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Electrostatic Charging of Dielectric Liquids
Mixed with Powders Caused by Agitation

by Tsutomu KODAMA** and Yasuyuki TABATA**

Abstract: Mixing of powders and flammable liquids is often conducted in chemical industry for
various purposes such as suspension, emulsion, resolution, blending and so on. It is well known
that a presence of dispersed phase due to solid particles or water droplets in poorly conductive
liquids produces a large amount of electrostatic charges during an agitation and thereby may
lead to fires or explosions due to electrostatic discharges.

In order to investigate experimentally electrostatic charging due to the agitation of dielectric
liquids loaded with various kinds of powders and charge suppression by an increase of liquid
conductivities, experiments have been made using a cylindrical stainless vessel, 310 mm in diam-
eter and 315 mm in depth, with an impeller of paddle type. The electrostatic charging of liquids
was measured with an electrostatic field meter set on the top cover of the vessel, and the field
strength measured was transformed into the charge density of liquids by multiplying a certain
factor.

Results obtained from the experiments are as follows:

Mixing of any kinds of tested powders such as glass powders (frit), glass beads, adipic acid,
titanium dioxide and epoxy resin, into the poorly conductive liquids, kerosene and xylene, caused
not only a high level of charge density above 10 uC /m3 during the agitation but also a large
increase of electric potential after a stop of agitation when the particle size was below 200 pm
in medium diameter. These increases of electrostatic charging are ascribed to the separation of
charges due to relative movements of solid particles and liquid at the interface between them
during and after the agitation.

Electrostatic charges increased with the increase of the quantity of the powders in 11qu1d but
turned to decrease and reversed the polarity of charge with the further increase of the powders.

Both additions of a conductivity additive “ASA-3" into kerosene and methanol or acetone
into xylene indicated great reduction of the charge density down to a level of 0.1 uC/ m? during
and after the agitation when the conductivity of liquid was raised up to about 1nS/m.

Key Words: Static Electricity, Electrostatic Charging, Agitation, Mixing, Dielectric Liquid, Powder,

Electrostatic Hazard, Fire and Explosion, Conductivity Additive

L TIRFy IMEIOBED 2D, BELBRIL BH

) #, BATAREFZTDRTHEY, Z0LH

fbeTEAL LTI, B, 4%, 858, 4. SERTHROBESRBEICEWTE, BEIFZED
*CDOMEDO—EIIE 13 BIRUE 14 AIHEAFELLE KRS (1989, 1990) (2 THRE L 72,

*E DT, Electrical Safety Research Division

il




~90 —

PRI T- & 7 > CHEP IS8T 2729, BB CHRE
L lkiEAROBEBROBESEEDY L A,
PR T & B RAEOMAEREIC LY, 2B
BERDRET 55, WIRSHARMED B TR DA R
BHRITHDE, CHICHESIEML, BEAKE
PRITESICED, SOREFTREBKOESR
LERLDBARNDBEKREL %-T, KKPERL
YORERBERITBENDH 2L, —F,
EOMBREDE N &, SNICRE L BERIKH
CRE L THERIINE 2, Waride,
LANFETCHEENEERL HLREEDL L, &
EHILET22 EnTEBTE),

EEHEEIC L 2B BHREICOWTI, BFEIC—
EBE TR VI Tw2 o0, F—2K
BA%RL, ERINLNERICHERINEEES
13 1000 cn® LI FO/NBORE % BV 2 » 7RIS
THENT, TNHLOEREREZEL ICTEROHER
BRIC B 2 B ERRRHEHIEICEUNITE S &
ZT&E%Lw, 22T, BR_MRAOER, BEAED
BEEICHET IEROMEY, $ERROTE, RV
BB FEORN R HNE LT, EBOREHE—
RIZEL, BRNBL 2L LT P VERES Y A
WCRHHI A EREZRA DT, ZOERIZONWT
MET 5,

2. #¥, REACLsHESHERZOBE

PR Z2ECREREREETER TS L, 25K
BT P IR AT 2 L) 10k b, CDHE
LBk egE e ogEma (RE) CTRELEOR
BHEN @BEE, 14 Faml, EXR_EEY
EREING, BRICL 2RI 5 &, BRETE
HRolhEZICL > TN b P ER 2R THT,
FNIC-> TREO _EREWIIEMNICoBES 1L,
R EBERLICENETNRAFEOERMPTZHEL
B, 12721, NIV TIRTRIE L MADIRA L72IKEE
NEHRREARTIRE L EBENEFHOHEHF LT
WADT, BESIEE LA LITE b, LA
L, BEEAEASOHEBEOGETIE, REIT 2®BHER
MELETLIET, £, BX5500MmMES 4 3
il D ELMBENLRINIEIERIBZNT, &
ZTIRLHTHEREARNDIE & BMIENEFNDIRYE
hEl, EXRZEMEDELLLFMBE LY £
L5 BPEN, TobbBHEERDOHENIE S,

B b5 &, BB VBRPITHE®RL R

ERTEWMEREERE RIIS-RR-90

BHRIRE DLEZIC L > TILE2EBT 5, KL
FOULEHFFRI B L, TNIRE->THRE/BiERLD
REN_EBBHOMMBAMIES 2, T4bb,
—HOBEDBRE L > BEIIEL, WFNE
TWEL-TBRAEFRY)ZEING, TNIZE > THSE
BICEEROBER[REINESD, ChzilEFEL
BEATWh, COWEEEIEI S &, BEFIEHE
KCHRENCEMOE LRI, EHEPFINLE
MNrEL %), E—J7EIrENsZ E0H b, B
DEALDE 1T, BHRDORLFOILFEEE ICBRT 5,
%8B, BFORRNZIEEEE Ch s HKEEHEE TR
RTE5LLNBY,

1/;5:%2-9(/?_9*17’7_5'1) ....................... (1)

ZZT, alIBFOYE, gl3ENDOMERE, ppld
KTDEE, p1 3EEDEE, nidBEDOHIERET
bbb, (1)RNED, MFORBEREIINEDBRICIL
BL, FiNTrREKEDHEZITKEWZIERE
BENEL, CUIFRTROFERFICHE L RIT
THDOTH 5,

3. XBFE

3.1. EREREE

EERIEE L, BIRY OERCHER L2 D0 L IZEH
LT, 2OMEIX Fig. LISTRTEBOTH B, #Hip
FEIIERE 310 mm, 2 315 mm (FE23.81)

CRF VRS, MEROBHERSs 2 THY, B

KMAROBHZT O ERTR, 7 7HNNEREE
RCEHR L, B ERERETH), a2V
o— 77— & 0 EEEEE 200 ~ 1000 rpm (F45HE
B OHBEATERICHEELL:, BHEEBERTS
mm, FIHRER A 90 B, PUERE 4 D/ S FVEIE
Th b, BT 28RS - BEOKEI, #IbE
HEFEREROLENE & DA 10cm &% 5 X
312 1620 cm® & L7z, B ESABRORLY 5
Tem WOIETEHREICHEAL, BERETIE2zAERED
b 7cm EofrEicsE LR,
EHEROBREELZAET 2729, EHASHZOL
BE0RLr o0 LN MBEORE O, HFERE
EFi: (VA Y BA-OT) o7 u—7"% ZDREIFED
THEEIFITKRFE S L5 ICH) FHT, #ABOFE
WENELZ 7o —7RiEDOHER®REZRE L7,
B TRLAE SIS, SO TRIELLHER (B4



B _MROFEHE - BRI IBERTENERIIL L FEHIL -91-

Table 1 Properties of powders used in experiments.
HEEBR AR
Items Glass powder | Glass beads, | Glass beads, | Titanium Adipic acid Epoxy resin
(Frit) GBL GBM dioxide

Specific 2.5 2.5 4.2 4.2 1.34 1.19
gravity (18°C) (25°C)
Particle (Table 2) 31,41,60 or 30 or 41 0.83 158 1000-2000
size! (pm) 106
Chemical | Components, |Soda lime- Titan Barium | Rutile type | Molecular Epoxy equiv-
properties SiOs  56% | silicate system glass formula, alent, 800-

B203 18% | glass HOOC(CHz2)4- | 900g

NasO 14% | Sphere rate, | Sphere rate, COOH Molecular

AlbO3 6% > 95% > 95% weight, 1350

CaO 6%

Note 1) Medium diameter (50% volume-average) of samples, except epoxy resin, measured using Malvern.
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Fig. 1 Schematic diagram of experimental set-up.

KERRBEORE

V/em) &, BEFOMHH»IITH—-TH S L) KH
DL ETIE, BEK01EHMITEILICE-TENE
B (B uC/md) IcHRETE 3,

Z0Eh, BERORECHTIEHmRER L
DY, BEARSE LR, LR L, XKk
TV buaA—2eEREL CTHEBRESERER 2 A
% Uiz, Wkl &3, By ORLA LS SlE
HERTEBRABNOELERPICHEALT, EBRD
BEEI R E TRICHIE L, &b, B LTUT
WOEER|Z, w4 707402 RUTREH (&
T FE) PHWT, ZBRBBRICIZET-ELY
L) ICHEELL,

—EDEHED b LTI 1 EDERTIE, Bitke:
% 30 4, FORDOEIEEME 30408 L, DM
NEERBEOEALE EHENICHIZE L7,

32 HRREAGRUHE

3.2.1 EREARUENY
KEREAR L L TIE, DS IR %2 X

£LT, RIAKZERRETH BITHERUVERERD
¥y (FREE) 2BV,

BEOBERPEDLLONHMHE LTIE, &
R B IEA (L= 8 ASA-3Y)), RUSHEMEAS
WS BT 2 b X3 A 7 /7 = (T LR
) 2RV, B, EREPRALT, THOEERID
131% 0.1pS/m, ¥V rDZNIFITT 2 ~ 4pS/m
TH -7,

3.2.2 #HBFE#

AR L LTI, BaEskERio Ry 2 >,
Bt/ e—BEoT U B, RENLTARES
TR T RF IUBME L Y, ERICLSFERINS D
NER, TNLDEEFFEICRIITHELL2H
N7z, FDIED, BEOKESTHCRARDEZ TN
bl2d, 52K, TIRAEC—XLEERRE LTHE
Rl 5 28%, 77 ABE (7)) v b)) &2R—
WINTRIBRLLZLDEZREN, F7RAE-XE, B
AR TERLORERERMED Y —FF 4 L -2 ) T —
b &5 2 E— X (GBL-30,40,60,100) L FF 2 > « /¥
)7 AT RE—X (GBM-30,40,) » 2 FEH % A
720 SNHDBMRDELMER % Table 1 I2RT, <
D5 BT ABIE, SbdwgiFick ), Table 2 ITR
TESIE, TARNICHRLTERLR, &8, Hifko
B, V-YREITRAESAAIEREE ( Malvern
#) 2HWT, 50%FHOFREEEREREZRE LD
NDTHH (LEWETREEERETRE) . 72,
Photo 1 (3B AN EFRMETE (BMATIEH
HPEEREERY) TH 5,



—99—
Table 2 Medium diameter of Classified glass powders.
DA T X DFERIRE
Mesh Aperture of Medium diameter!
number sieves (um) (pm)

200 under < 74 32
200-145 74-105 71
145-100 105-149 124
100- 65 149-212 197

65- 48 212-297 305
48- 35 297-425 440
35 over > 425 > 600

Note 1) 50% volume-average measured using Malvern

(a) Glass powders (b) Titanium dioxide

(c) Adipic acid

Photo 1  Shape of powders observed by SEM.
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Fig. 2 Relation between electrostatic field-strength dur-
ing agitation and speed of rotation; liquid,
kerosene; powder, glass beads (GBM-40um).
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Fig. 3 Relation between the peak value of electrostatic

field-strength after stop of agitation and speed
of rotation; liquid, kerosene; powder, glass beads
(GBM-40um). '
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Fig. 4 Relation between grounding current of vessel

during agitation and speed of rotation; liquid,
kerosene; powder, glass beads(GBM-40um).
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Fig. 5 Relation between electrostatic field-strength dur-
ing agitation and medium diameter of glass pow-
ders; liquid, kerosene; powders, sieved frit, speed
of rotation, 800rpm.
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Fig. 6 Relation between the peak value of electrostatic
field-strength after stop of agitation and medium
diameter of glass powders; liquid, kerosene; pow-
ders, sieved frit, speed of rotation, 800rpm.
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Fig. 7 Relation between electrostatic field-strength dur-
ing agitation and medium diameter of glass
beads; liquid, kerosene; powders, GBL and GBM,
speed of rotation, 800rpm.
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Fig. 8 Relation between the peak value of electrostatic
field-strength after stop of agitation and medium
diameter of glass beads; liquid, kerosene; pow-
ders, GBL and GBM, speed of rotation, 800rpm.
ERELEOBBERE—2EEHS5 XA E - JRE
2JESES

PIBRID S CIEREREEEI LT Witk 2REAe
THHAITET 5,

b —oDEMEIR, EHEBIZHEEL BHES
BIEZICERZ2 b2 MMBET I LI THE
CHLDT, TOEAIF—RICHEEHEMDE HRE
L LTHER, WL E— 2 HEidtkbZ v,



BB _MROEE - BAC L IBERTENER(L L HEN L

500F

Powders
400+ —o— Adipic acid <.>
~¢ Glass 440 zm
008 o Ti-dioxide
E 900} - Epoxy resin
X I
= é
W loof BB
& +
0 e 7 @
0 mmremm & e - S 7
/
-100F . [
\‘\D_./d
=200 bt
1.0x107* 1. 0x10° 1. 0x10* 1.0x102

Concentration of powders (g/1)

Fig. 9 Relation between electrostatic field-strength dur-
ing agitation and concentration of powders; lig-
uid, xylene; speed of rotation, 800rpm.
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Fig. 10 Relation between the peak value of electrostatic
field-strength after stop of agitation and concen-
tration of powders; liquid, xylene; speed of rota-
tion, 800rpm.
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Fig. 12 Relation between electrostatic field-strength dur-
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800rpm.
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