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Obsah prednasky

& Uvod do termické analyzy
< Vyvo] metod TA (historie, kfivky chladnuti, teorie)
< Metody termicke analyzy

-DTA (DDTA)

-DSC (pcDSC,hfDSC)

-TGA

@ Simultanni termicka analyza (STA) - doplrikové
metody k termické analyze (TG, MS, FTIR, ...)

@ Experimentalni metodika




Historicky uvod

& Pocatky kvantitativniho
mereni tepelneho obsahu

@ Prumyslova revoluce
& Moderni technologie

& Kontrola technologie —
potreba zavedeni termicke
analyzy do materialoveho
vyzkumu
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Historie
e (cca —8000) - ziskavani kovu, (-3400) - Sklo

«Cca 1500 — Pocatky méreni teploty a tepla
(renesance)

@Zacatek 17 stoleti — kvantitativni méreni teploty
jen do 300stC (Hg, apod.)

17.stol. Koncepce teploty a tepla (Wunderlich,
Schuijff, Ekeren,...)

e 1803 Prvni pouziti Pt pro méfeni vysokych teplot
(Guyton de Morveau, dilatace tyCe pres balan¢ni
systém. chemik, francouz, fizeny let balonem)

http://www.google.cz/books?hl=cs&Ilr=&id=1rw2eVYI1l140C&oi=fnd&pg=PR9&dq=History+thermal+analysis+platin

um&ots=X2iBYaZlay&sig=ZivDXJIKbxIDEG_BNTd10SbSoes&redir_esc=y#v=onepage&q&f=false
http://www.fzu.cz/~sestak/yyy/ictacHistory.pdf K
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Data dulezita pro TA

1714 Fahrenheit Mercury thermometer and temperature scale
1742 Celsius Temperature scale Vychazi ze dvou zékladnich
1 760 Black Ice calorimeter refef,e;]cen;::ln?gltle;eol::iom
-1784 Lavoisier & Laplace ~ditto- jaké se podafilo
Fahrenheitovi dosahnout
| 782 Wedgwood Pyrometer . (roku 1724) smichanim
1822 Seebeck Thermoelectric effect chloridu amonného, vody a
ledu a 98 °F teplota
1826 Becqu&rel Thermcrc::rulple development . = = b0, a&ji byly
-1836 Pouillet -ditto- referencni body upraveny
-1886 Le Chatelier -ditto- T S2 P B0 I 7
. vody a 212 °F bod varu
1848 Kelvin Absolute temperature scale  vody. Tyto referenéni body
1871 Siemens Resistance thermometer ([Pl @8] SClots Wt Ginyy L0
. . stupnu, tudiz jeden stupen
1892 Le Chatelier Optical pyrometer Fahrenheita odpovidé
1899 Austen-Roberts DTA a &'g‘éfs‘f&bo S
1907 Henning Dilatometry T FruueT e Sy
sis/” renheit’™ sis/ renheit’™
1915 Honda Thermobalance T =
45°| 49° 10°|50°
40°| 40° 15°|59°
-35°|-31° 20°| 68®
el 30°| 22° 25°| 77°
LA 25%|<15° 30°| 86°
9 Q: 20°| 4° 35°| 95°
“f5ef 50 40°| 104°
- -10°| 14° 45°1113°
-59(23° 507 1227
07| 32° 55% I31°

Teplomér dle Fahrenheita 6
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https://cs.wikipedia.org/wiki/1724
https://cs.wikipedia.org/wiki/Chlorid_amonn%C3%BD
https://cs.wikipedia.org/wiki/Voda
https://cs.wikipedia.org/wiki/Teplota_t%C3%A1n%C3%AD
https://cs.wikipedia.org/wiki/Teplota_varu
https://cs.wikipedia.org/wiki/Kelvin
https://cs.wikipedia.org/wiki/Stupe%C5%88_Celsia

Historie termoc¢lanku

1821 Efekt termoclanku —
Thomas Johann Seebeck,
Berlin, pohyh magnetky
vystavene proudu
vznikajicimu spojenim
ruznych kovu vystavenych
teploté.

1826- Antoine Char Becquerel vyuziti
Seebeckova efektu pro méreni teploty, objev
nejlepsiho spoje Pt/Pd mérfeni do 1350stC.
Pomluva o nefunk¢nosti Professorem C. S. M.
Pouillet, Paris. Efekt rehabilitoval az syn
Becquerela Edmont.



1872 Méteno EMF termoclanku Ir/Pt
Professor Peter Tait of Edinburgh, vznik
presné¢ho pyrometru.

1885 Prakticke pouziti termoclanku
- Henri Le Chatelier, Paris, Pt/Rh.

1871 Odporovy Pt termometr (Roberts- pinilils g
Austen a Sir William Siemens). oo s

http://www.siemens.com/history/en/news/1090_ad
venture-on-the-high-seas.htm
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Zajimava data - hlavni milniky vyvoje
moderni termické analyzy

The history of modern calorimetry began at the University of
Provence in Marseille (France). 1920’s

Professor Albert Tian giving a chemistry lecture
to P.C.N. (Physics, Chemistry and Natural
Science) students. Zakladatel moderni termickeé
analyzy

" ANEAN W._E

Edouard CALVET (1895-1966)
predstavil diferencialni setup
(1948) a praktickou
konstrukci s referen¢nim a
mérnym kelimkem.
Takto transformoval Tianuv
kalorimetr na prakticky
pouzitelny pristroj od néhoz se
odviji soucasné pristroje firmy
Setaram.

calorimétre

1948:Vznik spole¢nosti ARAM (lab. Vybaveni) différentiel programmé

1965 :Prejmenovani z ARAM na Setaram,
novy vyrobni program: termovahy,
kalorimetry, wolframoveé pece do 1600°C,
grafitové pece Simultanni analyza TA/TG
1970: Prvni Calvet DSC

Historie firmy
SETARAM:
http://www.setaram
.com/history-
setaram/

10



http://www.setaram.com/en/product_categories/calorimetry/

Definice termickeé analyzy

ICTAC (International Confederation for Thermal Analysis and
Calorimetry, 1991):

Skupina technik, ve které vlastnost vzorku je
monitorovana proti ¢asu nebo teploté, pricemz se teplota
vzorku, v urcité atmosfére, je naprogramovana.

Detection signal

l Detector
sample [ ¥
temperature |- -

| L----.__ Sample

Furnace

Control signal )

Computer Unit Detection Unit

11



@ ©

Termicka analyza se zabyva

a) sledovanim termickych a jinych
vlastnosti latek v zavislosti na ¢case Ci
teplote.

b) metodami studia krystalizace

c) metodami studia fazovych premen
v tuhém stavu Sledovéni prib&hu
d) dal8imi metodami (napf. metody ohrevu a chladnuti

studia rozkladnych reakci tuhych latek
za vyvinu plynné faze, metody

studia fazovych premen pomoci studia
diftze, atd.)

Termalni design

12


http://www.reliability-safety-software.com/wp-content/uploads/2015/05/thermal_01.jpg

Hlavni dnes pouzivané metody termické analyzy

Sledovana vlastnost vs. Cas Ci teplota

Differential Thermal Analysis (DTA)

Difference temperature °C or pVv=
Differential Scanning Calorimetry (DSC)

Enthalpy W = J/sec
Thermogravimerty (TG)

Mass gram
Thermomechanical Analysis (TMA)

Deformation meter
Dynamic Mechanical Analysis (DMA)

Elasticity Pa = N/m2

13



Prehled (a vyvoj ) metod
termickeé analyzy

14
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KLASICKA TERMICKA ANALYZA (TA)

Jednoducha instrumentace (pec, kelimek, termoclanek,
zaznam teploty) k sledovani procesu chladnuti.

A
g
E zlom
milivoltmetr
prradfeva @
termostat
studeny konec
- I-/‘ z termoclanku
Cas
we , kompenzacni
Obr.1: krivka chladnuti vedeni
& T—‘ svorkovnice
Typ|Cke méfici (horky) konec termoélanku
zapojeni
termoclanku

15



= teplota [o0]

i T
i |

160

1500

1.300

1200

{0

Krivky chladnuti a ohrevu

;l
A

2
| . .I:-:
&

\ >

| d

\ tavening — e | H 1539 I

l13e2 \ arid)

Ar,

-. s
paramagneticke
1 = 1 LELEZD |
"|||_'FS _.-lii__r'l }'+\'_t|_r:i Af_"-g _:.J: f
L. 9 et ol e e iy e QT e i | L
= v
50 & O C "_I-'_._J bod F.ﬂl;. i) = 1f"h % __:,r; I— T8

I 1600
fera "'””" ticke 1400

IELez)

1200

w
1

- ire [2]
[ERE R Lard

._. 1000

w

g
B
[
IT)
=
=

a00

E

T

400

stého Fe

)¢

Equilibrium Fe-C Phase Diagram

-




Kfivky chladnuti

gisty Sn
——— Pb-66 wt% Sn
T Pb - 86 wi% Sn

&)
S
g
a
s

«185°C

Phbb%Sn
Ph86%5n

\

i : i ;
10 15 20 25
¢as / min

OBR. 2.: Experimentélni kiivky chladnuti &istého kowvu, slitiny blizké
eutektiku a nadeutektické slitiny s efekty podchlazeni taveniny.

Obr. 2 : Experimentalni krivka G it Ghe SOhal oh
chladnuti ¢istého olova, eutektika Sn-Pb il S il e g Uk

a slitiny Sn-20Sn. B




Zakladni vyhodnoceni krivek
chladnuti slitin merenych TA

T T

2/

A B

T

Obr.7: Vliv chemickeho slozeni systému na tvar
ochlazovaci krivky pro binarni stavovy diagram s
eutektickou rovnovahou

18



Moznosti zvyseni presnosti mereni
klasické TA

2 Kvalitnejsi experiment
(lepsi termoclanek, prestup =
tepla, eliminace okoli,
vhodna rychlost chladnuti,
Inertni atmosféra, ...)

& Interpretace dat — derivace "
signalu (diferencialni 1 ‘
termicka analyza dTA) o V

& Zmeéna usporadani mereni /\

Reference, linearni scan -

teploty



Diferencni termicka analyza (DTA)

Differential Thermal Analysis (DTA) Difference temperature °C or pv*

vZorek etalon 4
AT
A &!
5N
A J\
V(1)
" o I ., S
bl e C
mV (2)

Obr.4: Odvozeni

vzniku signalu DTA
Obr.3: Schéma zapojeni termoclankii
uDTA

DERIVACNIi DIFERENCNi TERMICKA ANALYZA (DDTA). Jeji princip
je shodny, ale registruje se casova derivace krivky DTA, tedy
d(AT)/dt = f (T) resp. d(AT)/dt =T (t).



DTA Ampule pro STA 409 Netzsch
p— \

7.

fi i B
! , j",“’w .'{ - -
TR
e N ey
ol - i : A

Ay . y
¥ 3 ]
QR

Méfeni standardu a vzorku v kiemenné ampuli (Sn a ANZ1)
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Linearni scan
teploty

~— Sample Temperature

vy

J Temperature Difference

Melting point
of sample Melting Endothermic
of sample phenomeana

(@) (b)




Thermacouple temperature ronges

80

Termoclanky E

o
=

.
=

Millivolis

Therraocongle Metal ©onterd ir Metal © oruterat i Termp erabare
Stardsrd Toe Positivre Tex Wesatime Lex BEarge
E 70.4% Flatinea [Ffl ¥3.9% Ft, 8.1% Eh 1600 - 3100° F
25 6% Fhodium (Rl [BT0 - 1700°C)
E Q0% Mickeel, 1. EE% Commoer 2l 32 - 1650°F
10%% Chrorivmm (O] 45945 i [0-200°¢C)
[0 - 750° &)
K 90%% Wi 10%: Cr a5ad, Wi T - ROANE
E% Various Elanents [0 - 1250% 2
N R4 AT6 T 14 DOACY 95.5% i, 4.4%% 51 3% - RRANE
1 4% Zilicon [0 - 1250% 2
E 8T% F, 13% Eh 1002 Pt 30 2EA0F
[0 - 14507
= o0%: Ft, 10%%: Eh 100%: Pt 32 - 2E40F
[0 - 1450°2)
T 100% Copper [Cu) EE 2% Cu, 45% Hi 330 - BED° T
200 - 350
= 95 %% Turesten (W, T4%% Tunezsten M. 32 - 4200°F
5% Rhenium [F e 2% Rherium [Fe| 0 - 23152
0 - 231542
G 100% W T4%% W, 269 Re 23 - 4000
0 - 2315

http://lwww.singleiteration.com/library/document.cfm?id=51

* Mot Cfficial AMST [Arserican National Standards Institute] des grations .

1,000 1,500 2,000
Temperature, °C

Pozor na
prepinani
typu !
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Element Type

Termistory

Temperature Range

Base Resistance

TCR{(

WLNEC)

Platinumn DIl
Flatinum JIS
Canper

Micke

-200 to 650°C

Tl

-I.j'-d.l-l Il:l I:.T.IEI I_:I

-200 to 650°C {-330 to 1200°F)

-100 to 260°C (-150 1o 500°F)

100 to 20570

150 to 400°F)

100C) at 0*C
| GO at 0°C
1062 a1 25°0C

12062 at 07

Voltage or
Fesistance

A

Thernustor

RTD

IC

>

Temperature

Figure 7-19. Comparison of TC, RTD, and thermistor

Termistory: Oxidy, kirehké, laciné, ale nelinearni

Resistance(K ohm)

4,000 +

3,000

2,000 -

1,000 —

4

4

<1
4
4
<1

Y

v, |

(% 4

v Y

—a—T1
® T2
T3
—w—T4
T4

.| TS5

200

Temperature(°C)

250 300
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DTA AuVimg)
T exo

DTA signal Zn:

Obr. 6: Signal DTA
¢istého kovu pro
Cisty kov v zavislostu
na teploté.

150
Time /min

-

0.06 -
0.04 -
0.02 -
0.00 -

-0.02 {

Obr. 5: Zavislost
teploty pece a signalu
DTA na Case pro Cisty

kov.

Cnszet: 38905 °C

350
Temperature /°C




Vilastnosti DTA

2 Obvyklé parametry:

e Programovatelny teplotni rezim 0,1-
20Kmin, 0-300ml IG/min

e 25-1500stC, ruzné kelimky na vzorky
@ Vyhody ©
e Vysoka presnost stanoveni teploty
(tani, fazove transformace, ...)
e Sledovani agresivnich vzorku (ampule)
@ Nevyhody ®

e Mala citlivost pro stanoveni tepelnych
efektu (nelze stanovit Cp a zmény
entalpie)

26



Vylepseni DTA na DSC

@ Definovane prenosy tepla mezi
referencnim a mernym kelimkem

DTA: Prenos tepla mezi peci a DSC: Prenos tepla
kelimkem radiaci a konvekci kompenzacnim ohfevem, nebo
vedenim tepla v materialu (Pt)

Referenc Sample A
" / | |
F S R

Fumace
om0 R

Thermoo ._ur)e—/ Gas in T and AT out

|— =ample Tempearature

Heat flux plate

Temperature Difference

27



Model pi"enosu tepla TD rovnovaha dT,/dt=
v kalorimetru napi. OK/min

Radiace konvekce vedeni tepla (Pt)

Sample Reference R
S
Kelimek _Kelimek ref.
sample CS CR

Tepelny odpor

Tepelny odpor
meziCSaP i

mezi CR aP

Tepelny odpor
mezi CSaS$S

Tepelny odpor
meziCRaR

28



Zakladni typy DSC: ,,power compensation

a ,,heat-flux“
Differential Scanning Calorimetry (DSC) Enthalpy

Power compensation (kompenzaéni DSC neboli ,,prava“)

- Reference
‘f Furnace
___________ ’/_\ Resistance

thermometer

Sample

Heating wire
"~ Cooling block

Heat-flux (DSC s tepelnym tokem)

Disc

Furnace

Temperature sensors

Rozdily: cena, presnost, periferie, vyména peci, ....

W = J/sec




ICTAC: Definice

eHeat Flux DSCs

A technique in which the temperature of the sample unit,
formed by a sample and reference material, Is varied in a
specified program, and the temperature difference
between the sample and the reference material is
measured as a function of temperature.

«Power Compensation DSC

A technique in which difference of thermal energy
that is applied to the sample and the reference material
per unit of time is measured as a function of the
temperature to equalize their temperature, while
temperature of the sample unit, formed by the sample
and reference material, is varied in a specified program.

30



Diferencni kompenzacni kalorimetrie
(pcDSC nebo cDSC)

< Tzv. prava DSC kalorimetrie

Pt Sensors

| llll.rﬁ"uh I
.-"

Sample Reference
- |, —
T E PR T B Py e— S S T —
- B

Individual Heaters
Schéma kompenzacni DSC

Kompenzace
zaostavani teploty
vzorku dodatecnym
elektrickym
ohrevem.



http://www.google.cz/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwigud2HhqDXAhVGvRoKHU0uA4gQjRwIBw&url=http%3A%2F%2Fwww.smcebi.us.edu.pl%2Flaboratoria%2F&psig=AOvVaw2kULY-iJOxa1t4ie_blG5z&ust=1509717281337316

Commaon
heater drive

.T.

Temperatune program

Differential heater
drive

I

Temperature contral

1

T

¥

Compensation control

Temperature racarding

4 |

—

()

Ampliliar

ing
(Heat flow recording)

Figure 2 (a) Basic construction of heat-flux DSC (with copyright permission from Seiko
Instruments Inc.). (b) Basic construction of power compensation DSC (with copyright

permission from Seiko Instruments Inc.)




Vlastnosti cDSC

@ Vyhody ©
e Vynikajici presnost
stanoveni teploty efektu
e Vynikajici presnost
stanoveni tepela ( Cp,
latentni tepla, zméen
entalpie,...)
@ Nevyhody ®
e Drahy pfistroj i provoz
e Snadné poskozeni

e VysSkolena obsluha se
zkusenostmi

NF N

Kelimky pro cDSC

33



Thermal decomposition of the [Pt(ox)(L),]-4H,0 complex [ox = oxalate dianion and L = 2-chloro-N6-
(2,4-dimethoxybenzyl)-9-isopropyladenine].
| = - \ N\

TG

-4H.0
" Am (calc./found):
L 6.7/6.8%

i
(@)

1N

P1O f
Am (calc./found): -
80.4/81.3%

3
Heat Flow (mW)

L 1 L | 1 | L | L | N | 20
200 300 400 500 600 700
Temperature (°C)




DSC s tepelnym tokem (heat flux DSC)

Reference

—

Sample

\ /] !

Heat flow paths

DSC Netzsch 204 Phoenix

58Nns0rs

|| |
Temperature and Heat Flux /

Thermal resistor

Eliminace fluktuaci prenosu tepla

Heating and cooling system

Zaostavani
teploty vzorku
neni
kompenzovano
dodatecnym
ohreven, ale
teplo je
dodavano (90-
50%0) zejmena
pres material s
definovanou
tepelnou
vodivosti.
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Referencecell  Sample cell Heat sink

\ |

/ 5

i
=
g
0
G
-
G
7

:—I-ITarrmmtum rumr'dﬁu

: AT recording
{{Heat flow recording))




Differential Scanning Calorimetry (DSC)

constant heat flow

_

Temperature /K

(b)

Differential temperature (AT)

Figure 1 Basic principle of DTA and DSC: (a) change in temperature of reference 7g
and sample 75 with increasing furnace temperature Tp; (b) typical signal output converted
to differential temperature AT with passage of time




- TG-DSC senso

-——— getter material

radiation shisld
- getter support

radiation shielc




Kelimky DSC a DTA

2 u‘
[
5 Oo8 ﬁ%r
;f‘_.- ’1‘-%

Kelimky (ampule), lisovaci kelimky Al.
Reakce s kelimkem, CiSténi kelimku,

Na DSC signal ma vliv: kontakt se dnem kelimku (1ks vzorku),
velikost vzorku, rychlost ohfevu, ..

39



®Pan Type ®Upper Temp Limit

2Alumimum 2600°C

2Copper 2725°C (1n N2)
2Gold 2725°C

2Graphite 2725°C (in N2)
2Al Hermetic 2600°C (3 atm.)
2Al Alodined Hermetic 2600°C (3 atm.)
2Gold Hermetic 2725°C (6 atm.)
2High Volume (100pL) 7250°C (safety lid)
7Al Solid Fat Index (SFI) 2600°C (no cover)
7Platinum 2725°C (no cover)

/ _—




Pouziti kelimku

Material Ano Ne Pozn.
Slinuty Kovy Oxidy Levne, ne pro Ti
Al203
Pt Anorganika, | Kovy Drahée
org. latky
Al Organika Kovy Levné do 600stC
Cu
Pf+Al203 Kovy Meéreni Cp
Fe
Au Biolog. Kovy Spec. alikace,
material jinak nevhodné
grafit Au,Ag Pro nereaktivni

kovy
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Kelimky DSC - korundové kelimky

(

~

Vicka mj. chrani pred
radiacnimi ztratami
tepla!

Mérici a referencni kelimek po méreni vzorku AINiZn (ANZ3)
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Stabilita oxidu

(COq) 197
o m

(N:0) -10
(N:03) -15

(OF) 18

Si0z 455

P:0; 273
Pa0: 61
P0s" 300

{OCl) -81

Cud 17
Cul 155

GeQ 212
Gel: 363
GeQs" 280

Asy 198
Ase0s 185

AgO0 30

SnQx 290

Shels 24D
Sb0: 290
Shl* 227

{0} 28 -AHy in kJimol for !
0 595|Be0 B10 200 WM, 0ufs) « 2min M(s) + Osfa) 45 = 184210 JIK
Li:0: 36 Ms) + Oc{g) +» MOx(g)
0: 20
Naz0 415 | higQ 601
MNaly 261
Ma0:* 130
Ma0s* 268
K:0 3611 Ca0 645 TieDs 490 | V20 456 | Crz0a 376 Col 238
KO: 142 Tio: 472|VO  431|Cr0; 293 Cos04 226
K0 142 TisOs 507 | V20s* 406 | Cr0s* 18
TIO* s43|VOr 387
Va0t 310
Ro0 330 SrD 604 Zde 54T INBO 410 | MaQs 294 RhQ 92
RbOs 176 | Sr0: 326 NbC: 399 | MoDs 248 Rha0s* 112
Nb0s* 380 RhO: 95
C:0 318 Taz0s 408 0z 111

Fb0 217
Pb:0« 179
Fol" 137

Bi0: 1M




Encapsulace

Organika, nano,
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Pouziti Ampuli z S102 pro DSC a DTA

Vyhody:

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

sreprodukovatelnost pfi vicenasobnych ohievech, teplotni
presnost srovnatelna s DSC, .....

! Moznost pouzit ampule pro dlouhodobé izotermni zihani.
Nevyhody:
emensi citlivost,...

Existuji kfemenné
Do cca 1100stC ampule 1 pro DSC.
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Spatna volba kelinkut

Vetné par

Pt nesnasi: Hg,
Zn, Mn,... (vznik
eutektik a
Intermetalik)




Plyny

Cisténi plynii:

trapy, vymrazovani

N2, atd.
plyn Pouziti Pozn. Thermal Conductivity at 300 K
Synt. Vzduch | Oxidy, kinetika | Oxidace (HAEE)
Air 0.026
Argon Kovy slitiny Inert 2 U013
CO 0.025
Dusik Kovy, organika | Vznik nitridu 0 0017
H 0.182
. : ) ~ He 0.151
Helium Specialni Drahée
N2 0.026
: : Ne 0.049
Redukcni Kinetika Pozor na 5 o
- vy oz 2 :
smesi N2-H2 termoclanky

a7




DSC f(m\W/mg) Heating rate (K/min):

10 10

T exo 01 03

0.2
0.1
0.0
-0.1
-0.2
-0.3
-04
-0.5
-0.6

70ml Arfmin

_—_

220 980 1000 1020
Temperature /°C T(°C)




- TG-DSC senso

=——— gelter material

_ Heat flux plate

-
: T and AT put "I-I.'ii.'h_:.__:':_:'ﬁ'l'
aTEah
T
L ]
i
"
gi=
e

radiation shigld
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http://www.google.cz/imgres?q=differential+scanning+calorimetry+schematic&hl=cs&biw=997&bih=522&tbm=isch&tbnid=Maz984k_RJEA8M:&imgrefurl=http://www.anasys.co.uk/library/dsc1.htm&docid=17JUWC77Zi7KPM&imgurl=http://www.anasys.co.uk/library/dsc1_3.gif&w=600&h=250&ei=9Xe6TpqHK8vusgavnvmhBg&zoom=1
http://www.google.cz/imgres?q=dsc+holder+netzsch&hl=cs&biw=997&bih=522&tbm=isch&tbnid=t03uwj3ufQsYaM:&imgrefurl=http://www.azonano.com/article.aspx%3FArticleID%3D2441&docid=7Td87CwDbb_RZM&imgurl=http://www.azonano.com/images/Article_Images/ImageForArticle_2441(2).jpg&w=371&h=386&ei=1ni6TqWvA8qKswbC_qjrBg&zoom=1

DSC /(mWimg)
T exo Onset 2158°C

6.0

5.0

4.0

y

Value: 4.6366 mWimg__

Plochy peakii
odpovidaji
latentnimu
teplu tani a
tuhnuti.

Area: -59 66 m\Wsimg

heating

10KSmin, 70mlAr/min

cooling

|

Onset: 232.1 °C heating

i >

Sn - bulk

bulk melting point - 232 °C

coaling

200

220
Temperature /°C

240




® Vyhody ©
e \Vysoka presnost
stanoveni teploty (teplota
tani, fazovych
transformaci, ...)

e Multifunkénost (snadna
zmena na DTA/TG,
apod.))

e Velké moznosti rozSireni o
dalSi analyticke techniky

@ Nevyhody ®

e Pozor na reagujici vzorky

///M///



® Heat flow differential @ Differential thermal
scanning calorimetry analysis

® (Diderencialni skenovaci ® (Diferencialni termicka
kalorimetrie s tepelnym analyza)
tokem)

DTA.....1-0,3g vzorku
DSC.....10-50mgvzorku =




Pouziti DTA a DSC
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Composition

Figure 1 Schematic phase diagram for a binary system with a_e;utectic j
tion @ + 8 — . and the corresponding DSC curves for compositions A, B,

respectively




DSC ApVimg) Vacuum /%
T exo Onset' 1626 °C Eisty cin

Sn-ccabwt%dn ] - 100
1.5 - /\ Onset: 228.3 °C

Onget: 162.8 °C .
Onset: 228.8 *C

Onset: 166.0 °C Ornset: 229.9 °C

End: 1685.7 "C
End: 1659 ®

A

150
Temperature /°C




Viypocteny vertikalni fez soustavou

Ni-Sn-Zn pro 8.3 at.% Ni
na zakladé assessmentd pro binarni soustavy
srovnany s Udaji z termické analyzy DTA

L+y
L+6
+hep Zn

)]
3
—
)
|
L
U
L]
¥
3
=
a
v
L
o
pai
L]
[

X X

X
bet Ag bet_ bet_As

100+ bet_AgNigSnyty | +y +0
+hcep Zn

X b4
X x

% T T T T T | T
@ g ©.1 2.2 8.3 8.4 0.5 0.6 8.7 2.8 8.9 1.0
NiSn MOLE FRACTION ZN N1Zn




DSC /(uV/img)
T exo

ﬁ.mH —

Onset: 651.8 °C

Onget: B52.1 °C

K4(THA

Area: -196 pv'simyg

Zn 10K/min 70mIAr6N/min

Vacuum /%
- 100

640 660
Temperature /°C




Mereni Cp pomoci hf | pc DSC
1. Cyklus: prazdne kelimky CR a CS (tzv.baseline)

o 2. Cyklus: prazdny kelimek CR a CS s korundem Al203.
3. Cyklus: prazdny kelimek CR a CS se vzorkem.

Sample measuremeant 4

(reference: empty cell) | e |

Heai folw rate ¢

Empty cafl measurement

Tfme i "
Figure 3 Schematic diagram of DSC outpit for heat capacity measurcment



Glass transition (skelny prechod) Tg

Skelny prechod reverzibilni preména druhého radu, kdy latka tuhého a
relativné kirehkého charakteru (napr. polymer) prechazi pri ohrevu do
viskdzniho nebo ,,gumovitého* charakteru.

Polymer Tg (0C)
( ) Polyethylene  (LDPE) -125
Polypropylene  (atactic) -20
— R Poly(vinyl acetate) (PVAC) 28
| Poly(ethyleneterephthalate) (PET) 69
Poly(vinyl alcohol)  (PVA) 85
Poly(vinyl chloride) (PVC) 81
Polypropylene  (isotactic) 100
Polystyrene 100
PLAbelow T,  PLAabove T, Poly(methylmethacrylate)  (atactic) 105
1 Crystalline T Amorphous ] Melting
First Order Second Order _% s rnsion > 7‘
W i ) __}l—(’/’ Liquid
2 - I Super
z il e
Crystal E H
T T
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s
DSC vs. temperature for PET COOLING (%—jl
1st and 2nd runs showing T g
, cold crystallization (1st CC:%}
heating), melting peak, post L
melting baseline behavior. crystallization Krystalicky stav

o peak on cooling
crystallization

on heating ™~ ﬁ

amorfni

5
s
3
o
©
T

1st heating

2nd heating

Melting peak

Semikrystalicky
stav

' | ' I N I ' I ! I N I
100 200 250 300 350
Temperature °C




Dalsi metody TA

@ Metody sledujici zavislost
zmeny hmotnosti na teplote
(TG)

@ Objemu (Dilatace)

& Elektricke vodivosti

@ Emanacni termicka analyza

@ S analyzou uvolnovanych
produktu (spektroskopie)

@ Atd.
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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.

Holder Furnace Fulcrum Driven coil Detector
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Termogravimetrie (TG)

2 Casto kombinovano s DTA nebo DSC

wr | CaC,0,H,0

226

398
TG /Y, DSC / (mWimg)

— Ag nanopowder

F1.2

—————— —

-~
838 1025 L A | ee— TG A4.7N70mimin |
101 DSC  10K/min

100 - Z28°C : zrata krystalove vody
398 - 420°C: CaC 0, —» CaCl; + CO
BB0 - 840°C . CaCly, —* Cal + CO,

-|— [QC] 100.04

+0.38

o4

Aggregation

TGXO

Obr.13: Termogram | S
Stavelanu vapenatého

200 j 300 400
Temperature/ 0C

Obr. 12: Sledovani oxidace a deoxidace Ag
nano. -



TERMICKA DILATOMETRICKA
ANALYZA (TDA)

@ Sledovani fazovych
transformaci spojenych se
Zmenou objemu

Lingenindéiung [jm]
4 ox F E 7T B
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EKLEKTROTERMICKA ANALYZA (ETA)

2 sledovani zavislosti elektricke
vodivosti (nebo elektrického odporu)
vzorku na teplote.

EMANACNI TERMICKA ANALYZA (ETA)

£ mereni mnozstvi inertniho plynu
uvolnovanéeho pri zahrivani tuhych
latek, znacenych temito plyny (Rn,
Ne, Kr, Ar, Xe). Metoda umoznuje
sledovat procesy nedoprovazene
zmenou hmotnosti nebo entalpie.
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Simultanni termicka
analyza (STA) TA + dalsi
metoda

Netzsch
SETARAM
TA Instruments
Mettler Tolledo

TGA, MS,
FTIR, DTA,
DSC, ...
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Spektroskopické metody analyzy
produktu termického rozpadu

2 Hmotnostni spektroskopie (MS)
2 InfraCervena detekce (FTIR, atd.)

STA/IQMS
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Simultanni
termicka
analyza na
Ustavu
chemie

@ Pristroje:

Netzsch: STA409, STA449 (Ustav chemie)

UMI Kosice: STA449+HS
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Studijni materialy

Atkins: Physical chemistry,
P. Gabbott: Thermal Analysis, Blackwell Publishing, 2008.

W.J. Boetttinger, U.R. Kattner, K.W. Mood, J.H.Perepezko, DTA
and Heat-flux DAS Meassurements of Alloy Melting and
Freezing, NIST, 2006

Saunders, Nigel - Miodownik, Peter A. Calphad :calculation of
phase diagrams : a comprehensive guide. Oxford : Pergamon,
1998. xvi, 479 s. ISBN 0-08-042129-6. info

Michio Sorai (ed.): Calorimetry and Thermal Analysis, Wyilley,
2004 .

J. Sopousek: Clanky a prednasky.
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| How Solar Cells Work T s

The Solar Cell

':_m

- Mype silicon has free

. electrons. Pype silicon has

free holes — the absence of
e
 electric fiehd forms within the cell,
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Martensite Martensite Fine Coarse
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The Legend of
Damascus Steel
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