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DCF Goal of the lecture To learn the main operating principle of the
Differential Thermal Analysis (DTA) and
Differential Scanning Calorimetry (DSC)

- Whatis measured? How?

To learn how DTA and DSC can be used in
(metallurgical) R&D

- How the results can be used?

- How the results of DTA/DSC and TGA support each
other?
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Differential Scanning Calorimetry - DSC

Utilization of DTA/DSC results

Examples

Differential Thermal Analysis - DTA

Main principles

- Whatis measured?

- Whatkind of phenomena can be observed?
Strengths and restrictions

- Requirements for samples

Connection with other devices

Application areas in (metallurgical) R&D
How the results can be processed further?
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Differential Thermal
Analysis (DTA) -

All the phenomena in which entalphy / heat
content changes can be observed

Main operating principle

Temperature difference between sample and a reference
is measured as a function of time
- Heating and/or cooling at a certain rate
- Results often shown as a function of temperature rather
than time
- (Isothermic tests)
- Atmosphere is chosen to correspond the conditions of interest
- Reducing, oxidising, inert, sulphurizing, etc.
- Simulation of certain process conditions
- CO, CO,, H,, H,0, Ar, N,, 0,, S,, SO,, etc.

Chemical reactions (exo-/endothermic)

Removal of moisture and/or volatile components (endoth.)
Phase transformations (endoth. when heated)

- No mass change - not observable with TGA
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E\fll] Differential Scanning Main operating principle
Cal (@) r| m et ry (DSC) - Heat flow difference between sample and a reference is

measured as a function of time
- Heating and/or cooling at a certain rate

- Results often shown as a function of temperature rather
Sample than time

- (Isothermic tests)
- Atmosphere is chosen to correspond the conditions of interest
@ 1 - Reducing, oxidising, inert, sulphurizing, etc.
- Simulation of certain process conditions
- CO, CO,, Hy, H,0,Ar, N, O,, S,, SO,, etc.

All the phenomena in which entalphy / heat
content changes can be observed

- Chemical reactions (exo-/endothermic)
- Removal of moisture and/or volatile components (endoth.)
- Phase transformations (endoth. when heated)

- No mass change - not observable with TGA

N.B. From this point onwards the presentation focuses
on DSC, but most things are applicable for DTA, too.

Figures: TA Instruments.

\ls

D\jl] Differential Scanning Observation of endothermic phenomena
Cal 0 r| m etry (DSC) - I_—|eat flows into the sample as a result of

heating heat capacity Cp
- melting entalphy of fusion (melting) AHg / AHy,
- evaporation entalphy of vaporization (boiling) AH, / AHg
‘Sample: Acetaminophen - Tylenol Caplet File: Q2000-ACETAMINOPHEN-TYLCAP-022412.0C . . . .
Size! 87100mg DSC Operator. Waguespack - sublimation entalphy of sublimation AHg
Method: Heat/Cool/Heat Run Date: 24-Feb-2012 07:37 . . A
Insinument: DSC G2000 V24.10 Buid 122 - phase transformation (during heating)
¢ . entalphy of transformation AH
Endothermic - glassy transition ("melting” of amorphous materials)
1 - reaction entalphy of reaction AHg
: - For endothermic reactions such as reduction
- mixing entalphy of mixing AH,,
§ - For endothermic mixing of components
]
2
4
(l] 5‘[7 160 1&‘30 200
ExoUp Temperature (°C) Universl | V4.7A TA Instruments.
Figure: TA Instruments. Oulun ylopisto
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[E.F Differential Scanning Observation of exothermic phenomena
Cal () |"| m etry (DSC) - _Heat flows out of the sample as a result of

cooling heat capacity -Cp
- solidification entalphy of fusion (melting) -AHg [ -AHy,
- condensation entalphy of vaporization (boiling) -AH, / -AHg
S g o ol Gaviet DsSC Oparmor Vinguespac 1 e - deposition  entalphy of sublimation -AHg
Method: Heat/Cool/Heat Run Date: 24-Feb-2012 07:37
Insirument: DSC 02000 V24.10 Buid 122 - phase transformation (during cooling)
‘ . entalphy of transformation -AHg
/ Exothermic - crystallisation (of amorphous materials)
- reaction entalphy of reaction AHg
2 - For exothermic reactions such as oxidation / combustion
- mixing entalphy of mixing AHy
5 ‘ - For exothermic mixing of components
H
2]
]

0 50 100 150 200
Exolp Temperature ("C) Universal V4.7A TA Instruments

Figure: TA Instruments. ouun yiopisto
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DCF Differential SCanning Requirements for samples
Cal (0] rI m et ry (DSC) - Size suitable for furnace/device

- Fits crucible/sample basket (size often very small; 1...20 mg)
- Challenge with representativity using very small sample size!
- Preferably in solid state
- Molten samples may be studied in some cases
- Does not destroy the equipment
- Does not react with the crucible/sample basket
- Does not release gas components which are (too) corrosive
for gas treatment equipment
- e.g. alkali, chlorine and sulfur can be detrimental

Oulun yliopisto
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[EF Calorimetry (DSC)

crucible & lid
=
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Differential Scanning

Sample baskets / Crucibles

Different kind of crucibles made of
different materials for different purposes
(material, T, conditions, etc.)

- Metals (e.g. Al, Cu, Au, Pt, stainless steel)
- Ceramics (e.g. Al,O3)

Measurement of tem perature

Temperatures of sample and reference

- With a thermocouple at the sample platform

No direct contact between thermocouple
and sample

Programmed temperature and furnace
temperature are usually not recorded

Sample Platform - Program temperature used for furnace
control

Furnace temperature defines
sample/reference temperatures

Chromel Area Detector

Thin Wall Tube

l«——— Base Surface

Figure: TA Instruments.
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Differential Scanning
Calorimetry (DSC)

Figure: Riku Mattila.

To obtain more detailed/informative data:

1) DSC (or DTA) is often connected with
other devices

Thermal Gravimetric Analysis

Offgas from the system may be analysed (e.g. MS)

2) Samples are often characterized after tests

- Chemical composition

Mineralogical composition

Other properties (e.g. strength, leaching, etc.)

3) Results may be further processed

Determination of thermochemical properties
- Heat capacity
- Entalphy

Rate phenomena (time-dependence) may be studied

Determination of kinetic parameters from the results of
isothermic experiments in at least three different temperatures
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Calorimetry (DSC)

TG /%

100

Onset 75.5°C

Endothermic (observed with DSC)
No mass change (notiobserved with TGA)

Mass change\(observed wi

Mass Change: -97.70 %

Observation of melting and vaporization from TGA and
DSC curves

DSC Auvimg)

Figure from: Tommi Kokkonen.

150
Temperature /°C

200

250

o8

K TGA)
04

0z

. to.0

Oulun yliopisto

[‘é'.’] Differential Scanning
Calorimetry (DSC)

It is seen from the TGA curve (green)
that mass of the sample is decreased in
several steps.

These steps indicate either:

- removal of volatile compounds

- chemical reactions with gaseous
reaction products.

It is seen from the DSC curve (red) that
the above mentioned phenomena is:

- endothermic

- occurs clearly in three stages

It is seen from the MS curve of H,O (blue)

that water vapour is released in the above
mentioned phenomena in three stages

Figure from: Tommi Kokkonen.

100

Step 1
16%  Moisture
removal

Step 2
Removal
of crystal
water

Example of results and their interpretation

Observation of H,0 removal from TGA, DSC and MS
curves

Step 3
Decomposition
of hydroxide(s)

DSC Apvimg)
lon Current *10-10 /A

08

06

04

02

00

600
Temperature G

800

1000

1200
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Differential Scanning
Calorimetry (DSC)

28714
88.70°C

Lit. Ty, = 156.6°C
Lit. Enthalpy = 28.71).g™*

Lit. Enthalpy

Cell Constant = Measured Value

Hoat Flow T4P Uncaiitenind (Nermatzad] ()

Cell Constant = 2871 =1.0014
€| onstant = 28.6717 |

5

4
"

* w0
Sample Pan Tarparshes Uncalrated (°C)

Selection of Temperature & Enthalpy Standards

. ;Z?::‘:;;:fj?;’?rfi} ;;"S‘ 5.‘;3 © Enthalpy (cell constant)
= Cyciopentans = -93.43°C

= Cyciohexane = -83°C
Adamantane = -65.54°C

= Water=0°C

= Gallium = 29.76°C

= Indium = 156.60°C

Tin = 231.95°C

Lead = 327.46°C

= Zinc = 419.53°C

Temperature
Figure and list of
calibration standards:
TA Instruments.

Restrictions

Has to be calibrated with known samples

Temperature calibration typically with melting points of pure metals
(e.g. indium, lead, etc.) as references

Heat flow calibration with standards of either heat of fusion/melting or
heat capacity - Definition of cell constant

Necessary to exclude the baseline from the results

Baseline run with an empty cell over the temperature range of interest
Heating/cooling rate as well as possible atmospheres are limited

Depends on the equipment

Sources of inaccuracy

Heating/cooling rate

System is not in spatial or temporal equilibrium
Sample size limitations

Small samples not representative

Large samples not uniform in composition/conditions
Transport phenomena as limiting factors
Conditions in sample and reference are not completely identical,
although they are assumed to be (temperature, thermal resistance,
heat capacity, etc.)

Heat exchange with the surroundings should be zero

Can be decreased (but not completely removed) with better
equipment (e.g. to obtain a thermal resistance imbalance of less than
1%, the manufacturing tolecance of sensors is 1.27um)

Oulun yliopisto
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Differential Scanning
Calorimetry (DSC)

—40.00Cmin
— 2000 Cimy
—10.00"C/min

Heat Flow (Normalized) (Wig)

12 ' v T
150.0 1575 180.0 1825

Temperature T {*C)

1525 1550

Ex0Up

Figures: TA Instruments.

The results are influenced by e.g.:

“direction” of temperature change (heating/cooling)
heating/cooling rate
thermal history of the sample

Solidification /
Crystallisation

Crystallisation
of glass

2

Hast Fiow (Normalized) @ (Wig)

e

Glass transition/‘

First Heat

Melting
— —
——

E:
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Differential Scanning
Calorimetry (DSC)

Possible areas of utilization

Phase transformations

- incl. solid state transformations and melting in which the
mass of the sample does not change

- Dynamic method for determining phase diagrams

- Removal of moisture/volatiles from materials

- Chemical reactions - e.g.:
- Decomposition of compounds
- Reduction of materials
- Oxidation of materials
- Definition of thermochemical properties of materials
- Entalphy, heat capacity
- Thermal stabilities of materials
- Characterisation of multicomponent systems
- Comparison of experimental results with known behaviour of
different elements/compounds

Oulun yliopisto

102

100

No significant change in the mass

Onset. 969 °C

A § PO |
° T T T T
) ) 2-Theta - Scal;
. . St 0010 - St ime: 075
=]
[
~ Phase transformation can be seen from visual observation, too:

Observation of phase transformations

- Phase transformation of spodumene (LiAISi,Og): o — B

- Required as a pretreament before leaching of spodumene in
the production of lithium-chemicals

Verification of the phase transformation with XRD:

DSC {mWimg)

texa

B-spodumene

Lin (Counts)

1000

200 400

Tetragonal B-LiAISi,Og

/

X

Figures from: Pekka Tanskanen.

Endothermic change from
o-form into B-form

—|

Monoclinic a-LiAISi,Og
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Observation of phase transformations

Phase transformation of spodumene (LiAISi,Og): o0 — B
- Required as a pretreament before leaching of spodumene in
the production of lithium-chemicals

DSC {mWimg)

I exa

- Onset: 969/C

0s

Temperature indicating
the phase transformation
temperature

The results of the DTA/DSC-analysis depend on the
heating rate.

Slower rate — More uniform conditions

Faster rate — Transport phenomena have a bigger role

To eliminate the effect of the heating rate, the
experiments should be executed with different heating

rates and the results should be extrapolated to

B0

correspond the "zero heating rate”.

Endothermic change from

Figures from: Pekka Tanskanen. a-form into -form

wn  Example

i _

1000
980
&
=960
=
2 940
£
ir)
= 920
900

20
Heating rate [C/min]

Figure: Tanskanen, Heikkinen, Karjalainen, Seppelin & Lassi:
Proceedings of Eco-mates 2011. 28-30.11.2011. Osaka, Japan. pp. 219-220.

/

Observation of phase transformations

Phase transformation of spodumene (LiAISi,Og): o0 — B
- Required as a pretreament before leaching of spodumene in
the production of lithium-chemicals

Observed phase transformation
temperatures with different heating rates
(5, 10 and 20 °C/min)

"Actual” phase transformation
temperature which would be obtained
with "zero heating rate”

The results of the DTA/DSC-analysis depend on the
heating rate.

Slower rate — More uniform conditions

Faster rate — Transport phenomena have a bigger role

To eliminate the effect of the heating rate, the
experiments should be executed with different heating
rates and the results should be extrapolated to
correspond the "zero heating rate”.

Oulun yliopisto
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Example

Heat Flow/ mW
SA A

TExo |

0

Source: W Gong et al.: CALPHAD 32(2008)43-48.

DSC heating traces ol

500 1000

T T T

K3TbBrg chmpound.

Temperature/°C
400+

350

300
2504
200 4
‘ 150
| 100 -

“ 50

1500 2000 2500 3000\ 3500 |

Determination of phase transformations for
phase diagrams

- Formation of K;TbBrg in potassium-terbium-bromine system

- Determination

of phase transformation temperature

1200

1100

1000

900

800

700

Temp€rature, K

Repeat several times for
different compositions...

0.4 0.6 0.8 1.0
ole fraction ThBry TbBry
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Example

03
02

0.1

0.2

DTA /(V/mg)

1 exo

TaMn

-0.3
1400

TS: 1797 "C TScorr: 1797 °C

TL: 1815 °C TLeorr; 1804 °C

1500 1600 1700 1800 1900

Temperature /°C

0.1

0.0

0.1

-0.2

-0.3

04

DTA /(pV/mg)
02/Tex

TaMn2

"1400

TS: 1794 °C TScorr. 1794 °C

TL: 1810 °C Tieorr. 1794 °C

1500 1600 1700 1800 1900

Temperature /°C

Determination of phase diagrams

- Dynamic dete

DTA/DSC (+ other thermochemical data)

rmination of Ta-Mn phase diagram using

T,°C -
g 3020°C
=528
w0  System Ta-Mn =
22004
il Liquid 1797°C 78 7/
- : //// v
|
b= F [ | i
1234°C 315 TaMn,
o 1128°C | Y
Xoszc | l’ i
B ® 0 s
XatAa 768°C * | .
& 3 \
| ‘ «Samples, 1960Savitskii — \1
aMn+TaMn, ! ©0 EPMA, ADSC, 0 DTA, This work — \
E B | 1
T t + v
20 40 at% 60 80 Ta

Source: X Yan et al.: Journal of Alloys and Compounds. 865(2021)158715.
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DSC HmWimg)
1yt Tatined =
¥ e
s e
v o CETHZT Gl 72

Onaat 63012

Creal 1748 °C
Crest 17346°C

500 600 760 800 960
Temparature I'C

1000

1100 1200

[DTA /(mWi/mg)

40q1e0

TaiMnge
35

30
25
20
15
10

05

500 600 700 800
Temperature /°C

900

1000

Source: X Yan et al.: Journal of Alloys and Compounds. 865(2021)158715.

Determination of phase diagrams

- Dynamic determination of Ta-Mn phase diagram using

DTA/DSC (+ other thermochemical data)

T.°C T T T

2600 System Ta-Mn

1800 Liquid 1797°C

*Samples,
©0 EPMA, A DSC, 0 DTA, This work —

3020°C

78.7

1960Savitskii —‘ \ 3

T T +
Mn 20 40 at% 60

Oulun yliopisto
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DSC fimWimg)
—
7yt1ex0 Tathings = e
=
s e
ey OMETEET Gt 1527
5
P—

Oraat 1248 T
i

ot 1234

Oreat 137G

et 13836 °C

1100 1200

TaiMnge
35

30
25
20
15
10
05

500 600 700 800 900 1000
Temperature I'C
[DTA /(mWimg)
40q1e0

500 600 700 800
Temperature /'C

900

1000

Source: X Yan et al.: Journal of Alloys and Compounds. 865(2021)158715.

Determination of phase diagrams

- Dynamic determination of Ta-Mn phase diagram using

DTA/DSC (+ other thermochemical data)

Mn-Ta

2500

uQuip

1797¢C

BCC_A2
748

6 MN x(TA)

TA

Oulun yliopisto
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Example

DSC (mWimg)
gylew

Onst. 17456 T
et 1143 T

300 1000 1100 1200 1300
Temperature 'C

DTA iimWwimg)
1 exo

Hodhing6

25 okmin

— o et

-
n

raathg
neamrg

“omiarmn

ot #114°C

700

750

800

850 900 950 1000 1050
Temperature I'C

Determination of phase diagrams

Source: X Yan et al.: Journal of Alloys and Compounds. 865(2021)158715.

Dynamic determination of Nb-Mn phase diagram using

DTA/DSC (+ other thermochemical data)

System Nb-Mn

§ DTAXEDX, 1976Svechnikov —

© 1980Drys; 1§ DTA, 1959Hellawell — | ||
1 L Calc. Nb-Fe-Mn, 2012Liu —
aMn+NbMn,
E ©0 EPMA,ADSC,ODTA, this work —
200 | )
Mn 20 40 at% 60 80 Nb
Oulun yiiopisto

N/

i

Example

DSC /(mWimg)
gyl

ot 1THEE T
Cnet 17483 G

500 600 700 800 400 1000 1100 1200 1300
Temperature I°C
DTA i{mWimg}
o
35 1
e ————
30 e
25 R -
20 Jm—

700

750

800

B50 900 950 1000 1050
Temperature I°C

Determination of phase diagrams

Source: X Yan et al.: Journal of Alloys and Compounds. 865(2021)158715.

Dynamic determination of Nb-Mn phase diagram using

DTA/DSC (+ other thermochemical data)

2000

Mn-Np

LGuID

1520C 480

1483C

L BCC_ A2

404

04
x(NB)

06

NE

Oulun yliopisto
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behavior/stability using DSC with TGA

- Removal of volatiles

- Zinc removal from EAF and CRC dusts by heating as an
Thermal analyses of CRC and EAF dusts: a TG and b DSC

example
1o - B o0 i i
A oo TG EAFCwit 12¢ o S0 - BARC with 12 Redu(_:uon and evaporation
.| i+ CRC with 1.2 . PR ——DSC-CRCwith12C of zinc from EAF dusts
o 050 Reduction and evaporation
w0 - of zinc from EAF dusts
g g 100
g >
= o9 =
2 -1s0
a
60
2,00
30
-2,50
40
] 200 400 600 800 1000 1200 1400 -3,00
. . 0 200 400 600 800 1000 1200 1400
Temperature (°C) Temperature (°C)
Material Chemical compositions of the dusts (wt%)
c Fe,0;  Zn0  Cr,0;  CaO  MgO  MnO  Si0, K0
" o EAFdust 154 3445 4564 060 608 110 4.09 321 329
Source: M Omran, T Fabritius, Y Yu, E-P Heikkinen, G Chen & Y Kacar: CRC dust 031 20.83 19.08 2289 14.72 10.06 1.04 1030 076

Journal of Sustainable Metallurgy. 7(2021)1,15-26.

N/

DCF Exam P le Observation of material’s thermal
behavior/stability using DSC with TGA

- Decomposition of compounds

Endothermic peak indicating the . . .
- Decomposition of CaCO, during heating as an example

decomposition of carbonate.

16 m% mn"'g"rnglwm’ ) Caco3(5) - CEO(S) + COZ(EJ
i

100.0 —--—:! 5 0

95.0 . .
1.0 Simultaneous decrease in mass

90.0 0 corresponds with the removal of

; / CO, from the sample.

85.0 ]

80.0 05 [30

760
4.0

70.0 0
-5.0

65.0

Mass of CaO is 56% of |
60.0 0.5 |50 .
the mass of CaCO;. % Source:
_______________________________________ J Sanders & P Gallagher:
550 600 650 700 750 800 80 800 950 Thermochimica Acta.
Temperature I°C 388(2002)115-128.

Oulun yliopisto

Curves for the simultaneous TG/DSC of 30.5 mg of CaCOj; heated at 16 °C min Yin dry Ar: (—) DSC; (- - -) TG; (----) DTG.
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Example

TGA-DSC-curves of QFS and glass wool

100.0 00 1e0.0
05
99.5 . %05
o
_ g -
£ 103 £
®© 99.0 = (9990
I}
[ 8 =
15
. i
98.5 ~4=° | Quartz inversion 985
20
98.0 98.0
200 400 600 800 1000

Temperature (°C)

Source: P Lemougna, J Yliniemi, H Nguyen, E Adesanya, P
Tanskanen, P Kinnunen, J Roning & M lllikainen: Journal of
Building Engineering. 31(2020)101383.

Observation of material’s thermal behavior
and characterisation of material

- Behavior of glass wool waste and mine tailings (quartz
feldspar sand; QFS) during heating as an example

-ompasition (wi%] of ghss wool and QFS.

sio e Fexls a0 Mg0 Nast? K0 T, P:05 Mo 50 Ot sum

775 15 0z 03 00 a8 33 00 01 o0 o - 00
Glass woal asa 19 1 83 25 161 0 00 00 0z o 100

0.0
Glass wool

Fnd
@

Broad endothermic melting peak
suggests that melting occurs on a
broad temperature range. This
could indicate the existence of

SC (uv/mg)

L1s B

Endothermic ' amorphous material
3 —> 20
melting peak
: : Amorphous structure of the glass
200 400 600 800 1000

Temperature (°C)

wool can be seen with e.g. XRD

analysis (cf. lack of clear intensity

peaks peaks which can be seen
from GFS’s XRD analysis).

Oulun yliopisto
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XRD patterns of QFS and glass wool

Example

q a: albite
m: microcline
m mu: muscovite
7 q: quartz
QFs ' 100.0
H q
mu @ a qq9aq qg 49
e T Y i 1 A
99.5
=
Glass wool (0 99.0
[~
k——k 98.5
10 20 30 40 50 80 70 80
2-Theta Scale (°) 98.0

Source: P Lemougna, J Yliniemi, H Nguyen, E Adesanya, P
Tanskanen, P Kinnunen, J Réning & M lllikainen: Journal of
Building Engineering. 31(2020)101383.

Observation of material’s thermal behavior
and characterisation of material

- Behavior of glass wool waste and mine tailings (quartz
feldspar sand; QFS) during heating as an example

Chemical compasition (wi%) of glass wool and QFS.

Samples sio; e Fes0y caor Mgo Nao K0 Tioy Pi0s Mo 50y anher sum

s 75 15 0z 03 0o a8 33 00 01 0o o - 909
Glass woal o34 19 1 53 25 161 06 00 oo 0z o 100

Pexo

0.0
Glass wool

e
o

Broad endothermic melting peak
suggests that melting occurs on a
broad temperature range. This

SC (uv/mg)

i - could indicate the existence of
Endothermic i amorphous material
. -2.0
melting peak
: - Amorphous structure of the glass
200 400 600 800 1000

Temperature (°C)

wool can be seen with e.g. XRD

analysis (cf. lack of clear intensity

peaks peaks which can be seen
from GFS’s XRD analysis).

Oulun yliopisto
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Determination of thermochemical properties

sw  (mW)

at Fle

Changes of enthalpy related to observed phenomena can
be calculated from the DTA/DSC curves

-5+ GENERIC EQUATION
.
|
1
ot
L (et |
&2 8e 188 128 142 183 182 2o 222 248 268 28d

Tanparature (°C)

Figure from: Skoog & Leary: Principles of Instumental Analysis.

Oulun yliopisto
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B Example

Sn-37wi%Ph (heating rate = 10 deg C/ min)

12000

s0.00 |~
E
£
=
=
—é 00—
=]
s
=
00 -
40,00 1 - ! - 1
14000 160.00 1s0.00 20000 2000
Temperatre(C)
100,00
Sn-37wt%Ph (cooling rate = 100 deg C / min)
T
E
3
H
S
£ oo -
0000 PR R R R
140.00 160.00 180,00 200,00 22000

Temperature(C)

Source: SW Chen, CC Lin & CM Chen: Metall. & Mater. Trans. A.

29A(1998)4,1965-1972.

Determination of thermochemical properties

Haat Flow (mW)

Changes of enthalpy related to observed phenomena can
be calculated from the DTA/DSC curves

Determination of enthalpies of fusion with DSC for various
tin-based solder materials as an example

-5+ GENERIC EQUATION

1
L et |
L) - 188 128 148 188 182 22a 228 248 268 280
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Figure from: Skoog & Leary: Principles of Instumental Analysis.
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Source: SW Chen, CC Lin & CM Chen: Metall. & Mater. Trans. A.

Example
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Determination of thermochemical properties
- Changes of enthalpy related to observed phenomena can
be calculated from the DTA/DSC curves

- Determination of enthalpies of fusion with DSC for various
tin-based solder materials as an example

Compesition Scaning Rate Reaction Temperaturels) Enthalpy of
(Fet) (°C/min) C) Fusion (Vg)
Sie35 wipet Ag 10 m 62
-10 156 636
125 218 604
-125 20 -616
w0 139 432
0 121 4
128 138 491
-1 131 —408
10 153 452
-0 172 -4
Su-37 w1 pet P 125 181 482
Sn37 wi pet Ph -128 172 —491
In-10 wt pet Ag 0 152 168 83
In-10 wt pet Ag -10 233 136 -39
In-10 wt pet Ag 125 153 167 e
i -125 a0 130 -430
10 14 167 425
10 27 136 408
125 144 169 414
-1.23 288 140 -4l
10 153 168 E 314
-0 b} 136 -4
125 14 169 394
In-20 wt pet Ag -128 32w 143 —a0
Sn42 we pet Pho§ wt pet Bi 10 154 80
Sn-42 w1 pet Pb-8 wr pet Bi -10 171 162 128 ~416
Su-42 w1 pet Pb-b wt pet Bi 128 153 163 W0
Su42 wi pet Pbek wt pet Bi 125 17 i e
Sn-43 wi pat Pb-14 wi pet Bi 10 134 10 34
Sndd wi et Pb-14 wi pet Bi -1 160 151 128 -363
Snd3 wt pet Ph14 wt pet Bi 12 135 137 168 356
Sn43 wt pet Ph14 wt pet Bi 128 166 159 134 358
1 pet PbeL0 wt pot Bi i0 135 142 a7
 pet Pb-16 wt pet Bi 10 147 142 128 a5
et Pbe10 wt pet Bi 125 135 142 00
i pet Pb-10 wi pei Bi -125 101 131 —453
5wt pet P16 wt pet Bi 10 143 150 84
Snd3 wt pet Ph10 wt pet Bi 0 176 150 130 03
Sn-43 wi pet Pb-10 wt pet Bi 125 136 142 440
Sue43 i pet Pb-10 wt pet Bi -128 17 16z —43
SueSS wt pet Pbe10 wt pet Bi 0 121 153 15 07
Sn-53 wt pet Pb-10 wt pet Bi -10 197 153 128 -n2
Sn-55 wi pet Pb-10 wi pet Bi 125 135 141 1 332 Oulun yliopisto
Sn-5% wa pet Pb-10 wt pet Bi 125 20 163 134 350
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Determination of thermochemical properties

- Determination of enthalpies and heat capacities (Cp) of
mixtures in the NaCl-KCI-NaNO3;-KNO, system as an

example
P . _n, DSC, - DSGy ..
PO ne DSC, — DSC, P
-n = mole fraction of the substance
- DsC = signal from experiments (uV)
- Subscripts: s for sample

r for reference (sapphire in these experiments)
b for baseline

DSE VTG

am e om0 s0 om0 s 50

Temgeun

Temparstin K

DSC curve for 7.5KCI-92.5NaNO,
with a heating/cooling rate of 5 K/min

DSC curve for 12.5NaCl-87.5KNO,
with a heating/cooling rate of 2 K/min

Source: D Sergeev, E Yazhenskikh, N Talukder, D Kobertz, K Hack & K Miiller: CALPHAD. 53(2016)97-104.
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Coefficients of the linear equation of heat capacity (] mol~' K~') C,=AT+B for the
7.5NaN0;—925KCl  and 125NaCl-87.5KNO; mixtures taken from DSC
measurements.

Temperature range (K) A + AA° B + AB®

7.5KC1-92.5 NaNO;
3

298-549 2241107 581-10 15.504 2232
549-700 - - 1n1.67 5.63
12.5NaCl-87.5KNO;

298-398 0.338 2.80.10 * —-15.258 —0954
398-561 0.114 4.29.10°7 56.878 1.007
561-670 0162 2.24.10* 27.089 14

* Standard uncertainties are obtained taking into account the statistical scatter
of the experimental data and are u(C,)=AAT+AB Jmol "K'

Determination

of thermochemical properties

- Determination of enthalpies and heat capacities (C;) of
mixtures in the NaCl-KCI-NaNO;-KNO, system as an

example

- n
- DsC
- Subscripts:

am am em sw so sm s =0

[ ——

DSC curve for 7.5KCI-92.5NaNO,

. _ny DSC; — DSGy. .
P& he DSC, — DSC, P

= mole fraction of the substance

= signal from experiments (uV)

s for sample

r for reference (sapphire in these experiments)
b for baseline

Terpuratin K

DSC curve for 12.5NaCl-87.5KNO;

with a heating/cooling rate of 5 K/min

with a heating/cooling rate of 2 K/min

Source: D Sergeev, E Yazhenskikh, N Talukder, D Kobertz, K Hack & K Miller: CALPHAD. 53(2016)97-104.

s\l
B Summary

Differential Thermal Analysis (DTA) and
Differential Scanning Calorimetry (DSC) are
widely used in metallurgical R&D

- Possibility to study all the phenomena in which heat
content of the sample changes
- Removal of moisture/volatiles from materials
- Decomposition of compounds
- Reduction of materials
- Oxidation of materials
- Phase transformation (incl. phenomane in which mass does
not change)
- Characterisation of multicomponent systems
- Thermochemical properties of materials can be calculated
based on results

Restrictions

- Equipment may limit heating/cooling rate, atmospheres,
sample size, etc.
- Inaccuracies caused by the method must be known

DTA/DSC is often connected with other
devices

- TGA, MS, sample analysis
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