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CCNTRCL ©F SYNTHETI C | SOPENTANE PRODUCTI CN DURING ALKYLATI ON"OF %NVLENES
This 4 nvention relates generally-to the af%ylatlon of hydrocarbons. Mbore

specifically, however, the invention rel at'es”to the contr g e
of the production of.synlhetlc i sopent ane during the aIkyIaﬁHﬁhSﬂEETHASBEEN
anyl enes. Recently proomil gated federal regul ations have pljaced RERLOEED:

pressure limtations on notor fuels resulting in the need TO TENMDVE 1T O0M
gasoline certain quantities of lighter, relatively high vapor pressure
conponents, such as, ¢for sexanpl e, butanes and i sopentane. One problem
.however, which results .fromthe renoval of such conpounds fromthe gasoline
pool is the need to find sone other use for the butanes and i sopentane.

This is a particular problemwth i sopentane since it can be produced
concurrently with

1
CONTROL- OF SYNTHETIC ISOPENTANE PRODUCTION
DURING ALKYLATION OF AMYLENES

This dinvention relates generally to the alkylation of

hydrocarbons. More specifically, however, .the invention relates t; the
control or suppression of the production pf synthetic isopentane during the
alkylation of amylenes.

Recently promulgated federal regulations have placed new vapor
pressure limitations on motor fuels resulting in the need to remove from
gasoline certain quantities of lighter, relatively high vapor pressure
components, such as, for example, butanes and isopentane. One problem,
however, which results from the removal of such compounds from.the gasoline
pool is the need to fiﬁd some other use for the butanes and isopentane.
This is a particular problem with isopentare since it can.be produced
concurrently with the production of gasoline. Thérefore, it is generally
required for the butanes or isopentanes removed from gasoline to be

consumed as a feedstock to certain other processes in order to eliminate

the volume of such compounds in the gasoline pool.
A recent new concern that has arisen due to the new federal vapor
pressure limitations placed on gasoline is the formation or production of

synthetic isopentane during the hydrogen fluoride catalyzed alkylation of
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the production of gasoline. Therefore, it

Is generally required for the
but anes or isopentanes renoved from gasoline to be consuned as a feedstaoc

to certain other processes

in order to elimnate the vo
[ ' ' \ BEEN
gonpounds in the gasoline pool. A recent new concern that! Hé@é%?%§§§£%|
the new federal -

vapor pressure limtations placed on gasoLlne Ls.L
formati on or

-production of synthetic igsopentane during the hydrogen
fluoride catal yzed al kyl ati on of anyl ene ol efin conpounds. Traditionally,

t he producimydenefoleyint hehpamnds.oparbditaotaddy Nothebpesivatitdn off ayothereen; but,
instead, it has been desirable CASE: 33178 2

isopentane has not been much of a concern; but, instead, it has been
desirable because of the relatively high octane value of isopentane.
However, due to the aforementioned regulatory changes, the commercial trend

is now towards the removal of isopentane from ‘the gasoline pool. It has

been suggested by those skilled im the art, e.g. 0.s. 4,429,173, that one

means by which synthetic isopentane is removed from a product of a hydrogen

fluoride catalyzed amylene alkylation process is to separate the

isopéntane, which can include synthetic isopentane, from the alkylate

product and charge it to a separate dehydrogenation step to produce olefins

which can suitably be used as an alkylation.process feed. While these

additional process- steps can effectively assist in the removal of

isopentane contained in an alkylate product stream, they do have numerous

drawbacks. For instance, the separate dehydrogenation step requires

additional capital to be invested in costl? new equipment. Furthermore,

there &are operating costs e&ssociated with the dehydrogenation of

isopentane. Finally, because of the separate and distinct process steps

associated with thé separation and dehydrogenation of isopentane contained

in an alkylate product, it becomes difficult to control the net amount of

isopentane produced synthetically during the alkylation reaction of

amy lenes.

Thus, it is an object of this invention to provide a method of

controlling the amount of synthetic isopentane produced during the

catalytic alkylation of amy.ecies.
A further object c¢f this invention is to provide an alkylation

process that has a suppresszd ability to produce synthetic isopentane

during the alkylation of amylone compounds.
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because of the relatively high octane val ue of isopentane. However, due to
the af orenenti oned regul atory changes, the comrercial tr

t he renoval of isopentane fromthe gasoline pool. It has!gi Bl SSEET ¢HASBERNY

those skilled in the art, e.g. US. 4,429,173, that one jreans W5PMi%h
synthetic isopentane is renoved froma product of a hydrogen~ftuortde—
catal yzed anyl ene al kyl ation process is 40 separate the isopentane, which
can include synthetic i sopentane, fromthe al kyl ate product and charge it
to a separate dehydhogeildt forthet egpject priodbte ioheitiing whigh pranideuishabl y be
used as an al kyl ation process feed. Wile these additional process steps
- can ef fecti ¢&fR}labiasy prodens thhat eprirtgE Hichi thiperregreis onpal moasinptiop of
-al kyl ate prqduct stregm tfle do h%ve nu rIOUS, drawbacks. For instance, the
separate deRRBEETal T Bhe™ §%esr BRUIPPEE AUTi'EYSnal capital to be

' ' The invention includes a method of controlling synthetic

isopentane production during the alkylatioh of ‘amylenes by isobutane. When
language referring to amylene alkylation or the alkylation of amylenes is
used herein, it shall mean that amy'lene olefins are reacted with isobutane
to nominally form a paraffin compound having nine carbon atoms. The first

step of the inventive method includes contact.ing within a reaction zone a

mixture where said mixture comprises amylenes and isobutane, with an

alkylation catalyst. A reactor effluent is produced from the reaction zone

and comprises an alkylate product and a synthetic isopentane product.
Synthetic isopentane is controlled by 'adding a controlled amount of
isopentane to said mixture in an amount effective for producing said

desired amount of synthetic isopentane production.

Another embodiment of the invention is an alkylation process for
the alkylation of amylenes by isoparaffins, wherein said alkylatioﬁ process
has a suppressed ability to produce synthetic isopentane. The first step
of this process includes contacting within a reaction zone a m.ixture with

an alkylation catalyst, said mixture comprising amylenes, isobutane, and

isopentane in an amount that is effective for suppressing the production of

synthetic isopentane. The contacting step is followed by recovering from

said reaction zone a reaction zone product which comprises an alkylate
product having a reduced concentration of ¢ynthetic isopentane below that
which would result when said mixture, having substantially no isopentane

concentration, is contacted wilth said alkylstion catalyst.
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i nvested in costly new equi pnent. Furthernore, there are operating costs
assqci ated with the dehydrogenation of isopentane. Finall

separate and distinct process steps associated with the s
dehydr ogenati on of isopentane contained in an al kylate pr
difficult to control the net anount of isopentane producet=syrt-hetica=
during the al kylation reaction of anylenes. Thus it is an object of this

i nvention to provide a nethod of controlling the amobunt of synthetic

i sopent ane produced during the catal yti%t al kyl ation of amylenes. A further
obj ect of the invegt'o | S tbod I oyi dftgn Al kl}e/tl.ati_on pr%ﬁe s that has. a
suppressed ability®"t “‘S?%rdﬁw UHENRE T80 i TERTHPAHE AUTRET (HeSHREGT L Bon of
anyl ene CORROYRGGctfod bt |dynitdt i85 opMESd alfinkNEhe! BUEALEM bE dnPlenes by

isobutane. The method includes contacting within a reaction zone a mixture

e TRIREHBAT ARG BEEN
pduct FAM_AGEDOTES

of said amylenes and said isooputane with an alkylation catalyst and in the
presence of A controlled amount of isopentand wherein said controlled
-amount of isopentane is such that the molar ratio of isopentane to amylene
in said mixture exceeds 2 to 1 and.producing a reaction zone effluent.
One of the impoftant aspects of the inventive process is its
“ability té suppress; inhibit or eliminate the production of synthetic
isopentane when amylenes are alkylated with isobutane in the presence of a
hydrogen fluoride catalyst. A further-important aspectléf the process is
its ability under cexrtain precise process conditions to consume isopentané
during the HF catalyzed alkylation reaction of amylenes with isobutane. In
. view of the ability of the process to suppress, inhibit or eliminate

synthetic isopentane production and in certain circumstances to provide for
isopentane consumption, a capability is provided for controlling, within

certain limitations, the amount of isopentane that can be contained in an

alkylation reaction effluent stream. Certain of the inventive process

characteristics and attributes can be expressed or represented

quantitatively by the selectivity or negative seleczivity of the process
toward the production of isopentane. The term "selectivity", as used

herein, shall mean the ratio of the net synthetic isopentane produced to

the amylene contained in the process feedstock. In the case where there is

iC; consumption during the elikylation reaction, this may be referred to

-

~herein as "negative selectivity". The term "negative selectivity”, shall

mean the ratio of isopentan: contained in a process feedstock that is

consumed to the amyleﬁe contained in said feedstock.
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provide an al kyl ati on process that operates such that there is a net
consunption of isopentane when anyl enes are being al kyl ate =3—Fthe

i nvention includes a method of controlling synthetic isopentdhiS BHEHTEIASBEEN
during the al kyl ati on of anyl enes by isobutane. Wen Iangque r efFEALIAGED O

anyl ene al kylation or the alkylation of anylenes is used hererm Tt Sfar———
nmean that amnylene olefins are reacted wigth isobutane to nomnally forma

paraf fi n conpound havi ng nine carbon atons. The first step of the inventive

met hod incl udes CONAAGKkdGeYdin)i Bned tbBACE AR ZAN8sGpit il ShatiCh&nS 2hd
m xture conprises anyl enes and isobutane, with an al kylation catalyst. A

net isopentane produced during a hydrogen Ffluoride catalyzed alkylation

reaction of olefin compounds with isoparaffin compounds. Thus, the

synthetic isopentane produced during an.alkylation reaction step shall be

the difference between the total mass of isdpentane contained in an

/

alkylate product effluent leaving an alkylation reaction zone and the total

mass of isopentane contained in the feedstock to the alkylation reaction

zone. It is theorized that the reaction mechanism by which synthetic

~ isopentane is produced is the result of a hydrogen transfer reaction which
is a chain initiated reacticn in which tertiary butyl carbonium ions are

formed and are involved in the chain reaction to form the ultimate products

of isopentane and a paraffin hydrocarbon. 0One theorized mechanism for the

hydrogén transfer reaction which occurs when amylene is.alkylated with

isobutane is as follows. See, Rosenwald, R.H., Kirk-Othmer Encyclopedia of

Chemical Technology, 3rd Ed. (1978), 2, 50.

+ +
CsHlu + “ ———> CSHll
+ ' . +
CsHyy + 1C;,H'“ ===> CgH,, + iC,H,
o+ +
iCng ———2 iCqu + H

iCH, + iC,HyT --=> i1C.H,,"

+ +
iC.H17 + iCnHIQ ————> iCBH'_' + iChHg -

NET: Cngu + 2 iCkHIG ———> Csulz + ngH;'

It is also theorized that certain of the physical phenomena relating to the

features of inventive process can be attributed to various competing
reactions which include the disproportionation reaction that involves the

reaction of two intermediate molecules of a paraffiﬁ hydrocarbon compound

_—_

This Sheet Has Be,

LT



reactor effluent is produced fromthe reaction zone and conprises_an

al kyl ate product and a synthetic isopentane product. Syfft [ gm@'
is controlled by adding a controlled anmount of isopenta @Qﬁgﬁggfaﬁﬁﬁg%ure
in an amount effective for producing said desired anmuni_af :

| sopent ane production. Anot her enbodi nent of the invention is an al kyl ation
process for the al kylation of anylenes by isoparaffins, wherein said

al kyl ati on process has a suppressed abié¢ity to produce synthetic

i sopentane. The first step of this process_includes contacting within a
reaction z8E 4eKi%& dreidfnfiradnouthey| at | GRPeLtaiPYStte LAFY ToxFepagate

compr i S N0 BINleNGSu,J SR ANGwllols BRGNS ok Ne e ATRHIL oLUA! ke cne

ef fective for supp eSS|ngr\ﬁe producti on of-synfhéﬁlc I Sopent ane. e
contacti ng jgt Sfheli SatleOhbRWETEsDYnd ©7QVEF WRdcH HAY Sdted cLARAL hUMsZ K Rhe
reaction zonée product which conprises

intermediate molecules.

One particularly dimportant disproportionation

reaction can be represented by the reaction'fofmula as follows.

2 iCy =—— iC, + C,

The inventive method is generally described as including the
process step of contacting a feedstock with a catalyst within a reaction

zone and producing, recovering or withdrawing a reaction zone product or

effluent from the reaction zone. The feedstock can comprise a mixture of

_olefin hydrocarbons and isoparaffin hydrocarbons. The olefih hydrocarbons
which can be used in the practice of the invention can include.thé
monoolefins containing at least three carbon atoms per molecule. Presently
preferred olefins for use in the practice of the invention are those
monoolefins containing three to six carbor étoms per molecule. Thus,
olefin hydrocarbons of the reactor feedstock mixture can  include
monoolefins selected from the group consisting of propene, butenes,
pentenes; hexenes and mixtures of any two or more thereof. The isoparaffin

hydrocarbons which can be used in the practice of the invention can include

those having at least four cérbon atoms pexr molecule and, preferably, the
isoparaffins can be selected from the group consisting of isobutane,
isopentane, and mixtures thercof.

It is one function of the inventive process or method to provide
means for controlling the awcunt of synthatic isopentane produced during
the catalyzed aikylation of amylenes by iswbutane. As earlier described

herein, during the hydrogen fluoride catalyzed alkylation of amylenes by

_ This Sheet Has Been Reﬂlaced
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an aIkyIate product having a reduced concentration of synthetic isopentan
bel ow t hat whi ch woul d result when said nixture,

havi ng (Sﬂ%@ﬁéﬁh@/se@q
| sopent ane con- centration, is contacted with said al ky atlonhgﬁkﬁﬁgﬁt
further enbodinment of the invention also deals Wi t hite:

—fret-hed—af——
suppressing the production of synthetic isopentane during the al kylation of
anyl enes by isobutane. The nethod incluges contacting within a reaction
zone a mxture of said anylenes and said i sobutane with an 4 al kyl ation
cat al yst andobitanhe qﬁteﬁ,emﬁeeaifrawlecbmdﬂ’o@bﬂl edaastainisidé deaopixms asunhiey ei n

said controlled amount of isopentane is such that the nmolar ratio of
i sopent ane . which synthetic isopentane is produced. Isopentane has 1ncre351ngly becone

an undesired gasoline component primarily because of its high volatility or

high Reid vapor pressure as compared to other gasoline components having

comparable octane values. Thus, it is desirable to remove by any suitable

means isopentane:from gasoline blending component§ such as an alkylation

reaction product or alkylate or, in the case where there is a net

isopentane production, it is desirable to inhibit, suppress or eliminate

such synthetic isopentane production.
It has been discovered that if suitable proportions of isopentane
are employed as a portion of an alkylation Teaction zone feed mixture,

which can also include amylenes and isobutane, the tendency of the

alkylation zreaction to produce synthetic isopentane is inhibited or

suppressed. Thus, & controlled amount of isopentane can be added to an

alkylation reaction zone feed mixture such that it is effective for
suppressing the production of synthetic isopentane and for providing a
reaction zone effluent product or alkylate having a reduced concentratiom

of synthetic isopentane below that which would result when:-the alkylation

reaction. zone feed mixture, ha%ing substantially no isopentane

concentration, is contacted with an alkylation <catalyst within the

alkylation reaction zone.

The weight ratio of isopentane to amylene in the alkylation
reaction zone feed that has been found to be effective in suppressing the
hydrogen transfer side reactions that produ;e synthetic isopentane

generally can exceed about 1.5, but a more effective ratio is that which

exceeds about 2.0. An uppex limit for an effective ratio of isopentane to

amylene in  the alkylation reaction zone feed is primarily set by other

This Sheet Has Been Replaced




to anylene in said mxture exceeds 2 to 1 and produci ng
effluent. One of the inportant aspects of the inventive
ability to suppress, inhibit or elimnate the production
i sopent ane when anyl enes are al kyl ated with isobutane i ntthe—preserce—or—
hydrogen fluoride catalyst. A further inportant aspect of the process is

its ability under certain precise process conditions to consune isopentane
during the HF catalyzed al kyl ati on react’i on of amnylenes w th isobutane.

view of theeglbld t:0fi7E e, PRACEBAED SHRAL E5dced MyDLdn Q6 RhddTLNBLE

synthetic isopentane production and 1n certain circunstances to provide for

| sopent ane goIEidHAlL ®Wlund o€ Ha3Pédtiahy rhbhdl MEndBH thOrnR kI lek gkt ¥ thlen
certain limtations, the amount of isopentane that can be contained in an
al kyl ati on pesehtopsetie spentsineemthCaebaiinn ofont e EepdentThne, the upper

DHQES SRIEES HASSBEEN |
of  SYHRMNIBD
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limit for the weight ratio of isopentane to amylene in the alkylation
reaction zone feed is around 12:1 thereby giving a desired range for the
ratio of isopentane to amylene in the reaction zone feed of from about
1.5:1 to 12:1 and préferably, froﬁ about 2:1 to about 11:1. A morxe
preferred range for the ratio of isopentane to amylene in the alkylation

reactor feed is from 2.5:1°'to 10:1.

It has also been discovered that, within the aforementioned

ratios of isopentane to amylene in an alkylation-reaction zone feed, there
is a certain ratio of isopentane to amjlene‘which effectively provides for
a net consumption of isopentane as determined by the difference in the mass

of isopentane in the reaction zone effluent and the mass of isopentane in

the reaction zone feed being a negative value. The weight ratio of

isopentane to amylene found to provide for a net consumption of isopentane
in-the'alkﬁlation reaction is in the range of from about 4.5:1 to about
6.5:1. Preferably, the weight ratio of isopentane to.amylene in the
alkylation reaction zone feed necessary to provide a net consumption of
isopentane is from about 5:1 to about 6:1 and, most preferably, it is from
5.2:1 to 5.8:1. Thus, within a certain broad range for the weight ratio of
isopentane to amylene in an alkylation reaction zone feed, it has been
found that synthetic isopentane production during the alkylation xreaction
is inhibited or suppressed as the given lscopentane-to-amylene ratio is

increased but only up to a given point where no synthetic isopentane is

produced, above such ratio, a net reduction of isopentane is achieved.

/.
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process characteristics and attributes can be éxpressed or represented

quantitatively by the selectivity or negative selectivity

toward the production of isopentane. The term "sel ectivitly THIAQSHEEEHAS BEEN
herein, shall mean the ratio of the net synthetic isopentgne prRERIAGER o
the amyl ene contained in the process feedstock. In the casewhere there T35
I C5 consunption during the al kylation rgact ion, this may be referred to
herein as "negative selectivity". The térm "negative selectivity", shall

mean the ratio of i RQRGRN BREHEOMALNRICE el RyOERISidHRRESIHREK I BEedehce
consuned to the anyl ene contained in said feedstock. As used herein, the

term "synt het ii€opeatfpenta @pors ke alk¥Eianiddof @y 1émes pAnaanckylodivs exbadtitanng a
hydrogen fluoride catalyzed al kylation reaction of- ol efin compounds with
i sopar af f i nzereapomdmnedtugron thavinentthet pleilitypontcantrqdr Gligcanpunt of

synthetic isopentane contained in an amylene alkylate product can be

controlled within certain bxoad ranges is achieved. Furthermore, when one.

considers an alkylation pfocess in terms of its relationship with other
refinery processes for the productioh of gasoline and gascoline components,
isopentane that has previously Beenga component of a gasoline pool can
potentially be removed therefrom and utilized as a feedstock to-an
alkylation process whereby it is consumed ducing the alkylation reaction.
If the appropriate amount of isopentane is.contained in an
alkylation zone feedstock or added to such feedstock, the amount of
synthetic isopentane produced can be such that the amount of synthetic
isopentane product contained in the reactor effluent is less than about
0.8:1 as determined by thg ratio of the weight of synthetic isopentane

product in the reactor effluent to the weight of amylenes in the alkylation

reaction zone feed mixture. Preferably, the amount of isopentane contained

in an alkylation reactor feed can be contrclled such that the ratio of the
weight of synthetic isopentune product to the weight of amylenes contained

in the alkylation reaction zone feed mixture is less than about 0.6:1; but,

preferably, it is less than 9.3:1.

The catalyst used in the process of method can be any compound,
composition or material that suitably provides for the alkylation reaétion
of olefins with isoparaffins. The alkylation catalygt can be a liquid
cataiyst or a solid catalyst which is either supported or unsupported.

Presently, commercial alkylation. catalysts include sulfuric aciﬂ and

hydrogen fluoride. The preferred alkylation catalyst of the present

I
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REPLACEMENT SHEET during an al kyl ation reaction step shal

di fference between the total nmass of isopentane contained“iﬁ“@ﬁﬁ@ﬁ%%ﬁé%gEEN
product effluent |eaving an alkylation reaction zone and tjhe t of&P -

of
i sopentane contained in the feedstock to the al kylation reaction zone. It
is theorized that the reaction mechani smby which synthetic isopentane is
produced is the result of a hydrogen transfer reaction which i's a chain

initiated reaction in which tertiary bdPyl carboniumions are forned and
are invol ved iq

.the chaj n actionp to, formthe timate produycts of
i sopent ane AR é°ﬁaﬁ”§?ﬁeﬁ %éﬁ?%féa‘%ﬁﬁﬁl.dfedr‘fém h‘:e‘°'(5'lrJ %é’ae‘%relé'ﬁﬁ?ﬁ 'gﬁf"}SSPl?ﬁ?ée
hydrogen trﬁggsiéﬂle£f§§cgﬂé)@b¥!&%§¢hsogfLUhé ¥M@€£Eive method or process. Of the

suitable hydrogen fluoride catalysts, it is preferred for the acid to be in

substantially anhydrous form, although small quantities of water can be_

present. The liquid hydrogen fluoride catalyst, when it is mnot in the

substantially anhydrous form, can have water present 'in the range from
about 0.1 weight percent to about 5 weight percent and, preferably, the

water will be present in the range from 0.5 weight percent to & weight

percent. It is preferred for the hydrofluoric acid catalyst to contain at

least .about 86 weight percent HF. Thus, a convenient and commercially

practical range for the HF content of the catalyst is from 86 to 97 weight

percent HF.

To improve selectivity of the alkylation reaction of the present
invention toward the production of the desirable highly branched aliphatic
hydrocarbons having seven or more carben atoms, a substantial

stoichiometric excess of isoparaffin hydrocarbon is desirable in the

reaction zone. Molar ratios of isoparaffin hydrocarbon to olefin

hydrocarbon of from about 2:1 to about 25:1 are contemplated.in the present

invention. Preferably, the molar ratio of isop&raffin-to-olefin will range

from about 5 to about 20; and, most preferably, it shall range from 8 to
15. It is emphasized, howeﬁef, that the above recited ranges for the molar
ratio of isoparaffin-to-olefin are those which have been found to be
commercially practical operating ranges; bﬁt, generally, the greater the
isoparaffin-to-olefin ratio in an alkylation reaction, the better the
resultant alkylate quality.

Alkylation reaction temperatures within the cdntemplation of the

. present invention are in the range of from about 0°F to about 150°F. 'Lowef
—_—
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anylene is alkylated with isobutane is as follows. See =
Ki rk- Ot hmer Encycl opedi a of Chenical Technol ogy, 3rd Bfl.tid8A8ET HAS BHEN
[err] It is also theorized that certain of the physicali phergprCER| at i
to the features of inventive process can be attri butedite-var-oas" '
reactions which include the disproportionation reaction that involves the
reaction of two internediate nol ecul es,of a paraffin hydrocarbon conpound
each having an identical nunber of carbon atons to formtwo separate
paraf fi n hydagpzaties coROUNGIatR 0éacthér brhaspheaErincaitioplatmwmvehan t he
I ntermedi ate nol ecul es and one of which has nore carbon atons than the

i nt er nedi atcempetiing 1dlefin Shde pasdtiiond aptly asnpdyremrizationpr oewevennavemil

reacti on can be represented by the reaction fornmula as foll ows. L.
reaction rates decrease with decreasing temperatures. Temperatures within

the given range, and preferably in the range from about 30°F to about

130°F, provide good selectivity for alkylation of isoparaffin with olefin

at commercially attractive reaction rates. Most preferably, however, the

alkylation temperature should rangé from S50°F to 120°F.

| Reaction pressurés contemplated in the present invention wmay
'iénge from~pressures sufficient to maintain reactants in the liﬁuid phase
to about fifteen (15) atmospheres of pressure. Reactant hydrocarbons may
be normally gaseous at alkylation reaction témperatures, thus reaction

pressures in the range of from about 40 pounds gauge pressure per square

inch (psig) to asbout 160 psig are preferred. With all reactants in the

liquid phase, increased pressure has no significa;.t effect upon the
alkylation reaction.

Contact times foxr hydrocarbon resctants in an alkylation reaction
‘zone, in the presence ‘of thé alkylation catalyst generally should. be
sufficient to provide for essentially complete conversion - of olefin

reactant in the alkylation zone. Preferably, the contact time is in the

range from about 0.05 minute to about 60 winutes. In the alkylation

process of the present invention, employing isoparaffin-to-olefin molar
ratios iﬁ the range of about 2:1 to about 25:1, wherein the alkylation
reaction mixture comprises about 40-90 volume percent catalyst phase and
about 60-10 volume percent hydrocarbon phese, aﬁd wherein good contact of
olefin with isoparaffin is maintained in the reaction zone, essentially
complete conversion of olefin may be obtailned at olefin space velocities in

the range of about 0.01 to about 200 volumes olefin per hour per volume

This Sheet Has Been Rzﬂ
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[érr] The inventive nmethod is generally described as including the pr
Step of contacting a feedstock with a catalyst within

Scaw
produci ng, recovering or withdrawing a reaction zone p dﬁ%ggigﬁf uent
fromthe reaction zone. The feedstock can conprise a mjxture

ol-ofin
hydr ocarbons and isoparaffin hydrocarbons. The ol efin hydrocarbons which
can be used in the practice of the invention can include the nonool efins
containing at |east three carbon atonsider nol ecule. Presently preferred
olefins for use in the practice of the invention are those nonool efins
cont ai ni ng°ttflEet 3/ &bk bar rRidme SRecpaelerdttrsurell ferand ¢RoSf the type of
hydr ocar bone, of 118 L&RSH i | SSUBLRSKIUVELSY, o2 Tal A 1 JIRNQGL BHLNS:

alkylation catalyst, and the alkylation reaction conditions. Consequently,

the preferred contact times are sufficlent for providing an olefin space
veloéity in the range of about 0.01 to about 200 (v/v/hr.) aﬂd allowing
essentially complete conversion of olefin reactant in the alkylation zone.
In one embodiment of the.alkylation process, the reactants can be
maintained at sufficient pressures and temperatures to maintain them
substantially in the liquid phase and then continuously forced through
dispersion deviceﬁ_into the reaction.zone. The dispersion devices can be

jets, nozzles, porous thimbles and the Ilike. The reactants are-

subsequently mixed with the catalyst by conventional mixing means such as

mechanical agitators or turbulence of the flow system. After a sufficient

time, the product can then be continuously separated from the catalyst and

withdrawn from the reaction sjstem while the partially spent catalyst is

recycled to .the reactor. A portion of the catalyst can continuously be

regenerated or reactivated as- described herein, or by any other suitable
treatment, and returned to the alkylation reactor.

The following examples will serve to further illustrate the

invention.

EXAMPLE I
The data presented in Example II were obtained using a 300 mL
continuous stirred tank reactor (CSTR) with hydrocarbon feed rates of 600

mL per hour, using an HF catalyst containing approximately 7% acid soluble

oils and 2% water. The temperature of the reactor contents were maintained

at 90°F while stirring at a rate of 2000 rpm. The acid recirculation rate

was 700 mL/hour. Samples were taken at specified intervals and analyzed by

;$‘\~‘~N‘f‘—-~_‘--“\~
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the group consi sting of propene, butenes, pentenes, hexen

any two or nore thereof. The isoparaffin hydrocarbons whic 1¢m§ShEEUﬂW$BEEN
the practice of the invention can include those having at || east ﬁgpu@g;ﬂrbon
atons per nolecule and, preferably, the isoparaffins can b et i
the group consisting of isobutane, .isopentane, and mixtures thereof. It is
one function of the inventive process or method to provide neans for
controlling the amount of synthetic i sopent ane produced during the

catal yzed a I | enes [ obutan i er _described herein,
during the %wr%égﬁ&fogi?r%%e gnata §§ew r‘k;?laqt ]@%ﬂ%ﬂ?"’ YarfgP EHBEE 1Y #&Bbut ane,

of ten, undesiquabbe, B¥sIrABGALIANSICES S l’s‘s@@&hi’%t%&u&eﬁy A(}% Ny
synthetlc i sopentane is produced. |sopentane has.increasingly becone an
undesi red gasol i ne conponent EXAMPLE II

&

Shown in Table I are the data obtained from the alkylation of a

feed containing a weight ratio of isobutane to 2-methyl-2-butene (2MB2) of

10:1. Shown are the isopentane selectivities at the indicated time

intervals into the reaction and other information. The average selectivity

of 2MB2 to form isopentane is 74.2 percent on a molar basis. This
indicates that, on the average, approximately 74.mole percent of the 2MB2
fed into the reactor is converted to isopentane on a mole-to-mole basis.
This can be an indication that relatively large concentration levels of C,
material is produced via the hydrogen transfer mechanism. Table II

presents the data from the more complete analyses of the alkylates

corresponding those shown in Table I for the given time intervals into the

reaction. These data suggest that the major products of the alkylation

" reaction are C, and iC,.

Shown in Table III are date obteained from the alkylation of a
feed containing a weight ratio of iC,/iC4/2MB2 of 13:5:1. It is -
significant that the isopentane selectivity has been reduced by
approximately 80% over that of the Table I feed, which did not contain iCg.

Table IV presents the data from the more complete analyses of the alkylates

corresponding to those shown in Table III for the given time intervals into

the reaction. A comparison of the compositions of the alkylates presented

in Table II with those of Teble IV indicates that the concentrations of Cs
and C,+ in the Table IV alkylates are significantly greater than those

concentrations of the Table iI alkylates while the concentrations of C,

material are lower. The nearly doubled increase in production of Cg,+

Sheet Has Been Reﬂlaced
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prinmarily because of its high volatility or high Reid vapor pressure as

St ame_vd

Thus, it is desirable to renbve by any suitable nmeans is p@H?%&EE

. . . | P~
gasol i ne bl endi ng conponents such as an al kyl ati on reactijlon.

conpared to other gasoline conponents having conparabl e ﬁel %PgﬁgBEE$
I

K _pnoduqf

al kyl ate or,

in the case where there is a net isopentane production, it
desirable to inhibit, suppress or elimpate such synthetic isopentane
production. It has been discovered that if suitable proportions of

| sopent ane mat&riRMPkay &t astiibpodd itaNtd dARedd lelkPlaitOdh rFachy Ddhez@fieh f eed

m xture, which can al so include anyl enes and i sobutane, the tendency of
isobutane. The increase in Cg production is believed to be due to the

i's

disproportionation of iCy; to '2- and 3-methyl pentanes. The comparison of
the data shows that there is a dramatic impact upon isopentane selectivity
that results from adding.isopentane to an alkylation reactor feedstock.
The hydrogen transfer reaction is believed.to be suppressed by adding
suitable quantities of iC{ to an aikjlation reactor feedstock as evidenced
by the suppression of the production of synthetic isopentane and an
increase in the production of Cg+ alkylate.

The data presented in Tables V and VI demonstrate that, at
certain effective concentration levels of isopentane in an alkylation
reactor feedstock, the hydrogen transfer reaction is suppressed to such an
extent as to provide greater quantities of alkylation and
disproportionation reaction products than that pfoduced by havipg a lower
concentration of iCy in.the alkylation reactor feed. As shown in Table V,
when there is an effective ratio of i€y to amylene in the alkylation
reactor feedstock,.a quantity of the iCg; in the feedstock is actualiy
consumed thereby providing e "negafivg selectivity” toward the production
of iCsg.

Shown in Table V cre data taken from the alkylation of a feed
containing a weight ¥atio of iCs/2MB2 of 10:1. On average, there is a net
consumption of isopentane, or a "negative isopentane selectivity"; This
"negative isopentane selectivity" indicates ﬁhe possibility that
disproportionation of iCs te 2- and 3-methyl pentanes (and iC“j is

concurrently with the alkylation reaction. Table VI gives the results from

a more complete analysis.of the alk&lates that correspond to those shown in

Table V for the given time intervals into the reaction. A comparison of

—_—
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t he aIkyIation reaction to produce synthetic isopentane is inhibite "

Suppressed. Thus, a controlled amount of isopentane can

al kyl ation reaction zone feed mixture such that it is eff P @& AED EEN
suppressing the production of synthetic isopentane and f@r pr I

reaction zone effluent product or alkylate having a redu Concentration
of synthetic isopentane below-that which would result when the alkylation

reaction zone feed mixture, having suhstantially no isopentane
concentration, is contacted with an alkylation catalyst within the

al kyl ati orctiee@g tand It ocmcentivet idk girtes érttieil OlnoTTableo pint ANentiovashbenghan t he
al kyl ation reaction zone feed that has been found to be effective in

suppr essi Meptbhénarpasoyéth tBpafReretsigpdeatiaatt iiopReNERA2R 45 8BASEe sithtthet i ¢
| sopent anealchgaegi%LI Yo SRN egeeged ?}lloout 1.5 ti%el% nore effeciive

is is most to an 1ncreased

disproportionation of iCy to iC, and wethyipentanes. The amount of C,

material in the alkylate is significantly beldw that which results when a
lower iCgs/2MB2 feed ratio is utilized, indicating that the hydrogep

transfer reaction is suppressed.
The datas presented in Tables VII and VIII demonsﬁrate the effect
of having an iC,/iC; ratio in the feeds of less than 1. In Table VII, the

data indicate a very large, negative value for synthetic isopentane, which

is indicative of enhanced iC; consumption. The iCy consumption is believed

to be the result of disproportionation of iCs to methylpentanes and iC,.

Table VIII presents the results of alkylate analyses that
correspénd to those shown in Table VII for the given time intervals into
the reaction. A compaiison of thg data of Table VI with the data'of Table
VIII shows that the concenﬁration of C;+ materials in the alkylates are -

substantially the same, but the.concentration of C¢ material in the

alkylate of Table VIII is substantially greater than that of Table VI.

This differential is believed to be due to the disproportionation of iCg to

iC, and methylpentanes. The concentration of C, material in the alkylate

of Table VIII is about 60% lower than that of the alkylate of Table VI,
thus, indicating that an increasing iC; concentration in the alkylation
reactor feedstock suppresses the hydrogen tiansfer reaction.

When alkylation reaction zone feceds contain more iCg than iGC,,
there does ﬁot appear to be any gains in direct alkylation products, but an

increased concentration of O s above certain critical concentration levels
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ratio is that which exceeds about 2.0. An upper limt for an effective
ratio of isopentane.to anylene in the alkylation reaction zone feed is

primarily set by other factors relating to the ability offfthe T OCESS

systemto handl e the additional volume of isopentane rat4 FH, H ﬁ@EEN
inhibiting effect of the presence of the isopentane in th

feed. Thus, the upper limt for the weight ratio of isopentane to anylene
in the aIkyIation reaction zone feed is around 12:1 thereby giving a
desired range for the ratio of isopentgge to anylene in the reaction zone
feed of from -8- about 1.5:1 to 12:1 and preferably, fromabout 2:1 to
about 11: 1.refurerie PpmetaredectibmngeidObr] A ételk woRlis, a net consumption of

iC; due to competing disproportionation reactionms.

Table I

Determination of Isopentane
Selectivity for 1C,/2MB2 Feed

Time, hrs. 2 4 6 8

% Conversion 2MB2 100.0 100.0 100.0 100.0

Feed Rate, (mL/hr) 600 600 600 600

g Feed/hr ’ 336 336 336 336

Feed Composition

% Isobutane 87.1 87.1 87.1 87.1

% 2MB2 12,9 . 12.9 12.9 12.9

Wt. Fraction 2MB2 Feed/hr 0.129 0.129 0.129 0.129

g 2MB2/hx 43.3 43.3 43.3 43.3

Moles 2MB2 Feed/hr : 0.618 0.618 0.618 0.618

Product Analysis

% iC; in Product 9.231 9.859 " 10.106 10.195

g iCs Produced/hr 31.016 33.126 33.96 34.26

Moles iCs Produced/hr 0.430 0.459 0.471 0.475

Moles Synthetic iC, 0.430 0.430 0.430 0.430
(pex hour) ’

iCs Selectivity, (%) 69.6 74.3 76.2 76.8

(Average) % 74.2 .

Ratio iCs/2MB2 (Feed) 0

i fiiiiﬁi:i"uﬂiu



i sopentane to anylene in the alkylation reactor feed is from2.5:1 to 10:1.°

It has al so been discovered that,

i sopentane to amyl ene in an aIkyIatlon reaction zone feedﬁ
i sopentane to amyl ene which effectlvely

i sopentane as determ ned by the dlfferenc

i sopentane in the reaction zone effluent and the nass of
reaction zone feed being a negative val

certain ratio of
consunption of

The wei ght

to anyl ene found to provide for a net consunption of
al kylation reaction is in the range of¢fyi@mm@bout 4.5:1 to about 6.5:1.

Pref erably,

t he wei ght.

rati o of

fromabout 5:1 to about 6:1 and, nost preferably, it

within the af orementi oned ratios of

FB

éfHRs BEEN

LAgEDA et

I sopentane in the

rati o of
i sopentane in the

i sopent ane

i sopentane to anmylene in the al kyl ation

reaction zone feed necessary toAlkydamiederch DEY2BENFUEPti on of isopentane is

is from
TOS, hrs. 2 4 6 8 Average
% Conversion 100.0 99.70 100.00- 100.00 100.00
Lights. 10.52 10.28 9.85 9.80 10.11
Cs+ Material (om iG,-Free Besis) _
iCe 30.94 31.99 -32.33 32.38 31.91
nCe 0.07 . 0.00 0.00 0.00 0.02
Ce 2.38 2.16 2.23 2.25 2.26
Cq 1.45 1.22 1.23 1.23 1.28
Ce ~ 45.79 45.73 45.69 - 45,87 45.77
Co+ 8.85 8.62 8.69 8.43 8.65
Cst Material (on iC,/iCg-Free Basis) .
nCy 0.10 0.00 0.00 0.00 0.03
Ce 3.45 3.18 3.30 3.33 3.32
C, 2.10 1.79 1.82 1.82 1.88
Ce 66.30 67.24 ©67.52 67.83 67.22
Cqt 12.81 12.67 12.84 12.47 12.70
Lights 15.23 15.12 14.56 14.49 14.85
Feed: 10/1 iC,/2MB2

Lights = All materia

1 <C, except isobutane

_—
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5.2:1 to 5.8: 1. Thus, within a certain broad range for the weight ratio of
i sopentane to anylene in an al kyl ation reaction zone fe ' '

found that synthetic isopentane production during the aljkyhistSHFET A% BEBN
is inhibited or suppressed as the given isopentane-to-anyl eneRERLAGEDPS

I ncreased but only up to a given point where no synthetﬂ%-uaupentane S
produced, above such ratio, a net redUﬁ;ion of isopentane is achieved.
Because of the above-described physical inpact that the presence of

| sopent ane has upon the al kyl ati on ofragiw/kgnes in an al kyl ati on reaction
zone, the benefit fromhaving the abiTity to control the anount of

synt hetic isopentane cobdtarmadtion afi Iaopdneare 8klgdrataypfe@duct can be
controlled within certain broadi®.dageeB% FashNevdd. Furt hernore,

when one
considers an al kylation process in terns of its relationship with
Time, hrs. 2 4 6 8
% Conversion 2MB2 99.48 99,29 99.53 99.47
Feed Rate, (mL/hr) 600 600 600 600
g Feed/hr. 336 - 336 336 336
Feed Composition
% Isobutane 68.14 68.14 68.14 68.14
% Isopentane 26.04 26.04 26.04 26.04
% 2MB2 N 5.03 - 5,03 5.03 5.03
We. % 2MB2/hr 0.05 0.05 0.05 0.05
g 2MB2/hr ' 16.88 16.88 16.88 16.88
Moles 2MB2 reacted/hr 0.241 0.241 0.241 o 0.241
g iCy; added/hr 87.5 87..5 87.5 ' 87.5
Moles iCg; added/hr 1.213 1.213 1.213 1.213
Product Analysis .
% iCs in Product/hr 26,145 26.701 26.697 27.017
g iCy; in Product/hr - 87.85 89.71 89.70 90.78
Moles iC; in Product/hr 1.218 1.244 1.243 1.258
Moles Synthetic iC./hr 0.00S 0.031 0.030 0.045
iCs Selectivity (%) 2.01% 12.8% 12.7% 18.9%

Average (4-8 hrs) = 14.8%
Ratio iCg/2MB2 (Feed) = 5.18
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ot her refinery processes for the production of gasoline -9- and gasoliné'
conponent s,

| sopent ane that has previously been a conpptient of _a '
pool can potentially be renpved therefromand utili zggfgg”%sﬂgigétﬁiﬁ%éhg an
al kyl ation process whereby it is consuned during the & kvleuﬁﬁ? ction,

I f the appropriate anmount of

| sopentane is contained in an alkylation zone
feedst ock or added to such feedstock, the anmount of synthetic isopentane

produced can be such that the anpunt.of synthetic isopentane product
contained in the reactor effluent is |&3s than about 0.8:1 as deternined by
the ratio of the weight of synthetic jgopgqtane product i'n the reactor

Alkylate From iC,/iC;/2MB2 Feed No. 1

_TOS, hrs. 2 4 6 8 Average
% Conversion 99.48 99.29 99.53 99.47 99.44
Lights 0.53 0.46 0.39 0.40 0.45
Cet Material (on iC,~Free Basis)
iCq . . 73.04 74.31 75.17 74.69 74.30
nCsy 0.42 0.44 0.43 0.42 0.43
. Ce . 2.74 2.46 2.44 2.45 2.52
Cy 0.70 .45 0.45 0.45 0.51
Ce 14.39 15.24 14.98 o 15.21 14.96
Cot 8.21 6.64 6.14 6.42 6.85
Cc+ Material (on iC,/iC.~Free Basis)
nCs - 1.56 1.71 1.73 1.66 1.67
Ce 10.16 9.58 9.83 9.68 9.81
C, 2.60 1.73 1.80 1.79 1.98
Cg 53.38 59.32 60.33 60.09 58.28
Cot+ 30.45 25.85 24.73 25.37 26.60
Lights 1.96 1.71 1.43 1.48 1.65

Feed: 68.14% iC,, 26.047% iCg, 5.03% 2MB2

Lights = All material £C, except isobutane
iCs/2MB2 Ratio (feed) = 5.18

I
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effluent to the weight of anylenes in the alkylation reac
m xture. Preferably, the anount of isopentane contai ned
reactor feed can be controlled such that the ratio of th me|QMLPaﬁGED
synt hetic isopentane product to the weight of anyl enes cortFFed—t 1T L€
al kyl ati on reaction zone feed m xture is | ess than about 0.6:1; but,
preferably, it is less than 0.3:1. The catal yst used in the process or

met hod can be any conpound, conpositiogsor material that suitably provides
for the alkylation reaction of olefins wth isoparaffins. The al kylation
catal yst can be a liquid catal yst or amggéwd catal yst which is either
supported or unsupported. Presently, commercial alkylation catalysts

include sulfuric acid and hydPagenidakiror bfldsoddnsarpy ef erred al kyl ation
catal yst of the present ifelentivdnyifoc| HfdéiCH P20 Eead Foudri de whi ch can

N TR @HEYT BHABGFEN

Time, hrs. 2 4, 6 8

% Converted 99.34 99.38 99.50 99.15
Feed Rate, mL/hr 600 600 600 600

g Feed/hr 336 . 336 336 336
Feed Composition

% iC, 52.57 52.57 52.57 52.57
% iCg 42.48 42.48 42 .48 42.48
% 2MB2 ’ 4.21 4.21 4.21 ‘4.21
Wt. % 2MB2/hr 0.042 0.042 0.042 0.042
g 2MB2/hx ' 14.15 14.15 14.15 14.15
Moles 2MB2 xeacted/hr 0.202 0.202 0.202 0.202
g iC¢ added/hr 142.7 142.7 142.7 142.7 -
Moles iCy; added/hr 1.978 1.978 1.978 1.978
Product Analysis

% iCg in Product/hr 40.658 41.741 42,147 42.550
g iCg in Product/hr 136.6 140.2 141.6 143.0
Moles iCj Produced/hr 1.893 1.944 1.963 1.982
Moles Synthetic iCg/hr -0.085 -0.034 -0,015 0.003
*iCs Selectivity (%) -41.98 ~-16.97 -7.60 1.71
Average (4-8 hrs) - -7.62

Ratio iCy/2MB2 (Feed) ' 10.09
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be used in any formsuitable for achieving the objectives of the |nvent|ve

et hod or

smal | quantities of water can be present.
catal yst, when it is not
wat er present

process.

nt.

It

Of the suitable hydrogen fluoride c
preferred for the acid to be in substantially anhydrou

The liquid hy

in the substantially anhydrouQLTurnl can have
in the range from about 0.1 weight percent to
5 wei ght percent and, preferably,

the water will
fromO0.5 wei ght percent to 4 weight per®e

rd}é@H‘éﬂ HAR G
r ogeMEALAGE e

]

-10 -
be present
is preferred for the

about

in the range

hydrof luoric acid catalyst to contalnTabllggst about 86 wei ght percent HF.
Thus, a convenient and commercially ————

Alkylate From iC,/iCg/2MB2 Feed No. 2

TOS, hrs. 2 4 6 8 Aversge
% Conversion 99.34 99.38 99.50 99.19 99.35
Lights 0.30 0.27 0.23 0.32 0.28
C.+ Material (om IC,~-Free Basils) '

iCe¢ ' 80.93 80.67 80.71 80.67 80.75
nCs 0.59 0.58 0.59 0.58 0.59
Ce 4.21 4.34 4.42 4.45 4.36
C, 0.55 0.58 0.60 0.61 0.59
Cq 7.13 6.76 6.67 . 6.71 6.82
Ce+ 6.30 6.79 6.78 6.65 6.63
Ce+ Material (onm iC,/iC:-Free Basis)

nCy 3.08 3.01 3.07 3.02 3.05
Ce 22.07 22.47 22.91 23.02 22.62
Cy 2.87 3.02 3.09 3.13 3.03
Ce 37.37 34.98 34.59 34.74 35.42
Cyt 33.05 35.14 35.16 34.41 34.44
Lights 1.59 1.39 . 1.18 1.68 1.46
Feed:

52.47% iC,, 42.48% iCg, 4.2% 2MB2

Lights = All material <C, except isobutane

iCy/2MB2 Ratio (Feed) =

0.1

hmﬁfhsBem1R7imx




pfactical range for the HF content of the catalyst is from86 to 97 melght

percent HF. To inprove selectivity of the alkylation

present invention toward the production of the desir @bTelSHHEETYHAS BRENe

aliphatic hydrocarbons having seven or nore carbon aflons, BEBLASEENt| al
apireTnmthe

stoi chionetric excess of isoparaffin hydrocarbon is
| sopar af2f i n hydrocarbon to olefin

reaction zone. Ml ar ratios of

hydrocarbon of from about 2:1 to about 25:1 are contenplated in the present

invention. Preferably, the nDIar ratEﬂﬂﬁLJEsoparafffn- to-olefin will range
fromabout 5 to about 20

. g hall range from8 to
15. It is enphasized, \/$ %jiiﬁ ég f"ﬁ Y&gb"\;ﬁ %8?3’%%“ nges for the nol ar
ratio of isoparaffin-to-o I N a ?hos have een found to be

comercially practical operating ranges; but, generally, the greater the

Time, hrs. 2 &, 6 : 8

% Conversion 99.68 99.66 99.61 99.56
Feed Rate, mL/hr - 600 600 600 600

g Feed/hr 336 336 336 336
'Feed Composition .

% iC, 33.16 33.16 33.16 33.16
% iCg 63.03 . 63.03 63.03 63.03
% 2MB2 ’ 3.00 3.00 3.00 3.00
We.% 2MB2/hr 0.030 0.030 0.030 0.030
g 24B2/hr 10.093 ~+10.093 10.093 10.093
Moles 2MB2/hr 0.144 0.144 0.144 0.144
g iCy added/hr 211.8 211.8 211.8 - 211.8
Moles iCy; added/hr 2.94 2.94 2.94 2.94
Product Analjsis

Wt.% iCy in Product 55.73 E 57.66 58.43 ' 58.36 -
g iCg in Product 187.3 193.7 136.3 196.1
Moles iCg in Product 2.60 - 2.69 2.73 2.72
Moles Synthetic iCs/hr -0.34 ~-0.25 -0.21 -0.22
iCs Selectivity (%) -236.1 -173.6 ~145.8 -150.9
Average (4-8 hrs) ’ 157.8

Ratio 1Cy/2MB2 (Feed) . 21.01

BemiRTimxd
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i soparaffin-to-olefin ratio in an alkylation reaction, the better the
resul tant al kylate quality. Al kylation reaction- tenperat ug-
contenpl ation of the present invention are in the range g fﬁﬁ)ﬁ‘l"a%
[err]. to about [err]. Lower tenperatures favor alkyl atid‘tmrea(ﬁﬁ
isoparaffin with olefin over conpeting olefin side reactions such as

pol ynmeri zation. However, overall reactypn rates decrease w th decreasing
tenperatures. Tenperatures within the given range, and preferably in the
range from about [err] to about [erriapipwveyi de good selectivity for

al kylation of isoparaffin with olefin at comercially attractive reaction

rates. Most preferably, ho\Vikviate Eme igkkifls 42HMBEnFeedner 4t ure shoul d range
fromJ[err] to [err].

mnm—p——

TOS, hrs. 2 4 6 . 8 Average
% Conversion 99.68 "99.66 99.61 99.56 99.63
Lights 0.12 0.11 0.11 0.12 0.12
C.+ Material (on iC,-Free Basis)

iCs 84.29 85.03 84.80 85.14 84.82
nCg 0.80 0.82 0.82 0.82 0.82
Cs 5.88 5.92 6.02 5.82 5.91
C, 0.94 0.96 0.96 0.98 - 0.96
C, 2.62 2.00 1.97 1.93 2.13
Cqt+ ’ 5.36 5.16 5.32 5.19 5.26
C;+ Material (on iC,/iC -Free Basis)

nCsg 5.07 5.48 5.37 5.54 5.37
Cs 37.39 39.52 39.60 39.18 38.92
c, 5.99 6.41 6.33 6.57 6.33
Cs ] : 16.67 13.38 12.97 13.00 14.01
Cet+ 34.13 34.48 34.98 34.90 34.62
Lights 0.76 0.73 0.74 0.81 0.76

Feed: 33.16% iC,, 63.03% iCg, 3.00% 2MB2
Lights = All material <C, except isobutane
iCs/2MB2 Ratio (Feed) = 21.01

EXAMPLE III
The data presented in Example IV were obtained using a 300 mL

riser-type reactor with the feeds sprayed into a non-circulated layer of

catalyst (300 ml). The feed rates were 309 ml pef hour throughout the

experimental run, and the temperature was héld constant at 90°F (&3°F).
The cafalyst was composed of 92% HF, 2% water, and 6% acid soluble oils
generated by the addition of pure 2-butenss to the HF/water catalyst

mixture. Samples were taken at different times on stream and analyzed as

described above.

__‘_’—’______,____,__,__
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- il - Reaction pressures contenplated in the present invention may range
from pressures sufficient to maintain reactants in the liquid phase to

about fifteen (15) atnospheres’of pressure. Reactant hydrocarbons may be

normal |y gaseous at al kyl ation reaction tenperatures, TPRS L?EEN
pressures in the range of from about 40 pounds gauge pr' %‘gr are
I nch (psig) to about 160 psig are preferred. Wth all r|eac1an

l'i quid phase, increased pressure has no,gignificant effect upon the
al kyl ation reaction. Contact times for hydrocarbon reactants in an

al kyl ation reaction zone, in the prespngerpfivt he al kyl ation catal yst
general |y should be sufficient to provide for essentially conplete

conversi on of ol ef iTabteddt antsdntst bige alaky| adsvdnimgoFeom Pitef anrplatiohher a

feed containing of 64.6% iC,, 29.2% iC¢, and S5.4% 2MB2. Comparing these

data to that of a similar feed presented im Table I[I, it is immediately

1
apparent that a much higher level of iC; consumption is achieved. This is
evidenced by the large, negative values for isopéntane selectivity. In

contrast, the alkylation of a feed containing a ratio of iCs to 2MB2 of

5.18 in a CSTR reactor led to ah average value for iCs selectivities of

14.8%.

Table X.presents further data from the analyses of alkylates

presented in Table IX. A comparison of these results with those in Table

IV indicates that the concentration levels of C, material in the alkylates

are similar. However, the amounts of of C; and Ce+ material are reversed

relative to Table IV data. These data iudicate a possibility of a

suppressed hydrogen transfer reaction since the amount of C, material in

the alkylate is reduced. The concentration of Cy+ material in the

alkylates indicates that the direct alkylation reaction is’ favored under

these conditions. Some of these differences can be explained by the

differences in contact time of hydrocarbon with the acid between the CSTR

and the riser-reactor. In the CSTR, the contact time is on the order of

several minutes greater than the hydrocarbon residence time within the
riser reactor. These data suggest that short residence times may favor
production of direct alkylation products and that longer residence times
may allow for the disproportionation reaction to proceed to a greater

degree. The data presented in Tables IX and IV illustrate that as the

residence time is shortened, the extent of disproportionation is reduced.

This Sheet Has Been Reﬂlaced




contact tine is in the range fromabout 0.05 mnute to about 60 m nutes.
the al kyl ati on process of the present invention, enploying

| soparaffin-to-olefin molar ratios in the range of about to about 25:1

wherein the al kyl ation reaction mixture conprises about Qﬂﬁ@SWEE¢W%SBEEN'|
percent catal yst phase and about 60-10 vol ume percent hyfir ocardgs 4 [

and wherein good contact of olefin with isoparaffinis e
reaction zone, essentially conplete conversion of olefin nay be obtained at
ol efin space velocities in the range of 2about 0.01 to about 200.vol unes

ol efin per hour per volune catal yst (v/g/hr;) Opt i mum space velocities
wi || depend upon the type of isoparaff olefin reactants utilized, the

particul ar conpositions of pablkylatiQn $ALA! ¥3lectdPiky BSy @l kyl ation reaction
condi tions. Consequently, idl?fld},f/ﬁﬁﬂ X3 gaggnua@ﬁlstek <88 sufficient for

In:

provi ding an ol efin space velocity
Time, hrs. 2 4 6 10

. % Conversion 100.0 100.0% 100.0 100.0
Feed Rate, mL/hr 300 300 300 300
g Feed/hr 171.3 | 171.3 171.3 171.3
Feed Composition .

% iC, 64,62 64,62 64.62 64.62
% iCq 29.24 29.24 ) 29.24 29.24
% 2MB2 5.366 5.366 5.366 5.366
Wt. Fraction 2MB2/hr 0.0537 . 0.0537 0.0537 0.0537
g 2MB2/hr 9,192 9.192 9,192 9.192
Moles 2MB2/hr 0.131 . 0.131 0.131 0.131
g iCs added/hr 50.09 50.09 50.09 50.09
Moles iCg added/hr 0.696 0.696 0.696 0.696
Product Analysis )

. g iCys in Product 46,445 49.456 43.932 47.51
% iCg in Product 27.113 28.871 25.646 27.736
Moles iCg in Product 0.644 0.685 0.609 0.659
Moles Synthetic iC, -0.052 -0.011 -0.087 ~G.037
iCy; Selectivity (%) ~39.7 -8.39 -66.4 -28.24
Average (2-10 hrs.) -35.7
Ratio iCs/2MB2 (Feed) 5.6

—___——_______’__————f‘—_.—'
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_ih the range of about 0.01 to about 200 (v/v/hr.)
conpl ete conversion of olefin reactant

“enbodi nent of the al kyl ati on process,

.sufficient pressures
into the reaction zone.

catal yst by conventi onal

and al |l owi ng essentially

turbulence of the flow system After gpsyfficient tine,

t hen

in the al kylation zone. In one
the reactants c

12 and tenperatures to nalntaﬂnﬂﬂﬁeﬁ¥§q,¥jﬁh i
in the liquid phase and then conttnuously forced through dl%.éWE n.

The di spersion devices can be“je&ts;
thinbles and the |ike. The reactants 3

m xi ng neans

iy
“devaes

““hozzl es, porous
re subsequently m xed with t he
8uch as mechani cal

agitators or
the product can

Alkylate From iC,/iCg/2MB2 Feed No. & (Riser Reactor)

TOS, hrs. 2 4 6 8

% Conversion 100.00 100.00 100.00 100.00
Lights 0.62 0.36 1.88 3.67
Ce+ Material (on iC,-Free Basis)

iC, 62.45 . 62.40 64.56 45.00
nCy 0.30 0.31 0.32 0.26
Cs 3.18 3.19 3.17 2.71
C, 1.49 1.48 1.24 1.77
Cs 13.74 16.79 13.67 23.72
Cet 17.46 15.36 14.92 22.87
C.+ Material {(on iC,/iC;-Free Basis)

nCy 0.80 0.82 0.89 0.47
Cs 8.47 8.48 8.95 4.93
Cc, 3.97 3.94 3.49 3.22
Cq 36.57 44 .65 38.56 43.12
Cgt+ 46.48 40.84 42.10 . 41.58
Lights 1.65 0.95 5.29 6.68

Feed: 64.62% iC,, 29.24% iCg, 52.7% 2MB2

Lights = All material <C, except isobutane

While certain embodiments of the invention have. been described

for illustrative purposes, the invention is not limited thereto.

Various

other modifications or embodiments of the invention will be apparent to

those skilled in the art in view of this disclosure.

enbodiments are w1th1n the spirlt and scope of the disclosure.

et
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be continuously separated fromthe catal yst and wi t hdrawn fromthe reactlon
systemwhile the partially spent catalyst is recycled to th

W A‘,
iportion of the catalyst can continuously be regenerated rTHseg{HET\V%ﬁSeB&
described herein, or by any other suitable treatnent, and ret mEhie"cF Q_t
al kyl ation reactor. The follow ng exanples will serve to ustrate

the invention. EXAWPLE | The data presentegd_ in Exanple Il were obtained
using a 300 nL continuous stirred tank réactor (CSTR) wi th hydrocarbon feed

rates of 600 nL per hour, u3| ng aH—HF—GaI-aJ_)LsL_ana_m ng approximately 7%
acid soluble oils and 2%

erature of the reactor contents
were maintained at [err]. V\/m I e Sti ,","H-rﬂr"ﬂ”ﬂmmnf 2000 rpm The acid
recircul ati on

CLAIMS

L A method of suppressing the formation of. isopentane in a process
for the alkylation of amylenes by isobutane in the ‘presence of an
alkylation catalyst resuiting in an alkylate product comprising synthet-
ic isopentane, characterized by conducting said alkylation in the
presence of added isopentane.

2. The method of claim 1, wherein the isopentane is added in an
amount to provide a weight ratio of added isopentane to amylenes
in the feed mixture of above 2:1.

3.

The method of claim 1, wherein the isopentane is added in an

amount to providé a weight ratio of added isopentane to amylenes
in the feed mixture in the range of 1.5:1 to 12:1.

4. The method of claim 3, wherein said weight ratio is in the range of

2:1 to 10:1

5. The method of claim 4, wherein said weight ratio is in the range of
4.5:1 to 6:1

6. The method of claim 5, wherein said weight ratio is in the range of
5:1 to 6:1.

7.

The method of any of the preceding claims, wherein said alkylation
catalyst comprises hydrogen fluoride.

| This Sheet Has Been RTlaced




late was 700 nl/hour. Sanples were taken at specified intervals and
-anal.yzed by .gas chromat ography. In cases where peak identity ¢ i Ln'”“
swas requi redM| c and nass spectral nethod ‘g\grqemshﬁi"%yed

“EXAMVPLE | | are the data obtained fromthe TRy RerAEEP of
feed containi m"llm gmg of isobutane to 2-nethyl -
10:1. Shown are theu sel ecti~vE8i-es at the indi cat ed tine

intervals into the reaction and other information. The average selectivity

of 2MB2 to formisopentane is 74.2 - 13 - percent on a nolar basis.

of

Thi di cat t, h . . .

'S inarcatgs tﬁ]ae _mect)lr{'o&- oef any of the preceding claims wherein said synthetic
isopentane formation is less than about 0.8:1 as determined by the
weight ratio of synthetically formed isopentane to amylenes in the
sfeed.

.__/__________.
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aver age, apprOX|nater,74 nol e percent of the 2MB2 fed into the reactor is’
converted to isopentane on a nole--to- nol'e basis. This can be an indication
that relatively Iarge concentration |evels of C8 material is produced via
the hydrogen transfer mechanism Table Il presents the data fromthe nore
conpl ete anal yses of the al kyl ates co&&siﬁge$ing t hose shown in Table | for
the given tinme intervals into the rea These data suggest that the
maj or products of the alkylation reaction are [err] and [err]. Shown in
Table 11l are data obtained fromthe al kylation of a feed containing a

wei ght ratio of iCA/CQHEBNBZOEfSYHTHETICIESD@ENE@NEfPBeDUCEmaN t he

i sopent ane sel ectivity has e p o y 80% over that of
the Table | feed, which dldBﬁ N& g#%?%AFéPS]B% presents the data
fromthe nore conplete anal yses of t he al kyl at es

A method of minimizing or controlling the production of synthetic
isopentane during the catalyzed alkylation reaction of amylenes and
isoparaffins by providing a concentration of isopentane in the alkylation

reactor feed material.




corresponding to those shown in Table |11 forgggﬁﬂgjven tinf{inﬁé?@&l 4
the.reaction. A conparison of the conpositiong™~éf“the a "iates!ﬁ%ﬁfgnkgg
in Table Il with those of Table IV indicates that, the c né@ﬁ%*%ﬁ S0

‘[err] and [err] in the Table IV alkylates are sighificantly gr@ageﬁfEBm“
t hose concentrations of the Table Il alkyl ates while th i@@ﬁéenrr """""""
C8 material are |lower. The nearly doubled increase in pr ron of [err]
material can be attributed to the direct al kylation of amylene with
| sobut ane. The increase in C6 production is believed to be due to the
di sproportionation of iC5 to 2- and 3-nethyl pentanes. The conpari son of
the data shows that there is a dramatic inpact upon isopentane selectivity
that results from addi ng i sopentane to an al kyl ati on reactor feedstock. The

hydrogen transfer reaction is believed to be suppressed by addi ng suitable
guantities of iC5

CONTROL. OF SYNTHETIC ISOPENTANE PRODUCTION
DURING ALKYLATION OF AMYLENES

This invention relates generally to the
alkylation of hydrocarbons. More specifically,
however, the invention relates to the control or
suﬁpression of the production of synthetic isopentane
during the alkylation of amylenes.

Recently promulgated federal regulations have
placed new vapor pressure limitations on motor fuels
fesulting in the need to remove from gasoline certain
quantities of lighter, relatively high vapor pressure
components, such as, for example, butanes and . _
isopentane. One problem, however, which results from
the removal of such compounds from the gasoline pool is |
the need to find some other use for the butanes and
isopentane. This is a particular problem with
isopentane since it can be produced concurrently with
the production of gasoline. Therefore, it is generally
required for the butanes or isopentanes removed from
gasoline to be consumed as a feedstock to certain other
processes in order to eliminate the volume of such
compounds in the gasoline pool.

~ A recent new concern that has arisen due to
the new federal vapor pressure limitations placed on
gasoline is the formation or production of synthetic
isopentane during the hydrogen fluoride catalyzed
alkylation of amylene olefin compounds. Traditiomally,
the production of synthetic isopentane has not been
much of a concern; but, instead, it has been desirable

CASE: 33178



to an al’kyl ation reactor feedstock as evi denced by the su si onof the —
praduction of synthetic isopentane - 14 - and an incre sfgeer;.dEIﬂ&N-rsﬁEET
production of [err] alkylate. The data presented in Table

dermonstrate that, at certain effective concentration |eve SDaQé qupFEgaiﬁa']
in an al kyl ation reactor feedstock, the hydpogen transfer aeit-01—
suppressed to such an extent as to provide greater quantities of alkylatlon
and di sproporti drestause reficthe ralativeby tinkgh tdetaps odalwsl &ff havi ng a

| ower concentratié)%&;tiﬁér] ﬁ&é@&al%ﬂ‘a{&% eﬁé@é‘i‘é’?@?é& shown in

Table V, when thére rs an ef fectrve toa
regulatory changes, the commerc1a1 trend is now towards

the removal of isopentane from the gasoline pool. It
has been suggested by those skilled in the art, e.g.
U.S. 4,429,173, that one means by which synthetic
isopentane is removed from a product of a hydrogen

fluoride catalyzed amylene alkylation process is to
separate the isopentane, which can include synthetic
isopentane, from the'alkylate product and charge it to
a separate dehydrogenation step to produce olefins

- which can suitably be used as an alkylation process
feed. While these additional process steps can
effectively assist in the removal of isopentane
contained in an alkylate product stream, they do have
numerous drawbacks. For instance, the separate
dehydrogenation step requires additional capital to be
invested in costly new equipment. Furthermore, there
are operating costs associated with the dehydrogenation
of isopentane. Finally, because of the separate and
distinct process steps associated with the separation
and dehydrogenation of iéopentane contained in an
alkylate product, it becomes difficult to control the
net amount of isopentane produced synthetically during
the alkylation reaction of amylenes.

Thus it is an object of this invention to
provide a method of controlling the amount of synthetlc
isopentane produced during the catalytic alkylation of
amylenes.

A further object of the invention is to
provide an alkylation process that has a suppressed
ability to produce synthetic isopentane during the
alkylation of amylene compounds. .

A still further object of the invention is to
provide an alkylation process that operates such that
there is a net consumption of isopentane when amylenes
are being alkylated.



in"the al kyl ation reactor feedstock, a quantity of the [err] in'the

feedstock is actually consuned thereby provi di ng a "neggfFrve Selrec k&#- T
toward the production of [err]. Shown in Table V are daaaﬁﬁakéﬁewﬁg
al kylation of a feed containing a weight ratio of [err] Df 10: 2. gCFEB]QQ'I

average, there is a net consunption of isep®ntane, or a ﬁegatlve """ e

| sopent ane selectivity". This "negative isopentane selectivity" i ndi cat es
the possibility that dispfhsordinventicm igicludes a snethagh@£3- net hyl

pentanes (and i @hntird198%Hy 'dyitHet ¥ liikdgin talne) lpalddiie tiRa€ du¥ing Al VI
gives the results _from,a noré conpl ete _anal ysis of the al kyl ates that

correspond to tAddFiatdan iaf mleen\pq &y difobgitane -« i fhem g€ nto the

reaction. A coMmaifiexding tdamydldre alkyllitilor ¥icale allk¥latiiRsyE ed in

Tables 11, 1V a%\f rfegov:!ss tuhsaetd lixoetr%:.lnn,cr Ss%a\?f]:[ r:1nea::1 that amylene

' olefins are reacted w;th isobutane to nominally form a

paraffin compound having nine carbon atoms. The first
step of the inventive method includes contacting within
a reaction zone a mixture where said mixture comprises
amylenes and isobutane, with an alkylation catalyst. A
reactor effluent is produced from the reaction zone and
comprises an alkylate product and a synthetic .
isopentane product. Synthetic isopentane is controlled
by adding a controlled amount of isopentane to said

mixture in an amount effective for producing said

desired amount of synthetic isopentane production.

~ Another embodiment of the invention is an
alkylation process for the alkylation of amylenes by
isoparaffins, wherein said alkylation process has a
suppressed ability to produce synthetic isopentane.
The first step of this process includes contacting
within a reaction zone a mixture with an alkylation
catalyst, said mixture comprising amylenes, isobutane,
and isopentane in an amount that is effective for
suppressing the production of synthetic isopentane.
The contacting step is followed by recovering from said
reaction zone a reaction zone product which comprises
an alkylate product having a reduced concentration of
synthetic isopentane below that which would result when
said mixture, having substantially no isopentane con-
centration, is contacted with said alkylation catalyst.

A further embodiment of the invention

also deals with a method of suppressing the production -
of synthetic isopentane during the alkylation of
amylenes by isobutane. The method includes
contacting within a reaction 2zone a mixture of
said amylenes and said isobutane with an



an‘incréasing ratio of isopéntane to anylene in the al kyl Jfronredttor———
feed. This is nost likely due to an increased disproportic1§FPbﬁC§MEN§ﬁﬂEET
to [err] and nmethyl pentanes. The amount of C8 material irthe a?r%L
significantly bel ow that which results when a | ower [err}'f@@@ GO S
utilized, indicating that the hydrogen trangfer reaction T§"§Uﬁﬁ?€§§eﬂ7‘?ﬁe~*
data presented in Tables VII and VIII denonstrate the effect of having an
[err] ratio in tadlkyletonfcdtslysthamd . in rchealpmesdrge tdle a;la:temtroll:nticat e

a very large, neggliye gﬁ'*%é%téfe” éf&iﬂ SEHN L it r %!E; ) ds udli gati ve

of enhanced i C5 consunpti on consunption I s to be the
resul t of dispr Grﬁﬁﬁ?fbﬁ%!!?o*ﬁo?u$br¢1}a othetmgdae akia of isopentane

to amylene in said mixture exceeds 2 to 1 and producing
a reaction zone effluent. .

One of the important aspects of the inventive
process is its ability to suppress, inhibit or
eliminate the production of synthetic isopentane when
amylenes are alkylated with isobutane in the presence
of a hydrogen fluoride catalyst. A further important
aspect of the process is its ability under certain
precise process conditions to consume isopentane during
the HF catalyzed alkylation reaction of amjlenes with
isobutane. 1In view of the ability of the process to
suppress, inhibit or eliminate synthetic isopentane
production and in certain circumstances to provide for
isopentane consumption, a capability is provided for
controlling, within certain limitations, the amount of
isopentane that can be contained in an alkylation
reaction effluent stream. Certain of the inventive
process characteristics and attributes can be expressed
or represented guantitatively by the selectivity or
negative selectivity of the process toward the
production of isopentane. The term "selectivity®", as
used herein, shall mean the ratio of the net synthetic
isopeﬁtane-produced'to the amylene contained in the
process feedstock. In the case where there is ics
consumption during the alkylation reaction, this may be
referred to herein as "megative selectivity". The term
"negative selectivity", shall mean the ratio of
isopentane contained in a process feedstock that is
consumed to the amylene contained in said feedstock.

As used herein, the term "synthetic
isopentane" shall mean the net isopentane produced
during a hydrogen fluoride catalyzed alkylation
reaction of olefin compounds with isoparaffin
compounds. Thus, the synthétic isopentane produced



and [erf]. Table VIIl presents the results of alkylate a
correspond to those shown in Table VII for the given ti
the reaction. A conparison of the data of Table VI with t
VII1 shows that the concentration of [err] materials in the¥%l i i
substantially the same, but the concentratimn.of C6 matertal 1 n the
al kyl ate of Table VIII is substantially greater than that of Table VI. This
differential isdoelingvest alkydatien: oeakticns pteposhadlabeothel [err] to
[err] and net hy it anes., C rati errd s ' in the

al kyl at e of Tabidg' I?%gl%se %%%t?t%%%b&?ﬁteo%tgfgt&h%%s%hgtf c:')%%%%glt%hfyl ate of

Tabl e VI, thus, contiadamedhdn g adkyilatee pyofycte offf luentedeazingh am t he

al kyl ation reaciky108400 Yeattine SToe A Kd @Al mARs’ @F reaction.

When al kyl ation  reaction zone feeds. gont %I n._ .
isopentane contained in the feedstock to the alkylation
reaction zone. It is theorized that the reaction

mechanism by which synthetic isopentane is produced is

REPCAGRMENT AtEeT |

the result of a hydrogen transfer reaction which is a
chain initiated reaction in which tertiary butyl
carbonium ions are formed and are involved in the chain
reaction to form the ultimate products of isopentane
and a paraffin hydrocarbon. One theorized mechanism
for the hydrogen transfer reaction which occurs when
amylene is alkylated with isobutane is as follows.

See, Rogenwald, R.H., Kirk-Othmer Encyclopedia of
Chemical Technology, 3rd Ed. (1978), 2, 50.

CgHq.o + HY ---> CgHqq*
CgHyq* + iC4H,q ---> CgHp, + iC.Hg"
_ icyHg* ---> ic,Hg + H'
iCgHg + iCgHg* ---> iCgHiq"
iCgH,q* + iCyH;, ---> iCgHyg + iC HgY

It is also theorized that certain of the physical _
phenomena relating to the features of inventive process
can be attributed to various competing reactions which
include the disproportionation reaction that involves
the reaction of two intermediate molecules of a
paraffin hydrocarbon compound each having an identical
number of carbon atoms to form two separate paraffin
hydfocarbon compounds one of which has fewer carbon
atoms than the intermediate molecules and one of which
has more carbon atoms than the intermediate molecules.
One particularly important #isproportionation reaction

can be represented by the reaction formula as follows.




mofe i C than [err], there does not appear to be any g
al kyl ati on products, but an increased concentration of
critical 5 concentration levels result in a net reducti

pbn of |
ot her words, a net consunption of [err] due to conpetingggkgpﬁggbﬁgBJEQ?i

i-ns_iLn direct

RePRRGEMENG SHEET
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reactions. -16 - Table | Determ nation of Jsopentane.Seleetiwity—tfor—
[err] Feed Tine, hrs. 2 4 6 8 %
Conver si on 2MB2 100.02 m@%.0«=1&0.ac41Q0c% Feed Rate, (mi/hr)

600 600 600 600 -

The inventive method is generally described
as including the process step of contacting a feedstock
with a catalyst within a reaction zone and producing,

recovering or withdrawing a reaction zone product or
effluent from the reaction zone. The feedstock can
comprise a mixture of olefin hydrocarbons and
igoparaffin hydrocarbons. The olefin hydrocarbons
which can be used in the practice of the invention can
include the monoolefins containing at least three
carbon atoms per molecule. Presently preferred olefins
for use in the practice of the invention are those
monoolefins containing three to six carbon atoms per

molecule. Thus, olefin hydrocarbons of

the reactor

feedstock mixture can include monoolefins selected from
the group consisﬁing of propene, butenes, pentenes,

hexenes and mixtures of any two or more

thereof. The

isoparaffin hydrocarbons which can be used in the
practice of the invention can include those having at
least four carbon atoms per molecule and, preferably,
the isoparaffins can be selected from the group
consisting of isobutane, isopentane, and mixtures

thereof.

It is one function of the inventive process
or method to provide means for controlling the amount

of synthetic isopentane produced during

the catalyzed

alkylation of amylenes by iscbutane. As earlier
described herein, during the hydrogen fluoride
catalyzed alkylation of amylenes by isobutane, often,
undesirable hydrogen transfer side reactions occur by

which synthetic isopentane is produced.

Isopentane has

increasingly become an undesired gasoline component
primarily because of its high volatility or high Reid
vapor pressure as compared to other gasoline éomponents

having comparabie octane values. Thus,

it is desirable

to remove by any suitable means isopentane from



Q Feed/ hr 336 336 336 336 Feegq—Conpesition—>a—

| sgbut ane 87.1 87.1 87.1 87.1 % 2N EPLACEMENTSHEET
12.9 12.9 12.9 12.9 W. Fraction 2MB2 Feed/ hr 01129 I\g é?WQ
0.129 g 2MB2/ hr 43.3 43.3 43.3  4378sMel B CANVHNE
Feed/ hr 0.618 0.618 0.618 0.818 Product Anatysis=fFer]

Pr oduct 9, 23 59 10.106 10195 g [err] Producedy hr

31.016 33.126 3§apPline %%1?&5?%59 [FFTRORSRIR mavif il as dn aliylagion 4so

0.471 0.475 I\/blmc&;ﬁ“dﬂleproﬂuéﬁ or alkylatk 430, ih 4He casldOwvhérd30 (per

gzurz) R([i,?lr(r)] [Sflr] s 4()@et JcFopenG@ane pgodﬁ?'ct:l.gé, 2:|.t: :.é geéf‘vg‘.éfge) %
to 1nh1b1t, suppress or eliminate such synthetic
isopentane production. |

It has been discovered that if suitable
proportions of isopentane are employed as a portion of
an alkylation reaction zone feed mixture, which can
also include amylenes and isobutane, the tendency of
the alkylation reaction to produce synthetic isopentane
is inhibited or suppressed. Thus, a controlled amount
of isopentane can be added to an alkylation reaction
zone feed mixture such that it is effective for
suppressing the production of synthetic isopentane and
for providing a reaction zone effluent product or
alkylate having a reduced concentration of synthetic
isopentane below that which would result when the
alkylation reaction zone feed mixture, having
substantially no isopentane concentration, is contacted
with an alkylation catalyst within the alkylation
reaction zone.

The weight ratio of isopentane to amylene in
the aikylation reaction zone feed that has been found
to be effective in suppressing the hydrogen transfer
side reactions that produce synthetic isopentane
generally can exceed about 1.5, but a more effective
ratio is that which exceeds about 2.0. An upper limit
for an effective ratio of isopentane to amylene in the
alkylation reaction zone feed is primarily set by other
factors relating to the ability of the process system
to handle the additional volume of 1sopentane rather
than by the inhibiting effect of the presence of the
isopentane in the reaction zone or feed. Thus, the
upper limit for the weight ratio of isopentane to
amylene in the alkylation reaction zone feed is around
12:1 thereby giving a desired range for the ratio of
isopentane to amylene in the reaction zone feed of from



-17 - Tdble Il Alkylate fromiC4/ 2MB2 Feed TCS, hr. [f—=2 4

6 . 8 Aver age % Conver si on 100. 0 99. 70 OBEEEACEMQNﬁQHEET
100. 00 Lights 10.52 10.28 9. 85 9.80 ]i10.11 2{ %FS l\%gz I
(on i CA-Free Basis) [err] 30.94 31.99 2738:.. . 5 ........... 1
[err] 0. 07 0. 00 0.00 . g0.00 0.02 [err] = =~ mwmmm==d
2. 38 2.16 2.23 2.25 2.26 [err] 1.45 1.22

1.23 1.23 ab&&[frsll[edsriz 1 and preferak¥by,/9frdh. é‘b?out45 D9%o 45.87
'ﬁgtgzlgfrrgn [er??°$$ %1853| ? more preferreg rangg ébr the’ ratlerr
_ isopentane to amylene in the alkylation reactor feed is
from 2.5:1 to 10:1.

It has also been discovered that, within the
aforementioned ratios of isopentane to amylene in'an
alkylation reaction zone feed, there is a certain ratio
of isopentane to amylene which effectively pfovides for
a net consumption of isopentane as determined by the
difference in the mass of isopentane in the reaction
zone effluent and the mass of isopentane in the
reaction zone feed being a negative value. The weight
ratio of isopentane to amylene found to provide for a
net consumption of isopentane in the alkylation
reaction is in the range of from about 4.5:1 to about
6.5:1. Preferably, the weight ratio of isopentane to
amylene in the alkylafion reaction zone feed necessary
to provide a net consumption of isopentane is from
about 5:1 to about 6:1 and, most preferably, it is from
5.2:1 to 5.8:1. Thus, within a certain broad range for
the weight ratio of isopentane to amylene in an
alkylation reaction zone feed, it has been found that
synthetic isopentane production during the alkylation
reaction is inhibited or suppressed as the given
isopentane-to-amylene ratio is increased but only up to
a given point where no synthetic isopentane is
produced, above such ratio, a net reduction of
isopentane is achieved.

Because of the above-described physical
impact that the presence of isopentane has upon the
alkylation of amylenes in an alkylation reaction zone,
the benefit from having the abiiity to control the
amount of synthetic isopentane contained in an amylene -
alkylate product can be controlled within certain broad
ranges is achieved. Furthermore, when one considers an

. alkylation process in terms of its relationship with
other refinery processes for the production of gasoline



[:erir]

3.45 3.18
1.82  1.82
67.22 [err]

IS

15.23 15.12

[err]

4

except

6

0.10 0.00 0. 00 0. 00 0.0

3.30 3.33 3.32 [err]
1.88 [err] 66.30 67.24
12.81 12.67 12.84  12.47
14. 56 14. 49 14. 85 Feed- $0L1 [err] Lig

i obut ane REPLACEMVENT SHEET - 18 - Table I11 Deternmination
of |sopentane Seinttgaselinercémponeds Noopéntiane, thats . has previously

béen a component of a gasoline pool can potentially be
removed therefrom and utilized as a feedstock to an
alkylation process whereby it is consumed durlng the
alkylation reaction.

If the appropriéte amount of isopentane is
contained in an alkylation zone feedstock or added to
such feedstock, the amount of synthetic isopentane
produced can be such that the amount of synthetic
isopentane product contained in the reactor effluent is
less than about 0.8:1 as determined by the ratio of the
weight of synthetic isopentane product in the reactor
effluent to the weight of amylenes in the alkylation
reaction zone feed mixture. Preferably, the amount of
isopentane contained in an alkylation reactor feed can
be controlled such that the ratio of the weight of
synthetic isopentane product to the weight of amylenes
contained in the alkylation reaction zone feed mixture
is less than about 0.6:1; but, preferably, it is less
than 0.3:1.

The catalyst used in the process or method
can be any compound, composition or material that
suitably provides for the alkylation reaction of
olefins with isoparaffins. The alkylation catalyst can
be a liquid catalyst or a solid catalyst which is
either supported or unsupported. Presently, commercial
alkylation catalysts include sulfuric acid and hydrogen
fluoride. The preferred alkylation catalyst of the
present invention includes hydrogen fluoride which can
be used in any form suitable for achieving the
objectives of the inventive method or process. Of the
suitable hydrogen fluoride catalysts, it is preferred
for the acid to be in substantially anhydrous form,
although small quantities of water can be present. The
liquid hydrogen fluoride catalyst, when it is not in
the substantially anhydrousiform, can have water

present in the range from about 0.1 weight percent to

.:Pj@csMemgsHEET'
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"% Conver si on 2VB2 ~99.48 99.29 99.53  99. )
600 600 600 600 g Feed/hr. A%E'ﬂ %&H 336
336 Feed Conposition % | sobut ane 68.14 | 68 12 0 BEB

68. 14 % | sopent ane 26.04 26,04  26.04| Dalg o406
5.03 503 503 503 W. %2M2/ hri0 - 0.05 005

0.05 0.05 g 2MB2/ h 88 Nbles
2MB2 react ed/ hr 209Ut Sow?&ght pergpnt Gngdlpreﬁ 3§§3 [égf]waﬁﬁﬁd

87.5 87.5 be&7present’ in IYhlec rangrer framd@dShweight percéntlio 41. 213
1.213 1.213 P s % err | 6. 701
26.697 27.017 é’gﬁéﬁﬁ éw‘%?‘oduc i ‘%fpg%%g‘g% §h71hyd§g'f%‘%r 0.78
Mol es i C5 in Pregick catalyst2t® GOIH@M at] lpagt abopss 8fbmwed.gdfnt hetic

I G5/ hr 0. 005 pexlent! HF.0- @3s, & MAvenient and commercially

practical range for the HF content of the catalyst is
from 86 to 97 weight percent HF.

To improve selectivity of the alkylation
reaction of the present invention toward the production
of the desirable highly branched aliphatic hydrocarbons
having seven or more carbon atoms, a substantial
stoichiometric excess of ieoparaffin hydrocarbon is
desirable in the reaction zone. Molar ratios of
isoparaffin hydrocarbon to olefin hydrocarbon of from
about 2:1 to about 25:1 are contemplated in the present
invention. Preferably, the molar ratio of isoparaffin-
to-olefin will range from about 5 to about 20; and,
most preferably, it shall range from 8 to 15. It is
emphasized, however, that the above recited ranges for
the molar ratio of isoparaffin-to-olefin are those
which have been found to be commercially practical
operating ranges; but, generally, the greater the
isoparaffin-to-olefin ratio in an alkylation reaction,
the better the resultant alkylate quality.

Alkylation reaction temperatures within the

contemplation of the present invention are in the range
of from about 0°F. to about 150°F. Lower temperatures
favor alkylation reaction of isoparaffin with olefin
over competing olefin side reactions such as
polymerization. However, overall reaction rates
decrease with decreasing temperatures. Temperatures
within the given range, and preferably in the range
from about 30°F. to about 130°F., provide good
selectivity for alkylation of isoparaffin with olefin
at commercially attractive reaction rates. Most
preferably, however, the alkylatidn temperature should
range frem 50°F. to 120°F.



[err] Selectivity (% 2.01% 12.8% 12.7% 18. 9% = ‘}
= 14.8%Ratio [err] (Feed) = 5.18 - 19- Table IV Al kyj BF® EPHEET i
Feed No. 1 TGS, hrs. 2 4 6 8 A&F&P?EB%@QT i

Conver si on 99.48 99.29 99.53 99.47 99.44 Ligﬁt@me'~ 0:53

0. 46 0. 39 0. 40 0.45 [err] Mater+4dl (-on i CA-Free Basis) [err]
73.04 74.31 75.17 74.69 74.30 [err] 0.42 0.44

0.43 0.42 0. 43 [errReaction pressureg dontemplated inzhe 2 45
2.52 [err] present inveRti{&h mfy*Fange Offomn priséirres SuPiicient

to maintain reactants in the liquid phase to about
fifteen (15) atmospheres of pressure. Reactant

hydrocarbons may be normally gaseous at alkylation
reaction temperatures, thus reaction pressures in the
range of from about 40 pounds gauge pressure per square
inch (peig) to about 160 psig are preferred. With all
reactants in the liquid phase, increased pressure has
no significant effect upon the alkylation reaction.

Contact times for hydrocarbon reactants in an
alkylation reaction zone, in the presence of the
alkylation catalyst generally should be sufficient to
provide for essentially complete conversion of olefin
reactant in the alkylation zone. Preferably, the
contact time is in the range from about 0.05 minute to
about 60 minutes. In the alkylation process of the
present invention, employing isoparaffin-to-olefin
molar'ratios in the range of about 2:1 to about 25:1,
wherein the alkylation reaction mixture cqmprises.about
40-90 volume percent catalyst phase and about 60-10
volume percent hydrocarbon phase, and wherein good
contact of olefin with isoparaffin is maintained in the
reaction zone, essentially complete conversion of
olefin may be obtained at olefin space velocities in
the range of about 0.01 to about 200 volumes olefin per
hour per volume catalyst (v/v/hr.). Optimum space
velocities will depend upon the type of isoparaffin and
olefin reactants utilized, the particular compositions
of alkylation catalyst, and the alkylation reaction
conditions. Consequently, the preferred contact times
are sufficient for providing an olefin space velocity
in the range of about 0.0l to about 200 (v/v/hr.) and
allowing essentially complete conversion of olefin
reactant in the alkylation zone.

In one embodiment of the alkylation process,
the reactants can be maintained at sufficient pressures



Terr] 14.39 15.24 14.98 15.21 14.96 [err
8.21 6. 64 6. 14 6. 42 6.85 [err] Material (on [’r éﬁé&T
1.56 1.71 1.73 1.66  1.67 [err] f5&%%§6§

9.83  9.68  9.81 [err] 2.60 1.73 {1,802 OEERJSTT :
1.98 [err] 53.38 59.32 60.433_ 60.09 58. ZBm[éﬁfl;__um_:j
30.45 25.85 24.73 25.37 26.60 Lights 1. 96 1 71 1.43
1.48 1.65 Feafhid t@&nﬂé‘%&ﬁes&ﬁa%&ﬁﬂﬁiﬂ tlﬁan@%}?é% fn Alke
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material [err] ?(-qu_{){d oallosuet alka t&it—g cRoaﬁtl.fn ous el]) forcec? through

dispersion devices into the reaction zone. The
dispersion devices can be jets, nozzles, porous
thimbles and the like. The reactants are subseguently
- mixed with the catalyst by conventional mixing means

such as mechanical agitators or turbulence of the flow
system. After a sufficient time, the product can then
be continuocusly separated from the catalyst and
withdrawn from the reaction system while the partially
spent catalyst is recycled to the reactor. A portion
of the catélyst can continuously be regénerated or
reactivated as described herein, or by any other
suitable treatment, and returned to the alkylation
reactor.

The following examples will serve to further
illustrate the invention.

EXAMPLE I

The data presented in Example II were .
obtained using a 300 mI continuous stirred tank reactor
(CSTR) with hydrocarbon feed rates of 600 mL per hour,
using an HF catalyst containing approximately 7% acid
soluble oils and 2% water. The temperature of the
reactor contents were maintained at 90°F. while
stirring at a rate of 2000 rpm. The acid recirculation.
rate was 700 mL/hour. Samples were taken at specified
intervals and analyzed by gas chromatography. In cases
where peak identity confirmation was required, gas
chromatographic and mass spectral methods were
employed. |

EXAMPLE ITI

Shown in Table I are the data obtained from
the alkylation of a feed containing a weight ratio of
isobutane to 2-methyl-2-butene (2MB2) of 10:1. Shown
are the isopentane selectivities at the indicated time
intervals into the reaction and other information. The

- average selectivity of 2MB2 to form isopentane is 74.2



Det’er mi riati on of

| sopentane Sel ectivity for [err] Feed be—hes.
2 4 6 8 % Converted. 9 UREPDACBIAENT SHIEED
99. 15 Feed Rate, nL/hr 600 600 600 0 g Feed/ hr.
336 336 336 - 336 Feed Conposition % [err] Date : 2 0.|rEB 991
52.57 52.57 52.57 52.57 %J[err] - 13 - A2-—AS
42.48  42.48 %lerr] 4.21 4.21 4.21 4.21 vv.
% 2NMB2/ hr percent (o4& mo!Da:t)éﬂSasiS). 04this Olglicaten/Bhdk, on the
14. 15 14. 15 Q@Eg 2
0.202  0.202 ig‘é‘c%"lé%" rproRbhseety s [REE Yoplene of hiidmpd £UE |
I C5 added/ hr

i n Product/ hr

Y into the 7geacton7is cqnwed 1to 7ARqRenfiiane om gy Heles i cs
to-mdle BSsidl]l Piisidard e & DRPication that

relatively large concentratign levels of Cq material is
produced via the hydrogen transfer mechanism. Table II
presents the data from the more complete analyses of

the alkylates corresponding those shown in Table I for
the given time intervals into the reaction. These data
suggest that the major products of the alkylation
reaction are 08 and ics.

Shown in Table III are data obtained from the
alkylation of a feed containing a weight ratio of
iC4/iCS/2M32 of 13:5:1. It is significant that the
isopentane selectivity has been reduced by
approximately 80% over that of the Table I feed, which
did not contain ics. Table IV presents the data from
the more complete analyses of the alkylates
corresponding to those shown in Table III for the given
time intervals into the reaction. A comparison of the
compositions of the alkylates presented in Table II
with those of Table IV indicates that the
concentrations of c6 and c9+ in the Table IV glkylates
are significantly greater than those concentrations of
the Table II alkylates while the concentrations of C8
material are lower. The nearly doubled increase in
production of C9+ material can be attributed to the
direct alkylation of amylene with isobutane. The
increase in c6 production is believed to be due to the
disproportionation of ic5 to 2- and 3-methyl pentanes.
The comparison of the data shows that there is a
dramatic impact upon isopentane selectivity that
results from adding isopentane to an alkylation reactor
feedstock. The hydrogen transfer reaction is believed
to be suppressed by adding suitable quantities of ic5
to an alkylation reactor feedstock as evidenced by the

suppression of the productién of synthetic isopentane



g i'C5 in Product/hr 136.6 140.2 141.6 . 143.0 M
Produced/ hr 1.893 1.944 1.963 1.982 Mol es Synt het ifjc FE&%QEMENT

-0.034 -0.015 0.003 [err] Selectivity -41. 98

1.71 Average (4-8 hrs) -7.62 Ratio i C5/2MB2 (Fee

Table VI Alkylate From[err] Feed No. 2 TOS4 hrs

6 8 Aver age % Conversi on 99. 34 99.38 99.50° 99.19
99.35 Lights  and an inérédse {n2the pfodidctiod). o€ C Chﬂ%riﬁé] Mat eri al
(on [err] Basis) 1G5 The data g:gésgntgg'fn? Tab8]9e's7-av an&) \?I 80.75

demonstrate that, at certain effective concentration
levels of isopentane in an alkylation reactor
feedstock, the hydrogen transfer reaction is suppressed
to such an extent as to provide greater quantities of
alkylation and disproportionation reaction products
than that produced by having a lower concentration of
ic5 in the alkylation reactor feed. As shown in Table
V, when there is an effective ratio of ic5 to amylene
in the alkylation reactor feedstock, a quantity of the
ics in the feedstock is actually consumed_thereby-
providing a "negative selectivity" toward the
production of ics. :

Shown in Table V are data taken from the
alkylation of a feed containing a weight ratio of
ic5/2M32 of 10:1. On average, there is a net
consumption of isopentane, or a "negative isopentane
selectivity”. This "negative isopentane selectivity"™
indicates the possibility that disproportionation of
iCg to 2- and 3-methyl pentanes (and ic,) is
concurrently with the alkylation reaction. Table VI
gives the results from a more complete analysis of the
alkylates that correspond to those shown in Table V for
the given time intervals into the reaction. A
comparison of the CG and Cg+ concentrations presented
in Tables II, IV and VI shows that both increase with
an increasing ratio of isopentane to amylene in the
alkylation reactor feed. This is most likely due to an
increased disproportionation of ic5 to ic4 and
methylpentanes. The amount of Cg material in the
alkylate is significantly below that which results when
a lower iCS/ZMBZ feed ratio is utilized, indicating
that the hydrogen transfer reaction is suppressed.

The data presented in Tables VII and VIII
demonstrate the effect of having an ic4/ic5 ratio in
the feeds of less than 1. In Table VII, the data



[err] 0.59 0.58 0. 59 0. 58 0. 5@-fert]. :

4.21 4.34 4. 42 4.45 4.36 C7 0. REPLACEMSENT SHEE
0.61 0.59 C8 7.13 6.76 6. 67 . 71 6.82 [err
6.30 6.79 6.78 6. 65 6.63 [err] Material (on |epath:BgifFERS
3.08 3.01 3. 07 3.02 3.05 [err]15 - 2 B=g7—22 :
23.02 22.62 C7 2.87 3.02 3,09 3.13 3.03 C8

37.37 34.98 imdigateza yery large, megative value for sygnphetig 14
35.16 34.41 igépéAthh@htGhich is indicdtb¥e of. éfhancddlfc, 1.68

1.46 Feed: 52.47%iC4,.42.48% [err] 4.2% 2MB2 Lights = All terial, [err]
except isobutan%°?f5?§ﬁ%ﬁnﬁat¢%L(iésd?°nsﬁﬂ?'1°n £3'BeT1évea "B Beknt

result of disproportionation of ics to methylpentanes
and ic4. _

Table VIII presents the results of alkylate
analyses that correspond to those shown in Table VII
for the given time intervals into the reaction. A
comparison of the data of Table VI with the data of
Table VIII shows that the concentration of Co+
materials in the alkylates are substantially the same,
but the concentration of c6 material in the alkylate of
Table VIII is substantially greater than that of Table
VI. This differential is believed to be due to the
disproportionation of :i.c5 to :i.c4 and methylpentanes.

The concentration of C_, material in the alkylate of

Table VIII is about 60: lower than that of the alkylate
of Table VI, thus, indicating that an increasing ic5
concentration in the alkylation reactor feedstock
suppresses the hydrogen transfer reaction. '

When alkylation reaction zone feeds éontain
more ic5 than ic4, there does not appear to be any
gains in direct alkylation products, but an increased
concentration of ics above certain critical
concentration levels result in a net reduction of iCg
or, in other words, a net consumption of iCg due to

competing disproportionation reactions.



f 22 - Table VII Determination of Synthetic |sopentane Selectivity for

i C4/1 C5/2MB2 Feed No. 3 Tine, hrs. 2 A4 O
8 9% Conversi on 99.68 99.66 99.61. 99.5&EPLAGEMENT SHEETh
600 600 600 600 g Feed/ hr 336, 3§
336 Feed Conposition %[err] - 16 - 33.16 %?1%0%@E91
33.16 % [err] 63.03 63.03 63.03 63.03 %lerTT
3. 00 3. 00 3. 00 3.00 W. % 2MB2/ hrab]_e T 0.030 0.030
0. 030 0. 030 g 2mB2/ hr 10 09 10. 093 10.093
Mol es 2MB2/ hr 0. peFermt 4‘°“6’ P20 [err] added/ hr
211.8 211.8 211.8  211. ssP{e"t“nj?F for i JauE: Food

Time, hrs. 2 4 6 8

% Conversion 2MB2 100.0 100.0 100.0 100.0

Feed Rate, (mL/hr) 600 600 600 600

g Feed/hr 336 336 336 336

Feed Composgition

% Isobutane . 87.1 87.1 87.1 87.1

% 2MB2 12.9  12.9 12.9  12.9

Wt. Fraction 2MB2 Feed/hr 0.129 0.129 0.129 6.129

g 2MB2/hr 43.3 43.3 43.3 43.3

Moles 2MB2 Feed/hr 0.618 0.618 0.618 0.618

Product Analysis

% ics in Product 9.231 9.859 10.106 10.195

g iCg Produced/hr - 31.016 33.126 33.96 34.26

Moles ics Produced/hr 0.430 6.459 0.471 0.475

Moles Synthetic 1c5 0.430 0.430 0.430 0.430

(per hour)
iCg Selectivity, (%) 69.6 74.3 76.2 76.8
(Average) % 74.2

Ratio iCS/ZMBZ (Feed) ' 0




Mbi es [err] added/hr 2.94 2.94 2.94 é 94 Product Anal ysi s
W.%iC5 in .Product 55.73 57. 66 58. 43 58. 36 r
187.3 193.7 196.3 196.1 Moles [err] in Product !é)"-' @EWW%‘ |
2.73 2.72 Moles Synthetic iCs/hr  -0.34 -0.25 - FER21

. 352 SET

Selectivity (% -236.1 -173.6 -145.8 19150.9 Average {48 hra)y
157.8 Ratio i C5/2MB2 (Feed) 21.01 -23- Table VI Alkylate Fron1[err]
Feed No. 3 TGS, hrs. 2 4 Table BI 8 Aver age %

Conver si on 99.68 99. 66 99.61 99. 56 99. 63
_ ~Alkylate from ic4/2MBz Feed

TOS, hrs. 2 4 6 8 Average
% Conversion 100.0 99.70 100.00 100.00 100.00
Lights 10.52 10.28 9.85 9.80 10.11

Cg+ Material (on iC,-Free Basis)

iCg 30.94 31.99 32.33 32.38 31.91
nCg 0.07 0.00 0.00 0.00 0.02
Cs 2.38 2.16 2.23 2.25 2.26
Cq 1.45 1.22 1.23 1.23 1.28
Cg 45.79 45.73 45.69 45.87 45.77
Co+ 8.85 8.62 8.69 8.43 8.65

Ce+ Material (on ic4/ics—Free Basisg)

nCg 0.10 0.00 0.00 0.00 0.03
Cg ' 66.30 67.24 67.52 67.83 67.22
Co+ 12.81 12.67 12.84 12.47 12.70
Lights 15.23 15.12 14.56 14.49 14.85

Feed: 10/1 ic4/2MBZ
Lights = All material <C, except isobutane



Lights 0.12 0.11 0.11  0.12  0.12 [f

Pr . VRLerTar_{on
[err] Basis) [err] 84.29 85.03 84.80 BE?thgE@EN§i*T r
0.80 0.82 0. 82 0. 82 0.82 C6 %&1 %SQW . 02]
5. 82 5.91 [err] 0.94 0.96 0. 96 e+ L
[err] 2.62 2. 00 1.97 18 1. 93 2.13 [err]
5. 36 5.16 5.32 5.19 5.26 [err] Material (on [err] Basis) nCs
5.07 5.48 5.37 5.54 5.37 C6 Table III 37.39 39.52 39.60
39.18 38.92 C7 5.99 6.41 6. 33 6. 57 6.33 C8

16.67 13.38 12.97 Detegdinationiofeisppentane Selectigiity3fog4. 48
34.98 34.90 34.62 Lights iC,/icg/2¥B26cFeed Ng. 1 0.74 . 0.81
0.76 Feed: 33.16%[err] 63.03%([err] 3.00% 2MB2 Lights = All materi al
[err] except iscbutane

Time, hrs. 2 4 6 8

% Conversion 2MB2 99.48 99.29 995.53 99.47
Feed Rate, (mL/hr) ' 600 600 600 | 600

g Feed/hr. 336 336 336 336
Feed Compogition

% Isobutane 68.14 - 68.14 68.14 68.14
% Isopentane ~ 26.04 26.04 26.04 26.04
% 2MB2 5.03 5.03 5.03 5.03
Wt. % 2MB2/hr 0.05 0.05 0.05 0.05
g 2MB2/hr 16.88 16.88 16.88 16.88
Moles 2MB2 reacted/hr 0.241 0.241 0.241 0.241
Moles iCs added/hr 1.213 1.213° 1.213 1.213
Product Analvysis .

% ic5 in Product/hr 26.145 26.701 26.697 27.017
g ics in Product/hr 87.85 89.71 89.70- 90.78

Moles iCg in Product/hr 1.218 1.244 1.243 1.258
Moles Synthetic icslhr 0.005 0.031 0.030 0.045
iCg Selectivity (%) 2.01% 12.8% 12.7% 18.9%

Average (4-8 hrs) = 14.8%
Ratio iCg/2MB2 (Feed) = 5.18




[err] Rati o (Feed) = 21.01 EXAMPLE Il The data present edd
- were obtained using a 300 nL riser-type reactor with th &gﬁ@@g@ﬁgﬁVgQEEﬁt
a non-circul ated |ayer of catalyst (300 m). The feed rdte
hour throughout the experinmental run, and the tenper atuﬂeﬁé?ﬁé%ta
at [err]. The catal yst was conposed of 92%1f¢F,- 2% wat er ang=—6%-acit—
sol uble oils generated by the addition of pure 2- butenes to the HF/ water
catal yst m xture. Sanples were taken atTabilfd @wvent tinmes on stream and
anal yzed as descri bed above. EXAMPLE |V

Alkylate From ic,/iCg5/2MB2 Feed No. 1

TOS, hrs. 2 4 6 8 Average
% Conversion 99.48 99.29 99.53 99.47 99.44
Lights 0.53 0.46 0.39 0.40 0.45

Cg+ Material (on iC,-Free Basis)

icg 73.04 74.31 75.17 74.69 74.30
nCg 0.42 0.44 0.43 0.42 0.43
Ce 2.74 2.46 2.44 2.45 2.52
Cr 0.70 0.45 0.45 0.45 0.51
Cg 14.39 15.24 14.98 15.21 14.96
Cg+ 8.21 6.64 6.14 6.42 6.85

Cg+ Material (on icéliCS-Free Basis)

nCg 1.56 1.71  1.73  1.66  1.67
Ce 10.16 9.58  9.83  9.68 9.8l
c, 2.60 1.73  1.80 1.79  1.98
Cg 53.38 59.32 60.33 60.09 58.28
Co+ 30.45 25.85 24.73 25.37 26.60
Lights 1.96 1.71  1.43  1.48  1.65

Feed: 68.14% iC4, 26.04% iCg, 5.03% 2MB2
Lights = All material <C, except isobutane
iC5/2M32 Ratio (feed) = 5.18



Table | X presents the data resulting fromthe al kyl ati of=6f—& feed— —
contai ning of 64.6%iC4, 29.2%[err], and 5.4% 2MB2. ConpBEPRAYCEMENE SHEEL
tothat of a simlar feed presented in Table 111, it is i mediatel

apparent that a much higher |evel of [err] consunption iE%@ﬁi@x@ﬁBﬂgﬂ--is
evi denced by the | arge, negative val ues foR% sopent ane sefectivity. Tn
contrast, the alkylation of a feed contaigipg a ratio of [err] to 2MB2 of
5.18 in a CSTR reactor led to an averag Vi or [err] selectivities of
14.8% Table X presents furtheg gdata.fromthe, | al kyl at es
presented in Table I X Ar#cir%) iF ﬁg%’aff]%?"fa%%’?%ﬁé Psg in Table 1V
I ndi cates that the concentration el's of 4'er “material in the alkylates

are simlar. However, the anobunts of [err] and [err] material are reversed
relative to Table TV dara. These data indicate a possibility of a

Time, hrs. . -2 4 6 8
% Converted 99.34 99.38 99.50 99,15
Feed Rate, mL/hr 600 600 600 600

- g Feed/hr. 336 336 336 336
Feed Composition
% iC, 52.57 52.57 52.57 52.57
% iCg 42.48 42.48 42.48  42.48
% 2MB2 4,21 4,21 4.21 4,21
Wt. % 2MB2/hr 0.042 0.042 0.042 0.042
g 2MB2/hr 14.15 14.15 14.15 14.15
Moles 2MB2 reacted/hr 0.202 0.202 0.202 0.202
g ic5 added/hrxr 142.7 142.7 142.7 142.7
Moles ic5 added/hr 1.978 1.978 1.978 1.978
Product Analysis
% ic5 in Product/hr 40.658 41.741 42.147 42.550
g iCg in Product/hr 136.6 140.2 141.6 143.0

Moles iC5 in Produced/hr 1.893 1.944 1.963 1.982

Moles Synthetic iCg/hr -0.085 -0.034 -0.015 0.003

Average (4-8 hrs) -7.62
Ratio iCy/2MB2 (Feed) 10.09




'subpreséed hydrogen transfer reaction since the anount

the alkylate is reduced. The concentration of [err] ma q:fE.li}.lA‘d'EWIél\QeSH
al kyl ates indicates that the direct alkylation reactiofp i avored under

t hese conditions.

rl_mmterial

is f

Some of these differences can be expl @aped b
differences in contact tine of hydrocarboWith the ac !

and the riser-reactor. In the CSTR, the contact tine is ont
several mnutes greater than the hydroc@abke ¥Esidence tine within the
riser reactor. These data_suggest that short

he order of

) ‘'t residence times may favor
production of direct al kpii¥viasepFsamciSs{dGsyRMB2| Bagdr NPasRdence ti nes

may all ow for the disproportionation reaction to proceed to a greater

. degree. The dat

: . a—presented—h—tablestxanrd Y itHustrate—that—as—the
resi dence tlrmafégfqgéégned, t he fxtent Ef dlsprgportloq@tlon Ageégggced.

% Conversion 99.34 99.38 99.50 995.19 99.35
Lights 0.30 0.27 0.23 0.32 0.28
Cg+ Material (on iC4-Free Basis)

nC5' 0.59 0.58 0.59 0.58 0.59
Ce 4.21 4.34 4.42 4.45 4.36
Cqy 0.55 0.58 0.60 0.61 0.59
Cg " 7.13 6.76 6.67 6.71 6.82
Cg+ Material (on iC,/iCg-Free Basis)

nCg 3.08 3.01 3.07 3.02 3.05
C6 22.07 22.47 22.91 23.02 22.62
Cq 2.87 3.02 3.09 3.13 3.03
Cg 37.37 34.98 34.59 34.74 35.42
Co+ 33.05 35.14 35.16 34.41 34.44
Lights 1.59 1.39 1.18 1.68 1.46
Feed:

Lights = All material <C

except isobutane
iCS/ZMBZ Ratio (Feed) = 10.1

in



-25- Table | X Deternination of [err]

Selectivity for iC4/i C5/ 2VMB2 Feed No.
4 (R ser ' 6 =2

Reactor) Tine, hrs. 2 4

: 6 =2
Conver si on 100.0 100.0 100.0 100.0 Feef ﬁ%ﬁ%ﬁcsﬁﬁﬂﬁHSHEET
300 300 300 300 g Feed/ hr 171. 3 / ~E
171. 3. Feed Conposition % [err] - 22 - 64.62 @@T‘B@l--nl-g Bl
64.62 %[err] 29.24  29.24 29.24 29 ZZ % [erri
5.366 5.366 5.366 5.366 W. Fract¥alleNEIhr 0. 0537 0. 0537
0. 0537 0.0537 g 2MB2/ hr _ ) 9.192 9.192 9.192 9.192
Determination of Synthetic Isopentane
Selectivity for ic4/i05/2MBz Feed No. 3
Time, hrs. 2 4 6 8
% Conversion 99.68 99.66 99.61 99.56
Feed Rate, mL/hr 600 600 600 600
g Feed/hr 336 336 336 336
Feed Composition :
% iCy 33.16 33.16 33.16 33.16
% iCg 63.03 63.03 63.03 63.03
% 2MB2 3.00 3.00 3.00 3.00
Wt. % 2MB2/hr 0.030 0.030 '0.030 0.030
g 2MB2/hr 10.093 10.093 10.093 10.083
Moles 2MB2/hr 0.144 0.144 0.144 0.144
g ics added/hr : 211.8 211.8 211.8 211.8
Moles iCg added/hr 2.94 2.94 2.94 2.94
Product Analysis
g ic5 in Product 187.3 193.7 196.3 196.1
Moles iCg in Product 2.60 2.69 2.73 2.72
Moles Synthetic iCg/hr  -0.34 -0.25 -0.21- -0.22
icg Selectivity (%)  -236.1 -173.6 -145.8 -150.9
Average (4-8 hrs) 157.8
Ratio iCg/2MB2 (Feed) 21.01




Mol es 2VB2/ hr ' 0.131 0.131 0.131 0. ﬁ"ﬁlﬁgl_ er T agded

50.09 50.09 50.09 50.09 Mbles [err] added/hr |l FEFLACREENT SHEED

0. 696 0.696 Product Analysis g [err] in Product i .. 46.445 4

43.932 47.51 %[err] in Product 27.113 28. ._7__"713??’25'%6&?537@9-3

Mol es [err] in Product 0.644 0.685 230-609 0.659 MblI'és Synthetic

[err] -0.052 -0.011 -0.087 -0.037 [err] Selectivity (% -39.7

-8.39 -66.4 -28.24 Average (2-10 hEZable VIIX 7 Ratio i C5/2MB2 (Feed)

5.6 - 26 - Table X A kxl ate Fromi C4/i C5/ 2MB2 Feed No. 4 (Riser Reactor)
lkylate From iC,/iCg/2MB2 Feed No. 3

TOS, hrs. 2 4 | 6 8 Average
% Conversion 99.68 99.66 99.61 99.56 99.63
Lights 0.12 0.11 0.11 0.12 0.12

Cg+ Material (on iC4-Free Basis)

iCg 84.29 85.03 84.80 85.14 84.82

nCg 0.80 0.82 0.82 0.82  0.82
Cg ' 5.88 5.92 6.02 5.82 5.91
Cq 0.94 0.96 0.96 0.98 0.96
Cg 2.62 2.00 1.97 1.93 2.13
Co+ 5.36 5.16 5.32 = 5.19 5.26

Cg+ Material (on iC,/iCg-Free Basis)

nCg 5.07 5.48 5.37 5.54 5.37
Ce 37.39 39.52 39.60 39.18 38.92
Co 5.99 6.41 6.33 6.57 6.33
Cg . 16.67 13.38 12.97 13.00 14.01
Co+ 34.13 34.48 34.98 34.90 34.62

Lights 0.76 0.73 0.74 0.81 0.76

Feed: 33.16% iC,, 63.03% iCg, 3.00% 2MB2
Lights = All material <C, except isobutane
icg/2MB2 Ratio (Feed) = 21.01

EXAMPLE IXX .

The data presented in Example IV were
obtained using a 300 mL riser-type reactor with the
feeds sprayed into a non-circulated Iayer of catalyst
(300 m1). The feed rates were 300 mL per hour
throughout the experimental run, and the temperatﬁre
was held constant at 90°F. (+3°F.). The catalyst was
composed of 92% HF, 2% water, and 6% acid soluble oils
generated by the addition of puré 2-butenes to the
HF/water catalyst mixture. Samples were taken at
different times on stream and analyzed as described
above.



TOS, hrs.
100. 00 100. 00
[err] Materi al

64.56 45.00 [err] 0. 30 0.31 )
3.17 2.71 [err] - 24 - 1 49’“ P qq:ggem’ P4

3.18 3.19
1.77 C8

17. 46 15. 36
0. 80 0.82
4.93 [err]

36. 57 44. 65
41.58 Lights

2 4 6 8 % Conver si on 100. 00
100. 00 Lights 0.62 0. F”“—'nggzz——3767—
(on i CA-Free Basis) [err] GEEQEAC=M§§T55EET

13. 74 16. 79 13. 67 23.72 [err]
14.92  22.87 [err] MEXRMMEBME IV¥h [err] Basis) nCs
0.89 ﬂlf'.‘l? (ﬁ! pr333e9114ts th?)e daték %sultiz% 4B-om thedd

err

aljgrlgé::.orug.aﬁ_za [:ﬁgqq. containing %f 6 61?‘8 :I.é '4(#98'4?% 42.10
icg, and 5,45 2MB2. 0.C¥mparing“hesd data to that of a

similar feed presented in Table III, it is immediately
apparent that a much higher level of :i.c-5 consumption is
achieved. This is evidenced by the large, negatlve
values for isopentane selectivity. In contrast, the_
alkylation of a feed containing a ratig of ics to 2MB2
‘of 5.18 in a CSTR reactor led to an aveérage value for
ic5 selectivities of 14.8%. '
Table X presents further data from the
analyses of alkylates presented in Table IX. A
comparison of these results with those in Table
IV indicates that the concentration levels of C6
material in the alkylates are similar. However, the
amounts of C8 and 09+ material are reversed relative to
Table IV data. These data indicate a possibility of a
suppressed hydrogen transfer reaction since the amount
of C8 material in the alkylate is reduced. The
concentration of c9+ material in the alkylates

indicates that the direct alkylation reaction is

favored under these conditions. Some of these
differences can be explained by the differences in
contact time of hydrocarbon with the acid between the
CSTR and the riser-reactor. In the CSTR, the contact
time is on the order of several minutes greater than
the hydrocarbon residence time within the riser
reactor. These daté suggest that short residence times
may favor production of direct alkylation products and
that longer residence times may allow for the
disproportionation reaction to proceed to a greater
degree. The data presented in Tables IX and IV
illustrate that as the residence time is shortened, the

extent of disproportionation is reduced.



Feed: '64. 62% [err] 29.24% [err] 5.27% 2VB2 Lights = All material [err]
except isobutane While certain enbodi nents of the invention have been

described for illustrative purposes, the invention is q
” Eﬁ}é@ 1 SAEET

Vari ous other nodifications or enbodi nents,pf the inve
apparent to those skilled in the art in VI%M/Of this dis Ioiu qugl
nodi fi cations or enbodi nents are mnthlnTéggesg%rlt and! scobe ot

di scl osure. - 27 - CLAIMS 1. od of alkylatlng anyl enes by
i sobutane thereby control pbRdrRiAbBEbhCoESPBENEENERE QUG EQR, sai d nmet hod

conprises the steps of: go/tas!/IMeViEded No I GRO(RIWer HEactdR )Xt Ur €,
conpri sing anyl enes and -

Time, hrs. 2 4 6 10

% Conversion 100.0 100.0 100.0 100.0
Feed Rate, mL/hr 300 300 300 300

g Feed/hr - 171.3 171.3 171.3 171.3
Feed Composition

%'ic4 64.62 64.62 64.62 64.62
% icg - 29.24 29,24 29.24 29.24
% 2MB2 5.366 5.366 5.366 5.366
Wt. Fraction 2MB2/hr 0.0537 0.0537 0.0537 0.0537
g 2MB2/hr 9,192 9.192 9.192 9.192
Moles 2MB2/hr 0.131 0.131 0.131 0.131
g ic5 added/hr 50.09 50.09 50.09 50.09
Moles ic5 added/hr 0.696 0.696 0.696 0.696
Product Analysis .
g ic5 in Product 46.445 49.456 43.932 47.51
% ic5 in Product 27.113 28.871 25.646. 27.736
Moles ic5 in Product 0.644 0.685 0.609 0.659
Moles Synthetic ic5 -0.052 -0.011 -0.087 -0.037
icg Selectivity (%) = -39.7 -8.39 -66.4  -28.24
Average (2-10 hrs.) -35.7

Ratio ic5/2M32 (Feed) 5.6




isd'but aﬁe, with an al kyl ation catal yst; adding i sopentane to said m xture

in.a controlled amount in the range of fromabout 2:1 to alfg
determ ned by the ratio of the weight of said controlled a %‘h?L’%ﬁEMENTSHEET

| sopentane added to the said mxture to the weight of said _
m xture, thereby producing an anount of sy®hetic isopenta ez]g@sf@?m?d

about 0.8:1 as determned by the ratio of tEe wei ght of said synthetic
i sopentane to the weight of said anylen iid mxture; and producing a

roduct and 5 Sy HETHACE CEESRT HE/AFanAnS’ §08 W8 ot e HIAGESE) 1 og

in claiml, wherein the weight ratio of isobutane to arryl.enes in said

m xt ure exceeds 2T I. 3. A TErnod—as Tecited T crarnr2, wherein
sai d al kyl ati-on o&58 alnesd . conpri ses; hydrogeny fl uorige. 4. An

al kyl ation procescdriFerddiom! kylBgo a0 of oW cnesdw. d@olltﬁ@rtﬁ) sai d

al kyl ati on proce:a'fgﬁtayl ng a supprepsezdl abilgi3zs to prahice syrghetic
i sopent ane,- conprising the steps of: contacting within a reaction zone a

mxture with an GkMattemial afa yit, -Free Basis)

iCg 62.45 62.40 64.56 45.00

nCg ' 0.30 0.31 0.32 0.26
Cg 3.18 3.19 3.17 2.71
Co 1.49 l1.48 1.24 1.77
Cg 13.74 16.79 13.67 23.72
Cgo+ 17.46 15.36 14.92 22.87

Cg+ Material (on iC,/iCg-Free Basis)

nCg 0.80 0.82 0.89 0.47
Ce 8.47 8.48 8.95 4.93
Co 3.97 3.94 3.49 3.22
Cg 36.57 44.65 38.56 43.12
Co+ 46.48 40.84 42.10 41.58
Lights 1.65 0.95 5.29 6.68

Feed: 64.62% iC,, 29.24% iCg, 5.27% 2MB2
Lights = All material <C, except isobutane

While certain embodiments of the invention
have been described for illustrative purposes, the
invention is not limited thereto. Various other
modifications or embodiments of the invention will be
apparent to those skilled in the art in view of this
disclosure. Such modifications or embodiments are
within the spirit and scope of the disclosure.



a| c’i\m xture conpri aﬁCI r'?é/o |sobZane and |sopent ane;-vwrwwf)
|sopen1 ane is Pl &5 gisgﬁ-lg?] yure in'the: range of fromabout 2:1 to
about 10:1 as d term ne tio of the weight of isopentane to t he
wei ght of anyl epngs,d n 1s8i SEPnlsaljr ;. arn®@Z t hdr awi n§ubstitutetshreet -1 U/&B7f r om
said reaction z npersed arp g KMIMte product and a synthetic

i sopent ane product wherein the anount of said synthetic isopent ane pr oduct

in said reabtor effl usrmethed b€ elkylating aatydmmes by dsobutage therchynsonti@lling t he

oyl enes | el fhopBripBé plodiib Sk meFREFRNPREs BB o 0 2%, eci Pea I
claim4, wherein the m.iﬁaﬂﬂh@aQEathﬁQUﬁ@ﬂQinkﬁlr@,-rﬁéh@ﬁ@ﬁlgldmﬁﬁidd aftdxt ure
exceeds 2:1. | k cited claimb5s, wherein

sai d al kyl atsobﬁamamﬂym alkplafion §§§1Yﬁydr ogen fluoride. 7. A met hod
of -suppressing. the pr g“gs§?edl%st§§ r%mfﬁr?%e&hﬁ‘gﬁecp%&ﬂﬂ ih e Alns¥ o8t 1 ON

of anyl enes by i sobut ses
from about 2:1 to about 10:1 as determmed by the ratio of the weight of said controlled

amount of isopentane added to the said mixture to the weight of said amylenes in said
mixture, thereby prodﬁcing an amount of synthetic isopentane of less than about 0.8:1
as determined by the ratio of the weight of said synthetic isopentane to the weight of
said amylenes in said mixture; and

producing a reactor effluent from said reaction zone which compriées an
alkylate product and a synthetic isopentane product.
2. A method as recited in claim 1, wherein the weight ratio of isobutane to
amylenes in said mixture exceeds 2:1.
3. A method as recited in claim 2, wherein said alkylation catalyst
comprises hydrogeh fluoride. _ |
4. ~ An alkylation process for the alkylation of amylenes by isobutane, said
alkylation process having a suppressed ability to produce synthetic isopentane,
comprising the steps of:

contacting within a reaction zone a mixture with an alkylation éatalyst,
said mixture comprising amylenes, isobutane and isopentane wherein the isopentane is
present in said mixture in the range of from about 2:1 to about 10:1 as determined by
the ratio of the weight of isopentane to the weight of amylenes in said mixture; and

withdrawing a reactor effluent from said reaction zone which comprises
an alkylate product and a synthetic isopentane product wherein the amount of said
synthetic isopentane product in said reactor effluent is less than about 0.8:1 as
determined by the ratio of the weight of said synthetic isopentane product to the weight
of amylenes in said mixture.
5. An alkylation process as recited in claim 4, wherein the weight ratio of
isobutane to amylenes in said mixture exceeds 2:1.
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c.cmt&ctl ng within a reacti ' re of said anyl enes and said
isebutdne wi'th an al kyl ati the presence of a controlled
amount of. i sopent ane wher ¢l dif anount of i sopentane is-such
that the weight ratio of (lsoPentaRe el he i n Sabsdtitutatsineet eXIcAHOMR7 2 t o

1; and prodgicing a regg taaé,gh "“-gggggy """"" laim 5. wheref §%d BRG1a@onr €ci t ed
I n clalm7délvvnere|n t he tﬁt r?itlo 0 |so u%glrrﬂa i‘g ?irr?y enegﬂt?n sai d

m xture exocm;sstz',bmpn@es hydrogen fluofideet hod as recited in claim8, wherein
| kyl
said alky a}l on catal A5 etﬁgggf' |s11$p%§es2i¥xd r1:l(~1)eggrrcl)d{cul:’auo%rofd synthetic isopentane during

the alkylation of amylenes by isobutane, said method comprises:

contacting within a reaction zone a mixture of said amylenes and said
isobutane with an alkylation catalyst and in the presence of a controlled amount of
isopentane wherein said controlled amount of isopentane is such that the weight ratio of
isopentane to amylene in said mixture exceeds 2 to 1; and

producing a reaction zone effluent.
8. A method as recited in claim 7, wherein the weight ratio of isobutane to
amylenes in said mixture exceeds 2:1.
9. A method as recited in claim 8, wherein said alkylation catalysi
comprises hydrogen fluoride. '
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