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ABSTRACT 

Any hazard evaluation program should necessarily include assessment of the thermal 
hazards of a material. To this end, differential thermal methods (DTA and DSC) are 
commonly employed_ The utility of these methods in thermal hazard evaluation can he 
significantly extended if pressurized atmospheres are also employed. The characteriza- 
tion of volatile chemicals as much as 100°C beyond their atmospheric hoiling tempera- 
ture may be achieved with pressures under 1654 kPa (225 p.s.i.g.). The effective oxygen 
reactivity is enhanced with a pressurized air atmosphere. Also the confined conditions in 
a pressurized DTA (DSC) atmosphere produce results which can be used in many 
instances for the semi-quantitative assessment of the pressure-temperature change to he 
expected in more time-consuming “heating under confinements tests”. 

INTRODUCTION 

An increasing awareness of and the need for public safety has been 
demonstrated through numerous governmental regulations concerning 
“chemicals” in industry. As a result, laboratories are asked to evaluate and 
classify chemicals as to their potential hazards. However, since no single test 
method could possibly establish the relative sensitivity of a chemical to all 
the various stimuli used in assessing a general hazard classification, what does 
one test for? 

The approach to general hazard classification is typically to categorize 
hazard concerns such as toxicity, flammability, thermal stability, shock 
sensitivity etc. and evaluate them independently. Of specific concern in this 
paper is the assessment of thermal stability hazards of chemicals. The discus- 
sion to follow will concentrate on the extension of differentid thermal tech- 
niques (DTA or DSC) in hazard classification through the use of a pres- 
surized atmosphere. 

INSTRUMENTATION 

The differential thermal analyses were performed on a DuPont 990 
thermal analyzer equipped with a Cell Base II module and a 2 mm capillary 
DTA furnace for ambient pressure. A compatible in-house fabricated pres- 
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Fig!. 1. Schematic oI’ -l mm capillary pressure DTA furance. 

sure DT4 cell was substituted for the pressure applications. 
The pressure DTA cell as illustrated in Fig. 1 includes a 2.54 cm X 4.31 cm 

cylindrical silver furnace, a 9.5 mm diameter 100-W cartridge heater, a 
quartz insulation core, aluminum heat shield, an aluminum pressure cone, 
and a 2094 kPa (300 p.s.i.g.) pressure gauge. The furnace accommodates 
standard 4 mm capillary sample tubes into which chromel-alumel (Type K) 
them~ocouples are insertecl. Operation of the furnace has been accomplished 
at. pressures to 1652 kPa (225 p.s.i.g.) of nitrogen, oxygen, or air. 

DISCUSSION 

Many compounds and mistures, especially organic, contain sufficient 
energy such that under proper thermal conditions they could release a 
dangerously high concentration of energy [ 11. A thermodynamic computa- 
tional method, CHETAH [2], may be employed to predict the most 
energetic reaction (decomposition). However, the computational approach 
to thermal stability hazards cannot guarantee either safety or hazard and an 
esperimental approach is necessary. 

On can establish a general thermal stability classification for a chemical 
using the several techniques [ 3-5,7] listed in Table 1. A systematic applica- 
tion of these techniques such as outlined in Fig. 2 is recommended. The key 
to this approach is the observance of an esothermic transition during the 
“differential thermal” analysis. The lack of an exotherm constitutes no 
thermal st.ability hazard, while the presence of an exotherm necessitates 



173 

TABLE 1 

Esperimental techniques for thermal stability classification 

Technique Condition of interesl 

Differential thermal methods (DTA, DSC) 
Constant temperature stahilit>- (CTS) 
Heating under confmement 
Large-scale holding tests 

including adiabatic calorimetry 

Presence of esotherm 
Absence or exotherm Tar 2 11 
Temperature and pressure change 
Thermal mass effect 

additional testing to establish the temperature threshold and the magnitude 
of this heat release. 

A serious shortcoming may be encountered with the analysis of a volatile 
chemical using differential thermal methods. Because vaporization is thermo- 
dynamically preferred over decomposition, all the sample is lost at its atmo- 
spheric boiling point. The result is no observed esotherm and consequently 
no thermal stability hazard ; but is there ? Volatile chemicals are generally 
handled in sealed containers, resulting in some equilibrium vapor phase 
which self-pressurizes the container_ Under these conditions the chemical 
may be forced to remain in a condensed phase at temperatures above its 
normal boiling point. 

Fig. 2. Flow chart approach to a preliminary “thermal hazard evaluation_” 
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Picture, if you will, a black drum of a highly volatile chemical inadver- 
tently placed in direct sunlight on a hot summer day. After radiant heating 

has greatly elevated the internal temperature, the drum explodes. This situa- 
tion definitely constitutes a hazard. Assuming the internal vapor pressure 
was not sufficient to cause drum rupture, it further constitutes a thermal 
stability hazard, a condition contrary to our hazard classification based on 
differential themlal methods recorded at atmospheric pressure. 

Esperience has shown that the application of a pressure of 1135 kPa (15’) 
p.s.i.g.) will elevate the vaporization temperature as much as 100°C; there- 
fore recording the DTA (DSC) of volatile chemicals at even moderate pres- 
sures serves to great.ly extend the temperature range over which the thermal 
stability of the chemical may be assessed. As the esample above suggests, 
many volatile organic chemicals will degrade rapidly if confined as a con- 
densed phase at temperatures above their normal boiling point. Figure 3 
illustrates this by comparing the DTA (DSC) curves for 2-chloro-3,5dinitro- 
pyricline recorded at 101 kPa (15 p_s.i.a.) and 1240 kPa (165 p.s.i.g.). For 
this compound an initial esothermic reaction is observed within 20” C above 
t.he ambient boiling temperature. Because esothermic transitions are rate 
clependent, this difference between the boiling temperature and the decom- 
position t.emperature is actually less. 

In addition to aiding the analysis of volatile chemicals beyond the normal 
vaporization temperature, a pressurized DTA (DSC) atmosphere also serves 
t.o enhance esothermic transitions. The fluoroborate material of Fig. 4 
exhibits what appears to be a minor esotherm (T,,, = 186’C) prior to endo- 
thermic clecomposit.ion with vaporization. In either air or nitrogen at 1135 
kPa (150 p.s.i.g.) esothemiic decomposition is clearly observed. 

Fig. 3. DTA and pressure DTA curves for Z-chloro-3,5-dinitropyridine with experimental 
conditions as labeled. 
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Enhancement of decomposition esotherms is especially evident with reac- 
t.ive atmospheres such as air. An air atmosphere at. 1135 kPa (150 p_s.i.g.) 
provides in effect, t.wo atmospheres of pure osygen to the sample--air int.er- 
face. As a result, the pressurized atmosphere enhances the “reactivity” at. the 
interface and thereby increases the rate of energy release for reactions 
involving osygen. The occurrence of an esotherm (T,,, = 199°C) for 
triallyl borate (Fig. 5) in only a pressurized air atmosphere esemplifies this 
enhanced osygen reactivity_ 

Figure 6 offers additional evidence of the effectiveness of a pressurized 
DTA (DSC) atmosphere in establishing thermal hazards. This app‘arently 
thermally stable t-butylazidoformate exhibits estensive heat evolut.ion in 
pressurized air. Such instability could pose a serious processing hazard. 
especially when considering the relatively low initiation temperature (Ti - 
110” C). 

A final application of pressure DTA (DSC) to thermal stability hazard 
classification is in its relationship to the “heating under confinement” test 
in Table 1. The confinement test [ 51 is designed to measure the temperature 
at which a material under confinement will react to generate heat and pres- 
sure while subjected to a slow (l-2” C min-’ ) programmed temperature 
increase. The technique also provides a measure of the magnitude and rate 



/7- 1 deg. 

i ---- .-- 
5.3 _:- T&.-. _._ 

_D_ ---. 
352 .ri.cl 

,. 

Fig. 5. DTA and pressure DTA curves for triallylborate with experimental conditions as 
labeled. 

of pressure change associated with the exothermic reaction. 
Confinement as used here refers to a condensed phase sample being sealed 

within a fixed volume under a given initial atmosphere. As such, the test 
configurations for both the “heating under confinement” test and the pres- 
sure DTA (DSC) are similar. 

T- 
I 

-5 

L L_L___A___ ----_-L-.--.L_-_ 
52 1=- 2 L_ 2 1;: 7 

__ ___ -ic : a- 

Fig. 6. DTA ancl pressure DTX curves for I-bu:ylazicloformate with 
tions as labeled. 

experimental condi- 
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The rate dependence of exothermic transitions necessitates the use of very 
slow (<2.O”C min-‘) heating rates in the confinement test to best approxi- 
mate the lowest initiation temperature. As a result of these slow rates the 
confinement test is time consuming and a means of screening samples for 
this test would be advantageous. The similarity of test configurations suggests 
the results of a pressure DTA (DSC) could be applicable as a means of 
screening chemicals for the slower confinement test. It should be noted, how- 
ever, that the rate of heat generation observed by pressure DTA (DSC) does 
not necessarily provide a measure of any associated pressure change. Never- 
theless, pressure DTA (DSC) has been successfully applied as a screening 
technique according to the scheme in Fig. 7. Use of the qualitative descrip- 
tors “weak moderate, strong, and severe” in Fig. 7 has been established from 
the pressure DTA instrumental response to a 5 mg sample heated at 30” C 
min-’ as described in Table 2 [6]. 

The observance of a moderate to severe exotherm by DTA (DSC) at atmo- 
spheric pressure establishes a thermal hazard. This therefore precludes the 
need for a pressure DTA (DSC) analysis, but requires a confinement test to 
evaluate the associated pressure change. 

If “no exotherm” or a “weak exotherm” is observed by both atmospheric 
and pressure DTA (DSC), then confinement testing has generally been shown 
to be not necessary. But if the pressurized atmosphere results in an increase 
in the material’s thermal instability, a confinement test would be recom- 
mended. 

A comparison of results from “differential thermal” methods and the 
“heating under confinement” test may be made using Table 3. It can be ob- 
served from this comparison that the exotherm from pressure DTA (DSC) 
generally predicts the extent of pressure change associated with exothermic 
decomposition under “confinement”. Not all exothermic transitions, how- 
ever, involve decomposition and may thereby have little or no associated 
pressure rise. This could occur when the exothermic transition involves 
crystallization, chemical cross-linking, or other reactions producing non- 
volatile products. This apparent failure in the pressure DTA (DSC) screening 
procedure is inconsequential in that the observance of an exotherm has 
already established a thermal hazard. 

The above examples have demonstrated the need for and the effectiveness 
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-3’.cbi15he5 c ~hernwl ~zard; precluding we-e DTA (XC) 

Fig. 7. Scheme for using pressure DTA data to evaluate the need for “confinement tests_” 
The terms “strong” and “weak” are defined in Table 2. 
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TABLE 2 

Ciassification of exotherm severity 

Peak height (in.) a Sensitivity (“C in-’ ) Qualitative descriptor 

(1 
l-5 
l-2 
<2 

1 Weak 

1 Moderate 
5 Strong 
5 Severe 

a Instrumental response based on 5 mg sample heated at 30°C min-’ _ 

of a pressurized DTA (DSC) analysis as part of any test program designed to 
assess a thermal hazard classification for chemicals. Incorporation of this 
method into such a test program may be visualized as the modification of 
the scheme of Fig. 1 to that given in Fig. 8. 

Computct!onc: 
“CSETAFI” Ex?e;_mentcl 

Fig. 8. Revised 

I I 

flow chart approach to a preliminary “thermal hazard evaluation 
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The systematic use of a moderate 1135 kPa (150 p.s.i.g.) pressurized 
atmosphere in “differential thermal” analyses has been demonstrated to sig- 
nificant.ly improve one% ability to assess a thermal stability classification for 
chemicals. This improvement can be realized in three ways: (1) the con- 
densed phase of volatile chemicals is retained for analyses as much as 100°C 
alxxe the ambient pressure vaporization temperature; (2) the pressurized 
armospliere may accentuate an otherwise questionable esothermic reaction. 
This is especially t-rue when the reaction is osygen limited. Under such cir- 
cumstances, analysis in a reactive and an inert atmosphere may aid in distin- 
guishing t.he mechanism: (3) pressure DTA (DSC) results may be applied to 
tlw screening of chemicals for more time-consuming “heating under confine- 
nicnt-‘ tests. 
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