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The NETZSCH Group and its Globally Acting
Business Units NETZSCH

Erich NETZSCH

GmbH & Co. Holding KG

_ Grinding & Dispersing Pumps & Systems

The product range comprises Comprehensive product line for Comprehensive range of
instruments for thermal analysis a multitude of tasks in wet and pumps for industrial conveying
and for determination of dry grinding, mixing, de-aeration tasks — manufacturer of the
thermophysical properties. and classifying and for the most worldwide known NEMO®
different industrial applications. eccentric pumps
5 E |I‘f o
" Foundation: 1873 by Thomas and Christian Netzsch in Selb
" Turnover: about € 453 million
" Staff: > 3000 worldwide, around 1350 of them in Germany
" Locations: 163 worldwide in 28 countries
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NETZSCH Analysing & Testing Acts Globally NETZSCH

= 49 Sales and service locations

- : o LR
In 37 countries S RO B
= Production facilities in Selb - Germany, g A
and Boston - USA, Osaka - Japan ) .

NETZSCH A&P Presentation GS 070414
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Thermal Analysis - Definition NETZSCH

= Definition (ICTAC):
Thermal analysis (TA) is a group of techniques in which
changes of physical or chemical properties of the

sample are monitored against time or temperature,
while the temperature of the sample is programmed.

The temperature program may involve heating or
cooling at a fixed rate, holding the temperature constant
(isothermal), or any sequence of these.

www.netzsch.com



The NETZSCH Product Range — Methods

Differential Thermal
Analysis, Differential
Scanning
Calorimetry

(DTA/DSC)

Phase transition
temperatures,
enthalpy changes,
specific heat

-180 ... 2400°C

Materials Characterization by Thermal Analysis Methods

Thermogravimetry
(TGA), Simultaneous
Thermal Analysis

(STA=TGA+DSC)

Mass changes due
to evaporation,
decomposition and
interaction with the
atmosphere

-150 ... 2400°C

Thermomechanical

Analysis

(DIL, TMA, DMA,
RUL, HMOR)

Dim. changes,
deformations,
viscoelastic
properties,
transitions, density

-260 ... 2800°C

Evolved Gas Analysis (EGA) for the advanced
characterization of decomposition/evaporation effects

Thermophysical
Properties
Measurements

(TCT, HFM, GHP,
LFA)

Thermal diffusivity,
thermal conductivity,
transport properties

-125 ... 2800°C

www.netzsch.com

Adiabatic
Calorimetry

(ARC, MMC,
APTAC, IBC)

Phase transitions,
isothermal/scanning
calorimetry, thermal

stability, reaction

behavior, battery
tester

RT ... 500°C

NETZSCH

Dielectric Analysis
(DEA)

lon viscosity, curing
behavior, dielectric
properties

RT ... 375°C



The NETZSCH Product Range — Optimized

Instruments with Outstanding Features

Differential Thermal Thermogravimetry

. . Thermophysical
Differantial - (TGA) T alyeis o Properties
Scanning Slmultaneous_ DIL. TMA. DMA Measurements
Calorimetry Thermal Analysis — (ER, TMIM BRA - (TCT, HEM, GHP,
(DTA/DSC) (STA=TGA+DSC) LFA)
DSC 3500 Sirius TG 209 F3 HFM 436
DSC 214 Polyma GHP 456
STA 449 F3 DIL 402 C
DSC 204 F1 TCT 426
STA 449 F1 DIL 402 CD
DSC 204 F1 Photo LFA 467
DSC 204 HP STA 449 F5 DIL 402 E/Pyro LEA 457
STA 2500 Regulus TMA 402
e || e || R ) e
- STA429CD -260 ... 2800°C A
-180 ... 2400°C -150 ... 2400°C -125 ... 2800°C

Evolved Gas Analysis (EGA) for the advanced
characterization of decomposition/evaporation effects

QMS 403 Aéolos®, STA-MS-Skimmer®, FT-IR, GC-MS

www.netzsch.com

NETZSCH

Materials Characterization by Thermal Analysis Methods

Adiabatic
Calorimetry

(ARC, MMC,
APTAC, battery
tester)

Dielectric Analysis
(DEA)

ARC® 244
ARC® 254
APTAC™ 264
MMC 274 Nexus®
IBC 284
RT ... 500°C

DEA 288

RT ... 375°C



DSC Method NETZSCH

Furnace
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DSC — Range of Applications NETZSCH

= Thermophysical Properties:
Specific Heat

= Product Identification and Characterization:
Melting temperatures
Transition enthalpies
Phase transformations, phase diagrams
Chrystallization temperatures
Degree of crystallinity
Glass transition temperatures

= Advanced Material Analysis:
Decomposition effects, O.I.T.
Reaction kinetics
Purity determinations

www.netzsch.com



DSC 204 F1 Phoenix® — Schematic Design NETZSCH

DSC 204 F1 Phoenix®- ASC

www.netzsch.com



DSC 204 F1 Phoenix®

Technical data

Temperature range:
Heating and cooling rates:
DSC detection limit:
Exchangeable sensors:

Several cooling devices:

NETZSCH

-180°C ... 700°C

0.001 K/min ... 200 K/min

2 yW (0.2 pW RMS; depending on sensor type)
fast t-sensor, high sensitive p-sensor

compressed air (to RT)
Vortex tube (compressed air): < 0°C to 700°C

intracooler (-85°C ... 600°C)
liquid nitrogen (-180°C ... 700°C)

Electronically controlled gas flow for purge and protective gases

Specific heat measurements (software option)

Advanced Software available: Thermokinetics, Component Kinetics,

Peak Separation, Purity Determination, etc.

Automatic sample changer (ASC) for 64 samples and all crucibles

www.netzsch.com



DSC 214 Polyma NETZSCH

company presentation www.netzsch.com



DSC 214 Polyma NETZSCH

Ideal Combination for Optimum Results
Arena Furnace » Corona Sensor » Concavus Pans

Oval, low-mass silver furnace (= Arena) is
able to realize heating and cooling rates up
to 500 K/min.

Ring sensor consisting of a core made of
NiCr and an external ring made of
constantan. Both materials are diffusion-
bonded.

This ring-shaped contact zone with the
crucible has a positive effect on the
measurement reproducibility — especially
when using the Concavus pans.

company presentation www.netzsch.com



DSC 214 Polyma

Technical data

= Temperature range:

= Heating and cooling rates:
= DSC technical resolution:
= Several cooling devices:

= Sensitivity:
= Time constant:;

= Software:

= Advanced Software available:

= Automatic sample changer:

NETZSCH

-170°C ... 600°C
0.001K/min ... 500 K/min
0.1 yW (1 yW RMS noise)

compressed air (to RT);

Vortex tube (compressed air) < 0°C ... 600°C
liquid nitrogen (-170 ... 600°C)

intracooler (-70/-40 ... 600°C)

4 pV/mW (Indium - 156.6°C)

0.8 s £ 0.1 s (empty sytem; <5.4 s with Concavus
pan and Indium sample)

SmartMode, ExpertMode, AutoCalibration,
AutoEvaluation, Identify of Polymers....

Thermokinetics, Component Kinetics,
Peak Separation, Purity Determination, etc.

20 samples and all crucibles

www.netzsch.com



A PP+CNT Compound verified with Identify

PP (Polypropylene) is recognized - even at a heating rate of 40 K/min

NETZSCH Proteus Thermal Analysis - [PP-cnt-40K.ngh-taa*]
File Edit ¥iew Insert Settings Range Evaluation Extras  Window Help

NETZSCH

=4 RERA AR R | | | % o ER e - - TR=0 s
| |« RN - | | | |
4 Main; Identify x] I
Search Temperature Range Feesults; Search Libraries: (7]
Min: Max: Measurement/Literature Similarity [%] || Class Similarity [%] Library Entries Mean Mut_ual S_irni\arity within
Dat PALx_semi-cryst, 31,70 [ chocalate SEIEC:Ed st
[Fultange [Jiockrange POM 19,52 | | organics_Food_Pharma METZSCH @
R :?’:: PAG.x_semi-cryst. 10,28 | | PE mix PP Ekkehard 11 [ Add Current Curve. .. ]
Measurement,l'LiteraturE o dl_.q o 40178 FE e P (e anves (ETZEA & [ Manage Libraries/Classes... ]
Data Sirnilarity [%:] b PUC 1,40 Polymer Poster NETZSCH 70
37,73 1 sugar < [ Export Results. .. ]
PP D5 35,00 [ Settings. .. I
= 32,40
Pl'u'lF_DSC 43.191 2228 v [ Close I
PA12_DSC 41,52 )
PYDF_DSC 40,78
PA11_D5cC 37,73
- ’ PP + CNT P
PP_isatactic_lit 35,00 40 K/min Z
PYE_lik 32,40 Complex Peak;
_ Area: 1004 Jig
PYDC_liE 28,55 Peak 1814°C
Cnset: 1501 °C
End:  198,7°C
2,5 Ellzss Trensiien Width: 27,0 *C{50,000 %)
Onset: 48°C :
Iid: 54°C
=t End: 176°C
Delta Cp™ 0,022 Jf{g™k)
1,5
1,0 PP in database
(heating rate 10 K/min
0,5
0,0 : : : : :
0 50 100 150 200
Temperature /°C

BE[48]  -U-10-04.ngb-sd3

For Help, press F1

PP CHT -U-10-04 18.03.2010 13:16:33 W [5] Polyma-p PP (20) -03.ngb-sdg (PP (200) PP (20} -02 09.12201313:29:00

DsC

Identify, July 2014

www.netzsch.com
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DSC 3500 Sirius - very cost effective solution NETZSCH

\ Dsc3500

Technical data

Temperature range:
Heating and cooling rates:
Digital resolution:

Several cooling devices:

Sensitivity:
Time constant:

Software:
Advanced Software available:

Automatic sample changer:

www.netzsch.com

-170°C ... 600°C
0.001K/min ... 100 K/min
0.2 yW

compressed air (to RT);

liquid nitrogen (-170 ... 600°C)
intracooler (-70/-40 ... 600°C)
3.8 pV/mW (Indium)

25s

Proteus®

Thermokinetics, Component
Kinetics, Peakseparation, Purity
Determination, etc.

20 samples and all crucibles with
possibility to change reference
sample



Application — HDPE Packaging NETZSCH

HDPE = High-Density Polyethylene
. 2% AN

www.netzsch.com



LDPE/PP and HDPE/PP blends

DSC /(mW/mg) .
L4V exo Second heating

1.0
0.8 ;
103.0 °C
102.0 °C
0.6 1

sample 1
sample 2

131.0 °C

NETZSCH

169.0 °C
168.4 °C

0.4 124.4 J/g
98.2 J/g 40.0°C: 0.0 %
40.1°C: 0.0% 110.5°C: 19.0 %
0.2 111.7°C: 234 % 139.8°C:  54.1 %
1899 OC: 100.0 % 1900 oC: 100.0 %
20 40 60 80 100 120 140 160 180 200

Temperature /°C

www.netzsch.com



OIT: Comparison of Oxidation Stability of PP parts NETZSCH

0.51

051

Flow /(mi/min)
psc (mwimg) 166.2 °C Temp. 1°C
Lexo 167.1 °C
A 200
250
Polymer: 180
Batch PP-1 (blue)
Batch PP-2 (black)
Temperature program: 200 1160
200°C under N, atmosphere, 3 min isothermal, change to O,
140
150
L 120
O.l.T.: 6.6 min 100
100
O.I1.T.:11.6 min 80
—————————————————————————— 50 e
40
___________________________ 0
: . . : . 20
10 20 30 40 50

company presentation

Time /min
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DSC 204 F1 Phoenix® TM-DSC

Post-Curing of an Epoxy Resin
DSCf(mT’;"i} Temperature Modulated DSC — TM-DSC Temp./'C
0.30] - 200
H Ly T '
. I
0.25 Cured Epoxy Resin ‘] Py '| }I “'l’]h |'| f || |'H Ul |
i i [ | Y ]H'l 1
HlﬂH 1] | | f| ”“lllujl'lll!\liu:”ll 1|” | '|\|1Hf||‘l-150
0.20° MH”HI tn |'| I'. J|H|1‘ et A I|||H”||H“||
g LT AT T 'u Ly
15 |' | I
059 A Hnuljh’ﬁillllﬂl [y Il ”,I'HII |'“ T il ||]nrl|‘]_m
At Sakk
0.10{l |”flfllJ-~" YK
gy
D.UE'ljiljfi L 50
0.00 ]
-0.05 1 0
15 20 25 30 35 40 45 50

Time /min

www.netzsch.com



DSC 204 F1 Phoenix® NETZSCH
TM-DSC: Post-Curing of Epoxy Resin

DSC imWimg)
| exo
0.95 | Precured Epoxy Resin
) Glass transition
- 28 C DSC reversing
0.20 { Inflection: 35.99°C 56.74°C o o °re Sing___
DettaCp*: 0.25 Ji(g'K) =+ : —-E:=';_—‘"i"f'—-—-=""’ DSC total
1 Area: -2.63Jlg
0.15 1 i Peak: 101.10°C
T Mid:  49.25°C
0.10 - Inflection: 48.64°C
Delta Cp*: 0.25 Ji{g'K) [1.5] 158-0-06-21.sd3 _
_—— DSC (reversing)
0.05 - — — — — DSC (non-reversing)
' Influence of an additive _ DSC (total)
Relaxation 40.29°C 5204 °C _
0.00 - e i el DU Post-curing DSC non-reversing
' 3.88 Jig | T = —_ !
4480°C: 594% Area: -2.77 Jig
-0.05 1 64.60 °C: 100.0 % Peak: 102.98°C
20 40 60 80 100 120 140

Temperature /°C

www.netzsch.com



DSC 404 F1/F3 Pegasus® — High Temp. Base Units NETZSCH
N

purge 1

purge 2

protective

-
A A

www.netzsch.com



DSC 404 F1/F3 Pegasus® — Base Units NETZSCH

Technical data

= Temperature range: -150°C ... 2400°C (depending on the furnace
type: silver, steel, platinum, rhodium, SiC, graphite, tungsten)

= Vacuum tightness: 104 mbar/10-? mbar

= Sensors DTA/DSC/DSCcp: Exchangeable (easy) E, K, S, P, B, W type

= Heating and cooling rates: 0.001 ... 50 (1000) K/min

= DSC resolution: 0.1 yW

= Several cooling devices: compressed air (to RT)

liquid nitrogen (-150°C ... 1000°C)
= Sensitivity: 16 uyV/mW (Indium)

= Time constant: < 7 sec. (including sample)

www.netzsch.com



DSC Performance — Diopside Glass Powder NETZSCH

Sample: Glass powder
Cp / (‘]/ (g*K)) Sample mass: ~50 mg
g ¥ Crucible: Pt+lid
40y Specific heat capability! Sample holder: DSC-c,
Heating rate: 20 K/min
. here: i /mi
30 Weak and strong transitions! Atmosphere:  Alr at 0 mi/min 1390.3 °C
13905°C ¢
20 - Glass transition Onset 7995 °C
Mid: 7336 °C :
Onset.  7238°C Inflection:  741.0 °C Melting
10 | Mid: 733.9°C End: 7448 °C
Inflection:  739.5 °C Delta Cp*:  0.529 J/(g*K)
End: 7449 °C 883.4 °C
Delta Cp*:  0.522 J/(g*K) ‘ . 883.2 °C -
0 | o .
1055.0 °C
1055.0 °C
10 1 o a08.1 -c Crystallization
Excellent reproducibility! 908.0 °C
-20 - ' ' ' ' ' ' '
200 400 600 800 1000 1200 1400

Temperature /°C

www.netzsch.com



Magnesium Alloys NETZSCH

www.netzsch.com


http://media.photobucket.com/image/magnesium aluminum alloy/jakeyong/Audiophiles/ath_ad700.jpg?o=6
http://www.dymag.com/images/Classic Magnesium.jpg
http://www.magnesium-elektron.com/pics/image_flare.jpg
http://www.skw.com/gusseisen/magnesium.jpg

Magnesium Alloys NETZSCH

DSC AmW/mg)
{ Bxo 5876 °C
Sample: Mg alloy: 280
3.0 Crucible: Graphite
Sample holder: DSC-c,
Heating rate: 20 K/min
5 Atmosphere: Argon
[2] 820-282-99-probe?80.ddc 2-242 - DSC
DEC A{myW o)
2.0 4 Exo
0.495 i
0,400 4529 °C Melting
0.485
1.5 1 448.3.2 e J
0.480
047 , , 5107 °C Evaporation
10/ 445 450 4548 460 465
. Temperatur /~C
FPhase transitions
o . 018 Jig
05| _JﬂL_ 4M83°C 4529°C 30705 Jig
g 2728°C 1344 Jig N 497.8°C
01
200 300 400 500 600

Temperature f°C

www.netzsch.com



The NETZSCH Product Range — Optimized

Instruments with Outstanding Features

Differential Thermal
Analysis, Differential
Scanning
Calorimetry

(DTA/DSC)

DSC 3500 Sirius
DSC 214 Polyma
DSC 204 F1
DSC 204 F1 Photo
DSC 204 HP
DSC 404 F1
DSC 404 F3
-180 ... 2400°C

Thermogravimetry
(TGA), Simultaneous
Thermal Analysis

(STA=TGA+DSC)

TG 209 F3

TG 209 F1

STA 449 F3
STA 449 F1
STA 449 F5

STA 2500 Regulus
STA 409 CD
STA 429 CD
-150 ... 2400°C

Thermomechanical
Analysis

(DIL, TMA, DMA,
RUL, HMOR)

DIL 402 PC
DIL 402 C
DIL 402 CD
DIL 402 E/Pyro
TMA 402
DMA 242 E
-260 ... 2800°C

Evolved Gas Analysis (EGA) for the advanced
characterization of decomposition/evaporation effects

QMS 403 Aéolos®, STA-MS-Skimmer®, FT-IR, GC-MS

Thermophysical
Properties
Measurements

(TCT, HFM, GHP,
LFA)

HFM 436
GHP 456
TCT 426
LFA 467
LFA 457
LFA 427
SBA 458 Nemesis®
-125 ... 2800°C

www.netzsch.com

NETZSCH

erials Characterization by Thermal Analysis Methods

Adiabatic
Calorimetry
(ARC, MMC,
APTAC, battery
tester)

Dielectric Analysis
(DEA)

ARCP® 244
ARCP® 254
APTAC™ 264
MMC 274 Nexus®
IBC 284
RT ... 500°C

DEA 288

RT ... 375°C



TGA Method

Furnace

Sample

NETZSCH

1855 L 1st Step (Release of Water)
l -12.21 %
90 -12.25 %
2nd Step (Release of CO)
80 -19.11 %
-19.14 %
20 3'd Step (Release of CO,)
Decomposition of CaC,0,*H,0
60
-29.38 %
50 -29.43 %
40

100 200 300 400 500 600 700 800
Temperature /°C

www.netzsch.com



TGA — Application Fields NETZSCH

= Thermophysical Properties:

Density change

= Product Identification and Characterization:

Mass change
Decomposition temperatures
Thermal stability
Compositional analysis
Oxidation behavior

= Advanced Material Analysis:

Decomposition kinetics
Rate-controlled mass loss

www.netzsch.com



TG 209 F1 Libra® and TG 209 F3 Tarsus® NETZSCH

NETZSCH

= Technical data
*Temperature range: RT to 1000°C / 1100°C

» Heating rates: 0.001 ... 100 / 200 K/min

» Wide measuring range: 2000 mg

* Resolution: 0.1 ug

» Atmospheres: Inert, oxidizing, static, dynamic

 c-DTA® (Option)

www.netzsch.com



Application — EPDM NETZSCH

www.netzsch.com


http://www.netmeile.de/epdm/teich.php?epdm=602&PHPSESSID=55e38f17cd8c3d09db8a3edcefac2f9d

Application — EPDM (ethylene propylene diene
monomer) rubber NETZSCH

TG /% DTG /(%/min)
100 | Plasticizers Nitrogen | Air
] e P
90 —Tjif\\\\\ ‘ ~el \ ‘
80 Backbone r23.3°¢ ; :
70 - -36 .85% H ; -5
60 - \ ;
TG 209 F1 Iris® Filler \ !
50 | Sample: EPDM -6 .68% \*J - -10
Sample mass: 4.79 mg \ ¢ 905 .2 °C
40 1 Crucible: Alumina ‘
| Atmosphere: N,/Air, 40 ml/min -29 .91%
30 - Heating rate: 20 K/min - -15
Carbon black
20
Residual Mass: 12.76% (986.9°C) | o0

100 200 300 400 500 600 700 800 900
Temperature /°C

www.netzsch.com



STA Method

Furnace |

Sensor

e S

Balance

NETZSCH

Am (%)

exo l

Am/t (%/min)

Temperature

www.netzsch.com




STA 449 F1/F3 Jupiter®— Basic Units

gas outlet valve

thermocouple _ i
hoisting device
/
heating element
sample carrier
protective tube
milt
radiation shield
evacuating -
system
I =]
/, \MFCJ iy purge 1
/
/ MFC| ] purge 2
/ / MFC[ s protective
balance (
system

www.netzsch.com
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DSC/STA Body with Automatic Sample Changer NETZSCH

www.netzsch.com



NETZSCH

STA 449 F5 Jupiter coupled to
FT-IR and MS

www.netzsch.com



STA 2500 Regulus NETZSCH

STA 2500
Regulus

coupled to
GC-MS

. TG-DTA2500

www.netzsch.com



Technical Specifications NETZSCH

STA 449 F5 STA 449 F3 STA 449 F1 STA 2500
Jupiter® Jupiter® Jupiter® Regulus

Temperature range RT to 1600°C -150°C ... 2400°C -150°C ... 2400°C RT to 1600°C
Vacuum <102 mbar (1Pa) <10 mbar (0.01Pa) <10 mbar (0.01Pa) <102 mbar (1Pa)
DSC sensors standard standard standard TGA-DTA
DSC-c, sensors option option standard n/a
Quick-Change standard standard standard n/a
Balance resolution 0.1 ug 1 Mg 0.025 ug 0.03 ug
Max. sample mass 359 359 509 1lg
Max. sample volume 5 cm?® (TG mode) 5 cm?® (TG mode) 5 cm?® (TG mode) 400 pl
DSC resolution 0.1 uyW (sensor 0.1 uyW (sensor 0.1 uyW (sensor n/a

dependent) dependent) dependent)
OTS®gas purifier optional optional optional n/a
Double furnace hoist no optional optional n/a
ASC Standard in optional optional n/a

instrument version Il

Metal-housed MFC standard optional standard standard
TM-DSC no no optional n/a
BeFlat®, Tau-R Mode™ option option standard Differential balance
Autovac™ standard optional optional optional
CO-Version no available available available

www.netzsch.com



STA Combined TGA-DSC Performance —
Manganese Oxide

NETZSCH

TG /% DSC /(mW/mg)
exo
102 1
MnO, = Mn,0O4
-0.23 % [ 6
100 1 ]
619.1 °C
98 1 sample: MnO, Mn,O; = Mn;0, 4
Sample mass: 2886 mg Mn;0, = Mn;0,
9% Crucible: Pt+lid 432 10 3/ 95827°C 1200.7 °C
Sample holder: DSC-c, I . )
Heating rate: 10 K/min 9.20% 179.70 J/g 71.45 Jlg
94 1 Atmosphere: Air at 50 ml/min ’ '
’__—-—'-__ — : : [ 0
__________________________ ——————
92 1 \ !
|| -71.83 /g
’ {
90 Y 7
11478 °C -2
-3.07 %
88 | .
-4
86 ; ; ; ‘ ; ; ;
200 400 600 800 1000 1200 1400

Temperature /°C

www.netzsch.com



Gypsum (CaSO, - Dihydrate) — Pt Crucibles NETZSCH

TG I% Sample: CaSO, Dihydrate Calci If Dfi.';;(cr,nw.fmg]
Sample mass: 38.68 mg alcium sulrate L5
Crucibles: Pt+lids
100 - Heating rate: 20 K/min
Atmosphere:  Air
1773°C Sensor: TG/DSC type S -4
2014°C .
90 Decomposition
Melting of the CaO-CaS04d eutectic compound -3
20 1227 5 °c\
- 2
6184 Jigl
701 1000 Jigl | 1379.8°C v
433°C
o A SA55 Jf_grl_
60 1 Dehydration 3735°C - -0
Formation of beta-Cas04 , 12186°C
Transformation of beta- to alpha-Cas04
50 - - -1

200 400 600 800 1000 1200 1400
Temperature FFC

www.netzsch.com



The NETZSCH Product Range — Optimized

Instruments with Outstanding Features

Differential Thermal

NETZSCH

Materials Characterization by Thermal Analysis Methods

: . Thermophysical
Analysis, Differential Thermogravimetry Thermomechanical Properties
: (TGA), Simultaneous Analysis
Scanning : Measurements
- Thermal Analysis
Calorimetry (DIL, TMA, DMA, (TCT HEM. GHP
(DTA/DSC) (STA=TGA+DSC) RUL, HMOR) LFA)
DSC 3500 Sirius TG 209 F3 HFM 436
DSC 214 Polyma GHP 456
STA 449 F3 DIL 402 C
DSC 204 F1 TCT 426
STA 449 F1 DIL 402 CD
DSC 204 F1 Photo LFA 467
DSC 204 HP STA 449 F5 DIL 402 E/Pyro LEA 457
STA 2500 Regulus TMA 402
DSC 404 F1 STA 409 CD SRR LFA 427 .
DSC 404 F3 STA 429 CD 260 ... 2800°C SBA 458 Nemesis
-180 ... 2400°C -150 ... 2400°C -125 ... 2800°C

Evolved Gas Analysis (EGA) for the advanced
characterization of decomposition/evaporation effects

QMS 403 Aéolos®, STA-MS-Skimmer®, FT-IR, GC-MS

www.netzsch.com

Adiabatic
Calorimetry

(ARC, MMC,
APTAC, battery
tester)

Dielectric Analysis
(DEA)

ARC® 244
ARC® 254
APTAC™ 264
MMC 274 Nexus®
IBC 284
RT ... 500°C

DEA 288

RT ... 375°C



STA 449 F1 Jupiter® — QMS 403 Aéolos® NETZSCH
Capillary Coupling

www.netzsch.com



Example: NETZSCH

Organic Contaminations on Si Wafers

Silicon wafers and other
semiconductor materials:

The most important basis of the
microelelectronics industry are
semiconductors.

No computer would work without
silicon. B % sookeum des somentcns

400 590 600 700 800 900 A [nm]

The purity of silicon wafers used Iin
modern processors is one of the
most important quality control
parameters.

= * Aktive Schicht
fir rotes Licht

p-Culnse,

www.netzsch.com



Organic Contaminations on Si Wafers NETZSCH

TG 1% DTG *10-3 /(%/min)
100.005 - 2.0
100.000 - —_\ ] -0.002 % 1.5

. , -0.001 %
99.995 - ) 1.0
Sample: Si Wafer 0.007 %
Sample mass: 1606 mg
Crucible: Pt+lid
99.990 - Heating rate: 10 K/min 0.5
Atmosphere:  Air/50 ml/min
Sensor: TG type S
99.985 -~ e om0
e 364.7 °C T -
143.8 °C : T Vi
~ I'd
7
99.980 ; N, e -0.5
N 7
558.1 °C
99975 S iy 1 ¢
100 200 300 400 500 600
Temperature /°C

www.netzsch.com



Organic Contaminations on Si Wafers NETZSCH

TG I% lon Current *10-12 JA
100.005 |
3.0
100.000 - \ l -0.002 %
- 2.5
99.995 - -0.008 %
Sample: Si Wafer
Sample mass: 1606 mg
Crucible: Pt+lid 20
99.990 - Heating rate: 10 K/min
Atmosphere:  Air/50 ml/min
Sensor: TG type S
99.985 - 1.5
99.980 - \/\ 1.0
99.975 1 ‘ ‘ ‘ ‘ ‘ . ‘
100 200 300 400 500 600 700

Temperature /°C

www.netzsch.com



Organic Contaminations on Si Wafers

NETZSCH

lon Current *10-12 JA

1.00

0.90

0.80
- 0.70

0.60

- 0.50

TG I%
100.005 - F
100.000 \ " 0.002% i
K 555.3 °C
99.995 - Sample: Si Wafer -0.008 %
Sample mass: 1606 mg L
Crucible: Pt+lid
Heating rate: 10 K/min
99.990 - Atmosphere:  Air/50 ml/min
Sensor: TG type S
99.985
1348 °C
99.980 |
99.975 -

100 200 300 400 500 600 700
Temperature /°C
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Organic Contaminations on Si Wafers NETZS5CH

TG /% lon Current *10-13 /A
100.005
5.0
| -0.002 % °
100000 === i— oo Te -0.008 %
"""""""""""""" 4.0
! Sample: Si Wafer
99.995 - Sample mass: 1606 mg
' Crucible: Pt+lid
Heating rate: 10 K/min 3.0
99.990 ' Atmosphere:  Air/50 ml/min
| Sensor: TG type S
- 2.0
99,985
' The detected mass numbers are o
| organic fragments typical for '
%9987 solvents and cleaning agents!
0
99.975

100 200 300 400 500 600 700
Temperature /°C
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The NETZSCH Product Range — Optimized
Instruments with Outstanding Features NETZ5LH

Materials Char tion by Thermal Analysis Methods

Differential Thermal

. . Thermophysical Adiabatic
Analysis, Differential Thermogravimetry Thermomechanical Properties Calorimetry ‘ - ‘
e (TGA), Simultaneous Analysis N RS Dielectric Analysis
ning Thermal Analysis (ARC, MMC, DEA
Calorimetry (DIL, TMA, DMA, (DEA)
(STA=TGA+DSC) RUL, HMOR) (TCT, HFM, GHP, APTAC, battery
(DTA/DSC) ’ LFA) tester)
DSC 3500 Sirius TG 209 F3 HFM 436
DSC 214 Polyma GHP 456 5
DSC 204 F1 STA 449 F3 DIL 402 C TCT 426 ARC® 244
STA 449 F1 DIL 402 CD ARC® 254
DSC 204 F1 Photo LFA 467 DEA 288
DSC 204 HP STA 449 F5 DIL 402 E/Pyro LEA 457 APTAC™ 264
DSC 404 F1 STA 2500 Regulus TMA 402 LFA 427 SIS e N RT ... 375°C
DSC 404 F3 STA499CD DMA 242 E SBA 458 Nemesis® IBC 284
- STA429CD -260 ... 2800°C A RT ... 500°C
-180 ... 2400°C -150 ... 2400°C -125 ... 2800°C

Evolved Gas Analysis (EGA) for the advanced
characterization of decomposition/evaporation effects

QMS 403 Aéolos®, STA-MS-Skimmer®, FT-IR, GC-MS

www.netzsch.com



NETZSCH DIL 402 C/4 (1650°C): NETZSCH
Measurement Part

www.netzsch.com



Application — Glasses NETZ5CH

Softening point:

0, - o
arem  Thermal Expansion P2
613.6°C
DIL 402 PC
0.600 Sample: 3 Glasses
Sample length: 25 mm Glass transition temperature:
Sample holder: Fused silica 549.4°C
Atmosphere: Air .
0.500 Heating rate: 5 K/min 554.7°C
0.400
Temperature CTE/1/K
20 ... 300°C: 8.918E-06
0.300
20 ... 300°C: 8.910E-06
0.200
0.100
0.000

100.0 200.0 300.0 400.0 500.0 600.0
Temperature /°C

www.netzsch.com



Application High Temp. DIL: Zirconium Nitrides ~ NETZSCH

dL/Lo 1% Thermal Expansion

1.800 1 Zirconium nitride is a possible candidate as

1600 | nert matrix material to burn plutonium or to 15610 °C

transmute long-lived actinides in accelerator-

1.400 1 driven sub-critical systems or fast reactors.

1.200

1.000 -

0.800 -

] 10057 °C

0.600 -

0.400 -

0.200

0.000 -

2000 4000  600.0  800.0 1000.0 1200.0 14000 1600.0  1800.0
Temperature /°C

Applications Laboratory/Nuclear 49 20.07.2007/JB-EK



TMA 402 F1/F3 Hyperion® NETZSCH

www.netzsch.com



Application Fields

= Linear thermal expansion

= Coefficient of thermal expansion

= Phase transition temperatures

= Sintering temperatures

= Shrinkage steps

= Glass transition temperatures

www.netzsch.com

NETZSCH

Dilatometry softening points
Volumetric expansion

Decomposition temperature,
e.g. of organic binder

Caloric effects
Density changes

Sintering kinetics



The New Thermo-mechanical Analyzer
TMA 402 Hyperion® — Sample Holder Types NETZSCH

Penetration Expansion Tension 3-point bending

Quartz glass
-150 ... 1000°C

ALO, =—>

RT ... 1550°C

DSC, TGA, TMA, DMA, DEA, LFA for Composites www.netzsch.com 52




Thermal Expansion of CFRP: Anisotropy
Parallel and Perpendicular to the Fiber Orientation

NETZSCH

dL/Lo /% T. Alpha *10-6 /K-1
Samples: parallel and perpendicular to the fiber
0.700 1 Sample length: 24.76 mm and 20.83 mm 60
Heating rate: 3 K/min
0.600 1 Sample holder: Fused silica 5o
Atmosphere: He
0.500 ;
Tref.: 20 °C - 40
o.400¢¢ = -
ﬂﬂﬂﬂﬂ + - -
0.300 - Onset*: 127 °C L 30
0.200 1 _ Temp./°C T. Alpha/(1/K) 0
Black: parallel to the fiber -50, 100 : 35.3571E-06
0.100{ Red: perpendicular Temp./°C T. Alpha/(1/K)
-50, 100 : 0.4088E-06 10
0.000
0100{———~———~—_»~»~" -+t - T T T T T T 0
Tref.: 20 °C
.-0.200 ;
e : . : ~-10
-50 0 50 100 150
Temperature /°C

DSC, TGA, TMA, DMA, DEA, LFA for Composites www.netzsch.com
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Dynamic-Mechanical Analyzer DMA 242 E NETZSCH

\, Technical Data

| = Wide temperature range (-170°C ... 600°C)
= Robust design

= Rectangular furnace

= Versatile sample holders

= Large sample geometries

= High dynamic and static forces (up to 24 N)
= High amplitude resolution (up to 0.5 nm)

= |Immersion and humid atmosphere tests

= Fourier Analysis

= Comprehensive calibration routines

= User-friendly Proteus® software

www.netzsch.com



Application: PTFE NETZSCH

TGA and STA www.netzsch.com 55



Friction Ring of PTFE (Polytetrafluoroethylene)

E' IMPa
6000-,

5000%
4oooé
soooé
2000%

1000

Peak (345°C, 0.14)
J,\

Y
~

Onset (92.8 °C, 39

s DN

Peak (123.8 °C, 0.13)

NETZSLH

DMA 242

Sample: Hostaflon
Deformation mode:
3-point bending

Dyn. force: 4N
Heating rate: 3 K/min
Frequency: 1Hz

— U.Uo

s —0.04

+0.02

: — 0.00

E"/MPa
5001 Onset (-119.9 °C, 5519)
] Peak (-99.3 °C, 422)
400 '”\\Eeak(-91.5 °C,0.12)
i r
- / " \|\
] !
0- /.
1 /)
/
1/ ’
1/
2004
100 -
0" T I T I T T
-150 -100 50 0

' I I
50 100
Temperature / °C

250

= PTFE clearly shows three transitions in a wide temperature range before the material
starts melting.

= PTFE can be used as an internal standard material for temperature and stiffness (E°)

TMA and DMA

www.netzsch.com
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The NETZSCH Product Range — Optimized

Instruments with Outstanding Features

Differential Thermal
Analysis, Differential

Materials Characterization by Th

Thermogravimetry

- TGA), Simultaneous Analysis
Scanning ( :
Calorimetry Thermal Analysis (DIL, TMA, DMA,
(DTA/DSC) (STA=TGA+DSC) RUL, HMOR)
DSC 3500 Sirius TG 209 F3
TG 209 F1 DIL 402 PC
DSC 214 Polyma
DSC 204 F1 saasins DIL 402 C
DIL 402 CD
DSC 204 F1 Photo SliAaA9IEE 02C
DSC 204 HP STA 449 F5 DIL 402 E/Pyro
STA 2500 Regulus TMA 402
DSC 404 F1 STA 409 CD DMA 249 E
DSC 404 73 SAGZYED -260 ... 2800°C
-180 ... 2400°C -150 ... 2400°C

Evolved Gas Analysis (EGA) for the advanced

Thermomechanical

characterization of decomposition/evaporation effects
QMS 403 Aéolos®, STA-MS-Skimmer®, FT-IR, GC-MS

Thermophysical
Properties
Measurements

(TCT, HFM, GHP,
LFA)

HFM 436
GHP 456
TCT 426
LFA 467
LFA 457
LFA 427
SBA 458 Nemesis®
-125 ... 2800°C

www.netzsch.com

NETZSCH

sis Methods

Adiabatic
Calorimetry
(ARC, MMC,
APTAC, battery
tester)

Dielectric Analysis
(DEA)

ARC® 244
ARC® 254
APTAC™ 264
MMC 274 Nexus®
IBC 284
RT ... 500°C

DEA 288

RT ...375°C



Thermal Conductivity — Measurement Methods ~ INETZSCH

1000 W/(m-K)

100 W/(m-K)

10.0 W/(m-K)

1.00 W/(m-K)

Laser Flash

e

-~
CA

Hot wire

0.100 W/(m-K)

S
)
)
(D)
S
=
o
—
+—
®
)
b
Q)

0.010 W/(m-K)

ifelsiel riepe ol

-~
CA

S
Q
)
]
S
=
@)
e
—
®©
)
I

Gt

0.001 W/(m-K)
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GHP 456 Titan® and HEM 436 Design NETZSCH

e T N
Qe =
qu'l'mum:ﬂullu =

Thermal Conductivity measurements for the large
samples — insulation materials

www.netzsch.com



Heat Transfer — LFA Method NETZSCH

Flash Method:

= The front surface of a plan-parallel sample Temperature Signal
. . versus Time
IS heated by a short light or laser pulse.

= The temperature rise on the rear surface is tﬁ

measured versus time using an IR detector.

Measurement principle introduced by Parker et al. 1961 Laser Pulse

The sample has been stabilized at the desired temperature, the laser fired
several times over a span of a few minutes and the necessary data is recorded
for each laser ,shot".

The laser beam energy strikes and is absorbed by the front surface of the
sample, causing a heat pulse to travel through the samples’ thickness.

The resulting sample temperature rise is fairly small, ranging from 0.5°C to 2°C.
The temperature rise is amplified and recorded.

LFA for Polymers www.netzsch.com 60



Heat Transfer — LFA Method NETZSCH

AT

mMaX

1/2 AT,

LFA for Polymers www.netzsch.com 61



NETZSCH LFA Systems NETZSCH

for MTX Applications

@ LFA 447 NanoFlash®

s

LFA 427
-70°C ... 2800°C

LFA 467 HyperFlash ®
-100°C ... 500°C

LFA 457 MicroFlash®
-125°C ... 1100°C

WWW.netZggh .com



Key Advantages of Netzsch LFA Systems

Pressure sample holder for compressible samples

CNT Powders with different particle sizes

NETZSCH

Pressure Sample Holder
20 fixing screw
18 ’.—l=l=l"’-
- upper support plate
16 \ amoe —>
i \ \;;;%/Iower support plate
14 \
\ O . /sample holder plate
S o S,
E 10 . N D ——#1
£ LR
® g o S ——#2
e ~ #3
~ y
j / >
A
2
0
0,000 0,100 0,200 0,300 0,400 0,500 0,600
p (g/em3)
Lindemann_ISM2013, AL, 100713

www.netzsch.com
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Application — PEEK filled with CNT NETZSCH
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PEEK filled with CNT — Anisotropy NETZSCH

-> Orientation of carbon nanotubes due to injection moulding

www.netzsch.com 46
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Application — PEEK filled with CNT 0% NETZSCH
- Pure PEEK Matrix

020 T T T T T T T T T T T T 7 3
0.18 | 105
Thermal Diffusivity | 1
0.16 | —
i X
K 104 E
g 014 = o
£ - | 212 %
~ Thermal Conductivity > S
£ 012f 2 =
g | 1033 3
O 0.10[ 5 1 ©
T - 1 © S
£ g 8
© 0.08 v £ »
= Specific Heat 1022
=11
0.06 | |
0.04[ LFA 447 Nanoflash® 101
- Sample: PEEK without CNT ' |
002} Thickness: 3.030 mm 1
Density: 1.294 g/cm3
OOO | | | | | | | | | | | 00 _ O

10 30 50 70 90 110 130 150 170 190 210
Temperature / °C

TPP-Seminar www.netzsch.com 66



PEEK Filled with 7% CNT

Thermal Diffusivity / mm?/s

0.24

0.22

0.20

0.18

0.16 |
0.14
0.12
0.10
0.08

0.06

0.04

0.02

0.00

NETZSLH

13
L 1 0.6
| Sample:  PEEK with 7% CNT 1 05%
| Thickness: 3.020 mm = o
Density (25°C): 1.323 g/cm? 1 i 1. 5
1043 0
i = =
>
132 o
B 8 ] Q
1 035 ©
i & %
Thermal conductivity increases by 14% £
i 11
1 0.2
R —il— Thermal Diffusivity 101 |
" —@—  Thermal Conductivity
= —W—  Specific Heat |
| | | | | | | | | | | OO _ O
10 30 50 70 90 110 130 150 170 190 210

Temperature / °C
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PEEK Filled with 14% CNT NETZSCH

1.0 1 3.2
0471 1
Sample:  PEEK with 14% CNT 109 ]
- Thickness: 2.920 mm |
Density (25°C): 1.358 g/cm? 108
2 ] E |24
= 1072 <
= . = 2
2 £ &
= 1065 =
3 | o g
£l
N 1 (&)
= 02 0.5 O 1.6%
£ | © )
) | £ &
c 04 g | n
= N
o 1 =
Thermal conductivity increases by 45% | .
0.1 i 1 0.8
1 0.2
—l— Thermal Diffusivity 8
—@— Thermal Conductivity 7
—WF—  Specific Heat 1 0.1
00 | | | | | | | | | | | OO | OO

10 30 50 70 20 110 130 150 170 190 210
Temperature / °C
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Application — PEEK filled with CNT NETZS[H
PEEK with CNT — Thermal Conductivity

0.7

0.6 [ ///' 1
T os| " et
g/ . ////v// ‘—‘—“——_“
= T
Z 200°C ¥ —
= 0471 _
(&)
)
2 100°C - ------------
(@]
O
< 0.3 o —
g 25°C
) i
<
|_

0.2 s

LFA 447 Nanoflash®
01l Sample: PEEK with O — 14% CNT i
. Thickness: 3.00 mm
Density (25°C): 1.3 g/lcm3
0.0 : : ‘ ‘ ‘
0] 5 10 15

mass-% CNT
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Application — PEEK filled with CNT NETZS[H
PEEK with CNT — Thermal Diffusivity

0.4
LFA 447 Nanoflash®
Sample: PEEK with x% CNT
Thickness: 3.00 mm
Density (25°C): 1.3 g/lcm3
0.3 149% CNT; ]
. -\-\-\-\‘\ \\\
E‘ -
S \
> 7% CNT 4.
= A
202 3%CNT™- i
=) 0% CNT
£
2
|_
011 Glass Transition |
OO | | |

20 40 60 80 100 120 140 160 180 200
Temperature /°C

TPP-Seminar www.netzsch.com 70



PEEK with CNT — Anisotropy NETZSCH

‘ ‘ ‘ ‘ ‘ 1.0 732
0.4 . In-Plane (in the plate direction, center) i
__________ 109 |
--------- 108
o APt o A e SO 1 E 124
E 09 ) 1073 <
E R
> | o 2 - b
= | 1062 =
%) | S ©
- 0.2 o 0.5 S 1'69LE>
& Thru-Plane direction = S
= B e (@R
2 04 5 | n
— - | =
|_
1 0.3
01r1 i 71 0.8
Sample:  PEEK with 14% CNT 0.2
—— Thermal Diffusivity : . 1
- —— Thermal Conductivity TthkIHESS. 2.920 mm N
—W—  Specific Heat Density (25°C): 1.358 g/cm? 1 0.1
00 | | | | | | | | | | | OO _ 00

10 30 50 70 90 110 130 150 170 190 210
Temperature / °C
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SBA 458 Nemesis®—
Seebeck - Coefficient and Electrical Conductivity NETZ5CH

Technical Data

= Design: Horizontal sample arrangement
= Heater: Two-heater system, integrated quality check
= Temperature range: RT to 800°C

= Thermocouples: Inconel®-sheathed type K; fixed
position

= Sample dimensions:
@: 12.7 to 25.4 mm; length: 12.7 to 25.4 mm;
width: 2.0 to 25.4 mm, thickness: £ 2 mm

= Sample geometries: Square, rectangular, round,
strips

= Seebeck coefficient range: 10 to 500 uV/K,
accuracy < 10%; repeatability < 3%

= Electrical conductivity range: 5 to 150000 S/cm,
accuracy < 10%, repeatability < 7%

= Atmosphere: Reducing (max. 2% H,), inert, oxidizing

= Vacuum-tightness: 102 mbar

company presentation www.netzsch.com



Smart Solutions in Thermal Analysis NETZSCH

Thank You for Your Attention
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The NETZSCH Product Range — Optimized

Instruments with Outstanding Features

Differential Thermal
Analysis, Differential
Scanning
Calorimetry

(DTA/DSC)

DSC 3500 Sirius
DSC 214 Polyma
DSC 204 F1
DSC 204 F1 Photo
DSC 204 HP
DSC 404 F1
DSC 404 F3
-180 ... 2400°C

Materials Characterization by Thermal Analysis Metho

Thermogravimetry
(TGA), Simultaneous
Thermal Analysis

(STA=TGA+DSC)

TG 209 F3

TG 209 F1
STA 449 F3
STA 449 F1
STA 449 F5

STA 2500 Regulus
STA 409 CD
STA 429 CD
-150 ... 2400°C

Thermomechanical

Analysis

(DIL, TMA, DMA,

RUL, HMOR)

DIL 402 PC
DIL 402 C
DIL 402 CD
DIL 402 E/Pyro
TMA 402
DMA 242 E
-260 ... 2800°C

Evolved Gas Analysis (EGA) for the advanced
characterization of decomposition/evaporation effects

QMS 403 Aéolos®, STA-MS-Skimmer®, FT-IR, GC-MS

Thermophysical
Properties
Measurements

(TCT, HFM, GHP,
LFA)

HFM 436
GHP 456
TCT 426
LFA 467
LFA 457
LFA 427
SBA 458 Nemesis®
-125 ... 2800°C

www.netzsch.com

NETZSCH

Adiabatic
Calorimetry

(ARC, MMC,
APTAC, battery
tester)

(DEA)

ARC® 244
ARC® 254
APTAC™ 264
MMC 274 Nexus®
IBC 284
RT ... 500°C

DEA 288

RT ... 375°C

Dielectric Analysis



MMC 274 Nexus®

S

NETZSCH

The MMC 274 Nexus®is a Table-Top
Adiabatic Calorimeter for small
sample sizes

Technical data
= Sample volume: up to 3 ml
» Temperature range: RT ... 500°C

= Thermal environment: defined; adiabatic
environment for Thermal Runaway
Reactions

» Pressure changes: automatic detection

= Transitions: temperatures and reaction
heats, exo- and endothermal effects

» Specific heat: solids and liquids

= Coin cell module for battery testing

www.netzsch.com



The NETZSCH Product Range — Optimized

Instruments with Outstanding Features

Differential Thermal
Analysis, Differential
Scanning
Calorimetry

(DTA/DSC)

DSC 3500 Sirius
DSC 214 Polyma
DSC 204 F1
DSC 204 F1 Photo
DSC 204 HP
DSC 404 F1
DSC 404 F3
-180 ... 2400°C

Materials Characterization by Thermal Analysis Methods

Thermogravimetry
(TGA), Simultaneous
Thermal Analysis

(STA=TGA+DSC)

TG 209 F3

TG 209 F1
STA 449 F3
STA 449 F1
STA 449 F5

STA 2500 Regulus
STA 409 CD
STA 429 CD
-150 ... 2400°C

Thermomechanical

Analysis

(DIL, TMA, DMA,

RUL, HMOR)

DIL 402 PC
DIL 402 C
DIL 402 CD
DIL 402 E/Pyro
TMA 402
DMA 242 E
-260 ... 2800°C

Evolved Gas Analysis (EGA) for the advanced
characterization of decomposition/evaporation effects

QMS 403 Aéolos®, STA-MS-Skimmer®, FT-IR, GC-MS

Thermophysical
Properties
Measurements

(TCT, HFM, GHP,
LFA)

HFM 436
GHP 456
TCT 426
LFA 467
LFA 457
LFA 427
SBA 458 Nemesis®
-125 ... 2800°C

www.netzsch.com
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Adiabatic
Calorimetry

(ARC, MMC,
APTAC, battery
tester)

(DEA)

ARC® 244
ARC® 254
APTAC™ 264
MMC 274 Nexus®
IBC 284
RT ... 500°C

DEA 288

RT ... 375°C

Dielectric Analysis



DEA 288 Epsilon® — The Ideal Tool for
Understanding the Curing Process NETZ5CH

www.netzsch.com



Fundamental Principle of DEA NETZSCH

A low voltage AC signal (input)
Is applied at one electrode

Excitation (Input)

IAAmpIitude

The response signal detected
at the other electrode (output)
IS attenuated and phase shifted

Response (Output)

Dielectric sensor:

1 — . .
' b ' = Alignment of dipoles
° Sy ° I . .
o o D ® g = Mobility of ions
o @ © @ o o 0 e Ve
1 — C = o CO

g = g’-1¢”

Dipolar and lonic Behavior

Dielectric Analysis, 07 of July, 2011 www.netzsch.com 78



UV Curing of a Flexible Sealant Based on Epoxy NETZSCH
for Protection of Organic LEDs and Photovoltaics

lonvise. fohm™em — The jncrease in ion viscosity describes the curing process

1010 - End: 128.5 s, 4659E+06 Ohm*cm .
109 -
108 -
107 Sample: DELO Katiobond LP655
Sample type: 1-Component EP Resin
S. thickness: 200 ym
106 - Sensor: IDEX
17.0 s, 1.2E+06 Ohm*cm Irradiation time: 60 s
Intensity: 55-60 mW/cm? UVA
Temperature: RT
105 - Frequency: 1000 Hz
0 100 200 300 400 500 600

Time /s

Main 2011-01-13 17:17 User: Stephan.Knappe
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