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This invention relates to a process whereby
novel liquid hydrocarbon products may be pro-
duced and to the novel liquid oils resulting from
such process. The liquid hydrocarbon products

8 to which this invention is directed are saturated
compounds composed essentially’ of branched
chain paraffins. The products of this invention
are also characterized by the fact that they are

.isolatgd or described heretofore and of corre-
sponding molecular weights. In addition, the

products of this invention are characterized by -

a peculiar hydrogen to carbon atomic ratio.
Heretofore stable, highly purified, saturated,
petrpleum oils have been derived from crude
petroleum or coal tar oils by suitable fractiona-
tion followed by intensive chemical treatment
generally with strong sulfuric acid. These acid-
refining processes attempt to remove unsaturated
and aromatic constituents present in the original
oil being treated. For example, turbine oils,
spray oils and medicinal or technical white oils
-are ordinarily obtained from petroleum oil dis-
tillates by treatment with large quantities of
concentrated or fuming sulfuric acid, usually in
several successive steps, with removal of sludge
between each such acid-treating step. The pur-
pase of this acid treatment is to remove from
the petroleum lubricating oil distillates, unstable
or oxidizable hydrocarbons in order that there
may remain only those constituents which are
inert and stable under all of the conditions of
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exposure to light, heat and/or air to which the:

products are subjected in use. In order to ac-
complish such substantially complete removal of

unstable or oxidizable hydrocarbons, it is often.

necessary-to use as much as 20 or more pounds
of fuming sulfuric acid per gallon of finished oil
produced. In such heavy acid. treatment, yields
are very low. Not only is the treating cost ex--
tremely high in this type of process but in addi-
tion the disposal of the large amounts of strong
sulfuric acid sludge produced thereby creates a
serious refinery problem. :

This invention is directed to a process of pro-
ducing stable, substantially saturated hydrocar-
bon products virtually free from unsaturated
compounds and answering all of the require-
ments now believed desirable for turbine oils,
transformer oils, spray oils, technical of medicinal
white oils, etc,, without the necessity of treating
lubricating oil distillates as has hitherto been
the case. Instead, liquid hydrocarbon products.
having unusually desirable characteristics and
properties are produced in accordance with this
process from acyclic or aliphatic olefines or
homologues of ethylene, without the necessity of
employing drastic treatments. The term “ole-
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fines” as used herein refers to aliphatic olefines

60 substantially free from cyclic olefines, 1. e,, cyclo-

liquid at lower temperatures than any paraffins.

(ClL. 196—10)

olefines, cyclo-diolefines, cyclo-triolefines, ' and
aliphatic diolefines and triolefines, etc.

Briefly stated, the process of this invention
comprises polymerizing an olefine, and preferably
- lower olefine or mixture of olefines, and then
hydrogenating fhe polymerized olefine. Before

hydrogenation, the polymerized olefines may be .

fractionated and the hydrogenation thus limited
to the treatment of a specific fraction of the
polymerized olefines. It has been found that in

10

this manner, hydrocarbon products capable of -

remaining liquid at low temperatures, say at
temperatures of 0° F. and below and consisting
essentially of branched chain paraffins may be
produced. Naphthenes may be present to some
extent in the products of this invention but their
formation may be minimized by carrying out the
process under controlled conditions, referred to
hereinafter. The term -“naphthenes”. as used
Kerein is understood to refer to monocyclic sat-
urated hydrocarbons having the formula CnHon.
Furthermore, it has been discovered that these
products contain hydrogen and carbon in an
atomic ratio greater 'than two to one, this ratio
distinguishing the products of this invention
from the products obtained by distillation and
acid treatment of lubricating oil distillates. By
applying the process to olefinés of a particular
molecular weight and by properly fractionating
and hydrogenating, a resulting product may be
obtained which has very unsual properties, adapt-
ing it to new uses heretofore not reached by hy-
drocarbon oils of the prior art. One of the un-
usual characteristics which may be selectively
developed is the production of an extremely vis-
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cous, substantially colorless oil which is a true . -

liquid free from cloud or wax crystals at tem-
peratures as low as 0°.F., said product having a
viscosity at temperatures of 100° F, or even 200°
F. which is several thousand times as high as the
viscosities of previously made oils.

40

- An object of 'this ifivention, therefore, is to

disclose and provide a method of producing sat-
urated hydrocarbons from aliphatic olefines.
An object of the invention is to disclose and
provide a method of producing saturated hydro-
carbon products consisting essentially of
branched ‘chain paraffins and naphthenes from
gaseous or liquid hydrocarbons containing ali-
phatic olefines, by polymerizing the olefines and
then hydrogenating the products of polymeriza--
tion. . : ) : :
Another object of this invention is to disclose

45"

and provide & method of ‘utilizing volatile unsat- - -

urated hydrocarbons such as olefines, -in the
preparation of saturated. hydrocarbon products
_suitable for use as spray oils, turbine and trans-
former -oils, and for medicinal and other pur-
poses. : C

An object of this iixivenﬂon is to disclose and
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provide a method by means of which it is pos-
sible to economically separate and produce frac-
tions consisting essentially of a single series of

 hydrocarbons from hydrocarbon gases or liquids

10

15

20

25

30

35

]

45

60

- 68

60

65

70

75

containing low boiling olefines.

-Another object of this invention is to disclose

and provide a process of producing substantially
odorless, tasteless and colorless saturated hydro-
carbon products from unsaturated low boiling
olefines, by polymerizing such olefines and then
hydrogenating the polymerized olefines.

A further object of this invention is to disclose
and provide a process by means of which highly
refined high boiling point saturated hydrocarbons
may be economically produced from low boiling
point olefines. | : B

A still further object of this invention is to dis-
close and provide a method of producing substan-
tially odorless, tasteless and colorless substantiaily
saturated oils from hydrocarbons containing ole-

fines by polymerizing the olefines in the presence ‘

of a suitable catalyst, fractionating the poly-
merized olefines, and then hydrogenating the
polymerized fractions in the presence of catalyst.

Another object of this invention is to disclose
and provide a method of making synthetic hydro-
carbon oils which are saturated, composed essen-
tially of branched chain paraffins and naphthenes,
and which are liquid at & temperature of 0° F.
and below, said saturated hydrocarbons contain-
ing hydrogen and carbon in an atomic ratio
greater than two to one. i )

Another object of this invention is to disclose
and provide saturated liquid hydrocarbons having
a pour point of 0° F. and below and an empirical
formula varying from CnHon t0 CnHants, said
liquid hydrocarbon consisting of branched chain
parafins in major proportion.

A still further object is to disclose a novel hy-
drocarbon oil which is distinguishable from pre-
viously known oils in that it has a higher vis-
¢osity for a given specific gravity than oils known
heretofore, remains a liquid free from cloud at
temperatures as low as 0° F., and has an empirical
formuls ranging from CoHan to CoHeny2.

The characteristics, properties and uses of the

novel hydrocarbon oil will be more fully under-

stood from the following description of preferred

methods of manufacture embraced by this inven-
tion. For purposes of facilitating understanding
of the invention, the appended drawing illustrates
diagrammatically the sequence of steps in the
treatment of olefines in the manner described

-herein,

The products of this invention may be produced
by applying the process of this invention to any
aliphatic olefine or mixture of gases or liquids
containing the same, and substantially free from
cyclo-olefines, aliphatic diolefines or aromatics.
‘Higher boiling - olefines such as heptenes and
octenes may be used, particularly when products
of high viscosity index are desired, but for most

‘purposes the lower boiling olefines such as ethyl-
ene propylene, the various butylenes and amyl-

enes are preferred. All of these olefines may be
classed as aliphatic unsaturated monoolefines.
Diolefines and triolefines may be present in small
proportion but are not desirable. Gaseous or
liquid -hydrocarbons consisting of or containing
unsaturated cyclic hydrocarbons are not suitable
for use in this process. Gases produced in the
pyrogenetic cracking of petroleum oil for the pro-

duction of motor fuels, etc., may be used as the

source of charging stock.. The reactive or poly-
merizable constituents of such gases comprise ali-

“vention are to be produced, however,

2,216,372

phatic monoolefines in major proportion but the
gases may contain small amounts of aliphatic di-
olefines. Cyclic olefines are generally absent
from such gases or if present are contained there-
in only exceedingly small and negligible amounts.
Prior to the polymerization of the olefine-contain-
ing material (whether gaseous or liq id) it may

- be desirable to subject the olefine-containing ma-

terial to a purifying step.

The first step in the process is the polymeriza-
tion of the olefines. Polymerization is preferably
carried out at a fairly low temperature, that is,
at any temperature below about 350° F. The
polymerization may take place at atmospheric
temperature and pressure, or at superatmospheric
temperature and atmospheric pressure. Prefer-
ably, the polymerization fakes place in the pres-
ence of a suitable catalytic agent such as, for ex-
ample, aluminum chloride, boron fluoride, ferric
chloride, zinc chloride, etc., these catalysts being
preferably anhydrous. Of these mentioned, alu-
minum chloride and boron fluoride have been
found to be best. When a gas containing olefine
is being treated, the catalytic agent may be sus-
pended in a suitable carrier such as petroleum
ether, or any highly refined petroleum distillate
or a portion of a previously polymerized product.
A carrier may also be used when treating a liquid
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charging stock. In actual operation, the carrier

is present, in relatively small amounts in compari-
son to the total product.

After polymerization, the catalyst together
with its polymerized addition products is sepa-
rated from the polymerized oleflnes or polymer-
ized oleflnes and. carrier. The carrier is then
separated from the polymerized olefines. ‘The
polymerized olefines thus produced may be frac-
tionated into fractions suitable for various pur-
poses. Some of these polymerized olefines are
valuable per se &S constituents of anti-knock mo-
tor fuels. If the novel saturated oils of this in-
the poly-
merized olefines, in toto or fractions thereof, are
subjected to' a saturating hydrogenation (to be
distinguished from .a cracking hydrogenation).

. The hydrogenating step is preferably carried out

at superatmospheric temperature and superat-
mospheric pressure in
hydrogenating catlyst such as,
nickel, platinum, palladium, .cobalt, etc. Tem-
peratures may vary from about 100° F. to 450° F.
or 500° F. and pressures of from about 1 atmos-
phere to about 50 atmospheres may be employed
during this step. . ;
For example, a complete process ot polymer-
izing olefines when applied to gases produced in

for example,

" the pyrogenetic cracking of petroleum oil, may

include the following steps: .

The olefine-containing gas is treated with an
agqueous caustic soda solution for the removal of
hydrogen sulfide and mercaptans. The resulting
gas in a particular fllustrative example had the
following composition: .

Per cent by
‘ . volume

Hydrogen -and methane - -13.6
Ethane : 23.17
‘Ethylene. 2.5
Propane _.. 26.1
Propylene 16.2
Butane i 9.7
Butenes _ s 8.2

1t will be seen that the gas contained 26.9%
of olefines. This gas was then contacted with
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the presence of a suitable -
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anhydrous aluminum chloride suspended in pe-
troleum ‘ether held at room temperature and at-

mospheric pressure. An aluminum chloride tar .

and an oily liquid were obtained as immiscible
layers. Upon continuous bubbling of the gases

- through the aluminum chloride-ether suspension,

these layers increased gradually in volume and

. about 5 gallons of polymers (exclusive of the
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. tion,
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ether originally present as the carrier) per pound
of anhydrous aluminum chloride, were produced
before the activity of the catalyst had appreciably
diminished. - The gaseous oleflnes were substan-
tially entirely polymerized in the process and

- the polymers were contained within the oily liquid

together with the inert light solvent. The tar

‘contained aluminum chloride and polymerization

or addition products in loose chemical combina-

The oily liquid was separated from the tar and
washed-free of suspended aluminum 'chioride.
The resulting mixture consisted of polymers and
the ether. This mixture was then distilled to re-
move the original Heht solvent and the saturated
gaseous hydrocarbons absorbed in the contacting
process. The resulting product was a hydrocar-
bon oil with an initial bolling point of 200° F. at
atmospheric .pressure and ‘an end point above

17700° ¥, at 10 mm. of mercury. This product con-
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sisted entirely of olefines; no parafiins or naph-
thenes were produced. The characteristics of this
polymerized product were as follows:

Specific gravity..__________________._._ 0.826
A. P. 1. gravity 40.0
Viscosity Saybolt at 100° F______________ 91
Viscosity Saybolt at 130° F______________ 59
Viscosity Saybolt at 210° F_______ ______ 38
Molecular weight 260
Bromine No. . 0.62
Olefines. per cent__ 100
Carbon do__.. 8586
Hydrogen do 144
Sulfur do..__ 02
Empirical formwa______-_______________ CaHan

Similar polymerization may be carried out at
temperatures up to about 350°.F. At tempera-
tures above about 350° F, when aluminum chloride

+Is the polymerizing agent used, decomposition of

the polymers with the production of low boiling
point paraffins begins to be apparent. For this
reason, temperatures above about 350° F. should
be avoided if a product consisting essentially of

olefines is desired. - As a-matter of fact, very long .

time of contact of the polymers with the poly-
merizing catalyst at temperatures of 256° F. and
above is conducive to the formation of naphthenes
as well as olefines, . . i o

In general, it may be stated that the time of
contact of the original olefines with the poly-
merizing catalyst determines the percentage of
heavy to light olefine polymers and consequently
the boiling point’ range of the polymerized prod-
uct produced. For example, long time of contact
with the polymerizing catalyst is conducive to the
production of heavy or high boiling polymers

while short time of contact with early separation -

of the produced polymers from the polymerizing

- catalyst decreases the yield of heavy polymers

70
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and increases the yield of light and intermediate
boiling polymers. s

In other words, by regulating the time of con-
tact between the olefines and the polymerizing
catalyst, the characteristics of the polymerized
product may be controlled. If, for example, it
is desired to produce a product suitable for use

. line-type fraction. of polymerized olefines had

- A, P. I, gravity

-Pour _

3

as a motor fuel for internal combustion engines
(similar in characteristics to gasoline and kero-
sene), the time of contact should be short and.
the polymerized components should be removed
from the contact area-and from the polymeriz-
ing catalyst shortly after the formation of the
polymers. If, however, it is desired to produce
a polymerized product -suitable for subsequent -
use in the manufacture of viscous oils such as

“turbine oils or white medicinal oils, the time of

contact should be lengthened so as to produce
higher boiling point polymerized olefines.

A polymerized product such as, for example,
the product whose characteristics are specifically

"defined hereinabove, may then be fractionated

to form polymerized stocks suitable for various
special purposes. The polymerized product spe-
cifically defined hereinabove, upon fractiona-
tion, produced about 20% by volume of a gaso-
line type distillate having an initial boiling point
of about 200° F. and an end point of 437° P.
This distillate, composed of olefines having from
6 to 12 carbon atoms, is an excellent non-det-
onating fuel suitable for use in high compres- .
sion internal combustion engines. This gaso- 25

better anti-knock properties than straight run .
California gasolines containing 50% by volume
of xylol, benzol or toluol. This property is due
to the fact that olefines, naphthenes, aromatics
or branched chain paraffins, which are the most

"desirable non-detonating hydrocarbons, are in

part removed by acid treatment of gasoline dis-
tillates ‘whereas the straight chain paraffins
which - possess the least desirable anti-knock
properties, remain in the finished product. The
olefine polymers obtained in the first step of .
this process, however, require but slight acid
treatment in order.to meet standard fuel re-
quirements and possess very high anti-knock
‘properties. In addition, the polymerized olefines
having a boiling point range of between 200 and
437° F. obtained by fractionating the total poly-
merized product, contained less than 0.1 sulfur
and showed no deposition of gum in the stand-
ard copper bowl test, ‘

The total polymerized olefine product was fur-
ther fractionated so as to produce about 25%
by. volume of a fraction boiling between about
400° F. at atmospheric pressure and 475° ¥, at
10 mm. of mercury. This fraction had the fol-
lowing characteristics:

Specific. gravity______.________ et

445

Flash .___ :
Viscosity Saybolt at 100°_..__.___________

Refractive index .. _._________________
Molecular weight____
Carbon_ }
Hydrogen ...
Olefines_
Empirical formula.___ CnHan

Polymerized oleflnes boiling between sabout
300° F. at atmospheric pressure and 500° F. at
10 mm. of mercury, are suitable for use in the
process .of this invention in the manufacture of
saturated, stable and novel oils suitable for many 70
uses, such as transformer olls, insecticidal spray
oils, etc. Higher boiling fractions of polymer-

60

per cent._.
do__._
N « [+ S

“1zed olefines such as, for example, fractions boil-

ing between about 450° F. at 10 mm. of mer-

cury and 650° F. at'10 mm. of mercury are par-. 75
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4
ticularly suitable for use as a stock in the man-
ufacture of hydrogenated synthetic oils of higher
viscosity adapted for use as turbine oils, techni-
cal and medicinal white oils, etc. :
Tllustrative of the hydrogenating step of this
process, the following results were obtained by
.hydrogenating an intermediate polymerized ole-

. fine fraction produced as described hereinabove,
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the hydrogenation being carried out in this spe-

cific example at about 500° F. and 350 pounds

hydrogen pressure, using nickel as a catalyst, the
nickel being carried on a porous inert material
such as diatomaceous silica. The following table
shows the characteristics of such an intermediaté
fraction before and after hydrogenation:

Boiling range: From 400°
atm. pr. to 500° at 10 mm. pr.
Before After

Specific gravity_ ... ool 0.8028.
AP ILgmavity . 44.8.
Refractive index....____. - 1.4500.
Viscosity Saybolt at 100 52.
Percent carbon.__.. - 85.2,
Percent hydrogen. 14.8.
Bromine NoO. . oo oeamacaacacoe 0.016.
Percent unsaturated .0,
Empirical formula | CaHantr8. .
Pour point ..____.._ -...| Below —25° F.
Molecular weight. .. i 260.

Attention is called to the fact that before hy-
drogenation, the fraction was completely unsatu-
rated and composed of olefine-type hydrocar-
bons. The hydrogenation almost completely
saturated the hydrocarbons, the product being
97.4% saturated and composed essentially of
branched chain paraffins in preponderant part
and an immaterial quantity of naphthenes. It is

to be noted that the viscosity at 100° F. has been

changed but very slightly. It is also to be noted
that the carbon-hydrogen ratio indicates an em-
pirical formula of CaHan+1.3. . )

The hydrogenation of heavier polymers, that
is, polymers having a boiling point range of be-
tween about 475° F. and 600° F. at 10 mm. of
mercury, produces substantially water-white
odorless and tasteless oils which are liquid at
low temperatures, say at temperatures of 10° F.
or lower. The effect of hydrogenation of a frac-
tion of this character is illustrated in the follow-
ing tabulation: ‘

Boiling range: From 500° at 10 mm.
pr. to 600° at 10'mm, pr.

Before After

Specific gravity.. ..o
A.P-l.gravity____.__.__.__._. 38,
Refractive index. __ IO
- Viscosity Saybolt at 100°__.._. 407
Molecular weight_._____
Percent carbon..
Percent hydroge!
Bromine No. ...
Percent unsaturate._. -
Empirical formula__...__.____
~Type of hydrocarbon. ...._.._ -

CnHs,
Olefine...__

chain paraffin.

. The polymerized olefines having a boiling point
range of between 500 and 600° F. at 10 mm. of
mercury, described immediately hereinabove,
were also hydrogenated at about 500° F. and 350
pounds hydrogen pressuie in the presence of &
nickel catalyst. It is to be noted that unsatu-

ration was decreased from 100% to 3.3%. The -

time required for hydrogenation under these
conditions wds about 4*hours. The product was

2,216,372

substantially incapable of further hydrogenation
under these conditions. .
~ ‘The hydrogenated oils may or may not be
- further treated. Under certain conditions and
for the production of special products, the hy-
drogenated oils may be subjected to a light acid
treatment and contacted with an adsorbent such
as fuller’s earth, For example, medicinal white
oils may be produced by the hereinabove de-
scribed process of polymerization and hydrogen-
‘ation, the hydrogenated product being "then
treated lightly with fuming sulfuric acid (about
3 pounds of 15% acid), the acid treatment being
followed by filtration with fuller’s earth. ~Syn-
thetic medicinal white oils produced in this man-

ner may be compared with white oils prepared

from California, Pennsylvania and Mid-Conti-
nent crude petroleums as follows:

- * White oils from erudes
Synthetic
white oil

Calif, Penn. |{Mid-Cont.
Specific gravity...... 0.831 . 0.887 0. 852 0. 867
A.P. L gravity.._... 38.8 28.0 3.5 3.7
Flash. ... ........ 240 - 865 440 |, . 395

Viscosity Saybolt at
° 270 218 §- 2000
125 116 100
47 50 47
—20 35 30
~10 45 40
467 1. 4820 1. 4705 1. 4700
3 86.4 85.8 . 86.0
Percent hydrogen_.._ 14.6 13.6 14.2 14.0
Empirical formula... CnHintt | CaHauet | CaHanoa | CaHazn-a
Bromine No._.._.... 0 0 0 0
Molecular weight_. .. 400 460 470 445
Percent unsaturates. 0 0 0 . 0
Sol. 98.5% HiSO4...... 0 0 0 0

It is to be noted in the above tabulation that
the synthetic white oil produced by the method
of this invention contains hydrogen and carbon
in an atomic ratio greater than two to one.- Fur-
thermore, it is to be noted that the pour point
of the synthetic products is —25° F. It is also to
be noted that the oils of this invention when com-
pared with petroleum oils made by previously
known processes and having the same viscosity

will be found to have a lower specific gravity..
Furthermore, the mean molecular weight of the .

synthetic product of this invention is lower than
the mean molecular weight of previously made
oils having a comparable viscosity. A highly acid
refined petroleum oil made in the usual manner
‘and having a viscosity of 56 S. U. at 100° F. will
have a molecular weight of about 280 and a spe-
cific gravity of 0.8660 but an oil made in accord-
ance with this invention having a viscosity of
only 52 S. U. will have a specific gravity of only
0.8063 and a molecular weight of 265.

Oils of the molecular weights corresponding to-

‘these synthetic oils, having empirical formulas
_between CnHzx and CnHiatz and possessing pour
points or melting points similar to those of the

synthetic oils, have never been isolated from’

petroleum oils or even described in the chemi-
“cal literature, to our knowledge. Thus, saturated
paraffins described heretofore, having molecular
weights of the materials herein described, are
solid waxes,. For example, dodecane (CizH),
which is a typical straight chain parafin hy-
drocarbon, has & molecular weight of 170 but has
a melting point of about 7° F. Straight chain

paraffin hydrocarbons of higher molecular weight

have very much higher melting points and there-
fore none of these are liquids at temperatures of
0° F. as is"the case with the novel hydrocarbon
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_product of this invention. Nor is it possible to

duplicate the products of this invention by form-
ing mixtures of naphthenes (CnHzn) with normal
paraffins (CnHar+2) and thereby form a mixture
which is a liquid at 0° F. and which has a molec-
ular weight of between about 200 and 700 and
at the same time a hydrogen to carbon atomic
ratio greater than 2 to 1. 'The novel products of
this invention generally have molecular weights
ranging from between 200 and 700 or between
about 300 and 500 but oils having mean molec-
ular weights of 800, 1000, 1400, or even higher
can be produced. These novel. oils are charac-
terized by the fact that they are substantially
free from cloud or crystals of wax at tempera-
tures as low as 0° F., have a very much higher
viscosity for the same specific gravity than other
oils known heretofore, and are virtually com-
pletely saturated, consisting essentially of
branched chain paraffins and have hydrogen and
carbon in an atomic ratio greater than 2 to 1..
Freedom from cloud when subjected to tem-
peratures of 0° F. or therebelow is used in iden-
tifying products of this invention, particularly

5 those having high mean molecular weights, in-

stead of a pour point of 0° F. since oils of high
viscosity will not respond to the A. &, T. M. test

for pour point. For example, a water-white oil '

made in accordance with this invention had the

following characteristics:

Gravity A P.Lat60° F________________ 27.0
Specific gravity at 60° F__________ _____ 0.893
Viscosity at 100° F. 8. 8. U_._____________ 155,000
Viscosity at 210° F. 8. 8. U______________ 2580
Viscosity index (Dean & Davis) _________ 112
Cloud point ° F________ e below —170
Pour point_.______________ T
Molecular weight_______________ VY SR 1380

The pour point of 40"‘F. is nbt a valid deter-
mination since the oil is too viscous to respond

—'70° F. showed that no formation of solid phase
took place at even.this extremely low tempera-
ture, the oil remaining a liquid.' !

The product may occasionally contain some
naphthenes in addition to the branched chain
paraffins but as noted above, when temperatures
of polymerization are kept below -about 350°. F.
and when undue length of time. of contact be-
tween polymers and polymerizing: catalyst is
avoided, naphthene formation is suppressed. In
substantially all cases, more than 50% of an oil
made in accordance with this invention will con-
sist of branched chain parafins and in most in-
stances it will contain 70% to 90%
chain paraffins, and for this-reason the products
are said fo be composed of branched chain ‘par-
affins in major proportion. - -

The polymerized and hydrogenated- product'

described herein is therefore a novel, new hydro-

_carbon compound capable of being employed in
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a large number of different ways,
this new product in spray oils, lubricating ofls,
turbine oils, medicinal oils, etc., has ‘been noted.
It can be employed to good advantage in lubri-
cating motor valves or wherever it is desired to
obtain a lubricating film at high temperatures.

The use of

Due to the high hydrogen to carbon ratio, the.
-products of this invention do not carbonize upon

combustion. For instance, when employed in
automobile motor valve lubrication, either. by in-
troduction to the fuel or as such in overhead
valve oiling mechanisms, combustion is cémplete
with no ‘carbon or coke formation in the motor

- matter or coke,
the truly lubricating film itself is no faster than

- other reaction products.

40 .

The lack of cloud at

of branched .

S5

cylinders, as is the case with petroleum lubricat-

ing oils when employed similarly. ‘Also in the
lubrication of machinery at such high tempera-

-tures that ordinary petroleum lubricants decom-
pose with the deposition of asphalty and tarry -

or coke residues, the products of this invention
decompose with the formation of volatile prod-
ucts only, without the deposition of tar, gsphalty
The rate of disappearance of

with ordinary petroleum lubricating oils but upon -

disappearance the surfaces desired to be lubri-
cated remain clean, thereby preventing the for-
mation of score marks due to coky residues and.
the actual lubricating service performed by the
products of this invention is vastly superior and
more long-lasting, ' '

*As shown in the drawing, the gaseous or liquid
mixtures containing olefines may be first scrubbed
with any suitable material, such as sodium hy-
droxide, in the scrubbing tower 10 to remove
hydrogen sulfide and mercaptans, the olefine-
bearing gas or liquid being admitted by ‘the line
{1 and passed upwardly through g downwardly
ascending current of the washing material ad-
mitted by line 12. The washed olefine-bearing

‘material is then discharged by line 13 and passed

through a drier 14. The dry sulfur-free olefines
are then polymerized in the reaction chamber
15, being supplied thereto by means of line I6.
The line 17 indicates an inlet for the catalyst,
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such as aluminum chloride, whereas the line 18 .
represents a discharge line for the sludge or

The polymerized  ole-
fines may then be discharged by line 19 into a
washer 20 so that the catalyst may be separated
from the polymerized products. The polymerized
products are in turn sent by line 21 into a dis-

. tillation unit 22 to remove a part of the raw

material which has not been polymerized, that is,

saturated hydrocarbon, and to separate it into.

the desired fractions. )

Line 23 indicates a discharge of saturated hy-
drocarbon gas, light oil being discharged at 24
and heavy bottoms at 25, The desired polymer-
ized fraction is charged at 26 into a suitable stor-
age 21 from whence it is conveyed by line 28
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into the hydrogenating unit 30 supplied with hy- -

drogen as by Hne 31, and a suitable catalyst, as
by line 82. The hydrogenated oil is then sent
by line 33 into storage 34.

The process described hereinabove therefore
consists essentially of three steps:

(1) The polymerization of gaseous or liquid
aliphatic olefines free from cyclic olefines or un-
saturated cyclic hydrocarbons
of higher boiling point olefines.

(2) The separation by fractionation of the
produced higher boilihg point. olefines into frac-

‘tions of any desired viscosity or boiling point

range.

for the production -
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- (3) The hydrogenation of some or all of the .

separated fractions for the production of satu-

rated hydrocarbons of novel characteristics.

‘Although the molecular configuration of the

oléfine polymers differs with the molecular weight
of the olefines polymerized, the viscosity-tem-

‘perature relationship is the only characteristic

apparently affected by the molecular weight of
the olefines chosen for use in the brocess.. Gen-
erally stated, the lower olefines produce polymers

~ consisting of & numbér of short, branched, side

chains while the higher olefines produce polymers

-of the same or similar molecular weights ‘but

With somewhat fewer but longer side chains, The
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polymers produced from the higher oleflnes pos-

sess higher viscosity indices than those produced:

by the polymerization of the lower olefines. .
Any method of hydrogenation capable of ac-
complishing the desired results can be used, As
stated hereinabove, the hydrogenation of the
olefine polymers: in liquid phase, using nickel as
a catalyst, is preferably carried out at a super-

-atmospheric temperature and superatmospheric

pressure. .
The products produced by hydrogenation do

not appear to vary with the method employed in.

obtaining the olefine polymers. For example, the
products obtained by hydrogenating olefine poly-
mers obtained by contacting with the polymeriz-
ing catalyst at temperatures above atmospheric,
are saturated compounds substantially identical
in all respects with those obtained upon the hy-
drogenation of olefine polymers produced by con-
tact with the polymerizing catalyst at atmos-
pheric temperatures.

Those skilled in the art will readily appreciate
the advantages obtained by the combination of
steps disclosed hereinabove and the novel char-
acter of the products produced. . = -

All changes and modifications as come within
the scope of the appended claims are embraced

- thereby.
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This application is a continuation-in-part of
Serial No. 605,110, filed April 13, 1932.

We claim: .

1. A process of producing from the gases re-
sulting from the pyrogenetic cracking of the pe-
troleum oil for the production of motor fuels sub-
stantially saturated liquid hydrocarbon products
having a pour point of 0° F. ér therebelow and
containing hydrogen and carbon in an atomic
ratio greater than 2 to 1, comprising: polymeriz-
ing the mixture of hydrocarbon gas containing
polymerizable constituents, said polymerizable
constituents virtually consisting of aliphatic
mono-olefines of molecular weight no higher than
octene and being substantially free from cyclo-
olefines and aromatic hydrocarbons, with a cata-

lytic agent of the group of aluminum chloride,

boron fluoride, ferric chloride and zinc chloride;
fractionating the resulting polymers to form a
fraction having a boiling point range of between
300° F. at atmospheric pressure and 650° F. at 10

millimeters of mercury, and then subjecting the -

f}'actiopated polymers to a saturating hydrogena-
tion without the formation of hyd;'ocarbons of

‘ lower molecular weight.

70
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2. A process of producing from the gases re-
sulting from the pyrogenetic cracking of the pe-
troléum oil substantially saturated liquid hydro-
carbon products having a pour point of 0° F. or
therebelow and containing hydrogen and carbon
in an atomic ratio greater than two to one, com-

_ prising: polymerizing the mixture of hydrocar-.
bon gases containing polymerizable constituents,

said polymerizable constituents virtually consist-
ing of aliphatic. mono-olefines of molecular
weight no higher than octene and being substan-
tially free from cyclo-olefines and aromatic hy-
drocarbons, with a catalyst from the group  con-
sisting of anhydrous aluminum chloride and
boron fluoride, and at a temperature of below
350° ¥.; fractionating the resulting polymers;
and theén subjecting the fractionated polymers to
a saturating hydrogenation without the forma-
tion of hydrocarbons of lower molecular weight,
at a superatmospheric tempereture and pressure.
3. A process of producing from the gases re-
sulting from the pyrogenetic cracking of petro-
leum oil substantially saturated liquid hydrocar-

,

" hydrocarbons with a catalytic agent

~tion of hydrocarbons

2,216,372 -
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bon prdducts having & pour point of 0° F. or
therebelow, and having an empirical formula
varying from CpHzn to CoHm+ts comprising

polymerizing the mixture of hydrocarbon gases

- containing polymerizable constituents, said poly-

merizable constituents virtually consisting of ali-

phatic mono-olefines . of molecular weight no-

higher than octane, and said mixture being sub-
stantially free from cyclo-olefines and aromatic
of the.group
of aluminum chloride, boron fluoride, ferric chlo-
ride, and zinc chloride, fractionating the result-
ant polymers and then subjecting the resultant
polymers to a saturating hydrogenation without
the formation of hydrocarbons of lower molecular
weight in which the saturating hydrogenation is
carried out at superatmospheric_temperature and
pressure. .

4. A process of producing substantially satu-
rated liquid hydrocarbon products having a pour
point of 0° F. or therebelow and containing hy-
drogen and carbon in an atomic ratio greater
than 2-to 1, comprising: .polymerizing a mixture
of hydrocarbons containing: polymerizable con-
stituents, said polymerizable constituents vir-
tually consisting .of- aliphatic mono-olefines of
molecular weight no higher than octene and be-
ing substantially free from cyclo-olefines and
aromatic hydrocarbons, with a& catalyst from the
group consisting of anhydrous aluminum chlo-
ride and boron fluoride; separating the catalyst
from the polymers, and then subjecting the re-
sulting polymers to a saturating hydrogenation
at a temperature of between 100° F. and 450° F.
at a pressure of from 1 to 50 atmospheres with-

_ out the formation of hydrocarbons of lower mo-
. lecular weight. Co

5. A process of producing substantially satu-
rated liquid hydrocarbon products having a pour
point of 0° F. or therebelow and containing hy-
drogen and carbon in‘an atomic ratio greater
than 2 to 1, comprising: polymerizing a mixture
of hydrocarbons containing polymerizable con-
stituents, said polymerizable constituents virtu-
ally consisting of aliphatic mono-olefines of mo-
lecular weight no higher than octene and being
substantially free from cyclo-olefines and aro-
matic hydrocarbons, with a catalyst from the
group consisting of anhydrous aluminum chloride
and boron fluoride, wherein a temperature of
below 350° F. is employed during polymerization,
separating the catalyst from the resulting poly-
mers, and then subjecting the resulting polymers
to a saturating hydrogenation at a temperature
of between 100° F. and 450° F. and at a pressure
of from 1 to 50 atmospheres without the forma-
of lower molecular weight.

6. A process of treating aliphatic olefine-con-
taining gases resulting from the pyrogenetic
cracking of petroleum oil for the production of
motor fuels and substantially free of hydrogen
sulfide and mercaptans for the production of sat-
urated liquid hydrocarbon products, comprising:
contacting the said gaseous mixture. containing
lower aliphatic olefines and substantially free
from cyclic olefines and aromatics, with & ‘cata-
iytic agent of the group of gluminum. chloride,
boron fluoride, ferric chloride and zinc chloride
suspended in & liquid carrier at a temperature be-
low about 350° F. to polymerize sald olefines,
separating said olefine polymers from the cata-
lytic agent and carrier, tractionating the result-
ant polymers and then subjecting said fraction-
ated olefine polymers to a saturating hydrogena-
tion at a superatmospheric temperature . and
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pressure without forming hydrocarbons of lower '

molecular weight so as to produce & liquid hydro-
carbon product composed essentially of branched
chain paraffins and having an empirical formula
varying from CaHzan t0 CnH2n42. - ’

7. A process of treating olefines for the pro-

";duction of saturated liquid hydrocarbon products '
‘comprising: polymerizing olefines lower than
heptene and substantially ‘free from cyclic ole- .

fines and aromatics, fractionating the oleflne
polymers to produce a fraction having a boiling
point range between 300° F. and 650° F. at 10
mm. mercury pressure, and then subjecting the
fractionated olefine polymers to a saturating hy-
drogenation without forming hydrocarbons of
lower molecular weight, so as to form a liquid

hydrocarbon product consisting essentially of
_paraffins and naphthenes and substantially free

from unsaturated compounds.

8. A process of treating olefines for the pro-
duction of saturated liquid hydrocarbon products
comprising: polymerizing aliphatic olefines lower
than heptene and substantially free from eyclic
olefines and ‘aromatics in the presence of a suit-
able catalyst, separating the olefine polymers
from the catalyst, fractionating the olefine poly-
mers to form a fraction having a boiling point
range at 10 mm. mercury pressure of between
about 450° F. and 650° F., and then subjecting
said olefine polymer fraction to a saturating hy-
drogenation at superatmospheric temperature
and pressure without forming hydrocarbons of
lower molecular weight, so as to form a liquid hy-
drocarborn product consisting . essentially of
branched chain paraffins and naphthenes- and

composed of hydrocarbons containing hydrogen-
‘and carbon in an atomic ratio greater than2tol. .

9. A process of treating olefines for the pro-
duction of saturated liquid hydrocarbon products
comprising: polymerizing aliphatic olefines low-
er than heptene and substantially free from cy-

_clic olefines and aromatics, in the presence of a

suitable catalyst at a temperature below about
350° F., separating the olefine polymers from the

catalyst, fractionating the olefine polymers to:

form a fraction having a. boiling point range at
10 mm. mercury pressure of between about 450°
F. and 650° F., and then hydrogenating said ole-
fine polymer fraction at superatmospheric tem-
perature and pressure without forming hydro-

.carbons of lower molecular weight, to form a

liquid hydrocarbon product consisting essential-
ly of branched chain paraffins and naphthenes
and composed of hydrocarbons having a mean
molec};lar weight of between about 300 and 500
and containing hydrogen and carbon in an atom-
ic ratio greater than 2 to 1. ‘ .
10. A process of treating olefines for the pro-

-duction of saturated liquid hydrocarhon products -

comprising: contacting a gaseous mixture con-
taining aliphatic olefines lower than heptene with
a catalytic agent suspended in a liquid carrier to

olymerize said olefines, separating sald olefine
polymers from the catalytic agent and carrier,
fractionating said olefine polymers to produce a
fraction having a boiling point range at 10 mm.
of mercury of between 450° F. and 650° F., and
then hydrogenating said fraction of olefine poly-
mers without forming hydrocarbons of lower mo-
lecular weight, so as to produce a hydrocarbon
product consisting essentially of parafiins and

naphthenes and having a pour point of 0° F. and.

therebelow.

11. A process of treating olefines for the pro~

duction of saturated liquid hydrocarbon products

comprising: contacting a gaseous mixture con-
taining lower aliphatic olefines and substantially
free from cyclic olefines and aromatics, with &

" catalytic, agent suspended in a liquid carrier at a

temperature below about 250° F. to polymerize ]
said olefines, separating said olefine polymers -
from the catalytic agent and carrier, fractionat-
ing said olefine polymers to produce a fraction
having a boiling point range at 10 mm. of mer-
cury of between 450° F. and 650° F., and then sub- 10
jectingsaid fraction of olefine polymers to a satu-
rating hydrogenation without forming hydrocar-

" bons of lower molecular weight, so as to produce

a hydrocarbon product consisting essentially of
parafiins and naphthenes and having a pour point 1,5
of 0° F. and therebelow. o

12. A process of treating aliphatic olefines for
the production of saturated liquid hydrocarbon
products comprising: contacting a gaseous mix-
ture containing lower aliphatic olefines and sub- 20 -
stantially free from cyclic olefines and aromatics,
with a catalytic agent suspended in a liquid car-
rier at a temperature below about 350° F. to poly-
merize said olefines, separating said olefine poly-
mers from the catalytic agent and carrier, frac- 25
tionating said olefine polymers to produce a frac-.
tion having a boiling point range at 10 mm. of
mercury of between 450° F, and 650° ., and then
subjecting said fraction of oleflne polymers to a

- saturating hydrogenation without forming hydro- 30

carbons of lower molecular weight, so as to pro-
duce a hydrocarbon product consisting essential-

‘ly of paraffins and naphthenes having a mean

molecular weight of between about 330 and 480
and containing hydrogen and carbon in an atomic %
ratio greater than 2 to 1. :

13. A process of producing -substantially sat-
urated liquid hydrocarbon products having a pour
point of 0° F. or therebelow and containing hy-. -
drogen and carbon in an atomic ratfo greater than 40
2 to 1, comprising: polymerizing a normally gas-
eous. mixture containing polymerizable constitu-
ents, sald polymerizable constituents virtually
consisting of aliphatic mono-olefines of molec-
ular weight no higher than amylene and being 4§
substantially free from cyclo-olefines and aro-
matic hydrocarbons, with 'a catalyst from the-
group consisting of anhydrous aluminum chlor-
ide and boron fluoride; and at a temperature of
‘below 350° F.; separating the resulting polymers 50
from the catalyst; and then subjecting the re-
sulting separated poylmers to a saturating hy-
drogenation without the formation of hydrocar-
bons of lower molecular weight at a temperature
of between 100° F. and 450° F. and at a pres- 56
sure of from 1 to 50 atmospheres. .

14, A process of producing from the gases de-
rived from the pyrogenetic cracking of petro-
leum ofl to form motor fuels substantially satu-
rated liquid hydrocarbon products having a pour 60
point of 0° F. or therebelow and containing hy- -
drogen and carbon.in an atomic ratio greater
than 2 to 1, comprising: polymerizing the said
normally gaseous mixture containing polymer-
izable constituents, sald polymerizable constitu- @5
ents viitually consisting of aliphatic mono-ole-
fines of molecular weight no higher than amyl-.

“ene and being substantially free from cyclo- -

olefines and aromatic hydrocarbons, with a cat-
alyst from the group consisting of anhydrous 70
aluminum chloride and boron fluoride, and at a
temperature of below 350° F.; fractionating the
resulting polymers; and then subjecting the

" fractionated polymers to a saturating hydro-

genation without the formagion of hydrocarbons 75 -
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of lower molecular weight, at a superatmospher-
ic temperature and pressure. :

15. A process of producing gases derived from
the pyrogenetic cracking of petroleum oils which
are substantially free of hydrogen sulfide and
mercaptans substantially saturated liquid hydro-

. carbon products having a pour point of 0° F. or
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therebelow and containing hydrogen and carbon
in an atomic ratio greater than 2 to 1, compris-
ing: polymerizing the said normally gaseous
mixture -containing polymerizable constituents,

said polymerizable constituents virtually con--

sisting of aliphatic mono-olefines of molecular
weight no higher than amylene and being sub-
stantially free from cyclo-olefines and aromatic
hydrocarbons, with a catalyst from the group
consisting ‘of anhydrous aluminum chloride and

-anhydrous boron fluoride, at a temperature of

below about 350° F.; fractionating the resultant
polymers and then subjecting the fractionated
polymers to 'a saturating hydrogenation at a
superatmospheric temperature and pressure,

“without the formation of hydrocarbons of lower

molecular weight.

16. A process of producing substantially sat-
urated liquid hydrocarbon products having a
pour point of 0° F. or therebelow and containing

- hydrogen and carbon in an atomic ratio greater

30
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than 2 to 1, comprising: polymerizing a normal-
Iy’ gaseous mixture contaihing polymerizable
constituents,- said polymerizable constituents
virtually consisting of aliphatic mono-olefines
of molecular weight no higher than amylene and
being substantially free from cyclo-olefines and
aromatic hydrocarbons, with a suitable catalyst
of the group of anhydrous aluminum chloride,
boron fluoride, ferric chloride and zine chloride
at a temperature of below about 350° F.,, frac-
tionating the resulting polymers to form a frac-
tion having a boiling point range of between 300°
F. at atmospheric pressure and 650° F. at 10
mm. of mercury pressure; and then subjecting
the fractionated polymers to a saturating hydro-
genation at & superatmospheric temperature and
pressure without the formation of hydrocarbons
of lower molecular weight, . :

17, As a new article of commerce, a saturated
stable hydrocarbon oll, iquid at normal temper-
atures, composed of branched chain parafing in
major proportion, having an empirical formula
of CnHazn to CaHin+2, and characterized by a pour
point of 0° F. or therebelow, freedom from cloud
at 0° F,, and by a higher viscosity than that of

normal acid refined mineral oils of the same

- and therebelow.
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specific gravity and of a comparable molecular
weight. :

18. As an article of manufacture, a liquid hy-
drocarbon product consisting virtually of hydro-
genated and saturated polymerized aliphatic

mono-olefines, having a molecular weight of be-
“tween 200 and 700, containing hydrogen and

carbon in an atomic ratio greater than two to
-one, said product having a pour point of 0° F.

19. As an article of manufacture, a liquid hy-
drocarbon product consisting essentially of par-
affins and naphthenes composed of hydrogen-
ated and saturated polymerized aliphatic mono-
olefines, having a molecular weight of between
300 and 500 and containing hydrogen and car-
bon in an atomic ratio greater than two to one,
sald product having a pour point of 0° F. and
therebelow. .

20. A saturated, stable hydrocarbon oil, de-
rived from the mixed gases produced from the

10
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pyrogenetic cracking of petroleum oils, liquid at -

normal temperatures, having a lower specific
gravity than ordinary petroleum oils of the same
viscosity, said oil having sn empirical formula
of CaH2n to CaHinia, & pour point of 0° F. or

therebelow, and being composed of branched

chain parafins in major proportion.
21. A saturated, stable hydrocarbon oil, de-
rived from the mixed gases produced from the

- pyrogenetic cracking of petroleum oils, liquid at

normal temperatures, having a lower specific
gravity than ordinary petroleum oils of the same
viscosity, said oil having an_empiricdl formula
of CnHan t0 CnHzani2, 8 pour point of 0° F. or
therebelow, and more than 50% of said ofl con-
sisting of branched chain paraffins,

ol
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22. A stable hydrocarbon oil, derived from the -

mixed gases produced from the pyrogenetic
cracking of petroleum oils, liquid at normal tem-
peratures composed of hydrogenated and satu-
rated polymerized aliphatic mono-olefines, more
than 50% of said oil consisting of -branched

40

chain paraffins, sald oil having a cloud point '

of 0° F. and therebelow and having an empirical
formula of CnHzn to CrHza+2.
23. A stable hydrocarbon oil, derived from the

‘mixed gases produced from the pyrogenetic

cracking of petroleum oils, liquid at normal tem-
peratures composed -of. branched chain paraffins
in major proportion, having a cloud point of 0°
F. or therebelow and having an empirical for-

mula of CaHan to CaHax+a.

ARTHUR L. LYMAN.
ELMSILIE W. GARDINER.
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