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DIFFERENTIAL TECHNIGQUES FOR THE KINETIC ANALYSIS OF DSC DATA

Joseph H. Flynn, Polymers Division, U.,S. National Bureau of Standards
Gaithersburg, Maryland 208939, USA

ABSTRACT

A simple technique for the kinetic analysis of raie vs. time data from
an isothermat DSC experiment s presented. Selected ascending or
descending sections of the rate curve are fitted to dg/dt = kigy £ q)".
Valugs for n are determined and their consistency tested by the ratics of
times to reach reduced rates of reaction.

INTRODUGCTION

The differential scanning calorimeter (DSC) measures differential
pawer supplied to a spscimen undergoing transformation. If the enthalpy of
this transformation does not chenge with extent of reaction, then the power
difference is Linsarly proportional to the resction rate. Thus robust
valugs of the reaction rate are gbtained as a function of time without
differentiation.

The kinetics of condensed phase reactions are usually quite complex,
Therefore it 1s an advantage to analyze the differential rate eqguation as
it is simpler than the integrated expression and is more aften expressible
in a closed mathematical faorm. Also the use of the differential rate
equation avoids the necessity of determining wnitial ar final velues of the
degree of advancement {integration Limits].

In this paper we develop methods to be applied only to iseothermal
data. Programmed heating rate experiments can add considerable auxilliary
knowlege about the detail aof the kinetics of reactions, but isothermal
experiments are usually necessary to determine the form of the rate
expresgion without ambiguity.

Only a few efforts to fit date for solid state reactions with complex
mathematical expressions have been successful. Therefore a different
appreach has been taken in this paper. We attempt to resolve complications
by fitting limited ascending or descending portions of the rats curve with
simple functions. In some Cases, it will be possibie to combine several of
these asymptotic solutions to synthesize s more general equation for the
total process. In any event, rate constants for a salected portion of a
reaction can be compared. For example, rate constants can be obtained from
data for several tempsratures, and an activation energy calculated for a
region of interest,

KINETIC ALALYS1S DF DSC DATA
The simple rate expression
dg/dt = klg xq)" ()

is used for curve fitting where dq/dt is the rate of enthalpy change, t is
the tima from an arbitrarx initial zero time, n is the order, k is the nth

arder rate constant, kQ," jg the {nitial rate at t=0, and g is @ running

variable which need not be known.

—————————
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Eq. {1} with 1ts three arbitrary parameters has considerable
flextbility, It fits a wide selection of ascending rate curves when n>0
for (g,*q)" and when n<0 for (q,~q)". Conversely, 1t fits descending rate
curves when n>0 for (q-g)" and when n<0 for (g +q)".

Elimination of [qoiq} between gquation ﬁ) and ite integrated form
yields [1]

Lnidg/dt} = 3kt + Ln kg, {n=1) (21
and
(0g/a617M" = 3 (n-1)KM 0 4 K1T0/0g Pon in#4). (3)

Since dg/dt and t are obtained directly from the ordinate and the
sbscissa, respectively, of the D5SC curve, one may plot various powers of
the rate vs. time to determine a vatue of n which gives & 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 1s
achieved by use of tables of ratios of times to reach reduced rates for
variopus values of n [2].

The reduced rate, Ry = (dg/dt) /[dq/dt]o, 15 defined as the rate at
time t, divided by the rate at an arLitrary zero time, From egs. (2) and
{3) the ratio of times, tp/ty, to reach reduced rates, Ry and R,,
respactively is:

tg/t1 = Ln RE/R1 in =11 {4l
to/t, = R0 - 43/1R, 170~ ) n£1) {5)
2/t 2 1 .

The initial rate is obtained from the amplitude of the DSC curve at
zero time. For the case where the rate 1s decreasing with time, times to
reach 895%, 85%, ..., 5% of the initial rate are measured and the ratios,
tBE/tQB’ t75/t8 « sy determined., The values for.thess ratics may be
compared with values in Table 1 where ratios are given for selected values
of n. For example, if tgg/tge is 3.000, then the resction is one-half
order. Comparison of ratios at differing reduced rates will indicate
whether n is constant or changes as the reaction proceeds.

When the initial rate is increasing, times for the rate to increase to
a’e, 2, 4, 8, ..., 256 its initial value may be determined and ¢ mpared
with values in Table I1 where ratios of times to reach ascending vulues of
the initial rate are given for selected values of n.

This approximate value of n may be used to calculats the n which gives
the best lingar fit to egs. {2) and {3]. The parsmeters k and g, may then
be calculated. This technique has been applied to the 1nvestigation of the
kinetycs of the cure of printing inks and resins [3,4]. It is obvious, of
course, that this technique is not Limited to DSC data and can be applied
to data from any measurement technique.
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