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The thermal decomposition of ammonium perchlorate (AP) is considerably 
modified when it is cccrystallized or mised with small amounts of tetramethyl- 
ammonium perchlorate. The decomposition is sensitized when tetramethylphos- 
phonium perchlorate is added to AP. The effect on the isothermal decomposition of 
AP when it is mixed with tetnmethyIammonium perchlorate, appears to be simiIar 
to that of AP-based composite propellant having the same mixed AP composition_ 

INTROCUCTION 

The effect of various additives on the thermal decomposition of ammonium 
perchlorate (AP) has been studied elaborately1-6 mainly because of the belief that 
the key reaction in the ignition process of AP-based composite propellants is the Iow 
temperature decomposition of AP’. The effect of non-metallic perchlorates on the 
thermai decomposition of AP and AP-based propellants has, however, not been 
examined in any OetaiIs. Our recent study on the thermaf decomposition of tetra- 
methylammonium perchlorate’ (TMAP), revealed that unlike other methylammonium 
perchIorates it decomposes without melting and does not produce pel-chloric acid as 
ace of its decomposition products. Further, althou& fuel rich, TMAP does not i_gnite 

at any pressures. In the present study we report the effect on the thermal dccomposi- 
tion of AP when it is cocrystailized or mixed with small amounts of TMAP. In order 
that these studies be of reIevance, we have carried out decomposition studies on AP 
based propelIants usin g AP mixed with TMAP and compared the thermal decom- 
position results. 

Mar eria fs 

AP used in the present study was provided by V.S.S.C_, Trivandrum and was 
used after recrystallizing it once from water- The preparation and characterization of 
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T~MAP and tstramethylphosphonium per&orate (TMPP), have been reported 

earhe+ I*. 

The cocrystaIIizecI sampIes ‘H-ere prepared by using standard stock solutions of 

TMAP. 1 g of AP was weighed out into a beaker and the required voIumes of the 
stock solution were pip&ted out into it so that the concentration of TMAP in the AP 

solution would become 1.0 and 0.1 mol %, respectively. The AP solutions were 

concentrated on a hot plate at 70-90°C and the crystals formed were fihered using a 

sintered crucible. The crystaIs were dried at 90°C for.4 h. An unaged sample of the 

particIe size range 90-125 pm was used in each experiment_ 
An X-ray diffraction method was empIoyed to see if the impurity has gone into 

the crystal Iattice. The X-ray diffracrograms obtained for AP and AP cocrystallized 

with TWW, using a Shimadzu recording X-ray diffractometer Type GX-3B, were 
found to be tirtuaIIy identical and did not show any change Iike shifting or broadening 

of peak or the appearance of any new feature. It, therefore, appears that crystaIIo- 

gmphic doping has not taken pIace_ It is, however, possibIe that the diffractometer 
might not have detected very minor changes in the Iattice as reported by Hartman 

and Pai Vemeker and Maycock’. In the case of mixing, crystahized AP (90-125 pm) 

was carefuIIy mixed with required amounts of the impurity. AP-based propehants 

were prepared using carboxyl-terminated poiybutadiene (CTPB) as binder with 80% 
AP or APil mo1 % TlMAP, loading. The detaiIs of the formulation and curing 
procedure are given elsewhere”. 

The differential thermal anaIysis (DTA) and thermogravimetric analysis (TG) 

experiments were carried out using the equipments described earlier’ ‘. 50 mg samples 
iitere used in a11 experiments_ The heating rates employed were 12°C min-’ and 

5°C min-’ in the case of DTA and TG, respectiveIy. AI1 DTA experiments were 
carried out in air using pIatinum cups. 

R.EUL’3-S KSD DISCUSSIOX 

The resuits of the DTA and TG experiments show that the thermal decom- 

position of AP is considerabIy modified when it is mixed or cocrystahized with TMAP. 

The DTA (Table I) of AP shows an endotherm at 240°C due to phase transformation 
which remains unchanged when AP is cocrystahized or mixed with the impurity. The 

thermal decomposition of AP occurs in two steps as shown in DTA by two exotherms, 

one at -300°C attributed to incompiete (30%) decomposition and another at 

-400°C due to compIete decomposition. The DTA of AP cocrystahised or mixed 

with 1 mol % TMAP on the other hand show only one exotherm corresponding to the 

comp!ete decomposition. It is interesting to note that whereas in the case of the mixed 

sampIe the exotherm occurs at 350°C the cocrystahized sampIe with the same 

impurity concentration, decomposes compIeteIy at 285°C. The decomposition 

results obtained by isothermal TG for the AP sampies mixed and cocrystahized with 
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1 mol % TMAP (Figs. 1 and 2) again, are significantly different Whereas the mixed 
sampIe shows considerable desensitization, the cocrystallized sampIe shows si_tificant 
sensitization. This difference in thermal decomposition shows that in the case of the 
cocrystallized samples crystallographic doping has taken place at Ieast to a certain 
extent, 

TABLE I 

DTA DATA ON AP SAMPLES 

Samp!.. Peak temperatzne5 (“C) 

Eimbherm Ist exorherm 2nd exorherrn 

PureAP 

AP cocqsaliized with 
1 mole% TMAP 

AP mixed with 
(i) 1 mol % TMAP 
(iii 1 mol % TMPP 

240 298 380 

240 285 - 

240 350 - 
240 307 - 

0 s 10 IS 20 26 fo 
TIME (MID_) 

Fig- 1. Isothermal TG curves at 285°C of, AP cocrystallized with I.0 (A) and 0.1 (Et) mol % of 
TMAP. 



Fig 2 Isotherma! TG CUTVCS at 2S5’C OE (A). AP+-T?vfAP (I mol %) and (B), APfTMPP (I mol 
%) mixtures 

To account for the observed effect of cocrystakation it may be assumed that 
when AP is cocrystalIk& with (CH&N’ ion, the defect structure of the host Iattice 
does not chane- The sensitization effect may, however, be attributed to the b&er 
size of the impurity ion and the consequent strain created in the crystaI_ This strain 
appears to be not significant enouh to ‘be shown by X-ray diffraction technique but 
it is sufficient to induce decomposition. 

Zn order to establish the effect of mixing TMAP we studied the effect of the 
addition of another analogous compound, T_MPP on AP decomposition_ As can bc 
seen by the DTA (Table 1) and isothermal TG at 255°C (FiS. 2), the effect of mixing 
these impurities with AP is quite revealing. WhiIe the decomposition of AP is 

desensitized when mixed with TMAP, significant sensitization is observed when 
mixed with TMPP. This may be explained by taking into account the thermal 
decomposition characteristics of TMAP and TMPP. The TMAP decomposes 
essentia!Iy without meltine whereas TMPP meks before decomposition lo_ Further, 
assuming trimethylammine as a product of decomposition’, the desensitization effect 
observed may be due to the inhibiting action of the ammine. On the other hand, the 
sensitization observed in the case of AP mixed with I mo1 o/o TMPP may be attributed 
to the solid-Iiquid interface provided by the melting of this compound’.r3_ 

The results of the thermal decomposition of AP may at this stage be compared 
with those of the AP-based propellants. The DTA (Fig 3) of the propehant sampIes 
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Fig 3. DTA traces of: CA). AP composite propeilant acd 03). AP-ETMAP (1 mol %) composite 
propeIIant 
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Fig_ 4. Isothermai TG curves at ISS’C of: (A), AP composite prop&ant acd (B). AF+TMAP 
(1 mol %) composite propellant. 
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reveal that the phase change of AP, occurring at 240°C remain unchanged and the 
decomposition occurs with ignition in one step only_ As discussed earlier, the 
decomposition of AP is desensitized when it is mixed with I mol % TMAP_ It is 
interesting to note that a simiIar effect is shown by DTA as weII as isothermal TG at 
285°C (Fig. 4) of the propellants. The decomposition of A&based propeliant shows 
considerabre desensitization when Al?+ 1 moi % TMAP is used as oxidizer. The low 
temperature decomposition of AP therefore appears to be related to the thermaI 
stabSty of AP-based propekmts. 

REFERENCES 

1 P- W- M- Jacobs and H- M- Whitehead. Chun, Rec., 69 (1969) 551. 
2 J. N. Maywck and V- R. Pai Vcmtker, Proc. Roy. SOL. A307 (1968) 303. 
3 V. V. Boldyrcv, V. V. AIcxandrov, A. V. Boldyrcm, V. I. Gristan, Yu. Ya- Karpenko. 0. P. 

Korobeinitchev, V- N- PenfiIov and E F- Khairetdinov. Comb_ &me. 15 (1970) 71. 
4 T- L Boggs, EL W_ Pria and D. E Zum. 13th qmp. an rlbmbusrion, The Combustion Institute, 

Pitsburg, Pa., 1971, p- 995. 

5 K. 0. Hartman, Wesfern States Se&on Meeting- Tne Combustion Institute, WSSl paper no. 69- 
18, 1969. 

6 W- G. Schmidt, NASA Connacr Report, 1969, NASA-CR-66757. 
7 V- R- Pai Vemeker and J- N- Maycock. 1. Inorg_ Nucl. Chem.. 29 (1967) 2723. 
8 P- R Nambiar, V- R- Pai Vemeker and S- R- &in. L Therm. Anal., 8 (1975) 15. 
9 A- L FogeIzang, B- S- SvetIov, V- S- Opryxhko and V- Ya. Adzhemyao, Comb. Explosion Shock 

Wares, 8 (1972) 206; (Eng. trans.)- 
IO P- R Naxnbiar and S- R J&n, Therrncchim_ Acza, 9 (1974) 295. 
1 I S- R fain and H- XC. Nagpal, Idun J_ Tech., in press- 
I2 S- R Jain and P- R- Nambiar, Indian J- Chem., 12 (1974) 1087. 
I3 K. C Pat& V- R. Pai Vemeker and S. R. Jain. unpubIished resuIu_ 


