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This invention relates to a method of treating hydro-
carbon fractions, such as petroleum fractions and hydro-
carbon synthesis (Fischer-Tropsch) fractions. In -ac-
cordance with one embodiment this invention relates to
the treatment of hydrocarbon fractions in the naphtha
or gasoline boiling range, said fractions containing
straight chain and non-straight chain hydrocarbons, in
order to improve their quality.. In accordance with still.
another embodiment this invention relates to an 1mproved
hydrocarbon conversion process. Generally this inven-

tion is directed to the upgrading of petroleum fractions 25

containing straight- chain and non-straight chain hydro--
carbons, especially naphtha stocks wherein the amount
of straight chain hydrocarbons is substantial, e, g. in the
range 2-30% by volume and higher.

Accordingly, it is an object of this invention to prov1de
an improved process for treating hydrocarbon fractions .
containing straight chain hydrocarbons and non-stralght
chain hydrocarbons.

It is another object of this invention to prov1de a
flexible hydrocarbon converting process which is capable

of handling a wide variety of hydrocarbon fractions con--

taining straight chain hydrocarbons and non- stra1ght
chain hydrocarbons.

Another object of this invention is to provide a com-"
bination hydrocarbon treating process for treating - a.-
hydrocarbon fraction containing straight chain hydro-
carbons and non-straight chain hydrocarbons wherein the .
straight chain hydrocarbons are selectively adsorbed by.
means of a sclid selective adsorbent, followed by de-
sorption of the straight chain hydrocarbons in a special -
manner in accordance with. this invention.

Still another object of this invention is to provide a:

combination hydrocarbon treating process wherein a hy--

drocarbon fraction containing. straight chain hydrocar-
bons and non-straight chain hydrocarbons can eventually.
be converted substantially entirely to non-straxght chain -
hydrocarbons.

In at least one embodiment of this invention at least
one of the foregoing objects will be achieved.

How these and other objects of this invention are
achieved will become apparent with reference to: .the
accompanying disclosure and drawings wherein:

Fig. 1 schematically illustrates one embodiment of the
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stralght chain hydrocarbons to the substantlal exclusion
of non-straight- chain hydrocarbons to adsorb straight
chain hydrocarbons from said fraction, separating from.
the aforesaid adsorptlon operation a treated eﬂiuent hav-
ing a .reduced straight. chain hydrocarbon content and
said . solid . adsorbent .. containing - straight..chain hydro-
carbons adsorbed therein - and entraining .the resulting
separated solid adsorbent in a gaseous or.vaporous. de-
sorbing medium. whereby said entrained :-adsorbent. is
carried infto contact with a mass.of solid particle-form
contact material under conditions of temperature and:
flow such that the straight chain hydrocarbons are. de-
sorbed from. the solid adsorbent while at the same. time.
the solid adsorbent is elutriated -through the ‘mass of .
solid contact material. Followmg desorption and elutria-,
tion of the solid adsorbent there is separately. recovered .
a gas-solids phase comprising the gaseéous desorbing me-
dium, the resulting gaseous desorbed straight chain hy-.
drocarbons together with the regenerated solid adsorbent
entrained therein, thereby effecting a separation between:
the solid adsorbent and the solid particle form contact-
material.. At this point it is;mentioned that the separa-
tion of the solid adsorbent from the .solid particle-form
contact material by elutriation is due prunanly to the.
substantial difference in ‘average particle size between the
solid adsorbent, which is relatively small, and the solid
particle-form contact material, which is relatively large.-

By straight chain hydrocarbons is meant any. aliphatic.
or acyclic or open chain hydrocarbon which.does not.
possess side chain branching. Representative stralght;
chain hydrocarbons are the normal paraffins and the nor-,
mal olefins, mono- or polyolefins, including the -straight -
chain acetylenic hydrocarbons The non-stralght chain
hydrocarbons comprise the. aromatic and naphthenic
hydrocarbons as well as the isoparaffinic -and isoolefinic
hydrocarbons and. the like. = Straight chain hydrocarbon-,
containing mixtures which are suitably treated in :ac-
cordance with this invention include the various. pe-
troleum fractions, such as a naphtha fraction, a gasoline-

0 fraction, a diesel oil fraction, a kerosene. fraction, . a gas,
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practice of this invention employing a desorption zone 60

containing fluidized solids, and

Fig. 2 schematically illustrates another embodiment
of the practice of this invention employing in combina-
tion an adsorption operation followed by a substantially
simultaneous desorption and catalytic reforming of the
components adsorbed during the adsorption operation.

In accordance with our invention we have provided
an improved process for treating or comverting a hy-
drocarbon fraction containing straight chain hydrocarbons

and non-straight chain hydrocarbons which ' comprises -
subjecting the hydrocarbon fraction to be treated to con- .
tact with a selective adsorbent which selectively adsorbs

65

oil fraction and the like. Partlcularly suitable for treat-
ment in accordance with this invention are straight chain
hydrocarbon-containing fractions having a boiling point .
or a boiling range in the range 40-600° F. and higher :
and -containing a substantial amount -of straight chain -
hydrocarbons, e. g.-2-35% by volume. . More' particu-
larly, a petroleum fraction suitable for use in the practlce :
of this invention might have an initial boiling point in:
the range 40-300° F. and an end point in.the. range -
150-600° F. Furthermore a petroleum fraction suit- -
able for use in -the practice of ‘this invention must con-
tain- both straight chain and non-straight chain hydro--
carbons and might have the following composition: .. ..

~ Hydrocarbon Type Percent by .

. : - ~ Volume . -

Nanhfhpnée 0—;75 3

Aromatics. i 0-50 °

Acychc Saturates (including normal paraiﬁns and isopar-. g

. —90

Acychc Unsaturates (including normal olefins and ISO- ' :
olefing) _.______ . 0-50

Typical refinery stocks or fractions which are applicable
to the practice of this invention are a wide boiling"’
straight run naphtha, 'a light straight ‘tun  naphtha, ‘a_*
heavy straight run naphtha, a catalytic cracked naphtha, -
a thermally cracked or thermally reformed naphtha, a
catalytic reformed naphtha and the like: &
Any. solid -selective ‘ adsorbent which’ selectlvely ad-“
sorbs - straight chain - hydrocarbons to the 'substantial °
exclusioni of ‘non-straight chain ‘hydrocarbons ‘can be
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employed in the practice of this invention. It is pre-

ferred, “however, ‘tc -employ -as ‘the -selective adsorbent
certain natural or synthetic zeolites or alumino-silicates,
such as a calcium alumino-silicate, which exhibit the prop-
erty -of -a ‘moleciildr. sieve,. that “is matter “riade * “up ~of
porotls crystals wheréin ‘the peres ‘of
of ‘moleciilar -dimension  and - dre <of “su
form ‘size. -~ A -particalarly smtable solid “adsorbent for
straight -¢hain *hydrocarbens “is “a “calciiim alumino-sili~
cate, ‘apparently “actually -a” soditim -calcitin ~alimino-
silicate -manufactiired-by Linde - Air ‘Products- Company
and designated “Linde Type 5A ‘Moleciilar Sieve. The
crystals ‘of -this “particufar ‘ calcitim “altimihossilicate ‘have
a pore “size: or "diameter of aboiit ‘5 Angstrom ‘units, “a

pore size- sufﬁc1ent]y large to ‘admit straight - chain hydro-

carbois, stich 3s the* Hiortiidl “paraffins and normal olefins,
to “the ‘substantial ~exclusion “of “‘the ‘non-straight chain
naphthénic, aromatic; 1soparafﬁmc ‘and-isoolefinic hydro-
carbois.
able”in’ variotis“sizes.
selectlve ‘adsorbeént, Type “SA ‘Molecular * Sieve, ‘is avail-
able ‘s’ “ar ﬁnely divided powder having a ‘particle size
in“the- range 5.0 “miicroms, - -exhibiting a bulk - densrfy
in“Ibs. “per. “cubic ‘foot<of 33,”and a particle “density in
gramis-per-ce. of “1:6: .

Qtl_ler smtable sohd selectlve adsorbents mclude the

: T_lie -natural]y occlirring zeohtes, chabazite,
exhlblts sich demrable propertres ‘Another “suitable
o o

ydrated, ’an‘d —When‘ all “or* pa‘rt“of the

be represented- by the formula (Ca Nag) Algsl4012 ZHZO
and “Which, - after * suitable . conditioning, . will adsorb
straight chain® hydrocatrbons ' to* the substantial exclusion
of non'straight chain’hydrocarbons. Naturally cccurring
or symthetically prepared phacohte, gmelinite, harmotome
and the-like ‘or *sultable base “exchange - modifications
of these zeoht&s are sorsultable.

are known S d"may ‘b€ employed in‘the practlce of” thls
invention. ~It™is comtemplated that selective -adsorbents
havmg. ‘the - property ‘of “selectively ‘adsorbing “straight

chain "hydrocarbons to ‘the (substantial “exclusion-of non- 5
stralght chain’ hydrocarbons in‘the manner of ‘a ‘molecular -

siéve ‘may 'be’ obtained by “suitable -treatment of various
oxnde gels, especrally metal oxide gels of the polyvalent

“The -adsorptive * separatlon of ‘the: straight - chain hy-

drocarbons “from :the hydrocarbon ‘fraction ‘undergoing
treafrient may- be ‘carried  onnt” in “the Tiquid or “gaseous

phase and -at ‘any suitable temperature and pressure ef--

fective-in"the adsorptive separdtion opération. It is de-
sirable, of ¢ourse, to coordinate the adsorptive separation
condltlons, e. g. such as temperature and pressure with

This- partlcular ‘seléctive “adsorbent “is avail-
‘One form of ‘the above-mentioned =

g “zeolite -is “analcite - NaAlSi;0s.H50,’

. 4 .
by simply slurrying the solid adsorbent with the liquid

~hydrocarbon fraction to be treated, followed :by separa-

tion or decantation of the rtreated hydrocarbon -effluent
now substantially free of or having a reduced straight
chain hydrocarbon content.. Liquid phase adsorption
may also be carried out by percolating the liquid hydro-
carbon fraction to be treated -through a bed of solid
adsorbent ‘material. It is preferred, however, 'in the

- practice of this .invention to carry out the adsorptive

10
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thie desorptive “separafion conditions déscribed herein-
after so as to effect ‘a most economical -use of ‘the ma- -

terials employed and for €ase "of ‘¢ontrol.

The . adsorptive - separation--of- ‘the -straight--chain hy-
drocarbons by the solid selective adsorbent may be carried
out -at ‘any- suitable temperature such as a temperatire

in - the -range  50-1000° ‘F.--and ‘at-‘any suitable ‘pressure .

such as-a -pressure in the-range 0-10,000:p. s: i g."and

~ higher, the temperature and pressure being adjusted with -

70

respect to -the -hydrocarbon fraction -undergoing -treat- -

ment depending upon -whéther-.or: not it ~is-desiréd *to
maintain -the “hydrocarbon--fraction :in the -liguid: phase
or in the vapor phase -during-the-;adsorptive: separation
operation.

Liquid phase adsorption-may be carried-out

 temperature or -pressure.

" in‘the range 102,000 p. s. i. g. is suitable.

- higher -or ‘lower, may be employed.
however, ' to - carry- out ‘the -desorption cperation at an’

separation operation in the gaseous phase, that isto
maintain the hydrocarbon fraction undergoing treatment
in the vapor phase during the adsorptive separation. op-
eration.  Any suitable method for effécting gas-solid con-
tact may be employed, for example a fixed bed, amoving .
bed or a fluidized bed of selective .adsorbent may be-
employed c.Lr,ng gas phase adsorptive separation. It 'is.
preferred in the practice of this invention to employ a
fingly divided solid selective adsorbent such as a sodium
calcium aluimino-silicate as‘exemplified by the Linde Type
5A *“Molecular -Sieve, havmg -a particle size distribution
in'the range 0:5<5.0 microns ‘and to ‘entrain the adsorbent
to. the “gaseous “hydrocarbon - fraction undergoing treat-:
ment. After a -sufficient contact' time, the entrained solid -
adsorbent is separated ‘from ‘the ‘gaseous treated effluent
now havmg -a reduced -amount- of ‘straight chain hydro-
carbons. The separated solid -adsorbent is “then ‘sub-
sequently treated -to. desorb the -straight chain hydro-
carbons ‘theréfrom.

“The -desorption -of * straight -chain ‘hydrecarbons’ from
the solid-adsorbent material -can ‘be made -at any suitable
‘For ‘example, - the “desorption
operation may’be -carried out at a pressure in the range
0-10,000 p. s. 1. g Generally a -desorption ‘pressure
1t ‘is somte-:
times ‘desirable to carry -out the ‘desorption operation at’
a‘pressure -substantially 1ower “than  the adsorption pres-:
sure. In general, the pressure employed during “the
adsétptive separation “operation -is' not “determinative -of

* the‘desorption pressure and ‘any suitable desorption pres-

sure ‘may  be employed. ‘Substantially -the 'same "com:-:
ments may ‘be -made with' respect to‘the desorption-tem-
perature.

Generally any suitable ‘desorptive temperature may- be:
employed in the practice of this invention. It is some-:

5 times-desirable, however, ‘to. carry out substantially iso-

thermal adsorptxon-desorptlon -operations. Any suitable
desorpticn -temperature in the range 4001 100° ~F.;
1t. is preferred,

elevated temperature such as a temperature in the range”
700° ‘F.-1100° F. It is-realized, of: course, that the
desorption temperature should not be excessively “high,
for example ‘not greater than -about 1100°-1300° ‘F., in

‘the case of Linde Type 5A Molecular ‘Sieve, which. ex-

cessive ‘femperatures ‘would “lead ‘to destruction of “the*
adsorbent material, presumably by collapse of the crystal:
structure, ‘ with ‘resultant loss -of ' its -selective adsorptmn“

. 'properties.

Although it is ‘possible to . effect desorption of the:
straight chain hydrocarbons from the solid adsorbent by’
the application ‘of heat alone; ‘for -example by rTadiant:
heating or by indirect'heat exchange, it is a feature of.
this ‘invention ‘that  the -desorption "operation is carried -
out in the presence of a gaseous desorbing medium within:
which ithe iselective -adsorbent undergoing - desorption or

regeneration’is‘entrained. -Generally any suitable gaseous

desorbing ' medium may be employed ‘in’ the practice ‘of -
this invention. As a general rule, however; it is preferred
to employ a gaseous desorbing medium the molecules
of which are sufficiently small so that penetration of the -
pores of ‘the:adsorbesnt ‘may -be effected. - The following
materials ‘may ‘be ‘employed- as-ithe “gaseous desorbing

mediunt: “nitrogen, methane, ‘hydrogen, carbon -dioxide;
‘carbon-monozxide, flue :gas, substantially ‘dry -natural :gas -

(mixture of miethane-and ethane):and.-the-like inéluding::
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5.4
air under controlled temperaturé conditions, and steam,
preferably superheated steam. In general, any vaporiz-
able material which possesszs a high heat capacity, is
thermally stable and which is readily separable, as by
distillation or condensation, from the desorbed straight
chain hydrocarbons may be used.

During the desorption of the straight chain hydro-
carbons from the entrained powdery solid adsorbént the
adsorbent is at the same time elutriated through a mass
of solid contact material under conditions such that the
desorbing medium together with the desorbed straight
chain hydrocarbons and the entrained solid adsorbent
pass through the interstices of the mass of solid contact
material and are separated therefrom. The mass of solid
contact material may comprise a fixed bed, a moving or
falling bed or a fluidized bed of solid particle-form con-
tact material. This solid particle form contact material
serves to maintain the desorption operation at the desired
desorption temperature. _Additionally, besides serving as
a means to control the desorption temperature, the solid
contact material also tends to.aid the desorption of the
straight chain hydrocarbons from the adsorbent by pro-

- moting contact between the adsorbent and desorbing
medium, such as by. increasing residence time and the
like.- The solid contact material may serve as a means
for effecting desorption temperature control in the follow-
ing manner. For example, in the instance when the
gaseous ‘desorbing medinm, also employed to entrain
the solid adsorbent, is initially at.a relatively high tem-
perature, e..g. 700° F." or -above about 700° F., upon

introduction of the - desorbing medium together with-

treated solid adsorbent into ‘the desorption. zone which
contains solid particle-form contact material the desorp-
tion operation can be conveniently carried out at a tem-
perature lower than about 700° F. by supplying and
maintaining in the desorption zone relatively cool solid
particle-form contact material.. Alternatively, should it
be desired to maintain the desorption operation, i. e. the
desorption zone, at a relatively elevated temperature,
e. g. above about 700° F., while at the same time intro-
ducing into the desorption zome the gaseous desorbing
medium together with the entrained adsorbent at a tem-
perature below 7060° F., e. g. 500° F., the solid contact
material is maintained or introduced into the desorption
zone at a relatively elevated temperature, such as above
about 700° F. . Accordingly in view of the foregoing it
is apparent that, depending upon the temperature of the
desorbing medium together with entrained adsorbent
with respect to the solid particle-form contact material,
the solid particle-form contact material may serve as a
means for cooling or heating the desorbing medium. If

desired the solid contact material may be maintained at a:

rather high temperature during the desorption operation,
sufficiently high, preferably not higher than 1300° F., to
effect thermal cracking of the desorbed straight chain
hydrocarbons. In the instance where the solid particle-
form contact material is introduced or maintained in the
desorption zone at substantially the same temperature as
the gaseous desorbing medium the solid contact material
serves substantially only to provide a more efficient
desorption operation by promoting more intimate and
vigorous contact between the desorbing medium and the
solid contact material being elutriated therethrough.

The solid particle-form contact material provided in
the desorption zone may comprise any substantially inert,
solid thermophore such as a non-metal or metal or their
cxides, or refractory ceramic material, in the form -of
granular particles, pellets, balls; etc. When the contact
material is in the form of a porous fixed bed the mass of
contact material should be sufficiently permeable so that
the powdery adsorbent material can be readily elutriated
therethrough. If desired, the solid contact material may
be in the form of a fluidized bed, fluidization of the solid

contact material conveniently being .effected by the.

75

desorbing medium flowing therethrough. . . ..
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6.

In accordance. with one embodiment. 6f the practice
of this invention the 'solid.contact material possesses
cracKing activity. with respect to straight: chain hydro-
carbons, that is, it comprises a cracking catalyst such as
a silica-alumina cracking catalyst. - When  a ' cracking
catalyst is employed as the solid contact material or as a
component thereof and when the desorption operation is
carried out at a suitable elevated temperature, e. g. above
800° 'F., not only are. the straight chain hydrocarbons
desorbed but substantially simultaneously with the desorp-
tion operation the straight chain hydrocarbons are cracked:
to form  corresponding low molecular weight hydro-
carbons and corresponding olefinic or unsaturated hydro-
carbons. = Suitable cracking. catalysts are well known to
those skilled in.the art and generally comprise alumino-
siiicates. Cracking catalysts are available. in various
forms and sizes, e. g. pellets, ‘beads, microspheres and
the like. In the practice of this invention the cracking
catalyst employed should have an average particle size:
substantially greater than the average particle size of the;
adsorbent material, so that the adsorbent material can be
readily elutriated through the mass of cracking catalyst:
when the cracking catalyst is maintained in a fixed bed,
a moving or falling bed or a fluidized bed. In the fluid-
ized system satisfactory results are obtainable when the
cracking catalyst or solid particle-form contact material’
has an average particle size greater than about 200 mesh.

In accordance with still another feature of this inven-
tion the solid particle form contact material is desirably
a material ‘which exhibits catalytic reforming. activity,
that is a reforming or isomerization catalyst. Reforming'
catalysts are well known and comprise such materials as:
a platinum-containing catalyst, a cobalt molybdate cata--
lyst, so-called Hyperforming catalyst, chromia-alumina -
catalyst which may be identified as a. Sovaforming or:
Thermofor catalytic reforming catalyst, a ‘molybdena-
alumina catalyst sometimes referred to as a Hydroform-
ing or Orthoforming catalyst and the like. During re-'
forming the desorbed straight chain hydrocarbons un-
dergo: substantially simultaneously a number of reactions

-including -isomerization, dehydrogenation, aromatization"

or dehydrocyclization, cracking, disproportionation, and
the like depending upon the severity of the desorbing-
reforming conditions and the composition of the de-
sorbed straight chain hydrocarbons. It is apparent in
view of the foregoing.that when the solid contact ma-
terial comprises a reforming or isomerizing catalyst-
simultaneous desorption and reforming or isomerization
of the straight chain hydrocarbons is accomplished.

.Generally straight chain hydrocarbon reforming or iso-

merization operations are carried out at a temperature
in the range 750-1100° F. and at a pressure in the range
40-1,000 p. s. i. g., more or less, desirably in the presence
of hydrogen. The severity of the reforming or isomeri-
zation. operation is dependent to some e¢xtent upon the
composition of the desorbed straight chain hydrocarbons
and the quality or composition of the catalytic reformate
desired. Uusually during the reforming operation there
is a net production of hydrogen (due to dehydrogena-
tion of the hydrocarbons) which advantageously is sub-
sequently separated from the resulting effluent and em-
ployed as a desorbing medium as well as the means for
elutriating the powdery adsorbent through the reforming -
catalyst.

Referring now to the drawing and in. particular to
Fig. 1 thereof which schematically illustrates one em-
bediment of the practice of this invention as applied to -

_ the treatment of a hydrocarbon naphtha fraction, a light

70

straight run naphtha having a boiling range in the range -
45-250° F. and containing straight chain hydrocarbons :
and non-straight chain hydrocarbons is supplied in vapor- :
ized form via line 11 into conduit 12 which is supplied

with powdery solid adsorbent material, Linde - Type 5A
Molecular Seive, from hopper 13. In conduit 12 the :
vaporized naphtha fraction fluidizes and entrains the -
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powdery -adsorbent :and.carries. the . same .into. adsorber
or ‘adsorption .zone 14.. Adsorption zone 14 may com-
prise one :or more vessels or conduits of sufficient size
suchthat :the residence.time :or .contact time between the
adsorbent material and the naphtha fraction is:such that
there issues from adsorber :14 via line .15 a gas-solids
phase containing -solid: adsorbent :having :straight -chain
hydrocarbons ‘adsorbed- therein together. with .a :gaseous
naphtha fraction ‘substantially free or ‘having a reduced
‘straight .chain hydrocarbon . content.
phase in line ‘15 is introduced into @ :gas-sclids separator
16 wherein the -solid -adsorbent -is :separated. from the
resulting treated . gaseous effluent ‘which is.removed via
line . 19. ' The  gas-solids-separator - 16 .may comprise 2
cyclone; -a -Cottrell precipitator, ceramic: filter, bag filter
or.combinations-of-the.above to effect substantially com-
plete :separation --of -'the ; solid adsorbent - from the gas
stream. - The separated solid-adsorbent is removed from
the - gas-solids -separater:16 -via line 20. If desired, de-
pending upon -operating -conditions within the ‘adsorber, a
portion of this removed adsorbent may be recycled to
adsorber 14 via line 21 to- effect a substantially complete
separation of the straight-chain hydrocarbons from the
naphtha fraction 'introduced -into adsorber 14. The
above-described adsorption operations are carried out at
substantlally atmospherlc pressure and .at a temperature
in the range 50-550° F

.-When -the powdered adsorbent is made up of finely
d1v1ded particles, as in the case.-of Linde Type S5A
Molecular Sieve which -has -a particle size in the range
0.5-5.0 ‘microns, all.of the adsorbent sometimes will not
be recovered by the gas-solids separator 16 alone. "In
order to recover the more finely ‘divided adsorbent which
remains-entrained in the treated effluent or naphtha leav-
ing separator 16 via line 19, the treated effluent is passed
via-line 17..though condenser 18 to :cool and .condense
the treated naphtha and then through line 27 into liquid-
solids - separator ‘28 - from ‘-which the liguid treated
naphtha, substantially free of adsorbent, is.removed. via
line 37. The separated adsorbent, wetted by the treated
naphtha is removed from liquid-solids separator 28 via
line .38 for recycle to adsorber 14 or for introduction via
line 47 into -relatively hot, dry -adsorbent -in ‘line 28.
Liquid-solids separater 28 may -comprise a baffled tower
or-hold-up settling tank, alone or in combination with
a liquid-solids filter, suitable to: effect separation of solids
from liquid.

The solid adsorbent material, containing straight chain-

hydrocarbons adsorbed therein removed from separator
16 via line 20 is contacted in line 22 with a gaseous
desorbing medium comprised predominantly of methane
introduced into line 22 by means of line 23. . The gaseous
desorbing medium, methane, entrains the solid.adsorbent
material within line 22-and introduces the same into a
fluidized solids desorber or desorption zone 24 which also

contains a fluidized mass of relatively inert solid particle--

form contact material, such as solid metal particles or

balls or abrasion-resistant refractory pebbles, the gaseous

desorbing medium serving to elutriate ‘the. entrained ad-

sorbent material through the fluidized bed of contact:ma-
terial and at the same time serving to fluidize said contact
Because of the great difference ‘in-particle-size -

material.
between the adsorbent material, which possess:a: parficle
size in the range 0.5-5.0 microns, and the contact ma-
terial which has a particle size ;greaier than 200:mesh; the
solid. adsorbent material, after -intimate contact: with the
desorbing medium and -solid contact material within de-
sorption zone 24 is elutriated therethrough and removed
as a relatively dilute -gas-solids phase from the top of
desorber 24 via line 25. Desorber 24 is maintained at
an - effective desorption - temperature in the range
700-800° F. by -introducing the desorbing medium,
methane, at substantially -that temperature. The desorp-

tion. operaticn. is endothermic and accordingly the heat
of desorption must be supplied.  The heat .of desorption 7

The :‘gas-solids.
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is -advantageously -supplied ‘in. accordance 'with this: in-
vention: by...continuously withdrawing -a portion of the
fluidized “solid.-contact :material from within . desorber
24 by means of line:26 passing the same to heat. ex-
changer 29 wherein . its..temperature .is increased . suffi-
ciently so that when it isireturned ‘to desorber.24:via line
30 :sufficient: heat:is-‘available ‘therein to maintain the .de-
sorption-eperation :or :desorber .24 :at the desired desorp-
tion:temperature. . .As:indicated.in Fig. 1 :a portion of:
the deserbing medium s desirably: introduced into de-
sorber 24 by means:of line 31 to aid in fluidization of the
solid .contact. material-therein and another portion - is’
desirably.introduced by.:means of line 32 into line 26 in’
order to :effect: :movement -of ;the solid .contact ‘material

" through line 26, heater 529 and line 30 -backinto -de-

sorber 24.

The relatwely dﬂute gas-solids phase -issuing from de-
sorber 24 via line:25 ‘comprises.-the .gaseous desorbing
medium, methane, the resulting-gaseous desorbed straight
chain -and the. desorbed<regenerated - adsorbent. If de-
sired a portion :of the whole relatively dilute gas-solids
phase may be recycled to:the desorber 24 via'line 33 in
order :to bettereffect control-of the desorption operation::
The whole relatively dilute: gas-solids phase is: withdrawn
from line 25.via:line 36.and introduced into gas-solids
separator 39:to:effect separation of the desorbed-regener--
ated adsorbent from the gas:-stream :which is withdrawn
via line 40 and:passed :to a straight chain hydrocarbon
recovery.plant for separation:of the straight chain hydro-
carbons from.the methane desorbing medium. - The sepa-
ration of the-desorbed:straight.chain hydrocarbons from:
the methane desorbing medium may be -effected by char-
coal..adsorpticn -and -the “like, the :methane desorbing

medium -being separately recovered -and-recycled fo de-' :

sorber.24.

- As previously :indicated Wlth respect-to the operatlon‘
of gas-solids-'separator 16, if ‘a :substantial amount -of
adsorbent.remains entrained ‘in ‘the gas phase issuing:via
line 40 from gas-solids separator 39, the gas streamis
introduced via line 49 into cooler-condenser 50 for con-
densation ‘of the ‘normally liquid desorbed hydrocarbons
and then via line ‘51 into.-liquid-solids separator 52. A
liquid stream comprising substantially only straight-chain .
hvdrocarbens is recovered from separator 52 via line 58,
provision also being made for ‘the recovery of the gaseous
desorbing medium via line 55 and for the withdrawal ‘of
liquid water (condensed steam) via line 9 in the event
steam is employed as the desorbing medium. The solid -
adsorbent, :separated in liquid-solids separator 52, now
wetted .by the liguefied straight chain hydrocarbons and/
or water; is withdrawn via line 53 for admixing with ‘the
previously separated dry adsorbent in line 41 or, if de--
sired; for recycle to desorber 24 via line 54.

The resulting desorbed-regenerated adsorbent is re-
moved from gas-solids -separator 39 via line 41 and re-
cycled to adsorber 14 via line 12 to contact additional
fresh- naphtha feed. If desired a portion of the solid
adsorbent recovered from gas-solids “separator 39 and
present in line 41 may be recycled to desorber 24 via
line 42. "As indicated fresh naphtha feed is injected into -
line 41 by means of line 43 in order to effect movement
or transfer of the desorbed-regenerated adsorbent even--
tually to adsorber 14. _

Referring now in- detail to Fig. 2 of the drawing which

5 .schematically iflustrates another feature of the practice

of -this invention wherein a reforming catalyst is em- -
ployed as said solid particle-form contact material such
that ‘the deserpticn and reforming operations are carried
out substantially simultaneously, that is catalytically re-

¢ forming the straight chain hydrocarbons almost as soon

as they are desorbed from the solid adsorbent. For rea~-
sons-of simplicity and ease of understanding, the same -
reference numerals - employed with ‘respect to Fig. 1

are ‘also. used in Fig. 2 to identify substantially ‘the same -

75 capparatus and conduits.
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Bneﬂy, Fig. 2 schematically - illustratés an operation
‘wherein stralght chain hydrocarbons-are adsorbed from
a naphtha fraction in a gas piiase adsorption system, fol-
lowed by separation of the adsorbent containing straight
chain hydrocarbons adsorbed therein, thereby yielding a
naphtha effluent having a reduced straight chain hydro-
carbon content or substantially free of straight chain
hydrocarbons.. The resulting adsorbent material is con-
tacted with a gaseous desorbing medium, hydrogen, and
-entrained therein and introduced- into a desorption zone
‘which is provided with a fluidized bed of reforming cat-
ialyst, e. g. a so-called Hydroforming or Orthoforming
-catalyst, wherein the straight chain. hydrocarbons are
-desorbed from the adsorbent and reformed in the pres-
-ence of the reforming catalyst. A stream of spent re-
forming catalyst is withdrawn from the combination de-
:sorber-reformer and introduced into a. catalyst regenera-
‘tion zone wherein any carbon deposited upon the: re-
forming catalyst is burned off by contact with air. The
resulting hot regenerated reforming catalyst is returned
to the combination desorber-reformer. - At the same time
there is produced overhead from the combination de-
sorber-reformer a relatively dilute gas-solids phase com-
prising the stripping medium, hydrogen, gaseous catalytic
reformate comprising straight chain -and. non-straight
chain hydrocarbons, and the desorbed-regenerated adsor-
bent which is eventually recycled into the aforementicned
adsorption zone. The desorbed-regenerated adsorbent is
separately recovered and recycled to the adsorber, the
resulting catalytic reformate being separately recovered
from the hydrogen desorbing medium.. If desired a por-
tion of the recovered catalytic reformate may be recycled
to the adsorption zone for the removal of straight chain
hydrocarbons therefrom.

Referring now in greater detail to Fig. 2 a naphtha
fraction which may be higher boiling than or substantially

the same as disclosed with respect to Fig. 1, is introduced’

via line 11 into conduit 12 wherein it contacts and en-
trains powdered solid adsorbent, e.” g.- Linde. Type SA
Molecular Sieve, supplied to conduit 12 via hopper 13.
The gaseous naphtha fraction containing entrained solid

adsorbent enters adsorber or adsorption zone 14 wherein’
at least a substantial amount of straight chain hydrocar--
bons originally present in the naphtha fraction are ad--

sorbed by the adsorbent. There issues from adsorber 14
via line 15 a gas-solids phase containing resulting treated
. naphtha fraction now having a reduced straight chain
hydrocarbon content and containing entrained solid ad-
sorbent. This gas-solids phase enters gas-solids separator

16 wherein substantially all or a substantial amount of :

the adsorbent is separated via line 20. The ramaining
treated naphtha effluent may be separately withdrawn via
line 19 or introduced by means of line 17 into cooler or
condenser 18 to liquefy the treated naphtha fraction
which is transferred via line 27 into a liquid-solids sepa-
rator 28 for the removal of any remaining solid adsor-
bent. A liquid treated naphtha effluent substantially free
of adsorbent is removed via line 37.. This treated effluent
is substantially free of straight chain hydrocarbons. Any
solid adsorbent removed in liquid-solids separator 28 is
recycled to adsorber 14 via line 38 and/or introduced
into line 20 via line 47.

The separated solid adsorbent removed from separator
16 via line 20 is introduced into line 22 wherein it is

contacted by gaseous desorbing medium, hydrogen, intro- .

duced thereinto via line 23.. The resulting entrained
adsorbent together with the hydrogen is introduced into
combination desorber-reformer 24 wherein is maintained
a fluidized bed of hydroforming catalyst such as a so-
called Orthoforming catalyst comprising ‘a molybdena-
alumina catalyst maintaining a minor amount, e. g.
9-11% by weight, MoO;z. This reforming catalyst is
maintained as fluidized bed within desorber-reformer 24 by
the injection thereinto of gaseous hydrogen via line 31.
Because of the great difference in average particle size
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between the entrained solid adsorbent introduced: into
the combination adsorber-reformer via line 22 and the
fluidized reforming catalyst therein, the solid adsorbent is
elutriated through the mass of fluidized reforming cat-
alyst and there issues overhead from adsorber-reformer
24 via line 25 a relatively dilute gas-solids phase con-
taining gaseous hydrogen and gaseous catalytic reformate
containing entrained solid adsorbent. If desired a por-
tion of this whole gas-solids phase may be recycled to
absorber-reformer 24 via line 33.

The whole gas—sohds phase 1ssu1ng from adsorber-
reformer 24 via line 25 is introduced via line 36 into
gas-solids separator 39 wherein a substantial portion of
the desorbed-regenerated entrained adsorbent is sepa-
rated and removed via line 41.. The gas phase sepa-
rated from gas-solids separator 39 is introduced via line
49 in cooler or condenser 50. The resulting cooled
mixture now. containing gaseous hydrogen, liquefied
catalytic reformate and any entrained solid adsorbent
is introduced via line 51 into liquid-solids separator 52
wherein the entrained solid adsorbent material is re-
moved via line 53. - This removed solid adsorbent may
be directly introduced into desorber-reformer 24 via
line 54 or into line 41 which contains desorbed-regen-
erated adsorbent separated from gas-solids separator 39.
Gaseous hydrogen is removed from separator 52 via line
55 and desirably it is recycled to desorber-reformer 24
as the ‘desorbing medium. Liquid reformate is removed
from separator 52 via line 56. If desired this liquid
reformate, containing straight chain and non-straight
chain hydrocarbons is recycled to adsorber 14 in order
to remove the straight chain hydrocarbons therefrom.
Provision is made for the separate withdawal from sepa-
rator 52 by means of line 59 of liquid water in the
event that steam or superheated steam is employed to-
gether with hydrogen as the desorbing medium.

As is apparent in Fig. 2 provision has been made for
the regeneration of spent reforming catalyst. . In accord-
ance with this embodiment a stream of spent reform-
ing catalyst is withdrawn from adsorber-reformer 24 by
means of line 26 and introduced into catalyst regenera-
tor 60 wherein it is contacted and fluidized by means
of incoming oxygen-containing stream such as air intro-
duced into regenerator 60 via line 67. Within catalyst
regenerator which is operated at a suitable catalyst re-
generation temperature such as a temperature in the
range 800-1200° F. substantially all of the carbon which .
may have been deposited upon the reforming catalyst
is burned. The resulting regenerated reforming catalyst.
is removed from catalyst regenerator 69 and introduced
into adsorber-reformer 24 via line 61. Provision is made
for the recovery of any catalyst fines entrained in the
regenerated off-gas or flue gas by means of line 62, gas-
solids separator 63 and recycle line 64.

It has been observed in actual practice that after the
solid absorbent material has undergone a.number of
adsorption-desorpticn cperations, particularly when rela- .
tively high desorption temperatures are employed (de-
sorption temperatures in the range 600-1100° F.), car-
bon is deposited upon the solid adsorbent material with
the result that its adsorptive capacity is adversely  af-
fected. In accordance with this invention provision is
made for the intermittent or continuous regeneration of
the desorbed adsorbent issuing from adsorber-reformer .
24 by the withdrawal of a side stream of a solid ad-
sorbent of 24 via line 65 and introducing the same into
regenerator 60 wherein carbon is burned therefrom.
The regenerated adsorbent is removed from regenerator
60 via line 62 and separated in gas-solids separator 63
and returned via lines 64 and 66 to line 41 for eventual
introduction' into adsorber 14.

In accordance with still another feature of this in-
vention the reforming catalyst regeneration and the re-
generation. of the spent adsorbent may be carried out
substantially simultaneously within regenerator 60 by
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‘11
elutriating ‘the:solid-adserbentthrough -the fluidized-mass
of catalyst- undergoing -regeneration “in ‘regenerator 60,
in ‘a-manner- similar- to the operation-adsorberreformer
24, the small amount of catalyst fines which ‘may ‘be

12
taining straight chain hydrocarbons and non-straight chain
hydrocarbons “which. comprises  contacting - said stream -
with -3 “solid " particle<formr selective “adsorbent which  se:
lectively -adsorbs straight chain “hydrocarbons to the sub--

%‘n‘trodueed- intothe regenerator -adsorbent -stream issu- 5 stantial ‘exclusion-of mon-straight chain hydrocarbons'to -.
ingfrom ‘regenerator 60 :via:line 62 being -considered adsorb ‘straight: cham “hydrocarbons ‘therefrom, thereby
negligible. producing a’treated- ‘¢ffluent having a reduced amount of

-Although;-with respect-to“Fig: 2, ‘the practice ‘of this straight -chain’ hydrocarbons, ‘separating said _solid ad-
mveqtlon ‘has ‘been: illustrated -wherein -a -so-cdlledortho- sorbent,“now-"containing straight chain hydrocarbons ad-
forming or .hyfirofo.rming molybdena-alumina catalyst is 10 sorbed-therein, from said treated effluent, contacting said
employed, idtis p01qted ‘out that any suitable catalyst separated solid -adsorbent ‘with a gaseous desorbing me- -
which ‘effects :che desired conversion or treatment of the dium in the presence of -a"porous-fixed mass,of particle-
desorbed “straight chain hydrocarbons, for example, a form catalytic material under conditions. to effect: desorp-
platinum-containing reforiming ‘or isomerizing catalyst tion ‘of said straight chain ‘hydrocarbons from 'said ad-
such-as 'the platforming catalyst or ultraforming cata- 15 sgrbent-and-catalytic conversion of the resulting’ desorbed
lyst midy be employed. Also a cracking catalyst or a straight chain hydrocarbons whereby.the resilting régen-
dehydrogenation-aromatization ‘catalyst such as a :cata- erated -adsorbent together ‘with' the converted “desorbed
lyst containing chromia, alumina and magnesia. straight chain hydrocarbons” and gaseous desorblng me-

“Further illustrative of the practice -of ‘this invention dium pass through“the ‘interstices of said- fixed “bed ‘of
a ‘mixture ‘of straight chain hydrocarbon comparable to 20 catalyst, recovering from the aforementioned desorption-
the mixture of siraight chain hydrocarbons released or conversion operation a rélatively dilute gas:solids. phasé
desorbed ‘within 'desorber 24 and comprising 23% by comprising “convetted hydrocarbons, _gaseous ~desorbing
velume n-pentane, 56% by volume n-hexane and 21% medium and said regenerated adsorbent substantially free
by ‘volume -n-heptane was contacted -with a particle- of said catalyst, and-separating said adsorbent from:said
form dehydrogenation-aromatization catalyst comprising 25 dilute-gas-§olids" phase.

Cr0;—MgO—AlLO; -at ‘various temperatures and at a "2. A method-in ‘accordance with ‘claim "1 wheréin a
space velocity of about 0.4 v./hr./v. at a pressure of portion of. said converted. hydrocarbons, after separation
about 40 p.:s. i. g. and at a H, recycle rate of 1200 of ‘the regenerated adsorbent”therefrom, is recyéled “to
cu. ft./bbl. of feed. The properties of the resulting up- contact said first-mentioned hydrocarbon  stream for " the .
graded product are set forth:in Tabie No. L. 80 removal of straight chain hydrocarbons therefrom.
Table No. I .- A method of treating a_ gaseous stream-containing :
straight' chain hydrocarbons and non-straight chain hydro-
Temp., °F 9% 045 carbons which ‘comprises’ contacting said ‘stream with: a
25 partlclg-fo;m gele_ctwet adsq:bent w}_nch' sellec‘tw,e'lyk,a\ld-
Wt. percent recovery. | oessl sus sorbs ‘straight chain hydrocarbons to the stbstantial ex-
Bromine No_.__ - 20 22 clusion of non-straight chain “hydrocarbons  to_#dsorb,
Vol pereont BLOMAtiGs. oo oo 60.5| o  straight chain hydrocarbons therefrom, thereby produc-
—+3cc. TELfgal .. 80.4 80.2 ing a gaseous freated ‘effluent. and having.a reduced
40 amount -of . straight chain’ hydrocarbons and- containing

Likewise, the same mixture of straight chain hydro- said ‘adsorbent entrained “therein, separating said *solid.
carbons was contacted with a number of platinum-con-- adsorbent from said treated effluent, entraining said” sep-.
taining reforming or predominantly isomerizing catalysts arated adsorbent in a.gaseous desorbing. medium and pass-
at a pressure of about 50C p. s. i. g., 2 Hj, recycle rate ing the same into contact with a fluidized mass of réform-’
of about 4000 cu. ft./bbl. charge. The results are set 3 ing catalyst under conditions such that the straight.chain
forth in Table No. II. ®. hydrocarbons are desorbed from said solid adsorbent

Table No. II

Temp., °F. .. 800 850 900

Catalyst. ool A B C A B C A B C
P.D./GasMake_ .....__..__.___ . 0.173 | 0.150 | 0.414 | 0.338 | 0.209 | 2.567 [ 2,609 | "0.715
Liq. Rec., Wt. Percent . 99.3| 90.1] 95.0| ©9.0| 882 67.7| 701 72.7
Isomate ASTM Res., Clear_- 60.0 51.0 54.0 75.4 74.0 77.1 89.6 70.0 .78:9
Tinished ASTM Res,, Clear.___| 78.0 | 61.0 | 72.0| 840 | 820 | 826 | .- 80.8 .- oo
Finished, +3cc. TELfgal .. .| -—.__ b3 I R USRS NSRS FROUUCHIUNN (NSRS SUP R RN

A—Platiorming catalyst.

B—Sinclair-Baker Rd 150 catalyst.

C—TUltraforming catalyst.

“For purposés of simplicity and clarity, conventional and are catalytically reformed-by contact with said-fluid--
control equipment, valves, pumps, compressors, heaters, ized catalyst, elutriating the resulting regenerated adsorb--
coolers and supplementary gas-liquid - gas-solids and ent-from said fluidized mass of catalyst.together with said:
liquid-solids separators, fractionators, etc. have for the gaseous desorbing medium and- the -resulting reformed.
most part not been illustrated in the drawings. The €3 straight -chain hydrocarbons, -separately withdrawing “a
location and employment of these auxiliary pieces of portion of the catalyst from said-fluidized bed; regenerat: -
equipment such as may be mnecessary in the practice of ing the same and returning -the ‘Tesulting ‘regenerated
this invention are well known to those skilled in the catalyst to-said fluidized bed.
art. 4. ‘A method in: accordance with’ claim 3-wherein said

As is evident to those skilled in the art many modi- 70 gaseous desorbing medium comprises- predominantly’ hy-
fications, substitutions and changes are possible in the drogen. :
practice of this invention without departing from the 5.#A; method ‘of treatmg a ‘hydrocarbon stream con-
spirit or scope thereof. taining straight chain -hydrocarbons and non-straight

‘We ‘claim: chain :hydrocarbons - which -‘comprises - contacting:'said

1, A .method of treating a:hydrocarbon -stream-con- ‘75 - stream - ‘with: a :solid particle-form -selective adsorbent



2,859,170

which selectively adsorbs straight chain hydrocarbons to
the substantial exclusion of non-straight chain hydro-
carbons to adsorb straight chain hydrocarbons therefrom,
thereby producing a treated effluent having a reduced
amount of straight chain hydrocarbons and containing
said solid adsorbent entrained therein, separating said
solid adsorbent from said treated effluent, contacting said
separated solid adsorbent with a gaseous desorbing me-
dium in the presence of a fluidized mass of reforming
catalyst under conditions to effect desorption of said
straight chain hydrocarbons from said adsorbent and cat-
alytic reforming of the resulting desorbed straight chain
hydrocarbons whereby the resulting regenerated adsorb-
ent together with the reformed desorbed straight chain
hydrocarbons and gaseous desorbing medium pass through
said fluidized bed of reforming catalyst, recovering from
the aforementioned desorption-reforming operation a
dilute gas-solids phase comprising reformed hydrocar-
bons, gaseous desorbing medium and said regenerated
adsorbent and substantially free of said reforming cata-
lyst, separating said adsorbent from said dilute gas-solids
phase, recycling at least a portion of said separated re-
generated adsorbent to contact said first-mentioned hydro-
carbon stream, recovering said reformed straight chain
hydrocarbons, separately withdrawing spent reforming
catalyst from said fluidized bed to a catalyst regeneration
zone wherein it is contacted with an oxygen-containing
stream to regenerate said withdrawn catalyst and recy-
cling the resulting regenerated catalyst to said fluidized
bed.

6. A method of treating a gaseous hydrocarbon stream
containing straight chain hydrocarbons and non-straight
chain hydrocarbons which comprises contacting said gas-
eous stream with a particle-form selective adsorbent which
selectively adsorbs straight chain hydrocarbons to the
substantial exclusion of non-straight chain hydrocarbons
to adsorb straight chain hydrocarbons therefrom under
conditions whereby said particle-form adsorbent is en-
trained in said gaseous hydrocarbon stream, separating
said solid adsorbent now containing straight chain hydro-
carbons adsorbed therein from the resulting gaseous effiu-
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ent now having a reduced amount of straight chain hydro-
carbons therein, contacting and entraining said solid ad-
sorbent in a gaseous desorbing medium and passing the
resulting relatively dilute gas-solids phase into contact
with a relatively dense gas-solids phase containing a fluid-
ized mass of solid particle-form reforming catalyst main-
tained as a fluidized bed by said gaseous desorbing me-
dium, the desorption contacting operation being carried
out under conditions to effect desorption of said straight
chain hydrocarbons from said adsorbent and catalytic
reforming of the resulting desorbed straight chain hydro-
carbons by said reforming catalyst, elutriating the result-
ing regenerated adsorbent from said fluidized mass of re-
forming catalyst by means of said gaseous desorbed me-
dium together with the gaseous resulting reformed hydro-
carbons, separately recovering said regenerated adsorbent
from said gaseous reformed hydrocarbons and said gas-
eous desorbing medium and recycling the separated ad-
sorbent to the aforesaid adsorption contacting operation.

7. A method in accordance with claim 6 wherein said
reforming catalyst is a chromia-alumina reforming cata-
lyst.

8. A method in accordance with claim 6 wherein said
reforming catalyst is a molybdena-alumina reforming
catalyst.

9. A method in accordance with claim 6 wherein said
catalyst is a platinum-containing reforming catalyst.
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