; e3eEE\ F86nTyC PCT/ USOL/ 49765 WD 02/ 053684 REMOVAL OF SULFUR COVPOUNDS

FROM HYDROCARBON FEEDSTREAMS USI NG Al NI NG ADSORBENTS | N THE
SUBSTANT W 0ABBENCE OF HYDROGEN \“ﬂm%-{m | NVENTI ON [ O®CT]USTNeY76F esent
invention relates to a process f sul fur compounds from

hydr ocar bon feedstreans, particul arl y6%¥®5se boiling in the naphtha range by
contacting the feedstreamw th an adsorbent conprised of cobalt and one or
nore G oup VI netals selected from nol ybdenum and tungsten on a refractory
support. ThigEMOVAL OF SCLFUR GOMROUNDS RROMIN¥DR

f eedst r campgpHSTRIEAMIBUSENG COBAPT CONTAINING UDSORBENTS IN ' erove
sul fur but ﬁ -‘!LLI

-cont ai ni ng mer capt - e -cont ai ni ng
adsorbents of the present invention. [0002] The presence of sulfur
conmpoundsd ; : Lraans i s highly undesirable since they result
‘in corro ot obl ens. These conpounds are al so

responsi bl e for redu0|ng t he perfornmance of engines using such fuels. It

has not B@@O}fon?ﬂh‘ée‘mﬁﬁhﬁ i@ fion ﬂ&lété@td@Fiode@s forasmpoiig sfirned _
hydr ocar bon uids i'n a pipeline previously used for the trandﬁortatl on of

sour hydrm?mmsfﬁmmdsydrecmbonsfemsmeaMumubéb’ thopebedingrindhe i cul ty is
that refine hydrocar bon fl uid u as gasolin nd d| esel fuel, pick up
cont ami naraphtizaeangs dyes@Hacing %ﬁp&ﬂeaﬂbm ﬁﬁpﬁ’rﬁf’d&?errent al

| f k al | f [
o cked updplikafe ?ﬁg%aaﬁghﬁﬁ\?”mﬁ&#‘lﬁ’%mﬁ P{@ﬁ‘!@eﬁ#ﬁﬂ?ﬂﬂ e

parti cul g@hgst%ﬁf 5%@11%&@{;@5@@ . etk RRAkionSHS redte PERS ProRsy Merdauges,

silver b ng cages 1N e engi nes and in-tank fuel punp copper
comut at of faphth¥Re&itidamlB-firsPsabjelied 10 sélécive s Rydipdeaafuridagiomdsi num sul f ur

| evel allowable in gasoline in the U S is 350 wppm |n 2004, theslfur
| evel in reniowe s;ﬁﬁmblmmapprebmwsegatmaac @l;ﬁfms |1§@g0ducaﬁugmn\ﬂ,§)prﬁ U&Gtlo
em ssions into,the environgent is one Qﬁ]ﬂlg sou ces of at nospheric

t
cont ani nafAMEANIRHMETCIWART, a??a‘i%m&’e ﬁlr'ﬁém ]]E)'Pgduce | oner
sul fur gasplinne can refine Iomer sul fur crudes, or they
can hydro‘l‘cfgﬁl?enrt%f)?h'éerﬁn%te]gﬁm ‘renpve contam nants via processes such
as adsorption and absorption. [0005] Hydrodesul furﬂmmwmmmm\mte
conventional nethod for renoval of sulfur conpound ar bon
streans. BACKGROUNPIOFTHE INVENTION processes, a p@disseon of the sul fur
conponents I's renoved froma hydrocarbon feed stream by reacti on of the

| f t th h d t tal yst
Lo for mcﬁﬁﬁmigns 7 pregeicernioul B soerpoudh b peraieutbicedSnrn BEabla i 1t o
d | h dt
G Senar gewndebtiahld aREE st g PR 8 R nBR At SRS THesE, g
pr ocessesc(g gBm?]&seﬁre ﬁ%&?ﬁghbﬂ;efortrg&u%ﬁ{e Petfbriare wren Fiﬂ%sldsﬁlg refinery

gasol i ne, aracteri ze esitabl e high rate of hydrogen

consunpt i gibh( fhiets. t I hak @it beémbommﬂd:md)pradnhtan shepast ite transpot sefmed
degradation. Al so, these processes require severe conditions, such as high

t enper at uhpdrogprbon Hhisidstin Maprlme prsivioushy psseeis@artb%trapsmtaa@alﬁ S9UD0 psi g.
0006] Se| ect d | f so b
Hevel opeahyosian BukE Siasperisig arties o albroRRIaas fa& S.on o

br ‘izgsgg; W%ﬁ%“ ﬂnﬂfis E‘s’iﬁﬁ%‘s"gasbl‘ihéhrﬁ dP@éleﬁiEl Wk uff: 049, 452;

contaminants such as elemental sulfur. About 10 to 80 mg/L of elemental sulfur

is picked up by gasoline and about 1 to 20 mg/L elemental sulfur is picked up by
diesel fuel when pipelined. Elemental sulfur has a particularly corrosive effect
on equipment, such as brass valves, gauges, silver bearing cages in two-cycle

engines and in-tank fuel pump copper commutators.



5,243,975 and 5, 866, 749. However, in these and other such processes, H2S
reacts with the retained olefins in the hydrodesul furizaton reactor and
forms nene@p/essss4 Dependi ng on the amount of sul fur and olPETU1/H4Y6% he
naphtha WO 02/ 0S3G8.1 PCT/USUL/-t197Gs -3feedstream the concentration of
t hese reversion reaction product nercaptans typically exceeds fuel
specifications for nercaptan sulfur ‘and, in sone cases, total sulfur as
wel | . Therefore, renoval of these nmerc@ptans is essential to neeting the
future fuel specifications with regard to sulfur level, particularly with

e R et

Low Sul f N rt"™s Fuel Technol ogy and

-Managenmne ’ly}v]? DOV B4 fRBulfurdbveitif inbtod basslinel wilbibel bepisltedi te dessahaw an
reduce su % r

-

l'evel s"in cracked naphtha to 500 wopm However, this is an
expensi ve(o@pban, Aepewiissions info therafvitoaman ihone ohthes highesisageesoft he
hi gher gasol 1 ne conversions as a result of cat feed desul furization. Sulfur
| evel s | amosphetic oOUapPAtar e achi evabl e via hydrodesul furizaton of |ight
cracked- napht ha. However, this is increnentally even nore expensive than

of - oct andOBIAI o HefRiet Btk f ABRE of pRfoRL A brEee RRJe LRI, o [ ose

cracked- @&%@g@?ﬁ@ﬁ&n%ﬂﬁé ISwaNsul R RE A2 bE BieySdddhydofresaefinesome of

t he oct ane. stic extraction processes, such as the Merox process,
i s capabl gre@insepotreafiventnsathinants viag)rbwksex:mdbm ddserfstioreands, whi ch sul fur
is in the formof nercaptan conpounds. The Merox process was announced to

t he i ndusdbsprptronl959. The G| & Gas J. 57(44), 73-8 (1959), contains a

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

Mer ox process uses a catalyst that is soluble in caustic, or alternatively

e hel 4 ohoRePuPRIdrodb R ANGR VBICARKAARGS b o pambuldisiieserce

of oxyge rcaptans are corrosive conmpounds that nust be

ext I act e, ffipGRKeRbAFhY dtoB@on Mrchhdush ypisiiytiodendfmimtionr i p test
are so

Sodi um nercaptans are fornmed whic uble in caustic solution. The
caustic sglogtéses, & pottiomofithetsabfureonponcats is erpovedifonsa hydrasarboad t hen
oxidized with air in the presence of a catal yst, in(&gm’ xer columm t hat

co/nver ts feed Sﬂ/@ﬂmalms/( @ﬁftc@@ﬁpﬁdﬁ%‘g&f@f ‘F%P@Wﬁh% SER ga% 1 Ues. V\Dh

02/ 0S318-1 PCT/ U ~ 5 -4 i i i . 7!
caustic sRACBERGSO %%W% € gats, ng%ggrﬁhlyarg%%Isggf&oﬁfﬁ%&%tggﬁyﬁggé(‘?rlggt |t oﬁ.
The treat 8&19%%8%%8@%@%8%5?1%3@% glaés%nén&%@oﬁ@éﬁrcoﬁ@aﬁlﬁngn order to

reduce the sodiumcon stic extraction processes,

hovever, wydrogapablfilels disdhaggdd toghe Clhus plant fori farthbe pfavessing. | i ght
mer capt an conpounds (for exanple, Cl to C4 nercaptans)_ that typically

accglunt s Hgdrdc&ulfgtiamgﬁmgcsswqhaﬁtrqahECﬁxgawﬂhllsr theamajor gulfar mc]g&sm i ne.
2 ' : \ SUSH ; iy

h;gﬁr ﬁgﬁzﬁf qeractnstolde s aaraiinecboy Ben aﬁi&p‘?@%ewg?ﬁg@ﬁhﬁgd? s fi ed
oftuont  PREQHRR cBhsydilfibh (adeh SleFRAAREbA el § SBnlfic bBRneo ! P 2

di sul fi deg@%ﬁ&@tﬁn.'ﬂ‘kﬂé&}%@se’\ﬁbe&s% PSR SeFefdy el ditiBng, Bathvaehiphf ficul ties

associ at e th handling a sodi um and water contam nated product. Caustic
extract i ofemyseratires 1p to abowisd 257Cyad welitas ipréssitdsnp toeatmap 8806 paig. | e ot her

sul fur components, such as sulfides and thiophenes, remain in the treated
product streams. Al so, oxygen conpounds (e.g., phenols, carboxylic acids,

Foc gasol MG o S BLbaisry TudrEbr AP oeriseS hefe el Bifho 10" "

Tevel & of detsipnd R aRua Bln i Gl NS R apl R AT, fS e  na

f rom Naphthadiselodbd Ofs eldanple, $01U 8. Paeat Nest4 049 @5 aab, 985yishas;2Tig and
Technol ogy, June 20, 1997) réports a 65% reduction in the sulfur |evel (500

‘to 175 wopB[43 975 and 6865, Tt Hosvewer,un thgse anddbthenmsiichdraagtisehdhSusi ng

activated carbon at 80C and a 30%reductign ysing Zeolite 13X at 80C. Al so,
U.S. Pat ercackbwith thgzetained elgbins an Myiupgﬁufﬁwgm%g@a azégprrp% X and Y

can be used to renoye sulfur conpounds fro Typi cal
adsor pt i oﬁleﬁ%ﬁt@g§ebmﬁggm§r?%®§m?q’ﬁr9fé§’ﬁ€%g?eg@qﬂr@é égﬁé ami nant is
adsorbed fromthe feed followed by a desorption cycle whereby the
contam nant is renoved fromthe adsorbent.



WO 02/ 0S3G8: 1 PCT1LI S(11/~97(iS -5[0011 ] In spite of limtations, the
above nentioned processes, for the nost part, provide satisfactory neans
for redusv®@2033es4d evel of sulfur in refinery hydrocarbon PEEAS8t/#BaFE tO
| evel s that were previously acceptable. These processes are not, however,
suited for the econom c reduction of heteroatom contam nants to the
substantially lower |levels that are now or will soon be required by
governmental regulations. Thus, there.i3s a need in the art for processes
t hat can neet these ever stricter regul ations. SUVWARY OF THE | NVENTI ON

0012] SR RAA RS oL b ST e BRRL Bioh BRI mataptaied, 2

process f romsu onpound- ¢ tal ni ng

~hydr ocar S&fch are ulfiacdrid) gn somelchses; cont ai ni ng
hydr ocarggﬁl %l?ggrgnéev(\}svﬁbp éaycijfsior ber??ggg{r%fﬁzed of Co and at |east one G oup
VI netal i5gl gaiadad well Mherofbry) @moval oﬁﬂregamercqﬁmpmrstesaﬁd‘al teondi ti ons
‘that include tenperatures up to about 150C |n th tanti m% bsence of
added hydneeting thedonsp fnekspacHications aaHTESAr W%Wgﬂéﬁ‘é Rarty ion there
I's provided a process for re ng sul fur from sul fur conpound-contai ni ng
napht ha SVithgeapechin WRSs Beg EJ&%DI’I ses: (a) hydrodesul furizing said

napht ha stream whi ch cont ai ns oI efins and sulfur in the formof organic

sul fur c WBur el 4@ Rettaian i nitial

t enper at 3@9‘7'{] Ghotnd ges&?f(ﬂrl zat1on é{le#fll'ct;}ginst corrprel sing a hot m xture of
sul fur r@l&ﬁgéuﬂa@htﬂmatlﬁm Techholegy PndMeanasgentst, Wos/Deo t29d)ans, and t hen
(b) contacting said m xture with an adsorbent conprised of Co_and at | east

one G oupin¥icatsstthat catlfeed ddsulfininationaad reduece swfur d@v@&m er @lﬁ% saphtiAder

conditions that include tenperatures up.to about ISQCl P hte substanti al
absence dp ¥WawapHy dHeyeNer, this 1s an expe sive option, especially 1f a refiner

cannot take advantage of the higher gasoline conversions as a result of cat feed

p

desulfurization. Sulfur levels lower than 200 wppm are achievable via
hydrodesulfurizaton of light cracked-naphtha, However, this is incrementally
even more expensive than cat feed desulfurization because of the high hydrogen
consumption and loss of octane due to hydrogenaﬁng the olefins. Thus, the
hydrotreated cracked-naphtha needs to undergo an isomerization step to recover

some of the octane.

[0008] Caustic extraction processes, such as the Merox process, is capable of
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 mercapatan 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.



WO U2/ OS3G8-1 PCT/ USO01/~) 7G5 -6[0014] In a preferred enbodi nent of the
present invention there is provided, between step (a) and step {b) a step
wherei n twi@ 029368 i s rapi dly depressurized for a depressWOTARII/EIV6S | ne at
| east a portion of the hydrodesul furization effluent to destroy at |east a
portion of the mercaptans to formnore H2S and a depressurized napht ha
further reduced in sulfur [0015] 1n another preferred enbodi nent, the
hydrocarbon streamis a naphtha boilingrange petroleumstream [0016] In
still another preferred enbodi nent, the inorganic support is selected from

eboc merihe SaSorBa Aol b Aol SouiBay Gl P SRR, L0
-about 1 ta‘r)ndaliéggélgé(}o e &fitalVRx RRHUAH. Yhe keREAIhydRocdrbon skeahlier preferred

enbodi nent, sorbent “i's preconditioned wth H2. [0019] In another

pr ef er r edy a0 deiER) a wWate wastombeder israduee drediodiomendniénth a mi xture of H2S
and H2. BRI EF DESCRI PTION OF THE FI GURES [0020] Figure 1 is a graph show ng

the effect of hydrogen preconditioning on adsorbent sulfur frem)val in
accor danci9080] h~ Sushysiaustis exiactmmpliosesses.[ loppaver, #esapable af exfraghng,

showi ng the effect of H2S/ HR.preconditioni t I |
accordanc%}ﬁwft A S Egmigﬁi Tﬁrq@lg"aég‘i‘r&ﬁ?%g@f]a&sior nlg’s bi";&@{:gﬁva "

showi ng a_co

merc%%lis? Ot Y pidaitl HRc NGRS Y5t 166s than about 10% of the sulfur present

in na FCC gasoline. Problems associated with caustic extraction include:

generation of hazardous liquid waste streams, such as spent caustic (which is
classified as hazardous waste); smelly gas streams which arise from the fouled
air effluent resulting from the oxidation step; and the disposal of the disulfide
stream. Further, Merox processing problems include difficulties associated with
handling a sodium and water contaminated product. 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.

[0010]  Adsorption is often a cost-effective process to 1'eﬁ10ve relatively low
levels of contaminants. Salem, A.B. et al., ("Removal of Sulfur Compounds
from Naphtha Solutions Using Solid Adsorbents,” Chemical Engineering and
Technology, June 20, 1997) reports 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.
Patent 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.



precondi tioning on adsorbent sulfur renoval in accordance with Exanples 12
and 13 hereof. WO 02/ OS3(i 8.1 DETAILED DESCRI PTI ON OF THE | NVENTI ON
PCT/ USU1/We97/@B86840023] The present invention conprises a PETHSEHIAY6S
reduci ng the anount of sul fur conpounds in hydrocarbon feedstreans,
preferably petrol eum feedstreans boiling from about the naphtha (gasoline)
range to about the distillate boiling range. The preferred streans to be
treated in accordance with the present-3nvention are naphtha boiling range
streans that are also referred to as gasoline boiling range streans.

Napht ha Lling n eany. can i xﬁib? frhgry streans
boi l'i ng ﬁﬁbkm rﬁéﬂﬁ?ig?ﬁ auauuogl 1 thygwgg[geut g@?eﬁssé{ﬁ?ﬁ‘ﬁg%ﬁ&?ﬁ pressure.
-The napht tfat RsdueimcthedevelWftsatfut atefinepy cal |y

conpri seﬁ’?gﬁ?g]tsgﬁ%%?rgﬁ%r% uni thir?lg:lpht ha fFCC catal yti c napht ha),
coker napkjdiacarbytfoed setams twlevelsathar wsiaipieyihusty acoecptabiephbese,

-debut ani zed natural gasoline (DNG,, and gasoli ne(@l endim?gﬁco onents from
ot her souproeessks ara Wl bawever sHited fotheiesgnomigedictan o ASIETOHOm oduced.

napht has GBI Ko iE SHITALY JWRLRB IR RS Bl &1 Rl Soft B0\ g
reacti ggsgﬂg{}sa b3/ doleRfimBREaF PR AAGOAC TR, BRFE id Anbed i AR alfdrn accor dance

sent exanpl e, preferred naphtha a streans will
typi cal | ypeRadses thAiQarahedpthesd @ms saicér regaldtionsocar bons, with sul fur
| evel s as high as 3000 wppm and even hi gher (e.g. 7000 wppm). The napht ha
feed, preferably a cracked naphtha feedstock, generally contains not only
par af f i nsgUNMMARSNOF THE INVENTION but al so unsaturates, such as
open-chaim and cycltc olefins, dienes and cyclic hydrocarbons with olefinic
side chains. The olefin content of a typical, cracked na%}i ha feed can
broadl y rH932]f r dmascenlance with thetpresand myemtion, there ioprovededn DWCess |1 n the

practice of the invention it is preferred that the olefin .con f the
apht ha fEEACBOVAE T CompoRRdsH S soptopaionyiain KAL0eEbod , o

The Ul ke Gl SN o N8R s LRl RSRE b Sg AR % ond

nore typi ’range rom-as -l ow as about 0.7
W . % basggeqR wifleah al3rbERESOH b Conndheteisedne Group Wahetal acked
naphtha and WO 112/ OS3G8~ PCT/ USCL/ ~97G5 _g ot her high sul fur content
napht has seleétat feom Medndi W dihen swdrganicsupped winflor conditions hab insdedeof t he

i nvention, the sulfur content may broadly ra,n?e fromo;%ﬁg]i t(g 0,7 Wt. % nore
typi cal | ytemperaawesep 40 abovk 1507, én theosnbstantral apsensgs ofaddedhypdiogen. w . and
even 0.3-0.7 wm.%being preferred. Wiile the feed' s nitrogen content wl|l

7 om abou 0BT LophRRGR A tndaaE Wi fhe TRt HEalBR g alBied KD SR ve

to process for removing sulfur from sulfur compound-containing naphtha streams,

which process comprises:

(a)  hydrodesulfurizing said naphtha stream, which contains olefins
and sulfur in the form of organic sulfur compounds, to form a
hydrodesulfurization effluent at an initial temperature, the hydrodesulfurization
effluent comprising a hot mixture of sulfur reduced naphtha at an initial

pressure, H,S and mercaptans, and then

(b)  contacting said mixture with an adsorbent comprised of Co and at
least one Group VI metal selected from Mo and W on an inorganic support
under conditions that include temperatures up to about 150°C, in the substantial
absence of added hydrogen. |



the presence of nitrogen in the feed. [0024] The organic sul fur conpounds
in a typical naphtha feed to be desulfurized, conprise nercaptan sul fur
conmpoundWQ RBe3684sul fi des (RSR), disul fides (RSSR), thi opRERESOH#TI6Dt her
cyclic sul fur conpounds, and aromatic single and condensed ring conpounds.
Mer capt ans present in the naphtha feed typically have fromone to three
(C1-C3) carbon atons. During a selective hydrodesul furization process, the
mercaptans in the feed are renoved by-mweacting with the hydrogen and
formng H2S and paraffins. It is believed that the H2S produced in the

hydr odes i za.i AMeh ) jsGrovildeay

cgrrpoundib‘lf)ﬁlgiztzs%ﬁ@ﬁééﬁgh%ﬁ%ﬁq ns g%%&%ﬁ?ﬁtgﬁg‘%g%n%gﬁﬁs%gwu reversion

‘er capt a(;'bgiewee[@fﬂﬁ)%j Yad sfepl{By a BRprwherentttensyistenn és mapidigpiepressprisabnt in
sultu

t he hydr zation product have a hi gher carbon nunber than those
found’ i n fohg deprdsuriietion timeat d¢asba pertapohtie hydradesulfurization 83v&H, and
‘whi ch are present in the desul furized producg(,) t%c%y conpri se C4+
mer capt ate degiroy atlaast @ peragsbekbiiemergapiags ¢, L1 FHolp a&’ﬁﬁ?or total sulfur
of the hydrodesul furi [ apht.ha pro . by nmeans such as 1) pretreating
the feed Br%PGF%‘fEa@?a‘i}ﬁgﬂFﬁgl{am }lceécg’tnr%gﬁ]hve sweet eni ng of the
hydr otreat ed product, and 3 ) product sweetening with an oxidant, alkaline
base and VS ahOfie ol iefibdddge R #Phedroehriindieaat karndpiebla st r eans
boi I'i ng i[ﬁﬁi d?%?%l atﬁtrér\fgﬁge I ncl ude di ese?&l;‘ uels, jet fuels, heating
oi | s, angdikhesan ‘gleamadtieaiy/pi cal |y have a boiling range from about
150C t o about 600C, WO 02/ 0S318~ PCTI USO1/ ~t 976s -9preferably from about
175C to about 400C. It is preferred that such streans, first be hydrotreated
to reducd0Ph6] sullt atill amethexmprefsristambndimest, the MIBAMCHYPROTELS 000 wppm
nore preferably.to | ess. than about, 500 pm.q.host preferably to |l ess than
lapee PAEGHPLES

about 206¢ from plumng, siice 0 wppm sul fur, and ideally
to |l ess than about 50 wopm It is highly desirable to upgrade these types

of feedstgqgigﬁ D) LBHRNOREr BRorEEd oftbolfifest e ids3phdte Tohfis frohi | ©

mai nt ai ni ane poOSsSI IS 1s acconplished by the
practice gfout 0SS ®Y S5AIT20 Wy o6 Coamdrrbomaritbyabbat 40 vet. doydMgemdics W.
substantially absent during the adsorption cycle, thus mniml olefin
saturation occurs. [0026] These feedstreanms Wi ll| typically contain sulfur
conpounds[00k8] ndnstillansgherqrefearedrmbedimest, thﬁ@idﬁmg’ﬁm $4IrGe0 Ylﬂ‘i‘%‘f and
because of . r stricter environnental regulations. Non-limting exanples
of sul furwkﬁg\ri%ounds contai ned in such feedstocks include el enental sulfur,
al i phatic, naphthenic, and aromati c nercaptans, sulfides, di- and

pol ysul fi@aa'g thislﬁgnﬁg%; Pﬁ@fé&ﬁ%&&&gﬁ@g thO ARt RBEnERDréstEsned WRAR7]  When

the feedstreami a stream an to be first "selectively

hydr odesuj fiixhire df )8 dilHes for the tenperature, pressure and treat gas
rati o enpl oyed for the hydrodesul furization include those generally known
and used for hydrodesul furization generally. The table below illustrates

t he br oadBRAEKHDESCREBTION OF AHE KA BIN ¢ pressure and treat gas ratio
of the process of the invention, in conparison with typical prior art

so07ot s PRELL, " IRELRO! sob aitprodonnns e Bhv AT Pt pitcofidmity 57000
sct/b200- } AA00ARWHP 0908948 HRCordance with Examples 8 and 9 hereof.

[0021] Figure 2 is a graph showing the effect of H,S/H; preconditioning on

adsorbent sulfur removal in accordance with Examples 10 and 11 hereof.

[0022]  Figure 3 is a graph showing a comparison of H,S/H, versus Hy
preconditioning on adsorbent sulfur removal in accordance with Examples 12

and 13 hereof.



WO 02/ 0~3(i 8~ PCTI |1 1S01/~97(5 -10[0028] The preferred operating conditions
i nprove the selectivity by favoring hydrodesul furization with less olefin
sat ur at i OMO(d0334%e | oss). [0029] Catal ysts suitable for tRETEEHRYIFe

hydr odesul furi zati on of naphtha streans include those conprising at |east

one Goup VIIl netal catalytic conmponent such as Co, NN and Fe, alone or in
conmbination with a conponent of at |east one netal selected from G oup VI,
A, I1A |IB nmetals and m xture thereof-7supported on any suitable, high

surface area inorganic netal oxide support material such as, but not
limited tgoqal B PPHFRICREPTION &Y THITISVENGION | i ca-al um na, and the

| i ke. The—=Srotp—v yprcallTy conprises a conponent
-of Co, NN or Fe, nore preferably Co and/or Ni, and nost preferably Co; and

at | east @r@ggﬁ/()%e\ﬂregaiﬁhv&ﬂicﬁi ddhpriserwaranid farederiapithe Mnount of and

nost pref Mo, conposited with, or supported on, a _high surface area
“support cqifinrenipowidstindsydedcarbom feedstremnsyprefesablypetrdeurs deedstigams

referred to herein mean Goups as fo nc&inthe ar%nt-%ﬁi h, Peri odi c Tabl e
of the El bmthngiromlcgbpm @m@Tphtha (%QH{W ltaﬁgeéﬁﬁggﬁlh-%‘il a%%l’% et E|

Co .S - ' A

rotal corfsoRend e Preierind reatts e Bhali il afSRdbh FARCRRS G Ve,
ovowimy SGERLY G HeARLE A e seghe s hahciemocg et |

removi ng | o0 saturation. [003 In the

practice philingGahBe Sreams. Nallﬁxﬁlwlb(ﬁliﬁgﬁraﬁ’gd stedanidrearhyeinpresany oné pat i on
catal yst conprise a G oup VII'l non-noble netal cat a:a/ti c conponent of at

| east  onemet edfumdry Greams\Boiling ird theet range $tono abowtet BIC tsx almus Jg0E Bton a
sui tabl e catal yst support. Preferred Goup VI LShrret als in ILAde and N,
with pref stmaespheriogpessurs.n¥ha naphthasitean genesally gonaims oka ar ea

a1 umy na, 3% Fically EampRsEy HyibeHay i icane Ahin el r GG Eple o
Veral contafihal ToKE! Afondih, i ofRPaimg LB IR HiG ape, T O R Lot

those exi gthaniz8d GRARKADEARNNe (MNGYRRCER81iNg bmid&h%/ebmpanmts&mmange from
about 1-30 w.% of the netal oxide, and nore typically from about 10-25

Wt . % of t bthepsoareesfrdmeviteh alnaphthasoiling cangsosteeans cab he piodicedhd GGt al

catal yst weight. The catal yst may be presul fjded or Lfid in-.situ, b

wel | - Iyw odrtabti mhtba]@néﬁékelmpﬁﬂ&m%[gm&qﬂx Woﬁgleﬁb‘bﬁf’ S SIECE ow rrgt al

| oaded HDS cat‘al yst, conpri Si Co . t, i t he

Cor Vo at ol B eratpES TReatiafk eiof Bl cBRink RUBRGIS TR, Mg e LOF

its deep gﬁgh’ :ﬁéfé%ﬁtdﬁ%ﬁnﬁr\ﬂ B 9bate® e gédotlancel With $hé prsentciOu@ion. By | ow
e

netal | oa t 1's meant that the catalyst will contain not nore than 12,
pr ef er abl Fopekamiples préfenretihaphthaw seeqme fill appigalip contaire6@ veh¥8omtesso
catal ytic netal conponents cal cul ated as their oxides, bg%fd on, t he total

catal yst wisfytie hyduasarbensavyith sulfirdevels as high as 3003 woprtand p¥en Bighst about
1to 10 wt.% f | t . % f bl .%of th
Lotal cat i §o700 BprmicBhs BT fed BREISTARLY ORI mh feBafolly P 01 o' 0
4 w.% .Y | t i ght.
The. cat al Shetalty EoiiEh8 oY orly! Sardiifls, fapRRehesAnd Aforhley, bEEARbYS), el O

pref er abl ynGatdfhtés s@cﬁ(ﬁsfbgénmhhﬁl ﬂidiégﬁliibd)lfﬁﬁs,&ﬁen@s and’&clici i) a median
pore di anmeter of 60 to 200 A, prefera lﬁ' from75 to 175 A and nore

pr ef er abl ydfocasbarsowith qlefinic sidevolosnsuTha odefinnortant of 3 Biplesl cyacked 10-4 to

3 10-4 g. M3/ n, f bly 0,75 04 _t, .4 10-4

pr )éf er abl ;grxamhshaifeeé Cf‘g%;(’e l%a%ge fAm 91 Voolrﬁ’aé\%’i'l&é@ %H‘aﬁg&é&g@&%i anet er
fol thany2. . o |

Chan 14 it %t ERL of BlainyEiGed RIS pleBrel A hERIAPRGRERER Y o02

metal sul fyy BERS AP EhoRY phdTerably aERasiEV6IYptTien Test
descri bed @%ﬁa@ﬁrﬂgg‘?{:ﬁ‘g@gﬁg&% g%grti egﬁ of I\/bebdenu% Sulafi de: C(;)rrel ation

-of 02 Chersuffar pointent of the ihyshthel ésad i wypizally dessAban ¥ivety?, a8l mpre Taust er,. et
al ., Journal of Catalysis, 63, p. 515-519 ( 1980), .which i% 0
typically ranges from as low as 0.05 wt.%, up to as much as about 0.7 wt.%,

based on the total feed composition. However, for a cat cracked naphtha and




i ncorporated herein by reference. The Oxygen Chem sorption Test involves
edge- pl ane area neasurenents nade wherein pul ses of oxygen are added to a
WO U2/ USBE82/653pT/ USUL/ . ~97Gs - 12 carrier gas stream andCTHi®1/4%ps dl y
traverse the catal yst bed. Thus, the metal sulfide edge plane area will be
fromabout 761 to 2800, preferably from 1000 to 2200, and nore preferably
from 1200 to 2000 unol oxygen/gram Moc03, as neasured by oxygen

chem sorption. Alumna is a preferred-upport. For catalysts with a high
degree of netal sulfide edge plane area, magnesia can al so be used. The
cat al yst r rhad i iveQrkalifirizaRim t han 1
wt.%gf COﬁ?ﬁ%ﬁQéWﬁgB@ﬁngga@e, ggﬁﬁla!t%!sféeg?wg??r%mvari ous netal oxides
‘whi ch cany,Bgeddr SIShB ineitiong thy sfuraioncent ohayt brwadbyt mings from 0. § & Qref erred

that the. catal yst be free of such contam nants. In OE{e egﬁg}di rre7nt o) he
catal yst wa¥s,ahere typivalyfromaboup0:1d wt.% toyabasit O LWk &by wWih .3-8.4Wheo o5 and
‘nmore preferably 1 to 3 . %.0of an. addi tJ i.n the support .chaadditive
is sel ectand ¢‘f€@r9-‘3t'%7@¥%}%’&%%gf ?Fﬁ‘g‘ Wﬁgkep%ﬁgﬁ&u@ %@ts 1(l)lfl met al
oxi des of netals_of G.oup.l i : nor e
catal yti cgei’r’gfaji%r%%%rﬂaagﬁﬁgst | rE%grB%g{r a Oeﬁgggéhgﬁg&gagﬁg?{lyby airy

suitable Vﬁﬁﬁ @a‘lv? 260  thERrenetippocaanid msemdgtive to
heat-decoﬁg@sa e(zsal g‘iﬁg}@%{bﬁgﬂa o?g’r@lyB g}r?(&j VI Iﬁet al s or other nethods

known to fheqmescaick!dfedrogert ietharfeed.such as i on-exchange, with inpregnation
met hods being preferred. Suitable aqueous inpregnation solutions include,

but are not limted to a nitrate, ammni ated .oxjde, fo te, acetate and
the |ike.[003d] egnkhs enganic &W@@MW&%twlcm%é%aﬁ@’bgonponents can
be enpl oyed I ngi pi ent. wet nes i npre i f a rganic

medt o ooz, Cormpriss mersaptan SR SOty RREDR BRI CRRREY 90T Hou

dryi ng ang i f | éﬂ%xc'l.' i | ci nation
i sygeger a S@‘%@ﬁﬁ&\%ﬁf ﬁﬁgPlr?@%? a‘t“%@r at urlg;k u!)i?r ??@&6%%‘% ggg%%%ﬁ?tﬁ%

t enper at ugigsleofnd éatieAs&t rind Qonfifiunds.t Jiéreaptans PR3EHt itdhemaphtha feed t abl e
for use hereéin are those conprised of: cobalt and one or npre G oup VI

netal s setypicadly havenfroml grsderthneeat(ci-Carepgbematoms Duning axelsgys- L
PCT/ USQOL/ ~9765 -13suitable refrgctory suppart, il'h concent rﬁi on of cobalt
in terns Bydiogdes ZAHONFPIRRTSEH rcapays 1 dhg Ak TOROVFEP%r abl y about 2

concont r afeging ifh B IR Gebl End ok IEADMq far i ols BelickedtharthE |
preferab'%ﬁ?@ﬂ@&ﬂ% tﬁehgd%ae%}f%izm FRERT Ficth Siekinyovdl @fabout 20 to 3

Ow. % metal s weight percents are on support. By "on support” we
nmean t hat otgagipsuléiendompmmdsasacts with the olefighto fifrnt hew sugrpaptans Hex, exanpl e,
if the support were to weigh 100 g., then 20 wt.% Co would nean that 20 g
of Co0 nereversion nasrcepiansfpenarallyoivhas begn f plcthe Jpergaptans, prrsents

U an s, BheitedRsutGRran ofois Bye g oafbd AmBeL el o &Y 1
di at omacepiis 3 thi ’fcégg Nrhegy &%ﬁ%&ﬂg@é doBied $h thereasiodeand whidkanum

oxi de, neodyni um oxl de, yttrium oxi raesodyni um oxi de, chrom a, thorium
oxi de, ur afy gresétdhithe dequlfiaized produetx typically comprisel€,, meccaptansi num
phosphate. Large pore zeolites can also be used. Zeolites that can be

enpl oyed Qihersdavd preposedirndeding theymeneapsan prd/on tiabatl i fithe al  and

dachi ar L?bé&r‘&i%ﬁ%ﬁi%‘t&*ﬁf Fapha Brodhief bY el apch a5 D) pﬁa?%%?%l‘g&ﬁéeﬁeggp; e,
Che synt hetRd diflefis, 2 GGl suRleEH bteTRAOEGEDkqdhop a3y 20 ATDNO
Z, alpha gﬁsﬂd&%azeeéﬁmgwmw@ﬂdmaﬂqalﬁwa% afd caaBysthe fauj asites,

.particularly zeolite Y and zeolite X, nore preferably those having a unit
cell size greater than or equal to 6 Angstrons in dianmeter, nost preferably

géiﬁ? te, tkié‘&éh “Wonlieiting pepies op idrcactsn 1ed SIS LOUSE B ot her
.. F . ' '

e ot b dhTBAP Eteea Ry SRR ey dhr hERS heRBR bl BB SR Mot

SO el WpiRERy RGO b Hoille Pt T Bou RS ORD S B GRTEORECHS O | 9

repl ace at oh o i'con portion. erred supports are
alumna, silica, alumna-silica, and |large pore zeolites. WO 02/ (1S318-1
PCT/ USO1/ - 197GS - 14




[ 0035] The netals can be deposited, or incorporated, upon the support by
any suitable conventional neans, such as by inpregnation enploying

heat decopO92bidescal ts of the netals or other nethods knoRWETIWSOI/KGeE
skilled in the art such as ion-exchange. |npregnation nethods are
preferred. Suitable aqueous inpregnation solutions include, but are not
limted to, cobalt chloride, cobalt nitrate and amoni um nol ybdat e.

| mpregnation of the nmetals on the suppart is typically done using an

i nci pi ent wetness techni que. The support is precal cined and the anmount of

t to be_ad to | | |, of ' ]
ot eonamrefaly dremboat 75 BBl Ny RO e ME I banl D, T SO

‘t he total.amunt £y g 1e&ethah wboutmass of
support. WEBEE’XQ‘?({%%R%@# %gﬁgée)?fégéru}r%g c?%ﬁ@’??ﬁférlrgtﬂgﬁ separately, including
an i nt er vepp Wxﬂj RASrShRFRBWORs{ fHanedoat 500svppm, most prgfesably to

"co-inpregrdation step cah be used. The saturated sg&f)ort can.then_be
separ at edesgithanrsbdnt 260 veppinecparticpladydess then abewt wPRE: FUA, 83d ci nati on

generally is perforned at tenperatures ranging.f about ,250C bout
650C, or idealdy po tsse thas gbaui R WPPm: I&E"“S@g{}g’ ‘é%b‘@i’?% _g1f16%§§fe Siéfpe‘a‘%pr esent
invention, WMth respect to adsorptioneal.s i i b he

f eodst oo kLRSI oY FenSuR e BoHp oL SRS FRSER mifld fetaling
containin i iSHEdtRPHR siasd bOths pr&ent abl e
conditi onEgs @H@ﬁ%ﬁ%\egqnﬁsgﬁﬁ'egﬁfgggﬁgé%% lthﬁwa C, plflgf er abl rom about -30
C to aboufnyvdRén piiRilpRtaIsydrbgemnissmbstantially mbsatscuringddE. Sui t abl e
pressures are from about atnospheric pressure to about 500 psig, preferably

f r om abouadsatptisphyelecthus esivimel olefiaisetiratew opeyt§. The bed of adsor bent
material can be of any suitable arrangenent including fixed bed, slurry

TP e B e
regener at &g@%i’%ﬁﬂ%f %&&ﬁ%ﬁf g?eﬁeé%ﬁé)sti%‘ﬁ& it gféd desalsk ofRgesstlitter compounds

fromthe _ esorbents in WO 112/ 053C8 _
PCT/ USOL/ é‘%@m&éﬂlaﬁé ns@ Nondlisiieing fexaugl@oshsuifid congrongdn sul fide, as

wel | as organic solverts, both aromatic and non-aromatjc. The desorbent can
al so be acomhimedrin suth deedstddksiisclpde elemendak svdfuraaliphatichaaphthenigsand t hat
can be easily separated fromthe sulfur, co unds by conv i.onal,

t echni queslomalihmgscapjansy gulbiles, dir and PQ!YSHE&SQ gpg?ﬁ?@ét@@ﬁi’elf &gl}?é

sel ected ﬁeﬁ‘gﬁ]‘?ti on %@ihni gque is distillation, the boiling point of the
desor bent DEWOLRES q $14108% om t he sul fur conpounds by at |east about 5C,
preferably by at |east about 10C. Preferred desorbents include nitrogen and
the ni xtuygoef] hygnpdane Foclisksanod amaphtid sifeant BAGH toThefifsrlseleviingyexanpl es
are presented’to i1llustrate the invention and are not to be taken as
limting hpdesdesubfyrizéckiheniangds fovAROienpdrature. fprossugé asd treot ganratle/ 8" OD x
3/8" 1D was packed with 3.5 of .a cobal Egrﬁmthybdenum rn al um ”ﬁ adsor bent .
The adsor bmploysshiaatihe bydeodegwlfirizn tthiase generalinkpown ard gsed, \po3: 5

of 240, mofel Dydroge B RteR ENet T ofb SelBRF TR es 8¢ bibad e O 2 o2
pl aced on pk&grﬁﬁ r&n%%ﬁiﬂ; tﬁt eﬁ%&fe‘) ?)régsﬂl% &413as Rhti® Of thedpraaBss(Gahe) of

Adsor bent was | oa ass col um. e bottom si x i nches of the

col um wasnw@fiond it eompatisodwithctypioal Enbeanrraldgﬂst | oss. The col um was
first flooded with hexane, drained, then filled with a |light cat naphtha

(LCN) containing 760 wppm sul fur. The LCN was gravity-fed to the colum at
of appr ox{Candifins 3 -1 (vl beaad *samedletil .o FISELREeNd 11
00/ 033(1 6 FB1E Tabi e 1 peT) UST 576 BT cakctin Bta for
\Adsorbent ﬁt@aegyl,&ié.) Time ogp-Shpeam Fsedpet Sul fur  60-300

| Treat gas ratio, scf/b 200-10000  1000-4000 2000-4000




(hrs) (wppm 11002190329043605. 54206. 54507. 54809, 55309. 5540 [ 0040] Table 1
shows that sul fur breakthrough (where the product sulfur level is the sane
as the feed)2usssnot achieved with Adsorbent A even after PCO/USOUHE6DT
operation. Exanple 2 (Preparation of Adsorbent B) [0041] 101 grans of Cod 2
was dissolved in 500 m of de-iol>ized water thereby formng a Cod 2
solution. 100 nml of this CoC 12 solution was added to 57 grams of a

hi gh-silica Faujasite (Si/Al > 1.5) (ay@Ll able from UOP as Hi Si V1000 -

1/ 16" extrudates) in a 1000 m -flask fitted with a cork and thernonmeter on

the top. A nitrogen tupe d thr ]

nippl e HI28ko- Hheipietzarss cheBamorndiionEngio P YRR BV TP i
4, . % ased. '

i ot ask I doTErpaoh aul RS oltel thnaflon QRAASIACT - L Cperature
mai nt ai ned between 75C-90C for 8 hours. Sufficient nitrogen was bubbl ed

‘through the tube to agitate the mxture during.this tinme. After.8 hours the
ext r udat g9020] e \@asalgstsfsuiteblei for thewelectbediydrodesuliarization of naBRBA, dried i n

a vacuum oven at 90C overni ght, and then air, cal Gi t o
furnace fereagisiaghuss thosgrQRprEIedt eqsi?nﬁgﬁﬂpw%eﬁl anfGEdn a mffle

component such as Co, Ni and Fe, alone or in combination with a component of
at least one metal selected from Group VI, 1A, I1A, IB metals and mixture
thereof, supported on any suitable, high surface area inorganic metal oxide
support material such as, but not limited to, alumina, silica, titania, magnesia,
silica-alumina, and the like. The Group VIII metal component will typically
comprises a component of Co, Ni or Fe, more preferably Co and/or Ni, and most
preferably Co; and at least one Group VI metal catalytic component, preferably
Mo or W, and most preferably Mo, composited with, or supported on, a high
surface area support component, such as alumina. All Groups of the Periodic
Table referred to herein mean Groups as found in the Sargent-Welch Periodic
Table of the Elements, copyrighted in 1968 by the Sargent-Welch Scientific
Company. Some catalysts employ one or more zeolite components. A noble
metal component of Pd or Pt is also used. At least partially and even severely
deactivated catalysts have been found to be more selective in removing sulfur

with less olefin loss due to saturation.

[0030] In the practice of the invention it is preferred that the
hydrodesulfurization catalyst comprise a Group VIII non-noble metal catalytic
component of at least one metal of Group VIII and at least one metal of Group
VIB on a suitable catalyst support. Preferred Group VIII metals include Co and
Ni, with preferred Group VIB metals comprising Mo and W. A high surface
area inorganic metal oxide support material such as, but not limited to, alumina,
silica, titania, magnesia, silica-alumina, and the like is preferred, with alumina,

silica and silica-alumina particularly preferred. Metal concentrations are



PCT1USO1/ - 4976s [0043] A four-foot glass colum (5/8" OD x 3/8" ID) was
packed with 3.5 of Adsorbent B and placed on top of a one inch cotton

pl ug. A tWOa&R0BH8H2 grans (85 cc) of Adsorbent B was | oad®§TIuRb427E gl ass
colum. The bottom six inches of the colum was cooled to OC to m nim ze
product |osses. The colum was first flooded with hexane, drained, then
filled wth I'ight cat naphtha (LCN) containing 760 wopm sul fur. The LCN was
gravity-fed to the columm at approxinmaikty 24cc/hr to maintain a liquid
hourly space velocity (LHSV) of approximately 0.3 hr-1 (v/v/h). Sanples

were taken { ' i RUafbceading andlysicandsal tangar e shown
I n Tabl e%f&@&f’%&#%@u?%‘?&%ﬁgﬁ(ﬁrogg)h Dat% for}t Adsor bent B ( Exanpl e
'3) Time QRomtdRAM BOeSh oBihd tietdl luxide, ndpmdre typically from about 10-25
115022803. 3380545064607480851 0952010540 [ 0044] The Tabl e 2 shows

at a, of
t hat sul-fm.%)oﬁﬁietmcidugﬁﬂwaawtakyncanmlae@mpmms,A@63 s the Botéﬁ Pt er 10
"hours of operation. Exanple 4 [004 t wo-£Q0t . 316S N “11 D) was
packed wiweight.v&he catabystananhe %F"é@ﬁd‘g ?rlqlgéae«iy}-ﬁﬁ@q}g@)eﬂ;@}]% %]ﬁded in

bet ween two 1" .st%i nl@%ﬁ steel wool plugs. A total of 60 grams (85 cc) of
Adsor bentCRVGHEEODHIHENO St 0 the WO U2/ 05368 PCT/ USUL/ - 1971S - i8net al
col um. Adsorbent A was calcined in air at 400C for approximately 2 hours.

After allgyspg t lBodimentd lodewetdldosded MIIS tatalyst eomprsingizoO
adsor bentm\gggpflggggg vvithlhexane and then flushed with PUL containing 85

wppm sul faid M@, 6va supponyimpwhichpthe IGodMhatough ratieranges frora 0. kispk -8xi mat el y
60 /[hr t I nt ai l'iquid, hourl el ocity. of i.mately 0. 8
r-1. Theisquiomlahiprofosedrien iacanseaniuneaosand High sefEBIREAR: 1 om t he
colum was .cool ed t C,to mnim l. r I t
ascgr t ai nésutlgl’é' r§m°fvt‘f’rﬁ gyégm WF%E‘#@@?&%@@%@;@@@ 1r%%gﬁntéﬁ)‘rf\elgs °
were used,t 0. GAnCH, Frérekiifly Tt itire P10 ah@ I GRARE I IbI9 ot more than 8

wt.% catalytic metal components calculated as their oxides, based on the total

catalyst weight. Such catalysts include: (a) a MoO; concentration of about 1 to
10 wt.%, preferably 2 to 8 wt.% and more preferably 4 to 6 wt.% of the total
catalyst; (b) a CoO concentration of 0.1 to 5 wt.%, preferably 0.5 to 4 wt.% and
more preferably 1 to 3 wt.% based on the total catalyst weight. The catalyst will
also have (i) a Co/Mo atomic ratio of 0.1 to 1.0, preferably 0.20 to 0.80 and
more preferably 0.25 to 0.72; (ii) a median pore diameter of 60 to 200 A,
preferably from 75 to 175 A and more preferably 80 to 150 A; (iii) a MoO;
surface concentration of 0.5 x 10 to 3 x 10* g. MoOs/m’, preferably 0.75 x 10"
to 2.4 x 10™ and more preferably 1 x 10 to 2 x 10™, and (iv) an average particle
size diameter of less than 2.0 mm, preferably less than 1.6 mm and more
preferably less than 1.4 mm. The most preferred catalysts will also have a high
degree of metal sulfide edge plane area as measured by the Oxygen
Chemisorption Test described in “Structure and Properties of Molybdenum
Sulfide: Correlation of O, Chemisorption with Hydrodesulfurization Activity”,
S. J. Tauster, et al., Journal of Catalysis, 63, p. 515-519 (1980), which is
incorporated herein by reference. The Oxygen Chemisorption Test involves

edge-plane area measurements made wherein pulses of oxygen are added to a



Adsorbent A and the results are shown in Table 3 below. Exanple 5 [0046] A
two-foot 316SS colum (1.1" ID) was packed with five inches of A1203

adsor bentwWQ12/033884resh extrudat es) sandwi ched in between tWETIUSOEHEIOR] ess
steel wool plugs. Atotal of 60 grans (85 cc) of Al1203 adsorbent was | oaded
into the netal columm. The A1203 adsorbent was calcined in air at 400C for
approximately 2 hours. After allow ng the colum to cool down to amnbi ent
tenperature the adsorbent was fl ooded-¥th hexane and then flushed with PUL
containing 77 wopm sul fur. The gasoline was punped up-flow through the

col utm at __appr oxi Wias =Tl -, Ist ed d Thaslrthy nsqtakce vel ocity
(LHSV) ofcaﬁlg%r%%{c‘i%tagén@%%apgqu%ﬁg&ggltﬁénga% operated at anbi ent

't enper at Wi g§qd Srineked Wil Be)fromhbont 6Lt 280G prefeeatipiftom 1988 teool ed to
O Cto mnimze Tosses. Regular sanples were taken to ascertain the sul fur
br eakt hr 20, atid veore Prefeablyfromr 40tthr200gH B0k Qeygenégtam, % @Scal cul at ed
‘the sul fur adsorption capacity of A1203 and the results are shown in Table
3 bel ow. mea¥Dredbgssilyges chemisorptian3 AMemngsisE Pr PRPLE i 5% of

(Bxanmpl o alyssaniag ik degysargncdl AT A0R% ot e HfdisH corl S4ATE' 012
anpl e h ity, 0 gns ads O.
0.14 [ 0047 ' . f 1] pRsfEAbiRRBeaBnidssul f ur
capacity %uﬁsif@%ﬁ%ﬂa&s?g%rﬁ}ﬂﬁ@éaﬁﬁfB |%0ﬁlg§yﬂllég A1203 by its.elsf (i.e.,
64% i ncr e@sf 1 Wi b 6f sYhiatiinSRaath ¥3 FeFuifmes sHidaGmdolariaus angihleoxifles
Adsorbent A was calcined in air at 400C for approxi rr_atel%ﬁrz htﬁurti' The top
portion oﬁvh'ﬁ:}tmﬁbegmenedﬁﬁs:gpmpamo@mfahe cel)yshadt isqurisared; that Wext een

i nches of hot Adsorbent A ( 1/20" extrudates),. .The gltéto%nfoﬁﬂi?qn of the
col umn waeatplyskbe figetaf sushcaaiwaaingnts A oge cathodrment (e calyShIAY 435 qual
water. The two beds re sapdw I R <bet 3] . ' teel wool
pl ugs. Th@@@ﬂ}%ﬂ“\,ﬁé{\éﬂﬁ{ ﬁé’ﬁta(%’up Eﬁ&l}f ﬁ'snt?)tdr,\%g'e/_ﬁmgr%ogf }FQ%PA lgzqgfréa%s (85
cc) of AdsRubepbnadaifvdim e sﬁép?ﬁ; Whl Gl diivesiseeReorarbangiedrong o t he
met al col um. was punped up-flow through the colum at approxi mately
935 cc/ hr cmisthigbPplosphoreis shdmetalyosprest oxidescftmetalsHe\Grap 1A
approximately 11 hr-1. The colunmm was operated at anbi ent tenperatures
(appr oxi nédllealy n24l5). The product fromthe col um was cooled to OCto

m nimze | osses. Regul ar sanples were taken to ascertain the sul fur
br eakt hr ough curve. The sul fur breakthrough curves were used to cal cul ated

the sul f Upo adgor Pl 08, €8P ARk Yafily RYAREIERAN B B0 iESiokAeduosinown i n

Table 4 b
the support by any suitable conventional means, such as by impregnation

employing heat-decomposable salts of the Group VIB and VIII metals or other
methods known to those skilled in the art, such as ion-exchange, with
impregnation methods being preferred. Suitable aqueous impregnation solutions
include, but are not limited to a nitrate, ammoniated oxide, formate, acetate and
the like. Impregnation of the catalytic metal hydrogenating components can be
employed by incipient wetness, impregnation from aqueous or organic media,
compositing. Impregnation as in incipient wetness, with or without drying and
calcining after each impregnation is typically used. Calcination is generally
achieved in air at temperatures of from 260-650°C, with temperatures of from
425- 590°C being typical.

[0033]  Adsorbents suitable for use herein are those comprised of: cobalt and

one or more Group VI metals selected from molybdenum and tungsten on a




WO 112/0531 8-t -20 Exanple 7 PCT/USOQ/~9765 [0049] A Mo on Al 2038 adsor bent
was prepared as follows. 72 granms of 14/28 nmesh gamma- A1203 (Al coa H Q &250
1/ 16" eWwOuded3esHh were ground and sieved through 14 and PETHSEN4Y6T eens.
85 granms of ammoni um nol bydate was added to a sufficient quantity of

dei oni zed water to make up a 200 cc solution. The solution was stirred,

yi el ding a cloudy, supersaturated m xture. The solution was then decanted
off into a dish containing the 14/28/nkEsh A1203 and al |l owed to soak

overni ght. The excess liquid was then decanted off. The rgrerabni ngsol I ds
vere dried. it heheGhebtadiont ofiddbaltfiaternholi€eO wilbbe] The
top port%gﬁhﬁfﬁgﬁ?ﬂpg}gﬁfﬁgg?&MGSS colum (0.62" ID was packed wth sixteen
‘i nches offrdiatabbt 015 181t 20wt Ye prefertibly Bboutchioahaut 3R Wt 7e ARAOMIEmM was

ked with 16 inch f 4A nol I [ t i d ter.
Pr v ous grofablyiabaati toaboual hekidbuThe GGG Hone G LY Lol 7 ur
‘co ds in th | ipe. Th d | ' to t 1"
Ctar nl asvil beRonbarop Ligsabor 0L o eiacitty SR MBS d P SEOCELL o )
total of 64 gr: ohA

al Of Rl ARt N6 alffut D BBOWEIR AUSRERR T cANd plvean at

mol ecul ar™&§ info the netal colum. POL was punped up-flow

t hrough tgﬁg, 6R BP“ah sﬁ@mﬁxm&h&wﬁsmmrbenmmmmﬂmmﬂm wéight of hourly
space vel o Pty (LHSV) approximately 11 hr-1. The col um S, rated at
anbi ent tthopappontr For eXampe, afithet supporh were tooveigh I\Q,Q%é]@ﬁﬂ%&%og ut 0Cto
m ni m ze | osses. Regul ar saralpgs we{(e taken to ascertain the sul fur

br eakt hr cwgaldoueamthat 28 & GO mesakvas gndhe SR were used to cal cul ated

the sul fur adsorption capacity of Mo on A12Q3. WO 02/ 053G8.1 -21 Table 4
PCT/ USQL/ ~ arj somp. 0 @@% | ¥ideRLh Hindapaci ty
Absorbentm%gfr E@ﬁtﬁﬁweﬁﬁw&ﬁéﬁ@?}é@? ( egﬁrrpo&dﬁ) Fee%uélslglfur’, wpprn 77

77 silica, silica-alumina, clay, titania, calcium oxide, strontium oxide, barium oxide,

carbons, zirconia, diatomaceous earth, lanthanide oxides including cerium oxide,
lanthanum oxide, neodynium oxide, yttrium oxide, praesodynium oxide,
chromia, thorium oxide, urania, niobia, tantala, tin oxide, zinc oxide, and
aluminum phosphate. Large pore zeolites can also be used. Zeolites that can be
employed in accordance with this invention include both natural and synthetic
zeolites. Such 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 or equal to 6 Angstroms in diameter, most preferably
' greater than or equal to 10 Angstroms, in diameter. The aluminum in the zeolite,
as well as the silicon component can be substituted with other framework
components. For example, at least a portion of the aluminum portion can be
replaced by boron, gallium, titanium or trivalent metal compositions that are
heavier than aluminum. Germanium can be used to replace at least a portion of
the silicon portion. Preferred supports are alumina, silica, alumina-silica, and

large pore zeolites.



Sul fur Capacity, gm S/ 100 gns ads 0.20 0.11 [0051] As shown in Table 4
above the sul fur renoval perfornmance and sul phur capacity of Adsorbent Ais
si gni fi camOyoFBgher than Mo on A1203 by itself (i.e., 82FLTASOEAEESin t he
sul phur capacity). Exanple 8 [0052] A two-foot 316 stainless (SS) colum
(1.1" ID) was packed with five inches of Adsorbent A sandw ched in between
two 1" stainless steel wool plugs. Adsorbent A was conditioned in air at
400C for approximately 2 hours. A total4ef 60 granms (85cc) of Adsorbent A
was | oaded into the netal colum. The product was cooled to OCto mnimze
| osses. T | u | LSt it 1 tib&enttlel eft by prem um
unl eaded @Q%%fl ng:ﬁ(3 %Et)a{scoa?\‘[%% ?\%ﬁgg%&%ﬁﬁ%?’ }*15%2_ PUslf@\?vas b'pyluﬁrrtr:)yed

up-f1 ow tdrayRcdi@nashalmesis, 3nct ax bynimprsgration/employingdeatai n a | i quid

hourly space velocity (LHSV) of approximately 0.8 hr-1. The.colu was

oper at ed décompvsablie saktsoéithe tretals papphesmethods knoweyo %}F@Gtﬂiﬁfe‘i‘é‘%%s wer e
‘taken to ascertain the _sul fur breakthrou urve, V /. ~ -22

Exanpl e Grbgphssiipniexangge | @mgﬁ]gﬂﬂﬁeﬂﬁ? 8@%?1'8 WFfe%%%‘;@%as fol | oned
except that the.adsorben .1r ' e N, SO ide hour s
after beiar%‘ePP%EPBEanﬁgg%lP\égﬁmiﬁ%]ﬁgggﬁtkgﬁgfﬂ ﬁ;Sd}]B’ The b(fflggll;lta 6r:frough
curves T QotafisARf N ind wRhRAREA bR/, NI hiegAatiorAdS thiehaetalsomptiecondi ti oned

i n hydrogen are shown in Figure 1 hereof. The sulfur capacities of
Adsor bentsipypoet'is tgpically doad using pregrient wotmebs techniquearlde PppeEdd t he feed

sul fur liné and the breakthrough curves. As shown in E re 1 hereof the
area bet wmepalchedf awbithei aneoumd twebtoeb%@‘ﬂﬁ%@ﬂuéh\”%aﬂ 8?%‘@&385‘%&5 A

diti d. wi hyd N i gni fi Ly I f
Adsor bent dtCRBEdnci e e ot repibopsouaont arf BB W MabRE. o6 ¢ e
Lt i ; Pl : . ) q
ﬁ;dr ggrge(r:]a %%IQH‘!B(IE@"%%% Qgﬁ&éﬁg\?m% tdg%}lecon [ ﬁfgﬂﬁgggé%gggﬁ%g&é Al nbﬁl;/:%? oggn

conpared §0af fiveAGh8ATSupPeIts qfﬁméimmwawc&yexﬁmmwdmeh medal% (from

0.18 to 0.32 I'bs S/100 | bs absorbent). ) .
separately, including an intervening drying step between impregnations, or a

single co-impregnation step can be used. The saturated support can then be
separated, drained, and dried in preparation for calcination. Calcination
generally is performed at temperatures ranging from about 250°C to about

650°C, or more preferably from about 425°C to about 590°C.

[0036] The present invention, with respect to adsorption, is practiced by
introducing the feedstock containing the sulfur compounds into an adsorption
zone containing a bed of adsorbent material at suitable conditions. Suitable
conditions include temperatures up to about 150°C, preferably from about -30
°C to about 150°C, more preferably from about 10°C to about 100°C. Suitable
pressures are from about atmospheric pressure to about 500 psig, preferably
from about atmospheric pressure to about 250 psig. The bed of adsorbent
material can be of any suitable arrangement including fixed bed, shury bed,
moving bed, or ebullating bed. It is preferred that the adsorbent material be

arranged as a fixed bed.

[0037]  The adsorbent can be regenerated by any suitable material that will

desorb the sulfur compounds from the adsorbent. Typical desorbents include



Table 5 Effect of Adsorbent Conditioning on Sulfur Capacity Preconditioning
@00C/ 2 Hr Air Hydrogen Sul fur Capacity, 0.18 0.32 | bs S/ 100 | bs adsor bent
Exanpl e MOpR0O564+ A t hree-foot 316SS col utm (0. 62" |1 D) wadSGIasRedO™f t h

si xteen inches of dried Adsorbent A sandw ched between two stainless steel
wool plugs. A total of 60 grams (85cc) of Adsorbent A with particle sizes
rangi ng between 14 and 28 nesh were | oaded hot into the columm and then
purged with dry nitrogen. WO U2/ (1 S3@8-t PCT/ USOL/ ~97Gs - 23PUL cont ai ni ng
77 wppm sul fur was first punped up-flow through a colum containing a 16"

bed of 4A.nol ecul ar_siev L f en t hrough the
Adsor bentmﬁggﬁm’m"%‘%f?}xgﬂﬁégﬁgﬁ \}}gﬁn%%ﬁ %lpﬁgg’ez};tﬁggg?gg%&ngt ely I6écc/mn
whi ch pr %%?'ﬁé?ﬂs 3R SSohhH¥ aha@nCiromatis g e dedottiont cai alsocbe/msadimvent A

0

col um. cGl ums were operated at anbient tenperature. The product was
cool ed t ostpat tGEprefeniedithhize désosbad tusset] dhat\capdreseasty sepriatadoliems anpl es
‘were taken during the run to ascertain the sulfur breakthrough curve.

Pr evi ous thesufus compountsbyceavantionsl sechnigues; 34eh 35k di d not absorb any
| f d the f Ex | 1 . f Ex |
70 vas | oGl B opron G aadaiE o Selat ] SfpardtiGn Rt s ©f Banple
diti. Wt : 0 i : i h
P econai (Jisiftid e bR foth 8 o desopbcil sRoud=iltel fronbHLd fatiche

appr oxi Wit Rast AHA SPOCpRASRULY By 30asedbol® T0I6. Wrefeared final |y
hel d at ”%dé@?%@sgﬁsﬂgﬁr s? The Adso?bent Xey/as contacted with the PUL after

bei ng al | gapebérs aedlidé aiteogenenid themixtarewofdydExgenparsd hydipges splfice
procedure of Exanple 10 was foll owed except HZ was used al one during
precondi tioning i nstead of H2S and H2. [0059] The breakthrough curves for
dried AdsH038ht AheSollgwiagexpmpies @ﬁil@@seﬂé‘%‘i) uateﬁhse%m%@méd in

H2S/ H2 (Exanple 11) are sho in Figure 2 hereof. The equilibriumsulfur
capaci t i e%l'ed?Otttﬁi’eAég‘Eﬁ g%ﬂm\ﬁﬁngwggv%r e calculated. Table 6 bel ow
conpares the equilibriumsulfur capacities for the Adsorbent A sanples

dried in @i preconditioned in H2S/H2. As shown, preconditioning
Adsorbent%?ﬂﬂgés/ H2 i ncreases the sul fur capacity by approxi mtely 70%

(fromO. 2?0(}3%]0' 3% flogxs-fc%tjﬁgsé éﬁuﬁlﬂs(gyéwﬁﬁ x 3/8 VDY W pacddwith 3.5’ of
a cobalt/molybdenum on alumina adsorbent. The adsorbent, which is designated
Adsorbent A, contained 20.4 wt.% MoOj; 5 wt.% CoO; and the balance being
alumina. The adsorbent had a surface area of 240 m*/g. Adsorbent A was used
in the form of 1/16” extrudates and was placed on top of a one-inch cotton plug.
A total of 60.2 grams (85¢cc) of Adsorbent A was loaded into the glass column.
The bottom six inches of the column was cooled to about 0°C to minimize
product loss. The column was first flooded with hexane, drained, then filled
with a light cat naphtha (LCN) containing 760 wppm sulfur. The LCN was
gravity-fed to the column at approximately 24 cc/hr to maintain a liquid hourly
space velocity (LHSV) of approximately 0.3 hr-1 (v/v/hr). Samples were taken
to determine the sulfur breakthrough curve and the results are shown in Table 1

below.




-24 Table 6 PCT/USOL/ ~9715 Effect of H2S/H2 Preconditioning on Equilibrium
Sul fur Capacity Preconditioning Dried Dried/ H2S/ H2@OO0OC Equi | i bri um Sul fur
Capaci t y,wQo20s3b®s S/ 100 | bs adsorbent 0.33 [0060] The br XERIURDEYNS cur ves
for dried Adsorbent preconditioned in HZ (Exanple 12) and H2S/ H2 ( Exanpl e
11) are shown in Figure 3 hereof. The equilibriumsulfur capacities of the
Adsor bent A sanples were cal culated and are shown in Table 7 bel ow which
conpares the equilibriumsul fur capacii{ées for the Adsorbent A sanples
preconditioned in H2 and preconditioned in H2S/ H2. As shown preconditioning
dried Adsorbent A in H2S/ H2 corrpareihg II|2 I ncreases the sul fur capacity by
approximately 25% (from0.27 to 0.3 S/ 100 | bs adsorbent). Table 7
‘Effect of H2S/H2 a ] ]ﬁ&ﬁﬁ& hih&h 1£56 AdBorbelt Al (Bxiattipl&a) f ur Capaci ty
Precondi ti oning H2 Tz ST 0T EqUi T bed&ﬁdPSuﬁlﬁ Capacity, 0.27 0.33

| bs S/ 100 | bs adsorbema.p. ) [0061] A sampire of Adsorbent A was
‘ground to a fine powder and g& n cal ci ned for g(?e h%r at 400C. Five grans
of cal ci ned Adsorbent A and ( grans of PUL co PHB g 77 wopm sul fur were
| oaded into a one-liter, ni tgogenpur ged, glass-Il{ggd-nmetal vessel. The

vessel was capped and then pfressured to 50 psig mdh nitrogen. The vessel

and its contents were kept at anbient

290
4 360
5.5 420
6.5 450
7.5 480
8.5 530
9.5 540

[0040] Table 1 shows that sulfur breakthrough (where the product sulfur level
is the same as the feed) was not achieved with Adsorbent A even after 10 hours

of operation.

Example 2 (Preparation of Adsorbent B)

[0041] 101 grams of CoCl, was dissolved in 500 ml of de-ionized water
thereby forming a CoCl, solution. 100 ml of this CoC1; solution was added to
57 grams of a high-silica Faujasite (S/Al > 1.5) (available from UOP as HiSiV-
1000 - 1/16” extrudates) in a 1000 ml-flask fitted with a cork and thermometer
on the top. A nitrogen tube was passed through a vacuum hose connection
nipple. This Co-HiSiV-1000 adsorbent is designated Adsorbent B and contains
4.8 wt.% CoO, based on the total weight of the adsorbent.

[0042]  The 1000 ml-flask and contents were placed on a hot-plate with the
temperature maintained between 75°C-90°C for 8 hours. Sufficient nitrogen was
bubbled through the tube to agitate the mixture during this time. After 8 hours
the extrudates were washed five times with 500 ml of de-ionized water, dried in
a vacuum oven at 90°C overnight and then air calcined at 350°C in a muffle

furnace for 3 hours.



WO 02/ US3I r8-4 PCT/ US01/~97C5 -25 tenperature for four hours and swirled
every 20 mnutes to ensure good contact between Adsorbent A and the

gasol i ne.waxaosspse 14 [0062] Exanple 13 was repeated excepCTiuseinessel and
its contents were nmaintained at 70C for four hours in a forced-air oven and
swirled every 20 mnutes to ensure good contact between Adsorbent A and the
PUL. Exanple 15 [0063] 50 grams of PUL containing 77 wppm sul fur was | oaded
into a oneliter, nitrogen-purged, glasgrlined-netal vessel. The vessel was
capped and then pressured to 50 psig with nitrogen. The vessel and its
contents were naintained at 70C for four hours in a forced-air oven and
swirled dangplesd ninutes. The results from Exanples 13, 14 and 15 are
summari zed in Table 8 below. Table 8 Effect of Tenperature on

TR R G B deT on e e e
o SU L msygﬁgﬁgﬂs fifd plcR &pﬂ)pgm ofisinth cottoriplug. 28taedt «f L gums. 05

(85 cc) of Adsorbent B was loaded into the glass column. The bottom six inches

of the column was cooled to 0°C to minimize product losses. The column was

first flooded with hexane, drained, then filled with light cat naphtha (LCN)

containing 760 wppm sulfur. The LCN was gravity-fed to the column at

approximately 24cc/hr to maintain a liquid hourly space velocity (LHSV) of

approximately 0.3 hr-1 (v/v/h). Samples were taken to obtain the sulfur

breakthrough data and the results are shown in Table 2 below.

Table 2

Sulfur Breakthrough Data for Adsorbent B (Example 3)

Time on Stream Product Sulfur
(hrs) (wppm)
1 150
2 280
3.3 380
5 450
6 460
7 480
8 510
9 520
10 540 .

[0044] The data of Table 2 shows that sulfur breakthrough was not achieved

with Adsorbent B even after 10 hours of operation.

Example 4

[0045] A two-foot 316SS column (1.1" ID) was packed with five inches of
Adsorbent A (1/20" extrudates) sandwiched in between two 1" stainless steel
wool plugs. A total of 60 grams (85 cc) of Adsorbent A was loaded into the



[0064] As shown in Table 8 above, increasing the tenperature from20 to 70
Chas little effect on the sul fur renoval performance of Adsorbent A The
dat a al sovelwsseshat the walls of the vessel did not renoWETANRPIAAGS ur .

WD 02/ OS3@8.1 -26 PCT/ LI S411~97Gs [0065] U.S. Patent 5,1S7,201 teaches
"adsorbing sul fur species in the absence of extraneously added hydrogen at
a tenperature within the range of about 50C to about 75 C.., froma
hydrocarbon streant ("ol efins selectedigromthe group consisting of

et hyl ene, propyl ene, butene, m xtures of ethylene, propyl ene, butene and

m xtures of ethyl ene, pr ne Wi T Pesifhaddl¢l 2out ane™)
by use ofMmgta S&éf‘%t A@EOI%D(?%% &Wﬁ%?&kg{%ﬁd}é{&nﬁ%ﬁgﬁ{?%&@gi de gn gl umna) "to
form a ragilt anindiuiigaas RAOCARRD ERfidost AgusbRantimpdrytnt, theef i ns

cont ai ni ﬁg)a reduced anount of at |east one sul fur s%eci es"., In _contrast to
the presepfsoigbneWdsdoodsdbivith heshnd kiRl tHemt fushed, witls PUL oantgiang 8a

'significant increase in the sulfur renoyval r{glt_arujgggancia when the tenperature
i s i ncr eawpplnf subfors X heoPWEovasThemped mprilewriarg ase %e due to

absorption rather than agdsorpti.on. sorpiion invol ves. . action between
the | ow ranpseximgtel 9 GPE"S 6%%!%%"%*‘ W@“ﬁé?‘ﬁgy ehac tYeii%%/aég t he Co- Mb-
A1203 whil e adsorpii t hat IV, | herhea
physi cal %HHIP?@E‘?/[EH @'@t%gn@%%%@%%%nﬁse Yﬁ%@ aggﬁ‘%%ééfg ??@ggra@g‘té ween t he

hi gher ' Siinfwas §6616d €5 0PO to amhiizedbsseamRegutdr as gasol i ne
and the%ﬁ’%—k@%%@ﬁ%lv\o 051053G8 -27 CLAIMS: PCT/ US111/~97G5 1. A

process f gimplesmire galem tourscenaindhedulfir breaktirough ewrisoukle #8fai ni ng

hydr ocar bon ‘st reans, which process conpri ses ntacting the sulfur
conpound-hmakﬁirﬁug@CWMﬁwﬁgﬁP@&gﬁt‘? ecﬂ’igg@gé? Paqap%’g%ﬂge of added
hydrogen, w th an adsprbent conprised .of | east one G oup VI netal
sel ected A&%%@Bt é‘n@)‘“ﬁmﬁﬁeé‘r‘ﬁﬁ %r%ﬁﬁ‘inc&r’g%ag?[%rl support under conditions
that include tenperatures up to about 150C. 2. The process of claim1l
wherein tggéﬂﬂé;‘cbarbon streamis selected fromthose boiling in the range
of about out 600C and is further selected from naphtha streans and

distillate streanms. 3. The process of claim1 wherein the Co content of the
adsor bent [ag46] A two-foot 316SS column (1.1" ID) was packed with five inches of

Al,05 adsorbent (14/28 mesh extrudates) sandwiched in between two 1"
stainless steel wool plugs. A total of 60 grams (85 cc) of Al,O; adsorbent was
loaded into the metal column. The Al,O5 adsorbent was calcined in air at 400°C
for approximately 2 hours. After allowing the column to cool down to ambient
temperature the adsorbent was flooded with hexane and then flushed with PUL
containing 77 wppm sulfur. The gasoline was pumped up-flow through the
column at approximately 60 cc/hr to maintain a liquid hourly space velocity
(LHSV) of approximately 0.8 hr-1. The column was operated at ambient
temperatures (approximately 22°C). The product from the column was cooled to
0 °C to minimize losses. Regular samples were taken to ascertain the sulfur
breakthrough curve. The sulfur breakthrough curves were used to calculated the
sulfur adsorption capacity of AL,O; and the results are shown in Table 3 below.



fromabout 0.5 wt.%to about 20 wt.% in ternms of CoO 4. The process of
claim3 wherein the Croup VI netal content of the adsorbent is from about 1
W . %to MWOULOO8M . % 5. The process of claim1l wherein FEATAHYPPO6Pt i s
selected fromthe group consisting of alumna, silica, silica-alumna,

clay, titania, calciumoxide, strontiumoxide, barium oxide, carbons,
zirconia, diatomaceous earth, |anthanide oxides including cerium oxide,

| ant hanum oxi de, neodym um oxi de, yttrieum oxi de, praesodyni um oxi de,

chrom c, thoriumoxide, urania, niobia, tantala, tin oxide, zinc oxide, and
| arge pore zeolites. 6. The process ;é”‘eljﬂ m 1 wherein said hydrocarbon

streamis contacted with said adsor a tenperature from about 10C to
-about 100C. 7. The process of clal m1l vvhe O S

fi xed-bed arrangeneGormba ft Absarhendi anel £ i anes
I'12/11S3l 8~ -28 PCT/USQA | ~)7f|5 8. The process of cI a| m 1 wherein said

‘adsorbent is &}g ggﬂitloned with hydrogen. 9. The process of claiml
wherein said ent is preconditioned wigkyogberitat ur e ofAlB§3ir ogen and

hydrogen sul fide. .A Au& As& Aaé& A& Asa&?. ) A% BYEDIERI TN, Ay. A 1. A
. A% A& A&r . Asu (ExelitpteA3) A% (BoEmPIEd AN

Feed Sulfur, wppm | 85 77

Sulfur Capacity, gm S/100 gms ads 0.23 0.14

[0047]  As shown in Table 3 the sulfur removal performance and sulfur
capacity of Adsorbent A is significantly higher than ALOs by itself (i.e., 64%

increase in the sulfur capacity).

Example 6
[0048] A sample of Adsorbent A was calcined in air at 400°C for

approximately 2 hours. The top portion of a three-foot 31655 column (0.62" ID)
was packed with sixteen inches of hot Adsorbent A (1/20" extrudates). The
bottom portion of the column was packed with 16 inches of 4A molecular sieve
to remove residual water. The two beds were sandwiched in between two 1"
stainless steel wool plugs. The column was then purged with nitrogen. A total
of 62 grams (85 cc) of Adsorbent A and 85 cc of 4A molecular sieve was loaded
into the metal column. PUL was pumped up-flow through the column at
approximately 935 cc/hr to maintain a liquid hourly space velocity (LHSV) of
approximately 11 hr-1. The column was operated at ambient temperatures
(approximately 22°C). The product from the column was cooled to 0°C to
minimize losses. Regular samples were taken to ascertain the sulfor
breakthrough curve. The sulfur breakthrough curves were used to calculated the
sulfur adsorption capacity of Adsorbent A and the results are shown in Table 4

below.
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n'!|wgl g ca] ca] ca]ca
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water. Previous tests showed that 4A molecular sieves do not remove any sulfur

compounds in the gasoline. The two beds were sandwiched in between two 1"
stainless steel wool plugs. The column was then purged with nitrogen. A total
of 64 grams (85 cc) of Mo on Al,O5 adsorbent and 85 cc of 4A molecular sieve
was loaded into the metal column, PUL was pumped up-flow through the
column at approximately 935 cc/hr to maintain a liquid hourly space velocity
(LHSV) of approximately 11 hr-1. The column was operated at ambient
temperatures. The product from the column was cooled to about 0°C to
minimize losses. Regular samples were taken to ascertain the sulfur
breakthrough curve. The sulfur breakthrough curves were used to calculated the
sulfur adsorption capacity of Mo on Al,Os.
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Comparison of Absorbent A and Moly-A1203 Sulfur Capacity

Absorbent
AbsorbentA Mo-Al203
(Example 6) (Example 7)
Feed Sulfur, wppm 77 77
Sulfur Capacity, gm S/100 gms ads 0.20 0.11

[0051] As shown in Table 4 above the sulfur removal performance and
sulphur capacity of Adsorbent A is significantly higher than Mo on ALO; by

itself (i.e., 82% increase in the sulphur capacity).

Example 8

[0052] A two-foot 316 stainless (SS) column (1.1” ID) was packed with five
inches of Adsorbent A sandwiched in between two 1” stainless steel wool plugs.
Adsorbent A was conditioned in air at 400°C for approximately 2 hours. A total
of 60 grams (85¢cc) of Adsorbent A was loaded into the metal column. The
product was cooled to 0°C to minimize losses. The column was first flooded
with hexane, then flushed with premium unleaded gasoline (PUL) containing 77
wppm sulfur. The PUL was pumped up-flow through the column at
approximately 60cc/hr to maintain a liquid hourly space velocity (LHSV) of
approximately 0.8 hr-1. The column was operated at ambient temperatures
(approximately 22°C). Regular samples were taken to ascertain the sulfur
breakthrough curve.
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was treated with hydrogen at 300°C for 2 hours after being treated in air at

400°C for 2 hours.

[0054]  The breakthrough curves for Adsorbent A preconditioned in air and
Adsorbent A preconditioned in hydrogen are shown in Figure 1 hereof. The
sulfur capacities of Adsorbent A were calculated to be proportional to the area
between the feed sulfur line and the breakthrough curves. As shown in Figure 1
hereof the area between the feed line and the breakthrough curve for Adsorbent
A preconditioned with hydrogen is significantly larger than that for Adsorbent A

preconditioned with air.

[0055] Table 5 below compares the sulfur capacities for Adsorbent A
preconditioned in air (Example 8) and hydrogen (Example 9). As shown,
preconditioning Adsorbent A in hydrogen compared to air increases the sulfur
capacity by approximately 80% (from 0.18 to 0.32 Ibs 5/100 lbs absorbent).

Table S
Effect of Adsorbent Conditioning on Sulfur Capacity

Preconditioning @300°C/2 Hr Air Hydrogen
Sutfur Capacity, 0.18 0.32
1bs S/100 Ibs adsorbent
Example 10

[0056] A three-foot 316SS column (0.62” ID) was packed with sixteen inches
of dried Adsorbent A sandwiched between two stainless steel wool plugs. A
total of 60 grams (85cc) of Adsorbent A with particle sizes ranging between 14

and 28 mesh were loaded hot into the column and then purged with dry nitrogen.
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tgle Adsorbent A column. Both columns were operated at ambient temperature.
The product was cooled to about 0°C to minimize losses due to evaporation.
Numerous samples were taken during the run to ascertain the sulfur
breakthrough curve. Previous tests showed that the 4A molecular sieve bed did
not absorb any sulfur compounds from the feed.

Example 11

[0057] The procedure of Example 10 was followed except that the Adsorbent
A in the column was preconditioned with 10 mole % H,S in H; at 2-3 sci/hr.
During the preconditioning step the column temperature was held at 100°C for
approximately 15 minutes, then increased to 300°C at 10°C/15 min and finally
held at 300°C for 2 hours. The Adsorbent A was contacted with the PUL after

being allowed to cool to ambient temperature.

Example 12

[0058] The procedure of Example 10 was followed except H, was used alone

during preconditioning instead of H,S and H,.

[0059] The breakthrough curves for dried Adsorbent A (Example 10) and
dried Adsorbent A preconditioned in H,S/H, (Example 11) are shown in Figure
2 hereof. The equilibrium sulfur capacities of the Adsorbent A samples were
calculated. Table 6 below compares the equilibrium sulfur capacities for the
Adsorbent A samples dried in air and preconditioned in H,S/Hz. As shown,
preconditioning Adsorbent A in H,S/H; increases the sulfur capacity by
approximately 70% (from 0.20 to 0.33 1bs S/100 lbs adsorbent).
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Preconditioning Dried Dried/ H,S/H,@300°C

Equilibrium Sulfur Capacity, 0.20 0.33
Ibs S/100 1bs adsorbent

[0060]  The breakthrough curves for dried Adsorbent preconditioned in H
(Example 12) and H,S/H, (Example 11) are shown in Figure 3 hereof. The
equilibrium sulfur capacities of the Adsorbent A samples were calculated and
are shown in Table 7 below which compares the equilibrium sulfur capacities for
the Adsorbent A samples preconditioned in H, and preconditioned in HyS/H,.

As shown preconditioning dried Adsorbent A in H,S/H; compared to H;

increases the sulfur capacity by approximately 25% (from 0.27 to 0.33 Ibs S/100
lbs adsorbent).

Table 7
Effect of H.S/H, and H, Preconditioning on Equilibrium Sulfur Capacity

Preconditioning H,@300°C H,S/H,@300°C
Equilibrium Sulfur Capacity, 0.27 0.33
lbs S/100 Ibs adsorbent

Example 13

[0061] A sample of Adsorbent A was ground to a fine powder and then
calcined for one hour at 400°C. Five grams of calcined Adsorbent A and 50
grams of PUL containing 77 wppm sulfur were loaded into a one-liter, nitrogen-
purged, glass-lined-metal vessel. The vessel was capped and then pressured to

50 psig with nitrogen. The vessel and its contents were kept at ambient
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between Adsorbent A and the gasoline.

Example 14

[0062] Example 13 was repeated except the vessel and its contents were
maintained at 70°C for four hours in a forced-air oven and swirled every 20

minutes to ensure good contact between Adsorbent A and the PUL.

Example 15

[0063] 50 grams of PUL containing 77 wppm sulfur was loaded into a one-
liter, nitrogen-purged, glass-lined-metal vessel. The vessel was capped and then
pressured to 50 psig with nitrogen. The vessel and its contents were maintained
at 70°C for four hours in a forced-air oven and swirled every 20 minutes. The

results from Examples 13, 14 and 15 are summarized in Table 8 below.

Table 8

Effect of Temperature on Cobalt-Molybendium Al203 Sulfur Absorption

Temperature, °C Blank @ 70°C 20 70
(Example 11)  (Example 9)  (Example 10)
Feed Sulfur, wppm 77 77 77
Product Sulfur, wppm 77 28 27
Sulfur Capacity, 0 0.049 0.05
gm S/100 gms ads
Sulfur Removal, % 0 64 65

[0064] As shown in Table 8 above, increasing the temperature from 20 to 70
°C has little effect on the sulfur removal performance of Adsorbent A. The data

also shows that the walls of the vessel did not remove any sulfur.
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containing a reduced amount of at least one sulfur species”. In contrast to the
present invention, Table 1 of US Patent 5, 157, 201 shows a significant increase
in the sulfur removal performance when the temperature is increased from 50 to
75°C. The significant increase may be due to absorption rather than adsorption.
Absorption involves a reaction between the low molecular sulfur species in the
C,/Cs/C, stream and the Co-Mo- Al,O; while adsorption that does NOT involve
a reaction but rather a physical attraction between two components may be
occurring between the higher molecular weight sulfur species in naphtha streams

such as gasoline and the Co-Mo- Al,0Os.
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CLAIMS:
1. A process for removing sulfur compounds from sulfur compound-

containing hydrocarbon streams, which process comprises contacting the sulfur
compound-containing hydrocarbon stream, in the substantial absence of added
hydrogen, with an adsorbent comprised of Co and at least one Group VI metal
selected from Mo and W on an inorganic refractory support under conditions

that include temperatures up to about 150°C.

2. The process of claim 1 wherein the hydrocarbon stream is selected
from those boiling in the range of about 10°C to about 600°C and is further

selected from naphtha streams and distillate streams.

3. The process of claim 1 wherein the Co content of the adsorbent is

from about 0.5 wt.% to about 20 wt.%, in terms of CoO.

4, The process of claim 3 wherein the Group VI metal content of the

adsorbent is from about 1 wt.% to about 40 wt.%.

5. The process of claim 1 wherein said support is selected from the
group consisting of alumina, silica, silica-alumina, clay, titania, calcium oxide,
strontium oxide, barium oxide, carbons, zirconia, diatomaceous earth, lanthanide
oxides including cerium oxide, lanthanum oxide, neodynium oxide, yttrium
oxide, praesodynium oxide, chromia, thorium oxide, urania, niobia, tantala, tin

oxide, zinc oxide, and large pore zeolites.

6. The process of claim 1 wherein said hydrocarbon stream is

contacted with said adsorbent at a temperature from about 10°C to about 100°C.

7. The process of claim 1 wherein the adsorbent is in a fixed-bed

arrangement when contacted with the hydrocarbon stream.
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8. The process of claim 1 wherein said adsorbent is preconditioned
with hydrogen.
9. The process of claim 1 wherein said adsorbent is preconditioned

with a mixture of hydrogen and hydrogen sulfide.



