
































B. Silica Reinforcing Fillers

Among the mineral fillers, such as hard and soft clays, whitings,
talcs, silicates, and aluminates, that have been evaluated as reinforcing
fillers for EPD rubber58’9’10’12'13, only fine-particle-size silicas have
a reinforcing effect equal to that of carbon black. The review by Bachmann
and coworkersl# describes the properties and reinforcing action of the
commercially available silicas and silicates.

In the United States, one low-cost readily available precipitated
hydrated silica of very fine ultimate particle size is Hi-Sil 233°°. A
compacted form is available as Hi-Sil 21516, Bartrug and Meltzl7 have
shown that Hi-Sil 233 can be used to produce high quality, non-black EP
rubber vulcanizaces. At the Natick Laboratories, we used Hi-Sil 233 as
the reinforcing filler for EPD rubber vulcanizates.

C. Miscellaneous Compounding Materials

The compounding materials used were commercial products obtained
from recognized suppliersls. Details are given in Appendixes 1 and 1I.
Other compounding materials comparable in chemical composition and
activity should prove to be equally satisfactory.

11I. Experimental

All of the rubber compounds were processed on conventional rubber
compounding equipment. Whenever possible, rubber masterbatches were
mixed on a 20- by 10-inch variable-speed two-roll mill, while hot mixing
and final compounding were carried out on 12- by 6-inch two-roll mills.
Test sheets were vulcanized in 4-cavity chrome-plated molds in a steam-
heated press.

Standard testing equipment was used. The test methods are listed
in Appendix 11T,

Outdoor exposure tests were carried out at Natick where samples were
exposed facing south at an angle of 45°, Water leaching, accelerated
weatherometer exposures, and soil burials were undertaken by the United
States Testing Company at Hoboken, New Jersey. These vulcanizates were
returned to the Natick Laboratories for evaluation.

IV. Results and Discussion

A. Curing Systems for Silica-Reinforced EPD kubbers

1. Sulphur systems

In EPD rubbers, the level of unsaturation selected allows
vulcanization with a variety of curing systems commonly used with other
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Recently, oil-extended EPD rubbers have been introduced (Table 1) and
Whitehouse, Barnhart, and Micheil32, also Luh33, have discussed the properties
of these new rubbers. Royalene X400, an EPD rubber extended with 100 phr
of naphtheni~ o0il, is a convenient plasticizer for silica-reinforced EPD
vulcanizates, and dioctyl sebacate has been used as a general purpose piasti-
cizer as well. Oil-extended EPD rubber may also be used to improve the
ozone resistance of silica-reinforced styrene-butadiene rubbers (Section 1V,
C,4).

Silica-reinforced EPD rubbers (for example, compound 3) with naphthenic
or paraffinic oils, di-2-ethyl sebacate, adipate, azelate, phthalate, or
polyether plasticizers, give vulcanizates with similar properties. The
tri-2-ethylhexyl phosphate plasticizer slightly retards the curinrg system
but is preferred, along with di-2-ethylhexyl sebacate, when flexibility at
low temperatures ic important (Section 1V, D). The tricresyl phosphate
plasticizer is not compatiblc with EPD rubber and methylated tall oil ester
plasticizers seriously retard the curing system. Since silica-reinforced
EPD rubbers nerd to be hot milled to develop maximum physical properties,
low-volatilit' plasticizers should be used. General purpose EPD rubber
compounds, hot-milled for 106 minutes at 160°C, show a loss in weight of
about 2.0 percent.

4, Effect of silica activators and stearic acid

In order to develop an adequate rate of cure ir silica-reinforced
rubbers, it is necessary to use a glycol or similar type of polyhydric
compound®:9, 14, When water (or a volatile glycol) is driven off at high
processigg temperatures, undercures are likely t» occur34. Recently, however,
Bartrug3“ has stated that special activators, such as diethylene glycol, are
to be avoided in silica-reinforced EPD rubbers if maximum reinforcement is to
be obtaired, as they interfere with the filler-polymer intcractiomn.

Examination of a series of silica activators, such as diethylene
glycol, polyethylene glycol, pentaerythritol 200, triethanolamine, and bis
(hydroxymethyl) 1,4-cyclohexane, has shown that these compounds are all
effective in improving the properties of silica-reinforced EPD rubbers. The
results given for compound 3 in Table 1V are typical. Generally, silica
activators are added at the level of 6 percent of the silica loading8’9.
llowever, optimum physical properties are obtained at an activator level of
about 2 percent of the silica loading (1 phr of activator per 50 phr of
Hi-Sil 233). Higher levels of silica activators result in a reduction of
physical properties. Polyethylene glycol and bis (hydroxymethyl)
1,4-cyclohexane are effective in silica-reinforced EPD rubbers plasticized
with either naphthenic oils or ester-type plasticizers. Activators based
on polyalkanolpo!yamines generally retard curing systems based on zinc
oxide, sulphur, TMTD, DPMTT, and MDT,
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The presence of stearic acid is not essential for good vu canization
but small amounts (1 phr) improve processability and dispersion of the fillers,
especially at high loadings. In the absence of stearic acid, there is no
marked improvement in the phys#.al properties of the EPD rubber vulcanizates.

5. Use of sgpecial additives

The rate of cure of mineral-filled EPD rubbers can be improved
by the addition of polar rubbers such as chlorosulphonated polyethylene22’36,
or of other chlorine-containing compounds. Improvements are obtained in the
scorch rate, compression set, permanent set, and stress at 300 percent
elongation. The addition of chlorosulphonated polyethylene also gives
vulcanizates with the maximum heatzsesistance, especially when used in
conjunction with antimony trioxide”’ and high levels of zinc oxide26, 1In
addition to covulcanizing with the EPD rubber, chlorosulphonated polyethylene
is believed to give a large increase in the modulus due to reaction between
the chlorine and chlo -osulphonyl groups and the active groups on the surface
of the silica filler.

The addition of chlorosulphonated polyethylene (7.5 phr) or octa-
chlorocyclopentene (1.5 phr) to hot-milled silica-reinforced EPD rubber
plasticized with either dioctyl sebacate or a naphthenic oil gives the
maximum improvement in general physical properties. Chlorine-containing
compounds, such as polychloroprene (7.5 phr), polyepichlorohydrin (7.5 phr),
nitrile-polyvinylchloride resin blend (7.5 phr), p-toluene sulphonyl chloride
(2.0 phr), hexschloroethane (2.0 phr), and dichlorodiphenyl-trichloroethane
(2.0 phr), are not effective in improving the cure rate of silica-reinforced
EPD rubbers. Perchloropentacyclodecane (7.5 phr), a known flame-proofing agent
for ethylene-propylene copolymer rubber (EPR)37, also has no effect on the
cure rate,

Both chlorinated paraffin wax (7.5 phr) and tetrachloro-p-benzoquinone
(2.0 phr) improve the rate of cure of silica-reinforced EPD rubbers but are
not as effective as chlorosulphonated polyethylene or octachlorocyclopentene.
These chlorine-containing additives are effective with both Nordel 1040 and
Enjay 3509 EPD rubbers and give the maximum improvement in physical properties
when used with hot-milled silica-reinforced compoundz. The additives have
no effect on the processing characteristics of EPD compounds, but both
chlorosulphonated polyethylene and octachlorocyclopentene give improvements
in the compression-set resistance of EPD rubbers at room temperature and at
100°C.

In the absence of a chemical promotor such as p-qu none dioxime,

chlorosulphonated polyethylene (7.5 phr) or octachlorocyclopentene (1,5 phr)
improves the physical properties of EPD rubbers and can be used for the
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compounds show good tensile strength, modulus, and abrasion resistance
properties and poor cut-growth resistance., Their compression-set properties
are similar tb those of silica-reinforced compounds. Peroxide-cured carbon
black reinforced compounds show superior physical properties as compared to
sulphur-cured compounds and have excellent resistance to abrasion and
compression set at elevated temperatures, and good cut-growth resistance.
Cold-milled carbon black reinforced EPD rubbers have properties adequate

for many applications, while hot milling improves certain properties but
usually not to the same extent as it does for EPD rubbers reinforced with
silica.

4. Blends of EPD rubbers with other elastamers

EPD rubbers are known to blend with other elastomers to give
vulcanizates with improved ozone resistance. Sutton39 has described the
properties of some of these blenas that are reinforced with carbon biack.
Oil-extended EPD rubber is very effective in improving the ozone resistance
cf silica-reinforced SBR compounds. For effective protection, the EPD
rubber content should be at least 5 phr, and levels of 10 phr (20 phr for
an oil-extended EPD rubber containing 100 phr of naphthenic oil) can be
incorporated without markedly affecting the general physical properties of
the wvulcanizates.

Typica! properties of SBR-EPD rubber blends are given in Table IX,
Silica~reinforced SBR compounds cured with a conventional sulphur-accelerator
system and with the zinc oxide lewvel reduced to 1 phr have good physical
properties and adequate resistance to heal aging at 70°C. As shown in
Table 1IX, an antiozonant alone (3 phr, compound 37), or an EPD rubber alone
(20 phr oil-extended compound 38), will not markedly improve the ozone
resistance of an unprotected silica-re.forced SBR vulcanizate (compound 36).

The combined use of an antiozonant and an EPD rubber, however, gives
vulcanizates (compound 39) with good physical properties and excellent ozone
re istance. Carbon black reinforced SBR compounds may also be protected
against ozone by this antiozonant-EPD rubber combination. The antiozonant
N,N'-bis(1l-methyl heptyl)-p-phenylenediamine (BMHPD, 3 phr), is very effective
in silica-reinforced SBR compounds, although N,N'-bis(1,4 dimethyl pentyl)-
p-phenylenediamine and N-isopropyl-N'-p.enyl-p-phenylenediamine may also be
used., The ozone resistance of the vulcanizates is not improved by the
incorporation of sun~checking waxes (2 phr).

Silica-reinforced SBR-EPD rubber blends process easily and stearic acid
lubricant is not requived. Fast curing stocks are obtained by the use of
triethanolamine activator (0.5 phr) with a resin softener (5 phr) to maintain
the cut-growth resistance. Coumarone-indene resins, terpene-resin acid
blends, and novolac-type and non-heat advancing phenolic resins are suitable.
A typical vulcanizate with excellent ozone resistance is compound 40 (Table 1X).






Oil-extended EPD rubbers can also be blended with silica-reinforced
blends of SBR and pciybutadiene rubbers. Expanded vulcanizates of this type
have excellent resistance to ozone and to abrasion.

D. Heat and Cold Resistance of EPD Rubbers

The saturated nature of the molecular backbone and the low con-
centration of pendant unsaturation enables general purpose EPD rubbers to
be serviceable at 120°C, while special compounding permits long term
service at 150°C 8:9,26_  Although carbon black reinforced compounds have
superior heat resistance to mineral-filled compounds, the use of silica
in EPD rubbers gives vulcanizates with a heat resistance adequatec for
many applications. Where maximum heat resistance is required, perioxide
curing systems should be used.

Compounds processed by hot milling have superior physical properties
and are less sensitive to heat aging than cold-milled compounds. Hot-
milled compounds, heat aged at 100°C for 7 days, show a slight reduction
in tensile strength and ultimate clongation and a hardness increase of
several points. Heat aging for from 16 to 24 hours at 100°C is a convenient
method of improving the modulus and compression-set characteristics of
silica-reinforced EPD rubbers. The properties of cold-milled EPD rubbers
can also be greatly improved after molding by an oven cure of up to 72
hours at 100°C.

For many military applications of rubber, flexibility at low tempera-
tures is required. EPD rubbers do not crystallize at low temperatures
and high quality compounds are reported? to remain flexible down to from
-500C to -60°C and to have brittleness temperatures as low as -70°C.

Tests carried out on hot-milled silica-reinforced EPD rubbers
plasticized with 20 phr of di-2-ethyl hexyl sebacate indicate that the
limit of low-temperature serviceability, as assessed by the Gehman T5
value, is about -58°C, Compounds containing naphthenic oil plasticizers
or blends of these and di-2-ethyl hexyl sebacate are less flexible at
low temperatures. The Gehman low-temperature values and the temperature
of retraction values of two EPD rubbers are given in Table X. Compounds
plasticized with tri-2-ethyl hexyl phosphate exhibit low-temperature
properties similar to compounds plasticized with di-2-ethyl hexyl sebacate.

Recently, Wilson?0 has shown that hot-milled sulphur-cured EPD
rubbers have better low-temperature flexibility than hot milled, peroxide- -
cured rubbers, and both are superior to cold-milled compounds. Vulcanizates
reinforced with silica have low-temperature properties similar to compounds
reinforced with HAF carbon black.
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Their excellent resistance to polar liquids, phosphate ester-based plasti-
cizers and fluids, and isopropyl nitrate propellants indicates that they
could be used for seals and gaskets that are in contact with these
materials. These rubbers also have dynamic applications49.

Synthetic fabrics coated with EPD rubber should be suitable for
ponchos, foul weather clothing, heavy duty truck and gun covers, and
inflated structures such as airhouses and liferafts. Expanded EPD rubbers,
which are characterized by good shock-absorbing and thermal-insulating
properties, should find applicatioas in military packaging and in eold
weather clothing and footwear.

VI. Conclusions

Hydrated silica is an effective, low-cost, non-black, reinforcing
filler for the amorphous ethylene-propylene diene rubbers at present
available in the United States. High quality vulcanizates can be
produced in all colors by suitable compounding. To obtain optimum
vulcanizate properties it is necessary to hot mill the rubber and the
silica in the presence of chemical promotors and silica activators. The
rubbers may be crosslinked with either perdxtde or sulphur curing systems.

Properly compounded silica-reinforced EPD rubber vulcanizates are
usable over a temperature range of from -50°C to +150°C and have excellent
resistance to ozone, heat aging, weathering, and fungal and chemical
attack. They are not oil-resistant. Expanded silica-reinforced EPD
rubbers with good physical properties can be produced by conventional pro-
cessing techniques.

VII. Recommendations

The attractive properties of carbon black or silica-reinforced EPD
rubbers warrant their investigation for many of the military applications
described in Section V. Typical high quality wvulcanizates should be
examined to determine the applicability to them of the latest military
standard on vulcanized rubber50,

Because compounding has a marked effect on the weather resistance of
EPD rubbers, there should be further outdoor exposures of black and non-
black wvulcanizates under temperate, desert, and tropical environments. The
low-temperature properties of these rubbers should also be further studied
by means of the new low-temperature testing techniques being developed by
Wilson%0, 1n addition, studies should be conducted on heat-curable and
pressure-sensitive adhesives for EPD rubbers.
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APPENDIX 111

Standard Test Methods

Federal Test Method Std. No, 601 Method Number
Tensile Strength 4111
Ultimate clongation 4121
Stress at 3007 elonecation 4131
Hardness 3021
Volume swell 6211
Specific gravity 14011

Federal Test Method CCC-T-191b

Accelerated weatherometer exposure 670
Soil burial resistance 5762
Water leaching resistance 5830
A.S.T.M. Standards ASTM Desipgnation
Abrasion resistarce, N8S 1630
Cor 'ression-set resistance 395
Cut-growth resistance 1052
Fungal resistance 1924
Cehman low-temperature stiffness 1053
Exnanded cellular rubber properties 1056
Low-temperature retraction 1329
Mooney viscosity, scorch and cure index 1646
Ozone resistance 1149
Tear resistance (die "C") 624
Test sheet preparation 15
Weathering resistance 518
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