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An account is given of the technique and results of all experimental 
investigation of Fyroxylin; a comparison with existing theory is made, 
and a scheme is given fc~r calculating the kinetic constants from the 
ignftion time tag. 

Theore t ica l  and numer ica l  invest igat ions have been 
made in a number  of papers  (see [1] and the r e f e r -  
ences there  eked) of the laws of ignition at  constant 
t empe ra tu r e  on a m a t e r i a l  surface (boundary condi-  
t ions of the f i r s t  Mnd). The p resen t  paper  desc r ibes  
a meflmd of experimental  study of ig~ition under  such 
condit ions,  and gives an exper imenta l  ver i f ica t ion  
of the calculat ion formula put forward in [1] for  igni-  
t ion t ime lag, as well as a method of determining the 
effective kinetie p a r a m e t e r s  of the leading reac t ions .  
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Fig. 1. The exper imental  a r rangement  for  inves-  
t igating the hot-body ignition of condensed sys tems .  

Exper imenta l  technique. The surface t empera tu re  
is fixed by making momentary  contact between the 
t es t  specimen and the surface of a mass ive  heated 
block of high the rmal  conductivity metal .  The a r r a n g e -  
ment is shown in Fig. 1. 

The ign i te r -b lock  1 is an aluminum* cyl inder  of 
d i ame te r  45 ram and length 120 mm,  on the side su r -  
face of which was mounted a platinum re s i s t ance  

*It proved impossible to use a block of copper, 

whose conductivity is twice that of aluminum, because 
the oxide fihn on its surface  has low thermal  c, onduc- 
t ivi ty and appreciable  catalyt ic  act ivi ty with regard  
to the react iml being studied. ]t is l<nown that the 
oxide fihn on alurainunl is s table ,  has high the rmal  
conductivity,  and has no catalyt ic  action on the t he r -  
mal decoraposil ion of ~ wide range of condensed sys-  
tenqs of praetie~/l in teres t .  

t h e r m o m e t e r  2 and a hea te r  winding 3. The surface  
of the cyl inder  was lagged with asbes tos  (except for  
the lower end). A p la t inum/pla t inum-rhodium the rmo-  
couple (0 50 micron)  4 was at tached to the lower end 
at a dis tance of 0.5 mm f rom' the  sur face ,  the su r -  
face being subsequently pol ished carefu l ly  with c o r -  
undum powder. The free ends of the thermocouple  
were  led away inside the cyl inder  by means  of thin 
(0 1 mm) twin-channel  porce la in  tubes. 

The ini t ia l  t empera tu re  of the specimen was p r e -  
set  by means of the the rmos ta t  5, consis t ing of a 
sealed s tee l  v e s s e l  with an in ternal  channel 6 (130 mm 
long and 12.5 mm in d iameter) .  The heat c a r r i e r  
(water or  carbon te t raehlor ide)  was supplied alofig 
the connecting pipe 7 f rom an u l t r a the rmos ta t .  The 
specimen 8 was mounted on a textol i te  p iece  9, f i t ted 
with a hemisphe r i ca l  bear ing.  An ebonite bushing 11 
with an appropr ia te  depress ion  was at tached to the 
e leva tor  rod 10. This method ensured r e l i ab l e  con- 
tact  with the ign i t e r -b lock  over  the whole specimen 
surface.  

T h e r m o s t a t  control  of the ign i te r -b lock  was ac -  
compl ished using a s imple  on/off automatic  control  
sys tem,  including r e s i s t ance  br idge  12 (MVU-49), 
photomul t ip l ier  13, r e l ay  R 1 (RP-7),  r e l ay  R 2 (1VIKU- 
q8), and rheos ta t  14, which in turn was fed f rom an 
au to t r ans fo rmer  Tr  (LATR-1-9A).  After  the block 
was brought to the ass igned the rma l  condi t ions ,  the 
t empera tu re  of the lower end sur face  was kept con- 
stant to., 0.3 ~ 

The specimen was r a i s ed  and p r e s s e d  against  
the block by means  o[ a 0.5 kg weight fastened to a 
to r s ion  s t r ing which passed  over  a pulley and was 
cmmected to the e leva tor  rod 10. P r a c t i c a l l y  ident ical  
t he rma l  contact conditions were  achieved in a l l  the 
tes t s .  It should be noted that a f te r  the spec imen was 
p r e s s e d  in contact with the block,  a smal l  (0.3 ~ 
0.4 ~ K) b r i e f  drop in surface  t empera tu re  occurred .  
The ignition lay (time from p re s s ing  the specimen 
against  the block to the t ime when a f lame appeared) 
was recorded  visual ly  using a stopwatch with 0o 1 sec 
divisions.  

The exper iments  were  c a r r i e d  out on spec imens  
of pyroxyl in  No. 1, whose model  p rope r t i e s  re levant  
to invest igat ion of ignition of nonvolatile condensed 
sys tems  (the p resence  of kinetic constants ,  the de t e r -  
minant ro le  of reac t ions  in the condensed phase ,  the 
absence of phase t ransformat ions)  a re  d i scussed  in 
[2]. The specimens  were in the form of table ts  of 
d i ame te r  12 and 18 mm and thiclmess 6 ran-l, p r e s s e d  
to a density of p = 1. .49-1.50 g/cm 3. The t empera tu re  
of the igni ter  block was var ied  in the range T o = 485 ~ 
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525 ~ K,  and the  s p e c i m e n  i n i t i a l  t e m p e r a t u r e  in the  
r ange  T i = 255~ ~ K. The s p e c i m e n s  we re  kept  in 
the  t h e r m o s t a t  fo r  30 rain.  T e s t s  showed tha t  the  
s p e c i m e n  hea ted  (or  cooled)  r e l i a b l y  to T i du r ing  th i s  
t i m e  ( i n c r e a s e  of the  t i m e  in the  t h e r m o s t a t  did  not 
p r o d u c e  a change  in td). 

The i g n i t e r - b l o c k  s u r f a c e  was  c l eaned  of  s c a l e  
a f t e r  each  t e s t  with f ine e m e r y  p a p e r .  The p a p e r  was  
wound on the bush ing  o v e r  an i n t e r m e d i a t e  l a y e r  of 
wadding,  and the bush ing  was  connec ted  to an e l e c t r i c  
m o t o r  th rough  a f l ex ib le  shaft .  The  high speed  of 
r o t a t i o n  p r e v e n t e d  the  p a p e r  be ing  ' s c o r c h e d "  onto 
the  b lock .  

The  t e s t s  w e r e  done at  t e m p e r a t u r e s  such  a s  to  
p r o d u c e  t i m e  lags  of 3 -20  sec .  F o r  l a r g e  l ags  ( low- 
t e m p e r a t u r e  cond i t i ons ,  c l o s e  to c r i t i c a l  igni t ion)  
d e f o r m a t i o n  of  the m o d e l  was  o b s e r v e d  ( p a r t i a l  e x t r u -  
s ion  o u t w a r d s  of  sof tened  p r o d u c t s  of i n c o m p l e t e  
d e c o m p o s i t i o n  of p y r o x y l i n ,  and the  f o r m a t i o n  of a 
c o n s i d e r a b l e  amount  of  foam).  With l ags  l e s s  than 
20 s e c ,  a s m a l l  amount  of foam a l so  a p p e a r e d  b e f o r e  
igni t ion a t  the  edges  of the s p e c i m e n  c l o s e  to the 
hot  s u r f a c e ,  but  the  t i m e  fo r  which the foam e x i s t e d  
was  s h o r t  (15-20% of the  t i m e  lag).  

E x p e r i m e n t a l  r e s u l t s .  The  fol lowing f o r m u l a  fo r  
ca l cu l a t i ng  igni t ion  t i m e  lag  is  given in [1]: 

x d =(1 + 1.6@ i + 0.20])(1 + 8@~7'/0(1 --  ~), 

w h e r e  

C RT'~ RT o 
E (To_Ti) ;  Y =  _ _  [~_ 

O i =  RT---T Q E ' E 

~d QK~ exp _ _ _ ~ _ E  (  ,oi- 
Neglec t i ng  t e r m s  which a r e  s m a l l  unde r  the given 

e x p e r i m e n t a l  cond i t ions ,  the  f o r m u l a  m a y  be  w r i t t e n  
in the  f o r m  

--6- - TT To--v  
E 

= 1,6 + 0.2-----7- (T O -- Ti). (1) 
RT3 

I t  fo l lows f r o m  (1) that  the e x p e r i m e n t a l  po in t s  fo r  
To = cons t  and T i -- v a t ,  e x p r e s s e d  in the  c o o r d i n a t e s  
td / (T ~ --  Ti) and T O --  T i ,  m u s t  l ie  on a s t r a i g h t  l ine .  
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Fig .  2. Dependence  of igni t ion  t i m e  lag  on 
in i t i a l  t e m p e r a t u r e  (td in s econds ;  T O - Ti  

in ~ T O = 498 ~ K). 

F i g u r e  2 shows the e x p e r i m e n t a l  r e s u l t s  t aken  at  
T O = 498 ~ K and T i = 255~ ~ K, which may  be con -  

s i d e r e d  to f i t  a s t r a i g h t  l ine with the  equat ion  

td = a + b ( T o _ T i ) ,  (2) 
T o - -  T i 

w h e r e  a = 1 . 6 .  10 -2 s e e / d e g ,  b = 2 . 3  �9 10 -4 s e c / d e g .  
/deg. 
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Fig.  3. Dependence  of igni t ion  
t i m e  lag  on i g n i t i o n - b l o c k  t e m -  
p e r a t u r e  (t d in s ec ;  T o in ~ 
T i = 293-298  ~ K)- 1) po in t s  r e -  
l a t ing  to the  ~) 12 m m  s p e c i m e n s ;  

2) to 18 m m  s p e c i m e n s .  

Howeve r ,  the  fac t  of ob ta in ing  a s t r a i g h t  l ine  in 
t h e s e  c o o r d i n a t e s  is  not  i t s e l f  a su f f i c i en t  a r g u m e n t  
in f avo r  of the  f o r m u l a  given.  I t  i s  a l so  n e c e s s a r y  to 
a n a l y z e  quan t i t a t i ve ly  the  p a r a m e t e r s  of the l ine  o b -  
ta ined .  I t  m a y  be  s een  f r o m  (1) t h a t t h e  abso lu t e  
va lues  of  t h e s e  p a r a m e t e r s  depend  s t r o n g l y  on the 
quan t i t i e s  QK0, E ,  and To, and t hey  cannot  t h e r e f o r e  
be c a l c u l a t e d  f r o m  (1) with suf f ic ien t  a c c u r a c y .  I t  i s  
exped ien t  to  m a k e  a quan t i t a t ive  c o m p a r i s o n  of  t h e o r y  
and e x p e r i m e n t  in t e r m s  of the  r a t i o  of  c oe f f i c i en t s  
a and b ,  which is  independent  of QK 0, and only  w e a k l y  
dependent  (not exponent ia l ly )  on E and To, i . e . ,  in 
t e r m s  of  the  quant i ty  a /b  = 8RT02/E. C a l c u l a t i o n  of  
th i s  quant i ty  (using the ac t iva t ion  e n e r g y  va lue  f r o m  
[2]) g ives  

(a/b)theor 82 ~ K, (a/b)exp = 70 ~ K, 

which indicates satisfactory quantitative agreement 
between theory and experimental results. 

From (i) we may derive a method of determining 
the kinetic parameters QK 0 and E from the experi- 
mental data on the dependence of t d on To and T i. 

Let  us  w r i t e  (1) in the  f o r m  

td 

lg ~.0 - Ti 

= l g  C 1 .6+o .2  R T-~ ]J+-- -RT- -~  

By keep ing  the quant i ty  (T O --  Ti ) /T0 2 cons t an t  in  
the  t e s t s  and e x p r e s s i n g  the  e x p e r i m e n t a l  r e s u l t s  in 
c o o r d i n a t e s  lg [td./(T 0 --  Ti)l  and l / r 0 ,  we ob ta in  the  
va lue  of E f r o m  the s lope  of the  s t r a i g h t  l ine ,  and the 
va lue  of QK0 f r o m  i t s  i n t e r c e p t  wi th  the  o r d i n a t e  ax i s .  
Usua l ly  the  quant i ty  (T O --  Ti ) /T0 2 is  not  v a r i e d  much  
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in the condi t ions  of the exper imen t .  Fo r  example ,  in 
the t e s t s  c a r r i e d  out with Ti = 293~ ~ K and To = 
= 485~ ~ K, the value of (T O - Ti) /T~ 2 changed  in 
a l l  by 5%. This  al lowed use  of the scheme de s c r i be d  
in  reduc ing  the e x p e r i m e n t a l  data obtained with Ti  = 
= cons t ,  T o = v a r ,  which was ve ry  convenien t ,  b e -  
cause  the t e s t s  could be c a r r i e d  out with the in i t i a l  
s p e c i m e n  t e m p e r a t u r e  equal  to room t e m p e r a t u r e .  
The expe r imen ta l  r e s u l t s  obtained in the range  of v a r i -  
a t ion of To men t ioned  a re  shown in Fig.  3, where  each 
point  r e p r e s e n t s  the m e a n  value  of t d f rom 3 - 4  tes t s .  
I t  may  be seen  f rom the f igure  that  the t e s t s  on spec i -  
m e n s  of di f ferent  d i a m e t e r  gave p r a c t i c a l l y  iden t ica l  
r e s u l t s ,  which is evidence  that  heat  l o s ses  f rom the 
s ides  a r e  not suff ic ient  to inf luence  td. When the data 
of Fig.  3 a r e  f i t ted to (3), the va lues  of the kinet ic  
p a r a m e t e r s  obtained a re  E = 200 kJ /mole ;  QK 0 = 1026 
YC/kg, va lues  which a re  in  good a g r e e m e n t  with r e -  
su l t s  obtained by o ther  methods  [2-4] .  

NOTATION 

rd-dimensionless ignition time lag; | initial 
temperature; td-ignition time lag; T0-souroe temperature; Ti- in i -  
tiaI temperature; E-activation energy; Q-thermal effect (per unit 

mass); K0-preexponent; C-specific heat; p-density; R-universal 
gas constant; a and b-constants in the equation. 
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