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AlWizard™

Intelligent and automatic DSC curve evaluation
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Evaluating thermal analysis measurements leaves many analysts questioning:

= Effect or artifact?

= What effect is it? Today a manual,
= Begin and end of effect? time-consuming process
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Crystallization
Integral 877.67TmJ
normalized 37.90 Jg"-1
Peak 149.55°C
\ Melting
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normalized -40.16 Jg*-1
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Glass Transition
Onset 82.69 °C
Midpoint ISO 81.64 °C
Deltacp ISO  0.293 Jg™-1K*-1
PET, annealed at 65 °C for 10 h PET, annealed at 65°C for 10 h
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Artificial Intelligence vs. Mathematics

= Mathematical approaches rely on algorithms and models. Therefore, the results are only as good as how well the real-
life situation is simulated. In some cases models may work, but in others they fail.

= Artificial intelligence instead uses neural networks, which can adapt and learn beyond the limitations of a model.
= This enables the AlWizard™ to accurately detect all thermal effects.
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Artificial Intelligence (Al) and Machine Learning (ML) METTLER TOLEDO | 4

ML is a specific subset of Al focused on enabling machines to learn from data

= ML can be defined as the process of developing algorithms and statistical models that are then used to analyze data and
recognize patterns.

= Al is essentially the byproduct of ML and is more concerned with the creation of computer systems and technologies that
can then be programmed with machine learning algorithms.

= Neural networks are a specific type of machine learning model, inspired by the structure of the human brain and are a
tool within the larger toolkit of machine learning techniques.

Artificial ¢ Al:
Intelligence Creating intelligent machines mimicking

human intelligence.

Machine < ML:
Learning Algorithms enabling computers to learn o ¥ .
from data. gy 1A | Vianagement
Neural " o ol :
Nets S Neural Nets: o Expert:Kknowledge

Computational models with interconnected
artificial neurons.

Rre- Post-Processing
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Deep Learning: . ,‘
Neural networks with multiple layers for > ' Dep|0yme nt
hierarchical representation learning. i
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Complexity without Limits
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Data preparation and review

Aexo TPNRL_PAG6 (Thermoplastics) 09.12.2019 15:40:14
mW1 sample: PA6 (Thermoplastics), 11.1080 mg %% GTGEH,CLCDH,MPCPH,ARTIC,CLCPC.,ARTIC,ARTIC,GTREC,ARTIC,GTGEH,MPCPH
25- PA:Polyamide
20+
] Artifact (ARTIC) Artifact (ARTIC) Artifact (ARTIC)
157 MinMax MinMax MEnMax 254
. Crystallization (CLCPC Min 4.03 mW Min 3.71mwW In -04 M
: rystallization ( ) at 2819.00 s at 2931.00 s at 3017.16 s
] Integral 934.29 mJ Max 4.09 mW Max 378mw  Max 3.57 mW
10 normalized  84.11 Jg™-1 at 2814.57 s at  2927.83s at  300878s
] Left Limit 2181.36 s LeftLimit 281457s  LeftLimit 2927.83s LeftLimit  3008.78 s
RightLimit 299296 s Right Limit 282214s  RightLimit 2935.37s RightLimit 3017.16s
5 Glass Transition (GTGEH)
Glass Transition Glass Transition (GTGEH)
Onset 185.08 s Artifact (ARTIC) Glass Transition
Midpoint ISO 21297 s MinMax Glass Transition (GTREC) Onset 341414 s
DJ Left Limit 128.08 s Min 5.48 mW Glass Transition Mldpo_ln? ISO 3441.53s
i Right Limit 392.52s at 1733.00 s Onset 301195 L(_eft L|n_1|t_ 335747 s
. | at 1739.00 s Left Limit 2998.39 s Type sigmoidal
5. p—2e—t i ™ LeftLimit 1729.93s RightLimit  3257.74s
h Right Limit 1739.19 i i
: Cold Crystallization (CLCDH) fght Limi s Type sigmoidal _
) Melting (MPCPH)
] Integrall_ o $19:]| Sfjm’.\l1 Melting (MPCPH) Integral 1232.95 mJ
104 normaliz 21797 Integral -898.38 mJ normalized  -111.00 Jg"-1
i Left Limit 658.21s ) L
Right Limit 861.28 s normalized -80.88 Jg”-1 Left Limit 368584 s
9 : LeftLimit  861.28s Right Limit ~ 4552.03 s
i Right Limit 1302.29 s
-15+ 50 100 150 200 250 300 250 200 150 100 50 50 100 150 200 250 °C
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800 4000 4200 4400 4600 4800 s
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Al Solution for an Automatic Evaluation and Interpretation METTLER TOLEDO |6

New STAR® software option released in 2022

Productivity increase and higher result quality thanks to a fully automatic evaluation and interpretation of an unknown
material measured by DSC

Crystallization
Integral 350.72 mJ
normalized  35.37 Jg-1
) Peak 139.21 °C
DSC
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TG mw 1 b S
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i On 77.88 °C normalized -35.77 Jg*-1
EVU'UU“O"S < > Mids:;int ISO 77.84°C Pegk e 255.30 ‘%
Deltacp ISO  0.306 Jg*-1K*-1
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Neural Networks METTLER TOLEDO |7

Functionality and capabilities

= Neural networks are the core of artificial intelligence and are trained with expert data. The resulting system is used to
analyze a new set of data.

= For the AlWizard™, we are using a commercial Al algorithm in combination with data processing.
= We can take into account the material class if one is selected for the curve.
= We have reviewed thousands of evaluations (expert data) so that they could be used to train the neural network.

Experf Dafa

L

Two models:
1. DSC Polymers V2
2. DSC Generic V2

Completed
Evaluation

.VJ\_,

1

Neural Network (Model)



Integration in MT Software STAR®
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Model store — easy update without STAR® SW changes

= Challenging integration: STAR® was released in 1993

= Capability to have multiple neural networks

= The AlWizard™ is based on a database (model store) containing one
or more neural networks

= Measurement data is sent from STAR® to the AlWizard™ where it is
interpreted. The interpretation is then sent back to STAR®.

= This clever design allows either networks or the STAR® software to be
updated independently.

STAR® Software =

>

Measurement
Interpretation
Evaluation
Instructions

Independent

AlWizard™ . Polymers ;:
Generic ;: Future :

Updates will be released whenever more data is available for training a
specific neural network or to enhance the generic network.



Automatic Usage for Unknown Samples

Autonomous analysis and interpretation

&

AlWizard

Pan: Favorite(s) [~ [Aluminum Standard 40ui

=] segment Type [Temperature

100 4

80 4

604

40

20

Alr

0 ml/min

(

Not released
AWizard Model: MT Standard
Experiment settliglodel
Synchronization

= |n the Method window, the AlWizard™
can be activated. This enables automatic
identification and evaluation at the end of
the experiment.

= Free up time for analysts so they can
focus on sample preparation and
drawing the right conclusions from the
evaluation.
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Manual Usage METTLER TOLEDO |10

AlWizard™ as a second opinion

AlWizard

= The manual evaluation feature allows
users to select the AlWizard™ in the
evaluation window and to reduce i
evaluation time. e

Integral 307.01 mJ

normalized 30.96 Jg*-1
Peak 139.21°C

= Using the AlWizard™ manually offers:

o A second expert opinion or !

Glass Transition with Relaxation Melting

Glass Transition Integral -374.29 mJ

o A fast one click evaluation possibility L e

eak 255.30°C
Deltacp ISO  0.275 Jg*-1K*-1

PET, annealead at 65 °C for 10 h, 9.9170 mg
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Since Version 19.00 of the STAR® Software

METTLER TOLEDO

Both Eval Macro and AlWizard automatic evaluation can be attached to the method

@ \ + STARe_WS_EvalMacro and Al_PET_hch (Teresa) - STARe Method — O s
+ File - Home Miscellaneous Settings e T
: 0 ; 3] €] € Ly (=2 '%1 @1
() T A e 8 a8 Y S i % 1E & &a
New Open Save Save Delete Search Al:lmale{ Release/ Method Assign To Attachments Sign Signatures  Import Export Export as Text Plot Print Plot Print
As Graups Cati ar Graphic File Preview Preview
L Pt |
TA Technique IDSC 'I Pan: Favorite(s) [ INuminum Standard 40ul LI Segment Type |Temperature A
oc | Alr Alr Alr Mot released
1 0 ml/min 0 ml/min 0 ml/min EvalMacro: STARe_EvalMacro_Take apart
E AlWizard Model: DSC Polymers V2
| Segment 1 Experiment settling
350 Start temp 30.00 =C Synchronization
End temp 300.00 °C
| Heating rate 20.00 K/min
300 H
250 H
200 A
150 A
100 4
50 4
1 1 2 3
L e L B e e e e L s e B s e s e B L B e e s e B s s e B s L B s e e e e e B L s s o s s B B s
0 5 10 15 20 25 30 35 40 45 50 55 6o 65 70 75 min
For Help, press F1 | MSGMatChar-2024: Teresa | | Samples: 3241 | CAP| NUM| SCRL| gl




Summary: New Automation Possibilites with STAR® V19.00

1. Prepare curve with EvalMacro
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Wg*1 PET, 21.0990 mg
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= Prepare curve with EvalMacro

= Automatic evaluation with AlWizard

3. Get evaluation

2. Create method with EvalMacro and AlWizard
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Rare Data METTLER TOLEDO | 14

Much variation for little data

= 19 different material classes

More than 25 possible effect types

More than 2500 DSC curves (for V1) Overview for V1

= More than 4200 effects labelled (for V1) Material # DSC curves # labelled events
: Thermoplastics 666 1464
= Data from devices up to 30 years old Thermosets 444 754
= Different device usage Elastomers 238 721
Organics 228 318
@ Food 170 248
Pharmaceuticals 150 218
cr“A PCM 80 83
TT Inorganics | 77 116
Petrochemicals 55 92
More than 4100 hours for Unknown 53 83
expert data review (for V1)! e o 74
Biopolymers 23 59
. Composites 6 9
= (Additional 1110 DSC curves for V2) :
Cosmetics 5 12
Energetics 1 3
Ceramic 1 2



What We Offer METTLER TOLEDO

The 4 stages of an experiment

Sample preparation Measurement Evaluation Interpretation

Aexo Design of Cooling Segment Aexo Heating - Cooling - Heating Runs of PET
w. PET: 10.2120 mg, heating rate: 20 Kimin, cooling rate: 20 K/min
m Polymer blend, 16.2800 mg Integral 308.71 mJ
First heating run nommalized 30.23.Jg%-1 Crucible material
; Crucible volume Sample
Glass Transition
Onset  79.02°C Integral -364.45 mJ
Midpoint 79.18°C normalized -35.69 Jg*-1
20 N
0 50 100 ‘150 200 220 20 o s 100 Viso “c mw Gooling run .
50, ) y ot ; 1 — Temperature range Sample changer
5 10 15 20 2 30 min —_——
c Integral 40355 mJ
200 normalized 39.52 Jg*-1
Second heating run
DSC, TGA/DSC,

100 —— Atmosphere
] Glass Transition
Onset  83.91°C Integral _405.89 m. TMA
Midpoint 92.08 °C normalized -39.75 Jg*-1

4 60 80 100 120 140 160 180 200 220 240 260 280 °C

T T T T T T
3 10 15 20 25 30 _min

Robot EvalMacro AlWizard E
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