WD 20114/ 074811 PCT/ LI S2004/ 11113881 -1 PROCESS FOR THE RECOVERY OF
SULFURI C ACI D USI NG POLYMERI C MEMBRANES FI ELD OF THE | NVENTI ON [ 0001] The
present i xpRii@fsi€! ates generally to nethods for separgfichg Wﬂusssl
recovering high purity acid fromwaste acid m xtures using poFyrrerl C
menbranes. More particularly, it relates to a nethod for separating and
recovering sulfuric acid fromwaste suffuric acid mixtures or streans
conprising sulfuric acid, hydrocarbons and/or water, using polyneric
menbranes. BACKGROUND OF THE | NVENTI ON [ 0002] Sul furic acid is wi dely used
in industrial chem cal and petroleum refining processes. Depending on the
use, comericial fresh aci dPROCGESS FAR YHERBRUOVERY strengths of 70-99.5
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sulfuric acid, hydrocarbons and/or water, using polymeric membranes.

BACKGROUND OF THE INVENTION

[6002Z]  Sulfuric acid is widely used in industrial chemical and petroleum
refining processes. Depending on the use, commercial fresh acid is typically
supplied in strengths of 70-99.5 wt% sulfuric acid with the remainder typically
being water. Many uses generate a waste or spent acid stream containing
organic hydrocarbon materials. This spent acid stream is typically reprocessed
to remove the organic material. Incineration and reconstitution of the sulfuric

( acid is conventionally used to remove the organic material.

[0003] Sulfuric acid is widely used as a catalyst for alkylation processes. In a
typical alkylation process the relatively high purity, concentrated sulfuric acid
becomes diluted or contaminated with water and organic hydrocarbon materials
commonly referred to as acid soluble 0il (ASO). When sufficiently diluted or
contaminated, the catalytic activity of the acid degrades. Spent sulfuric acid
from the alkylation process can be regenerated but at a considerable cost using

existing methods.

[0004] Conventional methods for spent acid regeneration involve generally

combustion of the spent acid to form sulfur dioxide, conversion of the sulfur



conbustion of the spent acid to form sul fur dioxide, conversion of the

sul fur WO 2004/ 074811 PCT/ US2004/ 003881 2 dioxide to sulfur trioxide, and
absorptio o | fur trioxide in water. Wile this

or oduce h?’g(ﬁi's'%’lr??ﬁgfh acid (398 wt % H2S04) is widely usehmﬁ?&ﬁ@“@éﬁ
I ntensive. Thus, it is usually nore econom cal for |ow volunme users
sulfuric acid to transfer spent sulfuric acid by various neans such as rail,
truck, ship, or pipeline to a central-iZegeneration facility rather than
construct their own facilities for acid regeneration. Freight costs can be
a significant part of the total costs for regenerating spent acid. [0005]
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about 85 wt% or about 96 wt% sulfuric acid by using evaporation with one or
two stages. The evaporation method is highly energy intensive as the acid/water
mixture must be heated to a high temperature to vaporize the water. It also
requires special materials such as glass lined vessels and tantalum heaters to
prevent corrosion. An improved, less expensive method for regenerating spent

sulfuric acid 1s needed.

SUMMARY OF THE INVEMTION

[000¢]) The present invention, relates generally to an improved method for
regenerating spent acid that includes the use of polymeric membranes. One ( o
embodiment of the present invention relates to a method for recovering an acid

such as sulfuric acid from a feed mixture comprising acid, hydrocarbons and

water. The method comprises processing said mixture using a first polymeric

membrane to form a first retentate containing a substantially greater

concentration of hydrocarbons than the feed mixture and a first permeate

containing a substantially greater concentration of acid and water than said feed

mixture. The method further comprises processing the first permeate using a

second polymeric membrane to form a second retentate containing a

substantially greater concentration of acid than the first permeate and a second



m xture. The nethod further conprises processing the first perneate using a
- second polyneric nmenbrane to forma second retentate containing a

subst anti r concentration of acid than the first pernpeate and a
Sooond o B T O e T11a9661 3 oer meat e FCMAIHIMEs,
- substantially greater concentration of water than the first perneate, and
recovering said second retentate. [0007] Yet another enbodi nent of the
present invention relates to an inprowed al kylation process. The al kyl ati on
process conprises contacting an olefin mxture with an isoparaffin m xture
in the presence of a liquid acid catalyst under conditions effective to
produce gserileld emaininda shbstdmeaity gtéafkr.c%ﬁbéhtﬁﬁiqﬁi ofwatepnh&rett@ st | qui d
acid suitable for catalyzing the al kylation reaction such as sulfuric acid.
The spentpeamedtepand me¢ovenngi saidisecomdmetenddtag sul furic aci d, hydrocarbons
and water is recovered and processed using a first polyneric mnenbrane to
forma first retentate containing a substantially greater concentra- tion of
hydr ocar {00671 haiY es andthep embaoglithent of theqirdsenit inventicaralates forast per neate
containing a substantjally greater concentration of sulfuric acid and water
than t hamppayed alkylatianarocess. | ThealkyiaHanprosess, COTpRIITES CONtACENgA o | s
recycl ed kK .to the,al ylati reactor. In _a secon nodi t, the first
per meat e qtfgﬁn Wﬁgﬁaﬁ'%@ éﬁ%&’ﬁr%&%’ﬂ' 4‘8 PF%%‘]’HE%"???%‘?&E%;()M ent .
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containing a substantially greater concentration of sulfuric acid than said

fi gst perstrehae saliuria acis spent anid whinhais e mixturesesppasingsulfjurigr eat er
concentratj f er than said first perpeate. _The first streamis
 ecover edCih @Yﬁé%%g@& angt Waler 43 R@ﬂoapr%ﬁarbﬁ@@%s?d using a first polymeric

membrane to form a first retentate containing a substantially greater concentra-

tion of hydrocarbons than said spent sulfuric acid mixture and a first permeate
containing a substantially greater concentration of sulfuric acid and water than
the spent acid mixture. In one embodiment, the first permeate is recycled back
to the alkylation reactor. In a second embodiment, the first permeate is
optionally further processed to reduce its water content. Optimally, this further
processing includes evaporation under vacuum, adding acid anhydride, adding
oleum, or using a second polymeric membrane to reduce water content. Each
further processing will form a first stream containing a substantially greater

( concentration of sulfuric acid than said first permeate and a second stream
containing a substantially greater concentration of water than said first permeate.

The first stream is recovered and recycled to the alkylation process.
BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Figures 1 to 5 are simplified schematics of different embodiments of

the present invention.

[0009] Figure 6 is a FTIR spectra of a Teflon membrane support having a

nominal pore size of 0.2 microns.



BRI EF DESCRI PTI ON OF THE DRAW NGS [0008] Figures 1 to 5 are sinplified
schematics of different enbodi nents of the present invention. [0009] Figure
6 is a FThshaahia,0f a Teflon menbrane support having a nom nal pore size
of 0.2 microns. WO 2004/074911 PCT/US20114/ 003881 4 [ 001%fT/EFYIt/ 39815 howns
FTIR spectra of used and unused PVA nenbranes. [00111 Figure 8 is a
sinplified schematic of a nenbrane testing system [0012] Figure 9 shows
the relative flux of an inventive PVA-mgnbrane. [0013] Figure 10 shows the
anount of ASOin wt%in the pernmeate as a function of run tinme for an

i nventive PVA nenbrane. [0014] Figure 11 shows the amount of ASOin w%in
the nenbrane test cell feed as a function of run tine for an inventive PVA

menbr ane. I L DESCRI PTI THE | NVENTI 00 |t has been found

that sulf ?ac&ggﬁﬁgéo‘g%%hg%’ﬁcgﬂ@%ég Eh“sq]af%% ANeYHr used)

sulfuric acid m xture containing sulfuric acid, water and hydrocarbons

t hrough t e qf. polyneric anes. The, m xture can be a waste sulfuric
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Conventional al kyl ation processes are used for preparing a high octane
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[0014] Figure 11 shows the amount of ASQO in wt% in the membrane test cell {

feed as a function of run time for an inventive PVA membrane.

DETAILED DESCRIFTION OF THE INVEMTION

{0615] It has been found that sulfuric acid can be separated and recovered
from a spent (or used) sulfuric acid mixture containing sulfuric acid, water and
hydrocarbons through the use of polymeric membranes. The mixture can be a
waste sulfuric acid stream, for example, spent sulfuric acid from an alkylation
process. Conventional alkylation processes are used for preparing a high octane
blending component (alkylate product) for gasolines and other fuels. Generally, (
an alkylation process includes contacting an olefin with an isoparaffin in the
presence of a liquid acid catalyst under conditions effective to produce an
alkylate product. The alkylate product is recovered and used as a high octane
gasoline blending component. The spent acid is recovered and regenerated. One
embodiment of the present invention employs the use of polymeric membranes
to regenerate the spent acid and make it reusable as an alkylation catalyst. Many
variations of the basic alkylation scheme are known and can be used in
conjunction with the present invention. Examples of alkylation processes are
described in U.S. Patent Nos. 6,194,625, 5,841,014, 5,599,441, and 5,292,981.



to regenerate the spent acid and nmake it reusable as an al kyl ation catal yst.
Many variations of the basic al kylation schenme are known and can be used in
conj uncti o present invention. Exanples of alkylation processes are
Goonr bed N liblotghy B PSR 6,194, 625, 5,841, 014, 5, 509PGRAS2apyHNIsa1
<5,292,981. WD 20114/074811 PCT/ US2004/0113881 5 The present invention

enpl oys nenbrane separation to recover acid fromwaste acid streans. Though
the invention is described primarily w 6h reference to spent sulfuric acid,
it should be understood that the waste acid can be any conventional acids
and is not limted to sulfuric acid only. Mreover, though described in

rel ation o ot her
process_esmﬁz)ge% )eﬁ@%‘h?rom @ﬁgﬁn?fe@%gﬁg%@ﬁ% % ocar vggaan %pg'géc(ﬂé

separ at i Ojcialsaeafs. Frsiighobd ifeéRich isldedifedihpmiati dmvxﬂpiﬁféx@n& gire 1, a
spent acid stream 10 such as a spent sul fur| C acid stream conpri sing

sul furic spand sulfatieacuhdt Mdbanimiasstmmj fhatthe waste agidrpariBe any sone ot her
nmeans to a nenbrane unit 14. nbrane unit, cqonprises a nmenbrane 16 t hat

i s sel ect Fomyeptionahacads and ds am lﬂramﬁeé tasnljunepgid only. Mprgayer thovgh

hyd b th t f d_st Th
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fi t t t
Gt r eanr + <OmRE Brovet SARAFbAM i dromfc Wi Sl HrbEATLAS 870car Yons and

wat er  cogdpaRdtion]] cbtd Béscribbd Hepeihe Stream 20 has increased hydr ocar bons
and water content. Feed versus perneate data for four different acid feeds

is shown in TabI e 1 for the single nmenbrane enbodinent illustrated in
Figure 1. Pra si rul ati on data aI so show that in_ addition to reducing
B concel1&] i o sfprmngnowdefigee 1.qathent agdstiearhi 9 shck atR dpeittso be

reduced assulﬁl%cdécvf@tsﬁ'r aﬁlaéorﬂpnsmg sulfuric acid, water and hydrocarbons is fed via
| a pump 12 or some other means to a membrane unit 14. The membrane unit
comprises a membrane 16 that is selectively permeable to sulfuric acid relative
to water and hydrocarbons typically present in the spent sulfuric acid stream.
The selectively permeable membrane 16 separates the feed into two products, a
first permeate stream 18 and a first retentate stream 20. The first permeate
stream 18 has increased acid concentration and reduced hydrocarbons and water
content. The first retentate stream 20 has increased hydrocarbons and water
content. Feed versus permeate data for four different acid feeds is shown in
(’ Table 1 for the single membrane embodiment illustrated in Figure 1. Process
| simulation data also show that in addition to reducing ASO concentration in the
permeate, water concentration could also be reduced as acid/water ratio
numbers indicate. As refiected in the data, one membrane can be used in
particular embodiments to control both water and ASO concentrations in the

regenerated acid.



nunbers indicate. As reflected in the data, one nenbrane can be used in
particul ar enbodi nents to control both water and ASO concentrations in the
regenera | 2004/ 074811 PCT/ US2004/003881 6 T OR THE
EVBODI I\/Ekﬁsjé@g}lg?&ﬁg 1 Feed Conposition Acid (W% 86. %@%"%ﬁgﬂs& 0 ASO
(W\t% 10.0 8.0 6.0 4.0 Acid/Water Ratio 21.5 22.0 22.5 23.0 Perneate
Conposition Acid (W% 89.6 91.4 93.0 94.4 ASO (wt% 6.5 4.7 3.0 1.6

Aci d/ Vater Ratio ~. 5 22.9 23.2 23.4 26 00171 The invention further

i ncludes feeding the first perneate IS via a second punp 22 or sone ot her
means to a second nenbrane unit 24; as illustrated in Figure 2. Referring
to Figure 2, the spent acid 10 is fed to first nenbrane unit 14 where
menbrane 16 is selectively perneable to _acid as described in respect of
Figure 1, or alternatively, is sel perneable to acid and water

relative to hydrocarg Me second nenbrane
unit conprises a nem e to water over

the sulf
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[0017]

second pump 22 or some other means to a second membrane vnit 24, as

The invention further includes feeding the first permeate 18 via a

illustrated in Figure 2. Referring to Figure 2, the spent acid 10 is fed to first

membrane unit 14 where membrane 16 is selectively permeable to acid as

described in respect of Figure 1, or alternatively, is selectively permeabie to

acid and water relative to hydrocarbons (as illustrated in Figure 2). The zecond
membrane unit comprises a membrane 26 that is selectively permeable to water

over the sulfuric acid. Passing the first permeate 18 through the second (
membrane unit 24, the membrane unit 24 forms a second permeate 28 and a \
second retentate stream 30. The second permeate is rich in water. The second
retentate stream 30 is rich in acid. Membranes 16 and 26 are enclosed in

supporting units or containers 32 and 34, respectively. A possible material

balance for the embodiment of Figure 2 is provided in Table 2. The hydrocarbon

rich retentate 20 may be removed for conventional further processing, or

optimally re-cycled to the feed stream, illustrated as 36. The acid and water rich
permeate 18 i3 conventionally fed via pump 22 to a second membrane unit 24,

Alternatively, permeate 18 may be further processed by vacuum evaporation to



retentate stream30 is rich in acid. Menbranes 16 and 26 are enclosed in

- supporting units or containers 32 and 34, respectively. A possi bI e mat eri al
bal ance f Otﬂa Wodl ment of Figure 2 is provided in Tab

hydr ocar bo U*¥4tentate 20 may be renoved for convent?%ﬁﬁ&"f'ﬂﬁ"'@ﬁ@r

. processing, or optimally re-cycled to the feed stream illustrated as 36.
The acid and water rich perneate 18 is conventionally fed via punp 22 to a
second nenbrane unit 24. Alternatively, 7perneate 18 may be further
processed by vacuum evaporation to WO 2004/ 074811 PCT/US211114/11113881 7
renove water, or by the addition of an acid anhydride, such as SO3, or ol eum

L o Y B S 6Y 5 ool SR Sy ondISE o, o

7.00 27.54 ,ganélng 66 4.88 Water, wt%0 4.00 3.11 4.10 22.23 1.41 Total

Fl ow, tons 100. 00 10. 00 90. 00 11.62 78.38 [0018] Preferably, the acid in
the feed stream 10 may range from about S3 to about 95 wt% ASO (or

hydr ocar bons) from about 2.0 to about 15 wt% and water fromabout 0.5 to

about 4 W% As Table 2 shows, the first retentate 20 contains a
substantially greater concentration §ABWBrRocarbons (ASO) than the feed m
ture, and the first perneate 10' contains_a substantial Il%l__‘%eater
concentrati on HMAIERALBALANGE HQh T BMBOIMMENEO UBE anti al | y

greater concentration of hydrocarbons in the retentate than the feed
m xture rreang concentratign oflohydlr ocabbon | Rgt hg rejent at egphat is
gr eater tha 'I_L re—econcert+a—
Acid, wt% 89.00 69.35 91.18 74.11 93.71
( ASQO, wit% 7.00 27.54 472 3.66 4.88
‘ Water, wt% 4.00 3.11 4.10 22.23 1.41
Total Flow, tons/day 100.00 10.00 90.00 11.62 | 78.38

[0018]  Preferably, the acid in the feed stream 10 may range from about 83 to
about 95 wt%. ASO (or hydrocarbons) from about 2.0 to about 15 wt% and
water from about 0.5 to about 4 wt%. As Table 2 shows, the first retentate 20
contains a substantially greater concentration of hydrocarbons (ASO) than the
feed mixture, and the first permeate 18 contsins a substantially greater
concentration of acid and water than the feed mixture. A substapntially greater
) concentration of hydrocarbons in the retentate than the feed mixture means a
( concentration of hydrocarbons in the retentate that is greater than the concentra-
| tion of the hydrocarbons in the feed mixture at least about 3 wt%, preferably at
least about 10 wt% and more preferably at least about 18 wi%. A substantially
greater concentration of acid and water in the permeate than the feed mixture
means a concentration of acid and water in the permeate greater than the
concentration of acid and water in the feed mixture at least about 1 wt%,

preferably at least about 3 wt%, and more preferably at least about 6 wt%.

[0019] Also, Table 2 shows that the second retentate contains a substantially

greater concentration of acid than the first permeate, and the second permeate



tion of the hydrocarbons in the feed m xture at |east about 3 w%
preferably at |east about 10 wt % and nore preferably at | east about 18 w %

A substanw J‘ Mjeater concentration of acid and water _j he perneate
than the feog‘lé '¥nm-§<tt'ree neans a concentration of acid and"ﬁ{‘}éF"'ﬁ*ﬁ“%“ﬁb

perneate greater than the concentration of acid and water in the feed

m xture at |east about 1 wt% preferably at | east about 3 wt% and nore
preferably at |east about 6 wt% [00t9 -Al so, Table 2 shows that the second
retentate contains a substantially greater concentration of acid than the
first pernmeate, and the second perneate WD 2001/071811 PCT/ US21104/003881 S

contai ns @ptaas hanbs@hlix]P R corRBARRI6R b Watdt thaR tied fikdtgferineatel | ASt
perneate. A substantially greater concentration of acid in the second

r et ent at esubstantially gréatst conpentmatior ofmaitdint these¢dms] rtentatet thahithe fivét acid in
the second retentate is greater than the concentratjon of the acid in the
first perpameatqmeans thapthe eancentration #fagid inhe seeendiratentpieaisgreater | east

b 9 f bl v I . ab Wt 9 d. f bl I
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sai d second pérmeate 1s on of wa I'n said
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nore preferably at I'east about IS wt% [0020] The nmenbrane units may

pr ef er abl wampén sdid satomt pernaeate Heert saigh énvstt permeatsf mees hiak thetomentmact or
generally _in the range of 0-50C. H gher and | ower tenperatures could also
be used. fi@oof yagygiip saidseqsond PsHAgateds srenterthan &he conpeatration Qf OMPIET se
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hydr ogen abANG:drtraBly 411820 \about 18 wi%.

[6020] The membrane units may preferably operate at or near the temperature
of the alkylation reactor, generally in the range of (0-50°C. Higher and lower

ternperatures could also be used.

[0021]  Suitable membranes for the present invention comprise perfluorinated
ionomer membranes characterized by the presence of active anionic groups. The

term “perfluorinated™ refers to the replacement of hydrogen atoms in an organic
compound by fluorine (except where the identity of a functional group would be (
altered thereby, such as in the case of per-fluoro-1-propanol). As used herein the .'
term “perfluorinated ionomer membrane™ refers to an ion-exchange membrane

prepared from a perfluorinated ion-exchange polymer.

[0022] This class of ion exchange polymers is characterized by the presence
of anionic groups attached to the poltymer chains which are associated with
protons and/or metal ions and/or organic bases. The former exhibit acidic
character while the latter show sait-like character. The anionic groups form a
continuous or nearly continuous microphase within the polymer matrix.

Examples of active anionic groups are carboxylate, sulfonate, and phosphonate.



conpound by fluorine (except where the identity of a functional group woul d
-be altered thereby, such as in the case of per-fluoro-I|-propanol). As used

herein theyol84i7446" f1 uori nated i ononmer menbrane” refers | on-exchange
menbrane pr epéjrne?éﬂﬁr om a perfluorinated ion-exchange poI';’/ meﬁgsﬁ Thi s

- class of ion exchange polyners is characterized by the presence of anionic
groups attached to the polyner chains which are associated with protons
and/or netal ions and/or organic bases: 9The forner exhibit acidic character
while the latter show salt-1ike character. The anionic groups forma
continuous or nearly continuous m crophase within the polymer matrix.
Exanpl es of active anionic groups are carboxylate, sulfonate, and
phosphonate. WD 2004/ 074811 PCT/ US211114/11113881 9 [0023] The

concent r af0@28Jof The ebheermgraivhsofcaionie geyppLsarhe expressddsin wifsi gnated as EW
(equival ent weight) which is defined as the mass in grans of the dry

pol yner i designated as EWr (aquinalentouneighbeuhichlis defived ag the masem gramsaflse. The
EWof poly (acryljc acid) is 64, ich is 'sinply the nolegul ar. wei ght of the
nmonormer a@%ﬁmg@cymﬁr 1 W&Pﬂ&‘éﬁ%‘we}l neptplize I%Ieéuﬂé?\(‘if’%‘rf{fr')aﬁea
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G erke, % an j [ j nat e Menbr anes”,
J.  Menbr egélde}{bgg‘?encg,é%%ﬁ[ g’é@ﬁ‘w ggéoﬁ%%%%&?l?bgﬁgéﬁg@@é? ed herein by
refer encepEmu@iﬂatwéw?ﬁxe&endﬂwa@ﬁfmy DtFlont,tushif]1} @hn gextstvesn 9590 Wi t h
the present invention. [0024] Polyner properties depend on the type of

pol yrmer bém k@0, Farhmoreodstails gbmitahis, membranepseedV. iYoHsu amd &t (. Giekeher

capboxyl ate, sulfonate, or phosphonate, etc.), the degree_of neutralization
anG t he t Y ‘branspertandGlwstess in Nafion ® Perfluorinate Membranes”, J.

Membrane Science, 13 [1983], 307-326, which is incorporated herein by
reference for all purposes to the extent that it is not inconsistent with the present

inveniion.

[0024]  Polymer properties depend on the type of polymer backbone, the ionic
content, the type of ionic moiety (whether carboxylate, suifonate, or
phosphonate, etc.), the degree of neutralization and the type of cation (amine.
metal, hydrogen, mono-valent, multi-valent). Kirk-Othmer Encyclopedia of

Technology (3rd Edition, Supplement Volume, pages 546-573).

[0025] A suitable membrane for use in the present process is identified in the
trade as Nafion®, which is a copolymer of perfluoroethylene and perfluoro-
vinylether, the latter component having pendant sulfonic or carboxylic acid
groups. The structure of Nafion® is represented as follows, in the case of a

sulfonated Nafion® in its acidic form:



metal , hydrogen, nono-valent. nulti-valent). Kirk-Ohnmer Encycl opedi a of
Technol ogy (3rd Edition, Supplement Volume, pages 546-573). C [0025] A

sui tabl e weyhiaafsior use in the present process is |den5,3. gmﬁ&;‘pg trade
as Nafion(r), which is a copolynmer of perfluoroethyl ene an h’% 0

vinyl ether, the latter conponent having pendant sulfonic or carboxylic acid
groups. The structure of Nafion(r) is represented as follows, in the case of
a sulfonated Nafion(r) inits acidic ¥&rm WO 2004/074811 PCT/ US2001/ 003881
10 -FCF2CF2 In i F2CF [ OCF2CF10OCF2CF2SBH | CF3 where m= 5 to 13.5; and
n = 1,000; Equival ent Wi ght (EW Ranges 950-1, 800 Cation Exchange Capacity

1. 05- 0 55 nmeq/ m [ 0026] fi ﬁeggﬁanes are docunented in the literature.
(See Hsu and G erke, bty ence, 13 (1983), 307 326; S. C
Stenson, "Electrolytic Oel I rane Devel opnment Surges”, Chem cal and

Engi neeri ng News, Mar. 15, 19 ﬁbeg ted | ononer

Menbr anes, " Kirk-O hmer Encycﬁgggﬁa& f48n ﬁlggﬂzﬁggﬁglaogy (Suppl enent to
3rd Ed.), John Wley Sons, New York, ([N. Y . (1984); and T. D. Gerke, G E
Munn and F. C. WIlson, "Morphology o A:Perfl uor osul f onat ed Menbr ane
Product”, pages 195-216 in Perfluori 3d | ononer Menbr anes, edited b.

Ei senberg and H. L. Yaeger, ACS Synposium Series 130 (ACS, V\ashl ngton D. C.
[1932]; 3where sordhte kkb; and n = 1,000;

Equivalent Weight (EW) Ranges 950-1,800
Cation Exchange Capacity 1.05-0.55 meg/m

[0026] Nafion® membranes are documented in the literature. (See Hsu and
Gierke, J. Membrane Science, 13 (1983), 307-326; S. C. Stenson, “Electrolytic
Cell Membrane Development Surges”, Chemical and Engineering News, Mar.
15, 1982; Y. Yamabe, “Perfluorinated Ionomer Membranes,” Kirk-Othmer
Encyclopedia of Chemical Technology (Supplement to 3rd Ed.), John Wiley &
Sons, Mew Tork, N.¥. (1984); and T. D. Gierke, G. E. Munn and F. C. Wilson,
“Morphology of Perfluorosulfonated Membrane Product”, pages 195-216 in
Parfluoninated Jonomer Membranes. edited b, A. Eisenberg and H. L. Yaeger,
ACS Symposium Series 130 (ACZ, Washington, D.C. [1982]; 5. ). Sondheimer
et al, Rev. Macromol. Chem. Phys., C26(3), 353-413 (1986), all of which are
incorporated herein by reference for all purposes to the extent that they are not

inconsistent with the present invention.

[0027] Nafion® membranes can be symmetric or asymmetric. Asymmetric
Nafion® membranes are comprised of material which is processed so as to
produce two membrane sides having different properties such as, for example, a
layer of carboxylic acid-containing resin in association with a layer of sulfonic
acid-containing resin. More preferred Nafion® membranes are Nafion® 1100
and Nafion® 800 marketed by DuPont, Fluoropolymers, Wilmington, Delaware,
USA.



et al, Rev. Macronol. Chem Phys., C26(3). 353-413 (1986), all of which are
I ncorporated herein by reference for all purposes to the extent that they

are not | ' t with the present invention. [0027] Nafion menbr anes
can be symgp%;%ﬁnasymmtri c. Asymretric Nafion(r) neﬁﬁ?’éjﬁé‘g'gﬂ?’@m

conprised of material which is processed so as to produce two nenbrane
sides having different properties such as, for exanple, a |ayer of
carboxylic acid-containing resin in asgpciation with a |layer of sulfonic
acid-containing resin. More preferred Nafion(r) nenbranes are Nafion(r) 1100
and Nafion(r) 800 marketed by DuPont, Fluoropolyners, WI m ngton, Del aware,
USA. WD 211114/1174811 PCT/US2104/11113881 - 11 [0028] Preferred polyneric
menbranes suitable for the present invention include nmenbranes nmade of

pol yvi nyl[gaR8pPholPréf@Med Ropﬁhé.’x‘id: ﬂyémsfﬂntegkﬁtéﬁé@r thedes&it MevertieRani on

nodi fi ed PVA such as PVA phosphate, arsenate, selenate, tellurate, nitrate,

bor at e aridchide mhéribranéé amde df\pelyemyl al‘whols(RFéA(], pcilymnymydlfabeml)\c;})oups of
the PVA nenbrane react with sulfuric acid to formsulfate groups.
Ther ef or @ndtmbemwmrémedﬂ@d EVAaéti@hr@% PH@\ phosphate, arsepaie. seleaates opol yrrer

of vinyl s fate.and vin ureto sul.furigc acid. The PVA
menbr ane * r&? nigzate; Ro ¥ee:|ug:l é’ﬁq@‘% W Asu %ﬁ‘fé‘?ﬁ:yanat ohexane.
Pr ef er abl H&;’;\gp& ks%gf AY
oxoani on ]%’Dd&?ylﬁ &%‘Z@@gﬁlb%necfe}%gﬁ@z@ %EI g% an%tgst ructur al
stabi | i t yergfipd. MEhdrefdte e rASAbiRIE ri‘lbféi’la'l Béécstﬁes:ﬁomﬁﬁyl%«allﬁfé ozvat y and flux
char act eri st | cs. Other suitable crosslinking agents i'nclude 1,4
di i socyarapobmhems, vifiylDsilthte andwmgdtakxﬁtcﬂmponbxpﬁsmlte(sulzfarlatamtbdi‘hane 1,5
di i socyanat eo- 2- et hyl pentane, and 4, 4' diisocyanato-di phenyl net hane.
( | PV A membrane before use 1s preferably crosslinked using 1,4

diisocyanatohexane. Preferably the membranes are made of crosslinked PVA,

PVS and other oxoanion modified PVAs. Crosslinking enhances the mechanicat

and structural stability of the membrane and may also influence both selectivity

and flux characteristics. Other suitable crosslinking agents include 1,4

diisocyanatobutane, 1,8 diisocyanatooctane, 1,12 diisocyanatododecane. 1,5

diisocyanateo-2-methyl pentane, and 4.4’ diisocyanato-diphenylmethane.

Membrane flexibility and resistance to sulfuric acid may be a function of the

tvpe of crosslinking agentc being used. In addition to poly(vinyl sulfate), other

possible membrane materials can be polv(vinyl phosphate) and or other vinyl

( groups which may have affinity to sulfuric acid.

[0029] In addition to the formation of polyvinylsulfate (PVS) from the
reaction of polyvinyl alcohol with suifuric acid, other inorganic oxoanion
modified polymer membranes may be used. They include polyvinyl phosphate

membranes made from PVA membranes according to the following reaction:

+ 2H3POy =—=

OH HO HO HO
n



Menbrane flexibility and resistance to sulfuric acid may be a function of
the tipe of crosslinking agents being used. In addition to poly(vin

sul fate), si bl e menbrane materials can be poly (vin hos hat e)
and or otﬁgiﬂﬁfnfﬁﬂ§g roups which may have affinity to suP% gmﬁ@ﬂ@“ [ 0029]
In addition to the formati on of polyvinylsulfate (PVS) fromthe reaction of
pol yvi nyl alcohol with sulfuric acid, other inorganic oxoanion nodified

pol ymer menbranes nay be used. They incjaude pol yvi nyl phosphate nenbranes
made from PVA nenbranes according to the following reaction: 2 H3P04 OH HO
HO HO + n WO 20111071911 PCT/ US2004/003881 - 12 +21 H2O n\ HHO\O OO
[0030] In addition to the phosphate, one can al so use arsenate, antinonate,
or bismuthate to formpol yvi\nyl l'yvinyl antinonate, and

pol yvi nyl  bi snut hat e, c oxides, such as pol yvinyl
sel enate and pol yvinyl the reaction of selenic and
teluric acids with PV, 1 [0081] jAnqghey suitable nmenbrane
is formed by reacting PVA WN\! k¥ Orléj\?ﬁﬂh a$ shown Below. + 2 H, BCh --

[0030] In addition to the phosphate, one can also use arsenate, antimonate, or
bismuthate to form polyvinyl arsenate, polyvinyl antimonate, and polyvinyl

bismuthate, respectively. Calcogenic oxides, such as polyvinyl selenate and (
polyvinyl telurate, formed from the reaction of selenic and teluric acids with |

PV A may also be used.

[0031]  Amother suitable membrane is formed by reacting PYA with boric

acid, as shown below.

OH HO HO HO

[0032] In alternative embodiments, other polymerized alcohols and their
oxoanion modified compounds, referred herein as oxoanion modified
polymerized alcohols may be used in the practice of the present invention.

Examples of suitable polymerized alcohols include polypropyl alcohol,



OHHOHOHON + O s g n HO HO[0032] In alternative enbodi nents, other
pol yneri zed al cohols and their oxoanion nodified conpounds, referred herein

as oxoani gRopskl7igd pPol ymerized al cohols may be used ig(f]?@%g#@ﬁ'%#ge of

the present invention. Exanples of suitable polynerized'a | ude

" pol ypropyl alcohol, WO 211114 /11 7 4 8 1 1 PCT/US2004/003881 13 pol ybutyl
al cohol, and the |ike. These structures also may include pol ynerized

al cohol copol yners, pol ynerized terpolylers, oxoanion nodified polynerized
al cohol copol yners, oxoanion nodified polymnerized al cohol terpolyners and
the like. These also would formthe corresponding nodified polyners. [0033]

In separ a&h@% riﬂcéﬂcﬁ%ﬁc‘f%& l%tﬁ%rmgﬁlst)lﬁ rinﬁx%ﬁd@iaoi efiftifl across

t he nmenbr face sho be suffrcient to preven ue selectivity |oss

by concenlcahbPeopslymikts, qy‘oil?ﬂerifétﬁ terpOMnieds Coxfanidie nicdefied poBmaksrized t he

particul ar geonetry and configuration of the nenbrane and any supporting or
cont ai nnealcohebsapolymers, cxsanisinl madifoad papmerized rtcohGd terpel ymerstangher
tenpera- tures, lower flow rates can be tolerated. Establishing the optinmm
f1 ow rat etheohkey Thesersewoudthfomga tha curesprading medifagcbpalymegs.condi ti ons can
be readily determned by a skilled practitioner. [0034] Hi gh flux can be
achi eved by operating with the thinnest nenbrane that will maintain its

physi cal [Gyagri iy dpaekink Ri® RO hia0w a8 VirkhRE the IBW'EHP of the feed
across the membrane surface should be sufficient to prevent undue selectivity
loss by concentration polarization. The flow rate of the feed depends on the
( particular geometry and configuration of the membrane and any supporting or
containment vessel used, as well as on temperature. Generally, higher tempera-
tures, lower flow rates can be tolerated. Establishing the optimum flow rate for a
membrane configuration and set of operating conditions can be readily

determined by a skilled practitioner.

[0034] High flux can be achieved by operating with the thinnest membrane
that will maintain its physical integrity under the operating conditions. To help
the membranz maintain its physical integnty, 3 compozite membrane may be
used. For example, a thin selective polymeric 1aiver (or membrane) may be

(' supported on a non-selective, highly porous membrane, to produce a laminate
structure. The selective membrane layer is preferably securely attached on top
of the porous membrane material which constitutes a physical support. The thin

polymeric layer may range in thickness from 1 micron to 50 microns.

[0035] The membranes used in the process of the present invention may be
utilized in the form of hollow fibers, tubes, films, sheets, etc. The process may
conveniently be carried out in a test cell which is divided into compartments by
means of a membrane or membranes. The compartments will each have means
for removing the contents therefrom. The process may be carried out

continuously or batchwise, but preferably in a continuous manner.



the nenbrane maintain its physical integrity. a. conpo3ite nenbrane may be
used. For exanple, a thin selective polyneric |ayer (or nenbrane) may be

suppor t edweyradsiraRnsel ective, highly porous nmenbrane, to m nat e
structure. The selective nenbrane |ayer is preferably segg?@ggﬁ'gltoﬁagéﬂed on

top of the porous nenbrane material which constitutes a physical support.
The thin polyneric |ayer nmay range in thickness from2l1 mcron to 50

m crons. [0035] The menbranes used in tfle process of the present invention
may be wutilized in the formof hollow fibers, tubes, filnms, sheets, etc.
The process may conveniently be carried out in a test cell which is divided
Into conpartnents by neans of a nenbrane or nenbranes. The conpartnents

wi || each have neans for renoving the contents therefrom The process may

be carri 0086] cdnionseaitvidyment, iileé feud e meribrane iaitddbmaintaivedoidérnuous
manner. WO 2004/ 074811 PCT/US21N11/11113881 - 14 [0036] In one enbodi nent,
t he feed canditionmbl pressureisuch thatanbstantally all of the acidds 1 diguidbphaseessur e such

w € hd aunTBnPE e gAY ﬁéw%:&%ﬁr@&x‘g?r‘eﬁra‘p&m&' kit Fgeperaly o -de“ ebiro ”‘Syf o
150 ' ' . X

condensed s AREEHT Aa0 R0 PR Absperen @ huRR SRR G xaP pBR U T Ve
art as peiﬁ@ﬁfvse&ﬁéeipgcﬁ}@%ﬁledwcﬁﬁggmr ﬁr&ohasnﬂ%%.r q?ﬁéﬁroﬂ‘dg@@is‘)f the menbrane

can affect both s ty and ux: e selectivity and the flux

gener al | yedneealbpkRowa ih lfe artas pervapoeaisor.e on the perneate increases. Higher
vacuum pressure can be tolerated at higher tenperatures, or with a | ower
boiling point acid. In yet another enbodi nent, a sweep gas may be passed

207 095 ' gEI™" e AL Sl e SuTTLEL SIE ol BRSRSS. LS RLTRRL O7 TS
selectivity and flux. The selectivity and the flux generally increase as the
vacuum pressure on the permeate increases. Higher vacuum pressure can be
tolerated at higher temperatures, or with a lower boiling point acid. In yet
another embodiment, a2 sweep gas may be passed across the membrane at a rate
sufficient to increase the permeation rate. Suitable sweep gases include carbon
dioxide, nitrogen, hydrogen, air, or low boiling hydrocarbons such as methane,

ethane or propane.

[0035]  Alternatively, the permeate side of the membrane may be swept by a

liquid perstraction solvent in which the permeate is soluble and which is non- (
corrosive with respect to the membrane, at a rate sufficient to enhance the

permeation rate of the permeable component or components through the

membrane. Suitable perstraction solvents include higher molecular weight

paraffins, organic acids, and compressed gases, €.g., ethane, propane, butane,

etc. Especially suitable perstraction solvents are those which do not form

azeotropic mixtures with any of the components of the waste acid mixture.

[0039] In one embodiment of the present invention shown in Figure 2, a
portion of the first retentate 20 and/or the second permeate water 28 may be

recycled (illustrated by dashed line 36 and 38 to the feed waste acid stream 10



di oxi de, nitrogen, hydrogen, air, or |ow boiling hydrocarbons such as

net hane, ethane or propane. [0033] Alternatively, the perneate side. of the
menbr ane Ry 2064 t by a liquid perstraction solvent i ich the

per neat e isﬁsolm’g\iﬁgﬁjand which i's non- corrosive wth resppg:é'%\mtsz""t"%ss'
menbrane, at a rate sufficient to enhance the perneation rate of the

per meabl e conponent or conponents through the nenbrane. Suitable
perstraction solvents include higher -nﬂ)gecul ar weight paraffins, organic
aci ds, and conpressed gases, e.g., ethane, propane, butane, etc. Especially
sui tabl e perstraction solvents are those which do not form azeotropic

mi Xt ur es fof flirtRdtYprotedsiiy. CAMRO RARbEIPbe ih@erdRIdthaf infbréthdn s  [0039] In
one enbodi nent of the present 1 nvention shown in Figure 2, a portion of the
first retmembrmeXhienckiolse hded inaeries andiompatalelebafigitativay foeeachecycl ed
(illustrated by dashed |ine 36 and 38 to the feed waste acid stream 10 WO
21114/ 11 stagelofnae/separation pracess 3&s the first stagegmeferrmpres memiyares Hythapl so, it

shoul d be understqod fhat nore .than one nerrgéra e unjts can be used in
cories arlif GETBEAbIP SEleCRYR Q ARl ARAOHRIET BYCTtehydEocaThoRs Of A thEsRER at | on

o ' 3 bl
D 00ESS, akfl 1R e 0 Be 338 TGS B TRAR Rl 3 ke BB IR0 ¢

stream 1Qepand bf aLhﬁﬁﬁberTé“!efaeta?@ﬁicming&H@Fleﬁeﬂalh @yﬁg? bf Hiedg@miatd depend on

a nunber of factors including the desirable puri t he pernmeate product
in each gretlect ihleack suimsh¢ compositioheffthe deed, lke typreofathe tPobymetiyneri c

menbr ane or nmenbranes used and the process conditions under which the

menbr ane dnembrangcranembrangs s¢d pnd thepwessurorditions updefwhichthend 2, the
mepbr anes_16, and 26 are eglref erably operated at conditions of tenperature

ant. pr es GBPEARES L5 ARG

[0040] In the embodiment of Figures 1 and 2, the membranes 16 and 26 are
preferably operated at conditions of temperature and pressure sufficient to
maintain the suifuric acid in the liquid phase, e.g., teroperature in the range of
about -10°C to about 300°C, more preferably from about 0°C to about 50°C, and
most preferably from about 4°C to about 40°C. Preferably, membrane 16 is
operated from about 100 to about 5000 psig, more preferably from 800 to 1200
psig on the feed side. The pressure on the permeate side is typically atmospheric
pressure, but it could be operated at higher pressure so lang as the pressure
difference across the membrane is sufficient for permeation purposes.
Membrane 26 is preferably operated in pervaporation mode with the feed
pressure typically atmospheric and the permeate side under vacuum. The water
containing product 28 (second permeate) may preferably contain greater than
about 4 percent by weight water, less than about 10 percent sulfuric acid. The
high purity acid product 30 (second retentate) may preferably contain greater
than about 91 percent by weight sulfuric acid, less than about 10 percent by

weight hydrocarbons and less than about 3 percent by weight water.

[0041] The first permeate 18, referred to as the acid and water product low in

hydrocarbons, may preferably contain hydrocarbons in an amount ranging from



maintain the sulfuric acid in the liquid phase, e.g., tenperature in the
range of about -10C to about 300C, nore preferably from about OC to about

50C, and budigherably fromabout 4C to about 40C. Pr nbr ane
16 is op‘gggtﬁe"gplff‘ém about 100 to about 5000 psig, nore g‘?@?gg’gﬁ"y%r om 800

to 1200 prig on the feed side. The preséﬁre on the perneate side is
typically atnospheric pressure, but it could be operated at higher pressure
so long as the pressure. difference across the nmenbrane is sufficient for

per neat i on MDO&@%bouM@ﬁEf@ﬂ?b?ﬁwéi?h@ﬁﬁéf@ YesBRRARABSut $pBREKEPPT at i on
node with the feed pressure typically atnospheric and the perneate side

under vacuuweigitheltumay alsocontain micidjinparnamotn®ef frerrabelit (88 tweabiont 96ay
preferably contain greater than ,  about 4 percent by weight water, |ess than
about 10 pdicEesnt bé/uWP\&%F and svater inran ampynt pliirom/abautd terahowt 5 mEecqtdyond
retent ate) rrg)éhf)referably contain greater than about 91 percent by wei ght

sul furic acl ess than about 10 percent by weight hydrocarbons and | ess

t han about 3 percent by weight water. [0041] The first perneate 18, referred
to as the ' nd ter oduct |ow i.,n , hydrocarbons, ma ef er.abl

contain hy Z@bg%fbo &Aﬂ@?’ﬁaﬁgoa mnfoqtﬁngwo¥?rbHP%W?WMé°m about

PCT/ US2004/; ; ' |y

| ess than atgg‘%t% §é3%é¥t %gnatc ;ﬂ/-}‘ &mg%%%ﬁgrﬁbég %ﬁ@f&%’oﬁ %%’ %&g‘%&g‘b@unt

of from abdgtandinbentadfirémUbouP 21t6 @BbubY pericab byassieht er in an amount of
fromabout 3 to about 5 percent by weight. [0042] Retentate 20, nmay contain

hydrocarbon in an amunt of fromabout 7 to about 30 wt% acid in an amunt
of from abo@048p t In alprefer®d ethBodiait, WkRibrandd Famd'R6 Mhaybe hizd® @omut 2 to

about 4 percent by weight. [00431 In a preferred enbodi nent, nenbranes 16 -
and 26 may EMSnBH%é/\,fN n and more preferably from PVS and PVA. The separation i
mechanism is understood to be the “solution-diffusion™ type. According to this
mechanism feed components which have higher solubility in the polymer
material get preferentially sorbed and then diffuse through the membrane to the

permeats side. Separation is based primarily on sorption and diffusion.

[0044]) One advantage of the present invention may be appreciated by refer-

ence 1o an improved alkylation process for the manufacture of higher octane
zasoline blending component, the improvemwent residing in the use of

membranes to regenerate the spent acid. Rzferring now to Figure 3, the

invention is illustrated embodied in an improved alkylation process 60. The {
alkylation process includes at least one membrane separation unit 62 for

controlling both the acid solubie oil ("ASO") and water concentrations in the

alkylation process 60.

[0045] More specifically, a fresh isobutane stream 64 is fed to a reactor 70
where it is reacted with olefins 66 such as butenes in the presence of an acid
catalyst 69 such as sulfuric acid. The alkylation product 72 from reactor 70 is
transferred to a settler 74. Settler 74 separates the alkylation product into a spent
acid stream 78 and hydrocarbon stream 76. The strength of the spent sulfuric



PVS, PVA, Nafion and nore preferably from PVS and PVA. The separation
mechani smis understood to be the "solution-diffusion" type. According to

this nec ' d conmponents whi ch have hi gher sol ubi]j in the pol yner
mat eri al 8gf£%%g%§ﬁentially sorbed and then diffuse throhtﬁX§HQ4W%ﬁﬁfane to
the perneate side. Separation is based primarily on sorption and diffusion.
[ 0044] One advantage of the present invention may be appreciated by refer-

ence to an inproved al kyl ati on process iffor the nmanufacture of higher octane

gasol i ne bl endi ng conmponent, the irnprcc enment residing in the use of
menbranes to regenerate the spent acid. Referring nowto Figure 3, the

2l kyi at | oftipiEatic’d RisBAnElBetate of nfflsfEhid ARO abbf SheteRAREE, 7

control | 'i pouRRkHablReidCeAchishy &e%kyﬁﬁﬁ§%ﬁct6ﬁ?‘?)“%%rhﬁ8€%bﬁ ations in
[ 00451 Mo |

the al kylation process 60. e specifically, a“fresh isobutane

st ream 64str¢ani 86 fiom3ettlrddas tradsferheal © 4 wWasis unr IS wilerd it s chssticrimd66 such
as butenes in the presence of an acid catalyst 69 such as sulfuric acid.
The al kyl watesrwashediudhen ¥id hioen80dhis sansferred to a fzactiboatienl cobiran §8ite| er 74.

Settler 74 separates the alky]ation pro ucé I nto spent cigstream78 and
hyd/r ocar b’E?ﬁ%&%h#ﬁ?@te Fineangy #n gyerhRad sedm é\]lﬁ!‘i” pge%a @ETE?@MSlé
PCT/ US21 : ' ' ' ASO
materi o SorerArEnahly Aot R shihe SndiESHont: BERRRRe dna BbRlAtEy O

reactor 70. The hydrocarbon stream 76 fromsettler 74 is transferred to a
wash unit 79 where it is caustic and water washed. Then via line 80 it is

t ransf er r@@46p aThedsobuand stoeam G4usontiins solublevarerrpiekediyp yh tiee st ream 86
and an overhead stream 84. The overhead stream 84 contains mainly isobutane
Wit h sonecaiiste and water wash. pOd saneseaiater-ip ap amdesiralge somprment gbthgt ane st ream

84 contal aQIScylsagloll:Jl ?Jlroecevélg} as it %%lﬁlt(ees g%uifﬁri%: rz}l(ca:id strength in addition to causing
corrosion problems. The spent acid stream 78 from settler 74 is directed to a
membrane unit 62 to remove ASO and water. An ASO rich spent acid stream 92
is then used to reduce the water concentration in the recycled isobutane stream
84 by contacting the two sireams in unit 94 so that the water dissolves in the
spent acid phase. A dry isobutane recycle stream 96 is mixed with the olefin
stream 66 and then transferred to said reactor 70 via line 98. It is also possible to

feed stream 66 and stream 96 separately (o reactor 70.

( [0047] This invention reduces the water and ASO concentrations in the
alkylation process acid stream, maintaining acid strength in the alkylation
process, which in turn maintains or increases the alkylation efficiency. and helps
to enhance the octane value of the alkylation product. This process will also
reduce the cost of sulfuric acid regeneration by reducing the total amount of

spent acid shipped for regeneration.

[0048] Yet another embodiment of the present invention includes a
crystallization step to remove water from the recycled spent acid, as shown in
Figure 4. A membrane unit 104 is used as explained above to remove ASO from

a spent acid stream 102 of an alkylation process 100. The ASO lean stream 108



caustic and water wash. O course, water is an undesirable conponent of the
al kyl ation process, as it dilutes the sulfuric acid strength in addition to
causi ng G s probl ens. The spent acid stream 78 fr ler 74 is

di rected td’g Iﬁ@ﬁyrane unit 62 to renove ASO and mater.ggkﬁﬁéiyﬁﬂﬁﬁ'spent
acid stream92 1is then used to reduce the water concentration in the
recycl ed i sobutane stream 84 by contacting the two streans in unit 94 so
that the water dissolves in the spent l&td phase. A dry isobutane recycle
stream 96 is mxed wth the olefin stream 66 and then transferred to said
reactor 70 via line 98. It is also possible to feed stream 66 and stream 96
separ at el i then CRARIdGh o Chystad/bion it 110¥eBseNliLE dusic WBRL Wat er and ASO
concentrations in the alkylation process a¢id stream nmalntaining acid
strengt h indrohgdaitdsloaientove ware §Rkn thidiechcled spentnadidisaieagiatireaficr eases

t he al kyl ation efficiency, and hel ps to enhance the octane val ue of the

al kyl at i oh13r Stream IIHqissrepowedsuleﬁb agidssendrbaglicto thaalkylstiomprangss.uri ¢ aci d

regeneratjon by reduging the total ampynt of spent acjd shi.pped for
regener ati’bﬁ." B@Q%P(f*’é‘ge NEAEYS %Olﬁa@eﬁf"@iﬁéﬁa YiHy @Rt i on

I ncl udes C | zak t tor \Y/ h the recycl ed spent
acid, as gmgﬁs‘#ﬁ{ H‘é&ﬁ‘g%ﬁ%?%@%?gﬁggﬁ?%ﬁké%Bg?sed as expl ai ned above
to remove ASO from a spent acid stream 102 of an al kyl ati on process 100.
The ASO | ean stream 108 WO ?01M 074H11 PCT/ US20041003881 18 is then

chilled i [0093rydhaldtianathep mbodiméaOstiovicinyBigiire 57 @ S andios odairg
nonohydrates to renove water fromthe recycled spent acid streamvia stream

112. Stresmedri£104s neged evittla sudrhbrane sapardieslesulfiriesicidauicam 260 ptiat ton
process. In a variation of this enbodi nent crystallization could be .
repl aced sindingthe weatod isufutiniarid toothe sitkylation vnits2atl cTheadditionah 303 eam 108.

and/or oleum reduces the water concentration in the treated sulfuric acid stream

260 resulting in an increase in acid strength in the sulfuric acid stream 220 which

in turn helps to enhance the octane value of the alkylation product 245, Spent

acid 240 is passed through at least one membrane unit 255, as explained above,

to produce a first stream 250 higher in ASO concentration and which is sent to a

conventional spent acid regeneration facility and a higher strength sulfuric acid

stream 260 which is recycled to the alkylation reactor. An example of a material

balance for the: various streams of the embodiment of Figure 5 is provided in

Table 3.
(
TABLE 3
MATERIAL BALANCE EMBODIMENT OF FIGURE 5
210 240 260
Components Oleum 220 230  Spent Acid 250
Acid (wt%) 97.15  94.50 0 86.57 80.02 91.12
Water (wt%) 0 1.93 16.82 3.18 294 3.35
S03 (Wwit%) 2.85 0 0 0 0 0
ASO (wt%) 0 3.50 83.13 1024 17.04 5.53
Total MeT/Day) 33.50 94.17 8.63 102.8 42.13 60.67




(0049] In yet another enbodi nent shown in Figure 5, a SO3 and/or ol eum
stream 210 is m xed with a nenbrane separated sulfuric acid stream 260 pri or

to sendigg fbhfelkfated sulfuric acid to the alkylation paj e
9 igeiaf L

addi tion and/ or ol eum reduces the water concentration in

sul furic acid stream 260 resulting in an increase in acid strength in the
sulfuric acid stream 220 which in turn helps to enhance the octane val ue of
the al kyl ati on product 245. Spent acil® 240 is passed through at |east one
menbrane unit 255, as explained above, to produce a first stream 250 hi gher
I n ASO concentration and which is sent to a conventional spent acid

regener at(iﬂ@l)]f acTid inyeAtion willl e RiEthet [Pndkdied bY the fEllAGing exaimisiagn 260 which

is recycled to the al kylation reactor. An exanple of a material balance for
the various streans of the enbodinment of Figure 5 is provided in Table 3.
TABLE 3 REKPEAPAESBALANCE EMBCDI MENT OF FI GURE 5 210 240 260 Conponents

d eum 220 230 Spent Acid 250 Acid (m% 97.15 94.50 0 86.57 80.02 91.12
Water (W% 0 1193 16.82 3.18 2.94 3.35 S03 (W% 2.85 00 0 00 ASO (Wm%
0 3.50 g3& ~24 17.04 5.53 Total (MeT/Day) 33.50 94.17 8.63 102.8 42.13
60. 67 WO 21104/074811 PCT/ 13S211114/11113881 - 19 [0050] The invention w ||

be Turt hgost]' U9 § ¥t holyvinyfardshol PV SEEARSved ihitS 250150 AR 5t *
dimethylsulfoxide (DMSO) and dimethyiforamide (DMF). In this particular
example, PVA was added to a 15 g/15 g DMSO/DMF solvent mixture. The
PVA (Aldrich Chemical Co.) was 99% hydrolyzed and had a molecular weight
between 124-186 Kg/mol. The solution was subsequently heated to 80°C for
approximately 5 hours. The solution was then cooled to 10°C and mixed with
0.084 g of hexamethyldiisocyanate dissolved in a 2.5 g PMSO/2.5 g DMF
ixture (also cooled to 10°C). The sclution visually became more viscous due
to the reaction of the PVA and the diisocynanate. After approximately 2-3
minutes, the 2.7 wi% solution was cast onto a 0.2 micron pore size Gore-Tex
substrate using conventional casting knife procedures. This solvent system was
selected due to its favorable solubility characteristics and its corresponding

chemical inertness.

( [0052] The Gore-Tex subsirate was placed on a support glass plate. The
solutior of PVA and crosslinking agent was knife coated on top of the support.
The coating was first dried overnight (room temperature) under a continuous
flow of nitrogen gas. Further drying was performed by thermal treating the
membrane in a vacuum oven at 130°C for 5 hours to ensure completion of the
crosslinking reaction (approximately 5%) as well as to ensure complete
evaporation of the solvent. The dried membrane was next tested with a spent

acid solution in Sepa®ST membrane cell from Osmonics at 24°C.



[ 0051] 0.9 g of polyvinylal cohol (PVA) was dissolved into a 50/50 m xture of
di met hyl sul f oxi de (DVMBO and di nethyl foram de (DMF). In this particular
exanpl e, ded to a 15 gl115 g DvsQ DVF sol vent PVA
(Al drich @h\@m},\@@l‘gﬁo.) was 99% hydr ol yzed and had a nol 2‘&’*&?’&@&3%’

bet ween 124-186 Kg/ nol. The sol ution was subsequently heated to 80C for
approximately 5 hours. The solution was then cooled to 10C and m xed with

0. 084 g of hexanet hyl diisocyanate dissoP@ed in a 2.5 g DMBO' 2.5 g DIVIF

m xture (also cooled to 10C). The solution visually becane nore viscous due
to the reacti on of the PVA and the diisocynanate. After approximtely 2-3

m nut es, 3;? 7 PheFe Whi PrestBiz&bR} 7 Eﬁuaaﬁ’d éefﬂléz{te rBYufe H/ag Gt COF €- Tex

substrate usi ng conventi onal casting kni pt ocedur es h| s solvent system
was sel eatradsphegict prebduie! Feod ahd pefmbareistichinsobéreatiabyiest for Sonijsbsi-t S
correspondi ng ™ chem cal inertness. [0052] The CGore-Tex substrate was pl aced
on a supptionsglaitial perheate Tate wasol .88 ikgthmim2PVA and crosslinking agent was
knife coated on top of the support. The coating was first dried overnight
(room tenperature) under a continuous flow of nitrogen gas. Further drying
was perfofmstTest t hermal treating the nenbrane in a vacuum oven at 130C for
5 hours to ensure conpletion of the «crosslinking reaction (approximtely
5% as well as to ensure conplete euap he sol veg e dried
menbrane was nexj. tested with a spen QA%dangﬂ |nt)n in Sgpa I _menbr ane
cell from C&mm_twé_WQ_ZOOM RO 1D 1114/@@55&};31_ . [0053]
The feed wasApi®estfh) zed to 700 psig, andggexneate pressure 98% at

at nospheri c ess&@ Feed and perneate stéﬁams wer e anal yze%‘f‘or conposi -
tions. Initi Ble rate was 1.83 kg/h
Acid Soluble Oil (wt%) 3.0 ‘~

(or Hydrocarbons)

[0054] Second Membrane Tested at 300 psig feed pressure and atmospheric
pressure permeate, gave an initial flux of 3.6 kg/hr/m2. Feed and permeate

compositions are reported below.

Spent Acid Solution Permeate

Components Feed Composition Composition
Zoid (wt%o) 37.8 20.3
Water (wt%) 4.1 4.7
Acid Soluble Oil (wt%) 8.1 4.5

(or Hydrocarbons)

[0055] The synthesis procedure described in this example can be used for
forming crosslinked polyvinylalcohol membranes and other hydroxyl-containing
polymers and copolymers, e.g., copolymers of vinylacetate and vinylalcohol
membranes for use in separation of ASO from sulfuric acid in the alkylation

process. Several parameters that can be controlled are as follows:

(1) The degree of crosslinking, i.e., pore volume, can be controlled by the
addition of a predetermined amount of the crosslinking agent, such as

diisocyanates.



First Test Spent Acid Solution Perneate Conponents Feed Conposition
Conposition Acid (wt9% 59.2 91.6 Water (W% 4.4 5.4 Acid Soluble Ol
(Mt% 6.5 drocar bons) [0054] Second Menbrane T psi g
feed presgﬁ?guéﬁé”£Ynnspheric pressure perneate, gave aﬁéﬁﬁﬁ?@épﬁ$$hx of
3.6 kg/ hr/n2. Feed and perneate conpositions are reported bel ow. Spent Acid
Sol ution Pernmeate Conponents Feed Conposition Conposition Acid (it% 87.5
90.x. Water (W% 4.1 4.7 Acid SolubdleitGl (wt% S.1 4.5 (or Hydrocarbons)
[ 0055] The synthesis procedure described in this exanple can be used for
form ng crosslinked pol yvinyl al cohol nenbranes and ot her hydroxyl - contai ni ng
pol ynmers and copol yners, copol yners of vinylacetate and vinyl al cohol

. €9 ; Le :
or ocecs. - 488 er TRE shPaRE ShEClRS o7 o, i BeilAdipdtines g el ) "
e Al B e 0 S A

addition of a det erm ned anount rossli , as

di i socyanat es. inf§pa28d Mailf thb1feBES{rbA) 0FhOQa88fire of e diisocyanates useful
in this invention exemplifies the wide range of potential crosslinking
agents (O=C-N-R-N=C=0, where R can be aliphatic and/or aromatic in

nature).

(3) The control of the polar/nonpolar characteristics can be controlled via the

( proper selection of the amount and structure of the crosslinking agent and
the structure of the polymer or copolymer. The level of hydrogen-bonding
in the crosslinked network is a direct function of the extent of crosslinking,

i.e., amount of vinyl alcohol units.

Example 2

{00561 The reaction of the sulfuric acid with a crosslinked (with 1,6
diisocyanatohe:zane) poly(vinyl alcohol) (PY A) membrane was followed with
FTIR. The reaction took place by placing the crosslinked P 2 membrane into a
spent sulfuric acid fluid. The thickness of the original membrane, as determined
by SEM (shown in Figure 12), was approximately 15 microns. The results are
shown in the spectra of Figures 6 and 7. The specirum of Figure 6 shows the
absorbance of a teflon membrane support having a nominal pore size of 0.2
microns, while the spectrum of Figure 7 shows the initial and used Gore-Tex
supported PVA membrane, respectively. The spectra show that loss of the

alcohol group occurred, which was “feplaced” with a sulfate moiety.

[0057] The material formed is consistent with a polyvinylsulfate formed

according to the following reaction:



(2) The chem cal structure of the crosslinking agent determ nes the physi cal
(e.g., nenbrane nechanical properties) and chem cal properties (e g.
|nteract|qn)mm§mlﬁhp feed stream). The structure of the ¢ii5Q5 %&E usef ul
in this invention exenplifies the w de range of potentlal cross g
agents (O=C-N-R-N=C=0O, where R can be aliphatic and/or aromatic in nature).
C (3) The control of the polar/nonpolar characteristics can be controlled
via the proper selection of the anbunt2Zand structure of the crosslinking
agent and the structure of the polyner or copolyner. The |evel of
hydrogen-bonding in the crosslinked network is a direct function of the
extent of crosslinki anpunt \of vinyl al cohol units. Exanple 2

\d wWith a crosslinked (with 1,6

di i socyanat ohe: : ane) |p Iy(vinyl (P.T_A) nenbrane was followed wth.
FTIR The reaction topk pllaci pg +h2 H29& i feTPVA nenbrane into a
spent sulfuric acid f Gﬂﬂ Hthe HOi Hkhess of the original nenbrane, as
determi ned by SEP;I (shown in Figure/P2), was approximately 15 microns. The
results are shown in the spectra of Figures 6 and 7. The spectrum of Figure
6 shows the absorbance of a teflon menbrane support having a nom nal pore
size of 0.2 mcrons, gure 7 shows the initial and
used Gore-Tex supporte ec\i vely. The spectra show t hat

| oss of the al cohol grjouploccutred, i "replaced” with a sulfate

nmoi ety. [0057] The natgriap i & conkistgnt i B~ pol yvinyl sul fate
formed according to the foN o ng r ag;; n: 2004/ 074811

PCT/ US2004/ 003881 22|

Example 3

[0058] The schematic of Figure 8 shows a membrane testing system which
was used to evaluate the membranes. In reference to Figure 8 the conditions

used in the evaluation were:

Feed Vessel 8§10, Volume: 3000 ml

Pump 326, Rate: up to 1 gallon/minuts (usually run at (.63 gallons/minuts)

Heat Exchanger 824: 1.5” diameter and 18.75” length, 2.18 ft2 surface area
Membrane 816, Effective Surface Area in Use: 24 in2 (
Membrane 816, Maximum Operating Pressure Test Cell: 1000 psig

Chiller 822 to Maintain Desired Feed Temperature

[0059] In operation to maintain a given temperature, heat exchanger 8§23 is
operatively connected to a chiller 822. The spent acid is directed via line 820 to
a membrane cell 816. The permeate which is rich in acid and water is collected
in a permeate vessel 818. The retentate rich in hydrocarbons is recycled via
back pressure regulator 814 and line 812 to the feed vessel 810. The permeate
and retentate are analyzed for acid, water and hydrocarbon concentration using

well known techniques. The results of the measurements at 500 psig feed



+ 2 2S04 OHHOHOHON O %00+ 2 HO OO0 ~O Exanple 3 [0055] The
schematic of Figure 8 shows a nenbrane testing systemwhich was used to

eval uate es. In reference to Figure 8 the condjtli in the
eval uat i oﬁéﬁgm egd Vessel 810, Volune: 3000 m Punp 8 gﬁjfl%gﬁ"é'{"ﬂiﬁglto 1

+gallon/mnuts (usually run at 0.63 gallons/mnute) Heat Exchanger 824: 1.5"
di aneter and 18.75" length, 2.18 ft2 surface area Menbrane 816, Effective
Surface Area in Use: 24 in'. Menbrane-81%- Maxi mum Qperati ng Pressure Test
Cell: 1000 psig Chiller 822 to Maintain Desired Feed Tenperature [0059] In
operation to maintain a given tenperature, heat exchanger S23 is

operative o i ; e ty 1aqk:d,.4 L via line
820 to  aPtssERLAR 26C SefpeRiefin Fdwes DL RER 11T H I OBRRL B 2 o s

col I ect edrc:lhﬁvélfmrdﬁﬁb?;eﬁﬁéz&e't h Mé@bt fee®l RaLa Fidlionofhigleocar bons i s
recycled via back pressure regulator 814 and line 812 to the feed vessel

810. The Feguredileshowgitheel $0t@hecntratiamal theqerieatesas alfunstioarofaimle.
hydr ocar bon concentration using well known techni ques. The results of the
neasur enekignrat] Isdewssihg ASQsoneemrationimthefged vetudgzme /Tims3ss1 23

erative FPERaBFoR AL ERERReAD e oA BAL S Caltnutipnin he PeRemter | o,
1s substantially lower than the feed concentration. The data show that after a
period of membrane conditioning, the ASO is concentrated in the feed due to the
separation by the membrane of sulfuric acid and water from feed stream. The
( membrane continued to produce permeate containing approximately 50% of feed

ASO concentration even over extended periods of time of continuous testing.

[0060] The above preferred embodiments are provided for purposes of
illustrating the invention and should not be construed as limiting the scope of the

invention as delineated by the following claims.



Figure 10 shows the ASO concentration in the perneate as a function of tine.
Figure 11 shows the ASO concentration in the feed with run tinme. Thus,
conpari son of Figures 10 and 11 shows that ASO concentration in the perneate
is substantially | ower than the feed c@#centrati on. The data show that after
a period of nenbrane conditioning, the ASOis concentrated in the feed due
to the separation by the nenbrane of sulfuric acid and water from feed
stream The nenbrane continued to produce perneate containing approximtely
50% of feed ASO concentration even over extended periods of time of
continuous testing. [00601 The above preferred enbodi nents are provided for
purposes of illustrating the invention and should not be construed as
limting the scope of the invention as delineated by the follow ng clains.
C-24- CLAIMS: 1. A nethod for recovering acid froma feed m xture
conprising acid, hydrocarbons and water, the method conprising: processing
sai d feed~yi .e that conprises fromabout 70 to about 98 percent by

wei ght acid, usi'ng a crosslinked polyneric nmenbrane, to forma first

retentate containing a substantja reat er i.ght per.centage of .,
hydr ocar bons t hanl-sai d f eed H?%LQA@‘/' VS"‘PE?"SE&%EHT&&?%% ERIPPIEHE ai ni ng

a subst anti:al %ﬂ?&n I |Gt iHfe-acid and water than said feed
‘m xture, é’glat}w?{oss I E%ﬁ%&tﬁﬁ%ﬁ% rarhe gLiei ng selectively perneable to
the acid over the hydrocarbons in the feed m xture and further

characterized as haptoigssingsdid fdedMiixtige RN Sorhprides Gonpiianut 70 tddbdupoRbout
25.0% 2. The nethod of claim1l wherein said first polyneric nenbrane is

sel ect ed persentthyewejghiasid, osingagresslinkedpatymericmgmbrangkiodfomyg fitgretgntate

conbi nati %‘nt%x‘rﬁler{geaogu‘bstantial}y greater weight percentage of hydrocarbons than said feed
mixture and a first permeate product containing a substantially greater weight percentage
of acid and water than said feed mixture, said crosslinked polymeric membrane being
selectively permeable to the acid over the hydrocarbons in the feed mixture and further

characterized as having a crosslinking density from about 1.0% to about 25.0%.

2 The method of claim 1 wherein said first polymeric
mecmbrane is selected from the groups of crosslinked PVA, crosslinked PVS, or a
combination thereof.

3. The method of claim 1 wherein said fced mixture contains from about 70
to about 98 wi% sulfuric acid, from about 1 to about 20 wt% hydrocarbons, and from
about 0.5 to zabout 7 wt% water.

4. The method of clain 1 wherein said first retentate contains a
weight percentage of hydrocarbons of at least about 3 wt greater than said feed mixture,
and said first permeate contains a weight percentage of acid and water of at least about 1
wi% greater than said feed mixture.



3. The method of claim1l wherein said feed m xture contains from about 70
to about 98 wt % sul furic acid, fromabout 1 to about 20 wt % hydrocar bons,
and from about 0.5 to about 7 wt% water. 4. The nethod of claim 1l wherein
said first retentate contains a weighk_percentage of hydrocarbons of at
| east about 3 W% greater than said feed m xture, and said first perneate
contains a weight percentage of acid and water of at _|east about 1 w%

greater than sai 8 feed m xt dbemethod ofglaimpl-whereinsaidfirstresantate coptaingan said

first ret t i { ght 0, at | east
about 10 SbR riiREne of BydolfEhel ofeIGRIRHE Pinpipbns hattldia Bea T\ 2

cont ai ns raixesend spidfrenparaRaecomaing aandginglefsentalze of adié asd watdh0fkt 18aset %
greater than said feed mxture. 6. The nmethod of claim 1l wherein said first

r et ent at .apodhwiiergseater than spid fesd mixMfege of hydrocarbons of at |east about
18 wt% greater than said feed mxture, and said first perneate contains a

wei ght percentage of acid agd water, of ,at least, abput 6 % t han, sai d feed

m xture. 7. The et hod of Cmeeph%@,c&qxnngﬁgcma&fﬁgt qf‘é&ﬁ'@?a. 8. The

met hod Ofw&gﬁﬂdj’&écn!%{%fb?h?%ﬁ%ﬁseﬁ‘h featiibbatrs wf%{gr@a‘iér%aﬂ @aiPfeg from about
out 98 Wt % )

80 wt%to a wat er, ranging fromabout 0.5 W% to about 5
wt '/ 0; ormixtyre andrsacldfirsopemeatacontains arvesightipsrentagonfadid andwater dbatdeast 9. A

met hod for recoverjng acid,froma feed m xture conprising acid,

hydr ocar FRQY ‘gﬁﬁ%ﬁ%’gﬁ‘&%@“ﬁﬁ%d conprising. processing said feed nixture
that conprises fromabout 70 to about 98 percent by weight acid, using a
crosslinked pol yger4 H%’Bp . , ol . t containing a
substantial ly grggtie]?e wel g ?Pg%%g&h%%ﬁ%%%@%%@?@%ﬂ%ﬁ "han said feed

mxture and a first permeate product containing a substantially greater
wei ght percentag®, The method of claim 1 wherein said feed comprises: (a) acid, ranging

from about 80 wt% to about 98 wt%; (b) water, ranging from about (.5 wt% to about §
wit%,; or (c) hydrocarbons, ranging from about 1 wt% to about 15 wt%.

9. A method for recovering acid from a feed mixture comprising
acid, hydrocarbons and water, the method comprising:

processing said feed mixture that comprises from about 70 to about 98
percent by weight acid, using a crosslinked polymcric membrane, to form a first retentate
containing a substantially greater weight percentage of hydrocarbons than said feed
mixture and a first permeate product cdntaining a substantially greater weight percentage
of acid and water than said feed mixture, said crosslinked polymeric membrane being
selectively permeable to the acid over the hydrocarbons in the feed mixture and further
characterized as having a crosslinking density from about 1.0% to about 25.0%;

processing said first permeate using a second water reduction means to
form a first stream containing a substantially greater weight percentage of acid than said
first permcate and a secound streamn coitaining a substantially greater weight percentage of
water than said first permeatc ; and

recovering said first stream,



of acid and water than said feed m xture, said crosslinked polyneric

menbr ane being selectively perneable to the acid over the hydrocarbons in
the feed m xture and further characterized as having a crosslinking density
fromabout 1.0%to about 25.0% procegsi-ng said first perneate using a
second water reduction nmeans to forma first streamcontaining a

substantially greater weight percentage of acid than said first perneate
and a second stréfm contai niThg“EPtBQﬁﬁé%ﬂ % wherginasgeand wer BHUCTWY, cent age of

water th Is ' ; X :E%ﬂi ' 2 ] -26- 10.
The net hgrgc%? lg?é#%n%%%&% i\;\gféiﬂs{e ucme%g%nﬁﬂeg%gol yneric
menbr ane khdteddrain the grbumoshsisting o crosslinked PV Ayerdzskinied PAS; and etossitnked f r om

t he group consisting of_ crosslinked PVA, crosslinked PVS, and crosslinked
oxoani on MeanionaPpdiRed PYA. The nmethod of claim 9 wherein said feed nixture
contains fromabout 80 to about 98 percent by weight sulfuric acid strength
acid. 12. The nethod of claim9 wherein said second retentate contains from
about 70 to about 99.5 percent by weight acid. 13. The nethod of claim?9
wherein said second retentate is of sufficient acid strength to be used as
a nmakeup catalyst in an al kylation process. 14. The nethod of claim?9
wherein said m xture conprises spent sulfuric acid froman al kylation
process, and said second retentate is recycled to the al kylation process.

15. The nmethod of]1cTid iefhodlofERIM B ailirdif Sald Teodiruixture @04taing Tront MpueBout 80
to about 98 wiV o sulfuric acid, fromabout 1 to about 20 wt % hydrocar bons,

and fr om toabout 98 pesceny by msight sulfurie agid strengthaacidrhe net hod of claim 9 wherein
said first retentate contains a.

12. The method of claim 9 wherein said second retentate contains from about

70 to about 99.5 percent by weight acid.

13. The method of claim 9 wherein said sccond retentate is of sufficient acid
strength to be used as a makeup catalyst in an alkylation process.

14, The method of claim 9 wherein said mixture comprises spent sulfuric
acid from an alkylation process, and said second retentate is recycled to the alkylation
process.

15. The method of claim 9 wherein said feed mixture contains from about 80
to about 98 wt% sulfuric acid, from about 1 to about 20 wt% hydrocarbons, and from
about .5 to about 7 wt% water,

16. The method of claim 9 wherein said first retentate contains a
weight percentage of hydrocarbons of at least about 3 wt% greater than said feed mixture,
and said first permeate contains a weight percentage of acid and water of at least about 1
wit% greater than said feed mixturc.

17. The method of claim 9 wherein said first retentate contains a
weight percentage of hydrocarbons of at least about 10 wt% greater than said feed



wei ght percentage of hydrocarbons of at |east about 3 W% greater than said
feed mxture, and said first perneate contains a weight percentage of acid
and water of at |east about 1 wW%greater than said feed m xture. 17. The
met hod of claim9 wherein said first .pgtentate contains a weight percentage
of hydrocarbons of at |east about 10 wt % greater than said feed _27_

m xture, and said first perneate contains a wei ght percentage of acid and
wat er of raixtiresnd saidfingt p@mgamcontatns & weightpereentage obacidiand weter of gt legshe

met hod of ,cl aj mas ' AN etentate contains a weight percentage
of hydro@gﬁg‘gjng}%f&g%%rﬁ}e’&%%ggegﬂtm%@rém%greater than said feed mxture,
and said first perneate contains a weight percentage of acid and water of at
| st~ about ‘6 vige than sal ek aRthdd o' diifs 9 WherdifSalPAPHdtae bauiind B
wherein said second retentate contalns a welght percentage of acid at |east
1 wt % gr ewdight percentageiofl hidnosarborey ofiat teast sbodt 18 wi%d geenteytbarpaudifeatde contains a
wei ght percenta of ter at leasf 3 w % greater tEan sgi d first, perneate.
20. The rB&REe ahd sl EW@F@PW&W‘M”P&F@ acid and water of Atleast, o g
per cent ag@ .o 6 ¥ dnaH saif Aol mixifrg? Or eater than said first perneate, and

sai d secong perneate contalns a wei ght percentage of water at |least 10 w/o0
greater than said first perneate. 21. The nmethod of claim 10 wherein said
second retentatejgcontains Fhegethtd ¢flsigniP@Berein said sécoid fefdtdte 6 W %
greater than said first perneate, and said second perneate contains a

wei ght peocdtamsagweight percentagerofiagdat lenst Lwaiegresterahan saidhfirss penenate; an

d
e ot naadspeoEpefionicoeit hRait itGinihed of Bpler Belsher Sy Phatpller & 5

said first permeate.

20. The method of claim 10 wherein said second retentatc
contains a weight percentage of acid at least 3 wt% grcater than said first permeate, and
said sccond permeate contains a weight percentage of water at least 10 wt% greater than
said first permeate.

21, The method of claim 10 wherein said second retentate
contains a weight percentage of acid at least 6 wt% greater than said first permeate, and
said sccond permeate contains a weight percentage of water at least 18 wt% greater than
said first permcate.

22. The method of claim 9 wherein said acid is sulfuric acid.

23. The mcthod of claim 9 wherein said second water reduction means

inchide vacuum evaporation,

24. The method of claim 9 wherein said second water reduction means

includes adding a sufficicnt amount of acid anhydride.



I ncl ude vacuum evaporation, 24. The nmethod of claim9 wherein said second
wat er reduction neans includes adding a sufficient amount of acid
anhydride. -28- 25. The nmethod of claim 24 wherein said acid anhydride is
SC3, or oleum added in an anobunt suf.f28cient to reduce water content and

I ncrease sulfuric acid content for hydrocarbon al kylation. 26. A nethod for
recovering acid froma feed m xture conprising acid, hydrocarbons and

wat er, the net ho@schrmethiodof claimo 24 sdicrin said deifl anhlydridetisi 8Ost dralewmynpri ses
from about,.70.t o about 98 .percent by weight acjid, using.a erpsslinked
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di fferen%,ﬁﬁgéﬁbémﬁk fbhrane being sufficient for perneation, to forma
first retentate contaihing a substantially greater weight percentage of
hydrocarbons than said feed m xture and a first perneate product containing
a substantially greater weight percentage of acid and water than said feed
m xture, said crosslinked polyneric nmenbrane being selectively perneable to
the acid over the hydrocarbons in the feed m xture and further
characterized as2b6avi ng A methed farmedovgringianid from 4 feedrmiktuoe campdsiog about
25.0% 27. ., The,nmet hod of, claim 26 rein.said mxture conprises spent

sul furic a&bq’gy%?ﬁ%ﬁﬁs %HW?‘&'E-F%"’B%@&%@?“QH& said first pernmeate is
recycled to the alkylation process. 28. A nethod for recovering acid froma
feed m xture conprigl . aGL:d, 1 I

conpri si ng: processf?ﬁr‘\)ggglg?&hggg%y% X urtgﬁ{aﬁgﬁﬂgeg\%ﬁé%%&@o%g@gg)ta 70 to
about 98 pepeent by weipht ueidgisings cdsslinked olymerio asmbried apopiessure offEIdlr ane,  at
a pressure from 100 to 5000 psi g, the pressure, difference _across the
menbr ane tgeﬁpﬂ@ psigs the prespyre difference across the membrane being sufficient for

permeation, to form a first retentate containing a substantially greater weight percentage

of hydrocarbons than said feed mixture and a first permcate product containing a
substantially preater weight percentage of acid and water than said feed mixture, said
crosslinked polymeric membrane being selectively permeable to the acid over the
bydrocarbons in the feed mixture and further characterized as having a crosslinking
density from about 1.0% to about 25.0%.

27. The method of claim 26 wherein said mixture comprises spent
sulfuric acid from an alkylation process, and said first permeate is recycled to the

alkylation process.

28. A method for recovering acid from a feed mixture comprising
acid, hydrocarbons and water, the method comprising:

processing said feed mixture that comprises from about 70 to about 98
percent by weight acid, using a crosslinked polymeric membrane, at a pressure from 100
to 5000 psig, the pressure difference across the membrane being sufficient for
permeation, to form a first retentate containing a substantially greater weight percentage
of hydrocarbons than said feed mixture and a first permeate product containing a
substantially greater weight percentage of acid and watcr than said feed mixture, said
crosslinked polymeric membrane being selectively permeable to the acid over the



perneation, to forma first retentate containing a substantially greater
wei ght percentage of hydrocarbons than said feed m xture and a first
perneat e product containing a substantially greater weight percentage of
acid and water than said feed m xture,g9said crosslinkcd polyneric nmenbrane
bei ng selectively perneable to the acid over the -29- hydrocarbons in the
feed m xtwr.e and furth aracteri.zed havi.ng .a.crosslinki.ng. density
from abo&y@%&@gl%{%&%e%}rﬁ% %?@Kﬁ&?ﬁ”g"%&‘?ﬁﬁsr"&%é’r%ﬁ@ﬂ&§i ng a
second WedeR§ity RoMCdboN] .0PARabbM 25(@4M a first streamcontaining a
substantially greater weight percentage of acid than said first perneate
and a second stream containing a substantially greater wei ght percentage of
wat er than said fi rprocessingsaiddirst pramicate using aisegpndavater redadtiontmesmsto 29. The

met hod of, cl aijn 28 wherein said m xture conprises spent sulfuric acid from
an al kyl 0T84 fFstoiteam containing,a gubs ﬁywawm&épf:@%s%ﬁ@e thapdaidy { he

al kyl at | Oy pfnBatS and a second stream containing a substantially greater weight percentage of
water than said first permeate ; and

rccovering said first stream.

29, The method of claim 28 wherein said mixtre comprises spent
sulfuric acid from an alkylation process, and said recovered first stream is recycled to the

alkylation process.





