250 C1 2005 CONTI NUCUS LI QUI D HYDROCARBON TREATMENT METHOD FI ELD OF THE

| NVENTI ON 10001] The invention relates to a continuous nethod for E%qﬂﬁiﬁ@
liquid hydrocarbons in order to renove acidic inpurities, such as '
nmer captans, particularly mercaptans having a nol ecul ar wei ght of about C4
(C4AH DS=90 g/ nmol e) and higher, such as reconbi nant nercaptans. BACKGROUND
OF THE | NVENTI ON 100021 Undesirabl e acidic species such as nercaptans nay be
renoved from 1liquid hydrocarbons with conventional aqueous treatnent

net hods. In P b aCl 6

treat nent sorutt 3 af—att fetar—t .
contacts the treatnent solution, and nercaptans are extracted fromthe
hydr ocar b g gﬂgg N g{ ggt#tion where they form nercapti de species.
The hydroFlilE 9)tﬁ§ INTPENT solution are then separated, and a
treated hydrocarbon is conducted away fromthe process. Intinmate contacting
bet ween the hydrocarbon and aqueous phase leads to nore efficient transfer
of the nefdap] ansTl¢ ameninenhrgkitectarboontirmudiienaboddostrepting éiqupdirti cul arly
for mercaptans having a nol ecul ar wei ght higher than about C4. Such

i ntimate Bodnogertiong ioforder oegmaye amdichmpfusitiea: sush asf merraptans, peomulaniious

regions (also referred to a "giésper iop") of t nt _solution in the
~ hydr ocar bBIFTCaPI#iY BAYRE adhafqcy el 9@@%%%@%5@@%?%5@r@ﬂﬂdsfuglﬁ%r@e
area for ficien n.jransfer, they adversely affect the subsequent
hydr ocar b nChs%Sp%Fémbgﬁélﬁ?ﬁé%ag{rﬁghay be undesirably entrained in the treated
hydr ocar bon. 10003] Efficient contacting nmay be provided with reduced
aqueous phase entrainment by enpl oyi ng contacting nethods that enpl oy

littl e or BWCHEIRAWND QFOFEHE UNVENTI@NI ng net hod enpl oys a nmass transfer
appar atus conpri sing

[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



250CT2005 -2 substantially continuous elongate fibers nmounted in a shroud.
The fibers are selected to neet two criteria. The fibers are prefgrogmta@l |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. [0004] In another conventional nethod, the aqueous treatnent
solution is prepared by form ng two agueous phases. The first agqueous 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

et capt DO O R AR BRG A XS RARl The e st bon o he
first phaséedd E{Ee'??\%o%ritél‘i‘@.rT%%e?ﬁ&%‘&?feréﬁ@ﬂ]ﬁ% BRI eqrieaEs Phase.

Undesi rabl e aqueous phase entrainnent 1s"also present 1n“this nethod, and

i's made swdngenwWirhcaimphoynthgpiisemes 1arb & S@shdeyarch tealieBntroratbid *ithout

contai ning higher alkali netal hydroxide concentration. 10005] There remains
a need, tagtial dispemrion onthmamesub pliescar therhytdrecarbent Evenomeslses t hat
curtail aqueaqus treatnent solution entrainnment in the treated _ hydrocarbon,
and ar e fermagpn\d digrontidmeys reiaes af aqugsesiteatagahslyting it apt alhminaeheci al | y
hi gh nol ec Ialr wel ght .and branched mercaptans. SUMVARY OF THE | NVENTI ON
10006] m?rﬁﬁ“é%da?%ﬁé“ﬁ?l}l%gf?%%nu on relates to a continuous nethod for

treati ng and upgradi ng a hydrocarbon containing acidi c species such as
nmer captans, particularly nercaptans having a nol ecul ar wei ght hi gher than

about C40e04h adn ahedwmriionasitidtel esnhedsthe @QUPsLSirdgment 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 1 this method, and 1s made worse when employing higher viscosity

treatment solutions containing higher alkali metal hydroxide concentration.

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

especially high molecular weight and branched mercaptans.

SUMMARY OF THE INVENTION

j0006) In an embodiment, the invention relates to a continuous 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

recombinant mercaptans, COmprising:



2 5 OCT 2005 -3 (a) contacting the hydrocarbon under substantially anaerobic
conditions with a first phase of a treatnent conposition containing

al kali nmetal hydroxide, cobalt phthal ocyani ne sul fonate, and al R &m&rs
and having at |east two phases, (i) the first phase containing dissol ved

al kali metal al kyl phenyl ate, dissolved alkali netal hydroxide, water, and
di ssol ved sul fonated cobalt phthal ocyanine, and (ii) the second phase
contai ning water and di ssolved al kali netal hydroxide; (b) extracting

mer captan sulfur fromthe hydrocarbon.to the first phase; (c) separating an
upgr aded hydrocarbon; (d) conducting an oxidizi ng anount oxygen and the
first phase containing nercaptan sulfur to an oxidizing region and

i di zi h | f | fi [ he disulfid
rom tho i st phddbeoRra e pidoesRanetRy S hE Y a5€$#558w§ 0 step (a)
For o B8RO ANBh IS o N AR IERGos A dhantiPr i8] aen (O @

nmet hod reating "and I hg a on con ng acrdic species

such as pi@pCEpiRRde c@BﬁI&'pﬁHia%éybénWﬁﬁﬂirﬁ'f@ ahﬁ\@ﬂ@ﬁ]pﬁeﬁ@ﬁs%@lmlmgwht
hi gher than about C4 such as reconbi nant nercaptans, conprising: (a)

cont act eyt the phpdespcar bon under substantially anaer ob| c conditions with an

extractant compos! Ll 8 firet phse contarmng dissolved Alkay metal LKy phonylate.
dissolved alkali metal hydroxide, water, and dissolved sulfonated cobalt
phthalocyanine, and

(11) the second phase containing water and dissolved alkali metal

hydroxide;

(b) extracting mercaptan sulfur from the hydrocarbon to the first
phase;

(c) separating an upgraded hydrocarbon;

(d) conducting an oxidizing amount oxygen and the first phase
containing mercaptan sulfur to an oxidizing region and oxidizing the mercaptan
sulfur to disulfides;

(e) separating the disulfides from the first phase;

and then

(f) conducting the first phase to step (a) for re-use.

[6007] In another an 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
recombinant mercaptans, COmprising:

(a) contacting the hydrocarbon under substantially anaerobic conditions with
an extractant composition containing water, alkali metal hydroxide, cobalt
phthalocyanine sulfonate, and alkylphenols, wherein

(i) the extractant is substantially immiscible with its analogous

aqueous alkali metal hydroxide, and



pht hal ocyani ne sul fonate, and al kyl phenols, wherein (i) the extractant is
substantially immscible with its anal ogous aqueous al kali netal 5%%?ﬁmﬂe,
and 2 5 OCT 2005 -4 (ii) the extractant contains water, alkali net

al kyl phenyl ate, alkali netal hydroxide, and sul fonated cobalt

pht hal ocyani ne; (b) extracting nmercaptan sulfur fromthe hydrocarbon to the
extractant; (c) separating an upgraded hydrocarbon; (d) conducting an
oxi di zi ng anmount oxygen and the extractant containing mercaptan sulfur to
an oxidi zing region and oxidi zing the mercaptan sulfur to disulfides; (e)
separating the disulfides fromthe extractant; and then (f) conducting the
extractant to step (a) for re-use. BRI EF DESCRI PTI ON OF THE DRAW NGS 100081

Flgure 1 shous a SEIERtEH AN ORI AR 006 AORPE TFier 1003 gur e 2

shows a schematic ilagramftor a water ass ényl ate

treat nent Sol pieklhydebTELER RERGRIET LGOI - MMENTI ON [ 00101 The

invention relates i'n part to the discovery that aqueous treatnent solution

entrai nment i (i)extizetihpentredpiapdub@afivon thalydecarrdraiol thd dayraatiditng to the
treatnment solution an effective ambunt of sulfonated cobalt phthal ocyani ne.
Wil e not wiGhisapanasnganbmgradesd/hydnpceri®sry or nodel, it is believed that
t he presence ‘?C{Q sgl fonated caobalt phthal oc%ani e.in the treatnment sol ution
| owers the i ntErPREHINE 8B XY ZEE: BBt Pev e SO UREC HER COBBY W Bon and

the hydrx%%?tfa%?e[h sWBSR an oxidizing region and oxidizing the mercaptan sulfur to
disulfides;
(e) separating the disulfides from the extractant;

and then

(f) conducting the extractant to step (a) for re-use.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Figure 1 shows a schematic flow diagram for one embodiment.

[0009]  Figure 2 shows a schematic phase diagram for a water-KOH-potassium

alkyl phenylate treatment solution.

DETAILED DESCRIPTION OF THE INVENTION

[0010] The invention relates in part to the discovery that aqueous treatment
solution entrainment into the treated hydrocarbon may be curtailed by adding to the
treatment solution an effective amount of sulfonated cobalt phthalocyanine. While
not wishing to be bound by any theory or model, 1t 1s believed that the presence of
sulfonated cobalt phthalocyanine in the treatment solution lowers the interfacial
energy between the aqueous treatment solution and the hydrocarbon, which

enhances the rapid coalescence of the discontinuous aqueous regions in the



enhances the rapid coal escence of the discontinuous aqueous regions in the 2
5 OCT 2005 -5 hydrocarbon thereby enabling nore effective separatiggw?hﬂkhe
treated hydrocarbon fromthe treatnment solution. 100111 In one e i t
the invention relates to a continuous process for reducing the sulfur
content of a liquid hydrocarbon by the extraction of the acidic species
such as nercaptans fromthe hydrocarbon to an extractant portion of an
aqueous treatnment solution where the nercaptans subsist as nercaptides, and
then separating a treated hydrocarbors-substantially reduced in nercaptans
fromthe extractant portion while curtailing treatnment solution entrai nment
in the treated hydrocarbon. The extraction of the nercaptans fromthe

hydr oc aﬁﬁg{bc}a?%éﬁ@ler&ﬁt Eﬁﬂﬂgg rgﬁ% %ﬁf@&i\jesseﬁgﬁ%?lt Sy @%chﬁﬂgﬁ?gg}b%n

conditio ., I'nthe su absence of oxygen. sequent

stage, #&bnl gestreanintoinicef the treatnment solution is conducted to an
oxi di zi ng stage where the nercaptides are converted to disulfides, which
are water-insoluble. Follow ng separation of the disulfides, the extractant
portion is returned to the treatnment conposition for re-use. The extractant
port i onlB93] owi HigEns enbpigRerie Bty iav ewtron Elaies &0 p6aNHBUALS BracsgeidT at ed

tractant. .l n_.oth nbodi ment.s, . f. the fal | ow . also b
ncor polaisind it e HrBuie 2 ey O B Arissr i ahdhs PR e ah R Aeer om t ne
{roat . | FPp! a) e hinn the t1eat ment
Sol ut | or e or gy aersaptng fgpaRTHR LRI P b RTINS Tart onat eq.
cobal t aghidtalsaescdmenesdlayoRvh@BRhONREcHIark TAERL ¥S matbastiddieas@tidinytic

oxi dation of the nmercaptides is included in the process.

separating a treated hydrocarbon substantially reduced in mercaptans from the
extractant portion while curtailing treatment solution entrainment in the treated
hydrocarbon. The extraction of the mercaptans from the hydrocarbon to the
extractant portion 1s conducted under anaerobic conditions, 1.e., in the substanual
absence of oxygen. In a subsequent stage, at least a portion of the treatment
solution is conducted to an oxidizing stage where the mercaptides are converted to
disulfides, which are water-insoluble. Following separation of the disulfides, the
extractant portion is returned to the treatment composition for re-use. The
extractant portion following disulfide separation is referred to as a regenerated
extractant. In other embodiments, one or more of the following may also be
incorporated into the process:

(1) stripping away the mercaptides from the treatment solution by e.g.,
steam stripping,

(11) polishing the treatment solution prior to re-use.
A catalytically effective amount of sulfonated cobalt phthalocyanine may be

employed as a catalyst when the catalytic oxidation of the mercaptides 1s included

in the process.

[0012]  The treatment solution may be prepased 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



[ 00121 The treatnent solution may be prepared by conbining al kali netal
hydr oxi de, al kyl phenol s, sul fonated cobalt pthal ocyani ne, and matezSDErqws
anounts of the constituents nmay be regulated so that the treatnent”sol ution
formse two 2 5 OCT 2005 -6 substantially inmscible phases, i.e., a less
dense, honogeneous, top phase of dissolved al kali netal hydroxide, alkal
net al al kyl phenyl ate, and water, and a nore dense, honbgeneous, bottom
phase of dissolved al kali metal hydroxide and water. An anount of solid

al kali metal hydroxi de nay be present,-6preferably a small anmount (e.g., 10
Ww.%in excess of the solubility limt), as a buffer, for exanple. \Wen the
treatnment solution contains both top and bottom phases, the top phase is

frequent : Xt ractant p top and
bot t om p ”?S{eag‘fngpgqﬁ}nt‘qﬁf’g’?e ?ﬁgsegr ¥e‘é's%B‘g‘{;éiﬁ?‘ug%ﬁ%rﬁ?%n‘?ég’éfb@ﬂa%&gi libriumin
a tenpedidgddved AR Meta] hotr3Ra alRF ni@alalRrvphiROlt@ndday ReeSaid £ range of
about anbient (zero psig) to about 200 psig. Representative phase di agrans
for a tmentderse, hohwigenaodsboednf plasepdtdsolved djkdhonédehydaixede amdhd t hree

different alkyl phenols are shown in fi%ure 2. 10013] In one enbodi nent,
t her ef orates Anoaipausect saut akal serLbydwxide mepsi presenii preferadlhgdr ocar bon

e R OO b S P SO pesnes, r o o
nbodi : t
oo, B B8y D D TR o 00 0P8 e

the top dﬂh@-é@s rRyusifly fgeReA 36 a6 tHobt iPwdtl FeRaeiantphbsd MELAYSS 8@r bon and
returned to the procéss for re-use. For exanple, the regenerated top phase

may be tragtoum pedsdsare hguid,emidneatsubsthotialonimmiisoribleantamiphasm mepar at i on,
where it may be added to either the top Phase bott om phase, or_both.
Al t er nat'PPRRIUEE@NEE e Hephelept 80°F to abou 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.

10013] In one embodiment, therefore, a two-phase treatment sofution 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 emmbodiment, 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
top phase may be added to the either top phase, bottom phase, or both subsequent

to the separation of the top and bottom phases.

{0014] The treatment solution may also be prepared to produce a single liquid
phase of dissolved alkali metal hydroxide, alkali metal alkylphenylate, sulfonated

cobalt pthalocyanine, and water provided the single phase formed is



top phase may be added to the either top phase, bottom phase, or both
subsequent to the separation of the top and bottom phases. [00147 gl 2005
treatment solution nay al so be prepared to produce a single liquid phase of
di ssol ved al kali netal hydroxide, alkali netal alkyl phenylate, sulfonated
cobal t pthal ocyani ne, and water provided the single phase fornmed is 2 50 C
T 2005 -7 conpositionally | ocated 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-tirectly w thout a bottom phase,

provi ded the top phase conposition is regulated to remain at the boundary
bet ween the one phase and two phase regions of the dissolved al kali netal

hydr oxi de-al i t | - ¢ 1 i n The
conposi tg ?gﬁgFﬂdélggﬁi lgka%fi %@ngh@ S Ibﬁ%\?%ﬂ?%yorg%ﬁﬁgsgg%rfal ned by

det er m BhBge tcloFord SLIHR teld hhe 0R8rANATRGAUT vAGKISOtR B Klake FRE

hydr oxi ge. Theteg %nal ogous aa)c%\ggus al Egli net al hydr oxi de ?Igﬁltah% b(ﬂeom phase
that wpntphréd dpeetde mithduttdnisottore phasy) tprewided ithe tdaphdeconppeptoed Wit h
conpositions wthin the two-phase region of the phase diagram As the top
phase aftBWdiedomreptaasat tebtiowisgeheiesn thaank pheseamd 80 Phepe et

anal ogol g ate edialarl et Sk Bb AT E: et 2 BhEEY Bie-Sratel P al
phase. df Ba o e A b A o A e REP B o R d B o5 1 1
singl e phas@itd B deV@nhii@iLmpasiEsy Wath B Heladisneficous BkaBhasg] di agram
may be represented as a ternary phase diagramas shown in figure 2. A
conposi hiydroxide.t ibetamalqguas @agueguwaikals matal Ingdrbarde wftha bbasm pleassehatop

phase on the boundary_ of the one phase and two phase regions an a nore dense
bot t om Pieadé bepresrat wathertreatgnt seistian hag besk ipgeraigd VUACORPOPBIGNAr t op

phase | 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 anaiogous aqueous alkali metal hydroxide.
[001.;] 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 n
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 needed to form the desired single
phase treatment solution at the phase boundary may then be determined directly
from the phase diagram. If 1t is found that a single phase treatment solution has
been prepared, but is 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



connected to its anal ogous bottom phase by a unique tie line. The relative
anounts of al kali netal hydroxide, alkyl phenol, and water neededz@gtf&mm
the desired single phase treatnment solution at the phase boundary nay then
be determned directly fromthe phase diagram If it is found that a single
phase treatnment solution has been prepared, but is not conpositionally

| ocated at the phase boundary as desired, a conbination of water renoval or
al kali metal hydroxide addition nay be enployed to bring the treatnent
solution's conposition to the phase bagndary. Since properly prepared
treatnment solutions of this enbodinment will be 2 5 0OCl 1005 -8 substantially
imm scible with its anal ogous aqueous al kali netal hydroxide, the desired

conpositj ybe prepared .and then tested for . m.scibiliity with.its

o ogoud RS afR SRR ST s peiBep B b D B b et e, i
require j i i } - i ngl.a- phase

T eat mnt L o g e B P T s B e L R Suncar y

bet ween mndogine dgueolis gtiadi mpladsearaxidé idt @mpsstiphaseadiaadans and then
contacted with the hydrocarbon. "After the treatnent sol ution has been used
t o cont aequirhd. hydrocarbon, it may be regenerated for re-use, as di scussed

for two-phase treatnent solutions, but no bottomphase is present in this
enbodi ment. Such a singl e-phase treatnent solution is also referred to as

1 cat menPOL! bt PoaraHEDe R ROt SR Bh o P et MEORaC g on of "
the phaﬁfre ARY Ahpddifoh AR RRERA diShé Bf)ﬁﬁ%zgr?tﬁe?w@% ESJEE afxﬁtrﬁv%qliﬁw- When the

treat me olution 1s prepared wthout a omp , e treat nent
sol uti orpliases eheh¢ emby pisast kitag@xin; ant aldn c$:0QEH Wih lee hidicageser al |y

desirable to separate and renove sul fur fromthe
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 1s 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 is referred to as the extractant.

When the treatment solution is prepared without a bottom phase, the treatment

solution is referred to as the extractant.

[0017] 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, 1t 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
in the presence of oxygen to substantially less odorous disulfide species. The
hydrocarbon-soluble disulfides then equilibrate (reverse extract) into the treated
hydrocarbon. While the sweetened hydrocarbon product 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.



hydr ocarbon so as to form an upgraded hydrocarbon with a | ower total sulfur
content, it is not necessary to do so. For exanple, it may be suf figggntilo
convert sulfur present in the feed into a different nolecular form In one
such process, referred to as sweetening, undesirable nercaptans which are
‘odorous are converted in the presence of oxygen to substantially |ess
odorous disul fide species. The hydrocarbon-soluble disulfides then
equilibrate (reverse extract) into the treated hydrocarbon. Wile the
sweet ened hydrocarbon product and the f%eed contain simlar anmounts of

sul fur, the sweetened product contains |less sulfur in the form of

undesi rabl e nmercaptan species. The sweet ened hydrocarbon may be further
processed to reduce the total sul fur anount, by hydrotreating, for exanple.
2 5 OCT 2005 -9 100181 The total sulfur anmount in the hydrocarbon product

may be rjedugied bhe toedtavl fag astduritin SiREey @S csboR padoésmhby bdasdhcany he
extractant. Therefore, in one enbodinent, the invention relates to

pr ocessesnforng selui speced suphi ab digdifaieafon thy extréwarx fhactfoon infonehe

mer capt ans, f rom t he hydrocarbgon to an aqueous treatnent . solution where the
mer capt &BbeiHG Y1 ﬁl&smm@f&n éf‘gi“l% @ PRasies S5t foa dealng atlHend hydro@arbombyt he

the for nPBF GEn 6L 4f BENTES BT GPaLITE BASoHEYT Ihah “BucalGr At om the |
t reat mentygoddbiHRe ﬁ@p%%ﬁi%k%}a@i’é%s Wa?é%d?ﬁ’blgﬁﬁ?:%%ggé@s %MH@ treated
trally of r sul fu

hydr ocar bon substan ree of nercaptans an uce r content

my be @gRartiiethd woartrishtuie aeeesptiddd tyavatangiddubledadiident Tha sagagnd
hydrocarbon may be enployed to facilitate separation of the disulfides and
conduct navem Hwalorfir ohhy diesaposesdsble] diouldides rmonéhembodéparated from the
hydrocarbon is a Iiauid G{drocarbon contai nin acidic speci%F such as

mer capt 4FAUEGA $AIVIAR agd\oadysicd 2 way frRar hengacess subat a dreate

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 disul.des and conduct them away from

the process.

[0019]  In one embodiment, the hydrocarbon is a hquid 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
condensates, liquid petroleum gas (LPQG), butanes, butenes, gasoline streams, jet
fuels, kerosenes, naphthas and the hike. A preferred hydrocarbon is a cracked
naphtha such as an FCC naphtha or coker naphtha boiling in the range of about
100°F to about 400°F. Such hydrocarbon streams can typically contain one or
more mercaptan compounds, such as methyl mercaptan, ethyl mercaptan, n-propy!
mercaptan, isopropyl mercaptan, n-butyl mercaptan, thiophenol and higher
molecular weight mercaptans. The mercaptan compound Is frequently represented

by the symbol RSH, where R is normal or branched alkyl, or aryl.

[0020]  Natural gas condensates, which are typically formed by extracting and

condensing natural gas species above about Cy, frequently contain mercaptans that



to about 5 cP. Representative hydrocarbons include one or nore of natural
gas condensates, |iquid petroleumgas (LPG, butanes, butenes, gagglggrens
streans, jet fuels, kerosenes, naphthas and the like. A preferred
hydrocarbon is a cracked naphtha such as an FCC napht ha or coker naphtha
boiling in the range of about 100F to about 400F. Such hydrocarbon streans
can typically contain one or nore nercaptan conpounds, such as nethyl

mer capt an, ethyl mercaptan, n-propyl nmercaptan, isopropyl nercaptan,

n-butyl nercaptan, thiophenol and hi ghEF nol ecul ar wei ght nercaptans. The
mer capt an conpound is frequently represented by the synbol RSH, where Ris
normal or branched al kyl, or aryl. 10020] Natural gas condensates, which are

typical | A/refrﬁﬁW@ﬂiigyc@metﬂan&mﬁﬁoﬁmﬂ%@@eg N4l %#s gaRdsnaeles above

about C4, frequently contain mercaptans t 250 CT 2005 -10 are not

readi |y spioslitied ctybeidinggihonaatingefbedsoouNd00fRto gesutciEngdtiese
typically have a boiling point ranging fromabout 100F to about 700F and
have memergapsan sufinprepmedeat aimount ramgiogtiramsgony i 90 ppmabo2®0A.epmppm t o
2000 ppm s\‘;‘Base on .t e@é\%i ght of the_condensate. The .nerCflpt Ens r.aB ein
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condons AL drarRapBit Gy an0RRE BT RE O o YRy ERRRE KPR IR bR Do,
pr ocess. CAA0RLE I iRAMANTb At A hTurali Ao ReALALNhROpRBEELSS, Such as

t hi ophenes, ‘often form during heavy ol resid cracking and coking and

as a reshydroodrbbheor usssagrieleds fdxothkiinganapm@esssar e 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

contrib 0 an,enhanced oct.ane nber .for the. cracked product. Wile
hydrotrg@ﬁ?ﬁg ”&I/erﬁapté%paaggg'xqrosu?ﬁﬁﬁp@tammg species, such as thiophenes,

often form during heavy o1l 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
selective hydrotreating. Unfortunately, hydrogen sulfide formed during
hydrotreating reacts with the preserved olefins to form mercaptans. Such
mercaptans are referred to as reversion or recombinant mercaptans to distinguish
them from the mercaptans present in the cracked naphtha conducted to the
hydrotreater. Such 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 oil, and resid cracking or
coking, as these typically range in molecular weight from 48 to about 76 g/mole.
The higher molecular weight of the reversion mercaptans and the branched nature
of their hydrocarbon component make them more difficult to remove from the

naphtha using conventional caustic extraction. Accordingly, a preferred



undesi rabl e sul fur species and other heteroatons fromthe cracked napht ha,
it is frequently the objective to do so wi thout undue olefin saturation.
Hydr odesul furization w thout undue olefin saturation is frequently?y@fediled
to as selective hydrotreating. Unfortunately, hydrogen sulfide forned
during hydrotreating reacts with the preserved olefins to form nmercaptans.
Such nercaptans are referred to as reversion or reconbi nant nercaptans to
di stinguish them fromthe nercaptans present in the cracked naphtha
conducted to the hydrotreater. Such +léversion nercaptans generally have a
nol ecul ar wei ght ranging fromabout 90 to about 160 g/ nole, and generally
exceed the nol ecular weight of the nercaptans forned during heavy oil, gas
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wei ght from 48 to about 76 g/ nol'e. The Righer nol ecul ar wei ght of the
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make them nore difficult to renove fromthe naphtha usi ng conventi onal
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desul fari zed conpared to the hydrotreater feed but with nore“than 30%
(nor e paed enBbhyregfi¥iecrably &%) bf thor elefine frematkidyb£0&ponothetaneoniteffiolsin et ai ned
based on the anount of olefin in the hydrotreater feed. 100221 In one
enbodi nhthe hyssorgetenéendoon to be treated is contacted with a first phase
of an aqueous treatnent solution having two phases. The first phase

[0022]  In one embodiment, the hydrocarbon to be treated 1s 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 1s
potassium hydroxide. The contacting between the treatment solution's first phase
and the hydrocarbon may be liquid-liquid. Altermatively, a vapor hydrocarbon 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 a non-dispersive manner is 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 hydrocarbon so that the contacting may conducted

with the hydrocarbon in the liquid phase.



contai ns dissolved al kali netal hydroxide, water, alkali netal

al kyl phenyl ate, and sul fonated cobalt phthal ocyanine, and the second phase
contains water and dissolved al kali netal hydroxide. Preferably, 'Ztﬂ“l@aCTgmﬁﬁal [
nmetal hydroxide is potassium hydroxi de. The contacti ng between the
treatnment solution's first phase and the hydrocarbon may be |iquid-Iiquid.
Al ternatively, a vapor hydrocarbon nmay contact a |liquid treatnent solution.
Conventional contacting equi pnent such as packed tower, bubble tray,
stirred vessel, fiber contacting, rotatjpng di sc contactor and other
contacting apparatus may be enpl oyed. Fiber contacting is preferred. Fiber
contacting, also called nmass transfer contacting, where |arge surface areas
provi de for mass transfer in a non-di spersive manner is described in U S
Patents Nos. 3,997,829; 3,992, 156; and 4, 753,722. Wile contacting

t enper at nd : 0 psig
to about l[J(izdg(ﬁlpsi g@éqﬁg@ glrlg%?%ﬁ?ﬂgﬁgg(??%?c@gghgggﬁraépgﬁggwg%rrp ra%gg’e in the
range of a8y foRby @ontthiginle AlPbhaméls calRE R $iseth EhVdrokite, karfugatell cabalt O
psig to about 200 prig, nore preferably about 50 prig. Hi gher pressures
duri ng cophtletotyapinaydne wawr.r Rodferrtd allgllphvatads invdudocicsoly, ppienblpf t he

hydr ocarbon so that the contacting may conducted wth the hydrocarbon in

the Ii quinethykediay] péwslomimﬁwlmzn?bomhﬂm@ @]ké’él’éarpélﬁlﬁ‘)lélo‘lhlﬁl?f_tﬁﬂ%pl oyed
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R e s
al kyl t hi aldyépledriols anchestredtnnt phianohingsy b&oBsohed foen s hiydrabamoy feeéf erred.
When al kyl phenols are present in the hydrocarbon to be treated, all or a
portion &Pdiime andljojkssnendlysiroxide laee prederred metaldiydronidesnyitbhepaspssaimed from
the hydr gggrrotggcrile Lgier}ldg'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 alkal 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 hydrocarbon to be treated.

[0024] 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

(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



Sodi um and pot assi um hydroxi de are preferred netal hydroxides, with

potassi um hydroxi de being particularly preferred. Di-, tri- and

tetra-sul fonated cobalt pthal ocyanines are preferred cobalt pthal 02:§'29|EiT r@é
wi th cobalt phthal ocyanine disulfonate being particularly preferred. The
treatment solution conponents are present jr) the follow ng anounts, based
on the weight of the treatnent solution: water, in an anount ranging from
about 10 to about 50 wt.% al kyl phenol, in an anount rangi ng from about 15
to about 55 wt.% sulfonated cobalt pht3hal ocyanine, in an anmount ranging
from about 10 to about 500 wppm and al kali nmetal hydroxide, in an anount
rangi ng from about 25 to about 60 wt.% The extractant should be present in

an anou ' . % 1 val, .2 n the
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di agram such as shown in figgre 2, which shows the two-phase region for
three differdnd baldoyhpgsieorlls, lopatedss itherphysy leodirdiary daolv et ge.oneTdne
preferred treatnment solution has conmponent concentrations such that the
t r eat medtvosphaseiregions| wWitdincheettqm)phsse conpositi onal Iy in the two- phase
region of the water-alkali netal hydroxide-al kali netal alkyl phenyl ate
phase diagramand will therefore forma top 2 5 0C1 2005 -13 phase
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[ 0025] Fol'l'owi ng sel ection of the al kali metal "hydroxide and the al kyl phenol
or al kylefimenotd by xourentidrizd metbadsrardrelso fininpiiegel@nramophaof vditagr am may
be

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 1n 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.

0026} 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 ] 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
alkalt 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.



determ ned by conventional nethods thereby fixing the relative anmounts of
wat er, alkali netal hydroxide, and al kyl phenol. The phase diagraﬁgf@@Tﬂﬁﬁ
enpirically determ ned when the al kyl phenols are obtained fromt
hydrocarbon. Alternatively, the anounts and species of the al kyl phenols in
t he hydrocarbon can be neasured, and the phase di agram determ ned usi ng
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 pressur-&4in the range of about anbient (O
prig) to about 200 psig. Wiile not shown as an axis on the phase diagram
the treatnment solution contains dissolved sulfonated cobalt phthal ocyanine.
By dissolved sul fonated cobalt pthal ocyanine, it is neant dissolved,

di spersed, or suspended, as is known. 100261 \Wether the treatnent sol ution

i's prepapgad7jn tWh%mﬂﬁ@ﬁ%b@ﬁi%lﬁr%ol%&MarM@@ﬂIﬂex@gp@@i\s%b@ﬁt@fl%ﬁd at the
phase boundary, the extractant w have a dissolved alkali neta
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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 1s clear from figure 2, the mercaptan
extraction efficiency 1s 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
ot about 5 wt.% alkylphenol is present, based on the weight of the treatment

solution.

[0028] The extraction efficiency, as measured by the extraction coefficient, K.,
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 g
is the concentration of mercaptide in the extractant divided by the mercaptan
concentration in the product, on a weight basis, in equilibrium, following

mercaptan extraction from the feed hydrocarbon to the extractant.



regi on of higher alkali metal hydroxide concentration in the bottom phase.

It has been discovered that higher extraction efficiency for the higher

mol ecul ar wei ght nercaptans can be obtained at these hi gher al kal § 060800
hydr oxi de concentrations. The conventional difficulty of treatnent solution
entrainment in the treated hydrocarbon, particularly at the higher

vi scosities encountered at higher alkali nmetal hydroxide concentration, is
overconme by providing sul fonated cobalt phthal ocyanine in the treatnent
soiuiion. As is clear fromfigure 2, tie nercaptan extraction efficiency is
set by the concentration of alkali netal hydroxide present in the treatnent
solution's bottom phase, and is substantially independent of the anmount and
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is pref erahbie hierédiranoneeenived fbot RO hyy eravasiin GltheSxttdctamr e preferably,
the alkali metal hydroxide in the treatnment solution is present in an

anmount ilydronadmuand % aftantere avndneted shropgbvinged saseitlmpegdkalwheret al
hydroxide in the s(gcond phase. As used herein, K is the concentration of

mer capt it@ teatedhy Qﬁaré?@paﬁﬁémr@r%wrﬂw@tqﬁi&%gﬂ{w RHPRRSKET W ¥ i n t he
From e nd- ¢ Saiehfarahn AE3 SonPHBE S bR, s Fouohbhe BRGFERAERE (03] A
Bt act AR O e R B afar ocarbon Teed in line 2 are conducted to
m xi ng region 3 where nercaptans are renoved fromthe hydrocarbon to the
extractant. Hydrocarbon and extractant are conducted through line 4 to
sett!|ing09¥yi on Thewh#maetant is then conducted via line 7 to oxidizing region § where

the mercaptides in the extractant are oxidized to disulfides in the presence of an

oxygen-containing gas, conducted to region § via lines 10 and 13, 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 12 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.

[0031] The disulfides may be separated and conducted away from the process.
The 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 zone 16 via line 11,
together with the regenerated extractant. When polishing is employed, fresh
solvent is introduced into the polishing region via line 15 where it contacts the
effluent of line 11 in contacting region 16. Conventional contacting may be
employed, and fiber contacting is preferred. Effluent from the polishing region is
conducted to a second settling region 19 via line 17. Spent solvent containing

disulfides may be conducted away from the process via line 18.



the treated hydrocarbon is separated and conducted away fromthe process via
line 6. The extractant, now containing nercaptides, is shown in the | ower
(hatched) portion of the settling region. [00301 The extractantzs%CqQﬁE
conducted via line 7 to oxidizing region 8 where the nercaptides’in thée
extractant are oxidized to disulfides in the presence of an
oxygen-cont ai ni ng gas, conducted to region 8 via lines 10 and 13, and

sul fonated cobalt pthal ocyanine, which is effective as an oxidation

catal yst. Undesirable oxidation by-prigducts such as water and off-gasses
may be conducted away from the process via |line 9. Additional sulfonated
cobalt pthal ocyanine may be added via line 12 if needed. Optionally, a
wat er -i mm sci bl e sol vent such as a hydrocarbon nay be introduced into the
oxidizing region to aid in disulfide separation, as shown by |ine 14.
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shown in the figure, the solvent containing the disulfides is conducted to
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VWhen polishing is enployed, fresh solvent LF% i ntroduced into the polishing
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conducted via line 20 to m xi ng zone 30. The concentrating region 21, when
via line 23. A portion of the bottom phase may be separated via line 24, and fresh
alkahi metal hydroxide (line 26) and water (line 27) may be added to region 29 via
line 25 and conducted to concentrating region 21 via hine 31 to regulate the
treatment solution's composition (alkylphenol may be added to the system (line
28)). Mixing means, e.g., a static mixer (30}, may be employed to ensure re-
equilibration of the top and bottom phases. Preferably, the composition is regulated
to remain compositionally located in the desired portion of the two phase region of
the phase diagram. Accordingly, under the influence of gravity, the bottom phase
will be iocated 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

upper region and conducted to the start of the process via line 1.

[0033] In one embodiment, the contacting and settling shown in regions 3 and 5
(and 16 and 19) may occur in a common vesse] with no interconnecting lines.

Fiber contacting is preferred.



enpl oyed, renoves water fromthe bottom phase fromsettling zone 29 to
assist in regulating the treatnment solution's conposition. The water be
renoved by, e.g., steamstripping, or another conventional materzﬂb%%CEﬁ5
process (line 22). Concentrated bottom phase is conducted to m xing zone 30
where it is mxed wwth the treatnent solution. The m xture is then
conducted to a third settling region 29 via line 23. A portion of the
bott om phase may be separated via line 24, and fresh alkali netal hydroxide
(l'ine 26) and water (line 27) may be atided to region 29 via line 25 and
conducted to concentrating region 21 via line 31 to regulate the treatnent
solution's conposition (al kyl phenol may be added to the system (line 28)).
M xi ng z 19 oy B S AL & ] xer 0)1, vIB | 0 psure re-
equilib Nrirpl& 18 I’m(,st(?ltgf é Qlt ! val ,qﬂ‘eosition i s
regul at stk uftiyri N conpositionally located in the desired portion of the
two phase tegion of the phase diagram Accordingly, under the influence of
gravity, the bottomphase wll be located in the |ower portion (hatched) of
the third settling region. The top phase (the extractant), conpositionally
| ocat ed [8834]he phadséSEdNRoGH™easwdrenshe Teorolagy, Inso-RBdmendedldns of the
ternary phase_diagramis _w thdrawn fromthe on. and conducted to

the st art 500, FRBISAdcsE Brmn Re fecatanceisayung bireiesBuak VR waenised o

o corantOEUEE b isheRE e brede it Misdard BUDAS BT abHgTy s "
f ; Eé?e@g - 't

pP[ ﬁaF(r)E:\?%ﬁ ihﬁ}fg%s% -(E{)}‘Fée)?étsnljirgen st Jrnf'eg ljjtlt]? (tg EB‘?S%%%ta%gj&gﬁﬁﬁ'M?Laser

Sensor Tkpiimiabdgyer beam o Raeming th¥\disuribiion oFtchieeidehagrr {Bepamideds ecat ance

Measuring Device (FBRME) was used to _ )
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.

[0035] In this experiment, a representative treatment solution was prepared by
combining 90 grams of KOH, 50 grams of water and 100 grams of 3-ethyl phenol
at room temperature. After stirring for thirty minutes, the top and bottom phases
were allowed to separate and the less dense top phase was utilized as the extractant.
The top phase had a composition of about 36 wt.% KOH 1ons, about 44 wt.%
potassium 3-ethy] phenol ions, 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.

[0036]  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 mis of the top phase from the KOH/alkyl phenol/water mixture described



nmonitor the size of dispersed aqueous potassiumcresylate droplets in a

conti nuous naphtha phase. The instrunent neasures the back-reflectance from
arapidly spinning |aser beamto determne the distribution of?56bbeih

| engt hs” for particles that pass through the point of focus of the beam In
t he case of spherical particles, the chord length is directly proportional
to particle dianmeter. The data is collected as the nunber of counts per
second sorted by chord length in one thousand |linear size bins. Several
hundred t housand chord | engths are typically neasured per second to provide
a statistically significant neasure of chord length size distribution. This
nmet hodol ogy is especially suited to detecting changes in this distribution

as a fUMJe%aQEd&&@“%QQﬁsgjl’e?ﬁSﬁ?hé&%hﬁ@é%?‘as agl(?)ggé?i tgl)%.tfﬂfffo‘?é QldpNt . a

representative treatment sol ution was prepare i Nl ng grams of
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After stirring for thirty mnutes, the top and bottom phases were allowed
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and the probe detected very low counts/sec to determne a background

noi se |gselchord haiath dGuibsied. The nicxp nptiasslé iaputthel tkOddaitkod ophenol / wat er
m xture described 2 5 DCT 2005 -18 above was added. The di spersion that

f or med swdbnatd¢domshit pthetdayafiore was i stuftebe atediamohonddapgttatouleegerAt this time

t he FBRM provi ded a stab) e histogramfor th hord | ength distribution.
Then, wHHES dengh Weightq gWathosppl %tecbcg*efﬁf B 20 Hallf microns;

after addition of sulfonated cobalt pthalocyanine, 35 microns.

10037] It is believed that the sulfonated cobaii 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
of mercaptides from the naphtha phase into the extractant which is constramed as a
film on the fiber during the contacting. Second, any incidental entrainment would

be curtailed by the presence of the sulfonated cobalt pthalocyanine.

Example 2. Determination of Extraction Coefficients for Selectively

Hvdrotreated Naphtha

[0038] Determination of mercaptan extraction coefficient, K4, was conducted as
follows. About 50 mis of selectively hydrotreated naphtha was poured into a 250
mi Schlenck flask to which had been added a Tefion-coaied 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



pt hal ocyani ne was added. The di spersion i medi ately responded to the
addition, wth the FBRMrecording a significant and abrupt chaagi tp @Ee
chord length distribution. Over the course of another five mn Q g
solution stabilized at a new chord length distribution. The nost noticeabl e
i npact of the addition of sulfonated cobalt pthal ocyanine was to shift the
nmedi an chord length to larger values (length weighted): w thout sulfonated
cobalt pthal ocyanine, 14 microns; after addition of sulfonated cobalt

pt hal ocyani ne, 35 m crons. 10037] It #1$-believed that the sul fonated cobal L
pt hal ocyani ne acts to reduce the surface tension of the dispersed
extractant droplets, which results in their coalescence into |arger nedian
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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. Afier 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
analyzed for a total sulfur determination, by x-ray fluorescence. The samples are
all analyzed in duplicate, in order to ensure data integrity. The reasonable
assumption was made that all sulfur removed from the feed resuited from
mercaptan extraction into the aqueous extractant. This assumption was verified on
several runs in which the mercaptan content was measured. As discussed, the
Extraction Coefficient, K., 1s defined as the ratio of sulfur concentration present in
the form of mercaptans ("mercaptan sulfur") 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:

Keq =[RS M in extractant]
[RSH n feed] after extraction.




relatively high volatility of naphtha at roomtenperature, two ten ms
sanpl e of the degassed naphtha were rempved by syringe at this point to
obtain total sulfur in the feed follow ng degassing. Typically thd S0l 5
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 | ezfated conpositionally in the
t wo- phase region. Excess extractant was al so prepared, degassed, the desired
vol unme is nmeasured and then transferred to the stirring naphtha by syringe
using gt andaidsl nelia ‘
extracta WET E Y 0
stirring was stopped and the tmp phases mere allomed to separate After
nut es. ment tract na ht were remved. while
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extract iathyipBeiolQ®oatdnt2R@Re top layer of about 30 wt.%. Accordingly, startmg

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.

[0040]  The figure shows the phase boundary for each of the alkylphenols with
the 30% alkylphenol line is shown as a sloping line intersecting the phase boundary
lines. The measured K, for each extractant, on a wt./wt. basis are noted at the
point of mntersection between the 30% alkyl phenol line and the respective
alkylphenol phase boundary. The measured K.,s for 3-methylphenol, 2,4-
dimethylphenol, and 2,3,5-trimethylphenol were 43, 13, and 6 respectively. Ascan
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 1s also

illustrated in figure 2. The dashed 48% KOH tie-line delineates compositions in



-20 Exanmple 3. Extraction Coefficients Determ ned At Constant Cresol Weight%
[00391 As is illustrated in figure 2 the area of the two-phase region in the
phase diagramincreases with al kyl phenol nol ecul ar weight. Thesd pbasH0)

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 power of two-phase extractants
prepared fromdifferent nolecular wetlht al kyl phenols, extractants were
prepared having a constant al kyl phenol content in the top |ayer of about 30
wt.% Accordingly, starting conposition were selected for each of three

he oxt 136 DRy Rt SURch Ful SRR TEE RS oh e Y b W3 G ARl 1 phenol

and 2, 3,secofid PRESYIP LR dansE he S THRIREN AR defeiitd thaku benamepider) cted in
figure 2. 10040] The figure shows the phase boundary for each of the

al kyl phexoohsosniiodn 48 vet. Z00d .kl pdtenolg ¢ddmpodisoshelumgathiaticdlogiwd! | i ne
i ntersecting the phase boundary |I|ines. The neasured Keg for ea
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const antm@thrlgybnaa;ncﬂndcp,a,tsemﬁn@thp@h%hgni The aptrhtids cobficiamiteardrar wei ght  of
t he al kyl phenol increases. Though the heavier al kyl phenol s produce

rel ati velejerirangées deswihidade veagidonsrei found ¢o bhaseanti dgrespectively. exhi bi t

reduced prercaptan .extraction power f t he extractants obtained at a
const antSUéPRWlBﬁé ABIcORB At the Aoggéﬁékykpé}gpgf(mteebwuﬂamﬁ e vdReR act i ve

pover Oflartg\éodiﬂle?e%%e? i Lasiane ;?c}/v%re ré f?bs%l’\%)d, 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 alky! phenol.

Example 4. Measurement of Mercaptan Removal from Naphtha

{0041] A representative treatment solution was prepared by combining 458
grams of KOH, 246 grams of water and 198 grams of alkyl phenols at room
temperature. After stirring for thirty minutes, the mixture was allowed to separate
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 jons, and about 31 wt.% water, based 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.

[0042]  One part by weight of the extractant phase was combined with three parts

by weight of a selectively hydrotreated intermediate cat naphtha ("ICN") having an



illustrated in figure 2. The dashed 48% KOH tie-line delineates conpositions
in 25061 2005 -21 the phase diagramwhich fall within the two-phase region
and share the sane second phase (or nore dense phase, frequentlyeredcqrmﬁd
to as a bottom phase) conposition: 48 w.% KOH. All starting conpositions

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

using different nol ecul ar wei ght al kyl-phenols: 3- nethyl phenol and 2,3,5
trimet hyl phenol. The extraction coefficients were determ ned as descri bed
above and were found to be 17 and 22 respectively. Surprisingly, in
contrast; t.o.t : - n i ~n i rge
i Tt er eribigel e RIS Ao DB Phe S e R ConlER CRro et Poved
nearly igeftapeals. K8e ICNhAd exaaRatt dRADBGITBFAS AP @ bIdIR PFBIUAPERD
extraction efficiency is determned by the concentration of alkali netal
hydr oxi dE3Fesedthé condeherahohtod@ pBasmd @nrecomtaninst rantdaptdrysilfidepeheent of
t he amount and nol ecul ar weight of the al kyl phenol. Exanple 4. Measurenent
of Mer cappdthRend ke concsimEphtHd 1004t Gy respreysantanpricaptancatl fgrn Bl ut i on
was prepared, by conbjning 458 rans .of KOH, 246 grans ,of water and 198
O ae. ofCUTACHT SR BF G e ERDEP S i & W ST OGERF AP F SPORR ey
m nut es, j allowed to separate into two phases, which were
separ at eé%m’%ﬁ? éiﬁi@pﬁt (1 ess dense) phase had a conposition of about 21
wt. % KOH i ons, about 48 wt. % potassium nethyl phenylate ions, and about 31
wt. % water, based on the total weight of the extractant, and the bottom
(nore ddig4d} phdse coorfarisorda appveaniomst efrgnbBewtrdor akOHxitmes on wiftdoriak
bal ance water, based on the weight _of the bottom phase. . _
mercaptans from gasoline using a 15 wt.% sodium hydroxide solution at 90°F is

shown in column 2 of the table. The comparison demonstrates that the extraction
power of the more difficult to extract recornbinant mercaptans using the instant
process is more than 100 times greater than the extiactive power of the

conventional process with the less readily extracted normal mercaptans.

Mercaptan Molecular Kea: Keqs
Weight Extractant from top phase | Single phase extractant
C, -- 1000
C; - 160
Cs -- 30
o = 5
Cs -- 1
Ce 15.1 0.15
C; 7.6 0.03
Cq 1.18 Not measurable

[0044] As is clear from the table, greatly enhanced K., 1s 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



100421 One part by weight of the extractant phase was conbined with three
parts by weight of a selectively hydrotreated internedi ate cat naggbe?
("ICN') having an 2 5 OCT 2005 -22 initial boiling point of about . ?ﬂ%

| CN contained C6, C7, and C8 reconbi nant nercaptans. The I CN and extract ant
were equilibrated at anbient pressure and 135F, and the concentration of
C6, C7, and C8 reconbi nant nmercaptan sulfur in the naphtha and the
concentration of C6, C7, and C8 reconbi nant mercaptan sulfur in the
extractant were determ ned. The resul ti3ag Keq s were cal cul ated and are
shown in colum | of the table. 100431 For conparison, a conventional (from
the prior art) extraction of nornmal nercaptans fromgasoline using a 15

W . % sodj | [ 9 | ' I t abl e.
The. Gomma e T o e A et B it T eul
to extragb-pleneropias! THtopRphans exgidignt Battiailany effectioessr rendwag t han
100 tines greater than the extractive power of the conventional process

wi th t hdigleswieeddr Weighttmercep@naoFonkxampla ponts maveanptaps,ahe ol ef thar Keq,
Keq, Weight Extractant fromto haseSi ngl e phase extractant C 1--1000

Co- 160 1€BPhaEE EHTaciAss N (ener oS (rgendiigghe Ko, obtamed using an

- extractant prepared from a single-phase treatment solution. The large increase in
K.q 1s 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.q as the equilibrium temperature was

increased from 90°F to 135°F.

Example 5. Mercaptan Extraction from Natural Gas Condensates

{0045} A representative two-phase treatment solution was prepared as in as in
Example 4. The extractant phase had a composition of about 21 wt.% KOH ions,
about 48 wt.% potassium dimethyl phenylate 1ons, and about 31 wt.% water, based
on the total weight of the extractant, and the bottom phase contained approximately

52 wt,% KOH ions, 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¢q of

11.27.



C81. 18 Not neasurable 100441 As is clear fromthe table, greatly enhanced
Keg i s obtained when the extractant is the top phase of a two- ph%%g CT 2005
treatment solution conpared with a conventional extractant, i. %
extractant obtained froma single-phase treatnent 2 5 OC T 2005 -23
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 phaseZdxtractant is one hundred tines |arger
than the Keq obtained using an extractant prepared from a singl e-phase
treatnment solution. The large increase in Keq is particularly surprising in
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90F to 13 Exanpl e 5. Mercaptan Extraction from Natural Gas Cohdensates

[ 00451 phasspresterenacoupdsumptias eontamtdnErtt dsdoltedsodiam pydpaidy 1as i n as
in Exanple 4. The extractant phase _had a conposition of about 21 w . %KG—I
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of about C5 and above. The nat ural gas condensate had an initial boiling

poi nt ofroglaFwarghase fiieasmenosdlivngn ponedrlofw@5edgrs of magnitude more

effective in removing from a hydrocarbon branched and straight-chain mercaptans

having a molecular weight greater than about Cs

Example 6. Reversion Mercaptan Extractive Power of Sinele versus Two-

Phase Extraction Compositions of Nearlv Identical Compeosition

[6048]) Three treatment compositions were prepared (runs numbered 2, 4, and 6)
compositionally located within the two-phase region. Following its separation from
the treatment composition, the top phase (extractant) was contacted with naphtha as
set forth in example 2, and the K, for each extractant was determined. The naphtha
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 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.



and about 1030 ppm nercaptan sulfur. After equilibrating at anbient pressure
and 130F, the nercaptan sulfur concentration in the extractant was neasured
and conpared to the nercaptan concentration in the condensate, yiE}dihaia
Keg of 11.27. 2 5 0 CT 2005 -24 10047] For conparison, the sanme natural
gas condensate was conbined on a 3:1 weight basis with a conventi onal
extractant prepared froma conventional single phase treatnent conposition
t hat contai ned 15% di ssol ved sodi um hydroxi de, i.e., a treatnent
conposition conpositionally |ocated weld away fromthe boundary with the

t wo- phase region on the ternary phase diagram Follow ng equilibration under
the sanme conditions, the nmercaptan sul fur concentration was determ ned,

yi el di nggaso)uciros meddrsionkaerc@ptad redovhhithe eXAERIrHediyed Rt iaselial t he
extractant prepared froma two-phase treatnent solution is nearly two
orders afimpiayitid edeadrentecorepbdetdnally ionatednnyihegiase moantydr bemrdeanhdr anched
and straight-chain nercaptans having a nol ecul ar _wei ght greater than about
C5. Exargpicepimscrenidmgi-phaseiegipisa tix phagst diagrappwd* tgltaSithgl e ver sus Two-
Phase Extracti.on ositions of Neariv ldentical. oSi ti nS%0048 Thr ee
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separ at is:l)iﬁﬂfé (&)(?/‘r'? E?ﬁ@ ffagﬁgngn@ocfé%gﬁﬁ?rfgﬁe’ ﬁfqh(’g%{l@gl arr)Eg!Sré& e{%t ractant) was
cont act @empdsicalRt RRardl at3Bé ph¥etbhundapxanpl e 2, and the KeQ for each
extractant 'was detérm ned. The naphtha contained reversion nercaptans,
i ncl udi ng reversi on nercaptans havi ng nol ecul ar weights of about C5 and
above. The results are set forth in the table. 10049} By way—of conparison,
t hr ee cdhvwht i ondlofphesgsment ompoditei onSOldre  Wraspar ed (K8As nlnbered 1,
3, and|5) conposinttrextmehy | ocated in tihe singlle-phase

composition
(wt.%) (wt.%) (wt.%) (wt./wt.)
1 ] 15 34 51 6
2 2 15 35 50 13
3 1 31 27 42 15
4 2 31 28 41 26
5 1 43 21 34 18
6 2 43 22 35 36




region of the ternary phase diagram but near the boundary of the two-phase
region. The treatnent conpositions were contacted with the sanme naphtha,

al so under the conditions set forth in exanple 2, and the Keq w3 0CT 2005
determined. These results are also sei6-forth in the table. 2 5 DC! 2005 -25
[ 0050] For reversion nercaptan renoval, the table clearly shows the benefit
of enploying extractant conpositionally |ocated on the phase boundary

bet ween the one-phase and two-phase regi ons of the phase diagram
Extractants conpositionally | ocatedmegnthe phase boundary, but within the
one- phase regi on, show a Keq about "a Tactor of two |l ower than the Keq of
simlar extractants conpositionally |ocated at the phase boundary. # of
phases Run#in treatnent K-cresyl at eKORWAt er Keq conposition

(Wt. % (Wm.% (wt.% (wt./wt.) 111534516 2215355013 3131274215 4231284126
5143213418 6243223536 -26 CLAI MS

1. A method for upgrading a hydrocaxboh containing mercaptans,
comprising:

(a) contacting the hydrocarbon under substantially anaerobic conditions with a first phase
of a treatment compositicn contéining water, alkali metal hydroxide, cobalt phthalocyanine
sulfonate, and alkylphenols and having at ]east two phases,

(i) the first phase containing dissolved alkali metal alkylphenylate, dissolved
alkal meta) hydroxide, water, and dissolved sulfonated cobalt phthalocyanine, and
(ii) the second phase containing water and dissolved alkali metal hydroxide;

(b) extracting mercaptan sulfur from the hydrocarbon to the first phase;

{c) separating an upgraded hydrocarbon; |

(d) conducting an o.xidizing amount oxygen and the first phase containing mercaptan
sulfur to an oxidizing region and OXidizing the mercaptan sulfur to disulfides;

(e} sepérating the disulfides from the first phase;
and then o

(f) conducting the first phase to step (a) for re-use.

2. The method of claim 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.



25 0 CT 2005 1. A nethod for upgrading a hydrocarbon contai ni ng nercapt ans,
conprising: (a) contacting the hydrocarbon under substantially anafﬁgpqqm5
conditions with a first phase of a treatnent conposition containihg water,
al kali metal hydroxide, cobalt phthal ocfani ne sulfonate, and al kyl phenol s
and having at |east tw phases, (i) the first phase containing dissolved

al kali nmetal al kyl phenyl ate, dissolved alkali netal hydroxide, water, and
di ssol ved sul fonated cobalt phthal ocyanine, and (ii) the second phase
contaj ning water and.di s kal i : - Qxi.de: : &1

mer captan sulfur fro eﬁéahégggégéﬁghﬂggﬁﬁﬁgh¥?$§§%§ﬁ§?g§@%é§§g%para??ng an

upgr agedohvAde@EANIRNand WhereBNEY GdvieRgb A eR¥pEh havg sanolintlaowygbhgaad: the
first ‘phase contai ni ng nercapt an. sul fur to an oxidizing region and

oxi di iy (:he nercaptan sulfur to disulfides; (e) separating the disulfides
fromthe first phase; and then (f) conducting the first phase to step (a)
for re-use. 2. The nmethod of claim1l wherein, during the contacting of step

(a), Ehe first phaseFth%a@tﬂQJi bg&ha&gﬁnﬂr&h QNSrcOMETon 3G ARt Y d e Esdldrc
metal fibers, and the hydrocarbon tlows over the first phase co-current
Wit h feight gphasehdd fvmt @s. The net hod of claim 2 wherein the hydrocarbon
contains a hydrotreated napht ha and at | east a portion of the nercaptans
are reversion nercaptans. 2 5 OCT 2005 -27 4. The nmethod of claim 3 wherein

the hydrotreated naphiha,bdod of Bl | Withiin iy diehtRALECINARRADEANM iher el n

the reversion nmercaptans have a nol ecul ar wei ght greater n  “about
present in the first phase in an amount ranging from zbout 10 to about 500 wppm, based upon the

weight of the treatment solution.

7. o The method of claim 1 wherein the treatment

composition contdins about 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 xkrt_.% water, based on the weight

of the treatment solution.

8. The method of claim 7 wherein the first phase is present in step (2) in an
amount ranging from about 3 vol.% to about 100 vol.%, based on the volume of the hydrocarbon,

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 hydrocarbon.

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

cobalt phthalocyanine disulfonate.



5. The method of claim3 wherein the reversion nercaptans have a nol ecul ar
wei ght greater than about C5. 6. The nethod of claim1l wherein the},ﬁ T 2005
sul fonat ed cobalt phthal ocyanine is ﬁ(rjesent in the first phase i %
amount rangi ng from about 10 to about ™300 wppm based upon the weight of
the treatnment solution. 7. The nethod of claim] wherein the treatnent
conposition contains about 15 w.%to about 55 wt. % di ssol ved al kyl phenol s,
about 10 wppmto about 500 wppm di ssol ved sul fonated cobalt phthal ocyani ne,
about, 25wt : % to abou L.SSel a0 ¥dadies n@figy apout
Lrh%%%mc?/%fﬂmg?fy r@bﬁggﬁgﬁ%m acf;g 29¥dads p |

10 wt'lo%6 to about 50 VWt water, based on the treatnent
sol Utk Rrst@haddie 18 (TPEb Opolidharignegionhelieeéin ahatef-imstscihasevém fortesent in
step (a) in an amouni rangi ng fromabout 3 vol.%to about 100 vol.% based
on t hepwetaarssfidesimomythie Grhpbess, priosirithede-vepat et P& conduct ed in the
substanti al absence of oxygen. 9. The nethod of claiml| wherein at |east a
portion of the al kyl phenols are cresols obtained fromthe hydrocarbon. 10.
The ngt hod of claiml whereifhetrh@h&Ubf Qaal edagokaksmphisingl ocyani ne is
cobal t pht hal ocyani ne di suifonate. 2 5 0 C1 2005 -28 11. The nethod of claim
| further €)npndsiting tbefiduphsefrem theestizangrseionen tof pelding regionghde in
step (f) éo a e&liszﬂ'?g regi on wherein a water-inmscible solvent further
basgi B;

separ ¥trest g i® romthe first phase prior to the re-use of the first
phase. 12. i LRl LOMRELSA bn GRACMUELY NG Wb
first phasghggﬁggnﬁétﬂ%qg%%‘%??ﬁgh%gqso (o}ra 0t he pol i stﬁi%nrgg%)ggi on to lt%(\a second
phasefrof tht epcdnd)phase;

and

(i) conducting the second phase from the concentrating region to step (a).

13. - The method of claim 12 wherein the treatment

‘composition 15 formed by combining watér in an amount ra.nging 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 wppm to abert 500 wppm,
and alkylphenols in an amount ranging from about 10 wt.% to about S0 wt.%, based on the

weight of the treatment solution.

14, The method of ¢laim 13 wherein
{1) the hyd_roc_arbon 1s a-selectively hydrotreated naphﬁla containing reversion mercaptans,
(i1) at least a portion of the alkylphenols are cresols obtained from the selectively
hydrotreated naphtha,
(1i1) wherein the reversion mercaptans have a molecular weight greater than about Cs, and

av) the sulfonated cobalt pthalocyanine is cobalt pthalocvanine disulfonate.

15. A method for treating and upgrading a bydrocarbon containing

mercaptans, comprising:



(h) conducting the second phase of step (a) to a concentrating region and
renmovi ng water fromthe second phase; and (i) conducting the sec%rgi%[p[hg]gge
fromthe concentrating region to step (a). 13. The nmethod of claim’l
wherein the treatnent conposition is f6rmed by conbining water in an anount
rangi ng fromabout 10 wt.%to about 50 w.% alkali netal hydroxide in an
anount ranging fromabout 25 w.%to about 60 w.% sul fonated cobalt

pht hal ocyani ne in an anount rangi ng from about- 10 wopm to about 500 wppm

and al kyl phenol s in an. anmount ranging. fr : 9 ; t 50 wt. %
based on t(ﬁ)aco%?tﬁ’ﬁttﬁﬁpy?rﬁ&ar P%EP‘%@&?‘J%OQ@I?%%&%Q C%%@r%%ﬁggggf claim 13
wher el . (ke dh8p QEOSRRNRR g W&, BREISGlckd SlirdAydl obyatatieithloaphinhaulfontsi ni ng
reversion nmercaptans, (il) at |least a portion of the al kyl phenols are

cr esalnd alibiphienetk, fwhemit he sel ectively hydrotreated naphtha, (iii) wherein

t he reversion nercaptans hav

e mol ecul ar. i ght, .greater - C5, and
(iv) the sul f ondl B¥ &BsM E§H‘%tw§wwqc‘£ﬁg%ﬁéﬁl& P 03%:5%(3%%%%11
di sul f onat t for treating and upgradi ng a hydrocarbon
cont ai ni ngﬁetﬁirﬁ%%@f(g&%?&%onpri sing: 250 CT 2005 -29 (a) contacting the

hydr ocar bon undgi) tebstaniitabhiinavaserotileli cendiathybpienyiaten 2lkali nestalr act ant
conposi tion containing water, alkalj nmetal hydroxide, cobalt phthal ocyanine

sul fonat e, h%@%k@“l%\’éﬂ%ﬁ@?‘CM?EFWI(’%)&UW% extractant is substantially
T S o AP B el oy e (1) e
(c) separating an upgraded hydrocarbon,
(d) conducting an oxidizing amownnt oxygen and the extractant containing mercaptan
sulfur to an oxidizing region and oxidizing the mercaptan sulfur to disulfides;
(¢) separating the disulfides from the extractant;
and then |

{f} conducting the extractant to step (a) for re-use.

16. The method of claim 15 wherein the hydrocarbon contains a hydrotreated
naphtha and at Jeast a portion of the mercaptans are reversion mercaptans having a molecular

weight greater than about C,.

17. The method of claim 16 wherein the hydrotreated naphtha is a selectively
hydrotreated naphtha and wherein the reversion mercaptans have a molecular weight greater than
about Cs, |

8. The method of claim 15 wherein, during the contacting of step (a), the fixst

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.

19. The method of claim 15 wherein the treatment composition is formed by

cembining water in an amount ranging from about 10 wt.% to about 50 wt.%, alkali metal



hydr oxi de, and sul fonated cobalt phthal ocyani ne; (b) extracting nercaptan
sul fur fromthe hydrocarbon to the extractant; (c) separating az qggw@ﬁed
hydr ocar bon; (d) conducting an oxidi zi ng anbunt oxygen and the e ér ttant
containing mercaptan sulfur to an oxiX¥rzing regi on and oxidizing the
mercaptan sulfur to disulfides; (e) separating the disulfides fromthe
extractant; and then (f) conducting the extractant to step (a) for re-use.
16. The method of claim 15 wherein the hydrocarbon contains a hydrotreated

htha and at | east rti f i t
o SRl 5 ap S0t SRRk R flgeh B8 ML SR RS 03] SRSl BRE caPLanS
mer e@ﬂh%lﬁ@wl}bﬁ?é A Leah&ch RARM O BolnSbBus Bl ﬁl% ity @bt S0P @Etmt, reaLBY phepdls e and

erein g

€ reversion nercaptans have a nvol ecul ar wei greater than about
C5. 18 amibentrehpad fafm ebaith0 ¥ e peow S 0dulr fonlase éhen lamwaight pithofreatesst (a) |

the first phase is applied to and fl ver. and al png hyd bylic netal

f i ber olutier Wﬁé”l?ﬁyﬂﬁéggfﬁwmlmgthé\ﬁﬁ%mﬁPﬁ@-(’f]? ?f§t“'~°6ﬁ§s‘gﬁ%ﬁ@‘iﬁg% t with
first %ﬁsebf | ow, 19. The nethod of claim 15 wherein the treatnent

conpo&T ¢ PEHOPY formed by conbining water in an amount- ranging from about 10
W.% to about 50 wt.% alkali netal 2 5 OCT 2005 -30 hydroxide in an anount
rangi ng from about 25 wt.%to about 60 wt.% sulfonated cobalt ‘

pht hal®cyani ne i n an Brrouathod ahgleirg 19 vdierelb dha extregtagpih RreseabiAd BOYWhpm  and

al | gdphenol s in, an,a t rangi-ng fe ut , o 4%

bas eqp%w’%ﬁr@’%ba H{]B 3&%&8 a{) ?@g]toﬁg‘r?ﬁ' /85%] Sgeﬁ?no%%qaong‘ ?A%%et?lg?jﬁ&;é%arl%glé’%da

porti quhefin e dtakiaht &NLAAY 8isdIPcLLAIRSPh RN BE-AloNRT if 2@ MnidMer rdhyHipGeaR bon.
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.

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

cobalt phthalocyanine disulfonate.

22, The method of claim 15 further comprising conducting at least a portion of
the extractant in step (f) 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 first phase from the oxidizing region or the polishing region to the
second phase of step (a); '

(h) conducting the second phase of step (a) to a concentrating region and removing water
from the second phase;
and

(i) conducting the second phase from the concentrating region to step (a},



20. The nethod of claim 19 wherein the extractant is present in an anount
rangi ng fromabout 3 vol.%to about 100 vol.% based on the volune ﬁ@ gda?
hydr ocarbon, and wherein the extractant contains dissolved al kald {
hydroxi de in an anobunt ranging from aBbut 1 w.%to about 40 wt.%

di ssol ved al kali netal al kyl phenylate ions in an anobunt ranging from about
10 wt. % to about 95, wt,% and sulfonated cobalt pthal ocyanine in an anount
ranging from about 10 ppmto about 500 ppm based on the weight of the

extragtant. 21. The hod _of. ¢l ai.m_20 wherein the sul fonated cobalt

pht ha?%‘cyani ne is cgﬁéfff”eﬂ’r?ldﬁ’g)cgaé‘i?a?ﬁi‘ﬁléﬁrﬁlinsu)fonate. 22. The nethod of
claim 15 funifety&RaRbbe NGRS AhidiGABh BRGIH AN QbrsidiBaeRhEACt ant
in step (f;{)t 0 gypol I shﬂlg srée}gi onﬁ/H eretlﬁr% ea%\%g%gr -Ci ﬂn:%rlfng@ﬁ erS]soIt}geeIﬁ%gqut her
separ at es duul kadagpdrianviie atkxighaabBare geidy ofteintdonetigseleotivdne

extractant. 23. The nethod of claim22 further conprising (g) conducting the
first hpfreteardarpbihe. oxi di zi ng region or the polishing region to the second

phase of st s ( onducting the second, phase of ste a) to

concentr at i(ﬁg é’@g&?lgﬁﬁgﬁ%e?@%’\wﬂn PRRAY BEVE #?8*%%%%“’5@@8?& a%ﬁg?é;a%g‘ﬁtgc% Py
conduct i ng (henes eQeddidanaselt bilamdRene aneenk hallRgatiggbrnifbRast ep (). 2 5
OCT 2005 -31 24. The nmethod of claim 23 wherein (i) the hydrocarbon is a
sel ectively hydrotreated naphtha containing reversion nercaptans, (ii) at
| east a portion of the al kyl phenols are cresols obtained fromthe
selectively hydrotreated naphtha, (iii) wherein the reversion nercaptans
have a nol ecul ar wei ght greater than about C5. and (iv) the sulfonated
cobalt pthal ocyanine is cobalt pthal ocvani ne disul fonate.





