PROCESS FOR THE DEEP DESULFURI ZATI ON OF HEAVY PYROLYSI S GASOLI NE 5The
present invention is directed to a process for the deep desul furization of
heavy pyrolysis gasoline to produce a very |ow sul fur content gasoline or
gasol i ne blweadimgsmicock with a relatively high octane mgrastookesvi
pyrolysis gasoline (also referred to as "heavy 10 pygas") is a liquid

by- product of the steam cracking process to make et hyl ene and propyl ene.
Heavy pyrolysis gasoline is a highly unsaturated hydrocarbon m xture
(carbon range of about C7-Cl10-11) which contains diolefins and al kenyl
aromatics (e.g., StyrcPROCESESFOR|THEQBEER PESULEIRIIATION QF hi gh content 15 of
aromatics, the latter of whi GEAHY PXROIYLED|@ASORINRat t hey contribute to the
rel atively high octane nunber of heavy pyrolysis gasoline. In addition,
heavy pyrol ysis gasoline contains undesirabl e hetroatom containing .
hydr ocar bdns sucHR8sPErfafRi ENeatigr tdriPceRESY Sthchrorests Berridiuced to | ow

20 level s i nggydeestoralil-awitNefUs8aef fIRaYYsPYIRlkYSi S GaspkbieAs a
gasol i ne product _or soline bl endi ng. stock. However_in the reduction of
organi ¢ sul fmryc&ﬁﬁogﬁo?rt GOV ﬁﬁﬁg}ﬂ?eloi 9730518 Kifort aAt Sttt favorabl e
aromati ¢ conpoimds rewdiiiclelgonidt butend avdmbgh. oct ane nunber, are not
converted to | ess 25 desirable comi)ound M Jprocess for the

hydr ogenat i on of %ﬁﬁr%lpﬁﬁoslyahss Fretis ((S?l'lg’gl J(T)G"éfeedmleg1 ﬁ?gsys, B56 983. This
process ihclpyies "t whs st dpsiuid thy-rhreddiolodf iths sfeamhergykiobyprecagasol i ne
bei ng seleCt{a”ﬂdieh¥£H§¥¥%@agﬁﬁiﬂﬂap§bghéj @%Ev?tﬁy}olysis gasoline is a
highly unsaturated hydrocarbon mixture (carbon range of about
C7~Cip-11) which contains diolefins and alkenyl aromatics
{e.g., styrene), as well as mono olefins and a high content
15 of arcmatics, the latter of which are desirable in that they
contribute to the relatively high octane number of heavy
pyvrolysis gasoline. In addition, heavy pyrolysis gasoline
contains undesirable hetroatom—containing hydrocarbons such
as organic sulfur compounds, which must be reduced to low
20 levels in c¢rder to allow the use of heavy pyrolysis gascline
as a gascline product or gasoline blending stock. However in
the reduction of organic sulfur compcunds to very low levels,
it is important that favorable aromatic compounds, which
contribute to high octane number, are not converted to less
25 desirable compounds.

One early process for the hydrogenaticn of pyrclysis
gasoline is disclesed in U.S. 3,556,983. This process
includes two steps with the diolefins of the pyrolysis
gasolire being selectively hydrogenated in the first step

30 and, thereafter, the hydrocarbon from the first step is
further hydrogenated in a second step. The catalyst used in
both of the hydrogenation steps is noble metal ¢n an aluminum
spinel support. The starting feed, i.e. pyrolysis gasoline,
is desulfurized to an appreciable extent in addition to

35 Thaving the olefins removed.



30 and, thereafter, the hydrocarbon fromthe first step is further

hydr ogenated in a second step. The catal yst used in both of the

hydr ogenati on steps is noble netal on an al um num spi nel support. The
starting faedz2ooeommo20pyrol ysis gasoline, is desulfurizeddrsamsapprseci abl e
extent in addition to 35 having the olefins renoved. U S. 3,691, 066

di scl oses a process for the selective hydrogenati on of gasoline produced by
thermal cracking, i.e., pyrolysis gasoline, that contains diolefins,
nonool efi ns, aromatics and sul fur conpounds, to reduce the diolefin 5
content and organi.§.sdd §4dr 0é6rdisntlosdhes cavatystfarselleigeliehisvprocess is a
supported ni a n{. ai r 0% ni ckel on
a refractoryﬁgﬁ%ﬁ%?%@%%f%ft%%gﬁﬁ%%ekﬁﬁging'%?.QE%%?QB%%¥%gP % %U'fided with
a sul fur ni cREtolyEoRI €2 3048108, | hatheontaige 6icieiomse. vanadedins, 10U. S.

4,059, 504 di sedrR3esst gy sehect idppbyiooerati@nOfndi @nassapd nercaptan

sul fur contained in a pyrolysis gasoline in a process using a catal yst that
i s cobal t2t uRigEteeh &nd fITgenLs BSOS thi §iF SitPaEet &%68 &t tifiifa. U. S.
4, 11|3, 603 di ISﬁchsteSiﬁ 4 WopsbepaPmaCcRSS cfa&falilz?t hwdfeﬁba?@utjsmgcanwm@l ysijs
gasol i ne contai ni.n ienes an rcaptan sulfur. The fir. ep provides
for mercapt aIFlr%mullf g? ér@’dl‘fzt P%)dkeggioﬂggarenr}g CR3LY SURBPEY “E:laﬁla?%/%t. The first
step is fol | mwgelbpeinsedtohdast gprthatlprovidésd fdthdd esvd fpedeixtiedn usi ng a

nobl e metal gahalysheidNe ¥hel dedoPLaditn 8001 s flgchor sweet. In view
of the requirenents ?or asol i nes and gasoline bl ending stocks to have

significdhtly |oWef-| eAEs508 digiclapes tiher 6clectiye hedebdenathen @ft for a

process whi chiMds! ah@dMGRabbEN SH1FFUE 6H8RbqOfn REBYYoHiQ! Y8éS119@s0l i ne to

very |ow in a process using a catalyst that is cobalt-tungsten sulfide
supported on a high surface area alumina.

U.3. 4,113,603 discloses a two-step process for

15 hydrotreating a pyrolysis gasoline containing dienes and
mercaptan sulfur. The first step provides for mercaptan
sulfur reduction using a non-ncble metal catalyst. The first
step is followed by a second step that provides for diene
reduction using a ncble metal catalyst. The yielded product

20 is doctor sweet.

In view of the requirements for gasolines and gasoline
blending stocks to have significantly lower levels of sulfur,
there 1s the need in the art for a process which will reduce
the sulfur content of heavy pyrolysis gasoline to very low

25 levels, e.q., less than 30 ppm, and preferably less than 15
ppm, without a significant reduction of its octane number,
The present invention provides such a deep desulfurization
process.

The present invention provides a process for the deep

30 desulfurization of a heavy pyrolysis gasoline feedstock,
containing diolefin compounds, organic sulfur compounds and a
high concentration of aromatic compounds, in a manner which

allows for the removal of the dioclefin and organic sulfur



25 levels, e.g., less than 30 ppm and preferably |ess than 15 ppm w thout
a significant reduction of its octane nunber. The present invention

provi des such a deep desul furization process. The present invention

provi des awoemes®ofoor the deep 30 desul furization of edraswopspisenl ysis
gasol i ne feedstock, containing diolefin conmpounds, organic sul fur conpounds
and a high concentration of aromatic conpounds, in a manner which all ows
for the renoval of the diolefin and organic sulfur conpounds to very |ow

| evel s while not hydrogenating significant anounts of the octane boosting
aromat i ¢ conpowedsds Tire viemvelhtv Vevplioodsdepnovildesoforatting deep 5

desul furizationof a,heapynpyrdl ¥iks.8asRl boss{gdstaek containing a ,
diolefin concentration, an organic sulfur concentration and a high aromatic
concent r at i o?PHRPURGAL i ng sai d heavy pyrol ysis gasoline feedstock to a

tenperature suffirgkeMydn®:ipPEQifdesa heatiedspysOlonel gegasol i ne feedstock 10
havi ng a substantial portion that is in_a gaseous phase and anot her

subst ant il FOTBAT 1 8% % Beapy oy P LRt 923 PR dtREH§°C45i d heat ed
pyrol ysi s gac@ltaneifeedstiotkrihabntenttatiahd dn guigdnphasarand sai d gaseous

phase into a react or vessel aqlrigﬁore t han ane rectac or glsggla in series flow
y ndi

CONnce tion and’ TOmMaLlic CONCEeNtYrdrio tin .
15 arrangenent, that contarns a nydrogenat i on catalyst s'Operated in a

downf | ow nodeaidcorteetnrglsaid deeal tuk fipedbyatls tgasot¢nmerbeedst ock in the
presence of ar-Aadded: hc_xegﬁagsgmé 28k 0aF p@@xlwgisa@a@gﬁr?eo%sa&wéw on of at

| east 100 ppnv wth sal ydrogenation catalyst at a noderate tenperature
20 condi 1Q onhastirgcei WPstensEr e AOEEEPY HAdr dfeHntde 9SS PRAEF aADorti on of

the diol ef i ngnaoBt-abnedhispighheah echynsl ¥$is 193504 i sbeedst ock to
nonool efins and a substantial portion of the or%{;m ¢ sulfur in said heated

pyrol ysi s gaSBiiPRECHMedStHcheA e HBEO bRt nBt oAt Ts feRfRiosturR d°
significantliy 22ihytiagenghesd hadasaimidacecospinzdsicontaraeddmn sai d
heat ed vessel, or more than one reactor vessel in series flow
15 arrangement, that contains a hydrogenation catalyst and is
coperated in a downflow mode; contacting said heated pyrolysis
gasoline feedstock in the presence of an added hydrogen treat
gas having an HyS concentration of at least 100 ppmv with
said hydrogenation catalyst at a moderate temperature
20 condition effective to selectively hydrogenate a substantial
portion of the diclefins contained in said heated pyrolysis
gasoline feedstock to monoolefins and a substantial portion
of the organic sulfur in said heated pyrolysis gasoline
feedstock to H;S, but not at a temperature to significantly
25 hydrogenate the aromatic compounds contained in said heated
pyrolysis gasoline feedstock; yielding from said reactor
vessel, or more than one reactor vessel in series flow
arrangement, a reactor effluent; and separating H;$S and
unreacted hydrogen from said reactor effluent and recovering
30 from said reactor effluent a low-sulfur pyrolysis gasoline
product that contains less than 30 ppm organic sulfur

compounds.



pyrol ysis gasoline feedstock; yielding fromsaid reactor vessel, or nore
than one reactor vessel in series flow arrangenent, a reactor effluent; and
separating H25 and unreacted hydrogen from said reactor effluent and
recoveri ng vd@®2doposvmai d reactor effluent a | ow sul fur porasymss7sgasol i ne
product that contains |ess than 30 ppm organi c sul fur conpounds.

Figure 1 is a flowdiagramin schematic form of one enbodi nent of the
present process for the deep desul furization of heavy pyrolysis gasoline
which utilizes a single reactor vessel operated in a downflow (trickle
flow) 5 node andFatité ZegsaasfigamdheatareXohasigarattio feat ofhend eedstock to a

temper atur & LixdainsHOIARMEALLY R BOLALI QUL dandogaseous phase.

Figure 2 is a flow diagram SC tic formof another enbodiment of the
present deepigReSdPEizdtZeni 0h FOTeBETMYSER IBULLNRI Ykch WE1tEZRE @r vessel s

operated in & gdawntlowdd Gheide Hbowhcdmdeaansliithicli #es &1kl Fadhheater to
heat the feedstock to a tenperature so as to provide the feedstock that is

subst ant i al 1595 2Bt W 4GP of a¢agabeWuS*pRAsEF Phk°3edd® o t he present
process conpfésaRsoak Got al bepyd Rtyge Sigasokubet siuiaany (heweaht eiquiaf erred to
as "heavy pyI OA ysisgogjsas IaiSQe") having a diolefin concentration, an organic
sul fur concefitT aTon and-a° hi gh content of aromatics. Generally, the heavy
pyrol ysi s gasol i Régeonr iises fiydr déagbongdnba¢hdmadgicnfedre ofaayetieiz from

about 90 C 15,20:aB0ut. 250 G @le OUS qcSaNENANEA0, Ll poidd no

tenperature of about 90 C and a t ol | |g§ tenperature (end point) of
about 2580 C utidiiggs rietodRPIERE ASTRERRIIRSdSted ifedsdrenaer. (Ariaile typical

boi I'i ng range dgr mbde heanyi DRl ¥Sksraaehi & doS hbeeMR0Q@eLud k30 C.
25The ar Omatti_oc aC(i):e geurnaq:%r(e)fsg haes Q(enaggovr)i){iléoLMeSifsee asltszgcl:]lc r]tehat is
substantially in both liguid and gasecus phases.
The feed to the present process comprises a Cy+

15 pyrolysis gasoline stream (hereafter referred to as “heavy
pyrolysis gasoline”) having a diolefin concentration, an
organic sulfur concentration and a high content of aromatics.
Generally, the heavy pyrclysis gasoline comprises
hydrocarbons boiling in the range of from about 90 °C to

20 about 250 °C, and, thus, can have an initial boiling
temperature of about 90 °C and a final boiling temperature
(end point) of about 250 °C, using recognized ASTM methods of
measurement. A mere typical boiling range for the heavy
pyrolysis gasoline is from 100 °C to 230 °C.

25 The aromatic compounds of the heavy pyrolysis gasoline
stream may include, for example, such compounds as toluene,
styrene, ethylbenzene, xylene, cumene and other alkyl
substituted benzene compounds. The aromatics concentration of
the heavy pyrolysis gasoline is significant and may be in the

30 range of from 30 wt% to 85 wt% of the heavy pyrolysis
gascline stream., While it is preferable for the aromatics

content to be as significantly high as is possible, it is



stream may include, for exanple, such conpounds as toluene, styrene,

et hyl benzene, xylene, cunene and ot her al kyl substituted benzene conpounds.
The aromatics concentration of the heavy pyrolysis gasoline is significant
and may be wp 200r@380 r ange of from 30 wi%to 85 w % of mdmushemweysopyr ol ysi s
gasoline stream Wile it is preferable for the aromatics content to be as
significantly high as is possible, it is nore typically in the range of
from40 wt%to 75 m% and, nost typically, it is in the range of from 50
w%to 70 wt % The sul fur conpounds contained in the heavy pyrolysis
gasol i ne strwene rapicatlude, therraawanpf efromedeaptzane, 7% witsukfides,

monosul fi desyand LRk apheneiic cOMPOYRdS At er §am oSkt U, egnfent of the

heavy pyrolysis gasoline feed to the present process wll, Ogen_eral ly, be in
the range of 75 tbfoompPHAAS SAbt2iTefeipathd &aPay IBYTOLroHs 80 ppnw to
1000 ppmi.  Byhsoliie€ st YdnC aklYind1@epr gomnickatipl d UmelBag@iiggnt ration is in

the range_of from. 90 ppnw to_ 500 ppmy, and nost typically, from 100 ppnw to
400 ppmw. > dls”WﬁFEalW%ﬂ“HéBW%ﬁPSl VIEiOPRGESHT i9r8PATTELt TPSf rom a st eam
cracki ng uni breddilc alisbuc@phaeit afsSikpaiHdaagnbyesiosit @dsdinsat fead es

ncl udi ng. di gl efins, a0d, ALkenyl. ALOTALLGR..SUGh 15 i gl Y, Leack] v
conpounds in-3igni ficant Concent rations, Wi pol'ymerrze ‘and caus€ catal yst
bed pl uggi ngramd Sor 888U rermgr opndbuiriode upartdgdlieney Eannchtpinbute t o

catal yst ‘deagidyaih@n. sl 60STLAILYMkE Lhihid Luigppreferred that the
heavy pyrolysis gasoline feedstock to the present process be 20 subjected

to a prio? hyeRGIEatHBhtisuABef aitPEZR RdifEPBnY @EPmE. to "G40 pprgst qge™
hydr ogenat i ogjd ts@®s€0pYysiIdalaysi ginf oantprfw @6t 1@N Rhwt he di ol efins and
al kenyl aromatics to nono gl efins and al k%IéBﬁrorrat_i cs,. respectively. Thus,

the present proced8 e Ye "G7Eney EsY S S W HGE  H dr8ehat i on 25
process, sinsedrherhea\ng pyt ol widiis agas oldmeif eedsiigatkidant heomie et

Process “"'uéﬁé'%%EQQAXUEEXSiSH'd?%9¥f£§§”énd alkenyl aromatics. Such

[I5 highly reactive compounds in significant concentrations, will
polymerize and cause catalyst bed plugging and pressure drop
build-up, and they can contribute to catalyst deactivation.
In order to minimize this, it is preferred that the heavy
pyrolysis gasoline feedstock to the present process be

20 subjected to a priocr hydrotreatment under mild conditions
{i.e., “first stage” hydrogenation) to convert a significant
fraction of the diclefins and alkenyl aromatics to mono
olefins and alkyl aromatics, respectively. Thus, the present
process can be viewed as a “second stage” hydrogenation

25 process, since the heavy pyrolysis gasoline feedstock to the
present process will preferably have already been
hydrotreated to reduce the dioclefin and alkenyl aromatics
content to a lower concentration level of in the range of
from 0.01 wt% (100 ppmw) tc 5 wt$. It is preferred for this

30 hydrogenation step to provide a diolefin concentration in the
heavy pyrolysis gasoline feedstock to the process of the
invention of less than 3 wit%. Thus, for example, the diolefin

concentration may be in the range of from 100 ppmw to 3 wt%,



hydrotreated to reduce the diolefin and al kenyl aromatics content to a

| ower concentration level of in the range of fromO0.01 wt% (100 ppmv) to 5
w% It is preferred for this 30 hydrogenation step to provide a diolefin
concent r at i\U@ 2009/084620 heavy pyrol ysis gasol i ne feedst ockedmuszévs/omoncess of
the invention of less than 3 wt% Thus, for exanple, the diolefin
concentration may be in the range of from 100 ppmrwto 3 wt% nore
preferably, the diolefin concentration is less than 2 wt % e.g., from 200
pprmw to 2 wt % and, nost preferably, it is less than 1 w% e.g. from 250
pprmw to 1 wt 9erAPTRApEIant theativlefoh qdneeptegemn probesss thenfdmtt he 5

heavy pyrol ygi s gasokisie 2%@6%@&9% Ezow@e heat erﬁlosttop@e%@m%qtryawé% 50 as to

provide a feed that is introduced into the reactor vessel that is partially
in the |iqui °phdderahd’Far €1 Al IfFoPn2therFaskdus Hhase. General ly, the
percentage of feed impditGuicdrphase Mlﬁheb@rbéleﬁth@rlba@% if shEome20 W% to

10 90 wt0/ thther neof f g évt 5( 80 wt % bei ng preferred, and the
per cent ag e?veyegyirﬁ 3 gase ]tr)]lfi‘? RESEREY FO e iaERe Takge of from 10 wt %
to 80 wm % V\mrirpetrlaeuramg:eaeftd ronv20e i Yeled B2 tMi% betnghpeef Bfted.

e Y 2ad S2AMLL L BBIDREY b Tk LS RDASE A% LhaLe AT ocd 1O

the 15 reactor vess at t e start arun o about
85 wt% and Eﬁ%@ﬂaﬁlhfﬂlfga@éoﬂ%ﬂfﬂmséh%etﬁ?@némlllaifr ghe lHEI(C@ngang radm about 50

to about 75 w84 in 1lqu1ﬁ1gn9§@mmy59|Mﬁltaeg@mé B¢ FR&f 2h0w£betoor esent
process nmay be heated to the desired tenperature by use of any 20 suitable

heating Han®0 "&r EkEhfihe, rareq e4nt FantifeXEhaiydP, vi fieied heater, or by

i ndi rect hea;sreeaeelaaageaﬂm the efddcdaniod raametbe 1rLaskofad@esehhiMe Ot her
sui tabl e streal? P a conbin t| on thereof. I%ieocaU§e it is |$})rtant t hat

a substanti af |brh t&’fe 28"{he pﬁ?ﬂ‘y]s FE5EDITNEEF e dHoER® SR ng t he
reactor be iof [firgui 20 phdsep &b wiel beasy iprefberagns @ousajiias ehe t fed

tenperature ofthe Q&aﬁ‘ﬁ%{; erglelyﬁll 9@59}3'529 % ecd ;enter ri r(1e tchetreactor in
the present process w nor e I'ower Than the“t® era ure in
convent i bhal r%@@u‘ﬁé%ﬂﬂsetpm%lsysr‘s @0 agasol ina.deSudrf wbprht 3brropr ocesses.

For exanpl e, aisgdet 8D o) e ARET A HN§S 1 £ adlGs e BYrolyshy gaspline feed
entering (e.g. from about 50 to about 75 wt%).
The heavy pyrolysis gasoline feed to the present process
may be heated to the desired temperature by use of any
20  suitable heating means, for example, a steam heat exchanger,
a fired heater, or by indirect heat exchange with effluent
from the reactor vessel or other suitable stream, or by a
combination thereof.
Because it 1s important that a substantial portion of
25 the pyrolysis gasoline feedstock entering the reactor be in
liquid phase, as well as in the gaseous phase, the
temperature of the heavy pyrolysis gasoline feed entering the
rgactor in the present process will normally be lower than
the temperature in conventional gaseous phase pyrolysis
30 gasoline desulfurization processes. For example, suitable
temperatures for the heavy pyrolysis gasoline feed entering
the reactor vessel in the present process will be in the

range from 175 °C to 275 °C, preferably from 200 °C to 260 °C.



the reactor vessel in the present process will be in the range from 175 C
to 275 C, preferably from200 Cto 260 C The heat ed heavy pyrolysis
gasol i ne feedstock, partially in liquid phase and partially in gaseous
phase, upoweeeniomy t he reactor vessel flows downwar dpgTaUST00RigfI91@NE OF
nore fixed beds of catalyst (i.e., in trickle flow where it is 5 contacted
w th added hydrogen treat gas containing a m ninmum | evel of hydrogen

sul fide (H2S) of 100 ppnv. Preferably, the H2S I evel in the hydrogen treat
gas will be 150 ppmv up to 250 ppnv or nore. It is an inportant feature of
the inventive prdkestedted hgawhevhyiigenaseodae fasditwchavearinali2g

concentrati ofy, A 40 §&fhsRaknd '}%rﬁ%%?ﬁy% 9isdhe PEQ&@S%p%t&EM}'lEQ the

hydrogen treat gas is contactéd wll remain conpletely sulfided and to
ensure cat al ¥t T§afeet ivePe§l b‘%}OWFnﬁi‘?‘in‘réibntd"tﬁoéghs%ft%Pét po¥e fifceflas been

found that thsake@atﬂawyby plf etbelﬁaixalcmé £y 1anéecriease W th hydrogen
treat gas_. H2S concentr.a ower than 100 $ Py, which wll result

in sone u%m?ﬁ%&CB?%rFﬁttﬁ’ d%%q :(i’lygf??ﬁi’ C5Rt RS FABRFABHE. 308 NP ER a
conconi t ant rhe:ceﬂeasexydrogehasmmuaba{zsofoﬁ heoeppngaFekfamipryedteéd and in an

undesi rabl e tuyre | ngGr I e r r I beds. Such
aromati cs sa ura |egnliz§ngg$gl ?gig(ﬁergccct g%g é]%nbwé?lc]g%gﬁg 8@@ gaé%%y
mai nt ai ni ng 4¥¥erPatoremeatreoned ni ni num H2S content in the hydrogen treat

gas. The upper |ipi{s aw ih tla%%Sf&aOdﬁ%ngfaéﬂeoanbénﬁlhgug%cés% kg around
2000 ppnv_or even hi gher referred for the concentration to

be at | ekt tf@ohpsﬁmﬁenaﬁa@aw g?&%’@r 88, HzSt CPReRNtTaBEOH iy OTURE h t he

present process b.lﬁé nghta 1 b@e-grorhal p&d&@shydmgemt:neate g@ar@gtdu a low
t enperature and noder at e gr essure,operating co pOSSI ble to

[
limt octanej 8%59‘?)%t3\ﬁegﬁ He He kvt 6&98&959%@33%% Y r?é’lffé‘é%‘f %h3 t he
| ow sul fur psolysescaasol seleqpiotiue tbyol inhei ngnweothdtiespsgoessibo. one

octane nunbef, (Lo BEMA DN chSSiectivity of the catalyst can
15 decrease with hydrogen treat gas H:S concentration levels
lower than 100 ppmv, which will result in some unwanted
aromatics saturation {on the order of 1-2%) with a
concomitant decrease in octane number of the end gasocline
product and in an undesirable temperature increase across the
20 reacter catalyst beds. Such aromatics saturation and leoss in
octane number can be avoided by maintaining the
aforementiconed minimum H,S content in the hydrogen treat gas.
The upper limit for the H;S concentration is thought to be
around 2000 ppmﬁ or even higher. It is preferred for the H,S
25 concentration to be at least 150 ppmv, and, most preferred,
at least 200 ppmv. With the present process using a H;3-
containing hydrogen treat gas and a low temperature and
moderate pressure operating condition, it is possible to
limit octane loss between the heavy pyrolysis gasoline feed
30 and the low-sulfur pyrolysis gasocline product of the
inventive process to one octane number {(i.e., (R+M)/2) or

less.



Various nethods can be used to maintain the desired m nimum H2S | evel in
the hydrogen treat gas, including, for exanple, injection of a sulfiding
agent such as DSMO. A preferred sulfiding agent is di-sulfide oil (DSO
froma 5 Mawoxzowi®er ng unit. Thus, in one enbodi ment @CTIUS00p0EIRNT
process DSOis injected at one or nore points in the process in an anount
sufficient to ensure the proper |level of H2S in the hydrogen treat gas.
Deep desul furization of the heavy pyrolysis gasoline 10 feedstock is
preferably acconplished in the present process in a single reactor operated
intrickle flow Veghewemethpdgexdinr b, usast ot haintene Feadesirepref erably

connected | nm%@ftﬂuﬁsﬂid QWya{ rﬂﬂ@%@%dro%@ﬁ aSe Bgs Usl%luaﬂl&;? sapot her
embodi ment of the invention involves the use of two reactor 15 vessels,

bot h oper at e®*3 18/ dBWTIBRP (oF & FrekiE @ 8dF el 2Bl Ceiher the one
reactor tri Cisf@fefﬂrew SYiSti@fhg Odgenltei § Whi fseaet @y dini ¢hs® frow system

roduces si s gasoline product having ver ow. sul fur | evel s, e.
P eoa s han® SO LR er i M- 008" Hrb rS CHBI TR o PP B 1 cant 90

| oss of oct ap:socmsrsbeso tihr augbcardomat ous csahoratdodnts in thA prefesr ed

feature of the 4 sag0l. RLeGESS.s (bhalodhe heane aur olus) 8 cogsolne

feedstock, at the start-of-run eS t hrough
t he cat al ysttlhfedls’drﬁg‘tfhéirﬁﬁtsqasand second react or vessel s. What is neant by

25 "highly di sperngeg"dés%ltfnaizgél%nhxﬁrtqreah@smy fﬁ&@%@&k daSoflid ributed

across the cross sectional area of the vessel and
i feedstock is preferably accomplished in the present process

in a single reactor operated in trickle flow. However, if
desired, more than one reactor, preferably connected in
series flow arrangement, can also be used. Thus, another
embodiment of the inventicn involves the use of two reactor

I5 vessels, both operated in a downflow (or trickle flow) mode.
Using either the one reactor trickle flow system, or the two
reactor trickle flow system produces & pyrolysis gasoline
product having very low sulfur levels, e.g., less than 30
rpmv, preferably less than 15 ppmv, without a significant

20 loss of octane number through aromatics saturation.

A preferred feature of the present process is that the
heavy pyrelysis gasoline feedstock, at the start-of-run, be
highly dispersed as it passes through the catalyst beds in
the first and second reactor vessels. What is meant by

25 “highly dispersed” is that the hydrocarbon feedstock is
distributed acreoss the cross sectional area of the vessel and
ontc the top surface area of the catalyst bed in a manner
that minimizes the radial non-uniformity of fluid fleow to and
through the catalyst bed.

30 There are many suitable methods and means known to those
skilled in the art for providing the highly dispersed flow of
hydrocarbon feedstock to a catalyst bed such as those used in

the present process. Any suitable fluid distribution means



onto the top surface area of the catalyst bed in a manner that m nim zes
the radial non-uniformty of fluid flowto and through the catal yst bed.
30There are nmany suitable nmethods and neans known to those skilled in the
art for provociesvgssodee hi ghly di spersed fl ow of hydrocaraorustmedsbrack to a
catal yst bed such as those used in the present process. Any suitable fluid
distribution nmeans for dispersedly distributing the hydrocarbon feedstock
across the top surface of the catal yst bed may be used in the present
process. Sone exanples of suitable fluid distribution nmeans include, for
exanpl e, horfzontigbepicatlesdipativatensd Per hodaeedbant fewisitbrk esgrogs

apertures, OfpNQl8s s PFQW gk Nghd Uikl i pbliogs § her gsthrigugheand hori zont al
pl ates that are operatively equi pped Wth nozZl es, or downconers, or

conduits, thefCIREVPERCSSSr PR EXPIBYPT IRdr BV hrBUGh Tl EVR RistiEiPWePPces as
spray nozzl egezndihtuid,atten &enp1ERYNNE U8 33 a10stheutf bhwkd di stribution
means for_dis erswﬁjg t he_hydrocar bon feedstock acr oss the top surface of
the cat al JstPHE® 2 EE Pt tox Bhpt €50 O¥ ARGHET S CAbPRTFI uPdC €145 but i on
means are di s&d dleddi fidd BheRatdrrbudlo. arfs, 484i LG aandldthes patemdreart cited
therein. U S P%te% Ig% ? 484,578 1s jncorporated 15 herein by reference.
. W les, .
O her fluid dstr ﬂﬂ% Tont %Gf/(g tl%at m!r)rzar@/ S0i {)ab Oy Eemursse’d%ére t hose taught
by U. S Pf’:lt ecmnduétss,te@&_, pasvighed for SE1Rah éh@w Piigrefbprouds . 280t O@@F?SQ, bot h
of such di SC4{ASWES, 8T LYCRASPANAT Gl NARBN P REET RIE @ THEy fdsui d
distribution 20 trays descCribed in these publications include, for exanple,
a di stri Butide frayd st riBuphsy maes viath daspRuRiani £y ddspeniangs or
downconers fafedshecdumparbdiid aWpokuarddalvd thatcatByydHe rraMubtiephase
fluid. A particularly preferred fl uLdO& strabutl, n peans that may suitably
be used 10 OBIHPHOR Y 25 GPSUPBRE of e HEIP hyVOITERS GEbol i ne
f eedst ock asdidclbkeasirt hr.ougbattdne sat &,yst, betlsrnidnthdepqrrasemtt process i s
the cited therein. U. 8. Patent No. 5,484,578 is incorporated
15 herein by reference.

Other fluid distribution trays that may suitably be used
are those taught by U(.S5. Patent No. 5,635,145 and U.S. Patent
Pub., No. US 2004/0037759, both of such disclosures are
incorporated herein by reference. The fluid distributicn

20 trays described in these publications include, for example, a
distribution tray that is provided with a plurality of
openings or downcomers for the downward flow of a fluid that
may be a multi-phase fluid. A particularly preferred fluid
distribution means that may suitably be used to obtain high

25 dispersion of the heavy pyrolysis gasoline feedstock as it
fiows through the catalyst beds in the present process is the
fluid distribution tray and system described in the U. S.
Patent Application filed on 18 April 2006 and entitled “Fluid
Distribution Tray and Method for the Distribution of a Highly

30 Dispersed Fluid Across a Bed of Contact Material,” and having
an Application No. 11/406419, which disclosure is

incorporated herein by reference.



fluid distribution tray and system described in the U S. Patent
Application filed on 18 April 2006 and entitled "Fluid Distribution Tray
and Method for the Distribution of a Highly 30 Di spersed Fluid Across a Bed
of Cont act wtms/mdmb20" and havi ng an Application No. 11/p@6%id@sorstisch

di scl osure is incorporated herein by reference. Catal ysts that are
useful in the present process include any hydrogenati on catal yst capabl e of
substantially converting the organic sul fur conpounds in the pyrolysis
gasol ine feedstock to H2S and the dienes in the pyrolysis 5 gasoline

f eedst ock to thefCrtakbsyecthye ansnoetidl ng bthe gilegaps, piaicehoutindglivgai ficantly

hydr ogenati ng 6 ORLL S GORROUNS ysPaELIGHLALL LDl Gat al yst s compr ] se

ni ckel / mol ybdenum or~ cobal t/ nol ybdenum on a refractory oxi de support, such
as al um na, %‘?Weééln%ltlfiecar‘éq‘fﬁrﬁ SELTEF (RRPAYNAD 1pi FROMYAOLIEAHE conbi nat i ons

t hereof . M X§aNAaSnef f@é&@@&k% rﬁﬂz@@id ek yoderdm anthe ghabiygml ybdenum
catal ysts_can al so be errgPfi articul arI érg)r eferred catalyst is

ni ckel / mol yB#EdRT BN tgﬁgﬁolfets’pe%t'ﬁ 9%03'S ®hichis
comerci al | yamealebabd;ﬁ:ﬁom@mﬁnﬁf@ta@mmyalry@én%n@ommylc The

amount of nig¢ Ivﬁggl ogar%ogaialr&ymsgﬁgbtﬂ %Fg%%]l[)g ngr#/%l%% in the range of

from about 0 t o “abou refe wo%to 8 wt%
and, nost prrefcéqeékiﬂﬂylykfdeonm10w%ﬁbt6ntwy@2@ewm tprt herW%C@aIrElQOd assum ng

the 20 metalgigqi8, télﬁ:h”EEa£1MnQe £ of ”QlPPc%e%lQHlﬁehetﬁ%ﬁia vei ght of
the catal yst. The anount of nolybdenumthat is in the catalyst my be in

the rangt of 2¥56R 8 V1% COMBTNAL99'S prhgrerdbl YLxthrsm of ioPPBteY wt % and,

nost pref er abildke 17 HOMYLRAMM0 4:01 200M YndlivbRehiie Weda gl Cubat £okagsum ng the

metal 25 is ln t he rretal oxide formand based on the total weight of the
cat al yst. employed. A particularly preferred catalyst 1is

nickel/molybdenum on an alumina support, such as DN-200,
which is commercially availakle from Criterion Catalyst
15 Company.

The amount of nickel and/or cobalt in useful catalysts
may be in the range of from about 0.0l wt% to about 10 wt%,
preferably, from 0.1 wt% to 8 wt%, and, most preferably,
from 1 wt% to 6 wt%, with the wt% calculated assuming the

20 metal is in the metal oxide form and based cn the total
weight of the catalyst. The amount of molybdenum that is in
the catalyst may be in the range of from 3 wt% to 30 wt%,
preferably, from 4 wt% to 27 wt%, and, most preferably, from
5 wt% to 20 wt%, with the wt% calculated assuming the metal

25 1is in the metal oxide form and based on the total weight of
the catalyst.

While many of the conventional hydroprocessing catalysts
that include a molybdenum component and either a cobalt
component or a nickel component, or both such components,

30 that are supported on an inorganic oxide support in the
aforementioned concentrations can suitably be used as a
hydrogenation catalyst of the inventive process, a number of

other novel catalysts may also be employed in the process.
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Wil e many of the conventional hydroprocessing catal ysts that include a
nol ybdenum conponent and either a cobalt conponent or a nickel conponent,
or both such conponents, 30 that are supported on an inorganic oxide
support i n waetpzznenti oned concentrations can suit aldci/iseomsssedias a
hydr ogenati on catal yst of the inventive process, a nunber of other novel
catal ysts nmay al so be enployed in the process. For instance, the catal yst
descri bed and enployed in the process presented in U S. Patent Application
Pub. No. 2006/0237345, entitled "Method for the Selective

Hydr odesul f uF¢z dtiis¢aned. dheCretdlysCofestmibad #ydirroearieh iB Fbedst ock, "

having 2 Puby: Qalse oo SEhaReLs 2652006 MaLGh, BUBILCALL .S | ncor poral ed

herein by reference sui tab be used in the inventive process of this

di scl osure. %9%92%9\?%@@&[%’/5%%‘1 “Wethodyfgutbabisteséiveed in the inventive

process are hf0sRleasloescChiches O ael aidmth cBnthiSinBabemtoch@ouéRpl i cation
Pub. No. 2005/0 1C46g entitled bPr ocess and_ Cat aI2 st_for the Selective
Hydr ogenal i ohcStS B! ef Y "Boht Hitnel2 Fh n CEF €15 2Bont W %1 HG~St r eam and for

t he Renoval pLﬁbJAmemon iEhenebrmmaand BeMihhbd offdvakiag rGycbulatdlyy st ,

e D 0a bocss aed oh Anualy Al 8002 A0 Lh FRLeML.L5 AoRLLCA | on Pu

No. 2006/ 006 enti ACtIvit rodesu ur| zat i on a
Met hod of l\/a]kfiﬂ'h@aéaﬁ-ﬁf-‘gtkﬁ A@ﬁtvflléwy sy tirlodie dgl faed Zax tbe Cateaktyse, and a

Process for Ms@cé%'%s@nayléers%rhﬁ&‘i%ﬂ t;ygu{aétlhl had e Rraduct, " having a
Pub. Date of March 23, 0 2005/0014639 and U. S.

Pub. No. @00@%@651@“&?"@ |H%0r2p9c9r5é9%%j4q{5@re?ﬂtw€%def Br@ifss. and In the
pr esent deepca:tfsalylsEUfcbrzaaweosem&cieasﬁde@eaatmrysifsDg@ﬁaﬁim@e feedstock is

cont act ed h an H25-contain en treat n the reactaor
vessel (s) \glté%{ltf%n? |35{{|é\?e$;‘; #JCRNCPé %FEI%%%ﬁ%dlﬁ?‘étt@epP@%%‘iﬁle

oper ati ng comftlitrisenic A‘Hemwft@mdahmetlmwdolﬁmha{:antgesmskesraMEEy@pe'r ating
condi ti on is ﬁ%%t?tpug)eggtge@%ra%tg éon 55‘5“ ran%e 05 fE;a m%75 Cto 275 C,
o) 4

and a pressure rom referre operat| ng
cond|t|thfoﬁpHﬁmggéanFﬁubcegg 2006/0060510, entltled “High Activity

Hydrodesulfurization Catalyst, a Method of Making a High
Activity Hydrodesulfurization Catalyst, and a Process for
Manufacturing an Ultra-low Sulfur Distillate Product,” having
a Pub. Date of March 23, 2006. Both U.S. Pub. No.

20 2005/001463% and U.S. Pub. No. 2006/0060510 are incorporated
herein by reference.

In the present deep desulfurization process, the
pyrolysis gasocline feedstock is contacted with an H;S-
containing hydrogen treat gas in the reactor wvessel(s) at a

25 relatively low temperature and moderate pressure operating
condition. A low temperature and moderate pressure operating
condition is meant to be a temperature in the range of from
175 °C to 275 °C, and a pressure of from 400 psig to 800
psig. The preferred operating condition for present process

30 is a temperature in the range of from 200 °C to 260 °C and a
pressure in the range of from 425 psig to 650 psig. Since the
hydrogenaticn of organic sulfur compounds is an exothermic

reaction, there generally will be a temperature differential
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30 is a tenperature in the range of from200 Cto 260 C and a pressure in
the range of from 425 psig to 650 psig. Since the hydrogenation of organic
sul fur compounds is an exotherm c reaction, there generally will be a

t enper at ur ewgizbddmsent i al across the catalyst bed(s), wdrustévenTsemct or
outlet tenperature normally being sonewhat higher than the reactor inlet
tenperature. The flow rate at which the heavy pyrolysis gasoline feed 5 is
charged to the reactor of the inventive process is generally such as to
provide a liquid hourly space velocity (LHSV) in the range of fromO.1
hr-1 to 10 hecdessTheete@rtalybt qeadd shourith $pacecamiogcptyidt neans t he

nuneri cal ra&érfep&fathbs a&.imam rseqnga;&meahatvmé&{& RBEn NG e 2Ly phi Ch the

heavy 10 pyro@gems gasoline feed iS charged to the reactor of the inventive
process divi detPhetRerafdiréme of catal yst contained in the reactor. The

preferred LHSV i smkensidie rraa@g@t Gfhithomd héahy -BydcQ v8i Brgabo1and, st
preferred, fromO0.8 hr-l to 2.5 hr-1, 15The hydrogen treat gas shoul d be of

signi ficant hydiGFaRapER ithg W?%C’ét of it 18BORU FOPYBF e fer cent of the
added hydr oggendr=0ay gash bei tg provedcal arlikydd ogenrlyl spas: peebertyed for the

purity of thﬁ.\LMr _otge%% rrt%ﬁé gc?.rsftrgmea(ggg]dﬂ?ov ég%evp%ge@emhydr ogen, and,

it is nore preferre purity “exceed ‘ol 'une per cent
hydr ogen. Thisiquiklehdydnogeace r\@d’pcg‘a& Wwirebns | theg@anuealcalcoatdd rinol ecul ar

hydrogen in the JAnge:Ofc fr‘é%” Q0198 Wk ‘V%o&;}’p' a®alh¥on Phef £OH,/S 10 98
vol % or, nore typically, of Trom80 to 97.5 vol % The ampunt of hydr ogen

treat gaddadBWePLvSieheAIndany FRACORYSFRATFRSOE? ide dedCtIr SRotRY be in t he

range of fromxaﬂa%trel&ﬂm%ts@n@lﬁh@e@usyCtrfee%l(lr&%)f petabAtr ebnfdiblch of heavy
pyrol ysis gasol.i e feed to_about 5 00(8 CF/ bbl, preferably, in the range of
from 250 SCFHBEINS 522860 SeE/BITerand oSt THrit dPS0F3R9% PEntBUb SCF/ bbl to
2, 000 SCF/ bbb.s5 3Ahabherh:ehbetidpentstofprelier prdes &nbmi\Benki’ono 2.5

hrt.

15 The hydrogen treat gas shcould be of significant hydrogen
purity with at least about 70 volume percent of the added
hydrogen treat gas being molecular hydrogen. It is preferred
for the purity ¢f the hydrogen treat gas to exceed 75 volume
percent hydrogen, and, it 1s more preferred for the purity to

20 exceed 80 wvolume percent hydrogen. Thus, the hydrogen treat
gas will, in general, contain molecular hydrogen in the range
of from 70 to 99 vol%, typically, of from 75 to 98 vol%, or,
more typically, of from 80 to 97.5 vol%. The amount of
hydrogen treat gas added to the heavy pyrolysis gasoline feed

25 should be in the range of from about 100 standard cubic feet
{SCF) per barrel (bbl) of heavy pyreclysis gasoline feed to
about 5,000 SCF/bbl, preferabkly, in the range of from 250
SCF/bkl to 32,000 SCEF/bbl, and most preferably, from 500
SCF/bbl to 2,000 SCF/bbl.

30 Another embodiment of the present invention
involves the use of a “hot hydrogen strip” to extend the
catalyst life. The “hot hydrogen strip” will serve to remove

gums and feouling material from the catalyst beds that cause
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i nvol ves the use of a "hot hydrogen strip" to extend the catalyst life. The
"hot hydrogen strip" will serve to renove guns and fouling material from
the catal yst beds that cause increased pressure drops across the

react or (s) vemenop/e39pmst ore sone of the activity to the mgarusgmeatsprn
catalyst that is lost as a result of its use in the hydrogenation of the
heavy pyrolysis gasoline feeds. 5The hot hydrogen strip nmay be acconpli shed
by di scontinuing the contacting of the heavy pyrolysis gasoline feed with

t he hydrogenation catal yst by renoving feed fromthe reactor vessel (s) and,
t hereafter, tonreaced nyramisuhe tdorisy deognabe oreasdogliystansy tot hegtwirse

circulating s oRYEEOGRA s 30 fleA thelBfdrvebyatigh cE@ tatcHEn? for an
effective period of time to renove gum deposits and ot fouling materi al

from t he hydtogedat # ort¥dtaPisitsanacts ost bydroserpeian 05 eld tfie@ﬁ’Yof t he

| ost cat al yspymQlybyé taadodihberdupdr.ogenat | on catal yst. The hot hydrogen
strip can, al so be used élyprem)ve liquid %/dro qar bon and subsequently dry

out the catalyst ‘Bed"%n §%%€E’br9t§§78tr%arﬁ Fl ST ©¥shut down. The
hot hydr ogendistapnpphnignes bal cortraceonguct ede Usdéavy ayhoDfsipubatylimedr ogen

streamthat } ar.i.n t ' 1t ai | f ngration of
hydr ogen suI#%ﬁ%y%e&ﬁuE?§§6%e§%§gglﬁhe a%ﬁ%%c%l}r geglﬁ{?{sﬁ?%%%:an% gnas shoul d be
such that ittkeorearher veiceehlar ahjdropasaifherheonsagelnsf viEbni®0 to 99

vol % pref er]%jﬁﬁr)égeﬁé&@ﬂ@a%é’ly%gt ¥Rl §Bndihos sBOE B RN GE BRAR Y ATADRY O 97.5
vol% It is alsoinportant for the hot hydrogen stripping gas to have a

si gni fi cdht Hydr 68ERESTRLY BRI SepBRERMECaPB Rt IRdferst v PrEbed ofbout 350

ppnv, but i ttims |a6ef@rdv@dgﬁ@rddﬁ@@lbyckr@gaﬁhwIﬁdud@ngqmmﬁaatfm to be at

| east 400 ppr%, agd m)zt Ere erred, shoul d be atlleast 500 nv. An
upper linit t& CEETREHEEAPY aT3GHYSE F8g§?15tsciﬂef PEet937 Y ﬁep%ttlo dr ogen
strippi ng gast itheateamata2800sBGepprity oo ekemyirogeedticaneendratti.on of 1500

ppmvor 1OOQHQP%%t hydrogen strip can also be used ¢ remove liquid
15 hydrocarbon and subsequently dry out the catalyst bed and
reactor system prior to a unit shutdown.
The hot hydrogen stripping should be conducted using a
high purity hydrogen stream that is sour in that it contains
a significant concentration of hydrogen sulfide. The purity
20 of the hot hydrogen stripping gas should be such that it
contains molecular hydrogen in the range of from 70 to 99
vol%, preferably, from 75 to 98 wvoi%, or, more preferably,
from 80 to 97.5 vol%. It is also important for the hot
hydrogen stripping gas to have a significant hydrogen sulfide
25 concentration that is at least about 350 ppmv, but it is
preferred for the hydrogen sulfide concentration to be at
least 400 ppmv, and, most preferred, 1t should be at least
500 ppmv. An upper limit to the concentration of hydrogen
sulfide in the hot hydrogen stripping gas 1s around 2000
30 ppmv, or even a lower concentration of 1500 ppmv or 1000
ppmv .
It is also important for the temperature at which the

hot hydrogen stripping gas to be contacted with the

13



It is also inportant for the tenperature at which the hot hydrogen
stripping gas to be contacted with the hydrogenation catalyst, after it
has been used in the hydrogenation treatnent of the heavy pyrolysis
gasol i ne f ewnl2009/089h a rel atively high tenperature of a@cTiusamsosmut 350 C,
but, preferably of at least 370 C, nore preferably, at least 5 390 C, and
nost preferably, at least 400 C. An upper |limt for contacting the hot
hydrogen stripping gas with the hydrogenation catalyst is around 700 C, or
| ess than 600 C, or even |less than 500 C. The anount of hot hydrogen
strippi ng gawvdreaendsiqmassedli® ovéter e hgerivgenasédrircahal yst shoul d be

sufficient t0,4,800Y8 &k lt@ééﬁme@ntpgft%@ h@gv§§?¥[&§%g§%§bﬁ§n€% ekoul i ng

material s fromthe hydrogenation catal yst an 0O festore at [east a portion
of the | ost a8l §s¥eR&ively ypiod Fﬂ@%%@e%%ﬁtohe%%‘% gyt 3%eneral ly, the

rate at whi quhtt herbedraba yhydrogenast rmpp@,g n@@s. bSe 23558¢, aenchbe
provi aseous hourl ace

hydrogena% cgt al is such as to

vel ocity 1 hat’ r‘fyntdhﬁo?%r?§§f8fa]?]r36m‘36 Jl‘;""’h"‘rt f 80 Cr0O" HTRPET ¥
hydr ogenat i Ofbrca:batycsimgsthé eraitedymtcwent herhetinkydaogeinthsthé ppi ng gas for a
0 ARG RANI 0 ADA 83 80, SULL ShENE 10 HaLRvEn gl apant, @ nor L on

of the guns s ffomth ogenation catalyst’ and to
restore a port |e®'ﬁn0165tShéhB@s-‘t000§@al yst activity. This may be for a

treatment pe“ 0drh@ dRink apg&, £f h{;&?&ﬁte(}] 1 POyt 0496 QW S sed/TOl €
typicall for a treatnent period in the 25 range of from1 hour to 72

hours, aHl, &t tP?d}i@éfPB?“a?%O@nFﬂtﬁbﬁﬁtssPﬁu%bl‘i’oﬁFgfl%@PérW ng to Figure
1, in this erdegenenticlktt A&ortion of the gum deposits and fouling

materials from the hydrogenation catalyst and to restore at
least a portion of the lost catalyst activity to the
hydrogenation catalyst. Generally, the rate at which the hot

15 hydrogen stripping gas is passed over the hydrogenation
catalyst is such as to provide a gaseous hourly space
velocity that is in the range of from 0.1 hr™ to 100 hr™'.
The hydrogenaticn catalyst is treated with the hot hydrogen
stripping gas for a time or treatment periocd that is

20 sufficient to remove at least a portion of the gums and
fouling materials from the hydrogenation catalyst and to
restore a portion of the lost catalyst activity. This may be
for a treatment period in the range of from 0.1 hour to 96
hours, but, more typically, for a treatment period in the

25 range of from 1 hour to 72 hours, and, most typically, from 4
hours te 50 hours.

Referring to Figure 1, in this embodiment of the
invention, a heavy pyrolysis gasoline feedstock, which has
been previously subjected to first stage hydrogenation to

30 remove a significant fraction of the diolefins and alkenyl
arcmatics, 1s passed through line 1 into a series of
feed/effluent heat exchangers 3 wherein the temperature of

the feedstock is raised by heat exchange with reactor
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i nvention, a heavy pyrolysis gasoline feedstock, which has been previously
subjected to first stage hydrogenation to 30 renove a significant fraction
of the diolefins and al kenyl aromatics, is passed through line 1 into a
series of fwecdiebidbwent heat exchangers 3 wherein the trempuseasarsesof the
feedstock is rai sed by heat exchange with reactor effluent entering the
heat exchangers through line 7. Hydrogen treat gas (which may include
recycl e hydrogen and make-up hydrogen) enters the systemthrough line 2 and
m xes with the Iiquid heavy pyrolysis gasoline feed prior to 5 entering the
f eed/ ef f | uenefHegnt exetieniger theg hepr oprttiraoheat theowbhntferss 7 he conbi ned f eed

and hydrogen n S (4 - £ ereqit is
ydr00en £:68kn 0B RAIES (I ALpaMAcal LXGIA00RIAJBheL

further heated to a tenperature between abou and about 275 C,
wher eupon onf3KeTUBoRYIIWeB! HE el | TVSFEPoFRRAYR Wit ZaRBf Het<er0

lsubS_tgnt ihal @9% itan Difqdilalghé«?@d p(yeogysitg rglglgbzglé/vtf%@aop&%r%% rte_ma: Ini ng in
I quli P Se. e CO | ne am partila I N aseous an parti a y In

G DreS et o TR e P AR Rl Yt So vt e Hdat ol & 1w
node t hr oughe:onengersmtte tbxethetinttaby sindoagdarogete teédit upnt pksosw t he react or

15 vessel flo | i 710 fee ffluent he changers .3, and then
t hrough |1 ne" t%th%&élq{éggc?%?haer?gfgfugn‘%ﬂeﬁflea!éﬁ lrufl%r%?]??ﬁg%?ga% St effluent
flash drum loenperphise delbdemeaiouics1dd t'§r ead piiage separ & orhehmengas,

consi sting of,ydr ggan ands! LahtRbshydrRearbons, isnrarayered and recycl ed
through line 20 11 to the hydrogen system The |iquid hydrocarbon product

stream el t sSSHISASATHR UMCTOiI0T P T ithe 12ehdg -9t o oMnED G §0r PHpersicol um 13

where H2S angkddighhgrirhydrecardiens . afee SohbpRed stkemh) harkiguid fhydrocar bon
product and exits the stri Eger colupm via_line 14. A sour aqueous stream

cont ai ni ng ZBSEMBNT UMPEEF et HedPes T PEART 0P &FFF UEACYPF a8t tilum vi a
line 16. Theé laomk sLbwairdopywatd/ SinS agasiDiklee fpswduwce exidigyht hee bot t om of t he

stripper col ym, throuah Ly e, 35 andpal ter optignal drying can be used as a
gasol i ne or 'gasoline biendihg Stock. The present nvention wll allow for
t he 30 ptoductssed diows pprotysilgngagotd deepl otflicienni hdpta ekotahgemsgani ¢
sul fur content [ S0ePRMn 1838 sy deles AR Y o2P1 RN £Oh st &B%m
10. The reactor effluent flash drum 10 in this embodiment is
a three-phase separator where gas, consisting of hydrogen and
lighter hydrocarbons, is recovered and recycled through line
20 11 to the hydrogen system. The liguid hydrocarbon product
stream exits flash drum 10 via line 12 and flows into to
stripper column 13 where H;S and lighter hydrocarbons are
stripped from the liquid hydrocarbon preoduct and exits the
stripper column via line 14. A sour aqueous stream containing
25 ammonium salts leaves the reactor effluent flash drum via
line 16. The low-sulfur pyrolysis gasoline product exits the
bottom ¢of the stripper column through line 15 and after
optional drying can be used as a gasoline or gasoline
blending stock. The present invention will allow for the
30 production of a pyrclysis gasoline product with a total
organic sulfur content of 30 ppmv or less, and preferably 15

ppmv or less.
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The reactor vessel in this exanple contains one or nore beds of nostly

ni ckel / mol ybdenum on al um na catal yst. The renai nder of the bed(s) can be
support material and/or |low activity grading. A typical tenperature rise
across the Wwoe®ag19010s wi ||l be on the order of 25 - 40 PCTAise0oBersdidi s nostly
in liquid phase (e.g., 60% in the reactors at the start of run (SOR), and
nostly in vapor phase (e.g., 75% at end of run (EOR). Each

catal yst bed is equipped with high dispersion tray 10 9 in order to ensure
uni form di spersi on of the feedstock across the top surface of the catalyst
bed. The r &6t Beacholr| versrdr APl Yaise cspopla egnaeine wodepntednsr essur e,

e.g., betweepeaPout ndH0 i Okd OnRR9BleRR0 RS tmiRLeEgrARlY, KoM 425 psig
to 650 psig. A typical start of run 15 pressure drop across the reactors

will be in tHRFEAEE oF HrohtdifduraBdls ¢uapCHsiMgreaidl 1YY pr ckY end of run
pressure dr opctAcliesSgtdta nheas t1ofis el | terP@rbtutideicangerfs £thom about 40 to
about 50 psig. As_previousl i.scussed, an_inportant feature of the 20
present p§r)ocesas(:tlc%Qt‘P’1l<';1]tl #Jjﬁe%{léqﬁ‘g g %i%ﬁéwﬁco‘iﬁc&%’ﬁr AETdr%f 100 ppnv
H2S (pr ef er atdgtlgr eat Brqutidaphdss0 (ppav, HM28) im tHhee rbae@irsgas goi ng to the

react or vesssﬁjEI i Bf_tﬂ?n e(rg‘_ggpj H%’r&t mg%&{vw iinnggé%?r IR {éﬁl s H2 ,o)c%ncent ration

is acconplished by injecting roug I ne el ent armbunt s a
sul fidi ng 25°nheht reuctfCRs - di -sul fide oil (DSO froma Merox treating unit

into the conbinedafeedihygsoam tEeadu GRS aSH QAR oiNG Y8 EeHE A, M ni mum
levels of H2S in the treat gas wil| ensure the caftalyst will remain fully

sul fi ded!Gind® dFoPldeF dtatPELhyai 65Eh AiSBRTS 1 He PELY P FFERP EPHY oct ane | oss

in across the top surface of the catalyst bed.

The reactor will generally be operated at a moderate
pressure, e.g., between about 400 psig to about 800 psig,
preferably, from 425 psig to 650 psig. A typical start of run

15 pressure drop across the reactors will be in the range of
from about 30 to 40 psig, and a typical end of run pressure
drop across the reactors will be in the range of from about
40 to about 50 psig.

As previously discussed, an important feature of the

20 present process is that there be a minimum H,S concentration
of 100 ppmv H»S (preferably greater than 150 ppmv H;S) in the
treat gas going to the reactor vessel. In the embodiment
shown in Figure 1, this H;$ concentration is accomplished by
injecting through line 5 sufficient amounts of a sulfiding

25 agent such as di-sulfide oil (DSO) from a Merox treating unit
into the combined feed/hydrogen treat gas stream. The
presence of minimum levels of H;8 in the treat gas will
ensure the catalyst will remain fully sulfided and avoid
aromatics hydreogenation, thereby minimizing octane loss in

30 the final pyrolysis gasoline product.

Another embodiment of the invention involving a two-step
trickle flow reactor system is shown in Figure 2. In this

embodiment a heavy pyrolysis gasoline feedstock, which has

16



30 the final pyrolysis gasoline product. Another enbodi ment of the
invention involving a two-step trickle flow reactor systemis shown in
Figure 2. In this enbodi nent a heavy pyrolysis gasoline feedstock, which
has been prewieeumbzy subjected to first stage hydrogenacras:dgorsenove a
significant fraction of the diolefins and al kenyl aromatics, is passed
through line 21 into a series of heat exchangers 23 wherein the tenperature
of the feedstock is 5 raised by heat exchange with reactor effl uent
entering the heat exchangers through line 30. Hydrogen treat gas (which may
i ncl ude recyktan bydyogedvandoimitedupe idsbgerggecehvereganagigysttcem t hr ough

line 22 and f%rﬁ% W%j[*bnfi'ﬁcéw‘Hrgcbf&%fp%&'cyi%l%f;gﬁé%dhngl prior to
e F e

entering the tfeed/effluent 10 heat exchangers 23. From't edt exchangers
the conbi ned®¥¥ediand Hyaragrsh thrensh gdoepatsedoi At FESdOhMaT 24 (a

fired heaterdzaMigpers t23 shbsihencheatredasord hat tht £amsepteridirst reactor
vessel 26 at the desired tenperature, bet ween 175 C and 275 C. The

[ e.g., .
conbi ned 3t r EHMHaRE d¥ath e CHENIgoknth Ir(?\ﬁl%(:?ﬁ 55LERTE F96H "F0d¥ t hr ough one
or nore fixetkarakatysigdredshidughheifié r3t. Hedoidqen vesselgaandwtiiwen fl ows

through |ine 27.i nt.o the se eor}ﬁlY reactor vesgeelu Zgﬁlpere it asses t hr ough
ysS wn

one or nore %%}’dilf]f:olr]]da cars dﬁ%%%“ fé]gi erh ogfelnéwe'(]gerrs[ rickle flow

node. 20Eachsyssaot brravadseing 22 hng eiasplétic diteall hguighdcory nore beds of
most1y ni ckebalybdepum On. Adi B #2148l ¥ater e chemldgs fledihe bed(s)
can be support material and?or l'ow activity grading. A typical tenperature
ri se acrtbs hg9fd exchangers 23. From the heat exchangers the combined
feed and hydrogen treat gas passes into feed heater 24 {a
fired heater) where it is further heated so¢ that it can enter
first reactor vessel 26 at the desired temperature, e.g.,
between 175 °C and 275 °C. The combined stream passes in a
15 down flow (or trickle flow) mode through one or more fixed
catalyst beds in the first reactor vessel and then flows
through line 27 into the second reactor vessel 28 where it
passes through one or more additicnal catalyst beds again in
a down flow (or trickle flow) mode.
20 EFach reactor vessel in this example contains one or more
beds of mostly nickel/molvbdenum on alumina catalyst. The
remainder of the bed(s) can be support material and/or low
activity grading. A typical temperature rise across the
reactors will be on the order of 5 to 50 °C. The feed is
25 mostly in liquid phase (e.g., 60%) in the reactors at the
start of run (SOR), and mostly in vapor phase (e.g., 75%) at
end of run (EOR).
Each catalyst bed is equipped with high dispersion tray
29 in order to ensure uniform dispersion of the feedstock
30 across the top surface of the catalyst bed.
The reactors will generally be operated at a moderate
pressure, e.g., between about 400 psig and about 800 psig. A

typical pressure drop across the reacters will be in the
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reactors will be on the order of 5 to 50 C. The feed is 25 nostly in liquid
phase (e.g., 60% in the reactors at the start of run (SOR), and nostly in
vapor phase (e.g., 75% at end of run (EOR). Each catal yst bed is equi pped

wi t h hi gh dvepesmsisors tray 29 in order to ensure urrctarspesspRr si on of
the feedstock 30 across the top surface of the catal yst bed. The
reactors will generally be operated at a noderate pressure, e.g., between

about 400 psig and about 800 psig. A typical pressure drop across the
reactors will be in the range of fromabout 5 to 40 psig at SOR and from
10 to 50 psigemte BORfrom abouinss oedd apsiioy adi SSusoddirem Li0npori&nt feature
of the preseggi(?or‘ach@@_ is that there be a mnimum of 100 ppnv H2S 5
(preferably 150 ppnmv H2S) in treat gas going to the reactor vessels. In the
embodi ment shown ABhPEEViQugeE ofifiTushed R ARPREtatgfeafyiecPénthaamount s of a

sul fiding agefdscsdCPrases@i s4l fide t0ble (J2SQ) mikBmmao VeI @X phinadjsng unit into
t he conbi ped feed/ h¥dro%en treat gas streamthrougqh line 25. The 10
presence df WHGAPTeVElsPBEY 18 (11 (hE2t r&st 99487 Wid IFPBnEAE ot he cat al yst

will remain ¥eddeyssutd itthedemnsh iaeat dsedwimati € Si hpdeogemniatnieanyy t her eby
m niniZi'1g Ofﬁfgg%ikgsgﬁfficient amounts of a sulfiding agent such as di-
sulfide oil (D8O} from a Merox treating unit into the
combined feed/ hydrogen treat gas stream through line 25. The
10 presence of minimum levels of H;S in the treat gas will
ensure the catalyst will remain fully sulfided and avoid
aromatics hydrogenation, thereby minimizing octane loss.
The effluent from the second reactor vessel flows
through line 30 to the feed/effluent heat exchangers and then
5 through line 31 to the reactor effluent flash drum 32. The
reactor effluent flash drum in this embodiment is a three-
rhase separator where gas, consisting of hydrogen and lighter
hydrocarbons, is recovered and recycled through line 35 to
the hydrogen system. The ligquid hydrocarbon product stream
20 exits flash drum 32 via line 33 and flows into to stripper
column 36 where HzS and lighter hydrocarbons are stripped
from the ligquid hydrocarbon preoduct and exits the stripper
column via line 37. A sour agueous stream containing ammonium
salts leaves the reactor effluent flash drum via line 34. The
25 low-sulfur pyrolysis gasoline product exits the bottom of the
stripper cclumn through line 38 and after optional drying can
be used as a gasoline or gasoline blending stock. This
embodiment of the invention will also produce a pyrolysis
gasoline product with a total organic sulfur content of 30

30 ppmv or less, preferably 15 ppmv or less.
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The effluent fromthe second reactor vessel flows through Iine 30 to the
feed/ ef fl uent heat exchangers and then 15 through line 31 to the reactor
effluent flash drum 32. The reactor effluent flash drumin this enbodi nent
is a three-phase separator where gas, consisting of hydrogen and |ighter
hydr ocarbons, is recovered and recycled through Iine 35 to the hydrogen
system The liquid hydrocarbon product stream 20 exits flash drum 32 via

line 33 and flows into to strippe; ﬁo!:Eg 3? where H25 and |ighter

hydr ocarbons are stripped fromt i drocarbon product and exits the
stripper colum via line 37. A sour aqueous stream contai ni ng ammoni um
salts Ieaves the reactor_effluent flash drumvia line 34. The 25 | ow sul fur

pyrol ysis gaso?i?%??ﬁ?ﬁhﬁﬁr658%EQQFﬁbdﬁéFﬂéﬁFéFaFﬁ%ns?F|%p%@a%%lunn t hrough

line 38 apgraf{eisopiionale okré@dm;o@mc%%tuiagi;nasaadgéwfme or gasoline
bl endi ng stock Thi's enbodi ment of the invention will also produce a

pyrol ysi scgasent met pbda efgamnis tsmlafnlroﬁgaﬁiezatgamm godtemigf 30 30
bpm/ O 1 828ma PIE! SRRV RV o825 521 6L BLIBC 4 A BfDELSS, T o the deep
I ne OCK Con

desul furi zation of eavy pyrolysis gaso alning a
diolefin conceh@a%qunsaxﬁ1hﬁqymnpynalwbuﬁ gaaoémneafeemstnmwcaxhkgh aromatic

concentratj ere o ess conmprise ting said heavy
pyronS|s£gan)é fhe §é j? T %8 éﬁgggaturgegﬁ??l%Ye%fy?%gprOV|de a

heat ed pygosysise g&s@ﬂsmﬁ:}{ erdsmnhacl hablsmgnalsmbpbﬁﬂidnal thpor tionid hat is in
a gaseous phase and anot her substantial portion that . is in a ll%ghd phase;

i ntroduci AR FHERFF ARDIANS e&a?&PFEénFééHSPBERI?%ath% %% dhid 1iquid

phase andaS§i€ug§§ﬁgQ§3phase into a reactor vessel, or nore than one
reactor vessel in series flow arrangenent, that contains a hydr ogenati on
cat al yst and |én%ﬁﬁﬁ%ﬁ%ﬁﬂ|%?%9~@@Wﬁﬁﬂoﬂﬂﬁﬁé¥515 gasoline feedstock

that is in said liquid phase and said gaseocus phase intoc a
reactor vessel, or more than one reactor vessel in series
flow arrangement, that contains a hydrogenation catalyst
and is operated in a downflow mode;

contacting said heated pyrolysis gasoline feedstock in
the presence of an added hydrogen treat gas having an H2S
concentration of at least 100 ppmv with said hydrogenation
catalyst at a moderate temperature condition effective to
selectively hydrogenate a substantial portion of the
diolefins contained in said heated pyrolysis gasocline
feedstock to monoclefins and a substantial portion of the
organic sulfur in said heated pyrolysis gascline feedstock
to H»oS, but not at a temperature to significantly
hydrogenate the aromatic compounds contained in said heated
pyrolysis gasoline feedstock;

yielding from said reactor vessel, or more than one
reactor vessel in series flow arrangement, a reactor
effluent; and

separating H;S and unreacted hydrogen from said reactor

effluent and recovering from said reactor effluent a low-
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contacting said heated pyrolysis gasoline feedstock in the presence of an
added hydrogen treat gas having an H2S concentration of at |east 100 ppnv
wi th said hydrogenation catalyst at a noderate tenperature condition
effective to selectively hydrogenate a substantial portion of the diolefins
contained in said heated pyrolysis gasoline feedstock to nonool efins and a
substantial portion of the organic sulfur in said heated pyrolysis gasoline

feedstock to _H2S, buf not at tenperature to. significantly hydrogenate the
ar omat 1 o EUNEOBNHEECORT ST AP et TR ad gy GLYLT Sigabors 1 T bads: ook,

yi el di ng Booppmabdgsieaet HIi1 MESSRImpRhd¥ore than one reactor vessel in
series flow arrangenent, a reactor effluent; and separating H2S and

unreacted hydrogen fromsaid reactor effluent and recovering fromsaid

reactor ebfl uept aLoNs asulduire LYol ¥5i-9m9a50LhBePROJYLY that contains
| ess than 30 ppm organi c sulfur compounds . 2. A process as recited in

claimil, ﬁhéﬁéaﬁtéédcp@mﬁﬁnnﬂﬂﬁaﬂai@bhﬁa@ﬁdopY§aiMSh@a@@@ObmeIysis gasol i ne
f eedst ock LS| id e IS A he_rang f wt%to
0w % of Toatacpaky B8 F LD BatRd sy e sbo e Eatns IR e

subst ant i &kopol 0iwn? ofo S dviiteatfedapyr dleypsiesl gasolysesfeesgsiiook that is in

id liquid ph isinth f O w%to. 90 W % of i d heated
oyr ol ysi S TGEROF PR TRAGA LIS FemA GRG0 120 PREFLEA Th 44 m 2. wher ein
sai d nodenak et ePPES Bf s € £otiilic0F deliGltbd®s thacontachi Hgid emparai ure in

the range of from 175 Cto 275 00, and wherein said reactor vessel is
oper at ed B8R HpetRitihR) RIS Ale G19™ KO WAAgECOPOf ¥bin 2D0°%Ei g to 800

psi g. 4-héa@é&cﬁ§§off%f§¥éééﬂiﬂd& HeRlgPe3ckf, ur t her conpri si ng:
di scontinuing the contacting of said heated pyrolysis gasoline feedstock
wi th said hydrogenation catal yst; and, thereafter, contacting said

hydr ogenati on i : dr tr | Sl en and a
concentratton Srofpees U et deIa0n, 5T FRTLEEATEL P o

t enper at utempératuteasin@A0 G0 iand uders a tpeaboenbgperiod sufficient to
remove gum deposjts and foul ing materi al my sai d rnogenati on cat al yst
Lnd o PobPBrErabife A U s o6t o 103yt S 1090 sar d

hydr ogenayh@fe Lt 84 ¥$treadhorA ¥sRRASS saspeeaitbadat nag! sp&r A imherei n said
diolefin concentration is in the range of from 100 mnvto 3 wt% of said
heavy pyrBF§3Fergatdlife Fawsstdckrodatd0 Beddnte %Eﬁfﬂﬁl%oncentration is
in the range of from75 ppmw to 2,000 ppnw, and said high aromatics

concentration is in the range of from30 wt %to 85 w%of the total weight
of said htavy Pypedssis afaseldited dadstleér. 3, further comprising:

discontinuing the contacting of sald heated pyrolysis
gasoline feedstock with said hydrogenation

catalyst; and, thereafter, contacting said hydrogenation
catalyst with a hot hydrogen stream comprising hydrogen and
a concentration of H;S of at least 400 ppmv at a hydrogen
treatment temperature of at least 370 °C and for a treatment
period sufficient to remove gum deposits and fouling
material from said hydrogenaticn catalyst and to restore at
least a portion of lost catalyst activity of said

hydrogenation catalyst.
5. A process as recited in claim 4, wherein said diolefin
concentration is in the range of from 100 ppmw to 3 wt% of said

heavy pyrolysis gasoline feedstock, said
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6. A process as recited in claim5, wherein said hydrogenation catal yst
conpri ses nol ybdenum and either cobalt or nickel, or both, supported on an
i norgani ¢ oxi de support. 7. A process as recited in claim®6, wherein said
| ow sul fur pyrolysis gasoline product has a concentration of diolefins of

| ess than 75 ppmw. 8. A process as recited in claim7, wherein said
reactor vessel includes said nore than one reactor vessel in series flow
arrangement. \A\Qiighsifglydceg a firrasctior eact aqr \é%ssel t hat c%)nt aiﬂi a first
hydr ogenafi 8R ¢4t Al yst™ and tHar 3% Bpérat®d F'F £87Ed8hnfF8W fdde and a
second reppiwr tuessedo thatw Ccatidids i hSetondohydiegepahtent £at abyst and
that is oserat ed in saidd fl node, wherein said Erocess conpri ses:

0 g S
cont act i ng®sald A8 af DY oI <™ Faddl i*nd o 8ed¥tEcRTi Rhehkohitsence of said

added hydueggntt beata SRShaMh ;ﬁﬁ}:iéiyfs!irssg_a@bqriﬁgeﬁééhgﬂoéﬁt alyst at said
noderate tenperature condition and yielding fromsaid first reactor vessel
a first reactor effluent; contacting said first reactor effluent in

the presegee of saldadded hydiooen f aalis03s WhbBesal G sgeond
hydr ogenati on catal yst at a desul furization condition effective to
hydr ogenahgdaogehat bon i cdtplartti orompiritsles owrdabidensul fud ebdblpounds cont ai ned

in said fj eact fluent tq H2S, bu ot _at _a.tenperature to
signifi ca%{)%/l}gly%?org%%%%le’ (Fﬂeboe{:%dnastupgogoﬁpoﬁﬁdgncfﬁlﬁ a Erll%%jci%}{ls%ﬁ d first
react or eftippent; and yielding fromsaid second reactor vessel a second
reactor effluent as said reactor effluent. 9. A process as recited in

claim8, wherein said heavy pyrol ysis gasoline feedstock has been

previ ousl y, hyds ogesed €4 40 =aliacld vel y16enave!t wHeobefi ssiantbwl kenyl
aromatics to nono olefins and al kyl aromatics. 10. The process of claim?9,
wher ei n t el ReRVBY POY 6T iAs i spddate meoPEedsPaekai s heated in a steam heat

eXChangerconééﬂtgg%ﬁéH(3¥ﬂaid¥efyd§'@f1Qes§ﬂ%g§h?5ﬁhg$ﬁ§?CtOr vessel

contains a fixed catal yst bed equi pped wt spersion tray to
uni f or nl y8di stdimrreeshepyreslifsics igasdkine 7f evdsretk sgidsseadien op of the

fixed Cat@éyéélbfﬁhludes said more than one reactor vessel in series

flow arrangement which includes a first reactor vessel that
contains a first hydrogenation catalyst and that is
operated in said downflow mode and a second reactor vessel
that contains a second hydrogenation catalyst and that is
operated in said downflow mode, wherein said process
comprises;:

contacting said heated pyrolysis gasoline feedstock in
the presence of said added hydrogen treat gas with said
first hydrogenation catalyst at said moderate temperature
condition and yielding from said first reactor vessel a
first reactor effluent;

contacting said first reactor effluent in the presence
of said added hydrogen treat gas with said second
hydrogenation catalyst at a desulfurization condition
effective to hydrogenate a substantial portion of the

organic sulfur compounds contained in said first reactor effluent

to H2S, but not at a temperature to significantly hydrogenate
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the aromatic compounds contained in said first reactor
effluent; and
yielding from said second reactor vessel a second reactor

effluent as said reactor effluent.

9. A process as recited in c¢laim 8, wherein said heavy
pyrolysis gascoline feedstock has been previously
hydrogenated to selectively convert dioclefins and alkenyl

aromatics to mono olefins and alkyl aromatics.

10. The process of claim 9, wherein the heavy pyrolysis

gasoline feedstock is heated in a steam heat exchanger.

11. The process of claim 10, wherein the reactor vessel
contains a fixed catalyst bed equipped with a high
dispersion tray to uniformly distribute the pyrolysis
gasoline feedstock across the top of the fixed catalyst

bed.
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