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Training Course Agenda (Part 1)

* Introduction
— Technique
— Tzero™ Technology vs. Heat flux DSC

* Experimental Method

» Calibration & Verification
— Tzero or Baseline (Heat Flux DSC)
— Heat Flow
— Temperature

» Optimisation of Experimental Conditions
— Sample Preparation & Sample Cups
— Heating/Cooling Rate
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DSC: The Technique

= Differential Scanning Calorimetry (DSC) measures
the temperatures and heat flows associated with
transitions in materials as a function of time and
temperature in a controlled atmosphere.

= These measurements provide quantitative and
gualitative information about physical and chemical
changes that involve endothermic or exothermic
processes, or changes in heat capacity.
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- Heat Capacity: amount of heat required to heat up a
sample by 1°C

« Endothermic: heat flow into the sample as a result of
either heat capacity (while heating) and/or some
endothermic process (melting, evaporation, etc.)

- Exothermic: heat flow out of the sample as a result of

either heat capacity (during cooling) or some exothermic
process (crystallization, thermoset cure, oxidation, etc.)
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Heat Flow in DSC

dQ/dt = Cp . dT/dt + f (1,T)

where:
dQ/dt = heat flow (W/g or mW)
W = J/sec
Cp = specific heat capacity (J/g.?C)
Cp(T)=a+b.T +c.T?
dT/dt = heating rate (*C/min)
f(t,T) = time dependent
(kinetic) components
e.g. melting, crystallisation, curing,...
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DSC Thermogram
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How is Heat Flow Measured ?

DSC25xx with or without AS

Heat Flux DSC
DSC 25

Basic Tzero™ DSC
DSC 250

Advanced Tzero™ _ -
DSC 2500

First generation
Discovery DSC

Advanced Tzero™
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Heat Flux DSC Instrument DSC 25

Note: schematics show — Dynamic Sample Chamber

a 2920 heat flux DSC Reference Pan

e dQ/dt = Q-Q,

dQ/dt = AT/R
+ * Gas Purge Inlet * AT — Ts - Tr

|_>O
— —

/ \ _ Assumes
Chromel Chromel symmetry
Disc Disc between sample
and reference
calorimeter

T1

Al Thermocouple
Alumel Wire — Junction

Chromel Wire Thermoelectric Disc(Constantan)




Tzero™ Sensor

d Chromel Area

RO Detector
Thin Wall Tube

Reference Platform

Constantan Body ‘

@ —Base Surface
U Chromel
@®— Wire—@
T, .
DSC 2500 — DSC 250 — (DSC 25)

chromel

First generation Discovery:

diffusion bonded sensors ' -
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Tzero™ Heat Flow Equation

9=q4,-q9, AT=T -T  Al,=1,-T

AT
=— + AT,
q R 0( R

Principal DSC Heat Flo\

Thermal Resistance Imbalance

dT dAT
dt "odt

Heat Capacity Imbalance

<

Heating Rate Difference
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Baseline (= Empty Cell Run)

" "Tzero DSC
_ Th
O Heat Flux DSC
% 0.2 /
3

-0.4 - . - : . ; . . |
-100 0 100 200 300 400
Temperature (°C)
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Baseline Curvature Hinders

Detection of Weak Transitions

N
Weak, broad Tg

Tg 227
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Tzero™ Heat Flow Terms T4

AT Principal DSC Heat Flow
R provides main heat flow signal
' this is the only term used in heat flux DSC

ATO( L j Thermal Resistance Imbalance

R R
improve baseline

dT .
(C.-C,) d;‘ Heat Capacity Imbalance
_c 9AT  Heating Rate Difference
dt improves resolution
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Resolution : Indium Melting Run

0 0
— T R L ——
".ﬂ'”-__:ﬂ'#
"
5 4 ' 545
DSC 2500, Discovery
) / T4F; Compensates for Sensor and Pan
/ / Effects on Sample Heat Flow g g
s / / £ £
~ =+
E - A/ Tzero DSC’s = oo X
5 / g kS
— ! T T
é theory / /” ™ Etoet an sampie Heat Fiow DS G 250 E %
% -15+ I 15415
g AN |
i ,/ / T1; Convertianal |
/ DSC Signal — —
- Heat Flux DSC 25 040
-25 Y T v T v T -25
155 157 158 161
Exo Up Temperature (DC) Universal ¥3.4C TA Instruments
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Temperature / Heating Rate

What temperature is being measured and
displayed by the DSC ?

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

= Sensor Temp: used by most DSC'’s. ltis
measured at the sample platform with an area
thermocouple

DSC 25/ DSC 250

gas




Temperature / Heating Rate

*Pan Temp: calculated by DSC 2500 and
Discovery based on pan material and shape

=Uses weight of pan, resistance of pan (type of
pan), and thermoconductivity of purge gas

*Resolution even more improved

T4P

~ gas




Experimental Method

N
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Heating/Cooling Method

» Heating Method

(NOTE: No equilibrate segment necessary
If starting at or near ambient temperature)

1) Ramp 102C/min to 300°C
(NOTE: No equilibrate at RT necessary for
cooling down, defined in post test options)

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

Ramp & Iso segment automatically trigger data collection

A‘ Advanced

Load Window

[ Use Standby Temperature

Use 2500 °C to 2600 °C

End of Test

|| Discard pan in waste bin at end of test

[¥] Use Standby Temperature

General

L0 o E

Temperature 39.84 °C

Flange Temperature -1399°C

Cooler Selection RCS 90

|  Standby | 4000 °C

|l RCS9 | On
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Heat-Cool-Reheat Method

)
)
)
)
)

Ramp 10°C/min to 200°C

Isothermal for 2.00 min

Ramp 10°C/min to -80°C

Isothermal for 5.00 min

Ramp 10°C/min to 200°C

TA Instruments TRIOS
4

/\f} Curves Format

(@) Automatic Farmatting

Scheme

() Manual Formatting

Variable

Click on palette to edit

Linethickness |1

Symbol size 8 -

Quick Styles

Extra symbols shown 3

Symbol density Fine -

Style Selection I

~| [ AddCurent Style

l Set As Default H Preview I

[ ][ ome

Heat Flow (Normalized) (W/g)

— Ramp 10 °C/min to 200.00 °C
— Isothermal 2.0 min
— Ramp 10 °C/min to -80.00 °C

— Ramp 10 °C/min to 200.00 °C

-100

Exo Up

T
-50

, ; ;
50 100 150
T (0

¥ Legend

]
Qi’é, | &/| Title

Curves |Legend- |

200

E:?\_] Entry T‘H’pe b Every Curve
File Name One PerFila
v | Step Name v | One Per Step
Sample Name
More »
ﬁ Text Color b
Show Legend Title
Title Justification  »
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Method Design Rules

- Start Temperature
Generally, the baseline should have 2 minutes to
completely stabilise 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 2 minute baseline after the transition of

iInterest in order to correctly select integration or
analysis limits.
But do not decompose the sample in the DSC cell !
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Startup Hook in DSC

All DSC data will have an endothermic shift (on heating) at the beginning of the experiment.
This is commonly referred to as the “Startup Hook”, or more specifically, the “Approach to
Steady State”

0.4

0.2 +
4

Startup Hook

0.0+ /
-

-0.2

Heat Flow (W/g)

-0.4 -

054  The hook is due to heat flowing into the
sample as it begins heating.

-0.8

-1.0

o s 100 © 15 200 250 300
Exo Up Temperature (OC) Universal V4.5A TA Instruments
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Why have 2 min of baseline after ?

6
1 238.55°C
4_ LI
T Transition not yet
2 finished| so reaction
=3 _ enthalpy always
2 5 underestimated
T
"CB‘ _
(O 547.29J/g
I 4
O_
: 629.94J/g
B T T S
160 180 200 220 240 260 280

Temperature (°C)

;!



Calibration & Verification

Tzero or Baseline
Heat Flow

Temperature (@
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Calibration Overview

» Tzero calibration (Tzero DSC) 1

=Discovery DSC, DSC 2500, DSC 250
in T4P or T4 mode

or = Baseline calibration (Heat Flux DSC)
DSC 25
*(Tzero DSC if run in T1 mode)

AND = Heat flow: cell constant 2
AND = [emperature

Always verify first before you decide to recalibrate !




Tzero™ Calibration for DSC 250(0) & Discovery

=Tzero calibration measures the C's & R’s
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Measuring the C’s & R’s

= Performed using calibration setup
1. Run Empty Cell
2. Run Sapphire on both Sample & Reference side




Tzero Calibration — DSC 2500 & DSC 250

= Might be good to cycle the cell several times between
min/max temp to be used for calibration (baseline
conditioning) prior to Tzero calibration

= Choice of temperature range for Tzero calibration:
at least as broad as desired experimental range

=Do NOT run it at a heating rate lower than 10°C/min, by
preference 20°C/min

= After Tzero calibration the temperature and enthalpy
calibration is mandatory performed, e.g. with indium
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Discovery DSC Tzero Calibration

~— Experiment

Instrumert

Setup Stop~
Online Procedure Experiment
 File Manager ~a [T calibration | - X
Calibration () Caliortion Date F { Calibration Setup_|_)
') Cal Data

\’ Calibration Experiment Setup

[[] Cell Conditioning

? VBase\ine Conditicning

Tzero

(Cell Constant/Temperature

[[] Temperature [C] Reversing Heat Capacity

[C] Direct Heat Capacity

T4P only

Baseline verification

L Tzero || Constant/Temperature ]
Sample Name Tzero Calibration
Pan Number  Sgza

Sample
Reference
Pan Type
Operator ev
Project calibration
Notes
Ramp Rate @
Lower Temperature -90.00 °C
Upper Temperature 400.00 e 4
Isothermal 100 [min

i ‘erform Werification Run After Calibration >

File Path | C:\ProgramDatalTA Instruments\TRIOS\Data

Fun Al

Gueue All

Schedule All

{ Control Panel v ax
@D 1die 39.95°C
Signsls [16 of 16] Valus Units
Wethod Time 000min =
Remsining Seament Time 000min |
Remaining Time 000min |
Cell Purge 50.00 mUimin |
Temperaturs 3395 °C
Flange Temperature TBC |2
Heat Flow AT |
Set Point Temperature 000C |
Power Delivered neRw |
Base Purge 29173 mUmin i
Taers Temperaturs Unfilt m|osc |
Hest Capacity 0.00000 J°C
Refsrencs Junction Tsmpersturs 4664°C
Hester Temp amc |7
General
Lo E

Temperature 3995 °C
Flange Temperature  -73.36 °C

Cooler Selection RCS 90

Standby w0 | C
RCS30 | On

Gas 1 Nitrogen:  50.00 mLimin

Base Purge 29173 mUimin

Gas 1: Nitrogen =

mLimin

[ #5001 bi*m- -00118 (1...

@ TA Instrument Explor.

[ Presentationl - Micr...




Discovery DSC Calibration

T —— -

0118 (172.23 1¢

Experiment Instrument

= Stop ~
Online Procedure Experiment

 File Manager ~a ~ X | } Control Panel ax
Calibration | £ Cslioraion DTy Calioreton Setup T3 € o
A] (20D Idle 39.99°C

.‘_‘j Calibration Data
s W & Signals [16 of 16] Value Urits
() Calibration Setup 8 \’ Calibration Experiment Setup Method Time 000min | =
Remsining Seament Time 000min |
[[] Cell Conditioning Tzero [[] Temperature [C] Reversing Heat Capacity Remaining Time 0.00 min ‘
Cell Purgs 50.00 mLimin |
[C] Baseline Conditicning Cell Constant/Temperature  [[] Direct Heat Capacity Temperature 3999 C
Tzero ( Cell ConstantTemperatrd) | Fiange Tempersturs B19C |2
TA Instruments TRIOS Heat Flow 4283 pw ‘
Pan Number Sample Mass  Pan Mass Pan Type Set Point Temperature 40.00°C |
Power Delivered wsmaw |
i Add New Schedule
Reference 50910 mg  Teere Aluminum |:|I_::| R ST i
Tzero Tempersture Unfil 4w00c LY
PR e Scheduled Sequence Name Heat Capacity 0.00000 J"C
Reference Junction Temperature 4664°C
Project calibration Heater Temp 4045°C i
Netea Frequency  |Weekly - = |
Time 01:00 AM = L6 E
Temperature 39.99°C A
Insert Isothermal 1.0 min Begin Date 21/01/2015 B
Ry 5 *Clmin Flange Tempersture 8183 °C
Calibration Experiments End Date 21/02/2015 B- Cooler Selection RCS90
Preqelt Reference Material Melt Temp Lower Limit Upper Limit Pan Number Sample Mass Pan Mass [£] Mo end date [E] ]
| 156598 tm 5 [imiss |m2 3850 [so710 -
RCS30 | On
% Calibration [#] Perform Verfication after Calioration Gaedl
) Ver] wowia L Gas 1 Nitrogen-  50.00 mLimin o
crification Criteria: Temperature 0.1 *C Enthalpyz 2 % BasePurge 29184 mUimin
Verification Experiments Gas 1: Nitragen X
Premelt Reference Material Melt Temp Lower Limit Upper Limit Pan Number Sample Mass Pan Mass . [Fowrss] 50 T
] |[indium v)| 16598 13159 17159 52 3850 50710 fo r DI an n | n g
+

-
| SR — File Path | C:\ProgramData\TA InstrumentsiTRIOS\Data | .
in future

History
Run Al Queus All i
T — [ mna ] (o £y coneet
7 caiibration @ roso

11:37 AM

3500 DSC2A 00118 (1.. || (@ TA Instrument Explor... || [ Presentationl - Micr... |




Discovery DSC Calibration

T —— ~ — =

0118 (172.23 1¢

Experiment Instrument

Setup = Stop+
Online Procedure Experiment
 File Manager -1 [T calibration | ~ X | : Control Panel v ax
Calibration Calibration Data | () Calibration Setup | £3 =
_ A A A Idle 39.99°C
(} Calibration Data
. ey & Signals [16 of 16] Value Units
| R - \’ Calibration Experiment Setup Method Time 000min =
Remsining Segment Tims 000min |
[[] Cell Conditioning Tzero [[] Temperature [C] Reversing Heat Capacity Remaining Time 0.00 min ‘
Cell Purge 50.00 mLmin |
[C] Baseline Conditicning Cell Constant/Temperature  [[] Direct Heat Capacity Temperature 3999 C
Tzero | Cell ConsantTemperature | Fiange Tempersturs B19C |2
Heat Flow T
Pan Number Sample Mass  Pan Mass Pan Type Set Point Temperature 40.00°C |
. = Power Delivered wsmaw |
Reference 50910 mg  Tzero Aluminum Calibration Genersted e TR i
e Tzero Temperature Unfilt 4w00°Cc L
libration procedures have been B -
vz | Gt 7 Heat Capacity 0.00000 J7C
appended to the Running Queue. Do you Reference Junction Temperature 4664 °C
Project ——— want to switch to the Experiment View? i 4045°C o
Notes ‘ General
f : librati

e immediately, first send to

Calibration Experiments

Premelt Ref Material Melt T Lower Limit Upper Limit Pan Number Sample Mass Pan M f
rE|7|jE \\ndi::m “"i\ 16555:;'1 1;',:; - w:Z " 5;“ - raa:sn;pe Ess\sna;wassl queue tO CheCk If It IOOkS

@ Calibration [ Perform Verfication afier Calibration O K befo re Starti n g it :z

) Verification Perform Calibration if Verification fails
Verification Criteria: Temperature= 0.1 *C Enthalpy: 2 % gase Furge  291.84 mUimin
Verification Experiments Gas 1: Nitragen
Premelt Reference Material Melt Temp Lower Limit Upper Limit Pan Number Sample Mass Pan Mass [@] % T
] |[indium v)| 16598 13159 17159 52 2250 50710

\

e
1S i File Path | C\ProgramData\TA InstrumentsiTRIOS\Data
P ristory
Run Al Schsduls Al
B resuns it [es ) Genera
@ Auto Sampler

11:37 AM
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Discovery DSC Calibration

“—" | Experment | Instrument

g

Setup iew Active Start Stop ~
Online Procedure Experiment
: File Manager v Experiments | ~ % | | Control Panel %
Experiments Design Run | [ Design View (0) | [} Running Queue (5) | [ Schedule ‘ ’/—) ) Idle 40.00 °C
» Pa EEa e o 2 —
— Signals [16 of 16] Value Units
Incomplete Queue (0) ¥ Run 1 in Running Gueue Method Time 0.00 min -
= 'W—\ ~ Remaining Segment Time 0.00 min
Remaining Time: 0.00 min
ﬁ“” 1-[Pan0- Tzero] ¢ TN l~ Sample Name  Tzero Calibration Cell Purge 50,00 mLimin
Run 2 -[Pan 53 - Tzera] & Tem o
perature 40.00 °C
Run 3-[Pan 0- Bassling] PanNumber Sample Mass  Pan Mass T msc |
N Run-[Pon52- Cel ConstantTemperatuel o | p— m e me 000 mg C h f. | . th Heat Flow 2,040 vl
un 5 - [Pan 52 - Verify Cell Constant Temperaturgie#| a n g e I e n al I I e S I n e Set Point Temperature 40.00 °C
I Reference 0 =] |0.000 mg | 0.000 mg Fower Delivered 39.0512W
.
o a s msatunn running queue to more S
zero Temperature Unfi I —
Creste New Runs Pan Type None . e oG
p— o = comprehensive ones and |, | rewes e
Heater Temp. 4030 °C X
Froject calibration t h t t 1 t .
General
en start it; e.g.
Notes Low E

1. Tzero empty e ;

) File Name CiProgramData\TA Instruments\TRIOS\Dats) Tzero Calibration tr 2 . TZ ero s app h | re zlanlge;e‘m:temmre :j.ﬁ&z‘;c
3. empty cell verification i

= 4. Indium calibration [ofsa ) o

Gas 1 Nitrogen:  50.00 mLimin a

5. Indium verification Nl

Name  Tzero

mLmin
......... Ramp Rate 20 “Cimin
T Lower Temperature 000 °C
= Upper Temperature w000 °C
W Resurs Iscthermal 100 min Q eneet

B8 TA Instrument Explor...

| [ Presentationl - Micr...




Viewing Tzero Calibration Results

@ Tocalibration{1z) | @ To Calibration(13) " @ TZeroCalb...628_1942| - X

L\j T Zero Calibration

Calibration Source Information

Calibration name < T2ercCalbration DRC-00071_20120828_1342_—> N Ote t h at
Description Fram -90.35 °C to 395.80 °C at 19.954°C./min . |
calibration

Cell serial number DRC-00071 resu ItS are

Baseline run T0O Calibration[12]

Sapphire run T0 Calibration(13) a u t O m at i C a | | y
tMethod Details Parameters
Lower temp -90.38 C Slope Offset S ave d to t h e

Upper temp 295.8 = Delta T -1.336e-03  pyvirC 10635838 gy .

Hesting rate 19.95 *Cimin Delta TZere  0.0M05795: e 13.0938287 gy eq u I p m e nt
Fan type Mone

FPurge gas Mitrogen

Cooler type RCS 90 Coaler

Sapphire no pans

Analysis

Click to see graph

ﬁ TZero qal | 2% TZero Cal | C3libration Resulks




Viewing Tzero Calibration Results

@ T Caliration(12) | @ T0 Calibration(13) /" TZeroCalb...628_1942| _
TZeroCalibration_DRC-00071_20120628_
0.046 55.0 *
E ' ' Characteristics of the thermal resistances and
g | ! heat capacities:
s A0 | 500 12 - Both curves should be smooth, with no steps,
8 2 spikes or inflection points.
2 ol 15 - Thermal resistances should always have
g - e -
K o = | negative slope that gradually decreases.
EE _ iz = | - Heat capacities should always have positive
‘ ‘* 004 1 ‘ ‘ slope.
L4 P
& Fa00 ! |g
‘ ‘ | 0.038 i ‘ ‘
1: | i
N . ] L350 {7 —
g 00%- i This cell is very well balanced. It is acceptable
£ L and usual to have larger differences between
2 - a0 | sample and reference.
O 0.034 i
e ] i
& _ !
. 0.032 ';I"|"'|"'|'"|"'|"'|"'|"'|"'|"' 25.0 *x "

-i00 -50 0 50 100 150 200 250 300 350 400

Temperature T ("C)
* T e T *
] (| Ml Jioml 3

TZero Cal Calibration Results | x



Viewing Existing Tzero Calibration

Experiment Instrument

g o || S

Setup Start Stop -
Online Procedure Experiment View Help
 File Manager ~a [T calibration | - X

.‘_‘j Calibration Data

() Calibration Setup

Calibration q Calibration Datz ,R, Calibration Setup |

; \’ Calibration Data

TZero Calibration  4/24/2017 406 PM  (Applied)

Name: TZeroCalibrationDSC2A-00118_20170424_1606 tri

Description:  From -88.352 °C to 397.543 °C at 20.000°C/min

Temperature Range Slope and Offsets
Lower Temperature: -88.352 °C Slope Offset
Upper Temperature: 397.543 C DetaT ~ -0.0016 0.003
Hesting Rate: 20000  *Cimin Delts TZero 0.0121 14789

w | Instrument Parameters

'~ | Source Files

ero Calibration empty ev 4242017 tr

Data\DSClealibration\april 24 2017\ Tzero Calibration sapphire_ev 4242017 tri

Clear

Graphs of the original datafiles, no C&R

Cell Constant Calibration 4/24/2017 4:42 PM  (Applied)

Name: TempCalibrationDSC24-00118_20170424_1642.tn

Heating Rate 10 *C/min
KCell Information
Standard Indium

Applied KCell 1.052
+ ) Instrument Parameters

~ | Source Files

Clear|

Base Purge  291.87 mUimin

Gas 1: Nitrogen =
Flow Rate 50 mL/min

.

Temperature Calibration 4/24/2017 4-42 PM  (Applied)

Name: TempCalibrationDSC24-00118_20170424_1642 tri

Heating Rate 10 “Cimin
Temperature Offset

TMelt (Ref) TMelt (meas)
156.598 158403

Clear

{ Control Panel v ax
oz
(4D \dle 40.00 °C
Signals [16 of 16] Value Urits
Method Time 000min =
Remaining Segment Time 000min |
Remaining Time 000min |
Cell Purgs 43.99 mLimin |
Temperature 4000°C
Flznge Temperature 8260°C |z
Hesat Flow 2208w |
Set Point Temperature 000°C |
Power Delivered we0B0w |
Base Purge 291.87 mUimin i
Tzero Tempersture Unfil 4w00c LY
Heat Capacity 0.00000 J*C
Reference Junction Temperature 4665°C
Heater Temp 4w02c |~
General
L6 E
Temperature 40.00 *C A
Flange Tempersture 8260 °C
Cooler Selection RCS 30
Standby 4000  °C
RCS30 | On
Gas 1 Nitrogen-  49.99 mLimin A

("} General

@Autosanmler

2500 DSC2A-00118 (I... || &8 TA Instrument Explor... | ‘cal - Microsoft Powe... |

11:43 AM el




Viewing Existing Tzero Calibration

dd0OHEEERF

= B O

Results

Isothermal 10.0 min
5] Ramp 20 *Cimin to 400.00 °C
[ Isatherma! 10.0 min

Highlight both files simultaneously, right click,
calibrations, Tzero calibration, C&R are calculated,

do not apply

Tfero Cali..._4242017 | [

Tzero Call...ev_4242017

500 0.25

Tzero Calibratio
Isothermal 1
Ramp 20 °Ci
Isothermal 1 o

Select All

Open...
Close
Clese All

Open File Location

[ =

Save As... (TRIOS)
Save As... (Other)

B Saveal
Export
New overlay document
New analysis document
Results File Lists
Document templates
Display

Show Parameters

4

Send To Spreadsheet

=

1]

Send To Graph
Send To New Graph

Remove From Graph

¥ [ B

Transformations...

Send To New Spreadsheet

Remove From Spreadsheet

Copy procedure to the Running Queue

0.00

-0.25

-0.50

Delta T Uncorrected (uV)

-0.75

-1.00

3

Tzero Calibration empty_ev_4242017

sa \Erat\ons”.

4 TZero Calibration ?

.

100k 125

Exo Up

T

!
T

0 5

*
4

1 Run Isothermal 10.0min | ¥ Step Overlay

Time t (min)

o | »

(nr) pejosuooun ciez) eyeq

i Control Panel vax
£

(A Idle 39.99°C

Signals [16 of 16] Value Units
Method Time 000min <
Remaining Segment Time 0.00 min
Remaining Time 0.00 min

Cell Purge 50.00 mL/min
Temperature 39953°C

Flange Temperature -82.83°C =
Heat Flow -3.463 pw

Set Point Temperature 4000 °C

Power Delivered 397227 W

Base Purge 291.90 mL/min
Tzero Temperature Unfilt 4000 °C J
Heat Capacity 0.00000 Jr°C
Reference Junction Temperature 4665 °C

Heater Temp 40.22°C =
General

L£S5aE

Temperature 39.99 °C A

Flange Temperature  -82.83 °C

Cooler Selection RCS 30

Standby 40.00 C
RCS90 | On
Gas 1 Nitrogen:  50.00 mL/min 2
Base Purge  291.90 mLimin
mLimin
("} General
@ Auto Sampler

2500 DSC2A-00118 (1...

@ TA Instrument Explor...

al - Microsoft Powe. |




Baseline Verification

s s

2500 DSC2A-00118 (172.23.165.240) : TA Instruments Trios w4

Experiment Instrument Format Edit Analysis

No Linked Analysis -

Function Derivatives Analysis Results Options
 File Manager ~ X | : Control Panel v ax
= - % . -
od Blwo s empty cell verification_ev_2212017 3D 1die 40.00°C
Results s
1= kT empty cell verification_ev_2212017 ¥ 100 Signals [16 of 16] Value Units
Iscthermal 10.0 min 1 Method Time 000min =
[71 Rzmp 20 “Cimin to 400.00 °C 1 Remaining Segment Time 000min |
Isothermal 10.0 min 1 Remaining Time 000mn |
By Result: Check TZero Calibration MOt OK Clfioe sl ’”L"’“i"i
1 Temperature 4000°C
1 Flznge Temperature 8250°C |z
1 Hesat Flow 483
. .
L| m |tS de pe n d 50 Set Point Temperature wo0c |
1 Power Delivered waMwW |
upon DSC model ) good B Deoe
p 55 ] Tzero Temperature Unfilt aw00c L
Heat Capacity 0.00000 J*C
| Reference Junction Temperature 4665°C
= Heater Temp widc |-
= . 1P | >
= 1 General
s excellent
= j Lo E
(=]
2 ] Temperature 40.00 *C A
% 254 :
2 ] Flange Tempersture 8250 °C
‘ 1 . —— Cooler Selection RCS 30
L4 1 Baseline verification
-50 —'—|—| Carsors || Appearance | Labels Standby 4000  °C
] Left Right RCS30 | On
75 1 X -90.02 ¥ (7161 X 39841 Y Gas 1 Nitrogen- 50,01 mLimin A
] Base Purge 292 11 mUmin
| Gas 1: Nirogen B
-100 Flow Rate | 50 mLimin
— 1 Add To Library.
= Experiments J
& - il -125 R
-100 -50 0 50 100 150 200 250 300 350 400
Ij E—— Q General
Exo Up Temperature T (°C)
} Calibration fud M _— . * @ Auto Sampler
4 [ . ([ b
= ] Run Isothermal 10.0 min | B4 Step Overlay | B4 Ramp 20 <C/min to 400.00 =C | 2% Ramp 20 °C/min to 400.00 °C x

cal - Microsoft Powe...




Baseline Verification

=293 165.240) - TA Instrurments Tri

H =

Experiment Instrument Format

Curve Xand Y &

No Linked Analysis -

i A Adjust 5 ”
0 @ shift/Rotate
Function Derivatives Tools Analysis Results Options
 File Manager = X | i Control Panel >ax
d Besee empty cell verification_ev_2212017 3D 1die  40.00°C
Results ez
-k 3 empty cell verification_ev_2212017 X 100 aleliectilp) pohoplits
Iscthermal 10.0 min 4 Method Time 0.00 min =
(3 Romp 20 *Ciminto 400.00 °C 1 Remaining Segment Time 0.00min |
Isethermal 10.0 min &
: emaining Time 000min |
75 Result Excellent Cell Purge 50.01 mLimin |
4 Temperaturs 000°C |
| Flange Temperature -8249°C |5
o0 You need to remove start-up s |
i Set Point Temperature 4000°C |
‘ hook from analyzed region B T
7 Base Purge 292.13 mL/min .
1 . A Tzero Temperature Unfilt 40.00°C L
2 through edit analysis
] Reference Junction Temperature 4665°C
= Heater Temp 417c |~
b= ] |
= °1 ‘ Genesal
o 1
2 ] L6 E
o
2 ] Temperature 40.00 °C A
s 251
o ] Flange Tempersture 5249 °C
T
1 Cooler Selection RCS 90
-50 Standby 4000 °C
: RCS%0 | On
75 1 Gas 1 Nitrogen:  50.01 mL/min a
] Base Purge  292.13 mUimin
i Gas 1: Nitrogen vl
-100 FlowRale | 50 mLimin
Experiments ]
QP - * -125 ——
-100 -50 0 50 100 150 200 250 300 350 400
ﬁ Results Cj & 1
Exo Up Temperature T (*C)
y calibration d M - S * @ Auto Sampler
4 [l . (I »
2| run | 1sothermal 10.0 min | B% Step Overlay | B Ramp 20 “Cjmin to 400.00 °C | B Ramp 20 °C/min to 400.00 °C x
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Tzero Calibration & Baseline Verification

=Always verify first the baseline before deciding to

recalibrate Tzero !

Test

| Verify Heat Flow -

MName  Baseline

7 Template A Segments

Ramp Rate 20 *C/min
Lower Temperature -50.00 C
Upper Temperature 400.00 C

Isothermal 10.0 min

» Even if the verification is not OK, compare with sample
transitions to check if flattest baseline is really required

(plot overlay in mW)

;!



When to recalibrate ?

0.6

0.4

0.2+

Heat Flow

sample A
empty cell

0.0

50 100 150 | | 200
Exo Up Temperature (°C) Universal V4.1D TA Instruments

;!



When to recalibrate ?

sample B
empty cell

-5.7 1

-5.8

-5.9+

Heat Flo

-6.0 1

-6.1

-6.2 T T T T T T T T T T T T T T T T T T T T
40 50 60 70 80 90 100

Exo Up Temperature (°C) Universal V4.1D TA Instruments
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Baseline OK ? If not which action ?

0.5

0.4

0.3

0.2 1 K;— /

0.1

0.0

0.1 OK

-0.2

Heat Flow (mW)

-0.3

-0.4

954+
-100 0 100 200 300 400

Exo Up Temperature (°C) Universal V4.7A TA Instruments
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Heat Flow (mW)

11
-12—-
13-
_14_-

15+

Recalibrate Tzero

Temperature (°C)

Baseline OK ? If not which action ?

Universal V4.7A TA Instruments
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Baseline OK ? If not which action ?

Heat Flow (mW)

Check lid alignment

400

Temperature (°C) Universal V4.7A TA Instruments
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Baseline OK ? If not which action ?

0.

0.1

2

=z
E
é 0.0
Lid moves ?
011 Dirty cell ?
-0_2_100- - 9o 10 200 300 400

Temperature (°C)

Universal V4.7A TA Instruments
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Baseline Calibration — DSC 25

Experiment Instrument

Setup Stop ~ Log
Online Procedure Experiment View
: File Manager -1 [T calibration | ~ X | : Control Panel v ax
Calibration /°\ Calibration Data || [} Calibration Setup | P .
: [& B . @D 'die 39.99°C
(} Calibration Data
s W Vs Signals [15 of 15] Value Units
| R = \’ Calibration Experiment Setup Method Time 000min |
Remaining Segment Time 0.00 min
[[] Cell Conditioning T1 Baseline [[] Temperature [C] Reversing Heat Capacity Remaining Time 0.00 min
Cell Purge 50.01 mL/min
[C] Baseline Conditicning [C] Cell Constant/Temperature Temperature 3999 °C
e ostine ] ) Flange Temperature e |
Heat Flow 168633 plw/
Sample Name ~ T1baseline Operator &V Project Set Point Temperature 4000 *C
Power Delivered 39.4094 W
Base Purge 292 72 mU/min
Netes Tzero Temperature Unfilt 000°C
Reference Junction Temperature 4663 °C
Ramp Rate 20 Clmin Heater Temp wirc
Lower Temperature 2000 e Power Request on Power Suppl 5184w T
Upper Temperature 200.00 S
6@l B
Isothermal 10.0 min &5 @
Temperatwe 3999 °C a
[¥] Perform Verification Run After Calibration

Flange Temperature  -79.38 °C

File Path | C:\ProgramData\TA Instruments{TRIOS\Data =
Cooler Selection  RCS 30

Run Al Queue Al Schedule Al Standby w0 | C
RCS30 | On

Gas 1 Nitrogen:  50.01 mLimin A

Base Purge 292 72 mUimin

Calibration: 1 run of empty cell (no cups B
--------- Verification: 1 run of empty cell (no cups

("} General

@Autosanmler

.

#5500 DSC2A-00118 (1... | | {8 TA Instrument Explor... | [ cal - Microsoft Powe... & HL ® ssem ||




Baseline Calibration — DSC 25

e

Stop ~
Experiment

@ indum calbration(2) | TempCalibra..70428_1442/ (@ indium verification(1) | [ T1baseline calibration / ( T1Calibrat...428_1556 | @ T1baselne verification

Experiment Instrument
Setup View Active
Online Procedure
 File Manager -
¢ Jd Z = 5
Results
-k indium calibration(2)

Isethermal 1.0 min
Ramp 5 “C/min to 180.00 °C
- k- TempCalibration_DSC24-00118_20170428_1442
indium calibration(2)
=] indium verification(1)
Isethermal 1.0 min
Ramp 5 “C/min to 180.00 °C
T1 baseline calibration
Isathermal 10.0 min
Ramp 20 *Cimin to 200.00 °C
Isothermal 10.0 min
= kel 7] T1Calibration_DSC2A-D0118_20170428_1556
T1 baseline calibration
-k @ T1 baseline verification
Isothermal 10.0 min
Ramp 20 *Cimin to 200.00 °C
Isathermal 10.0 min

-k

.

(_:) T1 Calibration

Name:
Description:

Temperature Range

Slope and Offsets

Note that
calibration result
IS automatically
saved to the
equipment

Lower Temperature: €9.854 °C Delta T Slope -0.003 wvrc
Upper Temperature:  143.871 °C Delta T Offset 0589 uV
Heating Rate: 20.000 “C/min Initial Temperature 63854 °C

~ | Insirument Parameters

GUID  edcbBod3-c230-40e0-8732-bch44044c2f8

If you want to make
changes to the analysis
change temp region

To see the analyzed graph

T1 baseline calibration | §¥ T1 baseline calibration | Yalibration Results

~ % |  Control Panel vax
f o .
&22> Running 198.92°C

Isothermal 10.0 min
00:08:26

Signals [15 of 15] Value Units
Method Time 2Mmn -
Remaining Segment Time 8.4 min
Remaining Time 8.44 min
Cell Purge 50.01 mLimin |=
Temperature 198.92°C
Flange Temperature 56.08 °C
Heat Flow 155.982uw | —
Set Point Temperature 200.00 °C
Power Delivered 84.9166 W

Base Purge

29269 mUimin ~

Running Method List

Q3%

Edit

M. Deseniption

2 Isothermal

& 1 Equilibrate 20.00 °C

nin

@ 4 Isothermal 10.0 min

3 | Ramp 20 *C/min 10 200.00 °C

[#"50 1';"“ A-00118 (1...

B TAnstrument Explor... | | [ cal- Microsoft Powe... |

419 PM el




Baseline Calibration — DSC 25

Y = 72 23,165 240) - TAlnstruments Tri — . -
@)
~— Experiment Instrument Format Edit Analysis
= ¥ ¥ Denvative - " Smooth - I
Step transition Sﬂ r:% ?J Delete = ) ) B No Linked Analysis =
i it = ¥ 2nd Deriv. ~ Adiust e ‘@Smomh / Adjust | | Transform
e e & ool || . © Shit/Rotate W Force Ta Fit
Function Commands Derivatives Tools Analysis Results Options
: File Manager -3 @ indum calbration(2) | TempCalibra..70428_1442 (@ indium verification(1) | [ T1baseline calibration ” ( T1Calibrat...428_1556 | ( T1baselne verification ~ X | : Control Panel v ax
B = 52 = . .
dU0EREA = T Calibration_DSC2A-00118_20170428_1556 €3D 1dle 40.03°C
s Z
Results
5 b indium calibration(2) % 0.1 Signals [15 of 15] Value Units
Isathermal 1.0 min 4 Method Time 000min =
Ramp 5 “C/min to 180.00 °C 4 Remaining Segment Time 0.00 min
- TempCalibration_DSC24-00118_20170428_1442 e ;
4 . Remaining Time 0.00 min
indium calibration(2) —
o e - Calculates the required slope and offse
Isathermal 1.0 min 1 Tempersture 4003 °C
Ramp 5 “C/min to 180.00 °C 4 " Flznge Temperature -4529 °C 1
b Rlioeitepr e ] to flatten the baseline and zero the heat mospun |
Isathermal 10.0 min 0.3 4 - :
Ramp 20 *Cimin to 200,00 °C . Set Point Temperature 40.00°C
Isathermal 10.0 min 1 H Power Delivered 238451W
= b (7 T1Calibration_DSC24-00118_20170428_1556 1 OW S I g n a Base Purge 292 67 mLimin
£ T baseline calibration 1 Tzero Temperature Unfilt 003°C
-kl T1 baseline verification 0.4 4 = .
\sathermal 10.0 min 1 Reference Junction Temperature 4663 °C
Rare 20 Cirin 0 20000 C S - POEeS NOot errecCt curvature Hestr Temp so7C
Isethermal 10.0 min = Power Request on Power Suppl 371961 W E
=
2 |-054 General
[5]
|5 J
£ 1 L6 H
(5]
5 a6 1 a: y-intercept: -0 404920 Temperature 40.03°C A
=7 b: slope: -2.64370e-3 Flange Temperature  -45.28 °C
o 1 R2 0.999391
2 Cooler Selection RCS 90
0.7 4 Standby 4000 °C
’ RCSS0 | On
1 Gas 1 Nitrogen:  50.01 mLimin A
0.8 4
1 Base Purge 292 67 mUmin
1 Gas 1: Nitrogen -
-0.9 4 Flow Rate | 50 mLimin
QP History * -1.0 T . T T T . T T . T T T T T — T T T T T T T T T T T T T T T
0 25 50 75 100 125 150 175 200
P results ('} Generat
Sample Sensor Temperature Uncorrected (°C)
ﬁ Calibration * - - e * @ Auto Sampler
< (| [ m 3
H T1baseline calibration | ¥ T1baseline calibration | Calibration Results | B T1 baseline calibration x

B TAlnstrument Explor... || [ cal- Microsoft Powe... | Z B xmem ||




Baseline Verification — DSC 25

Pt

Experiment Instrument Format Edt Analysis

Curve Xand Y - ?ﬂ % :\g/l; 2} Delete ' Derivative ~ 2 Smooth o =
| ¥ 2nd Deriv. ~ E 'E Smoath / Adjust | | |

Adust | g

No Linked Analysis -

Analyze Repeat Last Edit .
Fralysis Analysis feibie) © shit/Rotate
Function Commands Derivatives Tools Analysis Results Options
! File Manager -q [ indium caibration(z) | [ TempCalibra. 70428_1442] " [ indium verification(1) | @ T1baseiine calibration | [ Ticalibratio. 70425_1556" [J{ T1 baseline verification ~ X | : Control Panel -ax
B = | . -
0o BEE B8 == T1 baseline verification 3D 1dle 40.04°C
Results — i
S B - indium calibration(2) % 400 Signals 15 of 15] Value Units
Isothermal 1.0 min g Method Time 000min |«
Ramp 5 “Cimin to 180.00 °C J Remaining Segment Time 0.00min
& k-~ TempCalibration_DSC2A-00118_20170428_1442| . Remaining Time 0.00 min
indium calibration(2) q Y h‘t t t ‘th ‘t t
Ul % o ou mi want 1o remove tne siar ol Puge 3001 mimin
300 2=
Isothermal 1.0 min Temperature 40.04°C

L ] up hook from the analysis, cfr S

Isothermal 10.0 min i Heat Flow

Ramp 20 ‘Clmin 1o 200,00 °C . e . Set Point Tempersturs 000°C
200 baseline verification Tzero DSC o b
2 k-~ T1Calibration_DSC24-00118_20170428_1556 1 T 282 60 mUmin
T1 baseline calibration 4
Tasro T ture Unilt 00
= B T1 baseline verification | zer0 Jempersture - .
\sothermal 10.0 min Referance Junction Tempersturs 4663°C
=1 Ramp 20 *Clmin to 200.00 °C 100 Heater Temp 923°C
Isathermal 10.0 min g 4 Power Request on Power Suppl 402509 i
2 ] General
o 1
5 0 | L0 | E
2 1 Temperature 4004 °C 2
§ ] Flange Temperature  -51.05 °C

-100 4 Cooler Selecon ~ RCS 90

] Standby 000 | °C
] Result: Excellent RCS® | on

-200 + Gas 1 Nitrogen-  50.01 mLimin A

Base Purge 292 60 mUmin

i Gas 1: Nitrogen -

-300 4
| FlowRate | 50 mUmin
4 | mn »
————————cu ]
| Experiments ]
TP wstory Tx -400 -_—_——
Q 25 50 75 100 125 150 175 200
ﬁ Results Cj General
ExoUp Temperature T (°C)
} Calibration * o - ) * @ Auto Sampler
« [om][ [om i b
= ] Run Isothermal 10.0 min | B Step Overld Axis X1 bp 20 =C/min to 200.00 °C x

2500 DSC2A-00118 (1... @ TAInstrument Explor... | j3 cal - Microsoft Powe...




DSC Calibrations: Cell Constant & Temperature

= Cell constant is the calorimetric calibration which corrects for non-
adiabatic heat transfer (heat lost to the surroundings)

= |t is performed using a well-known melting standard such as indium
AHg (literature)

AH; (measured)

Cell Constant =

Cell constant is used as multiplication factor for heat flow; typically
cell constant is close to 1.

= Temperature Calibration points are determined by comparing the
measured melting onset temperature to the literature value

= TA Instruments software allows for up to 5 temperature calibration
points

= Generally, these should bracket the temperature range of interest for
subsequent samples

TR



Heat Flow Calibration (Cell Constant)

=Heat Flow Calibration of Differential Scanning
Calorimeters — ASTM E-968

*Enthalpy Calibration

=One Run -> Indium metal
= Sample Weight 1-5 mg
» Flatten and pre-melt sample the first time you run it
= Re-use sample max 10 times

= Heating rate of 10°C/min recommended (heat flow
calibration does not depend upon heating rate, but
slow rates give more noise)

= Dependent upon purge gas/flow rate and pan type

TR



Temperature Calibration

Extrapolated Onset is used as melting temperature

b N : 40

1
—_
|

- 30

- 20

Heat Flow (W/g)
V)
|

w
|

HEATING RATE
- 10

A
I
Deriv. Temperature (2C/min)

157.09°C

PEAK
I I I I I I I O

150 152 154 156 158 160 162 164
Temperature (° C)

O

TR



Influence of Sample Mass

0
c: Indium at Onset not
£ .2 < 10°C/minute influenced
Normalized Data
B by mass
= 10mg
b~
T
O 4.0mg
n -4
=
1.7mg
1.0mg
0.6mg
-6 | | | | | | |

150 152 154 156 158 160 162 164 166

Temperature (°C)

TR



Temperature Calibration

* ASTM E967 method
— Pure metals typically used

— Calibration depends upon purge gas/flow rate and pan type

— Calibration changes a little with heating rate

— Temperature calibration (1 point) is automatically included

when calibrating cell constant

— Instead of 1 single temperature multiple calibration points

(up to a maximum of five) can be used (specify temperature

calib then)

— Choose the calibration standards so that their transition

temperatures span the interesting measuring region
— Use tin, lead, gallium and zinc one time only

TR



Temperature Calibration

* |f you want to calibrate temperature with more than 1
standard choose temperature calibration and include all
standards (also indium, despite the fact that indium has
already been run for enthalpy calibration)

* If you want to run calibration with indium at a lower rate than
10%°C/min, by preference first perform cell constant calib at
10%°C/min, and subsequently temp calib only at the lower
heating rate

TR



Temperature and Enthalpy Standards

= Benzoic acid (147.3J/g) Tm=123° C

= Urea (241.8J/g) Tm=133° C
Enthalpy = Indium (28.71 J/g) Tm = 156.6° C
(cell constant) Anthracene (161.9 J/g) Tm=216° C

Adamantane -65.54°C 20.57 J/g

= Cyclopentane* -150.77° C
= Cyclopentane* -135.09° C
= Cyclopentane* -93.43° C
= Cyclohexane# -83° C * GEFTA recommended

= Water#t 0° C Thermochim. Acta, 219 (1993) 333.
= Gallium# 29.76° C

= Phenyl Ether# 30° C
= p-NitrotolueneE 51.45° C | E Zone refined organic compound
= NaphthaleneE 80.25° C (sublimes)

= Indium# 156.60° C
= Tin# 231.95° C

- Lead* 327.46° C
« Zinc# 419.53° C see TN-11

Temperature

# ITS 90 Fixed Point

TR



Traceable Calibration Materials

* Certified materials used to establish traceability of instrument
calibration

* NIST: US, Gaithersburg, MD 20899
— http://www.ts.nist.gov/srm

 Laboratory of the Government Chemist, UK
— http://www.lgc.co.uk/

* |SO certification often requires third party calibration of
iInstruments:
— Service provided by TA Instruments service representative
using certified materials
— Certificate of Calibration issued showing traceability of
calibration to a national laboratory



Verifying Heat Flow & Temperature

*Run Indium as a sample

=Analyze melt and record melt onset and
heat of fusion

*Compare to known values
*Melting of In 156.598°C
*Heat of Fusion 28.71J/g

= Always verity first before you decide to
recalibrate

TR



Calibration & Verification of Hea

Temperature, All DSC’s

t Flow &

Experiment Instrument
L. R =
- é ) .; | I
Setup Stop + Log Controls \\/
Online Procedure Experiment View Help
 File Manager -1 [T calibration | ~ X | : Control Panel v ax
Calibration Calibraion Data | (7 Callraton Setup | €N
sibrsion Daa | () » @D \die 39.99°C
(£} Calibration Data -
s Signsls [16 of 16] Value Units
| R Calibration Experiment Setup Method Time 000min =
Remaining Segment Time 0.00 min
[[] Cell Conditioning ] Tzero [[] Temperature [C] Reversing Heat Capacity Remaining Time 0.00 min
Cell Purge 50.00 mL/min
[C] Baseline Conditicning Cell Constant/Temperature Y [[] Direct Heat Capacity Temperature 3999°C
Cell Constant Temperature W Flange Temperature 8205°C E
Heat Flow -5.103 pw
Pan Number Sample Mass  Pan Mass Pan Type Set Point Temperature 40.00°C
Power Delivered 405120 W
Reference 0000 mg 50320 mg Tzero Aluminum R T
Edit Tray Configuration Tzero Temperature Unfilt 40.00°C [
Dpesalin - Heat Capacity 0.00000 J"C
Reference Junction Temperature 4665 °C
Project calibration Heater Temp 4017°C E
Notes General
L6 H
Insert lscthermal 1.0 min U= S EshihE s
“Clmin Flange Temperature -82.05 °C
Calibration Experiments Cooler Selection RCS 30
Premelt Reference Material It Temp Lower Limit Upper Limit Pan Number Sample Mass Pan Mass [E] 00 c
7] |[Indium 156598 [13159  |i7159 |1 4120 51600
RCS30 | On
@ Calibration Perform Verification after Calibration
— = =
" Verfication | | Perform Calibration i Verfcation fals e A

< Verification Criteria: Temperature = 0.1 °C

a120 |51.600

Premelt Reference Material el Temp Lower Limit Upper Limit Pan Number Sample Mass Pan Mass
1 [indium of 1659 s s |1
—

Base Purge 292 25 mUimin

Gas 1: Nitrogen =

50 mLimin

File Path

C:\ProgramDataiTA InstrumentsTRIOS\Data

Run All

‘@7 2500 DSC2A-00118 (1...

@ TAlnstrument Explor... |

12:00 PM el




Calibration of Heat Flow & Temperature,
All DSC’s

Experiment | Instrument

Setup iew Active Start Stop ~
Online Procedure Experiment Help
[ indium calibration(2) * [ TempCalib...428 1442} @ indium verification(1) ~ % | i Control Panel v 1x
EEE| E = - €3 =
Temperature | Cell Constant Calibration \ )_,.) Idle 40.00°C
Results LJ s
=Bl indium calibration2) Signals [16 of 16] Value Units
Isothermal 1.0 min Heating Riste § “Cimin Method Time 000min  “
Ramp 5 ‘Cimino 18000°C — N O ‘t e ‘t h a‘t Remaining Segment Time 00mn |
ER E [ Ten‘.:ﬁ::;:ﬁ;;?esnc(gwoﬂs,zm 70422_1442|| Calibration Data Remaining Time 000mn |
Calibration Values A e
=] indium verification(1) - - . . Cell Purge 50.00 mL/min
Iscthermal 1.0 min i L] Temperalure w000C
Ramp 5 “Clin o 180,00 C Standard TMelt (Ref) TMel: (meas) Offset | | Standard Enthalpy (Refl [Wg] Enthalpy {meas) Wa] K Cel e v |
ndiom | 156598 | 158393 [-1795 | | Incium | 2871 28.390 [ 1011273 5
Heat Flow 3.088 W

\

L] L] ‘

Set Point Temperature w00C |

e & IS au OI I Ia ICa y Power Delivered wBOW |
‘

Standard TMelt (Ref)y TMelt (meas) Apply Offset Sample Mass (mg) Enthalpy (Ref) [J/g] Enthalpy (meas) [J/g] Apply K Cell View Base Purge 292 61 mU'min
Indium 156 598 158393 | 2640 287 28330 | Go to ) Tzero Temperature Unfilt 4000 °C —
o saved to the e
+ | Instrument Parameters
Reference Junction Temperature 4683 °C
[ Heater Temp 40.27 °C E
eq ul pl nent =
sl 0=
Temperature 40.00 °C 2

Flange Temperature -78.52 °C
Cooler Selection RCS 90
Standby 40.00 S E

To see the = :

Base Purge 29261 mLimin

analyzed result —

P Resuits Q General

J calibration @ 2uto sampler

Calibration Results x

«

B TA Instrument Explor... ‘ fi cal - Microsoft Powe... | I = 7 307 PM




Calibration of Heat Flow & Temperature,

All DSC’s

e 223 165
L@
- Experiment Instrument Format Edt Analysis
Glass transition v Sﬂ F% ?J Delete ' BiEns ? s No Linked Analysis
; i e Bt | W 2nd Deriv. ~ e, | [ Smooth / Adjust | | i
= L bl G Dok Al | e * | @ shit/Rotate
Function Commands Derivatives Tools Analysis Results Options
! File Manager -q [J indium calibration(2) . [§ TempCalb...428_1442|" [§ indium verification(1) ~ X | : Control Panel -ax
p B B N .
o E B TempCalibration_DSC2A-00118_20170428_1442 @D 1dle 40.00°C
e :
Results
S B - indium calibration(2) % 0.5 Signals [16 of 16] Value Units
Isothermal 1.0 1 - Method Ti 000 -
e Sl o Enthalpy (normalized): 28.385 Jig — mo—
Ramp 5 “Cimin to 180.00°C 1 Onset x 158.30 °C Remaining Segment Time: 000min |
=- 7] TempCalibration_DSC2A-00118_20170428_1442) ] nsetx. -
: Sl Remaining Time 0.00 min
dium calibration(2) 0.0 — T
=] indium verification(1) ] Ll o
Isothermal 1.0 min ] Temperature 4000°C
Ramp 5 *Cimin to 180.00 °C | Flange Temparaturs -7854°C |2
-0.5 - Heat Flow 3381w |
H Set Point Temperature 4000°C |
o 1 Power Delivered wosAW |
z 40 ] Base Purge 292 60 mLimin i
= =1 Tzero Temperature Unfilt q00°c LY
@ ] Heat Capacity 0.00000 J°C
® b Reference Junction Temperature 4663°C
£ -1.5- Heater Temp 40%°c |~
o 4
£ i General
B ]
T 20 L6 | E
% ] Temperature 40.00 °C 2
B J
< d Flange Temperature  -78.54 °C
)
o 254
- 1 Cooler Selection RCS 90
'_ 4
z ] Standby 4000 °C
L 304
L 30 RCS30 | On
g 4
I H Gas 1 Nitrogen:  50.00 mL/min e
-3.5 Base Purge 292 53 mUmin
J Gas 1: Nitrogen -
] i
= . 40 Flow Rate | 50 mLimin
il Peak temperature 158 53 °C
9P mistory * 45 - r - r - r T r - r - r r - T . T . T T T T T T T :
100 110 120 130 140 150 160 170
[P Results () ceneral
Sample Pan Temperature Uncalibrated (°C)
} Calibration * M e * @ Auto Sampler
< [ [t (I »
= || calibration Results | 29 indium calibration(2) x

- Microsoft Powe...
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Verification of Heat Flow & Temperature,

All DSC’s

Experiment Instrument Format Edit Analysis

Curve Xand Y v

] | No Linked Analysis -

Adjust lgnore Breaks
In Data

Function Commands Derivatives Tools Analysis Results Options

 File Manager -3 " empty cell v_ev_2212017 [ Indium calib..ev_4242017 [ indium calibration(1) | TempCalibra70428_1226/ [ indium verification | [ indium calibration(2) | [ TempCalibra. 70426_1442 [ indium verification(1) ~ X | : Control Panel v ax
a g o) = =] R . . -
el indium verification(1) 3 1die  40.00 °C
Results _
-k empty cell verification_ev_2212017 L% 0.5 Siorale 160116} lakieqlini
Iscthermal 10.0 min g Method Time 000min  *
Ramp 20 “Cimin to 400.00 °C 9 Remaining Segment Time 0.00 min \
jsaheaaliiUOming . ] Remaining Time 000mn |
5] Indium calibration_ev_4242017 0.0 |
Bl R0 | 7 Cell Purge 5001 mUmin
Ramp 10 “Cimin to 180.00 °C , Temperature 4000°C
= bl indium calibration(1) i Flange Temperature -7855°C ‘:
Iscthermsal 1.0 min ac | f : 5
Ramp 5 "Clmin to 180.00 °C 0.5 § oot How 2424 |
-k TempCalibration_DSC24-00118_20170428_1226, ] eontompertirs wwc |
indium calibration(1) | Power Delivered BI5W |
B indium verification ’ | Base Purge 292 65 mLimin |
Isothermal 1.0 min -1.0 4 3 ‘
; I Information (10833) 4/26/2017 3:01:49 PM Taero Temperature Linfilt 4000cC L
Ramp 5 ‘Clmin to 180.00 °C = « =
-k indium calibration(2) — B 1 fealCaaaly LIRS
Iscthermal 1.0 min = H Reference Junction Temperature 4663°C
Hamp;3;Cimin jo 1EP'DD - — 154 DSC Validation PASSED: Standard: Indium, Temperature Offset Heater Temp 4032°C =
-kl TempCalibration DSC24-00118_20170428 1442 4= ] Measured: 0.0029, Enthalpy difference: 0.9394 %. Validation Criteria:
indium calibration(2) 8 i Temp Offset 0.1, Enthalpy 2% General
= indium verification(1) & , ] 2 E )
[ Iscthermal 1.0 min E 204 L6 E
[ Ramp 5 “Cimin to 180.00 °C <] ,
b4 Temperature 40.00 °C 2
3 g Flange Temperature 78 55 °C
L 25
= . Cooler Selection RCS 30
@
= | Standby 200
30 1 RC5%0 | On
i Gas 1 Nitrogen- 50,01 mLimin A
350 Base Purge 292 65 mUmin
4 Gas 1: Nitrogen =
404 50 mLimin
a (] ¥ |
3 - il 45 . . . . . . . T . . . . . . . . . . - - . - . : - - .
110 120 130 140 150 160 170 180
|j Results C‘J General
Exo Up Temperature T (°C)
f Calibration sk o 3 @ Auto Sampler
[




Verification of Heat Flow & Temperature,

All DSC’s

g G ———— —_— - —
72 N - 2 5 ) n
L@
- Experiment Instrument Format Edt Analysis
~—
% e 1T | /
Setup Stop + log  Controls \\-/
Online Procedure Experiment View Help
! File Manager -q [ indium caibration(z) [ TempCalibra. 70426_1442)" [ indium verification(1) ~ X | : Control Panel -ax
o B B | & B indium verification(1 €D °
— (1) (D Idle 40.00°C
= Bl - indum calibration() - 05 Signals [16 of 16] Value Units
Iscthermal 1.0 min ] Method Time 000min |+
Ramp 5 “Cimin to 180,00 °C 1 Remaining Segment Time 000min |
- b TempCalibration_DSC2A-00118_20170428_1442) 0.0 = = oo |
indium calibration(2) ] emaining Time min
! indium verification(1) 05 ] F h f . ie" e jg gg "(‘:L'm‘"
05 ] i K
Dleteritonn | For the verification run you
5 Ramp 5 *Cimin to 180.00 °C ] Flange Temperature -7879°C |;
B 104 t th I h Heat Flaw 3990w |
= ] cannot see tne analysis, nave T wwc |
= i Power Delivered wesw |
§ 151 to analyze yourself o eson|
- b Tzero Temperature Unfilt 4000'c |
E 204 Heat Capacity 0.00000 J/*C
2 1 Refersncs Junction Tempersture 4663°C
g 251 Heater Temp anzc |v
i 1 General
o] You can also see the .
o -3.0 4 O E
£ ] . . .
{ validation info from the log, e F
,35 o
p H H H Flange Temperature 7879 °C
1 click on information and
40 ] Cooler Selection ~ RCS 30
| search for validation e W
=, -
45 et — e
110 120 130 140 150 160 170 180
Gas 1 Nitrogen:  50.00 mL/min A
Exo Up Temperature T (°C) z
# * Base Purge 292 58 mUmin
] = (| ] b
Run Ramp 5 “C/min to 130.00 °C | ¥ Step Overlay \/ Gas 1: Nitrogen T
WY | [FlowRate| 50 mimin
4 | " » o
T — Search: validation Day: Today - Instrument <ALL> -
e £y 537 Information | |  Code Log Timew Descii Machins ID User ID
Dl [ 1083 7802017 301:48583 . DSC Validation PASSED: Standard: Indium, Temperature Offset Measured: 0.0025, Enthalpy ciff . 2500 DSC24-001_ NTSERVIiabbe _—>
= E3 /0833 144282017 124535470 DSC Vahdation FAT T Tha TemperaTe = —Enthalpy Dife SC2A-001_ NTSERV1ilabbe
B 3 3 Error C‘ General
Results
Clear List
} Calibration @ Auto Sampler
T| AddMote Load Save ViewHTML Help

3:08 PM P
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Heat Flow & Temperature Calibration:

Temperature Calibration with Points

= Experiment Instrument

Stop Log Cortrols \\/

Setup
Online Procedure Experiment View Help
! File Manager -q [ calibration | ~ X | : Control Panel -ax
Calibration 7\ Calibration Data Calibration Setup ‘ &Y o
£ () Idle 40.00°C
£y Calibration Data -
E ¢ Tl Signals [16 of 16] Walue Units
() Calibration Setup Calibration Experiment Setup Method Time 000min |~
Remaining Segment Time: 0.0 min
[C] Cell Conditioning [[] Tzero 7| Temperature [] Reversing Heat Capacity Remaining Time 0.00 min
Cell Purge 49 99 mUimin
[C] Baseline Conditioning Cell Constant/Temperature Direct Heat Capacity Temperature 4000°C
( Cell ConstantTemperature (Fempemture ]) /< Flange Temperature -8221°C E
Heat Flow -4 446 v/
PanNumber Sample Mass  Pan Mass Pan Type \\ Set Point Temperature 4000 'C
Power Delivered 378433 W
Reference 0000 mg 50910 mg  Tzero Aluminum T T
Edit Tray Configuration | | V t r n i n d i n tWi Tzero Temperature Unfit s00°cC |
Operator ' a ‘ ’ O u u C ‘ ’ 3 Heat Capacity 0.00000 JFC
Reference Junction Temperature 4665°C
Project calibration f t h | | t t Heater Temp 4017°C =
once 10r tne cell constan ==
L0 | E

m

and once for the multi ——— :

Ramp 10 *Clmin Flange Temperature  -82.21°C

clorm oo temperature cal !

Temp Lower Limit Upper Limit Pan Number Sample Mass Pan Mass ey ] ww
n
|[Tin B BRI [p720 |51 110 !
|[Ingium B BN 2870 50710 RCS90 | On
I Add Expeniment [ Remove Experiment l Gas 1 Nitrogen: 49 99 mL/min A

([ ® Calibration [7] Perform Verification after Ca\ihralD 2 po i nt te m p Cal tab | e Wi | | Base Purge 292 28 mUimin

) Verification Perform Calibration if Verification fails Gas 1: Nitrogen Rl

; 5 " . .
e be created: indium + tin ==
......... Verification Experiments "
Experiments Pren - Temp Lower Limit Upper Limit Pan Number Sample Mass Pan Mase
= Tin < || 23193 |151 o3 |2m a3 \2 |3.72D |5mo
@) History
Indium ~ | 156508 Jiosse  [mess |1 [as70 [sa710
g Resul | Cj General
[ Add Expenment [ Remove Expeniment ]
} Calibration @) ~uto sampler

File Path | C\ProgramDats!\TA Instruments\TRIOS!

o — -

%

© %3500 DSC2A-00118 (1... | ['f@ TA Instrument Explor... || cal - Microsoft Powe... | | 5 - 11:57 AM




Reloading Older Cell Constant/Temperature

Calibration

Controls \\—/

View Help

Experiment Instrumert
Setup iew Active Stop ~
Online Procedurs Experiment
: File Manager
Calibration

£} Calbration Data
£y Calibration Setup

Calibration |

e
[|_(°} Calibration Dtz a Calibration Setup |

TZero Calibration  4/24/2017 4:06 PM  (Applied)

Mame: TZeroCalibrationDSC24-00118_20170424_1606.tn

Description:  From -88.352 *C to 397 543 *C at 20 000°C/min

Slope and Offsets

Slope  Offset
-00016 0003

Temperature Range
Lower Temperature: -88.352 °C
Upper Temperature: 397543 °C Delta T

Heating Rate: 20000 “Cimin Delta TZero 00121 14783

| Instrument Parameters

~ | Source Files

((cell Constant Calibration

8/2017 4:36 PM  (Applied)

Name: TempCalibrationDSC24-00118_20170428_1636 tni

Heating Rate 5 *Cimin
KCell Information
Standard  Indium

Applied KCell 1.011
~ | Instrument Parameters

~ | Source Files

Most to the left = latest
calibration
Click on other bullets to

reload older calibrations (e.g. ==

with different pan type

+ % | } Control Panel

v ax
D Idle 40.00°C
[160f 16] Value Units
Time 000min  +
ng Segment Time 0.00 min
ng Time 0.00 min
e 50.02 mL/min
iture 4000 °C
emperature -25.14°C =
[ 20293 pw
t Temperature 4000 °C
21.2085 W

292.80 mL/min
:mperature Unfilt 4000 °C -
aacity 0.00000 Jr°C
2e Junction Temperature 4663 °C
emp 4060 °C ik

‘General
L S5aE

Temperature 40.00 °C
Flange Temperature -25.14 °C

Cooler Selection RCS 90

Standby w0 | C
RCS%0 | of

g

< Temperature Calibration >42M[l17 4:36 PM  (Applied)
Name: TempCalibrationDSC2A-00118_20170428_1636.tri

e

Heating Rate 5 “Cimin
Temperature Offset
TMelt (Ref) TMelt (meas)

156.598 158.393

+ | Instrument Parameters

~ | Source Files

Clear

Gas 1 Nitrogen:  50.02 mL/min

Base Purge  292.80 mLimin

50 mLimin

@@ TAlInstrument Explor... | J2 cal - Microsoft Powe...

4:36 PM P




Discovery DSC 2"d Generation:

Multiple Calibration Sets

Experiment Instrument

=

Setup & Stop ~
COnline Procedure Experiment
le Manager vl B(periments} X iComroI Panel X
Experiments | Queusd Run | [ Desian View (0) | [T Running Queue (1) | [ Schedule €D 1dle 39.99°C
- P < =
hea &8 ¢ 9 z
Signals [15 of 15] Value Units
Incomplete Queue (1) v Remaining Time 00mn -
i m " Cell Purge 50.00 mL/'min
Temperature 3393°C =5
= s Test Custom
P FREARE R | [Coson -] (= Flange Temperatun 79.35°C
Name Heat Flow 79.350 pw
Set Point Temperat 4000 °C
[\,‘T] Power Delivered 386373
Seamens : Base Purge 297.13 mUmin |
Design View (0) A YR e— Tzero Temperature 4000°C
Create New Runs Reference Junction 46.61°C
Load Seguence File Heater Temp 40.35°C
Power Request on | 555931 W
Delta Tzerc Unfilt 0.01°C [
B General
&6 5
Temperature 39.99°C A
Flange Temperature -79.35°C
Cooler Selection RCS %0
) Advanced
Load Windaow RCS S0 On
Use Standby Temperature
= Gas 1 Nitrogen: 50.00 mLimin A
Base Purge 29712 mLJi
End of Test e
] Discard pan in waste bin at end of test
Use Standby Temperature Flow Rate | 5000 mbimin
" .
~
e calibration selected on the
] - Selected Calibrations
Use default calibrations [} ] ] -
calibration data page IS used 2
} Calibration B Auto sampler
- =

'8 Skype for Business &2 TAInstrument Explor... 2500 DSC2A- .. | & 0550-0039 (172.2316... # 5500-0056 (172.23 16... j3 DSC5 T1 cal - Micro... 5 | = ) 12:04 PM




Discovery DSC: Multiple Calibration Sets

Experiment Instrument

2

Setup Stop -
Online Procedure Experiment
 File Manager -3 [T calibration | ~ X | : Control Panel v ax
Calibration £\ Calibration Data | (%} Calibration Setup £x o
y -
: 2 L& | e—— (D 1die 39.99°C
{y Calibration Data \
[ & ) | [Sireimei Value _Units
) Calibraion Setup ) calibration Data Dislayed Caliraion St [lo Set Seleced o\ Save Seleced s et [ Save | | ) | |1icipca Time YT "
Remaining Seqme 0.00 min
Remaining Time 0.00 min
T1 Calibration 8/10/2017 3:50 PM  (Applied) Cleﬂr| Cell Purge 50.00 mUimin
Temperat 3999°C
Name TiCalibrationDSC2A-00118_20170810_1550.tr F:m“a':”’e e b
ange Temperatu K
Description:  From 29,771 °C to 199,853 °C 2t 20.000°C/min s
Heat Floy 93782 uw
Temperature Range Slope and Offsets A InstrimentoTRICS =] ;:F ”:’T - fc
Lower Temperature: 29771 °C DetaTSlope  -0002 WW°C . Pe °‘[”)€‘_emp:'a e
Upper Temperature: 199.859 °C Delta T Offset 0353 WV E:::] Add New Calibration Set BMB'P = e "L, .
ace Purge 721 mUimin
Heating Rate: 20000 “Cimin Initial Temperature 29.771 °C o a— ondc
Quadratic Coefficients Calibration Set Name Reference Junctior 4664°C
Quadratic A -0.048 T1 first cal Hewles Heom: LT
Power Request on 10887wW ~
Quadratic B 0.000 Calibration Data E
Quadratic C 0,000 General
Tzaro 1/1/0001 12:00:00 AM
T1 Heat Flow 8/10/2017 3:50.08 PM r6|E
N TR P Temperature &/10/2017 4:47:03 PM
¥ Sommon Fies K Cell 8/10/2017 4:47:04 PM Temperature 39.99 °C 2
1 1 Flange Temperature 4152 °C
Cooler Selection ~ RCS 80
Cell Constant Calibration  8/10/2017 4:47 PM  (Not Applied) pply
Name: TempCalibrationDSC2A-00118_20170810_1647 ti
Heating Rate 10 “Clmin RCS 50 On
I'h librati lected by the blue dot | ) : :
Sondard i e calibration selecie y the Diue dot IS NOW SaVve( Gos TNirogen. 5000mbimn
Applied KCell 0859 Base Purge 29721 mLimin

as a set, you can do that for multiple calibration sets| “
) Source Files @| 5000  mUmin

......... P
Temperature Calibration 8/10/2017 4:47 PM  (Not Applied) pply
Name: TempCalibrationDSC2A-00118_20170810_1647 i Cj General
Heating Rate 10 “Cimin
Temperature Offset - o
THelt (Ref) TMek (meas) | -

a¥

@ TA Instrument Explor... |[S@*2500 DSC2A-00118 (1. || [ Presentationl - Micr... |




Discovery DSC: Multiple Calibration Sets

e —— — —~—
[ 5y | = =nnQ
@)
S | Experiment Instrumertt
™
- | |
Setup View Active Start Stop - Log Controls \—//
Online Procedure Experiment View Help
File Manager - q G Experimentsl - X E(kmtml Panel vax
Experiments Queved Run | [ Design View (1) | [T Running Gueus (1) | 3 Schedule € D Idle 39.99°C
D8 a R :
Signals [15 of 15] Value Units
Incomplete Queue (0 v Method Time 000mn -
Remaining Segme 0.00 min

Running Queue (1) B

¥ Runi-[Pan1-Custom] Test Custom - @ (Fz{zlr‘n:l;:: Time 4lg]lg];) :Emin
H H H T t 39.99°C
Calibration set includes: e —
- . Heat Flow 34 658 pw/
3 Segmentz @ Edit basellne, Ce” Constant Set Foint Tempera 4000°C

Design View (1) ES No. Descrigtion Power Delrvered 1.1270wW
Run 1-[Pan 1- Cell Condi 1 . Base P 297 22 mLimi
T — temperature, heat capacity.
. Reference Junctior 4664 °C 1
= Heater T 41.85°C
It does not include Tzero. T
General
6|8

Redoing Tzero calibration Tempersre 3999°C 0

Flange Temperature  41.52 °C

removes previous calibration N

~) Advenced Sets ! nm
-

Load Window

Use Standby Temperature

Gas 1 Nitrogen:  49.99 mLimin 2
Base Purge 297 22 mLimi
End of Test mumin
[ Discard pan in waste bin at end of test
_________ Use Standby Temperature Flow Rate | 50.00 mL/min

You can now choose for every experiment
which calibration set to use T —

L || | B Auto sampler

Selected Calibrations
[ Use default calibrations

§ SlypeforBusiness | [l TA Instrument Explor...




Optimization of
Experimental Conditions
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Instrument Preparation

» Cooling Accessories
— They should be operating and equilibrated prior to
runs (so do not turn off between 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 (typically leave instrument always on)
— Electronics are effected by ambient temperature.
Avoid areas such as hoods or near an air conditioner
— Purge Gas
— Make sure cylinder is not empty or moisture
condensation will occur if cooler is on or still cold

TR



Understanding Your Sample

*Find out all you can about the sample
*Form
= Are there any volatiles (TGA) ?
= Decomposition temp (TGA)
= What transitions to expect ? In what temperature
range ?
* This will help you choose
= Max Temperature Range
= Heating Rate
=Sample Pans
=Sample Size

TR



Effective Sample Preparation

»Good sample preparation relies on two aspects:
= Choose the proper pan
*|_oad your sample effectively

=*DSC Pan types:

= Standard Pans: Appropriate for most solid samples
(films, powders, polymer granule, etc)

=Hermetic Pans: Designed primarily for samples which
may evolve a volatile during heating
=Can be used for small quantities of liquids as well
= Specialty Pans

*High Volume Pans: Used for larger quantities of liquids and
solutions and for temperatures above boiling point

TR



TA Instruments Tzero Pans

Tzero Pan = The Tzero pan has been

-- engineered to have a perfectly flat
bottom and not to deform during
crimping. This ensures the optimal
contact between pan and sensor,
minimizing the contact resistance
and improving resolution.

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

|

r

Tzero Low-Mass Pan

«
|

-

ﬁ ‘,/ = The Tzero Low-Mass Pan is
| |

designed for the highest sensitivity
i when sample mass is limited
(crimped use only).

TR



TA Instruments High Volume Pans

= The high volume pan is designed for
measuring diluted solutions (larger
volume improves sensitivity)

= The high volume pan allows
measuring liquids above their boiling
point (aluminum hermetic pan is

Fressure capabality 35 MPa gauge (530 psig)
P——— o limited to a pressure of 2-3 bar)
for agusous solutions
Pa
¥olume 100 plL. ()
Material 302 38T
Ckring material Viton

;!



Sample Shape: Solids

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

TR



Sample Shape: Solids

= Cut sample to make thin, don’t crush
(can introduce thermal history)

= |f sample is a pellet, cut a cross section

TR



Sample Shape: Liquids

= Use a pipette to place a single drop of liquid carefully
In the middle of the pan

* Do not allow the liquid to wet the sealing surface of the
pan !

= Use a hermetic lid

=

Sealing surface

a

TR



DSC: Sample Size

* In a DSC experiment, sample size is a trade-off between
sensitivity and resolution

- Larger samples = more sensitivity
« Smaller samples = more resolution

* In general, it is best to use the smallest sample which does

not compromise the required sensitivity
melting of metal or chemical < 5mg
melting or Tg of polymer : about 10 mg
composites or blends >10 mg

* For accurate enthalpy measurements the sample weight
must be determined with an accuracy of 0.01 mg

TR



Heating/Cooling Rate

* High rates increase sensitivity
dQ/dt = Cp . dT/dt + f (t,T)

* Low rates increase resolution by providing more
time at any temperature

- Good starting point is 10 or 202C/min

TR



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

= Run TGA to determine the decomposition
temperature, stay below that temperature !

Just because the instrument has a max temperature range of 550°C
(w/ RCS) doesn’t mean you need to heat every sample to 550°C !

= Samples spilling out of the pan
= Use lids

» Use hermetic pans if necessary
= Transfer from bottom of pan to sensor

» Make sure bottom of pans stay clean
N



= Software :
= Case sensitive help, help topics, manual

= E-training (basic)
= www.tainstruments.com

=TATechTips & Webinars

= www.tainstruments.com

= Application library
= www.tainstruments.com

TR



Help and data analysis from your laptop ? Simply install the S/W from CD or download it !

www.tainstruments.com

@\
t TA Products ~ About TA Instruments - Videos «

Instrumeants

Training ~  News & Events .~ Careers »  Contact Q Search

Software Downloads &
Support

Service Support Application Support Support Plans

Home = Support

Service Support Helpline Applications Support Lifetime Support Plan
Helpline i
Instrument Relocation F Downloads Premium Support Plan
. Tech Tips Instruments sorted by )

Installation R Plus Support Plan
Reguirements & Repairs Applications Motes )

Quick Links F e RIERY Pl Library Software Sorted by Basic Support Plan
Offerinlg I Training D=itments Performance

Applications Support ol T Tt Report a Bug Maintenance Visit (PMV)
c it

Servioe Sumoort Standards Request a Feature Academic Support Plan

e Suppo

Safety Data Sheets

Support Plans Supported Instruments

Software Downloads & Support

Parts and Accessories

Service Service Application Software
Plans Support Support Downloads




Help on Desktop

TA Instruments

Thermal Discovery Series Manuals

To view the desired manual using Acrobat Reader, click the name in the list below:

T4 Manual Supplement
(Contains important information applicable te all manuals.)

Instrument Documentation
Discovery DSC ] i D ISCOVE r]-"
Discovery DSC Getting Started Guide for DSC 25, DSC 250, @ Manuals

Discovery .

Discovery TGA Getting Started Guide for TGA 55, TGA 550, TGA 5500 - NEW!

Accessorv Docuiieniation

DSC High Pressure Capsule Kit Getting Started Guide
DSC High Volume Fan Kit Getting Started Guide

iquid Nitrogen Pump System (LN2P) Getting Started Gui
Mass Spectrometer
Photocalorimeter Accessory (PCA) Getting Started Guide

< Refrigerated Cooling System (RCS) Getting Started Guide —
TGA HiRes™ Option Operator’s Guide

Software Documentation

What's New in TRIOS Software
Installing TRIOS Software

Miscellaneous Documentation

Thermal Discovery Senes Installation Requirements

Izsued September 2016




Offline-Discovery - TA Instruments Trios

_’ Expenment Instrument
3 T B
» = 9
e, . . .
: Help Topics, searchable & step per step description
Setup Start Stop Log S —
Offline Procedure Test View Help
 File Manager - | Run |7 Design View | [ Schedule |
o s
Experiments S ————————————— .,
Incomplete ¥
Sample Name
Running Queue ¥
7 Pan Mumber Size Pan Mass
Design View &
Sample
Create new experiment
Reference -
Operator

You can install an offline version of Trios on your laptop



www.tainstruments.com

)
(TA Products + About TA Instruments Support v Training ~ News & Events ~ Careers ~ Contact « Q Search

Instrumants

Quick Start Guides Home

Search Videos @k Start Guides e-Training Co@

Search for:

QuickStart e-Training courses are designed to teach a new user how to set up and run samples on their thermal
analyzer or rheometer. These 60-90 minute courses are available pre-recorded and can be taken 24/7 (24 hours a day,

7 days a week). These pre-recorded courses are available to all users at no charge. Typically these courses should be

attended shortly after installation.

Quick Links

View Quick Start Guide Videos

All Videos Primary Things

Preparing & Loading the Sample

Product Videos

Service Videos

! e —————— EEEESSSS—————

<
Webinars lfp

DMA Q800 Quickstart DMA Q800 - Analysis
Quich rt Guit Course - Instrument and uickstart
Quick Start Guides ARES Rheometer Quickstart TMA Quickstart @
Experimental Setup
Tech Tips
Preparing & Loading the Sample Preparing & Loading the Sample Kinetic Heat Flow

ﬂﬂﬂm 2 _ |
PE’D. o _E i

Discovery DSC — TRIOS
Data Analysis

¥

Q600 SDT Quickstart TGA Quickstart MDSC Quickstart




www.tainstruments.com

G
TA Products About TA Instruments + Videos + Support ~ Training ~ News & Events Careers Contact ~ Q Search

Instruments

Tech Tips

Search for:
Tech Tips

TA Instruments is the world leader in Thermal Analysis, Rheology, and Microcalorimetry, and we just keep getting
better. On this page, you can see just some of the many products we offer to help provide you with the tools to

m succeed. Product videos, reviews, and side by side comparisons show we're willing to bare all. Our transparency
comes from a long history of success, a willingness to better ourselves, and the desire to help you be a leader in your
field.

* Baseline verification
* Powder preparation kit
* Integrating baselines
e ....and much more Microcalorimetry (TechTips) ~ Rheology (TechTips) ~ Techtips ~ Thermal Applications (TechTips)

Sort Tech Tips Videos by category

TA
2014 T TﬁT' TechTip -
In Review echip
Measuring Thin Film w/ TA TechTips Year In Water Sorption Experiments Running A Water Sorption
Optical Dilatometers — TA Review! w/ VTI-SA+ - TA TechTips Experiment- TA TechTips

TechTip

<,



www.tainstruments.com

N
TA Products ~ About TA Instruments ~ Support ~ Training ~ News & Events Careers ~ Contact ~ Q, Search

Instruments

Webinars Home Support

Search Videos Latest Webinar About TA Instrumet.ts Webinars ’
Search for:

Webinars

The top researchers in chemistry, materials science, and life sciences rely on TA Instruments systems for their
cutting-edge research. In our TA Instruments Webinar Series we are pleased to bring this work directly to you. Learn
m from the experts in the field about how thermal analysis, rheclogy, and microcalorimetry are used to sclve today's
most challenging problems. These free webinars are presented live with interactive Q&4A, then archived for

subsequent viewing and reference. See the list of previous webinars below, and check back often for the latest

information.

Quick Links
All Videos
Product Videos
Webinar Archives

Service Videos

Webinars

Hints. inta pathoganicity
- - S~

Quick Start Guides

Tech Tips
TA WEBINARS
Uses of Isothermal Plasma Protein Calorimetry
SR Bl i i BBl Microcalorimetry in Urology For Clinical Diagnostics
Answers to Events In Self Polymer Processing
Assemblies

<,



www.tainstruments.com

N

P
TA Products ~ About TA Instruments - Videos « Support + Training v Mews & Events Careers - Contact ~ Q Search
Instruments

Quick Links
Applications Support
Service Support

Support Plans

Service Support Application Support Software Downloads & Support Plans
Support
o Home = Support
Service Support Helpline Applications Support Lifetime Support Plan
Helpline i
Instrument Relocation F Downloads Premium Suppeort Plan
e Tech Tips Instruments sorted by )
Installation ST Plus Support Plan
Requirements & Repairs Applications Notes e o
Library Soft Sorted by asic Support Plan
The 1Q/0Q Product ’ it e

Instruments
Offering Training : Performance

! Maintenance Visit (PMV)
Calibration with Certified e antale

Standards Academic Support Plan

Request a Feature

Safety Data Sheets

Supported Instruments

Software Downloads & Support -F‘-;ECUREJ

Parts and Accessories

Service Service Application Software
Plans Support Support Downloads
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PET (Heat-Cool-Heat)

C:/ProgramData/TAlnstruments/Trios/Data/ExampleFiles/Thermal

0.6
0.4—j
0.2—:
0.0—:

-0.2 -

Heat Flow (Normalized) (W/g) —

0.4

-0.6 4

Peak width at half height: 20.76 °C
Peak temperature: 183.70 °C

/ Enthalpy (normalized): 41.319 J/g
Onset x: 200.94 °C

first heat

— Ramp 10.00 °C/min to 300.00 °C
— Ramp 10.00 °C/min to 25.00 °C
— Ramp 10.00 °C/min to 300.00 °C

50 100 150 200
T (°C)

250

300



PET (Heat-Cool-Heat) 1st Heat

C:/ProgramData/TAlnstruments/Trios/Data/ExampleFiles/Thermal

-0.18

; Onset x: 74.69 °C L 0.15
0.21 i
L 0.10
5 -0.23 Midpoint type: Half height i
= Midpoint: 76.70 °C 005
3 Delta Cp: 0.379 J/g.°C :
5 . _
% -0.26 - - R S TT— R SO ~—— 0.00
3 e _
= B
o .
L - \ - -0.05
3 -028- \ I
| | Endx:7875°C -
\ - -0.10
-0.31 - \ / _
f L -0.15
Atx: 77.57 °C -
_033 T 4 T T T T T T 4 T T T T T T T T T T T T T T T T T 4 T T T T T T - _020
30 40 50 60 70 80 90 100 110 120 130
Exo Up T (°C)

((uw) 7 (B/m)) (3)p 7 ( (pazilewioN) mold yeaH)p



Heat Flow (Normalized) (W/g)

0.5

PE (Low & High Density) 2"d Heat

C:/ProgramData/TAlnstruments/Trios/Data/ExampleFiles/Thermal

——

0.0
-0.5-:
-1.0-:
-1.5-:
-2.0-:

25

12.5

Region enthalpy (normalized): 161.72 J/g
Peak region area %: 83.69

— PE (Low Density MW_20500),Ramp 10.00 °C/min to 200.00 °C
— PE (High Density MW_125000),Ramp 10.00 °C/min to 200.00 °C
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PBT 2"d Heat
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Liquid Sample MDSC 1st Heat
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Indium Verification: Influence of Heating Rate

Enthalpy (normalized): 28.41 J/g
Onset x: 156.60 °C

Peak temperature: 156.71 °C (

Heat Flow (Normalized) (W/g)

Enthalpy (normalized): 28.95 J/g
Onset x: 156.60 °C

— indium verification(1),Ramp 5 °C/min to 180.00 °C

_7j — Indium verification(2),Ramp 10 °C/min to 186.61 °C
Peak temperature: 156.74 °C

125 130 135 140 145 150 155 160 165 170 175
T (°C)

Use the analysis library to integrate both between 153 to 163°C
N



Two Indium Verification Test: Statistics
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PE (High Density MW _125000)
38 mg

Segment 1|Equilibrate -25.00 °C

Segment 2 |Ramp 10.00 “C/min to 200.00 °C
Segment 3 |Mark End of Cycle

Segment 4 |Ramp 10.00 *C/min to -25.00 °C
Segment 5|Mark End of Cycle

Segment 6 |Ramp 10.00 °C/min to 200.00 °C
Segment 7 |Mark End of Cycle

Peak Integration (enthalpy)

194.52 Jig 129.04 °C 121.376 °C

https://triosvideos.s3.amazonaws.com/Report%20View.mp4
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