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Philip Subkow, West Los Angeles, Calif., assignor
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2 Claims.

“This invention relates to & process and appa-
ratus for the formation of high anti-kneck gaso-

version of low anti-knock gasoline to high anti-

knock gasoline by a modification of the process

known as “reforming” which utilizes recombin-
ing and polymerizing reactions as well as decom-
posing reactions, The process of this invention
combines the processes for the conversion of high
molecular weight into lower molecular weight
hydrocarbons, known as “cracking,” “dehydro-
genating” and “reforming,” with processes for
building hydrocarbons of high anti-knock quality
from low molecular weight hydrocarbons, 'partic-
ularly those which are normally gaseous at atmos-
pheric temperatures and pressures, and known as
“polymerization” or “synthesis,” and processes for

- line, and particuiarly to a process for the con-

5

- mers. Isomerization, although not strictly a poly-
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branched chain hydrocarbons or alkylation reac-
tions between aromatics and unsaturated jow mo-

‘lecular weight hydrocarbons such as ethylene, pro-

pane or butene, or straight polymerization reac-
tions wherein olefins such as mono- or diolefins
are polymerized. to higher molecular weighi poly-

merization reaction in the sense that higher mo-

‘lecular weight bodiesare formed, is inciuded with-
in this term since it occurs along with such poly- .
_merization reactions, The term “polymerization”

as here used is intended to embrace these types of
reactions. for building higher molecular weight
bodies by reaction of lower molecular weight hy-
drocarbons. The gasoline produced by this proc-
ess is termed “polymer” gasoline, and when pro-

. duced as a mixture with reformed gasoline it is

obtaining improved anti-knock qualities by mo- -

lecular rearrangement, known as “isomerization.”

The conventional process for reforming gaso-
line consists in subjecting hydrocarbons in the
gasoline range, preferably in vaporous form, to
high temperatures, under which conditions the
gasoline is converted from one having low anti-
knock properties to one having high anti-knock
properties. The gasoline is then separated from

the fixed gases and normally gaseous hydrocar- -
bons to form a stabilized and reformed gasoline.

This process for the formation of high iso-octane
number material is visualized as proceeding
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here termed “reformed and polymer” gasoline. -
The term “reforming” is intended to embrace

the reactions of cracking or decomposition, dehy- .
drogenation and isomerization by which low oc-

tane material of gasoline or higher boiling range
is coriverted .into gasoline fractions of high anti-
knock properties. : : .

The object of this invention is to reform gaso-
line under such conditions that along with the
cracking, dehydrogenating, and isomerizing oper-

. ations there is a parallel, subsequent, or conjoint

through cracking, dehydrogenating and isomeriz- -

ing reactions which yield as an intermediate or
by-product, low molecular. weight olefinic frac-

tions and  chemical radicals with unsatisfied
in conventional re-.

valences called residuals,
forming operations there is no attempt to control
the subsequent polymerization of these materials
to. retain and conserve those desirable anti-
knock characteristics and to polymerize the gase-
ous residuals to liquid hydrocarbons of high anti~
knock value. 'The process of this invention pro-
vides for controlled polymerization and conserva-

* tion of these residuals and olefins, particularly

hydrocarbons to form high molecular

those of the ethylenic type, in the reaction zones,
thus favoring continued decomposition of the pe-
troleum hydrocarbons and increased yield of high
octane material over that resulting from & simple
reforming operation. A reformed gasoline con-
taining increased percentages of polymer gaso-
line of high octane value results.

The reactions here generically
merization” inciude alkylation 'res:ctions wherein
saturated hydrocarbons combine with unsaturated

termed “poly-

welght

polymerizing reaction where the gases formed or-
added 0 a reforming cperation are converted into

polymerized materials, and a blend of reformed
and polymer gasoline is formed directly in the

process, Broadiy stated, the invention consists in

reforming liquid hydrocarbons, and particularly
hydrocarbons in the gasoline range, to produce
hydrocarbons having boiling points in the gaso-

line range and vapors containing hydrocarbons of

- “five or less carbon atoms, which vapors are poly-

40

merized, separately -if desired, but preferably in

the presence of the gasoline fractions produced -

. by the reforming operation. -

The invention also contemplétes the addition of

‘ hydrocarbons having five or less carbon atoms to

45
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the gasoline being polymerized to increase the con-
centration of these hydrocarkons, )
Normally gaseous hydrocarbens such as pro-
pane, butane, propylene or butylene may be poly-
merized. Instead of using the hydrocarbons hav-
ing four or less carbon atoms, stabilized natural
zasoline containing these fractions may be em-
ployed. It is preferred, however, to use hydro-
carbons of the unsaturated type. Sources of such

gases are processes in which gas oil and/or fuel’




2

oil are cracked at temperatures below 1000°
that is, in the neighborhood of 850-950° P, )
The reforming operation, which is at least par-
tially a combined cracking, dehydrogenating and
isomerizing operation, may be aided by choice
. of conditions of temperature and pressure and
rate of feed and by selection of catalysts. In
general, high temperatures, short time, and mod-
erate pressures are desirable. Temperatures may
range. from 650-1850° F., but the range from
850-1200° P is preferred. Pressures ranging from
atmospheric to 1500 lbs. may be used,” but low
pressures, as for instance, in the neighborhood of
5-30 atmospheres, are to be preferred. Reforming
catalysts for the above process which have been
found useful for this purpose are: )

P,

5
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of this nature are to be followed. Thus, the
metals are best used when in finely. divided form,
and better when supported on carriers. For ex-
ample, the metal might be formed by reducing
the oxide of metal absorbed upon a carrier such
as charcoal or silica gel in a stream of hydro--
gen. These methods are well known and con-
ventional in the catalytic art.. ‘The salts or acids
are best formed when precipitated on a carrier
or fused with a carrier and ground into s fine
state. The clays such as bentonite and fuller’s
earth are best used in their activated states, thus
fuller’s earth is used in the acid ‘treated state,

' In which state their adsorpiive activity is best

15

Metals—Nickel, - palladium, platinum, copper, |

cobalt, iron, zinc, titanium, aluminum, tungsten,

molybdenum, thorium; oo

Sulfides—Cobalt, iron, zine, nickel, manganese,
tungsten; : :

20

Orides—Alkali metals such as calcium, mag- -

nesium, barium, aluminum, chromium, zine, man..
ganese, silica;
Hydrozides~Chromium, alkali metal;
Acids—Molybdic, tungstic, chromic,
phorie, arsenious, silica, boric; -

phos-

25

Salts—Aluminates, chromates, tungstates, va-. ..

nadates, uranates, phosphates of the alkali earth
metals such as calcium; and the phosphates,
chromates and vanadates of aluminum, chromium
- or zinc; phosphates of miolybdenum, tungsten;
ammonijum "molybdate, aluminum sulfate; ad-
sorbents like fuller’s earth, bentonite; - ’

Adsorbent charcoal or other adsorbent carbons;

Halides such as aluminum chloride, iron chlo-
ride, aluminum bromide and iron bromide.

When hydrocarbon fractions having a boiling
range up. to about 600-650° F. are passed over
these catalysts at temperatures from 662-1832°
P. a reforming reaction occurs. In producing
gasoline containing olefinic materials tempera-
tures of about 850-1050° F. may be employed.
Higher temperatures in the neighborhood . of
1380-1830° F. favor aromatic formation. The
salts and oxides of the difficultly reducible metals,
as for instance, the alkali metals such as cal-
cium, -magnesium, barium, requiré in general
higher temperatures for the formation. of olefins,
1. e. temperatures in. the neighborhood -of
1020-1380° F. The gases resulting may then be

reacted in the presence of a polymerizing catalyst.-

Catalysts which have been found to aid poly-

- merization are termed “polymerizing catalysts.”
Such catalysts are fuller’s earth, absorbent car-
bon, phosphorous acids such as orthophosphorous

- acid, and phosphéric acid such as orthophos-
phoric acid. In solid form, aluminum oxide,
- calcium oxide, carbonates of the alkaline mietals,
“the oxides and carbonates of magnesium or be-

ryllium, the acids of boron and antimony, thoria,"

‘zinc' chloride or aluminum chloride, cadmium
phosphate, aluminum sulfate in solid form, ad-
. sorbent clays like bentonite, graphite, charcoal,

copper alkali metal salts (especially oxygen-

containing salts), phosphates, borates, ‘anti-
monates, boron trifluoride, either alone or as a
double compound with ethylene in the. form of
ethylene fluoboric acid, cadmium phosphate, and
siliceous edrths, tin, zing, aluminum, chromium,
silicon, lead or alloys of these metals.

In using the reforming and polymerizing cat-
alysts, one skilled in the art will understand that
the conventional methods of preparing catalysts

30

brought out. Methods of increasing the adsorp-

tive activity -of clays and adsorbent carbon are

well known in the adsorption art. -
In using catalysts to be carried in the stream

" of gases, the catalyst, if it is boron fluoride, may

be fed as a gas to this stream or mixed in the
liquid state at low temperature. If the catalysts
are solid they are best ground fine and carried
in suspension by mixing with the liquid feed
and carried along by the high’ veloeity-of the
vapors. The solid catalyst may also be positioned
as a contact mass in the reaction zone and the
vapors passed through the body of catalyst.
The reactions which have been termed “poly-
merization reaction,” and “reforming reaction”
are parallel reactions. These reactions are gen-
erally reversible, the reaction in one direction
being a polymerization reaction, and the reaction

" in the other direction being a reforming reac-

.35
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.tion. Consequently, in the polymerization oper-

ation and in the reforming operation, all reac-
tions may oceur. - In general, the polymerization
reactions are favored by lower temperatures,
while the reforming reactions are favored by
higher temperatures,  the temperatures chosen -
should be those at which the desired reaction

' predominates. The  temperature will also vary

- and with the pressure.
45

with the feed stock, particularly upon its boiling
range and the chemical type: of the feed stock
An additional factor is
time. The polymerization reactions and decom-
position reactions may proceed further by allow-

. ing a longer time of contact with thé catalyst.

50
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Care must be taken to prevent the reforming
reaction from going too far, thus forming light;
undesirable fractions, or from allowihg the poly-

- merization reaction to form undesirable heavy

bodies by too long a polymerization contact time.

Various catalysts promote one or the -other
reactions favorably, under certain temperature
conditions. The' temperatures - and pressures
herein disclosed are merely Hlustrative and are
those at which the various reactions predomi-
nate, but the opposite reaction, whether it be
reforming or polymerization, also occurs. The
temperatures are merely illustrative and are for

, Teed stocks as herein described, and for pressures

85

. that is, around 350-355°

70

75

_eration above about 390°

' from atmospheric to 5000 lbs.

Thus, with metal catalysts, tin, zine, copper,
aluminum, chromium, silicon, ‘lead. and nickel
favor polymerization reactions in the tempera-

.ture range between 350 and 700° F. Nickel fa-

vors the reaction in the lower of the said range,
F. . These materials fa-
vor the reforming operation at higher tempera-
tures. ' Iron and nickel favor the reforming op-
F. and in general, iron,
nickel, copper, cobalt, zing, aluminum, chromium
favor the reforming operation -at . temperature
ranges above 932° B, e :

It will be seen that certain of the materials
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here recited, for example, both zinc and nickel
catalyze both reactions, but at lower tempera-
tures, zinc in the range between 350-700° F.,
and nickel in the range between 355-390° F, fa-
vor the polymerization reaction, while the re-
forming reaction is favored at temperatures above
930° F. In choosing temperatures for polymeri-
zation and. reforming, using metal catalysts of

the nature shown above, it is preferable that -

polymerization reactions be carried out at lower
temperatures here indicated, and the reforming
operations at the higher temperatures, however,
by applying higher pressures as hereinafter de-
scribed, the reaction temperatures are brought

closer together and polymerization and reform-.

ing may occur together at the same temperature.

Catalytic oxides used for these reactions, such
as aluminum oxide either alone or combined with
silica in the form of aluminum silicates, for in-
stance, floridin or fuller’s earth; favor polymeri-

zation in the temperature range between 570

and 750° F, Preferably, aluminum oxide should
be used in the neighborhood of from 640 to 700° F.
Lime and-other alkali earths or oxides or car-
bonates favor polymerization in the range be-
tween 660° F. and 840° F. Magnesium and be-
.ryllium oxides favor polymerization reactions in
the upper part of said range around 840° F. to
930° F. Aluminum ‘chloride and boron trifiuo-
ride are very active at temperatures from 32°
F. to 300 or 390° F.. Magnesium oxide, lime and
silica, such as silica gel, can be used in reform-
ing reactions in temperature ranges above
930-1290° F.. Aluminum oxide or aluminum sili-
cate such as fuller’s earth or floridin or other
forms will favor reforming above 750° F. Thus
in using aluminum oxide, either alone or in the
form of. silicate, the temperature ranges should
be adjusted depending on the form of the reac-
tion which is to be favored. In operating in
the upper ranges around 750° F. aluminum oxide
will have a favorable influence on both reactions,
aiding in.the decomposition in the higher mo-
lecular weight liquid hydrocarbons, and aiding
in the lower molecular weight gaseous hydro-
carbons. The temperature range should be cho-
sen to form a balance between the two.
Of the salts or adsorbents which accelerate
polymerization reaction, the alkali metal car-
bonates, phosphates and borates are active in
the neighborhood of 750-930° F.; bentonite is
active from 660-840° F.; phosphoric acid is ac-
tive from 350-475° F. Absorbent charcoals and
carbons favor the polymerization reaction at
around 750° P. Above these temperatures, and
* particulariy at substantially higher tempera-
tures reforming is favored by these catalysts.
Calcium aluminate, ammonium molybdate favor
the reforming operations at temperatures of
930-1290° F. and higher. Aluminum sulfate and
phosphoric acid are active in reforming reactions
above 660° F. and very active above 930° F,
Mixed catalysts composed of mixtures of any
one or more of the above reforming catalysts,
and any one or more of the above polymerizing
catalysts, which are active, i. e. promote and ac-
celerate the reforming and polymerizing opera-
tion in the neighborhood of 700-930° F. will per-
mit of the joint and favorable reactions of re-
" forming and polymerization when operated at
. temperatures between about 700-930° F. at pres-
sures of ‘about 75-1500 lbs.
Higher pressures favor the polymerization re-
_action and therefore, by the amplificaticn of
pressure the tolera.ble temperature for polymer-

15
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ization is increased. At the same time pressure
tends to decrease the reforming operation, and
the two operations may be brought closer to-
gether by the application of pressure. "By choos-
ing a temperature intermediate the preferred re-
forming and polymerization reaction tempera-
ture at atmospheric pressure, and applying high
pressure in the neighborhood. of 1000-5000 lbs.
the same catalyst may be used for both reactions.
It may be chosen to use 8 catalyst or catalyst .
mixtures whose temperature at which they ac-
celerate the reforming operation, and the tem-
perature at which they accelerate the polymer-
ization operation, do not lie far apart. Thus, for
instance, one may choose catalysts which are ac- |
tive, i. e. promote or accelerate, in reforming at
temperatures in the neighborhood of 846-1060°
P., and choose catalysts which are active in, i. e.
promote or accelerate, the polymerizing reaction
at temperatures ranging from sbout 57G-840° F.

at pressures ranging as low as atmospherie.

The liquid gases may be washed with alkali $o
free them of hydrogen sulfide and they can then
be charged. The charging stocks to the reform-
ing operation may contain organic sulfur bodies -
which will poison the catalyst. One may either
remove these bodies or use a catalyst which will
not be poisoned in these bodies.

The following of the above referred to cata-

'lysts are not easily poisoned by the sulfur 'and

sulfur bodies present in the charging stocks here
used. Metals: colbalt, iron, zine; sulfides of
cobalt, iron, zinec; nickel, manganese, tungsien;
oxides of chromium, zinc, manganese, aluminum;
chronium hydroxide; molybdic, tungstic, chromie,

* phosphoric, arsenious, silicic, boric acids; phos-

40
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phates of alkali metals, molybdenum, tungsten;
ammonium molybdate, aluminum silicaue, ﬁul-
ler’s earth. - -

Water and oxygen and traces of alkali poison
aluminum oxide and fuller’s earth catalysts.-
Smiall percentages of moisture in such catalysts -
as hereinafter described may be tolerated. Oxy-
gen also poisons aluminum oxide, fuller’s earth,
and the metal catalysts. Air should be excluded.

" A good catalyst for the polymerization reac-
tion is aluminum oxide preferably in the form of
fuller’s earth or artificial fuller’s earth formed °
by co-precipitating silica and aluminum exide
from a mixture of sodium silicate and aluminum
sulfate. The aluminum silicate is washed neu-
tral and dehydrated. It is preferred that the
mixture be neutral or acid, and free of alkaline
material. It is best that the catalyst be substan-
tially free from water, dehydrated by heating,
although a small percentage, up to 5 or 6% of
moisture is not detrimental. In using this cata-
lyst it has been found that a small amount of hy-
drochloric acid introduced as alkyl chloride, as

- for instance, isopropyl chloride may be intro-

duced to aid the polymerization reaction. Ap-
parently, the isopropyl chloride is decomposed in
the reaction szone and forms free hydrochloric
acid. :
It has been found that the alkyl chlorides are
conveniently formed by passing a mixture of un-
saturated hydrocarbons such as butylene and
propylene over the above fuller’s earth type cat-

-alysts as preyviously disclosed at ordinary temper-..

atures from about 200-400° F. the alkyl chloride
may be introduced either in vapor form as pro-
diiced by the chlorinating reaction, or first con-
densed, and then introduced in liquid form. The

amount of alkyl chloride required varies from
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-one-tenth to one percent, preferably to about
one-half percent of the reaction vapors. ;

The catalysts here employed may be used in
the reforming or polymerizing processes either
as & catalyst body or as a mixture with incoming
feed. In using the catalyst as a catalyst body,
the reaction zone in the tube or chamber is

charged with the solid catalyst and the reaction:

vapors are passed through the body of the cata-
. lyst. It is possible, however, to use the catalyst
as & slurry with the incoming feed, in which case

the reaction zones are empty except for the re-,

action mixture. When the vaporized hydrocar-
bons carrying the catalyst ground fine in suspen-
sion pass through the reaction zone, the high ve-
locity of the vapors and the fine particle size of
the catalyst prevent sedimentation of the cata-
lyst in the tubes or chambers.

2,245,735
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tures for the reforming reaction than would be
possible without the catalyst. . . .

‘While the processes of reforming and polymer-
ization are two distinct processes which may be
separated ‘the one from the other by careful
choice of conditions and catalysts by control of
conditions, 'as previously described, theé. two
processes may be interwoven. - S T

In operating a combination of reforming and.
polymerization such as, for example, those shown

" in Figures 1, 2, 3 and 5, where saturatéd normally

15

gaseous hydrocarbons are introdueed into:the
-reforming zone, this reforming may be operated
at a relatively high temperature to form larger
amounts of unsaturated normally gaseous hydro-
carbons in the vapor mixture passing to the
polymerization stage.. In such,a process an active

. dehydrogenating or reforming catalyst may be

In carrying out the process of this invention: -

_the following principles may act as a guide. ‘The
feed of liquid fractions is one preferably having
an end point not in excess of 650° F. Usually a
heavy gasoline fraction boiling between 300-500°
" P. will prove satisfactory. . The reforming, crack-
ing or dehydrogenation is best carried out at a
temperature plane higher than that at which the
polymerization reaction is carried out. It is de-
sirable also to control these reactions so that
they do not proceed to the ultimate stage of.
carbon, hydrogen and methane formation or to
" the production of high boiling fractions in the
fuel oil range. It therefore will be desirable in
one form of this invention to use relatively high
temperatures and short times of contact in the
reforming zone, and to cool the reaction products
produced by the dehydrogenating and- cracking
reactions before passing them to the polymeriza-
tion reaction zone. The yield of polymerization

20

-employed.. The temperatures to be employed may -
be in_the upper portion of the range suggested
for the reforming catalyst. Another procedure
to be followed in this connection 1s to carry the -

. reforming on at relatively high temperatures to

26

*_ing may be carried on to produce large gas yields -

30
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products may be increased by adding to the re- .

action mixture from an extraneous source hydro-
carbon -materials of five or less carbon atoms.
The polymerizing reaction including addition of

40

unsaturates to unsaturates and alkylation in .

poly-molecular reaction is favorably ‘influenced
by increasing the concentration of the reactants.
This may be accomplished by increasing the pres-
" sure, and also by adding materials undergoing
polymerizing reaction to the reformed vapors.
These may be cracking still gases, or liquid gas
from a gasoline stabilizer tower. ’

It is desirable to have present unsaturated hy-
drocarbons such as butenes, propenes and
ethylene, the gases may be obtained from the
cracking of gas oil or fuel oil at temperatures
from 850-1000° F'. and preferably, from 900-950°
F. The gases are those produced after the
cracked gasoline has been removed. Other proc-
esses for producing these unsaturates may - be
employed to produce the unsaturated normally
gaseous hydrocarbons. here added to the poly-

merization and reforming operations, as herein
described. The saturated normally gaseous hy-.

drocarbons undergo dehydrogenation .and poly-
merization during the referming operation. The
decomposing reactions occur best at low pres-
-sures, the polymerization at higher pressures. It
therefore may be desirable to increase the pres-
“sure in passing through the polymerization stage:
The difficulty ‘of compressing hot vapors makes
-this step practically difficult. It is, tBerefore,
desirable to compress only the cold feed and to
- operate the whole system under the desired high

650

60
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70

Dpressure for the polymerizing reaction. -The use )

of catalysts permits the use of lower pressures for

the polymerizing reaction and 1ower tempera~ 75

produce large amounts of gas by extensive crack-
ing of the feed stock.. Thus, for instance, in
operating on a charging stock composed of crude
gasoline of from 450-500° F. end point, the crack- -

"In excess of 400500 cu. ft. per barrel of charging
stock. These gases, together with any added gas -
may be passed to the polymerization stage. In
this' connection the’ gasoline fractions may be
first removed and the lighter gases polymerized
or the polymerization may be carried on in the
presence of the reformed gasoline fractions.

The cracking and dehydrogenating processes
of reforming are reversible reactions, and con-
comitant with them oceur polymerizing and hy-
drogenating reactions. .The unsaturated bodies
formed as a result of the cracking and dehydro-
genation are extremely active and tend to com:
bine with each other. The light unsaturated
gases tend to polymerize with themselves and with -
the unsaturated higher molecular weight bodies
present in the reaction zone. It is therefore pos-
sible to combine the reforming and polymerizing
processes and 'to carry on the polymerization of
the lighter fractions (five carbon, and particu--
larly four carbon and lower) in the presence of
the Hydrocarbons within the gasoline : range
-formed as a résult of the reforming operation. By
such a combined process, the low molecular
weight olefinic products of the reforming proc-
esses are continuously and progressively removed
by polymerization from the reaction zone as they
-are formed, thus favoring continued reforming of
the petroleum hydrocarbons and an Jincreased
yield of high octane material over that resulting
from a simple reforming operation. Thé lower
molecular weight unsaturated hydrocarbons, par-

ticularly those of five carbon atoms and less are

polymerized with themselves and are also poly-
merized by addition of the higher ‘molecular -
weight liquid hydrocarbons of six’ carbon atoms
and more formed in the reforming reaction, or
present in the hydrocarbon material-forming the
charge to the operation. . ... . . - S

If desired, instead-of using a mixture of cata-
Iysts, the catalytic zones may be separated and
the_reaqtion mixture passed separately or alter-
nately over a dehydrogenation and: polymeriza-
tion catalyst. This may be accomplished by pass-
ing the mixture through a series 6f tubes of the -
Mnature of cracking tubes connected together by
return bends.and the tubes filled alternately with-
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a dehydrogenation and a polymerization catalyst.

. in a number of runs so that the mixture is re-

- formed and polymerized in repeated Dassages
over the catalyst. The tubes may be placed in a
furnace and the temperature and pressure may
be uniform throughout the tubes or the tubes
may be placed in reaction zones of different tem-
peratures, the reforming tubes being at higher
temperatures than the polymerization tubes.
_The reaction mixture is then heated and cooled,
first heated to the reforming temperature in the

8
Itis a further object of this !nvention to sub-
Ject gasoline and kerosene and heavier petroleum

fractiong in the presence of a normally gaseous
hydrocarbon to & reforming and polymerization

_reaction, preferably in the presence of catalysts

" which will accelerate and aid the reformlng and

‘reforming tubes, then cooled to a lower poly---

merizing temperature in the polymerization Zone.
If desired, temperature alone may be used to
~ produce the desired reforming and polymeriza-
- .tion without using catalysts in the tubes.
While catalytic operations are preferred, cer-
tain of the advantages of this operation are pre-

served in non-catalytic processes thus either the:

reforming or polymerizing reaction or both may
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be operated without the aid of catalysts to obtain -

a great number of the advantages of the opera-
tion.

- Another arrangement which may be used is to
carry out the process in a heated chamber
through which are passed cooling tubes. Crack-

polymerization reactions.

It is a further object of this invention to sub-
ject gasoline and kerosene and heavier petroleum
fractions to a reforming operation and then to
subject the product of the reforming operation
to a polymerizing reaction, preferably in the
presence. of & polymerization catalyst. ’

It is a further object of this invention to sub-
ject gasoline and kerosene and heavier petroleum
fractions to a.reforming operation, and then to
subject the product of the reforming operation
in the presence of added normally gaseous hy-
drocarbons fo & polymerization reaction, prefer-
ably in the presence of a polymerization catalyst.

It is a further object of this Invention to sub-
ject gasoline and kerosene and heavier petroleum
fractions to a reforming and polymerization re-

. action in the presence of a reforming and poly-

25

ing and dehydrogenating catalysts may be de-

-posited on the warm walls of the chamber, and
polymerizing catalysts on the cooler tubes. -

If desired, air may be passed with the vapors
through the cracking and dehydrogenating zone
in such cases where the oxygen or water vapors
will not have a poisoning action on the catalyst,

30

in order to. remove undesirable gum-forming

_ constituents such as diolefine. Olefins other
than those that react readily with free oxygen
. are not dﬁjectionable constituents in gasoline,

and their ‘tonservation is desirable. Retention
of these desirable unsaturated compounds may
be accomplished by a controlled polymerizing ac-
tion which only affects those unsaturates which
‘are most readily polymerized and leaves the oth-

merization catalyst- under such high pressure
conditions and such conditions of temperature
that the polymerization and reforming opera-
tions are both aided by the presence of the poly-
merization and reforming catalysts.

It is a further object of this invention to sub-
Ject gasoline and kerosene and heavier petroleum
fractions to a reforming operation and subse-
quently to a polymerization operation under such
conditions of temperature and pressure that the
reforming operation is carried out at a higher

temperature than the polymerization operation

 wherein the reformed gasoline composed of gaso-
- line and kerosene fractions, and containing nor-

40

ers to contribute their high' anti-detonating

characteristics of the fuel.

The process of polymerization and also of re-
forming results in a product which is composed
of a polymer and reformed gasoline fraction of
high octane and having an end point of from
300-400° F. depending on operations, a heavy
gasoline-kerosene fraction having an end point

of about. 500-550° F. and a heavy portion. The -
- heavier fractions called “heavy gasoline-kero- .

sene” is recycled. While the figures describe the
.total return, it will be understood that only a
portion may be returned and- the remaining por-

tion sent to storage or re-run on blénding stock

with the polymer and reformed gasoline,
It is therefore an object of this invention to
- subject kerosene and gasoline and heavier pe-
troleum fractions to a reforming operation in the
- presence of a reforming catalyst.
“. Th is a further object of this invention to form

- a reformed and polymer gasoling by subjecting’

_ gasoline, kerosene and heavier hydrocarbons. to a
reforming process and to subject light hydrocar-
bons to a polymerizing reaction to form a poly-
mer gasoline, and to combine and rectify the
two to produce a reformed and polymer gasoline.
It is another object of this invention to subject
gasoline. and Kkerosene and heavier petroleum
fractions to"a reforming operation in the pres-
ence of a catalyst which will aid the polymeriza-
“tion. of the lighter hydrocarbon fractions, and
particularly, those which are normally \gaseous
in the reforming operation i

Co.

mally gaseous hydrocarbons are subjected to a
lower temperature for polymerization of the poly--
merizable hydrocarbons at that temperature and
pressure, .
This invention will be better understood by
reference to the subjoined figures in which:
PFigure 1 is a flow sheet showing. the polymer-

ization and reforming reactions and providing

for withdrawal and the addition of a catalyst at
an intermediate point in the reaction; - :
Figure 2 shows a stage reforming and polymer-

-ization reaction in which a promoter is added to

the reaction undergoing polymerization,
Figure 3 shows a,stage polymerization and re-
forming reaction wherein provision is made for

the control of temperature in the polymerization ’

reaction;
Figure 4 shows a combined polymerization and
reforming operation; , .
Figure -5 shows a design and flow sheet of &
combined polymerization and reforming opera-
tion. and a furnace structure for the control of

A temperature in the various coils of the furnace;

Figure 6 shows a simultaneous polymerization
and reforming operation wherein the polymeri-~
zation and reforming operations are carried on
separately, and the products are combined and
treated together.

Figure 1 represents a schematic flow sheet of

* a combined reforming and polymerization process

75,

in which the reforming is primarify conducted in
one zone at relatively higher temperature and.
polymerization in another zone of relatively lower
temperature. In Flgure 1 gasoline ‘kerosene; or
gas oil fractions having end points under 600-650°
F: to be reformed-are fed through line | by pump
2 through valve 3 and line 4 into the reforming




6 : . 2,245,735

coil 7 in furnace 8. The reforming catalyst may
be added before passage to the heating coil
through line 5 controlled by valve §. The mech~
anism for the addition of the solid catalyst to the
oil stream is shown schematically as irdicated.
Mechanisms for the addition of solid material to
liquid being well known in the chemical engi-
neering art. The reforming catalyst may be one
of the previously mentioned catalysts.or may be
8 mixture of reforming and polymerization cata-
lysts. The temperature of the reforming opera-
tion will be chosen to correspond with the catalyst
used in accordance with the principles herein-
above discussed. . ‘ :
The reforming stream containing the catalysts
may be treated in one of two ways. If the prior
reforming .operation was made in the presence of
a catalyst or cataiyst mixture different from those
which it is desired to have present in the poly-
merization zone, the stream is by-passed by clos-
ing valve {4 and opening valves 10 and 6. The
stream of catalyst and oil vapor is then passed
through line § and meets ofl residuum such as
fuel oil entering at 11 to act as a dousing medium
to wash out entrained catalysts and separate the
vapors from the dousing medium in the separator
2. The temperature maintained in the separa-
tor is about 500° F, to insure the vaporization of.
the gasoline. fractions. The mixtire of oil and
catalyst is removed through valve contrclled line
{3, and the vapors of gasoline ang lighter frac-
tions including the hydrocarbons of four and less

~carbon atoms, pass through line 5 and valve 16

into line 9. However, if it is desired that the
catalyst present in the reforming coil T and cata-
lysts entrained in the. vapors passing there-
through be also present in the Dolymerization
zone, valves {0 and {6 remain closed end valve
14 is open. In'the-event the operation in cham-
ber 12 is carried out, additional catalysts may be

.added through line i1 or provided as _catalytic
mass in the reactor chamber 23, It may be found

desirable to add fresh catalysts to the reaction
mixture. Also, in the event that the operation
in chamber 12 is not carried ouf, the reaction
mixture passes through line 9’ in order to in-
crease the concentration of active catalysts in the

JTeaction mixture,

.. The reforming operation may be carried out
with the' omission of catalyst introduction
through 6, and the entire reformed mixture may
be passed either through 14 or by-passed to 12
and the separated gasoline sent to reactor cham-
ber 29 in the same manner ag previously de-
scribed. The catalyst added through 171 is pref-
erably chosen from among -the polymerization
catalysts herein previously disclosed. In order
to increase the concentration of light hydro-

carbons ' there may be added through line I8 .

liquid gases produced in the stabilizer 46 as will
be hereinafter described. There may be also
added at this point ligiid gases from an ex-

traneous source -through line 21 and pump 22.

These gases are preferably . propenes, butenes,
ethylene, or mixtures of these hydrocarbons with
the saturated hydrocarbons of four or less car-
bon atoms. The mixture is formed in line 9’.
In the event that the cooling operation in cham-
ber 12 and the cooling effected by the addition of
the liquid material through line {8 and vaporiza-
tion of this material has reduced ‘the temperature
below the chosen reaction temperature, the mix-
ture may be by-passed through Iine 23 and re-
heating coil 26-in furnace 8 by the proper manip-

heater will then adjust the temperature in line
28 to the proper reaction temperature to be main-
tained in reactor 29. In the event that the re-
actor does not contain the mass catalysts in the

'5 form of a contact mass in the chamber, it be-

comes merely a reaction chamber to give re-
action time to the mixture. In operating the re-
actor without the catalyst mass it would be ad-
visable to direct the flow of vapors and entrained

10 catalyst downwardly by adjusting the valves 28a

in lines 28 and valved line 29” and valves 3la and
32g in line 31 so that the flow will be downward
through the reactor and into fractionator 33. If
the catalyst contact mass is used, it may be de-

15 sirable to flow thé vapors upwardly through the

reactor and in which case by proper mapipulation
of the valves 294, 28q, 3ic and 32q, the flow may
be properly directed. Gasoline thus formed will
result from the reforming reactions operating on -

20 the charge fo coils 7 and on polymerization of

the reformed vapors-and gases.

' The reformed and polymer gasoline then passes
through a fractionator 33 containing the usual
reflux cooler 42 which may be either internaj or-

25 external. ' The heavy fraction, containing - the

suspended catalyst if this is combined in the
vapors. is removed from the tower through line
34 controlled by valve 85. The heavy gasoline
fraction is removed through line 36, pump 37 for

30 recycling to the reforming operation via line {9

or is removed from the system partially or totally.
The reformed and polymer,gasoline is removed
through,side stream take-off 38 into tank 39,

" passed by pump 48 through heater 41 and line 45
35 into the stabilizer 46; Uncondensed ‘gas from the

fractionator passes through line 43, compressor
43a and line 44 into the stabilizer 46. The gaso-
lines and gas are separated into a stabilized gaso-
line removed through line 51, valve 52, and cooler

40 53 and the liquid gas fraction containing butanes,

butylenes, propanes, propylenes, some ethane and
ethylenes in liquid form pass into tank 66 and
circulate by pump 67 through line 20 as previous-
ly described. Heat is supplied to the kottom of
the tower by circulation from a lower tray
through line 47, heater 49, and returned through -
line §0. The uncondensed and fixed gases are
removed through line 54, controlled by valve §5.

The conditions to be maintained in- heater 7
and in-“the reactor 29 are those previously de-
scribed and must be adjusted for the stock and -
catalyst employed as will be well understood in
the art,” ‘ s

In carrying out the process shown in Figure 1, .
any onhe of the catalysts here described may be
employed, but the flow will be explained using
one of the catalysts merely to illustrate the prin-
ciple of carrying out the reaction. B

It will be understood that the other catalysts
may be used with the proper control of tem-
perature and pressure according to the rrinciples
hereinabove fully described, -

A kerosene fraction having an end point of

65 about 550° F'. is passed through line 3 and is

intimately incorporated to form a slurry with
molybdic acid, molybdenum. sulfide, or calcium

" aluminate, and is heated to a temperature of

about 930 to 1290° F. in coil 7. 'The mixture is

70 then passed through line 9 into chamber 12 in

~which the catalyst and the oil are withdrawn and
the vapors at a temperature of about 450° F. are
withdrawn through line #5. Material is added

‘through line 18 and the mixture at a temperature .

ulation of valves 9z, 24 and 27a. This control 75 of about 350 to 400° F.is introducgd intovcl_wv,m-
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ber 29 which is charged with a phosphoric acld

catalyst in the form of orthophosphoric acid .

deposited upon a fuller’s earth base. The pres-
sure maintained in the coil 7 and the chamber 28
is about 500 to 1000 lbs. -

Figure 2 shows an operation of reforming and
-, polymerization wherein the reactions occur in the

- pressure of an activating material which acts as
a promoter to the reaction, or in the presence of
an extraneous material which aids in producing

improved characteristics in the final product.  As-

previously described the catalysts may be either
added to the material entering the reforming op-
" eration or present in the reforming tubes or may
be placed in the polymerization reactor. If the
gas stream contains catalysts, it passes together
-with the catalysts through the polymerization re-
actor. It has been found that on using poly~
merization and reforming catalysts of the ad-
sorbent clay type, such as fuller’s earth or on

10
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. using base catalysts like aluminum oxide, hydro- -

chloric acid gas or alkyl chlorides which react at
the temperature reaction in the presence of these
catalysts activate these catalysts. It has been
found additionally, that these alkyl chlorides are

themselves quite readily polymeérized into higher .

molecular weight hydrocarbons or chlorinated
hydrocarbons. While this polymerization 1is
shown as occurring in a catalyzed reaction, the
alkyl chloride with or without mixture with the
hydrocarbon feed as here shown, may be poly-
merized in tubes T in an uncatalyzed reaction.
The action in reactor 29 if desired may be
catalytic or the end product of the uncatalyzed

polymerization in 7 may be digested to aid poly-

merization in chamber 29 free of catalyst.

In carrying out the process shown in Figure 2
the feed is described as being made up of gasoline
‘fractions to which may be added the alkyl
chlorides. It is of course possible that the feed
_ may be composed of alkyl chlorides alone. . How-
ever, it is preferred to operate the. process in
Figure 2 whereby the alkyl chlorides are added
to the gasoline and in the event the alkyl
chlorides are’ used as a promoter in the catalytic

25
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polymerization reaction they will be added to

the reaction mixture entering the polymerization
zone. Heavy gasoline or kerosene passes through
line 1, pump 2, to be passed with stock added
through valve 3 and pass then into line 4 and
valve 3 into reforming coils T in furnace 8. Alkyl

halides may be fed through line 60 and valve.

60a Into reaction coil 1, or in the event that the
feed is composed entirely of these halides, mate-
rial is not introduced in line t. If it is desired
instead of feeding halides through line 60, valve
60z may be closed and the halides may be in-
troduced into line 8. Polymerization catalysts
is introduced into the stream passed into line 4
as previously described by any well known solid
feeding mechanism. The point. of introduction
should be prior to the introduction of the stream
into coil T unless the catalyst is contained inside
the coils. Reformed material passes through line
9. ‘Before entering line 9 it meets liquid gas in-
troduced through line 8. These liquid gases may
be introdiiced from stabilizer 46 as later de-
scribed or may come from. an extraneous source
or may be both. The reactor 29 may be used
either as an additional contact catalytic zone in
-which case the catalyst is.maintained in the re-

", . actor as a contact mass or the reactor may be

E .empty and merely provide reaction time. The
material passes through line 8 controlled by valve

50
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94 and through the reactor 29, passes through 76

, _ 7
line 32 and valve 32a to fractionator 33. In the
event that the reaction is completed in coils 7,
the reactor may be by-passed by closing-valves -
9a and 32a and the vapors passed through line
31, controlled by valve 3la directly into frac-
tionator 38. In fractionator 38 material is sepa-
rated into a heavy residual fraction and is with- -
drawn through line 384. The bottoms are re--
heated by circulation through lines 23, pump
23a, heater 25 and line 27. Incompletely con-
verted gasoline is withdrawn through l_iﬁe 36 and
pump 37 to act as recycle stock as-previously
described. The reformed and polymer gasoline
is withdrawn through line 38 into tank 89 and
passed through pump 40 and heater 41
stabilizer 46. The gases uncondensed by cooler
42 pass through line 43, compressor- #43a into
stabilizer 46. In stabilizer 46 the gasoline and

- gases are separated into a stabilized, reformed

and polymerized gasoline which is withdrawn
through line 51 and cooler §3. Bottoms are cir-
culated through line 41, heater 49 and line 80
to provide heat in the base of the column. Liquid’
fractions composed of butane, butylene, propane,
propylene, ethane and ethylene are withdrawn

:in liquid form into tank 6 and passed to line

20 into line 61 as will be hereinafter described.
The uncondensed angd fixed gases are withdrawn
through line 64 coritrolled by vaive 8§, cooled
and condensed to provide a reflux to column 46
The liquefied gases are withdrawn through line
20 to which may be added from an extraneous
source, preferably unsaturated normally gaseous
hydrocarbons or mixtures of said hydrocarbons
and saturated normally gaseous hydrocarbons.
The gases may be separated in the following
fashion: A portion may be introduced through
line I8 and valve I8a as previously describéd.
Another portion may be passed through line 61

_controlled by valve 6ia to the reaction chamber -

62 for conversion into the halide.’

It has been found that unsaturated hydro;
carbons in the nature of propylene, butylene,
amylene will react with hydrochloric. acid in the
presence of activated fuller’s earth or aluminum
oxide at. temperatures from 32-390° F. to form
alkyl halide. Propylene will add in the presence

“of hydrochloric acid - at temperatures from

32-390°. F. to hydrochloric acid very smoothly. "

The alkyl chloride thus formed may be intro- .

duced into the reaction stream by passing
through line 63, valve 64 and line 65, In passing
through 65 it passes as a vapor and may be intro-
duced into line 9 to activate the polymerization
in reactor 29. It has been found that as much
as from one-tenth to five-tenths percent of iso-
propyl chloride when added to the gases enter-

_ing the polymerizer reactor chamber 29 -ac-
. celerates polymerization reaction markedly. The

.

chioride may be passed via line 60 and valve 60a
into coils. 1. Instead of passing the isopropyl
chloride as a gas the isopropyl may be condensed
by passing through line €3a, valve 64 remaining
closed to cooler: 66, collector 61 and uncondensed -

. gases may be removed through valved line 68;

the condensate is fed by pump 68 through valved
line 10 as previously described. - The hydrochloric
acid may be added into the stream entering the
reactor 62 through line 71. In operating in the
presence. of isopropyl chloride, it would be ad-
visable to insure that the gases and liquid are
moisture free. Provision will have to be made
for separting free hydrochloric acid from' the
vapors in 54 and from the various condensates

to .
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sodium hydroxide. : v .

The catalyst employed may be fuller’s earth or
aluminum oxide, and preferably, the aluminum
oxide formed by the co-precipitation of alumina
and silica by the interaction of sodium silicate
and aluminum sulfate, as previously described.
Reaction chamber 62 is charged with activated

fuller’s earth or aluminum oxide as previously de-'

scribed. The temperature maintained in reactor
62 is as described, under 390° F. Dry hydro-
chloric acid gas is fed through 71 and alkyl chlo-

10

- ride is introduced into line 18 the material enter- -

- Ing line 4 is a slurry of the fuller’s earth as alu-
minum oxide and oil. The temperature main-
tained in coil T is in the neighborhood of
930-1020° 'F. and the temperature in reactor 28
is from 640-730° F. This temperature is main-
tained by the introduction of material through
20 or through cooling the gases entering through
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9 by an interchanger, as will be understood al- -

. though not shown in the drawings, or by the con-
trol in the reactor 29 as shown.in Figure 3. Cool-

ing in line 9 may be provided as shown in Fig-

ures 3, 4 and 6. Pressure maintained in coil 1

and reactor 29 is in the neighborhood of 500-1500
1bs. '

25

Figure 3 shows schematically s combined proc- -

ess of reforming and polymerization process in
which separate . reforming and polymerization
Zones are provided. A reforming zone is provided
in coil 7 in which coil polymerization may also
be effected if desired. Provision is made for the
control of the temperature in the polymerization
zone 29. The polymerization, being exothermic,
the temperature in the reaction chamber 29 tends
to rise, and it is desirable to control the tempera-
ture to prevent excessive increases in tempera-~
ture. :

Feed oil is introduced under pressure through
line | and may pass either through line 1z and
valve 2a or through line Ib and valve fe, or
through both to the reforming coils 7. It is pre-

" ferred, in the event that the feed is a mixed feed’

containing a wide range of boiling fractions such
as gasoline, kerosene and gas-oil, to rectify the
Teed by introducing it through line 1b and valve
‘fc into the fractionating chamber 33. In this

chamber it meets the hot vapors from the reac-.

tion zones and aids in the fractionation of these
_vapors to form a heavy residual fraction 28 com-
posed of the heavy ends of the charging stock
and the heavy ends of the polymerized and re-

formed gasoline. ‘A side cut of intermediate.

boiling fractions is removed through line 195.and
* circulated through line 19 to meet any. portion

of material by-passed through line la if any such -
is by-passed. If desired, a portion of the lquid

gases which are to be polymerized are introduced
through line 80 and the mixture is then passed
through line la, heat exchange coil 3a, line 4 into
the reforming coils T positioned in furnace 8. = At

the outlet of coil 7 the reformed gasoline is doused.
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withdrawn from the system by treatment with:

the polymerization reaction in chamber 2. With
some catalysts where steam is either an aid or is .
not a detriment to the polymerization reaction,
steam may be used at this point. A spray of
wash oll 12a is passed over the mist extraction
and fractionating elements 12b to insure separa-
tion of entrained materials and heavy ends of the
vapors. Instead of passing the vapors through
this chamber, the chamber may be ‘by-passed
by proper control of valve (0 in line 9 and valve
8a in line 9’ to pass the vapors around the sepa-
rator. - The vapors are then passed to the poly-
merizing zone 29. Instead of passing the gases
through the reforming zone, or in addition to
passing: the gases through the reforming zone,
they may be added to the vapor in line 9’ through
by-pass line {8 by proper control of valve 18a
and valve 80a. ‘The mixed gases and vapors are
then passed through line 9’ into the reaction
zone 29, : :
In order to control the temperature in the re-
action zone. 29, the liquid gases may be ex-
panded through spray 81 by proper control of
valves 82 and also by circulation of cooling fluid
through the cooler 83 via lines 83a and 83b. In..
operating the separator 2 in such manner that
only the light fractions of gasoline are separated,
the temperatu;'e of the outlet vapors may some-
times be below the desired temperature in the

.bolymerization chamber 29.  Thus, for instance,

the vapors issuing through line {5 may be in the -

‘neighborhood of 400-450° F. while the reaction

zone may be of a temperature of 600° F. and "
above. Under those circumstances it may be de-
sirable to heat the reaction chamber 29 instead
of cooling it. To do this the cooler 83 may be
converted to a heater by circulating a heating
fluid through the coils of the cooler 83. This
cooler may be of the closed tube sheet type, the
cooling fluid’ circulating out of contact of mate-

- rial in the reaction chamber 29. The gases enter-

45

50,

55.

60

by contact with relatively cold heavy oil such as

fuel oil entering through line if and the partially
cooled gases are then passed through heat. ex-
changer 3b from which point they may be passed
directly to the polymerizing chamber 28 via line
9’, or first passed through the separator {2. In
-~ separator {2 the heavy ends are removed through

line I3 and the vapors withdrawn from line (5.

" The stripping of the bottoms to insure the re-
moval of the gasoline fractions is aided by the
introduction of fixed gases such -as hydrogen,
- methane, carbon dioxide or liquid-gases used in

\

N
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ing through valves 82 and spray 81 may be heated
by passing through valves 84 and 86 and heater
85 by the proper manipulation of valve 87’. Any
desired proportion of the gases to.be added for
polymerization may be added in this way. Such
gases thus added are not subject to the reactions
occurring in the reforming coils 1. . If it is de-
sired to polymerize these gases without subject-
ing them to the reforming operation all the gases
may be introduced in this manner.

The heavy polymers formed in the reaction
zone and which are not volatile at the tempera-
ture in chamber 29 are withdrawn through 34a
and the vapors are withdrawn through line 34 to
be passed to fractionator 33. There they pass
countercurrent to the feed ib and the reflux
formed by cooling coils 42. In addition to the
heavy cut 19b, a reformed and polymer gasoline
is withdrawn through the side cut into tank 39 7
and passed by pump 40 through heater 41 into’
the stabilizer 46. The uncondensed vapors pass
through line 43, compressor 43¢ into the stabilizer
46. In the stabilizer, the gasoline is separated
into. a- stabilized gasoline, withdrawn through
51 and cooler 53. The bottoms are rehoiled by -
circulation through line 41, heater 49 and re- -
turn line 50. A liquid light hydrocarbon fraction

"withdrawn through line 56a into chamber §6-and

composed of the fractions containing four or.
lower carbon atoms, both of the saturated and
unsaturated types. Fixed giases are withdrawn
through line 54, condenser 54b and recycled as a )
reflux through line 54a. The liquid gas is cir-
culated through line 20 by pump 5T and meets



2,245,735

additional gases through valve 87 coming from -

storage 88. These liquid gases are similar to

those in 28 and are derived from other refinery .

sources. These gases may be sent through line
88’ or 80 as previously described. ‘
In operating the process according fo this flow

sheet the temperature in coil T may be from

§00-1000° F. 'Thus, for instance, it may be op-
erated st about 980° F., cooled by the dousing
medium to about 650° F. and further cooled to
about 500° F. and separated in {2, Vapor with-
drawn through line 15 may be in the neighbor-
hood of 425° F. and the chamber 29 maintained
at about 600° . In employing a -catalyst re-
quiring g polymerization temperature of 350-450°
F. the reaction chamber is cooled, Catalyst may
be omitted in the reforming operation and the

" .temperature then employed may be from

950-1200° F

The reaction shown in Figure 2 may also be

carried out in Figure 3 in which case the reform-

ing catalysts may be fed as a slurry in line 4,

separated in chamber 12, and the polymeriza-
tion catalyst be .disposed as a contact catalyst
mass in chamber 29. The temperatures and
pressures discussed with relation toc Figure 2
may be applied to the process of Figure 3.

" The catalysts to.be used in the reforming op-
eration may be either introduced into line {a
by a feeder as previously described or may be
positioned in the coils of reforming coils 1. ‘The
reaction chamber 29 may be charged with con-
tact mass caialysts or the ‘catalysts may be .in-
‘troduced Into line ¢ to pass with the vapors
through line 9’. It is preferred, however, in the
structure shown in Figure 3, to charge reaction
chamber 29 with catalysts.

In the operation according to the fiow sheet

shown in Figure 4, the polymerization and the
reforming operation are carried out in one zone.
The feed which consists: of kerosene and gaso-
line fractions containing added thereto propane,
butane, propane, butene, ethane, and ethylene
produced as previously described, is passed under
‘pressure together with the catalyst, if an en-

10-
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B6a contains the hydrocarbons ranging from bu-
tanes and butylenes, propane and propylenes to
ethane and ethylene.. These are recirculated
through line 20 to be sent to reformer coils T.

The temperature chosen in Figure 4 in operat-
ing with fuller’s earth may be in the neighbor-

- hood of 840-1020° F.; the pressure in the neigh-

borhood of 500-5000 lbs. The other conditions
will' follow those 'described with regard to Fig-
ure 3.

In view of the fact that the polymerization
reaction usihg certain catalysts as previously. de-
scribed, operates best at temperatures lower than

‘the reforming operation, the form- of heater
shown in Figure 5 provides for reaction zones of
. alternately high and low temperatures in which’

the reaction mass is first passed through high

~ temperature and then low temperature Zzones.

20
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The reforming catalysts may be positioned in the
high temperature zone and polymerizing cata-

lysts in the low temperature zone or the mixed .

catalysts may be used in both zones. The fur-

nace 8 is divided by vertical partition walls 00

to form chambers 8a and 8b. The coils T are
positioned in both zones, the flow being first
passed through the coils in zone 8a and then
zone 8b, and then Zone 8a, etc., as shown until

~ the vapors exit. The furnace is heated by burner
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461 in combustion tunnel {6ia =nd the gases

escape through conduit i02.. The combustion
gases may be split by proper manipulation of
dampers (03 and (84. A portion may be passed
through conduit 105 passing into the flue. 109
leading to the stack. Combustion. air which is
also used for cooling the chamber 8b is circu-
lated through conduits £10 and 1ff by fan {42
passed through low temperature zone 8b ‘and

" conduit 1i8. A portion of the thus preheated air
is split by proper manipulation of dampers (14

40

~ vide combustlon air for burner (0f.
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trained catalyst be used, through lines § and 20 .

and through heater exchange 3a, line 4, coil 7
positioned in chamber 8. Instead of using an
entrained catalyst I may use coils charged with
catalytic mass. Polymerized and reformed gas-
oline is then doused by contact with heavy fuel
oil entering through i passed into the heat ex-
change 3b and through separator {2. The heavy
fra,ctions are withdrawn through line 13 and the
vapors are passed -through mist extractor. and
fractionator elements 2b and, washed ‘with oil
introduced through {2a to separate the heavy
ends of the vapors.  The vapors then pass

through line {5 to the fractionator 3% in which .

the heavy oil is withdrawn through line 28 and
vapors refluxed by reflux produced by cooler £2.
The polymer and reformed gasoline are. -with=-
‘drawn Into side stream receiver 39, and passed
by pump 4¢ through the heater M and intro-
duced inte the stabilizer 46. The uncondensed
" vapors through line 43 are also introduced into

GO
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stabilizer 46 by compressor 43a. In the stabilizer -

the vapors are separated into a stabilized gw
line, withdrawn through 5! and cooler 53. (]
bottoms are heated by circulating through line
.47, heater 48 and line §0. - Reflux is ohtained by

‘condensate icollected in 54 returned through 54a
as 8 reﬂux Liquid fraction withdrawn’ through

" the condensation of the vapors, withdrawn
*" . through by-pass 54, valve 55, condenser 54b and

5.

‘of passes through the coils

and #185, and passes through conduit 116 to pro-
-In this
fashion cold air, and if desired, blue gases re-
cycled by the circulation of the portion of com-
bustion stream from. conduit §02, is circulated
over the coils in chamber 8. Chamber 8b is
therefore maintained at considerably lower tem-
perature from chamber 8a. Wall 00 is prefer-

ably made of heat insulating material which is
- suitable for high temperature operation such as
fire prick or diatomaceous earth bricks. By -

A4

proper circulation of air any desired difference .

" in temperature may be maintained. It is under-

stood that instead of passing the reaction mste-
rial first through the coils in chambers 8a, then
8a, etc., the vapors may be passed in any number

then to chamber 8b to pass in the chosen num-
ber of passes. Thus, the vapors may be passed

to chamber 8z to carry on the reforming reac-.
tion, and then passed through chamber 8b for -

polymerization,_ The gases after exiting from

55 through chamber 8b and then through chamber -~

n chamber 8a, and -

chamber 8b are then treated as shown in Figure -

4. Tt-will be understood that the furnace con- -

struction and flow shown in Figure 5 Tnay also
be used in place of the furnaces shown in Figures
1,2 and 3. .

- -In operating ‘the reaction in Figure 5, the coils
in chamber 8a shall be maintained from 930-
1020° F. while the coils in chamber 8b shall be

‘at about 640-720° ¥. In this case the catalyst

may be fuller’s earth or activated fuller’s earth,
or aluminum oxide, or the precipitated oxide
previously described.

While the deScriptions of the’ preferred opera-
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tion In ¥igs. 4 and 5 are glven with relation to
catalyzed reactions, the process there described
may also be carried out as an uncatalyzed reac-
- tion by omitting the catalyst. In the case of
Fig. 5 uncatalyzed operation, the temperature

plane in zone 8a should be relatively higher in .
- the range of 1000-1300° F. and the temperature

in zone 8b should be lower in the range of 750-
950° P, .
Figure 6 shows a modlﬂcatlon wherein the
reforming and polymerization reaction is sepa-

10

rated, and the polymerized and reformed mate-

" rials are combined for treatment to produce a
blended, stabilized, polymerized and reformed
gasoline. Feed composed of petroleum fractions,
for instance kerosene and gasoline, is introduced
through line {, into fractionator 383. A side cut

. 8,345,785

cated, The temperature may be regulated inde-
pendently of cofl 81. ‘The pressure in cofl 8 may
be independently controlled by regulating valve
80a. The temperature in coil T may, depending
upon the catalyst, be from 850-1050° P, and the

pressures from about 150-500 Ibs. If uncatalyzed,

the ‘temperature may be between 900-1250° F,
while in coll 81, the pressures may be around
500-5000 1lbs., and the temperatures from 230
750° F., dependlng upon - the catalyst employed.
Any of the polymerizing catalysts previously de-
scribed may be employed. Mixed catalyst slurry

" is removed through chamber 2. This will de-
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having an intermediate boiling range is with- -
drawn through line f@ by pump 2 and sent .

through heat exchange 3a into reforming cham-
ber 71 positioned in furnace 8. Reformed gaso-
line is then contacted with the dousing oil com-
posed of fuel oil introduced through (1, where it
is partially cooled and then passed through heat
exchange coll 3b. It meets in line § polymerized
material introduced through line 80. The mix-
ture of polymerized and reformed gasoline passes
‘into separator 12 and through mist extractor 12b.
“The heavy ends are withdrawn through 13 and
the uncondensed vapors of a temperature from
425-450° F. are removed through line I8, then
passed into the stripper and fractionator 33
where, by the aid of the feed | and the reboiler
33a and reflux coil 42 in fractionating chamber
33D, it is fractionated into heavy ends 28, recycle
stock la and the side cut of reformed and paly-
merized gasoline withdrawn through line 3%a.
Reflux is provided by coil 42, The uncondensed
vapors are withdrawn through line 43. The side
cut 39a is passed by pump 40 into heater &4( and
into the stabilizer 4. The uncondensed vapors

are passed by pump 43a, line 43, into the stabi--

lizer 46. In this stabilizer the gasoline is stabi-
lized by the aid of reboiler 48a and reflux pro-
vided by the condensation of gases withdrawn
through valve 88, line 54 and 54a and condenser
84b. Stabilized gasoline is withdrawn through 81,
and liquefled gases cdntaining the butanes, pro-
panes, butylenes, propylenes, ethane and ethyl-
enes pass through line 86a into collecting cham-
ber §8 for recycling by pump §7 through line 28
into line 80. In this line it meets additional link
materials through line $1. The commingled

gases are then passed into heat exchanger 8ia

into polymerization coll 91 positioned in furnace
.82, 'The hot gases are doused by mixing with a
dousing medium such as gas oil, fuel ofl, or kero-
sene, or gasoline introduced through 93 and
passed through heat exchanger 916 and through
90 as previously described.
The reaction in coil 7 may be uncatalyled or
catalyzed. If catalyzed, the catalyst may be any
one of the reforming catalysts hereinabove indi-
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pend on the catalyst and stock chosen as will be

“understood from what has been said previously.

If the reactions in coil 8f are uncatalyzed, the
temperature may range from 850-850° F.

The foregoing description of the several modifi-
cations of my invention d above are not
tobeeonslderedasnmlﬂnzslnoemmyvuﬂs-
tionsmaybemadewlthlntheseopeotthefol-
lowing claims by those skilled in the art with-
out departing from the spirit thereof. :

The present application is a division of my co-
pending application, Serlal No. 35, 702 -filed
August 12, 1935,

I claim:

1. A process for the eomblned retormlng and

 polymerization of hydrocarbons which com-
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‘prises heating to a temperature in the neighbor-

hood of 700-930° F. a mixture of hydrocarbons
within the gasoline range and hydrocarbons of
four and less carbon atoms in the presence of a

mixture of different catalysts one of said cata-
lysts being active to promote reforming of said
hydrocarbons within the gasoline range at a tem-

" perature in the neighborhood of. 700-830° F'. and -
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the other of said catalysts being active to pro-
mote polymerization of said hydrocarbons of less
than four carbon atoms at said: temperature and

-separating a reformed and polymer gasoline from

said heated mixture,

2. A process of combined polymerlutlon and
reforming which comprises heating to a tempera-
ture within the range of 750-1060° F. and a pres-
sure within the range of 75~-1500 Ibs. a mixture of

" hydrocarbons within the gasoline range and
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hydrocarbons of. four and less carbon atoms
in the presence of a mixture of a reforming
catalyst active for reforming within the range of
840-1060° F. and a polymerization catalyst which
is different from said reforming catalyst and
which 1is active within the temperature range of
570-840° F. at relatively low pressures ranging
from atmospheric to 500 1bs, to promote poly-
merization of said hydrocarbons of four and less
carbon atoms, and adjusting the tempera-
ture within said first mentioned range and pres-
sures within said first mentioned range to main-
tain the temperatures and pressures such that
thepolymerlmtionandthereformlnzopentlom
are both alded by sald catalysts.
: PBII.IPBUBKOW
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o Henry Vean Arsdale,
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