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This invention rclates to elastomers. More particular-
ly, the invention relates to elastomers obtained from
linear, substantially amorphous polyolefins, especially
from such copolymers of alpha-olefins with ethylene, and
W0 a process for making the elastomers.

G. Natta and his co-workers have disclosed that by
polymerizing alpha-olefins of the formula CHs/~CHR
in which R is an alky) group, and mixtures of the alpha-

olefins with each other and with ethylens, under 2 low -

pressure and with the aid of certain catalysts containing
orgunometallic bonds, saturated polymers and copolymers
can be obtained which are linear, substantially amorphous,
and contain a large number (more than 106 ) of tertiary
carbon atoms in the polymeric chains.

Our group has also disclosed that vulcanized rubbers
can be obtained from the linear, substantially amorphous
polymers and copolymers after chlorosulfonation there-
of, by vulcanizing the chlorosulfonated polymers and co-
polymers in the presence of basic substances such as, for
cxample, metal oxides and diamines. The chlorosulfona-
tion resuits in the introduclion into the polymeric chains
of func'wm! groups which are capable of fonming cross-
links in the subsequent vulcanization with the basic sub-
stances.

In that process of producing the elestomers, the poly-
mers having the characteristics of amorphous, viscous
materials are transformed into vulsanized elastomers os
sentially in two successive operations; chlorosutfonation
and vulcanization.

It is not slways easy lo carry out the chlorosulfona-
tion of the polymers in such a way that final products
having good technological characteristics are obtained at
a reasonable cost, JTo geperal, the chlorosulfonation has
to be carried out on polymers dissolved in a halogenated
sodvent, using relatively low concentrations (of some units
percent) of the polymer. In practice, this presents vari-
ous probiems, particularly thase of obtaining a chloro-
sulfonated polymer free of solvent, and of recovering the
considerable amounts of solvent used.

Mozeover, if the chlorosulfonation conditions, partic-
ularly the temperature, are not controlled carefully, a
marked degradation of the polymer can occur, resulting
in a lowering of the values for the mechanical and elastic
properties of the final elastomer. On the other hand, the
use of metal oxides, and particularly of lead oxide, for
vulcanizing the chlorosulfonated polymer, causes an in-
crease of the elastic bysteresis and, therefore, a deprecia-
tion of the properties of the elastomers.

Chiorosulfonation is a chemical transformation which
requires the use of strong and corrosive chemical resct-
ants such as chlorine, sulfur dioxide, sulfuryl chloride,
and the use of special apparatus. It is not always con-
venient for the normal users of crude rubber 10 carry
out the chlorosulfonating treatment and, thercfore, it be-
comes necessaly, at least in some cases, for the suppler
of the saturated polymers to market them in the chioro-
sulfonated, vulcanizable condition.

It has also been disclosed by our group that clastom-
ers can be preduced from copolymers of low unsatura-
tion and obtained by copolymerizing ethylene or the
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ulpha-olefins with small amounts of dienes or acetylenic
monomers under certain specified conditions. Those co-
polymers can be vulcanized with sulfur or with com-
pounds which release suifur, using mixes containing wial-
canization accelerators of the rapid or ultra-rapid tvpe.
The mechanical and elastic properties of the elastomers
obtained after the vulcanization are good, when the dou-
hle bonds in sach macromolecule of the starting copoly-
mer are sufficiently regularly distributed, and all of the
macromolecules contain approximately the same num-
ber of double bonds. The more irregular the distribution
of the unsaturation, the less satisfactory are the proper-
ties of the clastomers. Therefore, the elastomers obtained
from the copolymers sometimes have poor elastic proper-
ties, for instance values of the permanent set at break of
1009% and higher.

It is an object of this invention to provide new elastom-
ers derived from the linear saturated, substantially amor-
phous polymers of the alpba-olefins and copolymers
thereof, which elastomers are superior in various respects
to those disclosed herstofore,

Another object is to provide a new process for pro-
ducing the elastomers from the linear, saturated, sub-
stantially amorphous alpha-oelfin homopolymers and co-
polymers,

We have now found that wery desirable elastomers can
be abtained by grafting organic compounds containing
functional acid groups onto the polymeric chains of the
saturated, lincar, substantially amorphous polymers and
copolymers of the alpha-olefing CHy==CHR where R is
an alkyl radical of from 1 to 2 carbon atoms, and then
directly vulcanizing the graft polymers thus obtained.

More specifically, we find that, in the case of the lincar
alpha-olefin homopolyvmers and copolymers of the type
aforesaid, it is possible to form cross-links between the
various polymeric chains, that is, o effect vulcanization
through e radical type reaction. In particudar, we find
that by grafting anto the polymeric chains of the polymers
contaidng monomeric units derived from the aipha-
olefins, organic compounds which contain in the molecule
thereof at least one double bond and at least one func-
tional acid group and which are capable of reacting with
said polymers in the presence of radical type initiators, it
is possible to form cross-links between the various poly~
meric chains, that 1s, to effect vulcanization through a radi-
cal type reaction, Moregver, we have found that it is pref-
erable for the compound 10 be grafied onto the polymeric
chalns 10 contain 4 double band conyugated with the dou-
ble bonds of one or more
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groups,

In order to obtain a large number of grafts, using rela-
tively small amounts of the compound 1o be grafted on
the polymeric chains, it is useful to use a compound, such
as maleic acid or maleic anhydride, which has a moderate
tendency to polymerize, to vield polymers of very high
molecular weight, and which readily vndergoes chain
trunsfer reactions,

The unsaturated arganic compounds conlaining in the
molecule at least one double bond ond i least one func-
tional acid group which can be grafted onto the polymeric
chains in accordance with the present invention include
malcie, fumaric, acrylic, muthacrylls.—,. ethacrylic, vinyl-
acrylic, itaconie, mathyl itacondc, aconitic, methyl aconitic,
crofonic, alpba-methylerotonie, cinnamic, 2 4-dyhydroxy
cinmamic acid, maleic anhydride, citraconic mwhydride,
ctc,

Radical initiators which may be used in owr process,
1o promote reaction of the organic unsaturated com-
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-pound such as maleic ocid or malkeic anhydride with the
polymeric chains, include peroxides, hydroperoxides, and
azo compounds, Specific examples of the useful radical
initiators are benzovl peroxide, chlorobenzoyl peroxide,
cumy! peroxide, lauryl peroxide, the rﬁpero:nidn of methyl
ethyl ketone and cyclohexanone, tertiary butyl peroxide,
tertiary butyl perbenzoate, i , tetralin, decalin, terti.
ary butyl hydroperoxides, azo-bis-isobutyronstrile, etc.

Compounsds capable of forming salt bridges between the
polymeric chains, together with the acidic functional
groups, may be used as valcanization aids. They include
metallic oxides and bydroxides, glycols, dismmines, etc.
Among the metal oxides, zine, calcivm, cadmium, mag-
nesium, lead and iron oxides and hydroxides are par-
ticularly suitable for use In our process.

Vulcandzation of the homopolymers and copolymers
containing monomeric units derived from the alpha-olefins
may be carried out in a press or autoclave at temper-
atures above the temperature at which the various ingredi-
ents are mixed, for example at a temperature between
120" C. and 180° C., depending om the specific ingredients
of the mix and particularly on the type of radical inttintor
used. Sinve the different initimiors yield free radicals at
different rates, the vulcanizing conditions, ie., temper-

arure and duration, are selected depending on the par- £

ticular initiator included in the mass,

In the accompanying drawing —

FIGURE 1 shows the stress clongation cerve for onc
elastomer prepared from an ethylene-propylene copolymer
in usecordance with the invention;

FIGURE 2 shows the stress elopgation curves I and II
for an elastomer prepared from an ethylenc-propylene
copolymer wsing different vulcanization times; and

FIGURE 3 shows the stress-clongation curves T and 11
for an elastomer prepared from un ethylene-propylene co-
polymer using different amounts of zine oxide én the vul-
canization,

As has been staded, the polymers and copolymers used
88 starting material in our process are oswentially satu-
rated products,

The use of maleic anhydride and other similar com-
pounds for vulcanizing highly unsaturated polymers, ie.,
polymers containing at leust S0% copolymerized diene,
}n: been mentioved in the wrt.  This is disclosed, for
instance, in the U.S. Patents to H. P. Brown, Nos. 2,662,-
874, 2,724,707 and others, Those patents disclose the
vulcanization of highly unsaturated rubbers, using malkeic
anhydride in the presence of radical type imitintors and
zinc oxide. 1t is indicated in the patents that large amounts
c‘::c:mmyl peroxide and maleic anhydride are generally

‘The pateatee cxplains his vulcanization process on the
assumption that maleic anhydride binds itself to the dou-
ble bonds present in the polymeric chain, thus forming
rings of four carbon atoms, attached 1o a (CO),0 group
of acidic nature which is capable of forming salts with
zinc oxide, thus forming cross-links and vulcanizing the
product. In fact, in the patents, the necessity of using zine
oxide to obtain vulcanized products is clearly mentioned.

The disclosures of these prior art patents relating ex-
clusively to unsaturated polymers have no bearing on
our discovery that saturated organic polymers of the type
described herein can be vulcanized by mesns of reactants
of the type of maleic acid or maleic anhydride, ie., that
organic compounds of said type which contain double
bonds can be grafted onto saturated polymeric chains and
that, for such grafting, the saturated polymeric chains
mferah;y contain terbary carbon atoms, particolarly of

Iype

in which the hydrogen atom attached to the fertiary car-
bon atom is very mobile. In our case, it is not necessary
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for the polymeric chain to contain double honds. While
the presence of small amounts of double bonds in the chain
is not harmful, such bonds are not necessary. Our method
is versatile since it permits us to vulcanize not only the
saturated polymers but also unsaturated polymers con-
taining 2 very low namber of double bonds, which can-
not be easily viicanired by the common methods based
on the use of sulfur. By the present method it is possible,
therefore, 10 vuolcanize also the copolymers sabstantially
containing alpBa-olefins and only a low pumber of dou-
bie bonds disclosed by our group to thus produce elas-
tomers of good mechanical snd elastic properties.

The present vulcanization process cannot be explained
in terms of any of the mechanisms which have been pos-
tulsted for the typical processes of maleic anhydride ad-
dition, such as the Dicls-Alder addition to conjugated dou-
ble bonds, the addition o unsaturated polymers with re-
sulting formation of cyclic groups advanced in the Brown
patents supra, the copolymerization with substances con-
taining double bonds to produce polyester resins, or the
substitutive addition to methylenic gronps in «-position
with respect to the double bond. Our process can only
be explained in terms of mechanisms completely differeat
from those just mentioned.

Since the vulcanization occurs on products which do
not contain double bonds, but do contain tertiary car-
bon atoms, when muleic anhydride is used &s the doubie
bond-containing compound to be grafted anto the satu-
rated polymeric chains the process can be explained as
taking place through the following reactions:

(a) Formation of a radical on the polymer chain

cn:—l::—n + R* ——s RH + cm-{ﬁ &
where R* is a radical derived from the initiator
{b} The radical formwed according to (1) can react with
a mol of maleic anhydride according to the scheme—
CHr-G 4 CH=—CI CHym Qo C Hovene (U H
I i e ] 1
co ©co an Go
\O/ N 0/
with the formation of a new free radical.
This new radical could react with further molecules
of maleic anhydride according fo a reaction similar to
(2). 1In fact, such a reaction occurs more easily with
compounds different from maleic anhvdride, such as vinyl
or vinylidene compounds (e.g. acrylates or methacry-
Iates). It is to be assumed that with 1,2-substituted
ethylenic compounds (such as derivatives of maoleic or
crotonic acid, efc.) the propagation of polymeric chains
is less probable and other radical type reactions, such as
tlusirated below, occur preferentially:
(<) The radicals formed aseerding to (2) can form,
together with radicals bound to other chains, cross-links
by a mutual termination reaction of the type

{2

1 i
CHC—CH—8H + En—f?u—f;-—ﬂiv —_—

i
co co &0 S0
N7 N

(@
(d) Or & termination of the radical chains by dismuta-
tion as illustrated below (4) can occur
3c sr,—é—n;:n, T
<o /(‘0
\0 I
—CH; + CHy~C—C===aCH
S0 co ¢
N

Cco
l)/ 0/

C’!T,-—-*—(r‘ll
co
N
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or a termination of the growing radical chains by com-
bination with a free radical:

CH¢—CN—CH* 4 R® ——s Clty{—QH—CH—R
o o ' co 0
o “o” %)
or, finally, chain transfer 1o atoms or radicals originating
from another polymeric chain

cn,-—c:*-»t;u———t:-u + n—(%—-cu; —
o ©
\ri:
Uky—(l.‘—t;'ll—-ut.‘l-h § vbetn,
Co ali}
\0/'

(%)

cn,.,.ézmcrh—-.(f‘.u + n-{:—-cu. ——

co ¢
N s
o

CHr—(‘!—{?l‘f—EL‘—A‘-—CH; 4+ H*
to do !

()
m

Other reactions can oceur similtanennsly with those

illustrated in (1) to (7) above, such as reactions between 30

different radicals, and can, in some instances, also
contribule to the vulcanization. In fact, by simple addi-
tion of initiators which supply free radicals, eg., by
mixing benzoyl peroxide with the polymer, a certain

proportion of cross-links may be formed. 36

In Table 1 below, the most important properties of
vulcanizates obtained in accordance with the invention,
by mixing a linear, substantially amorphous ethylene-

propylene copolymer with 1% benzoyl peroxide and

10

6
which can be bound to the chains according 10 reactions
(4), (5), (6) and (7).

Our results are obtained only with compounds con-
taining at least one double bond capable of reacting
through a radicaltype reaction and free carboxylic (or
anhydride) groups,

Table 1I below gives the mechanical characteristics of
praducts prepared from am cthylene-propylenc copoly-
mer having a molecular weight of 165,000 and contain-
ing 47 mols percent propylene, using maleic acid, end
contrasts those producls with the products obtained with
the aid of dimethyl maleate or succinic acid, instead of
maleic acid.

FAHLE L, FOR 0D PARTS BY
WEIGHT OF COPOLYMILR USED
!
i
Vulcanization was carried out at 160° C. for 30 minutes,
Motete Actd | Dimethiyt | Sueetnie
| Muieata Acid
Ulttogate trasits strength |
e peaniamingh | 14 51 “
Hlongatlon of beeak
DOFVORS. o] 40 585 w4
Midulis af THHE kgoom.f. | 28 kL 7

When unsaturated compounds which are easily polym-
erized are used, such as, for instapce, acrylic acid, chains
contzining a higher aumber of monomeric units may be
grafted onto the copolymer and, therefore, in those
cases a larmer amount of monomer must be nsed in order
to reach the same degree of vulcanization,

The most important characteristics of elastomers ac-

varying amounts of maleic anhydride are set forth. &)
TADLE I
.I k N 2 m—— p———
: anh Ultimate | Elobgutian | &et ot 2009, | Bolubility In [Bwelling ratin
rids m{nf: woslle. | st neeak, | clongution | hm:nn?n at onuﬂ.%-
the polymer y percent | pefeent | o riim
| kg joma? * | peroest
Oty ] 700 T m ! ] #
R S E &0 | @ ! a5 a
8 : . . 52 450 | Ly 3 &
1 i

1 3e0 P. Wlory- “Prinviples of polymer ehemistry, p. 5T,

From thy data given in Table I, it s clear that the
use of maleic anhydride resuits in good vulcanizetion of
the copolymer,
to reactions (2) and (7).

Ibe clastomers we obtain from mixtures conlaining
zine oxide in addition to maleic anhydride are even
more effectively vulcanized than those we obtain in the

absence of zinc oxide and this can be explained by 60

assuming that zinc oxide forms salt bonds between
the various chains, reacting with the anhydride groups

This result can be cxplained according 5

cording to the invention and obtained from an ethylene-
propylene copolymer having a molecular weight of about
340,000, by grafting various unsaturated componnds onto
the copolymer and then vulcanizing the mass are given in
Table II1.  For each 100 parts by weight of the copoly-
mer, 2 paris of benzoyl peroxide and 20 parts of zinc
oxide were used, The unsaturated compound was added
to the mix in an amount such as to obtain 0.15 carboxyl
group mo! equivalents per 100 g. of the copolymer. The
vuleanization was effected at 160* C. for 30 minutes.

TABLE 111

Ultinate | Elongation Rtebound Flardnes

Unsaturated Compound Grafted tenulio a5 break, | Modulus at n“xhiz C., (I::Er.mn-

sirength pereent 300 kg.jem®|  percent tional

k. jem? i}
15 a3 571 k] 5
(21 L] 3 7 o
w 10 86 73 £
o s 67 3 5l
14 ) | ar 71 ]
&5 438 | L] 72 7]
i s l “ b ]
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Table IV below shows the choracteristics of products
obtained from an ethylenc-propylene copolymer having
a molecular weight of about 340,000, using 2 parts ben-
zoyl peroxide, 9 parts of maleic acid, and (.25 mols of
metal oxide or hydroxide per 100 parts of copolymer,
and effecting the vulcanization at 160° C. for 30 minutes.

8
linking and thws san faver a degradation of the palymer.
In order to obtain elastomers having the best elastic
and ageing propecties it iv preferred to employ a 1wo-
stage method,  According to this preferred procedure, the
unsaterated compotnd containing functional acid groups
is first grafied on the alpha-olefin polymer or copolymer,

TABLE IV
MO oo Mg | a0 —— Zno | cdo | PhO !
MOTOHI e e [omrmenes M@0y |-o.o....| CaiOH} = "
Tml!astm th ke femy, ... 1 ne ! 10e 109
at «’i’i - 433 Wy e &7
nm«n""'a'f: 187 woe 5 nl 3 “
) ! I
Hardnce (Intormatimnol) . . s i e

‘The elastomers can be prepared by mixing the polymers
containing monomeric units derived from the alpha-ole-
fins with the various mix ingredients in a roll mixer of
the type commonly used in processing rubber, by intro-
ducing first the polymer into the mixer and rolling it
until @ homogencous, ficxible sheet is oblained and there-
after adding the radical imitiator and the unsaturated
compound to the sheet, the mixing being continued until
a complete homogenization of those ingredients with the
polymer is obtained.

Finally, if desired, the agent capable of forming salt
bridges (e.g. Zn0) and, optionally, reinforcing fillers,
dyes, etc. may be added. 1he vultanization & then car-
ried out in a press or autoclave at the appropriate tem-
perature and for the appropriate time,

The polymer may be mixed with the radical initiator
and with the compound 1o be grafted in other ways., For
instance, a good homogenation of the ingredients can be
obtained by mixing them in a solvent, particularly ben-
zene, which dissolves the various components of the mix-
ture. Thus, # benzene solution of an cthylene-propylene
sepelymer as ebiained directly in the copelymerization
of the monomers may be used, after removal of the
catalyst decomposition products, benzoyl peroxide and
maleic anhydride being added to the solition at tempera-
tures not bigher than 80° C,, and preferably between
40" C. sund 60" C.

The resulting homogencous product may be separated
from the solvent by evaporating the latter, preferably
under vacaum.

Since the initial mix js a multi-components system,
when the methods just described are used the possibility
of grafting the unsaturated compound on the polymer
chains may be reduced by the effect of other reactions
which take place during the mixing and vulcanization,
such as. for example. the formation of salts between the
unsaturated compound containing functional acidic groups
and the basic substance, reactions beiween the radical
initiator and the unsaturated compounds, scission of the
polymer resulting in degradation etc.

These reactions can considerably lower the yield of
graft polymer referred to the unsaturated compound
added to the mix, and can also fead to the formation
of compounds which act as inert charges or diluents,
thus Jowering the values for the mechanical and clastic
characteristics of the end product.

We bave obscrved, zlso, that if, in those essentially
single-stage methods, carbon black, antioxidants, peptizing
agents and/or radical inhibitors are added 1o the initial
mix, the mechanical and elastic properties of the elasto-
mers oblained are defimtely mfenor to those of the elasto-
mers obtained by the same methods from mixes in which
those adjuvants are not incorporated. This is probably
due to the fact that the adjuvants mentioned tend to block
the free radicals present in the polymer chain, thus in-
terfering with both the grafting of the unsaturated com-
pound on the polymer chain and the formation of cross-
links by coupling of two free radicals. The mentioned
adjuvants favor scission reactions rather tham cross-
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and then the chains are cross-linked by means of poly-
functioral basic substances such as polyvalent metal
axldes, glycols, diamines, etc.

More specifically, the graft polymer (which in some
cases ran also contain a high proportion of gel) is ob-
tained by mixing the polymer or copolymer with the
radical initiator and the unsaturated compound contain-
ing functional acid groups and heating the mixture to a
high temperature, preferably in the absence of oxygen.
The duration of the thermal treatment and the tempera-
ture to be reached depend mainly on the amount and
can be so selected that, after the thermal treatment, the
radical Initfator is practically completely decomposed, Lhe
maximum possible number of grafted functional groups
being thus obtained. The graft polymer is then suitably
treated in a mix roller to plasticize and homogenize it,
alter which the basic agent is added. The mixiure is
finally vulcanized, yielding elasomers having very good
elastic and ageing propertics.

The mechanical properties of an ethylene-propylene
copolymer after the first-stage treatment (grafting) with
benzoyl perexida and malelc acid and after the second-
stage treatment (vulcanization) with Zn(Q), are compared

in Table V.
TABLR V
Qraft Co- Vulcenized
polyier Cuopolywmer
Ultiznste tensile strength, kglem.t. ... 20 100
Eiongation At breukt, BOrGent. .- ... 735 0
Modgius at 1008, olm;-t'm kg e, ? 4 10

The amounts of radical initiater and of uvnsaturated
compound containing funclional acid groups required to
produce good elastomers hy the two-stage method are
considernbly smaller than when the one-stage method is
used.

Table VI lists the most important charactenistics of an
elastomer obtained from an ethylene-propylene copoly-
mer (&9 mnls pereent propylene) by the ane.step method,
using 2.0 parts of dibenzoyl peroxide and 9.0 parts of
maleic acid and 20 parts of zinc oxide per 100 parts of
the copolymer, in comparison with the characteristics of
an clastomer obtained from a similar copolymer by the
two-step method, using 1.0 part of dibenzoyl peroxide,
3.0 parts of maleic acid, 1.5 parts antioxident (2,2-meth-
ylene-bis-dimethyl-tert.-butylphenol) and 10 parts zinc ox-

ide per 100 parts of the copolymer,
TABLE V1

‘ Direes Vaiean- | Vualesnizstion

i 1zation in Separata

| stages
Ultirmale tensile strength, kg jom . _ | ?
Blongation sl breale, por . {"’ i m | %35.'
Moduhus 6t 3009 .Iougnl‘m. ¥z, Joar. | o i a8
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As Iy apparsnt from Table VI, the addition of zml-
oxidants to the graft polymer does net inhibit subseguent
cross-linking of the chains by 2inc oxide. Therefore,
the clastomer can be protected effectively against the ac-
tion of oxygen und its resistance to degradation by atmos-
pheric agents ¢an be increased by the use of antioxi-
daats.

We have also observed that the elastic and mechenical
properties of the elastomers can be improved by adding
soitable amounts of saturated organic acids, such as, for
instance, stearic acid, oxalic acid, phihalic acid, cic. o
the graft polymear, prior to mixing zinc oXide therewith.
Table VII gives the most important mechanical and elas-
tic characleristics of at product obtained from an ethyl-
enc-propylene copolymer (60 mols percent propylene
and previously grafted with 3.0 parts maleic acid in the
presence of 1.0 part dibenzoylperoxide) by the two-stage
method, using 10 parts of zinc oxide and various ameunts
of stearic acid, and vulcanizing the mass at 160° C. for

45 minutes.
TABLE VIl
Stearie pedd purts per | Ulthmate ten- | Klongaton st I Madutug st
100 poarts of polymer | stle stremgth, | Break, pareent WWW
kpjemm 2 | tion kg, jemn.?
w G0 i
B g g g 16 30 40
Miacionasas 119 AR s

The two-stage method of preparing the mass for vul-
canization has still further advantages. The first thermal
treatment, in which the grafting is obtained, can be pro-
lenged until the radical initiator is compleraly decom-
posed, so that the presence thereof in the finished elas-
tomer is avoided, and thus the harmflul cffect normally
exerted by the inhihitor an the apeing properties of the
elastomer is also avoided, Moreover, when the two-stage
process is uscd, the amounts of carbon black normally
used for large-sized articles, e.g., tires, can be incorpo-
rated with the polymer or copolymer without demage 1o
the mechanical and elastic propeities of (be elustomer.

In fact, in the two-step method the vulcanization is
abtained mainly by formation of ionic cross-links rather
than by formation of carbon-lo<arbon cross-links due
o coupling of radicals, and therefore carbon black and
other reinforcing fillers can exert their reinforcing effect
fully, without bindering the vulcanization.

The addition of the fillers Improves the abrasion re-
sistance of the elastomer, incresses the elastic modulus
and uhimate drenpth thereof, and in gensral impraves
the resistance of the elastomer to oxidation and degrada-
tion, by light and atmospheric agents. In particular,
carbon black improves the mechanical properties of the
clastomer at high temperature.

lu the two-step ueibod of preparing the mass for vul-
canization as described herein, grafting of the unsaturnted
compound on the polymer chains can be obtained by mix-
ing the polymer with the radical initiator and with the
unsaturated compound in roll mixers as commonly used
for rubber, and successive thermal treatment in an oven,
press or Banbury mixer at high temperature, of 100° 1o
250° C. Such thermul trealment iz preferably carried
out in the absence of oxygen in order to avoid degrading
the palymer.

Also, when the two-stage method of preparing the mass
is used, grafting of the unsaturated compound on the
polymer chains can be carried out in solution using, for
example, the solution of the ethylene-propylens copolymer
obtained directly in the polymerization, adding the radical
initiator and the unsaturated compound to the solution,
and heating the solution 1o high temperature until the
graft polymer is obtained, The graft polymer can he re-
covered from the solvent by coagulation or by evaporation
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under reduced pressure, and hen vislcanized as described
herein.

The vulcanized rubbers of the invention have very good
elastomeric properties and, moreover, the properties can
be varied over wide limits by varying:

(1) the starting polymer and, in the case of copolymers,
the composition thercof;

(2) the amount and type of unsaturated compound
grafted on the polymer;

{3) the amount and type of radical initiator used;

(4) the umount (gencrally between 0 and 209 ) of the
agent, such as Zn0), capable of forming salt bridges which
is used.

Fur exampls, when the elastomers are prepared from
linear, substantislly amorphous ethylene-propylene co-
polymers produced as disclosed by Natia et al, the uli-
mate tensile strength, elastic modulus, end impact resil-
icnce of the elastomers can be increased by increasing
the ethylene content, conditions (2) and (3) listed sbhove
being equal.

Other factors being equal, the properties of the vul-
canized products are also varied in the direction of in-
creased ultimate tensile strength, elastic modulus and im-
pact resilience, by increasing the amount of agent capable
of forming sait bridges which is used. Thus, by mixing
with an ethylene-propylene copolymer, per 100 parts
thereof, 2,0 parts of benzoyl peroxide, 7.0 parts of maleic
anhydride, and varying amounts of zinc oxide, and vul-
canizing the respective mixes at 160° C. for 45 minutes,
pr_od:;c!s huving properties as shown in Table VIII are ob-
tained.

TABLE [IL
Zn0 per W parts copolymer. 0 | &
Ultimats weaile shreoglh i

¢ femy.® £

B mm;m ot birenk, P -
Hehbouw
Har @ M
B 45 a1

When finely dispersed metal oxides are used as ngents
capable of forming salt bridges, the surface hardness and
abrasion resistance of the elastomer are improved, 1f no
metal oxide is included in the mix, the vulcanized prod-
uets obtained are transparemt. Such transparent prod-
ucts are valuable fue varisus applications.  Moreover,
the presence of free acidic groups facilitates adhesion of
the transparent elastomers to metal surfaces and those

i products are therefore particularly adapted to use for

coating metel surfaces.

The elastomers of this invention are saturated or sub-
stantially saturated products which are resistant to oxida-
tion and weathering.

Moreover, our elastomers obtained from ethylenepro-
pylenc copolymers containing from 35% to 70% by
weight of ethylene in the polymer molecule have a stress-
clongation curve similar to that of amotphous products
capable of heing crystallized by stretching, 1t is possible,
therefore, by this invention, to oblain rubbers which, even
when they Liave « low inltial modulus, reach high sirains
at high stresses (see FIG. 3, curve 11 of the accompanying
drawing). For instance, and as shown in Example 13 be-
low, the invention provides rubbers having (at 100% elon-
gation) a modulus lower than 0.2 kg./mm.2, an clonga-
tion at break of about 500%, and an ultimate strength of
1.2 kg./mm2,

The following examples are given to illustrate specific -
embodiments of the invention, it being understood that
these examples are not intended as limiting.
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EXAMPLE 1

100 parts of an ethylene-propylene copelymer contain-
ing S8 mols percent propylene and having a molecular
weight of approximately 190,000 are introduced into a
two-roll mixer, and mixed at a temperatare of 60° C. umtil
& homogencous foil is obtained. Thereafter, 2 parls of
benzoyl peroxide are added In 15 miputes, Mixing is
continued at a lower temperature, approximately 30° C.,
for another 15 minutes with the addition of 7 parts
maleic anhvdride and variable amounts of zinc oxide.
The mixing is continued until the mass is homogeneous.
The product obtained is vulcanized in a parallel-plate
press at 160° C. for 45 minutes. From the vulcanized
foil specimens, according to the ASTM specification
DA12/51T specimans for weosile and other physica) and
chemical tests are obtained, The rebound s determined
with a Pirelli apparatus of the type of tha Goodyear-
Healy rebound pendulum,  (Standard Method of Test for
Impact Resilience and Penetration of Rubber by the Re-
boiund Pendulum, ASTM DI1054-55, adopted
‘The swelling ratio is measured nsing benzene as a solvent

1955.)

10

12
benzoyl peroxide (“Lucidol”) and § parts maleic anhy-
dride at 60° C. After curing in press at 160° C, for 20
minutes, a product having the following properties Is ob-
tained:

Ultimate tensile strength, kg./em.?
Elongution at break, percent
Modulus at 100%, kg./em,? o ene
Modulus at 200%, kg./em.? ...
Set at break, percent
Set at 2004% elongation, percent

EXAMPLE 5

A benzene solution of the ethylene-prapylene copoly-
mer of Example 1, having a concentration of 50 g/l is

3 prepared. To this solution, kept ot S0° C, vnder nitro-

gen, 10 parts benzoyl peroxide and 8.3 parts maleic an-
hydride {on 100 parts copolymer) are added, while stir-
ring. ‘This solution is stirred for 6 hours and the solvent
is then completely removed by evaporation under vactzum
at 50° C. The prodoct thus obtained is mixed and
homogenized in a roll mixer with zine oxade at 30° €.

at 35° C. for ™) houvrs. and then cured in a press st 160° C. for 45 minutes. By
N - —
1 Ultimate Het at l |
00 parts per 100 p. 1 Plnu::mn Modnina o] X0 fod vt Rebannd nﬂhl"lml
copalyrner | streagth, | al bresX | tienga- | Theak, b W%, at 9 C
kg Jemn 3 uen‘:ml h:..u‘n thon, . | percent percent m‘tmb
!

i i | - e s
o 00 15 8} 5 L3 1

4 | 0 1 — & e | i

.'.!l 318 12 5 ] 82 i

Zu0 (10 parts | ZnO (80 parte
per 101 parts par 100 parts
of pelymer) | of polymer)

Ultioute l.amnh strengin kg 'tl:u. K 16 | 164
¥ fm':al!rm at browk, percan ove Bn | 4h
Maduiug sl KO% ll jorn.. 14 | 18
E:rvum at 29, 6h | o

buund al #0°) ;mmuu. 8] &0
Hardness (internatinnal degrees) . B3 ervimnramenneaas
Bwelling ral - Heernarpd S 3 * 7

EXAMPLE 2

100 parts of an ethylene-propylene copolymer contain-
ing 70 mols percent propyviens and having a moleculur
weight of approximately 130,000 are mixed, as in Ex-
ample 1, for 20 minutes at 60° C, with 2 parts of benzoyl
peroxide and 9 parts of maleic acid, and successively for
15 minutes at 30° with 20 parts of zinc oxide. After
vulcanization in a press at 160° for 30 minufes, a vul-
canized product is obtained having the following charac-
leristics:

Ultimate tensile strength, kg./cm.2
Elongation al bresk, percent
Modulus at 100%, kg./cm.?

The shape of the stress elongation curve is shown in FIG-
URE | of the accompanying drawing.

EXAMPLE 3

100 parts of an ethylene-propylene copolymer having
a molecular weight of approximately 350,000 are mixed
for 20 minutes at 60* C. with 3.2 parts of tertiary butyl
perbenzoate and 9 parts maleic acid. Successively, 20
parts zinc oxide are added in 15 minutes at 30° C. After
vulcanization in a press at 130° for 30 minutes, a product
baving the following characteristics is obtaized:
Ultimate tepsile strength, kg./cm.®
Elongation at break, percent
Modulus at 100%, ke./em3 _
Swelling ratio in CCl; at 50*

EXAMPLE 4
100 parts of the ethylene-propylene copolymer of Ex-
ample 1 are treated in a roll mixer with 3 parts chloro-

C. rrrrnecernpanas

35

*0

43

au

f]

65

-

o

varying the amounts of zinc oxide used, the rcwns set
forth in the table above were obtained,

The fact that the addition of zinc oxide causes an in-
crease, instend of a lowering, of the rebound, shows that
zinc oxide takes part actively in the vulcanization, form-
ing cross-links betwoen the chains,

EXNAMPLE 6

To a benzene solution of the ethylene-propylene co-
polymer of Example 1, 10 parts benzoyl peroxide and
20 parts maleic acid are added per 100 parts copolymer.

The solution is stirred at 60° C. for about 6 hours and
the solvent is then removed by evaporation vnder vac-
unm. This mixture is completely homogenized in a roll
mixer and them cured at 160° C. for 20 minutes. A
product having the following propertics is thus obtained:

Ultimate tensile strength, kg./cm.?
Elongation at break, percent
Modulus at 100%, kg./em.®
Set at break. percent

EXAMPLE 7

To a 40 g./1, benzene solution of an cthylene-proylene.
isoprenc copolymer, baving an iodine number of 23, kept
at 50 C, 8.3 parts maleic anhydride and 10 parts ben-
zoyl peroxide per 100 parts (by weight) of polymer are
wdded. After 10 hours, stiring is stopped and the solvent
is evaporated under reduced pressure at about 40° C.
The polymer thus treated is mixed for a few minutes
all‘_ll)‘ C. with 2.59% by weight ZnO in a Inboratory roll
mixer.

This mix is successively cured in a press at 160° C.
for 45 minutes under a pressure of about 50 kg./cm.?.
Frem the tensile tests the following resulta have boen
obtained:

Ultimate tensile strength, kg /om.2 ______________ 58
Elongation at break, percent —eee oo == 373
Modulus at 100%, kg./em.?® . —— 13
Modulus at 200%, kg./cm.? oo 27
Set at break, poroent .. ______. e 10
St at 200% . percant ..o icivieeneaaaaa 10
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EXAMPLE 3 EXAMPLE 11
To a 30 g./l. benzene solution of an ethylene-propyl- 100 parts of an ethylenc-propylene copolymer having

eng-isoprene copolymer having an iodmne number of 7, a molecular weight of approximately 340,000 are mixed
kept a1 50° C,, 8.3 parts maleic anhydride and 10 parts as in Examples 2 and 3, with 2 parts heazoyl peroxide,
benzoyl peroxide per 100 parts by weight of polymer 3 10 parts zcrylic acid and 20 parts zinc oxide. The mix

are added. Afrer 10 hours, the solvent is evaporated un- is vuleanized in a press at 160° C, for 30 minutes, yield-

der reduced pressure at about 40° C. A portion of the ing a product having the ollowing characteristics:

carefully dried product is homogenized for 3 minutes in . 3

a laboratory roll mixer at 30° C. After curing ina press o o ue lemile strongth, kg./om? oo o
" g L et Elongation at break, percent ..o ——— 47

at 160° C. for 45 minutes, a vulcanized product having 10 Modutus at 100%, kg./cm.? 26

s p Faiiooy R s kgsem® o s

the following tensile characteristics is obtained: Rebound at 187 C., percent - ..o 73

Ultimate !:mil; si:ngth, kg.fem 2 Hardness (International Degrees) oo eeveveeaven 51

Elongation al break, percent . _.__

Mudulus gt 1009, Rg-/em? _ oo BRAMPER 92

Modulas at 200%, ke/em® . 100 parts of the ethylene-prapylene copolymer of Ex-

Set at break, percent ampls 1 are trented for about 10 minutes in a roll mixer
Set a1 200%, perceat at 60° C. with 3 parts benzoyl peroxide. 20 parts of
Rebound a1 21° C,, pereent oo a mixture of the same copolymer with maleic anhydride,
Rebousd at 90 C, percent .. . containing 42% msleic anhydride, and 10 parts zine
3 5. ] > oxide sre then added and mixing is continued until a
h;[}”m’;;ﬁga;mﬁ?ﬁai;:e“fe'i";t:'f'z:g‘gf::nm \ CI; homogeneous sheet is obtained. After curing in a press
and then cured in a press at 160° C. for 45 minutes. ",,"’ge'dc"’ rubbers having the Tollowing properties are
The valcanized product shows the following mechasieal _ *'

characteristios: o8 i i -

X ) Curing time, | Uittmate | Klongatien | Moduias a2 | Set at 2007,
Ultimate tensile strength, kg./em.? ___ . __._ 48 mingtes uﬁ- | ntmg:f. k:&m. mm;otr.
Elongation 2t break, percent ... ... 400 3 ehm | Pooe ¢ il
Moduluy at 1009, kg./cn® - il |
Modulus a1 200%, ke./cm.? 19 o B wr o 8 B
Set at break, percent ... __. 10 {
Set at 200%, percent ... ... 10 The stress-elongation curves are shown in FIGURE
Rebound at 21' Coo PEFCENt e . 83 2 of the drawing (Curve | curing time 30 minutes,
Rebound at 90° C., percent .. 63 Curve I1 caring time 45 minutes),

EXAMPLE 9 " EXAMPLE 13
Io a 60 g/l. benzene solution of an ethylene-propyl- 100 parts of the ethylenc-propylene copolymer of Ex-

cneeigoprene copolyier having wn iodine nwmber of 5, ampic 1 arc treated in a roll mixcr at 607 C. with J
kept at 50° C., E.3 parts maleic anhvdride and 10 parts parts beazoyl peroxide and successively with § parts
benzoyl peromde. per 100 parts polymer, are added. 10 maleic ac_:-d and with zinc oxide. The product obtained
After 10 hours the solvent is evaporated under vacnum is cured in a press at 160° C. for 45 minutes. Rubbers
at 40° C. A portion of the product is mixed with 2% having the following properties are oblained:

{by weight) ZnO and cured at 160* C. for 20 minutes. T B | e
Zl?:ra‘::l;:ﬁ::d product shows the following mechanical mw fper | 13 :Ll:ui;n i E‘mm;:u Jj“r;hg)%r, — —_—
. 45 wi‘ymrr :mmgm | pereent | kg/emi | perrent
Ultimate tensile strength, kg.fem?® o ... 34 | Kesent | |
Elongation at break, percent | s |
Set at break, percent ....... - s i %( 1 it
Rebound at 21° C,, percent .. pillnhsiitih B
Rebound at 90° C., percent oo ___.. 75 # The stress-elongalion curves are shown in FIGURE 3
Ths swsidual porilon of the produet, aficr a simplc ho- of the drawing (Curve I, 5 p. Zo0; Curve 11, 10 p, ZoQ),
maogenization in the roil mixer, is cured in a press at EXAMPLE 14
160" C. for 20 minwtes. The vuicarized product shows
; Fstragin 100 parts of the ethylene-propylene copolymer as used
the following mechanical characteristics: 55 in Example 11 are mixed as in that example with 2
Ultimate tensile strength, kg./em2 parts bengoyl peroxide, 9 party maleic acid and 10 parts
Flongation st break, percent __________________ magnesium. oxide. The mix » volcanized at 160°
Sct at break, percent _ .______ __ for 30 minutes, yielding a product having the following
Rebound at 21° C., percent ... characteristics:
Rebound at 90° C., percent oo oo _____ %0 Ultimate tensile strength, kg./em.? _ooooooooooo 132
’ Elongation at break, percent ...eeeveeow maua $33
EXAMPLE 10 Modulus at 100%, kg /cm3 ... pmmmrmannn
To a 30 g/L benzene sclution of an cthylenc-pro- Rebound at 18° C., pereent — oo 72
pylene-acetylene copolymer, conlaining abowt 0(.59% Hardness (Internatiopal Degrees) o cevcacaao 39
acetylens, kept at 50" C., 8.3 parts maleic anhvdride s EXAMPLE 15
and 10 parts benzoyl peroxide per 100 parts polymer 100 parts of an ethylene-propylens copolymer con-

(by weight) are added. After 20 hours, thcn sofvent is taining 70 mols percent propylene and having a molec-
evaporated under reduced pressure at 40° C. The : % )

; . p ular weight of about 130,00 are introduced into a two
product, mixed with 2.5% ZnO, is cured in o press at lami k 60° C i eges
160° C. for 20 minutes. The vulcanized product shows 19 roll-mixer, kept at - logether with 2 parts benzoyl
the following characteristics: peroxide, and mixed for 10 minutes. Nine parts maleic

acid are then added and mixing is coatinued for about

Ultimare tensile strength, kg/om? (oo ... 48 10 minutes. The mixture thus obtained is heated in a
Elongation at break, percent . . oceeoerncaee——- 313 parallel plate press at 160 . for 30 minutes, under a
Set at break, percent 40 75 pressure of 50 kg./em?2




8,236,017

15

Hulf of the product thus obtained is further treated
at rcom temperature for 5 minutes in a two rolls-mixer
until a plastic and homogencous sheet is obtained, to
which, in 5 minutes, 1.5% by weight sntioxddant (2,2-
methylene-bis(d-methyl-6-tert.-butylphenol)  and  10%
by weight zinc oxide are added. ‘This mixture is virkean-
ized in a press at 160° C. for 30 minutes, under 2
pressure of 70 kg./em®,

The remaining portion of product oblained after the
first treatment in a press is mixed at room temperature
for 15 minutes in a (wo rolls-mixer, with 1.5% (by
weight) antioxidant, 10% by weight of MPC carbon
black, and 1D parts by weight of zinc oxide. It is wul-
canized in a press for 30 minutes at 160" C. under a
pressura of 70 kg./em 2. From the two vulcanized foils,
specimens for tensile tests are obtained, using hollow
punches according to ASTM D412-51T. 'The tests are
carried out with a rate of separation of the grips of 50
mm./minute and at I8* C.

Uthmate Elongation | Moduhis ot
MPC carbon black parls tanatle al Hreak, d
by weight n-rgih peromnt kg.femad
kg e 2
k= a1 00 i
10 14 | i 48
EXAMPLE 16

100 parts by weight of the ethylene propylene copoly-
mer of Example 13 are mixed for 20 minutes at 60" C.
with 1 part by weight benzoyl peroxide and 3 parts maleic
acid. The mixture is heated in a press for 30 minutes
at 160° C. under a pressure of 30 kg./cm.?, and the prod-
uct thus obtained is introduced again inte the mixer at
room temperature and then added with 1.5 parts by weight
antioxidant and 10 parts by weight zine oxide.

The mixture ix then vuleanized in 2 press at 160" C
for 45 minutes under a pressure of 70 kg./cm 2

Subjected 1o tensile tests at a temperature of 18% o8
the elastomer shows the following characteristics:

Ultimate tensile strength, kg./em.?
Elongation at break, percent
Muodulus at 300%, kg./cm.?

EXAMPLE 17

100 parts by weight of an ethylene-propylene copoly-
mer containing 60% propylene and having a molecular
weight of about 150,000, are mixed for 20 minutes at
60° C, with 1 part benzoyl peroxide and 3 parts maleic
acid.

The product is then treated in a press at 160° C. for
30 minutes under a pressure of 50 ke./em.?,

The product thus obtained is forther treated in & mixer,
the rolls of which are kept at ubout 60° C., with 1.5 parts
antioxidant, 6 parts stearic acid, 10 parts zinc oxide and
variable amounts of MPC carbon black.

Mixing is continued for about 20 minutes until the
mixture is homogeneous. The vulcanizution is carried
out at 160" C. for 45 minutes under a pressure of 70
kg./cm.®. Varying the amount of carbon black, the prop-
erties of the vulcanized product vary as follows:

REBULT OF TENSILE TRETS

| Test rate 5 n:m.fmmww Test
i, pen 18° C.

Curbun black, percent by ; = 7 L
wright Ultimate .anmtlon Modpus st
tensilo t break, SR,
th [u\rDLll' kg jo?
| kg jem.?
. o i ey it i 14 (=4} &
o, . o 142 b7 a7
0. ... 17 675 ) 81

20

26

50

il

a5

G0

a5

756
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EXAMPLE 18

100 parts of an ethylene-propylene copolymer contain-
ing 45 mols percent propylene and a molecular weight
of about 200,000, are mixed for 20 minutes at 60° C.
with 1 part by weight benzoyl peroxide and 3 parts by
weight maleic acid, and beated in a press at 160° C. for
30 minutes under o pressure of 50 kg./cm2.

The product thus obtained js further treated for 45
minutes in & mixer, the rolls of which are kept at 60° C.,
with 1.5 parts by welght antioxidant, 11.5 parts by weight
slearic acid, apd 10 parts zinc oxide. The vulcanization
is carried out at 160° C, for 45 minutes, under a pressure
of 70 kg./em.2,

The tensile tests give the following results:

Ultimate tensile strength, kg./cm.?
Elongation at break, percent
Modulus at 300%, kg./cm.?

EXAMPLE 19

100 parts of an ethylene-propylene copolymer having
a molecular weight of 344,000 mixed for 20 minutes at
u temperature of 60" C. with 3 parls maleic acid; the
temperature is brought w 207 C,, 0.6 parts tertiary butyl
peroxide are added and mixing is continued for § minotes.
The mix is then heated in a press at 200° C. and 70
kg./amn? for 30 minutes.

The product obtained is mixed for 50 minutes at 60° C.
with 0.5 part antioxidant, 6 party, stearic acid, 45 parls
MPC carbon black and § parts zine oxide,

Curing is carried out at 160" C. for 45 minutes.

The cured product is tested al room temperature, with
the following results:

Ultimate tensile strength, kg./em.® ______________ 281
' Elongation at break, percent . ey S50
Moduolus at 100 % elongation, kg !cm T 314
Modubus at 3009 elonpation, kg./em.2 _ 138
Hamdness (International Degress) _.____________ 76.5
Rebound, percemt — oo 61

Although we have exemplified the invention in terms
of the copolymers, the high molecular weight homo-
polymers of the alpha-olefins which have substantially
the Naua alactic strocture and are, therefore, amor-
phous and non-crystallizable under any conditions can
also be used as starting material for the producticn of
clastomers according to this invention. Such atactic
polymers are limear, regular head-to-tail polymers of the
monomers CHy==CHR where R is a lower alkyl radical
and in which the R group and hydrogen atom attached
to the tertisry asymmetric carbon atoms of adjacent
monomer units are randomly distributed on both sides
af thae main chain

Amounts of the principal reagents and vulcanization
agents to be used in the process of this invention may
be summarized as follows (parts by weight per 100 parts
olefinic polymer or copolymer):

Unsaturated organic compound containing

functional acid groups
Radical initiator ... ...
Compound capable of forming sah hndges -0

T 021010,
to 50.

The term “polymer” as used herein includes the linear,
substantially amorphous (atactic) homopolymers of the
alpha-olefins, the copolymers of the alpha-olefins with
euch other, copolymers of the alpha-olefins with ethyl-
ene whkich may contain fiom 259% to 80% by weight of
othylenc in the copolymer molecule, as well as copaly-
mers (terpolymers) of the alpha-olefins, ethylene, and
conjugated diolefins containing at least one vinyl type
double bond, or acctylene, which contain, by weight in
the polymer molecule, from 25% to 80% of ethylene,
the balance (75% to 205 ) being made up of the alpha-
olefin and the conjugaied diolefin or acetylene. In gen-
eral, the comjugated diolefin such as butadiene or iso-
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prene, or the acetylene, is present in the molecule n
an amount of 0.5 to 20% by weight,

Some changes may be made in details in practicing
the invention without departing from the spirit thercol
and, therefore, it is intended 1o mnchude in the scope
of the appended claims all such modifications and varia-
tions as may be apparent to those skilled in the art.

What is claimed is:

1. An elastomer consisting essentially of (1) a linear,
amorphous, saturated copolymer of ethylene and a high-
er alpha-vlefin selected from the group comsisting of
propylene and butepe-1, the chains of the copolymer,
being cross-linked with from 2 to 20 parts by weight
per 100 parts by weight, of the copolymer, of a com-
pound containing, in the molecule thereof, at least one
carbon-to-carbon double bond and at least ene functional
acid group, selected from the group consisting of mono-
and di-carboxylic unmsaturated aliphatic acids and an-
hydrides.

2. An clastomer sccarding to claim 1, charsclerized o

in that (1) is a linear, amorphous, saturated copolymer
of ethylene and propylenc containing from 25% to B0%
by weight of ethylene in the copolymer molecale,

3. An chdlomer according 1o clam 1, characlefized
in that (1) is a linear, amorphous, saturated copolymer
of ethylene snd butene-1 containing from 25% to B0%
by weight of ethylene in the copolymer molecule.

4 Agp elagtomer sccording te claim 1, characterized
in that (1) is a linear, amorphous, saturated copolymer
of ethylene and propylene containing from 33% to 70%
by weight of cthylene in the copolymer molecule, said
elastomer being further characterized in having a re-
boumd higher than 50% determined st 25° C, with a
Goodyear-Healey Rebound Pendolum, a low initinl mod-
ulus, and an uitimate tensile strength higher than 80
kg./cm®, and in being crystallizable when stretched.

5. An elastomer according to claim 1, further char-
acterized in also containing, in an amount up to 50
parts by weight per 100 paris of the amorphous saturated
copolymer, (3) and acid pewtralizing substance selected
from the group consisting of organic diamines, glycols,
and oxides and bydroxides of metals selzcted from the
group comsisting of the alkali eanth metals, magnesivm,
cadmium, zinc, lead and iron,

6. An clastomers nccordiog to claim 8,
acterized in that (3) is a metal oxide.

7. An clastomer according to claim 1,
in that (2) is maleic acid.

8. An clastomer according to claim 1,
in that (2) is maleic anhydride.

9. An elastomer according to claim 1,
in that (2) is acrylic acid.

10. An ¢lastomer according to claim 4,
in that (2) is maleic acid.

11. An elsstomer according to clalm 4,
in that (2) is maleic anhydride.

12. An elastomer according to claim 4,
in that (2) is acrylic acid.

13. A process for preparing elastomers which com-

further char-
characterized
characterized
characterized
characierized
charucterized
characterized

10

&0

prises intimately mixing together (1) a linear, amor- 60

phous, saturated copolymer of ethylene and a higher
alpha-olefin selected from the group comsisting of pro-
pyviene and butenc-1 and, per 100 parts by weight of
the copolymer, (2) from 0.2 to 10 parts of a radical

18

inltiator selected from the group consisting of organic
peroxides, hydroperoxides and azo-compounds, (3) [rom
2 10 20 parts of a compound containing in the molecule
at least one-carbon-to-carbon double bond and at least
one acidic group seiected from the group consisting of
mono- and di-carboxylic unsaturated aliphatic acids and
anhydrides which react with the copolymer in the pres-
ence of (2), and (4) up to 30 parts of an acid-neutraliz-
ing substance selected from the group consisting of or-
ganic diamines, glycols, and the oxides and hydroxides
of metals slected from the group consisting of the alkali
carth metals, magnesium, cadmium, zinc, lead and iroa,
at a temperature between 30° C. and 70° C,, and then
heating the mass thus obtained under pressure at a
temperature higher than the mixing temperature to heat-
cure the same.

14, The process according to claim 13, characterized
in that (1) is a linear, amorphous, saturated copolymer
of ethylene and propylene containing from 25% to 80%
by weight of ethylene in the copolymer malecule.

15, The process accordimg to claim 13, characterized
in that (1) is a linear, amorphous, saturated copolymer
of sthylene and butenc-1 contaiming from 25% to 80%
by weight of ethylens in the copolymer molacule.

16, The process according to cluim 13, characterized
in that (3) is maleic acid.

17. The process according to claim 13, characterized
in that (3) is malein snhydride

18. The process according to claim 13, characierized
in that (3) is acrylic acid.

19. The process according to claim 13, characterized
in that {4) is a metal oxide.

20, The process according to claim 13, charscterired
in that (4) is zinc oxide.

21. The process accordimg to claim 13, characterized
in that (1) is a linear, amorphous, saturated copolymer
of cthylene and propylene containing from 35% to 70%
of cthylene by weight in the copolymer molecule; (2) is
bw_:\'(ﬁyl peroxide; (1) is malcic acid; and (4) is zinc
oxide,

22. An clastomer according to claim 1, characterized
in consisting essentially of (1) a lincar, amorphows,
saturafed copolymer of cthylene and propylene con-
taining from about 35% to asbout 70% by weight of
ethylene in the copolymer molecule; (2) maleic acid as
a cross-linking agent between the chains of the capolymer;
and (3) zinc oxide as an acid-peutralizer.
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