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(00011 The invention relates to a nethod for treating liquid hydrocarbons in
order to remove acidic inpurities, such as nercaptans, particul ari?yb 0C] 0
mer capt ans having a nol ecul ar wei ght of about C4 (C4H10S=90 g/ nole) and

- hi gher, such as reconbi nant mercaptans. BACKGROUND COF THE | NVENTI ON 100021
Undesi rabl e aci di c species such as nercaptans may be renoved from liquid
hydr ocarbons with conventional aqueous treatnent nethods. In one
conventional nethod, the h drocarbon contacts an aqueous treatnent sol ution
cont ai ning an al kA0 ! ROEARBON AP WHENHOMEBRQBX s t he treat nent
sol ution, and nercaptans are extracted fromthe hydrocarbon to the treatnent
sol ution where they form nercaptide species. The hydrocarbon and the

treat nme ii T MIENATEEWar at ed, and a treated hydrocarbon is
conducted away fromthe process. Intinate contacting between the

hydr ocar bon and agueous phase |leads to nore efficient transfer of the

ror capt A0 Havi Ao e oGO RAPERa Brbpgar B Rund HB0H nEBlokaBGeR T | tme
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(also referred to as I Sper si on treat dr ocar bon.
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efficient nmercaptan transfer, they adversely affect the subsequent

hydr ocarrboombezat atéroaptass.ep and may be undesirably entrained in the treated
hydr ocarbon. (00031 Efficient contacting nmay be provided with reduced
aqueous phase entrainment by enpl oyi ng contacting nethods that enpl oy

IittI_‘_e ma%éwrbl: "Hﬁ: N%ﬂfbﬁctl ng nmet hod enpl oys a mass transfer

appar at Aoy

[0002]  Undesirable acidic species such as mercaptans may be removed from
liquid hydrocarbons with conventional aqueous treatment methods. In one
conventional method, the hydrocarbon contacts an aqueous treatment solution
containing an alkali metal hydroxide. The hydrocarbon contacts the treatment
solution, and mercaptans are extracted from the hydrocarbon to the treatment
solution where they form mercaptide species. The hydrocarbon and the treatment
solution are then separated, and a treated hydrocarbon is conducted away from the
process. Intimate contacting between the hydrocarbon and aqueous phase leads to
more efficient transfer of the mercaptans from the hydrocarbon to the aqueous
phase, particularly for mercaptans having a molecular weight 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 hydrocarbon.
While the small aqueous regions provide sufficient surface area for efficient
mercaptan transfer, they adversely affect the subsequent hydrocarbon separation

step and may be undesirably entrained in the treated hydrocarbon.

[0003])  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



250CT 1005 -2 substantially continuous el ongate fibers nmounted in a shroud.
The fibers are selected to neet two criteria. The fibers are preafep@hiilal |y
wetted by the treatnment solution, and consequently present a |arge surface
area to the hydrocarbon w thout substantial dispersion or the agueous phase
in the hydrocarbon. Even so, the formation of discontinuous regions of
aqueous treatnent solution is not elimnated, particularly in continuous
process. 10004] In another conventional nethod, the aqueous treatnent
solution is prepared by form ng two aqueous phases. The first agueous phase
contains al kyl phenols, such as cresols (in the formof the alkali netal
salt), and alkali netal hydroxide, and the second aqueous phase contains
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Undesi rabl e aqueous phase entrainnment is alSo present | and

is made yslnsienwaed cengdqaynilg phésghes 1arps casfaty ardart@ahebiytirs@bbién Aithout

cont ai ni nlgtar;i gher al kali netal hydroxide concentration. 100051 There renains
a need, suistaitolaisgassionenthy dqoearsyinse irettaeydrocprhoce dsem shahe curt ai |
aqueous treatpent solution entrainnent in the treated . hydrocarbon, and are
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nol ecul ar_wei ght and hranched nmercaptans. 2 5 0 C T 2005 -3 SUWARY OF THE

| NVENTI @PT’G@%@EY IMEYHBIHS A RERS: the invention relates to a nethod for

treating and upgradi ng a hydrocarbon contai ning acidic species such as
mer capt ans, particularly

[0004] In another conventional method, the aqueous treatment solution is
prepared by forming two aqueous phases. The first aqueous phase contains
alkylphenols, such as cresols (in the form of the alkali metal salt), and alkali metal
hydroxide, and the second aqueous phase contains alkali metal hydroxide. Upon
contacting the hydrocarbon to be treated, mercaptans contained in hydrocarbon are
removed from the hydrocarbon to the first phase, which has a lower mass density
than the second aqueous phase. Undesirable aqueous phase entrainment is also
present in this method, and is made worse when employing higher viscosity

treatment solutions containing higher alkali metal hydroxide concentration.

[0005]) There remains a need, therefore, for new hydrocarbon treatment
processes that curtail aqueous treatment solution entrainment in the treated
hvdrocarbon, and are effective for removing acidic species such as mercaptan,

especially high molecular weight and branched mercaptans.



mer capt ans having a nol ecul ar wei ght hi gher than about C4 such as

reconbi nant nercaptans, conprising: (a) contacting the hydrocar%ﬁg ﬁ15@ a
first phase of a treatnment conposition containing water, alkali Q )
hydr oxi de, cobalt phthal ocyani ne sul fonate, and al kyl phenol s and havi ng at

| east two phases, (i) the first phase containing dissolved al kali netal

al kyl phenyl ate, dissolved al kali netal hydroxide, water, and dissol ved

sul fonat ed cobalt phthal ocyanine, and (ii) the second phase contai ni ng

wat er and di ssolved al kali metal hydroxi de; and then (b) separating an

upgr aded hydrocarbon. [0007] In another enbodi ment, the invention relates to
a nethod for treating and wupgrading a hydrocarbon containing acidic species

such as nEIYEVLALS, OPar HECENENTION capt ans havi ng a nol ecul ar wei ght
hi gher tham about C& such as reconbf hant nercaptans, conprising: (a)

conmbi ning water, alkali netal hydroxide, sulfonated cobalt phthal ocyani ne,
and al kyl phenols to forma treatnent solution having at |east an aqueous
ext r act anb0Qshas elrapel emhwdmenﬂemls@nafquéouselbtﬂSttom mhgmi Bwhetatimgi anid y

i mm scible in.the e tract ant ; I%jcont cting the hydrocarbon with th
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hydrocar Bon awh 08 finb SR TR G aRLA i ghe? el AR O SRTRALES tb(i)n:;[nrt]e

hydr ocar bon.
mercaptans, comprising:

(a) contacting the hydrocarbon 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 cobait
phthalocyanine, and

(i1) the second phase containing water and dissolved alkali metal
hydroxide;

and then

(b) separating an upgraded hydrocarbon.

[0007] In another embodiment, the invention relates to a method for treating and
upgrading a hydrocarbon containing acidic species such as mercaptans, particularly
mercaptans having a molecular weight higher than about C, such as recofnbinant
mercaptans, COmprising:

(a) combining water, alkali metal hydroxide, sulfonated cobalt
phthalocyanine, and alkylphenols to form a treatment solution having at least an
aqueous extractant phase and a more dense aqueous bottom phase substantially
immiscible in the extractant;

(b) contacting the hydrocarbon with the extractant phase;

and then



10008] In yet another an enbodi ment, the invention relates to a nmethod for
treati ng and upgradi ng a hydrocarbon containing acidi c species sucﬂ qﬁg 005
nmer captans, particularly nercaptans having a nol ecul ar wei ght hig é %
about C4 such as reconbi nant nercaptans, conprising: (a) contacting the
hydrocarbon with an extractant conposition containing water, alkali netal
hydr oxi de, cobalt phthal ocyani ne sul fonate, and al kyl phenols, wherein (i)
the extractant is substantially immscible with its anal ogous aqueous

al kali metal hydroxide, and (ii) the e#xtractant contains water, dissolved
al kali metal al kyl phenyl ate, dissolved al kali netal hydroxide, and

di ssol ved sul fonated cobalt phthal ocyanine; and then (b) separating an

upgraded hydrq 2 Figure 1
Shove. 8. schert TP T SuE A SIEAST o Chac eob Sa Bt D6 ToT TErBGPe 3 shows a
schemat Ic(@n@aﬂﬁgﬁl(ﬂ—l @@hgmequb tﬁe\h?ﬂﬁfcaﬁ%‘ﬂr.pm assium al kyl phenyl ate treatnent
sol uti on. OCT 2005 -5 DETAI LED DESCRI PTI ON OF THE | NVENTI ON 10011] The

i nvention reI ates in part to the discovery that aqueous treatnment solution
entrainnment into the treated hydrocarbon may he curtailed by adding to the
t r eat med®00Rd| ut Iviictanaiberean emeodimpei: thsrinyantion selawsdopanethedtieal ocyani ne.

Uil Bekth G ouhe SRR b Ay hcary, S mlele Lty s peliogd el
| owers &)Qﬁld\ﬂ&ﬁ{/m%tans having a molecular weight higher than about C, such as
recombinant mercaptans, comprising;

(a} contacting the hydrocarbon with an extractant composition containing
water, alkali metal hydroxide, cobalt phthalocyanine sulfonate, and alkylphenols,
wherein

(1) the extractant is substantially immiscible with its analogous
aqueous alkali metal hydroxide, and
(1) the extractant contains water, dissolved alkali metal
alkylphenylate, dissolved alkali metal hydroxide, and dissolved sulfonated
cobalt phthalocyanine;
and then

(b) separating an upgraded hydrocarbon.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Figure 1 shows a schematic flow diagram for one embodiment.

[0010] Figure 2 shows a schematic phase diagram for a water-KOH-potassium

alkyl phenylate treatment solution.



energy between the aqueous treatnent solution and the hydrocarbon, which
enhances the rapid coal escence of the discontinuous aqueous regions in the
hydr ocarbon thereby enabling nore effective separation of the treagdd] 2005
hydrocarbon fromthe treatnent solution. 10012] In one enbodi nent, the
invention relates to processes for reducing the sulfur content of a liquid
hydr ocarbon by the extraction of the acidic species such as nercaptans from
t he hydrocarbon to an aqueous treatnent solution where the nercaptans
subsi st as nercaptides, and then separdting a treated hydrocarbon
substantially reduced in nercaptans fromthe treatnent solution while
curtailing treatnent solution entrainnent in the treated hydrocarbon.

Pref er abhp T ANE EISDESCRIPTIGIN Uhe gmwvgmmﬂmthe hydrocarbon to the
treat ment sof Utl 'S _C conditions, i.e., in the
substanti al absence of added oxygen. In other enbodi nents, one or nore of

the follow ng may al so be incorporated into the process: (i) stripping away
the nercHifiibes Thomvengonmelatasentpagiolothieshsdoyeay that aqee@mntreatmempi ng, (i)

catal ytic oxidation of the rcaptides in the treatnment. sqlution to form
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may be regul ated so that the treatnment solution forns two .

energy between the aqueous treatment solution and the hydrocarbon, which

enhances the rapid coalescence of the discontinuous aqueous regions in the

hydrocarbon thereby enabling more effective separation of the treated hydrocarbon

from the treatment solution.

{0012] In one embodiment, the invention relates to processes for reducing the
sulfur content of a liquid hydrocarbon by the extraction of the acidic species such
as mercaptans from the hydrocarbon to an aqueous treatment solution where the
mercaptans subsist as mercaptides, and then separating a treated hydrocarbon
substantially reduced in mercaptans from the treatment solution while curtailing
treatment solution entrainment in the treated hydrocarbon. Preferably, the
extraction of the mercaptans from the hydrocarbon to the treatment solution is
conducted under anaerobic conditions, i.e., in the substantial absence of added
oxygen. In other embodiments, one or more of the following may also be
incorporated into the process:

(i} stripping away the mercaptides from the treatment solution by e.g.,
steamn stripping,

(i1) catalytic oxidation of the mercaptides in the treatment solution to form
disulfides which may be removed therefrom, and

(iii) regenerating the treatment solution for re-use.



substantially imm scible phases, i.e., a |ess dense, honogeneous, top phase
of dissolved alkali netal hydroxide, alkali netal alkylphenylate, and
water, and a nore dense, honogeneous, bottom phase of dissol ved ak8§F 2005
nmetal hydroxi de and water. An anmount of solid al kali metal hydroxi de nay be
present, preferably a small anmount (e.g., 10 wt. % in excess of the
solubility limt), as a buffer, for exanple. Wien the treatnent solution
contains both top and bottom phases, the top phase is frequently referred
to as the extractant or extractant phasé: The top and bottom phases are
liquid, and are substantially immscible in equilibriumin a tenperature
rangi ng from about 80F to about 150F and a pressure range of about anbient

(zero psigiifdmui@beshal? BRI GanFRINES DRtaEH ORISR aHI 2GNRAB: FY cRalytic
treatnent solution forned from potassi um hydroxi de, water, and threé

di f f er entoxiddtion phéromsraapadshonwmcludetliiguhepce$®0141 | n one enbodi nent,
therefore, a two-phase treatnent solution is conbined with the hydrocarbon
to be treated and allowed to settle. Following settling, |ess dense treated

hydr ocar ocated above fhe t.o0 hase, and be . .separated. |Ipn another
enbodi rreﬁﬁ,&i]he ttfg’ﬁ téer?ngBE %@mlgﬁﬁ@?%p@p@éﬁﬂﬁéﬁgw%gw@ﬁah ﬁ%ettagp phase
(extract ant r j - art i of
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returned dfah¢ benftAERSMAPbe ke HaRd doohatiRRRmehDSo B8R TBHAL @dot 0P phase
may be returned to the treatnent solution prior to top phase separation,
wher e it sohytabgallndichedstiblephdses, itdhea 1asp dehses donboddnesuphaperhase ofiot h.

AIternati\_/eIaq, the regenerated 2 5 OCT 2005 -7 top phase may be added to the
ei t her t ¢hssoheasealkpbupeia] préroxide ellgdt metl sladnbenylate apdevalepangtd on of the
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water. An amount of solid alkali metal hydroxide may be present, preferably a
small amount (e.g., 10 wt.% in excess of the solubility limit), 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 in 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.

[0014]  In one embodiment, therefore, a two-phase treatment solution is
combined with the hydrocarbon to be treated and allowed to settle. Following
settling, less dense treated hydrocarbon located above the top phase, and may be
separated. In another embodiment, the top and bottom phases are separated before
the top phase (extractant) contacts the hydrocarbon. As discussed, all or a portion
of the top phase may be regenerated following contact with the hydrocarbon and
returned to the process for re-use. For example, the regenerated top phase may be
returned to the treatment solution prior to top phase separation, where it may be

added to either the top phase, bottom phase, or both. Alternatively, the regenerated



phase of dissolved al kali metal hydroxide, alkali metal alkyl phenyl ate,

sul fonated cobalt pthal ocyani ne, and water provided the single phase forned
is compositionally |ocated on the phase boundary between the one-Jh&6knhd
two- phase regions of the ternary phase diagram |In other words, the top
phase may be prepared directly wthout a bottom phase, provided the top
phase conposition is regulated to renain at the boundary between the one
phase and two phase regions of the dissolved alkali netal hydroxide-al kal
nmet al al kyl phenyl ate-water ternary phé%e di agram The conpositi onal

| ocation of the treatnment solution nay be ascertained by determning its
mscibility wwth the anal ogous aqueous al kali nmetal hydroxide. The

anal ogouscpgheausagibeadddedrd ahe biylsrasp paks Hoenbphinophagestithatuemoul d be
present if the treatnment solution had been prepared wth conpositions

wi t hi n t e thewepshaisen pedicdap ehdthettophphesedi agram As the top phase and

bott om phase are honbgeneous and i mm scible, a treatnent solution prepared
wi thout a bottom phase will be inmmscible in the anal ogous aqueous al kali

o xcur o) SO c5i TR SRR Tr s B8 Brorhte! Bl iR datrabaBiERe
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nore phases may be determ ned. e phase di agram e represented as a

ternary pbbslepdiageamiss asdovater provideginhe 2ngla phaspbsiniédiz i n the two phase
region is in the formof a |less dense to E ase on the boundary of the one
phase andompesititaedyregitodsndhe ahm@m@gsse etyotanoine phigsehase ankdgwo-

wat er-al kal i metal hydroxi de is. A partjcular top phase i connected to
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then be geh@illnededhuiresithY boundary between the one phase and two phase regions
of the dissolved alkali metal hydroxide-alkali metal alkylphenylate-water ternary
phase diagram. The compositional Jocation of the treatment solution may be
ascertained by determining its miscibility with the analogous aqueous alkali metal
hydroxide. The analogous aqueous alkali metal hydroxide 1s 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.

[0016) Once an alkali metal hydroxide and alkylphenol (or mixture of alkyl
phenols) are selected, a phase diagram defining the composition at which the
mixture subsists in a single phase or as two or more phases may be determined.
The phase diagram may be represented as a ternary phase diagram as shown in
figure 2. A composition in the two phase region is in the form of a less dense top
phase on the boundary of the one phase and two phase regions an a more dense
bottom phase on the water-alkali metal hydroxide axis. A particular top phase is
connected to its analogous bottom phase by a unique tie line. The relative amounts

of alkali metal hydroxide, alkyl phenol, and water necded to form the desired single



fromthe phase diagram If it is found that a single phase treatnent

sol ution has been prepared, but is not conpositionally |ocated at the phase
boundary as desired, a conbination of water rempval or alkali netdl50 0GT 2005
hydr oxi de addition may be enployed to bring the treatnent solution's
conposition to the phase boundary. Since properly prepared treatnent
solutions of this enbodinent will be substantially immscible with its
anal ogous aqueous al kali netal hydroxide, the desired conposition nay be
prepared and then tested for niscibiliﬁ& with its anal ogous aqueous al kal
met al hydroxi de, and conpositionally adjusted, if required. [0017)
Accordingly, in another enbodi nent, a single-phase treatnent solution is

prepar eqahmapﬁ@atmeanaélwoh@caieeplheaste Hovedepundarieh et weemmoned andcetiyo |iquid

phases on the ternary phase diagram and then contacted with the

hydr ocarfsom thesshase atgam edf renfowal tat @ﬁlﬂ@& pbesntreatatnt sobvmnas t he
regenerated for as. di scussed for two-phase

hyd b
t?/e;f ﬁgr coegld?r@pﬁfr}% b%t&mﬁcs:owse%@ﬁaéhfa@éaﬁ agsrﬂé%eh@sq bourylagy éﬁ@sair%nt

o oot ShESEIRIRR At AR FERb PO AN md 3] Budifed Jeci«éﬁ%a%ﬁ@?é when t he
treat nergmgﬁéﬂewt%ri ﬂh%f%?éa%ﬂeﬁ%mﬁﬁbﬁ %Bﬁig(?\msdhf se%ﬁﬁsal{)ﬁgl on of
se

t he pha ram the top phase Is re err to as extracta When t he
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solution is referred to as the extractant. 0018]]( Wiile it is generally
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{0017] Accordingly, in another em!-cdiment, a single-phase treatment solution is
prepared compositionally located at the boundary between one and two liquid
phases on the termary phase diagram, and then contacted with the hydrocarbon.
After the treatment solution has been used to contact the hydrocarbon, 1t 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-
phase region of the phase diagram, the top phase 1s referred to as the extractant.
When the treatment solution is prepared without a bottom phase, the treatment

solution 1s referred to as the extractant.

[0018] While it is generally desirable to separate and remove sulfur from the
hydrocarbon so as to form an upgraded hydrocarbon with a lower total sulfur
content, it is not necessary to do so. For example, it may be sufficient to convert
sulfur present in the feed into a different molecular form. In one such process,

referred to as sweetening, undesirable mercaptans which are odorous are converted



-9 in the presence of oxygen to substantially |ess odorous disulfide

speci es. The hydrocarbon-soluble disulfides then equilibrate (reverse
extract) into the treated hydrocarbon. Wile the sweetened hydrog8fifdriih
product and the feed contain simlar anmounts of sulfur, the sweetened
product contains less sulfur in the formof wundesirable nercaptan species.
The sweet ened hydrocarbon nay be further processed to reduce the total

sul fur anount, by hydrotreating, for exanple. 100191 The total sulfur anount
in the hydrocarbon product nmay be reddted by renoving sul fur species such
as disulfides fromthe extractant. Therefore, in one enbodinent, the
invention relates to processes for treating a |iquid hydrocarbon by the

extract {PMhoprebOR T SARANS o § e e [ ;RN REIR0US,d I eat ment
sol ution \/\/lﬁée)é]g t he nercapt anssnggg}s]?gl?yg%g\?gt ghﬂfﬁﬁﬁ%ﬁg?%ﬁpﬁﬁes and t hen

conver t hpdrddaebmatelubbodighlfeloveheapyilidsatt Grevat@r etnRo) wind ehedirsatelii des. The
sul fur, nowin the formof hydrocarbon-sol uble disulfides, may then be
separ at BdracarharheWhileethe greetensidunidsncarhan poedlind aed thedsed eorrithe process

so that a treated hydrocarpon substagntially free of mercaptans.and of

r educeds%‘ﬁqr&mEW&fﬁuﬁéﬁﬁ tB% SW§€]5’1§‘PatPé Y SRNEARS E‘r%é%gfgr 1) ﬁ‘eyfé’mé?‘fgt her
enbodi . 0 a e I o facilktate separation
SR et T o WA O R S S K oo
on the ﬁfﬂ&%d@t@r@dh&@t}@ t%@eﬁ%%lfﬁ?)énﬂﬁm‘ﬁ, hj{ﬂd‘r‘é%aﬁf? ,tfb'i"exﬁﬁqp]é conmbi nat i on
thereof. If continuous, the nethod may bé operated So that the flow of the
treatnent solution is cocurrent to hydrocarbon flow, countercurrent to

hydr ocarbon flow, or conbination thereof. (0021] In one enbodi nent, the

hydr ocald938] i s Bhe taieli sl dneeuntbe the brdricathey pradbel may heciedycediby as
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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
treatiment 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 anoiher embodiment, a second hydrocarbon may
be employed to facilitate separation of the disulfides and conduct them away from

the process.

[0020] Depending on the embodiment, the process may be continuous, batch, or
a combination thereof. If continuous, the method may be operated so that the flow
of the treatment solution is cocurrent to hydrocarbon flow, countercurrent to

hydrocarbon flow, or combination thereof.

[0021]  In one embodiment, the hydrocarbon is a liquid hydrocarbon containing
acidic species such as mercaptans and having a viscosity in the range of about 0.1

to about 5 cP. Representative hydrocarbons include one or more of natural gas



250CT 2005 -10 condensates, liquid petroleumgas (LPG, butanes, butenes,
gasoline streans, jet fuels, kerosenes, naphthas and the like. A preferred
hydrocarbon is a cracked naphtha such as an FCC naphtha or coker f&dHiihAl
boiling in the range of about 100F to about 400F. Such hydrocarbon streans
can typically contain one or nore nercaptan conpounds, such as nethyl

nmer capt an, ethyl nercaptan, n-propyl nercaptan, isopropyl nercaptan,

n- butyl mercaptan, thiophenol and higher nolecular wei ght nercaptans. The
mer capt an conpound is frequently repréé%ﬁted by the synbol RSH, where Ris
normal or branched al kyl, or aryl. 100221 Natural gas condensates, which are
typically formed by extracting and condensing natural gas species above
about CAcorfdenquient iquidortaleurmgracdpPansbtfaats, anengsopasadi dtiyeasonver t ed by
conventional nethods. Natural gas condensates typically have a boiling

poi nt r ahlilhderosreabmphthaomd bedioud pederedlydrmearbareiscaptaghedul f ur
present in_an amunt r ing from about 100 m.to 2000 ppm .based on the
wei ght o‘?aﬁ}ﬁga é‘g&ﬂéﬁg%t?‘g%?%ﬁh%r% %ga}?‘%{hg Ojlmgp) 8’@&3833\9@@%9}” upwar ds
from abo ope rai ght in: . br hed, or both.
Consequem?%mi én%%g]rt\g% éng‘oﬁﬁ rﬁg‘?ﬁ%{é’? %rrbgﬁl S%lggﬁléocﬁaggtkgg a@%’ a%%éﬁg'r%rfee Ted

hydr ocarpfe ftfrc4tsin @8rmipRedds f Qichldienbds! ke RtHS &SRy %@&%ﬁaﬁﬁﬁﬂﬂsﬁns and

ot her sul fur-contai ni ng species, such as thiophenes,” often form during

heavy oimearghtargssaproppkkiengppaand rcbkiyhonansbtas, thiogswo! andl hifleérr simil ar
boiling ranges are frequently present in the cracked products. Cracked
napht ha, Melgshliasweght muspanians. c bke mejagpien sompedndne frequentlyirepresayie€ont ai n

desi rabl,e gl efi i es .t hat, when esent contrihute to an enhanced oct ane
nunber 1?36%‘?%5“%‘?]2@@@13%368 {S.n(\ﬁﬂ'l%ﬁ QIEW}C@FB@QW%ST * be enpl oyed to
remove undesirable sulfur species and other heteroatons fromthe cracked

naphtha, it is
[0022] Natural gas condensates, which are typically formed by extracting and

condensing natural gas species above about C,, frequently contain mercaptans that
are not readily converted by conventional me=thods. Natural gas condensates
typically have a boiling point ranging from about 100°F to about 700°F and have
mercaptan sulfur present in an amount ranging from about 100 ppm to 2000 ppm,
based on the weight of the condensate. The miercaptans range in molecular weight
upwards from about Cs, and may be present as straight chain, branched, or both.
Consequently, in one embodiment natural gas condensates are preferred

hydrocarbon for use as feeds for the instant process.

{0023] Mercaptans and other sulfur-containing species, such as thiophenes,
often form during heavy oil and resid cracking and coking and as a result of their
similar boiling ranges are frequently present in the cracked products. Cracked
naphtha, such as FCC naphtha, coker naphtha, and the like, also may contain
desirable olefin species that when present contribute to an enhanced octane number
for the cracked product. While hydrotreating may be employed to remove
undesirable sulfur species and other heteroatoms from the cracked naphtha, it is
frequently the objective to do so without undue olefin saturation.

Hydrodesulfurization without undue olefin saturation is frequently referred to as



frequently the objective to do so without undue ol efin saturation.

Hydr odesul furi zati on without undue ol efin saturation is frequently referred
to as 2 5 0 CT 7005 sel ective hydrotreating. Unfortunately, hydroQ&)(ulids de
formed during hydrotreating reacts with the preserved olefins to form
mercaptans. Such nercaptans are referred to as reversion or reconbi nant
nmercaptans to distinguish themfromthe nercaptans present in the cracked
napht ha conducted to the hydrotreater. Such reversion nercaptans generally
have a nol ecul ar wei ght ranging from-dbout 90 to about 160 g/ nole, and
general ly exceed the nol ecul ar weight of the nercaptans fornmed during heavy
oil, gas oil, and resid cracking or coking, as these typically range in

ol ecul agelped ghhy#rarea4dgt defootinaedy dyebeen sulide foghed domhecul ar wei ght  of
the reversion nercaptans and the branched nature of their hydrocarbon
conponenhy dmkesat ingrmeaots evidh tid pugserved olefmmve formmetmptanaphbheh usi ng

conventional caustic extraction. Accordingly, a preferred %drocar bon is a
hydr ot r SRCECRIRBHEFAT BHTEF Hy2s 1 VEREOR QR FeEOFIDIARBCIEPIANSJO4BHIREWSEOF and

about TODSRBAT SRS BT AR kst thip By PP R e, Nore
prefe”ﬂ%\(}x%tl%a?&'. %éhvr%WrsEt?/rgﬁ%éa\“ﬁ%r&S%%%lg?ﬁ%@@Qméle@ul]gir% gthat is nore

t han 80 % (nore preferably 90 st nore preferabfy 95 w. %
desul f uriangthg fempabedt 9014 bieolylditog/nede eand garkrlly exeddd thomeolebalar 30% (nore
preferably 50% and still nore preferably 60% of the olefins retained based
on the awselght odfthenegrcaptans formeechgamng heatyerllf gasdhil,)apai24yid ¢rackisgebodi nent ,
t he hydrocarbon to be t.re:jlted is contacted with_ a

first haf f an aqueous
t r eat menfOIBELRS BIFSRARIRYY fngsriaduslecy: Vit IR 1O dRniiohtn8 TR Ssol ved
al kal i p’ﬁgg;@é&frﬂéiegﬁlar%igw o PRl RS Ahe ARG B Fan @ natifle’ Onat ed

cobal t yanine, a e second phase contalns water
of their hydrocarbon component make them more difficult to remove from the

naphtha using conventional caustic extraction. Accordingly, a preferred
hydrocarbon is a hydrotreated naphtha boiling in the range of about 130°F to about
350°F and containing reversion mercaptan sulfur in an amount ranging from about
10 to about 100 wppm, based on the weight of the hydrotreated naphtha. More
preferred is a selectively hydrotreated hydrocarbon, i.e., one that is more than 80
wt.% (more preferably 90 wt.% and still more preferably 95 wt.%) desulfurized
compazed 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.

10024) In one embodiment, the hydrocarbon to be treated is contacted with a
first phase of an aqueous treatment solution having two phases. The first phase
contains dissolved alkali metal hydroxide, water, alkali metal alkylphenylate, and
sulfonated cobalt phthalocyanine, and the second phase contains water and
dissolved alkali metal hydroxide. Preferably, the alkali metal hydroxide is
potassium hydroxide. The contacting between the treatment solution's first phase
and the hydrocarbon may be liguid-liquid. Alternatively, a vapor hydrocarbon may

contact a liquid treatment solution. Conventional contacting equipment such as



di ssol ved al kali netal hydroxide. Preferably, the alkali netal hydroxide is
pot assi um hydr oxi de. The contacting between the treatnment solution's first
phase and the hydrocarbon may be liquid-liquid. Alternatively, a ¥&porT 2005
hydrocarbon may contact a liquid treatnment solution. Conventional
contacting equi pmrent such as 2 5 O CT 2005 -12 packed tower, bubble tray,
stirred vessel, fiber contacting, rotating disc contactor and ot her
contacting apparatus may be enpl oyed. Fiber contacting is preferred. Fiber
contacting, also called nass transfer‘d%ntacting, where | arge surface areas
provide for mass transfer in a non-dispersive manner is described in U S
Patents Nos. 3,997,829; 3,992,156; and 4, 753,722. Wile contacting

t enper at paekahthwd! Babbilcardmytifradgesiel offbabeuita &ty trotatibeudisd befaaitd 0 psig
to about 200 psig, preferably the contacting occurs at a tenperature in the
range of andotheri@oradtog aipanatud 40 andmplgyeds sliiber contabeng angeefefredbout 0
psig to about 200 prig, nore 6 preferahly about 50 psig. H gher pressures
during cEMRACOMRFIRE BlsOdedled s ansie madmen e hsse ?aras selaRe aptast he

hyd bon . h ' : d d. w bon i
the' 11 quAL HHALE %%Ef‘éfscf%ﬂt@f% PR EBiRirst laﬁlvs“ffa&%ﬁ ﬁloﬂtyﬂ{%i%&f"l”eg It
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al kyl phepgdssuienghydengs 8oe1 shoutWOERab Siboutmes i @ﬁ@ﬂ'psﬁ?ﬂﬂﬁ%@ut 200 p&Ehy|
phenol s, napht hol s, al kyl napht hol s, thi ophenols, alkylthiophenol's, and

sim | ar prefauibiy the Gygding acwirpat & tanperakyrepn éhe rarege. oftenit 1Q0RF Itphenol s
are present in the hydrocarban to be treated, all or a portion of the
al kyl pheﬁg‘P‘ér 140 ?h%lqy 3 BERSAWRIN B¢ mqg?rpfﬁ%?%@ RiBE &0 ARV +UhPEIBeMAf8Ir ocar bon
feed. Sqdi n t I.um i e, preferred. [ OX] W th
pot assi Ul BT oaP B8 BEBHY LT b PR RE: PRHETE by P BLguiets
tetra- subfonrt @ Wekad boint of the hydrocarbon so that the contacting may conducted

with the hydrocarbon in the liquid phase.

[0025] The treatment solution employed contains at least two aqueous phases,
and 1s formed by combining alkylphenols, alkali metal hydroxide, sulfonated cobalt
phthalocyanine, and water. Preferred alkylphenols include cresols, xylenols,
methylethyl phenols, trimethyl] phenols, naphthols, alkylnaphthols, thiophenols,
alkylthiophenols, and similar phenolics. Cresols are particularly preferred. When
alkylphenols are present in the hydrocarbon to be treated, all or a portion of the
alkylphenols in the treatment solution may be obtained from the hydrocarbon feed.
Sodium and potassium hydroxide are preferred metal hydroxides, with potassium
hydroxide being particularly preferred. Di-, tri- and tetra-sulfonated cobalt
pthalocyanines are preferred cobalt pthalocyanines, with cobalt phthalocyanine
disulfonate being particularly preferred. The treatment solution components are
present in the following amounts, based on the 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 phthalocyanine,
in 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



pt hal ocyani nes are preferred cobalt pthal ocyani nes, with cobalt

pht hal ocyani ne disul fonate being particularly preferred. The treatnent

sol ution conponents are present in the follow ng anounts, based om §DeT 2005
wei ght of the treatnment solution: water, in an anmount ranging from about 10
to about 50 wt.% al kyl phenol, in an anount ranging fromabout 15 to about
55 wt.% sul fonated cobalt phthal ocyanine, in an anount ranging from about
10 to about 500 wppm and al kali netal _ hydroxide, in an amount ranging from
about 25 to about 60 wt.% The extracthiit 2 5 0CL 2005 - 13 shoul d be pr esent
in an anount ranging fromabout 3 vol.%to about 100 vol.% based on the
vol ume of hydrocarbon to be treated. [0026] As discussed, the treatnent

sol ut i oshsubdbp presehs imay ahmuso rigiad ficm abonn? &0kl o dlantHa@i ng.%, phase
di agram such as shown in figure 2, ich shows the two-phase region for
three dibrafSQd@ntthalvmmpwérhd%@capb@msbameh‘y:dr oxi de, and water. The
preferred treatnent sol ution has conponent concentrations such that the
treatment solution will either (i) be conpositionally in the two-phase

regi on ghdfe votessaldohl wstAbmchvdraibHe B EnTshal 18l ghemd ate

phase di'agram and w erefore Torma S€ conpositiona ocat ed
at the ghane RAUNEANYVRRL MR AIBoARE sAltfad WowRDRFRUFE ! ABSCIASHb WS fifet t om

phase, or (ii) be conpositionally ™l ocated at the phase boundary between the
one and twiosphgdeasgione@i einee differemalibdtphenvhasessibBORYdrokidd, anidngawse!l ect i on
of the alkali metal hydroxide and the al kyl phenol or al kyl phenol m xture,

t he tredtheeprefeatdiireatmentisehnnyhaseraponery canceriyatims s@a@ﬁéﬁmﬁtﬂi@d by
conventi onal metf]ods t here fixing the relative anobunts of water, alkali
met al h)'}r&ragyieﬂ'e‘fo HHBné.’flﬁﬂ” enol . The phase diagram can be enpirically

(1) 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

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

two-phase regions, with no bottom phase.

{0027}  Following selection of the alkali metal hydroxide and the alkylphenol or
alkylphenol mixture, the treatment solution's temary phase diagram may be
determined by conventional methods thereby fixing the relative amounts of water,
alkali metal hydroxide, and alkyl] phenol. The phase diagram can be empirically
determined when the alkyl phenols are obtained from the hydrocarbon.
Alternatively, the amounts and species of the alkylphenols in the hydrocarbon can
be measured, and the phase diagram determined using conventional
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

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



determ ned when the al kyl phenols are obtained fromthe hydrocarbon.

Al ternatively, the anbunts and species of the al kyl phenols in the

hydr ocarbon can be neasured, and the phase di agram deterni ned usiini0CT 2003
conventional thernodynam cs. The phase diagramis determ ned when the
aqueous phase or phases are liquid and in a tenperature in the range of
about 80F to about 150F and a pressure in the range of about anmbient (O
psig) to about 200 psig. Wile not shown as an axis on the phase di agram
the treatment solution contains dissol¥&d sul fonated cobal t pht hal ocyani ne.
By dissolved sulfonated cobalt pthal ocyanine, it is neant dissolved,

di spersed, or suspended, as is known. 25DCT2005 -14 [00281 Wet her 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

al kal i ni028] al KYhgHenyhatreatmen satutom sprepaigd ng the bre-abese regomof %a o
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have an aiut@lsivtat aliRYRQdIRA] ﬁi&%@i@@tdrakid@rtdn@eﬁﬂﬂﬁtiéﬁﬂgﬁ]eqfang@wt 45 wt. %
to about 60 wt.9%  based on the weight” of the bottom phase, w th the bal ance

bei ng wadtgnut [ 6029] toltemt ek nadtj and sfothilgheppnolocahhars0devgiun nmer capt ans
(about C4 and above, Er ef erably about C5 and abqve, and particularly from
about Cssultpnaaslieotadt pthalogyaewier basedserctheaxeight péthe extorrtant vapt te
t ti it . f le to f th t t | uti t ds th
Fignt e tiE e T AprRigeeeteancond St Datan) PRRtoN bhev gher al kal i
tal h [ ' i.n t . di d
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that hig 1 on efticrency er nolecular welg
wt.%, based on the weight of the bottom phase, with the balance being water.

~ [0029] When extraction of higher molecular weight mercaptans (about C,; and
above, preferably about Cs and above, and particularly from about Cs to about Cg )
is desired, such as in reversion mercaptan extraction, it is preferable to form the
treatment solution towards the right hand side of the two-phase region, i.e., the
region of higher alkali metal hydroxide concentration in the bottom phase. It has
been discovered that higher extraction efficiency for the higher molecular weight
mercaptans can be obtained at these higher alkali metal hydroxide concentrations.
The conventional difficulty of treatment solution entrainment in the treated
hydrocarbon, particularly at the higher viscosities encountered at higher alkali
metal hydroxide concentration, is overcome by providing sulfonated cobalt
phthalocyanine in the treatment solution. As is clear from figure 2, the mercaptan
extraction efficiency is set by the concentration of alkali metal hydroxide present in
the treatment solution's bottom phase, and is substantially 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.



mer capt ans can be obtained at these higher alkali netal hydroxide
concentrations. The conventional difficulty of treatnent solution
entrainnment in the treated hydrocarbon, particularly at the high?EDglzmﬁ

vi scosities encountered at higher alkali netal hydroxide concentration, is
overcone by providing sulfonated cobalt phthal ocyanine in the treatnent
solution. As is clear fromfigure 2, the nercaptan extraction efficiency is
set by the concentration of alkali nmetal hydroxide present in the treatnent
solution's bottom phase, and is substahtially independent of the amount and
nmol ecul ar wei ght of the al kyl phenol, provided nore than a m ninum of about
5 wt. %l kyl phenol is present, based on the weight of the treatnent

sol utionoo2)5 OThe28@kctith dfBORALy Themexirag biyahe ektracii@neyeffasesteasyured by
the extraction coefficient, Keq, shown in figure 2 is preferably higher

t han aboliowiOin Bgare 3 1gprefenbhl ighar thae atengél, afd abmeterablyt i thboatgb0.

Still nmore preferably, the al kali netal hydroxide in the treatnent sol ution

i s presédtabont 4R tambart oW Silhmarbpiclanblbing pkadimdgial hvgroxdevs g sat ur at ed
| kal i tal _hydroxide in the. d . h i K is th
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si npl i fijethd t@wedagoamifmercapade o dmadctdrd di{rid@atﬁgﬁﬂh@dnéﬁaf)iaﬁur e 1.
Extractant in line 1 and a hydrocarbon feed in |line are conducted to

m Xi ng regicemtratiominethe predoapvarswarght bessyadequibhriving fhlldwargar bon to t he
extractant Hydrocar ban afnd e tr%%&%s are conducted through line 4 to
set t| i ngN?/&gPHR X HcEPE Irepdhe f /¢ dpBA cxkgag@phr at ed and conduct ed

away fromthe process via line 6. The extractant, now contai ning
mercaptides, is shown in the | ower (hatched)

[0031) A simplified flow diagram for one embodiment is illustrated in figure 1.
Extractant in line 1 and a hydrocarbon feed in line 2 are conducted to mixing region
3 where mercaptans are removces from the hydrocarbon to the extractant.
Hydrocarbon and extractant are conducted through line 4 to settling region S where
the treated hydrocarbon is separated and conducted away from the process via line
6. The extractant, now containing mercaptides, is shown in the lower (hatched)

portion of the settling region. A bottom phase {not shown) may be present.

[00632] In a preferred embodiment, the extractant is conducted via line 7 to
oxidizing region 8 where the mercaptides in the extractant are oxidized to disulfides
in the presence of an oxygen-containing gas conducted to region 8 via line 14,
Undesirable oxidation by-products such as water and off-gasses may be conducted
away from the process via line 9. The disulfides may be conducted away from the
process via line 10, or alternatively combined with the hydrocarbon of line 6. In
one embodiment, the contacting, settling, and oxidizing occur in a common vessel
with no interconnecting lines. In that embodiment, gravitational separation of the
less dense hydrocarbon from the more dense extractant may be employed to
facilitate mercaptan sulfur removal from the hydrocarbon. As discussed, the

disulfide sulfur may be returned to the hydrocarbon if desired.



portion of the settling region. A bottom phase (not shown) may be present.
100321 In a preferred enbodi nent, the extractant is conducted via_ lin to
oxidizing region 8 where the nmercaptides in the extractant are d&ﬁﬂﬁki@ to
disulfides in the presence of an oxygen-contai ning gas conducted to region
8 via line 14. Undesirable oxidation by-products such as water and

of f-gasses may be conducted away fromthe process via line 9. The

di sul fides may be conducted away fromthe process via line 10, or
alternatively conbined with the hydrocdfbon of line 6. In one enbodi ment,
the contacting, settling, and oxidizing occur in a common vessel wth no
interconnecting lines. In that enbodi nent, gravitational separation of the
| ess dense hydrocarbon fromthe nore dense extractant may be enployed to
facilitate nmercaptan sulfur renoval fromthe hydrocarbon. As discussed, the
di sul fi d&0083] f ur Entrgctbnt may drenmub duotedhey ayy thoot treonoceds dedineedl. 2 5 OCT 2005

-16 [0033), Extractant ma qe opducted away fromthe process via ]ine 11.
Al t ernat @W?‘“‘éﬁyoﬁ‘ﬂ PB%%‘T“? mﬁﬁsgm&ﬁe%fr@d PRagMBEO RSP IR VEd CHEBE
i f he.extractant | I 12 d.th | i shed
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adj usted by regulating t er content, a mét al hydroxi’de content,
al kyl phpolshebgitentantswWohonaiesh Bohihitedbakbgalstingnie vaiter S@iTEncardilinat i on
thereof prior to introducing the polished extractant into the contacting
regi on. HeJerdrosderrontamosky! pheriol adptest.enfonmigd odwlt pthefamyenore, onf t er
t he polished extractant is conbined with fresh extragtant. Exanple 1. | npact
of Sul f offdNEFOBTNRTHOPHhAF YA tRdNBAE1HSITRE P8 @éeda gtgaqtarydprcgﬁle[ 0034) A

LASEWE%%&M@ ?égi§§.” %waé(?e?,h&%lho%pésri]ﬁonal%%mgl%m %y occur before or

after the polished extractant is combined with fresh extractant.

Example 1. Impact of Sulfonated Cobalt Pthalocvanine on Droplet Size

Distribution

[0034] 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
second to provide a statistically significant measure of chord length size
distribution. This methodology is especially suited to detecting changes in this

distribution as a function of changing process variables.



USA), Focused Laser Beam Refl ecatance Measuring Device (FBRMr)) was used to
noni tor the size of dispersed aqueous potassiumcresylate droplets in a
continuous naphtha phase. The instrunment measures the back-reflgg%gﬁpﬂmgrom
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 chord length is directly proportional
to particle dianeter. The data is collected as the nunber of counts per
second sorted by chord length in one thdusand |inear size bins. Several
hundred t housand chord |l engths are typically nmeasured per second to provide
a statistically significant neasure of chord length size distribution. This

met hodol gapsi s espeed @ljarinstd 8defesalabect tﬂaguﬁmrs@ﬁﬁiém\.aal@lf@epé}e% i bution
as a functionh of changi'ng process variables. 2 5 OCT 2005 -17 [00351 In this
exper i neodmbaning egrantsaifi KOH,rdagmem oSwhtdriand Misgpnepaf #atlbyl pheaobi ni ng
90 grams of KOH, 50 grans of water and 100 grans of 3-ethyl phenol at room
t enper at @r@onpfarapergiyrer AAGT soringionthirky puneies, thedopepddmdtasaphesasphases

were allowed to separate and fhe . less dense to hase.was utjilized as the
et 1 aot aNEre RS G SPAEE NS et GISEAPBRIBIe S i 460 A6 10 RELAS R,

Shout 44104 Pk enal Yoyt S S Grer, RIS S0Rgl ot r, besed

on the total op’p ottom’phase contai ned

appr oxi npsakyuRB3 Wih ool icHisandabbut TEwR3L aaer, Wat&d on kRS &staPReldhe wei ght
of the bottom phase.” [00361 First, 200 ms of light virgin naphtha was

stirred af th&00pmimasarmhdtthe boRBRM hasehedained tapgraramatélovs coufit KIQHc to
determ ne a background noise | evel. Then, 20 ms of the top phase fromthe
KOH al kylongheid tgﬁ@taéaﬂcm\&atané)aa@%@n ithe el g badetteaephaseThe di sper si on
that forned was allowed to stir for 10 mnutes at roomtenperature. At this
tinme the FBRM provi ded a stable histogramfor the

[0036)  First, 200 mis 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 :IOH/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.

[0037] It is believed that the sulfonated cobalt pthalocyanine acts to reduce the
surface tension of the dispersed extractant droplets, which results in their
coalescence into larger median size droplets. In a preferred embodiment, where
non-dispersive contacting is employed using, e.g., a fiber contactor, this reduced

surface tension has two effects. First, the reduced surface tension enhances transfer



chord length distribution. Then, while still stirring 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 9ang(iafaiipt
change in the chord length distribution. Over the course of another five

m nutes, the solution stabilized at a new chord length distribution. The
nost noti ceabl e inpact of the addition of sulfonated cobalt pthal ocyani ne
was to shift the nedian chord Ilength to larger values (length weighted):

Wi t hout sul fonated cobalt pthal ocyaniti® 14 microns; after addition of

sul fonat ed cobalt pthal ocyanine, 35 microns. 100371 It is believed that the
sul fonat ed cobalt pthal ocyanine acts to reduce the surface tension of the
di sper sed rethped@nfrody ORIRpHthabHRR if@SHb bRtrhPtahhihich GO RNGeNGEd Nt O

| arger nedi an size droplets. In a preferred enbodi nent, where

non- di spBnson thehheadbning thescanpdimpe dSermnadg ane igcidetal efesinemntaeddd, this
reduced. surface tension has two effects. First, the reduced surface tension
enhance®etquatasied byzths possenze @F the swiEensded rolkalt pihaleaasinmpht ha phase into
the extractant which is constrained as a filmon the fiber during the
contacting. Second, any incidental entrainment would be curtailed by the
presenc f 0y SURf.onat ed .coba %  Alded) € le 2. Determ nation of
Extract E)& f} . P 1 l_l E H ent@f ery [0038]

Det er m Ppdir&itedNsptdhan extraction coefficient, Keq, was conducted as
foll ows. About 50 ms of selectively hydrotreated naphtha was poured into a
250 m Schlenck flask to which had been added a Tefl on-coated stir bar.
This flask was _attached to_an inert gas/vacuum_nanifold by rubber tubing.
The napMB8] wasPetrsgurain o MespianeXeydngqcsireni.loge v as épnppcieg@es (20

extr abt EOoREscAPRTGRS B PR RSN SRR R R Ra e p G802 25671 1 N0 the
napht hapgad Wt ko0f S {J WEh INEode? 4d¥Rd a Teflon-coated stir bar. This flask was

attached to an inert gas/vacuum manifold by rubber tubing. The naphtha was

degassed by répeated 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 Josses. Following degassing, the naphtha was placed in a
temperature-controlled oil bath and equilibrated at 120°F with stirring. Following a
determination of the ternary phase diagram for the desired components, the
extractant 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
standard inert atmosphere handling techniques. The naphtha and extractant were
stirred vigorously for five minutes at 120°F, then the stirring was stopped and the
two phases were allowed to separate. After about five minutes, twenty mls of
extracted naphtha were removed while still under nitrogen atmosphere and loaded

into two sample vials. Typically, two samples of the original feed were also



relatively high volatility of naphtha at roomtenperature, 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; gef §00%
content was increased by 2-7-wppm sul fur due to evaporative | osses.

Fol. owi ng degassi ng, the naphtha was placed in a tenperature-controlled oi
bath and equilibrated 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 | od8ted conpositionally in the

t wo- phase regi on. Excess extractant was al so prepared, degassed, the desired
volume is nmeasured and then transferred to the stirring naphtha by syringe
using staggaed fonetdapbutgndweeninanoh) mgx e MideeencdhgHeanhias aid
extractant were stirred vigorously for five mnutes at 120F, then the

sti rri ngallasakizedpsdluphidatehen otden tpkases daty mtegtiowebhe reasepabslat e. Af t er
about five mnutes, twent niﬁ of . extracted naphtha were renoved while
still unBBURRYORYES Ia%%é@hélr SUHHAErTBaYRGITohils teke resmIdiTomal S .

i |1 | f i qi | feed | .5 OCT 20 -19
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sanpl es eé\%g?lgrunsqwmﬁ%é M&%@geﬁgnt gﬁag&,gﬁspt@.eﬁé%@%@%g r%h tegrity.

The reasona assunpti on was t renove he feed

resul t edEktrastionloedfitient, 4y, RaldfrRdiRtthe fteo afseldusScendend@tianpreddht $n
assunption was verified on 'several runs in which the nercaptan content was

measur edtheAori etumesesptanshié meEsaptae sildn"'Coethd o temttantdjvides biefliened as t he
ratio of sul fur .conc;gﬁélation resent in the formof nercaptans ("nercaptan
sul f ur ") CORPERFS ORI Gl RR N dhs TaBHO BT (@tides helenrcrbed omessansan sWHUT ') t he

hyar ot r el 4 aninl PRIRGR B FEL RN Rl et W 10 ekt ractant]

K¢ =[RS M in extractant]
[RSH in feed] after extraction.

Example 3. Extraction Coefficients Determined At Constant Cresol Weight%

[0039]  Asisillustrated 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 alkvlphenols, 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
alkylphenols to achieve this concentration in the extractant phase. On this basis, 3-
methylphenol, 2,4-dimethylphenol and 2,3,5-trimethylphenol were compared and

the results are depicted in figure 2.



[RSH in feed] after extraction. Exanple 3. Extraction Coefficients

Determ ned At Constant Cresol Wi ght% 100391 As is illustrated in figure 2
the area of the two-phase region in the phase diagramincreases Tﬁqn]2m5

al kyl phenol nol ecul ar wei ght. These phase di agrans were determ né
experinmental |y by standard, conventional nethods. The phase boundary I|ine
shifts as a function of nol ecular weight and al so determ nes the

conposition of the extractant phase within the two-phase region. In order to
conpare the extractive power of two-pHdse extractants prepared from
different nolecular weight al kyl phenols, extractants were prepared having a
constant al kyl phenol content in the top |ayer of about 30 Pvt.%

Accor di nghyp; St &l qﬁ%ﬁegﬁm%& paRsEARMERY R elh A heanl Bheddlt §Rufl f1erent

nol ecul ar wei ght a enols to achi eve I's concentration In

ext ract aht 3phaskylheridlilmelashswn s a@%ﬁhgﬂhﬁﬁﬂtarsé’otﬂfrgdth y¢ pben@iryand
2,3,5-trimethyl phenol were conpared an the results are depicted in figure

2. 2 5 0wes7d0s meas\red40] fameachi egtrastasihowsa vHewphasses areumated pt fler each of
t he al kyl phenols with the 30% a e line is shown as a sloping line

| kyl ph | §
i nt er se AP IRETEEHRD bywisgaiye 39%1%&’ gﬂ@%ﬁ@&r@d‘hﬁéﬁsﬁwl@ach
t tant i . i t t h i nt.,of jnt ti
Eét Q%Enaat urBadtafe YonelBR. AR BN i kRO bhRhgh Aol - phase
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this fi duereentihehiexiguaeltherxeaefibn coefficserftofon the pdrasa textamat ant  at
constant al kyl phenol content drop si i%ni ficantly as the nol ecul ar wei ght of
t he ' al kghgaehalkyiplunedsesienTHmpgHgnnsah8ves éhe atdldgtghensighitmictece

;S:jﬁt:ie\é%hé’rjhg%%gﬁngéﬁ\gg%t 03 grhe ie résawie? aﬁkhyelpl?gnao gp%&?creare atltvrc!": }3,’ laer)égri bi't
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 1n
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,,. This example demonstrates that the mercaptan extraction

efficiency is determined by the concentration of alkali metal hydroxide present in

the bottom phase, and is substantially independent of the amount and molecular

weight of the alkyl phenol.



power for the extractants obtained at a constant al kyl phenol content. A
second basis for conparing the extractive power of two-phase ext rﬁmﬁnfﬂ%
systens is also illustrated in figure 2. The dashed 48% KOH ti e- |5

del i neates conpositions in the phase diagramwhich fall within the

t wo- phase regi on and share the sane second phase (or nore dense phase,
frequently referred to as a bottom phase) conposition: 48 wt.% KOH. Al l

starting conpositions along this tie-line will phase separate into two
phases, the bottom phase of which will2be 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- meth I4 L lomohg ety Lo, coefficients were
3 et WEXRARNGU. Midadurbmedd bTIcPh BIRNRlmoIE (RS RALLET, CO€ AR,

Surprisingly, in contrast to the constant al kyl phenol content experinments in
which large differences in extractive power were observed, these two
ext r act dffP41howedeprasentatyve teatmarisokdpn Whi prepasepbe coeronsig 4i%s that t he

mer capt an extr i efficiency is determ ned t he concentration of

al kal i nEPEIS %@ﬁb&i%& %r@ggse%fwmr apﬂ&%&f@% ﬁbrém Pheniels st Mt antial Iy

i ndepen t of the - l.ecul ar, ight.of the.alk henol,. 2 5 OC
T 2005 qg{fﬁpg?%%%]g&ﬁ@#ﬁﬁgg?ﬁﬁgﬂﬁmr@ﬁ%ﬁ% %X%ﬁg{,@%é@%ﬁ N(’g%fiﬂgﬁ%{e)omn A
[ epresenhl (W6 phh&al Wi SAHULGARaNRS TIEAMRIANILOMBRN hAABhagy ars of
KCOH, 246 grans of water and 198 grans of al kyl phenols at room tenperature.
After stdonipogtibeioftbouty! witSuleSH tohne, about Wilewnds palakoweilniethgleparate into
two phases, which were separated. The extractant (less dense) phase had a

conposi tihenybite apwunand Bbapt 34 xOHoiverisT, basediongBe wtabsvsighdadithen net hyl

henyl ate ions, and ahout 31 w.% water, based.on the total I ght, of the
P y extractant, andd thebbottom :(Lmore dense phase containe approx:mately\,\gé C\Jvtt%

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

{0042] One part by weight of the extraciant phase was combined with three parts
by weight of a selectively hydrotreated intermediate cat naphtha ("ICN") having an
initial botling point of about 90°F. The ICN contained Cq¢ C-, and Cg recombinant
mercaptans. The ICN and extractant were equilibrated at ambient pressure and
135°F, and the concentration of Cg C4, and Cg recombinant mercaptan sulfur in the
naphtha and the concentration of C¢ 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.

[0043] For comparison, a conventional (from the prior art) extraction of normal
mercaptans from gasoline using a 15 wt.% sodium hydroxide solution at 90°F 1s
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
process is more than 100 times greater than the extractive power of the

conventional process with the less readily extracted normal mercaptans.



extractant, and the bottom (nore dense) phase contai ned approximately 53 wt %
KOH ions, wth the bal ance water, based on the weight of the bottqﬂgﬁﬂfzﬁs

) 0042) One part by weight of the extractant phase was conbined wt

parts by weight of a selectively hydrotreated internediate cat naphtha
("1CN') having an initial boiling point of about 90F. The ICN contai ned C6,
C7, and C8 reconbi nant nercaptans. The ICN and extractant were equilibrated
at anbi ent pressure and 135F, and the concentration of C6, C7, and C8
reconmbi nant nercaptan sulfur in the naphtha and the concentration of C6,

C7, and C8 reconbi nant nercaptan sulfur in the extractant were determ ned.
The resulting Keqg s were cal culated and are shown in colum 1 of the table.
) 0043) For conparison, a conventional (fromthe prior art) extraction of
norrmal ner captans fronLgasoIine using a 15 wt. % sodi um hydr oxi de sol ution

at 90F i Ml@fwﬁatdrﬂméé{ﬂﬂr {of the tagle. The co rparl son ﬁermnstrates t hat
the extraction “power of the nore diffi cll't to extiract reconBinant
mer capt aps usi ngWdighti nst ant | Jpxoaasst fremnopehaban $Hyl¢ phes: gueadtatt | han
the extractive power of the conventional process with the less readil]y
extracted nor rral rﬁé]rcapt ans. |250CT 2005 22 Mer capt an Mol elfilar Keg, Keq,
Wei ght Exp+ractant Téu... t-op—phaseSHrgle—-phase—extract-ant—C—3100602—160
C3--30 ¢&4--5 -- 160

Cs -- 30

C,4 -~ 5

Cs -- 1

Ce 15.1 0.15

C 7.6 0.03

Cg : 1.18 Not measurable

j0044) As 18 clear from the table, greatly enhanced K, is obtained when the
extractant is the top phase of a two-phase treatment solution compared with a
conventional extractant, 1.e., an extractant obtained from a single-phase treatment
solution not compositionally located on the boundaiy 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 Jarger than the K., obtamed using an
extractant prepared from a single-phase treatment solution. The large increase in
Keq 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 K, as the equilibrium temperature was

increased from 90°F to 135°F.



C5--1 C615.10.15 C77.60.03 C81. 18Not neasurabl e 10044] As is clear fromthe
tabl e, greatly enhanced Keq is obtained when the extractant is the top
phase of a two-phase treatnment solution conpared with a convengéﬁﬁgjgm5
extractant, i.e., an extractant obtained froma single-phase tr men
solution not conpositionally |ocated on the boundary between the one phase
and two-phase regions. The top phase extractant is particularly effective
for renoving high nolecular weight mercaptans. For exanple, for C6

mer capt ans, the Keq of the top phase-Extractant is one hundred tines |arger
than the Keq obtained using an extractant prepared from a singl e-phase
treatnent solution. The large increase in Keq is particularly surprising in
view of 5 henpBidBen eRYigia AT #Fa b SHR §F Gh N Sl QyednWkhhdebe top phase
extracta cause conventi ona Imetic nSi d be expected to
| ead to a decreased Keq as the equilibriumtenperature was increased from
90F to 135F. 2 5 001 2005 -23 Exanple 5. Mercaptan Extraction from Natural
Gas Cond@¢dt es ALBPASENMt PP phash reamend spivase Waeptepaned svinuad ion was
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vater, hasad6nl hesNed Rk leraE'B_ﬁt,%Qx?ﬁﬁ@boﬂ@%ﬁh%s%(%ﬁéin@deap@%ﬁin@fel‘ﬁei ght

of the extractant was conbined wt ree parts
52 wt.% KOH 1ons, with the balance water, based on the weight of the bottom

phase.

[0046)  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 of about Cs and 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.

[0047) 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 sodrum hydroxide, 1.e.,
a freatment 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 Lreatment 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



wei ght of a natural gas condensate containing branched and straight-chain
nmer capt ans havi ng nol ecul ar wei ghts of about C5 and above. The natural gas
condensate had an initial boiling point of 91 F and a fi nal boilﬂﬁ@ﬁﬁ&ﬂ t of
659F, and about 1030 ppm nercaptan sul fur. After equilibrating at amnbient
pressure and 130F, the mercaptan sul fur concentration in the extractant was
nmeasured and conpared to the nercaptan concentration in the condensate,
yielding a Keq of 11.27. 100471 For conparison, the sanme natural gas
condensate was conbined on a 3:1 weigh4- basis with a conventi onal
extractant prepared froma conventional single phase treatnent conposition
t hat contai ned 15% di ssol ved sodi um hydroxide, i.e., a treatnent
conposition conpositionally located well away fromthe boundary with the

t wo- phase region on the ternary phase diagram Follow ng equilibration under
the samegednglé 60 RevéReoiBI&RRDAN FYtF Mt ePGOBE bABIle WaPsieTH g1l ned,
yielding a much smalTer Keq of 0. I3 Thi S exanpl &€ denpbnsirates at the

ext r act dthaser Eptirazdiornf Com poditionpbhdeariveaiemtich] €onpositions nearly two
orders of magnitude nore effective in renmoving froma hydrocarbon branched
and straight-chain nercaptans having a nol ecul ar wei ght greater than about

C_ 25 2005..- 24 Ex le 6. R [ Ve t Ext ti f
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was contacted with naphtha as set forth in exanple 2, and the Kq for each

ext r act ant fortls inles amplm2dandrthe Kadht bach eoncidntedas ésternind. Tbecaphthas,

i ncludi ng reversion percaptans having nol ecul ar )
contained reversion mercaptans, including reversion mercaptans having molecular

weights of about Cs and above. The results are set forth in the table,

[0049] 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 reatment 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.

[0050] 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 located near the phase boundary, 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.



wei ghts of about C5 and above. The results are set forth in the table.

[ 00491 By way of conparison, three conventional treatnent conpositions were
prepared (runs nunbered 1, 3, and 5) conpositionally located in tgg[§12m5

si ngl e-phase region of the ternary phase diagram but near the boundary of

t he two-phase region. The treatnent conpositions were contacted with the
sane naphtha, also under the conditions set forth in exanple 2, and the Keq
was determ ned. These results are also set forth in the table. [00501 For
reversion nercaptan renoval, the tabl€5learly shows the benefit of

enpl oyi ng extractant conpositionally |ocated on the phase boundary between
the one-phase and two-phase regions of the phase diagram Extractants
conpositionally | ocated near the phase boundary, but w thin the one-phase
region, show a Keq about a factor of two |ower than the Keq of simlar
extractantsquﬁmﬁﬁos#tﬁ@ﬂaygy Iqq@kgggaﬁwthngnasé buuﬂg@rj. 2§§§T 2005 -25 #
of phases| Run#in tpheatpeat: K-¢resyl at eKG t er Keq conposiition
(mﬂ.@@(mﬂ.@@(mﬂ,waﬁ¥ﬁﬁ wt 111534516 2215355013 (3131274215 4231284126

5143213418 position
(wt.%) (wt.%) | (wt.%) (Wi./wt.)
: ] 15 34 51 -
2 2 15 35 = =
; 1 3] 7|« E
4 2 31 28 21 T3
S 1 43 71 34 I
6 2 43 29 35 36




6243223536 -26 What is clainmed is: 2 5 0 CT 2005 | A nethod for upgrading a
hydr ocar bon cont ai ni ng nercaptans, conprising: (a) contacting hﬂi
hydrocarbon, in the essential absence ©l6exygen, with a first p @CB?W&
treatment conposition containing water, alkali metal hydroxide, cobalt

pht hal ocyani ne, and al kyl phenol s and having at |east two phases, (i) the
first phasghfandiginiigng di ssol ved al kali netal al kyl pherylate, dissolved

al kali metal hydroxide, water, and dissolved sul fonated cobalt

plithal ocyanine, and (ii) the second phase containing water and dissol ved

al kali met.al hydroxi de; and then arati.n raded hydrocarbon. 2.
The net hoc}' of @T %]?%Oﬁ%%é)rgg?&ﬁ?g %B’?@%’]ﬁﬁﬁ 1e° ¢ lgét?\%rr]g %?ns’s%ognﬁj r%g g,' the first
phase is appl ii®tohtcangthl s coben, ianmtk akanagl hsdhandtyxlygerT®ithl a filsbers, and
t he hydrocarbon flows over the first phase co-current with first phase
flow 3. TPHeseiRRtsaat pmpasivompRtaning tvaeern3lkiplbrgtab Brdrevide egabalt o

hydrotrea : i rcaptans are reversion
nmer capt an?ﬁﬁﬂwgﬁgﬁéﬁe&?ﬁg%y%ﬁw%ﬁg?% @a%értel?dﬁt %Oeﬁ}%g%?gt reated naphtha is a
sel ectively hydr ot {Balefirshplipize bentanthgwlisobicd atkal maslellsilplenyiatec apt ans have
a nol ecul ar wei ght reater than about C4 5. The nethod of c|gim4 wherein
the reversion ﬁ%ﬂ%ﬁ&@lﬁ&%hﬁ%}d@cw@% %ﬂ&ﬁ?lv%?‘gg’t‘@edfﬁgﬂt about C5. 6.
The net hod of g)hgfamc#m.\qﬂg@g&n the sul fonated cobalt phthal ocyanine is

pha

present in firs se in an anount ranging fromabout 10 to about 5 00
wppm based upon t héii) the second phase containing water and dissolved alkali metal hydroxide;

and then

(b) separating an upgraded hydrocarbon.

2. The method of claim 1 wherein, during the contacting of step (a), 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 hydrocarbon contains a hydrotreated naphtha

and at least a portion of the mercaptans are reversion mercaptans.

4. The method of claim 3 wherein the hydrotreated naphtha is a selectively
hydrotreated naphtha and wherein the reversion mercaptans have a molecular weight

greater than about Cj.

5. The method of claim 4 wherein the reversion mercaptans have a molecular weight

greater than about Cs.

6. The method of claim 1 wherein the sulfonated cobalt phthalocyanine is present in
the first phase in an amount ranging from about 10 to about 500 wppm, based upon the

weight of the treatment solution.



wei ght of the treatment solution. 2 5 OCT 2005 -27 7. The net hod %f 'ﬁ/ltﬂhml
wherein the treatnent solution contains about 15 wt. %to about 255Gy {003
di ssol ved al kyl phenol s, about 10 wppm+3¥ -about 500 wppm di saol ved

sul fonat ed cobalt phthal ocyani ne, about 25 wt. %to about 60 w. % di ssol ved
al kali metal hydroxide, and about 10 wt. %to about 50 wt. % water, based

on the weizght @he iidghodtdfRBiMEINVh&SInthé BBatmBnt sBRiomRAREhsUbotl B Wi, B4 Wher ei n
the first g(ggse is present in step (a) in an anmount ranging from about 3

vol . % t oabmbap WoY dissolveskaliadrhenols. abeat Lbwopw torbewSORydmoedisaddigd  and t he
cont act| ”?ul\&j@a&%%‘ét%gﬁg@@ﬁagﬁneez%\f?o%& 39413, tggﬁtglﬂ%?o\%f ﬁéiwnag{?%a?jk%mgtﬁﬁm hod

of claim erein S are creso aim |
wher ei n ahydregigt, dpdbhi WwoRs tdisboat Ky lvptenals, based obtiad weight it t he
hydrocarbon. 11. The nethod of claim 1 wherein the sul fonated cobalt

pht hal ocy #&#AEN l¢KWal t  pht hal ocyani ne disul fonate. 12. A nethod for
renmovi ng nercaptans from a hydrocarbon, conprising: (a) conbining water,

al kali metal hydroxi de, sul fonated cobalt phthal ocyani ne, and al kyl phenol s
to form a8t r eaflhentetisxl aftclaim hakerom tht fitse abdse dnpraspne ougeid) imat anbureand a

nore dense a ous, bott om phase s tantjally immscgible.in the extractant;
() Ccont AETERG FaTE ahgl sorh Bua i 00 Kl ks Brsad oh e valirge S tydiocgbhhe ot (g

an upgr adegly h%%%@t'i:%ﬁi@ cDAKICRY iR thEBeErtidTRb&ARL _@f‘o{;%@ﬁ.en”a“ on conpar ed
to the hydrocarbon, erein the treatnment conposition is formed by conbi ning

water in an anount ranging fromabout 10 wt. %to about 50 wt. 9% alkali
nmet al hydr.oxi d in.a unt. ranagi fromabout 2 wt. %to about 60 Wt %
sul f onat ed: cobjlhf n}?moﬁaq%(r‘}&‘r@r}l Wgefgwqﬂ%a%mghﬂi&r RGTHESt r om about 10 ppm to
about 500 ppm and

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

from the hydrocarbon.

t1.  The method of claim | wherein the sulfonated cobalt phthalocyanine is cobalt

phthalocyanine disulfonate.

12. A method for removing mercaptans from a hydrocarbon, comprising:

(a) combining water, alkali metal hydroxide, sulfonated cobalt phthatocyanine, and
alkylphenols to form a treatment solution having at least an aqueous extractant and a more
dense aqueous bottom phase substantially immiscible in the extractant;

(b) contacting the hydrocarbon with the extractant; and then

(c) separating an upgraded hydrocarbon having a reduced mercaptan concentration
compared to the hydrocarbon, wherein the treatment composition is formed by combining
water in an amount ranging from about 10 wt. % to about 50 wt. %, alkali metal hydroxide
in an amount ranging from about 2 wt. % to about 60 wt %, sulfonated cobalt
phthalocyanine in an amount ranging from about 10 ppm to about 500 ppm, and
alkylphenols in an amount ranging from about 10 wt. % to about 50 wt. % based on the
weight of the treatment solution in order to diminish the entrainment of the extractant in

the hydrocarbon.



al kyl phenol s in an anount ranging fromabout 10 wt. %to about 50 3/]\6 Zﬁﬁ
based on the weight of the treatnent solution in order to dim nils Un
entrai nment of the extractant in the t8&%drocarbon. 2 5 O Cl 2005 -28 13. The
met hod of claim 12 wherein, during the contacting of step (b), the first
phase is applied to and fl ows over and al ong hydrophylic netal fibers, and

t he hydr ogar bomhé hed dP\eiimt IPewlidreiat dphasBe comEdting o btepi(b)) tel fisst pabage
flow. 14. The nethod of claim 13 wherein_the h}(drocar bon contains_a
hydr ot r eafRiieddpaprdiHowa auerand jalopgthydrophyliG watabfiberpendghe hydragmsbey Bowsever si on

ner capt an é}\el%gﬂg_tghdt;glcggu twwhgpb}ﬁ%%ﬁ?g@r t han about C4. 15. The net hod

v . .
of cIa|n1?4 erei e hydrotreated ha a selectively hydrotreated
hydr ocarbon and wherein the reversion nercaptans have a nol ecul ar wei ght

greater than ahout 16. ., The nmet hod of claim 14 wherein the sul fopated
cobal t phtfal o?ﬁ%\me&g)di‘gcﬁ“@slén‘f’hqrﬂn the;lydrggarbon coptains A r%tﬁﬁﬁqltna,pg%i ng
from aboufyd & MAPELLRICARD Wle RORaMBRRAre RARRTLIRER apthREh MBI noRlcutahe ,
treatnment solution. 17. The nmethod of claim 12 wherein the extractant is
present i weghbgrenter thagiahguifCsom about 3 vol. % to about 100 vol. % based on
t he vol une of the hydrocarbon, and wherein the extractant contains,

di ssol ved al kali netal hydroxide in an anount ranging fromabout 1 w. %to

about 40 ws % Tk selodest chlikaly wﬁ@&iﬁ'th@l'xm RheMHaph@alaRRclifeln anmount

ranging fromabout 10 wt. %to about 95 w. % and sul fonated cobalt

pt hal ocyahydretreaiedhy dapgsgban andawiegreiy tha wheralos mperdaptphatoa adesul B 0G1ghom

based on t%%te\‘\ﬁ-iag%o&fcthe extractant. 18. The nethod of claim 17 wherein
o]

t he al kylg énol's are cresols. 19. The nethod of claim 12 wherein at |east a

portion of the al kyl phenols are obtained fromthe hydrocarbon.
16.  The method of claim 14 wherein the sulfonated cobalt phthalocyanine is present in
the extractant in an amount ranging from about 10 wppm to about 500 wppm, based upon

the weight of the treatment solution.

17.  The method of claim 12 wherein the extractant is present in amount ranging from

about 3 vol. % to about 100 vol. %, based on the volume of the hydrocarbon, and wherein
the extractant contains, dissolved alkali metal hydroxide in 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 the weight of the extractant.
18.  The method of claim 17 wherein the alkylphenols are cresols.

19.  The method of claim 12 wherein at least a portion of the alkylphenols are obtained

from the hydrocarbon.

20.  The method of claim 12 wherein the sulfonated cobalt phthalocyanine is cobalt

phthalocyanine disulfonate.

21.  The method of claim 12 wherein the contacting is conducted in the substantial



20. The nethod of claim 12 wherein the sul fonated cobalt phthal myfﬂ;@pm%s
cobalt phthal ocyani ne disul fonate. 21. The nethod of claim 12 e e
contacting is conducted in the substanti9%l 2 5 OCT 2005 -29 absence of
oxygen. 22. The nmethod for treating and upgradi ng a hydrocarbon cont ai ni ng
mer captans, conprising: (a) contacting the hydrocarbon wth an extractant
conmposi t i grseh@ dfkyByn. conbining water, alkali netal hydroxide, cobalt

pht hal ocyani ne sul fonate, and al kyl phenols, wherein (i) the extractant is
substantially immscible with its anal ogous aqueous al kali metal hydroxide,

:Ingyl( Iplhzan?/?at e)ﬂlé %%Eshe%gltfelgggatt% aﬁ‘*“ﬁ%ﬁ% ER ralgof%{% ncon gindngs t%t}%‘a“sm f onat ed

cobal t phthapagdyani ne; and then (b) separ ating an upgraded hydr ocar bon. 23.
The net hod of cl aim 22 wherein, durlnﬁ the contacting of step (a), the first
phase is appl (B&oRactHEdhe hydiecaber Wihan sKERM PARBRRPR OTMSERY fibers, and

the hydr 09%@9%{%&3%@ gl#(gl\f etdl r?tgdlfob(\}]eg £ it ﬁttﬁﬁ)y MWihé Q%fdﬁate and 'St phase

flow 24. claim el n rocarbon céntains a

hydr ot reahldi(jilphetpﬂi,hdlereimd at | east a portion of the mer capt ans are reversion
mer capt ans having a,.ml ecul ar reater bout . 25. The met hod
of claim 24 wherein( el’ff/ra?t@?tr‘éa‘t Hmﬂ tnPfE‘SF Ftéé’t‘? 9%‘-?‘&5 AW ot r eat ed

napht ha and wh 'i<§!1 Pnem%yfh%%ﬁfesétﬁf‘ mer capt ans have a nol ecul ar wei ght
greater than about
(11) the extractant contains water, dissolved alkali metal alkylphenylate,

dissolved alkali metal hydroxide, and dissolved sulfonated cobalt phthalocyanine;
and then

(b) separating an upgraded hydrocarbon.

23, The method of claim 22 wherein, during the contacting of step (a), 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.

24, The method of claim 23 wherein the hydrocarbon contains a hydrotreated naphtha
and at least a portion of the mercaptans are reversion mercaptans having a molecular

weight greater than about Cy.

25.  The method of claim 24 wherein the hydrotreated naphtha is a selectively
hydrotreated naphtha and wherein the reversion mercaptans have a molecular weight

greater than about Cs.

26.  The method of claim 24 wherein the treatment composition is formed by
combining 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 wt. %, sulfonated
cobalt phthalocyanine in an amount ranging from about 10 ppm to about 500 ppm, and
alkylphenols in an amount ranging from about 10 wt. % to about 50 wt. %, based on the

weight of the treatment solution.



26. The nmethod of claim24 wherein the treatnent conposition is f%éﬁs\}“&y
conbi ning water in an anount ranging fromabout 10 wt. %to about %
al kali nmetal hydroxide in an anmount rad@+ng from about 25 wt. % to about 60
wt. % sulfonated cobalt phthal ocyanine in an anount rangi ng from about 10
ppm to about 500 ppm and al kyl phenols in an amount ranging from about 10
W. %to ahout 198 nthodbf BARETE RAerkMhe Wakkint Af prédear fnf SAIARM r&?@dgt' on.
250C12005 -30 27. The nmethod of claim 26 wherei n t he extractant resent
in an anodrm pawgPngl % torhab bR val. %base%omdh@miumenﬁ@lwdro%boma on the
vol ume of nd. [ (o] ' | ssol ved

al kal i rret‘%]%?%ggg X étgﬁtnncoé%ngsn%% erﬁgnﬂ(ai qget %ﬁ%&g ollg}ta{l:lla%Il v&qf,n?f%ng%l%about 40
w. % di ge@h ylﬁﬁt&ldta%tormbaﬂmadvk% mmmvbahl&ahmllarkmhenﬂﬁmuﬁs jamgi ng from

about 10 wt. %to ab%pt 95 wt. %, and sul fonat ed | t pth Iocyam ne in an
amount  r afgioNgt EpgRg ZI9atebod 1§ prh %edo a0 560”4 §ds "1‘ e weight of
t he extrarc%@ang; B I eare
cresol s and at F%ges%n%pport*g%gﬁo%ﬁ&ﬁg%%és g{g)lrz{ebog al %r@%{ln&%ﬁle

hydr ocar boveigh? @f thEtextraethitod of cl ai m 23 wherein the suI fonat ed cobalt
pht hal ocyani ne is cobalt phthal ocyani ne disul fonate. 30. The nethod of
claim22 wherein the contacting is conducted in the substantial absence of

OXygen. 28 The method of claim 22 wherein the alkylphenols are cresols and at least a portion

of the cresols are obtained from the hydrocarbon.

29.  The method of claim 23 wherein the sulfonated cobalt phthalocyanine is cobalt

phthalocyanine disulfonate.

30.  The method of claim 22 wherein the contacting is conducted in the substantial

absence of oxygen.



