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Fig. 1 Experimental setup for the electric charging of powder bed by
atmospheric pressure plasma jet



Table 1 Properties of particles used

Materials Shape Dyso [pm]* gy [—] Dy, [pm]** pp [kg/m?] pv [Q-m] ps [Q]
PTFE (aggregate) Irregular 290 1.4 385 880 >10'¢ >10'¢
Manganese ferrite Spherical 79 1.2 86 4900 7.6 3.3x10°

* Dpso: number median diameter
** Dy, Sauter diameter (= Dyso exp (2.5 In? )
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Fig. 2 Effective ranges for the electric charging of powder bed by
atmospheric pressure plasma jet
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on particle charging (PTFE)



08
O
O
0.6 o
o0/0
PTFE
x=25mm Vy=-5kV
0271 y=0 Relative humidity: 30%

0 | 1 | 1 1 1
0 50 100 150 200 250 300 350

Irradiation time, ¢ [s]

Weight ratio of lower layer particles, R, [—]
=)
N
T

=)
@

. 4 Weight ratio of lower layer particles to total particles as a
function of elapsed time (PTFE)

80
O Lower layer particles

@ Total particles

60 A Upper layer particles

Relative humidity: 25-50% |
x=25mm
y=0

40

20

Surface charge density, g, [uC/m?]

Specific charge of particles, g, [LC/kg]

0 1 2 3 4 5 6 7
Thickness of powder bed, 7, [mm]

Fig. 5 Effect of powder bed thickness on particle charging (PTFE)

5&@,1mnﬁﬁ%£?6:&ﬁbmoto;_T%@m&_
, BYEE O EHEICERSBR SN, EEEV B TROK

),m%mﬁgi(mﬁﬁ)ﬁk%<ﬁok:t?%5o:@%
BL, FEBOKTOMEE, 77975 —r—Y0OW3| e k&
LTRSS olz bt NS EREZIES &, HEROEN
DEEME OB NE LTENZ LB END,

ek, LETHEEZEDbE Lk FOMERIT 25 nCkg MH
-38 uC/kg (1.4 — —2.1 pC/m?) ETE LR, ZiuIFBo
HEREIONZ THELICHIKFET 20T, HELORRZE(L S i
M 20ERH D,
T, BRI D T8Ok OB R ORI AL A
KT, FREORTOEREMIIFME & HITHEMNT 523, 1 min %
x5 EBOEEI NS0, EFE (R =0.67) ([ZL5<
Z L3bhodz, Figure 3 DEBRFERNS, TROK X LED
WLV HEMARENZ L13bh> TWBA, Figure 4 DEER
FEREOETEXD L, | min BRE, EMA TBICH» > CTHE
LCERBLEZEEZOND,

2B, +5KV DEF/NA T AEHE A ERESREEIIMZ 5 &
BT OREFFIXIEIZ2 57, 1 min ZORFOFEER I OE
BLTAZKT 25 TEORL T OB EBLITIEEE (R%E 4%UN) T
o bR LT,

Wiz, 77 A=Y=y FOBREEBZ I mn & L, bifOHE
WLEE LTRIET, MEEOE S 282 THE~OR LML
7

Figure 4 |

08 L PTFE
V,=+5kV
Relative humidity: 25-50%

x=25mm

0 1 2 3 4 5 6 7
Thickness of powder bed, #, [mm]

Weight ratio of lower layer particles, R; [—]
(=)
N
T

Fig. 6 Effect of powder bed thickness on the weight ratio of lower

layer particles to total particles (PTFE)

i

g 1.2

2 | °© PTFE

g o Vy=+5kV

Q - . .

£ 08 % o Relative humidity: 25-50%
)

5 06 o O

E 00 © x=25 mm
5 04 o y=0

g 3

S 02 ©

§ 0 ] 1 1 1 1 1

o 0 1 2 3 4 5 6 7
=

F

Thickness of powder bed, 7, [mm]

Fig. 7 Relationship between the thickness of lower layer particles and
powder bed thickness (PTFE)

Figure 5 1%, +5 kV OEJiE/NA T AF F?OJ:UTEZ(EMC(ﬁ%
ZENL, EBEORT, THEORT, BLXOLEE TEExAD
tﬁﬁ%@%%ﬁﬂ%;ﬁ?%%@@%é@%@%%Lt%@
TdH 5, PTFE IFMhOWEIC AR THEMEFRBEEN R E L, Al
”ﬁb%fwwgkbfﬂ%nfwéw +5 KV DEHf/SA T A

EEFNT 5 &, WEzabezbERIL 430 uCkg THY,
TIR~Vxy NEFIAT D ERDFICEOEMEMNETEDL D
Lo odz, Figure 3 OFEREFIERIC, LB IV b T EORT
O ERE (ExHE) AREWD, MHEEEEL 35 & BRI
DLTRY, MENRIMEEEE T2 LETTE2 &nbr
olz, Fiz, ETWEE&DESR T OEMT, BEREDE
EH 1.8 mm BREZBICEMERM S RER TH Y, MEEE SIS

WWEL T4 L EBOWLEMOEICHHRT Lz, ORI, BikE
#ELTDHETREOBTFOERLNIDT L L 2E®RT D,

Figure 6 |3, FEOR T-OEELICB XIETHEBOES DX
BEARLIEbOTHD, FROKTFOEELIT, HEEOREEN
1.8mm £ THK0.6 THDHH, SILICHEEEZELS T2 LAtk
TLTkY, EHAPIFEMEEOTEBEHLICS S Rofcl &
EEWT %,

Figure 713, FEDES LHKEOREIOREFEEZRLIZHDT
b5, BEBOESH 1.8 mm £TIE, THOESIZT -E0EE
THIML 7223, BriEfE % & BICEL 35 Laickid Lz, T
DOEIORKEITHN 1 mm THY, HEBOREIN 5 mm 2@ X
5L TFREOVHES TR+ 1845 (290 pm) % FEl- 72,



ED 1000 70 _
Di Manganese ferrite o N‘\E
= 800 Vb=-i.-5kV N ) Lé
= Q©° Relative humidity: 25% {5 &
Lol oo o z
S o o 2
£ 02 140 G
= : 2
% 400 © Lower layer particles 430 Eﬁ
& @ Whole particles 1o 2
£ 500l & Upper layer particles x=25mm | 3
= y=0 q10 £
e S 5
é 0 Nz
a0 1 2 3 4 5

Thickness of powder bed, 7, [mm]

Fig. 8 Effect of powder bed thickness on particle charging (Manganes
ferrite)
02
—
&~ .
g Manganese ferrite
S 0.15 | Vy=+5kV
g
S Relative humidity: 25%
=
o
E‘ 0.1
B
3
2
« 0.05
o
.2
g
E 0 | 1 1 1
.%‘3 0 1 2 3 4 5
=

Thickness of powder bed, ¢, [mm]

Fig. 9 Effect of powder bed thickness on the weight ratio of lower
layer particles to total particles (Manganese ferrite)

22 THLNEELREREZUTICELD S, FEBIOTFED
B DBERICIE, ENENFEHEEMNIAEL, TIEORT DI04
B (HxHE) ITRE W, BRLTICxT 2 TR ORL T OB REIIC
HIEMENTFET D, MKEEZEL T2 LHERITHA L, 2k
TIXT 2 TEORLFOEELBIRTT 5, MLEORRIE, KO
EoIEBEXBE I ELFMHATE S, Thbb, 7I7RXv Y=y b
WEVAERLTEEWMNIED 2 WITEIH > TWDAHE, HasdD T
IS LSRR A E L &, BB L OMRENICES D
R END DT, MR FMICE L BB > CTF S
WCBEIT 2, THICBE) LI-ERIL, PIMOERELIRTEE5)
MIZEBHERAT 20T, MKENOESERErIZD &, B
OBBYIE I L COPERRBICET 5, THRIRBICET 2 £ TICB
AR B OHREL V bMEREZIE 32 &, ERfITR FEIC
ETHI LN TERLI LD,

23 YUHUIIFM4 MMEABDOTERSR

PTFE & ik L TEREHA R /S W~ 7254 b
(RSP @ p,=7.6 Q'm, REHEIIE : p,=33x10°Q) %EEH
L, MEBOES 28 H L TR+ OB ZHE L,

Figure 8 |2, +5 kV OEJii/ A 7 A EE % ELHE AW EE 2N
Z, EEORT, FTEOKT, BLOLEE TEZADE2H
FOLEMEZRE LR E R, FEIXIELALHELR»o
7273, THEIX 520 — 740 uC/kg (36 — 52 uC/m?) OHiPH THE
L7z, LTiliB% &bz afokEmiT HEOEISIWOT,
N OEBIIIEF I E N ENREBEND,

Figure 9 |2, ~ W 7 =74 MR ERAWEERIZENT,

0.2
Manganese ferrite
V,=+5kV

Relative humidity: 25%

0.15

0.1

° o
[Sl¥e)
0.05
x=25mm
y=0
0 1 1 1 1
0 1 2 3 4 5

Thickness of lower layer particles, #p; [mm]
1
O
e
o]

Thickness of powder bed, 7, [mm]

Fig. 10 Relationship between the thickness of lower layer particles an
powder bed thickness (Manganese ferrite)

Surface charge density of particles
on dielectric plate, g, [uC/m?]
-3 2 -1 0 1 2 3
60 T T

s qm [RC/kg]

[«

|

|

|

|

I

|

|

|

|

I

|

|
O%L
|

I

|

|

|

|

I

|

|

|

I

|

|

x

[«

Surface charge density of particles
on metal plate, g, [pC/m?]

760 1 1
-60 —40 20 O 20 40 60

Specific charge of particles on dielectric plate
» 4w [MC/kg]

Fig. 11 Effect of plate material on particle charging (PTFE)

Specific charge of particles on metal plate

THEOKFOERIICEXETHEREOE S OREL =T, TiE
ORI OB R, BMEEOREIOEINCE H72-T 013 725
0.02 FTHALTEBY, ZhbOREMIL PTFE OFE R (Figure 6
ZHR) LR LTI E N,

Figure 10 1%, THEOEI LHEREDOE S OBMRA R LIz H D
THDHN, THOEIIFHN 8 Oum T-ETHY, ZOMITHT 1
HOKE SITHYT 5, Tabb, BEEORK FEOR -34S
T 20, ENLUAORITIE, 1FEAELHEEL TN,

24 BHRBOTERZICSLEFTHHOZE

M EEARGROMEIL L D HBERD OIS, v~ T 72T
A MR 2 AN D BRI OME EFEE (77 VL, KEHRHE p,
>108Q-m) TiEe<, BRUREME (@8 p,<107Qm) ([TEH L
THMT 5 &, B NEORABEEET, T XTORF3%5|5K
Ty T ==V T EBOKE LTHES, R ORERIT
FIEE e (LpCkg UUF) Thotz, Thbb, T XTOEMTHR
SMBEIL-Z LTk D,

—J, PTFE KiF4 T2 L, BE#ROMELET 7 VA&
BICE 2 THRIFITHE LTz, Figurell |3, BEBOME 2 EXE
ERICEZ TR ORI T O ER LRI, RaOME 0 FHE
ROGEORAORBEEZ B L ClEOBRFRERLEZ LD
Thbd, ZITHE, BMEBEORESE 1—8mm OHPATEET L5
LIZE-TC, BITOWEBEREAEZ CHEZHK L, RKLD,



BarOMEE B ST THRREOE IR F L ThildHE R
BRI LW ERbinoTz, Zhid, @BICH~TPTFE D&
SHEPAIEFICKRE VDT (EBEIEITE : p,>10"°Qm, KREHEHT
R (Q)>10") |, EEROMEDOFENBENR -T2 &5 %
2Y (%)

UEOHREE LD L, EBRIBHI/NSWVERLT (v H 7
;34%)°i,%%W%Mw5:&:;oT%%w&&¢5h
FEMETE, BEREHOREWRF (PTFE) 1%, B#OMED
%ﬁgé%ﬂikhk‘iﬁé ZERLHETEDLI ERbhoT,

i

RRET T A~V v MZ
L, uTwﬁu#@Entc
D1ISLM O~Y 7 AT ADRIRIZ L > T, RRET T AT = v
s ORI TE AT A EEREBH A4 0.01 m? ICRRE T E 72,
2)%%H%WF(NHD%WW5k,LE®ﬂ¥mﬁsT¥%
WEICELZD, FTRORHTIEFMEIZE S DI I mn ZH L
7
3) FEXY FTRBOKFORFPHERIIRE S Role, UL, K
RET T A~V =y bBERT 2EM Lo T, ERITHEEN
ETHICBELIbEEZLNS, 2120, #HEEDE-ENZ
BAABIHT LR 2 mm BRETH Y, BREE S HIZELST
% EHEENRITR T L,

4) BRI HE VB BRVRLT (v 7 =2T4 ) ZHN

, BRIIDEENZEBT 0T, KfEHESELZ LT
ﬁ%@#otoﬁﬁﬂﬁﬁbﬁwiazﬁwE®T R A
< &, Bk DR TaokiFIZIXEM B ER LT,

*E

Oy 1A OO 1 FE i & SEBRIIT R

[#f ®F) ARFEIL, JSPS FHIFEr 26289288 DBIFL A% )7, Z ZIZit L
THEERT,

Literature Cited

Adhiwidjaja, 1., S. Matsusaka, S. Yabe and H. Masuda; “Simultaneous
Phenomenon of Particle Deposition and Reentrainment in
Charged Aerosol Flow: Effects of Particle Charge and External
Electric Field on the Deposition Layer,” Adv. Powder Technol.,
11, 221-233 (2000)

Bunchatheeravate, P., J. Curtis, Y. Fujii and S. Matsusaka; “Prediction
of Particle Charging in a Dilute Pneumatic Conveying System,”
AIChE J., 59, 2308-2316 (2013)

Massines, F., C. Sarra-Bournet, F. Fanelli, N. Naudé and N. Gherardi;
“Atmospheric Pressure Low Temperature Direct Plasma
Technology: Status and Challenges for Thin Film Deposition,”
Plasma Process. Polym., 9, 1041-1073 (2012)

Masuda, H., S. Matsusaka and S. Nagatani; “Measurements of Powder
Flow Rate in Gas-Solids Pipe Flow Based on the Static
Electrification of Particles, “Adv. Powder Technol., 5, 241-254
(1994)

Matsusaka, S., M. Oki and H. Masuda; “Control of Electrostatic Charge
on Particles by Impact Charging,” Adv. Powder Technol., 18,
229-244 (2007)

Matsusaka, S., H. Fukuda, Y. Sakura, H. Masuda and M.Ghadiri;
“Analysis of Pulsating Electric Signals Generated in Gas-Solids
Pipe Flow,” Chem. Eng. Sci., 63, 1353—1360 (2008)

Matsusaka, S., D. Wei, M. Yasuda and S. Sasabe; “Adhesive Strength
Distribution of Charged Particles on Metal Substrate in External
Electric Field,” Adv. Powder Technol., 26, 149—155 (2015)

Matsusaka, S., A. Noguchi, S. Kitajima and M. Yasuda; “Control of
Electrostatic Charge on Particles by Atmospheric Pressure
Plasma Jet,” Kagaku Kogaku Ronbunshu, 42, 100—106 (2016)

Mizutani, M., M. Yasuda and S. Matsusaka; “Advanced Characterization
of Particles Triboelectrically Charged by a Two-Stage System
with Vibrations and External Electric Fields,” Adv. Powder
Technol., 26, 454—461 (2015)

Schein, L. B.; “Recent Advances in Our Understanding of Toner
Charging.” J. Electrostat., 46, 29—36 (1999)

Schiitze, A., J. Y. Jeong, S. E. Babayan, J. Park, G. S. Selwyn and R. F.
Hicks; “The Atmospheric-Pressure Plasma Jet: A Review and
Comparison to Other Plasma Sources,” IEEE Trans. Plasma Sci.,
26, 1685-1694 (1998)

Electric Charging of Powder Bed by Ion and/or Electron
Irradiation Using an Atmospheric Pressure Plasma Jet
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Experiments were carried out on the electric charging of particles in a powder bed with positive ions and/or electrons, which were generated by

an atmospheric pressure plasma jet. Here, the effective electric charging area was set to be approximately 0.01 m? by supplying 1 SLM (standard liter

per minute) of helium gas. The upper layer particles of a dielectric powder bed (PTFE) reached equilibrium charging after a few seconds, while the

lower layer particles were gradually charged, and the particle charge approached the equilibrium value in 1 min. It was found that the charges migrated

up to a depth of 2 mm in the powder bed, and the lower layer particles had larger equilibrium charges than the upper layer ones. In addition, it was found

that charging is difficult for particles that do not have very high electrical resistivity (manganese ferrite). However, the lowest layer particles could be

charged by placing a dielectric plate under the powder bed.



