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octane and causing a | oss of source olefins. Various proposals have been
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43F), ethyl mercaptan (b.p. 99F), n-propyl nercaptan (b.p. 154F),
i so-propyl nercaptan (b.p. '135-140F), iso-butyl nmercaptan (b.p. 190F),
t Erk-butyl mercaptan (b.p. 147F)) n-butyl nmercaptan (b.p. 208F), sec-butyl
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conpounds found in the heavier balling fraction include the heavier

nmer capt ans, thiophenes sul fides and disul fides. The reaction of these
mercaptans with dial efins contained within4he naphtha is called
thioetheriflcatian and the products are higher boiling sulfides. A suitable
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the form of e)@'f\pmgneg@'ahlavdﬁgemﬁm andbe coostitati@) of the sidedraw, contacted with a
catalyst in the presence of hydrogen to react diolefins and mercaptans or to
hydrogenate diolefins. The bottoms from the first distillation column reactor may be
fed to a hydrodesulfurization distillation column reactor to remove the remaining
organic sulfur compounds and the sulfides produced in the first distillation column
by destructive hydrodesulfurization,

The overheads and/or the bottoms from the hydrodesulfurization column are



9 1416 or 1132 inches and an UD of 1.5 to 10. The catalyst also may be in
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into standard strai ght pass fixed bed reactors which Include supports and
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i i . i scl osed U S. Pat,. No. .5 26s, 546,
whi on' 1 5 her ebyEGdkrEto bl Tafacably B i o malislipy faetBh Zaedtissithe
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only be a secondary @oiFSIREG AL IBASt N WIRIMETate SaaM IRCISBope of t he
invention it is pro bbi i ect | Ss
of the present rO(;eK:'i‘):ﬁ?*;1 ?‘ﬁg écgﬁ%\gﬁggwgﬁq% gﬁggb |@ﬁ§o%1a§dtﬂlﬁ’e|ﬁ(§/g§p%édsgﬁ%?
the reaction sy&msmr@ﬁﬂmndaag ashirst beftams; hydrogen in the condensed

the sul f ur compound ) EnreirsPedid ArdPh e o, nyfouEis Grpge PNeholiy I et
hydr ogenat i on. mefcaptens kufcam Hsuinfthe psesariceof @ohydrotieadifurizatidrneathlystyi d

while the olefins a H nce in the v r allow ng for high
conversion of the sﬁ?fsﬁﬁgﬁagﬁﬂoﬁ?ﬂ%@?%??h I‘%&%&%%&PQ%‘NC’QA\“C%W W@F?‘ﬁf‘”ma
speci es. The r équitdtprodudi;he operation of the process in the distillation
colum reactor is thE}t Ioger, hydrogen partial pressures (and thus |ower
total pressures) mai@bePHIERING aPoriipnalatiegst enesaidrintemmediate steare witbraidir o
gradi ent wi t hi fiq§i@réedut bhbjat i on colum reactor. The tenperature at the

| ower end of the columm contains higher boiling material and thus is at a
hi gher tenperature ffHan @W@b}ﬂersﬂgd combined cefreams Bnhd |hydeogenoidridey (i)

t tion, whi LS ' 1 I | { d .
Subj ecrod to | DydRabRUT ARG fochBRbnY Wi AR AR nasoR SRRkt raston o,
greater sel ect Piany remaining suifides sandyother begnic guititr sahpoaidsoareofeadiediwigh! e

ol efinic conpo .Th i ghe ailin rtion is subjected to higher

t enperat ures i W’ﬁ@e‘i‘ o&e:}log'ﬂd?‘éﬁ‘?mﬁﬁﬂ gpﬁaﬁ | (B) igrthiasy lc,aggr@t@qtalgg angek
en the sul fur tiiedtherificagoni eehdrmeowRersidns frisiPagNake reRfiIfNg fdidlendst abs
believed that in the present distillation colum reaction 1s a beneglt
first, because the reaction is occurring concurrently with distillation)
the initial reaction products and other stream conponents are renoved from
the reaction zone as quickly as possible reducing the |ikelihood of side
reactions. Second, because 211 the conponents are boiling the tenperature
of reaction is controlled by the boiling point of the m xture at the system
pressure. The heat of reaction sinply creates nore boil up) but no increase

M o, o



overheads via flow line 103. The preferred operating conditions for the
‘thioetherification reactor are as follows: Pressure 0-280 pslg Tenperature
130-270F N2 panYa) pres. 0.1,70 psi LHSV 0.2-10.0 The heavy napht ha

fraction is takapopeea@ttonms via flow hne 904 and is subject eght@aans
hydr odesul furi zation by the catalyst in beds t31 and 62 withieﬁ:t‘%e/ 04

distillation colum reactor 60. Hydr 3n is fed for the reaction via flow
line 117. An overheads is to ken via flaw | gne 109 and a bottons via flow
fine 110. Both overheads and bottomfromdistillation colum reactor 60 are

fed to a vapor sdiestivgppidogerstalor (liPawWokitindibe théBopr oduced in the reactor
60 i s taken out as q_egas vi%ﬁfgl ow | ine 112 along with unreacted Hz, The

preferred opErating '8BnaflY3 Baflb thiss systeny dy that thessize| and ofenital inthe
L , - ' f 2
LonC1 o1 pree, <ISGKRERNRatSh OBRYN0L it BeAdor bR RS

partial pres. 1-60 psi gurd product ' ffom
the vessel 70 recambinantymersdptansacomingSor the hydaciesnifurizatitve distiflationfcoturnn is

standard str ai S§-.fi bed do | ow reactor 40 cont gi ni a bed 41
of standard deg‘%ﬁ”ﬁ%sr jﬂ’g%@ﬁgﬁ!ﬁ QIWE‘%"{@@PM’@% ﬁ\/\?‘ft%‘?nd%'ﬁéo the milder treatment

t hi oet heri fi cabf &e &lefs He tﬁ;@pﬁénetém_en via filowline 10$ and fed to a

smal | er second thioetherifjcation distillation colum reactor 20 contai ni ng

a bed 22 of sel ecti 08 Y3pdr bewimthe ferontdistiistion coumn ferctardimaansi & distilaticnon
structure. Hyd L& S L raVvia, I line .1 : renai ni ng
rer capt ans 1 Pagit liohed Sorlhg chBh Bott o toelon 5 cisffatoltie IR B
Li ght er pr oductsneureentlyintiveecblumnt He of preferrediestbddimbhitthe oatatystils grépaedaas
vapor via flow_lj 6 bottons in fl | fie 108 ar opbi ned with the
liquidin flowal4l§f}$8&€15ml%§rq% FBNBBFFQHﬁh\A‘ﬂeFéE?deF“aéﬁ%ﬁ@&g‘ fristyiena)
desired sul fur level is achigRigF DESCRIFEIONOF TURIDRAWINGSCONt ent " of this
sidedraw is rel ativ&Léﬂl ow it does _not require the foil severity of the

hydr odesul furi zatio giiia is A sigwlited liow diagsyn 6f one emhedinentrefihe inveatian. of
this cut is | ow enough to ' t ' $tHNpg reactor 40.
The effluent fromthe reactbgﬂi%él?sd%%%g@[@g %ﬁ%mrg;@jrhldi sengagi ng
vessel 50 wherein t hethe2gesant inventigreit larcontsepiatetdtiaf thenfitshatam; deychat of

h b ' d t I .. he il2S,
The T aurd i o HEREOHaoPRN, i o8 bnaRoR s GariSa BOEBy Foretla slellior, Alfce ha
conbi ned wi th tiethed providedsmiany fddvaniages of @oriaiiy of tbg&‘taﬁéh faind éd&hﬂm&ﬁiédtdng

range naphtha) Hydrogen is generally recycl ed bac e reactors. Vents

y y A '
may be suffici SHPCHS Teulte: Boweyardheaubsaduentireaimentsangdassribed may decariss.
However, if degj b FaSAi » ' ~ ' I
met hods to r en%eggfwg mfgg’w@é@nﬁ gﬁ?'%%gr '%% éﬁl “lr'}%g%ast;@ h?%’l‘ug r}¥&8§é&ﬂﬁve of
t hi ophene- r ang®eRld Allcar in ragst dmsianeasanpresprefanably by rémciise distilatian. i s t r eat ed
and to nmeet the fin Ik | ficati he .m_dpr.oduct hi ophene,. cut)
is treated for ner cgiﬁ? 3%‘?2%‘&%?’?3‘%%8@3@3@%% %Lgﬂr'fgf‘% The p%h'l:’kyﬁ'f ﬁ'actlon
reactor. The bwhiahnmilpimthegadolinetidlimgdangs.| Feddsaf thisltypeintiadetight mhshdsnt o
t he hydr odesul I'uri zatbiﬁcf.n uni t re it is subjected to nore severe sul fur
renoval condit gyjag & ”ﬂﬁife"%?,ai@y&_ 95% FAnd Ty rapges1aphthashayingarbaliingar e
appropriate | epgigedf Gles ukb v ZdrPaIyAY Prdde¥s is useful on the naphtha bolling range
matenrial from catalytic cracker prod:  * 3 because they contain the desired olefins and
unwanted sulfur compounds. Strait  run naphthas have very little olefinic material,
and unless the crude source is "sour”, very liftle sulfur.

The sulfur contant of the catalytically cracked fractions will depend upon the
sulfur content of the feed to the cracker as well as the boiling range of the selected
fraction used as feed to the process. Lighter fractions will have lower sulfur contents
than higher boiling fractions. The front end of the naphtha contains most of the high
octans olefins but relatively litie of tha sulfur. The sulfurcomponents in the front end
are mainly mercaptans and typical of those compounds are: methyl mercaptan (b.p.



13 A full range dasoline described in Table 1 was tested in the
"thioetherification distillation colum reactor. The results are presented
fn Table 2. Table 1 Properties of the full range gasoline used for testing.
ASTM D- 3710101 9éna20053400%- 0a30% 147401 017550 PCT/US02/00304
%20180%23070%2768093089( ) ¥85095%384 Total S970 ngll...Brom ne

No. 60Densi ty, 7465 g/ ccTotal C4's0,09 w.%otal C5' s24.9 w.%benzene9. 12

wt . %otal C6'sl18,$%$ W. % ngl LH2SO0di net hyl su?phi de0OCASOMe SHOEt SH14. 831

- Pr SH4. 592- Pr SH4 . g4t hi h 53, 822- toh fthi h 60, 323- net hyl t hl oph 83.
54{ et r ahydr a{ hi* ﬁ&@i@?ﬁ%ﬁa@w @ﬂgﬁ?ﬂ ﬁS@P%ﬁ%@ﬁ%ﬁ%éﬁgé%Qﬂwﬁqﬁ%ﬁgibl
67heavy Sgg,r  mercdptar #9pbe1 85 REONY)! isﬁﬁf(u ﬁﬁ?@ "ﬁf‘@g%sl'gﬁaFfﬁ@rt@@tyPrﬁeﬁ%ﬁ%' he

feed rate (1b/h)11 drogen feed rate C 30 recovere
over head27. 9of (B-Bett7°Edavbubtimencaptare(byy. £06LF)] Se@kiyt mbivagtay (935 208°F) and

i g) 751 ~ef | ' o bed f F) 268L .
Cotalyet bed i aatcaBE BBt T SIBGESnbodadsans o5 ahheayisr
si de product ( ppitnd #abifn piciudel the behviermbrcags, ﬁ%éf?@@ﬁ_@eé‘?ﬁn@ﬁﬁymés.

t aken over head50. 10,_trBoI efins taken in side product18. i ophene taken
|

over head18. 7! of t hilBPFRAIOCNAkIesE Mefradany willudioleding Eontainedsyithirpthamaphtha

conversion (% @94} i ‘ | ' [ v b SEe Lo S .
conprising the st elgg tglﬁ;ethb?lg)ggg%dnﬁdéﬁdrge ﬁg@?@g@ﬂ’gbﬁﬁbé‘“?ﬁﬁﬁfﬁgg?g| %nsgu'tﬁglr?ge
napht ha feed coatabishfordheresdtios of theodiokfins withtiecmptcaptanst isi0op e ticPdoa toher
organi c sul fur r «conditions,of thf herifjcation w

t hi oet heri fi ca’??g'ﬂg&@z?’g? ;ﬁl@ﬂﬁ%&_) s@ﬁﬁﬁr supplied by 59&'&5@&% dﬁswqdd# é‘%sﬁ-ﬂé
mer capt ans conTgpioaid phiditainandi chemitdl PRbbHRE SRURE BRI Wb Trévided Wyt thed
portion of the_ di Otﬂeﬂfl ns contained wthin said full boi'ling range napht ha
streamto prodTBAURRYTERAEe a3 ElleWsa portion of the diol efins contained

within said full boiling range napht ha stﬁAﬁ@Wth a hydrogen to fully or
partially saturate said diolefins

Dasignation G-68C-1

Form Spheres

Nominal size 7x12 mesh

Pd, wi.% 0.4 £0.03

Support High purity alumina (99.0-99.5)

Anather catalyst useful for the mercaptan-diolefin reaction is Ni silica/alumina
. extrudates, eupplied by Stid-Chemie, designated as C46-7-03RS. Typlcal physlcal
and chemical properties of the catalyst as provided by the manufacturer are as

follows;
TABLE Il
Dasignation C46-7-03 RS
Form Extrudate
Nominal size 1/16"
Ni wi.% 5244
Support Silica/Alumina

The hydrogen rate to the reactor must be sufficlent to malntain the reaction,
but kept below that which would causs flooding of the column which Is understood
to be the "effectuating amount of hydrogen " as that term is usad herein. The mole

ratio of hydrogen to diolefins and acetylenes in the feed is at least 1.0 to 1.0 and
preferably 2.0 to 1.0,



or a conbination thereof and (ii) separate said full boiling range naphtha
'streaminto at least three fractions by fractional distillation; (b)
renoving a fraction conprising |ight naphtha contai ning reduced nercaptans)
sul fi des and osoaR/omsgani ¢ sul fur conpounds as a first over haadsuset/o)sos
renoving at |east one internediate streamfraction; (d) renoving a heavy
napht ha fraction containing said sulfides and other organic sulfur
compounds as a first bottons; (e) contacting said first bottons and

hydr ogen under conditions to react nercaptans to formt-I~S in the presence
of a hydrodesul f uriGalehstwbiehare yseful for thedydredasulfubzationrBsctiondnelude Growp st

bot t d Li quind nroduct ; i_ni .
porti on of - AEfeRI 3R deootllit el BAIBOBER HiFia ot B a5 RPERGS Hifetper
and (h) cont actrietefs sach axorulyteitnahr onmngssh oyda casablnsigspdrt Which may be
hydr odesul furi zati.on conditions  w } h .a hydrodesul furizatl on catal yst

wherein a port PYRIE. shige-alunianitaplaszitconiags theikeo Nesmally thametals arbprovided
q . ek
SOOI 7 Aepeiain NSRBI S e

t hi oefi herification catalyst er 1t erl
portion of anygdersraiyhisefulcasodistillation atractsiedeect i vel y hydrogenated or (iii) a

conbi nati on thereof 2. C .conprisin he steps,,of. 16 a
contacting hydr QgenTgﬁandiél%%&lz‘iql_ﬁicﬁ&q%ﬁaé fltﬁ%\'Bhé pfge&_l%’om"am‘?ﬁé) O)f the
ol efins, diol ePericdic Tableagr mixturet hateBE NEhé 08b Bt (Y digfiIdiRh Gystéhd Hduces the
conpounds in a,kbe gépr}%et heriflcation catal yst under conditions of

t hi oet heri fi cat? Plavides e lopgsr ups diarkthgdixed beddiydrogenalion apitsint
cont ai ned w t h ircarf, U kdu | ' f
The i of ef s o frfiriart ThebGrod Ouf AR {IBARESInaLASA Vil frobiid 20t
produce sul fi destadists cantaining@Geaup \4Biretalduchiasimolybdsrumy and aGrobp N seekm

into at | east ' i anal di stillatiop (b i.ng.,
fract on compriroeet PEFekANdR Rt -Eaivsts Shhend hhe. fydnaSltiptid,
and ot her or garéacticnintiute cobaitsdgbdanuth, hickekmekdtBraMEnd(ricke! teH) Bk
internedi ate st{ream as a sidedraw, cont %I ni n'g@t hi ophene, and di ol etins

mer captans or M %?r(?@etnﬁé?i GERI PP RIOER SupRoMashRRa base Midaalumin silica-
mer capt ans boi 4lufhd dt thd fkd. aneemetald éi‘eor@&%h‘il?t? sulfidEPite? ir@uibeéﬁﬁﬁo??cfu@ a
containing said sulfides and other organic sulfur conpounds as a TIrs
bottoms; (e) cBhexResuatosyiiar aameaundsontritingsiteamslr Thecatalystimay atss aatalyze
the hydrogenation of the olefins and polyolefine contalned within the light cracked
naphtha and to a lesser degree the isometization of some of the mono-olefins. The

hydragenation, especially of the mono-olefins In the lighter fraction may not be

desirable.
The properties of a typical hydrodesulfurization catalyst are shown in Table
il below.
TABLE Il
Manufacture Criterion Catalyst Co.
Designation C-448
Form Tri-lobe Extrudate
Nominal size 1.2 mm diameter
Metal, Wi.%
Cobalt 2-5%
Molybdenum 5-20%
Support Alumina

The catalyst typically is in the form of extrudates having a diameter of 1/8,



_hydr odesul furi zat'ion catal yst under conditions of hydrodesul furization to:
rconcurrently; (i) react a portion of said sulfides and other organic sulfur
Compounds contained in said first bottons with hydrogen to produce HAS and
(ii) splittingveap/mictdir st bottons into a second over heads an#cwus®mozud
bottons by fractional distillation; (f) conbining said S6COnd ov ' eads snd
second bottons and separating said HzS as a vapor from said conbi ned
erheads and bottons as a fast liquid produ®&; and (g) conbining a portion
of said internediate streamwi th first liquid product and contacting said
conbi ned t hi r dl/ABor 42 iaehesandand/Di of vi&itopt @ dTics cwtalysh@iskn uwbé/\htthe form of

Wher o subst ant SIS AT N SoMBAmERAS, oD B bR it o8
conpounds are stmgzhtqﬂswl fixed bedr @@etoré Qvifich mcm@r Slﬂfmnﬁldtfd' %cta'ht dlshﬁbutlon

process accord| ng,to cHol m 2 conpri si ng: (h) Contactlng said

| nt er nedi at e WpNeTo fetheliiregular tqmrdaeh@mtp@&onmctams;@dmr
condi tions of hBhQ% Pﬁ’—rﬁafréd:?ﬁ't o o?%ﬁ faﬁﬁ'&&ﬂ?lla ibe shefired 'ﬁ%]tcb@ﬂdlc

of t he nmercaptans cont ai ned Wlt n said e Streamwth t
di ol ef ns cont adisidflation tsrustrel muutdramdleatoefmmleamst catblystradd sad friade Sramsfér

bot L ons. by 1 1 ADEH BRI 1 GRYRLTS e SURRbBispPAtAY agd sanes Ml Jap RUHA 10 o

step (a); and éd)aMﬁﬂathagjlﬁlﬂaﬁbﬁ birictukat IrPHﬁ)ré‘ﬂethse?’hlS’oélhfeﬁi il Guthigst is

product and contacting said copbined third bottons and first hqutd roduct
and hydr ogen iaVaiBed fud weuan Mremesh stoicturs: as giseloseriarU.So Pat.tNa k2
hydrodesul furigsik e

organi c sul fur coI;‘rp‘%gjudr“\l%g)r iﬁ?@%@éﬁggk\fm&%ﬁcﬁ @ngb'%%rébw E)r#e(rjn %a%gﬂs %mgﬂ-'ed
sul fide. 4. THeaplwelyofwiremeshigbes closad mt Bitkemandi aridrigid a(dn()ss:a)ahe&ttof wge

onder condi t1 dies EOFESEEAEE aBHNBARRa. tho she@t{Hibs areithef Foted i B
E\o(r]I ﬁ Iod 2 nO; nfj heodioading mto Iﬂh@dlﬂtﬂlﬂlltim thlun}rﬁe?gidg QTI?tE ?g;br%afrﬁ?gﬂ(g ﬁ@éﬁlrWeH th e

ozer hgads and Rq(% %5339%%%@?{ IsaBereBK dncenperated fy &feremc)a r&tbﬂhpﬂ@ﬁi@l d
third over headfstitien Sthudivbs uSal for ihiciTpode B i84Gddth L sPRbints 4ddlsal d

flrgt Iiquid pro uct and contact| sal oms ar’ |rst’
liqui d productd8hd28§d, 6§bﬁ9waﬂd B4 Dubiohi Eraralmcmporatedlbysefemrmer

hydr odesul furi zati | orti n of an sul f S
and ot her organic ;ﬁﬁﬂﬁﬁgg%@g%ﬁ?rgﬁl urrtggbctvg DWﬁaﬁéﬂdﬁgﬁ "t"s Eﬁ%f{xe‘?
hydrogen sul f ibdel refictolaes iprthe engyeasfBRONT 0GP R 4t (rbsiureofbetivein 400- 100! gappt
fromstep (Q) st Jractjonated to rempve the HzS as a vapor to forma second

liquid producteHdenaedirpes eavessiaas fiawlg Raury| spacey &re genprRily Saically

Ir ;ﬂggdnggﬁ?‘ﬁgt"&mﬂ"m AR 0V THe RapHina il o SURIHIPRSS ksl HOI FRALbH Mayidlih | N9
the Ilquud phase or gaseous phase depending on the temperatura and pressure, with

total pressure and hydrogen gas rate adjusted to attain hydrogen partial pressures

in the 100-700 psia range. The operation of the straight pass fixed bed

hydrodesulfurization is otherwise w ™ known in the art,

The conditions suitable for = desulfurization of naphtha in a distillation
column reactor are very diffarent from those in a standard trickle bed reactor,
especially with regard to total pressure and hydrogen partial pressure. Typical
conditions In a reactlon distillation zone of a naphtha hydrodesulfurization distillation
column reactor are:

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

H, partial pressure 156-75 psi



% 18 contains less total sulfur content than said full boiling range
'naphtha feed. 7. The process according to claim2 wherein said

thl oetherification catal yst conprises palladi um supported on an al unm na
base. 8, The pwé@oR#d6¢cordi ng to claim2 wherein said hydr ogeTusbysosaat i on
catal yst conprises the oxides of a Goup VIB or G oup V111 supported on an
al um na base. 9, The process according to claima8 wherein said catal yst
conprises the oxides of cobalt and nol ybdenln supported on an al um na base.
10. The process according to claim@8 wherein said catal yst conprises the
oxi des of nicks! and nDIEHSMHﬂMQQh%@Drted olbaut BBuni na base. 11. The

process according to cl g wherein said c t ri ses the oxides of
ni ckel end tungsten Supgﬁﬁag% on an alum naqb?sﬂé.a . The process accordi ng

to claim8 wherein said oxides are converted to sulfides prior to feeding

said full boiling rghg@paeinig theektillafon _Iﬂhﬁﬁ%ﬁéto??é’%?]t'&% 'Ez?tht AfiqRb e
full boil tha teed

of: (a) contacting hydrogen and a I 11 ng range nap

cont ai ni ng ol eYZRAP@seWEhin;tha distifgtionteaestion admeo Arvonsidarablepdrion oithanapor

sul fur conpoun It f | L ficati.on wth a
thioetherifi ca?'?‘c};r‘?? g@ﬁ%ﬁ@g? at %%%cﬂér@éﬁﬁ 9%'#%'%?&5@“ ﬁllepg‘?tﬁl%lrlmcﬁaqfﬂ%
di ol efi n5 cont Attuetiseparation swydniyubé alssicbhdgryrcangideratioht ha streamwith a
hydrogen to fully og,pariially saturate sajd dioleflns and (ii) separate
sai d full boiling Mﬁ@&“%‘%ﬁﬁ‘[‘é&‘%ﬁ%&rﬂ the BveRtiandbis pronased tiatdhs meBamym
fractional di sthiat paddubes the)effeeiiteag 6F thefbsdrtdfbddds M Shihdshid of a
napht ha containin r?duced mer capt ans, sul fides and other organic sul fur
conmpounds as apffrﬂggtc’

_ Paof dreyanass inthe(repckiamayster, which escludemsutficioat hysttogarein
oo ol ¢ PREPReRSBS AU RTONS L8RS PRl bl e g
bottoms and hyanddbe stifler caropalirtdsoins the presericenef teptcatiyst otof ayalilt HAStHeir
Rl T s R AR T I
and H,S concentrate in the vapor allowing for high convarsion of the sulfur

compounds with low conversion of the olefin species.

The result of the operation of the process in the distillation column reactor is
that lower hydrogen partial pressures (and thus lower total pressures) may be used.
As in any distillation there is a temperature gradient within the distillation column
reactor. The temperature at the lower end of the column cantains higher boiling
material and thus is at a higher temperature than the upper end of the column. The
lower boiling fraction, which contains mare easily removabls sulfur compounds, Is
subjected to lower temperatures at the top of the column which provides for greater
selectivity, that Is, less hydrocracking or saturation of desirable olefinic compounds.
The higher bailing partian is subjected ta higher temperatures in the lower end of the
distillation column reactor to crack  en the sulfur containing ring compounds and
hydrogenate the sulfur.

It is balieved that in the present distillation column reaction is a benefit first,
bacause the reaction is occurring concurrently with distillation, the initial reaction
products and other stream components are removed from the reaction zone as
quickly as possible reducing the likelihood of side reactions. Second, because alithe
components are boiling the temperatures of reaction is controlled by the bailing point
of the mixture at the system pressure. The heat of raaction simply creates mare hoil
up, but no increase in temperature at a given pressure. As a result, a great deal of



19 first liquid 'product; (g) conbining a portion of at |east one said
“intermediate streamwith said first liquid product and (h) contacting said
conbi ned streans and hydrogen under (i) hydrodesul furization conditions

wi th a hydr odeWOInRAGS8at | on catal yst wherein a portion of anpPCTASRIAIMAg
sul fides and ot her organic sul fur conpounds ace reacted with hydrogen to
form hydrogen sulfcde; (ii) a thioetherification catal yst under
thioetherificatlon conditions wherein a poﬂﬂlon of any remai ning diolefins
are selectively hydrogenated or (iii) a conbination thereof. 14. The

process accor dfeial §Ver thewasa ofyrrsation andegistribption @ pradusts can be achieved by
hydr od | f

by cdesl oo, 7 AP SR R o
conpounds ar e digtitatiod caiuntn re,adﬂmrg?e!n thewashimg rejfdctxgahtmumrerm reflux -providas to

d I t E i :
PL?ggtsf]e?C;?: c@?gc@&ﬁ)é% a| Xﬁ qﬁﬁqﬁb&y%mﬁgiﬁcﬂ@coaﬁg{(ﬁgﬁ Wherein a portion
of any remaining dlfqhﬁlfy,ﬂ%@f%r&ﬂbﬁﬁ%ﬁ%\‘d@éﬁ%@ﬁ@ﬁéfﬁm g aknt bl é%of) .

according to claim13 wherein ste rises a conbination th
A process for iherbPawhieh issproduced woéneadtstm ptiomteactlon zorege f1uid cracked

oy i ng range napntreoT I AEHBRGERE Bimeftel B MeHtR el ki

t hi ophene and shdvar. dﬁ'@:&th@nfﬁﬂhémrandmmmtwet Iwcﬁoééﬁétbnohaiilyét(sa,t pr@lferablyurm

t t I thegi fi tJ, on, ta
hsard f1rat MioiaehiaioR, indfio ey Bhe: Ayl O bR Aniet g ls fagasd inig Two
mer capt ans conbedaetlakd 4bigF tﬁ@fd&t:ﬁe&tlom&lbn@faafmtmmmbamwmw &8 ad

portion of the di oI efins container! within said full boiling range naphtha

stream to procdigWlaligncobumn mastar 1Tihesrankitha feed is inta the ﬂ!stlllﬂ;thﬂl aelim Fastor
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col um r eact orSubjected to hydrodesulfurization bv the catalyst in beds 61 and 62 within the

distillation column reactor 60, Hydr sn is fed for the reaction via flow line 117. An
overheads is taken via flow line 109 and a bottoms via flow line 110. Both overheads
and battom from distillation column reactor 60 are fed to a vapor disengaging vessel
70 where the H,S produced in the reactor 80 is taken out as a gas via flow ling 112
along with unreacted H,. The preferred operating conditions and results for the
distillation column reactor 80 are as follows:

Pressure 100-300 psig

H, rate 30-1000 scfh

H, partial pres. 1-60 psi
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low enough to be directly treated in the polishing reactor 40.

Tha effluent from the reactor 40 is passed ta a second vapor disengaging
vessel 50 wherein the H,S and hydrogen are separated from the product. If
necessary, the product may be fractlonated to completely remove the H,S. The liquid
is removed from the vessel 50 via flow line 115 and then combined with the
overheads in flow line 103 for a low sulfur full boiling range naphtha.

Hydrogen is generally recycled back to fhe reactors. Vents may be sufficient
to maintain the H,;S levels low enough for the reaction. However, if desired, the
recycle gas may be scrubbed usini  >nventional methods to remove the H,S.

xample

In order to isolate this thiophene-range product from the gasoline, the
overhead product is treated and to meet the final sulphur specification, The mid-
product (thiophene cut) is treated for mercaptan removal, then goes directly to the
polishing reactor. The bottoms product from the distillation column reactor goes into
the hydrodesulfurization unit where it is subjected to more severe sulfur removal
conditions. In this way, each range of the gasoline is given a more approptiate leve!
of desulfurization severity.
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(ii) separate said full boiling range naphtha stream into at least three

fractions by fractional distillation;

(b) removing a fraction comprising light naphtha containing reduced
mercaptans, sulfides and other organic sulfur compounds as a first overheads:

(¢) removing at least one intermediate stream fraction:

(d) removing a heavy naphtha fraction containing said sulfides and other
organic sulfur compounds as a first bottorms;

(e) contacting said first bottoms and hydrogen under conditions to react
mercaptans to form H,S in the prasence of a hydrodesulfurization catalyst;

(f) separating said H,S from said first bottoms product as a vapor to form a
liquid product;

(9) combining a portion of * ‘east one said intermediate stream with said
liquid product and

(h) contacting said combined streams and hydrogen under (i)
hydrodesulfurization conditions with a hydrodesulfurization catalyst wherein a portion
of any remaining sulfides and other organic sulfur compounds are reacted with
hydrogen to form hydrogen suifide; (i) a thioetherification catalyst under
thiostherification conditions wherein a portion of any remaining diolefins are
selectively hydrogenated or (iii) a combination thereof.

2. A process comprising the steps of:
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(a) cantacting hydrogen and a full boiling range naphtha feed containing
olefins, diolefins, mercaptans, thiophene and other organic sulfur compounds in a
bed of thioetherification catalyst under conditions of thioetherification to:

concurrently

(i) react a portion of the mercaptans contained within said full boiling
range naphtha stream with a portion of the diolefins contained within said full bailing
range naphtha stream to produce sulfides and

(ii) separate said full boiling range naphtha siream into at least three
fractions by fractional distillation;

(b) removing a fraction comprising light naphtha contalning reduced
mercaptans, sulfides and other organic sulfur compounds as a first overheads;

() removing an intermediate stream as a sidedrew containing thiophene, and
diolefins, mercaptans or mixtures thereof boiling in the range of thiophene and
mercaptans boiling in the range of thiophene;

(d) remaving a heavy naphtha cantaining said sulfides and other organic
sulfur compounds as a first bottoms;

(e) contacting said first bottoms and hydrogen with a bed of
hydrodesulfurization catalyst under conditions of hydrodesutfurization to:

conhcurrently;

(i) react a portion of said sulfides and other organic sulfur compounds
contained in said first bottoms with hydrogen to produce H,S and

(ii) splitting said first bottoms into a second overheads and a second
bottoms by fractional distiflation;

(f)combining said secondov ' eads and second bottoms and separating said
H,S as a vapor from said combined  srheads and bottoms as a first liquid product;
and

(g) combining a portion of said intermediate stream with first liquid product
and contacting sald comblned third bottoms and second liquid product and hydragen
with a hydrodesulfurization catalyst under conditions of hydrodesulfurization where
substantially all of any remaining sulfides and other organic sulfur compounds are
reacted with hydrogen to form hydrogen sulfide.

3. The process accarding to claim 2 comprising:
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(h) contacting said intarmediata stream and hydrogen with a thiostherification
catalyst under conditions of thicetherification to:
concurrently;

(i) react a partion of the mercaptans contained within sald intermediate
stream with the diolefins contained with said intermediate stream to form disulfides
and X

(ii) separate said intermediate stream into & third overheads and third
bottoms by fractional distillation;

(i) returning said third overheads to step (a); and

(i) combining said third bottoms with said firet liquid product and contacting
said combined third bottoms and first liquid product and hydrogen with a
hydrodesulfurization catalyst under conditions of hydrodesulfurization where portion
of any remaining sulfides and other organic sulfur compounds are reacted with
hydrogen to form hydrogen sulfide.

4, The process according to claim 2 comprising:

(h) contacting said intermediate stream and hydrogen with a
hydradesulfurization catalyst under conditions of hydradesulfurization to:

concurrently:

(i) react a portlon of the dienes contained within sald Intermediate
stream with the hydragen and _

(i) separate said intermediate stream into a third overheads and third
hottoms by fractional distillation;

(i) returning said third overheads to step (a); and

(/) combining sald third batt s with said first liquid product and contacting
said combined third bottoms ar first liquid product and hydrogen with a
hydrodesulfurization catalyst under hydrodesulfurization conditions where & portion
of any remaining sulfides and other arganic suifur compounds are reacted with
hydrogen to form hydrogen sulflds,

5. The process according to claim 2 wherein an effluent from step (g) is
fractionated to remove the H,S as a vapor to form a second llquid product.

6. The process according to claim 5 wherein said second liquid product is
combined with said first overheads to form a full bolling range naphtha which
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contains less total sulfur content than said full boiling range naphtha feed.

7. The process according to claim 2 wherein said thioetherification catalyst
comprises palladium supported on an alumina base.

8. The process éccording to claim 2 wherein said hydrodesulfurization
catalyst comprises the oxides of a Group VIB or Group Vi supported on an alumina
base,

9. The process according to claim 8 wherein said catalyst comprises the
oxides of cabalt and molybdenum supported on an alumina base.

10. The process according to claim 8 wherein said catalyst comprigses the
oxides of hicke! and molybdenum supported on an alumina base.

11, The process according to claim 8 wherain said catalyst comprises the
oxides of nickel end tungsten supported on an alumina base.

12, The process according to claim 8 wherein said oxides are converted to
sulfides prior to feeding said full boiling range naphtha feed.

13. A process compiising the steps of:

(a) contacting hydrogen and a full boiling range naphtha feed containing
olefins, diolefins, mercaptans, thiophene and other organic sulfur compounds under
conditions of thioetherification with a thicetherification catalyst to:

coheurrently:

(i) react a portion of the diolefins contained within said full boiling range
naphtha stream with a hydrogen to fully or partially saturate said diolefins
and
(ii) separate said full boiling ranga naphtha stream into at [east three
fractions by fractional distillation;

(b) removing a first fractio  omprising light naphtha containing reduced
mercaptans, sulfides and other organic sulfur compounds as a first overneads;

(c) removing at least one intermedlate stream;

(d) removing a heavy naphtha containing said sulfides and other organic
sulfur compounds as a first bottoms;

(e) contacting said first bottoms and hydrogen under conditions to react
mercaptans to form H,S in the presence of a hydrodesulfurization catalyst;

(f) separating said H,S from said first bottoms product as a vapor to form a

iC
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first liquid product:

(g) combining a portion of at least one said intermediate stream with said first
liquid product and

(h) contacting said comhined streams and hydrogen under (i)
hydrodesulfurization conditions with a hydrodesulfurization catalyst wherein a portion
of any remaining sulfides and other organic sulfur compounds are reacted with
hydrogen to form hydrogen sulfide; (ii) a thioetherification catalyst under
thioatherification conditions wherein a portion of any remaining diolefins are
selectively hydrogenated or (i) a combination thereof.

14. The process accarding to claim 13 wherein atep (h) comprises:

hydrodesulfurization conditions with a hydrodesulfurization catalyst wherein
a partion of any remalning sulfldes and othet organic sulfur compounds are reacted
with hydrogen to form hydrogen sulfide,

15. The process according to clalm 13 wherein step (h) comprises:

thioetherification conditions with a thioetherification wherein a portion of any
remaining diolefins are selectively hydrogenated.

16. The process according 1o claim 13 wherein step (h) comprises a
combination thereof,

17. A process for removal of sulfur from a full bolling range fluld cracked
haphtha stream comprising the steps of:

(a) feeding hydrogen and a full boiling range naphtha feed containing olefins,
diolefins, mercaptans, thiophene and other organic sulfur compounds to a first
distillation column reactor containing a bed of thioetherification catslyst;

(b) concurrently in said first " tillation column reactor

(i) reacting a portio f the mercaptans contained within said full
boiling range naphtha stream with a portion of the diolefins contalned within said full
boiling range naphtha stream to producs sulfides and

(i) separating sald full bolling range naphtha stream into three fractions
by fractional distillation;

(¢) remoaving a first overheads from said first distillation column reactor

comprising light naphtha containing reduced amounts of mercaptans, sulfides or
other organic sulfur compounds;
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containing said sulfides and other organic suifur compaunds as a flrst bottoms;
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(f) feeding said first bottoms and hydrogen to a second distillation column
reactor containing a bed of hydrodesulfurization catalyst;

(g) concurrently in said second distillation column reactor;

(i) reacting a portion of said sulfides and other organic sulfur
compounds with hydrogen to produce H,S and

(ii) splitting said bottomns into a second overheads and a second
bottoms by fractional distillation column reactor,

(h) combining said second overheads and bottoms and separating said H,S
as a vapor from said combined overheads and bottoms as a first fiquid product;

(i) feeding said intermediate stream and hydrogen to a third distillation column
reactor containing a thioetherification catalyst,

(i) concurrently in said third distillation column reactor:

(i) reacting a portion of the mercaptans contained within said
intermediate stream with the dlolefins contalned with said intermediate stream to
form disulfides and

(if) separating said intermediate stream into a third overheads and third
bottoms by fractional distillation;

(k) returning said third overheads to said first distillation column reactor,

(1) combining said third b¢* ms with first liquid product and feeding said
combined third bottorns and firstlic | product and hydrogen to a straight pass fixed
bed reactor containing a hydrodesulfurization catalyst where a portian of any
remaining sulfides and other organic sulfur compounds are reacted with hydrogen
to form hydrogen suifide;

(m) fesding the effluent from sald straight pass fixed bed reactor to a vessel
wherein the H,S is removed as a vapor to form a second liquid product; and

(n) combining said second liquid product with sald first overheads ta form a
fuli boiling range naphtha which contains less total sulfur content than said full boiling
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mercaptans, sulfides and other organic sulfur compounds as a first overheads;

(c) removing at least one intermediate stream;

(d) remaving a heavy naphtha containing said sulfides and other organic
sulfur compounds as a first battoms;

(e) contacting said first bottoms and hydrogen under conditions to react
mercaptans ta form H,S in the presence of a hydrodesulfurization catalyst;

(f) separating said H,S from said first bottoms product as a vapor to form a
liquid product;

(9) combining a portion of at least one said intermedlate stream with said
liquid product and

(h) contacting said or—Sined streams and hydrogen under
hydrodesuliurization conditionswith  ydrodesulfurization catalyst wherein a portion
of any remaining sulfides and other organic sulfur compounds are reacted with
hydrogen to form hydragen sulfide.



