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1 HYDROCARBON ALKYLATI ON PROCESS FI ELD OF THE | NVENTION This inventigipog2i-8
relates to the al kylation of hydrocarbons and nore particularly to the

al kyl ati on of butenes and propene with isobutane. BACKGROUND OF THE

| NVENTI ON The production of premumquality notor fuels by al kylation of
allkanes with al kenes has been practiced since the late 1 930s. The fuels
are generally produced by the addi.tion reaction of an i--al kane,
particularly i-butane, with C2 to [err] al kenes. Al kyl ates produced from
[err] and [err] nonool efins and i sobutang are especially valued since these
alikyl ates have good octane values and are clean burning, and the C3 and C4
reactants are readily avail abl e as products of "hydrocarbon catal ytic

crlacki ng processes. However , HYDROCABBONALKYLARION PBOGESSesses, certain
conponents of the [err] and [err] streans, particularly propane and

nor mal - but ane, are renmoved fromthe streans, since they are not suitable
for alkylation. The [err] and [err] feed streans used in al kylation plants
are usually derived from hydrocarbon cracki ng plants. The overhead gas
stream fromthe cracking unit contains an array of |ower hydrocarbons,
ranging from nethane to [err] and 5. This streamis
subjected to a series of distilla teps to renove nost
of the [err] and heavier |iquid hydrocarbons and the C2 and |ighter gaseous

conponents. The renmining streamis conprised )
This invention relates to the alkylation of hydrocarbons and more

particularly to the élkylation of butenes and propene with isobutane.

_ |

| The production of premium quality motor fuels by.alkylation of alkanes
with alkenes has been practiced since the late 1930s. The fuels are generally
produced by the addition reaction of an i-alkane, particularly i-butane, with C, to
C; alkenes. Alkylates produced from C;and C, monoolefins and isobutane are
especially valued since these alkylates have good octane values and are clean
burning, and the C, and C, reactants are readily available as products of
hydrocarbon catalytic cracking processes. However, prior to use in alkylation
processes, certain components of the C, and C, streams, particularly propane and
normal-butane, are removed from the streams, since they are not suitable for

alkylation.

The C; and C, feed streams used in alky_lation.plants are usually derived
from hydrocarbon cracking plants.. ’I:he overhead gas stream from the cracking
unit contains an array of lower hydrocarbons, ranging from methane to C; and
higher hydrocarbons. This stream is subjected to a series of distillation and
absorption steps to remove most of the C; and heavier liquid hydrocarbons and

the C, and lighter gaseous components. The remaining stream is comprised



¥

2 substantlal ly of C3 and C4 hydrocarbons. To separate the conponents of
this stream the streamis generally sent to a depropani zer, which
separates the streaminto a [err] overhead streamand a C4 bottons stream
If it is desired to 'use propene fromthe C3 streamfor the production of
a; kyl ates, the C3 streamis sent to a C3 splitter, where propane and
propene are separated. The propane is se® to fuel or storage, and t he

F o bropane. 1<uBgEaTfialy o Eoind: e HicEdrafboRE. Heceoparare.dti comppndnes ot this
distillation aildui, fie Biidant' 1< BoHERNy NG ARProgdtizdt, WHIGH si5aR AR

stages to effect satisfactory separati on of these conpounds L bot 't o
st ream f r om t tsdragepintpanCg overheadstpedn @dde Cpbmtrmm‘Istaltm @ht irudeme@d to use

Spec, c8) and FPRGTApBRGe 5o SHRSBR 191 BR Pronuainy ARy Ets fbe o Stamid Spat
the paraffin ab 4 G ephtter, Whers prdpansid élld@éhéfa'ré’ﬁeﬁév%‘iéés%e prbplaﬁe is sent
desirable to separate this componént fromthe n-butane contained t he

bot t omrs st r earto foel or starape, andahpiprepene tsretained for use tmﬂwe{:a"@!a‘tmwmess

enc- 1 are craraiing BrRGH fEim plisdeds VU bt B Ry, bAtheSHTpdles

-but ane and tehdistillatioA-colaRfT of pait’ 6f E6IEWRY Révihg @Bdutel sl@turtmarécqheorencal
pttons stream Since n-butane is not desired as a reactant in al kylation

rocesses Wwhi Iséaﬂ?%t%ﬁﬁﬁ%-s@t'%%'épé\és@?%'at'% qf $hpsepemMRAUNGS- r ecover the

Ut ene- 2 species fromthe bottons product. However, as is the case with the
Fopane- propene distillation, separation of these [err] conmpounds by
stillation is verkheliC, fbmtbtns stream froitthe alepnobdrizer2isosbapeisedast normal

I t I t h other. Processes that will reduce the
g\%r :.i|n|g 28;? \{géééﬁgqs‘cggefHg%glaylgmp@npoqgeqsobutane (ti butane), butene-1, butene-2

(cis- and trans- species) and methylpropene or isobutylene (i-butylene). Since i-
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butane is the paraffin of interest for use in most alkylation processes, it is
desirable to separate this component from the n-butane contained in the bottoms
stream. This can be accomplished by subjecting the C, stream to distillation in
a deisobutanizer, from which the i-butane, i-butylene and butene-1 are generally
recovered together as the overhead product, and n-butane and the butene-2
species are recovered from the debutanizer bottoms stream. Since n-butane is
not desired as a reactant in alkylation processes while the butene-2 species are,

it is preferred to recover the butene-2 species from the bottoms product.

However, as is the case with the propane-propene distillation, separation of these
C, compounds by distillation is very difficult, since n-butane and the 2-butenes

have boiling points very close to each other.

Processes that will reduce the overall cost of separating the various lower
alkanes and alkenes and alkylating hydrocarbons are continuously sought. The

present invention provides such a process.
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al kanes and al kenes and al kyl ati ng hydrocarbons are conti nuously sought.
The’present I nvention provides such a process. 3 SUMVARY OF THE

| N\VENTION I n the process of -‘the invention, a hydrocarbon feed stream
conprised substantially of C3 and C4 saturated and ethyl enically

upsat urated hydrocarbons is subjected to a novel series of steps to
separate the hydrocarbons that are desiréd for use in alkylation processes
f}on1those that are of no use in such processes, and the desired

hydr ocar bons are subj ected to aSUMMARYOR THEOINENTIONpart of the

al kyl ation process, n-butane in the gas stream may be isonerized to

| - butane. According to a first enbodi nent of the invention, the hydrocarbon
feed stock is subjEiRsl grocas® otSthe! RveiBa, adnRirBta®BnPfeeesStrelfi BEmphised
adsor bent which nore strongly adsorbs propene and n-butenes than the other
conponent s of substahtielly of €&j@nd E¢seturatadand ethylenicallydrsaturatedhysiroearbons

component s.of 1% FROIPGLRT & Gt BEVERGeter BT SorRRLtP FPRRENG e JOPLelR ST B e
and the n-but gagied Tbﬁuaérlﬁdéiﬁ?mnf pracebses frant Bedkes thdtestecdf o asé @s @udh
separation step which effects the separation of the nonadsorbed [err]

hydr ocar bons prasessee andthe deaised bidecarbensaresvbipried da anralkylatian praeess.
q : | ey ; . :
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conponent s of té¢ kbataig.eam or by '

- According to a first embodiment of the invention, the hydrocarbon feed

stock is subjected to a pressure swing adsorption process using'an adsorbent

which more strongly adsorbs propene and n-butenes than the other components
of the feed stock, thereby producing a nonadsorbed fraction comprised of the
saturated hydrocarbons and the bran_g:hed C, hydrocarbon components of the
feed stock, and an adsorbed fraction, comprising propene and the n-butenes.
The nonadsorbed fraction is then subjected to a second separation step which
effects the separation of the nonadsorbed C, hydrocarbons from the other

components of the nonadsorbed fraction. The second separation may be

effected by distillation, by adsorption using an adsorbent which more strongly
adsorbs C, hydrocarbons than the other corhponents of this stream, or by
membrane separation using a membrane which is impermeable to C,
hydrocarbons but which is permeable to the other components of the
nonadsorbed fraction. The propene- and n-butene-rich fraction is desorbed and
! the desorbed fraction and the C, hydrocarbons are subjected to an alkylation

process, thereby producing high octane gasoline.

According to a second embodiment of the invention, the hydrocarbon feed
stock is first subjected to a separation process which effects the separation of
the C, and C, hydrocarbons. This separation, which is similar to the second
separation of the first embodiment, may be effected by distillation, by adsorption




menbr ane ,separation using a nenbrane which is inperneable to [err]

hydriocar bons but which is permeable to the other conponents of the
nEnadsorbed fraction. The propene- and n-butene-rich fraction is desorbed
apd the desorbed fréaction and the C4 hydrocarbons are subjected to an

al kyl ati on process, thereby producing high octane gasoline. According to a
second enbodi nent of the invention, the Bydrocarbon feed stock is first
subjected to a separation process which effects the separation of the [err]
and [err] hydusingrédsoadsorbent which nrestrongly ellsorbsL piydnocadbarssthemctivecbther

SeCar ot on "l o7 T8 JeBE Reoekr b DR b b afhilin e, 8 nefbrane
hydrocarbons 3éh wﬁnhgénﬁéas@r%ﬁcgwyar&éarbbﬁ%fb%@dmﬁfggq*s, pé}héabmaﬂm{amr

separation using a nmenbrane which I's’i nperneable to hydrocar bons |
whi ch is perneabiponeats bé the feedstockoTdve €; bydrdnarber ¢trearh is then edbjected to

hydrocar bon streamis then s§b'§eqtt ed to a pressure @W %g .gds g‘tion RL G
uﬁi ng an adsoF'_t)%rﬁFsWI?i TWING PES m %P?%?&%‘,r‘%‘%gﬁ"oﬁﬁ%’ R I’(Vﬁirlp p'g'r?é, strongly
t hereby produgiserba ﬂbﬁ@ﬁ@&haﬁrﬁrsP&%,m%wsmdwﬁg @'prapena-enriched adsorbed
propane-enri ched nonadsorbed fraction. A propene-enriched fraction is

. A p A .
desor bed fr onfragsiondand b propane-eniichgd snpnadsorbed tfrastiomd Aheropeng-enriched
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I § i ntroducedhidistafboits leyé alubjéctedatt anyalkglatidavpicessmhérebyeprsduting high

settler, preferably by
i octane gasoline.

In a specific embodiment of the invention, the feed stream is introduced

into an alkylation plant system downstream of the acid settler, preferably by

~ combining this stream with the overhead strearﬁ from the acid settler to the C;-C,
splitter. The C;-C, splitter overhead stream, comprised substantially of propene
and propane, is sent to an adsorption system containing an adsorbent which
preferentially adsorbs propene. The nonadsorbed gas product stream from the
adsorption system, comprised of propane-enriched gas, is sent to LPG storage,
and the adsorbed stream, comprised of propene-enriched fraction is desorbed and
added to the feed td the alkylation plant. The bottoms stream from the C,-C,

splitter, comprised substantially of C, hydrocarbons, is sent to a deisobutanizer

column, wherein it is split into an overhead stream containing i-butane, i-butylene
and 1-butene, an intermediate-boilihg side stream containing n-butane and the 2-
butenes and a bottoms product comprising alkylate. The overhead stream from
the deisobutanizer can be sent directly to the alkylation unit, and the side stream
consisting of n-butane and the 2-butenes is sent to an adsorption system
containing an adsorbent which preferentially adsorbs 2-butenes. The 2-butenes,
! upon desorption, can be used as alkylation reactor feedstock. The nonadsorbed
. product stream from this unit, comprised of n-butane-enriched fraction is sent to .
| product storage or to an isomerization plant to be converted to i-butane for use

in the alkylation plant.




conbining this streamw th the overhead streamfromthe acid settler to the
[err] splitter. The [err] splitter overhead stream conprised substantially
of propene and propane, is sent to an adsorption system containing an
afdsorbent which preferentially adsorbs propene. The nonadsorbed gas product
stream from the adsorption system conprised of propane-enriched gas, is
sent to LPG storage, and the adsorbed st$eam conprised of propene-enriched
fraction is desorbed and added to the feed to the al kylation plant. The
bbtt ons stream froln arHyeferred aspeet péﬁ,aCB@mbpdma%géﬁhﬁtmwmt}orbf n-bytane is
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i nt-er nedi at e- gthe alkydatith ptocessl cont ai ni ng n-butane and the 2- butenes and
a;bottonms product conprising alkylate. The overhead streamfromthe
dei sobut ani zer can be sent directly to the alkylation unit, and the side

stream consi sti ng - | : ] t : ot _
sl/st em cont ai ni ng zﬁe}égg%@é;%{' av\'\ﬁlbylg@rbe:seggérirﬁﬁﬁgﬁi?ﬁ ?Jstm@-ﬁ§§%'&é%ned
2+ but enes, upthe prpenptpropane adsbeptivicseperatioh step bbthe secdnd ehslsatlitnenk may
The nonadsor bed prqduct streamfromthjs unit, .co [

, rised of
n- but ane- enr i PREAMSG QUL &S B PregsreViRGRLRATPEPR, &éﬁo?wssarw a temperature
| someri zation C [ i '
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' O | -butane pcr:élﬁ'{edtgutt ariltea %le#%le?ét'u?en aBove about 50°C. They are generally carried out

at an absolute pressure in the range of about 0.2 to 20 bar, and are preferably

carried out at an absolute pressu_ré of about 1 to b bar.

In a pfeferred embodiment of the invention, the adsorbent used in the

~ n-butenes and propene adsorption step of the first embodiment and the propene-
propane separation step of the second embodiment is a type A zeolite, and in the
most preferred embodiment, it is 4A zeolite. When these separations are by
PSA, the pressure during the regeneration step is reduced, usually to an absolute
pressure in the range of about 100 to about 5000 miillibar, and preferably to an

absolute pressure in the range of about 100 to about 2000 millibar. When they

are carried out by TSA, the bed tempera'ture is usually raised during bed
regeneration to a value in the range of about 100 to about 350° C, and is

preferably raised to a value in the range of about 150 to 300° C.

The C, separation step, i.e. the step in which the C, hydrocarbons are
separated from the C, and lighter hydrocarbons, which, in the description of the
first embodiment, is referred to as the second separation step, is preferably
carried out by distillation or by adsorption. In the most preferred embodiment

this separation is carried out by distillation.



The propene and n-butenes adsorption step of the first enbodi nent and the
r opene- propane adsorptive separation step of the second enbodi nent may be
arried out as a pressure swi ng adsorption (PSA) process or . a tenperature
M ng adsorption (TSA) process. These processes are typically carried out

I a tenperature in the range of about [err] to about [err], and are
referably carried out at a tenperature &bove about [err]. They are
eneral ly carried out at an absolute pressure in the range_ of about 0.2 to
D bar, and are pr¥Yhemthe Cesepatatiop s catriedhoutdanadserplioss itis oreferableuto use

to 5 bar. In Qd| | i 0 in
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propene- propabsolatppressure intthe ringehef aboon2 whbdutrdnbar,Samd tthpcadsorbent
zeolite,- and in the nost preferred enbodinent, it is 4A zeolite. \Wen these

séparations afegengratipn stepohyhichisdnast preferahly carged auiatan absglutespressure
reduced, usua res { ge of about 100 to about
5000 millibar H g‘néd%p ef g*r)ﬁ {:‘?/I{ ?86;?1) %g%lgl %(?%ég'?g@gﬂ're in the range of about
100 to about 2000 millibar. When they are carried out '‘by TSA the bed

tenperature is usuglly raised during bed regeneration to a value in th
range of about 100 NREMHE: CacPORErataR 1S CAMISC Olts| BY r aFSrption. . mieferred
t he range of ) . i js
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hydr ocar bons, which, in the description of the first enbodinment, is

referred to as the second separation step, is preferably carried out by
distillation or by adsorption. | n the nost preferred enbodi ment this

separation is carried out bypeiEt DESURIPTION OF THE DRAWING
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Fig. 1 illustrates, in a block diagram, a first embodiment of the present -

invention;

Fig. 2 illustrates, in a block diagram, a second embodiment of the

invention.

Fig. 3 illustrates, in a block diagram, a specific embodiment of the
invention. _
- Fig. 4 illustrates, in a block diagram, a variation of the embodiment

illustrated in Fig. 3.

o

The process of the invention separates hydrocarbon feed materials that are
most desirable for alkylation from the other light hydrocarbons in the feedstock.
The most desirable alkane for alkylation is i-butane, and the most desirable

alkenes are the butenes, particularly the 2-butenes. The other butenes and




6 Wen the C4 separation is carried out by adsorption, it is preferable to
use a PSA process, the adsorption step of which is nost preferably carried
obt at an absolute pressure in the range of about 2 .to about 5 bar, and the
afdsor bent regenerat|0n step of which is nost preferably carried out at an
apsol ute pressure in the range of about 200 to about 2000 mllibar. Wen
the C4 separation is carried out by adsor’pt i on, the preferred adsorbent is

5A lit deal ted Y lite f these. BRI EF
DESCRY PTI N CPYRENDRVAES Megolin AEch, Byt Rratdte B SVt iawdr priae
embodi ment  of JaB8lMeE §sR@ucthvention; Fig. 2 illustrates, in a block

di agram a second enbodi nent of the invention. Fig. 3 illustrates, in a
bl ock di agram a specific enbodi nrent of the invention. Fig. 4 illustrates,

in-a bl ock diagramea yariati nof'th enbodi il str 3.,
DETAI LED DESCRI PTI SFSadstor KA i ﬁe‘”ﬁ?%@é’%‘?p CauBydrdgphtbng] i.e.
separ at es hydippgdriand prshbetid, @hdad aﬁdaaéar%ﬁs,rr%sh Elﬁ%hé@hk:l%l‘fliﬂutéhkbhafdr@n

fromthe other Iight hydrocar bons in the feedstock. The nost desirabl e
al kane for al k»ylraom)hums\es,mman%ﬁd cisibutepst2 aadfor drars-hutanec2. ar'féretfe@d

butenes, par t el il Ve iR el Wy RSSarbds, 1%, ERardl b i16P eBbhe, which behave like

propane and propene, respectively, in the various separations described herein.
Although the feedstock can be obtained from other sources, it is conve-niehtly
obtained as hydrocarbon cracking product, such as the overhead stream from a
wet gas debutanizer unit, which is usually located downstream of a hydrocarbon
catalytic or thermal cracking unit. In a preferred aspect of the invention, the
feedstock is comprised primarily of C; and C, hydrocarbons, which simplifies the

separatio'ri and results in the production of higher octane alkylated products.

The invention can be better understood from the accompanying drawings.
Auxiliary equipment not necessary for an understanding. of the invention,
including compressors,' heat exchangers and valves, has been omitted from the

drawings to simplify discussion of the invention.

In Figs. 1 and 2, A is an adsorption-based propene-propane separator, B
is a C, separation plan't, optional unit C is a C, isomerization plant, and D is an

alkylation plant.

| The function of separator A is to separate the linear alkenes, i.e. propene
and normal butenes (and ethehe, if present) from the other components of the
feedstock. It is typically a pressure swing adsorption or temperature swing
adsorption system, generally comprising two or more stationary beds arranged
in parallel and adapted to be operated in a cyclic process comprising adsorption
and desorption. In such systems the beds are cycled out of phase to assure a

pseudo-continuous flow of alkene-enriched gas from the adsorption system.



7 propene are also useful in alkylation, but produce a sonewhat | ower

t ane gasol i ne product. The feedstock used in the invention conprises C3
hEdrocarbons i, e. propane and propene, and C4 hydrocarbons, i.e. n-butane

apd/ or i-butane and one or nore butenes, i.e. butene-1, cis-butene-2 and/or
tfans-butene-2. The feed may al so contain C2 hydrocarbons, I .e. ethane

apd/ or €thene, which behave |ike propane8and pr opene, respectively in the
vari ous separation

descyi bed herein, Although t e feedstock c
obt ai ned from ot heﬁ- gi}ﬁc{segfeswar,agorclérﬁ;gmagkg £8i rgent,w g‘l“iﬂ:ﬁ?'ﬁﬁﬁ"e"/
ki d
onie < ohy POl d8borbsEiRefigs RomCH e RibT %?’“*5 hﬁ‘@r L%ﬂ%%awy‘g'@t @b fhore
t her mal cr ackaﬂgmasu 1In gbne-l,ptrm‘wsoeﬂempeszbeca‘lumma |sﬂmrgelom|cmberous silica,
f eedstock is co |sed of C3 and .gd ons‘h wg
sinplifies th&eQEEs,SAD 9R malpcular s, RTE.EY o%'gqs&q fiu ﬁa’uonaaﬁawa
al kyl at ed progaptc%ermﬁmdxewaF b%eﬁaﬂe&ﬁe?%ﬁra&wrﬁ%‘Pﬂf&yfpé%émite, typeY -

acconpanyi ng draw ngs. Auxiliary equi pnent not necessary for an
under st andi ngzedlitehe etnvel’rmeopreﬁemelduddsgbeotqoaeesﬁvpe Ahzenlitesc aadgthes mest

val ves, has bee om,tt t ngs to sinplify discussion of the
I nvent i on. -1 nPH Sgedlaisﬁ)&{) {ﬂﬁ Eé‘ ﬁ%sor pti on-based propene-propane
separator, Bis a C4 separatlon plant, optional unit Cis a C4

i sonerization plant, and Dis an alk | ation pl ant. The function of
separator Ais to Zeplieadd, diee tharﬁmﬁ/uralfnanecﬁ tyipeeA zeolitmrikasan apperent pore

Pt s o, BB gpbly P B5FE4 & DA I SAPRRARG.on Shribienre. (T,
adsorbent provides enhanced selectivity and capacity in adsorbing ethene from
ethene-ethane mixtures and propene from propene-propane mixtures at elevated
temperatures. This.adsorbent is most effective for use in the invention when it
is substantially unmodified, i.e. when it has only sodium ions as its exchangeable
cations. Howév‘er, certain properties of the adsorbent, such as transport
behavior of the adsorbed species and catalytic, thermal and hydrothermal
stability, may be improved by partly exchanging some of the sodium ions with
other cations. Accordingly, it is within the scope of the preferred embodiment
of the invention to use a type zeolite 4A in which some of the sodium ions
contained in the adsorbent are replaced with other metal ions, provided that the
percentage of jons exchanged is not so great fhat the adsorbent loses its 4A
character. Among the properties that characterize 4A zeolite are its ability to
selectively adsorb ethene from ethene-ethane mixtures and. propene from
propene-propane gas mixtures at elevated temperatures, and to a'ccomplish this

result without causing significant oligomerization or polymerization of the alkenes

present in the mixtures. In general, it has been determined that up to about 25
percent (on an equivalent basis) of the sodium ions in 4A zeolite can be replaced
by ion exchange with other cations without divesting the adsorbent of its 4A
character. Cations that may be ion exchanged with the 4A zeolite used in the
alkene-alkane separation include, among others, calcium, magnesium, strontium,

‘zinc, cobalt, silver, copper, manganese, cadmium, etc. When exchanging other



adsorption system generally conprising two or nore stationary beds
arranged in parallel and adapted to be operated in a cyclic process

conpri sing adsorption and desorption. In such systens the beds are cycled
out of phase to assure a pseudo-continuous flow of al kene-enriched gas from
t he adsorption system 8 The beds of separator A are packed with an
adsorbent which selectively adsorbs al keffes froma gas m xture containing

t he al kenes and one or nore al kanes. In general, the adsorbent may be

al um na, sili eatigas fonisedbisorions itis preferredothatdess thamabouwb |16 perrenti afvthe,

i oves. zeol | PO TN (A B K PalHEt Baser e sEBieFEY with 508 SBsf Retishe,
The preferred adsorbents are type A zeolites, and the nost preferred

adsorbent is 4A zeolite. Zeolite 4A, i.e. the sodiumformof type A .
zeolite, has an apfwiosher glass ef peefsrreghadsorbents: ares thogenwhicheantain sprtain

capaci ty i n ansehEt Widtal CBYBRG, BICH BR coBPRYKERHTRY eIt Bitish bbstke
pf opene- pr opagahahedd adsoritivd e%pbe%;a;fﬂl)%!%bﬂv -wﬁhlr%s{sdépwemé preféreptial

effective for ase in the jnvention It is substantially unpodified,

i .e. when it REEOMERION AlRlkenes Hiom gasequs alkeneniltiensiraduresen Suitabisrdsorbent
adsor hed specriootate fof rdliiectila oatba oA TR ba L biha Ao vipe

i mproved by peuptousdenbainglude sitica gel, dritbzendide molecular sielvbs osinstt as aédlite A,
Accordingly, izanI%'cSe Q%‘,t zheioqné Qspg.%%%o l'Ie %y?:% pgg{i?\/rlh?t%p%nz%% sitggj rlstuch as silicalite.
‘The manufacture and use of copper-modified adsorbents and examples of suitable
copper-containing adsorbents aré set forth in U.S. Patent No. 4,917,711, the

disclosure of which is incorporated herein by reference.

Separator A is provided with feed line 2, nonadsorbed gas discharge line
4, and desorbed gas discharge line 6. Line 4 connects the nonadsorbed gas

outlet of separator A to the inlet of C, separator B.

The purposé of separator B in the system of Fig. 1 is to effect the
separation of the C, hydrocarbons from the remainder of the gas stream.
Separator B can be a distillation unit, an adsorption system, or a semipermeable
membrane separator. Separétor B is preferably a distillation column or an
adso'rption system. Distillatibn columns are the most preferred because of the
ease of separating the components of this stream by this technique. Since the
-compone'nts of the separator B feed étream other than the C, hydrocarbons are
propane and perhaps ethane, the C4 components can be easily separated from
these components by distillation. In a distillation operation, the C, co.r'nponents
are recovered as a bottoms product stream, and the lighter gases are removed

as an overhead stream.




of the invention to use a type zeolite 4A in which sonme of the sodiumions
contained in the adsorbent are replaced with other netal ions, provided
that the percentage of ions exchanged is not so great that the adsorbent

| oses its 4A character. Among the properties that characterize 4A zeolite
are its ability to selectively adsorb ethene from et hene-ethane m xtures
Ld propene from propene-propane gas m x2@res at el evated tenperatures, and
to acconpli.sh this result wi thout causing significant oligonerization or

pol yneri zati on of Seémaratdrcd eanmlss betari adsdrptionsysters. Inthiserasedhe ddsonaears

been determn t hat to abou rcent (on_an ui val ept bagi s f e
Sodt um 1 ons. 161 16 Bustemesie: pagked WRBLERS s Mns csbtheritauthas Baseb the €,
cations wit h%rﬁb&%“ﬁeﬁw‘&hﬁgsm liﬁétpfﬁcés&ssﬁéarﬁhaéaﬂ%‘b@farlm&éﬁe t hsdre
nmay be ion exchanged with the 4A zeolite used in t he al kene- al kane

separ ati on i rsttangly tham propareand ethedns. Lﬁwtatdgndsomwtsmcdme mqlecmlarcgreves,

cobalt, silver cadm u Waen excha t.her,
cations for ﬁf&“’@%&?&ﬁgb‘?qs'g%& 53?@ sﬂ?ﬁ eé§’s"¥"?‘f8ﬁ°€%ﬁr %6’3?'88%"%?
the sodi um i agij.gepn p?éb@syélsvalaeﬁbab@fl glurfinakepbasced Mdrbceraahsrgdéer include”
cations. Another class of preferred adsor bent's’ are t hose_whi ch_cont ai n

certain oxi dialumirophasphates. siicoalurainophosphates. @ned aﬁﬁllw@ adbywigahesolites

the' pr o or enanEleRHET s 880, Kok BRRRpbAAL SUBEOARIY eibrille; o BEREE eths
Sui t abl e adsairideynthieltict fevlitss,f suchras type Aizédlges, omperx avdi Y izeodliteds anbddVIFs

carrying, in particular, cuprous |ons I nclude silica gel, and zealite
mol ecul ar si dyes zeslitas, gcgé@ siligalite, Preferred adsorbents ifclude silica gel, activated

carbon, activated alumina, zeolite molecular sieves and mixtures of these.
Although these adsorbents also adsorb propane and lower a!kanee, they adsorb
! C, hydrocarbons more strongly; hence the C, hydrocarbons will displace lower
hydrocarbons that are retained in the adsorbent. Adsorption is preferred over
membrane - separation because of the lower capital investment and energy

requirements of this procedure.

Separator B can also be a membrane separator. Since the C, hydrocarbons
are considerably larger in molecular size than propane and the lower
hydrocarbons, membranes are available that will retain the C, hydrocarbons and

permit the other components of the stream to pass through.

Separator B is provided with C, hydrocarbon discharge line 8 and propane

and lighter gas discharge line 10.

Optional isomerization plant C can be any unit or system that effects the
isomerization of n-butane to i-butane. This plant generally comprises a reactor
that is charged with a catalyst, such as aluminum chloride. The plant is normally
operated at a temperature in the range of about 90 to about 125°C and
pressures in the range of about 10 to about 25 bar, absolute. The lower

hydrocarbons do not undergo isomerization; hence there is no need to separate



zeolite 5A, zeolite type X .zeolite type Y and MFI-type zeolites, such as
silicalite. The manufacture and use of copper-nodified adsorbents and
exanpl es of suitabl e copper-containing adsorbents are set forth in U S.
Patent No. 4,917,711, the disclosure of which is incorporated herein by
reference. Separator Ais provided with feed |line 2, nonadsorbed gas

di scharge line 4, and desorbed gas di schitge line 6. Line 4 connects the

nonadsor bed ggﬁ out | et of seﬁarator Ato the inlet of [err] arator B.

The purpose ofeRCoMPEReRty from thepbutane Prier tp ispmarizagiopt f LEutenapresent in
separation of tﬁé‘%o%rtﬁé@f&fﬁléh?fb%cf hﬂmgﬁr%ﬁggm&éﬁ% B?—%u@ﬂénééﬁms will

atlo) t
Separator B can be a distillation uni rption system’ or

seni per neabl e notatverselyaffactithe ocBmeavalue of Ehe Jallwlaibdrprbuyc'a allid?hiaw?tmary
Ol d tjon. t i sti.llati,on colums are ., the nost preferre
Dbcause of tniMBRYE kY Suids AlVintEsr boduhil dRemy Lbutanenpad dikase ihversiahtl
techni que. Si Righet RRLERENANRY tha tHdi8 (BBEEEY Ffork ifbt%ﬁgn%?hﬁaﬂbﬂrt , than
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the C4 hydrocarbons are propane and perhaps ethane, _ conmponent's can
be easily separated fromthese conponents by distillation. In a

distillation operaflen, 4t rr]l ¢ nent re recqvered as bot t ons

pr oduct streamp anh{. f@e’rﬂﬁﬁ%@?ﬁéﬁgﬁ?gf’zﬁ\?&iﬂ g8 & 58935358'25 with thefeed
10 Separator Riersf Ropsertih BRRETNt Valve Y2t htrdls fidW h M@B‘?‘d@iﬁé@{ss
of the system are packed with one or nore adsorbents that adsorb the |[err

hydrocar bons PBReoRNRgtechta Ruppsoling 14swhictnbyprasesdsomerigationplann €. Live d4
is fitted ‘with valve 16, which controls flow therethrough. On its outlet end

o

~ isomerization plant C is provided with isomerized product discharge line 18,
which is joined to the inlet of alkylation plant D. In the embodiment illustrated
in Fig. 1, lines 6 and 14 join line 16 upstream of the feed inlet of alkylation plant
D. Onits ouﬂet end, alkylation plant D is provided with alkylate discharge line
20.

In practicing the process of the invention in the system illustrated in Fig.
1, a hydrocarbon feed stream containing C, and C, hydrocarbons, and perhaps
methane and C, hydrocarbons, is introduced into separator A and subjected to
adsorption. The temperature at which the adsorption step is carried out depends:
upon a number of factors, such as the particular adsorbent being used, e.g.
unmodified 4A zeolite, a particular metal-exchanged 4A zeolite or another
adsorbent which selectively adsorbs alkenes from alkene-alkane mixtures, and the

pressure at which the adsorption is carried out. In general, the édsorption step

is carried out at a minimum temperature of about 0°C, is preferably carried out
at a minimum temperature of about 50° C, and is most preferably carried out at
a temperature of at least about 70° C. The upper temperature limit at which the
adsorption step in.unit A is carried out is determined mostly by economics. In
general, the adsorption step is desirably carried out at a temperature below the
. temperature at which the alkene undergoes chemical reaction, such as

oligomerization and polymerization. The practical upper adsorption temperature



strongly than propane and ethane. Suitable adsorbents include nolecul ar
eves, activated carbons, activated clays, silica gels, mcroporous silica
bt ai ned from sol - gel processes, activated alum nas, etc. .Ml ecular

eves include al um'nophosphat es, silicoal um nophosphates, and zeolites.
ypical zeolites include natural zeolites, such as chabazite,

inoptilolite, erionite, nordenite, etcl2 and synthetic zeolites, such as
yjpe A zeolites, type X and Y zeolites, and NFI- type zeolites, such a

licalite. pﬂlm'érsr%!apt&d%%%gnt\é/hpn&mr@red@w %Zwte l%eswaﬁébe@&ssmpnt the
activated alu rB@e e'nte?alyéé‘r?uh%fut%&gvﬁélo%‘éo UGha |g§ré#é d&ﬁw)ﬁ%irerr

t hese adsor bents so adsor ower a ané
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nbl ecul ar si z€ @ndn2pO8pEne Axisdrptien Ipooesssis disingitheses adsorberds careapreferably

| abl e t hat | t b th
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line 10. Optional i1sonerization plant C cah be any unit or systemt hat
effects the isonerization of n-butane to | -butane. This plant generally
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bar, absolute. The | ower hydr ocar bons do not undergo isonerizati.on; hence
t her e i s no ndsessuse s¥ipgadsorption cycles, and is usually about atmosphenc or above for
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temperature swing adsorption cycles.

When the adsorption process is straight PSA the regeneration step is
generally carried out a temperature in the neighborhood. of the temperature at
which the adsorption step is carried out and at an absolute pressure lower than

the adsorption pressure. The pressure during the regeneration step of PSA cycles

o is usually in the range of about 20 to about 5000 millibar, and preferably in the
range of about 100 to about 2000 millibar. When the adsorption process is TSA,

bed regeneration is carried out at a temperature higher than the adsorption -'
temperature, usually in the range of about 100 to about 350° C, and preferably
in the range of about 150 to 300° C. In the straight TSA embodiment, the

pressure is generally the same during the adsorption and regeneration steps, and
it is often preferred to conduct both steps at about atmospheric pressure or
above. When a combination of PSA and TSA is used the temperature and
pressure during the bed regeneration step are higher and lower, respectively, than

.they are during the adsorption step.

During the adsorption step of the process, the linear alkenes, i.e. ethene,

propene, and the n-butenes, are adsorbed from the feed gas by the adsorbent,



t hese conponents fromthe n-butane prior to isomerization. 1-Butene present
in the isomerization plant feed may undergo isonerization to i-butylene,

but this will not adversely affect the octane value of the al kyl at ed
product, and may acfually inprove it, since al kylates produced from

| + butane and i-butene have slightly higher octane val ues than those

produced fromi -but ane and 1 -butene. InlBig. 1, line 8 connects the [err]
di scharge end of rat or with the feed inlet of isonerization plant C
Val ve 12 cont PGF’ @65 dhranched-gh amﬂ'@e@% be&rQBaBS%M%Fd'@%?%s@d
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16, mhlch control theret roug 1ts outlet en I soneri zatl on ant
C'is provided with |soner|zed product discharge line 18, which is joined to

thelnlet of aIkI an ) n.t he enbodi nent | ust ratdlnFl
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dn scharge line I'n practicing the proces e Invention In the system

illustrated i moihtgn the vaskei(s)ptize bdsorptied mocmnnabeseavassaj(q_) & tgrminatedeand|
hydr ocar bons,

ydr d d
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adsor ption st ¢Paded %&éélﬁdal‘éuﬁeﬂ%‘éﬂﬂied'pﬁnt% '&Hﬁ&?ﬁldﬁf c%‘l‘et ] 5bre§éifr3 $\Wing
the particul ar adsor bent elgg used .g. unnodi fied 4A zeolite, a

particul ar needsopticmegdeat .zxémenwamtsrmvwag asisotntinmeyoleiislemployed. As

2 whi ch the SRPORTURTPE RIGPPRLS SRR Pnfléﬂﬁdepa?w?f%hﬁ%q E'?’e FeBpmiora
- through line 6.

The method of regeneration of the adsorption'beds depends upon the type
of adsorption process employed. In the case of pressure swing adsorption, the
regeneration phase generally includes a countercurrent depressurization step
during which the beds are vented countercurrently until they attain the desired
lower pressure. If desired, the pressure in the beds may be reduced to
subatmospheric pressure by means of a vacuum inducing device, such as a

vacuum pump {not shown).

In some cases, in addition to the countercurrent depréssurization step(s),
it may be desirable to countercurrently purge the bed with the nonadsorbed

product gas stream exiting separator A. In this case the bed(s) may be

countercurrently purged with nonadsorbed gas, and the purge step is usually
initiated towards the enci of the countercurrent depr'essurization step, or
subsequent thereto. During the purge step, the purge gas can be introduced into
separator A via line 4 from an intermediate storage facility in line 4 (not shown),
when separator A comprises a single adsorber; or from another adsorber that is
in the adsorption phase, when separator A comprises multiple adsorbers arranged

in parallel and operated out of phase. In a preferred method of operation, all or



Is carried out at a mninumtenperature of about [err], is preferably
carried out at a mninumtenperature of about [err], and is nost preferably
arried out at a tenperature of at |east about [err]. The upper tenperature
[imt at which the adsorption step in unit Ais carried out is determ ned

stly by economcs. In general, the adsorption step is desirably carried
ut at a tenperature bel ow the tenperatu at which the al kene under goes
cheni cal reaction, such as oligonerization and pol ynerization. The

racti cal upperpodioor pf ithe gurgpegas end purgéd stredrh is yespoled tethe fedhamd of
unnodi fied 4A 260|iteﬁkf used as the adsorbent, the process is generally

carried out atSeBaratel depPocessid-s preferably carried out at a

tienperature at or below [err]. Oxidizabl e netal -containing adsorbents, such -
:Js copper-nodi fi ed adsorbents, are particularly effective at tenperatures
bove about [err], Theddsasptioncyeleampy containisteps other thanvtherfuatiementalrst¢ps

nd [err]. Ads?r I on .processes using these adsorl?ents are preferabl
arried out af t%ﬁﬁ%l’ﬂgﬂr%@_ iTP9eREratiaNge H9r gkBmPla1l MRy éfer]a,dvéﬁﬁf’aﬁ%?é‘ﬁ to
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pressures at which the adsorption step 1s carried out generally ranges from
apout 0.2 to groductdeibamusedrto partialy phessurize @nathertbed irothieDadsorption system.
p
f
S
i

ressure sw ng.adsqrption cyeles,. and is, usually about mospheri c .qor aboye
o tenper at urbiS Wih§UhEn Fefifcs, the ot i pspRuS Tnpbrites dianyistEddo he 4.
strai ght PSA tfipayistes dbsipableit8iindlGds atdcalreNt pafdd S@pBtwiedreiReaidiorptfon
n the nei ghborhood of the tenperature at
phase and the regeneration phase. The cocurrent purge is effected by
terminating the flow of feed gas into separator A and passing highly purified
alkene cocurrently into the adsorption bed at adsorption pressure. This has the
effect of forcing nonadsorbed gas contained in-the void spaces in separator A
toward the nonadsorbed gas outlet, thereby ensuring that the alkene produced
during the countercurrent depressurization will be of high purity. The alkene used
for the cocurrent purge can be obtained from an intermediate storage facility in
line 6 {not shown), when separator A comprises a single adsorber; or from
another adsorber that is in the adsorption phase, when separator A comprises

multiple adsorbers arranged in parallel and operated out of phase.

The nonadsorbed gas stream exiting adsorption piant A through line 4 next
enters separator B, wherein the C, components are separated from the C; and
lighter components of this stream. This separation is preferably accomplished by
distillation. The conditions of suitable distillation procedures are well known and
require no detailed explanation. The C; and lighter components boil at
considerably lower temperatures than the C, components and thus can be easily
separated from the more desirable C, components. The C; and lighter
components are removed from separator B through line 10, and the C.

components are discharged from this unit through line 8.




whi ch the adsorption step is carried out and at an absol ute pressure | ower
than the adsorption pressure. The pressure during the regeneration step of
PSA cycles is usually in the range of about 20 to about 5000 m |l libar, and
preferably in the range of about 100 to about 2000 mllibar. When the
adsorption process is TSA, bed regeneration is carried out at a tenperature
hi gher than the adsorption tenperature, b8ually in the range of about 100
to about [err], and preferably in the range of about 150 to [err]. In the

strai ght TSA enbodieie C,l Srepive from Geparfton B ebhiaihd sighificadit iquaaitities of n-
adsorption and regeneratlon steps, and it is often &heferred t o conduct

both steps at bA#iR, imaydskieferrad 4o sublect this stream tmiseraedzatinmia cenvest the
PSA and TSA i g _pisade!1ds- ﬁﬁaﬂ‘ére\h}‘{ His 288 %R,%SJH %Bﬁ‘épga%nd valye 16 in
er owe ng

regeneration step are hi r, respec e y, are dari

t he adsor pti olinet 4. |sEl:Ibsa@, ahd ﬁtéssepanawr 8 efflugintt &oteps Qsemenzaﬂenlnlaﬁﬁlc
al kenes, i.e. ethe 3 éogene and t he n-but enes, are adsorbed fromthe
feed gas by + REroseldinsbic And Und3rangs ARCAPRARR BY MBI KPANGHBEAGRER USIng any

al kenes, i.e. o%QHBﬂE:sd?néﬁEﬁlbiucﬂa@éﬁﬁ’%cﬁ?&%wmﬁﬂt(ﬁ{ﬁaﬁs?héEH%'élhzetcf@

adsorbent and | eave separ at or enes adsorptl
front traveli streah, auph emmhedsmel-t(lﬂhneﬂeaquaumt €rvia lime ABi.ch t he
adsorptlon step is being carried out reaches the desired point in the
vessel (s), the adsorption process.in these vessel(s) is term nated and

these vessel s ent elf {eCl, UM ﬁdrﬁrse?seﬂaor BUisi diinp RS UBLLRRIalll 6 ibltaRns;
| paded vessels are depressurl zed he adsorption cycle is preSsure sw ng

i it is preferred to have this stream bypass isomerization unit C and go directly to
' alkylation plant D. In this case, valve 16 is opened and valve 12 is closed, and
the C, stream from separator B passes to alkylation plant D throu.gh iine 14. In
the embodiment illustrated in Fig. 1, the streams in lines 6 and 14 join and
together enter alkylation plant D. Depending upon theparticular alkylation
process used in the process of the invention, these streams may enter the

alkylation plant together or they may enter it separately.

The alkylation step is not critical and any of the various known processes
may be used. The most common processes use sulfuric acid or hydrofluoric acid
as the catalyst. The conditions under which the alkylation process is carried out
forms no part of the present invention. The product stream leaving alkylation

| _ plant D through line 20 contains the high octane alkylate product, various
I unconsumed reactants, and certain byproducts, such as propane. This mixture
: . is usually sent to a separator, or series of separators for separation of the high
octane alkylate product from the alkylation reactants and nonreactive
components stream. The alkylate is usually sent to storage or gasoline biending,
and the rrﬁxed reactant and nonreactive component stream is recycled to a

separator, for example separator A or separator B, for reprocessing.

The system illustrated in Fig. 2 is similar to that of Fig. 1, ekcept that the

positions of units A and B are reversed, and the system includes as additional



adsorption, .or heated, if a tenperature swi ng adsorption cycle is enpl oyed.
As the regeneration proceeds, al kene-enriched gas is discharged from
separator A through Iine 6. The nethod of regeneration of the adsorption
beds depends upon the type of adsorption process enployed. In the case of
pressure swi ng adsorption, the regeneration phase generally includes a
countercurrent depressurization step durygg which the beds are vented

countercurrently until they attain the desired lower pressure. | f desired,
t he pressure unit} Sepdratsr Eriln the prodess of tive Figh 2temBbpdipnést, Iiheftﬁ/dr@cé?bomf@édi
of a vacuuminducing device, such as a vacuum punp (not shown I n sone

cases, in addFiream eatarsseparaios B through km)ﬂé’@semd Is separatedstherein; intona, C,
be desirabl e E?reﬁﬂ-l”\kﬁf&”féa%&'tl‘nlﬁo%ﬁethw& F\méﬁ éha é‘%‘aﬁ‘ﬁ&ﬁﬁﬂ@erpéﬁgélrﬁt

gas stream exitrng se

count er cur r eniahicl waged sephtatoe Batissudieliheg &94 ane m;mwb ligbﬁerssttﬁqam aensuaﬂeks/
initiated towards the end of the couRt ercyrrent depressurizati,o

subsequent t hEPRRGIORANA S1ePaprIegdheteln INtoRPIARENE SfERAMANIIE .w%bgfc@at |
i nto separ at OgpBubhiine! 168 %ardd Q?r@ﬂaﬁééﬁflgﬁgd Sfr@aﬁ‘\t WK ﬁ dits ur#lf A thiod lﬂgrrmél

(not shown), when-separ at or nprises a single adsor er rom ano
adsor ber that 1i19© amd ishsem:ltmLﬁﬁl onispitheewisshdispeserhodt or A corrprl ses

mul ti pl e adsorbers arranged in.parallel and operated out of phase. In a
preferred nmethod of operation, all or 14 a portion of the purge gas and

purged streamis reRy@ Sdrddieitidg6paratord can be subjected to isomerization in unit
C,if thié stream contains significant quantities of n-butane; or it can be sent
-directly to alkylation plant D, if it is comprised substantially of i-butane. _ If this
stream is to be subjected to isomerization, valve 114 in line 11.2 is open and
valve 118 in line 116 is closed, and if it is to be directly alkylated, valve 114 is

closed and valve 118 is open.

The streams in lines 108 and 116 enter alkylation plant D together or
separately, as discussed above, and the alkylated product stream leaves plant D
through line 1 22; Subsequent to acid recovery, this stream next enters separator
E, which can be any separation means, such as a debut'anizer or an adsorption
system. The product stream entering separator E is separated into a high octane
alkylate product, which leaves separator E through line 124, and a mixed stream
containing unconsumed alkene and alkane reactants, and byproducts, including
propane. The mixed stream leaves separator E through line 126, and, in the
embodiment illustrated in Fig. 2, it is recycled to separator B via line 102 for

reprocessing through the system.

The embodiment illustrated in Fig. 3 is a variation of the embodiments
illustrated in Figs. 1 and 2. The Fig. 3 system comprises, in addition to separator
A, a C;-C, splitter, F, and a deisobutanizer, G. The embodiment of Fig. 3 is
illustrated as beginning with alkylat_ién plant D, although it may be preceded by



separator- A for reprocessing. The adsorption cycle may contain steps other
t han t he fundanental steps of adsorption and regeneration. For exanple, it
may be advant ageous to depressurize the adsorption bed in nmultiple steps,
with the first depressurization product being used to partially pressurize
anot her bed in the adsorption system This will further reduce the anount
of gaseous inpurities transferred to |ink74. It may al so be desirable to

i nclude a cocurrent purge step between the adsorption phase and the

r ?gener ati on pthereunitsthdheddiutenatandwalkene alkyldtion redctantsenten plantdD ttheough
fl
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effect of foreghne nﬁaé:%iswetﬁa%ﬁeWfo%%gctdhté hindv el lgétiag-ﬁa@ gﬁ&e?eﬂﬁéw

A toward the nonadsor bed gas outlet, thereby ensuring t ene
produced duri sgpatatelypthe cparticutantfedd mobese idependingwon [theeparticularhalikytation

The al kene used for .t he cocyrrent -purge,ca e obt ai.ned, from an

ntermodi at o BTG HTEE ERRIDVER: TRRTRAGRDE TN RItG.ALYISERA Plans,D through
conprises a siifgl20pe6RtaNes thehlkyIRBpRoGAS UnfélR6d Blkdritdénd Rblfard)Feed and
adsor pti on phase, when separator A conprises nultiple adsorbers arranged In

paral l el and ®pedustefopanecand pgthapsitbenbyptesvctsdFigrsh faadstioms for exgmple,

adsorption plgn li.ne 4 enter.s separator B, wherein the

corrpoﬁents grg ts'%@éé& %?P%*ﬁgghecggéiwgal %ﬁ?ir&eMﬂaﬂﬁbé’"éf M@&erdgg{'ﬂ
This separati pypdiccapbehsenters I 208! thpdegh e RG2.1 I THE combinéd st tdrefs
of suitable distillation E.r ocedures are well known and require no detailed

expl anation. Sep@raten Fy whieh, i fgntRirpesed sedissusrion istconsideres: o e aofarC,
from e nor e Cenatif spffter, CRABGRTR CurPBl e SephPilol SyER; Wi S5aa5H €5 and
are renoved f Oynhdrpeadions. B Arhrovegiedd stred, comipfiser 64 propane and propene,
leaves separator F through line 206 and next enters separator A, which, as
discussed a.bove is an adsorption system containing an adsorbent which more
strongly adsorbs alkenes than alkanes. The propene entering this unit is
adsorbed by the adsorbent, and the propane leaves separator A through line 208,
and is sent to fuel or used for other purposes. Upon desorption, the propene

leaves separator A through line 210.

The heavy product stream, co_mpfised of C, hydrocarbons and alkylate
product, !ea\res separator F fhrough line 212 and enters separator G. Separator
G can be any separator or series of separators capable of separating the
components of the feed stream to this unit. For purposes of discussion separator
G is considered to be a debutanizer distillation unit. The lighter boiling i-butane,
together with i-butene and 1-buténe, if present, leaves separator G through line
214. This stream can then be combined with the stream in line 210 by opening
valve 216 and closing valve 218, and the combined stream can be recycled to
alkylation plant D viaa recycle line (not shown). Alternatively, valve 216 can be
closed and valve 218 opened, and this stream can be passed through line 220
and subjected to further treatment, or it can be recycled to alkylation plant D

separately from the stream in line 210.



conponent.s are discharged fromthis unit through |ine 8. 15 If the C4
stream from separator B contains significant quantities of n- butane, it
y be preferred to subject this streamto isonerization to. convert the

n{butane to i-butané. In this case valve 12 in line 8 is opened and val ve

16 in line 14 is closed, and the separator B effluent enters isonerization
plant C through line 8, and undergoes isdgerization by well known processes
usi ng any of various isonerization catalysts, such as al um num chl ori de.
The isomerized C4 # middle adlvfromisepadaton G,- tamhprised asostly orﬁizl-lbﬁtefr:es Bhden-
18. If the C4,sireamfrom separatqr,,B is co j,se bst ant |.a . .
i <butane, it PE*%}%E&?Y%%SFB ’ﬁa%&t?hfe“%? ﬁ'@gﬁj@pg&zﬁ? §6‘§'§?¢'5}9{!¥dﬂuﬂﬁﬁeddn
and go direct Fjg.t3 ﬂ*ig)étl?&hdg‘? oisofHe Stream ihNine 268¢ andAhéemifed %t%ﬁ@%%t@r@d

valve 12 is closed, and t stream from separat or B passes to al kylatron
plant D t hr ougeparater A4 The 2riutened aié adsorbed| with the gdopend by .the adsoebent in

Lhrot A4 " | ety , .
Bhpendt ng uporeR ety 2oel Bie nPRians paters e Sepdeattr A HiouBhdiia 208 withe
i nvention, thse ndhadasibedBprapin®’ and §s abky karbfinery! AR, bp%bj&%e&ftotﬂ};a/tﬁ{

may enter it separately. The alkylation step is not critical and any o he
vari ous knowntrgatimented head-tndenes leaversepamator Aothioughline 2@ andwaregettnmedc

acid or hydro{A Hﬂ{s\jlg‘ti@rggfgrﬁﬁ)mhctﬁé?)lr[éﬁéne.-rhe condi tions under which the
S 0 no

al kyl ati on proce 'S carried out part of the present invention.
The product stream | eaving al kylation plant D through |ine 20 contains the

hi gh t | kyl a roduct, various
| gh octane alky II'ﬁe'?‘uigh octane alkylate product leaves separator G through line 224 and

_ is sent to storage or gasoline blending.

The embodiment illustrated in Fig. 4 is a variation of the embodiment of
Fig. 3. The Fig. 4 variation is valuable when the stream in line 202 contains a
significant percentage of n-butane. In the system of Fig. 4, the middle cut
stream leaving separator G through line 222 is not combined with the C, stream
in line 206, as in the Fig. 3 embodiment, but instead, is treated separately. This
stream enters separator H, which is an adsorption vessel containing an adsorbent
which is selective for the separation of 2-butenes from n-butane. In general, the
adsorbents useful in separator H can be any of those described above as useful
in separator A. The particular adsorbent selected for use in separator H can be
the same as or different from the adsorbent used separator A. The 2-butenes are
adsorbed in _séparator H and the nonadsorbed stream, comprised mostly. of n-
butane, passes out of ‘this unit through line 226. 'This stream can be sent to |
product storage by closing valve 228 and opening valve 230, in which case this
stream leaves the system through line 232. Howe\r_er, in a preferred asp.ect of
this embodiment, val've 228 is open and valve 230 is closed, and the n-butane-
rich stream passes through line 234 and enters isomerization unit C. The n-
butane is isomerized to i-butane in unit C, as described above, and the unit C

product passes through line 236 and is c_orribined with the i-butane in line 220.




unconsuned reactants, and certain byproducts, such as propane. This m xture
is usually sent to a separator, or series of separators for separation of

t he hi gh octane al kyl ate product fromthe al kylation reactants and
nonreacti ve conponefits stream The alkylate is usually sent to storage or
gasol i ne bl ending, and the m xed reactant and nonreactive conponent stream
is recycled to a separator, for exanple 38parator A or separator B, for

reprocessing. The systemillustrated in Fig. 2 is simlar to that of Fig.
1, except thaThetkombsinet istrednvis tetyckedtodllylBtiohplardvd thaslighha fedytte HiNe (ifgd
I ncl udes as additi onal 16 unit, separator E. In the process of the Fig.

2 embodi nent , SBAWNhydr ocar bon feed stream enters separator B through |ine
102 and is separated therein into a C4 stream which |eaves this unit
through line 106, and a C3 and lighter stream which |eaves separator B

t hrough |ine 104. The Z-Butenksl adsurbed i separatorH ardesarbedthraigh line 288 and

separated therein_.into a propene stream which exits this unit through |ipe
108, and a prﬁﬁ%ﬁ’@%ﬂl’@hé&es?@@&ﬁ‘fa siream Bxling 43Q.rand ttﬁﬁoe@nbmeﬁest%eqr@ is

and is sent t ' : ' i sposed of . The C4 streamexiting
Fbéﬁ%@{%b&ﬁéﬁ&ﬁ gﬂa?rﬂ M

separator B can ‘be subjected to Isonerization in unit C if this stream
contains significant quantities of n-butane; or it can be sent directly to
alkylation plant D, if, it is conprised, substantially of_i-butane . If this
streamis to be suBj"gl!lt%aPBrﬁcéﬁgrtF‘iﬁlti'%W'EW%E%S‘@/E?PT the PHeseDt invendiogfon
and val ve 1 1§tjjize ébMfentiond? eqBiiprh@8€th mdmitol Bnd lautSmiaticBfly Ye§Rgtd the flow of
al kyl ated, valve 1 14 is closed and valve 1 18 is open. ,

: gases within the system so that it can be fully automated to run continuously in

an efficient manner.

An important advantage of the invention is that it permits separation of
valuable alkenes from the relatively low value alkanes of light hydrocarbon cuts
from a hydrocarbon cracking unit. It will be appreciated that a system that
achieves enhanced selectivity, and hence increased overall recovery of alkenes
from a cracking operation is highly beneficial from the perspectives of improved

alkylation reactor utilization and the production of higher quality alkylate product.

Parts, percentages and ratios expressed in this specification are on a

volume basis.

Although the invention has been described with particular reference to a
specific experiment, this experiment is merely exemplary of the invention and
variations are contemplated. For example, the process of the invention may be
practiced in equipment arrangements other than those illustrated in the drawings.

The scope of the invention is limited only by the breadth of the appended claims.



The streanms in lines 108 and 116 enter al kylation plant D-together or

separately, as discussed above, and the al kyl ated product stream | eaves
plant D through line 1 22. Subsequent to acid recovery, thiﬂ“lmﬂﬂ"mﬂmmm
enters separator E, 'which can be any separation neans, such'® '

debut ani zer or an adsorption system The product stream entering Sephrator
E'is separated into a high octane al kyl at 0pr oduct, - which | eaves separ at or
E through |imgygleégAIRnd a ni xed stream contai ni ng unconsuned al kene and

al kane reactants, and byproducts, including propane. The m xed stream
| eaves separator E through line 126, and, in the enbodinent illustrated in

Fig: 2, it isqrecygl : r B vi,a.line.102 for _reprocessing through
the system  The. orBotr s S BRI En 8ikyistept ibiftand apd HPaPFas comping the
erhbodi ments igtepgi rated in Figs. 1 and 2. The Fig. 3 systemconprises, in

addition to separator A a [err] splitter, F, and a dei sobutanizer, G The

embodi nent of Fi g.{8} i ssubjegtingaacmixture comprised oft propens andoprepane: t®, an

al t hough it . . it.s. The j-butane and alkene
21 kyl ¢t on  CeotRHBRGREEESs sino s FrPhelTF:skelive Artorbenty BittesY Préuldg.s
a singl e feedpropens+eriricheidkirastionrarid 8 Propané-enrighéd fRtigrjer stood that the
various reactants and catal yst may enter this unit separately, the

particul ar feed scdne SMpERtinGgacMIXHepaemprised: ofitbutaneoand: pipasebto my

cont &l s t he SHEFYEY PICRRE Slekiad o disARioR, Fsclptidh g B T fitene-
product propaselectivel pdsdrbentpt fneminaneodepasatidn egsingead mepibrahe’ which is
exanpl e, impermeable to i-butane but permeable to propane, or combinations of these
processes, thereby producing an i-butane-enriched fraction and a propane-
enriched fraction; and

(c) contacting said propene-enriched fraction with said i-butane-enriched

fraction under conditions which effect the alkylation of i-bt;tane with propene.

2. The method of claim 1, wherein said mixture comprised of i-butane and
propane is the propane-enriched fraction produced in step (a).

: 3. The method of claim 1, wherein said mixture comprised of propene and
propane is the propane-enriched fraction produced in step (b).

4, The method of claim 2 or claim 3, wherein said i-butane-enriched fraction |
contains n-butane, and said n-butane is isomerized to i-butane prior to step (c).

5. The method of claim 1, wherein the adsorption process of step (a) is
selected from pressure swing adsorption, temperature swing adsorption or a
combination of these. ' '

. 6. The method of claim 5, wherein the adsorption phase of said adsorption
process is conducted at a temperature aboye about 50°C.



a ref.inery deethani zer, containing mxed C3 hydrocar bons and mi xed C4

hydrocarbons enters |line 204 through |line 202. The conbi ned—streamenters

separator F, which, for purposes of discussion is considere
distillation splitter, although it can be any separator whi ,"'“,E m&ﬁﬂ:ﬂm,
[err] and C4 hydrocarbons. An overhead stream conprised of prop

propene, |eaves separator F through |line 2D6 and next enters separator A,

whi ch, as di scussed above is an adsorption system containing an adsorbent
whi ch nmore strongly adsorbs al kenes than al kanes. The propene entering this
unlt i s adsorbed by the adsorbent, and the propane | eaves separator A

through line 808, I 0

v, e, F0°.  3A8 rhenRRT br . wienkFihel 0D SHAA°GE B ifprovon
product str eaprocessis conducfed st & ferhpdratoce lvtite raNhedfabaitbPtodbeit 250°C.
| eaves separator F through line 212 and enters separator G Separator G can

be any separator or serr es of separators capabl e of separating the

conponents of gt he 4 dnﬁ(}ﬁ B'Iélsﬂ%tclaﬁ'ﬂr?p%ﬁgfﬁﬁ Bglddrfﬁﬁbﬁ]é -Sélective

separator G |s consi but ani zer di &t 'on un

| i ghter boil |agsorbbnt asealutmge,t heohw A, zéoliterBApzeolito 13X\etypd Yozeoskre! or
| eaves separato G t hrou P line 214. This stream can then be conbined with
the streami nc‘P mbinas '35'508 BR#fng val ve 216 and closing val ve 218, and the
conbi ned stream can be recycled to alkylation plant D via a recycle line
(not shown). Alternatively, valve 216 can be cl osed and val ve 218 opened,
and this st ream c ahhe mnethodnf clhim 8y wherein sHid propeneibelective adsorhent bontains
treatnment, or e recycl ed to al kylation plant D separatel y fromthe
streamin |i n%n ﬂ;?zalae métal io

10. The method of claim 9, wherein said oxidizable metal ion is cuprous ion.

11. The method of claim 10, wherein the adsorption stép is carried out at a
iemperature between about 100 and about 250° C.

12. The method of claim 8, wherein said adsorbent is zeolite 4A.

13. The method of claim 12, wherein said adsorbent contains exchangeable
. cations other than sodium ions, but at a level insufficient to divest the adsorbent

of its zeolite 4A character.

14. The method of claim 12, wherein the adsorption step is carried out at a
temperature in the range of about 50 to about 200° C. and an absolute pressure
in the range of about 0.2 to 100 bar.

15. The method of claim 12, wherein the adsorpti.on step is carried out at a
temperature in the range of about 70 to about 170° C. and an absolute pressure
of about 1 to 50 bar.



18 A-middie cut fromseparator G conprised nostly of 2-butenes and n-
but ane, | eaves separator G through line 222. In the enbodi
in Fig. 3, this streamjoins the streamin |line 206, and
enters separator A The 2-butenes are adsorbed with the pr opeﬁmm’"ﬂm,”"’””m
adsorbent in separator A, and the n-butane passes out of separ

through line 208 with the nonadsorbed propane and is sent to refinery fue

or subjected to further treatnment. The 2-butenes | eave separator A through
line 210 and are returned to alkylation plant Dw th the propene. The high

oct ane al kyl a | eaves separator G through line 224 and is sent to
storage or gaé& ﬁ'ﬁl'@ﬁm%" glaimhiywhereinsaid g OTRtioN: ProGess; iy prassure swing

vari ation of val uabl e
when the st regm | j | in %% 'dgg’r %%%égiegpgﬁ|df£8rt?‘ﬁnvta%r%éﬁﬁgbéégfaa‘na%ﬁpéﬂg’t
In the systenpedssire in therimgemddbouclﬂ.oztwmdt@baﬂg separator G through
line 222 is not conbined with the C3 streamin line 206, as in the Fig. 3
enbodi ment, but ‘instead, is treated separately. This streamenters
separator H, ch Ot § \% t ahdu - ' is
sel ective forvtrhe gggaﬁhttﬁgﬁ 0 Sﬁgﬂt g?i?hfe?%ﬁn %biglu?gﬁge Fﬁ%@ﬁ%al%k%% i8
adsor bent s ustémpetatursecpwing adsofption anel thebed istregenerited it lxcténgperacuresn the

useful in separator QI'Q articul ap_adsqrbent selected for use in
separator H c'éq{'q;e ﬁhc’ ﬁrQBa 86"3? éﬁ@re‘ﬁt fromthe adsorbent ‘used
separator A. The 2-butenes are adsorbed in separator H and the nonadsorbed
stream conprised nostly of n- butane, passes out of this unit through |ine

226. This str&8m chhetpethas of dajmdd whersinatlgasbenelafsaig mixture Eaaprised of
opening val Vep?o%%he %m'rggaﬁggﬁdtsalg mixture comprised of i-butane and propane is a

cracked hydrocarbon stream.

18. The method of claim 18, wherein said cracked hydrocarbon stream is

produced by catalytlcally cracking or thermally cracking a hydrocarbon stream.

20. The method of claim 1, wherein said propene-enriched fraction additionally
contains at least one of ethene or a n-butene. '

21. The process of claim 12, wherein said zeolite 4A contains copper ion and
the adsorption phase of said adsorption process is carried out at a temperature
in the range of about 125 to about 200° C.

22. The method of claim 2, wherein unreacted propene and i-butane from step
{c} is recycled to the mixture being treated in step (a).

23. The method of claim 3, wherein unreacted propene and i-butane from step
(c) is recycled to the mixture being treated in step (b).

" 24. The method of claim 23, wherein the effluent from step (c), containing
alkylate, unreacted i-butane and unreacted propene, is recYc!ed to the mixture
being treated in step (b)



stream | eaves the systemthrough |line 232. However, in a pre_fwshape(?t\
of this enbodi ment, valve 228 is open and valve 230 is closed, and the

n- but ane- rich stream passes through line 234 and enters isonﬁ"‘m | '

C. The n- butane is’ isonerized to i-butane in unit C, as desc ”mm'#ﬁ'm”m

and the unit C product passes through Iine 236 and is conbined*withiuhe 5 "™ -
| ~butane in |ine 220. 19 The conbined28treamis recycled to al kyl ation

pllant D through a recycle line (not shown). The 2-butenes adsorbed in

separator H are desorbed through Iine 238 and combined with the propene
streamin line 210, and the conbined streamis recycled to al kylation plant.

D. It will be2®pr Thedhethddef claimiZ4, Whévein tHialkGIRRE f6fméE aSp4Ht 88 8 i-butane-
invention to utilize conventional equipnment to nonitor and automatica Vy
regul'ate the endghed fracsion and it is separated; therefsomnby distiltagiorbe ful |y
automated to run continuously in an efficient manner. An inportant
advantage of the invention is that it permts separation of valuable . .

al kenes from Rige r Fhelrhethod ofolaitaBust chilrPRBswhierdih@aid PNdtafeaeReehédraction
froma hydrocarhbon cracking unit, It wll be apgr eciated that a s%st em t hat

achi eves enhafddiionallgceontains nhutaneaand the ns ds separates) gherefrom by
al kenes from a-sri{"gﬁghng operation is highly beneficial fromthe _
per spectives o'% I nproved al kyl ation reactor utilization and the production

of higher quality alkylate product. Parts, percentages and ratios expressed
In this specification are o '
P El7 ll’?le met OJ' oP claim 26, wherein the separated n-butane is isomerized to

i-butane and subjected to the alkylation step of step (c).

28. The method of claim 1, wherein the separation process of step (b) is an
adsorption process selected from PSA, TSA and a combination of these, and said
i-butane selective adsorbent is dealuminated type Y zeolite.

29. The method of claim 28, wherein said adsorption process is PSA and said
adsorbent is selected from dealuminated type Y zeolite, 'silicalite, microporous
silica and mixtures of these. '

30. The method of claim 29, wherein the adsorption step is carried out at an
absolute pressure in the range of about 2to about 5 bar and a temperature in the
range of about 0° to about 75°C. |

31. Themethod of claim 30, wherein the adsorbent regeneration step is carried
out at an absolute pressure_in.the range of about 0.2 to about 1 bar.



vol ume basis. Although the invention has been described with-particul ar
reference to a speci fic experinment, this experinment is nerely exenplary of
the invention and variations are contenpl ated. For exanple, the process of
the invention may be practiced in equi pment arrangenents other than those
illustrated in the drawings. The scope of the invention is limted only by
the breadth of the appended cl ai ns. 20, CLAIM 1. A et hod of
produci ng an al kyl ate of i-butane and propene, conprising the steps: (a)

subjecting a mxture conpri sefnocRRERR LAY, E&Bﬂaﬁ}ﬁo& an adsorption
process using a propene-sel ecrrvewggbn—bem—-tél-rereby—pmguc ing a
propene-enriched fraction and a propane- enrlched fractlon (b) subjecting
a mxture conprised of i-butancABRSTRANCH ) dREon process

sel ected fromdistillation, adsorption using an i- but ane- selective

adsor bent, nenbrane separation using a nmenbrane which is inperneable to

i -but ane but perneﬂbhﬁdrto%a%&i)éﬂ‘éanﬁfsf?gﬁ’éd‘?& bRt fa hBEBBsLORE SRaaH Y which
t hereby produci ng an 1-butane-enriche ractio a propane- enrich
fraction; andig cc)mpceastedcanmgosladdoqudense ahnos:ﬁniuof traa:hydmcarbdmssmmtamed
i - but ane- enr i Chf‘g ﬁactl on under condiitions which .effect Htll_.h I ail on of
i -butane wit h'bFEH nepgondanssd stream Lemainin 'Feél sg igpstep,

conprised of icofifrited prBdominantly of hydrogen and C, to C, hydrocarbons, is subjected to
pressure swing adsorption or temperature swing adsorption at an adsorption
temperature of about O to about 250° C in a bed of adsorbent which selectively
adsorbs ethene and propene, thereby adsorbing substantially all of the ethene and

propene from the gas stream. The ethene and/or propene is recovered upon bed

regeneration. Higher alkenes are separated from alkanes by various methods.

Fig. 1



propane is the propane-enriched fraction produced in step (a). 3. The

met hod of claim 1, wherein said mixture conprised of propene and propane is
the propane-enriched fraction produced in step (b). 4. The nethod of
claim2 or claim3, wherein said i-butane-enriched fraction contains

n- but ane,” and said n-butane is isonerized.t,g i-butane prior to step (c). 5.
The nmethod of claim 1, wherein the adsorpg/gn process of step (a) is

sel ected from pressure swi ng adsorptiongt re swing adsorption or a
conbi nati on of these. 6. The met hod ol cfaim5, wherein the adsorption

phase of said adsorption process is condgctied at a tenperature above about
[err]. 21 7. The nethod of claimb5, erein the adsorption phase of
sai d adsorption process is conduct ed ure in the range of about
50 to about [err]. 8. The nethodjof claim1 or cJaim?7, wherein said
propene-sel ecti ve adsorbent is alumna, z ite 44 zeolite 5A zeolite
13X, type Y zeolite or conbinationg of th . 9. The nmethod of claim8,

wher ei n sai d propene-sel ective adsgrbent contains fan oxi di zabl e netal ion.
10. The method of claim9, wherein metal ion is cuprous
ion. 11. The nethod of claim 10, wherein T he adsorption step is carried
out at a tenperature between about 100 andyabout [err]. 12. The nethod of
claim8, wherein said adsorbe ' ' A4A
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13. The nmethod of clatm 12, wherein said adsorbent contains exchangeabl e
cations other than sodiumions, but at a level insufficient to divest the
adsorbent of its zeolite 4A character. 14. The nethod of claim 12, wherein
the adsorption step is carried out at a tenperature in the range of about
50 to about [err]. and an absolute pressure in the range of about 0.2 to
100 bar. 15. The nethod of claim 12, wherein the adsorption step is carried
out at a tenperature in the range of abou2/40 to about [err]. and an

absol ute pressure of about 1 to 50 bar. 16. The method of claims8,

wherein said adsorption process is ; ds@ption and said
propene-sel ective adsorbent is reggnerated at an aisoFﬁte pressure in the
range of about 0.02 to 17. ThgunethodugLJqLain18, wherein said
cyclic adsorption proceps is tenperjature swng adsqrption and the bed is
regenerated at a tenperfpture in thg range of about {100 to about [err]. 18.
The nethod of claim1, erein at |east of sald m xture conprised of
propene and propane and} said nmixture conf¥ijsed of i-butane and propane is a
cracked hydrocarbon stram 19. The net hed jof claim 18, wherein said
cracked hydrocarbon strgamis produced by™atal ytically cracking or
thermal |y cracking a hyfdrocarbon st thod of claim1, wherein
sai-d propene-enriched fyaction addi s at | east one of ethene
or a n-butene.
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21. The process of claim 12, wherein said zeolite 4A contains copper ion
and the adsorption phase of said adsorption process is carried out at a
tenperature in the range of about 125 to about [err]. 22. The method of
claim2, wherein unreacted propene and i-butane fromsteép (c) is recycled
to the mxture being treated in step (a). 23. The method of claim3,
wher ei n unreacted propene and i-butane frdymstep (c) i's recycled to the _
m xture being treated in step (b). 24. The method of claim 23, wherein the
effluent fromstep (c), containing alkylate, unreacted i-butane and
unreacted propene, is recycled to the mxture being treated in step (b)

23 25. The nethod of claim24, wherein the alkylate forns a part of the

i -butane- enriched fraction and it is separated therefromby distillation.
26. The nethgd of claim3 or clgi m25, wherein gsaid i-butane-enriched
fraction addi @onally contains n#butane, and thekn-butane is separated
therefromby dystillation. 27. e nethod.of cla m@6, wherein the
separated n-butane is isonerizdéd|to g butanemwand} s#¥j ected to the

al kyl ation stegp of step (c). 28 |Theqrethod &f cfaiJm 1, wherein the
separation prdceds of step (Q) ¥4 anpadsor ptfon ocess sel ected from PSA,
TSA and a co dti on ) theqedudedaid - sel ective adsorbent is
deal um nated t Y zeolite. |29. The netfod of claim 28, wherein said

adsorption proqsgs—rs—iﬁﬁ-ant sai d
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adsorbent is selected fromdealum nated type Y zeolite, silicalite,
m croporous silica and m xtures of these. 30. The nethod of claim 29,
wherein the adsorption step is carried out at an absolute pressure in the
range of about 2 to about 5 bar and a tenperature in the range of about
[err] to about [err]. 31. The method of claim30, wherein the adsorbent
regeneration step is carried out at an absolute pressure in the range of
about 0.2 to about 1 bar. '
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