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The features of interaction between synthetic graphites and oxidizing 
agents are examined, with a method proposed for separating the 
effect of physical and chemical factors. Experimental data are pre- 
sented on the differentiated determination of graphite mass-loss rate 
on oxidation with the oxygen in the air. 

Synthetic graphites are used extensively in indus- 
try; however, their inadequate resistance to oxida- 
tion limits the areas of application. The increasing 
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Fig. 1. E x p e r i m e n t a l  appara tus :  1 and 6) vane;  
2) r o t a m e t e r ;  3) t r ay ;  4) vacuum chamber ;  
5) c u r r e n t  supply; 7) vacuum m a n o m e t e r ;  8) hea ter ;  

9) viewing window; 10) guard i n se r t ;  11) sample ;  
12) packing;  13) thermocouple .  

ro le  of synthet ic  graphi tes  in new b r a n c h e s  of en-  
g inee r ing  has  s t imula t ed  the appearance  of a con-  
s i de rab l e  amount  of work on the i n t e r ac t i on  of graphi te  
with oxidizing agents  [1, 2]. Unfor tunate ly ,  in much of 
the r e s e a r c h  into the k ine t i cs  and m e c h a n i s m  of the 
oxidation r eac t i ons  abso lu te ly  no cons ide ra t ion  is  
given to the fea tu res  of the s t r u c t u r e  of synthet ic  

graphi tes ,  imposed  by the techniques  of t he i r  f a b r i -  
cation,  although the inf luence of m i c r o -  and m a c r o -  
s t r u c t u r e s  in  the graphi te  on i n t e r ac t i on  with oxidiz ing 
agents  is undisputed [3]. 

Synthetic  g raph i tes  a re  de r ived  by b inding a coke 
f i l l e r  with the coke fo rmed  in the c a r b u r i z a t i o n  of 
c o a l - t a r  pitch which s e r v e s  as the b inde r  in the sub-  
sequent  g raph i t i za t ion  of the s emi f in i shed  product  [4], 
with the coke r e s i d u e  of the b inde r  not d i s t r i bu t ed  
u n i f o r m l y  among the f i l l e r  pa r t i c l e s ,  but r a t h e r  f o r m -  
ing br idge  bonds be tween them [5]. The i n t e r ac t i on  of 
the synthet ic  g raph i t e s  with the oxidiz ing agents  takes  

place primarily through the oxidation of the binding 
bridges [6], causing the crumbling of the nonoxi- 
dized filler particles and an increase in the actual 
reaction surface. 

An attempt is made here separately to determine 
the effect of physical and chemical factors on the rate 
of mass loss in synthetic graphites on interaction with 
oxidizing agents. 

The basic diagram of the experimental installation 
is shown in Fig. i. The test specimen 11, made in 
the form of a hollow cylinder with ~ (20• 16)• l l0mm 
is placed into heater 8 made of silicided graphite. The 
heating and cooling of the specimen was accomplished 
in vacuum chamber 4 in which the vacuum was cre- 
ated by means of a VN-I mg vacuum pump. Tempera- 
ture is measured with thermocouple 13 or the 
OPPIR-017 optical pyrometer through inspection 
hatch 9o The oxidizing agent is fed into the reaction 
space through rotameter 2. The specified pressure 
is established in the vacuum chamber by means of 
throttling device 6, with the pressure monitored by 
means of a vacuum pressure gauge 7. The power 
supply unit consists of an OSU-40 power transformer 

and two ROT-25/05 autotransformers. The installa- 
tion makes it possible to carry out experiments 
accurate to +1090 over a wide interval of pressures 
(~ atmospheric) in the temperature range 600-2000 ~ Co 
In this investigation the graphite was oxidized at at- 
mospheric pressure in a stream of air moving at a 
speed of about 0.02 m/seco 

Three forms of synthetic graphite were selected 
for the study, differing in their granulometric filler 
composition and in density. 

In the process of oxidizing a machine-finished sur- 
face, which is a necessary condition for current 
methods of determining oxidation rates in synthetic 
graphites, W attains a constant value within a speci- 
fied time interval (Fig. 2). The graphites were oxi- 
dized at the transition temperature (of the oxidation 
process) between the extrakinetic and the extradif- 
fusion regions, i .e. ,  at about 900 ~ C under the con- 
ditions of the experiment. The finishing of the 
specimen surface by oxidation at lower temperature 
is undesirable because of the significant drop in 
graphite strength [7] as a result of the oxidation of 
the binding bridges between the filler particles dur- 
ing interstitial reactions. We see from Fig. 2 that 
the time of entry into the steady oxidation regime is 
directly proportional, while the quantity W = const is 
inversely proportional, to the density of the graphite 
and the coarseness of its filler. It should be noted 
that in this case the power effect of the oxidizer oll 
the reaction surface is insignificant. On interaction 
of synthetic graphites with a high-speed gas flow, 
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a e r o d y n a m i c  f o r c e s  [8] act  on the p ro t rud ing  g r a i n s  
of the f i l l e r ,  and t h e s e  f o r c e s  may  a l t e r  the na tu re  
of the r e l a t i o n s h i p  be tween  W and the s t r u c t u r a l  
c h a r a c t e r i s t i c s  of the g raph i t e .  

We see  f r o m  Fig.  3 that  the funct ion W = f ( T )  in 
A r r h e n i u s  c o o r d i n a t e s  in the  e x t r a M n e t i e  r eg ion  of 
r e a c t i o n  i s  r e c t i l i n e a r  in na tu re .  Th i s  funct ion is  
g e n e r a l l y  used  to d e t e r m i n e  the k ine t ic  c h a r a c t e r -  
i s t i e s  of g r a p h i t e  r e a c t i o n s  with ox id iz ing  agents  
[1, 2]. In the mean t ime ,  the to ta l  r a t e  of g r aph i t e  
m a s s  l o s s  in ox ida t ion  may  be r e p r e s e n t e d  by the 
e x p r e s s i o n  

W = W, + W2 + W3, (1) 

where  W 2 is def ined  by the va lue  of the  to ta l  p o r e  s u r -  
face  a c c e s s i b l e  to the ox id iz ing  agent,  whi le  W3, as  
shown in Fig .  2, is  a funct ion of the g r a n u l o m e t r i c  
c o m p o s i t i o n  of the f i l l e r  and of the g raph i t e  dens i ty ,  
i. e . ,  two componen t s  of W c h a r a c t e r i z e  the s t r u c t u r e  
of the syn the t i c  g r a p h i t e s ,  and not the  c h e m i c a l  p r o -  
p e r t i e s  of the  g raph i t e .  Th is  c i r c u m s t a n c e  is a p p a r -  
ent ly  the fundamenta l  r e a s o n  fo r  the e x t r e m e l y  c o n t r a -  
d i c t o ry  r e s u l t s  of k ine t i c  i nves t i ga t i ons  of g r aph i t e  r e -  
ac t ions  with ox id iz ing  agents ,  t he se  inves t iga t ion  hay -  
ing been  C a r r i e d  out on s p e c i m e n s  of v a r i o u s  g r a d e s  of 
syn the t ic  g r a p h i t e s .  

On the b a s i s  of the  fo regoing ,  the d e t e r m i n a t i o n  
of the k ine t i c  c h a r a c t e r i s t i c s  of the  c h e m i c a l  r e a c t i o n  
of g r a p h i t e  with ox id iz ing  agents  on the b a s i s  of the 
r a t e  of m a s s  l o s s  in the  c a r b o n - g r a p h i t e  m a t e r i a l  
on ox ida t i on  mus t  a p p a r e n t l y  be  r e c o g n i z e d  as  in-  
va l id .  The d e t e r m i n a t i o n  of the  t r u e  va lue  of the  
apparent energy of activation for the chemical reac- 
tion of carbon and graphite with oxidizing agents is 
of considerable scientific and practical interest. 

It follows from (1) that when W 2 = 0 and W 3 = 0, 
then W = W I. This condition is satisfied by the oxi- 
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Fig. 2. Influence of time of oxi- 

dation by oxygen from the air on 

rate of graphite mass loss (% 
sec; W. 103, kg/m 2 sec): I) size 

of filler-0.15 + 0 ram, den- 
sity NI.65.103 kg/m3; 2)-1.2 + 
+ 0 mm, density ~1.65.103 kg/ 

/m3; 3) -1.2 + 0 mm, density 
~1.85.103 kg/m 3. 

dation of a graphite which has in its composition no 
grains of filler with binding bridges between them, 

e x c l u s i v e l y  in the e x t r a k i n e t i c  oxidat ion  r e g i m e .  The 
l a t t e r  i s  p o s s i b l e  in the absence  of th rough  p o r o s i t y  
in the g raph i t e .  P y r o g r a p h i t e  [9] s a t i s f i e s  the i m -  
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Fig .  3. Inf luence of t e m p e r a t u r e  
on r a t e  of g r aph i t e  m a s s  l o s s  with 
with oxida t ion  by  oxygen f r o m  the 
a i r  (3"  103' ~ W, k g / m  2. sec):  

1, 2, 3) to ta l  r a t e  of g r aph i t e  m a s s  
lo s s  ( r e s p e c t i v e l y ,  s i ze  of f i l l e r  
- 0 . 1 5  + 0 mm,  d e n s i t y  ~ 1 . 6 5  �9 103 
kg/m3;  1.2 + 0 mm,  de ns i t y  
~ 1 . 6 5 '  103kg/m3; - 1 . 2  + 0 ram, 
de ns i t y  N1.85.103 kg/m3);  4) r a t e  
of c h e m i c a l  r e a c t i o n  of g raph i t e ;  
r a t e  of c h e m i c a l  r e a c t i o n  of 
o r i e n t e d  g r a p h i t e  c r y s t a l s  I) a long 
the a - a x i s ;  II) a long the c - a x i s ;  III) 
r a t e  of m a s s  l o s s  due to t n t r a p o r e  
r eac t ion ;  IV) i n c r e a s e  in r a t e  of 
m a s s  l o s s  due to c r u m b l i n g  of non-  
oxided f i l l e r  p a r t i c l e s  and i n c r e a s e  

in ac tua l  r e a c t i o n  su r f ace .  

posed requirements. It is virtually impermeable to 

gas [I0] and represents a monolith exhibiting a den- 

sity approaching the theoretical. 
The rate of chemical reaction for a graphite with 

an unordered orientation of crystallites, which is 
characteristic of synthetic graphites obtained by the 
methods of electrode technology, is defined as the 

arithmetic mean of the rates of the chemical reaction 
of graphite in various crystallographic directions 

W, = 1.5. i0 ~ exp 29500 ) 
RT (2) 

It is  d i f f icu l t  in the e x p e r i m e n t a l  d e t e r m i n a t i o n  of 
W 2 to e s t a b l i s h  with a c c e p t a b l e  a c c u r a c y  the n u m b e r  
of m i c r o p o r e s  whose s u r f a c e  a c c o r d i n g  to [11] o f fe r s  
no a c c e s s  to the ox id iz ing  agent .  D i r e c t  e x p e r i m e n t a l  
d e t e r m i n a t i o n  of W 3 a l so  invo lves  c o n s i d e r a b l e  d i f f i -  
c u l t i e s .  

Le t  us d e m o n s t r a t e  the  p o s s i b i l i t y  of a n a l y t i c a l  
d e t e r m i n a t i o n  of W 2 and W 3 on the b a s i s  of the e x p e r i -  
men ta l  da t a  fo r  W and Wl.  
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Above a ce r t a in  t empera tu re ,  W is l imi ted  by the 
ra te  at which the oxid izer  is supplied, as a r e su l t  of 
which the r eac t an t  en t e r s  into in t e rac t ion  with the 
graphi te  only on the ex te rna l  surface,  without diffus-  
ing into the pores .  It follows f rom (1) that when W 2 = 0, 

Wa= W--W1. (3) 

The quanti ty W 3 is  a funct ion of the ra te  of f i l l e r  p a r -  
t ic le  s t r ipping,  defined by W 1, the g r a n u l o m e t r i c  

composi t ion  of the f i l l e r  and the densi ty ,  cons tant  for 
a given graphite  grade.  The re fo re  the function In W 3 = 
= f ( 1 / T )  can be r e p r e s e n t e d  by a s t ra ight  l ine drawn 
f rom the point of i n t e r s ec t i on  of the oxidation r eg ime  
f rom the ex t rak ine t ic  to the ext radi f fus ion  region,  
pa ra l l e l  to the s t ra igh t  l ine  of the function In W 1 = 

= f ( 1 / T ) .  
In the ex t rak ine t ic  r eac t ion  reg ion  the amount  of 

oxid izer  is  above the s to ich iomet r ic ,  as a r e s u l t  of 
which the excess  oxid izer  di f fuses  into the graphi te  
pores .  According  to (1) 

W2= W-- (iV, + W3). (4) 

We can see f rom Fig. 3 that at low t e m p e r a t u r e s  
the ma in  component  of the ra te  of m a s s  loss  in syn-  
thet ic  graphi te  is the i n t e r s t i t i a l  r eac t i on .  With r i s -  
ing t e m p e r a t u r e  the m a s s  l o s se s  r e s u l t  p r i m a r i l y  
f rom the c r u m b l i n g  of the unoxidized f i l l e r  pa r t i c l e s .  
The gTanulomet r ic  compos i t ion  of the f i l l e r  and the 
dens i ty  of the graphi te  affect the magni tude  of m a s s  
loss  due to pa r t i c l e  c r u m b l i n g  (Fig. 2) only in s ig -  
n i f ican t ly  in c o m p a r i s o n  with the inf luence exer ted  
by them on the graphi te  m a s s  loss  due to i n t e r s t i t i a l  
r eac t ion .  The share  of i n t e r s t i t i a l  r e a c t i o n  in the 
o v e r - a l l  loss  of graphi te  m a s s  for  an iden t ica l  g r anu -  
l o m e t r i c  compos i t ion  of the f i l l e r  is h igher  in the 
ease  of a graphi te  that  is l e s s  dense,  and it is  h igher  
for a graphi te  with a f i n e - g r a i n e d  f i l l e r  in the case  of 
equal densi ty .  

NOTATION 

Here W is the total m a s s  loss  rate ,  kg /m 2 see; Wj 
is the chemical  reac t ion  rate,  kg/m 2 see; Wz is the 
ra te  of reac t ion  inside pores  based on externa l  s u r -  
face a rea  unit,  k g / m  2 sec; W 3 is the inc rease  of mass  
loss  ra te  due to fall  of nonoxidized pa r t i c l e s  of fill is 
an i nc r ea se  of actual  reac t ive  surface ,  kg /m ~ see; T 
is the oxidation t ime,  see; T is t e m p e r a t u r e ,  ~ ; I~ Js 
the u n i v e r s a l  gas constant ,  ca l /deg ,  mol .  
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