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Study on new gas-generating agents( 1)
A small scale deflagration test for evaluation of deflagration

properties for tetrazole-oxidizer compositions

Jian Zhou WU*, Mitsuru ARAI*, Toshio MATSUZAWA**

and Masamitsu TAMURA*

In order to obtain some information on the deflagration properties of new gas-generating
agents for airbag systems, we have attemped to devise a small scale deflagration test method,
and have investigated its applicability as a screening test to the evaluation of the deflagration
properties for new gas-generating agents by examining the influence of testing conditions on
the deflagration properties and comparing their data with those obtained from the 1 L tank test
method, a good test method for examining the deflagration properties of gas-generating

agents for airbag systems.

As the results, we can say that the small scale deflagration test method devised should be
useful as a screening test for evaluating the deflagration properties of new gas-generating

agents.

1. Introduction

Airbag systems are well known to be a useful tool
for protecting lives in the car crash accidents.
Sodium azide is now chiefly used as a base material
for the gas-generating agents of airbag systems.
However, as sodium azide has not only strong toxici-
ty but also possibility for the formation of explosive
materials from its reaction with heavy metals, many
researches have been carried out to find out new gas-
generating agents.

The pressure release behavior of gas generating
agents by thermal decomposition has already been
reported by authors'-?-3-1. However, the screen-
ing test for evaluating the deflagration properties of
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gas-generating agents has not been established.
Therefore, we devised a small scale deflagration test
apparatus and investigated its applicability to
preliminary evaluation by examining the influence of
testing conditions on the deflagration properties and
comparing their data on the deflagration propertiés
with those obtained from the 1 L tank test®’ which s
well known to be a good but larger scale test for
evaluating the deflagration properties of gas-
generating agents for airbag systems.

2. Experimental

2.1 Materials

2.1.1 Tetrazoles and oxidizers

Tetrazoles used in the experiments are shown in
Table 1. HAT was purchased from Toyo Kasei Co.,
Ltd,. Other tetrazoles were kindly supplied from
Tokyo Kasei Co., Ltd.. KNO, and KCIO, are of
special grade and were purchased from Wako Pure
Chemical Industries, Ltd.. Tetrazoles and oxidizers
were used without further purification.

Tetrazole-oxidizer powder compositions were
propared by mixing a tetrazole and an oxidizer in the
V-type mixer or by mixing them with a brush. AS-
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Table 1 Tetrazole used(abbreviation and purity)

Tetrazoles Abbreviation | Purity(wt. %)
5-Amino-1H-tetrazole HAT >98.0
Disodium 1H-tetrazole-5-carboxylic acid TCA 97.2
Dipotassium bitetrazole BHTK 99.5
20
Relisf valve
Sealing ring
. A
[ 3 )
- Nich
A 2 rome wire heater A
R Igniting matorial

Fig. 1 Cross-section of small scale deflagration test apparatus(Unit: m)

82 is a commercial sodium azide type of gas- chased from Wako Pure Chemical Industries, Ltd. .
generating agent and its powder composition and  An igniting material was prepared by mixing Pb,0,
(70wt. %) and Si(30wt. %) carefully with a brush.

pellet were supplied from Nippon Kayaku Co., Ltd.
2.1.2 Igniting material
Pb,O, and Si are of reagent grade and were pur-

2.2 Apparatus

Fig. 1 shows a cross-section of a small scale
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Fig. 2 Typical time-pressure curve in the deflagration of the BHTK-KNO; composition
Sample: 6 ¢ pellet of BHTK (51. 5wt. %) - KNO, (48. 5wt. %) composition,0.5g

Igniter:0.2¢

deflagration test apparatus. The apparatus consists
of a cylindrical closed vessel(ca. 13cd capacity) made
of stainless steel fitted with electrodes to which a
nichrome wire(0.2zn diameter, 80m length)as a
heater is attached to fire an igniting material by an ex-
ploder(30V)and connected to a pressure recording
system. An adjustable relief valve vents gas to the at-
mosphere at a desirable pressure from 750 to
1500 psi(5.2 - 10.5MPa)to protect the apparatus
from explosion. The pressure developed in the
chamber by the deflagration of the gas-generating
agent is detected with a transducer(Type E501 from
Kyowa Electronic Instrument Co., Ltd.) in the
tubular lower arm(6mm internal diameter, 34mm
length), is amplified by a charge amplifier(Type
DMP-611A from Kyowa Electronic Instrument Co.,
Ltd.) and is recorded on a digital memory (Type DS-
8613 from Iwatsu Co., Ltd.).

2.3 Test procedure

0.5 g of a sample is introduced in the chamber and
0.1—0.4 g of the igniting material is then placed on it
so as to be in sufficient contact with the nichrome wire
heater. The vessel is closed and the firing leads are
connected to the terminals of the electrodes. The
sample is then ignited by operating the dynamo at a
remote place. Time-pressure profiles by the deflagra-
tion of gas-generating agents in the chamber are
measured.

3. Resuits and Discussion
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Fig. 3 Plots of maximum pressure rise and max-
imum rate of pressure rise against oxygen
balance in the deflagration of the BHTK-
KNO; composition
Sample: 6 ¢ pellet of BHTK-KNO, composi-
tion,0.5¢
Igniter:0.2¢g

3.1 Time-pressure curve

Fig. 2 shows a typical time-pressure curve in the
deflagration of the BHTK(51.5wt. %) - KNO, (48.
5wt. %) composition. As shown in Fig. 2, we can
obtain the maximum pressure rise and the maximum
rate of pressure rise from the time-pressure curve,
which are important deflagration properties.

3.2 Effects of test conditions on deflagration

properties
3.2.1 Effects of oxygen balance
Fig. 3 shows changes of the maximum pressure
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Fig. 4 Plots of maximum pressure rise against amount of sample in the deflagration of

the tetrazole-oxidizer composition

Sample: 6 ¢ pellet of the tetrazole-oxidizer composition

Igniter:0.2¢g
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Fig. 5 Plots of maximum rate of pressure rise against amount of sample in the deflagration

of the tetrazole-oxidizer composition

Sample: 6 ¢ pellet of the tetrazole-oxidizer composition

Igniter:0.2g

Tetrazole(wt. %)  Oxidizer(wt. %)

A AS—82

@ HAT/KCIO,
& HAT/KNO,
& TCA/KNO,
O BHTK/KNO,

rise and the maximum rate of pressure rise by
deflagration with oxygen balance of the BHTK-KNO,
compositions.

From Fig. 3, we can say that the maximum
pressure rise and the maximum rate of pressure rise
by deflagration should give their maximum values at
the composition giving zero oxygen balance.

41.3 58.7
37.5 62.5
56.6 43.4
51.5 48.5

Consequently we used the tetrazole-oxidizer com-
position at zero oxygen balance for the standard test
hereafter

3.2.2 Amount of sample

Fig. 4 and Fig. 5 show the effects of the amount
of a sample on the maximum pressure rise and the
maximum rate of pressure rise in the deflagration of
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the tetrazole-oxidizer compositions.
As shown in Fig. 4 and Fig. 5, the maximum

pressure rise is linear against the amount of a sample
but the maximum rate of pressure rise has a tendency

to increase in a nearly exponential manner with an in-
crease in the amount of a sample, suggesting the ef-
fects of pressure on the rate of pressure rise.

In our research, chiefly we used 0.5g of the sam-
ple for the standard test.

3.2.3 Amount of igniting material
Fig. 6 shows the effects of the amount of the ig-

niting material on the maximum pressure rise and the
maximum rate of pressure rise in the deflagration of
the BHTK(51.5wt. %) - KNO, (48.5wt.%) com-
position. As shown in Fig. 6, we can say that the
amount of thé igniting material has no remarkable ef-
fects on the deflagration properties of the tetrazole-ox-
idizer compositions.

Consequently we used 0. 2 g of the igniting material
for the standard test hereafter.

3.2.4 Charge density and surface area of sample

Table 2 shows the effects of surface areas of BHTK
and KNO, powder samples on the deflagration proper-
ties.

From Table 2, we can say that the surface areas of
a tetrazole and an oxidizer have remarkable effects on
the maximum rate of pressure rise.

Fig. 7 shows the effects of the surface areas of the
pellets of BHTK (51. 5wt. 9%)and KNO, (48.5wt. %)
composition on the deflagration properties.

From Fig. 7 we can say that the maximum rate of
pressure rise by deflagration has a remarkable tenden-
cy to increase linearly with an increase in the surface
areas of the pellets.

Fig. 8 shows the effects of the charge density of
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Fig. 6 Effects of amount of igniting material on max-
imum pressure rise and maximum rate of
pressure rise in the deflagration of BHTK-
KNO, composition
Sample:10¢ pellet of BHTK(51.5wt. %)

- KNO, (48.5wt. %) 0.5g
O Maximum pressure rise
@ Maximum rate of pressure rise

the sample on the deflagration properties. As shown
in Fig. 8, the maximum pressure rise and especially

the maximum rate of pressure rise have a remarkable
tendency to decrease linearly with an increase in the

charge density of the sample,

From the above results, the effects of surface
areas of a tetrazole and an oxidizer and the effects of
surface area of the composition and the charge density
of the composition on the rate of pressure rise suggest

that at least the deflagration rates should depend on
the surface areas of a tetrazole and an oxidizer and the

surface area of their composition.

3.3 Applicability for the screening test

Fig. 9 and Fig. 10 show the comparison of the
deflagration properties obtained from the small scale

Table 2 Effects of particle size of BHTK and KNO; on maximum pressure rise and maximum
rate of pressure rise in the deflagration of the BHTK-KNO, composition
Sample:BHTK (51.5wt. %) - KNO, (48.5wt.%) ,0.5g

Igniter:0.2g
Granularity of BHTK Granularity of KNO, Pmax (dP/dt)max
(mesh) (mesh) (kg/cd) (kg/cd - 8)
100~200 100~-200 42.3 552
200~300 200~300 50.3 1644
>300 >300 53.3 2125
—100— KBFESLE
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Fig. 7 Plots of maximum pressure rise and max-

imum ‘rate of pressure rise against surface
areas of pellets in the deflagration of the
BHTK —KNO; composition

Sample: 6 emg pellet of BHTK(51.5wt. %)
—KNO; (48.5wt. %) composition,0.5¢8
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Fig. 8 Plots of maximum pressure rise and max-

imum rate of pressure rise against density of
sample in the deflagration of the BHTK-
KNO, composition

Sample: 6 eng pellet and powder of

BHTK (51.5wt. %) - KNO;
(48.5wt. %) composition,0.5
g

Igniter:0.2g

O Maximum pressure rise
@ Maximum rate of pressure rise

1 is powder
2. 3, 4 and 5 is pellet and their moulding

pressure is 44.2,88.4,132.6 and 176.8kg/cd
respectively

0.97 0.05 75

1.95 0.10 93

2.81 0.15 110

3.90 0.20 130

4.66 0.25 114

9.66 0.50 237
Igniter:0.2g

deflagration test with those obtained from the 1 L
tank test®’, which is a good and larger scale test to
evaluate the deflagration properties of gas-generating
agents for airbag systems. As shown in Fig. 9 and
Fig. 10, there are good relationships in the deflagra-
tion properties between two tests.

Therefore, we can say that the small scale deflagra-
tion test should be a good screening test for evaluating
the deflagration properties of the tetrazole-oxidizer
compositions.

4, Conclusion

In order to obtain some information on the deflagra-
tion properties of new gas-generating agents, we
have devised the small scale deflagration test, have
examined influences of testing conditions on the
deflagration properties and have compared the data
obtained from the small scale deflagration test with
those obtain from the 1 L tank test, which is known
to be a good and larger scale test for the gas-
generating agents of airbag systems.

Kayaku Gakkaishi, Vol,

Maximum pressure rise
in 1L tank test(kg/en? )

Maximum pressure risc in small scale
deflagration test(kg/en?’)

Fig. 9 Relationship in maximum pressure rise bet-
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ween 1L tank test and small scale deflagra-
tion test in the deflagration of the tetrazole-
oxidizer compositions
Small scale deflagration test:
Sample: 6 ¢ or 104 pellet of the tetrazole
-oxidizer composition,0.5g
Igniter:0.2g
1 L tank test:
Sample: 6 ¢ or 10¢ pellet of the tetrazole
-oxidizer composition,25 g
Igniter:Ignitor (from Nippon Kayaku
Co.Ltd.)



82 Lo
As ,..9“0

o "BHTK/KNO3

@ TCAKCION
oo™ TCA/KNO3
3d 1

in IL tank (ut(kyanz'ﬂ

- 888888

Maximum rte of

0 200 400 600 800
Maximum rate of pressure rise in small scale
deflagration tesi(kg/en? «5)

Fig. 10 Relationship in maximum rate of pressure
rise between | L tank test and small scale
deflagration test in the deflagration of the
tetrazole-oxidizer compositions
Small scale deflagration test:

Sample: 6¢ or 10¢ pellet of the tetrazole
- -oxidizer composition,0.5g
Igniter:0.2g

1 L tank test:

Sample: 6 ¢ or 10¢ pellet of the tetrazole
-oxidizer composition,25 g

Igniter:Igniter (from Nippon Kayaku
Co.Ltd.)

As the results, we can say that the small scale
deflagration test should be a useful screening test for

evaluating the deflagration properties of new gas-
generating agents.

5. Acknowlegement

A part of funding of this work was provided by The
Foundation for the Promotion of the Industrial Ex-
plosives Technology. The authors also thank

Sumitomo Electric Industries, Ltd. for providing
the small scale deflagration apparatus.

References

1) Jian Zhou Wu, Haruhisa Yuzawa, Toshio Mat-
suzawa, Mitsuru Arai and Masamitsu Tamura,
Kayaku Gakkaishi, 50, 66 (1994)

2) Jian Zhou Wu, Mitsuru Arai, Toshio Mat-
suzawa and Masamitsu Tamura, “Thermal
decomposition behavior of tetrazole composit-
jons”, Kayaku Gakkaishi(in contribution)

3) Jian Zhou Wu, Mitsuru Arai and Masamitsu
Tamura, Kayaku Gakkaishi, 55, 74 (1994)

4) Jian Zhou Wu, Mitsuru Arai, Toshio Mat-
suzawa and Masamitsu Tamura, “Pressure
release behavior of tetrazole compositions”,
Kayaku Gakkaishi(in contribution)

5) Toshio Matsuzawa et al., unpublished data

PRy ARERCBET AR (1)
7+ 7 = VAR DR RE O 2o b 0 N RURRAR

8 OBRWY, FiH K, BREE™

HRE=*

BB =72, 7RAFHR Y AREROBRFELTFET 222V —= v 7RBEL LT
PRBRRBRERLRIEL, CoXEXFIRALT, FRYAREFRBARD OBRREHE
PHE~NOZIE LB, TOKE, NEBRRRC X 52 REERIBRELTOFHEN X
A@bhTVv5 1L v 7 BRBRIC X 5FREREEE BCHEBEMGRAHSZ LALLM

12

CORRL Y, PRBRRRII Y AREFOBRBELYRET 2 5H A2V —=v 7

RRTHBLELS,
CHEAETIE

TH3 XHEABT—3—1

B RLEBLTHIRE T100 FRAEA/ H1—2—1)

—102—





