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HYDROCARBON FI ELD OF THE | NVENTI ON PCT/ US02/ 18838 [ 0001) The inv

relates t 0 ition and nmethod for treating liquid hy in
order to (r{gﬁﬂg’é‘%’gfdi C inmpurities, such as nercaptans, part?éﬁ@ppg}ﬁﬁ

mer capt ans having a nol ecul ar wei ght of about C4 (C4HL0S=90 g/ nole) and

hi gher, such as reconbi nant ] nercaptans. BACKGROUND OF THE | NVENTI ON [ 00021

Undesirabl e acidic species such as nercaptans nay be renoved from liquid
hydr ocarbons with conventional aqueous treatnent nethods. In one
conventional nethod, the HYOMPESITHONAND CONTREous treatnent sol ution

containing an al kal i MEEIOQY YORTREATENGHYDROOARBOMNCt s the treat ment
fans-are extracted from the nydrocar bon

sol ution, and nercap rom t he hydrocarbon to the treatnment
sol ution where they form nercapti de species. The hydrocarbon and the
treatment solution are then separated, and a treated hydrocarbon is
conducted away fromthe process. Intimte contacting between the

hydr ocar kg 13O MESTFIONRdDs to nore efficient transfer of the

mer capt ansﬂ-m%o t he agueous phase, particularly for

mer capt ans having a nol ecul ar wei ght hi gher than about C4. Such intinmate
contacting often results in the formation of small disconti nuours regions
(al so refgsgigd t Thesnveitiqerelitenty acbmpasitioreand swithed dor treatinelaYdr ocar bon.

Wi le the smal | aqueous regions proyvide suffici enh surface, area Ol 17
ef fi ci enthydregarbpnsin ordensé semoy e agidieiBpYEIIgS,HUCE 36 LR fiiarly

o D o e A LE @2k Bt bl gt o2 o

such as recombinant mercaptans.

BACKGROUND OF THE INVENTION

[0002)  Undesirable acidic species such as mercaptans may be removed from
liquid hydrocarbons with conventional aqueous treatment methods. Inone
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 Ca.
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 agueous 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.



10 MAY 2006 PCT/ US02/ 18838 [00031 Efficient contacting may be provided with
reduced aqueous phase entrainnent by enpl oying contacting nmethods that

enpl oy littl ewomziageggi tation. One such contacting nethod enpl oy8 MAY 7806 s
transfer apparatus conprising substantially continuous elongate fibers
nmounted in a shroud. The fibers are selected to meet two crit &GTAISOTHER3S
fibers are preferentially wetted by the treatnent solution, and
consequently present a |arge surface area to the hydrocarbon wi thout
substanti al dispersion or the agueous phase in the hydrocarbon. Even so, the
formati on of discontinuous regions of aqueébus treatnent solution is not
elimnated, particularly in continuous process. 10004) In another

convent i Onjb?)(ﬂﬁt hod, the aqueous treatnent solution is prepared by form ng

two aqueou sesEfﬁhientbomcﬁﬂ cont.ai ns. al kyl phenol s, such as
cresols (i %Bh_ge formof the al kagfﬁ%?gﬁ?éﬁp?@m EFdélICRdIaK]uaem:a hagdaydr oxi de,

and the se IUBCH Qyserpployang eohsichis lis. pEt,al_ hydroxi de. Upon

cont acti nggig @Xdro arbon to be treaggjggﬁlr?gFﬁ t Oy diftlgionar agitation.

hydr ocar bori &ra Fgmgfméthqmpwswcﬁfabé)ﬂaﬁ%‘e gﬁ fLrst phase, which has
a | owner rraggjsgéﬁﬁfdi]] y...than the second aqueous phas PP45q SYHTRPIIsingqueous
phase entrai nnent P CituRious te fibersimmuieid e, fg! ?a;néﬁﬂg wor se when

enpl oyi ng duléedh ' LLy ..trea nt sol uti ons contal nt HSrarg| kal i
met al ~ hydr oxi e Edéiﬁ’?gﬁf‘?ét%ﬁﬂa-lté’{é%ﬂbemarepree*@f@hﬁﬁuymﬁ&t@%F}}er efore, for
new hydrocmadlhtinm,tahgquﬁiggéumﬁwositio s and processes tha SirfatmaRtous
treatnent solution entra ffent & targe gurface hredrtoghs Iy

9E!roé%'?gox§ W}g}h%t gh

ef f ect i ve shbstantaldispersisi i ies such as _mercaptan; especil

mol ecul ar wei ght and br ancheg] miiicégg'?Qﬁé?e‘P@lel\hydr@mboﬁ\!)m%h]ﬂ% -3
MVA oformatiomnEdis i . ’

SUMVARY ' e t&Minuous regions of aqueous treatment solution is not eliminated

particularly in continuous process. o

0004 ]
H 1  Inanother conventional method, the aqueous treatment solution is

prepared by forming two aqueous phases. The first a

queous phase i
alkylphenols, p contains

. such as cresols (in the form of the alkali meta] salt), and alkali meta]
hydroxide, and the second aqueous phase contains alkalj meta] hydroxide. Upo
Contacting the hydrocarbon to be treated, mercaptans contained in hydroc;arbo]jl i
removed from the hydrocarbon to the first phase, which has a lower mass densi N
than the second aqueous phase. Undesirable aqueous phase entrainment is alsoty
present in this method, and is made worse when employing higher viscosity
treatment solutjons containing higher alkali meta] hydroxide concentration
[0005]  There remains a need, therefore, for new hydrocarbon treatment
compositions and processes that curtail aqueous treatment solution entrainment in

the tr '
eated hydrocarbon, and are effective for removing acidic species such as

mercaptan, especially high molecular weight and branched mercaptans




PCT/ US02/ 18838 100061 I n an enbodi nent, the invention rel ates t P@E
conposition for treating and wupgrading a hydrocarbon containi @ il006 c
species s captans, particularly nercaptans having r

wei ght higﬁg?ﬁﬁﬁg%{about C4 such as reconbi nant nercaptans?égﬂﬁgﬁﬁﬁ#ﬁg: (a)
wat er, al kali netal hydroxide, cobalt phthal ocyani ne sul fonate, and

al kyl phenol s and having at |east two phases, (i) the first phase containing
di ssol ved al kali netal al kyl phenyl ate, dissolved al kali metal hydroxide,
wat er, and di ssol ved sul fonated cobalt yphthal ocyanine, and (ii) the second
phase containing water and dissolved alkali netal hydroxide. 10007) In

anot her enbodi nent, the invention relates to a nethod for formng a
conposition useful for treating and upgradi ng a hydrocarbon contai ni ng
acidic SﬁHﬂm&AJ§HdhFéEHEEﬂEA@%@EEQEﬁarticuIarIy mer capt ans having a

nol ecul ar wei ght hi gher than about C4 such as reconbi nant nercaptans,
conprising: (a) conbining water, alkali netal hydroxide, sulfonated cobalt

o Sl RN e W RO L Rt g ot [ oo
hase. colpEinRdbR bR Bep bon e dAtiApkrict S8 P mhérkap Bl oAy
met al hyﬁ%@?é@?nns ﬁlﬁ{zﬁfg a fitleclilar Meyg hi%h&rftﬁﬁﬂfabduc@bahéh pbréumnosipamt ne, and

(ii) the phase *contal ns water and dissol ved al kali netal hydroxide.

WO 02/ 10393 aptand cdvipridings

(a) water, alkali metal hydroxide, cobalt phthalocyanine sulfonate, and

alkylphenols and having at least two phases,
(i) the first phase containing dissolved alkali metal alkylphenylate,
dissolved alkali metal hydroxide, water, and dissolved sulfonated cobalt

phthalocyanine, and
(ii) the second phase containing water and dissolved alkali metal

hydroxide.

[0007)  In another embodiment, the invention relates to a method for forming a
composition useful for treating and upgrading a hydrocarbon containing acidic
species such as mercaptans, particularly mercaptans having a molecular weight
higher than about C,4 such as recombinant 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; wherein

(i) the extractant phase contains dissolved alkali metal
alkylphenylate, dissolved alkali metal hydroxide, water, and dissolved
sulfonated cobalt phthalocyanine, and

(ii) the bottom phase contains water and dissolved alkali metal

hydroxide.



PCT/ US02/ 18838 100081 In yet another an enbodi nent, the |nvent|3,s &g}ﬁges to
a control nmethod for a hydrocarbon treating and upgradi ng pro M ‘
conpri si R g pesont acting the hydrocarbon with an ext ractp@f;usmﬁ{ggg n (i)
the extractant is substantially immscible with its anal ogous bottom phase
of aqueous al kali metal hydroxide, and (ii) the extractant contains water,
di ssol ved al kali netal al kyl phenyl ate, dissolved al kali netal hydroxide,
and di ssol ved sul fonated cobalt phthal ocyani ne; (b) extracting mercaptan
sul fur fromthe hydrocarbon to the exigactant; (c) separating an upgraded
hydrocar bon; (d) conducting an oxidi zi ng anount oxygen and the extractant
containing nercaptan sulfur to an oxidizing region and oxidizing t he

mercaptan sul fur to disulfides parati.n qui I t he

ext r act [#408) (f)lno'@han@theﬁ@nt% %m% fgﬁd@\éertti?%a ?FQP&HE eéﬁ?

wher ei n_wat er emgved. fro t he aottom hase tgl rg@ul ate the extractant' S
conp05|ﬁqf@d1YélrliB°af enmtmgcﬂ HRET3 Hg,'pr[gc P FOMREIEt om phase; and (g)

DESCRI P11 On @ Siefige B AR BHTh-1 Bh A e AR hbein T 0% i agr am
et er - Kot port ase! (i Ao S e B B & "o L
DESCRI PTI ON {5 dEpH N i oS aldali e hydroxide, and
(i) the extractant contains water, dissolved alkali metal
alkylphenylate, dissolved alkali metal hydroxide, and dissolved sulfonated
cobalt phthalocyanine;
(b) extracting mercaptan sulfur from the hydrocarbon to the extractant;
(c) separating an upgraded hydrocarbon,;
(d) conducting an oxidizing amount oxygen and the extractant containing
mercaptan sulfur to an oxidizing region and oxidizing the mercaptan sulfur to
disulfides;
(e) separating the disulfides from the extractant,
(f) conducting the bottom phase to a concentrating region wherein water is
removed from the bottom phase to regulate the extractant's composition and
volumetric relationship with the botto phase;
and
(g) conducting the extractant from step (e) to step (a) for re-use.

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

phenylate treatment solution.




PCT/ US02/ 18838 [0011] The invention relates in part to the discovery of an
aqueous treatnment solution effective in renoving nercaptan sul fuf Y dUBk a
hydr ocar boswowiAvwaduced entrai nnent of the treatnent sol Utheﬂ’U'Q&tI&&;she
treated hydrocarbon. Wiile not w shing to be bound by any theory ‘or nodel,
It is believed that the presence of dissolved sul fonated cobalt

pht hal ocyanine in the treatnment solution lowers the interfacial energy

bet ween the aqueous treatnent solution and the hydrocarbon, which enhances
the rapid coal escence of the discontinugus aqueous regions in the

hydr ocar bon t hereby enabling nore effective separation of the treated
hydrocarbon fromthe treatnent solution. 10012] The invention also relates
to the dbi“qy iciency fromthe

hydr ocar Fe#=4 o R ase e~ concentration in the

t r eat ment solutlon Mor eover, it has been found that the renoval power Ktq
S substantlally constant for a fixed water-alkali netal hydroxide

concentr al kal i
motal hydeoEDe. dHedmiehfbn feikfks ip BREAD (¥ diGthV B, B0l alecy bt
LSﬂ?PﬁESE?““‘ﬁ‘Q} %ES%%@?S%‘JQ%ES%%‘SE St %E‘ﬁ%?%%ﬁa??ﬂm‘?’?ﬁ%ﬁ rofuoed.

oxi dat i orenstadipmennyf tHehpeatfrene sbiatioarihtooleatedted hogtdomboe’ Wisilenet -

Mor eover, during changes in al kyl phenol nol ecul ar wei ght, e.g. during
changes mmsh;ng txbe bound bydnycheorycorambodel, atsis hehgubdlthatghe peessatenf cont ent
in the treatnent solutiogn allows a substantially constant Ktqg. As used
herein, digsalved pelfersted cobalt pothadecyasinein thedreatmenh solusiondowsrs thei vi ded by
t he mercapta ncentration in the product, as

equi |1 br MO ACEH) GieF Y DRBTceRgis adusdy FEsigie ¥ Sofiti it e InplPbaiBon o
the extr %?hl%ﬂtcnh%m \e( r%BP(P cc‘y\?%s%%ﬁéé) (%? ﬁle dlscontmuous aqueous regions in the

hydrocarbon thereby enabling more effective separation of the treated hydrocarbon

from the treatment solution.

[0012] The invention also relates to the discovery that mercaptan sulfur
removal efficiency from the hydrocarbon increases with atkali metal hydroxide
concentration in the treatment solution. Moreover, it has been found that the
removal power K, is substantially constant for a fixed water-alkali metal
hydroxide concentration on the water-alkali metal hydroxide axis on the water-
alkali metal hydroxide-alkali metal alkylphenylate ternary phase diagram,
independent of the average molecular weight of the alkylphenols. A continuous
mercaptan removal process that produces water, e.g., in an oxidation step, may
therefore be controlled for optimum efficiency. Moreover, during changes in
alkylphenol molecular weight, e.g. during changes in hydrocarbon feed
characteristics, regulating the water content in the treatment solution allows a
substantially constant K.,. As used herein, Keq 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.



PCT/ US(12/ 18838 [00131 The treatnment conposition may be used in processes
for reducing the sulfur content of a |iquid hydrocarbon by the ek§i¥tlilbn
of the aci dyg BRgsd3§s such as nercaptans fromthe hydrocarbon to an aqueous
treatment solution where the nercaptans subsist as nercapti da3T/UsIzdsgizen
separating a treated hydrocarbon substantially reduced in nercaptans from
the treatnment solution while curtailing treatnent solution entrainnment in
the treated hydrocarbon. Preferably, the extraction of the mercaptans from
t he hydrocarbon to the treatnent solution is conducted under anaerobic
conditions, i.e., in the substantial absénce of added oxygen. In other
enbodi nents, one or nore of the followng may al so be incorporated into the
process: (i) stripping away the nmercaptides fromthe treatnent solution by

® 0 oy PAISBL D sttt gy bSO loc 00 RESBRLE A" L1

treatnent solution to form disulfide and

(iii) regeulBirazantenttofen liqeid hpdiocsBont by the ORtra ot th§‘é'tca4]§;§%>§8e§§$§ﬁ on

pht hal ocyani ne may be enpl oyed as a catal yst when the ca

of the neRTBIST¢apsans Gomileuaudtocarboneopmoaprdus mﬂ;ﬂénf@tﬁuﬁbﬁ%ﬂ{%}@tthém ution
may be prepared by copbining alkali nmetal hydroxide, alkyl phenols,
sul f onat ECEHPRARS 15t @8 yaercaptidess anddhen sepiratingraurdased hidtdrartsgpst i tuent s

may be regul ated.so that the treatnmepnt solution forns two substantially
i i sci bl 581%5%5@1@;1;1 fF&B‘.’?d tn mezcapians romtiedgeataent solutipnpivhie cuftailifigsol ved

dence,  horaumeibb@ S eriaiimeol e fealt badronabos. Reataratiydhont de and
o ol | AROh I the Hepflafel Mot e by bR B praimiep polvtiop isas &
DOt o phases L e SRRk, D e BB Bl Bl ant or
ext ract amxygensdn oflrer émbodiments, 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.,
steam stripping,
(i) catalytic oxidation of the mercaptides in the treatment solution to form
disulfides which may be removed therefrom, and
(ii1) regenerating the treatment solution for re-use.
Sulfonated cobalt phthalocyanine may be employed as a catalyst when the catalytic

oxidation of the mercaptides is included in the process.

[0014) The treatment solution may be prepared by combining alkali metal
hydroxide, alkylphenols, sulfonated cobalt pthalocyanine, and water. The amounts
of the constituents may be regulated so that the treatment solution forms two
substantially immiscible phases, i.e., a less dense, homogeneous, top phase of
dissolved alkali metal hydroxide, alkali metal alkylphenylate, and water, and a
more dense, homogeneous, bottom phase of dissolved alkali metal hydroxide and
water. An amount of solid alkali metal hydroxide may be present, preferably a
small amount (e.g., 10 wt.% in excess of the solubility 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




10 MAY 2006 WD 02/102934 -7 PCT/US112/ 18838 bottom phases are |iquid, a,&&hn
are substantially immscible in equilibriumin a tenperature randiﬂnﬂmf
about 80F two@abQRiHe3150F and a pressure range of about anbient (zero psig)
to about 200 psig. Representative phase diagrans for a treaP&@AiS0Zd8838i on
formed from potassi um hydroxi de, water, and three different al kyl phenols
are shown in figure 2. [0015] In one enbodinent, therefore, a two-phase
treatment solution is conbined with the hydrocarbon to be treated and
allowed to settle. Followng settling, Less dense treated hydrocarbon

| ocat ed above the top phase, and nay be ‘separated. |In another enbodinent,

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 rebeftemaledes ate gl andat@substarttial yhenhysbiictean aiigumligtyr ned to
the process for re-use. For exanple, the regenerated top phase nmay be

ret urned CEResature sangingtiremlahoud BOPF toabout T SFahmbe pesgareiangd of\Wbsae it
may be added t(z ei ther the top phase, bottom phase, or both. Al ternatively,
t he regen%mg’c 2§18PShBhReA 200 psigie Represehtativietpthase deagrphssfer abot t om
phase, or of the top and bottom phases.

bqt h b t to.th t.i
[ 0016] Th‘ée‘%qPEé’? ﬁ%ﬁﬁ%ﬁf%@%fﬂﬁpégg@%&ﬁ@mﬂewaw, pnd dles differeng| e
l'i quid ' | kal i tal hyd i de, al kali t al
a: E;: phe@@@%%ﬁ %g(r)lslgt\sg%‘ &clggtél{etfgt ﬁal ozy;(r)l?(lne,e aﬁd alalt e?ep?ovi ded the

singl e phase fornmed is conpositionally |ocated on the phase boundary between
t he one-phase and two- phase regions of the ternary phase diagram In other

wor ds, t He015)p phﬁ&ﬁxd@ﬁbb@imﬁft,@ﬂﬁf@f@réﬁdﬁ&q— %i%g&\d ﬁ@ﬁmen%_sgﬁh[%phase,

provi ded the top phase conposition is ‘regu to remain a e boundary
bet ween tdeenbinedphidk ¢thehgdtovarmietebe aehtedandailldwel B sky FolioWiagi et al

hydr oxi de-al kali netal allyl phenyl ate-water ternary
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
retumed 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.

[0016])  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
compositionally located on the phase boundary between the one-phase and two-
phase regions of the ternary phase diagram. In other words, the top phase may be
prepared directly without a bottom phase, provided the top phase composition is
regulated to remain at the boundary between the one phase and two phase regions
of the dissolved alkali metal hydroxide-alkali metal alkylphenylate-water temary
phase diagram. The compositional location of the treatment solution may be

ascertained by determining its miscibility with the analogous aqueous alkali metal




phase di agram The conpositional |ocation of the treatnment solution may be
ascertained by determning its mscibility with the anal ogous aqt@oMEY @g ali
metal WO 02/102934 -8 1 8 MAY 2006 PCT/1JS02/ 18838 hydroxi de. anal ogous
aqueous al R P2/MBP3 nhydroxide is the bottom phase that wouPATHSIpIss3ent i f
the treatnent solution had been prepared with conpositions wthin the

t wo- phase regi on of the phase diagram As the top phase and bottom phase
are honogeneous and i nm scible, a treatnment solution prepared without a
bottom phase will be inmm scible in the apal ogous aqueous al kali netal

hydr oxi de. 100171 Once an al kali netal I"f?ydroxi de and al kyl phenol (or m xture
of al kyl phenols) are selected, a phase diagram defining the conposition at
which the mxture subsists in a single phase or as two or nore phases may

be_det er rfiyiedxidel "Ehe aasioediuaagdeouS AR ritBl BRAGKRSE RThE boRGRIHARNARE

di agram as shown in figure 2. "A conposition i'n the two phase region Is in

the formwbuki bepsestanifaht areatmbassolotion haddesn paepared witte conporitpag and two
phase regions an a nore dense bottom phase on the water-al kal'i netal

hydr oxi devidRirstheAwmphasategion of tixhpkaseidiagraonnAstthe tépphase ambbogous bot t om
phase by a unique tie line. The relative amounts of alkali netal hydroxide,
al kyl phahgse azghomagenenvs aed immiseible, atceaiment solusiongirepanedasithoutent ment
sol ution at the phase houndary,may then be determ ned directl fromthe
phase di A NHaSe willdbe Bamkeci lgtin he ARgogopn aguequscalkak ectabhydiogiiaas
been prepared, but is not conpositionally |ocated at the phase boundary as
desired, a conbination of water renoval or alkali netal hydroxide addition

ey e OB O] Bl S5 B G B A 2
el TR R T S
m sci bi | ichixtite! Subisists 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 Iine. 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. Ifit 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
substantially immiscible with its analogous aqueous alkali metal hydroxide, the
desired composition may be prepared and then tested for miscibility with its
analogous aqueous alkali metal hydroxide, and compositionally adjusted, if

required.

[0018]  Accordingly, in another embodiment, a single-phase treatment solution is

prepared compositionally located at the boundary between one and two liquid



anal ogous aqueous al kali netal hydroxi de, and conpositionally adj uétl"ﬁ?'lﬂﬂhf
requi red. [00181 Accordingly, in another enbodinent, a singl e-phak

treatment s@hysiPys;4 S prepared conpositionally |ocated at the bounda%?/

bet ween one and two |iquid 18 MAY 2006 WD 02/1112934 -9 PCT/ BSH3P1HIE

phases on the ternary phase diagram and then contacted with the

hydr ocarbon. After the treatnent 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 pha§g§ is present in this enbodinment.
Such a single-phase treatnent solution 7is also referred to as an
extractant, even when no bottom phase is present. Accordingly, when the
treatnent solution is |ocated conpositionally in the two- phase region of

t he phasePfisggPRrie feraary phpseadiagtam raridether dontacked whith thetinatroearbon. Wien t he
treatnment ,sol ution is prepared w thout a bottom phase, the treatnent

sol ut i on P&eF B?%VP@H‘QTB Sﬁ&t!%h@(bms&dttg contard thenhy dxocarbon; iymayrbel | y

des o] AL B el TR S O et hommbl GaRoer g s ® O
: mbe i1 B Ffici | f
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converted 1n the presence of oxygen 1o ous disul fide

speci es. Abeorditydy onneR e H@htthbg Al Wg%&?ggﬁ%&ﬁ&%@ ﬁ'lygi;e%ﬁf-se

extract) into the treated hydrocarbon. et ene ocar bon

product gririse megibead thephase diagrarh| the topphabs ivfefentbd 6 as theesinmabgned
product contains less sulfur in the formof wundesirable nmercaptan species.

The sweetWhen thy tieatmentosolntion iepriepatddewithpube éstterh phasee thecwreatneent ot al

sul fur amount, b drotreating, for exanple.
SOTUUOH 1syre grre to as the gxtractant. P

{0019]  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 1s 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.

[0020)  The total sulfur amount in the hydrocarbon product may be reduced by
removing sulfur species such as disulfides from the extractant. Therefore, in one
embodiment, the invention relates to processes for treating a liquid hydrocarbon by
the extraction of the mercaptans from the hydrocarbon to an aqueous treatment
solution where the mercaptans subsist as water-soluble mercaptides and then

converting the water-soluble mercaptides to water-insoluble disulfides. The sulfur,




10020] The total sulfur amount in the hydrocarbon product may be reduced by
renmovi ng sul fur species such as disulfides fromthe extractant. ‘Iil'%mf m@,
in one enb&imant( the invention relates to processes for treating a 1 quid
hydr ocar bon™Y2 1% B4ext racti on of the nercaptans from the hydroreshomsiso an
aqueous treatnent solution where the nmercaptans subsist as water-soluble
nmercapti des and then converting the water-soluble nercaptides to

wat er -i nsol ubl e di sul fides. The sul fur, 18 MAY 2006 WD (12/ 102934 -10

PCT/ US02/ 18838 now in the form of hydrocarbon-sol uble disulfides, may then
be separated fromthe treatnent sol uti oh0-and conducted away fromthe
process so that a treated hydrocarbon substantially free of nercaptans and
of reduced sul fur content may be separated fromthe process. In yet another
enbodi mentovai R 0 er; e LI Ltat aration
e g Dovairb ARt Ik UCFQ‘?QQ%%G qlgm&%hg'agﬁgéﬁg’g.se{’é@gﬁ%b&%i ng

on the eniedtmyent solitien RhdeoagusRy d%?af gghggmggg%& pﬁé t%rt{%agﬂ? onbi nati on

thereof. |If continuous, the nmethod ma |l ow of the
tr eat ment hydredarbon ssbstantialhyefree tof tstdapeashed JflreBucEPSNES Gt Thay Be
hydrocarbon flow, or conbination thereof. Continuous processes are

pr ef er abl yeparatedi faomatheqroogssi fnrpes anotn ieptbefifrienit, ensacoby HyRIFOVADBER AT
fromthe extra tan% I%ﬂrﬁ concentrating regi on downstream of the oxidat’ion
regi on. 18628PlpRedirf: '@@W@tlﬁh@f%bﬁdwhﬁmncbcmduoqmlilcinfawh)oﬁanbon
cont ai nin aci di c species such as nercaptans and having a viscosity in the
range of ﬁmocs_ssl to about 5 cP. Representative hydrocarbons include one
or nore of natural gas condensates, liquid petroleumgas (LPG, butanes,
but enes, gasoline streans, jet fuels, kerosenes, naphthas and the like. A

pref er r edidus§] 0capBEndife InAhBRALARAM! 4R F1860sTaf e cokeiRABAL Baedl, ciOke"

napht ha boilinhg in nge of aboul
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. Continuous processes are preferably
regulated for optimum extraction efficiency by removing water from the extractant

in a concentrating region downstream of the oxidation region.

[0022) 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
condensates, liquid petroleum gas (LPG), butanes, butenes, gasoline streams, jet
fuels, kerosenes, naphthas and the like. 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-propyl
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.

[0023]  Natural gas condensates, which are typically formed by extracting and

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




100F to about 400F. Such hydrocarbon streans can typically contain one or
more mercaptan conpounds, such as nethyl nercaptan, ethyl nercaptifhMAY 2006
n-propyl  ReheHRi98, | sopropyl mercaptan, n-butyl nercaptan, é’P’:lS henol and
hi gher nol ecul ar wei ght nercaptans. The mercaptan conpound P ! 'L?@'?ﬁly
represented by the synbol RSH, where Ris normal or branched al kyl, or
aryl. [0023] Natural gas condensates, which are typically formed by
extracting and condensing natural gas species above about C4, frequently
contain nercaptans that WO 02/102934 lr'ri, 1 8 MAY 2006 PCT/US112/18838 are
not readily converted by conventi onal lhods. Nat ural gas condensates
typically have a boiling point ranging fromabout 100F to about 700F and
have nmercaptan sul fur present in an amount rangi ng from about 100 ppmto
2000 ppmarehms eeadly cdmeventeiddiny carivearmnabnebtinedst dNatlinal gesr coaydeasstes ange i n
nol ecul ar wei ght upwards from about C5, and may be present as straight
chai n, brtap  haie dboiling wuntrggng ffpm ahoatndBhiodibeuh700dt eamdihayms
condensates are pr%ferred hydr ocar bon for u&e aé?fee %for tgjz% i_nst ant
process. metpapfanvap iy RrgsentdA@nAReuntganging. kom ahautd ite2000 np.as
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hydr ot reating oyed to renobve ~undesirable suffur species and

ot her hetigffrat &onifopié BE IR TEL thdmBRinhprodessi s frequently the objective
to do so W thout undue olefin saturation.” Hydrodesul furization w thout
undue ol efin saturation is frequently referred to as selective

hydrotreating. Unfortunately, hydrogen sulfide fornmed duri ng,
[0024]  Mercaptans and other sulfur-containing species, such as thiophenes,

often form during heavy oil and resid cracking and coking and as a resuit 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 natare
of their hydrocarbon component make them more difficult to remove from the

naphtha using conventional caustic extraction. Accordingly, a preferred




hydrotreating reacts with the preserved olefins to form nercaptans. Such
mercaptans are referred to as reversion or recombinant nercapt agsﬂ WM& 2006

di stingui sr\votﬂgﬁmﬂfxomthe mer capt ans present in the cracked naphtha
conducted to the ﬁydrotreat er. Such reversion nercaptans ge®ETalSog/1ke38e 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
oil, and resid cracking or coking, as these typically range in nol ecul ar
wei ght from 48 to about 76 g/nole. The ?i gher nol ecul ar wei ght of the
reversi on mercaptans and the branched n'a{ ure of their hydrocarbon conponent
make themnore difficult to renove fromthe naphtha using conventi onal
caustic extraction. Accordingly, a preferred WO 02/ 102934 -12 18 MAY 2006

PCT/ US112hydressstiopdis achydrotreatedndphthioboiinged thaphtigieoPabdut s (°F tbliBoAnge
of about 130F to_about 350F and containing reversion mercaptan sulfur in an
amount r atfl hpAni¢ eentabUDg reverstan mbmaptakOafyrim anbanednoranighe: fenghbodl t he
hydrotre preferred is a selectively hydrotreated
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pht hal ocyani ne, and the setond ase contalns water an _
met al hydnaehé Hedrdtreaftar febtly, the al kali metal hydroxide is potassium

hydr oxi de. The contacting between the treatnment solution's first phase
[0025]  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 liquid-liquid. Alternatively, 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.




and the hydrocarbon may be liquid-liquid. Alternatively, a vapor hydrocarbon
may contact a liquid treatnment solution. Conventional contactind MM 100 nt

such as pagkechd0yer, bubble tray, stirred vessel, fiber coEéac inlg
rotating disc contactor and other contacting apparatus may TUs %‘d.

Fi ber contacting is preferred. Fiber contacting, also called mass transfer
contacting, where large surface areas provide for mass transfer in a
non- di spersive nmanner is described in U S. Patents Nos. 3,997, 829;
3,992, 156; and 4,753,722. Wiile contactiqg tenperature and pressure my
range from about 80F to about 150F and O prig to about 200 psig, preferably
the contacting occurs at a tenperature in the range of about 100F to about
140F and a pressure in the range of about 0 psig to about 200 psig, nore
preferably about 50 psig. H gher pressures during contacting may be

poi.nt of the hyqrocarbon so that the
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portion of the alkylphenols in the treatnent solution y be obtained from
t he hydr ebarphendleate presedt imheriydpocaben torbbyrbaced, ddl areportidresf ¢ net al
hydr oxi des, with potassium hydroxide being particularly preferred. D -,
tri- andallatlphenels inthe veatweitisolutaiy beabtaweddremthe hydrechrbor Atdd.

pt hal ocyani,nes, with cobalt phthal ocyanjne disul fqnate being partjcularly
preferr egpdiﬂm gL SRRy P?‘B% ¥e rPﬁ%flf?ErﬁElénﬁ 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
should be present in an amount ranging from about 3 vol.% to about 100 vol.%,

based on the volume of hydrocarbon to be treated.

[0027)  As discussed, the treatment solution's components may be combined to
form a solution having a phase diagram such as shown in figure 2, which shows the
two-phase region for three different alkyl phenols, potassium hydroxide, and water.
The preferred treatment solution has component concentrations such that the
treatment solution will either

(i) be compositionally in the two-phase region of the water-alkali metal

hydroxide-alkali metal alkylphenylate phase diagram and will therefore form a top



present in the follow ng anounts, based on the wei ght of the treatnﬁ
solution: water, in an anount ranging from about 10 to about 50 1 &}é'lﬂﬂﬁ

al kyl phenoiyo éameassy anount rangi ng from about 15 to about SS5pyh¥h2/18838

sul fonat ed cobalt phthal ocyanine, in an amount ranging fromabout 10 to
about 500 wppm and al kali netal hydroxide, in an anmount ranging from about
25 to about 60 wt.% The extractant should be present in an anount rangi ng
fromabout 3 vol.%to about 100 vol.% based on the vol unme of hydrocarbon
to be treated. ]0027] As di scussed, thel#reatnent solution's conponents nmay
be conbined to forma solution having a phase diagram such as shown in
figure 2, mhich shows the two-phase region for three different alkyl
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| ocated at the ary etween the one and t phase regions and a
bott om prta@a h&e fel ﬁdﬂ)&,ﬁpﬁ@%ﬁbh@pnhgd | ocated at the phase boundary

bet ween the one an§ two- phase regions, with no bottom phase. [0028]

Fol Il owi ng sel ection of the al kali net al hydr oxi de and the allyl phenol or

al kyl phenol m xture, the treatment solution's ternary phase dia %hgm may be

det er m nd?ﬁb?‘] coaréllﬁv:]mgaﬂelecéthcQﬁhﬁlaékiﬁbmﬂt&ﬂth% ansl the; alkylphsnel er of
water, alkali neta ydr oxi de, and al kyl , phenol . . The phase di agram b
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alkali metal hydroxide, and alkyl pbenol. 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.

[0029]  Whether the treatment solution is prepared in the two-phase region of the
phase diagram or prepared at the phase boundary, the extractant will have a
dissolved alkali metal alkylphenylate concentration ranging from about 10 wt.% to
about 95 wt.%, a dissolved alkali metal hydroxide concentration in the range of
about 1 wt.% to about 40 wt.%, and about 10 wppm to about 500 wppm
sulfonated cobalt pthalocyanine, based on the weight of the extractant, with the
balance being water. When present, the second (or bottom) phase will have an
alkali metal hydroxide concentration in the range of about 45 wt.% to about 60

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




be neasured, and the phase di agram determ ned usi ng conventi onal
t hernrodynam cs. The phase diagramis determ ned when the aqueous1 ﬁ)m’lﬁéﬂ%r

phases argyipgyi@spnd in a tenperature in the range of aboupcPisol/mssabout
150F and a pressure in the range of about anbient (0 psig) to about 200
psig. Wiile not shown as an axis on the phase diagram the treatnent

sol ution contains dissolved sulfonated cobalt phthal ocyani ne. By dissol ved
sul fonat ed cobalt pthal ocyanine, it is neant dissolved, dispersed, or
suspended, as is known. 100291 Whet her-itshe treatnent solution is prepared in
t he two-phase region of the phase diagramor prepared at the phase
boundary, the extractant will have a dissolved al kali netal alkyl phenyl ate
concentration ranging fromabout 10 w.%to about 95 wt.% a dissol ved

al kali metal hydroxide concentration in the range of about | wt.%to about
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hi gher nmpleaaHbAS soMii6R toWRFdsaRE 2itht hahd yideGsf tedwoaplase, repicaf, éealthy about C5
and above, and particularly fromabout C5 to about C8 ) is desired, such as

i n rever segionrodtiighewalkelimetat hydroxide ¢enqentrfationtin éhe bottornphiass. A eat ment
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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 1s
substantially independent of the amount and molecular weight of the alkylphenol,
provided more than a minimum of about 1 wt.%, preferably 5 wt%, alkylphenol is

present, based on the weight of the treatment solution.

[0031]  As discussed, a continuous mercaptan removal process may involve
oxidizing mercaptides in the treatment solution to disulfides. Undesirably, water
may be produced during mercaptide oxidation, which leads to dilution of the
treatrnent composition and a movement in its compositional location away from the
two-phase region leading to a loss in mercaptan extraction efficiency, i.e. a lower
K In one embodiment, therefore, 2 continuous mercaptan removal process is
regulated to maintain a constant K.q by removing water from the bottom phase and
combining it with the extractant returned to the treatment solution for re-use. As
discussed, it may be desirable to obtain all or a portion of the alkylphenols for the

treatment solution from the hydrocarbon. As is known, the type and average



entrainment in the treated hydrocarbon, particularly at the higher
viscosities encountered at higher alkali nmetal hydroxide concent'lr&al"AYomuB S

over conme byo wneyssdi ng sul fonated cobalt phthal ocyanine in tliter@#"?ﬂ%@nt
solution. As is clear fromfigure 2, the mercaptan extraction ncy 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
nol ecul ar wei ght of the al kyl phenol, provided nore than a m ni nrum of about
1 w.% preferably 5 w% allryl phenol _ig present, based on the weight of
the treatnment solution. 10031] As discussed, a continuous nercaptan renoval
process may involve oxidizing nercaptides in the treatnent solution to

di sul fides. Undesirably, water nmay be produced during mercaptide oxidation,
whi ch | eaaeleculatiweighbpt akcyl @éentﬂr@a}/@pcndscmbst)tpmmg bydrogarhomerent in its
conpositional |ocation away fromthe, two-phase region |eading to a loss in
mer capt afl@YEY &l tWhen berarad  wategin the eatmenkselution 15 segel ment ,
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wei ght of al kyl phenol may depend on the type of hydrocarbon. However, when

the anbunt of water in the treatnent solution is regulated to provide a

subst ant {8032y cofM3ieaxtraztivaleificiehal, dsymeasured byahe entrastion eoeffiviame Kin

aver age al kyl phenol nol ecul ar wei ght as woul d occur during changes in

hydr ocar showhdadigurer st pneferablyshigber thanabonta, and s greferably iretheaangge i n

Keq. [003t21] The_ext rggt lon efficiency, as neasured by the extraction

coef f i ci 8hebok20 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 alkah metal hydroxide in the second phase.

{0033] 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 contacting
region 3 where mercaptans are removed from the hydrocarbon to the extractant.
Hydrocarbon and extractant are conducted through line 4 to settling region 5 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.

[0034] In a preferred embodiment, the extractant is 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 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 embaodiment, the contacting, settling, and oxidizing occur in a comnon vessel

with no interconnecting lines. In one embodiment not iliustrated, an effective




shown in figure 2 is preferably higher than about 10, and is pret‘EWIm@i n
the range of about 20 to about 60. Still nore preferably, the al t al

hydr oxi de Wi odfiBosd reatment solution is present in an anmounpcpykhsssoout
10% of the anount to provide saturated al kali nmetal hydroxide in the second
phase. [00331 A sinplified flow diagramfor one enbodinment is illustrated in
figure 1. Extractant in line 1 and a hydrocarbon feed in line 2 are
conducted to.contacting region 3 where nercaptans are renoved fromthe
hydrocarbon to the extractant. Hydrocarbon and extractant are conducted
through line 4 to settling region 5 where the treated hydrocarbon is
separated and conducted away fromthe process via line 6. The extractant,
now cont ai ni ng nercaptides, i.s, shown in the, | ower ggatch%g% porition of the
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oxygen-cont ai ni ng gas conducted to region 8 via line 14. Undesirable

oxi dation by-products such as water and of f-gasses nmay be conducted away

fromthe essy, V| : ) di | b tive diz t he
process Uﬁ’ggf| n?nl%?o%fﬁﬂlg?]%eq{ég |Svg$§£§gﬁ§®ﬁg?éw@r§%%ﬁydrocar bonlo l'ine
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amount of an oxygen-containing gas is provided to contacting region 3, and a

treated {stirairetiratiygregianddy eig, by at¢ant Huppwrg of pretheneopygial via | ne
6. [00351 In a continuous process, extractant e conducted fromthe
oxi di zi nwatereginnval pro¢esshdin optipn pelishing Hep Zﬁés%w%ma) ep‘B’PP']%é{ﬁ‘t‘ of
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to returning regenerated extractant to the process. The bottom phase may be
conducted away from the concentrating region via line 13 and returned to the
treatment composition in second settling region 15. While not illustrated, it is
preferable to return the extractant to a mixing region where it is combined with
concentrated bottom phase to ensure re-equilibration of the extractant and bottom
phase. While not illustraied, water, alkali metal hydroxide, alkyl phenol, sulfonated
cobalt pthalocyanine, and combinations thereof may be added to settling region 15,
as needed. The extractant (top phase) may be withdrawn from the upper portion of

the second settling region and returned to the process via line 1.

Example 1. Impact of Sulfonated Cobalt Pthalocyanine on Droplet Size

Distribution

[0036) 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 beamn. In the case of spherical particles,



In the concentrating region 12, e.g., by steam stripping or another
conventional water renoval process. An optional polishing step{({HEAf Wiown)

may be e §-:9 renmove remai ning disulfides fromthe ext ter
”Wﬁﬁﬁﬁuzm . ﬂ(ﬁ@b%sltsﬁ%

the oxidizing region prior to returning regenerated extracta

process. The bottom phase may be conducted away fromthe concentrating
region via line 13 and returned to the treatnent conposition in second
settling region 15. Wiile not illustrated, it is preferable to return the
extractant to a mxing region where it .g. conbined with concentrated bottom
phase to ensure re-equilibration of the extractant and bottom phase. Wile
not illustrated, water, alkali netal hydroxide, alkyl phenol, sulfonated
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from ar al@i}iﬁﬁbutm!. nvhiaqném%abldg@aimeggeasnf 5{HEE td H@te@tiﬁ?rdhﬁﬁgé% @fis " chord
| engt hs” for particles that pass through” the point of Tocus of the beam In

the case d@éuibnbimimﬁmtd@fedmang@d@ﬁﬂdoééieﬁablk& 18 MAY 2006
PCT/ US02/ 18838 the chord length is directly proportional to particle

dianeter. The data is collected as the nunmber of counts per second sorted
by chord | ength in one thousand linear size bins. Several hundred thousand
chord | ed®@3 ar dnithisi experineniaa (enrgsedative HeatFentFolitRn was prepared dyi cal |y

signifi C%rc]}}angfinséj bG g?fam%r})%gOif %%t ghra?r;szgf 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 ions, about 44 wt.%
potassium 3-ethyl 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.

[0038] First, 200 mls of light virgin naphtha was stirred at 400 rpm and the
FBRM probe detected very low counts/sec to determine a background noise level.
Then, 20 mls of the top phase from the KOH/alkyl phenol/water mixture described
above was added. The dispersion that formed was allowed to stir for 10 minutes at
room temperature. At this time the FBRM provided a stable histogram for the
chord length distribution. Then, while still stirring at 400 rpm, a sulfonated cobalt
pthalocyanine was added. The dispersion immediately responded to the addition,
with the FBRM recording a significant and abrupt change in the chord length
distribution. Over the course of another five minutes, the solution stabilized at a
new chord length distribution. The most noticeable impact of the addition of

sulfonated cobalt pthalocyanine was to shift the median chord length to larger



di stribution. This nethodology is especially suited to detecti ngl%@&gﬁ]ﬁ I n
this distribution as a function of changi ng process variables. [ ] ﬁn
this expegygwnioa representative treatnment solution was preEpiSeh RYss
conbining 90 grans of KOH, 50 grans of water and 100 grans of 3-ethyl phenol
at roomtenperature. After stirring for thirty mnutes, the top and bottom
phases were allowed to separate and the | ess dense top phase was utilized
as the extractant. The top phase had a conposition of about 36 w. % KCH

i ons, about 44 wt.% potassium 3-ethyl.ijphenol ions, and about 20 w. % wat er,
based on the total weight of the top phase, and the bottom phase contai ned
approximately 53 w.% KOH ions, with the bal ance water, based on the wei ght

of the bottom phase. 1Q0381 First, 0 ms of i vi rgi n.napht ha was
stirred 'aﬁlus@éloeng?ﬁ Wieiehts tmﬁmtﬁpﬁfgea@twg’@gwtsgwym&ec&ﬁ IEFAe ¢ o
determ ne.a backgr oynd,noi | evel ... Then,. 20,m f the top phase fromthe
KOH al ky?ft%@‘ﬁﬁpgw%newlﬁpﬁfﬁrc@%agﬁp?lﬁ’gﬁanlgﬁoﬁr‘&/ﬁgo%dded. The di spersion
that forned was allowed to stir for 10 mnutes at roomtenperature. At this

time the FBRM provided a stable histogramfor the chord |ength
distribuigeg)  Teds el bt tile SfdiiatétbccbaltBbal@Vantresadi R aididethbal t

pt hal ocyani he was added. The di spersion | mredl ately responded to the

addi t i ongurfiéd fenkioe SERY digresel eardctantadtopletgrwhivhdesdltyizt theirange in the
chord length distribution.” Over the course of another five mnutes, the

sol ut i onceilebidrice éattoslarger median streddropiess.h Il prrefepredi embodimeentpwhereot i ceabl e
i npact of the addition of sulfonated cobalt pthal ocyanine was to shift the
medi an chondiisparsivie contdchingds emplaped peing, v@.,12 fibeno@Eactorgthsyrdused/ 18838
val ues (length wejghted): w.thout, sul ong}i}qu CObﬁxlgt t hal ocyani ne, 1g

m cr ons; Surfaeestengiom hasdwveiieqts s Sist.dhe semined syriace Jeysinn fRDARGES HANStTs
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film on the fiber during the contacting. Second, any incidental entrainment would

be curtailed by the presence of the suifonated cobalt pthalocyanine.

Example 2. Determination of Extraction Coefficients for Selectivel

Hyvdrotreated Naphtha

[0040]  Determination of mercaptan extraction coefficient, Kq, was conducted as
follows. About 50 mls of selectivelS! hydrotreated naphtha was poured into a 250
ml Schlenck flask to which had been added a Teflon-coated stir bar. This flask was
| attached to an inert gas/vacuum manifold by rubber tubing. The naphtha was
degassed by repeated evacuation/nitrogen refill cycles (20 times). Oxygen was
removed during these experiments to prevent reacting the extracted mercaptide
anions with oxygen, which would produce naphtha-soluble disulfides. Due to the
relatively high volatility of naphtha at room temperature, two ten mis sample of the
degassed naphtha were removed by syringe at this point to obtain total sulfur in the
feed following degassing. Typically the sulfur content was increased by 2-7-wppm
sulfur due to evaporative losses. Following degassing, the naphtha was placed in 2
temperature-controlled oil bath and equilibrated at 120°F with stirring. Following a

determination of the ternary phase diagram for the desired components, the




surface tension of the dispersed extractant droplets, which resultssngm uﬁ@r
coal escence into larger nedian size droplets. In a preferred enbod

where nogywglosfess ve contacting is enployed using, e.d., apfi/Mshy@ast actor
this reduced surface tension has two effects. First, the reduced surface

tensi on enhances transfer of nercaptides fromthe naphtha phase into the
extractant which is constrained as a filmon the fiber during the
contacting. Second, any incidental entrainment would be curtailed by the
presence of the sul fonated cobalt pthat2eyani ne. Exanple 2. Determ nation of
Extraction Coefficients for Selectively Hydrotreated Naphtha [ 00401

Determ nation of nmercaptan extraction coefficient, Kam was conducted as

250 °mt” ek iudnichor e E&{lﬁ%ﬂ@ﬁ?ﬁﬁ%@éﬂ“%ﬁ%%@ﬁ@f B ©
This fla o"i@asage ?%%%ﬁh@xaée%/ @J@té%@g{xf \3@?% s‘é ézﬁk@'d Ryerdebfegg tubing.

The naph gasse evac ogen refill cycles (20

times). SHEROiVEBRasRAMRhEN tapgfdrNRPR @é@amﬂgah?hm Y Spiémie wsiagt i ng the

extracted nercaptide anions with oxygen, which d prdduce

napht ha- s@hditdeinérsatniospere BuRlling tebbniqueb.alheala }Dhmagﬁnd/ekmmhmt weref
napht ha at roomtenperature, two ten ms sanple of the degassed naphtha

ver e renstirdd ygerpushygfordive misutppiani 20, dhetathe sturiag was stopped anddhe f eed
fol |l owi ng degassi ng ﬁplcally t he sul fur content was |ncreaség$by 2- 7-wppm
sul fur dwoﬁamworfaa oweq 4 separateo| ABRr abe \é%mlnges,tww

placed in

stirri ngei\tfé‘litpg\ﬂaﬁg u&gé&:%% nghleéflll? iy CFZ’F&%&UI l 3 %G?ém %(%F }chteh
Ce]|>e<;5 Ir ;g? aﬁf %Pescr%’i‘zplFt he‘ﬁ/agr gﬂﬁ? 3%' V@’ﬂﬁﬁ% 8?%%\811&‘%0% ée%%‘%%??f |80nal ly
in_the LNRyABFT6r & E6taP Bl A GeEmAitioACh R rafPudtesGeiRte SPRECShmpleg ags ed.  the

all analyzed in duplicate, in order to ensure data integrity. The reasonable

assumption was made that all sulfur removed from the feed resulted 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,q, is 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:

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

Example 3. Extraction Coefficients Determined At Constant Cresol Weight%

[0041]  As is illustrated in figure 2 the area of the two-phase region in the phase
diagram increases with alkylphenol molecular weight. These phase diagrams were
determined experimentally by standard, conventional methods. The phase
boundary line shifts as a function of molecular weight and also determines the

composition of the extractant phase within the two-phase region. In order to




volune is neasured and then transferred to the stirring naphtha 336 lﬁgrmm};e
using standard inert atnosphere handling techni ques. The naphthava

extract antw@es/emost i rred vigorously for five mnutes at 120fe1iRfhskie
stirring was stopped and the two phases were allowed to separate. After
about five mnutes, twenty ms of extracted naphtha were renoved while
still under nitrogen atnosphere and |loaded into two sanple vials.
Typically, two sanples of the original feed were also analyzed for a tota
sul fur determ nation, by x-ray fluoresggnce. The sanples are all analyzed
in duplicate, in order. . to ensure data integrity. The reasonable assunption
was made that all sulfur renoved fromthe feed resulted from nercaptan

everal CQTRBANEbGSRERCHHE DRUE Sf PR REiTe Enlrisde s eparaioR aTetREsed. « ne
Ext ti Coefficient | §.def.i h t f. sul f trati

or esent T Wl biiofihendls Shetatiines ety Brerbad hivipbis ol ot an
di vi ded - - f : i |

cal 1 ed 4y IFHEnF CATRRL S BpShyd i dtiont BOoe, AR BRI ARkt (ol <0
follow %Iﬁjsggxig%;vg&'g s€dbred forachdfiheetdifetan tholeBtdr weiRed] after

extraction. traction Coefficients Determned At Constant Cresol
Veéi ght %dlﬁ?ﬂﬁﬂcné& tosachiidwsthift eitentratiot Uh ¢he ek thgctaniephatke. tOf thivbapiRase
region in the phase diagramincreases with allcyl phenol nolecul ar weight.
These phasthydplgran®, dwdineethsibihenol ardi 28y hénimatinglahenyoloyest eordpartd and
conventional nethods. The phase boundary line shifts as a function of

nol ecul dhewesuts argrnle¢pitted i digawrerines the conposition of the extractant
phase within the two-phase region. In order to 1 6 MAY 2006 WO 02/ 102934
PCT/ US02/ 18838 conpare the extractive power of two-phase extractants

Do o JORA ™ o T e sHOW it st BoBhbia f6¥ BT O e aSSRAGIA bim"e" ©

prepare i ng
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 intersection between the 30% alky! phenol line and the respective
alkylphenol phase boundary. The measured K.gs for 3-methylphenol, 2,4-
dimethylphenol, and 2,3,5-trimethylphenol were 43, 13, and 6 respectively. As can
be seen in this figure, the extraction coefficients for the two-phase extractant at
constant alkylphenol content drop significantly as the molecular weight of the
alkylphenol increases. Though the heavier alkylphenols produce relatively larger
two-phase regions in the phase diagram, they exhibit reduced mercaptan extraction
power for the extractants obtained at a constant alkylphenol content. A second
basis for comparing the cxtractive power of two-phase extractant systems is also
illustrated in figure 2. The dashed 48% KOH tie-line delineates compositions in
the phase diagram which fall within the two-phase region and share the same
second phase (or more dense phase, frequently referred to as a bottom phase)
composition: 48 wt.% KOH. All starting compositions along this tie-line will
phase separate into two phases, the bottom phase of which will be 48 wt.% KOH in
water. Two extractant compositions were prepared such that they fell on this tie-
line although they were prepared using different molecular weight alkylphenols: 3-
methyl phenol and 2,3,5 trimethylphenol. The extraction coefficients were



al kyl phenol content in the top |ayer of about 30 wt.% Accordingly, starting
conposition were selected for each of three different nolecul ar viMahillb

al kyl pheng}$otQ0@6hi eve this concentration in the extractantpchaigisddw this
basi s, 3- nethyl phenol, 2,4-dinethyl phenol and 2, 3,5-trinethyl phenol were
conpared and the results are depicted in figure 2. 100421 The figure shows
t he phase boundary for each of the al kyl phenols with the 30% al kyl phenol

line is shown as a sloping line intersecting the phase boundary 1lines. The
measured Keq for each extractant, on amt./w. basis are noted at the point
of intersection between the 30% al kyl phenol |ine and the respective

al kyl phenol phase boundary. The neasured Kegs for 3-nethyl phenol, 2, 4-

di met hyl ph |, d_ 2, 3,5-trinethyl ph I 4 1 d 6 tively.
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in the phase di agramwhich fall within the two-phase region and share the
same  segeihtibagshdse] and issutstatiaplyaadepdndent efithy ametot and meleeislan bot t om
phase) conposition: 48 w.% KOH. All starting conpositions along this
tie-1ineweight ofthesdkglpheme 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

di fferent nol ecul ar wei ght al kylghenols: 3- phe

tri met hy&=pagHh . : ’ = H
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[0043] 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 ions, 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.

[0044) 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
initial boiling point of about 90°F. The ICN contained Cs, C,, and Cg recombinant
mercaptans. The ICN and extractant were equilibrated at ambient pressure and
135°F, and the concentration of Cg C, and Cg recombinant mercaptan sulfur in the
naphtha and the concentration of Ce, C, and Cy recombinant mercaptan sulfur in the

extractant were determined. The resulting K, s were calculated and are shown in

column 1 of the table.




PCT/ LI SO2/ 18838 determ ned as descri bed above and were found to Zﬁéﬂﬁ'@ d 22
respectively. Surprisingly, in contrast to the constant al kyl ph C ent
experi menigg hpimosiich  large differences in extractive powerpsipiRRRasy ved,
these two extractants showed nearly identical Keq. This exanple
denonstrates that the nercaptan extraction efficiency is determ ned by the
concentration of alkali netal hydroxide present in the bottom phase, and is
substantially i ndependent of the anobunt and nol ecul ar weight of the alkyl
phenol . Exanple 4. Measurenent of Mercgptan Renpval from Naphtha 100431 A
representative treatnent solution was pfepared by conbining 458 grans of
KOH, 246 grans of water and 198 grans of al kyl phenols at room tenperature.
After stirring for thirty mnutes, the m xture was allowed to separate into
two phas@®45hvhi dfonvempagen, atcsy elthenab(froae tlaapript ed} extrastedn phasemalad a
conposi tion of about 21 w.% KOH i ons, about 48 wt. % potassi um net hyl

pheny| at mereapiansifamgewlizusimg 9 Mavbo sestivadhydrozude saJutipn we PR 19f t he

N T R e N T
0044] n b ' th h nmbi ned. with th

90T CHonBRYm BLtl R R SRIRL M e

"1 ON' . . . L. . . t ai d Cs,
10 ), Bt e o U e S P ThpE cont n0,

at anbi efin RnERRdl ﬁm’e&gs witPihe 1@&&8{2%%&&56%%&% ¥rc&Btans’, and C8

reconbi nant nercaptan sulfur 1n the pht ha and the concentration of C6,

C7, and C8 reconbi nant nercaptan sulfur in the extractant were determ ned.

The resulting Keq s were calc in colum_1_of the table.
18 MAY Z0081stCapahddmlar23 K., Keg
Weight Extractant from top phase | Single phase extractant

C, - 1000

C, - _ 160

Cs -- 30

C, - 5

Cs - 1

Cs 15.1 0.15

C 7.6 0.03

Cs 1.18 Not measurable

[0046] As is 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, i.e., an extractant obtained from a single-phase treatment
solution not compositionally located on the boundary between the one phase and
two-phase regions. The top phase extractant is particularly effective for removing
high molecular weight mercaptans. For example, for Cs mercaptans, the K, of the
top phase extractant is one hundred times larger than the K., obtained using an
extractant prepared from a single-phase treatment solution. The large increase in
K., is particularly surprising in view of the higher equilibrium temperature

employed with the top phase extractant because conventional kinetic considerations




PCT/ US02/ 18838 [ 0045] For conparison, a conventional (fromthe pr.i O{ggfﬁuhﬁ
extraction of normal nercaptans from gasoline using a 15 wt . % sddi

hydr oxi de\\ﬁﬂlifﬁh@.ﬂ at 90F is shown in colum 2 of the tablger ke &esgari son
denonstrates that the extraction power of the nore difficult to extract
reconbi nant nercaptans using the instant process is nore than 100 tines
greater than the extractive power of the conventional process wth the |ess
readily extracted normal nercaptans. Mercaptan Ml ecul ar Keq, Keq,

Wei ght Extractant fromtop phaseSi ngl e _gl@_ase extractant Cl--1000 C2--160
C3--30 C4--5 C5--1 C615.10.15 C77.60.03 C81. 18Not neasurabl e 10046] As is
clear fromthe table, greatly enhanced Keq is obtained when the extractant
is the top phase of a two-phase treatnent solution conpared with a

convent i woald b expedtedto léadeto, a decreasadaliqcasttholequilfsthmtempsT&RFyas phase
treatnment solution not conpositionally |ocated on the boundary between the
one phasimcegaged tfvam HEE 4011897 ons. The top phase extractant is particularly
effective for renoving high nol ecul ar wei ght nercaptans. For exanple, for
C6 nercaptans, the Keq of the top phase extractant is one hundred tines

| ar ger tEan tt]e gﬁﬁObftial nes 0 A ors NAREARCasRESH tLgoma
si ngl e-

: o) s particularly
surprising in view of the higher equilibriumtenperature

[0047] 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 dimethy] phenylate ions, 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.

[0048])  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 655°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.

[0049]  For comparison, the same natural gas condensate was combined on a 3:1
weight basis with a conventional extractant prepared from a conventional single
phase treatment composition that contained 15% dissolved sodium hydroxide, 1.¢.,
a treatment composition compositionally located well away from the boundary with
the two-phase region on the temary 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




enpl oyed with the top phase extractant because conventional Kki neith,m 1006
consi derations WO 02/102934 -24 18 MAY 2006 PCT/ US02/18838 woul

expect ed (W é2@wI0 a decreased Keq as the equilibrium tenparatiseasyms

i ncreased from90F to 135F. Exanple 5. Mercaptan Extraction from Natural Gas
Condensates [0047] A representative two-phase treatnent sol ution was
prepared as in as in Exanple 4. The extractant phase had a conposition of
about 21 wt.% KOH ions, about 48 wt. % potassi um di net hyl phenyl ate ions,
and about 31 wt.%water, based on the2botal weight of the extractant, and

t he bottom phase contained approximately 52 wt.% KOH ions, with the bal ance
wat er, based on the wei ght of the bottom phase. 10048] One part by wei ght

of Lhe bRAFRAOINIRE ancﬁ@%lg‘ﬂ%ﬂﬁﬁéa@%%f&déﬂof C%mudefmar@atural gas

condensa cont ai‘ni ng strarght-chain tans havi ng

mol ecul a%fé@i\&hh%eﬁ{oﬁﬁ orfra }?'tﬁoé‘ﬁf%ﬁ ‘brafchedednd Qtalgﬂ ch§1ﬁrtﬁemptaﬁas had an
initial boiling polnt o 91F a a final boiling point of 659F, and about
1030 ppradvng anhelecatdrfweightbteaterahanlabbuaCing at anbient pressure and

130F, the mercaptan sulfur concentration in the extractant was neasured and
conpared to the nercaptan concentration in the condensate, yielding a Keq of
11.27. 10049] For corrparlson the samet naturaI gas condensat e Qs conbi ned

on a 3: n-_'.:.», & i ! of Single-versns a
conventinal phase treat rrer‘] ', hat cont ai ned 15%
di ssol vethaseiEn ompositians of Nea JHICE DO conposi tional |y

| ocated wel | avvay fromthe boundary with the tvvo phase regi on on the
ternary phase diagram Follow ng equilibration under the sanme conditions,

the mercagkg SUMrE (FARREAF EGhpONHRS Witk Prépdted (nitlsHhithBéred 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.

[0051] 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.

[0052]  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 Kq of similar extractants

compositionally located at the phase boundary.
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2215355013 3131274215 4231284126 5143213418 6243223536 18 MAY 2006 _27_
CLAIMS: 1. A conposition for treating and upgradi ng a hydrocarbon contai ni ng
mercaptans, conprising: (a) water, alkali nmetal hydroxide, cobalt
pht hal ocyani ne sul fonate, and al kyl phenols and having at | east two phases,
(i) the first phase containing dissot¥ed al kali netal al kyl phenyl ate,
di ssol ved al kali netal hydroxi de, water, and dissol ved sul fonated cobalt
pht hal ocyani ne, and (ii) the second phase contai ning water and di ssol ved
al kali nmetal __ _hydroxi de.

CLAIMS:

1. A composition for treating and upgrading a hydrocarbon containing mercaptans,
comprising:

(a) water, alkali metal hydroxide, cobalt phthalocyanine sulfonate, and
alkylphenols and having at least two phases,

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

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

hydroxide.

2. The composition of claim 1 which is comprised of about 15 wt. % to about 55 wt.
% dissolved alkylphenols, about 10 wppm to about 500 wppm dissolved sulfonated

cobalt phthalocyanine, about 25 wt. % to about 60 wt. % dissolved alkali metal hydroxide,
and about 10 wt. % to about 50 wt. % water, based on the weight of the composition.

3. The composition of claim 1 wherein K., is at least about 10.
4. The composition of claim 2 wherein K, ranges from about 20 to about 60.
5. The composition of claim 2 wherein the alkali metal hydroxide is present in an

amount within about 10% of the amount to provide saturated alkali metal hydroxide in

the second phase.

6. A method for forming a composition useful for treating and upgrading a
hydrocarbon containing 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



2. The conposition of claiml which is conprised of about 15 wt. % to about
55 wt. % dissol ved al kyl phenol s, about 10 wopmto about 500 wpprrﬂﬂiMﬂd]ﬂﬂﬁed
sul f onat 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 weight of the conposition. 3. The conposition of claiml| wherein Keq
is at | east about 10. 4. The conposition of claim2 wherein KeQ ranges from
about 20 to about 60. 5. The conposit?%n of claim2 wherein the alkali netal
hydroxide is present in an anmount w thin about 10% of the ampunt to provide
saturated al kali nmetal hydroxide in the second phase. 6. A nethod for
formng a _conposition useful for treatin nd upgr.adi ng a hydrocarbon

cont ai ni ﬁ&gﬁ%&aﬁn%g?"e% tfon) phypse substap i'mnﬂggmﬁt"bg"? eXracadnt, net al

hydr oxi deyhefeitl f onat ed cobalt pht hal ocyani ne, and al kyl phenols to forma
treatnment solution having at |east an aqueous extractant phase 18 MAY 2006
-28 and a nore denSkthggyiaant phase contpina dissalwiskalkali inetial alkylphérstitg)| e i n t he

extractant; i i) _the extractant se contalns dissolved al kal i
metal al kyl ph@rglg({lg'{de%]ﬂ]%'ﬁ%@?@%@q’ I?’&qu’ 4‘)?3% SOIH?/(S?L@t?PEf@,gC fer, and

di ssol ved sul pethglbeginiebald pht hal ocyanine, and (ii) the bottom phase
contains water and di ssolved al kali netal hydroxide. 7. The nethod of claim
6 wherein the treafipdhg baftonuphasshcantainsaivater aridatissolved wikali vhetad hyddoside. 55 wt. %
di ssol ved al kyl phenol s, about 10 wppmto about 500 wppm di ssol ved

sul fonat ed cobalt phthal ocyani ne, about 25 wt. %to about 60 wt. % di ssol ved

al kal i et al Thy thetod @€ claiing veHeadih theGrewfment8dl@ichROHtaiRQbbht: 1 % ved Br . based
on the WeLght of the treatnent solution. 8 The nethod of claim6 wherein

Keq i s aBbqutasdwtapahiasolyed allylpienolsyabows d0 appam taiaheg S0P evppmdiredyedanges from
about 20 gl iphratea ldBbaﬁpphthalocyanine, about 25 wt. % to about 60 wt. % dissolved alkali

metal hydroxide, and about 10 wt. ‘% to about 50 wt. % water, based on the weight of the

treatment solution.
8. The method of claim 6 wherein K is at least about 10.
9. The method of claim 8 wherein K., ranges from about 20 to about 60.

10.  The method of claim 8 wherein 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.

I1. A control method for a hydrocarbon treating and upgrading process, comprising:
(a) contacting the hydrocarbon with an extractant, wherein
(i) the extractant is substantially immiscible with its analogous bottom
phase of aqueous alkali metal hydroxide, and
(ii) the extractant contains water, dissolved alkali metal alkylphenylate,
dissolved alkali metal hydroxide, and dissolved sulfonated cobalt phthalocyanine;
(b) extracting mercaptan sulfur from the hydrocarbon to the extractant;

(c) separating an upgraded hydrocarbon;




10. The nmethod of claim8 wherein the alkali netal hydroxide in the
treatment solution is present in an anmount w thin about 10% of tH4 MAYoL606
to provide saturated alkali netal hydroxide in the second phase. 11. A
control nethod for a hydrocarbon treating and upgradi ng process, conprising:
(a) contacting the hydrocarbon with an extractant, wherein (i) the
extractant is substantially immscible wwth its anal ogous bottom phase of
aqueous al kali rnetal hydroxide, and (??) t he extractant contains water,

di ssol ved al kali netal al kyl phenylate, dissolved alkali netal hydroxide,
and di ssol ved sul fonated cobalt phthal ocyanine; (b) extracting mercaptan

sul fur fromt hydrocarbon. to the extractant; (c) separatjng an upgraded
hydr ocar bon; ?@ ﬁ&@aééﬂ9&'&"('&5a"&%ﬂ&%&%‘eﬂaﬂ%ﬁe%ﬁ%ﬁ‘éﬁ_ﬁaf_‘% nt oxygen and
the extract anineeQptafisiifiidto aHRx B H ahd bxidRif the Heflaplal Suifgdbon and
oxidizing the nmercaptan sulfur to disulfides; (e) separating the disulfides

fromthe extrdisulides; (f) conducting the bottom phase to a concentrating
regi on wherein.water,. i remved. from the bottom phase to regul ate the
extractant's ?%&ﬁ%"’é?‘ﬂgf}he Q'ﬁ'@?'d%ﬁ 5 §XI¢BiMat i onship with the bottom phase;

and (g) condugf cortuctieg % boRsth PRaselts @bfdeRPatliR)redion WheRid Rtef RF re-use. 12
The nmethod of claim 11 wherein, during the contacting of step (a), the

extractant i seraysHifeom the batiemiphasgdo golatesthe extrastapt hoampgshioniandnet al i bers,
and the hydrocar . f ver. t.h iLrs hase co-current with first phase
iR st Pl Wl o

flow 13. The ne drocarbon contains a

hydrotreated @thdﬂ&tin?ﬂd e&traétﬁﬁﬂonﬁst@@(d)itd)ﬂep)(a%ﬁfﬁeiﬁ?é’.capt ans are reversion
mer capt ans having a nol ecul ar wei ght greater than about C4. 14. The net hod

of claim 13 wherein the hydrotreated naphtha is a selectively
12.  The method of claim 11 wherein, during the contacting of step (a), the extractant

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.

13.  The method of claim 12 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 C,.

14.  The method of claim 13 wherein the hydrotreated naphtha is a selectively
hydrotreated hydrocarbon and wherein the reversion mercaptans have a molecular weight

greater than about Cs.

15.  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.

16.  The method of claim 11 wherein the extractant is separated from a treatment
composition 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



hydr ot reat ed hydrocarbon and wherein the reversion nercaptans have a

nol ecul ar wei ght greater than about C5. 15. The nethod of cl ai rr}j ein
t he sul fonated cobalt phthal ocyanine is present in the extracta I'n an
amount rangi ng from about 10 wppm to about 500 wppm based upon the weight
of the treatnment solution. 16. The method of claim 11 wherein the extractant
is separated froma treatnent conposition fornmed by conbining water in an
anount rangi ng fromabout 10 wt. % to3%about 50 wt. % alkali netal

hydr oxi de i n an amount ranging fromabout 25 wt. %to about 60 w. %

sul fonat ed cobalt phthal ocyanine in an anount ranging from about 10 18 MAY

1006 -30 t t 500 and al kyl phenol s.in. an ngi ng from
about 10 PRP ooperd S0 o snsbHEy pRpls e mBRtrentins HeiD aBoR evt, gt ment

sol ut i onaba&some%raagém&m&wetgﬂmﬁa@teemeﬁumm extractant is present in an
anount ranging fromabout 3 vol. %to about 100 vol. % based on the vol une

of the hydrocarbon, and wherein the extractant contains, dissolved al kali
net al OXi in.a bout | Ww. %to about 40 wt. %
di ssol veﬂaal kjﬁ?"{%{!} QIO?EF‘ BW&%&’%&@ e?‘% ffpéf‘f’e“%‘ﬂlfﬂr‘i‘fnolu%"&l‘ﬂagf rom about
10 wt. Yfiom &oats veI5%o. ab%t 10008 b, [HaSA AAhE PRk oPtHeAlyafotaboRG&NN an anmount
rangi ng from about 10 ppmto about '500 ppm based on the wei ght of the

ext r act anthereirgthe prsactant gentaigs, dissalved alkalmstab hydroxide i sndmounnoingingr e cresol s.
19. The | a2l t.a of. the al kyl phenol s
are obt gﬁhﬂ%%%’?om?tﬁt @31}\9@241 {Shqlg%'.eg ﬁ(gllr%c?ﬂah(ygqr}'ewléﬁeﬁ?'fl erein the
sul f onat athoamirahdingfrbmalbe ety N & toabe@IB! wt. %) BAdMIRANRA takaldi sul fonat e.
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 16 wherein the alkylphenols are cresols.

19.  The method of claim 16 wherein at least a portion of the alkylphenols are

obtained from the hydrocarbon.

20.  The method of claim 11 wherein the sulfonated cobalt phthalocyanine is cobalt

phthalocyanine disulfonate.





