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The author >rzser,ts r r:x-.iz;v erticle concerning so28 as2ect.s 

of :?onisotherrzsl Znetics es they ?re reflected by the literature 

of t'le la?t t.hree ;-eers. 

Ihis sicrt revif!: article rtizs to ,7reLent soze t?‘eo-etic::l 

:-:ld ;.eihodclogical problems concerning nonisothermal kinetics of 

heterogeneous poces~~s ;?s they !~tve been raised in the liter.+ 

t.~rc in the period 1"'-1:-11,S:3 between the 8 th , and gt" IC'i% 

Congresses in '?rotisievs and Jeruaslem.. 

To begin ;dith, one hss to mention i:-i f.LLtezqt ct a ne.a clzssi- 

ficeticn of t!le rethods used to sv:lcizte the ncnizother;;,al kinetic 

paraeters [I] " &:;,e cl: .>.z,i?ic >tiJ:r i.; besed on the estsnt of t;le 

(d s t, T)intervc1 ezd il.cY&Lses three classes of zethcds .nsmeQ : 

- methods which use the inte&rotion over ~11 tile values of 

(&r t, I); notation-), 

- nethods which use inte,?stion o‘i3r .;~;lll intervnls of 

(ds t, T'>; notation -tf-, 

- methods ;:i_hich &se Faint velues of t:he experisentsl data 

(ds t, I); notation -I)- . 

A succession of articles written by Vyazovkin and Lcsnikovich, 

i:::.;>-e 3 s i7.r: '2; the trend to modern methods of dsta treatnent, desls 

'.iith the q?licstion of methensticcl stttistics to ncnisotheriral 

kinetics[2-61. 

To incresse the unazbi&uity of ihe solution of the inverse 

pYOble;ll of nOnisOtt$ri:;, 21 kicetics[from the experimental dats 

d(t), A(t) End '2(t) to eveiuete the nonioot.Qr;ral &ri::e tic ::::rs:ie- 

<cr;] the authors sug&est, for instance in tie cese of the Coots- 

Xeclfcrn method, a vsriant of nonlineer regressions1 analysis to 

be used. Special emphasis is given to t!le f32t ti:et 

the i-YrLvezent of the methods to evaluate the ncnisothermsl 
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'-inetic parameters .1 re-,uires careful consideration of the sta- 

tistic aspects connected with their application[2]. 

Conce:r?ing the sensitivity of the method in eveiu.:ting the 

nonisotk_ermal kif:etic parareters to the form of the convereicn 

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

line (residual dispersion, reaction order) at the point of aini- 

x_x as a numeric characteristic of itis]* 

ir unified approach of the conversion function analysis was 

ec;slly considered by the xuthors[4]. They suggest the treatment 

of the .viicle set of converoicn functions as a space, 

Ihe analysis cf such a space ;)rovidas four clssnes of conversion 

fu"ctions 1. , chsrecterized by similor properties and close values A. 

cf the nonisotherrsl kinetic parameters. Ylhe scIcti0.n of t-he 

i.nver se problem cf noniest+_ernnl kir,etics co_sists in the unambie- 

uous finding of the cle3,: of conversion fcncticrs. 

T'iie qdequ;cte description cf .;etero~erAeous re-.ctlon:> using t:?e 

:.:e tahod r;los of forrr:l .-.o::i. ;ztL:arxl >:ine ticc ..:ti further cc:isi- 

dC;fd !lj t:iCZ C‘L-X authors[51. ,‘!?.ey emphasized the costrsdiction 

bet;;ten the certitude of the raocticn r::ac!;::;isx snd the ilicerti- 

t&e cf its e;:procricte description a contradiction which canriot 

:be solved in the frer?eT;;ork of the conventional L-ethodoloa of 

treating the inverse pro'slen of conisotSermel I_i:.etics. As sn 

alternative to the ccnventicnsl ~ethodolo~ based on the 

unombiguous description principle, ,a methodology based on the 

cox;!le9enbarity of the conversion functions Frir:ci;le is 

eu.gEested. ;'hc lsst gne is advantageous in o5tcini.r.g i.nfsr.mt.tion 

concerning the investigated process from the set of ambiguous 

solutions. 

Ccncerning the compleaentarity of the Conversion functions, 

the authors show t:lrit due to the incon?letc descriptive chtirac- 

tcr of a unique conversion functicn for a given process one cbn 

tlw‘ays find a set of conversion functions v,hich allo\; its com>ie- 

te description. '%us the indiiridual conversicn functions contcin 

only partial information concerning the investigcted process. 

According to the conplenentarity principle the conversion 

functions ?Jhich formally describe a given process should be 

complementary rather than competitive. Ihus, to solve the above 

centicned contradiction, es an alternative to the conventional 

methodolcw one has to synthesize a formal picture of the investigate 
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process from the in--fcrmaticn on its particular aspects as given 

by the competitive conversion functions. 

3ased on a coqarison between the conventional and non-conven- 

tional methodologies, the authors conclude tkt the latter Frcri- 

des greater amsunts of irXcrnation[5] o 

13~ applying a methodolca based on the Trinciple cf ccmple:sen- 

tarity to solve the inverse problem of solid-phase ra-ction 

kinetics, one must cienticn an interpretation of the e;plicabi- 

lity of t!le iILiG*L (Eolsc~OrOn-Lrofeev-~~zeev-~~vr~~i-~:~mpel)e~~uo- 

tion to describe cor.?lex 7rocezses[71 s:d 2 ,e:ernlized kinetic 

description using a spectrum of ccnveraion fu:;ctiOns[~] o 

In the author's Opinion, a COnCei>t similar to the cO;;cept. :f 

CO-;lei~.entarit~. J ;,Os fsr~ui::ted earlier in 1335, by ;'~ns!:~;, at 

the r?or%shOp dedicated to current ?roble:ns of kinetic data reliabi- 

lity eculuated b; thermal knniysis at the 8 th ICG in 2sstislav2[~\ 

Concerning the statistical treatment cf drta in n~.li~:ot::erxl 

"inetics cnc must menticn the p3;er of Keag and c.Oi:or%erls I;101 

CaroteS tG ststisticel evzluatiln cf non- icot.".errr.al deccrqosi- 

ticn kinetics ;r_hO sAo,;~d tli;-t the values cf t!le -Oni.x thermal 'ki- 

netic psra;:eiers for the dccOr>Oeition cf cl~:;(2,~'-azcbis-izo- 

butyronitrile) :re iixiensitive to ?.:?a differenti- Or i::%,rrl _ i 

chsrccter of the method Used to obtain tkem. 

in L.r,al;sis Of the c?a?andenci.es ?et,laen :lonicoti;arxl IrinEtic 

;;~:'a-.eters and conversion functions allowed Vyazovkin 2nd Les::iko- 

vich to develO> a mrthextical procedure based On Jacobi's zrtrix 

for evsiuating the nu-hers of in"e;e::dent !;inetic pzrtseters xd 

conversion functions fil!, * It 13:s hecn fcund fcr i:kstznce ti.zt 

in the zest&-SercCren eqizticn it is not ; svzible to EV:-ll;i:!te 

more thnn five kinetic yarumetcrs. ..s f:-:r as the cc;;v>rsiOn 

fuiixtions are ccncerned, the real di::e;:Oion of t!:eir s;::co is 

tsice _ T,s SZ~ll as tiheir tats1 ilU:rh2r. iiius sane c-f t:he cOnvcJr;iOn 

functions ccl;ld be represented as 1i.r.e~ co-bin~tions of ir-s?e;:t.r 

dent fl;.?C i ions . Lbvicusly, 0:lly t!le lir:enrly ir!r!G,72lirler:t f.d::Ctiz::s 

cont::in v- clujLle i!-_f;rkction concernin& the investicsted ;rOcacs, 

as ti:ey cnsracter,iee some of its particularities. ;he wthors slste 

that this in an argxent for the n>c-conventional methodology to 

solve the inverse problem of nonisothermal kinetics. 
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As far as the coqensation effect is concerned, we may mention 

an article by igrav;alQ.Zj ,, According to t!lis author, the crite- 

rion for the eziutence cf a true kinetic com~enzstion effect 

consists in the existe!;ce of an isckinetic temperature i.e. at 

r:n Intersection point on the Arrhenius straight lines. In the cases 

irjhere the ccz.?ensstion effect is an apparent one such an intersec- 

tion point cannot be put in evidence. Such a standpoint seems to 

be similar to that expressed by Flynn who suggested that instead 

of plotting the activation energy E against In ;i(k is the preexpo- 

nential factor) plcts of In 4 against l/T she-ld be checked for 

intersection at a single iszkinetic temperaturecg], Agrawal's 

criterion ;~as discussed by SestAk[lJJ and criticized by Zsako and 

Somasekharan[l41 who expressed doubts onits correctitude. 

Although an old problem the approximate calculations of the 

temperature in'.egral still concerns eesearch ;Norkers intcrtsted 

in nonisothermal kinetics. +$sbhial suggests the follov;ing ap?rcxi- 

mation of the te~z;erature inteLral[l51, 
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Lnother four apprcxisations of the temperature integral have been 

prcFcsed by Urbanovici and Segal[l61. ?o,peocu and co:iorkers presen- 

ted c:l 2.laljjsis of some Fosdibilities to sclve the tespercture 

iritegra1[171 as ;:cll es a cocqariso:; cf the teqerature intebrals 

corre;gsnding tc linesr :xnd nonlinear heating 2rogramsC13j. 

The possibilities of evaluating the nonisothermal ki: etic ::~'a- 

i,2ter5 u:i:ng t!.;e fut~?ate.~t~cl cc,ctticn of nonisotherms kineticc 

have been anzlysed by tirbanovici and Sa,alrl?;]. Some critical 

corciderations concerning the uze of the ccnversicn le;ree in the 

rcte equations in comparison with the extensive v~iables ;:ei&t 

and radius of the contracting sphere are given by FStu and Se;;ol 

is fnr r-s sneciel heating croe;ra:.zs ere ccncerned, a prcsrcn i 

i:dhich en-urea a line2r dependence bet;*reen the conversion degree 

and the temperate-e should be nentionedC21~ D 

Considering the !leoting rate as a variable in nonisothermal 

kinetics, using integration over small temperature intervals and 

several heating rates Grbnnovici end Se&al developed some m.etfiods 
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to evaluate the nonisothema 1 kinetic ,7arawters [22-241 D 

The sa3e authors ;?orked out a new iterative "classical" (;:ith 

ronstant kicetic parameters and izvariable conversion fi;r.ction) 

zetl:od to evaluate the nonisotherm. kinetic oarmeters [25jand 

a siqle ~thc d to evzlucte the "reaction order" of heterogeneous 

deconpositions under nonisotherE;a 1 cocditions[26] . 

Eased cn soze experir;ental dnta concerning the dependence of 

the nonisotherzal kicetic pai qan,r;eters on the conversion deeTee, 

ne;v eqtiations explicitly sho::ing this dependence nave Seen 

worked otit[2:;291. The last ::ork concerniq this to;?ic :jas preset.- 

ted at the 9 ' ICTk in Jerusalem(joj, The suihcr carlnot cor.sicler 

this parag rsph as corr>lete ::ithout ::s,';tio!lir.C; a critic31 aGal;,- 

cis conc?rzing the m~t1:odolo~y of ctudyi!lg rs-zticn kinetics 1:;. 
< 

kinetics it ivas commented that a task for the ICI;\ kinetics 

c;.-Ayittee is to _'st.zr:i:le ;,i;ic,h e<;c,:tio::s -re ccrl_ect u:;jar 

.::;ioh co::ditions B] O The fili::l s:l;-t of trlis 51:31-t :_Yticle is 

devctad to soye 3.5r'tial chs.;ers to i:his fund~:.a:~tz.l r_ro!:lez cf 

ncrii sctLer~a1 kiilctics 1:;7-76j r.zr..ely the derivation of ccrrect 

kinetic equations ca;aSle cf descri3in.g the evolution of the 

iLvesti,iicd Fhysical cr cheszical system, To>ri::g into ecccuht 

the 1~2% cf en advanced t::cory, such a _'eriv.;t.ion has to be 

per:"orr.ed ilsi:lg as ctarting point isothe:*:n;l !:irztic e:,uctio:-~. 

;zing ouch cor,diiiohs cr.e has to sssuze the e;u;;lity bct;:een 

the values cf the r,cr,isoti:en:wl liihetic p::r~;.ztt.~s -_:;d the 

corresponding values cf isothermal >:ir,etic p:rczstsrs. in 

order to derive noni-ot;:arricl l:ir:Stic e,udtions a clzr-sic:1 

no!lisotherLal change (CX!) has to be opzrcted in the ccrresjon- 

ding isotherm1 kinetic equation0 This consists in the substi- 

tution of T=cowt in the isothsr:.cl ki:ietic e;ut.ticn ,;ith 

%= Q(t). The CX cannot be >erforI::ed in any isotherm1 kiheiic 

equation. 

i!le isotherm1 kinetic equations v:hich adzit a CXC have been 

called priawy.'I'hus v:e have: 
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- primary isothermal differential kinetic equation (?IDKL) 

- primary isothermal integral kinetic equstion (PiIKE) 

6s in the case of a Complex system it is not possible to 
. _ 

declce ;;he ther an isothermal kinetic equation is prixary or not, 

one has to postulate the primary c&raster i.a. ;Je can ?istin,<uish 

betxeen 

POS,T'JLLTED - PJDKE (P-PIDE) 

and 

PcS'TULhTED _ PIIS (P-PII&) 

AS Aown by usi;iq it ia recc.xxnc?ed to ccnsider as primary, a 

kinetic sq'-rticn in ~i:Lch 3 rr,ir.i::al :ki.r.?3r of -C~t>~e;~~tiz~l o:\e- 

rations iq i-ot.ier;al c0::ditior.s 3ave teen ;?cl_,i.U,_. . u 1 J-n n.. n3 

This ;z:;L;i:e: e;;t is f~l.?illed for instance by the equation: 
C 

3 
-- 

= S f(h ) e 
TiT 

T= 23tiSt (2) 

dt. 

?-;t it is not fiilfi4led by t:he equation: 

tue to the.fact that the integration under isothermal conditions 

is ixor.pntible 7Jit.h the nonisotherzal character of the system. 

Thuo,it seems that isothermal differential !:inat.ic eLuntior.s 

cilc.Lld be pref?rred for ?ozt41:ticn c;j pri::.~ry . i;?is coxlu:ion, 

in agreement xi 'th an earlier 5~~:;~estion by Flynn 171, is 

CL;::?@. -'tzJ by applying a model which ,di-Tidea the (4,t) curve 

i2to infinitesimal isotker.r.9 pcrtions (k.I2). 

,'::e ;utj‘crs ._1 emphasize thet in order to derive correct kine- 

tic equations one has to take into account the fact that under " 

isothermal conditions t ond 'CC are indepea'ant vx*isLls:: tJ:lile in 

conisotherz,al kinetics they are dependent ones.In r~uch coCitions 

the discuczion concerning the existence of the total ?ifferenti:ql: 

2.J e< = (.T& d.t + ( 7 * cl,' 3ci ) (-t ) 
‘d t 

initizted by I*!acC.allum 

meaningless, The error 

i-i t?12 assumption tll t 

i;ip of the form; 

I yi’ c 

and Tarner[S“I] is in our >Ti;liJn 

of the above mentioiled act&_-s zonzist:; 

in nonisothermal conditicns a relations- 
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d = u;,C,t) (51 

1.2 ith 2 and t as independent variables is vslid(Y-non isot~ermol). 

Ey differentiating, from (5) k,e cbt:?i::: 

(6) 

s relationship which contains the Partial derivative at t=Const 

( _gtL) t which is meaningless D A correct solution of the problem 

co&zsts in introducing into (5), E;(t) instead of T, t.hLS 

d’ = U:; (&?(t),t) 

The differential cf (7) 

(7) 

ra 
21 LItI &J,, de (t) 

zz A i;t -I- A c’t (9) 
‘i t %p dt - 

does not contain any term. at t=const. 

To com_nlete this ?.zacre$~ cne Tsct mention the papers of 
Y 
&st.& and Ilz:;.a.i; in .:hich !.'lay tinalyoed some prcbless concerning 

the kinetics of crgstalizntizn described mainly by the dI..YiE 

equation~3~] as r;eil as the c.3nPitions fcr a generalization 519 

the ?a;:~ describing n_oleeticn and ,grc v:th con+rolled trs:.sfor- _ b 

mationo[39]. Cne must similsrly mention snelyses of the oppli- 

ca',ilitg of t!?e hvrami-Erofeev equation in nonisothermal!cine- 

tics[4o] and of the complex rnrctions which occur in nonisother- 

~-.a1 conditions, follo~e3 tz 2's rnd XC instrurents[41]. 

At the ,~;orl:ct-,-, Zevcted to ncnisotherrzl kinetics held 

during the 3 th LC;Ji in Jerusalem, the authcr cf iAir: article 

expreszec? the cpinion that the field is passing t!trough a 

cricis. This ._ stn::d?:int ;iss not shared by other scientists EUch 
" 

as J.Sest.;k. i:c mt.tter if t!le cri-:is is a true cr -,pTarent Si?2 

th3 s~:t':~sr express his ilope thst the ..crk dev,?lo?ed in the 

field , ;>sstially menticned in this article 2s ;;ell as Lurther 

;~.crk fill zc,Ttribute essentially to emerge from it and to I. 

trzr,sform the nonicothersel kinetics into a valuable instru,ment 

fcr the investigation of chemical reactivity tightly anchored 

in general chemical kinetics principles. 
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