
Thermochimica Acta, 135 (1988) 193-198 
ElsevierSciencePublishersB.V.,Amsmdam 

193 

NONISOTHERMAL KINRTIO EQUATIONS WITH PAR-8 TBPBIJDING 
ON THB DBGIRBB OF CONVBRSION 

WJRBANOVICI1 aad lC.SWAL* 

1 Roaoaroh Iastituta for IClootrotoohmioa Sfiatu Ohoergho 
Branoh, Str. Jloaof Attila Nr.4,Sfhtu bhsorgha, Jude$ul 
Coyaena (R. S . Rolqariia) 

2 kpartamt of Physioaf Chemistry aad Blootroahomioal 
Teohnolog7, Paaulty of Chemioal Taohnolol~, PO toohnio 
Institute of Bucharest 
Buchareet (R.S.Rotinia! 

'3 Bulerardul Ropublioii 1 , 

ABSTRACT 

The authorr preeont a disouaaion comarnin# variablr nmie 

thormal kinotio paramettera. The dopondonor of the noniaotharmal 

kinotio parametora on the dograoof conversion for some hetero- 

geneouo ~cmP&_@~s in sOlid-ga8 8y#tens is aonridored. 

INTRODUCTION 

In order to daecribe kinotiaally hotoroganeoua decomposition 

reaotiona of the grnoral form: A(s) _3 B(e) + C(g) (I), whioh 

ooour in nonisothermal oonditions, the follpwine kineti'c'differential 

equation /l-4/ is used: 

da A -+r- 
-=-f(a). (1) 

dT B 

where all the notationa have their usual meanings with 

A = eonet (2) 

P a oonet (S) 

and for the most general oaaa /3/ 

f(C) = (1.X)"d"~ 1R (1 &)f" (4) 

with 

n = oomt, m = oonot, p - oonat. (I) 

Pquation (1) is obtained by means of the classical noniso- 

thermal ohmgo (tZNC1 /5,6/ of the isothermal kinetio equation: 

dd 
- = Af(<)a 

-4 

dt 
(6) 
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auoaptad aa Portulatod-Primary Ieotharmal 
Pquation (P-PIDKIC) /!V. 

A nan formal thi3ory doaeribing batter 

Differential Kinrtio 

the aomplex phonomona 
which charactsriros rraction(I)aould eventually he dovolopod 
ooneidoring variable kinetio paramotarr withO(, T . . ..et@. 

In this work the only aonsiderod variable is the degroo of 
oonvaraion,d. In our opinion thir ir the moat important faotor 
duo to thr faot that it8 ohanga determiner the moot drartieal 
aha- of the roaetion utrix (aa aomparad with the ahah@ 
added by, e.g..tbe twperature variation). 

A8 rhown provieualy by UI /3,6/, in the oaao of the diraat 
preblan of laoniaothormal kinotioa when the dopendeneoa of tho 
kinoti@ parameterr on d are .knowa, then CM2 oam ba applied to the 

iaothrrmal kinotie l quatiom. In auoh a wys tho following aqua- 
tiaa ia obtained8 

da W 
I, 

-= 
dT 

- f(d * n(d 1, m(4 1, P(A 110 
+I-- 

P 
(7) 

THL IWER81 PROBLSY O? HOUCLA88ICAL NOIYIWTWWAL KINBTIO6 

The ptiob1.r is to make evident the dependence of 
tho nonioothormal kinotio paramotrra onE(u6im& the intog;ration 
over rmall intamalm of o( and several haatiw rates. In order to 
accomplish thie task, a aathod which uaaa two aonrtant heating 
rata@ wae previously workrd out /7-U./. par a abort daroription 
of the mathod wa romombar t.wo fundamental araumptioes used for 
ite rlaborationr namo~., 

- the reaetioa doe8 mot Jhange ita meohanioa with the chagr 
of the hrating rata /12/ 

- the valuoa of the nonisothermal kinetia paramatera are not 
dependent on’ P 

From equation (71, through integration in the elored interval 

whom 

f"M ) - f(A* a(d), rU ), p,(A 117 (9) 
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Tqi 
and T 

qk 
are the temperaturea corresponding todi anddk, 

and qik is the local heating rate /7-ll/ defined byt 

Relationehip 
with T taken 

P qik = 
(lo) 

*t tqk qi 

(8) containe h (T) which means the change of o! 
from the experiiental curWe 

4 = hq(T) f 11) 

For Tqk - T i & [&PoKJ , 
% 

using the average theorem from mathe- 
natiaal ana eia /F-11/ the integral from the right member of IS) 
takes the form: -b J A(hq(T) e 

Y. 
“IL 

dT z 

* 

- (T qkmTqi) A(hq(Tqa)) e (12) 

where 

Tqik - CT 
Sk 

+ T 
d 

l/2 (13) 

Using the approximate relationehipt 

h(Tqik) = 
(h(T i) + h(Tok) cf+‘+dA 

* II: 
- %k (14) 

2 2 
and taking into aocount relationehip (X0),(12) and (14) i% 

turna out that t dk 

f 

w 04 fi) 
dd 

._$. PM ) 
- (t *-tqi) I(cJI url - ---z (15) 0 

Considering in (15) two heatfng ratea,&$ and 1~ and performing 
tha oalculatione one obtains /?-1V: 

B (d’,,) - R Tlik T2ik _ In %~‘~li) ~ 

T2 ikoTLik ( ‘2knt2i) 

(16) 

The uao of pairr ( Q( i, ‘k) which Cover almoat all the viahIt OfA 
allows to obtain the dependenoe of the activation energy on A. 

To find f*( &), for dJg(d i3 d, k), two relationnhipe of the 
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form (15) should be written with E ( dik) instead Bf E( 4 ij) and 

R ( Q! . ) and A( xi,) instead of A( dij) and A( djk), This rough 
Jk 

approximation should be carefully considered. Thue from two 

relationships of the form (15) with dj, it turns out that/Y/: 

d 

where 
3 

R f 
(t ;] .-t i) 

q (t qkVtqi) 

R1+R2 
= 

2 

w J*) 

0 
---RTqij- 

To fin:d f*(d ) using the same 

dd jk); m( “ij), d ’ ,); p( 

n( dik)t m(c ik), Ptdik)’ 
The preexponent ial factor 

(15). It appears that; 
Pi n *1 

.“i -&;j I 
Aq(~ik) p e 

(tqk - tqi) 

(17) 

(q=1,2) (18) 

compromise instead of n( d ij), 

AiS)* p( 4 jk); we ehall determine 

can be obtained using equation 

R$k) 

-RTqik 
q=(l,2) (19) 

and correspondingly 

log A(d ik) = 
log (Ll(dik)‘leg A2(d ik) 

(20) 
2 

Such a procedure was applied for the dehydration of CaC2040H20 

at p l= 1 K minul and 
-1 

p 2 = 5 K min . The reaulto are given in 

Table I from referenoe /7/. 

Another possibility to find f*( d ) consis@ 
‘3i 

n averaging it 
for all the values of A, i.e., to obtain a f (d j/9,10/. In 
this case E (da) is evaluated by help of relationship (16) 

but far f”(lo an average value of the activation energy 

E- 
E1+E2+ . . . . Em 

(me nr. of pairs d iP dk) (21) 
m 

should be used /9,10/. Obviously in such conditions an average 
value of A should ba oonsideredG toQ* 

This procedure was applied to investigate the kinetio parame- 

ters for the decompositions of come coordination oompounds of the 
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form MaIILpX2(bl.II = CoII or Ni" 

p' 2 or 4, P NCS or Cl> /9/ 

CaC204.H20 and EMnO /8,10/. A linear dependewe of the activa- 
tion energy on the degree of conversion, 

E=E o+Ed 
1 (Eo = ct, E1=ct) (22) 

has been made evident. 

As far a~ tke preexponential factor is concerned the 

following relationships; 

In A = a + bE (a * const, b = const) (23) 

and 
Aid 

A * A,e (A,=COnSt, Al=conet) (24) 

have been obtained. 

Taking into account relationehips (22) and (241, equation 

(7) turns into: 

da AO f%)e 

A& -.& _$ 

*- = 
13 

e e (25) 
dT 

whiah oan be coneidered as a first equation of the nonclassi- 

cal nonieothermal kinetics. 

CONCLUSIONS 

1 Some relationehipe 8hOWing the dependence of the noniso- 

thermal kinetio parameter8 on the degree of conversion have 

been derived. 

2 A new equation for nonclassical nonieothermal kinetics has 

been derived. 
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