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Chemistry of Powders
[X] Electrification Phenomenon of Powders by Friction

(Measurement in the Atmosphere of
Air and Saturated Vapour)

Kimio Kawakita, Professor
Kazuhisa Okada, Postgraduate

Abstract

The each amount of charge and its polarity on powder particles caused by fric-
tion between powder particles and the various materials of chute net which have
the different work-functions — silver, copper and stainless steel — were observed
under the condition of about 65 per cent R.H. and besides of saturated vapour by
using the method of alternating current as shown in Fig. 1 and Photo. 1. As to
the measuring above property, four kinds of powder, polyvinyl chloride, mica, potato-
starch and lactose were used.

Under about 65 per cent R.H. and using the silver net both polyvinyl chloride
and mica produce negatively charged particles of 60 to 80 per cent as showen in
Figs. 10~11, while both potato-starch and lactose hold the same per cent in nega-
tively and positively charged particles and produce the reversal of the polarity which
changes negative from positive in the boundary of range 50 or 60 microns in diame-
ter as shown in Figs. 12~13. In general, the rate of positively and negatively
charged particles depends on the size of particle. And the amount of charge on
powder particle of less than about 70 microns in diameter increases with the surface
area of the powder as shown in Figs. 2~5. For larger than about 70 microns, it
is in proportion to the volume. But the charged amount of powder larger than
about 100 microns in diameter tends to neutral.

In the condition of saturated vapour and using the silver net the amount of
charge which is proportional to the volume of particle disappears especially in mica
and lactose as shown in Figs. 6~9.

In the case of the copper, the stainless steel net and about 65 per cent R.H.,
as the special experiment, the distribution of charge on particles of polyvinyl chlo-
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ride and potato-starch was observed to have not a great difference comparing with
the case of about 65 per cent R.H. and using the silver net.

Consequently, it may be considered that an important factor of the electrifica-
tion of powder by friction is largely dependent on the experimental circumstances,
such as the moisture and not so much influenced by the difference of work-function
of the chute net.
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Fig. 1 Schematic diagram of the measuring apparatus

I, REFEUEMEHAACLOR L2, BEELONBCH T 2 ER Y R0 I THE
REVAHHN D, $7cbhbb (Fig. 1) BEE 10cm, HE 50cm, O A5 77 Y ARISOERIE
FIT 2BOFITER 2X18cm) 2R l.1lem Ty b L, 709 . 275 —24 (500W, 100
W) HEERS 45 ELORBHL, RS ST 50T HMICRERILY, BRMICEES
+5, ﬁiﬁll'ﬁiﬁ%ﬁ@ﬁﬁ‘it“‘z%ﬁ*tﬁam%’x’t&#&:ﬁwﬁﬁﬁzf& A REFIL7 52 3
TEHER» LRABMICANS, FITERCRT Y « } 5V R CREEINATHEE 3~4kV 2
TR, Zr N-—DHBETLTL 2 OBHEH - nHFNEOBREICAS L FRE b E &t
BHOETT 2, TLERC, TORFOEBELMNDDICHETEHIZ L 2B 800V (90 VX9 %
HEI®D,

TOWE, BREA AT (Y 8, ¥y v 5 —R¥—F 1/15) CWBT 5,

R CHTRERERDLDIZ, TRAFAOERIZE #5135 h, EFhINET 250,
BARBEINTILRHOBRIHI bDEAHZNDT, BREBCBELTEBRO LH & & bt h
ishisv,

RE» OHER, ERAONERHETS, Thbb, WERIRA CEITIHh S,

3004 g 2
Y,y 2 .
e=2n*mAf Tz ‘/H_(“zﬂf* )

0
0
3

&
.e

BEXRE (es.u)
R (cm)
RFOHR (2)
Bi# (50c¢/s)
£ (cm)

v S ¥ o»



MR, BE—-A  EBKRFELEEMHETEBR ESE) 13

V. BiREoEHEE (V)
g: FEHMHEE (cm/sec’) ¥RT,
PIEDERIT Stokes’ law 12k - TRKDHOHN B,

2 ,00—-p)
=—7 9, =fA
9’ Hy g v=f

(
(4
12

v: ETHEE (cm/sec)
ri AFEE (cm)
o: KFOEE (g/cmd)
p: TEROEE (g/cm?)
ty: ZEROSREF R OISR (g/cm-sec)
Thbd, IeF, TD Stokes’ law ~DFH AL Reynolds number R=pvr/p,<0.5 ##E L, %
o Stokes DULREEE ) HHREERDONZDIIMFI 70 THBHOT, BECL-T, K&
IS -7eER 100 3 7 0¥ B ECRREEBRT OB, SRD LT IZ i by,
7o, HEE e OHET J1+(9/2m/)® OEIL 1.01 EEROTEE L,
WERE e/m OREHENIBARERE L TEDOF HERI DS 38~4500 Tih 3,

3. R OAE

KRB, EE =~ EHLERS), <47 (FibsEEs), L1y .7V
Tv FEERE, A FEEREE v —LICAR, HER Y 7T 12 B, 50~70°C
THBLICKR, V757 ~ICARTRET 2, 728, TORCZ7 —2BFAVWTREL STV,
¥CHBLORABABTL ST T — AL A5,

4 BRRUER

R iL Table 1~3 (2R ¥, Table 1~2 BEFhFhEah (EHEE 65%), EMER
EPICHT 2RBLAVCIHERERTH B, 7750 OFHHBRITE. SFROTH
ENOFHERD, TOMEHHET 5, EXH (Table 1) TIIFERFIH 500~900 <,
HE=—N, =4 HTRES FRBLTFH 60~80% % 5%, L4 ., SLBTIRE, @Akl
Thod, —~HEMETES (Table 2) CORERTFIIT 100~400 FTH 7, ZDORETEL
DBHERDE 57D,

(1) FoRERIERS, MMRMEFERER (—7.85~5.32) X10-%e.s.u., (—1.09~
1.17) X103 e.s.u. CTdh 2,

(2) REHUTYVOFHHFERILER S, WMETERZRENR, (—0.404~0.305)e.5.u./



14 g3 (34.3) &k ot
Table 1 Amount of charge on various kinds of powder in atmosphere (Silver net)
: Mean charge | Mean charge | Mean charge Mean
Sample Polarity Num'l;a_ei'ecs)f of particle of particle of particle diameter
portic (e.s.u.) (e.s.u./cm?) (e.s.u./g) {#)
. 2 .05 .
Polyvinyl i 60 R 0128 0.978 59.0
chioride neutral 141 X 10-%
+ 121 0.996 0.278
Mica — 333 0.998 0.235 35.4 32.4
. neutral 125 X 10-%
L+ 223 0.869 0.101
Potato- - 145 1.040 0.112 —3.29 48.0
neutral 106 % 10-3
+ 207 5.32 0.305
Lactose — 205 7.85 0.404 —38.8 61.6
neutral 521 x 10-%

Table 2 Amount of charge on various kinds of powder in saturated vapour (Silver net)

! Mean char
! ge | Mean charge | Mean charge Mean
Sample Polarity Nu::tbi?:{ecs)f of particle of particle of particle diameter
P (e.s.u.) (e.s.u./cm?) (e.s.u./g) (&)
. + 19 0.640 0.099
Polyvinyl - 92 0.842 0.115 —4.43 42.2
chloride neutral 22 % 10-8
+ 189 0.211 0.126
Mica - 204 0.151 0.089 33.8 21.1
neutral 19 xX10-8
+ 65 1.17 0.120
Potato- - 107 1.09 0.116 3.39 51.2
neutral 75 xX10-5
+ 108 0.581 0.118
Lactose — 97 0.486 0.091 28.8 36.9
neutral 56 X10-%
Table 3 Amount of charge on various kinds of powder in atmosphere
(Copper and Stainless steel nets)
d Mean charge | Mean charge | Mean charge Mean
Sample | Polarity N;;‘Piifegf of particle of particle of particle diameter
(e.s.u.) (e.s.u./cm?) (e.s.u./g) )
+ 24 0.608 0.126
- 32 0.662 0.099 51.9 40.1
Polyvingl neutral 12 xX10-3
chloride + 10 0.249 0.064
— 21 0.996 0.129 —44.9 40.4
neutral 6 %10-8
+ 29 0.6385 0.091
— 76 1.74 0.164 —44.1 52.6
Potato neutral 53 X10-3
starch + 13 1.31 0.118
- 66 1.69 0.171 —46.9 53.6
ncutral 25 X10-%
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Fig. 2 Amount of charge vs. surface area of particle in
atmosphere. Polyvinyl chloride, (Silver net)
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Fig. 3 Amount of charge vs. surface area of particle in
atmospere. Mica. (Silver net)
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Fig. 6 Amount of charge vs. surface of particle in saturated
vapor. Polyvinyl chloride. (Silver net)
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Fig. 14 Amount of charge vs. surface area of particle in
atmosphere. Polyvinyl chloride. (Copper net)
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Fig. 15 Amount of charge vs. surface area of particle in atmos'phere.
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Photo. 1 Whole apparatus for measuring the charged particles

Photo. 2 Sine-wave trajectories of particles

Photo. 3 An electron microphotogroph of
polyvinyl chloride. (Xx7500)
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