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ABSTRACT 

Spreadsheet analysis of non-isothermal TG (NIT@ data has recently been successfully 
applied to various organic and inorganic materials using various algorithms. 

In this paper, this type of analysis will now be applied to isothermal TG (ITG) data. An 
algorithm will be tested for ITG data which is a modification of one which has been 
successfully utilized for NITG data. 

The aim of this paper is to extend the utilization of spreadsheet analysis to the estimation 
of kinetic parameters from both theoretical and experimental ITG data. 

INTRODUCTION 

Spreadsheet analysis of non-isothermal TG (NITG) data has recently 
been successfully applied to various materials using various algorithms 
[l-4]. In this manner, the values of various kinetic parameters, such as 
reaction order, n, and activation energy, E, were obtained, as well as the 
mechanism. Also, various commercial spreadsheets have been briefly de- 
scribed along with some of their advantages and disadvantages when applied 
to thermal analysis. 

In this paper, this type of analysis will now be applied to isothermal TC 
(ITG) data. Thus, isothermal theoretical and isothermal experimental reac- 
tion data will be utilized. An algorithm will be employed for the ITG data 
which is a modification of one which has been successfully employed for 
NITG data [1,5]. The reason for this algorithm modification will be 
elaborated upon below. 

The ultimate aim of this paper is to extend the utilization of spreadsheets 
to the estimation of kinetic parameters from ITG data which may be 
obtained from TG, DTA, and DSC, as well as from other instrumentation. 
In this connection, it may be mentioned that spreadsheet analyses were 
carried out using Lotus l-2-3, Release 2. 
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SOME THEORETICAL ASPECTS 

For an n-order unimolecular or pseudo-unimolecular reaction which is 
related to ITG, we can obtain 

1 - (1 - a)(r+ = k(l - n)l 

where (Y is the degree of conversion, k is a reaction rate constant, and t is 
the reaction time. Equation (1) may be expressed symbolically as 

y=rrtx+o (2) 

Various values of k(l - n) can be obtained for various particular n values 
by employing various pairs of a-t values and a least-squares procedure 
(LSQ). The LSQ which afforded an intercept closest to a value of zero 
yielded what was considered to be the most probable values for n and k, cf. 
eqn. (2). 

RESULTS AND DISCUSSION 

The particular spreadsheet algorithm adopted for the analysis of NITG 
data [l] was initially applied to the ITG data to be presented utilizing eqns. 
(1) and (2). It was found that although this algorithm had been successfully 
applied to NITG data for various materials, it was not always successful for 
ITG data and therefore required modification. A brief description of the 
NITG algorithm follows. In the NITG algorithm, it was assumed that as the 
most probable value (MPV) of n was exceeded, the LSQ intercept would 
change sign (e.g. from positive to negative). While this appears to be true for 
all the NITG data examined, this may not always hold for ITG data under 
the conditions in which n is incremented. Thus, the value of n is initially 
incremented by 0.1 and even though the intercept sign may change at, say, 
0.85, it will not be picked up by the computer if values of intercepts at 
values of n of 0.8, 0.9, 1.0, etc., afford positive values of intercepts (there is 
no change of sign). In order to clarify the preceding further, consider the 
data in Tables 1 and 2. The following values of IZ, AAAl (intercept), and 
AAA2 (slope) were obtained, respectively, from the Table 1 ITG data: 0.50, 
0.0158, 0.00941; 0.60, 0.0054, 0.00822; 0.70, -0.0023, 0.00677; 0.80, 
-0.0066, 0.00497. From the preceding, it can be observed that as the MPV 
of n(0.67) was exceeded, the sign of AAAl changed, as anticipated. How- 
ever, the ITG data from Table 2 yielded the following values for n, AAAl, 
and AAA2, respectively: 0.9, 0.00543, 0.00154; 1.00001, 2.21E - 7, - 1.8E - 
7; 1.1, 0.0122, -0.00212; 1.2, 0.0508, -0.00505. From the preceding, as the 
MPV of n(l.O) was exceeded, the sign of AAAl did not change. Thus, in 
this case, the algorithm was no longer valid. Modification of this particular 
spreadsheet algorithm was therefore undertaken and is described below. 
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TABLE 1 

Spreadsheet analysis of isothermal theoretical data [6] 

A B c D E F Range 
! Blpha X fTirae) 

____“_________N_______~__y____________ii’l.________“‘_l____ Nape 
Gel 1:s: 

2 ~~~~~~I~~-I-~~--~~-~_--~~--~_~~_-_~~_~~___________~____________ ___________________ ____.,__________-___ 

3 0.243 10.0 0.555 7.32E-02 l.OOE+K! 3.7319453 AM1 
4 0.377 2JJ.c 1.47E-01 4.00Et02 2.9319553 M/U 
5 0.523 30.0 2,20E-01 9.OUEt02 5.5887333 Bxii 
ti 0.545 4&i_! 2. GE-61 !.bOEtO3 i~.?~5~49 INE 
7 0.743 50.0 3.65E-01 ?.5itE+O3 1~,~8~59~ N 
8 Q.922 60.0 4.39E-01 3.50EtO3 26.345592 sx 
9 0.903 X.0 5. i3E-01 4.90EtO3 35.885398 SXX 

10 I==I:I=::I=fll==:lf===========:=============================== CUXY 
ii TOTALS==> 280.0 2.OItOO 1.4OEt04 i,O?EtD2 $7 
12 =======1=========2=;========================================== $liL$ 

13 Ailat iwli BXO !nc x 
14 =:;==:==~==1=:=2:==~:1-:-2-211-=5r-11=--=============== ft 

15 7.3?E-fr: O,(\Q()Q48 4.85E-05 o.<tgo1 ry 
15 ______________-_"_____-_______"~~~______~__~~_~~___~____-____ i( 

1T \a--) ilet n,O, if”Uet inc,O. 1)’ !R 
i8 zet bxO, 160:” !D 
19 ‘id--> ~~~t~~n~~l~t n,tntincj” \D’ 
?$ iif ?ab;itaaaij~?ab;(bx~i!;!et ~~~l~~aa~~~~branc~ !df 
7. if {branch \!I) 
22 !b--> hptoh’ilet n,tn-?tinc:‘Ilet bs0,aaalI” 
2: igato)inc”(let in:, tincilO>” 
24 iif tinc>.CO~9${bra;ch \d) 
25 igotc!rais” 
25 
‘7 Final values n & k :) 0.555 2,19E-02 

The following alterations of the algorithm were made, see Table 1. A cell 
named BXO was introduced which contained previously obtained values of 
AAAl, cf. line A20. As long as absolute values of AAAl were less than 
absolute values in BXO, the spreadsheet run continued normally. However, 
when this condition was no longer true (regardless of whether or not there 
involved a sign change), branching occurred as depicted in line A21. Then, 
the value of II was reduced by 2 x inc so that the value of AAAf remained 
positive and above, but close to, a value of zero. The content of BXO now 
assumed this value of AAAl, cf. A22, and the run was continued via A23 
and A24. This modified ITG spreadsheet algorithm was successfully applied 
to ITG theoretical and experimental data, as mentioned below. 

Table 1 shows a spreadsheet analysis of ITG theoretical data (after final 
values were obtained). The final values of n and k were found to be, 
respectively, 0.665 and 0.0219 (compare 3 and 0.022 in ref. 6). In this table, 
range names and corresponding cells are also depicted. In addition, in Table 
3, there is a listing of the cell contents for the worksheet in Table 1. 
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TABLE 2 

Spreadsheet analysis of isothermal experimental data [7] 

1 
2 
3 

4 

5 

6 

7 

8 

9 

IO 

Ii 

12 

13 

14 

15 

16 

17 

fS 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

A 3 c D E F 

Alpha Xffiiw) N Y X$X XV/ 
“___“____~________~~_c__________________~~~~~~~*~~~~~~~~~-~--~ ___c__I_____________~“~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~--~ 

0.340 24.4 0.973 1.12E”02 5.95Et62 0.27221/7 

0.453 35.0 l .IrZE-02 1.23EtO3 4.56550b2 

0.567 48.0 2.23E-it? 2.30EtO3 1.072ibOBE 

0. frso 64.8 3.03E-02 #.2OE+O3 i.~b32~~7 
0.737 75.8 3.54E-02 5.75EtO3 2.~~4743~ 

0.793 09.4 4.;bE-02 7.99Et03 3.7221187 

0.950 106.6 4.99E-02 1.14EtQ4 5.3228040 
0.967 133.4 b,21E-02 1.78EtO4 8.2862995 

0.963 fa3,b 8.52E-#2 3,37E+O4 15.636806 
~______t_________~_^~~~~~~~~~~~__~_~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~__“~_~~_~____~____~~~~~~~~~~~_~__~~~~~*~~_~~~~~~~~*“*~~~~~*~ 

TDTALS==> 761.0 3.54E-01 8,49Et03 3.95EtOi 
__~______________~_c~~~~~~~_____~~~~~~~~~~~~~~~~~~~~~~~ -_--__- __I_~_______________I___________________~~~~~~~~~~~~~“~~~--~-- 

AM? AM1 3X0 Inc 
===================:==============================:=::=:====== 

4, SE-04 0. OO5Ol f 1,73E-05 0.#001 
___________ _______~___________~~~~~~~~~~~~~~~~~~””~~~--~-- 

\a--> 

\d--) 

\b--> 

{let n,Et.l>‘Ilet inc,0,11’ 
(let bxO,lW” 
(gotoW{let n,tn+inc)’ 
(if 3absfiaaa1){0abs(bx0))(let bxO,aaaiY[branch \dI 

[branch \b> 

~goto~n4~let n~to-2~int~4{let bxO,aaatl+ 

(goto>inc”(iet inc, tinc/iOI’ 

{if tinc>.0009IIbranch \dI 

~gotoIval5” 

29 Final values n k k => 0.973 1,72E-02 

Table 2 shows a spreadsheet analysis of ITG experimental data. Final 
values of n and k obtained were, respectively, 0.973 and 0.0172 (compare 
0.97 and 0.0172 in ref. 7). 

Additions ITG theoretical data f8] was analyzed via spreadsheet for 
values of n and k. Analysis by the unmodified algorithm was found to be 
unsuccessful for the a-t data used since as the MPV of rt was exceeded, the 
value of AAAl did not change sign. However, the modified algorithm 
described previously yielded the following values of n and k, respectively: 
0.998 and 0.00674 (compare 1.0 and O-0066 in ref. 8). Additional ITG 
experimental data [9] was also examined and afforded the following values 
of n and k, respectively: 0.998 and 0.00796 (compare 1.0 and 0.00796 in ref. 
9). (These data behaved in the normal manner, i.e. as expected by the 
unmodified spreadsheet algorithm.) 
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TABLE 3 

Cell contents for worksheet in Table 1 

Al: [WlOl “Rlpha 
Bi: tW?l ‘XiTirej 
Cl: tW71 “N 
Di: IY141 “Y 

El: [Yl?l “X:X 
Fl: !WIOI “X1Y 
K!: [WlOl \= 

82: [Y?l \= 
c2: IW71 \= 
D2: Ml41 \= 

E?: [Ii121 \= 
F?: tw101 \= 

P3: IF3) [YiOl 0.203 

B3: (Flk tW91 10 
C3: iF3) tW71 0.665 
D3: (S?) tW141 [I-Il-AJ)“(l-$N)I 

E3: is?) [W121 tB3183 
F3: IWlOl tB3tD3 

A4: LF3) IWlOl 0.377 

B4: iF1) [WPI 20 

D4: is21 In141 (l-il-R4)“il-SN)) 
El: (S?) [WlZl tB4t64 
F4: tW101 tB4tD4 
A5: (F3) [WlOI 0.523 

B5: IFl) IW91 30 

DS: ISZ) [W141 il-il-AS)“ii-$N)) 
E5: iS2) [W121 +B5tB5 
F5: [WiOl tBStD5 
Ab: iF3) HM!l 0.645 
Bb: (Fl) IW91 40 
Db: !S?) [W141 il-il-R6)“(1-$Nl) 
E6: (52) [YlZl tBbtB6 
Fb: IYlOl tBbtD6 
A7: (F31 [WlOl 0.743 
B7: (Fl) [W91 50 
D7: (52) [W141 il-il-A7)“il-$#)I 
E?: lS2I IN121 tB7tB7 

F?: IYlOI +B7tD7 
A5: iF3) IN101 0.822 
BE: iF1) [W91 60 

DR: (S?) [WI41 Li-if-AB)*il-$N)) 
EB: (52) [WlZl +BBtBE 
F8: IWlOl tBBtD8 
A9: iF31 [WlOl 0.883 
B9: iF1) I#91 70 

D9: (S?) Ml41 ll-(l-19)“(1-$Ni) 
E9: (S?) tW121 tB9tB9 
F9: CWlOl tB9tD9 
AiO: IWlOl \= 

B10: tw91 \= 

ClO: 

DlO: 

ElO: 
FlO: 

All: 
Bll: 
B11: 

El:: 
Fll: 
ii!‘:: 

812: 
Cl?: 

Dl’:: 
El?: 

F12: 
A13: 

Bl3: 

D13: 

F13: 
414: 

814: 
c14: 

814: 
E14: 
F14: 

A15: 
B15: 
D15: 
F15: 
Alb: 
516: 
E.16: 
816: 
E!b: 

Fib: 
Al7: 

Bl?: 

818: 
419: 
B19: 
820: 

B21: 
A22: 
B22: 

B23: 
824: 

625: 
A27: 
D27: 
E??: 

[W71 \= 

(52) IW141 \= 

is21 [Wl21 := 

[WlOI \= 

[WlOl ‘TOTALS==) 
iF1) [W91 3SUH(Xi 
is21 tW:4] wtlOr! 

is?, !Wl1! WIIIiX: 

(52) [Wl(rl ZiUlfiXY~ 
[Wli] \= 
[WBI := 

!W?l \= 
[W141 \= 

[Wl?l \= 

[WlOl \= 
in101 “AM? 

[W91 “AM1 

LW141 “BXO 

IYlOl “Inc 

[WlOI \= 
IW?l \= 

11671 \= 
[W141 \= 

[WI?] \= 
[WlOl \= 
is?) IWlOI i3ROWS(Y)tSXY-SXtSY~/(3RDYS(Y)tSXX-iSX)"2~ 
CW91 (SYIaROWSiYI)-tRAA2t(SXIIROYS(Yi) 
(S2) fW141 0.0000436108 
[WlOI 0.0001 
[WlOl \- 
fW91 'i- 
[Nil \- 
IYl41 i- 

tWl?l i- 
~WlOI \- 
[WlO] %a__” 

IW91 ‘Get h,O.l!*Uet inc,O.l]” 

[W91 ) (let bx0, lOi)]’ 
[WlOl ‘\d--I> 
IW91 ’ (goto!nc(let n!+n+inc)’ 
[W91 ‘{if Oabs(*aaal){DabsibxD)]{let bxD,aaal?‘(branch \dI 

[W91 ‘(branch \b! 
[HOI “\b--> 

tW91 ’ (goto]n*!let n,tn-?tinc]“ilet buO,aaal]” 

[If91 ‘~goto!inc”~let inc,tincilO]’ 
[W91 '(if +inc>.00091(branch id! 
IW9! ’ (goto!vals” 
fWlO1 ‘Final values n tr k =i 
IF3) Ml41 +N 
tS2) [W!?] !OASSlGiAA?/(l-%N),, 

Based on the above, it is also suggested that the unmodified particular 
spreadsheet algorithm in question used for NITG data be replaced by the 
more reliable modified algorithm described above. 
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