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Agenda

Creating a TOPEM Method

Correlation of Heat Flow to Impulses

TOPEM Evaluation
Cp Frequency Evaluation
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Heat Flow (mW)

Sapphire with a1 C Step

'E / Area = Cp

/ Height/Heating rate = Cp
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Cp is Correlated over Several Impulses
Reversing Heat Flow

Heat Flow (mW)
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Sample Temperature

Heat Flow (mW)

TOPEM of Sapphire at 25 C True Sample Temp
not Square Wave
[
. 1["_'& F'_! r—-% F~— r*La N
2| l}—_ 20 O
0 J — _i\ _1 _|l\ “-—. iL' 15§ - Heat Flow
(-)( [ 500 : ﬁooo [ 15 . 2000 2 —— Sample Temp
D : : : : : £
1 D I f |73
4 ] 1 | .
R L
-6 0
Time (secs)

5

For use by ASTM Committee E37 ONLY Actual



Slope Correlated over
Several Impulses

Heat Flow (mW)
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Simulated Exothermic Reaction

TOPEM w Exothermic Peak
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Peak is Correlated

Non Reversing Heat Flow

Heat Flow (mW)

TOPEM w Exothermic Peak
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Glass Transition

TOPEMw Glass Transition
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Correlated with Temperature Peaks

Heat Flow (mW)
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Noise is Not Correlated
removed as Instrument Effect

Heat Flow (mW)

Sapphire plus Noise Spike
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Changing Parameters in a Method
Aexo Changing TOPEM Impulse Amplitude 21.08.2006 10:07:02

Sapphire 46 mg
Method: TOPEM Wacky Test
ct 010s
25.0°C 30.0 min, TOPEM +/-2.000 K, 140 .. 160 s
25.0°C 30.0 min, TOPEM +/-0.250 K, 140 .. 160 s
25.0°C 30.0 min, TOPEM +/-0.050 K, 30 .. 60 s
\T \T (J \T h Synchronization enabled
5 F (J (J
mw Literature value =0.775)/gC
] TOPEM measurement is low by only 1.5%
Jg/\_locl\_l _:
0.85- N
) Heat Capacity is Accurate

0.80 i regardless of TOPEM impulse amplitude

0.75-

0.70-

0.65-

0o 5 10 15 220 5 % B 8 & N B e & W0 75 & & m
min
DEMO Version STAR® SW9.0°
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Affect of Impulse Duration

on Cp Value

Heat Capacity (J/gC)
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Method Guidelines

5 to 7 impulses per transition

Duration = 10X time to peak
— 15 to 30 secs for FRS5
— 30 to 60 secs for HSS7

Heating Rate
— Calculated from duration and narrowest peak

Amplitude

— 1 C for most scans
—2to 5 C forsmall Tg
—0.05 to 0.1 C for melting

For use by ASTM Committee E37 ONLY
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TOPEM of PET at 2 °C/min

Aexo TOPEM PET After BL Subtraction 28.08.2006 07:58:18
mw |
0.5—-
o_h _&PET TOPEM
i Heatflow
i PET TOPEM, 9.3200 mg
05-
2 °C/min heating rate
_ 1 °C impulse
5 30-60 sec duration
20-
251
4IO 6|O 50 I 1(|)0 I 12|0 I 14|10 I 1€|30 I 1;30 2(|)0 22|0 2£|10 I 260 I °C
DEMO Version STAR® SW,8.01
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PET Basic TOPEM Results

Aexo

TOPEM PET Std TOPEM

31.08.2006 16:11:14

Non Reversing Heat Flow

Total Heat Flow

quenched PET

o Jk

—— \
Reversing Heat Flow Not enough pulses
. @
05
Wg™-1
Amplitude too large
2°C/min
0.05 °C I mpulse
30-60 sec Duration
4IO 6IO I 8IO I l(l)O I 12IO I 140 I 160 I 1é0 I 240 °C
DEMO Version STAR® SW 9.01
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TOPEM of Amorphous PET

Aexo PET Standard DSC 25.08.2006 15:22:26

PET 9.32 mg
2 °C/min Standard DSC

Quenched after
10 minutes at 275 °C

A s C . A

e
A D

02
Wg™-1

© o & 00 10 40 1.0 18 20 20 240 260 °C
DEMO Version STAR® SW9.01
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exo

PET Standard DSC Glass Transition

PET Glass Transition

25.08.2006 15:29:17

001
W1

4 °C wide

Glass Transition

Onset  71.33°C
Midpoint  73.36 °C
Endpoint  75.63 °C

7 74 76 8 80 & 8 8 8 °

DEMO Version

STAR® SW9.01

For use by ASTM Committee E37 ONLY

2 °C Impulse Amplitude
Maximum Cp sensitivity

20-120 secs duration
Wide frequency range

2 mins/impulse

10 impulses/transition
Best resolution

20 mins/transition
4 °C /20 mins = 0.2 °C/min

Optimal Settings
0.2 °C/min
2 °C impulse
20-120 secs duration
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PET Cold Crystallization

"exo PET Standard DSC Cold Crystallization 25.08.2006 15:35:07
10 °C wide

" Integral  302.50 m
W1 Onset  116.53°C
Endset 126.02 °C

3 T I —t—

I9|0I - I9|5I - Il(l)Ol - I1(|)5I - IliOI - IliSI - I12|0I - I12|5I - I]_;;OI - I]_’I15I - -1:10- - IlﬂlfSI - I°C

DEMO Version STAR® SW9.01
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0.05 °C Impulse Amplitude

Minimize Super Heating/Cooling

30-60 secs duration
Default setting

1 min/impulse

10 impulses/transition
Best resolution

10 mins/transition
10 °C /10 mins =1 °C/min

Optimal Settings
1 °C/min
0.05 °C impulse
30-60 secs duration

19



PET Melting Transition

"exo PET Standard DSC Melting 25.08.2006 15:40:23

0.05 °C Impulse Amplitude

Minimize Super Heating/Cooling

30-60 secs duration
Default setting

1 min/impulse

10 impulses/transition
Best resolution
10 mins/transition

23 °C /10 mins = 2.3 °C/min

Integral -593.33 m
Onset  242.06 °C
Endset  265.06 °C

0l
Wg™-1

Optimal Settings
2 °C/min
0.05 °C impulse
30-60 secs duration

2(|)0I ; I2(|)5I ; IZiOI ; I2i5l ; I220I ; I225I IBOI ; IBSI ; I24|10 245 BIOI ; IZIS\_I_/ IZEISOI - I2€|35I ; IZ;OI ; I°C
DEMO Version STAR® SW9.01 20

For use by ASTM Committee E37 ONLY




Creating a TOPEM Method

Default method window
Select TOPEM segment
Select Dynamic segment
Select impulse amplitude
Select impulse duration
Select crucible

Save method

For use by ASTM Committee E37 ONLY
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File Edit Wiew Segment

Adding 15t Segment

3 (METTLER) - STARe Method

Miscellaneous  Setkings

¢

=10 x|

D=E Sle|Rr &=\ &le]n] LU 2|2

TA Technique IDSC

j Sample Haolder I.ﬁ.luminum Standard 400l

j Segrent Type ITGF‘EM

o 7]
: x
200 - Start H  ec oK
i End Temperature E Cancel
150 ] Heating Rate 1 #Cmin -1 Mexk
| Help
100 Pulse Height |17 K More =
SEI:
D_"'I L L L RN B B B N N B BN B B B ) B T T T T [ T T T T3
0 10 20 30 40 a0 G0 0 80 90 nlly
For Help, press F1 LLab - 2004 ko Date: METTLER, | \Samples: 0 [
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File Edit Wiew Segment

Adding 1st Segment

3 (METTLER) - STARe Method

Miscellaneous  Setkings 7

=10 x|

D=E Sle|Rr &=\ &le]n] LU 2|2

TA Technique IDSC

[

Sample Haolder I.ﬁ.luminum Skandard 40ul

j Segrent Type ITGF‘EM

oct
: x
200 - Start 25 °C oK
i End Temperature &0 iC Cancel
150 ] Heating Rate 2 #Cmin -1 Mexk
| Help
Im Duration
100 Pulse Height |1/{ Less p|U se Luratio
i Pulse Width
S0 Min.l ET Ma:-:.l 60| # 5
D|||| 1 r 1 1 T 1 1 1 1 T [ 1 1 1 17 [ T 7 1 1T [ 7 7T 17 ] 7 T 17 7 7 7T 7T 17T 7 17 17T 17174
0 10 20 30 40 a0 &0 70 20 a0 g
For Help, press F1 LLab - 2004 ko Date: METTLER, | \Samples: 0 [
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1t Segment Complete

File Edit Wiew Segment Miscellaneous Settings 7

=10 |

DS E| 2SR &= &|&r| L 2

Ta Techrique IDSC

j Sample Holder I.ﬁ.luminum Standard 40ul

j Segment Tvpe | TOPEM

[

2 A

1 0 rol,frnin

TOPEM +/-0.500 K, 20 .. 60 5
60
40
20
1
0 T T T | T T T T T T T T T T T T T T | T T
0 2 4 u] = 10 12 14 1A 18 20 mir
For Help, press F1 Lab - 2004 to Date: METTLER | Samples: 10501 |
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3 (METTLER) - STARe Method

File Edit

View Segment

Add Second Segment

Miscellaneous  Sekttings ¢

=10 x|

D|=|H| Slg|RiR %@ &|@im] L] 28|

Ta Technique IDSC

ll Sample Halder I.ﬂ.luminum Standard 40ul

ll Segment Type ITDF‘EM

=i Air Air
10 ol rin O rmlfrnin
:'IiIHIDﬂ'-EI.EEID k|30 .. 605 TOPEM +/-1.000 K, 20 .. 120 =
a0
Bl
40
20
1 2
I:I I | I | I | I | I | 1 | I | | | I | I
] 20 40 ad a0 100 120 140 1a0 130 200 i
For Help, press F1 LLab - 2004 to Date: METTLER. \Samples: 100501 | 4
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'3 (METTLER) - STARe Method

Yiew Segment  Miscellaneous

File Edit

Third Segment

Settings ¢

=10 |

D ZE| &|@|RR &) & @] L] 2@

T& Technigue DS

j Sample Holder I.ﬁ.luminum Skandard 40ul

j Segment Type | TOPEM

[

°C ] & Air Aijr
H ol riid 0 ol O ralfrnir
=M+ 500K, 30, 605 TOPEM +/-1.000 K, 20 ., 120 5 TOPEM +/-0.025 K, 30 ., 60 5
150 -
100
a0
1 1 2 3
Q 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 50 100 150 200 250 i
For Help, press F1 Lab - 2004 to Date: METTLER Samples: 136501 | 2

For use by ASTM Committee E37 ONLY

e \J




Fourth Segment

'3 (METTLER) - STARe Method

File Edit “iew Segment Miscellaneous Settings 7

=10 |

D ZE| &|@|RR &) & @] L] 2@

T8 Technigue IDSC j Sample Holder I.ﬁ.luminum Standard 400l j Segment Type ITGPEM j
o __ hir Bir Air &ijr
o4 rol g O rnlfrin O ol 0 ol it
2l +I-E S00 K, 30 ., 60 sTOPEM +/-1,000 K, 20 ., 120 5 TOPEM +/-0,02%3GE +,/B0=00 K [ 30 ., 60 5
200
150
100
a0
71 1 2 3 4
Q 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 T T T T T T
EI al 100 150 200 250 300 min
For Help, press F1 Lab - 2004 to Date: METTLER | Samples: 151501 | 2

For use by ASTM Committee E37 ONLY




File Edit Yiew Segment

Fifth Segment, etc.

Miscellaneous  Setkings *

=10l x|

D|=|d| S8R &|=(@ &|en] L5 28|

TA Technique IDSC

j Sample Halder I.ﬁ.luminum Standard 400l

j Segment Tvpe ITIDF‘EM

=

For Help, press F1

|La|:| - 2004 ko Date; METTLER

\Samples: 174001 |

" i Ajr Ajr Aijr Ajr Aijr
O/l rni 0 rl,rriry O rolfrnir 0 rl i) O ol i
M +/-0.500 [, 30 ., BOREM +/-1,000 K, 20 ., 120 5 TOPEM +/-0, 0FFEME TS K/ F002FE s 30 ., 60 5
300
200
100
11 z 3 4 5
D 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 T T T T T T
Q 2l 100 150 200 250 300 350 min

v
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Enter the Experiment Info

RS
File “iew Miscellaneous 7 SeIeCt MethOd

hEE &Rk TV

| TOPEM 2 Cpm 25-275¢ 30-60s S0mK 20ul I Run Blank Curve ) / Sam ple Pan Welg ht

[ Sapphire Refe
Skark I 25 "

Sarnple Holder ... | Alurninum Light
Pan Weight I 22,07 mg

___— Reference Pan Weight

_— Sample Name
Sample Preparation Gas Lisk
7] /Sample Mass

A/_/Location on Carrousel

mg (0,00 - 1000,00)

Sample Mame I PET TOPEM

Weight 9,52

Select Customer
Pasikion 101 /

Order Mumber | Customer ... | Mettler — / Add Remarks
el
PET was quenched after holding at 275 #C |
Select DSC832s

(Al D56 236/ 7001 26/1C Send Experimenﬂ\
-
1 | v

For help, press F1 |Lab - 2004 bo Date: METTLER | wom | s 29

- ——Send Experiment
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Experiments in Queue

{METTLER) - DSC823e,/700,/126/IC: PET Quench - 10| x|

File Edit Wiew Control Calbfadjust  Settings  Service @
* Routine Editar Fos | User | Experiment | Method | Sarnple
"I'( Experiments - performed {01 {in progress)  METTLER PET Cuench Iso 275 C For 10min Q, 3200
t} Experiment - on module 101 (pending - n... METTLER PET TOPEM Special best TOPEM PET analysis 9, 3200

- E#F PET Quench (METTLER) 102 {pending) METTLER. TOPEM Baseline TOPEM PET analysis 0.000c
g Expetiments - pending 101 {pending) METTLER. PET Quench Iso 275 C Faor 10min 9, 3200

. 101 {pending) METTLER. PET TOPEM TOREM 2 Cpr 25-27%C 30-60s S0k 200l 9,3200

Bk PET TOPEM Special best (METTLEF . .

; 102 d METTLER TOPEM Basel TOPEM 2 Cpm 25-27%C 30-60s S0mk. 200l 0.000r

¥ TOPEM Baseline (METTLER) (pending) asEine b = SHmE <L

P PET Quench (METTLER)

EWP PET TOPEM (METTLER)

"EfF TOPEM Baseline (METTLER)

dl | 2]+ | a

For help, press F1 LLab - 2004 ko Date: METTLER | L UM | 4

A\ A4
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TOPEM PET after Raw Data

Aexo TOPEM PET Special Test 28.08.2006 08:20:15
Method: TOPEM PET analysis
& 010s
25.0-60.0°C 2.00°C/min, TOPEM +/-0.500 K, 30 .. 60
- 60.0-90.0°C 0.20°C/min, TOPEM -+/-1.000 K. 20 .. 120}
FE‘ZEJOIVOPEM Special test 90.0-150.0°C 1.00°C/rmin, TOPEM +/-0.025 K, 0 .. 60}
FET TOPEM Specidl test, 93200 mg 150.0-200.0°C 2.00°C/min, TOPEM +/-0.500 K, 30 .. &

200.0-275.0°C 2.00°C/min, TOPEM +/-0.025 K, 30 .. 6(
Synchronization enabled

2

mw
I 4IO I 6|O I E;O I 1(|)0 I 12|0 I 1210 I 1é0 I léO I 2(|)0 I 22|0 I 2£|10 I 2€|50 I °C
DEMO Version STAR® SW9.01
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TOPEM Evaluation

10% of Calc Window

TOPEM™ Evaluation

Time of two impulses

—Evaluation Parameters

Width of Smoothing Window:

] 4
Widkh of Calculation Window:
Zancel
Shift of Calculation Window: _
Setkings. ..
Advanced... Help
—Smaokhing

5

For use by ASTM Committee E37 ONLY
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TOPEM Evaluation Settings

—Curve Seleckion

CIE |

[v cpll

i |
[v HFEak aree

[v HFrey \ Help |

[ HFnon-rew \

Existing Evaluation — Select the curves to plot

|_ [ Erwrite
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Advanced TOPEM Evaluation Parameters

Advanced TOPEM Evaluatio
Sample Pan Weight: | £1.52 % |

_ Corrects for Cp difference
Reference Pan Weight: |[21.85 g Cancel

4
e

Sample Response Parameter: | 60 Help |

~

Instrument Response Parameter: | &0 \
Number of variables in equations

—HFnon reyw
i Linear

% Quadratic

34
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First plot of PET Special

exo TOPEM PET Special Test 28.08.2006 08:20:15
PET after quenching
7 Non Reversing Heat Flow
\_
A,
\_\
Total Heat Flow
05
Wg™-1
Reversing Heat Flow
(I;/Iteghfg : STOPEM PET aralysis TOPEM Evaluation Parameters
25,0-60.0°C 2.00°C/min, TOPEM +/-0.500 K, 30 .. 60 s g{;‘giho?fcgfc'ﬁf:‘gg”mgg%‘{“ izoo.;) s
60.0-90.0°C 0.20°C/min, TOPEM +/-1000K, 20 .. 120 s el Pon Waidht - 18 m .
90.0-150.0°C 1.00°C/min, TOPEM +/-0.025 K, 30 .. 60 s a efeFr)ence Pan Vgei gt 210 mg
150.0-200.0°C 2.00°C/min, TOPEM +/-0.500 K, 30 .. 60 s Semple Resporse Parameter 9 -
200.0-275.0°C 2.00°C/min, TOPEM +/-0.025 K, 30 .. 60 s retrument Resporee Parameter: 60
Synchronization enabled . !
HFnon rev: Quadratic
Width of Smoothing Window: 1200s
U I T I T T T T T T T T T T T T T T T T T T T
40 60 80 100 120 140 160 180 220 240 \/ 260  °Q
DEMO Version STAR® SW9.01
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Select the Glass Transition Region

exo TOPEM Select Tg Range 12.09.2006 13:57:52
TOPEM Freq. Evaluation *
0.02 Left start 60.91 °C
Jgr-1°Cn-1 Left end 62.08 °C
Right start 84.18 °C
Right end 85.65 °C
Cp0
& e 6 &8 1 7 4 7 7 ®» & 8 8 8 °q
DEMO Version STAR® SW9.01
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Select Frequencies

TOPEM Frequency Evaluation

Frequencies: 20 30 40 50 a0 mHz

— Type of Correction

" Mone
" Left
" Right
* Left and right

—Smookhing

Width af Smoathing \Window: I o g

Ik

Cancel

Settings...

Help

For use by ASTM Committee E37 ONLY
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Select Curves

For use by ASTM Committee E37 ONLY
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Heat Capacity with Left Correction

exo TOPEM Delta Cp vs. Frequency 12.09.2006 14:41:20
Cp0
———————————————————————————————————————— 1 mHz
T T T 2nhe
----------------------------------------- 5 mHz
0.02 TOPEM Freq. Evaluation
Jgr-1rCcn-1 Left start 60.91 °C
Left end 61.30 °C
Right start S L O/
Right end 85.32 °C T T T — 10 mHz
7
e
e
1/ -------
e T T T e 20 mHz
,’/'
""""""""" /"/
& & & e 1 m 7% B __w @ s 8 8 °q
DEMO Version STAR® SW9.01
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Glass Transition Shift with Frequency

Aexo TOPEM PET Tg Frequency Evaluation 06.09.2006 13:21:30
Cp 60 mHz 76.11 °C
Cp 50 mHz 75.88 °C
Cp 40 mHz 75.59 °C 01
Jgr-1°C™-1
74.89 °C
Cp 30 mHz
74.20 °C
Cp 20 mHz
73.61 °C T@EESVQG* Fation 60.91°C
Lgfterd 6].98:(:
Cpo Rt BeneC
& & & & W p 6 78 & & s g g
DEMO Version STAR® SW9.0
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Glass Transition vs. Frequency

PET Tg versus Frequency

For use by ASTM Committee E37 ONLY

76.5
76 -~
= *
E 75.5 /
.
(2 75 L 4 *
-— ‘/
c
© 74.5
Q.
= /
= 74
o ¢ ¢
-
735 1 ¢
73 I I I I I I
0 10 20 30 40 50 60 70
Frequency (mHz)
41




Comparison of TOPEM and ADSC

glass transition of PS

TOPEM: c*(16.7 mHz)
———————— ADSC: c*(16.7 mHz)

0.5
Jg/\_loc/\_l ' .
cooling at 1 K/min

heating at 1 K/min

16.7 mHz frequency = 60 sec period

85 % % 100 105 110 115 120 °C
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Summary

TOPEM ¢ DSC measures the reversing and non reversing heat flow from a sample at
all frequencies by using a stochastic temperature impulse in combination with an
isotherm or temperature ramp.

— TOPEM DSC solves the heat flow equation for the samples response to temperature
impulses.

— The mathematical solution is applied to a temperature sine wave of a fixed frequency.

— TOPEM calculates the heat capacity, reversing and non reversing heat flow for the sample.
TOPEM DSC produces the same results as ADSC (Mettler) or MDSC? (TAI).
It does not matter if the temperature sine wave is applied to the sample directly

(ADSC & MDSC 9) or to the mathematical model after the data is collected (TOPEM),
the results are the same.

TOPEM DSC and MDSC ¢ (or ADSC) should all fall under the definition of Modulated
Temperature DSC since they all give the same result.

MDSC is a trademark owned by TA Instruments, Inc.
TOPEM is a trademark owned by Mettler-Toledo, Inc. 43
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