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Abstract 

A program to evaluate nonisothermal kinetic parameters by means of nine methods 
selected from the literature, in addition to generating the thermogravimetric curves, is 
presented. 

INTRODUCTION 

In a previous paper [l], a VERSATILE program was presented for automati- 
cally processing thermogravimetric data to estimate values of the nonisother- 
mal kinetic parameters with the aid of six methods: those according to 
Kissinger [2], Freeman-Carroll [3], Coats-Redfern [4], Flynn-Wall for 
(Y = const. (a, degree of conversion) [5], Flynn-Wall for p = const. (p, 
heating rate) [5] and Flynn-Wall for T = const. [5]. Later on, programs to 
evaluate nonisothermal kinetic parameters using a variant of the Coats- 
Redfem method [6] according to Urbanovici and Segal [7], as well as to 
generate TG and DTG curves using the estimated values of the nonisother- 
mal kinetic parameters [8], were worked out. All these programs are based 
mainly on the optimization of the kinetic parameter values using the least 
squares method. The optimum values of the nonisothermal kinetic parame- 
ters correspond to the maximum absolute value of the correlation coefficient 
of the linear regression. 

THE PROGRAM 

In this paper, a perfected variant of the previous programs, VERSATILE 2, 
is presented. The following advantages recommend the use of this variant. 
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Fig. 1. Flow chart. 

1. Nine methods are used to evaluate the nonisothermal kinetic parame- 
ters, the modified Coats-Redfem method [7], Reich method [9] and Doyle- 
Gorbachev method [lo] being added to the old program [l]. 

2. For the integral methods, the experimental data are introduced only 
once. 

3. After the evaluation of the nonisothermal kinetic parameters by means 
of the Coats-Redfem and Flynn-Wall (B = const.) methods, at the wish of 
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TABLE 1 

Selection of the method 

SCALC 1 Subroutine for calculation of the activation energy and printing its value; if the 
variable cant equals unity the E value according to Kissinger’s method is 
calculated, and if cant =1.052 the E value according to the Flynn-Wall 
method for isoconversion is calculated 

f% Alphanumeric variable used in the storage of data 

SDATA 1 Subroutine for input data (integral methods) 

SCALC 2 Subroutine for calculation of the slope and intercept of the straight line 
y = v(x); for each method the values y and x are initialized 

SCALC 3 Subroutine which calculates the correlation coefficient and retains the values 
E, n and A for the best correlation 

SPRINT Subroutine for printing values 

SGRAF Subroutine for generation of a = a( 7’) curves according to the Coats-Redfern 
method and the Flynn-Wall method for constant heating rate 

the operator the computer generates the TG curve on which the experimen- 
tal points could be placed. 

The flow chart is given in Fig. 1, the selection procedure is shown in 
Table 1, and the program is given in Appendix 1. 

The program is conversational. The selection of the method for computers 
from the ZX SPECTRUM family is made by moving a pointer using the 
keys 6 (to move the pointer down) and 7 (to move the pointer up). After the 
operator presses the key W, the computer starts to work out the data by 
means of the chosen methods. 

The program was run on a TIM S computer, and was used for the 
estimation of the nonisothermal kinetic parameters of the thermal decom- 
position of some coordination compounds [ll] 
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APPENDIX 1 

ESTIMFITION OF 
NON-ISOTHERMFIL KINETIC 

PFARRMETERS 

3 CLS : LET f*=“““: LET Il”ZL 

4 HORDER 5: F’HF’ER 5: 1NK 1 
15 FOR i=0 TO 7 
16 REfiD m 
lt3 POKE USR “a”+i, m: NEXT i 
20 Dfl’l’A &BIN lB,BIN 01180100, 

BIN 10011000, BIN 10011000, BIN i0 
01010B. BIN 1100010.0 

25 cis : PRINT Ri 0,0; BRIGHT 
1 ; c* UERSFlTILE 2 “’ “5 
election of the nethods “; BRIGH 
T 0;FlT 3, 1;“KISSINGER”;RT 4, 1;“F 
REEMFIN-CGROLL” ; FIT 5, 1; “COFITS-RED 
FERN”;FIT 6, l;“FLYNN-WRLL, alpha=c 
onst”;RT 7, i;“FLYNN-WBLL,heating 

rate:=const”;FIT 8, 1;“FLYNN--WRLL, 

r=const”;RT 9, l;“REICH,act. ener 
Qy”;C1T 10, l;“OOYLE-GORBFICHEV”;flT 

11, I;“COFI’TS-REDFERN, nod. “;FIT 13 
, 1 ; “STOP” ;RT 18, 0; “7-UP”’ “G-DOWN 
*a I “w_WORK II 

26 DEF FN m (a, b, c, e, n) = (P--axe/ 
“)/(b-a+a/n) 

27 DEF FN o(a,b,c,e,n)=(crb-a* 
e) / (n*b-ara) 

28 DEF FN r(a,b,c,d,e,“)=(e-a* 
c/n)/SOR (b--RBS a”2/n)/(SRR (d-A 
BS c”2/“) ) 

29 DEF FN f(a,n)=(l,-(i-a)‘~(l-n 
))/(I_“) 

30 DEF FN g(a)=-LN (i-a) 
50 PRINT HT 11”,0;“)“: PFIUSE 2 

5: BEEP .005. -10 
51 FOR i=2’TO 14: PRINT FIT lin 

,0;” “: NEXT i 
55 IF INKEY$=“w” OR INKEYI=“W” 

THEN GO TO (Iin-2)x100+46 
58 IF INKEY5=“6” THEN IF lin< 

)14 THEN LET li”=lin+l 
bO IF INKEYC=“7” THEN IF lin( 

>2 THEN LET lin=lin-1 
70 GO TO 50 

150 CLS : PRINT FIT 3, 1; BRIGHT 
1: “KISSINGER” ; BRIGHT 0;’ ” “numb 
er of points”’ “values (T, heating 
r-ate 1 ” 

151 LET cont=l 
155 GO SUB 2000 
lb0 BEEP .08,-10: PRINT ’ ; FLF)S 

H l;“press any key”: FLRSH 0: PA 
USE 0: CLS : GO TO 25 

250 CLS : PRINT I?T 3, 1; BRIGHT 
l;“FREEMRN-CaROLL”; BRIGHT 0;“’ 
’ ;” number of points”‘” heating 
r-ate”’ ’ ” values (T, TG, DTG) “1 ” ” 
l”OBS:“““fir‘st value for alpha= 
0”’ “last value for alpha=l” 

CJ> Ilu-U‘ Vu, Y 
260 DIM t(vm): DIM a(vm): DIM m 

(vm) 
265 FOR i=l TO vm: PRINT i: INP 

UT t,m(i),a(i): LET t(i)=t+273: 
NEXT i 

266 CLS : PRINT RT 9,5; “RTENTIO 
N .- WORKING “# 

270 LET s6=0: LET sl=0: LET s2= 
0: LET s3=0: LEl s4=0: LET 55=0 

280 FOR i=i: TO vm-1 
285 LET al=~m~~~--m~l~~/~m~vm~-m 

(1)) 
286 FOR ~=~t,l TO vm-1 
287 LET a2=~m~,~~~-n~l~~/~m~vm~-m 

(1)) 

290 LET x=(1/t(j)-l/t(i))/LN (( 
l-s.2)/(1-a1)) 

295 LET y=LN (a(j)/a(i))/LN ((1 
-a2)/(1-a1)) 

300 LET sl=sl+x: LET s2=sZ+x*x: 
LET s3=s3+v : LET 54=54+v*v: LET 
s5=ss+y*x : ’ LET sb=sb+l ’ ’ 
310 NEXT j: NEXT i 
320 LET n=FN o(si, 52, 53, 55, $6) : 
LET e=-1.986+FN II (sl., r2,53,sS, s 

h) : LET r.=FN r(s1, 52, 53, 54, 55, sb 
) : LET zn=0 

335 FOR i=l TO vm-1 
336 LET z=v*(m(i+l)-m(i))/(t(i+ 

l~-t~i~~/~m~vm-n~i~~+EXP (e/1.98 
6/t~i~~/~~n~vm~-n~~~~/~R(vn)-n(l 
1) )“n)/b0 

338 LET zm=zm+z: NEXT i 
339 LET zm=zm/(vm-1)+10^-20 
340 PRINT “VFILUES” “FIE-20=” ; z’ ” 

,,c”;,,’ “EE”;~ 
341 GO TO 160 
348 IF f%=“y” OR f$=“Y” THEN G 

0 SUB 2125 
349 LET co”t=l: IF f$=“y” OR f5 

=“Y” THEN GO TO 36 1 
350 CLS : PRINT FIT 3,l; BRIGHT 

1; “COFITS-REDFERN”; BRIGHT 0;’ y ’ ” 
number of points”’ “first value 

VFlLLJES (‘r,TG)““‘“OBS:“‘“first v 
alue for. alpha=0”“‘last value fa 
r alpha=l” 

360 GO SUB 2100 
361 GO SUB 2135 
365 LET .j=.j+l: LET e(j)=-1.98bx 

FN m(sl,s2,~3,~5,56): LET z(j)=@ 
(j)+v+EXP (FN o(sl,s2,~3,~5,sb)- 
20+LN 10, /l. 986/60 

370 GO SUB 1920 
385 IF “(=“ms+. 0001 THEN GO TO 
361 
395 GO SUB 1950 
39& GO SUB 1900 
397 INPUT “graphic alpha=f (T) ? 

(y/n)“;a% 
405 IF a%=“y” THEN GO TO 1700 
406 GO TO 160 
450 CLS : PRINT F)T 3,l; BRIGHT 

l;“FLYNN-WRLL, alpha=&. “; BRIGHT 
O;“‘“conversion”*““values(te 

mp.,heating rate)” 

455 INPUT a 
460 LET cont=l.ldS” L 
470 GO SUB 2000 
r75 GO TO lb0 
546 LET cont=O 
547 IF f$O “y” THEN IF fE 0 “Y” 
THEN GO TO 550 
548 GO SUE 2125 
549 GO TO 571 
550 CLS : PRINT F)T 3, 1; BRIGHT 

1; “FLYNN-WQLL 
alpha=const II . 

RRIGHT 0;“‘” “umber of Points:’ 
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“‘first value n (reaction order) 
“1 “last value n”’ ” step n”’ “heat 
~ng rate ““‘“UFILUES (T,TG)““‘” 
OBS:“’ “first value for. alpha=O” 
“last value for alpha=l” 

570 GO SUB 2100 
571 GO SUB 2135 
S80 LE7 j=j+l: LET e(j)=-1.986/ 

1.052+FN m(sl,s2,sJ,sS,s6): LET 
z(.j)=1.986/60*v+EXP (FN o(sl,sZ, 
53, 55, 56) -20rLN 10+5.33) /e (j 1 

585 GO SUB 1920 
595 IF n((nms+.001) THEN GO TO 

57 1 
596 GO SUB 19S0 
600 GO SUB 1900 
601 INPUT “graphic alpha=f CT)? 

(y/n)“;aS 
610 IF aS=“y” OR al=“Y” THEN G 

0 TO 1700 
620 GO TO 160 
650 CLS : PRINT F)T 3, 1; BRIGHT 

1;“FLYNN-WALL, T=ct. “; BHIGHT 0;’ 
“‘number of points”‘“first value 

for n”‘“last value for. n”‘“step 
“l’l “temp. ‘(1 Y 7 II UFlLUES “I “heat i 

ng rate”’ “mass gas” 
b55 INPUT vm,nm,nms,p,t: LET nr 

=INT ( (nns-nm) /p+l) 
656 DIM v(vmn): DIM c(vm): DIM a 

(vm) : DIM b(vm): DIM m(nr): DIM 
n (I-It-) : DIM r(nr.1 

bb0 FOR i=l TO vm: PRINT 1: INP 
UT v(i),c(i),a(i),b(i): NEXT i 

bb5 LET r=0: LET m2=10”*10: LET 
“=“m : LET .)=0 

667 LET sl=0: LET s2=0: LET s3= 
8: LET s4=0: LET s5=0 

668 PRINT nT 8.4: ” ‘I :c1 
T .3,4;“order=“;~ 

669 FOH i=l TO vm 
670 LET x=LN v(i): LET a=(c(l)- 

a(i))/(b(i)-a(i)) 
675 IF FIBS (n-1) c.0001 THEN GO 
TO 685 
bB0 LET y=LN (FN f (a,n)) : GO TO 
690 
685 LET y=LN (FN g(a)) 
690 LET sl=sl+x: LET 52=52+x*x: 
LET s3=s3+y: LET s4=54+y+y: LET 
s5=55+x*y 
691 NEXT i 
692 LET .j=j+l: LET n(j)=n: LET 

m(j)=FN n(sl,s2,53,s5,vm): LET r 
(j)=FN r(s1, 52, 53, 54, ~5, vm) 

695 IF r(j)>r% THEN GO TO 705 
700 LET r=r(~): LET no=n(j): LE 

T ml=m(j) 
705 IF FIBS (m(.j)+l))RBS (m2+1) 

THEN GO TO 715 

71121 LET m=m(j): LET nov=n(j): L 
ET rl=r(j) : LET m2=n Cj) 

715 LET n=n+p: IF ,I<;“,~,+. W01 T 

HEN GO TO 667 
720 PRINT “VFILUES”’ ’ ‘I 1 ‘( ( “report 

ed to ,.:“I I “n=“;no’ “m=“;ml, “,.=“; 
I^( 3 17 “,.ep(,rtw, t,, .*,I 7 “,,=“;nov’ 68 
“=” ; me’ “)^=” ;pt 

725 PRINT ” ; FLASH 1;“press an 
y key”: PRUSE 0: FLRSH 0: RUN 

750 CLS : PRINT AT 3, 1; BRIGHT 
1: “REICH. act ivat ion ener*nv”: BR 
IiiHT 0;,;” alpha=con&“t”;; 1 ;Y 7 Ia 
number of curves”’ ’ “VF)LUES: “’ “he 
atlng rate”’ “temp. ” 

755 INPUT q 
760 DIM a(q): DIM t(q): FOR i=l 
TO q: INPUT a(i),t: LET t(i)=t+ 

273 : NEXT i 
785 LET num=O: LET e=0: DIM e(q 

,q) 
786 CLS 
790 FOR 1=1 TO q 
795 FOR j=i+l TO q 
800 LET e(l,.j)=(1.98b+LN ((a(~) 

+t(i)“2)/a(i)/t(j)*Z))/o-l 
/t Cj)) 

805 PRINT e(i,.j) : LET num=num+l 

810 LET e=e+e(i,j) 
815 NEXT j: NEXT i 
820 PRINT : PRINT “on an averag 

e”’ ;e/num 
A25 GO TO lb0 
846 IF fS=“y” OR f$=“Y” ‘THEN G 

0 SUB 2125 
847 LET cont=l: IF f$=“y” OR f% 

=“Y” THEN GO TO 8.65 
850 CLS : PRINT AT 3, 1; BRIGHT 

1 : 2, DOYLE-GORBRCHEU “; BRIGHT 0 
;““’ number of paints”‘“first v 
alue n (reaction order)“’ "last v 
alue n”’ ” step n”’ “heating rate 
“‘,‘““&qLUES (-~,TG)“‘,‘“O8S:“, “fi 

rst value for alpha=8”‘“la’jt val 
ue for alpha=l” 

860 GO SUB 2i00 
665 GO SUB 2135 
870 LET )=j+l: LET e(j)=-1.986* 

FN m(sl,sZ,s3,s5,sb): LET z(j)=< 
e(j)+2+1.98b*(&lBS (t(vm)-t(l))/2 
))xv*EXP (FN o(si,s2,s3,s5,sb)-2 
0+LN 10) /l. 986/60 

880 GO SUB 1920 
890 IF n(=(nms+.0001) THEN GO 

TO 865 
895 GO SUB 1950 
896 GO SUB 1900 
898 INPUT “graphic * Coats-Red 

f. ? (y/n)“;as: IF a$=“~” OR a$= 
“Y” THEN GO TO 1700 

900 GO TO lb0 
946 IF f?fO”y” OR fS=“Y” THEN 

GO TO 950 
947 GO SUB 2125 
948 GO TO 95b 
950 CLS : PRINT FIT 3,l; BRIGHT 

1 ; aa COFITS-REDFERN (mod)“; BRIG 
HT 0:“‘” number of ooints”‘“fir 
st value n (reaction order) “‘“la 
st value n”’ ” step n”’ “heating r 
ate “““‘VLLUES (T,TG)““*“OB$:” 
’ “first value for aloha=Q”’ “last 

value for alpha=l” 
955 GO 5UB 2100 
956 DIM I(vm-1) 

960 LET I (1)=0: LET r-=2 
970 LET sl=0: LET s2=0: LET 53= 

0: LET s4=0: LET s5=0 
975 FOR i=2 TO vm-1 
9B0 LET x=1/t(i): LET a=(m(1)-m 

(l))/(m(vm)-m(l)) 
985 LET b=~n~i-l~-m~l~~/~m~vn)- 

m(l)) 
995 LET I(i)=I(i-l)+(a-b)/2+(*/ 

(l-a)“n/t (i)n2+l/(i-b)nn/t (i-1)‘. 
2) 
1000 LET y=LN I(i) 
1009 PRINT CIT .8,4;” ” ;n 
T 8,4;“order=“;n 
1010 LET sl=sl+x: LET s2=s2+xcx: 

LET s3=53+y: LET s4=54+y*y: LET 
sS=s5+x*y 

1011 NEXT i 
1020 LET j=J+l: LET e(j)=-1.906x 
FN m(s1,52,53,~5,vm-2): LET z(j) 
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=e(j)*v*EXP (FN o(~l,s2,s3,s5,vm 
-2) -20+LN 10) /l. 986/60 
1030 GO SUB 1920 
1040 IF n<=(nms+.001) THEN GO T 
0 970 
1041 GO SUB 1950 
1042 GO SUB 1900 
1050 GO TO 25 
1150 CLERA : STOP 
1250 GO TO 25 
1700 CLS : BEEP .05,20: LCT z=z* 
10^20 
1704 IF lin=7 THEN GO TO 1905 
1705 IF no0 1 THEN GO TO 1730 
1706 RESTORE 1710: RE&lD hb 
1710 DFlTFl “i-EXP (--zXl.986+x^2+6 
B*EXP (-e/l.98b/x)/v/e)” 
1725 GO TO 1740 
1730 RESTORE 1732: REFlD h0 
1732 DGTR “1-(l-(l-no)+z+l.986*6 
0*x*w+EXP (-e/l.SBb/x)/v/e)“‘(i/( 
l-no)) 8’ 
1740 PLOT 31, 168: DRFlW 0,-153 : 
DRRW 216,0 
1745 FOR i=0 TO 3 
1746 PLOT 31+52.5+i, 12: DRRW 0,3 

: PFllJSE 3 
1747 PRINT RT 21, (2+7ri);(INT (t 
(l)+i*(t(vm)--t(l))/4))-273 
1750 NEXT i 
1760 PRINT RT 1,0;“(a)“;R7 2, 1;” 
X”;FIT 21,28;“T(C)“: REM 
******x***********Y**********~**~ 

this “a” is alpha !! ( PRESS 
KEY “a” OR “FI” in GRAPHIC MODE ) 

, and anywhere in this program 

tlL 
when you would like to use 

charachteve alpha 

//for example in the ti 
tle of the methods // 

1770 FOR i=0 TO 3 
1775 PRINT FIT 19-4.25cz, 1;25+i 
1780 PLOT 26,16~+36*i: DRAW 3,0 
1790 NEXT 1 
1800 PLOT 28, 167: DRFlW 3,0 
1805 FOR i=0 TO 207 

1810 LET x~t(i)+i*(t(vm)-t(l))/2 
07 
1611 PLOT 32+i, 15+152’rURL h% 
1840 NEXT i 
1860 FOR i=l TO vm 
1865 LET w=3l+((t(i)-t(l))/(t(vm 
)-t(l))*207): LET wy=lS+((m(i)-a 
(l))/(m(vn)-rn(l))ui52) 
1867 
wy, 2 
1870 
1880 
iese 
1900 
I’ 

1901 
1905 
1906 
1910 

INK 2: PLOT w,wy: CIRCLE w, 

NEXT i 
STOP 
INK 1: CL!? : GO TO 21 
INPUT ” KEEP THE DFlTFl 

(y/n> “;f$ 
RETURN 
IF no0 1 THEN GO TO 1915 
RESTORE 1910: REFID h$ 
DQTQ “1-EXP (-zxe/v/1.986+6 

0*(10”(-2.315-0.457*e/1.986/x))) 
II 

1911 GCJ TO 1740 

1920 LET r(.))=FN r(sl, 52, s3,s4,s 
5, vm-2) 
1921 IF r\(j)>r THEN GO TO 1930 
1925 LET e=!?(j): LET r=r(j): LET 

z=z(j): LET no=” 
1930 LET “=n+p 
1935 RETURN 
1950 BEEP . 8,10: PRINT BRIGHT 1 
;“‘URLUES”” BRIGHT O;“Ea<cal/mo 
I>=“;e ’ “!AE-20(l/rec>=“;z9 “r-cacti 
on order=“;no’ “correlation ooeff 
lcint r=“;r 
1960 RETURN 
2000 INPUT vm 
2002 DIM t (vm) : DIN v(vm) : LET s 
t=1 
2010 FOR i=l TO vm: PRINT 1: INP 
UT t,v(i): LET t (i) =t+273: NEXT 
1 

2020 PRUSE 10: CLS : PRINT FIT 9. 

3; I* FlTENTION - WORKING !” ’ 
2030 LET sl=0: LET s2=0: LET s3= 
0: LET 54=0: LET s5=0 
2035 FOR i=l TO vm 
2037 IF cont=l THEN LET st=t (1) 
,I i:, L 

2038 L.ET x=1/t(i): LET y=LN (v(i 
)/St) 
2045 LET sl=sl,tx: LET 52=52+x*x: 

LET s3=s3+y: LET’ s4=54+y*y: LET 
s5=r,5+y*x 

2050 NEXT i 
2060 LET c=-1. SBh/contxFN m (51, 5 
2,53,sS, vm) : LET r=FN r(sl,s2,s3 
,s4,55, vm) 
2070 PRINT ~~E=~~;~~ ~~r=~~;r 

2075 RETURN 
et00 INPUT vm, “m, “ms, p, v 
2110 LET nr=INT ((rims-nm)/p+l) 
2115 DIM t(vm): DIM m(vm): DIM e 
(nr): DIM r(nr) : DIM z(“r) 

2120 FOR i=l Tll vm: PRINT i: INP 
UT t,m(l): LET t(i)=273+t: NEXT 
1 
2125 CLS : PRINT FIT 6,3;” FlTENT 
ION - WORKING !” 
2’120 LET ,bL”a-2: LET i-=0: LET ” 

=nm: LET .j=0 
2132 RETURN 

2135 LET 51~0: LET ~2~0: LET 53= 
0: LET s4=0: LET s5=0 
2140 FOR i=2 TO vm-1 
2141 LET st=l 
2142 IF cont=l THEN LET st=t (i) 
-2 

2145 LET x=1/t(i): LET a=(m(i)-m 
(l))/(a(vm)-m(l)) 

2149 PRINT FIT 8, 4;” “: P 

RINT FIT 0, 4; “order=“;” 
2150 IF FIBS (n-1) (ipI”- THEN GO 

‘TO Zl60 
2155 LET y=L.N !=,BS ( (FN f (a, “)/St 

>): GO TO 2165 
2160 LET y=LN (FN g(a) /St) 
2165 LET sl=sl+x: LET s~=s~+x+x: 

LET s3=53+y: LE’r 54=~4+y+y: LET 
S5=%5+y*X 

2170 NEXT I 
2175 RETURN 
2180 REM no”. 1989 

1915 RESTORE 1918: AEFID h% 
1918 DFlTR “l-~~na-l~+z/l.98b/v*6 
B*e*(lD”~(+. 315-O. 457*e/l. 986/x) 
)+1)“(1/(1--“0))” 
1919 GO TO 1740 

GOOD LUCK ! 


