2 5 OCl 2005 WO 02/ 102933 PCT/ US02/ 18837 CONTI NUOUS NAPHTHA TREATMENT METHOD
FI ELD OF THE | NVENTI ON [0001) The invention relates to a nethod f@m 4G7edfi ng
napht ha, such as catalytically cracked naphtha, in order to renove acidic

i mpuriti e¥O&MOR3ds nercaptans. In particular, the inventiREA/v®RAEs to a
met hod for nercaptans having a nol ecul ar wei ght of about C4 (C4HL0S=90

g/ nol e) and higher, such as reconbi nant nercaptans. BACKGROUND OF THE

| NVENTI ON [ 0002) Undesirabl e acidic species such as nercaptans nay be
removed from naphtha and other |iquid hydrocarbons with conventi onal
agueous treat ment cARIAAIBONS NAPEPPIACFRIPAIMIR P Eifipapht ha contact s
an aqueous treat nemt —sotutrom contarnng fydr oxi de. The
napht ha contacts the treatnent solution, and nercaptans are extracted from
t he naphg@]ﬁp?ﬁqmmﬁﬁﬂ?muti on where they form mercapti de species.
The naph i lution are then separated, and a treated
naphtha is conducted away fromthe process. Intinmate contacting between the
napht ha and aqueous phase leads to nore efficient transfer of the

mer capt aft@oi} om Theimaphbhaelacest thea metiealiforphasiag maphthg suakhy for

mer capt ans havi ng a nol ecul ar wei ght hi gher than about C4. Such intinmate
cont act i eajabmicaly ceatiadsnaphtha an poderdoiremoyt asidit impusidisss sunbmass r egi ons

(also referred to as "dispersi.on").of treatnent soluytion in the naphtha.
Wi | e th@egm?ﬁmsgf&d&ﬂ}@fﬂg SARVEHIRR E?ia@%ﬁcf iiél?f‘éﬁ?d gﬁlﬁ SEeAnipEhvang
efficien . g ﬁj_%l’ t .t he subsequent naphtha
separat i %@% é‘ggé%‘%@}ﬁafé’%h%igﬁﬁé% y e%@(ﬁ?ﬁéergfﬁ}ghteﬁ’es%cﬁeaét ed napht ha.
[0003) HekbfitinintaABiaptdndg My be provided with reduced aqueous phase
entrai nment by enpl oyi ng contacting nethods that enploy little or no

agi tation. WO 02/102933

BACKGROUND OF THE INVENTION

10002}  Undesirable acidic species such as mercaptans may be removed from
naphtha and other liquid hydrocarbons with conventional aqueous treatment
methods. In one conventional method, the naphtha contacts an aqueous treatment
solution containing an alkali metal hydroxide. The naphtha contacts the treatment
solution, and mercaptans are extracted from the naphtha to the treatment solution
where they form mercapiide species. The naphtha and the treatment solution are
then separated, and a treated naphtha is conducted away from the process. Intimate
contacting between the naphtha and aqueous phase leads to more efficient transfer
of the mercaptans from the naphtha to the agueous phase, particularly for .
mercaptans having a molecular weight higher than about C4. Such intimate
contacting often results in the formation of small discontinuous regions (also
referred to as "dispersion") of treatment solution in the naphtha. While the small
aqueous regions provide sufficient surface area for efficient mercaptan transfer,
they adversely affect the subsequent naphtha separation step and may be

undesirably entrained in the treated naphtha.

{0003]  Efficient contacting may be provided with reduced aqueous phase

entrainment by employing contacting methods that employ little or no agitation.



-2 2 5 0Cl 2005 PCT/ US02/ 18837 One such contacting nethod enpl oys a nass
transfer apparatus conprising substantially continuous el ongate 2% 157005
nmount ed invﬁ)ﬁ?ﬂﬁgﬂ' The fibers are selected to neet two criteria. e
fibers are preferentially wetted by the treatnment sol ution, PGHYS02/18837
consequently present a |large surface area to the naphtha w t hout
substanti al dispersion or the aqueous phase in the naphtha. Even so, the
formation of discontinuous regions of agueous treatnent solution is not
elimnated, particularly in continuous process. [00041 In another
conventional nethod, the aqueous treatnent solution is prepared by formng
two aqueotﬁm%ha es. The fir ueous phase contains al kyl phenols, such as
t

t ag
cresols ( Hehconiaing methademploys ednassiraysien APPHRRIY GOMBRERE hydr oxi de,
and the segond Qus.: phase. contaihs al kal i tal, hydroxid Upon
cont act i ngﬁsﬂ@tﬁaajéfﬁ%i}rﬁ'bﬁ%te Oty ﬁg’gf Seﬁ{ouﬁtq“ﬁﬁlp? ﬁwﬁglogﬁ?eeﬁbi?ﬁ MY dr ocar bon
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density than the second aqueous phase. Untesirabl e”aqueous” phase
ent r ai nmegdlutisnphnd coidetpently iphedeht & 1amehadfacanted fo ROSPHTS &/ithoan _
enpl oyi ng higher viscosity treatment solutions containing higher alkali
met al hydsubstaidiad chspansioatdrche afj0oo&ipiEsene thenaphthaa Eyeadko, thefetfotion f or

new napht&a treatnent processes that curtail _aqueous treatnent sol ution
ent r ai nmett JSGEOREIGYSISEIPSREAMISRUS Heataent sobptier 15 Vet ¢lspimasebyvi ng aci di ¢

speci es such a rcapt.an. especially high nolecular weight and branched
nercaptangmﬁgfﬁﬂig%??égnﬂngsﬁ%%ﬁ¥FCN 100061 I n an enbodi nent, the invention
relates to a continuous nethod for treating and upgrading a |ight and-heavy
napht ha cont ai ni ng nmercaptans, particularly nmercaptans having a nol ecul ar

\g%iT ggg ogi o4} t hdn addr dohventibnalsmeftREOHY ApidouRRSaRleanSoluteARE i Sing: 2 5

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 contgjned in hydrocarbon are
removed from the hydrocarbon to the first phase, which has a lower mass density
than the second aqueous phase. Undesirable aqueous phase entrainment is also
present in this method, and is made worse when employing higher viscosity

treatment solutions containing higher alkali metal hydroxide concentration.

[0005] There remains a need, therefore, for new naphtha treatment processes
that curtail aqueous treatment solution entrainment in the treated naphtha, and are
effective for removing acidic species such as mercaptan, especially high ﬁolecular
weight and branched mercaptans.

SUMMARY OF THE INVENTION

[0006]  In an embodiment, the invention relates to a continuous method for
treating and upgrading a light and heavy naphtha containing mercaptans,
particularly mercaptans having a molecular weight higher than about C, such as

recombinant mercaptans, comprising:



WO 02/ 102933 -3 PCT/ US02/ 18837 (a) contacting in a first contacting region
the light naphtha with a first phase of a treatnent conposition g%@p mgﬁg
wat er, al kali metal hydroxide, cobalt phthal ocyanine sul fonate, and

al kyl phenol¥P4HE i ng at | east two phases, wherein (i) theptinsezphase
contains dissolved alkali netal alicylphenylate, dissolved alkali netal
hydr oxi de, water, and dissol ved sul fonated cobalt phthal ocyanine, (ii) at

| east a portion of the al kyl phenylate is derived fromal kyl phenols in the
heavy naphtha, and (iii) the second pha:c?é contains water and dissol ved

al kali metal hydroxide; (b) extracting nmercaptan sulfur fromthe |ight
naphtha to the first phase, the |ight naphtha having a | ower concentration
of al kyl phenol®) ddvaactireinhe fivst dmrﬂmihg;regitﬁl)thedig}ﬁ@hﬁhﬂlai With aseeeplase
contacting_region the heavy naphtha with the first phase of the treatnent
conposi t i 8ha EaEPeRicompYsitine chatayingapaieh alkals metal ytdroxbils, cobajt r ange t han

a1 eyl phenBPEaianne S fineta. ro R BRFr o RaH it g CEpAERaVECE)T
Firet phaser (o) sepd it 5t BRSSP als Rehve LR AR ARy 2
e e naE R e AU AL i 1
re-use. 100071 In a qhefligshthdloeybodieprent, the process invol ves conducting
the first phase containing nmercaptan sulfur fromat |east one of steps (b)
and (d) and (i1) at least a portion of the alkyl phenylate is derived from alkyl
phenols in the heavy naphtha, and
(i11) the second phase contains water and dissolved alkali metal
hydroxide;
(b) extracting mercaptan sulfur from the light naphtha to the first phase, the
light naphtha having a lower concentration of alkyl phenols than the heavy naphtha;
(c) contacting in a second contacting region the heavy naphtha with the first
phase of the treatment composition, wherein,
(i) the heavy naphtha has a higher boiling range than the light
naphtha, and
(11) the heavy naphtha has a concentration of alkylphenols greater
than the concentration in the light naphtha,
(d) extracting mercaptan sulfur and alkylphenols from the heavy naphtha to
the first phase;
(e) separating an upgraded light naphtha and separating an upgraded heavy
naphtha; and

(f) separating mercaptan sulfur from the first phase, and then conducting the

extractant to at least one of step (a) for re-use.

[0007]  Ina preferred embodiment, the process involves conducting the first
phase containing mercaptan sulfur from at least one of steps (b) and (d) and
conducting an oxidizing amount of oxygen to an ox1idizing region and oxidizing the

mercaptan sulfur to disulfides; and then separating the disulfides from the first



conducting an oxidizing anount of oxygen to an oxidizing region and

oxi dizing the nercaptan sulfur to disulfides; and then separat |2rng&3hEU5

di sul fides g gndbg first 2 5 0 0 T 2005 WD 02/ 102933 -4 PCT{,&JEB%A%%E

phase. Preferably the contacting is conducted under substanti a erobi c
conditions, i.e., w thout adding oxygen in the contacting. Preferably, the
extractant in step (f) is conducted to steps (a) and (c) for re-use. [0008]
I n anot her enbodi nent, the invention rethtes to a nethod for treating and
upgrading a |light and heavy naphtha contai ning nercaptans, particularly

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

reconbi ”gﬂ{x%a gffﬁ&tb?ﬁhe slan gﬁgcoﬂﬁ?cr{cf’%&ﬁc?é}téuﬁgtahﬁaﬂyfah?éfob'ic?9' on the

| i ght na extractan 0Si containin di ssol ved

al kal i metadditiyes,a. dﬁithdhﬁﬁﬂmgd)x geﬁh@&@é @Qatﬁ@@@gtp%fh%hpcma@kﬁ@ctaﬁﬂd

di ssol ved al kali netal allylphenyla wherein (1) the extractant is
substantlHi$typ|(ﬁrrssondhaedntolstepsia}mmi todios re-ageieous al kal i nmetal hydroxi de,
(ii) at least a portion of the alkali netal alkyl phenylate in the
extractant is derived fromalkyl phenols present in the heavy naphtha, and

th ht t ant II t I trat
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mercaptans, COmprising:

(a) contacting in a first region the hight naphtha with an extractant
composition containing water, dissolved alkali metal hydroxide, dissolved
sulfonated cobalt phthalo¢yanine, and dissolved alkali metal alkylphenylates,
wherein

(1) the extractant is substantially immiscible with its analogous

agqueous alkali metal hydroxide,

(i1) at least a portion of the alkali meta!l alicylphenylate in the

extractant is derived from alkyl phenols present m the heavy naphtha,

and

(iii) the light naphtha is substantially contains a lower concentration
of alkyl phenols than the heavy naphtha;

(b) extracting mercaptan sulfur from the light naphtha to the extractant;

(c) contacting in a second contacting region the heavy naphtha with the
extractant, wherein,

(1) the heavy naphtha has a higher boiling range than the light

naphtha, and

(i1) the heavy naphtha has a concentration of alkylphenols greater
than the concentration in the light naphtha,

(d) extracting mercaptan sulfur and alkylphenols from the heavy naphtha to

the extractant;



(i1) the heavy naphtha has a concentration of al kyl phenols greater than the
concentration in the |light naphtha, (d) extracting mercaptan sul ¥ uAChAeH

al kyl phenol\gofyb@pwie heavy naphtha to the extractant; 2 5 'F:g ﬁ?ﬁ? VO
02/ 102933 -5 PCI/U S02/1 5837 (e) separating an upgraded Iid%E/H{B 4 and
separating an upgraded heavy naphtha; and (f) separating nercaptan sul fur
fromthe extractant, and then conducting the extractant to at |east step
(a) for re-use. [00091 In a preferred embodi nent, the process involves
conducting the extractant containing nercaptan sulfur fromat |east one of
steps (b) and (d) and conducting an oxidi zi ng amount of oxygen to an

eparating ¢ he o earr et bERabRE el bR Aud entarh? A PPemiCElm Lt ng

i s conductgshindsfg substantially anaerobic conditions, i.e., w thout adding
oxygen in the contacting. Preferably, the extractant in step (f) is
conduct ed to s{®pspiralingidercaptahulfue fitge thdEttRcthiRSeRE Pl bbARuctde (BRAW NGS

[ 00101 Figure 1 shows a schematic flow diagramfor one enbodi nent. 00111
Fi gure 2 exivagiant toctideast stepdlander ntieggr am f or a wat er - KOH- pot assi um  al kyl
phenyl ate treatnment solution. DETAILED DESCRI PTI ON OF THE | NVENTI ON 100121
The invention relates to obtaining at |east a portion of the al kyl phenols

i born PR AR B R SRR PR R B DR et Ve
& Gener ol Ty e K S AT o
al so r el at@sducninpgaimt oxtidiZifig amount of oxygen to an oxidizing region and oxidizing the
mercaptan sulfur to disulfides; and then separating the disulfides from the first
phase. Preferably the contacting is conducted under substantially anaerobic
conditions, i.e., without adding oxvgen in the contacting. Preferably, the extractant

in step (f) is conducted to steps (a) and (c) for re-use.

BRIEF DESCRIPTION OF THE DRAWINGS

(0010}  Figure 1 shows a schematic fiow diagram for one embodiment.

[0011]  Figure 2 shows a schematic phase diagram for a water-KOH-potassium

alkyl phenylate treatment solution.

DETAILED DESCRIPTION OF THE INVENTION

[0012)  The invention relates to obtaining at least a portion of the alkyl phenols
for the treatment solution from the heavy naphtha, which is generally rich in both
mercaptans and alkylphenols, and using the alkyl phenols derived from the heavy
naphtha in removing mercaptans from the light naphtha, which is generally rich i
mercaptans but lean in alkylphenols. The invention also relates in part to the
discovery that aqueous treatment solutich entrainment into the treated naphtha may

be curtatled by adding to the treatment solution an effective amount of sulfonated



di scovery that aqueous treatnment solution entrainment into the treated
naphtha may be curtailed by adding to the treatment solution am gfiCedtive
amount of %Héﬂﬂﬂ@hﬁd 2 5 OCT 2005 WD 02/102933 -6 PCT/US112/ 18837 cobalt

pht hal ocyani ne’ I"l e not wishing to be bound by any theory RHT/HBBEPS37i t i s
bel i eved that the presence of sul fonated cobalt phthal ocyanine in the
treatnent solution |lowers the interfacial energy between the aqueous
treatnent solution and the naphtha, whigch enhances the rapid coal escence of
t he di scontinuous aqueous regions in the naphtha thereby enabling nore
effective separation of the treated naphtha fromthe treatnent solution

00131 | di ; ol N f duci
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treated |sofhtoraifvdigany int_BfofHBxTah enérey Hednbemie/adiROG St atefRsCIARbARAGT rom
Ile

the treatnment sol ution curtailing treatnment solution entrainment in

t he tr eattbd napptihadiicliPeelarcebllye raphé coaesoapeat the disontionots aguddus | i ght
naphtha is conducted in a first region or vessel and the extraction from
t he heavycBigphtihahe Baplahdtherelly icnablisg suirg eftegtiva sopareties«if thphpatedal | y

separated frogmihe first reqgio r vessel. Preferably, the extraction of
the mer cé’ﬁpéﬁ? #’P%}{e%"‘%ﬁlﬁﬁi ﬁ&uﬁBHt he treatnment solution is conducted under

anaerobic conditions, i.e., in the substantial absence of added oxygen. In
ot her enbodi nents, one or nore of the follow ng may al so be i ncorporated

into the[joprycessi ofik enfddifiehfldheverntion reRit 6o prdresdes gbt tdRcineienent
solution by e.g., steamstripping, (ii) catalytic oxidation of the

mer capt i delui nontest vf edight ahd Sehvy nephtha Hothe exdiastibhicdebe whidihspaoreh e
renoved therefrom and .
such as mercaptans from the naphtha to an agueous treatment solution where the
mercaptans subsist as mercaptides, and then separating a treated light and heavy
naphtha substantially reduced in mercaptans from the treatment solution while
curtailing treatment solution entrainment in the treated naphthas. Preferably, the
mercaptan extraction from the light riaphtha 1s conducted 1in a first region or vessel
and the extraction from the heavy naphtha is conducted in a second region or vessel
physically separated from the first region or vessel. Preferably, the extraction of
the mercaptans from the naphtha to the treatment solution is conducted under
anaerobic conditions, i.e., in the substantial absence of added oxygen. In other
embodiments, one or more of the fol]dwing may also be incorporated into the
process:
(1) stripping away the mercaptides from the treatment solution by e.g.,
steam stripping,
(ii) catalytic oxidation of the mercaptides in the treatment solution to form
disulfides which may be removed therefrom, and
(i1i) regenerating the treatrnent 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.



(iii) regenerating the treatnment solution for re-use. Sulfonated cobalt
pht hal ocyani ne may be enpl oyed as a catal yst when the catalytic-sgng@ﬁion
of the mercaptides is included in the process. WO 02/ 102933 -7 é 2005
PCT/USOZ/lggg? 2'1G®%41 The treatment sol ution may be prepar edcytsvomknsni ng
al kali metal hydroxide, alkylphenols, sulfonated cobalt pthal ocyani ne, and
wat er. The anobunts of the constituents may be regul ated so that the
treatment solution forms two substantlglly i mm sci bl e phases, i.e., a less
dense, honobgeneous, top phase of disscol'ved al kali metal hydroxide, alkal
met al al kyl phenyl ate, and water, and a nore dense, honobgeneous, bottom
phase of dissolved alkali netal hydroxide and water. An anount of solid

aI kal i neli0ah4] hydr']E'bel tdeatmeyt belutiasaay be prefazedbly wombinimg dikahmeit! (e. g., 10
oluybility limt), as a buffer, for exarrple When t he

.% in excess, of S
treat ment Pﬁ%qe@ﬁ gPh%lOf}u% sybfonategsoball mealpeyainesesl weies. {lbe amennie i s
frequentl efer he extracta r extracta e top and
bot t om ph § C&’Pé ﬁe&% laay%’ﬁaegp]@tgﬁ%{f@hﬁ} at}'q:%;rqeﬁﬁ]‘s&&ugpggpﬁs gﬁ@l libriumin
a tenpe 0 t r.e range of
about " arty B OE BN 05 3R St helmOlerids o ARRE ] (e
for a trdaddieed aB@liuht@ hiardiGde, f41Ram ﬂ%ﬁ%ﬁ!gdﬁhéﬂoﬂh@('aﬁé witef @hd And three
di fferent al kyl phenols are shown in figure 00151 I'n one énbodi nent,
t her ef or emoze demsephasegeneatsybottorophasead disolwdnddkak dnetial hy drogideyairdbcar bon
to be treated and al | oned to settle. Followng settling, |ess dense treated

hydr ocar BB#ET-0fdt @HouBRisalvealkah %ﬁéhh}’dfﬁhtﬂeﬁﬁ?y & Preggyds Rrederablyna anot her
Coxt ract 2! ABePER(ER: AN ARt Sho e HRERHBL Bularsa Bucingr Ton of
T M, e e S b
may be  phase is frequently referred to as the extractant or extractant phase. The top and

bottom phases are liquid, and are substantially immiscible in equilibrium in a

temperature ranging from about 80°F to about 150°F and a pressure range of about

ambient (zero psig) to about 200 psig. Representative phase diagrams for a

treatment solution formed from potasstum hydroxide, water, and three different

alkylphenols are shown m figure 2.

[0015] In one embodiment, therefore, a two-phase treatment solution 1s
combined with the hydrocarbon to be treated and allowed to settle. Following
settling, less dense treated hydrocarbon located above the top phase, and may be
separated. In another embodiment, the top and bottom phases are separated before
the top phase (extractant) contacts the hydrocarbon. As discussed, all or a portion
of the top phase may be regenerated following contact with the hydrocarbon and
returned to the process for re-use. For example, the regenerated top phase may be
returned to the treatment solution prior to top phase separation, where it may be
added to either the top phase, bottorn 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.



returned to the treatnment solution prior to top phase separation, where it
may be added to either the top phase, bottom phase, or both. A%8th#ilhvely,
t he regenen phase may be added to the either top phase, bottom
phase, or Bg§ﬁQyE%§£quent to the separation of the top and BolAsH/ 1 i¥ses. 2
5 0Cl 2005 WO 112/102933 -8 PCT/ US02/ 18837 100161 The treatnent sol ution may
al so be prepared to produce a single liquid phase of dissolved alkali netal
hydr oxi de, dissolved al kali netal al kylghenylate, dissolved sul fonated
cobalt pthal ocyani ne, and water, provided the single phase is forned
conpositionally | ocated on the phase boundary between the one-phase and

Lﬁﬁgﬁhﬁiﬁﬂﬁﬁ  or ot b e SO TR Bl PR orredn ot 8 iada ik { op
Phase and Fas raeetyed PRATHER bRal R, O ol AR MR R Ve

met al al | gkqiieay kalfenaell @obhRplikdl¥cy MRS indi et Mprovi8ed a8 ld SAL is |
| ocation of the treatnment solution nay be ascertained by determning its

m sci bi | ifoymedtdontresibord by mesteaopre thesphaisk doun detyabetwieypd the bde-phibeand
anal ogous aqueous al kali_netal hydroxide is the bottom phase that would be
present iWaRBaseregions R Ws|temapnphess Gagremr pathes wends, bertpp phesomay

L e L L)
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m xture off tht ydsolvitesiRhE Im@hPh@loredeesikat MRS ﬁmgﬁlﬁf;sr@%t@aizaﬂe} RénhAe

conposition at which the mxture subsists in a single phase or as two or
nor e phagdssediagramdelee compdsitiofihkblqehter odithgtraatmment sobiticpneydet ed as a
ternary phase diagramas shown in figure 2. A conposition in the two phase
regi on i SSFETIREd Py RteIMIRRYS nyseibd ity gpith the analogous aqueous alkali metal

bydroxide. The analogous agueous alkali metal hydroxide is the bottom phase that

would be present if the treatment solution had been prepared with compositions
within the two-phase region of the phase diagram. As the top phase and bottom
phase are homogeneous and immiscible, a treatment solution prepared without a
bottom phase will be immiscible with the analogous aqueous alkali metal

hydroxide.

[0017] Once an alkali metal hydroxide and alkylphenol (or mixture of alkyl
phenols) are selected, a phase diagram defining the composition at which the
mixture subsists in a single phase or as two or more phases may be determined.
The phase diagram may be represented as a ternary phase diagram as shown in
figure 2. A composition in the two phase region is in the form of a less dense top
phase on the boundary of the one phase and two phase regions an a more dense
bottom phase on the water-alkali metal hydroxide axis. A particular top phase is
connected to its analogous bottom phase by a unique tie line. The relative amounts
of alkali metal hydroxide, alkyl phenol, and water needed to form the desired single
phase treatment solution at the phase boundary may then be determined directly
from the phase diagram. Ifitis found that a single phase treatment solution has

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



phase on the boundary of the one phase and two phase regions an nore dense
bott om phase on the water-al kali netal hydroxide axis. A partlﬁﬁm£ﬂ2m5p
phase is to its anal ogous bottom phase by a unique tie |line. The
relative aﬁgﬂﬁggh&%f al kali netal hydroxide, alkyl phenol, ditd/\&ed¢*3Reeded
to formthe desired single phase treatnent solution at the phase boundary
may then be determned directly fromthe phase diagram If it is found that
a single phase treatnent solution has lgeen prepared, but is not
conpositionally | ocated at the phase boundary as desired, 2 5 OCT 2005 WO
02/ 102933 -9 PCT/ 0S02/ 18837 a conbination of water renoval or alkali netal

hydr oxi de_addj t i npl b the t t sol ut
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sol uti ons, hits
anal ogous Iggloggggoaﬁrﬁ%dﬂh% gﬂeh{ d&g%ﬁy%ﬁ%h 5| r%gm@%%g’gﬁ?w "may be
prepar ed iRde bﬁ@;ﬁbrlyeﬁf@iréd)freﬁmﬁéﬁtledtio‘ﬁs‘@ftﬂiis'&ﬁboﬁﬂ@n@%ﬁ%@qerus al kal i
nmet al hydr oxi de, conpositionally adjusted, if require 100181

Accor di nglupstantialijorrteisciibodilnis tnalegeusigeeausadieali meatiterdrosideyttieon i s

pr epar ed corrp05| tionally located at the boundary between one and two liquid
phases orflasHed comasyiiohawy e Beparmd ambithendested hemanscdbikity nvithhis

hydr ocar ban Af t er the a ol uti on has bee con ct t he

hydr ocar BBGIO§AUSAgegUs 2 ‘@Sldﬁgfaéﬁ‘é(ar‘?}d e@@dggnp%gpayé&gé% e%o? t wo- phase
treat ment, ‘S)iélal ons, but no bottom phase is present in this enbodi nent.
Such a si ng e-phase treatnent solution is also referred to as an
extractant, even when no bottom phase is present. Accordingly, when the
treatnment solution is |ocated conpositionally in the two- phase region of

t he phasd0@i8igr afccohdingly iphasther smteidenesy atsngls-pHase ereatmentestlutioniren t he

treatnent solution is.pre flred W t hout a bott% phase, the treatnent
sol ut i on AT&P3E éroFkRPSl“éP ¥t losatediat dhe haundary between one and two liqud

phases on the ternary phase diagram, and then contacted with the hydrocarbon.
After the treatrent solution has been used to contact the hydrocarbon, it may be
regenerated for re-use, as discussed for two-phase treatment solutions, but no
bottom phase is present in this embodiment. Such a single-phase treatment sohition
is also referred to as an extractant, even when no bottom phase 1s present.
Accordingly, when the treatment solution is located compositionally in the two-
phase region of the phase diagrani, 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.

[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 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
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treatment solution and conducted away from the process so that a treated
hydrocarbon substantially free of mercaptans and of reduced sulfur content may be
separated from the process. In yet another embodiment, a second hydrocarbon may
be employed to facilitate separation of the disulfides and conduct them away from

the process.

[0021]  While it is preferred that the process operate continuously, the process
may be also be operated as a batch process where the extractant is conducted away
from the process following separation of the treated naphthas. When operated
continuously, the process may be operated so that the flow of the treatment solution
is cocurrent to naphtha flow, countercurrent to naphtha flow, or a combination
thereof. For example, the treatment solution flow may be cocurrent with the heavy

naphtha, but countercurrent with the light naphtha.

[0022] In one embodiment, the light and heavy naphthas are derived or
separated from a full range naphtha containing acidic species such as mercaptans
and alkyl phenols such as cresols. Preferably, the light and heavy naphthas are
separated or derived from a cracked naphtha such as an FCC naphtha or coker

naphtha. Cracked naphthas boiling in the range of about 65°F to about 430°F,



fromthe process follow ng separation of the treated naphthas. Wen operated
continuously, the process nmay be operated so that the flow of thg§t)(édelFent
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or even lower, as is known to those skilled in naphtha separation. Light
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boi 11NG  pe a5 10w as about 50°F or even lower, as is known to those skilled 1n naphtha
separation. Light naphtha may therefore contain methyl and ethyl mercaptans.
However, alkyl phenols, have boiling points above the light naphtha boiling range,

e.g., methyl phenol has a boiling point in the range of about 375°F to about 400°F.

[0024] Heavy naphtha derived or separated from cracked naphtha generaily
boils in the range of about 140°F to about 430°F. The lower limit of the boiling
range may be as low as about 130°F, and the upper limit of the boiling range may
be substantially lower than 430°F (e.g., about 400°F or lower) depending on the
distillation cut-point, as is known to those skilled in the art. The heavy naphtha
may therefore contain mercaptans up to about Cy (nonanethiol) and alkyl phenols
such as methyl phenols. The light naphtha therefore contains mercaptans but is
relatively lean in alkylphenols (i.e., too little to form a treatment solution capable of
extracting the light naphtha's mercaptans) while the heavy naphtha contains
mercaptans and is relatively rich in alkylphenols. It is consequently within the
scope of the method to use a single treatment solution for extracting mercaptans
from both the light and heavy naphtha while deriving at least a portion of the
alkylphenols for the treatment solution from the heavy naphtha. Generally, the

light naphtha contains alkylphenols present in an amount ranging from about zero
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hydrotreating may be (raﬁrzgil oyed to renpove undesirable sulfur species and
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to do so cY\ésErg%Té olté?i%usepe%%esftkgt W :[allj En?ésie%? contribute to an enhanced octane number
for the cracked product. While hvdrotreating 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 heavy
naphtha is a hydrotreated naphtha boiling in the range of about 130°F to about

350°F and containing reversion mercaptan sulfur in an amount ranging from about

10 to about 100 wppm, based on the weight of the hydrotreated naphtha. More
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cont act i pgneidlly sihelar featireightenidiidasy miphthgeTkeérldnye, digwmdpiithi s behe | i ght

and heavy naphtha. Therefore, the naphtha to be treated, whether |ight or
heavy, i $regiast, achether gl heavydisremiacted i ane iembodpnesewidr a firstggueous
treatnment .sol ution having t hases. The first ase contains .dissolved
al kal i mofan W&PB%H&@,”I\%%S\&‘FP% ﬁ%Ylpgr%’toal?haéF%y&Bﬁgﬁﬁ 35¢ ORI f onat ed

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 naphtha may be

liquid-liquid. Alternatively, a vapor naphtha may contact a liquid treatment

solution. Conventional contacting equipment such as packed tower, bubble tray,

stirred vessel, fiber contacting, rotating disc contactor and other contacting

apparatus may be employed. Fiber contacting is preferred. Fiber contacting, also

called mass transfer contacting, where large surface area provides for mass transfer

in a non-dispersive manner s 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

naphtha so that the contacting may conducted with the hydrocarbon in the liquid

phase.
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tri- and et ran sy ’t];eoqutp%gncqﬂ?iﬁ%z tprrz:ferred. 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.

[0028]  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
phase compositionally located at the phase boundary between the one and two-

phase regions and a bottom phase, or
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y 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 15 known.

[0030]  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 alkyiphenylate 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.

[0031} When extraction of higher molecular weight mercaptans from the heavy

naphtha (about C, and above, preferably about Cs and above, and particularly from
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desired, such as in reversion nercaptan extraction, it is preferable to
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treatment,;sof; %étgl%ydroxide 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 mmimum of about 5 wt.% alkylphenol 1s present, based on

the weight of the treatment solution.

[0032]  The extraction efficiency, as measured by the extraction coefficient, Kq
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, K4
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.

[0033] A simplified flow diagram for one embodiment is illustrated in figure 1.
Extractant (comprising the treatment composition's top phase) in line ! and a heavy
naphtha feed in line 2 are conducted to a first contacting region 3 where mercaptans
and alkylphenols are removed from the heavy naphtha to the extractant. Heavy

naphtha and extractant are conducted through line 4 to first settling region 5 where



entrainment in the treated hydrocarbon, particularly at the higher
viscosities encountered at higher alkali netal hydroxide concedtritild, is

over conme byo iBRHeM36i ng sul fonated cobal t phthal ocyanine in FE”?/JSP?%E“PM
solution. As is clear fromfigure 2, the 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
mol ecul ar wei ght of the allyl phenol, provided nore than a m ni num of about
5 wt. % al kyl phenol is present, based on the weight of the treatnent
solution. 100321 The extraction efficiency, as neasured by the extraction
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product, on a weight basis, in equilibrium followng mnercaptan extraction

fromthe f hydrocarhbon.to the extractant. [00331 A si i fli flow

i ar am 8PS Hne” heBTERE et e EXtreERuRM ot iidevie el mb A e

(conpri si 3 ' i.1LQnys : in ling. . y
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mer capt ang th@peehbky bPRARY S eflconteRRaths(donaitled tBeayn @R hde 10 ahhe
extractant. Heavy naphtha and extractant are conducted through line 4 to
first setdatalpgcalégeffechvehmoantifRiateP sl pthaAxQERIROASIRCAY 45C2/ 18837 t he
treated heavy naphtha is separated and conducted away fromthe process via
line 6. THddahan adebiit, Gosxcribmalionidriionesaulitians B emaiQed. flér m of

o Capt Gl SRS PR R FIEAREY DRSSO TS, 7 o
13 to effective amount m region &, additional amount may be added via line 12.

Undesirable oxidation by-products such as water and off-gasses may be conducted

away from the process via line 9. The disulfides may be separated from the

extractant and conducted away from the process, for example, disulfides may be

separated and combined with the heavy naphtha of line 6 (not shown).

Hydrocarbon (e.g., solvent) may be conducted to oxidation region 8 to assist in

disulfide separation, via line 14. In one embodiment, the contacting and settling as

shown in regions 3 and 5 (and 15 and 19; and 32 and 34) may occur in a common

vessel with no interconnecting lines. In that embodiment, fiber contacting is

particularly preferred.

[0035] In an embodiment, the extractant, hydrocarbon solvent, and disulfides are
conducted away from oxidation region 8§ via line 11 to second contacting region 16
where the extractant, disulfides, and hydrocarbon solvent are contacted with fresh
bydrocarbon conducted to region 16 via line 15. As in the first contacting region,
conventional contacting may be employed, and fiber contacting is preferred.
Effluent from the second contacting region is conducted to second settling region
19 via line 17. Hydrocarbon solvent, containing disulfides, is conducted away from

the process via line 18. Extractant shown in the shaded portion of the second



oxi dizing region 8 where the nercaptides in the extractant are oxidized to
disulfides in the presence of an oxygen-containing gas conducted §0CT gg§ on
8 via linewl®yandya catalytically effective anobunt sul fonatpecd”}(iggﬁl%l

pt hal ocyani ne acting as an oxidation catalyst. Conventional ©ox P
conditions may be enployed. If additional sulfonated cobalt pthal ocyanine
is required to make a catalytically effective amount in region 8,

addi ti onal amount may be added via |inel82. Undesirable oxidation

by- products such as water and off-gasses nmay be conducted away fromthe
process via line 9. The disulfides may be separated fromthe extractant and
conduct eq;emg_rfe%mﬁ, oo RLeCESSnished dgxaAat Bontiritiidnlescamindi&d vRERa at ed
and conbined with the heavy naphtha of line 6 (not shown). Hydrocarbon
(e.g., saGenmyxmzyregocdndnd tiech taoumxiddathobottegi pimsd ih thadswert (hatched)
disul fide separation, via line 14. |In one_enbodinent, the contacting and
set t| i ng PATIOBREVALIOR 2B gTbASOBCNRIBIY IEaPB] seEnlaigs exiracBRt SATPRAitioray
occur in.a conmon vessel ?é\ntt; [ nterconnecti.ng lines. In that.ﬂéﬁbodi ment ,
fiber coDaIgneavaEt i i 421Gy rerLrPBaT ROBSSE PRTIET DREIAAL , t he
extracta r I 1 I 1 u rom
oxi dat i on 3ishfARBERIERRRE X0y R0 HEILL HER PEE: pESTELEAES (ABASM fe
ext ract ants, a7 dndlesndited Ry €5 R%atREAsTOLWANT] BagitOns 36 F@ehei feBuft@esh
hydr ocar bon conducted to region 16 via Finé 15. As in the first contacti ng
regi on, therywatiaotiatomposamni. nfreaayeitesodmpdoyrey, baoshdidbed avaptiemtithg i s
preferred. Effluent fromthe second contacting region is conducted to
second s®rOFEsayIa et Adkwiphenglpal Ilvcd%dwcge adge@ma/bm 28@d8t ai ni ng

di sul fides, ,is nduct ed, a from t cess via line 18. Extractant
shown in°9ﬂ9"%‘t‘?§§8gﬂf>gﬁﬁ€f‘8ﬁ“o%0hﬂ%%“¥&hﬁ%‘558® 02/] 02933 -1s 2 5 0 C T 2005
PCT/US112 /1 883 7 settling region, now with dimnished disulfide

concentration, is conducted via line 20 to mxing region 37 and then
returned|0@3d]he Dothemphdaent,Nidgtheabbiierviaadectiegnd extractant via line 30 are

conducted to third contdcting region 32 where mercaptans are extracted from the
light naphtha. Effluent from the third contacting region is conducted to fourth
settling region 34 where upgraded light naphtha having a dimmished mercaptan
concentration 1s conducted away from the process via line 36. Extractant
containing mercaptan sulfur in the form of mercaptides is conducted to oxidation

region 8 via lines 35 and 13 for regeneration, as discussed for the heavy naphtha.

Example 1. Impact of Sulfonated Cobalt Pthalocyanine on Droplet Size

Distribution

[0037] A LASENTECH™ (Laser Sensor Technology, Inc., Redmond, WA
USA), Focused Laser Beam Reflecatance Measuring Device (FBRM®) was used to
monitor the size of dispersed aqueous potassium cresylate droplets in a continuous
naphtha phase. The instrument measures the back-reflectance from a rapidly
spinning laser beam to determine the distribution of “chord lengths™ for particles
that pass through the point of focus of the beam. In the case of spherical particles,
the chord length is directly proportional to particle diameter. The data is collected

as the number of counts per second sorted by chord length in one thousand linear



portion of region 29. The concentrating region 21 regul ates extractant
conposition by renmpving water via |ine 22, by e.g., steam stri pgih@epgs

anot her conwentijpsasy water renoval process. Alkali netal hy d
wat er may be added via lines 26, and 27 and conducted to coﬂéﬁﬁ%‘?&ggﬂg

region 21 via line 25 to further regulate the extractant's conposition,
Treatnent solution may be conducted away fromthe process via |line 24.

Al kyl phenol s, if needed, may be added vila-line 28 and conducted to the
treatnment solution via line 38. 100361 In an enbodi ment, |ight naphtha via
line 31 and extractant via line 30 are conducted to third contacting region

32 where g%ocﬁﬁé.asév&ra@hﬁﬁ&{&qg%agg@SE@?enrg{ﬂ%@ﬁge ﬁa;]lg%eﬂufrwggi fromthe

third contacting region 1s con ou regl on wher e

upgr aded keqiid toapivivide Hatatisdcalydsighifihe theaBiealt Hord (ONLRBRIZAt i on is
conduct ed avvag fromthe process via line 36. Extractant containing
mer capt andsghbuiion.n Themfetradods gyneraaptinlgsuited coddiecting changes idehison

region 8 éiga. ines 35 and 13 for regeneration, as discussed for the heavy -
napht ha. #ion as pipRetion pf parena Peresh BarieblPehal ocyani ne on Dropl et
Size Distribution 100371 A LASENTECHTM (Laser Sensor Technol ogy, Inc.,
Rednond, WA USA), Focused Laser Beam Refl ecat ance Measuring Device

FBRM r us peatal: i i Lum
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di stribution of "chord I engths" for particles that pass through the point
of focus @froome teyepmating. Aler shisengforspirey nuatitepattieitop @ad battoe phased | engt h
is directl roportional to particle dianmeter, The data is collected as the
nunber of W%B’%ﬁﬁ‘gwﬁgrm%E@ﬁEP g"&?i: &tbéﬁew?%wsrtap Pha%R Wap Htlgﬁﬁa AR RSEHER I Hear WO
02/ 1112933 PCT U 7. SbZ i wndr ed
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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

1ons, with the balance water, based on the weight of the bottom phase.

[0039] First, 200 mls of light virgin naphtha was stirred at 400 rpm and the
FBRM probe detected very low counts/sec to determune a background noise level.
Then, 20 mls of the top phase from the KOH/alkyl phenoi/water mixture described
above was added. The dispersion that formed was alléwed 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 ata
new chord length distribution. The most noticeable impact of the addition of
sulfonated cobalt pthalocyanine was to shift the median chord length to larger
values (length weighted): without sulfonated cobalt pthalocyanine, 14 microns;

after addition of sulfonated cobalt pthalocyanine, 35 microns.



second to provide a statistically significant nmeasure of chord |ength size
distribution. This nethodology is especially suited to detecting Th80peshi n
this distriputh@rzas a function of changi ng process vari abl Fé”l%‘%@%% In
this experinment, a representative treatnent solution was prepared by

conbi ning 90 granms of KOH, 50 granms 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 thegless dense top phase was utilized
as the extractant. The top phase had a conposition of about 36 w. % KCH
ions, about 44 w.% potassium 3-ethyl phenol ions, and about 20 wt. % water,

appr oxi et 0191 8 i BeRehed fian b G R RRE S Soa CRtel ieBfe ST BRRGRBREE fel gt
of the bokh@mePRasfn bOM3Uisherssd cxt%%galgiiett?rg@geté NIRchVEeS At gR ha was

stirred at 400 rpm and the °FBRM pro ed very Tow counts/sec to

det er m necealbscdogedtiadlangirsactiaviaize dropédts. 20 arprefepfed difbddndhasdefd om t he
KOH al kyl phenol /water m xture descri bed above was added. The di spersion

t hat f or nBENWHEPEIRIVEWWedtaasing is emppyed upingut gs, afiber contattenpidistedueed At thi s
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solution stabilized at a ew chord I7ength tion. nost noti ceabl e
i npact of be bartaided b'yoihe?freseaub bouss adfenhed tolpdlhptintyanniee. was to shift the

medi an chord length to larger values (length weighted): wthout sulfonated

cobalt pthal ocyanine, 14 microns; after addition of sulfonated cobalt

pt hal ocyapi ne, 3% m.crons.. W 200 P_CT{

10040] |t=ps i
reduce thgyydrotreated Naphtha

[0041] Determuination of mercaptan extraction coefficient, K.,, was conducted as
follows. About 50 mis of selectively 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 xﬁercaptide
anions with oxygen, which would produce naphtha-soluble disulfides. Due to the
relatively high volatility of naphtha at room temperature, two ten mls sample of the
degassed naphtha were removed by syringe at this point to obtain total sulfur in the
feed following degassing. Typically the sulfur content was increased by 2-7-wppm
sulfur due to evaporative losses. Following degassing, the naphtha was placed in a
temperature-controlled oil bath and equilibrated at 120°F with stirring. Following a
determination of the ternary phase diagram for the desired components, the
extractant for the run was prepared so that it was located compositionally in the
two-phase region. Excess extractant was also prepared, degassed, the desired
volume is measured and then transferred to the stirring naphtha by syringe using

standard inert atmosphere handling techniques. The naphtha and extractant were



surface tension of the dispersed extractant droplets, which results in their
coal escence into |larger nedian size droplets. In a preferred enbodi nent,
where non-dispersive contacting is enployed using, e.g., a fi be? 3d6mt2805t or
this reduced®"éd¥¥3te tension has two effects. First, the reBUBE&IXSRIace
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 entraijnment would be curtailed by the
presence of the sulfonated cobalt pthal ocyani ne. Exanple 2. Determ nation of

Extraction Coefficients for Selectively Hydrotreated Naphtha 100411

Determ natj.on.of nerc an. extraction ficient,. K eg, was conducted as
Fol Lows. 5564 et shntor dsieset et oL hdFotbanteartp e TRRPHOHEE nt o a
250 nm S f i be T - i~ bar.
This fl as&bﬁéﬁ%%st%vgg %lwgﬁgﬁp?}%g?&e' g[g{;{? ‘5%@03% ﬁaﬁﬁ#@?ﬁ%‘ﬁﬂgﬁépf t ubi ng.
The napht Bairi@ed ridpEARSREreni ARV RIe SUBGHRIH ﬁﬁéégéﬂﬁ&mphefé Add vates (20
times). Oxygen was renoved during these experinents to pfevent reacting the
ext r act edinmenvepiandsle vaalis 0 MS/paedily, awpgamplehoftheverigidapfeedusere also

napht ha- sol ubl e disulfides. Due to the relatively high volatility of

napht ha aénalyeed fempeatal uHar dajpmaaatignsbs Ampy dlwhesdeace.dddgswsplenpit ha
were renmoved by syringe.at this point to opbtain total,.sulfur in the feed
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sul fur du I ] ng, ha was
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stirring. pfeptdpih edtractishe tftb The ahh&fiOdx tiAtearite IMAs ¥sasiordixagnanifedlont he
desired conponents, the extractant for the run was prepared so that it was

| ocat ed csawzosliminenaivwhich the tnercdpten phakat ragimeasuied eds dsdusaat,dhe was al so
pr epar ed, _degasse %’ge_ desired ,volune (s neasyred and then transferred to

the stirrFEXyaraeh GieBhdrags dpdingg asdha ezt 8f PrldvE CORGHEBHOR PIRYRANG ng
techni queg. 48 SARMNRANY B LAEA A, 0 IR 22 Q283Rviddh By e © T 2005
concentration of sulfur in the form or mercaptides (also called "mercaptan sulfur")

in the selectively hydrotreated naphtha following extraction:

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

Example 3. Extraction Coefficients Determined At Constant Cresol Weicht%

[0042]  Asis illustrated in figure 2 the area of the two-phase region in the phase
diagram increases with alkylphenol molecular weight. These phase diagrams were
determined experimentally by standard, conventional methods. The phase
boundary line shifts as a function of molecular weight and also determines the
composition of the extractant phase within the two-phase region. In order to
compare the extractive power of two-phase extractants prepared from different
molecular weight alkylphenols, extractants were prepared having a constant
alkylphenol content in the top layer of about 30 wt.%. Accordingly, starting
composition were selected for each of three different molecular weight

alkylphenols to achieve this concentration in the extractant phase. On this basis, 3-



PCT/ US02/ 1$837 stirred vigorously for five mnutes at 120F, then the
stirring was stopped and the two phases were allowed to separate€ 5aEt &5
about fiveud piBs;; twenty ms of extracted naphtha were repopved while
still under nitrogen atrmosphere and | oaded into two sanpl e VHVs02/18837
Typically, two sanples of the original feed were also analyzed for a total
sul fur determ nation, by x-ray fluorescence. The sanples are all analyzed
in duplicate, in order to ensure data i.npegrity. The reasonable assunption
was nmade that all sulfur removed fromthe feed resulted from mercaptan
extraction into the aqueous extractant. This assunption was verified on:

et ot i GHOBAPH o Rty HEE] PG A o TR P Ranoh /et SUnDRGHABRL Y at i on

pr esent iﬂﬁer&é\ﬁtsfﬁ'érﬂe%fictg&riﬁ 08 ("nercaptan sulfur”) in the extractant
JES : .

di vi ded by concentration®f sulfur in the formor nercaptides (al so
called "nercaptan sulfur”) in the selectively hydrotreated napht ha
following extraction: Keq = [RS- Mt in extractant] [RSH in feed] after
extracti dig4Bxanmilte Bguedhoaet iherplage bbimdaytfor Betlk oiithrealkAdpiemodd with Cr esol
Wi ght % 100421 As is illustrated in figure 2 the area of the two-phase

regi on i riheR®%aledphenadmmsishoranges gmpmg Hngynigresting ibe pbaseadpounsiagnt .
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al kyl phenol’s, extractants were prepared havi Ejng a const’ant al kyl phenol
cont ent idintetieylpbpndlagad 263, Saboneth$ihhenolvere 48y U3 rayldy6 redprctively. As can
conposition were selected for each of three different nol ecul ar wei ght
al kyl pherks! seepdndbisi fegure; hesexdprtiont sasfilegnisnior ke sxomisesktrpetaskat On t hi s
basis, 3 c%n%ta%t %k@lgggr?olvégn?ezr{t]d?gg %?gniﬁcant]y as the molecular weightwof the
alkylphenol increases. Though the heavier alkylphenols produce relatively larger
two-phase regions in the phase diagram, they exhibit reduced mercaptan extraction
power for the extractants obtained at a constant alkylphenol content. A second
basis for comparing the extractive power of two-phase extractant systems is also
illustrated in figure 2. The dashed 48% KOH tie-line delineates compositions in
the phase diagram which fall within the two-phase region and share the same
second phase (or more dense phase, frequently referred to as a bottom phase)
composition: 48 wt.% KOH. All starting compositions along this tie-line will
phase separate into two phases, the bottom phase of which will be 48 wt.% KOH in
water. Two extractant compositions were prepared such that they fell on this tie-
line although they were prepared using different molecular weight alkylphenals: 3-
methyl phenol and 2,3,5 trimethylphenol. The extraction coefficients were
determined as described above and were found to be 17 and 22 respectively.
Surprisingly, in contrast to the constant alkylphenol content experiments in which
large differences in extractive power were observed, these two extractants showed
nearly identical K.,. This example demonstrates that the mercaptan extraction

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



-22 PCT/ US02/ 18837 net hyl phenol, 2, 4-di net hyl phenol and

2,3,5-trinmethyl phenol were conpared and the results are depicte@5iQ{Tfigure
2. [00431 g filogse shows the phase boundary for each of t%? ﬂ&églfhenols
with the 30% al kyl phenol line is shown as a sloping |ine i Htare8&ig t he
phase boundary |ines. The neasured Keq for each extractant, on a w./w.
basis are noted at the point of intersection between the 30% al kyl phenol
line and the respective al kyl phenol pagse boundary. The neasured Kegs for
3- et hyl phenol , 2, 4- di net hyl phenol, ), 3,5-trinethyl phenol were 43, 13,
and 6 respectively As can be seen in this figure, the extraction
coefficients for the two-phase extractant at constant alkylphenol cont ent
drop si ghi§ beia@m Rhags. @%wrﬁﬂbé@mla}rl}’\}\%ﬂf‘dwpd@m ¢l&e anoyntipwiolecudareases.
Though the.. Vi ol s produce relatively |arger - two-phase regions
in the pﬁ%%% %E?éﬁ?hlﬂ%?'gxhibit reduced nercaptan extraction power for
the extractants obtained at a constant al yl phenol content. A second basis
for conparing the extractive power of two-phase extractant systens is al so

i |l ustr afacimplel 4.0Mérsaretiont dEMecexp3an FHmbl st frione Nigihthaat es conpositions
in the phase diagramwhich Tall wthin the two-phase region and share the
same second phase (or nore dense phase, frequently referred to as a bottom

phase) corrp05| tion: 48 w.% KOH. All starting conpasitions. al ong this
tie-1inel¥M4  pAdspresepiativedreatment sulution $@s Prepareadit eompHEBE 488 whi ch
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trinmethy e extrac |onc Icients were determne scrlbed

above anchtmwe pioiged wisichewdré s@Eera?éﬂ r'ehpectrhotehy(lessSdere) phagsl h’ad an
contrast to the constant al kyl phenol content experinents 1n which |arge

di f f er encempoaitiont ofadiauy € 1 pyiks Kb eorshsboutedf; witlie qwtassoursxnethyl ant s showed
nearly id ederm strateg that the ner tan

nti.cal. Keq. Thi a p
extracti Bhomndf iongrmag Ao hy B8 By P56 b SRAIR TSN OF T8 kal | et al
hydr oxi dgxt%c%ﬁt?tanh "he bottom (more dense) phase contained approximately 53 wt%

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

[0045]  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 Cq C-, and Cq 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 Cg, C;, and Cg recombinant mercaptan sulfur in the
extractant were determined. The resulting K., s were calculated and are shown in

column 1 of the table.

[0046] For comparison, a conventional (from the prior art) extraction of normal
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 recombinant mercaptans using the mstant
process 1s more than 100 times greater than the extractive power of the

conventional process with the less readily extracted normal mercaptans.



WO 02/102933 -23 2 5 OCT 2005 PCT/ US02/ 18837 the bottom phase, and is
substantial ly independent of the anmount and nol ecul ar wei ght of 7 h&(Cal2hogl
phenol . Exgy®hgidyszMeasur ement of Mercaptan Renoval from Na 44] A
representative treatnent solution was prepared by conbini ngp‘g}t’a‘@ag{z@&%@

KOH, 246 grans of water and 198 grans of al kyl phenols at room terrperature.
After stirring for thirty mnutes, the mxture was allowed to separate into
two phases, which were separated. The extractant (|ess dense) phase had a
conposition of about 21 wt.% KOH i ons, about 48 wt. % potassi um net hyl

phenyl ate ions, and about 31 w.% water, based on the total weight of the
extractant, and the bottom (m)re dense) phase contai ned approxi mately 53 w %
KOH i ons -thne ||L, Wat-e baseden—theweight—of the ""‘”"mrﬁphase.
100451 o%@aM9nM?% t he extraé‘tee»nt phase 7vas conbilhed with tﬂll‘ ee

parts bﬁ wei ght \,0f. a. sel ect| Vv tr ted i nter i at.e cat na a
("I'CN') having aXQ lgﬁftl al boj ﬁl}%&c ﬁﬁ %B%ﬁs[e 9§T§g Bﬁf‘g ned
C6, C7, and Cs recpnbl nant  ngEr capt ans.__lhe [CNangd extrac g@ erré

equilibrated at a { ent pressure and 135F, and the concenfration of 636 C7,
and Cs reconbi nantcgercaptan ssul fur in the naphtha and thegpncentration of
0

C6, C7, and C3 reconbinant nercaptan sulfur in thel extractant were
determ ned. The reGulting Keq s were calculated and are sho@é in colgym 1
of the t;E.b_L.e._.J,OQAé_]._Eg.r_goapari son,..a conventional (fromthe prior ant)
extracti pn of nornfek mercaptians from gasoline usihg a 15 wS % sodi um

hydr oxi d¢—setutt+or—at—90Ft+s—1—showr—+n—~col-uvm—2—-ofthetable—Fhe—~econpari son
denonstrates that ¥he extractli on power—of the nore diffi cullt to extract
r econbi namt—ercaptans using-te ITIdeﬂ%l—pl ocess s norethan ‘IU”ﬁLﬁ}tES

greater {han the extractive power of t conventi pnal process with the |ess
readily extracted @erar mergaptans. 5 g 0.03

Cy 1.18 Not measurable

[0047] As is clear from the table, greatly enhanced K, is obtained when the
extractant 1s 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 compositionaily 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 Keq of the
top phase extractant is one hundred times larger than the K., obtained using an
extractant prepared from a single-phase treatment solution. The large increase in
K, is particularly surprising in view of the higher equilibrium temperature
employed with the top phase extractant because conventional kinetic considerations
would be expected to lead to a decreased K., as the equilibrium temperature was

increased from 90°F to 135°F.



WO 02/102933 -24 2 5 OCT 2005 PCT/ US02/ 18837 Mercaptan Mol ecul ar KeqC Kﬁﬁq
Wei ght Extractant fromtop phaseSi ngl e phase extractant Cl--1000 @5 0ilet)
C3--30 cn-ﬁ] 5511 C615. 10. 15 C77.60. 03 C81. 18Not measurabl e [0047] As is
clear fromth® 1'abPe, greatly enhanced Keq is obtained whenPCAAISO&Ki$BACE ant
Is the top phase of a two-phase treatnent solution conpared with a
conventional extractant, i.e., an extractant obtained froma single-phase
treatment solution not conpositionally .ocated on the boundary between the
one phase and two-phase regions. The t'ga'phase extractant is particularly
effective for renoving high nolecular wei ght nercaptans. For exanple, for
C6 nmercaptans, the Keq of the top phase extractant is one hundred tines

| ar ger t hixanele®gVbirtcapian Fodi addicn rom NatorahG agrepad ensateom a

si ngl e-phase treatnment solution. The large increase in KeQis particularly
surprising in view of the higher equilibriumtenperature enployed with the

expett od 1GBLaq Aderiaap e S0 IR AT b nf P D ERGet R e s |
i ncr easedplr o 99F T ddrfetartt phafChad 3%dmposition of about 21 wt.% KOH ions,

about 48 wt.% potassium dimethyl phenylate ions, and about 31 wt.% water, based

on the total weight of the extractant, and the bottom phase contained approximately
52 wt.% KOH 1ons, with the balance water, based on the weight of the bottom

phase.

{0049] 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 C; and above. The natural gas
condensate had an initial boiling point of 91°F and a final boiling point of 659°F,
and about 1030 ppm mercaptan sulfur. After equilibrating at ambient pressure and
130°F, the mercaptan sulfur concentration in the extractant was measured and
compared to the mercaptan concentration in the condensate, yielding a K of

11.27.

[0050] For comparison, the same natural gas condensate was combined on a 3:1
weight basis with a conventional extractant prepared from a conventional single
phase treatment composition that contained 15% dissolved sodium hydroxide, i.e.,
a treatment composition compositionally located well away from the boundary with
the two-phase region on the ternary phase diagram. Following equilibration under
the same conditions, the mercaptan sulfur concentration was determined, yielding a
much smaller K¢, 0f 0.13. This example demonstrates that the extractant prepared
from a two-phase treatment solution 1s nearly two orders of magnitude more
effective in removing from a hydrocarbon branched and straight-chain mercaptans

having a molecular weight greater than about Cs.
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Gas Condensates (0048] A representative two-phase treatnment sol @i(H7T Mgss
prepared a Exanpl e 4. The extractant phase had a osition of
about 21 V\t%/(%/o&@)jﬁons about 48 wt. % pot assi um di net hyl W&tﬂgﬁ%‘t@s?ﬁns
and about 31 w.% water, based on the total weight of the extractant, and
the bottom phase contai ned approximately 52 wt.% KOH ions, with the baI ance
wat er, based on the weight of the bott phase. 100491 One part by wei ght
of the extractant was combined with three parts by weight of a natural gas
condensat e contai ni ng branched and straight-chain nercaptans having

mol ecul ar | wei ghts of about C5 and above The naturaI gas condensate had an
initial B ho Raversionideypgipts : : 5 Twpad about
1030 ppm . Rr essure and

130F, the=H ' o 2o Plwas measured and
conpared to the nercapt an concentratl on in the condensate yi el di ng a Keq of
11. 27. (0050) For conparison, the sane natural gas condensate was conbi ned
on a 3: 1jpysijght Thfaéﬁewntém%oﬁgméﬁmrtsohale [FehiRaAl (@hs RhSPaFRD 4 Oéﬂd%)
conventional “single phase treatnent conposition that contai ned 15%

di ssol vedoaguisitiortaylgrloxaidd, withm the twvao-pleaemregionc dotlosiihg ots sepafaowint fromal | y

| ocated well away fromthe boundary with the two-phase region on the
ternary prageatgiencempasiliomyihadorpbnsd (sxirerentuvwae contabedsaith Hﬁ@héhﬁt a%ns,
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[0052] 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 m the table.

[0053]  For reversion mercaptan removal, the table clearly shows the benefit of
employing extractant compositionally located on the phase boundary between the
one-phase and two-phase regions of the phase diagram. Extractants
compositionally located near the phase boundary, but within the one-phase region,
show a K about a factor of two lower than the K, of similar extractants

compositionally located at the phase boundary.
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4 2 31 28 41 26

5 1 43 21 34 18

6 2 43 22 35 36




Run#i n treatnent K-cresyl at eKOHWAt er Keq conposition

(Wt. 9% (Wt. % (we. % (wt./wt.) 111534516 2215355013 3131274215 42312820086 17005

5143213418 6243223536 2 5 0 C T 2005 -2884hat is clainmed is: 1. A continuous
met hod for treating and upgrading a |light and heavy naphtha contai ning
mer capt ans, conprising: (a) contacting in a first contacting region the
| i ght naphy/ha isoaghddigns with a first phase of a treatnment conposition
containing water, alkali netal hydroxide, cobalt phthal ocyani ne sul fonate,

and al kyl phenol s and having at | east two phases, wherein (i) the first phase

fyar oxd de. et ¢ coOR) eyl St TR fsp ReRCRARRA BB, T D)

| east a peohiaingdhetchptand, kymprkiapyl ate is derived from al kyl phenols in
heavy naphtha, and (ili). the second phase contains water and di ssolved
al kal i metal hy@eerfagng inpirspgentacting segion fredighamndiha gpnditiogswite fissgnt

napht ha t

ess eavy nap contacting I'h a second

t he
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al kyl phe (f)l%sgs.éeqf al tfe%trﬂfgﬂ%?ﬁ)go%ﬂgn Lérggihwtg@é}z %‘%al?%‘ieﬁ'h?{lﬂ&%d% copgentration o

cont act i nghriaficpmihdsul fomatey amtbgi kglbbensi s dndthaeingiar kiastphaghaods, whéreint r eat ment
iti wher ei i he h h h hi ili h
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napht ha,
alkali metal hydroxide, water, and dissolved sulfonated cobalt

phthalocyanine,
(i1} at least a portion of the alkyl phenylate is derived from alkyl phenols in
the heavy naphtha, and
(iii) the second phase contains water and dissolved alkali metal hydroxide;
{(b) extracting mercaptan sulfur from the light naphtha to the first phase, the light
naphtha containing a concentration of alkyl phenols less than the heavy naphtha;
(c) contacting in a second contacting region the heavy naphtha with the first phase of
the treatment composition, wherein,
(1) the heavy naphtha has a higher boiling range than the light naphtha, and
(i1} the heavy naphtha has a concentration of alkylphenols greater than that

of the light naphtha,
(d) extracting mercaptan sulfur and alkylphenols from the heavy naphtha to the first
phase;
(e) separating an upgraded light naphtha and separating an upgraded heavy naphtha;
and

(f) separating mercaptan sulfur from the first phase, and then conducting the first

phase to at least step (a) for re-use.
2. The method of claim 1 wherein, during the contacting of steps (a) and (c), the first
phase is applied to and flows over and along hydrophylic metal fibers, and the naphtha

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

3. The method of claim 2 wherein the heavy naphtha contains a hydrotreated naphtha



(i1) the heavy naphtha has a concentration of al kyl phenols gr eazltoﬁg f:mgl t hat
of the |Iight naphtha, (d) extracting nercaptan sul fur and al kyl %o s from
t he heavy naphtha to the first phase; (&9-separating an upgraded |ight

napht ha and separating an upgraded heavy naphtha; and (f) separating
mercaptan sulfur fromthe first phase, and then conducting the first phase
to at | eaghd stleft b pdrtfodlof g MERaptdns akB eeviBiditdeRbptehai m 1 wherein, during
the contacting of steps (a) and (c), the first phase is applied to and
flows over and al ong hydrophylic netal fibers, and the naphtha flows over
the first  ,phas = r -\ ' . of claim?2
wherei n t fe hegxl}gg/ﬁlﬁgjbq?tﬁgiaé‘)oﬁn% QP%’S@“%@ rgt??%%cf%&&’hﬁlgdggﬁ%ﬁgﬁ‘@g C T 2005 - 29
and at | eagdrogeqpeat haphrhaoihdtwieréir tiaptasion alcecdpears havon nivkscnip hafight gleatefhe
met hod of claim 3 wherein the hydrotreated naphtha is a selectively

hydr ot r eathéd aﬁ%‘ﬁrﬁ:‘iha and wherein the reversion nercaptans have a nol ecul ar
wei ght greater than about C4. 5. The nethod of claim4 wherein the

reversi on mercaptans have a nol ecul ar wei ght greater than about C5. 6. The
met hod of 5cl ai Thd metedeaifreldimel whérkimtht sdecomahercgitadriaye panelaailarsvgglgsent i n
the first phase in,an anount ranging fromabout 10 to about 500 wppm based
upon the & feéﬁ'tanélpo'f ‘treatment solution. 7. The nmethod of claim| wherein
the treatnment solution contains about 15 wt. %to about 55 wt. % di ssol ved
al kyl phenol s, about 10 wppm to about 500 wppm di ssol ved sul fonated cobal t
pht hal ocy&ni ne Thabwthod2g cim BavherembbeisulBmatetl cobsltiphtbalbowaling ik prasentan al

hydr oxi de % to out ed .on the wei ght

d ab 10 ) 5 . % b
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i S presentyeight 5f @RSreb@cn@bslufien. i n an

7. The method of claim 1 wherein the treatment solution contains 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

treatment solution.

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

9. The method of claim 1 wherein the alkylphenols are cresols.

10. The method of claim 1 wherein the light naphtha contains less than 1000 wppm
alkylphenols, based on the weight of the light naphtha.

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

phthalocyanine disulfonate.

12, The method of claim 1 wherein the treatment composition is formed by combining



anount ranging fromabout 3 vol. %to about 100 vol. % based o? 5;@?] g@
of the naphtha, and the contacting is conducted in the substanti absence
of oxygen. 9. The method of claim 1l wheP@in the alkyl phenol s are cresols.

10. The method of claim 1l wherein the |ight naphtha contains | ess than 1000
wppm al kyl phenol s, based on the weight of the |ight naphtha. 11. The nethod

of clai m wawhét & mblhe ragidofanetoaoliak. Pt abalosy anidnealksi smetadhidroxide
pht hal ocyani ne di sul fonate. 12. The method of claim vvherei n_ the treatnent
conposi t i BhAl ANPBY G IS PHiZage Ystocabrubfhst. Yauligrated Febalin amount

rangi ng ff;%hl%@gmnellg aﬁﬁamodqﬂengihgtﬁton%ém108/%m%lae$ﬁt5fﬂs@ In, B}gr oxi de in an
anount ranging Tromabout 25 w. % to about % sul'fonated cobalt

pht hal ocyalﬂivllvhemqisalramumrmn@fr@nfab@mlﬁbﬂu% thGbppin @ wt. #bbated500heppm and
al kyl phenol sh t?ln anpun ran(%bng fromabout 10 wt. %to about 50 wt. %
based on PN GEgHEaGen] FUi P at nent sol ution. 13. The nethod of claim 12
wherein the contacting of steps (a) and (c) is conducted in the substantial
absence of ox 14. The method of claim 13 wherein the nmercaptan sulfur

y
s separatdd 1 fbamefwdrafiebim Ielseein Aheseaspicing obyicRs () ewhireitonguetibin

mer capt antheuS {)Hantfa?alg@égéeo&aor ggn soluble disulfides in an oxidizing region
in the presence of " oXygen and~a ‘catal ytically effective anount of

sul fonat ed cobalt pt haI ocyanine, (ii) separating the disulfides fromthe
first phase and then (iii) caonducting the first phase to at Ieast one of
steps (a) l4nd @By mediodraf sl 131@6@%@%@&1?@? S‘Elfl&dﬁ rengrassirepdhatiishg a

i ght and a contai ning nercaptans, conprising: (a) contacting
ina fi rspﬂ%gx%agﬁﬂg region the |ight naphtha with an extractant

conposi tion cofib aioni/efrgng\ﬂteeﬁercmt&smlﬁedo hydtadarborecaliblayithutfides én ardi ssol ved
sul fonat ed cobal t pht hal ocyani ne, di ssol ved al kal | ?‘Ft al
al kyl pheny! at e8% digpg regipn in'the presence 0 oxygen and a catalytically effective amount of
sulfonated cobalt pthalocyanine,
(i1) separating the disulfides from the first phase, and then

(111) conducting the first phase to at least one of steps (a) and (c) for re-use.

15. A method for treating and upgrading a light and heavy naphtha containing
mercaptans, comprising:

(a) contacting in a first contacting region the light naphtha with an extractant
composition containing water, dissolved alkali metal hydroxide, dissolved sulfonated cobalt
phthalocyanine, and dissolved alkali metal alkylphenylates, wherein

(i) the extractant is substantially immiscible with its analogous aqueous
alkali metal hydroxide,

(ii) at least a portion of the alkali metal alkylphenylate in the extractant is
derived from alkyl phenols present in the heavy naphtha, and

(iii) the light naphtha has a lower concentration of alky! phenols than the
heavy naphtha;

(b) extracting mercaptan sulfur from the light naphtha to the extractant;

{c) contacting in a second contacting region the heavy naphtha with the extractant,

wherein,



(1) the extractant is substantially immscible with its anal ogous ?glﬂgwm
al kali nmetal hydroxide, (ii) at least a portion of the alkali

al kyl phenyl ate in the extractant is derdlved from al kyl phenol s present in

t he heavy naphtha, and (iii) the light naphtha has a | ower concentration of
al kyl phenols than the heavy naphtha; (b) extracting nercaptan sulfur from

the Iight naphtha tgitie h@%\t}flﬂﬁyhﬂﬁth,asﬁﬁ)gh@plﬁ&ﬁﬁé kdh@e tth&h@Hglﬁﬂﬁl K@atadt i ng
region the heavy naphtha with the extractant, wherein, CPI)' 2005 - 31

(i) the heavy napht k&) thséieawma@h@tah%ﬁhlahewoalﬁ@erqﬂﬁa@fﬁ%inhﬁWts thaapght ha, and
(ii) the heavy naphyha. Hﬁg;%ﬂ?a hi gher concentration of al kyl phenols than the

| i ght naphtha, (d) e tracting nmercaptan sul fur and al kyl phenols fromthe
heavy napht ha t(d) ¢xtectigximeaaptantulffrend adgyiphatols dgroanthe hgaadeghlliaghthenapht ha
and separating an upgraded heavy naphtha; and (f) separating nercaptan

sul fur frﬁﬁtr?‘tg‘l@" text ract ant and then conducting the extract ant to at |east

step (a) for reesUugBarat iRl et Qiph%aadnﬂ‘séﬁar ipdratRaRaNYndpaiaL ha

contains a hydrotreate naph ha and at |east a por |on of the rercaptans
are rever sndn nercaptans having a nol ecul ar wei ght greater than about 4.

17. The met hod of cl |m16 er the tre t ed, napht ha |.s sel ectively
hydr ot r eat ed néﬁﬁttﬁé Wht ﬁulﬁﬁé&% raﬁaﬁe%%?gﬁ%nfﬁlﬁblég glem)l ecul ar
wei ght gr%ﬁirﬁ‘dtanttt@Meé’éi’@téb g&org@useThe rret hod of claim 15 wherein, during
the contacting of steps (a) and (c), the extractant is applied to and fl ows

over and along hydrophylic netal fibers, and the napht ha flows over the
extract ant 60" C[lfllern(lae%oc% anlm{ \I;vﬁére%htﬁg ﬁee}cvly%\évpltitﬂg Iegr%ams a hydrotreated naphtha

and at least 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.

18.  The method of claim 15 wherein, during the contacting of steps (a) and (c), the
extractant is applied to and flows over and along hydrophylic metal fibers, and the naphtha

flows over the extractant co-current with a first phase flow thereof.

19.  The method of claim 15 wherein the treatment composition is formed by combining
water in an amount ranging from about 10 wt. % to about 50 wt. %, alkali metal hydroxide
in an amount ranging from about 25 wt. % to about 60 wt. %, sulfonated cobalt
phthalocyanine in an amount ranging from about 10 ppm to about 500 ppm, and
alkylphenols in an amount ranging from about 10 wt. % to about 50 wt. %, based on the

weight of the treatment solution.

20.  The method of claim 19 wherein the extractant is present in an amount ranging from
about 3 vol. % to about 100 vol. %, based on the volume of the naphtha, and wherein the

extractant contains dissolved alkali metal hydroxide in an amount ranging from about 1 wt.



19. The method of claim 15 wherein the treatnent conposition is jg@ggq%ﬁy
conbining water in an anount ranging fromabout 10 wt. %to abou . %
al kali metal hydroxide in an anount radging from about 25 wt. %to about 60
wt. % sul fonated cobalt phthal ocyanine in an anount rangi ng from about 10
ppm to about 500 ppm and al kyl phenols in an amount ranging from about 10

w. % to ebebobMoMyt, %%0dikesed alMalith@al alilgHthyRie ibheint deahfmRtargalgutdan. 20.
The net hod of claim 19 wherein the extractant is present in an anount

rangi ng f Akt 18B8uto tg abeyt 950yt &0, apd silforeted\egbalt pthalpgxasingin anpeapst une of t he
napht ha, -gﬁg{ I r t.al ! I t al

hydr oxi de?al[Ill % n éﬁml%ﬁ%l%th?fﬁg?%gﬁpggﬁoé@%tbgﬁ%n%g%‘%k%gf%gbghh%’t % t o about
40 wt. 9% dissolved al kali metal al kyl phenylate ions in an anmount ranging
from abo 10 . Y% to about, 95 w.. % d syl fonated cobal t .pthal ocyani ne
1 an anooht AR B ARt St GBS G OB B STt he

wei ght of Fﬁﬂﬂﬁlo@%ﬁ&c&iﬁﬂfonat%.l- The met hod of claim 20 wherein the sul fonated

cobalt phthal ocyanine I1s cobalt phthal ocyani ne disul fonate. 22. The net hod
of claim 21 wherein the contacting of steps (a) and (c) is conducted in the

bst ant i b f L 23. T had lai m 2 . i,n t
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conver t i NehetdBstiRa¢ Al $fixfydén.t 0 hydrocarbon-sol uble disulfides in an

oxidizing region in the presénce of oxygen and a catalytically effective
anount of sulfonated cobalt pthal ocyanine, (ii) separating the disulfides

[ om 2, oSt PRl 0T A A b JaSOREROAR
extractant in step (t) by
(i) converting the mercaptan sulfur to hydrocarbon-soluble disulfides in an
oxidizing region in the presence of oxygen and a catalytically effective amount of
sulfonated cobalt pthalocyanine,
(i1} separating the disulfides from a first phase of the extractant, and then

(iii) conducting the extractant to at least one of steps (a) and (c) for re-use.





