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ICTAC definice DTA

A technique iIin which the difference In
temperature between the sample and a
reference material is monitored against time
or temperature while the temperature of the
sample, iIin a specified atmosphere, is
programmed.
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Thermal decomposition
of the [Pt(ox)(L),]-4H,O
complex [ox = oxalate
dianion and L = 2-
chloro-N6-(2,4-
dimethoxybenzyl)-9-
iIsopropyladenine].
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DTA Ampule pro STA 409 Netzsch
: \

A\l

M&feni standardu a vzorku v kiemenné ampuli (Sn a ANZ1)
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DTA Skimin 70ml AN/ min
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Onset: 270.4 °C
Onset: 2763 °C

Onset: 276.1 *C

T of liguid =402,4 C

Tofsolid=4328C
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Onset: 4323 °C

End: 802.7 °C
End: 802.1 *C
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Pouziti Ampuli pro DTA
Vyhody:

*bezpecnost, odolnost proti oxidaci, vhodné pro snadno
tékave kovy a jejich slitiny (Zn, Mn, Cd,...),...necitlivost k
nosnému plynu, ...

sreprodukovatelnost pi1 vicenasobnych ohfevech, teplotni
presnost srovnatelnd s DSC, .....

! MoZnost pouzit ampule pro dlouhodob¢ izotermni Zihani.
Nevyhody:
*mensi citlivost,...

Existuji kFemenné
Do cca 1100stC ampule 1 pro DSC.
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projection
(measured by
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Viypocteny vertikalni fez soustavou

Ni-Sn-Zn pro 8.3 at.% Ni
na zakladé assessmentd pro binarni soustavy
srovnany s udayji z termickeé analyzy DTA
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gure 1 DTA curves of Inconel 718 alloy itself and Inconel 718 alloys containing
small amounts of various additive elements subjected to continnous cooling from liguid:

) master alloy; (b} + 0.04 mass% C; (¢) + 0.5 mass% Nb; (d) + 1.0 mass% Nb: (e) +
2.0 mass% Nb; (f) 4+ 0.2 mass% Al; (2) + 1.0 mass% Mo; (h) — 0.5 mass% Ti
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Phase Transition in DTA

Thermal Analysis 7o |[ 7]

of Micro, Nano- : 0 ;

and Non-Crystalline ‘ <[ Tw]

Mate"a's Fig. 5.1 Arrangement of the sample (3) and reference (E) holders with respect to the furnace wall.
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gesték, Sedmidubsky:
Heat Transfer and
Phase Transition in Full text: Heat Transfer and

DTA Experiments I Phase Transition in DTA
SprinqerLink Experiments (researchgate.net)



https://link.springer.com/chapter/10.1007/978-90-481-3150-1_5
https://www.researchgate.net/publication/259649232_Heat_Transfer_and_Phase_Transition_in_DTA_Experiments#full-text
https://link.springer.com/chapter/10.1007/978-90-481-3150-1_5

5.2| DTA equation anfl its testing by rectangular heat pulse

Starting from the analysis of the heat transfer process under the conditions of DTA apparatus and using ideas of
Faktor & Hanks [47] Lhésmlple balan?fs of heat ﬂuies for sample and reference holders were found [49. 50]:

Sample holder: K (T, - T, )= C3(dT. /dt)— A H (d 2 /dr) (5.1)

Reference holder: Ky (Ty —T )= C5(dT, /dt) (52)
where K Kp are the coefficients of heat transfer between the furnace wall (with temperature Ty;) on one side
and the sample holder (with temperature T5) and the reference holder (with temperature %) on the other side, re-
spectively; C3 and CF are the heat capacities of sample holder (including sample) and reference holder (includ-
ing reference material);A .H 1s the enthalpy change of phase transition (positive for endothermic process) and
d£/de 1s the rate of the transition (¢ 1s the progress variable or extent of transition and r means time).

From the balances, the DTA equation (expressing temperature differenceA Tpra between the sample and the
reference holders) was derrved 1n the form:

1 |'ﬂf(rw—TR)—(cﬁ—cﬁ)@—c;‘;‘ii_fT+atH§

DTA /

jT:II.-’-. =

(5.3)

where ATy = Tg— Tp; AK = K — Kp; @ = dTy/dt (linear heating rate); Knry = Kp (.apparatus constant™ of DTA
depending on temperature Ty and heating rate $).
The heat capacity of sample C; can be expressed as depending on the extent of transition &

5 5 i 5
Ci=Ci +£ACE (54)

where Cim is the initial heat capacity of sample (including sample holder) and A Cj is the heat capacity change

due to transition, for which Person—Kirchhoff equation 1s valid:

Cp a AH lze vypocitat
metodou Calphad

_ (6A H |
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1... rychost s jakou
prijima vzorek teplo pri
ohi‘evu (heat flux)

2... rychost s jakou
prijima vzorek teplo pri
procesu fazové
transformace v rozsahu

G

3... rychost s jakou
je predavano teplo
ze stén vzorku
Vzorek je
ponékud
,neteény*
(inertni) k
ohrevu tim, Ze se
cast tepla pohlcuje
fazovou
transformaci.

What is Thermal
Inertia? -

i} YguTuge :

ohrevu*
18



https://www.youtube.com/watch?v=Ndzc4sAv0qs
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Fig. 5.5 Stabilized temperature profile Tx(r) and gradient profile gg(r) at linear heating (®gg > 0) and linear cooling (®ge < 0) in in-
finite cylinder with external radius re.
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rectangular original

A(dg/dt) = dq,,./dt-dg, fdt= 0
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Fig. 5.3 Use of DTA equation (5.3) for reconstructing the heat pulse from DTA curve as a response to artificial rectangular heat
pulse [52]. The greatest differences between the original and reconstructed heat process is in the fields near to the onset and the end

of rectangular pulse, where the heat flux is abruptly changed (§ = d*g/dr’ — +x).




Consider a sample 1n the form of infinite cylinder with external radius rz. The sample exhibits an endothermc
first-order phase transition with the equalibrium transition temperature T} and molar enthalpy change AHy,. Dur-
ing the transition, the initial phase @ with molar volume V., molar heat capacity Cj, .m and heat conductivity 4; 1s
changed into the final phase @ with the respective quantities F5, C;,_, and 4¢ The overall extent of transition &g 15
determined as fraction of molar amount of the final phase N; (molar amount of the transformed part of sample)
referred to the whole sample:

Ne

=— 537
o (5.37)

E
=G

where ; 1s molar amount of the nontransformed part of sample (molar amount of remaining 1mitial phase).

To avoid the problems of changing radius due to molar volume change at the transition. it is assumed that the
transition does not change the sample volume: 7}, = F5; AV, =0.

When the sample 1s exposed to a linear heating then four stages can be distinguished with respect to the tem-
perature profile mnside the sample.

I.  Temperature at any part of the sample 15 lower than the (equilibrium) transition temperature T} = T so that
the stabilized temperature profile occurs inside the sample in the form

2

T(r) = Tie 3202 =) 539)

where o, = )liF,-;ij,?n represents the thermal diffusivity of the mmitial phase @;, Tsg 1s the temperature de-
tected on the sample surface and $5p = dT/dr 1s the applied linear heating rate.
Temperature higher than T; 1 a part of the sample, the phase transition 1s in progress and the extent of

transition inside the whole 1s lower than umty (0 < £z = 1). The temperature profile 1s not stabilized since
it 15 affected by a _heat sink™ heat due to the running endothermic transition.

Temperature at any part of the sample is higher than T; and the extent of transition is equal to unity; how-
ever, the temperature profile 1s not yet stabilized but 1t 1s tending to reach the stabilized state.

The stabilized temperature profile afier the transition 1s reached 1n the form:

Pre

L(r) =T - 2205 —1%) (5.39)

g
where o = 2, ¥} / C;.,n represents the thermal diffusivity of the final phase @

The thermal behaviour of the sample upon the transition can be approached using two different models; a
continuous and a discontinuous one.
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Fig. 5.8 Local temperatures Ts(r) (left) and local extents of transition &(r) (right) in the sample at various times according to the
wcontinuous model” (Eq. 5.44). The transition starts at =260 s. Dashed lines in the left part represent the stabilized profiles corre-
sponding to the given surface temperatures (without any transition).

Fig. 5.9 Profiles of rates of local temperature change d75(r)/dz (left — applied heating rate @ = 0.2 K/s as dotted line) and rates of the
local extent of transition d&/(r)/dz (right) in the sample at various times according to the ,.continuous model” (Eq. 5.44)



sDiscontinuous model“ of a phase
transition

Postupujici Ve vzorku postupuje
fazové rozhrani od kraje ke stfedu
fazové rozhrani napf.
o—[3 pf1 masivni
transformaci. Rozsah
fazové transformace

¢ je pred frontou
0zanil.

. ds
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d‘c i S “'l
Fe r, r=0

Fig. 5.13 Heat flux profiles in a cylindrical sample during transition according to discontinnons model

Tok tepla se spotirebovava na: 1... ohrev
puvodni faze, 2...na preménu na rozhrani,

3... na ohrev nove faze o
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Fig. 5.16 Calculated development of temperature profile T(r) during one period of temperature modulation (pericd 1= 100 s, heating

0.05 r.:m:fs, rs =1 cm) for times 220320 second
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