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ABSTRACT

Particle charging is a typical underlying phenomenon in powder-handling processes. Charged particles rapidly
deposit and accumulate on the surface, resulting in a loss of operability and productivity. The particles can be
effectively removed from the surfaces using external electric fields because the electrostatic forces allow the
particles to move spontaneously with or without fluid. In addition, because of its applicability to vacuum
conditions, electrostatic technology has attracted attention in different fields, such as space development, in
addition to powder handling under atmospheric pressure, for example, transportation, separation, and classification.
This paper presents a review of the induction charging of particles in electric fields and the behavior of charged
particles, including agglomeration and levitation from the particle layers. Furthermore, new applications of both
the feeding and mixing of continuously dispersed charged particles are introduced. A particle-handling method

based on photoemission through ultraviolet irradiation is proposed.

1 [BU®HIC R TH Do WHLIRFARECHER S 5 &, BAE
PR LMK T T 20T, NTFE2RET L7201,
Krofiiid, B 7 ot 2130l 58480 7% ALKV TWS A%, JHREY 2 A

Copyright © 2021 The Authors. Published by Hosokawa Micron Corporation. This is an open access article under 3
the CC BY 2.1 JP license (https://creativecommons.org/licenses/by/2.1/jp/). BY



#3# | The Micromeritics No.65 (2022) 3-10

g, HERNICL > TH T2 BEMICER) S5
% (Shoyama and Matsusaka, 2017) o

BEEZAET IR FICELZEMT 5L, Eh%
HHHETHIACHHEFPBE T 5, A28 mIC
flt s &, iz @ L CREMOBEL, ATI3E
T & FRPEICHTE T 50 Z OBBRITFHERE & L
NTHY, BERZT TR, RmEPLO BN S
WHIERRFBARTOAE LB TH S, KT D
BRIIIHFESOME & RE SIKAFET 5205, KT
VB AR L2 SBBISFLL, B
Wil o TRENT %0 4B, RN 258 TH
&L, R TR FAHEAE R 2 20) % L BT 5,

ARGTIE, BEHHISHER L 7R OfFETE, &
£, FHEIILOET L HOBIL (Shoyama and
Matsusaka, 2017, 2019, 2021; Shoyama et al., 2018,
2019) ZfFILL, ZolHplE LT, B LIRS
X0 R & RS S - e X OG5 Tk
ZHRNT Ho F72, HERERFOWE-FHEE LT,
LR OPANIE B IIFEARF T 2 AR & T % A
G724 (Shoyama et al., 2020) % Be& CTHIAN
T 5,

2 BHICKBHFRIE

KRR IE S N7 PAT PR AR [ | 2 # R 2 EN
5L, EHEoONFEIFEFELZOL -0
N X o TEBH» ST L, MNEEMHICHD> TR
B3 555, xHAEMICHE LRI, ToEmE
[N S 2 DT, ROk, Lo
B> TREIT . $4bb, fFIdBEmHE
THALEB) 2 #: ) %5 (Cho, 1964) HAEMEDE W
Kfv BRI NS &, B ICHETELZE TT 5
A, BBEEOMLT L & HITHENRICHKENZ T 5
X9 RYy, AEEBORI S K %% (Nader et
al., 2009) o 7 F O BAIEILAHD TRV AT,
AR LI L, BT EZ T TR 0%
FEZAV/NE WO T (Matsusaka et al., 2010; Matsusaka,
2011) KL RS L 2\

SPATPACEAR S B DR T DT B 6, KL
T OREBLEHIC L T, ELHOWENFIRLET
5285, ZOHDHAEOREDR T 2 HLY
W9ICiE, BRI Z &I 2LEN D L, L
TR A A SRIRERICEE 5 &, T EEMm

SR L7k 1%, HEMECHHE Z@l3 578, §E
I X o TREMERIZNAEYT S &, FHEHEIC
X o TR EiET 50T, BRITZNITZEHMT
F e RFBRIEISHT 51218, RiEB X UEY
DENGN & TR 2 LED D 5o

B EH IR REL LT, 2 ofiZix
(Matsusaka et al., 2008), 4B (Dwari et al., 2015), %
% (Kawamoto, 2008), BxZ: (Mazumder et al., 2007)
e EOMEIITbN TS, F72, FHEHMIL,
KCOFMZ» DO THHTE DT, BETHD
WITFH B % & DR OIS H b IR S
TWwa,

3 BEHOMTOREL TH

TR T L H IS, FEER IR ES T T
ST B DT, B FAHEAEH A 2 & 12138
SOTRE A L, BHERN T 229 % (Hollmann,
1950) o WA BMERLF- % ik O WA /3 H S €72 ER
MR ZOMBFITH Y, SEBERHICE > THMmL
TR [ L S SHARBE SR - 2 T L TR DR EE %
24t &% (Parthasarathy and Klingenberg, 1996)

Shoyama & Matsusaka (2017) 1, 2 IZRTH
T E T, FEREMICHE S &R ER T
(HFAE =X, BHEIEMEPLLE 100 um) = EY
W&o THRMTICHE S D ERZ T o 720

BWRT XD, EBHEZAMT 5 LR TEO
i 6 H—R 1B X OCESIREE RN T 25757
%o COBBIIKD L) ICHHATE 5, THEME
DEEOHNN & o TR IZFHESM L, EHUIREE
BT DRI NLIREII RS, £72, KT
ZEENCHEWEIAELL L, NI T ERE

Unstable states Stable state
ﬁExtemal

electric field

ey (T (@)
&

(a) Repulsion  (b) Repulsion and attraction (c) Attraction

1 WFEORBFHE/ER

Fig. 1 Dipole—dipole interaction between particles.
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Fig. 2 Parallel electrode system with mesh electrode.
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Fig. 3 Levitation of single particles and chain agglomerates.
Reprinted with permission from SCEJ.
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Fig. 4 Position of single particle as function of elapsed
time. Reprinted with permission from SCEJ.
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Fig. 5 Relationship between specific charge and number
of primary particles in levitating agglomerate.
Reprinted with permission from SCEJ.
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Fig. 6 Electric potential distribution and electric field
direction: (a) entire image and (b) enlarged image.
Reprinted with permission from Elsevier.
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Fig. 7 Agglomerate passing through mesh electrode: (a) entire images and (b) enlarged images. Reprinted with

permission from Elsevier.
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Fig. 8 Effect of applied voltage on particle levitation and dispersion. Reprinted with permission from Elsevier.
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Fig. 9 Motion and specific charge of particle. Reprinted
with permission from Elsevier.
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Levitation of particles charged through ultraviolet
irradiation. Reprinted with permission from |IEEE.

B L KT DFHE (Shoyama

Fig. 11

REZIRT . FEBEIIZHE OIS X OB
ENTHBEY, WIEDSER D 2 OOR TR - 7
HEhTwd, BRTHOBMOMAMEZ L {5

L, REBOKNTHOREMN IR D, 7272
L, %ok FoEMIMERFEINTBY, R
WS DA E O v EFHEMAEHOZEIIN
BVOT, WK T TH B CERET L iE
L, BROZ LR, FEBEBICFLCAEO
B ZENT 5 &, 2 008K T EIIEENICIET
LZOTRES RV, B10(b) &, Z=HhTRELEZ
MR DR RE E AU HAREBE S €2 EHTH
D, BEEIZ 2D TR AE SN TV D 2 L9 h b,



#3# | The Micromeritics No.65 (2022) 3-10

R EERH R 5 BBk T 2L OH G TRA
T HYE, FUNEEIC X o THF o & % HlE5
5T LIl 5,

53 %IMEEBBICLINTFOEELEZE
FHEGEEAA T 5 &, B E O X > THE
TOREZ+HFICHESELNLD, FEMERT O
Yty MVELEPLETH L, TOMOTEGEL
LT, IuFHESETERLAF Y2 WSk
bEZON L0, WY R RE TR T2 MET 5121
RO E LY TR LR TIUE R S 2w, RiICHE
WNA T ABEEMZA T RKRGRIETIAR YV 2y b2
b e, HEOHHT, LELRBEDA L ¥ 2R T
WG TEDD, N)TLART NIV R EDFHH A
DVWETH 5 (Matsusaka, 2019) o

Shoyama & (2020) 1%, FEHfili-cEZECdFIH
REZRMTER L LT, SIS X 2 8ERRICHEH L
7oo RIFRZEAREZ RS 5 &, ETFEZHRML
CTIEIZHET 20T, FEEY % L& ICEmT
IR %0

X111, AREL TR TE (7 A= X,
B P AL 61 pm) (ZEAMR (K © 240~
400 nm) % MG L7225 H %289 400 nm 3T BE D P
EZ2ELOT, WMo INTw52s, B/ E
el C2sfRlCix, EmM&or—arijicky
SO IR T DT VBIEEINL, KTFH»H
POl SN2 BT BRSNS &, FHRT
DEB B EEZ D EDPMONT VAR, HZE
2B LR T OB E LT, SBRod
BRSNS,

6 BBHUIC

B ICHERE L 720 T O B8, B4R, 3,
e e EO—HOBR R H L, TOINHBIE LT,
WF-ode o B S - IREEB ISR E B &
PEH L7208 A O D SR FBEE 2 /A L
7o FREHAMNIE, FEAR T2 ER L TS E L S
DRI, B BA, BEcEoTaRR
WA LR LATR D Tz, WARELEL L
ZWOT, B2 TORRREIEM B ORIE, i
7)) =L, TR EOFTFIZBWTHIRHT
&, SBROVAMERSNREI NS,

References

Cho A.Y.H., Contact charging of micron-sized particles in in-
tense electric fields, Journal of Applied Physics, 35 (1964)
2561-2564. https://doi.org/10.1063/1.1713799

Dwari R.K., Mohanta S.K., Rout B., Soni R.K., Reddy P.S.R.,
Mishra B.K., Studies on the effect of electrode plate posi-
tion and feed temperature on the tribo-electrostatic separa-
tion of high ash Indian coking coal, Advanced Powder
Technology, 26 (2015) 31-41.
https://doi.org/10.1016/j.apt.2014.08.001

Hollmann H.E., Semiconductive colloidal suspensions with
non-linear properties, Journal of Applied Physics, 21
(1950) 402—413. https://doi.org/10.1063/1.1699674

Kawamoto H., Some techniques on electrostatic separation of
particle size utilizing electrostatic traveling-wave field,
Journal of Electrostatics, 66 (2008) 220-228.
https://doi.org/10.1016/j.elstat.2008.01.002

Matsusaka S., Control of particle tribocharging, KONA Powder
and Particle Journal, 29 (2011) 27-38.
https://doi.org/10.14356/kona.2011007

Matsusaka S., Control of particle charge by atmospheric
pressure plasma jet (APPJ): a review, Advanced Powder
Technology, 30 (2019) 2851-2858.
https://doi.org/10.1016/j.apt.2019.09.023

Matsusaka S., Yoshitani K., Tago H., Nii T., Masuda H.,
Iwamatsu T., Sampling of charged fine particles by motion
control under AC field, Journal of the Society of Powder
Technology, Japan, 45 (2008) 387-394.
https://doi.org/10.4164/sptj.45.387

Matsusaka S., Maruyama H., Matsuyama T., Ghadiri M.,
Triboelectric charging of powders: a review, Chemical
Engineering Science, 65 (2010) 5781-5807.
https://doi.org/10.1016/j.ces.2010.07.005

Matsusaka S., Iyota J., Mizutani M., Yasuda M., Characteriza-
tion and control of particles triboelectrically charged by
vibration and external electric field, Journal of the Society
of Powder Technology, Japan, 50 (2013) 632-639.
https://doi.org/10.4164/sptj.50.632

Mazumder M.K., Sharma R., Biris A.S., Zhang J., Calle C.,
Zahn M., Self-cleaning transparent dust shields for protect-
ing solar panels and other devices, Particulate Science and
Technology, 25 (2007) 5-20.
https://doi.org/10.1080/02726350601146341

Nader B.F., Castle G.S.P., Adamiak K., Effect of surface con-
duction on the dynamics of induction charging of particles,
Journal of Electrostatics, 67 (2009) 394-399.
https://doi.org/10.1016/j.elstat.2008.12.017

Parthasarathy M., Klingenberg D.J., Electrorheology: mecha-
nisms and models, Materials Science and Engineering,
R17 (1996) 57-103.
https://doi.org/10.1016/0927-796X(96)00191-X

Shoyama M., Kawata T., Yasuda M., Matsusaka S., Particle


https://doi.org/10.1016/0927-796X(96)00191-X

#3# | The Micromeritics No.65 (2022) 3-10

electrification and levitation in a continuous particle feed
and dispersion system with vibration and external electric
fields, Advanced Powder Technology, 29 (2018) 1960—
1967. https://doi.org/10.1016/j.apt.2018.04.022

Shoyama M., Matsusaka S., Electric charging of dielectric
particle layers and levitation of particles in a strong electric
field, Kagaku Kogaku Ronbunshu, 43 (2017) 319-326.
https://doi.org/10.1252/kakoronbunshu.43.319

Shoyama M., Matsusaka S., Mechanism of disintegration of
charged agglomerates in non-uniform electric field,
Chemical Engineering Science, 198 (2019) 155-164.
https://doi.org/10.1016/j.ces.2018.12.055

EERET

iR 8=

(E#&%) matsu@cheme kyoto-u.ac.jp

2019 47 & Hko
(M) Mk T, HER Y.

(E#&%]) mzk@cheme kyoto-u.ac.jp

10

Shuji MATSUSAKA

FEIl W= Mizuki SHOYAMA

L, kT O EBLR O] LR A

Shoyama M., Matsusaka S., Agglomeration and dispersion
related to particle charging in electric fields, KONA
Powder and Particle Journal, 38 (2021) 82-93.
https://doi.org/10.14356/kona.2021016

Shoyama M., Nishida S., Matsusaka S., Quantitative analysis
of agglomerates levitated from particle layers in a strong
electric field, Advanced Powder Technology, 30 (2019)
2052-2058. https://doi.org/10.1016/j.apt.2019.06.018

Shoyama M., Yoshioka H., Matsusaka S., Particle charging
and levitation using UV irradiation and electrostatic field,
2020 IEEE Industry Applications Society Annual Meeting
(2020). https://doi.org/10.1109/ias44978.2020.9334829

(ZEE) 1983 4F, Ji I RFERF B LR LI T, ML 2y D=7 ¥ 7% T, 1989 4,
TR RFII T 1993 4F, HUKME (). 2010 4F, FUABKZE T2AWFFeRHR 1 T 2250 B 8%

(M) BATE:, =7u VT, @Ec s, [t motk R 2 L8t s
S L INHHEM OREE — B L TiT> T\,

(R2FE) 2020 4, BUMRK AR BE LA JERHE ARG T THIWFYE R, OB TSR JE R 2 4% C,

. MK OWTEICI ) MA TV S,





