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ABSTRACT

Powder handling is closely associated with several powder characteristics, including adhesiveness, flowability, and
chargeability. Predicting these characteristics solely through theoretical means is challenging due to the combined
effects of multiple underlying factors, thereby necessitating evaluation tests. Moreover, expressing these features
solely in terms of average or representative values is inadequate; therefore, methods for obtaining distributions or
profiles are recommended. The evaluation tests, similar to powder handling processes, require the application of
vibration, static electricity, and various external forces. This article describes powder characterization methods that
satisfy these requirements, then presents examples of powder handling applications that employ vibration
incorporating innovative mechanisms such as powder feeders, powder agitators, and bubbling fluidized beds.

Additionally, it introduces technologies that utilize static electricity for particle levitation, dispersion, and mixing.
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Fig. 1 Rigid-body separation model for an irregularly
shaped particle on a tilted plate placed in a

centrifuge.
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Fig. 2 Particle removal fraction as a parameter of the
inclination angle. Reproduced under the terms of
the CC BY-NC-ND license.
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Fig. 3 Adhesion force and effective contact radius obtained
by the rigid-body separation model. Reproduced
under the terms of the CC BY-NC-ND license.
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Fig. 4 (a) SEM images of particles coated with nano-
particles; (b) Removal fractions of coated particles
under different conditions. Reprinted with per-
mission from Elsevier B.V.
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Fig. 5 (a) r—oy plots; (b) 7—0g plots. Adapted under the
terms of the CC BY-NC-ND license.
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Fig. 6 (a) —og plots as a parameter of ¢; (b) Three-

dimensional diagram. Reproduced under the
terms of the CC BY-NC-ND license.
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Fig. 7 Flow functions (f.—o, plots) of hydrophilic and
hydrophobic nanoparticles. Reproduced under the
terms of the CC BY-NC-ND license.
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under different conditions. Adapted with per-
mission from SCEJ.
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Fig.9 (a) SEM images of particles; (b) Variation in
powder flowability profile due to particle shape.
Adapted with permission from Elsevier B.V.
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Fig. 10 Variation in powder flowability profile of
nanoparticles due to surface modification.
Adapted with permission from John Wiley & Sons.

FRNCIRIHANET 5720, KT OBHEIZIH S h
%o Lo L, S CRF S O ER T 2% 52T
BT 2R T, WIS 2B X > THT
FIEHL, FABOBECEAE LT B b,

R 5 O AT AR T, A RHICE
BHIIDERT 5720, BEITREZIRETIEH S
A5, BESE OB IR T AR T 5, 2B, IE
ORTENM L AOREMAFEEDO L &, kL LT
HRIEN L DT, EEILEIC X 2BE~OR T X
HWHlshsb, UL, wEETFHEICES L, &
M OFFFIThb 6T, BLGEHEMRICL - TR
%3 %o

FRE L & AR BRI IR 2 B S R 72 5
A, EHITEANONEICERT 2DT, WKEZ#L
D96, BROTRNTFEZRRS W E I LT
X2 5720,

BT, A4 YOGk THERETE 2, 4
MARBEZITO R T, FEME R KT,
R R L B A ) KT e &, B EERL TR
K CEEE) 15ET 5, —F, R FO#EIC
WELTWLYA, BEE ORI X > TEMIZK
BELTPHEHEICE S, REWH & O#HMIZL > T
ALT B R A DB ¢ FROIGHMEB R TEE S
(Matsusaka, 2011) o

q=q exp[—n—r;)+qq0 {l—exp(—nioj} (1)

2 2T, qo (SR DB, g o (SHLF OF- AT,
n ATIEMEEIEL,  ng (PO FEHES T & R4

27


https://www.jstage.jst.go.jp/browse/micromeritics/

F3# | The Micromeritics No.67 (2024) 22-33

Specific charge, ¢,, (mC/kg)

Length of pipe, L (m)

K11 BERESK-HERCETI2RFOFEITOT7 71
(Matsusaka et al., 2007)
Charging profiles of particles in gas-solids pipe
flow. Reprinted with permission from Elsevier B.V.
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printed with permission from John Wiley & Sons.
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Fig. 13 Estimation of charging profiles in gas-solids pipe
flow. Adapted with permission from John Wiley &
Sons.

3 SEMENCRNYT

3.1 IREIOFIA

— RIS, BRI AR < WEEDMR N 720
NV R TR L Ve NAEEORZEZERL, Wi
A S0 51213, e ERLTMA 6N X9
2, W E V2005 kv, 2.2 B0 BT O S
IZBWWT, IREIETE & IRE) ¢ A MR 2 /A L
72, WINLFEHEHNTBY, BNy Py~
T EBEHICERL TS,

(1) BFEEEERE

BROPE L MAGIZIE, PLET2 SIRB A S 1
T&72, MOk FRHROEERZ TR ET LY
B, BREFKRECOT, RO
Wd 2 VITEBAKELZMHTE S, L2rL, M
WROREIME 2 WET 5101, BRI HEFTE
ZVOT, KB EETLILENDH L, 12EL,

R TR T4 L, RIKEL A
BNCHHT 2 7200HIF L % %,

PRBY A AR B M B A L 722601, IRE N
HEZ—EICT UL, EEftiaEE L LTHHTE
5 DT (Matsusaka et al., 1995, 1996), ¥TETIE, 3
KILBEROREERMLGEEL LTHERSIA TV
(Nagarajan et al., 2019) . — 7 T3EMIIE, HERBME
BRI b 8 T RE 2 IR B A B TR B M RER & TR ©
BiEoREO D (14 ZH), REIRAR) R
L, BELOBHEDRZVOTHVR TV
(Matsusaka and Yasuda, 2017) o

Wall

Vibration

Pulsating
flow — > Shear field

@ Vibration
| Bottom

14 REEAWREIZFIA L BN FERIGEE
Fig. 14 Feeder for fine particles using vibration shear
flow.
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K15 BEOT Y ZIVNEBIZEYEL hERFRENY
kL35 (Matsusaka et al., 2017)

Fig. 15 Particle velocity vector field obtained by digital
processing of video images. Reprinted with per-
mission from Elsevier B.V.
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X 16 IREIMAEAOMEE,LSERL THRETIRE
(Matsusaka et al., 2013) k¥

Fig. 16 Bubbles generated continuously from the powder
bed in a vibrating cylinder. Adapted under the
terms of the CC BY license.
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17 IRFFREBKICELD2KREARHE (Mizutani et
al., 2013)

Fig. 17 Bubbling fluidized bed caused by vibration-
induced air inflow. Reprinted with permission
from SCEJ.
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10 mm

Time ¢ t+5ms t +10 ms

18 IREBEANBEFZEZFAL ZRNFORELEDHE
(Shoyama et al., 2022b) $k#k

Fig. 18 Particle levitation and dispersion using vibration
and external electric field. Adapted with permission
from Elsevier B.V.

19 (a) BERE; b) BEFIHNICL2HNTREEES
(Shoyama et al., 2022b)

Fig. 19 (a) Electrostatic repulsion behavior; (b) Instan-
taneous mixing of particles by electrostatic at-
traction. Reprinted with permission from Elsevier
B.V.
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