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~ Methods of Separating Mixtures of Organic Liguids by Adsorption

We, Carmrorsta REssauwcs Corrora-
TION, a corporation duly organised under
the laws.of the State of Deleware, Tnited
Btates of America, and beviug offices

5 at 200, Bush Street, San T'rameiscn
4, California, United States of America,
do hereby deolare the invention,
for whick we pray that a palent may be
granted to us, and the method %y which

10 it is 0 be performed, to be particularly
deseribed in and by the following state-
ment : - )

The present inventiom relafes to wm
improved method for separating mixiures

16 of normally liquid crganic compounds by
greferential adsorption on a solid adsor-
ent. More partieularly, the invention
relates to n novel method regeneration of
& portion of solid adsorbent employed in

?0 the process.

Tn ihe simplest embodiment of a procass
for separating mistures of mnormally
liquid organie compounds by prefereatial
adsorption, a two-stage c¢yclic process is

25 cmmployed. In the first stame, 2 liquid feed
1s contactad with a solid adsorbent in om
adsorption zone to separate an adsorbate
and a pereolate, and in the second siage
the adsorbate is removed from the adsor-
bent and the adsorbent is regenerated for
reuse.

The organis miztures which are separ-
ated by this method ure oflen not amen-
able lo separation by more ronventional
35 methods such as distillation. Petroleum

distillates having broad boiling ranges

may be scparateﬁ tu obiuin {ractions con-

sisling predominantly of one type of

organie compound, Mot sxample, kerosene
40 may be separated into an aromatic frac-
tion und a paraffinic fraclion, catalytic-
ally reformed naphtha may he sepurated
inte an aromatic adsorbate and a non-
aromatic percolate, and cracked naphtha
mey be processed lo separate aromulie,
olefinic, and paraffinic fractions. Vurious
nixiures which are not predominanily
hydrocarbon may be separated by selective
adserption; for example, the reaction pro-

30

-

_remove the

ducts of the Fischer-Tropsch synthesis 50
and of the OX0 process which contain
substantial amounts of oxygenated
organic compeands may be separafed into
an, oxygenated compound fracticn and a
hydrocarbon fraction.

Tomplex mixtares such as those above
constituie ihe usmal feeds to adsorption
separation processes employiny silica gel,
alumina gel, silica alumina gel and simi-
tar adsorbents. These feads ordinarily con- 60
tain minor amounts of highly polar com.
pounds, such as organic nifrogen, oxygen
and sulfur compounds, poivelefing and gis—-
sotved water, which ave all preferentially
adsorbed on these adsorbents and which 65
are nol completely removed from the
adsorbent in the main rugenaration Stttlg‘e
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55

of the process. Throngh suceessive cye
of operstion thess polar compounds
accumulate on the adserbent, reducing its 70
capacity to effect the desived separation
of the constituents of ihe fead which are
present In  major proportiems. For
example, the polar compounds contained
in kerosene rapidly exhaust the capacity 75
of the adsorhent to separaie an srematip
adsorbate and o non-aromatic percolaie.
The exhaustion of the adsorbent requires
either frequeni replacement or fregment
severs regeneration freatments adapted to

80
polar compounds from the

adsorbent,
Tt is desirable that these minor prapr-
tions of prefeventially sdsorbed ecom-
pounds he removed from the feed mixture b
prior to ifs passage into the adsorpiion
zone, This may be accomplished by pro-
viding & guard chamber or guard gzone
filled with a mass of solid adsorbent of
selectivity similar fo  the adsorbeut
employed in the adsorption zone, and pass-
ing the feed throngh. the guard zone prior
tn its passage through adsorption zone.
The content of preforentially adsorbed
components in mixtures such as petroleum
distillates is ordinarily.low; for exataple,
in a straight run kerosenc disiillate the
do nof ordinarily exceed 0.29% by weigh
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whilg the arvmalic components which
way be removed by adsorpiion amocunt to
as mueh as 20—3257% by weight. The quan-
tity of adsorbent in the guard sone may
secordingly be much smaller 1har that in
the adsorplion zone and » Inrge quantity
of feed may he put through the guard
zone hefore regeneration is required,

In the case of silica gel the highly polar
compounds preseut in winor proportions
in the feed are prefereatially arﬁnrhed and
the guard zone is packed with an adsor-
beni having a higher seloctivity for these
polar compounds than for any other ecom-
ponent of the feed. Silica gel itself may
be used or other adsorbents showing the
same kind of selectivily as siliea gel, such
as alumina gel or siliea-alumina g‘ei may
be employed. Where n differsut type of
udsorbent sueh as adsorbent earbon is
employed in the adeorption zome ifs
activity deeline, when feeding petroleum
distillutes, is produced by polypuclear
aromatics. The goard zone in this case iz
packed with adsorbent earbon or another
adsorbent which is more seleclive for pols-
nucienr uromatics than for any other
component of the feed.

The removal of preferentially adsorbed
compounds from a sulid adsorbent and the
regeneration of the adsorbent is diffieult
and eonatitutes a proeess step which is sig-
nificant in the overall econ of the
adsorption process. These compunnds can-

& not usually be desvrbed liy healing nlope

because of their instability and high beil-
ing points. They liave been removed in the
ease of gilice and alumins gels by washing
the adsorbent with o highly polar desor-
hent maierial, sueh as methaual ar ace-
tong and the adsorbent has fhen heen
regenerated for reuse by bheating to
remove the desorbent. Such a method of
removal lay several serious inheveut dis-
ndvantages. A system. for  de:erbent
recovery amd purification must be pro-
vided, and adsorbent attrition is high due

" fo adsorplion fructure coused by cenfaet-
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ing the adsvrbent wilh such preferentially
adserbed materials. There is additional
attrition duwe to thermal! frasiure when
the adsorbent is heated to drive ulf the de-
sorbent, and due lo fragmentolion cunsed
by boitling the desorbent from the nores of
the ndsarhent. Further, it is nsnally necas-
sary to provide internal coils within the
mass of adsorbent or speeial gas pre-
heaters in order to supply sulficient beat
to {he nrass to vaporize the desorheni.

Tt iz an abject of this invention to pro-
vide a methad for regenerating the adsor-

bent in_ the guard zone whick no
preferentially  adsorbed desorbent is
required.

It is a further objert ta provide a

methed for regnerating the adsorbent in
the gnurd zone in which adserhent
attrition is substantially below that sus-
tained where regenerulion 15 eliected by
treatment with a preferentially adsorbed 70
desorbent followed by heating to remove
the desorbent.

Aecording lo the invention, there Is pro-
vided an adsorptivn separafion process
comprizing the steps of contacting a nyix-
ture of mnormally liguid organic com-
pounds containing an emounl of less than
a% and normally less (ban 2% of pre
ferentially adzorbed compounds with o
zolid adserbent in a gnard zone o remove 80
sald preferentially adsorbed compounds,
separating the efiluent fromw the guard
zons inlo at least two fractions by contact
with a solid adsorhent in, an adsorption
zone ond regenerafing the adsorbeai in 83
the guard zone by cunincting the adsor-
bent therein with u liyuid comprising ai
leust u part of ane of said fractions,

The invention may be more clearly
illustrated Ly relvrenve io the appended 50
drawings, both of which are diagrammatic
represeniations of appuratus and process
flow patterns suitable for the practice of
the invention. Leferring to IFigiu'e 1,
vessels 1 and 2 ave yuard chambers packed 95
with a colid adsorbent and connectel for
paralle]l flow; vessels 3 and 1 are adsorp-
lin columns paeked with a solid adsor-
aeni and commected for parallel flow, Dis-
tillation columas 4 ard G are empleved to
separate adsorbate-siripping Hguid mix-
tures and percolate-stripping liquid mix-
tures, respeclively. Storage tanks 7, 8 and
4 are for siripping liquid, adserbate and
perealate, respectively,

Operation during a typical eycle in Lhe
separetion of aromativs from eatalytically
reformed naphiha, employing silica gel
as the adsorbent in both the guard ¢ham-
bers and adsorption eolumns und using 130
pentane as the stripping liguid, is as
Folluws 1 — '

The naphtha is passed through lines 10
and 11 into guard ehamber 1 where pre-
ferentially adsorbed polur compounds are 115
removed. The naphiba passes from {he
guard chamber | throngh lines 12, 13 and
Lt inta sdsorption column 3 where the
aromatic components of the naphtha ore
adsorbed. A pon-aromutic percolate fHows 120
from adsorption column 3 throngh lines
15 gnd 16. Pentane resident in eolumn 3
ul the end of the regeneration stage of {he
preceding eycle Hows from column 3 wilh
the non-aromaiic pereoluiv. The percolate-
pentane mixture fows thraugh line 16 to
distillutivn column ¢ where pentane is
removed  as the overhead and {lows
thraugh line 17 into peutane storage tank
v while the percolate 12 rewoved as still 180
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op, stream. The precise number of

hottoms and flows through line 18 to stor-
age tank 9. While the ndsorbent masses 1
and 3 are on stream In the manner des-
cribed masses 2 and 4 are being regener-
ated in the following manner: —
Pentane is pumped from tank 7 by
mamp 19 through lines 20 and 21 into
column 4. The pentane is preferably
heated to about 200°—250° F. by means
not shown, for more eflicient stripping. A
mivture of pentone and the aromatie
adsorbate flows from column 4 through
lines 22 and 23 into distillation column 5§,
Pentanc is removed from. colvmn as over-

o head and passes through linc 2{ 1o
.pentane storage tank 7. The aromatic

adsorbate is removed from column 3 ng the
bottoms pruduct and passes through line
25 und adsorbate cooler 44 in adsorbate
storage tank 8 or through line 45 depend-
ing op the stuge of the eycle. In the stage
now in  illusiration hot adsorbete is
pumped from line 45 through lines 26, 27
and 28 into gmard chamber 2. Adsorbats

- evutaining desorbed polar compounds flows

from guard chamber 2 through lines 29
and 30 fo storage.. If maintenance of an
udequate volume of adsorbule in tonk 8
mulkes it necessary, & purl of the adsarbate
may he returned from lina 30 throngh
cooler 44 tn tank 8.  Operation in this
manner is eontinuwed wntll Lhe capacity
of the adsorbent in columm 3 to separate
aromatics from the feed ia Dearly
exhausted and the adsorbent in colurn 4
has been regenerated. When these condi-
tions have heen reached, the fow of fesd
is diverted from exhausted column 8 io
regenerated columun 4 and the Aow of pen-
tanc is diverted from column 4 o eolumn
3. The [eed continues to he passed through
guurd zome 1 during a number of cycles
in which eolnmns 3 and 4 aze alternafelly
roles
will depend upun the content of highly
poler componnds in the feed und upon the
relative sizes and capacities of the masses
of adsorbent in the eclumns 1 and 2 of
the guard zones and columns 3 and 4 of

50 the adsorption zomes. When the cupucily
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of the adsorhent in guard chamber 1 to
remove highly polur compounds from 1he
feed is exhausted and the adsorbent in
the guard chamber 2 hag been regenerated
the flow of hot adsorbate from [ine 23 is
divertad from chamber 2 to chamber 1 and
the fead flow is diverted from chamber 1
to ehamber 2. Tugl prior to diverting feed
flow izom chamber 1 to chamber 2, the
fow of Lot atill bottoms from Iine 25 4o
column 2 is diseontinned and cold adsorb-
ate from tank 8 iy pogsed through lines
26, 27 nnd 28 into guard chamber 2 ta anol
the udsorbent prier to intraducing feed
into chomber 2, .

When the absorbent in gusrd chamber
2 has been cooled the flow of feed is
diverted from chamber 1 to chamber 2,

‘Binee shamher 2, at the end of {le cooling

period, is filled with cold absorbute, the
first efftuent from chamber 2 whan feeq iz
introduced comsists of suhstantially pure
adsorbate. The first effluent is removed
from chamber & through lines 29 and 30
and sent to adsorbate storage. After the
ineoming feed has displaced the resident
cold adsorbate from chamber 2 the eflluent
from chamber 2 iz diverted from lins 29
to ling 13 throughk which it flows to the
ndsorptior zone. Ordinarily 50 or more
cycles are run in which the feed flow is
alternately chambor 1 to column 8 and
chamber 1 ta column 4. When chamber 1
becomes exhausted, a like number of
cyceles arve run in which the feed flow s
alternately chamlber 2 {y column 3 and
chamber £ to column 4. During the run-
ning of the 28, 2—4 cycles, chamber |
i3 regenerated,

Tnslead of regemerating the adsorbent
1 the guard chambers 1 and 2 by con-
tecting 1t with hot adserbato snd cooling
with cold adscrhate as desoribed above,
any of {he following metbods may Le
employed :—

1. The liquid flowing to distillation
enlumn b consisting of adsorbate and strip-
ping liguid may be withdrown from line
23 via line 84 and pumped through line
85, heat exchanger 36 aud line 97 into
chamber 1 or 2 which is to be regenerated.
As the regeneration is completed and
before the chamber nndergoin, regeaery-
tion is placved on stream, the [iquid Aow-
ing through line 35 to the chamber being
regenerafed iy diverled from  heat
exchanger 36 through by-pass 37. The
Hquid thus reaches the adscrbent cold and
vools the adsorbent before it is again
placed on stream. In some cases the feed
to still & may he sufficiently Lot for
removal of polar compounds; leat
exchanger 36 may then be by-passed for
regensration and be unsed as a cooler 1o
cool the absorbent at the end of {he
ragenerafion cyele.

2. Hot pereolate from line 18 may be
pumped through lincs 46, 38 and 27 into
chamber 1 or chamber 2 to regenerate the
adsorbent, The liguid flowing from (he
chamber undergoing repenergtion fows
to storage via line 30; however, all or
part of it may be relurned te tank 9
through cooler 47, Befora the regencrated
adsorbent 13 placed on stream, it may he
cooled by pumping oold percolate from
tank 9 ilrough limes 88 and 27 into the
chambar being regenerated,

3. The absorbent in chambers 1 umd 2
may be regenerated by withdruwing from
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line 16 a part of the percolate-siripping
liguid mixture flowing via line 16 to dis-
ti?la.tiun column 8, passing the with-
drawn liquid through lines 38, 31, heat
exchanger 41 and lme 27 inte the cham-
Ler 1 or 2 o be regenerated. The efluent
liguid from ike chamber being regener-
ated flows throuch lnes 42 and 16 to dis-
tillatipn column 6. When regenaration is
10 complete, the liguid dowing to the cham-
her being regenerated is diverted from
heat exeﬁang’er 4] througl by-pass 40 so
ns To cool the adsorbent hefore putting it
baek on stream.,
15> 4. The combination of adsorbate still
boiloms for hot regencration and adsorb-
ata still feed for covling muy be preferred
and emplyed in some specific applica-
tions.
2 5, Inkewise, the combination of perco-
{ate still hottoms for hot regeneration and
pereolate still feads for cooling may be
preferred and employed in some specific
cuses.
Of the four sireamus which may be
employed to regenerate the adsurbent in
ihe guard zone, the first two are ordi-
narily preferred, i.e., eithar the adsorhate
or the adsorbate-stripping lignid mix-
30 iure. The prefercoec i3 based on, the faels
that the adsorbaie Is more cffeetive in
desorhing the polar or preferentially
adsorbed eomponnds than is the percolate
and thet a large volume of adsorhate-

35 stripping liquid mixture wsually at ahout
200 F. is available for use in the
regeneration of {he puard zone adsorbent.
However, the percolate or the pereolate-
strippicg liquid mi

ot

b
=t

mixture may be elfce-

40 tively employed for the purpose eapeci-
aily if they are at an elevated temperu-
ture of 200—500° F.

The presence of the desorbed polar com-
pounds or preferentially held materials in

45 either the adserbale or percolate removed
from, the process as a product iz not ordi-
narily objectionable, In some instances
it myy be preferred to have this material
present as an impurily in ome of these

50 producis rather than in the other, and,
in such instances, the liquid in which the
pular compounds are leasi objectionahble
iz used in regencraling the guard zone
adsorbent.

85 The prineiple of the invention as above
deseribed with reference o a pracess in
which iwoe adsorption colummns are alter.
nalely on siream and in regeneration as
illustrated by Figure I may be advan-

80 tageously employed in g eyche adsorption
progess 1o whiel o plurality of fixed
adsorbent beds are employed and sub-
stanlizlly eountcrenrrent contecet of the
adsorbent and feed is atfaimed by

65 systematically regrouping the adsorbent

beds. Sueh a proeess is deseribeqd in ouv
Spevifiation Serial No. 073,58,

The practice of the invention in a
cyolic adsorpiion process employing 2
plwrality of fized edsorbent beds and 70
maving peints of liquid introduction and
withdrawal iz diagrammatically illus-
trated by Tigure 2 of the appended
drawings in which the latters A to ¥ Ineln.
sive reprogent fixed adsorbent beds of 73
subataniially upiform  szize. Each
adsorbent hed will consist of a vessel
packed with particle-form solid adsorbent
meterial sweh as silien gel. Columns A,

B and C are serially connected lo consti- 80
tute au adsorbate enrivhing  zone,
eoluzmns T and F are serially combpected

fo constitute a pereolate reflining zupo,
columns H and I are serially connected

to constitute a stripping zone and celumns 85
T and G ave serially connceted iuv vonsii-
tute a cooling zone. Guard chambers 104,
105 und 106 are likewise vessels packed
with a particleform =olid  adsorbent
which may be the same adsorbent as that 90
in adsorption columns A to I ipelusive
or may be different in respect tn aither
pardicle size or composition.

A liquid feed is passed from feed stor-
uge tank 101 through line 102 and drier 95
103 into seriplly connected guurd cham-
hers 104 and 105 where Lighly palar com-
pourds contained in the feed are ramoved.
The feed is passed from guard chamber
104 through Hre 107 into line 108 where 100
il mingles with ;the effluent {mm (Le
adsorbent enriching zupe und passes
through eolwmns D aud E where the pre-
fercutially adsvrbable component of “the
residual leed is_removed, = The liquid 10F
clluent from column It during the firsl
pact of the eyele illustrated cunsisls essen-
tially of stripping liquid as is explained
below and is passed thromgh Fnes 109,
110 and 111 into the stripping liquid stor- 110
age lunk 112, The eflnent from coiumn E
during the_latt‘er parl of the eycle llus-
trated consistz of a mixture of stripping
liquid and the less-preferentiolly adsvrhb-
able components of the feed,. i.c., the per- 115
eolate. The misture passes {hrough lines
109 and 114 info- percolate surge drum
1153 and then through Tine 116 inlo dis-
fillation eolumn 117. The siripping
liguid in the ilustration is assumed to 120
have.a lower boiling point than the per-
rolate and accordingly is taken from sHll
117 overhead through lines 118 and 111
to the stripping liguid sterage tank 112,
The bottoms from still 117 consist of per- 125
volate, and flow throueh lines 141 and 128
to pereolate storage tank 1%9. Stripping
liguid is pussed from the stripping lignid
storage fonk 112 throngh limes 119 and
120 and drier 121 info column ¥ of the 130
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stripping zone. A heat exchanger ig ordi-
narily provided in line 120 to heat the
slripping lignid {o a temperature of 200-—
o™ F. prlor to its passage into column

b H. The first efflvent from eoluvn I dug-
ing the illustraied cycle eonsists of plrip-
ping liquid and adsorbate removed from
the adsorbent in eolumns H and I and is
pussed through lines 122 and 123 into

10 recycls surge dram 124 through line 125
into colwmuo A of the adsorbate enriching
zone where it enriches the adsorbate hy
describing minor proportions of the less-
preferentially adsurbable components of

15 the feed, i.c., percolate, held on the
adsorbent in columns A to ¢ ivelusive,
The efluent liguid from column C con-
sists predominantly of stripping liquid
and pereolale and fows from column O

20 througlh line 108 into the pervolate refin-
ing zone. During the latler part of the
illustrated cyele the liguid efftuent fram
colmmr I, evnsisting o striplllaing ligunid
and adsorhodie passes through lines 129

25 aud 126 into adsorbute surge drum 127,
The mixture of udsvrbate and stripping
liguid iy passed from surge drum, 127
through line 130 to distillation column
{31 where stripping liguid is luken over-

30 head pnd passes through lines 132 gnd
111 inta the stripping liquid storage tank
112, The bottoms from still 181, consist-
ing of adsorbute, pass through liues 149,
T34 and cooler 151 to adsurbute storage

33 tank 183,  Mowever, in the practice of
this invention the adsorhate may be
pumped while still hot through the guard
chamber being regenernted, aud then sent
ta storage in tank 133.

40 _ Stripping liquid is passed through line
118 and drier 184 info column T of the
covling zome.  The stripping liquid is
appreprintaly cooled to ubout 80° B
bolore introduction into columan F. The

45 effinent from column €, consisting of
siripping liquid, passes througl line 133
fo the stripping liquid storage tank 1132,

Guurd chamber 106 is underpoin
regeneration. As indicated above, any of

50 the four liquids, adsorbate, pereolate,
stlsorbate-stripping liguid or percolate-
stripping lquid may be employed for the
purpese of regenerating the adsorhent in

_ lhe gunard zone,

hb  When adsorbate is employed it is with-
drawn from the botioms stream from still
131 and is passed through lines 149, 132,
137 and 138 iote guard chamber 106. The
efflvent from wuard chamber 106 vonsist-

60 ing of adsorbate and desorbed polar com-
pounds fews through lines 189, 140, 143
and cooler 151 to adsorbate storage tank
133.  When the polar compounds have
been substunlially remaved, a streym of

G5 adsurbaie iz eweulated from stil] 131

-guerd chamber 104,

through exehonger 151 and chuwmber 106
via lnes 147, 132, 137, 188, 139, lau,
and 143, in order to eool the udsorbent,

When percolate iz used to regenerate
the adserbent in guard chamber 106, the 70
hultoms stream is withdrawn from pereg-
late still 117 through line 141 and is
vassed through lines 137 and 138 iniy
guard chamber 106. The efuent from
guard chamber 106 flows through lines 75
139, 140, 142 and eocler 152 ty percolate
storage fank 129, The adsorbent in the
g‘uarg chamber is cooled, after the polar
compounds have been removed, with per-
eolate circulated through exchanger 152. 80

When adsorbate-stripping Lgwid mis.
ture is used to regemeruts tha ndsorbent
in, guard chamber 106, the mixture is
withdrwwn, fom colwmn I and is paesed
through lines 122, 136 and 138 inlo 85
Tha efflnent from
chamber 106 is returned via lipes 139,
140, and 144, to surge drem 127,

When percolate-stripping liquid mix-
ture is used to regemerate the adsorbent 90
I chamber 106, the mixture is with-

awn from column F and s passed
through lines 109, (45 and 138 into eham-
ber 1U6. The effiuent from chambar 106 is
returned via lines 138 and 146 to surge 95
drum 115,

The specific zequirements uf each
application will diciate the advisability
of heating or eooling these sireams bojore
Dagsing them throu%h the guard chamber 100
in vrder to accomplish regencratiom. in
general a smaller” volume of flwid is
required o regeneraty the adsorbeni if
the temperature is lucreased, presuming
of vourse that the flnid is stable af the 165
higher tempergiure. One of the adwvan-
tages of this new method of guard chaw-

er regeneration uecrues from the large
volumes of fluid available, so that muoh
lower temperatures must be atlaine] dur- 110
ing ihe regeneration than would be
ceonomjca] 1f o suhsequent separation of
the fluid and the polar materials were
necessary.

Guard. chamber 106 remains in 115
regeneration withouf ehange in the flow
of lignid through it during a number of
adsorption cycles during which adsorp-
tron columnz: A fo T inclusive are
regrouped as they hecome spent aor 120
togenierated in the zome in which they
vre shown in Figure 2. For example, in
the next succesding cvele colummy B, C
and 1) will he interconneeted to constitute
the adsarbate refining zone, the recyele 195
liguid from recycle surge drum 124 Leing
introduced into columy, B s eolumn B and
freshly regenerated and cooled column 19
will be interconneetad to conslitnte the
percolate refining zone, nolwmns G and 130
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will be interconnected to comstitute the
cooling sone wnd columus I snd A will
be intereomnected to constitufe the strip-
ping zome,

6 After & nuwmber of such adsorption
eycles have heen run, for example fifiy,
the adsorbenf in puard chamber 104
beeomes regenereted and that in guard
chamber 104 becames exhausted. W hen

10 {his occurs regencration of the wdsorbent
in guard chamber 104 is begun 1n the
manner previonsly deseribed for the
regeneration of chamber 106, and the
feed will be passed suceessively through

15 guard chambers 100 and 188, w remove
polar compounds. After anolher vovre-
spondingly large number of adsorption
cyoles guard chamber 105 hecomes
exlhausted aod  guard chomber 104

20 becomes fully regenerated. Guard chum-
ber 183 is then placed in regeneration and
the feed is passed sueeessively throwugh
gua—rd chambezrs 106 and 10} ig remove

ighly polar compounds. Where, [lur

25 example, a guard chamber is In regeuera-
tion during fifty adsorption eyeles, the
adsorbent i3 cooled, if necessary, dwring
il last several cyeles in the munner des-
eribed with referencve lo Figure 1, prior

30 1o being plased on stream. .

A cyelic adsorption, procezs similar o
it llustrated in Figure 2 may be
employed to sepurule three major com-
ponents from a feed, for example, lo

85 seporatc an arnmatic fraction, an olefaie
fraction and a paratfinic fraction from
cracked naphtha., Inm this operation an
aramatic adsorbale is separated and the
percolate is taken in two rats, a paraffin-

40 stripping liquid cut and an olefin-strip-
ping euf, A third distillation column is
ihen reguired. There wre three still feeds,
i,e. adsorbaie-siripping liguid, olefinie-
percolate-stripping: 11irﬂ:u'd aud puraffinic-

45 pereolate-stripping liguid, and three bot-
toms produets, i.e. adsorbate, olefinic per-
colute, und paraiffinic percolnte. Any of
these six liguids may be emploved lu
regenerate the guard chamber adsorbent,

50 the udsorbate and adsorhate-siripping
Liquid mixture usually being preferved.

The process of this invention is espeei-
ally nseful as applied to a cyelic adsorp-
tion process as illustrated in Figure 2, One

56 of the guard chambers is pontivuouslty in
regenerution and where ilbe adsorbate is
used as the regeneration liguid it is laken
directly from the bottom of still 131 at
still bottom femparature and pazsed Into

60 the guard chamber which js In regenera-
tion. The Leat which must be expended
in any event {o separate {he widsorbate
and stripping liguid is thus wfilized in

part in the guard clumber regelleruiivn.

A separate step of heating the adsorbule 65
for use :n guard chamber regeneration
which would be required fn a baich
adsorption separative is aveided. A simi-
wr jprovedare s Jvllewed with a similar
advazinge when the perenlate ix eruployed 70
tn regenerate the guard zoue adsorbent,
Further, in the cyetie provess iliustruted
i Figure 2, Dot sipplag liguid is con-
tinuously passed inte the stripping zone
to remvve  the adsorbate  from  the
sdsorbent and regensrate the adserbent
fur rense. In the eyele of operation illus-
trated in Figare 2, colmnns H and T can-
stitute the stripping zone, in the succeed-
ing cyele columns T and A will constitute 80
% siripping zone; in each eycle fwo
columns will constitute a  strippiog
zone and hot stripping lgmid  wili
constantly be reqnived for the strip-
ping operation. In the cmbodiment of the 83
iuvention shown in Figure 2 1he overlhead
from both of stilly 117 angd 131 consists

of hol stripping liguid wihieh may be
passed dirvectly inte the stripping zone.
The hewt which hus necessurily been ¥
expended in the distillaiions may be fur-
ther used in pussing the hot stripping
liguid overhead directly to the strippiog
fALIEN

. The process of the imvenlion may be 93
Hustrated by the separation of a kerosene
distillute to produce an aromatic adsorb-

ate and » non-nromatic perevlaie suitalle

fur use as a loamp oil, Ao upparatus and
process How similur to that riinstrated by 100
¥igure ¥ muy he empleyed for the sepura-
tiva; however, guard clhumber 104 is
eliniinated and valy two puard chawbers

are employed, vue being vhe sfream vud
the other being in repeneration. The 105
kerosene feed 1s pussed through guurd
chamber 163 into the pervolate refining
sone and guard clamber 1US is in
regeneration. The adsorption eveles are
43 inuies in length and the guard eliam-
bers are alternately oz stream and in
regeneration for d0-hour periods, Guard
chambers 105 and 106 ure each packed
with 10.8 poonds of 28--200 mesh silica
gel und ziliean gel is emploved as the {15
adsorbeut in cefumuns A to T inclusive.
The adsorbent in guard chamber 106 is
veetlerated by pussing hot ndsvrbute from
adserhule still 131 through it for 1 period

of 45 howrs and then pussing enld adsorb- 120
ale through it for a period of 3 hours, The
stripping liguid employed 15 pentoge, The

hot adsorbufe js at 2 temperature of 460~

I, and {he cold adsorbate is at a fem-
pernture of Y ¥. Tle regencration 195
sthedule 15 as follows 1
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893,087 7
Teed Kerosana distillale (b} Flushizg and cooling with
Tate - 1.3 gol. Jadsorption cycle culd adsorbale
Guard chamber l{}g - Temp. - - - 8" PF. 15
On, stream - - - b0 hours Volume - - - 6.5 gala.
5 Feed treated - - 65 gals. Time - - - & hours
emp. - - - 700 P At the eng of 50 hows guard chamber
- (Guard chamber 104 106 is placed on stream and guard cham-
Tn regeneration - 50 heure  ber 105 is regenerated according to the 20
{2} Contacting with adsorbate above schedule.
10 Temp. - - - 4607 k. Tuspections of the feed and adsorbate
Yolume - - - 13 mals. streams are as followa:—
Time - - - 45 hours
Feed Adsorbule
25 APL gravity - - - . 39.9 22.0
Anlline point - - - - 132 45
Boiling runge - - - - 370—500" I,
ol Arcmnstics - - - - 229 959,
' o, Paroffins and uaphthenes - - B7.8 5.0
30 o, Polar compounds - - - 0.2 0.0
The stripping liquid smployed in the  employed and the process of the juvenlion
above cxumple was pentane; as indicated may be advantagesusly employed in any
above the siripping liguid may be any process in which a guard zoma 1s provided
adsorbable Jiguid which is miseible with to profect the adsorbent in the adsorp-

35 the {ved and less strongly adsorbed than tion zome from activity deoling caused by 80
the adsorbule. When petroleum disiillates acewmulation of very strongly adsorbed
ure separated by the process the stripping  compounds on it. The guard zove may be
lguid is usually a paraffinic bydrogurbon and ordrnarily will be packed with the
boiling ut o temperature belew that of same adsorbent as thul employed in the

40 the distillate. However, a stripping liquid adsorption zone. However, different 83
may be employed which has a higher adsorhents mey be used in the two sones
boiling range thun the fecd in which case proyided that both adsorbents exhibit
the stripping liquid is sepurated as the their preatast selectivity for the fsed com-
Dotlems product when a stripping liyuid- poment, present im minor preportions,

15 adsorbate or a stripping ligmid-perculate whioh tends fo acvumulate "on the op
ixturs is separated. o adsorbent in the adsorption zome and

When aither the adsorbate-siripping cause a decliue in its activity.
liquid mixture or the percovlate-stripping What we claim, is;—
liquid wixture (fﬂ‘luen'i; from. the stripping 1. An odsorplion. separation process

50 mone and percolale relining zole respec- COmMpTisiig the steps of cnntacting a mis- 85
tively), is used to regenerate the guard ture of narmally liquid orgame com-
mone addorbent, the mizture is usually prunds containing ax amount of less than
heated to a temperature in the range of 3% and normally less than 2% of pre-
W0—A00® T, prior to its passage into the ferentially adsorbed compounds with a

55 guard zome. This heating Is underfaken solid adsorbent in a guard zone to remove 100
only when, it is found necessary in order said preferentially adsorbed compounds,

" to regain the desired selectivity of guard separsting ilhe eifluent from the guard
 chamber adsorbent with the volume of 2zone iniko at least two fractions by cos-
liguid available. tact with & solid adsurbent in an adsorp-

a0 chhcn either the adsorhate or the per- tion zone and regenerating the adsorbent 105
colute is cmploysd in Tegenerating the in the guard zone by contacting the
guard zone adsorbent, it is ordinarily eadsorbent therein with a ligeid compris-
used at the still bottom femperaturs ing atleast a part of one of said {fractions,
although sither may be furllier heated to 2. A oyclic process wherein mixtures

65 inuressc desorhbing effectiveness or cooled of no‘x‘mully liquid organic compownds 110
if 1here uwre compounds in the system coniaining amounls less than 5% and
which are uwastable at higher fempera- normally less than 2% of preferentially
tures, Subject to this stability limitation adsorbed compounds ave separated by
it. iy prefezred to eonduct the repeneration  contuet with o sclid adsorbent and the

70 at moderately clevated temperatures, adsorbent is regeneraled by contacting it 115
usnzlly in the range of 260—300° I, with a gtripping lquid, said Process com-

Prefarred adsorhents for hoth the guard prising the steps of passing” the liquid
zone and the adsorption zone are normally  mizture throush a mess of solid adserbent
silics gel, aluming gel, and silica-alumina  constituting o puard zone to remove the

75 gel. Other adsorbents, however, may be preferentially adsorbed compounds pre- 120
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sent in the mixture, thence contacting the
liguni¢ mixture with & moss of solid
adszorbent in an adsorption zome to zepar-
ate an adsorbate consisting of the pre-
ferentially adsorbable eomponents of the
residual mixture and o first effluent liguid
consisbing of the less preferegtially
adsnrhable components of the mixfure and
stripping liquid frem a previous eyele of
the process, confacling sleipping liguid
with the muss oF solid adserbent in the
adsorption zone ta remove the adsorhate
from +the adsorbent thus producing a
second clllucat liquid  cousisting ol
adsorbate and stripping lquid and simul-
taneously regenerating the adsorbent for
reuse, and periodically regenerating the
adsorbent in the guard zone by contucting
it with at least a portion of one of ile
efluent liyuids from the adsorpiion zone.

8. A process as rlaimed in claim 2,
wherein the adsorbent in the guard zone is
regenerated by comtacting ii with the
second effluent liquid from the adsorp-
tion zome.

4. A process as claimed in claim
whercin the sceond cHluent liquid frem
the adsorption zone 1z disiilled o sepur-
ate the stripping liquid and the adsnrbate
and the adsorbent is periodically regener-
ated in the guard zone by rontacting said
adsothent therein with adsorbate.

5. A process as claimed in elaim 2,
including qisiiling the first effluent liguid
from the adsorption zone in separate the
stripping liguid and the less preferenti-
ally adsorhable components of the mix-
ture and periodically regenerating the
adsorbent m the guard zone by contacet-
ing it with the Jess preferentially adsorb-
able components of the mizture.

G. A process os claimed i claim 3,
wlerein the Iess preferentially adsorbable
components of the mixiure ave contaeted
with adsorhent in the guward zone whilst
they still contuin n substantial propor-
tion of 1he Leat acguired in the distilla-
tion.

7. A cyolic process for the separation
of normally liguid organic mixtures cou
tain.in{g' amounts less than % and norm-
ally lesa than 2% of preferentially
adsorhed componnds, eomprising the steps
of eontacting the liguid erganie mixture
with & fest ﬁody of adsorbent in a guard
zone to remove said preferentialiy
adsorbed compounds and then with a
second bhody of adsorhent in an adsorp-
tion zone to separate an adsorbate and an
efiluent percolate, subsequently removing
the adsorbale from the adsorption zone
and simultaneously regenerating the
adsorhent therein, periodically regenerat-

2]

Sy

ing the first body of adserbent by conlaci-
ing it witk adsurkute or effluent pereslate
at an elevated lemperature in  the
range of 200—alU" F, to remove adsorbed
polar compounds Lrvau the adsorbent, conl-
ing the fizst budy of adsorbent by contaet-
fug it with a further yuantity of adsorb- 70
ate ar effluent percolate at u lower tem-
perature, oml then contacling lhe first
body of adsorbent with furilier quantities
of the liguid nrganic mixture to effect the
remaoval of said preferentially adsorbed
eompounds therefrom,

8. A process as claimed in claim 7,
whereln the adsorbate is removed from
ihe adzorption zone by contueting it with
stripping liquid and the regemeraiion of
the first body of the udsorbent is efferted
wilh u wixiure of adsorbate and stripping
liguid.

0. A process as claimed in any of eluims
2 to 8, whorcin the second body of
adgorbent is arranged as a plurality of
solid adsorbent masses dispesed in ot leasl
iwn serially interconneeted groups, one
group being cmployed o udsorb adsorbate
from the liqueid organic mixtors, whilst 99
the viber group is being regenerated, sue-
vessive eycles heing initiated by re-
grouping the adsorbent mosses {0 irans-
ter masses from one group to the other.

10. The method as claimed in any pre-
ceding claim [ to 8, wherein the mixture
of liguld erganic componnds is & petro-
lewm distillate.

11, The method as claimed in any pre-
ceding claim 1 to %, wherein the mixture
uf organic compounds is a kerosene dise
tillate.

12, The mellod a3 elaimed in any pre-
ceding claim 1 to 9. wherein the mixture
uf organic compounds is eracked baplitha. 105

13, The method us claimed in any pre-
veding claims 1 to U, wherein the mixture
of organic compound is catalytieally
refurmed naphtha,

14, The method as claimed in any pre- 11)
eeding eleim 1 to 9, wilersin the mixture
of liguid yreganic compournds is a petrys
lenm distillate and the solid udsorbent in
both masses of adsorbent is selected from
the group consistivg of silica gel, alumina 115
gel, aud silica-alumina gel,

1. An adsorption separation prucess
substantially as ™ hercinbefore deseribed
with reference to the wecompanying draw-
ings,

HASELTINE, LAKE & CO.,
28, Seuthampten Buildings,
London, W.C.2, and
18—235, West 44th Street, New York,
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Agents for the J:-l,pplicn nts.

Leamington Spa: Printed for Hor Majesty's
Fuhlished af The Patent Offce,

Stationery Qfice, by the Cotrfer Press.— 1853,

2§, Soutkamptun Buildings, Londen, W.C.3, [rom which
copies may be obtained.
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