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Fluoroelastomers (FKM)

Temperature
Type Range Fluorine Content Characteristics

Fluoroelastomer -40° to 225°C 65.5 - 70.1% * Low Compression Set
(FKM) (-65° to 437°F) « High Temp Stability
* Fuel, Oil, and Chemical
Resistance

FKM Types Benefits of FKM

* Amine Cure » Excellent chemical resistance

* Bisphenol Cure  Good mechanical properties

* Peroxide Cure * Outstanding weatherability and ozone resistance

* Base Resistant » Excellent gaseous and liquid permeation resistance

 Low Temperature  Good abrasion resistance

» Self-extinguishing and non-burning in air
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Major FKM Industries
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Transportation Electronics Oil and Gas/ Miscellaneous
Chemical Processing
Aerospace Semiconductor Fluid transport Military
Marine processing Oil and gas production Medical

Wire and cable

Heavy duty equipment Hydraulics/Pneumatics

Automotive Electronic devices

Rail Machinery

Pollution control
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Applications

* O-rings
 Hoses & Profiles
 Metal Bonded Seals/Parts
« Gaskets
 Custom Shapes

« Coatings
« Sheet Stock
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Comparison of Heat & Oil Resistant Elastomers
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Use of Zinc Oxide Zn—~O

* Why Zinc Oxide?
« Early generations of peroxide cured FKM required a metal oxide (most frequently ZnO) for
efficient curing.

* Many different PO cure FKMs available today do not require the metal oxide component for
curing.

» Zinc oxide can provide filler benefits for maintaining color compounds vs black compounds.

* Whatis changing?

* In many new and evolving specification call outs, we are seeing requirements for a peroxide
cure FKM with no metal oxide.

 Where do the differences between compounds with ZnO and those without show up?

« How does this compare to a Bisphenol cured compound that may be used in applications
currently?
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Typical formula and

Compound Recipe w/ZnO w/0ZnO
rheological properties Ry @0 o
MDR 100 cpm, 0.5° Arc, 12 min @ 177°C (351°F) TAIC-DLCA(72%) 25 2.5
DBPH-50 15 15
ZnO 3 0
Carbon Black N-990 30 30
FPO 3650* FPO 3820
w/ZnO w/0 ZnO w/ZnO w/0 ZnO
ML, Minimum Torque, Ib in (dNm) 1.3 (1.5) 12 (1.4) 0.7 (0.8) 0.7 (0.8)
MH, Maximum Torque, Ib in (dNm) 20.3 (22.9) 19.6 (22.2) 247 (27.9) 24.4 (27.6)
U2, ol 0.51 0.53 0.47 0.46
t'50, min 0.73 0.77 0.72 0.71
910), il 1.28 142 1.34 1.35

Typical Rheological Properties, ASTM D5289
*50 MV Grade to be commercialized at a later time. Currently experimental product E-22396
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Heat Aging Effects on FPO 3650 formulations at 200°C

Formulations without Zinc Oxide perform similarly to those with at temperatures

up to 200°C.

With Zinc Oxide

Hardness
10
e Baseline
5 336 h
554 h
0 1008 h
Elongation > Tensile Strength

Modulus

FPO 3650 is 67% fluorine, 50 Mooney viscosity PO Cure FKM
50 MV Grade to be commercialized at a later time. Currently experimental product E-22396
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Without Zinc Oxide

Hardness
10 = Baseline
336 h
5 554 h
0 e==1008 h
Elongation > Tensile Strength
Modulus



Heat Aging Effects on FPO 3820 formulations at 200°C

Formulations without Zinc Oxide show higher variance in modulus and tensile
strength versus those with at temperatures up to 200°C.

With Zinc Oxide
Hardness
10
= Baseline
5 336 h
554 h

0 1008 h
Elongation > Tensile Strength

Modulus

FPO 3820 is 70% fluorine, 20 Mooney viscosity PO Cure FKM
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Without Zinc Oxide
Hardness
10 e Baseline
336 h
5 554 h
0 e==—1008 h

Elongation > Tensile Strength

Modulus

10



Heat Aging Effects on FPO 3650 formulations at 225°C

At 225°C, the effect of Zinc Oxide in the compound is evident in the shift
in properties, particularly in tensile strength and modulus.

With Zinc Oxide . . .
Without Zinc Oxide
Hardness Hardness .
10 10 e Baseline
= Baseline 336 h
5 336 h 5 554 h
554 h e=1008 h
0 e=1008 h 0 4
Elongation Tensile Strength Elongation Tensile Strength
Modulus Modulus

FPO 3650 is 67% fluorine, 50 Mooney viscosity PO Cure FKM
50 MV Grade to be commercialized at a later time. Currently experimental product E-22396
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Heat Aging Effects on FPO 3820 formulations at 225°C

At 225°C, Zinc Oxide in the compound maintains tensile strength and modulus better than compounds
with out Zinc Oxide. Both compounds see an increase in elongation over time.

With Zinc Oxide
Hardness
10
= Baseline
5 336 h
554 h
0 1008 h

Elongation ( Tensile Strength

Modulus

FPO 3820 is 70% fluorine, 20 Mooney viscosity PO Cure FKM
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Without Zinc Oxide
Hardness :
FPO 3820 10 T Doeelne
w/0ZnO @ 225°C 5 554 h
1008 h
0
Elongation A Tensile Strength

Modulus
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Heat Aging Effects on FPO 3650 formulations at 250°C

Note 250°C is above recommended continuous use temperature

At 250°C, both compounds see changes across multiple aspects.

With Zinc Oxide Without Zinc Oxide
Hardness . Hardness .
10 = Baseline 10 = Baseline
336 h 336 h
5 554 h 5 554 h
1008 h a=—1008 h
Q 0
Elongation 4 Tensile Strength Elongation Tensile Strength
\
Modulus
Modulus

FPO 3650 is 67% fluorine, 50 Mooney viscosity PO Cure FKM

50 MV Grade to be commercialized at a later time. Currently experimental product E-22396
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Heat Aging Effects on FPO 3820 formulations at 250°C

Note 250°C is above recommended continuous use temperature

At 250°C, both compounds see changes across multiple aspects. The most striking change is in

elongation.
With Zinc Oxide
Hardness .
FPO 3820 10 — Baseline
w/ZnO @ 250°C 5 554 h
1008 h
Elongation Tensile Strength

Modulus

FPO 3820 is 70% fluorine, 20 Mooney viscosity PO Cure FKM

© 3M 2019. All Rights Reserved.

Without Zinc Oxide

Hardness e Bascline
FPO 3820 10 Baset
w/0ZnO @ 250°C 5 554 h
e==1008 h
0
7

Tensile Strength

Modulus
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FE 5642 Bisphenol Cure Control Comparison

200°C 225°C
Hardness Hardness
10 10
= Baseline 5
5 336 h
554 h 0
0 1008 h

El ti
Elongation < ) Tensile Strength ongation >

250°C Modulus

= Baseline
336 h
554 h

e=1008 h

Tensile Strength

Modulus
Hardness
10 e Baseline
336 h
- 5 554 h .
FE .56.42 S:ompounds exhibit greater oA Compound Recipe ohr
variation in hardness at all temperatures and g
less variation in tensile at 200°C and 225°C. Polymer 100
. . Ca(OH)2 6
Elongation Tensile Strength
MgO 3
ZnO 3
250°C is above recommended continuous use temperature.
Carbon Black N-990 30
FE 5642 is 65.9% fluorine, 42 Mooney viscosity Bisphenol Cure FKM Modulus
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Conclusions

« Zinc Oxide in PO Cure FKM formulations can help maintain certain properties at
continuous use temperatures of 200°C and 225°C.

» Differing Mooney and Fluorine levels do exhibit different results across temperature
ranges in compounds with and without Zinc Oxide.

« 250°C heat aging shows strong changes in properties indicating that this temperature is
not recommended for continuous use.

Additional Investigations

* Investigate temperature cycling to determine upper excursion temperatures.

 Compound optimization studies for property retention.

© 3M 2019. All Rights Reserved. 3M 16



For additional information contact:

Karen Hopperstad
3M Advanced Materials Division

Advanced Application Engineer

khopperstad@mmm.com



FE5642 FPO 3650 FPO 3820
(E-22396)
Heat Resistance Testing w/ZnO | w/ZnO | w/0ZnO| w/zn0 [w/o Zn0
R D t 336 h at 200°C, Press Cure 10 min @ 177°C, Post Cure 4hrs @ 232°C
a W a a Change in Hardness 1 1 2 0 1
voe . Change in Tensile Strength (%) 3% -8% -20% -17% -14%
All results shown are not for specification purposes. Change in Modulus (%) _ a6 1 3% | e% | 1% | o%
Change in Ultimate elongation (%) -14% -3% -15% -14% -13%
554 h at 200°C, Press Cure 10 min @ 177°C, Post Cure 4hrs @ 232°C
Change in Hardness 2 1 2 0 2
Change in Tensile Strength (%) 1% -14% -11% -6% -15%
Change in Modulus (%) 22% 3% 6% -1% -6%
Change in Ultimate elongation (%) -10% 0% -1% 15% 0%
1008 h at 200°C, Press Cure 10 min @ 177°C, Post Cure 4hrs @ 232°C
Change in Hardness 3 2 2 0 1
FE5642 FPO 3650 FPO 3820 Change in Tensile Strength (%) -4% -18% -24% -6% -25%
Intitial results (E-22396) Change in Modulus (%) 27% 8% -6% -4% -16%
Change in Ultimate elongation (%) -16% 2% 1% 25% 7%
w/ZnO w/0 ZnO w/ZnO w/0 ZnO
Hardness, Shore A 70 68 66 73 71 336 h at 225°C, Press Cure 10 min @ 177°C, Post Cure 4hrs @ 232°C
. . Change in Hardness 2 0 1 0 1
Tensile, psi 2356 3455 3641 3071 3569 Change in Tensile Strength (%) -10% 28% | -44% | -21% | -45%
Modulus, psi 520 581 550 945 936 Change in Modulus (%) 25% -5% -31% -19% -38%
. Change in Ultimate elongation (%) -17% -1% 8% 29% 13%
Elongation, % 301 313 288 220 238 554 h at 225°C, Press Cure 10 min @ 177°C, Post Cure 4hrs @ 232°C
Change in Hardness 2 -2 0 0 1
Change in Tensile Strength (%) -7% -48% -46% -25% -46%
Change in Modulus (%) 10% -19% -31% -28% -46%
Change in Ultimate elongation (%) -10% 14% 9% 52% 24%
1008 h at 225°C, Press Cure 10 min @ 177°C, Post Cure 4hrs @ 232°C
Change in Hardness 4 1 0 -2 -1
Change in Tensile Strength (%) -18% -36% -52% -36% -58%
Change in Modulus (%) 6% -19% -40% -37% -56%
Change in Ultimate elongation (%) -4% 21% 21% 69% 44%
336 h at 250°C, Press Cure 10 min @ 177°C, Post Cure 4hrs @ 232°C
Change in Hardness 2 -1 0 -1 0
Change in Tensile Strength (%) -28% -41% -55% -44% -63%
Change in Modulus (%) -7% -21% -39% -41% -55%
Change in Ultimate elongation (%) 2% 10% 18% 79% 41%
554 h at 250°C, Press Cure 10 min @ 177°C, Post Cure 4hrs @ 232°C
Change in Hardness 4 -2 -2 -2 -2
Change in Tensile Strength (%) -36% -48% -61% -61% -70%
Change in Modulus (%) -10% -19% -45% -54% -61%
Change in Ultimate elongation (%) 14% 14% 22% 128% 67%
1008 h at 250°C, Press Cure 10 min @ 177°C, Post Cure 4hrs @ 232°C
Change in Hardness 6 4 0 -2 -4
Change in Tensile Strength (%) -48% -63% -70% -80% -83%
Change in Modulus (%) 11% 9% -36% -68% -71%
w Change in Ultimate elongation (%) -17% -7% 1% 193% 85%
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