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A technique in which the mass of the sample
IS monitored against time or temperature
while the temperature of the sample, Iin a

specified atmosphere, Is programmed.
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Pouziti
(vSude, kde jde 0 zménu hmotnosti)

Napriklad

Sledovani tékavych latek (schnuti, desorpce, adsorpce, ztrata
krystalové vody,...), méreni Cistoty latek (vlhkost )

*Oxidace na vzduchu nebo ve smésich s kyslikem (kovy, oxidacni
rozklad organiky, ..)

«Termicke rozklady v inertu, pyrolyza, karbonizace, ...
*Heterogenni chemicke reakce (produkt plynna slozka)
*Reakce v redukéni atmosfére

*Feromagnetické materialy (Magnetické vnéjsi pole, Currie, Neel)

*Atd.



Top loading Hang down Horizontal arrangement

Figure 3.2 Thermobalance designs showing the top loading, hang down and horizontal arrangements.



Schéema merem TGA
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Figure 1 Schematic illustration of a TG apparatus of suspending type
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A: (100-226) °C, endo
CaC,0,.H,0—-»CaC,0, + H,O

B1: (298-420) °C, v inertu, endo
CaC,0, »CaCO,; + CO

B2: (289-420) °C, je-li O2, exo
CaC,0, »CaCO,; + CO

C: (660-840) °C, endo

CaCO,; +1/20, »CaO + CO2

Poyn.: je to standardni latka,
Cisti aparaturu

Figure 2 Analysis of TG curve as exemplified by the thermal decomposition of

CaC,04 H2O




Table 3.1 Density of several gases at 25, 500 and 1000°C at a standard pressure of

101.3 kPa

Gas

Diry airl
Mitrogen
Oneygen

Arg:;:n
Helivm
Carbon digxide

Density (mgfml)
at 25°C

1.154
1.146
1.308
1.634
0164
1.811

Density (mg/mL]
at 300°C

0,457
0441
0504
630
0.063
0.6498

Density (mg/mL)
al 1000°C

- 0.269

0.268
.306
(383
0.038
0.424




Heating rate 15 K/min

Calcium oxalate
(monohydrate)

.
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Figure 3.3 DTA curves of calcium oxalate monohydrate measured in air {upper curve] and in nitrogen
(lower curve). The second effect at 500°C corresponds to the elimination of carbon monoxide, a process
that is endothermic in an inert atmosphere. If oxygen is present, the CO immediately burns to COy, which

produces an exothermic effect {above).




Priprava vzorku a
podminek experimentu

Representativni vzorek: jemny, primérena hmotnost, co
nejméné poznamenat pripravou v¢. kontaminace

Atmosféra: vhodna pro experiment, pozor na znecisténi
(02, vlhkost, N2,.., redukéni a oxidac¢ni potencial,...),
tlak (0.5Atm), vhodna rychlost vznosu (funkce teploty),
proplach vah (miseni s nosnym plynem)
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Obvyklé podminky experimentu

*Rychlost ohirevu (10K/min, isoprodlevy,..), nastaveni
teplotniho programu.

*Nosny plyn (inerty Ar, N2, synt. vzduch, He, ...)

*STA-sample controlled thermal analysis (Fizeni rychlosti
ohrevu zménou hmotnosti vzorku)

*Méreni baseline (eliminuje radu vlivii, ne napr. emisivitu
VZOorku)
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Semple mass: approx. 17 mg : Kontrola rychlosti
skmn — ] ohi‘evu v zavislosti
Sample conwotod * ‘ na rychlosti zmény

heating rate — —

SKmin oo : ' pOkIESU hmotnosti

5 15 20 25 30 35 40 45 50 55 60 65 70 75 80 min

Figure 3.5 Influence of the heating rate on the resolution of partial reactions. In the inserted diagram on
the right, the dotted and solid TGA curves of copper sulphate pentahydrate were measured conventionally
at 5 and 25 K/min, whereas the dashed curve was recorded using the sample controlled heating rate. In this
presentation of mass against temperature, the steps in the curve appear 1o be nearly vertical because, at low
healing rates, the reaction takes place almost isothermally. In contrast, in the mass against time presentation
{main diagram), the shapes of the three curves at first sight appear similar, On closer inspection, the better
separation abtained using sample contralled heating rates — especially in the first two steps — becomes

apparent. .




Sample: capper suiphate coarse, 1.9200 MY ...
Sample: copper sulphate ground, 1.9060 mg ——
Heating rate 10 K/min

Step -15.2331%

CuS 5H20

Slep ~14.2008% Step —13.4773%
—(L27T08 mg =0.2538 mg

wFEEEEDSSSSSSs SIEP —7.6343%
T ~0.1466 mg

L]

E
Step —13.82153% .
~0.2634 mg "'-.._____--“'“" -

-
Step -7.0910%
—0.1352 mQ

. —

1

' 240 280 280 °C

80 100
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Figure 3.4 TGA and DTA curves showing the elimination of water of crystallisation from copper sulphate
pentahydrate, The dotted curves were measured with rather coarse crysials, the solid curves with finely
ground crystals, The first and third steps in the curve of the finely ground crystals are shifted more than

10 K tor lower ternperature. The heating rate was 10 K/min. Curves are offset for comparison.




Kelimky a atmosféra
Kelimky- nastriky inertnimi oxidy (A1203,
Y203)

Atmosféra (Cisté plyny typicky 30ml/mii
Inertu nebo S-air, 4% H2+96%Arr,
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salUbelll

Alumina 18



Table 3.2  Sources of residual oxygen and precautions

Sources of residual oxygen

Precautions

Croygen coment of the purge gas
Leaks in the gas supply tubing and

other fittings and connections

Cutgassing of constructional
components (oxygen adsorbed on
parts of the measuring cell) and
dead volurne

Ingress of atmospheric oxygen due
1o leaks

Ingress of atmospheric oxygen due
to back difiusion at the purge gas
outlel

Llse an inert gas containing fess than 10 ppm oxygen.
Oxcygen can diffuse through plastic tubing! Either use very
short sections of plastic tubing (less than 50 cm) or metal
tbing with a minimum number of connections and [oints.
Carefully check all joints for leaks.

Switch on the flow of protective gas to the microbalance
several hours before measurement. Purge the vacuum
connection as well. Only open the furnace briefly to insert the
sample.

Active replacement of air through slight evacuation to about

1 kPPa. Then flood with the desired purge gas (if necessary
twice].

A possible cause of leakage is the fumace seal which could be
damaged or dirty.

Attach a long narrow tube to the outlet (this functions as a
diffusion baffhe).




Mormal pressure
Redusced pressure
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Figure 3.6 Effect of pressure on the decomposition of an elastomer: sample A is measured at normal
(atmospheric) pressure, and B under reduced pressure, 1.5 kPa (15 mibar). Under reduced pressure, the va-
porication of the volatile components (additives, 1) is clearly separated from the decomposition of the elas-
tormer (2,3). Al normal pressure, the step height evaluated {on an expanded scale) from the stable region of
the baseline at 270°C to next DTG maximum at 380°C does not correspond to the true additive content.

/




Dalsi viivy

«Zbytky vlhkosti v nosném plynu zpiisobyji adsorp¢ni
parazitni efekty.

» Autosampler (Al kelimky nejléepe, kapsulovat s dirkou)
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Figure 3.7  TGA curves of different chemical reactions. (al Thermal decomposition with the formation of
volatile reaction products. (b) Corrosion, oxidation of metals (farmation of non-volatile oxides). (c) Combus-

tion of carbon black on switching irom N3 to Oy (d) Multi-step decomposition. (&) Explosive decompaosition
with recoil effect.




Crelclation of iron
powder in air
237141 Mg

ot
150 pL alumina pan

Step 40.0018% 50 ml/min air

24863 mg

s

™
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Figure 3.8 Example of a chemical reaction with an increase in mass. The iron powder lakes up 40%
oooyen in air and forms FeaOy and FesOs. The SDTA curve below confirms that the reaction is strongly
exothermic; heating rate 20 K/min, AlbOs crucible 150 pl. This reaction has an exceptionally wide
temperature range of 600 K for 1-99% conversion.




Heating rete: 5 Kfmin

Rozklad aspartanu

b
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Decomposfion

Sample: aspariams, 213330 mg
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Figure 3.9 The decomposition of the artificial sweetener aspartame appears to be relatively complesx.
First, thee water of crystallisation is lost at about 130°C, This is followed by the elimination of methanof at
180°C and the formation of a piperazine ring. This reaction takes place in an extremely narrow temperature
range of just 20 K for 1=99% conversion. The SDTA curve shows that the piperazine derivative melts at
2500,




Maly odpar (Zn, Se, ..)

Ztrata néceho pri tani
(vinkost)

Tani spojeneé s
rozkladem

Figure 3.10  Thermogravimetric effects on melting. (a) Sample with low vapour pressure (no TGA effect).
(b} volatile melt ithe liquid sample evaporates). (¢} Moisture escapes on melting. (d) Sample melts and
decomposes.




I
Schnuti, desorpce,

sublimace,...

Var a mala dirka
(dalsi skok =

odfouknuti)

Currie a Neel pri
d A Al A4 14
prilozeni magnetu

Figure 3.12  Other thermogravimetric effects, (a) Drying, desorption, sublimation. (b Boiling in a crucible
with a small hole in the lid. () Ferromagnetic Curie transition without a magnet: no TGA effect. {d) The
same sample with a permanent magnet below the furmace.




Mickel cylinder

Caokng at 10 Kimin

Ni s magnetem
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Figure 3.13 A permanent magnet placed below the fumace of the thermohalance attracts a ferromagnetic
material and causes an apparent increase in mass. When the Curie temperature of the sample is exceeded,
the force is no longer exerted and there is a sudden loss in apparent mass. This effect is reversible and
orcurs again on cooling. The abscissa shows the sample temperature, T;.




Sample: copper sulphate penahydrate, 31.5000 mg

Stap -14.3796%

TSmO Déla SW (nebo
manualné)

Step -14.2034%
44741 mg

""étep ~7 3758%

Step  -3.2400%

—1.0206
Residue 28.646

1 20235 mg

Figure 3.14 Separation in a TGA curve of copper sulphate pentahydrate at 10 K/min. The individual
steps correspond to the consecutive elimination of the following maolecules: 2 HzD, 2 H20, 1 Hz O, 50,
0.5 (. The residue is Cug O




Step -31.2191%

TGA —1.6729

* Hesidue  0.4000%
21,0506 107 g
Stop _67.5330% Inflect. pL 504.93°C

Ifloct ot 235,447 Priprava karamelu
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Figure 3.15 The decompasition of sucrose at 10 Kfmin in air occurs in two consecutive steps, the sec-
ond directly following the first. In the evaluation, a value of 405°C was used for the end of the first step
and the beginning of the second step. The simultansously measured SDTA curve shows the endothermic
melting peak followed by the endothermic caramelisation, at which stage the exothermic decomposition/
combustion occurs, An almost white residue of 0.4% remains at the end of the measurement. This corre-
sponds 10 the ash contend.
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Sample: com starch, 10.2570 mg
Caramelisatior le: bES
step of sugar

Smés cukru +
kukuri¢ny Skrob

Main decomposition of corn starch

Step -26.5553%
-2.6212 mg

Inflect. pt. 309.83°C

Midpaint  311,18°C

50 100 50 200 250 200 350 400 | 480 500 | sk | oc

Figure 3.16  TGA curve of a 1:1 mixture of maize-corn starch and crystalline sugar: heating rate 10 K/min,
purge gas air at 50 mljmin. The main decompaosition step of corm starch occurs at roughly 310°C imidpoint).
In a mixture with crysialline sugar, the “starch’ step accurs in a region in which the mass of the sugar
continuausly decreases. The step obtained using a “horizontal” evaluation would be too large. This error
can be avoided using a “tangential” baseline evaluation, The measured step of 25.5% refers to the initial
tatal mass of the mixture at the beginning of the measurement (see Section 3.6.3),




Metodika vyhodnoceni TGA

\, ° 0 -
Zména hmotnosti v %0: G%=100.Am/m,

Stupen premeény reakce (solid state reakce napr oxidace, rozklad,...)

g TR mp, my and M Potatecni, konetna a
Mg — Mg aktualni hmotnost

Rychlostni rovnice pfemény Integrovana rychlostni rovnice

premény
dee . — ’ EE— = ki

Obecné pro isotermni i neisotermni ohrevy plati:

do = Aexp (——Ed—) flaale, T, P, ....) a...akomodacni
dr R1 funkce (éasto=1)
31



Kontrolovano difazi
(Dn) nebo ristem
rozhrani (Rn)

(i) contracting  £F5Q)
geometry | 3

HEADTAHT%

(i nucleation [ 5 PRODUCT
& growth © Kontrolovano

Qﬁ nukleaci, difuzi a

random nucleation & rustem (An)
& growth

Figure 1 Schematic representation of the contracting geometry and nucleation—growth
models
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Dehyd ratace
Zn Ac.2H20

0.0 5 0.0
0 10 20 30 40 0 10 20 30 40
tnin X
Figure 1 Typical plots of g{e) against ¢ for the isothermal dehydration of zinc acetate -
dihydrate :




Table 1 Typica! kinetic model functions derived for the solid-state reactions

] 8 1 ( ( ¢ do
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Table 1 Typical methods of kinetic analysis for nonisothermal data

M:ﬂmis Form . Refersnce  Approximation Kinetic equation

Mebods ~ Fom OO A e —

. dee 1 a
. ‘ff 1i . —_——e— | = 1 —_
Single run Differential  Achar . l.'lﬂl‘l in 4 f{ﬂ}] n A R

AE, {. 2IRT E,
Integral Coats and  pix) In g_f.'"-‘:_} =In [_,. (] - R )] _—
Redfern® rs SR E, RT

X dey E,
Isoconversional Differential Friedman®- non In - = In{A fa)] = ﬁ

AR
Integral Ozawa’ (x) log f = lo T 2315 - 04567 ——
egr 2 2 2 2@ BT

2nd Kissinger®  fo) = —In{l — @} 5 111_[M. E:l _ 5

E,

In = = ——
differential 72 L d E.i R



Casté aplikace TGA

Zajima nas

Z. TGA krivky vyhodnocujeme

Effect, property of interest

Fvaluation used

Compaosition

Thermal stability, decomposition
Stoichiometry of reactions
Kinetics of reactions
Adsorption/desorption processes
Vaporisation behaviour
Influence of reactive gases
Moisture

Oxidation stability

Step evaluation, I'?S'dﬂe

Step evaluation

Content

Conversion, kinetics

Step evaluation

Step evaluation, DTA, integration
Step evatuation

Step evaluation

Onset
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PAB: Moisture Determination by TGA 20.03.2004 10:32:07

——— Samples B
SN | (open)

Step -4.5935 %

-0.36853 mg
\ H““*-.h -

Samples A
(automatically pierced)

Step -9
-0.8466 mg
Heating Rate 5.00 *Cmin®-1

100 120 140 180 180
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