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This: invention. relates: to polymers which are
essentially hydrocarbon in nature and to methods
for:-their preparation.  More particularly; this in-
ventiom: relates; to. new- high molecular weight
essentially  hydrocarbon: polymers which are
orientable by cold drawing and to.novel catalytic
methods: for: their preparation.

This application is a continuation-in-par{ of
our: application: Serial No. 186,112, filed Septem-
ber 21, 1950 whieh latter application is.o continu~
ation of our application Serial No. 143,366, filed
February 9, 1950, bothx now. abandoned.

It is well known that in the presence of gpecific
catalysts; and under: certain conditions of. tem-
perature-and pressure; carbon monoxide and hy=
drogen:. react. to. give methano! and hranched
chain higher altohols' (7. 3. Patens. 1,770,165,
It is: also well known. that under certain other
conditions. involving the use of certain cobalt-
containing orruthenium-containing:catalysts the
reaction:between carbon monoxide and:hydrogen

leads to the formation of paraffin. waxes (Fischer .

et: al, Brennstoff-Chemie 19, 226-39: (1938);
iodd. 20; 247-50: (1239); of. alse British - Patent
468,434

High molecular weight straights chain. aicohols
and other oxygen-containing organic compounds
have also been obtained by hydrogenation of car-
bon monoxide in the prezence of metals of the
eighth group suspended in parafin hydrocarbons
(“Patent Applications in the Feld: of Fischer-
Tropseh: and' Allied Reactions;,” vol. IF; 1948;
translated: by Charles A. Meyer & Co;, containing
the following German patent applications of the
I. G.: R~106;854, IVD/129; January, 1949; G, Z.
14,718 J/Z, April 25, 1944; X Z. 14,225; Janvary
8;1943; O. Z. 14,228, June 8; 1943; ©. 7. 12,880,
July: 5, 1941). In-general, the waxes: previousty
obtained: were produced: simultanecusly with
compeunds. of’ relatively lew molecular weight
(Fischer: and. Fichler, Brennstoff-Chemie. 20,
24750 (1939)7), the average molecular weight of
the: produects: being generally less than. 1000.
These: previously knowr.: wazy reaction. products

contained: ingredients -which could -be distilled at 4

high temperatures. and
C./2: mm.).

It is-an object of this invention to provide new
polymers: which:. are essentially hydrocarben in
nature: and: novel: catalytic: methods: for their
preparation.. A.further object.is to:provide high
meolecular: weight. essentially hydroearbon. poly-
mers whieh .are.orientable by. cold. drawing and
which. have. relatively high. inherent. viscosities.
A still. further. object: is. to. obtain from. carbon

low  pressures. (200°
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monozide and hydrogen. essentially hydrocarbon
polymers which form films having high stiffness
moduli and high. breaking strengths. Anether
object is to provide fiber-forming hydrocarbon
polymers from carbon monoxide and hydrogen.
Still another object is to provide a novel catalytic
method for producing high molecular weight hy-
drocarbon polymers whieh are orientahle by cold
drawing and. have high breaking strengths.
Other objects will-appear hereinafter.

The objects of this invention are accomplished
by providing a new catalytic process: for the
preparation of high melecular: weight, essentially
hydrocarbon, polymers which are orientable by
cold drawing and which have inherent viscosities
of at least 0.74. This' inventien also  provides
novel orientable, essentially hydrecarbon, poly-
mers which melt above 130° C., have an inherent
viscosity of at least 1.0, have- stiffness moduli
greater than 150,000 lbs./sq. in., and have micro-
tensile breaking strengths; determined as de-
scribed by W. M. D. Bryant in J.. Pol. Sei,, IT,
547-64 (1947), of at least 100,000 1b./sq. in., based
on the relaxed, drawn dimension of a film of the
pelymer. Included in.the novel polymers.of this
invention are high molecular weight, essentially
hydrocarbon, polymers. having high inherent
viscosities above 2.00.and melting above 140° C.
Inherent viscosity = (In.n) /¢ wherein “in” is the
natural logarithm, “n.” is: the viscosity of the
solution, relative to that of the solvent and “c”
is the concentration expressed as g. solute/100 cc.
solvent. The term inherent viscosity is defined
by L.'H. Cragg, J. of Colloid Scienee I, 261-269
(1946). .

It has been discovered, in accordanece with this
invention, that in the production of high molecu-
lar weight, essentially hydrocarbon, polymers
from carbon monoxide and hydrogen that forma-
tion, of low molecular weight vroducts is mini-
mized by employing a molybdenum compound, of
the kind. to. be:more. specifically. defined. hersin-
after, as the.catalyst.

The novel high. molecular weizht, essentially
hydroearbon, polymers. of this invention are the
produets . obtained. by the: ecatalytic hydrogsna-
tion of carben monoxide, under pressure, in the
presence of a.catalyst containing molybdenum in
chemieal combination with oxygen and: a metal
whose ions are scluble in agueous. ammonis in
excess of that stoichiometrically reguired to pre-
cipitate the metal ion, in which. corbination the
oxygen:molybdenum atomic ratio. is. from.1.5:1
to 3:1. The ions of some metals. form, by re-
action with. agueous ammonia, oxides. or hydrox-
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ides which are soluble in water as well as in
excess agueous ammonia. Such metals are in-
cluded within the stated definition of metals
whose ions are soluble in excess agueous ammonia.

In producing the high molecular weight, essen-
tially hydrcecarbon, polymers of this invention,
5, pressure reactor is charged with a diluent and
the satalyst, the reactor is swept with oxygen-free
nitrogen, cooled to 5° C., and evacuated. The re-
actor is then pressured to a specific level with 2
carbon mcnoxide/hydrogen gas mixture of pre-
determined composition and the reaction mixfure
is heated to between 125° C. and 300° C. until
there is no further pressure drop. Throughout
the veriod of reaction, the pressure within the
reactor is maintained at the selected level by re-
pressuring with carbon monoxide/hydrogen gas
mixture of the same or of different composition
from that initially used. After reaction is com-
plete, the reactor is permitted to cool, opened,
and the conitents discharged and filtered. The
solid polymeric product is separated from the
catalyst by extraction or by other means known
to those skilled in the art.

A preferred method of producing the essentially
hydrecarbon polymers of this invention is by em-
ploying a continuous catalytic converter in which
the mixed carbon monoxide/hydrogen gas and
the liquid reaction medium are injected into the
top of the converter and passed downwardly
through the catalytic zone and in contact with the
catalyst therein. The products of the reaction
are removed by gravity flow from the bottom of
the converter tc a hot separator from which gas-
eous products are led to a cold separator and
condensed. This continuous, down-flow method
of operation to produce the novel, essentially hy-
drocarbon, polymers of this invention is illus-
trated by Examples XIV, XV, and XVIL.

The examples which follow are submitted to
illustrate and not to limit this invention. Unless
otherwise stated, parts are by weight.

Example I

A reaction mixture consisting of 97 parts of
tetrahydronaphthalene, 15 parts of nickel molyb-
dite, 5 parts of a mixed dodecyl acid phosphate,
and a gas mixture composed of 2 moles of hydro-
gen per mole of carbon monoxide was heated at
175° C. and 980 to 1000 atmospheres pressure,
which was maintained over a 14-hour period by
repressuring with the saine gas mixture. At the
completion of the run, the vessel was cooled,
vented, and its contents were discharged.

The polymer and catalyst were separated from
the reacticn medium by filiration and washed
with acetone. The filtrate was diluted with
methanol, and the precipitate which formed was
separated by fitration and found to amount to
0.07 part. The polymer was separated from the
catalyst by two successive extractions with boiling
xylene and a final extraction with boiling tetra-
hydronaphthalene. The first xylene extract was
diluted with methanol and the precipitated poly-
mer separated by filtration, washed several times
with methancl, and dried. The polymer from the
first xylene extract amounted to 1.5 parts. From
the second xylene extract, by a similar procedure,
there was isclated 4.3 parts of essentially hydro-
carbon poelymer which was found to be orientable.
The tetrahydronaphthalene extract, using a simi-
lar procedure, yielded 0.4 part of a polymer which
was orientable. OCf the total material obtained,
759 was orientable.

The orientable essentially hydrocarbon poly-
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mer was found to have the following physical
properties: polarizing microscopic melting point,
134.7--0.5° C.; inherent viscosity, 1.1 measured at
6.1% concentration in tetrahydronaphthalene at
125° C.; amorphous content of a 2¢ mil film,
annealed, 6.8%: sheck cooled, 16.8%; density of
the annealed film, 0.974; density of the shock
cooled film, 0.952. The orientakie essentially hy-
drocarbon polymer was found to have a stiffness
modulus of 150,000 to 190,000 lbs./sq. in., meas-
ured on a film of 0.008 inch thickness. Microten-~
sile measurements on a 1-2 mil 8lm showed an
elongation of 2400%. The breaking strength
figured on the relaxed drawn dimensions of the
film was 100,000 lbs./in.2 The yield point was
3,000 1bs./sq. in. at an elongation of 10-30%.

Duplication of Example I using xylens as the
reaction medium, instead of tetrahydronaphtha-
lene, yielded a product which after ccmpositing
with that of other similar runs was found to con-
tain 85.50, 85.28% carbon; 14.29, 14.23% hydro-
gen; and 0.19, 0.19% oxygen.

Infrared examination of a sample of an essen-
tially hydrocarbon polymer similar to the above
showed it to have a trace of carbonyl, bands for
terminal and internal unsaturation at 10.1 mi-
crons and 11.0 microns and 10.4 microns and
bands for branching at 11.2 microns. The in-
frared analysis also indicated that the material
had 1.2 methyl groups per 100 carbon atoms.

Ezxzample II

Example I was repeated, except that the cata-
lyst charge consisted of 13 parts of nickel molyb-
dite which had been used in two previous runs
and the reaction temperature was 200° C. The
yield of essentially hydrocarbon polymer
amounted to 1.47 parts, of whieh 1.35 parts, or
929 was insoluble in boiling benzene, had an in-
herent viscosity of 1.31, measured at 0.1% con-
centration in tetrahydronaphthalene at 125° C,,
and melted at 1306° C. The benzene insoluble
material was orientable. A melt pressed film
which had been shock cooled in ice water had a
tensile strength of 4,400 1b./sq. in. at 80% elon-
gation. The film was tough and orientable.

Example IIT

A silver-lined pressure vessel was flushed with

~ nitrogen, charged with 5 parts of nickel molyhb~-
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dite, 7.5 parts of 85% phosphoric acid, and 65
parts of xylene, again flushed with nitrogen,
evacuated and cold pressured to 450 atm. with
a mixture of hydrogen and carbon monoxide in
the molar ratio of 1:1. The vessel was agitated
and maintained at 225° C. for 15 hours, during
which time the pressure was maintained at 900
to 1000 atmospheres by repressuring periodically
with the same gas mixture. At the completion
of the run, the vessel was cooled, vented, its con-
tents discharged, and filtered. The solid product
and catalyst were washed with water, and heated
in xylene in order to dissolve the solid polymer.
The catalyst was separated from the xylene solu-
tion of the solid polymer by filtration. After
evaporation of the bulk of the xylene, methanol
was added to precipitate the solid polymer, which
was separated by filtration, washed several times
with methanol, and dried. The yield of crude
product amounted to 2.1 parts, formed fibers
which could be celd drawn, melted at 125° C., and
had an inherent viscosity at 0.1% concentration
in tetrahydronapthalene at 125° C. of 0.89.
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Example IV

A reaction mixture comprising 87 parts of
xylene, 10 parts of 86% phosphoric acid, and 15.4
parts of a nickel molybdite-cyclohexane paste
containing 5 parts of nickel molyhdite, and an
initial gas mixture containing 3 moles of carbon
monoxide per mole of hydrogen was.heated at
225° C. and 900 to 1000 atmospheres pressure,
which was maintained over a 15-hour period by
repressuring periodically with a mixture of 2
moles of hydrogen per mole of carbon monoxide.
By the procedure used in Example I there was
obtained 1.3 parts of polymer melting at 129° C.
The crude product formed fibers which could
cold drawn. :

Example V

A reaction mixture comprising 5 parts of nickel
moylbdite, 1 part of dodecyl acid phosphate, 17
parts of xylene, and a gas mixture of 2 moles of
hydrogen per mole of carbon monoxide was
heated at 175° C. and 2800 to 3000 atmospheres
pressure for 3 hours. The reaction mixture was
filtered to remove catalyst and polymer. The
polymer was separated from the catalyst by ex-
traction with boiling heptane, followed by extrac-
tion with boiling xylene. Addition of the xylene
extract to methanol produced 0.6 part of fiber-
forming polymer having s melting point of 128°
C. and an inherent viscosity of 0.75 measured at
0.1% concentration in tetrahydronaphthalene at
125° C.

Example VI

A reaction mixture comprising 50 parts of dis-
tilled water, 1.75 parts of 85% phosphoric acid,
20 parts of nickel molybdite catalyst, and g mix-
ture of hydrogen and carbon monoxide in the
molar ratio of 2:1 was heated at 175° C. and 800
to 1000 atmospheres pressure, which was main-
tained over a 15-hour period by repressuring
periodically with the same gas mixture. The re-
action mixture was fillered to remove catalyst
and polymer and the latter was dried. Extrac-
tion of the dry solid with boiling benzene and
addition of the hot henzene extract to methanol
produced 0.92 part of solid polymer. A further
extraction in the same manner with boiling
xylene produced 8.0 parts of solid polymer having
a relative viscosity of 1.079 and an inherent vis-
cosity of 0.76 measured at 0.1% concentration in
tetrahydronaphthalene at 125° C.

Example VII

A silver-lined vertical continuous contact
catalytic converter containing 53 parts of 8-14
mesh nickel molybdite, which had been treated
at room temperature with a 5% aqueous solu-
tion of phosphoric acid, wag flled with decahy-
dronaphthalene and heated to 185° C.. The pres-
sure was raised to 800 atmospheres by injection
of decahydronaphthalene. A stream of decahy-
dronaphthalene and a stream of mixed gas com~-
posed of 1.6 moles of hydrogen per mole of carbon
monoxide were injected separately into a mixing
block and fed as a single stream upward through
the converter at a total pressure of 800 atmos-
pheres. The liquid was injected at a space ve-
locity of 1.13 parts of liquid per part of catalyst
per hour and the gas was injected at a space
velocity of 0.21 part per part of catalyst per
hour. The operating pressure was maintained
at 800 atmospheres pressure by regulating the
rate of gas bleed-off.  The reaction product, ob-
tained by bleed-off at 4-hour intervals, was fil-
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6
tered 'and dried. The yield of essentially hydro-
carbon ‘polymer amounted to 0.44 part per hour,
of which 0.29 part was.insoluble in boiling ben-
zene, had an inherent viscosity of 0.90 measured
at 0.1% concentration in tetrahydronaphthalene
at 125° C. and a melting point of 132° C.

Example VIII

A reaction mixture comprising 87 parts of
xylene, 5 parts of dodecyl acid phosphate, 5 parts
of a chromium promoted nickel molybdite cata-
lyst, prepared using a procedure similar to that
described in Example XI for the preparation of a
cadmium promoted catalyst, and a gas mixture of
2 moles of hydrogen per mole of carbon monoxide
was-heated at 225° C. and 900 to 1000 atmos-
pheres pressure, which was maintained over a
15-hour period by repressuring periodically with
the same gas mixture. By the procedure used in
Example III there was obtained 2.45 parts of
polymer. The polymer, without fractionation,
had a microscopic melting point of 127° C..and an
inherent viscosity of 0.75 measured at 0.1% con-
centration in tetrahydronaphthalene at 125° C.

Ezxample IX

A reaction mixture comprising 50 parts of dis-
tilled water, 5 parts of 85% phosphoric acid, 5 -
parts of nickel molybdite, and a mixture of hy- -
drogen and carbon monoxide in the molar ratio
of 1:1 was heated at 200° C. and 900 to 1000
atmospheres pressure, which was maintained over
a 15-hour pericd by repressuring periodically
with the same gas mixture. By the procedure
described in Example III, there was obtained 2.5
parts of fiber-forming polymer, M. P. 128° C.,
which had an inherent viscosity at 0.19% con-
centration in tetrahydronaphthalene at 125° C.
of 0.85. ‘ i

Example X

A silver-lined pressure vessel was charged with
5 parts of nickel molybdite, 87 parts of xylene, 5
parts of mixed dodecyl acid phosphates, and a gas
mixture of 2 moles of hydrogen per mole of car-
bon monoxide, and the mixture heated at 225° C.
and 450 to 550 atmospheres for 15 hours, during
which time the pressure was maintained at 450
to 550 atmospheres by repressuring periodically
with the same gas mixture. By the procedure
used in Example III, there was obtained 0.9 part
of solid polymer, M. P. 128° C., which formed

fibers which could be cold drawn, and which had

an inherent viscosity at 0.1% concentration in
tetrahydronaphthalene at 125° C. of 0.74.

The nickel molyhdite catalyst used in the above
examples was prepared as follows:

Seventeen hundred sixty-six parts of ammoni-
um paramolybdate [(NH4) sM0702:.4H201, equiv-
alent to 10 moles of M0O3, was dissolved in 5000
parts of distilled water and neutralized by the
addition of 810 parts of 28% aqueous ammonia.

‘The resulting solution of ammonium molybdate

[ (NH4) 2MoO:] containing 1.9 moles excess am-
monia was then added with stirring, at room tem-
perature, to a solution of nickel nitrate, prepared
by dissolving 2908 parts of nickel nitrate hexa-
hydrate [Ni(NOs)2.6H201, equivalent to 10 moles
of nickel salt, in 5000 parts of distilled water. - A
pale green precipitate was formed in an acid

slurry having a pH of approximately 4.0 by alka-

line-acid paper. The pH of the slurry was ad-
justed to 7.0 (Beckmann pH meter) by the addi-
tion of 450 parts of 28% aqueous ammonia.  The
precipitate was then washed, filtered, dried, and
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caleined at 400° C. for 18 hours. The calcined
product, by analysis, was found to contain 23.2%
nickel and 46.4% molybdenum. )

The calcined product, prepared as described
above, was reduced in hydrogen at gradually in-
creasing temperatures up to 550° C. for a total
of 25 hours of which period 18 hours was at 550°
C. The reduced product was highly pyrophoric
and glowed on exposure to air. Analysis of the
reduced material showed it to contain 26.66%
nickel and 53.1% molybdenum corresponding to
NiMoQz2/0.2M00:s3.

Example XI

A reaction mixfure comprising 87 parts of
xylene, 5 parts of 85% phosphoric acid, 5 parts of
a cadmium promoted nickel molybdite catalyst
containing 20 mole per cent of nickel molybdite
and 10 mole per cent of cadmium molybdite, pre-
pared as described below, and a gas mixture of
2 moles of hydrogen per mole of carbon monoxide
was heated at 225° C. and 900 to 1000 atmospheres
pressure, which was maintained over a 15-hour
period by repressuring periodically with the same
gas mixture. By the procedure used in Example
III, there was obtained 1.5 parts of solid poly-
mer, M. P. 125° C., which formed fibers which
could be cold drawn.

The cadmium modified nickel molybdite cata-
1yst, used in the above example, was prepared as
follows:

Eight hundred eighty-three parts of ammoni-
um paramolybdate [ (NHa)sM07024.4H201, equiv-
alent to 5 moles of MoOs was dissolved in 2500
parts of distilled water and neutralized by the ad-
dition of 405 parts of 28% agqueous ammonia.
The resulting solution of ammonium molybdate
[ (NH4) 2MoOu41, containing 0.95 mole excess am-
monia, was then added with stirring at room tem-
perature to a solution prepared by dissclving
1310 parts of nickel nitrate hexahydrate

[Ni(NO3) 2.6H201

equivalent to 4.5 moles of nickel, and 155 parts
of cadmium nitrate tetrahydrate

[Cd (NO3) 2.4H201]

equivalent to 0.5 mole of cadmium, in 2500 parts
of water. A pale blue-green precipitate was
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formed in an acid slurry having a pH of approxi- ‘

mately 6.4 by slkaline-acid paper. The pH of
the slurry was adjusted to 7.0 (Beckmann pH
meter) by the addition of 189 parts of 28% aque-
ous ammonia. The precipitate was then washed,
filtered, dried and calcined at 409° C. for 24 hours.
The calcined product by analysis was found fo
contain 20.15% nickel, 5.94% cadmium, and
42.8% molybdenum.

The calcined product prepared as described
above was reduced in a 3:1 mixture of nitrogen
and hydrogen at gradually increasing tempera-
tures up to 450° C. for a total of 28 hours of
which period 23.5 hours was at 450° C. During
reduction at 450° C. cadmium metal was formed
and volatilized out of the reduction zone and
deposited as a metallic mirror in the cold exit
end of the reduction tube. The reduced catalyst
was then cooled to room temperature in nitrogen,
discharged and sealed under nitrogen. The re-
duced product was pyrophoric and glowed on ex-
posure to air. -Analysis of the reduced material
showed it to contain 25.4% nickel, 3.6% cadmium,
and 53.3% molybdenum.

655

60

65

75

8

Example XII

A reaction mixture comprising 79 parts of
methanol, 5 parts of cobalt molybdite, and a gas
mixture of 2 moles of hydrogen per mole of car-
bon monoxide was heated at 200° C. and 700 to
1000 atmospheres pressure, which was main-
tained over a 15-hour period of repressuring with
the same gas mixture. By the procedure de-
seribed in Example III, there was obtained 2.7
parts of methanol insoluble product.

Example XIIT

A reaction mixture consisting of 78 parts of
cyclohexane, 1.75 parts of 85% phosphoric acid,
and 20 parts of a nickel-molybdenum catalyst
prepared as described kelow, and a gas mixture
consisting of 2 moles of hydrogen per mole of
carbon monoxide was heated at 175° C. and 900
to 1000 atmospheres pressure, which pressure
conditions were maintained for 16 hours by peri-
odically repressuring with the same gas mixture.
At the completion of the run the reactor was al-
lowed to cool, vented, and the contents dis-
charged. The polymer and catalyst were sepa-
rated from the reaction medium by filtration, and
the polymer and catalyst washed with methanol.
The polymer was separated from the catalyst by
extraction, first with boiling benzene and then
with boiling xylene. Addition of the benzene ex-
tract to methanol produced 1.14 parts of solid
polymethylene. A similar precipitation of the
xylene extract produced 5.09 parts of solid poly-
mer which was orientable.

The catalyst used in the above experiment was
prepared as follows:

A solution of ammonium paramolybdate
[ (NH:)sMo0702¢.4H20]1, known commercially as
amrmonium molybdate, was prepared by dissolv-
ing 441.5 grams (2.5 moles of molybdenum) in
1250 ml. of H20 at 45-50° C. This solution was
then added with stirring at 45-50° C. to a solu-
tion containing an equivalent amount of nickel
nitrate prepared by dissolving 727 grams (2.5
moles nickel) of Ni(NO3)2.6Hz20 in 1250 ml. of
H20 at 45-50° C.

The acid formed during precipitation was neu-
tralized by the addition of 250 ml. of 28% aqueous
ammonia. The precipitate so formed was filtered,
washed, and dried at 120-130° C., converted by
pelleting into 8/14 mesh granules and reduced
in hydrogen.

‘The reduction was carried out in hydrogen at
a space velocity of 250, at a temaperature of 450° C.
for a period of 3.75 hours after which reduction
was apparently complete as indicated by the ces-
sation of water formation.

During the reduction process the catalyst
changed from light green to black accompanied
by evolution of water reduction. It was then
cooled to room temperature in hydrogen, flushed
with nitrogen and discharged under nitrogen and
sealed in a nitrogen atmosphere.

Examination of the reduced catalyst indicated
that it was slightly pyrophoric when exposed to
air at room temperature.

Analysis of the reduced product showed the
following:

Percent
Ratio, Area,
i B Mo/Ni M2/g.
Ni Mo
23.13 55. 28 1.46 96.1
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Ezxample X1V

The continuous . catalytic “converter used ‘in
Example VII was modified to. permit injection of
the mixed gas and the liquid reaction medium at
the top of the converter. The products of the
reaction were removed by gravity flow from the
bottom of the converter to a hot separator from
which gaseous products were led to 'a cold sepa-
rator and condensed. The converter was charged
with 78.5 parts of §-14 mesh catalyst, prepared
as described subsequently, mixed with 135 parts
of copper pellets, having approximately the par-
ticle size of the catalyst. The converter was pres-

sured with mixed gas composed of 1.6 moles of hy-:

drogen per mole of carbon monoxide and heated
to 185° C. The pressure inside the converter was
adjusted to the operating level of 800 atm.. A
stream of decahydronaphthalene 'and a stream
of mixed gas were injectod separately intoa mix-
ing block and fed into the top of the converter
at a total pressure of 800 atm. "The mixed gas
was injected at a space velocity of 0.34 part per
part of catalysit per hour and the decahydio-
naphthalene was injected at a space velocity of
0.66 part per part of catalyst per hour.  The op-
erating pressure was maintained at 800 atm. by
regulating the rate of gas bleed-off. "The reac-
tion product, obtained by bleed-off at four hour
intervals from the separators, was filtered, washed
with acetone, and dried. The yield of essentially
hydroearben polymer amounted to 0.56 part per
hour. . The polymer had an inherent viscosity
of 1.14 measured at 0.1% concentration in tetra-
hydronaphthalene at 125° C. and had a micro~
scopic melting point of 130.6° C.

The catalyst used in the above experiment was
prepared as follows:

A mixture of 435 parts of nickel nitrate hexahy-
drate, Ni(NGC3)2.6H20, and 264 parts of am-
monium heptamolybdate, (NHs)eM07024.4H20,
was heated for two hours at 280°'C., then for an
additional two hours at 500° C. ‘The resulting
solid, 353 parts, was pressed and. sized into 8-14
mesh granules, after which it was reduced for 18
hours at 400° C. in a current. of hydrogen .at a
rate of 1000 volumes of hydrogen.per hour per
volume : (apparent) of catalyst. ~The reduced
catalyst was found to contdin 29.5% of nickel,
49.1% of molybdenum, and 21.4% of oxygen (by
difference). Immediately before use the reduced
catalyst was covered, in an atmosphere of nitro-
gen, with 5% aqueous phosphoric dac¢id and al-
lowed to stand for 45 minutes.. The treatment
was repeated with a fresh portion of acid, after
which the catalyst was washed thoroughly with
water and charged into the reactor.

Example XV

Example XIV was repeated using 38.5 parts
of a catalyst prepared as described subsequently,
and toluene as the reaction medium. The mixed
gas was injected at a space velocity of 0.35 part
per part of catalyst per hour and toluene was
injected in a space velocity of 2.44 parts per part
of eatalyst per hour. The yield of essentially
hydrocarbon polymer amounted to 0:43 part per
hour. The polymer had an -inherent viscosity

of 0:80 measured in 0;1% concentration in tetra- .

hydrongphthalene at 125° C. and a m1croscop1c
melting point of 1284° C

The catalyst used in the above experiment was
prepared as follows:

To a mixture of 185 parts of sodium bicarbo-
nate in 500 parts of water was added gradually,
. with stirring, a solution of ‘291 parts of nickel
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nitrate hexahydrate in 500 parts of water. ~‘The
precipitated nickel carbonate was. removed. by
centrifuging, and was thorcughly washed with
water. The wet solid was mixed. with 26.5 parts
of ammonium heptamolybdate tetrahydrate and
dried at 125° C., giving 117._parts of Dproduct
which was formed into. 8-14. mesh peliets. Re-
duction of 'the latter was carried out for one
hour at 450° C. in a stream.of 1000 volumes of .
hydrogen per ‘hour per volume (apparent) of
unreduced .catalyst. The reduced catalyst con-
tained 73.1% “of nickel, 19.3% of molybdenum, -
and 7.6% of oxygen (by difference). .Immedi-
ately before use the reduced catalyst was ex-
tracted at room. temperature in an atmosphere
of nitrogen with 5% phosphoric- acid for two
hours, then washed thoroughly with. water, and
charged into the reaction vessel.

Emam;ale XVI

Example XIV was repeated exeept that the
converter was charged with. 89 parts of nickel
molybdite catalyst, which had been treated at
room -temperature -with 2 5%, aqueous solution
of phosphoric acid. Mixed gas composed of 1.6
moles - of hydrogen per mole of carbon monoxide
was injected at. a-space velocity of 0.12 part. per
part of catalyst: per hour and toluene was injected
at-a space veloeity of 1.46 parts per part of cata-
lyst per hour. The yield of essentiall v hydro~
earbon polymer amounted to 0.35 part per hour.
The product, as obtained from the.separators,
was composed of strings of very high molecular
weight polymer and slurry of finely divided poly-
mer. The strings of pelymer which amocunted
1o 25% of the total weight .of polymer, had an
inherent viscosity of 2.05, measured at 0.1% con-
centration in tetrahydronaphthalene at 125° C.,
and a microscopic melting point of 141° C.. The
finely divided polymer had-an inherent viscosity
of 0.81 measured at 0.1% concentration in tetra-
hydronaphthalene at 125° C. and had a micro-
scopic melting peint of 126° C

"The examples have 111ustrated certain eondi-
tions of temperature, pressure, catalyst concen-
tration, earbon -monoxide/hydrog en- mixed gas
composition, ete.. It is to be understood that
these are interdependent variables and that vari-
ation in one requires- compensating adjustments
in the others. '

The process by which the essentially hydrocar-
bon polymers of this invention are obtained can
be. operated as-a batch, or as a semi-continuous
or - continuous -up-flow,: down-flow, or . counter-
current operation.

‘Whether: for - batch, seml-contmuous, or:-eon~
tinuous-operation, up-flow, down-flow, or coun~ -
tercurrent operation, the desired mixtures of car-
bon: monexide -and -hydrogen are readily made
upon the basis of pressures, -calculated. by suec-
cessive: substitutions: inte the following equation:

- (Cingpint co):( Prinar)
(Ctinal Qo)"i‘N(C'ﬁnax H,)

where 'P stands for pressure, 'Cstands for-the
compress1b1l1ty of ‘the-carborn monoxide and of
the hydrogen at'the indicated pressure, and N.is
the  desired carbon mono*ude/hydloven mole
ratio’in the mixture.

The mole ratio of .carbon monoxide to hydro-
gen in the gas mixture may vary from 10:1 to
1:5. 'Usually, mole ratios of from 3:1 to:1:2 are
used ‘because gas mixtures in this range of com= -
positions give optimum results from the stand-

L (snitzal coy
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point of yield of desired high. molecular weight
hydrocarbons.

The temperature at which the hydrogenation
of the carbon monoxide is effected lies in the
range of 125 to 300° C. Because good reaction
rates with best yields of desired high molecular
weight hydrocarbons are obtained in the range
150° to 250° C., this range embraces the pre-
ferred operating temperature conditions.

The process is generally operated under a total
pressure of at least 200 atmospheres. Because
better yields of desired high molecular weight
products, with maximum utilization of the car-
bon monoxide and hydrogen, are achieved using
pressures in excess of 500 atmospheres, the use
of such pressures is economical and embraces &
preferred aspect of operation. The upper lim;t
of pressure is not critical and the maximum 18
determined by the mechanical restrictions of the

equipment used. Since the use of pressures in o

excess of 5000 atmospheres does not lead to any
compensating advantages from the standpoint of
vield of desired high molecular weight, essen-
tially hydrocarbon polymer or economy of Op-
eration; it represents the practical upper limit
of pressure.

Because the reaction is highly exothermic, it

10

is preferred to operate in the presence of a reac- -

tion medium, which. in addition to aiding in the
dissipation of the heat of reaction also func-
tions to bring about better catalyst contact and
hence improve the efiiciency of the process.
Suitable media are water and organic solvents
such as cyclohexane, methanol, decahydronaph-
thalene, tetrahydronaphthalene, benzene, tolu-
ene, xylene, cyclohexanone, methyl isobutyl ke-
tone, etc. When the hydrogenation is carried
out in an agueous medium, it is advantageous,
from the standpoint of molecular weight of es-
sentially hydrocarbon material obtained, to op-
erate in the presence of an acid and mineral
acids, such as phosphoric acid, are especially
useful in this connection. When the hydrogena~-
tion is carried out in the presence of organic
media, such as toluene and xylene, best results
are obtained in the presence of added acids, or
alkyl acid phosphates, such as didodecyl acid
phosphate, ete.

The reaction medium can occupy up to 60%
or as little as 5% of the reactor volume. Gen-
erally, however, in batch operation the reaction
medium occupies between 30 and 50% of the
reactor volume.

Although melting point is an important physi-
cal property, in itself it is not sufficient to char-
acterize the essentially hydrocarbon polymers as
being of suitable quality for superior films and
fibers. Melting point can be reduced by the pres-
ence of small amounts of low molecular weight
material without affecting other properties,
which render it highly useful for film and fiber
uses, provided the inherent viscosity is sufficiently
high. Thus, if the inherent viscosity of the poly-
mer is at least 0.74, then the 'melting point can
fal] below 130° C. without sacrifice in the useful-
ness of the polymers for high quality films and
fibers. The preferred essentially hydrocarbon
polymers because of their outstanding usefulness
for superior films and fibers are those having in-
herent viscosities of at least 1.0 and melting above
130° C.

The melting points specified in the examples
represent the temperature at which complete dis-
appearance of the crystalline structure is. ob-
served under a polarizing microscope.
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The time of reaction depends upon such inter-
dependent variables as temperature, pressure, and
amount and type of catalyst employed. Under
the preferred conditions for batch operation the
reaction reaches completion in from 5 to 20
hours.

The catalysts used in the practice of this in-
vention are those containing molybdenum in
chemical combination with oxygen and a metal
which itself or in the form of an oxide is capable
of promoting hydrogenation reactions, in which
catalysts the atomic ratio of oxygen to molyb-
denum is from 1.5:1 to 3:1.

One class of the above catalysts are the metal
molybdites disclosed and claimed in the co-pend-
ing application of H. R. Arnold and J. E. Carna~-
han, U. S. Serial No. 111,982, filed August 23,
1949 now U. S. Patent No. 2,572,300, issued
October 23, 1951. These molybdites exist in two
series, in the first the molybdenum is present in
the quadrivalent state corresponding to the oxide
MoOz2 and the hypothetic acid HaMoOs, and in
the second the molybdenum is present in the bi-
valent state corresponding to the oxide MoO
and the hypothetic acid HaMoO2. Thus these
molybdites are molybdites of a metal in which
the metal Y is substituted for hydrogen in
the acid formula H:MoO. wherein 7 is a
whole number selected from the group con-
sisting of 2 and 3, the ions of said metal
Y forming by reaction with agueous ammonia
an oxide or hydroxide which is soluble in
the presence of excess aqueous ammonia includ-
ing oxides or hydroxides which are soluble in
water. Examples of these molybdites are copper
molybdite, CuMoOs3, nickel molybdite NiMoOsg,
and cobalt molybdite, CoMoO2 and CoMoOs.
These molybdites may contain promoters or
modifiers, such as cadmium, barium, chromium,
thorium, etc., if desired. Preferred molybdites
because of their high degree of activity and se-
lectivity are the molybdites of nickel, cobalt, and
copper. These molybdites may be employed in
the form of pellets, or as finely divided powders,
and they may be used as such or extended on
inert supports such as charcoal, alumina, silica,
ete. The particular physical form of the catalyst
for maximum activity depends upon the con-
dition under which the hydrogenation reac-
tion is to be conducted. Thus, for continu-
ous operation it is best to have the catalyst
in the form of pellets to minimize mechani-
cal losses. If the process is to be operated
as a babch operation, it is best that the catalyst

= be in finely divided form because in that way

maximum catalyst activity is obtained. These
molybdites may be blended with tungstites of the
type disclosed and claimed in the co-pending ap-
plication of H. R. Arnold and J. E. Carnahan,
U. 8. Seria]l No. 708,662, filed January 30, 1951,
In order to aid in the dissipation of the heat of
reaction and thus render it easier to control the
reaction temperature, it is advantageous to mix
the catalyst with copper, iron, aluminum, pel-
lets, ete.

Molybdenum catalysts in which the molyb-
denum is in chemical combination with oxygen
and a metal in a ratio other than that which
corresponds to a molybdite are also useful in the
practice of this invention, as illustrated in Ex-
ample XV.

Still another form of catalyst is that obtained
by treating a molybdenum compound with a salt
of another metal, and reducing the produect, as
illustrated in Example XIV. In such catalysts
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the ratio.of metal to: molybdenum may be other
than is required for a molybdite. ‘The amount
of catalyst used depends :upon such 'interde~
pendent variables as temperature, pressure, gen-
eral method. of operation, catalyst. activity, etc.
As a rule, in batch operation the amount of cata-
lyst employed will be between. 1.5%. and 30%:and:
preferably between 2.5% and 20% by weight of
the reaction medium employed.

In continuous operation, the weight.of product
in the reactor at any time is ordinarily less: than
the weight ‘of the catalyst, but the total weight
of material processed during the .aective life of
the catalyst.is usually at least ten times the cata-
lyst weight.

When the activity of the catalyst decreases or
disappears through prolenged use, it may.be re-
stored: by oxidizing the spent molybdite in air or
oxygen at temperatures up to: 500° C. and.then
reducing the resulting molybdate back to-molyb-
dite.

The surface of the reactor in contact with the
reactants appears to he.a factor in determining
the molecular weight and .yield of hydrocarbon
polymer obfained. Silver or stainless steel are
satisfactory materials.

The process of this invention, for the first time,
makes it possible to convert carbon monoxide into
preducts whieh are essentially all high molecular
weight. These products, without purification,
have molecular weights of at least 12,000, in-
herent viscosities greater than 0.74 and are con-
vertible into fibers and films having strength and
tenaeity characteristics unobserved in any hith-
erto available synthetic hydrocarbon  polymer
films and fibers.

As many apparently widely different. embodi-
ments of this invention may be made without
departing from the spirit and scope-thereof, it
is to be understood that this invention is not
limited to the specific embodiments thereof ex-
cept as defined in the appended claims.

We claim:

1. An essentially hydrocarbon polymer orienta-
ble by cold-drawing which is the reaction prod-
uct of carbon monoxide and hydrogen, said hy-
drocarhon polymer melting above 130° C., hav-
ing an inherent viscosity of at least 1.1, meas-
ured at 0.1% - concentration in tetrahydro-
naphthalene at 125° C., and being capable of
forming tough films having a density of at least
0.97, based on the annealed film and having a
stiffness modulus greater than 150,000 1b./sq. in.,
and s microtensile breaking strength of at least
100,000 Ib./eq. in., based on the relaxed, dra,wn
dimension of a ﬁlm of said polymer.

2. An essentially hydrocarbon polymer orienta-
ble by cold-drawing which is the reaction prod-
uct of carbon monoxide and hydrogen, said hy-
drocarbon polymer melting above 130° C., having
an inherent viscosity above 2.00, measured at
0.1% concentration in tetrahydronaphthalene at
125° C,, and being capable of forming tough films
which show orientation when cold drawn, having
a density of at least 0.97, based on the annealed
film and having a stiffness modulus greater than
150,000 1b./sq. in., and a microtensile breaking
strenth of at least 100,000 1b./sq. in., based on the
relaxed, drawn dimension of a film of said poly-
mer.

3. An essentially hydrocarbon polymer orienta-
ble by ccld-drawing which is the reaction prod-
uct of carbon monoxide and hydrogen, said hy-
drocarbon polymer melting above 140° C,, hav-
ing an inherent viscosity above 2.00, measured

<
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at 0.1% concentration: in tetrahydronaphthalene
at 125° C.,.and being capable of forming tough
films which ‘show orientation when cold drawn,
having a:density of at least 0.97, based on the
annealed film . and having a stiffness modulus
greater than 150,600.1b./8q. in.,.and a microten-
sile breaking 'strength of  at. least 100,000
Ib./sq.in., based on the relaxed, drawn dimension
of @ fitm of said.polymer.

4. A.process for preparing.essentially hydro-
caribon  polymers. orientable by cold-drawing
which  eomprises: heating and reacting carbon
monoxide -:w:th hydrogen :at a temperature of
125° 10::300° . under a pressure .of at least 200
atmespheres and in contact with a eatalyst con-
taining molybdenuin in chemiecal combination
with oxygen and a metal whose ions form by re-
action with agueous ammonia a compound se-
lected from the class consisting of oxides rand
hydroxides which are soluble in the presence of
eXxcess aqueous ammonia and oxides and hydrox-
ides which are soluble in water, the atomic ratio
of oxygen to molyhdenum in said catalyst being
from: 1.6:1 to. 3:1, -and separating therefrom a
selid, -essentially hydrocarbon polymer: orienta~
ble by cold-drawing.

5. A process for preparing:essentially- hydro-
carpon polymers corientable - by - eold-drawing
which comprises continuously . passing a liquid
reaction medium and a mixture. of carbon mon-

oxide with hydrogen at-a temperature of 125° to
300° C., under a. pressure .of at least 200- atmos-
phereo tbrou"h -a catalytic . zone and in contact
therein with s catalyst-containing molybdenum
in chemical combination with oxygen and-a metal
whese -iens.form by reaction ‘with -agueous.-am-
roenis. o compound selected from the-class con~
sisting of exides and hydroxides which are sol-
uble in the presence.of excess agueous ammonia,
and oxides and hydroxides which are soluble in
water, the atomic ratio of oxygen to molybdenum
in said catalyst being from 1.5:1 to 3:1, and sep-
arating therefrom a solid, essentially hydrocar-
bon polymer orientable by cold-drawing.

6. A process for preparing essentially hydro-
carbon polymers orientable by cold-drawing
which comprises continuously passing a  liquid

- reaction medium and a mixture of carbon mon-

50

oxide with hydrogen at a temperature of 150° to
250° C., under a pressure in excess of 500 atmos~
pheres downwardly through a catalytic zone and
in contact therein with & catalyst containing

. molybdenum in chemical combination with oxy=~
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gen and a metal whose ions form- by reaction
with aqueous ammonia a compound selected from
the class consisting of oxides and hydroxides
which are soluble in the presence of excess aque-
ous ammonia and oxides and hydroxides which
are soluble in water, the atomic ratio of oxygen
to molybdenum in said eatalyst being from 1.5:1
to 3:1, and separating therefrom a solid, essen-
tially hydrocarbon polymer orientable by cold-
drawing.

7. A process for preparing essentially hydro-
carbon - polymers orientable by cold-drawing
which comprises heating and reacting carbon
monoxide with hydrogen at a temperature of
125° to 300° C. under a pressure of at least 200
atmospheres and in contact with a molybdite of
3 metal whose ions form by reaction with aqueous
ammonia a compound selected from the class
consisting of oxides and ‘hydroxides which are
soluble in the presence of excess aqueous ammonia,
and oxides and hydroxides which are soluble in
water, said metal molybdite being a meta] salt
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of an gcid selected from the class consisting of
the acid having the formula H2MoO; and the
acid having the formula H2MoOz, and separat-
ing therefrom a solid, essentially hydrocarbon
polymer orientable by cold-drawing.

8. A process for preparing essentially hydro-
carbon polymers orientable by cold-drawing
which comprises heating and reacting carbon
monoxide with hydrogen in a liquid reaction me-
dium at a temperature of 150° to 250° C. under a
pressure in excess of 500 atmospheres, and in
contact with a molybdite of a metal whose ions
form by reaction with aqueous ammonia a com-
pound selected from the class consisting of oxides
and hydroxides which are soluble in the presence
of excess agueous ammonia and oxides and hy-
droxides which are soluble in water, said metal
molybdite being a metal salt of an acid selected
from the class consisting of the acid having the
formula HoMoO3; and the acid having the formula
H2MoOsg, and separating therefrom a solid, essen-
tially hydrocarbon polymer orientable by cold-
drawing.

9. A process for preparing essentially hydro-
carbon polymers orientable by cold-drawing
which comprises heating and reacting carbon
monoxide with hydrogen at a temperature of 125°
to 300° C. under a pressure of at least 200 atmos-
pheres and in contact with a nickel molybdite
catalyst having the formula NiMoQO2, and sep-
arating therefrom a solid, essentially hydrocar-
bon polymer orientable by cold-drawing.

10. A process for preparing essentially hydro-
carbon polymers orientable by cold-drawing
which comprises heating and reacting carbon
monoxide with hydrogen in a liquid reaction me-
dium at a temperature of 150° to 250° C. under a
pressure in excess of 500 atmospheres, and in
contact with a nickel molybdite catalyst having
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the formula NiMoOs, and separating therefrom
a solid, essentially hydrocarbon polymer orient-
able by cold-drawing,

11. A process for preparing essentially hydro-
carbon polymers orientable by cold-drawing
which comprises heating and reacting carbon
monoxide with hydrogen at a temperature of 125°
to 300° C. under a pressure of at least 200 atmos-
pheres and in contact with a cobalt molybdite
catalyst having the formula CoMoOs, and sep-
arating therefrom a solid, essentially hydrocar~
bon. polymer orientable by cold-drawing.

12. A process for preparing essentially hydro-
carbon polymers orientable by cold-drawing
which comprises heating and reacting carbon
monoxide with hydrogen in a liquid reaction me-
dium at a temperature of 150° to 250° C. under a
pressure in excess of 500 atmospheres, and in
contact with a cobalt molybdite catalyst having
the formula CoMoOs, and separating therefrom
a solid, essentially hydrocarbon polymer orient-
able by cold-drawing.

MARK W. FARLOW.
ELBERT C. HERRICK.

References Cited in the file of this patent
UNITED STATES PATENTS

Number Name Date
2,351,345 Kleine . _________ June 13, 1944
2,352,328 Kleine .o __ June 27, 1944
2,495,286, Brubaker __________ Jan. 24, 1950
2,495,292 Sceott - Jan. 24, 1950
2,507,510 Frankenburg _._.____ May 16, 1950
2,509,204 Bilisoly e May 30, 1950
2,572,300 Arnold et al. ... Oct. 23, 1951

OTHER REFERENCES

British Plastics, March 1945, pp. 94-98.
J. Applied Chem., I, Aug. 1951, pp. 370-376.



