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t %ermolysie of @-addit ive mixturee, I11 

(WRDIP SINGH~ AND INDPR PAL SINGR WOOR 

Department O f  Chemistry , University of Gorakhpur, 
Gorakbplr - 273009, India  

Thennolyeie of aantonlum perchlorate  (AP) in presence of 

addi t ive8 such as Cam3 and CaO hae been investigated by ignition 

delay, DTA,and photamlcrography techniquea. The ignitiar delay, 

ignltim temperature, and decompoeition temperature and aotlvotion 

energy a r e  found to  decreaee when CaO wee incorporated in PP. HOV- 

ever, &Go3 afZected the @ i t i o n  of AP a t  h i & e r  temperatures 

(622-77b°K) but very l i t t l e  effect wae obeerved a t  lower tempera- 

tures (( 623OK). 'Iherraolysie of A2 seems t o  proceed through conden- 

sed phaee reacti tme 3x1 preeence Of CaO and CaCO and ro l e  of theee 

add i t ives  in the defla&ration and decaq~poslt i tm of AP haa a l s o  

been diecussed. 

3 

The role of metal oxide additive0 (catalyete)  in the cleflag- 

r a t i o n  and decmposition of AP has been described by many workers 

(1-7) ht n o t  mch work eeema t o  be reported on the e f f e c t  of 

Inh ib i to r s  (addl t lvee)  (refs. 3,8-12). Various salts of ammonia, 

haloyenides of lead and cudmlum; mixture of umonium eal tu  and 

halogenidee have been found t o  i n h i b i t  the deflagrat lon rate 

(3,11,12) of AP. (flaskova has suggested f o l l o w b g  three stepe for  

I h e  i nh ib i to ry  act ion of addildves in the def lagrat ion of AP I 

P r e c e d h g  papere : see reps. 1 & 2. 
I 
'Uthor t o  whom correspondence may be addreeaed. 
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(I) Since ammonium a a l t s  l iberate  amonla on decompOeitlOn 

which s h i f t  the AP decompoeition equilibrium t o  the left. 

(ii) Some additive8 bind €IC104 a U a / O r  AP t o  lee8 reactive compounds 

and. 

(ill) HCIOq decompoeition ie l&ibited. 

However, it ehould be noted that Inhibitory actioor ma even 

observed wi th  very small concentrr(tian of additives (1s) and hence 

s h i f t i n g  cd equilibrium would be very marginal and explanatlane 

(ii) & (iii) seem quite plausible. 

Understending of baeio thermal initiation mechanisms l a  

neceesary t o  fu l ly  account f o r  the combuetlon/exploeian behavlour 

of propellante/explosivee (13-18). If the heat produced by the 

decomposition of an merget ic  material cannot be dieelpatad as 

rapidly as i t  ia l iberated,  the  charge will eelf h e a t  t o  Ignition 

o r  explosion. If ac t iv i t i ee  of the reactants do not change signl- 

f icant ly  during pre-ignition reactions, the logarithm of the time 

of ignition (tM) should be a linear function of tbe reciprocal 

of the absolute temperature. 3ome workera (19-21) have proposed 

t h e  f O l l o w i n i 5  r e l a t i o n  (Eq.1) rrhich has been found t o  be obeyed 

by a l a r g e  number of propagatively reactlng system euch a8 oxplo- 

elves (22-25) and propellante (1-3). 
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Where A l a  a function of the ac t iv l tp  of roactal te ,  T l a  

the abeolute temperahre, and E i  l a  t h e  energy of act ivat lQ 

( igni t ion) .  

The complexiQ and t raneient  nature of the eurfaoe m a t i o n  

5one mekee experlnmntal meaauremdllt nearly lmpoesible t o  c-duot 

under caabustion condition. Ihorefore, it hae been helpful  t0 pa 

inalght in the deflagratlon mechaniera by us- techniques %at 

attempt t o  elmlate same of tbe oonditlone (26). !he ob jec tbe  Of 

the p r e e a t  inveetigstim was to examine Ihe r o l e  oi inhibi tare  

(odditivee) ouch ae Cam3 and CaO In the thermolysia 02 AP ( s M b m  

On catelfete a m  publidred In refs. 1 i€ 2). Theref-, D-, -A- 

ti- delay (under rapid heating conditian) and photooiorography 

etudiea in the presence end absence of inhibitore,  we- undertaken. 

b e  reeulte suggest that condensed phaee reactlone are predoahaa+ 

4 reeponeible f o r  the thennolyeis of A2 in preeenae of CaWJ and 

CaO . 
Materiala 

Is (Central  Blectrochemical Research Ins t i tu te ,  Karaihrdi, 

% m i l  Nadu) 1lN-Zik)  meeh; CaC03 and CaO herrck) (200-490 meeh) we- 

ueed ae received. 

DTA etudies on A@ and PP + additivea 

DTA etudiee were carr ied Out in static air a t  BRDL, Pune, 

uelq 10 rng (100-200 meah) oP each sample n t  a heat* rat. of 
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lo°C/min. me d i f f e ren t i a l  thermograme were recorded using a two 

pen a t r i p  chart recorder. Sample were placed in a thermocup (P t )  

arid +OS we taken ae reference material. P t - P t  (Rh 1%) thexmo- 

couple m8 w e d  for recording t h e A ~ .  Ibe DTA thermograms for AP+ 

additivee are presented in Figure 1. 

Ignition delay meaeurement on AP u l a  8nd without additives by 

hot p l a t e  (Bp) teobniquo 

100 mg of the ample (additive concentration s 4$ by wt.) In 

the powder form ua8 taken in a corning glaae cup ( d h - 2  CIL and 

boie;bt=4 om) end I g n l t l m  delay wae mwaured by the ueual method aa 

described earlier (1.2). The mean o f  the four  rune was takm t o  be 

tu showing lee8 tbsn t% VarifitiOn a t  each temperatun, and the data 

am reported In Table 1. 

IgnItlQI delay measurement on AP w i t h  and without additive8 by 

fube furnace technique 

50 mg or the eample (additive concentration = 0.M by wt.) in 

tbe powder f o r m  wae taken in a ignit ion hrbe (height  = 5 cm and 

diai0.4 C d  and ignition delay waa measured by the eame procedure 

as reported earlier (1.2). The v a r i a t l m  in tid values (four am) 

vae l e s s  than t!% and Ignition delay data are reported in a b l e  1. 

Besulte and diecuaeim 

m e  deaornposition temperatures (a) were found t o  be lowe-d 

aa compared t o  pure AP when Cao and C a C O f  were incorporated in 
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AP (Table 2).  Very eharp peaks (exotherm) a re  obeerved for the 

latere (Ewre 1). These additives hove a lso  been found to lower 

the ignit ian delay ( t U )  OP AP in HP technique upto 770°K and 

above thie temperature, tia ie ennanced slightly (Table 1). 

m i l e  taking ignition delay data,  AP gave melt (v i s ib le  t o  

naked eye) i n  presence of these inhibitors (Carny h C a O ) .  Fli&e+ 

lug flame waa also observed in tbla temperature range with higher 

percentege uf inhibitoru. 1Ihe amount of nel t  fomea was found to 

lncmaee with the xncrease in percentage of additives (10, 20 h 

3W). In order t o  eupplement the formation of melt, the eanplee 

of AP, AP + CaC03 (4s) and AP + CaO (4%) were photomlcr~raphed 

after heat ing  tbeee samples (10 ag each) an elidee, a t  573OK for  

half an hour (Figure 2). On carefui examination of the photmioro- 

graphs it seeme tbat AP + addi t ive samples have rneltud wherear, 

clear par t ic les  a r e  vleible in oase of pure AP nhich la reported 

t o  decompose without m e l t i n g  (27). 

Ihe formation of m e l t  eeew plaualble on account of the 

formation of an a t e c t i c  mixtures of AP w i t h  Ca(C104)2 which might 

have been produced ae fo l low8 : 

2NHqC104  + CaCOj ___j Ca(C104)2 i C02 + li2d i 2NIIJ  

Schumacher (28) hae aleo reported t h e  fOrmtition Oi Ca(C104j2 as 

given above. PP decompoeition aeeme to proceed a t  a much f a s t e r  

rut0 due t o  condeneed phase reactlone which w i l l  f a c i l i t a t e  the 
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re lease of NH3 and HC104 (decomposition product8 of mI.8 
proceee continues upto 779"K and ign i t ion  delay was increased 

a t  higher temperatures (>770°K). It seeme t h a t  l i qu id  m e l t  I 8  

finiehed a t  higher  temperaturea and tid e b r t  Increasing on 

account of the  presence of thermally stabJe species  such a8 CaC12  

which night have been formed a s  decompoeltion product Oi Ca(C104)2 

ref. 28). The thermally e t ab le  apeclee (CaC12) might reduce t h e  
6.543%, i 
hea t  and mass tranefer a t  the themolysing sur face  of AP and 

coneequently Ignition delay l a  enhanced. It  is ale0 interesting 

t o  note that both these addi t ives  form a measurable amount Of 

thermally stable CaC12 (m. 1055OK). 

While taking ignition delay da ta  with '1F technique, it was 

found that tid is  s l i g h t l y  lowered in  case of AP+CaO whereas it 

is e l lgh t ly  enhanced f o r  AP+CaCO in the temperature range 573- 

623OK (Table 1). It seems t h a t  CaO l e  better addi t ivee  for conden- 
3 

sed ph&8e reactions.  Moreover, CaCO3 I 8  acidic and CaO i e  highly 

basic  i n  nature and pose ib i l i t y  of formation of Ca(CIQq)* would 

be much hi&er w i t h  the l a t e r  than the  former a t  lower temperatu- 

res .  Smell of ammonia was observed when AP was mixed w i t h  CaO even 

a t  room temperature. must Ca(C1o4l2 formation in case oi CaO 

would lower the ign i t ion  delay a t  lower temperature a8 compared t o  

CaC03. 

In order t o  iavee t iga te  the e f f e c t  of addi t ives  on aotivati@n 

energy or ignition energy (61) f o r  the def lagrat lon of bp, i gn i t i on  
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delay da ta  were fitted in equatig ( 1  ) and l i nea r  p l o b  are 

obtained (Figures 3 & 4). El values (Table 2 )  a re  found t o  k 

lowered for AP+CaO (IiP technique). However, n o t  much variation 

was observed for AP+CaC03 (S teahnique). 

The trend In lowering of IE the eame whether the data 

were taken w i t h  ID or '1F techniquee. Data obtained by IIP and S 

techniques cannot he compared because Oi the altogether diffe-t 

geometrical shape8 and heating conditions. In  the Bp technique 

the eample l a  being heated up from the bottom side only, whereat3 

in the 'IF teohnique the sample gets  heated from all sides  and 

Qpit1t.m temperaturee are lowered. (Hp temp. range wae6u-8?bK 

and !I9 temp. range was 573-623C). Further, It Is well known f a c t  

tha t  kinet ic  parameters vary w i t h  experimental condltione, even 

i f  the  decomposition mechaniam do not change, and it I8  deeorlbed 

as kine t ic  cweaeation e f fec t  (29). 

Conclusions 

Cam3 and CaO have been found t o  lower the ieplition delay, 

ign i t ion  temperature and energy of act ivat ion of AP a t  higher 

temperatures. Thermolysie of XP seems t o  proceed through condenneed 

phase reactlone in presence oP CaO and C a C O j ,  CnO is b t t e r  dei ln-  

grating addi t ive  f o r  Hp aa compared to CaC03. 
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unu 1. Val-iation of ignition delay (t,) with taupemixre 

for ALP with and without addit ives .  

I m l t i o n  delay (sec.  
AP AP+ CaO AP+ CaC03 

Technique 

Hot P l a t e  622 

651 

682 

723 

747 

770 
793 

81 5 

838 

81 1 

DN I 

DN I 
DNI 

76 

58 

41 

21 

17 

16 

13 

70 

35 

30 

23 

21 

2 0  

19 

10 

18 

18 

88 

56 

50 

37 
35 
30 
28 

26 

*I ,I L-r 

19 

&be Furnace 573 122 1 06 171 

583 106 94 132 

598 78 68 82 

613 66 57 78 

62 3 58 46 59 

M I  - Iiid not  ignite. 
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Eno 

f 
En& 

C 

---v--J 

b - 
L 

c 
I I I I 

75 235 2 95 355 4'15 

T "c 

2'ig.l. Derivatocgram for AP and AP + additives. 
(a) iiP (b) AP + Camg (c)  AP + CaO. 
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Fig.2. Photomicrograph, made w i t h  Besearch bilcroecope 
( N n  NKYO, Model NO. 'EM-3 (lOxlS)),  f o r  sample8 
heated at 57% for 30 minute8 (a) be (b) AP + CaCOf 
(46) and ( c )  B p  + CaO (4$). 
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2. 

I B - A P  
/. --AP -+- Ca 0’ I ’ AP+ Cac03 I 

I 

I 
I 
I 
I 
I 

/ 
*,I 

I 
I 

I I 

I 1.3 1.5 3 

Pig.3. P l o t s  of log(tid) VB l /T for PP + addit ivedhot  

plate technique 1. 
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n I / 
73 
I- 

c1 
W 

I .6 
1.64 1.68 1-72 I60 

, -  

Pig.4.  P l o t s  of log (t,) vs 1 / T  for AP + additives ( tube  

furnace technique 1. 
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