19 SEP 2006 WO 03/1185068 PCT/US03/08031 -1- SELECTI VE HYDRODESULFURI ZATI ON
OF NAPHTHA STREAMS FI ELD OF THE | NVENTI ON [ 0001] The present HQ% @@g
relates to Brr’{ﬁ'ﬁ 5 for the selective hydrodesul furization of %
streams contai ’g'sul fur and olefins. A substantially ol ePCRASHY
Streamis blended with an ol efinic cracked naphtha stream and
hydr odesul furized resulting in the subst-antial renoval of sulfur without
excessive olefin saturation. C BACKGROUND OF THE | NVENTI ON [ 0002]
Environnental |y driven regulatory pressures concerning notor gasoline
("mgas") arSEERCTTVE HYDRODRBESUIEURIZADIONQENAPHTHASTREAMS han
about 50, wppm sul fur, and preferably |ess than about 10 wppm |n general,
this will require deep desul furization of olefinic cracked naphthas, such as
cat napht hga! !ha% J@Wsul ting fromcracking operations that
typically nts of both sulfur and ol efins, Deep
desul furization of cat naphtha requires inproved technology to reduce
sul fur lev tth e | ni es the
undesi r abl j@gnr a%@%&%ﬁﬁ?&@n I%F%B&f]é) o%?%sd%@fﬁz? gﬁggg??on is a
hydr ot r eat 'H}Qir@ﬂé&‘iﬂﬁﬁiia%ntdﬁxa?ﬁfﬂiv_ eafifs cofn%ﬁﬂﬁ@%ﬂﬂfr aB¥ dleyer ai on to
hydr ogen sulfide. Conversion i§ typically achieved by reaction of the feed
wi t h hydr ogaibstmeially elefindiiee maphthastichinde blandedonithin slefinicnaaied t ed
catal ysts, especially those of Co/M> and Ni/Mb. Severe tenperatures and
pressures naphila steeam asd hysredasulfprised cesulfing intthe supstanfialagnioyakobr t o
supply a desul.fur.i.zed streamt subsg%ient sul fur sensitive process.

r

[0004] O ef Jukitr VHQUL SXCRISAVR napht has typically contain nore

t Han about 20 wt.%olefins. At |east a portion of the olefins are
hydr ogenat egis CKGROUND OF THE INVENTION

3hapht ha

[0002] Environmentally driven regulatory pressures concerming motor
gasoline ("mogas") are expected to increase demand for mogas having no more
than about 50 wppm sulfur, and preferably less than about 10 wppm. In general,
this will require deep desulfurization of olefinic cracked naphthas, such as cat
naphthas. That is, naphthas resulting from cracking operations that typically
contain substantial amounts of both sulfur and olefins. Deep desulfurization of
cat naphtha requires improved technology to reduce sulfur levels without the

severe loss of octane that accompanies the undesirable saturation of olefins.

[0003) Hydrodesulfurization is a hydrotreating process for the removal of
feed Sulfur by conversion to hydrogen sulfide. Conversion is typically achieved
by reaction of the feed with hydrogen over non-noble metal sulfided supported
and unsupported catalysts, especially those of Co/Mo and Ni/Mo. Severe
temperatures and pressures may be required to meet product quality

specifications or to supply a desulfurized stream to a subsequent sulfur sensitive

Process.

[0004]  Olefinic cracked naphthas and coker naphthas typically contain more
than about 20 wt.% olefins. At least a portion of the olefins are hydrogenated



1 9 SEP 2006 WD 03/085068 PCT/ US03/ 08031 during conventi onal
hydr odesul furization. Since olefins are relatively high octang hifPogb

speci es coRAnRRigs It may be desirable to retain the ol efi

to hydrogenate themto saturated conpounds. Conventional fres

hydr odesul furi zati on catal ysts have both hydrogenati on and desul furization

F@ﬁﬂé@?u@@fl than

activity. Hydrodesul furization of cracked-naphthas using conventi onal
napht ha desul furization catalysts follow ng conventional startup procedures
and under conventional conditions required for sulfur renoval,

bl endi ng, @¢Ne UPHET SREESS CAMPOBENS. LRy be dpsrable te retain

BRI TR

ol ves ool BRI ehaRE e to RBRIG £

o1 ocoss. contl i pesmrutiAi B s BB IS UEhARIBR ARE YRR

process conditions, or bot

) : eqL . 1 _produces a

si gni fi canduring sonvéntyons] by drodesulfhripgtion g8imseiodefinstregelagiswgly bighn a | ower

grade fuel product .that needs additional yefining, such as iso
beidesably el

S adds

L
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ning process

rization,

sel ecti vel yetivsw! THydrodsswairdationcef driicker chasnesid basvesitional h; ﬁth]g| 3; s ihn
(0] 1 C

octane. U.S. Patent Nos. 5,985, 136; 6,013,598; and 6, 126,814, al

ar e i ncor pdeswBuidafionafatalysts dolewingconventionglestarmp precedusiscantdunder
SCANfi ni ng. Althou sel.ective h desy) furi zati on processes_hav been
devel oped CRMVERGOMADL GRG0 TEFHG ran@q&%o , BRdRes a Stemakicant Joss

or capt an SEoieF th{P B eb RharlafEc s it TRES eadh ) bRodyfi Bat e

will also

that have I n the past been rectly blended 1nto

BV dddifSAATE gl Suct 56 WohizARof BleAlhgY il b

(0]0)

j

wi t hout

bei ng hydr hiphetibétane Lfaelsbdidsisef afurid)adds sipaifedantiel tp productivif costs.ont ent .

M1 d hydrotreating technology to reduce virgin naphtha sulfur to very |ow

l evels with no significant |oss of octane nunber is _ known, but the

const ruct i H00Sd ecftveohydrodasnlfiarationiavolygs rampvingassulfug

servi ce woul.d. be. u e&lj rably co ti
mimmizing kydrogenation of o

such as selective catalysts, process 'condiﬁdns, or both. For examﬁ}e,
ExxonMobil's SCANfining procj:css selectively desulfurizes catalytfi_ézally cracked
naphthas with little loss in octé. 'U.S:. ;Pat_ent' Nos. 5,985,136; 6:,(?1;3,5_98; and
6,126,814, all of which are incozrporatedj by reference herein, disclcé)sfe various
aspects of SCANfining, Althm;;gh selectlve hYdéodesu]fmization; :Ij;ercj)ce;sscs have

efins and octane reduction by various techniques,

been developed to avoid oleﬁn“satt‘iratipﬂ and Ioés of octane number, such
processes can liberate H,S that reacts with retained olefins to form 1i;1_ergaptan

sulfur by reversion.

[0006]  Stricter mogas sulfur regulations will also make it necessary to
desulfurize certain virgin naphtha streams that have in the past been directly
blended into the mogas pool without being hydrodesulfurized because of their
relatively low sulfur content. Mild hydrotreating technology to reduce virgin
naphtha sulfur to very low levels with no significant loss of octane number is
known, but the construction and operation of an additional hydrotreater
dedicated to this service would be undesirably costly.

Rhtdha streams

{ )

ted to this

O



19 SEP 2006 WO 03/085068 PCT/US03/08031 -3- [0007] Consequently, there is a
heed for technology that wll reduce the cost of hydrotreati ng rzgﬁ
olefinic cm&.\@pht has and naphthas that are substanti a%l,é fgr ?
olefins. S “OF THE | NVENTI ON [ 0008] The invention rel ateyVe& 8%y ocess
for desulfarizing naphtha feedstreanms that contain both sulfur and ol efins,
conprising: a) blending an effective anednt of a naphtha streamthat is
substantially free of olefins with an ol efinic cracked napht ha stream
wherein both naphtha streans _contain sulfur; and b) selectivel

hydr odesul {007 ndCensequeatly, drernisghaesd for techmology thae will red eohsta

hydr odesul fuyi zin at al yst t. reacti,on ndi t i,ons, j,ncludi n t enper at ures
fr om about Oggﬁéqt%ﬂﬁﬂgﬁ}o\{ﬁ?@lﬁF@%ﬁﬂ&?ﬁ&aé%ﬁﬂaﬁb{hﬂé tﬁ%@‘gpsi g, and

hydr ogen t arflfl ut 1000 to 6000 standard cubic feet per
barrel; an%erel R[%é??gg)i%ﬁﬁggeversi on is mnimzed. [0009] In one

enbodi nent, the anount of substantially olefins-free naphtha in the naphtha
blend is f SUMAMPARY DFWTHP INVENTIORO W . % based on the total weight of
t he bl ended nap a stream [OO0I0] Tn another enbodi nent, the

hydrodesul furi zation catalyst is conprised of a M catalytic conponent, a
Co cat al yt [@048§npoheninvemtion relapgsoiota prosessdioe desulfim:ring maphhaconponent bei ng
present in_an anmount. of fram 1 to 10 .9%_cal cul ated as Mo@3 and the Co
conponent %%Eeﬁﬂé@?thmrb%ﬁ@%@f @Vg olefigs CPMPHYME: wt . % cal cul ated as
CoO with a Co/M atomic ratio of 0.1 to 1. DETAILED DESCRI PTI ON OF THE

ofinery  stroath ok SR GER L ippluE) SRR K KRBT, T g
rdnge, Whi geiof oléfils with an olefinic cracked naphtha stream, wherein both naphtha

streams contain sulfur; and

b) selectively hydrodesuifurizing the blend of naphtha streams in the
presence of a hydrodesulfurizing catalyst, at reaction conditions including
temperatures from about 230°C to about 425°C, pressures of about 60 to 800
psig, and hydrogen treat gas rates of about 1000 to 6000 standard cubic feet per

_ barrel; and wherein mercaptan reversion is mmimized.

[0009] In one embodiment, the amount of substantially olefins-free naphtha
in the naphtha blend is from about 10 wt.% to about 80 wt.%, based on the total
( ‘ weight of the blended naphtha stream.

[0010] In another embodiment, the hydrodesulfurization catalyst is comprised
of a Mo catalytic component, a Co catalytic component and a support
component, with the Mo component being present in an amount of from 1 to 10
wt.% calculated as MoOs; and the Co component being present in an amount of
from 0.1 to 5 wt.% calculated as CoQ, with a Co/Mo atomic ratio of 0.1 to 1.

DETAILED DESCRIPTION OF THE INVENTION

[0011]  Suitable feedstocks include hydrocarbon streams such as refinery
streams boiling, at atmospheric pressure, in the naphtha boiling range, which is



1 9 SEP 2006 WD 03/085068 PCT/US03/08031 -4 typically from about 10C (50F)
to about 232.2C (450F), preferably from about 21C (70F) to about 221C
(430F). In one enbodi nent, the naphtha feedstreamto be desulf Siﬁw |1
contain an%ﬁ‘{/},#h& cracked naphtha stream and a substanti all Z‘Q Fis-free
napht ha stream The ol efinic cracked naphtha streamwill typrca¥{%bve an
ol efins content of at |east about 5 wt.% Non- |limting exanples of such

ol efinic cracked naphtha feedstreans, whigch will also contain a significant
anount of sulfur, include fluid catalytic cracking unit naphtha (cat

napht ha), and coker naphtha. Cat naphtha and coker naphtha are generally

ol ef i n- contgiivalty fivan Abbas 1610 CR0F &y aBset IINMC (450°F) cpitedémablyctrand/ or
thermal cracking reactions, and thus are the nore preferred streans to be
treated i ebeagcI@a(TORF votdboub22prE$430°F)n e e @mbddimenh)shenuplahhy

ol efins-free naphtha streamis neant a refinery feedstreamboiling in the
napht ha r afiegelstneam twove desulfugizedswilt tomaiatanuolefini ciicked napiihbsiretmass t han

about 3 wt. %ol efins . contept, _based qon the total | ght of the stream A
preferred 306s ta@rlafly Qlelans-free maph tﬁn@&m-i'gﬁﬁﬂ&%‘i@? rracksd maphthar eam

Such a stream.is . | e erred to.as;a r ai, ght - puny,napht ha. The
sul fur con?&ﬁ?mo‘?’ﬁi ﬁ’%@%‘fﬁ %}ip@fmgﬁ %‘%QfPfE@sﬁémﬁgW&%{e H‘P\?\A | |
typical ly -lpe.:k: ﬁg?qp | ywlh?tﬁﬁwﬁlF' about
500 wppm su E‘rﬁ,g%én rr%%gpgﬁr[ce era y%%sd{l ahr?l%g%ﬁs‘%%& wppm su ?Léro
[00121 The c@hﬁhmhcsi%?ﬁcmobmamtttdﬁulmdmumrﬂmldatzg?ﬁ@bﬁddlcﬁlg:ﬁmﬁttai n not

only paraffins, naphthenes, and aromatics, but al so unsaturates, such as
open- chai naphi#adgai naphsha) and coliéramaphtha ndatyaplitba apd cokerr waphthanateh

ol efinic side hains. The .oJ efinic cracked naphtha, feedstreamtypically

0 S0 Cont aERIETAlY QIORi-gOR IR HPhEhR EHRS e R PEAICEOREAtRY AR/ eMou! 60

about 5 v gl EPictind Feaghlofs i MRStk bre BreRlfed Wikt B BEeietm can
al so have @, Q&RBan @ WHRAtha préent fhvention. By substantially olefins-free naphtha

. strean is meant a refinery feedstream boiling in the naphtha range and

containing less than about 5 wt.%, preferably less than about 3 wt.% olefins
content, based on the total weight of the stream. A preferred substantially
olefins-free stream is a virgin naphtha stream. Such a stream is also sometimes
referred to as a straight-run naphtha. The sulfur content of the substantially
olefins-free naphtha stream will typically be less than about 1000 wppm sulfur,
preferably less than about 500 wppm sulfur, and more preferably less than about

100 wppm sulfur. O

[0012]  The olefinic cracked naphtha feedstream will generally contain not
only paraffins, naphthenes, and aromatics, but also unsaturates, such as open-
chain and cyclic olefins, dienes, and cyclic hydrocarbons with oleﬁnic side
chains. The olefinic cracked naphtha feedstream typically also contains an
overall olefins concentration ranging as high as about 60 wt.%, more typically as
high as about 50 wt.%, and most typically from about 5 wt.% to about 40 wt.%.
The olefinic cracked naphtha feedstream can also have a diene concentration up
to about 15 wt.%, but more typically less than about 5 wt.% of the feedstream.
High diene concentrations are undesirable since they can result in a gasoline

product having poor stability and color. The sulfur content of the olefinic



to about 15 wt.% but nore typically less than about 5 wt.% of the
feedstream Hi gh diene concentrations are undesirabl e since thﬁg S:E?(r;zqqﬁesul t
in a gasol g pamispguct having poor stability and color. The eyl o ent
of the olefinic 1 8 SEP 2006 WD 03/ 1185068 PCT/ US03/ 1181131 PCTAS04803% o
‘naphtha will generally range from about 300 wopm to about 7000 wppm nore
typically from about 500 wopmto about 5600 wppm The nitrogen content wll
typically range fromabout 5 wopmto about 500 wppm [0013] It would be
desirable to renove the sul fur fromsuch olefinic cracked naphthas wth as
little ol ectackedmaphthaowilhgenaraly pange fbaoabdut 3R0uvppihdodbeit ZM® to
convert as much of the ,organic sulfur speciesg the olefinic cracked

napht ha t 8RS SRHore tgucally fom ahew A00-wppaie aboyh 580 paper-bilhe ntFegetevel of
mer capt ans | h rod eam h n found.to directly proportional
to the con88ﬂ¥eﬂi\%ﬁ!}ﬁyﬁ¥°ﬂﬁﬁ§€§ﬁ@°ﬁh@§#§$ﬂ?@ p@&uésﬁgtwl?%' reactor outlet,
and inversely related to the tenperature at the reactor outlet.

Sur pri si nglye13)t  NASvBERILd deiidbld enfveRheSaRat AnPaRIFARLRl SupRégntial Iy

ol efins-free naphtha wth an olefmc cracked naphtha 1n a selective

hydr odesul haphthat iveith w6 Little elefintsaturationue gosdibles tAlanit veotild beldesirhbleel s of
sulfur and a relatively low level of nercaptan reversion. It has al so been

unexpect edlty copverd as maich ofcthp losgatiio gubfnr speedes efivbe olsipus coickedptaphtha

f eedstreans l.or.3o hydrodesul furization results | es ct ane  nunber
|55t han b8 with s T BRGECHRIan 5¢vecsing A0sSiblea it kvl Of gier HRSIA it | 76
to achi eve . . tantially

07t e hd R B Tas B our PePhe TR WPy g Tl
eff ective apREdtmratdh 6f bARELCaRBIFniNSpeBa atdhe FORMT (RY, ARPMIErseRAt Wil |
result in at |least a 1/10th octane nunber inprovenent when conpared to the
case wher e r¢lated toothe tpapersturea thé reastoranniet. a Sarprisingly sithas dpeen dowid/. 1t is

preferred that there be at |east a 1/5th octane number i nprovenent and nore
pr ef er abl y that qocpEncessing adiend ot substantiatiyeolefnpfioeaaphtha wib agalefigicnunber

cracked naphtha in a selective hydrodesulfurization will result in a product
stream having low levels of sulfur and a relaﬁx}ely low level of mercaptan
reversion. It has also been unexpectedly found that the blending of these two
types of naphtha feedstreams prior to hydrodesulfurization results in less octane
number loss than would occur if the two streams were separately
hydrodesulfurized to achieve the s;aine térget sﬁlfur level. The amount of
substantially olefins-free naphtha to olefinic cracked naphtha should be at least
( an effective amount. By effective amount we mean at least that amount that will
result in at least a 1/10th octane number improvement when compared to the |
case where the two types of naphtha streams are processed separately. It is
preferred that there be at least a 1/5th octane number improvement and more
preferably at least a 3/10ths octane number improvement. The octane number
referred to herein is preferably Road Octane Number with is equal to the
Research Octane Number plus the Motor Octane Number divided by 2. The
amount of substantially olefins-free naphtha will typically be less than about 80
wt.%, preferably less than about 50 wt.%, and more preferably less than about
25 wt.%, based on the total weight of the blended naphtha stream. The precise
amount of substantially olefins-free naphtha to olefinic cracked naphtha will



referred to herein is preferably Road Octane Nunber with is equal to the
Research Qctane Nunber plus the Mdtor Octane Nunber divided by 2. rg
anount of suobstasshésal |y ol efins-free naphtha will typically m,,hsq;l;gmgfumﬁ
about 80 wt.% preferably | ess than about 50 wt.% and nore preferably |ess
than about 25 wt./o, based on the total weight of the bl ended naphtha
stream The precise amount of substanti&'ly ol efins-free naphtha to

ol efinic cracked naphtha will WO 03/085068 19 SEP 2006 PCT/US03/118031 -6-

vary dependi ng,on ch things, .as the avai. Llity of. a reforner capacity to
process thé’a’égﬂg?eﬁ’ﬁ%PﬁF“B@fﬂP&éﬁfS%%amiﬁﬁﬁﬁx.ofﬂﬁe@%maﬁ”ﬁ Palso vary
with the 3 L1t as well
25 the  anbiotees it e e RGN STRSTRAS Al IS0 FAEERTY 7 0T
in any paiké gmbant 6£C, €L Yand OPddihpbhent§ pf@shf ROthehteain) as RidDaEtheb! ended
napht ha stream after hydrodesul furization have a sulfur content |ess than
about 30 waprowmhof substantialhe oledmsefred naphthd that veillt teaavailabloont ame | oss t hat
woul d occur if the two naphtha streanms were processed separately. [ 0015]

In one enb®aFHBHAL TEfMEIY.nvention relates to a catal ytic hydrodesufurization
process enploying a feed conprising an olefinic cracked naphtha and a

ht h ial l.y  fr. f aolefins. mbined d | ef i ni
cracked nabt0fl b gbafid B hpicki SRRQRE RRDHRR pERETHBET T 1y ' ¢
pr eheat ed_ByHALACAERALATT Habd1E SEHE oIRSH 1L ifldtily 6363t dollarf | Nl

preheating “to a targeted reaction zone Inlet tenperatu he feedstream

can be conpaginetumbdriioss 6ffso gemr thenictdineilogs tiat eanldbiar ifehe tvsi ng, and/ or
after preheating. The hydrogen-containing stream can al so be added at an

i nt er nedi anephtha stricamsiweneiprocessad saparatelyir i zat i on reaction zone. The ()
hydr ogen-cont ai ni ng stream can be substantially pure hydrogen or can be in a”

m xture w her. component,s fou ~ in refinery hydrogen streans. It is
preferred &Mgh hé%ﬁ%@gﬁb%‘?ﬂtaa}ﬁ inyentionrglates td a Chtalytic

hydrodesufurization process employing a feed comprising an olefinic cracked

naphtha and a naphtha substantially free of olefins. The combined feedstream
(olefinic cracked naphtha + substantially olefins-free naphtha) is initially
preheated prior to entering the hydrodesulflm'zation reactor for final preheating
to a targeted reaction zone inlet temperature. The feedstream can be contacted
with a hydrogen-containing stream prior to, during, and/or after preheating. The
hydrogen-containing stream can also be added at an intermediate location in the
hydrodesulfurization reaction zone. The hydrogen-containing stream can be .
substantially pure hydrogen or can be in a mixture with other components found )
in refinery hydrogen streams. It is preferred that the hydrogen-containing stream

contain little, if any, hydrogen sulfide. The hydrogen-containing stream puj"ity

should be at least about 50% by volume hydrogen, preferably at least about 75%

by volume hydrogen, and more preferably at least about 90% by volume

hydrogen for best results.

[0016] In one embodiment, selective hydrodesulfurization conditions are
employed. Selective hydrodesulfurization will be a function of the concentration
and types of sulfur of the feedstream. Generally, hydrodesulfurization
conditions include: temperatures from about 230°C to about 425°C, preferably



contain little, if any, hydrogen sulfide. The hydrogen-containing stream
purity should be at |east about 50% by vol unme hydr ogen, preferapg)aEthgﬂﬁeast
about 75% apé‘"quwge hydrogen, and nore preferably at |east _about 90% by
volume hydr ogén-1or best results. [0016] In one embodi ment PCLUSEY80I
‘hydrodesul furization conditions are enployed. Sel ective

hydr odesul furi zation will be a function-G+ the concentration and types of
sul fur of the feedstream GCenerally, hydrodesul furization conditions

i nclude: tenperatures from about 230C to about 425C, preferably 1 9 SEP 2006
WD 03/ 0850 @mPalfowSy) B 68dabout BSSPCopreskangs 260 @bout GbtuB0BPSIZ, pressures

from about 60 to_ 800 psig, 6)referably fromabout 200 to 500 psig; hydrogen
feed r at es P&terabdy trom abonbZ0Gtmo0Q paigi hydroggnitecd eates pbabat 000 toscf/ b) |

preferably m.about 100 o 3Q00 cf/R;  hwdroge uri ty fr t 20to
100 vol . % ébbgf; ?F@ﬁ@%ﬁ'&%ﬂémt %?Ii%cﬁbﬁowexgﬁggaEaﬁ’da‘?‘f“é&(’&i}ﬁ]e??’ﬁy space
vel ocities qﬁm* ' t ' r 0.5
hf'to aboutS r Bg%noigﬁ bf g?g[} g@ﬁ%{ %%mma%gﬁlf%iﬁi%&%wgf%%mw .
[00171 Wdﬂode@ﬂl.%;tﬁnctﬁqm@rhdm%r g vel gtitdereofoabot0e5 hebes alsutadias', usi ng,
for exanple, fixed catalyst be (15)' Each reaction zone can be conpri sed of
one or nopecferabdyl fitorol abewic®. .Sy 'ctolabm'nslmbr'grmomrpmfﬁrebltyaﬁraﬂlmubéd&fl | t
will be undeé%'iﬂo?gf; hat ot her types of catal yst beds can be used, such as

fluid bedstoa I-ng beds, noving beds, etc. Interstage cooling between
fixed bed reactors, or between catalyst beds in the sane reactor, can be

SoFurtont 07 oS GRARMEAPANGT S et P ) BBt Wb
i o Fiy s pecahat, Easaeiabag b "oy Sadpaidl' it ApAdIr GRE0ver o
t hr ough coof imuwe fided bed actows bomprising oregonmboss catalydt bedor Ittvitldegh use of a

hydr ogen quench ‘ )
understood that other types of catalyst beds can be used, such as fluid beds,

ebullating beds, moving beds, etc. Interstage cooling between fixed bed
reactors, or between catalyst beds mn the same reactor, can be employed since
some olefin saturation will take place, and olefin saturation and the
desulfurization reaction are generally e;cotheimic. A portion of the heat
generated during hydrodesulfurization Eanfbé recovered. Where this heat
recovery option is not available, cooling ;m'ayg be performed through cooling

utilities such as cooling water or air, or through use of a hydrogen quench

Vi

stream. In this manner, optimum reaction temperatures can be more easily

maintained.

[0018] Conventional hydrotreating catalysts are suitable for use in the
hydrodesulfurization process. For example, suitable catalysts include those
comprised of at least one Group VIII metal, preferably Fe, Co and Ni, more
preferably Co and/or Ni, and most preferably Co; and at least one Group VI
metal, preferably Mo and W, more preferably Mo, on a high surface area support
material, preferably alumina. Other suitable hydroireatihg catalysts inchzde
zeolitic catalysts, as well as noble metal catalysts where the noble metal is
selected from Pd and Pt Ttis within the scope of the present invention that more

than one type of hydrotreating catalyst be used in the same bed. The Group VIII



stream In this manner, optimumreaction tenperatures can be nore easily
mai nt ai ned. 10018] Conventional hydrotreating catalysts are suitatl ®SEb#lleise

in the hydrpgemsdehuri zation process. For exanple, suitablep
i nclude those conprised of at |east one Goup VIII netal, p?eél%lr)% '§l

and Ni, nore preferably Co and/or N, and nost preferably Co; and at Ieast
one Goup VI netal, preferably Mo and W8-nore preferably'l\/b, on a high
surface area support material, preferably alumna. Qher suitable

hydr ot reatimﬁg catal ysts incl ude zeolitic catalysts, as well as noble netal

catal yst s Alisttypically present.as the mefal exidedinf 1bampankimeme frpm akowi t hi n

th fot 1 1 1 dr ot t
coatyor o LSRR ARt LR 00 RS
PCT/ US03/ 0 |

anount r angﬁﬁé EI{IO %tﬁl{ﬂ tygfbfﬂ &ﬁmeﬁljegé(n p{rﬁ?l%%em?%\}&éqb er a >él‘l‘ﬂﬁxl‘]‘lo Imnaggut

0.1 wt. % t Qadpink fem BBt GvAlR t9labdat ab widd typical Iy be present, in the
netal oxide form in an amount ranging fromabout 1 w.%to about 40 wt.%

[ 00191 When sel ective hydrodesul furization conditions are enpl oyed, one
pr ef erred (OAER]yst Wismmpsealetive l()&:brodesmﬂilzamn@nndmommmﬁnqﬁmd, brieo 10
.% preferably about 2 to.8 wt and nore preferably about 4 to 6 w.%

bas ed on ﬁ)ﬁ%feﬂéiia’latmtg?wﬂmseﬁh@a)c?aMﬂQBsQOﬂCFEFa jorebabatchin l‘af"t’toﬁ of about
0.1 to5 w, % d re about 1
Lo 3 we o4 PipieeAbly pboRe o B3Rt Y, and shcie Tathesphiy Honpd 8 APAF VA 888ed PR Cor o
atom c rat r o about
0. 80, nor e 1 & %“}"ﬁﬁ%&t Pf Ind GyrERL (g} L@ LB Sirthyglon SR 2“%%8? iﬁ Tore
i anet &1 opretesbly @86t 0358b0bt %0 RS HegErably BT @Dk sakg! 0 anout O
175A, and nore pr ef erably from about 80 A" to about 150 A (e) a M3
surface cohaset omtlicctotalf weightiof thescatalyst} (¢c)oa &lodivio &omic ratio of about 0.1 to

about 1.0, preferably from about 0.20 to about 0.80, more preferably from about

0.25 to about 0.72; (d) a median pore diameter of about 60 A to about 200 A,

preferably from about 75 A to about 1754, and more preferably from about 80 A -

to about 150 A; (e) a MoO; surface concentration of about 0.5 x 10 to about 3 x

0* g. MoOs/m”®, preferably about 0.75 x 10™ to about 2.5 x 10™, more

preferably from about 1 x 10 to about 2 x 10™; and (f) an average particle size
diameter of less than 2.0 mm, preferably less than about 1.6 mm, more
preferably less than about 1.4 mm, and most preferably as small as practical for a
commercial hydrodesulfurization process unit. 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, pp
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 carrier gas stream and thus rapidly traverse the
catalyst bed. For example, the oxygen chemisorption will be from about 800 to
2,800, preferably from about 1,000 to 2,200, and more preferably from about

1,200 to 2,000 pmol oxygen/gram MoOs. The terms hydrotreating and

Yy

'\«.._./j

e



| 0-49. Mb@B/ nR, preferably about 0.75 x 10-' to about 2.5 x 10-4, nore
preferably fromabout | x 10-4 to about 2 x 10-4; and (f) an at{ﬁ;ﬁgg
particle size dianeter of |ess than 2.0 nun, preferably |ess B@ut 1.6
nm more PPIEENRH y | ess than about 1.4 nm and nost pref ECIBISYIBW3Emal | as

practical for a comrercial hydrodesul furization process unit. The nost

preferred catalysts will (_D also have .@-.high degree of netal sulfide edge
pI ane area as measured by the Oxygen Chemi sorption Test described in
“Structure and Properties of Mol ybdenum Sul fide: Correlation of Q2

Cheni sor pt hgdrodeshlfutilyatiod ereddmetimes iisudl itdrelanigably By thbseTskilddein ke al .
Journal of Catalysis 63, pp 515-519 (1980), which is incorporated herei n by
ref erence. althe Oxygen Cheni sorption Test invol ves edge-pl ane area

measur enents nade wherein pul ses of oxygen are added to a carrier gas
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by those skilled in the art 002 Supported catal ysts nay be enpl oyed for

hydr odesul buidez aathons, ﬂ\@oma,rdmmmoenus gavth clanttiadede oglepmchwdifig @sriams uppor t
mat eri al . SUI tabl e support materials include: alumna, silica, titania,
cal ci um oxioa#d éantbmmumxa;&e wodmmmmud@xyﬂsunt@ndwae&odsmnaqmde,
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plane area of the present invention, magnesia can also be used. It is to be
understood that the support material can contain small amounts of contaminants,
such as Fe, sulfates, silica, and various metal oxides that can be present during
the preparation of the support material. These contaminants are present in the
raw mhterials used to prepare the support and will preferably be present in
amounts less than about 1 wt.%, based on the total weight of the support. It is
more preferred that the support material be substantially free of such
contaminants. About 0 to 5 wt.%, preferably from about 0.5 to 4 wt.%, and

C , more preferably from about 1 to 3 wt.%, of an additive can also be present in the
support, which additive s selected from the group consisting of phosphorus and
metals or metal oxides from Group IA (alkali metals) of the Periodic Table of
the Elements.

[0021] The following examples are presented to illustrate the invention.

Example 1

{0022] Inthis example, the octane loss expected for separate hydrotreating of
an olefinic cracked naphtha and a substantially olefins-free naphtha (SOF
naphtha) is established for the two feeds with feedstock properties given in Table
I below. The olefinic cracked naphtha was a cat naphtha and the SOF naphtha



pl ane area of the present invention, nmagnesia can also be used. It is to be
under st ood that the support nmaterial can contain small anounts1cgf F 2[]!][‘{
cont am nany§.gzosdsey as Fe, sulfates, silica, and various ”PPtcarlUs% né}?ﬁ hat
can be present during the preparation of the support materi a(. hese
contam nants are present in the raw materials used to prepare the support
and will preferably be present in amuni® | ess than about | w % based on
the total weight of the support. It is nore preferred that the support
material be substantially free ,oI such contam pants.. About 0 to 5 wm.%

pr ef er abl y Waschy&gg aaphitia. Th .M;@L%”&ﬁﬂt@ﬂ%hfél cvebr hydogeatasout 1 to 3

W . % of ddi tj t ioh aLh t ich additive i
cei ect od P b FRialyes ShRudIRR S ARBRE R e haepls TARRES A callogin retal b des
from& Bnfdl dAbbri TR i adi the . [0021
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[0022] In dhireterafabeut 93K, Roprdaace aproduddatled6 asprfi SRENAL ColdHigs' eati ng

of an ol efnic cracked naphtha and a Substantially ‘ol efins-free naphtha (SOF
napht ha) i sequiteabtoi reheh thiis tanghtatevgivér ad T ablietTh bekoods Thelcopditpmstanels gi ven in
Table | below, The ol efinj¢ cracked, napht ha was, a cat napht ha and the SOF

napht ha 1 Desying praslugbay n%@@a)rp@mdgb@ﬁdmﬂkmemmm dgvelapgin napht ha.

The high syl fur ¢ aphiha is selectively hydrotreated over a catalyst
conpri sed g?m%ﬂ&ﬂﬁ’ttﬂ@ﬁ\ﬁi@t&%%m, 1.2 wt.9% CoO on an al unina support having
a surface area of about 280 n2/g and a nmedium pore dianmeter of about 95A
to produce a product with 86 wppm sul fpypje fonditions required to reach this

target are given_ in Table Il below. The conditions and resulting product .
qualities|are predicted based on a kinetic nodel developed froma pilot} ( )
pl ant dat abase. Table | Olefinic Cracked SOF Naphtha
Naphtha
API Gravity (degrees) 48.8 61.3
Specific Gravity (g/cc) 0.7848 0.7339
Sulfur (wpp:rﬁ) 3340 : 200
Bromine Number (cg/g) 50.7 1.0
Boiling Pomnt (°F)
10% 171 149
50% 258 217 (\)
90% 344 - 338
Table I
Average Reactor Temperature (°F) 525
Treat Gas Rate (scf/bbl) 2000
Pressure (psig) 227
Liquid Howrly Space Velocity 1.5
Treat Gas Hydrogen Purity (%) 100




(} Qefinic Cracked SOF Naphtha Naphtha APl Gavity (degrees) 48.8 61.3

Specific Grawty ( cc 0.7848 0.7339 Sulfur (wppm 3340 200 BrofigyrsgpNggber

(cg/) 50. ling Point F 10% 171 149 50% 258 217 O 338
AV Ry Creiiy

Table I1 actor Tenperature (OF) 525 Treat Gas 1) 2000

-Pressure (psig) 227 Liquid Hourly Space Velocity 1.5 Treat Gas Hydrogen

Purity No) 100 1 9 SEP 2006 WD 03/ 08506811RCT/ US03/ 08031 -11- [00231
Predi cted product properties are given in the first colum of Table Il
bel ow for the hydrotreated ol efinic cracked napht ha product. The eaﬁ)ect ed

:oss :P REGO2 Xt aPeedictedpryducs properties arecgivenrin the fi qsngg fnéTable Jvely

uﬁf“j“fef“CFﬁC@S?F%Egp%ﬁ&ydgév%{tSm% A camked peg aﬁ&wf&”’bl @féeé:) ll'o?s? each
T 1]

ngeg{ ede\;;géz{ugp (gﬁgﬁéglggwgis %%eo‘%ﬁger@&?g%ts;gns& ngphteha. No esiO\gI;Vn?H/g:mt

octane | oss is expected during desul furi zation of this stream [0025]
Expected piggaut OFRE rélafisely iOwrdilfirOMRaphthaqs eidhetiheescphratabl e 111

hydrodesulfurization unit, under conventional non-selective hydrodesulfurization
conditions, to reach sulfur levels of about 2 wppm. The second column of Table
111 below gives expected product qualities for the hydrotreated SOF naphtha. No

significant octane loss is expected during desulfurization of this stream.

(“ [0025]) Expected product qualities are also shown in column three of Table III
for a blend of the two hydrodesulfurized streams at a volumetric ratio of 12:15
(olefinic cracked naphtha:SOF naphtha). This blend has an overall sulfur

content of 41 wppm, and shows a net loss in Road Octane of 1.7 octane number.

Table ITI
Hydrotreated Hydrotreated SOF Hydrotreated
Olefinic Cracked Naphtha Olefinic plus SOF
' Naphtha Naphthas

( Volumetric Rate (kbd) 12 15 27

S (wppm) 86 2 41

Bromine Number 27 0 12.4

(cg/e)

RON Loss 3.5 0 2.4

MON Loss 2.1 0 0.9

Road Octane Loss 3.8 0 1.7




for a blend of the two hydrodesul furized streans at a volunetric ratio of
12;1}5 (ol efinic cracked napht ga EG: napht hal) Thi s bl egd has an g)ygiprgghﬂ
sul fur 41 wppm and shows a net | oss in Roa

oct ane nuﬁ@quﬂsrﬁ'g e [1'l Hydrotreated Hydrotreated SOF I—ch%%@pgg{?“g‘%

A efinic Cracked Naphtha A efinic plus SO Naphtha Naphthas C Vol unetric
Rate (kbd) 12 15 27 S ( m 86 2 41 Breiine Nunber 27 0 12.4 (c RON Loss
5,50 2.4 MN Loss 2.1 0 0.9 Road Cctane Loss 3.8 0 1.7 | | 19 SEP 2006
WD 03/ 085068 PCT/ US03/081131 -12- Exanple 2 [0026] In this exanple, the
oct ane | osExample®d for conbining the olefinic cracked naphtha and SOF
napht ha streans of Exanple 1 hereof is established and shown to be | ess

ai ves. sel eddalor oRElE Buiphler 1 Gt RERk3aegsdperamhyteadie i o~
ol ef ini'c_ cragked ARMHSInIORNRAN st bPEflﬁmﬁﬁ Ihoaisis uptighae.

Condi ti ons reqU|re 0 reduce t eve S co |ne
wopm S ar @ndlshewa toetit kebs maﬁahhtefdr‘m & Ipfodds fciPbf E’bmpnd Virgin
Napht ha API (SBraw ty (degrees) 55.5 © é}iﬂrﬂe ﬁa‘o siiy ﬁi}ﬁ'ﬂ

1. Table IV below gives selected properties of the feed formed by blending the

r

untreated olefinic cracked and SOF naphthas at a ratio of 12:15 parts by volume.
Conditions required to reduce the sulfur level of this combined feed to 41 wppm

S are also given this Table IV,
Table IV =
12:15 Blend of Cat and Virgin Naphtha
API Gravity (degrees) 55.5
Specific Gravity (g/cc) 0.7565
Sulfur (wppm) 1648
Br Number (cg/g) 23.9
Average Reactor Temperature (°F) 5235
‘Treat Gas Rate (scf/b) 2000
Pressure (psig) 227 L)
Liquid Hourly Space Velocity 1.37
Treat Gas ﬂydrogen Purity (%) 100

[0027]  Product properties for the co-processed stream are given i Table V
below. At the target sulfur level of 41 wppm, the bromine number of the
product is expected to be 14, which is 1.6 cg/g higher than the bromine number
of the combined products of separate hydroprocessing in Example 1 hereof.

This higher bromine number, which reflects a higher octane content, results in a



Specific Gavity cc 0.7565 Sulfur (wppm 1648 Br Nunmber (cg/g) 23.9
Average Reactor Tenperature ('F) 525 Treat Gas Rate (scf/b) 20009 SEP é8Gur e
(psig) 227_ Liquid Hourly Space Velocity 1.37 Treat Gas Hy, ity
(*/0) 100 Yvéb‘ %"qg?oduct properties for the co-processed st&@ﬁ?@fog&rdi ven in
Table V below. At the target sulfur |level of 41 wppm the brom ne nunber of
the product is expected to be 14, whichilds 1.6 cg/g higher than the brom ne
nunber of the conbi ned products of separate hydroprocessing in Exanple 1
hereof . This hi gher brom ne nunber, which reflects a higher octane content,
resul ts i n sigrifioasiyloweslospobscaneinés: aarbivsd3tedms 1.4 Read Sctarie)i cant | y

| ower | oss of octane in the co

i.ned_streanms (1.4 Rqad t ane), .and
repr esent s 384 TGHESSERISIAHUIRHNSEY l}egpﬁgg)rmg@gﬁ%g &F‘F’esgaﬁ-“grﬂeﬁ{‘@fi ni c

cracked naph ..Table V Co-processed AQefinic Cracked and SOF Napht ha
Sul fur (mpcﬁéﬁﬁ(%ﬁlm i ne Nurber (c\Wg) 14 RON Loss 2 MON Loss 0.7 Road
Cctane Loss 1.4 19 SEP 2006 14
Table V
Co-processed Olefinic Cracked and
SOF Naphtha
Sulfur (wppm) 41
(’ : Bromine Number (cg/g) 14

RON Loss 2

MON Loss 0.7

Road Octane Loss i4




CLAIMS: 1. . A process for hydrodesul furizing naphtha feedstreans
containing both sulfur and ol efins, which process conprises: a)l bbEh#ithg an
effective amount of a substantially olefins-free naphtha feedstreamwth an
ol efinic cracked naphtha feedstream said olefinic cracked napht ha
feedstream contai ning sul fur and having at least a 5 w. %ol efins content,
based on. the total weight of the feedstideam and b) selectively

hydr odesul furi zing said, blend of naphthas in the presence of a

hydr odesul furi zing catal yst, at reaction conditions including tenperatures
fromabout 230C to about 425C, pressures of about 60 to 800 psig, and

hydr ogen t rehAIMSs of about 1000 to 6000 standard cubic feet per barrel,
wherein nmercaptan reversion is mnimzed to produce a hydrodesul furized
product strlkam A)probessceion hyteodegalfotizingtriaphitnafeedstsamscomaiping bothcsulfde and

M on ag,ﬁ] blél‘ﬁﬁaWh?c}Piﬁdi‘és§éWrﬁﬁi‘l§csSE| ected fromthe group consisting
essential Iy of "al um na, lica, and silica-alumna, and is char acterized in

having; i) a I\/b ﬁ%}fﬁﬁkfﬂ elffﬁ(“\x% uﬂt a )
trat f a4 SEE\‘E‘?’B"PA’Fh%b t 0.l
TN S A Mg e e
M8 sufdedseeanmontdining sulfwfandiayingaticast s wile oldfns cahtent]Bastdon the

Mo C3/ ”Qtotﬂndeigh}oﬂh@féﬂd@ﬁmaiﬁd cle size dianeter of less than 2.0 mm and
d) wherein the olefinic cr acked napht ha feedstream contains up to about 7000

| f d t % ol. ef final
ﬁ@’ﬁ?‘oézsuﬂ 2T etechelichyaraetu iz sl biGHE ol Rakhat e preienee pbne

t han 60hygroglesulfrizing nafilysts ot agtion copditions incdnding yempexasures fivom abowy oduct
st Lgam R36°@ tdrabeutA2 300, presncss ot@b@&t 60 tb R00 pisips aRd dgdfdichntecRival et abbue
conpol ne |

hapht ha‘ipg& gésitﬂgéo §Eaﬁﬂ§i’d gg?”i fé% éiei et graegﬂcge@%ﬁcﬁwﬂe%s?&ﬂs ManhiER to

produce a csulfunz ru

¢) wherein the hydrotreating catalyst is comprised of Co and Mo on an
inorganic oxide support selected from the group consisting essentially of alumina, silica,
and silica-alumina, and is characterized in having;

i) aMoO3 concentration of sbout 1 to 10 wt.%;

ii)  CoO concentration of about 0.1 to 5 wt.%;

iii) a Co/Mo atomiic ratio of about 0.1 to about 1.0;

iv) a median pore diameter of about 60 A to about 200 A;

v) MoO; surl‘ace concentration of about 0.5 x 10 10 about 3% 10 g.
MoOy/m?; and

vi) an average particle size diameter of less than 2.0 mm; and

d) wherein the olefinic cracked naphtha feedstream contains up to about 7000
wppm sulfur and up to about 60% wt.% olefins, and wherein the final
hydrodesulfurization reduces the feed sulfur by at least 90% with no more than 60 %
olefin satyration; and

¢) wherein said hydrodcsulfurized product stream has a Road Octane Number
greater than the Road Octane Number of a combined praduct stream consisting of said
substantially olcfins-free naphtha feedstream and said olefinic cracked naphtha
feedstream which are separately selectively hydrodesulfurized under the same reaction
conditions, including the same average reactor temperature, treat gas rate, pressure, liquid
hourly space velocity, treat gas purity, and hydrodesulfurizing catalyst prior to combining
into said combined product stream.



feedstream which are separately selectively hydrodesul furized under the sane
reaction conditions, including the sanme average reactor tenperat YresER piemt
gas rate, pressure, liquid hourly space velocity, treat gas purity, and
hydr odesul furizing catalyst prior to conbining into said conbi ned product
stream 19 SEP 2006 2. The process of claim1l wherein the anmount of
substantially ol efins-free naphtha feedstyisamin the naphtha blend is from
about 10 wt.%to about 80 wt. % 3. The process of claiml| wherein the

hydr odesul furi zing catalyst is characterized in having; a) a MoO3

concent rat i gn of 1ihditcdsd dF daith Hihefbln eBROANILHSALATy SchhaBiced. S (o

4 w.% c) a Col mc ratio of about 0.20 to about 0.807 d) a nedian

pore di anet gapRthadbedsdtrean M the wiphitha biendAs frym abbiOB) sutr%edoaboanB@nt r at i on
of about 0.75 x 1074 to about 2.5 x 10" g. M3/ n2; and f) an average

particle si»a.%ianeter of less than 1.6 nm 4. The process of claim1l
wherei n the hydrodesul furizing catalyst is characterized in having;, a) a
MoQ3 concentration of about 4 to 6 wt % b) a CoO concentration of about |
to 3w.% c) a Co/M atomc ratio of about 0.25 to about 0.72; d) a nedian

pore diameter 3. abheprasessof olanoliwhifein e kydroddhiifuriing eatalysticent rati on
of abOUtclﬂachtér'é& th h&vid ;out 2.0 x 10-4 g. Mo03/n2; and f) an average
particle Ssize dianeter or less than 1.4 mm

a) aMo0 concentration of about 2 to 8 wt.%;

b) a CoO concentration of about 0.5 to 4 wt.%;

¢) aCo/Mo atomic ratio of about (.20 to about 0.80;

d) amedian pore diameter of about 75 A to about 175 A;

¢) aMoO; surface concentration of about 0.75 x 10™ to about 2.5 x 10
g. MoO,/m?; and

f) an average particle size diameter of less than 1.6 mm.

4. The process of claim 1 whercin the hydrodesulfurizing catalyst is
characterized in having;

a) aMoO, concentration of about 4 (0 6 wt.%;

b) aCoO concentration of about 1 to 3 wt.%;

¢) aCo/Mo atomic ratio of about 0.25 to about 0.72;

d) amedian pore diameter of about 80 A to about 150 A;

e) aMoO3 surface concentration of about 1.0 x 10-4 to about 2.0 x 10-4
g. MoO3/m2; and

f) an average particle size diameter of less than 1.4 mm.



