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SEPARATION OF ALIPHATIC PARAFFINS

FROM NORMALLY LIQUID HYDROCARBON

MIXTURES

Anthony G. Lickus, Riverside, and Donald B. Broughfon,
Chicago, I11., assignors to Universal Cil Preducts Com-
pany, Des Plaines, Ill., a corporation of Delaware
Filed May 13, 1963, Ser. No. 279,722
7 Claims. (Cl. 208—212)

This application is a continuation-in-part of our co-
pending application, Serial Number 171,205, filed Feb-
ruary 5, 1962, now abandoned.

This invention relates to a process for recovering the
relatively straight chain aliphatic hydrocarbon compo-
pents of a normally liquid hydrocarbon mixture contain-
ing the same. More specifically, this invention concerns
a process for recovering the normal aliphatic compo-
nents from a hydrocarbon mixture in which process the
feed stock is pre-hydrogenated to eliminate sulfur and
nitrogen-containing compounds and/or unsaturated hy-
drocarbons, in the separation stage of which a porous,
inorganic molecular sieve sorbent is utilized as the
separating agent. Other specific applications of the
present process, particularly preferred herein, involve the
foregoing separation in a fized bed, simulated moving
bed, process capable of producing a raffinate product con-
sisting substantially entirely of cyclic and/or branched
chain components and a sorbate product consisting es-
sentially of normal aliphatic hydrocarbons.

Petrochemical processes are rapidly acquiring an im-
portant status as a source of many basic chemicals re-
quired by the chemical process industries and for the
manufacture of many new as well as many established
products. For example, straight chain hydrocarbons re-
covered from the kerosene boiling range fraction of
petroleum have become an important source of raw ma-
terials for the manufacture of long chain alcohols and
olefins, particularly for use in the production of de-
tergents having special properties. Thus, straight chain
alkyl groups constitute a preferred structure of the long
chain alkyl substituents in alkyl aryl sulfonate deter-
gents, as well as for the production of many other types
of detergents requiring a long chain alkyl group as the
hydrophobic portion of the detergent molecule. Such
straight chain alkyl groups yield biologically “soft” de-
tergent products which are degradable by bacterial di-
gestion and therefore do not appear in the effluent of
sewage treatment processes to contaminate natural water
supplies. In the production of jet fuels it has also been
found that the normal or relatively straight chain ali-
phatic components of kerosene and gas oil boiling range
fractions. for jet fuel use are the components of great-
est economic value because these hydrocarbons produce
ereater thrust per unit weight of fuel than other hy-
drocarbon types and when used as fuels in jet engines,
produce a non-luminous, non-smoky exhaust. For
these and many other reasons a substantial existing and
an accelerating potential demand for straight chain ali-
phatic hydrocarbons is developing in the petrochemical
arts. The normal components of these and other boil-
ing range cuts of normally liquid hydrocarbon mixtures
are useful for a variety of other purposes; thus, the
normal aliphatic components of naphtha boiling range
fractions, such as n-hexane, n-heptane, etc., are useful
as solvents and as a source of paraffins for conversion
to normal olefins via dehydrogenation.

The foregoing long, straight chain aliphatic paraffins,
being generally recovered as specific boiling range frac-
tions from petroleum or its conversion products as the
only readily available and not too costly source of supply,
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are almost without exception contaminated by sulfur
and nitrogen-containing as well as olefinic and/or aro-
matic components which interfere with the recovery
of the desired normal aliphatic components utilizing mo-
lecular sieves ae the separating agent by deactivating the
molecular sieves and reducing their capacity. Although
the polar contaminants such as the nitrogen-containing
and sulfur-containing compounds present in such frac-
tions are especially detrimental to the activity and capacity
of molecular sieves, olefinic and aromatic hydrocarbons,
particularly the polycyclic aromatics are also detrimental
and constitute feed stock components desirably removed
and converted by means of the present pre-hydrogenation
treatment prior to the separation step. The present two-
stage combination process which includes a preliminary
feed stock hydrogenation step is intended to treat the feed
stock whereby such contaminants are removed therefrom
by conversion to sulfur and nitrogen-free, saturated hy-
drocarbons and thereby substantially enhance the effec-
tiveness of the molecular sieves as separating agents.
Accordingly, one object of this invention is to pro-
vide a non-contaminated source of normally liquid,
straight chain hydrocarbons initially supplied from readily
available sources. Another object of this invention is
to provide a process for the recovery of a substantially
pure straight chain, paraffinic hydrocarbon from a hydro-
carbon mixture containing said hydrocarbon by means of
an efficient, low cost process. Still another object of
this invention is to provide a means for converting un-
saturated and the nitrogen and sulfur-containing com-
ponents present in a mormal paraffin-containing hydro-
carbon mixtures to saturated hydrocarbons, thereby elimi-
nating such contaminants from the feed stock which have
an undesired effect on the activity of the absorbent used
in the process to separate the straight chain components.
In one of its embodiments this invention relates to a
process for separating a relatively straight chain aliphatic
hydrocarbon from a normally liquid hydrocarbon mixture
which comprises catalytically hydrogenating said mixture
at hydrogenation reaction conditions sufficient to reduce
at least the olefinic unsaturation in the hydrocarbons com-
prising said mixture, thereafter contacting the resulting
hydrogenated mixture with a porous, inorganic sorbent
of the molecular sieve type in which the pores are of a

5 size capable of admitting a normal aliphatic hydrocarbon

into the porous structure of the sorbent and of rejecting
branched chain and cyclic hydrocarbons, withdrawing
raffinate comprising a non-sorbed, mnon-straight chain
hydrocarbon from the sorbent particles and thereafter
contacting the sorbent containing the adsorbed, relatively
straight chain aliphatic component of said mixture with
a desorbent comprising a straight chain hydrocarbon hav-
ing a bojling point at least 20° F. outside of the boiling
range of the adsorbed component of the mixture.

The use of molecular sieves as a separating agent for
the recovery of the straight chain or normal aliphatic
components of hydrocarbon mixtures has become recog-
nized as one of the most effective means for segregating
straight chain compounds from their close-boiling
branched chain aliphatic and cyclic structural isomers.
This method of separation which is referred to as a
“sorption” process, depends upon the existence of pores
in the structure of the molecular sieve sorbent particles
having cross-sectional diameters slightly greater than the
mean effective, transverse diameter of the normal ali-
phatic hydrocarbons present in the feed stock (i.e., about
4.9 Angstrom units), but less than the transverse diam-
eter of the branched chain aliphatic and cyclic compo-
nents, or less than about 5.6 Angstrom units. A variety
of solid substances of both natural and synthetic origin,
contain pores within the foregoing selective pore size
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range and accordingly -are -useful sorptive -separating
agents  for segregating the long, straight chain.or normal

hydrocarbons from the branched chain or cyclic compo-

nents of the hydrocarbon mixture comprising the feed
stock..
molecular sieve sorbents which act as the separating agent

for recovering .the normal and relatively straight chain.

aliphatic components of the hydrocarbon feed stock :are
the dehydrated metal aluminosilicates. These sorbents

are -prepared by removing:the water of crystallization.

from certain zeolitic aluminosilicates having compositions
corresponding to the following empirical formula:

n{M;M;z)O-Aly03 xSi0;° yH,O

in which M; and Mj are selected from the alkali and alka-

In the process of this.invention-the. preferred .

15

line earth metals, such as sodium, potassium.and lithium - -

of the:former group and calcium, magnesium, strontium,
and barium :of the latter group, n is a number having a

value in the range: 1+0.2,°x is a number having a value.

in the range: 1.85+0.5, and y is a number having-a value
in the range of 4 to 6. The properties and structure of
these sorbents-are described in papers of D. W, Breck

et al,. published-in:  Scientific-American, January: 1959, -

pages 85-94 and in United States patents issued to R.-M.
Milton et al.: 2,882,243 and 2,882,244, The members
of this group of sorbents which' contain. pores having
mean cross-sectional diameters of from about 5 to.about
6 Angstrom units are capable of admitting into the porous
structure of the sorbent the normal or straight chain ali-
phatic components of hydrocarbon mixtures:made up of
hydrocarbons having at least four carbon atoms per mole-
cule and of rejecting (i.e., not admitting) the components
of the mixture having a branched chain and cyclic struc-
ture.

- The dehydrated metal aluminosilicates in which a major
proportion of the M, metal is an alkaline earth metal
contain pores having cross-sectional diameters of from
about 5 to about 6 Angstrom units, making these sorbents
especially suitable for use in the present process for
separating the desired normal components of a hydro-
carbon feed stock boiling in the specified range. : These
inorganic compositions -are preferably prepared by :syn-
thetic means, for example, by the process of United States
Patent 2,882,243, issued to Robert. M. Milton.: Other

suitable molecular sieve sorbents are the alkaline earth:

metal-exchanged, naturally occurring ' zeolites such as
chabazite, analcite, phacolite and others, dehydrated by
calcination to develop the porous structure of the par-
ticles. In order to provide particulate solid sorbents
which can be used in fluid flow contacting processes with-
out large pressures drops through the beds of sorbent
particles, the finely divided crystals of metal alumino-
silicates (the form in which these zeolites inherently and
naturally occur) are preferably composited with binding
clays and pilled into larger particles such as short cylin-
ders, spheres, etc. prior to use in the present fluid-flow
contacting process.

A suitable source of mixed structural isomers. of ali-

phatic ‘hydrocarbons comprising normal and relatively -

straight chain components of C,. to Cyy chain -length,
utilized herein as the primary feed stock to the process
of this invention, are available as fractions from various
natural and synthetic sources. Thus, the hydrocarbon
products formed in the Fischer-Tropsch process may. be
fractionated to separate a cut boiling up to about 650°
F., including any narrower boiling range fraction within
such range, may be utilized as feed stock in this process.
A generally more convenient source of feed stocks are the

middle and upper boiling range fractions of petroleum or .

portions thereof having boiling points -corresponding to
the middle boiling range naphthas, kerosene, gas oil
and/or diesel fuel cuts of petroleum and more preferably,
fractions of petroleum boiling from about 60° to
about 650° F.  These fractions or cuts may be separated

from crude petroleum itself or from certain conversion,
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. 4
products thereof, such as the gascline, kerosene ‘and-diesel.
oil- fractions of thermally or catalytically cracked gas oil
products, ‘preferably hydrocracked oils, reformed: naph-
thas and gas-oils, and espgciailly, the foregoing .cuts sep-:
arated from catalytically reformed naphthas and kerosene
fractions converted in the presence of hydrogen. . All'of -

the foregoing sources. of feed stock; as well as other-syn- . ~

thetically prepared and naturally-occurring -hydrocarbon
fractions, are mixtures- of-isomers  and-‘structural types,.
incjuding . branched: ‘chain -.aliphatic .isomers.:and their:
cyclic analogues;:such -as the . naphthenic .and-aromatic.
species. . The segregation and recovery of the-normal and:
relatively straight chain aliphatic components of these
feed stocks is the special objective to which the process of:
this invention is directed. L o

Most primary sources of the feed stock to:the. present: .
process which may contain components of from Cy to Cap-'.
carbon atom content or any mixture of straight:.chain and:
branched chainhydrocarbons within: the foregoing range;:
such as a mixture of Cy to Cyy hydrocarbons present in a’
gasoline boiling range:fraction of petroleum contain vary-
ing proportions. of -olefinic and/or aromatic components,: .
as indicated by the adsorption of bromine when the frac-:
tion is mixed with ‘the elemental form of this reagent,
These fractions, when derived from petroleum also.con-:
tain various polar’ nitrogen and ‘sulfui-containing com-:
pounds such as-the  mercaptans-and pyrroles: which ad-:
versely affect the present molecular sieve sorbents when the
feed. stock fraction is contacted therewith: In. some in-:
stances, depending upon: the source of the petroleum frac-
tion which may be derived: from-a conversion product of a
hydrocarbon initially separated from petroleum,-the frac--
tion ‘may contain significant proportions of pelyolefinic
hydrocarbons as well as-monoolefins in the same molecu-:
lar weight range. ' S

The presence-of olefinic hydrocarbons and particularly -
diolefins, or aromatic or sulfur :and nitrogen-containing
compounds in.the. feed stock to the separation stage -of:
the present process in which the. hydrocarbon mixture is .
contacted with the aluminosilicate molecular. sieve sor-
bent is:the cause of diréct and immediate 1oss in the activity
of -the.molecular sieve adsorbent, presumably ‘because of
blocking of the.pore openings in the structure of the molec:
ular sieve adsorbent with the preferentially adsorbed polar
and unsaturated compounds.. Although the pore open-:
ings in the molecular. sieve sorbents are not of sufficient:.
size to ‘admit aromatic hydrocarbons (which are cyclic
and have cross-sectional diameters greater than:the pore
openings), at least some of the aromatics are adsorbed on
the surface of the sorbent, tending to block the pore open-:
ings by virtue of :the'size of the aromatic molecule. This
effect is minimized by operating the separation stage of
the process-at:a sufficiently ‘elevated temperature to re-
duce. the "adsorptivity of the aromatics -on the sorbent;.
however, ‘the preferred method of -operating the present . .
process is to prehydrogenate: the feed stock -at hydro-
genation conditions sufficiently severe to reduce a large
proportion -of the -aromiatic  components -to: naphthenes
which are not sorbed-in the pores or adsorbed on the sur-
face of the molecular sieves:

Metal aluminosilicates.of the type present in the com--
position of molecular sieve adsorbents.are known:to be
slightly -acidic and capable’of causing -the polymeriza-
tion .of mono-olefinic. hydrocarbons ‘and. particularly. di-
olefins: which’ may be present in the hydrocarbon:feed -
stock. - Even though the proportion of mono- and/or di-
olefins:in the feéd stock- is relatively minute, the -acidic
aluminosilicates-are - active - polymerization -sites - at any
concentration of the olefinor diolefin in:the feed. stock
and thus are belicved to become the: sites of the forma-:
tion of high molecular. weight resinous materials capable
of clogging the pore openings. into the pores of the moluc::
ular sieve particles: ~ As the pore openings become filled
with high molecular weight materials of resinous charac-
ter, deactivation of the:molecular sieve particles progresses

.as long as olefins or diolefinis are'present in the feed stock;
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the rate of such deactivation would be expected to, and in
fact does increase as the concentration of olefin and/or
diolefin components in the feed stock increases. Whether
polymerization of the olefinic components of the feed
stock is the actual cause of such deactivation, it is noted,
nevertheless, that the rate of deactivation is directly pro-
portional to the olefin and/or diolefin content of the feed
stock and that a major cause of such deactivation ceases
to be evident when the pre-hydrogenation step of the pres-
ent process (accompanied by the disappearance of mono-
and diolefin hydrocarbons) is incorporated into the proc-
ess flow. Such prolongation of the activity of molecular
sieve sorbents is also evident as the concentration of nitro-
gen and sulfur-containing compounds in the feed de-
creases via pre-hydrogenation of the hydrocarbon mixture.

Still another effect realized by the pre-hydrogenation
step of the present combination of the process is the re-
moval of adsorptive aromatic hydrocarbons from the
feed stock. Although the presence of aromatic hydro-
carbons in the feed stock is not as significant a factor
involved in the declining activity of molecular sieves ac-
companying the use of these adsorbents, aluminosilicates,
including the present molecular sieves, are known to have
surface adsorptive capacity and are thus capable of re-
taining aromatic hydrocarbons by electrostatic forces
of attraction on the surface of the molecular sieve parti-
cles. Although aromatic hydrocarbons adsorbed on the
surface of molecular sieve particles are displaced there-
from by feed stock as adsorption continues and the ad-
sorbent gradually becomes “spent” with respect to the
retention of normal hydrocarbons within the internal
pore structure of the adsorbent, the presence of aromatics
adsorbed on the surface of the molecular sieve particles
during the initial activated stage of the process cycle fol-
jowing regeneration of the molecular sieves tends to re-
duce the over-all capacity and activity of the molecular
sieves during such initial stages of the process flow. The
hydrogenation stage of the present process in which the
feed stock is contacted with an active hydrogenation cat-
alyst of the type hereinafter characterized may be op-
erated, if desired, to reduce aromatic components, if pres-
ent in the feed stock, to naphthenic hydrocarbons and in
a preferred method of operating the pre-hydrogenation
stage of the process, hydrogenation reaction conditions are
specifically provided to accomplish the saturation or reduc-
tion of most of the aromatic components if these are
present in the feed stock.

Hydrogenation of the present mixed hydrocarbon feed
stock which precedes the adsorptive separation stage of
the present combination process is effected at sufficiently
severe hydrogenation reaction conditions to saturate at
least substantially all of the olefinic hydrocarbons, includ-
ing polyolefins, and more preferably at reaction condi-
tions sufficiently severe to simultaneously saturate any
aromatic compounds, if any are present in the feed stock,
thereby converting the aromatics to naphthenes or cyclo-
paraffins. During the hydrogenation reaction, the feed
stock is contacted with hydrogen and in the presence of
a hydrogenation catalyst which enhances the speed of the
reaction and promotes specific conversions not otherwise
occurring in the absence of a catalyst, such as ring satu-
ration. Typical useful hydrogenation catalysts for this
purpose include the Group VIII metals of the Periodic
Table, their oxides or sulfides, generally composited with
a suitable refractory support, such as- alumina, silica,
silica-alumina, silica-magnesia, silica-zirconia, and other
metal oxides or metal oxide mixtures calcined or other-
wise heat treated to form a physically stable, refractory
support. Of the Group VIII metals, metal oxides and
metal sulfides, the iron group metals, particularly nickel
and cobalt, and the so-called “noble” metals: platinum
and palladium, are the preferred members of this group.
The metal is composited with the support by methods
well-known in the art and in some cases certain modify-
ing components may be added to the catalyst composi-
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tion, as in the case of nickel or cobalt sulfide, which when
combined with molybdenum oxide, forms a nickel or co-
balt thiomolybdate. The elemental metal is generally
converted to its sulfide or oxide derivative after the metal
has been composited with the refractory support, for ex-
ample, by heating the composite in the presence of hy-
drogen sulfide or air. Alternatively, the metal sulfide or
oxide may be mixed with the oxide support prior to form-
ing the composite into discrete particles, in which form
the catalyst is finally used in the process. The nickel
and cobalt thiomolybdate derivatives are especially active
hydrogenation catalysts when composited with a refrac-
tory metal oxide carrier or support such as alumina, The
most active, and therefore, the preferred hydrogenation
catalysts are the supported nickel and platinum or pal-
ladium catalysts composited with refractory metal oxide
supports such as alumina, silica or an aluminosilicate
which may be prepared synthetically with various propor-
tions of alumina and silica or may be derived from natu-
rally occurring mineral sources, such as kieselguhr clay,
bauxite, attapulgus clay, cracking catalyst composites,
etc. In the case of the nickel and cobalt supported cat-
alysts, the active metallic component is present in the
composites in amounts up to about 20 percent by weight,
and more preferably, from about 0.5 to about 10 percent
by weight of the catalyst composition. Platinum and pal-
ladium supported catalysts generally -contain from 0.01
to about 1 percent by weight of the active, noble metal
component which is preferably composited with the re-
fractory support in a finely divided crystalline form (gen-
erally as a reduced sulfide precipitate) of enhanced ac-
tivity for hydrogenation purposes.

The feed stock is hydrogenated by contacting the feed
stock mixture of hydrocarbons with the hydrogenation
catalyst in the presence of a molar excess of hydrogen,
sufficient to saturate all of the unsaturated double bonds
in the olefinic and/or aromatic (if any) components
present in the feed stock. The hydrogenation catalyst
simultaneously reduces any sulfur or nitrogen-contain-
ing compounds present in the feed stock to hydrogen sul-
fide and ammonia which are withdrawn from the process
in the excess hydrogen.

Although the catalyst may be conveniently stirred into
the oil in the presence of an atmosphere of hydrogen
above the oil surface, the preferred procedure comprises
passing a flowing stream of the oil at the conversion tem-
perature over a fixed bed of the hydrogenation catalyst
particles in the presence of hydrogen supplied at the re-
quired pressure. For this purpose the feed stock con-
tacted with the catalyst in liquid phase is supplied at a
temperature of from about 80° to about 350° C. and more
preferably, at a temperature of from about 125° to about
200° C. and at a superatmospheric pressure, preferably
within the range of from about 5 to about 50 atmospheres.
Hydrogenation proceeds at a relatively rapid rate, par-
ticularly at the above-specified elevated temperatures and
pressures and particularly in the presence of one of the
foregoing hydrogenation catalysts. Reaction periods of
from 5 minutes to 1 hour or liquid hourly space velocities
(in the presence of a solid catalyst) of from 0.1 to 2.5
volumes of feed stock per volume of catalyst per hour are
generally sufficient to hydrogenate all of the olefinic and
in most cases, all of the aromatic double bonds in the feed
stock and to convert the nitrogenous and sulfur-contain-
ing compounds to paraffins and naphthenes as well

The hydrogenated feed stock, now substantially free of
contaminants which interfere with the use of molecular
sieve sorbents, such as the olefinic, sulfur and nitrogen-
containing components and preferably free of aromatic
hydrocarbons as well (components present in the un-
treated feed stock), is then contacted in liquid phase with
the molecular sieve sorbent to recover the normal com-
ponents of the mixture, in accordance with the objectives
of the process. The temperature, pressure, flow rate and
other process conditions required to provide an operable
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process of separation are determined and selected on the

basis of ‘the boiling range of the feed stock,thé ‘higher:

boiling, more viscous hydrocarbon mixtures being sepa-

rated -at optimum- rates and with maximum effectiveness:

at higher temperatures than feed stocks of lower boiling
points. - The operating temperature and pressure, f01.‘ any
given feed stock is selected to provide: essentially liguid

phase in the separation zone, generally at temperatures.

of from about 20° to about 250° C. and at pressures from

atmospheric to 100. or more atmospheres. For -feed
stocks having relatively low boiling points, such as a light

naphtha, the preferred operating temperature for the sepa- -

ration stage is within the range of from about 30° to about
150° C., with pressures sufficient to maintain the feed
stock in substantially liquid.phase. Using a feed stock

in the upper boiling range of the naphthas, a middle dis-

tillate oilior a kerosene or gas oil boiling range fraction,
temperatures of from 100° to about 250° C. are preferred
and pressures sufficient to maintain a feed stock of this
boiling range in substantially liquid phase are generally

from atmospheric to about 10 atmospheres (150 Ibs./in.2.

gage). Substantial advantages in economy of operation,
simplification and reduction:in the number of pieces of
equipment and other advantages such as increased yields
of product, products of: greater purity, etc., are realized
by operating the entire process, including both the sorp-
tion  and desorption - stages at essentially isobaric, iso-
thermal conditions,

Fluid feed stock rates of flow are primarily dependent -

upon. viscosity of the feed stock, although the use of

thigher temperatures enable the use of higher feed stock :

flow rates. Since the present:process involves: contacting
a fluid feed stock with a particulate solid, generally main-
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tained in fixed bed relationship to the flowing feed stream,

a convenient means of expressing feed rates in the process

is by -the use of the term: “liquid hourly space velocity” -

which -designates the volume of feed stock in liquid form
contacted with a specified volume of solid sorbent particles
per-hour.  For the present process, the flow rate of feed
stock is within the range of from about 0.01 to about 2.5
volumes of fluid per volume of sorbent per hour,
Following completion of the sorption stage of the sepa-
ration ;process, -generally marked (although not neces-
sarily) :by the saturation of the molecular sieve particles
with the desired straight chain or normal aliphatic com-
ponent of the feed stock, at which point the molecular
sieve . particles are substantially “spent” with respect to
having further or additional capacity to sorb normal com-
ponents of the feed stock, the sorbate (normal-aliphatic
hydrocarbons) is recovered by contacting the spent sorbent

with a fluid desorbent which displaces the sorbate com-
- ponent from the spent molecular sieves at the same or at -

a different set of process temperatures and/or pressures,
although preferably at the same or essentially the same
conditions, as aforementioned. The desorption of sorbate
from the molecular sieves simultaneously regenerates, or

reactivates the sorbent particles to-a “regenerated” con-.
dition suitable for recycle to the sorption zone of:the:

process flow. )
The desorbent utilized herein to effect displacement of
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the previously sorbed, straight chain hydrocarbon sorbate -

from .the molecular sieve particles is preferably a hydro- - .

carbon of the straight chain aliphatic type having a boil-
ing point at least 20° F. above or below (i.e., outside: of)

the boiling range of the sorbate product which occupies 65 .

the pores of the sorbent after contact with the feed stock,

The preferred desorbents. are. the normal aliphatic hy-..
drocarbons having two or more carbon atoms fewer than

the lowest boiling sorbate component in the feed: stock,
or from-one to two carbon-atoms more than the highest
boiling sorbate compenent of the feed stock. The choice

of a normal aliphatic hydrocarbon for use as desorbant is -

dictated by the process conditions: and must, in general,
be §eparable1by means of fractional distillation from the
desired sorbate-containing effluent stream (mixed sorbate-

(1]

8.
desorbent) withdrawn from the process. - When utilizing
a desorbent comprising a relatively straight chain-aliphatic -
hydrocarbon- boiling -above ‘the -sorbate -product compo-
nent, an-additional factor: controlling the .choice of -spe-

. cific desorbent is that-thé desorbent-must generally be dis-

tillable: from .thé mixed desorbent-sorbate stream -at tem-
peratures below the level: at: which :thermal cracking -of
the desorbent residue takes: place;: alternatively, the ‘de-
sorbent could be recovered from the mixture by means of
vacuum-. distillation: to reduce the pot temperature of the .
still, - : : :

‘Desorption -is effected: at-any temperature. within the
range of from about 20° to about 300° C, although pref--
erably, the, temperature- at: which :desorption takes: place
is:substantially the 'same as the temperature at which the
sorption stage is effected, whereby an isothermal sorption-
desorption process is ‘provided; as- aforesaid. - The pres-
sure variable is fixed at a sufficiently elevated level to.
maintain - the -fluids® in :the system inessentially liquid
phase. - : )

The - mechanism_ of _desorption -utilizing a- relatively
straight. chain aliphatic hydrocarbon :as a component of
the .desorbent- stream is-essentially ‘that of displacement -
of the sorbate component-within the pores of the molec-:
ular sieve particles by another sorbate-type hydrocarbon. :
The driving force of desorption which takes place even in:
the case .of a.desorbent of lower molecular: weight than
the sorbate .is essentially a - Mass Action effect whereby -
the number of molecules of desorbent:supplied to.the de-
sorption zome :and surrounding: the ;pores of the -spent
molecular. sieve particle containing ‘the: sorbate compo--
nent - is greater -than the . number of sorbate molecules
within. the pores of the sorbent particle, the rate of de--
sorption ‘increasing -as the molar. ratio of desorbent to
sorbate in the interstitial fluid increases.: The desorption.
of the last traces of sorbate from the molecular sieve par-
ticles by displacement with desorbent goes. to completion :
as long as the desorbent pervades the mass:of sorbent and
the molar ratio of desorbent to sorbate in the.interstitial
fluid phase. surrounding the particles: of sorbent is greater
upstream than it is downstream, where upstream refers to
a retrospective point in the path of fluid flow.and a down-
stream point is a point ahead of the point, of reference,
further along the path of flow,.a point in the bed of sor-
bent yet to.be:contacted with the fluid currently at.the
point of reference. Although, theoretically, any ratio of
desorbent to sorbate sufficient to provide a molar ratio in: .
any portionr of the desorption zone -contacted. ‘with de-
sorbent, greater than:l to 1,iaccomplishes a significant
degree of desorption, the preferred molar ratios are above
1 to 1, particularly when a desorbent boiling below :the
sorbate component-of the feed stock is utilized.: Suitable
ratios:may vary from 2 to 1 to 30 to 1, and more prefer--
ably from 3 to 1 to 15 to 1 moles of desorbent per mole -
of sorbate in the desorption zone at_the: particular stage
of the process. '

The preferred: desorbents for use in displacing sorbate
hydrocarbons derived: -from - feed  stocks ‘boiling in the
kersosene -and gas oil boiling range;’ as. specified - herein,

for example, are mixtures-of straight chain and branched

chain .or cyclic hydrocarbons which: boil from 20° to 50°
F. below: the boiling point of the lowest molecular weight
sorbate component of the feed mixture. For feed:stocks
which boil in the naphtha ( gasoline; for example) boiling -
range, a desorbent which boils from-10° to-50° F.:above .
the end boiling point of: the feed stock may be preferred, -
Although the normal component of- such, mixed desor-
bents is.the component of the mixture which effects the
actual- desorption ‘via displacement::of the .sorbate com:
ponent occupying the.pores of the “spent”. molecular sieve.-
particles, ‘the isoparaffinic component of ‘the -mixed -de-
sorbent serves .a significant: function -in"the desorption. »
Such mixtures: are preferred” over normal ‘paraffins ex-
clusively for the reason that the branched chain or cyclic
component of the desorbent mixture reduces the Propor:
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tion of normal component in the secondary reflux enter-
ing the secondary rectification zone and results in a higher
ultimate recovery of mormal sorbate product from the
process. Since the volumetric flow rate of secondary re-
flux is preferably greater than balanced reflux (balanced
reflux being equal to the rate which wiil just replace inter-
stitial fluid in the first bed of the primary rectification
zone between shifts of inlets and outlets to the next suc-
ceeding downstream bed), desorption in the primary rec-
tification zone (where desorption would be undesirable)
is reduced if the primary reflux is made up in part of a
raffinate-type hydrocarbon. The preferred branched
chain and cyclic hydrocarbons for mixing with the normal
hydrocarbon desorbent are those which boil at the
same or nearly the same temperature as the normal
component of the desorbent, so that in the subsequent
fractionation of the desorbent from the desorbate product
(the effluent mixture of the desorption stage of the proc-
ess) the desorbent mixture is recovered directly for re-
cycling purposes as a fraction of constant composition
and boiling point, either as overhead (if the desorbent
boils below the feed stock initial boiling point) or as a
residue (if the desorbent composition boils above the end
boiling point of the feed stock). Paraffinic desorbents
which boil below the lowest boiling sorbate component
of the feed stock are further preferred over their unsatu-
rated analogs and higher boiling desorbents. Thus, for
example, in the desorption of n-dodecane from a mass of
molecular sieves previously contacted with a feed stock
containing n-dodecane, a mixture of normal and branched
chain paraffins, such as normal and isoheptanes are pre-
ferred over a mixture of normal and iso-tetradecanes as
desorbent. Although the proportion of normal to non-
normal components in the desorbent mixture is not criti-
cal, at least 10 percent, preferably not exceeding 95 per-
cent of the mixture is a normal hydrocarbon.

Any suitable method of contacting the liquid feed
stock with a fixed bed of the solid sorbent may be
utilized in the present process. For continuous methods
of operation, desorption must generally be effected in a
separate and different portion of the process flow at es-
sentially the same time that sorption takes place, either
in the same or in different portions of the apparatus.
Thus, the swing-reactor principle may be employed in the
present process to provide a sorption zone which operates
at the same time that a fixed bed of the sorbent, main-
tained in a separate desorption zone, undergoes regenera-
tion and after a fixed period of time (determined by the
period required for regeneration of the sorbent in the
desorption zone or the appearance of straight chain feed
stock components in the effluent of the sorption chamber)
the feed stock and desorbent inlets are switched, desorbent
thereafter entering the zone into which feed stock was
charged in the prior cycle and vice versa. Thereafter, the
two chambers are alternately switched to provide sub-
stantially continuous flow.

A particularly preferred method of continuously and
countercurrently contacting the feed stock with a fixed
bed of solid molecular sieve sorbent, while simultaneous-
ly contacting (also under continuous, countercurrent
flow conditions) the desorbent with the resulting spent
molecular sieve particles (i.e., sorbent containing the
sorbed normal aliphatic components of the feed stock) is
provided in the apparatus and process described in U.S.
Patent 2,985,589, issued to Donald B. Broughton et al.
The latter process and apparatus are especially adapted
for use in a sorption-type separation process in which the
solid sorbent is porous and fragile and which, when sub-
jected to the forces of atfrition, as in a moving bed
process, is rapidly reduced to a mass of fines. Typical of
such fragile sorbents are the aforementioned molecular
sieves which are fabricated into uniformly sized particles
by pilling a mixture of porous clay with the fine crystals
which characterize the zeolitic metal aluminosilicates.
The use of the aforementioned fixed bed, simulated mov-
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ing bed process enables the production of both the sor-
bate and raffinate products in an exceptionally pure form.

Although fixed bed systems of contacting fluid feed
stocks with solid sorbent particles of the type contem-
plated herein are usually preferred because of the struc-
tural fragility of porous adsorbents of the molecular sieve
type or of the surface adsorption type, such as silica gel,
nevertheless when the adsorbent is a solid material of
sufficient structural strength to resist pulverization under
conditions of attrition, a moving bed system for counter-
currently contacting the fluid feed stock with the solid
adsorbent may also be utilized in the present process.

The present process flow, applied to the treatment of
normally liquid hydrocarbon feed stocks boiling in the
gasoline and kerosene ranges and the effects of the hy-
drogenation pretreatment of the feed stock, in accordance
with the process of the present invention will be further
described and illustrated in the following examples. In
thus specifying particular process conditions, feed stocks,
efc., it is not thereby intended to limit the generally broad
scope of this invention mecessarily in accordance there-
with.

EXAMPLE 1

Experiments designed to separate a normal paraffin
product from a mixture of hydrocarbons containing nor-
mal, branched chain and cyclic components at various
process conditions were performed to determine the effect
of the presence of olefinic and/or aromatic components,
as well as nitrogen and sulfur-containing compounds, in
the feed stock on the purities of both the raffinate and
sorbate products, as well as the effect of these components
on the rate and extent of recovery of both products from
the feed stock. In the following runs, utilizing the same
feed stock (a middle distillate kerosene fraction) and
otherwise similar process conditions, sorbate and raffinate
products were separated from the feed stock before
and after pre-hydrogenation, the hydrogenation stage
of the process being effected at reaction conditions suffi-
ciently severe to hydrogenate the olefinic components
present in the feed stock to paraffins and some or all of
the aromatics, if present, to naphthenes, simultaneously
eliminating the sulfur and nitrogen-containing contami-
nants from the feed stock by converting the nitrogen to
ammonia and the sulfur to hydrogen sulfide. The runs
in the following examples were selected from a large num-
ber of experiments in which it was established that op-
timum recovery of n-paraffins is obtained when using
feed stocks in the middle distillate and kerosene boiling
range at about 450° F. process temperature.

In each run the feed stock is a fraction of petroleum
boiling from 382° to about 454° F. The fractions con-
tain normal paraffins, naphthenes and aromatics of from
Cg to Cy4 chain length and contains 3.1 p.p.m. of total
nitrogen and 1800 p.p.m. of sulfur. In Run 1 the sorbent
is contacted with the feed stock in its as-received form;
that is, without prior treatment. In other rums the pre-
hydrogenation reaction conditions were varied to obtain
selective removal of the nitrogenous, sulfur-containing,
olefinic and aromatic components. Thus, the feed stock
was contacted with the sorbent at separation conditions
substantially similar in all respects in each of the runs,
thereby, on a comparative basis, demonstrating the effect
on the capacity and activity of the sorbent of eliminating
the sulfur and nitrogen-containing impurities and also the
effect of converting the olefinic and aromatic components
contained in the feed stock to their paraffinic and naph-
thenic analogs.

The separation stage of the process was effected in a
continuous-flow, multiple, fixed bed system, utilizing es-
sentially the process and apparatus described in U.S. Pat-
ent 2,985,589, issued to Donald B. Broughton, et al. and
illustrated in its adaptation to the present process in the
sole figure of the accompanying diagram. Make-up de-
sorbent is a mixture of 45% by weight of iso-octane and
55% by weight of normal heptane.
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The sorbent packed into each of the fixed beds of the
contacting column are molecular sieve particles: compris-
ing a mixture of clay and crystals of dehydrated calcium
aluminosilicate (Linde Co. 5A molecular sieves), pilled
into cylinders of from 30 to 50 mesh in size. Contacting
column 1, illustrated in the accompanying sole figure, con-
tained 24 stacked fixed beds; each having a uniform size
and each containing 44 cc. of the above 5A molecular
sieve ‘particles, or an aggregate volume of 1056 cc. for
the entire column. At any particular stage of the cycle,
six of the beds in series comprise the sorption zone, the
next downstream six beds in series comprise the primary

rectification zone, the next six downstream beds: of the :

series: make up the desorption zone and the furthermost
downstream six beds comprise the so-called secondary
rectification zone.  The fluid outlet of the secondary recti-
fication zone connects with the inlet of the sorption zone,
thereby establishing a complete, . continuous-flow . cycle.
The inlet-and outlet boundaries for each functional zone
shift simultaneously after each 2.5 minute interval to the
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next downstream bed, providing a continuously operating ‘

cyclic process. = Although six beds are assigned to each

functional zone in the: process flow of this example,. the.

number of beds in each zone may beé varied to meet special *

conditions of the process, for example, when charging
other feed stocks or other desorbents requiring a different
proportion of beds for the various functional zones of the

cycle. Each of these beds is connected by a pipe to a :

fluid distribution center, shown in the sole figure as a flat-
plate rotary valve 2 which distributes the fluids flowing
into and out of the process in accordance with a prear-
ranged program, determined by channels and ports con-
structed into' the rotating plates of valve 2, more fully
described in U.S. Patent 3,040,777, issued to D. B; Carson
et al.

Line 3 connects the outlet of the top bed of column 1

25

30

(bed B1) through pump 4 and line 5 with the inlet of-bed |

B24 at the bottom of the contacting column, raising the
pressure of the fluid on-the outlet side of the pump to
thereby provide a pump-around fluid stream from the out-
let of the top bed (B1) to the inlet of the bottom bed
(B24) and-continuous recycle of fluid through the series
of contacting beds B24 through B1. Downflow of fluid

40

through each of the beds could be provided in an alterna- -

tive flow arrangement by withdrawing fluid from the bot-
tom of bed B24 through line 5 and transferring the stream
by means of pump 4 into linie 3 and thence into the top of
bed B1.

Fluid distribution center 2 directs the influent and ef-
fluent streams into the lines leading to the fixed beds of
solid sorbent and by channels in the plates of the valve re-
align themselves and advance the inlet and outlet points
equidistantly to the next adjacent, downstream: beds at
intervals of 2.5 minutes each. FEach bed during a cycle
of 60 minutes thereby becomes successively: the first bed
of a series of six beds comprising the sorption zome in
which feed stock is first contacted with the sorbent, then
the outlet for the raffinate stream six beds downstream
from the feed stock inlet, then the first bed of the desorp-
tion zone (12 beds downstream from the feed stock inlet)

in which desorbent is first contacted with the sorbent con- :
taining sorbed normal paraffins and thereafter, the outlet

through which sorbate product is removed. After the
completion of each cycle, the feed stock inlet again arrives
at the inlet to the bed receiving feed stock at the beginning
of the cycle. Thus, after one complete rotation of the
rotary plate of valve 2 the inlets and outlets for the various
influent and effluent streams have been shifted in 24 suc-
cessive increments through the 24 beds in series to the
points of beginning, completing one cycle of operation.

An integral portion of the improved process flow com-.

prising the present invention is the hydrogenation reac-
tion zone which is indicated in the accompanying diagram
-as a tubular hydrorefining reactor .6 in which pretreatment
of the charge stock is effected in the presence of a hydro-
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12 .
genation catalyst packed in the reactor; héreinafter more .
fully described. - g

Feed stock enters the process flow through line.11 at:a
rate controlled by valve 12 through  furnace 13 which
raises the temperature of the feed stock to the temperature
required in the hydrorefining reaction to effect the present:
pretreatment of the feed stock-and by means of pump 14
is ‘thereafter transferred- at the :pressure required in the
downstream. portions-of the process flow into line 23.: In
those runs in which the feed stock is subjected . to pre-
treatment in hydrorefining reactor 6 the feed 'stock is
shunted into line 9 by closing valve 10 in line 23, but if -
charged directly into the:separation stage of:the process
flow, valve 19 is.opened, valve 8 in line 9 is closed and the .
untreated feed stock flows directly fromline-23 into cen:.
tral distributing valve 2 which:directs the feed stock mix-
ture.at the temperature ‘acquired in furnace 13 and at the
pressure provided by pump 14 into the feed stock inlet line -
of column 1, as:hereinafter more fully described.’

In Runs-2 to 4 of the series comprising. this example

the -middle distillate - feed stock " (in* liquid 'phase) is

charged into the pre-hydrogenation reactor at various: flow

rates from 5 to 30 volumes of liquid feed stock per volume

of catalyst per hour, at 675° F. and at 4000 1bs./in.2 pres-

sure. The catalyst is a nickel-cobalt molybdate composite -
containing 11.3 percent by weight of mickel -and 0.09 per-

cent by weight of cobalt supported on an. alumina-silica”
base. containing 10 percent by weight of silica in the: form .
of pills 8" x 18", the catalyst particles being packed in

reactor 6 through which the feed stock and hydrogen flows

as-a mixed phase downwardly through the: catalyst. Hy-

drogen is charged into.feed- stock -supply lire. 9 from

sources- hereinafter: described, ‘through line 94 at .a flow

rate of 1500 ft.% per barrel of hydrocarbon'feéd stock, line

9a connecting with line 9 above the:inlet.to hydrorefining

reactor 6. The flow rate of the hydrocarbon stock through

the hydrorefining reactor containing the catalyst : deter-

mines the residence time of the stock with the catalyst at

the aforementioned conditions and thereby determines the

extent of aromatic and olefin conversion to.saturates. The

removal of nitrogen and sulfur-containing contaminants is

complete even at the highest flow rates- utilized.

The ‘conversion of the hydrocarbon ‘stock effected in
reactor 6 ‘by contact ‘with ‘the .aforementioned hydrore-
fining catalyst at:the above reaction conditions not only
saturates the .olefins and usually a part-of the aromatics,
if present in the feed stock,: but also produces hydrogen -
sulfide and ammonia from-the nitrogen and . sulfur-con-~
taining ‘components of ‘the feed stock.. The. entire reac- :
tion mixture is:removed from reactor 6 through lirie 15

-and. cooler: 16 - which liquefies the :condensable.. hydro-

carbon: components of the-products,. The resulting mix-
ture -of gases.and liquids flows. through ‘line 17 into re-
ceiver vessel 18 :where the portion of. the: product which -
liquefies at the pressure maintained on the product stream
from hydrorefining reactor 6 separates from the gaseous
portion: of ‘the product. ~ The -latter- ‘gases, consisting .
mostly of excess hydrogen are removed from vessel-18 :
through line 184 and charged. into line: 7 for recycle by
mixing with make-up hydrogen ‘supplied. from  outside .
sources, pump.: 74 transfers the combined: hydrogen: into.
line 9a-which conveys the hydrogen into mixed hydrogen-
hydrocarbon feed supply line 9.

The liquid .portion:of .the hydrorefining reaction prod- .
uct, including ammenia .and hydrogen sulfidei produced °
by hydrorefining the sulfur and nitrogen-containing: con- -
taminants of the feed stock is withdrawn from the bottom'
of ‘receiver vessel 18 through:line' 19 and charged into. .
distillation column 20 which separates the .low boiling, -
.ends from the desired liquid- hydrorefined: product :re-: -
covered ‘as bottoms from: column. 20, . Heat for distilla-
tion purposes is supplied by reboiler 20a. . The light
ends, including dissolved ammonia and hydrogen sulfide,
as well as light hydrocarbon components are-distilled :

.overhead as. off gas through: line 21:and are withdrawn -
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from the process flow. The bottoms, consisting of the
desired hydrotreated Cy to Cys normally liquid hydro-
carbons, now free of olefins and nitrogen and sulfur con-
taminants, as well as aromatics (depending upon the feed
stock flow rate), leaves reactor 6 via line 22 and enters
feed stock supply line 23 for the separation stage of the
present process. Pump 24 adjusts the pressure on the
feed stock to the level existing in column 1 and dis-
charges the feed stock through line 25 at a rate controlled
by valve 26 into the fluid distribution center, illustrated
on the accompanying diagram as valve 2. By means of
the internal channels and ports of valve 2, the feed stock
(at the stage of the cycle illustrated in the diagram) is
directed into line 27 connecting to the inlet of bed B6,
currently the first bed in the series B6 to Bl constituting
the 6-bed sorption zone.

As the feed stock, comprising the aforementioned mix-
ture of normal and non-normal aliphatic and cyclic hy-
drocarbons, flows through the series of fixed beds con-
taining 5A molecular sieves, the latter sorbent particles
retain the normal or straight chain components of the
feed stock by sorption into the porous structure of the
sorbent particles and permits the non-normal, branched
chain and cyclic hydrocarbon components to pass over
and around the particles of sorbent in the contacting beds.
The ports and channels of valve 2 which connect with
the ports of the contacting beds are so arranged that the
fluid stream in the contacting beds: B6é to Bi is not per-
mitted to leave the column until the downstream outlet
of bed Bl is reached.

At the flow rate of feed stock provided in this run
and with the volume of sorbent in beds B6 to Bl, the
sorbent provides sufficient capacity to retain substantially
all of the normal components of the feed stock and the
composition of the fluid stream flowing out of bed Bl
is substantially free of sorbate component (indicated by
the composition of the raffinate stream in Table I, here-
inbelow). In accordance with the conmtinuous process
provided by present process flow, the effluent stream
flowing from bed B1 through the outlet end of the sorp-
tion zone is divided into two streams: (1) a net raffinate
product which is withdrawn from the process flow, and
(2) a primary reflux portion which flows continuously
downstream into the inlet of the primary rectification
zone consisting of the mext 6 beds in series. The pro-
vision of a primary reflux stream in the present process
maintains a continuously cyclic stream which replaces
the interstitial fluid residing in the void spaces between
the particles of sorbent in bed (B24), the next adjacent
bed downstream from the raffinate outlet with fluid of
raffinate composition and prepares this bed for with-
drawal of raffinate product therefrom after the next suc-
ceeding shift in inlets and outlets into and from the
column.

The portion of raffinate effluent from bed B1 with-
drawn as raffinate product is diverted into line 28 which
conveys the stream into fluid distributing valve 2 and
thereafter into product receivers, as hereinafter more
fully described. The primary reflux portion of the sorp-
tion zone effluent flows into line 3 connected to the inlet
of pump 4 which discharges the primary reflux through
line 5 into the bottom of bed B24, the first bed of the
series: B24-B19 comprising the primary rectification
zone. The quantity of primary reflux in the pump-around
stream is a critical process variable which must be con-
trolled in volume to prevent the raffinate components
present in the primary reflux from entering the down-
stream desorption zone where the raffinate would tend
to contaminate the sorbate product desorbed from the
molecular sieve sorbent in the downstream. desorption
zone in the event that the flow rate of primary reflux
exceeds the critical maximum rate.

The aggregate volume of void space between the par-
ticles of sorbent in any particular bed is equal for all of
the beds and the volume of fluid required to replace the
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interstitial finid in each bed (i.e., the aggregate volume
of void space) in the interval of time between successive
shifts in the outlets and inlets of the fixed beds is referred
to herein as “balanced reflux.” Since the volume of
primary reflux entering bed B24 of the primary rectifica-
tion zone must not exceed the critical maximum volume
required to displace the interstitial fluid in bed B24 prior
to the next shift in inlets and outlets (for each 2.5 minute
interval and, further, if maximum purity of the sorbate
product is to be maintained) the primary rectification
zone is necessarily “under-reflexed” with a volume of
primary reflux (i.e., pump-around fluid in the stage of
the cycle shown in FIGURE 1) less than the aggregate
void space volume in the first bed of the primary recti-
fication zone. Thus, the flow rate of the primary reflux
stream flowing into the first bed of the primary rectifica-
tion zonme is set to provide a total volume of primary
reflux which is less than the volume required to com-
pletely displace all of the interstitial fluid from the
void spaces in the first bed during the 2.5 minute interval
that the bed receives primary reflux and as the zone
boundaries of the primary rectification zone are shifted
upwardly through the series of superadjacent beds in the
column; this zone is accordingly said to be “under-
refluxed.” In the run herein described, the primary
reflux volume rate of flow is maintained at about 90
percent of balanced reflux, although satisfactory oper-
ation of the process is obtained at rates of from 60 to
95 percent of balanced reflux.

A flush stream of the same composition as the desorbent
which thereby simplifies its recovery from the process
efiluent streams is charged into the process flow through
line 29 at a rate controlled by valve 30 and raised to
the ambient pressure in the process by means of pump 31.
The flush stream is discharged from pump 31 through
line 32 into the fluid distribution center (rotary valve 2),
being thereafter directed through the internal channels
of valve 2 into Iine 33 which last previously carried feed
stock into column 1, thereby replacing the feed stock
in these lines with the flush stream (which is readily
fractionated from the sorbate product stream later re-
moved through line 33 during a subsequent stage of the
process when the inlets and outlets into and from the
column have advanced through the cycle to the point
that the sorbate product stream is withdrawn from bed
B8 through line 33). When the cycle advances to this
stage, it is advantageous to have had line 33 preflushed
of any feed stock remaining in the line because of its
prior use to carry feed stock into bed B7 when the latter
bed was the first bed in the series of beds comprising
the sorption zone. The flush stream flowing through
valve 2 and line 33 carries the feed stock residue in line
33 into column 1, joining the stream of fluid flowing into
the downstream contacting beds. A similar volume of
fluid is withdrawn from a downstream bed of column 1
(bed Bi8) through line 34 (thereby equalizing the
volume of desorbent flow) connected to the outlet of
bed Bi8, through valve 2, and from the process flow
through line 35.

At the stage of the operation illustrated in the accom-
panying diagram in which feed stock enters column 1
through line 27 into bed B&, desorbent enters down-
stream bed B18 through line 36 from fluid distribution
center 2 and enters the latter valve mostly from recycle
sources, hereafter described. The desorbent displaces the
normal paraffins contained in the porous structure of the
molecular sieve particles retained thereby during a pre-
ceding stage of the cycle of operation when feed stock
entered bed B18. The desorbent mixture (normal
heptane and iso-octane) flows upwardly through the
series of beds (B18 to B13), part of the effluent stream
of bed B13 being withdrawn from the outlet of bed B13
through line 37 as the sorbate product stream (a mix-
ture of desorbent and desorbed feed stock normal par-
affins), and the remainder, herein designated as “second-
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ary reflux,” enters bed B12 which is the first bed in the
series: B12 to B7 comprising the secondary rectification
zone. . The volume of secondary reflux entering bed B12
is maintained at about 120 percent of balanced reflux
in order to provide complete .replacement of interstitial

fluid in bed B12 prior to the shift of the sorbate product -

outlet from bed BI3 to the outlet of bed Bi2. The
mixture of sorbate and desorbent leaving bed B13 through
line 37 is withdrawn from the finid distribution center
(valve 2) through line 38 at a rate controlled by valve

39 into distillation column 40 wherein desorbent (mixed. .

n-Cy; and is0-Cg) is separated as overhead from a less
volatile residue -comprising the normal paraffin’ sorbate
product. recovered from the feed stock as the sorbate
stream. Valve 39, by controlling the withdrawal rate of
the sorbate stream to product .take off, also. thereby
determines the amount of sorbate stream which continues
to flow downstream into" bed B12 as secondary reflux.
The ultimate yield of sorbate product, set forth in Table I
hereinbelow, is withdrawn from the bottom of column
40 through line 41 and transferred to product storage.

The desorbent overhead of distillation column 40,
enters line 42 for recycle to the process. Make-up
desorbent to replace losses from the process is introduced
into the process flow through line 43. In order to re-
move possible contaminants in the make-up desorbent;
some -of which (such as moisture) deactivates the molec-
ular sieves, the recycled desorbent stream is preferably
passed. through guard chamber 44, packed with a mix-
ture of activated alumina and 5A molecular sieves, before

entering.-the fluid distribution center through line 45°

and thence into column 1 through line 36. Pump 46 -in
line 42 raises the pressure on the desorbent stream to the
pressure maintained in column 1.

The portion of raffinate effluent withdrawn as raffinate
product from the process flow through line 28 is directed
by the-fluid distribution center (valve 2). into- raffinate
product withdrawal line 47 at a rate controlled by valve
48.. The setting on valve 48 also controls the amount
of raffinate which continues to flow downstream from the
outlet of .bed B1 into bed B24 as primary reflux (that is,
pump-around fluid transferred from the outlet of the serp-
tion zone to the inlet of the primary rectification zone).
The mixture' withdrawn as raffinate effluent consists of
raffinate and desorbent and to separate the mixture, the
raffinate stream withdrawn from the process flow through
the fluid distribution center and line 47 enters distillation
column 49 to separate an overhead comprising desorbent
* which is recycled in the process flow through line 42 from
a non-volatilized residue comprising raffinate - product
(branched chain aliphatic and cyclic hydrocarbons) which
is withdrawn from the bottom of distillation column 49
through line 8¢ as primary product.

The process conditions and compositions of the sorbate
and raffinate products are indicated in the following Table
I, Runs 1to4. In Run 1, the feed stock (middle distillate
kerosene) is used directly as feed stock to the aforemen-
tioned separation process in which the molecular sieve
particles are used, the feed stock containing all of the cle-
finic and aromatic components present in the initial kero-
sene fraction; as well as the sulfur-containing and nitro-

gen-containing components also present in the feed stock

prior to prehydrogenation. In Runs 2, 3 and 4, the feed
stock of - Run 1 containing the- sulfur-containing - and
nitrogenous impurities is subjected to progressively more
severe prehydrogenation conditions to determine the effect
of the aforementioned components and classes of contami-
nants in the charge stock on the yield and total recovery
of the sorbate and raffinate products. Previous compara-
tive runs utilizing other similar conditions, indicated that
for a kerosene boiling range feed stock, an operating tem-
perature of about 450° F. was more preferable insofar as
yield and quality of the raffinate and sorbate products was
concerned than lower operating temperatures for the
separation process.
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Table I
SEPARATION OF Ci-Cu n-PARAFFINS FROM A KEROSENE

FEED STOCK AND FROM THE SAME STOCK PREHY-
DROGENATED

Run1it? Run2? Run33 Run4+
Feed Stock: .
Olefins, Wt: Percent._.._ 1.8. Nil Nil Nil
Nitrogen, p.p.m-.._. o 8.1 Nil Nil Nit
ulfur, p.p.m. ..o 1,800.__ Nil Nil Nit
Aromatics, Wi. Percent.__| 14.1__ 14.1 8.2 L1
Product Recovenes, Wwt.
Percent of Feed: -
Sorbate Fraction. ..o 20t0118 _____| 26.5 26 . 26
Normal Paraffin 94.5%0583. . 96,8 97.9. 99
Content.s
Olefin Content 6. 2.3_
Aromatic Content 52| 8.1 . _______.._ 2.8 1.5 Nil
Raffinate Fraction.._..._ 71 to 88 8. 73.5 T4 74
Normal Paraffin 0.3to 178 ___ 0.3 0.1. Nil
Content.s
Isoparafiin Contents.| 73 to 56 ﬂ_-_--_ 73 73 73.5
Naphthene Contents_| 10to72__.___.| 10.6 17 25. 1
Aromatic Content_ . | 16 .cencaeoan 1 9.7 1.2
Capacity of Molecular Sieve :
Sorbent:
Feed Rafe, Gals. of Feed | 2.49t00.68.___ 1.4 2,1 2.6
Stock/Hr./Ft.3 of Sor-
bent. .
Sorbent Usefulness Gals. | 11 ... 61 71 239
of Feed.?
1 Middle distillate, fraction : (B.P. 382-454° F.); specific

gravity at 60° F.: .0835; contains 3.1 p.p.m: mtrogen 1800 -
p.p.m. sulfur, 14. 1% aromatles 0.49% -olefins, 85.5% paraf-~
ﬁns—l—naphthenes of which 22. 4% are normal paraﬁ"ms

2 Jeed stock of Run 1 :catalytically pre-hydrogenated at
foregoing reaction conditions and in the presence of the-above
indicated catalyst at a space velocity of feed stock through
the catalyst bed ‘of 29.9. volumes of liquid per: volume of
catalyst per hour; pre-hydrogenated feed. contains -0.09%
olefins; sulfur : nil, mtrogen nil and 14.5% aromaties.

3 Feed stock of Run 1 rcatalytically pre-hydrogenated- at
foregoing reaction conditions, except that the conversion of
aromatics to naphthenes was increased by reducing the space
velocity of the feed stock flowing :over the catalyst which
increases the -residence time of the feed. stock with .the hy-
drogen and catalyst, to 5.3 volumes of -liquid per volume of
cata]yst per hour.

4 Teed-stock of Run-1 and pre-hydrogenation at conditions
of Run 1, except space velocity reduced to 1.0 vol. of hquid
feed stock per volume of catalystper hour:

& By infra-red- analysis.

6 By adsorption on activated silica gel and bromine number
index.

7 Sorbent usefulness determined by the number of gallons
of feed stock separated until sorbent reduced to- 75 percent.
of its initial capacity ; a measure of -deactivation rate.

8 Determined after 6 hours of use.

9 Input. of feed stock at beginning of run. :

The data for:these runs (i.e., Runs 1 and 4)-demon- -
strate that the yield and . quality of both the sorbate and
raffinate products are enhanced when:the feed stock is:
subjected to pre-hydrogenation prior to separation, pre-
sumably by eliminating the components of the feed stock
which became adsorbed on-the-surface of the molecular
sieve particles: and prevent adsorption of the normal
sorbate components of the. feed stock. . Thus, by eliminat-
ing the polar nitrogen and sulfur-containing components
from the feed stock to the separation. unit, the rapid
decline in the activity of the: molecular sieve particles and .
the appearance of non-normal components in the sorbate
fraction are eliminated.! The purity of the:sorbate. prod-.
uct was increased from- 94.5. weight percent (Run 1) to
99 :percent by weight - (Run :4).. Simultaneously, the
normal . paraffin content of the raffinate stream was re-
duced to nil and the deactivation rate of the molecular:
sieves was greatly reduced. .

After being on stream -as indicated -above for approxi- -
mately 2.5 ‘minutes, the.feed stock, desorbent and ‘flush
stream inlets are each moved to the inlets of the next adja~
cent downstream beds; respectively: (feed stock point of en--
try) being shifted from: the inlet .of bed B6 to the inlet bed
BS5; desorbent entry from the: inlet of bed-B18 to the inlet
of bed B17; and the flush stream-inlet from bed B7 to the
inlet-of bed B6). = Simultaneously, all product and flush :
stream outlets are also moved to the outlets of the down-
stream-bed next adjacent downstream. to the bed from :
which these streams. were last withdrawn. These shifts

in-the inlets and:outlets were effected by the .rotation: of .

one of the. plates comprising the. fluid distribution center -
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whereby each of the inlet and outlet streams enter the
appropriate lines into and from the next adjacent down-
stream beds. Thus, after 2.5 minutes on stream, the
sorbate product effluent stream has been shifted from the
outlet of bed B12 to the outlet of bed B11; the raffinate
effluent stream has been shifted from the outlet of bed B1
to the outlet of bed B24 and the flush stream effluent from
bed B17 to bed B16. Thereafter, following each succeed-
ing 2.5 minute interval, the inlet and outlet ports for the
above influent and effluent streams are shifted to the next
adjacent downstream beds, relative to the bed into and
from which these streams were previously charged and
withdrawn preceding the shift.

These results indicate that polar organic compounds
such as nitrogen-containing or sulfur-containing com-
pounds, and olefinic and aromatic hydrocarbons usually
present in feed stocks of petroleum origin cause a rapid
reduction in the capacity and the activity of the molecular
sieves, although the effect of aromatic hydrocarbons (be-
lieved to be surface-adsorbed and not pore adsorbed) is
somewhat less at elevated desorption temperatures than
at lower operating temperatures.

What is claimed is:

1. A process for separating a relatively straight chain
aliphatic hydrocarbon from a normally liquid hydrocar-
bon mixture containing sulfurous, nitrogenous and ole-
finic contaminants which interfere 'with the action of the
separating agent, hereinafter specified, said hydrocarbon
mixture having a boiling range not in excess of the boil-
ing range of the gas oil fraction of petroleum, which
comprises catalytically hydrogenating said mixture at
hydrogenation reaction conditions sufficient to reduce at
least the major portion of said contaminants to hydrogen
sulfide, ammonia and paraffin hydrocarbon, separating
the hydrogen sulfide and ammonia from the hydrocarbon
mixture, thereafter contacting the hydrocarbon mixture
with a porous, inorganic sorbent of the molecular sieve
type in which the pore openings are of a size sufficient to
admit a normal aliphatic hydrocarbon into the molecular
sieve, but not of sufficient size to admit branched chain
and cyclic hydrocarbons, withdrawing a raffinate com-
prising nonsorbed, non-straight chain hydrocarbons from
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the sorbent particles and thereafter contacting the sorbent
containing sorbed, relatively straight chain aliphatic com-
ponents of said mixture with a desorbent comprising a
straight chain hydrocarbon having a boiling point of at
least 20° F. outside of the boiling range of the adsorbed
component of the mixture.

2. The process of claim 1 further characterized in that
the catalyst contacted with said mixture at said hydro-
genation reaction conditions is a composite of a refractory
metal oxide and a hydrogenation catalyst selected from
the metals of Group VIII of the Periodic Table and a
sulfur-containing derivative of said metal.

3. The process of claim 2 further characterized in that
said hydrogenation catalyst component is thiomolybdate
of a metal selected from the group consisting of nickel
and cobalt, supported on alumina.

4. The process of claim 1 further characterized in that
said porous, inorganic sorbent of molecular sieve type is
a metal alumino-silicate containing calcium, dehydrated
to form pores in the sorbent having openings of about
5 Angstrom units in cross-sectional diameter.

5. The process of claim 1 further characterized in that
said hydrocarbon mixture is a fraction of petroleum boil-
ing in the kerosene boiling range.

6. The process of claim 5 further characterized in that
said mixture is contacted with said sorbent at a tempera-
ture of from about 350° to about 450° F. and at sufficient
pressure to maintain said mixture in substantially liquid
phase.

7. The process of claim I further characterized in that
said hydrocarbon mixture is a middle distillate of petro-
leum containing aliphatic hydrocarbons having from
about 9 to about 14 carbon atoms.
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