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Claim

1. A process for purifying a hydrocarbon feedstock which
contains linear paraffins and at least one impurity selected
from the group <consisting of aromatic compounds,
nitrogen~containing compounds, sulfur-containing compounds,
oxygen-containing compounds, c¢olor bodies, and mixtures
thereof, said process comprising the steps of:

a) contacting a liquid feedstream comprising said
hydrocarbon feedstock with an adsorbent containing desorbent
in an adsorbent bed under conditions comprising temperature
and space velocity and for a cycle time suitable for the
adsorption of said at least one impurity by said adsorbent to
result in an adsorbent cycle effluent comprising purified
hydrocarbon feedstock and an amount of said desorbent;

b) monitoring said =zmount of desorbent in said
adsorbent cycle effluent to determine a desorbent plateau
level which corresponds to a level of szid at least one
impurity in said feedstream: and
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c) continuing said monitoring of step b) until said
amount of desorbent 1is detected as dropping below said
desorbent plateau level thereby indicating that breakthrough

of said at least one impurity is occurring in said ‘adsorbent

cycle effluent and that said adsorbent is substantially

saturated with said at least one impurity to result in an
impurity-loaded adsorbent.
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(54) Title: IMPROVED PROCESS CONTROL OF PROCESS FOR PURIFICATION OF LINEAR PARAFFINS

(57) Abstract

A pro..ess for purifying linear paraffins in which a hydrocarbon stream containing linear paraffins contaminated with aro-
matics, sulfur-, nitrogen-, and oxygen-containing compounds, and color bodies, but essentially free of olefins, is contacted with a
solid adsorbent such as an NaX zeolite or zeolite MgY. After adsorption the adsorbent is desorbed with an alkyl-substituted aro-
matic desorbent, such as toluene. The initial effluent from the adsorb cycle, which will contain a high concentration of residual
desorbent, is recycled to a desorbent recovery system. The level of desorbent in the adsorber effluent is monitored on a real time
basis until the desorbent level of the adsorber effluent declines from 4 plateau level, i.e., a 100 % plateau level, that correlates with
the level of impurities, particularly the aroms ic impurities in the feed, which is an indication of aromatics breakthrough, thereby

signaling the need to switch the adsorbent ueds.
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INPROVED PROCESE CONTROL OF PROCEZSS
POR PURIYICATION OF LINEZAR PARATPINE
Related Application
3 This application i{s a Continuation-In-Part application
of commonly owned, co-pending patent application
EP-A 361 681 entitled *Process for
Purification of Linear Paraffins, the disclosure of which in

fts entirety is hereby incorporated harein by reference
10 thereto.

1. 4 the ventio

The present invention rel- es to a process for purifying
paraffins, and more specifically is relates to processes for
purifying linear paraffin using adsorption. 1In particular,

15 the present invention is directed to a novel control process
to improve the efficiency of the process for purification ot
linsar paraffins which involves wmonitoring the 1level of
desorbent in tha adsorbent effluant.

2. Daseripti Tou v

20 As vithin any hydrocarbon product whese starting point
is crude ¢il, the degree of purity te which paraffins may be
refined covers a vide range from relatively crude to
relatively pure. Although each grade o©f paraffins has
commercial use, there are special applications which require

25 a paragfin product of exceptional purity. Certain of these

' apecial applications additionally require a paraffin product
vhosa composition is substantially 1limited to 1linear
paraffine, which may alternatively be referred to as normal,
unbranched, or stralight—chain paraffins. For example, the

30 mamifacture of detergents, in which linear paraffins may serve
ad the alkyl constituent of sulfonated alkylaryl-and
alkyl-sulfonats synthetic detexgents. Linsar paratfins are
praferred in such manugacture because they result in a product
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having superior detergent properties, which moreover has

superior biogradability compared to synthetic detergents
manufactured from branched paraffins. Other wuses for
substantially pure linear paraffins include as ingredients for
the manufacture of flameproofing agents; as reaction diluents;
as solvents; as intermediates in aromatization reactions; as
plasticizers; and for use in protein/vitamin concentrates.

Substantially pure linear paraffins, however, are
extremely difficult to obtain. Linear paraffins intended for
industrial and commercial usage are not produced by synthesis,
but are instead isolated from naturally-occurring hydrocarbon
sources, and most typically from the kerosene boiling range
fraction of natural hydrocarbon feedstocks (as used herein,
the term "kerosene range" refers to a boiling point range of
between about 182-277°C). These feedstocks are made up of a
wide variety of hydrocarbon constituents and include, in
addition to paraffins, contaminants such as aromatic
compounds, and heterocatom compounds such as sulfur- containing
compounds, nitrogen-containing compounds, and
oxygen-containing compounds (i.e., phenolics). The commercial
processes used for separating out the 1linear paraffin
component of such feedstocks are generally not sufficiently
precise to yield a substantially pure linear paraffin product.
Instead, the separated kerosene range linear paraffin product
may contain the contaminants described above in amounts
sufficient to preclude use of the product for the special
applications referred to earlier.

The principal prior art methods for upgrading kerosene
range linear paraffins to substantially pure linear paraffins
are mild hydrofining followed by acid treating, and severe
hydrofining. While acid treating does remove aromatics from
kerosene range linear paraffins, this is not an entirely
satisfactory procedure. Acid treating addresses only the
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aromatics component of a contaminated paraffin stream, without
improving product purity with respect to heteroatom compounds.
In addition, acid treating raises significant concerns
relating to health, safety, industrial hygiene, and
environmental quality. Moreover, acid trcating can actually
increase the levels of sulfur in the final product.

As a general matter, processes are known whereby specific
hydrocarbon fractions may be purified and/or isolated from a
relatively crude source using solid adsorbents. In these
prior art processes a bed of a solid adsorbent material is
contacted with a hydrocarbon stream in either liquid or a
vapor phase under conditions favorable to adsorption. During
this contacting stage a minor portion of the hydrocarbon
stream is adsorbed into pores in the solid adsorbent, while
the major portion, which may be termed the effluent or
raffinate, passes through. Depending on the process and the
product involved, the adsorbent may be used either to adsorb
the desired product, which is tren desorbed and recovered, or
to adsorb the undesired contaminants, resu‘lting in an effluent
which is the purified product.

In either event, during the contacting stage the solid
adsorbent gradually becomes saturated with adsorbed material,
which consequently must be periodically desorbed. If the
adsorbent contains the undesired contaminants, desorption is
necessary in order to free the adsorbent for further removal
of contaminants. If the adsorbent contains the desired
product, desorption both frees the adsorbent for further
separation of the desired product from the hydrocarbon strean,
and liberates the desired product from the adsorbent for
recovery and, if desired, for further processing. Desorption
is generally accomplished by first isolating the bed of
adsorbent x;aaterial from the hydrocarbon stream, and then
contacting the adsorbent bed with a stream of a substance
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which has the effect of displacing the adsorbed material from
the so0lid adsorbent. This substance is referred to as
desorbent. Once desorption is completed, the bed of solid
adsorbent can again be brought into contact with the
hydrocarbon stream.

The efficiency of the adsorption/desorption process is
determined by several critical factors, including the precise
adsorbent selected; temperature; pressure; flow rate of the
hydrocarbon stream; concentrations of feed stream components;
and, the descrbent. The prior art in this area demonstrates
the complexity, and the high degree of specificity, involved
in matching a given feedstock, from which a given product is
desired, with a suitable adsorbent/desorbent combination,
under appropriate conditions to arrive at a commercially
acceptable process.

FLECK et al., U.S. Patent No. 2,881,862, discloses
separating aromatic compounds and sulfur compounds from
complex hydrocarbon streams through adsorption onto a
"zeolitic metallo alumino silicate,® which may be desorbed
with linear pentane (see column 5, lines 49-54; column 6,
lines 8-12).

KIMBERLIN et al., U.S. Patent No. 2,950,336, discloses
the separation of aromatic compounds and olefins from
hydrocarbon mixtures that may also include paraffins, using
a zeolitic molecular sieve which may be desorbed by gas purge,
evacuation, displacement with an aromatic hydrocarbon, or
steaming followed by dehydration (see column 4, lines 38-48).

TUTTLE et al., U.S. Patent No. 2,978,407, discloses the
separation of aromatic hydrocarbons from w=mixtures which
include linear paraffins, isoparaffins, cyclic hydrocarbons,
and aromatics, using molecular sieves having pore diameters

of 13 Angstroms, which may be desorbed by gas purge and/or
evacuation (see column 2, lines 65-70).
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EPPERLY et al., U.S. Patent No. 3,063,934, discloses
removing aromatic compounds, olefins, and sulfur from the feed

‘to a naphtha isomerization reactor using a molecular sieve,

such as a Linde 10X or a Linde 13X molecular sieve, which may
then be desorbed using the effluent from the isomerization
reactor (see column 2, lines 36-41).

EPPERLY et al., U.S. Patents No, 3,228,995 and 3,278,422
both generally disclose the separation of aromatics and/or
nonhydrocarbons from saturated hydrocarbons and/or olefins
using a zeolite adsorbent. The zeolite is desorbed with a
polar or polarizeable substance, which is preferably ammonia,
although sulfur dioxide, carbon dioxide, alcohols, glycols,
halogenated compounds, and nitrated compounds may be used.

KONDO et al., U.S. Patent No. 4,313,014, discloses the
adsorptive separation of cyclohexene fron a
cyclohexene/cyclohexane mixture using a type X and/or type Y
aluminosilicate zeolite, which may be desorbed with a
trimethylbenzene (see column 2, lines 3-11).

OWAYSI et al., U.S. Patent No. 4,567,315, discloses a
process for removing aromatic hydrocarbons from a liquid
paraffin. The aromatics are first adsorbed by a type X
zeolite molecular sieve material, and are then desorbed using
a polar or polarizeable substance such as an alcohol or glycol
(see column 3, lines 65-68 and column 7, lines 15- 20). 1In
a third step the desorbed aromatic hydrocarbons are washed
from the zeolite bed using a solvent such as n-hexane,
n-heptane, or iso-octane (see column 7, lines 26- 30).

MIWA et al., U.S. Patent No. 4,571,441, discloses separating
a substituted benzene from a substituted benzene isomer
mixture using a faujasite-type zeolitic adsorbent such as type
X zeolite or type Y zeolite. Depending on the nature of the
substituted benzene whose reébvery is desired, the desorbent
used may be toluene, xylene, dichlorotoluene, chloroxylene,
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or trimethylbenzene; an oxygen-containing substance such as
an alcohol or a ketone: or, dliathylbenzene (see column 3,

lines 35-59}. .
Russian Patent 1,298,202 discloses a method for removln§
5 aromatics from a paraffin feedstock using a solid adsorbent
guch as gilica gel, amorphous aluminosilicate, or faujasite-
type zeclite, A bed of the s0lid adsorbent is rirst
pretreated with a stream of purified paraffins obtained from
a prior purification cycle. The paraffin feedstock i{s then
10 passed through the bed of solid adsorbent to remove aromatics
therefrom until the arcmatic content of the effluent reaches
a speclified level. Desorption of the adsorbed aromatics is
carried out at 50-500° € using steam, ammonia, isopropyl
alcohol, acetone, toluene, oy the liks.. The desorbent must
15 then be removed from the solid absorbent using a gas purge at
200-500° ¢, and the bed must consequently be cooled to between
20-150° ¢, using either a stream cf purified paratfins or a

gas, before resuming the adsorption phase.
Commonly owned, co-pending patent application

20 EP-A 361 681 entitled "Process for the
Linear Paraffins” i{s directed tc a to a process for puritfying
a hydrocarbon feedstock which contains linear paraffins, and
at least one contaninant selected from the group consisting
of arocmatic compounds, nitrogen-containing compounds,
25 gulfur-containing compounda, oxygen-containing compounds,
color bodies, and mixtures thereol involves a) contacting a
liquid feed stream of the hydrocarbon feedsteck with an
adsorbent comprising a zeolite having an averags pore size of
from about 6 to about 15 Angstroms under conditions suitable
30 for the adsorption of the at least one centaminant by the
‘ zeolits to produce a contaminant-loadad zeolite; and b)
desorbing the contaminant-loaded zeolite wusing a dasorbent
coaprising an alkyl-pubstituted benzena. In this application,

P , M"-;f.-.i}.} SuBsT
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a feed forward contrel system ig used to measure the aromatics
and other impurities in the feed and to deternine the
adsorption cycle times based on a moedel or historical data
which takes into consideration feed aromatics, adsorbent bed
5 capacity, as well as other critical parameters. Feed forward
control systems are conventiansl techniques whereby process
control is acconplished by monitoring a variable to predict
and control a subsequent related variable, In EP-A-
"361 681 ¢ Supercritical Fluid Chromatography (SFC), which
10 involves the use of a supercritical fluid as a mobile phase
with a porous silica stationary phase, is used to predict
adsorbent bed utilization and to contrel the switching of
adsorbent beds when the adsorbent {n the adsorbent beds is
predicted to be substantially saturatad with arcmatics and
15 other impurities.
' SUMMARY OF THE INVENTION

The present invention, however, is directed to a novel
control process to improve the efficiency of conventicnal
processes for purification of linear paraffins which invelve

20 adsorption using a feedback control systen.

In accordance with the present invention, a feedback
contrel technique has been discovered which can be employad
to monitor the level of desorbent in the effluent of the
adsorbing bed to determine when the adsorbent is saturated for

25 the purposa of cycling the adsorbent beds, as required. A
unique feature of the feedback control nechanism, technique
or system of the present invention is that it can effectively
acconplish the previcusly stated goal by monitoring only the
level of the desorbent in the adsorber effluent, i.e., the

30 adsorbent effluent stream, and no other effluent variables.

Accordingly, the feedback contrel mechanism of the
present invention invelves monitering the 1level of the
degorbent, vhich 'h preferably toluens, in the adsorbent

AP SUBSTITUTE SHEET
0 73 '
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effluent stream; comparing the level of desorbent in the
adsorbent effluent stream to the desorbent level present in
the feedstream introduced to the adsorbent bed; and switching
the adsorbent beds at an appropriate time when the adsorbent
within the bed is determined to be substantially saturated
with impurities.

For purposes of the present invention, two adsorbent beds
are employed in continuous, counter-current, liquid phase
service. Although it has been discovered that the levels of
desorbent in the effluent from the adsorber bed is impacted
by the process temperature, space velocity and feed impurity
levels, it has been discovered that feed impurity level,
particularly aromatics, has a strong impact on desorbent
levels in the adsorber effluent.

Specifically, the present invention is directed to the
use of established on-line gas chromatography (GC) to monitor
the desorbent in the adsorbent effluent stream, which is most
preferably toluene, on a real time basis.

In accordance with the present invention, a feedback
control procedure has also been developed which involves using
on-line gas chromatography (GC) to monitor the desorbent
levels in the adsorbent effluent stream on a real time basis,
to supplement the previously mentioned feed forward strategy.

More specifically, the present invention is directed to
a process for purifying a hydrocarbon feedstock which contains
linear paraffins and at least one impurity selected from the
group consisting of aromatic compounds, nitrogen-containing
compounds, sulfu:—contaihing compounds, oxygen-containing
compounds, color bedies, and mixtures thercef, which involves
the steps of contacting a liquid feedstream including such a
hydrocarbon feedstock with an adsorbent containing desorbent

in an adsorbent bed under conditiomns including temperature and

space velocity and for a cycle time suitable for the
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adsorption of at least one impurity by the adsorbent to result
in an adsorbent cycle effluent which includes purified
hydrocarbon feedstock and an amount of the desorbent:
monitoring the amount of desorbent in the adsorbent cycle
effluent to determine a desorbent plateau 1level which
corresponds to a level of the at least one impurity in the
feedstream; and continuing to monitor until the amount of
desorbent is detected as drobping below the desorbent plateau
level thereby indicating that breakthrough of the impurity is
occurring in the adsorbent cycle effluent and that the
adsorbent is substantially saturated with the impurity to
. . in one embodiment

result in an impurity-loaded adsorbent. The impurity is,an
aromatic compound, which is present in the feed stream at a
concentration of from —abeus 0.1 to -eabeut 10.0 wti; the
aromatic compounds are preferably selected from the group
consisting of alkyl-substituted benzenes, indanes,
alkyl-substituted indanes, naphthalenes, tetralins,
alkyl-substituted tetralins, biphenyls, acenaphthenes,a and
mixt'i’t\x‘i 3&thereof. The process of the present invention,also

o6 contacting the impurity-loaded adsorbent with
desorbent at a weight hourly space velocity for the desorbent
of from -2beud~ 0.1 to abeut 2.5 WHSV, so as to result in a
desorbed adsorbent containing desorbent. The desorbent is
preferably an alkyl-substituted benzene, and most preferably
toluene. The process of the present invention involves using
a gas chromatography procedure to monitor the adsorbent cycle
effluent, and also involves analyzing the liquid feedstream
including the hydrocarbon feedstock using a supercritical
fluid chromatography technique to predict the cycle time.

: EF _DESCRI ON O DRAW
Figure 1 is a flow chart for the control methed for use

in processes of purification of linear paraffins in accordance
with the present invention.
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Figure 2 is a graph depicting the results of monitoring
the feed impurity level and the lcvel of desorbent in the
adsorber effluent. A PREFERRED EMBODTMENT OF

WW ANVENTION

The feedstock used to form the hydrocarbon stream to be
purified according to the process of the present invention may
be any hydrocarbon fraction which includes linear paraffins
conterinated with aromatic and/or heterocatom compounds.
Typitally, the paraffins present in the feed stream have a
carbon chain length of C;-C,,.

One feedstock suitable for use in the process according
to the present invention is the linear paraffin product from
a process for separating linear paraffins from a kerosene-
range hydrocarbon fraction. The linear paraffin effluent from
such a process will typically consist principaily of linear
paraffins which, due to the nature of the crude stock from
which they were isolated, will be contaminated with aromatics
as well as with heteroatom compounds.

The aromatics may be present in the hydrocarbon streawu
in an amount »f from about 0.1 to about 10.0 weight percent,
and are typically present in an amount of from about 0.5 to
about 3.0 percent. ‘

Typical aromatic compounds present in the feedstock
include monocyclic aromatics, such as alkyl-substituted
benzenes, tetralins', alkyl-substituted tetralins, indanes, and
alkyl-substituted indanes; indanes and naphthalenes; and
bicyclic aromatics, such as naphthalenes, biphenyls, and
acenaphthenes.

The feedstock may scowtain oxygen-containing compounds,
i.e., hetero-atom-contaii.ang compounds. The most common
oxygen-containing compounds found in <the feedstock are
phenolics, which may be present in the hydrocarbon feedstock
at a concentration of up to about 600 wppm, and preferably up
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to about 300 ppm. Typically, phenolics are present in the
feedstock at a concentration of between about 10 wppm and 150

wppm, and more typically within the range of about 10 wppm and
about 100 wppm.

The amount of sulfur-containing compounds in the
hydrocarbon feedstock may be as high as about 20 wppm.
Typically the sulfur content is between about 1 and 15 wppm.
Typical sulfur-containing compounds present in the feedstock
include sulfides, thiophenes, and mercaptans, and mixtures
thereof. Mercaptans may be present in amounts of up to about
1 wppm.

Nitrogen-containing compounds may be present in the
hydrocarbon feedstock at a concentration of up to about 500
wppm. More typically, the concentration of nitrogen-
containing compounds is between about 1.0 and 200 wppm.
Typical nitrogen-containing compounds present in the feedstock
include indoles, quinolines, and pyridines, and mixtures
thereof.

In addition to the above contaminants, the feedstock to
be purified according to the present invention may include
color bodies. The Pt/Co color of the feedstock may be as high
as about 30, measured by ASTM D-1209, and is typically between
about 5 and 20.

In view of the foregoing, those of ordinary skill in tiin
art should understand that feedstocks which may be treated by
the process ac “rding to the present invention may contain
diverse contaminants, composed principally of aromat:.s and
oxygen-, sulfur-, and nitrcgen-containing compounds as well
as color bodies. Therefore, while representative categories
of these contaninants are described above, the specific
enumeration of these categories herein is illustrative only,
and should not be considered as either 1limiting or exhaustive.
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The hydrocarbon feed stream is preferably contacted in
a liquid phase with a solid adsorbent. Before being contacted
with the absorbent the feed is heated to a temperature of from
about 20 to about 2.0°C; the preferred temperature range for

5 carrying out absorption is from about 100 to about 150°C. Back
pressure regulation can be used to ensure maintenance of the
liquid phase.

The flow rate of the hydrocarbon feed stream through the
solid adsorbe ?${T§ aé)usted to range from about 0.2 WHSV to

10 about 2.5 WHSV, wlth thgfpreferred range being from about 0.75
WHSV to about 2.0 WHSV.

The desorbent is 1likewise contacted with the solid
adsorbent in the liquid phase. The desorbent may also be
heated to a temperature from about 20°C to about 250°C before

15 being contacted with the adsorbert, with the preferred
temperature range being substantially the same as the
temperature at which the feed stream is contacted with the
adsorbent.

The flow rate of the desorbent through the solid

20 adsorbent may vary at least from about 0.1 WHSV to about 2.5
WHSV, preferably within the range of about 0.2 WHSV to about
2.5 WHSV and more preferably is from about 0.3 WHSV to about
1.5 WHSV.

The solid adsorbent used in the process according to the

25 present invention may be any molecular sieve. It is preferred
to use zeolites of the of the faujasite family, which includes
natural and synthetic zeolites having an average having an
average pore diameter of from about 6 to about 15 Angstroms.
Representative examples of molecular sieves include

30 faujasites, mordenites, and zeolite types X, ¥, and A. The

" zeolites most preferred for use in the process according to
the present invention are zeolite types X and Y.




WO 92/07045 PCT/US91/03930

10

15

20

25

30

=13 -

The zeolite more preferably has & pore size of between
about 6.8 and about 9 Angstroms, and may be substantially in
the form of crushed or beaded particles.

In one particular embodiment, the zeolite may be a type
Y zeolite, and more specifically may be a cation- exchanged
type Y zeolite. The cations may be selected from the g+~
consisting of alkali and alkaline earth metals,

In a particularly preferred embodiment, the cation-
exchanged type Y zeolite is MgY zeolite.

The zeolite may alternatively be a type X zeolite, such
as NaX zeolite.

The adsorbent used in the process according to the
present invention may include an inorganic binder such as
silica, alumina, silica-alumina, kaolin, or attapulgite.

The zeolites may be subjected to cation exchange prior
to use. Cations which may be incorporated into the zeolites,
through ion-exchange processes or otherwise, includ: all
alkali and alkaline earth metals, as well as trivalent
cations, with Na, Li, and Mg being preferred.

The most preferred zeolites for use in the process
according to the present invention are NaX zeolite, commonly
referred to as 13X zeolite, and MgY zeolite.

' While the zeolite may be used in any form, it is
preferred to use zeolite in the form of beaded or crushed
particles, rather than extruded particles. The zeolite may
be used neat, or in association with known binders including,
but not limited to, silica, alumina, aluminosilicates, or
clays such as kaolin and attapulgite.

In a preferred embodiment of the process according to the
present invention the adsorption and desorption cycles or
phases are conducted counter-current to each other.
Specifically, adsorption is effected by contacting the
hydrocarbon feedstock with the bed of solid adsorbent in
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downflow fashion which has been discovered to be advantageous
because downflow adsorption eliminates density gradient
backmixing, which interferes with the adsorption process and
thus impairs product quality: and conducting desorption in an
upflow direction using a lower mass velocity reduces concerns
over lifting of the beds of solid adsorbent, which can
otherwise occur during desorption.

In preferred embodiments the process according to the
present invention utilizes a desorbent which is of the same
class of molecules of the predominant impurity being removed
by the adsorption process. Preferably the desorbent is a
nonpolar, alkyl-substituted benzene to desorb aromatic
contaminants from the saturated adsorbent. Under the
operating conditions which have been found most suitable for
carrying out the process according to the present invention,
most preferred desorbent is toluene.

Thus, the process according to the present invention
enables use of an aromatic desorbent, such as an alkyl-
substituted benzene; e.g. toluene, which is efficient,
readily available, inexpensive, easily displaced from the
solid adsorbent during the subsequent adsorption step, and
simply separated from the product.

While the aromatic desorkent may be used in a mixture
with other hydrocarbons having similar boiling points (e.g.,
heptane may be used with toluene), it is preferred io
formulate the desorbent principally from the aromatic
substituent, with toluene being the preferred aromatic. Thus,
while the desorbent may include non-toluene hydrocarbons in
an amount of up to about 90%, the preferred desorbent contains
non-toluene hydrocarbons in an amount of between about 0.0001
and 10%. In a particularly preferred embodiment the desorbent
comprises at least about 95 percent by weight toluene, with
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the balance of the desorbent being made up of non-toluene
hydrocarbons.

The desorbent may also include dissolved moisture in
relative trace amounts. Generally, dissolved water may be
present in the desorbent in an. amount of up to about 500 wppmn,
with a range of from about 50 to about 300 wppm being
preferred. )

In the preferred embodiment in accordance with the
present invention, it is preferred to use two adsorbent beds
in the continuous, counter current, liquid phase adsorption
process. Although not wishing to be bound by any particular
theory, it 1is believed that the lack of a purge or an
intermediate cleaning step is at least part of the reason that
there are levels of the desorbent in the adsorber effluent.
Also, it is believed that because the desorbent displaces the
contaminants by taking their place in the pores of the solid
adsorbent, when the regenefated adsorbent bed is placed back
on line and is again contacted with the hydrocarkun feedstock,
the initial effluent issuing from the adsorbent bed will
contain some of the desorbent. This may be separated from the
purified iinear paraffin product by any conventional means,
such as by distillation. The desorbent thus separated may, if
desired, be recycled to the desorptién stage; water may be
added to or removed from the separated desorbent to achieve
the desired composition for the desorbent prior to recycle.

In this regard, in accordance with the present invention,
it has been discovered that the level of desorbent in the
effluent from the adsorber bed is impacted bj the process
temperature, space velocity, and feed impurity levels.
Although not wishing to be bound by any particular theory, it
is believed that the feed impurity level has a particularly
strong impact on the level of desorbent in the adsorber
effluent because it has been discovered that the level of feed

PCT/US91/03930
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aromatic impurities in the adsorber feed strongly correlates

with tha level of desorbent in the adsoxb effluaent.
The desorbent is preferzbly separated from the at least
one contaminant after the desorbing etep, and the desorbent
5 is recycled to the desorbing step. The desorbent nay ke
separated from the at least one contaminant by any

conventional means, such as by distillation.
Alternatively, effluent from the adsorption and
desorption cycles may be recycled to tha feedstream as
10 disclosed In commonly owned co-pending patent applicatien
PCT W092/07046

: + in the names of the inventors of the preésent
application entitled "IMPROVED RECYCLE ... PROCESS FOR

PURIFICATION OF LINEAR PARAFFINS™ . o the
15 disclosure of which is hereby incorporated in its entirety

herein by reference thereto.

In the linear paraffin purification process according to
the presant invaention the adsorption and desorption steps are
conducted entirely in the ligquid phase, at substantially

20 constant temperatures; thkis eliminatss the time and expense,
including increased equipment stress, involved in changing
over betwz2en liquid and vapor phases as in the prior art.
2lso, the process according to the pressnt invention uses a
aonpolar desorbent which is wvidely available, inexpensive, and

25 easy both to dieplace from the &olid adsorbent and to saparate
frem the product: use of a nonpolar desorbent additionally
elizinates the need to wash, purge, or otherwise treat the
solid adsorbent bed after the desorption step but before again
contacting ths solid adsorbent bed with the hydrecarbon feed

30 stream. In addition, the adsorption and desorption steps axe
conducted countercurrent; use of the countsrcurrent technique
rasults in a more efficient use of the desorhent, and
conseguently also leads to improved adsorption. Also, the
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adsorption step is8 conducted in a downflow fashion which
eliminates the detrimental density gradient-related backmixing
which can occur during upflov adsorption as the ralatively
dense toluene is displ'aced frop the solid absorbant by the
5 relatively light paraffin feed stream. MHoreover, by using a
lower nass velocity vhile conducting desorption
countarcurrently in an upflow fashion, bed lifting concerns
can be substantially reducad. The use of a switchable recycle
technique for the recovery and recycle of both hydrocarbon
10 feed and desorbent has been discovered to enhance the
efficiency in economy of the process according to the present
invention. A nitrogen blanket is used to conduct the entire
process under oxygen-free conditions which avoids introduction
of oxygen intc the hydrocarbon and desorbent straams, which
15 could otherwise lead to oxidative degradation of the feed
hydrocarbon éomponents and consaquent formatien of undesirable
sida products.
For purposes of the present invention, the process
according to the present invention uses a feedback control
20 strategy via monjitoring the level of desorbent in the effluent
of the adsorbing bed instead of, or in addition to, an
analytical feed forward technigua to monitor the composition
ot the hydrocarbon feed stream, e.g., the Supercritical riuid
Chromatography (SFC) used in parent applicatien EP-A
23 361 681, to provide a method for determining the proper
cycle time between adsorption and desorption.
A feed forward model vhich is used for this purpose can
be defined by the follewing equation:
ke tine (brv)m
30 nacratston faotg

ep [aciae X pleve capueily (W L SUORE: AR hataris,
arvunstics level (36) x fesd denalty (tbe./N.5) x feed rata (barrals/day)

Su
. BSTITUTE SHEET



5jarr.il/4s

WO 92/07045

10

15

20

25

30

PCT/US91/03930

- 18 -

A typical cycle time is determined as follows:

5.3 hrs.= 427 x 0.12 1bs./lb, x 55,500 lbs,

1.85% x 47.1 1lb./ft.” x 6,200 B/day

wherein the aromatics level of the feedstream is analyzed
using SFC.

The process according to the present invention makes it
possible to recover at least about 35 percent of the linear
paraffins present in the initial hydrocarbon charge introduced
into the solid adsorbent bed in a single adsorb/desorb cycle,
without heating, cooling, washing, purging, or changing
between vapor and liquid phases. This measurement of
efficiency is referred to hereinafter as "once-through
paraffin recovery."

The process according to the present invention may be
more fully appreciated through an understanding of how it fits
into an overall hydrocarbon processing and refining operation:

In an initial step, a full-range kerosene hydrocarbon
feed stream is processed through a linear paraffins separation
process. This feed stream typically contains only a minor
proportion of linear paraffins, e.g., 8-30%, with the balance
of the stream being made up of iso- and cycloparaffins,
aromatics, and heteroatom-containing compounds.

The partially purified linear paraffin product, which is
contaminated by aromatic compounds and by heteroatom-
containing compounds then becomes the feedstream for the
process according to the present invention. Although not
necessary in view of the feedback monitoring of the adsorption
effluent stream in accordance with the present invention, the
concentration of aromatics in the feedstream, which affects
adsorption cycle length, optionally can also be measured using
the Supercritical Fluid Chromatography (SFC) process referred
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to earlier. As a preferred embodiment, a combination of a
feed forward and a feed back control can be used.

The process according to the present invention utilizes
two fixed beds of solid adsorbent being operated in cyclic
fashion, so that one bed is undergoing adsorption while the
other bed is being desorbed. Before the process is initiated
the beds are preferably blanketed with nitrogen to create an
oxygen-free environment. This prevents oxygen from being
introduced into the hydrocarbon stream; otherwise, oxidative
degradation of the feed hydrocarbon components could occur,
resulting in formation of undesirable side products. When the
bed undergoing adsorption reaches the end of its cycle, as
measured by a threshold value for aromatics concentration in
the adsorption effluent, the beds are switched. The switching
may be accomplished using a programmable controller and

remote-operated valves. A typical adsorption cycle will last
from about 4 hours to about 17 hours, but can vary
considerably depending on variables such as feed rate, the
concentration of aromatics in the feed, the age of the solid
adsorbent, and the amount of absorbent used.

It is at this stage of the process where the inventive
feedback control system of the present invention is employed.
The feedback control syétem of the present invention utilizes
a mechanism or technique which involves monitoring the level
of the desorbent in the effluent from the adsorbing beds.

Referring now to Fig. 1, a hydrocarbon feedstock to be
purified 1 is introduced into feed tank 2. From the feed tank
2, the feedstream of the liquid hydrocarbon feedstock, which
contains at least one impurity selected from the group

. consisting of aromatic compounds nitrogen-containing

compounds, sulfur-containing compounds, oxygen~containing
compounds, color bodies, and mixtures therecf, is fed into a
feed drum 4 prior to being introduced into one of the two
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adsurbent beds 5a and Sb. Typically, the feedstock contains
98.0% C;p - C; linear paraffins in addition to about 2.06% of
kerosene boiling range aromatics. The adsorbent beds 5a and
5b contain 13 type X zeolite molecular sieve that has been
desorbed by passing toluene over the sieve. Thus, an amount
of interstitial toluene would remain in the adsorbent bed when
the previously identified feedstock is introduced. Thus, at
the beginning of the adso:ption cycle, the previously
identified paraffin feed enters the adsorbent bed and
volumetrically displaces interstitial toluene; and the
adsorbent cycle effluent contains the previously identified
linear paraffin material from which impurities have been
removed by the adsorbent bed in addition to displaced
interstitial toluene. The adsorbent cycle effluent 6 is then
passed to the product tank 7. Recycle stream 13 1is the
initial adsorber effluent that contains the bulk of the
interstitial toluene and can be recycled to the desorbent
recovery tower feedtank. Note that the present invention is
also useful in monitoring the optimal switch time between
recycle stream 6 and recycle stream 13. When the adsorbent
beds S5a and 5b have become saturated with impurities, the
desorption cycle is initiated; in so doing, desorbent, such
as toluene, is introduced in a counter-current manner through
adsorbent bed 5a or 5b, as is appropriate. The desorbent
initially displaces the impurities from the adsorbent by
taking their plac€ in the pores of the solid adsorbent with
the displaced impurities in the admixture with desorbent 9
being passed to impurity tank 10. Prior to the impurities
being displaced from the adscrbent bed, the desorbent to
displaces interstitial hydrocarbon feedstock molecules and the

resultant mixture of 1linear paraffins and toluene 11 is
recycled to feed drum 4.
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The feedback control mechanism of the present invention
involves monitoring the level of desorbent, i.e., toluzne, in
the adsorbent effluent stream €, and then comparing this level
to the toluene level present in the feeds*ream being supplied
to the adsorbent beds 5a and Sb, and swit.ching the operation
of these adsorbent beds at appropriate intervals, when it is
determined that the adsorbent material contained within the
bed operating in the adsorbent cycle is substantially
saturated with impurities.

As illustrated in Fig. 2, toluene levels in the adsorbent
effluent are considered to plateau at a level which equals the
total aromatics level, i.e., aromatic impurities plus toluene
desorbent, in the feedstream to the adsorbent bed Sa or Sb as
long as the adsorbent material within the adsorbent beds Sa
or 5b retains its capacity for adsorbing additional
impurities. As the impurity level in the adsorbent effluent
begins to rise, thereby indicating that the adsorbent is
becoming saturated, the toiuene levels begin to decrease.

In order to track toluene, or similar desorbent material,
an on-line toluene analyzer, i.e., gas chromatography (GC),
12 is operably connected with the adsorbent effluent stream
6 1line. The on-line gas chromatograph (GC), which is
otherwise a conventional piece of analytic equipment, measures
the plateav level of toluene in the adsorbent a2ffluent stream
in real time. once the plateau 1level of toluene 1is
deternmined, decreases in the toluene level below the plateau
level can be detected via the on-line GC. As the toluene
level drops below the plateau level, this indicates that the
adsorbent 1is becoming saturated. This phenomena is
demonstrated by the graph of experimental data attached hereto
as Fig. 2. When the toluere substantially disappears, the
adsorbent is coxpletely saturated. Inasmuch as it is desired
to cycle or switch the adsorbent beds 5a and 5b when the
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average effluent fron an adsorbent bed is less than about 100
ppm, the on-line GC 1s used as a feedback control technique,
alone or in conjunction with the SFC feed-forward technique,
to maintain the average adsorbent effluent impurity levels at
a target value.

Thus, the feedback monitoring system used in accordance
with the present invention has been discovered to be an
effective way for detecting changes in the aromatic impurity
concentration at the level of the aromatic impurities in a
background of desorbent and linear paraffins and has been
discovered to be particularly suitable for the continuous
process for the purification of linear paraffins in that the
desorbent level in the adscrbent effluent is nonitored and
used to determine when the adsorbent material in the adsorbent
beds 5a or 5b is saturated to permit switching or cycling the
required. In accordance with the present invention, the

‘feedbacic control system of the present invention monitors the
level of the desorbents which appears in the adsorbent
effluent, and no other effluent variables, to accomplish this
goal. Alternatively, or in addition a slipstream could be
'collected from beds Sa or 5b and analyzed, if desired.

As previously mentioned, it is believed that the lack of
a purge or an intermediate cleaning step is at least part of
the reason why there are levels of desorbent in the adsorber
effluent.

The purified linear paraffin effluent from the adsorption
step is sent on to a fractionation column, where 1light
paraffins and residual toluene are removed.

puring fractionation the residual desorbent present in
‘the purified paraffin effluent is removed as a 1liquid
distillate. A mixture of light paraffins and toluene is taken
off the column as a liquid sidestream, while the heavier
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paraffin bottoms product is sent on for separation into final
products,

The toluene effluent from the desorption step is sent to
a toluene recovery tower. Cverhead toluene product from this
tower then may be heated and recycled to the solid adsorbent
beds for use in the desorption step. The tower bottoms
product may be cooled, and recycled to a linear paraffins
separation process.

Prior to entering the recovery tower the contaminated
toluene may be sent to a storage tank, which can also receive
recycled toluene from the fractionation column overhead, and
makeup toluene may be used to replace the toluene which
escapes recovery and recycle. This storage tank can be used
to mix the various streams sent into it in order to provide

‘an output stream of consistent composition.

In summary, then, the toluene used for desorption of the
solid adsorbent beds is recycled. However, because 1light
paraffins in the C,-C; range are very difficult to separate
from toluene by fractionation,; these paraffins will tend to
build up in the recycled desorbent. This build-up can be
controlled by removine a purged stream from the desorbent
recycle, thereby limiting the presence of light hydrocarbon
component impurities in the desorbent to about 5%.

Because the bed of solid adsorbent is full of feed streanm
at the end of an adsorption step, the initial effluent from
the subsequent desorption step will consist largely of
residual paraffins. A particularly valuable feature of the
process according to the present invention is recovery of
these paraffins by providing for a recycle of the initial
desorbent effluent back to the feed for the preéent process.
When desorbent begins to appear in the effluent, the effluent
can then be sent to the toluene recovery tower. By this
procedure many of the paraffins that would otherwise be
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rejected as toluene recovery tower bottoms can be recovered,
resulting in an improved once- through paraffin recovery.

The initial desorb cycle effluent that is recycled may
include toluene in trace quantities, resulting in a
conicentratior, of toluene in the feed stream of up to about
5.0%, with a concentration range of from less than about 0.1
to about 0.5% being preferred. At these levels the toluene
behaves simply as another aromatic contaminant in the feed
stream.

Similarly, because the bed of solid adsorbent 1is
substantially full of toluene at the end of a desorption step,
the initial effluent from the subsequent adsorb cycle will
consist largely of residual toluene. Therefore, in the
process according to the present invention this initial
adsorption effluent is routed to the toluene recovery tower,
enabling the toluene therein to be recovered and recycled.
When the paraffin content of the adsorption effluent begins
to rise the =ffluent stream is routed to the holding tank, and
from there is sent to the fractionation column. This has the
particularly valuable effect of reducing the fractionation
load to this tower.

By means of this process a linear paraffin product may
be obtained in which the concentration of aromatic compounds
has been reduced from a feedstock content ©f as high as about
10 percent to a product content of less than about 100 wppm,
and even of less than about 50 wppm.

The present invention extends to the purified linear
paraffin product produced according to the process according

. to the present invention. This purified linear paratfin

product may have a purity of at least about 98.5 wt%, and may
contain not greater than about 80 wppm aromatics, not greater
than about 1 wppm nitrogen-containing compbunds, not greater
than about 0.1 wppm sulfur-containing compounds, and not
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greater than about 10 wppm oxygen-containing compounds. The
amount of aromatic compounds present in the purified linear
paraffin product may be not greater than about 10 wppm
aromatics, and the purity of the purified linear paraffin
product may be least about 99.7 wtg.

The amount of aromatics pres:nt in the purified linear
paraffin product may be not greater than about 10 wppm
aromatics. ' .

Finally, the present invention results in a purified
linear paraffin having a purity of at least about 98.5 wt%,
which may contain not greater than about 80 wppm aromatics,
not greater than about 1 wppm nitrogen-containing compounds,
not greater than about 0.1 wppm sulfur-containing compounds,
and not greater than about 10 wppm oXxygen-containing
compounds. The amount of aromatic compounds present in the
purified linear paraffin may be not greater than about 10 wppm
aromatics, and the purity of the purified linear paraffin may
be least about 99.7 wti. The amount of aromatics present in
the purified linear paraffin may be not greater than about 10
wppn aromatics. Comparable degrees of purification may be
obtained with respect to sulfur- and nitrogen-containing
contaminants. Whereas the hydrocarbon fecedstock may include
up to about 20 wppm of sulfur and up to about 300 wppm of
nitrogen- containing hydrocarbons, the purified product will
contain less than 0.1 wppm of sulfur-containing compounds;
less than 1 wppm of nitrogen-containing compounds; and, less
than about 10 wppm of phenolics.

The advantages which can be realized through the practice
of the process according to the present invention are perhaps
most simply stated, and most dramatically evident, in the fact
that 95% of the 1linear paraffins present in the initial
feedstock charged to the solid adsorbent bed are recovered in
a single adsorb/desorb cycle. This recovery is accomplished
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without resort to washing, purging, heating, cooling,
ligquid/vapor phase changes, or other complications.

The process according to the present invention may be

further appreciated by reference to the following example and

5 table, which are of course only representative of the present
invention and in no way limiting.
EXAMPLE

Referring again to Fig. 1 for the general flow chart of

the process in accordance with the present invention, a feed

10 containing 99.0% C;,~C;y linear paraffins inciuding 1.0% of n-

dilsopropyl benzene is contacted at 121°C and at an hourly

space velocity of 0.1 with an adsorbent bed which is 37.8 cm

<60
in length, =62 cm in dlameter and containsa . 5 kg of
13 type X zaeolite molecular sieve that has been desorbed by
15 passing  toluene over the adsorbent sieve material.

Interstitial toluene is left in the adsorbent bed. As the
fleed is introduced into the adsorbent bed, at the deginning
»f the adsorbent cycle, the paraffin feed entering the bed
volumetrically displaces the interstitial toluens. As the
20 interstitial toluene is displaced, the toluene concentration
measured in the adsorbent effluent begins to increase. The
toluene leval then decreases to a plateau level, which is
primarily impacted by the level of aromatic impurities in the
fesd. In this example, the toluene plateau level is 1.0% and
rL is the equivalent to the arcmatics level in the hydrocarben
feedstreanm being introduced to the adsorbent bed. As long as
the toluene remains at the platsau level, this is indicative
that the ,adsorbent material in the adsorbent bed iz still
removing the aromatic impurity from the feedstock. However,
30 when the tcluene level begins to drop below the plateau level,
this indicates that sone feed arcmatics are not being adsorbed
on to the adsorbent, thus not liberating toluene desorbent in

SUBSTITUTE SHEET
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the process, and that the time is approaching for switching
or cycling the adsorbent bed to the desorption cycle.

As can be seen from the graph in Figure 2, the desorbent
level in the adsorber effluent declines quickly from
approximately 100% to a plateau level that correlates with the
level of aromatic impurities in the feed. As the desorbent
level drops below this plateau, aromatic break through is
occurring in the adsorber effluent which is an indication of
the need to switch the adsorbing beds to desorption service.

It will be appreciated to those of ordinary skill in the
art that, while the present invention has been described
herein by reference to particular means, methods, and
materials, the scope of the present invention is not limited
thereby, and extends to any and all other means, methods, and
materials suitable for practice of the present invention.
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CLAIMS:

1. A process for purifying a hydrocarbon feedstock which
contains linear paraffins and at least one impurity selected
from the group consisting of aromatic compounds,
nitrogen-containing compounds, sulfur-containing compounds,
oxygen-containing compounds, color bodies, and mixtures
thereof, said process comprising the steps of:

a) contacting a liquid feedstream comprising said
hydrocarbon feedstock with an adsorbent containing desorbent
in an adsorbent bed under conditions comprising temperature
and space velocity and for a cycle time suitable for the
adsorption of said at least one impurity by said adsorbent to
result in an adsorbent cycle effluent comprising purified
hydrocarbon feedstock and an amount of said desorbent;

b) monitoring said amount of desorbent in said
adsorbent cycle effluent to determine a desorbent plateau
level which corresponds to a level of said at least one
impurity in said feedstream; and

¢) continuing said monitoring of step b) until said
amount of desorbent is detected as dropping belaw said
desorbent plateau level thereby indicating that breakthrough
of said at least one impurity is occurring in said ‘adsorbent
cycle effluent and that said adsorbent is substantially
saturated with said at least one impurity to result in an
impurity-loaded adsorbent.

2. The process as defined by claim 1, wherein said at
least one impurity comprises aromatic compounds.

' 3. The process as defined by claim 2, wherein said
aromatic compounds are present in said feed stream at a
concentration of from-absut- 0.1 to -abeut-10.0 wti.

4. The process as defined by claim 3, wherein said
aromatic compounds are selected from the group consisting of
alkyl-substituted benzenes, indanes, alkyl-substituted
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indanes, naphthalenes, tetralins, alkyl-substituted tetralins, biphenyls,
acenaphthenes, and mixtures thereof.

5. The process as define by claim 2, wherein said contacting of step a) is at
an operating temperature of from 20°C to 250°C.

6. The process as defined by claim 2, wherein said contacting of step a) is at
a weight hourly space velocity of from 0.1 to 2.5 WHSV.

7. The process as defined by claim 2, further comprising

d) contacting said impurity-loaded adsorbent with desorbent at a
weight houtly space velocity for said desorbent of from 0.1 to 2.5 WHSV,
resulting in an impurity desorbed adsorbent containing desorbent.

8. The process as defined by claim 7, wherein said desorbent is an alkyl-
v substituted benzene.

. 9. The process as defined by claim 8,. wherein said desorbent comprises
toluene.

10.  The process as defined by claim 9, wherein said desorbent comprises at
least 95% toluene.

11.  The process as defined by claim 8, wherein said adsorbent is a zeolite
having a pore size between 6 and 15 Angstroms.

12.  The process as defined by claim 11, wherein said monitoring of step b)
comprises analyzing said adsorbent cycle effluent using a gas chromatography
procedure.
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13. The process as defined by claim 12, further comprising analyzing said
liquid feedstream comprising said hydrocarbon feedstock using a supercritical

fluid chromatography technique to determine said cycle time for automatically
controlling said contacting of step a).

DATED this 21st day of March, 1994
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