The thermal behavior of the carbohydrazide complexes of certain metals (4)

— Combustion reaction of Mg complex with oxidizing agent —
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*"Carbohydrazide (Hereafter, CDH) etal Gompiexes aré éxpétied t be a ew s generant for abito: "
miobile air bags: In this report, the combiistion reaction of thé Mg complex with oxidizing dgentwas -
investigated by thermal analysis and the measurement of the heat of combustion, the burning tem-:
perature and the burning rate. (The oxidizing agent; potassium perchlolate: (KCIO,), potassiumbro-

mate (KBrO,), potassium nitrate (KNO,) and strontium nitrate (Sr(NO,),)..: -
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For the Mg complex / KBrO, mixture system, the initial temperature of the exothermic peak in the
thermal analysis was the lowest with the most vigorous reaction of any system and the burning rate
had a maximum value. When using KCIO, or KBrO, as the oxidizing agent, the heat of combustion,
the buming temperature and the burning rate had a maximum at a stoichiometric composition in egs.
(1) or (2), respectively. On the other hand, for the mixing system with Sr(NO,),, a different tendency
was found except for the burning temperature. Furthermore, when using KNO,, it was not possible to

burn by the combustion method used in this study.

1. Introduction
Recently, automobiles sold in Japan have been equipped
with an airbag system for safer driving. NaN, presently
used as the main component of the gas generator, which
offers high thermal stability and which evolves a large
amount of harmless gas upon decomposition, but has a
treatment problem. It has a high toxicity" and products
high-sensitivity and explosive when in contact with a
heavy metal. A new gas generant has been desired as a
substitute for NaN;. As for the non-azide gas generant,
tetrazole derivatives®, urazole® and azodicarboamide®
were the objects of the study. The authors evaluated
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carbohydrazide (hereafter, CDH), which is composed of
four nitrogen atoms, a carbon atom and an oxygen atom,
and is expected to be one of the new gas generators.

In previous reports®~®, in order to investigate the pos-
sibility of the practical application of CDH, various CDH
metal complexes were synthesized and their thermal de-
composition behavior investigated.

In this report, the combustion reaction for the Mg com-
plex nitrate (Mg(CDH),(NO,),) with oxidizing agent,
potassium perchlolate (KCIO,), potassium bromate
(KBrO,), potassium nitrate (KNO,) and strontium ni-
trate (Sr(NO,),), was investigated by thermal analysis and
the measurement of the heat of the combustion, the burn-
ing temperature and the buming rate.

2. Experiment
2.1 Reagents

The Mg complex was synthesized by a previously re-
ported method®. The oxidizing agent was Wako pure
chemical reagent grade. Reagents screened to under 75 um
were mixed using the Irie V-1 mixer. Five kinds of samples
were prepared by mixing: a stoichiometric composition and
two compositions each of positive and negative oxygen
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Table 1 Composmons of mixtures

?oxidin'ngagem rr:lol/mol‘ wt/wt 0“{3’;83‘3 o

4/5 (70.7/29.3] -5.38

L 4/6 :66.8/33.2| -2.53
' KCIO, .|'4/7 -|63.3/36:7 0.

4/8 160.2/39.8 2.28

4/9 |57.3/42.7 4.39

: 3/5 |60.0/40.0] -4.55

' 3/6 |[55.6/44.4] -2.11
KBrO, 3/7 [51.8/48.2 0

' 3/8 ,|48.5/51.6 1.88

3/9 |45.5/54.5 3.49

KNO, 5/14 |59.7/40.3 0

: 5/5 |66.4/33.6] -5.07

. 5/6 |62 2/378” -2.38
Sr(NO,) 5/7 %8. 6/4i.4 0

: 5/8 .|55.3/44.7 2.11

5/9. |52.3/47.70 . 4.01

i)alance based on egs. (1)~ (4). Table 1 shows these com-
positions. As for the mixing system with KNO,, therestis -

ommed due tono combusnon !

: 4Mg(CDH) (NO,),+7KCIO,

~4MgO+28N,+12C0, +7KC1+36H o M

 4Mg(CDH),(NO) +7KBro,

—>3Mg0+2lN +9C0 +7KBr+27H (o) 2)

© 4Mg(CDH),(NO),+14KNO,

«  —5MgO+7N,+15C0O,+7K,0+45H,0 (3)

4Mg(CDH),(NO,),+75r(NOy),
—»5Mgo+42N,+15co +7s:o+45n,o 4

2.2 Apparatus and method

Thermal analysis was carried out using a Rigaku TAS-
200 Thermal Analyzer The sample container was an open
alumina cell and the sample amount was three mg. The
sample was heated to 800C at a heating rate of 20°C/min.
under Ar. The heat of the reaction was measured using a
thmadzu CA-4 ’I‘ype Automatic Bomb calorimeter un-
der Argon The results of the investigation at the ambient
pressure showed the variation of measurement values of
3% 10 4% in the pressure range of 1. 1 MPa to 3.1 MPa.
Also, there was no combustion at 0. 1 MPa. Therefore,
the measurement was carried out at the 1. 1 MPa.

The measurement of the burning rate was carried out
under the following conditions. A preliminary investiga-
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tion showed that the linear bummg rate in the packmg
fraction range of 0. 65 to 0. 70 became small as the pack-
ing fraction was large, while the weight burning rate was
independent of it. Also, the burning rate had a maximum
valug, when the diameter of the burning tube was 6 mm.
Consequén;ly the sample was loaded at 0. 6 of the pack-
ing fraction in a 6 mm L.D.aluminum tube. The pressure _
dependence was measured in the pressure range of 0.1 to -
4.1 MP@ and the influence of the composition on the burn-
ing rate was investigated at 1. 1 MPa. The burning rate
was determined by the time that was needed for the com-
bustion wave to proceed 10 mm.

The burning temperature was also measured using the
same packmg fraction and tube diameter for the measure- ;
ment of the burning rate. A W/Re thermocouple of 0. 25
mm dlameter was vertically msened into the bummg tube "
against t the combustion direction and was connected to a : :
Yokogwahokusmn Analyzing Recorder ;e

The combusuon residue was analyzed by X-ray dlffrac- ;
tion using a ngaku rotaflex’ RU-200. :

3. Reshlts and discussion
3.1 Thermal analysis

Fig.1 shows the results of the thermal analysls for the

Mg complex and the stochlometnc mixtures based on eqs

|
i

system. The Mg complex gradually decomposed soon af-
ter melting at 220°C and the final decomposmon residue
was MgO As for the Mg complex, the thermal decompo-
sition behavwr mcludmg the gas evolunon rate was re-
ported previously by the authors®~®’,

In the Mg complex / KBrO, mixture:system, the de-
composition-vigorously progressed at 150°C after a small

endothermic:peak. The initial temperature of the decom- |

position was the lowest of all the systems.The endother-
mic peak was considered to appear at the lower tempera-.
ture than that of the complex because of the eutectic. (The
melting point of KBrO, is 350°C*") The decomposition
residue was MgO and KBr. The final weight loss was 95%,
which was inconsistent with the theoretical value, 60%.
This might be attributed to scattering of the sample due to
the vigorous decomposition. In the mixture system with
the other oxidizing agents, there was little distinction com-
pared with the complex only. Consequently, the reaction
was assumed to quietly progress, even if it-occurred. The
weight loss was 70% for these systems. These are nearly
consistent with the theoretical value calculated by eqs.(1),
(3) and (4) (75%). In the case of Sr(NO,), as the oxidiz-

— 259—




—mcecadema - ~0

E
]
Q
L
o,
(]
5 e
100 3
T —————— 0 E
Z 0.3
R 8
”Eﬁ
100 &
0 3
=
&
]
=
+J
0
'g ------..-..a‘-‘ e ey . _0
o ..
(5) ~ SEERTRSIN Rty

00 U200 ' 4000 600

. Temperature. (°C): -, ..

‘(1):5M9(CDH)3(N03)2 (complex)
(2) (5); comples-oxidizinq agent
" “‘mixtures of 0.B.=0!
.(2)3KClOyg, . . (3): l(Br03,
(4): KNO3, (5) Sr(NO3)2

Fig. 1 DTA and TG curves of Mg-complex and mxxtures

ing agent, the endothermic peak-appeared-at about 600C,
which was postulated to originate in the decomposition of
unreactive Sr(NO,),. Sr (NO ), decomposes at 570°C with
an endothermic reaction’” : ‘
3.2 Heat of reaction SRy A
- Fig.2 shows the results of the heat of reaction measured
under Ar. With KC1O, and KBrO, as the oxidizing agent,
it had a maximum value at the stoichiometric composi-
tion. For the former, the fractional reaction may vary
widely, depending ‘on the composition, based on the large
composition dependence as seen in Fig.2. Moreover, the
reactivity with KCIO, is thought to be less, because the X-
ray diffraction pattern of KCIO, was confirmed in the de-
composition residue (Fig.3). For the latter,the heat of re-
action was independent of the composition.
_Eqgs.(5) ~(8) shows the calorific amount calculated
based on egs. (1)~ (4) as a function of A', in which A is

v
J

o

N

Heat of reaction (kJ/g)
w

-
]

1 ' T

5 6 .1
X (mol)

(1) complex/KClO.;

[« |
(']

(2)
(3)

/KBro3
/Sr(NO3)2

Fig.2 Heat of reaction of mixtures
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Fig. 3 XRD patterns of reaction residue of Mg—complex
/ KC1O, or KBrO, mixtures A
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the heat of formation of the Mg complex. In the range of.0
1o ~1000 kJ/mol of A, the constant in egs.(5) ~ (8) de-
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“complex/Sr(NO3); =

- (1):5/5, . (2) 5/7, (3) 5/9
Q;Mgo, . A;SrCO3,  .@;Sro, ,
O;isr(NO3) 2, O:Sr(OH)z H20

Fig. 4 XRD pattern of rwdue of' Mg—eomplex / Sr(NOs)
mlxtum :

creased in oi-der of the KNO,, Sr (NO )z, KBrO and

. system ;-6. 594 < A/esl lkJ/g: . (8)

Kclo
_KBrO,  system;-5.561 ~A/808.3kl/g . (6)
JKNO;  system:-4.961-A/714.9kl/g  (7)

. Sr(NOy), . system ;-5.336-A /714.9k)/g  (8)

KCIO, and this tendency was consistent with that of the
calorific amount at a stoichiometri¢ composition. In the
mixture system with KNO,, no combustion but only melt-
ing might occur in the vincity of the fuse due to the lack of
a calorific amount. '

In the mixture system with Sr(NO,),, the calorific
amount had a maximum value at a negative oxygen bal-
ance and that value decreased as the ratio of the oxidizing
agent increased. Though the decomposition of only the
complex is an exothermic'reaction as shown in Fig.1, the
calorific amount of the reaction in the mixture system is
thought to be influenced by the decomposition of the oxi-
dizing agent. Sr(NOy), decomposes to nitrogen and oxy-
gen with the endothermic reaction of 305. 6 kJ/mol (1822
e ; Co
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X and (1)-(3) are the same as
those in Fig 2

Flg 5 Bummg raté of mixture at 1.1MPa (Ar)

Fig.4 shows the X-ray diffraction of the r&sidue in the
Mg oomplex/Sr (NO ), mixture  system. At a stoichiometric
composition, the main m:due was SrO Sr (OH) fomed
by the reaction of SrO with H,0, and the hydrate of
Sr(OH),. On the other hand, for the positive or negative
oxygen balance, the ratio of these products became small
and the formation of SrCO, was confirmed. This was at-
tributed to the rise in the temperature at a stoichiometric
composition. SrCO, starts to decompose to CO, and SrO
at 900°C and the dissociation pressure become equal to
the atmospheric pressure at 1250. 5C'?.
3.3 Buming rate .

Fig.5 shows the results of the burmng rate for various
compositions. The burning rate of the Mg complex /
Sr(NO,), system was independent of the composition,
while that in the other systems had a maximum value at a
stoichiometric composition. The bumning rate increased in
the order of Sr(NO,),, KC10, and KBrO, and that was
different from the tendency for the heat of reaction that is
quantity of state, as shown in Fig.2. In some factors'” which
exerted a influence on.the burning rate in the tube, the
burning rate in Mg complex / KBrO, system is thought to
be especially governed by the rate of reaction based on the
results of the DTA curves. Namely, the burning rate was
postulated to become also fast because of the rapid evolu-
tion rate of heat, though the heat of reaction was small.
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. Burning rate (cm/s)

Temperature ( C)

0.1 0.5 1 { 5.
.- Pressure (MPa)
(1) comples/KClO4 : =..4/7
(2) v  /KBrO3:. - .= 3/7
(3) " /Sr(N03)2 5 5/7
Fig.6 Burningrate charactenstlcs of stoichiometric mix-
tures
[ DR T S P IS O
TableZ Constants of burnmgrate
Composmon y :,a” P
‘Mg-complex/KCIO, -=4/7 |.1.514 :|: 0.279
Mg-complex/Sr (NO,),=5/7 | ,0.562 . 0.896

Fig.6 shows the pressure dependence of the bumning rate
for & stoichiometric composition. Table 2 shows the con-
stant and the pressure power estimated using Vieille's equa-
tion (V=aP"). The pressure power in thé-Mg complex /
Sr(NOy), system became unusually large: For the'experi-
mental pressure, the burning raté was consistent with the
tendency seen in Fig.5." ‘ ‘ '
3.4 Burning temperature

Fig.7 shows the results of the burning temperature. In
all cases; the burning temperature had the same tendency
as that of the burning rate, Consequently, the rise in tem-
perature of the system was thought to be one of the fac-
tors that influenced the burning rate. o
4. Conclusion

The combustion reaction of the CDH complex of Mg
with various oxidizing agents was investigated by thermal
analysis and the measurement of the heat of combustion,
the burning temperature and the burning rate. In the case
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Flg 7 Burmng temperature of mnxtum
of the decomposmon at a slow heatmg rate, such as ther-
mal analysis, the initial tﬂnperature of the exothermic peak
for the'Mg complex / KBrO, mixture system'was the low-
est with the most vzgorous reacnve system } '." T

The heat of reachon mcreased m the order of Sr(NO )2,
KBrO and KCIO vnth the same tendency of the calcu-
lated value. 1t had a maximum value at a stoichiometric
composition except for the mixture system with Sr(NO,),.
For the Mg complex / Sr(NO,), system, the heat of reac-
tion becanie large as the ratio of oxidizing agent decreased.

The burning rate had a maximum valué at the stoicHimetric
composition in all systems except for the mixture system
with Sr(NO,),. In the Mg complex / Sr(NO,); Hixtire
system, the composition dependencg is smaller than that
in the other systems and the pressure dependence was larger
than that in the other systems. .

The burning temperature was consistent thh the ten-
dency of the burning rate. It is postulated that the rise in
temperature is one.of the factors that exerts an influence
on the burning rate. S N T
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