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Introduct ion and method of  analysis

The technique of non-isothermal thermogravimetry

is a s\arrüa:cü rse\\sü st- asse.ssrr,g t\e p¡rco\1sr.s tarrge
of  organic matería ls and can,  in favourable c j_rcu$-
stances,  be used to obtain k inet ic  parameters.  How-
ever,  in th is lat ter  appl icat ion i t  should be used
with caut ion s ince di f ferences in k inet ic  para-
meters can arise where methods of interpretation
vary (1)  -  These methods have been cr i t ical ly  rev-
iewed by Sharp (f) and Doyle (2) and the application
to the pyrolys is of  p i tches and s imi lar  mater ia ls is
br ief ly  d iscussed here before being appl ied to a
thermogravimetric study of selected samples.

The k inet ics of  isothermal  decomposi t ion reac-
tions are described by the general rate equation,

Si=o. t (c ) .  expr - ¡ f r1 . . . . . [ r ]
where o is  the f ract ional  weight  loss,  f (cr)  takes a
form dependent on the mechanism of the reaction and
the other terms have their usual meanings. Under
dynamic conditions [1] becomes
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where I is the constant heating rate. Equation [Z]
can be used either in its differential or integrated
form and there are a diversity of methods of evaluat-
ing the integral-  In pyrolys is react ions of  concern
here f (o)  has usual ly  been assuned to take the form

f ( o )  =  ( 1  -  o ) n  . . . . .  t 3 l
where n is  supposedly an 'order '  of  react ion (3 ) ,  (S)

often having a value between 1 and 2. However, as
Sharp (1) points out only certain values of n have
any physical significance for heterogeneous reactions.
Moreover, the f(o) may not be the same over the whole
pyrolysis range especia l ly  in the case of  p i tches
which are extremely fluid when volatilization comm-
ences but becone semi-cokes as o tends to unitv.

Wallouch, Marty and Heintz (4) combined equa-
t ions [2]  and [3]  and evaluated the temperature
coeff ic ients of  pyrolys is of  a var iety of  p i tches,
which var ied f rom 4O-1OO kJ mole-r .  Hut t inger (5)  used

[2]  and [3]  in integral  form, evaluat ing the integral
by van Krevel-en's referent  method (3)  and also ob-
tained apparent activation energies in the above
range. Ho$¡eveL, much higher values (25O-35O kJ mole- I )
r¡/ere measured by Lapina et eI (6) for precursors
which yield graphitizable products. These results can
be compared with van Krevelenrs (1) own studies of
coals and related materials which yield values of
about 2oO kJ rnole-l.

Since van Krevelenis studies other approxima-
tions to the integral form of equation [2] have been
proposed (2) and a particularly useful- expression is

.  AE. bEl o s s ( a )  - l o s ( B R )  - a - f f i .  . - -  .  [ 4 ]

where g(o)  is  the integral  of  f (o)  and a and b are
empirical constants which are tabulated by Doyle (2)
and can be used to evaluate E from a suitable plot
of the thermogravimetric data. Ozawa (7) has sugges-
ted a very simple method of determining kinetic para-
meters based on equation [ ] in which the thermo-

gravimetric data is determined at a number of con-
stant  heat ing rates and E +s determined f rom
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s ince 1og g(c l )  is  ionstant  at  constant  values of  o.
This method has adva¡tages for reactions such as
pitch pyrolyses since no assumption need be made
a-bout the kinetic mechanism and the activation energy
can be determined at  d i f ferent  values of  o regard-
less of  whether the same f(cr)  appl ies at  aI I  s tages
of  the process.  However,  i t  is  assr¡med that  the f (o)
does not change with temperature at a fixed value of
s.  Fr iedman (8)  has suggested a s imi lar  nethod based
on equat ion [2]  in which

al though th is method should be less accurate s ince i t
invol-ves differentiation of the thermogravimetry

In this study these tvro methods have been appli-
ed to the pyrolys i -s of  selected pi tches.

Exper.imental

IOO mg sanples of pitch i¡/ere suspended in open
si l - ica crucib les f rom one arm of  a CI Electronics
Mark 28 microbalance and heated at a constant rate in
a continuous flow of dry nitrogen at a flow rate of
50 mls min-]. The furnace was control-Ied by a Sta¡ton
Redcroft linear prograrnmer capable of rates bethreen
O.5 and lOoC min- l .  The tenperature r¡ ras moni tored.
immediately below the sampJ-e crucible and displayed
continuously along with the weight change on an
Oxford 2OOO 2-pen chart recorder.

The materials investigated were an Orgreave coal
tar  b inder p i tch (sof tening point ,  lO1oC, Ring and
Bal l ) ,  an Orgreave coal-  tar  impregnat ion pJ-tch
( so f t en ing  po in t ,  83oC ,  R ing  and  Ba l l ) ;  G i l son i t e

pi tch and an Ashland petro leum pi tch (2OO).

Resul ts and Discussion

The normalised cr-temperature curves are shown in
Fig. l  for  the Orgreave binder p i tch and the appl ica-
t ions of  Ozawa and f ' r iedman's methods of  analysis are
i l lustrated in Figs 2 and 3.  The s lopes in both these
cases increase wi th increasing values of  o indicat ing
that the activation energy changes brith the fraction-
a1 weight  loss.  A s imi lar  ef fect  occurs ¡ / i th the
other materials and the activation energies are given
in Table 1 '  
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Activation Energies
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pi tch
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lThe two methods of  analysis g ive remarkably s im_

__ : r  r esu f t s  a l - t hough  Ozawars  me thod  i s  much  t he  s im_
_:r  to apply and is  therefore to be preferred.  The

' : : - le of  act ivat ion energies for  each sample incre_
, :=s  w i t h  t he  so f t en ing  po i - n t  cons i s t en t  w i t h  t he
: -e r va t i ons  o f  Wa l l ouch  e t  a l  ( 4 )  .  These  au tho rs

- . :  observed that  mix ing two pi tches of  d i f ferent
: :ening points resul ted in an act ivat ion energy
:  pyrolys is intermediate between those of  the t r^ /o- : r : t l -ng mater ia ls.  In v ier^r  of  the resul ts in th is- : J y  t he i r  ac t i va t i on  ene rg ies  shou ld  pe rhaps  be
: .s idered to represent average values over the

_ : : I y s i s  r ange .  Ho ! . r eve r ,  t hey  se rve  t o  emphas i se
:a pi tches are mixtures of  complex organic mole_

- - : s  w i t h  va r y i ng  mo lecu la r  we igh t  d i s t r i bu t i ons .
- : r ng  py ro l ys i s ,  po l ymer i sa t i on  p rocesses  and  d i s_
- - l a t i on  o f  1ow  mo lecu la r  \ " r e i gh t  f r agmen ts  sh i f t

= d lst r ibut ion tordards higher molecular  weights
' i  the carbonaceous mesophase separates ouE even_
, : i l y  as  a  sepa ra te  phase .  Hence , i n  v i ew  o f  t he
-. :endence of  the act ivat j_on energy on sof tening
: : r t ,  \ ¡ / h i ch  i s  a l so  r e l a ted  t o  t he  mo lecu la r
: : ; h t  d i s t r i bu t i on ,  i t  i s  pe rhaps  no t  t oo  su rp r i s_
-  j -  to f ind that  the act ivat ion energy for  pyroJ-ysis

: r eases  w i t h  f r ac t i ona l  we iqh t  l oss .
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