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| MPROVED PROCESS FOR SELECTI VE HYDROGENATI ON OF HI GHLY UNSATURATED
COVPOUNDS AND | SOVERI ZATI ON CF C]_EFI NS I'N

HYDROCARBON STREANS BACKGROUND OF THE I NVENTION 5
Field of the Invention The present invention relates to the

sel ective M9788MBat i on of diolef ins and acetyl eni ¢ conPEHAISL6/LH48H

i somerization of olefins to nore desirable isoners in an olefin rich
stream contai ning sul fur inpurities. More 10 particularly the i nventi on

relates to a process L1 7]

to serve as both the Mﬁé@é}%ﬁ?ﬁsﬁm?@ il PQPI onﬁg%%dch 3’?2

si mul t aneous react i on CNIATERATER CWQ&M@MR@Z&WN OF Q@MSOKN
products. 15 The present process gypRbogrsol erreaMval of nercapt ans,

hydrogen sul fide (Herr]S) and poIW@m “distillate
streans. Mre particularly the 0 a process
wherein the pefrol eBkeld 9f Yhet dnventiewnt ai ns di ol efins which are

sel éctively reacted wifhet hpraeentrreiﬁeahmanand/elraﬁwr q&en thefigdelrective

(Herr]S) to forms i des ni d and acetyl enes
are s hydr ogenat §&‘I"-’?%e“ar¥‘-&?8 o? fi §19EER%/DPQ’9 A’% FI cmf"ﬁ%u'}as and
i nvention rel ates t isonerigatdonved kefiins r’é%tc@?b?l ggsimle lsmlt,?apimnsn
and/ or hydrogen sul 1éein HB:QE:h] Satz\uaw éb@tﬁﬂ:@flaﬁlﬁﬁr impure8iesed fdte

Si nul taneousl o w t Ry o i300 G snvenedlh e akba"ebOa” GHRKEL G 1117 1ng

sul fides, and T hus P om t
particularly the |hydregenation cataliysks t561 & ﬁfté'éé?:%rm gervepas bpthhthe

hydrogen sulfide cath$ys€nD¥ad PakOr af 0 difdtineadiicy ofcibeterel eebps ehd

30 t . ted I nf
st reagrgggt Zin?] a va %‘P‘gt?a'iﬁous 3 orgagﬂl 3n9h(,§ﬁip3§f“€t‘:8‘ﬁp8ﬁeg¥’§ rei‘ﬁh%?‘éﬁl gnd

the streans are reaktiorepriofuchei r boi |l i ng ranges which determine the 35
conposi tions. 3sThe propes irkcdt pPecsbEcaNBl1EdSd ©id Ofdnfoval oft MRrcaptans,

conposi tion. For %é Cgi(e%”c%m?iagucér? sy " YRa ebyfs?éle ins C 3 thgi‘?ﬁ?l%'F"'

cracki ng or t her nal fOCeésse ntain % conceén
olefinic materials %smqat@s streams. More particularly the invention

relates to a process wherein the petroleum distillate
contains diolefins which are selectively reacted with the
20 mercaptans and/or hydrogen sulfide (HpS) to form sulfides
and the remaining diolefins and acetylenes are
hydrogenated to mono—~olefins. More particularly the
invention relates to a process wherein the reaction of the
mercaptans and/or hydrogen sulfide (H,S) with the diolefins
25 is carried out simultaneously with a fractional
distillation to remove the sulfides, and thus the sulfur,
from the distillate. Most particularly the invention
relates to a process wherein most of the hydrogen sulfide
is removed prior to the reaction of the diolefins and

30 mercaptans.
Related Information
Petroleum distillate streams contain a variety of
organic chemical components. Generally the streams are
defined by their boiling ranges which determine the.
35 compositions. The processing of the streams also affects
the composition. For instance, products from either
catalytic cracking or thermal cracking processes contain
high concentrations of olefinic materials as well as
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2 saturated (al kanes) materials and pol yunsat ur at ed materi al s
(diolefins). Additionally, thesé components may be any of the various
I sonmers of the conpounds. The petroleumdistillates often contain
unwanted 5 contam nants such as sulfur and nitrogen conpounds. These
cont am nants of tWQ92P34& at al yst poi sons or produce undesPCHPS26/10885
products upon further processing. In articular the sulfur
conpounds can be troubl esonme. The sul fur ceénmpounds are known
cat al yst poi sons for n ht h 0 orn1 talysts an enati on
catalysts.  The %F?%F%E Mﬁﬁﬁ%ﬁgeﬁ e Fggk%trﬁﬁ a¥8i3 ted
upon the b0|||nguﬁaﬁgésoﬂdunbetnnﬁh4|aﬁdﬂiqunaluwghthﬁaghgqupqqgnts may
420 F boiling range) Hehanpr edomwaﬁrfcds‘ U.BoﬁéﬁﬁOUﬂCHl@rdbmpoundsUEF capt ans.
Streams having Clerr] A euit! 88 coprgbil "bahtdfh dlifantea
rennv errT% b0

nost common net hod for I, am ne extract
the nost common Fret hGPntampinants such,\as sHlis At aﬁé"rpgeeaﬁeweumm rﬂlese
of the organic cintaaiinants ofténotaee neahadyst r pobeens of o heproduce

sul fur compounds is Lzaf ] ich..the

petrol eum di sti F%zﬁ%%jlri%g %f&é&?{% 2%*’85 par ??’%:lﬁfat gr‘@l[eﬁs}&g. In
conprising a hydr ogepaxitdguieratheysydfurd compaunds usrRabe troyhiesome. The
Addi tional |y copious éihU.QﬁE" tdcifpoinglY H20 ERnée cata1y§nel pdsgonél e fﬁai;iztha

‘urmatfol | owi ng e]gdjatl | N by tr %t? At tgg‘d %ﬁi ﬁe% & LYRESR DS ( 2)Ehe
RO + Herr] o > sRMfung:mpounds present(3n a meﬁmﬁ[fer fAppendent ypon: the
NH[ er r] bo4) ingOCknde 26F etlid daistillBiet Hiara] i@t naphthedi@alo-

operating conditions 4f23r‘ { %%i'i@ﬁgr ?Qﬁ&é?nﬁhar Sredomlnant sulfur compounds are

Tenperature, [err]F Wercaptans. g@freggs having pGgshydrogarons also may
600- 3000 15 H| elcb}xtadenymzs.r atThe S@b¥bbtommon 156Eh&D0PoB5 removakr 6Fh the

seen the enphasis ha§eﬂggﬂlu&ﬁwwﬁﬁﬁﬁﬁéﬁ§tHﬁg??ﬂ?tlc vaghing %5dtHFhéFgan1°

contam nati ng conpoustizeamshe sul fur is
Another method of removal of the sulfur compounds is by
20 hydrodesulfurization (HDS) in which the petroleunm
distillate is passed over a solid particulate catalyst
compriszing a hydi:'ogenation metal supported on an alumina
base. Additionally copious quantities of hydrogen are
included in the feed. The following equations illustrate
25 the reactions in a typical HDS unit:

(1) RSH + Hy =--» RH + H,S

(2) RCl + Hp =--=-» RH + HCl

(3) 2RN + 4H, ~---» RH + NHj

(4) ROOK + 2Hy; -=~=» RH + Hy0

30 Typical operating conditions for the HDS reactions are:
Temperature, °*F . 600~780
Pressure, psig . 600~-3000
H, recycle rate, SCF/bbl 1500-3000

35 Fresh H, makeup, SCF/bbl 700-~-1000

As may be seen the emphasis has been upon hydrogenating the
sulfur and other contaminating compounds. The sulfur is
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3 then renoved in the formof gaseous H2S, which in itself is
a pollutant and requires further treatnent. In addiftion to sul fur
and nitrogen conpounds m xed refinery streans contain a broad

spectrum of olefinic 5 conpounds. This is especially true of products
from either WO LHSMByti c cracking or thermal cracking procdSF8Iss6/1085cse
unsat urat ed conpounds conprise ethyl ene, acetyl ene, propyl ene,
propadi ene, nethyl acetyl ene, butenes, buadi ene, anyl enes, hexenes

etc. Many of these gonpounds 10 e val uabl e especially ,as ., feed .
stocks for cheni c&’gg rem°v§l]"b&ﬁc?é.e orm 9:% I%ﬂs&ﬁg,g H Sp‘éb’rcz} s 1?:§e1f is
recover ed. Adali peldutiant apdopedeixesrfintherbbreatmente val uabl e.
However, the ol efins hap ngafBEoh had 0881 fRDaRab Rk Yen compédifis mixed
acetyl eni ¢ conpounds #{}?w ng g t%lﬂ$| e %%gagé‘ehavebl esqser 15 uses ang are,
detrinmental to many*™® c Femf of 5@ broad  spactRUR, L% gipLinic
doubl e .bond coBpouncempoundssedThiisr is espeajeddy trpel gfieprodudten frofiveithéer

range of hydrocarboggtalytic USFKEERIGRNSOFCERFRL EPECK P ProddadisdN! Yrnese
unsat ur at ed conmpounds,i g of value as a fee retreatyrent, since these
20 . compounds have“%%ﬁﬂﬁﬁ??‘é bEERPPERLS « SPPLARS i rﬁaﬁ‘é{fgﬁ'ﬁ' acefylene,
processi ng, storagepuapylemei thropadisne, methyl|nacktydesduct kuteres,
tertiary anyl methypu€iditing, TaMplenes, hékense dtc.a M85R id¥e thede! b¥fipounds

generally a |light crack napht ha_J s uged.as the soyrce of the
olefins for t g 25 51‘?%,[ ﬁg%“FP&Sfi of~ %caﬁlllqyn. asThges_%et J‘f%cﬁ%_ss La{’rﬁa” df’%?’é‘}?%
are detri nent dPrPRudeset her i Brb¥idiene proeepecdahby| 4$ i nrecoveatdtbr
processes sucﬂ as adgdtiionanlgnd phepyrbree l‘a@foDVeﬂe butéiid Y ard t H8184%EAM
processing. The L y nt al S ont amsn N the

form of nercapt angﬁ%ﬁ%g' gg‘%@@ﬁlteri}; Foﬁg‘%y&u%{’f% ﬁﬁ?\_ rgég &/B%grr#e #‘F&%eand
mercaptans ar etheilfastyderieoponprunds] (bg¥aag | dnteinlke pond)shaveolesser
hydr ﬁgepatg dasnes wsuk anfl \dre GetiitefbaRi Bo hedtf i6¥ alhe chemitalEpiéabdsul
in the feed to an efherificatign L.t _or n e} ni.t, 35

Al t hough the nost esié’ié%'llﬂg Iﬁhgroség'hgfi gr?hg% arbf?g?s %&ng'\éhﬂhs :Lrll:% t#ste b’§P’-'
sul fur conpounds eVEfuRe, PYLEAALZaZABNNt s, OVer theq range) opf ppifiregarkons
are other similar omddrystensbdération, the removal of highly unsaturated

compounds is of value as a feed pretreatment, since these
20 compounds have frequently been found to be detrimental in
most processing, storage and use of the streams.

In the production of tertiary amyl methyl ether (TAME)
for use as a gasoline additive generally a light cracked
naphtha (LCN) is used as the source of the olefins for the

25 etherification reaction. The acetylenes and diolefins are
detrimental in the etherification process as well as in
other processes such as alkylation and should be removed
early in the stream processing. The LCN usually contains
sulfur as a contaminant in the form of mercaptans in

30 concentrations of up to hundreds wppm. These mercaptans
are inhibitors for the hydrogenation catalyst used to
hydrogenate dienes and acetylenes and obtain beneficial
isomerization in the feed to an etherification unit or to
an alkylation unit.

35 Although the most desirable hydrogenation catalysts are
inhibited by sulfur compounds even in very small amounts,
e.g. 10-100 ppm, there are other similar catalysts that
will cause the sulfur compounds and the diolefins to form
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4 ‘adducts, which can be separated fromthe |ighter conponent s.
‘I't is an advantage of the present invention that the sul fur conpounds
ican be separated fromthe lighter 5 hydr ocar bon conponents which can
‘then be hydr ot r 3¢@ 2P3%8t h the sul fur sensitive catal yst RCF/US96/10885
hydr ogenat e hi ghly unsat urat ed hydrocarbons and obtai n benefici al

I sonmeri zati on of. the nono-ol efi ns It is a particular advant age

that this may be achi edrna | e_reactive 2 | siil t|o col u
usi ng beds of functl%‘ﬁ %%ffl?f 138 Ce8t aPYst se%alracl:ecf nﬁ:}? ﬂjghyer

feature of the presmmponentsknvention that a dual bed system may be used.

SUMVARY OF THE | NVENTI Q¥ is an abv@nBagecof Iﬁh\éerﬁzré@bnw ehffintidn"®Hat the
process for the 15 repoval of apt ans q}eglor ¥dro en sulflg% '
(Herr]S) from sy} t|§°ﬂ98?’6‘£%rb‘iﬁf‘st fedi nfhgns Fhe jolighter

car bon at 085 cdpincsiarponi sompbnents m;dd:homrrbdmemt beahydrotreated with
conprising Jerr] togd erélltl?ﬂf’”&éﬁ?%fvé Ntatkiiyeeal kanes dFBBQnate highly
ol efins, diolefins, acetyl ene; a‘101 a ng)trmts of sul fub tcho%r}};ounﬁ
to renove a fractloﬂ“‘&ﬁﬁé:rqg? g%t Brdrpcarions, apdt © tﬁ Bor eficdpd
sul fur conpounds andisamerizgtionesifduthe mono-cbefimsent|It is a particular
(1) feeding hydrOgeﬂnﬁﬂﬂwigﬂoQﬂd%”tﬁﬁstm%ywﬁa‘kﬁﬂzeved in éc%fhéiélfégéfibe
col um reactor_cont t&g_ first hed 25b n%?$ y} %}@P

hydr ogenati on t&t al ?sirs lgkdop, solumn by &‘I’?&Fﬁc 2 e8%p wpific
or iron, preferably catalyst.sel et edsf ronpartkeblaxolfaiatpnrer @f othei xpresnt

t her eof anoiﬂ%re?msﬁdthatweaaaqr @eaf sﬁsﬂéﬁtﬂég} Bd @gedlructure and
a second bed position in said col um_above bed, said

second bed conprising a second hydr ogefraty atatyst of the type
characterized by plati (finey present mMpnmmfleaen@al a1 NeW epepabty for the

sel ect eg frompdati Pefoval of tmaai h'étmarfd?%%' l!ﬁ?d‘i-'bg@h“d&{l?&dbhf( Qf) ﬁfaﬂn
"nB5 %% ™t he resi AiPhRELE AriBeRtort, BERiY CoirGin il of) 557 13" darbon
the diolefins to forakamsfi gopramisingr sdisgddidiiag a hydrocarbon streanm
comprising C; to Cjp hydrocarbons including alkanes, mono-
olefins, diolefins, acetylenes and minor amounts of sulfur
20 compounds to remove a fraction comprising at least C3's and

a portion of the sulfur compounds and leaving a residual,

concurrently:

(1) feeding lydrogen and a portion of the residual

to distillation column reactor containing' a first bed

25 comprising a first hydrogenation catalyst of the type
characterized by nickel, cobalt or iron, preferably
selected from-nickel, cobalt, iron or mixtures thereof,

and prepared in the form of a distillation structure and

a second bed position in said column above said first

30 bed, said second bed comprising a second hydrogenation
catalyst of  the type characterized by platinum,
palladium or rhodium, preferably selected from platinum,
palladium, rhodium or mixtures thereof, and prepared as

a distill_ation structure wherein any sulfur compounds in

35 the residual react in said first bed with a portion of
the diolefins to form sulfides in a first reaction
mixture,

{2) fractionally distilling the first reaction



m xt ure, (2) fractionally distilling the first reaction
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5 m xture to renove the sulfides with a heavier fraction

and passing a lighter fraction into the second bed (3)

hydr ogenating the diol efins and acetyl enes in sai d second bed to
forma second wosgwsme m xture 5 (4) fractionally pchresssibdsssg
t he second reaction m xture and 5 (5) renobving a
fraction overhead, which is substantially free of sulfur

conpounds, acetyl enes gigeyre to réﬂ&}eﬂfﬂ% sxi-ipfldes n}i'?:h %%av%.ext hfractlon
hydr ogenation of the ounds

produce nore nono- ol ef ?‘ﬁémpassmggal %f“ hﬁ?’ﬁ °t1°n AI"§'8 gBﬁe?%‘”%}’e%e
bond shifting i somer i (At | yrngenakdnguttiee diole finsenadl acetylenes! in

the first (lower) bed Lheq Calcungt bedneaefbﬁh é@éé&d@eachﬂbﬁ'ﬂﬁhxﬂ;{e esent

as the oxide or, as reduced prtal Gony ed t he su f orm
during.the reaction. ergf’??é:{'?féa)c]a‘f t&ﬁrﬁ?%r e j fierprd s eRFion
(upper) bed i s i mixtkrte amdesent as the rret al oxide and may be

converted to the hydri de fof dLy:énﬁgvyﬁg by th@agiq;ﬂge@ve&@lead

t he .present invention h gqq_l g provi d dﬂl aé{l n(;lCt uat i'ng ftul gro eh
partial pressure of atSPRS i‘d‘ﬂc} y free @I, s rthq"lé’é’é' ﬁanaFGtﬁ&F&es and
preferably | ess than 5@iolefinssi a, nore preferably less than 35 psia to the

distillation col u r or co I Ny ti I a8z
Geser bay " 30 O VIR 88Ehy 5-00h8 InMrEIRE! g e ek TGy

FIGURE i s a flow di BFakirate heﬁﬁf"P&’“‘F‘SF‘m bo i pr° uce , Narg r ipno-olefins
enbodi nent of the iandAbronalkanes. Al scDESCRYET| @ayO:b*él—IEblaﬂaFEmEBting

EMBODI MENTS 30 _i!bﬂerﬁa&i%t subR VS b P¥endV20todgfiteRe-Pf OCess  for the
el oL ot ShATS, FRORE LA A Theh FELE RhiTyae, ahaEhbL LSy be
concurrent sepdratidnibiallc piegiept as thsoidxidy onl fasdaediced) metal but is
distillate; sel ecti¥ghyedtea Ny@r ogreat si¥rid&NMBEsHN T autidie! the ddction.
?.ﬁftsy' enes and o hSOIRY AL caklFyt 1B RaBEEIATSin (he FhEON (WbBer) beda
is initially present as the metal oxide and may be
converted to the hydride form during use by the hydrogen.
20 . In the present invention hydrogen is provided at an
effectuating hydrogen partial pressure of at least about
0.1 psia to less than 70 psia, preferably less than 50
psia, more preferably less than 35 psia to the distillation
column reactor containing hydrogenation catalysts as
25 described.
RIEF DESCRI (s)
The FIGURE is a flow diagram in schematic form of a
ﬁreferred enbodiment of the invention.
E EFERRED EMBODI ]
30 The present invention provides a process for the
reaction of diolefins and acetylenes within a petroleum
distillate with the mercaptans within the distillate to

* ' form sulfides and concurrent separation of the higher
boiling sulfides from the distillate; selectively
. 35 hydrogenating remaining diolefins and acetylenes and
isomerizing the mono-olefins to equilibrium. This

regquires a distillation column reactor which contains at
least two beds of an appropriate catalyst in the form of a



requires a distillation colum reactor which contains at | east two

beds of an appropriate catalyst in the formof a WO 97/ 03148

PCT/ US96/ 10885 6 "catal ytic
distillation structure. _ I'n the usual application of a process
where the catal yst serves as a distillation conponent, the
equilibriumis WOMH#hstant|y disturbed, thus driving the recBEVIS1088ar d
5 conpletion, that is, the reaction has an i ncreased driving force
because the reaction pr oducts have been rem)ved cannot contri bute

to a reverse reactiog 5@?%1s@iliatlog s %Hcfga Al t hough the

hydr ogenati on reacti ons S reverS| bl e at el evated

tenperatures above 10 IBpERR ‘%{ﬂlePPPF:,icﬁFb%‘i‘ e, @ PIRFEFs: vhere Jhe watadyst
enpl oyed in t hgepvesens i avalfistdllatienhysbmponeati, onthe eghilibrium is

reversi bl e andoSR0Ne A SSKOEEIA! Yk VLR Tkt Gellboldd | Lok

system The poor
hydr ogenat i ons \Roul dcﬁspl%ﬁ‘:@ybstth"ﬂe i@ae fé‘? aregptipat has am ineugased driving

reaction. |t fbﬁc@ebeea@éb tHed Féadtion HRoACLEC AavieObeen! Hedbiréd and

distillat b
cgachrrgn!t IO; :Mstﬁ d?ggmll“lf’ at i °§‘ttrt1'ﬁ§8$ %’ a% £'S‘;lg}reaf‘ltelggir‘fi Pod&cﬁ(g’a}ﬁager'
other stream conponeﬁrin%\i@#)eno\ﬁé&hgugh th%rﬁmgﬁéGEﬂPDnrﬁwcms daivek bgen

as possi bl e reduci ngaéS€ribed aksi keévdib1d StdeYRAHONEemperPEUS above
control 1 ed by e borPPHETSIFTE” Bhder hhé Bt R kit sygfé%%ﬁé%‘a' in
pressure. The heat oFhechresent sinyantioneathe hpdrogenatimi|is met rieversible
increase in tenperghdl carffot de GhVEAcentivdHRSHEECa cACabyt RS Hilstidration

great deal of contro t he raLe f |on ang distribution of
products can be L%Q%l eved rJt')til %é’sa% rfg%ﬁ% sys{ierﬁ esSGPer “phase
Al so, adj ust i nghYdrogenadiemsu vy |1'£Féhc%“§99?é= =the quse nﬁuﬂi)stémlatlon

space vel ocityperr]typgirngiction.t her control of product

distribution and to a reg 8?&%9%:1 Eh%gteﬁ?' he’ $3EELARS rea%fécréﬁ Algtic

ol i goneri zation. A_further ene I reacti on
catal ytic distillatidstitiatdon is \mshenefisf Ei¥stnabecaese ntke nupackionxis

provides to the 35 ocaimtitsi tduictivyenelyci witpol gietilladidnyp &Re Cokitfal
Internal reflux may £& waldf bt Al Wihed trealO c%gxponents are removed
20 from the reaction zone as quickly as possible reducing the
likelihood of side reactions. Second, because all the
components are boiling the temperature of reaction is
controlled by the boiling point of the mixture at the
system pressure. The heat of reaction simply creates more

25 boil up, but no increase in temperature at a given
pressure. As a result, a great deal of control over the

rate of reaction and distribution of products can be
achieved by regulating the system pressure. Also,
adjusting the throughput (residence time = liguid hourly

30 space velocity‘l) gives further control of product
distribution and to a degree control of the side reactions

such as oligomerization. A further benefit that this
reaction may gain from catalytic distillation is the
washing effect that the internal reflux provides to the

<L catalyst thereby reducing polymer build up and coking.
Internal reflux may be varied over the range of 0.2 to 20

L/D (wt. liquid just below the catalyst bed/wt. distillate)

and gives excellent results, and with the C3-Cg streams



L/D (vt. liquid just below the catalyst bed/wt. distillate) and gives
excellent results, and with the C3-C5 streans WO 97/ 03148

PCT/ US96/ 10885 7 being usually in
the range of 0.5 to 4 L/D Quite surprisingly the | ow hydrogen
partial pressure used in the distillation systemdid not result in the
failure of the hyostesad4®ati on whi ch woul d have been expected SPCT/ISISHERSDHN

t he high hydrogen partial pressure found in the | i qui d phase systens
whi ch are the worl dw de standard. Wthout ¥imting the scope of the
invention it is proposed t hat the mechani smthat produces the
effectiveness of thdeing usyalignin jhe Fangesofn@. %Méﬁﬂtﬂ*on of a portion

of the 10 vapors in mtbeaaimﬂnmgmuml Zow 0 tiyidudgens Wartdiadnt pressure

hydrogen in the conqﬁﬂ t heg 8 S t
cont act’ between the ?eogen and éﬁséﬁ']’%ﬁl&’ sy unsaltiurate c%%b%#ra\dgnl ohe
the presence of the ﬂ%‘ltlaqrfsttBhe hYdIanﬁﬂ%anWh’c%|‘Y°“]+%/M§ehaﬁnoﬂ@80ted
This phenonmenos OfbaB_ed mrﬂﬁlsm;;mrhw&d&bﬂ artias impsshaet Found an the

distillation lsi eV Iy bef t ro
availability, as the 1%% séséaregl g%ﬁeq{h dgfgasee ! 'ﬁ'ﬁj a’{‘c}%"d
hydrogen is int rodué@d‘-hpﬁtto 1tj-nétw‘51u¥%ie s%c‘?mwf e tlﬁéfeﬁ?éi?%gé‘haﬁ dproposed
occurs. 20 The tHary rtines nidthah¢sheeHat Opkbaupsesens éftféc‘lﬁtﬁar@élst Qianﬂle

in a S|ngle "Ilght BQQF& g C eyeryt

Cerr]'s throu re]"s ar%q%\g% Ci%T 'S ?ngﬁéé&atxon é{F X §5| y ﬁtfalti’]i’e
150 to 200 co nentV§P°F9|5xe’d‘ rEl‘F‘F né?‘?"t-wn sYskets Wi ‘3%7&‘599? aﬂbﬁ%ment
spectrum of ol ef i ni hydrogeaoimoutis . condernseds Hindd aid yobtrain ofhedr pekptistite

romeither  CRUBbRELCT A6 OhokhBRRT! L6 3OO ERACSen e ARNY

streans are usually Separated I ona
they often contain é&?&&&ﬁé?re‘?h&?ma?'é“%r}n the' (ﬂr6§§nFﬁ BSi Ithey gadialyst to

such separations ar agmiltprein Sethellr Hyddogyehhtibheam Thisi nphénsionciy of

t T
(g;‘kg;gsge;; 13, uan%ogaekaa%smmf?e s lﬂ:sa&mpfml};r}ga {#Va 08; 86 LI

(di ol efi ns). Ad® t PehieYsd &Re € edfls the &ny°’6r bgtteys hygfrogen
various isoners of tavailabiVitiwal asorgbheuridigh Spu:éssnreeam 8be Iltigmiidalghase,

contain 15 to 30 weighe ¥&0f thdehyHRRBA §83ntroduced into the liguid so that
the hydrogenation occurs.

20 The Cs's in the feed to the present unit are contained
in a single Ylight naphtha” cut which may contain
everything from C3's through Cg's and higher. This mixture
‘can easily contain 150 to 200 components. Mixed refinery
streams often contain a broad spectrum of olefinic

25 compounds. This is especially true of products from either
catalytic cracking or thermal cracking processes. Refinery
streams are usually separated by fractional distillation,
and because they often contain compounds that are very
close in boiling points, such separations are not precise.

30 A Cy stream, for instance, may contain C3's and up to Cg's.
These components may be saturated (alkanes), unsaturated
(mono-olefins), or poly-unsaturated (diolefins).
Additionally, the components may be any or all of the
various isomers of the individual compounds. Such streams

35 typically contain 15 to 30 weight % of the isoamylenes.

Such refinery streams also contain small amounts of
sulfur which must be removed. The sulfur compounds are
generally found in a 1light cracked naphtha stream as



Such refinery streans al so contain small anounts of sul fur whi ch nust

be renoved. The sul fur conpounds are general ly found in alight
.cracked napht ha stream as WO 97/ 03148

PCT/ US96/ 10885 ' 8 mer capt ans

and/ or hydrogen sulfide (Herr]S) which inhibit the hydr ogenat i on
catal yst used t OV@&78348 vel y hydr ogenat e di ol ef i ns. RenpRCI/USHG/16895 f ur
conpounds is generally terned "sweetening” a stream 5 Sever al

of the mi nor conponents (diolefins) in the feed 8 will react slowy

wi th oxygen during storag 0 p g r desi,r
materials.  However™ rcﬁ]:&;éxs an%gc’fo%Sﬁ%ﬂ?% Q%ﬁe @%%5 %Fg 1P§€1°§’Fythe
in catalytic mdmgéna(tabnonsatmlysmr msedy ekbovseléativelye| hydyogenate

10 material and copfiy@riaE.d REmévaR!d¥ |siiliedR 6B %ouna-é‘uﬁs igteneralllyi Eerned
seen to be desirable to remve these conponents whe the "I Tght
napht ha" cut is to bes"{E?&ny RoFLERAY i ne bl ending by itself or as

feed to a TAME §terti arSevenal of themmtihpr ebhpopents afdddleffiins) pincthe. fdéd
Cat al ysts which are f Uled & akh gapt |°9&§ hNWudee st

VIIl netals. The py e rr%d cat af“:f Pé) e ner ga 't aarfayéoléq JJPoduce
reaction (| ower bed) QF‘E“ ni BRE| . e esxra&la pEeriatsy ysiHqHRverme these
sel ective hydrogenatcompangénts alsonemem:tt orve:(mppeapbéiiy in paidtadiytic

The pal | adium 20  caypd | e t he ce S F umn
conpounds and is tr?i%dagégggab&o%/e%to%* n?cl%ﬂ%gé Iiafll ‘#n{eﬁ.ling y
distillation cd®um ® "ﬂ?&?’“?hée gedn ans p yidtion Mitect Fhus, it

t he ni ckel catal yst ﬁndsdém mulﬁejrdesdm'pblledto removes ritheask lmpmponahﬂg whether

adducts with a port| O i Nebheef afka !ngr

be use as individual ou%bﬁﬁ3c %:”?éﬂd}s g‘?’co E%e%ts or |n ﬁ% éééo:[?ﬁ’
each other or by kERRH i BTt RE d kRt Ao FAME \( ?ﬁs’@rlyn amyl
G oup VI B and In&thyl etherﬁemra]lma:tliennpradzssa.re deposited as the

oxides on an 3fs al umda.%aweeewhmﬂ hers URRORIS A 14 %u ¥e§8§i$n£" | PPk
extrudates or spher | cal

umi. n
be prepared’ in e 0V¥ g i?yt iC he pr&?éﬁ??af’?b’ﬁlgf'f‘umr ¢che
The catal ytic dist i Immapman—diobefmtueecmm ifeowet ebed) f Uisct hbokeks.  The

catalyst and as mMaSpreferred catalyst for the selective hydrogenation and
isomerization (upper bed) is palladium. ' The palladium

20 catalyst is inhibited by the presence of sulfur compounds

and is thus placed above the nickel catalyst in the

distillation column reactor such that the feed is first

subjected to the nickel catalyst and the sulfur compounds

removed by forming adducts with a portion of the diolefins

25 in the feed. The catalyst may be use as individual Group

VIII metal components or in admixture with each other or

modifiers as known in the art, particularly those in Group

=

VIB and IB.
Generally the metals are deposited as the oxides on an
30 alumina support. The supports are usually small diameter

extrudates or spheres, typically alunina. The catalyst
must then be prepared in the form of a catalytic
distillation structure. The catalytic distillation
structure must be able to function as catalyst and as mass
35 transfer medium. The catalyst must be suitably supported
and spaced within the column to act as a catalytic
distillation structure. In a preferred embodiment the
catalyst is contained in a woven wire mesh structure as



35 transfer nmedium The catal yst nust be suitably supported and

spaced within the columm to act as a catalytic distillation structure.
In a preferred enbodi nent the catalyst is contained in a woven wire
mesh structure as WD 97/ 03148

PCT/ US96/ 10885 9 di sclosed in

U S. Patent NowOXq7B8618546 which i s hereby I ncor por at ed beTUsdsALEISCE.
Q her catalytic distillation structures useful for this purpose are
di scl osed in U, S patents 4,731,229, 5,0732236 and U.S. Serial No.

08/188,803 5 = fil£d QLLEd ?ﬁhWG 50 HakefltShd "R POE AL BH1LRT Ie° B reny

In a preferred enbo t cracke
feed to an etherifi cimomozsat kPVatﬁQﬁ?rﬁﬁF’ﬁ Oth?rs eatalykir f 8isthllation

process. The |ight stracitadesapselfal for tihist Purposkerare saiswldse i v.s.
conponent s which mé:g‘%%n%@”fr%fdz%é) , 073! 5§83§)&% Utg’s%te‘fri%&eﬁo (Qéf#é‘séos

and pol y-unsat ur at al"é m nor anoun

mer capt-ans. 5 THdYedgRt/ %Mﬁﬁ H’é’i‘%‘ @é’ﬁePgFPy ineoranratedo by Feference.
fractional di sti lzhata (préfelruan bRboaimerct t Haligiot t crackeadt stredany whksh

C6 and hi gher boili q[ e% ( % r’é&’%r@%ﬂﬁ&%‘%ﬁﬁa@i@n@f ﬂﬁ%igtﬁ%: e‘ﬁpt

and 4 ower boiling res
i nvention the strea®S the r%‘! uff}rec e procegs.; (The | 1ight ofragked naphtha
distillation vessel ctdmtadne tdids to €fbsrbompohimsts | hiell mapodd osatirdt

Cerr]'s are digtilled Qufd eag unsatuddfed] efdlesSndyer Qﬁadsp I@fsattfz?ted

subjected to the tra |t|on§ am ne extraction to rem)ve
The bottons from t hddiolefdns} ; plong o yWithoBingr,) amgunts ¢ off tc"f? percaptans.
debut ani zer or Théepagh-armamtthmmsh geaerally sigperdtanidedt ihl at fodctional

reaction beds ' ¢ slaemfesmntée%hwe that portith | QYR :;msgt the

contains a nickel e cata tic. 25 di st I# corrpgnent to

react substantiall yc&l pngfhz.g er hod 1ing. nateriatsin 6r"'ési;“ﬁu PEEPRE 3ug the Cj
contained in t¥® |i gml lower chalkiow magetfialsi (¢s5€) Por verheaddshe di ol efi ns

to form sul Tides whi %he%%eaéﬂ‘eein@ehum LR st B rhéé@% cted
cont ai ni ng the anyl enes \M}L‘% ed to etltw i;éc(%;“on 30 %8 2
alkylation wunit. FF'?H%E“’%r any e?m@éﬁ %é ion | ¥esdkk MWhSKPiRe the
depent ani zer al ong \ﬂ3t'ls t HeS Gind far poiritdon of thenCo'sn aye Addstillied nbverthead.
final gasoline fracin@n.c;'s overHdad/PREY R s0Pj&dtru atsURRQ tefhditional
pal I adi um cat 84&/ ti Camlne extraction to remove the H3S. The bottoms from the
distillation '(c4+) are fed to a debutanizer or
depentanizer which has two separate distillation reaction
" beds in the rectification section.
The 1lower bed contains a nickel sulfide catalytic
25 distillation component to first react substantially all of
the mercaptans (and residual HyS) contained in the 1light
cracked naphtha with a portion of the diolefins to form
sulfides which are higher boiling than the Cg fraction
containing the amylenes which are fed to the etherification
30 and/or alkylation unit. The sulfides are removed as
bottoms from the depentanizer along with the Cg+ fraction
and can be remixed into the final gasoline fraction.
The upper bed contains a supported palladium catalytic
distillation structure which selectively hydrogenates the
35 remainder of the diolefins while at the same time
isomerizing the mono-olefins to ecquilibrium.
Hydrogen 1is provided as necessary to’ sﬁpport the
reaction. The distillation column reactor is operated at a



distillation structure which selectively hydrogenates the 35 r emai nder

of the diolefins while at the sane tine | soneri zing the

nono-ol efins to equilibrium Hydrogen is provided as necessary to
support the reaction. The distillation columm reactor is operated at

a - WD 97/03148 PCT/ US96/ 10885

10 pressumwO®5B8348t hat the reaction mxture is boiling | RCYAS6/10885

bed of catalyst. A "froth level", as described in U S Pat. No.
5,221,441 which is incorporated her ei n, my be 10 rrai nt ai ned t hr oughout

t he cat al yst bed by control of the ttoms and/ over eads

wi thdrawal rate, alt RERfI$UrEnSuch thaﬁr r F&8 Eﬁﬁrﬁ g Bpihing imcthe

froth. As may be bed appr eatalygsti n Bhd'finovhh leved ", had |dpsqri1hedbdﬂ i MgS.
and the Phys! cataes! a8, | 8,251 A1 YuRlidh Ol NakoRfoRalied Rerdh>! tnaagh be

than would be normal 1 n a ack | at1 on col um
liquid without the bd?ﬁir"ﬁ'@%ﬁort&r°ugh°“t thee catalynt pedcdys gantrodams, th

operates at overf§ead bottomspr &g o vaesmedddl stithidabwal cratey adeRbAghi the

t he ‘'range bet 2 qggq?[ Wi sa|

distillation reactio zd‘%é%lgg eﬁsﬂl% g 10 %% e él% preferasol XBd’e
to 270[err]F. amareefiége aha 'fhﬁe ﬁrmho fe akke pkmda sy bpiding m the
distillation colum regeiealsepatat Qéyaetuiiny anmsrchm wedg a higﬁéi' Odengity

rgﬁglrngnd anl)r(lgdbfag ﬁajo eneﬂzeg cm!%l f%%l t%e cé}?%ln ﬁbt"mé’hebut

and the hydrocat®on less tQ’PF‘eE}H?l%i‘I‘E@ B’éFBﬁPFhEh? k?‘?-@t“'ﬁ'eé!ai’srﬂl!)out t he

m d one- third of Thee preserit bgd-oceis'be eferablys cbperatbs Sathadverhead
whi ch nai ntai ns cat al 53t W lde
300[err]F. 25 A%(%e g?ge (Em%% ? gﬁﬂﬁe rre]t?%a'{g{rgn | o1 &f i j'n té’fctraon e

is 54 w% N on 8 tobeFveesh 4 u?ﬁ"ﬁa zsﬁ?nepéég s%ﬁ!ﬁ) HﬁraturesCaY’ém%ﬂ said
desi gnated as E-475- 3stilIupionl rphytianl zomel in théheahgal of Aoer ez oy F,

the catal yst as row%q, Yy Pe 0 nBfyuacturer are as follows: 30
TABLE | ¥ si‘aé1 ? 30 to g E- 475- SR Fo
Spher es The feed and the hydrogen are preferably fed to the

distillation column reactor separately or they may be mixed
prior to feeding. A mixed feed is fed below the lower
catalyst bed or at the lower end of the bed. Hydrogen

20 alone is fed below the catalyst bed and the hydrocarbon
stream is fed below the first bed to about the mid one-
third of the first bed. The pressure selected is that

_ which maintains catalyst bed temperature between 100°F and
300°F.

25 A preferred catalyst for the mercaptan~-diolefin reaction
is 54 wt% Ni on 8 to 14 mesh alumina spheres, supplied by
Calcicat, designated as E-475~SR. Typical physical and
chemical properties of the catalyst as provided by the
manufacturer are as follows:

30 TABLE I
Designation E~-475~SR
Form Spheres
Nominal size 8x14 Mesh
Ni wt% 54
35 Support Alumina
A preferred catalyst for the selective

hydrogenation/isomerization reactions is palladium oxide,
preferably 0.1 to 5.0 weight %, supported on an



Nom nal size 8x14 Mesh ' Ni wt % 54
35 Support Al um na A preferred

catalyst for the sel ective hydr ogenati on/i someri zati on reactions

i s pal | adi um oxi de, preferably 0.1 to 5.0 weight % supported

on an WO 97/ 03148

PCT/ US96/ 10885 WO9703148 appropri ate support nmedi um such as al UPGTIES96/2688% 0N
or silica, e.g., 1/8" alum na extrudates. The catal yst used S
0.4 w%Pd on 1/8" Al[err] Qerr] (aI urri na) ext r ddat es, hydrogenati on
catal yst, supplied b Unlt Cata e5| nated , as G68C-1

Typi cal  physi cal gﬁ] teal s por éé?’f‘l i e $LBiNAy garbon or
provi ded by the manusidctcar,ecre.qg., 1/§F'e33.9mtrml emdateso The catalyst used
TABLE || is De§l ONaGteN pa on 1/8"% G@ﬁ. 1Qalumina) ekffiates,
spheres al . s Pd. wt %
0.4 Su F}'ﬁgartmyerzatmn catalyst i P pé&rzp.t Yapﬂi‘ﬁtﬁg Catalystsy, e‘[nc.
hydrogen rate t9% thelesiignatledt i as 0@680n1.r eacTypiadsl physichd safdi celeemidad
mai ntain the reacti %op@m&epbfbehewcatal%é@aés Wrokiawau g €AY SRaht AAA IRy
of the columm which s erstood to be the "effectualing anmount o
hydrogen" as t R B8 r’?f’ﬂ“tﬁed herein. Generally the nole ratio of
hydrogen to diolefins and acetylenes in the TA3& I at 20 least 1.0 to

1.0, preferably at |east 2. gegg da®igd nore edcenably at least 10 to
1.0. Tﬂ& ni ckel cat? gm al so catal yzes the §'16| ective
hydr ogenat i on the diol ef FRE®cont ai ned within thé cracked

naphtha and to a | esser degNemiun&k sizereri zati on of8x22 Mesbme of the
nono-ol efins. However, thepgal{egi um catal yst i4s preferred for t hese
reactions. GCenerally the r Iatlve bsorptlon}P

fere
fol | ows: (1) stiPPP?*%onpounds ?ggl 3 ‘é’ﬂ‘% 30
(3) nono-ol efins The |Hyduegepatxatsst tai the e{}l@t@é-éapiled 8P latmnp reeactor

strongly BPSOr hrfkts BRCEasri¢ R it nAlint 295 e HeRlctaba)r BeE 1BANC R ow
that which would cause flooding of the column which is
understood to be the "effectuating amount of hydrogen® as
that term is used herein. Generally the mole ratio of
hydrogen to diolefins and acetylenes in the feed is at

20 least 1.0 to 1.0, preferably at least 2.0 to 1.0 and more
preferably at least 10 to 1.0. '

The nickel catalyst also catalyzes the selective
hydrogenation of the diolefins contained within the light

. cracked naphtha and to a lesser degree the isomerization of

25 some of the mono-olefins. However, the palladium catalyst
is preferred for these reactions. Cenerally the relative
absorption preference is as follows:

(1) sulfur compounds
(2) diolefins
30 (3) mono-olefins
If the catalyst sites are occupied by a more strongly
absorbed species, reaction of these weaker absorbed species
cannot occur. For this reason the sulfur compounds are
removed utilizing the nickel catalyst.

35 The reaction of interest in the nickel catalyst bed is
the reaction of the 'mercaptans and, to a lesser extent
hydrogen sulfide (H;S8) with diolefins. The equation of
interest which describes the reaction is:



cannot occur. For this reason the sul fur conpounds are renoved

utilizing the nickel catalyst. 35 The reaction of interest in the

ni ckel catalyst bed is " the reaction of the nercaptans and, to a | esser
ext ent hydrogen sulfide (Herr]S) with diolefins. The equation of

I nterest which describes the reaction is: WO 97/ 03148
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Rl err] H err | RSH
+ Rerr]CcCCCRerr] ------ > R-S-CCCR 1 |

H Were R, Rerr] and Rerr] are independently sel ected from hydrogen

and hydrocarbyl groups of 1 to 20 carbon atons. If there 1 S
concurrent hydrogenation of the dienes, then hydrggen 10 wjl"l be consuned

in that reaction. RSH T¥Pi CaR,@éicidRe-RaI Capéak-£opaB+TE-okRgh may be
found to 8 greater or |lesser degree in a |ight cracked |naphtha are:
met hyl mercaptan (b.p. 43F), ethyl nercaptan (b.p. 99[err]F)H :

n- propyl nercaptan (Where Fo4Rer ah®)R; iane dndsppnderthyiigiqares from hydrog
135: 140[erE]bF), 1i4$?,,Qyt dmwn?groﬁbsnpoflﬁ?{;er sz)O:grbelitafbﬁle If there
mer capt an . p. rr n- bhut v r : :

sec-butyl nercaptan so.%? meg’lr{:r]%é,ﬁ’lgs%gg Iz‘i"ilrrg? %e.ffcté% aé]f%‘i)é.é;. then hydrogen
250[ err] F), n-38yl m¥dapeasopsuped 28pthat) kpactieny - net hyl but .yl

mer E:apt ialn) (b. p.h 23|4[ er nﬂy@maﬁebg]tleé dxvapitih cenpopids Wiich m3¢ be ‘found to
293[err]F), n-hexy n F - %éa .
(b.p. 284[err]F), and -%gecag olﬁ%i%ggée?bl{eh. k?é[%ﬁ‘f‘g%a% m%gphtha .
The reaction of H emgth¥d tT'FFI’FﬁEtEPo(E'fPﬂs":E" &yl peFcaptan {B.pe 99°F),
consi derably sl ower ddpopyiemetrbeptanl (b.ges 1890F) hukso-propyllhmepcaptin etb.p.
process renovesgt he 2 [l S ] ' > f ot

cat al yst beds.fs Hse‘flhdeo FZécﬁsgﬁgu%#?t ﬁ:egr'g? gF@ls‘%’? i ntfgteli)t' a?gﬁyﬂftyl
(1) butadi ene-1, 3 + MKGRRFaR t (PRt ehd? FlanghphrEkL. percaptan,(b.p. 208°F),
(2) butene-2 to but esie=but¥ld mercdpean efisip .Oor20IF),hdst-any)' meotaptdarer @sip.

are: (1) i spygeppe, (0ehpy! Rubadbent- Lpdp.t D54996N hOndehylbutyl
mercaptan (b.p. 234°F), ca-ethylpropyl mercaptan (b.p.
20 293°F), n-hexyl mercaptan (b.p. 304°F), 2-mercapto hexane
(b.p. 284°F), and 3-mercapto hexane (b.p. 135°F at 20 mm
Hg). The reaction of H,S with the diolefins has been found
to be considerably slower than the other sulfides and thus
the preferred process removes the HyS prior to subjecting
25 the feed to the two catalyst beds.
The reactions of the C4's of interest are:
(1) butadiene-1,3 + hydrogen to butene~1 and butene-2
and )
(2) butene-2 to butene-l.
30 The reactions of the Cz's of interest are:
(1) isoprene (2-methyl butadiene-1,3) + hydrogen to 2~
methyl butene-l1l, 2-methyl butene-2 and 3-methyl butene-~1;
(2) cis- and trans 1,3-pentadienes (cis and trans
piperylenes) + hydrogen to pentene-l and pentene-2;
35 (3) 3-methyl butene-1 to 2-methyl butene-2 and 2-methyl
butene-1; '
(4) 2-methyl butene-1 to 2-methyl butene-2; and
(5) 2-methyl butene-2 to 2-methyl butene-1.
The first two Cg reactions remove the undesirable
40 components while the third is advantageous for feed to a



met hyl butene-1, 2-nethyl butene-2 and 3-nethyl butene-1; (2)

cis- and trans 1, 3-pentadienes (cis and trans pi peryl enes) +
‘hydrogen to pentene-1 and pentene-2; 35 (3) 3- nmet hyl butene-1 to
:2-met hyl butene-2 and 2- net hyl but ene- 1; (4) 2-nethyl
butene-1 to 2-nethyl butene-2; and (5) 2-nethyl butene-2 to

2- met hyl but ene WO 97/03148 The first two Clerr] reactions rerRETEISOENSsS
undesi rabl e 40 conponents while the third is advantageous for feed to a
WD 97/ 03148 ST/ US96/ 10885
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a vapor phase and sone_liquid as’ | distillation.

distillation colum reZReorPY eﬁﬁeréf‘gﬁngp% FAELdfpe out %cﬂeﬂﬁa@ tie a
reaction mi xture iscatalysly packed dedamol which ceat héyapprecﬂ&med praa&mﬁtam

process operates t r S f | | $4i t
reactor in the rangeil vafldf J‘gd sB{nE ﬂ%@l@ plﬁﬁw}r gfgerﬂgthI’J.‘ya r%aéﬂggn.

0
and - t enper at uFB? ﬁ\iisﬁf‘ﬁ%’% ‘1“}"1 HEAETO e&& °é’ﬁri‘5ﬁé A% @nhdressure
range of 40 to SOO[snr:]aFthptefthleab:tepcl:iant onixtirer ipF bxiiltimg in the bed of

Veloct Ly (WS whCapRigenD) 05 HIE prestit. | 20ctEL0 pdiatad DE ¥ Sl fSa
f eed per hour\QéjnterPﬁﬁs?Pée %gc‘f?’g‘ﬂ glst”g’raﬁlﬁnl é’torlBﬁncﬁ'Pﬁﬁ'ﬁ°5e?-nuﬁPF range

wei ght of catalyst between 0 andtaB$0i cpeisi i Idratferabiyr u2%Qr ex; rImssvaand
over a very Wi qemﬁéﬁ%hﬁ’!st Ristniihe sQEﬁe&iQQBﬂiéﬂ:ﬂﬁz &%ae%&fo?{ Zor Un tha
20 to 35. The ady, @g % 1zing a gtl | atj on_co

reactor in the instifAP98e®ct g‘lﬂ/d 8§eﬁat PERIBrabiss 10 t0 270 F; |t the
better selectivity vequisits | hy@vogérf partial prassgwresti on The hfeed aweighe
separation by i@ sti hbaﬂprep’a%e v\é/@béhtfamriéﬂm\éﬁlcﬁoﬂg h@ﬁl&ﬁi nﬁ{ae%stooa to

conpounds, e.g. th sulfur eed

exposure to the meﬁ?d%e B'ﬁ}?g%n%n% %ﬁ$6’ﬁ gf’gf'yi?t?ﬂ’ﬂ?pﬁhq‘ |r&8§t1°n

whi ch are prodgéstilintien I@Wé%%l bRE| wital yeiglfedofr catiadlyst in the
catalytic distillation structures, may vary over a very:

wide range w1thin the other condition perimeters, e.g. 0.5
20 to 35.

The advantages of utilizing a distillation column
reactor in the instant selec’ci\'re hydrogenation process 1lie
in the better selectivity of diolefin to olefin,
conservation of heat and the separation by distillation

25 which can remove some undesirable compounds, e.g. the
sulfur contaminants, from the feed prior to exposure to the
hydrogenation/isomerization catalyst (the sulfides which
are produced in the lower nickel catalyst bed are higher
boiling than the C4's and Cg's so are distilled downward in

30 the column away from the upper palladium catalyst bed) and
the distillation can concentrate desired components in the
catalyst zone.

The temperature in the distillation column reactor is
determined. by the boiling point of the 1liquid mixture

35 present at any given pressure. The temperature in the
lower portions of the column will reflect the constitution
of the material in that part of the column, which will be
higher than the overhead; that is, at constant pressure a
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the CJerr]'s and simplbistizad: ifAbirydbadran ofhene| enbddinentliaf itheednvention.
overhead and e%oﬁbin&!iovb:]-iﬂl\%h%ﬂa fQ!ErefaHJ t %ﬁt&!‘ﬁ?ﬁ ”'t'ikgs 81efi
necessary. General J?vlg-‘(ﬁafei portion {l % gu g , i nclude

in the overhead@ to risnalmeé??Bﬁ?P%H?n | f2B¢ts firsgpfe Zy?sfl‘“’ l.me

r enmoved. The bott o f rtem eheddstillatiaron column cbP urwhedte ather e@g¥ed and

via flow |ine 104 anguconhiviadiyitdyy or hedroge ”iferi‘ﬂJHiQWeh' Wy elfaola gha

mbi ned feed |i 108 t till
Ceactor 20 In (AASES ViRnobiREnc 1M Epa”fm'g 6o Gueloping s

Clerr]'s in the negfissiaxiyl.at i ofensytajdy. a portidgn sPFfI | theé orfs @ umnst be

reactor 20 is ggown irfblhf&é% dn the oﬁéfnéaagmoseﬁéﬁ@@ at réstsaatha &a for
and a rectifying

ilQn 28 in t r
are 25 di sposed i nu?ehe ?%ct’ﬁ‘ yﬁw’ve Cti O%BS ‘ﬁ1°%tloglvxerf-l;m§t[ % 35 fflatlon
22 contains the nickeslumn f30caxsmiramoyied yvigh£1pr Aine 304 andcﬁ?@PlyMBd: with -
distillation struct Hyfirdyen k2ol LeWtBiheli10leeihtio combined feed line 108 and

fed to the distillation column reactor 20. In this
20 embodiment the C4's are removed with the C3's in the
distillation column. -

Distillation column reactor 20 is shown to have a
stripping section 26 in the lower half and a rectifying
section 28 in the upper half. Two catalyst beds are

25 disposed in the rectifying section. The lower catalyst bed
22 contains the nickel sulfide catalyst in the form of a
catalytic distillation structure for the mercaptan-diolefin
reaction ‘and the upper catalyst bed 24 contains the

_ palladium oxide in the form of a catalytic distillation

30 structure for the selective hydrogenation/isomerization
reactions.

The combined feed stream in flow line 108 is fed into
the distillation column reactor directly below the lower
bed. The Cg+ material is separated from the Cs and lighter

35 material in the stripping section 26 with the Cg5 and
lighter material boiling up into the first catalyst bed
where the diolefins react with substantially all of the
mercaptans to form higher boiling sulfides. The sulfides



reaction and the upper catal yst bed 24 contains the pal | adi um oxi de

in the formof a catalytic distillation 30 structure for the selective
hydr ogenati on/i someri zati on reactions. The conbi ned feed
streamin flowline 108 is fed into the distillation colum reactor
directly bel ow the | ower bed. The C6+ material is separated fromthe
Clerr] and |ightW@9H®148 npterial in the stripping section 26PGI/USPSHPRES
Cerr] and lighter material boiling up into the first catal yst bed
where the diolefins react with substantially al 11%f the mer captans to

form hi gher boiling sulfigde I des
PCT/ US96/ 10885 afe | afSRi1ldf Back' Gon tne °°Bé“““ “1nt3, Z{S‘enn strireing

back down the col unreecttiont hehete | phengare remowed os whetbtomsieyithe the cgt
renoved as bottoms iddyildie ﬁeenu vbga\me: "B i floVia £| BWr{: b¥0-the

A portion of the bottoms e ugh .rehoi | er 50 via
flow 5 line 112 RFLemsy,iwRY §t %‘H@g:e?o &h‘?"@g’i ki 50 via ‘flow
renmai nder of th& botlions a12 ttakepravide odeat \bHalancew t@nd:he coltini:tl. The

The "substantial |y suldus fde2eofl ehé lotibuld GRECEaREB Hd Prddct
boi |l ed upward into F’Le ul;?per Bed 24 of the rectlfayl ng 1 i sgctlvg)'ﬁ £ g‘?elme

the material is contded wth hydr ogen in the presence of the
pal | adi um cat al yst. The sabstantiplly sulifurefires Gy carel dtighteesmaterial is

sel ectivel y hydrogenafsd ﬂdlled upWRPa- Qhﬁ—‘él ig}r r bed 2@8? Qh@f FOSti & fng

Wl aee (20, ] Sebtiop amdTe. the mareriad Fx Soptitdiad,ovith Hydsogem da

and havi ng an i they epreslenss c ofit dge opamamidwlcmm.l arthe? - netdin ing
but ene-2 are remve%m&&%h% ddtylleis! 'afF‘e Q@l@éﬂvel m%,%nta%aug&
condenser 30 where the c ‘g)g nslt e{| al s _.,are_con

liquids are col |l ect PN %ﬁ'ﬁ?ﬁat%’? m%?et"&elfﬁg ga?ﬁ%uslﬁﬁ'f%’r'jrzﬁds to
i ncl udi ng any unrea(ﬂtad-llbrmMydrogen are separated and renoved via flow

line 124. The 1s unrqqpéecbgqycgmem{@yt@g r@gygigga{;got (f@?o.\ynl) |lfe,,.,s the
Vi a ow, | i.ne

desired. The liquid distilla é 1gduct LS % ‘(ﬁl

25  Some of the |iJRRFIREFAR | ﬁ°¥8 the CBPﬂmafﬁ ¥1°pe§| (34 haying an

|i ne 120. increased percentage of 2-methyl-butene-1 and 2-methyl-
butene-2 are removed as. overheads via flow line 116 and
passed through condenser 30 where the condensible materials

20 are condensed. The ligquids are collected in accumulator 40
where the gaseous materials, including any unreacted
hydrogen, are separated and removed via flow line 124. The
unreacted hydrogen may be recycled (not shown) if desired.
The liquid distillate product is removed via flow line 122.

25 Some of the ligquid is recycled to the column 20 as reflux
via line 120.

Generally the C5 and lighter material will be used as
feed stock for a etherification unit where the iscamylenes
contained therein will be converted to TAME or tertiary

30 amyl ethyl ether (TAEE). This TAME or TAEE is recombined
with the Cg bottoms and sent to gasoline blending. If
desired the bottoms can be subjected to destructive hydro-
desulfurization to remove the sulfides and other heavier
sulfur compounds.

35 In another embodiment a 1light cracked naphtha as
described is distilled to remove C3's and HyS, with C4's
and heavier going as bottoms from the distillation column
to a first distillation column reactor containing a dual



Generally the Cferr] and lighter material will be used as feed stock
for a etherification unit where the isoanyl enes contained therein wll
be converted to TAME or tertiary 30 anyl ethyl ether (TAEE). This TAME
or TAEE is reconbi ned with the C6 bottons and sent to gasoline

bl endi ng. | f desired the bottons can be subjected to destructive
hydr o- desuMQAO3H8Bi on to renove the sul fides and ot her h®&¥/USP6/10885
sul fur compounds. 35 In another enbodinent a Iight cracked
napht ha as described is distilled to renov® C[err]'s and Herr]s,

with Cferr]'s h L.ng bottons fromthe distillation

col um toa fir Fddgg‘# %f%\q't}ﬁ CSFﬁﬁﬂy gacY%?r%oﬂfealéjﬁ Ry 22y Vier are
WO 97/ 03148 taken as bottoms and the C4's apCOveEbedd®Sgfter contacting
16 bed hydr 09€ﬁ§t bﬁ;m 1,.% yid 1tﬁ/«\4‘%é‘d§ hﬁt@[ Hydrogeald hﬁavw&taﬁﬁ may

taken as bottons and t as overheads aftef cpntacting
catalysts in the bed8ewfR edTin §oFeGRRA pgYstillation Gelupe, reactor

treated in a sesond ﬁiﬁ.smilhyamgmmm catalpst dnd hydrogenhtdr ¢geadt the Cs
catal yst and hydroge i'DiérE ‘%ﬁ{ichhﬁs@éé&}erec} as RRk! b@% i NEUED frdon %%QVE{aﬁgnd

as the overheads fro secon di st tion co react or

Clerr] and heavier aSis 1— Ham ofel “mnlﬁeaﬁﬁ?ﬁerané‘rrbﬁ’a?rré:rﬁ 2P Geaviers as
and Clerr]'s are bottamksen asin henotizeihecsubodimeme fthestCglisst ahliatdg)s are

col um 10 react Ortéﬂ&'ntﬁﬁ %@r rJve%h%Bésh&%V'ﬂie ailPé‘étQE&t111at1.on c 1umn
EXAVPLES In the Exalﬂrﬂ) ?‘ ree‘ij di anet er co um 1S 8
with 35 feet oft% he PSRFLRE AR Abe) 9§t5a%n bﬁaﬂlFﬁt?ﬁnb° °ms'structure in
the upper portion of the colum. Bel ow t hEXRNPLESf i rst catal yst 13.3 feet

of the nickel catalyst mstﬁgagf%,ép z%hg J]O\Mg%l%ﬁl%ttb °9ig'|§9 %Eeiaaded

containing Pall rings, wa roni cke cat
In Exanple 1 the feeWitd fRe T’%eé'ctPBn tehest?? ladiyp catalysh @ \ﬁé@t 4llation
C[err]+ naphtha wit hstihecttirer rin Hier rifpes epodtiommedther ¢obmil Below the

di f\t' | |tat ' fﬂ tC%BUg“ fﬂ-étg éah.ﬁ} Egri:h? fzh‘é@%ftn%h@”ni‘ék&i’eéé’é‘a&?& vag 16 &&E
\(/:\A'Ot ha(C::[ e\er] Ke| e(rar] ug%l ﬁg i%?&’é%t%ar%q?h Q%hf%ugé)%eﬁgntainmgarﬁ?%e q k\‘-’ﬁ'fs :

as overheads. |n bothefidelioss thhelowry qifskel catalystihed. +. The
conditions and results QIEEﬁbﬂMeI R TeﬂxEﬂeleh 2€0 thléelﬁéhctﬂéhﬁ dlstlllation
ﬁg(rjg?glt ?g[)?ggl ¢ anal %%@{1 V{ﬁ]Qeat %vgr Sgﬁéhw:mh the C&m& 84 removed in the
: o distlllation column, with the Cg's being taken as overheads
after contact with the dual beds. In Example 2 the naphtha
cut is Cy+, with C4/Cg being contacted with the dual beds
and being taken as overheads. In both examples the bottoms
are Cgt. The conditions and results are shown in TABLE III
25 below. The chromatographic analysis of the overheads was
conducted for undersirables. In both runs the sulfur
(mercaptan) reduction was essentially complete and dienes

were reduced over 99.8%. |
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TABLE 11| EXAVPLE ' 1 2

Condi ti ons Pressure, psig 130 130

Herr] partial pVOSFMHE| o 6. 00 3.35 PCT/US96/10885

Tenperature, [err]F ovhd 226

219.9 top bed 17226 226

| ower bed ’ 245 245 Fl ow rates, |bs/hr

feed _ 219.9 219.9 ovhd

56. 5 56.5 mdr f | x TABLE IIX 135.0

135 . Herr] rate, scfh 40.0 40 Feed

Anal ysi s t ot gl rr]'s, w % 7.67

Clerr] dienes, w @5%?&%§§rr]'s 0~9%— but eres—

w % of. CJerr]'s Conditions 53.85 . t ot al C[err] S, W

% 26. 4 pressure, psfy? dienes wt Yngf Clerr]’'s 444

1.99 1.99 m:gﬁ.%fntenes W% of Clerr]'s 29. 92

29. 29 i soanyl ende, P pgia 34.65 6-00 34 65 3.35

Pent ene- 1: n- pent ene %)Temperature, °F19 0 19.0 3MBL: A %

4.7 4.7 Sl in Cerr]'s (Sulfur), wapg 51 239.9

51 MeSH i n feed, mppg1 6 36

Over heads Anal ysi s R Pedy o 22 0.0046 226

0. 0046 1, 3-BD lower bed 245 0. 000 245

Et SH, (Sul fur), pr”‘ Flow rates, lbs)hr 0 MeSH,  wppm

0 Pent ene- 1: n- pentenef ed 5.3 5.3

3MBL: | A 1.2 1.2 219.9 219.9

ovhd 56.5 56.5
mdrflx : 135.0 138
H, rate, sctfh 40.0 40
Feed Analysis
total C4's, wt % 7.67
C4 dienes, wt % of Cy's 0.97
butenes, wt % of C;'s _ 53.85
total Cg's, wt % 26.4 16.4
dienes wt % of Cgz's 1.99 . 1.99
n-pentenes, wt¥ of Cg's 29.92 29.29
isoamylenes, wt% of C5's 34.65 34.65
Pentene-1:n-pentene % 19.0 : 19.0
3MBl:1a, % 4.7 4.7
EtSH in Cg's (Sulfur), wppm 51 51
MeSH in feed, wppnm 36
Overheads Analysis '
Dienes, wt$% 0.0046 0.0046
1,3-BD . . 0.000
. EtSH, (Sulfur), wppm 0 0

MeSH, wppm 0
Pentene-l:n-pentene 5.3 5.3
3MB1:IA 1.2 1.2
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18 The invention clained is: 1. A process for the renoval of
mer capt ans and/ or hydrogen sul fide from aliphatic hydrocarbon streans,
containing 3 to 12 carbon atons conprising distilling a hydr ocar bon
stream conprising C3 to Cl2 hydrocarbons I ncl udi ng al kanes,

nono- ol efins, di WOHMPIMIE acetyl enes and _m nor anounts of sBCTAIS6/10885
conmpounds to renove a fraction conprising at least CJerr]'s and a
portion of the sulfur conpounds and | eavi ng ¥8resi dual ,

concurrently eedin drogen and a portion of the resi dual
to a distillation com?mé‘?‘%%ﬁ gﬂ%‘iﬁ" Hgﬁjaflrst bed conprising a
first hydrogenation catal ystAsgIz_acesd fffoxm the rembvalgrmpmeroaptamé nandgbxr
ni ckel, —cobalt, ir ?11 ?on Ssulf&ﬁ'épo ﬁ: tQﬂﬁﬂét%gd Rt og té%‘%eams,

formof a di st tructure a a second osl f1one
sai d col utm above saFﬁn'ﬂ‘?#@tn%eﬁ taild sRYhaD N%i ﬁsﬁl%:b%,‘éﬁ\da
hydr ogenati on cat al yayasstamticer fetesan comphisg'fq)up:yortn Stdy3g ®ydrocarbons

platinum pall adi UM 1hOAMHE Akanes, m%ﬁ@??&gfné NedfPlo AN PatlRidnds &na

distillation ern an conpoun S LN
react in said first BEPK PH°H“B%rﬂfons't‘ﬁf‘%?'necﬁﬁ‘%?‘é‘?‘?%s o remoye fQ)rmractmn

sulfides in a first eemgtisingr aturkeast c3's and ba fpatticmnadbfy the sulfur
distilling the first, &ﬁﬁ&&d{ﬂ‘am g% drhliovethe sulfides with a
ht er

heavi er fraction passi ng 2 ractlon into the second bed,
(c) hydrogenating t hEORFHEEMYY and acetyl enes in said |ighter
fraction in said second bed (a) ffeetling hydroge&rc carii raaepﬁﬁmnmoxt the, residual

(d) fractionally distildj {% (?];ikecdﬁﬁat}ﬂgﬁr E@Eﬁfnﬂnreac%or @8% ng JEirst bed

(e) renoving a fraction o g
sul fur conpounds, acet ﬁ%‘ﬁé%iséﬁﬂ a firsy; pydrpgpnation cagalyg 5966€§§d from

according to claiml whieei nrzaipd seashisting hyelf ogeisitelgn coballyst iron and -
conpri ses platinum pal Lé’c?ﬂﬁ&%ﬁ"s thbPOGE Una preparel® iR OtRSS 26ER" ILPY 4
to claim1 wherein sai distillation structure and a second bed positioned in
said column above said first bed, said second bed
comprising a second hydrogenation catalyst selected from
- the group consisting of platinum, palladium, rhodium and
compounds thereof and prepared as a distillation
structure wherein any sulfur compounds in the residual
react in said first bed with a portion of the diolefins

to form sulfides in a first reaction mixture,

(b) fractionally distilling the first reaction
mixture to remove the sulfides with a heavier fraction
and passing a lighter fraction into the second bed,

(c) hydrogenating the diolefins and acetylenes in
said lighter fraction in said second bed to form a
second reaction mixture,

(d) fractionally distilling the second reaction
mixture, and

(e) removing a fraction overhead, which is
substantially free of sulfur compounds, acetylenes and
diolefins.

2. The process according to claim 1 wherein said second
.hydrogenation catalyst comprises platinum palladium or
rhodium. _ '

3. The process according to claim 1 wherein said first

| RRE R
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19 hydr ogenati on catal yst conprises nickel, cobalt or iron. 4,
The process according to claim 1 wherein the hydr ogen parti al
pressure within said distillation colum reactor is between 0.1 and 75
psi a. 5. A process for renovi ng nercaptans and hydrogen sul fide
froma hydrocar R¥@9¥am and for sel ectively hydr ogenat i nBCY/H96£9885 cf
ins and acetylenes therein while i someri zing the nono-olefins to
equi l i brium conprising the steps of: 19 a) feeding a ({err]

and heavier hydrocaron L eam nt ai ni ng_hyd e
nmer capt ans, ol efi ns(‘hlﬁi Fﬁém‘ cataq}cysg:cgpypgﬁge é\q%%s't ﬁollbg?l'qoﬂr ch?Rm
where the Clerr]'s and4.  h¥le ogerecesss | gecerdinenbpedcdsiny ek hohdreind the

the remai nder Ofhydi®gehr ‘iﬁ'ﬂ:‘;&lr FRE8HréSwhehiwnBaia distiiidtifededitimn
sai d bottons and hydr lurm react or and

ogen _t d Sti I
concurrently therei eatter is'bet w?efj Oaélpgpgt [ h% Clerr] and lighter
hydr ocar bons and neﬁoapﬁannrmmﬁﬁtf@mr&ndv virgerdaphassar suods hydrogen

stripping secti 0” sulfide frozﬁ 2)a Ryarbbhibth t BRrehar rin@ncfo'r' OBbféctively

hydr ocar bons o ward I nt fi

distillation jg%rgﬁegaﬁgnggﬁﬁrg ﬁif%?@ £1§ﬁp|5‘ aretvienes; J’r’ﬁr&é“ while
catalyst in the forrﬁsmqwanal Yhe ouaticstollelfang obo sequickilrdun, comhpriding the
portion of the mercailepasogact with a portion of the diolefins to form

ot ipping section: o) ededing o X | B, REYY | MnGoRRphon, stream
hydr ocar bons, I eszpm;alldineahyubm cadfide, am,mﬁpﬂaefa notefipnay ddian‘tefms
setcolnd ?' sti lt lhat :c on Jrﬁ?@de%@léﬁaetﬁoﬁt fal'éltt@ﬂllé’tf&?pé’éi\ﬁﬂx wvhé¥d "E’HE L0 X
Sgr ?l grsl o:‘ nt heeregxral O %en ﬁmb‘#? r?sreaﬁ'lﬁ%ﬁfl‘fﬁ %%?é‘v;r;{eé glragé ggnamder
hydr ogenated to mfndchel etrean aiwl removedi aa bttdmes mono-ol efins are
i soneri zed; (C) (b§MO¥LEE: S sh i) BovEERS! Sk Aoy o 80afd€{11ata00

l'i ghter hydrocar bons _glong with un cted h¥dro en.as over heads from

said distillation c&%Hr Eﬁi?g? %ﬁf}lc°n°ur e’(‘aﬁ’ n‘é}ﬁﬁﬁlﬁ‘g said C6 and

heavi er hydrocarbons and said#) separat;mg the Cs and lighter hydrocarbons and
mercaptans from the Cg and heavier hydrocarbons in a
stripping section; '

(2) distilling the Cg and lighter hydrocarbons
along with the mercaptans upwards into a first distillation
reaction 2zone containing a supported nickel sulfide
catalyst in the form of a catalytic distillation structure
whereby a portion of the mercaptans react with a portion of
the diolefins to form higher boiling sulfides which are
distilled downward into said stripping section:;

(3) distilling the €5 and lighter hydrocarbons,
less said reacted mercaptans and diolefins, upward into a
second distillation reaction zone containing a supported
palladium oxide catalyst in the form of a catalytic
distillation structure whereby a portion of the remaining
diolefins and acetylenes are selectively hydrogenated to
mono-olefins and a portion of the mono-olefins are

3o

isomerized; .
(c) removing said hydrogenated and isomer:.zed Cs and
lighter hydrocarbons along with unreacted hydrogen as
overheads from said distillation column reactor; and
(d) removing said Cz; and heavier hydrocarbons and said

* [ L M H] *
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20 sulfides fromsaid distillation columm reactor as bottons.

6. The process according to claimb5 wherein the unr eact ed hydrogen
Is separated from sai d overheads and recycled to said distillation

col umm reactor. 7. The process according to claim5 wherein the
pressure within V@PUIIMIst || ation colum reactor is bet we ePCTIU$9610885 0
psi g. 8. The process according to claim7 wherein CJerr]'s are
distilled overhead in step (a) | eavi ng bottons &hpri si ng substantial ly

C err] and heavier. gcordin to | ai m 5 wherein
t he hydr ogen par ﬁ“&lflﬁf‘@sgﬁ?’% ﬁjtéril%sg’ii&agﬁ'g?i.?‘P]a"ﬂT’br?e@SI%Emnas bottRmy
is between 0.1 and 75 ps5| a. The protess adbardingcdss ciatwr & ngherein the

claim 7 wherein Nty | 15 Of r ls i V,
W th t he overheaﬁ’s rggrkhasalﬁljg&sa sgt?%%]gaoifaﬁi 2068 ¥hib %&ﬁ#ﬁ@) &t
process according HeSYCdedi kP spidydstidla tion geiumn |‘%ﬁ4"3t°al'l of said

mer captans react with dl ol efTs processf oammtdingies:o claim 32 vherélf the
process according m er | d
. . ? st A wﬁ? ¥\4; Sifh a‘}lélct ShaRs| ﬂ ¥ a:?i%ctfoaxl is

remaining diolefin nes are s Ive y hy rogen
nmono- ol ef i ns. bfﬁ‘we?ﬁeop?% #5dgrding to claim5 wherein said nmono-
olefins are isonerizedsto erps Ip:bmeuaﬁ latcaidingpiey - clail St ivHealdion c;*s are

reacti on zone. i%?%éleé BY8Efes ? EEQ?V' ?nggggﬂ&ﬁggrogena.Sﬁé?ﬁéﬁyg

sul fide froma hydroc tream an
di ol efi ns and acetyl5@H§§a{‘Hé?H¥l Ganigng heai"éﬁ%erl zing the rmono-ol efins to
equi librium conprising.the The smpeesé according) to feraimgs awhétein] the

and heavier hydrog ngeﬁ beeidl p G4l PPeimdr 9 Ifcgt?]’c%ﬂﬂ%tioq column

mer capt ans, ol efins, acet ene to a ation co

where substantial | yTe3ckpF §§ l??fé"eﬁ“eror]l ds{BRSiRi ally all of the
hydr ogen sul fi de andoa por thhen qirddussq ac¢osding reoovelhias overWinatddsn

and the  remi ndeg,usgtmeléﬂfam S & %‘{P%y%‘}og%t QB eide is #HoJeQFQJiQ:%

said bottons and hy rogen to a E col"um react
concurrently t her ej fyhe overheads from said dlstillatlon column.

11. The process according to claim 5 wherein
substantially all of said mercaptans react with diolefins
to form sulfides. :

12, The process according to claim 5 vwherein
substantially all of said remaining diolefins and
acetylenes are selectively hydrogenated to mono-olefins.

13. The process according to claim 5 wherein said mono-
olefins are isomerized to equilibrium in said upper
distillation reaction zone.

14. A process for removing mercaptans and hydrogen
sulfide from a hydrocarbon stream and for selectively
hydrogenating the diolefins and acetylenes therein while
isomerizing the mono-clefins to equilibrium, comprising the
steps of:

(a) feeding a €3 and heavier hydrocarbon stream
containing hydrogen sulfide, mercaptans, olefins, dioclefins
and acetylene to a distillation column where substantially
all of the C3's, substantially all of the. hydrogen sulfide
and a portion of the C4's are removed as overheads and the
remainder of the stream is removed as bottoms;

(b) feeding said bottoms and hydrogen to a distillation
column reactor and concurrently therein:

* [+ L M S *
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21 (1) separating the CJerr] and |lighter hydrocarbons and
mercaptans fromthe Cerr] and heavier hydrocarbons in a - stripping
section; "(2) distilling the (Jerr] and |ighter hydrocarbons
along with the nercaptans upwards into a first distillation reaction
zone cont ai ni ngwessapa®rt ed ni ckel sul fide catal yst in t hBCT/YBI§18885y
catalytic distillation structure whereby substantially all of the
mercaptans react with a portion of the diol&¥ins to form hi gher boiling
sul fides which are distilled dowward .intg saig fI I’}In{)%lsg'% secti gn' g
(3) distilling the (Jerr] (3dd Fepararing dhscSon8RE 119 SXPGapBPRs AP

of the nercaptans agérSptanor €rom dhe Cgdi ahedf iheavipwarbydrncrrbanecokn a

distillation reactign zone gi ning a supported pal | adi um oxi de
catalyst in the forﬁ"rizppr]itﬁg sec%?{%t\

_ a catalytic, distjillation st uc*lre“/nrebg
substantially all of tﬂé)renéﬁﬁ;l-hblﬁ'i‘%l &penLoarnth céﬁ? gﬁ%s Xﬁgoc rbons
sel ectjvel y hydrogeapégs withmehe- népéapisarencipwapdst inko ¢ first; Bdstillation
momo-otefing s i SoMRLLefdn zone chfitaihfBVId0 sidbridl oagenked silride
i sonmerized Cferr] a fllgﬁ?er hydr ocar bons a&o i h .unreacted
hydrogen as overdeakisst rigmthe cFyq}F“stqfl PafRER ng‘b\r%l"’r on, fructure
(d) "renoving sai d Giheréhyhesubsttantidlagardlinofinthes ahercaptans fretaxt fwikh a
said distillation C&l:zu@oz{ e8! Qﬁeaﬁigggkgﬁ@' to form higher boiling sulfides
which are distilled downward into said stripping section:
(3) distilling the Cz and lighter hydrocarbons
less said portion of the mercaptans and said portion of
diolefins upward into a second distillation reaction zone
containing a supported palladium oxide catalyst in the form
of a catalytic distillation structure whereby substantially
all of the remaining diolefins and acetylenes are
selectively hydrogenated to mono-olefins and a portion of
the mono-olefins is isomerized;

(c) removing said hydrogenated and isomerized Cy and
lighter hydrocarbons along with unreacted hydrogen as
overheads from said distillation column reactor; and

(d) removing said Cg and heavier hydrocarbons and said

sulfides from said distillation column reactor as bottoms.
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