Analyzing & Testing NETZSCH

Leading Thermal Analysis=

Identify ... the Next Stage

(from Proteus® 8.0)

1. Enlarged Database (> 2000 db entries available)
2. Combined and Simultaneous Signals

(TGA+DSC, TGA+c-DTA®, STA)

Dr. A. Schindler, 10.09. 2018
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NETZ5CH

()1 Database Content (09/2018)



Identify: Database Status 2018 (Proteus® 8.0) NETZSCH

More than 2000 db entries available!

Search Libraries:
Library Entries

User*

KIMW

Database entries*: 1220 NETZSCH + 800 KIMW optional

Polymers DSC KIMW

*Expandable without limits. Such libraries can be shared with several
other users at the same time in the computer network.
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Identify: NETZSCH Database Contents 2018 (~1220 entries) NETZSCH

Distribution regarding measurement types:

o DSC/DTA
Literature Measure- 19% O TGA
Data* ments
OTGA-c-DTA®
\!
53% 6% \2
30, mSTA
o DILTMA
9%
3% OCp

* Most of such entries contain several properties (Tg, Tp,,, @, ¢, , mass changes) at once!
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Identify: NETZSCH Database Contents 2018 (~1220 entries) NETZSCH

Distribution regarding materials:

@ Ceramics/Inorganics

0O Metals/Alloys

0 Polymers \
@ Pharma/Food/Cosmetics \;6“"
0 QOrganics

0 Chemical Elements
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Proteus® 7.1 + higher:

The (optional) KIMW Database for DSC on Polymers NETZ5CH

m DSC measurements on ' KUNSTSTOEE
: : INSTITUT
\@ﬂ\. 800 commercially available polymers ‘ NENCCHED

m 151 polymer types.
B suppliers, trade names
m filler contents, colors

Search Libraries:

Measurement/Literature

|| Class Similarity [%] + *
Data i

PAS_Akulon_F223-D_DSC

-+ |

PAS_Ultramid_B3K_DSC

[+]

Fas_Domamid_A1-001-M1-M...

[ +]

PAS_Aquamid_6AV_DSC

FAG_Durethan_B305_DSC

PET_Celanex_2300_GV1-10...

[ +]
-]
[ +]
-]

PET Crastin_S620_F20_DSC

PAG_vernetzt_Betalink_Mast...

[ +]

Library Entries

Literature Data Poster NETZSCH 243

Ceramics_Inorganics NETZSCH 302
Metals_Alloys METZSCH 143
Organics NETZSCH 172
Pharma_Food_Cosmetics NETZSCH 165
Polymers DSC KIMW
Polymers NETZSCH 190

Identify | A. Schindler | 2018




NETZ5CH

02 Combined and Simultaneous
Signals



Problem: Multiple Interpretations of DSC Signals NETZSICH

Example: We can unfortunately not distinguish PS from PVC-U via DSC

----- EN T *E"ﬁ"‘bEﬁ[ﬂ Fiéﬁﬂvﬁ.ﬁ A AN T - W ]
Results: R

Search Temperature Renge Resuts: | Measurement/Literature

-~

r——— @
; ) " Similarity [%%] ’

M;}- B . M:‘z- . . g:‘azsuramenm.\teramre Similarity ]~ E Data t‘-" [ ] D

PS_D5C 99,30 I ]

Eull range [ Lock range
PVC-U_DSC 93,45 L ]

g
g
5

Algorithm Type:
.|| @ SingleEffect/Component
() Multi-Effect/Component
' | Search Parameters
:

DSC /(mW/mg)
4] | exo
0,35

0,30

0,25 1

unknown

0,20
Glass Transition*:
Onset: 80,84 °C
0,15 Mid: 86,31 °C
End: 91,88 °C

DekaCp* 0,284 J/(g*K)

0101 curves shifted for clarity

40 60 80 100 120
Temperature /°C
EH 6] PS (111) -01.ngb-sdg PS (111) PS (111)-01 201120131234'@'1[3] Polyma-p PVC-U (113) -01.ngb-sdg (PVC-U PVC-U (113)-01 02.12.2013 1E'Mmﬁ[4] Polyma-p PS {111} -01.ngb-sdg (PS (111)) PS {111} -01 20.11.2013 12:34:00
For Help, press F1

Identify | A. Schindler | 2018



Problem: Multiple Interpretations of TGA Signals NETZSICH

Example: And we can unfortunately also not distinguish PS from SAN via TGA

Main: Identify x

[] search Temperature Range Results: Search Libraries: Miean Mutusl Simlaricy within
Al Mllﬂq:gﬂ 5 M:;l;ﬂ 5 I\DA:‘aasuremenm.\teramre Similarity [%]  ~ é Library Entries | selected libraries: R.ESL.I|tS:
8|5 Tedramse  Clieckrance Measurement/Literature R o
Data Simiarity [%] ¥ =
5= oot Tye 7 | [t Lorresjcises.._ o
|| ® Single£ffscticomponent — PS_TGA 100,00
| O terfectiComponent
- =
3| sorcrommets | SAN_TGA 99,01 (]
| e - 5 5
! | @
TG /% |
&l |
100 - i
i — %
| |
- unknown |
801 |
| - |
| |
| !
601 !
| |
| |
1 9994%
401! ]
| |
| |
| |
i !
209 |
| !
| ; F |
| curves shifted for clarity |
o1 —
| I
; j
| 100 200 300 400 500 800 700 |
i Temperature /°C i
1]PS1‘H -01.ngb-dt9 PS 111-01 PS 111-01 23.ﬂ7201421.53.23|i[3] SAN.imp SAN 144 -01.ngb-dt9 (SAN 144 -0 SAN 144 -01 23, D?.ZEH‘UGEHDDEH 1] PS 111 -01.ngb-dt9 PS111-01 PS 111-01 23.07.2014 21:53:23

For Help, press F1
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Solution: Combine (independent!) DSC and TGA signals NETZSCH

Select DSC+TGA with Ctr-button and left mouse and call Identify (right mouse button)

&3] NETZSCH Proteus Thermal Analysis - [PS.ngb-odg*] o

File Edit View Insert Settings Range Evalustion Extras Window Help

D Bomn. R H RB- D o[ (e e Pk DS e s EB e B-m-aR
pAlgh B s @ |- TR L Y T T S TR e
4 Main x| b '_T.
)
I
TG /% DSC /(mWimg) | .
| exo 0,50 bl
I+
100 - >
0,45
Evaluate »
80 - AutoEvaluation k 0,40
Hide / Remaove »
idd Smoothing... 0.35
60 Connect 3egments
R 0,30
D5 Unit
99,94 %
TG Unit »
0,25
40 [ 1dentiy...
Glass Transition*: — .
Onset 8084 °C o= Attribute Defaults... 0,20
Midi: 86,31 °C
End: 91,88 °C
20 | Delta Cp*: 0,284 Ji(g*K)
0,15
& 0,10
0 4
100 200 300 400 500 600 700
Temperature /°C
[Ed[1.6] PS (111) -01.ngb-sdg PS5 (111) PS5 (111) 01 20.11.2013 12:34:48 [l [2.1] PS 111 -01.ngb-dt® P5 111 01 P5 111 01 23.07.2014 21:53:23

For Help, press FL (different curves) CORR (diff.)
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Solution: Combine (independent!) DSC and TGA
In Identify, search for TGA+DSC in combination, or consider either TGA or DSC

NETZ5CH

Search Temperature Range

Results:
e dent Min: Max: Measurement/Literature o
Main: Identify x T - >
([7[7| Search Temperature Range Results: Search Libraries: 25,1 % 799,0 % Data Simnilarity [%:] D 1@
M‘Z’:l = ”:g:u & || o Liieatcs Simiarity [%] 'é L=y PS5 TGA 100 .00
o = : E 5T
3 5| COrulrenge  [liockrange | [& 100,00 = FL.I" range LDCk range == d
“IF ]| e | L PS_DSC 99,89
Moot Tipe = Apply
| @ Single-Effect/Component =
() Multi-Effect/Component .
e Signals Considered: ; Mgmmm Tvpe
g| Hrea  Hlosc & (@ Single-Effect/Component
|| search Parameters User Test
. )
LIl (7 Multi-Effect/Component
| I . . o
TG % i Signals Considered: DSC /fmWimg)
| ; V] TGA [¥]psc | exo
1004 ; 0.40
i | Search Parameters
~ |lunknown @ |standard -] 035
| |
80 1 i = I . - D 30
| PS is the only material where DSC and TGA ’
I
| | Lo 025
0] Glass Transftion: are similar to the unknown.
! Onset: | 80,84 °C
| Mid:  : 86,31°C . r . . . 99,94 % | 10,20
| End: | 91.88°C — PS identified with high certainty!
] Delta Cp* 0,284 J/(g*K)
404 | i 0,15
I |
i i
: 0,10
20 I
! 0,05
I
1 |
3 i 0,00
i i
0 100 I 200 300 400 500 600 700
} ! Temperature /°C
[B [1.6] PS {111) -01.ngb-sdg PS (111) PS (111) 01 20.11.2013 12:34:43 B [2.1] P5 111 -01.ngb-di9 PS 111 -01 P5 11101 23.07.2014 21:53:23 | [3) Polyma-p_ PS (111) -0l.ngb-sdg (PS (111))  PS (111)-01 20.11.2013 12:34:00] [l [4.1] PS 111 -01.ngb-it9 PS 111-01 23.07.2014 21:53.23)

For Help, press F1

(different curves)
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Solution: Combine (independent!) DSC and TGA NETZSCH

In Identify, search for TGA+DSC in combination, or consider either TGA or DSC

Results:
5] NETZSCH Prot
i _~
i 0 open. @ B 5 B"l:;SUFEH'IEHtﬂ_ItErathe Similarity [%] B
E i Open.. & =

LALLM Blg @Il

Search Temperature Range Results: Search Libraries:
Min: Max:

Measur Literature . P Ciorery —

w8 2] meo 2 ||Dam smisity %]~ 5| e

28| Erdrange  Fliodrange -
I - : Restore State

Algorithm Type Restore State

@) Single-Effect/Companent

Show in Libraries Manager

Show in Libraries Manager

el e e g S Comparably Named: v [T pvc-u_TeA 1,98

[ irea v.'Dsc < PVC-P_DSC

I — PVC-P_TGA 181
— - _ PVC-P_DSC 0,00

PVC-U is not an option, because 035
DSC

the TGA signal is totally different. g5

Glass Transition*: 0,25
Onset: | 80,84 °C
Mid: | 86.31°C R
End: | 91,88 °C -99.94 %
Delta Cp*: 0,284 JI(g*K)

i 0,15

PVC-U_TGA 0,10

i

|

i

i

i 0,05
i

! 0,00
I

i

100 : 200 300 400 500 600 700
I Temperature /°C
[Ed[1.61 PS (111) -01.ngb-sdg PS (111) PS (111)-01 20.11.2013 12:34:45 |l [2.1] P5 111 -01.ngb-dt9 PS5 111 -01 PS5 111-01 23.07.2014 21:53:23 B [3.1] PVC-U 113-01.ngb-gt9 _ PVC-U 113 -01 PVC-U 113-01 26.07.2014 04:44:12 B [4] Polyma-p _ PVC-U (113) -01.ngb-sdg (PVC-U__ PVC-U (113)-01  02.12.2013 16:(

For Help, press F1 (different curves)
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Solution: Combine (independent!) DSC and TGA NETZSCH

In Identify, search for TGA+DSC in combination, or consider either TGA or DSC

Results:

] NETZSCH Proteus

Measurement/Literature o ~
Data th Similarity [%a] "D

g ™ i
e

[]][7]] Sesrch Temperature Range Results: Esmulices Mean Mutual 5

Ma: Measurement/Literature — = Library Entries selected lbrari
= = Similarity [%] +
= e 5 Data n
[Cliodk range

Apply

Algorithm Type
‘T 1| @ Single-Effect/Component Restore State

Restore State

Show in Libraries Manager

Signals Considered: Comparably Named: » || SAN_DSC 2159

[
() MultiEFfect/Component Show in Libraries Manager Manage Libr:
[ eow
oo

o - Comparably Named: » || san_psc 2159
5 ar darame s [F] |user_Test 55
= i [ ¢

! ! 0,40
i SAN_DSC . . ’
Jnknown / - SAN is also not an option, because 1l
| 1
i 0 0 5
| the DSC signal is too different. i
T 0,25
Glass Transition™
Onset. | 80,84 °C -99,94 %
Mid: | 86,31 °C 0,20
End: 1 9188°C
Delta Cp* 0,284 J/(g*K
pi (g°K) 0.15
|
i 0,10
|
i
| \SAN_TGA 005
|
i 0,00
|
100 L 200 300 400 500 500 700
! Temperature /°C
[ [1.61PS (111) -01.ngb-sdg PS5 (111) PS (111) 01 20.11.2013 12:34:43 I [2.1] PS 111 -01.ngb-dt9. PS111-01 PS111-01 23.07.2014 21:53:23 B [3] Polyma-p _ SAN (144)-01.ngb-5dg (SAN (144 SAN (144)-01  28.11.201312:56:00BI[4] SAN.imp  SAN 144 -01.ngb-dt9 (SAN 144-0  SAN 144 -01 23.07.2014 06:3

For Help, press F1 (different curves)
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Let's have a look at further cases

Consideration of DSC and TGA will in many cases improve the situation of multiple interpretations!

NETZ5CH

400 -
350 |
| PA4E

300 m
— PAs/cTyy M PPS
QO
= 250 | T
L PET Pﬁj PAG6
0 Pphs10
= TPC W
2 200 | POM-H oVDF PAG12
©
o u [} PP (iso) PA12 I.PA11
£ 150 - -
o POM-C
E) 100 PB
©
=

50 -

W R
0 4
SBR
Q |
-50 n : . : : .
-150 -100 -50 0 50 100

Glass Transition Temperature T, [°C]

[1] A.Schindler et al., Identification of polymers
by means of DSC, TG, STA and computer-
assisted database search. J. Therm. Anal.
Calorim., DOI 10.1007/s10973-017-6208-5

Decomposition Temperature T, [°C]

B PEKEKK

Exemplary literature data [1].

600 -
b ]
PEKEKK
||
Q
550 - +
W PPS
METFE
500
PA12
pp (iso) W PA610 W ppe/eT
g m -
450 B SBR o8 PVDF pas12 M M PAG6
m PAG
PA46
PA11 | |
PET
Tpc @ WPBT

400 =

B NR POM-C

POM-H
|
350 ; ; ; PLA ‘ ‘ : : .
-50 0 50 100 150 200 250 300 350 400

Melting Temperature T, [°C]
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https://link.springer.com/article/10.1007/s10973-017-6208-5
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https://link.springer.com/article/10.1007/s10973-017-6208-5

STA measurement on “PA66-GF30_STA’ (see ref. [1])

STA 449 F3 Jupiter®, steel furnace.

NETZ5CH

DSC /(mW mg")
TG /% DTG /(% min")
| exo
- —————— . o —_— L 0
120 1 bTG S / _
110 N / | -5
: / 1.5 |
100 - - --10
] Onset: 418.0 °C K- 4 0
20 ] Mid: 446.3 °C Peak: 496.07C 10 19
1 ition - Inflection: 456.0 °C - 1. [
80 ] steif'a”se'gﬂ“c;c End: 4743 °C : --20
] Mid: 74.4 °C I Mass Change: -66.26 % L
707 Ena: 78.0 °C ' T r-25
50 ]  DeltaCp™ 0.039 J/(gK) '_ 05 |
: . . — N oY 1-30
] Complex Peak: 1
503 / Area: 4524 J g’ |35
{1 DSC Peak: 258.4 °C | _
40 1 Onset: 246 8 °C 0.0
] End: 264.3°C . --40
30 - : . . . . . -
100 200 300 400 500 600
Temperature /°C
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Identify on “PA66-GF30_STA” (see ref. [1

Just considering the DSC signal — No definite identification!

) NETZSCH

Measurement/Literature
Data

PASS-PASIX_Grivory_GV-4H...

Similarity [%&]

DSC/ (mW m g1) PABG_Grivory_GV-5H_GF50_...

ETFE_Tefzel_200_DSC

PAG6-GF30_STA

,L exo PAGG Terez PAGE 7515 GF...
1.0- PAGE_Altech_PAGE_A_2030-...
FEP_Teflon_CJ1_95_(CI95¥)...
PAGS_Terez_PAGE_7400_GK... 95,56
ek ma | Comperen
Area: 4524 Jq"
08 7 FEF_Meoflon_MP-101_DSC L Preeaak 258 4 ng \
\‘\ l
MO
0.6 7o
/ /// +\
______ i N
0.4 - _— Complex Peak: '
. ____j/ Area: 36.38Jg"
Glass Transition: Peak: 260.5 °C
Mid: g11°c e
Delta Cp: 0128 JAGK) . oiieeeeermemeenmenn 20D — SRRETTERELD o
0.2 : —
. Glass Transition: Complex Peak:
‘ass fransition. Area: 50.31Jg"
Mid: 79.1 C Peak: 261.6 °C
Delta Cp:  0.036 J/(gK) S
50 100 150 200 250 300
Temperature /°C
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Identify on “PA66-GF30_STA” (see ref. [1]) NETZSCH

Just considering the TGA signal — Again no definite identification!

PA66-GF30_STA (solid line)

TG /% @ (dashed line) DTG /(% mir")
@® (dotted line)

....... -0
1201 DTG i
Peak: 457.2°C -10
100 | —m
TG Peak: 456.0 °C
Dt smarity (%]~ Peak: 456.8 °C 20
. 0,
80 - o Mass Change: -66.26 %
Mass Change: -67.15 %
--30
601 Mass Change: -67.93 %
40
40 -
i\~ LS
= --50

—_—

100 200 300 400 500 600
Temperature /°C
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Identify on “PA66-GF30_STA” (see ref. [1]) NETZSCH

Take both: DSC and TGA signal — Much better identification!

In this example, PAG6 is the only
material with a high similarity
regarding, both, DSC and TGA.

Eﬂ:;wranentﬂ.iteramre Similarity [%] &
This can most easily be seen when H|
only the library ,NETZSCH Polymer
Poster” is selected. These database
entries contain DSC and TGA pro-
perties that are considered in

combination!

— PAGG is best hit, other materials
are discriminated.
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TGA measurement on “PB_TGA_new” (see ref. [1])

TG 209 F1 Libra®. Identify can consider TGA+c-DTA®

NETZ5CH

Bﬂ:;surementﬂ.iterat:re Similarity [%] é
PB is the only material where DSC and TGA : c-DTA® /K
are similar to the unknown. -1
TG /%  _ pgigentifed with h | DSC /(mWmg’)
— identified with high certainty! | exo
s - 1.6
1004 1.0
TG
- 0.5 14
80 - ..L_ 0.0 1.2
c-DTA ﬁ T I
Complex Peak: | _ i
60 - h Peak: 121.5°C Mass Change: -99.12 % 0.5 1.0
“ __/--/"// --1.0 0.8
K PB_TGA _new (solid lines) |
40 I | ® (dashed lines) | Mass change: -99.39% [-1.5 0.6
DSC /-
- E;r%nﬂ;iiéﬁx Peak: 20 0.4
20] 4~~~ Area: 40 Jg"
T~ Peak: 119.1 °C -2.5 0.2
Glass Transition:
Mid: -235°C
0] DeltaCp: 0.033J/(gK) -3.0 }0.0
0 100 200 300 400 500 600
Temperature /°C
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TGA measurement on “PB_TGA_new” (see ref. [1]) NEIZSCH

TG 209 F1 Libra®. Identify can consider TGA+c-DTA®

Using library ,NETZSCH Polymer Poster*, c-DTA® /K
TG /% PB is clearly best hit; other materials are discriminated. DSC /(mWmg’)
— PB identified with high certainty! L exo I 116
100 - 1.0 -
TG
] 05 14
80 —L— 00 1.2
c-DTA Complex Peak:
Peak: 121.5°C
--0.5 1.0
60 - I'E]ﬂaeiaasurementﬂ_iteratﬂe similarity [%] ~ —
1 Mass Change: -99.39 % -1.0 0.8
40 - -1.5 0.6
-2.0 +04
20 -
25 10.2
0 i \ l\ i '30 - 00
5 — '160' — '260' — .360. — '460' — '560' — '660'

Temperature /°C
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c-DTA®is the linkage between the TGA and DSC worlds NETZSCH

Identify features this linkage!

TGA-c-DTA® — TGA(-c-DTA®) but also DSC and STA are found by Identify
DSC — DSC but also TGA-c-DTA® and STA are found by Identify
STA — STA, DSC, TGA, TGA-c-DTA® are found by ldentify
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Overview
Which signals (A vs. B) can be found by Identify? Status 2018 (Proteus® 8.0):

NETZ5CH

A B |DSC | TGA|STA | TGA-c-DTA®|DIL| TMA |C,
DSC 4 4 va

TGA Vv 4

STA VAN VAR VAV VA4

TGA-c-DTA® | / | / || VS

DIL S|
TMA Va4

C, ve

Remarks:

= A, B: measurements or literature data (,unknown® is always a measurement).
= DSC can also be DTA.
. // two signal types can be identified in combination - or just one of the signal types.
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Summary NETZSCH

Identify 2018

= More than 2000 db entries are available!

= |dentify can now incorporate:
Combined signals (TGA+DSC indep. and TGA-c-DTA®)
Simultaneous signals (TGA+DSC = STA)

= This makes material identification more definite!

= The contents of this presentation is published:
A.Schindler et al., Identification of polymers by means of
DSC, TG, STA and computer-assisted database search,
J. Therm. Anal. Calorim., DOI 10.1007/s10973-017-6208-5
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