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The Minimum Igniting Currents for Explosive Gas- or
Vapour-Air Mixtures by Break-Sparks in Low-Voltage
d.c. Inductive Circuits

Ryuji TANAKA*

The auther previously made clear the ignition sensitivity of the IEC type apparatus for testing
intrinsically safe electrical apparatus and circuits for use in explosive gas atmospheres and that the
ICE type could appropriately simulate break-sparks of low voltage inductive circuits and resistive
circuits with a supply voltage of not less than some 20 volts as regards the spark ignition.

The minimum igniting currents for various explosive atmospheres by break-sparks of inductive circuit
having a 95 mH inductance and working at 24 volts d. c. have been reported from the Electrical Research
Association, using the “Break-flash No. 2” apparatus with a pair of platinum alloy electrodes. The data
obtained at the ERA, however, are required to be reevaluated with a view to finding new criteria for
designing intrinsically safe apparatus and circuits, since the IEC type has been found to be much more
sensitive to spark ignition than the Break-fiash No. 2.

From this standpoint, the auther determined the minimum igniting currents for typical explosive
gas— or vapour-air mixtures by break sparks of low voltage d.c. inductive circuits using the IEC type
which electrodes are composed of four tungsten wires and a grooved cadmium disc under the various
experimental conditions.

The test circuit used in this series of experiments consists of a battery, an air-cored inductance, a
non-inductive variable resistance for current regulation and the IEC type apparatus. The air-cored in-
ductances range from 0.1 mH to 10 H, stepping at six values.

The calibration of the apparatus is made before and after each determination of minimum igniting
currents, and if the performance of the apparatus is found to have changed it is brought back to a
standard calibration.

Table 3 shows the comparison of most easily ignitable concentration of the atmospheres by break—
sparks of 95 mH inductance working at 24 volts d.c. and the minimum igniting currents obtained with
the IEC type and Break-flash No. 2 apparatus. The ratio of the minimum igniting current for each
"combustible between the two are 2.95 for hydrogen, 2.17 for ethylene and 1.6 to 2.0 for the others.

The effect of value of the inductance on the most easily ignitable concentration is examined for
hydrogen, methane and ethylene. .

With a circuit voltage ranging from 6 to 96 volts d.c., the minimum igniting currents I for the
various air-cored inductances L are determined and although the results are basically given in the form
.of LI"=const, the deviation of the data from the equation occurs with smaller inductances. Where the
circuit voltages are more than 48 volts, the inductance less than about 3 mH has littile effect on the
minimum igniting current for hydrogen and methane.

The effect on the minimum igniting current of spark suppressors such as shunt ohmlc resistors, a
non-linear reslstor air-condensers and rectifiers are also briefly examined. The ohmic resistors used
in this test are ranged from 5000 to 20kQ and the condensers from 0.014F to 1uF. The non-linear
resistor used is composed of silicon carbide and in the form of annular disc, and the rectifiers used
are of selenium, gelmanium and silicon types with the peak inverse voltage of 50 volts.

In general, the increases of minimum igniting current with the spark suppressore appear with
inductance of more than some tens mH, and especially the rectifiers used show almost equally the
large increase of the minimum igniting current in the range of several mH to 1 H.

* E%#® Electrical Section.
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Table { Inflammable gases and vapours -
- used in experiments and their properties

concerned.
BERTT IR ME 7 A TG & & Db |
Limit of Stoichiometric
Combustible explosibility | concentration
(vol. %)** (vol. %)
Hydrogen 4.0~75.6 29.53
Methane 5.0~15.0 9.48
Propane 2.1~ 9.5 4.02
n-Pentane 1.4~ 7.8 2.55
n-Hexane 1.2~ 7.4 2.16
Ethylene 2.7~34 6.53
Propylene* 2.0~11.7 | 4.45
Benzene 1.2~ 8.0 | 2.72
Ethylether 1.7~36 | 3.37
Aceton 2.5~13.0 4.97 -

*Results .of analysis by gas chrbmatography Propy-
lene 91.99%, Propane 5.88%, Methane 1.55%, Ethane

0 42%, Carbon monoxide 0. 08/, i-Butane 0.07%, n-

Butane Trace (0.007%), Ethylene Trace (0.003%)
hid 2 8 Nabert und G.Schén': Sicherheitstechnische
Kennzahlg_n brennbarer ‘Gase und Dampfe(1963).

Table 2 Specifications of interferometers.
FHRFT ARDEBOLRE
Effective length

Type Full scale of gas chamber
‘Methane. 10% 120mm
Hydrogen 50% 24mm
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Table 3 Comparison of most easily ignitable
concentrations and minimum igniting currents
between the IEC-type and Break-flash No.2
apparatus, -

BNRKBRBE 3 & OR/NEKBIRO B

IEC type Break-flash
(byAuther) No. 2 (by ERA)
Most Most
Combus- | easily |Minimum| easily [Minimum
tible | ignitable| igniting | ignitable| igniting
concent-| current | concent-| current
ration| (mA) ration| (mA)
(vol.%) (vol.%)
Hydrogen | " 21 25 23.4 74
Methane 8.3~8.5 102 8.3 185
Propane 5.7~6.5 83 5.25 148
n-Pentane 3.6 98 3.9 160
n-Hexane |3.3~3.8 87 3.4 163
Ethylene 7.8 53 [7.2~7.85 115
Propylene 6.2 75 — -
4. 62~ 4. 63~
Benzene 4.89 81 5.51 165
Ethylether |4.93~6. 2 85 P -
Aceton 9.0 95 8.75 160
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inductive circuits with shunt condensers
for hydrogen-or methane-air mixtures.
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Fig. 9 The minimum igniting currents in
inductive circuits with a shunt nonlinear
resistor for hydrogen-air mixtures.
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Table 5 Shunt diodes used for spark
SUppressors.
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Peak inverse |Mean forward

Kind voltage current
Silicon (15180) 50V * 100mA
Germanium (1 $82) 50V 50 mA
Selenium  (30K) 50V 50mA

* Continious rating

Fig. {0 The minimum igniting currents in
inductive circuits with shunt diodes for
hydrogen-air mixtures,
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The Minimum Igniting Currents for Explosive Gas-or Vapour-Air Mixtures by
Break-Sparks in Low-Voltage d.c. Inductive Circuits
R. TANAKA ,
Research Report of the Research Institute of Industrial Safety
RUIS-RR-17-6, 1~11 (1969) |

The most easily ignitable concentrations and the minimum igniting currents
for various explosive mixtures are determined by breaking inductive circuits using
IEC-type spark-producing equipment, and the results are compared with those
having been obtained with the Break-flash No. 2 apparatus at ERA.

The variations in the minimum igniting current when inductance coils are shunted

by ohmic resistors, non-ohmic resistors, condensers or diodes are also examined.

(4 Tables, 101llus., 11 Refs. )



