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Interpretation of Undesirable Events in DSC Data
Applications
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2900 Series DSC's

DSC 2010 DSC 2910 DSC 2920
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First Generation Q Series™ DSCs
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Second Generation Q-Series™ DSCs

AutoQ20

Q2000 is top-of-the-line, research grade with all options
Q200 is research grade and expandable

Q20 is a basic DSC — Available as an
Auto Q20 & also Q20P
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Understanding DSC - Agenda

What does a DSC measure?

How does a DSC make that measurement?
How is a Tzero™ DSC different?

Tzero Results

Advanced Tzero
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= What does a DSC measure?

How does a DSC make that measurement?
How is a Tzero™ DSC different?

Tzero Results

Advanced Tzero

7
DSC Training Course (‘\*@

What Does a DSC Measure?

A DSC measures the difference in heat flow rate (mW =
mJ/sec) between a sample and inert reference as a
function of time and temperature
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Endothermic Heat Flow

= Heat flows into the sample as a result of either
= Heat capacity (heating)
= Glass Transition (T,)
= Melting
= Evaporation

s = Other endothermic processes
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Exothermic Heat Flow

Exothermic

0.1+

Heat Flow (W/g)

= Heat flows out of the sample as a result of either
= Heat capacity (cooling)
= Crystallization
= Curing
= Oxidation
= Other exothermic processes
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= What temperature is being measured and displayed
by the DSC?

= Sensor Temp: used by most DSCs. It is measured at the
sample platform with a thermocouple, thermopile or PRT.

Sample Platform

Chromel Area Detector

Reference Platform

Constantan Body Thin Wall Tube

Base Surface
Constantan Wire

Chromel Wire
Chromel Wire
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DSC Training Course (@

= What temperature is being measured and displayed
by the DSC?
= Pan Temp: calculated by TA Q1000/2000 based on pan

material and shape

= Uses weight of pan, resistance of pan, & thermoconductivity of
purge gas

= What about sample temperature?
= The actual temperature of the sample is never measured by DSC

y
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= What temperatures are not typically being displayed?
= Program Temp: the set-point temperature is usually not
recorded. It is used to control furnace temperature

= Furnace Temp: usually not recorded. It creates the
temperature environment of the sample and reference

y
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Understanding DSC Signals

Heat Flow

= Relative Heat Flow: measured by all DSCs except TA
Q1000/2000. The absolute value of the signal is not
relevant, only absolute changes are used.

= Absolute Heat Flow: used by Q1000/2000. Dividing
the signal by the measured heating rate converts the
heat flow signal into a heat capacity signal

y
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DSC Heat Flow

dH ) Cp =Sample Heat Capacity
—— =DSC heat flow signal . )
dt =Sample Specific Heat x Sample Weight

Cp - J (T, 1)

f(T,t)=Heat flow that is function of time
at an absolute temperature (kinetic)

ar = Heating Rate
dt
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Agenda

= What does a DSC measure?

How does a DSC make that measurement?
How is a Tzero™ DSC different?

Tzero Results

Advanced Tzero
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How does a DSC Measure Heat Flow?

= DSC comprises two nominally identical calorimeters in a
common enclosure that are assumed to be identical.

= Advantages of a twin calorimeter:
= Noise reduction by cancellation of common mode noise.
=« Simplified heat flow rate measurement.
= Cancellation of calorimeter and pan heat capacities.
= Cancellation of heat leakages.

)
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Heat Flux DSC Cell Schematic

2900 Series DSC

Sample Pan

Reference Pan

Dynamic Sample Chamber

Thermoelectric Disc
(Constantan)

Gas Purge Inlet
|—>O

/e
Chromel
Disc

Chromel
Disc

Chromel Wire —
Alumel Wire Junction

'Y Thermocouple
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Perfectly Symmetrical?

= The heat flow rate of an empty perfectly symmetrical
twin calorimeter should be zero.

= However, it almost never is because the DSC is rarely
symmetrical as assumed.

= The asymmetry is the inevitable result of manufacturing
tolerances and is unavoidable.

For example, thermal resistance of the Tzero DSC cell is determined
by the wall thickness of the “top hat” which is .005” (0.13mm). To
achieve 1% thermal resistance imbalance would require
manufacturing tolerance of .00005” (.00127mm).
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Conventional DSC Measurements

2900 Series
Heat Flow Heat Balance Equations
Measurement Model . Tfs -T . Tf, -T

gs qr ’ R, ' R,

T T - Conventional DSC Heat

T r Flow Rate Measurement

Ry R, 49=4,—4,
T -T —AT
q == S =
R R
T T
J5 Jr
This model assumes that the sample and reference calorimeter thermal resistances
are identical, the temperature of the furnace at the sample and reference
calorimeters are equal and does not include other known heat flows.
DSC Training Course (Ul;l/
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Conventional DSC - Assumptions

= The resistance between the sample sensor and the
furnace equals the resistance between the reference
sensor and the furnace

= Pan and calorimeter heat capacities are ignored
= Measured temperature equals sample temperature
= No heat exchange with the surroundings
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Consequences of the Assumptions

= Whenever the heating rate of the sample and reference
calorimeters is not identical, the measured heat flow is
not the actual sample heat flow rate. This occurs during
transitions in standard DSC and always during MDSC®.

= Resolution suffers.
= Sensitivity suffers.

= MDSC® results are strongly period dependent, requiring
long periods and slow heating rates.

= The heat flow baseline is usually curved and has large
slope and offset.

7 2B
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Violations of Assumptions

Pan and calorimeter heat capacities are ignored

= Sample and reference heat capacities are assumed to be
the same and to heat at the same rate.

= In general the sample and reference calorimeter heat
capacities do not match contributing to non-zero empty
DSC heat flow rate baseline.

= During transitions and MDSC® experiments the sample
and reference heating rates differ and the measured heat
flow rate is incorrect because the sample and reference
sensor and pan heat capacities store or release heat at
different rates.

7 2B
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Expanded Principle of Operation
Tts }—;E - i Tr Tt

Cs Cr Not Being
:|: ‘ Measured w/
ak ak Conventional
) ) DSC
Q=Ts-Tr + A + B + C
R t + 4
Thermal Thermal Heating
Resistance Capacitance Rate
Imbalance Imbalance Imbalance
DSC Training Course (Ul}l/
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= What does a DSC measure?
How does a DSC make that measurement?
How is a Tzero™ DSC different?

Tzero Results
Advanced Tzero
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Q-Series DSC Schematic

DSC Training Course

Sample & Reference Platforms
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Q-Series Heat Flow Measurement

Q-Series DSC

Sample Platform

Chromel Area Detector

Reference Platform

Constantan Body Thin Wall Tube

K Base Surface

Chromel Wire

Constantan Wire

Chromel Wire

' T
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Tzero™ Heat Flow Measurement

Heat Flow Differential Temperatures
Sensor Model _ _
0 g, AT=T-T AT, =T,-T,
booooy |
T, T, Heat Flow Rate Equations
g AT, _ dT
RS Rr qs = 7 - Cs E

. g SALHAT . dT
TO R dt

”

B}
P

The sample and reference calorimeter thermal resistances and heat capacities
obtained from Tzero calibration are used in the heat flow rate measurements.

!
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Tzero™ Heat Flow Measurement (T4)

qT4 = qs —-q r Thermal Resistance Heating Rate
Imbalance Difference
| |
AT 1 1 dT dAT
qT4:__+AT;) o 5 +(C}"_CS) S_Cr
R, R, R dt dr
X |
Principal DSC Heat Capacity
Heat Flow Imbalance

The four term Tzero heat flow rate measurement includes effects of the thermal
resistance and heat capacity imbalances as well as the difference in the heating
rates of the sample and reference calovimeters. When the assumptions of
conventional DSC are applied, only the first term remains and the conventional
heat flow rate measurement is obtained.

—

Tzero™ Heat Flow Equation

Heat Flow Besides the three
Sensor Model temperatures (T, T,, T;);
what other values do we

need to calculate Heat

s q!‘
Te oy
T, T T, Flow?
R, R,
T,

AT 1 1
=2l GAT| ———|+(C. -C
q R 0 R R ( r K

r N r

C

r

dr dr

T, _ . dAT

y
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Tzero™ Heat Flow Equation

Besides the three
temperatures (T, T,, T;);
what other values do we

need to calculate Heat
Flow?

Heat Flow
Sensor Model

How do we calculate these?

AT 1 1 dr, ., dAT
q__R_+ATO_ +@@ dt < dt
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Measuring the C's & R’s

= Tzero™ Calibration calculates the C's & R’s

= Calibration is @ misnomer, THIS IS NOT A
CALIBRATION, but rather a measurement of the
Capacitance (C) and Resistance (R) of each DSC cell

DSC Training Course (¢

= After determination of these values, they can be used in
the Four Term Heat Flow Equation (T4) shown previously
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A few words about the C's and R’s

= The curves should be smooth and continuous, without
evidence of noise or artifacts

= Capacitance values should increase with temperature
(with a decreasing slope)

= Resistance values should decrease with temperature
(also with a decreasing slope)

= It is not unusual for there to be a difference between the
two sides, although often they are very close to identical

y
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B 0series - [Q1000-0176 - DSC Q1000@Demo Lab] =13l x|

M Contral  Experimental  Calbrate Tools View Window Help Service Engineeting =18 x|

[>m2npE@EEES

| A B B [ Rntgangsy Terasaee

Cell Resistance & Capacitance - Step 2 Q1000-0176 - DSC Q1000@Demo Lab ||| Signal [vae [ «
Method Time 0.00 rriry
T0 Heat Flow Calibration ;z%:;;?;;ll;njn Tine g i?nmm
00360 =780 Temperature 44.29°C
i Delta T 0,485 b
o - Delta Tzera 0812w =
) o e
30'0340 £ || Heat Flow 0151 miw
= -EB5.0 % Set Paint Temp 40.00°C =
i S|l A
2 -B00 g T |
o # FRunning Segment Description
=
50-0300_ il E 1 @ Sampling interval: 1.00 =/pt
3 3 2 H Data storage OF
500280 A 3 4+ Equilbrate ot 400,00 T
o _450 i 4§ Isothermal for 5.00 min
8 0260 : é 5§+ Equibrate at-90.00°C
= —400 = £ [ Datastorage On
ED 1240 5 7 l" Izothermal for 5.00 min
§ - 350 E g {_; Mark end of cycle 1
. - 9§ Ramp 20,000 “C/min to 400,00 °C
Tzero heat onky calibration
n02z0- =S 78 —_ 10 o Mark end of cycle 2
-200.0 -100.0 0.0 100.0 200.0 300.0 400.0 500.0 11 I lsothermal for 5.00 min
Sample temperature (sec) 12 o Mark end of cycle 3
Analysiz complete. Calibration results successfully saved to instrument 13 [ Data storage O
14 if Equilibrate at 50.00 °C
Good Tzero™ Calibration Run | s |
Ready EENEEM | Calibration [Seg OinRun 1 [14:09:15 7
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Stop Experiment | <tk | wews | Gl | Hep

Can see that it is bad during
Tzero™ cal run

Run 66.93% complsted

[N | colbration | Seg 9mRun 1 [10:28:15

- [Q1000-0249 - DSC Q1000@Apps Lah] _[5]X]
HH control  Experimental Calibrate Tools View ‘Window Help Engineering =3
= = i =il
>mal) BEEIIEY EEE Y =
J A B | E | Run T Heating T2 229,01°C S29%% Ramp 20.000 °C/min to 400.00 °C
5‘ Signal | Value -
Method Time 51.46 min
™ . . || Seament Time 16.10 min
;0| Bad Tzero™ Calibration Run fgp RensiirgRunTie |
Temperature 22301 T
Delta T 0.004 u
20+ _a00 Delta Tzero 45192
: Heat Flow -0.003 mw/ b
104 Set Point Temp 232203°T
—40.0 Heater Power 128730 W
Flanne Temnerahre 7170 j
0.0+ g # Funning Segment Description
g L = Sampling interval: 1.00 sec/pt
=104 2 |lv 2 [ Datastorage Oif
= =200 = |« 3§t Eouibeste ot 400.00°C
5 o
a-2.0+ £ e 4§ lsothermal for 500 min
_imo & ||v 5 Bt Equiibiate st-80.00°C
-3.04 « B n Data storage On
oo « 7§ lsothermal for 5.00 min
-4.0+ v 8 o Mark end of cycle 1
=9 |7 Ramp 20,000 “Cémin to 400.00 °C
B e e =10 10 o Mark end of cycle 2
00 20 40 60 80 100 120 140 160 180 200 220 240 1 sothemal for 500 min
Time (min) 12 o Mark end of cycle 3
Experiment in progress . 2542 min 13 [ Data storage Off
Experiment Status Collecting Data  Baseline data filename: Y\ aguespack-w2k\ TAMD ata\DSCACal MT cell 14§+ Equilibrate at 50.00 T
111102.001

Example of Typical Results

\
DSC Training Course ( @

Characteristics of the thermal resistances and heat capacities: 005
Both curves should be smooth, with no steps, spikes or inflection points.
Thermal resistances should always have negative slope that gradually decreases.
Heat capacities should always have positive slope that gradually decreases.
6060 __ 0041004
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40140 0.02-0.02
This cell is very well balanced. It is acceptable and usual
to have larger differences between sample and reference. 001
200 -100 0 700 200 300

Temperature (°C)

Sample Capacitance (Joule/°C)
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= What does a DSC measure?

How does a DSC make that measurement?
How is a Tzero™ DSC different?

Tzero Results

Advanced Tzero
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What does this do for us?

= By measuring the capacitance and resistance, we are no
longer assuming the DSC cell is symmetrical

= Using these values in the four term equation, we see
that nearly all aspects of DSC performance are improved
by Tzero™ DSC.

Empty DSC baselines are straighter and closer to zero.

Resolution is enhanced.

Sensitivity is enhanced.

Frequency dependence of MDSC is greatly reduced.

7 2B
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Tzero™ vs Conventional Baseline

0.6
Conventional Baseline
T zero Baseline
0.4+
% 0.2+
[
;gi 0.0
-0.2+
0.4 T T T T
-100 0] 100 200 300 400
Temperature (°C)
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Q2000 Quantified Baseline Performance

100

4.94°C
5.40uW

[ cm—— 4

| [}
-20.38°C
31.23uW

Heat Flow (uW)
o

-50 0 50 100 150 200 250 300 350
Exo Up Temperature (°C)
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= What does a DSC measure?

How does a DSC make that measurement?
How is a Tzero™ DSC different?

Tzero Results

Advanced Tzero
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Advanced Tzero™ Technology

= During transitions and MDSC experiments, the heating
rates of the sample pan, sample calorimeter, reference
pan and reference calorimeter may be very different.

= Sample pans have thermal resistance and heat capacity
and sample and reference pans rarely have the same
mass.

= Advanced Tzero includes the heat capacity of the pans

and the heating rate differences between the sample and
reference calorimeters and pans.

= Peaks are taller and sharper, hence both resolution and
sensitivity are dramatically improved.

7
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Advanced Tzero™ Model

Advanced Tzero is a further refinement of the Tzero model and takes the
measurement up to the sample pan, one step closer to the actual sample

Advanced Tzero Qsam
tthdel includes T M psCpan M Cpan Cpan
e pans |
p Tps H =| TPr Rp;:
v Rs
RP RP T
Q2000 | as T &

Q0| | T
Cs C

Tzero models the R
Calorimeters

7
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What is Pan Contact Resistance?

DSC Pan

Heat Flow Sensor

7~
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Result of Pan Contact Resistance Factor

Without pan contact
resistance factor, temperature
is measured at the sensor

(
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Indium with Q-Series Heat Flow Signals
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Indium with Q-Series Heat Flow Signals

07 0
] ) =
Theoretical
. Q1000 ]
Melting of
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| n d um / // Effects on Sample Heat Flow % %
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Indium as a Measure of Sensitivity & Resolution

|

a
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1ol »Peak Height Increases
s = >Peak Width Decreases
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g -15- 9 X
e an \
: \\
I
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Improved Sensitivity/Resolution-Q2000

7 2B
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Q-Series DSC Performance Comparison
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= Amorphous Phase - The portion of material whose
molecules are randomly oriented in space. Liquids and
glassy or rubbery solids. Thermosets and some
thermoplastics

= Crystalline Phase - The portion of material whose
molecules are regularly arranged into well defined structures
consisting of repeat units. Very few polymers are 100%
crystalline

= Semi-crystalline Polymers - Polymers whose solid
phases are partially amorphous and partially crystalline.
Most common thermoplastics are semi-crystalline

7 2B
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Definitions (cont.)

= Melting — The process of converting crystalline
structure to a liquid amorphous structure

= Thermodynamic Melting Temperature -
The temperature where a crystal would melt if it
had a perfect structure (large crystal with no
defects)

= Metastable Crystals — Crystals that melt at
lower temperature due to small size (high surface
area) and poor quality (large number of defects)

7 2B
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Definitions (cont.)

= Crystal Perfection - The process of small, less
perfect crystals (metastable) melting at a temperature
below their thermodynamic melting point and then (re)
crystallizing into larger, more perfect crystals that will
melt again at a higher temperature.

= True Heat Capacity Baseline - Often called the
thermodynamic baseline, it is the measured baseline
(usually in heat flow rate units of mW) with all
crystallization and melting removed.

= Assumes no interference from other latent heat such as polymerization,
cure, evaporation etc. over the crystallization/melting range.

7 2B
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Definitions (cont.)

= Crystallization — The process of converting either solid
amorphous structure (cold crystallization on heating) or
liquid amorphous structure (cooling) to a more organized
solid crystalline structure

= Enthalpy of Melting/Crystallization - The heat
energy required for melting or released upon crystallization.
This is calculated by integrating the area of the DSC peak
on a time basis.

7 2B
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Typical DSC Transitions

Oxidation
Or

Crystallization Decomposition
L
E
)]
S
[©]
3 4\—] Melting // ’\
H Glass N
2 Transition Cross-Linking
ke (Cure)
(1
T
(]
I

Composite graph
Temperature
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Experimental Design

= Available Method Segments
= Method Design Rules

= Typical Methods (Examples)
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Methods vs. Procedures

The logic of the instrument control software is based upon
the concepts of methods and procedures.

= METHODS are the actual steps that the DSC executes
during a run. The software provides custom templates
built around types of experiments.

= PROCEDURES include, along with the method, all other
options that the user sets in creating a run. For
example, the data sampling interval, method end
conditions, etc.

7 2B
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Q-Series DSC Segment List

Segrentlist _Segment list

ﬂP Jump El.';. Euternal event

{+ Equilibrate E D ata starage

1+ Initial temperature 88 Air Caol
I Ramp ¥ Mark end of cycle

1+ Isathermal Heater FID
I step L, Zero heat flow

=F |ncrement temperature a Fill Cooler

{3 Repeat ’“‘ﬂ:"‘ b odulate temperature
{2 Repeat unti i Gas selection %
E Abaort next segrient an lirit D” Flow B ate

€7 Samnlinn interal
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Method Design Rules

= Start Temperature

= Generally, the baseline should have two (2) minutes to
completely stabilize prior to the transition of interest.
Therefore, at 10°C/min., start at least 20°C below the
transition onset temperature

= End Temperature

= Allow a two (2) minute baseline after the transition of interest
in order to correctly select integration or analysis limits

= Don’t Decompose sample in DSC Cell

DSC Training Course
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Why have 2 min of baseline?

0.0

-0.59

Wax 10°C/min

-2.0

Heat Flow (W/g)
n P
Il Il

-2.5 T T T T T T
20 40 60 80 100 120 140 160

Exo Up Temperature (°C) Universal V3.9A TA
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Heating/Cooling Methods

Typical Heating Method
1) Equilibrate at 0°C
2) Ramp 10°C/min. to 300°C

Typical Cooling Method
1) Equilibrate at 300°C
2) Ramp 10°C/min. to 25°C

7 2B
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Heat-Cool-Reheat Method

Typical Heat-Cool-Heat Method

1) Equilibrate @ 25°C

2) Ramp 10°C/min. to 300°C
3) Mark cycle end 0

4) Ramp 10°C/min. to 25°C
5) Mark cycle end 0

6) Ramp 10°C/min. to 300°C
7) Mark cycle end 0

DSC Training Course (¢
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Oxidative Stability (OIT) Method

OIT Method

1) Equilibrate at 60°C

2) Isothermal for 5.00 min.

3) Ramp 20°C/min. to 200°C
4) Isothermal for 5.00 min.

5) Select gas: 2

6) Abort next seg. if W/g > 1.0
7) Isothermal for 200.00 min.

7 2B
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Modulated® DSC Method

Typical MDSC Methods

1) Data storage: off

2) Equilibrate at -20°C

3) Modulate £1°C every 60 seconds
4) Isothermal for 5.00 min.

5) Data storage: on

6) Ramp 3°C/min. to 300°C

DSC Training Course (¢



DSC General Method Recommendations

= Determine decomposition temp
= Stay below that temperature

= Run Heat-Cool-Heat @ 10°C/min

= Use specific segments as needed, i.e. gas switch, abort,
etc.

= Modify heating rate based on what you're looking for

7 2B
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Calibration & Sample Preparation

. Instrument Calibration
= Q200 & Q2000
m Cell Constant & Temperature
= Q20 & 2900s
m Baseline
m Cell Constant & Temperature
. Miscellaneous
= Purge Gas
= Cooling Accessories
= Environment

. Sample Preparation
. Selecting Experimental Conditions

DSC Training Course (¢
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General Calibration Issues

= Calibration
= Use Calibration Mode
= Calibrate upon installation
= Re-calibrate every ??2??

= Verification
= Determine how often to verify data
= Run a standard as a sample (std mode)
= Compare results vs. known

= If results are within your tolerance — system checks out and doesn't re-
need calibration

= If results are out of tolerance, then re-calibrate

7 2B
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Heat Flow Calibration

= Differential Heat Flow (ASTM E968)
= Heat of fusion (melting) standards
= Heat capacity (no transition)

= Miscellaneous
= Use specific purge gas at specified rate

= Calibrate w/cooling accessory functioning if it will be used to run
samples

= Single point used for heat of fusion
= Calibration should not change w/heating rate

y
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Heat Flow Calibration

= Prepare a 1-3mg sample of indium and
premelt prior to first use

Tel=l ™

Inggu ¥
= Verify at least once a month g
= Typical values for cell constant:
« 1.0to 1.2 (in N,)
N

Calorimetric Calibration
5

157.44°C

Sample: Indium, 5.95 mg.
CALIBRATION MODE; 10°C/MIN
CALIBRATION BASED ON 28.42J/g

Heat Flow (mW)
&
|

-10
Cell Const.: 1.0766
Onset Slope: -20.82 mW/°C
-15 T T T
150 155 160 165 170

Temperature (°C)

y
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Temperature Calibration

. ASTM Method E967
= Pure metals (indium, lead, etc.) typically used
= Extrapolated onset is used as melting temperature
= Sample is fully melted at the peak

7 2B
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Temperature Calibration

1 Extrapolated Onset 50
156.61°C
0 28.36Jlg B 40 E
' E
-1 1 o
= 30 @
=
g2 &
(18 | Q
5| 20 g-
$-3 ko
HEATING RATE 10 3
-4 T =
157.09°C a
PEAK
-5 T T T T T T T 0
150 152 154 156 158 160 162 164
Temperature (°C)
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Temperature Calibration

= Verify at least once a month
= Maximum of five points

= Use tin, lead, and zinc one time only

7 2B
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Recommended Temperature & Enthalpy Standards

. Benzoic acid (147.3 J/g) Tm = 123°C
Enthalpy . Urea (241.81/g) Tm = 133°C

. Indium (28.45 ] Tm = 156.6°C
(Ce” ConStant) . Anthracene (161.9] Tm = 216°C

. Cyclopentane* -150.77°C
Temperatur: . Cyclopentane* -135.09°C
emperature . Cyclopentane* -93.43°C
. Cyclohexane# -83°C

. Water# 0°C * GEFTA recommended

. Gallium# 29.76°C Thermochim. Acta, 219 (1993) 333.
. Phenyl Ether# 30°C

. p-NitrotolueneE 51.45°C # ITS 90 Fixed Point

. NaphthaleneE 80.25°C
- Indium# 156.60°C

- Tin# 231.95°C

- Lead* 327.46°C

- Zinc# 419.53°C

E Zone refined organic compound
(sublimes)

DSC Training Course (¢
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QSeries - [Q1000-0110 - DSC Q1000@Mfg-dsc]
I Control Experimental Calbrate Tooks View ‘window Help Engineering

= |

-l@|x

X A EES

A B | BES [ Runtigandny Temoiaszaqc Storeof Gas g Evert ory

¥ Pan Mass 23540 mg[Sample)

Comments |
Data File Hame I\\WAGUESPAEK—WZK\TA\DaIa\yE\Data 01 o
I™ puchive Enable | / =

/

I~ Autoanalyze | / J
Aralysis ez / =
Z

To begin calibration start
DSC Calibration Wizard

MESES
NEE

01 2800min Append | Apply Cance] Help

iSC Calibration Wizard

[DsC Calibration wizard] ]
= 3 [ e
I unmay | Proceciae | Notes | Method Time 0.00 min
Sequence - Proedurs Summaty Seqment Time 0.00 i
+ Rund Mad Rlemaining Fun Tims Owin
d e IStaﬂdald Temperature 28.79°C
Test [Famm Heat Flow 0.255 mw
Heat Capaciy 0.000 /T
 Sample Infarmation Sample Purae Flow 000 ol i
ET St Pt Terps omC
Sample Hame Hester Power 0000w
Sampls Size 0000 mg Flange Temperature 2750°C
Heater Temperatue 2745°C

Running Segment Deseription

1 7 Ramp 10.000 °C/min ta 300,00 T

200

180

~160—

[y

140+

120+

Heat Flow

1.00+

080_\“‘I"‘I"'\“‘I"'\"'\
080 100 120 140 160 180 200

Temperature (*C)
[standard  [Seg DinRun 1 [02:20:11

Heat Flow Sianals:

Caoling Unit

RCS j

fZi05eries - [01000-0110 - DSC QLO00@MFg-dsc] = @ x
I Contral Experimental Calbrate Tooks Yiew Window Help Engineering @ x
= = T
rpE2n Db BEEEI BB ¥ET
A B B | Fun T:gandby T2 23,68°C
DSC Calibration Wizard Q1000-0110 - DSE Q1000@Mfg-dsc x| | Signal [ Value [«
Method Time 0.00 it
Segment Time 0.00 min
DSC calibration should bs performed using the same conditions (purge gas, sample pan typs, Femaining Fun Time 0 min
anhd conling accessory] that will be used in subsequent experiments on your sample materisls Temperature 2368°C
In addition, the calibration sequence performed depends on the ype of heat How that wil be Heat Flow 0.2085 rriw
stored in your sample experiments. Selection of the highest level heat flaw for paur 0 Series Heat Capacity 0000 ml T
DSC is recommended Sample Purge Flow 0.00 mLfrin -
Set Point Temp ooo'c
Heater Power 0.000w
Flzmne Tamnershirs 2532 °C j

# Running Segment Description

1 7 Ramp 10.000 °C/min ta 300,00 T

Select Heat Flow signal
& type of cooler

Q2000/1000 = T4P

Next > I Cancel Help

Q200/100 T4

Q20/10 T1

eady

[standard  [Seqg OinRun 1 [16:31:54
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= |

{+ Cell Resistance & Capacitance, Call Constant, and Temperature Calibration

A control Experimental Calbrate Tools Wisw indow Help  Engineering T4P & T4 _|®|x
V. = = |
>m= eERTEEETEE T s Calibrat
alibration
A B | | Run 1:5tandby T8M9°23,68°C
x| [ Signal [ Valus [~
Method Time 0.00 min
5 T 0.00
This wizard helps pou setup and start experiments used ta calbrate for zel resistance & Fomaiing Flor Tiva T
capacitance diferences, heat How [cell] constart, and temperature. Select from one of the: o g8 T
calibration options. ¥R S
Heat Capacity 0.000 md T
1F wour instrument is equipped with an autosampler, it will be disabled during this calibration Sample Purge Flow 0.00 mL/min .
Set Point Temp 000°C
Heater Power 0.000%
Flarne Temnerah e 2570 T B

Cellresistance and capaitance calibration compensates for sublle diferences in themal
resistancs and capacitance betwsen the reference and sample platforms in the DSC
sensor, The calbralion is based on two experiments - ane iun with an empty cell, and the
second wun with equal weight sapphire disks on the sample and eference platfaims.  This
calibration is recommended any time the puigs gas or cadling accessory sed in
subseaquent experiments are changed,

" Cell Canstant & Temperature Calibration

Cell constantis a calibration facter used to adjust far sublle differences in the ealorimetic
response of & DSC cal. Temperature calibration ensures that the sample themocoupls
reading is conect under the sxperimental condtions chasen. Both of these calibrations are
performed on the melting peals of a standard metal such as indium. These calibrations
should b performed any fime that the heating/cacling rate, pure gas, of saoling
accassor are changed

" Load Saved Cell Resistanice & Capacitance Calibration File to [nstrument

This option allows you to send a saved cell iesistance and capacitance (Tzeio] calibration
1esults file to the instrument.

Cancel Help

eady

# Runiing Segment Description

I Riamp 10,000 *Cémin to 300.00 °C

Select which
calibration to perform

Tzero Calibration

[standard  [Seg DinRun 1

|16:31:54

B 05eries - [01000-0110 - D5C QL00D@MFg-dsc]

I Contral Experimental Calbrate Tooks Yiew Window Help Engineering

T4P & T4

L

PE2 D EEE R BEDR

Calibration

A B B |RU“1is|andwTemﬁ121sn°c

x| [ signal [ Value [ -
Method Time: 0.00 min
Segment Time 0.00 min
Cell resistance & capacitance calibration involves bwo experiments. The first experiment Remaining Fun Time 0 min
invalves heating an empy cell through the widest temperature range that will be uzed in Temperature 2368°C
subsequent experiments. Delta T 0124 v
¥ Conduct experiment Delta Tzers 0185w ||
1. Remove any pans from cell and cover cell Heat Flow 0.205 mwf
Sample Purge Flow 0.00 mL/min
2. Enter the desired test parameters: Set Poin Temp JuC

Heater Prier 1100 Wl

Lower terperature: 50,00 iz
Upper temperature: 400.00 e
Fiamp rate 20.000 Tt

Operator =

Comment: |T Zero Calibration - Baseline Run

Drata File Name: I\\WAEUESF‘AEK-WZK\TA\Dala\DSE\Data o0t mﬂ

I tuchive Enable | =
Purge Gas: #1-Nitogen | FlowRate [50 il /min

Enter existing T Zer Baseline data file:

Post-Test .. < Back I Next > I Cancel Help

eady

% # Running Segment Description

1 7 Ramp 10.000 °C/min ta 300,00 T

Enter parameters for
first run (empty cell)

\ o

[ Calibration [Seg 0inRun 1

[16:31:54
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2 Enter weight of sapphis 1 [35.540 i

3. Place sapphite 2 on reference platformin call

4. Enter weight of sapphiie 2. [95.87 mg

5. Cover cell

6. Sapphire D ata File Mame: I\\WAGUE5PAEK—WZK\TA\DaIa\DSC\Data.UUW @

7. Comment IT Zero Calbration - Baseline Run

Enter esisting T Zeio Gapphite data fil

< Back I Next > I

FostTest... | Cancel | Help

Enter weight of sapphire samples

QSeries - [01000-0110 - DSC 1000@Mfg-dsc] = |
A control Experimental Calbrate Tools Visw ‘window Help  Engineering T4P & T4 -1®|x
-~ = = )
>m- R EIEE TS D ] Calibrati
alibration
A B | B8 [ Runtigandny Tenoasgec
x| [Signal [ Valus [ -
Method Time 0.00 min
Seqment Time 0.00 min
Remaining Run Time: 0 min
2.0 Temperature 2368°C
1904 Delta T 0124y
Delta Tzero 0155 uy
1.80 Heat Flow 0.208 riwf by
Sample Purge Flow 0.00 L /min
1.70+ Set Paint Temp 0.00°C
160 Heater Prwer 1100 % j
2 # Running Segment Description
1.50+ 1 Sampling interval; 1.0 sec/pt
£1.40- 2 [l Data stoage 0FF
@ 3§+ Equibrate =t 400.00 °C
? 304 4 b+ Isothermal for 5.00 min
1,204 5 i+ Equilbrate at-90.00°C
1104 B u Data storage On
7§+ lsothermal for 5.00 min
1.00 8 o Mark end of cycle 1
0.90- 9 [ Riamp 20,000 *C/min to 400.00 °C
0 100 140 190 140 140 1f0 1e0 190 180 180 ab 10+ Mark end of cycle 2
090 100 110 120 130 1.40 150 160 170 180 180 200 Y
11§ Isothermal for 5.00 min
Time (rnin) 12+ Mark end of cycle 3
The experment for Step 1 of Cell Resistance & Capacitance is ready to begin 12 [ Data storage DI
Prass Start Experiment to begin t first un 14§+ Equilbrste st50.00°T
Start Experiment | cBack | Hed | Cancel Help |
eady [ Calibration [Seg DinRun 1 [16:31:54
B 0series - [Q1000-0110 - DSC QLODD@MFg-dsc] =3 =18 X
M Control Experimental Calbrate Tools ¥iew Window Help Engineering T4P & T4 o = e
= = T
rpE2 b BEE L OB BEEE Calibrati
alipration
A BB |Run1:5‘a“dwTemp:2?_“oCStore:o'fcas1 Event: opr
Cell Resistance & Capacitance - Step Z Q1000-0110 - DSC Q1000@Mfg-dsc x| | Signal [ Value [ =
k Method Time 0.00 it
Segment Time 0.00 min
The second calibration experiment involves heating the cell with two equal weight sapphire Remaining Fun Time 0 min
disks on the sample and reference plattoms through the entire temperature range under the Temperature 2747°C
same conditions as the previous experiment. The sapphire disks are placed dirsctly on the call Delta T 0309 uv
platforms [ie... no sample pans are used). Delta Toe 0,996 ¥
¥ Conduct experiment Heat Flow 0.249 miwf b
Sample Purge Flow 0.00 mL/min
Set Point Temp ooo'c
1. Place sspphite 1 o ssnipls pltforn it el s Prier N =

eady

[ BRI R

# | Funning Segment Description
Sampling interval: 1.0 sac/pt

[ Data storage DK
+ Equilbrate at-160.00 °C

- 1sothermal for 5.00 min

§+ Equiibrate at-160.00 °C

[ Data storage On

> Isothermal for 5.00 min

" Mark end of cycle 1

17 Riamp 20.000 “C/min to -160.00 °C
+ Mark end of cycle 2

1" |sothermal far 5.00 min

" Mark end of cycle 3
[& Data storage DI

+ Equilbrate at 50.00 'C

| Calibration [Seq finRun 1 [09:22:45 |
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QSeries - [Q1000-0110 - DSC Q1000@MFg-dsc] =l |
I Control Experimental Calbrate Tooks View ‘window Help Engineering T4P & T4 -1®|x
-~ = = el
>ma rERFIEEEEE I = Calibrati
alibration
A B | B [ Runtigandny Temoiaz,apec Storeof Gas g Evert ory
x| [ Signal [ Valus [ -
Method Time 0.00 min
Seament Time 0.00 min
TO Heat Flow Calibration Plemnaining Fun Tie: 0min
0.0475 -B5.0 Temperature 27.47°C
i Delia T 0.308.Y
an b4 ~B00 o ||DekaTeen 0,886 Y
40,0425 & |[HeatFlow 0.299 miw -
£ Lgan & || Sample Puge Flow 0.00 mL/min
S0.0400+ & || setPint Temp 0 -
o | = Heater Pruer 11000
EU . [Faue B Running Segment Description
300350 50 6 1 Sampling interval: 1.0 see/pt
20 0325 B 2 2 [l Data stoage 0FF
< c 3§+ Equibrate 2t -160.00 °C
5 L 5
EUMDU‘ A g 4 b+ Isothermal for 5.00 min
50,0275 = 5 i+ Equiibiate ot 160.00°C
9 B E 6 [ Data storage On
=0 02501 3 "
T _a00 £ 7§+ lsothermal for 5.00 min
800225+ £ 8+ Mark endof cycle 1
Tomood L mm 3 |7 Ramp 20.000 “C/min to -160.00 °C
3000 200 000 0.0 000 00 300 4000 10 o ik end of cycle 2
11§ Isothermal for 5.00 min
Sample temperature [°C) 12 o Mark end of cycle 3
[&nalysis complete. Calibration results successully saved to instrument 13 [ Dats storage OFF
14§+ Equibrate =t 50.00°C
Jback | Next> | Cancel | Help |

By

When run is completed, capacitance &
resistance are plotted and saved

eady

[ Calibration [Seg DinRun 1 [09:23:38

fBQseries - [Q1000-0110 - D5C Q100 ] =
I Contral Experimental Calbrate Tooks Yiew Window Help Engineering

RHE|
T4P & T4 | -lal=

PE2 D EEE R BEDR

= (4

L

A BB | RUN 1 gtandiny TEMi:27.47c Storeigpr Gasiq Evention

Cell constant and temperature calibrations involve heating a high purity, metal standard (e...
indium] through its melting peak using the same ramp rate, purge gas and pan type that wil
be used for subsequant experiments. For the most aceurate results, calibration should be
dane with the highest level heat flow signal avaiable in the instrument.

1. Remove sapphire samples from cell,

2. Select calibration standard for cell constant calibration

Standard [Indium =] Weiht [FF0mg
Pan Type Aluminurm Hermetic
¥ PanMass [55.290 mg (Sample)  [56.02 mg [Reference)

3 Place sample pan containing standard on front platirm in cell

4. Place refersnce pan on back platfom in call

Always run Indium for
Cell Constant

Calibration
x| [ signal [ Value [ -
Methad Time 0.00 min
Segment Time 0.00 min
Flemaining Fiun Time Omin
Temperature 2747°C
Delta T 0.307 ¥
Delts Tzero 0,885 u¥
Heat Flow 0.300 miw/ -
Sample Purge Flow 0.00 mL/min
Set Foint Temp 0.o0'c
Haatar Prmsr 1 0N0 Sl j

# | Running Segment Description

Sampling interval 1.0 sec/pt

[ Data storage DK

+ Equilbrate at-160.00 °C

- 1sothermal for 5.00 min

§+ Equiibrate at-160.00 °C

[ Data storage On

> Isothermal for 5.00 min

" Mark end of cycle 1

3 [ Ramp 20.000 “C/min to -160.00 °C

10+ Mark end of cycle 2

n 1" |sothermal far 5.00 min

12 o Mark end of cycle 3

13 [ Data storage DI

14§+ Equibrate at 50.00°C

[ BRI R

PostTest.. |  ¢Back Ned> Cancel Help

Enter parameters for Indium sample

T
Logg il

eady

[ Calibration [Seg 0inRun 1 [09:25:08

41



QSeries - [Q1000-0110 - DSC Q1000@Mfg-dsc] = = |
8 control Experimental Calbrate Tools Wisw Sindow Help  Enginserin T4P & T4 _|®|x

-~ = = )
P EA D ERE Ei‘lf? 8 |!!.§ﬁ B B2 Calibrati
alibration
A B | BEE [ Runtigtandny Temoiaz.seec Storeiof Gas g Evert ory
Cell Constant & Temperature 110 - DSC Q1000@MFg-dsc ||| Signal [ value [ E
Hethod Time 0.00 min
Seqment Time 0.00 min
| ¥ Conduct experiment Remaining Run Time 0 min
Temperature 2751°C
1. Entet the desired test parametsrs for call canstant and temperaturs calibration Delta T 0307 W
Delta Tzero 0,887 W
Start Temperatue: | Uss current I” Premelt Heat Flow 0,305 niw/ b
. Sample Purge Flow 0.00 L /min
100.00 C Set Point Temp 000°C
Heater Prwer 11000 %W j

Heafing R te: 10.000 “Crwin 1 Running Segment Description
Sampling interval: 1.0 sec/pt

1
Final Temperature: [180.00 T 2 [ Data storage DI
3§+ Equibrate at-160.00 °C
DataFileName: ~ [WWABLESPACK WK\TAND ata\DSCAData 01 4 I Isothemal for 5.00 min
5§+ Equibrate at-180.00 °C
Operator |Waguespac>d 6 [ Data storage On
7 I Isothemal for 5.00 min
Purge Gas: #1 -Hirogen ¥ Flow Rate |50 mL/min 3 ‘1/ Mark end of cycle 1
3 |7 Ramp 20.000 “C/min to -160.00 °C
2. Cover Call 10 " Mark end of cycle 2

11§ Isothermal for 5.00 min
12 4 Mark end of cycle 3
Enter existing Cell Constant data fils: b | n Data storage Off

14§+ Equibrate =t 50.00 °C

Post-Test | ¢Back [ New> | Concel | Help |

Enter temperatures for Indium run

eady

[ Calibration [Seg DinRun 1 [09:25:34

B 0Series - [01000-0110 - DSC Q100D@Mfg-dsc] _18]x
8 Control Experimental | Calirate Tools Wiew Window Help Engineering T4P & T4 _|8]x

rE 2D BEEES | EHEE Bl

Calibration
A BB | RUN 1:gandiny TeMi:a7.51C Storeigpr Gastq Evention
Cell Constant & Temperature J1000-0110 - DSC Q1000@Mfg-dsc x| || Signal [ Value [ =
Method Time 0.00 it
Segment Time 0.00 min
Remaining Fun Time: 0 min
200 Tamperature 2751 °C
1004 Dekta T 0.305 4
Dekta Tzero 0.885 4
1.80- Heat Flow 0,908 miw =
Sample Purge Flow 0.00 ml/min
1.70 Set Paint Temp R
1 B0 Haxatar Prmsr 100 Sl j
= # FRunring Segment Description
E1 50 1 Sampling interval: 0.1 secdpt
51 A0- 2 i_y Equibrate at 100.00 °C
w 3§ Riamp 10,000 °C/min to 180,00 °C
‘w1.30
@
1204
1.104
1.004
0.90-

080 100 140 12 130 ido 1o g0 1o 1E0 if0 200

Temperature (°C)

The experiment for Cell Constant & Temperature is ready to begin
Fress Start Experiment ta begin the third run.

Start Evperiment | [ cBack | Hed Cancel Help

Start experiment

eady

[ Calibration [Seg 0inRun 1 [09:25:48




QSeries - [01000-0110 - DSC 1000@Mfg-dsc]
A control Experimental Calbrate Tools Visw ‘window Help  Engineering

= |
T4P & T4 =Ll

rE20p EEE G 2ER RIS

ai0 1000 1100 1200 1300 1400 1800 1ED0 1700 18)0 1e00
Temperature (°C)

[Analysis is complete. Gelect Analysis iom popUp menu to change analysis range. Press Nert to save calibration and send
results to the instrument,

Analyze Cancel Help

Calibration
A B | BES [ Runtigtandny Temoiaz.seec Storeof Gas g Evert ory
Cell Constant & Temperature 110 - DSE Q1000 x| | | Sianal [ value | -
Method Time 0.00 min
T Seament Time 0.00 min
i) Remairirg Run Time 0 min
6.0 Temperature 2251°C
304 Delia T 0.307 ¥
- P Delta Tzero 0,885 Y
0.0 | \ Heat Flow 0.307 miw -
Sample Purge Flow 0.00 mL/min
-3.0 Set Paint Temp 0.00°C
B Heater Prwer 1100 % j
: # Flunning Segment Description
£ 8.0 1 S ampling interval, 0.1 sec/pt
E 20 2§t Equibrate 2t 100.00 T
i 3 |7 Ramp 10.000 “C/min to 180,00 T
§—15.D—
T 180- Cell Constant & Temperature Calioration
Indium Stanciard Hest: 28.7100 Jig
-21.04 Incium Melting Point. 15680 °C
240 Cell constant calibration 1.1062
Onzet Slope: -1029 03 mid®C
-27.0-+

Data is analyzed
automatically

eady

[ Calibration [Seg DinRun 1 [09:26:12

B Qseries - [Q1000-01 10 - DSC Q1000@Mfg-dsc]
I Control Experimental Calibrate Took Wiew indow Help Engineering

RHE|
T4P & T4 | -lal=

PR BEEEI DES

LA Calibration

A BB | RUN 1:gandiny TeMi:a7.51C Storeigpr Gastq Evention

Cell Constant & Temperature Q1000-0110 - DSC Q1000@Mfg-dsc x|
Indium
6.0
3.0+
0.0 ; 157 16°C ;
-3.04
504
E 80+
1204
i
m-15.0+
@
L1530 cellconstant & Temperature Calbration
Indium Standard Heat: 28.7100 Jig
210 i Mekting Peirt: 155 50 %G
240+  Cell constant caibration 11062
Onset Slope; -1029.03 mwC
-27.0-

00 1000 1100 1200 1300 1400 1500 1600 1700 180D 1900

Temperature (°C)

Analysis complete. Calbration results successully saved to instrument,

< Back I FiiSh I Cancel Help

eady

Signal [ value I -
Method Time: 0.00 min

Segment Time 0.00 min

Remaining Fun Time 0 min

Temperature 2781°C

Delta T 0.307 u

Delta Tzar 0.884 uv

Heat Flow 0.307 miwf b
Sample Purge Flow 0.00 mL/min

Set Point Temp ooo'c

Hester Prises 11017 =)

# Fiunning Segment Description
1 Sampling interval: 0.1 sec/pt
2§+ Equibrate =t 100.00 °C
3 [ Ramp 10.000 “C/min 1o 180.00°C

[ Calibration [Seg 0inRun 1 [09:26:34

43



Baseline Calibration

= Slope Q20 & 2900s Only

= Calibration should provide flat baseline with empty cell

heat capacity with increasing temperature

= Curvature
= Not normally part of calibration procedure
= Can be eliminated if necessary with baseline subtraction
= Curvature can cause errors in analyses

= Polymers should always have an endothermic slope due to increasing

7 2B
DSC Training Course (@

Baseline Slope due to Heat Capacity

Effect of Sample Heat Capacity
on Slope of DSC Baseline

Sample: PMMA
Weight: 12.44mg
Heat/Cool Rate: 10°C/min

PMMA; Cooling

Empty Pans

Heat Flow (m\W)
f=1

PIVIMA; Heating

T T T
50 100 150
Exo Up Temperature (°C)

DSC Training Course (i'rl;lj

T
200
Universal V3.0E TA

y
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Baseline Curvature

0.6

Heat Flow (mW)

-0.24

Conventional Baseline
T zero Baseline

-0.4 T T
-100 0 100

[01000-0110 - DSC QLOOK
I Control Experimental Calbrate Tooks Wiew indow Help Engineering

200
Temperature (°C)

\
DSC Training Course ( @

300

400

—

I PanMass 23540 mg(Sample]

Comments I

E g | = 4
Pm2 D BEEIIE) EED =
A BB | RUN 1:gandiny TEM:25. 7aec Store:gpr Gastq Evetign f o —
B T — [ vl
Summan [T e
o= v | Prncadulal Notes I / Method Time 0.00 it
Sequence ~ Procedre Summray Segment Tine 0.0 win
= o Aun Mode [Standard fomaing Bun Tine S
Test [Fame Heat Flow 0288 mw/
Heat Capaciy 0.000ml/"C
- Sampl Information Sample Puge Flow 0.00 m/min
Sampls L FET Set Foint Temp i
anplame | Healer Power 0.000W
S ample Size 10000 m Flange Temperature 27ED°C
i ° Heater Temperature 2745°C

# Runining Segment Description

1 I Ramp 10.000 *C/min to 300.00°C

/

Data File Name I\\\N’AEUESF‘AEK-WZK\TA\Dala\ SChData 001 m:
I schive Enatle | / =

01 2800 mn goend | G Lancs]

Help

I~ Autoandl I / 200
Aralpsis acn | / / .
. . . H‘I 607
To begin calibration start H
. . . 140
DSC Calibration Wizard £
81.20
1.00
R 0804 . ...
+[+]m] 080 100

1SC Calibration Wizard

1o 140 180 180 200

Temperature (°C)

[ Standard

[Seq 0inRun 1 [0%:20:11
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QSeries - [Q1000-0k10 - DSC QL000@Mfg-dsc] -
8 control Experimental Calbrate Tools Wisw indow Help  Engineering

= |

Heat Flow Signals.

Cosling Uit

RCS =l

Net> | Cancel Help

eady

. . _|8] %
_ T1 Calibration
-~ g | )
PE2ND IEEEL SEEEGD XKD
A B | BEE [ Runtigtandny Temoiaz.seec Storeiof Gas g Evert ory
Signal [ Valus [~
Method Time 0.00 min
Seament Time 0.00 min
DSC calibration should be performed using the same conditions (purge gas, sample pan type, Remaining Fun Time 0 min
and cooling accessary) that wil be used in subsequent experiments on your sample materials, Temperature 2751°C
In addition, the calbrafion sequence performed depends on the type of heat flow that wil be Deka T 0307
stored in wour sample experiments. Selection of the highest level heat flow for pour G Seres Delta Tzero 0.885 uy
DSC is recommended. Heat Flow 0,307 riwf .
Sample Purge Flow 0.00 mlrin
Set Point Tamp 000°c
Heater Pruer 0000w B

# Running Segment Description
T B Sampling interval. 0.1 secpt

2§+ Equibrate at 100.00 T

3 I Ramp 10.000 *C/min ta 180,00 °C

[ Calibration [Seg DinRun 1 |02:27:01

B0Series - [1000-0110 - DSC Q1 ds =
I Contral Experimental Calbrate Tooks Yiew Window Help Engineering

T1 Calibration

rpE2IDEBEHE G EHEE =

A BB | RUN 1gandiny TeMe:27.4g°C Store:gpr Gasiq Evention

Conventional DSC Experiments [Q1000-0110 - DSC Q1000@Mfg-dsc]

Select the type of DSC calibration experiment you want to perfarm

@ Baseline
This calibration compensates for sube differences between the reference
and sample theimocouples. The baseline calibration is based on heating an
empty cell thiough the same temperature range that will be used in

Signal [ value [«
Method Time: 0.00 min

Segment Time 0.00 min

Remaining Fun Time 0 min

Temperature 2748°C

Delta T 0.305 uy

Delta Tzaro 0.887 uv

Heat Flow 0.082 miwf b
Sample Purge Flow 0.00 mL/min

Set Point Temp ooo'c

Hesber Prises 11071 5

subseauent experinents. Baselns calbration is 1ecommended any tine the
heating/conling rate, purge gas. or coaling accessom i changed.

%

)

£ Cell Constant / Temperature
Cell Constant is a caliration facter used te adust for sublle diferences in
the calorimetric rssponse of a DSC cell. Temperature calibration ensures
that the sample themacauple reading i conect under the experimental
canitionrs chosen. Buth of these calibrations are performed based on the
melting peak of & standard metal such as indium. Thess calibrations should
be performed any time tht the heating/casling rate. puige gas, codling
aceessoy, o pan (ppe is changed.

Mext » I Cancel Help

# Fiunning Segment Description
1 Sampling interval: 0.1 sec/pt
2§+ Equibrate =t 100.00 °C
3 7 Ramp 10.000 “C/min 1o 180,00 °C

Select type of
calibration to run

eady

[ Calibration [Seg 0inRun 1 [09:27:39
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Enter the desied paramsters:

Start temperature

Healing rate:

Final temperature:

I™ Uss cunent

a0 ic
10,000 “Cimin
300.00 oo

Advanced Parameters |

Post-Test Conditions. I

QSeries - [01000-0110 - DSC Q1000@MFg-dsc] = g |
A control Experimental Calbrate Tools Wisw indow Help  Engineering T 1 Baseline Cal _|®|x
e = g | ]
>u= HE A BED 32 K
A B | B8 [ Runtigtandny Temoiaz,apec Storeof Gas g Evert ory
x| [ Signal [ Valus [~
Method Time 0.00 min
Seament Time 0.00 min
Remairing Run Time 0 min
Baseline calibration involves heating the cell through the entire temperature Temperature 27.48°C
1anae using the same: ramp rate and purge gas that will be used for Delta T 0.308 u
subsequent experiments. Typically, an empty cell (e.0., no pans] is used for Delta Tzero 0.885 Uy
this calibration. Heat Flow 0.082 riw/ b
Sample Purge Flow 0.00 L rin
Set Point Tamp 000°c
Heater Pruer 0000w B

# Running Segment Description
1 Sampling interval: 1.0 sec/pt

2 [ Ramp 10.000 *C/min to 300.00 T

Enter parameters

4. LNCS Presswe (KPa gage]
5. Sample Purge Flow [l /min)
. Dielta Tzero (p)

7. Delia T W)

Method
HName: Baseline j

< Back I Mext » I Cancel Help

Step 2 of 11

Review summary

eady

<Back Neit> Carcel | Hep |
Step 1 of 11
eady | Calibration [Seg 0inRun 1 [09:28:02
Pl 05eries - [Q10D0-0110 - DSC Q1LODD@MFg-dsc] = @ x
I Contral Experimental Calbrate Tooks Yiew Window Help Engineering Tl Baseline Cal &=
= = T
rpE2 b BEE L OB BEEE
A BB | RUN 1gandiny TeMe:27.4g°C Store:gpr Gasiq Evention
Summary Page [Q1000-01 1 i x| || Signal [ Value [~
Method Time 0.00 it
Segment Time 0.00 min
[y Remaining Run Time O min
= Temperature 2748°C
| Deks T 0308
Dekta Tzero 0.884 1
General Heat Flow 0.082 mw b
Instrument: @1000-0110 - DSC Q1000 Sample Purge Flow 0.00 mL/min
Location: Mfg-dse: Set Point Temp ooo'c
Mode: Calibration Haster Prisr 1000 5
Lo Eoncire, # | Running Segmen Desciplion
ample Name: Bassline
Signal List 1 Sampling interval: 1.0 sec/pt
1. Temperature ['C] 2§t Enuilbrate st-80.00 C
2 Time [min) = e »
3 Heat Flow () 3 [ Ramp 10.000 C/min to 300.00 T

[ Calibration [Seg 0inRun 1 [09:28:19
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QSeries - [01000-0110 - DSC 1000@Mfg-dsc] =

= |

~ Mass Flow Control Settings

Sample |#1- Nittogen = Flow Rate |50 ml/min

< Back I Mext » 1( Cancel Help

Step 4 of 11

A control Experimental Calbrate Tools Wisw indow Help  Engineering Tl Baseline Cal _|®|x
g | |
> EAD reaaEs EE
A B | B8 [ Runtigtandny Temoiaz,apec Storeof Gas g Evert ory
Sample Information [01000-0110 - DSC Q1000@Mfg-dsc] ||| Signal [ value [~
Method Time 0.00 min
Seament Time 0.00 min
Remairing Aun Time 0 min
Sample Information Temperature 48T
st [ = i
; . Heat Flow 0.082 i/ -
Sample Size |0 mg Panko|0 =i Fef. |0 5ample Purge Flow 0.00 ml/min
Set Point Temp 00t
™ Pertass [5090  mgiSampie) [0 g (Reference) Hester Priwer g i
# | Running Segment Description
Comments  [Baselne Caliration 1 Sampling interval 1.0 sec/pt
Diata File [FWBGUESPACK WER TR DS Data il . i f; ;”““ibfm'en;tn'?gfu IE m—
" Ramp min to
information
<Back | MNew> | Cancel Help
Step 3 of 11
eady [ Calibration [Seg DinRun 1 [09:28:43
BB 0Series - [(01000-0110 - DSC QLO0D@MFg-dsc] = TIBIx
I Contral Experimental Calbrate Tooks Yiew Window Help Engineering Tl Baseline Cal &=
= o | i)
rpE2n Db BEEEI BB ¥ET
A BB |Run1:5‘a“dwTemp:2?_“oCStore:o'fcas1 Event: opr
Sample Information [Q1000-0110 - DSC Q1000 dsc] x| || Signal [ Value [~
Method Time 0.00 it
Segment Time 0.00 min
Remairing Run Time O min
- Notes Temperature 2748°C
Delts T 0310
"“1"’ Operator [wiaguespack Delts T2z 0.881 U
Heal Flow 0,083 mw -
BT e Sample Puge Flow 0.00 mL/min
Set Point Temp 000t H
Heater Prier 1100 Wl =
Evtended Ten | - =
# | Running Segment Description
1 Sampling interval: 1.0 sec/pt
2§+ Equibrate at-90.00 °C
= 3 7 Ramp 10.000 “C/min to 300.00°C

Finish entering
sample information

eady
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QSeries - [01000-0110 - DSC 1000@Mfg-dsc]

A control Experimental Calbrate Tools Visw ‘window Help  Engineering

= |

EErgd (S8

xEH

T1 Baseline Cal | ==

i~ Purge Gas

v

A B | B [ Runtigandny Temoiaz,aeec Storeof Gas g Evert ory

Be surs that your purge gas is connected and properly requlated. Purgs Gas is resommendad
for all DSC experiments

v

i~ Cooling Accessar

The @ Series DSC cells generally require a cadling accessory to be connected regardiess of
the type of experiment being run. The (A is the only excaption. It is removed before
iniliating heating ramp experiments,

v

i~ Loading the Sample

Load the sample into an empty standard or hermetic pan and propery crimp the pan. The
sample should be loaded in a fashion that ensures good uniform contact between the sample
and the: biottarn of the pan.

Pasition the sample pan inta the cel (4 'clack pasiion), Pasition a referance pan, of the same
type, inta the: cell (10 'slack position). Cover the cell with the appropriats lids

Append Fun | Sttt Aun [ Fmsn | canes Help

Step 5 of 11

x| [Signal [ Valus [~
Method Time 0.00 min
Seament Time 0.00 min
Remairirg Run Time 0 min
Temperature 27.49°C
Delta T 0310wy
Delta Tzero 0.880 uv
Heat Flow 0.083 riwf by
Sample Purge Flow 0.00 L rin
Set Point Tamp 000°c
Heater Pruer 000w =

# Running Segment Description
1 S ampling interval 1.0 sec/pt
2§+ Equibrate at-90.00 °C

3 [ Ramp 10.000 °C/min ta 300,00 T

Review checklist

eady

[ Calibration [Seg DinRun 1 fo3:z3i12

SC QL000@AppS Lab]

I Control Experimental Calbrate Tooks Wiew Mindow Help Engineering

b H A

nn e s | BE S

L

REE
[ T1 Baseline Cal | =18l

A B B | Fun T:ygq Temmpiog gqec Stove: gy Gasiq Evertion Set#2 pquilibrate at -90.00 °C

o= &

Sequence

o 0N

AR
+[+]m]

un 0.58% completed

Summary | Procedure | Notes |

r~ Procedure Summary

Mords [ Catbration [=lijed
Test [Baseine EH=

- Sample Information

Sampls Hame [Baseine = e

SarpkSie 000 g [0000 mg PanNef0 = Ret[0 =1
[ fanias [0 mg(Sampk) O g Reference)

Comments

Baseling calibration

D ata File Mame |E'\Dncumenls and SettingsilewiMy Dacuments\DSC QU m:

Signal [ Walue [~
Method Time 0.6 mir

Segment Time 0.16 min

Remairing Run Time 27 min

Temperature 2640°C

Delts T 0.481 ¥

Delts Tzem 29,744 WV

Heal Flow 0,125 miw

Sample Purge Flow 50.00 mL/min

Set Point Temp 80.00°C

Heater Power 0.000W L
Flange Temperature 9188

Hester T smmsraturs 2620°C =

™ Archive Enable | =
I Autoandl ®| J
Arclpsistacn [-100L5218 7|

27 i? Equilibrate

# Running Segment Description
¥ 1

Sampling interval: 1.0 sec/pt

3 [ Ramp 20,000 °C/min ta 300.00 T

at-30.00°C

Baseline calibration running

Step 6 of 11

01 2570min Append | Apply I Canel Help

—_

650 2700 2750 2800
Temperature (°C)

[EETEM | Calibration [Seg zinRun 1 [10:20:42
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QSeries - [Q1000-0157 - DSC Q1000@Apps Lab] = |
[ Contral Experimental Calibrate Tools VW window  Help Enqu.'\aermg Tl Baseline Cal —|®|x
] kA

rpE2nb @EEEE EKE EIES e
A B | IRun1'cﬂmplmeTemp'2T_snocSmre'oﬁ-Gas1Eve‘[a|\hymAna\y;‘;|
Signal [ Valus [~
5 | Signal
sl unmay | Proceciae | Notes | Method Time 0.00 min
Sequence — Procedurs Summaty | Seqment Time 0.00 min
=/ Funi Mode [Calibvation = & . . .
Ton e S =|| Start calibration analysis
~ Sample Information Heat Flow 003 mw
=1 Sample Purge Flow 50.01 L /min
Sample Mame: [Bassine =l e o Tag CFEIEE
Sample Size 0000 mg 0000 mg Panho|0 = Aer[0 = Healer Power | 4E2W L
L = Flange Temperatue 72T
I Penbass  [F5290  mg(Sample) S m(Raference) Healer Temperatue 27.59°C =
Carts P # | Fiunning Segment Deseription
1 Sampling interval: 1.0 sac/pt
2§+ Equiibrate 5t-90.00 °C
DaafieName | ADecuments and SelingsewiMy Documents\DSE 0L (i 3 |7 Ramp 20,000 ‘T to 30000
I” Archive Enatle. | =
I™ Autoanalyze I
Aralysietac [G100 L521E =l
200
1.80
;1 60
=
=140
T
2120
a
| 100
£
= 080\“‘I"‘I"'\“‘I"'\"'\
f" ’—| 080 100 120 140 160 180 200
01 2670 min Agpend Aprly Cancel Help Termperature (°C)
f-alibration Analysis % | Calibration [Seg OinRun 1 [12:51:35
fl0Series - [Q1000-0157 - DSC J1000@Apps Lab] M ES
I Contral Experimental Analysis Tools View ‘Window Help Engineering Tl Baseline Cal = e

> m 2l

D s | HEE

B

KX

A B |

Run1:complete TeMP:a7.500C Storeiop Gasiq Event o

Fromfiles [0

B Basel 014

I

Open File
Select Type

Analyze

Frev, Scale
Full Seale

Setup | Pt

Close

-albration Analysis

Ba
150

seline

1.254

1.00+

0.754

0.50+

0.254

Delta T (U]
(=] (=]
[a] (=]
T T

-0.50

-0.754

-1.004

-1.25H

T
1500 -1000  -500 00 500

b0

Temperature (°C}

File is opened
automatically

L

Caho 200 zobo  asbo

£% | Calibration [Seqg 0inRun 1 [12:52:48
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QSeries - [Q1000-0157 - DSC Q1000@Apps Lab] =l |
8 Control Experimental Analysis Tooks View ‘window Help  Enainesring Tl Baseline Cal -1®|x

rpE2n) PEE G EEEOSD X EF
A B | Run 1 Complete T8MP:27.50°C Store:opr Gasiq Eventign
Baseline
Fromfles [ 1.50
B Base1.014
1.25+
1.00+
0.75
0.50
0.25
z
20,00+
2
8025+
-0.50+
. st | orsd Select limits then click on
oo Limits Ok button
Select Type -1.00
Liits Ok 5
I Step 9 of 11
Carcel 150
L e N N N A A |
M -150.0 -100.0 -50.0 00 500 100.0 150.0 2000 2500 3000 3500
o= Temperature (°C)

-albration Analysis B | Calibration [Seg DinRun 1 [12:53:41

B 0series - [1000-0157 - DSC Q1000@Apps Lab] —[B] X
I Contral Experimental Analysis Tools View ‘Window Help Engineering Tl Baseline Cal = e

rEIERE EEEEE

A B | B8 | Funticomplete TeMPiar.sovc Storeign Gasiq Eventgpn
Baseline
Fromfles | [ 150
B Basel 074
1.254
276 92°C
1.00—
0.75+
0.50+
0.254
s
0,00~
&
8.0.25-
050 Click on Accept
. - to save calibration
Open File
Select Type -1.00+ [%
__Ansze || 1950 Beseline Calibration
Baseline Slope:  0.0054 pvFC Step 10of 11
Delete 150 Baseline Offset; -0.3890 pv
Csew | R || sg0 00 sbo oo s0o 0b0 1sho 2000 2500 8000 2500
Close Temperature (°C)

-albration Analysis

I Calibration |Seq OinRun 1 [12:53:59
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05 [q100 Apps Lab] =l |
8 Control Experimental Analysis Tooks View ‘window Help  Enainesring Tl Baseline Cal -1®|x
HE RS BB & KE
A B | B | Runtcomplete Temiaz.snec Store:off Gas g Eventton

Baseline

Fromfles [ 1.50
Basel.014

1.264
"\\

1.00

Once the file is analyzed and the
results are saved, a checkmark -
appears next to the filename

0.754

0.504

0.254

z
Z0.00-

Delta

-0.25

-0.50

[ I»l | 075+

Open Fils
Select Type -1.00

_ Andhee | -125—  Basslns Callaration
Becept Baselne Slope:  0.0054 PVFAC Step 11 of 11
Delete . Bassline Offset: -0.3880 pv
seug | _Pin | 500 1000 se0 oo 5o 1obo 1sb0 2000 2500 3000 3500
Close

Temperature (°C)

-albration Analysis [ Calibration [Seg DinRun 1 [12:54:28

fEiseries - [01000-0110 - DSC Q1000@Mfa-dse] E 18] fl
e Control Experimental Calibrate Tools View Window Help Engineering T1 Calibration =181
pE2 D BREEEL 2HES EIES =

| A B (B8 |Run1:5‘a“dwTemp:2?_“oCStore:o'fcas1 Event: opr

Conventional DSC Experiments [Q1000-0110- DSC Q1000@Mfg-dsc] x| || Signal [ Value [~
Method Time 0.00 it
Segment Time 0.00 min
Remaining Fun Time 0 min
Select the type of D5C calibration experiment you want to perform: Temperature 2743°C
Dekta T 03140
Dekta Tzero 0.883u
 Bassine Heat Flow 0.084 miw/ -
This calibration compansates for sublle differsnces batwaen the referencs Sample Purge Flow 0.00 ml/min
and sample theimaocouples. The baseline calibration is based on heating an Set Point Temp 0.00°1 &l
empty cell thiough the same temperature 1ange that will be used in Heater Prisr 00004

subsequent experiments. Bassline calibiation is recommended any fime the T e e
healing/cooling rate. puige gas. o1 canling acoesson i changed. —Tlﬁfm—njmiec o
2§+ Equibrate at-90.00 °C

3 7 Ramp 10.000 “C/min to 300.00°C

& Cell Constant / Temperatyre
Cell Constantis @ cahb.anjkfamur used to adust for subile differences in
the calorimetric rssponse of a DSC cell. Temperature calibration ensures
that the sample themacauple reading i conect under the experimental
canitionrs chosen. Buth of these calibrations are performed based on the
melting peak of & standard metal such as indium. Thess calibrations should
be performed any time tht the heating/casling rate. puige gas, codling
aceessoy, o pan (ppe is changed.

Select type of
calibration to run

Mext » I Cancel Help

eady [ Calibration [Seg 0inRun 1 [09:30:56




Mfg-dsc]
¥ Contral Experimental Calbrate Tools View ‘indow Help Engineering

= |

EErgd [EEB

L Sl

| T1 Temperature Cal [ =t

A B | B8 | Runtigandny Teniazaec

Store: e Gasiq Event:og

Cell constant and temperature calibrations involve heating a high purity,
metal standard (0., indium] thiough its melting peak using the same ramp
1ate, purge gas and pan type that will be used for subsequent experiments,

Enter the desiied parameters:

Standard Irudiuirn hd

Start tlemperature ™ Use cument [~ Premelt

100.000 =

Heating rate: 10.00 o
Final temperaturs: 160.000 -

Advanced Parameters | Fnst-Tasknndlllnns |

< Back I Mext > I Cancel Help

Step 1 of 7

x| [Signal [ Valus [~
Method Time 0.00 min
Seament Time 0.00 min
Remairing Run Time 0 min
Temperature 27.49°C
Dela T 03140y
Delta Tzero 0.883 v
Heat Flow 0.084 riwf by
Sample Purge Flow 0.00 mlrin
Set Point Tamp 000°c
Heater Pruer 0000w B

# Running Segment Description
1 Sampling interval: 0.1 sec/pt

2 [ Ramp 10.000 *C/min to 300.00 T

Enter parameters

T um ¥
Locy gl

eady

[ Calibration [Seg DinRun 1 [09:31:09

B 0seties - [Q1000-0110 - DSC QLODO@MFg-dse] =
I Contral Experimental Calbrate Tooks Yiew Window Help Engineering

RHE|
T1 Temperature Cal | =12l

PE2 D EEE R BEDR

L

A BB | RUN 1gandiny TeMi:27.4g°C Storeigpr Gasiq Evention

Summary Page [1000-011

General

Instrument: @1000-0110 - DSC Q1000
Locatior: Mfg-dsc

Mode: Calibration

Test: Cell constant

Sample: Name: Indium

Signal List:
1. Temperature [°C]
2 Time [min)
3. Heat Flow (]
4. LNCS Pressure [KPa gage)
5 Sample Purge Flow (mL/mir)
E. Delta Tzero (W)

7. Dela T )
Method
Name: Cell constar =
[
<Back [ New> | Cancel Help

x|

Signal [ value [«
Method Time: 0.00 min

Segment Time 0.00 min

Remaining Fun Time 0 min

Temperature 2743°C

Delta T 0314 uy

Delta Tzaro 0.883 Uy

Heat Flow 0.084 miwf b
Sample Purge Flow 0.00 mL/min

Set Point Temp ooo'c

Hesber Prises 11071 5

# Fiunning Segment Description
1 Sampling interval: 0.1 sec/pt
2§+ Equibrate =t 100.00 °C
3 7 Ramp 10.000 “C/min 1o 180,00 °C

Review summary

eady

[ Calibration [Seg 0inRun 1 [09:31:24
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QSeries - [01000-0110 - DSC 1000@Mfg-dsc] =

= |

Comments

|Eeu Canstant & Temperature] Calibration

Data File

I\\WAGUE5PAEK—WZK\TA\Dala\DSE\Data 001 J

I

< Back I Next > I Cancel

| Hep

A control Experimental Calbrate Tools Wisw indow Help  Engineering Tl Temperature Cal _|®|x
e = = el
b E= wElFIEEE @2 kT
A B | B8 [ Runtigrandny Temoiaz,agec Storeiof Gas g Evert ory
Sample Information [Q1000-0110 - DSC 1000@Mfg-dsc] ||| Signal [ value [~
Hethod Time 0.00 min
Seqment Time 0.00 min
Remaining Run Time 0 min
Sample Information Temperature 2749°C
Delta T 0314
Sanpie Nare. [indim Delta Tzero D882 Y
; - Heat Flow 0.084 v -
Sample Size |47 mg PanMo|l = Ref Sample Purge Flow 0.00 mL/min
Set Point Temp 000°C
™ Penbfass  [BB230  mg(Sample) [S5080 g (Reference] Healer Praee AN -

1
2
3

eady

# Running Segment Description
Sampling interval: 0.1 sec/pt

1+ Equilbrate 2t 100.00 T
17 Ramp 10.000 “Cémin to 180,00 °C

Enter sample
information

[ Calibration [Seg DinRun 1 [09:31:53

B Qseries - [01000-0110 - D5C Q1000@MFg-dsc] = —[Ex
I Contral  Experimental Calbrate  Tools VW window Help Engineering TIT emp erature Cal =l e
g | =
e BEEIEICEEOSE XER
A BB | RUN 1gandiny TeMi:27.4g°C Storeigpr Gasiq Evention
Sample Information [Q1000-0110 - DSC QLOD0@Mfg-dsc] x| || Signal [ Value [~
Method Time 0.00 it
Segment Time 0.00 min
Remaining Fun Time 0 min
i~ Motes Temperature 2743°C
Dekta T 03140
STES Operstor  [Waguespack Delta Tzers 0877/
Heat Flow 0.084 miwf b
Sl Sample Purge Flow 0.00 mL/min
Set Point Temp ooo'c J
Heaxtar Prier () =
Evtended Ten | - =
# PRunning Segment Description
1 Sampling interval: 0.1 sec/pt
2§+ Equibrate =t 100.00 °C
L‘ 3 [ Ramp 10.000 *C/min to 180,00 T

~ Mass Flow Control Settings

Sample [#1 - Nitogen =

Flow Rate |50 ml/min

<Back I Nest > I Cancel

Help

s

Finish entering
sample information

eady

[ Calibration [Seg 0inRun 1 [09:33:01
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QSeries - [01000-0110 - DSC 1000@Mfg-dsc]

A control Experimental Calbrate Tools Visw ‘window Help  Engineering

= |

EErgd (S8

xEH

T1 Temperature Cal | ==

A B | B [ Runtigandny Temoiaz,aeec Storeof Gas g Evert ory

i~ Purge Gas

Be surs that your purge gas is connected and properly requlated. Purgs Gas is resommendad
for all DSC experiments

i~ Cooling Accessar

The @ Series DSC cells generally require a cadling accessory to be connected regardiess of
the type of experiment being run. The (A is the only excaption. It is removed before
iniliating heating ramp experiments,

i~ Loading the Sample

Load the sample into an empty standard or hermetic pan and propery crimp the pan. The
V sample should be loaded in a fashion that ensures good uniform contact between the sample

and the: biottarn of the pan.

Pasition the sample: pan into the cel (4 a'clock position). Pasition a reference pan, of the same

type, it the: cell (10 o'clock position]. Cower the cell with the appropriate lids

Append Run | Start Run Finish I Cance] Help

x| [Signal [ Valus [~
Method Time 0.00 min
Seament Time 0.00 min
Remairirg Run Time 0 min
Temperature 27.49°C
Delta T 0315y
Delta Tzero 0.877 uv
Heat Flow 0.084 riwf by
Sample Purge Flow 0.00 i
Set Point Tamp 000°c
Heater Pruer 000w =

# Running Segment Description
T B Sampling interval. 0.1 secpt
2§+ Equibrate at 100.00 T
3 I Ramp 10.000 *C/min ta 180.00 °C

Review checklist

eady

[ Calibration [Seg DinRun 1 [09:33:15

I Control Experimental Calbrate Tooks Wiew Mindow Help Engineering

pE2 D BREEELS 2ES

L=

RF|
| T1 Temperature Cal | =il

A B | B | Fun 1 complete TEMP:a7.50c Store: ogr Gasiq Eve[Calbrd

Summary | Procedure | Notes |

Sequence r~ Procedure Summary

Signal [ value [«
Method Time 0.00 min
| | Segment Time 0.00 min

o Funi Mode [ Cafbration |5
Test [Baseine EH=

Start calibration analysis

- Sample Information

Sampls Hame [Baseine = e

SarpkSie 000 g [0000 mg PanNef0 = Ret[0 =1
[ fanias [0 mg(Sampk) O g Reference)

Comments

Baseling calibration

D ata File Mame |E'\Dncumenls and SettingsilewiMy Dacuments\DSC QU m:

™ Archive Enable | =
I” Auioand |
Arclpsistacn [-100L5218 7|

53| Step 6 of 7

Heal Flow 003w

Sample Purge Flow 50.01 ml/min

Set Foint Temp 27.50°C

Hester Power AW |
Flange Temperature a72T

Hester T smmsraturs 2758°C =

# Running Segment Description
T B Sampling inerval 1.0 secpt
2§+ Equibrate 2t-90.00 T
3 I Ramp 20,000 *C/min ta 300.00°C

+[+]m]
01 2570min Append I Al Canel Help

200
180
160
5
=140
=10
a
1.00

080\“‘I"‘I"'\“‘I"'\"'\
080 100 120 140 160 180 200

-albration Analysis

Temperature (°C)
[ Calibration [Seg 0inRun 1 [12:51:35
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QSeries - [Q1000-0110 - DSC Q1000@Mfg-dsc] = |

8 Control Experimental Analysis Tooks View ‘window Help  Enainssring Tl Temperature Cal -1®|x
rpE2n) PEE G EAEEOSD XKD
A B | B8 | Runtgtandny Tom0 a7.500c Storeof Gasiq Everton
Indium
Fromfies [ 50
C Ines 102
2.5
0.0 | 157 18°C |
T T
2.5 b
5.0
7.5
400+ File is opened and analyzed Step 7 of 7
25| | automatically. Click Analyze
21504 | to change limits or Accept to g
475 complete the calibration. )
K1 E— I 10 Indion !
Open File R
Select Type Z22.5~ ol Constant & Temperature Caitation S - S i&
L = Incium Stanciard Heat: 28 7100 Jig @ W
Analyze _| Indium Meting Poirt: 15660 °C = s
Ac:ipl Cf 0 g&l‘lugnsetalrr:tgca?hralmn1.1052 S=A_
L ’27'5_I ‘OT‘SE'ISI‘UFEI -‘WUZ'EIU?’TYWTC‘ A I I Y F N R |
Setp | Pint 90.0 100.0 1100 1200 1300 140.0 150.0 160.0 170.0 180.0 190.0
Clos: Temperature (°C)
itch to the expe 3 el | Calibration [Seg DinRun 1 [09:37:01

Traceable Calibration Materials

« NIST DSC calibration materials:
= SRM 2232 Indium T, = 156.5985°C
= SRM 2220 Tin T, = 231.95°C
= SRM 2222 Biphenyl T, = 69.41°C
= SRM 2225 Mercury T, =-38.70°C

- NIST: Gaithersburg, MD 20899-0001
= Phone: 301-975-6776
= Fax: 301-948-3730
» Email: SRMINFO@nist.gov
= Website: http://ts.nist.gov/srm

y

DSC Training Course (i'rl}lj
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Traceable Calibration Materials

. LGC DSC Calibration Materials:
LGC2601: Indium (TA p/n: 915060-901)
LGC2608: Lead

LGC2609: Tin

LGC2611: Zinc

. Laboratory of the Government Chemist, UK
= Phone: 44 (0) 181 943 7565
= Fax: 44 (0) 181 943 7554
» Email: orm@lgc.co.uk

7 2B
DSC Training Course (@

Traceable Calibration Materials

o (Certified materials used to establish traceability of
instrument calibration

o ISO/GLP certification often requires third party

calibration of instruments:
= Service provided by TA Instruments service representative
using certified materials
= Certificate of Calibration issued showing traceability of
calibration to a national laboratory

7 2B
DSC Training Course (@
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Verifying Baseline

= After completion of calibration routine, run baseline
=« Standard mode
= Empty cell, -90°C-400°C (w/ RCS)
= Plot mW vs. temperature on a 1ImW scale
= Should look fairly flat on this scale

= Measure bow,drift & zero
= Bow <50 pyW
= Drift <50 pW
= Should be around zero

= To verify performance in the future re-run

7 2B
DSC Training Course (@

Verifying Baseline

0.4

Heat Flow (mW)

0.2+

0.4

Temperature (°C)

DSC Training Course (¢
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Verifying Baseline

0.5
0.4
7 176.66°C
0.02138mW
027 21 microW bow
014 42 microW drift
s
E
R t }
Iy
k5
2 o414 -0.003252m W
-0.04562mW
-0.24
0.3
0.4
-0.5 T T T T
-100 0 100 200 300 400
Temperature (°C)
DSC Training Course ( MBl/

Verifying Baseline

0.4+
0.2+
s Initial Baseline after calibration
E
% o0
w
8
I
Baseline check - still good
0.2
0.4
-100 0 100 260 360 400
Temperature (°C)
DSC Training Course ( ’[}1/

59



Verifying Baseline

0.4
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Verifying Heat Flow & Temperature

= Run Indium as a sample (i.e. in std mode not cal mode)
= Analyze melt and record melt onset & heat of fusion

= Compare to known values
= Melting of In 156.6°C
= Heat of Fusion 28.71)/g

DSC Training Course (¢
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Verifying Heat Flow & Temperature

156.64°C
-28.60J/g
o
-5 . . .
Temp is within
£ 0.04°C
LR
3 Heat of fusion is
I
within 0.11J/g
154
-20 1
157.06°C
-25 T T T T T T T
140 145 150 155 160 165 170 175 180
Temperature (°C)
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Q-Series Platinum Software

= Platinum features are designed to assist you in ensuring
that your instrument is in proper working condition,

calibrated, and has the latest software available.
= Automatic Calibration Routines
= Auto Diagnostics
= Event Scheduler
= Email/Messaging Notification
= Live Software Updates

DSC Training Course (¢



Platinum Software

TE QSeries - [5000-pp01 - TGA Q5000@Eng Suppork

IZ Control Experimental Calibrate Tools View Window Help Service Engne:

P0600e TEE T HGTE

< ol B[ Runtstandny Temp3143°C

= DSC

0o
& il
= o w Omin

= Mode Standard - % 31.43°C

055 ma Automatic Tasks

10000% £ AutaCalibration

100 mlin | 9y Auto D "
0B mmin | Qp Auto Diagnostics

Test Famp - B

Sample Information

[Cooium Gl e Schaduler,
Sample Name alcium D ralate s !
# | Running Segment Description [% Scheduled Events
Pan Type [Pretinum 100, | 1 F7 Ramp 20.00 *C/min to 1000.00 °C 0% Setlings
Messaginy
Pan o, i = ging

-} E-mail Notification

Comment Flamp 20°C/
omments ‘ amp 20°C/min (More
2 Software Update
— @ TA Onthe Web
DataFieName | WEngapps25-wakitaDatahT GA\dala. n% @ OurSupport

I~ Helwark Diive | @ @ Software

T TR R
01 49000 fepend_| I 1

Temperature ('C)

Calbration [Seq DinRun 1 06:21:15

(i3] Experiment
47} Calibration

¢ Platinum

' T
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Automatic Calibration Routines

= DSC Automatic Calibration Routines
= Baseline Calibration (T1)

= Cell/Cooler Conditioning (T4 or T4P)

= Baseline Conditioning (T4 or T4P)

= Tzero Calibration (T4 or T4P)

= Cell Constant/Temperature Calibration
= Cell Constant/Temperature Verification

DSC Training Course (¢



Calibration Sequence Generator

Qseries - [Q200-pp01-gnx - DSC Q200@Eng Support]

= Select Auto Calibration through Platinum options to initiate the

Calibration Sequence Generator. Creates a calibration sequence
based on your selections.

L EX

DSC Training Course ( @

DSC Diagnostics Routine

ontrol Experimental Calbrate Tooks View Window Help Service Engneering BEE)
A=A Melg
00N e NRE AT HEERHN@X XATO ¢
¥ KL [ Run5 standby Temp 20.26°C
) psc catbraton | scheduer | Summary |
D¢ W] S EE| [Fasksoimemen —
g1 Callbrate No. 6 Ccel
&« Runt [ Baseline conditoning “This calib a dium)is
C1 7210 (Heatonly) T The paredto
[ 7Zero (Heat/ Cool) u iecedcalvalie
[Enthalpy / Temperature.
Method Size and Pans
Starttemperature: [~ Use current I~ PreMelt Sample size:  [0.000 mg  Pan# |2 EI:
10000 C; Reference: Pan# [2 E{:
Heating rate: [10.000 Cjmin
Finaltemperature [18000 c
Post Acton Sefings Sample size Pan#
® Verification [~ Perfom Calibration f Verification Fails [o m 5
 Calibration r o m P 5
| Experiment Verification Criteria:  Temperature +/- |01 c Enthalpy+/- |2 %
47} Calibration
£ Patnum I |70
BRI Coltration | Seg 0nRun 5 [13:23:23

<

= Perform a
diagnostic check

of

Series - [Q200-pp01-qnx - DSC Q200@Eng Support]

Control Experimental Calbrate Tooks View Window Hep Service Engineering

©0c0e IEE AL EBRHN@X AAMO S

the instrument

- List based on S vl | X [ Run’ standby Temp 29.19°C

options (e.g.,
Autosampler, MFC,
Cooler Type)
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Automatic Tasks.

p Auto Diagnostics td Report| (75 Scheduler|

More...

9 Software Update

@ TAOnthe Web

@ OurSupport

@ Software Suggestions

4

Impedance range test
Safety relay circuit
Power control unit high voltage
OMass Flow Controllers
Sample MFC
OPan Load/Unload
Autosampler calibration
Tray present

% [~ SelectAll Tests

Diagnostics
g
auto Diagrosic) Diagnostics Routine I
Scheduler OAutosampler The A/S Diagnostic Routine:
(% Scheduled Events ;":“E SoTioNs
9 Setiings Mol'S. eionics 1) Resets the A/S motors
Messaging OLid Check 2) Tests the home sensor.
9 E-mail Notication Dimpedance 3) Verifies that the A'S tray is

installed
4) Tests all of the motion control
electronics

Scheduler Messaging

‘ Help

RIS | Caibration | Seg 0'in Run

5 [13:10:48
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Event Scheduler

= Sequences, Auto-calibration, Auto-Verification and Diagnostics Events
! !
i3 Qseries - [Q5000-0009 - TGA Q5000@Demo Lab]
[ Control  Experimental Calbrate Tools View Window Help Service Engineering BEES
& e 2
00000 SNET HIisRlel A0
52wl B[R Zstandny Tempaszec
m Signal Value -
e [ « | October, 2005 Movember. 2005 [N 24;?:; m;e SEE :::
FTaS—— Sun Mon Tue Wed Thu Fii 5ol Sun Mon Tue Wed Tha Fii Sal — Ui
| Weight Calbralion
- = . 12834 5 Termperatic 7T
&f Cure Calbration a2 @ 4 5 6 7 B 4/6 7 B 3 W 111 Weight %572mg
Y Auto Disgrstics 41)8 10 1112 13 115 45[13 14 15 16 17 18 19 Weight percert, 2733%
—— 2|6 17 1819 D A @ 4D A 2B UB B Balance Puge Flow 1004 m/min
chedder 43|28 24 % 6 7 BN W7 2AW NP Sermple Purge Flow 25.00 riL/min
(@ schedued Events wla 7 St Poin Temp 10000 °C F
i Today: 104372005 Heste Pouer s
| Runring t Descript
Messaging Schedhied Events for the marth o Dctober 7§ Eouibse s 5000 T
g Date Scherled Events 2 | lsathemal for 1,00 min
v £ 040012005, Tue, 06:006M ‘Weight Calbration 3 [ Electromagnet: On50.0%
e 3 5, Wed. IG0IAM  Caliration Secuence 4 [ Ramp 20.00 ‘T/rin ts 220,00 T
£ Software Updale @ 100ct2005 Mon, IG008M  Auto Diagnostios
@ 1A Onthe web £11-0ct:2005, Tue, 06004M  Weight Calbbration
@ Our Support 412:061:2005, Wed, D5:008M Caibration Sequence.
@ Bug Tracking & 170ck2005 Mon, IG04M  Auto Diagrostis
£ 18002005, Tue, 0B00AM Wi Calbralion
431 1300k2005, Wed. I6:0018M  Calbralion Sequence
G 240012005, Mon, 0G.008M  Auto Diagnistics 200-
£ 25002005, Tue, 0B00AM  Wieight Calbration
3 260642008, Wed. 06:00AM Caibration Sequente. 1754
@ 31002005 Mon, I6.008M  Auto Diagnostics 3
150+
I — 5
| Experinent e
47} Calibration LR mera man mana nans vana nang.
"B 080 100 1.20 140 160 180 2.00
¢ Pratinum Temperature ('C)
Jreaty Standard (Seq Oin Run 2_08:39:17

\
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SDT Q600 (2960) Calibration

= DTA Baseline & TGA Weight Calibration

= 2 runs — empty beams & then calibration weights
= Temperature Calibration

= Up to 5 temperature standards
= DSC Heat Flow Calibration

= 2 runs — empty pans then sapphire

\
DSC Training Course ( @
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SDT Q600 (2960) DSC Heat Flow Calibration

= Two scans from ambient to 1500°C at 20 °C/min
= empty alumina pans
= sapphire in alumina sample pan

= Use Software to analyze
= E-curve will be calculated and transferred to the module
when the user accepts the results

7 2B
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Instrument Preparation

= Purge Gas
= Type of purge gas and flow rate affect calibration and therefore
should be controlled
= Nitrogen is preferred because it is inert and calibration is least
affected by changes in flow rate

= Cooling Accessories
= If used, they should be operating and equilibrated prior to
calibration or sample runs

= Warm-up Time/Environment
= Electronics should be given at least one hour to stabilize for
important samples if the instrument has been turned OFF
= Electronics are effected by ambient temperature. Avoid areas
such as hoods or near an air conditioner

7 2B
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Recommended Purge Gas Flow Rates

Module Purge Port
All TA DSC’s 50(N,) or 25(He)

(Purge in ml/min)

If you have a 2900s DSC, purge the vacuum port with 50ml/min
if using a RCS or LNCA.

If purge gas is too slow - possible moisture accumulation &
early aging of the cell

If purge gas is too fast — excessive noise

7N
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Purge gas ports on Q-Series DSC

BASE PURGE
\ 20 PSiG
TNLET MAX

S INLETMAX -

Dry air @ 15-120 psi for Finned air cooler
Dry N, @ 15-120 psi for RCS or LNCS

7
DSC Training Course (@
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QSeries - [Q1000-0110 - DSC Q1000@Mfg-dsc]

[ Control Experimental Calibrate | Tools fiew ‘indow Help Engineering

= |

-l@|x

Al I"E R Plot v

User Preferan:

A B | pa [fnig,

0| cs{a|

Sequence

= ¢ Funl

MESES
NEE

Data Transfer...
Summay |

- Proced Instrument Setup. ..

Mode | e |

Test Unregister Master Cantroller

 Sample | Print Setup...

Sample | Controller License... »
Instrument License. ., =

Sample - Pan Mo, |1 _,:

¥ PanMass 55290 ma|[Sample] 56.080 i

Comments |

Data File Name I\\WAGUE5PAEK—WZK\TA\Dala\DSE\Data 001

Instrument Preferences

MFC Puge | LCD Signals | Teuch Screen | DSC | Cosier | Auta Sampler |

File Uiity... Gas #1 !h’

Register as the Master Contraller - Gas #2 Nitrogen a

¥ Stop experiment when flow rate deviates from the set value

0k | ceneel | oo Help

I™ puchive Enable |

I~ Autoanalyze | J
[

Aralysis ez

This is used to specify the type
of gas connected to Gas #1
& Gas #2 inlets

01 2800min Agpend | Laply | Cance] | Help

Eetup Instrument Preferences

2.00

1.80+

G,
I (=]
T T

1.204

Heat Flow

1.00+

80_\ ; B T e e A N |
080 100 120 140 160 180 200
Temperature (°C)

f{B0series - [11000-0157 - DSC Q1000@Apps Lab] =] fl
X

] Contral Experimental Calibration Tools Wiew Window Help Engineering

=8|

PEAND

AEH

REIMEA

L=

A B | B | RN 1:gtandmy TeMi:a7.s0°C Storeigpr Gasiq Evertion

0

Sequence

= o Auni

+[+]m]

Signal [ Walue
e R e | Method Time 000 mn
Segment Time 0.00min
- Notes Remaining Frun Time: 0 min
Termperature 2750°C
Operator Heat Flow 0.037 miw/
Hesl Capaciy 0000 ml/ T
S = Sample Purge Flow 50.01 m/min
Set Foint Temp 27.50°C
Healer Power 5B W
BB Flange Temperature 15T
Hester Temperature 2875°C

[ Hass Flow Cortrol Seftings

Sample #1 - Nitrogen =| FiowRate 50 il dmin

# Runiring Segment Description

1§+ Equiibrate at-90.00 °C
2 [ Ramp 10.000 “C/min to 300.00°C

/

01 28 00min Append I Al Canel Help

4.0
This is used to select which ||| 20
gas is going to the DSC cell |||Eos
and the flow rate for that gas. | ||£2¢
40

604

60 270 280 290 ado 3o
Temperature (°C)

Standard  [Seg OinRun 1 [13:26:45
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Autolid IT: Improved Purge Gas Exhaust

DSC Training Course

Selecting Optimum Experimental Conditions

= "Always" run a TGA experiment before beginning DSC
tests on new materials

= Heat approximately 10mg sample in the TGA at
10°C/min to determine:

= Volatile content
= Unbound water or solvent is usually lost over a broader temperature
range and a lower temperature than a hydrate/solvate
= Decomposition temperature
= DSC results are of little value once the sample has lost 5% weight due
to decomposition (not desolvation)
= Decomposition is a kinetic process (time + temperature dependent).
The measured decomposition temperature will shift to lower
temperatures at lower heat rates

y
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Selecting Optimum Experimental Conditions

= Use TGA data to help select DSC experimental conditions
= Crimped vs. Hermetic (sealed) Pan
= Use hermetic pan if sample loses approximately 0.5% or more
= Maximum Temperature
= Excessive decomposition will contaminate DSC cell between runs

= When comparing samples, always use the same experimental
conditions

7 2B
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Optimization of DSC Conditions

= Sample Preparation
= Keep thin; cut rather than crush
= Weight of 10-15mg for polymers; 3-5mg for metal or chemical melting

= Goal is to achieve a change of 0.1-10mW heat flow in  going through
the transition (see Figure #1)

= If sample contains volatiles, put 5-10 pinholes in the lid of the pan
before crimping in order to permit a continuous evaporation process

DSC Training Course (¢
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Heat Flow Change During a Transition

Figure #1
1.6
1 161.17°C
0.5 1.593mW
< ]
E 0.0
: ]
T -0.9 69.41°C
© 73.37°C(H)
o 0.4881mW
T -1.9
143.70°C
-1.5 34.95J/g
-2. T T T T T T T T
40 60 80 100 120 140 160 180 200 220
Temperature (°C)
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Selecting Optimum Experimental Conditions

= Sample Pan: Crimped vs. Hermetically Sealed

= Crimped pans are lighter (» 23mg) and provide better
sensitivity and resolution

= Hermetic aluminum pans are heavier (» 55mg) but can be
sealed to prevent loss of volatiles

= Hermetic stainless steel pans (» 250mg) permit use of
large samples (100mg) and higher temperatures/pressures
(2000 psig = 1.4 MPa)

= Care should be taken to keep the bottom of all pans flat to
improve heat transfer/resolution

7 2B
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Optimization of DSC Conditions

Experimental Conditions (cont.)

= Select an end-temperature which does not cause
decomposition of the sample to occur in the DSC.
= Decomposition products can condense in the cell and cause

either corrosion of the cell or baseline problems
= Use sealed glass ampoules or stainless steel pans, which can take
high pressure (>1000psi), in order to study decomposition by DSC

7 2B
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Sample Pans

= Type of pan depends on:
= Sample form
= Volatilization
= Temperature range

= Use lightest, flattest pan possible

= Always use reference pan of the same type as sample

pan
7 2B
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Standard DSC Pans (Crimped)

= Pan & lid weighs ~23mg, bottom of pan is flat
= Used for solid non-volatile samples
= Always use lid (see exceptions)
=« Lid improves thermal contact
= Keeps sample from moving
= Exceptions to using a lid
= Running oxidative experiment
= Running PCA experiment

7 2B
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Standard DSC Pans (Crimped)

= Crimped pans are available in:
« Aluminum:  up to 600°C
= Copper: up to 725°C (in N,)
= Gold: up to 725°C

= Standard Pans without lids
» Graphite: up to 725°C (in N,)
« Platinum: up to 725°C

DSC Training Course (¢

72



Hermetic Pans (Sealed)

= Pan & Lid weigh ~55mg, bottom of pan is not as flat as
std pans

= Used for liquid samples and samples with volatiles
= Always use lid (same exceptions as before)
= After sealing pans, the lid should form a dome

7 2B
DSC Training Course (@

Hermetic Pans (Sealed)

= Hermetic Pans are available in:
= Aluminum: <600°C; <3 atm (300 kPa gage)

= Alodined Aluminum: <600°C; <3 atm (300 kPa gage)
= (For aqueous samples)

= Gold: <725°C; <6 atm (600 kPa gage)

= Specialized Sealed Pans
= High Volume: 100pL; <250°C; 600 psig(4.1 MPa)
= High Pressure: 35puL; <300°C; 1450 psig(10 MPa)

Note: 3 atm is approximately 44 psig

7 2B
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New Tzero Sample Press & Pans

= Completely Redesigned Press
= Two New Sample Pans

= Compatible with existing sample
pans

= No tooling required

= Color-coordination between pan
boxes and dies

= Improved hermetic sealing
= Improved DSC Performance

DSC Training Course

Factors Affecting Sensitivity/Resolution

= Thermocouple Output
= Magnitude of AT

= Signal/Noise

= Baseline Quality

= Time Constant of Transducer
= Pan Contact Resistance

The flatness of the bottom of the DSC pan in critical to optimizing resolution

po

7 N\
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New TA Instruments Tzero Pans

Tzero Pan = The Tzero pan has been engineered to
have a perfectly flat bottom and not to

—

(; F W deform during crimping. This ensures
’ - 1 the optimal contact between pan and
J I sensor, minimizing the contact

resistance and improving resolution.

Tzero Low-Mass Pan = The Tzero Pan can be configured for
crimped or hermetic use.

L B
J | = The Tzero Low-Mass Pan is designed
for the highest sensitivity when sample

mass is limited.

@,
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Tzero Press Kit Configurations

o

Standard Pan Standard Lid

o ©

[ ] 7]
Tzero
Small samples Tzero Lid Hermetic Lid

High Sensitivity
o Larger Samples\
High Performance
|
— O ©
T
Zero Tzero Pan

Low-Mass Pan
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It Does Matter What Pan You Use

0z

oo

Heat Flow (1)

-0z

Hermetic Pans With
and Without Pinholes
@ 1C/min

Hemetic Pan
with Pinhole

Monohydrate
Pharmaceutical
sample
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Sample Shape

= Keep sample thin
= Cover as much as the bottom of pan as possible

DSC Training Course

Sample Shape

= Cut sample to make thin, don't crush
= If pellet, cut cross section

)

DSC Training Course (Ul;l/
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Sample Shape

= Cut sample to make thin, don't crush
= If pellet, cut cross section

=
I

= If powder, spread evenly over the bottom of the pan

| |

7 2B
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Keeping the DSC Cell Clean

= One of the first steps to ensuring good data is to keep
the DSC cell clean

= How do DSC cells get dirty?
= Decomposing samples during DSC runs
= Samples spilling out of the pan
= Transfer from bottom of pan to sensor

DSC Training Course (¢
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How do we keep DSC cells clean?

DO NOT DECOMPOSE SAMPLES IN THE
DSC CELL!!!

Run TGA to determine the decomposition temperature

= Stay below that temperature!
Make sure bottom of pans stay clean
Use lids

Use hermetic pans if necessary

DSC Training Course

TGA Gives Decomposition Temperature
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Cleaning Cell (Q-Series Only)

= Use solvent - slightly damp swab with an appropriate
solvent

= Heat cell to 200°C for 10 min to drive off any remaining solvent
= Solvents are Last Resort for 2900 Series

=« If the cell is still dirty.........

7 2B
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Cleaning Cell (Q-Series and 2900 Series)

= If the cell is still dirty
= Clean w/ brush

. _TA Instruments

. ssary
= Be careful with the Tzero™ thermocouple
= Blow out any remaining particles

y
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Q-Series Cell Before Cleaning

7
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Brushing the Sample Sensor

<
DSC Training Course (@
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T T

After Cleaning Sample Sensor

Fibers in
cell from
cleaning
brush
need to be
removed

DSC Training Course (‘*—’l}l/

Cleaning Cell (Q-Series and 2900 Series)

= Bake out (Use as a last resort in Q-Series cell)
= Air purge
= Open lid

= Heat @ 20°C/min to appropriate temp (max of 550°C) No
Isothermal @ the upper temperature

= Cool back to room temp & brush cell again
= Check for improved baseline performance

<
DSC Training Course (Ul;l/

82



Cleaning Cell (2900 Series)

= LAST RESORT for 2900 Series

= Use solvent — slightly damp swab with appropriate solvent
= Keep solvent away from holes in base of cell
= Heat cell to 200°C for 10 min to drive off any remaining solvent

7 2B
DSC Training Course (@

What if I need help?

On-site training & e-Training courses - see Website

Call the TA Instruments Hotline

= 302-427-4070 M-F 8-4:30 Eastern Time
= mailto:thermalsupport@tainstruments.com
Call the TA Instruments Service Hotline
= 302-427-4050 M-F 8-4:30 Eastern Time
Check out our Website

= http://www.tainstruments.com/

(
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Interpretation of Undesirable
Events in DSC Data

@

©2009 TA Instruments

\ Event 1: Large Endothermic Shift in the Baseline
at the Beginning of the Experiment
\ Event 2: Baseline Slope After Baseline Calibration

Event 3:  Unexpected Transitions Near 0°C
Event 4:  Shifts in the Baseline and Apparent Melting
at the Glass Transition

Events 5 and 6:  Exothermic Peaks in the Data Between the Glass
Transition and Melting Temperature

Event 7: Changes in the Melting Transition Due to Thermal
History

Event 8: Decomposition

[See Figure 5]

DSC Training Course (i'rl}lj
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Event 3: Unexpected Transitions Near 0°C

Event 3 in Figure 5 is caused by water. The
transition is also much larger than normally seen
in order to more easily illustrate it.

Water in the DSC Cell

= It is possible to get condensation of water within the
DSC cell if the purge gas is not sufficiently dry or if the
cell is opened to room atmosphere when its temperature
is below the freezing point of water, 0°C.

= The transitions caused by water in the cell can cover a
wide temperature range from —10°C to more than 50°C
and are highly undesirable.

7 2B
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Event 3 (cont.)

= When water condenses in the cell, it can condense on the sample
pan, reference pan, sensors, and furnace. Water on the sample
pan or inside it typically melts very sharply at 0°C as seen in the
endothermic spike at 0°C in Figure 5.

= Water on the reference pan would look similar except that it
would appear as an exothermic spike in the data. In this data, the
melting peak is endothermic because most, if not all, of the water
was on the sample. To get this undesirable transition for
illustration purposes, the sample pan was removed from the DSC
when its temperature was -50°C. Water from the room air
condensed on the pan, plus some of it probably condensed in
other parts of the cell.

7 2B
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Event 3 (cont.)

= The broader endothermic peak between 0°C and 25°C
is due to the endothermic evaporation of the water on
the DSC pan. As can be seen in the data, the baseline
does not stabilize until almost 50°C when all of the
water in contact with the pan and sensor has finally
evaporated.

= To avoid artifacts in the data due to water, it is best to
have a drying tube in the purge gas line between the
source of the gas and the purge gas inlet on the DSC
cell base. In addition, never open the cell to the
atmosphere or load a sample when the cell temperature
is below 0°C.

DSC Training Course (Ul}l/

)




Event 3 (cont.)

Water in the Sample
= Many samples contain water and, therefore, can
undergo a transition near 0°C due to this water.

= However, just because the sample contains water does
not mean it will have a melting transition near 0°C.

= Water that is physically or chemically associated with
sample material generally will not freeze and, therefore,
cannot melt.

= Unassociated water or “free” water in the sample has
the same properties as bulk water. However, the actual
melting point is often lower than 0°C due to impurities
dissolved in the water.

7 2B
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Heat Flow (m\A))
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Event 4: Shifts in the Baseline

Shifts in the Baseline

= The most common baseline shift is due to the increase
in heat capacity that occurs upon heating through the
glass transition temperature. The size of the
endothermic shift is a measure of the amount of
amorphous material in the sample. The more
amorphous the sample, the larger the baseline shift.

= Heat capacity is @ measure of molecular mobility within
the sample. Since there is a step-increase in molecular
mobility within the sample as it is heated through its
glass transition temperature, there is also a step-
increase in the amount of heat required to continue
heating the sample at the same rate above its Tg.

N
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Event 4 (cont.)

= An exothermic shift (less endothermic) in the baseline while
heating results in the baseline moving back closer to zero (0
mW) heat flow. This type of shift is much less common and in
order for this to occur while heating, there must either be a
reduction in molecular mobility or a reduction in sample mass.
Most of the time, this type of positive shift is due to evaporation
of some component within the sample.

Apparent Melting in the Glass Transition

® The endothermic shift in the baseline at the transition in Figure 5
is due to the glass transition of the amorphous PET polymer.

)
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Event 4 (cont.)

= Depending on the thermal history of amorphous (glassy)
polymers, the glass transition can appear as a simple step in the
baseline or one that has a substantial endothermic peak that can
be misinterpreted as a melting peak.

= Figure 6 shows the results from two experiments on the same
sample; the only difference is the thermal history. The sample
with the endothermic peak was stored for over ten years at a
temperature just below its glass transition temperature. As it
aged, the enthalpy of the sample decreased towards equilibrium,
and it became denser and more brittle.

7 2B
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Event 4 (cont.)

= By heating a sample above the glass transition temperature and
then cooling it back to room temperature, the previous thermal
history is erased. This is the data marked as the “Second Heat” in
Figure 6.

= The term for the endothermic peak that develops in the glass
transition with aging at temperatures below the glass transition
temperature is “enthalpic relaxation.” It is due to the fact that
amorphous materials are not in thermodynamic equilibrium but,
with time, do relax and move towards equilibrium.

)
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Effect of Ageing on Shape
of Epoxy Glass Transi tion
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Aging of Amorphous Structure (Storage Stability)

Background Information
= At temperatures above Tg, there is high molecular
mobility and the sample is in thermal equilibrium

= At temperatures well below Tg (Tg-40°C), molecular
mobility is low and the existing amorphous structure is
relatively stable

= At temperatures just below Tg (Tg-10°C), there is
enough molecular mobility that the existing amorphous
structure is not stable and will change with time as the
amorphous material seeks a lower energy state
(amorphous equilibrium or crystalline)

7 2B
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Aging of Amorphous Structure (Storage Stability)

= Cooling at relatively high rates from temperatures above
Tg to temperatures below Tg creates a meta-stable
glass which ages towards equilibrium over time. The rate
of change is a function of the storage temperature and
molecular structure

= DSC/MDSC can be used to evaluate the stability of the
meta-stable glass and compare the structural state of the
amorphous phase

7 2B
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Some Definitions

= Enthalpic Relaxation

= The process of a meta-stable glass relaxing towards
equilibrium at a temperature below Tg

= Occurs as the sample is being cooled to temperatures below Tg
= Occurs as the sample is being stored at temperatures below Tg

= Enthalpic Recovery

= The recovery of energy (J/g) lost during Enthalpic Relaxation.
It (peak in DSC data @ Tg) occurs as the sample is heated to
a temperature above Tg

7 2B
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Effect of Aging on Amorphous Materials

Physical Property| Response on
Storage Below Tg Max Tg
Specific Volume | Decreases vV Storage l
Modulus Increases time
H Equilibriup

b / .
Coefficient of Decreases Liquid

Expansion ),/ Equilibrium
Glass

Heat Capacity | Decreases —
Kauzmanlemp; Lowest Tg
Enthalpy Decreases (Entropy of Crystal)
Temperature—>
Entropy Decreases

Where H = High relative cooling rate
M = Medium relative cooling rat
S = Slow relative cooling rate

7
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Effect of Cooling Rate on Shape of Tg

Sample cooled @ 40, 20,
10, 5, 2, & 1°C/min
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Heat Flow (\W/g)
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Effect of Ageing or Annealing
on Shape of the Glass Transition
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Sample; PMMA
Weight, 10.09mg
Heat Rate; 10°C/min 667
Anneal Ternp; 90°C
Cool Rate from 150°C; 20°C/min
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Enthalpy/Volume Diagrams

Tg\

Above Tg, the
sample is
mobile, so it
doesn’t matter
what cooling
rate we use. The |
sample will be in ||
equilibrium |

|

Enthalpy or Volume

Equilibrium Conditions

Temperature
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Enthalpy/Volume Diagrams

Below Tg, there Tg |
is very little
molecular
mobility, so the
cooling rate will
determine
whether the
sample stays in
equilibrium

4 —— Equilibrium
Conditions

Enthalpy or Volume

Temperature
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For Example

Non-equilibrium _ -
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Enthalpy/Volume Diagrams
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Importance of Enthalpic Relaxation

Is enthalpic recovery at the glass transition important?
...Sometimes
= Glass transition temperature, shape and size provide useful

information about the structure of the amorphous component
of the sample.

= This structure, and how it changes with time, is often important
to the processing, storage and end-use of a material.

= Enthalpic recovery data can be used to measure and predict
changes in structure and other physical properties with time.

7 2B
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Events 5 and 6

Exothermic Peaks in the Data between the Tg and Melting Temperatures

= Events 5 and 6 in Figure 1 are the result of crystallization
and crystal perfection processes that occur as the sample
is heated.

= To understand what might be happening, so that the data
is interpreted correctly, there are three factors that need
to be considered:

1. What is the thermal history of the sample?

2. Does the material crystallize and, if so, how fast or slow
(kinetics) does it crystallize as a function of time and

temperature?
3. How fast was the sample heated or cooled in the DSC
experiment? P
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Events 5 and 6 (cont.)

Thermal History

= When referring to “Thermal History,” we are identifying the
temperature versus time profile that the sample has been
subjected to in the past.

7 2B
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Events 5 and 6 (cont.)

= As temperature is increased above Tg, molecular mobility
increases rapidly. This permits the molecules to align with their
neighbors and crystallize as seen in the exothermic peak
centered near 130°C for the “First Heat.”

= Although the baseline appears to stabilize between 150 and
225°C, there is an ongoing process of crystallization and crystal
perfection over that temperature range as will be discussed later.

= The term “crystal perfection” is used to describe the process
where small, less perfect crystals melt and then recrystallize into
larger, more perfect crystals that will melt again at a higher
temperature.

y
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Events 5 and 6 (cont.)

Crystallization Kinetics

= Crystallization is a kinetic process, which means that the
rate of crystallization is a function of both time and
temperature. The fact that the peak of the crystallization
process occurs near 130°C in Figure 8 is the result of the
selected experimental conditions.

= Figure 9 shows how the cold crystallization peak
broadens and shifts to a higher temperature as the
heating rate is increased from 2 to 16°C/min. This shift
is much larger than seen in the glass transition and
melting processes, which have relatively minor kinetic

contributions.
’ T

10

Cooling Segment; Sample
Crystalizes During Cooling

First Heat; "Cold Crystallization”
of Amorphous Phase

Second Heat; Ty of
Amorphous Phase

Heat Flow (mV\)

Amorghous Phase
Second Heat; No
Visible Crystallization
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Figure 9

Effect of Heating Rate on Temperature
of Cold Crystallization in PET
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Event 7: The Melting Transition

= The melting transition can be the least complicated
transition measured by DSC. However, it can also be the
most complicated transition for some materials,
especially semi-crystalline polymers.

= When measuring the melting transition, it is normal to
measure the temperature range over which it occurs as
well as the enthalpy of melting (AH.,) which is
proportional to the crystalline content of the sample.

7 2B
DSC Training Course (@

Event 7 (cont.)

= The complication occurs with semi-crystalline materials because of
the fact that the sample can increase in crystallinity as it is being
heated in the DSC. If this occurs and is not considered in
calculating the crystallinity of the sample, an artificially large value
will result.

= Figure 10 shows the data from an MDSC® experiment. The Total
signal is qualitatively and quantitatively equivalent to traditional
DSC. From just the Total signal, it is possible and quite common to
calculate a crystallinity value which has an error in excess of 100%.

7 2B
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Figure 10

Heat Flow (mW\)
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Event 7 (cont.)

The question is: “How can DSC provide such a wrong answer?”
The answer is that it does not.

The error is due to the integration limits selected by the
operator.

Total signal of DSC is often misleading because it measures
only the sum of all exothermic and endothermic processes.

Figure 11 shows that slower heating rates provide more
exothermic (crystal perfection) activity in the temperature
region between 150 and 220°C.

The increased crystal perfection that occurs at slower heating
rates causes the melting point to increase to higher
temperatures.

DSC Training Course (i'rl}lj
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Figure 11

Effect of Heating Rate and
Crystal Perfection Processes
0On the Melting Temperature
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Event 7 (cont.)

m The shape of the melting peak is also affected by
crystal perfection processes that occur over the same
temperature range as bulk melting. This often gives
the appearance of two melting peaks rather than what
actually is an exothermic crystallization peak
superimposed on an endothermic melting peak.

m Figure 12 compares the shape of the melting process
on the same sample of PET after it had been cooled at
different rates from above its melting point. This is
different from Figure 11 where all samples had the
same thermal history (quench cooled) but were heated
at different rates.

7 2B
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Figure 12

Samples Prepared at the

Indicated Cooling Rates
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Event 8: Decomposition

m Beginning at about 310°C in Figure 1, the sample of PET begins
to decompose.

®m Depending on the chemistry of the sample and type of sample
pan used, decomposition can either be endothermic or
exothermic.

®m Decomposition usually involves a release of some volatiles. The
process of off-gasing is usually erratic, and the data can become
noisy and nonreproducible.

®m Decomposing samples in a DSC will adversely affect the baseline
and may corrode the DSC cell.

7 2B
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Applications

. Thermoplastics

. Thermosets

. Pharmaceuticals

- Heat Capacity

- Glass Transition

- Melting and Crystallization

- Additional Applications Examples
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Thermoplastic Polymers

Semi-Crystalline or Amorphous

\ Crystalline Phase
\ melting temperature Tm
(endothermic peak)

Amorphous Phase
glass transition
temperature (Tg)
(causing ACp)

Tg<Tm
Crystallizable polymer can crystallize
on cooling from the melt at Tc
(Tg <Tc<Tm)

DSC Training Course (**—’l}l/
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DSC of Thermoplastic Polymers

m Tg

Melting

Crystallization

Oxidative Induction Time (OIT)

General Recommendations
= 10-15mg in crimped pan
= H-C-H @ 10°C/min

DSC Training Course (¢
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Selecting Experimental Conditions

= Thermoplastic Polymers
= Perform a Heat-Cool-Heat Experiment at 10°C/min.

=« First heat data is a function of the material and an unknown
thermal history

= Cooling segment data provides information on the
crystallization properties of the polymer and gives the sample a
known thermal history

= Second heat data is a function of the material with a known
thermal history

7 2B
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Selecting Experimental Conditions

Thermoplastic Polymers (con't)
= Interpreting Heat-Cool-Heat Results:

= One of the primary benefits of doing Heat-Cool-Heat is
for the comparison of two or more samples which can
differ in material, thermal history or both

= If the materials are different then there will be differences in
the Cool and Second Heat results

= If the materials are the same and they have had the same
thermal history then all three (H-C-H) segments will be similar

= If the materials are the same but they have had different
thermal histories then the Cool and Second Heat segments are
similar but the First Heats are different

7 2B
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Selecting Experimental Conditions

= During first heat the maximum temperature must be
higher than the melting peak end; eventually an
isothermal period must be introduced

= Too high temperature/time:
= decomposition could occur

= Too low temperature/time:

= possibly subsequent memory effect because of the fact that crystalline
order is not completely destroyed

= For non-crystallizable (amorphous) thermoplastics the
maximum temperature should be slightly above Tg
(removal of relaxation effects, avoid decomposition)

7 2B
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Thermosetting Polymers

A+B = C

Thermosetting polymers react (cross-link) irreversibly. A+B will
give out heat (exothermic) when they cross-link (cure). After
cooling and reheating C will have only a glass transition Tqg.

=
_—
[
GLUE
7 2B
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DSC of Thermosetting Polymers

m Tg
= Curing
= Residual Cure

= General Recommendations
= 10-15 mg in crimped pan if solid; hermetic pan if liquid
= H-C-H @ 10°C/min

DSC Training Course (¢
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Selecting Experimental Conditions

Thermosetting Polymers

= Anneal the sample(if needed), then Heat-Cool-Heat at

10°C/min.

= Anneal approximately 25°C above Tg onset for 1 minute to
eliminate enthalpic relaxation from Tg (if needed)

= First Heat is used to measure Tg and residual cure
(unreacted resin). Stop at a temperature below the onset of
decomposition

= Cooling segment gives the sample a known thermal history

= Second Heat is used to measure the Tg of the fully cured
sample.

= The greater the temperature difference between the Tg of the First and
Second Heats the lower the degree of cure of the sample as received

7
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Comparison of First and Second Heating Runs
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Characterization of Epoxy Prepreg
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Pharmaceuticals

= Tg
= Melting
= Purity
= Polymorphs
= General Recommendations
= Use TGA to determine pan type
= Use 1-5 mg samples (use 1mg for purity)
=« Initial H-C-H @ 10°C/min (1°C/min for purity)
= If polymorphs present heat faster to inhibit polymorphic

transformations
’ T
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Tg of Sucrose Varies with Moisture Content
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Structure Changes With Time

DSC Training Course

Melting is Not Heating Rate Dependent
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Ciprofloxacin Hydrochloride Decomposes

Decomposition is kinetic (heating rate dependent)

Temperature (°C)
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TGA of Ciprofloxacin Hydrochloride
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Sulfanilimide

0.0 00
Comparison of 1 & 10°C/min Heating Rates on
Melting of three Polymorphs for Sulfanilimide
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Specific Heat Capacity

= What is it?
= How is it observed and measured?
= Methods for calculating specific heat capacity

= What affects the specific heat capacity of a polymer?

y
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What is Heat Capacity?

lower the temperature of a material.

= Specific heat capacity refers to a specific mass and
temperature change for the material (J/g°C)

= Heat capacity is the amount of heat required to raise or

7 2B
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Why is Heat Capacity Important?

= Thermodynamic property of material (vs. heat flow)

= Measure of molecular mobility

the material as a function of temperature

DSC Training Course (¢

= Provides useful information about physical properties of
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Heat Flow Due to Heat Capacity

Heat Flow (mWV)
ES

EEEEE

Measuring Heat Capacity

= In a DSC experiment, heat capacity is measured as the

7 2B
DSC Training Course (@

10.04 mg PMMA

-0.8402mwW
I
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-1.657mW N
5°C/min

-3.313mwW

10°C/min

-6.620mW

20°C/min
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Temperature (°C) Universal V2. 74 TA Instruments

absolute value of the heat flow, divided by the heating
rate, and multiplied by a calibration constant.

dH/dt = Cp (dT/dt)
or

Cp = [(dH/dt)/(dT/dt)] x K

K = calibration constant

7 2B
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Conventional DSC Cp Measurement

HFs — HFur
Cp=K x 0 HFyr
Heat Rate x wt
HF
Where: ¢
K = (alibration constant HE
HFg = Differential heat flow endo S
with sample T
HF,,;; = Differential heat flow cmp-
with empty pans
wt = weight of sample

7 2B
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Alternative DSC Cp Measurement

HFur2 — HFuri
Cp=K x
(HR: - HRi)wt
Where: H iy
HF
K = Calibration constant
HF,z, = Differential heat flow of v HF >
sample at HR, endo
HF,z, = Differential heat flow of
sample at HR, Temp.
HR, = Heating rate 2
HR, = Heating rate 1
wt = weight of sample
7 2B
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Direct CP Measurement on Q2000/1000

= Unlike any other DSC, the heat flow signal of the
Q2000/1000 is an absolute signal:
= Baseline is flat
= Absolute zero heat flow value established as part of method

= By knowing absolute values of the heat flow and heating

rate, heat capacity is calculated in real time and stored in
data file

= Accuracy and precision is generally + 1-2% with just
single run measurements

7 2B
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Q1000 Direct Heat Capacity
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What Affects the Specific Heat Capacity?

= Amorphous Content
Aging

Side Chains

Polymer Backbone
Copolymer Composition

Anything that effects the mobility of the molecules,

affects the Heat Capacity

Effect of Amorphous Content on Cp

= Amorphous Cp is greater than Crystalline Cp

= Amorphous Content increases Specific Heat Capacity

= Crystalline polymers contain more order and thus
fewer degrees of molecular motion. Less
molecular motion results in lower specific heat

capacity.
7 2B
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Heat Capacity Summary

= Anything that effects the mobility of the molecules,
affects the Heat Capacity

= The Q2000/1000 provides direct Cp measurement with
one run(pan weights required)

7 2B
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Glass Transitions (Tg)

= The glass transition is a step change in molecular
mobility (in the amorphous phase of a sample) that
results in a step change in heat capacity

= The material is rigid below the glass transition
temperature and rubbery above it.
= Amorphous materials flow, they do not melt (no DSC melt

peak)
7 2B
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Glass Transitions

= The change in heat capacity at the glass transition is a
measure of the amount of amorphous phase in the
sample

= Enthalpic recovery at the glass transition is a measure of
order in the amorphous phase. Annealing or storage at
temperatures just below Tg permit development of order
as the sample moves towards equilibrium

DSC Training Course

Heat Flow & Heat Capacity at the Tg
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g Temperature Below Tg \.
T - lower Cp \
- lower Volume . —
1.0 - Ic_nwer CTE --0.8
- higher stiffness
- higher viscosity .
- more brittle \.__._._,_
o —
- lower enthalpy ——]
-0.9
05 v Y 1.0
70 90 110
Exo Up Temperature (°C) Universal V3.8A TA Instruments
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Measuring/Reporting Glass Transitions

= The glass transition is always a temperature range

= The molecular motion associated with the glass transition
is time dependent. Therefore, Tg increases when
heating rate increases or test frequency (MDSC®, DMA,
DEA, etc.) increases.

= When reporting Tg, it is necessary to state the test
method (DSC, DMA, etc.), experimental conditions

(heating rate, sample size, etc.) and how Tg was
determined

= Midpoint based on %2 Cp or inflection (peak in derivative)

7 2B
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Glass Transition Analysis

-2.0

Selected Start

Extrapolated
Onset

25

-3.04

Heat Flow (m\W)

Polystyrene
9.67mg
=54 [ 10°C/min

Selected End

40

7 ) 8‘0 ) 9‘0 ) 150 ) '\'TU ) '\2‘0 ) 130
B Up Temperature (°C) Universal 1V3.4C TA Instruments
7=
DSC Training Course ("rl}l/
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Glass Transition Analysis

Step Change in Cp at the Glass Transition

1.8

-2.0 30
Selected Start
=25
25
Delta Heat Flow Between oo
] Selected Start and End =
£
£
=
-3.04 POlyStyrene Midpaint at Inflection % 105.47°0() 15 §,
_ in Derivative
s ] 967mg \ 0.6786mW 5
E . o -1 O [T
= o 106.49°C -
= 10°C/min %
5 354 x
e -
k] ’\ \ Los 2
2 | \ Selected End 2
40 Derivative of Heat Flow l \N_____ﬁ F00 )
————
~. /
N [ tos
454 \ /
Y :gf 10
106.47°C
50 T T T T T T T u -15
7 80 80 100 110 120 130
Exo Up Temperature (°C) Universal ¥3.4C TA Instruments
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PET
9.43mg

78.27°C(H)

Cooling Rates from 285°C (°C/min]

Quench

7
DSC Training Course (Ul;l/

%) 03627 /g/*C,
e
=2
o 141
(&)
3
o
B316°C(H)
0.1447 Jigi°C
1.24
% Amorphous = 0.145/0.353=41%
1.0 T T T T T T
5 60 70 80 90 100 110 120
Temperalure (°C) Univergal V3.4C TA Instruments
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A Glass Transition is Reversible

6
Sample: PhkA
Wieight: 12.44mg
Heat/Cool Rate: 10°C/min
PMMA; Cooling
44
24
E
3 o
[T
s
@
x
2
PMMA; Heating
4
-G T T T T T
50 100 150
Exa Up Temperature (°C) Universal v3.0E TA|
@D
DSC Training Course &’1}1/

What Affects the Glass Transition?

= Heating Rate = Crystalline Content
= Heating & Cooling = Copolymers
= Aging = Side Chains
= Molecular Weight = Polymer Backbone
= Plasticizer = Hydrogen Bonding
= Filler

Anything that effects the

mobility of the molecules,

affects the Heat Capacity and,
in turn, the Glass Transition
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Suggestions for Finding Weak Tg's

= Know your empty-pan baseline

= Get as much material in the amorphous state
= Cool rapidly to reduce or eliminate crystallization
= Use MDSC®

= Or use Quasi-Isothermal MDSC

7 2B
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10.04mg PMMA
0
2.5°C/min \ 98.91°C  00.92°CH
—
96.05°C | 101.96°C(H)

P 5°C/min B hee -
g 96.29°C
£ 102.80°C(H)
g
[T
w
QL
T

-6

8

10 T T T T T T

20 40 60 80 100 120 140 160
Exo Up Temperature (°CGy  Universa I'W2 7A TA Instruments
7
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Effect of Heating Rate on the Tg
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Effect of Heating Rate on the Tg

Heating Rate Heat Flow @ Tg Tg 2 Width of
(°C/min) 80°C Onset (°C) Midpoint (°C) Tg (°C)
25 -0.84 95.9 100.9 5.0
5.0 -1.66 96.0 102.0 6.0
10.0 -3.31 96.3 102.8 6.5
20.0 -6.62 98.3 105.1 6.8
DSC Training Course (Cry/

Glass Transition Summary

= The glass transition is due to Amorphous material

= The glass transition is the reversible change from a
glassy to rubbery state & vice-versa

= DSC detects glass transitions by a step change in Cp

DSC Training Course (¢

126



Melting

= In a DSC, a melt peak shows up as an endotherm during
the conversion of Crystalline structure to Amorphous
structure

= If @ material is 100% Amorphous, we will not see a
melting peak by DSC

= We integrate this endothermic peak, on a time basis to
determine the Heat of Fusion

7 2B
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Melting of Indium

0 \
156.60°C
28.50J/g

Extrapolated
] Onset
57 | Temperature

Indium
| 5.7mg
10 Heat of 10°C/min
] Fusion

Heat Flow (mW)

For pure, low molecular
weight materials
(mw<500 g/mol) use
Extrapolated Onset as
Melting Temperature

-20 -
1 | Peak Temperature

-25

150 1‘55 1é0 165
Exo Up Temperature (°C) Universal |1 V4.0B TA Instruments
7=
DSC Training Course (“"rl}l/
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Melting of PET

-1
| For polymers, use Peak as Melting Temperature |
24 N
- | Extrapolated
s Onset
< Temperature
2 ™
5
I
5 HeaF of PET
Fusion 6.79mg
10°C/min
7 v
249.70°C
| Peak Temperature
-7200 21‘0 2‘20 2‘30 2)10 25‘0 zéo 270
Exo Up Temperature (°C) Universal V4.0B TA Instruments
7
DSC Training Course (Cry/

Comparison of Melting

0 %—‘
i - 1
156.60°C
28.50J/g PET 236.15°C
547 6.79mg 52.19J/g
10°C/min
g 10
E
2
H -
o Indium
S 5.7mg
T 157 10°C/min
-20
157.01°C
-25 T T T T T T
140 160 180 200 220 240 260 280
Exo Up Temperature (°C) Universal V4.0B TA Instruments
7
DSC Training Course (V[A/
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Analyzing/Interpreting Results

= It is often difficult to select limits for integrating melting
peaks
=« Integration should occur between two points on the heat
capacity baseline

= Heat capacity baselines for difficult samples can usually be
determined by MDSC® or by comparing experiments
performed at different heating rates

= Sharp melting peaks that have a large shift in the heat capacity
baseline can be integrated with a sigmoidal baseline

7 2B
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Baseline Due to Cp

15

r1.0

roo

a
1

r

T-05

Heat Flow (mWA\)
Heat Flow (mW\)
Heat Flow (m\A\)
Heat Flow (mWj)

=)
}

-20

T T T T T T
50 100 150 200 250 200
Exo Up Temperature (°C) Universa 19274 TA Instruments
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Baseline Type

0.0
Straight Baseline
108 84°C -0
L 20.87J1
02 i ¢ .
( .
Sigmeidal Baseline
0.4 = =2
£ £
= 108.82°0 =
ERETL =]
z 08.77ig =
- 4 =
[i) is)
ui} 1i}
ju r
08
Note; Same
Limits Used
-5
10
102 .95°C
108 95°C
12 T T T -8
60 80 100 120 140
Bn up Temperature (UC) Uik rsalv3 28 TS heram

7
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DSC of Polymer Blend

B
% s Where is the
& .
5 Cp baseline?
I
034
04
e ‘ 50 ' 100 ' 150 ' 200 ‘ 250
ExolUp Temperalure (DC) Universal V2,50 TA Instruments

7 O\
DSC Training Course (@1/
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DSC of Polymer Blend

0.1

-0.24

Heat Flow (\Wg)

-034

LER

Where is the

Cp baseline?

Is it here?

-05

ExolUp

DSC of Polymer Blend

T
50

T
100

T
150
Temperature (°C)

T
200

T
250

Universal V2.6D TA In:

7 O\
DSC Training Course (‘\*—4[}1/

struments

-0.24

Heat Flow (WW/g)

-034

LER

Where is the

Cp baseline?

Is it here?

-05

ExolUp

T
50

T
100

1%0
Temperature (*C)

T
200

T
250

Univergal V2.5D TA Instruments

7
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MDSC® Aids Interpretation

-0.4 s
~
/,_‘ \"'-..‘_\_Nomevelsing /\
/ ~— N
] ——_“_-__’-/ -—-—- Tewma—= D006
=S —_
E 3
z £
3 2 z
= b I*Jé
ju g
u_g_ BEE z 02108 %
= 2 5
£ : =
Reversing ) |
~ | i
" FC Tg/ 0410
Xenoy 13.44 mg T
, ~
MDSC Heat-Only
1.2 T . s
. =0 100 150 200
- Temperature ("C) Uniareal WIZE TA, Instrumanz
DSC Training Course “"7}1/

Is this Melting?

DSC Training Course

04 1°Crmin
o to
‘\\ J P 0
| { /
~104 ‘ f
J 20°C/min
s s 7 =
E 0 E E
8 8 8
5 Y Onset of melting shifts by 0.3C 5 5
T : heating rate range of 1- T Lo T
01 | Ph t i over 9 g 10
enacetin |h 20°C/min for sample that has a
Hermetic Pan (\ true melt 7
404 | Approx 1.5mg
F-15
-50 T T T T T T T T T T T T
120 125 130 135 140 145 150 155 160
Exo Up

Temperature (°C)

Universal ¥2.28 TA Instruments
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Is this Melting?

50
‘,\/h ~ Onset differs by
e e almost 30°C B
WEEE°C | o~
304 119,047 0
5°Cirmin R
— —
— T —
=3 : 319 68°C ! \\\“gi—\ FO =
£ , 143.947g '/ £ 74 £
104—— —

E l]/ \\ f/' 20°Crmin B E
; 307.38°C / T 21e ; %
3 ) 1837/ 3 3
T t 1 T T

\/ .

104 l 5
Iz208°C
Hermetic Auminum Pan
Approx 1.5mg Sarnple
-3+
301 33E74°C
T T T T T T T -10
250 280 300 310 320 330 240 350 360
Exa Up Temperature (“C) Universal ¥3.28 TA Instruments
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Effect of Heating Rate on Melting

10
8-
o
Ks)
= 061
2 10°C/min
>
3
g 44 50°C/min
o ‘//\_—_
3 100°C/min :
I
21 ]
150°C/min
O-
-40 0 40 80 120 160 200 240 280
Temperature (°C) /\
/‘ T
DSC Training Course (Ul;l/
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Effect of Heating Rate on Polymorph

o i All Curves Scaled Bazed on
DSC at 1°C/min A \ Heating Riste and All approx. 65.g
e y
0+ _' ’ '\ S oo
— — / DEC@1C/min .
z z ; \ z
E TS E !’ ol £
E = " E
a =] DSC at 1°C/min =]
[T [T w
® & i pm
it} i) ! it}
T T | T
el SR Ti] p=-0.2
3 T T T 0.3
140 150 160 170 180
Batly Temperature {°C) Univareal W26 T Imiramantz.
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Effect of Impurities on Melting

Effect of p-Aminobenzoic Acid Impurity Concentration on the Melting
Shape/Temperature of Phenacetin
99.3% Pure
= 100% Pure
R -~
. ‘\Jl Melting of Y \\ \ i
‘gm Eutectic Mixture 96.0% Pure /‘\‘
L1 B 95.0% Pure \ i
= L
3 \ [
T I
NBS 1514 11
Thermal Analysis RH
| - Purity Set \
i
Approx. 1mg "
I Crimped Al Pans lI
2°C/min !
\
10 115 120 125 130 135 140
Exo Up Tempera(ure (GC) Universal W2.58 TA|

-

7
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Van't Hoff Purity Calculation

-0.8 135.0
125.20°C
\ I ) 137.75°C
\ . -
\
\
1.0 N
\
\
\
r134.5
1.2
2 444 e
g s
3
E’ r1340 ©
[ °©
- Q
3 1.6 £
T -
Purity: 99.53mol %
Melting Point: 134.92°C (determined)
18 Depression: 0.25°C
- T Delta H: 26.55kJ/mol (corrected) o
Correction: 9.381% o r133.5
Molecular Weight: 179.2g/mol oq
Cell Constant: 0.9770
Onset Slope: -10.14mW/°C
il RMS Deviation: 0.01°C
-2.0
Total Area / Partial Area
-2 0 2 4 6 10
-2.2 t t t t t t t 133.0
122 124 126 128 130 132 134 136 138
Exo Up Temperature (°C)
77
DSC Training Course UIA/

Calculation of % Crystallinity

= Sample must be pure material, not copolymer or filled

= Must know enthalpy of melting for 100% crystalline
material (AH;)

= You can use a standard AH; for relative crystallinity

For standard samples:

% crystallinity = 100* AH_, / AH;,

For samples with cold crystallization:

% crystallinity = 100* (AH,,, - AH_)/ AH;

)

DSC Training Course (Ul}l/
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ATHAS Databank

The Advanced THermal Analysis System

Home

About Us

The ATHAS Data Bank on thermal properties of macromalecules and related

Research

substances is maintained and confinuously improved.

Publications

A Data Bank contains three major parts: (1) A Data Bank of the experimental and

Teaching

calculated heat capacities. (Il) Recommended data of thermodynamic properties of

Sevices and Consulting

macromolecules and related small molecules (Cp. approximate and exact

ATHAS DataBank

vibrational spectra, H, S, and G). (Ill) A table of thermal properties (glass and

melting temperatures, heats of fusion (if crystallization is possible), and other

auxiliary data on molecular motion and phase structure.

The Data Bank is developed as an integrated system, available over the Internet
from the special ATHAS website already created at Rzeszow University of
Technology (http:// athas prz.rzeszow.plf).

The ATHAS Databank is
a source for the AH; for
common polymers

\
DSC Training Course (@

ATHAS Summary Page for PET

po

Summary
Ty
i) -
(al 342
PET g

« Ezplanations

Poly(ethylene terephthalate) (PET) AH; in kJ/mol

dcp Tm dHE SHEG So Thetal Thetal Ns Cp
- 553 z26.9 b4 0 586 54 15 1.0-10
T7.8 (441 - 4 zz 586 44 15 1.0-590
8 10,43 10 8,57 33% 30 30 30 8,28

The data are separated into

References

+ Cp Experimental and Calculated -Crystalline
+ Cp Enpenmental and Caleulated - Amorphous

o Cp, H 3G -Crystalline

« Op, HS5.G -Amorphous

» Cp Figure, H.3,G Figure These are picture files and may need some time to load

URL : hiip

Last revision May 6, 1997 hy Marek Pyda
awice uik edw/-athas/...phenyl himl

<
DSC Training Course (Ul;l/
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PET Data from ATHAS

Poly(ethylene terephthalate) (PET)
Crystalline Calculated Data

R e e P T e e e

L Advanced THermal Analysil Laboratory L]
* 1983 Recommended Data of *
L Thermodynanmic Properties of Macromolecules L]

R e e P T e e e

(0-C-CEH4-C-0-CHI-CHZ-)

Calculate g/mole from
molecular structure which

Hame : Poly(ethylene terephthalate)
File Name : PET
Jtructure : [+ [+
nooon equals 192 g/mole for PET

< Crystalline > [%
T index Cp H - HO[C) ] HO[C] - G
(K] __;__ (J/K.mol) {J/mol) (J/K.mol) (1/mol)
0.10 4 0.000 0.o0 0.000 0.00
0.20 4 0.000 0.o0 0.000 0.00

ATHAS Summary Page for PET

7 2B
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Poly(ethylene terephthalate) (PET) AH; in kJ/mol

Summary

o Explanations

Ty dCp Tm SHG %o Thetal Thetad N¥s Cp
() - - 553 X a 5386 54 15 1.0-10
(a) 342 TT.E(441) - X 2z 5386 44 15 1.0-580

PET a8 8 10,43 in 8,57 33% 30 30 30 5,29

Cp Expermental and Calculated -Crystalline
Cp Experimental and Calculated - Amorphous 1 92g / mo
Cp, H.8G -Crystalline

The data are separated into 26,9k] / mol

1000 =140J / g

Cp, H.5.G -Amorphous
o Cp Figure, H.5.G Figure These are picture files and may need some time to load
o References

DSC Training Course (i'rl}lj

y
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PET - Initial Crystallinity

DSC Training Course

PET

1.0
134.62°C
0.5
Initial Crystallinity = 74.71-53.39
S oo
S 242.91°C
8 78.99°C(1) 74.71J/g
[T
T
© -0.5-
T 80.62°C 127.72°C
53.39J/g
1.0
) ) 256.24°C
15 T T T T T
50 100 150 200 250
Temperature (°C

1.0

0.59

134.62°C

100 x

(74.71-53.39)

=15%

S oo
=
= 78.99°C(l) 242.91°C
5 : 74.71Jlg
[T
T
O -0.54
T 80.62°C 127.72°C
53.39J/g
-1.0
0 - - .
% crystallinity = 100* (AH,,, - AH_)/ AH;
256.24°C
-1.5 T T T T T
50 100 150 200 250

DSC Training Course (i'rl;lj

Temperature (°C)

300

y
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PET % Crystallinity

= 21]/g Initial Crystallinity or 15% Crystalline
= Does that sound right?

7 2B
DSC Training Course (@

PET % Crystallinity

= 21]/g Initial Crystallinity or 15% Crystalline
» Does that sound right?

= The sample is quenched cooled PET

= Why does DSC give us the wrong answer?

DSC Training Course (¢

= We know that quenched cooled PET is 100% amorphous
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Change in Crystallinity While Heating

10 Quenched PET
' 9.56mg 134.63°C
11 10°C/min

0.5 60

230.06°C
71.96J/g

0.0 40

105.00°C
275.00°C

Heat Flow (W/g)
Integral (J/g)

0.51-20
127.68°C

0.6877J/g 230.06°C

-1.5

T 7 T T T T T
-50 0 50 100 150 200 250 300 350
Exo Up Temperature (°C) Universal V4.0B TA Instruments

7
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Crystallization

= Crystallization is a kinetic process which can be studied
either while cooling or isothermally

= Differences in crystallization temperature or time (at a
specific temperature) between samples can affect end-
use properties as well as processing conditions

= Isothermal crystallization is the most sensitive way to
identify differences in crystallization rates

7 2B
DSC Training Course (@
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Crystallization

= Crystallization is a two step process:
= Nucleation
= Growth

= The onset temperature is the nucleation (T,)

= The peak maximum is the crystallization
temperature (T,)

7 2B
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Crystallization

= A temperature shift is seen in the cooling data on the
next slide. In this example, the samples were cooled

higher rates of temperature change broaden the

from the starting point.

DSC Training Course (¢

from 285°C to room temperature at 2 to 16°C/min. The

crystallization process and shift it further in temperature
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Effect of Cooling Rate on Crystallization

7<)
DSC Training Course (@

Effect of Nucleating Agents

16 8
12415 Sample: PET alo
Weight: 10.66mg
£ £ £ £
3 st103 3 ots B
(TR [T [T (TR
= = = =
4 3 3 4
% % Cooling Rates % %
16°C/min,
4405 1do
Glass Transition
° y ; T T T 0
50 100 150 200 250

Exo Up Temperature (°C) Universal %2.74 TA Instruments
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2.0
crystallization POLYPROPYLENE POLYPROPYLENE
WITHOUT WITH NUCLEATING
NUCLEATING AGENTS AGENTS
1.5
cy
=3
<_;31.0—
TR s°
-— B
© H
L) %
T i,
melting
0.5
S
0.0 ‘ ‘ ; ‘ ‘ : ‘ : : ‘ ‘
40 50 60 70 80 90 100 110 120 130 140 150 160
Frotp Temperature (°C)
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What is Isothermal Crystallization?

* A Time-To-Event Experiment

T Zero Time

Temperature —>

Time ——

Annealing Temperature

Isothermal Crystallization
Temperature

7 2B
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Isothermal Crystallization

DSC Training Course (¢

~ | -
117.4 oC
Polypropylene
4-
% 3 117.8 oC
g
- 118.3 oC
- .3 O
g 21
T 118.8 oC
119.3 oC
1 119.8 oC
120.3 oC
0 Y
A 1 3 5 7 9
Time (min)
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Supercooling of Water

250
-4.36°C
200
__ 180 7
=
£
z 100 7
°
i
T 50
T
0 -
-15.55°C
-50 T T T T T T T
-30 -25 -20 -15 -10 -5 0 5 10
Temperature (°C)
DSC Training Course (UIA/
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