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ABSTRACT 

A description is given of modifications which have been made to the remote celi 
used in conjunction with a DuPont 900 DTA such ?hat the possibility of explosion is 
minimized_ Usins lead tide to evaluate the technique it is shown that ccmplete 
curves for the exothermic decomposition 

PbN6 + Pbt3N, 

are reproducibly obtained. The endotherm in the curve corresponding to the fusion of 
the product lead serves as a confirmation of the reaction. Illustrations are _given to 
show extensions of the system to other sensitive compounds. nameIy Iead styphnate. 
mercur)i fulminate. and potassium dinitrobenzfuroxan. 

The application of thermal anaiysis to decomposition studies of very sensitive 
materials, such as primary explosives. has been hindered by the possibility of explo- 
sions of samples within the apparatus_ AIthough specimen? can be sufficiently smaI1 to 
ensure little risk of instrument damage this is an undesirable situation since the 
amount of significant data which can be extracted from such a curve is minimal. 

Krien ’ investigated the application of combined differential thermal analysis 
and thermogravimetry (DTA-TG‘) to the decomposition of explosives. Problems 
associated with this TG apparatus restricted him to slow heating rates (5 ‘C/min or 
less) and as a consequence the DTA peaks obtained were spread out. 

In more recent work PaiVerneker and Maycock’. described the apphcation of 
simuItaneous DTA-TG to Iead azide. They were able to observe thermal decomposi- 
tion which they attributed to the reaction 

PbN6 + Pb+3N, (1) 

Since the DTA and TG traces are recorded from the same sample it is correct to 
assume that analysis obtained for the TG will also be incorporated in the DTA 
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results_ The nitrogen content of lead azide is 2S_S?0: the&ore it ~v_ouId be expected 

that if this reaction were to take place the K-LI= *-41t loss recorded b- thermogavimetr> 

xould by X_YDb_ The curws \rhich they obtained show \-cry SIOK thermal decomposi- 

tion over a wide temperature range with Ioscs of 21.9-27.5?&_ Thus the decrease in 

\\eCizht found esperimentally could indicate that the products of reaction consist of a 

mixture cif metallic lead and its osidc. If this is so. then the results can be more 

adequatsl_v csplaincd from a consideration OK reactions of the t>-pe 

cr2c= 02 
PbS, - PbOt35, 

or formation of higher oxides of lead depndin, * on os>-gx concentration_ The weight 

losses predicted for reactions of this type ~vouid be 23_4?A for the formation of PbO 

or less f-or a misturs of PbO plus hiSher asides of lead. Th e cspericncc of the present 

investigators has bwn that such slow rcnctions invariably -kid osidc mixtures, or. at 
best. metal plus oside misturcs. it is more tctxtblc to propose that the decomposition 

which ~-as reported was noi the formation of metal plus =. . ~-tst’ous nitrogen but decom- 

position in the presence of trace amounts of osy_ccn to _vieid an ill defined product 

aansisting oKa variable mixture of metal plus osides with no assurance that the same 

reaction path will be followed in an- two experiments_ 

Lead azide is of interest because of its wide use _ X study of the decomposition 

rcartion (Eqn_ I,) is most suitable since it is kna\vn to occur in the detonation process4 

_vielding basic lead and nitrogen and therefore can be easily characterized usins DTX 

techniques- Thus. it was considered ideal to use this rc’action for the evaluation ot‘the 

modified csll. 

Reixo fe ceil rnod~fica lions 

A t_vpicA remote cell as currently supplied by E. 1. DuPont (Fig I ) dill&s from 

earlier mod& in that the heating block has been raised and is separated from the 

tbermocoupic connsctions b_v a large insulating disk of pressed asbestos. Esperience 

v;ith eariicr dcsisns of the ceII had shown that it is imperative to protect these connec- 

tions from exposure to stray thermal currents_ The need to protect samples from the 
_ _ _ 

slightest osldlzmg environment necessitated the ceil being evacuated to IO- e torr. This 

rcquircd removal of the porous disk and rcdcsign of the support. It WLS also necessar?; 
to sea1 the eIest;ical connectors_ rcIoc3te the gxs inlets. and modify the base plate and 
Iocking clamps. 

The modified cell is shown in Figs. 2 and 3. where Fig. 2 shows an overall view 

and Fig. 3 sives the dimensions_ It was nccessar?; to reconstruct the original cell 

starting with a new- base having four holes to accomodate vacuum tight cartridge 

bushings, supplied by GIass Tite Industries [X-2622]_ which were in turn so!dered into 
the base. The pins from the original pIu, = were soldered into the new cartridges to 
adapt them to the esistin, ~7 thermocoupk and heater connections. The new heating 
block holder and support consisted of a single unit fabricated from hea\? walled 
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Fig. 1. Rcmotc cdl as supplied by E. I. DuPont. 

_gIass and silver coated to minimize thermal losses. The thermocouple connections 

were further protected from the development of thermal gadients by shielding with 

glass tubing. Evacuation and gas flow was effected through two pressure-vacuum 

stopcocks attached to the top of the Pyrex dome. The Pyrex dome was made vacuum 

tight by fastening it to t!le base with a ring seal and metal ring clamp. 

D TA procedures 

Samples investigated were in the form of fine crystalline powders. Glass beads 

were used as reference materiaIs and in the tube containing the heater control 

thermocouple. Standard heating blocks of silver or aluminum were used with 

specimens contained in either Z-mm or -I-mm capillaq- tubes. With Z-mm tubes the 
sample weight was approximately 0.5 mg, in -l-mm tubes a mauimum of 2.5 mg, was 

used; however. the weight could be increased to 5 mg if the sample were diluted with 

an equal volume of glass beads ‘. In all cases samples were compacted by mild tappiq. 
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The cell was c\-acunted to IO - (’ torr for several minutes before backfilling and 

purging with dried helium yas. _A flow rate of400 ml~~min \vas maintained throughout 

the esperiment_ Standard chromel-aIumc1 thermocouples were empIo_ved. Heating 

rates up to IO C_‘min and maximum difT&ential temperature sensitivity, 0.1 -C,:in. 

could be used_ 

Fischer Scientific ‘~Thcrmetic” standards and hish purit>- lead (99.9995’0’) 

supplied b_\- Electronic Space Products_ Inc. wre selected for instrument calibration. 
Lead ;izide of hi@ purity U-as prepared by reaction of Isad nitrite with hydrozoic 

acid6. Other esplosive _sxnpI es xere ofcommercial or military production grade stock. 

The instrument \vas calibrated through the lead azide temperature range using 
m-p. standards and was in ageement \\-ith the old cell. The results of pure lead 



meItin_c at 315 C ,mder the high helium flop- rate is shown in Fig. la_ The lead fusion 

peak is indicated as an esothcrm at 318 C in Fig. -lb Lvhen lead is placed in the 

reference tube and analyzed simultaneousi>- with lead azidc in the sample tube. The 

ditkenccs in the peak sizes of the product lead from that of the added lead is due to 

differences in amount. 

Fig. 3. Schcmatir: diagrr;m of components in the moditicd remote Dr.4 ~~11. 

DTA curves for Iead azide obtained prior to cell modifications are shown in 

Fig. 5. Two unacceptable curves. sample detonation (Fi_r. 5a) and sample osidation 

(.Fig 5b) are shown. 

The presence of trace amounts of osygen causes non-reproducible distortion of 

the decomposition esotherm. Dependin, = on the os_vgen concentration this distortion 

can ranse from gross deformation and extended tailing of the peak to a reduction in 
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peak area in the presence of extremely minute traces of oxygen_ When lead azide 
specimens were placed in the modified ceil at varying vacuum pressures before 
backfilling and purging with hehum it was found that the exotherm trace configuration 
was a function of pressure becoming constant at 10d6 torr. AIthough the peak height 
and shape is affected, this treatment did not influence either the onset or peak tempera- 
ture except in cases of gross deformation of the trace. It is readily apparant that very 
iittle information other than onset temperature can be extracted from those curves in 
which high order detonation or sampie oxidation occured. 

Fig_ 4. DTA cunxs showing the position of the 1-d m-p. (a) (I), lead fusion; (a) (2). supercooled 
solidification of lad (cooling curve)). (b), lead metal in reference tube+ PbNs in sample tube. 

Fig. 6 shows decomposition of high purity Iead azide to metallic Iead as obtained 
in the modified system_ Features of importance are the decomposition exotherm in the 
region 287-302% and the Iead fusion endotherm at 318 “C. Subsequent cooling of the 
sample gives the exothermic solidification of lead supercooled to 315 “C. The products 
of reaction (Eqn. I) are confirmed by the Iead fusion. The extent to which the fusion 
point is displaced at a constant heating rate depends on the amount of azide used_ 
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Fig- 5. DTA cures for lead tide. (a), sample detonated- (b), sample decomposed in the presence of 
tr2ce amounts of oxygen. 

TABLE i 

RE!ZJLTS OF THERMAL DECOMPOSITIOS OF LEAD AZDE I_??ZXR VARIOUS EXPERi_ME?GTAL COXDITIOSS 

Lead Sample AT Glass Size of 

m-p. (“C) ueighr (“C/in) beads capillary 
(mg) r&e (mm) 

287 305 317 2.4 OS 
289 305 316 2.6 0.5 
2ss 305 320 1.1 0.2 
293 305 320 1.0 0.2 
294 306 321 0.8 0.2 
290 304 320 OS 0.2 
288 304 320 0.4 0.2 
290 304 316 0.4 0.2 
287 302 316 0.5 O-2 
290 303 320 0.3 0.2 
287 302 320 0.3 0.1 
288 300 316 3.0 0.5 

NO 

NO 
NO 
No 
No 
No 
No 
No 
No 
NO 

No 
Yes 

4 
4 
4 
4 
4 
4 
2 
2 
2 
2 
2 
2 
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Using varying quantities of lead azide to check out the cell the average deviation of the 

lead fusion was f 1.9 C at 3I 8 C. This couid be significantly reduced by use of a 

constant mass of sampIe. Similarly values of the decomposition onset and apex 

temperatures could be obtained with greater accWuracy if all experimental parameters 
were heid constant during a set of experiments_ It would also be desirabIe to sieve 

Fig- 6. DTA curyes for lead tide using modified remote cell. (a) , 
tide diluted with g&s beads. 

2.6 mg lead aide. (b), 3.1 mglead 

sanpies for constant particIe size but with sensitive materials such as Iead azide; this 
proves to be extremely time consuming. The onset and peak temperatures are used for 

trace description. These vaiues are given in Table T and were obtained from experimen- 

tat curves using various instrument settings and sample size. This data gave an average 

7 (_, 287°C with a deviation of f 1.0% and an average T(_, 302 “C with a deviation 

of +0-s%_ 

Tt can be seen from the tab!e that considerabIe fIexibiIity in choice of instrument 
settings and sample configuration is possibIe. It was found essential to provide for 
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efficient conduction of heat away from the sample area since the reaction is highly 
exothermic and can result in detonation_ Helium was employed as the preferred 

carrier gas. When the sample size was increased to the point where helium gas alone 

was not sufficient, dilution of the sample with glass beads, commonly used for 

reference material, provided a heat sink. This use of glass dilution affects peak 

magnitude but not position as shown in Figs. 6a and b. 

The new cell and the experimental procedure were evaluated further using doped 

lead azide samples and other primary explosives. From another study’ it is known that 

lead azide prepared in the presence of various dopants has reIated defect structure. 
Fig. 7 shows curves for a series of lead azide samples doped with ferric halide salts. 

Fig. 7. DTA curves for iron-doped lead azide. (a), PbNd + Fe13 _ (b), Pblri’, i FeBr3 _ (c), PbNB+ 
FeC13 _ (d). PbN6 f FcF, - 

Work is in progress to interpret these results in terms of observed electron spin 
resonance phenomena- In general, initiating compounds were difficuh to analyze 

without the modification of the remote cell. Fig. 8 shows some resuits of the extension 

of the method to several other meta-stable compounds_ In all instances compIete 

curves are obtained and it appears that the method can be successfully applied to 

other sensitive materials. 

Effort is currently being directed to modifying the accessory DuPont 950 T.G. 
apparatus to enable equivalent thermogravimetric data to be obtained. 
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Fig. 8. DTA curves for other primary explosives. (a). potassium dititrobenzfuroxan (lCDNBF). 
Q, lead styphnate- (c), mercury fu!minate. 

The authors wish to acknowiedge the capable assistance of Mr. Joseph Smith, 
Ammunition Engineering Directorate, Picatinny Arsenal, particuiarly for the use of 
his DTA traces of ferric halide doped Iead azide_ 
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