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DSC (Differential Scanning Calorimetry): Principle NETZS5CH

= | (e ISO 11357-1:2023(E): technique in which the
= H | = difference between the rate of flow of heat
| ——— d into a specimen crucible containing the
specimen and that into a reference crucible is
T i | T derived as a function of temperature and/or time
ererence sampie

while the specimen and reference are subjected
protective to the same controlled temperature program in a
gas specified atmosphere using a symmetrical
measurement system

heat =
flux
sensor %

L EF |

|

W DSC [uV/mg] = Sens. [uV/mW] - Ac,, [J/(g-K)] - B [KIs]

furnace block @ . .
l ] The DSC systems are based on relevant instrument and application standards,

with heating
l. . —“ e.g., ISO 11357, ASTM E793, ASTM D3895, ASTM D3417, ASTM D3418, DIN

purge gas 51004, DIN 51007.
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NETZSCH

C, Directly from the DSC Heat Flow
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Specific Heat Capacity From DSC Signals NEIZSCH
All possibilities* for DSC (for DSC 300 from Proteus® 9.3., for STA 509 from 9.4)

Evaluation | EBExtras Window ‘Workspace On

Cp: Ratio Method (ASTM E 1269)...

Cp: Ratio Method (DIN 51007)...

Cp: Stepwise Method (DIN EM 150 11357 -4)...
Cp: From Heat Flow [(DIN 51007)

* ¢, can also be evaluated from TM-DSC
data (out of the scope of this lecture).
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Specific Heat Capacity From DSC Signals Evaluation |JEdfiaS” Window Workspace O
ASTM E 1269 (“Ratio Method”) (G Ratio Metnod (ASTM E 1269)..) NETZ5CH

Cp: Ratio Method (DIN 51007)...
Cp: Stepwise Method (DIN EN 1SO 11357-4)...

Cp: From Heat Flow [DIN 51007)

DSC /uV

| exo Standard

50 1

i’ | s o Mg DSCs—DSCy

C C :
PP m, DSC, — DSCyy;

30 -

20 1

10 1 Correction ("Baseline")

200 400 600 800 1000 1200

o * The DSC signals shown were measured at 20
Temperature /°C

K/min.
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Specific Heat Capacity From DSC Signals consuon | e wincow_worosee o NETZSCH
DIN 51007 (“Improved Ratio Method”) Cp: Ratio Method [ASTM E 1269)...

[ Cp: Ratio Method [DIN 514}1}?]...]
Cp: Stepwise Method (DIN EN 1SO 11357-4)...
Cp: From Heat Flow [DIN 51007)

DSC /v Temp. /°C
| exo
Standard L1200
50 1
+ 1000
40 s s Ms DSC—DSCy
800 p = &
ms DSCy — DSCy,
30 4
600
20 * All DSC signals are corrected with respect
400 to the interpolated isothermal baselines.
'Y 200
) 0
0 10 20 30 40 50 60
Time /min
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Specific Heat Capacity From DSC Signals consuon | e wincow_worosee o NETZSCH
DIN 11357-4 (“Stepwise Method”) Cp: Ratio Method (ASTM E 1289)...
Cp: Ratio Method (DIN 51007)...

[ Cp: Stepwise Method [DIN EN 150 1135?4]...]

Cp: From Heat Flow [DIN 51007)

DSC /pv Temp. /°C
| exo Standard
Sample T
25 . _ 11200
Correction ("Baseline") .~
Vaant 1000 B
1| a N~ s Mst 0Qs —AQy
m ~N & >~ St PP my AQs — AQy
600
10 1 '&QI = f DSCI
400 .
Integrals are used, therefore this method reveals
5] ,_,L,——-‘L.I,——-uf——- - some ,averaged” ¢, points. This method is thus
200 not suitable when phase transitions occur. And
. the change of c,(T) should be linear.
r : r . . ‘ This method is comparatively slow — but very
0 50 100 150 200 accurate (see below).

Time /min
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Specific Heat Capacity From DSC Signals

Some measurement data on sapphire using STA 509 Supreme, Rh furnace

NETZSCH

DSC /(pV/mg) STA 509 Supreme Temp. /°C
| exo Rh-Furnace
] Crucibles: PtRh with pierced lids
0.4 HR: 20 K/imin P 1200
T Nitrogen atm. (70 ml/min)
1 1000
0.3
] 800
0.2
] . DSC /(uvimg) STA 509 Supreme Temp. /°C
1 Pt 5x Sapphire 83.96 mg Rh-Furnace i
0.14 e ) |} exo Crucibles: PtRh, pierced lids Sx Sapphire 83.96 mg
] - 5x Sapphire 112.64 mg 0.20+ HR: iso - 10 K/min - iso 5x Sapphire 112.64 mg....
. 3 F : 1200
4 -._.__. = Nltrogen atm. (70 mlirnln) Crucibles Ifted after each les:_. _____ "
0.0 ] ‘.__.---"" Crucibles lifted after each test : e ~
- R N 1000
1 . . . . . . 0.151
0 10 20 30 40 50 60 800
Time /min
0.10
600
f},’
0.05 - 400
LJ 200
0.00 - s
o 0
0 50 100 150 200
Time /min
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Specific Heat Capacity From DSC Signals
Showcase Results: ASTM E 1269 vs. DIN 51007

NETZSCH

Cp /(J(G™K)) Cp /(JI(G"K))

1.6 STA 509 Supreme ASTM E 1269 evaluation 1.64 STA 509 Supreme DIN 51007 evaluation
Rh-Furnace i Rh-Furnace )

1.5 Crucibles: PtRh with pierced lids 4x Sapphire 83.96 mg vs. 83.96 mg 1.5 Crucibles: PtRh with pierced lids 4x Sapphire 83.96 mg vs. 83.96 mg
HR: 20 K/min HR: 20 Kimin

1.4 Nitrogen atm. (70 ml/min) 1.4 Nitrogen atm. (70 ml/min)

1.3 L 1.3

1.2 Nominal values 1.2 Nominal values

1.1 1.1

10] Mean Deviation at 1200°C: 1.5% 101 [ Mean Deviation at 1200°C: 0.8%

0.9 0.9

0.8 ‘ i i i ‘ ‘ 0.8 ‘ i i i . ‘
200 400 600 800 1000 1200 200 400 600 800 1000 1200

Temperature /°C Temperature /°C
— DIN 51007 Is superior. Use it !
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Specific Heat Capacity From DSC Signals

Showcase Results: DIN 51007 vs. DIN EN ISO 11357-4 (stepwise)

NETZSCH

Cp /(J(9"K))
1.6
151
1.4
1.3
1.2
1.11
1.0
0.9

0.84

STA 509 Supreme
Rh-Furnace

Crucibles: PtRh with pierced lids

HR: 20 K/min
Nitrogen atm. (70 ml/min)

DIN 51007 evaluation
5x Sapphire 83.96 mg vs. 112.64 mg

[ Mean Deviation at 1200°C: 2.6%]

Cp /(JI(g™K))
1.6
1.5
1.41
1.31
1.2
111
1.01
09
0.81

STA 509 Supreme
Rh-Furnace

Crucibles: PtRh with pierced lids

HR: iso - 10 K/min - iso
Nitrogen atm. (70 ml/min)

DIN11357-4 stepwise eval.

5x Sapphire 83.96 mg vs. 112.64 mg

e [T TR
™ Nominalvalues

[ Mean Deviation at 1185°C: 1.0% ]

200 400

600 800 1000 1200

Temperature /°C

200 400

600 800 1000 1200

Temperature /°C

— DIN 11357-4 gives higher accuracy at high
temperatures. Use it - where it makes sense!
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Specific Heat Capacity From DSC Signals
DIN 51007 (“Cp Directly from the DSC Heat Flow”)

Evaluation | Extras Window ‘Workspace Ot “ETzstH

Cp: Ratio Method [ASTM E 1265)...

1. Create the Cp suitable heat flow
calibration once:

Extras | Window Waorkspace Online Info  Help

Heat Flow Calibration From Cp: ASTM ES68-02...

| Heat Flow Calibration From Cp: DIM 51007... %

DSC;,(T)

Sens. (T) = m
P

* Baseline corrected and corrected with respect
to the interpolated isothermal baseline.

2. Apply it for various DSC measurements
and get c,, directly:

___ DSCiT) _ DSCs(T)
D= -F - B

Cp: Ratio Method [DIM 51007)...
Cp: Stepwise Method [DIM EM 150 11357-4)...
[ Cp: From Heat Flow [DIN 51007)

o

3. ¢, will always be created automatically (even
several segments at once) when incorporated into
a method, or after pressing ,Cp: From Heat Flow".

DSC /[(mW/mg) Cp I(JNg*K))

| exo
0,40

035
030
025
020 10
015
010 i
0,05

0.8
0,00

50 100 180 200 250 300 350 400 450 500
Temperature /°C
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Specific Heat Capacity From DSC Signals NEIZSCH
DIN 51007 (“Cp Directly from the DSC Heat Flow”) — Software Innovations - NETZSCH Analyzing & Testing:

SOFTWARE INNOVATION 5,

SOFTWARE INNOVATION Specific Heat Capacity ¢, Dire om the DSC Heat Flow

ific Heat Capacity ¢, Directly from the DSC Heat Flow

m c, directly from the heat flow is

a fast and flexible alternative
to the manual c, evaluations
since it is generated
automatically and baselines
and heating rates do not need
necessarily be the same for
standard and sample.

Incorporation into Measurement Methods If @ DSC measurement is method-based and the method
enntains “Cp from Heat Flow”, the ¢, curve will appear fully
Asmentioned above, a user has the possibllity of incorpo-  autamatically each time the DSC measurement Is loaded
rating “Cp from Heat Flow” inta a measurement methed,  Into Proteus® analysis. The user has, of course, the possi-
=0 that the ¢, results are calculated and displayed fully  bility of activating or deactivating this functionality sing
automatically. This functionality can be configured when  the checkbax "Apply analysis method” in the *file open”
creating a method (see figure 5): One must select the  dialogue. If a measurement i loaded Into Proteus® analysis
heating segment(s) in which c_should be evaluated, and  via drag&diop, then the analysis method will always be
he analysis output to t applied, and the ¢, curve will be shown in this case.

tically after the measurement has finished.

If, for example, “Analysis state” is checked, then Proteus®
analysis will open automatically after the measurement s
compieted, showing the DSC measurement and the ¢,
curve together

Wsasurement method suremary:

Seckon/Subdls Cantorts
e Descopion Ve ~
! Gasss
Dotucied Devices | "M% OSCRS
= Samtankens Trpe Stanciad
B ;‘"'v :’D’ Praject Cp From Heal Flow
ems. Program - S AT
e Dota/Tme: 03112023 162423 (UTCA1)
¥ Control Parameers | Laboratory: VW
At
Mehod Typs  Sample
Crucitia Caneavue Al pescad bl
Rlemark
« > | Fumste DSCI0 Avens ~
Type: Sampla
Antyss mithod
Oytona  Basag on anshysss s () Autovmlustion ()G from Hast Flsw Qualty Conrel. &)
matal makng pea
Evaluson [every heag <]
fret eatrg
iac: ot
Ansiysis ueput s
[l anakes ma JExport rocuts wanyes  [JPiwmaks  Poacw: RO ”

[export graptic (54F)  [lEsport dotn [P poramsters (] Pae dotn

Methed locabier & name.

Felders | CMNETZSCHProteus. De Records\Methods) Hethed Sepph_Cp_From_bant_Fiow

] [ | [ e

B L ston whar

g 3 messurset mehod

" R NETZSCH

Tips and Recommendations

Since “Cp From Heat Flow” can be considered to be an
automated version of the ¢ evaluation type “Cp: DIN
51007", the tips and recommendations enumerated in the
following are mostly valid for all types of ¢ evaluation
available for DSC measurernents (see figure 1)

® The heating rates used for the required heat flow
callbration and for the sample measurement should be
in the range of 10 to 20 K/min in order to generate a
sufficiently high DSC signal.

= Optimum results can be achieved when the temper-
ature program used for the heat flow calibration and
the sample measurement are exactly the same. It is
In partioular recommended to work with isothermals
before and after the relevant heating segmentis) in
the sample measuremnent if possible. Then, the interpo-
lated isothermal baseline will in each case be taken into
account.

= The ¢, standard used for the heat flow calibration
should ideally have similar specific heat capacity, mass,
geometry and thermal conductivity to the sample. By
trend, a Iargé T Mass is advantageous since it results in a
higher DAC signal.

= Mismatch between the properties of the ¢ standard
and the sample may lead to significantly larger uncer-
talnties than indicated by the margins of the combined
standard uncertainty. Those are calculated mainly from
the nominal reproducibility of the DSC baseline and the
unertainty of the literature values of the ¢ standard,
which s assumed to be 2%.

= The ¢, standard and the sample should have good
contact with the crucble and showld be placed in the
center of the crudble.

= Since the DSC sensitivity may change over the long
term, it Is recommended to frequently chedk its validity.
This can be done by measuring the ¢ standard with the
current heat flow calibration applied. The *Cp from Heat
Flow” result should match the literature ¢ values. Such
a verification measurement of the ¢ standard can be
used for the creation of 2 new heat flow calibration if
required.

The purge gas type has significant influence on the
DAC sensitivity. Argon yields higher DSC sensitivity,
particularly in comparison to helium. Therefore, argon
or nitrogen are recommended. The same gas flow
rates should be used for the heat flow calibration and
the sample measurement. To this end, predefined flow
walues are suitable.

The crucible type also affects the DSC sensitivity. In
general, the crucible material must be compauble with
the sam ple material across the entire temperature range
of the measurement.

Ideally, exactly the same crucibles should be used for the
baseline measurement, for the heat flow calibration and
for the sample measurements. If different crucibles (of
the same type) are used for the baseline measurement
and a sample measurement, any mass differences
between the crucibles are taken into consideration
mathematically in the calculation of the ¢ values. If
Beflat+ is applied during the sample measurement, any
crucible mass differences are taken into account already
during the BeFiat+ corection of the DSC signal.

Conclusion

As of Protews® version 9.3, an additional way to generate
specific heat capacity results from a DSC measuremeant (s
avallable: "Cp from Heat Flow”. This functionality allows a
¢, curve (induding combined standard uncertainty
according to GUM) to be automatically caloulated and
displayed in Protews® analyeis together with the core-
sponding DSC measurement.

The calculation of the ¢ results & according DIN 51007,
which describes the DSC heat flow callbration sultable for
measuring ¢ . Profeus® analysis offers exactly this "Heat
Flow Calibratien from Cp: DIN 51007 1t & sufficlent for
conwerting the DSC signal from [uv/ma) into the unit
[ mg] en the one hand, and also for generating the ¢
curve in wnit [1/(g-K]J] on the other.

References

[1] DIN 51007:2019-04: Thermische Analyse (TA) -
Differenz-Thermoanalyse {DTA) und Dynamische Differenz-
kalorimatrie (DSC) - Allgemeine Grundlagen.
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https://analyzing-testing.netzsch.com/en/media/software-innovations

Specific Heat Capacity From DSC Signals
DIN 51007 (“Cp Directly from the DSC Heat Flow”) - Accuracy: STA 509 “ETZStH

Cp /(JI(g"K))
161 STA 509SU with Rh furnace
) Crucibles: PtRh with pierced lids —
Atm.: N2, 70 ml/min Deviations up to ~4%
Sample: Sapphire _from nom. values __

Mass: 83.89 mg
141 Heat Flow Cal.:
Sapphire 112.64 mg at 20 K/min

Samples removed/inserted
between each measurement.

B At heating rate of h.f. calibration,

e 10 K/min ~ comparable to manual c,
20 K/min evaluation.
40 K/min . .

1.01 B At different heating rates (!), the
Nominal values .

Y. accuracy is reduced.
0.81
0.6

200 400 600 800 1000 1200
Temperature /°C
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Specific Heat Capacity From DSC Signals
DIN 51007 (“Cp Directly from the DSC Heat Flow”) — Accuracy: DSC 300

NETZSCH

Cp /(J(g™K))

DSC 300 Caliris with P-Module

12] Crucibles: Al Concavus pierced lids
) Atm.: N2, 40 ml/min

Sample: Sapphire

Mass: 50.28 mg

119 Heat Flow Cal.:

With this sample at 20 K/min

1.0 Sample removed between
calibration and measurement

Cp /(JN(g"K))
Uncertainty margins: +- 3.5%
o - Atm.: N2, 40 ml/min

Sample: Sapphire
Mass: 50.28 mg

_______________ 1.1 Heat Flow Cal..
---- With this sample at 20 K/min
) 1.0 Sample removed bet
10 K/imin caliaion and mezsurement
Nominal values 0.9

DSC 300 Caliris with P-Module
1.2 Crucibles: Al Concavus pierced lids

0.9
0.8+
0.74
1.2
0.6
1.14
0.5
0 100
1.0

0.5

0.94

0.8

0.7

0.6

Cp /(JI(g™K))

DSC 300 Caliris with P-Module Uncertainty margins: +- 2.6%

Crucibles: Al Concavus pierced lids
Atm.: N2, 40 ml/min

Sample: Sapphire

Mass: 50.28 mg

Heat Flow Cal.:

With this sample at 20 Kimin ==

Sample removed between
calibration and measurement

20 K/min

Nominal values

0 100 200 300 400 500
Temperature /°C

Uncertainty margins: +- 2.2%

40 K/min

Nominal values

100 200 300 400 500
Temperature /°C

B Good accuracy at various
heating rates!

m Combined Standard
Uncertainty (GUM) available!

DSC Innovations | AKTP-Conference (Berlin) | 08.04.2025
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Specific Heat Capacity From DSC Signals NETZSCH

Some Goodies (software and hardware)

o = m Alumina washers
- R (NGB811071) prevent
122072 T e — sticking of crucibles at
— _ itional parameters .
0—= Bt high temperatures.
_ | Delay start
1250 — _ - Start date: |2024,04,15 B~ | For better
- Preheating\precooling criter| re rOd u C| b | I |t |
-2500 -: Threshold: 1 Start time: p y
50004V Current difference: 0
Repeats: l\\}
Temperature calibration disabled!
Instrument is OK. Cancel a
|

Start at: immediately

m OTS®
(HTP40000A97.010-00)
Oxygen Trap System

@ Instrument Configuration... / EllmlnateS OXIdatIOH Of
&
el

metallic samples.

i |
m Delayed start date/time. For correct c, results !

B Automatic Repeat Measurements
with generic file names (~01, ~02, ...)
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NETZSCH

2DTemperatureCalibration
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Thermal Lag of the DSC Signal
At higher heating rate, the DSC peaks shift to higher temperatures

NETZSCH

DSC /(mW/mg)

3.5

3.0 1

2.5 1

2.0 1

1.5

1.04

0.5 -

0.0 -

158,5
»
l exo 158
Indium (9.85 mg) —
& 1575
DSC 300 Supreme, P-Module - !
Crucibles: Concavus with pierced lids T pe
Atm.: Nitrogen (40 mi/min) L 157 .
- Several heating segments of the same measurement o P
- Temperature and heat flow calibration at SK/min
- Heating rates and results: 156,5 ..--'
1 K/min Onset*: 15639°C ~ Area: 28.68 J/g 156
5 K/min Onset": 156.56 °C Area: 28.63 J/g 0 10 20 30 40 50
10 K/min Onset*: 156.78 °C Area: 28.63 J/g Heating Rate [I(/min]
20 Kimin Onset*. 167.19 °C Area: 26.64 Jig Onset temperatures of the melting effect of indium as a function of the heatin,
50 K/min Onset*: 158.36 °C Area: 28.56 J/g rate. : ¢ ’
Nominal values: 156.6°C 28.6 J/g
130 140 150 160 170 180
Temperature /°C
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2D TemperatureCalibration

Dependent on temperature and heating rate (in accordance with international standards®)

NETZSCH

[N Temperature Calibration Calculation - DSC300 Caliris Supreme - Module: Module P (DSC30000A51.200-0001)

Heating Rate: [520

K/min
Atmosphere: NITROGEN -
Temperature range: | 0 | ec- |600 °oc
Crucible: ‘ Concavus Al, pierced lid ‘
Furnace: ‘ DSC300 Arena, TC: E ‘
Sample Carrier: l DSC 300 Delta-sensor, TC: E ‘

Calculate quadratic approximation

Calculate linear approximation

Remark: ‘

1477 i
V] —@— 5K/min [V] —p—

1,2

Tnom. - Texp. /K
o -
oo

0 100 200 300 400

Temperature. /°C

Hardware temperature range: -200,0 °C - 600,0 °C. TC calibration limit: 15 K.

Print Export to CSV Run Analysis

*[1] DIN EN ISO 11357-1:2017-02: Plastics — Differential
scanning calorimetry (DSC) — Part 1: General principles.

[2] ASTM E3142-18a: Standard Test Method for
Thermal Lag of Thermal Analysis Apparatus

m For 2DTemperatureCalibration, the onsets for
temperature calibration, can be entered in the

calibration tool for various heating rates (here: at 5 and
20 K/min).

B The temperature correction has a heating rate-

independent and a heating rate-dependent part (which
both depend on temperature).

AT =1(T HR) =

carr

=a,+a,-T+a, - T"+(b,+b,-T+b,-T°)-HR

DSC Innovations | AKTP-Conference (Berlin) | 08.04.2025
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2D TemperatureCalibration
Dependent on temperature and heating rate applied in a measurement on Indium, DSC 300

NETZSCH

DSC /(mW/mg)
L exo ) .
35 ] 2DTemperatureCalibration
Indium (9.85 mg) @ 5 and 20 K/min
3.0 DSC 300 Supreme, P-Module
7 Crucibles: Concavus with pierced lids
Atm.: Nitrogen (40 ml/min) ] ] ]
25] - Several heating segments of the same measurement With normal temperature calibration (see above):
- Heat flow ca“braﬁon a( 5KJm|l"I DSC /(mWimg)
- Heating rates and results: wl
20- B
e oy i larced e
25 - Several heating segments of the same measurement
1.5 1 K/min Onset*: 156.65 °C Area: 28.64 Jig . e ratesand rester o
5 K/min Onset™: 156.65 °C Area: 28.62 Jig R —
10 K/min Onset*: 156.64 °C Area: 28.61 Jig V] peee oweimme Anegidy
101 20K/min  Onset* 15665°C  Area: 28.61 Jig -
50 K/min Onset*: 156.63 °C Area: 28.57 Jig
0.5 1
Nominal values: 156.6°C 28.6 J/g Temparetre G
0.0+
130 140 150 160 170 180 180
Temperature /°C
21
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2D TemperatureCalibration NETZSCH

Dependent on temperature and heating rate applied in a measurement on Indium, STA509

DSC /(mW/mg)
18] +o%°
Indium (22.9 mg) : :
I g — 2DTemperature_CaIlbratlon
Sample carrier: DSC/TG Cp Type S @ 5 and 20 K/min

Crucibles: Al203 with pierced lids
141 Atm.: Argon (70 ml/min)

- Several heating segments of the same measurement
121 -Measurement type "Sample" (no correction)
- Heat flow calibration at 5K/min

B The onsets are all 0.k. within 0.1 K
(except at 50 K/min).

- Heating rates and resulits:

1.0 1 . . .
1 Kimin Onset: 1565 °C Area: 28.5 Jig With a standard temperature calibration,
8 5 K/min Onset*: 156.6 °C Area: 28.5J/g H H
By L e prtiong oA the shift of t.he onset between 1 K/min
06| 20Kmin  Onset 1565 C Area: 286 Jig and 50 K/min would be around 5 K.
: 50 K/min Onset*: 156.0 °C Area: 28.7 Jig
041 m Correct enthalpy values were determined
for all heating rates (!) using just one heat
°% A flow calibration at 5 K/min.
0.0 ias - — for enthalpy, ,2D* is not required.
50 100 150 200 250
Temperature /°C

DSC measurement on indium at various heating rates using an STA 509 Jupiter® Supreme. The heat flow calibration was
carried out at 5 K/min. The 2DTemperatureCalibration applied was done at 5 K/min and 20 K/min. The nominal values of
the melting temperature, T_, and enthalpy, AH, are 156.6°C and 28.6 J/g.

Different heating segments of one measurement!

— 2DTemperatureCalibration is beneficial especially when
several heating rates occur in the same measurement!

22



2D TemperatureCalibration
Detailed description available: Software Innovations - NETZSCH Analyzing & Testing

NETZSCH

SOFTWARE INNOVATION 2DTemperatureCalibration Dependent on Temperature and Heating Rate for DSC

and STA Intruments

The creation and application of a 2DTemperature
Calibiation according to formula (2} s possible in the
Proteus® software as of version 9.5. The creation is done as.
fillaws: As the first step, one can select predefined hedl\ng
rates with which the calibration

Possible heating rates of up to 500 K/min, visible in figure

3, are a spedialty of the P-Module available for NETZSCH

DSC 300 Caliris* instruments. For most experiments, the.

o heating rates § Kimin and 20 Kimin used akio for the
all

carried out (see figure 3), where if only one heating rate is
selected, this means that no dependence on the heating
rate will be contained in the calibration. It is, of course,
possible to select more than two heating rates if the corre-
sponding ealibration measurement data are available.

Furnace: (05300 Arara, 71 8

S carir: [ 55 0t T 6
cotas g [onsm et i
o[ par

Dpume TR -

s et et e [ 5,20 i xma

Oemm ooy |25 (xme)
o »
]
- ]
V':u
I
]
) =
-
o

8] Temperature calibration propenies dislogue in the Prateus softvrare.

ibration of thi ple are sufficient, as
shown below.

The secand step is 1o enter the experimental onset data
determined for the [nrlespundmg heating rates (see figure
a)Th
calibrations done with AutoCailbration

e - —=

] Termperature calibration table dialogue i the Froteus? software

NETZSCH

SOFTWARE INNOVATION 2D TemperatureCalibration Dependent on Temperature and Heating Rate for DSC

and STA Intruments

The experimental results of this werk certainly do not caver
all relevant facets of the topic “Temperature calibration of
DSC and STA instruments”. Some aspects should be
discussed in the following

= It is evident that accurate temperature and heat flow
calibrations should be created individually for each STA
sample carrier/furnace combination or DSC module
used. After a sample carrier/module was mounted again
into an instrument, existing calibrations should at least
be validated.

= Heat flow calibrations do strongly depend on the
crucible type and the type of purge gas. Indwidual
heat flow calibrations should therefore be done for
the crucible and gas types that are used. Te t:

standards measured with two heating rates would be
perfectly described bythe model, and nolass of aceuracy
is expected at the temperatures and heating rates of the
calibration. In exactly this way, the 2DTemperatureCali-
bration of the STA 509 described above was done, which
led to excellent results. In the case of the DSC 300, it was
shown that the temperature-dependence of the onsets
hreeca

perfectly with a second arder polynomial (see figure 5),
resulting in reduced aceuracy at the temperatures of the
calibration. For an accurate thermometry, itis, of course,
recommended to use enough calibration standards
to cover the enfire temperature range of interest.
Regarding heating rates, optimum results can be
expected when only two heating rates are used for
valids

calibration als depends on the crucible and gas types
used, for which reason individual temperature calibra-

the fit with respect to the heating rate is perfect (see

for highly aceur

tetemper-
ature results.

= The sampl can ak the onset
temperatures determined, where this effect is smaller
than 0.1 K for indium with masses b bout 1 mg

equation 2). The measurements carried out on indium

d al with the STA 509 at 50 K/min (see table

2) were regarding the heating rate not covered by the
15K /minand 20K/m

which led to bigger deviations from the nominal values
of 0.6 K and 0.7 K. The accuracy at 50 K/min could be

and 20 mg when heating rates of up to 50 K/min and
“low temperature” DSC ingtruments are considered.

. and of the
s tant. In this work,
were applied for the creation as for the vali
calibrations, i.e, the samples were removed from the
instruments after the calibration measurements and
inserted again for the validation measurements. So, the
results described above include repeatability. If different
calibration samples of the same type were applied for
the validation measurements, the reproducibility could
be checked. This was not done in this work, but as
known by experience, the calibration materials used for
this work reveal a reproducibility of the onsets of about
+ 0.1 K, where indium usually exhibits smaller and
bismuth significantly higher deviations af upto £ 1 K.

on of the

= The accuracy of the results, which means the deviation
from the naminal values, depends also on the choice of
the calibration standards and the resulting quality of the
fitof the model to the data. In the case of atemperature
calibration, the modelis described by equation 2, wmh
contain Thismeansth
calibration points originating from three calibration

which would end up in a tradeoff, since accuracy
would be slightly worse at lower heating rates then.
Finally, it should be noted that the temperature
aceuracy specified officially for the instrumentsfconfig-
urations used in this work is £ 0.1 K for indium in the
case of the DSC 300 Caliris® and = 0.7 K for indium in
the case of the STA 509 Jupiter”, when the instr
ments are calibrated in the entire temperature range.
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DSC (Differential Scanning Calorimetry): Sensitivity NETZS5CH

DSC [uV/mg] = Sens. [uV/mW] - Ac,, [J/(g-K)] - B [K/s]

The caloric sensitivity does not depend directly on the heating rate
— but on temperature:

Sensitivity Calculation - NETZSCH DSC300 Supreme

on 414/6 - Module: Module P (DSC30000A51.200-0001)

Heating Rate: ‘ 10 ‘ Atmosphere: NITROGEN | . Crucible: | Concavus Al, pierced liy

Furnace: | DSC300 Arena, TC: E | Sample | DSC 300 Delta-sensor, TC: € |
Recalibration parameters

Substance: Temp. I Enth. Th.:| —

‘ Enth. Exp.: | — Coefficients
Recalibrate

I
44 Calculate
=4
E Print
i 38
236 Export to CSV
£34 Add
2
o 3,2 Insert
“
3 Delete
28 :
nalysi:
-100 0 100 200 300 400 500
Remark: | Metals & Salts 10mg
Temperature range: =
Hardware temperature range: -200,0 °C - 600,0 °C.
OK Cancel
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Sensitivity vs. T_...., dependent on HR/CR and mass NETZSCH

DSC 300 Caliris, P-Module. For example In, Sn, Bi

D5C Sensitivity vs. Teenter

4,15

F:S
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ta
wn

O
[ =l

. Bi

38
375

37
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Tce nter [OC]

285

® 1 K/min, ca.

® 5 K/min, ca.

® 10 E/min, c=
® 20 K/min, .

50 K/min, .
-1 Kfmin, c&.

-5 K/min, c&.

©-10 Kfmin,

- 20 Kfmin, ca.

-50 Kfmin, ca.

W 1 K/min, ca.

W5 K/min, ca.

W 10 K/min, .
W20 K/min, ca. 1

50 K/min, .
O-1 Kfmin, ca.
0-5 Kfmin, . 1
O-10 Kfmin, ca. 1
O-20 Kfmin, ca. 1

-50 K/min, ca. 1

& 1 K/min, ca.
& 5 K/min, ca.

& 10 K/min, c2

4 20 K/min, ca.

50 K/min, c=

41 Kfmin, .

445 Kfmin, 2

£ -20 Kfmin, ca

-50 K/min,

Emg
Smg
.5mg
Smg
Smg
Emg

Emg

ca. 5mg

Emg
Smg
10 mg
10 mg
10mg
amg
10mg
10mg

omg
10 mg
10 mg
10 mg
X mg
X0mg
.20mg
20mg
-20mg

20mg

.20mg
A -10 Kfmin, ca.

20 mg
. 20 mg

ca. 20 mg

m HR: 1...50 K/min
m CR:-1...-50 K/min
B Masses: ~5, ~10, ~20 mg

— Teenter Shifts with HR/CR, mass.

— All results are approx. on a
temperature-dependent ,,master
curve*!

— Do the sensitivity calibration at a
relatively small heating rate (5 or 10
K/min) as usual vs. T,,,, and you will
have that master curve.
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Calchecks
DSC 300 Caliris, P-Module. In, Sn, Bi, Zn

NETZSCH
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Accurracy [%]
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® 1 K/min,ca.5mg
® 5 K/min, ca. 5 mg
® 10 K/min, ca. 5mg
® 20 K/min, ca. 5mg
50 K/min, ca. 5 mg
© -1K/min, ca. 5 mg
O -5K/min, ca. 5 mg
© -10 K/min, ca. 5mg
- 20 K/min, ca. 5 mg
-50 K/min, ca. 5 mg
® 1 K/min, ca. 10 mg
B 5 K/min, ca. 10 mg
m 10 K/min, ca. 10 mg
® 20 K/min, ca. 10 mg
50 K/min, ca. 10 mg
0 -1K/min, ca. 10 mg
0 -5 K/min, ca. 10 mg
0-10 K/min, ca. 10 mg
0 -20 K/min, ca. 10 mg
-50 K/min, ca. 10 mg
4 1 K/min, ca. 20mg
4 5 K/min, ca. 20mg
4 10 K/min, ca. 20 mg
4 20 K/min, ca. 20 mg
50 K/min, ca. 20 mg
~ -1 K/min, ca. 20 mg
A -5 K/min, ca. 20 mg
-10 K/min, ca. 20 mg
A -20 K/min, ca. 20 mg
-50 K/min, ca. 20 mg

=3

E HR: 1...50 K/min

E CR:-1...-50 K/min

B Masses: ~5, ~10, ~20 mg

m All results within about #1%
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You can rely on NETZSCH. NETZSCH

Proven Excellence.

Thank you for your attention ...

Dr. rer. nat. Alexander Schindler
Physicist in Software Development

alexander.schindler@netzsch.com

DSC Innovations | AKTP-Conference (Berlin) | 08.04.2025 35



	Folie 1
	Folie 2
	Folie 3: AGENDA
	Folie 4: DSC (Differential Scanning Calorimetry): Principle
	Folie 5
	Folie 6: Specific Heat Capacity From DSC Signals   All possibilities* for DSC (for DSC 300 from Proteus® 9.3., for STA 509 from 9.4) 
	Folie 7: Specific Heat Capacity From DSC Signals   ASTM E 1269 (“Ratio Method”)
	Folie 8: Specific Heat Capacity From DSC Signals   DIN 51007 (“Improved Ratio Method”)
	Folie 9: Specific Heat Capacity From DSC Signals   DIN 11357-4 (“Stepwise Method”)
	Folie 10: Specific Heat Capacity From DSC Signals   Some measurement data on sapphire using STA 509 Supreme, Rh furnace
	Folie 11: Specific Heat Capacity From DSC Signals   Showcase Results: ASTM E 1269 vs. DIN 51007
	Folie 12: Specific Heat Capacity From DSC Signals   Showcase Results: DIN 51007 vs. DIN EN ISO 11357-4 (stepwise)
	Folie 13: Specific Heat Capacity From DSC Signals   DIN 51007 (“Cp Directly from the DSC Heat Flow”)
	Folie 14: Specific Heat Capacity From DSC Signals   DIN 51007 (“Cp Directly from the DSC Heat Flow”) – Software Innovations - NETZSCH Analyzing & Testing:
	Folie 15: Specific Heat Capacity From DSC Signals   DIN 51007 (“Cp Directly from the DSC Heat Flow”) – Accuracy: STA 509
	Folie 16: Specific Heat Capacity From DSC Signals   DIN 51007 (“Cp Directly from the DSC Heat Flow”) – Accuracy: DSC 300
	Folie 17: Specific Heat Capacity From DSC Signals   Some Goodies (software and hardware)
	Folie 18
	Folie 19: Thermal Lag of the DSC Signal At higher heating rate, the DSC peaks shift to higher temperatures     
	Folie 20: 2DTemperatureCalibration Dependent on temperature and heating rate (in accordance with international standards*) 
	Folie 21: 2DTemperatureCalibration Dependent on temperature and heating rate applied in a measurement on Indium, DSC 300
	Folie 22: 2DTemperatureCalibration Dependent on temperature and heating rate applied in a measurement on Indium, STA509
	Folie 23: 2DTemperatureCalibration Detailed description available: Software Innovations - NETZSCH Analyzing & Testing  
	Folie 24
	Folie 25: DSC (Differential Scanning Calorimetry): Sensitivity
	Folie 28: Sensitivity vs. Tcenter dependent on HR/CR and mass  DSC 300 Caliris, P-Module. For example In, Sn, Bi
	Folie 34: Calchecks DSC 300 Caliris, P-Module. In, Sn, Bi, Zn
	Folie 35

