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ABSTRACT OF THE DISCLOSURE

Hydrocarbon mixtures, such as light cycle oils from a
catalytic cracking unit, paraffinic lubricating oils and the
like, are selectively separated by a cyclic adsorption tech-
nique involving passing the hydrocarbon mixture through
a fixed bed of activated carbon to adsorb selectively more
readily adsorbed components or an adsorbate phase while
collecting less readily adsorbed components or a raffinate
phase; passing a first portion of a predetermined volume
of carbon disulfide through the carbon to displace the
adsorbate phase while collecting a portion of the raffinate
phase as a recycle stream; passing the remainder of the
carbon disulfide through the carbon while collecting an ad-
sorbate phase; passing a first portion of the collected re-
cycle material through the carbon while collecting an ad-
sorbate phase; passing the remainder of the collected re-
cycle material through the carbon while collecting a raf-
finate phase; and separating carbon disulfide from the raf-
finate and adsorbate phase for reuse as a displacing fluid.

BACKGROUND OF THE INVENTION
Field of the invention

The present invention relates to the separation of hydro-
carbon mixtures. More specifically, the present invention
relates to the separation of aromatic hydrocarbons from
mixtures of such aromatic hydrocarbons with aliphatic
hydrocarbons. Still more specifically, the present inven-
tion relates to the separation of polycyclic aromatics from
a light cycle oil of a catalytic cracking operation by con-
tacting the cycle oil with activated carbon to selectively
adsorb the polycyclic aromatics and thereafter displacing
the polycyclic aromatics with carbon disulfide.

Description of the prior art

Many refinery operations require the separation of vari-
ous types of hydrocarbons from one another. In many
cases, aromatic hydrocarbons, such as benzene, toluene,
xylenes, naphthalenes and the like, must be recovered or
separated from mixtures of the same with aliphatic hy-
drocarbons or from one another. Such separations are
generally carried out for the purpose of producing chem-
ical grade aromatics or for improving the quality of cer-
tain low grade hydrocarbon fractions.

One of the primary products sought to be recovered in
refinery operations because of its commercial value is
naphthalene. The chemical importance of naphthalene
resides primarily in its use as an intermediate in the pro-
duction of phthalic anhydride. For example, roughly 80%
of all of the naphthalene produced domestically is con-
sumed in the production of phthalic anhydride.

Heretofore, the primary source of naphthalene has been
coal tar fractions. However, the uncertainties and fluctua-
tions in the production of coal tars makes it undesirable
to tie the production of naphthalene to such variable
sources, particularly since the major portion of coal tar is
produced as a by-product of the manufacture of coke
for the production of steel.

Naphthalene does not exist in any great volumes in
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crude petroleum hydrocarbons. While the amounts of
naphthalene in crude oils varies to some extent, the total
of all aromatic hydrocarbons in petroleum is usually only
about 5%. Accordingly, it is impractical to separate such
naphthalene from the crude by simple distillation, since a
number of other contaminating materials boil in the same
boiling range. However, certain refined petroleum frac-
tions, such as fractions obtained as products of catalytic
reforming, catalytic cracking and thermal cracking, do
contain significant quantities of naphthalene and alkyl-sub-
stituted naphthalenes to be of interest as feedstocks for
further processing. Some feedstocks, and, particularly,
products of catalytic cracking contain large quantities of
naphthalene and alkyl-substituted naphthalenes and only
minor quantities of monocyclic aromatic and paraffins.
These feeds may, therefore, be directly processed to con-
vert the alkyl naphthalenes to naphthalene. However, when
attempting to process fractions containing smaller amounts
of naphthalene precursors, it becomes impractical and
prohibitively expensive, to convert this feed to naphthal-
ene.

While a number of techniques for concentrating naph-
thalene precursors have been tested in the past, and found
useful to a greater or lesser extent, few have been found
to economically produce substantial quantities of naph-
thalene precursors which, in turn, produce ecomomic
yields of naphthalene. However, one effective technique
has been the utilization of solvents for the separation of
paraffins and monocyclic hydrocarbons from dicyclic or
polycyclic hydrocarbons in the feed material. While such
solvents are effective in varying degrees, the commercial
use of such solvents has been practically nil. There are
beliecved to be several basic reasons for such lack of
utility and these are primarily directed to the amount of
solvent required and hence the cost of operation. In addi-
tion, there is a limit to the degree of separation which can
be practically and economically effected by the use of a
solvent. Even after concentration of polycyclic hydrocar-
bons by the use of a solvent, there still remain paraffinic
and monocyclic aromatic hydrocarbons which boil in sub-
stantially the same range as the polycyclic hydrocarbons
of interest.

Another problem area in the processing of petroleum
products is the treatment of wax distillates. Wax distillates
are lubricating oil distillates from petroleum. Normally,
these materials are dewaxed, earth treated and filtered
to produce neutral lubricating oils and wax. However, due
to the presence therein of aromatics, the products have
a very poor viscosity index and a dark color, thereby
making them undesirable for their intended purpose. At
present, there is no satisfactory technique for removing
the aromatics.

It is also known that numerous other petroleum or coal
liquid streams could be greatly improved if there were
some simple and economic manner of separating hydro-
carbons by type and particularly separating aromatics
from non-aromatics.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to
provide an improved method for the separation of hydro-
carbons. Another and further object of the present inven-
tion is to provide an improved method for the separation
of aromatic hydrocarbons from aliphatic hydrocarbons.
Yet another object of the present invention is to provide
an improved method for the separation of high concen-
trations of polycyclic hydrocarbons from hydrocarbon
mixtures containing the same. Another object of the pres-
ent invention is to provide an improved method for the
production of polycyclic hydrocarbons from petroleum
hydrocarbon mixtures. A still further object of the pres-
ent invention is to provide an improved method for the
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production of polycyclic hydrocarbons from catalytic light
cycle oils obtained from the catalytic cracking of petroleum
hydrocarbons. Another and further object of the present
invention is to provide an improved method for the pro-
duction of polycyclic hydrocarbons by passing a petroleum
hydrocarbon mixture containing paraffins, monocyclic
aromatics, and dicyclic aromatics, through an adsorbent
to separate dicyclic aromatics therefrom. A still further
object of the present invention is to provide an improved
method for the production of polycyclic hydrocarbons
wherein a catalytic light cyclic oil is subjected to adsorp-
tion with an activated carbon, a raffinate phase is collected,
adsorbate is displaced with carbon disulfide, the adsorbate
phase is separated from the displacing fluid, and the dis-
placing fluid is recycled to the adsorption step. Another
object of the present invention is to provide an improved
method for the separation of dicyclic hydrocarbons from
mixtures of dicyclic, monocyclic and paraffinic hydrocar-
bons. Another and further object of the present invention
is to provide an improved method for the recovery of poly-
cyclic aromatics from mixtures of polycyclic aromatics,
monocyclic aromatics and paraffins wherein the mixture
is subjected to contact with an activated carbon and the
activated carbon is displaced with carbon disulfide. Yet
another object of the present invention is to provide an
improved process for improving the viscosity index of
lubricating oils. Another and further object of the present
invention is to provide an improved process for removing
aromatic hydrocarbons from lubricating oils.

These and other objects and advantages of the present
invention will be apparent from the following detailed de-
scription.

BRIEF DESCRIPTION OF THE INVENTION

Briefly, in accordance with the present invention, hydro-
carbon mixtures are separated into constituent groups,
particularly into aromatic versus aliphatic hydrocarbons,
polycyclic aromatics versus monocyclic aromatics and the
like, by passing the mixture through activated carbon to
produce an effluent raffinate phase of the least readily ad-
sorbed material and selectively adsorbing a more readily
adsorbed material; passing carbon disulfide through the
activated carbon containing the selectively adsorbed ad-
sorbate to displace the same, and recovering the displaced
adsorbate. Where the hydrocarbon mixture contains sub-
stantial volumes of polycyclic aromatics, the process is
utilized to selectively adsorb such polycyclic aromatics.

The present invention will be more clearly understood
by reference to the drawings when read in conjunction
with the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

The details of the present invention will be better un-
derstood by reference to the drawings, wherein:

FIG. 1 is a flow diagram illustrating the overall method
of the present invention; and

FIG. 2 is a plot of refractive index versus time for a
single cycle of operation in accordance with the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

As will be illustrated by the following description, it
has been found that the refractive index of the effluent
from the adsorbtion column of the present invention or
a time cycle may be effectively utilized to control the
operation of the process of the present invention.

In accordance with FIG. 1 of the drawings, a liquid hy-
drocarbon feed material is introduced through line 16 and
valve 12 to fixed bed adsorption column 14 and thence up-
wardly through the column. Adsorption column 14 is, of
course, filled with a granular activated carbon which will
selectively adsorb certain of the components of the feed
material. The effluent from column 14, comprising the
non-adsorbed components (raffinate phase), is discharged
through line 16 and valve 18 to accumulator 20. There-
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4
after, the feed to column 14 is switched from hydro-
carbon feed material to carbon disulfide and a prede-
termined volume of carbon disulfide is passed through
column 14. During the initial startup of the system, both
the point of termination of hydrocarbon feed and the pre-
determined volume of carbon disulfide can be determined
experimentally by observing a characteristic of the raffi-
nate phase and/or the adsorbate phase (preferentially ad-
sorbed components), and adjusting the point of termina-
tion of the hydrocarbon feed and the volume of carbon di-
sulfide until raffinate and/or adsorbate of the desired char-
acter is obtained. For example, the refractive indices of
the raffinate and adsorbate phases may be observed, as
will be more fully explained hereinafter. Once the point
of termination of hydrocarbon feed and the volume of
carbon disulfide have been established the system will have
reached steady state conditions and the entire operation
can be repeated on the cyclic operating basis hereinafter
explained in detail. Sometime after introduction of car-
bon disulfide is begun, the raffinate effluent will contain
carbon disulfide. In order to separate the raffinate from
the carbon disulfide, the effiuent from accumulator 20 is
passed through line 22 to distillation column 24. In distil-
lation column 24 this mixture of raffinate and carbon di-
sulfide is separated and the raffinate is discharged through
line 26 while the carbon disulfide is discharged through
line 26, and, thence, through line 30 to accumulator 32.
Carbon disulfide is fed from accumulator 32 through line
34 and valve 36 to the adsorption column 14. Where
necessary, makeup carbon disulfide is introduced to ac-
cumulator 32 through line 38 and valve 40. The introduc-
tion of carbon disulfide to column 14 is carried out in two
distinct phases. During the introduction of a first portion
of carbon disulfide, raffinate discharged through line 26
of distillation column 24 is passed through line 42 and
valve 44 to recycle accumulator 46. The amount of raffi-
nate collected at this point can also be determined by any
convenient means. The portions of raffinate which are not
collected in accumulator 46 may constitute the more de-
sirable components of the feed material or the less de-
sirable components of the feed material depending, of
course, upon the nature of the feed material. For example,
where a light cycle oil is to be separated, primarily for the
recovery of dicycle hydrocarbons, the raffinate phase will
be the less desirable monocyclic and paraffinic materials.
On the other hand, where a paraffinic lubricating oil is
treated to improve its viscosity index, the raffinate is the
primary product. In any event, raffinate which is not col-
lected may be withdrawn from distillation column 24
through line 48 and valve 50. The raffinate may be stored
or otherwise utilized. After the first portion of carbon
disulfide has been utilized, the second portion of a pre-
determined amount of carbon disulfide is passed through
adsorption column 14. While the second portion of carbon
disulfide is being passed through column 14, an adsorbed
or adsorbate phase is passed through line 52 and valve 54
to adsorbate accumulator 56. This adsorbate stream com-
prises a mixture of the preferentially adsorbed com-
ponents of the feed mixture and carbon disulfide. The ad-
sorbate passes from accumulator 56 through line 58 to
distillation column 66. In distillation column 60, the ad-
sorbate is stripped of carbon disulfide and discharged
through line 62 and valve 64 while the carbon disulfide
is passed through line 64, and, thence, through line 30
to accumulator 32. After the predetermined volume of
carbon disulfide has been utilized, the recycle raffinate
collected in accumulator 46 is passed through line 66 and
valve 68 as a recycle to adsorption column 14. The intro-
duction of recycle to adsorption column 14 is also carried
out in two separate phases. As a first portion of the re-
cycle material is passed through adsorption column 14, the
effluent from column 14 constitutes a further portion of
the adsorbate phase which is collected and distilled as
previously indicated. The end of the first recycle phase is
determined in accordance with the previously mentioned
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criteria for controlling the operation. Thereafter, the sec-
ond portion of recycle is passed through column 14 until
all of the collected recycle has been used. During the intro-
duction of this second portion of the recycle, the effluent
from the adsorption column is switched to the raffinate
handling portion of the system and thus is accumulated in
accumulator 20 and distilled in distillation column 24. The
raffinate is then treated as previously described.

A suitable activated carbon for use in accordance with
this present invention may have a broad range of particle
sizes, for example 4 x 6 to 20 x 50 mesh size (U.S.
sieve series). The following physical properties are also
desirable:

Total Surface Area
(N3, BET Method 1), m.2/g. ccecaeene 500-1500
Apparent density (bulk density, dense pack-
ing),

g./cc. 0.3-0.6

10./ft3 e 20-30
Particle Density (Hg displacement), g./cc. .. 0.5-1.0
Real density (He displacement), g./¢cC. e 2.0-2.2
Pore volume (within particle), cc./g. «eeeee- 0.5-1.5
Voids in dense packed column, percent .—._- 20-50
Specific heat at 100° C. - 0.2-0.3

1 Brunauer, Emmett and Teller: J. Am. Chem. Soc. 60, 309
(1938).

The following examples illustrate the practice of the
present invention and compare the same with similar tech-
niques.

In all of the examples, the activated carbon utilized as
an adsorbent is formed from bituminous coal combined
with suitable binders and is activated with steam at a
high temperature. The particle size is 12 x 40 mesh size
(U.S. sieve series). This activated carbon had the fol-
lowing physical properties.

TABLE I
Physical properties activated carbon

Total surface area

(Ng, BET Method 1), m.2/g. ccmmmaeeee 1000-1100

Apparent Density (bulk density, dense pack-
ing),

g./cc. 0.44

Ib./ft3 27.5
Particle density (Hg displacement), g./cc. —— 0.78
Real density (He displacement), g./cc. ———_ 2.1
Pore volume (within particle), cc./g. e 0.81
Voids in dense packed column, percent ____ 44
Specific heat at 100° C. e 0.25

1Brunauer, Emmett and Teller : J, Am, Chem. Soc. 60, 309
(1938).

Except where otherwise noted, the feed material em-
ployed was a 430 to 550° F. cut of a light cycle oil from
the catalytic cracking operation. Table II below lists the
properties of a typical feed material of this type.

TABLE I
Properties of Light Cycle Oil

ASTM distillation, ° F.:
IBP. e 434
B o e 450
30 454
20. 464
30. 470
40_ 474
50 480
60_ 484
0 e e 491
B0 s e cicmaan 497
90_ 508
95____ 518
EP.___ 530
API gravity at 60°. - 26.6
Specific gravity 60/60. .coccooeoooaeno- 0. 896
7D, 1.5146
220
225
33.2
4.3
62.5
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Table III below summarizes four cycles of adsorption-
displacement wherein a light cycle oil heart cut was ad-
sorbed on activated carbon and thereafter displaced by
steam stripping at 600° F. 1t is to be observed that steam
stripping is relatively ineffective. The capacity of the car-
bon decreases very sharply throughout the adsorption-
displacement when utilizing steam as a recovery agent. In
addition, when polycyclic aromatics are to be separated,
the refractive index of the effiuent raffinate should be be-
low about 1.5. In the run illustrated, the raffinate refrac-
tive index was below that figure for only about 5 to 10
minutes and it rapidly increased to that of the feed mate-
rial (about 1.5163) after only 18 to 20 minutes. The re-
fractive index of the adsorbate is also too low since poly-
cyclic concentrates should have a refractive index above
about 1.54 and preferably near 1.6. Where the refractive
index of a stream, such as raffinate or adsorbate, is re-
ferred to, this represents the refractive index of the par-
ticular steam after carbon disulfide has been removed
therefrom.

TABLE III

Steam Stripping of Carbon
2 4 5
31,6188 oo
2,340 ,968 2,220
1,248 851 1,154
Blowdown, gms. 526 797 780
678 566 320 286

Grams adsorbed (by @iff.)......
Recovery, gms -
ms. .-

A second test was made with the same feed material,
the same activated carbon, and in the same equipment but
with carbon disulfide as the displacing agent. The results
of this test are set forth in Table IV below. It is obvious
from Table IV that the capacity of the carbon bed de-
creased over the first several cycles, but then remained
substantially constant. Also, except for the first run when
the carbon was dry, the time needed to reach an effluent
refractive index of 1.5 after collection of the first effluent,
was about 10 to 20 minutes. This is more than twice the
length of time observed when steam stripping. This shows
that the use of carbon disulfide as a displacing media not
only provides high carbon capacity but it also gives a
higher selectivity for the polycyclic hydrocarbons sought
to be extracted from the light cycle oil. Thus, carbon
disulfide displacement results in a higher overall carbon
capacity and a higher yield of the polycyclic hydrocarbon
materials. This higher yield of the polycyclic hydrocarbon
materials is a function of the higher equilibrium capacity
of the carbon, the ability of the carbon disulfide to effec-
tively displace these polycyclic hydrocarbon materials, and
the higher selectivity for polycyclic hydrocarbon materials
which the carbon disulfide imparts to the carbon.

TABLE IV
Carbon Disulfide Displacement
(05701 L, 1 2 3 4 5 6
Charged
Refractive Index. ... 1.5160 1.5160 1.5160 1.5160 1.5160 1.5160
Weight, gms.cvereeeeen 2,252 2,687 2,661 2,661 2,678 2,686
Pumped effluent, gms_. 896 1,213 1,246 1,286 1,600 1, 281
Blowdown, gms___..... 652 706 725 706 304 729
Total raffinate,
i3-S 1,548 1,019 1,071 1,992 1,99 2,010
““Adsorbate,” gms 704 768 680 669 684 676
Recovery, gms. __ 641 700 724 664 669 643
Gain or loss, gms_ —68 —68 44 +5 16 —32
Vol. pumped in at 1st
effluent, €6 .oooo 1,435 960 990 870 820 8256
Time to 1st effluent,
b1 | s T 2 37 40 39 38 35
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. T'he quality of adsorbate from the two previous tests TABLE VI
is given below.
Phase In Qut Valves open Termination of phase
Y VO, Feed.... Raflinate 12,18and = When RI of raffinate
-+ C8a. 50. reaches 1.49.
5 B CSa__._. Recycle..... 364‘18 and When E’I gf 51:8ecycle
i . reaches 1.568.
Adsorbato quality C C82...on Adsorbate 36, 54and  When all of predeter-
(Table IIL (Table IV runs) +.C8a. 68 or 76. mlgsegi volume of CS;
‘““Z%égeg;’g C8astripped adsorbate Do Recyclo...... L6 (N 72£4 a%l When lftf ({fs:;dsorbate
v or 76. reaches 1.52,
Gas chromatograph Feed adsorbate Cyclel Cycle2 Cyele3 10 E don._ Raffinate 72, 18 and When all of collected
47.0  40.9  41.7 41.7 + C8a. 50. recycle Is used.
9.4 8.2 7.4 7.2
4.7 4.5 4.2 4.1
23.9 26.9 26.8 27.9
15.0 19.5 19.9 19.1
15 In the operation of the adsorption-displacement cycle,

A series of runs was made also in order to determine
whether benzene could be utilized as a displacing medium.
While benzene was found to be a fairly effective displacing
medium, such displacement required volumetric ratios of
benzene to light cycle oil feed of 10 to 1 or greater, in
order to recover 95% or more of the light cycle oil hydro-
carbons from the adsorbent. This becomes economically
prohibitive.

Table V below summarizes an adsorption-displacement
run in which recycle of a selected portion of the effluent
material was practiced. It is to be noted from Table V
that collection of recycle material was terminated during
the cycle when the refractive index of the effluent being
collected for recycle material reached 1.52. As is pointed
out hereinafter, this is an optimum cut point for the re-
cycle operation when utilizing refractive index as a control
and selectively adsorbing polycyclic hydrocarbons.

TABLE V
Fresh feed, gms. oo 579
Fresh feed, €S oot 640
Recycle feed, gms. oo 772
Recycle feed, €8, oo 860
Raffinate:
Weight, 8MS. oo 199
Final RI e 1.489
AverageRI _._. e 1476
Naphthalene precursors, percent wa—o—eeawao 5.2
Yield, wt. percent m——- 36.3
Recycle:
Weight, gms. — 807
Volume, ccs. 900
Initial RT = 1.489
Final RI 1.520
Average RI e 1512
Adsorbate:
Weight, gms. 349
Average RI 1.550
Naphthalene precursors, percent —wa——aee——- 513
Yield, wt. percent e 637
Naphthalene precursors recovered, percent on
feed 32.7
Cycle time, minutes 255
Adsorption rate, ccs./min. — e 11.5
Desorption rate, ccs./min. e cocoeoaevan 23.0
Vol. CS,, ccs. 3000
No blowdown after adsorption

Blowdown after desorption

As a result of the conduct of operations utilizing a
recycle phase and the conduct of tests while varying other
conditions of operation, it was ultimately determined that
the process of the present invention could most effectively
be carried out by a cycle of operation involving adsorption
and displacement in which five distinct phases were prac-
ticed. Table VI below illustrates the general character of
this five-phase operation.
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as illustrated in the Table VI above, the operation is
broken down into five phases. It has been found in ac-
cordance with the present invention that switching of the
input and output of adsorption column 14 from one
phase to the next can be conveniently handled by moni-
toring the output stream and performing the switching
operation at such times as certain refractive indices are
measured. It has been found in accordance with the
present invention that the refractive index of the effluent
is an excellent measure of how the adsorption column is
operating and when each phase of the operation is es-
sentially completed. The refractive index is, of course, an
excellent indicator of the character of hydrocarbons since
pure alkyl naphthalenes normally have a refractive index
of about ,}.6, monocyclic hydrocarbons have lower re-
fractive indices and paraffinic hydrocarbons have still
lower refractive indices.

Referring now to the above Table VI, it is to be seen
that during Phase A of the operation, the light cycle oil
feed is introduced to the system by opening valve 12 and
the nonadsorbed raffinate is passed thromgh valves 18
and ultimately 50 for collection or further use. This
phase of the operation is continued until the refractive
index of the raffinate effluent reaches a value of about
1.49. At this time, valve 36 is opened to infroduce carbon
disulfide to adsorption column 14 and Phase B of the
operation is started. During Phase B of the operation,
valves 18 and 44 are opened to collect recycle material
in accumulator 46. Phase B of the operation continues
until the refractive index of the recycle effluent stream
being collected reaches a value of about 1.58. It is to
be noted that the refractive index of the recycle is the
primary control point. At this point, Phase C of the
operation begins. During Phase C of the operation, valve
36 remains open and carbon disulfide continues to be
passed through adsorption column 14. However, valve
54 is opened to discharge adsorbate to adsorbate ac-
cumulator 56-—the raffinate valve 18 being closed. After
a predetermined volume of carbon disulfide displacing
fluid has been utilized, Phase C of the operation is
terminated and Phase D is begun by opening valve 72
to begin the passage of recycle fluid from accumulator
46 through adsorption column 14. At the same time,
valve 54 remains open to discharge adsorbate to accumu-
lator 56. The adsorbate ultimately passes through valves
68 or 76. When the refractive index of the adsorbate
reaches a value of about 1.52, Phase D is terminated and
Phase E begins. During Phase E of the operation, recycle
is continued through valve 72 until all of the collected
recycle effluent is used and valves 18 and 50 are opened
to discharge a further portion of raffinate phase. When
all of the collected recycle material has been passed
through adsorption column 14, Phase E is terminated
and the next cycle is begun by switching to a Phase A
operation. The volumes of materials handled during a
complete cycle and, of course, the sizing of the equip-
ment utilized in the operation are, of course selected so
that sufficient polycyclic aromatics are collected in ac-
cumulator 42 to continuously operate the remainder of
the hydrogen treating and hydrodealkylating operations.
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While specific refractive indices are given by way of
example, the process can be varied depending upon the
nature of the feed and the desired end product. Effective
results can be obtained by selecting refractive indices as
follows:

End of Phase A oo 1.45-1.55
End of Phase B oo 1.47-1.59
~End of Phase D oo 1.45-1.55

Table VII below summarizes an optimum treatment of
light cycle oil feed when carried out in the five-phase
cyclic manner set forth in Table VI

TABLE VII
Fresh feed, gms. -_ - ———e 533
Fresh feed, €CS. mmmm e 595
Recycle feed, gms. 854
Recycle feed, €CS. wmmvommmm e 950
Raffinate:
Weight, gMS. e oo 217
Final RI e 1.495
Average RI 1.475
Recycle:
Weight, gmS. e 872
Volume, CCS. mmmam e 980
Initial RI e 1.495
Final RI o 1.523
Average RI e 1.523
Adsorbate:
Weight, @mS. e 304
Average RY o emm 1.552
Naphthalene precursors, percent ——— ... 56.1
Yield, wt. percent — e 58.3
Naphthalene precursors recovered, percent on
feed e e 32.7
Cycle time, minutes - e 150
Adsorption rate, ccs./min. oo 23.0
Desorption rate, ¢cs./min, oo 23.0
CSy VOL, €C8v e 200

No blowdown after adsorption
No blowdown after desorption

The first column of Table VIII compares operation in
accordance with the present invention when the activated
carbon had been used for six cycles of adsorption-dis-
placement with a similar operation as set forth in column
two where the carbon had been used for seventy-nine
cycles of adsorption-displacement. It is, of course, quite
obvious from the data of Table VIII that no observable
deactivation of the carbon takes place and it is just as
effective after the 79th cycle as it was after the 6th cycle.

TABLE VIIL

Fresh feed, gms.._._____ 867 859
Fresh feed, ccooeoarevnne 940 960
Recycle feed, gms. - - 420 460
Recyclefeed, €0 oo oo 470 605
Column length, ft_ ... . 8 8
Raffinate:
Weight, gms.. 173 186
Tinal RI__.. 1.492 1,494
Average RI._. 1.467 1,471
Recycle:
Welght, gmS. e oo 426 256
Average RY ... 11,515 11,516
Adsorbate:
Weight, gms_ ... ... - 652 662
Average RY oo oo... - 1.533 1.531
Naphthalene Precursors, percent. _ - 43.0 45,5
Yield, wt. percent ..o o eiinena 79.0 78.1
Naphthalene precursors, percent on feed...- 34.0 35.5
CSau8ed, €Cm oo oo oeoaenns - 3,000 3, 000
Cycle time, min..____ - 370 212
Desorption rate, ce./min. - 1.5 22
Adsorption rate, cc./min. 11.5 22

1 Blowdown used.

Finally, Table IX of the examples shows the effective-
ness of the process of the present invention on the removal
of aromatics from a wax distillate of a low grade Penn-
sylvania crude oil. It is obvious from the data of Table
IX that the adsorption technique is effective in the re-
moval of aromatics from the wax distillate. This is so since
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aromatics are heavier and more viscous than paraffinic
materials, they have a very poor viscosity index and are
dark in color. Consequently, the removal of such aro-
matics from the wax distillate produces an effluent prod-
uct having a much lower viscosity, an improved vis-
cosity index and a lighter color. On the other hand, the
adsorbate or aromatic fraction has an extremely low API
gravity, a high viscosity at 100° F., a negative viscosity
index and is almost black in color.

TABLE IX
Adsorption of Wax Distillate

Feed Effluent Adsorbate

Gravity,® AP . ... 31.4 34.9 11.9
Viseosity at 100° F., SUS.__ - 83.15 79.66 149, 8
Viscosity at 210° F., SUS_.. - 38.05 37.67 40.03
Viscosity index...... - 111 117 —34
Pour point,° F__. - +76 -+-60 450
) . 2 0.5 7.5

It is also quite obvious that other hydrocarbon mate-
rials may be separated in accordance with the present in-
vention, including heavy oils, such as vacuum tower bot-
toms, etc. The only limitations on the type of material
treated appear to be that there be no suspended solids in
the liquid and the operating temperature should not be
over 100° F., since such high temperatures cause the
carbon disulfide to decompose. Hence, any material which
is too viscous to pass through the column at temperatures
below 100° F. should not be utilized in the process. How-
ever, such materials may be diluted with an appropriate
solvent to permit handling in this process. Operation
should not be conducted below 60° F. and preferably, not
below 75° F. Column pressures of 15 to 35 p.si. are
suitable.

As a general proposition, flow rates of feed, displacing
fluid and recycle may vary anywhere between 0.05 gallon
per minute per square foot of cross-section of the carbon
column to as high as 10 gallons per minute per square
foot. A preferred rate is 2.0 to 4.5 gailons per minute per
square foot for feed and displacing fluid. Experimentation
has shown that there is no real advantage in utilizing
a column greater than about 10 feet in length. However,
by doubling the length of the bed, the flow rate can be
doubled and plant capacity increased accordingly. The
recycle feed rate is preferably 3.5 to 5.0. The carbon di-
sulfide-to-feed ratio may also vary considerably. This ratio
should be at least 1 to 1 but may be anywhere above this
limit. As the previous data has indicated, it is possible to
recover a very pure methyl naphthalene fraction by in-
creasing the amount of carbon disulfide employed. How-
ever, this increases the expense of removing carbon disul-
fide from the product. The use of high carbon disulfide
ratios also requires increased capital investment due to the
fact that the carbon disulfide is toxic and explosive.

Once a cycle of operation has been set up based on the
refractive index cut point or some other measure of
product quality, time-cycle control can be utilized to re-
peat the operation and predictably produce a product
which meets the original specifications. Such time-cycle
control has been utilized to produce a high-quality, poly-
cyclic hydrocarbon material from the previously discussed
light cycle oils. This desirable desorbate was produced
at a norninal 4 gallons per minute per square foot feed
rate and by initially utilizing a 1.58 refractive index cut
point for the second phase of the recycle stream. When
operating in this manner, the desorbate product has a
refractive index of 1.59, contains 80 to 88% polycyclic
hydrocarbons and a 35% yield of desorbate is produced.
Table X illustrates runs made in this fashion.
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TABLE X It is obvious from Table XII that the first portion of
the recycle can be introduced in anywhere from 1450 to
1 2 3 4 § 1600, the second portion of recycle from 100 to 500 sec-
Recyecle feed, wt, 1bS_.._.___. 123 1045 1045 102.5  100.0 onds, fresh feed from 500 to 900 seconds, the first portion
Fresh feed, wt. I0S.ooevoo 4+ 125 160 Wb 165  of carbon disulfide from 2000 to 2300 seconds, and the
Total feed, wt. Ibs.._... 127 7.0 1195 120.0  116.0 second portion of carbon disulfide from 500 to 1200 se5c-
onds; and the total cyclic operation may vary from 5250
.......... 5,350 5,200 5200 5,150 5,300 ’ ! . L k
%%?ilnfxségleﬁni%ssec .......... 16.7 8.7 9.3 10.6 9.1 to 5800 seconds. This particular time cycle is for a column
Gldg, peroapt.-.—. - Loh Sre B LTS L 9%0  having a height of 22 feet and a nominal diameter of 4
Bafinate RETI77T Tagh0 1465 L4 Lavay 1 4150 10 inches, or 0.088 square feet in cross section, and utilizing a
Sz in Rafi., percent_.... 75.1 82.1 821 81.2 N . f . N
’%ée?sec_-.’_?_ ___________ 1,200 =£1,050 1,000 1,060 1,050 4-gallon per minute per square foot fe?d r?te Obviously
Recycle, Wt 1bS_ oo oo 106.5 108 105.56 103.5  99.5 for other size columns, the time cycle will differ. However,
B Pfin§¥1' """" Lo N 1ose 1oas 115527518 the important point is that once a time cycle has been
T A 2,300 2,300 2,300 2,300 2,300 established by utilizing product quality as a measure,
8, wash period, sec...- 23 a9 % 19 I% 15 whether this be by refractive index measurements or some
Des%?eal(f’&réeni::: 17.4 826 316 984 345 other means, the time cycle can then be utilized to carry
Desorbate RI....... - 15960  1.5930 1.5040 1.5000 1.5860 out the operation and repeatedly produce products meet-
Naph.-ace. percent_.._... 88.02 86.27 86.35 85.7 79.2 N JEM _ .
CSzwt. percent desorbate.  96.6 96.1 96 9%  95.5 ing the initial specifications. The cycle would, of course,
change if a radical change in the composition of the feed
1 Valve trouble. 90 occurred. However, under normal operating conditions,
this will not be the case and the time cycle would nor-
Table XI compares adsorption products having 80% mally be reset if a change in feed was made.
TABLE XII
Time Cyecle and Yields for Varlous Polyeycle Products
Typical Typical Typical Typical
50% naph.-ace. 60% naph.-ace, 80% naph.-ace. 88% naph.-ace.
Feod Effluent Time  Total Time  Total Time Total Time Total
Desorbate. 1,600 1,600 1,500 1,500 1,450 1,450 1,450 1,450
Reeyelonmn nonnnee e n e oo oo Raffinate 100 1,700 400 1,900 550 2,000 500 1,050
Fresh feed --.. Raffina 900 2,600 800 2,700 500 2,500 500 2, 450
""" Recycle... 2,000 4,600 2,100 4,80 2,300 480 2,300 4,750
C8a. Desorbate.. 1,200 5,800 1,000 5, 800 500 5,300 500 5,250
Pounds of desorbate...ueeecoen- e mmemememcmaaccaoen 162 115 g. g g, :;g
Sounds oII_Inat;i)h.-ace__ ds carbon required per 8 6.8 ) "
Carbon effectiveness, pounds car
pound of Hydeal £86d. - - -c-cvocmooocmcme e cnc e 5.8 7.1 12.6 12.9

and 88%, respectively, of naphthalene-acenaphthene with
the light cycle oil feed utilized in these runs.

TABLE XI
Characterization of Products
Pilot plant 80% 88%
feed polycyelics polyeyelics
Gravity o ccemceremaeaaea 21 11.1 9.4
Dm]‘%an_o_r_ll ________________ 435 486 _ooeiamns
450 460 470
454 460 474
459 468 478
462 470 479
465 472 481
469 474 482
472 476 484
475 479 487
479 483 490
484 490 494
489 496 498
EP 490 502 504
Chromatographs:
<Naphthalene..........c 62.2 9,10 4.4
Naph.-ace 24.2 82.95 88.14
N 13.6 7.95 7.46

Table XII illustrates the effectiveness of time-cycle con-
trol in producing polycyclic products from a light cycle
oil. By altering the time-cycle, products containing any-
where from 50% to 88% naphthalene-acenaphthene can
be readily produced and of greater significance is the fact
that a given product can be repeatedly produced from the
same feed by utilizing the same time cycle.
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Finally, Table XIII shows a comparison of a poly~
cyclic product produced from light cycle oil in accord-
ance with the present invention as compared with three
commercially available materials which are sold for the
production of naphthalene from polycyclic hydrocarbon
concentrates.

TABLE XTI

Present Commer- Commer- Commer-

Constituents process cial A cial B cial C
<Naphthalens. 0.52 9.1 13.8 3.7
Naphthalene.. 26.9 17.8 13.6
5-methyltatrali e 6.3 7.5 3.0
aph.-ace._.. . 49 49.90 56. 00 74.10
>Acenaphthene 0,92 4.2 5.8 4.3
Unidentified. 5.12 8.6 0.3 1.3

Where the term “more readily adsorbed” components
is used herein, it is meant to refer to the component or
components of a multi-component mixture which the car-
bon will preferentially adsorb from the mixture to the
exclusion of the “less readily adsorbed” components
which will pass through the carbon without being adsorbed
to any great extent. For example, the following order of
adsorptive preference is recognized in the art for carbon,
polycyclics>>, monocyclics>>, linear hydrocarbons, hav-
ing refractive indices of greater than about 1.550, between
about 1.550 and 1.480, and less than 1.480, respectively.

We claim:

1. A method for separatnig hydrocarbon mixtures; com-
prising, contacting said hydrocarbon mixture with acti-
vated carbon to selectively adsorb on said carbon a more
readily adsorbed fraction of said hydrocarbon mixture
and leave unadsorbed a less readily adsorbed fraction of
said hydrocarbon mixture, and removing said selectively
adsorbed hydrocarbon fraction from said carbon by pass-
ing carbon disulfide into said carbon.
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2. A method in accordance with claim 1 wherein the
hydrocarbon mixture contains cyclic and non-cyclic hy-
drocarbons and said cyclic hydrocarbons are selectively
adsorbed.

3. A method in accordance with c¢laim 1 wherein the
hydrocarbon mixture contains polycyclic aromatic hydro-
carbons, monocyclic aromatic hydrocarbons and aliphatic
hydrocarbons and said polycyclic aromatic hydrocarbons
are selectively adsorbed.

4. A method in accordance with claim 3 wherein the
hydrocarbon mixture is a light cycle oil obtained from a
catalytic cracking operation.

5. A method in accordance with claim 1 wherein a
preselected portion of the effluent from the adsorption-
displacement operation is recycled to the adsorption
column.

6. A method in accordance with claim 1 wherein a pre-
determined volume of carbon disulfide is utilized as a
displacing fluid. :

-~ 7. A method in accordance with claim 1 wherein the
adsorption-displacement is carried out utilizing a multi-
phase cyclic operation of a fixed bed of carbon.

8. A method in accordance with claim 7 wherein the
cyclic operation is controlled by observing the refractive
index of at least one predetermined stream and adjust-
ing the operation as needed.

9. A method in accordance with claim 8 wherein the
cyclic operation comprises passing the hydrocarbon mix-
ture through the carbon and discharging an effluent com-
prising raffinate and carbon disulfide; passing a first por-
tion of carbon disulfide through said carbon and collect-
ing an effluent comprising a recycle mixture; passing 2
second portion of carbon disulfide through said carbon
and collecting an effluent comprising adsorbate and car-
bon disulfide; passing a first portion of said recycle mix-
ture through said carbon while continuing to collect an
effluent comprising adsorbate and carbon disulfide, and
passing the remaining portion of said recycle mixture
through said column and collecting an additional portion
of effluent comprising raffinate and carbon disulfide.

10. A method in accordance with claim 9 wherein the
hydrocarbon mixture is passed through the bed of carbon
until the raffinate has a first, predetermined refractive
index.

11. A method in accordance with claim 9 wherein
the first portion of carbon disulfide is passed through
the carbon until the recycle has a second, predetermined
refractive index higher than the first refractive index.

12. A method in accordance with claim 9 wherein
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collection of adsorbate-carbon disulfide mixture is dis-
continued when all of a predetermined volume of carbon
disulfide has been utilized.

13. A method in accordance with claim 9 wherein
collection of the adsorbate-carbon disulfide mixture is
discontinued when said adsorbate reaches a third, pre-
determined refractive index lower than the second re-
fractive index.

14. A method in accordance with claim 9 wherein the
collection of the additional portion of raffinate is discon-
tinued when all of the collected recycle effluent has been
used.

15, A method in accordance with claim 8 wherein the
cyclic operation is controlled by utilizing a predetermined
time of operation for each phase.

16. A method in accordance with claim 15 wherein
the predetermined times are established by observing the
refractive index of at least one predetermined stream,
simultaneously measuring the time of operation for each
phase and selecting the times at which the refractive index
is a predetermined value.

17. A method of separating a mixture of cyclic and
non-cyclic hydrocarbons comprising passing said mixture
into and through activated carbon to adsorb therecon a
mainly cyclic fraction of said mixture having a refractive
index of at least about 1.45 and leaving unadsorbed a
mainly non-cyclic fraction of said mixture having a refrac-
tive index of no greater than about 1.45, and removing
the adsorbed fraction by passing carbon disulfide into and
through the activated carbon.

18. A method in accordance with claim 17 including
recycling a first portion of the adsorbed fraction, said first
portion having a refractive index of no greater than about
1.59.
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