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COMPLETE SPECIFICATION
Progess for Preparing High Molecular Wetght Hydrocarbons

We, T. L. ov Ponr pe NEmouns AND
Courany, a corporativn organized amd
existing under the laws of the Siate of
Deiaware, United Btates of America, of

@ 10th and Maxket Strects. Wilmington 98,
Dialywnre, TUniled Stules ol America, do
berelby declure the lovention, for which
we pray that a patent may be granted to
ug, und the method by which it is td be

10 performed, 1o be particularly described
in snd by the following statement:—

This 1nvention relaies tn a ealalylic
precess  for preparing  high molacular
weight hydrocarbons, More partieularly

18 1t relates to a process for synthesizing
high moleenlor weight polymethylenes
from carbon monoxide and hydrogen.

0. Is well knowa that in the presence of
specific  calalysts  and under certain

20 condifions of temperature amd pressure
earhon monoxide and hydrogen react to
give methonol and branched chain higher
uleohols, I# is also lkmown that under
other reaction conditions involving the

20 use  of cerlain  cobalt-containing or
rutheninw-containing cobalysts the re-
action  between cuarbon monoxide end
hydrogen leads tp the formation of
parallin waxes. High moleoular weight

a0 straight chain alechols and olher oxygen-
conlaining organic compounds ulsy have
heen abtained by hydrogenation of carbon
maonoxide in the presence of melals of the
elghth gronp suspended in paraffin hypdro.

35 carbons, In general, the waxes previously
obfained were produced simuifanecusly
with compounds of relatively low
moiecular weight (Fischer and Pichler,
Bronnstoll-Chemie 20,247-—80{1938)), the

30 overage molecular weight of the reaction
products being generally less than 100¢,
These previously koown waxy resclivn
produets  conteined  ingredients whieh
vould be distilled at high tcmperatwres

43 wad low pressures (200° C.{2 mm.},
very recent development in this art is the
discovery that the course of the OO—H,
reaction in the pregemee of water and »

D,
Ludlazs

ruthenivm catalyst is dedermined by the
gu of the medinm; strongly alkaline 50
media cause the formation of C, 10 O,
aleohols rather than hydrocarbon waxes
which ure furmed when flie zm is on the
acid side.  Another imporiant recent
development in this art is the diseovery 58
that macromolecnlar polymethylencs can

be prepaved from u.a.t]'?lmn monoxide and
hydrogen in the presence of metal molyh-
dite catalysts, :

An ghject of this invention is to provide 60
a process employing novel catalysts for
the preparation of macrumoleculur hydro-
earbon nompositions of improved quality
from earbon monoxide and hyc%rogcn.
Another object 1a fo prepare relatively 65
high meltivy polymeihylenss in high
vield.  Oiher objecls of tle invention
appear herainafter.

In secordance with this invention,
mperomolecular essentiolly Lydrecarbon 70
compogitions of imnproved guality are pre-
pared by introduncing hydrogen and earbon
moenpxide into a reaction vessel, and heat-
ing the reactants in’ the presence of a
catalyst containing o metal tungstite at 75
o pressure of al [east 200 atmospheres,
preferably 500 to 3000 aimospheres, and
at g temperature within the range of 125°
to 300° (., preferably 150° 1o 250° C.
Tha catalgsts employed are preferably 80
nickel andfor cobalt tungstite,

This invention provides radically new
macromolecular hwdroearbon polymers,
1.2, polymers which are essentially lydro-
carbon in nature, which are characlerized 85
by having an inherent viscosily greater
than 1.3, measured as a 0.1% solution in
tetrahydronaphihalene at 123° C., which
mel{ above 130° C., whick show opienfu-
fion along the fher axis when subjented 90
o cold drawing, and whish yislds films
which are superfor to films from previ- -
onely known hydroscarbon polymers in
their sfiffness and breaking strenglh
charscteristics. :

Tn one manner of producing the hydra-
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carbon polymers of this invention a pres-
surc reactor iz charged with a diluent
and the tungstite catalyst, the resetor is
swept with owygen-free mitrogen, cooled
e 0° C., and cvacuated. The reactor is
then pressured with a carbon monexidef
hydrogen gas mixiure aud the reactiom
mixture is heated to between 125° and
300° C. Throughout the perivd of reae-
tion the pressure within the reactor is
maintained above 200 gimospheres, pre-
ferably 500 to 5000 atmospheres, by
repressuring with earbon monoxide!
Lhydrogen gas misture of the suwe we of
dHferent composition from that initially
nsed. After reaction is complete, the reac-
tor is permitted to cool, opencd, and the
contents discharged and filfered.  The
solid pulymerie product is separated from
‘the ratalyst by cxfraction or by other
means kmown fo these skilled in the art.

The esamples which follow ure sub-
miited to illustrate and not to limit this
invention. Guless otherwise stated, parls
are by weight.

Exavwrrel ||

A reaction mixturs comprising 87 pacts
of xylene, 5 parts of mized dodecyl ucid
phosphates, 20 parts of niekel tungstite
and a gas misturs of 2 mols of hydrogen
per mo] of earbon monoxide was heated ot
995° (%, aud B00 to 1000 atmoapheres pres-
sure, which was maintained_over a 15-
hour period by repressuring with the sumne
gas mixture. t the completion of the
ram, the vessel was cooled, vented, its con-
tenfs discharged and filtered. Exfraction
of the solid ¢btained with boiling hep-
tane and addition of the hot heptane
extract to methanol produced 1,80 part of
solid polymer. A further extraction in
the same manner with boiling xylenv
produced 1.85 parts of solid polymer hav-
ing a microscopic melting point of 183°
(., and an inherent viscosity of 1.89
meagured at 0.1% concentration in tetra-
hydvonaphthalene at 125° C.

Exayrre 2

A reaction mixture consisting of 90
parts of sylene and 20 puts of granular
nielkel tungetite, and a gay mixture com-
pused of 2 mols of hydrogen per mol of
carbon monoxide weas heated at 225° C.
and 900 tp 1000 obtmospheres pressure,
which was maintained over » l5-hour
period by repressuring with the same gas
mixhre. Al the completion of the ren
the vessel was cooled, vented and its con-
tents discharged.

The polymer and catulﬁst were separ-
ated from the resetion medium by centri-
fuging, and washed with acefone. ‘fhe
polymer was separated from the calalyst
by extraction first with boiling benzene

then with builing xylene, The henzene
extract was diluted with wmethanol and
the precipitated polymer, separpted Dby
filtration, washing with scetone and dry-
ing, amounted fto 0.8 part.  From {he

xvlene extravts, by a similar procedure, 7

there was iscluied 3 povts of essentially
hvdroearbon polymer whick was fvund to
be orientahle and to have on inherent vis.
cosity of 1.34, mensured at 1% eoncen-
iration in  tefrahydronapthalene  at
125° C.
Exwens 3

A reaction mixvture eonsisting of 80
parts of cyelahexane and 20 parts of &
eohalt tungstite catalysl was heated under
a pressure of hydreogen aud earbon mon-
oxide as In Example 2. There was isolaied
2.15 party of essentinlly hydrocarben poly-
mer which was found fo be erientable by
cold drawing.

Exayprr |}

"A reaction mixture consisting of )
parts of xvlene, 2 parts of a mixed
nivkel-tungsiile-molybdite and # parts of
mixad dedecyl acid phosphates was heated
at 200° C. m the presence of hydrogen
end curbon monexide as in lzample 2.
The yield of essentially hydrocgrhon
polymer was 3.89 purts, of wlhich 2,63
parts had an inhersnt viscesify of 1.44,
measured gt 0.1 concentration in fetrs-
hydroraphthalene ot 125° C,

Exarere 3

A siiver Hned continuons eatalytic em-
verter contaiming 4} paris of 8—11 mesh
nickel tungstife mised with 8U parts of
vopper pellels, having approximately the
particle zize of the cabalyst, was pressured
with mixed gas composed of 1.6 moles of
hydrogen per mele of carbon momozide
aud healed 1o 225° C. The pressure inside
the converter was adjusted to the nperat-
ing level of 800 atmospheres. A stream of
decahydronaphthalene and & stream of
mixed gas were injected seporaiely inty
a mixing block and fed inlo the top of
the converler at a toful pressure of R0
almospheres. The mixzed gas was injected
af a space velocitr of .51 part per part
of catalyst per hour and the liguid was
injected at o space veloeity of 0.53 purd

-
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per part of catalysl per hour. The operat-

lng pressure was maintained at 800 atmo-
sllaieres by regulating fhe rate of gns
hieed-off. The reaction produect, abfained
hy bleed-off at G-hour Intervals, was fil-
tored, washed wilh avetole, and dried.
The yield of essenlially hydrocarbon poly-
mer amounted to 0.2 part per honr.  The
polymer was orientable by drawing und
has a mieroscopie melting point of
130,48 ¢, '
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Exaupis 6 N

Fxample 5 was repeated except that
the converter wags charged with 66.5 parts
of cobalt tungstite mixed with 100 parts

8 ol copper pellets. The yield of cssentiully .

hydrocarbon, polymer amounted 1o .56
bart per part of eafalyst per honr.

BExayrre 7

A reaction mixture eonsisting of 80
1§ pariz of cyclohexane and 20 parts of an
iron tungstite catalyst wus heuted at 250°
C. under pressurs of hydrogen and carbon
monoxide as in Txample 2.  There was
isolated 0.6 part of solid polymethylene.
15 Tn gimilar {ests, zine tungstile and copper
tungstite were employed in pluce of iron
lungstite and were found to be active for

production of zolid pelymethylenc, .
The nickel tungstife cotalyst used in
20 Bxamples 1 and 2 was prepared as

follovws: — '

Four moles of ammoninm fungstate in
& 10% agueous sclution, prepared by dis-
solving 1080 grams of ammonimn para-
A tungstate ip TUOO ce. of water and 810 co.
of 28% agueous ammonia af 85° (. was
added to 4 moles of niekel nitrate in u
16% solution, prepared by dissolviug
1183 grams of nickel nitrate in 6000 cc.
80) of water at 83" C. A pale green precipi-
tate was formed in a slurry having & pm

of upproximately 6. The pm of the shurry
waa adjusted to 7 at 75° C. by addition of

[

44 eo. of 28% aqueous wwmonia.  ‘The

30 resulting precipitate was washed, fl-
tered, dried, and calcined at 400° Q. Vhe
product thus obtained was charged into o
&urnuue and heat traated at 400° C. in &
stream of nitrogen at g space velucily of

40 390 1./hv. for 12 hours, vooled 10 raom
temperalure in nitrogen and the produet
then reduced for 24 to 7 hours ul 450°
{g 480° C. in hydrogen at a space velo-
city of 600 to 1000 1./hr. The reduced

45 produet corrcsponded hy analysis to
nickel tungstite (NiWQ,) sontaining a
slight excess of 'W,0,. The produet was
not spontanecusly  pyrophorie  when
exposed fo air at room temperalure. Omn

50 warming slightly over u Bunsen flame,
however, the product ignited with a
bright glow and oxidized to vellow nickel
tongslale.

The mixed tungatite-molybdite catalyst

66 vmployed in Example 4 was prepared as
follows : — .

A polntion prepared by dissolving at
80—85° (¢, 176.6 g. of ammonium para-
molybdate telrahydrate and 270 g. of

G nmmonium paratungstate hexehydrate in
3000 ml, of water and 170 m!. of 289%
ammenium hydroxide, wus added with
stirring to u solulion of 581.6 p. of niskel
nilrate hexaliydrate in 2000 ml. of water

ad 80-—85° G, A yellow-green precipilale 65
farmed in'a sluery.  The g1 of the slum
was adjusted {o 7 by addition of 86 mi.
of 28% ammeninm hydroxide af 80—85°
C. The nentralized slurry was pale
green, and it was stirved for ene hour 78
after neutralization. The precipitete was
washed four times by decantation using §
liters of water in each washing. The
wushed precipitate was filtered hy suetion
and dvied overnight al 1056° C, The dry 75
waight was 477 g, and analyzed 19.7,
19.77% nickel, 13,28, 13.41% malyb-
denum, and 34.95, 34,93% tunpgsten. The
dry eake was salcined at 400° C. for 20
hours and then reduced in hydrogen al 2 84
space veloclly of 1000 volumes of gas per
volume of catalyst per hour at 450° ¢
Tor 22 Lours. Ihe reduced product was
cooled in hydrogen, flushed with nitro-
gen and stored under nitrogen. The pro- 85
duct was o black, slightly pyrophorie
materiad,
The process can be operated as a batel
or semi-eoniinuous vperation, or as 2 con-
tinuous down or ap-flow operation. 90
Whether, for batch, semi-continuous, or
coptinuons operotion, the desired mixe
tures of carhon monoxide and bydrogen
are readily made up an the basis of pres-
sures, calculated Ty surccessive substifu. 05
tons into the following equation : —

{
initial 00)

L + N(C

fioal CO) final H.)
where P stands for pressure, G stande for
the compressibility of the corbon mon-
oxide and of the hydrogen ai the indi- 100
nrated pressure, and N is the desived car-
bon monoxide hydrogen male ratio in the
mixiure, -
The mole rufio of carbon moenoxide to
hydrogen in the gag mixture may vary 103
from 10:1 to 1:5. Usually mole ratios of
3:1 to | :2 are used because gans mixbures
in thie range of composition wive apti-
mum resulty from the standpeint of yield
of desired high molecular weight Lydre-
carbon polymer,

The temperature at which the hydro-
genation of the carbom menoxide is
effected lies in the range of 125" o 00°
C. Berause good reaction rates with best 115
yields of desived high molecular welght
bydrocarbons are obfained in the range of
350° 1u 250° C., this range embrygces flie
preferred operating temperature condi-
{10ms,

The process is generally corried out
under & tolal pressure of at least 200 atmo.
spheres. Because maximnm rates of pro-
duction of desired high melecular weighs
produets are achiave] using pressures in 125

: finaly

1y

11
2



. opE

T03.738

excess of 500 ntmospheres, the nse of sueh
pressures 1s economical and embraces o
preferved aspect of operation. The upper
limit of pressure is not eritiral, and the
5 masimum is defermined by ihe meclani-
cal  restriciions of ibe equipment
employed. Sinee the use of pressures in
exoess of 500 atmospheres does not Lead
to any compensating advantages from the
standpoint of yield of desire high mole-
cular weight essentially hydrocarbon
polymer or econamy of operation, it repre-
sents the practicai upper timit of pres-

SUTE.

15 Since the reaction is highly exothermie,
it is desirakla {o gperate in $he preseuce
of n reaction medium, which in addition
fo nidine in the dissipation of the heat
of resction also functinns to bring ahout

a0 helter entalyst contaet and hence mmprove
the efficiency of the process. Buiteble
modia are water, aromatic and aliphatic
liydrocarbons, and aleohols.

If desived, there may be incorporaied

¢ inte the renction medinm ap acid material
sueh as o mineral neid, for example,
phospheric aeid; or an alkyl acid phos-
phate, for example, didedecyl acid phos-
phate, ete. The process can, also he oper-

30 ated in the prescence of alkaline matevials
ench as the alkali metal carbonafes v
hydrexides.

The renction medis ean occupy up to
'80% (or moze) or a8 liftle s 5% (or even

35 less) of the reactor volume when operat-
ing as o batch proeess. Grenerally, bowe
over, the wesclion medium acetpies
between 30 and 50% of the reactor
vulume, -

40  Although melting point is un importani
pliysiesl property, in itself il is not suffi-
cient io charseierize the bydrocarbon
polymers as being ynitable for eonversion
{0 superior films und fhers, Melting poiut

45 can be reduced by tite presence of small
amonntsof low malecular weight material
without aficcting ather properties, which
are determinants ip the utijity of the pro-
ducts for flm and fiber applications. Thus

50 polyvmers melting below 130* C. are use-

- #ul for conversion to such films and fibers
if fheir inherent viscosily is at least 1.3,
measured at 0.10% concentration in tefra-
iydronaphthalene at 125° C.

85 The melting points specified in the
exauple represent the temperature af
which complele disappearance of the crys-
tal¥ine ghrueture is abeerved under 4
polarizing mieroscope.

60 The {ime of reactlon depends npon such
inlerdependent variables as temperature,
pressure, and anouni and type of eatalyst
employed. Under the preferred conditivns
for hatch operation ihe desired degree of

@b reaction ix reanched in from. § to 20 hours,

S

iC

The entalysts used in the preparation
of the bydrocasbon polymers of this mven-
tion are tungstites, Preferred catalysts
hecause of their high degree of aclivity
and selectivily are the tungstites of nickel 70
and cobalt. These tungstites may contain
mudifiers or prometers sneh as bariwm,
cadmium, ehromium, thorium, cobalt and
copper, as desired, and they may be
employed in (he form of pellets or as 78
fincly  divided posders. They muy nlso
be used as suel or Dlended with molyh-
dites as iustrated in Exemple £, These
tunastites may be extended on inert sup-
ports sueh os chareoal, alumina, silica, 80
ete., or they may be unsuppm’tezf. The
purticular form, of catalyst for maximum
activily depends upon the conditions
nnder whick the hydrogenation is to be
effucted, Thus, for vapor or liguid plrase 8D
operation it is hest to have the catalysis
in the form of pellets, thus minimizing
mechanical lusses. [f the procesy is to be
operated as a bafch operation, il is best
{hat the eatulyst be in finely divided furm G0
becanse in thiz way maximum catalyst
activity is realized.

Fxample 5 illustrates the use ol nickel
innstite mized witl, copper pellets as the
ratalvst. The copper pellets funciion as a 85
heat transfer meﬁiam and permit heller
temperature eontrol of the reartion. In
place of copper other metals in pellet
form-may he used, such as aluminiunz,
and Iron. 104

The amoust of ecatalyst ewmployed
depends wpon such interdependent vari-
ables a3 temperature, pressurs, desirved
mode of operation, desired duration of
contact Hme 1% jn continuons operaiion, 105
ete. As a2 rule, in bateh operation the
amount of catalvst will be between 1.5
and 30% and preferally hetween 2.55%
and 209 Ly weight of the reaclion
mediur. 110

Tu contivmous operalion the weight -
of product in fhe reaclor ul nuy time 15
ordinarily less than the weight of the
catalyst, but the total weight of nalerial
proeessed during {be uctive life of the L5
cutalyst is o leawt 10 {imes the catalyst
weiglit.

The surface of the reactor in contact
with the reactants appears fo ba an
importunt factor in determining the 120
malecular weight and yield of Lydrocar-
hon pelymer ebtained. Sliver, copper, or
stainless steel surinces arve satisfaciory.

The process of this lnvention males it
pussible to convert carbon mongxide into 127
solid producis whicl arve virlually all of
tigh molecnlar weight. These solid piv-
dncts, withvat furtlier purification, have
meleenlar welghis of ot least 26,000, and
inkerent visvosities of af least 1.3, They 130
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are convertible loto fibers and films have
ing strength and tenacity characteristics
exceeding thosc ¢f hitherto available syn-
thetic hydrocaxbon polymer films and

& fibers.

What we claim 1s: —

1. A process for preparing macromule-
culuy esseniially hydroearbon ecomposi-
iious, which comprises heating earbon

10 monoxide with hydrogen at a temperature
of from 125°—300° €. under o pressure
of al leasl 200 atmospheres in the prasence
of a meta] fungstite catalyst.

2. A process according o Claim 1 in

156 which #he datalyst employed comprises
nickel andfor ceball tungstite.

3. A process according to Claim 2 in
whieh the catalyst employed is a mixed
nickal tungstite-molybdite catalyst.

20 4. A process according to any of the
preceding claims in which the reaction is
carried ont in the presence of an inert
organic liguid medium, such as a hydzo
carhon such as xylene,

23 9. A process according (v any of ihe
preceding claims In whicl the reaction Is
effartad under a pressure of from SUJ ta

3000 atmospheres and preferably at o
temperature of ivom 150° fo 250° C.

6. A process according te amy of the 30
preceding claims in which the initial
mole proportion of carbun monoxide
and hydrogen Is 1:2.

7. A process according to elaim 6 im .
wlhich the carbon monoxide and hydro- 35
pen, are heated at 225° C. under 900 {o
1000 ptmospheres presswre in the presence
of xylene and a nickel tungstite catalyst,
to obtain g macromelecular hydrocarbon
composition having an inherent viscosity 40
of 1.33, messured at 1256° C. in a D.1%
solulion in tetralydronaphthalene, and
thereafler separating the macromolecular
Lhydrocarbon eomposition from the resuli-
ing resction mizbure, 45

3. The process for preparing macro-
wolecular, essentially hydroearbon, com:
positions substantially as hereinhefore
deseribed.
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