xg, (¢) n-Xg4
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Fig.8-8 Computing results of the X4 variety by the material parameters
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Fig. 8-9 Simulation results of optimized parameters for separating particles of Copper and Aluminum
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Fig. 8-10 Experiment results of optimized parameters for separating particles of Copper and Aluminum
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General assembly drawing

A. shearing machine ~ {_)

B. deliver-I
—

5m

G. corona electrostatic

separator L
P C. distributor
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E. air deliver \ ]
T
N

, / &

—

\ 6m 3~4m ‘ \ 1.6m

F. deliver-II
D. hammer grinder

A 9-1 B Fp R B A TR ERKA

Fig.9-1 General assembly drawing for recycling waste printed circuit boards

Metals

Corona electrostatic
First crushing separation

Nonmetals

Second crushing
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Fig.9-2 Results of separating waste PCBs
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9.2.2 A-AMFERS
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A6-motor

Side face
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Fig.9-3 Diagram of shearing machine

A 9-4 5T Yy AR AEHUHLE 4 A

Fig.9-4 Photograph of shearing machine
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B 9-6 1% A4 1 LM H
Fig.9-6 Photograph of deliver I
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C1-dust shield
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C4-elelctric shaker

C5-support

B 9-7 a At R A A
Fig.9-7 Diagram of distributor

B 9-8 HH R L XM E
Fig.9-8 Photograph of distributor
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Fig.9-9 Diagram of hammer grinder
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Fig.9-10 Photograph of hammer grinder
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Fig.9-11Diagram of air deliver
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Fig.9-12 Photograph of air deliver
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G1-feed

G2-electric shaker

G3-roll-1

G4-brush

G5-split plate-I

Go6-strike plate

G7-roll-11

G8-split plate-1I
G9-electrode

G10-metal holding tank
G11-mildding holding tank
G12-nonmetal holding tank
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Fig.9-14 Diagram of corona electrostatic separator
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Fig.9-15 Photograph of corona electrostatic separator
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