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In recent years the problem of obtaining elasto-
mers for use in applications demanding heat resist-
ance has assumed increasing importance. Thus,
rubbers containing little or no unsaturation, such as
butyl, Hypalon synthetic rubber, silicone elasto-
mers, and Viton, have moved into the market place.

We are now reporting the preparation of a new,
completely saturated synthetic elastomer based on
an ethylene-propylene copolymer. Reactive sites
for the crosslinking of this elastomer consist of
hydrolyzed or aleoholyzed phosphonyl dichloride
groups. The phosphonyl dichloride groups are
placed on the copolymer chain by treatment of the
polymer with phosphorus trichloride and oxygen,
a technique called chlorophosphonation. This
reaction has been reported in another paper from
this laboratory! which discusses chlorophosphona-
tion of polyethylene.

The polyolefin elastomer, when properly com-
pounded with metal oxides, particularly lead oxide,
and cured, offers a combination of properties which
is unique. The outstanding properties may be
summarized as follows:

1. It has excellent heat resistance, being serv-
iceable for extended periods at 155°C. and for
short periods up to 200°C.

2. 1t is completely impervious to attack by
ozone.

3. Electrical properties are outstanding and are
comparable to those of polyethylene.

4. Tt is not brittle at —50°C., thus giving it a
short-term useful range of 250°C.

5. It has low water absorption.

6. It does not require carbon black for reinforce-
ment.

The purpose of this paper is to outline the
preparation and properties of the copolymer, the
techniques for chlorophosphonation of the copoly-
mer, and the properties of the vulcanizate.

PREPARATION OF THE COPOLYMER

The ethylene-propylene copolymer used as base
stock for the polyolefin elastomer is prepared by a
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low pressure process using any one of several organo-
metallic catalyst systems. In order to obtain the
best possible base stock, the following requirements
must be met: (I) Melt index* should fall in the
range 0.1-10; (2) ash content should be less than
0.05%; and (3) the infrared spectrum of the copoly-
mer should contain no bands attributable to poly-
ethylene or polypropylene ecrystallinity. Poly-
propylene crystallinity bands appear at 10.3 and
11.9 g, while a doublet attributed to polyethylene
crystallinity appears at 13.73 p.

The establishment of criteria for melt index, ash
content, and crystalline content are extremely im-
portant insofar as properties of the vulecanizate are
concerned. If melt index falls below 0.1, process-
ability becomes quite difficult. If melt index of the
base stock goes above 10, mechanical properties of
the vuleanizate deteriorate. High ash contents also
result in poor processability.

Crystallinity in the raw copolymer affects the-
ability of the final vulcanizate to recover from high
extensions. With the particular catalyst systems
used in this work, copolymers containing from 40 to
909, by weight combined propylene showed none of
the bands attributable to polyethylene or polypro-
pylene crystallinity. These bands did appear in the
spectra of copolymers which contained less than 40
or more than 909, combined propylene or in spectra
of copolymers prepared using certain other catalyst
systems regardless of the propylene content. Crys-
tallinity in the copolymer invariably had an effect
on vulcanizate recovery after stretching. This
effect resulted in higher hysteresis loss and perma-
nent set.

If the criteria just discussed are met, satisfactory
base stock can be prepared with facility. In most
of our work we have used copolymers containing
from 70 to 909, combined propylene. {

* Determined at 190°C. and 44 p.s.i. using melt index
tester ASTM #D-1238.

1 The amount of combined propylene is determined from
the infrared spectrum from the ratio of per cent transmission
at the 8.65 x band and the 13.73 x band.
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THE CHLOROPHOSPHONATION REACTION

Chlorophosphonation, the reaction of aliphatic
hydrocarbons with phosphorus trichloride and oxy-
gen, is carried out by passing oxygen through a
solution of hydrocarbon (in this case ethylene-
propylene copolymer) in either pure PCl; or a mix~
ture of PClL and a diluent which itself does not
undergo chlorophosphonation.

R—H + PClL; + 1/,0; —» R—POCI; + HCl

Polymer is recovered by precipitation in 95%,
ethanol, a procedure which has been shown to result
in approximately 709, hydrolysis [eq. (1)] and 309,
alcoholysis [eq. (2)] of the phosphonyl dichloride
groups.

I
(T)I;_Cl + H0 — —P(0)—OH + HCl (1)
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Fig. 1. Per cent phosphorus vs. tensile strength, polyolefin

_%6701 + GHOH — —PO—OC,H; + HCI (2,

In general the chlorophosphonation of ethylene-
propylene copolymer has been found to give the
best vulcanizates when enough reactive sites are
placed on the copolymer chain to give a phosphorus
content of 19,. Longer reaction times, however,
will result in more phosphonyl dichloride groups
and a higher percentage of phosphorus.

The chlorophosphonated product may be vul-
canized by a variety of techniques. However, the
best results have been found to occur when metal
oxides, particularly lead oxide (litharge), are used
as crosslinking agents. A typical recipe is 100 parts
of chlorophosphonated copolymer, 40 parts of
litharge, 3 parts of 2-mercaptobenzothiazole, and
2.5 parts of Staybelite resin. This recipe is the
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Fig. 2. Per cent phosphorus vs. elongation at break (%),

elastomer. polyolefin elastomer.
TABLE 1
Curing Formulations and Conditions
Neoprene Hypalon Butyl Polyolefin elastomer
Neoprene GN 100.00 Hypalon 20 100.00 GRI-165 100.00 C;/C; Copolymer  100.00
Stearic acid 0.50 Polyethylene 3.00 Zine oxide 5.00 Litharge 40.00
Neozone A (anti~ 2.00 NBCs 1.00 Stearic acid 2.00 2-Mercaptobenzo- 3.00
oxidant) Litharge 10.00 Sulfur 1.25 thiazole
Magnesia 4.00 Semireinforeing 25.00 Tetramethylthi- 1.50 Staybelite resin 2.50
Zinc oxide 5.00 black uram disulfide 145 .50
Semireinforcing 50.00 Sundex 53 (petro- 5.00 2-Mercaptobenzo- 1.00 Cure 30’/300°F. ’
black leum derivative) thiazole
161.50 Antj-oxidant 2.00 Semireinforcing 55.00
Mercaptobenzo- 0.50 furnace black
thiazyl sulfide 165.75

Tetrone A (rubber 2.00
accelerator

153.50

Cure 35'/305°F.

« NBC is an anti-ozonant, Nickel N,N-dibutyldithiocarbamate.
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same as that used in the curing of Hypalon.? Cur-.

ing is generally carried out by heating at 155°C.
for 30 min.

The tightness of cure in the polyolefin elastomer
is determined primarily by the number of phos-
phonic acid or phosphonic acid ester groups on the
copolymer chain. Figures 1 and 2 show the effect
on vulcanizate tensile strength and ultimate
elongation of the amount of phosphorus in the
polymer. From Figure 1 it can be seen that vul-
canizate tensile strength may run as high as 3000
p.s.i. with enough phosphorus in the copolymer and
with the proper compounding technique.

PROPERTIES OF THE VULCANIZATE

The remainder of this paper discusses physical
properties of the polyolefin elastomer. In many of
the property measurements we have compared
values for the polyolefin-elastomer with those for
Hypalon synthetic rubber, butyl rubber, and Neo-
prene. The formulations and cures of these three
commercial materials are arbitrary and it is recog-
nized that other formulations would give different
sets of properties. The formulations and curing
cycles for each of the four elastomers are given in
Table I. The polyolefin elastomer is based on an
ethylene-propylene copolymer (909, C;) which was
chlorophosphonated to contain 29, phosphorus.

A. Unaged Stress-Strain Data (Table II)

As indicated earlier in this paper, tensile strength
and ultimate elongation of the polyolefin elastomer
are functions of the tightness of cure which in turn
depends upon the number of phosphonic acid and
ester groups att_ached to the copolymer chain.
Tensile strength increases with increasing phos-
phorus content and ultimate elongation decreases.

TABLE 11
Unaged Stress-Strain Data®
Polyolefin
Neoprene Hypalon Butyl elastomer
Modulus, 100% 820 510 230 870
1b./in.? 2009, 1740 1610 440 1630
300% 2560 f— 580 —
4009, — —_ 950 —
500% — — 950 —
Tensile 2845 1975 1120 - 1630
% elongation 350 235 600 200
% set (at break) 6 6 33 13
Shore creep 76-74 65-59  62-58 66-61
Tear strength,
Ib. 275 104 151 79

a Data obtained according to ASTM specifications,
ASTM-D412, ASTM-D624 by the Smithers Laboratory of
Akron, Ohio.

The elastomer is considerably stiffer than butyl
rubber, being lower in extensibility and higher in
modulus.

Set at break is fairly high but not so high as in
butyl rubber. Tear strength is generally low.
This is one of the principal deficiencies of the poly-
olefin elastomer.

B. Resistance to Heat, Ozone, and Oxygen (Tables
III, IV, V, and VI)

The polyolefin elastomer is unaffected by ozone in
either a static or dynamic test at an ozone level of
1.5 ppm (Table III). Other tests have shown that
ozone concentrations several hundred times greater
also have no effect.

Table 1V shows that oxygen under pressure does
not affect the properties of the polyolefin elastomer
after 7 days exposure at 70°C. In an air atmos-
phere at 155°C. over a 7-day period there is about a

TABLE IIT»
Ozone Tests
(Temperature, 100°F. Ozone concentration, 1.5 ppm)

Test #1: Dynamic, 7 days, 0 to 309 elongation Neoprene: Cracked after 24 hr. and broke at 144 hr,
Butyl: Very few scattered cracks appeared at
144 hr.
Polyolefin: No cracks
Hypalon: No cracks
Test #2: Static under dead weight to afford an elongation of 30%
Neoprene Hypalon Butyl Polyolefin elastomer
Pounds required to produce 309, elongation ‘5 2 1.5 5
Elongation at end of test, % 40 40 50 40
Cracking Complete None Slight None

a Data obtained by the Smithers Laboratory of Akron, Ohio.
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TABLE 1IVa
Effects of Oxygen Bomb Aging?
(7 days, O; bomb 300 1b. 0./70°C.)
Poly-
Neoprene Hypalon Butyl olefin
Modulus, 1009, 1010 690 210 900
Ib./in.2  200% 1990 1820 400 —
300%, 2560 — 520 —
400% — — 690 —
500% — — 880 —
Tensile 2560 2305 1230 1460
% elongation 300 245 660 170
% set at break 6 9 38 9
Shore creep 80-78 69-64 61-55 68-66
9% weight increase 0.42 0.15 0.01 0.06

.. ® For original properties see Table II.
b Data obtained by the Smithers Laboratory of Akron,

Ohio.

TABLE V=
Aged-Stress-Strain Datab
( 7 days aging at 155°C. in air oven)

Poly-

olefin

elas-

Neoprene Hypalon Butyl tomer

Weight loss, 9, 18 6.2 1.9 0.8

Tensile strength, No test 1300 50 735
p-si. (brittle)

% elongation No test 30 1100 90
(brittle)

9%, set, of break No test 3 451 6
(brittle)

% tensile retained — 66 4.5 45

% elongation — 8.6 470 45

retained
Shore creep 97-97 9088 41-8 64-62

ASTM 412, 624

» For original properties see Table II.
b Data obtained by the Smithers Laboratory of Akron,
Ohio.

TABLE VI
Effect of 200°C. Aging on Various Elastomers
Natural Polyolefin
rubber  Hypalon elastomer
0 hr. exposure
9% elongation at break 570 500 330
Tensile strength, p.s.i. 811 1159 1015
2 hr. exposure
9% elongation at break 550 430 220
Tensile strength, p.s.i. 28 405 912
4 hr. exposure )
9%, elongation at break — 240 220
Tensile strength, p.s.i. — 353 862
6 hr. exposure
% elongation at break — 120 210
Tensile strength, p.s.i. — 360 756

. 509 drop in tensile strength and extensibility.

Table VI shows the very much shorter time of re-
tention ol mechanical properties at 200°C. ex-
posures,

None of the heat aging tests reported in* this
paper have been determined for polyolefin elasto-
mer containing anti-oxidant. If decomposition of
the sample occurs as a result of oxidation at a terti-
ary carbon atom rather than as a result of the scis-
sion of salt bonds, one would expect that anti-
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Fig. 3. Stiffness {p.s.i.) vs. temperature, polyoelfin elastomer.

oxidants which protect polypropylene would extend
the service life of the polyolefin elastomer.

Figure 3 shows the stiffness of the polyoleﬁn
elastomer plotted against temperatures ranging
from 20 to 300°C. For relatively short periods of
time the elastomer is serviceable in the range 250~
300°C. .

The resistance of the polyolefin elastomer to heat,
ozone, and oxygen is its outstanding characteristic.
This, in combination with good electrical properties,
suggests its use in flexible wire and cable jacketing
and insulating applications in which there is a
necessity for heat and ozone resistance.

C. Chemical and Solvent Resistance (Tables VIA,
VIB, and VIC)

The polyolefin elastomer, basically, is a saturated
hydrecarbon. As a result of this basic structure it
has poor resistance to aromatic and to chlorinated
hydrocarbons. The vulcanizate is not affected by
ethylene glycol, monohydric alcohols, and dilute
acids and bases. Like Neoprene it is impervious to
vegetable oils. Resistance to lubricating oil and to
jet fuels is poor.
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TABLE VIA» TABLE VICs
Effect of Immersion in ASTM Oil #1be Effect of Immersion in JP4be
(Properties after 70 hr. immersion at 70°C.) (Properties after 70 hr. immersion at 25°C.)

Poly- Poly-
olefin Sefin
elas- elas-
Neoprene Hypalon Butyl tomer Neoprene - Hypalon Butyl tomer
Modulus 1009, 790 670 — — Modulus 1009% 510 270 130 570
2009% 1900 —_ — — 2009, 1340 — — -
Tensile 2570 1235 200 40 Tensile 2130 500 290 660
% elongation 250 250 775 160 9% elongation 305 150 195 120
9% set at break 9 13 70 40 % set at break 16 19 48 38
Shore creep 41-39 35-34 0-0 20-12 % shore creep 54-52 41-38  29-28  59-57
% volume change +13.3 +24.6 4318 +195 % volume change +40.5 +60.5 +202 +152

» For original properties see Table II.

b ASTM oil #1 is petroleum-base oil with a Saybolt vis-
cosity of 98 sec.

° Data obtained by the Smithers Laboratory of Akron,
Ohio.

TABLE VIB=
Effect of Immersion in ASTM 0.1 #3bc
(Properties after 70 hr. immersion at 70°C.)

Poly-

olefin

Neo- elas-

prene  Hypalon  Butyl tomer

Modulus 1009, 250 160 No test No test

200% 860 —_—

Tensile 1480 510 Excessive swell
% elongation 275 145 — —
% set at break 29 23 — —
Shore creep 41-39 35-34 0-0 11-3
% volume change +40.5 -460.5 4202 +152

s For original properties see Table II. )

b ASTM oil #3 is a petroleum-base oil with a Saybolt vis«
cosity of 155 sec.

¢ Data obtained by the Smithers Laboratory of Akron,
Ohio.

= For original properties see Table I1.

b JP4 is a jet fuel which consists of 659, gasoline and 359,
of a light petroleum distillate.

¢ Data obtained by the Smithers Laboratory of Akron,
Ohio.

D. Low Temperature Properties

Extensive low temperature property measure-
ments have not been carried out on the polyolefin
elastomer. Crude tests have shown, however, that
the elastomer is not brittle at temperatures as low
as —50°C. Bince the elastomer can be used as
high as 200°C., the service range, at least for short
periods, is 250°C.

E. Electrical Properties

The dielectric properties of the polyolefin elasto-
mer vulecanizates approach those of polyethylene.
Table VII compares electrical properties of, Hy-
palon, Neoprene, poly (vinyl chloride) and the poly-
olefin elastomer.

TABLE VII
Electrical Properties of Various High Polymers
Polyolefin
Poly(vinyl chloride}  Hypalon Neoprene Polyethylene elastomer

Dielectric strength, v./mil. 400-800 400-750 400-600 475 507
Dielectric constant

1 me. 2.9 2.3 2.43

60 c. 3.2 2.3 2.46

1 ke. 6.7 2.3 2.46

10 ke. 57
Power factor

1 me. 5 x 103 5 X 107 3.1 x10-3

60 c. 5 X 1073 5 X 10~ 4.9 x 103

1 ke. 1.9 x 1072 2.5 x 10~ 5 %x 104 5.3 X 103

10 ke. 5 x 107+ 5.1 x 1073
Volume resistivity, ohm.-em., 50%, R.H. 1014101 1033 101 10%
Surface resistivity, ohms, 509, R.H. 5 x 10%
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Synopsis

A new synthetic elastomer has been obtained based on
an ethylene-propylene copolymer prepared using an organo-
metallic catalyst system. Reactive sites (phosphonyl di-
chloride groups) are placed on the copolymer chain by treat-
ing the polymer with phosphorus trichloride and oxygen.
After hydrolysis or alcoholysis of the phosphonyl dichloride
groups to phosphonic acid or phosphonic acid esters, vul-
canization may be carried out by reaction with metallic
oxides, particularly lead oxide. Vulcanizates of the poly-
olefin elastomer have outstanding resistance to heat, ozone,
and oxygen, and have excellent electrical properties. This
combination suggests the use of this material in high tem-
perature electrical applications.

Résumé

_On a obtenu un élastomere synthétique basé sur un copoly-
mere éthyléne-propyléne, préparé en utilisant un systéme
catalytique organo-métallique. On fixe des sites réaction-
nels (groupement phosphonyl dichlorure) sur la chatne du
copolymeére en soumettant le polymeére 4 l’action du tri-

chlorure de phosphore et de loxygéne. Aprés hydrolyse
ou alcoolyse des groupements dichlorophosphonyles en
acide phosphonique ou en esters phosphonique, on peut
opérer la vuleanisation par réaction avec des oxydes métal-
liques, en particulier, 'oxyde de plomb. Les élastomeres
polyoléféniques vulcanisés présentent une résistance %xcep—
tionnelle 4 la chaleur, ’oxygene et 'ozone et ont d’excellentes
propriétés électriques. Cette combinaison suggere I’emploi
de ces substances dans des applications électriques & haute
température.

Zusammenfassung

FEin neues synthetisches Elastomeres wurde auf Grund-
lage eines mit einem organometallischen Katalysatorsystem
dargestellten Athylen-Propylencopolymeren erhalten. Das
Copolymere wird durch Behandlung mit Phosphortrichlorid
und Sauerstoff mit reaktionsfiahigen Stellen (Phosphonyl-
dichloridgruppen) versehen. Nach Hydrolyse oder Alko-
holyse der Phosphonyldichloridgruppen zu Phosphonsiure
oder Phosphonsiureestern kann durch Reaktion mit Metall-
oxyden, besonders Bleioxyd, Vulkanisation herbeigefiihrt
werden. Vulkanisate des Polyolefinelelastomeren besitzen
eine ungewdhnliche Bestindigkeit gegen Erhitzen, Ozon
und Sauerstoff und haben ausgezeichnete elektrische Eigen-
schaften. Damit wird die Verwendung dieses Materials fiir
elektrische Zwecke bei hohen Temperaturen nahe gelegt.

Received August 23, 1960



