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lnitial temperature oj a studied process which may under definite 
conditions and in a limiting case be assumed to be an equilibrium tempe­
rature oj the S'IJstem under consideration is in addition to other methods 
to be determined by estimating the DT A and TA curves oj this S'IJStem. 
The difjerence between the theoretical value oj this temperature and that 
measured by these methods is a junction oj quantities characterising 
the corresponding thermal method such as the rate oj temperature change, 
weighed amount oj sample etc. An approa,-imate jorm oj this junction 
has been derived in this paper. 

INTRODUCTION 

The reliability of the temperature determination corresponding to the start 
of processes in the systems under investigation by means of DTA and TA 
depends on the conditions under which the DTA arid TA curves have been 
recorded [l]. The approximate relationship between the difference óf a measu­
red and theoretical temperature value corresponding to the start of a process 
in sa:rpple and quantities controlling the DTA and TA course deduced in this 
pa per is valid under the following simplifying assumptions: 

1. The influence of nucleation on the course of investigated processes 1s
negligible. 

2. The reaction studied takes place on a phase surface.
3. Dimensions of a particle of sample aile approximately equal in all direc­

tions; the sizes of all particles range in a narrow interval. 
4. The temperature gradiei{t between the sample surface and thermosensor

is negligible. 

KINETICS OF PROCESSES WHICH TAKE PLACE AT THE PRASE 

BOUNDARIES AND IN WHICH THE INFLUENCE OF NUCLEATION 

ON THE STARTING TEMPERATURE OF THESE PROCESSES IS 

NEGLIGIBLE 

Assuming the transmission coefficient as well as the activity coefficient of 
activated complex' to equal approximately one [2], the relative over-all rate 
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of reactions under consideration at a sample temperature Tv .is given by the
expression 

tlf --;:_; w kT [( ) ( /10°*) 
- = --- = -- k1 _ ___})__ TI a}':j! exp - -- - -d-r mo mo h ; RT v 

-

- ( I) at;ft) exp (-4t;: ) ]
where the individua! symbols denote:

(1)

m1 w = mz ko m�13(1 - cp)213, (la)

f relative weight,amount of the substance under observation which
has reacted 

i time [s] 
-++-

r, r reaction rate in corresponding direction of reaction [g . s-1]
m0 initial amount of the considered substance [g] 
m1 initial amount of the phase on which surface the reactions studied

take place [g] 
m2 average mass of a particle of this pl1ase [g] 
k0 a coefficiént the value of which follows from the reduction of m2 

with respect to the average effective surface of a particle of this
phase [g-213 cm2] 

cp relative mass amount of the consumed phase on the surface of which
the reaction takes place 

k1 a coefficient the value of which follows from the reduction of sub­
stance moles in a surface unit of phase interface with respect to
mass; the influence of active places in the phase interface is included
in its vaiue [g cm-2] 

ai activity of a substance of the given species 
'Vi stoichiometric coefficient of the corresponding substance m che-

mical equation 
V resp. K indices denoting the initial and final substances, resp. 
II symbol of a continued product 
!.::.G 0* increase in standard free enthalpy dne to the formation of an

activated complex [calJ: 
_Provided the substance under investigation is homogeneously dispersed

in the phase on the surface of which the studied process takes place, then it
hold cp = J. Then the following approximate relationship is valid for the ini­
tial stage of reaction 

(1 - cp) = (1 -j) == 1 (2)
In case the sample is represented by _single partičle (m1 = m2), the expres­

sion (la) assumes after substitution from (2) the form: 
w == lcomf'3• (3a)

If there are several particles with average mass m2 present 111 a sample,
the expression (la) assumes the form: 

w ...:_ k2m1 (3b)
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where 
lc2 = lcom2113

• 

It follows from the course of /:),_Q 0 along the reaction path that 
--+ --+ -

l:),_QO* = l:),_Q; 
+ 

i:),_GO
*

'

and at the same time .the following equation is valid 

(3c) 

(4a) 

(4b) 

After having denoted the product w . lc1 by the symbol w' and substituted
from equations (2), (4a) and (4b) into (1) this equation turns after rearrang­
ing into the approximate relationship 

--+ --+ 
tlf . w' lcTv 

( 
/:),_Q0

* ) [n ,,.-v] [ 
l:),_Qr 

] d -r - mo h exp - RT v 
• i ai;v 1 - exp RT v • (5) 

The temperature Te at which the system is in equilibrium under the condi­
tions the DTA and TA are performed ,vill be considered as the theoretical 
start temperáture of the studied process. Provided the difference between the 

--+ 
temperature of sample Tv and Te is small enough, the value /:),_Gr is small too
and the :first two terms oť Maclaurin series may be substituted for the second
term of the binomial in parenthesis of the preceding equation 

--+ -► 
l:),_Q,. ( 

11Gr
) -exp RT ·= - 1 + RT •v . v 

-
In this oase the value l:),_Qr may be computed from the relationship 

(6) 

(7) 

After substituting from (6) and (7) into (5) this expression turns into the
following equation 

--+ --+ 
df_ • [_°!_'__!_exp (-1:),_G:*) (flatV) l:),_H,·] (Tv -Te), (8) 
d -r mo h R'l v i ' RT e 

If such conditions are kept during DTA or TA that the continued procluct of
the activities reaised to corresponding powers in (8) should be approximately
constant then the expressim'i. in bracket of the equation (8) may also be taken
for approximately constant provided the values (Tv - Te) are small and thus
the equation for the early stage of reaction may be written in the fonu 
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DIFFERENCE BETWEEN T HEORETICAL VALUE OF INITIAL 

TEMPERATURE OF THE INVESTIGATED PROCESS AND TRAT 

RECORDED BY DTA AND TA 

In case the,heat radiation is not assumed and the loss of heat transferredfrom the sample (standard) and sensing element into surroundings is negligible,the instantaneous state of sample may be described according to Speil andVold [3] by these approximate expressions: 
Before the process studied:

. dTv(s) · Xv<s>(Tk -Tv(s)) = Av(s) �� = A�(s), U.
During the reaction:

index v sample index s standard 

. dTv df. Xv(Tk - Tv) = Av cfr+ /).hr d-r ,

index k surroundings of sample (standard) 

(10a)

(10b)

Xv<s> coefficient in the value of which the effect of geometrical arrangementof sample (standard) and heat transfer from surroundings into sample(standard) is included [cal s-1 deg-1]
Av(s) = mv(s)Cv(s) + mbcb [cal deg-1]

index b thermosensorm mass [g] c specific heat [cal g-1 deg-1] 
/).hr increase in enthalpy during the process reduced to the initial rnassm0 of the substance under observation [cal] U constant rate of temperature changeduring DTA or TA, resp. [deg s-I].

In subsequent computations it is assumed that the quantities Xv and Xs aswell as Av and As , resp. are equal and hence their indices are to be omitted. Provided the time is measured from the moment when the sample (standard)temperature equals Te , the value T1c :rpay be calculated by means of thefollowing relationship 
(11)

After substitution from (9) and (11) the equation (10b) turns into the form
dTv + Tv 

X+ /).hrA + [- xU -r-(Te 
X+ /).hrA + u)] == O· (l2a)d-r J,. J,. J,. ' 

The equation (12a) is an ordinary linear differenti� equation of first order,which can be written in a general form 
T; + PTv + (o:-r + /3) == O. (12b)

where
/3 = -(Te P + U). (13a-13c)
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The general solution of equation (12a) can be obtained in the form 

. a p Tv = C exp (-Pr) -p2 

(Pr - 1) -
p

·

Whenr = O, Tv = Te and 

Hence the end form of (14a) is 

(14a) 

(14b) 

By subtracting Te from both sides of this equation 
get the following relation 

and rearranging we 

where 

and 

Tv -Te === y[l -exp (-Pr)]+ or

y= (x + l:ihrA )2 ' 

a xU 
o = - P = X + l:ihrA 

(15) 

(16a) 

(16b)

The rise of standard temperaturé (Ts) during DTA or of a sample in which 

Te �-----------L------"'------' 

Pig. 1. Variation oj T, (1), Tv (2) and ó.-. (3) with time. 
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the process studied should not take place during TA is given for the time i by the equation Ts -Te =Ui. 
By subtracting (15) from (17) -we obtain the relation 

where 
Ts -Tv ='= (U -ó) i -y [l -exp (-Pr)] = 

= 'YJ'í -y [l -exp (-Pr)], 
_ p _ U 6.hrA'Y/ - y - X + 6.hrA

(17) 

(18) 
(19) 

The temperature corresponding to a definite and reliably measurable least value of Ts -Tv;a = <1 [l] which in principle is connected with the systemati­cal error of relevant "complete method" will be considered in subsequent reason­ing to be the measured start temperature of a process under invei3tigation. By using the equation (18) it is possible to calculate the period of time 'ía necessary for measuring this temperature difference <1 in the course of this process. The substitution of 'ía into (15) enables us to calculate the difference between the temperature measured by a certain method and the theoretical start temperature of this process, i.e. Tv ; a -Te (Fig. 1). Provided the value 'ía is small enough, the first three terms of corresponding Maclaurin series may be substituted for (exp -Pi) and the transcendental equations (15) and (18) are to be thus transformed into algebraic expressions. After this operation a substitution from (16a) and (19) and replacing of (Ts -Tv;a) by <1 is performed what results in the tranformation of (18) into expression 
(20) 

Similarly after substitution from (16a) and (16b) and rearrangement, the equation (15) takes the form 
( p2-,;2 ) U 6.hrA Tv;a-Te ='= y Pia -� + O'ía = Uia - 2/i. 'í�. 

It follows from equation (20) 
l / 2li.<1'ía ='= V U 6.hrA ;

'ía is therefore practically independent of X·. 
By substituting 'ía into (21) we obtain following equation 

2},<1U • 
6.hrA - <1.

Substitution from the equation (8) and subsequent relationships 

(21) 

(22) 

(23a) 
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and 
6.Hr 6.hr = --- mo, 
vol.Wo 

enables us to transform the equation (23a) which takes the form 

Tv·u-Te ='= _l_
v 

2).aUvoJ.lfoR 

• Mr , lcTe (-
w�) 

w -
h
- exp RTv 

Mo molecular mass of the substance 

TI a,:<;V ťV 
i 

• 

-(J. (23b) 

Yo - corresponding stoichiometric coefficient in relevant chemical equation.
For a given sample, the ratio of the mass of initial phase amount on the sur­

face of which the reaction takes place to the total mass of sample is constant. 
Hence the following equation is valid 

m1 = lc3. 1nv . 

This substitution for m1 in the expression w' enables us to arrange (23b) and 
obtain according to the geometrical and thermical properties of samples or 
thermosensor following relationships: 

1. The sample is formed by single particle (3a).
1.1. mvGv }> mbcb ; A ='= mvGv .

Tv;a -Te ='= Vumt/3JCi- Ko, (23c) 

1. 2. mvGv � mbcb ; A ='= mbGb .

Tv;u-Te ='= Vum;213mb K2 -Ko,

2. There are several particles in the sample (3b ).
2.1. mvGv }> mbGb; A = mvGv .

Tv ;a - Te ='= VuK3 -Ko. 

2. 2. mvGv � mlcb ; A ='= 1nbGb .

Tv;u-Te .....:..__ Vum;1mbK4-Ko. 
J(i are constants. 

(23d) 

(23e) 

(23f) 

The difference between the th�oretical and by TA or DTA found start tempe­
rature of a process under consideration thus remains constant only in case 
the rate of temperature rise, amount of the sample, and size of the thermosen­
sor are so chosen that the value of the square root expression on the right 
of the equations (23c-23f) does not change. 
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VLIV VELIČIN, ŘÍDÍCÍCH PRŮBĚH DTA A TA, NA ROZDÍL MEZI 
NAMĚŘENOU A TEORETICKOU HOD NOTOU TEPLOTY POČÁTKU 

REAKCE 

Ivo Proks 
Ústav anorganické chemie Slovenské akademie věd, Bratislava 

V práci je odvozena pl'-ibližná závislost rozdílu mezi pomocí DTA, resp. TA naměřenou 
teplotou (Tv ;a) a teoretickou teplotou (Te) počátku studovaného pochodu ve vzorku 
na veličinách, určujících průběh příslušné termické metody. Toto odvození je založeno 
na těchto zjednodušujících předpokladech: 

1. Vliv nukleace na průběh sledovaných pochodů je zanedbatelný.
2. Sledovaná reakce probíhá na fázovém rozhraní.
3. Rozměry částice jsou ve všech směrech pi·ibližně stejné; rozměry všech částic

leží v úzkém intervalu. 
4. Teplotní spád mezi povrchem vzorku a teploměrným čidlem je zanedbatelný.
Závislost rozdílu T v; a -Te na veličinách, charakterizujících použitou metodu,

vyplývá z následujících dílčích vztahů: 
a) Nemění-li se pi·i DTA, resp. TA aktivity výchozích látek, je poměrná úhrnná rychlost

počátečního stadia uvažované heterogenní reakce dána rovnicí 
df 
dr = A(Tv -Te), (9), resp. (8) 

b) Na základě tohoto vztahu a rovnice Speila a Voitlové, kterou je popsána energe­
tická bilance ve vzorku (standardu) během DTA, resp. TA, byly odvozeny časové zá­
vislosti rozdílu mezi teplotou vzorku (v čase r) Tv a teplotou Te , resp. teplotou standardu 
T8 (při TA teplotou vzorku, v němž by nedocházelo ke studované reakci) a teplotou 
vzorku Tv: 

a 
Tv-Te = y[l - exp (-Pr)]+ O. r 

T,-Tv = 171:-y[l -exp (-P1:)]. 

(15), (16a) a (16b) 

(18) a (19)
Čas je měřen od ok�mžiku, kdy teplota vzorku (standardu) je rovna Te . 

c) Za naměřenou teplotu počátku studovaného pochodu (Tv;o) je považována teplota,
odpovídající zvolené, nejmenší spolehlivě naměřitelné hodnotě rozdílu T, -Tv;a = a. 
Z posledních dvou rovnic lze vypočítat dobu průběhu studovaného pochodu 1:e1 (22), 
potřebnou pro naměření teplotného rozdílu a, a hodnotu rozdílu Tv;a -T e (23a) a (23b). 

Podle geometrických a termických vlastností vzorku, resp. teploměrného čidla je 
možno rovnice (23a) a (23b) upravit na následující vztahy (23c-23f): 

1. Vzorek je tvofon jedinou částicí.
1.1. mvCv � mčcč; A = mvCv,

Tv;a_-T.-= Vum!13 . K1-Ko, 
1.2. m,cv � mčCč; ). = méCé. 

Tv ;e1 -Te = v Um-;;213 • mé, K2 -Ko, 
2. Ve vzorku je více částic.
2.1. mvCv � ?nčCé; A= mvCv ,

Tv;a-Te = Vu . K3-Ko .• 
2.2. mvcv � méCé; ). = m·écé. 

Tv;e1-Te = Vum;1 , mé . K.-Ko, 
Ki jsou konstanty, 
mv (mé) - hmotnost vzorku (čidla), 
cv (cé) - měrné teplo vzorku (čidla), 
A = mvCv + mčCé, 
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1. 2. mvcv < lnéCé ; A == lnéCé. 

Tv;a - Te == v um-;;213 . lllč. K2 - Ko. 

2. B rrpo6e ÍiaXOAHTCJI H0Cl{OJibl,:0 'IaCTIU(. 
2. 'l. 1/½Cv '}> lnéCé; J, == lnvCv. 

,2.2. lnvCv < lnéCé; A == lnéCé. 

Tv;a - Te == Vum;1 , lné • 1(4 - Ko. 
](i - IIOCTOJIHHbl0, 

mv (mé) - yAeJibHhiň Bec rrpo6bl (AaTq1rna), 
Cv (cé) - yAeJIJ,HaJI TerrJIOTa rrpo6bl (AaT•JHKa), 

A = mv . Cv + 11lé • Cé. 

Pa3HOCTb M0IBAY TeopeTH'JeCKOH TeMrrepaTypoň H MeIBAY npn 11OMOI1\H TA HJIH ,IJ;TA
ycTaHOBJie11noň TeMrrepaTypoii: HaqaJia paccMaTptrnaeMoro rrpori;ecca ocTaeTCJI nocTOJIHHoií: 
TOJibIW rrpn TaHOM IIOA6ope B0Jill'IHll CHOpOCTH IIOAHHMaHmI TeMnepaTypb!, TW3b! npo6b! 
II pa3Mepa AaT•rnHa AJifl H3Mepemrn TeM11epaTypbI, rrpH HOTOpOM BbipameHHe, rrpHB0A0HHOe 
TIOA BTOpblM HOpHeM Ha rrpaBOH CToporre ypaBH0HIIH (23c-23f) He H3M0HJI0TCJI. 

Puc. 1. I'pagju•iec,we 11ao6paJ1cemte aaeucu,1iocmeií Ts (1), Tv (2) uch: (3) om epe.1>1euu. 
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