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2004/ 033697 PCT/ US2003/ 029193 METHOD OF REMOVI NG
\é\f\)rrRAl NED SULFURI C ACI D FROM ALKYLATE BACKGROUND COF
WORB/099EIMTI ON Fi el d of the Invention 5 The pr esenis2003/029193
invention relates to the treatnent of al kylate product
froma process wherein normal olefins are reacted
with isoal kanes in the presence of sulfuric acid to
produce al kyl ate product. More particularly the
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is wanrﬂed out in a reactor where the hydrocarbon reactants are dispersed into a
continuous acid phase.

Although this process has not been environmentally friendly and is hazardous
to operate, no other process has been as ;fﬁcient and it continues to be the major
method of alkylation for octane enhancement throughout the world. In view of the
fact that the cold acid process will continue to be the process of choice, various
proposals have been made to improve and enhance the reaction and to some extent
moderate the undesirable effects.

In the past the alkylate product has been washed with water or freated with
caustic to remove or neutralize any carry over sulfuric acid. Both methods of
treatment have drawbacks. When a water wash is used there is some cairy over of
water to the distillation columns used to separate the alkylate from unreacted
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bei ng much heavier t

prodc uce’ alkylate having a water content of less than 100 ppm. The preferred
mechanical means comprises a vessel containing a coalescer material upon which
the sulfuric acid impinges. The sulfuric acid, being much heavier than the
hydrocarbon, falls out and may be removed by gravity. The alkylate product is then
treated in a debutanizer (DB) column to simultaneously separate the normal butane
from the product and remove sulfur contaminants such as sulfonates or sulfonic
esters which are by-products from the alkylation. In a preferable embodiment the
lower end, or stripping section, of the debutanizer (DB) is packed with a
hydrodesuilfurization catalyst which hydrogenates the sulfur compounds to hydrogen
sulfide which can be removed with the butane overheads.

In another embodiment the hydrodesulfurization catalyst is placed in the
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3 1fie ow di

inventign. FIG is a si _ agram
of e bwentiens orm of a third embodi ment of the

. . = ED
ve i
EVB OO NENTE P S FRIP TN T4 PRERRR D MB R Fe
f r offihenglkylatedprciudt & k¥ teated) may come from any cold acid alkylation
process which uses suifuric acid as the catalyst. Preferably, the fluid system

comprises a liquid and is maintained at about its boiling point in the reaction zone.

Typically the alkylate from the alkylation process contains some sulfuric acid
as well as sulfonates and sulfonic esters which must be removed. Referring now to
FIG. 1 a simplified flow diagram of one embodiment is shown. The alkylate is taken
from alkylation reactor 10 via flow line 101 and fed to deentrainment vessel 20,
Deentrainment vessel 20 contains a coalescer material upon which the sulfuric acid
droplets impinge and fall out. The sulfuric acid and hydrocarbons in the alkylate
product are practically insoluble in one another. The sulfuric acid droplets are
collected and recycled to the alkyiation reactor 10 via flow line 104. The coalescer
comprises a conventional liquid-liquid coalescer of a type which is operative for
coalescing vaporized liquids. These are commonly known as “mist eliminators” or
“demisters”. A suitable coalescer comprises a mesh such as a co-knit wire and
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Preferably, the fluid system conprises a |liquid and
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VIl metals such as cobalt, nickel, palladium, alone or in combination with other

0

metals such as molybdenum or tungsten on a suitable support which may be
alumina, silica-alumina, titania-zirconia or the like. Normally the metals are provided
as the oxides of the metals supported on extrudates or spheres and as such are not
generally useful as distillation structures.

The catalysts may additionally contain components from Group V and VIB
metals of the Periodic Table or mixtures thereof. The use of the distillation system
reduces the deactivation and provides for longer runs than the fixed bed
hydrogenation units of the prior art. The Group VIl metal provides increased overall
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useful as distillation strloBhEds. The catal ysts nmay

addi tional |y ogahafdenfenpone ; and VI B
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2004/ 033697 Pﬁ/ US2003/ 029193 average activity.

Cat al ysts cont P’Fﬂ]sﬁ@{t-aGGroup VI B netal such as

nol ybdenum and a (¢ VI ﬁ%?h as cobalt or nickel
alysts a

are preferred. Cat sui fable for the
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vl S BRSS9t BB 1Y B0 B B s anc
are prafatdbdy prepzéedn the form of a catalytic distillation structure. The catalytic
distiliation structure must be able to function as catalyst and as mass transfer
medium.

A second embadiment is shown in FIG. 2 wherein the hydrodesuilfurization
catalystis placed in a bed 34 within the deisobutanizer (DIB). Hydrogen is fed to the
deisobutanizer (DIB) via flow line 108. The remainder of the reference numerals are
identical to FIG. 1. The hydrogen sulfide is taken in the overheads via flow line 104
along with the isobutane which is recycled to the alkylation reactor 20. Excess
hydrogen and trace impurities are removed via flow line 109 or in the embodiment
wherein the catalyst bed 34 contains a decomposition catalyst, trace amounts of SO,
and SO;. The metallurgy of the alkylation reactor is capable of handling the
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with the normal butane plus trace amounts of H,S The alkylate product is removed
as bottoms via flow line 107.

In any of the embodiments shown the hydrodesulfurization catalyst may be
replaced with a decomposition catalyst such as paliadium, which reduces the
sulfonates and sulfonic esters to their constituent elements. In this case instead of
trace H,S the sulfur compounds are SO, and SO,.

The use of the deentrainment vessel with the coalescing material effectively
removes the sulfuric acid and removes the necessity of either water wash or caustic
treatment of the product from the alkylation reactor.



5 is renoved as bottons via flowline 107. A third
enbodinent is shown in FIG 3 wherein the
hydr odesul furization catalyst is placed in a bed 52
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Wi th isoal kanes in the presence of sulfuric acid
conprising passing the al kylation product through a
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4. A process for the removal of entrained sulfuric acid and water from the
alkylation of olefins with isoalkanes in the presence of sulfuric acid comprising
passing the alkylation product through a deentrainment device containing
coalescer material to remove the sulfuric acid therefrom and recovering an
effluent comprising alkylation product wherein the effluent from the
deentrainment device is contacted with a decomposition catalyst prepared in the
form of a catalytic distillation structure said decomposition catalyst being

contained within the stripping section of a deisobutanizer (DIB) column which



any sul fonates and sul fonic esters contained therein
to hydrogen sulfide which is renoved fromthe

al kyl ation product. 2. The process according to claim
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wherein the effluent fromthe deentral nnent device’is

coatestenchaerial tolremoleanBRFLtC BBIdARLRIfET aRl FBE6RTirgan
the formof a catalytic distillation structure said

effldentogowising alkyitishysbdoei nheraintihaiffRenrbhi thet he
stripping section of a dei sobutanizer (DIB) colum
deegjfiagment de\ice isseprdacted withsa decampotitiomdateyst prgpatadon the
duct to convert any sulfonates and sulfonic esters

fOFFEISk%@aﬁart@'érﬁ@ Histilation strigldre said ecpmpesitionaiatalysiiaing 5.
corbyBe T3 HELa e T o s RASLASH R e vt
seris 85 1 FALb Db e 536 BiGition Hindditt oo Eeaambs wiasates
and§ ol SOBIELSBMhegiRBIT 18 Il Rlest SomBERE s

conprising al kylati on product wherein the effl uent
fromthe deentrainnent device is contacted with a

de@NReFbée I ¥of BHPirysimdit R MEdifiuent REm éﬁéﬁg&ftioﬁ reactor
catalytic distillation structure said deconposition

wherained petaecorgainirenierinid dutérdisrconbected WithRd BEes@Ct i on
of a debutani zer (DB) columm which separates nornal

contaiiagandrmamand ésabutyhes indhe preskme dfdiquihswdfuricaityid under
congil’:ilo;cs) no?ttgnswperature and pressure to produce isooctane along with
sulfonates and sulfonic esters, comprising the steps of:

(a) passing said effluent through a deentrainment device containing
coalescer material wherein any entrained sulfuric acid is removed from the
effluent;

(b) passing the effluent from said deentrainment device to a
deisobutanizef (DIB) column containing a hydrodesulfurization catalyst within
the stripping section thereof;

(c) concurrently within said deisobutanizer (DIB) column

(i} contacting said sulfonates and sulfonic esters with said



and sul fonic esters contained therein to their
constituent conponents. 6. A process for the treatnent
of the effluent froman al kyl ation reactor wherein a
stream contai ning normal butene is contacted with a
stream containing normal and isobutanes in the
presence of liquid sulfuric acid under conditions of

tenperature and pressure to Er oduce isooctane al ong
hydrpdesulbliization catalysido sanyerh atlegst aiof podismefi ssiithgulidrates

andsahsdioninsnebdomuaredm ity coal escer mt et al
wher ei n ent r.ai ne ul furi cidis. r ved from
the ef £y Srparaling isahulang ap bydradenssifige Bamssaid effluent as
' ' . dei sob [ D B I
o508 Y TGEI OSBRI B o ot e o
o o et 05 Ehd it ISR brod ok AT Bblaheor i
dei%&Jtaﬁébﬁﬁ%@)%ﬁ}rhﬁ%@itﬁ)u%?ﬁs‘?fS with said 800

hydr odesul furi zati on catalyst to convert at |east a of
por(d aecotlirgathe issBtanabag hyarshepsdnde'td My Skaatishn s
to hydrogen sulfide; (ii) separating isobutane and
probgsh;ogen sulfide fromsaid effluent as overheads by
fractional distillation; and (iii) renoving al kyl ate
anthr oduct and normal butane from said dei sobutanizer
(DI B) columm as bottons; (d) recycling the isobutane
and ehyafhggaingsitiernaremal dutans faomythe alsyateprocdest; and
(e) separating the normal butane fromthe al kyl ate
product. 7. The process according to claim®6 wherein

 sofar LU PRt AEokTng SRBRITS Whisty s aadnalbuaes frg -
j i, 0.t I ne i ted
seppafdh e IRUBLS 1l & S BRIIE e BMariGwaE TEont ani zer
(DI B) col um.
8. The process according to claim 6 wherein the normal butane is

separated from the alkylate as a side draw in the deisobutanizer (DIB) column.

9. The alkylation product of claim 1 having a water content of less than

100 ppm.

10. The alkylation product of the effluent from an alkylation reactor
wherein a stream containing normal butene is contacted with a stream
containing normal and isobutanes in the presence of liquid sulfuric acid under
conditions of temperature and pressure to produce isooctane along with
sulfonates and sulfonic esters having a water content of less than 100 ppm
produced by the process comprising the steps of:

(a) removing the sulfuric acid consisting of passing said effluent through



9. The al kyl ati on product of claim1 having a water
content of less than 100 ppm 10. The al kyl ati on
product of the effluent froman al kyl ati on reactor
wherein a stream contai ning normal butene is contacted
with a stream containing normal and i sobutanes in the
presence of liquid sulfuric acid under conditions of
erature anpd pressure to produce isooctane al ong

te
a dﬁﬁqﬁamgaﬁﬁt&%{w@scmnm @W%ceégm@egalh\abew anwentseined

ess m produced by the process

Su’ﬁigiﬁrﬂq’(ilsr{&nfwgdsf%%gh ; rgrm;/if Ing t he ﬁul fuLi co
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the A2QINinG IsBRESH tHipN¥4ce to a dei sobutanizer (DI B) col um
containing a hydr odesul furization catalyst within the

st r(cpriorgufeatly Mhnh@éfa%asoﬁa@}arﬁ%rqme?e&hﬁw thin

sai d dei sobutani zer (DI B) col um contacting said

sul f onat(@comtattivig damhisali@sdtes %nﬂﬂsidlfoﬁi@:l éhters with said
hydr odesul furizati on catal yst to convert at |east a of

hydpodeduliurigéticacatatyst imoaest atledstsabfpsuiohasfisai®stifiriates
to hydrogen sulfide; (ii) separating isobutane and

andw%d@glﬁﬁm@mswr@éomdmm gllédd;l uent as overheads by
fracti onal distillation; and (iii) renovin aI kyl at e
product (BheeRASRHRG issbutane andhvdeuen sudfidso mld effluent as

ovelfiy %%é&??&pﬁ%h@v% e a{ Kyl ation  process: and
|(o$2) dagf? n?t Hea!ﬂolra?apro gﬁdan?rWa E&ta%lel?yolrgtsgld
deisobutanizer (DIB) column as bottoms;
(d) recycling the isobutane and hydrogen sulfide to the alkylation
process;

and

(e) separating the normal butane from the alkylate product.
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