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The thermal behavior of the carbohydramde complexes of certam metals (3)

. . i

The gas evolved in the decompos1t10n of the Mg complex

by Mlyako AKIY OSHI*, Norimasa HIRATA“‘ deetsugu NAKAMURA*
and Yasutake HARA*

Carbohydrazide (hereafter, CDH) metal complexes are expected to be.a new gas generant
for automobile air bags. In this report, the gas evolution behavior of the Mg complex during.

.the decomposition was investigated .in the isothermal decomposition at 240—270C and at

400C. .- ..o S b o
Main evolutlon gases was Nz, NH; and N zO dunng isothermal decomposxtxon at.
240—270°C. The rate equation for the evolution of these gases was first-order for every kind .
of gas. The rate constant of N, O evolution was smaller than that of N, and NH;. The rate
equation for the decomposition of the complex was also first-order. The rate constant of the

.decomposition shows the same tendency as that of N, and NH 3. The evolution of N; and NH

is supposed to be the main reaction in the temperature range of 240—270C.
Furthermore, the decomposition at 400°C proceeded so rapidly that ignition occurred. The -
gases evolved in the case of ignition were different from that during the decomposition at

240—-270T.

1. Introduction

Recently, automobiles sold in Japan have been :

equipped with an air bag system for safer driving.
Though NaN is presently used as the main compo-,
nent of the gas generator, it has a treatment problem.
Consequently, a new gas generator, which offers high
thermal stability and which evolves a large amount of

harmless gas on decomposition, has been desired asa

substitute for NaN;.
The CDH, which is composed of four nitrogen
atoms, a carbon atom and an oxygenetom, is ex-
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pected to be one of the new gas generators. In the

. previous: teports ' 2), in order to investigate the

possibility of practical application of CDH, various
CDH metal complexes, were synthesized and their
thermal decomposition behavior was investigated.

In this report, for the Mg complex nitrate
(Mg(CDH) 3 (NO3) 2), the evolution behavior of the
gas during the isothermal decomposition was in-
vestigated at various temperatures.

2. Experiment '
2.1 Sample

The Mg complex of CDH was synthesized from

Wako pure chemical reagent grade metal nitrate

" (Mg(NO,)2) and CDH from Japan Hydrazine Cor-

poration, based on the method of Ivanov et al. *’. The
obtained products were subjected to' elemental
analysis, analysis of [NOs]~' concentration by con-
ductometric titration (or absorptiometry) and
analysis of the metallic ion by chelatometric titration.
2.2 AQualitative analysis of the evolution gas

The gas evolved during the decomposition was
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Table 1 The analytical conditions in gas chromatography

.3 Né
2

CO CO. N.0

Length of column

dm¢ X 1.5m

Packing material

molecular‘sieve 5A

active carbon | silica gel

o Coltempr(©) [ 40

35

Carrier gas (m¢/min) | ~© 30

20 70

analyzed qualitatively using EGA (evolved gas
analysis) (a Rigaku TAS-200 Thermal Analyzer, a
Yokogawa HP5972 mas spectrometer) Fwe mg of
the sample was wexghed mto the aluminum container
and was heated to 500C ‘at a heating rate of
20°C/min. in an atmosphere of He.
2.3 Evolutlon behavior of the gas during: the iso-
_ thermal decomposition

2.3.1 Decomposition at 240-270°C

The pyrolysis apparatus, which the glass tube (A)
(18mn in inside diameter and 200m in length) was fix-
ed into the electric fumace, was connected to a gas
chromatograph (hereafter, GC ; a Shimazu GC- 4C).
Fifty mg:of ‘sample was weighted into a quartz glass
container (the boat shape : 5mm in height and 30mm in
length) and this container was inserted into a glass
tube (A). The decomposition was carried out at
various temperatures (240—270°C) under a He gas
(0.5% O2) flow of 20mt/ min. The flow course of the
carrier gas in the GC was changed to the pyrolysis ap-
paratus at specified intervals, and the gas evolved by
the decomposition was introduced to the GC. By
repeating this operation, the amount of the gas evolv-
ed was measured contxnuously Table 1 shows the
measurement condntxons for GC The pyrolysns ap-
paratus was connected toan absorptlon tube and a fix-
ed amount of the water absorbed with NH; was
withdrawn at spec1f' ed intervals. NH s was quantified
by the mdophenol method ¥’.

Furthennore, after being heated for a specnf’ ed
time, the weight of the sample was measured.’
2.3.2 Decomposition at 400°C
- The sample was decomposed using the pyrolysis ap-
paratus at 400C under a He flow of 20m¢/min. The
gas evolved by the decomposition was collected in a
collection bag (Tedlar Bags; 100m X 150zm). The
gas was analyzed using GC. The detailed measure-
ment conditions are mentioned above (Table 1). In
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Fig. 1 The amount of total ions of the gas evolv-
ed(A) and DTA-TG(B) for the Mg complex

addition, NH3 was also quantified.
3. Results and discussion
3.1 AQualitative analysis of the gas evolved

Fig. 1(a) shows the change in the total ionic
amount of the gas evolved during the decomposition.
In contrast vnth the results of thermal analysxs (an
1(b)), the gas began to evolve as soon as the exother-
mic reaction started. In addxtlon, the amount of the
gas evolved had a maximum value at 310’C Fig. 2
shows the mass spectrum of the gas evolved at each
point in Fig. 1. Table 2 lists fragment values and the
kinds of gases evolved. N, NHs, €O, COz, N:0,

“H20and O, were assumed to evolve, and the kind of

the gas scarcely changed during the reaction process.

N: may be main product, consndenng the mtensnty of
the peak at m/e=28 and the structure of the Mg com-
plex (Mg(N(HsCO)3 (NO3):). Under an_ excess
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Fig. 2 The mass spectrum of the gas evolved at
various points in ll"“)ig. 1
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Table 2 The fragment values for evolved gases

m/e . components
17 . . NH3,, H,0
18 - ' H20-
28 N., CO, CO.;
30 NO, N.O
32 0:
44 . 0,

oxygen atmosphere, the _carbon, hydrogen and
mtrogen elements change to COz, HzO and Nz,
respectxvely, due to decomposrtron In the CDH metal
complex, NH: and (00) gas may evolve because of the
negative oxygen balance (- 02298/8) N 20 was
assumed to evolve consldermg the' peak at m/e=230
and 44, though 1ts evolutron mechanxsm were
unknown. In addltxon. the amount of N3O or COz in-
creased with the temperature because the peak in-
tensity at mle 44 became large. -
3.2 Change in the evolution amount of gases
The evolutlon behavror of the gases, whxch were
assumed in the TG-MS analysxs, was mvestlgated
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Fig. 3 The gas evolved in the decomposition of
Mg(CDH); (NO3), at 260C :

" Table 3 The amounts of the gas evolved

.. ., . -Amount of the gas evolved
“i e/ g(MgCDH*,") mol/mol (MgCDH*!).
N: | 170 317
NH; | 110" 2.06
N.0 90 1.7
co 2.4 .- 0:05
COo. . .42 0.75
the total 14144 0 | ' - 7.73

calculated values at Standard State -
*1:Mg CDH :; Mg(CDH) 5 (NOs); ‘
quantxtatlvely in the 1sothermal decomposmon

an 3 shows the evolved amount of N 2 NH; R NzO
CO and COz and the welght loss of the Mg complex
versus trme curves at 260'C 0 evolutxon, whlch was
assumed in TG-MS analysxs, was not confirmed by
the gas chromatograpluc method. ‘The evolutron of N,,
NH; and CO finished at 20~30 mmutes after the
start of the reaction. After these gases stopped evolv-
mg. N:0 and CO. evolved gradually wnth slow
decomposmon Table 3 shows the evolutlon amount
of gases per 1 mol of Mg complex. The evolunon ratio
of NH; and N,O toallgaseswasZG 59 and 21.7%,
respectively. Therefore, in addmon to N, it is
poss:b’le that the evolut:on of thm gases is mam reac-
tion.
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v - : Table 4 The elemental analysis of the decomposition residue

f e ! ‘vt‘i'l"é‘r‘nef‘l‘t(wt.%)-, molecﬁlar ) . '
: = SIS r‘
; (o H 4 N. |- Mg 0 formula -
i " 1544 | 276 | 31.35 [ 15.70 | 34.75 | Mg(C.N;H,0:)

‘7

Table 5§ The mas balance of nitrogen and carbon atom (unit: %)

: N content*’ C content*? .
N, 45.3 N
o e NH3 x 14.7 - o '— .
 the évolved gas N,O 24.3 s R
, Cco - 1.7
- CO; - - 25.0
the residue(Mg(C2N3sH,0s) 24 | 667
the total 105.7 - 93.4

=w- = - *1 content: (N in the product)/(N in the Mg(CDH) 3 (NOs) 2)
*2 content’ (C in the product)/ (C in the Mg(CDH)s (NO;) 2)

 The balance of both nitrogen and carbon atoms was

e?tamined before and after the reaction. The metal
complex contains fourteen nitrogen and three carbon
atoms. In the evolved gas, there were twelve' atoihs
and one atom, respectively. As seen in Fig. 3, the
final weight loss of the sample converged to 0.630.
Clearly, the organic substance remains in the sample,
because the convergence value is different from the
caled. value for Mg0(0.9037), which is the final
residue in the thermal analysis. Table 4 shows the
results of the elemental analysis of the decomposition
residue. Including the nitrogen: and carbon atoms in
the decomposition residue, the mass balance of those
atoms is approximately good. For reference, Table 5
lists the results of the mass balance of nitrogen and
carbon atoms. There may be small errors, because
the rééidué mdy be a mixture of a various products, as
described in the: previous report 2); :
3.3 Gas evolution rate

As mentioned above, the evolution of N2, NH; and
N2O gases was the main reaction during the isother-
mal decomposition, and the evolution rate of these
gases was investigated. Figs. 4—6 show the change in
the evolved amounts of the three gases during the
isothermal decomposition in the temperature range of
240-270<T. :

The fractional evolution was calculated from the
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final gas amounts evolved In mvestlgatmg the evolu-
tion rate equation for the gases;, a fn‘st-order equatxon
can best describe the reaction for every kind of gas.
As a representative example, Fig. 7 shows the evolu-
tion ratio (X) versus time curve and the: (—InX) ver-
sus time line for N, gas evolution. In the InX against
time plots; good linearity was seen over the: range of
the fractional evolution from 10 to 90 % . Fig. 8 shows
an Arrhenius plot for the ‘evolution of N2, NH; and
N.O gases. The rate constant of N2O evolution was
small compared with that of N 2 and NH;.

On the other hand, Fig. 9 shows the weight loss.of
the sample versus time curve at various temperatures
under He flow. As mentioned above, the final weight
loss converged to 0.630. However, this value was dif-
ferent from the convergence value (0.570) under the
atmosphere, as described in the previous report *’. In
that report?’, the authors suggested the possibility
that the-gas evolved during the decomposition par-
ticipates in the reaction again and that a stable in-
termediate (complex) was formed. It is consided that
under the He flow, the decomposition progressed fur-
ther due to the diffusion of the evolved gas around the
sample.- The fractional decomposition was derived
from the final weight loss, and a rate equation was in-
vestigated. As with the gas evolution rate, a first-
order equation can best describe the reaction. Fig. 10
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Fig. 4 The amount of N, evolved in the decomposi-
tion at various temperatures
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Fig. 5 The amount of NH3 evolved in'the decom-
position at various temperatures

shows the fractional decomposition (X) versus time
curve and the (—InX) versus. time plots. In the
{ ~1nX) —time plots, good linearity was seen over the
range of fractional decomposition from 10 to 85%.
Moreover, Fig. 11 shows the results of the Arrhenius
plot. Compared with Fig. 8, the rate constant of the
decomposition shows the same tendency as that of N,
NH3, but. clearly different from that of N,O.
Therefore, the evolution of N2 and NH 3 is main reac-
tion in the temperature range of the isothermal decom-
position, as suggested from Fig. 3.
3.4 Decomposition at a temperature higher than
that of the isothermal decomposition: '

— 72—
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Fig. 6 The amount of N, O evolved in the decomposi-
tion at various temperatures
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Fig. 7 N, fractional evolution (X) versus time curves
and linear plots for a first-order reaction
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At 400 or above, the Mg complex decomposes so
rapidly that ignition occurs. Because the probability
of ignition becomes high at 300C or above, the
isothermal decomposition was carried out in the
temperature range of 240—~270C. From the results of
the X ray deffraction of the decomposition residue in
the case of ignition, the diffraction pattern of MgO
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Fig. 9 The decomposition of Mg(CDH) 3 (NO,); at
various temperatures under He flow

0 10

was confirmed. Therefore, in the case of ignition, the
decomposition apparently progresses without form-
ing the intermediate in the course of the reaction.
Table 6 shows the evolved amounts of various gases
collected in the case of ignition. Moreover, Fig. 12
shows the distribution of the gases evolved at 400C.
For reference, the result of the decomposition at
270°C is also shown in Fig. 12. In the case of ignition
(at 400°C), the evolution ratio of N: increases and
that is different from the result at 270C. The mass
balance of carbon atoms is not good before and after
the reaction, and further analysis is needed.

4. Conclusions ,

. For the Mg CDH complex, the evolution behavior
was investigated in the isothermal decomposition at
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Fig. 10 Fractional .decomposition. (X) versus time
curves and linear plots for a first-order reac-
tion for the Mg(CDH) ; (NO3) ;
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Fig. 11 Arrhenius plots of the decomposition of
Mg (CDH) 3 (NO3) » under He flow

In k
4

240-2707T and at 400TC.

Main evolved gas was N2, NH; and N2O during
the isothermal decomposition at 240—270C. The
evolution ratio of these gases was 3:2:2 in mole

" ratio. The rate equation for the evolution of these

gases was first-order for every kind of gas. The rate
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.. Table 6 The amount of gas evolved

Amoﬁnt of gas evolved = -
me/ g(MgCDH) *' | mol/mol (MgCDH) *!
N. 297 5.55 "
'NH, 52.4 ©0.97
N0 25.8 0.5 )
- Co 2.2 0.05 L
CO, 62.5 1.15 '
the total 439.9 8.22
calculated values at Standard State

*1:Mg CDH ; Mg(CDH) s (NOs)

constant of N2 O evolution was smaller than that ¢f N and
NH 3 gases. The rate equatlon for the decomposmon of
the complex was also’ first-order The rate constant of
. the decomposition shows the same tendency as that of
N2 and NH3;. Therefore the evolution of N and NH;
xs supposeed to be the main reactlon in the
temperature range of 240-270. b

At 400, the deoomposmon of the Mg complex
progresses so rapidly that ignition occurs. Clearly, the
gases evolved in the case of igniﬁoh were different
from ‘those in the case of the decomposition at
240—270C. The evolvé"d ‘amount of N20 was small,
and the evolution ratio of N> and NH; was 5:1 in

100
80 |

60 |
a0
20 |

Evolution ratio (%)

.m0 400

Temperature ('C) T

Fig. 12 The propomonal of each gas to all gases
evolved . :

mole ratio. In the future, further investigation is need-
ed. L ‘
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