A PROCESS FOR THE ACI D EXTRACTI ON OF HYDROCARBON FEED
FI ELD OF THE | NVENTI ON [ 0001] This invention rel ates
wo eooa/opd7eTtess for recycling acid used to rendvECT/US2004/040087
ni trogen contam nants from hydrocarbons. More
particularly, polyneric nmenbranes are used to separate
spent acid fromthe acid extraction of hydrocarbons
into acid for recycle and acid for regeneration.
BACKGROUND OF THE | NVENTI ON [ 0002] Spent sulfuric acid
I's generated in several petrgleum processes including
al kyl ati on of ol efinic hydrocarbons with isoparaffins
and nitration of aromatics. The production of notor
al kyPraresy §08t THE AGIDNBRTRACBEYL 88 SHYPROFHIPYNr B¥EPner i es.
Wthout regard to the particul ar petrol eum process
that is the source of spent sulfuric acid, such spent
acid will typically result in dilution of acid due to
FIELDOFEHBINVENTIONO! ubl e oils. [0003] The
recovery of sulfuric acid fromsuch acid soluble oils
is an economc factor for the recycling of spent acid.
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[0002] Spent sulfuric acid is generated in several petroleum processes
including alkylation of olefinic hydrocarbons with isoparaffins and nitration of
aromatics. The production of motor alkylate is still a major process in many
refineries. Without regard to the particular petroleum process that is the source
of spent sulfuric acid, such spent acid will typically result in dilution of acid due

to the formation of acid soluble oils.

[0003] The recovery of sulfuric acid from such acid soluble oils is an
economic factor for the recycling of spent acid. Spent acids can be recovered by
methods such as combustion, distillation, evaporation, stripping spent acid with
a stripping gas, or extraction but they are not efficient due to the strong
interaction between the acid and oil. More recent methods have used

hydrogenation of acid soluble oils to recover spend acid.

[0004] Because of the expense involved in on-site regeneration of spent

sulfuric acid, many refiners send spent acid off-site for acid recovery. However,



[0005] There is a need for a cost-effective neans of
integrating sulfuric acid recovery into petrol eum
w@e@s®sEes which involve acid treatnent of PCT/US2004/040087
hydr ocar bons. SUVMARY OF THE | NVENTI ON [ 0006] The
present invention relates to a process for the acid
extraction of a hydrocarbon feed containing nitrogen
contami nants which conprises: contacting the
hydrocarbon feed with a mneral acid in an extraction
zone to produce an acid treaped hydrocarbon m xture,
conducting the acid treated hydrocarbon m xture to a
separation zone and separating the acid treated
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0 a conmpartnent of a menbrane-containing unit,
said unit further conprising a nmenbrane and a second

conpartnent, and sel ectively perneating the nitrogen,
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' conpartnment. [0007] Anot her enbodi nent
éﬁ%%er{s)g % a process for the acid extraction of a
hydr ocar bon feed containing nitrogen contani nants
whi ch conprises: contacting the hydrocarbon feed with
SUMMARY QF BHENNVENXTIQN i on zone to produce an
acid treated hydrocarbon m xture, conducting the acid
treated hydrocarbon m xture to a separati on zone and
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contacting the hydrocarbon feed with a mineral acid in an extraction zone to

produce an acid treated hydrocarbon mixture, conducting the acid treated
hydrocarbon mixture to a separation zone and separating the acid treated
hydrocarbon mixture into a nitrogen lean hydrocarbon and a nitrogen rich
hydrocarbon/acid mixture, conducting the nitrogen rich hydrocarbon/acid
mixture to a first compartment of a membrane-containing unit, said unit further
comprising a membrane and a second compartment, and selectively permeating
the nitrogen rich hydrocarbon/acid mixture through the membrane into a
hydrocarbon lean acid permeate in the second compartment and a hydrocarbon

rich acid retentate in the first compartment.

[0007])  Another embodiment relates to a process for the acid extraction of a
hydrocarbon feed containing nitrogen contaminants which comprises:
contacting the hydrocarbon feed with a mineral acid in an extraction zone to
produce an acid treated hydrocarbon mixture, conducting the acid treated

hydrocarbon mixture to a separation zone and separating the acid treated



m xture to a first conpartnent of a
menbr ane-containing unit, said unit further conprising
w@20vski7ane and a second conpartnent, sel ecti vBCHUS2004/040087
permeating the nitrogen rich hydrocarbon/acid m xture
t hrough the nenbrane into a hydrocarbon | ean acid
perneate in the second conpartnent and a hydrocarbon
rich acid retentate in the first conpartnent, and
passi ng the hydrocarbon rich acid retentate to the
separation zone. [0008] Yet aoother enbodi ment rel ates
to a process for the acid extraction of a hydrocarbon
feed containing nitrogen contam nants which conpri ses:

contacting the hydrocarbon.feed with.a mneral acid in
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ddié hetentatk tocthe stpdratiomzohe first compartment, and
passi ng the hydrocarbon | ean acid perneate to the
extraction zone. [0009] A further enbodi nent rel ates
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contacting the hydrocarbon feed with a mineral acid in an extraction zone to
produce an acid treated hydrocarbon mixture, conducting the acid treated
hydrocarbon mixture to a separation zone and separating the acid treated
hydrocarbon mixture into a nitrogen lean hydrocarbon and a nitrogen rich
hydrocarbon/acid mixture, conducting the nitrogen rich hydrocarbon/acid
mixture to a first compartment of a membrane-containing unit, said unit further
comprising a membrane and a second compartment, selectively permeating the
nitrogen rich hydrocarbon/acid mixture through the membrane into a
hydrocarbon lean acid permeate in the second compartment and a hydrocarbon

rich acid retentate in the first compartment, and passing the hydrocarbon lean

acid permeate to the extraction zone.

[0009] A further embodiment relates to a process for the acid extraction of a
hydrocarbon feed containing nitrogen contaminants which comprises:
contacting the hydrocarbon feed with a mineral acid in an extraction zone to

produce an acid treated hydrocarbon mixture, conducting the acid treated



produce an acid treated hydrocarbon m xture,
conducting the acid treatedhydrocarbon mxture to a
waee@ansi’eon zone and separating the acid treatBdI/US2004/040087
hydrocarbon m xture into a nitrogen | ean hydrocarbon
and a nitrogen rich hydrocarbon/acid m xture,
conducting the nitrogen rich hydrocarbon/acid m xture
to a first conpartnment of a first menbrane-containing
unit, said unit further conprising a nmenbrane and a
second conpartnment, selectivgly perneating the
nitrogen rich hydrocarbon/acid m xture through the
menbrane into a hydrocarbon | ean acid perneate in the
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separation process. [0012] Figure 3 is a process flow
ldidegeabon kichscidtetergatehie thofitst compartmeanity passingdbe

system [0013] Figure 4 is a graph showing flux at
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cgq%:taggfqo;gllﬂunq 5%1?{1 lrselzf@c ogl_ GEit file? rc}or'nrf)ritmhneg z}: Sl%gnb%ne and a second
compartment and selectively permeating the hydrocarbon lean acid permeate to
obtain a second hydrocarbon rich acid retentate and a second hydrocarbon lean

acid permeate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Figure 1 is a process flow diagram illustrating the membrane

separation process.

[0011]  Figure 2 is a process flow diagram illustrating an alternative

membrane separation process.

[0012] Figure 3 is a process flow diagram illustrating the continuous

membrane test system.

[0013] Figure 4 is a graph showing flux at different run times.



[0015] Figure 6 is a graph show ng acid sol uble oil
concentration in the perneate at different run tines.
W®RAIEEDY DESCRI PTI ON QF THE | NVENTI ON [ 0016] HE&TE'US2004/040087
hydr ocar bon feeds containing nitrogen contam nants are
any hydrocarbon feeds that are acid extracted in the
course of petrol eum processing. N trogen contam nants
in the formof nitrogen heterocyclic conmpounds act as
conpetitive inhibitors to a wide range of catalytic
pet rol eum upgradi ng processesg.such as catalytic
hydr opr ocessi ng. N trogen conpounds are present in
typi cal petrol eumfeedst ocks in the range of 10 to
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[ recursor. By diesel fuel is neant a
agdgég‘]c‘?girﬂ‘%“ o5 ng in the 204 to 3710C (400 to 7000F)

range. The diesel fuel may be untreated or may be
previously treated to partially renove heteroatom
[6p25] esFigurebdsatgraph slﬁmng]aclczsdubkerm} cendeotiatrendn the
the feedstock may he a cat naphtha such as an olefinic
H@&W@@Weﬂtﬂ#ﬁﬁﬁeaﬁ@rb?‘%re ol ef i ni ¢ napht ha boiling
range refinery streans that typically boil in the
range of about 500F to about 4500F. The term"olefinic
t @RH’SI‘ ORTREINVENTIONSt r eans havi ng
L2 DDES EGN €ast about 5 W . % based on
napht ha. Non-lim t| ng exan‘pl es of ol efinic naphtha
streans i ncludes fluid catalytic cracking unjt naphtha
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ni C a refinery streanms generally contain
duhpeitive iAAibidolré fisa wide range of catalytic petroleum upgrading

processes such as catalytic hydroprocessing. Nitrogen compounds are present in

typical petroleum feedstocks in the range of 10 to 3000 wppm, based on feed.

[0017] Inone embodiment, the feed to the present process is a diesel fuel or
diesel fuel precursor. By diesel fuel is meant a hydrocarbon boiling in the 204 to
371°C (400 to 700°F) range. The diesel fuel may be untreated or may be

previously treated to partially remove heteroatom species or aromatics.

[0018] In another embodiment, the feedstock may be a cat naphtha such as an
olefinic naphtha from one or more olefinic naphtha boiling range refinery
streams that typically boil in the range of about 50°F to about 450°F. The term
"olefinic naphtha stream" as used herein is those streams having an olefin
content of at least about 5 wt.%, based on naphtha. Non-limiting examples of
olefinic naphtha streams includes fluid catalytic cracking unit naphtha ("FCC

naphtha"), steam cracked naphtha, and coker naphtha. Also included are blends



napht henes, and aromatics, but al so unsaturates, such
as open-chain and cyclic olefins, dienes, and cyclic
woyasoseebons with ol efinic side chains. The obPef/Ua2004/040087
napht ha feedstock typically al so contains an overal
ol efins concentration rangi ng as high as about 60
wt. % based on feedstock, nore typically as high as
about 50 wt.% and nost typically fromabout 5 w.%to
about 40 wt.% The ol efinic naphtha feedstock can al so
have a di ene concentration ug.to about 15 wt.% but
nore typically | ess than about 5 wt. % based on the
total weight of the feedstock. High diene
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The feedstock used in the process of the invention may
gdssbnbprddetibaving poor stability and color. The sulfur content of the
olefinic naphtha will generally range from about 300 wppm to about 7000
wppm, based on naphtha, more typically from about 1000 wppm to about 6000
wppm, and most typically from about 1500 to about 5000 wppm. The sulfur will
typically be present as organosulfur, i.e., organically bound sulfur present as
sulfur compounds such as simple aliphatic, naphthenic, and aromatic
mercaptans, sulfides, di- and polysulfides and the like. Other organosulfur
compounds include the class of heterocyclic sulfur compounds such as thiophene

and its higher homologs and analogs. Nitrogen will also be present and will

usually range from about 5 wppm to about 500 wppm.

[0020] The feedstock may also be an alkylate derived from an alkylation
process wherein an olefin is contacted with an isoparaffin in the presence of a
catalyst, typically an acid catalyst. The product (an alkylate) is normally used as

a blend component in the production of motor gasoline.



that boil in the lubricating oil range, typically
having a 10% distillation point greater than 65Q0F
w@ 3030562)7 neasured by ASTM D 86 or ASTM 2887, PGIIUSADL040087
derived fromm neral or synthetic sources. The
feedstock may have a very | ow wax content, such as a
dewaxed oil and can range up to 100 w. % wax. The wax
content of a feed nay be determ ned by nucl ear
magneti ¢ resonance spectroscopy (ASTM D5292). The
feeds may be derived froma munber of sources such as
oils derived from solvent refining processes such as
raffi nates, partially solvent dewaxed oils,
deasphalted oils, distillates, vacuumgas oils, coker
gas oils, slack waxes, foots oils and the |ike, and
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treated hydrocarbon m xture fromthe extraction zone
EOS(’JZtZTe The hydrocarbon feed is contacted with a mineral acid in an extraction
zone. The acid may be fresh acid or may be acid that has been recycled. The
acid is a mineral acid, preferably a strong mineral acid, most preferably sulfuric
acid. For sulfuric acid, the acid concentration is preferably 80 - 98 wt.%, more
preferably 85-91 wt.%, based on acid. For other mineral acids, the acid strength
will be the most concentrated acid that is commercially available. The
concentrated acid may be diluted depending on the feed to be extracted. The
contacting method can be dispersive or nondispersive. The nondispersive
method is preferred to facilitate separation of acid phase from the hydrocarbon
feed phase. A preferred nondispersive contacting method is a fiber film
contactor. Fiber film contactors are described in U.S. patent 5,705,074 which is

incorporated herein by reference.

[0023] The acid treated hydrocarbon mixture from the extraction zone is the

conducted to a separation zone to achieve at least a partial separation of acid and



conducted to a separation zone to achieve at |east a
partial separation of acid andorgani c phases. The
weepansd’eon zone is preferably a settler. SettP@r/ESANEL040087
phase separation devices and are known in the art.
Settlers may include coal escing nedi a. Coal esci ng
nmedi a i ncl ude physical devices or chem cal agents as
ai ds to phase separation. Physical devices are
preferred. The hydrocarbon (organic) phase is
separated and may be further-g8processed according to
the needs of the finished product, e.g.,
neutralization of any remaining acid in the product,
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than the feed to the nmenbranecontaining unit. By acid
wi.%h bpsednemasa@diphaseant that the pernmeate contains nore

acid and water than the feed to the
menbr ane-contai ning unit. The perneate

[0024] The membrane-containing unit comprises an acid resistant housing
containing a membrane separating a first compartment from a second
compartment, or may be two or more membrane-containing units. The
membranes are selectively permeable to the acids in the acid phase. The acid
phase enters the first compartment and is separated (permeated) into an acid rich
permeate lean in hydrocarbons in the second compartment and a hydrocarbon
rich retentate lean in acid in the first compartment. By hydrocarbon rich is meant
that the retentate contains more hydrocarbon than the feed to the membrane-
containing unit. By acid rich permeate is meant that the permeate contains more
acid and water than the feed to the membrane-containing unit. The permeate
may then be recycled back to the acid feed to the extraction zone or sent to a
second membrane-containing unit containing a membrane selectively permeable

to acid and water. The acid from the second unit may be sent to recycle. As



may then be recycled back to the acid feed to the
extraction zone or sent to a second
WOrRIUBOEITE? cont ai ni ng unit contai ni ng a nmenbr anBCT/US2004/040087
sel ectively perneable to acid and water. The acid from
the second unit may be sent to recycle. Asnoted
previously, the perneate may contain sone ASO
associated with the acid phase. [0025] The hydrocarbon
rich retentate may be recycled to the separation zone
W th an acid slip stream senig.for regeneration or nmay
be sent for further processing such as acid
regeneration. [0026] The nenbrane-containing units

i ncl ude .a rane housing and at |e one r .
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t,0 maximze the flow rate across the nenbrane. As is

W in the art, the flow rate across the nmenbrane is

a function of operating conditions such as tenperature
and pressure as well as nmenbrane properties such as
0025} andhetiydkowsbon nah ectentateomay begeeyaed tmtherssparatioa zone

pore size and nenbrane pore geonetry. The sh f the
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al so iLnpact flow,rat ross the nmenbrane. [0027] The
Wé’ﬁﬁ%séf{gs i‘nsaaicﬁﬁlﬁeggeﬁﬁﬁ%t%gghay preferably be operated

at or near anbient tenperatures although tenperatures
above or bel ow ambi ent may be enpl oyed. [0028] High
[0026] or Thieaneabragscdnt@nimnimitnacide areembrame/selising and at
operating with the thinnest nenbrane th
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temperature and pressure as well as membrane properties such as membrane
thickness, material of construction, membrane pore size and membrane pore
geometry. The shape of the membrane housing of the membrane-containing

unit may also impact flow rate across the membrane.

[0027] The membrane-containing units may preferably be operated at or near

ambient temperatures although temperatures above or below ambient may be

employed.

[0028]  High flux or flow across the membrane can be achieved by operating
with the thinnest membrane that will maintain its physical integrity under the
operating 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 that



| ayer (or nmenbrane) may be supported on a
non-sel ective, highly porous nenbrane, to produce a
wo asnsnad7e7 st ruct ure. The sel ective nmenbrane | apeT/uUs®04/040087
preferably securely attached on top of the porous
menbrane material thatconstitutes a physical support.
The thin polyneric |ayer may range in thickness from
0.1 micron to 50 microns. [0029] The menbranes used in
the process of the present invention may be utilized
in the formof hollow fibersjgtubes, filnms, sheets,
etc. The process may conveniently be carried out in a
di ffusion cell. The cell is divided into conpartnents

by neans of one or nor nbranes. .The conpartnents, .
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[0030] In one enbodinent, the feed to a

menbrane-contai ning unit is maintai ned under .
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mai ntain the feed side under pressure
haiviehaedns\for tamoving the cpetenis dherefiode. The paddess may be carried
vacuum i s enpl oyed, the vacuum on the perneate side of
auteontinweushe ot hatchmisse bubprefierablysatd QntiugHy Manger.
wi t h hi gher vacuum | eading generally to increases in
flux, selectivity or both. H gher vacuum can be

BEOF 2. o Pl TR Bt nput e s
Mamtdiayd bedaasnditiasrafsedsiee sootithansubatantiatlgtadl of the acid is
in liquid phase. The permeate may be withdrawn in a vacuum, which is
generally maintained in the range of 2 to 150 mm Hg. However, the permeate
phase may also be withdrawn, i.e., as a vapor and subsequently condensed as in
pervaporation. It is preferred to maintain the feed side under pressure without

vacuum on the permeate side.

[0031] Ifa vacuum is employed, the vacuum on the permeate side of the
membrane can affect both selectivity and flux, with higher vacuum leading
generally to increases in flux, selectivity or both. Higher vacuum can be
tolerated at higher temperatures, or with a lower boiling point acid. In yet
another embodiment, a sweep gas may be passed across the membrane at a rate
sufficient to increase the permeation rate. Suitable sweep gases include carbon
dioxide, nitrogen, hydrogen, air, or low boiling hydrocarbons such as methane,

ethane or propane.



sufficient to increase the perneation rate. Suitable
sweep gases include carbon dioxide, nitrogen,

wymsosee; air, or | ow boiling hydrocarbons suptT/as2004/040087
net hane, ethane or propane.[0032] Alternatively, the
permeate side of the nenbrane may be swept by a liquid
perstraction solvent in which the perneate is soluble
and which is noncorrosive with respect to the
menbrane, at a rate sufficient to enhance the
pernmeation rate of the perneapl e conponent or
conponents through the nenbrane. Suitable perstraction
sol vents include higher nolecul ar wei ght paraffins,

r ic acids, and, conpressed S, e.g.. ethane
(032 Ene Altrmativsy.dbg pekapl St g meitans M DS svems by 2
N RLSGIBR SHRSF I AL R R RE'S SR 60 G s gon-
BrdsivewithQedsact Ty Ricaabmbrareasa enedufficikrt taeahanbenthe
to the present invention depend on several variables
peraieatibn gatemfithepernseabde eompanenstonsampenenisdhrough the
composi tion. term nation of apgr i at e _operati ng.
DO ARG rauitaDIGEPTSIAFeR 0V ARIs dhgjutly higheE malpculireneight
skilded in the.art. iical T t
PpITE) bty R sng S B e B S RABAR, Blfane,
! @ggeaxw SuitAB1L hetshaction SoRenfGiré thdseaviier ds rivft fohe
process include feed flow rates, absol ute nmenbrane
d4coxopiemiktuespeitiatny ef tlncbmpessts ef theopasie acidanixtare.
menbrane. [0034] Wth regard to materials of
construction, suitable nenbranes for the present

j ti conprise perf.l.uorinat [ 3

(5T 3PSl BhgrEn B LR g B ROEBlesPRTRVEASh depend

&h QM Rtal Jd?ﬁbief‘ériﬁblu B eRibraRd ﬁ%'éritﬁfn%ﬁthb@ dnld€feed

repl acement of hydroden atoms in an organi ¢ conmpound

&mpbsitioh NDef@xdamionbapropdatedpetiting afnditiénsnistwelhedithin
roup would be altered ther eb)é, such as in the

the capabilities of one skilled in the art. Some typical operating parameters for

perstractive processes of the present invention which may be controlled
according to the needs of the process include feed flow rates, absolute membrane

flux, feed temperature, and pressure drop across the membrane.

[0034] With regard to materials of construction, suitable membranes for the
present invention comprise perfluorinated ionomer membranes characterized by
the presence of active anionic groups. The term “perfluorinated” refers to the
replacement of hydrogen atoms in an organic compound by fluorine (except
where the identity of a functional group would be altered thereby, such as in the
case of per-fluoro-1-propanol). As used herein the term “perfluorinated ionomer
membrane” refers to an ion-exchange membrane prepared from a perfluorinated

ion-exchange polymer.



case of per-fluoro-1-propanol). As used herein the
term "perfluorinated i ononmer nenbrane” refers to an
w0 o0vsesaobrange nenbrane prepared from a perfl uorCTrasm®d4/040087
i on- exchange pol ymer.[0035] This class of ion exchange
polymers is characterized by the presence of anionic
groups attached to the polynmer chains that are
associated with protons and/or netal ions. The fornmer
exhibit acidic character while the latter show
saltlike character. The ani anpec groups form a
conti nuous or nearly continuous m crophase within the
pol yner natrix Exanpl es of active anionic groups are

D v sl B ORI B Facy 9520k Fipresence
S S flRbAPRARA RS twéﬁgl#%n\ég%ﬁﬁe%t%?% be kA lth protons

€ nmass 1 n yner

Atd/6r fretdnibiat THO Birthed @uhibad dcidic oharaeeeri whiletie lafter show salt-
base. The EWof poly (acrylic acid) is 64, which is

Ekerpharatter b enwinie guesipg Hornph opn‘snmmmmeaabr fgnntmuous
acid. The EWof co rcially vall Naf i on, r
wrppbm wirthiythe @ﬁ%%ma%ﬁ Bytlm%li?fl ¢ groups are
aII es 1, 800 For nore details
g i & nﬂ%%?’a{'\gg@goesgg\? %}8 Hsu and T. C. @ ercke,
"l on Transport and Clusters in Nafion (r)
Perfl uorinate Menbranes," J. Menbrane Science, 13
[00383] , T3R7codREntravinrcof arsonivgropps edrebe bxpressedhn units
reference for all purPoses to the exten

d@ﬂlgma’e@@ns‘ﬁéﬁ é@ﬂuiwlﬁn wRighpr whichtis dalia P%Ehe Iplewrlrl]grams of

BRdes ARt BRR e Vo REneyfifisfont et gt pase.
“i“l‘i@ %W%rfﬁ)%?}; gég?:;fy 1@5@%%"64 g’flﬁéﬁ is Smp} AxPHRN& uPar weight of the

eutr zat 1 on and the type of
fdnbRfer GBAJIRteacid. The EW of commercially available Nafion®, a

perfluorinated copolymer manufactured by DuPont, usually ranges between 950
to 1,800. For more details about this membrane see W. Y. Hsu and T. C.
Giercke, “Ion Transport and Clusters in Nafion ® Perfluorinate Membranes,”

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

invention.

[0037]  Polymer properties depend on the type of polymer backbone, the ionic
content, the type of ionic moiety (whether carboxylate, sulfonate, or
phosphonate, etc.), the degree of neutralization and the type of cation (amine,
metal, hydrogen, mono-valent, multi-valent). See Kirk-Othmer Encyclopedia of

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

[0038] A preferred membrane for use in the present process is identified in

the trade as Nafion®, which is a copolymer of perfluoroethylene and perfluoro-



net al , hydrogen, nono-valent, nulti-valent). See
Kirk- O hmer Encycl opedi a of Technol ogy (3rd Edition,
weupphsitent Vol une, pages 546-573). [0038] A ppef/es51084040087
menbrane for use in the present process is identified
in the trade as Nafion(r), which is a copol yner of
per fl uoroet hyl ene and perfl uorovinylether, the latter
component havi ng pendant sul fonic or carboxylic acid
groups. The structure of Nafion(r) is represented as
follows, in the case of a sulilfonated Nafion(r) inits
acidic form -FCF2CF2 ]CF2CF - [ OCF2CF1nTOCF2CF2SC3H
CF3 where m= 5 to 13.5; and n = 1,000; Equival ent

e o a0t haf PR e AP G BRI bt
SRBPEEThe dirdibrut SfNaYl?h@i HirepreSaRedal Al i e cask-of a

rane Science 1983)," 307 t enson,

sufopatddoNYfiba®Galits Adpdibrfeng: Devel opment Sur ges, ”
Cheni cal and Engi neering News, Mar. 15, 1982; Y.

Yamabe, " Perfl uori nated | ononer Menbr anes,

Ki r k- Ot hrer —grieVe(pehiGFaCten cal Technol ogy
(Suppl enent to 3rd Ed.)| John Wley & Sons, New York,

N.Y. (1984); and T. D._ . Gerke G d F. C
W son, "Morphol ogy ofl &gl’lf;l 5%&5@55&“1&@@6%:;1%
Product," pages 195-216 in Perfluorinated | ononer

Menbranes, edited by A Eise %erg and H L. Yaeger,

ACS Synposi um Series 180 (ACSI3Washington, D.C.
[1982]; S. J. Sondhei ner et aI Rev. Macronol. Chem

TR P3N PR (35 #I1 of v eh are
Equivalent Weight (EW) Ranges 950-1,800
Cation Exchange Capacity 1.05-0.55 meq/m

[0039] Nafion® membranes are documented in the literature. See Hsu and
Gierke, J. Membrane Science, 13 (1983), 307-326; S. C. Stenson, “Electrolytic
Cell Membrane Development Surges,” Chemical and Engineering News, Mar.
15,1982; Y. Yamabe, “Perfluorinated Ionomer Membranes,” Kirk-Othmer
Encyclopedia of Chemical Technology (Supplement to 3rd Ed.), John Wiley &
Sons, 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 Ionomer 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.



i ncorporated herein by reference for all purposes to
the extent that they are not inconsistent with the
w@e@seni727 nvent i on. [ 0040] Nafion(r) nenbranes BemUb®04/040087
symmetric or asymetric. Asymmetric Nafion(r)
menbranes are conprised of material which is processed
so as to produce two nenbrane sides having different
properties such as, for exanple, a layer of carboxylic
acid-containing resin in association with a | ayer of
sul foni c aci d-containing resiy. Mre preferred
Nafion(r) menbranes are Nafion(r) 1100 and Nafion(r)
800 mar ket ed by DuPont, Fluoropol yners, WI m ngton,

Del avvare.aﬁ10041] her preferred pol yneric nenbranes .
BURDRD| Safon® RMenFaBes om0 SAPTGHIG oty A Ao Afgmetric

e of polyvinyl alcohol VA) .. polyvinyl sulfate

b8 rafRbliies ire esiArione fiotieteriah St BlprnBtisebfias to
o . o t a ,

RBRPLALE ek e RELTR B ELUEERS sibidolt e, o
layélr Wrb@tﬂmwfcohtmﬁ?eemmﬂpa@smeiatmavitmatmyer of sulfonic
sulfuric acid to formsulfate groups. Therefore, the
avrddebanéning tresin aMdrequetesred N afion® Imembfants are Nafion® 1100
copol yner of vinyl sulfate and vinyl alcohol. The PVA
amehiNafoe®BHomerkesed by DnPeongiEuosopohyssets; WakmingtomdDelaware.

di i socycanate such as 1,4- diisocyanat ohexane.
Preferably the nmenbranes are made of crosslinked PVA,

q h , L e . S
1R o SR RRE b AR AP S BT R Bt

o] M t - - .
R e LA R
adend PV 8);landetierbxodnicsompdifrddViAasueh as PO/ A phosphate,
di i socyanat ooct ane, 1, 12-dii socyanat i)iﬂodecane,

arsenatesekemats, telsatey nitidn basate apddhe like. When a P{’./g membrane
i e RS Rk NS PR R i i
forRCdiifife Bfoupl® Therefore, the membrane material becomes polyvinyl
sulfate or a copolymer of vinyl sulfate and vinyl alcohol. The PVA membrane
before use is preferably crosslinked using a diisocycanate such as 1,4-
diisocyanatohexane. Preferably the membranes are made of crosslinked PVA,
PVS and other oxoanion modified PVAs. Crosslinking enhances the mechanical
and structural stability of the membrane and may also influence both selectivity
and flux characteristics. Other suitable crosslinking agents include 1,4-
diisocyanatobutane, 1,8- diisocyanatooctane, 1,12-diisocyanatododecane, 1,5-
diisocyanato-2-methyl pentane, and 4,4'-diisocyanato-diphenylmethane.
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.



type of crosslinking agents being used. In addition to
poly (vinyl sulfate), other possible nenbrane
wormiosnsabs can be poly (vinyl phosphate) and/ opCDUSZBD4/040087
vi nyl groups which may have affinity to sulfuric
acid.[0042] In addition to the formation of
pol yvi nyl sul fate (PVS) fromthe reaction of polyvinyl
al cohol with sulfuric acid, other inorganic oxoanion
nodi fi ed pol ymer nmenbranes may be used. They i ncl ude
pol yvi nyl phosphat e nmenbr anessimade from PVA nmenbranes
according to the followng reaction: + 2 H3BPO4 n ,\ +
2 2OY / HO O[0043] In addition to the phosphate

Ao e S AT
B L YL, PR E1 ohEBEN. omin

I‘h@ 1ﬂérd6ﬁ(ﬁ ymkP iEsbrah&h i ®en@ad! They @ﬁclﬁ@é Blgﬁrlrisﬂqmosphate
uric acids wth PVA may al so be used.

ﬁamiblnzmssuadeaﬁbm P¥éAbmambramesfascomding to the tlDWgngmactlon

with boric acid, as shown below. + 2 H3BO3 n+ 2 H2O B

B

+ 2H3PO4 <=—=
OH HO HO HO

n

+ 2 HyO

o O
\P/
AN

/\O HO/\O

[0043] In addition to the phosphate, one can also use arsenate, antimonate, or

bismuthate to form polyvinyl arsenate, polyvinyl antimonate, and polyvinyl
bismuthate, respectively. Chalcogenic oxides, such as polyvinyl selenate and

polyvinyl tellurate, formed from the reaction of selenic and telluric acids with

PVA may also be used.

[0044]  Another suitable membrane is formed by reacting PVA with boric

acid, as shown below.

+ 2H3BO3 =—=

OH HO HO HO
n



n HO HO [ 0045] Beyond the formation of PVA or oxoanion
nodi fi ed PVA, one can al so envision the use of other
w@olognsi7ezed al cohol s and their oxoani on nodi fP@€TUS2004/040087
conmpounds, referred herein as oxoani on nodified
pol ymeri zed al cohol s. Exanpl es of suitable polynerized
al cohol s i ncl ude pol ypropyl al cohol, polybutyl
al cohol, and the like. These structures al so nay
i ncl ude polynerized al cohol copol yners, polynerized
terpol yners, oxoanion nodifiggl pol ynerized al coho
copol yners, oxoani on nodified polynerized al coho
terpolynmers and the like. These too would formthe
correspondi ng nodi fied pol yners. [0046] The feed to
t he nenbrane-containing unit is processed by the
id perneate and a
hydr ocarbon rijc i hydr ocar bon | ean
acid perneate fresh acid feed
to the extrac hydr ocanbon. Qilqg()aci d
retentate my ]2 kﬁg}lo thhe separdtion zone
or may be treated tg separatg”hydrogarbon and spent
acid. [0047] "Ahe ocess of /.The inyention is further
exenplified acquﬁTng to Ffgures 1 and 2. In Figure 1,
hydr ocarbon feed in |line and fresh acid in line 12
are conbined in extractor 14. The hydrocarbon/acid
m xture is then conducted fromextractor 14 through
10046] 16 Bayosdthe farimationsrfd \pA orjaxogeisarmodidieddhéA2gne can

OB R AR PTG it
SR TSR e AL RPN R DAL

Examples of suitable polymerized alcohols include polypropyl alcohol,

polybutyl alcohol, and the like. These structures also may include polymerized
alcohol copolymers, polymerized terpolymers, oxoanion modified polymerized
alcohol copolymers, oxoanion modified polymerized alcohol terpolymers and

the like. These too would form the corresponding modified polymers.

[0046] The feed to the membrane-containing unit is processed by the
membrane into a hydrocarbon lean acid permeate and a hydrocarbon rich acid
retentate. The hydrocarbon lean acid permeate is then recycled to the fresh acid
feed to the extraction zone. The hydrocarbon rich acid retentate may then be
recycled to the separation zone or may be treated to separate hydrocarbon and

spent acid.

[0047] The process of the invention is further exemplified according to
Figures 1 and 2. In Figure 1, hydrocarbon feed in line 10 and fresh acid in line
12 are combined in extractor 14. The hydrocarbon/acid mixture is then

conducted from extractor 14 through line 16 to separation zone 20. In separation



containing unit 30. The spent acid is contacted with
menbrane 32 to forma hydrocarbon (ASO rich acid

WO edosnsa@be i n conpartnent 34 and a hydr ocar bonpdBES2004/040087
acid perneate in conpartnment 36. The hydrocarbon | ean
acid perneate is conducted through line 42 where it is
recycled as acid feed to extractor 14. Hydrocarbon
rich acid retentate is renmoved from 34 through line
44. The hydrocarbon rich retentate in line 44 or at
| east a portion thereof can Khe.recycled to settler 20
through line 46. In the alternative, hydrocarbon rich
retentate in line 44 or at |east a portion thereof nay

amsodin s By drochonical ik i inseoaaied W mFveeniienn o
oot TS S )
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extractor 104 through line 106 to separation zone 200.
tontsimireg anit 30. Adrespeoacid iecontactod avidomeadiraned X to faym a

bybcRbond ASEALFIEhAG gHEn I T basRRe 38 Babadydigarbon
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esh acid feed in line 102 through Iine 206. The
Hydrdcaasordritls acidnttentate ismenfovedrfoomris thocugholifiods The

hydrocarbon (ASO rich acid retentate in orrpa}_rtrr%nt
Bpdrogaoa righdietadatbon ling 4 oAt deasta POEHQN ﬁwreo can be recycled
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serves to illustrate the invention. Exanple 1:

[0048]  Another embodiment of the present process is shown in Figure 2. In
Figure 2, hydrocarbon feed in line 100 and fresh acid in line 102 are combined in
extractor 104. The hydrocarbon/acid mixture is then conducted from extractor
104 through line 106 to separation zone 200. In separation zone 200, the
hydrocarbon/acid mixture is separated into nitrogen lean hydrocarbon product
that is removed through line 202. Spent aqueous acid containing ASO is
removed through line 204 and conducted to membrane containing unit 300. At
least a portion of the spent acid in line 204 may be recycled to fresh acid feed in
line 102 through line 206. The spent acid is contacted with membrane 302 to
form a hydrocarbon (ASO) rich acid retentate in compartment 304 and a
hydrocarbon lean acid permeate in compartment 306. Hydrocarbon lean acid
permeate is sent to extractor 104 through line 402. Hydrocarbon rich retentate in

line 404 may be sent to acid regeneration.



[0050] A poly (vinyl alcohol) [PVA] nenbrane is forned
using the follow ng nethod. PVA pol yner was di ssol ved

w0 2005036507 sol uti on of di et hyl sul f oxi de ( DMSO) P@IUS2004/040087
di met hyl f ormam de (DMF). This solution is mxed with a
sol uti on of hexanet hyl di i socyanate in 50/50 sol ution of
DVSO and DMF. A thin layer of this conbined solution
is coated on top of a 0.2 mcron Gore-Tex substrate
using a casting knife. The coated material is next
crosslinked at roomtenperatyge and than at 1300C for
5 hours. [0051] The crosslinked PVA nenbrane was used
for evaluating sulfuric acid regeneration from

DSl T8RS faineSor-Lighee Snen <dies Rufiys e BE ibveniion
performance eval uati on was acconplished using the

procedure and equi prent shown in Figure 3. The spent
al kyl ation acid is conducted fromfeed vessel 10

Ek\glﬁ@ﬂ ine 12 to punp 14. Pressurized spent acid is
conducted frompunp 14 through line 16 to heat

exchanger 20. Heat exchanger 20 is connected in a |oop
R TR N N R
(MR RGRRLC S DR chid B STSDLIBRRSY,
BhetiRALNES i@e (DMSOPhh& dirfiethy fofiRmidOEDMESS THis solution is
coll ected through Iine 38 in perneate test cell 40.
Reteehwith e solutiorcofipexanmehyldidodyanatedpd0és0 seintiagief DMEO
ol e o i S B RAR R 2
45888 o s P, EO PR BBl
ARSI el % Ko Dpa SRR p Lo e BT 112

(2025 cnR) surface area; effective nenbrane

[0051]  The crosslinked PVA membrane was used for evaluating sulfuric acid
regeneration from alkylation spent acid, which contains water and acid soluble
oil (ASO) in addition to acid. Membrane performance evaluation was
accomplished using the procedure and equipment shown in Figure 3. The spent
alkylation acid is conducted from feed vessel 10 through line 12 to pump 14.
Pressurized spent acid is conducted from pump 14 through line 16 to heat
exchanger 20. Heat exchanger 20 is connected in a loop to chiller 24 through
lines 22 and 26 to achieve temperature control. Spent acid from heat exchanger
20 is then conducted through line 28 to membrane test cell 30 containing
membrane 32 and compartments 34 and 36. Permeate that collects in
compartment 36 is collected through line 38 in permeate test cell 40. Retentate
from compartment 34 is recycled through line 42, back pressure regulator 44 and

line 46 to feed vessel 10. The test parameters are as follows: Feed vessel - 3000

ml; pump rate - up to 1 gal/min (0.063 I/sec) with a 0.63 gal/min (0.040 I/sec)



surface area in use - 24 in2 (155 cnR) ; and maxi mum
operating pressure of test cell - 1000 psig (6996
woBRap/05q70052] PVA nenbrane once exposed t o sul POT/U82004/040087

acid converts to poly (vinyl sulfate) [PVS] naterial.
The PVS nenbrane performance is presented in Figures
4, 5 and 6. Figure 4 presents the nenbrane flux with
time. Figure 5 and 6 present ASO concentrations in
feed and perneate streans, respectively. Perneate
stream had about 50% | ower cogcentrati on of ASO
indicating that the nmenbrane is rejecting 50% of the
ASO. These characteristics of a nmenbrane can be used
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iy ficeasDRnusteet M (D5 e Neaml magimumroperating pressure of test
zone to produce an acid treated hydrocarbon m xture,
a@dindL@A0 psig(629G@EPa). t r eat ed hydrocarbon mixture to a
separation zone and separating the acid treated
hydrocarbon m xture into a nitrogen | ean hydrocarbon
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Eigupard, feantd 6.aRiguse hairtsonts theprembeenerfiux withrtime ofegure 5 and
rich hydrocarbon/acid m xture thr ou%h t he menbrane
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can be used for evaluating membranes for sulfuric acid regeneration.



3. The process of any preceding claimwherein the
extraction zone is a fiber filmcontactor. 4. The
w@emsesE2Df any precedi ng clai mwherein the separ/asi00£040087
zone is a settler. 5. The process of any preceding
claimwherein the settler includes a coal escing
nmedi a. 6. The process of any preceding clai mwherein
t he nenbrane conprises a perfluorinated iononer
menbrane. 7. The process of any preceding claim
wherein the perfluorinated iQponer nenbrane contains
active anionic groups. 8. The process of any preceding
cl ai mwherein the perfluorinated i onomer nmenbrane is a

r of perfluoroethyl ene and
¢l Mgeownylether 9. The process of any preceding
cl aimwherein the nenbranes are nmade of at | east one
of pof yvi nyl ' . ' .
ool 7L DXL EStL Rl iRl S BEd B 980) Bianing

o ges costafliAhes WHIEIR tompFSe? X @ihg the MyasRhdbéh feed with a
arsénate, selenate, tellurate, nitrate or "borate.

mhmrpiramésrsaméxmgthmr aedd rpgod:tll- an adié nmateddtydreearboa
portion of the hydrocarbon rich acid retentate is

raastg@d CoRluESEp APHL eicd bﬁ@oc&@onm@tpﬁed@@s%ep@fatwone

I ast por.tjon qf t
HieaalP et ol e FuflosafdR uBuBEable T progsh Tean
I%rb@a%bﬂ 4nd @'titro gsn n'm ﬁgﬂfd&%ﬁﬁﬁﬂﬁm HXnRe e&ﬁﬂiu@ﬂné the
cl ai m wherei n the hydrocarbon 1 ean acid perneate
masged rich hydseaosh/as dimianereto atfasnédrgpartiment of a membrane-
containing unit, said unit further comprising a membrane and a second
compartment, and selectively permeating the nitrogen rich hydrocarbon/acid
mixture through the membrane into a hydrocarbon lean acid permeate in the

second compartment and a hydrocarbon rich acid retentate in the first

compartment.
2. The process of claim 1 wherein the mineral acid is sulfuric acid.
3. The process of any preceding claim wherein the extraction zone is

a fiber film contactor.

4. The process of any preceding claim wherein the separation zone is
a settler.
5. The process of any preceding claim wherein the settler includes a

coalescing media.



14. The process of any preceding claimwherein at
| east a portion of the hydrocarbon rich acid retentate
WO s0osegEeer at ed. PCT/US2004/040087
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6. The process of any preceding claim wherein the membrane

comprises a perfluorinated ionomer membrane.

7. The process of any preceding claim wherein the perfluorinated

ionomer membrane contains active anionic groups.

8. The process of any preceding claim wherein the perfluorinated

ionomer membrane is a copolymer of perfluoroethylene and perfluorovinylether.

9. The process of any preceding claim wherein the membranes are
made of at least one of polyvinyl alcohol, polyvinyl sulfate and oxoanion

modified polyvinyl alcohol.

10.  The process of any preceding claim wherein the oxoanion is

phosphate, arsenate, selenate, tellurate, nitrate or borate.

11.  The process of any preceding claim wherein at least a portion of

the hydrocarbon rich acid retentate is passed to the separation zone.

12.  The process of any preceding claim wherein at least a portion of

the hydrocarbon lean acid permeate is passed to the extraction zone.

13.  The process of any preceding claim wherein the hydrocarbon lean

acid permeate is passed to a second membrane containing unit.

14.  The process of any preceding claim wherein at least a portion of

the hydrocarbon rich acid retentate is regenerated.



