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This invention relates to the production of hy 
drocarbon stocks in the motor fuel boiling range 
from lower boiling hydrocarbon material. It re 
lates more particularly to the production of mo 
tor fuels having gasoline characteristics and pre- 5 
mium qualities especially as to antidetonating 
values from hydrocarbons available in so-called 
wet natural gases. It relates still more particul 
larly to the production of Such motor fuels in high 
yields by the utilization of the major part of the 10 
C2 and heavier hydrocarbons available in natural 
88S. 
By far the outstanding trend in motor fuels in 

recent years has been the tendency toward in 
crease in antidetonating characteristics as meas- 5 
ured by increase in octane numbers. Automobile 
manufacturers have continuously designed their 
cars to make use of the increased efficiency and 
performance afforded by high octane gasolines, 
and refiners have attempted above all to produce 20 
motor fuels giving satisfactory performance in 
the new higher compression motors. In the s 
earlier days of the petroleum industry natural 
gasoline, which is a product separated from natu 
rally occurring normally gaseous mixtures, was in is 
great demand among refiners because the vapor 
pressure and volatility afforded by blending natu 
ral gasoline with their products allowed them to 

Constituent 

1 Refinery base (50% evaporated at 284 F.) (includes straight run and heavier cracked frac 
tions)------------------------------------------------------------------------------------- Wolatile refinery products (volatility characteristics based on 12 lb. natural) (includes vapor 
recovery and light cracked fractions).------------------------------ 

3 Natural gasoline (12 lb. vapor pressure).--- 
4 Butane (natural and refinery)...----------- 

cut deeper into the kerosine fractions of crude oil 45 
and thus produce higher yields of gasoline. Mini 
mum volatility specifications were some of the 
most important specifications at that time, and 
the most difficult ones to meet. Moreover, with 

acteristics of volatile fuels, volatility became the 
most desired quality, and gasoline and natural 
gasoline as a blending stock appeared to be the 
only means to obtain this volatility. 
The use of cracking processes for manufactur 

ing gasoline was originally motivated by the desire 
for higher yields of gasoline and has more re 
cently been stimulated by the demand for higher. 
octane numbers. Likewise the more recent use of 
gas conversion processes has resulted in increased 
yields of motor fuel stocks with high octane num 
bers and has also resulted in the use of lighter 
hydrocarbon fractions available from natural 
sources which formerly were wasted. However, 
from the view point of the natural gasoline in 
dustries perhaps the most important effect of 
cracking and gas conversion processes was the 
production of more volatile motor fuel stocks in 
the refineries. As an example of these trends, in 
Mid-Continent gasolines, during the past 15 years 
Table I is presented, which shows clearly that 
while the volatility of motor fuels has been in 
creasing for many years, this increase has been 
more than made up by volatile fractions produced 
at refineries, and there has resulted a decrease 
rather than an increase in the amount of natural 
gasoline used per gallon of finished gasoline 
product. 

TABLE I 
Estimated composition of motor fuel (per cent by 

loane) 

1928 93 1934 1937 - 1938 

85.0 77.8 67.2. 66.2, 66. 

2.8 9.4 20, 1, 20.2 20.5 

7. 7.4 7.0 7. 6.9 
5. 5.4 5.7 6.5 65 

100,0: 100,000, 0, 100.0 100.0 100,0 

In addition to this, natural gasoline constitutes 
only a small proportion of the hydrocarbon mate 
rial available in natural occurring normally gase 
Ous hydrocarbon stocks such as natural gas. In 
Table II is shown in column 1 the composition of 

the recognition of the superior performance chair- 50 a natural gas which may be assumed to be typical, 
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TABLE 

Raul natural gasoline, 125 A. P.I. 
- - ---------- 

2 4. - 5 

t Natural d Mol El Componen WO o gasoline ic 
00 gas, mol per per tuid, vol. per ope 

per cent cent cent cert 

Methane.----. 87.) 2.2 3. 
Ethane-...--. , 0. 120 
Propane.------ 4.0 3.0 40.3 
Isobutane.----- 17 7,9 7.2 
N-butane...-- 240 228 
opentine- 5.5 4, 6 

N-pentane.---- 4.9 4.2 
so - - 1.3 3.3 2.5 
N-hexane.----- 22 33 55 
eptanes and 3.0 
heavier r 

100.0 100.0 100.0 100 

A v 3ry large proportion of this natural gas is 
methane which as yet is still practically unavail 
able for conversion in the motor fuel stocks. Only 
about 3 molper cent of this natural gas comprises 
C4 and heavier hydrocarbons, which are normally 
included in natural gasolines, and although there 
is a large proportion of natural gas which is 
methane, there is roughly three times as Inch 
ethane and propane as material available directly 
for natural gasoline. Processes are now available 
Which without undue expense can extract sub 
stantially all of the C2 and heavier hydrocarbons 
fron such natural gas. Columns 2 and 3 respec 
tively of Table II show the Composition of the 
product which can be extracted from this natural 
gas in commercial quantities without unde ex 
pense. It will be noted that although this product 
contains only a small portion of the available 
ethane, nevertheless on a liquid volume basis not 
more than about 30% comprises those Constitu 
ents which make up natural gasoline, since 
9rdinarily Only about one-half or less of the 
butanes are included to form a 26-70 natural 
gasoline. The approximate Composition of a 
natural gasoline blending stock known to the 
trade as 26-70 natural gasoline is shown in co 
In 4, together with the octane number of the 
principle fractions which are shown in column 5. 
The lightest third of 2670 natural gasoline is 

butane hydrocarbons whose vapor pressure makes 
it unsuitable for blending directly into motor 
fuel in any large proportion. Because of the 
limitations to its use as a blending stock large 
quantitles of butane are now being processed in 
polymerization operations or are being marketed 
as Such in a variety of fuel applications. Half 
of the remainder of natural gasoline consists of 
pentanes which are hydrocarbons of intermediate 
YPF pressure but which have a high volatility 
So that these materials can not be used in large 
percentages in blending with Iany other motor 
fuel stocks because of their effect in increase in 
the volatility of the final gasoline product as 
indicated by the percentage evaporated at 212° F. 
The other half of butane-free natural gasoline 

is a low vapor pressure hexane and heavier frac 
tion. About ten years ago this fraction had an 
octane number which Compared favorably with 
the average octane number of motor fuels of that 
time. However, at present the aVerage Octane 
number of most of the gasolines on the market is 
around 75 or even higher and as a result the 
low octane number of this portion of natural 
gasoline places it in the same class as low end 
point straight run gasoline. 

it is, therefore, readily seen that in order to 75 

tle natural occurring low boiling hydrocar 
bons to the maximum advantage it is neces 
sary to increase the octane number of fractions 
of low volatility which are directly available as 

5 well as to convert hydrocarbons of 2-5 carbon 
atoms per molecule into hydrocarbon fractions 
which have high octane numbers and which are 
not highly volatile, 
We have now invented a process which pro 

10 duces high yields of motor fuel stocks having 
gasoline characteristics, or suitable for blending 
stocks to produce such gasolines, which utilizes to 
a high degree of efficiency substantially all of the 
9 and heavier hydrocarbons which can be ob. 

15 tained from natural gas, or similar hydrocarbon 
Sources, by a combination of process steps which 
not only cooperate to produce products which. 
may be successfully blended together, but which 
are also so cooperatively combined that byprod 

20 uct fractions from one process Step are efficient 
ly utilized in other process steps along with hy 
drocarbon fractions primarily charged to such 
other process steps. v 

It is an object of our invention to produce a 
25 notor fuel stock of high value from lower boiling 

hydrocarbons. 
Another object of our invention is to utilize the 

ethane and heavier constituents of natural gaS 
to maximum advantage in the production of no 

30 tor fuel. 
A further object of our invention is to estab 

lish a process for treating naturally Occurring 
gaseous and liquid hydrocarbons to produce a 
composite blended motor fuel with well balanced 

35 characteristics. 
Another object of our invention is to produce 

from any mixture or mixtures of normally gaS 
eous hydrocarbons of limited methane Content 
a motor fuel having high antiknock qualities, and 

40 to produce such a motor fuel in a particularly 
high yield with reference to the hydrocarbons 
treated and/or available. 

Still another object is to separate from a rat 
ural gas substantially all of the C2 and heavier 

45-hydrocarbon content therein and to produce 
therefrom a normally liquid motor fuei whose 
volatility, saturate content, and aromaticity may 
be varied at will. 

Still another object of our invention is to es 
50 tablish a process in which separate COInstituents 

of a hydrocarbon mixture extracted from a wet 
natural gas are subjected to various conversion 
steps to produce motor fuel stocks which Can be 
blended together to produce a Composite motor 

55 fuel of gasoline characteristics, the said COWe 
Sion steps cooperating among themselves to ef 
fect the conversions in an optimum Ilanner with high yields. 
Other objects and advantages of our invention 

60 will become apparent from the accompanying de 
Scription and disclosure. 

In the present specification and claims by mo 
tor fuel of gasoline characteristics is meant a hy 
drocarbon mixture, which may or may not con 

65 tain Small amounts of added chemicals such as 
antidetonants and gum inhibitors and the like, 
which will meet any set of the various specifi 
cations recognized in the trade for gasoline. As 
an example of such specifications the following 

70 Table III is quoted from the Bureau of Mines Re 
port of Investigations 3492. These, however, are 
not necessarily to be considered limiting as to 
any particular characteristic or group of chair 
acteristics. In addition to the characteristics 
shown, it is assumed that all the gasolines are 
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sweet and contain inhibitors to prevent excessive 
gum formation where necessary, and meet any 
other qualifications usual to the trade. 

ABL 

Motor gasoline survey (ranges of 90% of fuels 
tested) 

Regular price Premium price 
gasolines gasolines 

Summer Winter Summer Winter 
1936 1938-39 1936 1938-39 

Gravity--- API. 56.8-62. O. 59, 1-66.6 56.9-65.6 59,3-66.9 
Sulfur-percent 0.023-0.20 0.026-0.24 0.019-0,087 0.021-0.087 
Reid vapor pres- w 
sure--...-pounds.-- 6.0-9, 8. 4-12. 5.2-8.8 7.5-1.7 
ASTM octane No. 68, 0-71.0 69, 4-72, 5, 74.0-8.0. 75.9-81. 3. 
Initial B. P-------- 94-114 83-97 95-18 85-03 

35-16 114-141 133-64 18-47 
160-192 33-14 159-188 38-175 
180-218 54-201 176-24 158-199 
229-264 209-255 206257 203-246 

70%-- 273-30 264-304 239-306 236-293 
90%--------- 335-37 336-371 288-365 289-363 
Endpoint- 383-419 386-415 349-47 360-413 
Distillation loss---- 1.0-2.5 1.3-3. 4. 0.8-23 1.03.2 

Reference will now be made to the drawing 
which forms a part of the specification and which 
diagrammatically illustrates by way of a flow 
sheet an arrangement of apparatus in which Our 
invention, together with various modifications 
thereof, may be practiced. In the description of 
this drawing the various process steps will be de 
scribed in connection with optimum conditions 
for their operation, which will serve as examples 
thereof. 

Referring now to the drawing, a suitable hydro 
carbon mixture, such as the natural gas whose 
composition was given in Table II or such as the 
raw natural gasoline separated therefrom whose 
composition is also given in this table, is charged 
to a suitable separating apparatus f. through 
pipe O. The separating or fractionating ap 
paratus is diagrammatically illustrated as a 
fractionating column. It will be appreciated, 
however, that in actual practice if fractional dis 
tillation means only are used, such a separation 
as is to be hereinafter described will ordinarily 
require a series of fractionating columns together 
with normally occurring attendant auxiliary ap 
paratus, and that in many cases it will be desir 
able to conduct at least one or more of the sepa 
rations by means of absorbents such as are well 
known to the art. Extremely light constituents 
such as methane and inert gases may be removed 
through a pipe 2 controlled by a valve f3. It 
is not primarily an object of this invention to 
treat hydrocarbons which boil substantially above 
the end point of gasoline, that is above about 400 
to 450 F., and any such heavy hydrocarbons 
which may be present in the material charged 
through the pipe O may be removed from the 
process through pipe 4 controlled by valve 5. 
The separating means f f is operated so as to 

effect a separation from the material charged 
through pipe O or fractions having substantially 
the following compositions. Each fraction may 
have associated with it minor amounts of hydro 
carbons of adjacent boiling range, but such other 
hydrocarbons should not be present in quantities 
so large that the fraction can not be satisfac 
torily identified as shown. In some instances 
an individual fraction may comprise the indicated 
hydrocarbon in a purity of about 95 per cent or 

Ore. 

10 

5. 

20 

A. thane 
B. Propane 
C. sobutane. 
D. Normal butane 

. Isopentane 
Normal pentane 

G. Hexanes and heavier (in the gasoline range) 
In one modification of our invention this "hex 

anes and heavier' fraction is further subdivided 
into two or more fractions varying primarily as 
to octane numbers. This separation may be ef 
fected if desired in separating means but will 
subsequently be described in more detail in con 
nection with a separate separating means 22. 
An ethane fraction is removed from separating 

means through a pipe B and a valve 7 and 
subjected to dehydrogenation in a suitable de 
hydrogenation unit 8. Although ethane may be 
dehydrogenated in the presence of any one of . 
a large number of known dehydrogenation cat 
alysts, it is very satisfactorily dehydrogenated in 
the absence of catalysts by being heated to a high 
temperature at a low pressure. Such conditions 
for such a thermal dehydrogenation are a tem 

25 

30 

35 

45 

55 

perature between about 1200 and 1500 F. and a 
pressure not substantially in excess of 100 pounds 
per square inch, preferably about 5-30 pounds per 
square inch gauge, for a period of time such as 
to effect a content of about 10 or 15 to 40 or 45 
per cent unsaturates in the effluent gases. This 
dehydrogenation is readily accomplished by pass 
ing the ethane fraction through a suitable tube 
coil in a furnace. The dehydrogenation effluent 
is passed through pipe 20 to separating means 2 
wherein a normally gaseous unsaturated hydro 
carbon fraction, which will be predominantly 
ethylene, is separated from other constituents. 
Light gases comprising primarily methane and 
hydrogen are removed from the process through 
a pipe 22 and controlled by valve 23. Undesir 
ably heavy hydrocarbons are removed from the 
process through a pipe 24 controlled by valve 25. 
The separating means 2 will generally be so 
operated that the ethylene fraction will also gen 
erally contain unsaturated C3 hydrocarbons and 
may also contain unsaturated C4 hydrocarbons 
when their presence is not deleterious in the sub 
sequent reaction steps, as well as corresponding 
paraffins. Such an ethylene fraction is removed 
through a pipe 26 for subsequent reaction with 
heavier hydrocarbon fractions as will be herein 
after discussed. A suitable ethane fraction from 
an outside source, or separated from other process 
steps of our invention, may be introduced through 
pipe 27 and valve 28 to pipe 6. 

In many methods of operation it will be found 
desirable to include a substantial part of the pro 

60 

65 

75 

pane present in the material charged through 
pipe O in the ethane fraction for conversion into 
ethylene and propylene, so that the fraction will 
be better termed an "ethane-propane' fraction. 
In most instances, however, it will be desirable to 
Separate at least a substantial portion of the pro 
pane fraction for separate treatment. In these 
cases a propane fraction is removed from the sep 
arating means through pipe 30 and valve 3 f 
and is passed through valve 32 to a reaction zone 
illustrated by reaction coil 33, situated in a suit 
able furnace or the like 34, wherein the propane 
is reacted under alkylation conditions with ethyl 
ene, produced in the step just described, which is 
passed from pipe 26 through a pipe 35 and is in 
troduced to the reaction mixture and reaction 
zone 33, preferably at a plurality of points, such 
as are represented by pipes 36 and 37 controlled 

  



4. 
by valves 38 and 8 respectively. This alkylation 
reaction is preferably noncatalytic and carried 
out at pressures between about 1000 and 10,000 
pounds per square inch, and at temperatures be 
tween about 800 and 1200' F. under conditions 
whereby joint reaction or union of parafans and 
olefins is favored to produce higher molecular 
weight, predominantly saturated hydrocarbon 
products, although at times catalysts may be used. 
A suitable reaction time will generally be found 
between about 1 and 15 minutes and the temper 

lature, pressure and reaction time should be so 
controlled that appreciable conversion of propane 
by itself would ordinarily not take place. The 
unsaturates are so introduced that their concen 
tration at any one point will not exceed about 10 
per cent by weight, and in many instances will 
not be in excess of about 1 or 2 per cent by weight. 
The effluent of this alkylation step is passed 
through a pipe O and a valve 4 to a suitable 
separation means 42. The products of the reac 
tion will be primarily Cs to Ca hydrocarbons, iso 
pentane being the predominant single hydrocar 
bon. An isopentane fraction is removed from 
separating means 42 through a pipe 47, and may 
be discharged from the system for any desired use 
through a valve 48 or may be passed from pipe 

through pipe f, for further use within the 
process as will be described, and/or through pipe 
25 for blending with other products. Light hy 
drocarbons may be removed from the process and 
from separating means 42 through a pipe 3 con 
trolled by a valve 44. This fraction will generally 
comprise the larger part of the unreacted pro 
pane and lighter hydrocarbons which may be sep 
arated and returned to the system either directly 
to separating means f as through pipe O, or 
may be mixed directly with the corresponding 
fraction or fractions removed through pipe 30 by 
being added thereto through pipe 5 and valve 
5f for propane, or through pipe 2 for ethane. A 
normal pentane fraction, which may contain 
heavier hydrocarbons in the gasoline range, may 
be removed from separating means 42 through a 
pipe 2 and may be discharged from the process 
through valve 53, or may be passed through pipe 
54 and valve 55 for subsequent use in the process 
as will be hereinafter described. Heavier hydro 
carbons may be removed from separator 42 and 
from the process through pipe 45 controlled by 
valve . 

In many cases at least a portion of the propane 
fraction may be subjected to more or less non 
destructive dehydrogenation to form propylene 
for subsequent reaction in a catalytic alkylation 
step to be described. In such a case a suitable 
portion of the propane fraction may be removed 
from pipe O through a pipe 56 and valve 5T to a 
dehydrogenation unit 58. The dehydrogenation 
in unit 58 may be carried out noncatalytically, 
but in most cases it will be preferable to conduct 
a more or less clean-cut dehydrogenation to pro 
pylene with a minimum production of ethylene, 
and this is best accomplished by use of a suitable 
dehydrogenation catalyst such as chromium ox 
ide, alone or in admixture with other oxides such 
as are known to the art. The dehydrogenation 
temperatures should generally be between 900 
and 1300 F. preferably about 950 to 1200°F., and 
pressure should not be in excess of 100 pounds per 
square inch, and will preferably be between 5 and 
30 pounds per square inch gauge. The reaction 
time should be such that about 15 to 30 or 40 per 
cent of the effluent is unsaturated hydrocarbon 
material. The effuent of the dehydrogenation 

O 

5 

20 

25 

30 

55 

60 
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unit 58 is passed through the pipe 59 to the Sep 
arating means D. When desired light materials, 
which will be primarily hydrogen together with 
some methane, may be removed from separating 
means B and from the process through pipe 6 
controlled by valve 62. A hydrocarbon fraction 
containing the desired unsaturated hydrocarbons 
are removed through pipe 63 and valve 64 for 
subsequent use as will be hereinafter described. 
Heavier hydrocarbons present may be removed 
through a pipe 65 and a valve 66. 
An isobutane fraction is removed from sepa 

rator means if through a pipe 70 and valve 7 
and may be passed through valve T2 to a suitable 
alkylation unit such as is represented by reaction 
coil 8 located in a furnace or other suitable 
heating means 4. Unsaturated C2 and/or C3 hy 
drocarbons produced in dehydrogenation unit 8 
may be passed to the alkylation unit 73 from pipe 
2, and are preferably introduced to the reaction 
mixture in the reaction zone 73 at a plurality of 
points, such as are represented by pipes 76 and 
TT controlled by valves 78 and 79 respectively. 
The reaction in coil 73 is preferably conducted 
under conditions substantially the same as has 
been discussed in connection with the alkylation 
of propane with a similar unsaturated material in 
reaction coil 33. When the unsaturated hydro 
carbon material passed through pipe 26 is pri 
marily ethylene, the principal product produced 
by the alkylation in coil 73 under these condi 
tions will be hexanes, heptanes and octanes, of 
Which the predominant constituent will be neo 
hexane. The effluent of the reaction coil 73 is 
passed through a pipe 80 and valve 8 to separat 
ing means 82. A suitable alkylate fraction, which 
may under suitable conditions be substantially 
pure neohexane, is removed from separating 
means 82 through a pipe 83 and may be dis 
charged from the process through valve 84 or 
part or all of the fraction may be passed through 
pipe 85 and valve 86 to pipe 255 for blending with 
other products, as will be described. Undesirably 
light material will be removed from separating 
means 82 through pipe 87 controlled by valve 88 
and undesirably heavy material may be removed 
through 89 controlled by valve 90. An unreacted 
C4 hydrocarbon fraction is removed from sepa 
rating means 82 through a pipe 9 and may be 
passed entirely or in part back to pipe To through 
valve 92. This hydrocarbon fraction will contain 
an appreciable although small amount of unsat 
urated hydrocarbons, and since it also has a very 
high proportion of isobutane it will serve as an 
excellent charge stock for catalytic alkylation 
with other low boiling unsaturated hydrocarbons. 
To accomplish this a part or all of the material 
passing through pipe 9 may be removed through 
pipe 93 controlled by a valve 94 and passed to a 
catalytic alkylation unit 95. In many instances 
a substantial portion of the isobutane may be 
passed directly from pipe TO through pipe 96 and 
valve 97 to pipe 93 and this catalytic alkylation 

65 

70 

5 

Step. 
The proylene fraction produced by dehydro 

Penation in unit 58 serves as an excellent source 
of unsaturated material for this catalytic alkyl 
ation and may be introduced into pipe 93 from 
pipe 63 for this reaction. In alkylation unit 95 
the hydrocarbons brought thereinto by pipe 93 
are treated in the presence of a suitable alkyla 
tion calatlyst to form isoparaffins predominantly 
of 7 and 8 carbon atoms per molecule, which 
have high octane numbers and low volatility 
and are therefore desirable ingredients for the 
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gasoline product of our invention. The alkyla 
tion process preferably uses a catalyst such as 
an aluminum halide catalyst, especially alumi 
num chloride or bromide or any one of numer 
ous metal halo-aluminates known to the art such 
as sodium chloro-aluminate, Or Zinc chloride 
or bromide, boron fluoride or zirconium tetra 
chloride or the like, or concentrated Sulfuric 
acid, or concentrated hydrofluoric acid. . 

If a catalytic alkylation process involving a 
liquid or a mobile catalyst is used, the catalyst 
may be fed to the system through pipe 98 con 
trolled by valve 99. In such a process it is ad 
vantageous to use sulfuric acid or hydrofluoric 
acid as the catalyst, since these catalysts appear 
to be more selective than Some of the other 
alkylation Catalysts for the alkylation of iso 
paraffins, and cause a minimum of side reac 
tions. To minimize concurrent polymerization 
reactions the mixture of hydrocarbons in the 
catalyst should be intimately contacted, and the 
concentration of unsaturated hydrocarbons in 
any one portion of the mixture preferably should 
be kept low relative to the concentration of iso 
paraffins, as may be effected by multipoint ad 
dition of olefins to a reacting stream, recircu 
lation of a portion of the reactants in a closed 
cycle, and the like. In most instances a Suit 
able reaction temperature Will be found be 
tween about 0 and 125 F., generally between 
about 30 and 70° F., although higher or lower 
temperatures may be used, as may be found 
most suitable for the catalyst used. The hydro 
carbon effluent is passed through a pipe OO to a 
separator of wherein heavy, hydrocarbon-im 
miscible material is separated from the hydro 
carbons and removed through a pipe O2 con 
trolled by valve 03. When sulfuric acid or hy 
drofluoric acid is used as the alkylation Catalyst, 
a substantial portion of this material may often 
be passed directly from pipe O2 to pipe 98 for 
re-use in the process. A hydrocarbon effluent 
of the catalytic alkylation is passed from sepa 
rator 0 through a pipe 04 controlled by a 
valve 05 to a separating means fo6. An al 
kylate product is removed from separating means 
06 through a pipe 07, and may be discharged 
from the process through valve 08 but in most 
cases this product will be passed from pipe O7 
through pipe 09 controlled by a valve O to 
pipe 255 for blending with other hydrocarbon 
fractions produced from other steps of the pro 
ceSS to give a finished gasoline product. 
Any undesirable low boiling material which 

is present in the effluent of the catalytic alkyla 
tion step may be removed from separator O6 
and from the process through pipe 9 controlled 
by valve 29, and intermediate fraction such as 
propane and/or butane may be removed from 
separating means 06 through pipe 7 con 
trolled by valve 8, and may be returned to the 
process in the most Suitable manner. Heavy hy 
drocarbons may be removed through pipe 48 
controlled by valve 49. 
The isopentane fraction separated from sepa 

rating means 42 through pipe 47, having been 
produced by thermal alkylation, will often con 
tain a Small but appreciable amount of unsat 
urated hydrocarbons especially if this fraction 
is So Separated that it contains a substantial 
portion of the C4 hydrocarbons produced in the 
process. For instance, such a fraction recov 
ered from an alkylation of propane with 
ethylene had substantially the following com 
position. 
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Component Mol per cent 

At least a part of this material may well make 
a suitable charge stock for the catalytic alkyl 
ation process just described, and its use will 
tend to produce an alkylate product of high Oc 
tane number and still lower volatility. To this 
end a suitable portion of this isopentane frac 
tion may be removed from pipe 47 through pipe 
if controlled by a valve f2, which passes di 
rectly to pipe 93. In Some cases it may be de 
sirable to Submit a portion of this material to 
alkylation in the unit 73, and if such is the case 
a portion thereof may be passed from pipe 
through pipe 3 controlled by a valve 4 
passing to pipe 70. Isobutane or isopentane 
from any desirable outside source, or separated 
from any of the streams discharged from this 
process, may be introduced to pipe 70 through 
pipe 5 controlled by valve 6. 
A normal butane fraction is removed from 

Separating means through pipe 20 controlled 
by a valve 2. This normal butane fraction 
may be treated in any one or more of several man 
ners about to be described, or a portion thereof 
may be included directly in a final blended gas 
oline product. When a portion is to be blended 
With the gasoline directly, it may be passed from 
pipe 20 through pipe 22 and valves 23 and 
24 to pipe 255, or if desired the portion thereof 
may be removed from the system through a 
pipe 25 controlled by a valve 26. Normal bu 
tane may be advantageously dehydrogenated to 
form normal butenes which can then be reacted 
by alkylation with low boiling isoparaffins such 
as isobutane and isopentane. To this end a suit 
able portion of the normal butane fraction is 
passed from pipe 120 through pipe 27, valve 
28 to the dehydrogenation unit 30. Although 

this normal butane fraction may be dehydro 
genated in the absence of a catalyst, this method 
of dehydrogenation is generally not very sat 
isfactory because of the extensive decomposition 
into C2 and C3 hydrocarbons which takes place 
under conditions necessary to effect noncata 
lytic dehydrogenation. Therefore, the dehydro 
genation carried out in unit 30 is preferably 
a catalytic operation, more or less as has been 
discussed for the catalytic dehydrogenation of 
the propane fraction in the dehydrogenation 
unit 58. The optimum temperature for the de 
hydrogenation of normal butane is somewhat 
lower than that for the dehydrogenation of pro 
pane and will generally be found within the 
range of 850 to 1150°F. preferably between about 
900 and 1050 F. The dehydrogenation pressure 
should again not be in excess of about 100 
pounds per square inch, and preferably is be 
tween about 5 and 30 pounds per square inch 
gauge, with a reaction time such that the ef 
fluent contains between about 10 and 35 or 
40 per cent of unsaturates and generally between 
about 15 and 25 per cent of unsaturates. Any 
suitable dehydrogenation catalyst known to the 
art may be used although we prefer to utilize 
a catalyst comprising chromium oxide. The de 
hydrogenation effluent is passed from unit 30 
through pipe 3 f to suitable separating means 
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32. A CA fraction containing butenes produced 
by the dehydrogenation, and which may also 
contain other hydrocarbons such as propylene 
and/or pentenes which have also been formed 
in small amounts in the dehydrogenation, is 
removed from separating means 2 through a 
pipe 33 and valve 4 and is introduced to the 
catalytic alkylation unit 9 by being passed to 
pipe 93. Undesired low boiling material pro 
duced by the dehydrogenation is removed from 
separating means 32 through a pipe is con 
trolled by a valve 36. Any heavier hydrocar 
bons produced as by-products of the process may 
be removed therefrom through pipe 3 con 
trolled by valve 38. In some cases a portion of 
these high boiling materials may be advanta 
geously included in the charge to the catalytic 
alkylation step and in such a case may be passed 
from pipe 37 through pipe 40 controlled by 
valve 4 to pipe f33, or may be removed as a 
separate fraction from separating means 2. 
Normal butane can be converted inexpensively 

and with quite satisfactory yields into aromatic 
hydrocarbons by being subjected to high tempera 
tures and low pressures, and the aromatic hydro 
carbons so produced will form valuable constitu 
ents of premium motor fuels. If it is desired to 
produce such aromatics, a portion of the normal 
butane fraction may be passed from pipe 20 
through pipe 22 and pipe 44 controlled by a 
valve 45 to an aromatization unit 46. In this 
unit the normal butane fraction is converted at 
a relatively high temperature of the order of 
1300-2000 F, more preferably 1400-1750 F., at 
a low pressure, not substantially in excess of about 
200 pounds per square inch, for a reaction time 
of about 0.01-0.5 second in the absence of cata 
lysts to produce a satisfactory yield of aromatic 
hydrocarbons. Catalysts such as are known to 
the art may be used, but satisfactory operation 
may be obtained in the absence of catalysts. The 
reaction effluents are passed through pipe f4 to 
separating means 50. Undesirably heavy hydro 
carbon material and tar may be removed through 
a pipe 5 controlled by a valve 52 and dis 
charged from the system. A desirable aromatic 
fraction in the gasoline boiling range may be 
removed through a pipe 58 and passed through 
a valve 54 to pipe 255 for blending into a final 
motor fuel product as will be described. If it is 
desired to separate any portion of this aromatic 
stream, for the preparation of aromatic products, 
Such a portion may be separated from pipe 53 
through pipe 55 controlled by a valve 56. Any 
undesirable light material may be removed from 
separating means 50 through a pipe 5 con 
trolled by valve 58. If it is desired to recycle 
a normal butane fraction from the effluent of the 
aromatization unit it may be included in material 
separated through pipe 57, and after subsequent 
purification may be reintroduced into the system 
as through pipe 42, controlled by valve 43, or 
more directly to the aromatization unit by means 
not shown. Inasmuch as the C4 fraction will 
contain an appreciable portion of unsaturated 
hydrocarbons suitable for use in the catalytic 
alkylation step such a fraction may be removed 
from separating means 50 through pipe 60 con 
trolled by a valve f and passed to pipe 3 for 
reaction as has been described. 
In most instances the isopentane separated 

from the material charged through pipe O to the 
process is suitable, without further conversion, 
as a blending stock. It is also an excellent re 
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actant for the catalytic alkylation unit 95 and 
any desired portion may be treated in this man 
ner. An isopentane fraction may be removed 
from separating means through pipe S2 conce 
trolled by a valve 63 and may be passed through 
valve 64 directly to pipe 255 for blending with 
the finished product of the process. If desired 
a portion may be discarded from the process 
through pipe 65 controlled by a valve 86. Any 
portion desired for the catalytic alkylation may 
be passed from pipe 62 through pipe S con 
trolled by a valve 68 to pipe 83. In sonne in 
stances it may be desirable that the catalytic 
alkylation be conducted with isopertaine as the 
low boiling isoparaffinic reactant, in which case, 
the material passing through pipe 67 will con 
stitute the principal isoparaffinic charge to this 
step, Isopentane from an outside source asy be 
added to the system, if desired through pipe 68 
controlled by valve 69 to pipe 62. 
Normal pentane, although it does not have as 

high an octane number as isopentane, anay also 
at times be included directly in the finished: gaso 
line without subsequent treatment. However, on 
account of its low octane number we generally 
prefer to subject it to an operation which will 
make it more desirable for use as a gasoline 
blending stock. Such treatment may be either 
dehydrogenation, producing pentenes which may 
be blended directly into the gasoline or which 
may serve as reactants for the catalytic alkyla 
tion, Or the normal pentane may be subjected to 
an isomerization or reforming, either by itself or 
in combination with other higher boiling hydro 
carbons of low octane number as will be subse 
quently described. A normal pentane fraction 
is removed from separating means through 
pipe 70 controlled by valve 7. A portion there 
of may be passed through a valve 72 to a de 
hydrogenation unit 73, which should be operated 
under substantially the same operating conditions 
just described for the dehydrogenation unit 3 
in which normal butane is dehydrogenated. The 
effluent of dehydrogenation unit 73 is passed 
through a pipe fill to suitable separating means 
75. Undesirable low boiling material which will 

be primarily hydrogen and methane may be dis 
charged through a pipe 76 controlled by a valve 

T. A pentene fraction produced by the dehy 
drogenation may be removed through pipe GT8 
and passed directly to the catalytic alkylation 
unit 95 through valve 79 into pipe 33. If it is 
desired to blend any portion of this normal pen 
tene fraction directly with the gasoline it may be 
passed from pipe 78 through pipe f80 controlled 
by a valve 8 to pipe 22 and on to pipe 255. 

In Some instances it may be desirable to iso 
merize the normal pentane fraction to produce 
isoparaffins such as isopentane and/or isobutane, 
which may be recovered as such for blending with 
the final gasoline product, or which may be passed 
to the catalytic alkylation unit 95. To this end 
any desirable portion of the normal pentane frac 
tion may be passed from pipe 70 through a pipe 
82 controlled by a valve 83 to isomerization 

unit (84. The isomerization may be conducted 
by any suitable conditions known to the art and 
is preferably conducted at a temperature between 
about 0 and 400' F. and a pressure sufficient to 
maintain the hydrocarbon material in liquid 
phase and in the presence of an isomerization 
catalyst such as aluminum chloride or aluminum 
bromide. The isomerization effluent is passed 
through a pipe 85 controlled by a valve 86 to 
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suitable separation means 87. Beavy material, 
which may include a sludge which contains an 
isomerization catalyst if the isomerization unit 
in 84 is operated under conditions such as to 
produce such a material, may be removed through 
pipe 88 controlled by valve 89. Any undesir 
able low boiling material may be removed through 
a pipe 90 controlled by a valve 9. A suitable 
isoparaffin fraction produced by the isomerizan 
tion is removed through a pipe 92 and may be 
passed through valve 93 to pipe 255 for blending 
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in the finished gasoline product, or any desired 
portion thereof may be discharged from the sys 
tem through pipe 94 controlled by valve 95. 
This isoparaffin fraction will contain material 
which is highly desirable, as discussed, for charge 
to the catalytic alkylation unit 95 and any por 
tion desired for such reaction may be passed from 
pipe f92 through pipe 96 controlled by a valve 
9. A normal paraffin fraction may be sepa 
rated from means 8 and returned to isomeriza 
tion unit 84 through pipe f 98 controlled by valve 
99. Normal pentane from a separate source for 
treatment within the process may be introduced 
to pipe O through pipe 59 and valve 69. Ma 
terial So introduced may include recycled material 
from One or more of the conversion steps. 

In some instances it may be desired to blend a 
portion of the normal pentane fraction directly 
in the finished gasoline product, in which case it 
may be passed from pipe TO through pipe 200 
controlled by a valve 20 to pipe 22. In case it 
is desired to subject a portion of the normal 
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pentane fraction to isomerization or reforming 
in conjunction with other fractions of low octane 
number, a portion Suitable for this may be passed 
from pipe 200 through pipe 202 controlled by 

i valves 203 and 204 to pipe 207 passing to there 
forming unit 208, to be described. 

In many instances it will be found desirable 
to Subject the hexanes and heavier fraction to a 
reforming operation to improve its octane num 
ber. When this fraction is shown by analysis, 
as by careful fractional separation and testing 
of individual fractions, to be comprised pre 
dominantly of hydrocarbons of low octane num 
bers, the entire fraction may be subjected to re 
forming by being passed from separating means 

through a pipe 205 controlled by valve 206 to 
pipe 202 and through valve 204 to pipe 207 and 
reforming unit 208. In those cases where it is 
not necessary to reform this hexanes and heavier 
fraction, or at least not to treat all of it in this 
manner, it may be passed from pipe 205 to pipe 
202 and through valve 203 to pipe 200, and 
through valve 20 to pipes 22, and 255 for blend 
ing directly in the final product. However, in 
many instances it will be found by suitable 
analysis that the hexanes and the heavier frac 
tion will contain substantial portions of hydro 
carbons of low octane number and substantial 
portions of hydrocarbons of high octane num 
ber, and that such portions may be advan 
tageously separated from each other and only 
the fractions of low octane number subjected 
to a reforming Operation. In such a case the 
hexanes and heavier fraction may be passed from 
pipe 205 through a pipe 2fO controlled by a valve 
2 to a suitable separating means illustrated 
by a fractionating column 22. From the sepa 
rating means 22 there may be separated one or 
more fractions of low octane number and one or 
more fractions of high Octane number. While 
the separating means 22 is shown as a frac 
tionating column, it is to be understood that any 
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suitable known method of carrying out the sepa 
ration desired for any particular hexanes and 
heavier fraction may be practiced, and in fact, 
many of the fractions may be more preferably 
separated by means of selective solvents which 
will separate aromatic or naphthenic hydrocar 
bons from parafinic hydrocarbons. Such selec 
tive solvent extraction methods may, of course, 
be Operated in combination with suitable frac 
tional distillation units to effect the desired sepa 
rations, as will be readily understood, and ap 
plied, by One skilled in the art. Material in the 
hexanes and heavier range from an outside 
Source may be added, as desired, to the process 
through pipe 237 controlled by valve 238 to pipe 
205. 

In the present process fractions of high octane 
number are shown as being separated, from the 
material charged through pipe 20, by means of 
pipes 23, 24 and 25 controlled by valves 26, 
27 and 28 respectively. Such fractions will 
comprise highly branched paraffin hydrocarbons, 
aromatic hydrocarbons, some of the lower boil 
ing naphthenes, and/or the like. The fractions 
from pipes 24 and 25 may be blended with the 
fraction in pipe 23 and passed through valve 
29 to pipe 255 for subsequent blending in a fin 
ished gasoline product, or may be discharged 
from the system through pipe 220 controlled by a 
valve 22. Selected fractions may be removed 
from the process as from pipe 24 through pipe 
222 controlled by a valve 223, and from pipe 25 
through pipe 224 controlled by a valve 225. Frac 
tions of low octane number, primarily more or 
less straight-chain paraffins, may be removed 
from the material passing through pipe 2.0 
through pipes 226, 227 and 228 controlled by 
valves 230, 23 and 232 respectively. These 
fractions of low octane number may be blended 
together by being passed to pipe 207 and are sub 
jected to a reforming in unit 208. Selected frac 
tions for any suitable use may be removed from 
one or more of these streams as by being passed 
from pipe 227 through pipe 233 controlled by a 
valve 234, or from pipe 228 through pipe 235 con 
trolled by a valve 236. 
The material of low octane number passed 

through pipe 20 to reforming unit 208 may be 
treated in any Suitable manner to improve its 
octane number. This treatment may be carried 
Out as an isomerization treatment under con 
ditions similar to those described for the isomeri 
zation unit 84 or may be carried out by any suit 
able thermal reforming treatment at elevated 
temperatures and pressures. 

However, We prefer to improve the octane num 
ber of this material by treating it in the presence 
of a catalyst under conditions such that there 
is a minimum of production of normally gaseous 
material or a minimum change in the boiling 
range characteristics of the material treated. 
Such a catalytic reforming may be carried out 
by passing the hydrocarbon Stock over a suitable 
solid granular catalyst such as bauxite or other 
mineral materials, either alone or impregnated 
with suitable materials such as chromium oxide. 
For these operations the temperatures should be 
in the range of about 750 to 1100 F. preferably 
in the range of about 900-1050 F. under a pres 
sure not substantially in excess of about 150 
pounds per Square inch, preferably within the 
range of 5-30 pounds per gauge, and at a flow 
rate of about 0.5 to 5 liquid volumes of hydrocar 
bons charged per volume of space occupied by 
the granular catalyst per hour. Under these con 



ditions dehydrogenation and isomerization re 
actions take place with a minimum formation of 
light gases other than hydrogen. Free hydro 
gen may or may not be added to the charge to 
such a treatment as by being introduced to pipe 
27 by means not shown, as may be found desir 
able. Of the hydrocarbon gases produced the 
major portion is C3 and C4 unsaturated hydro 
carbon material which can be subsequently used 
in other steps of the process as will be described. 
For example, in such a treatment there was pro 
duced, for every barrel of hydrocarbon stock 
charged, about 247 cubic feet of C4 and lighter 
gases, which were predominantly free hydrogen 
and of which about 82 cubic feet comprised C3 
and Ca hydrocarbons, of which over 70 mol per 
cent were olefins. 
The efituent of the reforming unit 20 is passed 

through pipe 240 to a separation unit 24 which 
may include fractional distillation units and/or 
selective solvent absorption units as will be found 
most desirable. A reformed gasoline stock of 
high octane number is removed from separation 
unit 24 through a pipe 242 and is passed through 
a valve 243 to pipe 255 for blending with other 
stocks which are passed to pipe 255 to produce 
a finished motor fuel of gasoline characteristics 
and of high octane number. Any portion of the 
material passing through pipe 242 may be re 
moved from the system through pipe 249 con 
trolled by a valve 244. Light gases comprising 
primarily free hydrogen and methane and Ca 
hydrocarbons may be removed through the sys 
tem through pipe 245 controlled by a valve 246. 
C and Ca hydrocarbons, which will be predomi 
nantly unsaturated and highly suitable as a por 
tion of the charge stock to the catalytic alkyla 
tion unit 95, may be removed from Separation 
unit 24 through pipe 247 controlled by a valve 
248 and passed directly to pipe 93. Any heavy 
undesired material may be removed through pipe 
250 controlled by a valve 25. A hydrocarbon 
stock in the gasoline range of low octane number, 
or a portion of the stock passed through pipe 
242, may be passed from separation unit 24 
through pipe 252 controlled by a valve 253 to pipe 
228 for subsequent retreatment in the reforming 
unit 208. When this recycle stock comprises a 
portion of the material removed through pipe 
242 the result will be, after a steady state of op 
eration has been reached, a higher octane num 
ber for the material passing through pipe 242. 
When selective solvent extraction is employed in 
the separation unit 24, a separation may be 
readily accomplished between products of high 
octane number and unreacted material of low 
octane number, which latter can then be recycled 
through pipe 252 for retreatment. 
A portion of the isopentane fraction produced 

in the thermal alkylation reaction Zone 33 and 
removed from separation unit 42 through pipe 
47 may be passed therefrom through pipe 255 
controlled by a valve 256 and blended with the 
reformed hexanes and heavier fraction passing 
through pipe 242. Other hydrocarbon fractions 
produced in the process and passed through pipes 
ag, ss, 53, 62, 92, 213, 242, and/or 22, con 

trolled by valves 0, 86, 54, 164, 93, 29 243, 
and 24, respectively, may be blended in pipe 
255, to produce a motor fuel of gasoline charac 
teristics as a final product of the process. 
The reformed hexanes and heavier fraction 

and the catalytic alkylate will be the principal 
stocks of low volatility, and to these materials it 
is necessary to add one or more additional hy 
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drocarbon fractions of higher volatility to pro 
duce a finished motor fuel of gasoline character 
istics. In most cases it will be necessary to add 
two or more of the other fractions described herein. Isopentane may be added directly from 
the separating means f or may be added as a 
product of a process of the alkylation unit 3. 
The aromatic hydrocarbons produced in the 
aromatization of normal butane will be inter 
mediate in volatility between the stocks of low 
volatility and stocks of high volatility. The neo 
hexane fraction will be relatively high as to 
volatility and octane number, but will be low as to 
vapor pressure. Appreciable amounts of normal 
butane may be used directly as a result of the 
production of considerable quantities of a stock 
of extremely low volatility by the catalytic alkyla 
tion unit. When treating an initial stock charged 
through pipe which contains appreciable 
amounts of sulfur compounds, they should be re 
moved so as not to exceed the limits required 
by specifications for the final product. Most Sull 
fur compounds present in the lighter fractions 
may be removed by simple alkali washes, carried 
out where necessary by apparatus not shown. 
The treatment described as preferred for the re 
forming unit 208 also converts the majority of 
the sulfur compounds which may be present in 
the hexanes and heavier fraction treated there 
in, and resulting hydrogen sulfide, or the like, is 
readily removed by suitable treatment such as an 
alkali wash, or distillation, forming a part of 
separation unit 24. Other known desulfuriza 
tion operations may be carried out where suitable 
or necessary, as can be readily determined and 
applied by one skilled in the art. 

It will be readily appreciated that our inven 
tion comprises combinations of process StepS, 
each of which is separately known to the art, and 
that the accompanying flow sheet is diagran 
matic only. Some of the process steps are ope 
erated under quite high superatmospheric pres 
sures, while others are operated under relatively 
low pressures, which may at times even be sub 
atmospheric. For all of the process steps desir 
able operating conditions and ranges have been 
disclosed and discussed, and in all cases flows 
of materials treated and produced have been 
shown. The adaptation of our invention, or any 
particular modification thereof, to operation on 
a commercial scale with commercial epuipment 
such as pumps, compressors, heat exchangers, 
heating units and furnaces, cooling units, cat 
alyst chambers and reactors, separating equip 
ment such as fractional distillation columns, ab 
sorbers, and solvent extractors, etc., may be read 
ily made by one skilled in the art in view of 
the teachings of the present disclosure. Warious 
modifications of our invention may be carried 
out without departing from the spirit of the dis 
closure or from the scope of the claims. 
We claim: 
1. A process for converting normally gaseous 

hydrocarbons having two to four carbon atoms 
per molecule into hydrocarbons boiling in the 
gasoline range, which comprises reacting propane 
with ethylene under noncatalytic alkylation con 
ditions to form pentanes and recovering from 
effluents of said alkylation an isopentane fraction 
so produced and containing a minor amount of 
olefins, separately reacting isobutane with ethyl 
ene under noncatalytic alkylation conditions to 
form hexanes and recovering from effluents of the 
last said alkylation a hexane fraction so pro 
duced and an unreacted isobutane fraction con 
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taining a minor amount of olefins, passing to a 
catalytic alkylation step said isopentane fraction 
and said unreacted isobutane fraction to react 
olefins contained therein with said isoparaffins to 
form a normally liquid paraffinic fraction boiling 
in the gasoline range, separating from effluents 
of said catalytic alkylation a gasoline range frac 
tion so produced and blending same with the 
aforesaid hexane fraction to produce a gasoline of 
high Octane number. 

2. A multistage process for the conversion of 
substantially all of the natural gas hydrocarbons 
heavier than methane and boiling in and below 
the gasoline range contained in a hydrocarbon 
mixture recovered from a wet natural gas to a 
hydrocarbon material having gasoline character 
istics, which comprises separating from a Wet nat 
ural gas a fraction comprising ethane, a fraction 
comprising propane, a fraction comprising is0 
butane, a fraction comprising normal butane, a. 
fraction comprising a pentane, and a fraction in 
the gasoline boiling range of relatively low anti 
knock value and comprising heavier hydrocar 
bons, said fractions together comprising essen 
tially all of the hydrocarbon material heavier 
than methane and boiling in and below the gaso 
line range originally in said Wet natural gas, de 
hydrogenating said ethane fraction to form eth 
ylene, reacting ethylene so produced with a por 
tion of said propane to form predominantly Satu 
rated hydrocarbons comprising isopentane, sepa 
rating from the effluent an isopentane fraction, 
dehydrogenating a further portion of said pro 
pane to form propylene, reacting said propylene, 
Said isobutane, and said isopentane fraction from 
said alkylation in a catalytic alkylation step to 
form predominantly Saturated hydrocarbons in 
the gasoline boiling range of relatively high anti 
knock value, reforming said heavier fraction to 
increase the antiknock Value thereof without ma 
terially changing the boiling characteristics, and 
blending said normal butane, said natural pen 
tane fraction, said reformed heavier fraction, and 
said catalytic alkylate in the gasoline range to 
produce a composite hydrocarbon liquid having 
gasoline characteristics of boiling range, vapor 
pressure and volatility and having a high anti 
knock value. 

3. A process for the production of a normally 
liquid hydrocarbon material of gasoline charac 
teristics and relatively high antiknock value, 
which comprises separating from a natural gas 
a hydrocarbon material comprising substantially 
all of the hydrocarbons having two and more 
carbon atoms per molecule including normally 
liquid hydrocarbons in the gasoline boiling range 
and of relatively low antiknock value, separating 
from said hydrocarbon material an ethane frac 
tion, a propane fraction, an isobutane fraction, a 
normal butane fraction, a pentane fraction, and 
a natural gasoline fraction in the gasoline boiling 
range of relatively low antiknock value, dehydro 
genating Said ethane fraction to form ethylene 
and recovering ethylene So produced, dehydro 
genating said propane fraction to form propylene 
and recovering a propylene fraction so produced, 
reacting said ethylene with said isobutane frac. 
tion under noncatalytic alkylating conditions to 
form isomeric hexanes and recovering a resultant 
alkylate fraction in the gasoline boiling range 
and an unreacted isobutane fraction, dehydro 
genating at least a part of said normal butane 
fraction to produce butenes and recovering a bu 
tene fraction so produced, reacting said unre 
acted isobutane fraction, said propylene fraction 

9 
and said buttene fraction under catalytic alkyla 
tion conditions to form a catalytic alkylate and 
recovering a catalytic alkylate in the gasoline 
boiling range so produced, subjecting said nat 
ural gasoline fraction of low antiknock value to 
a catalytic treatment at elevated temperature to 
increase the antiknock value without essentially 
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changing the boiling characteristics, recovering 
a reformed natural gasoline so produced, and 
blending said reformed natural gasoline, said cat 
alytic alkylate fraction, said noncatalytic alkylate 
fraction, said pentane fraction and a portion of 
said normal butane fraction to produce a liquid 
hydrocarbon material having gasoline character 
istics of boiling range, vapor pressure and vola 
tility and of relatively high antiknock value. 

4. A process for producing a balanced gasoline 
of premium characteristics from the ethane and 
heavier constituents of a wet natural gas, which 
comprises separating from a wet natural gas an 
ethane-propane fraction, an isobutane fraction, 
a normal butane fraction, an isopentane fraction, 
and a natural gasoline fraction in the gasoline 
boiling range, said fractions together comprising . 
Substantially all of the hydrocarbon material 
heavier than methane and boiling in and below 
the gasoline range originally in said wet natural 
gas, dehydrogenating said ethane-propane frac 
tion to produce ethylene and recovering from the 
effluents an ethylene fraction, reacting said ethyl 
ene fraction and Said isobutane fraction under 
noncatalytic alkylation conditions to produce a 
noncatalytic alkylate comprising isohexanes and 
Separating from the effluent a noncatalytic al 
kylate fraction in the gasoline boiling range, re 
acting a portion of said normal butane fraction 
under aromatizing conditions to produce low boil 
ing aromatics and separating from the effuent 
an aromatic fraction in the gasoline boiling range, 
Separating by fractional distillation said natural 
gasoline fraction into a fraction comprising pre 
dominantly constituents of poor antiknock values 
and a fraction comprising predominantly constit 
uents of good antiknock values, catalytically re 
forming said poor antiknock fraction to improve 
the antiknock value without materially altering 
the boiling characteristics and recovering from 
the effluent a reformed natural gasoline fraction, 
and blending together said reformed fraction, 
said high antiknock natural gasoline fraction, 
said aromatic fraction, said noncatalytic alkylate 
fraction, said isopentane fraction, and a portion 
of said normal butane fraction to form a balanced 
gasoline of high antiknock value and containing 
all the hydrocarbon material obtained from the 
aforesaid fractions. 

5. A process for producing a high yield of a 
liquid hydrocarbon material having gasoline 
characteristics of boiling range and vapor pres 
Sure, and of relatively high antiknock value from 
a wet natural gas, which comprises separating 
from Said wet natural gas to an ethane-propane 
fraction, an isobutane fraction, a normal butane 
fraction, a pentane fraction, and a hexane and 
heavier fraction in the gasoline boiling range, said 
fractions together comprising substantially all of 
the hydrocarbon material heavier than methane 
and boiling in and below the gasoline range orig 
inally in said wet natural gas, dehydrogenating 
said ethane-propane fraction to form ethylene 
and propylene and separating from the effluents 
an ethylene-propylene fraction so produced, re 
acting said ethylene-propylene fraction with said 
isobutane fraction under noncatalytic alkylating 
conditions to form low boiling normally liquid, 
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predominantly paraffinic hydrocarbons and sep 
arating from the effluents a noncatalytic alkylate 
fraction in the gasoline boiling range, so pro 
duced, subjecting at least a portion of said normal 
butane fraction to an elevated temperature and 
relatively low pressure to form low boiling, nor 
mally liquid, predominantly aromatic hydrocar 
bons and separating from the effluents an aro 
matic fraction in the gasoline boiling range, sep 
arating said hexanes and heavier fraction into a 
fraction of high antiknock value and a fraction 
of low antiknock value, Subjecting said low anti 
knock fraction to a catalytic reforming at ele 
wated temperature to improve the antiknock value 
without substantial change in boiling character 
istics, and recovering the resultant hydrocarbons 
in the gasoline boiling range, and blending said 
reformed fraction, said high antiknock hexanes 
and heavier fraction, said aromatic fraction, and 
said alkylate fraction together with said pentane 
fraction and a portion of said normal butane 
fraction to form a liquid hydrocarbon material 
containing all the hydrocarbon material obtained 
from the aforesaid fractions and having gasoline 
characteristics of boiling range and vapor pres- : 
sure and of relatively high antiknock value. 

6. A process for producing a high yield of a 
liquid hydrocarbon material having gasoline 
characteristics of boiling range and vapor pres 
Sure and of relatively high antiknock value from 
a wet natural gas, which comprises separating 
from said wet natural gas an ethane fraction, a 

... propane fraction, an isobutane fraction, a normal 
butane fraction, a normal pentane fraction, and 
a hexane and heavier fraction in the gasoline 
boiling range, said fractions together comprising 
substantially all of the hydrocarbon material 
heavier than methane and boiling in and below 
the gasoline range originally in said wet natural 
gas, dehydrogenating said ethane fraction to form 
ethylene and recovering an ethylene fraction so 
produced, dehydrogenating a portion of said pro 
pane fraction to produce propylene and recov 
ering a propylene fraction so produced, reacting 
a portion of said ethylene fraction and a further 
portion of said propane fraction under noncat 
alytic alkylating conditions to produce highly 
volatile normally liquid predominantly paraffinic 
hydrocarbons and recovering from the effluents 
a pentane fraction So produced, reacting said iso 
butane fraction and a further portion of said 
ethylene fraction under noncatalytic alkylating 
conditions to form low boiling normally liquid 
predominantly paraffinic hydrocarbons and sepa 
rating from the effluents a noncatalytic alkylate 
fraction in the gasoline boiling range So produced, 
separating also an unreacted isoparaffin fraction, 
subjecting said hexanes and heavier fraction to 
catalytic reforming at an elevated temperature 
to increase the antiknock value thereof without 
substantial change in boiling characteristics, sep 
arating a reformed fraction from the effluents, 
separating also a C3-C4 fraction, subjecting in 
admixture said C3-C4 fraction, said unreacted 
isoparaffin fraction, said noncatalytic alkylate 
pentane fraction and said propylene fraction to 
catalytic alkylation to form a catalytic alkylate 
and separating from the effluents a catalytic al 
kylate fraction in the gasoline boiling range, and 
blending said catalytic alkylate fraction, said non 
catalytic alkylate fraction, said reformed fraction, 
and Said normal butane and Said normal pentane 
fraction to produce a normally liquid hydrocarbon 
material containing all the hydrocarbon material 
obtained from the aforesaid fractions and with 

gasoline characteristics of boiling range and va 
por pressure and of relatively high antiknock 
value. 

7. A process for the production of a motor 
5 fuel having gasoline characteristics of boiling 

range and vapor pressure and a relatively high 
antiknock value from a wet natural gas contain 
ing normally gaseous hydrocarbons heavier than 
methane and normally liquid hydrocarbons in the 
gasoline boiling range, which comprises separat 
ing from said hydrocarbon mixture an ethane 
propane fraction, a propane fraction, an isobu 
tane fraction, a normal butane fraction, an iso 
pentane fraction, a normal pentane fraction, a 

13 natural gasoline fraction boiling in the gasoline 
range of high antiknock value, and a natural gaso 
line fraction boiling in the gasoline range of low 
antiknock value, Said fractions together represent 
ing substantially all the hydrocarbons originally 

2) in Said Wet natural gas heavier than methane 
and boiling in and below the gasoline boiling 
range, dehydrogenating said ethane-propane 
fraction to produce ethylene and recovering from 
effluents of said dehydrogenation an ethylene 
fraction, dehydrogenating a portion of said pro 
pane fraction to produce propylene and recover 
ing from effluents of Said dehydrogenation a 
propylene fraction, reacting a portion of said 
ethylene fraction and a further portion of said 

30 propane fraction under alkylation conditions to 
produce highly volatile normally liquid predomi 
nantly paraffinic hydrocarbons and recovering 
from effluents of said alkylation a pentane frac 
tion SO produced, reacting a further portion of 

35 said ethylene fraction and a portion of said iso 
butane fraction under alkylation conditions to 
produce low-boiling normally liquid predominant 
ly parafiinic hydrocarbons and separating from 
effluents of said alkylation an alkylate fraction 

40 so produced and boiling in the gasoline range, 
Separating also from effluents of Said alkylation 
an unreacted isoparaffin fraction, Subjecting a 
portion of said normal butane fraction to aroma 
tizing conditions to produce low-boiling aromatic 
hydrocarbons and also normally gaseous olefins 
by concomitant dehydrogenation reactions, sepa 
rating from effluents of said aromatizing an aro 
matic hydrocarbon fraction boiling in the gaso 
line range, separating also from said aromatizing 

50 a normally gaseous olefin fraction, subjecting said 
normal pentane fraction to catalytic isomeriza 
tion to form low-boiling isoparaffins and recover 
ing from effluents of said isomerization a low. 
boiling isoparaffin fraction, subjecting said nat 

55 ural gasoline fraction of low antiknock value to 
reforming conditions to produce a stock of a 
higher antiknock value and substantially the 
Same boiling characteristics and minor amounts 
of olefinic C3 and C4 hydrocarbons by minor con 

60 comitant cracking reactions, separating from 
effluents of said reforming a reformed fraction 
boiling in the gasoline range, separating also from 
effluents of said reforming a C3-C4 fraction, sub 
jecting in admixture said C3-C4 fraction, the 

65 aforesaid pentane fraction from said propane 
alkylation, said propylene fraction, the aforesaid 
unreacted isoparaffin fraction, a further portion 
of said isobutane fraction, the aforesaid low-boil 
ing isoparaffin fraction, and the aforesaid nor 

70 mally gaseous olefin fraction from said aromatiz 
ing to catalytic alkylation to form a catalytic al 
kylate, separating from effluents of said catalytic 
alkylation a catalytic alkylate fraction boiling in 
the gasoline range, and blending said catalytic al 
kylate, said alkylate fraction from isobutane al 
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kylation, said aromatic fraction, a further por 
tion of said normal butane fraction, said isopen 
tane fraction, said natural gasoline fraction of 
high antiknock value, and said reformed fraction to produce a normally liquid hydrocarbon ma 
terial containing all the hydrocarbon material ob 
tained from the aforesaid fractions and with gaso 
line characteristics of boiling range and vapor 
pressure and of relatively high antiknock value. 

8. A process for the production of a motor fuel 
having gasoline characteristics of boiling range 
and vapor pressure and a relatively high anti 
knock value from a saturated hydrocarbon mix 
ture containing normally gaseous hydrocarbons 
heavier than methane and normally liquid hy 
drocarbons in the gasoline boiling range, which 
comprises separating from said hydrocarbon mix 
ture an ethane-propane fraction, a propane frac 
tion, an isobutane fraction, a normal butane 
fraction, a pentane fraction, a natural gasoline 
fraction boiling in the gasoline range of high 
antiknock value, and a natural gasoline fraction 
boiling in the gasoline range of low antiknock 
value, said fractions together comprising sub 
stantially all of the hydrocarbon material heavier 
than methane and boiling in and below the gaso 
line range originally in said wet natural gas, 
dehydrogenating said ethane-propane fraction to 
produce ethylene and recovering from effluents of 
said dehydrogenation an ethylene fraction, de 
hydrogenating a portion of said propane fraction 
to produce propylene and recovering from efflu 
ents of said dehydrogenation a propylene frac 
tion, reacting a portion of said ethylene fraction 
and a further portion of said propane fraction 
under alkylation conditions to produce highly vol 
atile normally liquid predominantly paraffinic hy 
drocarbons and recovering from effluents of said 
alkylation a pentane fraction so produced, react 
ing a further portion of said ethylene fraction 
and a portion of said isobutane fraction under 
alkylation conditions to produce low-boiling nor 
mally liquid predominantly parafinic hydrocar 
bons and separating from effluents of said alkyla 
tion an alkylate fraction so produced and boiling 
in the gasoline range, separating also from efflu 
ents of said alkylation an unreacted isoparaffin 
fraction, subjecting a portion of said normal bu 
tane fraction to aromatizing conditions to pro 
duce low-boiling aromatic hydrocarbons and also 
normally gaseous olefins by concomitant dehydro 
genation reactions, separating from efuents of 
said aromatizing an aromatic hydrocarbon frac 
tion boiling in the gasoline range, separating also 
from said aromatizing a normally gaseous olefin 
fraction, subjecting said natural gasoline fraction 
of low antiknock value to reforming conditions to 
produce a stock of a higher antiknock value and 
substantially the same boiling characteristics and 
minor amounts of olefinic C3 and C4 hydrocar 
bons by minor concomitant cracking reactions, 
separating from effluents of said reforming a re 
formed fraction boiling in the gasoline range, 
separating also from effluents of said reforming 
a C-C4 fraction, subjecting in admixture said 
C3-C4 fraction, the aforesaid pentane fraction 
from said propane alkylation, said propylene frac 
tion, the aforesaid unreacted isoparafin fraction, 
a further portion of said isobutane fraction, and 
the aforesaid normally gaseous olefin fraction 
from said aromatizing to catalytic alkylation to 
form a catalytic alkylate, separating from efflu 
ents of said catalytic alkylation a catalytic al 
kylate fraction boiling in the gasoline range, and 
blending said catalytic alkylate, said alkylate 
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fraction from isobutane alkylation, said aromatic 
fraction, a further portion of said normal bu 
tane fraction, Said pentane fraction, said natural 
gasoline fraction of high antiknock value, and 
said reformed fraction to produce a normally 
liquid hydrocarbon material containing all the 
hydrocarbon material obtained from the afore 
said fractions and with gasoline characteristics 
of boiling range and vapor pressure and of rela 
tively high antiknock value. 

9. A process for producing a high yield of a 
liquid hydrocarbon material having gasoline 
characteristics of boiling range and vapor pres 
sure and a relatively high antiknock value from 
a wet natural gas, which comprises separating 
from said wet natural gas an ethane-propane 
fraction, a propane fraction, an isobutane frac 
tion, a normal butane fraction, a pentane 
fraction, a natural gasoline fraction boiling in 
the gasoline range and having a high antiknock 
value, and a natural gasoline fraction boiling in 
the gasoline range and having a low antiknock 
value, said fractions together representing essen 
tially all of the hydrocarbon material originally 
present in said Wet natural gas heavier than 
methane and boiling in and below the gasoline 
boiling range, dehydrogenating said ethane-pro 
pane fraction to form ethylene and separating 
from effluents of said dehydrogenation ethylene so 
produced, reacting said propane fraction with a 
portion of Said ethylene under noncatalytic al 
kylation conditions to form pentane and recover 
ing from effluents of said alkylation an isopen 
tane fraction so produced containing a minor 
amount of olefins, separately reacting said iso 
butane fraction with the remainder of said eth 
ylene under noncatalytic alkylation conditions to 
form hexanes and recovering from effluents of 
the last said alkylation a hexane fraction so pro 
duced and an unreacted isobutane fraction con 
taining a minor amount of olefins, passing to a 
catalytic alkylation step said isopentane fraction 
and said unreacted isobutane fraction to react 
olefins containing therein with said isoparaffins to 
form a normally liquid paraffinic fraction boiling 
in the gasoline range, separating from effluents 
of said catalytic alkylation a gasoline range frac 
tion so produced, subjecting a portion of said nor 
mal butane fraction to an elevated temperature 
and relatively low pressure to form low-boiling 
normally liquid aromatic hydrocarbons and sepa 
rating from effluents thereof an aromatic hydro 
Carbon fraction in the gasoline boiling range so 
produced, subjecting said natural gasoline frac 
tion having a low antiknock value to reforming 
conditions to produce hydrocarbons having rela 
tively high antiknock value and separating from 
efluents of said reforming a reformed fraction 
boiling in the gasoline range and of relatively 
high antiknock value so produced, blending said 
fraction from catalytic alkylation, said hexanes 
and heavier fraction from Said noncatalytic iso 
butane alkylation, said aromatic fraction, a fur 
ther portion of said normal butane fraction, said 
pentane fraction, said natural gasoline fraction 
having a high antiknock value, and said reformed 
fraction to produce a normally liquid hydrocar 
bon material containing all the hydrocarbon ma 
terial obtained from the aforesaid fractions and 
boiling in the gasoline range, and having gaso 
line characteristics of boiling range and vapor 
pressure and having a relatively high antiknock 
value. 
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