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Static Electrification of Dielectric Liquids Caused by Agitation

by Tsutomu Kobama** and Yasuyuki TABATA™*

Abstract; Agitation of flammable liquids is often conducted in many manufacturing factories for
various purposes such as suspension, emulsion, solution, blend, mix and so on. It is well known
that when low conductivity liquids contain impurities like solid particles and water droplets a
large amount of static charge accumulates in the agitated liquids and thereby fires and
explosions may take place due to the discharges of statics electricity.

The purpose of this study is to investigate experimentally the mechanism of static charging
caused by agitation and the anti-static effect of additives for suppressing static electricity.

In the experiments, liquids are stirred in a cylindrical stainless vessel of 310 mm in diameter
and 315 mm in depth with an impeller of paddle type and measurement was made of the
electrostatic field strength with a static field meter set on the top cover of the vessel. This field
strength was transformed into the charge density by multiplying a certain factor calibrated from

- the experiments. t '

The results obtained from the experiments are as follows:

Neither pure liquids (kerosene, methanol, ethanol, acetone, xylene, n-hexane) nor the
mixtures of pure liquids (xylene/methanol, xyleneethanol, xylene /n-hexane) yielded a
significant level of static charge by agitétion.

When the water content of kerosene was above 0.3% vol, the charge densities increased with
the increase of water content of as far as 30% vol and reached a high level of about 10 pu
C,/m® at higher rotating speeds than 400 r, min. After the stop of agitation under the condition
as above, the static potentials continued to increase for a certain period of time, and as the
result the relaxation time of static charge also became longer up to about three times as long as
the value calculated - from the conductivity of liquid in the exponential-decay theory. = These
phenomena were caused most likely by the charge separation at the -interface between the
continuous phase (kerosene) and the ‘dispersed phase (water), which settled down to the bottom
owing to the difference of specific gravity. :

The kerosene deteriorated by the corona discharge with or  without water was also charged
up to the same level as the pure kerosene with a high content of water during and after
agitation, which suggested the presence of impurities dispersed in the deteriorated kerosene..

Addition of a conductivity additive “ASA-3” to any kinds of kerosene with or without water
could greatly reduce the charge density down to a level of 0.1 x#Cm® during and after agitation

*  ZOPRO—iE 22nd IEEE, /TAS Annual Meeting (1987, Atlanta US.A) WTHEL T
** TERPERE Electrical Safety Research Division
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when the conductivity of the liquid was just raised up to about 1000 pS,/m.

From the discussion on the generation and leakage of static charge, it was guessed that the

static electrification of liquids with the dispersed phase caused by agitation was mainly ascribed to

the preferential adsorption of ions, which were produced a lot at the interface between the dispersed

phase and the continuous phase, to the wall of the vessel.
Keywords: Static Electricity, Static Charging, Agitation of Liquid, Suppression of Static Charging,
Prevention of Electrostatic Hazard, Fire and Explosion, Conductivity Additive (ASA-3)
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Schematic diagram of experimental set-up.
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Fig. 2 Schematic diagram of experimental set-up for measuring the relation

between electrostatic field-strength and charge density. {»
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Photo. 2 Conductivity cell of immersed type.
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Table 1 Results of measurement of electrostatic field-
strength of various liquids caused by agitation.
ERBFROBBLCLZIFTEEOATER

Liquid Conductivity Electrostatic Charge
field-strength density!
(8/m) (V/em) (c/m%
Acetone 1.0x10-5 -1.3 -1.3x10-7
Ethanol 1.1x10-5 -0.58 -5.8%10-8
Methanol 1.6%x10-6 0.24 2.4%x10-8
Xylene 3.2x10-12 -2.2 -2.2x10-7
Hexane 6.6x10-14 -0.044 -4,4%x10-9
Kerosene? 2.0x10-12 -3.6 -3.6%x10-7
Kerosene? 1.5x10-13 0.29 2.9x10-8

Notes:

Speed of rotation, 800 r,/ min
1 Calculated by equation (3)
2 Before filtration
3 After filtration
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Table 2 Results of measurement of electrostatic field-
strength caused by mixing of liquids.
REREORSERCELZIFTERDHEHER

Liquid Contents Conductivity E! Ep?
of B
%) (8/m) (V/em) | (V/em)
A, Xylene 1 6.9%x10-12 -4.1 -
B, Methanol 3 2.1x10-10 -1.3 —
7 1.3x10-8 -3.8 -
10 5.5%x10-7 -2.8 -4.1
A, Xylene 1 1.3x10-1 1.0 -
B, Acetone 3 2.4x10-1 2.3 —
10 7.5%10-10 -3.4 -5.1
A, Xylene 1 1.7x10-1 0.53 0.81
B, Hexane 3 3.5%x10-14 -0.22 -0.43
10 3.3x10-14 -2.3 -3.2
30 1.7x10-1 ~1.9 -3.7
50 1.7%x10-14 -2.6 -3.9

Notes:
Speed of rotation, 800 r,/min
1 Electrostatic field-strength during agitation
2 Peak value of electrostatic field-strength after a stop of agitation;
— shows no peak
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Fig. 3 Recorder traces of electrostatic field-strength;
liquid, kerosene; speed of rotation, 1000 r,/min.
BERATREOH

4.2.1 HERHEOHE

B KA RS LBR LLEA0BERTRUER
ELBEOBBERAETHEOMNY Fig. 3TRT, BEEE
BEHBAN LR THHEBTHL TV 52, Thik
hEHErRERTSEEL RS, WFERER, B
X DI o8 L BRI N B R (LB TS
BB, KFETHEORATM TR 2HBEIRLETR
Thb, Fig. SCRINB IO, BHFO [BHER
&, Ro@ERELto BERLLAME] (BEED
Y- 7 ELSEILEMOEYE LS WicE), ¥18
BELIOEC—-27HECETSETO [V — 7KH],
BEOY— 7 (¢¥—27{ERBERRVWBERERELE
BOBBERE) »OFDO0BRFETHETD [ER
B RKOBABC I WEEINS, UTZhb
DWTHET %, Fig ARBERE (), BERLA
& (AE), ©— 7B/ ¢,), ROFRRE () OES
T,

4.2.2 BRHOFEHM

BEMA~KEZEA LBR L IES0BRHOHER
B (E) LKEEELDOBfR%Fig. 51ITRd, ThiT X
3L, BEEERBA0rpm 5 TP~ DK



AR REOBEC X s HESHEOERL L HEH L

SRR VEBEIEAT S, ¥, KEGEN
0.3%vol % % LI~ DO KBS T & 2 HBERK
SEIENL, KEAEY IDREMT 3 EKFEIHE
DEMLBESBENIEATS, 22T, BT
i - KESKEOEETRIZ, BRTCEERAERE
PIEALCHIE LERY Fig. 6RT X510, KE
SEH0.3%vol 5 530% vol DEF T KESGERE

B Peak time
5 L 4y J
& Ntrore. .
e Half-value time
s | 1

EuﬁLq{E

1 |
0
Time

Fig. 4 Definition of “increase of electrostatic field-
strength, A E”,“peak time, t,” and “half-value
time, t»" after a stop of agitation.

HERLAME, £—7EE, RUFREBOEE

1000

Vv 200 rpm
E; 400 o
100 F O 600 3
AR o @gp‘n
O 1000 39 Y

10 Vv
1$-§§;§v vw 20
_ vV &%

0-1 n [l 2 1 o | 1
0.01 o4 1 10 100

AE (V/em)

Water content (% vol)

Fig. 5 Electrostatic field-strength during agitation

versus water content; liquid, kerosene.

BRAOBBRESKEGEOBE

10°°
N A
107 I
R o
L A
107° =
— AJ: |
\E 10—8 .
n _ t
[ o
2 10
.%, - 600 rpm °
O 107" °
- /
—11 i (] !
10 ;’ o 200 rpm )
8_./3---A—--A—--A-—-A—-A A
10-12[ ’l'l | 2l 1 aasl l sl
0.1 1 10 100
Water content (% vol)
Fig. 6 Conductivity of kerosene during agitation versus

water content.

BEROETELKESEORR

EHRALCENT 5, ThedrhrbbdHEEINK
BEABCEERALCHEMT S0, KESHRNE
TR EERCEETS,) IDIBHOKEDTS
KREL B D EHEIID, WEERKEREDS
30%vol THRAED, ThULOEAGE TR
BT 5B, chix, KEAEN0X%vol @z s &, 4T
WK R D BT 5 ARBHET B0 L HEE
Xhb, ¥, KEAENSX L BT, THcE
bo CTEHBROBWKDOFNERHEC D DILA
FEBELIR 5,
HLhOBERERIBHRME R » HRL R T,
Fig. 7%, A{bih & BEIMOBHFOBEREL LE
LidDThHB, H{LiIKEEELWHEA T KE
SGARREHEBORAME L AREDHFELRL, K2R
A& LCHLHBERIIKEAENIOXvol ¥ TRKESEL
Lis\, KEBAE30%vol BT 2BHRPDOEEXK
(Fig. 6) 121 X10°S / mTHBDT, TAHUTFT
REENBEERC ISV EERERT S, Thix,
FLHMA SR OB TR &%, BT
30%vol DAKBEBARIEH T HEOHBEIFEEXET T



1000
E Deteriorated P S
et h
100 ol o°/° ok\\
) 3 - oA
S pr
~
Z 0r J |
&) /°'—°°—’° \
1 c‘/ Refined '\AA
L b oo
0.1 PR PRI DO DNPRPS S ST SOrS S N

o 0.0l 0.1 1 10 100
Water content (% vol)

Fig. 7 Comparison of electrostatic field-strength during
agitation between deteriorated kerosene and
refined kerosene; speed of rotation, 600 r“min.

HILAERIEAORHHHEFEDOHE

1077 ,
. OA (+) ,/f \‘A
@A (—) SN

T T ] YT

IV’ (A)

| "
0 0.01 0.1 1 10 100
Water content (% vol)

Fig. 8 Grounding current of vessel during agitation
versus water content; liguid, kerosene; speed of
rotation, 600 r/min.

ﬁ#gﬁggﬂh BB <‘: 7k/§é§@§§{s?‘

D LHEIND,

BHAFEREROWEHERL, BEOEEFERIK
FTAEARBRCDOD, BEREOKELELUDHE
MEZRT, Fig 81k, 4{bih & EEMmOERbhOBER
REFEHERYHE LD TH S, Hibih, BEE
ELKEBEAENAEWE ERBROFEAKRET 5,
BHABEBEHBEREEFEECERR L OBRFK, RUE

HWEROBFEEDZBRIEOWTIIBICEET S,

ERREPETT &S RIS—RR—89 -

1000

|V 200rpm
< 400
7 600 fore] 8%
100F A~ 800 o8 08 a
2 FOown 8 o0 900
© ¢
NS o
~ ¢
v O
Jo! 4
1 Ro - v (g
& (o)
4 o
¢
P 0
0.1 1 1 2 1 3 4 i
0.01 0.1 ‘ 1 10 100
Water content (% vol)
Fig. 9 “Increase of electrostatic field-strength” after a

stop of agitation versus water content; liquid,

kerosene.

BREIROBER LAELKKEREORFK

1000
A:‘:\\
g Os r‘og
g 100 Deteriorated . A—f-A- ) Sy ol
= - veteriorated .-
Z - \
= 10 o“‘
] \
< Refined er
1F °/°o
N 0/
. 7
0.1 oy L 'I .

PraR 1 PN A 11 ) |
0 0.0l 0.1 I 10 100
Water content (% vol)

Fig. 10 Comparison of “increase of electrostatic field-

strength” after a stop of agitation between
deteriorated kerosene and refined kerosene;
speed of rotation 600 r“min.

LaERELHORBPBILRRER LA BEOHE

4.2.3 BRELBOTERE
BHRFPOBEAMEOREBSFE, BHRELEORH
BEREAME (AE) 2B LIERY Fig. &R T. B
OB ER LAE & KEAE &L OBIRIIEA S Fig.
5LI3FE—HL, ThIhBERELBEOBER EAN



TRNREDORIC X 5 HESHEOERL L HEH L

TP 9B L ic KIEOEFBICER T3 Z & H 35
BEhB, LRL, BEALABEIBREEH 100
rpm X D H600rpm A EDE ZDOFHARKE N L,
WHEHFBEIKEOIBOESVWCEEIRPTWEW
2%, BEFREAEZERPOBBRMEL ALY, K
EBAE0.3~30%vol DEH CIRIE—FMEL iy, =D
CEREBRBEC X 5BEMRBRENKESECIIEEL
FLTHMT B LE2RT,

FHLmOBER LAELBHRPOBERABE L I1ZITH
CHHA% /RS, Fig. 10345 (ki BEMOBER LA
EEEBE LD THS, HLHTKEREG LV
ELKEELEALBELABREOHTERT I &,
5, Hbl BT ROSGLERYE L EA, BIEE
LB FELR T2 ENHEIND,

4.2.4 BRELBOFEZLIEL

BEREILHEOBERORHEL D ¥ — 7 RHAD
PR Fh Fh T AR - ok 2% Fig. 11, Fig.
12 @R,

HEBOWEN RO O) A TRTIHEBEIBEM AN
RS BAX, FRIFEIIRGOENRERE b (TR
I hEHTES,

q=qoexr>(—t—) ®
_ - , ,

th=0.693 ¢ 4,

r=¢,/K ®

22T, el s 1 AR, t[s] ZBEMEERT, ¢
[F/m], «[S/m] BRZThFhBEEDOBEERRN
BETHD, RBRCAVLITHOEERAEER
(REBLM0. 1pS,/m, &{bih 2pS,/m) LFER (hF
BER2.1) (D, ORERATE L, KESERWE

B D HEPFRFRTI 1308, H{LHDLhiT6. L%,

BEEMOEEY 25 L, ¥ — 7 BREROEREEEIX
KOBEASEOHEIMC O TEL LY, #0.3%vol Cix
KEieh, KESE0.3%volfHE CAMCHER LR
@ (Fig. 10) AKEL BT EnD, BEELIEL
e HERIBEETHD LHEINS, KESEY
IHIHTE, ©— 7L FRFRIIZKESEL
30%vol ¥ ClRWAT 5, TOKEBESHACIFHER
ERERHOEIL LI &5, BRELAEL
BERDO—D2 & L THBKBEOWBERE DB ANE 2

bbb, BT, 2BKBOWBEEREC DWTKRET %,

SEOKTECIES, #0, ROKEESRDIET ML

LEELCER BRI THEO)RD I 55,

1000
o -
~ 100 | o\o (S lned o
g 3 Al
= i /o.o \0.o IA
) o_/o \00 [
= 10| No 9
ER U
Deteriorated AT A
1 ” | I | IR I R B T |

0 ~0.01 0.1 1 10 100

Water content (% vol)

Fig. 11 “Peak time” of electrostatic field-strength after
a stop of agitation versus water content; liquid,
kerosene; speed of rotation, 600 r/min.

E— VM EKRBEAEORE

~ Half-value time (s)

1 | | ST Y I BT
o oo o T T T oo

Water content (% vol)
Fig. 12 “Half-value time” of electrostatic field-strength
after a stop of agitation versus water content;

liquid, kerosene; speed of rotation, 600 r,/min.

HmEr SRS BOBR

m%§—=mg—4;apkg———$£6nna )
T, mtAEOEE, sSEFAOMNEER,
gRENOINEE, altlKFEDFEE, o ITHOEE,
DIRITHMORMERETH S, (DREEWTS &,
A0 &5,

d’z Ok - 9.9 dz
dtz;g(l—pw 20w n 10
TZT, pwIKOBETHS, IOXTELEF L
U TR v B RD B &, KRR LD,




o 2ag(pw— P x) an
97

DR SO MR E AT ORRD B FTICH
Bl+5, ZORRERNL, KESEH0.3% vl 5 530%
vol ¥ T KEBESEDOHEINT O TKEONERE X
THD, WERENEL LD, ©— 7R
AT ERHEEINS, KESH50%vol B
kT, K GEER CTHOKRESS BT 2 KB~
LHDOHENEZ 5D T, KEABRNEZITHOEE
BIRBHIBE, THEHONENNILLY, TORR
R LEEEREL o T e — 7 B LR N O
3% L #HEIND,

SO F e — 7 B, PRERE BEHHER
fth, KEAGEZHLTH30%vol ¥ TIZIE—ET
Bol, Thib, HLlTRELERYOWLERT
DHBPKFEOLTh I D EETHS LHEILD,
4.2.5 TEEREOFTM

KEBESTAHAMEOHERC X AR FMET 5
L, KEBEESEH0.3~40%vol TiXBRHDHEBEELNE
BEFREEDCl 4 C/ M w2, ERESEV., %
7o, TOKEBESECTIERFELBCHEERD LA NE
Zh, HEVAERPO 2B ECETARBEERD S,
THIT, KEGENI0Y vl BE X CIRHEBEOY —7
BRI A K S E R VWEBA L VRO, &
ATE— 71065, FEEFEL 35 CET 2 ER
WrDD, LT, BHEKTROEDILVEHL,
HBHEE & OIRBIFEIIKRE S ERV & D IERE
ERVWEHEBRMALZBWTHrLITILERDS, —F,
KEEEH0.3%vol L TFRTC40%vol Bl E Tz
ROERELE E S HEENERBAEEDT Cik
HiEW EFHE I B,

L E OB BT, HNFROZILAETY T
BUBETRKEESER LLLBOKEEELS
G LA, BEPCAKELHE, RUBRELRK
BVWEEEAYRTERESD S, Lichi-T, ik
LTl N B 5 2 BHT 5B X, HL0B
B, RAYEET R EOEBRLETDH S,

4.3 BREHOHR

MRRIRGBEROHEC X 5F K& LT 57D
ik, BRI AEEEYERAKEL TCHHET S
ERFETELDN, FOLDILREKEDEBRYED
BHER—RITHSD, 2T, BERLZEDBHLD
CHAWAREBRAZEECEHENLT, TOREHIEDHR

ERRZETRTPIR#E RIS—RR—89

%;ﬁd Z) %&%ﬁ 2 T\:o
4.3.1 BRERNCLZEZROEM

BIEE, FREHSOREERECKRER % &M
T5 L, —BRITHEMBEC A L CREDOEERIE
mTs, Chix, 17 vEDEYERE CEURER
DI X » TGP DA F VEBENEE 512D T,
(IDARTERIND X5 CEBRNLHMNT 5,

k=e 'n* p*+zn p) 12
LI, K BEEOBEER, dIBEFOREM (1.602
-7
10 : =z°
&
-8 ’P
10 &
—~ ,O’
S e 4
@ [ o
> -
E 10—10 i 191
-g o,,o’
2 101} 4
Q L i
@) i
Ui S
5,8
10“‘31 i 1 1 I L
107° 107* 1077 10°¢ 10°° 107 107°
ASA-3 concentration
Fig. 13 Rest conductivity of kerosene versus concentra-

tion of ASA-3.

THOESEL ASA-3 FINEEDBE
x107°C), z*, z” WXIE, B4+ VvORTFME, »n',
n XIE, A4 A VORE, pt, ¢ IXE, B4 VD
4 VBHETHS, Fig 1312, ASA-3EHEMLIKE
HWMOBBROUEHERTH D, EERIZ ASA-I R
ErEEERMLcEmT s, LT, CoEERLE
FE OBRERET 5,

4.3.2 BEBOFB(CHIIRERNOHE
ERhoBERME () LEBEROB LY Fig. 1412
R, EERIFICHHLLLVEBIEEL, KELXE
LAELSFE R CRBOITIHIC OWTHIE LIETH S,
Fig. 14 b E LR OKFEr S REMm O EL
DIz, EEXK®1000pS,/m (1 xX10°S m)
BECEDLDHERDDHZERDIE, TORDIH
Eir ASA-3EEIL Fig. 1305 4ppm TH B, 2D
HERIZ, KEAORETHREC LS % v I7HORFER
BEFIE DD HE L IS EEROKEME (50~



AREREORR L 2 BBEIHEOER(LLHEN L

1000
Deteriorated
e N
ek LT ™S Refined,
E L Ao, Water 30%
~ R Ny S /
z 10_._!:/ Refined, n\‘
I B A\Water 0.3%
.A....A\-.\.A A
T Refined,
No Water
FUPTIO IROIPEF S PR UM P al

0.110'_‘3 T0- 10-tT 10710 10—9 10_3‘- i0_7
Conductivity (S/m):

Fig. 14 Electrostatic field-strength during agitation

versus rest conductivity; liquid, kerosene;
conductivity additive, ASA-3; speed of rotation,
600 r/min.

BRPOBREFELEELORR

100pS,/m) HNXTIOEU ETHS, Fig. 14 T3E
BENIpS,/ mEF CIIEBEXROENE LI HE
ER %2 - CTHEMTAEERAADRS, Thik, KE
HEmmLTAA VEBEYHTE, DR THE
BEIBETZH, —HTHEIOREELIHMNTS
»DEEZORB, Tithb, 10pS,/ MEE ¥ TOEE
KWINCREMENSR L b LBHELEDROF IS
WedhZ - THENEML, EERYILREL T
5 LEMERNNBERHREY FEhbo THEARES LI
LB, £, KEAEH30%vol & £ WBESIITE
TRAEBD TR E WD, EERE1000pS, mbh E
KEDTb EBHENSRA RNV, XL, HE
EH5000pS,/ muEMx b L, BEAMENFOLATS
HERADLDhEDT, EERIFECHETNETH
%, Fig. 1513, BHHOBBABEMTER Uv) OHl
ERRETH Y, KEAEIKvol DBEAITERMEA1000
pS,/ MEBEEDETERF CE\VERHFLTWS, 20
LB LKBRAR X ABHRBEIEDTAENE
ERHER IR, BREAZEMLWITHCKE30%
vol#BE Lo BboEER (Fig. 6) 1213F
1000pS,/ M THH DT, ZHHUT CIIBREFGINO%)
BaABER VOISR EWL S,
4.3.3 BERELBOHEELLICHTIRERODE
BRELBEOHER LAME (AE) LETFBROBRGR
1XFig. 1I6RTERBDTH D, BHRFOHBERNEDMHE

Refined,
10-7 Water 30%
E /° T /
[ o
-3
10 Deteriorated
,,-V-- N Y
~ 107° F ) Vo, *
< B / N jfméﬁwﬁx
> ] ¥y A/A Y l\:,.\
~ 10—10_ . ¥ . ! “v
= /  Ke—Refined,
: // No Water
10—11 . A I I3
AN él / COav (+)
I \.A/A HBAv (—)
107 L b b 4o

107" 107'* 107" 107 107° 107%* 1077
Conductivity (S/m)

Fig. 15 Grounding current of vessel during agitation

versus rest conductivity; liquid, kerosene;

conductivity additive, ASA-3; speed of rotation,
600 r,/min.

REFREHERLEETROBR

Deteriorated

1000

T

100

\.o/ Refined,

Water 30%

- gV,

10'D—"f""\“ Y
L Refined, N, \V\
Water 0.3% \ .

Refmed """""

/ No Water N R

0.1 et bl v oat]
10_13 10_12 10~ll 10"° 107° 107° 1077

AE (V/em)

.Conductivity (S/m).

Fig. 16  “Increase of electrostatic field-strength” after a
stop of agitation versus rest conductivity;
liquid, kerosene; conductivity additive, ASA-3;
speed of rotation, 600 r/min.

BHELZ2OBBER LRELEEEOMEK

7 (Fig. 14) LELLTWS, ZOKRND, £Hikil
ROKH L SCRMEMORBELROUBTHFEC L5

CEE RIS A, BRbhoREMEOR

& LAk, BERE1000pS, mBE ED 5 HES



- Refined,
\; 1000 Water 30% Refined,
£ : No Water
i-’—‘) 100 .-\’ikvwo Calculated valui"A .
s X \\k\ _l'_v.’o.-
Lol OB e >
-t-!; d \ v:\ ~a "’ A o\
T 3 AR 9 Deteriorated
ML R A W S EOTIE S
10712 107 10-% 197 10~ 10°% 1077

Conductivity (S/m)

Fig. 17 “Half-value time” of electrostatic field-strength

after a stop of agitation versus rest conductiv-
ity; liquid, kerosene; conductivity additive,
ASA-3; speed of rotation, 600 r/min.

RRE IR OB & EBROMR

BHZ LS, ~
BHELBOXFERM & BEEBROBIMRIT Fig. 1712
RTEBYTHD, RFD 3 HEEE ORTHEBIIKE
DENBEMD S (DR TRDHEETH D, BEER
231000pS,/m BE ¥ TIXEBEROHINC DR TR
RN 3 25, WO K & JITEERHMHRK
DIEFTEMED 2 ~20685TH B, FREFHHITEMBEL D
ELIebERE LTI, KIS LERY OB
BORNME, BREFAGMEDOLDDEENRE L bh b,
BREIRBA DB TF Lz THBHBECEST5
TEERBRTS, KEESE WML
BEXVE LY, ¥ABEEHMN000pS,/ mbh LT
bt e b FFRFEAFOHAT A ERIZE OBREBHI D
UERBL LB LELLRD, ZOZENDY, BRE
FAOBEILEU ECETEL EFE LR,
4.3.4 BRERIC L DEER RO

B X ONTFROSEBMHEE DK, H{LERYE
PEURERER T HIBOHBEREYIFIET 5
X, BBCREANEEZHEMLCEOEEEL %1000
pS/ MEBERLED D EBFHRHTH S, COKEZ
DEBEBRIIS L, BRPOFEROBRELEHEO
BLANLCEBRKELTCHRH IS L LD, #
BRELBEOFERENELEL k) —BELLEh S,
el L, BREAG—CEMRBREDCER & LT
7o, BRBHOFEBC - CTEHMEEYBEER

EXREWMEFTVRES RIS—RR—89

MR T D DES BB,
5. BBICLIFTERRICHIIER

I TREBRC I 2HBEIBERSYBHT S —
DEAA & LT, BHRCERARROEBHREN L XM
with » BRI L HERHE &L OBRERET 5.

UTF, oHelibT 5 -dBRROBEOEHR S
MBRB—ThHdEWIELPUDS &L TEET S, Fig
18 1B OREDEETH S, MbDlv, IsitFh
ThBRAFRENER, BEMERT, Ivi, [s3EE
T X o THBRENDZThEhAR, BREh 5N
BB, Eiclve, Iss 3885, BEWRBLDOERE

<P

Fig. 18 Schematic diagram of electric current during
agitation.

BHAPOZBERAEDOHE

hORETCOBBROREBRES» ¥R T. HEKD
REBRIL, BEPOERBEA A VD ELLI—T
Mbk &L BECEEIh TR 5EMOEICES
BRTHS., ZhbDOBRMEDEICITKRDOBAFRRIK
UATACR -

Iy=Ivi—lIvg ;.(13)
Is=Isi—Isg as
Iv=—Is (15)

T, BRI, IsRETERTHHLD, £
LLEEOHER BUVWBLWIBERMEE L
DEBER s DWMERLIELFATHEELLN S, Fig
19X DEAREHENDIEROERTH S, Bpdo
BREDHEIEBD TKEVWEH TR, REBRCHEX
TREBRIMER TE 50T, (13), AOEXMLSZ D
EEDEBBREIRBEBER LTS LN TE S, Fig



REREORHC L 5B BEIHEOEE(L L HENIE

10°°
F §
10710 }— Vessel /o/
—~ -~ 0
> - )
~
g - ) /
g 10—11_ N
<
= _ 1’
,LY\q N A/ Stirrer
~
10—12 | /
10~ Ll | Y B
10°* 107 107" 107°
Conductivity (S/m)
Fig. 19 Ratio of leakage current to electrostatic field-
strength versus rest conductivity; liquid, keros-
ene; conductivity additive, ASA-3; speed of

rotation, 600 r/min.
RAREREEER, BERMEORRF

19DRBERIX, BHPORBLREFEE IR TERD
TebDTHD, EERIIBREXR ASA-3 ZHEM L TH
B, COBRRKDBERATEINS,

Ivi=ck E (16)

Isi=dkE an

CoC, o, dRHAIER TS, 1ORE(IDRTE
TBE, KANELRE,

Ivi ¢
S amm i 1 (18
TIT, | 3EREFELEREORCPEBREE CIB

BEEEDHERTH Y, Fig. 190 b RO IAERIIMHI0T
Hb, BREBRCOVCVCTOIRBERKDLEEL S,

[Vg_
ISg_ (19)
AD~UD, 18, UDA»LROBEFAIELI S,
I
Iv = Isi Tte @)}

ZORERIZ, 1> gDt TEBRABEMTR LB

Refined,

(/)
100 Water 30% Deteriorated
| S—
070 VY.
-V e e g 2B A

.a

PN
Ly g

/ I \.
A a
/.' ] A\A /I
4 Refined, ™ +—a-4

No Water

0.1 FRY W BT R W INPETEY S RAT IR S AU PR AT XS A RSPYY
107107 107" 107 107 107 1077

Conductivity (S/m)

Ivg/Isg

ey
(=]
T VT ITI‘I

Fig. 20 Ratio of vessel's generating current to stirrer's
one versus rest conductivity; liquid, kerosene;
conductivity additive, ASA-3; speed of rotation,
600 r/min.

BHESRETHRLBRRRLETROL

107° “Rofined,
V\Later 30% 7/

10°°F —"7

T

Lo /
AN
A Refined,

No Water

Refined,
Water 0.3%

< 107°F

N 2 ,/ﬂ /
1)

i

ol

wm;

FTIE EEPEPEY T BRPEYSS B

107° 1077

2 13 I T BT I

10—13 10—12 10—11 10—10 10—9
Conductivity (S/m)

Fig. 21 Calculated value of vessel's generating current

versus rest conductivity; liquid, kerosene;
conductivity additive, ASA-3; speed of rotation,
600 r/min.



BERHNER (BEIEBHRABENERRVOHEREL
ML) ARFET, KA <gThRIEZhLOR
ERRNLBH - LERT, Fig 201381 Fig. 14, 15D
FREFCAD~UD DGR EZERE L, RERBR
Ivg, Ise#EH L, DX SgeRDIEHERTH S,
Fig. 20 & Fig. 150 HgfEia [ (W10) X h k&
X, BHRAEBENER - HERME (ABK /5
DEVHEI D EHVHERIND, g> L 3BH /K
BRAECKT 5BEHMBENERCRDLEERTS
DT, ZOBRALOLERERLEBETD L, TOEH
FADBER LR AR/ NN TR B SR 5 E
THBAES S, Fig 21 IBARRBRETHE Uve)
DEHBERTHD, ThrbIAR KERATETOE
BRAEEVRBEAOHRMESCN T RYEOFE LB
BIRD DB Z EBRERD,
BlEDKREIC X b, KESEBMNFRYE S
DT BEAEROBEHI X HERTBHBELRLER, B
ERNTFRYE & ORMEEC X » TEEFEELLE,
EBEA VO bh—RnFEE LTERES K

BAECRIRNCEEINTREID L P ER I,

6. & &

TTRMBAEROBEITECERTHAK, &
REDOREHIEXYENE LT, BREBEOEER(LES
B IL B 5 RBRBRHA BT - iR, kDT L4
Lt -z,

1) 1EHOKBOER, RUBELD > RERED
BEEBBCIZHERIADRL, BRCISHERE
B S,

(2) WAARKDI0.3%vol A EEERD &L, BHFOK
BoSBC X v BRFOFENEHRAKEZI THES L
Lhic, BHRELBCILEHELRN R Y, B
RROEBHRELEOBBEIERESKE L,

(3) ®EHPHLL, NTFROFILERYESLEHER
X, ZEOKESUHEE LAKE, BHRTRUBHRE
IFBRDOHBEIEBRELKE L,

@) WEPTAkPLHLERDREEh I GBI, B
BELBOBEREAROEERNSFHIRE LD
BAE B e LR HHDT, EREOGERREICY
BTHLERDS,

6) WCBRBHZEXHRML, FOHEEFERSY 1 X107°S
/S mBECED D L, KRH{bERYHIEETh5E
DEEH R OERE LS OB EE Y REKE T THIE
TBHENTES,

EERZLEMETEHS RIS—RR—-89

6) WP KPLHLEBRDNEENHHEOHFEN
81, @B X D AR B LAKIERR T LK
EOHMNERC LY, TORETCELEDOEMH B
CHZEBERETS, ChL X hBHRFCLSEDOEMN
ZeENRZ Y, B LBrEBEEC L v EEL
BERE= 5,

CER 24 4 A15HZH)

2 EX®

D BEEEREEWRTTRE, “BEIREeREH
FEEL PRI EST RIIS-TR-87-1 (1988)

D WEREEE, WER YFT 27, A—4
ft, pp.707-896 (1981)
D FWEEELATRIE, “WEKCETHHE

KIKEEORBHE" , EXEREVRITEMER
RIIS-TN-74-2 (1975)

4) BIREHEBITHE,
£”  (FBR48-574F)

5)A. Klinkenberg and J. L.van der Minne, “Electro-
statics in the Petroleum Industry”, Elsevier(1958)

6) HBEAWEITHEHENG, ‘SHEKTEORE
B i EiT BE T 5 AEM AR A |MES" (1982)

T WEH, HERE, BEIFRFHERE 82,
pp.200-202 (1982)

8) BABEERBRBARE, “BkiEd12, 2vIr7EHD
Bsk - Bhigfest, p.118 (1970)

9)B. Vos, C. Douwes, L. Ramackers and J. M. van
der Weerd, Electrostatic Charging of Suspensions

“faB M BETTE O i E A

during Agitation”, Proceedings of 1st Internation-
al Congress on Loss Prevention and Safety
Promotion in the Process Industry, Elesevier, pp.
381-384 (1974

10) J. E. Owens and B. E. Schorn, “Electrostatic
Ignition Hazards with Flammable Liquids”, IEEE
Conference Record 79 CH 1423-3 1A, Paper
Number PCI-79-4, pp.29-37 (1979

11) H. Kraemer, “Electrostatic Charging of Poorly
Conductive Liquid Systems-Suspensions, Emul-
sions and Solutions-by Agitating”, Journal of
Electrostatics, Vol. 10, pp.89-97 (1981

12) REM, HEESE, HEXERFEITRE 84,
pp.184-187 (1984) .

13) Bz, BH=HE, “{LEBROBERLFE
G20 7, EXKE, pp.435-452 (1975



TRERGORRC L 2 BESHEOER(LL HEH 1L

14) N. Gibson, “Electrostatic hazards- a view of
modern trends”, Electrostatics 1983, Institute of
Physics, pp.1-11 (1983)



