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Prior to evaluating DTA curves a thorough investigation of different types of spec- 
imen holders and cell blocks should be made, which means a quantitative appraisal 
of heat transfer conditions. The empirical approach makes use of the thermal analogue 
of Ohm's law, where R = thermal resistance. Calculation of R gave a graphical cor- 
rection of about 1 ram, which stresses the merit of computer calculation. Very small 
differences of the values for R between platinum and alumina sample holders were 
observed. R was experimentally determined at 500 ~  and 1000 ~  by means of UO2 
and BaCO3. 

A rigorous comparison of various approaches in investigations of kinetics is 
needed to clear up the controversy between isothermal versus dynamic experi- 
mental methods. DTA methods, which are simple and time-saving, might be of  
use in such a project. Prior to evaluating DTA curves a thorough investigation of  
different types of specimen holders and cell blocks must be accomplished. This 
means that a quantitative appraisal of heat transfer conditions existing in an 
actual block should be made. A close examination of the total peak area including 
the exponential tail of  a DTA curve, i.e. that part returning from the peak to the 
baseline, may make it possible to calculate the parameters of the apparatus. Thus 
the kinetic effects might be separated from the main diffusivity of  the system, and 
the existing theories, (e.g. Piloyan et al.) for kinetic calculations might be tested. 

There have been a number of mathematical treatments of DTA curves. The 
investigation of thermal characteristics of DTA cell blocks has received less 
attention. 

In 1954 the following question was put by the late Dr. Allison [1]: To what 
extent is the curve influenced by the thermal diffusivity of the system ? 

The following expressions were developed: 

A H  d f  dy 
. . . . . .  + A(y  - Ys) (1) 
C S dt dt 

where A H  = heat of reaction 
Cs = heat capacity of the sample + holder 
df 

- rate of fractional transformation of  the sample 
dt 
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y = T r -  r~ 
A = (Kr + c~r + 2cr)/C~ 

Kr = heat transfer coefficient 
~r = heat loss 
a = heat transfer coefficient between the sample holders 

y, --- [(Cs - Cr)dTr/d t l / (K r + ~ + 2a) .  
df 

When the reaction is complete,  ~ is zero. 

In tegrat ion is possible, if 

dTr/dt  = constant  
T w -  Ts = constant  
T s -  To = constant  

T w = furnace temperature  
T o = sample environment  temperature.  

Limits being put,  y = y, y = YI, t = t, and t = fi, one gets 

y = ys[1 - -  e - A ( t - t l ) ]  q- y l e  - A ( t - t l )  (2) 

When  t approaches infinity, y approaches ys. A plot  o f  ln(y - y~) against t gives 
a straight line o f  slope A. 

Allison stated that  the end-point  o f  the reaction is obtained by plott ing the 
logar i thm o f  the differential temperature against time starting at the apex of  the 
peak. The end-point  o f  the reaction is given by the deviation f rom a linear rela- 
tionship. 

The slope A is also said to represent a measure o f  the mean thermal  diffusivity 
o f  the system. 

The calculation o f  Eq. (1), however, makes use o f  a known  value for C~, 
which is somewhat  complicated to evaluate, especially during a t ransformation.  
The same remark  is valid for y~. 

This me thod  gave lower heat o f  reaction data  than those determined by other  
methods.  Kinetic data,  however, were in fair agreement  with isothermal data. 

Similar ideas were presented some 16 years later [2]. The use o f  expression (3) 
makes it possible to determine the time constant  (thermal lag) o f  the sample holder 

L az z 
- S = S a  + S z =  + a t 0 1  (3) 

/<1 2-- 
where S = peak area (SI = f rom start to apex, $2 = f rom apex to baseline) 

L = heat o f  reaction 
KI = heat transfer coeff• 
a = linear rise o f  the slope o f  the differential signal 

= time f rom the start o f  the reaction to the apex 

C1 
O1 = " t ime cons tant"  - 

/<1 
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There are several possibilities to evaluate the peak areas. We have chosen the 
method mentioned above, treating the area in two parts. 

In order to eliminate tedious manual plotting of thermal data, the recorder 
should be computerized. Equipment is now available and the methods have been 
discussed [3]. 

The empirical approach (4) makes use of the thermal analogue of Ohm's law 

dq Tp -- T~ 
d~ = R (4) 

where R = thermal resistance. 
By rearranging Eq. (4) and introducing the heat generation by the sample, we 

obtain 

dTr d(Ts - Tr) 
R dh _ (T s _ Z r )  + R ( C s  _ Cr) d t  q- R c s  - -  ( 5 )  

dt dt 

RCs is the thermal time constant of the system. The recorded signal ~ - T  r is 
proportional to R. 

After the thermal event, the signal decays exponentially from the peak to the 
dh 

baseline. By solving Eq. (5) with ~ -  = 0 and T s - T r = ATma• one obtains 

A T  = ATma • e -t/Rc~ (6) 

Prior to Tm~, the displacement from the baseline at any time should be proportion- 
al to the reaction rate. The fraction of the total area up to that time must be 
proportional to the fraction of the sample which has reacted. This value, however, 
is superimposed by R, which might be temperature-dependent. Hence, the need 
for calibration with well-characterized samples over a temperature range still 
exists. The evaluation of R, however, makes it possible to compare different 
sample holders and correction factors. 

The area under the peak is given by R .  Ah. From the measurement of a known 
heat effect, the value of R can thus be calculated. 

The fundamental theory is similar in fact to that given in [2]. As stated 
C 

earlier, "time constant" has been defined by 0 = ~ ~ (RC). C can be calculated 

with sufficient accuracy. 

Experimental 

The tentative evaluation of R was made by means of two different substan- 
ces, UO2 and BaCOz. For  UO2, the heat of the reaction UO2--* U~O7, 
13.5 kcal �9 mole -a [5] is used. For  BaCO3, the heat of transition at 1083 ~ 
4.5 kcal �9 mole -1 [7] is applied. 
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Fig. 1. The DTA cell applied 

The D T A  cell can be seen in Fig. 1. The sample holders were made of  alumina 
and plat inum, respectively. Different data  [ 5 - 7 ]  used in the calculation are 
given in Table 1. 

The contr ibut ion o f  the heat capacity o f  the sample will be omit ted in the 
following. The curves denoted by A and C were obtained with alumina specimen 
holders. 

Table 1 

Material data 

Weight, Heat  capacity, 
Material  Curve g ca l -  degree-~ 

A120~ 
Pt 
U807 
U30 7 
BaCO3 
BaCO3 

(A) 
(B) 
(A) 
(B) 
(C) 
(D) 

1.0770 
3.0651 
0.1019 
0.1034 
0.1509 
0.1523 

26.9 • 10 -z 
10.0• 10 -2 
66.2• 10 -4 
67.0 • 10 -4 
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Fig.  3, D T A  curves on heat  o f  r eac t ion  of  BaCO3 

Table  2 

Conve r s ion  

A r e a  A = 474 m m  2 = 711 d e g r e e -  sec 

A r e a  B ---- 622 m m  z - -  933 d e g r e e - s e c  
A r e a  C -- 217 m m  z =  221 d e g r e e - s e c  
A r e a  D ---- 255 m m  2 ---- 260 degree �9 sec 

Ca l i b r a t i on  

Area  A ( c a l .  m m  -2) = 1 .05x  10 - z  
A r e a  B (cal �9 m m  -~) = 0 .82 •  10 -2 
A r e a  C (ca l ,  m m  -2) = 1 .58•  10 -z  
Area  D ( c a l .  m m  -2) = 1 .36•  10 -z  
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The DTA curves are given in Figs 2 and 3. The heating rate was 10 ~ �9 rain -1. 
Pt/10RhPt thermocouples were used. Paper speed was 120 m m � 9  h -~, and AT- 
scale: 100 pV = 250 ram. The measured peak areas were converted to degree �9 
�9 seconds (at 500 ~ and at 1000 ~ and the heat effects to cal � 9  -z. The 

conversion factor was 1 degree,  sec = 0.67 mm 2 (at 500~ and 0.97 mm 2 
(at 1000 ~ The results are given in Table 2. 

Calculation of R gave 142 degree �9 sec �9 cal -~ for the alumina sample holder, 
and I84 degree �9 sec �9 cal -~ for platinum sample holder at 500 ~ The corre- 
sponding figures were 64 and 74 at 1000 ~ 

Discussion 

The "time constant" RC was 38 and 18 sec, respectively. The construction of 
the correction is simple. RCs is drawn horizontally from a tangent. The distance 
where the perpendicular meets the tangent is added to the actual point. In this 
ease the correction is approx. 1 mm which makes graphical construction difficult to 
use. The merit of computer calculation is evident. 

When using Eq. (3) for a similar evaluation, the values obtained for O are - 59.4 
sec and - 161 sec, respectively. In this case, the term for heat transfer coefficient 
is involved instead of a more general term of heat resistance. 

The correction was also applied at 1000 ~ Again it was found that the correc- 
tion term is less than 1 mm in the present case. It is quite evident that the use of 
computerized scanning and calculation would give more exact figures. 

As a result we have found that calculation of R represents a suitable means for 
the evaluation of a DTA cell. The investigation of the exponential tail by graphical 
correction must be omitted for practical reasons. The type of DTA cell in our 
case gives a very swift return to the baseline (exponential tail). 

Some other observations may be mentioned, namely the very small differences of 
the values for R between platinum and alumina specimen holders. The difference is 
more accentuated when heat transfer (O) is involved. Small R : s, however, give 
reproducible curves with a high resolution. 

The fact that R is temperature-dependent makes calibration of a DTA cell 
necessary. The total area of the peak must be used for the calibration of the 
apparatus. Various types of reactions in different temperature intervals are also 
needed to give a more exhaustive determination of R. 
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Rt~SUMt~ - -  L ' e x p l o i t a d o n  des cou rbes  A T D  devrai t  ~tre prdc6dde d ' u n e  6tude app ro fond ie  
de l ' inf luence des divers  types  de s u p p o r t s  d '6chan t i l lon  et de cellules, c 'est-/ t-dire d ' u n  exa-  
m e n  quan t i t a t i f  des cond i t ions  du  trai isfert  de chaleur .  L ' a p p r o x i m a t i o n  empi r ique  utilise 
l ' ana logie  t h e r m i q u e  de la loi d ' O h m  oh  R est  la rdsis tance the rmique .  Le calcul  de R d o n n e  
une  cor rec t ion  g r a p h i q u e  d ' e n v i r o n  1 ram,  ce qui  me t  en  rel ief  les m6ri tes  du  ca l cu l / t  l 'ordi-  
na teur .  O n  n ' a  observ6  que  de tr6s pet i tes  diffdrences en t re  les c reuse ts  en  pla t ine  ou  en alu- 
m i n i u m  c o n t e n a n t  les 6chant i l lons .  O n  a ddtermin~ R e x p 6 r i m e n t a l e m e n t  5. 5 0 0 ~  et ~. 
1 0 0 0 ~  en util,-'sant UO2 et BaCO3.  

ZUSAMMENFASSUNG - -  Vor  der  A u s w e r t u n g  von D T A - K u r v e n  sollte eine gr t indl iche Prf i fung 
der  ve r sch iedenen  T ypen  yon  Probebeh/ i l te rn  u n d  Zel lenb16cken erfolgen,  was f/Jr die quan t i -  
tat ive A b s c h ~ t z u n g  der  W/i rmef iber t ragungsverh~i l tn isse  y o n  B e d e u t u n g  ist. Die empir i sche  
Ann/i, h e r u n g  m a c h t  yon  d e m  t h e r m i s c h e n  A n a l o g e n  des O h m s c h e n  Gesetzes  G e b r a u c h ,  wobei  
R der  t he rmische  W i d e r s t a n d  ist. Die  B e r e c h n u n g  yon  R e rgab  eine g raph i sche  K o r r e k t i o n  
yon  e twa 1 ram,  was die Vorteile der  K o m p u t e r b e r e e h n u n g  betont .  Sehr  kleine Un te r sch iede  
der Wer te  ffir R wurden  bei Plat in- ,  bzw. A l u m i n i u m - P r o b e b e h / i l t e r n  beobaeh te t .  R wurde  
bei 500 ~  u n d  1000 ~  mi t te ls  UOe und  B a C O  3 a u f  d e m  Versuchswege  bes t immt .  

Pe3roMe - -  I]epe2I 06pa6oTKOl~ Kp~IBbtX ~ T A  cne)iyer IIpOBeCTI, I TltiaTeJIbHOe I4CcJie/ioBam4e 
pa3JiHqm, ix TI, nlOB ~epmaxenel~ o6pa3~OB H 63IOKOB, B II~eJI,qX KO2IItqeCTBeltHOI] O~eHKH ycJIOBla~ 
tlepeAaq~i TenJia. ~Mnrlpnqecroe  IIp~,i6~Ixenne HCIIOJIb3yeT TepMH~IeCKylO aHaJiornro 3aKorla OMa 
r/le R - -  TepMrI~ecroe conpoTrlB~Ierme. PacneT Bem, I,mlrml R ~IaJI rpaqbl, IqecKyto KoppeKIInio oKono 
1 MM, qTO noAqepI~rlBaeT 3Fla~enl, ie pac~ieTa na  BbIqlelC~nTeJ~bHO_~ MamrlHe. YCTaHOBneHO, NTO 
~ nJiaT~lrlOBl~ix rt aJirOMl, lim,ieBl~ix ;IepTKaTeneft o6pa3IIOB pa3rlnlla B BeJInsrme R BecbMa 
ne3Haq~iTeJIl~I-ia. Be21rlq~ma R 9KCiiepVlMerlTartLHO oIIpejlenena npri 500~ ri 1000~ c rlOMOlIIbto 
U O 2 n BaCOa. 
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