
ABSTRACT 

Th3.s paper prmseats two A(3vI wlstiwds of calculatioA of tA% kine- 

tic parameters. One of them is established by steepest descertt 

iterative procedure and another one by direct computing procedUr~3. 

Both methods are suitable for on-line operation with computsr 

and may plroiride all kinetic parsmaters (a, E, A) completely in 

one and five minutes respectively without trial and error prace- 

dure on the IBM-PC microcomputer. 

Suppose the reaction 
state. fn. the couree of 

tilized, ths others are 

be expressed la the following form 

heated 
a A (81-b B (~1 + c C (a) 

If the exp@rimsntim whichthe temparaturs Is increasing at Linear 

speed, tha tieaction meet6 the foLltM.tig kinetic. equations: 

K = A#xF(-~RT) (11 
F = To l gt 

in-#jlii&# denotes the de~o~~~~t~~~ fraction of thr rrractw% it 

.t - momaant, K the speed of decomposition, t the reactions timet 

T the absalut@ temperature, II the order of reaction, A the factor 

of frequency, E the reaction energy of act%vation, R the con@tant 

of gas, and (5 the speed of the rising temperature. 

Supposa a sat of observed valuee, (TitlXif, i = 0,l.e l 4 rrn,d 

rafidomly. obtained from a.TG curve. For calculating the kinetic psra- 

meter values of rx, A and Es many scholars have made much progress 
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on simplification and linearization rhandling for eq. (1) by diffe- 

rent ways, but the computing precision looses too much although 

many simple and convenient computing fomlar: have been made.Moreo- 

ver, for computing n, many calculation method6 often are performed 

by the trial-and-error procedure under 6ome certain assumption, in 

addition,these are not favourable to the automatic data processing 

in the thermogravimetric study. For these reason6, we propose the 

following two numerical methods. 

NUMERICAL METHOD I 

The algorithm given here io called iterative method 

1. The principle of the method: From eq. (1) one has 
1 

I a =l_ [ (I- a,)‘+ + -+&(E,T)]~ , nfl 

[a =I-exp[ Ln(l- o(o) + +I(E,T)) , 
T 

Where I(C,T)= Toexp( -E/RT) dT 

n=l 

It is obvious that expreosions in (2) are nonlinear with respect 

to n, A and E. Without loss of generality, we assume that they 

are nonlinear function6 including p parameter6 h, (1=1,2, - - * , p). 

Let 

01 =g(T, bl, b2, - . . , bpl (3) 

If a set of initial data 4 
0) , (i=1,2,*** ,p) ,of bi, (i=l ,L,*** ,p1 

(0) are given, and denoted by Ai=bi-bi , irl,2,.--,p, the derivation 

from accurate value6 and the initial data., then one ha6 

bi= Pi to) + A i i=1,2, - * l , p (4) 

Hence, the problem of solving for bi i6 changed into the 

problem of oolving for Ai . 

Making the Taylor6 expansion Of eq. (3) in 6ome neighborhood of 

bl”) , and ignoring the term6 of order of Ai>’ 2, one get6 

6 gko agko dTks b,, b2, .-,bp); gko+ r A, + . . . +ab 
1 P ’ (5) 

where 

6ko’ g(Tk, b(O), b;“‘, l l l rbp) ) , k=O, 1, 2,.=* Sm, 
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agko ag(T, b,,* “rb 1 
-sq-= abi 

’ T=Pk 

bj=bio) 

k=O, 1, 2,. - - ,m 

i=l, 2,. l ’ ,p . 

lsjsp, 

If replaced eq. (3) by eq. (5), the quadratic sum of residual 

errora could be expressed as 

Q(b, ,b2,*. l ,bp)= F [ak-g(Tk. b,,- +p))2 
k=O 

According to the extremum principle, bi, (i=l,Z,**.,p) are 

satisfied with the equations 

aQ=O , i=l, 2,. * - ,p (6) 
abi 

Arsume that 

aij= kFo -.S$!a.E?!a = 
i “9 

m a gko 
aiu= k&o T ( ak-gko) i, j=l,2,* l *,p (7) 

Then eq. (6) can be converted into the following linear equa- 

tions of Ai 

P 
jG, aij Aj = aioce i=1,2,*** ,p (8) 

Thus Ai and bi, (i=l, 2,. - *,p), can be calculated by eq. (7). 

(8) and eq. (4) provided bi”, (i=1, 2,.* *,p) are given. 

1.f each Ai calculated in larger, we can replace bi (O) by the 

new bi calculated and then make iterationo until max 
1SibP 

1 Ailc6(the 

allowable precision) is satisfied. 

However, the above iteration scheme is often not convergent 

became of omitting the terms with orders higher than 2 in (o) 

Taylor expaneion and inaccurate aelection of the initial data bi . 

For thie it can be solved by increasing the diagonal elemento of 

the coefficient matri 
F 
of eq. (8), and eq. (8) aa 

(aii +d)Ai + aij Aj =ai& , i=l, 2,. --,p . (8)’ 
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Where da0 . It can be proved that the convergence of the 

Iteration can be guaranteed if the selected d io large 

enough. Such a solution is still the solution of iteration in the 

steepest descent direction. 
(0) 2.Gne should take the initial data bi a6 close to the exact 

Values as possible, otherwise the convergence will be very slow or 

even not convergent. Besides, in the course of calculation tne 

coefficient matrix of eq. (8) is from time to time ill-conditioned. 

Therefore, 6OlU6 suitable prOCe66 Of Coefficient matrix i6 necessary 

to be treated. 

NUMERICAL METHOD II-DIRECT METHOD 

We can also use the known data (Ti, CQ), (i=O,l,2,. .*,n) and 

make a suitable curve fitting for eq. (1) and then eq. (1)will be 

changed into the following equations 

(9) 

where 

b,=n, b2=Lw, b3=E (10) 
m II 

a,j=aji=kco C&jk , aiy=k;o CikYk B i.J=1,2,3. (11) 

I yI,=Ln~(Tk)+LA(& Clk=LA(l-($) 

C&l ) ‘jk=- -& B (12) 

l(B(T)is the curve fitting 

Therefore the values of P, A and 

eq. (9)~(12). 

function) 

E can be eaoily obtained from 

THE EXPERIMENTS AND THE RESULTS OF CALCULATION 

All experiment6 were performed on the shimatzu DT-2GB thermal 

analysis equipment. We first u98d the-shove meth&.totreat the TG data 

of the decomposition of calcium formate as the kinetic parameters 

were k.nown from the literature. 

We have made the Basic programme on IBM-PC and compared the 

calculated results with data collected from.the literature 

(Table 1). 



TABLE 1 -- 
Conparioon of vaiuaa of sxnetic parameters from different 

ooureea fOX' thM'rial. decompu8itioa Of 0&~04*&0 

1. 3oLh methods avoid ths trial-and-error procedure 

in calculating the order of reaction, and calculate all. the tinetic 

parameters ai on8 time. The#s method@ aF8 applicable for the auto- 

matic data processing on analytical apparatu8. They cdin also be 

Wed for Other formu~au Of kiKMt.iC function in prinCip2& 

2, The calculation velocities of the two method8 are all rapid, 

It takes about five minutea and one minute, recpectivaly, for 

method 7 and 2 t0 calculate the kinetic parameter8 Of a etep,%we- 

ver- method 2 is more convenient. 

3* Also Ye can u8e method 2 first and work out the results 

whichqise then used as the initia& data Of method 1 to do the further 

fteratiOn, The calculation precision will be mor~ilfcurate if the twu 

methods are UU8d oimuftaneOU8~~. 
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