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This invention relates to a polyfunctional solid sorbent
useful for treating hydrocarbon fractions such as petrole-
um fractions and hydrocarbon synthesis (Fischer-
Tropsch) fractions, process for producing such poly-
functional sorbent, and methods of treating a hydrocar-
bon stream with such polyfunctional sorbent.

Broadly, our polyfunctional solid sorbent - comprises
about 0.1 to 20 weight percent metalliferous catalytic
agent for reforming hydrocarbons supported on and inte-
gral with mineral sorbent selective for straight chain hy-
drocarbons to the substantial exclusion of non-stralght
chain hydrocarbons in a mixture thereof.

Cur process for producing the polyfunctional sorbents
of this invention comprises depositing, from an inert
dispersion in a liquid vehicle onto mineral sorbent selec-
tive for straight chain hydrocarbons to the substantial ex-
clusion of non-straight chain hydrocarbons in a mixture
thereof, metalliferous reforming catalyst-providing mate-
rial equivalent to about 0.1-20 percent metalliferous re-
forming catalyst based on the weight of finished poly-
functional sorbent; and converting deposited metalliferous
catalyst-providing material on said mineral sorbent into
metalliferous catalytic reforming agent.

When a hydrocarbon stream containing straight chain
hydrocarbons and mnon-straight chain hydrocarbons is
contacted with the polyfunctional solid sorbents of this
invention under conditions hereinafter described, a hydro-
carbon effluent having a reduced mount of straight chain
hydrocarbons is produced. Upon recovery of sorbed hy-
drocarbons from the polyfunctional sorbent under re-
forming conditions a hydrocarbon mixture having largely
non-straight chain character is collected; simultaneously
the sorbing capacity of the sorbent is reconstituted for
another cycle of operation. We have found that main-
tenance of not more than 20 weight percent metalliferous
catalytic reforming agent (based on weight of finished
rolyfunctional sorbent) integral with the mineral sorbent
does not impair the sorbing capacity of the original min-
eral sorbent to any great extent, €.g., not more than
about ¥4 and usually not more than about 10-20%.

The drawings are process. flow diagrams showing -em-
ployment of our novel polyfunctional sorbents in the
treatment of hydrocarbon fractions.

By straight chain hydrocarbons is meant any aliphatic
or acyclic or open chain hydrocarbon which does not
possess side chain branching. Representative straight
chain hydrocarbons are the normal paraffins and the nor-
mal olefins, mono or polyolefins, or straight chain acetyl-
enic hydrocarbons. The non-straight chain hydrocarbons
comprise the aromatic and naphthenic hydrocarbons as
well as the isoparaffins, isoolefinic hydrocarbons and the
like. Straight chain hydrocarbon-containing mixtures
which are suitably treated in accordance with this inven-
tion include mixed butanes, mixtures of normal alkanes
and their isomers, and various petroleum fractions such
as a naphtha fraction, a gasoline fraction, a diesel oil
fraction, a kerosene fraction, a gas oil fraction and the
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like. Particularly suitable for treatment in accordance
with . this invention are straight chain hydrocarbon-con-
taining fractions having a boiling point or a boiling range
in the range of 40-550° F. and containing a substantial
amount of straight chain hydrocarbons, e.g., 2-35% by
volume,  More particularly, a petroleum fraction suita-
ble for use in practice of this invention could have an ini-
tial boiling point in the range of 40-300° F. and an end
point in the range of 150-550° F. A petroleum frac-
tion for use in the practice of this invention must con-
tain both straight chain and non-straight chain hydro-
carboms as demonstrated by the following composition:

Hydrocarbon Type Percent by
Volume
Naphthenes_ ... 0-75
Aromatics.. 0-50
Acyelic Saturates (including normal paraffins and iso-
parafiins._.... 2-90
Acylic Unsaturates (including normal olefins and isoolefins. 0-50

Typical refinery stocks or fractions which are applica-
ble to the practice of this invention are a wide boiling
straight run naphtha, a light straight run naphtha, a heavy
straight run naphtha, a catalytically cracked naphtha, a

thermally cracked or thermally reformed naphtha, a cat-

alytically reformed naphtha and the like. By the term
“motor naphtha” used herein we mean a naphtha frac-
tion suitable as a base for conventional automobile fuel
and containing no additives, as to be distinguished from
gasoline which can contain various additives of specialized
function, e.g., tetraethyl lead.

Any solid selective sorbent which selectively sorbs
straight chain hydrocarbons to the substantial exclusion
of non-straight chain hydrocarbons is suitable material
for the polyfunctional sorbents of our invention and here-
‘in will be called a “mineral sorbent” for convenience. It
is preferred, however, to employ as the selective sorbent
certain natural or synthetic zeolites or alumino-silicates,
such as a calcium alumino-silicate, which exhibit the
property of a molecular sieve, that is, matter made up
of porous crystals wherein the pores of the crystals are of
molecular dimension and are of substantially uniform
size. A particularly suitable solid mineral sorbent for
straight chain hydrocarbons is a calcium alumino-silicate,
apparently actually a sodium calcium alumino-silicate,
manufactured by Linde Air Products Company and desig-
nated in the trade as Linde Type 5A molecular sieve, and
its particular zeolitic structure has been nominated -as
“Type A” for ease of reference. The crystals of this
particular calcium alumino-silicate have a pore size or
diamater of about 5 Angstrom units, such pore size being

‘sufficiently . large to admit- straight chain hydrocarbons
such as the normal paraffins and normal olefins to the

substantial exclusion of the non-straight chain naphthenic,
aromatic, isoparaffinic and isoolefinic' hydrocarbons.
This . particular mineral sorbent is available in various
sizes, e.g., a finely divided powder having a particle size
in the range of 0.5-5.0 microns, exhibiting a bulk density
in- 1bs. per cubic foot of 33, and a particle density in
grams per cc. of 1.6. ‘Another form of the above-men-
tioned selective sorbent consists of a multiplicity of small
sieve particles aggregated, extruded in cylindrical form,
and cut into short lengths.

The polyfunctional sorbent of our invention can be in
a number of forms, e.g., the metalliferous catalyst can be
impregnated or otherwise coated upon fine mineral sor-
bent particles; or the fine mineral sorbent particles can
be formed with adhesives such as starch and higher
molecular weight fatty acids into larger bodies, e.g., by
In the latter case the catalytic
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agent can be deposited on the body of mineral sorbent
particles essentially in the form of a coating with only
incidental metalliferous catalyst penetration into the
body of sorbent. particles. Alternatively, the catalytic
agent can be substantially uniformly diffused throughout
an agglomerated body of-fine mineral sorbent particles
by forming into larger bodies a plurality of finely divided
sorbent particles which have been impregnated or other-
-wise coated with the metalliferous catalytic agent. As a
practical matter, the most generally useful polyfunctional
sorbents of our invention are those made in the form
of cylindrical pellets, spheres, beads or:irregular- shapes
from about 4¢’’ to 8"’ diameter in the upper size range
down to 100-300 mesh sieve size (U.S. Standard) in the
lower size range, but it is obvious.to one skilled in the
art that many other shapes and sizes can be made with-
out departing from the spirit or scope of this invention.
For fixed bed or moving bed use the larger sized poly-
functional sorbents are preferred, and, for fluidized bed
work, sizes in the screen range of 100 to 300 mesh are
preferred. - S
The two principal types of the agglomerated poly-
functional sorbents of this invention, i.e., the type hav-
~ing a coating of metalliferous catalytic agent and the
one having the ‘metalliferous catalytic agent substantially
uniformly diffused throughout the body.of agglomerated
particles, have distinct and particular advantages for use
in the treatment of hydrocarbons. The coated agglom-
erate is particularly well suited for fixed bed operations
because the catalytic coating will wear off first and thus
protect the base mineral sorbent. When the coating is
depleted, it can be recovered, e.g., from the base of the
vessel containing the sorbent and reapplied to the par-
tially denuded sorbent without removing this material
from the reactor.
The sorbent having the metalliferous catalytic agent
substantially uniformly diffused throughout the body of
fine particles can be made quite rugged.. The metallifer-
ous catalyst in this case appears to serve as a bonding
agent between individual coated particles, thus, acting
not only catalytically but as a cement. Agglomerated
particles of this type are eminently suitable, not only
for fixed bed operations, but also for moving and/or
fluidized bed operations. Surprisingly, the. sorptive ca-
pacity of this type of polyfunctional sorbent for straight
chain hydrocarbons is not significantly different from the
coated variety, and in neither variety of polyfunctional
sorbent is the capacity of the mineral Sorbent markedly
_impaired when the proportion of metalliferous catalytic
agent is limited to 20 weight percent.” :

A wide variety of individual metalliferous catalysts
for hydrocarbon reforming and- their combinations, pre-
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viously proposed for application to - alumina, silica- -

alumina and like supports in the reforming field, can be
used, e.g., platinum-containing deposits such as are used
‘on the. “Platforming” or “Sovaforming” catalyst, cobalt
_molybdate’ catalyst such as is employed in the so-called
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- “Hyperforming™ catalyst, chromia which can be identi- -

fied ‘as a component of “Thermofor Catalytic Reforming”
,caya_lyst, molybdena catalyst ‘as is identified with “Hy-
droforming” or “Orthoforming” catalyst, and vanadium
oxide. ‘' The metal component or components of such
metalliferous catalysts are from groups 55, 65 and 8b of
the periodic table and are used to cbtain a variety of
hydrocarbon reactions along with or exclusive from pure-
ly cracking of the molecule. Accordingly, by the term
“metalliferous hydrocarbon reforming catalyst” we mean
one composed of one or more of such metals, the cata-
Iytic metal or metals being in the elemental state and/or
in a combined form. It is, of course, possible to in-
corporate with the catalytic metal a minor portion of
promotor elements, e.g., copper, beryllium, and the like.
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" As the presently most appealing” application of our: .

polyfunctional ‘sorbents is in the upgrading of motor.

‘naphtha stocks (increasing octane rating-of various com-
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ponents of the stock or the whole stock), advantageously
the metalliferous catalytic agent of the polyfunctional
sorbent is a naphtha reforming catalyst selected from
the group consisting of catalytic metals and metal oxides
of groups 6 and 8 of the periodic table, e.g., oxides of
chromium, molybdenum, tungsten, and metallic plati-
num, iridium, palladium, rhodium, cobalt, nickel and
ruthenium, or mixtures of such naphtha reforming cata-
lysts. We have found chromia and platinum to be
specially advantageous in this connection.

The sorbed straight chain hydrocarbons recovered
from our polyfunctional sorbent appear to be reformed
by a number of reactions-including isomerization, de-
hydrogenation, aromatization or dehydrocyclization,
some cracking, and disproportionation and the like, de-
pending on the composition of the sorbed hydrocarbons
and the particular desorbing conditions. During the
sorbing operation temperature used can be as high as
about 550° F. Generally it will be between about 100°
and 500° F. and is preferably about 375-475° F. Pres-
sure can range from atmospheric or below up to about
1000 p.s.i.g. or even higher. Sorbing can be conducted
with part or ail of the feed in liquid phase during part
or all of the operation, but vapor phase operation is
preferred and the pressures, advantageously atmospheric
to about 800 p.s.ig., employed are controllied relative to
the operating temperature for maintaining the feed in
vapor form.

Desorption temperature is selected in the range of
about 600° ‘to about 10080° F. Below 600° F. the de-
sorbed material is -only incidentally reformed, and at
about 1100° F. and above the mineral sorbent structure
can be adversely affected. Desorbing temperatures to-
ward the lower end of the range favor isomerization of
sorbed hydrocarbons, while aromatization and dehydro-
genation is favored at the upper end of the range. In
the processing of naphthas with our polyfunctional sor-
bent we prefer to use temperatures of about 850-950°
F., preferably about 900° F. Pressure of the desorbing
operation can be from atmospheric or below up to about
1000 p.s.i.g. or higher. ¥or efficiency and economy the
pressure is usually the same or lower than the one in
the desorbing operation, preferably below 800 p.s.ig.
and particularly about atmospheric to about 500 p.s.i.g.
In some cases, however, use of a higher desorbing pres-
sure can save recompression costs if the hydrocarbon-
laden desorbing medium is being fed fo a subsequent
operation maintained at elevated pressure.

In our process for producing the polyfunctional solid
sorbent it is especially important to use a dispersion of
metalliferous catalyst-providing material for coating the
mineral sorbent particles or agglomeration thereof which
is essentially inert towards said mineral particles or ag-
glomeration. The dispersion can be a true solution, e.g.,
hydrated chromium nitrate in water, or a colloidal dis-
persion, e.g.,’ a chloride of platinum treated with ethyl-
ene oxide or H,S. Such dispersion must not have any
substantial effect on the mineral sorbent. The dispersion
can have pH broadly in the range of about 5 to 10 and
preferably is of practically neutral pH (7); furthermore
the -dispersion advantageously should not contain ap-
preciable amounts of alkali or alkaline earth metal com-
pounds lest base exchange occur between the metal
moiety of such alkali and the materials making up a
fraction of the mineral sorbent. The metalliferous cat-
alyst-providing material used should be one convertible

“to metalliferous catalytic reforming agent, e.g., by heat,

hydrogenation, calcining in the presence of air or oxygen,
or a combination of such conversion treatments. To re-
move sorbed water from the finished sorbent calcining
in the presence of a sweeping gas, e.g., air, or under de-
creased pressure appears the most effective.

Suitable  catalyst-providing materials are compounds
such ‘as the nitrate, acetate, sulfate, oxalate, lactate,
alcoholate, sulfonate, naphthenate, or various chelate
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salts such as the acetylacetonate of the metal being de-
posited. Calcination in the presence of air, followed by
hydrogenation, is the preferred method for converting
the catalyst-providing material to a metalliferous cat-
alytic reforming agent for naphtha., For efficiency and
economy we prefer to use, in the case of making a cat-
alytic metal oxide-bearing polyfunctional sorbent, the
nitrate such as chromium nitrate; and in the case of mak-
ing a catalytic noble metal-bearing polyfunctional sorbent
such as a platinum-bearing sorbent, a chloride of the
metal buffered with ammonia to have pH between about
7.5 and about 9. Suitable liquid vehicles for depositing
the catalyst-providing material onto mineral sorbent par-
ticles are: water, a lower aliphatic alcohol of 1 to 4 car-
bon atoms, a lower aliphatic ester capable of being made
from a lower aliphatic alcohol of 1-4 carbon atoms and
a carboxylic acid of 1-4 carbon atoms, pyridine, sub-
stituted pyridines, phenol, and substituted phenols.
Water is preferred liquid vehicle for efficiency and
economy in the practice of our process, but a liquid
vehicle which does not create much ionization of the
catalyst-providing material is also attractive because
there is less likeithood of blocking the fine pores of the
mineral sorbent with a dispersion of catalyst-providing
material in the manufacturing operation. Solutions of
non-ionizing or only weakly ionizing metalliferous cat-
alytic agent, or colloidal dispersions of the agent are also
appealing for the same reason.

The amount of catalyst-providing material so de-
posited on mineral sorbent is controlled to be equivalent
to 0.1-20 percent by weight metalliferous catalytic re-
forming agent based on the weight of finished polyfunc-
tional sorbent. Polyfunctional sorbent containing less
than about 0.1 percent by weight metalliferous catalyst
is ordinarily impractical as it has insufficient reforming
effect on the sorbed hydrocarbons to be of substantial
commercial value; polyfunctional sorbent containing sub-
stantially more than about 20 weight percent of metallif-
erous catalytic reforming agent has sharply impaired
sorptive capacity for straight chain hydrocarbons. Pref-
erably the metalliferous reforming catalyst fraction of
the finished polyfunctional sorbent is controlled between
about 0.3 and about 15 weight percent, nearer the lower
limijt range of this range when producing the polyfunc-
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such as platinum, and in the upper two-thirds of this
range when producing the polyfunctional sorbent con-
taining a metal oxide such as chromia.

A particular embodiment of our process for produc-
ing polyfunctional solid sorbent is the sorption of a
straight chain hydrocarbon, e.g., a lower alkane of 5 to
8 carbon atoms such as n-heptane or n-hexane, on the
mineral sorbent preparatory to depositing thereon the
metalliferous catalyst-providing material. By such treat-
ment it is believed that the pores of the mineral sorbent
are at least partially blocked with hydrocarbon of the
nature to be later sorbed; thereby the chance of plugging
the pores with catalyst-providing material during the dep-
osition is lessened. Sufficient of the lower alkane is
then expelled, e.g., by air drying and/or gentle heating,
to make the coated sorbent safe from fire, explosion, or
carbonization in the conversion step to follow. The cat-
alyst-providing materizal is then converted to the desired
catelytic agent, e.g., by calcining and hydrogenation,
leaving the finished polyfunctional sorbent receptive for
straight chain hydrocarbons. :

Treatment of hydrocarbons with our polyfunctional
sorbent can be better understood by reference to the ac-
companying drawings. Figures 1 and 2 show the use of
a simple fixed bed system of the polyfunctional sorbent
such as can be used to evaluate the effectiveness there-
of. In Figure 1 a raw vaporized mixture of straight
chain and non-straight chain hydrocarbons, e.g., a
naphtha, is passed through inlet 11 of vessel 12 down-
wardly in vapor phase through fresh polyfunctional sor-
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naphtha vapor product having a reduced amount of
straight chain hydrocarbons in~ comparison- to' non-
straight chain hydrocarbons. Pressure in vessel 12 can
be from about atmospheric or below up to about 1000
ps..g., and temperature between about 100° and about
550° F. Advantageously, flow of the hydrocarbon
therethrough 'is maintained between 0.2 and 3.0 liquid
volumes of hydrocarbon per volume of polyfunctional
sorbent per hour, and preferably between about 0.5 and
1.5 liquid volumes per volume per hour. When the
sorptive capacity of bed 13 is substantizlly depleted by
the passage of raw naphtha (as can be noted by change
in octame rating, refractive index, or A.P.I. gravity of
the treated product emerging from outlet 14) the desorb-
ing operation is conducted as shown in Figure 2. Here,
flowing at 25 to 200 volumes per hour per volume of
polyfunctional sorbent, a gasiform desorbing medium,
e.g., nifrogen, hydrogen, carbon dioxide, flue gas essen-
tially devoid of H,S and CO, methane, natural gas pre-
ponderantly composed of methane, lighter hydrocarbons
up to C; hydrocarbons, or mixtures of such desorbing
media, is passed through inlet 11 into vessel 12 wherein
temperature is maintained from about 600° to 1000° F.
and pressure from about 0 to about 1000 p.s.i.g. These
conditions of desorbing medium flow, temperature and
pressure. will be termed herein, for brevity, “reforming
conditions” with respect to our desorbing operation. It
is fenerally desirable to carry out the desorption opera-
tion at a pressure substantially lower than the sorption
operation to enhance stripping effect of the desorbing
medium but this is not necessary. Preferred reforming
conditions are temperature from about 850-950° F.,
pressure below about 500 p.s.i.g., and 40 to 100 volumes
of gasiform desorbing medium per hour per volume of
polyfunctional sorbent. The desorbing medium passes
downwardly through bed 13 and outlet 14 bearing with
it catalytically reformed hydrocarbons produced from
the sorbed straight chain hydrocarbons originally present
in the raw naphtha feed. The laden desorbing medium
stream is then separated in separator 17 into denuded
desorbing medium which is withdrawn through outlet 18
and a recovered reformed hydrocarbon fraction of high
value which is withdrawn through outlet 19. Separation
is conveniently accomplished by condensing the reformed
hydrocarbons, e.g., by cooling and/or compression of
the laden desorbing stream, adsorption of these hydro-
carbons on activated charcoal or the like from which they
can be stripped, or a combination of such techniques.
A similar sorbing and desorbing operation can be con-
ducted in practically any direction through a bed of the
polyfunctional sorbent, and this invention is not re-
stricted to a particular flow direction through a moving,
fluidized or static bed or mass of polyfunctional sorbent.

The preferred desorbing medium for use in the prac-

‘tice of our naphtha treating process is a gas having

atomic number below 8, i.e., hydrogen, helium or nitro-
gen, since carbon deposition on the polyfunctional
sorbent is minimized if not practically entirely prevented
by using such gaseous desorbents. Preferably, the de-
sorbing medium wused is hydrogen, ie., substantially
pure hydrogen or hydrogen obtained from conventional
naphtha reforming operations such as a “Platforming”
operation. Such hydrogen streams can contain up to 25
volume percent light hydrocarbons such as methane and
ethane without substantially affecting the efficiency of
the invention process.

Figure 3 shows one way of upgrading a naphtha frac-
tion employing our polyfunctional sorbing system in
combination with a conventional reforming operation,
e.g., Platforming, Hyperforming or Thermofor Catalytic
Reforming. Raw maphtha vapor to be upgraded is fed
through inlet 22 into conventional reforming system 23
along with a recycle flow of hydrogen entering inlet 24.
A series of fixed bed reactors or moving bed reactors or

bent 13, and out outlet 14, thereby emerging as a treated 75 fluidized bed reactors can be used in the reforming sys-
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‘tem. ~Temperature in such reforming system can be be-
tween 600° and 1000° F., generally rising in a series of
reactors from about 875 o to 975° F. Pressure in such
reformmg system is maintained broadly between 50 and

1000 p.s.i.g., generally between about 500 and 800 p.s.i.g.
Hourly “space velocity of the naphtha feed is- between
about 0.5 and 10 volumes of naphtha liquid per volume
of catalyst per hour, and the hydrogen: naphtha mol
ratio is maintained between about 0.5 and 10 in the re-
forming vessel. The catalyst used can be, for example,
a conventional - platinum-containing catalyst, a conven-
tional cobalt molybdate catalyst, a conventional chromia-
alumina catalyst or a conventional molybdena-alumina
catalyst. Motor naphtha of enhanced octane rating and
hydrogen are withdrawn from the reforming system by
line 25 and fed as a mixture into polyfunctional sorbent
system ‘26 which can be 4 smgie vessel or a plurality of
-vessels connected in series or in parallel.” The polyfunc-
tional sorbent of our invention can be maintained in one
or more -of the vessels in a fixed bed, a moving bed, or
a fluidized bed of solids or in any desirable combination
of such beds.

" During thé sorbing operation temperature of the poly-
functional sorbent bed or beds on such service is main-
tained. between about 100° to about 550° F. and pres-
sure therein is maintained between 0 and 1000 ps.ig.
A stream of hydrogen and treated naphtha having a re-
duced amount of straight chain hydrocarbons is With-
drawn from sorbent system 26 by outlet 27 and passed
into a separatmg system 28 wherein temperature and
pressure are maintained so that the upgraded naphtha is
condensed, recovered and withdrawn from outlet 30
while part of the separated hydrogen is recycled from
‘outlet 29-into inlet 24 of reforming system 23.

- Periodically one or more vessels in the sorbent system
are stripped of sorbed hydrocarbons by another portion
of separated hydrogen withdrawn from outlet 29 and
passed into the sorbent system through inlet 31. During
desorption a sorbent bed is maintained between 600°
‘and 1000° F. and atmospheric to -1000 p.s.i.g. pressure
whereby the hydrogen flow entering line 31 strips the
bed and is withdrawn laden with catalytically reformed
hydrocarbons through outlet 32, Advantageously the
“hydrogen-is preheated for desorbing, say to 600-900° F.
-At -this - juncture- practically -all or a lesser part of the

_stripped- catalytically - reformed - hydrocarbons, produced,

from- straight chain hydrocarbon originally present in the
motor -naphtha fed from ‘system 23, can be separated
“from. the laden hydrogen stream and withdrawn at out-
let 33.- ‘The separated hydrogen can be recycled through
line 34 into line 25 carrying motor naphtha and hydrogen
from reforming system 23 to polyfunctional sorbent sys-
tem- 26.- If it is- desired, all of the stripped, recovered,
‘reformed hydrocarbons from the sorbent system can be
recycled for reprocessing with the hydrogen in line 34.

Figure 4. shows another -process for upgrading a
-naphtha. fraction. employing- our - polyfunctional sorbeat
.in ‘combination with a conventional reforming operation
as hereinbefore described.. In .this case a vaporized raw
naphtha fraction is passed through inlet 36 into conven-
tional reforming.system 37 along with a recycle flow of
hydrogen entering inlet 38. Hydrogen and motor
naphtha of enhanced octane rating are withdrawn from
reforming system 37 and passed into separation system
46 by conduit 39. In separation system 49, operated as
hereinbefore described, the motor naphtha and hydrogen
are separated. Hydrogen is withdrawn from outlet 41.
Part of it is recycied into reforming system 37 at inlet
38. Separated motor naphtha contammg both straight
and non- stralght chain hydrocarbons is passed through
_inlet 42 into polyfunctlonal sorbent system 43 operated
as hereinbefore described. From outlet 46 there is with-
drawn a treated motor naphtha effluent having a reduced
amount of straight chain hydrocarbons by virtue of one
actmn of our polyfuncuonal sorbent When one or more
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capacity of the sorbent for continued use..

beds of the polyfunctional sorbent becomes saturated
with straight chain hydrocarbons, such bed or beds are
then "desorbed with a flow of separated hydrogen with-
drawiy from outlet 41, entering inlet 45, passing through
the bed or beds to be desorbed, and issuing from outlet
46. Such hydrogén carries with it stripped, catalytically
reformed hydrocarbons produced from sorbed straight
chain hydrocarbons originally present in the motor
naphtha fed to polyfunctional sorbent system 42. These
stripped hydrocarbons are separated from the hydrogen
desorbing’ medium and recovered. Separated hydrogen
desorbmg medium can be reéycled for use in later de-
sorbing and/or in the conventxonal reforming as is de-
sired.

In some cases it can be desirable first to pass the raw
naphtha through our polyfunctional sorbent system,
thence to a conventional reforming operation, partlcularly
when only a very minor porticn of the raw naphtha is
composed of straight chain hydrocarbons.. The re-
covered, desorbed, catalytically reformed hydrocarbons
from such treatment can be fed into the first or subse-
quent stage of a conventional catalytic- reforming opera-
tion to augment its feed or directly added to the conven-
tionally reformed product. We have, for example, re-
covered a hydrocarbon mixture by desorbmg our poly-

‘functional sorbent which mixture analyzed, in volume per-

cent, 43% aromatics, 2% olefins, and 55% mixed satu-
rates, e.g., aliphatic and naphthemc hydrocarbons.

" Figure 5 shows a moving bed operation employing our
polyfunctional sorbent. Sorption and desorption pres-
sures and temperatures are maintained as described here-

:xnbefore In such system use of a rugged polyfunctxonal
sorbent containing the catalytic agent substantially uni-

formly diffused thronghout an agglomerated body of fine
mineral sorbent. partlcles is advisable so that attrition
of the sorbent is minimized. A hydrocarbon vapor
stream containing straight chain and non-straight chain

’hydrocarbons is passed through inlet 50 into vessel 51 con-

taining a bed of fresh polyfunctional sorbent. Herein
straight chain hydrocarbons are sorbed on the fresh bed
and treated hydrocarbon effluent havmg a reduced amount
of straight chain hydrocarbons is withdrawn from out-
let 53. Bed 52 is being constantly replenished by a sup-

“ply of desorbed polymnctional sorbent particles entering

from 1n1et 61 and is maintained at substantially constant
volume by withdrawal of laden polyfunctional sorbent
down outlet 54, through a star feeder or similar mecha-
nism whereby the laden sorbent is passed into the top

“of desorbing bed. 55 maintained in vessel 56. Gasiform

“desorbing medium, e.g., hydrogen, is passed into the
base of vessel 56 through inlet 57 and withdrawn near

the top of vessel 56 through outlet 58. The desorbent

stream contains. stripped  catalytically reformed hydro-
carbons. produced from the sorbed straight chain hydro-
carbons originally. present in the hydrocarbon stream
fed to vessel 51. The stripped hydrocarbons can be
recovered as hereinbefore described. Bed 55 is main-
tained at substantially constant volume by withdrawal of
desorbed polyfunctional sorbent through outlet 59 and

_passed into elevator means 68.. Vessels 51 and 56 are

sized to give sufficient residence time for economical

“hydrocarbon and desorption with polyfunctional sorbent.

Elevator 60, which can-be, for example, a gas lift, a

_screw, or a bucket elevator, passes desorbed polyfunc-

tional sorbent up to inlet 61 which feeds vessel 51. Make-
up polyfunctional sorbent can be added to the system at
any convenient -point, e.g., outlet 59, elevator 60, inlet
61 or vessel 51. : . .

Carbon deposition or “coking” of the polyfunctional
sorbents can occur after repeated sorbing and desorbing
cycles. This will decrease sorptive capacity of the sorbent.
We have found that comntrolled combustion of coke on
the sorbent with an oxygen-containing gas at tempera-
ture not higher than 1100° F. will regenerate the sorption
Preferably,
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‘when oxidatively regenerating elemental metal-containing,
e.g., platinum-containing polyfunctional sorbent the tem-
perature is maintained bélow about 975° F. and the
oxygen concentration of the gas is maintained low, e.g.,
2-5%, while the metal oxide-containing sorbents such
as chromia can stand more vigorous combustion condi-
tions, e.g., 1000-4-° F. and air feed.

While not intending to be bound by any theory as to
exactly why the materials of cur invention are so signifi-
cantly effective, it appears to us that the combination of
the selective sorbing structure of the mineral base and
the substantially unhindering catalytic metalliferous sur-
faces proximate thereto is especially favorable for produc-
tion of valuable isomeric and cyclic materials from
straight chain hydrocarbon components.

The following examples show several ways in which
our invention has been practiced but are not to be con-
strued as limiting the same. Herein gas flows are referred
to standard conditions of temperature and pressure, ie.,
-60° F. and 760 mm. Hg. Except as otherwise indicated
percentages in the examples are weight percentages.

Example 1.—Polyfunctional sorbent, designed to con-
tain 10 percent chromia impregnated essentially as a sur-
face coating on 34g”” by 18" extruded pellets of agglomer-
ated Linde 5A molecular sieve, was made as follows: A
solution of 1270 grams of Cr(NQO;)3-9H;0 in 1600 ml.
of water was thoroughly mixed at room temperature and
allowed to stand overnight with 2070 grams of the
mineral sorbent pellets, which had been dried previously
for three hours at 900° F. The chromium nitrate de-
posited principally as a crust over the mineral sorbent
pellets. The encrusted pellets were dried in a flask and
calcined in the presence of oxygen at 900° F. for three
hours, thereby converting deposited chromium nitrate
into a dark green chromia coating.

Example 2.—Polyfunctional sorbent consisting of 10
percent chromia substantially uniformly diffused through-
out an agglomerated body of fine mineral sorbent par-
ticles was prepared as follows: 2070 grams of dried Linde
5A molecular sieve powder having size grading between
about 2 and about 4 microns was mixed thoroughly with
2500 ml. of n-heptane and allowed to stand for four hours
with cccasional stirring. The so-treated sieve powder
was then mixed thoroughly with a solution of 1210
grams of Cr(NO;)3-9H,0 in 1600 ml. of water and al-
lowed to stand overnight. The resulting material, a hard
solid, was ground to powder and subjected to a vacuum
of 29 inches of mercury while being heated on a steam
plate .overnight, thereby freeing the powder of practically
all heptane. This powder was. pelleted in a confining die
with 4 percent starch and 2 percent stearic acid into cyl-
inders about 34g”" diameter by ¥4’ high, then calcined in
the presence of oxygen at about 1000° F. for 6 hours
whereby chromium nitrate was converted to chromia.
The product was a batch of hard pellets.

Example 3.—Polyfunctional sorbent containing 0.5 per-
cent platinum impregnated on agglomerated mineral
sorbent particles was prepared as follows: 2070 grams of
dried Linde 5A molecular sieve l4¢” extruded pellets
were soaked in 2500 ml. n-heptane for 4 hours. The ex-
cess heptane liquid was removed. 27.7 grams of
H,PtClg-6H,0 was heated at 275° F. for 2 hours and
then dissolved in 1600 ml. of water. Aqueous ammonia
was added to this solution to bring pH to 8.83. This
platinum solution, a chloride of platinum, was mixed with
the heptane-treated pellets of mineral sorbent. The mix-
ture was allowed to stand overnight, then was dried and
tested for the presence of flammable material. None was
found. The pellets impregnated with platinum-providing
material were calcined at 900° F. for 3 hours. They
emerged brown in color and were suitable for hydro-
carbon treating after hydrogen treatment, as shown here-

" inafter.
Example 4.—Table 1, following, shows the superior
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strength of random samples of solid sorbent made in
accordance with invention principles over random sam-
ples of conventional fine mineral sorbent particles pelleted
in the same conventional machinery with and without
chromia powder, and a random sample of conventional
mineral sorbent extruded agglomerates. Sample V was
of compressed pellets 942’ diameter x ¥’ high made
essentially as described in Example 2; sample W was. of
dried Linde SA molecular sieve powder of 2-4 micron
size which had been pelleted like sample V;-sample X
was of Linde 5A sieve powder and about 10% fine
chromiuvm oxide which was mixed dry, then pelleted like
sample V; sample Y was of 144" diameter by about 1"
long extruded Linde 5A agglomerates as received from
the manufacturer; and sample Z was the same kind of
agglomerate as sample Y except that they had been
saturated with n-heptane, then impregnated with chro-
mium nitrate solution to obtain about 10% by weight
chromia on the finished sorbent, dried and calcined es-
sentially as shown in Example 1.

Table I

Crushing Strength,
. ) Grams
Sample—Dssignation

Average Range

=

3,604 | 2,604, 450
1,493-2,710

402-2, 025
2,831-4, 724
3,799-5, 688

g

Nibd

Example 5, Table II, following, shows the superior
abrasion resistance of a random sample of polyfunctional
sorbent from the same batch as sample V over random
samples of sorbents corresponding to samples W and X
of preceding Table I. These data were obtained by
tumbling 70 grams of the sorbents in a rotating drum
equipped with internal flights, The drum was rotated
for two hours at about 17 r.p.m. with each sample.
Each sample was then sieved for 15 minutes on a
mechanical sieve equipped with a 16 and a 60 mesh
screen.

Table 11

‘Weight Percent

Sample—Designation
retained
on 16
mesh

passing
16 mesh

passing
60 mesh

=<

7.
11,
61.5 38.

s

2.
7.
17.

[ SRRV}

X..oo

Example 6.—A series of runs was made treating motor
naphtha with a variety of polyfunctional sorbents pre-
pared as previously described in. Examples 1, 2, and 3.
The motor naphtha used in each run was the product of
a commercial refinery “Patforming” operation using a
platinum-on-alumina catalyst procured from the Universal
Gil Products Company. Characteristics of the motor
naphtha used were: A.P.L gravity, 48.8°; refractive index

20° C)

about 1.444; A.S.T.M. dlstlllatlon ILB.P., 126° F.; and
end point, 377° F.; and A.T.S.M. research clear octane
rating, 87.1.

The sorbent treating operations were conducted in a
vertical cylindrical reactor 31" tall and 1.94” 1.D. con-
taining a 1500 ml. bed of the particular polyfunctional
sorbent under test, a control sample of conventional
sorbent was tested in the same apparatus under the same
conditions. Preparatory to each initial test run the re-
actor was purged with nitrogen and hydrogen, the tem-
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perature was raised to 900° F., and the sorbent reduced

for one hour using a stream of 5 s.c.fh. of hydrogen.

-Sorbing operations were conducted as follows: reacting
temperature was 450° F. =5° F., and the motor naphtha

12
heated for 12 hours at 1000° F. in a muffle furnace
in the presence of air to burn off carbon, then reused for
treatment of motor naphtha of the same kind as and in
the same manner as is described in Example 6, using

was charged to the top of the reactor under substantially 3 hydrogen as the desorbing medium. Very little change
- atmospheric pressure at the rate of 1500 ml./hr. (metered was observed between the performance. of the sorbent as
as a liquid) whereby it contacted the sorbent in vapor originally made and after regeneration. Table IV, be-
form, was withdrawn from the bottom of the reactor as low, summarizes results obtained with the regenerated
product vapor, and was condensed with water-cooled sorbent for treatment of the motor naphtha.
condenser. Periodic product samples were taken. Motor 10 .
naphtha feed to the reactor was terminated after 1.0 Table IV -
to 1.25 hours of sorption when the value of refractive
index or A.P.I. gravity of the product stream approached 1st eyele [2nd eyele
the value of the feed. ,
Reactor temperature was then raised to 900° F. 15 Product:
+5° F. at atmospheric pressure as 5 s.c.Lh. of gasiform ggg;’r‘]"‘jgtmtg gﬁr;fn“ffhafge ----------------- %8 23;?
desorbing medium was passed through the reactor from 5 +g co. .T.E.L./gal 97.6 97.6
the top to the bottom for stripping sorbed hydrocarbons esorbate: .
from the solid sorbent. The laden desorbing medium gﬁgggg%ﬂg&%gﬁ?c%{%lf%{gﬁ'/égi_‘_‘::jj:jj : 3338:.9 4t
was then vented through a water-cooled condenser and 20 :
a trap refrigerated with Dry Ice to separate the desorbing 1 Octane rating tested on combined desorbate samples.
medium from desorbed hydrocarbons (for convenience . . .
herein called “desorbate™). When hydrocarbon separa- _ Obviously many modifications and variations of the
tion from the chilled desorbing medium flow had virtually invention, as hereinbefore set forth, may be made with-
ceased the sorbent was considered reconstituted for an- 25 Out departing from the spirit and scope thereof, and there-
other cycle of sorption, and the desorbing operation was fore, only such limitations should be imposed as are in-
terminated. - Table III below, summarizes results ob-  dicated in the appended claims.
tained by the.foregoing procedure using a conventional We claim: i .
sorbent (dried Linde SA molecular sieve %" diameter by 1. A polyfunctional solid sorbent comprising 0.1 to
about %6" long extruded 'peuets)_’ and using repeﬁﬁvely 30 20 welght percent of at least one metalliferous catalytic
in two or more cycles.our polyfunctional solid sorbents reforming agent selected from the group comsisting of
compounded as described in Examples 1, 2 and 3, above, metals and metal oxides of groups 6 and 8 of the periodic
designated in Table III, below, as polyfunctional sorbents table supported on and integral with Type A zeolite se-
A, B and C, respectively,  The desorbing medium used lective  for straight chain hydrocarbons to the substan-
with the conventional sorbent and sorbent A was nitro- 35 tial exclusion of non-strajght chain hydrocarbons in a
gen; with sorbents B and C it was hydrogen. mixture thereof. .
Octane rating of the product naphtha treated with the 2. The polyfunctional sorbent of claim 1 wherein the
above sorbents was measured clear or with addition of catalytic agent is essentially in the form of a coating on
3 cc. of tetraethyl lead per gallon by the A.S.T.M. re- a body of agglomerated fine Type A zeolite particles.
_search method. Octane of the desorbate was measured 40 3. The polyfunctional sorbent of claim 1 wherein the
in a similar manner but on a micro scale, using a 100 catalytic agent is substantially uniformly diffused through-
ml. sample of fuel. = Description of such micro octane out an agglomerated body of fine Type A zeolite particles.
rating test is given in the section entitled “Proposed 4, _The polyfunctional sorbent of claim 1 wherein the
Method of Test for Motor and Research Octane Num- catalytlc agent consists essentially of chromia.
“ber of Small Samples,” page 727, Appendix VI, Septem- 45 - . 5.. The polyfunctional sorbent of claim. 1 wherem the
ber 1951, A.S.T.M. Standards, published by the Amer- catalytic agent consists essentially of platinum. -
ican Society for.Testing Materials, Philadelphia, Pa. 6. The polyfunctional solid sorbent of claim 1, which
Table 1 -
- ?olyfunctional Sorbents
' - Linde 5A-
Type of Sorbent Used Molecular A B o]
Bleve : — -
1st- | ond | st | ond | 3rd | 3rd | 4th
Cyuls Cycle (_}ycle Cyecle | Cycle | Cycle | Cycle
Produet: i .
Recovery, . Wt Percent™ of ; .
: o 2.5 oL 3 953|936 93.5) 927 925 .6
* Octane rating, clear.... 92.4 189.2 88.4 88.8 | ~ 83.4 02.2 91.7
-3 ce.T.E. L. per gal-- 99.7 198 3 198.1| o7.8] 97.9| 7.9 100.0 9.3
Desorbate: -
Recovery, - Wt. Percent - of :
ATER. + ceeememmmmmmmmmmm e 6.6 8.4 4.4 5.9 53| 66 5.4 4.7
Octane Rating, clear...cocaeaan- 25.5 376.8 68.2 45,1 45.1
+3 ce. T.E.L. per gal.u.oneeeinn " 60.8 foumooae | ........ 85.5 86.3 | 85.6 72.1 72,1

t Average of product samples,
3 Octane rating tested on combined desorbate samples

Example 7.—After a series of sorbing and desorbing
operations done in the manner described in- Example 6
carbon deposition occurred on a polyfunctional sorbent
bed and reduced its sorptive capacity. -This polyfunc-
tional sorbent was made originally in the manner of Ex-
ample 1 except that the pellets. of mineral sorbent- were
soaked in n-heptane before treating with chromium ni-.
trate. The desoibed “coked” polyfunctional sorbent was

sorbent is the product of depositing, from an inert dis-
persion in a liquid vehicle onto finely divided Type A
zeolite particles selective for straight chin hydrocarbons
to' the substantial exclusion of non-straight chain hydro-
-carbons, at least one reforming catalyst-providing' ma-
terial equivalent to 0.1 to 20% metalliferous catalytic re-

5 forming agent based on the weight -of finished polyfunc-

tional sorbent, said catalytic agent being at least one re-
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forming catalyst selected from the group consisting of
metals and metal oxides of groups 6 and 8 of the periodic
table; forming the resulting zeolite particles into an ag-
glomerate; and converting deposited catalyst-providing
material in said agglomerate into metalliferous catalytic
reforming agent.

7. The polyfunctional solid sorbent of claim 1, which
sorbent is the product of depositing, from an inert dis-
persion in a liquid vehicle onto an agglomerate of fine
particles of Type A zeolite selective for straight chain
hydrocarbons to the substantial exclusion of non-straight
chain hydrocarbons, metalliferous reforming catalyst-
providing material equivalent to 0.1-20% metalliferous
catalytic reforming agent based on the weight of finished
polyfunctional sorbent, said catalytic agent being at least
one reforming catalyst selected from the group consisting
of metals and metal oxides of groups 6 and 8 of the
periodic table; and converting deposited metalliferous
catalyst-providing material on said agglomerate into
metalliferous catalytic reforming agent.

8. The polyfunctional solid sorbent of claim 1, which
sorbent is a product of impregnating with at least one
straight chain hydrocarbon Type A zeolite selective for
straight chain hydrocarbons to the substantial exclusion
of non-straight chain hydrocarbons; depositing, from an
inert dispersion in a liquid vehicle onto said impregnated
zeolite particle, metalliferous reforming catalysti-provid-
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ing material equivalent to 0.1-20% metalliferous cat-
alytic reforming agent based on the weight of finished
polyfunctional sorbent, said metalliferous catalytic re-
forming agent being at least one reforming catalyst se-
lected from the group comsisting of metals and metal
oxides of groups 6 and 8 of the periodic table; removing
at least part of the straight chain hydrocarbons in said
impregnated zeolite particle; and converting deposited
metalliferous catalyst-providing material on said particle
into catalytic reforming agent.
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