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ABSTRACT 

Safety hazards of a non-azide propellant containing azodicarbonamide(ADCA), 

potassium perchlorate(KCl0 4 ) and otber additives were evaluated usiog various test 
methods to determine impact and shock sensitivity, ignition sensitivity, heat sensitivity, 

propagation of explosion and burning, and violence of burning. With BAM 50BO tube 

test, the new propellant, both in the form of dry powder and granule,was detonated, 

while when wetted with 10% water, it did not propagate detooation, and the addition of 
15% water pennitted no ignition. In the fonn of dry pellets BAM test resulted in no 

propagation of detonation but propagating deflagratioo. On the otber hand, the 

pellets, when tested with 30 mm diameter PVC tube, neither detonated nor deflagrated 

by initiation with a 00.6 detonator on the ground. From these test results a wet process 

is recommended espeially for blending raw materials and for granulating the mixed 

composition. 
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1. INTRODUCI'ION 

Sodium azide has been mainly used as a basic ingredient of propellants for 

automotive airbag inflators, because it releases pure nitrogen gas when decomposed. 

However, sodium azide and propellants containing it have caused several fires and 

explosions during manufacturing and handling " '' " . We have developed a non-azide 
propellant for inflators of next generation automotive airbag. One of objectives of this 

study is to offer a safer propellant than conventional azide-based propellants used for 

airbag inflators. 

Here we describe the safety aspect of the new propellant and test results. Some of 

the performances, and aspects of health and envirommont of this non-azide propellant 

will be published else where ' ' ' I  . A safety hazard evaluation of a propellant for 

automotive airbag inflaton was made by F. Volk with NaN 3 /Fe z 0 3 NaNO J /siO 
z /bentonite composition. 

2. EXPERIMENTAL 

2.1 Materiala, 

Raw Materials for the basic composition are listed in Table 1. 

Table 1. Raw Haterials for Propellant Compositions 
Name( Symbol ) 

Soluble Starch ( S )  

SiO2 ( S i )  0.06 
-__-. 

Supplier 
Otsuka Chemical 
Nippon Car 1 it 
Nisshin Kagaku 
Wako Chemical 

Typical compositions tested and discussed in this paper are 

A/K/c/s/si=45/55/l0/0/0 and 45/55/10/0.55/l.l in mass ratio. Raw materials are mixed 

without soluble starch, which is separately dissolved in water, followed by being boiled 

for five minutes and then added to the mixture. The mixture, which is wet with 5 

percent of water is formed into granules. some of which are subjected to the tests 

under the wet conditions while some were dried for the tests under the dry condition. 

The granules are in part dried before formed into pellets by a pelletizing machine, and 

then the formed pellets are completely dried in an oven a t  80 'c for 1 hr. and used for 
several tests. 
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2.2 Test Methods 

2.2.1 Meehaokal and Shock Sensitivity 

a. Friction Sensitivity Test 

For friction sensitivity, BAM friction sensitivity test “ for secondary explosives is 
Used. 

b. Drop Hammer Test 

A drop hammer test is conducted according to Japanese Industrial Standards 

flS-K4810-1979 using 5kg hammer. Bmceton’s up-and-down method was 

employed for estimating E 11 or the energy at which a sample fires in 50% probability. 
c. S k k  Ignitability Test 

The shock ignitabitity test ” was designed to test low-and medium-sensitive 
energetic materials, especially pyrotechnic compositions. The test configurations, as 

shown in Fig.1, consist of a propellant sample, about 31mm @ i.d. steel tube with one 

end closed. 30mm (6 circular polyethylene(PE) cards, and a 110.0 detonator supported 
by two perforated cards. When a low-sensitive material is tested, 2Og of propellant is 

uned and the open end of the nteel tube iR covered by n Rcrewed lid with n mall hole at 

the center. The lid may give strong confinement to provide easy ignition and bum of 
the propellant. The test is conducted on the ground usually, but when the sample is 
expected to diltonab, it is recommended that tho test piece be buried in the uand in 

order to prevent fragments from scattering. 

For testing of medium-sensitive materials, a 5g propellant is placed in the steel 

tube with the other end open. 

j 
1 N0.O or No.6 detonator 

._- Support I ng ’ cards 

Steel I 

Card gap 

Saople(5g) 
-- Steel tube 

Scr  

lube 

L 1 
\ 

Sample (20g) 

insert with cover gap 

( a )  Far oediua-sensitive (b) For low-scnsitive 
water I al s oatcri a1 s 

Fig. 1 Sample assemblies for the shock ignitabitity test 
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d. VP-30 Tube Initiation Test 

Previously,this test is called the shock sensitivity test lor commercial explosives. h ’  

But the name of VP-30 tube initiation test has been adopted because it was found 
that this test is applicable not only to commercial blasting explosives but also to 

pyrotechnic compositions. 

7 )  

A sample assembly of the VP-30 tube initiation test consists of a lOOg sample in a 
VP-30 polyvinyl chloride(PVC) tube 38mm id., 38mm 0.d. and 150mm long, a 
no.0,1,2.3 or 6 detonator, and PE cards 30mm in diameter and with various thickness. 

The bottom of the tube is covered by an adhesive paper. The VP-30 tube initintion 

test is similar to the shock ignitability test in principle except that former can detect 

the propagation of detonation, deflagration or slow combustion through the sample. The 
sample assemblies are shown in Fig. 2. 

The sample assembly is buried in the sand 0.20m below the surface and the 
detonator is initiated. If a crater is formed and no unreacted sample remains, the result 

is judged as positive. The critical gap of a material in this test is the longest gap at  

..- 

which a sample is initiated. 

Polyvinylchloride f 
tube VP-30, 

insert touch 

VP-30 50/60 

J 

Fig2 Sample assemblies of PV-30 tube initiation 
test and 50/60 steel tube test 

2.2.2 Propagation of Detonation and Deflagration 
a. Critical Diameter Test for Explosion Propagation(See Fig. 4 for reference) 

This test is conducted for a composition which propagated detonation or 
deflagration by the VP-30 tube initiation test. A sample is filled up in a plastic tube 

84 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
5
6
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



~5Oinm long and less than 30mm in inner diameter, and initiated by a no.6 detonator. 

Result is judged as negative by observing the unreacted sample remained, and vice 

versa. "he critical diameter in this paper is defined as the inner diameter of the tube 

which is between neighboring diameters giving positive and negative results. 

b. VP-30 Tube Initiation Test 

Thk test is also used for evaluating ability of a material to propagate detonation 

and defhgration or combustion in the 31mm i.d. PVC tube by a 00.6 detonator 

initiation. 

C. BAM 50160 Steel Tube Test(Fig. 2) 

The BAM 50/60 steel tube test is conducted according to UN Recommendations ' ') . 
d. PE Bag Initiation Test 

This test simulates the explosion behaviors of the propellant when a strong shock 
is given to a bulk of propellant in the form of powder or pellets during transportation, 

storage, or mamufacture, although such case, is not likely to happen under ordinary 

circumstances. Several hundreds grams of propellant in a PE bag are placed on the 

sand and initiated by a no.6 detonator. When the sample exploded, a crater is formed in 

the mod, and its diameter and depth indicate the intensity of the explosion. 

e. Sympathetic Explosion Test 

A sympathetic explosion test is performed to confirm the safety of pellets which 

are filled up into small PE bottles. The nine PE bottles filled with the propellant are 

squarely arrayed on the ground with the neighboring bottles touched as shown in Fig. 

3. The bottle at the center is fired by the iniation of a 110.6 detonator to observe 

whether or not the explosion of the center bottle propagates to the neighboring bottles 

or not. 

50 

t 

P E  bottle 

A no.6 detonator 
or a Ni-Cr wire 

Fig. 3 Array of bottles in sympathetic explosion 

test and fire spread test. Each bottle 

contaias 4Og propellant pellets 
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2.2.3 Ignitability and Violence of Burning 

a. IJN Burning Rate Test ’ ’ (Fig. 4) 

The powder, granules or pellets of AKcSSi composition is formed into a train with 

the cross section of isosceles triangle about 250mm long, 20mm wide, lOmm high on an 

adiabatic plate. A hot Ni-Cr wire is applied to the one end of the train until the 

material ignites or for maximum 2 minutes. It is noted whether the burning sustains 

along the train during 2 minutes of test period, or the bum rate is determined by 

measuring time i n  which it took to propagate between two points marked 0.20m apart 
along the train. 

b. Critical Diameter Test for Burning Propagation(Fig. 4) 

This test is conducted in the same way as the critical diameter test for explosion 

propagation described before and only differs in that in this test a hot Ni-Cr wire is 

used to ignite the sample in stead of a 110.6 detonator. It is noted whether the burning 

propagates along 150mm of the filled material within 10 minuts test period. If the 

burning propagates, the burning time is recorded. 
C. VP-30 Tube Burning Test(Fig. 4) 

The propellant which may take dry or wet form of powder, granule or pellet, is 

filled up in VP-30 PVC tube 150mm long and 31mm in inner diameter, and is ignited 

by a hot Ni-Cr wire. This test is to see whether it propagates burning and to 

determine burning rate under the test condition. 

I----I 

Ni Cr v i s e  @+ 
PE bag 

Fig. 4 Tests for ignitability and Violence of combustion 

(a) UN burning rate test (b) Critical diameter test 

(c) VP-30 tube burning test (d) PE hag burning test 
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d. PE Bag Buroing Test(Fig. 4) 

The PE bag burning test is to see how the propellant in the form of powder, 

granule or pellet will burns in an open space. This test is similar to the W-30 tube 

burning test but different, as shown in Fig. 4.-(d), in that a thin PE hag is used in 

stead of a PV-30 tube. 

e. Fire Spread Test 

Nine PE bottles containg 4Og propellant pellets are squarely arrayed with the 

neighboring bottles touched with each other, and the bottle at the center is ignited by a 

hot Ni-Cr wire to see whethere the fire spreads to the other bottles or not. The 

arrangement of the bottles is the same to that of the sympathetic explosion test shown 
in Fig. 3. 

2.2.4 Thermal Stability 

a. Sealed Cell-Differential Scanning Cdorimetry(SC-DSC) ' '' ' '' 
SC-DSC using Seiko Model DSC2U) Instrument is run for determining DSC onset 

temperature(T D s c ) and DSC reaction heat(Q I, s c ) of the propellant aod constituting 
materials. The temperature is elevated at  the rate of 10 'C /mi0 with about 1 mg of the 
sample in the sealed cell. 

b. Accelerating Rate Calorimetry(ARC) ' 
ARC using Columbie Scientific Industries(CS1) ARC System Sl-OOO1 is run for 

estimating the thermal stability of AKCSSi. The run is ordinary one, that is, the 

combination of search-wait-heat and adiabatic NOS. 

2.25 Behavior of Propellant Package in External Fire 

a. External Fire Test 

Two types of external fire tests were carried out. The one test involves 27 

PE-bottles containing 4Og propellant pellets in each bottle and tbe bottles are bottle 

packaged in a carton box in 3 x 3 x 3 array. This package is staked on a steel frame 

by a kerosene fire below. The other test involves 50 PE-bottles, each of which is 

restrained by a circular recess made in two sheets of calcium silicate foam having 25 

PE-bottles a sheet, Two sheets of calcillm silicate foam are piled up in a carton box, 

and b a t e d  on a steel frame by a wood fire below. Tbe ways of packaging are shown in 
Fig. 5. 
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-I 
I 

0 
0 
m 

I 
i 

Fig. 5 ICtcknge!cci of Imttlcr crnt;tiniiig prolwllaiil 

pellets for external fire test 

(a) Non-separating package in carton board box 

(b) Separating package in cavitated caleium silicate foam blocks 

3. RESULTS AND DISCUSSION 
3.1 Mechanical and Shock Sensitivities a n d E m l o s ~ o n . - ~ ~ p ~ a t ~ n  

Test results of explosion properties of AKC compositions are listed in Table 2. 

AKC powder composition was found quite insensitive to BAM friction sensitivity test, 
and reactive in JIS drop hammer test using 5kg drop hammer, but the reaction may not 

propagate to the surrounding material. Shock ignitability test revealed that although 

the AKC composition either in the form of powder and granules exploded when it is 

confined on initiation by a inserted no.0 detonator it was less sensitive than 
conventional azide based propellant compositions. 

AI<C dry powder propagated detonation with the VP-30 tube initiation test 

performed under the sand,while the wet powder with 10% water did not propagate 

detonation nor deflagration. With VP-30 test the dry granules propagated deflagration 

but no detonation, while the wet granules wetted with 5% water did not propagate 

deflagration. The dry pellets did not explode with a large portion of the pellets 

remaining unreacted in the VP-30 test. 

With the BAM 50/60 steel tube test, the dry power of AKC propagated detonation 

and 10% wet powder propagated deflagration. The 15% wet powder did not propagate 
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dehgration a d  a part of the sample remained intact. AKC powder detonated in the 

PE bag by a n0.6 detonator where the quantity of the propellant tested surpassed about 

200 grams, but the dry pellets did not explode. No sympathetic explosion was obuerved 
with any test of AKCSSi dry pellets. 

In conclusion, the dry powder and granules of the AKC composition propagate 

detonation under some conditions, but this hazard can be eliminated by wetting with 

more than 10% of water. So it is strongly recommended to adopt wet proceases for 

blending and granulating the AKC or AKCSSi composition. 

Table 2 Test results of explosion properties of AKC compositions 

ADcA/Kclo4/cuo=45/55/lo 
Property 

BAM Friction 
E s a  
JIS Impact 
Critical 
diameter 
6D 
Shock 
ignitability 
OD 
VP-30 initiation 
6D 
Under sand 

BAN 50/60 
initiation 

50g boostor 

PE bag 
initiation 

Sympathetic 
expl 0s ion 
6D 

Powder Granule 
> 36 kg 

> 50J(dry) 
> 50J( 10XHzO) 

> 30mm(dry, 

IOmm(dry, combust ion) 
detonation) 

Insert (dry) 

No(dry, on ground) 

Deflagration(lOXHi0) 

Detonat ion(dry 1 
Detonat ion( 5XHz0) 

Detonation( dry) 
De tona t ion(5XfL 0) 

Insert (dry) 

No(lOXHz0) _______- 

NO( 15XH 2 0) 

No(dry, 6D, 5 1OOg) 
Yes dry SD,h 2OOg) 
No( 6ry, 'OD) . .  

t -- ----: 

Pellet _? 

Insert(dry) 

No(dry) 

_. 
Def 1 agrat ion 
(dry) 

No( dry) 

No (dry 1 

OD: 00.0 detonator, 6D: no.6 detonator 

3.2 Irroitability, Burnine hp.agation and Violeoce of B m  
Test results of burning properties of AKCSSi composition are listed in Table 3. 

50% ignition energy by an electric spark tester of dry AKCSSi powder is 325 and 
similar to that of TNT(E '111 =23J). Powder, granules and pellets of AKCSSi do not 
propagate burning in UN burning rate test. Tliis is principally because the amount of 
propllant tested w a ~  too small to do self-swtarning burning. But the burning becomes 
propagative and violent as the amount increases. 
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Dry and 10% water wet powders of AKcssi composition propagated burning with 

the VP-30 tube burning test, though the 10% wet powder lose the ability to propagate 
combustion when tested in a day after the preparation of test sample. Thh result may 

suggest that 10% of water addition is a critical point for the propagation of burning. 

Test results of the granules and pellets show that addition of 5% water reduces 

burning rate tremendously in this test. However, results of dry and 10% wet powder in 
the PE bag test show that 10% addition of water does not nescessanly reduce the 

violence of burning when the amount is large. But 15% wet compositions are not 

ignited by a hot Ni-Cr wire. 

Table 3 Experimental results of burning properties of 

AKCSSi(45/55/10/0.55/1.1) 
Properties 

Sro 
Clectrostat ic spar1 
iens i t i v i t y  

I N  burning rate 
:r i t i cal burn i ng 
Ii anet er 
IP-30 burning 

'E burning tine 

. -____ 
' i r e  spreading 
between bottles 

Powder 

32J( dry) 
36J(lO%H20) 

No propagation 
1 Omm ( dry ) 
. . . ._ -. . - - - 

- 

sec(dry) 
Yes( 10XHI 0 ) 
No(15XHzO) 

36sec( 100g,dry) 
26sec(ZQOg,dry) 
103sec(400g,dry) 
120sec( 16OOg, dry) 
55sec( 100s. 10XttrO) 
135sec(200g, 10XHIO 
122sec (400g. 10Xk 0 
105sec( SOOg, 10%H20 
N0(15%H20) 

Granules 

28J(dry) 

No propagatior 
__ - ._ 

. ._ . . . .._ - 

30sec(dry) 
206sec(5%H~OI 

-- 

Pellets 
~. 

No propagation 
- -. - 

25sec (dry) 
42sec(5X H20) 

20sec( lOOg, dry) 
22sec(200g, dry) 
15sec(400g, dry) 
13sec( 1600g.dry) 

With the PE bag burning test using both powder and pellets of AKCSSi, it is found 
that the burning rate becomes large as t h e  amount of test sample increased. This is 
illustrated in Fig. 6. 

It is also seen that the pellets bum faster than the powder in both of VP-30 tube 

and PE bag burning tests. In the fire spread test, a fire of central PE bottle containing 

4Og pellets of the AKCSSi composition spreads to surrounding PE bottles. 
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10% wet  powder 

d r y  pellets %-, 500 1000 1500 

Sample .mass ( a )  
Fig, 6 Plot of burning time of AKCSSi against sample mass in PE bag burning test 

3.3 Thermal SBbiLty 

The thermal stability of AKCX powder is estimated by SC-DSC and ARC. 

Results are outlined in Table 4, Fig.6 and Fig.7. The SC-DSC curve of AKCSSi 

composition has 4 ethothermic peaks showing that the reaction is complex. The DSC 

extraporating onset temperature(T D S  c ) is 184 'C , DSC reaction heat(Q D 1. ) being 

3250J/g(0.78kcal/g) which is smaller than the theoretical heat( 0.97kcaUg) pased on the 
following equation: 

115C L H + N 4 0 L + ll8KClO I + 37CuO + c 6 1% L O  0 5 + 5.3sio z 

= 230N I + 236CO + 235H 0 + 118KCI + 37Cu + 18.50 I + 5.3SiO z + 
32020kcal 

The difference may be attributable to the incomplete reaction of the composition in 
the SC-DSC cell, because the sample is a physical mixture of oxididants and 

reductants, the amount is small and reaction temperature is much lower than the 
combustion temperature. Therefor, the DSC reaction heat of a mixture can not be used 

for estimating its combustion reaction beat. 

In the ARC run, the ARC onset temperature of the AKCSSi composition is 112 ' c  , 
which is the temperature when the heat rate reaches 0.038 'c /min. If we use this 

onset temperature, the time to maximus heat rate is 140 min. The &mun 

temperature is 173 'C , These data were obtained under the condition for 6 = 5B6. 
Under this condition the reaction stops at  the first statage of decomposition of ADCA 
corresponding to the first exothermic DSC peak of AKCSSi as shown in Fig. 6. 

Therefore the ARC data under this conditioo does not represent the thermal run-away 
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reaction of AKCSSi. 

Table 4. Results of SC-DSC and ARC of AKCSSi 

Bomb mass 8.79g 
C P  of sample 0.213cal/g 

Initial rate 0.038'C 
T,,,, 161.63'C 

The ARC onset temperature of 112'C can not be used for evaluating thermal 

stability of the AKCSSi composition, from same reason. We have done ARC run using 

less @ value and experienced bursting of the sample bomb. It is found difficult for only 

ARC to be used for estimating thermal stability or SADT (Self-Accerelating 

Decomposition temperature). 

Therefore we are planning to use other tests such as the micro watt DSC and 

wss reduction determination ou heating. 
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23.5 

17.5 

L 
I3 

u 
v) 
0 

11.5 

5.5 

-0.5 

1 9 8 . 7  

- 
AKCSSi(45/55/10/0.55/1.1) 
Pure A D C A  

183.8 
-3246.2 nJ/ng 

0 150 300 450 600 
Tempe r a t  ure  'C 

Fig. 6 SC-DSC curve of AKCSSi composition 
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500 

400 

300 
c- 
\ 

200 .u 
I 

w 
rx 
3 
c 

Fig. 7 Plot of temperature vs. time to maximum rate in 

ARC of AKCSSi 
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