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ABSTRACT 

Recently, spreadsheet procedures were successfully utilized by the present author to 
ascertain the activation energy E and reaction order n, or E and the mechanism, from TG or 
DTA data. 

In this paper, such procedures are applied, using another algorithm, to theoretical TG 
data, to TG data for magnesium hydroxide (MH) and finally to DTA data for benzenedia- 
zonium chloride in aqueous solution @DC). 

The aim of this paper is to popularize and extend the implementation of spreadsheets in 
thermal analysis. 

INTRGDUCTIUN 

Recently [l-3], spreadsheet analysis was successfully applied to a range of 
materials in order to determine various kinetic parameters such as activation 
energy and reaction order, using various algorithms. 

There are many advantages to the utilization of spreadsheets: they pro- 
vide neat formats of data and results, and possess many desirable ‘built-in 
functions. Some such functions, e.g. in the case of Lotus 2, are: summations, 
standard deviations, maximum and minimum values, single and muftiple 
linear regression analysis, etc. An important development that spreadsheets 
subsequently provided (e.g. Lotus 2) was the use of macros. These allowed 
the automatic utilization of worksheets so that values such as kinetic 
parameters could be conveniently determined. 

This paper is one of a series whose purpose is to popularize and extend 
the implementation of spreadsheets for the estimation of kinetic parameters 
from TG, DTA or DSC data. 

THEORETICAL ASPECTS 

In a previous publiea~on [4], it was demonstrated how values of reaetion 
order n could be obtained from TG for DTA) data by means of a cubic 
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expression (values 
report 

LH = [(l - CY~)~ - (1 - &I(1 - %)n - (1 - %)I (1) 

of the activation energy E were not estimated). In that 

where LH = [( RT),/( RT),]( Ti/T2)2, RT = da/dT and a is the degree of 
conversion. From eqn. (l), for various fixed values of (hi and (Y*, values of 
LH could be determined for various values of n. In this manner, the 
following 9 arbitrary ratios of (Y~/(Y~ were employed: 0.2/O.& 0.2/0.9, 
0.25/0.75, 0.3/0.6, 0.3/0.7, 0.3/0.8, 0.4/O& and 0.5/0.8, while the values 
of n were allowed to range from 0.1 to 2. Then the calculated values of LH 
and n were correlated via a cubic equation such as 

n = A0 + Al(LH) + A2(LH)’ + A3(LH)3 (2) 

In the present paper, E will now also be estimated concurrently with n. 
Thus, after the average value of n has been determined from various (Y 
ratios, a value of E can be calculated from the following expression using a 
least-squares treatment 

LHS = LN(LHS~) = (- E/R)(~/T, - l/~,) 

where LHSl = (T2/TI)2[(l - (1 - ai)‘-‘)/(l - (1 - a,)‘-“)]. 

(3) 

RESULTS AND DISCUSSION 

A spreadsheet analysis (using Lotus l-2-3, Release 2) of BDC data [5] is 
depicted in Table 1. In this table, values of RT were obtained from the 
reported values of AT(in). For clarity, a ‘range names table’ has been 
included (columns Ll and Ml). In this worksheet, RA denotes the al/a2 
ratio (to 2 decimal places, as a string), LH and LHS are as previously 
defined and AT(K) denotes the value of the last term in parenthesis in eqn. 
(3). For the various (~~/a)~ values (row 15), corresponding calculated n-val- 
ues are summarized in cells H5-HlO under NVALS (NTABLE) and values 
for LHS and AT(K) are in cells 15-110 and J5-JlO, respectively. The n 
values were obtained from eqn. (2) using the expressions shown in rows 
G33-G40 (one of the two 0.50 ratios was not included). Then an average n 
value (0.98 + 0.02) was obtained (using @AVG(NTABLE)). From this aver- 
age n value, a value of E was next estimated using a linear regression 
analysis (the X-, Y- and output ranges were previously specified in row 26), 
see rows 30-37. In this manner, an X-coefficient (row 36) of - 14276 was 
obtained which led to a final value of E = 28.6 kcal mol-l (cf. literature 
values, of n = l-l.1 and E = 28-30 [5-81). 

The spreadsheet analysis was extended to theoretical data [9] and to 
magnesium hydroxide, trace 1 (MH) [lo]. In order to save space and to 
avoid duplication, the Macro and the equations in Table 1 were not included 
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TABLE 1 

Spreadsheet analysis of BDC DTA data [S] 

R B C D E F 6 H I J K L I! 

1 CRLCN. OF ‘R’ AND ‘E’ USIl A CUBIC EPUAllON RIINGE WIES TBBLE 

2 :::t:=5::=::5::=ZIL-====:======:====:=========:=====~==~==:=~==::==~=== 0.22 634 

3 0.25 633 

4 ~lphal Alpha2 11(K) 12(K) RTl RTZ LH’ RVRLS LHS Delta T(K) 0.33 639 

5 0.20 0.80 316.7 331.0 3.26 5.38 0.55472 1.0039 -1,874 0.000136 0.38 638 

6 0.30 0.70 319.8 328.8 4.41 6.20 0.67288 0.9375 -1.153 0.000085 0.43 637 

7 0.30 O.BO 319.8 331.0 4.41 5.38 0.76516 0.9803 -1.426 0.000105 0.50 636 

B 0.40 0.70 322,2 328.8 5.41 6.20 0.83790 0.9639 -Q.BlO 0.000062 0.57 639 

9 0.40 q.BO 322.2 331.a 5.41 5.38 0.95281 1.0025 -1.083 0.00~82 0.63 640 

10 0.50 0.80 324.5 331.0 6.02 5.38 1.07544 0.9978 -0.794 0,000~ B 820 

fl ER C36 

f2 FR ESULTS F28 

13 w H29 

14 REGRES R29 

15 RR 0.25 0.43 0.38 0.57 0.50 0.63 TEHP 340 

I6 VI B19 

17 \c B26 

18 

19 \a (goto}alS~/rnlrt(qoto)g4’~rnld.(r)~(d)Ir)/rncntable~.~~ 9)Ypaneloff) 

20 b tgoto3fraYYif Ocellpainter I’type’l=‘b’~lrndlhcIrndra~/rndnval~~/rndntable~~bran~h \c) 

21 Ic’tEIpC[gotofterp’(editl(hoee)Idel)t’ 

22 (gotolnvals’lrvterp’” 

23 (goto~ra~(r~~rndra.~rocra.~ 

24 ~goto~nvals’~d~lrodnvals~Irncnvals”~gatoflhS~d~lrndlh’/mclh” 

25 [branch bl 

26 \r ~qoto~iS.~drry. ~eod~~d~~~l~.{r~‘~eod~~d~~(r 2Y%gres’g” 

27 ~hwe~~goto}fre5ults~(beep Ofquit) 
28 =t=====:::=Er:-5ilTr~====================~=======:======:===~=~==~======~===~====~===~ 

29 Regression Output: Rvg n= 0.961 ‘I- 0.024 

30 Constant 0.078 E= 28553 Cal/ml 

31 Sfd Err of Y Est 0.011 ===::=::,t=~t~==I=:==~=~======= 

32 R Squared 0.999 

33 No. of Observations 6 0.25 -1.2147~5.B6OSt(lh)-4.299E:Ilhl*2+1.6385XIlh)”3 

34 Degrees of Freedoo 4 0.22 -.55484~2.96S8101h~-I.S047:~Clh~A2~.~425t(C1h~”3 

35 0.33 -1.68B3+6.26063tIJlh~-4.O6B~X~$lh~A2~l.47~5X~~lh~‘3. 

36 X Coefficient (-14276 0.50 -1.5997~3.967tlClh~-1.7376l~~lh~A2tO.4623&~~lh~A3 

37 Std Err of Coe173.03 0.43 -2.3594~7.02521Olhl-4.1?49ttClh)”2*1.51003t~SU1*3 

38 ==EI=:=:I:l=fI=f==t:======: 0.33 -1.3615~4.43l33~~lh~-2.30bZl~Slhl”2~0,67288tfC1h1”3 

39 0.57 -2.94O9~6.8065tflhf-3.O4t~lh~Yt1.27723flhf~3 
40 terp 0.997B a.63 -2~Ol~4~14~ZX~~lh~-l.?9121~Slh~A2~,499771~~lh~~3 

in Table 2 (theoretical data) or in Table 3 (MH). In Table 2, the values of 
RT were obtained by multiplying by 1000. From this table, the following 
values of n and E were obtained, respectively, 1.00 & 0.005 and 30.2 kcal 
mol-’ (literature values [9], n = 1 and E = 30). Finally, in Table 3, the 
values of RT were obtained using a multiplication factor of 100. The 
following values of n and E were obtained for trace 1, 1.83 k 0.05 and 62.6 
kcal mol- ’ (literature values [lo], n = 1.5-1.7 and E = 53-57). From the 
preceding, the values of n and E obtained from spreadsheet analysis, using 
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TABLE 2 

Spreadsheet analysis of theoretical NITG data [9] 

CPLCN. OF ‘N’ Ml0 ‘E’ USIN A CUBIC EWITION 
=:‘==I=I=Er==0=15=:1~=========:===== ___________-~-~-~~~~------------~~~ ___________~~~~___~~~~~~~~~~~~~~ 

Alpha1 Alpha2 TllKl 12tK) RTl Rl2 LR NVRLS LHS Delta f(K) 

5.20 C.EC 750.6 824.5 4.784 7.135 0.55575 I.6092 -1 792 O.CCCllU 
0.25 0.75 759.5 818.5 5.5!8 7.7?3 C.62Ctb 5.9960 -1.425 C.CCCC95 
5.30 6.X 766.8 812.4 6.400 8.240 C.b9145 l.0530 -1.102 C.&WC73 
0.35 5.85 756.8 824.0 6.450 7.130 C.77?32 !.CC55 -1.365 C.CCxi9C 

0.40 5.70 !79.8 812.4 !.512 8.240 0.85113 1.0089 -0.776 C.CCCC51 
0.50 1.85 790.8 824.6 8.342 7.130 1.07760 1.5022 -0.762 C.CCCC50 

R1 0.25 0.33 C;43 5.38 5.57 C.L3 

:D~Z===-_r==fl=r:=====================:===========~==:=~=======~=:======~====~=== 

Regression Output: Avg a= 1.004 +I- 0.005 

constarit 0. CC5 E= 30242, cal/~o! 

Std Err of Y Est 0.054 

A Squared 0.999 

No. of Observations t 

Degrees of Freedom 4 

I.‘Coefficientt-1X2! 

Std Err of Coe76.337 

TABLE 3 

Spreadsheet analysis of MH NITG data [lo] 

CALCN. UF ’ W’ AND ‘E” USING A CUBIC ERUATIUN 
===::-_=;;=r:;========::===:======~==:==========:========:========:===== 

Alpha1 llpha2 TItKJ TZ!Kt RTt RT2 LH NVRLS UIS Drlta ItKl 

.5.25 5.75 651.0 679.6 1.457 1.337 C.9t5t4 I.9145 -1.993 C.CCCC&4 

5.30 C.6C 654.5 670.6 1.590 1.836 0.82492 1.7421 -1.146 C.CCCC36 
5;35 0.75 654.5 676.4 1.595 1.567 5.95003 1.8414 -1.538 C.CC!~C49 
0.45 0.70 b59.5 b76.4 1.795 1.567 I.08897 1.8132 -1.127 C.CCC537 

R1 0.33 5.55 5.43 0.57 

15r=1;:-1=1=21111=115:--E-12-I;-::I:l;ll~=====~~~=======~==~==~==~=::=:I==::r==: 

Regression Uutput: &J II= 1.83 +I- C.Cb 

Constant 5.525 L= 62633 cal/rol 

Std Err of V Est 0.531 =s;L=:~=:-:_121::l=Iz==:=======~ 

R Squared 5.99t 

ND. of Observations 4 

Degrees of Freedom 2 

I loefficient(-31316 

Std Err of Coel386.8 
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the previously mentioned algorithm, were in reasonably good agreement 
with reported values. 
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