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ICTAC: DSC iIs the generic term for the
following two measurement methods.

eHeat Flux DSCs

A technique Iin 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.

ePower Compensation DSC

A technique in which difference of thermal energy that is
applied to the sample and the reference material per unit
of time I1s 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.
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Kelimky

!
L
s M

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

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



®Pan Type ®Upper Temp Limit
2Aluminum 2600°C
2Copper 2725°C (1n N2)
2Gold 7725°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 (100uL) 7250°C (safety lid)
7Al Solid Fat Index (SFI) 2600°C (no cover)
7Platinum 72725°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!
M¢fici a referencni kelimek po méieni vzorku AINiZn (ANZ3)
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Poviaky kelimku

Y203.....pro slitiny kovu , a Ti slitiny
BN....Al slitiny
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Encapsulace

Organika, nano, ...
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Spatna volba kelinkut

Vetné€ par

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




Plyny

Cisténi plynt:

trapy, vymrazovani

e— )

2 |

N2 aid. T
plyn Pouzltll Pozn Thermal Conductivity at 300 ¥
Synt. Vzduch | Oxidy, kinetika | Oxidace (WK
Air 0.026
Argon Kovy slitiny Inert A 2015
CO (.025
Dusik Kovy, organika | Vznik nitrid( ﬁﬂz EU;
I .
: : ) ; He 0.151
Helium Specialni Drahée
N2 (.026
—— Ne 0.049
RedukcCni Kinetika Pozor na o, o
smési N2-H2 termoclanky
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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.)
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Prakticka realizace
pcDSC

Velmi podobne hfDSC
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Differential Scanning Calorimetry (DSC)

Blank {referenca)

Temperature /K

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
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Tepelny odpor
mezi CSaP
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Tepelny odpor
mezi CRaR
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Teplo z pece do vzorku: G;=1/R...tepelna vodivost (C,C,R)

dgg fdr = %m, ~ Tg) R... tepelny odpor mezi peci a vzorkem (R+Rg)

- Vo Sy AR Ccs,Cs...tepelna kapacita cely se vzorkem a

dags fdt = [Ces(T) A Ce(T) dTp/di vzorku

Teplo z pece do reference

. 1 o
d-ﬁil'}{,-"flf = Rle — T}
= [Crp{T) + Cr(T)] dTp/dt

Rozdil tepelnych toku:

1 = W
dgg/di - dgg/di = —E(Tg - Tg)
= [Ccs(T) — Cer(TH] + [Cs(T) — Cr(T) ]} d7p/dt (4)

Je-li hmotnost a kapacita cely vzorku a cely pro referenci stejna. Tj
(Ces(T) = CeriT)),

Pak: ;Eﬁi"l--itmﬁr;-- Ca(T)|dTp/dt kde AT = Tg — I3
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1 _ U

Soucasné plati pro rozdil tepla prijimaného vzorkem a referenci:

‘j-’:'i{j".-'rd: — ['!--:}'5;"{_1.! — t'lr?g-_l.-"df' = [Ce(T) — CriT)) dTe/dt

R (tep. Odpor mezi peci a vzorkem, resp. referenci) je pro DTA obtiZné
definovatelné, pro hfDSC lépe (platinova ploSka tvori receptor tepla z
pece) proto je hfDSC vhodna pro kvantitativni méreni.

dAg,/dt je méfeny signal hfDSC
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Power comp. DSC:

Rozdil v teple potiebny pro Tg=T¢ poskytuje dodatecny ohtev
(dAq,/dt=dUI). pcDSC ma proto piedpoklady byt jeste presng;jsi.

Ale protoze i u pcDSC za konst. ohrevu jsme v dynamické
a nikoliv v termodynamicke rovnovaze je nutno zaveést
jistou pristrojovou korekei K(T) :

dag/di = K(T)dAgn/dt = [Cs(T) — Cr(T)] dTp/dt

kde dAq,/dt=,,dodatecny vykon* je méteny
signal pcDSC
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Experiment a mereni

Tepelné kapacita: Cr=0...1ze pouzit prazdny kelimek
dag/dt = K(T)dAgy/dt = [Cs(T) Cpifl)] dip/dt

dopocteme Cs=m,c9=n,Cc". Zjistime c"resp. cg¥
(neni ale presné).

Nutno vylepSit mérenim standardu: korund.
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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 cefl measurement

Tfme i "
Figure 3 Schematic diagram of DSC output for heat capacity measurement



Table 1 Heat capacity of ¢-alumina (in JK~'g™")
e e e e

70 < T/K < 300 290 < T/K < 2250

3.63245 x 1072 —5.81126 x 107!
—1.11472 x 107 8.25981 x 102
_ 5738683 x 107° —1.76767 x 1073

5.96137 x 1077 2.17663 x 1078
—4.92923 x 107 _1.60541 x 1074

1.83001 x 107" 7.01732 x 1070
~3,36754 % 1071% —1.67621 x 10718

2.50251 x 10717 1.68486 x 10722




y 4 y 4 -
Vyhodnoceni Cp:
Prazdne kelimky (baseline):
1Ces(T) — Cen(T)] dTp/dt = K4(T)dAgp/di (a)
Prazdny CR a CS se vzorkem:
Cs(T) + [Ces(T) = Cep(TH1} dTp/dr = Ky(T)dAgs/de (b)
Odecet (b)-(a):
Cs(T)dTp/dr = K4(T)dAgs/ds (C) where rl,.r‘w;_;;f'd: = dags /de — dAgg /dr.
Podobné pro prazdny CR a CS se standardem:
Crm(T)dTp/dr = Kg(T)dAgg,, /dt (d) d'“l_""-’!';th-l fdt = dAggy/dt — dAgy,/dr.
Pod¢lenim ( ¢) / {d) se zbavime K¢(T):

Cs(T) = [dAgg/dAgpy] - Can(T)
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D (zample)
D (zapphire)

Cp (sample) x mass of sample
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Referance, normally
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Figure 1.1 Heat capacity of PET obtained using fast scanning techniques showing the three traces required
for subtraction. The height of the sample compared to the empty pan is divided by the scan rate and the
mass of sample to obtain a value for Cp. This is referenced against a known standard such as sapphire
for accuracy. If small heating steps of, for example, 1°C are used the area under the curve can be used to
calcutate Cp. This calculation is employed as an option in stepwise heating methods,
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Exo — Endo (zm

Process
Solid-solid transition
Crystallisation
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Adsorption
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Kalibrace

Pro konstantni rychlost ohrevu, plyn, drzak,
termoclanek, kelimky, vicka, ....atd.

 Teplota (zname body F transformaci,
Cisté kovy)

eEntalpie (plocha peaku, Cisté kovy)

*Rychlost tepelného toku (korundovy
standard)

Ttr=Tm+AT(T)

Ks(T)
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Table 1.1  Commonly used standards and reference materials

Sta ndard

Indium
Tin

Lead
Zinc
K250 -
K;CrzO;

Melting point (*C)

Heat of fusion (|fg)

156.6
231.9
327.5
419.5
585.0
6705

28.42

Substance

Transition

Transition temperature (°C}

Cyclopentane
Cyclopentane
Cyclohexane
Cyclohexane
n-Heptane
n-Cclane
n-Decane
n-Dodecane
n-Oxctadecane

Crystal
Crystal
Crystal
Melt
Medt
mMelt
Melt
Melt
Melt

—151.16
—135.06
=B87.06
6.54
—90.56
—56.76
—29.60
—9.65
28.24

Kovy
Anorg. Soli

Organika
Magn. Latky.

FT (eutektika,
peritektika)




Cisté kovy

Material

Mercury

Gallium
Indium
Tin
Bismuth
Lead
Zinc

Aluminium

m (@C)
-38.8344

29.7646
156.5985
231.298
271.40
327.462
419.527
660.323

Hf (J/g)
11.469

79.88
28.62
7.170
53.83
23.00
108.6
398.1

+Ag,
AU,
NI



e

Table 2 -Fixed Point Temperatures for Calibration [69Bar, 90Pre, 96Bed]

Substance T/C Ref.

In 156.5985 90Pre
Sn 231,928 O90Pre
Bi 271.402 Y6Bed
Cd 321.069 96Bed
Pb 327462 06Bed
Zn 419,527 O0Pre
Sb 630.628 %6Bed
Al 660,323 30Pre
Ag - 28.1 % Cu* 779.63 96Bed
Ag 961.78 90Pre
Au 1064.18 G0Pre
Cu 1084.62 G0Pre
Ni 1455 60Bar
Co 1494 GOBar
Pd 1554.8 96Bed

*Eutetic composition. In this document, the % symbol will refer to

percentage by mass,
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Indium check after calibration
. Peak = 158.024°C

Area = 327.064 mJ
AH=28.391 Jg
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Temperature (°C)

Figure 1.4 Indiumn run as a check after a calibration procedure has been completed showing the onset
calculation for melting point, and area calculation for heat of fusion, This particular curve would benefit
from a higher data point collection rate to remove the stepping effect of the data and improve overall
accuracy.




Cithivostni zavislost

Sensitivity pyv/miy
1.2

1.0- Kalibrace na citlivost
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80 1 Indium at 20,50 and 100°C/min
70 Shown on a temperature axis
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Figure 1.3 The effect of increasing scan rate on indium. Part (a) (upper curve) is shown with the x-axis
in time; part (b) (lower curve) is shown with the x-axis in temperature. The same energy flows faster in a
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Figure 2.3, Effect of sample mass on DITA signal for pure Ag. The reference
mass was held constant. Heating rate is 10 Kimin.




1. Run...vytvoreni
tepelné vodivych
spoju

I 1 I I I L] I ¥ I L]

760 780 800 820 840
T(*C)

(b)

Figure 2.4. DTA signal for melting of (a) pure Ag (211.6 mg; 10 Kimin) and
(b) Ag-Cu eutectic (231.3 mg; 15 Kimin) comparing first melt (red) and
second melt (blue). Note the offset of the baselines, the more rounded onsets.

and the lack of linearity of the down-slopes for the first melt compared to the
second.
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DSC Kpimg)
T exo

Kalibrace na In Onset: 1536 °C

Al kelirnky (lisovani) Cnset: 152.0 °C
Onset: 162.1 °C
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10Kdmin 70ml Artiimin <19 2834 Pvsimy

Area: -25.23 pvs/img

Ares: -25.19 PVsimg

100 120 140
Temperature /°C

time for  first-order phase transition. f, signal
starts to deviate from the baseline; 1, exuaPﬂlated onset: &, inflection point where the
slope of the trace is maximunt; fp, peak maximun

Figure 2 Typical trace plotted against
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(a)

heating —

’\} & cooling

(b)
3 Heat capacity (a) and idealized trace (b} in classical DTA and pﬂwer-mmp&n':
sated DSC for a second-order phase transition _




T t T
(b} (d)

4 Principle of drawing baseline to separate a thermal event. Thermal behaviors
(left) and corresponding ideal traces in power-compensated DSC (right)




Glass transition (skelny prechod) Tg

Skelny prechod je reverzibilni preména, kdy amorfni latka
(Casto polymer) viskozniho nebo ,,gumovitého* charakteru
prechazi do stavu tuhého a relativné kiehkého.

Teplota skelneho
o pirechodu Tg je teplota,
baul. @ ktera reprezentuje oblast
kdy dochazi k skelnému
prechodu
£ e

Specific Volume

Crystalline State

Temperature Tg Te



Dusledky Tg

PLA below T,

PLA above Tg
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Zmena viastnosti pri Tg

Physical property | Response on heating
through Tg
Specific Volume Increases V,
Modulus Decreases 1/E, Te
Coefficient of Increases CTH l
thermal expansion |
Specific Heat Increases Cp
Enthalpy Increases H &
Entropy Increases S Temperature
Tg zavisi na: Hean:ng Rat_e | (;‘rystalline Content
Heating & Cooling Copolymers
Aging Side Chains

Molecular Weight
Plasticizer
Filler

Polymer Backbone
Hydrogen Bonding
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endo -«—HEAT FLOW —»exo

T, =Temperature of First Deviation (°C)
T; = Extrapolated Onset Temperature (°C)
T, = Midpoint Temperature (°C)

T. =Inflection Temperature (°C)

T, = Extrapolated Endset Temperature (°C)
T, = Temperature of Return-to-Baseline (°C)

TEMPE

’

RATURE (°C)




Glass Transition Temperature for Selected Polymers I

Organic Polymer Ts (°C)
Polyacenaphthalene 264
Polyvinyl pyrrolidone 175
Poly-a-vinyl benzyl alcohol 160
Poly-p-vinyl benzy| alcohol 1440
Polymethacrylomitrile 120
Polvacrylic acid 106
Polymethy| me 105
Polyvinyl formal 103
Polystyrene 100
Polvacrylonitrile 96
Polyvinyl chlonde 87
Polyviny! alcohol 83
Polyvinyl acetal 82
Polyviny! proprional 72
Polythylene terephthalate 69
Polyvinyl isobutyral 56
Polycaprolactam (nylon 6) 50
Polyhexamethylene adipamide

{nylon 6.6) 50
Polyviny! butyral 49
Polychlorotrifluorethylene 45
Ethyl cellulose 43

Organic Polymer Ta (°C)
Polyhexamethylene sebacamide

(nylon 6,10) 40
Polyvinyl acetate 29
Polyperfluoropropylene I
Polymethy] acrylate 9
Polyvinylidene chlonde -17
Polyvinyl fluonde -20
Poly-1-butene -25
Polyvinylidene fluoride -39
Poly-1-hexene -50)
Polychloroprene =50
Polyvinyl-n-butyl ether -52
Polytetramethylene sebacate -57
Polybutylene oxide -6
Polypropylene oxide -6}
Poly-1-octene -65
Polyethylene adipate =70
Polyisobutylene =70
Natural rubber - -72
Polyisoprene =73
Polydimethyl siloxane -85
Polydimethyl siloxane -123

— = = —— —




Volume, Enthalpy

—

a..00mal¢

b...rychlé ¢

Tga Tgb
Temperature




1o
=
o
@
Q.
5
I.....

Compaosition

' i 1 i j¢c phase transi
Ficure 1 Schematic phase diagram for a binary system with a eutectic p
ﬁﬂ%nn: + 8 — y, and I:he corresponding DSC curves for compositions A, B, C and D
respectively




L] L I 1 |
- micelle solution

micelle solution
+ ligguid crystal

H _-'——___‘_-‘-_
C Y mieeke lce
solution +
+ figuid
ice crystal

||||IIII_|IJ.__._II||:.
B

' T I N R A N A R I B A I T T R

Figure 2 DSC heating curves for DeTAB—water mixtures with various compositions a,
b, ¢, d, and e, and the phase diagram of the DeTAB—water binary system’
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Figure 1 DSC curves of NIST SRM 1514 (phenacetines doped with nominal 0.0, 0.7
2.0 and 5.0mol % of p-aminobenzoic acid)
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Figure 1.5  Indium heated at 5°C/min showing an almost triangular melting profile typical of single crystal
melt at lower scan rates. The slope of the leading edge of the melt of a pure material such as indium gives
a value for the thermal resistance constant Ra.
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