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Performance & Applications

Performance
- Temperature Range Ambient to 725 °C With cooling accessories -90 to 725 °C
- Baseline Curvature (Tzero; -50 to 300 °C) 10 yW

Applications

- Glass transition

- Stress relaxation

- Melting points & boiling points
- Crystallization time & temperature
- Percent crystallinity

- Heats of fusion and reaction

- Specific heat

- Oxidative stability

- Rate of cure

- Degree of cure

- Reaction kinetics

- Purity

- Thermal stability

- Sublimation



Sample preparation

Sampling
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Sample preperation
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Measurement Know-how
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Applications; Glass transition

Glass transition

when T < Tg

when T > Tg

Enthalpy H

- 25 &350 2lot samplel| €2 & patten?| H3t -> CptHzt
- Step transition
- Amorpous phase?} glassy phase(H| ™ )2} rubbery phase(H d)ALO| £ 71

HIHE el
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LA 2T

Cooling Rates from 25°C (*C/min)

Quench
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Applications; Melting

Melting

- Endothermic reaction

- Crystalline phase

- Melting2 peakQj| A Cf &
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Applications; Melting

nk-yN.

- Cp<oo

- Tm2 peak temp.

- Heat of fusion= XM 2HA
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Heat Flow (m\W)

Thermal decomposition
- Heating rate ¥2f0| O R 2
- 24 0| 5473t baseline #Hz}

Applications; Thermal decomposition
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Crystallization

- Exothermic reaction *° .
A YT LY
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Degree of crystallization
- Sample2| X£7| 23t = 88 Il 52 AH3E - 88 HTNMX| F7I2 2H3E 2t

26.9kJ / mol

x1000=140J / g

1929/ mol
- PET X7| AN 3}E (%) = (44.76J/g)/1.4-(37.19J/9)/1.4=7.57J/g/1.4=5.4(%)

Sample: PET (Quenched fram the Melt

Heat Flow (W)
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Poly(ethylene terephthalate) (PET)

Summary

Ty dcp Tm dHE SHE  So Thetal Theta3 Ns
() 553 26.9 I o s8s 54 15

44 15
30 30

(=) 342 7708441 -

X 2z 588
PET 8 8 10,43 10 8,57 33T 30
s Ezplanations

The data are separated into

o Cp Experimental and Caleulated -Crystalling

o CpE 1 and Caleulated 1

e Cp H5,G -Crystalline

s Cp,H,3,G -Amorphous

« Cp Figure, H,5,G Figure These are picture files and may need some time to load,
« Eeferences
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cp
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1.0-520
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Applications; Heat capacity

53

- Empty pan; H|@& F5t0Xt 5t= Ad Tt SYst =7 2| Method 2
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Applications; Heat capacity

- Calibration; H| €At

Wsapphire(T) —Wbaseline(T)

@ Calculation of measured sapphire’s Cp C. sapphire; measured (T ) = .
Mesapphire AT
(W; heat floW) Y% 2 | Sapphire 8 Cp & )

T K e | T K gt v | x 3ET
835 00 o090 | 4685 420 08188 | 28683 | 560 10817
o o C sal hire. exact T 17315 100 ! 01261 | 5685 ! a0 08373 2066 85 | 570 10876
@ Polynomial regression p. sapphire; exact(T ) 6315 | wo | omes | 6085 | a0 | osss | o685 | o | roma
=153.15 (HLi] 0168 | k-1 350 o873 316.85 | 550 Loy}
-143.15 [ 130 02349 | 86.85 [ 6o 0.887 [ 326.85 | Goo 11038

12315 150 0.3134 |

@ HYaz A E(T) =

-113.15 160 | o;gs:oi 116.85 300

0.9206 356.83| 630 11183
-103.15 170 | 03m3 | 12685 400

Cp, sapphire; measured (T ) o943 | 36683 | bg0 | 1aaas
009545 a76.85 | 650 1137
09660 | 38685 | 660 11313

-073.15 180 0.4201 | 136.85 410

-813.15 [ 100 04650 | 146.85 [ 420
7315 200 D.5m4| 156.85 430 | o470 39ﬁ.&5| 670 11353

o0.0875 400.85 | 680 11393

| |

! |

i |

| |

| |

i |
C ) | 1335 140 ©.23739 | 96,85 370 [ 0.0020 33685 | 610 11080
p, sapphire; exact (T) ! ' 1685 | 80 [ oo | 34685 [ e amy

g |

i i

l |

! |

i |

g |

-63.15 210 05356 | 166,85 440

Wsample(T) —Wbaseline(T)
Msample AT

@ Calculation of measured sample’s Cp ~ Cp, sample; measured (T') =

® Calculation of exact sample’s Cp Cp, sample; exact (T ) = E(T) x Cp, sample; measured (T )
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Heat Flow Heat Flow

mW

298K 0| &
t = temperature (K} / 1000

Cp® =& +B=t + C=t2 + D=3 + EA2
sapphire ; alpha form data from NIST
MW(sapphi

298K 0|5t Cp =-28.41289812446 '3 + 12 19157933416 t"2 + 2.06098163686 t - 017356145509 R2 = 0.99988919465

K/1000

= a4 HOIE| ootz ==
=4 ZE?|
__=] P Arial
2 g gy sy ([P 2 2D 2N [E =
SEHCE o =
F231 - 5 | =(A231+273.15)/1000
& B 5
1
2 [CIa 21z X 98]
3
/1 sapphire mass(mg) 62.589]
F sample mass(mg) 30.61
£ temperature increment('c) 0.1
7
g | [UA programdtl M ™2 column ==X £ paste ]
9
10 Temperature baseline(blank) sapphire ref. sample
11 Heat Flow
12 °Cc mW mW
253 24 06343 972
254 24.1 0.6345 -9.723
255 242 0.6346 -9.726
256 243 06347 -9.729
257 244 0.6348 9.7
2568 245 0.6349 -9.735
259 246 0.635 -9.738
260 247 0.635 -9.742
261 248 0.6351 -9.744
262 24.9 0.6352 -9.747
263 25 0.6353 -9.751
264 251 06353 -0.754
265 252 0.6354 -9.757
266 253 0.6356 -9.76
267 254 06357 -0.764
268 255 0.6358 -9.767
269 256 0.6358 -9.77
270 257 0.636 -9.773
271 258 0.6361 -9.776
272 259 0.6361 -9.779
273 26 0.6362 -9.782
274 26.1 0.62363 -9.785
275 262 06364 -0.789
276 26.3 0.6365 -9.792
277 26.4 0.6266 -9.795
278 265 06367 -9.799
279 266 0.6368 -9.802
280 26.7 0.6369 -9.805
281 268 0637 -0.808
232 269 0.6371 -9.812

-6.488
-6.49
-65.493
-6.495
-6.498

029715 0.7698812

0.29725
0.29735
029745
0.29755
0.29765
0.29775
0.29785
0.29795
0.29805

-6.558

0.29815
0.29825
0.29835
0.29845
0.29855
0.29865
0.29875
0.29885
0.29895
0.29905
0.29915
0.29925
0.29935
0.29945
0.29955
0.29965
0.29975
0.29985
0.29995
0.30005
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og o

MR R R ey
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sapphire-sa sapphire sample - bl sample Cp calculation results



Applications; Heat capacity

Wsample(T) —Wbaseline(T) Msapphire

Cp, sample; exact = Cp, sapphire; exact
(r) (T ) Wsapphire(T) —Wbaseline(T) Msample

Cp data
PET

+« AlZ1

Cp(J/g.K)
én

0 50 100 150 200 250 300
temp(C)



Applications; Oxidative stability

Oxidation Induction time

- 578 280 A=t ARte| 7] AR I7EK] Rt AlZte & = US
- Extrapolated onset point time
B | Running 5egment Description Held isothermal at 2002%
1 }+ Equilbrate at 50.00 °C
2 I Ramp 10.000 *C/min to 200,00 *C
3 ﬂ."lsuthermal fior 5.00 min 05
4 fi8 Select gas 2 '
5 (Mark end of cycle 0
B b lsothermal for 100.00 min g
3
§ Oxygen purge started:
* 7.959min
-0.09353Wig
0.0 I .
j Time until oxidation: 81.07min
o 2 4 e 8 100
Exo Up Time (min) Universal V4.3A TA Instruments
o A Al FO| At
- LIdE EX| g2(020] & EZ30f 5t7| =)
- Sampleo| EHA I} B S LHSHA HFOF &
- (CHM 2 MZZ2 10mg7t HEEA)
- Al X celll] airE Q07| €8 200mI/min@ 2 N2 S23{=
- Pan MEH; pano| 554022 ARl Aot BES O Hijz 28 = UZ
->Cu panLt alodine coated pan2 =0 =H440| Q0| OITZtO0| ZHOtX| = A0l /Y S



: Cure fraction

(?]?“f,'% e B s . 13249 @10°C/min.
gl }«‘; v X “f I*r? - Thermosets
1;{.'(1, }” _{»T}_»“{ . g 154
TR AP - Exothermic raction fet Heat
[ A :*"{ i I )\L . a
AL Iy - Irreversible reaction .| |
3 \ -
) A : e S~
) (‘i\rﬁw £ 91.20C T
- : ] 389.3J/g
« % 2nd Heat
o A 72.77C
b > ek
material below the gel point (b); continuing with formation of a gelled but incompletely o £ e L) 2o e
Eusup Temperature \'C ) [Ie— VAAR TA matmests

cross-linked network (c); and ending with the fully cured, C-stape thermoset (d).

Sample ramped 10 T /min
% Cure = (410.6-82.7)/410.6 P ped @
% Cure = 79.86% \
6.5
79.17C
s 410.6J/g
E
: |
w
§ 1.5 l\__+_,L '“‘--,__H_‘_
2| = 891427T
ﬁ'O'l Dl 'l'l 82.69J/g
L 79.86 % cured
——+ 3365C (H) e —
4 . — T —
359 Sample cured for 17 hours at RT;
then ramped at 10C /min.
100 20 § 50 1ho 1o 200 250
Exo Up Temperature (G} Universal ¥4.4A TA instruments

Cure fraction
- % cure = (full-residual)/full*100

- époxy
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Partial rea | Purity Calculation | Results Plot | Results Label || 13k

First partial area height cutaf faction of peak masimum} [0.10

Maximum partial area [fraction of peak areal:  |0.50

Number of partial areas: |25
Constraints on area correction factor:  |0.000 < Factor < |0.200

67 sawe | Delat | Cancd | Hen |

- Partial area; €™ 2= H37I Y= [If sampleO]
YOt O 5718 of4foto] 258 T8

(28 2k Hgt=2 & Bs} 77

- 7l

00 = - 7 1340
~ @128 680 135.28°C
[:]
i
[:]
™ F1338
0.5
r133e
g ¢
3 w
£ nd Purity: 98 74mol % L1334 2
[T Melting Point: 134.00°C (enterad) @
E Depression: 0.12°C 5
T Delta H: 31.00kJ/rmol (entered) =
Correction: 0.00005555% r13iz
Molecular weight: 175 2g/mal
-1.48 Cell Constant: 1.047
Onzet Slope: -97.00mW/eC
RIS Deviation: 0.08°C r133o
Total Area / Parlial Area
-2 i} 2 4 5 8
20 T T T T 1328
115 120 125 130 138 140
Exo Up Temperature (°C) Universal \/4.54

=] i =k}
=9 28 =%

I
Mo

Purity Analysis Options
Faitial Aga | Purity Calculation | Results Plat | Fesuits Label |

Panalty factor (laraer valus forces smaller arsa carrection} [1.00

¥ Adjust delta H of fusion according to arsa conection factor

3
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