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7 Claims.

This invention relates to a method for the
manufacture of high octane number hydrocar-
bons from lower octane number hydrocarbons.
More specifically, it relates to the production of
high octane number aviation and/or high octane
number motor fuels through the utilization of a

combined catalytic desulfurization and dehydro--

genation treatment wherein hydrocarbons in the
natural gasoline range comprise the charge stock
to the process.

The advantages to be obtained through the
utilization of higher octane number fuels over
those of lower octane number in internal com-

bustion engines designed for their use are well -

known to those who have knowledge of the art.
It is also well known that olefin hydrocarbons
have a higher cctane rating, that is, are less like-
1y to cause detonation when used in internal com-
bustion engines than are the corresponding nor-
mal parafin hydrocarbons. It has further been
demonstrated that hydrocarbons which belong to
the same class and have the same molecular
weights exhibit widely different detonation prop-
erties. This variation in octane number appears
to be a function of the degree of complexity of
the structure of the hydrocarbon molecule. For
example, hexane, a straight chain paraffin hydro-
carbon, has an octane number rating of 59,
whereas an isomer, 2,2-dimethylbutane (nechex-
ane), which possesses a highly branched molecu-
lar structure, has an octane number rating of 95.
Relatively low molecular weight, saturated
branch chain hydrocarbons are generally pre-
ferred for use in aeroplane fuel. Since the ad-
vantages which accrue from the use of higher
octane number fuels are well known, many meth-
ods and processes have been evolved for their
manufacture. 4
It has been demonstrated recently that desul

furization and dehydrogenation processes have
certain advantages when applied to the manu-
facture of higher octane number hydrocarbons
from lower octane number hydrocarbons. For
example, Walter A. Schulz'et al, (see Oil and Gas
Journal, vol. 34, No. 21, p. 22 (1935)) have proved
that it is possible to obtain an increase in anti-
detonation rating of 2 to 4 octane numbers when
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catalytic desulfurization is applied to hydrocar- -

_ bon stocks which contain varying concentrations
.of the sulfur compounds usually found in nat-
ura! gasoline hydrocarbons. Another beneficial
‘effect noted by these investigators is the increased
response of stock so treated to the addition of

lead tetraethyl.  They observed that an increase
-inlead response of the order of 6 to 8 octane
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numbers was realized through the addition of
one cubic centimeéter of lead tetraethyl per gal-
lon to & desulfurized hydrocarbon material. It
is also now well-known that there is an improve-
ment in detonation characteristics of the order
of 6 to 10 octane numbers in natural gasoline
stocks which have been subjected to catalytic
dehydrogenation. An appreciable increase in the
lead susceptibility of the same natural gasoline
has been observed following the dehydrogenation
treatment.

The demand for extremely high octane num-
ber aviation gasoline has promoted extensive re-
search on this subject and various trestments
such as desulfurization, isomerization, and the
like have been employed to attain 100 octane
rating or better to meet government. specifica-
Unsaturate requirements, however, are
correspondingly rigid and such treatments must
be carefully controlled to avoid decomposition
reactions. As a general rule, complete desul-
furization of motor fuel is not essential and gov-
ernment specifications in this case allow a sulfur
content up to about one-tenth of one per cent.

An object of the present invention is generally
to produce higher octane number normally liquid
hydrocarbons from lower octane number nor-
mally lquid hydrocerbons in the natural gaso-
line range. = ‘

A further object is the production of hydrocar-
bons in aviation and motor fuel ranges by com-
bined catalytic desulfurization. and catalytic.de-
hydrogenation means wherein a portion of & hy-
drocarbon charge stock of any composition what-
soever in the natural gasoline range is subjected
to catalytic desulfurization, while the remainder
of this hydrocarbon material, combined with a
certain portion of the desulfurized product, is
subjected to catalytic dehydrogensation.

In a preferred form the invention contemplates
thorough desulfurization of hydrocarbons from
which aviation fuel is derived, at & temperature
regulated to substantially preclude unsaturation,
while at the same time subjecting a fraction of
the stock to dehydrogenation for the production
of an improved octane number motor fuel. The
invention also contemplates desulfurization to &
desired amount of the motor fuel fraction. More
specifically, and in one embodiment of the in-
vention, the processing elements are so arranged
that a portion of the charge stock is continueus-

1y removed from s single coil furnace or heating ‘

means at a temperature high enough for desul-
furization to proceed but sufficiently low  that
splitting or decomposition reactions will not be
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appreciable during the desulfurization step. The
remainder of the charge stock is preheated to de-
hydrogenation temperature and the process is
so controlled and of such flexibility that the high
octane aviation gasoline and high octane motor
fuel may be obtained in any desired proportion.
The cut withdrawn, following desulfurization, is
fractionated to separate aviation and motor fuel
fractions either or both of which are combined
with fresh charge stock to the preheating coil,
thereby regulating sulfur content and character
of motor fuel recovered and enabling manufac-
ture of high octane aviation gasoline and high
octane motor fuel in any desired proportion what-
soever.

According to this Invention, a portion of g
feed stoek withdrawn at desulfurization tempera-
ture, as heretofore described, is subjected in
the presence of a suitable catalyst such as bauxite
impregnated with sodium hydroxide to desulfuri-
zation under reaction pressure and temperature
conditions of the order of 0 to 100 or more pounds
per square inch and 500 to 800° F., respectively.
Preferably desulfurization is carried out at pres-
sures of from 0 to 50 pounds per square inch and
within the temperature range of from 600 to 700°
F. to maintain conditions such that decomposi-
tion or splitting reactions are slight and occur to
an extent less than 5% and desirably less than
2% of the charge stock. Under. such conditions
desulfurization proceeds with its attendant bene-
Jcial effect, both with respect to octane number
and to lead response as heretofore described.

“The remainder of the charge stock is subjected
in the presence of a suitable catalyst such as
chromium oxide gel, chromic oxide carried on a
suitable porous support, or bauxite, to dehydro-
genation under pressure and temperature condi-
tions of the order of ¢ to 100 or more pounds per
square inch and 600 to 1200° ¥, respectively. De-
hydrogenation may be accomplished to some ex-
tent with certain catalysts, e. g., chromium oxide
gel, at the lower temperatures in this range, 1. e.,
from 600 to 800° F. However, we prefer to op-
erate at temperatiures of from 800 to 1200° F. to
obtain a substantial degree of dehydrogenation
per pass. These conditions are maintained such
that not more than 30% of the charge stock is
converted per pass through thé reaction zone.
The suitable exact conditions depend upon the
type of feed stock and the catalyst used and are
best determined through trial by one who is
skilled in the art. Separation steps are employed
both here- and in the desulfurization step in
order to separate and remove the sufficiently re-
acted products from the system. The insuffi-
ciently reacted hydrocarbons sare reeycled for
further treatment. )

The process of this invention may be carried
forward in equipment such as is shown {n Figure
I, which is a diagrammatic side elevation of the .
various processing elements, and illustrates one
means by which the process may be practiced,

Referring to Figure I, a natural gasoline feed
stock, as heretofore described, is introduced

through conduit I, tank 2 and conduit 3 into .
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10, housed in a suitable furnace or heating means
11, a portion of the charge is withdrawn for de~
sulfurization. Withdrawal of this preheated por-
tion may be made at any number of points such
as through conduits {2 and 14 and valves 13 and
18, respectively, for regulative purposes. Pre-
cautions are taken that the temperature of the
stream entering the desulfurization reaction zone
will produce materials in the aviation range which
will meet the unsaturated specifications for avia-
tion fuels. In order to aid in the control of this
part of the process, valves {7 and 17—A and con-
duits 18 and § respectively are provided in order
to shunt material at a lower temperature around
the preheating coil to mix with the hydrocarbons
being withdrawn directly by means of the valves
‘and conduits previously mentioned. The best
method of control can be selected by those who
are skilled in the art. The preheated desulfuri-
zation feed passes through conduit 16, together
with bypassed material entering through conduit
(8, into catalyst case 18 where the desulfurization
reaction occurs. Here the hydrocarbon material
is subjected to the influence of a suitable catalyst
such as bauxite impregnated with sodium hy-
droxide. The reaction temperature is such that
the decomposition of the hydrocarbons so treated
will not be more than 2% by weight for contact
periods which may vary from 1 to 2 liquid volumes
of feed per hour per volume of catalyst, the mogt
smt_lable exact conditions being determined hy
trial. )
Pollowing passage through the desulfurization
reaction zone, the hot reaction products exchange
heat in exchanger 8 with a portion of the re-
cycled feed to the dehydrogenation step and flow-
ing via lines 80 and 8! into a subsequent portion
of the stream being heated in coil 10. The reac-
tion products then pass via conduit 21, cooler 22,
conduit 23, pump 24 and conduit 25 into frac-
tionator 28, or other suitable separation means
where the hydrocarbons lighter than those desired
in the aviation fraction are separated therefrom, .
‘pass through conduit 30, condenser and cooler 31,
and conduit 32 into condensate accumulator 33.
A portion of the condensate is taken from ac-
cumulator 83 through conduit 34 and compressed
by means of pump 38 to a pressure sufficient]y
high to permit introduction as a reflux or cool-
Ing medium near the'top of 26 by means of con-
duit 38. A quantity in excess of that required for .
this purpose is removed from the system through -
conduit 31. The bottom product, which comprises
hydrocarbons of avlation fuel molecular weight
and heavier, passes through conduit 38 into sep-
aration element 39 where the hydrocarbons of -
aviation fuel molecular weight pass through con-
duit 48, condenser and cooler 4 and conduit 42,

into condensate accumulator 43. 'As in the pre-

ceding step, a portion of hydrocarbon material
is introduced near the top of element 3§ by .
_means of conduit 44, pump 48, and conduit 48 to
act as a reflux or cooling medium. Hydrocarbons

. of aviation. fuel grade, in excess of the amount

65

pump &, where it is compressed to a pressure

suitable for entry into tubular heating coil 18
via conduit 8, heat exchanger § (heat exchange
with & portion of the dehydrogenation effuent)
and conduit 1. After entering the heating coil,

70

the charge stock 18 progressively preheated from .

a. relatively low temperature to a higher tem- -

perature suitable for catalytic dehydrogenation.

At some Intermediate point in the preheating coil

75

required for this purpose, are removed from the

- 8ystem through conduit 47, valve 41—A and con-

dult 4T—B. At times, however, it may be neces-
sary, for purposes of control, to recycle a portion
of this stream by way of pymp 48, conduit 48—A,
valve 48—B and conduit I8 directly to the inlet -
of catalyst case 19, or by way of pump 48, con-
duit 48—A, valve §0—A, condult 60—B, conduit
806 and conduit 64 into cold raw feed tank 2. The
bottom product, which contains hydrocarbons of
motor fuel molecular weight and heavier, passes
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through conduit 49 into element 50. The motor
fuel hydrocarbons pass into accumulator 88 via
conduit §1, condenser and cooler 52 and conduit
§3. A portion of these motor fuel hydrocarbons
are introduced near the top of 60 as reflux or
cooling medium by means of conduit 55, pump
68, and conduit 51. The volume of these in
excess of the amount required for this pur-
. pose is removed from the accumulator and is
transferred through conduit 58, pump 59, conduit
80 and conduit 61, into tank 2, where it comprises
a portion of the feed to the process. The bottom
product is removed from the system through con-
duif 62.

Motor fuel hydrocarbons passing through con-
duit 60, together with dehydrogenation liquid re~
cycle stock passing through conduit 104 and raw
feed entering through conduit {, comprise the
total liquid feed to the dehydrogenation step.
This total liquid feed passes from tank 2 through
conduit 3 into pump 4 where it is compressed to
a Suitable reaction pressure. This pressure is
between 0 and 100 or more pounds per square
inch. Thence, it passes through conduit § into
heat exchanger 6 where a certain temperature is
obtained, as heretofore described, by heat inter-
change with hot dehydrogenation catalyst cham-
ber efluent products which are passing through
conduit 67. At this pressure and temperature the
hydrocarbon material passes through conduit 7
into heating coil 18, as heretofore mentioned,
where a portion is removed as desulfurization
feed. The remainder passes through the coil
together with hydrogen and light hydrocarbons
which enter the coil through conduit 81 from else~
where in the dehydrogenation step. The pre-
heated feed stock then passes through conduit
63 controlled by valve {8—C into a suitable cata-
lyst case 64 where it is subjected to the influence
of a suitable catalyst such as bauxite, chromium
‘oxide gel, or chromic oxide carried on a porous
support. Temperature of the dehydrogenation
feed may be controlled by passing a portion there-
of through conduit {0—A accurately regulated by
valve 10—B. Ordinarily, dehydrogenation is car-
ried out at relatively higher temperatures than

desulfurization but in accordance with this inven-

tion provision is made whereby dehydrogenation
may be accomplished to some extent at the same
or even lower temperatures under certain circums-
stances. See for example U. 8. Patents 1,905,383;
2,008,959; and 2,205,141; all of which disclose de-
hydrogenation at temperatuges below 800° F. The
dehydrogenation reaction temperature is prefer-
ably so regulated (between 600 and 1200° )
that the decomposition of the charge so treated
will not exceed 30% per pass through the reaction
zone for contact periods which may range from
1% to 3 Hquid volumes of gasoline feed per hour
per volume of catalyst, the most suitable condi-
tions being determined by trial.

Following passage through the reaction zone,.

‘the hot reaction products pass throiigh conduit
§8 into cooler 68 where they undergo partial cool-
ing, thence, by way of conduit 87 into exchanger
¢ where they exchange heat with the cold liquid
feed, a8 heretofore described. . The reaction prod-
uets then pass through conduit 68, cooler 89, and

conduit 70 into separation element 7i where &

rough separation is obtained befween the non-
condensible gases and heavier materials.
non-condensibles, which may contain a certain
‘percentage of hydrocarbons in the  gasoline
range, pass through conduit 12 into pump 78
where they are compressed to a pressure which
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is sufficient to condense neerly all the hydro-
carbons heavier than ethane following passage
through conduit 74 and cooler 7§. The mixture
passes through conduit 78 into separation ele-
ment 71, where vapors which comprise essentially

ethane and lighter, including hydrogen and some -

propylene and propane, may be removed from the
system through conduit 78. A portion of this
material, however, may be recycled to the system
through valve 19, conduit 80, heat exchanger 8
and conduit 84 for better control over yield and
octane number of desirable products. The bu-
tanes and heavier pass from 77 through conduit 88
where they mix with the greater bulk of the nor-
mally liquid hydrocarbons which have been re-
moved from 7! via conduit 82, pump 83 and con-
duit 84 for entry into separation element 886.
The hydrocarbons lighter than motfor fuel pass
through conduit 87 and condenser and cooler
88 into condensate accumulator 88. A portion
of the condensate is taken from the accumulator
89 through conduit 8¢ and compressed by means
of pump 81 to a pressure sufficiently high to in-
troduce it as a reflux or cooling medium near the
top of 86. A quantity in excess of that required
for this purpose is removed from the system
through conduit 93. The bottom product, which
contains the valuable motor fuel fraction and a
small amount of heavier material, passes through
conduit 94 into element 86 where the motor fuel
fraction passes through conduit %6, and con-
denser and cooler 87 into condensate accumulator
98. As in the preceding step, & portion of this
material is introduced near the top of %5 by
means of conduit 99, pump (08 and conduit 101,
to act as a reflux or cooling medium. A portion
of the amount in excess of this requirement is
continuously removed from the system through
cohduit 102, pump 108, conduit (04, valve {05,

40 and conduit 108 for use as a high octane number

50

motor fuel or as one of its ingredients., ‘The
remainder of the excess amount is recycled
through conduit {04 to tank 2 for control pur-
poses. The bottom product is removed from the
system through conduit (87, -

By suitable location of conduits 12 and {4
relative to the hedting coil and adjustment of
valves {8 and {5 the témperature to.which the
stock is raised for desulfurization may be accu-
rately controlled, and also the relative quantity

- of aviation and motor. fuel respectively. recovered
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may be regulated. Valves {0-—B and {8—C pro-
vide further means for regilating the relative
flow of material to .the respective desulfurizing
and debydrogenating wumits. Por .instance, by
appropriate regulation of these valves the prin-
cipal portion of the feed stock may be directed
through the desulfurization unit and a. _high pro-
portion of aviation fraction recovered, while at
the same time a substantial quantity of the motor
fuel is desulfurized, being returned through con-

duit 68 to the tank 2 and combined therein with

raw feed stock. On the other hand by diminish-
ing the flow through branch conduits 12 and {4
and where the demand is low for aviation fuel,
the bulk of the charge stock may proceed directly
through the heating coil to the dehydrogenation
unit for production of motor fuel. Likewise a low
sulfur high-octane motor fuel is obtained by de-
sulfurizing the major portion of the raw feed and

either cycling a portion of the aviation hydro--

carbons therewith through dehydrogenation or
separating and blending with dehydrogenated
motor fuel. It is generally desirable, however, to
obtain as complete a recovery as possible of the

o
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desulfurized aviation fuel fraction. Thus the
process is of such flexibility that products having
also any desired characteristics may be obtained
in any desired proportion. I
A modified form of the invention is shown in
Figure II of the drawings, in which the processing
elements are so arranged that the total feed stock
is subjected to catalytic desulfurization in the
first step of the process. A desired proportion of
the desulfurized products is heated to a suitable
dehydrogenating temperature and subjected to
catalytic dehydrogenation while the remainder is
fractionated for the recovery of high octane avia-
tion fuel. The heavier fraction separated in the
last mentioned fractionation step is combined
with other desulfurized products in any amount,
preheated, and subjected to catalytic dehydro-
genation. A particularly advantageous feature
resides in the fact that a comparatively small
quantity of heat is required to raise the desulfuri-
zation effluents to the higher dehydrogenating
temperature. In the catalytic dehydrogensation
step, operating conditions are majntained at such
& level that the effluents contain principally a
hydrocarbon material suitable for use as an im-
portant ingredient in motor fuels, and of higher
octane number than materials in the dehydro-
genation feed stock of the same bolling range.
In a similar manner to that described with re-
spect to Figure I, the process is characterized by
flexibility of control so that desired products can
be obtained in any proportion. Specifically,
means are provided for by-passing .a substantial
quantity or all of the desulfurized stock in ac-
cordance with the demand directly to dehydro-
genation. i
With reference to PFigure IT, a raw natural
gasoline feed stock as heretofore described is in-
troduced. from feed tank 201 through- conduit
202 and compressed to a suitable reaction pres-
sure by means of pump 203 together with any
insufficiently desulfurized material which it may
be found to be necessary to recycle (by one who is
skilled in the art) which joins 202 through the
medium of conduits 241 and 255 which discharge
into tank 201, This pressure is between 0 and
100 or more pounds per square inch. The total
feed then passes through conduit 204 and thence
through heat exchanger 205 where a certain
temperature Is obtained by hesat interchange
with hot catalyst chamber -effluent products
which are passing through conduit 211. At this
pressure and temperature, the natural gasoline
feed passes through conduit 208 into preheating
cofl 207 which is suitably housed in a furnace or
heating means 208 and wherein the temperature
of the feed is raised to from 500 to 800° P, and,
ag previously stated, preferably from 600 to 700°
P. The preheated hydrocarbons then’ pass
through conduit 208 into a suitable catalyst case
2i8 where they are subjected to the influence of
a suitable catalyst such as bauxite impregnated
with sodium hydroxide. The reaction tempera-
ture is such that the decomposition of the hy-
drocarbons so treated will be not more than 2%
by weight for contact periods which- may vary
“from 1 to 2 liquid volumes of feed per hour per
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reaction zone, the hot reaction products ex-
change heat with the cold feed in exchanger 24§
as heretofore mentioned. The reaction prod-
ucts then pass via conduit 212, cooler 2{3, con-
duit 218, pump 216 and conduit 217 into frac-
tionator 218, or other suitable separation means
where the hydrocarbons lighter than those de-
sired in the aviation hydrocarbon fraction are
separated therefrom, pass through conduit 219,
condenser and cooler 220, and conduit 221 into
condensate accumulator 222, A portion of the
condensate is  taken from accumulator 222
through conduit 223, and compressed by means
of pump 224 to a pressure sufficiently high to
permit introducing it as a reflux or eooling me-
dium near the top of 2{8 by means of conduit
225, A quantity in excess of that required for
this purpose is removed from the system through
conduit 228. The bottom product which com-
prises hydrocarbons of aviation fuel molecular
weight and heavier, passes through conduit 224
to separation element 230 where the hydrocar-
bons of aviation fuel molecular weight pass
through conduit 231, condenser and cooler 232,
and conduit 233, into accumulator 234. As in
the preceding step, a portion of this hydrocar-
bon material is introduced near the top of ele-
ment 230 by means of conduit 235, pump 288,
and conduit 2317, to act as a reflux or cooling
medium. Hydrocarbons of aviation fuel grade
in excess of the amount required for this pur-
pose are removed from the system through con-
duit -288. At times, however, it may be con-
sidered necessary for purposes of control to re-
cycle a portion of this stream by way of conduit
238, valve 240 and conduit 24f. The bottom
produect, which contains hydrocarbons of motor
fuel molecular weight and heavier, passes
through conduit 242 into element 243. The mo-
tor fuel hydrocarbons pass into accumulator 248
via conduit 244, and condenser and cooler 248.
A portion of these motor fuel hydrocarbons are
introduced near the top of 243 as reflux, or cool-
ing medium, by means of conduit 247, pump 248,
and conduit 248. The volume of these in excess
of the amount required for this purpose are re-
moved from the accumulator as the primary raw
feed stock to the dehydrogenation step. Pro-
vided, however, that if it may be considered to
be necessary for control, a portion of this stream
may be recycled to the desulfurization step via
conduit 283, valve 254, and conduit 285. Means
have also been provided, whereby a portion of
the bottom product from 218 may be fed directly
to the dehydrogenation step by way of valve 221
and conduit 228. Determination of the amount
to be diverted directly to the dehydrogenation
step will be in accordance with relative demands
for aviation and motor fuels. -

. The net overhead product from 243, which
comprises, the motor fuel feed stock to the de-

- hydrogenation step, passes from accumulator 248

85

volume of catalyst, the most suitable exact con-

ditions being determined by trial. Actually
pressures and temperature of the order of 0 to
50 pounds per square inch and 600 to 7060° F., re-

spectively, seem preferable in prometing the de- |
sulfurization In order to suppress more than

slight decomposition. .
Following pessage through the desulfurization

70

through conduit 250 and into pump 252 where
it is compressed to a suitable reaction pressure.
This pressure is between 0 and 100 or more
pounds per square inch. Thence it passes, to-
gether with recycle stock from conduit 298,
through conduit 256 into heat exchange 2871
where a certain temperature is obtained by heat
interchange with hot catalyst chamber effuent
products which are passing through conduit 268,

- At this pressure and temperature the hydrocar- -

{

bon material passes through conduit 258 into a
preheating coil 268 which is suitably housed in
a furnace or heating means 260 and wherein the
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temperature of the feed is raised to 600 to 1200°
P. or as indicated above, preferably from 800 fo
1200° F. This may be & portion of furnace coil
housing 208 for economy reasons. The pre-
heated feed stock then passes through conduit
281 into s suitable catalyst case 262 where it is
subjected to the influence of a suitable catalyst
such as bauxite, chromic oxide gel, or chromic
oxide supported on a porous carrier. The re-
action temperature is such that the decomposi-
tion of the charge so treated will not exceed 30%
per pass through the reaction zone for contact
periods which may range from 115 to 3 liquid
volumes of gasoline feed per hour per volume of
catalyst, the most suitable conditions being de-
termined by trial.

Following passage through the dehydrogena-
tion reaction zone, the hot reaction products ex-
change heat with the cold feed in exchanger 263
as heretofore described. ‘The reaction products
then pass through conduit 264, cooler 266, and
conduit 266 into separation element 267 where a
rough separation is obtained between the non-
condensible gases and heavier materials. The
non-condensibles, which may contain a certain
percentage of hydrocarbons in the gasoline
range, pass through conduit 268 into pump 289
where they are compressed to a pressure which
is sufficient to condense nearly all the hydrocar-
bons heavier than ethane following passage
through conduit 270 and cooler 271, The mix-
ture passes through conduit 272 into separation
element 273, where vapors which comprise es-
sentially ethane and lighter including hydrogen
may be removed from the system through con-
duit 274. It is considered to be beneficial from
the point of view both of increased ylelds and
octane number to recycle & portion of the hydro-
gen stream through the process together with
the liquid feed. This may be done by way of con-
duit 302—A, valve 303—A, and conduit 304-—A.
The butane and heavier pass from 273 through
conduit 275 where they Join the greater bulk of
the normally liquid hydrocarbons which have
been removed from 287 via conduit 276, pump
277 and conduit 278 for entry into separation
element 279. The hydrocsrbons lghter than
motor fuel pass through conduit 2806, condenser
and cooler 281, and conduit 282 into accumula-
tor 283. A portion of the condensate is taken
from accumulator 283 through conduit 284 and
compressed by means of pufhp 285 to & pressure
sufficiently high to introduce it as a reflux or
cooling medium near the top of 278, A quantity
in excess of that required for this purpose is
removed from the system through conduit 287.
The hottom product, which contains the valu-
able motor fuel fraction and a small amount of
heavier material, passes through conduit 288
info element 289 where the motor fuel fraction
passes through conduit 290, condenser and cooler
291, and conduit 292 into accumulsator 288. As
in the preceding step, & portion of this material
is introduced near the top of 289 by means of
conduit 294, pump 295, and conduit 298, to act
as a reflux or cooling medium. A portion of the
amount in excess of this requirement is contin-
uously removed from the system through valve
299 and conduit 300—A for use as & high octane
number motor fuel or as one of its ingredients.
The remainder of the excess amount is recycled
through conduit 298 to the dehydrogenation step
for control purposes. The bottom product 1s re-
moved from the system through conduit 30f—A.

In Figure ITI is shown apparatus for carrying
out & further modified procedure where indi-
vidual branch chain isomers are separated which
may be used individually or as aviation blending

B8 stocks from corresponding normal hydrocarbons
which preferably constitute dehydrogenation
feed stock. Saturated branch chain hydrocar-
bons are of optimum octane number and lead
susceptibility while unsaturated forms of nor-

10 mal hydrocarbons are of increased octane num-
ber over corresponding normal saturated forms.
Therefore by means of the herein described in-
tegrated process, maximum efficiency is obtained
from charge stock of any constitution whatever

15 in the natural gasoline range.

A raw natural gasoline feed stock is introduced
from feed tank 30! through conduit 392 and
compressed to a suitable desulfurization reaction
feed pressure by means of pump 303 together

20 with any -insufficiently desulfurized material
which it may be found to be necessary to re-
cycle (by one who is skilled in the art) which
hes entered 36f through conduits 3385 and 40f.
The pressure Is between 0 and 100 or muore

95 pounds per square inch. The total feed then
passes through conduit 364 and thence through
heat exchanger 305 where a certain temperature
is obtained by heat interchange with hot cata-
1yst chamber effluent products which are passing

30 through condult 8{4. At this pressure and tem-
perature, the natural gasoline feed passes through
conduit 308 into preheating cofl 807, which is
suitably housed in a furnace or heating means
308. The preheated hydrocarbons then pass

35 through conduit 308 into a suitable catalyst case
where they are subjected to the influence of a
suitable catalyst such as bauxite impregnated
with sodium hydroxide. The reaction tempera~
ture is such that the decomposition of the hydro- .

40 carhons so treated will not be more than 2%
by weight for contact periods which may vary
from 1 to 2 liquid volumes of feed per hour per
volume of catalyst, the most suitable exact con-

45 ditions being determined by trial

Pollowing passage through the desulfurization
reaction zone, the hot reaction products ex-
change heat with the cold feed in exchanger '_305
as heretofore mentioned. The reaction produicts

50 then pass via conduct 312, cooler 813, conduit
318, pump 3{7 and condult 818 into fractionator
319 or other sultable means of separation where
hydrocarbons comprising butanes and lghter
than those desired as aviation gasoline hydro-

85 carbons are separated therefrom. These pass
from the system through conduit 326. Hesvier
hydrocarbons which may consist of any satu-
rated, straight chain and branched chain hydro-
carbons comprise the feed to separation element

60 328 via conduit 327. There normal and branched
chain isomeric pentanes sre removed as an over-
head product for feed to separation element 338
through conduit 3836. The hexanes and heavier
comprise the bottom product which are used as

85 feed to separation element 35! via conduit 387.
In separation element $88 isopentanes are re-
moved as an overhead product and leave the sys-
tem through condult 850, Normal pentane Is
removed as a bottom produet via conduit 348

70 which joins dehydrogenation feed conduit 399.
The various isomeric hexanes may comprise the
overhead product of 35§ and serve as feed to
separation element 36(. Heptanes and heavier
comprise the bottom product of 351 and serve

76 ag feed to separation clement $78. Branched
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chain hexanes comprise the overhead of 361 and
are removed from the system through conduit
373. Normal hexane comprises the bottom prod-
uct from 36f and serves as one component of
the dehydrogenation feed via conduit 369. Iso-
meric heptanes comprise the overhead product
of 374 which feeds separation element 383 via
conduit 382. The bottom product of 374 which
comprises octanes and heavier hydrocarbons is
fed directly to the dehydrogenation step togeth-
er with other hydrocarbons previously men-
tioned. Isoheptanes are the overhead product
from element 383 and are removed from the sys-
tem via conduit 393 except for g quantity which
it may be found necessary for control to recycle
to the desulfurization system through conduit
3535. Normal heptane is removed in the bottom
product from 383 and comprises another com-
ponent. in the feed to the dehydrogenation step
vig. condult 398,

The raw feed fo the dehydrogenation step which
ecomprises hydrocarbons passing through conduits
348, 383, 396 and 337 passes into feed tank 403
via conduits 399 and 402, except for a portion
which may be recycled to the desulfurization sys-
tem through conduit 401, Following thorough
mixing in 403, together with recycle stock which
anters through conduit 450, the feed follows the
same path as that shown in the dehydrogenation
sten of Figure II. Hydrogen is recycled to the
system through conduit 454 for reaction control,
butanes and lighter are removed from the system
through conduit 438, and hydrocarbons in the
motor fuel rarge are removed through conduit
449. A portion of the motor fuel hydrocarbons
constitutes llquid recycle stock to the reaction
Zone via conduit 450, Hydrocarbons heavier than
motor fuel are removed from the system via con-
duit 481,

In the interest of simpliclty, elements of simi-
lar function to corresponding elements in Fig-
ure IT have not heen specifically delineated or
described. The operation of these elements
however is readily understood from the forego-
ing description with respect to Figure II,

The separation steps may be extended, if de-
sired, to separate normal octane from its branched
chain isomers. The latter is preferably blended
with other branched chain and low molecule
welght normal hydrocarbons for blending avia-
tion fuel. 'The normal octane with other straight
chain hydrocarbons will constitute dehydrogena-
tion feed stock.

We claim:

1. A process for the manufacture of high oc-
tane aviation gasoline and high octane motor
fuel which comprises passing hydrocarbon charge
stock in the gasoline range through an clongated
heated passageway, withdrawing at an interme-
diate point in. said passageway a portion of said
charge stock at a temperature high enough for
catalytic  desulfurization but sufficiently low to
prevent decomposition reactions, subjecting said
withdrawn portion to catalylic desulfurization,
recovering from the effluent a relatively low mo-
lecular weight hydrocarbon fraction suitable as
high octane aviation gasoline, separating from
the effluent another fraction containing relative-
1y high molecular weight hydrocarbons heavier
than the aviation gasoline range, and combining
the same with new charge stock, passing the re-

mainder of said charge stock through said heated -

passageway to attain a higher temperature suit-
able for catalytic dehydrogenation, and subject-
ing said remaining portion to: catalytic dehydro-
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genation for the production of high octane motor
fuel.
2. A process for the manufacture of high octane
aviation gasoline and high octane motor fuelwhich
8 comprises passing hydrocarbon charge stock in
the natural gasoline range through an elongated
heated passageway, withdrawing at an interme-
diate point in said passageway a portion of said
charge stock at a temperature high enough for
catalytic desulfurization but sufficiently low to
prevent decomposition reactions, subjecting said
withdrawn portion to catalytic desulfurization
and recovering from the effluent a relatively low
‘molecular weight hydrocarbon fraction suitable
as high octane aviation gasoline, separating from
the effluent another fraction containing relatively
high molecular weight hydrocarbons heavier than
the aviation gasoline range, and combining said -
fraction with said original charge stock, passing
the remainder of said charge stock through said
heated passageway to attain a higher temperature
suitable for catalytic dehydrogenation, and sub-
jecting said remaining portion to catalytic dehy-
drogenation for the production of high octane
motor fuel.

3. A process for the manufacture of high oc-
tane aviation gsasoline -and high octane motor
fuel in the desired proportion, which comprises
passing hydrocarbon charge stock in the gasoline
range through an elongated heated passageway,
withdrawing at an intermediate point in said pas-
sageway & portion of said charge stock at a tem-
perature of between 500 to 800° F. and pressure
from 0 to 100 pounds per square inch, catalytical-
35 ly desulfurizing said portion and recovering a
relatively low molecular weight fraction there-
from suitable as high octane aviation gasoline,
separating from the desulfurization effuent an-
other relatively higher molecular weight hydro-
carbon fraction heavier than the aviation gaso-
line range and combining the same with fresh
charge stock, passing the remainder of the charge
stock through said heated passageway to attain
g materially higher temperature suitable for cata-
Iytic dehydrogenation, subjecting said remaining
portion to catalytic dehydrogenation, and recov-
ering high octane motor fuel from the effluent.

4. A process for the manufacture of high oc-
tane aviation gasoline and high octane -motor
fuel in the desired proportion, which comprises-
passing hydrocarbon charge stock in the gasoline
range through an elongated heated passageway,
withdrawing at an intermediate point in said pas-
sageway a portion of said charge stock at a de-
sulfurization temperature of between 600 to 700°
F. and pressure from 0 to 100 pounds per square
inch, catalytically desulfurizing said portion and
recovering a relatively low molecular weight frac-
tion therefrom suitable as high octane aviation
gasoline, separating from the desulfurization ef-
fluent another relatively higher molecular weight
hydrocarbon fraction and combining the same
with fresh charge stock, passing the remainder
of the charge stock through said heated passage-
way to attain a dehydrogenation temperature of
from 800 to 1200° F., subjecting said remaining
portion to catalytic dehydrogenation, and recov-
ering high octane motor fuel from the effluent.

5. A method for the treatment of hydrocarbons
for the production of separate fractions of desul-
furized hydrocarbons and dehydrogenated hydro-
¢ carbons which comprises passing hydrocarbon

charge stock in the gasoline range through a tu-
bular heating coil and progressively preheating
75 gaid hydrocarbons from a relatively low tempers-
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ture to a higher temperature of at least 800° F.
suitable for catalytic dehydrogenation, withdraw-
ing a portion of said charge stock at an inter-
mediate temperature substantially below 800° F.
and subjecting said portion to catalytic desulfur-
jzation at said intermediate temperature, recov-
ering from the effuent a fraction in the aviation
gasoline range and a heavier fraction in the motor
fuel range, combining said heavier fraction with
sald original charge stock, and subjecting the re-
maining portion of said charge stock at said
higher temperature to catalytic dehydrogenation.

6. A process for the manufacture of high oc-
tane aviation gasoline and high octane motor fuel
which comprises passing hydrocarbon charge
stock in the gasoline range through an elongated
heated passageway, withdrawing at an interme-
diste point in said passageway & portion of said
charge stock at a temperature high enough for
catalytic desulfurization but sufficiently low to
prevent decomposition reactions, subjecting said
withdrawn portion to catalytic desulfurization,
recovering from the effiuent a relatively low mo-
lecular weight hydrocarbon fraction suitable as
high octane aviation gasoline, separating from
the efluent another fraction containing relatively
high molecular weight hydrocarbons heavier than
the aviation gasoline range, and combining the
same with new charge stock, passing the re-
mainder of said charge stock through said heated
passageway to attain a higher temperature suit-
able for catalytic dehydrogenation, and subject-
ing said remaining portion to catalytic dehydro-
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genation, recovering from the catalytic dehydro-
genation effluent a fraction suitable as high oc-
tane motor fuel, and recycling a portion of sald
high octane motor fuel with the aforesaid new
charge stock. .

7. A process for the manufacture of high oc-
tane aviation gasoline and high octane motor fuel
which comprises passing hydrocarbon charge
stock in the natural gasoline range through an
elongated heated passageway, withdrawing at an
intermediate point in said passageway & portion
of said charge stock at a temperature high enough
for catalytic desulfurization but sufficiently low
to prevent decomposition reactions, subjecting
said withdrawn portion to catalytic desulfuriza-
tion and recovering from the effiuent a relatively
low molecular weight hydrocarbon fraction suit-
able as high octane aviation gasoline, separating
from the effluent another fraction containing
relatively high molecular weight hydrocarbons
heavier than the aviation gasoline range, and
combining said fraction with said orlginal charge
stock, passing the remainder of said charge stock
through said heated passageway to attain a higher
temperature suitable for catalytic dehydrogena-
tion, and subjecting said remaining portion to
catalytic dehydrogenation, recovering from the
catalytic dehydrogenation effluent a fraction suit-
able as high octane motor fuel, and recycling a
portion of said high octane motor fuel with said
original charge stock.

EDWARD BUDDRUS.
HARRISON L. HAYS.




