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This invention relates to novel motor fuels and
methods of preparing same and more particu-
larly to a novel method of preparing an im-
proved addition agent for motor fuels, especial-
ly for preparing cyclopentane in relatively pure
form from petroleum raw materials.

It has been known for some time that cyclo-
pentane is a suitable addition agent for motor fuels
because it has a boiling point of 120.7° F',, a Reid
vapor pressure of about 9 Ibs. per square inch,
and an octane number (by the A. S. T. M. motor
method) of about 85 to 90. Recently it has been
found to be even much more valuable as an addi-
tion agent in leaded aviation motor fuels to be

used in supercharged engines under rich mixture

conditions, because under such-conditions. it tre-
mendously increases the power output of. the en-
gine, provided the fuel confains 3 ce. or more of
tetraethyl lead (T. E. L.) per gallon. For in-
stance, in the so-called 3-C blending value test
for motor fuels, identified as Army-Navy test
AN-VV-F-748 (for determining fuel character-
istics in the supercharged engine with various
fuel-ajr weight ratios), cyclopentane with 4 cc.
T. E. L. per gallon shows z power output or
L. M. E. P. (indicated mean effective pressurs) of
more than 450 lbs. per square inch (blending
value in 20% by volume concentration) in an
alkylate base stock, whereas the more desirable
of the other saturated hydrocarbons boiling in
the same vicinity and having a sufficiently high
vapor pressure to be used as the volatility-im-
parting agent in a motor fuel blend, have sub-
stantially lower 3-C blending values, such as 290
for 2,3-dimethyl butane, 235 for neohexane
(which is 2,2-dimethyl butane) and 218 for isc-
pentane.

Thus it is one object of the present invention
to provide a practical, economical and plentiful
subply of cyclopentane for use as the sole vola-
tility-improver in aviation motor fuel blends for
supercharged engines. Such fuels require the use
of special base stocks which per ge have an
A: 8. T. M. octane number of ab least 85, and
preferably at least 80, and a power output of at
lease 180 I. M. E. P, in the 3-C test, when con-
taining 3 cc. of tetraethyl lead per gallen.

Suitable hase stocks for the purpese of this
invention are the hydrocarbon liguids made by
alkylation of lower olefins (alkenes) having 2
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to 6, preferably 3 to 5, carbon atoms with iso-
parafiinsg (iso-alkanes) having 4 to 5 carbon
atoms, particularly isobutane having 4 carbon
atoms. Such alkylates may be made by known
methods such as by reaction in the presence of
sulfuric acid or other catalyst, and generally
have a boiling range of about 90-350° F. and pref-
erably about 100-320° F',, and usually have g Reid
vapor pressure of about 2 to-3. Anocther suitable
base stock is the material known commercially
as. iso-octane but which is chemically referred to
as 2,2,4-trimethyl pentane and which is made
commerically by hydrogenation of di-isobutylene.
This product has a boiling range in the vicinity
of about 200-230° P, and a Reid vapor pressure: of
about 2.

When preparing aviation fuels for super-
charged engines, it is normally considered: de-
sirable to make a finished blend which has g Reid
vapor pressure of about 5 to 7 lbs./sq. in., be-
cause if the vapor pressure is much below 5, dif-
ficulties would be encountered in starting the en-
gine, and if it is much above 7, vapor-locking and
other troubles may result. On the other hand,
for maximum power output which is very desir-
able, if not essential, especially for military pur-
poses, when an airplane takes off, it is obviously
desirable to incorporate into the motor fuel base
stock in addition to tetraethyl lead as much cy-
clopentane as possible (due to its high blending
I. M. E. P. in alkylates of more than 450 1bs. per
square inch) without exceeding the Reid vapor
pressure limit of 7.

Now one of the difficulties. of thie past has been
that pure cyclopentane could be derived essen-
tially only by the hydrogenation of a relatively
pure cyclopentadiene obtained as a by-product
during the destructive distillation of coal info
coke, eand the amount of it which can be ob-
tained from this source is so insignificantly small
that it is not only expensive but the amount
available could nct possibly supply the tre-
mendous demand for motor fuel purposes. On
the other hand, some cyclopentane has also been
produced by straight distillation or fractiona-
tion of certain crude petroleum stocks in which it
oceurs by nature in relatively small amounts.
Here again, however, there are two disadvan-
tages, namely, that the amount actually avai%-
able is still relatively small and furthermore it




2,420,030

generally contains inseparably admixzed there-
with s small amount of a branched paraffinic hy-
drocarbon called neohexane (chemically referred
to as 2,2-dimethyl butane, which has a boiling
point of 121.5° F\, which is almost identical with
that of cyclopentane itself, i. e, 120.7° F). Itis
believed that by even the best methods of frac-
tionation which are available from a practical or
commercial point of view, a cyclopentane prod-
uct cannot be obtained which has a purity greater
than about 90-95%. As shown in the following
data, the small amount, i. e. 5-10% of saturated
hydrocarbon impurities (perhaps neohexane)
very greatly reduces the 3~C blending value of
such cyclopentane obtained by distillation from
natural petroleum products and this reduction
in 3-C blending value may be very much greater
in proportion than might be expected from the
actual percentage of impurities present, because
small amounts of impurities often exert a dele-
terious influence far greater than would be cal-
culated arithmetically on a percentage basis.
Pure cyclopentane was subjected to a 3-C
blending value test in 20% concentration in an
alkylate base stock having an octane number of
90, and with an addition of 3 cc. of tetraethyl
lead per gallon. For comparison, the pure cyclo-
pentane cut obtainable from fractionation of
crude oil was similarly tested, except that 4 cc.
per gallon of tetraethyl lead were used instead
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drocarbons, fractionating the resultant cracked
products to separate therefrom a fraction boil-
ing within the approximate limits of 90-145° F,,
hydrogenating said fraction under conditions to
saturate the unsaturated hydrocarbons therein,
and finally fractionating the hydrogenated prod-
uct to separate therefrom a fraction boiling
within the approximate limits of 100-130° P, and
consisting essentially of cyclopentane.

A primary feature of the invention is carrying
out the cracking under conditions which tend
to produce a relatively large amount of olefinic
or di-olefinic hydrocarbons, the amount of car-
bon-to-carbon linkages to be split depending
upon the molecular size of the raw material being
treated, which may consist of various petroleum
fractions such as naphthas, kerosene, gas oil, light
and heavy lubricating oil stocks. If a very light
stock is used as raw material such as a light
naphtha containing a substantial amount of Cs
hydrocarbons, the treating process may comprise
essentially a dehydrogenation with little or no
splitting of C—C linkages. Some ring forma-
tion, i. e., conversion of chain compounds into
corresponding ring compounds, is not objection-
able and in fact is desirable.

Although this vapor-phase cracking may he
carried out by 2 batch operation and in various
types of equipment known to the art, it is pref-
erably carried out continuously by heating the
hydrocarbon feed material, together with a dilu-

of 3 cc. 'The following table shows the test
results: ent, as will be explained, in a pipe coil where
. 3-C Blending Value
. Refrac- ear
Cyclopentane Boling Range: tive Index Torsent| asma
2 : -2 | pELjGal | IMER
Pure e 120.6 | 1.4065 994 85.0 3 425
Distilied from Crude .- cceoocmmmnm-an- 120.2t0121.2 | 1.4030 90+ 9L.1 4 370

These tests show that the pure cyclopentane
gave a power output (I, M. E. P.) of 425 with only
3 cc. of tetraethyl lead, whereas the narrow cut
cyclopentane fraction distilled from crude petro-
leum only gave a power output of 370 even with 4
ce. of tetraethyl lead (the pure cyclopentane
shows an I. M. E. P: greater than 450 when 4
ce. of tetraethyl lead are used). It is also inter-
esting to note that these results are quite con-
trary to what would be expected from a com-
parison of the A. S. T. M. octane number of
the plain cyclopentane, without any alkylate or
tetraethyl lead, because the pure cyclopentane
only had an octane number of 85.0, whereas the
fraction distilled from crude oil had an octane
number of 91.1.

Accordingly one of the primary objects of this
invention is to provide a substantially pure cyclo-
pentane having a purity substantially greater
than 95%, and generally greater than 98%, and
to provide this purer cyclopentane by & process
which uses petroleum hydrocarbons as raw ma-
terials and converts them chemically into cyclo-
pentane in large enough amounts for use on a
commercial scale as a high power-output addi-
tion agent for supercharged aviation engines op-
erating under rich mixture conditions.

Broadly the invention comprises, as outlined
priefly in the flow sheet shown on the accompany-
ing drawing marked Sheet 1, subjecting to vapor-
phase cracking a petroleum hydrocarbon stock
composed of hydrocarbons having at least 5 car-
bon atoms, under conditions to produce substan-
tial quantities of unsaturated 5-carbon ring hy-
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it is rapidly heated to a temperature of about
1200-1600° F., and maintained thereat for a
relatively short time, such as less than 5 seconds,
and generally less than 1 second, equivalent con~-
tact time at peak temperature. The diluent, cal-
culated on a diluted hydrocarbon vapor basis,
should be from 40 to 90 mol percent of a suit-
able gaseous material such as air ot steam. The
use of a gaseous diluent of any type has the effect
of reducing the partial pressure of the hydro-
carbons present and therefore tends to increase
cracking and unsaturation with relatively little
tendency toward polymerization. The actual
pressure at which the cracking is carried out
should be in any case lower than about 200 lbs.
per square inch absolute pressure, and prefer-
ably about 15 lbs. per sd. in. gauge, although,
if desired, the operation may be carried out under
vacuum, i. e., by the use of pressures ranging
from atmospheric down to 1 lb, per square inch
absolute pressure or even less,

After the desired amount of cracking has been
effected, the cracked products are quickly cooled
below the temperature at which harmful poly-
merization of the desired unsaturated materials
might occur with any substantial speed, namely,
to a temperature at least as low as 800° F. and
perhaps down to 200° F., and this may be done
by injecting water or unheated oil as a quench-
ing medium into the transfer line as close as pos-
sible to the coil outlet, and/or fractionating the
cracked products in a tower cooled by injection
of water or oil.

After the cracked products have been cooled
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sufficteritly, they: afe subjected to- distillation: to
separate & fraction having s lower Hoiling: limit of
dbout 90=100> F. and an upper boiling limit some=
whetre betWween about: 130° F. and 145° P., this
" fiaction being the one in which cyclopentadiene
formed in the cracking will appéar as well as any
cyclopentene: simiilarly formed dufing the crack-
ing. This fractionation should be carried out as
promptly as possible after the cracking so 4§ to
avoid unnecessary loss of cyclopentadiene by poly-
nierizetion into dicyclopentadiene or higher poly-
mers during storage, which would, of course; boil
it a substantially. higher temperature tham the
90-145° F. fraction:

The next step according to this invenfiow is
the hydrogenation of the selected: cracked: distil-
late fraction. This hydrogenation may be carried
out in & number of ways, but in any case should
Be cariied out under relatively’ mild hydrogenat-
ifig conditions with admixed hydrogen: under a
pressure of at least 0 lbs. per square inch gauge
50 as to completely saturste the hydrocarbons
présent without causing any splitting of C—C
linkages. One suitable procedure is to- hydro-
genate the 90-145° P, cracked distillate fraction
with a Ra,ney nickel catalyst or other suitable
hydrogénation catalyst at a pressure of about
500-1,000 1bs. Ber square inch and at:- a tempera-
ture of ahout 200-500° B, preferably about 300-
35(}° T Other alternatwe hydrogenation proce-
dures include the use of such catalysts as nickel
sulfide-tungsten sulfide, molybdenum sulfide sup-
ported on a carrier such as aluminag;, clay, pumice,
etc -as well as: catalysts comprising oxides or sul-
ﬁdes of the group. VI metaIS, at temperatures of
500—800" P, and pressures of 50-500 1bs.- -per square
mch in elther batch or continuous equipment,
As another alternatlve the feed stock: may he
vaporized, mixed with: hydrogen, and passed over
a catalyst in a ehamber heated- to about 750° F.

The result: of this hydrogenation step as will
‘be seen more clearly by referring to- the accom-
panying drawing marked Sheet 2, is to effect a
spread in- the boiling points of the various hydro-

carbens: in such- a- way as to facilitate the sep- 4

aration: of the primarily desired cyclopentane
from: all other hydrocarhors, except the small
amount of neghiexane which may have been pres-
ent: injtially, or any that would be formed uvon

hydrogendtion of the corresponding olefin; name-

1y, the 3,3-dimethyl butene-1. However, tests do
not. show that any such olefin had been formed
by cracking, and: theorétically this olefin: has such
& peculiar and unstable structure: that it is im-
probable that any of it would: be formed: during
the cracking. The accompanying chart (Shest
2) shows clearly how hydrogenation: separates
two materials, one desired and one undesired,
which both boil at exactly the same tempera-
ture, namely 108.5° F.,, the piperylene being con-
verted intor pertane and therefore changing in
boilinig point: froin 108.5° F. down to 98.8° ¥,
whereas- thé ¢yclopentadiene changés into cyclo-
peritane; withr a rise in boiling point fromy 108:5°
P to I207° F.. Thus' hydrogena.tlon has produced
& spread in: boiling: range of about 24° F. bétween
the. highly desired ¢yclopentane and- highly’ un-
desired niormal pentane, periitting ready separa-
tiow of these two materials. Tt is also seen: that

dytlopentene which boils at 114° F.. whick is 7

less than 6 F: from thé piperylene, is al§s cori-
i3 »to cyclopentane and therefore 1s much

¥ : effects Just descrlbed are the most
Pgiortant: résus of the: hydrogeiiation, it is g0
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noted that several lower boiling constituents such
as the: 2=methyl-2-butene which- boils-at 101.1° .
and. isoprene: which: boils at 93.4° F., and there-
fore are both undesirably close to normal pen-
tane ab 96.8° F. and 2-pentene at 97.3° B, are
both: converted: by hydrogenation into 1sopentane
which: boils- at the much: lower temperature of
82.4° F, whereas the 2-pentene-is converted: mto
pentane thus- resulting in- a spread of 14.4° P,
between isopentane at 82.4° F.; which is g fairly
desirable constituent for motor fuels, -and-the-nor- .
mal pentane at 96.8° F., which is very poor. Also,
all of the hydrocarbons boiling above cyclopen-

tane and neohexane in the cracked distillate. frac-

tion; are converted by hydrogenation into satur-
ated hydrocarbons boiling at an even-higher tem-
perature, and therefore are even more easily sep-
arated from- cyclopentane after hydrogenation
than before: These heavier boiling hydrocarbons
which: boil between the limits of 128° F. and 140°
¥. before hydrogenation and boil between: 136° F.
and- 146° F. after-hydrogenation are all branched
hexanes which: have fairly good octane number
and fair power output blending value and there-
fore are useful as: a- mixed motor fuel blending
agent; even though they are not:nearly asgood-as
cyclopentane and therefore' should desirably be
separated therefrom.

As- wilk be readily appreciated from the chart,
it may ke desirable in carrying out the present
invention: to select: a- slightly narrower cracked
fraction- than one having a boiling range of
about- 90-145° P, such- as for instance 90-130° F
or preferghly st111 about 1:00-127° P, partlcuiarly
if it is desired to obtain- a relatwely high pro-
portion- of cyclopentane without having to hy-
drogenate a large volume of hydrocarbons other
than those leading to' the formation of the cy=
clopentane or those which cannot otherwise he
separated- therefrom: In other words; by selects
ing a vapor-phase cracked fraction boiling be-
tween about 100° and 127° F., relatively little
normal pentane will have to be handled, and
only a:. small proportion of isopentane resulting
from the hydrogenation of the 2-methyl-2-bi-
tene, but none of that resulting fromi isopréne:
and little if any of the branched hexenes or cor-
responding branched hexanés boiling: dbove: 128°
.

Likewige in maKking the final distillation, i e,
after hydrogenation; it is préferred to cut the
cyclopéntane fraction at dbout 100-130° F. ot
preferably at about: 110°=125° . so'as to recover
substantially 41l of the cyclop’e’ﬁfiane in the hy-
drogenated: product, without dontaminating it
with: ahy of the nérmal pentdne or any of the
Branelied heéxanes boiling aliove 130° F. By car-
rying' outt thé procéss of this invention a cyclo-
pentane preduct has been’ produced which has a
purity above 98% cyclopentane, and éven higher,
angd this' produst has béen obtained in relatively
high yields, fo¥ instdnce; ranging from: I to 2%
6r higher based on the volume of original’ petro-
Teum: liduids such’ as a heavy naphthg subjected
to cracking.

In order to' more fully éxplain: the détails ds
well’ as objects and advantages of the mventlon
the fohowxng experimental data are given:

Exampre 1

A helavy virgin Haphtha having 4 boilidg’ Fange

‘of, ahott 200-430° F., which Was obtaied from

an Edst Texag crinde’ and Which is of the paraf-
ﬁnlc tybe, was subjedted fo vapor phase crack-
mg it a pipé colt 4t 4 teriperature of 4bott 1400°
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¥ and at a gauge pressure of about 15 lbs. per
square inch, using 79.1 mol percent steam dilu-
tion and having an equivalent contact time at
1400° F. of about 0.86 second, the cracked prod-
ucts being immediately cooled by quenching with
water injected into the fractionating tower in
which the cracked products were subjected to
distillation to recover a fraction boiling from the
Cs range to about 145° F., final vapor tempera-
ture. 'This fraction was hydrogenated over a
Raney nickel catalyst (made by leaching the
sluminum out of a nickel-aluminum alloy with
caustic soda) at 700 Ibs. per square inch pressure
and at a temperature of 315° F. The liquid prod-
uct was analyzed for cyclopentane by analytical
distillation and was found to contain about 25%
by volume of cyclopentane. The fraction boiling
at 120° F. was essentially 100% cyclopentane and
amounted to 16% of the liquid product. The
113-129° P. fraction contained 95% cyclopentane
and amounted to 24% of the liquid product. The
cyclopentane boiling at 120° F. was not only easy
to separate from the lighter fractions which in-
clude isopentane and normal pentane, as well
as the heavier fraction which centained branched
hexanes boiling above 130° F., but as shown by
refractive index and other tests was practically
absolutely pure cyclopentane. It showed no pres-
ence of neohexane which is the only saturated
parafin hydrocarbon which could be present in
a fraction having a boiling point of 120° F.

In this experiment no attempt was made to
recover the cyclopentane or other hydrocarbons
which were lost in the gas during the cracking
and hydrogenation, and assuming that the Cs
portion of the lost gases contained the same pro-
portion of pure cyclopentane as did the liquid
Cs portion, it is estimated that the amount of
cycloventane lost in the gas, and which of course
would be recovered in commercial operations, was
substantially equal to the amount of cyclopen-
tane recovered in the liquid hydrogenation prod-
ucts.

If these same yields are calculated on the basis
of the amount of fresh heavy naphtha feed, orig-
inally subjected to cracking, it is estimated that
the cracked fraction boiling from 90-145° F.
amounted to 2.049 by volume, the Cs lost in the
gas amounted to 1.43% by volume, the cyclo-
pentane recovered from the liquid hydrogenated
product amounted to 0.54%, the estimated po-
tential cyclopentane lost in the gas is about 0.51%
by volume, and the total estimated cyclopentane
amounted to 1.05% by volume. This would mean
that for every 100 barrels of heavy naphtha sub-
jected to the cracking operations, 4 bbl. of mate-
rial boiling at 90-145° F. could be obtained which
on hydrogenation would produce 1 barrel of pure
cyclopentane. This is a very great and unex-
pected improvement over the only other method
qused heretofore for obtaining cyclopentane com-
mereially, namely, by distilling it from natural
petroleum fractions, in which case very much
more naphtha boiling at 90-145° F. weuld have to
be distilled in order to obtain 1 barrel of cyclo-
pentane fraction, and even the latter would not
be as pure as the product obtained by the proc-
ess of the present invention.

Example 2

.- The procedure of Example 1 was repeated, ex-
“cept that the raw material feed to the cracking
unit was a light virgin naphths and during the
.cracking a '71.8 mol percent of air dilution was
‘used with an equivalent contact time of 0.23 .
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second at 1400° F. which is slightly shorter than
that used in Example 1. The gauge pressure was
15 1bs. per square inch, substantially the same
as in Example 1. A fraction boiling from about
90-145° F. was separated from the cracked prod-
uets and was hydrogenated and refractionated to
obtain a cyclopentane cut. Based upon the
amount of fresh feed to the cracking unit as
1009, the yields were as follows:

Per cent
by volume
Recovered Cs-145° P, V. Tl cubo oo 11.90
Cs 10St iN 888 oo 5.86

Cyclopentane from hydrogenated Cs-145° F.

V. T.cuboceeo e 0.73
Estimated cyclopentane lost in gas. .. 0.98
Total cyclopentane oo 171

1V, . means vapor temperature. This fraction con-
tains about 69 wt. per cent Cq if only the Cy cut had been
hydrogenated, the cyclopentane from the hydrogenation
would have been substantially higher.

Thus the total amount of cyclopentane recov-
ered in Example 2 is slightly greater than that
obtained in Example 1 when calculated on the
basis of the total fresh feed to the cracking unit,
since it was 1.71% in Example 2, compared to
1.05% in Example 1, but when based upon the
amount of narrow cracked fraction subjected to
hydrogenation (which was 11.90% based on the
original feed) the yield of cyclopentane was only
about 14-15%, compared to about 26% in Ex-
ample 1.

The cracking conditions used in Example 1 had
been selected as representative of conditions
tending to give maximum aromatic production,
whereas the cracking conditions used in Example
2 were representative of those tending to give
maximum butadiene production. It will be obvi-
ous to those skilled in the art that considerable
variation can be made in the cracking conditions
to be used without departing from the general
spirit and scope of the present invention, the
primary requisite being reacting in the vapor
phase at relatively elevated temperature with the
use of about 40-90 mol percent dilution with air
and/or steam or other suitable diluent, in order
to produce a large amount of cyclopentadiene.

It is not intended that this invention be limited
to the specific materials nor specific reaction con-
ditions which have been given merely for the sake
of illustration, but only by the appended claims.

I claim:

1. The method of preparing volatile liquid hy-
drocarbon products especially useful as a blend-
ing agent in leaded fuels for supercharged avi-
ation engines to be used under rich mixture oper-
ation for maximum power output, which com-
prises subjecting to vapor phase cracking a pe-
troleum hydrocarhon stock composed of hydro-
carbons having at least 5 carbon atoms, under
conditions to produce substantially large quan-
tities of cyclopentadiene with other unsaturated
Cs to Cs hydrocarbons boiling below 110° F. and
above 127° F., fractionating the resultant cracked
products to separate therefrom g fraction boiling
within the approximate limits of 90-145° F., hy-
drogenating said fraction under conditions to
saturate the unsaturated hydrocarbons therein,
fractionating the resultant hydrogenated product
to separate therefrom four fractions consisting
essentially of the following four types of con-
stituents, respectively: isopentane, normal pen-

‘tane, cyclopentane, and branched hexanes, and

combining the first, third and fourth of said frac-
tions from the hydrogenated product in the de-

sired proportions to obtain a motor fuel blend-
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ing agent having the desired combination of anti-
knock and vapor presstire properties.

2. The method of preparing a volatile liquid
hydrocarbon product especially useful as a blend-
ing agent in leaded fuels for supercharged gvia-
tion engines to be used under rich mixture oper-
ation for maximum power output, which com-
prises subjecting to vapor phase cracking a pe-
troleum hydrocarbon stock composed of hydro-
carbons having at least 5 carbon atoms under
conditions to produce substantially large quanti-
ties of cyclopentadiene with other unsaturated
Cs to Cs hydrocarbons boiling below 110° F, and
above 127° P, fractionating the resulting cracked
products to separate therefrom a fraction boiling
within the approximate limits of 90-145° ¥, hy-
drogenatig said fraction under conditions to
saturate the unsaturated hydrocarbons therein,
fractionating the resultant hydrogenated product
to separate therefrom a fraction consisting essen-
tially of normal pentane, and combining the
other components of the hydrogenated product
essentially including isopentane, cyclopentane,
and branched hexanes to obtain a motor fuel
blending agent having the desired combination
of antiknock and vapor pressure properties.

RICHARD C. BRANDON.
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