WO 95/ 23826 _ PCT/ US95/ 02585
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CATALYZED | ONI C POLYMERI ZATI ON ' FI ELD OF THE

| NVENTI ON This invention relates to property nodification of bulk

5 pol ymers and rubbers and particularly to property nodification by

copol ynerization with short chain nononers.
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During the polymerization processes of the prior art additives,
stabilizers, plasticizers FFRTROUNROE, : ON  nprove the
pol ynmer performance but such inprovenent is limted by the
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Utigly zed e dd sBidd, WM et "Wrtensive cross-linking between the
copolymers in a tight bond. However, as a result of the
copolymerization, the resultant copolymers comprise structures
which are more rigid than the original polymers, with reduced
tensile strength, flow rate and cépacity for elongation. The
15 networks so formed in the prior art are generally of long
chains with a high degree of crystallinity. The polymers are
occasionally interlaced with one another or are cross-linked
chains and are amorphous in nature, with properties which
depend, not on their crystalline structure but on the
20 interaction between the molecules. .

During the polYmerization processes of the prior art,
additives, stabilizers, plasticizers and the like are used to
improve the.polymer'performance but such improvement is
limited by the compatibility between the various components of

25  the polymer. Thus, for example,'scme additives and
plasticizers form phase separation with the matrix of the

pélymer.-

Various methods have been utilized in order to graft varying
monomers to a polymer backbone. These methods include chain
30 transfer reactions, hydroperbxidation, degrédation (mechanical
and thermal), functional group reactions such as redox
initiation and condensation of'mélecules containing hydroxyl,
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degree occurring, properties are reduced from that of
homogeneous systems. The reduction in various properties is

20 not. predictable except to the extent that there is a pattern-
of reduction of tensile strength with increasing contsnt of
the graft'chain.

A new trend for blending non-similar polymers is the
generation of copolymers which can act as compatlblllzers or
25 functionalizing materials.’ Examples of such materials 1nclude
maleic anhydride (unsaturated carboxylic anhydrlde) used in -
the -grafting of nylon and other thermoplastlcs With such B
method, peroxide, in the presence of v1nyl groups or double :
bonds, initiates the grafting to polymers. The v1ny1 groups
30 may be substituted by reactive groups such as (NH,), (CN), etc.

Another method is the graftlng of polymers whereln a second
polymer is formed dur::.ng the graft:Lng process ‘This, however_
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pol yners, conprising the steps of: -a) formng an
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SHORT DESCRIPTION OF THE INVENTION

15 Generally the present invention comprises a process for the

copolymerization modification of bulk polymers, comprising the
steps of:

a) forming an ionizable complex metal salt of a short

chain monomer of up to eight carbons. This is most preferably

"0 effected by treating an organic carboxylic acid, having a
dissociation constant between 10" to 10 cm?, and preferably
having less than eight carbons; with a member of the group
consisting of metals (preferably in finely divided form),
metal oxides, metal hydroxides, metal peroxides and halogen

25 compounds of metals, wherein the metals are selected from
Group IA, IIA, IIB metals of the Periodic Table; to form the
complex metal salt of said organic acid;

b) functionalizing the bulk polymer to provide ionic
reaction sites thereon; and '
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cross-linking with the polymer backbone and to facilitate
access of the anion to the functlonallzed reaction sites.
There are little or no compatibility problems because the
bonding is an ionic one and the polymer and monomer are not
otherwise reacted with one another except to the extent that
the monomer appears to £ill in empty spaces'in the polymer
backbone, whereby the polymer is not rigidified, such as by

. cross-linking. As a result, there isfa-marked improvement in

flow rate, elongation and tensile strengthfover the original

25
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bulk polymer materials, regardless of their nature. 1In
addition, natural rubber behaves like a thermoplastic polymer,
when ionically copolymerlzed as described.’ :

It is an object of the present invention to provide a method
for modifying the properties of substantlally any bulk
polvmer. including natural rubber, by copolymerlzatlon at
saturated and unsaturated bonds, with compatlblllty belng
independent of the nature of the bulk polymer.

It is a further object of the present invehtion to provide
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¢ ncluding natural rubber; by copolynerization at saturated and
unsat urated bonds, with conpatlblllty bei ng i ndependent of the nature
of the bul k pol yner. 30. . # It is a furkher obj éct of the present
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relatively short chain monomer, with the monomer £illing in

0 open spaces in the bulk polymer, to an extent limited only by

the volume of the open spaces and the number of ionic
polymerization sites.

These and other objects, features and advantages of the
present invention will become more evident from the following
15 discussion and examples.

DETAILED DESCRIPTION OF THE INVENTION

The present invention comprises a method for physical property
modification or transformation of bulk polvmers, and the so
modified bulk polymers. Examples of particularly useful bulk

20 polymers include polyethylene (PE), polypropylene (PP),
polyvinyl chloride (PVC), natural rubber, and the like. Other
useful bulk polymers are those having free volumes into which
short chain monomers can enter for ionic polymerization
linkage therewith. Since the present invention is not

25 dependent on a chemical interaction or cross-linking
reactions, the nature of the bulk polymer is generally
irrelevant except to the extent that it contains fillable free
volume, and wherein the bulk polymer has sites suitable for
functionalizing for ionic polymerization with the short chain

30 monomers, which £ill the free volume, to a desired extent.
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1nLt1ally treatlng a short chain organic ac1d having a
- carboxylic group (with dissociation constant (K) between 10°
20 to 10°¢ cm*, and preferably less than eight carbons), e.g.,
formic, lactic, malonic, citric, ortho-phthalic, acrylic,
sﬁrcinic, glycélic,'glutaric; maleic, and itaconic acids; with
an oxide, peroxlde, hydroxlde or. halogen compound of a Group
IA, IIA or IIB metal, or the metal itself (preferably the
25 metal is a dlvalent_alkalipe earth metal), fdr_forming a metal
.ligand or complex,metél Salt'qf the acid. Metal peroxides,
e.qg. magnesium and calcium peroxides, are particularly useful
in effecting the metal salt formation. '

The bulk polymers are thoroughly mixed with the complex metal
30 salts, and are functionalized, i.e., with formation or ionic
polymerization sites, preferably after such mixing. The '
mixing is effected such as in an extruder, and free radicals
ére introduced into the mixture (to functionalize the bulk
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al kal i ne earth netal), for formng a netal I'igand or conpl ex netal
salt of the acid. Metal perOX|des 7 e.g. maghesi um and cal ci um
peroxi des, are particul arly useful in effecting the netal salt
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desirabhgrhal thei¥oplasti@Ysiiyme Utilized with the peroxide in order to
catal yze the 20 é%ctlon Exanpl es of co-agents useful in this regard,

I nclude trinmethyl propane trinethacrylate, ethylene glycol

In order to assist in the free radical formation which
functionalizes the bulk polymer, it is desirable that a co-
agent be utilized with the peroxide in order to catalyze the
20 reaction. Examples of co-agents useful in this regard,
include trimethyl propane trimethacrylate, ethylene glycol
dimethacrylate and zinc diacrylate, which allow the formation
of more reactive free'radicals_to improve the rate of cure
(with elastomers) and the state of cure. A characteristic of
25 suitable co-agents is a polar nature with a tendency to cause
coupling or homopolymerization. This is an important
characteristic in the prevent invention since formation of the
homopolymer opposes the tendency to form cross-linkages and is
a preferred reaction mechanism. Where high reactivity is not
30 desired, alternative co-agents of lesser polarity are useful
and these include 1, 2 poly butadiene, triallylcyanurate,
triallyl isocyanurate, and triallyl trimellitate. A useful
formulation for high density polyethylene is a combination of
glycolic acid, itaconic acid, and formic acid, as the monomer
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particular polymeric materials are highly preferred therewith.

Peroxyesters and peroxydlcarbonates are partlcularly preferred
 mwmaterials for introduction of the free radlcals which
20 functionalized the bulk polymexr. Among the peroxyesters, t-
~ butyl peroxyplvalate and t-butyl peroxyneodecanoate are
preferred as well as their analogs of t- amyl and acumyl
compounds. For- example, with PVC, PE and polystyrene the t-
© amyl peroxyesters are preferred chumyl peroxlde is the
25 preferred choice when rubber llnkages are part of the polymer
system. Peroxyketals, such as t-amyl peroxyketals,
particularly 1,1, dl(t -amyl peroxy) cyclohexane and ethyl 3, 3
di (t-amyl peroxy) butyrate are difunctional with good thermal
tability Among the peroxyeSters, comnounds such as t- butyl
30 peroctoate are partlcularly useful in polyethylene in order to
initiate polymerlzatlon T-amyl peroxyesters are highly
active with respect to bulk polYmers'in forhing selective
radicals. - '

'!



20 functionalized the bul k polyner. Anong the peroxyesters, t-

butyl pemaxyssgzd ate and t-butyl peroxyneodecanoate are PCI/ 89802888 ed as
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to_be sol uybilized and washed out. 15 Al ternativel he cat1 ons may

be 1Podi f Pederfidtidalted the metaly GRLIoRS, May be neditied. cshauetuvedy or
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Relatlve#ﬁ h K dISSQCI tion acids and salts.are required to
provi de UH&E %}ﬁﬁ qHﬁ“ W Hhe catal yzing 20  netal
cation. For effectlve utilization, the organlc acid

Relatively high K dissociation acids and salts are ;equired to
provide the anionic copolymerizing moiety and the catalyzing
20 metal cation. For effective utilization, the organic acid
should have a dissociation constant (K) ranging between 107 to
10" cm* and preferably between 102 to 10°° cm’!. The acid
salts are in the form of electrolytes, when utilized and are
also preferably functionalized to the ionic components afterf
25 their diffusion through the polymer molecule (into the free
volume fraction or holes), such as by thorough mixing.
Functionalization of the acid salts, is preferably effected by
the presence of strain and heat with the presence of free
radicals. This functionalization results in the formation of
30 anionic monomer moieties and the cationic metal catalysts.

The electrolyte structure (anionic monomer'moiety) should have
vary stable molecules with high strength of chemical bonding
and the number of overall carbon molecules should preferably



shoul d have a dissociation constant (K) rangi ng between 10[err] to
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om1pressure Wt tantia GO I mnation
Of mateﬂn-pﬁgegﬂQQHcoqtﬁpgrth gﬁpthegmlc reactlon whlch occurs with

the formation of the salt. Once the metal salt is formed, it
' is removed and dried under low pressure With substantially
complete elimination'of Water Thereafter, the dried salt is
20 mixed with the bulk polymer, as described above, in a batch
mlxer, extruder and the llke, to diffuse the salt through the
polymer to form a homogeneous single phase system of the

present 1nvent ion.

Thie salt appears to haye_a.prdnounCed_efﬁect-on the rheology

25 of the bulk polymer at_the initial stage -of the blending, with
~a marked drop in visoosity and an increase in polymer flow.
Increasing electrolyte content and concentration results in
increasingly greater drop in v1scos1ty -This is in contract
to normal copolymer graftlng wherein there is generally an

30 increase in viscosity under such conditions, with resultant
difficulty of continued copolymerlzatlon, because of decreased
diffusion of one polymer into the other '



20 m xed with the bul k- polyner as descrlbed above in a batch
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to form a honogeneous singl e phase systemof the . present invention.
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greater the occupancy. With the higher occupancy of free

volume, there is an increased resistance to solvents and
elected temperatures. The copolymer is rendered insoluble

20 with 10-20% of the copolymer being represented by the -
homopolymer produced from the electrblyte. The nature of the

- copolymer is affected by a homopolymer content of at least 5%, .

with properties being optimized with increase of electrolyte
up to about 20% with generally a levelling off thereafter.

25 " However, despite the increase in homopolymer content there is
complete compatlblllty at all concentration levels.

Since the effect of the present invention is that of void
filling, without otherwise affecting the chemical nature of
either the bulk polymer or the monomer, it is believed that

30 continued addition of monomer, to the extent of complete
filling of the voids in the polymer backbone, is possible
without deterioration of the enhanced properties initially
obtained. Accordingly, the effective upper limit of a monomer



honmopol ymer produced fromthe electrolyte. The nature of the copol yner

i s af f eGygdsigae honopol ymer content of at |east 5% PQU/USDSPRSRSErti es
being optim zed with increase of electrolyte up to about 20%w th - v
generally a levelling off thereafter. 25 However, despite the increase in
honopol ymer content there is conpket e corrpati bility at all
concentration |evels. . Since the effect of the present invention is
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EXANPLESomtﬂ.a(m\lIEG AR s SiAtad FORMULATI ONS) An organic acid sal 4 |
(Formula 1) was initially prepared by .  blending talc (14.5% wth- .
diatomte (15.0% and MO (2.0% 15 ht density) and adding the

m xture to cal ct mj.de' 3 (ORGANIC A D SALT F TIONS)

An organic acid salt (Formula I) was 1n1t1ally prepared by
blending talc (14.5%) with dlatomlte (15. 0%) and MgO (2.0%-
15 light density) and adding the mlxture to calczum peroxlde
(7.5%) ‘and calcium carbonate (5.0%) w1th contlnued mixing.
When the mixture became homogeneous, it was slowly added to a
blend of glycolic acid (15. 0%) and formlc acid (40.0%). The
pH was about 4.2, with the pH belng malntalned in the range of
20 4.0-4.9 by addition of Mgo, CaO, or glycollc ac1d and a '
conductance in the range of 107 to 10'" mt.

A s;econd organic aci_d salt (Formula II) ‘was prepared with a
. blend of silicon dioxide (23.0%), glycolic acid (40.0%),
itaconic acid (10.0%), formic acid (15.0%) and calcium
25 peroxide (12.0%). | |

A third organlc salt (Formula III) was prepared from‘ the blend
of clay (13. 0%), silicon dioxide (10.0%), glycolic acid
(65.0%) and _calc:z.um peroxide. '



~(7.5% and cal cium carbonate (5.0% wth continued m xing. When t he
m xture ngﬁonngeneous, It was slowy added to a PCDUSISD208S
c acl

Cgl ycol i 5.0 and formic acid (40.0%. The pH was about 4.2,
with the pH being naintained in the range of 20 4.0-4.9 by addition of
MO, CaO, or glycolic acid, and a IHnductance.in the range of 10[err]
to 10[err] cnferr]. " A second organic acid salt (Fornmula Il) was
prepared with a bl end of sili EXEAMBEBx#de (23.09%, glycolic acid
(40.0%, itaconic acid (10.09%, formc acid (15.0% and cal cium 25
peroxi de (12.0% A third organic salt (Fornmula Ill) was prepared

f rom t herkendundredof(5003y patds0Yy, weiibheobrdhdghdaenkdtd?), gl ycolic acid
0, i I.

(02 0% B00yeRhi1eNePehY td%ea witn £irey V583 $33ER pf Formula 11,

EXAMPLE £ive (5) pBrte Hicumyd p&@Okider,temy (o) gparyis miagtiwensity

pol yet hy muxadsw.th i f 0 f |, five (5)
par?s di %ﬁ%fﬁg%f g)%lﬁge, w’tjgn (fiowﬁgr@t ﬁ“"'@g‘r@%}r‘%ﬂ‘ g%rr%glh%'peﬁat éftfﬁd four (4)
parts naghsihgm hher ikgure mascadded tomam eFtrugemioft /@ ‘bdladdwst to an

extruder cghpkbPs28hlrabdo of 3,CRHRHERSRYR " dldrewdl Fhelitidhperdthre YW
. The tenperature of t he e was 190 eris]F W th a pressure of 900 psi.

" di

The resuFp@n@iie was 28Q5Fy Wathh, 3y PTessugen 0fp 908 Bfde Wit eI
def eclt S. caaﬁolyiﬁﬁ.e' ]gmag a(c)ietneotw rabp:eahraﬁca ﬁ::iwdm' il ish)t‘f?fcea g)aﬂWs Wt hda
tepsile ren 5 i n.ultigate.elqngatioon Q 50% . and a
fl géur al ﬁﬁdﬁ%?ﬁﬁt&%&gi&? %?80.‘-’1 ’Fﬁ%x&gﬁ'&ﬂff wae?s rubger fﬂ%’ed’ in the
sol vent stefisatet sneengkbobdl 5906t P, eanyultimatek elongatidred AED%,
gaso s Neah8" aP2iLel?a? mbllifub" if*e5Rsd oF 1200. “AHE WolgiiYmdd et foct -

placed in the solvents of acetone, alcochol, methyl ethyl

ketone, xylene and gasoline for periods of time in excess of a

15 week without 1ill effect.

EXAMPLE S

A copolymer was made in accordance with the procedure of
Example 4 but with 50 parts of Formula III, instead of Formula
II. The resultant copolymer provided an ultimate tensile

20 strength of 5350 psi, elongation of 630% and a flexural
modulus of 925, with similar solvents resistance.

. EXAMPLE 6 (control) )

High density polyethylene, without copolymerization as in

Examples 4 and 5, provided ultimate tensile strength of 1650
25 psi, 'elongation of 375% and flexural modulus of 792 and it

dissolved in all of the solvents described in Example 4.



A copol yner was made in accordance wth the procedure of Exampl e 4

but w t hyhfbspagdes of Formula 111, instead of Fornula PCriusosiensss

resul tant copolymer provided an ultimate tensile 20 strength of 5350
psi, elongation of 630% and a fl exural nmodul us of 925, with simlar
sol vents resistance. EXAMPLE 6 (control)

H gh density pol yet hyl ene, w thout co oI nerlzatlon as in Exanpl es 4
and 5, provided ultimate tensile st 1650 25 psi, elongation of
375% and fl exural nodul us of 792 and it dissolved in all of the

sol vent s descrhbed i n Exan'%l % 6 .

PCT/ US95A058Bgiymer was made 1n accordance w1th xXan 4 but with

EXAMPLE Five hundrAdcdpoi0y mpanyss dfacgmllynumdprdllﬂmdu t hirfateagd eoft but

th 5 A f oI ad
\;I)Mol yet hyPol égﬁxggg% gn(ei \%a%)s? a a%'ta%rrpgr e\‘% ﬁ']ljgEJ '%‘
resﬁltanr9€bb559ﬁecoppévmegdpxowéd@ﬂ @-eemem;ewaﬁrengnh ofh 5200, antinmate
el Ongat'QPt%a§35é&o§1 >e% de%lzIsl%s ¢ ks 'nimtus of 1714 % |C580

ft/lb, a nelt 1 ndex o nme/ 1 Onts at 380[ err
gravity 8¥renggh °§05§9nﬁt/g?hsﬁamﬁégmi§ dex of §ﬁ§l§m54¥9WQﬁanﬁ3QQﬁF.

pol yet hyaﬁﬂeacﬁpéb!ﬁngQEvEthe& 4810 SCAREn? resistance was

EXAMPLE 8 t d PVC ded 1650 | ti t
longat i SHPAE' €6 chagy ot rhe, Bat VERRYLEES, COPS TR QE SOREIRASE o 50

fti0b, aand 5. melt index of 505 gns/|Onts at 380[err]F and a specific
gravity 15  of 1.66. _

EXAKPLE 8 (control)

Pure unmodified PVC provided 1650 psi, ultimate elongation of
'420%, flexular modulus of 620, impact strength of 32 ft/lb, a
melt index of 505 gms/10mts at 380°F, and a specific gravity
15  of 1.66. |

It is evident from the above examples that the ionic
ccpolymerization of the present invention provides: markedly
improved deslrable_characterlstlcs of tensile strength,
elongation, flexular modulus and solvent resistance, when
20 ccmpared to the original bulk polymers being modified. Should -
additive materials be desired for obtaining various
characteristics it is desirable that the-cqpolYmerizatien of
the present invention be first effected before the inelusion
of such additive materials such as fillers . It appears that .
25 filler materials retard the lmprovement of propertles if
' prematurely added. To cbv1ate this problem and to improve
dispersion, the electrolyte materlals arerformed in the blend
" with the bulk polymers, whereby fillers, added therewith are
more uniformly dispersed. 1In addition, pigments and other
30 additives may be similarly uniformly dispersed while
maintaining the improved properties of the bulk polymer.

v



"1t is evident fromthe above exanpl es that the ionic ccpol yneri zati on

of -the pwasgsrzasaénvention provides. mar kedl'y I mpr oved POCTFAISPSHRSES

v characteristics of tensile st rengt h, el ongation, flexular nodulus and
" sol vent resistance, when 20 conpared to the original bulk polynmers being
nodi fied. Shoul d addi tive materi @abs be desired for obtaining various
characteristics it is, desiyable that the copolynerization of : t he

pr esent |%ﬂ‘i‘%ﬁ%‘???§t1%f?@ﬁww&@tﬁ&?ﬁ%l‘B§|Ehe of such

additive mcﬁrmmmmsmd:m@é Sthéthfﬁe@éﬁd&@@iviéY off thker materials
retard thggﬁggﬂqugent 0 fperéles remat ur e added. To obviate
this proff %ga dpiﬁé?%wgt%eeﬂ’ﬁel’? |DEe ndkeifals are -
formed i mlswe del;mmtant tlvatt rcnaefmma::pmyaafrshempebymérl FeLsowadend
t hereew t r e nts nd
othéf %é%éﬁh?fvé§0ﬁ§1 #ﬂékégﬁigéﬁf%rngégﬂg #%%% ﬁﬁ?ﬁ &2 8alf
nalntalmhﬁ;ﬂhﬂi&rﬂﬂﬁﬂ%&ﬂﬁw%ﬁﬁ#ttﬁ% QIGQEmDI&m& @@¢gm&ot contain WO

95/ 23826 e1ements that may kill or retard /égﬁfﬁ
Factors_req U|ré6 I n opt|n1i$ng nl°§¥3- Qﬁégétlon' and

15
copolyneﬁ:aﬂ%§ﬂ1ﬁ?ﬁﬁtﬁﬁ§¥¢ﬁ; EFFQENﬁREW¢@|E9 ¥Fsisle in gragringrangte

mat eri al pRldmgdidaaiivmg the proper pH 1t is al so i nportant that
the formation of the copolynmer follows the 5 steps of: a) initially
producing a stable, dried conplex salt, b) while ensuring that the

el aotrol yte does not contain <ﬂxﬂn£nz;shat may kill or retard anionic
pol yneri zati on, and c) with free radi cals being forned to assist in
grafting and pol ymeri zati on.

EXAMPLE $jve hund:FédV ?a{}}ﬂd réd )hfrégyl%é/ Pf :?QJ%S" 1 Sﬂ'gctrni%ged %%Eﬁ‘ xed

W th . SiXxty parts_ of For I ve par er oxi

f our parﬁéxﬁﬁbﬁégmﬁm9§uﬁﬂ¥m%%%rﬂ¥x) %ﬁnﬂﬁﬁ%ﬂ|Q#F!myhgperOX1deffanded as

i n Exanplgeut: ptaﬁtsMrdd@;mﬁiﬁ r&éﬁetmaééﬁ&ﬁeéﬁané@%sm The
resultln% %opo had :a nel_t |nd of 620 m nut e /at

420[err] |a|5e 4 Sty ggith extru%%n@%‘f‘%ﬁawrssg%
modgl us GBOeEastWMd)reﬁulﬁfﬂy copolymer had a melt index of 620 gms/lo

minutes/at 420°F, a temsile strength of 4600 psi, an
elongation of 585%, modulus of elasticity of 1350, a
compression set of 14%, and an impaét strength of 1950 £t/1b.
The polypropylene copolymer was resistant to acetone, MEK,

20 mine;al acid (HCl), gasoline and methanol, even after a omne
week period of immersion. There was no swelling of the |
copolymer in any of the solvents during the immersion periods.

EXAMPLE 10 (comntrol)

Pure polypropylene melts at the rate of 715 gms/10 minutes/at
25 420°F. Pure polypropylene has a tensile strength of 2300 psi,
' an elongation of 265%, modulus of elasticity of 920,
compression set of 42%, and an impact strength of 36 ft/lb.
The polypropylene dissolved in the solvents of Example 9
during the immersion periods. :



conpression set of 14% and an inpact strength of 1950 ft/Ib. The

pol ypr opwyene2sspol ynmer was resistant to acetone, MEK, 20 PCTUSas02885aci d
(HA), gasoline and nethanol, even after a one week period of

i mrersion. There was no swelling of the copolynmer in any of the

sol vents during the i mersion periods. 16 EXAMPLE
10 (control) Pure pol ypropyl ene nelts at the rate of 715 gns/ 10

m nut es/ abagk of sweléipprof. Pﬁﬁecﬂﬁp}ﬁﬂﬁﬁypﬁhﬁﬂimphgt%ﬂkﬂlananﬁnqhélof

2300 psi, salventganhOBQaHhQécQﬁ.YZ@.@%tlm@%b‘l% e %lh’éStﬂl%ﬂ Xiégreagq%f
conpressi on set of 4? gpan I qpac streggxgﬁgf 36 ft/

pol ypr opyPERBPARS¥ 0P th WQPQEBUEﬁi§noF &8 Qr VoldﬁthQWFQ4m¥he
| nrer si onb@kki pdtymer chains. WO 95/23826

PCT/ US95/ 02585 | 16 Lack of
swel ling of the copol yner of Exanple 9 in any of the solvents can be
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many appl of£athbbér Poftnafianppliedetione)dpharéizul@rly endéigitdititiond th
resen i hven Si stantgflaialcs such as

h
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pol ycar bona erse € presen BERRER Ion,
rubber and W%%bltheaneﬁﬁoﬁﬁénﬁﬁeéeﬂﬁlslﬁéﬂé&@& &6y OXd SUPT I itsr ance and

with '”préﬂﬁﬂﬁ@érﬂﬁgoﬁfééhicﬁrQﬁéhth%snylon and. polycarbonate.
i5 Conversely, with the method of the present ‘invention, rubber
itself can be modified to increase degradation resistance and
with improvement of overall properties.

EXAMPLE 11 .

Five hundred parts of natural rubber (:ibbed smokedleheete)
20 was mixed with fifty parts of Formula IIi; five parts dicumyl
peroxide, four parts calcium peroxide and 0.5 parts sulphur.
The mixture was cured at 350°F for about five minutes.
Resistance to solvents is improved over natural rubber.

It is understood that the above examples are illustrative of
25 the present invention and the extent of-imprevement-over~the
prior art. Details contained therein are not to be construed
as limitations of the present invention and changes in
parameters, components, rela;ive amounts, and the like are
possible without departing from the scope of the present
30 invention as defined in the following claims.

|



“ EXAMPLE 11 ~Five hundred parts of -natural rubber (ribbed snoked

sheets) v 95123888 nmlﬂlm Mmmgrts of Formula 111, bcyaspsersss di cunyl
{ peroxide, . four parplnn I E and 0.5 parts sul phur.. The
m xture was cured at *350[ efr] fr "about five m nut es. Resi stance to
solvents is inproved over natural rubbed? ~I't is understood that the
above exanples are_illustrative of 25 the present invention and the
extent of Wiafprif Pbatned et St he prior art.: Details contained therein
are not to be construed " as limtations of the present invention and
changes in - parameters, conponents, relative anmounts, and the |ike are

possi bl e wi t urcepsstfog thenmbdpelpaepezatibhempiese8ht36n ofi BUgRti on as

defined i |1 WO 95/ 23826
PCT/ USQS/%%EQ g‘gwglgi’%nghe steps of: 17 Wat is

clained is: 1. A process for the copolynerlzatlon nodi fication of
bul k pol yners, conprising the steps of: a) mxing a
bul k pol ymer vk h BIXIRG 2 domkk npelymen| with an fonizabbegmetalnsadteot

having nadsyddesn tﬁéﬂ&ﬁefaﬁb@:[ﬁg ﬁ@%ore thaﬂ’”@i?h@ EQELFBEF"’“ ahd sel ected

from Gou IIAandI netals o odi Cc
b) funct |"8}%ﬁer‘ ‘Eﬁjfklioﬁ?ﬁ?t%\ﬁltﬁr?fﬁn‘é%‘?%aﬁ\m A%A and IIBeans to
provi de |mals)<ﬁﬂrwezpérmd£¢tm1é1ﬁreon 10 c) ionizing said

. ioni zabl e netal salt to an organic nononer anion and a netal cation;
and '

b) functionalizing the bulk polymer with functionalizing
means to provide ionic polymerization sites thereon;

10 c) ionizing said ionizable metal salt to an organic
monomer anion and a metal cation; and

d) ionically polymerizing said organic monomer anion
with said functionalized bulk polymer at said ionic
polymerization sites;

15 wherein said 6rganic monomer anion comprises at least.s%
by weight of said ionically polymerized bulk polymer.

2. The process of claim 1, wherein said metal cation
catalyzes the ionic polymerization.

3. The process of claim 1, wherein said ionizable metal salt
20 of an organic monomer is initially prepared by treating an
organic carboxylic acid, having a dissociation constant
between 107 to 10°° cm™*, with a member of the group consisting
of metal, metal oxides, metal hydroxides, metal peroxides and
halogen compounds of metals, wherein the metal is selected
25 from Group IA, IIA and IIB metals of the Periodic Table; to



d) ionically pol yneri zi ng sai d organi ¢ nmonomer ani on with said

funct I on %5%; | k ) iggoni ¢ pol yner i 21189562588 s ;

wo ergﬁ sarmmmll m"m&mw ani on conprises at |east 5%
by wei ght of said iontcafly- pdl yserrzed bul k pol yner. 2. The
process of claim1, mhereln sai d netal ch8ion catal yzes the ionic.
pol ymeri zati on. The process of claim1, wherein said ionizable
netal sal £Or® a GPMRASH ﬁ'e%-la@- SHEEE is2idhiqnganic ps'rae’pi%w ed by treating an

organi ¢ carboxylic acid, haV|ng a di ssoci ation constant bet ween

10 10 f_ th
me'E :lrr] rrte?al %Ede§°n%§1rsal fhﬁ‘]‘ra&%} &‘és% o tpse‘.‘f I St%éggl h%zf”orgen |

conpoundsisf di€falsed wichdnn salid dtld p@-ysﬁ:actpamorza:o sdidm G oup | A

1A and || . ; ding 11e 8 WD 95/23826
AR }Jggggtz%hﬁﬂhh%e JEe i1 1Ay - 826
conplex netal salt of said organic said. 4 . The process of clain11
wherein said ionizable netal. salt is diffused within said bul

pol yRer, Pri oFheoP¥ecgss of cd@dm &nal"ﬁtﬁ?ﬁj’bfsﬂ% B RISHAT) s | eff%CtedS

The procepg ﬁ\fixihgl Bedd WRakeipdlymiet dird usii icnifdlsws afetal s&Vtnining -
sai d bul k and said ionizable netal salt in an extruder.

6. The pr8 e?étﬁpd@Fé|n11 wherein said ionizable netal salt - is dried,
to substantially conpletely renpve all of the water 10 content thereof,
prior to said ionic polymerization.

6. The process of claim 1, wherein said ionizable metal salt

is-dried, to substantlally completely remove all of the water
10 ‘content thereof, prior to said iomnic polymerlzatlon

7. The prbcéss of claim 1, whereinlsaid ionizable metal salt
is functionalized for facilitated ionic polymerization by
application of strain and heat thereto.

8. The process of claim 1, wherein said functionalizing of
1s the bulk polymer is accompanied by addition of cross-linking

suppfession means to said bulk polymer to cause favorable

.ionic polymerization reactions 6ver'créss-linking reactions.

9. The process of claim 1, wherein the said organic monomer
- anion comprises between about.s-zo% by weight of said '
20 ionicaliy polymerized bulk polymer.

10. The.process.of claim 1, wherein said bulk pclymér‘
comprises a free volume and whereln said organic monomer anion
is present in said free volume in an amount of 5% by weight of
said ionically polymerized bulk polymer up to that suff1c1ent
25 o completely fill said free volume. : - -



“7. The process of. claim1, wherein said ionizable netal salt IS

f unct i onayyipaREsdR" fa ulllllﬁﬂﬁnmﬂmml | ymeri zation by PCT/USE/62688 | on of

train and heat there he process of claim1l, wherein said

functionalizing of 15 t fe bul'’k olyner i s acconpani ed by addition of
cross-1inking suppressi on means to 8id bul k polynmer to cause
favorabl e i oni c polymerization reactions over cross-linking reactions.

9. The phdcesshsi RHQFSRS, ofineiaim }havherein rgpid onepmbreemains &ni on
.conprlsesggnggahf&glmyEbéiyﬁéahggaggulgﬁ SBjrie 20 ionically polynerized

bul k pol yner. The process of claim1l, wherein said bulk polyner
conprises a free volune and mhereln sai d organlc nononmer ani on

present sai d..free vol une nt of 5%

o cal 1y Yoy e EEPGRAR Bbi o3zt Badf thkabets ispefnee iy

f| |1 sai d andeeonfiigured wn:h:.n sa/m gﬂmy polymerized Flﬁl‘lleﬁSlQﬂéBS

sal d j oni ciﬂllp % ynerl zedé%uﬂk?%&%nségrmﬁ&i&é@i%wﬁ?é process of claim

11, wherein said nmetal is dispersed and configured within said

|on|caIIy polynerlzed bul k pol yner to provide conductjvity or
seni condudti-vi (hPe RFWKRGHi¢E claim 1 fthengid Fakd LRubs ROLYREL isherein

said bul ks@ﬂe\dﬁ@d ifrom the SPtAE) esbris IR ik OFf UbrEDies sStaderef, agyl i cs,
acet al , acryl |tr ] e but.adi ene st SAN (styrene
acryl oni t r chgyl &ti(st 3? ’r?rI‘% T e e%{lg ¥ %ne 0 styrene),
am no resamxymﬂﬂxﬁrﬂne)xxi¢snOscxylmnitrﬁlﬁ ctktdrzimgted polpethylene
fluogopl aglisl)d UL S50 1 Uehh 816083 Snitrate, acetate)
epoxy, fluoroplastics and fluoroelastomers, nitrile resins,
nylon (6; 6,6; 11; 12; 6,10; 6/12), polycarbonate,
polybutylene, polyethylene, polypropylene, polyethylene and
polypropylene copolymers, ionomers, polyphenylene sulfide,

15 polystyrene, polyurethane, silicone, SBR (elastomers),
polysulfone, polyethersulfone, polyaryl-sulfone, thermoplastic
elastomers, polyvinyl chloride, natural and synthetic rubber
and alloys and blends thereof. '

14. The process of claim 13,_wherein said bulk'polymer is
20 selected from pdlyethylene, polypropylene, polyvinyl chloride,
nylon and natural and synthetic rubber.

15. The process of claim 1, wherein said organic monomer is

selected from the group cons1st1ng of formlc. lactlc, malonic,

citric, ortho-phthalic, acrylic, succinic, glycolic, glutaric,
25 maleic, and itaconic acids.

16. The process of claim 2, wherein said metal is a Group IIA
metal.



nylon (6; 6,6; 11; 12; 6, 10; 6/12f—“polycarbonate pol ybut yl ene,
pol yet hy mwanes/23pzsl prmm | ene and - pol ypranyisese2sss
copol ynmers, iononer ﬁm m@ “m ul fide, 15 pol ystyrene,

pol yur et hane, silicore, ‘SBR (®l astoiers), pol ysul f one,

pol yet her sul f one, pol yaryl -sul fone,- ther%%plastlc el astoners, -

pol yvi nyl . 9h|Oth nat ural _andg synthetlc r ubber and al | oys and bl ends
t her eof . 84 PTPRESE GfeSdadM di6aj hereish&adich metial his keithemer is

20 .sel emhgrebiam pal yalkyiluene, pol ypropyl ene, polyvinyl chloride,

nyl on and natural and synthetic rubber. 15. The process of cIa|n11
wherein said organi c nononer is selected fronlthe group consi sting of
formc, |agticCepy htha acrylic, su00|n|c
glycolic, iagfutarlcbggggss OFeCEEEE'g |8§ %’% organic carbepelif ocess
of cl ai m 2Cidhéferreatrd Wétalenghsrcmaspesunm or Gadtcium peroxlde WO

95/ 23826 PCT/ US95/ 02585

20 17. The process of claim 16, wherein said netal is either
magnesi uny, 9)r C’sﬂhélpﬁbcess of clS.:LmT'ﬂLe wheeain ahid Fulikdpoimidil said
organic cPr éy h S tregted wi'th either EESIUH]OF cal ci um
per oxi de. °n§§1234h¥15 og€§§ SRALFELA-1, wherein sald bul k pol yner is
functionalized with free radicals. - -20. The process of claim19,
wher ei n. organi ¢ peroxi des provi de the sources of said free radicals.

20. The process of claim 19, wherein organlc perox1des
provide the sources of said free radicals.

21. The process of clalm 20 whereln sald organlc peroxldes
10 are selected from peroxyesters, peroxyketals and
peroxydlcarbonates

22. The process of claim 21, wherein said peroxyesters are

seleCted from the group,consisting'ofzt-butyl'peroxypivalate,

t-butyl peroxyneodecanoate, and their analogs of t-amyl and
15 acumyl compounds.

23. The process of claiﬁ 22} whereihfsaid bulk;poifmer'is,_
selected from PVC, PE and pblystyrene and said organic
peroxyester 'is a t-amyl peroxyester.

24. The proceés of claim 20, wheiein Said peroxide ié dicumyl
20 peroxide. ' '

25. The process of claim 24, wherein said bulk polymer is
comprised of rubber.

26. The process of claim 21, wherein said peroxyester is t-
butyl peroctoate and said bulk polymer is polyethylene.



“21. The process of cl ai m 20, mhereln sai d organi c peroxides 10 are

" sel ect ed i G4RRSE oxijIijmﬂmMal s and per oxy dicapiSoe ke

¢22. The process of sai d peroxyesters are sel ected
fromthe group consisting of -butyT peroxyplvalate t - butyl

per oxyneodecanoate, and their anal ogs oRit-anyl and 15 acunyl conmpounds.
23. The:frocess of claln1ﬂé wherein said bul k g olymer is sel ected
from PVC, amP RFYRESS SHRAR af Hr dVB%ﬁ?%n said B%FB§¥E§F§}5|§r§ t-anyl
per oxyestsdlected fromit-afe peooegietdl€] ai m 20, wherein said peroxide is
di cunyl 20 per oxi de. 25. The process of claim 24, wherein said
bul k pol yner is conprised of rubber. - 26. The process of claim

21, wher 8. saiThpprxgess f iclaim 27 wherginpsaidtperexpketahsdabel k

gg#yEEBS}Ogs od &Rl , 1, di(t- amyf“ﬁé%%ﬁfﬁzéyclchsﬁane and gthyl

process &¥s ol é%?ia%@%?%)aﬂal%%@ket als are sel ected from

t-anyl peroxyketals The process of cIa|n127 wherein said
peroxyket sel e fro di(t a cl ohexane and
et hyl 7 3 %’h%llf(?o ‘bé ‘E)ﬁ‘?/’} bﬂ%yr‘éﬁ%reln sal, Tﬁé #ﬁfeﬁ of
clainl19fuMﬁﬁerrtn&athdnﬁktmoaym@*agent, in addltlon to said
functionalizing means, to cause formation of more reactive
free radicals. '

20 30. The process of claim 29 wherein said co-agent is selected
from trimethyl propane trimethacrylate, ethylene glycol
dimethacrYlate, 1,2 poly butadiene, triallylcyanurate,
triallyl isocyanurate, triallyl trimellitate, and zinc
diacrylate.

15 31. The process of claim 30, wherein said bulk polymer is an
elastomer.

32. The process of claim 29, wherein said co-agent is polar,
with a tendency to cause coupling or homopolymerization, in
- preference to formation of cross-linkages as a preferred
20 reaction mechanism. -

33. The process of claim 3, whefein said bulk polymer is
polyethylene, said acid is a combination of glycolic acid,
itaconic acid, and formic acid, and wherein said oolymer is
treated with functionalizing means comprising calcium peroxide

25 and said bulk polymer being further treated with a co-agent
selected from t-butyl peroxy diisopropyl benzene, and triallyl
cyanurate. | '



further treated mﬁth -agent, in a |tion to said functionalizing
means, t wegse3826f or m@!ﬁﬂuﬁm !m’r tive free radipgainfsesn2ssd 30.
The process of claim o-agent is selected from
trimethyl propane trlnethacrylates erne gl ycol di met hacryl at e,

1,2 poly butadiene, triallylcyanurate, tr|aIIyI isocyanurate

triaIIyI tafl 31. The process
of clai m%g rTséineér elfél&é%l gﬁéu? %E}%?ﬁ'@?g go%ner madg| a§t gfeprdance witBD.
The procddi® @reIessn @D, annersi olatng Tp-2ged is, poBaria, 16. Wth a

tendency to cause coupling or honopol ynerization, in preference to

formation of cross-linkages as a preferred 20 reacti on nmechani sm
33. The process of claim3, wherein said bulk polynmer is

pol yethyl ene, said acid is a conbination of glycolic acid, - itaconic
acid, and fornic acid, and wherein said polymer is ° treated W th
functlonaI|2|ng means conpri sing cal ci um peroxide 25. and said bulk

pol ymer being further treated with a co-agent selected fromt-butyl
per oxy dii sopropyl benzene, and triallyl cyanurate. - W0O5/ 23826
PCT/ US95/ 02585 - R ' 22 34. The ionically

polynerlzed pol ymer nade in accordance wi th the.process of any of clainms 1,
2, 3, 10, 13, 14, 16. :



