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NAPHTHA STREAMS USI NG HI GH SI LI CA ZEOLI TES FI ELD OF THE | NVENTI ON [ 000l ]
The presewbozjoseedi on relates to a nmethod of renoving | owpleiusotrgnsssll f ur
conpounds from naphtha boiling range streans. The naphtha boiling range
streamis contacted with a high silica zeolite at effective conditions to
convert |ower boiling sulfur conpounds to higher boiling sulfur conpounds.
The naphtha streamis then fractionated into a | ower boiling stream having
substantially reduced | evels of sulfur conpounds and a hi gher boiling range
fraction contai nIREEMOVATL @E SUIF URNEFROM NA RETEHASTEREAMEGROUND OF THE
| NVENTI ON [ 0002] The presgqIN v g petroleumfractions is
hi ghly undesirabl e since m@@blwm%?sﬁﬁ envi ronnent al

probl ens. These conpounds are al so responsi ble for reducing the performance
of engines using such fuels. It has not been considered advisable in the
past to t g @Fqﬁ@%ﬁmrbon fluids in a pipeline used for the
transport arorm of sou n fluids, such as petrol eum crudes. The
maj or reason is that refined hydrocarbon fluids, such as gasoline and

di esel fugboomi CKTH®pERBhBMvEAHIHS rélRieh té.a Bethod bf #mbwingUow Bisilingen about
10 to 80 ny/L el enental sulfur is picked-up by gasoline and between about 1

to 20 ny/ suhecempatndsdroor naphthd badidgupnge sti¢amss | Thesaphihe boging! i ned.
Sul fur has a particularly corrQqgsiye ef]__{iect Qn equj pnent, syuch as brass
val ves, gitRfissstream iscrontesied mgth & highssilica zeplite gt pHeeth BORS ton-t ank f uel

Bl owabt 6 cPRYGRY &% B6ifne spiioy bolBohdS 8ptihe PEUTESHEY bithobtide Tover i

not or gasaly A #E’mﬁ i : LS. -~6 -2to

| ess thanqg%q‘\%ggtr%usuto gérgnﬂlgg%aﬁgopgteg\r@o%ﬁo?ﬁ%éﬁ@? sour‘%@ of

at nospher isghstamialy reduced lelhot'giifigi @mpounds ind hdigker boilieg gadpge desi gn
have reduced the total em ssions they have not changed the sul fur

em ssi ons fraction4pnaningdhe higher bailingrwdfurafongganindsas t o produce | ower sul fur
gasoline. For exanple, they can refine |lower sulfur crude. They can al so
hydrotreat refinery streans to renbve contam nants or use processes that

i ncl ude agsoFR N BRA i‘ﬁﬁ i ~NAGE Hydr odesul furi zation is the
convent i ofra—hyd : - pval of sul fur conpounds from
hydr ocarbon streanms. I n typical hydrodesul furization processes, a portion
of the sul[jen2]conPREpRésend¢ 6f sEfRVANHARIdsan PrabReM BAbLdRER Hfighigam by
reaction of the sulfur conponents wi th hydrogen gas in the presence of a
sui t abl e aatasiyatile smcedhey testittdneorosioin el enMmonnentalt problemsodlldsei s cool ed
and separated into a gas phase_and a liquid phase, and the off gas

cont ai ni nGORRPUBFE AT W%@éﬁ%&@ﬁ%ﬁ&gmp@ ormancs of SNEHIAS USHIE f ur t her

processi ng, d | 21 r . 1 e 0l J he maj or
o 0SS! RIS T ol B ARRRSHP AR i RS ETABSRY Al
undesi r ablygqh GbéRHRIdY in gi;;eaﬁ@ uSQIMotThE h‘ﬁﬁﬂf&fb@ioh%ﬂoﬁ} hjdRRbttodt | On)
and a significant octane degradation. Al so, these processes’require severe
condi t i ongluidsjchchas petrblevanpardes uThe mgot neaabm'tfﬂ théP beTinres] yelrbcabopr essur es
up to about 3000 psig. [0006] CGonzales et al. ("Can You Make Low Sul fur
Fuel and Hbuds,suchapeaselineand digsel fyek pick-up cpntomingnts suchvas elsmnntal

Nov/ Dec 19986) i ndicate that t desul furi zati.on. d Ul f
ovel s i n Sultei BatEsebetig 8o Rath-elermealontit if Bioked.u T Gilitee

{ion, . . . .
ggsz)??neeﬁﬁ\c}ﬁ‘gl&%ﬁ\gﬂ%@ %gr%ggfﬁ/ﬁoﬁ cg?ﬁ?eeg gé?ﬁ@%ﬁ@%’%&%e FS”uP]‘e{Jr | evel s
| over t haRyldiPpipeBREd WBRITuRhEs aghﬂfwwi)ecmirasilwaﬁe@ke@yécﬁuiphkﬁt,isqah aé |ight

cracked- napht ha. However, this is increnentally ) _
brass valves, gauges, silver bearings cages in two-cycle engines and in-tank fuel

pump copper commutators.

[0003] Furthermore, the maximum sulfur level allowable in gasoline in the
U.S. is 350 wppm. By 2004 the sulfur level in motor gasoline will be legislated
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WO 02/ 0S3@&8i PCT/ USOL/ ~CS. | G - 3even nore expensive than cat feed
desul furi zati on because of the high hydrogen consunption and | oss of octane
due to thwowdssgenati on of ol efins. Thus, the hydrotreat eg¢Taraekeds napht ha
needs to undergo an isonerization step to recover sonme of the octane.

[ 0007] Caustic extraction processes, such as the Merox process, is capable
of extracting sulfur from hydrocarbon feedstreans, which sulfur is in the
form of nercaptan conpounds. The Merox process was announced to the
industry in 1959. The Ol & Gas J. 57(44), 73-8 ( 1959) contains a

di scussion of the Merox process and al so of sone prior art processes. The

Mer ox pro S use cat al 1S - | 1 g%{ss' alternatively
is held oﬁ’elés%ﬂﬁblijr(prsboéﬁj‘? é@?gﬁﬁé@égﬁgﬁyfﬁ%&&g& f:oggcses?{f; t he presence
of ~Oxygen@iubphass tcbﬁtan'ﬁﬁhﬁﬁptﬁ'ﬂ?o@hesi%ﬂﬁbﬁﬁﬂ MRngesipemtfe dbsign Mast be
extracted, or converted, to neet an industry standard copper strip test.
Sodi um neredaptd s wta dmissipds tinsychaver motohhngd Ethersubfan emissiand. ut i on.  The
caustic solution, containing the mercaptan conpounds, is warned and then
oxidized with air_in the presence of a .catalyst in,a mx col um t hat
converts [0094ker Refimers bavpamwirber ofoREORS T BENYRE ilwyewﬁf}lrfgaa@lg}ewhe
disulfides, which are not saluble in.the caustic solutiqn.. can be separated
and recycf%e’fade fl’&é{p‘ia&rre@i’?ﬁ%ﬂ% h“ﬁBg 'rihf’%ﬁa%ﬁifpgygf%%?ﬁtst reamis
usual Iy sgipy ' tﬁfrﬂﬁé{nt I {8 isadheimds 9Rt&Btion [ 0008]
Such causti ce ??%%@%gé\r%?ggeegg%s, om%glér,g‘éiglﬁgecapggﬁﬁe ofmie%tra tioﬂg

sul fur onkyd absdrpgohor m of [ight nercaptan conpounds (for exanple, Cl to C4
mercaptans) that typically accounts for |ess than about 10% of the sul fur
present in a FCC gasoline. Caustic extraction is able to renove only

Iight er bE]u%mg y@r@d@gﬂﬁnﬁmuoglsﬂu?omnﬂgnaldu@oh@aﬁlﬁn@mm sul fi des
Commouna2 g e el 57 BRI e roe
appr eot antyEeBpe PR roBtsshh, B3l e Qfn Jrbocndl B Miodics”| o

_Q _ ProbhgiiBa a§aRfaMAffeMdireaAl By réactivh of the me&enmaﬂ on of
hazardous liquid waste streans, such as spent caustic (which is classified
as hazar dhydroges iga3 in thegpreyergasofst siatable edtalyst tr fosm Hydropehsulfidel ed air
effluent resulting fromthe oxidation step;. and the dispgsal of the

di sul fi deThe resmiting-pradvet 1s eaaled apd sepasated antordgassphase gardwdéquids fi cul ti es

i at i th dl di t t api nat ed d 0009

Aoorpe cohate! fnd B ofriths SonPRuiE 5T asS) Sia68 Bar B B ARk vl tanl ) )
t am " | . f Napht h
ol onapta foruir frdbesting S HydroRiifizi Y pradbiodt s TRANRER: |1 om FEPNL ha
June 20, %eg%ﬁhe,r&nlécmajo@ sQEYe s@ede in UNSI Rfindsy %adolihé, are\ehlardcefitzelddbyl 75 wppm)

for a 501 m xture of virgin and cracked naphthas using activated carbon
at 80C anboth a09adesitable luggaatem;ﬂz@bogﬂnecmmmoac(d‘uem olefin saturaBanent No.
5,807,475 teaches.that Ni or M, exchanged zeolite X and )Y can be used to

renove su‘l“*‘ﬁ"f‘ SiEMicA @ctancflRgridations AR, teseRracesses SEQWre SRS pt i on

processes_h a [ Rt ;0N cle whereby t gAt ami nant i s adsorbed from
the feed ?(Bﬁ{ﬁﬂﬁg SBgﬁ §S @@b ﬁle5ﬁn%§ﬁclf%le%\%€qnggggtﬁéls %ﬂfﬁ%ﬁw&ﬂ{f‘ff Y enpved
fromthe Ebd?‘iﬂ{ a0 10] In spite of the limtations, the above nentioned
processes, orul?t hte)()r%%g? part, provide satisfactory neans for reducing the

| evel of pollutants present in refinery hydrocarbon transportation fuel
f eedst ockf)006] | eVEbiszaldy ethal WECanpY ey Miake! vowcSigfiirdiled and Reggaifir ocesses are

not, however, suited for the econom c reduction of heteroatom pollutants in

t r anspor t @ompetitive)” Haw$slusl Kechaology and\ M anagesudid NoviRéd §99@0wer | evel s
that are naw, .or. wil] .sqop bg, .required over tal regul atipons. Thus,
there is Mk hag %h@eﬁrfeswﬁimzﬁﬂrb%ﬁregﬁsg suburlevelsan carked dephibas o

stricter ye L.Qns -5 Y T l PCT/ USO1
-/ 505-L6 [@O%q %hggclélgpvf\é}g{fgﬂvﬁ ? %gﬁgeﬁilggw ’n‘?%ﬁ?lflzﬁwf\%/ﬁ%e%\ls provi ded
a met hod §qfnot efeeCddantdpR dfane higHer $dbdlitie ddhvepRbAd'As HRultNd daf i Streams
containing | ow boiling sul fur conpounds, conprising: (a) contacting said
napht ha bdé¢suifugizationge Suifue dewels Iower thawg hbent 200ewppm are achievable via

hydrodesulfurization of light cracked-naphtha. However, this is incrementally




| arge pore zeolite at effective conditions to convert at |east a portion of
said | ower boiling sulfur conpounds to higher boiling sul fur conpounds; (b)
fracti onawionap/osbmscont act ed napht ha boili ng range stream igg@U1/5680€T
boiling range fraction and a higher boiling range fraction, said | ower
normal boiling range fraction boiling bel ow about 150C, and sai d hi gher
boiling range fraction containing the higher boiling range sul fur
conpounds. [0012] In a preferred enbodi nent of the present invention, the
ratio of silica to alumna of said high.silica zeolite is at |east 10%
greater than the base zeolite. [0013] In yet another preferred enbodi nent

. of the present inyention ' ' S ter than
about 6A FrELMarErapert i R T TRl Brctht oE PienBhISAER DY |2

present i pyedHnhibrd A RS 7R elrel due td the h?éicfg‘éhit@on bPOkBins! mhasotheer

« preferred enbodi nent of the present invention, the boiling range of the

napht ha shydmteatedomratkednaphths neednoaimdergS aiCisomertmtion 226010 1BRO FT

DESCRI PTI ON OF THE FI GURES [0016] Figure I A hereof is the chromatograns of

t he sulfu601§9@£ith¢ ec@nsl ysis for untreated Dartnmouth |ight cat cracked

napht ha of Exanple 1 hereof. WO 02/ 053G8 PCT/USA /SCS. t6 -6[0017] Figure

10 et ot T G TR s UL PR o YLt o o2

extracting sulfur from hydrocarbon feedstreams, which sulfur is in the form of

mercaptan compounds. The Merox process was announced to the industry in
1959. The Oil & Gas J. 57(44), 73-8 (1959) contains a discussion of the Merox
process and also of some prior art processes. The Merox process uses a catalyst
that is soluble in caustic, or alternatively is held on a support, to oxidize
mercaptans to disulfides in the presence of oxygen and caustic. Mercaptans are
corrosive compounds that must be extracted, or converted, to meet an industry
standard copper strip test. Sodium mercaptans are formed which are soluble in
caustic solution. The caustic solution, containing the mercaptan compounds, is
warmed and then oxidized with air in the presence of a catalyst in a mixer
column that converts the mercaptan compounds to the corresponding disulfides.
The disulfides, which are not soluble in the caustic solution, can be separated
and recycled for mercaptan extraction. The treated hydrocarbon stream is

usually sent to a water wash in order to reduce the sodium content.

[0008]  Such caustic extraction processes, however, are capable of extracting
sulfur only in the form of light mercaptan compounds (for example, C; to C,4
mercaptans) that typically accounts for less than about 10% of the sulfur present
in a FCC gasoline. Caustic extraction is able to remove only lighter boiling
mercaptans while other sulfur components, such as sulfides and thiophenes,
remain in the treated product streams. Also, oxygen compounds (e.g., phenols,
carboxylic acids, peroxides) and nitrogen compounds (e.g., amines or nitriles)

also found in FCC gasoline, are not appreciably affected by the Merox process.



[0018] Figure 2A hereof is the chromatograns of the sulfur-specific
analysis for the untreated Sal via cat cracked naphtha of Exanple 2 hereof.
[ 0019] Fiwore/n2isshereof is the chromatograns of the sul f upcyageikisss
analysis for the treated Sarnia cat cracked naphtha of Exanple 2 hereof.

[ 0020] Figure 3 hereof are the chromatograns of the sulfur-specific
analysis for the Dartnouth |ight cat cracked naphtha treated in accordance
wi th Exanpl e 3 hereof. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0021 )

Napht ha boiling range streans can conpgise any one or nore refinery streans
boiling, at about atnospheric pressure, in the range from about 10C to

. about 230 ref er abl [ 1 0; s . ably from
about  1350qHBEEs BEee ot SRRl At R Eldgdb nRaRdeTy
cont ai ns ﬁﬂ&iﬂ‘ﬁ%t@@ﬂéﬁﬂ@, AMYhCAY speit Gailstiy (WAIGH isebissifled 44 leahmlosi ¢ cracking
- unit naphtha (FCC catal ytic naphtha, or cat cracked naphtha), coker

napht ha, Wystehonedkeganstipdanewhiasanisenyomahe éanled airagffiubat reselbingani zed
Wher ei n_ SREpCIRGEI HgD: MGt iFBose ShMasts R STeam. PSR e o
are pr oduBineeging oy ndhie SFERDisRasS Rl Tk Puld R SORaptAdE S 1+ ne”
Mventi on Vel SoRERARRA (HoBBet. 2% BE 0 oy acked naphtha Str oam vi ||
generally range fromabout 0.05 wt. %to about 0. 7 wt.% and nore typically

from abouf00R997 Wdsérptiosioofied) aTovt-effedibeqaoodssttbecinovalowdeaid obf the
f eedst ock. These napht ha feedstreans will generally contain sul fur

conpoundscaentaminays Saleny Advetel, Removal offSulfisi Compeunds fremaphtha and
WO 02/ 0S3685 PCT/ 801é5g§. -, ' 7 . hecause_ of, ever sté' cter ~environnent al
regul at i oneluties Using Sp ‘%&9%?‘5% cryical Engiggerang aad Lephnglegy i n such

f eedst ockg,_ | ° . i o i matic
ror capt antUeGeih 8 R b el Kouion i RO itk 10300 58 1 oA 1
honol ogs %;,ﬁgﬁi : ' ' : ' t hose
having a ?g%ti vely ?gﬁﬂéﬂ?ﬁ%agkﬁﬂﬁﬂg@%ﬁ%ggtﬁ%ﬁ%\?ﬁgh? ggftt: cel |
si ze greai@l a 309G reduRtion sty Zeblite i3 RE 80°C.BR1JoSRS] PAkt Rbgh
silica-to-alumna we nean that the ratio of silicato-alumna is at |east
about 109,807 gl7érteithesahal Nast Mdexthahfed zeslita 0 and NVacart beusedste zeol ite.
For exanple, the base zeolite "faujasite Y' typically has a .

si | i ca- t oeemevenaulfutdompaunds frprehydsocaneomstyeams.| Typicebadsosption | | have a

silica-to-alum n%iaratio 0 f | ea Non-I.i m t.i n es of base

nat ural ZBONFYES B i Somion Aele wBREY At s9nta_aemtrlaaﬁ%oier§€$fr'ﬁabu ol te.
of 1ot 1 oheEt BMEEd by S ABbhRiorfy AP WHErelfAME CoRldnfina R ABRONES o111 cs

are zeol i frem the adsotbentK-4, ZK-5, E, H J, M Q T, Z alpha and beta,

ZSMtypes and onega. Preferred are the faujasites, particularly zeolite Y
and zeolite X, nore preferably those having a unit cell size greater than

6(err) i n[0@18fet dn sprtoof shaliplitations,aheabove mentined processesj fordhe mast ze of
She e ot gl i T g B S B8t oo
St 1 eam wi gty By cetboll GRERFRgH SRTHAGOAR bIBILHERIE 1 20 MPT RS

ef f ecti vepRIJRY MceptdBle. Bhesd pRIcessES ald RSN hoRkeveY, Qlitsd FdidRie Ze0l i te we
nmean at |l'east that amount of zeolite that will convert at |east 50 w. %

pr ef er abl gcomontie asductioaof Heiematdm pohldtants m paesportatiby fgeldatdstodkisan about
90 wt. % of the | ower boiling sulfur conpounds to higher boiling sulfur
- conpoundsthgresy and sebstanfialbhleawerdenels fad are mowconwilll seorm be,requided by
tenperatures from about, -.30C ahbput .300C, .preferahly. from about 0C to
Hbout | 100BSveroBlAL SeeatioRs o hhus vt aased Bt et Berimeid g about
* at nospher] t i . .from about atnospheric pressure

t o about %Sg%gggﬂﬁlgfﬁﬁg%ﬁhgs& %ﬁ%ﬂ?@éﬁ%&sm mean that fraction boiling
bel ow about 150C, preferably bel ow about 100C. After contacting is conplete
and a predeterm ned anount of the |ower boiling sul fur conpounds are
converted to higher boiling sulfur conpounds the treated naphtha feedstream
is fractionated into a lower boiling fraction and a hi gher boiling
fraction. The higher boiling fraction will contain the higher boiling
sul fur conpounds that were converted fromthe | ower boiling sulfur
conpounds. The lower boiling fraction will contain a substantially | ower
| evel of sulfur conpounds. The resulting lower boiling fraction is suitable
for blending into the nogas pool and will not require expensive

. N o T o M




WO 02/ 05368a PCT/ USOL/50s~6 _g_ followed by conversion of the hydrogen
sulfide to elenental sulfur in a Caus plant. [0025] It is within the scope
of this iwoansssst hat t he conversion of |ower boiling sulpgcdiyse®eEnds to
hi gher boiling sul fur conpounds and the fractionation of the two fractions
take place in separate vessels. For exanple, the conversion of the sulfur
conpounds can take place in a reaction vessel and the entire stream passed
to a fractionation vessel wherein at |east two streans are produced based
on boiling point. It is also within the-scope of this invention that the
conversion step and the fractionation step take place in a single vessel.
- For exanpkgs; Yoy i | 1 ation vessel wherein a full cut
napht ha |§M§£§§gﬁfgu E:IQ. %&%m wherein a |l ow boiling fraction and
a higher boiling fraction are produced. The lower boiling fraction rises
+ through agag)of 1hideBofianbé dvidPe!reset i vinfiohOthere Rayrowitibdiainbifodc ompounds
axe converted'to higher boiling conpounds, which end up in the higher
boi l'i ng f f@atdacingAbe bevey obsslifyr meriphdrcbloilinp eargegtteranimoediitaigidg et i on,
that can contain_ a relatively high level of sulfur conpounds, is passed to
a hydr odeboilingrsular icompousdaseomprisingef ore it can be used as bl endi ng stock
for the nobgas pool. [0026] This invention will be illustrated by the
exanples that follow, which exanples are not intended to be limting in any
way. EXAMPLES €anprentacting saiyl naphthaskoiling sangesesam with ghisilagn, gr ans of

1§ oobfeG e ot et conli BB ol Rl e
250 The VT euns St comPouidedy 1A iRy Sy AHRObAT P e °

treated DLCN was then drained fromthe colum. The WO 02/ 053685

PCT1USO01/ 505. 14,y 10 . ﬁ{g@ J bl i reated DLCN was
determ ned usi ﬁ)g} su?‘%hﬁ%%e ??035%%%?@?%8%&3 ?%gggirhﬁf@ae
chr omat oglver Boilng kavzeshithétivn &iP4 higher dodingstafga fRictibhusdid &3veek i n Figure 1
hereof. The sul fur conpounds elute fromthe colum as a function of boiling
poi nt, w hormalebdibng ramge fractiprpboiling behpoabdst B3070, ngdfshidshighdisbailingn, t he
sul fur conmpounds in the untreated DLCN primarily boil between nethyl
ner capt anrangg frstion-cantapignthe higherthoiling eangesmifur campoundsir conpounds in
the treated DLCN have boiling points greater than 2-nethyl-4-ethyl
t hi ophene se .chromat ogr a l earl how t he. conversj on of li.ght sul fur
conpounds[qoga ead %Bﬁré?wgiﬁ%@%@ o\fﬁ@e prsset %F?Qﬁn’ﬁh?/@uq #%@%ﬂ is 750
wppm whi | Uik é,ﬁ?@i]ﬁ:% :ps: f yiking bel ow
benzot hi of%éelne. éfﬁ?éﬁgelg esent ;Hegll @%r@(lla%ﬁgtf%‘p i%ﬁt&#}a illgr?tégesg l&lre
conpounds. Exanple 2 [0029] A glass colum was filled with 60 grans of high
silica zef)018¢ hdniyeg anothel prefetrod einbodivaentesf the Piresént ifviebRodrtiR bast000) ,
then flooded with 82cc of full boiling rangg cat naphtha from Sarni a,
Canada ( Smolite hpe aswoit eplbisize graaterthan abes Ggﬁmdmwcr.cs to 450F. The col um
was kept at about roomtenperature for 3 hours. The treated SCN was then
drai ned f he .col.um. .The splfur c 0Si ti in the.untreated,and
treated S s Bt %’ﬂ?-?&%@ﬁ@%@&fﬂ?%@@ﬂ%ﬁw S99 [ 0030]
The chonma 4he sulfur-specific analysis are illustrated in
Figure 2 %@ggg?a%@gﬁﬁm, the sul fur conmpounds in the untreated SCN
| argely boil between nethyl mercaptan and di net hyl benzo-t hi ophene) On the
ot her hanf)01he duldnother prefewedembodihent oftieqste &ak ilvengionpite tidlipgi nt s
greater than benzo-thi ophene. Again, these chromatograns clearly show the
conver si orange of shenaphthh istrgamutofuertreased tsufitom abouh 3§ to Bbowti 229°Eul f ur
conpounds. The total WO 02/ 0s368S PCT/ USOL/ 505~6 -11

BRIEF DESCRIPTION OF THE FIGURES

[0016] Figure 1A hereof is the chromatograms of the sulfur-specific analysis
for untreated Dartmouth light cat cracked naphtha of Example 1 hereof.



sul fur level in SCN is about 2000 wopm while the treated SCN only contai ns
60 wopm total sul fur bel ow benzo-thi ophene. This represents a 97% reduction
in the |i paoxsBésar conmpounds. Exanple 3 [0030] A gl ass copctyigsMResski | | ed
with 100 grans of standard Nal3X with a silicon-to-alumna ratio of
approximately 1. The Nal 3X was then flooded with 100cc of |ight cat naphtha
fromDartmouth (DLCN). The DLCN had a boiling range from CS to 250F. The
colum was kept at roomtenperature for 3 hours. The treated DLCN was then
drai ned fromthe colum. The sul fur cefposition in the untreated and
treated DLCN was determ ned using sul fur-specific gas chromat ography. [0031

-] The cho ra Ofth t 5 b d i Spadifitighg1otigd i n
Figure 3 Lizdrle f.ﬁﬁé{es%#%?eo?g%p%%ﬁgﬁgt%%%%@#?ﬁ?fgi(r)l m as a?function

of boi | i ngrredaéd Dattinkouith ¢ighovet crackdd napitha of Exampleihdisreatfuting first. As

* shown, although the total sulfur level in the treated product is |ower than

in feed (81 vs. 760 wppm the sulfur conpounds in the treated DLCN are the
sane as f {HS]in Elgererg«échGirMIth elaromatogramscfitie sultBrrspeciio pRaly S onpounds

d. .I nstead, | f I npl d bed to Nal3X
and.  uni | ke the PRGERES gl PR SAP PR SatRBE hGESE not converted to
hi gher nol ecul ar wei ght conpounds. wo oi/o~abs~ -12 CLAI V5.

PCTI US01/ 16 A . ' I ]
boi l'i ng rmgt]st ﬁ:elgﬁl}seh%%n egéorﬂlggﬁc%%}v%g%#ﬁéﬁgﬁgﬁ@%Pﬁgié}r?g%eudrlig%,Hﬁ%]g%rl%?i si ng:

(a) cont agrithe teated Saal bat daikednaphanost Bx4mple Phéleof hi gh silica zeolite
at effective conditions to convert at |east a portion of said | ower boiling

sul fur conpounds to higher boiling sul fur conmpounds; (b) fractionating the

cont act ed {0029t hFigureeh heieof arathecshromiatigramg of dhe sulfuraspecific anadysis hi gher
boiling ran raction,..said |l ower boiling range fracfion hoilin el ow
Sbout | 1501 the RATSR Ui ant ROk BIPHHE denfesm askordance with Exaiple

3 hereof.

DETAILED DESCRIPTION OF THE INVENTION

[0021] Naphtha boiling range streams can comprise any one or more refinery
streams boiling, at about atmospheric pressure, in the range from about 10°C to
about 230°C, preferably from about 100°C to about 220°C, more preferably
from about 135°C to about 220°C. The naphtha boiling range stream generally
contains cracked naphtha which typically comprises fluid catalytic cracking unit
naphtha (FCC catalytic naphtha, or cat cracked naphtha), coker naphtha,
hydrocracker naphtha, resid hydrotreater naphtha, debutanized natural gasoline
(DNG), and gasoline blending components from other sources wherein a
naphtha boiling range stream can be produced. FCC catalytic naphtha and coker
naphtha are generally more olefinic naphthas since they are products of catalytic
and/or thermal cracking reactions, and are the more preferred streams to be
treated in accordance with the present invention. The sulfur content of the cat
cracked naphtha stream will generally range from about 0.05 wt.% to about 0.7
wt.% and more typically from about 0.07 wt.% to about 0.5 wt.% based on the
total weight of the feedstock. These naphtha feedstreams will generally contain

sulfur compounds that need to be removed because or their corrosive nature and
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thiophenes and their higher homologs and analogs.

[0022] Zeolites suitable for use herein are those having a relatively high
silica-to-alumina ratio and having a unit cell size greater than about 64 in
diameter. By relatively high silica-to-alumina we mean that the ratio of silica-
to-alumina is at least about 10%, preferably at least about 50%, greater than the
base zeolite. For example, the base zeolite “faujasite Y™ typically has a silica-to-
alumina ratio of 2, whereas the high silica version will have a silica-to-alumina
ratio of at least about 4. Non-limiting examples of base natural zeolites include
gmelinite, chabazite, dachiardite, clinoptilolite, faujasite, heulandite, levynite,
erionite, cancrinite, scolecite, offretite, mordenite, and ferrierite. Included
among the synthetic zeolites are zeolites X, Y, L, ZK-4, ZK-5,E, H, I, M, Q, T,
Z, alpha and beta, ZSM-types and omega. Preferred are the faujasites,
particularly zeolite Y and zeolite X, more preferably those having a unit cell size
greater than 6A in diameter. For example, Zeolite Y and X have a unit cell size
of approximately 13A which is large enough to allow sulfur molecules to enter,

and larger converted sulfur molecules to leave.

[0023]  The present invention is generally practiced by contacting the sulfur-
containing naphtha stream with an effective amount of the high silica zeolites,
for an effective period of time. By effective amount of high silica zeolite we
mean at least that amount of zeolite that will convert at least 50 wt.%, preferably
at least about 75 wt.%, and more preferably greater than about 90 wt.% of the
lower boiling sulfur compounds to higher boiling‘sulfur compounds under
reaction conditions. Reaction conditions include temperatures from about -30°C

to about 300°C, preferably from about 0°C to about 100°C, and pressures from
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fractlonated into a lower boiling fraction and a higher boiling fraction. The

higher boiling fraction will contain the higher boiling sulfur compounds that
were converted from the lower boiling sulfur compounds. The lower boiling
fraction will contain a substantially lower level of sulfur compounds. The
resulting lower boiling fraction is suitable for blending into the mogas pool and
will not require expensive hydrotreating that consumes hydrogen, saturates
olefins and reduces the octane level. The higher boiling fraction will require
hydrotreating, such as hydrodesulfurization, to remove enough sulfur so that it
can also be used as blending stock for the mogas pool. Unlike the lower boiling
naphtha fraction, the higher boiling naphtha fraction does not contain many
olefins and therefore does not lose octane during hydrotreating.

[0024]  The higher boiling fraction can be subjected to conventional
hydrodesulfurization to remove at least a fraction of the sulfur.
Hydrodesulfurization is the conventional method for effective removal of sulfur
compounds. In typical hydrodesulfurization processes, a portion of the sulfur
components are removed from a hydrocarbon feed stream by reaction of the
sulfur components with hydrogen gas in the presence of a suitable catalyst to
form hydrogen sulfide. Suitable catalysts are typically those comprised of a
least one Group VIII metal, such as nickel or cobalt and at least one Group VI
metal such as molybdenum or tungsten, on a refractory support. Groups VIII
and VI refer to the Period Table of the Elements. Hydrogen sulfide can be

removed from the product gas stream by use of a wash solvent (such as amine)
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followed by conversion of the hydrogen sulfide to elemental sulfur in a Claus

plant.

[0025] It is within the scope of this invention that the conversion of lower
boiling sulfur compounds to higher boiling sulfur compounds and the
fractionation of the two fractions take place in separate vessels. For example,
the conversion of the sulfur compounds can take place in a reaction vessel and
the entire stream passed to a fractionation vessel wherein at least two streams are
produced based on boiling point. It is also within the scope of this invention that
the conversion step and the fractionation step take place in a single vessel. For
example, the vessel can be a distillation vessel wherein a full cut naphtha is fed
to a distillation column wherein a low boiling fraction and a higher boiling
fraction are produced. The lower boiling fraction rises through a bed of high
silica zeolite wherein lower boiling sulfur compounds are converted to higher
boiling compounds, which end up in the higher boiling fraction. As previously
mentioned, the higher boiling fraction, that can contain a relatively high level of
sulfur compounds, is passed to a hydrodesulfurization process unit before it can

be used as blending stock for the mogas pool.

[0026]  This invention will be illustrated by the examples that follow, which

examples are not intended to be limiting in any way.

EXAMPLES

Example 1

[0027] A glass column was filled with 60 grams of high silica zeolite having
a silica-to-alumina ratio of 4:1 (UOP HISIV-1000) and then flooded with 80 cc
of light cat naphtha from Dartmouth, Canada (DLCN). The DLCN had a boiling
range from about Cs to 250°F. The column was kept at room temperature

(22°C) for 3 hours. The treated DLCN was then drained from the column. The
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sulfur composition in the untreated and treated DLCN was determined using

sulfur-specific gas chromatography.

[0028] The chromatograms from the sulfur-specific analysis are illustrated in
Figure 1 hereof. The sulfur compounds elute from the column as a function of
boiling point, with the lower boiling point compounds eluting first. As shown,
the sulfur compounds in the untreated DLCN primarily boil between methyl
mercaptan and benzo-thiophene. On the other hand, the sulfur compounds in the
treated DLCN have boiling points greater than 2-methyl-4-ethyl thiophene.
These chromatograms clearly show the conversion of light sulfur compounds to
heavy sulfur compounds. The total sulfur level in DLCN is 750 wppm while the
treated DLCN contains only 37wppm total sulfur boiling below benzo-

thiophene. This represents a 95% reduction in the light sulfur compounds.

Example 2

[0029] A glass column was filled with 60 grams of high silica zeolite having
a silica-to-alumina ratio of 4:1 (UOP HISIV-1000), then flooded with 82cc of
full boiling range cat naphtha from Sarnia, Canada (SCN). The SCN had a
boiling range from about Cs to 450°F. The column was kept at about room
temperature for 3 hours. The treated SCN was then drained from the column.
The sulfur composition in the untreated and treated SCN was determined using

sulfur-specific gas chromatography.

[0030] The chomatograms from the sulfur-specific analysis are illustrated in
Figure 2 hereof. As shown, the sulfur compounds in the untreated SCN largely
boil between methyl mercaptan and dimethyl benzo-thiophene. On the other

hand, the sulfur compounds in the treated SCN have boiling points greater than
benzo-thiophene. Again, these chromatograms clearly show the conversion of

lower boiling sulfur compounds to higher boiling sulfur compounds. The total
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sulfur level in SCN is about 2000 wppm while the treated SCN only contains 60
wppm total sulfur below benzo-thiophene. This represents a 97% reduction n

the light sulfur compounds.

Example 3

[0030] A glass column was filled with 100 grams of standard Nai3X with a
silicon-to-alumina ratio of approximately 1. The Nal13X was then flooded with
100cc of light cat naphtha from Dartmouth (DLCN). The DLCN had a boiling
range from Cs to 250°F. The column was kept at room temperature for 3 hours.
The treated DLCN was then drained from the column. The sulfur composition
in the untreated and treated DLCN was determined using sulfur-specific gas
chromatography.

[0031] The chomatograms from the sulfur-specific analysis are illustrated in
Figure 3 hereof. The sulfur compounds elute from the column as a function of
boiling point, with the lower boiling point compounds eluting first. As shown,
although the total sulfur level in the treated product is lower than in feed (81 vs.
760 wppm) the sulfur compounds in the treated DLCN are the same as found in
the feed indicating that no conversion of sulfur compounds occurred. Instead,
some sulfur compounds were simply adsorbed onto Na13X and, uniike with the
high silica-alumina faujasites, were not converted to higher molecular weight

compounds.
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CLAIMS:

1. A method for reducing the level of sulfur in naphtha boiling range
streams containing low boiling sulfur compounds, comprising:

(a)  contacting said naphtha boiling range stream with a high silica
zeolite at effective conditions to convert at least a portion of said lower boiling

sulfur compounds to higher boiling sulfur compounds;

(b) fractionating the contacted naphtha stream into a lower boiling
range fraction and a higher boiling range fraction, said lower boiling range
fraction boiling below about 150 °C, and said higher boiling range fraction
containing the higher boiling range sulfur compounds.

2. The method of claim 1 wherein the ratio of silica-to-alumina of

said high silica zeolite is at least 10% greater than the base zeolite.

3. The method of claim 2 wherein the zeolites is selected from the
group consisting of gmelinite, chabazite, dachiardite, clinoptilolite, faujasite,
heulandite, levynite, erionite, cancrinite, scolecite, offretite, mordenite, and

ferrierite.

4, The method of claim 3 wherein the zeolite has a unit cell size

greater than about 6A in diameter and the zeolite is a faujasite.

5. The method of claim 1 wherein the naphtha stream to be treated
has a boiling range from about 10°C to about 230°C.

6. The method of claim 5 wherein the naphtha stream is a
catalytically cracked naphtha.
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8. The method of claim 1 wherein the lower boiling fraction boils
below about 100°C.

9. The method of claim 3 wherein the naphtha is a cat cracked

naphtha.

10.  The method of claim 1 wherein both steps (a) and (b) are

performed in a single vessel.



