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ABSTRACT 

A simple technique for the kinetic anaiysis of rate vs. time data from 
an isothermal OSC expar~mant IS presented. Selected ascending or 
descending sections of the rate curve are fitted to dq/dt = k(q, f 41". 
Vatuas for n are determined and their consistency tested by the ratios of 
times to reach reduced rates of reaction. 

INTRODUCTION 

The differential, scanning calorimeter (DSCI measures differential 
power supplied to a specimen undergoing transformation. If the anthslpy of 
this transformation does not change with extent of reaction, then the power 
differsnce is linearly proportional to the reaction fate. Thus robust 
values of the reaction rate era obtained as a function of time without 
differentiation. 

The kinetics of condensed phase reactions are usually quite comptex. 
Therefore it is an advantage to analyze the differential rate equation as 
it is simpler than the integrated expression and is more often expressible 
in a closed mathematicat form. Also the use of the differential rate 
aquatlon avoids the necessity of determining initial or final vatuss of tha 
degrea of advancement [integration limits]. 

In this paper we develop methods to be applied only to isotharmal 
data. Programmed heating rate expsrrmsnts can edd considerable auxiLLiary 
knowlege about the detail of the kinetics of reactions, but isothermal 
experiments are usually necessary ta determine the form of the rate 
expression without ambiguity. 

Only a few efforts to fit data for solid state reactions with complex 
mathematical expressions have been successful. Therefore a different 
appraach has been taken in this paper. We attempt to resolve complications 
by fitting Limited ascending or descending portions of the rate curve with 
simpla functions. In some cases, it will be possibte to combine several of 
these asymptotic solutions to synthesize a more general equation for the 
total process. In any event, rate constants for a selected portion of a 
reactton can be compared. For example, rate constants can be obtained from 
data for several temperatures, and an activation energy calculated for a 
region of Interest. 

KINETIC ALALYSIS OF DSC DATA 

The simple rate expression 

dq/dt = k(q,fql" 111 

is used for curve fitting where dq/dt is the rate of enthalpy change, t is 
the time from an arbitrar 

X 
initial zero time, n is the order, k is tha nth 

order rate constant, kq, is the initial. rate at t=Q, and q is a running 
vsrietbla which need not be known. 
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Eq. [‘iI with its three arbrtrary parameters has considerable 
flexrbility. It fits a wide selection ofascendiny rate curves when n>O 
for [qo+ql" and when n<C for Lqo-~1". Conversely, It fits descending rate 
curves when n>O for Lq -qI" and when n<tJ for [q +ql". 

Elimination of [to*q) between equatjon [qland its integrated form 
yields [I1 

lnfdq/dtl = *kt + In kqo in=11 L21 
and 

[dq/dtf l-n/n =.ln_llk'tlnt + kl-n/nq,?-n [nf?f. 131 

Sjnce dq/dt and t are obtained directly from the Ordlflate and the 
abscissa, respectlvety, of the DSC Curve, one may plot various powers of 
the rate vs. time to determlne a value of n which g?ves a Linear 
relationship. However, the order, n, may be determined in a more objective 
manner which also tests Its constancy over the range of interest, This IS 
achieved by use of tables of ratiaa af times to reach reduced rates for 
various values of n 121. 

The reduced rate, RT = [dq/dtj /Idq/dtl,, IS defined as the rate at 
time tl divided by the rate atan ar b. ltrary zero time. From eqa. I21 and 
(31 the ratio of times, t,/t,, ta reach reduced rates, R2 and RT, 
reapactively is: 

The inltiat rate is obtained from the amplitude of the DSC Curve at 
zera time. For the ceaa where the rate is decreasing with time, trmes to 
reach 85%, 85X;, . . . . 5% of the initial rata are measured and the ratios, 
tg5/t95, t75/t8q. "',, determined. The values for.these ratios may be 
compared with va uea In Table I where ratios are given for selected vaLuf!§ 
of n. For example, if tg5+J5 is 3.U90, then the reaction is ane-ha.Lf 
ordar. Comparison of ratios at differing reduced rates will indicate 
whether n is constant or changes as the reaction proceeds. 

When the initial rate is increaerny, times for the rate to increase to 
3/2, 2, 4, 8. . . . . 256 its initial value may be determined and c mpered 
with values in Table II where ratios of times to reach ascendiny values of 
the initial rate are given for selected vatues of n. 

This approximate value of n say be used to calcutate the n which gives 
the beat Linear fit to eqs. f2Iand f31. The parameters band qo.may then 
be ceLcutatad. This technique has been applied to the 1nvestigat~oR of the 
kinetics of the cure of printing tnks and resins 13,41. It is obvious, of 
course, that this techn>que is nat Cimited to OSC data and can be applied 
to data from any measurement techniqua. 
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