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5. Characteristics of Ignitability of Sprayed Liquids due to Electrostatic Spark (II)*
by Kwang Seok CHOI**, Mizuki YAMAGUMA** and Atsushi OHSAWA**

Abstract; Explosions and/or fires involving liquid while spraying frequently occur due to electrostatic
sparks in various chemical processes. Accordingly, the quantitative research into the ignitability and
the electrostatic charge of sprayed liquids will be necessary to assess hazards in industrial operations
under various conditions and to propose effective countermeasures. In the current paper, we deal
with Minimum Ignition Energy (MIE) due to an electrostatic spark of a sprayed liquid relative to the
percentage of nitrogen (N,), including compression in an air cylinder. Four different mixtures, A (O;:
20 %, N,: 80 %), B (Oz: 15 %, Ny: 85 %), C (O, 10 %, N,: 90 %), D (0,2 5 %, N,: 95 %) were used.
The charge amount while spraying and electrostatic sparks in a sprayed region were also observed. Two
types of hand-held spray guns and a supply of air pressure in the range of 0.1 to 1 MPa were used in this
study. A liquid was supplied to the spray tube (liquid input line) with air from the pressure supply line.
The liquid was automatically sprayed for 10 s and 15 s, respectively to measure the ignitability and the
charge amount. With regard to the materials, kerosene (conductivity, o : 3.50 x 10 S/m) was selected for
ignition tests while spraying, and water (¢:0.1 S/m), including sodium chloride (0.5wt% NaCl), was used
to investigate the charge amount of the sprayed liquid. The following noteworthy results were obtained:
The ignitability of sprayed liquid was dramatically reduced by atomizing with an air changing the
percentage of N, instead of pressurized pure air, and its efficiency increased with increasing the supply
of air pressure. This fact suggests that both conditions, a 90% rate (or over) of N, in air and 0.3 MPa
(or over) of P, are necessary to prevent effectively explosions and fires that are the result of electrostatic
sparks in a practical industry. The charge amount values of some obtained in this study were unsafe in
the painting industry, and several electrostatic sparks were observed while spraying, even though no
incendiary sparks were detected in our tests. These sparks were particularly conspicuous at the nozzle.
This fact suggests that the spraying of liquids (especially solvents such as toluene, acetylene, and
xylene) under high pressures of several tens of MPa as water jets or airless paint spray must be carefully
managed since it is possible that incendiary electrostatic sparks could occur.
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Fig. 1 MIE measurement system for sprayed liquid.
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Table 1 Ignitability of a sprayed liquid (kerosene) as a function of the composition ratio of air under 0.1
MPa. BEZRHPDEZRELEBREOERHOBEE (BEES 0.1 MPa)

Minimum ignition energy (mJ)

Composition ratio of air "
X50 X100 X200 X300 X400 X500 X600 X700 X800

A (0,:20 %, Ny: 80 %) 180 29.4 7.20 9.80 21.6 38.4 38.4 128 NI

B (02:15%, Nj: 85 %) 320 50 12.8 12.8 29.4 50 72 NI NI
C (02:10 %, Nj: 90 %) NI 50 12.8 12.8 29.4 50 72 NI NI
D (02: 5%, N2: 95 %) NI 72 21.6 12.8 38.4 128 NI NI NI

"X: Horizontal distance from the nozzle tip, mm, ~ NI: No ignition

Table 2 Ignitability of a sprayed liquid (kerosene) as a function of the composition ratio of air under 0.2 MPa.
EETRPOERERE LEZRAEAOENEOREEF (EFHEES 0.2MPa)

Minimum ignition energy (mJ)

Composition ratio of air "
X'50 X100 X200 X300 X400 X500 X600 X700 X800

A (0220 %, Ny 80 %) NI 500 980 720 216 294 384 72 128
B (05:15%, Ny 85 %) NI 72 294 21 384 72 128 NI NI
C (02:10 %, Ny 90 %) NI 72 294 21 50 72 320 NI NI
D (02:5%, Ny 95 %) NI 128 384 50 50 NI NI NI NI

“X: Horizontal distance from the nozzle tip, mm, ~ NI: No ignition

Table 3 Ignitability of a sprayed liquid (kerosene) as a function of the composition ratio of air under 0.3 MPa.
EEEZRTOEREE LEBREOEN MO (EEBES  0.3MPa)

Minimum ignition energy (mJ)

Composition ratio of air -
X'50 X100 X200 X300 X400 X500 X600 X700 X800

A(02:20%, N»:80%) | NI™ 180 128 720 128 294 294 720 180
B (0y:15%, Nz:85%) | NI 180 384 50 320 320 NI NI NI
C(02:10%, N2 90%) | NI 180 50 98 NI NI NI NI NI
D (02:5%, N2:95%) | NI 180 128 NI NI NI NI NI NI

“X: Horizontal distance from the nozzle tip, mm, ~ NI: No ignition

Table 4 Ignitability of a sprayed liquid (kerosene) as a function of the composition ratio of air under 0.5 MPa.
EETRPNERRE LEBERAEOENEORMEE (BHEES - 0.5MPa)

Minimum ignition Energy (mlJ)

Composition ratio of air "
X'50 X100 X200 X300 X400 X500 X600 X700 X800

A (0,:20 %, Ny: 80 %) NI 180 294 720 720 720 98 21.6 21.6

B (02:15%, Nj: 85 %) NI NI 180 125 320 NI NI NI NI
C (02:10 %, Nj: 90 %) NI NI NI NI NI NI NI NI NI
D (02: 5%, N2: 95 %) NI NI NI NI NI NI NI NI NI

“X: Horizontal distance from the nozzle tip, mm, ~ NI: No ignition



FEEXUMBIC & B MBERAOFNE (20 2)

(a) Spray

Fig. 4 Photo of spray guns.
ATL—H>

HYBIEHEAN L VL RICEZECTE L L9112, 7 AV
FIZEE50 mm , 811 mm D734 FEEHE BT,
ATVL—=H YA XD RELBRIENIZEEZON S,

Q) WAFL—=Arbd, MBEERRIIEETEI~NDOMK
YD ZETH Y, MBIEIIVWINT 210E-T, K&
iR L7zo SIUZHARDS ) AV O/NE BB 5
WS B, MBI AES b 2 LK), WEEmA
ERAEER & DR B 2SI L 72720 TH B EEZL D
N5,

(3) Table 5 IZRT LIHIZ, AFL—H B OHéH
ATV—=HVA LVEBRDPIRKETHLEH 0, EHEKR
ROBREEORE SITKEGRL, AT V—FA VA
Tt -1.72 ~-2.62uClkg, A7V —74 B Ti30.82
~3.75uClkg #BETH - 720

BERBYCREBER*BELIEL0T, oYL R
TRo THADNER LG b ATL—DOFRICL-T
YLD, TT7T AT L —THEH=RED60 ~ 70 % 237
BTbHLEVIMENDHBY, T, BEFLGTHEH I
HREM BB NV, TR MY, ¥V L
YRENHY, TNOOELFIREIIBI D HRNE KT
VF—1380.2m) TH 28, BEBAYTIEHBAI L N
FAROFEHDOA TV —F VBRI fibnTn
Bo HEMOBEL, A5 —0v 7 hEDY AT AR
SN, BEHARRPWHIC L 23N EHILTE 505, ¥
BRE N T4 RO, #boM R X 53K
PEBHRE SN TS, LzAoT, TZTRNYFA
AR E LCREICE ST 5, Rito0.2 md i,
NYFARDAT LV —H v 2@A LSS (EEEL
2TV —H Y OMES R % K184 pF (Afk : 100 pF, 2
TLV—AYBiBApPF) LER DL, ATV &iES
TWAIEEEHHLEKV ICHE LA OHET AV
F—1ZHE LV ZOROEMEIZ027TuC Il b, —H,
FEERTH LN B EEIITable 5 (2527280, &%

/MEZIRL7:0.1 MPa 35T, -1.76 uClkg (27
L— VA, WEEEEE : 0.60 g/s), -0.82uClkg (A
TV—H B, WHEREE 850¢g/s) THhbH, 2FH A
TV—=H VA ZHCTEE1EH250 8, A7 L -7 B
OYEIR A0 BHEZET L L, COREFRELTLEY,
B, KEi (0.5 wt% ONaCl #iKEK) %
BITHBI, I ANOEHEREBE MR ETRET S
HEAMEORERREAA=IA VTV T AT
(Hamamatsu Photonics, Ltd., Night Viewer C3100,
Gain 60,000) & —RL 7 5 2 55 7 % #op 361 % A
ML CHoe Lize = OBl R % Fig. 6 1IR3,
WHERME LT, AT L= YA ZHWT, BEHETE
731305 MPa & L7z, #RICE DL, BEEMOLD

3on—r—w———r————7—+—7+—"+7+——7r—+7—71—

3.0nH+ b
2.5n +
2.0n

15n}

Current [A]

1.0n

500.0p |

0-0'|.|.|.|.|.|

0 2 4 6 8 10.1I2.1I4.1I6.1I8.20
Time [s]
(@) spray gun A

80.0n
70.0n B
60.0n |
50.0n
40.0n +
30.0n b
20.0n
10.0n 1 ‘
0.0+ ‘ ™~ 0.1 MPa
(I) . é All (IS . Eli .1I0.1|2.1|4.1I6.1I8.20
Time [s]
(b) spray gun B

Current [A]

™ 0.3 MPa

AN

Fig. 5 Change in current during spraying using spray

guns A and B.
HEBEEHED XIVH ST —ANRN
3EBROEAL



T2 R GRS INIOSH-SRR-No.38 (2008)

Table 5 Flow rate and charge density of liquid with various air pressures supplied to a nozzle.

RAEDEBEL JUVERERE

0.1 MPa” 0.3 MPa 0.5 MPa 1 MPa
Substance m™ q- m q m q m q
[g/s] [nC/kg] [g/s] [mC/kg] | [g/s] [uC/kg] | [g/s] [nC/kg]
Water
0.60 -1.76 0.72 -2.19 0.87 -2.51 0.98 -2.62
(spray gun A)
Water
8.50 -0.82 15.0 -1.78 15.7 -2.81 17.5 -3.75
(spray gun B)

: air pressure supplied to nozzle,

Nozzle
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(a) Image of area surrounding nozzle
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Fig. 6 Observation of the electrostatic sparks while

spraying.
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m”™": flow rate. g : charge to mass ratio.
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