WD 02/ 053685 PCT/ US01/ 50546 REMOVAL OF SULFUR FROM NAPHTHA STREAMS USI NG
H GH SI LI CA ZEOLI TES FI ELD OF THE | NVENTI ON [ 0001] The present invention
rel at es twoa2/estssod of renoving | ow boiling sulfur conporeb®¥sévdmenapht ha
boi ling range streanms. The naphtha boiling range streamis contacted with
a high silica zeolite at effective conditions to convert |ower boiling

sul fur conpounds to higher boiling sulfur conpounds. The naphtha streamis
then fractionated into a | ower boiling stream having substantially reduced
| evel s of sulfur co -ounds and a h| her b0|I|no range fractlon cont ai ni ng
t he hi gher boil i BEMY | 2 (Dt NERBAME | ON [ 0002] The
presence of sul fur conpOUUS$N(hHﬁEHHQHEEﬁM§EEK)LBEESls hi ghly undesirable
since they result in corrosion and environnmental problens. These conpounds
are .also responsible for reducing the perfornmance of engines using such
fuels. It has not been considered advisable in the past to transport
refined RIUNLODCOTOTHE INVISNITAON pi pel i ne used for the transportation of
sour hydrocarbon fluids, such as petrol eum crudes. The nmjor reason is
that refined hydrocarbon fluids, such as gasoline and diesel fuel, pick-up
cont ami na[ﬂﬂﬂll; uc H"Imsplesmtsnvaltlomﬂdtw to Butetieshobiteoueving low edling/ L

el enent al | fur is p| d up asol ine and bet bou to 20 ny/L
el ement al 8 FGPPRQUIG: h%lgq g[ral;gﬁzeqtreameri(% E(’“Q@Ifur has a
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comut at Oé(ﬁlve[*tol‘é%& %ﬂﬁﬁg‘@ﬁlﬁﬁr SmpHErdFRS 'h’ifg{[@r% sﬁlﬁﬁedo dpuRbl e in
gasoline in the US. is 350 wopm By 2004 the sul IeveI I n not or

gasol i ne Thé haplethh strieamais ¢blen fractionated into a lower boﬂmg stream having

substantially reduced levels of sulfur compounds and a higher boiling range

fraction containing the higher boiling sulfur compounds.

BACKGROUND OF THE INVENTION

[0002] The presence of sulfur compounds in petroleum fractions is highly
undesirable since they result in corrosion and environmental problems. These
compounds are also responsible for reducing the performance of engines using
such fuels. It has not been considered advisable in the past to transport refined
hydrocarbon fluids in a pipeline used for the transportation of sour hydrocarbon
fluids, such as petroleum crudes. The major reason is that refined hydrocarbon
fluids, such as gasoline and diesel fuel, pick-up contaminants such as elemental
sulfur. Between about 10 to 80 mg/L elemental sulfur is picked-up by gasoline
and between about 1 to 20 mg/L elemental sulfur is picked-up by diesel fuel
when pipelined. Sulfur has a particularly corrosive effect on equipment, such as
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



WO 02/ 053685 PCT/ US01/50546 -2 to |less than 30 wpopm Auto em ssions is one
of the highest sources of atnospheric contam nants. Although significant
changes w0 eng3mks desi gn have reduced the total em ssi onBCT/841/30846e not
changed the sulfur em ssions. [0004] Refiners have a nunber of options to
produce | ower sul fur gasoline. For exanple, they can refine |ower sulfur
crude. They can al so hydrotreat refinery streans to renpve contam nants or
use processes that include adsorption and absorption. [0005]

Hydr odesul furi zation is the conventi ofiat hydrotreating nethod for renoval
of sul fur conpounds from hydrocarbon streans. In typical

hydr odesul. fy . [ CEeB§B®Semidsi ' khs k Eonirceopponent s are
renoved %Prl%g%%%?g?g%@bon fzeel?jﬂzltggge?m&b&y@{tgactlg%% of the sulfur
conponentgmekplicrihyetitagémargas Althoulhk signifieantehefiges inuangins destgit Bayst to
form hydrogen sulfide. _The resulting product, s cqol ed.and separated into
a gas phasdueaibthg tptahemissipnsthey havg anéhQﬁng gs SPRSHYShy dr ogen

sul fide can be discharged to a Claus plant for further processing.

Hydr odesul f Hri zi rocesses. th . i | sul fur
source i ﬁobﬁ‘ﬂzj r%%ftﬁgriﬁﬁvaes%{l}l@%r éf @%lgsﬁgﬁrgglﬁ%ekﬂﬁef sh[)i-‘g{ gmadrilﬁlt? ndesi rabl e
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Si gnificgr;l eoct r%g’g%gzj(r&a zﬁmgél?&%l(so, ttﬁg%(gl S?%égeﬁ%é?ggm severe

condi t i ongfinstcrasndioieni@rpeomAmiesityer tse mboessedtARCimdudehdsoaption essur es
up to about 3000 psig. [0006] Gonzales et al. ("Can You Make Low Sul fur
Fuel and @enatiserpt@onpetitive," Hart's Fuel Technol ogy and Managenent,

Nov/ Dec 1996) indicate that cat feed desul furization can reduce sul fur

| evel s &Qﬁ@gf ;FW&BE‘%‘}?@%&H 819 is en?:on'{lfgn Tl ’hy%?&tfedt&g%e&%ﬁ%?i ve

opti on,

removal of sulfur compounds from hydrocarbon streams. In typical
hydrodesulfurization processes, a portion of the sulfur components are removed
from a hydrocarbon feed stream by reaction 6f the sulfur components with
hydrogen gas in the presence of a suitable catalyst to form hydrogen sulfide.
The resulting product is cooled and separated into a gas phase and a liquid
phase, and the off-gas containing hydrégen sulfide can be discharged to a Claus
plant for further processing. Hydrodesulfurizing processes that treat FCC
gasoline, the major sulfur source in U.S. refinery gasoline, are characterized by
both an undesirable high rate of hydrogen consumption (due to olefin saturation)
and a significant octane degradation. Also, these processes require severe
conditions, such as high temperatures up to about 425°C as well as pressures up

to about 3000 psig.

[0006] Gonzales et al. (“Can You Make Low-Sulfur Fuel and Remain
Competitive,” Hart’s Fuel Technology and Management, Nov/Dec 1996)
indicate that cat feed desulfurization can reduce sulfur levels in cracked naphtha
to 500 wppm. However, this is an expensive option, especially if a refiner
cannot take advantage of the higher gasoline conversions as a result of cat feed
desulfurization. Sulfur levels lower than about 200 wppm are achievable via
hydrodesulfurization of light cracked-naphtha. However, this is incrementally



cannot take advantage of the higher gasoline conversions as a result of cat
feed desulfurization. Sulfur levels |Iower than about 200 wppm are

achi evabliveo v2/653685ydr odesul furi zati on of |ight cracked- naph€hasolHodsyer
this is incrementally WO 02/ 053685 PCT/US01/50546 -3 even nore expensive
than cat feed desul furization because of the high hydrogen consunption and
| oss of octane due to the hydrogenation of olefns. Thus, the hydrotreated
cracked- napht ha needs to undergo an isonerization step to recover sone of
the octane. [00071 Caustic extraction processes, such as the Merox process,
I s capable of extracting sulfur from hydrocarbon feedstreans, which sulfur

isinth I f S furiA@ dorgfatis hu dwonennced to
t he indugetv];e{;@ar)ll% efgggéﬁgﬁféﬁgci & &Ggg J. 5@?25{?{,6@%%-8(51959 lg%nt gi ns a

di scussi aonshmptienMaddsss of octass daadd tesy dbgemtionmficddefing. t Thestesses. The
Merox process uses a catalyst that is soluble in caustic, or alternatively
i s hel d dydaotsestpdcracked-nsphthareedsde SRALILAA ISOMEHAIIGRH EEPiA '8¢ hr esence
of oxygen and ustic. Mercaptans are corrosive conmpounds that nust be
extract ecﬁon%ﬁoﬁ@ﬁ\%lt?%, to meet an industry standard copper strip test.
Sodi um nercaptans are fornmed which are soluble in caustic solution. The

caustic S@ﬂbpﬁ] ON CA50RE 8kRh&%ort PfocEBes AtichhsGRERALB Protess, WaapRisleatd t hen

oxi di zed air in the presence of a catalyst in a mxer colum that
converts di@cting salfunfiope hipdtovdsbdmofettsireams, edrioh ditfgr windhé fatesof The

di sul fides, which are not soluble in the caustic solution, can he separated
and r ecyahextaptam compoyndsn Eha Mezox proceyhwas aanowredyiaibe HdysHydBr eam i s

uoual 1y 6 otk ot Tomh SR LIRS BRNGRY L 000"
sulfur o nﬂr\scéﬁ dlEa1 @ O Ghne! it tarl ot RkaN THE TSR TS0t R ust¥ 3 ¥ataBystC1 to CA

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 Cy4
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.



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

| i ght er OO b2/053685mer capt ans whil e ot her sul fur conponent sPCEUSH/AS46sul fi des
and t hi ophenes, renmain in the treated product streans. Al so, oxygen
conpounds (e.g., phenols, carboxylic acids, . peroxides) and nitrogen
conpounds (e.g., amnes or nitriles) also found in FCC gasoline, are not
appreciably affected by the Merox process. WD 02/ 053685 PCT/ US01/50546 -4
Probl ens associ ated with caustic extrea&tion include: generation of
hazardous |iquid waste streans, such as spent caustic (which is classified

as_hazar qauplenealeBlia e Rhftcalific Ekhaaion ieiude: arensrution @i lisasrdoos! ed air
ef fl uent resuﬁtl ng romthe oxidation stegi; and the disposal of the

di sul fi ddiqtid &este fuedrhgrsuchvas spentroanstic (wichrisblagsigici as hagardans f i cul ti es
associated with handling a sodj um and _ wat er .cqont am nat ed prqduct. [0009
Adsor pt i omaste); shedly ga Wb@hi%e&%ég%f@@eé éﬁﬁgﬁu@g\fg?‘g&%s 01[ ]
contam nants. . Salem. A B. et .1 Renpy, f: f Napht ha
Sol ut i onsTQ; thy °§b‘ﬁ nﬁ%%ﬁ?msﬂﬂ?%%%&%ﬁ%gﬁ ?%‘%c%%ﬁ%gy?
June 20, gg%h{gﬁ%tl%xﬁs Gt dihiRRs la8sddited Witlthad @M@l a §GREmIMdL 7S wppm)

for ab virgin and cracked napht has using activated carbon

at 80C e\ngteacaﬂfh’qlﬁﬁma}gr@duusi ng Zeolite 13X at 80C. Also, U S. Patent No.
5,807,475 teaches that Ni or M exchanged zeolite X and Y can be used to

remove sul fur conpounds from hydrocarbon streans. Typica aijso ption
processes[0089F ar\dsozptien isooften, e cestrféachiyg Pragess sh iR Yakw (&ve rbed from

e T eed Lt OV SedecRsPLl . SUELS e A AN et
processesg,f,fhnd @%h@gblid Adsorbents,” Chemical Engineering and Technology,

June 20, 1997) report a 65% reduction in the sulfur level (500 to 175 wppm) for

a 50/50 mixture of virgin and cracked naphthas using activated carbon at 80°C

and a 30% reduction using Zeolite 13X at 80°C. Also, U.S. Pateﬁt No.

5,807,475 teaches that Ni or Mo exchanged zeolite X and Y can be used to

remove sulfur compounds from hydrocarbon streams. Typical adsorption

processes have an adsorption cycle whereby the contaminant is adsorbed from

the feed followed by a desorption cycle whereby the contaminant is removed

from the adsorbent.

[0010] In spite of the limitations, the above mentioned processes, for the most
part, provide satisfactory means for reducing the level of pollutants present in
refinery hydrocarbon transportation fuel feedstocks to levels which were
previously acceptable. These processes are not, however, suited for the
economic reduction of heteroatom pollutants in transportation fuel feedstocks to
the new and substantially lower levels that are now, or will soon be, required by
governmental regulations. Thus, there is a need in the art for improved

processes that can meet these stricter regulations.



part, provide satisfactory neans for reducing the |level of pollutants
present in refinery hydrocarbon transportation fuel feedstocks to |evels
whi ch weveo oposBvssousl y accept abl e. These processes are noPCT/Sw3Pe46, suited
for the econom c reduction of heteroatom pollutants in transportation fuel
feedstocks to the new and substantially |ower levels that are now, or wl|
soon be, required by governnental regulations. Thus, there is a need in
the art for inproved processes that can neet these stricter regul ations.
WO 02/ 053685 PCT/ US01/50546 -5- SUMMARY OF THE | NVENTI ON [0011] In
accordance with the present invention, there is provided a nethod for

reduci ng g@mw& OF THI YNVENTROIN ha boi | ing range streanms contai ning

| ow boi l unds, conprising: (a) contacting said naphtha
boiling range streamwith a high silica, large pore zeolite at effective
condi ti OWBOIPLCOMQééordQndeeﬁﬁhthe prestnioinventicmithere iopeovided himmethed| f ur
conpounds to higher boili nf? sul fur conpounds; (b) fracti onati,ng t he
cont act edonsghicing thsi levelgofr sbive is naphthaibeilingrangs sEeamsi ONREIPEAOY fracti on
and a hi he{, boiling range,fraction, said |lower normal boiling range

fraction WuHng syiweEmMPaMRds COBWESIE | sai d hi gher boiling range fraction

contai ning the higher boiling range sul fur conpounds. [0012] In a preferred
nbodi t of t i ti t (] f.sili - ' f

cai d high sili@h zourginasf RplBa voSad bis? sheoR f AL bR BT T o

[0013] | rlfi?’gt%;pcﬁg%eﬁfe &r&f&rd{v@@oﬁm%@@%n 1t b RaB LG Honl JT4@RE | on the

base zeo S a unit ce Sl ze greater than about™ 6A in dianeter.

[ 0014] | nosiek bbilapodileir qmepaindsdo digiediboiliig aflfurwnpesrls; i nvention the
base zeolite is a faujasite.

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

range fraction containing the higher boiling range sulfur compounds.

[0012] In a preferred embodiment of the present invention, the ratio of silica

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

[0013] In yet another preferred embodiment of the present invention the base

zeolite has a unit cell size greater than about 6A in diameter.

[0014] In still another preferred embodiment of the present invention the base

zeolite 1s a faujasite.

[0015] In another preferred embodiment of the present invention, the boiling
range of the naphtha stream to be treated is from about 35°C to about 220°C.

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.



[0015] In another preferred enbodi ment of the present invention, the
boiling range of the naphtha streamto be treated is fromabout 35C to
about 2200 02/@R6$F DESCRI PTI ON OF THE FI GURES [ 0016] Fi guP€T/US0If®s40f i S
the chronmatogranms of the sulfur-specific analysis for untreated Dartnouth
i ght cat cracked naphtha of Exanple 1 hereof. WO 02/053685 PCT/ US01/ 50546
-6 [0017] Figure 1B hereof is the chromatograns of the sulfur-specific
analysis for treated Dartnmouth |ight cat cracked naphtha of Exanple 1
hereof. [0018] Figure 2A hereof is théchromatograns of the sul fur-specific
analysis for the untreated Sarnia cat cracked naphtha of Exanple 2 hereof.
[0019] Fl[gg{ﬂ ZBF{’%%&€QB h&ebhB thbchr@haopenss of thetmmlfmspacificpmalysic

anal ysi s or' the treated Sarnia cat cracked naphtha of Eﬁgﬁple 2 hereof.
[0020] FifgtitreatddiRarembutr kghttoat crackad neghtesdixanmle JerepL speci fi ¢
analysis for the Dartnmouth light cat cracked naphtha treated in accordance

with Exanple 3 hereof. TAl L SCRI PTI ON T

Napht ha HBF$hg Fiswe 24 RESAE IR BENBFCEE ) e e B e er ey
streans I Lin a - | [ a f bout 10C
o - abouttosscihi@ledBifis B AR ot e Rl W gL T DT ef orabl y
from about 135C to about 220C. The naphtha boiling range stream generally

contai ns rgp redg?ﬂbtﬂ!ﬁh%bﬁhs thy Rhedhhto geanp of desslfurispecidicainalyses cr acki ng
uni t nap[ht a (FCC catal ytic naphtha, or cat cracked naphtha), coker

napht ha, fohyter treatad Sarninaphctagked naphiha pf Exampde ahetegfht ha, debut ani zed
natural gasoline (DNG, and gasoline bl ending conponents from other

Sher ei Ja:
Sl vr i dOfaght n iga istept are th nf G0 P B el BLOH iyl
for the Dartmouth light cat cracked naphtha treated in accordance with Example
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



napht ha are generally nore ol efm c naphthas since they are products of
catalytic and/or thermal cracking reactions, and are the nore preferred
streans tWODbz053t85eated in accordance with the present i nvRaTAUS/S503d6e sul fur
content of the cat cracked naphtha streamw || generally range from about
0.05 wt.%to about 0.7 w.%and nore typically fromabout 0.07 wt.%to
about 0.5 wt.% based on the total weight of the feedstock. These napht ha
feedstreans will generally contain sulfur conpounds that need to be
renoved because or their corrosive natlure and WD 02/ 053685 PCT/ US01/ 50546
-7 because of ever stricter environmental regulations. Non-limti ng

exanpl es b%t: erdff &er %&m&uélﬁlﬁrcﬁmﬁemalneglﬂmoaucmomemmmwmpﬂ@ﬂ ofie
el enent al al 1 phatic, naphthenrc, and aromatic r‘{E pt ans,

sul }‘ i des ,sugﬂgrz g?ﬁ%bop?dysmhmuwdsglsuthlfmdsmg inglude lementa ;homol ogs and
anal ogs. eolites s able for use h

rel ati veI iphatie, naphth %Cat%ldaqfﬁﬁgraﬁ'& IP%HCEB a&ﬁgs“ﬁ%@?sgrgf M@?ﬁ(ﬁygﬂrﬁgs’l ze
greater %rl:)@aﬁtlj%] @}eun@gﬂélaﬂgliﬁfoés%rﬁa Séyel y high silica-to-alumna we

mean t hat umna 1s at | east about 10% preferably
at | east about 50% greater than the base zeolite. For exanple, the base

zeolite [E?w%fs' Z%offtestsﬁPthBl%' foY ub@Beriss b thasé haviap anehaiveht highof 2,
wher eas t gh silica version will have a silica-to-alumna ratio of at

| east abayilicatto-huminanatio la.gdémamgl zeumd)t:elbal;@ greatar ﬁlanzeé)@uté d1j ncl ude
gnelinite, chabazite, dachlardl l'i noptilolite,

eul andi t e,
| evyni t e, diametesniByerelatiyaly high & 10%‘661 wgmqagttpﬁtgtlffe ﬁ?'][ilé: and
ferrierite. Include syt e Y, L,
N R @%@%@%@tﬁ% omagt
Preferred,q g%ez,m% fedt &SRS, the s pesliarhnjaeR) vt eyplcatdhaeskilica-t% nor e
preferably those having a'unit cell size greater than 6A in dianeter. For
exanpl e, aﬂﬁ@ﬂnﬁé it éMel whbruetie lughtsﬂ!xml versionawill 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, . 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



of approximately 13A which is |arge enough to allow sul fur nolecules to
enter, and larger converted sulfur nolecules to | eave. [00231 The present
i nventi ow0e2/¢@nssr al | y practiced by contacting the sul fuurPCTOReIZ0MONG
naphtha streamw th an effective amount of the high silica zeolites, for
an effective period of tine. By effective amount of high silica zeolite we
mean at | east that anount of zeolite that will convert at |east 50 w.%
preferably at |east about 75 wt. 1o, and nore preferably greater than about
90 wt.% of the |ower boiling sul fur -donpounds to higher boiling sulfur
conpounds under reaction conditions. Reaction conditions include

t enper at %&HE}P 5000psib! féiﬁ@l?,ﬁmn&ﬂmua osphericabout 0C to
about 10 @Sﬁ%% p gglggtrt%ggfgﬁom% g%5368 PCT/ USOlimél(y) gﬂ%ﬁ - 8 about
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are { : _ ur conpounds the treated naphtha
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boi l'ing fraction. hi g boiling fraction will contain the higher

boi | i ng stwdtignatdnines adswehboilingefizctionrandra bigher borlingdracsiesr Bwi | i ng sul fur
conpounds. The | ower boiling fraction will contain a substantially |ower
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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)



napht ha fraction, the higher boiling naphtha fraction does not contain many
ol efins and therefore does not | ose octane during hydrotreating. [00241 The
hi gher bovO ogs3sssact i on can be subjected to conventional PCT/US01/50546

hydr odesul furi zation to renove at |least a fraction of the sulfur.

Hydr odesul furization is the conventional nmethod for effective renoval of

sul fur conpounds. In typical hydrodesul furization processes, a portion of
the sul fur conponents are renoved froma hydrocarbon feed stream by
reaction of the sulfur components w-tdr hydrogen gas in the presence of a
suitable catalyst to form hydrogen sulfide. Suitable catalysts are

typi cal | %o fifoes by UBRkveRssh of tt hydagén sulfidtoslemdntal suifualin agdens as ni ckel
or cobalt and at”least one Goup VI netal such as nol ybdenum or tungsten,
on a refmphaitory support. Goups VIII and VI refer to the Period Tabl e of
the El enments. Hydrogen sulfide can be renpoved fromthe product gas stream

by use of a wash_sol vent (such as.am.ne) WO 02/ Q536 . 546 -9
fol I owed [892%onvErs v fﬂ(‘? Reons, e eIHVéIEHQI} @'@tﬁbe %%glﬁgsgaép?g%\f’ ur in a
Claus plant. 5 ' I t1h] : ga%roé thhbendst@ntheon that the
conver si &’r‘?l g%@&éréorgé?ﬁc}]s‘é’foslﬁ%ﬁ&g%ﬁ ounds %oﬁhi gher boiling sul fur
conpou ndsfreﬁ:@ﬁn?ﬁ@n of tRC i@ Baktions alketpisoetinaeparats vesselst oz ephmpte,i n
separate vessels. For exanple, the conversion of the sulfur conpounds can

take pl adhe conversioacdsf the sufas edompounds ¢en teke plasedn aggastiem vesgeh 31d

fractionati on vessel wherei ntaﬁitr | east. two si)ref%ms ar ?R?éﬁ odu&ed based on
boi | i ng (b entire streasn presedvip @HT#ctIONAtion yEeseb vhers1a af YOALTHEE S he

For * exarpaucrarydabcroiliBE ppBRC T RAS FRRMEIR, ReBERe ishufort@hiiPeoh

napht ha it'ge Eﬁﬂver&ﬁnast% shd lthfrh OforfRlonHe ke §ldbedn! osin el vossd. foact i on and
a hi gher boil1ng

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



fraction are produced. The |l ower boiling fraction rises through a bed of
high silica zeolite wherein | ower boiling sul fur conpounds are converted
t o hi gherwO b2933685g conpounds, which end up in the hi gher POT/NUB#IgE46act i on.
As previously nentioned, the higher boiling fraction, that can contain a
relatively high level of sulfur conpounds, is passed to a

hydr odesul furi zati on process unit before it can be used as bl endi ng stock
for the nogas pool. [0026] This invention will be illustrated by the
exanpl es that follow, which exaaneS'H}e not intended to be limting in
any way. EXAMPLES Exanple 1 [0027] A glass colum was filled with 60 grans
of hi gh skuifgecaapbdition i@ vhergnirentsd hnd treated DLENwas deieomadeddusing UOP

HI SI V-1000) and then flooded with 80 cc of |ight cat naphtha from

Dar t mout h sulfanspreifiogasyhromagogiapiyhad a boiling range from about C5 to
250F. The colum was kept at roomtenperature (22C) for 3 hours. The

bCr o/ SR S Sk oSy, 8P BF sfifful MRecifiP AndBsi AR AT e i 1y o
was det er %;gg@ fltﬁér@% PH W@aﬁ&ﬁﬁ@' st ATRE eSRARDNYS 2 QAR dihe

chr omat ogr romthe sultur-spe Ic analysis are 1llustrated in Figure

1 hereof . phlimgSpbihtiwiER mrolovs Whilit@pbino coinpeundd elmingsiat. f Anshown, of
boiling point,” with the | ower boiling point conpounds_ eluting first. As
shown,  t ttiee sulfingoncpomwsisiadhe nntreased RL @ tstmaiilonbgit befargenymelbyl bet ween

TR R S0P oR Bl SRS e B Pl
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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



heavy sul fur conmpounds. The total sulfur level in DLCNis 750 wppm whil e
the treated DLCN contains only 37wppm total sulfur boiling bel ow benzo-

t hi ophenavo 0l10s685epresents a 95% reduction in the |ight sECTURIICOMEOUNdS.
Exanple 2 [0029] A glass colum was filled with 60 grans of high silica
zeolite having a silica-to-alumna ratio of 4:1 (UOP H SlIV-1000), then

fl ooded with 82cc of full boiling range cat naphtha from Sarnia, Canada
(SCN). The SCN had a boiling range fromabout C5 to 450F. The col um was
kept at about room tenperature for 31ﬁburs. The treated SCN was then
drained fromthe colum. The sulfur conposition in the yntreated and
treated SEMupRSelE SCN isetbous 2AG0 veaupint whileghe irertedg¥eNAHY FARGYISABhy .

[ 0030] The chomatograns fromthe, sulfur-specific anal ¥s,s -] ustrated
in Fi guvepmm fietebeilfunbelewdiimzorthophgne BEERE 4 ST re%&}drdeiélt ed SCN

| ar gel y oj.l , be en net hy] nercaptan and di net hyl benzo-thi ophene. On the
ot her héﬁ%hghaﬁh Iqu@%knﬁounds in the treated SCN have boiling points
greater than benzo-thi ophene. Again, these chromatograns clearly show the
conver si wer boiling sul fur conpounds to higher boiling sulfur
conpoundggg&%8k¥%tal WO 02/ 053685 PCT/ US01/50546 -11 sulfur level in SCN

i s about 2000 wppm while the treated SCN only contains 60 %gpn1tota

sul fur bqpos0penZoglabs opluemewad filledrveigh 468 grama ob ndag NalHh Wikh at he | ght

3 ds. | e 3.[0030 | | 1 -
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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, unlike with the
high silica-alumina faujasites, were not converted to higher molecular weight

compounds.



range fromC5 to 250F. The columm was kept at roomtenperature for 3 hours.
The treated DLCN was then drained fromthe columm. The sul fur conposition
in the uwoeztsM®sand treated DLCN was determ ned usi ng suP€TMse®sdof i ¢ gas
chromat ography. [0031] The chomatograns fromthe sul fur-specific analysis
are illustrated in Figure 3 hereof. The sul fur conpounds elute fromthe
colum as a function of boiling point, with the | ower boiling point
conmpounds eluting first. As shown, a.l hough the total sulfur level in the
treated product is lower than in feed 2(1‘81 vs. 760 wppm the sulfur
conmpounds in the treated DLCN are the sane as found in the feed indicating
that no conversion of sul fur conpounds occurred. Instead, sone sulfur
conmpoundgMRIMISEi npl y adsorbed onto Nal3X and, unlike with the high
silica-alumna faujasites, were not converted to hi gher nol ecul ar wei ght
conmpounds. WO 02/ 053685 PCT/ US01/ 50546 -12- CLAIMS: 1. A nethod for

reduci ng the level pf ' bF! i htl&i b@EAB ragge ai ni ng

| ow boiling SL}|'f ur g}ﬁ%%%(frllgér,fe@%%%@?%&%ép?g)bﬂ%%ac i ng saihggnapht ha

boi 1'i ng 1,8ag8sSoheafnd 1bW Boilihg BuEut tempourds, icompaising. f ect i ve conditions to
convert at [east a portion of said |lower boiling sulfur conpounds to

hi gher boiling sul fur conpounds; (b) fractionating the contacted naphtha

t i nt | boi | j ) f ii d hi [ Lok
Fraction Saf da) owsonEtgid agEha poYis BREDSTFING RLP MELENEE 150G, and
Rl B oot o i . bOU
ul fur campbtraetearaniuias a0 Spogfitk RS floihh fidlong timse T anoe
silica-t g3 WahABolhds 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 1s a

catalytically cracked naphtha.



said high silica zeolite is at |east 10%greater than the base zeolite. 3.
The nmethod of claim2 wherein the zeolites is selected fromthe group
consi sti mygoo01/03685 | ni te, chabazite, dachiardite, clinoptiPOTUB&E/5064uj asite,
heul andite, levynite, erionite, cancrinite, scolecite, offretite,
nordenite, and ferrierite. 4. The nethod of claim3 wherein the zeolite
has a unit cell size greater than about 6A in dianmeter and the zeolite is
a faujasite. 5. The nmethod of claim 1l wherein the naphtha streamto be
treated has a boiling range from abolt - 10C to about 230C. 6. The nethod of
claim5 wherein the naphtha streamis a catalytically cracked naphtha. WO
02/ 053685 PCTHUSO1H3{gadbthodlof clain h@vhmelmdhemah@pﬁﬁlﬂﬁc@'t()«ﬁilﬂl@ll}? rati o of
silica-to-alumna is at |east 50% great.er than that of the base zeolite.

8. The mixdoA0%f grehter than thas oEile bass 2681+ boiling fraction boils bel ow
about 100C. 9. The nethod of claim3 wherein the naphtha is a cat cracked

T T h &oi meits Hellog ol 1\PREEIT R Iber bEMmeFlcRRbdiR) are

performed in 8 si
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.



