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NETZ5CH

A

b 17 T

T A ¥ £ E R(Differential Scanning Calorimetry DSC)
T AL 37 &k (Differential Thermal Analysis, DTA)
W& & 47 & (Thermogravimetric Analysis, TGA)
rs 245 & # 4 47 &k (High-Resolution TGA™
ot A EH-FE L +7H* (Simul taneous DSC-TGA)
@£ 1% & & 47 & (Thermomechanical Analysis TMA)
® > iy £ #5447 R (Dynamic Mechanical Analysis DMA)
o/ T |+H ~ {7 (Dielectric Analysis DEA)
OjcH 1T R+ A R S B e P E Y - uTA
(Micro TA - Atomic Force Microscope & TA)™

\ At‘r"\- —1\ —\\
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NETZ5CH

Thermal Analysis Techniques e

-Tm, Tc, Tg
AH, curing time, curing degree
Reaction rate, kinetics

CTE

Tg
Softening point

StoragefLoss/Complex Modulus (E’, E*, E*)
tan &
Viscosity and master curve

- Decomposition temperature
%Wt percentage
Oxidative time
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NETZ5CH

Classifications of Polymers

A
Polymers
l
| |
Thermoplastics Thermosets
(No chemical change on heating) (Chemical change on heating)
| |
| | 1 |
Amorphous Crystalline Uncured Cured
[ |
Folystryene LOW/MEDIUM HIGH Epoxies Rubber
Folycarbonate Nylon FPS Folyimides silicones
Folyurethanes PET PP Folyesters Neoprene
Folysulfone Acetal HDPE Fhenolics Epoxy

Applications Laboratory/DSC 204 F1
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{F[ B2 5 frs EE’HEU.E'@?’J?:—;V%‘”{: NETZSCH

ot ¥ (Weight)-TGA

® = & (Length)-TMA

4.7 (Heat Flow)-DSC

L oy

®13-F (Modulus)-DMA

ey



- NETZSCH

A

Differential Scanning Calorimeter
(r £ F & £ # &)

(DSC)

HAEFOEE HI /B AR ERE 5D SEAHE T W Nﬁ!’é ﬁﬁé
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Applications of DSC NETZ5CH

FRAEMBE Phase Transition S HhEn, AH

HRERRE Tg i AH

B8 Melting point =V EE Ea

eRESLIRE Crystal Temperature & {} &5 |EFRS O.LT.

R iEREE Cold Crystal = S 2 Dynamic
Temperature

b LR Crystallinity | curing

FEaa Crystal Energy e Purity

iSaesEEA Crystal Period o Cp
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NETZ5CH

DSC: Typical DSC Transitions Ay
Oxidation
& or
g Decomposition
b
=
O Melting r\
> Glass r— c Link —
i ross-Linkin
4 Transition Crystallization (Curel) g
=
1=
LL
b
D
L

Temperature
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NETZ5CH

The design principles of DSC e

Hear Flux DSC

Power Compensation DSC

Heat Flux DSC fumace

Power Compensation DSC fumace
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NETZ5CH

Heat Flux DSC function principle b welgtduinke

: %Eﬂ?&%ﬂfﬁ&kﬁiﬂﬁ%%ﬁﬁﬁﬁﬁ%*
Reference Q =AA fr_‘

Wl kY
SN

- ERBENEE - SHBRSCMEES ( AT ) BEF
BRI B - BAT NERIES » TSI
1)

AH=K j ATt K=f(2A8E, HHEE...)
Jic

Temperature and
Heat flux sensors

Heat flow paths Thermal resistor

Heating and cocling system

{ — reference signal

T, melting temperature

electric potential [u
{(~temperatura)
e

'!F ‘, time [s:]

be >

% s ol e

/8 /Z ;o \i ~ heat of melting [J/g]
" t, i. tme [s]

furnace heat-flux sensor furnace

DSC signal (first order transition)
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DSC 204 F1 Phoenix®, Schematic Design NETZSCH

Applications Laboratory/DSC 204 F1

12

purge gas exit

silver furnace
sample crucible

heat flux sansor
purge gas inlet
protective gas

intracooler in

intracooler out

LM./GN, cooling
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Exchangeable DSC Sensor Types NETZ5CH

u-Sensor
-150 ... 400 T

high sensitivity
silicon sensor

new tT—Sensor

-180...700C

short response time
silver sensor

T - RIS - EfEEE R » EEIEEEENESRERE T
n - IR o EEUE B ERHIEY TGS
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Power Compensation DSC function principle

4 14 . Power Compensation DSC

Pt Sensors
I | | |
‘ Sample ‘ IHEf«E!"EHCE‘
:—W—\ /-—mmm_—

Individual Heaters

DSC

-Measure AH directly

- simple mathematical
operations

- smaller furnace

Applications Laboratory/DSC 204 F1
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Protein Denaturation g+f /EFETk=¢ NETZ5LCH

-0.230 4

0,235

Protein Denaturation  Fes=ses=
2.9%| Solution
60 ul Total Scaling

-0.2490

-0.2495 1

-0.250 - Area=1393 md

e Lizlta H = 0.034 g

-0.250

0255
’///D;E’E"f = 02630 vy
0,270 Onset = =65 327 °C

-0.275 -_//-4"

0,230

Hest FloswEndo Up (M| — —

-0.295 4

-0.280 : : : r
40 45 =11 5 G0 (5] Fili| 75 [&1] G5
Tesmperaiure C°C)
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TA # ‘FIJ - Tzero DSC Cell ﬁ%;’ﬁ "_MET,_ZStH

FIOI0O13
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Tzero Sensor Structure / Thermocouple Circuit NETZ5CH

A
. A

o No |

(+) (+) () (+)

Chroel
Area Detector ATO TO
ThinWall Tube - TS 5
AT
Base Surface
Constantan (-)
o Chromel (+)
T, 1 used for temperature
control
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DSC 204 F1 Phoenix®, Schematic Design NETZSCH

DSC 204 F1 Phoenix®

DSC 204 F1 Phoenix®- ASC
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DSC 204 F1 Auto Sampler NETZSCH
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DSC 204 F1 Phoenix® N,E'I'ZSI:H

Technical data

 Temperature range: -180 ... 700°C

* Heating and cooling rates: 0.001 ... 100 K/min

« DSC detection limit: 0.1 yW (depending on the sensor type)
 Exchangeable sensors: fast t-sensor, high sensitive y-sensor

« Several cooling devices: compressed air (to RT)

Intracooler (-85 ... 600°C)

liquid nitrogen (-180 ... 700°C)
» Electronically controlled gas flow for purge and protective gases
» Specific heat measurements possible (software option)

 Advaced Software available: Thermokinetics®, Peak Separation,
Purity Determination, ChemReo0®, etc.

Automatic Sample Changer (ASC) for 64 samples and all crucibles

Applications Laboratory/DSC 204 F1 20 22.03.2006JB



DSC 204 F1 Phoenix® NETZSCH

Already Prepared for Different Cooling Devices

Liquid / gaseous nitrogen cooling Aluminium cooling body
(LN,/ GN,) e

-180...700TC

Intra-Cooler
-85...600TC

Quench Cooling Can
Compressed air cooling
RT..700C

Applications Laboratory/DSC 204 F1 21 22.03.2006JB



DSC 204 F1 Phoenix®, Intracooler NETZ5CH

A

Temp. /ig'

300
2501
2001
150

100

304’
01 20 K/min

10

50 L.

-50’”””””’_45@ ””””””” g e N

100

-8515'
K/min 5 K/min 1 K/min

50 100 150 200 250 300 350 400
Time /min
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Netzsch DSC Elfqu—ﬁ%;[‘ NETZSCH

* FEEE i“"@ﬁ@
* AR 091 PR
* EUh EEs Y ) , 0.1 uW
* BRI, 10 uw
* PRI BREN 5 T, BB Y gy, Tl +/- 0.1°C, RETEIE +/- 0.01°C
C6H12, Hg, KNO3, In, Bi, CsCl, Sn, Zn
*’E{E?’?E} 2 EijF 17~ 600°C 31k
* T SR AR A 1
*EZ’EE‘@JI/E@K"#@%L%? T\ h,F[;» %r} [FBFI Fﬁ“ﬁ[i%
:Eéﬁ%?ﬁ'??r lﬁ\ o i 19 ﬁ/ﬁ[ﬂéﬁ% B0 RIGE Fr MEC, BRI R )
* B F VB GET )
<1 SR GO, Y, A, 3 50 R
PR REIR B B AT T 9 L A (R
*DSC F1 & 27y, it I J#T FTIR fiy Mass i |.
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DSC Calibration Curves NETZSCH

A

DSC f(pvimg)
T exo 51 18] 2
0 A s i, S ] ) 2 m 13l
JI/\—._ ( I| Ilf_ | I,' /\ f(\__ . N
o | f
|
-2 | ||
|
" | |
' |
. | |
| | [1] £n-990520cal .nglk-=d5
— DSC
| [Z] Bi-990520cal .ngb-sdS
-8 1 1 —— DsC
[3] CsCl-990520cal_ngb-sdS
— DSC
[5] INn-990520cal.ngb-sd5
— DS5C
-10 A [6] Sn-990520cal.nabk-sds
— DS5C
12
14 -
100 150 200 250 300 350 400 450 500
Temperature /[°C
Maln 2010-06-17 1425  User Owner

Creaied wih NETZESCH Profeds sofmvang
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7\ _/\_v—

IR R

DSC il % VAR I- NETZSCH

Tnom. - Texp. =
3.0
2.5 1
2.0
1.5 1
107
0.5 i | } i i i i } } } i i i i } i

- 200 100 0 100 200 300 400 S0 500
Texp. "C

= B EF pimy
5.0

4.5 |
an]
151
301
200 100 0 100 200 300 100 500 600

TC
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DSC B g SR W BRI S g AN

Sensitivity Calculation - NETZSCH DSC 200 F3 on 414/6 via USE

NETZ5CH

A

Hesting Rate: [10.

Atmorphern (N2

Funass Fﬂtﬂ:ﬂﬁ.l‘t:E

Substance

Temp.
rC

B o

Enthalpy
g

Crucils: 15.&.1.&;::1

Sarnple Camer |Iﬂ:i‘l}l.'ﬂl-nm.TC:E

e

s

Peak Ares | SensitExp

-

Mathem,

R

uimi

Senail. Cale.)

LEH1d

ET0 |

~'|"'i-l-li|'|i||

79,400 |

C1bH1E

BT |

&2 M)

-22.300 |

Hg

-+ B

-11.400 |

11400 |

H20 |

00|

-333.400 |

333400 |

Ga |

2848 |

=ca D00 |

Eghesy |

-120.500 |

147 400 |

ﬂ'lﬂlll

1287 |

-50.000 |

oS o | = | | o e e R |

Wi |

1566 |

26600 |

——
o

AL i |

1547 |

M ARAN |

Femazk |

Temperatuze range: -1 700 C -6050°C
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NETZ5CH

DSC JEV 3 =2 le' Ff;l i fifl sl g et

REYE Hamaah C RIBREYS g

C6HI2 87 194

Hg -38.8 -11.44

KNO3 127.7 -50.24

In 156.6 -28.6

Si 231.9 -00.5

B 2714 -53.3

/1 419.5 -107.5

(s(Cl 476 -17.22
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BeFlat

NETZ5CH

A

DSC

1.0

0.5

0.0 1

-1.0 -

/mw Baseline heating and cooling without BeFlat® correction

1 exo
DSC 204 F1 Phoenix (Intracooler)
_ no sample

LOK/min crucible: Al, pierced, empty
M atmosphere: N2, 40 ml/min cooling
—_—

2 R e
_-‘--.-‘ﬁt—-‘._
5 K/min —
M

| heating
M

40 60 80 100 120 140 160 180 200

Temperature /i35’

Applications Laboratory/DSC 204 F1
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BeFlaf NETZ5CH

A

DSC /mW Baseline heating and cooling with BeFlat® correction

! exo :
1.0- DSC 204 F1 Phoenix (Intracooler)
. no sample
crucible: Al, pierced, empty
atmosphere: N2, 40 ml/min
0.5-

0.0 e e S S ——— e

1.0
40 60 8 100 120 140 160 180 200
Temperature /tg'
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BeFlat (Styrene-Acrylonitrile, SAN)

OSC A mWg]

Applications Laboratory/DSC 204 F1

-t
.50 1
045
without BeFlat

0.40 7

0.35 1

020 1

0258 1

020 A DSE 204 F1 Phoenix

samnle masces: 3.61 mg
0.15 1 _ cencihle: Al, pisrced
Wid: M351T mm N2, 40 ml min
0.10 - Delta Cp#: 0,42 Mig*K) heating rate: 10 K/ min
40 EQ 20 100 120 140 160 120 200
= mnprab Irs C
DSC {mWimg) After Beflat correction the
L exo nfluence of the nstrumentis

0.50 eliminated.

045 | The DSC signal represents

oo with BeFlat perfectly the sarmple behavior!

0.35

0.30 _/2

0.25 _ i

Ml 1137 °C
.20 Delta Cp*: 027 Mo*K] | DSC 204 F1 Phoenix
sample masses: 3.61 mg
015 crucible: Al, pierced
atprasphere: N2, 40 ml min
[N L1} heating rate: 10 K/ min
10 60 80 100 120 140 160 180 200

Temperatur "C

30

NETZ5CH

A
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Applications Laboratory/DSC 204 F1

BeFlat (Polyetherimide, PEI)

OSC AW imng) DSC 204 F1 Phoenix
4 exo Lol hl S
0.40 A samnle mass: 1.21 mg
crncihle: Al pieeced lid
0.325 atrenzphere: N2, 40 mlf min
. heating rabte: 5 K/ min
00 ] without BeFlat
0.25 1
0,270 1
0.15 1
0,10 1
0.0 1
0.00 4, . . . .
100 180 200 280 300
Tempzraurs JE
DSC AW img) DSC 204 F1 Phoenixz
Jp— [[EE2 0
0.40 szmple mass: 121 mg
cencible: Al pieeced lid
0.35 atprasphere: N2, 40 mlf min
- . heating rate: 5 K/ min
osel  With BeFlat
0.25 1
0.240 1
0.15 1
0.10 1 hid: 2124 6
Delts Cp*: 035 JMg*K)
0.05 1
000 1, . ] . i
100 150 200 250 300

Temperatre 95

31

NETZ5CH

A
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Application — HDPE-Packaging ~ METZSCH

HDPE = High-Density Polyethylene

Applications Laboratory/DSC 204 F1 32 22.03.2006JB



Application - HDPE NETZ5CH

DSC /(mW/mg)
1 exo
1.5 4
130.6 °C
1 o
Sample: HDPE (Melting)
0.5 1

Somewhere here should be |
the glass transition

-0.5 1 ——

1500 1000 500 00 500 1000 1500
Temperature /°C
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Application - HDPE NETZ5CH

A

DSC /(mW/mg)
I exo
Sample: HDPE
1.5 1
J DSC /(mW/mg)
1 exo
0.008
Onset: -131.5 °C
0.006 Mid: -119.9 °C °
0.004 End: -108.2 °C 130.6°C
1 - Delta Cp*: 0.008 J/(g*K)
0.002 /—
o

-0.002
-0.004

Onset: -131.5°C

05 - Mld _1 19 9 °C -140.0-135.0-130.0-125.0-1 20.0_|:1 15.0—11 0.9:&05.0—1 00.0
. . emperature
End: -108.2 °C
Delta Cp*: 0.008 J/(g*K)
01 ' T 7510 °C
-0'5 ) 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
-150.0 -100.0 -50.0 0.0 50.0 100.0 150.0
Temperature /°C
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Application - HDPE NETZ5CH

DSC /(mW/mg)
J exo
0.015 - HDPE (2 different samples)
0.01 1 Onset: -131.5°C
Mid: -119.9°C
End: -108.2°C
0.005 Delta Cp*:  0.008 J/(g*K)
O -
Onset: -124.0 °C ,_...—f-""//
-0.005 7 Mid: -119.0 °C

End: -1141°C
Delta Cp*:  0.010 J/(g*K)

-0.01

-0.015 1

-0.02

-0.025 1

-140.0 -130.0 -120.0 -110.0 -100.0 -90.0
Temperature /'C
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Application - HDPE NETZSCH

_/\_v—
E" /MPa
E' /MPa tan d
250.0
| Sample: HDPE - 0.080
; . -10
Test in Compression
Peak: -123.9°C (Same Batch as for the DSC-test)
PRSPy -0.070 | g
200.0 e .~ Peak: -116.2°C
1 / - ~. 1
. NS E' (1.000 Hz)
' ’ tan d (1000 HZ) - 0.060 | 8
E" (1.000 Hz) '
-7
150.0 . 0.050
-6
- 0.040
100.0 5
-0.030
4
50.0 1_ ' | | | | -0.020 | 3
-160.0 -140.0 -120.0 -100.0 -80.0 -60.0
Temperature /'C
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NETZ5CH

Analysis of Tm—calculation of crystallinity e

HDPE
Heating Rate : 10°C/min
Weight : 7.1 mg

Tm=133°C

_ .. 54.5cal lgm
%Crystallinity = X100%=79.7 %
68.4 cal /gm

)
@
78]

]
®
Q

E
=
=
Q

g=
c

L
E

L.

T
o
=

E

=

Area = AH; = 54.5 cal/gm

e ——
——

| | |
80 100 120 180

T (°C)
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Application — NR/SBR NETZSCH
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Application — NR/SBR

NETZ5CH

A

DSC /(mW/mg)
J exo
0.60 1
Impurity
Mid point:-15.5°C
0.55 Delta-Cp*: 0.02 J/(g*K
Sample: NR/SBR i bonit 2 8 °C
! pom*..— ' * Mid point:-15.4°C
Delta-Cp*: 0 .03 J/(g*K Delta-Cp* 0.03 J/(g*K)
050 1 Mid Point: -43.0 °C pr B85 49
Delta-Cp*: 0.03 J/(g*K)
SBR-Step
0.45 |
NR-Step Mid point:-59.1 °C

_ *- *

040 - Delta-Cp*: 0 .13 J/(g*K)
Mid point;:-59.1°C
_ *- *
1. Heating Delta-Cp*: 0 .13 J/(g*K)
0.35 1
2. Heating
0.30 1
-80 -60 -40 -20 0 20
Temperature /'C
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NETZ5CH

ABS = Acrylnitrile-Butadiene-Styrene-Terpolymer ==

Application — ABS

lw%%m:m-w&mi@-i; q
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Application — ABS NETZ5CH

A

PSC fmimg) Polyacyrinitrile step
0.20 | ¥
L ) Onset: 121.1°C
Sample: ABS (Acrylnitrile-Butadiene-Styrene) Mid: 125.5°C
End: 129.9°C
1 Delta Cp*:  0.047 J/(g*K)
0.15 - Polystyrene step
Onset: 105.1°C
Mid: 109.6 °C
1 End: 114.1°C
0.10 - Delta Cp*:  0.276 J/(g*K)
0.05 - Polybutadiene step
Onset: -84.8°C
Mid: -80.2°C
0 End: -75.7°C
Delta Cp*:  0.089 J/(g*K)
-0.05

-100.0 -50.0 0.0 50.0 100.0 150.0
Temperature /I°C
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PP = Poly-Propylene NETZ5LH

A
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Application — PP NETZSCH

A

DSC /(mW/mg) ) . .
1 exo Polypropylene (PP): Heating, Cooling, 2nd Heating
2 4
163.7°G 166.1°C
1 1 Mid point: -6.1°C 84 .07 J/g 72 .92 Jlg
1 Delta-Cp*: 0.10 J/(g*K)
2. Heating . 1. Heating .
— e —— —= ' '
O -
: -84 .16 J/g .
_1 « DSC /(mW/mg)
zzj Cooling
] : Mid point: -6 .1°C
, ] e Dena-cw
1 0.21
1 0.20 /’%
0.19
3 0.18
0.17
-25 -20 -15 -10Temperz-1?ur - 0 5 10 105 .8 oC
'4 B T T T ! '
-50 0 50 100 150
Temperature /'C
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PVC = Poly-Vinyl-Chloride ~ NETZ5CH

A
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Application — PVC

NETZ5CH

DSC /(mW/mg)
! exo
0.7 1
0.6 - Melting of crystalline contents
0.78 J/g 15127C
0.5 1 Glass transition
135.8°C
0.4 1
Onset: 66.7 °C
Mid: 73.7 °C
0.3 1 End: 81.4°C
Delta Cp*: 0.26 J/(g*K)
0.2 1
0.1 1
00 N T T T v T T T v
60 80 100 120 140 160
Temperature /°C
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Application t-Sensor: Separation of the NETZSCH
Components of a PE-Blend S
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Application t-Sensor: Separation of the NETZSCH
Components of a PE-Blend S

DSC /((mW/mg)

l exo
3.0 1
. 123.3 J/g
PE film 20 ym 114.0°C: 882 %
1199°C: 97.7%
2.5 1
2.0 1
1.5 1
DSC /((mW/mg)
l exo .
1.0 0 117.8 °C
1.9
18 121.1 °C
0.5 1 1.7
1.6
15
0.0. 1.4
' 100 105 110 115 120 125 130 135 140
Temperature /°C

20 40 60 80 100 120 140 160 180
Temperature /°C
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LDPE-HDPE-PP

NETZ5CH

_A_v—
DSC /(mW/mg) :
L exo Se€cond heating
121 169.0 15’
131.0 ' 168.4 &'
1.0
0.8 1
103.0 '
102.0 g
0.6
sample 1
sample 2 /"
0.4 124.4 J/g
98.2 J/g 40.043: 0.0%
40.1 45" 0.0% 11058 19.0 %
0.2 111.7 45" 23.4% 139.8': 54.1 %
189.9 #5': 100.0 % 190.0 #': 100.0 %
20 40 60 80 100 120 140 160 180 200
Temperature /i’
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LDPE-HDPE-PP (Peak Separation)

NETZ5CH

A

NETZSCH Peak Separation

Project: KEKUTEX

1.0

DSC/(mW/mg)

LDPE-HDPE-PP
22 -28 -50

0.8
0.6
04 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
50 75 100 125 150 175
Temperature/°C
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DSC 7 [Filfet %90 5% B1-Part 1 NETZSCH

[ [ [e) [ —A—v—
(First Heating Rate 10 C/min )
DSC f(mWWimg) ;
?1 Hass Trangiion
[ f 1]=_=:m Inflection. 50.9*C Penk: B35 °C Ares 11,01 Jig T M”ﬂ:?sn:
- |I T _n.rg-.g £ 399 1y onkc 163 4 % |2.1]f;.u.l.=d5DEC
- | Claees Transiion T S [34] 1
h \ inflection: 469 * ___-':' o f#;;"',?'/ _?HDEC
[ S—— e, Ares 2 817 Jig ] napk -7 861 4 _ [@1]C22d5 [
e T S i L .# e N Area: -2 516 Jig DaC
024} L BE R B e s I511C-3305—
(inss Transtion ¥ R = | [ ———y
_ ¢ S = EA] C-8 445
|| Inflection: 5001 *C Pank 0.2 % 4 = =t " . e I—] DEC
= Y e T
0.0 Glass Trﬂlﬂl:ﬂ _"ﬁ:-\‘\.. Area .78 09 =, . = ”Iiﬁbsc
inflectionc 501 "C . oG § S —— : . 1]
Glase Trwtm - " 854 Jig e 3 44 dig %'ﬂa -
02 4|\ wmlection:_498°C : - e Pesk 219.9°C .
— — - : oy
" Arew SO K aran 3 355 IR
Cipess Trunsn:q EIJE'C: f'ﬂi B4 1]
04 1 inflection: 525" — Ares 5148 W 1
b=, ’ Aea 34524
o et T61.3°C e
Peak 2181 %C
06 Aresy -2 [1,1]
s Penic 570 C
| Penk 144 4°C  Ares -6.184 Ui gkt 22 8 "0
0 S0 100 150 200 250

Temperature FC

il 000012 15036 UE 1D
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DSC 7 [Filfet % 9p 5% B1-Part 2 NETZSCH

" " o "
(First Cooling Rate 10°C/min ) -
DSC Armvimag)
[2.3} B0
] [1.3] C5.5d5
1.1 DSC
] Peak 39.9°C [2.3] T-41.5d5
1.0 FE2, area 113704 T DSC
3 — Dsc
“-9: e [4.3] C1.8

0.81 _— : — [6.3] C-2.5d5

DSC

0.7 i) ‘arex 13.73 g DscC
- Z:  [73)Cdsds
] e ' DsC b
0.6 I el Peak: 104.3°C 1
[l.ﬁ-z \ Ares’ 1658 g . _ ) |
~ e ; )
0.4+ Peak 7 - e |
0.3 o nw:
0 50 100 150 200 250 300
Temperature /°C

Ly OEHE-IT ST DR O
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DSC T [rlfel ™ R {1+ £hi-Part 3 NETZ5LCH

A
(Second Heating Rate 10°C/min )
DSC fimW/img) I
ﬂy_.q P ey “"-"“_? b PEL [1.4] T-4-1 adﬂ
\-/ Cass Transion: ' ; g~ E’éﬁ@:
inflection; B5.6"C Peak: 1551 °C [34] L'.:-1a=ﬁ

Arex 1131 Mg 1625°C  Area 1358 iy

sk 1625 [u]r:-?:di
Q469°C é __'_mﬁ':iﬁi'
Peak J1BQC I

. - F"EHE 155 .4 "C
Glags Transiicn

[6.4]C-4 4-1

inflection; 920 *C #D'Sh:
hb:""'—'—'-—_.._*_ Aren - I-‘.I-‘.IE:.,I.IQ F'H" 1535": [7 4] C-5.245

Cdase Transiion .:..,k, 161 — [

0.4

(Hmzz Transion
Inflectody BS.G °C

Argn 1513 Jﬂl

0.2-

Inflaction, 832 °C e
0.0- = Ares 18,03 1y R
et Transkion
inflection: &80 °C S E.{I
Arex -18.1 Jig
0.2 - Class Transtion ; " /\K\
| Inflectiory 304 v oo 105 o
L1 f Arex b ’ﬁ-t-:f.l;l-h
e — h‘-’-@%}
-0.4 - 1 4
04 __I_E!
0 50 100 150 200 250

Temperature f°C

ey ORI RSN UpEeCramed
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DSC i~ (5t E-Part4  NETZSCH

(e [ =M J ) S

> IVRURLPET | 1 [Fs 1] il e E?{a BT IR,
A "IEH AY10°C/min coollng rate)Hﬁﬂ{ [ rﬁ%ﬁﬁiﬁﬁ E| ﬂ\gﬁﬁﬁﬁﬁgl% uﬁnﬁﬁy“}t U? 5k FEE[IE 143,
ﬂ?h% Ella»'i(GO C/min coollng rate) £% [’7 ﬂ{J{,EHE"q i Jﬁ}_l\Hii [T R G, F | R I E I A L
S AP T P A
e JLTP in E;T 4r_ﬂ ij r“*E Tﬂ(li[)h F[ aFEFE[l [i*{=10°C/mingsfir=T-4/1 "PF# C F' }*RWTE%&#I
il SN R R E %?FE#FE 153,

Polymers

Polyethylene terephthalate

DSCHmiimg) (PET) is a semi-crystalline
2-1.:'._'3 G

0701 | o e thermoplastic polymer with a
050 | relatively slow crystallization
050 | rate. In the DSC experi-

0u | ments, the various levels of

0.3 .- J xf;' =10 Kimin applied coolng rates amgrphDUSnESS [Tg .
e \ /| -50 Kimin befors heating tegmant 75-85°C) and crystallinity

5 \T.! o (recrystallization 146°C, mel-
0 e o i ting 242°C) are apparent.
% 100 — % 200 750 The samples were cooled
e i from the melt in the DSC

204 F1 with the intracooler
at different rates prior to the
heating shown.
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NETZ5CH

PET REILILIE

18 A
213 Tﬂﬂf
4 EU?A#'%
zm.::--cll !
2415 3405
T Sample: PET
Size: 10.66mg
E E L
g 3 T | ¥
5 s41038 E 214 B
L L L L
T T 'ﬁ b
L il L
I 1 a= a= | I
4405 1 =2
o lass Trensibon
ﬂ T L 1 L Ll ﬂ
S0 100 150 <0 250
Ewn Ui THITII}EI"H'!UFE r':_} Lirwprsad W3 T8 TA irssirumsenis
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Tg of Polymers—history of heat process can alter Tg "ETZSl:H

1

10 i

PEEK Film /

o

\

Mo quenched e

Quench Cooled 74—\

2 ————_

Heat Flowy Endo LIp (i) ————  m—
e

Hzlf Cﬂ; Extrapolated = 146,222 ° ¢

0 - Cota Op = 0,281 Jig*" ©
Onset ¢ 144 591 7 o
Crystallization
-z
= - T T
5015 100 150 200 250 300 350 T3

Tempersture |- )

Applications Laboratory/DSC 204 F1 55 22.03.2006JB



NETZ5CH

Analysis of Tm—effect of plasticizer e

Nylon 11 - Effect of Plasticizer

Range: 40 mW 4 Tm =187 =
Heating Rate: 20 =c /min
Weight: Both Samples 6.8 mg

Endothemic

:
=
o
o
™
]
I

Mylnnéls

Nylon 1 1+Flast'qifer

120 140
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NETZ5CH

Isothermal test for crystallinity e

above T

~ Heat the sample over ITm for a
period for complete melting

=
o
B
é.
&

» Quench the sample at T< IT'm

» Measure heat change in sample
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Isothermal test for crystallinity

NETZ5CH

A

Applica

2
0 - ——
. ""*H\ ] ___ﬁfff?—fe?ﬁ__fﬂ-———_'e' ——

B RN

. 1 o
: / -
§'-E |I | .
; \ /"-::,'ED[]C
g 3 Y,
| | I"-.g_.-mﬁ.; PET |Isothermal Crystallization

=10

B \Jmuc Power Compensated DSC
12 I
|
A4 I .I
180 C
N
o4 1 2 3 4 5 & v g g
Time (mir)
58 22.03.2006JB
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NETZ5CH

F75742%57 7 Isothermal Kinetics(Option) e —

il
o
1

Crystallization of PET

ey |
g
= -
g Results:: Crystallization Kinetics
= lsoT LnZ +- N+
L
z "2
3 1350 5870 003 1.70 0.1
% 1320 5601 003 216 0.
o g 1260 58516 016 1.77 003
XL
Ealk.J/mole) = 228 67 +/- 19.69
-4 -
_4|5 ] 1] 1 I I 1] 1 I I ]
0 2 4 & o 10 12 14 16 16 20
Time (min)
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Application p-Sensor: Denaturation of NETZSCH
Proteine Solutions  —
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Application y-Sensor: Denaturation of
Proteine Solutions

NETZ5CH

A

Comparison of different concentrations:

Area:  0.06 Jig

5 - 100 mg/ml Peak: 77.7°C
10 mg/ml Height: 0.360E-03 mWimg
2 mg/ml

Height: 16.265E03 mW/mg

0.34 Jig

DSC *0-3 f{imWimg)
[2.2] DSC *10-3 fmimo)
Lexo | gm] freas OG- Area:  2.88 Jig
Peak: 77.7°C Peak: 75.3°C

18.00 Height: 0.360E-03 mWimg ) )

16 -
17.50 ,_//_\
17.00
16.50

(35 0 75 80 85 Area:
10 - Temperature ~C Peak:

Height: 1.929E-03 mW/mg

56 5 6 & 1 75 80
Temperature /°C
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Application — HDPE (O.1.T.-Tests) NETZSCH
Y N —

The DSC 200 F3 Maia® allows determination of the oxidative
induction time (O.1.T.) according to well-established standards
(ASTM D 38 95, ASTM D 6186, EN 728 und 1SO 11357-3).

Applications Laboratory/DSC 204 F1 62 22.03.2006JB



Oxidation Induction Time (0.1.T.) NEIZSCH

Temp. /g’
DSC /(mW/mg) Flow /(ml/min)
1 exo
251 | e o
temperature + 250 200
2.0-
L 2 L
15 00 150
1.0 | 150 100
0.5-
O.LT.: 19.0 min 1000 15
0.0- ‘
s mm e v o o L YA e £ e N e e et e G e — s G = —
-0.5 -0
10| A——————————————
- --50
50
Time /min
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Oxidation Induction Time (O.[.T.) NETZSCH

DSC /(mW/mg) Flow /(ml/min)
1l exo
14 -250.0
granulate material
pipe new
0.5 1
i Id
pipe o 0.T..545min O.LT.702min O.LT.76.1min [200.0
O 4
-0.5 1 -150.0
-1 A
-100.0
-1.5 1
2] ——————————————— —_ | 50.0
oxygen
-2.5 1 | )
‘ nitrogen
_’L_ ________________________________ 0.0
20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100.0
Time /min
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Oxidative induction of PE NETZSCH
(To know the anti-oxidation capability) .

Oxidative Induction of Polyethylene

Range:
Temperature:
Purge Gas:

Mo Anti-Oxidant

15
Time (min)
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Wind power plants NETZSCH

A
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Curing of Polyester Resin

NETZ5CH

A

Temperature /g’

DSC /(mW/mg)
[3.2]
! exo
1.5
1.0 173.6 '
174.0 '
0.51 without Inhibitor 175.9 tg'
100 ppm Inhibitor
00! o Area: -426.7J/g
300 ppm Inhibitor Peak* 125.4 id
05 Onset: 117.3 &'
o Area: -409.9 J/g
Peak™ 127.2 Eﬂ: DSC 204 Phoenix
-1.0 Onset: 120.1 sample masses: 8.6 — 9.3 mg
Area: -404.5 J/Q crucibles: mid pressure /steel
-1.5- Peak* 129.7 ?, atmosphere: N2, 20 ml/min
Onset: 123.74' | heating rate: 5 K/min
60 80 100 120 140 160 180 200 220

Applications Laboratory/DSC 204 F1
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NETZ5CH

Curing of Polyester Resin b welgitiels

DSC /(mW/mQg)
[3.2]
! exo
0.5
e — ! :
0.0 1
Area: -405.9J/g
-0.5 Peak*: 104.1 tg'
1 K/min Onset: 99.0 7'
-1.0 - Area: -407.4J/g
Peak: 111.514'
2 K/min Onset: 106.4 '
-1.5
Area: -410.9J/g
Peak*: 127.2 t§
-2.0 - Onset: 120.1 14 | DSC 204 Phoenix
sample masses: 8.6 — 9.3 mg
. crucibles: mid pressure /steel
- 1 5K/ .
2.5 min Atmosphére: N2, 20 ml/min

100 120 140 160 180 200
Temperature /g’
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NETZ5CH

Curing of Polyester Resin (Thermokinetics) == ===

NETZSCH Thermokinetics 820-202-03

Heat flow rate/(W/g)
O ] Ve "'f" A;===-' S > S E R AR RIS ~9,»‘::::'.iiiiiif—"f”'"’_;;;;5'5';’E’:’E’77’;';"‘»‘;'_7’

-0.5 —

T A—1—->B—2>»>C—3—»D
-1.0 —

] == 5.0 K/min

7 A4 2.0 K/min

7 << 1.00 K/min
-1.5 —
-2.0 —
-2.5 —

| exo

| T T T | T T T | T T T | T T T | T T T |
100 120 140 160 180 200
Temperature/°C
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NETZ5CH

Curing of Polyester Resin (Predictions) == S==="

Fractional Reaction vs. Time 820-202-03

Partial Area/%

100 — <160 °C
i \150 :C
: Nt
o - N
- //_,/—100 °C
60 —
. time at 130 °C degree of
] [min] curing [%]
40 —
i 2.5 15
. 3.3 45
y 5.0 75
20 ] 8.0 85
] 15.5 90
i 66 95
ol £
|0 T T T T ‘|5 T T T T 1|0 T T T T 1|5 T T T T 2|0 T T T T 2|5 T T T T 3|0 1

Time/min
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B0 RBAEBRANH R PR e

Thermal Analysis on Curing Monitoring of
Thermosetting Resins
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Thermoset: Comparison of First NEIZSCH
and Second Heating Runs N p————

First 155.93°C

Residual Cure

102.64°C
20.38J/g

Heat Flow (mW)

[ [ [ [
100°C 150°C 250°C 250°C

Temperature C
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Thermoset: Isothermal Temp 170 Deg C NETZSCH
- _ A
Different I1sOthermal test results comparison

11

g 1 Cured at 170 0 rmin
= 7
E 5.
g a-
: - 35 min
S 1 N
-

i
ch

-50 o &0 100 150 200 250 300 350

Temperature ("C)
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Tgl/Tg2 SR NETZS5CH

A

Tg1=Tg2 > BRI, EinfVELEE

115 15°C

: 123.11°C(H)
113.03°C AT
121.45°C(H) S ‘

129.88°C )

\T92 Tg1 =13 °C > FfRffE, ELELTER

e,
\\H

\«R 129.36°C

134.57°C(H)
117.92°C

121.18°CH)R. T\, %%Eﬁﬁ?‘l
" |l / sl U Fi e )i
124.69°C \H\ n

T
139.87°C
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NETZ5CH

A

I * Tgl/Tg2en™ 3¢ =i Epoxy & % % 2> Bt ?

0
=
S
o
o
T
-10 1
-15 —tY 7" —————
0 50 100 150 200 250
Exo Up Temperature (°C) Universal V3.88 TA Instruments

22.03.2006JB

Applications Laboratory/DSC 204 F1 75



;@E. |DSCHEEMHIE](Thermoset) k]

A Bl [~ 2 (Full Curing)fu i - Tg1/Tg2 Rk

NETZ5CH

A

Step1 - 'J200C/min Jﬁ'ﬁ’ﬁﬁ%[ ' Tg1

IF Tg2 -Tgl>5°C
IF 0°C > Tg2 - Tgl

Step2 - 71— ﬁi%!ﬁgjpfﬁﬁ@j\ (Y1175 OC) ™ Ht%E 15min I'] lEG5 = ~

Step3 - £|-+1'| 200C/min fjffift1 Tg2

AR Tg1 & Tg2 =, (AN E H@! 7%
IF 0°C=<Tg2-Tgl=<50C HA~EL=

%A R 2
2.7 LEDE T
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IR Tg1/Tg2py ?“F—:-’—“ E?Epoxyil_‘rl\l % 2 il {7 NETZSCH

0
=
o
L
>
I
-10 4
s+
0 50 100 150 200 250
Exo Up Temperature {DC} Universal V3.8B TA Instruments

22.03.2006JB
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DSC: Determination of % Cure NETZ5CH

0.6
1 IS0 at 120°C A+B-40min. 001
04~ A+B-60rmin. 001
4 A+B-20min. 001
i A+B-57C.001
0.2 +

0.0

Heat Flow (W/g)
=
2]
|

-0.4
-0.6
-0.8
1.0 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
Exo Up Temperature (OC) Universal ¥3.94 TA Instruments
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NETZ5CH

DSC: Determination of % Cure kg

06
i A+B-57C.0017
0.4 - A+B-130"C-E0rmin. 001
: 5 A+B-1307C-40rmin. 001
7 IS0 at 130°C A+B-1307C-20min. 001
024
;'a -
3 0.0
(T 1
g 0.2+
I |
-0.4
-0.6
08 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
Exo Up Temperature (OC) Universal %3.94 TA Instruments
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DSC: SAME BEKING TEMP. DIFFERENT FURANCE NETZ5CH

—A—v—
g
...... wn |
LE
— — Wi
i1+
E.
E. L
= 5.
T
= f
=]
T
-10 4
'15 ] ] L) L) L) L) ] ] L) ] L) L) ] ] ]
i 1 150 201 2t 2]
i ellp Tempamtura [C} Ll w1755 TA Insiarsarnks
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Heat Flow (W/qg)

NETZ5CH

» / /-—
"1 DSCHRL 22 ¥ 31 2 £h1 mElEaLE
0.50
0.25 - A\
| [\
| \
s HTEERY B RY S FE A [
0.00 1st run | \
2nd run IIII\
-0.25 '5
] '|
'“.I
-0.50 \
X‘_%‘_‘_l— '-I
] \
-0.75 - -
_1_DD -.I L L] T L ' T J " ¥ T " J L T L " L T . L . T L L L T L L L T ! L " T L L
-180 -140 -100 -60 -20 20 60 100 140 180 220
Exo Up Temperature (°C) Universal V4.1D
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Cross-linking upon heating NETZ5CH

A

Epoxy Resin

Endothermic
Range: 30 mww
Heating Rate: 20 =Cimin

Weight: 32.76 mg

=
E
=
]
T
-
m
1 k]
I

113.3 °C

e —
B
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Cross-linking upon heating

NETZ5CH

—A—v—

1538 -

14

12 1 Pesk =  E5Se-002 min

Ares = -2665 049 n. i

| o | Dot (w2 222 Epoxy Film Isothermal at|170 C
KX
6.
=1 Limi (i [Area (md) | Perpert (9
=] R 5152 S
£ SE0r PRS.GME | A0 .00
x 5304 4283027 | 50.00
5 3
b

|:| -

————
-: | -..-"_.'_’—._._-
. /
-
5 "'u..,_H
M
.40 1 - :
0 2 4 B 10 12 14 16 10 20 24 254
Titme (min)
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NETZ5CH

Degree of cross-linking v el

DSC Tg As
Function of Cure e gre———]

Less i ! :
Cured ! :

! .q More
/ Cured
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NETZ5CH

Degree of cross-linking v el

Decrease 1n
Cure Exotherm
As Resin Cure

Increases
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NETZ5CH

F7 772557 Fr-- Scanning Kinetics(Option) T —

103

Irpirs

160.0080 — T

| ——— ] L —_—
3000 160 ,@f”'—d 1
LI ——
) ) / 1" - .d____,_F-—F"-'F"_H-_-F— -
~150|C il 4—1

/ / Lir - 1?91%*::::51%::

LT = 188 1470 (o0 72%)

| 60 el

5 (130 C DakaH = 33,358 g
B / / Dk Co = 0 0f0 )i
&

#

el oy | g B WU I D v s
/ | / - Es = 96,04 :t.ﬁuﬁ K ik
' n=-1:305 £ 008
40 .I T -

I, Epoxy 206N i
ao —- -—
) f };’{ Scanning Kipetics
J " Isothermal Conversion Curves
10 JH
221 4
1] = 10 15 .1 24 o a5 40 45 =1 55 £}

Time (min}
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Application: Sorbitol NETZSCH

!Agarﬂ[
CH,OH e
H OH
HO H
H OH
H OH
CH,OH
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Application: Sorbitol NETZSCH

DSC /(mW/mQg)

[1.6]
05 Y

influence of the water content
exo

<«

0.4

0.3
Sorbitol 90%

Sorbitol 100%

0.2

0.1 Mid: -1.8 '

Delta Cp* 1.13 J/(g*K
Mid: 25.7 era P (@)

Delta Cp*: 1.14 J/(g*K)

0.0+

.60 .40 .20 0 20 40 60 80
Temperature /i
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NETZ5CH

Determination of purity e

-3
E -
|| c . PHENACETIN “FURE"
=
=
=
o
=
=R |
E FHEHALCETIN 99_7% PLURE
T
™
o
.% 5
z J
=
FHENACETIN 9%% PURE
N | //—/
o =f___=_l)j:
05 - - -
12T 123 1249 130 131 132 133 134 135

Tempersture [~ )

i A 77T EBTR R %
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NETZ5CH

_/\_v—
99.3% Pure 100% Pure
_ ’
i iy ]
\ - = '
I\J;\ ; i
i Melting of a i
= Eutectic Mixture cetell 1'.1 j
RO 95.0% Pure \ 4 i |
w | ';I | ‘|
E Vi
NBS 1514 ik
Thermal Analysis 4 1
| 5 Purity Set \_7 i
Approx. 1Tmg i :I
Crimped Al Pans : !
2°C/min ! E
i
1M i "II"1 I.=l| ) ‘.:r"'- Z-Fl ) 135 140

[ = PEL]
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Van'‘t Hoff NETZ5CH

_A_v—
0.8 : 135.0
L\ lasare, o 137 78°C
) .\ ¥ F
\. =1
] ‘\
1.04 \
F h_.\
* 134 5
1.2
= .44 E
2 z
=
é 1340
=
1.5+ 3 g
I C
Purilty. 98.53mal %
Meling Pond 134 829 (delermined)
Depeassion 0.25°C
-1.84 Delta W 26 55alimol (cormected)
1 Conection. 5,381 % 133 %
IMebsoutas Weighl 178 2g/mod o
Cell Constant 0.6770
L Dneel Sope 10 14mW"C [
2.0+ RMS Devistion: 0 01°C
Tolal Area / Partial Area h -
-2 0 2 4 [ 8 10
23 - f— P P — P E— j + i PR — —t1330
122 124 126 128 130 132 134 136 138
b U Temperature {*C)
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Application: Melting/Solidifcation of AlSi-Alloys ".ETZSl:H
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Application: Melting/Solidifcation of AlSi-Alloys ".ETZSl:H

DSC /(mW/mg)

¥ exo aluminum alloy
4
first heating
3.5 second heating, after cooling with 200 K/min
third heating, after cooling with 150 K/min
3] . o . 618.3 '
fourth heating, after cooling with 100 K/min
fivth heating, after cooling with 50 K/min 619.6 td'
2.5 620.3 '
621.1 &'
2 620.8 @'
Area: 420.1J/g
Peak*: 584.8 1
1.5
Area: 426.7J/g Area: 425.1J/g
Peak*: 585.2 i Peak*: 588.3 i
1 Area: 426.5J/g Area: 426.2 J/g
Peak*: 586.3 &' Peak* 587.2 &
0.5
450.0 500.0 550.0 600.0 650.0
Temperature /&'
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Application: Melting/Solidification of AlSi-Alloys

NETZ5CH

DSC /(mW/mg)
l exo
0.24 1 . .
aluminum alloy Area:  0.035J/g
Peak*: 560.3 tF'
0.22
Area: 0.469 J/g
0.2 1 Peak*: 560.7 &
Area: 0.197 J/g
Peak*: 560.6 tj'
0.18 1
Area: 0.051J/g
Peak*: 560.5 tF'
0.16 1 Area: 0.006 J/g
Peak* 558.3 tF'
0.14 4
0.12 1 first heating
second heating, after cooling with 200 K/min
01 third heating, after cooling with 150 K/min
fourth heating, after cooling with 100 K/min
0.08 - fivth heating, after cooling with 50 K/min
530.0 540.0 550.0 560.0 570.0 580.0 590.0
Temperature /'
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Application: Melting/Solidification of AlSi-Alloys ".ETZSl:H

0,5

0,45
0,4 - | ; ;
ncreasing enthalpy is an
0,35

indicator for the
03 concentration of /

an additional phase

0,25 formed by quench cooling
0,2 -
0,15

yd

0,1
0,05 | //

0 \ \ \
0 50 100 150 200 250

cooling rate (K/min)

Enthalpy (J/9)
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DSC 204 F1 — Temperature Modulation NETZSCH

Temp. /°C

80

Temperature Modulated DSC

75 1

70

65 1

60

55 1

50

Actual Heating rate
Modulation:
Period 60 sec.
Amplitude: 0.5 K

.é....1.D....1.1....1.2....1.3.

Time /min

.1.4.
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TM-DSC Fpgsiiss(Pecitp syl RETESEH

112 ~ - /\ 13.44°C/min 15 *E
%) \ \ A A £
19 [ /A /A 'V F10 2
0 | F "
o
® 110 E

_ ; ' O

109 | _ .

' -

%108— { o

3 VoL

8107 - / \ / / - 10 |

= U %% \/ \ ;

Underlying Heating Rate -11.54°C '

106 I I I -15 &
108.0 108.5 109.0 109.5 110.0

Temperature (°C)
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BHADSCHIIE] NETZ5CH

*FLRBURTR 1 0 3] S el Soigh Sl 280 il B2 (]

eSERT R i e

oI B RGP Ad, [ U e B EE

TR ST PR ST ATE IR (I l"“ﬁﬁﬁ“&%“*ﬁ%‘* [T e )1 5439)
oA TR ERE R ER (Cp)ied

*EEYCpOHIF

*RLASURR Tk ] S ol ighpy 2 1 R RE72 (R

<5 AR

EREATUE: Rl ROl
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TM-DSC = BIf93#5E NETZSCH

© [l FH {1l B Oy AT
O%ﬁéﬁ??ﬁﬁﬁﬂﬁmE%

0@[}%%“5&\@ oy R DSCEZFE! H=Y) .

SR7EY S ENRIATR] F“T“"L‘E A [

FEITUFOLEE BRIPPRI L R

O }H PP RRFE R 54 5 ) PR, Fﬁ?ﬂ pb 2 [BTHYIRY (7]

i
o)f
®r

S HUR AR [/T'?Ji!'iét’f# (1e.Initial Crystallinity).
[37 Ry 2V BEEREN S PO B

‘%%“ﬂ&ﬁéﬁﬂﬁﬁ%ﬁw$%

et PRYEIELRE o

Applications
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NETZ5CH

TM-DSC D['iﬁ’ T fﬁJE?DSC ? byl ghmintuninls
DSC TM-DSC COMMENTS*
BrRmsz sy USRS RRYEF RS TM-DSCRY#SE!E Y I
prage ks -10 °C/min
[
F'Jffﬁ(f@ gafEFl 4/ -0.01-10°C/min
ﬁf' LRI I EEIE1+/-0.01-10°C/min

22.03.2006JB
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R E et

Applications Laboratory/DSC 204 F1

01996 TA Instruments

Inc

TM-DSC 3[1ffP T+ [Fl##DSC 2

DSC

ARLE

TM-DSC

NETZ5CH

A

COMMENTS

Pz 9t

AE i

101

I HH t:|J AR = ToRR e |
[:ﬁﬁf, HERE ’gi:j;@} V)

Tt

AT $
MDSC Z=DSCHYIREE
o SFERLAFL.

RSR[5

P ARE | MR ]I RY 55
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REFEEAER(DSC vs TM-DSC) NETZSCH

DSC
dQ/dt=Cp (B) + T (t.T)

where:  dQ/dt = FEHZE Yk
Cp= %
T = iShE
Cp(B) =551
f(t,T)= F[*J Juy (55

TM-DSC
dQ/dt = Cp (B + AT o cosmt) + A (sin wt) +f(T,t)

where (B + AT o coswmt) = JIZ[p =k (dT/dt)
AK = FRIPRENE P VR )7y o) [V
F(T.0) =i RV PilpvIf 7 puph o5y 55 [l
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TM-DSC FHERFEHET NETZ5CH

”‘%l?i% JHOTM-DSCLV FRRLAES | ™ = il BHEIF BRI .
QES‘I [t (Time)
o Pz Y (Modulated Heat Flow)
o =371k % (Modulated Temperature)

o
N
A
o

112
120.11°C | 5 B — _ 60s/ min
- - 06 = n P
Ch 6.92°C =z |
% 127.90°C - 02
3 .06 2 Where:
5 (O E T| p = full width at helf height
1.0 - L 06 E n  =number of cycles
P =period
14 | I I I I I I 10
70 80 90 100 110 120 130 140 150

Temperature (°C)
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TM-DSC - [ i NETZ5CH

TM-DSC
dQ/dt = Cp (B + AT o cosmt) + A (sin ot) +f(T,t)
= Reversing heating flow + Nonreversing heat flow
AT Sk
%K (some) o (™, Bl
[ \h&;@&l’f[#[
e i
’Tg&'%’!ﬂsome)

Where (B + AT o cosmt) = JH[Z[fU &= (dT/dt)
AK = PFERENS IV ER 055 55 [
F(T.0)= e i=® pEVE F=lpv ™) puph ] sy 55 Il
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TM-DSC S'8F - spEwh NETZ5LH

RGPS 900 SERH R I0DSCR A1
T A gl R AT

EF BT R

ET s PRI M i R PR

Kbl

Byl
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TM-DSC S - T s (22935 [73) NETZSCH

A

iR LS A AU PR () R ERRIpO PR e 2 8

UERESFE R .
AGSEYR = -Cp xS UIEH <
=t EIpvELs

dQ/dt = Cpp + f (T.1)

where dQ/dt = FHE Yk

Cp = CpEIHif
p =7 {ﬂ:j—j[[;:ﬂﬁ:*

FTy -“Fﬂm oS rﬁ(TFV i)
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TM-DSC Y - T SiEwh (B )15 () NETZSCH

A

TR AR LARE R g 58 O AR
AR R .

P EEGE = ARG - [ Ehk
= dQ/idt - CpB
=t ETAELRE

dQ/dt = CpP + (T ,t)
where dQ/dt = FpLEYk

Cp = Cp&i]if
B =T E GRS
Cpp = &R AVESEYSY (5 (i i)

f(T.t) =REEWRAYE 155 (75 (5 |t po)
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DSC 204 F1 — TM-DSC-Parameter Input

NETZ5CH

A

1y Start

Applications Laboratory/DSC 204 F1

Temperature Steps I

Hr | Type
119
2 |=h |

~ Step Conditions -
W STC
[~ Cooling

—Purge 1 MFC
™ Flaw active

T/ GEN B /o

— Purge 2 MFC
¥ Flow active

NITROGEN

— Protective MFC—
¥ Flow active

nrrocen [

v Intracocler

mml/rrir

[ Boostercooler

- Category

End temperature: 3400.0 R
Heating R ate; !5-000 .ty
Period: 150— seconds

Amplitude; (0.5 K

Step Categary

|sathermal
Isothermal modulated

fdd |

Insert Dynamic Step I

Inzert Dynamic Modulated Step i

| Inzert lsothermal Step !

Pleaze enter a number between 10 and 300

Inzert lzathermal Modulated Step 1

e Delete Current Step l
C High | ‘
i Paints - -
Segment: 10788 T | Help for Cooling Device !
Tatal: oo | 00:40 |
Hie |

Lse F1, HELP buttons or RIGHT MOUSE CLICK to get detailed help,

i

108

Unber, .,
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TM-DSC - il P NETZSCH

Modulated Heat Flow Crystallization During Melting

M’Al

Glass Transition Cold Crystallization ‘l

OF INTEREST ARE CONTAINED
IN MDSC RAW DATA SIGNALS P

NOTE: ALL TRANSITIONS Melting u

Modulated Heating Rate
ﬂ
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DSC 204 F1 — TM-DSC - Result ~ NEIZSLCH

FE NETZSCH Proteus Thermal Analysis - [Main]
File Edit ‘iew Insert Settings Range Ewaluation Extras Recorder window Help - |3 x

D|&[<i|@| S(Eeso | Talit|rdlmls o] | ] - [83] fale[Be]s] =] [h ¥
] o s | 7| o] A f] S ) ] o

DSC /(mW/mg)

a7 1 exo 1

[1.2] PET-120105-1.sd3
0.5 1

f
061 IHJ
|
i
0.41
0.3]
0.2]
011

0.0 1

-0.1 1

50 100 150 200 250
Temperature /°C

] b air Fourier An. ‘ Rev.+N onrev.J

Eal [1.2] PET-190105-1.543 PET PET-190105-1 19.01.2005 12:07:46

Far Help, press F1

i4 Start [ cipck.. [P¥osceo.. | @§oscen. | ffosczo.. [ @ cingb.. [ ps2b..  FEnETzs..  DE | Lk e % o= & 217w 1455

Applications Laboratory/DSC 204 F1 110 22.03.2006JB



DSC 204 F1 — TM-DSC - PET NETZ5CH

Figure 8. TOTAL HEAT FLOW (QUENCHED PET)
0.4 0.4

Q
AV
|

- 0.2

A

T
AT

LELEEOAE il

O
EaN
|
|
O
N

Modulated Heat Flow (W/g)
O o
N ©
=
- o
S o
]Heat Flow (W/g)

CED
o))
|
O
o))
[

| 5.5 mg sample
helium purge
2°C/minute heating rate, +1°C amplitude, 100 second period

“"0.8 | I | — I I | | | | “0.8
25 50 75 100 125 150 175 200 225 250 275

Temperature (°C)
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—

o N A

B

3
"_II

Temperature Modulated Heat Flow
(Rl

Fourier Transform

(I 7{ /2t Gz
I
I I
Reversing Transitions NonReversing Transitions)
(i AAE2) (] A7)
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FRGIOPET - FUERELR EIADSCE e

Standa.rd DSC 133.67°C
0.3 - 5°C/min
He purge A
0.1 1
© 239.26°C
= ~_ O\ 50.77J/g
s -0.1 1 T '
fic 126.24°C
36.59J/g
-0.3 A .
T’fﬁ@ﬂﬁ%ﬁ#]@ﬂ %P7
252.88°C
-0.5 1 1 1 1 1
50 100 150 200 250 300

147 (°C)
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DSC 204 F1 — TM-DSC - PET

NETZ5CH

A

DSC /(mW/mg)
J exo
- DSC (reversing)
04l DSC (non-reversing)
) DSC {total)
Mid: 80.6 °C 110.82 Jig
0.31 DeltaCp*: 0.467 Ji(g*K) —
0.2 VS e — o
0.1 77.8°C
0.0] s ~121.8°C -110.16 J/g
125°C , 66 Jig g
0.1
_ oy
: 237.1°C
-0.2
. I ¥ 1300°C . . . .
50 100 150 200 250

Temperature / °C
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A

- QEL ?Tgxl!_ﬁfi :2“1 SCEE 35”*:1%[%#'@ “ETZS':H

Figure 4. THERMOPLASTIC FROM FAR SIDE OF MOLD - INITIAL
CRYSTALLINITYBY MDSC™

222.74°C 2

0 - 205.47°C /™,
_ NONREVERSING 26.73 Jig .- / | = ~
e e | 4. E0TO 5.&-
-2 TOTAL 214.93°C - PY
= T TT— _2068J/g L 2
E T N . w2t
; . Wl N
2.4 | REVERSING L 3 £
L T ' @ >
3 ~ \ I 5alad
g ! Z —
T K {II — !
.6 211.59°C 1} :
4044 Jig \ |
| | 61 -6 ...

INITIAL CRYSTALLINITY = 13.7 J/g | —
-8 |
5°C/min, 40 sec period, #0.53°C amp Y223.89°C
| | | T -8
50 100 150 200 250

Temperature (°C)

Applications Laboratory/DSC 204 F1 115 22.03.2006JB



s et " NETZSCH
| T R - T DSCENI . e

Figure 5. THERMOPLASTIC FROM NEAR INJECTION POINT -
INITIAL CRYSTALLINITY BY MDSC

2
209.04°C 1
. 28.46 J/g f“‘/ e
___H9HB¥REIHE4_L.;-_ ——————— Y S %‘ oo S
2 TOTAL 214.84°C = E
s T T——— _ ____ 20.38 Jig 8 B
N —— N7 jeel
84 REVERSNG e ———— A/ £ 3
T — \l. Il" 2 .
g ™ [J' §-4r 4
T Il"- i Z p—
* W — |
6 - 213.76°C} V. ,
4343 Jig) |223.36°C | ;
INITIAL CRYSTALLINITY = 15.0 J/g !: ...L“E" 6 i
8- ¥
5°C/min, 40 sec period, +0.53°C amp ¥
I I | T -8
50 100 150 200 250

o
Temperature (°C)
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DSC 204 F1 — TM-DSC - PS

NETZ5CH

N —
DSC /(mW/mg)
J exo
0.25 4 Sample: PS
Modulation:
Period: 60 sec.
0.20 Amplitude: 0.5 K/min
“r H‘r j
0.15 ] .mﬂ" h]f I 'I'I'Il HI
1 H U
b YL i 41 [lﬂﬂﬂ" |||l|lfI 'I; ML 1|I|
“'1“','ll'r|’|||1ﬂ'rlll|ﬁ](\\’ltﬁ|'ﬁllltf' “ ] f ﬂnlnpllfp In":fnl M ”l'lpnml”' ||| My ||||Iu||n Rl
0_05_IHJI|‘i|1”|j|,1[t|1|1““ i | I|J|| Iy | ||" Hl”""]“ 'h\ ||I I|| H“‘"{LH': i:l:lhlll
WY H' ‘ﬂ H H'H'u‘ T il f” '
0.00 -
-0.05 1
-0.10 1
0 20 40 60 80 100 120 140
Temperature / °C
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22.03.2006JB



DSC 204 F1 — TM-DSC - PS NETZ5CH

DSC /(mW/mg)
1 exo
R DSC (reversing)
e DSC (non-reversing)
S DSC (total)
0.15 | Mid: - 103.9°C _
Mid: 08.7 °C Delta Cp*:  0.266 J/(g*K)
0.10 { Delta Cp*: 0.265 J(g’K)
0.05 1
1_5!_2‘.1 °C
0.00 ] oemrmemem e e e e e e e, faa e
98.0 °C 3.36 J/g
-0.05 ;
-0.10 ;
-0.15 4 : : : : . . . . . . . . . .
0 20 40 60 &0 100 120 140

Temperature / °C
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DSC 204 F1 — TM-DSC — Curing of a Resin NEIZ3LH

DSC /(mW/mg)
1 exo
0.20 1 Sample: Epoxy Resin
11|
'| l ! ‘ \ [ 'NEREE AR I
0_15. l|'“]‘ll l| ' I.“”' | Hs h 4 ||'||1“IH'I"[H;“I“HII['“fll]”lﬂl
b | Iy \hﬂ u u i II|| IR I R e
I||”||”I ||H|IHI||! ||l|||||l “ " || || b B By
0.10l |II|||H'l|||u|'|,|” ||||||m||”|||'nl' |I|‘| TN I||‘l TR TR
R TR T (e |||‘1”|l|| |||f|| '”"1'”"”"" |H|. ||||1||||,|n||,||l
LTI N HH II | | Bl
I |I1|th| T W T WA [P TR (] ||,| |II T HENRER
0051 1t} |"““I|l””||II||J1|||“|”| :”'II I'II:ll“n'”'l'i'l'llu'f”lfnlI 'I:'lulll“ H'Iu"'
“||||IIelI|||'|||.'|||”,I||H}||’IHI|”:I I||||I|'.| I| I||II|,-| IIJ|I|I||'II|||:I||'||||III I||II||[I||I”|II I|||
0.00 ﬁﬂ. #bl"" Ihfh H' 1 IR ﬁu|ﬂ“ ]|ﬂ
iy 'ﬂ W RNt M "i\'
-0.05 -

60 80 100 120 140 160
Temperature / °C
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DSC 204 F1 — TM-DSC — Curing of a Resin NEIZ3LH

DSC /(mW/mg)
1l exo . 5
a'.‘;f“t' ﬁg og [1.2] harz-250105-1.sd3
015 E[:d.e- 75.3 o S — DSCE{}SC {revers!ng;
. e e non-reversing
Delta Cp*: 0.378 J(g*K) _— DSC (total)
0.10 { ———————— T T T e e e
Mid: 704 °C
SHE Delta Cp*: 0.131 J(g*K)
Flache: -47.62 Jig
0.00 7 - +— Peak*: 101.1°C
) .-.+,“““““““““_““,,_,,,... ERCIERE
-0.05 - Curing process (not finished)
-0.10 L : : : : : :
40 60 a0 100 120 140 160

Temperature / °C
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DSC 204 F1 — TM-DSC — Post-Curing of an NETZSCH

. A
Epoxy Resin
DSC /[(mWW/mag) Temp./"C
l exo
030 HrHH 200
0.25 1 Cured Epoxy Resin }l f } h | f] ] " ’] l " ][|| l'l! ,\I‘ I f J] ] ’ ot i ]]I |
”‘Hl f“l ||l l|”1|l|“|' “I'| l,|” \'I|'|JI,H||| !|':150
0.20 ] ["|:'.H|I it l ! I JHRTHEH 1 |I‘|'l|lll|||| n |
0.15 “ I 1Mk lJ |II l'“'"'“““'lﬁ
- L 'u l| lHH'I'I“'I,.m
- ﬂ |l ll || Led .
0.05 - :-50
0.00 -
-0.05 - D
15 20 25 30 35 40 45 50
Time /min
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DSC 204 F1 — TM-DSC — Post-Curing of an NETZSCH

L ]
Epoxy Resin g
DSC /imW/mg)
| exo
0.25 | Precured Epoxy Resin
) Glass transition
ik S DSC reversing
0.20 { Inflection: 35.99°C 56.74°C o o sing___
DetaCp*: 0.25 Ji{g'K) = : —-E:Sf_'i"f—-'—-ﬁ""’ DSC total
= Area:  -2.63 Jig
0.15 ; Peak: 101.10°C
4925°C
010 - Inflection: 48.64°C
Delta Cp*: 0.25 Ji{g'K) [1.5] 158-0-06-21.5d3 _
—_—— DSC (reversing)
0.05 - — — — — DSC (non-reversing)
. Influence of an additive _ DSC (total)
Relaxation 40.29°C 5294 °C _
0.00 ] i i s U Post-curing DSC non-reversing
' 3.88 Jig T |
4480°C: 594% Area: -2.77 1_.Hg
-0.05 1 64.60°C: 100.0 % Peak: 102.98 °C
20 40 60 30 100 120 140
Temperature /°C
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DSC 204 F1 — TMDSC — Cp-Determination

NETZ5CH

—A——————
DSC /(imW/mg)
1 exo
0.15
Accurate Specific Heat Determination f 'ﬂ
l-
0.101 sa"“p'“':e}|l“lf'|lllliflf||’ll'II“!ltul‘H'Il r
[n¢|ﬂufn|||'u1 I i “ |
0.05 I‘l||lliluul| ”]Ilf"h‘”'”ll H'“HHI'IM j\IH'H
'H'I "\l J II I “I. EIJJ“LﬂkH]'
]J‘i[li“-l“”'l ’u it
0.00 1
-0.05 ;

0 50 100
Temperature / °C

150

Applications Laboratory/DSC 204 F1 123

22.03.2006JB



DSC 204 F1 — TMDSC — Cp-Determination

NETZ5CH

A
. A
Cp /1(JI(g*K))

50| &p (Total Literature

Specific Heat of Polystyrene

" “';—'—V‘_‘__f’_—__”j/WREVETSiHQ}

1.0] "

0.5 -

+
0.0 1 4 * -
-40 20 0 20 40 60 80 100 120 140
Temperature / °C
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0 5 DSC b2 ) & 4 ¥ NETZ5CH

A

s

Cp = —
RM

where Cp = Specific Heat Capacity

£ DS Calibratvon Factor
= Heopt Flow

. = Heating Kpie

hl = Sampke Mass

. £ 4 simnphe ) - O (hiiank s
24

- Cp cell calibrataon constant
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. NETZSCH

_A_v—
- 1 462
- 1.4
7 1.2
Sapphire Heat Flow
24.000 * 25.000 °C
05923 Jig™C 0926 Jg*=c e ‘
| | -
= | | - : o
£ Sample Cp 2
E - 08 =
8 i
L; _ _ 1 ! —— — o
(]
= sample Heat Flow | s @
= 73
i
I
- 0.4
128 ) Baseline Heat Flow o
19k -
19.45 T T T T T T 0.0
2001 22 24 26 28 a0 a2 J3.88

Tamperaiure )
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NETZ5CH

Sapphire Cp test e

1.2 4

40 - 256.800 *C

' v 206.800 ¢ 1.065 Mg C
| as /ﬁ?ﬁ 1022 Jig*C|(1.0627 g C)

| /ﬂ,,/"‘ 1T 800 °C (D977 Jigey| (10247 g C
| oA - 55 EDD n:-':: 0.914 -.”Q i

l’l/ 0,237 Jgrec| (0916 Jig )

g 0.7 (0837 Mg )
s 5.800 "C
“ﬁ . _ 0524 lig**C
= S3EA00 % (0 TAD g C)
5 o | 0.E18dgC
G| (0E2T A ) H

. Sa_p phire

- Pyris| T DSC

Single Run L—Ieat Capacities
0.2 4
No Baseline or Other Subtraction
(TR
a.o T T 1
=50 1] 50 100 150 200 250 00

Tewmosreture (520
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TM-DSC SB# - =gt NETZ5LH

A RIS B Rl RS o
R BT R CTTR el PR -

SLET o FIFIMDSCHEH P2l e, T g EGRDSCE: E T fﬁjljﬂ%?ﬁiﬁ
}ﬁﬁ%mﬁgﬂﬁfpmﬁ%méi
[B5%DSC( et i ffet 7 [l [l )

Cp = KCp x®T2UPEVHIAS ™ PUEGR [ - ST1YPEWEER ™ PRyl
D2 RS . ST IR

=mJ/°C

where : KCp = fri}ﬁfj'gl(f
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[ER DSC

FEE

NETZ5CH

_A—v—
Standard R Cp Heamurement S0, 0=
E} -0 . D1A30mH
o0 F___ _lmt':f' Prduil —_ ]
i Oelta O S0mU
i' =0, 00°C
= =0, 5= -
- Sacpnire @ 3*C/min @ 0 . & 138mM
& - -
b
o i
ol
¥ Delita 1, 1CHH
=1.04 =0 .00 *C
Sopphire @ B¥CAmin @ =1. IESwd
-] . R— . : i _
10 20 30 &0 " an
Temperaturasm (=)
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1’4*%‘

125 TMDSC 14008 NETZSCH

MOSE Cp HeasurEment 5. ma*!:.-'l-in

= 5
0.0+ A fﬂ\ll I ‘f 1". .I'Irﬁ'.l'll -
[\ [ / "I. <
Z _ W 1\;; H, ’J 'ﬂ o
] Modulated Heating Rate 3. 553ﬁ[;;,,n -
S -0.5- Lo 2
N -0 B4 OSaN - -
g -
. £
: o 2
= &
2 -1.0- .
T
Maaulated Heat Flou R - .!.

e T S S S T

Temperatures [*C]
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TM-DSC vs. DSC F-E W&l Fik NETZ5CH

0.0 fesi
Standiard DSC Cp Measurement %
—0.5 /l 3C/minute —0t &
™ 0
B - ::
: &
T =
—
=4 .0 = | - E
=
] HC minulte I — |
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TM-DSC [T BrEEEY gpy

Applications Laboratory/DSC 204 F1

A
Copper Heat Capacity
Temp. Cp (MDSC) Cp (Liter.)
("C) (g C) (Jigi"C)
-154.3 0.2462 0.2812
-102.4 0.3116 0.3401
-51.5 0.3432 0.3656
-1.1 0.3639 0.3783
49.2 0.3737 0.3877
99.3 0.3784 0.3971
199.4 0.3863 0.4128
249 .4 0.3977 0.4187
299.5 0.4175 0.4284

132

22.03.2006JB



NETZ5CH

E%L%:‘WFI' RV VR

%“53

A
6 14.5
- -14.0
S4- 4135 O
o
_ =
£ ) £
- - -13.0
o _ NS
iﬁ\f - 3
] -~
2 +125 -~
— I; :
|
1 Isothermal 80°C // = -12.0 —
helium purge - - = = — - - Tl 0 -
0.5°C amplltude = T
60 second period
0 | | | | | | | 11.5

0 5 10 15 20 25 30 35 40
i (57)

Applications Laboratory/DSC 204 F1 133 22.03.2006JB



TM-DSC 7 FT ™ 3 iR NEIZ5CH

Heat Capacity Change at Cold Crystallization
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A

Figure 1. ENTHALPIC RELLAXATION OF PET
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Figure 2. AGED POLYETHYLENE
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Figure 3. PET’s ENTHALPIC RELAXATION

vs AGE
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Figure 4. EFFECT OF AGING PET AT 55°C
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Figure 12, Tg IN POLYMER RESIN
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The DSC 204 F1 Phoenix System !ﬂﬂ

Flexible and robust
Optimized gas flow and cooling systems
Proteus® Software with innovative features
Compliant with 21 CFR Part 11 (in 04/2006)
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