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The mathematical  error in the method proposed by Bae for the determination of 
kinetic parameters f rom DTA curves has been corrected. The proposed equation does 
not contain thermal constants of the apparatus,  and can be applied to DTA curves 
by an iterative method. The results obtained by the application of  this equation to 
experimental D T A  curves for the decomposit ion of sodium bicarbonate compared 
well with those from isothermal measurements,  even when the DTA sample holder 
assembly was of  the isolated cup-type instead of  the block-type assembly recommended 
by Bae. 

Bae [1] extended the theory of Akita and Kase [2] for application to DTA 
with spherical cells in a block-type assembly, and derived an expression for the 
differential temperature measured between the centres of the specimens as 

a s QWo d(W/Wo) 
a T  = ( l )  

6 K s C2W s dl 

d(W/Wo) 
The reaction rate, dt , for reactions following random nucleation with 

one nucleus on each particle (Mampel law), was expressed as 

where 

d(W/WO)_dt A exp [A)  exp (~t) exp [ - --A exp ( ~ t ) ] ~  (2) 

A =  Zexp {- L )  (3) 

E~ 
and ot -  RTg" (4) 

The symbols except fl, the heating rate, have the same significance as in the 

original paper [1]. Using the condition d2(W/W~ dt 2 - 0 at the time of maximum 

reaction rate, tm, Bae derived expressions for the calculation of kinetic parameters 
from DTA curves. 
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At t m, we have from (2) 

and hence 
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A T m  = - - - -  6/(2 C~Wz e cr exp (6) 

The expression for AT�89 can be derived as follows: 

At t~m = 1/2 tm, (2) can be written as: 

d(W/Wo)] =Aexp[A jexP[2 tm)  exp[_ A 
Jt�89 -~- exp ~,~ tin} j (7) 

Substituting (5) in (7), it can be shown that 

�9 ~ ]t�89 

Substituting (8) in (1), we g e t  

Q W o  - -  

The expression for AT�89 derived by Bae (Eq. 29 of ref. 1) is given by 

AT�89 = 6K2 C2W 2 (Ag)�89 (10) 

and appears in error. 
The term in the first square bracket of  (9) can be eliminated on dividing by (6), 

whence 

Substitution of  (5) in (11) leads to 

- e exp - AT m 2 ~ + e-�89 =tin 

o r  

1 - ln [  ATm ] ='~etm + exp -- ~-etm 
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Knowing tin, ATm and ATtn., (13) can be iterated to obtain the value of ~ and hence 
E. The value of ~ can then be substituted in (5) to obtain A, from which Z can be 
calculated using (3). (13) has been tested with DTA curves obtained for the decom- 
position of sodium bicarbonate. 

Experimental 

DTA curves were recorded with an assembly consisting of a D. C. Microvok- 
meter (Rikadenki Kogyo Co. Ltd., Model A-10), an X - Y  Recorder (Houston 
Omnigraphic Corporation - Model HR-101) and an on-off program controller 
(Hartmann and Braun-Indin 192 controller, coupled with timed program unit 
RMZ and thermal two-position feed-back unit RMT1). The sample holders were 
platinum cups (6 g each) supported on silica spaghetties [3]. A differential thermo- 
couple circuitry [3] was used to measure AT as well as the temperature of the 
reference material. The thermocouple junctions were placed in the depressions 
at the base of the platinum cups and were located at the centre of the sample 
without being in contact with it. The platinum cups were provided with sleeves 
fitting snugly over the silica spaghetties, so that positioning of the cups was re- 
producible. Since good baselines were obtained at a sensitivity of 2 ~V (~-0.05 K) 
per division on the AT axis using chromel-alumel thermocouples (30 gauge), 
experiments were carried out with 10 mg samples at a heating rate of 4 . 5 -5  
K/min. The sample (B.D.H. AnalaR, -200  mesh) was diluted with 190 mg cal- 
cined alumina (B.D.H. AnalaR), the reference material, and hence Bae's assump- 
tion of equal thermal diffusivities was nearly true for the present experimental 
conditions. The peak heights of the DTA curves were reproducible to within 
2 #V, and the peak areas to within 5 per cent. 

With a view to confirming the results obtained by DTA, a separate series of iso- 
thermal weight loss measurements were also performed, using the Little Gem' 
TG kit supplied by Cahn Instrument Co. The small diameter of the furnace and 

T a b l e  1 

K i n e t i c  p a r a m e t e r s  f o r  t h e  d e c o m p o s i t i o n  o f  s o d i u m  b i c a r b o n a t e  f r o m  i s o t h e r m a l  w e i g h t  l o s s  

m e a s u r e m e n t s  

T, k • 10 *, E, Z, 
K sec - l * kcal/mole sec - l 

3 8 7  
3 9 7  

403  
4 1 0  

8 .6  
18 .0  

30 .3  
4 7 . 9  

23 .9  2 . 6 x  10 l~ 

* M e c h a n i s m  o f  d e c o m p o s i t i o n  c o r r e s p o n d e d  t o  t h e  M a m p e l  u n i m o l e c u l a r  d e c a y  l a w .  
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Table 2 

Kinetic parameters for the decomposition 

Carve Sample weight, Heating rate, To, tin, Tm, tI[2 m, 
No. nag K/rain K see K see 

1. 

2. 
3. 

4. 
5. 

10.2 
10.1 
10.2 
10.2 
10.2 

4.8 
4.9 
4.5 
4.4 
4.3 

388.0 
382.5 
386.0 
387.5 
390.0 

448 
510 
510 
519 
459 

423.8 
422.5 
422.0 
424.5 
423.5 

224 
255 
255 
259 
230 

* One chart division corresponds to 2/~v. Values of A T  were measured with respect to the 

hangdown tube allowed precise measurements at a sensitivity of  10 pg, and hence 
sample weights of  1 - 2  mg were used in these studies. Since the thermal inertia 
of  the system was relatively small, temperatures could be easily controlled at the 
desired value. The temperature-measuring thermocouple was located within 
2 mm of  the sample pan positioned in the uniform temperature zone of  the furnace. 
The sample could be heated to the desired temperature within three minutes. 

Results and discussion 

The isotherms obtained at 387, 397, 403 and 410 K were analyzed using the 
Mampel equation for random nucleation with one nucleus on each particle. 
The plot of  - l o g ( l  - or) vs.  time, where a is the fraction decomposed, indicated 
an excellent fit ( 0 -99  %) of  the data. The small sample weight might have ensured 
the agreement between theory and experiment by reducing self-cooling of  the 
sample due to the endothermic reaction, and also by favouring diffusion of  the 
product gases away from the sample environment. The rate constants obtained 
as the slopes of  the plots of  - lg(1  - tr) vs.  time, are listed in Table 1. The Arrhe- 
nius plot yielded values of  23.9 kcal/mole for the activation energy, and 2.6 x 10 t~ 
see-1 for the pre-exponential factor. 

The results from the isothermal studies justified the use of  Eq. (13), for which 
the validity of  the Mampel law is an important assumption. Data pertaining to 
five DTA curves for sodium bicarbonate were iterated in accordance with (13). 
The results presented in Table 2 gave values of  E and Z in good agreement with 
those obtained by the isothermal method, thereby justifying the use of  (13). 

Solving (6) and (10), Bae derived an expression (Eq. 30 of  ref. 1) 

A -  (AT�89 1 6K2 C z W ~  (14) 
A T  m e a z Q W o  
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of sodium bicarbonate by the modified method 

r�89 *ATm, dT�89 ~t x 10' /~" Z, 
K div. div.* kcal/mole sec _1 

405.5 
401.5 
403.0 
405.5 
407.0 

24.7 
25.2 
25.0 
25.3 
24.4 

12.7 
9.5 

12.0 
11.8 
13.0 

63.488 
71.163 
59.370 
59.868 
59.887 

23.8 
25.1 
23.6 
24.3 
25.2 

5.5 X 10 t~ 
4.3 X 101~ 
6.5 X 10 9 
1.5 X 10 x~ 
5.1 X 101~ 

baseline constructed using the straight line approximation discussed by Smith [4]. 

for  calculat ing E and Z f r o m  a single D T A  curve for reactions fol lowing the M a m -  

pel law. The  error  in (10), however ,  invalidates (14). Since the thermal  constants  

in (14) are usually not  known,  an al ternat ive expression based on D T A  curves 

obta ined at different heat ing rates was also suggested by Bae. This has also been 

shown to lead to erroneous results [5] because o f  the difference in magni tude  

by which D T A  and a vs. t empera ture  curves are affected by the  heating rate. 

However ,  it should be emphasized f rom the successful appl ica t ion o f  (13) to  D T A  

curves o f  sodium bicarbonate  presented here that  the basis o f  the method  sug- 

gested by Bae is valid. 
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R~SUMI~ - -  On a corrig6 l'erreur math6matique de la m6thode propos6e par Bae pour la d6ter- 
mination des param6tres cindtiques ~t partir des courbes d'ATD. L'6quation propos6e ne con- 
tient pas de constantes thermiques relatives ~t l'appareil et peut 6tre appliqu6e aux courbes 
d'ATD par une m6thode it6rative. Les r6sultats obtenus en appliquant cette 6quation aux 
courbes d'ATD exp6rimentales pour la d6composition du bicarbonate de sodium sont en bon 
accord avec ceux obtenus ~ partir de mesures isothermes, m6me si le porte-6chantillon de 
l'appareil d'ATD est du type coupelle isol6e au lieu du type bloc recommand6 par Bae. 
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ZUSAMMENFASSUNG - -  Der mathemat ische  Fehler der yon Bae zur Bes t immung kinetischer 
Parameter  aus D T A - K u r v e n  vorgeschlagenen Methode  wurde korrigiert.  Die vorgeschlagene 
Gleichung enthtilt keine thermischen Kons tan ten  der Gert~te und kann  ftir D T A - K u r v e n  durch 
eine iterative Methode  angewandt  werden. Die durch  Anwendung  dieser Gleichung bei 
experimentellen D T A - K u r v e n  der Zersetzung yon Na t r iumbica rbona t  erhaltenen Ergebnisse 
sind mit den aus isothermen Messungen erhaltenen gut vergleichbar, selbst wenn die DTA-  
Probenbeht t l ter -Zusammenste l lung dem isolierten Bttchertyp und nicht dem yon Bae empfoh-  
lenen Blocktyp entsprach.  

Pe3~oMe - -  I/IcripaBne~a MaTeMaTrlqecKaa O~UH6Ifa B MeTO]le, npe~Jlo>reHltOM BH ~JIa o]apeAene- 
HH~ KItHeT~qecKHx napaMeTpoB ~I3 Kp~fBblX ~ T A .  YIpe~o~enHoe  ypaBHeHrle He co~ep~xaT Tep- 
MIt~IeCI~I4.X KOHCTaHT rtpr~6opa ~r MO)!geT 6bITb I.'ICHO.rl~b3OBaI-IO ,~Yt~I KpHBbIX ,/~TA C r~oMomr, m aTepa- 
nriortHoro MeTo]la. Pe3ynI, Taxbl, nonyseriHbie np~t ~icnont,30BaHrIrt 3xoro ypaBHeat, ia K 3Kcrlepri- 
MenTa.rlbH/~IM KprIB~,IM ~ T A  pasno~reHas 6RKap60aaTa ~axprts, xopomo cpaBHtlMt,I C pe3y.rm- 
TaTaMrt ti3oTepMHqecKHX I, I3MepeHRI~ l'I ~ame B TOM cnynae, Korea ,aepx<aTenb o6pa3t~a B ~ T A  
6blyl l'I3OY[llpoBaHI-IOrO ~iameqHoro TI, llIa, BMeCTO ~ep~areaa  06pa3tta 6~o'~aoro THHa, KaK 6blJIO 
upeanomerm Ba. 
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