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METHOD OF MIXING POLYMERIC HYDRO-
CARBONS AND WAXES
Robert J. Schrader, Longview, Tex., assignor to Eastman
Kodak Company, Rochester, N.Y., a corporation of

New Jersey
Filed Dec. 12, 1957, Ser. No, 702,288
11 Claims.  (Cl. 260—28.5)

This invention relates to an improved method for pro-
ducing plastic blends of high molecular weight polymeric
hydrocarbons and waxes. In a specific aspect this inven-
tion relates to an improved process for producing plastic
blends of high molecular weight solid polyethylene and
hydrocarbon waxes. .

It is known that liquid to solid polymers can be pre-
pared by polymerizing unsaturated aliphatic hydrocar-
bons such as ethylene and its homologs at controlled tem-
peratures and under supératmospheric pressures in the
presence of certain polymerization catalysts. The poly-
merization reaction can be carried out in the presence of
an aqueous or an organic reaction medium and in some
instances the liquified unsaturated olefinic hydrocarbon
forms the medium for the reaction. It is also known
that the incorporation of certain wazes into the poly-
meric hydrocarbons imparts improved properties to the
hydrocarbon and results in a blend having desirable prop-
erties. Plastic homogeneous mixtures or blends of waxes
with polymeric hydrocarbons have been recommended
for many commercial uses. Among these many im-
portant uses are included a large variety of molded
articles, water-proof coating compositions, gas-proof and
water-proof sheets and envelopes as well as wrapping
cartons. These uses represent only a limited enumera-
tion of the large number of uses to which blends of
polymeric hydrocarbons and waxes have been put.

Onz of the problems that has been encountered in the
formation of blends of waxes and polymeric hydrocar-
bons involves the procedure employed for forming the
mixture. It has been suggested that the waxes and poly-
meric hydrocarbons can be homogeneously mixed in
equipment such as extruders or other types of mixing
apparatus. However, it has been found that when such
apparatus is employed in the mixing operation the wax
tends to make the surface of the extruder or other mix-
ing apparatus so slippery that uneven extrusion and in
some instances no mixing at all is realized. Another
suggested solution for this mixing problem involves the
incorporation of the wax into the reactor during poly-
merization of the unsaturated hydrocarbon and the wax
is present in the reactor throughout the polymerization.
This procedure may result in rather homogeneous blends
of wax and polymeric hydrocarbon but the wax tends
to increase the viscosity of the polymerization reaction
medium and thus to increase the difficulties in carry-
ing out the polymerization reaction. Also the wax must
be handled throughout the polymerization reaction and
it thus tends to increase the overall costs of producing
the polymer. Another suggested solution to the mix-
ing problem involves the mixing of the polymeric hy-
drocarbon and wax while incorporating a metallic halide,
such as aluminum chloride, into the blend during agi-
tation. The presence of the metallic halide, of course,
adds to the cost of the blend and it is also’ an impurity
whose presence can in some instances be quite unde-
sirable.

It is an object of this invention to provide a mnovel
and improved procédure for mixing high molecular
weight solid polymeric hydrocarbons and waxes. It is
another object of this invention to provide a novel and
improved process for mixing high molecular weight solid
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polyethylene and waxes wherein the difficulties encount-
ered in the prior art procedures are easily avoided.

In accordance with this invention it has been found
that the difficulties encountered in the prior art in mix-
ing solid high molecular weight polymeric hydrocarbons
and waxes can be eliminated by adding the wax to the
polymeric hydrocarbon while the polymer is in an agi-
tated condition and in the presence of unpolymerized
hydrocarbon monomer subsequent to the polymerization
reaction and prior to homogenization of the wax and
polymer. -As a consequence of this method of addition
of the wax it is possible to produce a highly homogeneous
mixture of wax and polymeric hydrocarbon that can then
be formed into pellets, spheres, rods, or other suitable
form for marketing. '

The olefimically unsaturated aliphatic hydrocarbons
that are employed to produce the solid polymers for
use in this process ordinarily contain from 2 to 10 car-
bon atoms. Ethylene is the preferred olefinic hydro-
carbon but it is possible to produce solid polymeric ma-
terials from other olefinic hydrocarbons such as propyl-
ene,, n-butylene, isobutylene, the penienes, the hexenes
and the like. ~ Ordinarily the olefinic hydrocarbons are
of the monoolefinic type containing the unsaturated bond
in the «-position.

The olefinically unsaturated hydrocarbon is poly-
merized in the presence of a suitable polymerization
catalyst. Among the catalysts that can be used are
molecular oxygen and the per-oxygen and peroxide com-
pounds, such as lauroyl peroxide, ditertiarybutyl perox-
ide, ammonium .persulfate, sodium perborate, benzoyl
peroxide, furoyl peroxide, dietityl peroxide, tertiary butyl
hydroperoxide, benzoperacid, furoperacid and acetoper-
acid.

In addition to the above-mentioned catalysts the poly-
merization reaction can be carried out in the presence of
catalysts such as diisopropyl peroxy dicarbonate, diiso-
amylperoxy dicarbonate, pivalyl peroxide, methoxymeth-
ylhyponitrite and a mixture comprising tetraethyl tetra-
zine and lauroyl peroxide. All of the above-mentioned
catalysts are quite useful for polymerizing unsaturated
hydrocarbons at comparatively high pressures. When
it is desired to employ lower pressures, it is possible to
use as catalysts for the reaction mixtures such as alu-
minum trialkyl and titanium tetrahalide, aluminum tri-
alkyl and vanadium trihalide, aluminum metal and tita~
nium tetrahalide as well as metal oxide catalysts such as
chromium oxide and silicon oxide deposited on activated
alumina and either molybdenum oxide or vanadium pent-
oxide deposited on activated alumina.

The amount of catalyst that is necessary to affect the
polymerization reaction is subject to considerable varia~
tion and usually falls within the range of 0.01-10% by
weight of the reaction mixture. The polymerization re-
action can be carried out in the presence of an agqueous
medium and in some instances it is desirable to carry
out the reaction in the presence of normally liquid in-
ert hydrocarbons. Among the hydrocarbons that can be
used are the aliphatic, cycloaliphatic and aromatic types,
such as pentane, hexane, heptane, octane, cyclohexane,
benzene, toluene, xylene and the like. It is also pos-
sible to use halogenated derivatives of the above-men-
tioned hydrocarbons. The polymerization reaction is car-
ried out at a temperature within the range of 20-300°
C. with temperatures of 40-260° C. being preferred.
The reaction pressure is substantially above atmospheric
pressure and it can vary from about 200 or 300 p.si.g.
to about 30,000 p.sig The polymerization reaction is
conducted for a period of time sufficient to produce a
reaction mixture containing from about 1-50% by weight
of polymeric hydrocarbon. It is generally preferred to
carry out the reaction in such a manmer that the concen-
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tration of polymeric hydrocarbon in the reaction mix-
ture does not exceed about 25% by weight. :
The polymerization reaction can be conducted either

in. a. continuous. manner or in. a baichwise procedure in.

order to. obtain uniform production of polymeric I.Iydro-
carbons having substantially similar properties, 1t is usu-

ally preferred to conduct the reaction in a continuous pro- -

cedure. After. the polymeric hydrocarbon has been
formed the reaction mixture is removed from the poly-
merization reaction zone to a separating zone where the
polymeric hydrocarbon is separated from the reaction
mixture.. The separation can be effected by means of fil-
tering, centrifuging or any other means of separating the
polymeric hydrocarbon. The separation of polymeric hy-
drocarbon is effected at superatmospheric pressures which
usually are somewhat lower than the pressures employed
for the polymerization reaction.

The polymeric hydrocarbon produced in this manner,
which contains a substantial amount of dissolved mono-
mer, is then conducted to.a mixing or homogenizing zone
where the polymeric hydrocarbon and wax are mixed or
homogenized to form the desired blend: In practicing this
invention, pricr to.the intreduction of the polymeric hy-
drocarbon to-the homogenizing zone, the pressure on, the
polymeric hydrocarbon is reduced substantially and usual-
ly to about atmospheric pressure, and as a result of this
reduction in’ pressure, unreacted hydrocarbon monomer,
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for example cthylene, dissolved in the polymeric.hydro-

carbon is flashed to form a gas. In one of the preferred
methods of carrying out my invention, immediately subse-
quent:to. the reduction in pressure molten wax is added to
the polymeric hydrocarbon, - As a result of the reduction in
pressure and the addition of the molten wax, g three-com-
ponent mixture is formed consisting of unreacted hydro-
carbon:monomer, polymeric.hydrocarbon and wax. Also
the flashing of the unreacted hydrocarbon monomer cre-
ates considerable turbulence ii the three-component mix-
ture cansing the polymeric hydrocarbon and molten wax
to be uniformly mixed to form a blend that can then be
homogenized and. pelleted .into a desirable form.

In general the wax that is employed to form the poly-
meric hydrocarbon-wax blend of this invention has a melt-
ing point in. the range of about 90° F. to 230° F. This
type of wax includes substances such as crystalline paraf-
fin wax, the amorphous.paraffinic waxes, for example, pet-
rolatum, high melting point waxes, carnauba waxz and
various other waxes of synthetic, mineral, vegetable and
animal origin, for example, montan wax, beeswax, cande-
lilla wax-and the like. For the practice.of this invention
it is preferred to use a: microcrystalline wax or a syn-
thetic wax prepared by the reaction of hydrogen-and’ car-
bon monoxide in the so-called Fischer-Tropsch process.
Such waxes can have a melting point within the range of
180-220°F. and higher and these waxes-have been found
to be quite suitable for blending with polymeric hydro-
carbons.

The FIGURE represents a schematic drawing of a:pre-
ferred procedure for carrying out this invention. Réfer-
ring now to the accompanying drawing ethylene and a poly-
merization catalyst are introduced to pelymerization zone
10! via lines 11 and 12 respectively. In polymerization
zone 18 ethylene is reacted under superatmospheric pres-
sure and preferably in. the presence of a peroxy type of
catalyst, e.g. ditertiary butyl perbenzoate, to form polyeth-
vlene: The resulting reaction mixture containing the poly-
ethylene is withdrawn from zone 19 via line 13 and passed
to polymer separation zone 14 where the polyethylene is
separated from the reaction mixture under a superatmos-
pheric pressure somewhat lower than the pressure- eni-
ployedin zone 1¢: The polyethylene-free reaction mixtire
is removed from zone i4 via line 5. The separated poly-
ethylene which at the superatmospheric pressure employed
contains unreacted: dissolved . ethylene. is removed from
zone 14 via line 16 and passed through pressure-reducing

valve.L7 where the pressure on the. polyethylene is reduced.
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to substantially atmospheric pressure.- As a result of the
reduction in pressure the ethylene passing via line 16 is
flashed to form gaseous ethylene in line 28 and thus caus-
ing considerable turbulence in line 18. ‘A synthetic wax
prepared in the Fischer-Tropsch process and having a melt-
ing point of 210-230° F. is melted in: wax melting zone
19 and passed via line 28 into line 18 where the wax and
polyethylene in line 18 are mixed. As a result of the.
high velocity and turbulence imparted to the polyethylene
and wax in line 18 by. the ethylene as it is being flashed
excellent mixing of the polyethylene and wax is realized.
The mixture enters zone 21 via line 18 at a relatively high
velocity and usually in a tangential manner. Unreacted
gaseous ethylere is removed from zome 21 via line 22
and the homogeneous mixture-of polyethylene and wax is
withdrawn from exirusion zone 21 via line 23. The ex-
truded mixture-can then be cut or in some other manner
subdivided into pellets and the like. If desired, com-
pouading. rolls, kneaders, masticators, and. like can be
used in place of an extruder in zome 21,

This invention is further illustrated by the following
specific example: - '

Ethylene containing 0.06% oxygen was compressed at
1500 atmospheres and forced at.this pressure through a
steel reaction vessel maintained at a temperature of 230°
C. After passing through the reaction space the ethylene
and polymer formed were reieased through-a suitable valve
to another steel vesse] held at 225 atmospheres pressure
in which the unreacted ethylene separated from. the liquid.
polymer. The polymer which is in cquilibrium with eshyl-
cne at 225 atmospheres is.then passed to an exirusion zone
through:a control valve. Molten micro-crystalline wax is
pumped by means of a heated gear pump into the line be-
tween this control valve and the extrusion zome. The
mixture of polyethylene and wax enters the extrusion zone
as.a uniform blend. From the extrusion zone the molten.
mixture is passed to suitable pelleting. apparatus.

It has been found that a blend of micro-crystalline wax
and polyethylene produced. in this manner is so thor-
oughly mixed that it is impassible to. tell that ancther
material has. been; added to the polyethylene by any
physical means. such as extrusion. of film, injection mold-
ing, paper coating, wire covering and other similar proc-
€s5es.

In. practicing this invention the wax is added to the
polymeric hydrocarbon while the pelymer is in a stats of
agitation, e.g. in a moving stream; and while the polymer
is.in the presence of unpolymerized hydrocarbon mono-
mer. It is undesirable to add the wax to polymerization
zone 1§ since the polymer in zone 10 is usually in a quies-
cent condition and. uniform. mixing of the polymer and
Wwax is not obtained. In order to obtain the desirable mix-
ing of wax and polymer, the wax is added to-the polymer
prior to introduction to extrusion or. homogenization zone
21. The preferred method of wax addition involves add-
ing molten wax to.the moving stream of polymer in line
18. However, if desired, molten wax can also be added
to.the moving stream of polymer in Line 13 via line 24.
Alternatively, wax can be added to.the moving stream of
polymer in line 16 via line. 25. Using any. of the various
methods of wax addition, the mixture. passing via line 18
is a three-component system, and the gaseous. ethylene in,
line 18 causes considerable turbulence and uniform mix-.
ing of the wax aad polymer.

In some instances it is not necessary to employ separa-
tion zone i4 in my process. In that event reaction mix-
ture containing polymeric hydrocarbon is withdrawn from
zone 1§ via-line 13 and passed via lines 26 and 16 and
then to zone.22 in the manner described above.

It is an outstanding feature of my invention that a
therough and complete homogenizing of the wax and
polymeric hydrocarbon is obtained. In fact the mixing
is accomplished so effectively that it is virtually impossi-
ble to determine frem the product that any wax has been
added to the polymeric hydrocarbon, The amount of
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wax that is used in practicing my invention can be within
the range of 0 to 200% by weight of the polymeric
hydrocarbon.

I claim:

1. In the process for the production of a homogeneous
mixture of wax and solid polymeric hydrocarbon wherein
an «-monoolefinically, unsaturated, aliphatic hydrocarbon
is polymerized in the presence of a polymerization catalyst
at a superatmospheric pressure, and polymer thus formed
and wax are homogenized to form an intimate admixture,
the improvement which comprises introducing molten
wax to said polymer in the presence of unpolymerized,
e-monoolefinically, unsaturated, aliphatic hydrocarbon
and reducing the pressure on resulting mixture whereby
unpolymerized, a-monoolefinically, unsaturated, aliphatic
hydrocarbon in said mixture is vaporized and agitates
said mixture.

2. The improved process for producing a homogensous
mixiure of solid, high molecular weight polymeric hydro-
carbon and wax which comprises polymerizing an «-mono-
olefinically, unsaturated, aliphatic hydrocarbon in the
presence of a polymerization catalyst at a superatmos-
pheric pressure, reducing the pressure on the resulting
mixture of polymeric hydrocarbon and dissolved un-
polymerized «-monoolefinically, unsaturated, aliphatic
hydrocarbon to substantially atmospheric pressure 1o va-
porize said nnpolymerized «-monoolefinically, unsaturated,
aliphatic hydrocarbon and immediately thereafter adding
molten wax to said resulting mixture at reduced pressure
as dissolved unpolymerized o-momnoolefinically, unsatu-
rated, aliphatic hydrocarbon vaporizes.

3. The improved process for producing a homogeneous
tixture of solid, high molecular weight polymeric hydro-
carbon and wax which comprises polymerizing ethylene
in the presence of a polymerization catalyst at superat-
mospheric pressure, reducing the pressure on the resulting
mixture of polyethylene and dissolved unpolymerized
ethylene to substantially atmospheric pressure to vaporize
said unpolymerized ethylene and immediately thereafter
adding molten wax to the resulting mixture at reduced
pressure as dissolved unpolymerized ethylene vaporizes.

4, In the process for the production of a homogeneous
mixture of wax and solid polyethylene wherein ethylene
is polymerized in the presence of 2 polymerization catalyst
at a superatmospheric pressure, polyethylene thus formed
is separated from reaction mixture and separated poly-
ethylene and wax are homogenized to form an intimate
admixture, the improvement which comprises introduc-
ing molten wax to said polyethylene in the presence of
unpolymerized ethylene and reducing the pressure on
resulting mixture whereby unpolymerized ethylene in
said mixture is vaporized and agitates said mixture.
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5. The improved process for producing a homogeneous
mixture of solid high molecular weight polymeric hydro-
carbon and wax which comprises polymerizing ethylene
in the presence of a polymerization catalyst at superat-
mospheric pressure, separating poiyethylene and dissolved
unreacted ethylene from the polymerization reaction mix-
ture, reducing the pressure on said separated polyethylene
and dissolved ethylene to substantially atmospheric pres-
sure to vaporize unreacted ethylene, and immediately
thereafter while said ethylene is vaporizing at reduced
pressure adding molten wax to the polyethylene.

6. The process according to claim 5 wherein the wax
has a meliing point within the range of 90-230° F.

7. The process according to claim 5 wherein the wax
employed is produced by the hydrogenation of carbon
monoxide in the Fischer-Tropsch process.

8. The process according to ciaim 5 wherein the wax
employed is a microcrystalline wax.

9. The methed for producing a homogeneous intimate
admixture of polyethylene and wax which comprises
adding molten wax to a moving stream of polyethylene
containing unpolymerized ethylene at a superatmospheric
pressure, reducing the pressure on the resulting mixture
to substantially atmospheric to vaporize uapolymerized
ethylene and homogenizing the resulting mixture of poly-
ethylene and wax.

10. The method for producing a homogeneous intimate
mixtare of polyethylene and wax which comprises form-
ing a mixture of polyethylene and unpolymerized ethyl-
ene at a superatmospheric pressure, reducing the pressure
on said mixture to substantially atmospheric pressure to
vaporize unpolymerized ethylene, immediately thereafter
while said unpoiymerized ethylene is vaporizing adding
molten wax to 2 moving stream of the resulting mixture
at substantially atmospheric pressure and homogenizing
the resulting mixture of wax and polyethylene.

11. The improved process for producing a homogene-
ous mixture of solid high molecular weight polyethylene
and wax which comprises forming a mixture of poly-
ethylene and dissolved ethylene at a superatmospheric
pressure, reducing the pressure on said mixture of poly-
ethylene and dissolved ethylene to substantiaily atmos-
pheric pressure to vaporize said dissolved ethylene, and
immediately thereafter while said dissolved ethylene is
vaporizing adding molten wax to said polyethylene.
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