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This invention relates to polymers which are
essentially hydrocarbon in nature and to methods for their
preparation. More particularly this inventlon relates to
new orientabls polymers which are essentially hydroocarbon in

nature and to novel catalytic methode for their preparation.

The sdvent of nylon and other synthetic high
molecular welght polymers focused attentlon on such materials
a8 sources of new filme and fibers to supplement or replace
f1lms and fibers from natural sources 1n many applicstions.
The relative chemlcal inertness of the essentlally maturated
hydrocarbon polymers has drawn attention to such products as
promising candidates for inveetigation. Only few hydrow
carben polymers, howsver, have achisved commercial importance,
and of these the polystyrenee, polylsobutylenes and the
normally solid polymers of ethylene are probably the best
known. Although thess polymers are outstanding for many
industrial appliocations, they are deficient in one or more

significant propertiss required for films and fiberes.
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J. Kleine in U.S5, patent 2,351,345 2as suggested the
preparation of hydrocarbon polymere containing at least 600
carbon atoms in the moleoule by pafsing a mixture of carbon
monoxide anéd nydrogen in a ratio of 1:2.2 or 1:2.3 or less,
in thé 1iguid or vapor phage over.a heated cstalyst containing
as an essentlal component an iron group metal or & metal of

the platinum or vanadtum groups. The only working example

—provided specifies a mixture of carbon monoxide and hydrogen

in thé ratio of 1:2.3 and the passage thereof at 11 atmospheres
pressure over a cobalf-alumlna-zine oxide catalyet hested to
180{3#0° After 48 hours tne reactlon is stopped and the catalyst
ie fractionally extracted with bolling benzene, first at
afmospheric preasure then &t 6 otm. and finslly at 11 atm.

The product obteined in the 11 ata. extraction 1s sald to melt
at 1309C. and to amount to 10 g. per cublc meter.of gas mixture.
This product is sald %o be useful for conversion into filaments,
Tfolls and films. No data on the physical propertiee of theae

producte are given.

In U.8, patent 2,352,328, J. Zleine revorts the pro-
duotion of filma and fibers melting about 1309C. which oan be
¢old drawn to products having improved tenacity froam hydro-
carbon polymers obtalned by hydrogenating coal or carbon
amonoxlde under pressure over a ruthenium catalyst. The fibsrs
from hydrocarbon polymers haviné aoleculer welghts above
10,000 are eaid to have tenacities equaling and even surpassing
those of cotton and natural silk and to be of lover gpecifio’
gravity than theae materials, Aside from meltlné peint the
p;fentee gilves no epecific data on the pfopertlea of his filmse

and flbere.
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It 198 an object of thie lnvention to provide new

polyaers which are espentlally hydrocarben in nature and a

novel catelytic method for their preparation. A further
object ir to provide orlentable high moleeular weight hydro-
carbon polymers having relatively high Anherent viscositiesa,

A 8%111 further objeat is to provide crientable hydrocarbon
polymers which form films having high stiffness modull and
high breaking strengtha. Another objJeet 1s to provide fiber-
Tforming hydrocarbon polymers from carbon monoxids and hydrogen.
10 9t11ll another object 1s to provide a novel catalytic procesa
for the yjﬁrogenation of carbon monoxide to prnduce hydroecarbon

polytera, Qther objects will appsar hereinaftepr.

The objecte of this invention are accounplished by
providing essentially hydrocarbon polyzers which sre orientable
by cold-drawiug and which have inherent vigcoeities of &t least
0.74, Preferred orientadle hydrocarbon polymers of thls in-
vention melt adove 1309C,, have inherent vigcosities of at leant
1.0, have 8tiffness moduli greater than'iso,boo lbs:/aq;15.,
and have miorotensile breaking a;rengthé-above 100,000 1%e./8q.1n.,

20  based on the relaxed drawn dlusnsions of the film.

The novel hydrocarbon polymsers of this invention are
the products obdtained by the‘qﬁzélytlc hydrogenation of carbon
monoxide, under preasure, 1n_the preasence of a molybdite of &
metal wnose lons are soluble in aqﬁé@fg anmonia in amount great-
er than that stoichiometrically requi;ad to preaipitate the metal
ion. Thue, thepe metal molybﬁlten are polybdltes of metala
whose lons are not precipitated as insoluble oxides er hydrox-
ides whqh eolutlons of their salts are treated with aqueous

ammonia 1n amount slightly in excess of that whioh is
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.oretloally required for the formation of %the ﬁbtal oxide
or hydroxide.

The metal molybdites which are used in the process
of this inventlon exlst in two seriass, 1n the first of which
the molybdenum is present in the quadrivalent state corres-
ponding to the oxide MoCz and the hypothetical aoid HgMoOs,
while in the second series the molybdenum exlste in the bl
valent state corresponding to the oxide Mo0O and the hypothetl-
cal acid HoMoOp. Examples of these molybdites are eopper
molybdite having-the formula CuMoOz, nickel molybdite having
the formula NiMoOjz, and cobalt molybdites having the formulas
CoMoOs and CoMoOs.

In producing the essentially hydrocarbon polymers
of thils invention, & pressure reactor 18 charged with a
diluent and the molybdite catalyet, the reaotor is swept
with oxygenwfree nitrogen, cooled te 0°C., and evacuated.
The reactor 1s then pressured to & spescific level with a
carbon monoxide/hydrogen gas mixture of predetermined com-
position and the reactlion mixture 1sa heated to batween 125°C.
and 309°G. until the deslred degree of reactlon has been ob-
tained. Throughout the periecd of reaction, the pressure
within the reactor 1s mainteinsd at the indicated level by
repregsuring with carbon monoxide/hydrogen gas mixturs of
the same or of different composition from that initially
used. After reaction 18 complete, the reactor 1s permitted
to cool, opened, and the contents discharged and filltared.
The‘solid essentially hydrocarbon polymer 1s separated from
the catalyst by extraction or by other means known to those

skilled in the art.
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The examples wnich follow are submitted to iliuatrate
and not to llmit thls l1nvention. Unless otherwlse stated, parts

are by welght,

BSAMRLE ]

‘A reaotlon mixture consisting of $7 parts of tetra-
hydronaphthalene, 15 parts of nickel molybdlte, 5 parts of
mlxed dodecyl cecld phosphatea, and a gas mixture composed of
2 molee of hyd}ogen per dole of ocarbon monoxlde was heated at
1759°C. and 900 to 1000 atmospheres pressure, which was main-
tained over a 1h-houf perlod by rebraseuring wlith the same gsas
mlxture. At the completlon of the run, the vessel was eooled,

vented, &nd 1ta econtents were discharged.

The polymer and catalyst were aeparated from the re-
action medium by filtration, and waghed with acetone. The -
filtrate was dlluted with methanol, ang the preclplitate whiech
formed war separated by flltration and found to amount to 0,07
part. The polymer was separated Irom the ;atalyst by two suc-
ceasive extractions with bolling xylene and a final extraction
with boiling tetrahydronaphthalene., The first xylene extract
was dlluted with methanol snd the precipitated polymer separated
by filtration, weshed aeveral times with methanol, and dried.
The polyuner from the firet xylene exiract amounted to 1.5 parta,
From the necond.xylene extract, by a aimiinr procedure, there
wae leolated 4,3 parte of essenﬁially hydrocarbon polymer which
was found t6 be orientable. The %etrahydronaphthalene extract,
using a similar procedure, ylelded 0.4 part of a polymer whilch
wug orlentable. Of the total material 6btalned, 75% wap orlent-

able.

The orientable, essentially hydrocarbon oolymer was

found to have the following physical properties: polarlzing

-5
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roscople melting point, 134.7 * 0,5°C.; inherent viscosity,

' 1.1,measured at 0.5 concentration in tetrahydronaphthalene at

1259C.; amorphous content of a 20 mll film, annealed, 6.8%,
shock cooled, 16.8%; density of the annealed film, 0.974;
depsity of the shock cooled film, 0,.952. The orientable es-
aéntlally hydrocarbon polymer was foundbto have a stiffness
modulus of 150,000 to 190,000 1lba./sq.1n., measured on a film
of 0,008 inch thickness, Mlerotenslle measurements on a 1-2
mil film showed an elongation of 2400%, The microtensile
breaking strength, figured on the relaxed drawn dlmensions of
the film, was 100,000 1b./in.2. The yleld point was 3,000 1b./

8g3.in. at an elongation of 1.0-30%.

Duplicatlon of Example I using xylene as the reaction
medlum, instead of tetrahydronaphthalene, yielded a product
which after compositing with that of other slmilar runs wae
found by analysis to hhve the followlng elementary composltion:
carbon, 85.50, 85.28%; hydrogen, 14.29. 15.29%; and oxygen, 0.19,
0.198. ' |

Infrared examination of a sample of an essentlally
hydrocarbon polymer gimiler to the above ahoﬁed it %o have ban?a
characteristic of the carbonyl group, bands for'termlnal and
Internal unsaturation at 10.1 wmlecrons, 11.0 microns, snd 10,4 aicrons,
and band for branching at 11.2 mlcrons. The infrared analysls also
lndicated that the materlal had 1.2 methyl groups per 100 carbon

atoms.

EXAMPLE IY
Example | was repeated, excepl that the catalyst

charge conslsted of 13 parts of nickel molybdlite which had been

used in two previous runs and the reactlon temperature was 200°C.

-
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The ylel& of essentlelly hydroesrbon polymer amounted %o 1,47
parts, of which 1.35 parts, or 92%, wag insoluble in bolling
benzene, had an inbgrent viseosity of 1,31, measured at 0,1%
concentration in tetrahydronaphtnalene at 1259C., and melted
at 1309C. The benzene insoluble naterial was crientable, A
melt preesed fllm which had been shock cocled in lce water had
a tenalle etrenglh of 4,400 lbe./eq.in. at 804 elongatlon. The

Tiln was tough and orientable. i

EXAMPLE IIT

A gilver-lined prespure vessel was fiushed wlth
nitrogen, cha;ﬁed with 5 parts of nickel molybdite, 7.5 parts
of 85% phosphoric acld, and 65 parts of xylene, again flushed
with nitropen, evacuated and cold pressured to 450 atm, with
a wmlxture of nydrogen and carbon monoxide in the molar ratio
of 1:1, The vessel wus agituted and malntained at 225°C. for
15 hourg, durling which tims the pressﬁréfwaa maintalined at 900
to 1000 atmogpheres by représsﬁriﬁg perlodically with the pame
gas mixture. At the coapletion of the run, the vessel was
cooled, vented, 1teg contenta diecharged, and filtered. The
solid product and caltaslyst were washed with water, and heated
in xylene in order to dissolve the polld polymer. The catalyst
¥aa geparated froam the xylene solutlon of the sollid polymer by
filtration., After evaporation of the bulk of the xylene,
methanol was added to precipitate the golld polymer, which wae
aeparated by Tlltration, washed several %times with methenol,
and dried., The yleld of orude produot amounted to 2,1 partsa,

ﬂqrmed7f1bersﬁﬁhioh could be cold drawn, and had an inherent .

.‘viaqdaity_or 0,89, measured at 0.1% concentration in tetrahydro-

T ~
naphthalens at 125°Co-



amy

10

20

50 8355

A reactlon nixture couprising 87 parts of xylene, 10
parts of 854 phosphoric acld, and 15.4 parts of & nickel molyb-
éite-cyclohexane paste contalning 5 parte of nilckel melybdlte,
and an 1nitial gae nlxture containing 3 nolee of oarbon monoxide
per mole of hydrogen was heated at 225°C., and@ 900 to 1000 atmos-
pheres pressure, which was maintained over a l5-hour perlod by re=
pressuring periodically with & mixture of 2 moles of hydrogen per
mole of carbon monoxide. By the procedure used in Example III
there wus obtalned 1.3 parts of polymer melting at 129°C. The

orude product foraed fibers which could be oold drawn,

: X
A reaction nixture compriesing 5 parts of nickel
molybdlte, L part of 1ixed dodeoyl acld phosphstes, 17 parts
of xylene, and a gas mixture of 2 moles of hydrogen per mole
aof ocarbon monoxide was heated at 1759C. and 2800 to 3000
atmospheres preggure for 3 hours. The reaction mixture was
Tiltered to remove catalyet and polymner. The polymer was
separated from the catalyst by extraetion with boiling heptane,
Tfollowrd by extraction with boiling xylena. Addition of the
xylene extract to methanol produced 0.5 part of fiber-forming
polymer having an inherent vipeosity of 0.85, measured at 0.1%

concentration in tetrahydronaphthalene at 12590,

EXASPLE VI
A reaction mlxture ooﬁprising 50 partes of dietilled
water, 1.75 parte of 85% phosphorlc acld, 20 parte of nickel
molybdite catalyst, and s mixture of hydrogen and carbon
monoxide in the molar ratic of 2:1 wes hested at 175°C. and

800 to 1000 atmospheres pressure, which was malntalned over a
e
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15-hour period by repressuring perlodically with the same gas
aixture. The reaction mixtu;é vwag filtered %o remove catalyst
and¢ polymer and the latter was dried. Extraction of the ary
e€0lid wlth bollling benzene and additlon of the hot benzene
extract to methenol produced 0.92 part of solld polymer. A
further extraotion in the same menner wlfh bolling xylene pro-
duced 8.0 parts of solid polymer having a relative vigcosity
of 1.079 and an inherent viscosity of 0,76, measured at 0.1%5

concentration 1n tetrshydronaphthalene at 125°C,

EXOMPLE VIL

A esllver lined contingous contact catalytie oconverter
containing 53 parte of B to 14 nesh nickel molybdite, whish
had heen tresated at rocm temperature with a 5% agueous solution
of phosphorie acid, wss filled with decahydronaphthalehe and
haated to ;85"0° The preesure weae raised to BOD atm. by in~
Jection of decahydronaphthalene., A ptream of decahydronaphthalene
and a strean of mixed gas composed of 1.6 moles of hydrogen per
mole of carbon zonoxide were injected separately into a mixing
block and fed aa a single strqéﬁ.upward through the converter
at & total preasure of abo étm.. The 1iquild was injected at a
space veloclty of 1.13 parte of liguid per part catalyst per
hour and the gas was injected at & space velocity of 0.21 part
of gas per part of catalyst per hour. The operating presgure was
maintained at 800 ata. by regulating the rate of gas bleed-off,
The reaction product, obtalned by bleed-off at 4 hour intervels, -
wee filtered and dried,. The yleld of eeeentimlly hydrocarbon
polymer amounted %o 0.4L4 part per hour of which 0.29 part was
ingoluble in boiling benzene, had an 1nherené?viscosity of 0,90
measured at 0.1 concentration in tetrahydronaphthalsne at 125°C.

and a melting point of 1732°C,

r— ¥
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Without changling the other condltions the gae in~
Jectlon rate was lncreased to a epace velocity of 0.312 part
ol gas ber part of catalyst per hour. The yield of esgentially
hjdrouarbon polymer under thege conditions amounted to 0.60
part per hour, of which 0.38 part was insoluble in benzene,
had an inherent viscosity of 0.93, measured at 0,1% concentration
in tetrahydronaphthalene at 125°C., and a microscoplc melting
point of 131.6°C,

Without changing the other conditions the gas in-
Jectlon rate wap again incremssed to a space velocity of 0,42

part of gaa per part of catalyst per hour. The yleld of ea-

_ 8entlally hydrocarbon polymer under theses conditions amounted

to 0,71 part per hour, of which 0.53 pert was lnsoluble in bolling
benzene, had an inherent viscosity of 0.93, measured at 0.1%
concentration in tetrahydronaphthalene at 125°C., and a mlcro-

scoplc melting polnt of 1131,8°C,

EXAMPLE. VIII

A reactighrﬁixture cbmprising é? paftsrof xyienep 5
parts of mixed dodecyl mcid phosphates, 5 parts of a shromium
promoted nickel molybdite catalyst, prepared using a procedure
similar to that described in Example XI for the preparation of
a cadmium promoted nlckel mblybdite, and a gas mlxture of 2
moles of hydrogen per mole of carbon monoxide wag heated at
225°C, and 900 to L000 atmospheres pressure, which was maintaln-
ed over a l5-hour perlod by repressu}iné perlodically with the
game gas mixture. By the procedure used in Example IIYI there
was obtalned 2.45 parts of polymer. The polymer, without

fracplonatloh, had an irherent viscosity of 0,75 measured at

0.1% concentratlon in tetrahydronaphthalene at 125°C,

-l (e
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A reaction mixture comprieilng 50 parta of dlstilled
water, 5 parts of 85% phosphorie acid, 5 parts of nickel
molybdite, and a nixture of hydrogen and carbon monoxide in the
molar ratio of 1l:l was heated at 200°C. and 900 to 1000 atmos-
pheres pressure, which was maintained over a l5-=hour perlod
by repressuring beriodically with the same gas mixture, By
the procedure deseribed in Example III, there was obtained 2.5
pérts of fiber~forgying polymer whieh had an inherent vigeosity
or.0°85. measured at 0.1% concentration 1n tetrahydronaphthalene

10 at 125°¢C,

EXAMPLE, X
A ailvér—lihed pressure vessel was charged with 5
parte of nickel molybdite, 87 parts of xylene, 5 parts of
mlxed dodecyl acid phosphgtea, and a gas smixture of 2 molgs of
hydrbgen per mole of carbon monoxids, and the atxture heated
at 225°C. and 450 to 550 atmospheres for 15 houre, dg?;ﬁg which
tine the presgure was maintalned at 450 to 550 atmospheres by
repressufing periodically with the same gas mixture. By the
procedure used 1n Exanple III, there was obtalned 0.9 part of
8olld polymer, which formed fibers which could be cold drawn,
20 and which had an inherent viscosity of 0.74, messured at 0.1%

concentration in tetrahydronaphthalene at 125°C,

A preparation of nickel molybdlte, usefully employable

as & catalyst ln the practice of this ilfvention is the following:
Seventeen hundred slxty-six parta of amsmonium para-
molybdate 17&54)6M6+023.hﬁzg7, esqulvalent to 10 moles of 400,

was dlesclved 1n 500 parts of distllled water and neutralized

wlle
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by the additlon of 810 parts of 28% aqueous amrponla. The re~

sulting solution of amnonium molybdate L"(NH4)2M004_7 contalning

1,% moles excess ammonia was sdded with atirrinz, at room
temperature, to a solutlon of nickel! nitrate, orepared by dla-
solving 2908 parts of nickel nltrate hexanydrate [ﬁi(N03)2ﬁ6H297 \
equivalent to 10 moles of nickel salt, in 5000 parts of distilled
water. A pale green preclpltate was forﬁéd in an acld slurry
having a pd of approximately hup, The pH of the slurry was
adjusted to 7.0 (Beckmann pH meter) by the addition of 450 parts
10 of 28% aqueous ammonlia. The precipitate was then washed, filltered,
dried, and calcgined ét 400°C, for 18 houre. The calcined pro-
duct, by analysls, was found to contain 23.2% nickel and b6.4%

molyodenun,

The calcined product, prepared as deacribed above,
was reduced in hydrogen at gradually increasing temperatures
from room temperature up to 550°C. for a total of 25 hours, of
which psriod 18 houre was at 550°C. .The reduced proddct was
highly pyrophoric and glowed on exposure %o alr. Analysis of
the reduced materlal showed 1t to contaln 26.66% nickel and

20 53.1% molybdenum corresponding to NiMoOz/ODEMOOBg

Another preparation which glves nickel molybdite 1in
a véry active catalyile Torm 1is the followlng: -

Eight hundresd elghpy-three narts of amronlum para-
molybdate and 2500 parts of water were stirred together at room
temperature end converted to a clear aclutlen containlhg 5 moles
(26% eolution) of normal ammonium molybdate /TNH),MoO,7 &%t pH
8.0 by adding 379 parts of 28% aqueous ammonia. In another
solution, 1454 parts of nlckel nitrate 1:n;(N03)2°6H297, equivalent
to 5 moles of nickel, was dissolved ln 2500 parta of water and

30 édJusted to a pH of 6.5 by adding 271 parte of 28% aqueous amroila,

The nlckel nitrate solution was then edded to the ammonium amolybdate

-12-
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Lolutlon &b vdom teaperaiure {27-28°C.) with stlrring, at the
rate of approximately 1500 parte/hour, A yellow-green precipitate
wss thus forvmed in an aqueous medium at pH 7.9 to 6.9. The
preclpitate 8o formed was filtered mnnd dried without washlng
at 110°C, to 120°C. for 18~20 houre &n& connected to 8/14 mesh
granules by pellelting, crushing the pellets, and soreening
the crushed pellets to slze. The granular product ro obtalined
was found to contain by analysis, 19.8% Ni; 35.7% Mo: and
7.9% of NHS' corresponding to a mole ratio of 1.0 NL/1.1 Mo/
l,d NH3, and had a surface area of 4 Ma/g.
f One.hundred gighty parts (200 ce. ) of the granular
(8/14 nmesh) product was reducéq in hydrogen at a apace veloclty
of 1ooofn;% st erafually lncreasing temperatures from room
temperature %o 400°C. for a total of 26 nouras, of which period
22 hours was at 400°C., The reduced product was then cooled to
room tempersture in hydrogen, flushed at roon temperature wlth
oxygen-free nlirogen, and discharged under nitirogen to a receiver
and sealed under nitrogen,
The catalyst so prepared was highly pyrophoric and
glowed on exposure to alr. Analysis of the reduced catalys?t
showed 1t %o contain é9.22# nickel and 53.50% molybdenun,

corregponding to & nlckel/molybdenum ratio of 1.0/1.12.

EXAAMPLE X1

A reactlon mixture comprising 87 parts of xylene,
5 parts of 854 phospnoric acld, 5 parta of a cadmiun promoted
nickel molybdlite catalyat oontainin: 90 mole percent of nickel
molybdlte and 10 mole percent of cei mlum molybdlte, prepared
as descrived below, and a gas mixtur s of 2 moles of hydrogen
per mole of carbon monoxide was heat:d st 225°C, and 900 to
1000 atmoaphereé pressure, wWhich wae malntalned over a l5-hour

perlod by repressurlng perlodically with the same gas mixture.
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By the procedure used in Exanple III, there war obtained 1.5
parts of solld polymer wnleh formed Tloers which oould be cold

drawn,

The cadmium wmodifisd nickel moly“dilte catalyet, used
in the above exauple, wae prepared ag follows:

Eilght bundred eighty-three parts of ammonium para-
molybdate ZTNH4)5M07024.QH297, equivelent to 5 moles of MoO3
was dlesolved in 2500 parts of dletilied water and neutralized
by the addition of 405 parts of 28% agueous amionia, The re-
sulting soclution of ﬁmmonium molybdate ZTNHQ)ZMODQ? aontaining
0.%95 mole excess aamonia, was added with stirring at room
temperature to a solution prepared by dissolving 1310 parts
of nickel nitrate huxnhydrate zrl(NOB)g 682;7# oquivalent to
4.5 moieas of nickel, and 15% paxrts of cadgium nltrata tetrnhydrate
zﬁd(noj)z,mej, equivalent %o 0.5 1ole of ocaduium, in 2500
parta ol water. A pale biue-green precipitate wee formed in an
acld slurry having a pH of approxlmutely 6.4%. The pk of the
slurry was adjusted to 7.0 {Beekuann pH meter} by +re addition
of 189 parts of 28% aqueous amnonia. The precipltate'ﬁas then
waghed, filtered, drled and calclned at 400°C, for 24 hours:l
The calecined product by analysle was found te contaln 20,15%
nickel, 5.94% cadnium, and 42.8% molybdenunm,

The caloined product, prepared ss described above,
wap reduced in & 3:1 mixture of niltrogen and hydroger at gradually
increasing temperatures from room temperature up to 450°0. for a
total of 28 hours, of which period 23.5 hours was at 450°Q,

During reduction at 450°C. oadnium metal wes formed and volatilized

~out of the reduction zone and deposited as a wetallic mirror in

the cold exlt end of the reduction tube, The reduped catnlyst

30 was then cooled to room temperature in nitrogen, discharged,

—1ha
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and sealed under nitrogen. The redusced product was pyrophorie
and glowed on exposure tc sir. Analyels o* the reduced material
showed it to contaln 25.4% nickel, 3.6% cadmium, and 53,3%

molybdenum,

EXAMPLE XIL
iﬁ.mlxture of 20 parts of nickel molybdite, 50 parte
of 85% phosphoric ecid, and 370 parte of water wes heated for
one hour under reflux. The reaulting‘miifure vap waahed
thdroughly with water and used, wet, in the following hyéro-

genation.,

10 " A reacticn mixture containing 85 partn‘or xylene and
the nickel aolybdlte catalyst treated as desoribed above was
heated at 1759C. for a 1l5-hour period at 900 to 1000 atm.
preasure of hydrogen and carbon moroxide in the mole rstlo of
2:1, me desorived in Example I. There was lsolated from the
reactlon zixture 8 parts of omsentially hydrocarbon polymer,
of vhich 6 parts had an lnherent viscosity of 0.74%, measured

in tetrahydronaphthalene at 125°C.

at 0.10%f concentration

EXAMPLE XIIL

_:Eiample I wae repeated, except that the reaction

. mixture oonalstéd of 10 parts of niokel molybdite catalyst
20 and 90 parts of cyclohexane, together with hydrogen and ocar-

bon monoxide. The yield of essentlally H&ﬁrocarbonapolymer
amounted to 3 parts, of which 2 parts wefé lneoluble in boll-

ing benzene and had an lnherent vigcosity of 0.86, measured

at O.ii concentration in tetrahydronaphthalene at 125°0.

EXAMPLE X1V

Example XIII was repeated, except that the oatalyst
- consisted of 20 parts of cobalt molybdite and the resctlon

temperature was 225°C. The yield of the essentlally hydroearbon
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polymer was 4 parts, of which 3 parts were insoluble in bolling

benzene and waa orlentable.{

—,

The exanples have illustrated certaln oonditions of

temperature, pressure, catalyst conecentration, carbon monpxlde/‘

hyarogen mixed gas compoelilon, ete. It 12 to be undersiocod
that these are interdependent varlables and that variation in

one requires compensating adjustments in tne others,

The process by which the sssentially hydrocarbon
polymers of this invention are obtained can be operated as a

batch, or am a soni~gontinuous jor contlnuous operation,

.Whether for batch, gemi-continuous, or continuous

' operation, the desired mixturds of cgﬂpon monoxide and hydrogen

are readlly mede up on the basls of pressures, ealoulated by

succesalve substltutlons into the folloving equation:

P(initiel co) = (C Cinitial co) (p E“}e])
( ’ final co’ final. !12)

where P stands ror pressure, C stands for the oompreaaibillty
of the ocarbon monoxide apnd of the hydrogen at the indicated
pressuré, and N la the desired ocarbon monoxide/hydrogen mole

ratio in the mixture,

The mole ratio of carbon monoxide tb hydrogen in the
gas‘mixture may vary from 10:1 to 1:5, Uauilly, mole ratios
of from 3tl to 1:2 are used becauss gag mixtures 1n this range
of compositions give optimum results from the atandpoint of

¥leld of deslred high molegular welght hydrocarbons.

The temperature at which the hydrosenation of the
carbon monoxide ls effected lies in the range of 125% %o 3000°¢C,

Because good reaction rates with best Jields of desired high

LR LR e R T T
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molecular welght eagentlally hydrocarbon polymers are obtained

in the range 150° to 250°C., this range embraces the preferred

operating temperature conditiona.

The process 1¢ generally operated under a total pres-
sure of at least 200 atmospheres. Because better ylelds of
desired high molecular weight espentially hydrocarbon polymers,
with maximum utillzation of the ocarbon monoxide and hydrogen,
are achleved using pressuree in excess of 500 atmosﬁherea, the
use of such presaures is economical and embracee & preferred

10 aspect of operation. The upper 1iait of presgure 1s not oritical
and the maximum is deteramlned by the mechunloal restrictions of
the equipment used. Since the use of prespures in excess of
5000 atzospheres doee not lead to any compensating advantages
from the etandpoint of yileld of desired high molecular weight,
essentially hydrocarbon polymers, or economy of operation, 1t

represents the practical upper 1init of premsure.

fBeoauae the reaction ;e highly exothermie, it is pre-

] terred toroperate in the presence of a reaction medium, which
besides alding in the diseipation of the heat of reaction also

20 funectione to bring about better catalyst contact and hence

lmproves the efficlency of the prosees. Sultable media are
water, aromatic and allphatic hydrecocurbons, alsohols and the
like. Wnen the hydrogenatlon 1e curried out in an aqueous
medium, 1t is advantageous, but not neceesary, from the stand-
point of moleoular weight of esmsentially hydrocarbsn polymer
obtained, %o operate in the pfesencp of an acld, such as sulfuries
acid or other mineral scld., When the hydrogenation is carried
out in the presence of organio media such as Soluene, Xylene,
8%o., satisfactory results are obtained in the prenenos or

30 abeence of added aclds or aitkyl acld phosphetes, sush as monow-

-17-
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and dldodecyl acid phoaphates, etc. Instead of adding acld to
the reaction medlum, the catalysps can Ye pretreated with an

acld before use in the hydrogenation reaction,

‘The procsas can also pe carried out in the presence

of baslc materials, such as the alkall aetal hydroxides and

carbonates, eta. |

The resction medium can occupy up to 60% or sslittls
as 5% of the reactor volume. Ganerally, however, in batch
operation the resetlon medius ocouples between 30 snd 505 of

the reactor volume.

Although melting point ia an important physical pro-
persy, in itself it 12 not sufficient to characterize the es-
aentlally Hydrocarbon polymers as being of sullable quality
for superlor flilms anc fibers, Melting point can be reﬁuced
by the presence of small amounts of low molecular wéight
materlial without aeriously affecting other properties, which
render 1t highly useful for film and fiber uses, provided the
1nhe£ent viscosity is sufficlently high. Thue, if the. inherent
viscosity of the polymer 1s at least 0.74, then the nelting

poiat can fall below 130°C. without saorifice in the usefulness

ef the polymers for high guality films and fibers. The preferred

essentlally hydrocarbon polymere, because of thelr outstanding
usefulness for superior films and fibers, are those having in-

herent iiscosltlea of ut least 1.0 and mesting above 1309C,

The relting pointe specified in the examples repre-
sent ihe temperature at whioh complete dlamappearance of the
2ryestalline structure is chserved under a polarizing miero-

scope.

Z:py orientable® as this expresslon 1s ‘ugsd herein

15 meant that orientation ls observed when a fiber or film

wlfa
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prepared from the polymer ie subjected to cold-drawing.

The time of reaction depends upon suoch interdependent
variables aa,temﬁef&turé}'preasure, sad anount and type of
catalyst employed, Under the preferrrd econditione Tor batch

operatlion suitable reaotlon periods are from S to 20 hours.

[@he metal molybdites used in the prooeme of this
invention can contaln promoters or madifiers such as cadmluﬁ
barium, chrozlum, thorlum, cobalt, sinc, copper, ete., 1If
desired. Preferred molybdites, because of their high degree
of activity and selectivity, are the molybdites of nickel,
cobait, and copper. Theae molybdites oan be enployed in the
form of pellete or as finely divided powders, and they can be
used as guoh or extended on inert supports such as charcoal,
alumina, sllica, ete. The perticular phyaical form of the
catalyet for maximum aotivity depends upon the condltion under
which the hydrogenation reaotion.la to be effeoted. Thus,
for oontlnudasfgﬁérétlo;; 1t-1£"best to have the oataliat in-
the form of pellete, tnus minimizing mechaniocal lospes. If
the process le to be operated as & batoh operation, the physical
form of the catal;at is less important, and either granular or

finely Adlvided catalyste are sultable.

The amount|of catalyst used depends upon such inter-
éependent variablea s temperature, pregsure, general method
of* operation, catalyet activity, etc. Ae a rule, in batch
operatlion the amount of catalyst enployed will be between 1.5%
and 30% and preferably between 2.5% and 204 by weight of the

reaction medlum employed.

In continuoue operation, the welght of product in the

reaclor at any time 1s ordinarily less than the weight of -

~19.
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the oatalyet, bDut the %total welzht of materlal processed dur-
ing the active 1ife of the cetalyst is usually at least ten
tizes the catalyst welisht,

. when the a?tlvity of the catalyst decreases or dls-
appears through prolonged use, 1% may be restored by oxidizing
?hp spent molybdite in alr or oxymgen at temberatnres up to
500°C., and then reduoing the resulting molybdate back to moiyb-
fdite.

The surface of the reactor in contact with the re-
actanta appéars %o be an lmportant faetor in determinlngfyhe
aolecular welght and yleld of eesentlally hydrooarbon polyamer
obtained. Satisfactory resu:ts are obtalned using silver-

lined, oopper-lined, or stainless ateel equlpméntIT

The process of this invention, for the rirst tine,

-lnkes 1t poasldie to convert sarbon meonoxide into producta

which are essentially all high molauular weight, These pro-
ducts, without purirication, haVa moleculnr welghts of at
least 12 000, inherent vliscoslties greater than 0.74% and sre
convertible ilnto fibers and filws having mtrength and tenacity

charucteristios unobserved 1n any hitherto avallable geynthetic

hydrocarbon polymer filme and fibersa.

As many apparently widely dlfferent embodiusente of
thie invention may be made without departing from thé spirit
and scope therecof, 1% ia 6 be unﬁerstooﬁ that thia.invention
ia not limited to the specific embodiments thereof except as

defined in the appended clalms,

~20-




i
4

508559

qLAIMs:
The embodinents of the invention in which an

excluelve property or privilege ia clalmed ars defined

aB follows:

~ 1. The orientable hydrocarbon polymer which is the
reaction product of carbon monoxide and hydrogen, sald hydros
carbon polymer having an inherent viecosity of at least 0.74,
measured at 0.1% concentration in tetrahydronaphthalens at
125°C., and being ompable of forming riims whioh show orlenta~
tlon when cold drawn.

2. The orientable hydrocarbon polymer which is the
reaction product of ocarbon monoxide and hydrogen, sald hydro-
carbon polymer having an inherent viseosity of at least 0.74,
measured at 0.1% oconcentration in tetrahydronaphthalene at
125°C., melting above 130°C., and being capadble of forming
filae whioch show orientation when 3?1d drewn.

h]

~ 3. The orientable hydrocarbon polymer which 1@ the
reastlon product of carbon monoxide and hydrogen, sald hydroe
oarbon pelymer having an inherent viscosity of at least 1.0, ;‘
measured at 0,1% concentration in tetrahydronaphthalene at
125°C,, melting above 130°C., and being capable of forming
filme having & stiffness modulus greater than 150,000 1b./
8q.in. and & microtensile breaking etrength above 100,000 1b./

8q.in., based on the relaxed drawn dimensions of the film.

- . A process for preparing hydrocarbon polymers ?
which comprises reacting carbon monoxlde with hydrogen under
prosaure in the presence of a molybdite of a metal whoss ions
are soluble in aqueous ammonia 1n amount greater than that
stolchiometrically required to precipitate the metal 1on,
sxid metal molybdite being a metal salt of an acld having
one of the formulas corresponding to HpMoOz and HgMoOg.
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5. A process for preparing orientable hydrocarbon
polymers which comprises rsacting carbon monoxide with
hydrogen at a temperature of 150° to 250°C. under a pressure
in excess of 500 atmospheres, and in the presence of & molyb-
dite of a metal whose ions are scluble in aqueous ammonia in
amount greater than that stoichiometrically required to pre~
clpitate the metal lon, said metal molybdite being a metal
salt of an acid having one of the formulas corresponding to
HgMoOs and HgMoOg.

6, A process for preparing orlentable hydrocarbon
polymers which comprises reacting carbon monoxids with hydrow
gen under pressure in the presence of & niekel molybdite
having the formula NiMoOs.

7- A process for preparing orientable hydrocarbon
polymers which comprises rsacting carbon monoxide with
hydrogen at a temperature of 150° to 250°C. under a pressure
in exeess of 500 atmospheres, and in the presence of a nickel
molybdite having the formula NiMoOg.

~ 8. A process for preparing orientable hydrosarbon
polymers which comprises reacting carbon monoxide with hydro-
gen under pressure in the presence of a cobalt molybdite

having the formula CoMoOz.

S. A process for prsparing orlentable hydrocarbon
polymers which comprises reacting carbon monoxide with hydrow
gen at a temperature of 150° to 250°C. under & praasurs in
excens of 500 atmospheres, and in the presence of a cobalt

molybdlte having the formula CoMoOx.
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