WD 2004/ 074811 PCT/ US2004/ 003881 PROCESS FOR THE

RECOVERY OF SULFURI C ACI D USI NG POLYMERI C MEMBRANES
wWo-b@eD748fF1 THE | NVENTI ON [ 0001] The present i nvROT/USI004/003881

rel ates generally to nethods for separating and

recovering high purity acid fromwaste acid m xtures

usi ng polyneric nenbranes. Mre particularly, it

relates to a nethod for separating and recovering

sul furic acid fromwaste sulfuric acid m xtures or
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i ndustrial chem cal and petrol eum refining processes.

Dependi ng on the use, commercial fresh acid is

typi cal | suglied in strengths of 70-99.5 wt %
FIELD O THERINVENHONe T ermi nder typical |y bei ng
wat er. Many uses generate a waste or spent acid stream
contai ning organic hydrocarbon materials. This spent
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supplif&n 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 oil (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
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trioxide, and absorption of the sulfur trioxide in
wowioe0748Whi | e this technol ogy to produce hi ghrer/isIIgH/tn3881

acid (>98 wt % H2S04) is widely used, it is capital

intensive. Thus, it is usually nore econom cal for |ow

vol unme users of sul furic aczl d to transfer spent

sul furic acid by various neans such as rail, truck,

ship, or pipeline to a central regeneration facility
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SUMMARY OF THE INVENTION

[0006] The present invention, relates generally to an improved method for
regenerating spent acid that includes the use of polymeric membranes. One
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



second polynmeric nenbrane to forma second retentate
containing a substantially greater concentration of
wa@eood/ot4san the first perneate and a second WO PCT/US2004/003881

2004/ 074811 PCT/ US2004/ 003881 -3 perneate containing

a substantially greater concentration of water than

the first perneate, and recopvering said second

retentate. [0007] Yet another enbodi nent of the

present invention relates to an inproved alkylation

process. The al kyl at | rocess co sze cont act i .
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acid cat al yst can be any liquid acid suitable for
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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.



[0008] Figures 1 to 5 are sinplified schematics of
di fferent enbodinents of the present invention.

WO 0000748 gure 6 is a FTIR spectra of a Tefl onParenbroasnan3ssi
support having a nom nal pore size of 0.2 microns. WO
2004/ 074811 PCT/ US2004/003881 -4 [0010] Figure 7
shows FTIR spectra of used gnd unused PVA nmenbranes.
[0011] Figure 8 is a sinplified schematic of a
menbrane testing system [0012] Figure 9 shows the
relative flux of an inventive PVA nenbrane. [0013]
Figure 10 shows the anobunt of ASOin wt%in the

[O(H{ﬁ/;&”e ffﬁ%m%ﬁ ghoWw¢/PTIR gpectfa ofmsetd anel tmrsed PV Avweembieaes.
PVA nenbrane. [0014] Figure 11 shows the anount of ASO
in w%in the menbrane test cell feed as a function
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DESCRI PTI ON OF THE | NVENTI ON [ 0015] It has been found
that sulfuric acid can be separated and recovered

[06129M FignR shews tmadatbel flux dfamtiventive W 4 membrane.
containing sulfuric acid, water and hydrocarbons
through the use of polyneric nmenbranes. The m xture

[0013) beFigurent® tleowss tifelamoumzcifoA SOrinant% i theeermsiate as a
spent sulfuric acid froman al kylation process.

furctionexfiris iane §0n@n WVEBRYHP YA BEEDIZRe ysed for
preparing a high octane blending conponent (alkyl ate
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al kyl ate product. The al kyl ate product is recovered
and used as a high octane gasoline bl ending
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enpl oys the use of polyneric nenbranes to regenerate
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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.



vari ations of the basic al kylation schene are known
and can be used in conjunction with the present
wo pweft48on. Exanpl es of al kyl ati on processes aP@I/US2004/003881
described in U S. Patent Nos. 6, 194, 625, 5,841, 014,
5,599, 441, and 5, 292,981. WD 2004/074811
PCT/ US2004/ 003881 -5 The present invention enploys
menbrane separation to recover acid fromwaste acid
streans. Though the invention is described primarily
with reference to spent sulfuric acid, it ShO.Lé|fd be
ThaupmteestiopentionaemplayswaembrangisgPeRH OB o ¢ ver acid irom waste

aciggﬁ;f&%&gg{;%ﬁﬁie?ﬁgggﬁoﬁ BhRpr bkAb R A etblsfel ¢
spefl iR SRl SH6TRILS MU GO0 las Y ARSI LRn BRERY 10

corRLAROSATRRLS A ot fighitbd amdfusici vid pabyc ddsredesr thdiegh
erein. [0016] Referring nowto Figure 1, a spent acid

desstibedin fatsorcto asakkybasomt prosedst thei presgiit dn¥gntosmay apply to
conprising sulfuri¢ acid, water. an drqocarbops i s

othérprogPsses shaphmpeiibiom Ui aiat R hBuPEa ARy idid
uni.t 14. The, nenbr it conprises a nenbrane 16

Sepf’“f?éi]toni@ogféﬁsedc?tq?’a%@f}%gﬁpﬁeabl e to sulfuric acid

relative to water and hydrocarbons typically present
in the spent sulfuric acid stream The sel ectively

[00R6] e &ferrigniuvane Figurs dparspertsacidhetréand O swch aswospent
products, a first perneate stream 18 and a f'brst. fod vi

sulfustceanid seeamcompIONg THEUTE peid, pat ydepeahphs i frdyia
i ncreased aci g concentration e

DAY VAoRromE BREE oG anppp R, i L e ToP i RbeheaR
his BehNaY BermEsBIE ed bulfae dcidakisise

cg%@ﬁ&é%f@@gﬁf%ﬁ?%?ﬂ?%ﬁ%ﬁ f%er%?t m;ci d feeds is shown

to Whter 2ad hgddocheorishtgpizally lpecsepirr theepenbatfurénacid stream.
illustrated in Figure 1. Process Si nuI%Lion dat a

The badectively permealde membrage lédeppridesibo ie BEHttWQtHYBaJ“?St?F a
first SqBEE SECHE LY 686 BATRAE T RGPy EhELFE Pifpeate
strdz8h 1 8 0§ hdrBadciecHREAncentEiBR FREFBEu &AM RRobEBENS 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 reflected in the data, one membrane can be used in
particular embodiments to control both water and ASO concentrations in the

regenerated acid.



particul ar enmbodi ments to control both water and ASO
concentrations in the regenerated acid. WO

wWQOd400R4811 PCT/ US2004/ 003881 -6 TABLE 1 DATRCTHOR00HED3881
EMBODI MENT OF FIGURE 1 Feed Conposition Acid (W%
86.0 88.0 90.0 92.0 ASO (% 10.0 8.0 6.0 4.0
Acid/Water Ratio 21.5 22.0 2¢2.5 23.0 Perneate
Conposition Acid (W% 89.6 91.4 93.0 94.4 ASO (W%
6.5 4.7 3.0 1.6 Acid/ Water Ratio 22.5 22.9 23.2 23.4
[00171 The invention further includes feeding the
first perneate 18 via a second punp 22 or sone other
means to a second nenbraneagpgt] 24, as illustrated in
Figure 2. Referring to Figure 2, the spent acid 10 is
fed to fi rEATATE@IRrTEHE EMBODZIMElNﬂ“d)Frd?fﬁﬁHhE 116 i
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respectively. A possi bl e materi al

[0017]  The invention further includes feeding the first permeate 18 via a
second pump 22 or some other means to a second membrane unit 24, as
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 permeable to
acid and water relative to hydrocarbons (as illustrated in Figure 2). The second
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 is conventionally fed via pump 22 to a second membrane unit 24.

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




bal ance for the enbodi ment of Figure 2 is provided in
Tabl e 2. The hydrocarbon rich retentate 20 may be
wo eomwes1f or conventional further processing, BCT/US2004/003881
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, perrmeate 18 may be further
processed by vacuum evaporation to WO 2004/ 074811
PCT/ US2004/ 003881 -7 renove water, or by the additjon
repfovarwaier, or dyhe addisionsefcan agid gahydigde, snghyas Sk, or oleum for
exanpl e. TABLE 2 MATERI AL BALANCE FOR THE EMBCDI MENT
CXOY-GURE 2 Stream 10 20 18 28 30 Acid, w % 89.00
69.35 91.18 74.11 93.71 ASO, W% 7.00 27.54 4.72 3.66
4.88 Water, wt%4.00 3.11 4.10 22.23 1.41 Total
F 0}/\/, tons/day 100.00 10.00 90.00 11.62 78.38 [0018]
Preferably, the acid in t stream 10 may range
fromabout 83 to about théglv%%%ﬁjASO(or hydro%:/arbogs)
f r oMADPERIAZ. BATANGRIFORST A MBODIMENTfOB MIGRRIE 2
0.5 to about 4 % As Table 2 shows, the first

retentate 20—contains, a subsrantifal | reat
SRR 1 ot L on_of hydribar hone2d ASGy. 13 | he 25¢ edd 30
MXauReg and the {irgomern mesg.851q cani&i ps74.11 93.71
sppstanii art reat er . .Comnc tijon afi d

t ga?ﬂ“ﬁ%fnﬂx 9“1\( urZ‘.OOA \uiié%f- al 4‘7 gr-eat 96‘6‘ 13488
cwaeenivedt i on of hydd4@@ar bon8.liln tihe4rét ept 2223t hanl .41

Hael EEP VR L0008, BT L Lnep, | 78,38
concentra- tion of the hydrocarbons in the feed

m xture at | east about 3 wt% preferably at |east
[0eb®ut Peefefdhlantle aoideinthe fesdadtiganatl Olreays tangbdem Bdout 83 to

wt % A substantially
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 contains a substantially greater
concentration of acid and water than the feed mixture. A substantially 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 wt%. 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



greater concentration of acid and water in the

perneate than the feed m xture neans a concentration
w@bocaora1and water in the perneate greater thapPCT/082004/003881

concentration of acid and water in the feed m xture at

| east about 1 wt% preferably at |east about 3 w %

and nore preferably at |eastgabout 6 wt% [0019]

Al so, Table 2 shows that the second retentate contains

a substantially greater concentration of acid than
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and prefer ast about 18 wt % [0020] The
m%ﬂﬁﬁﬁ’é’ ﬁﬁk@St@Z’? gllgf"% Y2pbly operate at or near the

tenperature of the alkylation reactor, generally in
the range of 0-50C. Hi gher and | ower tenperatures
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présent invention conprise perfluorinated ionomer
of therdikglaeon chanais genématly 1hyh¢ rengeraf QW oHightrn ansl lower
anionic groups. The term"perfluorinated" refers to
ternprraiusgd cddelo hefuspddr ogen atoms in an organic
conpound by fluorine (except where the identity of a
functional group would be altered thereby, such as in

[0021§ C35fit-Ble RRMHANY R I pRIREAC enttSn bSRriRE peiudriifated
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 polymer chains which are associated with
protons and/or metal ions and/or organic bases. The former exhibit acidic
character while the latter show salt-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.



term "perfluorinated i onomer nmenbrane" refers to an
i on- exchange nenbrane prepared froma perfluorinated

w0 orv4pxsihange pol ynmer. [0022] This class of i oPCT/US2004/003881
exchange polyners is characterized by the presence of
ani oni ¢ groups attached to the polynmer chains which
are associated with protonsyand/or netal ions and/or
organi ¢ bases. The former exhibit acidic character
while the latter show salt-Iike character. The anionic
groups forma continuous or nearly continuous
nicrophase within the polyner matrix. Exanples of
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The ﬁchﬁ moly (arfryhasae1d) 1576, Eltichfis pihply(the mpolecular wgjghtof the
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ranspor ters in Nafion
“T feln@ﬁél‘t 'ﬁﬁﬁ@lh(ﬁ@ﬁf @ANestion ® Peﬁﬁiﬂi’ﬁﬁ[@l\@iﬁlﬁﬁﬁ@s” 13
1983], 307-326, which is incorporated herein by

Mérﬁbﬁnerﬂweﬂoer 1201933]s pOEB261 whidimsand:cembrattb@henam by
not inconsistent with the present invention. g ﬁ
refprﬂnmé@r il ppEraseetp @épﬁ‘é‘ﬁ@jltéhattlhés RQfFBCEHISIfiEMt MR the present
ackbone, the ionic content, the type of ionic noiety
mv 8Pher carboxyl ate, sulfonate, or phosphonat e,
etc.), the degree of neutralization and the type of
cation (am ne, netal, hydrogen, nono-val ent,
[oond]t | -Rellyatr propértiks Qipemdrormheytgbe p€ gobynoér batkbomne|tbgyonic
(3rd Edition, Supplenment Volune, pages 546-573).
content, the type of ionic moiety (whether car lboxy ate, sulfonate, 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:



[0025] A suitable nenbrane for use in the present

process is identified in the trade as Nafion(r),
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perfluoro- vinylether, the latter conmponent having

pendant sul fonic or carboxylic acid groups. The

structure of Nafion(r) is represented as follows, in

the case of a sulfonated Nafion(r) inits acidic

form WO 2004/074811 PCT/ US2004/003881 - 10

- - FCF2CF2 ] nCF2CF [ - OCF2CFOCF2CF2S3H CF3 where m= 5

to 13.5; FyeH2 00 F-EgEi-val ent Wi ght (EW Ranges
950- 1, 800 ti20€n E?(lg@ar%ge Capacity 1.05-0.55 nmeg/ m
[0026] Nafion(r) menbjanes are docunmented in the

literature. (See Hsul @@F2GEReEOCE2CEDSQId Sci ence
13 (1983), 307-326; % C. $tenson, "Electrolytic Cell

Menbrane Devel oprment Surgeg”, Chem cal and Engi neering
News, Mar. 15, 1982; Y. Y@pape, "Perfluorinated
| onomer Menbranes,” Kirk-Q hmer Encycl opedi a of

Chenmical.T no | t to 3rd Ed.), Joh
whighy & 25 1R SRR PORB U 0y Lo T B

G erpetyivenEW MMM WY Rangés 938-1 " Mor phol ogy of
Perquﬁjorosulfonat ed nbr%ne Proigl?g paggs 19%¥216
i N Raidd Breliangtdthpaoitpied5-Wddomagks, edited by A
Ei senberg and H. L. Yaeger, ACS Synposium Series 180
(ACS, Washington, D.C. [1982]; S. J. Sondheiner et
[0026] ReVafidvi® maembran€hara diwsentedd6 {18) litegBares 1($ee Hsu and
(1986), all of which are incarporat hgrei n

Gisrisbok Mcmbrane SHFGsa B4889) GO7HE ot dnt SO flgpglyti
celrabSR ket s RN e O b
15,%?9? r Yﬁmabe, “Perfluorinated Jonomer Membranes,” Kirk-Othmer
Encyclopedia of Chemical Technology (Supplement to 3rd Ed.), John Wiley &
Sons, New York, N.Y. (1984); and T. D. Gierke, G. E. Munn and F. C. Wilson,
“Morphology of Perfluorosulfonated Membrane Product”, pages 195-216 in
Perfluorinated Tonomer Membranes, edited by A. Eisenberg and H. L. Yaeger,
ACS Symposium Series 180 (ACS, Washington, D.C.[1982]; S.J. 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.
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menbr anes suitable for the present invention include
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and58@r okBanibN ieuiFied PVOARSCR bs PVeA PUAspiend)raasehals aelenate,
with sulfuric acid to formsulfate groups. Therefore,

telluhate neitdateg berate ted itlad likec $viesn p BMA imgbrant isinseds they
hoiopabe o bt P St e Vi 4 B9 e
ralpf s SR RGeS R ma PR B b s Bofinimd sulfase g
cof e 3 Lok sl nd VI, S0 15, ORI I The
PVt meaibrand bsfioabdirbe tsypreferhbly aresdhimkaé vamg hdy al so

_influence both selectivity and flux chargct erj sti cl§
diisacyenatehexanst Srefesalllyi thr miagnbrgans are Made gbcrosglinked PVA,

T TR e T —
an ér'%ﬁl%rl S%Bg)i}. é)ff 'thd eSASHAB ahA 1 PRISH YA MBdRR Dt selectivity

ane 1ty and resistarnce to sulfuric acid

andByx kBadclariztits. oOtlodr suivablet grpeslndking agaits mdlnde dgent s
_being used. In addition to poly(vinyl sulfate), other
diignsyenapbutesesb i dhdiisaeyenatapstagan L gétogyensiphodecane, 1,5

.. phosphat and.or ot her vinyl ,..gr oups ich e
d11§pypﬁ$p9—2—@eﬂmlpﬁpf ea@iné E}éll dngocya%ato\ﬁ'glp%engﬁﬁetﬂgﬂe.
Membrane flexibility and resistance to sulfuric acid may be a function of the
type of crosslinking agents being used. In addition to poly(vinyl sulfate), other
possible membrane materials can be poly(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 sulfuric acid, other inorganic oxoanion
modified polymer membranes may be used. They include polyvinyl phosphate

membranes made from PVA membranes according to the following reaction:

+ 2H3POgq4 =—=

OH HO HO HO
n



[0029] In addition to the formation of
pol yvinyl sul fate (PVS) fromthe reaction of polyvinyl
w@b@alooisiwi t h sul furic acid, other inorgani c ORCHOBZING/003881
nodi fi ed pol ynmer nmenbranes may be used. They i ncl ude
pol yvi nyl phosphate nenbranes made from PVA nenbranes
according to the followng reaction: \OH HO HOH 0 + 2
H3P04 n WD 2004/074811 PCTﬂ%S2004/003881 - 12 +2H20
/[l \ ~\ HOOHO O[0030] In addition to the phosphate,
one can al so use arsenate, antinonate, or bisnuthate
to form pol yyinyl arsenate, polyvinyl antinonate, and
pol yvi nyl Cal cogeni c

oxi des, suc
telurate, f the| reagti on}of sl c and
Ldet I%EQOSl]

teluric aci
Anot her sui tlabl e nbrane Ns/forne by reacti ng PVA

with boric cid shovvn elow + 2 H3EG3 \OH HO HO
HOn OO+ # 032nln al ternative
enbodi nent s, poI yriﬁ@l zeooal cohol s and their
oxoanion nodi fied conpounds, referred herein as

[08§ n PnnaCiH%QIOIfI 'S ﬂne 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]  Another suitable membrane is formed by reacting PVA with boric

acid, as shown below.

+ 2H3BO3 =—=

OH HO HO HO
n

[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,
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al cohol, and the like. These structures al so may

i ncl ude pol ynmeri zed aIcohoH copol yners, polynerized

terpol ymers, oxoani on nndlfléd'polynerized al coho

copol yners, oxoani on nodified pol ynerized al coho

terpolynmers and the Iike. These al so would formthe

polybutyd siarel randnthdilfkiee dl sk praeiaire] 966 B1ay mchulsapelymegized
acid fromacid waste strgagstheflowrate f th f eed
alcabpbeapal aere PEIARGIESSH IHRlYBREL OSOBRIOB Ppilitied Rolymenized

alcBpbatalYRgH: okaetpnalified rfpa-FEREBHRL Bhp@Smer g
thePRS.| PHAR a1 OP QR YorRtheldsButhdinpGlodificdlibl piiely. ane

any supporting or contaihment vessel used,
wel |l as on tenperature. Generally, higher tenpera-
tures, lower flow rates can be tol erated. Establé%hln

[0033% opni mpmaxtmgwcrcbfr@m mldava%ﬁ%%m%ﬂtﬁoﬂvwga%‘? g fecd
acigeh BRREITEYE BB PR ppa SR dy BrovsaS ity slestviy
los%éb&b&%cgﬁtp%tﬁ&fgoﬁﬁzgﬂﬂ alrh D104 Fdte b end eﬂ knds on the

rane mainfarn its h Sl Ca egH

paHtd@ir dedthedReam t(ﬁfﬁ%ﬂ.ﬁﬁﬁbﬁ b mEerehﬁnand hﬁy Bﬁp?{lmrang or
mai ntain i ts physical integrity, a conposite menbrane

comaynrhent vessl usedyasewealipb on temphiatursce | Gendreldy Jughertempera-

Bk B 55 P PRSBARE 8 o
m alg:"an a§§p§;§§{a¥%ﬁx Eﬁ se gpg 8§&Jgﬁﬁ% c%ﬁd rc%ﬁ%el r@é(&‘ls' S

ecure e poro

detBaNSy aakﬁrédaéramﬂl@ﬂbrconst tutes a phyS| cal
support.” The thin polyneric |ayer may range in

thickness from1l mcron to 50 mcrons. [0035] The
[oo%”béi‘ﬁ?gsh H1ox anbe nckisied B ravstating Tk thF Banacshiapepine
that w1ﬁ5maﬁ’1tt1a%re1t1§s ph%}smal 1lﬂggﬁ{yolﬁﬁfe§ tHi&¥perating conditions. To help
the membrane maintain its physical integrity, a composite membrane may be
used. For example, a thin selective polymeric layer (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.
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feed to a nenbrane unit is maintai ned under

conditions of pressure such that substantially all of

the acid is in liquid phase. The perneate may be
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tolﬁr ted at tHig}_er te eratt. res, or with a | ower

EERGRIY RGO B NG &S RV SR Yot her enbodi nent, a
sweep gas nmay be passed across the nenbrane at a rate
sufficient to increase the perneation rate. Suitable

[0637gep Diasescuunt bhdiee pambente sifieafithe membrangean affect both
hydr ogen, air, or |ow boili nﬂc% hydr ocar hons such as
P

selpetivignand flaxhdihe selecpiviiy ame. gensralb ingtgaseay the ne

erneat e side _of the penbrane be swept by a
Vag TP BISON i REPCEl VERESRh e VLD akste opa be
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ethane or propane.

[0038]  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
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Figure 2, a portion of the first retentate 20 and/or

the second perneate water 28 may be recycled

(illustrated by dashed Iine"36 and 38 to the feed

waste acid stream 10 WO 2004/ 074811 PCT/ US2004/ 003881

- 15 for further processing. Also, .it should be

for mwaarguoms;mmm # shewld tsneandereipnr 4he ATS 92 QR be
mesbEgE GHLS 158 Db seHemu B R PR ARind R 86"
staé)egggtg% &ggé{gti\%g{ﬁ%@e% S Ir}ﬁ}?teﬂi‘ﬁE stagé SR RS BemBl ARk i16ahat

er over ydr ocar bons of a the spent

are %g{nr‘geitﬁé deRbfifar 48dean vwaectses: thd hydneuesnsodf a the spent
ranes in each stage will depend on a nunber of
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prodiet i BEBS. Pogapporofins tefted e Bt mEpORAqsS
mefiiflaf of REnTFRBRGAREE b (RO PrtsAbndifbRé nedl Yhich the

operated at conditions of tenperature and pressure
meﬁﬁiﬂggl@ebpemtedmi ntain the sulfuric acid in the

l'iquid phase, e.g., tenperature in the range of about

-10C to about 300C, nore preferably from about O0C to
[0040put [B@EE embddimaxtof pFigiiersabhyd 2 the mpebranss kooanghéfe are

40C. Preferably, nenb 16 i
DreliDobkych pesied 26 00UTESRE oF IRFEETBNE? GRBRSSPIOHTBEB L

1200 . psig . on t feed si he _pr t
SR P P st s o
abdut - S tb Qﬁoug@%a@?ﬁm%é pRfeR®ly Bios sboe G°C toostpma$0EGeand

pressure difference across the menbrane is sufficient
mobOpreRanbBafrooatput B8 es aboteHfiGanBreferabty, pnembras| Ap is

operated in pervaporation node with t ?e {3 etd
operated from about 100 to about 5000 psig, more prefera ley rom 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 long 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
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percent by weight water, |ess jghan about 10 percent

sul furic acid. The high purity acid product 30

(second retentate) may preferably contain greater

t han about 91 percent by, weighf sulfuric acid, |ess
@E@H GisnrRou § prapeEhy Wylgmrsfﬁrab{ydewhmah@utaﬁmenc:@gts,by

A7 dE ey LGPl ARl M0 Aot Bl ol s BT bs

: |
okl MSRCACEORS: LT B OSB SRIUY B gt pppent b
REIgn#S2004/ 003881 - 16 about O to about 7 percent by
wei ght, preferably |ess than about 5 percent by
weight. It may also contain acid in an anount of from

§0042] 8R¢tentakoD0, B8y cparaiehydiogatbndhtanaifomatdf frém about 7
an amount of from about 3 to about 5 percent

b
Rttt 30 6UA2gcidn apamenrof fremy abow &3 fo ahant BavBenand water
[ f f bouyt t t 30, Wt % idi
hadABGHRL OF SPRLHNABAL $9v 4 REEE DSOSEM) and vater
in an anount of from about 2 to about 4 percent by
UL s BBl e RS o TR ARHEPE et from
P, $\aR!| MafibR T Yo ﬂgefé\’fbly RS $aPSaad PVA. MEehRphifion

12
I's understood to be t sol Uti1on-diffusion" type.

Anchagisngistundeistsod tebathel ‘Sohftreddidfusponeyps. Waocording to this

have higher solubility in the polyner nmaterial get

meshenim i pmanists whiah e hégtier sebitlitnghe prlsmer

nmenbrane to the . perneate sjide. aration is bas

B ey ooy SATRdrdl ien SRR (i tgRcmbrone to the
of ' | 2] d

BoM RSB SR AR RS Paked (HARLNG On SPIhARA ARRIERI e

t he manuf acture of higher octane gasoline blending

conponent, the inprovenment residing in the use of
[0044] One advantage of the present invention may be appreciated by refer-

ence to an improved alkylation process for the manufacture of higher octane
gasoline blending component, the improvement residing in the use of
membranes to regenerate the spent acid. Referring 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 soluble 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
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to Figure 3, the invention is illustrated enbodied in
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process includes at | east one nenbrane separation unit

62 for controlling both the acid soluble oil ("ASO")

and water concentrations in t7h al kyl ati on process

60. [0045] More specifical Fy1 a fresh isobutane stream
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ol efins 66 such as butenes in the presence of an acid
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reactor 70. The hydrocarbon stream 76 fromsettler 74
84jcontaimmeragly asphindane waibisome smald awesing of propaneAndi-butane.

and water washed. Then via line 80 it is transferred

to a fractionation colum 82 to recover an al kyl ate
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SPay it td Bhase phdseisoRutng TrvsE e P6ds aniged tTidn eowcria
strgém%% andtttﬂertl lﬁ%ng%e%fedqo said reactor 70 via line 98. It is also possible to

feed stream 66 and stream 96 separately to 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



stream 66 and then transferred to said reactor 70 via
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crystallization unit 110 to crystallize sulfuric acid
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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 SpentAcid 250
Acid (Wt%) 97.15 94.50 0 86.57 80.02 91.12
Water (wt%) 0 193 16.82 3.18 2.94 335
SO3 (wt%) 2.85 0 0 0 0 0
ASO (wt%) 0 3.50 83.13 10.24 17.04 5.53
Total MeT/Day)  33.50 94.17 8.63 102.8 42.13 60.67




to produce a first stream 250 hi gher in ASO
concentration and which is sent to a conventi onal
wap@an7#ei d regeneration facility and a hi gherP&I/USI0g4/003881
sul furic acid stream 260 which is recycled to the
al kyl ati on reactor. An exanple of a material bal ance
for the various streans of e enbodi nent of Figure 5
i's provided in Table 3. TABLE 3 MATERI AL BALANCE
EMBODI MENT OF FIGURE 5 210 240 260 Conponents O eum
220 230 Spent. Acid 250 Acid _(w% 97.15 94.50 0 86.57
[0080] 02The inventiparwei] peEwghey iHugmted by 2hg falkowingexsmynes.
SO3 (% 2.85 00000 ASO(WM% O 3.50 83.13 10.24
17.04 5.53 Total (MeT/Day) 33.50 94.17 8.63 102.8
E80. 67 WO 2004/ 074811 PCT/ US2004/ 003881 - 19
[ 0050] The invention will be further illustrated by

Exirmeflm | ow ng exanples. EXAMPLES Exanple 1 [0051] 0.9
g of polyvinylal cohol (PVA) was dissolved into a 50/50

m xture of dinethyl sul foxide (DVMSO) and

[0051]’“5‘t 09l ¢ of pmyﬁiﬁly(l%hel GPVABI ingis ekgsoll wadl iato aSXEsPhexture of
was added to a %QDI\/BO’DI\/F sol vent m xture.

dlmEﬂBIISLHM1@NEM3®) &]hda chm@uhy rgmiges(Id) ha thos ;{Daﬁewéard

exagipiet GR WaRALOLBGUL e #LIS@IPHE et Mixture. The
T S e
betWkss 0249661 Kg/fhod: THe slaMﬁthwas @umﬁuenﬂy 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 DMSO/2.5 g DMF
mixture (also cooled to 10°C). The solution 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 substrate was placed on a support glass plate. The
solution 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.



m xture (also cooled to 10C). The solution visually

becanme nore viscous due to the reaction of the PVA
wa@pa40hs1di | socynanate. After approximately 2-BCT/US2004/003881

m nutes, the 2.7 wt % sol ution was cast onto a 0.2

m cron pore size CGore-Tex substrate using

conventional casting knife s, cedures. This sol vent

systemwas selected due to i'ts favorable solubility

characteristics and its corresponding chemni cal

i nertness. [0052] The Core-Tex substrate was pl aced on
[0853]ippdihe fgechuigs pressurizatheo 7QQ psig and pernmase pressure was at

crosslinki ng agent .was knife coated on top, of .t he .
a1 Bror R S e A RAE e e S Cas G BRSO FomRps-
: [ flow of nitrogen gas.
U@E?ﬁﬁ%@?&gﬂhﬁ%ﬁ\%g{se @%§?’§?r@gﬂ%@2t hermal treating the

menbrane in a vacuum oven at 130C for 5 hours to
Fi??%%? conpl etion of the crosslinking reaction

approximately 5% as well as to ensure conplete

evaporation of the solvent. The._ dried nmenbrane was

next tested with a spent SPE8f AciGPalution i n Sepaleyspte

menbr &lvenpesdants r om Gsnoni FsedCozd@sitivih 2004/ 0 W@ hposition

P /003881 - 20 [0053 e feed was

preésﬁrgl Zéd to 700 psi g, and p]egrgyeate pressure vvagsl'gt

aWateptwtdr pressure. Feed and $pdrneate streans were

a . &Wi' tions. Intkial perneate rat S
1!&%&/5‘5@?%? i'Tst Test Spentrg'ici d Sol ution Per?r‘edg?e
Comddyénocsrtmeyl Conposi tion Conposition Acid (wt %

89.2 91.6 Water (wt% 4.4 5.4 Acid Soluble Gl (Mm%

6.5 3.0 (or 1C{ydr ocar bons)
[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
Acid (wt%) 87.8 90.8
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.



[ 0054] Second Menbrane Tested at 300 psig feed
pressure and atnospheric pressure perneate, gave an
wo pootioads1f | ux of 3.6 kg/ hr/n2. Feed and per meaP@r/Us2004/003881
conpositions are reported bel ow. Spent Acid Sol ution
Permeat e Conponents Feed Conposition Conposition
Acid (wt% 87.8 90.3 Water éi/vt% 4.1 4.7 Acid
Soluble Ol (w% 8.1 4.5 (of Hydrocarbons) [0055] The
synthesi s procedure described in this exanple can be
used for formng crosslinked pol yvinyl al cohol
menbr anes and ot her hydroxyl -containing polyners and
(23 op®hy chemicat sguctuee pbthemossloking aydmdetarhinedithe Ehysical
vinyl al cohol menbranes for use in separation of ASO
f r off-gufeRRbrang dhethanicahpropeitiash end shemicend pseperey .8l

el o OHOLHEQEPT MEFHD)- T e Struidife o) B Hiisoc gamtpLuseul
c O”WBH ﬁ@eﬁ?ﬂoﬁ NEemPARL pfé“wﬁf ﬁngé 6F ﬁb%‘i‘ﬂa[‘ &dosi‘fi‘&&i@%
of e crosslrnkingtagent, T di'socyanat es.

20044 nt4 832 CEQTR US209¢), HRBSR can Belaliflatic iRl/6Madhtkdic in

structure of the crosslinking agent determ nes the
physatoed). (e.g., menbrane mechani cal properties) and
chem cal properties (e.g., interaction with the feed
strean). The structure of the diisocyanates useful in
(3} hi 'Sh¢ nowinel @nthe potpindnpetartcherastatisticacge befcoptriodlnd ivad the

crosslinking. a ts (O=C- N-R- N=C=0, ere R.can be

2l | DRRET SCISCHATPL tecmens StRGIHP Of thq ejosyiRking aepp| and

2Ln ?gpﬁghﬁé i/og?l?%gb%eg@rc%ﬁ&ﬁﬁﬁét iR 981 glehydrogen-bonding
in the crosslinked network is a direct function of the extent of crosslinking,

i.e., amount of vinyl alcohol units.

Example 2

[0056] The reaction of the sulfuric acid with a crosslinked (with 1,6
diisocyanatohexane) poly(vinyl alcohol) (PVA) membrane was followed with
FTIR. The reaction took place by placing the crosslinked PV A 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 spectrum 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 “replaced” with a sulfate moiety.

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

according to the following reaction:



proper selection of the anmbunt and structure of the

crosslinking agent and the structure of the pol yner
we@eoosopsiymer. The | evel of hydrogen-bondi ng PeT/UB®04/003881

crosslinked network is a direct function of the extent

of crosslinking, i.e., anount of vinyl alcohol units.

Exanpl e 2 [0056] The reaction of the sulfuric acid

with a crosslinked (with 1fézzdiisocyanatohexane)

pol y(vi nyl al cohol) (PVA) nmenbrane was followed with

FTIR The reaction took place by placing the

crosslink P r age to a spent sulfuric acid
fluid. The [ riginal menbrane, as
determ ned by SEM (jshown i F_j_ggl}r%g@, VWAS >

appr oxi mat e results dare shown in

t he spectr d 7. The spectrum of Figure
6 shows the absorbance of a teflon nenbrane support
havi ng a nom nal pore size of 0.2 mcrons, while the
spectrum of igure 7 shows the initial and used
Gore-Tex su espectively. The
spectra sho hol group occurred,
whi ch was "rjepl i 8ty 0057] The
mat eri al forlmedOis ¢8nsi sbent @ith|a po yv? yl sul fate
formed accordingdo the f O ¥owi ng/reaction: WD

2004/ 074811 RCT/ 04/ 003 -22/+ 2 RS 04 \OH HO
HOHOn O O'+2f20 b // & n Q.0 o Exanple 3

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 810, Volume: 3000 ml

Pump 826, Rate: up to 1 gallon/minute (usually run at 0.63 gallons/minute)
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 823 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



[0058] The schematic of Figure 8 shows a nmenbrane
testing systemwhich was used to evaluate the
woreobanes. | n reference to Figure 8 the condi PCDNS2004/003881
used in the evaluation were: Feed Vessel 810, Vol une:
3000 mM Punp 826, Rate: up to 1 gallon/mnute (usually
run at 0.63 gallons/mnute) , Heat Exchanger 824:. 1.5"
di aneter and 18. 75" length, 218 ft2 surface area
Menbrane 816, Effective Surface Area in Use: 24 in2
Menbrane 816, Maxi mum Operating Pressure Test Cel
prés80f: qsd 30°Chrd preserBadin Eigvaesng,a lhamédilr Etgredd shows the

reloSnD et ol Be DREReAte JRUAD Erembmed st BEtkia P He.
d | |
S O R e R N
%%Peqh éﬁov&é R éI}S‘O%thlﬁféhdﬁﬁnQ!he'fée&%ﬂh%hQHne i Thas,

rmeate vess 818. The retentate rich in

mfﬂmomd@ Gtigures 10 @aay dlleshowsathabASK pomsstntion éythepearmeate
and line 812 to the feed vessel 810. The perneate

is sutrstansiadiytlawver dhran thadesd eendesfrationd Theedass show that after a
rocar bpn concgﬁtratl

eIt TP OR Bl 1B AR TheSRFPUHER D the fegsbdue to the
se Sthoh B S/ %@8[%‘%9 b SdtFufi gg(t%ﬁ%@%ﬁﬁﬁ 5eed gn?bam The

ressur presente ures
mebraneGohEnkéd ﬁ"pﬂ&'ﬂubé" perrﬁ@At@bbﬁfalﬁlh? appfortifiatele ISKD%le feed
t hrough nenbrane 816 as a function of tine. Figure 10
ASDeesctitatimdCveanven exzndod periodh ef perenefaeantiagons testing.
function of time. Figure 11 shows the ASO
concentration in the feed with run time. Thus,

[0@@Hpar Thonbote piefurebembodinents a@pmuﬂﬁ@aior@s@%es of
concentration. in pe te is.su ntiall
e RO o At ST B, orrrmaied 26 Al Bisithe 5ol of the
riQo g, the ASO is
1n@%%§§hs#g%§% Wgﬂgeg gg&g%%&gghghe separation by the
menmbrane of sulfuric acid and water from feed stream

The




menbrane conti nued to produce perneate containing

approxi mately 50% of feed ASO concentration even over
wezxdaoendsdl peri ods of time of continuous testi NBCT/US2004/003881

[ 0060] The above preferred enbodi nents are provi ded

for purposes of illustrating the invention and should

not be construed as limti ng% he scope of the

i nvention as delineated by the follow ng clains. WO

2004/ 074811 PCT/ US2004/003881 -24- CLAIMS: 1. A

met hod for recovering acid froma feed m xture
ClAiS:si ng acid, hydrocarbons and water, the nethod

conprising: processing said mxture using a first

pol yneric menbrane to forma first retentate

cont ai hi néy methoddoaracoatting geidddirem ataedenixtane cmmpifising

hydrocarbons than said feed_m xture and a first
acpi#aa/éa@@ﬂa%rm%n VAT athe mBehad CPORIATFIRE eat er

concentration of acid and water than said feed

m xture, .sai.d first po%. nmerjc nenbrane bei Pg .
PregIsste S TIKBRFESIEE ifS! PR AR GIEHRPTREE & [ORRR firte

| . a

refdfip SO ARRg b bBfRg R gfbatls {ohtnerdiith BFL {8 oBtbons than

saREfeta gt nire GMdt 'Brsg 'p@ﬂﬁéat_@fcbn{a@ﬂi\l}g%ub@fbhtﬁﬂ??g%étsﬂ(Ed
PVA; (c) PVS;, (d) crosslinked PVS, or (e) a

conoeriratatn aiacd agd water thag saiddeed 3nixTire, sead Hiwst dlymieaicm
1 wherein said feed m xture cqontains from about 70 to

id..4. .T t im1 wh . > food
s e TRl Rl o &1 m 1 wherern sard fee

2. The method of claim 1 wherein said first polymeric membrane is

selected from the groups of:

(a) PVA;

(b) crosslinked PVA;
(c) PVS;

(d) crosslinked PVS; or

(e) a combination of (a) through (d).

3. The method of claim 1 wherein said feed mixture contains from

about 70 to about 98 percent by weight sulfuric acid strength acid.

4. The method of claim 1 wherein said feed mixture contains from
about 70 to about 98 wt% sulfuric acid, from about 1 to about 20 wt%

hydrocarbons, and from about 0.5 to about 7 wt% water.

5. The method of claim 1 wherein said first retentate contains a

concentration of hydrocarbons of at least about 3 wt% greater than said feed



about 70 to about 98 wt % sul furic acid, from about 1

to about 20 wt % hydrocarbons, and from about 0.5 to
w@baun74811m % wat er. 5. The met hod of cl aim 1 wWheT/851004/003881

said first retentate contains a concentration of

hydr ocar bons of at |east about 3 wt% qgreater than said

feed WD 2004/ 074811 PCT/ US2Q0Q4/ 003881 - 25 nmixture,

and said first perneate contdai hs a concentration of

acid and water of at |east about 1 wt% greater than

said feed m xture. 6. The nethod of claim1 wherein
misaird, dnd stid fisteperateatecamttaing @ cancemtratrm ofaadidandfwater of at

hydrocar bons of at |east about 10 wt % greater than
leash paoytele Wt %orgratgr Ehanssfad feaddiXtis: per meate contains a

concentration of acid and water of at |[|east about 3

Wt % greater than said feed m xture. 7. The nethod of

claim [ i ik gt [ :

concent s oneRRII 3 EGLENA BBl cBnirinsd o
cofié@ntationtdfdiydsacaabbeedf atexdt ubeut b t%agtatarithan said feed

perneate contains a concentration of acid and water of
mixture] auksaid fipsitpesments edvarins aicontettianeiiacd agd waier of at

nethod of claim1l wherein said acid is sulfuric acid.
leagt ag‘ﬂé‘ ?ﬁ\é{f‘%ﬁe%‘:{ﬂ thag sfﬂ‘ﬁ?ﬂ@e‘?@?tﬂresai d feed conpri ses:

(a) acid, ranging fromabout 80 wt% to about 98 wt %

(b) water, ranging fromabout 0.5 Wt % to about 5 wt%

or (¢)7.hyrieosafHdanst. claiai d iviteerbinoyii @ biedttrefenydtdcbAtankiont

15 wt % 10. A nethod for recovering acid froma feed
conterttrationadiydretargonsaef at,ledsy dboeal bon% gredtendhan saitl feed

ret hod conpr.i sing: processing said mxture ysing a
migfpg: aihiaebirsiPeRBBICARRLIBS £ GPRFEPtFAtAR Of acafl @Rd aater of at

e BpAlE BRI RN Bpdhadl Tl and & it

pernmeate containing a substantially greater
8. The method of claim 1 wherein said acid is sulfuric acid.
9. 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 0.5 wt% to about 5 wt%; or

(¢c) hydrocarbons, ranging from about 1 wt% to about 15 wt%.

10. A method for recovering acid from a feed mixture comprising

acid, hydrocarbons and water, the method comprising:

processing said mixture using a first polymeric membrane to form a first
retentate containing a substantially greater concentration of hydrocarbons than

said feed mixture and a first permeate containing a substantially greater



WD 2004/ 074811 PCT/ US2004/003881 - 26 concentration

of acid and water than said feed m xture, said first
w@elogoeesic menbrane bei ng sel ectivel y per neabP@r/us20041@03881

acid and water over the hydrocarbons found in the

feed m xture; processing said first pernmeate using a

second water reduction neans,to forma first stream

containing a substantially greater concentration of

acid than said first perneate and a second stream

containing a substantially greater  concentration of,
congerirationnof acifd @ndiwaier thappat eed amgtyecenid fitpigpel xmeric

first str 11. The method of cl.gi m10 wher ej
meRbBe DS selPEaiRy iSHRRRlR Lo fae cid g3 JRRIFT VB ane

h}g@{;ceazr?é%s fdﬁnﬁtiPQHgfée%%ﬁguféo! yneric nmenbranes are

romthé group consisting of perfluorinated
i onomer menbranes, sulfonated perfluorinated

prgé%{r%ﬂ%zd figélgoe?ﬂlleé{fétlﬁﬁg a %e&%@%hﬂ%}‘ i ARABh! HOIMIB form a

ani on no I ed A, and crosslinke

18K SBeHn® Ncotalnfr gesl subdébantialR. gréfer BB dEdEratibn Ofaicid thhn said
wherein said first and second polyneric nenbranes are

firsepermeate fndmsetmdystoaap conigirsng agubstamially Bredter
crossl | nke PVA, crosslinked PVS,

COPSER AP WaIeE waéiirwrmaﬂ%rﬂr&d). 13. The net hod
of claim 11l wherein said first polynmeric nmenbrane is
crosslinhsg PVS and said second pol yneric nmenbrane is

TN $31<¢ 1St SRR et hod of claim 10 wherein said
feed m xture contains from about 80 to about 98
percent by weight sulfuric acid strength acid. 15. The

nmet hod1of Thei@tdd shehieh N 0sahdteireebad Meltentedietion means is
contains from about 70 to about 99.5 percent by
a padyglericanenbran® @ossid fiag endrperondspolyam 388 mbrangsrare
selected from the group consisting of perfluorinated ionomer membranes,
sulfonated perfluorinated membranes, and polyethylene polyvinylidenefluoride

membranes, oxoanion modified PVA, and crosslinked oxoanion modified PVA.

12. The method of claim 11 wherein said first and second polymeric
membranes are selected from the group consisting of PVA, PVS, crosslinked

PVA, crosslinked PVS, polytetrafluoroethylene and Nafion®.

13. The method of claim 11 wherein said first polymeric membrane

is crosslinked PVS and said second polymeric membrane is Nafion®.

14. The method of claim 10 wherein said feed mixture contains from

about 80 to about 98 percent by weight sulfuric acid strength acid.

15. The method of claim 10 wherein said second retentate contains

from about 70 to about 99.5 percent by weight acid.



16. The nethod of claim 10 wherein said second

retentate is of sufficient acid strength to be used
wa@sgooa/ormikeup catal yst in an al kyl ati on pr ocessPCT/LIF2004/003881

The nethod of claim 10 wherein said m xture conprises

spent sulfuric acid froman al kyl ati on process, and

said second retentate is recycled to the al kylation

process. 18. The method of ¢ Bi'm 10 wherein said feed

m xture contains from about 80 to about 98 w %

sul furic acid, fromabout 1 to about 20 wt %

hydr ocar bons, and from about 0.5 to about 7 w % water.

19. The method of claim 10 wherein said first )

ret ent d0e Ebameathed of clasndOnivhereimsaidfseegndt xstentaisrs obf

. | east. ,about ,3 % gr,eater than sa d feed } Xt ure,
suffigteR Rt RrRE bt o e el 58 ek aiE e BlyRL it 2k aficgyprocess.

acid and water of at |east about 1 w% greater than

said feed m xture. 20. The nmethod of claim 10 wherein

sai d fil7st ThehRMcd 6f claih A0NShéreir N6 Mikhaticomises spent
hydrocarbons of at |east about 10 wt% greater than
sub‘zymr' i dcadtronman alkydaticrproseassd and s8id ypeond attentmtnisacopcled to
concentration of acid and water of at |[|east about 3
th@\/lag%yg?té%@foc??ﬁan said feed mxture. 21. The nethod of
claim 10 wherein said first retentate contains a
concentration of hydrocarbons of at |east about 18 wt %

gr eat engt NpRe frtitbd GEEain 1 Bt eirPfld $8d Pmitihad contains ffrom
perneate contains a concentration of acid and water o

abatit 80 ¢@aabowiwt% sedfvrichaaid, feomd abeeat 1 nd aboute20 22% The
nmet hod of claim 11l wherein said second retentate
hyglspgagpons, and dre ahevil.p 6@ abput Wt %awafesast 1 wt %
greater than said first perneate, and said WD
2004/ 074811 PCT/ US2004/ 003881 -28 second perneate

contai ps, ariOReRYd difim 26 w@gt@@ Slid Feastiedtt LYntains a

greater than said first perne .
concentration of hydrocarbons of at least about 3 wt% greater than said feed

mixture, and said first permeate contains a concentration of acid and water of at

least about 1 wt% greater than said feed mixture.

20. The method of claim 10 wherein said first retentate contains a
concentration of hydrocarbons of at least about 10 wt% greater than said feed
mixture, and said first permeate contains a concentration of acid and water of at

least about 3 wt% greater than said feed mixture.

21. The method of claim 10 wherein said first retentate contains a
concentration of hydrocarbons of at least about 18 wt% greater than said feed
mixture, and said first permeate contains a concentration of acid and water of at

least about 6 wt% than said feed mixture.

22. The method of claim 11 wherein said second retentate contains a

concentration of acid at least 1 wt% greater than said first permeate, and said



23. The nethod of claim11 wherein said second

retentate contains a concentration of acid at |east 3
wovebtgresat er t han said first perneate, and sai BCT/ES80#003881

pernmeate contains a concentration of water at |east 10

W % greater than said first perneate. 24. The net hod

of claim 11l wherein said secend retentate contains a

concentration of acid at |east 6 w% greater than said

first perneate, and said second perneate contains a

concentration of water at | east 18 w% qgreater than
SecARYPELIRGAe pRptarisaconesniraian f pder ajfleast 4iWh% greater than

in | east one of said nenbranes conprises a
Sa{g&%&ﬁ%yﬁgﬁé%tﬁ’ per f | uor oet hyl ene and

perfl uorovinyl ether, wherein the perfluorovinylether

noi ety bears pendant carboxylic acid or sulfonic acid

gr oups2326rheThethet dfoclamh 1¢ vahereinlsaMh eé&ind @tent@8%bntains a

one of said menbranes conprises the follow ng
copepiraiiasy of acidapleast 3 mtfograter dopeeid firytGreoras; apdidaid

I 3 V\,h?re m=5to 13.5; ang n = 1,000, 27. The
SCHRAhBY IS PR ANE G SHRSPRITANIAM PH WALSTRE least P 1% ereateigthan

. 11 PCT/ US2004/003881 - 29 28. The nethod

sa10 nc?:slg)g?{r%ﬂ%ég'v\her ein said second water reduction neans
i ncl ude vacuum evaporation. 29. The nmethod of claim10
wherei n said second water reduction nmeans includes
addi ng24 shifef inethedtofanimon{ 1 ofhexeincsaid bgoniddetentate contains a

concentration of acid at least 6 wt% greater than said first permeate, and said
second permeate contains a concentration of water at least 18 wt% greater than

said first permeate.

25. The method of claim 11 wherein at least one of said membranes
comprises a copolymer of perfluoroethylene and perfluorovinylether, wherein
the perfluorovinylether moiety bears pendant carboxylic acid or sulfonic acid

groups.

26. The method of claim 11 wherein at least one of said membranes

comprises the following copolymer:

—CF2CF2 [7CF2CF—
[ OCF2CF Jm OCF2CF2S0O3H

CF3
where m = 5 to 13.5; and n = 1,000.

27. The method of claim 10 wherein said acid is sulfuric acid.



30. The nethod of claim 29 wherein said acid anhydride
is SOB7 or oleum added in an anmount sufficient to
w0 edyorisnat er content and increase sul furic ap¢TUS2004/003881
content for hydrocarbon al kylation. 31. A polyneric
menbrane for separating hydrocarbons froma spent
sul furic acid mxture conpri abng sul furic acid,
hydr ocar bons and water, said“ polyneric menbr ane
conpri sing: a porous support and a thin polymeric
sel ective | ayer securely attached on top of said
por ous Zupddetmethad of elaims H) wheodin serd secordrisraterereduction
al | ovvs eferential pernmeation of sulfuric acid and
mgapsacl Yo SEIMBHHYL. 32. The polyneric menbrane
of claim31 wherein said polyneric |ayer is made of a
pol ymeri zed al cohol, an oxoani on nodified polynerized
al coholpg, pq'h)é'Tﬁéthé&Q')f %lzﬁﬂlhm W%@f@h)é%rscecoﬂc’f%% 1%%duction
nmodi fied pol ynerized al cohol copolymers, oxoani on
mesnk fnichutles akdyingy a seffiician paloume o$ acidRinhldeidpol ymeri c
menbrane of claim31 wherein said polynmeric layer is
made of a polynmer selected fromthe group consisting

el enafll. BUamRpRPEE B b REad shenimRidso Qs or

oS0 AALIRAA T MERRRA RPIRLE il S g
sdlﬁl‘,t‘ﬁ:ram@ conteasfdri@dod@ben AkytRidd. s nmechani cal
stability. 35. The polyneric nenbrane of claim 31

wherein said pol yneri c Iayer conpri ses PVA PVS,

but yl al cohol or

ol ypr I ohol
'3 on%f’ngﬁ ]y qigr,nglaf: m rane for separating hydrocarbons from a spent

sulfuric acid mixture comprising sulfuric acid, hydrocarbons and water, said

polymeric membrane comprising:
a porous support; and
a thin polymeric selective layer securely attached on top of said porous support;

wherein said polymeric membrane allows preferential permeation of sulfuric

acid and water, over hydrocarbons.

32. The polymeric membrane of claim 31 wherein said polymeric
layer is made of a polymerized alcohol, an oxoanion modified polymerized
alcohol, polymerized alcohol copolymers, oxoanion modified polymerized

alcohol copolymers, and oxoanion modified polymerized terpolymers.

33. The polymeric membrane of claim 31 wherein said polymeric
layer is made of a polymer selected from the group consisting of PVA, PVS,
PVA phosphate, PVA arsenate, PVA selenate, PVA tellurate, PVA nitrate, and
PVA borate.
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34. The polymeric membrane of claim 31 wherein said polymeric

layer is crosslinked to enhance its mechanical stability.

35. The polymeric membrane of claim 31 wherein said polymeric

layer comprises PVA, PVS, polypropyl alcohol, polybutyl alcohol or a

combination thereof.



