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PROCESS USI NG SELEC]WH“‘IWMM TREAMS BACKGROUND OF
THE | NVENTI ON Fi el d tion 5 The present
WANBIHOPW6 r el ates to a pwoeess for concurr enf¢EfUS2004/013881
fractionating and hydrotreating a full range naphtha
stream Mre particularly a selected boiling range

napht ha streamis subjected to sinultaneous

hydr odesul furization and splitting into a |ight
boiMPROVED ¢ "RROICES S S I NGIERMVEC DED INARHTHAGTREAMS

o the- ecorbi HARKG RN SR BENVERIIORN | 1 2 rmnner
FielRl oftAe piven@sh or reduce reconbi nant rrercapt ans.
Rel ated I nformation The orrp03|t gn of unt

naphtMaPresentinyasigs relates, ? RPTRYRS %"E‘?']CP"eB yg’%‘%‘P&FB‘Pﬂ and

hfd#&r@étm@téﬁll rain‘geﬁlfabﬁmﬁalsltdéahﬂﬁ\hé&@%ﬁfbul&ﬂy@”ﬁélé‘d‘téﬂjﬁblhng range
source. Naphthas from_paraffinic crude sources

naRiitha §5@%ma% @ébl%qt?%togﬂm%ﬁwwsd"ryde%suﬁur&a#aa aﬁ8§P"fiBg into
a%hﬁbgiﬁl‘?@rré'rllge’, Héﬁ\tﬁé’fahdoé htea@y beiR§randd ﬁ&pmefém)thereafter

ciudes anhd naphthas are paraffinic: e naphthenic
pelishingghe Hiahtfrastion pethgreearbiaed ohianddigavy Eraatm in a manner to
t er sul fur content crudes
pr{é%%@/ljrbguc& g%l%cm a%r?}éqent of the different
Related @'ffmrmalilnnnapht has may be slightly different

depeﬁqjé' E%pgg@&n Bpﬁh{r%at‘ég "fﬁi}g’{ﬂea' s? n%ﬁﬁsofr&{ﬂﬂg crude still, or

sour ce: ol’eu rreans cont
stvaaghhaw reefphtiveg dspimatilgrinfiueinced dypthe erde, sc!Bm@r alapythalse‘rom

TR T G e —

As targeaafﬁal alle moaf dfd¢ied "swickt (lommqlfus)lctudm anEcmaphﬂlfas ancgaraffinic.
f.rom |ther cat a tlc cLac r _thernal

od
Tho aemiGerP ofbdes SanuAiR aeve dralREsn erd: risiE' BRO polyoyii
chpduntisc Thet Highetlsalfascomtdrit cﬁﬁe%%ﬁcﬁtdheﬁta?,ﬂ\ttﬁ@mam)ment of

Aol S0 RIS S8 TR keSS o tor

corAbbSItSN ug@meé,gd@fsom@@ conmpounds.  Reformed naphtha or
reftormate generally requires no further treatnent

excebetrolgum, sistiiate; jstiegmsy Foptair opy ¥atetx OF aRigaBI¢ fabemical
cYRbUAGHS. %Qﬁ@**allf tHY 8eshs M8t hed @etwmm.ﬁgamdé@s\/vmch

ave essentially no sul fur contam nants due to
determine: theopompositions. r Theeprasgssiaatofiihe straams @@@sgﬁaﬂa the
es cﬁﬂ& 288n
{”ﬁgogg [gll ylfs?ﬂcﬁ%fr%lggﬁeﬁ as%gﬁ?gfgpﬁgre?éawlcw d'b?'Thermal
cracking processes contain high concentrations of olef' mc materials as well as

saturated (alkanes) materials and polyunsaturated materials (diolefins). Additionally,
these components may be any of the various isomers of the compounds.
Reformed naphtha or reformate generally requires no further treatment except
perhaps distillation or solvent extraction for valuable aromatic product removal.
Reformed naphthas have essentially no sulfur contaminants due to the severity of
their pretreatment for the process and the process itself.
Cracked naphtha as it comes from the catalytic cracker has a relatively high

octane number as a result of the olefinic and aromatic compounds contained therein.

-_—

1 IR N

*G00002*




10

15

20

25

30

oct ane nunber as a result of the olefinic and aromatic
conpounds contai ned therein. 1
~lii!rI111111211211 1 HI11THO11111111111 *cooo02* WO

2005/ 000996 PCT/ US2004/013881 In sonme cases this
WVO204508¢%¢0ray contribute as much as hal f of tRHel/US2004/013881
gasoline in the refinery pool together with a
significant portion of the octane. Such cracked-steam

ource £ i sh .
I Ps B s fracfq diPal ContrBiths qYlcRUsSIEST hBMbR in the
refw?;sy poal tbgetherulitiua Sighifiaantvmomtich bithe octzmer tSathtovacked-steam
refiner

asol i in, 5 the absence, of. all . .
SHilser sush Satpo o kanibRaBE g fird) tmisall gantain around
QPapdsﬂdnaameiésﬂﬁatmi suifod thaimgx/ﬁllsc;mé\?f ﬁeﬁbrt@dﬂdrleﬂhéry gasoline in
or Ts i of the gasoline
the BeRROee ﬁgéﬁ% ﬁUlf 'Lﬁﬁ]a‘lr%"ﬁsrg’&t es and it provides the
| ar geatahprally @rlaclﬁéd hdphtirgdsoline Eblﬁng rdrfgérmaté”ﬂallrdu?neﬂﬁy forms
equi.re renova

a %gwﬁ?aﬂ \Paf (ﬂ/%)r‘ifdtﬁg?dagﬁﬁ’l‘%/f’f%’é‘@? taégﬁta'rtﬂg ¢Jnited u%t@tesl@nd it

pRVidRdd %Cl@rgast Boﬁﬁw dfqnér%mf@rl TRE lé'uﬁ&r* mm@@ PediE removal,
common net renoval t he sul fur nmpounds is b

UﬁV@lW&Yéﬁ(ﬂ"ﬂ[ﬁﬁ@ﬁt lnaﬁdqrmms?mph/ With mdvﬁesqgétﬂpéﬂlcmﬁr to ehsure
@‘]?H}é@\’vﬂq bfvi aI‘?ﬁ@ﬂaﬁbr&"' id particulate

%st conpri sing rogenati on netal supported on
an all enmastbagr@monAmthqdonﬁlremou@lppb@l@e Guliut cempeurds is by

géﬁ%dggﬁfhr%ﬁ?lb thr af@qlgl‘”& o dtRiEIm Higinh@!ib ‘B%{Qﬂb\g a solid

guations | e reactions in a typica
particulaté @tal&%omp@ing—ahydmgenaﬁﬂﬂne(atsumted opan-aluming&base.

Addjtianain Sni6 R adariis of oo By Hhled idhe Ra Thetdflowing

eqaadmmmlrﬂh%te emCrteaouImSanetypﬁaerﬂESamure F 450- 650

Pr essur e, §S| 7530 J%-H égglcle rate, SCF/ bbl

700- 2000 ¢ make bbl 150-500 25 Afterthe
hydr ot r ea{2)n@RGls Hprrpl»eREHHmb product maybe

fractiona Si h to rel ease the
hydr ogen éjl ?Rﬁ\{s 4He 'é'éliﬁtsﬂh'é now desul furi zed
napht ha. {4) WHIWJD_»SRHJLQH Q9 hi gh octane bl endi ng

o e Rbronsaa et Rt 08 ShhEh S °
Temperature, °F 450-650
Pressure, psig 250-750
H, recycle rate, SCF/bbl 700-2000
Fresh H, makeup, SCF/bbl 150-500

After the hydrotreating is complete, the product may be fractionated or simply flashed
to release the hydrogen sulfide and collect the now desulfurized naphtha.

In addition to supplying high octane blending cbmponents the cracked
naphthas are often used as sources of olefins in other processes such as
etherifications. The conditions of hydrotreating of the naphtha fraction to remove
sulfur will also saturate some of the olefinic compounds in the fraction, thereby
reducing the octane and causing a loss of source olefins.
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etherifications. The conditions of hydrotreating of

the naphtha fraction to renove 30 sulfur will also
saturate sonme of the olefinic conpounds in the

fraction, thereby reducing the octane and causing a
WVe3205@P098%ur ce ol efins. 2 WO 2005/ 000996 PCT/US2004/013881
PCT/ US2004/ 013881 Vari ous proposal s have been nade

for removing sul fur while retaining the nore desirable

Si t.h f
rral n*@"?"hs Prﬁ@%s?lgﬁa%%%leﬁﬁgn% r acﬁJ ?%'ﬁoofl Eﬁﬂggg\wﬁi\%ﬁ%@é@g the
neonel debieatsel bfefins ¢ Giicei the olpfinsputhiet ¢raskedenaptitba bee mainly in the
SORTERS GBS B MR BNl R oo
cbwcfblrrm’fataﬁtn fige highe boilied rfectiom niaé imestpcamimeassalutionghas been
iling . range

t th i .
PR astiBation g IoT 4 AV HORGEING: TBP A HEACtoRAAN PlagHeees IghtBRiing
réjd SapHina WhidAbER iRthd faPige P @Lto2duf Z66G°F ARE a heavy boiling

predom nant I| ht or |ower boiling sulfur conpounds

rafige haRtap WAl DAlREINRIANGS eHERERPHELOGATRifgher
boi | TRg p?é’dmﬁff'laﬁfsl@'ft%rtlé\h&pﬁﬁﬁﬁf safs éﬁrﬁl%und%oare mercaptans

het erocyclic conpounds. The separation by
(REHwhilenthe beavigroprehighen bwbmg cempeEnds @rerdhiephgnessand other

hE@f‘S&)é@ lic cbrﬂg&@ﬁddoaﬁ{e d %rﬂ%ﬁ%@é&ﬂénﬁ%ﬁ%l&?@ﬂ”&%ﬁ%&e the

ativ rocesse I nvol vi n causti c was
mmmtaas i ldnwsvardlatthe/ea&t&marcaotansrt@ve Peen m@w@ by oxidative

E&Hes%?‘?rf\m’wﬁé %%L{sﬁwafgbﬁ’iﬂ ang d&%fﬁ% ﬁ#t@ﬁ?‘%gltﬁgtrl]\tfg réh6val of the

eavl er ract ISC ose
nﬁgreaﬂaﬂsl followedt hefractiotatiorv and dryduatteating tdfiéherbesviet frastion is

dbsc o&ra% g?é q%ﬁé@?d\?»ﬁ -gdf?: qﬂ\fﬁé ég? : n% %E'%V%%f e H%pga{pqgns the

nircaptans afe tdrevertag itd the doorespomdieg tisalfidesr capt ans it
has

t I t he ..l i f eed
Lo oM EPaiR o' toiig, e tiien POwah i rBobEM Rl 1 vpite the
mgtoBstans,fit nas eeeartsaditidhalbtot dee theglight poftioncas feed toey chtalytic
ré%brbﬁghrﬂgt e ur&gﬁgg)oc grr\%ﬁ lfépr%gcragpbaéymvﬁﬁfsgﬁhg iagl;hl{glb #raection
yedéaéuv'&t@d {oFuherdeparaliah tdYemdve @Fsvaiidbl6ICs ©lemme tardylenes)

napht ha sgltter as a distillation colum reactor to
WW%@"*&PS& lin BrePgFng ethess. t he naphtha to remove the

or gapy § Pé’t' N6 OQI?WH&@I%sé@B%PH% épfhﬁé?h@a didtfation column
cat al I's placed in distillation colum reactor

reagior Chélteatwepgélogcpteallpzfr&hﬁonawﬁh@rf@ feapventhe grganic sulfur
cSﬂ‘{b'bF]ﬁ&@?:oma'ilLb ﬂ%r&ﬁt afHéSE Elstafhd ffa'ééé‘tu‘?%e Hi&illation column
catalyst ma

cedlnt rectPlcatlon section

reacion suqmethat t@at ectesbportion of ’th\ﬁgtapbﬁlﬁal@ reentastashwiih thencatalyst
a%g‘?reﬁ{erd' H’Wg%}ﬁ?@sﬂﬂ ?I'E)’e pg%&tﬁﬁr?fggtrggg{égﬁﬁ %ctlpﬂ kd fr{kﬂ the lighter
bmlldglrynge eainpobhenta aplyt hathelstrlppmg section to treat the heavier boxllng
range components only, or throughout the column to widely treat the naphtha. In
addition the distillation column reactor may be combined with standard single pass
fixed bed reactors or another distillation column reactor to fine tune the treatment.

In hydrodesulfurizations it is known that H,S can recombine to form
mercaptans thus increasing the amount of sulfur in the product. In U.S. Pat. No.

6,416,658 a full boiling range naphtha stream is subjected to simultaneous
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addition the distillation colum reactor may be

conbi ned wth standard single pass fixed bed reactors
or another distillation colum reactor to fine tune

the treatnment. 30 In hydrodesul furizations it is known
VRSB an reconbine to form nercaptans tREUS2004/013881
i ncreasi ng the anmount of sulfur in the product. In

U S. Pat. . 6,416,658 a full boiling range naphtha

S S R P BB AR e

biofling range gaphthaifdllongdryna éurthep hydimdasmiflmizhﬁmvby contacting the

boj li.r ht h f L db f h .
i ot (R At SRR Py eteuieff fiow in g fer ped of
hyargesmapization mattaiyshmdémge@ rédonthondnit eneroaptans whichwiré formed

fixed bed of d sujfurl atlo cata
R L R e apifie dughg,he iniial

HyBRodeS\IRirEatibRa R pafic@ir thd Sntike ﬂéc@b@éd ;ﬁ)bdldh dfiike Ilght naphtha
napht ha dur{d%llt he initial %}?uodesul rization.

fromm @ ragction ajan elumpydepdasuliigiaation isfustiher <qu1§4*ﬁted with

RiYeRan chiBtcuiriepfidw fa fiksd béd ot hmo@égl.ﬂfﬁﬂzatlon catalyst.
Aydrodesul furization is further contacted wt

hydr blgweven ithambeer foundrthat they lightes pprts@@dofbféa rggovered light
.{ég) r@%%fén 'fie%téﬁﬂe&agéhg%hd ngig%v%ceéga erefﬂ%spﬂeat this

t hat e lighter portion the reco
fiegtionp Hihias beendisqoyaradythat @efraﬁtlonetmaﬁm'ﬁgowed ilghtu portion to

Emovg dﬁ%?%@(flx ﬁ{%ﬁ?&ﬁgﬁ &t Gt llgﬁ] BOIlIIflé a5k é’rhaph{hah%mh is

vere fractio ecover
dubgtaintipityr freeroftmercaptms,etha lope @inf ihe ¢0Wreurrgﬁr¢ataimstobed is

ght ] n g . . -

rgg'ﬂ)%e(d ezﬂgf?) ef? Q ﬁegﬁgan%ansm&%h 4 oadeHet ﬁte'" providing

ri;ﬂttrdesumrizraanh tmatraér}tébr ithesd plostlonrcﬁdhle: tght tdilmgafaphtha with the
a smaller catal yst bed, while still providing

rf%‘”ﬂ%'?ﬁ OS2 at i on treatment for that portion of

the lifighin Mlldnltarg} ofahbtpresent ivehtion thae tenbulimmiay be removed
vant age of, .t he

o i R el N Bt egSPnsco i G WPGH aesubstantial

lbséJ Bf oRMfifl.0ITHIRA Y UTRE hé\ha"!s RO EUIfNPapibet bistametigarthe selected
vv|t hout ﬁ’éHUbSt antial _loss of ol efl ns. Thus,

fractigp @nd gniye sirgpm withieduged 69318 ned in t he

selected 20 fracgypmAaRdicor THESGNYENTIONSt ream WI t h
reduced costs. SUMVARY OF THE | NVENTI ON Briefly

pr es &iiefly dbe mresgnti igvemion i rasy Bnrrevemgnt inc at %at?lvtl% distilation
i desh it Bfon DR oo™, L ge hydr ooar bon, St r eam
cont dahfeegling gaapbthamllmglrarwe bysitpearhor stigamepatainjeg organic
éu%upc%ﬁaﬁr{dsaér{ooﬁy&%éﬂ% 4 8Rfilbn column reactor;
(b) concurrently in said distillation column reactor

(i) separating said naphtha into a light boiling range naphtha and a
heavy boiling range naphtha

(ii) contacting said naphtha and hydrogen with a hydrodesulfurization
catalyst to selectively react the organic sulfur compounds therein with said hydrogen
to form H, S;
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(b) concurrently in said distillation columm reactor

(i) separating said naphtha into a light boiling range
napht ha and a heavy boiling range naphtha (ii)
contacting said naphtha and hydrogen with a

WORPGWOYH¢ f uri zati on 30 catal yst to sel ecti Vel/|S2004d3881
the organic sul fur conpounds therein with said

hydrogen to form H2S; 4 WD 2005/ 000996

PCT/ 2 88
i gh SR eO’J“%r é”é'&ﬁ)a’f S8 AR BT %59%“‘?3{”“% 'Fus 3 light
trosiiimgeranmhamaha cnntmnwecmnbn‘antmatcaptamapt ans; (d)
I J fr. id

o ) L R P R SR8 o
réebtop@sglasg)oﬂ;tanﬁ andtl on of sai d light boiling range
£ G Rasssa e Pl it iony rifRivelB bepathR e Sourtsiourent
ﬂlﬁ l%byﬁ)f fdr@onfrﬁdWﬁtﬁ I‘ﬁ/bﬁbgﬁaﬁ Wﬂ%m det hyerodeBuliHzation catalyst to

rein; wherein the ||{1;)roverrent conpri ses

r??'é“&ﬂ“@ﬁ‘é?‘?’ﬂ@"@%’i mersptansAhefein: i ght boi | ng' range

nap hWMrélﬁ’tHeeiﬁ’ﬁ#@vé}néht% risk§ ﬂéétidh@tlhﬁ*ﬂ 845if %rtno?ﬁdf‘ﬁght boiling
l'ighter fraction bein subst anti al free of

RESe APRIS. |t FeaTio W PUTahSe sl fhereolt FBig ighiex fiaction being
ReERNLAalF IR Fne?éa p‘iéﬂéj frb h&'&foeéo uhtc&drié ﬂl%vtré‘ac‘i&‘ lﬂ:fore contact

fixed béd catalyst. The fixed catalyst bed may
o saiklighterfeaction With saithfixed eed catalysh eTm%flmcbcatalyst bed may be

S BhriaFor Uk AUBl 1A IS ol dsilfioh sfbure,

raction a heav raction ar
pr ef odibihe light/napides fraction az*@dhe heavscmmtlya fraction are preferably

G 30 iR S e 5 DBl o
distdlatiorois, rmmyedewah ahedighhm;ﬂﬂha)rinacﬁ’d)msand Separated theeefrom.
R i 51 el B BBE AR o
l:kﬁlgttaftirnmgdreﬁugb e ﬂ%&;/ltlllobﬁﬂ? ﬂ%ﬂtaﬂgvnmba:rfmua dynng itsrecovery.
i verlt M S SHeeba i e e bated Badoh agiver loodtion is

Wahilare tmrdabEagéiW|trﬁcﬂéﬁnsJﬁ&h@iovﬁé’t&se@ﬁdmmﬁf the dofunih to form
20 anot her Hence S s§bst antial l

SN TEORAG, FERCRthEER BouPstEntRNAN G SaTTARa in the botiom of

th8 Gélﬁﬁfhrafhdttllﬂéfbﬁ)ré ﬂ\dﬂ@ls@ﬂ)léthlleuMﬂiHltbfﬁ)ﬁ @t th@ﬁn@rﬁabtaﬁ removal.
marcapt an renoval rther npre, since

Fudhermgre. M%ﬁhw'gﬂ'teé&??ﬂ%wf}m Wil exjp with é%t"a%t@“!%?é“ the HyS
ifithe atlsenbd Bf RESt8NEthefe i8 sGBStahtHY nb'?@kfe‘?sé Feactlo with the ole‘r" ins

substantlaooe/ no'reverse reaction wiwth the olefins
in faat fractien todiermdeeembinpalopetsaptans. ner capt ans.

The light gasoline that is removed from the countercurrent flow HDS unit
without contacting the fixed bed of catalyst is represented as a fraction in the boiling
range of initial point through endpoint equal to initial point +120°F for the overheads
from the reaction distillation column. This fraction is substantially mercaptan free.
The entire fraction or a portion thereof may be removed to obtain a benefit as
described. An advantage of the present invention is that the countercurrent flow
reactor generally treats less, preferably less than about 55%, of the overheads from
the catalytic distillation HDS, rather than 80-100% previously used. The present
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25 The light gasoline that is renoved fromthe
countercurrent flow HDS unit w thout contacting the
fixed bed of catalyst is represented as a fraction in
the boiling range of initial point through endpoint
WO3S/0P9% niti al point +120F for the over heaRfST/U2PY(H3881
the reaction distillation colum. This fraction is
substantially nercaptan free. The entire fraction or

ortio § I Y
ifimaBlalbIBIAe LBl o el esub Tty FoP T8 mela p the
cbenttel‘tiantrrehmowblms rractorite obtaln emperatardsosufiidertfat HPS and the

s | es preferably | ess than about 55% of the
“898 f‘?éﬁ&g afyr% the catalytic distillation HDS, rather

tzggg/%ohﬂﬁﬁéooog ; PCrTmer captans” l{@&dhatﬁ@n’pﬂﬁmeﬁ hérelw)meanrs]; those
r ovenent ows, the .

RRIBSRIAS BB ATS N Tu UG B8 toihg IERERLPIOB0ES Bl 316, he regption

prétfucts SLihba B péRstatdd BYWHADSdr6geHatibn tof tied peddent process and

tenperatures sufficient for HDS and the use of |ess

allangs jr the Teade oHibis: e reromebipant eercaptans Are nof mepessarily the

sHﬁf’eqas'iﬁés% dés%?é@bme ?droéeﬁm&ﬂﬂrmﬁo%h%hth@&ﬁem& pideess,
e feed to Tgﬂesen rocess but are the reaction
e

aﬁh@mrtthgy msaytbﬁ gresenteatalytic ditillatien Hydraggaatien issopsidered
t% Efssg&ﬁt%%ﬁasférnﬂ&lxéll &fle ndrk&R8Rs Intht ised Qﬁ@fheT all amounts

e reconpl nant rcaptans are not necessarl

of arrfcapiansersendskin ﬂwe'ddw straami e i0 drat mqmbléantmergaptans
P@Iﬁ%%ﬁ’ hé f({attglgt{oo rd?Silﬁ%Od’P i%‘ﬁ‘ﬁ?ﬁ is éﬂ;té? QP QB thl%e r|6p¥nb§tralght

resen al'ytic aton rogenat
rwdrugedamcmfomemaylrtg reexcaptane, teidytannic swdtelyl ohé batafytlc mstlllatnon

A0S AERE: 4Be e b TgRRb LRI A0 Y o, s

i dm»‘esentrihvenﬁonam aombinafibn bba ddsst dfficierit aduptercurrent, straight

dISt a L.e ctlonl e rior,art
P hisBeRubEabhaf ket i, Shaskiilel inB L “dapgtes of
rdwmﬂhantsmyataﬁané bahavih@only atimited tonthetiof the pradith@dﬂ-lzs before
f or,, some undesirabl e reconbi nati on

suffic
'tr'ﬁé%'f‘?Yﬁdq%rB"b{g’%JPaCt*ﬂﬂﬁo"315 in the present invention

the agnicasfhérem e férﬂneiﬁstlﬂétfdrﬁbtﬁﬂhncr@uatb?f fidahery distillation
straight pass hydrodesul furization is suffjicient to

calusan Whish Sisa-onaias Patalyshsyan that repctionuanshgistilaon are going on
d@iﬁ&@ﬁéﬁtgﬂﬁ tl'té/célé%hn@n aPr¥fefrel efAboRmERthE ehtalst Isftepared as

roduce before it is renoved fromthe reaction

%ﬁ@lah% sme,@ure@deﬁqwsf@s bath the eatalyst angkdigfilation stmcture. The
5RO ctivEeaR Ila'i‘loﬂ" &1y bé({]&a'tgndes%gbéoﬂhﬁ % sféﬁlt a1|e§8’uon and

contalns cata such reaction an | at1on
feactiongationginom co uifoethe purpesenof dbe ipiesent rinention, the term

"RRELAEHEM SRR TBB et RdHarldbrg o pStedgpt Bngyrrent
reactiodiasdi frdctional mistillatimri inraecolde regardiess of the designation applied
thereto.

BRIEF DESCRIPTION OF THE DRAWING
The figure is a schematic representation of one embodiment of the invention
having catalyst beds in a distillation column/naphtha splitter which are used to treat
both the light and heavy fraction to hydrogenate and remove mercaptans by reactive
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term"reactive distillation" is used to describe the
concurrent reaction and fractionation in a colum.
For the purposes of the present invention, the term 25

"catal ytic distillation"” includes reactive
WP2PA5{0p2G on and any ot her process of concur¥EHys2004/013881

reaction and fractional distillation in a colum
regardl ess of the designation applied thereto. BRIEF

R it The epi i A tor e ety g RPIR'd Spparate
fired bad coantefopsentiials polishéngliesctdr! at i on col umm/ R?p ht ga
reavy 11 act PoRALE AR TIQR e TREBYENEPM D ane. by
react hu deed td/\tDGZShﬁﬂéﬁQtaggﬁgw a Lﬁwﬂﬂéblﬁﬂaﬁﬁﬂj petroleum fraction
C

whichbels 0 HSH G BuNE bBing M eahee of thig Bingdliae iht raphthas

haoingtactoilingramnge of awupo it BBOFY- arkpfall &in e@EﬁﬂtHaElﬁavmg a boiling
r oce

Tl | N\VENTI ON The fe
reraﬁf‘pwg@ 140 eaf oeBhicASHA a5et 901?2% archeqibSemerally the
pibiesB iBaisefulidh tHe naaﬁtﬁbl tstﬁurtq?rérig@gnkeéme fro@?%{éfalﬁfc cracker

thls type |ncIu e lig naph havi n

Cayp® Y@Q"W @@G’PSH%IO‘PT]N a'?‘bh‘@'éaﬂﬁﬁ ﬁplﬁg@ompounds
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The reaction of organic sulfur compounds in a refinery stream with hydrogen
over a catalyst to form H,S is typically called hydrodesulfurization. Hydrotreating is
a broader term which includes saturation of olefins and aromatics and the reaction
of organic nitrogen compounds to form ammonia. However hydrodesulfurization is
included and is sometimes simply referred to as hydrotreating.

Catalysts which are useful forthe hydrodesulfurization reaction include Group

VIill metals such as cobalt, nickel, palladium, alone or in combination with other
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mercaptan (b.p. 234F), a-ethyl propyl nercaptan (b.p.
293F), n-hexyl nercaptan (b.p. 304F), 2-nercapto
hexane (b.p. 284F), and 3-nercapto hexane (b.p.135F).
Typi cal sul fur conpounds found in the heavier boiling
WP2045/081?9¢ ncl ude t he heavier 25 nercapt ans, PCT/US2004/013881
t hi ophenes, sulfides and disulfides. The reaction of
organi ¢ sul fur conpounds in a refinery stream WI th
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met al s of thg_]hePerl odi ¢ Tabl

sficaralina gr i ik The rithls B rebhged torihe Suihef efBern use or prior

t6 lnee bgl@apbsuram mf@mdnﬁfo@mu dofitalriig SRS ahd R§driogan.
t he t@xed bed h ro enatjion units of the prior art,

The &M8uRtelyst glsopeaialvgestien BV@QS@@?t&V‘e phithe olefins and
@Wé&@ c%ﬁfdlﬂéd \)Orthm @ﬁé %Ntsérgcl@?ﬁﬁ@drm'\é‘ gnd t@éQE&eylo%gree the

meétal such as nol denum an Goup VIIl suc
isQspenization ofserwe ofethe mgenerelefieg Tcgtrudgngpgamn tespeeiallyoef the

| d
R et Fae A nal BP b Boeidbie
ni ckéiatithe @@nwatura @f usetinlthe arasegtepmca3$ ythe ratie ot thespartial
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I'ca- ar e uce
delselﬂdmgfofdbe ealal}(st is likelysto aocupr |Dce|sulf timgus @obwa learpiess @vent,

begaééJe tfng mlxg&@aotgll}gts%?g Ey%llca"{} gor ulated fo )ﬁglg oB%r%raﬁy%rr]med metal
clusters on the alumina substrate. Typically, one of the two metals will form base
clusters on the alumina support, and the second metal will tend to decorate the first
metal along the edges of those clusters. The process of desulfiding a catalyst and
then subsequently resulfiding that catalyst is not an identically reversible process.
Catalyst mishandled in this way will usually suffer noticeable activity loss and
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20 The catal yst may al so catal yze the hydrogenati on of
the olefins and polyolefins contained within the

| ight cracked naphtha and to a | esser degree the

i somerization of sone of the nono-ol efins. The
WOAPWBYM®E i on, especially of the nono-ol ef i HST/PRQ4H&IS81
lighter fraction may not be desirable. If at the
tenperature of use in the present process, the ratio

. i al .
sBlach S BR%. Dretpdiied B3 M et PRI el octane-
rdether flost wij o redistersal af asglvenslek/elkm tptdlsulfiec aonversion after a
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nagisti likalyl tp dogurmrd tiveetowber poirtitet of theotatalyst blbdrl’hﬁ’fl\luogld be H,S
dpgied Grtaaret  §fet fertEngafha calhustPeds Where s Seuatped by
the idabombbsitibe fl the nircaptans t Re fdekEIfiding éfeﬂwalcaaélygtgnay be
t he ed%’es of those clusters. The process

R U i (i it DR ERRlRP Apd/or the polishing

CoREnt, fbicixaehpld ddth & ﬁi/dfééeﬂ feeB M aﬁ%nidd:ﬁf‘&uiﬂélehb’to maintain the
reversi bl e process. Catal yst m shand in this way
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2005
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400rte 88RRAE0 e PRasia Rresswiewithdydraggnsiasiial gressure igithe range
o 843 180 pll45426¢ Ecﬁtﬁf‘\c’aﬁﬁ\mé\?wﬁ%%n of 88846 h! Bifked on
I nci den er

en conpared w t or rance.
feed mtfﬂamdr@artl@latﬁmﬂtalwtlmq(ag@d m:etmcturest hi§ ddvarced specialty

W A
forenl ©f whekaged2eliets v bd Ueddl irbplacehsy divwcto@).sThe WHSM for such

SRRy PR 2podtif ff S (3068 4310508 oL BiFlEr oatB cdfayic

dbbtﬂamdri cdtalgst systenmnasijudt mfefeheecpol ishing colum, for
exa dro {h f eed n armuné_I suf f

é)(??etnhgouﬂéﬁcwr Q ovsﬁr@aqtllfgn tgg{%{pwrp reis generaﬁly inthe
rdmgé ofl 1400ito I559Pleﬂt 96 tc280 psig ppedsupd. Thé AYEOHSh paRial Pressure

f to 40Q
S PEErADGIR SRerengR o 7 1 250 sl e hyadsa ' ekt b iasatalye bed
at 80 1250 asciB|. tmell?gﬁﬁ négﬁthb i fedttin %@Vtﬁaﬂtﬁé}até &iisttofs draw

1 to 10 hr' based rate and artlculate

te gatalypheoriespradrig 3 W"bet\f ipdhe feage of 3- 1§(N antharalplystinaay e the
s‘éﬁ*@éé’ﬁwhﬁusﬁdﬁH ?ﬁéjéﬁﬁlﬁ glrs’ti‘ﬁﬁigﬂ (sg}{]%?ef %’?amﬁb?/avpbaéc@m%& in such

th the structure r
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Preferably there is a stripper section above the catalyst bed in the fixed bed
countercurrent reactor. This provides for removal of additional dissolved H,S and
the lighter fraction from the catalytic distillation column. For example, in order to
reduce recombinant in a feed containing mercaptans 252 ppm H,S to 2-5 ppm in the
effluent from the counterflow trickle bed reactor which is operated at 215 psig,

400°F, WHSV of 8 hr, in a 7 foot bed of Co/Mo, 1/4" catalyst, a stripper zone of 6-
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In the present countercurrent flow reaction the
tenperature is generally in the range of 400 to 550F
at 90 to 280 psig pressure. The hydrogen parti al
pressure 20 is generally in the range of 7 to 250

Wi 20051889y dr ogen is fed bel ow the catal yst BelUZR00433881
to 250 scf/bbl. The Iight naphtha is fed in such that
the rate of bottons draw to catal yst corresponds to a

V in the range aof 3-,15 ' The st _may _be th
1 figoteiot ol B 3Rote stve e ot BRL T3 brRement uces
takight ovetheat$ ¢dntactinglthe fiked bee drormaboti25-40%tandcteduess the
necessary

| t hough .t .is no do so. Gener.al .
Fanliins b s reachal S 3.5 b R, R e ERG Bi thagecombinant
raraptdnatte néghgwsieévelgrass fl ow and favorabl e ,
fluid-to-particle ss transfer ch cterj stjcs.

Pr ef dgifigpoppiEation of HoSpeqessay tQé”é’P?ig‘%e%‘g‘r ing thegmetals on the
SeaIPSIS uite dmiall. 1Siclohl eRhE eequikAUAh 86 SIUGTIESS rdl@tRelt flowing
This provides for renpoval of additional dissolved H2

| S
hysiogenys eqpaipd o exserdedayeriiere idhe XeRererRosed to the bed, the

St Witinlo? BeSiddM A0 s $APBiature i) iMeFék¥ed! he38mount of H,S
reduce reconbinant in a feed contai ning nmercaptans 252

ifativetoshdsogersprigpamt thatiis secassanyde achieyethis gantrol will increase as
\g%gnterfl ow trickle bed reactor which is operated at

psig, 400F, WHSV of 8 hr', in a 7 foot bed of
Co/ Md,helprapertias of adypical hydiodgpdfurizatien eatalyst gre\gbown in Table
2R 000996 PCT/ US2004/ 013881 12 theoretical stage is
required above the catal yst bed. This arrangenent
reduces the |ight overheatBBldohtacting the fixed bed

from about 25- @%g%%g%déﬁgg%% %%ﬁhlysgb%sol ved H2S in

the reaction z encte reducing the
reconmbi nant nBesigpatiors @-d48egl i gi ble levels. 5 The

concentration pf H2S necgssar 0.avoi d desul fiding
the metals on tRE" cat afﬁg'?’%?"i{ﬂ?%g small. So long as
the required aNoutital®izeH2S r dlZininy diatretéd owi ng
hydrogen is equal ed or exceeded eyerywhere in the
vapor exposed to thMe{?é'd, the ca |§st will not
desul fide. Al so, asCbedperature ig-5%creased, the

amount of H2S relative to hydrogen esent that is
necessary to achi evMOYRAGWRt r ol g\%OIQ/? i ncrease as 10

wel | . The propertiegusdorf tYRigAmahydrodesul furization
cat al_lyst are shown in Table | bel ow TABLE I

Vanufide: eatalyst typisatiols i@é’ﬁ%f%@‘t ofgxtrudates hayingna diameter of 1/8,
{16981/32 inches and an L/D of 1.5to 10. The catalyst also may be in the form of

spheres having the same diameters. They may be directly loaded into standard
single pass fixed bed reactors which include supports and reactant distribution
structures. However, in their regular form they form too compact a mass for
operation in the catalytic distillation hydrodesulfurization tower and must then be
prepared in the form of a catalytic distillation structure. (However, in the polishing
reactor, extrudates are perfectly acceptable if the size range is in the 1/8, 1/4, 3/8,
Y2 inch ranges. Typically particles used in countercurrent fixed bed operation are
roughly twice the average diameter of those used in corresponding concurrent fixed
bed reactors). The catalytic distillation structure must be able to function as catalyst
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Form Tri -1 obe Extrudate Nom nal size 1.2 nm di aneter
Metal, W.% Cobalt .2-5% 20 Mlybdenum 5-20% Support
Alum na The catalyst typically is in the form of
extrudates having a dianeter of 1/8, 1/16 or 1/32
VACKBHOUAH an L/D of 1.5 to 10. The cat al yst PGEI/E0¢#}3881
be in the formof spheres having the sane dianeters.
They may be directly | oaded into standard 25 single

38 R T e B S B8 U BR g pace

wnﬂgultm doturnm ttbegctt as na toatalyticndstitatonmasectie.  In a preferred

DA hea e a8 £Bothlned i ol Risgiased indi - &5t No.
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fi xed bed. operation are

plaiBti 4 6hia e aging ks Beielpian grumD seasipr, ThSembodiment s
JREAISSAIR LS %téﬁWHﬂmwﬁlb%i@%eréWh’{cﬁg&&%cﬂ)y reféfénce. Other

catalytic distillation structure nus able to
qabﬁ{)gttq distillator gtrustyeas useful gp thissirpessoars disclosed in U.S. patents

Pﬁ%ﬁ é@?@évﬁ@é%% 434%@0%&9@%%@%.@@ arsda|éannczrb%rated by

alyst ‘nust be suitably supported spaced
ref%ew um to act as a catalytic distillation

str u‘ﬁe‘éﬁgon c':cfhd%ows%r%ruffﬁldrew%@l% ?érﬁ%ﬁf%ﬁé‘lgﬁ)ﬁgs ﬁged bed

cont al ne a structure as di SC ose
reactan asx By thehianigei of $41-é09°F atprassurseaf hstweeh et0AHAN0 psig.

Al St L G0N Rourly bR RIBURT Rl tufbpiy ypicaty

bedwelerattJOmmi 0. Theatwpthaun the sieglh paab fiked bad heaxdion may be in

Bt B AR B2 sl e, v

totabptessure mdshyainbgeh gaesate adjusted ¢o atiaid hydrdded. papiid] préssures

5,431 ich is here |ncor orated by.reference.

i e 108308 pE. ranst | ile | GPTaRR & e Sinel fassofied bed
ﬁyh'rwe@ummqom@otﬂemb@mm kn@NMrﬁheraat ent s 10

4,731, 229, 073, 236 , 431,890 and

are §o°qqﬁ’ttl9nﬁo?”éfta9(? the degyifurizati 'OrRQ é&'a in a d'St'"at'on

c@ﬁnﬁntre@éwr bRy ver diferent RN ha¥d! i ‘b standdratAekié bed reactor,
singl e pass fixed bed reactor are in the range of

@99“?@0?”“&'95?@5%%@ Rresyie aehhyrtogam gertigb ipfessure.  Typical
conditions in a reaction distillation zone of a naphtha hydrodesulfurization distillation

column reactor are:

Temperature 450-700 °F
Total Pressure 75-300 psig

H, partial pressure 6-75 psia
WHSYV of naphtha about 1-6

H, rate 10-1000 scf/bbl

The operation of the distillation column reactor results in both a liquid and
vapor phase within the distillation reaction zone. A considerable portion of the vapor
is hydrogen while a portion is vaporous hydrocarbon from the petroleum fraction.
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Resi dence times expressed as liquid hourly space
velocity are generally typically 15 between 1.0 and

10. The naphtha in the single pass fixed bed reaction
may be in the liquid phase or gaseous phase dependi ng
WA 200300¢9%8nper at ure and pressure, with total PGHER84043881
and hydrogen gas rate adjusted to attain hydrogen

parti aI pressures in the 100-600 psia range. The

oper on of flxed bed

o ar St pRais SRR BBk hea s ERBRY thatuihe meghapism that

mduceﬁ%ébﬁeamdegg ofithe Wﬂst‘ﬂblbrecéﬁr lstth@ condensatlon of a portion
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| furi zat
o 858 vapbiar 8 D8 TpocioR Syatate. P doebides: i cons gay in the
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reactor are: 2 enperature 450- 700 OF Total Pressure

cpaceftinte i e vapopaliawing %PMG§J%°f5§¢ gulfyggompgunds with
Ié\ﬁ@@ﬁ\f@s@ﬁeﬂheHé n'é%e{:l@& el’ﬁ&rela@@@f theopBRltiod Of fﬁ'@ga rocess inthe

operatlon of distillation colum reactor
dls’ci"efaqmccaumnqaa@toaﬁdhatdgw@rr hysiiegen partial pressiyes (and thus lower

t afsg,,legg%lspﬁlap%g gn zone. A considerable portion of

vapor rogen while a portlon is vapor ous
hydr ééantﬂm dlstlﬂaitloh éhqretls @l lemperatura geadient within the distillation

o et T (PR el Sold Aot of Mbtoll pantaing higher
holiliag mptetiduerd thine |seéf adtlghmrtempe(ﬁtutd}ﬁ\aprtheeunper end of the

Bl < Tk ol pafiad R, Sich R 3R erbly ovable suitr
mufp‘ohode,nus supjlraterbto lawelr hempemtndeesaadhé itopiiofl thed colafri Which
Sit tactq?ltween the h

niiees” e St PG AL e AEOEEERNC of feser Gitration of

desirably Jlefinic cospbunds) Theitighey dioilgngdrtion .is sthected to higher

I fur species concentrate in
tRRPPEtiTRS i1 ot R SFs o BRIER e repctordo sl open the
s@lfiuowrifé]m g 'ringicofmpoRRdS aRd RYdrefenhdte tisdbdlilr. TREPELIBIFeaction
| ow conversion of the olefin species. The result

Samp't/ seeateomare boil v buheo ieteage i temnaraturejats giverpregsure. As
£l greacd éﬁl o'f §oﬁtF&bvéﬁH€ "ratBYﬁ' Fé&%n BA4 His?ﬁb)utlon of products

pressures (and thus lower 10 total pressures
casde. achieved tyrrygulaﬁmg thezsystem prassere.s a tenperature

gr adicfratid EBrditidAS 18 k! dré&tnt §Red bed countercurrent flow naphtha

HDS reactions may be:

Temperature, °F 400-550
Pressure, psig _ 140-275
H, recycle rate, SCF/bbl 70-200
Fresh H, makeup, SCF/bbl -25-75

In the polishing reactor or section of the present invention, the liquid is
downflow and the hydrogen is upflow, thus the stripping action is also present and
the very small amounts of recombinant mercaptans are readily reduced to even
lower levels. As discussed above, the optimum conditions for the two types of
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colum reactor. The tenperature at the |l ower end of

the colum contains higher boiling material and thus
is at a higher tenperature than the upper end of the
colum. The | ower boiling fraction, which contains
Wer280508¢P¢ y r enpvabl e sul fur 15 conpounds, i BCT/US2004/013881

subjected to | ower tenperatures at the top of the
col utm whi ch provides for greater selectivity, that

o hydro Ki I
'eéP@?’]S;ﬁ"Sy"@6 H’p}bac i n Fﬁ?fée %gﬁ;e% a?t% nhgﬂrdyretsu@ﬁﬁlaéamsegomg
orf ﬁbtrgcrbtedtlnlt@?rbtrlwmenl the aptivitsitaf rtles countereuriepthBew straight pass
e distillati
oA RIS AgEAG ceumB TR Brfiefgdr BEE8grdtE ¢ geniove
a%H{‘ffciérnt ré'ih@vé]@ﬂ&h@fedbﬁﬁﬂiarm metBaptany ky meet Hiecesbjeives of the

up, but no increase in tenperature at a given
t"ﬁ?@@é\@rre As a result, a great deal of control over

the Refefif nbRae! !h@nfg’rljﬁéi the whtdlysttizenand 1gaciduosded ido the

be achieved by re ulatrn the system sure.
sidpeingt serjiosohdian the regptill aﬁpnpﬁé 1$ Q%Za rbaeo(ﬁrtha splitter 10

Qﬁﬂggﬁéd gy 'éfcﬁ&rua{rw%rum%a&or HPfe hapRthaga fedminto the: didilation

ture, Pressure, ps

colanyieactoarld, begmmtrre smtuzramv'arﬂoefs faba Hg%é‘é??ge@,dﬂegb?emw
é e%tr{nns wQ‘ﬁnng'aﬁt} Zﬁngné ﬁ@{t?\%pﬁfhas(%hbﬁébd)éf d It ends and a

resent 1nven downf | ow and the
niig dighgéis Licdledpid tnig theh ceﬁtlfm@losrt $¢c|<§lsnn‘gl apdirgmaved glang with
u eragg%{ gxcgr%geﬁ N&dUe B8 hedd® Vil flow find @Coma l'Tg’ﬂrﬂtnaphtha is

r each y re uced to even |ower |evels.
céﬁd@hsedlirs senderizeve20 ahe separatedifrars te hydsagen and He@ apgether

lrg%tgd@ r%ﬁeéve /rzsgpﬂrgf %?\8% gg qrng% U%’%Qqré(ug](I'i?’é’h(%1’1aphtha2)from the

sane range nce
sarergrawrwbrﬁdr B0 4aténwvedsviajlowdine Granidh5a, rrespe;aweiy\pmd a portion

rg@?rgdgth{at 5 ity 1006 fitone bR s Bl A AbRIRK'E. Hierddiddly, the

Th"'7 $PS o
fONHEOHA, Fie bd Qtﬂﬂéafrnstéad of 6deghat all ofthadihuidJeaving the colder

drmeaHaNerpEI agtor 59. Thrfecsvarpy R RRRIGBIRA fHtim8 as refiux

it e.eréétg? frt? wa:r ﬁrélgﬁeicpfa%ﬁ @brlrﬁtbrchaenaﬂm Tdactors50, vl 2htwhere it
1 on

Bt oe OB RSN IAA00R G5NSh PP 16 o dng ydrogen s

fgﬂ %fadin'ealtﬁ' tfé‘??\ﬁ Hd ey f S affehydrddEh peisBs hpwasi thexligh thecatalyst

Istil ion colum reactor 10 between t

besslc teindn they idewhflowingi H@htlnﬁhiafhﬁywr‘ﬁ'@eﬁ centests @’éef Jgpombinant

mercaptans and covers a portion to H,S.

The light naphtha has a spread in the range between its End Point and the
Initial Point of preferably about 120°F or less the H,S, and the unreacted hydrogen
exit the countercurrent flow reactor 50 to separator 60. The unreacted hydrogen
and H,S exit the separator 60 and pass via line 17 to the separator 20 for treatment
with the overhead from the catalytic distillation reactor and the condensed and the
condensed light ends are recovered from separator 60 via line 27. A stripping
section 24 above the catalyst bed 15, but below the feed 21 to countercurrent
polishing reactor 50 is used to keep HyS in the feed from flow line 21 away from the
catalyst bed 15. A rectification section 25 is provided above feed 21 to facilitate the
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10

15

20

25

30

10 both sections via lines 2 and 2a. The |ight naphtha
(conprised of a light ends and a md light) is boiled
up into the rectification section 14 and renoved al ong
with unreacted hydrogen and H2S as overheads via fl ow
VOrRE059009%he | i ght naphtha is condensed in cBrHERESY 43881
20 and separated fromthe hydrogen and H2S and ot her

I i ghts in recei ver/separator 30 via fI ow | ine 22. The

St 0% B R B e R AR e Ry e

eninainedrin thieetipfiowedad stre:dme ldlndstht Inaphtha pmdiuuﬁs reeavdred via line

e baeiuyodha Brodisth Rrotirkd B tne 58! s Catpiytfhtitation
dohfmrh hasia debotiav4mgnd the fixet ted resbtonBsBRal havk Meoptithal @boiler

<APigRingires ot ieti it geletyehPoh Thidaper seoton of reactor

5ms1 PrefeRbly £multislagw contet BneMhert Il-gsldnés%l\%a,m MeafRéorhihg light
20 cont acts t he hydroaﬂ? in the hydrodesul furization

tacan hesirinped o g0 gt Aisgeived KaS fssptpresent indha gatalyst zone
f3el ow the bed 15. The hydrogen passes upvvard t hr ough
the catalyst bed and the downfl ow ght napht ha

wher & hﬁtpr@tﬁﬂe&cmerﬁm cerditiensand reﬁtgﬁc@pttmsh%lﬂenon column
ESMEF $0 Bf R idupd alelad Bffows:ne | i ght naphtha has a

rspread In th fyraﬁ e{)'% V\Véen its End Point and the 25
Initial PBreasu, Pplgefer ably 30@300120F or |ess the

H2S, and phe un cted hydro it the

countercutr_l?znt %‘?ﬁlw react or gg@t oSesfeparator 60. The

unr eact edHapdrt@jpres.,sd H2S &5t t he separator 60 and
pass Vi a Wn 17 to the sepag?t_ 20 for treatnent

with the overnead fromthe catalytic distillation

react or aPdHDIBe condensed an80#999e condensed |i ght

St BB RERBEE I SO BRARLA R rictplipd bt dlind dondlians and

reallisvarehe feed 21 to countercurrent polishing reactor
50 is used to kee HZSinthefeedfromfI #’r?ne 21
away fro f%gurecg | yst bed 15. A rectifi cgﬁll’

section 2f,irstepsevi ded above feed 21 to fa<5'0l250ate t he
13 WO 200 000%36 PCT/ US2004/ 013881 H2S and | i ght
ends remo\lalPARiRPEES O8harate the Iiquids (tR18G d

light) whirghsyme s@@on%hwmﬁg in the upflayegas
roduct is recovered via

stream Md I i ght napht ha
line apgmﬁ;mmtﬂnew/ﬁimm@ﬂ) PBM ecov@r¥d vi a
i ne,\%@e thap's sﬁ%‘lﬁh&)ﬁc; dﬂaﬁﬂe%éﬂhb{’éﬁo %bgﬁﬁc@ssaw in line

reboiler 40 an bed react or
1dpif thmepuntetsyiment regctor 50 apetgiesa |Iowerema$sure ﬂwamcdymn 10.

refl yge 'h?@%g%ﬂ‘?nﬁﬂ? Frek t%le&’ﬁgck tl-gliﬁe rs 59 At P ﬁe sufficient

react or e COI’] act
tomaintalieBedsS dﬂvebdowrertdmghﬁqcma negclucnrg hHowewer ifrdesirad, the

tr | t
rlg’%cfﬁ,éésglﬁgglb;%;é%r@gﬁéIﬂ@%g%’oﬁ?O tion aI met%od% td'femdVethe 'P-fzs. The
light naphtha recovered in line 27 may be combined with the mid light of line 18 to
replicate the overheads 3 from column 10 having reduced total sulfur. Similarly the
entire naphtha feed to the process (line 1) may be recreated having reduce total

sulfur by combining all three product streams from lines 27, 18 and 19.
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15. The preferred operating conditions and results for
the distillation colum 10 reactor 10 of the figure
are as follows: Pressure, psig 100-300 H2 rate, scfh
150- 1000 H2 partial pres., psi 5-75 WHSV 0.2-10 15 %
WO20GH0H% | n the fixed bed reactor 50 of thePGT/ERzPQ/013881
the preferred operating conditions and results are:

Pressure, psig 90-250 H2 rate, scf 50-250 20 H2

rtial. pres, si 10-180 WHSV(based on bottom fl ow)
@giéve%ngagTS%%(comi ned w stream 21), ppm <2-10 Note

t hat 1a Iis asdatalytiedjstillatiarohydredesuifutizationgirovess) compyrisirg:

necessa inlin 17...if _the cauntercurrent reactor .
50 ofdr PAING.2 DR BYING (A0S NEIPGaB ATt SiTeRM comiaiing organic
shiyulr copepounalyg dnd hydmgehdo aldisthlation tdlemhassaétor;s. Vent s
ntain the H2S | evel s | ow

may suffici fv?nt t(f nP]‘

enouffl FIcurTRATY I0-53q diSUIAtigRSIMMN [8aClls r ed, t he

recycl e ggs separatify s§ituidphthaiimtdd ligRNNEIMg five MEphiRAsnd a
to renpve the HZE. The [|ight naphtha recovered in
hepyeboingEANGE N1aPANS ned with the mid Iight of |ine 18

to repligpt@dntdtlingVermatidn of fisnﬁghﬂiﬁnaﬂ@ KyRivd with a
reduced total sulfur. Simlarly the 30 entire ‘naphtha

hydradepyfurization satabyst (o iselectiyeliapasietheceraanicesulfigveampounds

theRBINGRItH S4idlhydroBbh W fdeth 1&DI ning al | three product
streans frlomyl [ ﬁes 27, 18and 19. 14 WO 2005/ 000996

PCTI (s82B0ayssinggaaortiamef said ightibeiling Irangesapphtha wherein said light
-y gk d ' O izali on process
b%@h rr%{li(‘?ér:ﬁgﬁ?% l:érgéi'&gﬁ% a r{ggﬁﬁﬂéicggﬁala?hg range
hy dr (Danebwyingisaistheayienbailing rapgsrrpphtha framiséidrdistillation column
folrysle s and hydrogen to a distillation colum
r?eact’ %ES‘ (b) concurrently in said distillation colum

r eac{e)pasing said podionmd ssidilightmilimghrangeiaphtha foghdountercurrent
ﬂBWi rle‘ia@tgr fo?%gﬁta@?\ﬁﬁ“ n)‘?drgagn fh fixed bed hydrodesulfurization catalyst to
reduce the recombinant mercaptans therein;

wherein the improvement comprises fractionating said portion of light boiling
range naphtha to remove a lighter fraction thereof, said lighter fraction being
substantially free of mercaptans, from said countercurrent flow reactor before contact
of said lighter fraction with said fixed bed catalyst.

2. The process according to claim 1 wherein said portion of light boiling
naphtha comprises overhead.

3. The process according to claim 1 wherein said lighter fraction comprises
a fraction having a boiling range of about 120°F or less between its End Point and
the Initial Point.

4. The process according to claim 1 wherein said portion of light boiling
naphtha comprises reflux.

5. A process for the hydrodesulfurization of naphtha in a distillation column

reactor having a stripping section and a rectification section, comprising the steps of:
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heavy boiling range naphtha (ii) contacting a fraction
of said naphtha and hydrogen with a

hydr odesul furi zati on catal yst to selectively react the
organi ¢ sul fur conpounds therein with said hydrogen

VO 2PGOMPPS;: (c) recovering a portion of sai BCT/PpH4/013881
boi I i ng range naphtha wherein said light boiling -
range napht ha contai ns reconbi nant nercaptans; (d)

i st (P el  BAHS bofBl ra® BRSEBAE Seftn BB broani
spfut ¢amnpamds and hydgigen bwa distilatioarogi nmargzctor aboveasaid stripping
s%ﬁh*ﬁ'er current flow reactor for contact with hydrogen

'xed bed hydrodesul furization catalyst to reduce
t he (@ oofdun@ntly nmai@ptsanmlmlwtﬂhmreadtmrei n the

i |sesfra n ortion
: PEL? vgg}s q[ CO %alﬂganﬁrﬁ?g intg |@ﬂ66%||l%g Fqngﬁtn@phﬁ’na fraction
a‘nrdga:hém_ ﬁdillﬁfgefﬁﬁge ﬁa;?h'ihb igBtiGH; fra]g:tl on bel ng
substanti gl ree of nercap roms
c (lj unt erc u?‘b e%*afa@rwtﬂ@éé Pge 0%%4"3) paphtha frﬁEtionscﬁ“di‘é(F’ gpgen with
d hgdvogesdifunghtiohn cidalyst ﬁﬁ'sgldf ét\}l‘\iﬁﬁmgeébcﬁéﬁ %%ﬂectlaelyTﬁﬁct the

process aCCOI‘dI ng toclaim1l erein said pOI‘tI on” of
hqagﬁf OFIRNIG SHHfUr RRHRS WS Wi Baid dydengenfie farm HaSiThe

pr oce®s réh6Ahg sad Ilgﬂt sbmh@réngmﬁépmtna ?r%bﬁbr{ 'ng;'st §r‘id unreacted

fraction conprises fraction havi ng

fwﬂrqg%u@ndlmomhmarégger@epta@érfmm§amwélsptbatmn @mumnt ne@ctor as

dv@fﬁe'a% Point. 4. The process according to claiml

wherein said portion of |light boiling naphtha

conpkd)skesnavirtd said heaviex boilingeargef maphtivafrom said distillation column
ul furization of naphtha in a distillation

r%gﬁ&o%areactor having a stripping section and a

rect (¢)i dmctiomating shidqortiaroofwaic lighd bottieg saregesnaphtha tbefBve a

AR AR A o AR o

light Ibtmhng: mngemmb&tmnmtﬂnyydm@en ih @oantércirient dwan acidedrbed of
sect'on

rBRESFERYS, RetelieBlobBRr the BETmbBRIHS eamtans herein
sep asalrhe gmewbmmn@m dléltncﬁ wheéretisaidiRjht boiling ﬁétﬂﬂha fraction
u E‘Z‘E’Pa ﬁ%& 0 (b) and a heavy boiling range napht

7. The process according to claim 5 wherein said heavy boiling naphtha
fraction is hydrodesulfurized in (b).

8. The process according to claim 5 wherein said light boiling naphtha fraction
and said heavy boiling fraction are hydrodesulfurized in (b).

9. The process according to claim 1, 2, 3, 4, 5, 6, 7 or 8 wherein said
hydrodesulfurization catalyst comprises a metal sulfide.

10. The process according to claim 9 wherein said lighter fraction comprises
a fraction having a boiling range of about 120°F or less between its End Point and
the Initial Point.

11. The process according to claim 1, 2, 3, 4, 5, 6, 7 or 8 wherein H,S is

added to the hydrogen in at least one of said catalytic distillation column or in said
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(ii) contacting at |east one of said naphtha fractions
and hydrogen with a hydrodesul furization catalyst in
said stripping section to selectively react the

heavi er organi c sul fur conpounds with said hydrogen to
VErAes9%896 (¢) renoving said light boiling ra T&‘U 004/013881
napht ha fraction, H2S and unreacted hydrogen and
reconbinant nmercaptans fromsaid distillation colum

ThEFPetin AL apBU LIRS Bl BRI AR R ERESH entatvstin an

dactivettate. and (e) fractionating said portion of said

light boiling range naphtha to renove a I|ighter
fraction thereof and contacting a remaining portion
heavi er fraction of said I|ight boiling range naphtha

Wi th hydrogen in countercurrent flowin a fixed bed of
hydr odesul furi zati on catal yst to reduce the

reconbi nant nmercaptans therein. 6. The process
according to claim5 wherein said |light boiling
naphtha fraction 1is hydrodesulfurized in (b). 7. The
process according to claim5 wherein said heavy

boi li ng naphtha fraction is hydrodesul furized in (b).
8. The process according to claim5 wherein said |ight
boi I i ng naphtha fraction and said heavy boiling
fraction are hydrodesul furized in (b). 9. The process
according to claim1, 2, 3, 4, 5 6, 7 or 8 wherein
said hydrodesul furization catal yst conprises a netal
sul fide. 10. The process according to claim9 wherein
said lighter fraction conprises a fraction having a
boi Il i ng range of about 120F or |ess between its End
Point and the Initial Point. 11. The process
according to claiml, 2, 3, 4, 5, 6, 7 or 8 wherein
H2S is added to the hydrogen in at |east one of said
catalytic distillation columm or in said 16 WO

2005/ 000996 PCT/ US2004/ 013881 fixed bed in an anount
sufficient to maintain the hydrodesul furization
catalyst in an active state. 17
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