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Initial temperature of a studied process which may under definite
conditions and tn a limiting case be assumed to be an equilibrium tempe-
rature of the system under consideration is in addition to other methods
to be determined by estimating the DT A and T A curves of this system.
The difference between the theoretical value of this temperature and that
measured by these methods is a function of quantities characterising
the corresponding thermal method such as the rate of temperature change,
wetghed amount of sample etc. An approximate form of this function
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 and TA curves have been
recorded [1]. The approximate relationship between the difference of a measu-
red and theoretical temperature value corresponding to the start of a process
in sample and quantities controlling the DTA and TA course deduced in this
paper is valid under the following simplifying assumptions:

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

2. The reaction studied takes place on a phase surface.

3. Dimensions of a particle of sample are approximately equal in all direc-
tions; the sizes of all particles range in a narrow interval.

4. The temperature gradient between the sample surface and thermosensor
is negligible.

KINETICS OF PROCESSES WHICH TAKE PLACE AT THE PHASE

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 7'y is given by the
expression

d kT AG*
A _ 7_9 =L = [(Ha;}v’)exp (_“RT )—
v

dr T me Mo

AG°*
— (H “i"zﬁ) exp (——-Z?ﬁv_)] ) (1)

where the individual symbols denote:

» =L f, ma3(1 — @)/3, (1a)
M3

S relative weight amount of the substance under observation which
has reacted

T time [s]

—>

T, reaction rate in corresponding direction of reaction [g . s™1]

Mg initial amount of the considered substance [g]

my initial amount of the phase on which surface the reactions studied
take place [g]

ms average mass of a particle of this phase [g]

ko a coefficient the value of which follows from the reduction of m,
with respect to the average effective surface of a particle of this
phase [g—2/3 ecm?]

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

ky 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 value [g cm—2]

; activity of a substance of the given species

v stoichiometric coefficient of the corresponding substance in che-

mical equation

V resp. K indices denoting the initial and final substances, resp.

I1 symbol of a continued product

AG°* increase in standard free enthalpy due to the formation of an
activated complex [cal].

Provided the substance under investigation is homogeneously dispersed
in the phase on the surface of which the studied process takes place, then it
hold ¢ = f. Then the following apploxnnate relationship is valid for the ini-
tial stage of reaction

(1—¢)=010—f) =1 (2)

In case the sample is represented by single partiéle (m; = m,), the expres-
sion (1la) assumes after substitution from (2) the form:

w = kom??, (3a)

If there are several particles with average mass m, present in a sample,
the expression (1la) assumes the form:

288 silikaty 4, 1970



" Effect of the Quantities Controlling the DTA and T A Course...

where
ky = kom3 1. (3c)
It follows from the course of AG° along the rcaction path that
— —> ~—
AG°+ = AG; + AG°#*, (4a)

and at the same time the following equation is valid
AG, = AG: + RT, Y, vilnay. (4b)

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

g{ = i; k}q;v exp ( AGO* ) [H aty V] [1 — exp éz:] : (5)

The temperature 7'; at which the system is in equilibrium under the condi-
tions the DTA and TA are performed will be considered as the theoretical
start temperdture of the studied process. Provided the difference between the

. —_> .
temperature of sample 7', and 7', is small enough, the value AG, is small too
and the first two terms of Maclaurin series may be substituted for the second
term of the binomial in parenthesis of the preceding equation

AL Nz,
—exp . (1 + AG—) (6)
v . v
In this case the value A_C}?‘r may be computed from the relationship
T, Ty s
f dAG, = Az, = f AR, AT = -A—Tf{i (Te—T). (7)
(2

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

e o () 1) B

Mo h

If such conditions arc kept during DTA or TA that the continued product of
the activities reaised to corresponding powers in (8) should be approximately
constant then the expressien in bracket of the equation (8) may also be taken
for approximately constant provided the values (7, — 7',) are small and thus
the equation for the early stage of reaction may be written in the form

3_{ = A(T, — To). (9)
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DIFFERENCE BETWEEN THEORETICAL VALUE OTF INITIAL
TEMPERATURE OF THE INVESTIGATED PROCESS AND THAT
RECORDED BY DTA AND TA

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

Before the process studied:

a7
Koo Tk — To(s)) = Ao(s) vd;(sl = Aptsy . U. (10a)

During the reaction:

T, df

X?J(TE _— Tv) = A,»D d—‘[ + Ahr g s (].Ob)

index v sample

index s standard

index £ surroundings of sample (standard)

2Lots) coefficient in the value of which the effect of geometrical arrangement
of sample (standard) and heat transfer from surroundingsinto sample
(standard) is included [cal s—1 deg—1]

Ao(s) = Ma(s)Co(s) + MuCo [cal deg—1]

index b thermosensor

m mass [g]

c specific heat [cal g1 deg—1]

Ahy increase in enthalpy during the process reduced to the initial mass
mo of the substance under observation [cal]

U constantrate of temperature change during DTA or TA, resp. [deg s—1].

In subsequent computations it is assumed that the quantities ¥, and y; as
well as 4, and A;, 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 7', the value 7% may be calculated by means of the
following relationship

T, iT,,—i—%EU——{— Ut. (11)

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

aT, % + AhA xU (m %+ AhA .
dz + T, 7 + [_TT—(Te yi + U)] = 0; (12a)

The equation (12a) is an ordinary linear differential equation of first order,
which can be written in a general form

T, + PTy + (oz + ) = 0. (12b)

where

2+ AkeA xU

P 7 5 o =—" g =—T.P+ U). (13a—13c)
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The general solution of equation (12a) can be obtained in the form

. o B
T, = Cexp (—Pr)——Pz— (Pr—l)—?. (14a)
Whent =0,T, = T.and
« B
C=T,— P2 e ?;
Hence the end form of (14a) is
. « B @ p
T, =(Te—~13;+?) exp (—Pr)_ﬁ(Pr~—1)—?. (14b)

By subtracting 7', from both sides of this equation and rearranging we
get the following relation

Ty—T,=9y[l —exp (—P7)] + 6t (15)
where
~ UAmA U ARAZ
VST T o F AhAR (16a)
and
S L il {
' P 4+ AmAC (16b)

The rise of standard temperature (7's) during DTA or of a sample in which

i %

v,0’

Te

0 % T
g, 1. Variation of T's (1), T» (2) and 6 . T (3) with time.
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the process studied should not take place during TA is given for the time =
by the equation

TS i Te = UT. (17)
By subtracting (15) from (17) we obtain the relation

Ts—Ty = (U— 67—yl —exp(—P1)] =
=t —y [1 —exp (—P7)], (18)
where
N _ UAkA
n=ytr = /WA_

The temperature corresponding to a definite and reliably measurable least
value of T's — T',,s = o [1] which in principle is connected with the systemati-
cal error of relevant “‘complete method* will be considered in subsequent reason-
ing to be the measured start temperature of a process under investigation.
By using the equation (18) it is possible to calculate the period of time 7s
necessary for measuring this temperature difference o in the course of this
process. The substitution of 7z, 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. Ty,c — 7T'e (Fig. 1).

Provided the value 7, is small enough, the first three terms of corresponding
Maclaurin series may be substituted for (exp —P7) 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 — Ty;s) by o is performed what results in the tranformation of (18) into
expression

(19)

_ UAwA
o = TTD. (20)

Similarly after substitution from (16a) and (16b) and rearrangement, the
equation (15) takes the form

2,2
T’D;O'_ Tg = y PTU— P To + (STU = UTU'_‘ U AhTA Tz. (21)
2 24 ¢
It follows from equation (20)
) 200
Toe = m ’ (22)
75 is therefore practically independent of .
By substituting 7, into (21) we obtain following equation
] 2;I.0'U
Tyso — Ty = [/ 0 (23a)
Substitution from the equation (8) and subsequent relationships
A.——ﬁr o _A—g
Te e T
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and
AH r
Bl == 3, ™
enables us to transform the equation (23a) which takes the form
1 2. M
Ty — Ty = —t - Ao UvoMoR — . (23D)
ASr 7 kTG 00* i) 7
W' —— exp H azli/

Mo molecular mass of the substance
vo — 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

m, = k3 .My

This substitution for m; 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. myCy > MpCp; A = MyCy.

Too— T = |/ UmPK, — K. (23¢)
1.2, MyCy <€ MpCp; A = MpCp.

Tv;a O Te = I/ Um;z’z‘mb I(z E ](0. (23(1)

2. There are several particles in the sample (3b).
2.1. MyCy > MpCp; A = MyCy.

Ty.o — T =[UK; — K,. (23e)
2.2, MyCy € MYCy; A = MpCy.
Toyo—To = UmyimpKs — Ko. (23f)

K ; are constants.

The difference between the theoretical 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 11ght
of the equations (23¢—23f) does not change.
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VLIV VELICIN, RIDIiCciCH PRUBEH DTA A TA, NA ROZDIL MEZI
NAMERENOU A TEORETICKOU HODNOTOU TEPLOTY POCATKU
REAKCE

Ivo Proks

Ustav anorganické chemie Slovenské akademie véd, Bratislava

V préci je odvozena piibliznd zdvislost rozdilu mezi pomoci DTA, resp. TA naméfenou
teplotou (7'4;5) a teoretickou teplotou (7'¢) poédtku studovaného pochodu ve vzorku
na veli¢indch, uréujicich pribéh prislusné termické metody. Toto odvozeni je zaloZzeno
na téchto zjednodusujicich piredpokladech:

1. Vliv nukleace na prabéh sledovanych pochodua je zanedbatelny.

2. Sledovand reakce probihd na fdzovém rozhrani.

3. Rozméry d&dstice jsou ve vSech smérech priblizné stejné; rozmeéry vsSech d&dstic
lezi v izkém intervalu.

4. Teplotni spdd mezi povrchem vzorku a teplomérnym é&idlem je zanedbatelny.

Zévislost rozdilu Ty;6 — T, na veli¢indch, charakterizujicich pouzZitou metodu,
vyplyvé z ndsledujicich diléich vztahu:

a) Neméni-li se pti DTA, resp. TA aktivity vychozich latek, je pomérnd ihrnnd rychlost
podéteéniho stadia uvazované heterogenni reakce ddna rovnici

df
= . T, —T,). (9), resp. (8
o = AT —To) p. (8)

b) Na zdklad® tohoto vztahu a rovnice Speila a Voldové, kterou je popséna energe-
tickd bilance ve vzorku (standardu) béhem DTA, resp. TA, byly odvozeny 8asové zd-
vislosti rozdilu mezi teplotou vzorku (v &ase ) T', a teplotou T, resp. teplotou standardu
Ts (pti TA teplotou vzorku, v némz by nedochdzelo ke studované reakei) a teplotou
vzorku T'y:

Ty—T, =y[l —exp (—Pr)]+d.7 (15), (16a) a (16b)
a
Ts— Ty =yt — y[1 —exp (—P7)]. (18) a (19)

Cas je mdfen od okamziku, kdy teplota vzorku (standardu) je rovna Te.

¢) Za naméienou teplotu poédtku studovaného pochodu (T';,) je povazovédna teplota,
odpovidajici zvolené, nejmensi spolehlivé namétitelné hodnoté rozdilu 7's — T'v;6 = o.
Z poslednich dvou rovnic lze vypoéitat dobu prabéhu studovaného pochodu zs (22),
potiebnou pro naméteni teplotného rozdilu o, a hodnotu rozdilu 7'y;s — T', (23a) a (23b).

Podle geometrickych a termickych vlastnosti vzorku, resp. teplomérného éidla je
mozno rovnice (23a) a (23b) upravit na ndsledujici vztahy (23c—23f):

1. Vzorek je tvoren jedinou édstici.

1.1. mypCy > MeCs; A == MyCyp.

Tu;o — 7T, = l/ (]7’)141,/3 K — K.
1.2. mecy € Mmscs; A = mgaca.

Tyio— T = || Umy®? . me . Ko — K.

2. Ve vzorku je vice édstic.
2.1, MyCy > MeCs; A = MyCp.

Tyo—Te = Vﬁ Kis— K,. .
2.2. MyCy € MaCs; A = MacCe.
Tyio—To = || Umy? . me . Ky — Ko.
K jsou konstanty,
my (me) — hmotnost vzorku (¢idla),

¢y (cs) — mérné teplo vzorku (¢idla),
A = Mmycy + Mmecs.
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Rozdil mezi teoretickou a pomoci TA, resp. DTA stanovenou teplotou poédtku uva-
Zovaného pochodu zustédvd tedy konstantni jen p¥i takové volbé hodnot rychlosti vzestupu
teploty, navédiky vzorku a velikosti teplomérného ¢idla, pii niZz se neméni vyraz pod
odmocninou na pravé strané rovnic (23c—23f).

Obr. 1. Grafickd zndzornént zdavislosti T's (1), T'» (2) a J . T (3) na éase.

BIUNAHNE BEJII/I;{I/IH, YHPABJAIOINX XOIOM OTA U TA
BOTJHUYUE OT UBMEPEHUEM MOJYUYEHHOW I TEOPETUYECKOII
BEJUMYNH TEMIEPATYPBI HAUAJIA PEARIIUN

UBo Ilpoke

Hayuno-uccaedosamenvcruiic uncmumym neopeanuydeckoti xumuu CAH, Bpamucaasa

B npepnoskennoii pabore aBTOP BEIBOIUT NPHOIM3UTEIHHYIO 3aBUCHMOCTS Pa3HHIBI MEKLY
opu momomu [ATA mm TA momydenHoif TeMuepatypoil (7'»;6) I TEOpeTHYECKOU TeMIepa-
Typoil (7T) Hauama MCCIIENOBAHHOIO IIpollecca B HIpo0e OT BEIHYNH, ONPEeISIIOIHX XO
COOTBETCTBYIOIEr0 Meroja. IIpuBe/[eHHEI BLIBOJ, OCHOBHIBAETCS HA CIEAYIOIMX YIPO-
IMAJOIMUX IPeJHOI0KEeHIAX:

1. BiaHie HyRieamui HA XOJ HCCIELYeMBIX IIPOIECCOB MOKHO IpPeHeOpeds.

2. Mcemepyemasi peaRIjiA IIpoTeraer Ha mpejeie §as.

3. PasMepsl yacTHIBI BO BCeX HAIPABICHIAX LPUOIH3HTEILHO OJIIHAKOBEI, PasMepb
BCEX YaCTHI[ HAXO/(ATCS B Y3KOM HHTEpBAJIe.

4. TenyoBoil mepenaj; Mes/(y II0BEPXHOCTHIO IPOOEL M JATYHKOM JIJIsi UBMCPEHHUS TeMIepa-
TYPBLL MOKHO IIpeHe0peys.

3aBucuMocTh PA3HANS T'y;o — T'e OT BeNNUYNH, XapaKTepU3YIONIX IPIMEHEHHEI MeToJ,
BBITEKACT I3 CJICAYIOIUX YaCTHIHGIX OTHOIICHIIL:

a) Ecom He usmensrorest npu JTA mmm TA aKTUBHOCTH ICXOJHBIX BEIIECTB, TO CPaBHU-
TeJIbHASA CYMMapHAas CKOPOCTH I6PBOHAYAIILHOM CTAIII PAacCMaTpiBaeMoil HeOTHOPOIHOIL
PearIui JaHa ypaBHEHUEM

— = A(T» — To). (9) wu (8)

0) Ha ocHoBammm mpuBefeHHOro oTHOmcHisI 1 ypasmenis Crefra 1 Bomjgosoil, upu
TOMOIIIL KOTOPOTO ONICHIBATCA 9HepreTiyecKuil Oananc B npole (cTaHmapie) B TEUCHHE
HOTA mmm TA, Oblin BeBejleHBl BpPEMEHHbIE 3aBICHMOCTI PA3HIILI MEMy TeMIeparypoil
npoGsr (Bo Bpems 7) T’y 1 Temmeparypoii 7 mint temmeparypoil crampapaa T's (upu TA)
MeKIy TeMueparypoil mpoObl, B KOTOPOH Obl He IpOILIa MccieyeMasl PeaRIisa) I MexIy
TeMuepaTypoil mpoosr 7'y :

Ty — T¢ = y[1 — exp.(— P7)] + o7 (15), (16a) m (16b)
Ts — Ty = nt — y[1 — exp(— P7)]; (18) m (19)

BpeMsi H3MepsIeTcA ¢ MOMEHTa, KOrja reMmieparypa upolst (craggapaa) pasaa 7.

B) llsmepemmoii Temmeparypoil Hagama ucciefoBaHHOro mpomecca (7vjo) cUmTAETCS
TeMmeparypa, OTBevalomas Iof00paHHON, HauMeHBIIEH HaJeKHO N3MEPEHHOU BeJIIYIHe
pagaunnt I's — T'y;0 = 0. Ha OcHOBaHUN IIOCJTENHUX IBYX YPaBHEHHI MOKHO PacuuTarh
BpeMsI X0jia HCCIIefyeMoro mpolecca ts (22), HeoOXouMoe I U3MePeHusA TeMIeparypHOil
PasHOCTH 0, U BeJWIHHY pasHocTH T'v;e — T (23a) u (23D).

CoriiacHO TeOMETPIIECKIM I TEPMIYECKIM CBOHCTBAM IIPOOHL HIIH TATYHKY JJIsL HBMEPEHIsI
TeMIepaTypsl MOKHO ypaBHeHHA (23a) u (23b) mepepaboraTh B cirefylomme OTHOINEHHS
(23c—23f):

1. IIpoba cocront w3 OHON YaCTHIEL

1.1, moco > mecs; A = mascs.

Toio—To = |[UmiP. K\ — Ko.
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1.2. moco < msce; A == mecs.
Toic — Te = [ Umy®® . ms . K2 — Ko.

2. B npobe HAXOMITCST HECKOJIBKO YaCTIIL.
2.1, myCo» > mecs; A = maco.

Tge — B = VT, By~ By,
2.2, mocy <- mscs; A = mscs.

Too —Te = ]/ Um;1 .mg . K4 — Ko.
K; — TIOCTOAHHDIE,

My (ing) — yAeNBHLIT Bec NMPOOLI (AATUNIKA),
¢y (cc) — ynennbHas TemioTa nmpobnl (AaTdiKa),
A =my.co+ ms. cc.

PagHocTs MesKAy Teoperuyeckoil Temmepartypoll m Meday npu nomomtn TA wm ITA
YCTAQHOBIEIIHOI TeMIepaTypoii Hauajla paccMaTpUBAeMOro IIPolecca OCTAEeTCs IOCTOAHHOIL
TOJILKO IpH TAKOM II0A00pe BEIIMYIIH CKOPOCTII ITOAHIMAHIISL TCMIIEPATYPLI, JIO3LI IPOOLI
II pasMepa JaTuHKa sl IBMEepPEeHIsl TeMIIepaTyphl, IIPH KOTOPOM BmIpasKCHIle, NPIIBECHHOe
110;1 BTOPBIM KOPHEeM Ha XpaBoil cTopome ypaBHeHHIT (23¢—23f) He msieHsercsl.

Puc. 1. I'pagpunecroe uzobpancenue sagucunocmett Ts (1), Ty (2) u 8t (3) om epemeru.
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