AClI D TOLERANT POLYMERI C MEMBRANE AND PROCESS FOR THE
RECOVERYOF ACI D USI NG POLYMERI C MEMBRANES FI ELD OF THE
WO DBERIUSEN [ 0001] The present invention rel at eBCT/US2008/009410

generally to polyneric nenbranes for separating acid
fromacid mxtures. Mre partjcularly, it relates to
particul arly adapted pol yneric nenbranes and their use
in separating and recovering acids, including sulfuric
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A q e (,ses safety and
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toillustrate the present invention is sulfuric acid,
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processing of the process acid to remove impurities. For example, acids are

widely used in industrial chemical and petroleum refining applications that
require acid "regeneration," which genefally means removal of contaminants
(including often water) from the process acid to restore the acid to, or near to, its
original process specification or requirements. Handling spent acid also raises

safety and environmental concerns.

[0003] An exemplary acid use to illustrate the present invention is sulfuric
acid, which is used in a number of petrochemical 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



hydrocarbon materials. This spent acid streamis
typically reprocessed torenove the organic material.
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is conventionally used to renove the organic material.
[0004] An exenplary petrol eumprocessi ng use of
sulfuric acid is as a catalyst for alkylation
processes. In a typical alkylation process the
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of the total costs for regenerating spent acid.

[0006] Sulfuric acid can also be concentrated from about 70 wt% H»SO4 to

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 is needed.

[0007] Accordingly, there is ample need for a separation process to

efficiently and effectively remove impurities from process contaminated acids to



[ 0007] Accordingly, there is anple need for a
separation process to efficiently and effectively
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torestore the acid to or near its original process
specification. It would also_%e beneficial if that
process could be deployed "in situ" with the process
that produced the spent acid. SUMVARY OF THE | NVENTI ON
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the crosslinked polymeric membrane is composed of polyvinyl alcohol,
polyvinyl sulfate, or a combination thereof. In still another embodiment, the
crosslinked polymeric membrane is composed of a polymerized alcohol, an
oxoanion modified polymerized alcohol, or a heteropolymer comprising alcohol
or oxoanion modified alcohol monomers. In such an embodiment, the
crosslinked polymeric membrane can be formed using a substantially anhydrous

process. In yet another embodiment, the crosslinked polymeric membrane is

composed of polyvinyl pyridine.

[0009] In an embodiment, a multi-layer membrane structure for use in acid
environments having 70% or more by weight of acid is provided. The multi-
layer membrane has a first layer composed of a crosslinked polymeric

membrane having a first thickness, the membrane being selectively permeable to



[0009] In an enbodinment, a nulti-layer nmenbrane

structure for use in acid environnents having 70% or
worre/osInei ght of acid is provided. The nul tiPCEHYS2008/009410

menbrane has a first |ayer conposed of a crosslinked

pol ymeri c menbrane having a first thickness, the
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BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Figures 1 to 5 are simplified schematics of different embodiments of

the present invention.

[0012] Figure 6 is a FTIR spectra of a Teflon membrane support having a

nominal pore size of 0.2 microns.
[0013] Figure 7 shows FTIR spectra of used and unused PVA membranes.
[0014] Figure 8 is a simplified schematic of a membrane testing system.

[0015] Figure 9 shows the relative flux of an inventive PVA membrane.



nom nal pore size of 0.2 mcrons. [0013] Figure 7
shows FTIR spectra of used and unused PVA nenbranes.

WO 0®2420569 gure 8 is a sinplified schematic of BCT/US2008/009410
menbrane testing system [0015] Figure 9 shows the
relative flux of an inventivesPVA nmenbrane.[0016]

Figure 10 shows the anobunt of ASOin wt%in the
perneate as a function of run time for an inventive
mens; r
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nmenbrane and Its use I n regenerating spent acid. One
enbodi ment of the invention relates to particularly
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acgegﬁnngé QHYENIAN, et hod for recovering an acid such
as sulfuric acid froma feed m xture conprising acid,
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processing said m xture using a polyneric nenbrane to
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conventi onal processing )
substantially greater concentration of hydrocarbons than the feed mixture and a

first permeate product containing a greater concentration of acid than said feed
mixture. In another embodiment, the method comprises processing the first
permeate product using a second polymeric membrane to form a second
retentate containing a substantially greater concentration of acid than the first
permeate product and a second permeate product containing a substantially
greater concentration of water than the first permeate product; and recovering
said second retentate. A further embodiment includes conventional processing

of the first retentate.

[0020] In various embodiments, acid streams containing from about 70% to
about 98% by weight acid, water, and hydrocarbons can be processed to form a

- permeate with lower hydrocarbon content. In embodiments where the acid is



of the first retentate. [0020] In various enbodi nents,

acid streans containing fromabout 70%to about 98% by
waoweioglzoseri d, wat er, and hydrocarbons can be pPOGLESHE$1009410

to forma perneate with | ower hydrocarbon content. In

enbodi ments where the acid isgulfuric acid, the water
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containing a substantially greater concentration of sulfuric acid than said first
permeate product and a second stream containing a substantially greater
concentration of water than said first permeate product. The first stream is
recovered and recycled to the alkylation process. Further processing of the first
permeate can also include evaporation under vacuum, adding acid anhydride, or

adding oleum.

[0022] In still another embodiment, this invention provides a multi-layer
membrane structure suitable for use in separating acids from impurities. The
multi-layer structure of the membrane allows for a structure that combines
desired properties of several materials. In an embodiment, the first layer of the

structure is a crosslinked polymeric layer that provides preferential passage of



addi ng oleum [0022] In still another enbodinent, this
i nvention provides a nmulti-layer nenbrane structure
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The nmulti-layer structure of the nenbrane allows for a
structure that conbines desired properties of several
materials. In an enbodi nent, the first [ayer of the
structure is a crosslinked polyneric |ayer that
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mevrabtamene, possibly in the formof a layer that is part
of a nulti-layer nmenbrane structure, that is suitable
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process acids. The polymeric membrane can withstand the acid environment

and preferentially diffuses the acid over the retentate contaminant. These streams
may comprise acid, and any combination of acid and hydrocarbons and/or water
and other "contaminants". The process can be practical "in-situ" with common

petroleum and petrochemical processes.

[0024] Though particularly described hereinafter in relation to use in a
petrolecum processing stream, the polymeric membrane has application to varied
acid/liquid separations. Other applications where the polymeric membrane can
be used for acid/liquid separation include, for example, chemical production
(including agricultural chemical production), pharmaceutical applications, steel
preparation, metal cleaning, and motor vehicle production. Additionally, though
particularly described hereinafter in relation to purification of sulfuric acid

streams that contain hydrocarbons, the polymeric membrane of the invention has
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relation to use in a petrol eum processing stream the
w@oiognssPT nmenbrane has application to varied PCT/US2008/009410

acid/liquid separations. Qher applications where the

pol ymeri c nmenbrane can be useg_for acid/liquid

separation include, for exanple, chem cal production

(including agricultural chem cal production),
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for a membrane configuration and set of operating conditions can be readily

determined by a skilled practitioner.

[0027] Higher fluxes can be achieved by operating with the thinnest
membrane that will maintain its physical integrity under the operating
conditions. In another embodiment, to help the membrane maintain its physical
integrity, a composite membrane may be used. For exampie’, a thin selective
polymeric layer (or membrane) may be supported on a non-selective, highly
porous membrane, to produce a multi-layer laminate structure. The membrane
layers in a multi-layer structure are preferably securely attached to one another.
More generally, higher fluxes can be achieved by operating with the thinnest

membrane layers in a multi-layer membrane structure that will maintain the



determ ned by a skilled practitioner. [0027] Hi gher
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worewbo0se9 t hat will maintain its physical inteRgi/U§2008/009410

under the operating conditions. In another enbodi nent,
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compliment the pore characteristics of the crosslinked membrane. The
secondary membrane may also serve as a suitable substrate for the formation,

deposition or coating of the primary membrane.

[0029] In another embodiment, a multi-layer membrane structure is
provided that includes at least 3 layers. The first layer is a crosslinked polymer
membrane. Preferably the first layer will include at least one surface that is
exposed to the substance being separated. The first layer is attached to a second
layer, such as polytetrafluoroethylene (PTFE) or Gore-Tex™, which is a
chemically resistant polymer layer with a larger pore size than the top layer. The
attachment of the first layer and second layer can be via chemical bonding, via a

mechanical attachment due to intertwining of the polymer matrices of the first
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Crosslinked polymeric membrane

[0031] In various embodiments, a crosslinked polymeric membrane is used
for performing a separation of acid from hydrocarbon, water, or other impurities.
In an embodiment where the crosslinked polymeric membrane is part of a multi-
layer membrane structure, the crosslinked polymeric membrane is the first layer
of the structure. The crosslinked polymeric membrane, composed of a polymer
such as a polyvinyl alcohol, can be characterized in part by a crosslink density.
Crosslink density as used herein, is defined as the percentage of monomers
reacted with a crosslinking agent, e.g., 5% crosslinking means that about 5% of

the monomers have been reacted with the chemical cross-linking agent. Note
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10% or less.

[0033] While not fully understood, the crosslink density, as taught herein,
produces a membrane that may be adapted to withstand acid environments
typically encountered in petroleum processing applications, such as sulfuric acid
alkylation. The degree of crosslinking is also believed to influence the
selectivity and flux characteristics of the membrane, in addition to its mechanical
and structural stability. Preferably, the membrane crosslink density is
substantially uniform in the direction of material flux during a separation
process. More preferably, the membrane crosslink density is substantially

uniform throughout the volume of the membrane. This means that the
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polyvinyl selenate and polyvinyl telurate, formed from the reaction of selenic
and teluric acids with PVA may also be used. Still another suitable membrane

can be formed by reacting PVA with boric acid.

[0035] In an embodiment where the membrane is composed of
polyvinylalcohol (PVA), the PVA membrane is preferably crosslinked using 1,4
diisocyanatohexane before use in an acid environment. Preferably the
membranes are made of crosslinked PVA, PVS/crosslinked PVS, and/or other
crosslinked oxoanion modified PVAs. Other suitable crosslinking agents include
1,4 diisocyanatobutane, 1,8 diisocyanatooctane, 1,12 diisocyanatododecane,

1,5 diisocyanato-2-methyl pentane, and 4,4’ diisocyanato-diphenylmethane.

[0036] Other material choices are also possible for forming crosslinked

polymers according to the invention. In an embodiment, a polymer membrane
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should be resistant to acid environments such as solutions having 70 wt% or

more of sulfuric acid.

[0039] A third characteristic is that the polymer membrane should provide
sufficient solubility for the acid being separated so that the membrane will
selectively allow acid to pass through while restricting the passage of
hydrocarbens. Without being bound by any particular theory, it is believed that
one indicator of a suitable polymer is whether the polymer can exchange or
otherwise acquire an ion similar to the acid being separated. For example, when
a PVA membrane is exposed to sulfuric acid, at least a portion of the alcohol
groups in the PVA will be exchanged with sulfate groups. It is believed that this
substitution enhances the solubility of sulfuric acid in the membrane. In another

example, the nitrogen contained in the ring of polyvinylpyridine is capable of
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musltipleatyipes o maeeorhersnayg include monomers that do not participate in
crosslinking. Such polymers should include a minimum amount of the monomer
participating in crosslinking. In an embodiment, the amount of the monomer
having the participating crosslinking site (such as PVA or 4-vinyl pyridine) is at
least 20 wt%, or at least 30 wt%, or at least 40 wt%, or at least 50 wt% of the
monomers in the polymer. In such embodiments, at least 5 wt%, or at least 10
wt%, or at least 15 wt%, or at least 20 wt% of the crosslinking monomers
participate in crosslinks. In a copolymer composed of multiple monomers, the
arrangementA of the monomers can be as a random copolymer, a block
copolymer, an alternating copolymer, a tapered copolymer, or any other

convenient arrangement. Similarly, a polymer containing three or more types of

monomers can have the monomers arranged in any convenient manner.
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characteristics of the primary membrane. The secondary membrane may also

serve as a suitable substrate for the formation, deposition or coating of the

primary membrane.

[0044] In an embodiment, the second layer is a microporous polymer film
such as Gore-Tex™. More generally, the second layer can be composed of a
fluoropolymer, such as polytetrafluoroethylene (PTFE), expanded PTFE,
polyvinylidenedifluoride (PVDF), or a cellulosic polymer. The pore size of the
second layer should be large enough to minimize flux reduction while being
small enough to provide structural support for the first layer. In particular, the
pore size of the second layer must be small enough relative to the thickness of
the top layer to prevent collapse of the top layer. Preferably, the pore size of the

second layer will be less than half of the thickness of the first layer. In an
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[0046] In an embodiment, the second layer will have a thickness of at least
10 pum, or at least 15 pum, or at least 20 pm, or at least 25 um, or at least 30 pum,
or at least 35 pm, or at least 40 um. In another embodiment, the thickness of the
second layer is 100 pm or less, or 90 um or less, or 80 um or less, or 70 um or
less, or 60 um or less, or 50 pm or less. Preferably, the thickness of the second
layer is from about 25 um to about 75 pm. Note that thicknesses of greater than
100 pm are possible for the second layer while still allowing the membrane stack
to perform separations. However, such larger sizes for the second layer can lead
to reductions in the possible flux through the membrane during a separation

process.



| ess. [0045] The second | ayer should allow the first

| ayer to bond or otherwi se attach to at | east one
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be used to attach the first |ayer to the second | ayer.
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will constrain the second layer, thus minimizing stretching and preventing

cracking of the crosslinked PV A layer.

[0049] A variety of materials are suitable for use in the third layer. The
third layer can be composed, for example, of polyolefin, crosslinked natural
rubber, saturated polyethylene, saturated polypropylene, a copolymer of two of
the abbve, or a co-polymer of one of the above with a poly-a-olefin. In another
embodiment, the third layer polymer can incorporate macro-, meso-, and nano-
fillers to modify the structural properties of the material. Suitable fillers can
include ground glass, carbon fibers, mica, clays, or exfoliated clays. The fillers
can be in any convenient form, such as spheres or fibers. In still another
embodiment, the third layer could be composed of a ceramic, such as a ceramic

formed by a sol-gel procedure.



| ayer nmenbrane structure that includes a third | ayer.

The third layer of the nenbrane structure provides
w@odwoneweal structural integrity. Because the BEDUSIH08/009410

| ayer preferably has a thickness of at least 10 mm a

third layer can have larger pgre sizes while still

providing sufficient structural stability. The | arger

pore sizes mnimze any reduction in flux across the

raneg.sS: -ghur . [ .

Oy o E 10 B R B (e BN rarh Ok d by 2
validip T indétsics S 1idkh lenibodifient, tBe GRAYrARADIIRY O tAS thif@ Myer is at

t he nﬁg’orar}e is used in pressuri zed envi ronmgnt . For
leastainging/s*if’, bhat kestoHidimd(sdm’; er eblepsts2iidur’/sém’, or at least 50

expanded PTFE, the second |ayer will be;susgeptible to .
d@?{@g%gmrn@t lﬁﬁﬁiéﬁoﬁr@g@gmgz or-ghlgdst r5,00épm?/§§m ] §y%fgraebly, the air
c |.al: chossl | P b
o FRIREY B0 Y PPl Ry PR E 3Rl SHEARTIE, O ke secona
1aG&NdE &d SimpleNir 44 EmibREmeAt whérathie QBeord [dyier & J:é’ﬁrigbsed of an
can be selected that wll not stretch when“subjected
extpangded PIWE; .thd hirpenimeabilip sifithe sedond lagerowill likgbr be between
thus mnin zing stretching and preventing cracking of

( ) g
abowié Lot dslami/vivad vaughegreembpdonent, A thisd ilaxey cgn be selected to
materi.al s are.suitable for use Ln tshe third |ayer. The
bR i B Rty el aR abotos SmB e, of poly
ol efin, crosslinked natural rubber, saturated
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fofRAERH & 4 pEFLUYor3stretched form. Preferably, the intrinsic bulk material
values of the third layer material can include one or more of the following: a
10,000 psi tensile modulus at 25°C as measured by ASTM D638; an elongation
at break of about 10% or less as measured by ASTM D638; a flexural modulus
at 25°C of greater than about 100x10° psi as measured by ASTM D790; a tensile
strength at break at 25°C of greater than about 100 psi as measured by ASTM
D638.

[0052] In another embodiment, the third layer material can be characterized
by the volumetric change of the material relative to the solvents and/or acid that
the membrane structure will come into contact with during synthesis and
processing. When a material is exposed to a solvent or acid, the material may

absorb some of the solvent or acid. The material with the absorbed solvent or
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second layer and third layer is about 2% or less, or about 1% or less. For
example, if the volumetric change of the second layer is 5%, a difference in the
volumetric change values of about 2% or less would mean that the volumetric

change of the third layer would be between about 3% and about 7%.

[0053] In addition to being composed of a suitable material, the third layer
should also have sufficient porosity to minimize any reduction in flux through
the membrane due to the third layer. In an embodiment, the pore size of the
third layer is at least 3 pum, or at least 4 um, or at least 5 um, or at least 7.5 um,
or at least 10 pm. Preferably, the pore size of the third layer is sufficient so that
substances which pass through the first layer of the membrane are in a “free
flow” éondition when passing through the third layer. Materials with sufficient

porosity for use in the third layer are commercially known. For example,
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acid, the material nay absorb sone of the solvent or
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may occupy a different volune than the material al one.

This difference in volune conpesponds to the

volunetric change of the material relative to the

sol vent and/or acid that has been absorbed.
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applications it should be between submicron to several microns in thickness.

Separation Processes

[0057]) In separating acid from acid waste streams the flow rate of the feed
across the membrane surface should be sufficient to prevent undue selectivity
loss by concentration polarization. Tﬁe flow rate of the feed depends on the
particular geometry and configuration of the membrane or membrane structure
and any supporting or containment vessel used, as well as on temperature.
Generally, higher temperatures, 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.
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he” menbrane surface should be sufficient to prevent
comudive witheespect 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,'e.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.

[0061] After reaching the permeéte side of the membrane, the permeate can
be collected in a vessel, or a stream of permeate can be formed. Any collected
permeate (or permeate in a stream) will mix with other substances already
present on the permeate side of the membrane. A quantity of substance that has
passed through a membrane (i.e., a permeate), optionally mixed with one or

more miscible substances that were already present on the permeate side of the
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stream 20. The first permeate stream 18 has increased acid concentration and
reduced contaminant content. The first retentate stream 20 has increased

contaminant content,.

[0063] To illustrate an application of the invention, a feed that simulates
four variants of an acid waste stream from a conventional sulfuric acid alkylation
process was run on a single membrane embodiment as illustrated in Figure 1.
Feed versus permeate product data for the simulation of the four different acid

feeds is shown in Table 1.
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feed stream, or at least 5% greater, or at least 10% greater.

[0065] The first permeate stream 18, referred to as the acid and water
product low in hydrocarbons, may preferably contain hydrocarbons in an amount
ranging from about 0 to about 7 percent by weight, preferably less than about 5
percent by weight. It may also contain acid in an amount of from about 89 to
about 96 percent by weight and water in an amount of from about 3 to about 5

percent by weight.

[0066] Retentate stream 20 may contain hydrocarbon in an amount of from
about 7 to about 30, acid in an amount of from about 65 to about 89, and water

in an amount of from about 2 to about 4 percent by weight.
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contain hydrocarbons in an anpunt ranging from about O

andovalss aelative &e sepfanypanisiaiher, thap eyaenseh asdydrogarbons. The
rcen ight. | al ntahn.ackd in
sef8 st S cdBnbiobee rher Bl SRrEER B B
petRicable BRFatRbOEr ihe Rid 2PRkHhe He fifs‘f?e?tﬁ@h'ﬂe streath 89 Aough
5 percent by weight. [0066] Retentate stream 20 may
the eet@idmieytbranaubin 24, thameatbrant 26fproducesabsitond pebmeate
about 30, acid in an anmount of from about 65 to about
stiggm 2% andiarsegond retentate stream 30. The second permeate stream is rich
in water. The second retentate stream 30 is rich in acid. Membranes 16 and 26
may be preferably supported by membrane supports 16a and 26a, respectively.
A calculated 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 stream 18 is conventionally fed via pump 22 or
other means to a second membrane unit 24. Alternatively, permeate stream 18

may be further processed by vacuum evaporation to remove water, or by the

addition of an acid anhydride, such as SO;, or oleum for example.



in an anount of from about 2 to about 4 percent by
wei ght . [0067] In a preferred enbodi nent, the

waepanashon nechani smis understood to be t he PCT/US2008/009410
"sol ution-diffusion" type. According to this nechani sm
feed conponents which have hingher solubility in the
pol ymer material get preferentially sorbed and then
di ffuse through the nenbrane to the perneate side.
Separation is based prinmafispi p» sorption and
di ffusion. [0068] The invention further includes
f eeMAGTERIA [f BAdt AP FEQR THE ENVBODIMENT ¢ 6bGURER

22 or sone other neans to second nepbrane unit 24
&Srédrhustrated in [Figupe 2. Reperr{ngigo H gupg 2,/ the

Spent acjd 10 15 fjed firs mhra nig 14 ar
rfgﬁlﬁr %&" 16 i s _sel pr$§-8gl y p§9559h prrlLéari rdz.l:ll\(m 83'71
deSOx magel i n respgct 7¢00 Fi jgul®.sd, pr 4a¥2ernagiéel y, 4.88

é&l ECtI izl y pernegbl Cl % d mtfigregziégnfo 1.41

ThetaBElowdon®dhy ane 100i00 24 ¢0:00r i 580 00menblh62 2678.38
that 1s selectively perneable to water over the acid.

i ng LS . r |
0895 PEUE A= nPRATAUF, RSHILAEL) SR Bt o o 3
to2660195 PAYITERSE B hsardcafbaiy] frorf @benH2 0efordB Rt 8 5 wt% and

stream 30. The second perneate streamis rich in

watat fom Fbeutdbs dadboet £mitdé.e Ast Tabder? 3homs, thecfirst metantatie 20
Menbranes 16 and 26 may be preferably supported b
COREAIRY aﬁgggtaa IX greager %ezgat,wm 8§ prerqopehens %SO¥ than the

tofe iRt S iR AR R AR 18 AR gl gpeater
coh8: ARt Ao 2AkiTRNaP the RLB\ERk 1! &Qﬁﬁﬁﬁﬁﬁﬁ’lﬂ‘?grédﬂ&t her
processing, or optimally re-cycled to the ed stream

conténtsiticat efhydro8srbohkén dlod retemtdtenthiathe ifedd péxteateans a
stream 18 is conventional |y fed via punp 22 or other

weighiReregntage of bydrogarbonmia thairetepiate Matds gaeateriban the weight
18 . be furth d.b
pefGARRRESE B AT GORY il 4ol Mg R R A8 UG8 T,

b A U S oA, Wl s

subsdt@hiiRily greater concentration of acid in the permeate product than the feed

mixture means a weight percentage of acid in the permeate product that is
greater than the weight percentage of acid in the feed mixture by at least about
1 wt%, preferably at least about 3 wt%, and more preferably at least about

6 wt%.

[0070] Also, Table 2 shows that the second retentate contains a
substantialjy greater concentration of acid than the first permeate product, and
the second permeate product contains a substantially greater concentration of
water than the first permeate. A substantially greater concentration of acid in the
second retentate than the first permeate product means that the weight
percentage of acid in the second retentate is greater than the weight percentage

of the acid in the first permeate product (i.e., the feed mixture to the second



[0069] Preferably, the acid in the feed stream 10 may

range from about 83 to about 95 w % ASO (or
whyweozEsbons) from about 2.0 to about 15 wt % BETUSRDE009410

fromabout 0.5 to about 4 wt% As Table 2 shows, the

first retentate 20 contains _ggsubstantially greater

concentration of hydrocarbons (ASO than the feed

m xture, and the first pernmeate product 18 contains a

m?fﬁ%ﬂt‘?ﬁﬁ Gl fldsy a%‘} Wt"/C ?)‘P@ﬁ?ﬁﬁlgta't hsPhib&s Fwk e Rnl More

xture. St aﬁ reater concentration of

préftabigait heaxs absut 61 evttet anditisearitiatly grbstet eenlcentedtioneof water
nmeans a wei ght percent &(2 of h%[drocar bons in the
1

inrsaicesacand pehaeatesprgduat drentsaich t%@evmc@tmprpéu@tenﬁwethat the

ofthehdrocrbonsmthef d m xture t
sigblperseliags oz“r%etsf gbﬁ%)da%@%fﬁg?"%%éﬁpra st pn the

nglg I agé %%élggto lv?ft?? 1@?28?&'1&? atﬁ‘g?‘d&% te'ag’{ it}’odlt 3 wt%,

tration o aCI

préfmblyhﬁ ERae QbBﬂltXIOJM%T%GSrn@ré"ﬁf'egéi*ab@eétqemt%@uﬂfl 8 Wt%.
acid in the perneate product that is greater than the

AL SRS PGt bt e 26 ar
oA e R A Rl e

meshané héld iv tHE $Rfusd ?ﬁ @mmawfe artté fahae ofabout -
first perneate produc and he second per neat e

105 Cotabeattout 300 2C pmoae pudzfstedxhy ifiedinh pbguedt@ to ebouteYt*Cytandrmost
of water than the first meate. A substantiall

prefesalaremmbomt ASCitarbont 401Q. Pl atsibraes Lhinpperated

frordibohl 300 1§ Aol S0 SieEERE B/ TFAIL fclf 80p 8 PRl e on
thé 1édy dibe. Wak ??Esd%?ié Bﬁr’th@%@rrﬁéa& Red@giitpically rh@mﬁ)bﬁﬁérlc

perneate pro m xtlre to
pressuod) e nbctcaﬂd))eactpdrmdtat dlbghdr presstu®e se lcafgasaﬁie;praksure
| east about 3 wt % _ and nore_preferably at |east about
differgnys asressbe ammbrang ig ﬁ@%ﬁ@en@“@ﬁ PEHNEHIGHRAUGIOSGRL er

d
MiierEi 28 BRiAohoaRe Lt RieendRpn g bidLibe ford

pr%é‘%g?é typicalf) SnGHHRicREIBRR PRrmeedUide LRI R USM. ! TRE water
containing product 28 (second permeate product) 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.

[0072] In one embodiment of the present invention shown in Figure 2, a
portion of the first retentate 20 and/or the second permeate product water 28 may
be recycled (illustrated by dashed line 36 and 38) to the feed waste acid stream
10 for further processing. Also, it should be understood that more than one
membrane unit can be used in series and/or parallel configurations for each stage

of the separation process. In the first stage one or more membranes 16 that are



wei ght percentage of water in said first perneate

product at |east about 3 w% preferably at |east
W@bwman2@®» wt % and nore preferably at | east abpai/ugB®os/009410

wt% [0071] In the enbodi ment of Figures 1 and 2, the

menbranes 16 and 26 are pref_?ﬁa_bly oper at ed at

condi tions of tenperature and pressure sufficient to

mai ntain the acid in the |liquid phase, e.g.,

o ] t - t .
PSRRI Aol BT NEE: o FAIHE et BPMY spent acid
fead dtreBml 1 0cAi BE abtd. The Muaktsetiof4hermbraeeuh e400 Gage will
Preferably, menbrane 16 is operated from about 100 to

degieadton5000mbst of fantors ipchiding teyddsirabiaparityoofithepepmicgte
oSt RS BT BBl e SR e
GBI Bl B0E VAR e S RN RS THOS o

mBRILTRRS! 2B operAeges. Menbrane 26 is preferably
operated i n pervaporation node with the feed pressure

and the perngate side under

i cal l heri
(0058Lom SnéadabresBhil PresgNtiRYenHan 1Ry (R aRgHgciated by refer-

r t. [ f I '
cri g tan 4P SEh AT BiEeRL Y e FRLRHuRE GEREhel gBne
g3BlAE Blenthihd BbmpoRhd thel hﬁ?fbv@md%frésﬁaingcih%@ﬁ;@@%t 30
(second retentate) may preferably contain greater than
meimbuines th rpgemceate thy spentoddid s Refenring reov do Figias 3, e
. about 10 percent by wei ght hydrocarbons and | ess than
inyepfign & idasaated ambedicd ir apdmprovedatikylatian prgsess 60. The

TSR TER o e PR S 0 AL
T ] ORI 48 (ST apEILEC Uugiisiot

alkyladamptOcdser60f ur t her processing. Also, it should be
understood that nore than one nenbrane unit can be

108786 & BHE SRR o isBuRf o4 RO iBla B3Er 70
wR&R iPfs FERERIVRRR bRTRS 6@ shdiphs BHRRES TRAR! fres&lR U ateacid

to aC|Sd and water over tﬁe hydr ocar bons o[?r t he spent
catalyy st Gessthsis adfuridacidn Tie alkeltionproducdE froin reactor 70 is

traqg;‘?r;gdn'fosa Isenttlgﬁ1 (7:2 S.,Ste?t gr ’}% Iselparates the alkylation product into a spent
~acid stream 78 and hydrocarbon stream 76. The strength of the spent sulfuric
acid stream 78 is reduced because of moisture and ASO material generated due
to undesirable side reactions in the alkylation reactor 70. The hydrocarbon
stream 76 from settler 74 is transferred to a wash unit 79 where it is caustic and
water washed. Then via line 80 it is transferred to a fractionation column 82 to

recover an alkylate stream 86 and an overhead stream 84. The overhead stream

84 contains mainly isobutane with some small amount of propane and n-butane.

[0075] The isobutane stream 84 contains soluble water picked up in the
caustic and water wash. Of course, water is an undesirable component of the

alkylation process, as it dilutes the sulfuric acid strength in addition to causing



depend on a nunber of factors including the desirable
purity of the perneate product in each state, the
w@ovpoxistd on of the feed, the type of the pol yr&r/U82008/009410
menbrane or nenbranes used and the process conditions
under which the nenbranes aregoperated. [0073] One
advant age of the present invention may be appreciated
by refer ence to an inproved al kyl ati on process for
c&r{:&iwgi’glﬁéﬁﬁr rid's lﬂ?:'ng held daf198 5 sbRfer HUS8 Q!u%ted toa
conmponent, the inprovenent residing I n the use of
moRibparENEsit 62 toegretaA SOtdirl waten! A2cAGO Rehspehngridaweam 92
to Figure 3, the invention is illustrated enbodied in
is lpen m@@er@duc&meawam q@nocretsartmom thne,re@yqéyd sgobaitane stream
ncl udes at | east one arati

84hy RERTACHRE (Bf P a s rsats Ippeieed 5 it H sty i the
spRRfadR ffas CACER! SBHLARS redydid 3%?4’. 4 d‘ﬁ%&%?ﬁ@iﬁe @%ﬁ“

stiednd 66l ah@ tiheri ﬁﬁﬁ&i‘éfreHQo\&ﬁﬁf feattori 7 viadfiieedB. Wtli8 also possnble to
ol efins 66 such as butenes in the presence of an acid
feedsabymt666and steeam O6ssdparately taaieectol@6. al kyl at i on
product 72 fromreactor 70 is transferred to a settler

Set t Tl t.
(067}, acl.*fﬁg I AARROEALES HoG AL IMIAS) BhotEhidiR e
allBy1ag68 Phocdss BRI SsB&ih, ﬁlﬁirftéi’nh&g Qé?llddst {Kgﬁﬂfﬁ thé dlRylation
reduced because of moisture and A eri al generated
prdeesst whididiesiurna mantiinieor #rcedses she atik‘yhm(m ckfﬁcmnayn and helps

ctor . 70. The hydrqcarbgn stream 76 fromsettler
tojeahance hedictans Yalls atdan alklatiomprgduct ThiS %roes%wﬂ& also

t 8k n rred
roffi% 81y PERIF s A0Sk Reratip b ebeln e 3R] RfcEhe or
spéﬁﬁ&ﬁ@sﬁ?p@ﬂq‘oﬁﬂe fehﬁ;-}pl stream 84. The over head

stream 84 contains mainly i sobut ane with sonme smal |
unt pro .n- but 0075 The i soQut ane
[0 S0t BRI R AR Ohlep ea%tk@aeaﬁaom iglpdes a
{ t .
crﬁﬁ%lzltszh{ég@?e \é‘% nr%gr}](ﬁg%ts\;} tfepzf%og]q the Fecy\é?edegpenf‘ a8, 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
is then chilled in a crystallization unit 110 to crystallize sulfuric acid
monohydrates to remove water from the recycled spent acid stream via stream
112. Stream 114 is recovered sulfuric acid send back to the alkylation process.
In a variation of this embodiment crystallization could be replaced with an

adsorber unit (not shown) to remove water from stream 108.

[0078] In yet another embodiment shown in Figure 5, a SO3 and/or oleum

stream 210 is mixed with a membrane separated sulfuric acid stream 260 prior to

sending the treated sulfuric acid to the alkylation unit 230. The addition of SO3

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



al kyl ation process, as it dilutes the sulfuric acid
strength in addition to causi ngcorrosion problens. The
wep@an2@ed d stream 78 fromsettler 74 is direcPE€HUS2908009410
menbrane unit 62 to renove ASO and water. An ASO rich
spent acid stream 92 is then-4sed to reduce the water
concentration in the recycl ed i sobutane stream 84 by
contacting the two streanms in unit 94 so that the
e . ¢ . o ‘ .
R 1S RSB R A Eet E mBEbR AT 25\ Rehplaped above,

togrodace §iratirdaheDS0 hagtsdraneS0tcongantdati dasidwhich I8 ent to a
'ine 98. It is also possible to feed stream 66 and

cavestiomdGpsepacidireggnarotior facibity 210d ahdgiva]strength sulfuric acid
e i el Sl B oAaacil KA gLt e
o1 d QO FLUAEOL A SRS T i vigeq

T4WéBs to enhance the octane val ue of the al kyl ation
product. This process wll also reduce the cost of

sul furic acid regenerati Mduci ng the total

anount of spent acid shi regeneration. [0077]
Yet anopERTERTAIBFNANTE HMBOBRIFNT OERIGURE S
includes a crystallization step to renove water from
the recycled sgatt acid, as shown in2&0gure 4. A 260

Mot t AR4ni S USRS as 23ypl ai ngserabove 33p renove
ASO from a spent acid stream 102 of an;gl kyl ation
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Agid(wogpt al | i gatison gRisip 1100t o crygd.afl i zeggf uri 91,12
aci d monohydrates to renove water fromthe recycl ed

Wader (eéPH stredhn vi a 593 eanr@.82. St Beldm 114 2. 3.35
d | furg i d k t | kyl at i
SORIFER, i g 201 sen ek Lo e slkigtion

A’Sﬁ&?{%} zation ccoul d pegrepgpged W {gran ad??i.g)ger 5.53

unit (not shown) to renove water from stream

78] In yet %n.gbher%?. odi ge&t shot(/phv\'?n Fi %r:'gﬁbSAnéo‘m

d/.or ol eUnM Stream 1071'S m xe th a r
?')Qd sulfuric acid stream 260 Ihrinr o sendi ng

[Oq.ﬂ@ ta(rjgi %gﬂgg#tg%qllab%l ﬁjlrt or 1il?uestraaltel:<3/ L?ttflé) ?olijo%lj:ngze%c%'mples.

EXAMPLES

Example 1

[0080] 0.9 g of polyvinylalcohol (PVA) was dissolved into an anhydrous
50/50 mixture of (DMSO) and dimethylforamide (DMF). In this 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 an anhydrous 2.5 g DMSO/2.5 g DMF

mixture (also cooled to 10°C). Preferably, the hexamethyldiisocyanate used has



and/ or ol eumreduces the water concentration in the
treated sulfuric acid stream 260 resulting in an

WO ppease29 in acid strength in the sul furic aci BCHUS®8009410
220 which in turn hel ps to enhance the octane val ue of
the al kylation product 245. Spentacid 240 is passed
through at | east one nenbrane unit 255, as expl ai ned
above, to produce a first stream 250 hi gher in ASO

LB 1Y &dsOft @ \Watdriva oif',sinélﬁmn Ra rg%ﬁlﬁg ﬁgﬁ?ﬁﬁ[ The

spent acid regeneratioh facility an r strength

soduti b visaaBg ibdcarhe easteXGOcoMyl dife fosthe eeyaticedof thet A and the
al kyl ation reactor. An exanple of a nmaterial bal ance

difsocy anede v dvfieyappsoxiseatelycd-thimutess dlag Aehwtsf sohigon svas cast
TABLE 3 NATERI AL BALANCE.

is vided in Tabl )
OTERBY NEIGTOTROFS %%JRET%E[ HPpaterng coBKENIEANA)captipg knife

PrESEGBEE S LAY ISt (R 5 B AL FHO TR e solybiliy
cHaPAARri RS AHASIEOPENPESPoRdth 2ehaRitalRehesd/ SO mi xture of
DVBO) and di nethyl foramde (DMF). In this exanpl e,

(

P d 15 g/ 15 Q' DVF I t m xt .
o) o BBt oo B Rt e
solftro LRVt g bl fRime e S Xeitte ed BaTBD of tisupport
THRPESRif L Fivst Aritelé ‘@emigh@ (ﬁfﬂrﬂ&é@pem&e? hAfe®ebRENEGUS

100C and m xed with 0.084 g of hexanet hyl dii socyanate
flav sfalitvegeri gasanFamhgrodryusg ¥as pgrioMaed bysthgridbFtreatug)the

(also cooled to 100C). Preferaply, the .
meaREe iRyA WU pxaR ek 1 38 fora hobts © disurpcamplatipneof the

crb Sy RI <R ERA omP e 8705 AR 587 iR
evhBeftiofbthe 50K BYATAR WriddemEmbe Aty #a8hext Rkied with a spent

approximately 2-3 mnutes, the 2.7 w % sol uti on was
actdhsdlutioh dn 8efa® ST mieatbrpne ecld ifvan PStosichat 24tE@. usi ng
conventional casting knife procedures. This sol vent

[Oﬁﬁ{f]t em Wi REl %%seﬁ'egs%%i}ea tiotﬁ)Of}?s\fg,ra%H ﬁer?l?éalfg H‘éstséfre was at

atmospheric pressure. Feed and permeate streams were analyzed for composi-

tions. Initial permeate rate was 1.83 kg/hr/m2.

First Test
Spent Acid Solution Permeate
Components Feed Composition Product
Composition

Acid (Wt%) 89.2 91.6
Water (wt%) 4.4 54
Acid Soluble Oil (wt%) 6.5 3.0
(or Hydrocarbons)

[0083] A second membrane test performed at 300 psig feed pressure and

atmospheric pressure permeate gave an initial flux of 3.6 kg/hr/m2. Feed and

permeate product compositions are reported below.



characteristics and its correspondi ng chem cal
i nertness. [0081] The PTFE substrate was placed on a

WG appoets9gl ass pl ate. The sol ution of PVA and PCT/US2008/009410
crosslinking agent was knife coated on top of the
support. The coating was firsf; dried overnight (room
tenperature) under a continuous flow of nitrogen gas.
Further drying was performed by thermal treating the

nmenbrane in a vacuum oveng Entlﬁg digkion hours U8 rmeate

ensur | etion of the reacti

(appro ?'ﬂﬁn‘&é‘f%} 59 as wel | ‘Jéis Smé’r%ﬂ‘roé] corrpl et ePrgggﬁton

nexdidi@gded with a spent acid sgygtion in Sepa ST9(.8

rrenbrane ceII from Gsnonics at 24C. [0082] The feed
wa¥aler é8Emi zed to 700 psig, and-berneate pressuretvas

a%a&mm@r@l@f(m%sure Feed ard per neate streamnsy s
wer e. anal yzed osi tions. Initial perneate rate

wéar I.[IYQBOQ@QlPQﬂS/)nQ F| rst Test Spent Acid Sol ution
108§ 4hoo! £ - RLNGHR REOREdgee Gesribed ipdiis cxaiRlg can hegisgd for
b R e S B AP i

Ay @ReBHAR] 86Pb1 RS RNE!, copHIyBRTY 0E A&AhR MAAnglhlcohol
p|§r]1|t|al f 1 ux gf 3.6 % /hIr)/er Feea’m;ﬂd per neat en§1 ©°

membdarsts foonpoii $epanat1<m ef ASED fitoea sbHltwaSkimt thacilklylation

Sol uti on Perneate Conponents Feed_ Caonposition Product
Presgssost etvieg,ai 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.

(2) The chemical structure of the crosslinking agent determines the
physical (e.g., membrane mechanical properties) and chemical
properties (e.g., interaction with the feed stream). The
structures of the 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). The structures of the diisocyanates useful in this
invention includes mixtures and blends of aliphatic and/or

aromatic diisocyanate structures.

(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



Acid (wt% 87.8 90.8 Water (wt% 4.1 4.7 Acid Sol uble
Ol fw% 8.1 4.5 (or Hydrocarbons) [0084] The

W@ whzsPs procedure described in this exanpl ePCEHOS1968/009410
used for form ng crosslinked polyvinylal cohol
menbranes and ot her hydroxyl sgontai ning pol yners and
copol yners, e.g., copolymers of vinylacetate and
vi nyl al cohol menbr anes for use in separation of ASO

from sul fur II'{;CY\QSHQIS dirb& Bhk {)ﬁ‘g'f% P)Et@ﬁféf?ro%%ﬂ{lﬁ%

paraneters that can e contro are as

The degree amaumsghvingidlgohdl.urits. pore vol ume, can be
controlled by the addition of a predeternined anount

Eof tgg crosslinking agent, such as diisocyanates. (2)
m cal structure of the crosslinking agent

determ nes the physical (e.g., nenbrane nechani cal
[0p88Dper t i'Hw) reantdon loé the sl fymio peidt with a(c&ogshnldedt(mﬂr:l,i ®n
with the feed streanm). The structures
digocyratahexans) pgbf(wnyil ralctqmé) (PrMéam@nbmms fallogvedywith

O A
spgﬁpﬁﬁfdr‘fc A& dHREY! She t-ﬁhﬂ(rﬁ% HFHHJ@R i‘ﬂfal Ifr{r?]::g‘lbrgne as determined

I'l socyanat es usefu 'S |nvent

bynSEMI(gtovanth Blganeld2pfwad a}ﬁ}h@kirﬁat%h}d/l@rmlafmtTEe results are
di i socyanate structures. (3) The control of the

showinainy thespettsa ot hisgures éranslt 1. c$he apegrurnmfilrightectl shows the
th roper selectiopn of the amopunt and structure of
absREbaRRE 0L FHPR QT‘%{BEWCMPPHQ%%% aenungk pergesize of 0.2
[
RS IR o Pl 935yl RO R0 e
suppbrRed PMA ehé&rhbtdnekiéxpectivély, The spectra show that loss of the

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

Example 3

[0086] 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

[0087] 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 product which is rich in acid and water is



amount of vinyl alcohol units. Exanple 2 [0085] The
reaction of the sulfuric acid with a crosslinked (wth
w@a008/02li5ps0cyanat ohexane) pol y(vi nyl al cohol) ¥EVBE$2008/009410
menbrane was followed wth FTIR The reaction took
place by placing the crosslinked PVA menbrane into a
spent sulfuric acid fluid. The thickness of the
ori gi nal nmenbrane, as deternined by SEM (shown in
L
re6yled idTbadk pregsiire régaaenss 1hendlineiBhancehoted vakelodl 0.
nenbr ane sup(ioort having a nom nal pore size of 0.2
The peromeate produst ahd retsatate ans arfalyzesifar agidihwater and hydrocarbon
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canggpleaan Bripe ik KapwEx EahaHbG 1 BaF resuls Qiing Rasasurements at
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s F9RP- CHRUR RSB A b 0ted iy ERELREOTO N 1 Figure
107w LR Rheive fRulBIiAP&niQsd tHiBugl éafibMiie @1 6/@&Sa function
used to evaluate the nmenbranes. Inreference to Figure
ofgimaée Figurdil0i shnsvathedA 8O ¢cdeentrationin the pemecatéesed function of
Vessel 810, Volune: 3000 ml Punp 826, Rate: up to 1
tirged Fégirgi lushowsutheAB( ganceatranonan tha fegdsvith sum gme. Thus,
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is SiEdan Rk R bl AR AR T TP S Bt after a

peel sfatlembeshcTevmditiahlitge thAS() id comeeatratedan the feed due to the
mai ntai n a given tenperature, heat exchanger 823 is
seppratignibyethg nembsancof swiuricagidiand water frome fegsbstreasni dhe
is . directed viia line 820 to nmenbr ane cel | .812. Tgbg
meyEPFAS PBAHAP RIARRG Parmeals CopaLNRE agREpYiERLSly S0% of feed
A$Iégcf§n!c§ﬁ{§§t%ﬂ Qv&r?% B%f@gkﬁdé’de 5860 d S LrimEVT (iAot esting.

ydrocarbons |
Example 4
[0088] This example describes formation of a composite membrane

structure having 3 polymer layers. A 2.3 wt% polyvinylalcohol (PVA) solution
was made in a 50/50 anhydrous mixture of dimethylsulfoxide (DMSO) and
dimethylformamide (DMF). The PVA (Aldrich Chemical Co) was 99%
hydrolyzed and had a molecular weight between 124 -186 Kg/mol. A separate
3.37 wt% anhydrous solution of hexamethyldiisocyanate was prepared in a
50/50 mixture of DMSO/DMEF solvent mixture. Both the solutions were chilled
to 7°C. These two solutions were mixed at 7°C in a proportion such that the ratio
by weight of hexamethyldiisocyanate to PVA in the final solution was 17 %.
The final solution was mixed for one minute before coating a 3 mil thick
solution layer on top of a 0.1 micron pore size expanded polytetrafluoroethylene
(PTFE) layer laminated on a polyolefin microporous support provided by
Donaldson Company, Inc. of Minneapolis, MN (Item No. AX04-104F). This



recycl ed via back pressure regulator 814 and |line 812
to the feed vessel 810. The perneate product and

WO edoere@be are anal yzed for acid, water and hyPEDUS200©009410
concentration using well known techniques. The results
of the measurenments at 500 Q?ug feed pressure and 200C
are presented in Figures 9, 10 and 11. Figure 10 shows
the relative flux of the perneate through nmenbrane 816

pASOR i REbAOYlh shpBBit orbobteE mEnaRAR st ot amy

sighificart ibdpaoh onslihend\SElec eVt prévitie@Byithe Chesstlagiced t h
run time. Thus, conparison of Figures 10 and 11 shows

membrankSA hooesnd satutiom lagier wes pardriat at ioom temperature (25°C)
AR el Sl 51 S AR, o e
at 10N SRS P B3 esBimBdr Pal oAb FAed RoliPE. THETHAIN

thikkhess 6f O ck6QJ1iskEERPVA MSnbRAR AL &RRER NUe nfierons.

produce perneate containing approxi mately 50% of feed

EASO concentration even over extended periods of tine
M&rﬂi nuous testing. Exanple 4 [0088] This exanple
descri bes formati on of a conposite nenbrane structure

[0089) ng TvpeeiBbranay sirhilartoxhd mMédbRfle)prepatedlif dheimple 4

(PVA) solution was made in a 50/50 anhydrous m xture
WeIE uskdnte pytfoumfsepamigionBveDpundc acitbsdlytion thatralstecontained

DIV The PVA drich Chem cal 99%
hyHRKAPG T i b a6 Bramerosh P T hgeaBgve procadyge to
/ t . % ' f .
o A os GV A el b B O L Efafl et
coffpriME Mo poebYEPTE R o1t &'pBlydiefih nhibfopdtbll s@SforfeThe two

chilled to 70C. These two sol utions were m xed at 7C
mémbrangs oyave samplasutaken tiatm wikfereat sectipnswdithémearfibrane roll.

X t hyl di i.socyanate to PVA in the fipal solution
Ta\ﬁf‘sg SO te, Eerls AN 6 caTIesPOIKBE FESILis PBACShRePATALANS

r 0t 3 il thi lution |ayer on.top of .
pegl%gr?mfg rﬁl@?kﬂﬁnt%%c?gae&gng%piha zgedJ use}cf1 in (Y separatlong sRown in
TaB®! ¥ Wals'speht/Aiagtém! £R%inery alkylation unit. The feed pressure was
800 psig at a feed flow rate of 0.8 gallons per minute. The feed temperature,
retentate temperature, and permeate temperature were all 25°C. The permeate

was maintained at atmospheric pressure.



(PTFE) | ayer |lam nated on a pol yol efin m croporous
support provi ded by Donal dson Conpany, Inc. of

wormmaeaped i s, MN (Item No. AX04-104F). Thi spol pot/@81008/009410
m cropor ous support provides nechani cal strength
wi t hout any significant inpacfson flux and selectivity
provi ded by the cross-1inked nenbrane. The coated
solution layer was air dried at roomtenperature (250
for 1 minute and next cureg,ha pot air at 118C for 40
seconds. It was next curedﬂOOCfor 5 m nutes
bef ore stofFhg | Geeger f or mance tesfi ngPefneatel nal
thickness pf theé cross-1inked PVA rane s between
1 - 2 micrpoFD EVaatet ¢ Axifd 0DASIO Two m=|Vw5a1ane=sAcsdm ASKO
to—the menbranelprepatedin l:v:\rml wer-e ||car| th
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entate jtenperature e tenperature were
all 25C. The perneate was mai ntai ned at atnospheric

[089@k sur eAsrshywen 4 4111 TabB04, the ns¢robiranierstabire s¢lectively allows the
e
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i ncreases, but the nenbrane is still effective for

is plell feblenting fohperfemaingt theseparation.

[0091] 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.



[ 0091] The above preferred enbodi nents are provi ded

for purposes of illustrating the invention and shoul d
waoeivbzseonstrued as limting the scope of thePCT/US2008/009410

i nvention as delineated by the follow ng

clains. CLAIMS: 1. A nethod fojg recovering acid froma

feed m xture conprising acid, hydrocarbons and water,

the net hod conprising: processing said feed m xture
cihghigonpri ses fromabout 70 to about 98 percent by

wel g t acid, using a crosslinked polyneric nmenbrane

formed by an anhydrous process, to forma first

retentatke cérmethedrgr zeenyssingracidifiopn greed arixiyse gamprising

rce of h dr gcar bons n said.feed m xture and
ff]M‘ﬂ' %EPH%Q? ‘%ﬂf‘%aﬁ? %ﬁ?@?ﬂmﬁﬁ‘sg’g@reater wei ght
percentage of acid than said feed m xture, said
crossl i nkedprootssirg saidnfes®d naikeurb ehatgcaepresdsi freryabout 70 to
perneable to the acid over the hydrocarbons in the
abjoaie 8 rexeant byaweight acide usisigas erosglinkasdpelymegig mgmbrane

L S T

sumﬁﬁﬂﬁ ig‘rgatﬁxr %%}}t%?gef X of] lY?dro% ls'tﬁéﬁ? 6hiff f@ed mixture

Cross e or-a co Ion thereo

andl a fife pEehead ﬁbdﬁbﬂdﬁt&mﬂ@@rg@éa’teﬁ%i?gm @Jeﬁf@ﬁag‘e of acid than

menbrane conpri ses a crosslinked oxoani on nodi f
saubqudgnvmtb ahicotrobslirkedTaymericodembranicabeing selmmvelyn

perBKaHE S, TR POk B 23@?&?%&55’5@@%@%% e apdiingher
ch\él e[@fém?édcé) AVm )§0& 'dghsqgi YIJOH}/ lab@.ltcloa‘? to abciut 25.0%.

yrene styren ona acr aci
acid, styrene sulfonlc aC|d vinyl pyridine, and
acr yI amiide. Tige niEtleodvef hlsdmof, wherein @,ldmé)rmcmc nembrane is

crpTRKEU PV o b S PPk BRI oY hes 4ok Boridine or a

combination thereof.

4. The method of claim 1, wherein said polymeric membrane

comprises a crosslinked oxoanion modified polymerized alcohol.

5. The method of claim 1, wherein said polymeric membrane
comprises two or more types of monomers, at least one of the types of monomer
being vinyl alcohol, oxoanion modified vinyl alcohol, styrene, styrene sulfonate,
acrylic acid, methacrylic acid, styrene sulfonic acid, vinyl pyridine, and

acrylamide.

6. The method of claim 5, wherein the monomers in the polymeric
membrane are arranged to form a random polymer, a block polymer, an
alternating polymer, or a tapered polymer.

7. The method of any of the above claims, wherein said feed
mixture contains from about 1 to about 20 wt% hydrocarbons, and from about

0.5 to about 7 wt% water.



alternating polyner, or a tapered polyner. 7. The
nmet hod of any of the above clains, wherein said feed
wOorRoovaeEIcont ai ns from about 1 to about 20 wt 9%PCT/US2008/009410
hydr ocar bons, and from about 0.5 to about 7 wt%
water.8. The method of any of;+ he above clains,
wherein the crosslink density is at |east 5% the
crosslink density being substantially uniform
t hr oughayt i ri . .
ot hod of angC SRS oL AETDIRRE ARV CialE KRR in the rBSslink
dé&isagsh b lcadt P9, YWeEdoss o BERIS béing sRBahaslPYinéform
second pol ynmeric nenbrane, the thickness of the
theowgslut ke drgselipkeet palymeerir membyeneig at | east twice as
great as the pore size of the second polyneric

menbr ang, 1"?h? Hl:%&'@ 'g?gﬂ¥ g{f FO¥bHNe Elﬁﬁn?t\gﬁgrﬁ' fldBrosslinked

wherein said firs € cont al ns a wel

pcﬂ?ﬁfe@i&ﬁﬁ@ﬁb@ﬁné"ﬁé%?ﬁ@ft@@ by PEec@dind| RAFinefieaHEMBramethe
gireater than said feed m xture, and said first

thpekmessa b £theosrbsslinked pudy piericpaembnaregkeiog ahddadt biicatas great as
| east about 1wt % greater than said feed m xture.
the pore size of the second polymeric membrane.

10. The method of any of the above claims, 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 of at least about 1 wt% greater than said feed mixture.



