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The invention relates to a nethod for desul furizing naphtha boili rfoy 08N
hydr ocar bons such as cracked naphtha. Mre particularly, the invention
relates to hydrotreating the naphtha under sel ective hydrotreating
-conditions, and then renoving nercaptans fromthe hydrotreater effl uent
using a caustic extractant. BACKGROUND OF THE | NVENTI ON 100021 Napht ha
streans are primary petroleumrefinery products. These streans are bl ended
to makeup what is referred to in the industry as the "gasoline pool”. One
probl em associ at ed WNAPSICHAS DEUE F URIEATION MEJIEOIRPht ha streams whi ch
are products of a cracking process, such as Ui di zed catal ytic cracking and
coking, is that they contain relatively high levels of undesirable sulfur.
They al IAHIMOF THRINVENTPOR | ns which contribute to the octane nunber of
the resulfting gasoltne pool, and thus it is highly desirable not to
saturate themto | ower octane paraffins during processing. There is a
continuing need therefore, for hydrodesul furization catalysts and processes
for desl@40l]i zi dgenapentinn fedatds &2 p szathod fbil desudfvrzmyg naphthe boldéepraigef i n
saturation at m ni pum 100031 rodesul furization that preserve ol efins
whil e rbﬁam%ég%ﬂ fuph %?rgack?(gﬁ%}g%g?-yg/fgﬁmwlfiQYa edBVeRion Elalratot r eat i ng
process i I i R t tin -porti of the
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hydr odesul furi zati on processes curtail reversion nercaptan fornmation
through, e.g. inter-stage H2S separation, some reversion nercaptans nay
remai n. BA : N QO THEINVENTUPNspeci fications for gasoline may
require still lower Z 5 OCT 2005

[0002] Naphtha streams are primary petroleum refinery products. These streams
are blended to makeup what 1s referred to in the industry as the "gasoline pool”.
One problem associated with such streams, especially those naphtha streams which
are products of a cracking process, such as fluidized catalytic cracking and coking,
is that they contain relatively high levels of undesirable sulfur. They also contain
valuable olefins which contribute to the octane number of the resulting gasoline
pool, and thus it is highly desirable not to saturate them to lower octane paraffins
during processing. There 1s a continuing need therefore, for hydrodesulfurization
catalysts and processes for desulfurizing naphtha feed streams, while attempting to

keep olefin saturation at a minimum.

[0003] Hydrodesulfurization that preserve olefins while removing sulfur are
frequently referred to as selective hydrotreating processes. Undesirably, in
selective hydrotreating a portion of the preserved olefins reacts with H,S to form
mercaptans. Such mercaptans are referred to as reversion mercaptans to distinguish
them from the mercaptans found in the feed to the hydrodesulfurizer. Even though
two-stage hydrodesulfurization processes curtail reversion mercaptan formation
through, e.g. inter-stage H;S separation, some reversion mercaptans may remain.

Increasingly stringent sulfur specifications for gasoline may require still Jower



-2 levels of nercaptans, including reversion nercaptans, to neet product
specifications. 10004] Mercaptans nmay be renoved from naphtha with
conventional aqueous treatnent nethods. In one conventional netﬁbapﬁiﬁ®5
napht ha contacts an aqueous treatnent solution containing an al kali netal
hydr oxi de. The naphtha contacts the treatnent solution, and nercaptans are
extracted fromthe naphtha to the treatnent solution where they form

nmer capti de species. The naphtha and the treatnment solution are then
separated, and a treated naphtha is coducted away fromthe process.

Inti mate contacti ng between the napht ha and agueous phase | eads to nore
efficient transfer of the nercaptans fromthe naphtha to the aqueous phase,
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di scont i gyeeiffcatd@gkons (al so referred to as "dispersion”) of treatment
solution'in the naphtha. Wiile the snmall aqueous regions provide sufficient
surface area for efficient nercaptan transfer, they adversely affect the
subsequent naphtha separation step and may be undesirably entrained in the
treat ed [08PHt ha MeBBPBMSENEY bE eamor o feoan naghthayw bk cpnwenttdl wiqueorseduced
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| arge surface area to the naphtha w thout substantial dispersion or the

aqueous sohatsen ivhetdeheyafohinhacrdpede speciehe Thermmphilerandthedtaemeht nuous
regilons of aqueous treatnment solution is not elimnated, particularly in
cont i nuc@duiroaEsiden sepdapdr apd@sreated naphtha is conducted away from the

process. Intimate contacting between the naphtha and aqueous phase leads to more
efficient transfer of the mercaptans from the naphtha to the aqueous phase,
particularly for mercaptans having a molecular wcight higher than about C,. Such
intimate contacting often results in the formation of small discontinuous regions
(also referred to as "dispersion") of treatment solution in the naphtha. While the
small aqueous regions provide sufficient surface area for efficient mercaptan
transfer, they adversely affect the subsequent naphtha separation step and may be

undesirably entrained in the treated naphtha.

[0005] Efficient contacting may be provided with reduced aqueous phase
entrainment by employing contacting methods that employ little or no agitation.
One such contacting method employs a mass transfer apparatus comprising
substantially continuous elongate fibers mounted in a shroud. The fibers are
selected to meet two criteria. The fibers are preferentially wetted by the treatrnent
solution, and consequently present a large surface area to the naphtha without
substantial dispersion or the aqueous phase in the naphtha. Even so, the formation
of discontinuous regions of aqueous treatment solution is not eliminated,

particularly in continuous processes.



-3 100061 In another conventional nethod, the aqueous treatnent solution is
prepared by form ng two aqueous phases. The first agueous phase 2??%@?1“5

al kyl phenol s, such as cresols (in the formof the alkali netal s and

al kali metal hydroxide, and the second aqueous phase contains al kali netal
hydr oxi de. Upon contacting the hydrocarbon to be treated, nercaptans
contained in hydrocarbon are renoved fromthe hydrocarbon to the first
phase, which has a | ower nmass density than the second aqueous phase.

Undesi rabl e aqueous phase entrai nnent i3s also present in this nmethod, and

i s made worse when enpl oyi ng higher viscosity treatnent solutions

contai ning higher alkali netal hydroxide concentration. 100071 There remains
a need, therefore, for inproved naphtha desul furization processes capable
of efficiently removing sul fur, particularly nercaptan sul fur, wthout
undue aquROEP CQHta@fﬁS‘tlﬁ@tdcﬁﬂreﬁﬁoﬁéﬁnéthgét@l@ dﬁ%@ﬂﬁ@ﬁeaﬁ%@fut@&n KHE | NVENTI ON
100081 I n an enbodi nent, the invention relates to a naphtha desul furization
met hod, pmppredsbylgomﬁmg te@d@EDLUR hasaulﬁhﬁﬁmoaqmonsr;g]asambhﬁanwth hydr ogen
in the presence of a catal tlcally effective anmount of a hydrotreating

cat al ystalkﬁh?énenotSasmly@as @reﬁybr(m tlxaﬁmwﬁfbﬁ@ﬂkalbmtalcsaﬁa»raﬁ%alkah metal

hydr odesul f ur i 8 ht ha; cont ctl t.he ﬂ%ﬁrodzag{furlgfd aphtha with
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sul f onat ed cobalt pht hal ocyani ne, and
than the second aqueous phase. Undesn'able aqueous phase entramment is also
present in this method, and is made worse when employing higher viscosity

treatment solutions containing higher alkali metal hydroxide concentration.
[00067] There remains a need, therefore, for improved naphtha desulfurization

processes capable of efficiently removing sulfur, particularly mercaptan sulfur,

without undue aqueous contamination of the treated naphtha.

SUMMARY OF THE INVENTION

[0008] In an embodiment, the invention relates to a naphtha desulfurization
method, comprising:

(a) contacting a sulfur-containing naphtha with hydrogen in the
presence of a catalytically effective amount of a hydrotreating catalyst under
catalvtic hydrotreating conditions to form a hydrodesulfurized naphtha;

(b) contacting the hydrodesulfurized naphtha with a first phase of a
treatment composition containing water, alkali metal hydroxide, cobalt
phthalocyanine sulfonate, and alkylphenols and having at least two phases,

(i) the first phase containing dissolved alkali metal
alkylphenylate, dissolved alkali metal hydroxide, water, and

dissolved sulfonated cobalt phthalocyanine, and



(i1) the second phase containing water and dissolved al kali netal

hydr oxi de; (c) extracting nercaptan sulfur fromthe hydrodesul furized
naphtha to the first phase; and (d) separating an upgraded naphthéfh&&ﬁ?ﬂﬁ

| ess nercaptan sulfur than the hydrodesul furized naphtha. [00091 In a
preferred enbodi nent, the process is a continuous process further

conpri sing conducting an oxidi zi ng anount oxygen and the first phase
containing nercaptan sulfur to an oxidizing region and oxidi zing the
mercaptan sulfur to disulfides, separéting the disulfides fromthe first
phase; and then conducting the first phase to step (b) for re-use.
Preferably, the contacting of step (b) is conducted in the absence of added

oxygen, i.e., under sub i robi.c L A 0 .anot her an
enbodi ment, the i nventi@ﬁ(ﬂraléeIsgltltden),é1 @g‘l%g Cﬁglhari?@%mg %ggﬁﬁtﬂirlgs%g\;?dé%&%t hod.
conprising: (a) cont actlin@gﬂ@lyg%jigé--cont ai ni ng naphtha with hydrogen in the
presence of a catalytically’effective anount of a hydrotreating catal yst
under catal ytic higdeetracdig ngreapsh buldmsirom fherliwdrobydnfidesd furi zed

napht ha; (b) contacting the hydrodesul furized naphtha with an extractant
conposi ti on, NapbEkE 1@ the)firshehaset ardt ant is substantially imriscible with its
anal ogous aqueous, al kal i .netal hydroxide,, and (ii) the extractant contains
tnter "t ssol ved dORSFROTHDG D Bl RARItE Bl Werantary oA

hydr oxi de, and di alt phthal ocyanine; (c) extracting
mer capt an sul fur ?rﬁgwtaﬂ%d%ymlgggésﬁ??}&?@zed naphtha to the extractant; and
25Cct 2005

[0009] In a preferred embodiment, the process is a continuous process further
comprising conducting an oxidizing amount oxygen and the first phase containing
mercaptan sulfur to an oxidizing region and oxidizing the mercaptan sulfur to
disulfides, separating the disulfides from the first phase; and then conducting the
first phase to step (b) for re-use. Preferably, the contacting of step (b) 1s conducted

in the absence of added oxygen, i.e., under substantially anaerobic conditions.

]0010] In another an embodiment, the invention relates to a naphtha
desulfurization method, comprising:
(a) contacting a sulfur-containing naphtha with hydrogen in the presence of
a catalytically effective amount of a hydrotreating catalyst under catalytic
hydrotreating conditions to form a hydrodesulfurized naphtha;
(b) contacting the hydrodesulfurized naphtha with an extractant
composition, wherein
(i) the extractant is substantially immiscible with its analogous
aqueous alkali metal hydroxide, and
(ii) the extractant contains water, dissolved alkali metal
alkylphenylate, dissolved alkali metal hydroxide, and dissolved
sulfonated cobalt phthalocyanine;

(¢) extracting mercaptan sulfur from the hydrodesulfurized naphtha to the

extractant; and



-5 (d) separating an upgraded naphtha having | ess nercaptan sul fur than the
hydr odesul furi zed naphtha. [00111 In a preferred enbodi nent, the proce ﬁ IS
a continuous process further conprising conducting an oxidizingZéh%&hﬁ]%f
oxygen or sone ot her oxygen- containing gas and the extractant containing
mercaptan sulfur to an oxidizing region and oxidizing the nmercaptan sul fur
to disulfides, separating the disulfides fromthe extractant; and then
conducting the extractant to step (b) for re-use. Preferably, the
contacting of step (b) is conducted insthe absence of added oxygen, i.e.,
under substantially anaerobic conditions. BRI EF DESCRI PTI ON OF THE DRAW NGS
100121 Figure 1 shows a schematic flow diagram for one enbodi nent. 10013]

Fi 2 sh hemat i h di f. t er - KOH: pot [ | Kyl
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Napht hahﬁ%' LAY APEE nyAgcar bons may contain sul fur conpounds such as
nmer capt ans, aronaﬁ}c ﬁlg?e{rhobycl i ¢ conpounds, and disulfides, and at |east a

portion of such sul fur conpounds are renoved or converted prior to bl ending
the naphtha with other conponents to forma gasoline suitable for use as a
fuel . ReVHEI velmapuefesredfentudisieht.the poogess s cdeprmehioproaesufdrtrer of
factors, but. .aromatic. heterocyclic sulfur conpounds tend to be present in
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severe of reatin nditions. have.been conventjonally specified for
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a | arge p&bangd [ - atr I cesses,
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from the extractant; and then conducting the extractant to step (b) for re-use.

Preferably, the contacting of step (b) is conducted in the absence of added oxygen,

1.e., under substantially anaerobic conditions.

BRIEF DESCRIPTION OF TEE DRAWINGS

i0012]  Figure 1 shows a schematic flow diagram for one embodiment.

[0013])  Figure 2 shows a schematic phase diagram for a water-KOH-potassium

alkyl phenylate treatment solution.

DETAILED DESCRIPTION OF THE INVENTION

[0014) Naphtha boiling range hydrocarbons may contain sulfur compounds such
as mercaptans, aromatic heterocyclic compounds, and disulfides, and at least a
portion of such sulfur compounds are removed or converted prior to blending the
naphtha with other components to form a gasoline suitable for use as a fuel.
Relative amounts of the sulfur compounds depend on a number of factors, but
aromatic heterocyclic sulfur compounds tend to be present in undesirable amounts,
particularly in the heavier naphtha fractions. While severe hydrotreating conditions

have been conventionally specified for naphtha hydrodesulfurization, such



relatively low sul fur renoval efficiencies, since the aromatic heterocyclic
sul fur conpounds have adsorptive properties simlar to the aromatic
conpounds in the hydrocarbon matrix. [00I51 In order to prevent GﬁdﬂézmS
octane nunber |oss, a hydrotreating step operated at very mld conditions
of tenperature, pressure and feed rate may be enployed to curtail olefin
saturation. Such hydrotreating is referred to as selective hydrotreating.
However, when sel ective hydrotreating is enployed, even though 90% or nore
of the aromatic heterocyclic sul fur coffpounds are renoved, the anount of
mer capt ans present in the hydrotreated naphtha product nmay remain the sane
or even increase. Wiile not wishing to be bound, it is believed that the

some  of chditiBhehdisreRi RIS RVEH e RAkite MihBeFBehdIR thenbydigid easRr to form

reversion (also called reconbinant) mercaptans.” Unfortunately, these

rever si ohydrotreatagiprocesses, meed aphandstermytiveaolinaincpadprdi@ysngpheaul ar wei ght s
hi gher than about C4 or C5, or_both, which nake themdifficult to renove

f r om t hereiytivaly dewt edfunapmional efdicoensees, Binceshe enenanahetmsotiods. sylfo161 The
invention relates in rt to the di.scavery that aqueous treatnent solutions
usef ul | {RMPRKBSS AV e S0ERY BhPEAREF S f‘rlF’B[ﬂrﬁ%’?%? HICHRPRERAGS 1n the

particul,ayr | ectively hydrotreated naphtha, may be forned from water,
di ssol ve}gyérélcﬁlgﬂn xﬁ}gfr% hydr oxi de, di ssol ved sul fonated cobalt

pht hal ocyani ne, and di ssol ved alkali netal alkyl phenylate. Wile not

wi shing to be bound by any theory or nodel, it is believed that the
presence 005 ul flarmtediccpleabht pithiradasyanumber todshe hytlr@adatiengt stepl ut i on

| owers the interfacial_ energy between the aqueous treatnent solution and
t he napheperatoghatomre ankheerditings phpirapeisiiespsswesmd feed raiesmandenuous
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al 1 ows  hydrotreating. However, when selective hydrotreating is employed, even though

90% or more of the aromatic heterocyclic sulfur compounds are removed, the

amount of mercaptans present in the hydrotreated naphtha product may remain the

same or even increase. While not wishing to be bound, it is believed that the some

of the olefins preserved react with H,S in the hydrotreater to form reversion (aiso

called recombinant) mercaptans. Unfortunately, these reversion or recombinant

mercaptans may be branched, have molecular weights higher than about C, or Cs,

or both, which make them difficult to remove from the hydrotreated naphtha

product by conventional methods.

[0016] The invention relates in part to the discovery that agueous treatment
solutions useful for removing mercaptan sulfur from hydrotreated naphtha,
particularly selectively hydrotreated naphtha, may be formed from water, dissolved
alkali metal hydroxide, dissolved sulfonated cobalt phthalocyanine, and dissolved
alkali metal alkylphenylate. While not wishing to be bound by any theory or
model, it is believed that the presence of sulfonated cobalt phthalocyanine in the
treatment solution lowers the interfacial energy between the aqueous treatment
solution and the naphtha, which enhances the rapid coalescence of the

discontinuous aqueous regions in the naphtha thereby enabling more effective



the use of high hydroxi de concentration treatnent solutions, which have

hi gher extractant power for C4, C5, and hi gher nol ecul ar wei ght fgrg?g&ﬁns
(such as reversion nercaptans) than conventional treatnent sol ut @

10017] Thus, the reduction in mercaptan reversion achieved by two stage
processes, i.e., selective hydrotreating foll owed by nercaptan extraction,
produces a naphtha product useful in form ng gasoline both |ow total sulfur
and nmercaptan sul fur, while preserving the ol efins val uable for octane
nunber. At technologically inportant deep desul furization |evels, e.g.,
90-100 wt. % feed sul fur renoval, particularly with relatively high sulfur
content naphtha feeds (e.g., >1000-7000 wppmsulfur), the contribution of
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50 vol . %erfratthat powenforol,, @ehhdhighee sesibcilar eggHtanerdaptangt(ghdiegs [0018] In
one enbodinent, the invention relates to a continuous process for

hydr ot r esgVenigjon mersaptas Afdntdoayereonaitragtmbet sifions.cont ent of t he
hydrotreated naphtha product by the extraction of the acidic species such
as nercaptans fromthe naphtha to an extractant portion of an agueous

treat men uti r ubsi st as_ner.captides, and then
separat i 090%2' t regﬁ%gg@ﬁég%@@mgﬁﬂ’gﬁgmgﬁfﬁ rglé)&luacczl V5 %B@%ﬁ%ﬁs fromthe
extract apfoReéds, 0B WhiekBvE U ERIHdRG (HNIEREIBRIME | | BEERlcekn the
treated gaopht has. V\ﬁenet h\é e>5<}t ractai o% fiE)s cgﬁ)?’i nr}uf)gua??drf%(et?@{@é ti one(b)f t he
mer capt ansiaphiya priodubiyabedt I igafoedimnagitohiae thoth hew tebel saldhamtid pwrtdpmi s
preferably conducted under anaerobic conditions, i.e., in the substantial
absence &l furd ol opaggenying theaolslins glnahle ©r agéaneaumber thtdeploralpgicaly t he

e e OB B SHIEE ST Y X565 3% 785 WIRL Sl or capt i des
particularly with relatively high sulfur content naphtha feeds (e.g., >1000-7000
wppm sulfur), the contribution of sulfur from reversion mercaptans to the total
sulfur, can be significant. Therefore, the control of mercaptan formation is
necessary to reach sulfur levels of less than about150 wppm, especially less than
about 30 wppm. Further, at least 40, preferably at least 45, and more preferably at

least 50 vol.% of the amount of olefins present in the feed is retained.

[6018] In one embodiment, the invention relates to a continuous process for
hydrotreating a naphtha and then reducing the sulfur content of the hydrotreated
naphtha product by the extraction of the acidic species such as mercaptans from the
naphtha to an extractant portion of an aqueous treatment solution where the
mercaptans subsist as mercaptides, and then separating a treated naphtha
substantially reduced in mercaptans from the extractant portion while curtailing
treatment solution entrainment in the treated naphtha. When the extraction 1s
continuous, the extraction of the mercaptans from the hydrotreated naphtha to the
extractant portion is preferably conducted under anaerobic conditions, i.e., in the
substantial absence of added oxygen. In a subsequent stage, at Jeast a portion of the

treatment solution is conducted to an oxidizing stage where the mercaptides are



convened to disulfides, which are water-insoluble. Follow ng separation of
the disulfides, the extractant portion is returned to the treat g
conposition for re-use. The extractant portion follow ng disulfrgg 0CT 2005
separation is referred to as a regenerated extractant. In other

enbodi nents, one or nore of the following may also be incorporated into the
process: (i) stripping away the nercaptides fromthe treatnent solution by
e.g., steamstripping, (ii) polishing the treatnment solution prior to
re-use. A catalytically effective anouBit of sul fonated cobalt phthal ocyani ne
may be enployed as a catal yst when the catal ytic oxidation of the
nmercaptides is included in the process. 100191 The treatnent solution may

be PrepaiideR¥d 40 aRIiAc Alitieh rdRafr inbUALRX! APHow iR L AFRRIP of g1 T onat ed

cobal t pthal ocyani ne, and water. e anounts e constituents may be
regul at efisslfidehate Rerat a@@boRiin Baktirhedid MeBedtwent S ftdrafdriteluwl sci bl e
phases, i.e., a | ess dense, honpbgeneous, top phase of i ssol ved al kal i
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anount (.e.d. Q.wt. % in excess of the solubility limt), as a buffer, for
exanpl e.m?/@gﬁr%ﬁ%lli’tf)et(y?ﬁéﬁ(fesgol ution contains both top and bottom phases,

the top pha [ | Wi & t tract ant
phase. The tog A | ot ML S b 0 B
i mm sci Bteam Brggpingi briumin a tenperature ranging fromabout 80F to about
150F and a pressure range of about anbient (zero psig) to about 200 psig.
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employed as a catalyst when the catalytic oxidation of the mercaptides is included

n the process.

[0019]  The treatment solution may be prepared by combining alkali metal
hydroxide, alkylphenols, sulfonated cobalt pthalocyanine, and water. The amounts
of the constituents may be regulated so that the treatment solution forms two
substantially immiscible phases, i.e., a lrss dense, homogeneous, top phase of
dissolved alkali metal hydroxide, alkali metal alkylphenylate, and water, and a
more dense, homogeneous, bottom phase of dissolved alkali metal hydroxide and
water. An amount of solid alkali metal hydroxide may be present, preferably a
small amount (e.g., 10 wt.% in excess of the solubility Iimit), as a buffer, for
example. When the treatment solution contains both top and bottom phases, the top
phase is frequently referred to as the extractant or extractant phase. The top and
bottom phases are liquid, and are substantially immiscible 1n equilibrium in a
temperature ranging from about 80°F to about 150°F and a pressure range of about
ambient (zero psig) to about 200 psig. Representative phase diagrams for a
treatment solution formed from potassium hydroxide, water, and three different

alkylphenols are shown in figure 2.



-9 [0020] In one enbodi nent, therefore, a two-phase treatnent solution is
conbined with the hydrocarbon to be treated and allowed to settle. iﬁttﬁﬁGng
settling, |less dense treated hydrocarbon | ocated above the top phé% \

may be separated. In another enbodinent, the top and bottom phases are
separated before the top phase (extractant) contacts the hydrocarbon. As

di scussed, all or a portion of the top phase may be regenerated foll ow ng
contact with the hydrocarbon and returned to the process for re-use. For
exanpl e, the regenerated top phase may-%be returned to the treatnent
solution prior to top phase separation, where it may be added to either the
top phase, bottom phase, or both. Alternatively, the regenerated top phase

may be amdged] t o Inhtheedrhbedini@n, PRASBre, RALiOPhARAStRAt bfufioaubsequent  to
the separation of the top and bott om phases. 10021) The treatnent solution

may al socdrabpreepartbdhe bygravdrm ® s rghted landulldwadhasettidd. BoHeolived al kal i
nmet al hydroxi de, al kali netal al kyl phenylate, sulfonated cobalt
pt hal ocyshH g lesidlonse seapdduidaeentbhe legated abormihe topmhage. andowdpdsi ti onal |y
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al kyl phenyl ate-water ternary phase diagram The conposi'tional |ocation of
t he treatmmedgsoltht porcenndree-wsc didr @ixasplhythe et gamerated gop phasd swiyliel i ty
wi th the anal Qqgous aqueous al kali netal hydroxi de. The anal ogous aqueous
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to the separation of the top and bottom phases.

[0021]  The treatment solution may also be prepared to produce a single liquid
phase of dissolved alkah metal hydroxide, alkali metal alky]phenyiate, sulfonated
cobalt pthalocyanine, and water provided the single phase formed is
compositionally located on the phase boundary between the one-phase and two-
phase regions of the ternary phase diagram. In other words, the top phase may be
prepared directly without a bottom phase, provided the top phase composition is
regulated to remain at the boundary between the one phase and two phase regions
of the dissolved alkali metal hydroxide-alkali metal alkylphenylate-water ternary
phase diagram. The compositional location of the treatment solution may be
ascertained by determining its miscibility with the analogous aqueous alkali metal
hydroxide. The analogous aqueous alkali metal hydroxide is the bottom phase that
would be present if the treatment solution had been prepared with compositions
within the two-phase region of the phase diagram. As the top phase and bottom
phase are homogeneous and immiscible, a treatment solution prepared without a

bottom phase will be immiscible in the analogous aqueous alkali metal hydroxide.



2 5 00 2005 -10 100221 Once an al kali netal hydroxide and al kyl phenol (or
m xture of al kyl phenols) are selected, a phase diagran1defirﬂiEg EP@QS
conposition at which the mxture subsists in a single phase or Q or
nore phases may be determ ned. The phase di agram may be represented as a
ternary phase diagramas shown in figure 2. A conposition in the two phase
region is in the formof a | ess dense top phase on the boundary of the one
phase and two phase regions an a nore dense bottom phase on the

wat er-al kali netal hydroxide axis. A-particular top phase is connected to
i ts anal ogous bottom phase by a unique tie line. The relative anounts of

al kali nmetal hydroxide, al kyl phenol, and water needed to formthe desired

single e tr | g4 b ]?lﬂéﬁbq'
determ ngﬂfn r ec(?ﬁéfyérﬁ?élgﬁhﬁtrﬁ%ﬁgﬁ%gﬁg%ﬁ%?@%ﬁ&ll It ?ély? ouncrﬂé t'aﬁg%lag single
phase gwl&,atdmrﬁre%elsatddga phase dRgeamptcdang the @@?gbﬁti@ﬁtat&ﬂﬁphshéi onal |y

| ocated at the phase boundary as desired, a conbination of water renoval or
al kal i mwttare ylonssRine sagle p%@?fz omgs veo oenpirophdsesombpy ibeglatéreninedat nent
solution s conposition to, the phase boundary. . Since proper]y prepared

{1 eat mohRE BRI VOBEIBMANPS THESMeAL @ FIANHEDASS HSLEHR PAF YW sci bl e

with its anal ogous agqueous_al kal i tal hydroxide, the esi red conposition
my be 888G o BPEERT B fq s e 1y B ot e e 18 BB OB aqueous
al kal i I (YoMdl ggg%i [ ' : if i . [0023)
Accor di‘ng ;e/,oniq%\llgaltjr?\}g;nﬁgv ?}%83?1 nt ,SESHQ?{RJSY%@%E? ﬁ?? ggtanrg%t?gggﬁ[‘%?i on is

pr epar esbtaoipbaké oanke atdrodRilgneat! hhdrohddnadasy Abpmeaﬂaraaﬁ page tsvo 10 quid

phases on the ternary phase diagram and then contacted with the
hy dr oc sropogctedAptits anahegquscuttiopnphesd Dy iacmiges tibdms. uklairadivoamasntst he

R T R I T R
Such a pﬂa@g kRaBhesesditeat Teik p"‘ff?ilsé'ﬁobﬁﬂdary may then be determined directly

from the phase diagram. Ifitis found that a single phase treatment sojution has

been prepared, but 1s not compositionally located at the phase boundary as desired,

a combination of water removal or alkali metal hydroxide addition may be

employed to bring the treatment solution's composition to the phase boundary.

Since properly prepared treatment solutions of this embodiment will be

substantially immiscible with its analogous aqueous alkali metal hydroxide, the

desired composition may be prepared and then tested for miscibility with 1ts

analogous aqueous alkali metal hydroxide, and compositionally adjusted, if

required.

[0023]  Accordingly, in another embodiment, a single-phase treatment solution 1s
prepared compositionally located at the boundary between one and two liquid
phases on the ternary phase diagram, and then contacted with the hydrocarbon.
After the treatment solution has been used to contact the hydrocarbon, it may be
regenerated for re-use, as discussed for two-phase treatment solutions, but no
bottom phase is present in this embodiment. Such a single-phase treatment solution
is also referred to as an extractant, even when no bottom phase is present.

Accordingly, when the treatment solution is located compositionally in the two-



is also referred to as an extractant, even when no bottom phase is present.
Accordingly, when the treatnent solution is |ocated conpositionalgggcqzmﬂe
two 2 5 OCT 2005 -11 phase region of the phase diagram the top phase is
referred to as the extractant. When the treatnment solution is prepared

Wi thout a bottom phase, the treatnent solution is referred to as the
extractant. 10024] Wiile it is generally desirable to separate and renove
sul fur fromthe hydrocarbon so as to form an upgraded hydrocarbon with a

|l ower total sulfur content, it is notllecessary to do so. For exanple, it
may be sufficient to convert sulfur present in the feed into a different

nol ecul ar form In one such process, referred to as sweetening, undesirable

mer capt giimsehégibnarfeheghaaudiagran ciievep phdse istefdttedioesetheexdfacaxygen to
substantially | ess odorous disulfide species. The hydrocarbon-sol uble

di sul fi dédientiba tregqunéentoduteor( rsquepsredexithawitd bothora rhase tthedteatimehty dr ocar bon.
Wil e the svveeten?d hydr ocar bon product and the feed contain simlar
amount s SOHULQN Fueler b e ¥ duct contains less sul fur in the form of
undesi rabl e nmercaptan speci es. The sweet ened hydrocarbon may be further
processed to reduce the total sul fur anount, by hydrotreating, for exanple.

100251 The240t ahwaik fi4s ety dedirhBRe ﬂays@@%@é Qﬁ@ﬁ&h@%%ﬁlfﬁ?ﬁoﬁ?t ceduced by

renovi ng sul'fur species such as disulfides fromthe extractant. Therefore,

in one IBriboctrbentso ashe fonnentupgnade] Rydreciboprwtieades ct astal sei@ii ng a liquid
hydrocarbon by the extraction of the mercaptans fromthe hydrocarbon to an
aqueous OnEtnERg nokp¢agssal totderse. ther exnamnept iansa s siician teaosve”ol ubl e

T Tt e Ba Ty bR ot e SR Bk

ol ut on SRR S kSR sl e R S F AR G ork § A8 Car bon

subst antih @hd Yrdseee of oRPEGARE ADStaAMAI9f cscotinets aituifide spRseNt TRRY be
hydrocarbon-soluble disulfides then equilibrate (reversé extract) into the treated
hydrocarbon. While the sweetened hydrocarbon proluct and the feed contain
similar amounts of sulfur, the sweetened product contains less sulfur in the form of

undesirable mercaptan species. The sweetened hydrocarbon may be further

processed to reduce the total sulfur amount, by hydrotreating, for example.

(0025} The total sulfur amount in the hvdrocarbon product may be reduced by
removing sulfur species such as disulfides from the extractant. Therefore, in one
embodiment, the invention relates to processes for treating a liquid hydrocarbon by
the extraction of the mercaptans from the hydrocarbon to an aqueous treatment
solution where the mercaptans subsist as water-soluble mercaptides and then
converting the water-soluble mercaptides to water-insoluble disulfides. The sulfur,
now in the form of hydrocarbon-soluble disulfides, may then be separated from the
treatment solution and conducted away from the process so that a treated
hydrocarbon substantially free of mercaptans and of reduced sulfur content may be
separated from the process. In yet another embodiment, a second hydrocarbon may
be employed to facilitate separation of the disulfides and conduct them away from

the process. The process may be operated so that the flow of the treatment solution



separated fromthe process. In yet another enbodi nent, a second hydrocarbon
may be enployed to facilitate separation of the disulfides and conduct them
away from the process. The process may be operated so that the fIoWCodflltihe
treatment sol ution 250CT 2005 -12 is cocurrent to naphtha fl ow,
countercurrent to naphtha flow, or conbination thereof. 100261 Napht ha
feeds or feedstocks useful as feeds to the hydrotreating stage i nclude

pet rol eum napht has, steam cracked napht has, coker naphthas, FCC naphthas
and bl ends and fractions thereof, withZ2end boiling points typically bel ow
about 450F. Such naphthas typically contain 60 vol.%or |ess olefinic

hydr ocarbons, with sulfur levels as high as 3000 wopm and even higher (e.g.,

7000  wppRdcuhs: teggj@tgh?a fieedcbentbRerAYHEOhiSiahh Thw! @d&mbBialighabl y a

cracked napht ha, rally contains not only paraffins, naphthenes and
aronat i dserebfit al so unsaturates, such as open-chain and cyclic ol efins,
di enes and cyclic hydrocarbons wth olefinic side chains. A cracked napht ha
feed generally has an overall olefin concentration ranging as high as about

60 |.% b d h I f f . Ih | ef i f i cal

R eI SRR R e $o At AR
i % i f dth h

R e R O ST

and pr efapBiHa¥ an@ndendeiNeaAcAOUheD T @i AR b&Bnk Poifes @ﬁicﬁil?%ﬂow The

di ene concentration can be as nmuch as 15 wt.% but "nore typically ranges
from ahbott 5@ R Sosh paplibat pivdllWeamftainh@) ©ek%h oHeghotliferie concentrati ons
can result in a gasoline product with poor stability and color. The sul fur

cont ent hydrecanbems: wath sl keyelsis Mgl psBPRE MW ndgy eadhehemn@es f YO as | ow
N R N M RO T I TR R T
stage, LPfecalAloftdin@hbY ofiASkE MR NA AR BRI matics, but also
unsaturates, such as open-chain and cyclic olefins, dienes and cyclic hydrocarbons
with olefinic side chains. A cracked naphtha feed generally has an overall olefin
concentration ranging as high as about 60 vol.%, based on the volume of the feed.
The olefin content of a typical cracked naphtha feed can broadly range from about
5 to about 60 vol.%, but more typically from about 10 to about 40 vol.%. Itis
preferred that the olefin concentration in the fresh naphtha feed be at least about 15
vol. % and preferably range between about 25 to abecut 60 vol.%, or higher. The
diene concentration can be as much as 15 wt.%, but more typically ranges from
about 0.2 wt.% to about 5 wt.% of the feed. High diene concentrations can result in
a gasoline product with poor stability and color. The sulfur content of a naphtha
feed to the hydrotreating stage can range from as low as 0.05 wt.%, up to as much
as about 0.7 wt.%, based on the total feed composition. When the hydrotreating
stage is a selective hydrotreating stage, the catalytically cracked naphtha and other
high sulfur content naphthas useful as feeds have a sulfur content ranging from 0.1
to about 0.7 wt.%, more typically from about 0.15 wt % to about 0.7 wt.% , with
about 0.2 to about 0.7 wt.% and even about 0.3 to about 0.7 wt.% being preferred.
The nitrogen content will generally range from about 5 wppm to about 500 wppm,

and more typically from about 20 wppm to about 200 wppm. Such naphtha



hi gh sul fur content naphthas useful as feeds have a sul fur content ranging
from0.1 to about 0.7 wt.% nore typically fromabout 0.15 wt %to %9%2 5
0.7 wt.% with about 0.2 to about 0.7 wt.% and even about 0:3 to abolt ﬂp
wt. % being preferred. The nitrogen content will generally range from about
5 wopm to about 500 wppm and nore typically from about 20 wppm to about
200 wopm Such naphtha 2 5 0 C T 2005 -13 streans can typically contain one
or nore nercaptan conmpounds, such as nmethyl nercaptan, ethyl mercaptan,
n-propyl mercaptan, isopropyl nercaptdd; n-butyl nercaptan, thiophenol and
hi gher nol ecul ar wei ght nercaptans. The nercaptan conpound is frequently
represented by the synbol RSH, where Ris normal or branched al kyl, or

aryl . 1@@%1&13|c@n§9§ic§ﬂ?%@hfﬁﬂtonetcﬁ'Gr‘n&%gﬁéx%ﬁf&%sdﬂrﬁgéﬁﬁ@i Q8 @%&?ﬁygi S a

two-step proces avinhg a first selective hydrotreating step wed by a
mer capt anerceptanaethiybmest guan, heregtlenticuptany hoptspdtrhegaptapn be a single
stage or nultiple stages arranged in series, parallel, or a conbination

t her eof MeEgapeyethiophanorapdfighaonelecnentvoghiomentaptarur Tenmentapiamapht ha

flow Inter-stage_separation of treat gas .a t e oat om gasses such as H2S
may be SAIRSHEA IECAVER Y FQIESnEBRYAHE bl Bt hoe YHRBEPRERT ng

condi ti e ed. 100281 Accordingly, conventional selective
hydr ot r%g?q(:%?ﬁ agf)él.’ gpélgﬁ‘ecti ve hydrodesul furization, step

hydr odesul furi zati on process may begin with a cracked naphtha feedstock
preheating step. The feedstock nmay be preheated in feed/ effluent heat
exchang¢@@7pr i oln dwe embedimena thangstnka tosulfurhadticer ebeald Ba tw-gtept ar get ed
reaction zone inlet tenperature. The feedstock can be contacted wth a
hydr ogeBrewss Arvingg Srvisalacpive dydrareaing siep felhewed bafa mergapshieat i ng. The
hydrogen-. cont ai ni ng..stream can al so be added iﬁet he dr odesul fﬁﬁi zation

react pﬁxg%témbﬁtepz elegiy BHEHIEE PSR BRRE HSBECS HRFNOFEFRF can be
in adm Xt Uee WahPed in series, parallel, or a combination thereof. Hydrogen flow may be

co-current or counter-current with naphtha flow. Inter-stage separation of treat gas
" and heteroatom gasses such as H,S may be empioyed between stages.

Conventional selective hydrotreating conditions may be employed.

[06028] Accordingly, conventional selective hydrotreating, e.g., selective
hydrodesulfurization, step hydrodesulfurization process may begin with a cracked
naphtha feedstock preheating step. The feedstcck may be preheated in
feed/effluent heat exchangers prior to entering a furnace for final preheating to a
targeted reaction zone inlet temperature. The feedstock can be contacted with a
hydrogen-comntaining stream prior to, during, and/or after preheating. The hydrogen-
containing stream can also be added in the hydrodesulfurization reaction zone or
zones. The hydrogen stream can be pure hydrogen or can be in admixture with
other components found in refinery hydrogen streams. It is preferred that the
hydrogen-containing stream have little, if any, hydrogen sulfide. The hydrogen
stream purity should be at least about 50% by volume hydrogen, preferably at least

about 65% by volume hydrogen, and more preferably at least about 75% by volume

hydrogen



ot her conponents found in refinery hydrogen streans. It is preferred that
the hydrogen-containing streamhave little, if any, hydrogen sul figer7 Je
hydrogen streampurity should be at |east about 50% by vol ume hydrogen,
preferably at |east about 65% by vol une hydrogen, and nore preferably at

| east about 75% by vol une hydrogen 250CI 1005 -14 [0029] The reaction zone
can consi st of one or nore fixed bed reactors each of which can conprise a
plurality of catal yst beds. Since sone olefin saturation will take place,
and ol efin saturation and the desul fulfzati on reaction are generally

exot herm c, consequently inter-stage cooling between fixed bed reactors, or
bet ween catal yst beds in the sane reactor shell, can be enployed. A portion

of the [d128] geTks adRBohrRMEIcAR AYSkOSLsHE bl A8l RINeRSHIrEILIPSf
recovered and where this heat recovery option is not available, cooling may

be perf sinddctincomughise @.pduralitg obkangysnatds. Sincasomearefihsoughtiorsevildf a
hydr ogen _quench stream In this manner, _optinumreaction tenperatures can
be nor etakgdlpee, padmlaiinsauratogsand the desui e zatien sersianf yeigeaeradly i s

f bl ducted w t . t inlet .t t bel the d i nt of
prf o a0 EORUCL o TSRt ol St TR B el gt e dew poi t o
t i . j i t] i ht h
eactor okl e ot R ANTAUSSUL LA e SR AN BROLGHRETLE e naph ha

heat of hézﬁ%féhieﬁmed Sroab 89 BedrolysilRg i et et fdsccanant re@bvesa@naid wakieon, thus
achi eving 100% vapori zation within the bed (dry point operation). By

t r ansf ettns hgatseowvarfy dptenheaint efailadetdootinganen berpez farivemnl, thrdwecgeeg.al |
tenperature rise across the reactor i s noderated, thus reducing the overall
ext ent @poling wales onidl: 0 drrauebisgiof § slrgeemavenglegiam oasthiyymanner,

cqual c5P gL i B B SRR v RS TR RS hoi nt Operati on s not

achieved within the catal yst bed. That is,
[0030] Selective hydrodesulfurization is preferably conducted with reactor inlet
temperatures below the dew poini of the feedstock so that the naphtha will not be -
completely vaporized at the reactor inlet. As the hydrodesulfurization reaction
begins when the naphtha feed contacts the hydrodesulfurization catalyst, some of
the exothermic heat of reaction is absorbed by the endothermic heat of
vaporization, thus achieving 100% vaporization within the bed (dry point
operation). By transferring some of the heat of reaction to vaporization, the overzll
temperature rise across the reactor is moderated, thus reducing the overall extent of
olefin hydrogenation with only small reductions in hydrodesulfurization. The
degree of vaporization should be greater than or equal to 0.990, but less than the
ratio at which dry point operation is not achieved within the catalyst bed. That is,
the ratio extends up to the point at which the operation stays all mixed phase in the
reactor. The ratio limit may vary somewhat depending on selected operating
conditions. The 0.990 ratio is specified to account for uncertainties in the
measurement of the inlet temperature including variance in the location of the
temperature measurement and uncertainties in the calculation of the actual dew

point; however, the naphtha feedstock should not be completely vaporized at the

reactor inlet.



the ratio extends up to the point at which the operation stays all m xed
phase in the reactor. The ratio limt may vary sonmewhat dependi ng

sel ected operating conditions. The 0.990 ratio is specified to acgg[hw W
uncertainties in the neasurenent of the inlet tenperature including
variance in the location of the tenperature neasurenent and uncertainties
in the calculation of the actual dew point; however, the naphtha feedstock
shoul d not be conpletely vaporized at the reactor inlet. 2 50 C1 2005 -15
X0031] Sel ective hydrotreating ranges-for the tenperature, pressure and
treat gas ratio enployed are as set forth in the Tabl e bel ow.

Condi ti onsSel ective PreferredMore Preferred Hydrotreating Tenp., degree.

F. 400- 750450- 750525- 650 Total Press., psig.60-200060-600100-400 Treat gas
rati o, scf/b200-100001000-40002000-4000 100321 The sel ective hydrotreating
step ged@dHl]ly Opkrcaitvesyaromedtinpuiadghofon the teppemtvel podssyrednd reangglgout 0. 5
hr -1 to about 15 hr -1, preferably fromabout 0.5 hr -1 to about 10 hr -1,
and nostale sMEHABeY are nscabeh in the Tahlethelawout 5 hr "1. Conventi onal

sel ective hydrotreating catal ysts nay be enpl oyed, e.g., those catalysts
disclosed in U S. Patent Nunber 6, 228,254. Preferably, the effluent from

the hydro step cont at 1apht ha t I.s. qyore th 0p ( nor e
pr ef er abl ?O%gﬁ)ﬁé&wgs. % and sti If_‘&&@%ef er gﬁ%{/&%g wt . %9 e(s)uﬁo%)}llﬁﬁe}z{ogé conpar ed
to the hydrotreater feed but'Y¥'HF¥WH€e t han 30% (nore preferably 50% and
still mre preferably 60% of the olefins retained hased on the anount of
olefin iy the s fiydrgireater fgeds, 450-750 525-650

Total Press., psig. 60-2000 60-600 100-400

Treat gas ratio, scf/b 200-10000 1000-4000 2000-4000

{0032] The selective hydrotreating step generally operates at a liquid hourly
space velocity of from about 0.5 hr ™' to about 15 hr *, preferably from about 0.5 hr
" to about 10 hr ', and most preferably from about I hr ™ to about 5 hr ™.
Conventional selective hydrotreating catalysts may be employed, e.g., those
catalysts disclosed in U.S. Patent Number 6,228,254. Preferably, the effluent from
the hydrotreating step contains naphtha that is more than 80 wt.% (more preferably
90 wt.% and still more preferably 95 wt.%) desulfurized compared to the
hydrotreater feed but with more than 30% (more preferably 50% and still more
preferably 60%) of the olefins retained based on the amount of olefin in the

hydrotreater feed.

[0033] As discussed, the effluent from the first step, 1.e., the hydrotreating step,
is then conducted to the extraction step where the amount of reversion mercaptans
(and any mercaptans remaining from the hydrotreater feed) is diminished.
Reversion mercaptans generally have a molecular weight ranging from about 90 to
about 160 g/mole, and generally exceed the molecular weight of the mercaptans
formed during heavy oil, gas o1l, and resid cracking or coking, as these typically

range in molecular weight from 48 to about 76 g/mole. The higher molecular



] 0033] As discussed, the effluent fromthe first step, i.e., the
hydrotreating step, 1is then conducted to the extraction step wherge tg?
anount of reversion nmercaptans (and any nercaptans remaining frond 8R&ET 2005
hydrotreater feed) is dimnished. Reversion nercaptans generally have a

nol ecul ar wei ght ranging fromabout 90 to about 160 g/nole, and generally
exceed the nol ecul ar wei ght of the nercaptans forned during heavy oil, gas
oil, and resid cracking or coking, as these typically range in nolecular
wei ght from 48 to about 76 g/ nole. Thelthi gher nolecular Z 5 0 C 1 2005 -16
wei ght of the reversion nercaptans and the branched nature of their

hydr ocarbon conponent nmake themnore difficult to renove fromthe

hydr ot r egéiedt DRRI R3ersi ARrEHMRAAPHR! braAdRd far8xd 5%&10%%@%6&“ ant
process, however, relates in part to the renoval of high | ecul ar wei ght

and br anminggbmeat aegdeathsm moraddiitilno remotééronoves hyaidoeciatal nawtithht

mer captans found in the hydrotreater feed. 10034] In one enbodi nent, the
hydr ot r eitREICerRsHtional eausactexgracedni d heonstast procesd, hiowevier rrelatphaspawf an
aqueous treat nent sol.utjon having t ses. The first phase. contains
a0l vat GF KERPvcttdnEh iR Bokian Vit d BRRaed Rerean ansch BAgiAmbe. | and
sul f onat I : ai ns water and
di ssol Vetgggf\ﬁgﬂnto%éé:{ﬂx g%}%h%?l‘g%eg‘g@ t%ﬁkcej]gotel{ﬁgblﬁgﬁgp ggpﬁf%g?f%%gt al hydroxide is
pot assi um hydr oxi de. The contacting between the treatnent solution's first
phase and the naphtha may be liquid-liquid. Aternatively, a vapor naphtha
may cont{é@i4]la In qué éntbodanoenthsbyditoteatedGapheind icobatreamalt iaconreagtatiui pnent
such as packed tower, bubble tray, stirred vessel, fiber contacting,

r ot at i ngvidh ddirsophasetdranapcethEeatnpgitsatiinghagparwouzhasay Bacdirsl oyed.
e ORGSRl ST LR FL 0T R 2SR o0, G i anst e
100 SRS RGBS DS P 0B PR B89
dissolved alkali metal hydroxide. Preferably, the alkali metal hydroxide is
potassium hydroxide. The contacting beiween the treatment solution's first phase
and the naphtha may be liquid-liquid. Alternatively, a vapor naphtha may contact a
liquid treatment solution. Conventional contacting equipment such as packed
tower, bubble tray, stirred vessel, fiber contacting, rotating disc contactor and other
contacting apparatus may be employed. Fiber contacting is preferred. Fiber
contacting, also called mass transfer contacting, where large surface areas provide
for mass transfer in 2 non-dispersive manner 1s described in U.S. Patents Nos.
3,997.829; 3,992,156; and 4,753,722, While contacting temperature and pressure
may range from about 80°F to about 150°F and 0 psig to about 200 psig, preferably
the contacting occurs at a temperature in the range of about 100°F to about 140°F
and a pressure in the range of about 0 psig to about 200 psig, more preferably about
50 psig. Higher pressures during contacting may be desirable to elevate the

boiling point of the hydrotreated naphtha so that the contacting may conducted with

the naphtha in the liquid phase.

[0035]  The treatment solution employed contains at least two aqueous phases,

and is formed by combining alkylphenols, alkali metal hydroxide, sulfonated cobalt



may range from about 80F to about 150F and O psig to about 200 psig,
preferably the contacting occurs at a tenperature in the range ggggqmﬁ
100F to about 140F and a pressure in the range of about O psig out 200
psig, nore preferably about 50 psig. Hi gher pressures during contacting
maybe desirable to elevate the boiling point of the hydrotreated naphtha so
that the contacting nay conducted with the naphtha in the |iquid phase.

[ 00351 The treatnent solution enployed contains at | east two aqueous phases,
and is formed by conbi ni ng al kyl phenotl§; al kali netal hydroxide, sulfonated
cobalt 2 5 OCT 2005 -17 phthal ocyani ne, and water. Preferred al kyl phenol s
include cresols, xylenols, nmethylethyl phenols, trimethyl phenols,

napht ho hiok Seert cﬁag imlar

phenol i ?ﬁ %éﬁ)ﬁ@gare pgtregl ?bﬁe%g%gre }elgrlrlégé 15%89@%% enol’s are
present méth%/lt@hﬂ%fﬁn% tenehfl RRhem, naphthels, au@qﬁtpmogf tﬁlbﬁherﬂhgyl phenol s
in the treatnment solution may be obtai ned from the napht ha feed. Sodi um and
pot assi abHyidophénids,aane pnefae phenoInet e{]:relsyh;ram ipdesculadly Iprpfetaes i Wien

hydr oxi de heing particularly preferred. Di-, tri- and tetra sul fonat ed

cobal t apfH] ﬁh@W&ﬁF%B@esﬁmTénﬁh@ﬂéph@é t@&f@ér@at%d dl ocy aprthes of Wia h cobal t

pht hal ocya di. s el n artl r.ef erred. The at nent

sol ut i oﬁﬁ%gﬂg%‘?'@ﬁf% té;ea B}eé‘g It%ﬁf‘ﬁér%}&?tpgph%&%@fon t he

wei ght about 10
t o about ggd}ﬁ atn%%at% S@r%{ma?r?r% a%rrggn trgglr]\g{ﬁral)%#rém gtg&t E%ﬁ 0 about
S5 wt . Y%hydardfigeakpk ﬁﬁh@hhr@"ﬁr@ﬁér%‘(yam-n@n andtcdfh-Qbohtted @0BAIRY f rom about
10 to about 500 wppm and alkali metal hydroxide, in an anobunt ranging from

about 2ﬁthaioa;tmwhesﬁ@'emefﬁﬂe'ﬁh@bahtptha}bammnshwithl cbbabrpésbzribcymnaﬂ anount

rangi ng fr about., 3 vol.%to about 100 vol . % ed on the vol unme of
hydr odeétﬁlﬁﬁn%taelﬁgm«al Jagy pee fi%rr@étt é'g"e tI@@mtAeﬁm%%@Banemﬁérq r eat ment

sol uti OBIresseﬁP{H)ﬁJ%ef%tll%u;mg aH‘l u%?ﬂ%aggdjoﬁ Phe weight of the treatment solution:

water, in an amount ranging from about 10 to about 50 wt.%; alkylphenol, in an
amount ranging from about 15 to about 55 wt.%; sulfonated cobalt phthaiocyanine,
1n an amount ranging from about 10 to about 500 wppm,; and alkali metal
hydroxide, in an amount ranging from about 25 to about 60 wt.%. The extractant
should be present in an amount ranging from about 3 vol.% to about 100 vol.%,

based on the volume of hydrodesulfurized naphtha to be treated.

{0036] As discussed, the treatment solution's components may be combined to
form a solution having a phase diagram such as shown in figure 2, which shows the
two-phase region for three different alkyl phenols, potassium hydroxide, and water.
The preferred treatment solution has component concentrations such that the
treatment solution will either

(i) be compositionally in the two-phase region of the water-alkali metal
hydroxide-alkali metal alkylphenylate phase diagram and will therefore form a top
phase compositionally located at the phase boundary between the one and two-
phase regions and a bottom phase, or

(i1) be compositionally located at the phase boundary between the one and

two-phase regions, with no bottom phase.



forma solution having a phase diagram such as shown in figure 2, which
shows the two-phase region for three different al kyl phenols, potassium
hydroxi de, and water. The preferred treatment solution has conpon@rggCT 2005
concentrations such that the treatnent solution will either (i) be
conpositionally in the two-phase region of the water-al kali netal

hydr oxi de-al kali netal al kyl phenyl ate phase diagramand will therefore form
a top phase conpositionally |ocated at the phase boundary between the one
and two- phase regions and a bottom phage, or (ii) be conpositionally

| ocated at the phase boundary between the one and two-phase regions, wth
no bottom phase. 2 5 OCT 2005 18 100371 Foll owi ng sel ection of the al kal
nmet al hydroxi de and the al kyl phenol or al kyl phenol m xture, the treatnent
solution's ternary phase diagram may be determ ned by conventional nethods
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al kyl pheiioyiphan el pittare)ete freammdmeotytibnoceian phadt Heighati mel be t he anmounts
and speci es of the al kyl phenols in the hydrocarbon can be neasured, and the

phase di atptamided dyniomedntisnalgnetbode tharobmafixingthemsthtneninsuntthd itase
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pt hal ocyanine, it " "is nmeant dissolved, dispersed, or susp as I's known.
10038] Whetrhedsurbé, dndethiepbate 8olguimaietérmipeé paingdcdnvehtiondwo- phase regi on of

the phase di agram or E}r epared at the phase boundary, the extractant w ||
have a thermodynamics. The phase diagram is determined when the aqueous phase or
phases are liquid and in a temperature in the range of about 80°F to about 150°F and
a pressure in the range of about ambient (0 psig) to about 200 psig. While not
shown as an axis on the phase diagram, the treatment solution contains dissolved
sulfonated cobalt phthalocyanine. By dissolved sulfonated cobalt pthalocyanine, it

1s meant dissolved, dispersed, or suspended, as is known.

[0038] Whether the treatment solution is prepared in the two-phase region of the
phase diagram or prepared at the phase boundary, the extractant will have a
dissolved alkali metal alkylphenylate concentration ranging from about 10 wt.% to
about 95 wt.%, a dissolved alkali metal hydroxide concentration in the range of
about 1 wt.% to about 40 wt.%, and about 10 wppm to about 500 wppm
sulfonated cobalt pthalocyanine, based on the weight of the extractant, with the
balance being water. When present, the second (or bottom) phase will have an
alkali metal hydroxide concentration in the range of about 45 wt.% to about 60

wt.%, based on the weight of the bottom phase, with the balance being water.

[0039] When extraction of higher molecular weight mercaptans (about C, and
above, preferably about C; and above, and particularly from about Cs to about Cy )

is desired, such as in reversion mercaptan extraction, it is preferable to form the



di ssol ved al kali netal al kyl phenyl ate concentration rangi ng from about 10
w.%to about 95 wt.% a dissolved alkali netal hydroxide concentration in
the range of about 1 w.%to about 40 wt.% and about 10 wppm t ol aB60t200500
wpm sul fonated cobalt pthal ocyani ne, based on the wei ght of the extractant,
with the balance being water. Wen present, the second (or bottom phase
w Il have an al kali netal hydroxi de concentration in the range of about 45
w.%to about 60 w.% based on the weight of the bottom phase, with the
bal ance being water. [0039] Wen extra&ti on of higher nol ecul ar wei ght

mer capt ans (about C4 and above, preferably about C5 and above, and
particularly fromabout C5 to about C8 ) is desired, such as in reversion
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about ltgé tFeatmedit 5%18&815'9 lo%o'xiqnp}t)zps%, hd gsesubstantially independent of the
amount and molecular weight of the alkylphenol, provided more than a minimum

of about 5 wt.% alkylphenol is present, based on the weight of the treatment

solution.

[0040] The extraction efficiency, as measured by the extraction coefficient, Keq
shown in figure 2 is preferably higher than about 10, and is preferably in the range
of about 20 to about 60. Still more preferably, the alkali metal hydroxide in the
treatment solution is present in an amount within about 10% of the amount to
provide saturated alkali metal hydroxide in the second phase. As used herein, K
is the concentration of mercaptide in the extractant divided by the mercaptan
concentration in the product, on a weight basis, in equilibrivm, following

mercaptan extraction from the feed naphtha to the extractant.

[0041] A simplified flow diagram for one embodiment is illustrated in figure 1.
A naphtha feed via line 30 and a hydrogen-containing gas via line 31 are conducted
to hydrotreater 32 where the naphtha is desulfurized, preferably under selective
hydrotreating conditions. Hydrotreater effluent is conducted via line 33 to

separator 34 where a hydrotreated naphtha is separated and conducted to the



of about 20 to about 60. Still nore preferably, the alkali netal hydroxide
inthe treatnent solution is present in an anmount w thin about 10% of the
amount to provide saturated alkali metal hydroxide in the second Zha6Ek00RAs
used herein, Keq is the concentration of nercaptide in the extractant

di vided by the nercaptan concentration in the product, on a wei ght basis,
in equilibrium followng nercaptan extraction fromthe feed naphtha to the
extractant. [00411 A sinplified flow diagram for one enbodi nent is
illustrated in figure 1. A naphtha fegegl via line 30 and a

hydr ogen-containing gas via line 31 are conducted to hydrotreater 32 where
the naphtha is desulfurized, preferably under selective hydrotreating
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separate and are c ucte fromthe process via line 35 [0042]
Extractant in line | and the sel ectlvely hydr ot reat ed naphtha feed in |ine
2 are conducted to m xing region 3 where nercaptans are renoved fromthe
hydr ocar #6842} o thwsrassamtaotiaret 1 aky thossdedivrelphydmtteatast sayththa éeabinding ed
through _line 4 to settling region 5 where the treated naphtha, lower in
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shown) may be pres e extractant ma cte away fromthe

process.cokip#43d tb th@hpdeheataingesane Mwert imes@Rirthgd 8 hedidthitrng
mercaptan sulfur in the formof nercaptides is regenerated and re-used.
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8 where the nercaptides in. the
now contalm?lg mercaptides, 1s shown 1n the lower (hatched) portion of the settling

region. A bottom phase.(not shown) may be present. The extractant may then be

conducted away from the process.

[0043]  In a preferred embodiment, the extractant containing mercaptan sulfur in
the form of mercaptides is regenerated and re-used. Accordingly, the extractant
may be conducted via line 7 to oxidizing region 8 where the mercaptides invthe
extractant are oxidized to disulfides in the presence of an oxygen-containing gas,
conducted to region 8 via linel2 and sulfonated cobalt pthalocyanine, which is
effective as an oxidation catalyst. Undesirable oxidation by-products such as water
and off-gasses may be conducted away from the process via line 9. Additional
sulfonated cobalt pthalocyanine may be added via line 10 if needed. Optionally, a
water-immiscible solvent such as a hydrocarbon may be introduced into the

oxidizing region to aid in disulfide separation, as shown by line 14.

[0044])  The disulfides may be separated and conducted away from the process.
The regenerated extractant may then be returned to the process and introduced, for
example, into the lower portion (hatched) of region 29. Alternatively, as shown in

the figure, the solvent containing the disulfides is conducted to a polishing region



extractant are oxidized to disulfides in the presence of an
oxygen-contai ni ng gas, conducted to region 8 via |linel2 and sul fonated
cobalt pthal ocyanine, which is effective as an oxidation catal ys?)0CT 2005
Undesi rabl e oxi dati on by-products such as water and off-gasses nay be
conducted away fromthe process via line 9. Additional sulfonated cobalt

pt hal ocyani ne may be added via line 10 if needed. Optionally, a

wat er -i mm sci bl e sol vent such as a hydrocarbon may be introduced into the
oxidizing region to aid in disulfide sdparation, as shown by line 14. 100441
The disul fides may be separated and conducted away fromthe process. The
regenerated extractant may then be returned to the process and i ntroduced,
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as shown in the figure, the solvent containing the disulfides is conducted
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from t heohehtemapt GbRheaoteRNiffinea®. on 19 may be conducted to the
| ower (hatched) portion of settling region 29. A concentrator 21, when

enpl oyed, renoves water fromthe bottom phase conducted fromthe | ower
portion of region 29 to assist_in reg)ul ating the treatnent solution's
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lower portion of region 29 to assist in regulating the treatment solution's
composition. The water may be removed by, e.g., steam stripping or some other
conventional water removal process. Concentrated bottom phase 1s conducted from
the concentrating region to third settling region 29 where it 1s added to the
treatrnent solution, preferably to the bottom phase via Jine 23, as shown in the
hatched area of 29. Preferably, the concentrated bottom phase in line 23 is
combined with extractant in line 20 in a mixing region (not illustrated) where the
extractant and bottom phase re-equilibrate prior to returning the two phases to
region 29. A portion of the treatment solution (preferably bottom phase) may be
separated from line 24 (24a), and fresh alkali metal hydroxide (line 26) and water
(line 27), may be added to region 29 via line 25 to regulate the treatment solution's
composition. Alkylphenols may be added vial line 28, if needed. Preferably, the
composition is regulated to remain compositionally located in the two-phase region
of the phase diagram. Accordingly, under the influence of gravity, the bottom
phase will be located in the lower portion (hatched) of the third settling region. The
top phase (the extractant), compositionally located on the phase boundary between

the one and two-phase regions of the ternary phase diagram is withdrawn from the



hat ched area of 29. Preferably, the concentrated bottom phase in line 23 is
conbined with extractant in line 20 in a mxing region (not illustrated)
where the extractant and bottom phase re-equilibrate prior to ref&riiTrglst he
two phases to region 29. A portion of the treatnent solution (preferably
bottom phase) may be separated fromline 24 (24a), and fresh al kali netal
hydr oxi de (line 26) and water (line 27), nmay be added to region 29 via |line
25 to regulate the treatnment solution's conposition. Al kylphenols may be
added vial line 28, if needed. Preferahl-y, the conposition is regulated to
remai n conpositionally located in the two-phase region of the phase

di agram Accordingly, under the influence of gravity, the bottom phase wll

be | ocat j he | i 1 R t1li ion. The
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bet ween exihRtARanRkd ¥OIMNARR AP AR 10f the ternary phase diagramis
wthdrawn fromthe 2 5 0 CT 2005 -22 upper region and conducted to the
start of the process via line 1. If desired, fresh extractant can al so be
introduced via line 1. [00461 In one enbodi ment, the contacting and settling
shown i n994g)i ondn Inawmimdiygnt the cancting and settling showonnoagiwesSedndbt h no
interconnecting ljnes. In that enbodinent, fiber contacting i referred.
100471 FHEC J6ctichl Slirtsus fua ComumeR S8 b Wik 1o SERORGCEHRE STFFuPs Bt ent of a

napht ha, el I ; to for a gasoline streamor gasoline.
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As used eln, a gas m-includes individual refinery streans
suitable for use as a blend stock for gasoline, or a bl ended gasoline
stream containing two or nore streans, each of which are suitable for use
as a gag004Fe blldegrssantprodkessud ¢idbdteve asedimeg hendfist @rkentvdfen bl ended
with other_ refinery streans, produces a conbined stream which neets the
requi r edBRPEE partyadHly der najitehusgdio (95@EASALIBE SirpaPedalasplinpdA sustd

regul ations. . . e .
9 herein, a gasoline stream includes individual refinery streams suitable for use as a

blend stock for gasoline, or a blended gasoline stream containing two or more
streams, each of which are suitable for-use as a gasoline blend stock. A suitable
gasoline blend stock, when blended with other refinery streams, produces a
combined stream which meets the requirements for gasoline, which are

documented in Federal and State regulations.

Example 1. Impact of Sulfonated Cobalt Pthalocvanine on Droplet Size

Distribution

[0048] A LASENTECH™ (Laser Sensor Technology, Inc., Redmond, WA
USA), Focused Laser Beam Reflecatance Measuring Device (FBRM®) was used to
monitor the size of dispersed aqueous potassium cresylate droplets in a continuous
naphtha phase. The instrument measures the back-reflectance from a rapidly
spinning laser beam to determine the distribution of “chord lengths™ for particles
that pass through the point of focus of the beam. In the case of spherical particles,
the chord length is directly proportional to particle diameter. The data is collected
as the number of counts per second sorted by chord length in one thousand linear

size bins. Several hundred thousand chord lengths are typically measured per



Exanpl e 1. Inpact of Sulfonated Cobalt Pthal ocvanine on Droplet Size
Distribution [00481 A LASENTECHTM (Laser Sensor Technol ogy, Inc., Rednond,
WA USA), Focused Laser Beam Refl ecatance Measuring Devi ce (FBRME) 00h2bised
to nonitor the size of dispersed aqueous potassiumcresylate droplets in a
continuous naphtha phase. The instrunment measures the back-reflectance from
a rapidly spinning | aser beamto determ ne the distribution of "chord

| engt hs" for particles that pass through the point of focus of the beam In
the case of spherical particles, the-ghord length is directly proportional
to particle dianeter. The data is collected as the nunber of counts per
second sorted by chord length in one thousand |inear size bins. Several
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second to provide a statistica significant neasure o ord length size
di stri bugis@fbutidi. STRRtMeBeUemE Y is essRrasliakliveStt 8@dclife dRESS! IAGhEhanges in
this distribution as a function of changi ng process vari ables. 100491 In
thi s expdsirnertion as 2 dpapanfathanging pacosntvarsadiles.i on was prepared by

conmbi ning 90 grans of KOH, 50 grans of water and 100 grans of 3-ethyl phenol
at roomtenperature. After stirring for thirty mnutes, the top and bottom
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of the bottom phase. [00501 First, 200 ms of light virgin naphtha was

stirred wereAdiowpditasepardte anEBRMIqss sleoselsirephet was ytiliovd sotet sftsmtartto

O IR honek U, n se Level onEu ) WUk 2 eGSR, Bgge from the
potassium 3-¢thyl phenol 10ns, and about 20 wt.% water, based on the total weight
of the top phase, and the bottom phase contained approximately 53 wt.% KOH

ions, with the balance water, based on the weight of the bottom phase.

{0050}  First, 200 mls of light virgin naphtha was stirred at 400 rpm and the
FBRM probe detected very low counts/sec to determine a background noise level.
Then, 20 mls of the top phase from the KOH/alkyl phenol/water mixture described
above was added. The dispersion that formed was allowed to stir for 10 minutes at
room temperature. At this time the FBRM provided a stable histogram for the
chord length distribution. Then, while still stirring at 400 rpm, a sulfonated cobalt
pthalocyanine was added. The dispersion immediately responded to the addition,
with the FBRM recording a significant and abrupt change in the chord length
distribution. Over the course of another five minutes, the solution stabilized at a
new chord length distribution. The most noticeable impact of the addition of
sulfonated cobalt pthalocyanine was to shift the median chord length to larger
values (length weighted): without sulfonated cobalt pthalocyanine, 14 microns;

after addition of sulfonated cobalt pthalocyanine, 35 microns.



above was added. The dispersion that formed was allowed to stir for 10
mnutes at roomtenperature. At this tine the FBRM provided a stsngbﬁ 5
hi stogram for the chord length distribution. Then, while still ?108 at
400 rpm a sul fonated cobalt pthal ocyani ne was added. The di spersion

i mredi ately responded to the addition, wth the FBRMrecording a
significant and abrupt change in the chord length distribution. Over the
course of another five mnutes, the solution stabilized at a new chord

| ength distribution. The nost noticeabRé¢ inpact of the addition of
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extraction coefficient, Keq, was conducted as” follows. About 50 m's of

sel ect i vied gurnaithdoby eaet et seraqeho fHéth evsasfopateden baittpghalo2$fningl  Schl enck flask to
whi ¢ch had been added a Teflon-coated stir bar. This flask was attached to
an inert gas/vacuum mani fold by rubber tubing. The naphtha was degassed by
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Hvdrotreated Naphtha

[0052] Determination of mercaptan extraction coefficient, Ko, was conducted as
follows. About 50 mls of selectively hydrotreated naphtha was poured mto a 250
ml Schlenck flask to which had been added a Teflon-coated stir bar. This flask was
attached to an inert gas/vacuum manifold by rubber tubing. The naphtha was
degassed by repeated evacuation/nitrogen refill cycles (20 times). Oxygen was
removed during these experiments to prevent reacting the extracted mercaptide
anions with oxygen, which would produce naphtha-soluble disulfides. Due to the
relatively high volatility of naphtha at room temperature, two ten mls sample of the
degassed naphtha were removed by syringe at this point to obtain total sulfur in the
feed following degassing. Typically the sulfur content was increased by 2-7-wppm
sulfur due to evaporative losses. Following degassing, the naphtha was placed in a
temperature-controlled oil bath and equilibrated at 120°F with surring. Following a
determination of the ternary phase diagram for the desired components, the
extraciant for the run was prepared so that it was located compositionally in the
two-phase region. Excess extractant was also prepared, degassed, the desired

volume is measured and then transferred to the stirring naphtha by syringe using



removed during these experinents to prevent reacting the extracted
nmercaptide anions with oxygen, which would produce naphtha-solubigDCszﬁ
disulfides. Due to the relatively high volatility of naphtha at To0m
tenperature, two ten ms sanple of the degassed naphtha were renoved by
syringe at this point to obtain total sulfur in the feed follow ng
degassing. Typically the sulfur content was increased by 2-7-wppm sulfur
due to evaporative |osses. Follow ng degassing, the naphtha was placed in a
tenperature-controlled oil bath and eqei-li brated at 120F with stirring.
Following a determ nation of the ternary phase diagramfor the desired
conponents, the extractant for the run was prepared so that it was | ocated
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the ratio of sulfur concentration present in _the formof mercaptans
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sel ect | VRN Ay dTOET SR R AR ReRE P S e REp s o e isctssed. the
Extraction Coefficient, K,, is defined as the ratio of sulfur concentration present in
the form of mercaptans ("mercaptan suifur") in the extractant divided by the
concentration of sulfur in the form or mercaptides (also called "mercaptan sulfur”)

in the selectively hydrotreated naphtha following extraction:

Koy =[RS M’ in extractant]
[RSH 1n feed] after extraction.

Example 3. Extraction Coefficients Determined At Constant Cresol Weight%

[0053]  As is illustrated in figure 2 the area of the two-phase region in the phase
diagram increases with alkylphenol molecular weight. These phase diagrams were
determined experimentally by standard, conventional methods. The phase
boundary line shifts as a function of molecular weight and also determines the
composition of the extractant phase within the two-phase region. In order to
compare the extractive power of two-phase extractants prepared from different
molecular weight alkylphenols, extractants were prepared having a constant
alkylphenol content in the top layer of about 30 wt.%. Accordingly, starting

composition were selected for each of three different molecular weight



Keq = [RS- Mt in extractant [RSH in feed] after extraction. Exanple 3.
Extraction Coefficients Determ ned At Constant Cresol VEip_ht@6lgﬁg@%Iﬁﬁ5is
illustrated in figure 2 the area of the two-phase region in the

di agram i ncreases wi th al kyl phenol nol ecul ar wei ght. These phase di agrans
were determ ned experinentally by standard, conventional nethods. The phase
boundary line shifts as a function of nol ecul ar wei ght and al so determ nes
the conposition of the extractant phase within the two-phase region. In
order to conpare the extractive powerZof two-phase extractants prepared
fromdifferent nolecular weight alkylphenols, extractants were prepared
havi ng a constant al kyl phenol content in the top | ayer of about 30 w. %

Accor di Riitylphshalkttd AghieveTPRSIdncentraks i lasted tfphase hOpf thidwags dif f er ent
nol ecul ar weight 2 5 0 C T 2005 -26 al kyl phenols to achieve this

concent matthyiphanoi, k4 ehitresicylphengreasie?, 3 Gatrithethyiyasins] vwaere wetipargd emdl |

2, 4-di met hyl phenol and 2, 3, 5-tri et hyl phenol were conpared and the results
are depil¢ Eepulls aF‘?QEP’éteéj. M BB Z-The figure shows the phase boundary for
each of the al kyl phenols with the 30% al kyl phenol line is shown as a
sloping line intersecting the phase boundary [|ines. The neasured Keq for

each eXiifeh ant Thadrbiehith (18Bh 3P RDANP T AadiE HBARHEALdBLARBECL | O

t
bet ween 't he "30% al k phenol e and t respective enol phase

boundar yhe 305 m&gispheel@l Kegss Ehowaavetdypipbanel intésdctirdi tRtjhasebenslaryand
2,3,5-trinethyl phenol were 43, 13, and 6 respectively. As can be seen in

this fi duee, Ttheeneatured Ki.g forcarehfdxtiastans, droa vithsvtt basiphaseotes tat dut ant  at

const ant al kyl phenol . content dro ignificantly as the nolecul ar wei ght of
the al RPI'P riBFefiEt’r?éer@al%fé&ieeiTrﬁ%%gH% %kleL@lawérl%ﬂm%erﬁép%ﬁwﬁoduce

el At Vel kAR onl B DNRSS, P ARSI RIPS Sodlh iRk, IRy XN bi
dimethylphenol, and 2,3,5-trimethylphenol were 43, 13, and 6 respectively. As can
be seen In this figure, the extraction coefficients for the two-phase extractant at
constant alkylphenol content drop significantly as the molecular weight of the
alkylphenol increases. Though the heavier alkylphenols produce relatively larger
two-phase regions in the phase diagram, they exhibit reduced mercaptan extraction
power for the extractants obtained at a constant alkylphenol content. A second
basis for comparing the extractive power of two-phase extractant systems is also
illustrated in figure 2. The dashed 48% KOH tie-line delineates compositions in
the phase diagram which fall within the two-phase region and share the same
second phase (or more dense phase, frequently referred to as a bottom phase)
composition: 48 wt.% KOH. All starting compositions along this tie-line will
phase separate into two phases, the bottom phase of which will be 48 wt.% KOH in
water. Two extractant compositions were prepared such that they fell on this tie-
line although they were prepared using different molecular weight alkylphenols: 3-
methyl phenol and 2,3,5 trimethylphenol. The extraction coefficients were
determined as described above and were found to be 17 and 22 respectively.
Surprisingly, in contrast to the constant alkylphenol content experiments in which

large differences in extractive power were observed, these two extractants showed

nearly identical K 4. This example demonstrates that the mercaptan extraction



power for the extractants obtained at a constant al kyl phenol content. A
second basis for conparing the extractive Dower of two-phase ex&ﬁﬁﬁg%
systens is also illustrated in figure 2. The dashed 48% KOH ti etVi
del i neates conpositions in the phase diagramwhich fall within the
t wo- phase regi on and share the sanme second phase (or nore dense phase,
frequently referred to as a bottom phase) conposition: 48 wt. % KOH. Al

starting conmpositions along this tie-line will phase separate into two
phases, the bottom phase of which wilitZ/e 48 wt.% KOH in water. Two
extractant conpositions were prepared such that they fell on this tie- line

al t hough they were prepared using different nol ecul ar wei ght al kyl phenol s:

3- net hy, l; ; { 1 i j.ct.ents were
et or m e B o e el S O e b Vel
Sur pri sithglbyttoimplase! eadis substdmeiatlonatamindehkyt tlrenabusomteniolexperi ments in
which Jlarge differences in extractive power were observed, these two

ext r act afieighs Abiecalkpkbplrdnpli denti cal Keq. This exanpl e denpnstrates that the
mer capt an extraction 2 5 OCT 7005 -27 efficiency is determ ned by the
concentration of alkali netal hydroxide present in the bottom phase, and is

subst anty rh é’@dw gi ght of the al kyl
phenol . M ; 2

et H-captar — ] orttvapht ha [ 0055] A
representative treatnent solution was prepared by conbining 458 grans of
KCOH, 246 grans of water and 198 grans of al kyl phenols at room tenperature.
After st|D933]ng Roreprédentatve tnedresnt fdlation xtas Erepaeddhy ovmbiriiagsié@ar ate into
two phases, which were separated. The extractant (|l ess dense) phase had a
conposi tarems of keBblu24o rrams ol kater ond 1 9% gsams 08 alityl whsaelssasirapimet hy|
phenyl at e ion and. about. 3 Y0 water, .based on the.total weight of the
bt 1 act AP AT BOTHOnS toenirtt B RSB R i BORsE S SeREEE v 53 we 6

Into two phases, which were separated. The extractant (less dense) phase had a

composition of about 21 wt.% KOH ions, about 48 wt.% potassium methyl

phenylate ions, and about 31 wt.% water, bdsed on the total weight of the

extractant, and the bottom (more dense) phase contained approximately 53 wt%

KOH ions, with the balance water, based on the weight of the bottom phase.

[0056] One part by weight of the extractant phase was combined with three parts
by weight of a selectively hydrotieated intermediate cat naphtha ("ICN") having an
initial boiling point of about 90°F. The ICN contained Cg, C5, and Cg recombinant
mercaptans. The ICN and extractant were equilibrated at ambient pressure and
135°F, and the concentration of C¢ C;, and Cs recombinant mercaptan sulfur in the
naphtha and the concentration of Cs C;, and Cg recombinant mercaptan sulfur in the
extractant were determined. The resulting K., s were calculated and are shown in

column 1 of the table.

[0057] For comparison, a conventional (from the prior art) extraction of normal
mercaptans from gasoline using a 15 wt.% sodium hydroxide selution at 90°F is
shown in column 2 of the table. The comparison demonstrates that the extraction

power of the more difficult to extract recombinant mercaptans using the instant



KOH ions, wth the bal ance water, based on the wei ght of the bottom phase.

[ 0056] One part by weight of the extractant phase was conbi ned %ﬁth three
parts by weight of a selectively hydrotreated internedi ate cat

("ICN') having an initial boiling point of about 90F. The ICN contalned C6,
C7, and C8 reconbi nant mercaptans. The ICN and extractant were equilibrated
at anbi ent pressure and 135F, and the concentration of C6, C7, and C8
reconbi nant nercaptan sulfur in the naphtha and the concentration of C6,

C,, and Cs reconbi nant nercaptan sul fupg8 n the extractant were determ ned.
The resulting Kq s were cal cul ated and are shown in colum 1 of the table.

[ 0057] For conparison, a conventional (fromthe prior art) extraction of

| ' j d | ut
at ooF | BOERELADrS LB ARPER Brolt el h2 phlradh RO ML Y Hetonst r ates. ¢ na
the extraghieaiionaP ce§’§ wWitREthBDES r@hﬁﬁ%%&étrbct‘e@ ikl flerE GHQAO! nant

mer captans using t instant 2 5 28 process i1s nore than 100 tines

greater than the extractlve power of the conventional process with the |ess
readi | y_e.x_t_r_a_gi_gd_n,gpcra_j__cm aptans. Mercaptan Mol ecul ar Keqg,Keq

Viei ght Ext r dereantan Meheeslsr phaseSi ngl e hase extradtant G --KQQ0 C2- - 160
3--30 4--5 CS- V l 1?615 10-1p Extractant from top phase | Single phase extractant
C - 1000
C, - 160
C; - 30
C, -- 5
Cs -- 1
Ce - 15.1 0.15
C; 7.6 0.03
L Cy 1.18 Not measurable

[0058]  As s clear from the table, greatly enhanced K., is obtained when the
extractant 1s the top phase of a two-phase rieatment solution compared with a
conventional extractant, i.e., an extractant obtained from a single-phase treatment
solution not compositionally located on the boundary between the one phase and
two-phase regions. The top phase extractant is particularly effective for removing
high molecular weight mercaptans. For example, for C¢ mercaptans, the K, of the
top phase extractant is one hundred times larger than the K., obtained using an
extractant prepared from a single-phase treatment solution. The large increase in
K., is particularly surprising in view of the higher equilibrium temperature
employed with the top phase extractant because conventional kinetic considerations
would be expected to lead to a decreased K4 as the equilibrium temperature was

increased from 90°F to 135°F.



Cr77.60.03 C8 1.18Not neasurable ]0058] As is clear fromthe table, greatly
enhanced Kg i s obtained when the extractant is the top phase of fggwpﬂmpase
treatment solution conpared with a conventional extractant, i.e., an
extractant obtained froma single-phase treatnent solution not
conpositionally | ocated on the boundary between the one phase and two-phase
regions. The top phase extractant is particularly effective for renoving

hi gh ol ecul ar wei ght nercaptans. For exanple, for C6 nercaptans, the Keq of
the top phase extractant is one hundr€8-times | arger than the Keq obtained
using an extractant prepared from a singl e-phase treatnent solution. The

| arge increase in Keq is particularly surprising in view of the higher

equi | i br wrﬁgrmsr MeF@pt S Adiod bk M thPl R Fldlaté@nt because
conventi onal Kinetrc conside I ons dto a
decreased Keq as the equilibriumtenperature was increased from90F to
135F. 2 5 0 CT 2005 -29 Exanple 5. Mercaptan Extraction from Natural Gas

Condensal¥$9] 00581represgpiasiyeivat phasetivgatiphaksoltieawasrepaledtasan asas
prepared._as i s .n Exanple. 4. The extractant phase had sition of
Bbout 21 FRATIRIRGH le%%ﬁtra% hasghag .a%oaa%%%%%ﬁ? ab%%bw@ﬁiﬁﬁ@?ﬁwi ons,
and abou Qpoyvalt - fal wej fo th tractant, and
t he bott%lrjng)%th%\gég{' c%%tog{sﬁle]%q?g’gre%&? H%E ng/l%% %?S d."g/g%i%lo‘ﬁ’gf/g sﬁatt%’gjﬁ%e al ance
vater, bageHe oftal HRiMRIANEe B%irddiEnDahl oM HLERGS! ha%@Q@Qlai%a?ﬁf&xiﬁXteW' ght
of the extractant was conbined wth three parts by weight of a natural gas
condensat2 vewort KiOH nendwatcthedadat esiva@r dsed baithe waglapf fueshdram ng

nol ecul ar wei ghts of about C5 ..,,d above. The natural gas condensate had
an initiBhaseiling point of 91F and a final boiling point of 659F,

[0060] One part by weight of the extractant was combined with three parts by
weight of a natural gas condensate containing branched and straight-chain
mercaptans having molecular weights oi about Cs uud above. The natural gas
condensate had an initial boiling point of 91°F and a final boiling point of 659°F,
and about 1030 ppm mercaptan sulfur. After equilibrating at ambient pressure and
130°F, the mercaptan sulfur concentration in the extractant was measured and
compared to the mercaptan concentration in the condensate, yielding a K, of

11.27.

[0061] For comparison, the same natural gas condensate was combined on a 3:1
weight basis with a conventional extractant prepared from a conventional single
phase treatment composition that contained 15% dissolved sodium hydroxide, i.e.,
a treatment composition compositionally located well away from the boundary with
the two-phase region on the ternary phase diagram. Following equilibration under
the same conditions, the mercaptan sulfur concentration was determined, yielding a
much smaller K. of 0.13. This example demonstrates that the extractant prepared
from a two-phase treatment solution is nearly two orders of magnitude more
effective in removing from a hydrocarbon branched and straight-chain mercaptans

having a molecular weight greater than about Cs,



and about 1030 ppm nercaptan sulfur. After equilibrating at anbient pressure
and 130F, the nercaptan sul fur concentration in the extractant red
and conpared to the nercaptan concentration in the condensate, ?ﬁi@@fﬂ@ya
Keg of 11.27. 100611 For conparison, the sane natural gas condensate was
conmbined on a 3:1 weight basis with a conventional extractant prepared from
a conventional single phase treatnent conposition that contained 15%

di ssol ved sodi um hydroxide, i.e., a treatment conposition conpositionally

| ocated well away from the boundary with  the t wo- phase region on the
ternary phase diagram Follow ng equilibration under the sane conditions,
the nmercaptan sul fur concentration was determ ned, yielding a nuch smaller
Keq of 0.13. This exanple denonstrates that the extractant prepared froma
t wo- phase treatpent soluti is nearly two qgrders of_ magnitude

ef f ect i VeX3IHD4S CYST$1PH APLAY :TAL: Vil g T

Phase EXtraction . Composi

A - s
v

G- v 6 FC-at S0 E— OV S Rgl e versus Two-
Phase Extraction Conpositions of Nearly Identical Conmposition [0062] Three
treatment conpositions were prepared (runs nunbered 2, 4, and 6)

conposi _t[oam?I |y Thegeagrestmunt BbmpolRidnor @egseparedi (Oins dhbeidy 4,tsd 6)
separation from the treatnent conposition, the top phase (extractant) was
cont act egmyaskiorsplytleaated wlkin thetwh-phesexagioneF2]loandg tlysepagtivorir@ach
extractant was determ ned. TRe napht ha, contained reversion. rcaPt ans,

i ncl udi A8 FETERANTSRMRASE RS RPN (GBlTae@ntrWasnepyReedovitagsahtiessand

oo coRvaith B E 2 b Bk 5 (4 G P R BB TR AGRBRR, T
3, and ShneARRPRIERIBA otk AGAL AR nGh SndRasans HAGIAmRled g ternary

phase di agram but near the boundary of the two-phase region.
weights of about Cs and above. The results are set forth in the table.

[0063] By way of comparison, three conventional treatment compositions were
prepared (runs numbered 1, 3, and 5) compositionally located in the single-phase
region of the ternary phase diagram, but near the boundary of the two-phase region.
The treatment compositions were contacted with the same naphtha, also under the
conditions set forth in example 2, and the K¢, was determined. These results are

also set forth in the table.

[0064) For reversion mercaptan removal, the table clearly shows the benefit of
employing extractant compositionally located on the phase boundary between the
one-phase and two-phase regions of the phase diagram. Extractants
compositionally Jocated near the phase boundafy, but within the one-phase region,
show a K, about a factor of two lower than the K., of similar extractants

compositionally located at the phase boundary.



The treatnent conpositions were contacted with the sane naphtha, also under
the conditions set forth in exanple 2, and the Keq was deterniggﬂ% %Fﬁﬁf
results are also set forth in the table. [0064] For reversion rE
renoval , the table clearly shows the benefit of enploying extractant
conpositionally | ocated on the phase boundary between the one-phase and

t wo- phase regi ons of the phase diagram Extractants conpositionally |ocated
near the phase boundary, but within the one-phase region, show a KeQ about
a factor of two |ower than the Kq of -8lmilar extractants conpositionally

| ocated at the phase boundary. 2 5 OCT 2005 -31 fi of phases Run#in

treat nent K-cresyl at eKOHWAt er Keq conposition (wt. %9 (wm.%9 (Wm.% (wm./w.)
111534516 2215355013 3131274215 4231284126 5143213418 6243223536 2 5 OCT
2005 -32 CLAIMS A naphtha desul furization_nethod, conprising;

Run# # of phases K-cresylate | KOH Water Keq
in treatment
composition
(wt.%) (wt.%) | (wt.%) (wt./wt.)
1 1 15 34 51 6
2 2 15 35 50 13
3 1 3] 27 42 15
4 2 31 28 41 26
5 1 43 2] 34 18
6 2 43 22 35 36




(a) contacting a sulfur-containing naphtha with hydrogen in the presence of
a catalytically effective anount of a hydrotreating catal yst und 1200
catal ytic hydrotreating conditions to forma hydrodesul furized ngé%pﬁa; Eb)
contacting the hydrodesul furized naphtBd-with a first phase of a treatnent
conposition containing water, alkali nmetal hydroxide, cobalt phthal ocyani ne
sul fonate, and al kyl phenols and having at |east two phases, (i) the first
phase containing dissolved al kali netal _al kyl phenyl ate, dissol ved al kal
metal hydroxi de, water, and dissol onat ed cobalt phthal ocyani ne, and
(i1) the second phase containing water and dissolved al kali netal

hydr oxi de; (c) extracting nercaptan sulfur fromthe hydrodesul furized
naphtha to the first phase; and (d) separating an upgraded naphtha havi ng

| ess nmercaptan sul fur thffn the hg{irod sul furi.zed naphtha. 2. The nethod of
claim| Wher ei/h naphibafipspHuriganen qthﬁ‘@fﬁ&Pnglré%n%'b), the first phase is

applied to and flo Qver an I rophyl i I : t he ,
hydr ocar bon fl ows g\%@)?%ﬁ?ﬁ?&P@%ﬁggé%é%@%uédpﬁaﬁmhhﬁ##rsé?nBﬁg%e flow 3.
The method of gLa %M‘\%{tﬂ Aich eFFREG PP ERRSNEDE 2 LS MRHSéAhgEtel3Rt ans. - 33 2
5 O CT 2005 4.PET1§éémrc}et hod o ((:;I alﬁr% 3 wherein the rgversi ongrr;gc]g’g% ans have a
mol ecul ar  weigller gaadyits hivfhatreating cofditions td Hermetahtodésudfaiznd4 wher ei n

t he reversion nmercaptans have a nol ecul ar weight ranging fromabout C5 to

about C8. 6. Tghthet;hod of claim 1 wherein the sul fonated cobalt

phthal ocyani ne i s (b) contacting the hydrodesulfurized naphtha with a first phase of a

treatment composition containing water, alkali metal hydroxide, cobalt
phthalocyanine sulfonate, and alkylphenols and having at least two phases,
(1) the first phase containing dissolved alkali metal
alkylphenylate, dissolved alkali metal hydroxide, water, and
... dissolved sulfonated cobalt phthalocyanine, an;i
(i1) the second phase containing water and dissolved alkali
metal hydroxide;
(c) extracting mercaptan sulfur from the hydrodesulfurized
naphtha to the first phase; and
(d) separating an ngl'a&ed naphtha having less mercaptan sulfur
than the hydrodesulﬁxized naphtha. |

2. The method of claim 1 wherein, during the contacting of step (b), the first
phase is applied to and flows over and along hydrophylic metal fibers, and the

hydrocarbon flows over the first phase co-current with first phase flow.

3. The method of claim 2 wherein the mercaptans are reversion mercaptans.



present in the first phase in an anobunt ranging from about 10 to about 500

wppm  based upon the weight of the treatnment solution. 7. The miﬁﬁe g@
claim1l wherein the treatment conpositjon contains about 15 wt.?9 4 Elt

55 wt. % di ssol ved al kyl phenol s, about 10 wppmto about 500 wppm di ssol ved
sul fonat ed cobalt phthal ocyani ne, about 25w .%to about 60 w.% dissol ved

al kali metal fydrpthee.ofatsingbailicrdB the.réviéeicboet caplenst hdoewatereculliased on
the wei ght of the treatnent solution. 8. The nethod of claim7 wherein the
first phesiehtgreatestimn abowtep (b) in an ampunt ranging from about 3 vol.%
to about 100 vol.% based on the volunme of the hydrodesul furized naphtha,
and the contacting is conducted in the substantial absence of oxygen. 9.

Th t hod of,.claim!l i t. | ti f |

o1 esor s Dbt ot ABa bR A s e s Bl Rersertalts B RRRRSYELT S 4
1 whereipn. i ; ocyanine is cobalt phthal ocyani ne

di sul foln\g 1@?{%&%@@%@§&%P§?ﬁq E"fﬁrt Iher 1:orrpri si ng (F:)onducti %g :an

oxi di zi ng amount oxygen and the first phase fromstep (c) to an oxidi zing
region and oxidizing the 250CT 1005 -34 nercaptan sulfur in the first phase
t o di sul6.i desThsepathaili ofceleime 1dvkeretn tessul foomtacheobal i plsthalsieygnineaad t hen
conducting the first phase to a polishing region wherein a.

wat er - i ripes entoinethe fixst phaseLin: a3 meBRbRALEE HoguRhoH torahAlt REOFWPRRL phase,

wherein the contgcting.of .ste b) is nduct ed under substantially

anaer obitﬁaségn%ﬁ‘m ﬁﬁs‘?"e%ﬁo"rﬁ%‘e ﬁﬁ%‘ﬁ%‘)‘ﬁ“éf‘ﬁ&%'m 11 further conprising
conducting the second phase fromstep (b) to a concentrating region wherein
water is renoved fromthe second phase to regulate the treatnent

conposi tyon' s ThatgetHadndfelbim dndheendiiet iremmidne corpreiivty edradirsetent phase
fromthe concentrating region to the second phase of
15 wt.% to about 55 wt.% dissolved alkylphenols, about 10 wppm to about 500
wppm dissolved sulfonated cobalt phthalocyanine, about 25wt.% to about 60 wt.%
dissolved alkali metal hydroxide, and about 10 wt.% to about 50 wt.% water,

based on the wejght of the trestment solution. -

8. The method of claim 7 wherein the first phase is present in step (b) in an
amount ranging from about 3 vol.% to about 100 vol. %, based on the volume of
the hydrodesulfurized naphtha, and the contacting is conducted in the substantial

absence of oxygen.

9. The method of claim 1 wherein at least a portion of the alkylphenols are

cresols obtained from the hydrodesulfurized naphtha,

10.  The method of claim 1 wherein the sulfonated cobalt phthalocyanine is
cobalt phthalocyanine disulfonate.

11.  The method of claim | further comprising conducting an oxidizing amount

oxygen and the first phase from step (c) to an oxidizing region and oxidizing the



step (b) for re-use. 13. The nmethod of claim 12 wherein the treatnent
conposition is formed by conbining water in an anount ranging frionBbdlid 10
w.%to about 50 wt.% alkali nmetal hydroxide in an amount ranging from
about 25 wt.%to about 60 wt.% sulfonated cobalt phthal ocyanine in an
amount ranging fromabout 10 wppmto about 500 wppm and al kyl phenols in an

amount 1 a9k Agah SAMAROHe Akt phbsdol Bis@lRIE, aPaViun’d thRas a6 feRs fign '@ ght  of
the treatment’ conposition. 14. The nethod of ¢laim 13 wherein (i) the

hydr ocar fiest pismse, sel gehi coeldyctiygtiod fisatpddseaphphhsltngtragmnngheregver si on

mercaptans, (ii) at_Jeast a‘portion of the al kyl phenols_are cresql s obtained
fr om t hewatestsnmisdble spjwrnitfnahertepasang Asuliidss §owfbﬁ&rﬁt Phase; BdeFdiion

mer capt agésF have a nol.ecul ar .vvegiérgft _Eg{)eater t han,. about C5 éi v(i...t he

Sul f onat BiF COHAFRIBORSIBLPAH RS ILNAE SyPREPEATEAPRE OOl SORYRET e, and
(v) wherein the nethod is operated continuously. 2 5 OCT 2005 -35 15. A
continuous nethod for treating and upgradi ng a selectively hydrotreated

napht ha, jgonpriis pgihddof Gefh _qq_tmeagéﬁbﬁ@.iﬂg/&iﬂduhﬁﬁgQhé sai@fl planbt ha under
substantially anaerobic. conditions with*an extractant conposition, wherein

(i) the époiiatipafhl) tb % cupshastin@tdgion Mheseinbl stenid fendedafratotheuecodt t om
phase of aqueous al kali nmetal hydroxide, and (ii) the extractant contains
wat er, dpbass oo galatathe reptghentoORNOSHENYY Water c@intess] srdicandudtingréeal

hydr oxi dgbnger{aqradtérg %gclzovnedd pl?ausleff(r)gx%ttﬁg concentrating région to the second phase of

step (b) for re-use.

13.  The method of claini 12 wherein the treatment composition is formed by
combining water in an amount ranging from about 10 wt.% to about 50 wt.%,
alkall metal hydroxide in an amount ranging from about 25 wt.% to about 60
wt.%, sulfonated cobalt phthalocyanine in an amount ranging from about 10
wppm to about 500 wppm, and alkylphenols in an amount ranging from about 10

wt.% to about 50 wt.%, based on the weight of the treatment composition.

14.  The method of claini 13 wherein

(i) the hydrocarbon is a selectively hydrotreated naphtha containing
reversion mercaptans,

(31) at least a portion of the alkylphenols are cresols obtained from the
selectively hydrotreated naphtha;

(ii1) wherein the reversion mercaptans have a molecular weight greater than
about Cs, _
| (iv) the sulfonated cobalt pthalocyanine is cobait pthalocyanine
disulfonate, and '

(v) wherein the method is operated continuously.



cobal t. phthal ocyanine; (b) extracting nercaptan sulfur fromthe naphtha to
the extractant; (c) separating (i) an extractant containing rrercagﬁg anT 3008 fur
and (ii) an upgraded naphtha having |less nercaptan sul fur than the
selectively hydrotreated naphtha. 16. The nethod of claim 15 wherein the
napht ha contains reversion nercaptans having a nol ecul ar wei ght greater
‘than abolif. C4A ddhtinkrmsmeethod fof trehtingand upigeading atseéectideby Bydiotraatedapt ans
have a nol ecul ar weight greater ranging fromabout C5 to about Cs. 18. The
met hod of aRtBANSOIBPHABELEI n, during the contacting of step (a), the

t tant i | ied.t d fl | e tal fib ,
and thesel bt RS G STty B RaBRERESs rpl T RS A ey
tcﬁ- curregﬁ?e% f éJheﬁi{iJ)r?aV‘ivi@ﬂc arf ﬁﬁ%ﬂ@om%@s%ﬂﬁuﬂ@feﬂ?d of claim15 wherein

e extractant conposition I's formed by ‘tonbining water in an anount

rangi ng from about (HGhwtex tatRnahosibshitisly¥mmakiat witeitaknblpgoaxi de in an
anount ranging from'about 25 w.%to about 60 wt.% sulfonated cobalt

pht hal ocyani néottonaphaseafrequeang aligplf metsl dlydooxide, gppn -36 2 5 OCT 2005 to
about 500 ppm and al kyl phenol s in an anount_ rangi ngl fromapout 10 wt.%to
about 50 wt.% basdd) 8t DB tYES Pk ssabicamikalimetdher ein at | east a

portion of the,alkyl phengls ar sol bt ai ned fr t tively
hydrotreated 2HS{R ?@aa%alﬁﬂ@eﬁeﬁ%%bnﬁa@?}é(ﬁ%%%’ %@@E%SEF‘E%ZA@@%% ant is
present in an Wk ¢ B%Qalﬂ? from about 3 vol.%to about 100 vol.% based
on the vol urrecgggltﬁ%l hEEy rocg%bon, and wherein the extractant contains
di ssol ved al k@h) exiaingydaapitaie sulifir Aompieutphtlengi thg ekxtaptanapout | wt. % to
about 40 wt.% dissolved al kali netal o o

(c) separating (i) an extractant containing mercaptan sulfur and (ii) an

upgraded naphtha having less mercaptan sulfur than the selectively hydrotreated

naphtha.

16.  The method of claim 15 wherein the naphtha contains reversion mercaptaus

having a molecular weight greater than about C,.

17.  The method of claim 16 wherein the reversion mercaptans have a molecular

weight greater ranging from about Csto about Cs.

18.  The method of claim 15 wherein, during the contacting of step (a), the
extractant is applied to and flows over and along hydrophylic metal fibers, and the
selectively hydrotreated naphtha flows over the extractant co-current with the flow

of extractant.

19.  The method of claimn 15 wherein the extractant composition is formed by
comnbining water in an amount ranging from about 10 wt.% to about 50 wt.%,
alkali metal hydroxide in an amount ranging from about 25 wt.% to about 60

wi.%, sulfonated cobalt phthalocyanine in an amount ranging frém about10 ppm



al kyl phenyl ate ions in an anount ranging from about 10 wt.%to about 95
wt.% and sul fonated cobalt pthal ocyani ne in an anount ranging:f%q@?$ﬁgut
10 ppmto about 500 ppm based on theyyei ght of the extractant. )

met hod of claim 20 wherein the sul fonated cobalt phthal ocyanine is cobalt
pht hal ocyani ne di sul fonate. 22. The nethod of claim 15 further conprising
(d) conducticry SO0 Epmdnzd alodpianols oxygemoandrdieneftomabant 1¢ent’4ditai ng

mer captan sul fur to an oxidizing region and. oxidizing the nercaptan sulfur
to di sibqudes: widh, baspdroatthagyaipbt of thel dituetentts o wheraintatdeasaat ; and (f)

conducting at | gast partion of the extractant i.n step. t | i shing
regi on, Ex?%éﬁﬂé‘l &‘e\/ﬂﬁlélrp -W?%E‘iebqlgs(gélogéarﬁ‘e#gﬁaphg?e %%B%F%ﬁ%&y&&?#ﬁjes from
t he extﬁ,arﬁti_ﬁat prior to the re-use of the extractant. 23. The nethod of

cl ai m 22°tHi Phver conprising. (g) conducting the bottom phase fromstep (a) to

a concentrating region wherein water is removed fromthe bottom phase to
regul ate the extractant's water content; 250CT 2005 -37 and then (h)

conductipg t h&HeghtwdpifadsinaWaywhidrein theeeereants ptdsegt e emouatstep  (a)
for re-use. 24. The nethod of claim 23 wherein (i) the hydrocarbon is a

sel ect i vengity firoe rbated vobphthabasnt®di valif§, bassdeors tunvolanmapt tes and
HAATARNTINNE L RSt S oA DA S R R

jn an amount ranging from about 1 wt.% to about 40 wt.%, dissolved alkali metal
alkylphenylate ions in an amount ranging from about 10 wt.% to about 95 wt.%,
and sulfonated cobalt pthalocyanine in an amount ranging from about 10 ppm to

about 500 ppm, based on fhe weight of the extractant.

21.  The method of claim 20 wherein the sulfonated cobazlt phthalocyanine is

cobalt phthalocyanine disuifonate.

22.  The method of claim 15 further comprising

(@) conducting an oxidizing amount oxygen and the extractant containing
mercaptan sulfur to an oxidizing region and oxidizing the mercaptan sulfur to
disulfides; |

(e) separating the d_isu]ﬁdes from the extractant; and

(fj conducting at least a portion of the extractant in step (e) to a polishing
region, wherein a water-immiscible solvent further separates disulfides from the

extractant prior to the re-use of the extractant. -

23.  The method of claim 22 further comprising -
(g) conducting the bottom phase from step (2) to a concentrating region
wherein water is removed from the bottom phase to regulate the extractant's water

content;



(iii) wherein the reversion nercaptans have a nol ecul ar wei ght greater than
about C5, and (iv) the sulfonated cobalt pthal ocyanine is cobal #50CT 7005
pt hal ocyani ne di sul f onat e. 237.

and then
(h) conducting the bottom phase away from the concentrating region to step

() for re-use.

24.  The method of claim 23 wherein
(1) the hydrocarbon is a selectively hydrotreated naphtha containing
reversion mercaptans and cresols,
(il) the extractant cbntains alkylphenolis obtained from the cresols 1n the
- selectively hydrotreated naphtha,
(iii) wherein the reversion mercaptans have a molecular weight greater than
 about Cs, and |

(iv) the sulfonated cobalt pthalocyanine js cobalt pthalocyanine disulfonate.





