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The zuthor Lresents e rcevizw article concerning some aspects
of nonisothermal kinetics as they nre reflected by the litersture
¢t the laszt three yeers.

Tais short review article =ims to prezent some thecreticsl
cnd methedelogical problems concerning nonisothermal kinetics of
heterogeneous procesces as they hzve been raised in the litere-
izd 1928%-1333 between the gth and 9th ICTA

ture in the peoer

Congresses in Zraticlava and Jerusslem.

To begin with, one has to menticn =n stitenpt at 2 new clugsi-
(=) P 55

ficaticn of the metheds used to svziunte the ncniscthermal kinetic
paraueters [3] » .he elsssifizotivn i based on the extzat of tie
(oL, t, T)lnterv gl and ircludes thrse classes of methcds nermely:

~

~ methods which use the integrzation over =11 the values of
(ot y ty T); notation —)

- methods which use inte;ra
(oL, t, T); notation _%%__.7

- metnods which use point velues of the experirentzl data
(&, t, T); notation 4 .

A successicn of articles written by Vyszovkin end Lesaikovieh,
impressive By the trend to modern methods of data treatment, desls
with the application of mathematical ci:ztistics to ncnisothermal
kinetics[2-6].

To incregse the unambiguity of the solution of the inverse

9
tion ovir 57uall intervals of

protlem of nonisothermal kinetics{from the experimental data

cL(t) o (t) and 7(t) to evoluate the nonigoihermal Linetic parane-
;] the authors suggest, for instance in the case of tha
¢fern method, a variant of nonlinesr regressicnasl analysis t

be used. Special emphasis ig given to the fact that

the irprcevement of the methods to evaluate the ncniscthermal
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“inetic parameters reguires careful consideration of the ste-

+

istic gspects connected with their application[Z].

wis

Concarning the sensitivity of the methed in evalunting the

nonisotiermal kinetic parareters to the form of the conversicn

function, the authors suggest the value of the curvature of the

line (residusl dispersicn, reactiocn order) at the point of mini-

muk 28 a numeric cherescteristic of it{3].

A unified approach of the conversion function analysis was

egually considered by the Juthors[4\ They suggest the treatment

of the whcle set of eonvercicn functions es a space.

The

analysis cf such a2 space provides four classss of conversion

functicns, chsracterized by similar properties and close values

cf the nonisothercel kinetie parameters. The sclution ¢f the

inverse protlem of nonieothermel kinetics consists in the unambig-

uous finding cf the clezs cf ccnversicn functicns.

The adegquute descripticn cf Leterogenecus renctions using the
n ¢

2
hedslogy of formel nonivoillermsl kineties wis further ccnsi-
o

red by the goms authorb[)] lhey emphosized the contraliction

betwesa the certitude of the reacticn mechonism snd the incerti-
o

tuCe cf its ar

be

tre

provriate description a contradiction which cannot

(3 '\,

solved in the fresmevork of the coaventicnzl rethodclogy of

-

ating the inverse problem of nonisothnermzi iinetics. 45 zn

alternastive to the ccaventicnsl methedology based on the

unambiguous description principle, a2 methcdolcgy btaced on the

couplementarity of the conversion functions principle is

euggested. ihe last one is advantageous in obteaining informetiion

concerning the investigated process from the cet of ambiguous

solutions.

Cecncerning the complementarity of the conversion functions,

the authcrs show that due to the incomplete descriptive charac-

ter of g unique conversion functicn for a given process cone cun

always find a set of conversion functions which zllew its comple-

My,

te description. Thus the individusl conversicn functions contain

only cartial informaticn ccncerning the investigated processe.

According to the complementarity principle the conversion

functions which formally describe a given process should be

complementary rather than comrpetitive. Thus, to solve the above

renticned contradiction, as en =2lternative to the conventicnal

hodolecgy one hus to synthesize a formal picture of the investigate



129

process from the infcrmaticn on its particulsr aspects as given
by the competitive conversion functions,.

based on a coxzparison between the conventionsl and non-cornven-
tional methodologies, the suthors conclude thszt the latter ;rovi-
des greater amounts of information[ﬁ].

|y applying a methodolcgy based on the prirciple of ccmplemen—
tarity to sclve the inverse prcblem of solid-phase rezction
kinetics, one must menticn an interpretation of the applicabi-

|.a.
'=!
)
5]
he]
o
—
e
o
]
(%]
i

lity of the KikKeiw (Kolm cboron—urofeev-(gzeev—nvr

tion to describe coumplex pro ‘ses[7\ and o Ueuernl'

ized
description using a spectrum of conversion functions([E8] o
In the zuthor's opinion, a concept similer to

ol

':\

.

ccuplementarity was forzulsted earlier in 1535, by Lanzka

the worksiiop dedicated to current problems of kxinetic data

lity evealuated by thermal ansiysis =zt the 8 ICia in Bretislave[?]
Concerning the statisticzl irestment cf dJata in nc t

kinetics cone must mention ihe paper of Hesg znd covoer i

devoted to ststisticzl eveluation cof non-isothermal decermposi-

v A

ticn netics whe chowed thut the values of the nonisctihermal ki-

retic psreaueteres

&

or the decompocition of alBN(2,2'-zzcbis-izo-
butyronitrile) -re insensitive to tihe differcntisl cor integrsl
cheracter of the metnocd used tc obtain tuem,
an &nalysis of the dependencies between nonilcotiermel kinetic

piranewers and conversion functions cllowed Vyazovkin end Lesnike-
vich to develop & mathematical srocedure based on Jazobi's mzirix
fer eveiueting the nunbers of in7e_endent kinetic prrumeters cnd
conve“flon functicns @1}. It hzs bec

un n fecund for iunstence thet
in the oegtak berggren ecuaiicen it is

not [ossible to evaluate
more then five kXinetic rarunmetlers. ws far as the ceavarsion
functions &re cecncerned, the regl dizension of their sy ice is

twice as smell zs their total nurber. <hus some c¢f the conversicon
furctions cculd be represented ss linesr cowbinutions of irdepei~

dent funciions. vbvicusly, only the liresrly independent functicn
contnin valustle irforwaiion concerning the investigsted procecs,
as they cherectericze some of its particulsrities. The authors siste
that this in an argurent for the non-conventional methodology to
solve the inverse problem of nonisothermal kinetics.
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As far as the compensation effect is concerned, we nay mention
an article by Jdgrawal f12] . According to this author, the crite-
rion for the exiatence c¢f a true kinetic comrznsation effect
consists in the existeuce of an isckinetic temperature i.e. at
«n intersection point on the arrhenius straight lines. In the cases
where'the compersation effect is an apparent one such an intersec-
tion point cannol be put in evidence. Such a2 standpoint seems to
be similar to that expressed by Flynn who suggested that instead
of plotting the activation energy E against ln A(A is the preexpo-
nential factor) plots of 1ln kX against 1/7 saculd be chacked for
intersection at a single isokinetic temperature([9]. Agrawal's
criterion was discussed by éesték[}3} and criticized by Zsakc and
Somasekharan{14] who expressed doubts on its correctitude.

Althcugh an o0ld prohlem the approximate calculations of the
temperature in*tegrsl still concerns pesearch workers interested
in nonisothermel kinetics. sgrawal suggests the following apprexi-
mztion of the te:zjerature inte,;ral[lS]o

E - K E
- T RT? 1-2 — R
e ar = . e (1)
- )
1-5 (—=2)2

Ancther four apprceximetions of the,temperéture integral hsve bteen
propesed by Urbanovicl and Segal[l6]. Popescu and coworkers presen-
ted an znalysis of some posuibilities to =zclve the tempercture
integrel[l?] as well 23 a coxmpsrison of the temperasture integrels
corresponding tc linzz=r =nd nonlinear heating programs[l&].

The possibilities of evalusting the nonisothermel ki:etic para-
peters ueing the fundameatal equeticn of nonisothermal kinetice
aave been anclysed by Urbanovieci and Se¢al[19]. Come criticel
conciderations concerning the use of the ccnversicn legree in the
rzte equations in comparison with the extensive variables weight
and radius of the contracting sphere asre given by Fitu znd Sege
[0l -

48 far ss speciel hesting prograemms ere cceneerned, & progron
which enczures & lineer dependence between the conversion degree
and the temperature should be menticned [21] .

Considering the hesting rate as a variable in nonisothermal
kiretics, using integration over small temperature intervals and
ceveral heating rates Urbanovici and Segel developed some methods
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to evzluate the nonisothermal kinetic parameters [22-24].
The seme authors worked out a new iterstive '"eclassicel" (with
constent kinetic paremeters and invarisble convergion function)
metiod to eveluate the nonisothermal kinetie parameters [ 25] and
a simple methed to evzluszte the "reaction order"™ of heterogeneous
decompositions under nonisothermal conditions]}6]

2sed cn some experimental date concerning the dependence of
the nonisothermal kinetic par=zmeters cn the ccnversion degree,
new eguaticns explicitly showing this dependence have heen
worked out[¢7—49] The lsst work concerning this topiec was presen-
ted at the 9 ICTA in Je usalen:@c}, The =uthcr cannot cornsider

r
vhis paragraph zs complete withe
o

u

cis concerning the mg2tihod of studying rescticn ¥ineti
v
o)

d
snd some rules to overcceme them([32].

st the above mentioned weorkaion Jevcetaed to nonisothermal
kinetics it was commented that a task for the ICTA kinetics
corrittee 1s to Ceterzine which ecustions szre cerrect unisr
wnich conditions (3] « The fiazl part of tuils shsrt crticle is
devcted *to some partial snswers to this fundsrentzl rroblen cf
nonisotherzel kinsties [33-36] ely the derivation of ccrrect

kinetic eguations capszsble cf deseriding the evclution of the

investigsied physical or chemicel system. T2xing into ecccunt
the lzck c¢f an zdvenced theory, such z Jerivstion has to be

perorred using as starting point isothermal kiretic ecgustions.

Ueing such conditions cne has

the vslues cf the ncnisothe 1

corresgponding values cf iscthermal kxinetic pzraceters. In
order to derive nonisotiermal kinstic eguations z clesci
nonisothermal change (CHC) has to be operated in the correspon-
ding isothermal kinetic equation. This consists in the substi-
tution of T=coxnst in the isotherual kinetic equaticn with

T= §(t). The CNC cannot be performed in any isothermal kinetic
eguation.

ihe isothermal kinetic eguations which ad=it a CNC have been
called primery.Thus we have:!
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~ prirsry isothermal differentisl kinetic eguation (PIDKE)
- prinmary isothermzl integrsl kinetic equation (PIIKE)

As in the case of 2 complex system it is not possidble to
decice whether an icothermel kinetic equation is primary ar not,
one has to postulnte the primery character i.e, we can Zistinguish
between

POSTULATED ~ PIDKE (P~PIDKE)
and
OSTULATED ~ PIIXL (P-PIIKE)
As shown by uaL;E] it is recczmended to ccnsider as primery, 2
Yinetic aqueticn in which 2 minimsl numher of methemrztical ore-

rstions in isotihsrzzl conditicns heve Tecn perleried.

Thig reyuirenent is fulfilled for instancg by the equation;
. -
1= QRN (A ) e = T = const (2)

at

but it is not fulfilled by the equation:

ad -
= n e RT t T = coust (3)
ALA)

(]

¢ue to the fact that the integration under isothermal conditions
is incomp tlble with the nonisotherzal charazcter of the system.
Thus’it seems that icothermal differentias) “inetic equations

siiculd be preferred for poctalsticn as primsry. riis conclucion,
in sgreemeat with an earlier suggestion by Flyan (91, is
curmori:d by applying a model which 2ivides the (X ,t) curve
iato infiritecsimel iscthermal nerticns (WIil).

Ihe zuthors emphasize thet in order to dsrive correct kine-
tic equstions cone has to teke into sccount the fact that under
isothermal conditions t and T are indejgealzat voriuilss waile in

nonisothermel kinetics they are dep dent ones.In cuch conditions
the discu;;icn concerning the ecexiste 22 the tetel differential;

7t TS 9 t

initisted by MaeCallum and Terner(37] is in our oniniodn
meaningless. The error of the above mentioned authcrs consists
in the assuymption th:t in nonisothermal conditicns a relations-

hip of the form:
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oA = UN(T;t) (5)

with T and t as independent varisbles is velid(N-nonisothermal).
By differentiating, from (5) we cbhining

cel = ( .;_gﬁ_)_} ct + (___é:_j-:__)t et (€)
a relationship which contains the partiasl derivative at t=const
( Qlét—)t which is meaningless. A correct solution of the problem
coggzsts in introducing into (5), £(t) instead of T, thus

oA = Uy (£(1),t) (7)
The differential cf (7)
7y U, U, ag(v)
i = At At -2t (3)
¢t ¢ e at
does not contain any term at t=const.

To conplete this parzgraph cne —ust mention the papers of
st°< and Zemeny ia shieh they wnalysed some preblems concerning
the kinetics of crystzlizaticn described mainly by the JLiyK
equation[3€] as well as the conditions fer a generalizatioa <f
tha lavs describing a2.cleaticn =ad grewth controlled trarsfor-
mations[39]. Cne must similsrly zention znalyses of the appli-
cability of the iAvremi-Erofeev equetion in nonisothermeal kine-
ticsfdo] and of the complex resctions which occur in nonisother-
rel conditions, follewsd ty IG snd IZUC insiruments{41].

Lt the ao¢»s:oa ¢zvcted to ncnisotherzzl kineties held
during the ot 1014 4n Jerusaler, the auther cf tris artiele
expresced the opinion that the field is passing t

cricica This standpcint wes nct shared by other scientists cuch
parsnt cne

&

as J.Sestik. io matter if the crisis is a tr cr =ap
ths suthor express his hope thst the work Ceveloped in the
field, pertiaslly menticned in this crticle es well as further
woerk will cceniribute essentially to emerge from it znd to
tronsform the nonicothermel kinetics into & valuatle instrument
fer the investigation of chemical reactivity tightly anchored
in general chemica2l kinetics principles.
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