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Abstract; To investigate the thermal decomposition behavior of [ Cd( CHZ), ] (Cl0, ), ( CdCP) ,the T-

jump/FT-IR spectroscopy was used to determine the main gaseous products evolved from the thermolysis of

CdCP in real time. CACP was flash-pyrolyzed at 200 °C - s ™' to the set temperature under different pres-

sures. With the help of rapid scanning Fourier transform infrared FT-IR spectroscopy, 11 IR-active gas

products were resolved during the flash pyrolysis process. The change curves of the concentration of the

main gaseous products vs. time were given,indicating that over the range of pressure from 1.0 to 15 atm,

the thermal decomposition behavior of CACP does not seem to be obviously affected by the pressure.
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1 Introduction

[Cd(CHZ),](ClO,),(CdCP) can be synthesized

according to the reported method''’. Tt is a gemlike white
crystal and it is indissoluble in many organic solvents
such as alcohol , ether, halide and so on. It can be used as
new kind of insensitive primary explosive, what’s more, it
shows good fluidity and it is convenient for loading appli-
cation. Meanwhile, its friction,impact and flame sensitivi-
ties are lower than the usual propellants. All these prop-
erties are highly desirable for the security of the propel-
lants. It has already been used as explosive to bring in
satisfactory social benefit and economical benefit in indus-
try. In order to research and develop new insensitive pow-
erful primary explosives, a series of coordination com-
pounds were made of carbohydrazide as ligand with heavy

(2

metal ions in the past few years ">*! | their thermal decom-

position mechanisms of these organic compounds were
studied by using DSC,TG-DTG and FT-IR technology.

It is widely accepted that significant chemistry can
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occur in the surface layer. Determination of the reactions
is experimentally very difficult because the surface layer
is thin and transient during combustion. However, an in-
stantaneous simulation of the burning surface can be ob-
tained by rapidly heating a thin film of material to the
burning surface temperature. In this paper,we studied the
evolved gas products of CdCP during the flash pyrolysis
process and put forward the concentration change curve of

the main gaseous products.
2 Experimental

2.1 Sample and experimental apparatus

Sample of [ Cd(CHZ) ;] (Cl0,),( CACP) was self-
synthesized according to the previous method *' | further
purification was also attempted in several instances. A
Nicolet 20 SXB FTIR spectrometer with an MCT detector
was used to record the IR spectra as the sample heated.
The rapid thermal decomposition of CAdCP was examined
by rapid-scan FTIR spectroscopy !

The experimental data was collected from the PC
computer and the data processing was accomplished by
using the Matlab procedure ,thus we can get the gas prod-
ucts during the flash pyrolysis process and put forward the
concentration change curve of the main gaseous remains

simultaneously.
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2.2 T-Jump / FTIR spectroscopy

A sample of approximately 0. 5 mg of CACP was
thinly spread on the center of the Pt filament and inserted
into the spectroscopy cell °'. After purging the cell with
1 atm Ar,the filament was heated to the set temperature.
The high-gain , fast-response , power circuit "’ that controls
the temperature of the Pt filament is sufficiently sensitive
that the control voltage can detect thermal events occur-
ring within the sample as it decomposes. To maintain the
filament at a constant temperature ( resistance ) ,the cir-
cuit adds current when the sample is undergoing an endo-
thermic event. Similarly, the current is reduced when an
exothermic event occurs. When the control voltage trace of
the filament with no sample present is subtracted from the
trace of the filament at the same conditions with the sample
in place,these endothermic and exothermic events are evi-
dent as positive and negative inflections, respectively.

IR spectra of the evolved gaseous products were re-
corded with 4 em ™' resolution with an FTIR spectrometer
(Nicolet 800). The cell contained Ar at 1 atm and was
initially at room temperature. Thus, the reaction products

were thermally quenched before they reached the IR beam.
3 Results and discussion

Figure 1 shows the change of concentration of the
main gas products from CdCP measured by rapid-scan
FTIR spectroscopy at 1 atm Ar. As there only exists a
small amount of CO and HONO, these two gas products
are excluded from these plots. As shown in Fig. 1, the
dominant gas product of the evolved gas products is NH,,
The IR active gas products are first detected at about 2 s
and consist of NO, ,NH; and HCN. The formation of HC]
and H,C=O0 ensues. A rise in the concentration of all
these five gas products indicates that the amount of sam-
ple decomposing gradually increases. The overall process
is endothermic because the inflection of the control volt-
age is positive during this time (as shown in Fig.2). Un-
der the conditions of this experiment, NH; and HCI arise
from the pyrolysis species; NH,Cl. It is commonly be-
lieved that reaction (1) is endothermic. Additionally,the
heat formation of HCN is positive,so accompanied by the
formation of these products, there exists an endothermic

process. HNCO, CO,, H,0 and N,O are detected near

the end of the decomposition process (at about 18 s) , be-
sides their concentrations rise abruptly to the maximum,
we can make certain that the decomposition process sends
out heat sharply from the intense negative inflection in the
control voltage at this time (as shown in Fig.2). The exo-
thermic process is caused by the intense secondary intermo-
lecular reactions '’ above all things is the oxidation-reduc-
tion reaction between NH, and NO,, at higher temperature

some of the NH, is oxidized in the following reaction (2).
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Fig. 1 The IR active gas products evolved from

the thermolysis of CACP at 1 atm Ar
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NH,Cl —— NHj + HCI (1) ;
6NH; + 8NO, —— 7N,0 + 9H,0 (2) 0 S . /310 15 2
As shown in Fig. 3 ,NH; is also the dominant decom- (a)
position product of the evolved gas products under 15 atm
80 7
Ar. Likewise,the IR active gas products detected initially
consist of NO,, NH; and HCN, quickly followed by HCI < 601
. . . 5 —#—N,0 —<—HNCO —+— HONO |
and H,C=0. Compared with Fig. 2, the concentration g z |
= J |
change trends of NO, ,NH, ,HCI, H,C=0 and HCN are = 40 “‘“
2 h
found to be quite similar and the concentrations of these E 2 [
il
products are not changed markedly (shown in Table 1). 8 l“
The formation of HNCO,CO, and H,O is also near the end 0 : $
of the decomposition,which is consistent with the former. 0 5 0 15 2
Consequently ,the concentration of these products is much tis
less pressure dependent and the overall decomposition (b)
mechanism appears to be similar in this pressure range. 57
It should be noted that the concentration of the prod- o 4 NO, ) HC=0|
ucts oscillates,which may be attribute to the effects of air k!
. . .. . . 3y
bubbles. It is possible that the decomposition of CACP is e
so abrupt that a number of air bubbles produce. The con- 5 21
centrations of NH; and HCI increase gradually, that’s be- g N
cause NH,Cl can be produced for the duration of the ex-
periment ,NH, CI then breaks up into NH, and HCI further 01
under the high temperature circumstance. HNCO can be 0 5 10 15 2
t/s
produced by decomposition of the amide unit ( [ )" (o)
1 . [9] .
and HCN can form from polyazine unit (II) . The high Fig. 3 The IR active gas products evolved from

concentration of HCN along with the IR spectrum of the
products indicates a high percentage of azine linkages in

the gas products "'’

The sustained presence of gaseous
NO, indicates that some of the —NO, functional groups
are retained by the products up to 368 °C. In addition,
there exists no nitrogen monoxide in the evolved gas prod-
ucts. In sum,we can infer that the gas products are rela-

tively stable. Not surprisingly,the concentrations of these

the thermolysis of CACP at 15 atm Ar

As mentioned above ,the mechanism of the high-rate

thermal decomposition of CAdCP can be expressed by the
following scheme "' ;
CACP(s) — CACP(1) — CdO(s) + polymer(s) + NH;(g)
+NO,(g) + HCN(g) + HCl(g)
+ Hy(=0 (g) +CO(g) +CO5(g) +H,0(g)
+ HONO(g) + HNCO(g) + N,0(g)
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Table 1 The maximum concentration of the followed

gas products at different pressures

. . =5 -1
maximum concentration/10 " mol + L

gas products

at 1 atm Ar at 15 atm Ar
HCI1 10.0 14.0
HCN 8.4 9.0
NH, 8.0 7.8
H,C=0 1.9 2.5
NO, 0.4 0.7

4 Conclusions

(1) The decomposition process of CdCP consists of
one endothermic process and one intense exothermic
process , its high-rate thermal decomposition mechanism is
characteristic of dynamites and explosives.

(2) CdCP decomposes abruptly, which leads to the
oscillation of concentration of the gas products detected.
Because CACP melts initially, then decomposes, the gas
products evolve at different time, thus the concentrations
of the products change with time.

(3) 11 specific products (NO,,NH,Cl ( broken up
into NH, and HCI later) HCN, H,C=0,CO and so on)
are resolved as a function of concentration and time, of
which NH; is the most novel IR active product,NH, ,NO,
and HCN are the dominant gases containing nitrogen and
there also exists a spot of HNCO, HONO and N,O, the
dominant gases containing carbon are H,C=0 and CO

and there exists traces of CO, additionally.
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