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| ntroduction

 Viton: asynthetic rubber, a fluoroelastomer
from Du Pont, USA

o Viton® GF-600S: latest development in Viton
GF family

o Viton® GF-600S: terpolymer of hexafluoro-
propylene, vinylidene fluoride, and tetra-
fluoroethylene with a cure site monomer

o Viton® GF-600S, peroxide cure, 70% fluorine
fluoroelastomer, new Advanced Polymer
Architecture



| ntr oduction

Viton (FE) formulation: carbon black (CB)
filled

Replacing CB with carbon nanotubes (CNT)

Using acid surface modified CNT (MCNT) is
expected to improve the properties, even more
than CNT

To improve the thermal, physical, mechanical,
and chemical properties

To make O-rings for oll and gas industries



Literaturereview

O-rings, for oil in deegper wells, depth in water
of 8,000 m

Higher temperature and pressure reservoirs

CNT In rubber, a high temperatures and
pressures (e.g., 260°C and 239 MPa)

Compared to CB-filled composites, about 80-
100 MPa higher pressure



Literaturereview

e Increasing CNT loading will Increase
decomposition temperature in CNT/FE

e FE/CNT were prepared using different
surface modified CNTs (by Xu and Y ang),
better mechanical properties obtained by
CF, plasma-modified CNT (FCNTSs)

 CNT/FE were prepared using plasma-
modified CNT



Alm

e MCNT was used asfiller for Viton® GF-600S
(FE) with the aim of improving thermal
stability and thermal aging resistance of FE

o Characterisation by Thermal Gravimetric
Analysis (TGA) and Energy Dispersive X-Ray
(EDX)



Materials

e Viton GF-600S (Fluoroelastomer or FE),
Organic peroxide, Carbon nanotube
(CNT), Acid surface modified carbon
nanotube MCNT, Zinc oxide, Triallyl
| socyanurate

e Threeformulations were used: CNT filled
FE (CNT/FE), MCNT filled FE
(MCN/FE) and unfilled FE (FE)



Methods

Equipments: two roll mill, hot press, oven, cure
mould, Thermal Gravimetric Analyser (TGA)

Mixing FE with additives was donein a
laboratory size two roll mill

Curing and post curing
Thermal Gravimetric Analysis (TGA)
Thermal aging

Energy Dispersive X-Ray (EDX) and Field
Emission Scanning Electron Microscopy
(FESEM) image analyses



Thermal Gravimetry Analysis (TGA)

e TGA scansfrom room temperature to
900°C at a scan rate of 20°C.min %, under
nitrogen atmosphere (20 ml.mint)

* Heating-cooling TGA scans up to 560°C



Thermal aging

 Thermal aging was done according to ASTM
D-573 for 24, 48 and 72 hours at 250°C In air

oven

EDX analysis was conducted using FESEM
coupled with EDX

Un-aged and aged samples of 5 mm x 5 mm x
2 mm dimensions from the molded post cured
rubber sheets were used for EDX analyses, to

determine the elements of C, O, F, S, Caand

ZNn
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TGA data (under nitrogen)

TOnset TS% TlO% TSO%
(CC) _(C) (°C) (C)
FE 4234 4426 470.7 497.8
CNT/FE 421.1 446.2 475.4 505.1
MCNT/FE 433.1 457.7 485.4 513.7
MCNT 627.7 6936 7484 -

CNT 994.5 640.2 6929 -

Specimen




|nitial CNT or MCNT remained in
CNT/FE and MCNT/FE

Tem?fé;‘t”re MCNT MCNT/FE CNT CNT/FE
520 100.00 840  100.00 84
530 99.94 839 10000 84
540 99.87 839 9970 84
560 99.67 837 9930 83
600 99.04 832 9790 82
650 97.21 817 9450 73
700 94.39 793 8930 75
800 82.52 693 6660 56

875 74.15 6.23 54.80 4.6




TGA under nitrogen

The percentage of “undegraded FE + char + mineral additives” and “undegraded FE + Char”
remained in the compounds at different temperatures.

“undegraded FE + char + *“undegraded FE +

mineral additives” Char”
Tem?oeé;"t“re FE MCNT/FE CNT/FE MCNT/FE CNT/FE
520 i 30.58 12.56 28.08 10.06
530 i 17.63 11.58 15.13 9.08
540 i 12.19 10.88 9.69 8.38
560 i 10.54 10.48 8.04 7.98
600 790 965 9.68 7.15 7.18
650 700 884 9.52 6.34 7.02
700 610 824 8.32 5.74 5.82
800 490  7.65 8.32 5.15 5.82

875 4.30 7.30 8.32 4.80 5.82




Heat and cool TGA curvesof FE
and filled FE up to 560 °C




EDX spectra (a) and FESEM
Images (b) of MCNT/FE-560°C




Amount of element remained based
on initial weight of compound

Flement Element remained (%)
FE-560°C MCNT/FE-560°C CNT/FE-560°C MCNT/FE-900°C CNT/FE-900°C
C 342 1338 1313 10.69 6.26
F 0.85 175 2.00 0.20 0.24
Al 2.08 2.15 1.76 0.92 2.00

Ca 02 0.28 0.16 0.15 0.20
S : : 0.09 -




TGA properties (N, media)

Using MCNT thermal stability increased

MCNT/FE curve shifted dightly to higher temperatures and
the thermal stability improved compared to CNT/FE

MCNT causes more percentage of FE and produced char stay
In the temperatures range of 520° - 900°C compared to FE and
CNT/FE

Part of FE which is near or attached to the MCNT showed less
or partial degradation compared to that of CNT/FE or FE

The percentage of carbon and fluorine in the residue of TGA
scan up to 560°C of MCNT/FE are the same as that of
CNT/FE and was higher than FE (The amount of remaining
fluorine represents the undegraded FE)



Thermal Aging



EDX spectra of (a) MCNT/FE
and (b) MCNT/FE-72
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The surface composition of the composites before
and after different times of aging, obtained by EDX
and initial element loss per centage after aging

ey W% A% WE% A% '”'t'?ég/eome”t Wt% At% '”'t'?égzmem Wt%  At% '”'t'?ég/eomem
FE FE-24 FE-48 FE-72
C 3426 4495 : 3065 4104 4121 3089 4137 64.25
O 0499 0492 0394 0396 4811 0475 0478 62.25
E 5082 4962 6402 5420 29,67 6203 5252 58.88
S 0092 0052 0L40  00.80 0 0232 0133 0
Tota 10000 100.00 : : 100.00 100,00 100.00 100,00
Element  MCNT/FE MCNT/FE-24 MCNT/FE-48 MCNT/FE-72
C 3406 4464 3046 40.63 45.70 3146 4211 78.97 2658 36.95 93.73
O 641 0631 735 07.37 30.29 707 07.10 74.89 1295 1351 83.76
F 585 4848 6051 5104 37.20 5699 4823 77.82 4777 41.99 93.44
S 102 0057 168 0096 0 448 0256 0 1260 0755 0
Tota 10000 10000 10000 100.00 100.00 100,00 100.00 100,00
Element  CNT/FE CNT/FE-24 CNT/FE-48 CNT/FE-72
C 343 2632 3675 47.92 16.73 3199 4260 13.28 3090 4139 51,98
O 0360 0353 279 270 60.19 0353 0353 38.40 0369 0371 4357
F 5999 4960 5856 4832 49.86 6292 5298 3411 6363 53.89 41.60
S 0098 0055 191 107 0 0L56  00.89 0 0L78 0L02 0
Tota 10000 10000 10000 100.00 100.00 100.00 100.00 100,00




Effect of thermal aging on
residual elemental composition

 EDX results of aged specimens under air
Indicates that the percentage of C, F and O |ost
on the surface of MCNT/FE, CNT/FE and FE
Increase with increasing aging time

e MCNT preserves less percentage of these
elements compared to CNT

* The order of percentage loss in element after
24 hour aging timeisMCNT/FE > FE >
CNT/FE



FESEM images of FE/MCNT (the
razor cut cross section surface)




Conclusion

« MCNT improved the thermal properties of FE,
resulting in higher amount of FE and char
remaining within the temperature range of 400-
900°C relative to unfilled FE and CNT/FE

« The MCNT/FE TGA curve shifted dlightly to
higher temperatures compared to CNT/FE and
FE

* The percentage of carbon and fluorine in the
residue of TGA scans up to 560°C of MCNT/FE
were the same as CNT/FE and was higher than
FE



Conclusion

« EDX anaysis of therma aged specimens
under air showed that with increasing aging
time, more percentage of C, O and F were lost
from the surface of MCNT/FE, CNT/FE and

FE

e The order of element loss after 24 hour aging
timeiss MCNT/FE > FE > CNT/FE



