
Note 

Possible mis-interpreZation of reaction mechanisms from 76 data: 
further discussion 

A recent communication to this joumalr outlined some of the problems 
associated with the use of TG curves to determine reaction mechanisms of thermal 
decompositions The use of the Coats and Redfem equation’ in distinguishing 
~C~WZIZII diffusion controlled and phase boundary controlled reactions was discussed 
and the conclusion was drawn that additional Qsothcrmal) data \\as required to 
distinguish properly bet~wxn two such mechanisms The purpose of this note is to 

outline further difficulties arising from reliance on TG curves in deciding on a 
mechanism. 

The nccusary equations have been dcrixd clscwhcrc’- ’ but the important 

working equation is 

shcrc g(z) is a function depending on the reaction mechanism, E is the activation 
cncr,9r, A the frequency factor, T the absolute temperature and /jr the heatin% rate_ 

The original Coats and Redfcm derivation applied only to diffusion controlled 

ructionr, i-e specitic limited forms of g(z). but can easily incorporate a wide range of 

possible mechanisms to cover phase boundary and nucleation process&_ Obviously, 
plots of log@(r)gr’] ys- Iflshould be straight lines ofslope -EULER- The Arrhcnius 
frequency factor can then be determined from the intercept. 

Unfortunately, most d-kussions of the use of such graphical techniques rarely 
deal with decomposition reactions about which nothing is knoun- Most deal uith 
reactions in which some information about the mechanism is known or assumed, i_c 
the form of g(z) is known, so that the calculation oftin involves only the determination 
of an activation energy. In an experimental situation tvhcre, for example, a TG curve 
has been obtained for a previously unstudied com_pound, processing of the data 
through the Coats and Redfcm calculation for all possible reaction mechanisms will 

produce graphs such as those given in Fig. IS which shows data for the decomposition 



of bsic kitd carbonate*_ The nngc of posibk mechanisms plotrcd is 0uc commonly 
used’, = 

bcwa5ingly_ thuebfe the use of this malkmatical lnrjtmcnl 18 detcfmine 
cnuzbankm and Arrknius pacanwtcrs is dependent on findins the bat s!rai&t line 
in a scrics This k the normal “best-fit- Wchniquc applied bctwcn cxpctimcntal data 
and modAl cqwtionc 

It c;mn b seen from Fig- I that all the plots arc cunrd; this cun;aturc has bocn 
remarked on pmriausiy j- 6, SUsticaI data (standard dkations) fir the plots arc _ 
&n in T&k I_ They show that the Rwami-Erofew equation with n = 3 produrn 
the lows4 standard deuiation_ It toItnccdrr follour that naiw us of stalistical data 
would suggest a nuckatiou 2nd growth pr0ces as the rate controllkg step* Isothermal 



389 

studies show that the decomposition is ditksion controlled*. Tabk I &o includes 
data for other diffusion contrallcd thermal dccompositions’i-9, agin indicating that 
the best straight Iinc is given by the Avrami-Erofqw cquatians. 

It is our bclicf that the cun-aturc of the Avrami-Erofwcv plots will alwq~ bc 
ICSS than that for other models, since the numerical v-an* of g(zj values is much 
5malIer than for othcn3_ 

Wksion controlled reactions arc more susceptible to breakdown of the 
mathematical boundary conditions: cqxxinwntal diffusion cocffkicnts and diffusivity 
may also vary with the extent of reaction- Both of th<wr will give rise to cur\aturc of 
the plot- 

It is for these reasons, in addition to thaw: given by Criado and Monlcs, that 
the USC of TG curvc~ alone is not to be rccommcndcd- The initial dctcrmiuation of a 
reaction mechanism from isothermal studies rirrno8s mwt of the ambiguitk from a 

TG study and maim possible the dctcrmination of Arrhcnius paramctcr~ much more 
rapidly than a full iwthcrmal studyvQ- ’ ‘_ Care must be taken, however. to dctcrminc 
isathcrmal dccompwifion curve whcnewr the cxpcrimcntal conditions arc chansd 

e-z- wriation in panial pressure of reactant or product -gas around the sample), or 
if wide tcmpcratunt ran_crs arc: studied- Reaction mechanisms must be cxpcctcd to 
chans in tk Wcr ca~‘~_ 


