OLEFI N METATHESI S BACKGROUND OF THE | NVENTI ON 1.
Field of the Invention The present invention rel ates
to a process for the netathesis of olefins. More
particularly the invention relates to a process
including the preparation of purified netathesis
feed. More particularly the invention relates to a

process wherein QDEFRNAMETATHESISOf a

distillation structure and the products are
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Broadly netathesis has been defined as
l’glelﬁe&ﬁggﬁ'eﬁé@%tl on in which an elenent or radical in
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page. 463, Mre ecifically olefin netathesis
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reactio es p ace via cleavage o e ole
sefroated f@methalrchtamsa ané aath artiserdfy fiakedriahidistilatien (dueing the
in the presence of metal-containing catalysts to
reaﬁfl%ruce other olefinic nolecules are known in the art
as "disproportionation,” "disnutation" or
2. Remiegtdresi s" reactions. The netat hesis reactions
generally are of considerable interest because of the

versat i | Biyadff niekh%hés%%'ﬂé@n Aefindd& @Hﬁ@ﬁi@h‘lsre%tﬁfn' i Which
h drocar bons "avai l abl e from petrochem cal sources

m@nt enredisaliin ahe eommundséanges phegey with aingthert edemeng|og radical
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Co ﬁip@ﬂde@c Nt4391 Spe 4680 MdrB ¥p&iedally Ule‘ﬁn ﬂ?ah@leéls D be defined as
3,702, 827 (t he metathesis of 2-methyl - - E)r opene and
theregigtribytion f pikylidens moietienipl give BlHUéHE? of glefins pdp effiect, this

reagg netﬁ.ges \/a%?cﬁjvl}af’ %lé%%ag? 8% F)Hr%g)guc L %%Eert?%[ﬂﬁgtdeﬂ%il&% ﬁ%gctlons of
olefinidc felketles o the @t@e@& afl due‘taﬂa:ohuam‘wg catalystsl ioatmodnée other

nd U.S. Paten . . 6,583,329 (concurrent netathesis,
olefigigcmplsRulh gres %‘f’%tlp dhe W ¥ @ﬁlPrSH%H“OH?t&“p iFmyitipy’ or

"m&ﬁtﬂgéié)erea&@ls propyl ene from butene; (B) deter gent
range olefins fromthe netathesis of Cl15 and heavier

olefins with C and lighter olefins; (C
2- met hy| Tiz- betathesis aerttions generally are of considerable interest because

of the versatility of the reaction and the numerous olefinic hydrocarbons available
from petrochemical sources which are suitable for use in the reaction to yield useful
products. See, for example, U.S. Patent No. 4,046,832 (metathesis of propylene with
itself to produce n-butene and ethylene); U.S. Patent No. 3,702,827 (the metathesis of
2-methyl-1-propene and 2-butene to produce 2-methyl-2-butene); U.S. Patent No.
4,709,115 (simultaneous disproportionation of butene with itself to produce ethylene
or propylene and hexene or pentenes and fractional distillation); and U.S. Patent No.
6,583,329 (concurrent metathesis reaction and separation by fractional distillation to
produce: (A) propylene from butene; (B) detergent range olefins from the metathesis

of Cis and heavier olefins with Cy and lighter olefins; (C) 2-methyl-2-butene and
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10 propylene fromthe netathesis of 2-butene and

i sobutyl ene; and (D) tetranethylethylene fromthe

net at hesi s of isobutylene with itself and/or the

reaction of diisobutylene with ethylene to produce

neo hexene). The netathesis of ethylene with n-butene

to produce propylene is disclosed in U S. Patent No.
piopdef; 9%oGm Hthwevmictathdsis poff i 2ibotenk orandf iRetamylemee pmidor(D)
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shortened. The netathesis requiresS that the feed
olefins be pretreated to renove contam nants such as |
di enes, wHreemetaghesisuef etytene Twidls ar-bwencatd pEadiuge propylene is
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raggeng Bymaodustspats fymastband/er the life fthe mskthesisvestlutyds shrpgtencd.
T}%%leﬂe&? gk lﬁ}eg Hhétrlpé B&ed 61@%1&959&)?& We&%&srﬁmpé}é’% Siinants

puriticati Oh o '&ul Tur conpounds and pol yol'efins tfrom
sutllhss dizndsytvates,. sulully MR YTHebe ddiftarhiNuhibGratiChity ghdrtenitialife of
el enent s

of the present integrated process for the
thergqtabylesitds ap agv%mgér@ the @r@eemn@ﬂgwp&ﬁﬁrmawgss an integrated
pr&e@%%reﬂﬂg r@cfo%@e@fjhigg ;ihngﬁl 28t GRMANICABL AL MrE8n by metathesis

| sobut ene, 1sobutane, "1-butene and 2-butene to (1) a
wiflr ethgkese ftorprogydenei shnsra ftheondudntdgetthateare optiordl Istepeinethe

. .and separation.of th - but.e in the presence, of .a
in 1) TR e PO PR BAR L S G orP A AR GO Glefas fom the
2-8lit&de. | | ati on packing, preferably in the presence of

an effectuating anount of hydrogen, and the concurrent
distillation of the isonerization product to recover
2-but ene as boSTBYMARY QEJHRINVENTI N ver ed

2-butene to (2) a process for the netathesis of

2- but ene Thet prinsine) | dements efhéhep pessenic integsted process for the

at hesi atal ys ereb 0 [ S,.f :
B A S At OB BB Mo B BT s €0
coit8infiy isabltgn® kbhighe, Sit-Btely @f@SSbiwbey € (1R anpeoeess for the

hydr ocarbon feed, such as a light fluid cracked

isopiepmetig of Chens i Afuisue and scrasftoadfdhe 2Amieneda the gresence

| ' RN AR packflsCBreferabl
o il T SR B RS et e
in thherevencagftaandfeatudting emesnt dfhyfirgen, hind ke cdmutremiglistillation
ul.fides.  The renai ni ng dj enes are satur gt e%. t o, nono
of fhe dgomerization product to recover 2-butene as bottoms and feeding the recovered
2-butene to (2) a process for the metathesis of 2-butene with ethylene in the presence

of a metathesis catalyst whereby propylene is formed.

One embodiment of the present invention relates to essentially a three-
step process wherein a mixed hydrocarbon feed, such as a light fluid cracked naphtha,
containing butenes, butadiene and Css, is first fed to a C4/Cs splitter (debutanizer)
which removes the dienes and mercaptans by first reacting the mercaptans and dienes
to form higher boiling sulfides. The remaining dienes are saturated to mono olefins.

In the second step the Cy4 stream is fed to a 2-butene enrichment column wherein the
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In the second step the ¢4 streamis fed to a 2-butene
enrichment columm wherein the 2 1-butene is converted
to 2-butene and the 2-butene separated from any

i sobutene by fractionation. In the final step the
2-butene is fed to a netathesis reactor along with

et hyl ene wherein propylene is fornmed via the

libateat iesomsvertediat 2batenbraad eicadibyteat Isepatatéd omeant isangene by
are carri colum. reacto

d.o n a di illati
fragfionatiqn. f"e‘é’@tﬁtn@iw stg ghe 7 %e&enwa o 4o Srmtpesis fragior algae with
ethﬁ%ﬁ%@ﬂ%ﬁeu@&g AERAY %Iﬁlearﬁa tHe R dthiRekiOMbctiomncur rent |y

e di st|I ation colum reactor wherein the
catalyst may be in the formto act as a distillation
st r uct ur ePI@fer@tdy tallaff the a¢astipny zreicarriedtoudn @r@stdlrdtlon column
ocat d | n

b
reGhE by Gt MRCEATRe P biRon bR @yl h OB e
ca9ed ot dofaGtetly 1IBﬂqelﬂfstﬁﬁﬁ&RbﬁMeﬁfor%rM &dﬁliﬁh @nay be
FIGURE i s schematjc_flow di agram of an enbodi nent t hat

inj the formatoeact tasea istillgtion sirugtyre er ppmtaf] 3 distifationp stragtyre or

[
B3 GBS D LA s B FERERD BTy oin
thp d3pllhteorecobymit Feactset at hesi s reaction of ethylene with
2-butene preferably conprises the steps of: (a)

1 but one, " 2PRIERIBESCRIPIGH oL R BN ™ "

distillation_colum. re ctor Cﬁntaln a bed of

hydr oi sondtei FEVBR af W‘C oy ¢is PErfn FribRdivprgt that
il dtfabds thld ﬁ‘ste'o'f lcQttal B R8T fof @g%@ the sQég)s dﬂ %Wénﬁbﬁ‘g a

portion of -butene to ut ene
separatlng the 2-butene in a 2-butene enrlched stream
from t he DETABLEPRESCRIPATONOEITHE INVENIION; (c)
renmovi ng the 2-butene enriched streamfromthe first
di sti | | atTherprawbufon the pradedionad paofylenstbyltbe nmtathes{sdpaction

el n i sobu fromthe first distillation

of pP TRk S Bu BTy SRR 1S (o) f oedi ng
said first bottons and ethylene to a second

di si4) featih®Rydi6fdtahd a mixed Cy4 stream containing 1-butene, 2-butene and

isobutene to a first distillation column reactor containing a bed of

hydroisomerization catalyst;
(b) concurrently in the first distillation column reactor,
(i) isomerizing a portion of the 1-butene to 2-butene and

(ii) separating the 2-butene in a 2-butene enriched stream from the

isobutene by fractional distillation;

(c) removing the 2-butene enriched stream from the first distillation column

reactor as a first bottoms;

(d) removing the isobutene from the first distillation column reactor as a first

overheads;



reactor containing a bed of netathesis catalyst; (fl
concurrently in said second distillation colum
reactor, (i) reacting a portion the 2-butene and a
portion of the ethylene in the presence of the
met at hesi s catal yst to produce propylene, and (ii)
separating unreacted ethyl ene and propyl ene from
3 nr e&li) ltféeﬂlﬁg shl?t ?rge batisnd any iﬁﬂfylmt tera agcohgi h(flftﬂb.tlbm n:glumn
istillation; repovi ng the unreacted ethyl ene an
propyléﬁ@“ﬂﬁﬂ%%4%£%E%%ﬁ@mﬁ@ﬂ§ﬁﬁF¢éb$%n col umm reactor
as overheads; and (h) renoving the unreacted 2-butene
and (pavcfrefB shidl sebdristl1R1iSE EMthn EA%dd | | ati on
col u reactor as a second bottoms. The reactions are
preferably carried out under conditions of catalytic

di sti || at {ibreacting apersivnlthe 2dutting tand lagrortéon of the ethyldne in the
catal yst serves as di st atjo onent

catal il o nitaendortinpbing sl GHTRGRERoryfeIg and
distillation systen1funct|on|ng as both a catal yst

and di sti (i) as‘ebamumg'mhiea@tedietl@zleneaarmapkiply@né offora unreacted 2-
distillation colum having both a distillation
functi on an@uigne ardipgavics maigrtad by fractional dighllaone

rings, saddles baIIs i rregul ar, sheets, tubes,

splr b . P

(% L] i pI At 6 éﬁ"%}} I{ifeS aha Offbp %e'fe%ﬁg from" @8 MHocond

r et i cukia;nﬁahormﬂmreatmaasovzdﬂmdsgeinﬂuI ar structure of
the foanms nust be sufficiently large so as not to

ot o, PO R TS UL Rl il SR Bbm the second

conceniisaflt@h doleS rdabtonhd H¥éceaPBttdrhw) or honeyconb
nonol iths. The reaction systen1can be descri bed as

het er ogengus since the cataly remai ns a distinct
entity. Tie r@a‘tt&nytarecpmfegﬁblly|cameérpt}5 rl@é@fsgo@ﬁmnéﬂ Catalytw

TSP LSSl PELCHE Qb Sef B, atain

compantriton and distillation concurrently in the sane
reactor, at least in part within the catalyst system

The neth |nv | ved i.s.hrief scri bed as .on
concurre @V?%Hnmﬁ%ﬁaﬁdpﬁ%ggﬁVl%fWHHmBQEU?FaMQwaﬁMKm
S ﬁ&ﬂbﬁuﬁaldn@rig hEBEh ePGath'y?:tt hdd atstipftiont ﬁé&fdﬂgf ‘?% \ﬁh%é‘clhn@rﬁr a
described in several U’'S. Patents, nanel at ent
distitlgtion] colamnsBAying) bothoa dstillation function and a catalytlc function: for

example, rings, saddles, balls, irregular, sheets, tubes, spirals, packed in bags (as
described in U.S. Patent No. 4,242,530), plated on grills or screens, reticulated
polymer foams (the cellular structure of the foams must be sufficiently large so as not
to cause high pressure drops through the column or otherwise arranged, such as in
chunks or concentration tubes to allow vapor flow) or honeycomb monoliths. The
reaction system can be described as heterogenous since the catalyst remains a distinct

~ entity.

The catalytic distillation process employs a catalyst system (See U.S.
Patent Nos. 5,730,843; 4,302,356; and 4,215,011) which provides for both reaction
and distillation concurrently in the same reactor, at least in part within the catalyst

system. The method involved is briefly described as one where concurrent reaction
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4,232,177, 4,302,356; 4,307,254; and 4, 336, 407.
Additionally U S. Patent Nos. 4,302,356 and 4, 443, 559

di scl ose catal yst structures which are useful as
distillation structures. In addition to the catalytic
systens descri bed above, reactive distillation

systens such as those disclosed in U S. Patent Nos.
add SA&IIBGGN dcctr 4in36émbindtidid red@dnatistilfatiod GstBRireswiwibidh are

OSSP AROHEL L TS U S oS B B8 4002
438Y 16¢ 83099861 4 3§‘7‘§Fil hx'ic[ 6407. © 'A%ﬁﬁ)nQﬂ fu. 99 'F%{éhﬁ Nos.

smal | ’beads and the Tike. e particular form of
4382,3p¢ aind 4,448156Pi dasclase @Mysc Istrudtuges oteths atesusafid as d1st111at10n
critical, so long as sufficient surface area is
tfh‘&f?%ed to all ow a reasonabl e reaction rate. The

sizing of catalyst particles can be best determn ned

for each matalditionC térether icalalytil Bgferhd eddﬁ&ﬁlﬁb‘al taowd, reactive
avai | abl e internal surface area Wl

digiifiationspstema seeh ap theseqlisglosed in $6S.date YN%;%S%N% i46474,364,
4, §£7 a?(gandégé?(%é‘éd Guiat Sk 11?(1&)}?01'11!3& ?}eﬁ} ln;alyar}el R84 £ % ut the

redc e appreciate 0 con a-vapor

presedt podess! | qui d phase as in any distillation. The
success of the concurrent distillation and reaction

approach Li es n an un er st andj of the ci S
associ at el R RIReS b FfPra Ay be Sepbides. phall Srregutar
cHURRE b BOcrhSntOGoHIT bdAds GROGAY [ ke gaﬁlb,uqu $orhd bﬁiﬁe%talytw

the inittal reaction products are réenoved from't
materiglt inothezdoth pecketsi iskhot erglcabcmslobgeas Sdticent, smb@@awe:@ is

prided R B FEBAETY Feaiey ritha THG A TR o el can be
befl ddterinin@t fdrhQch ataBAcPhHeSHLT BincEBe PERkItPTor akgidibld @flernal

sinply creates nore boil up, but no increase in
sutfaegparea twit evaryforr different ma:t%rwé tand of ieqursa @ifeeicthe A6dwity of the

cagﬁeh |nQ%eltw(agce because the reaction products have been
I enmove cannot contribute to a reverse reaction

(LeChatelier's Principle). As a result, a great deal
of cont r dlheadigtillatibe colien tdactoe@ad be rppreciatedits taohtaitt a sapor

of products n be achi eved by regul t|n t he s stem
phtecar sqame Finid pha Pudt PRY distidlation o[@ﬁ pHECess £ Mo pRasurrent

diskillFRor pd ega g%gfdaxh He25Pa GAREAMINDOMAS pliléiblegassociated
contro stribution an greeo
WIﬂnhsrtdt%lnnn Ftrst berpasetbs r&cpomﬁmbumﬁg coerieathp srithtdastalation,
the 1n1 aldlreSaE:%lcl)rl %trcle) r<]:’tsC %eugenm()rv%gch Se ldeggtlec{nnggéj as yqulacqy as
possible. 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 boil up, but no increase in temperature. Third, the
reaction has an increased driving force because the reaction products have been

removed and cannot contribute to a reverse reaction (LeChatelier's Principle).

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 = liquid hourly space velocity™) gives further

control of product distribution and degree of conversion to metathesis product.
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boiling point of the liquid m xture present at any

gi ven pressure. The tenperature in the |ower portions
of the colum will reflect the constitution of the
material in that part of the colum, which will be

hi gher than the overheads; that is, at constant

pressure a change in the tenperature of the system

i ndi cat esThe athegauirernnt ahdistidatiqmosildrinw meactor tid detemhined by the

Ta change .th erature the pressure i s changed. .
b%@ﬁ% 2P GF the bcwe Fxtfite RURRen ELATY, BPEL BRI hﬁrﬁ%@mpemmfe n
tHRI1hRet BoriBds Bf RIRAKMENA Wil 'TBASYH B cohtitutiBRToFaRd RtdriABin that

pressure, the tenperature in the systemis increased,
parth o f the eolnems avhigh el | bex higherp thah ethe toivgrhicadst lﬁhﬁidsd # edmstant

stem The ref ux,ratiqQ cou r
PSR s’ § e iiertuEost the Sifneitfoglerce g, in the
diﬁ’;ﬁﬁltldﬁ irc Rpeitsmhe T@ rchangﬁmfet teﬁ@bﬁwétth@@ebsaue Hs @Banged.
required for experinental work. In commercial size

T@nmrsmrmeorér@l i1 thetreastian wone i thes pifesieddeda shangsdr preswie: by
1nc%fiélgg th% f:ss ’%Q\é‘r% to p&g re 1%|tfle spe e%%éég%sg%,fcaﬂulvyce%rsa.
Cont ami nants The preferr ed pr ocess for the renoval of
ner capt ana refiax popryferatily mscludeduialthasystinen&@hp refubyatio could
sel ective hydr qgenatl on conbi ne

VAR iyER e Fatf Qa3 brio 3Pk I Ptlerﬁf&gtfhﬁeﬁﬁt%awgt‘?f‘eaﬁ%d to
comyeﬁ}l{lbté Sfopﬁes%oﬂscatte{] Ife?aT anﬁsafe@iﬁlr@ f&oe)%nﬁﬁ:ﬂﬁ@ REdkS In

may be satura nes unsat ur at ed
co@mhefslah size amds iod yalaisstt badaweuld l(ajpmlvsfed rs9)thatl lomgr wéftux and
nor . anount s, of. t he naphtha is

hep e S R D Co T AR e ot s opating S0

distillation colum to renove that portion containing

the C5 amgkerhd@inef COthinidagtsmaterials (C5+) as bottons
and the C4 and lower boiling materials (C4) as

overheads. One _enbodi nent. of the present invention
utilizes Theprefepisd mrorses Fosnih remeal g8 Buarsantas andopolyolefins

SRR B bl RSP BB, i
lighapiatlkel miphthastpantwioch sfuskhes thei fobdéomang 634 tcoCmcomponents
S e SpUPLER 1E TLANE! 1Lt Rt e 0P ARl e
(dlgle@ﬁﬁj ilbfr‘é‘(zv'ltﬁrinﬁ&dz{rﬁ&urﬁi 5f9'ﬂh@tn‘1éi’5hp't'aﬁl'st Thd Mghesphitdas fed to a

renoved as bottons fromthe debutanizer colum
debutamgen/wlmhh Goa+friagstonalndistiltetion eakumlytstrsmg@ﬁeﬂlat pdren pm_tammg

actiqn.inclyde a re k 0
o 50 B 5N oy e L e i
mariii (@, PASEvaidagl 18R endRImeRNIS By @e&emslnaerﬁ@haitmzes the
distillation structure. 6
upper portion of the debutanizer to react substantially all of the mercaptans and/or
hydrogen sulfide (H,S) contained in the light cracked naphtha with a portion of the
diolefins to form sulfides which are higher boiling than the Cs fraction containing the

amylenes which are fed to the etherification and/or alkylation unit. The sulfides are

removed as bottoms from the debutanizer column along with Cs: bottoms.

The catalysts useful for the reaction include a reduced nickel, Pd or
mixture preferably 5 to 80 wt. % nickel, such as nickel on an alumina base which has

been configured as a catalytic distillation structure.
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Hydrogen is provided as necessary to support the
reaction. The distillation colum reactor is operated

at a pressure such that the reaction mxture is

boiling in the bed of catalyst. A "froth | evel" may be
mai nt ai ned t hroughout the catalyst bed by control of
the bottons and/ or overheads w thdrawal rate which may

i nprove t Hedwgéeds iprevidas apfnecbmayatalsysgort tier edagtion. The

decreasing the height of catal yst needed,, The process .
dlﬁ‘@ﬂi%t’éfla‘lﬂ% FREpIOr & Opgrated &t hEEISHF SuaL e fe el Fiire is
béhi%é i [t bed of Qhééglat. I 98t lelelt Heay BOGRIREHVE AolRAE the

250" psig and tenperatures wthin said distillation
catadpst thied rbyzamgrol nf thedbottamgendfor beerheads3@drayrlatater which may

. 130 t OF. The f.eed d the dr ogen_ar refer
inigvs the, FEECCHveRet IoE i RSP ety cAegraring dfie REEaP b etlyst
ndeB&y mMay be mixed prior to feeding. A mixed feed is
fed below the catalyst bed or at the | ower end of the
bed. Hydrogen alone is fed below the catalyst bed %pd_
the hydr oBlg Lwacess r peefersbly f 6PETRSE off t9¥erhsad Prsulp @l said
. md - i e
aiplfyifh ol bt hn e Ehe Bl B B P) ba 3 AehBltaturs
witleih werindidQitioa reacBoR ZondCanihe rhnget ¢ fOr00oh 3DORKEtpreferabhel 30 to
%o[)ocess for concentrating 2-butene concurrently
270s®meri zes 1- butene to 2-butene and separates the
i sobut ene as overheads by fractional distillation in
the presefcerof aft BehioebRhR pteRRBIY fE tHthe dtillaRbn cdumn
or mxed catalyst prepared as a distillation packi n%,
regt@f epadtely pnthen enayrbeseixeé pobr tinfeediingc tumixedgfeedris fed below

of drogen.  |.n addition_.an c erted. but adi ene, |
€ piaPAt BB o HEREE! b Be 36 bl CREMESAR G RitkE B0 the
cafd®jshbe® b kHd Bblaybddi difedimeiBtfed boIoW Hholbel etabsn thd nddvone-
separation. Mst (>95% of the 1-butene js

for
third orfethiez bed-t oThe Huessie olected iis theli mhihamrin{aing gtatabyss  bed
Thi i s o Lt etaining the 1-butene within
ke AR, € oy g

e fenoving the 2-butene. The

f eedstream whi ch nay derive froma thioetherification
react or, Coxeeitedtionog2tbaenei xed COis fed to the

di stillation colum reactor containing a supported

gﬁlf lf ;ag: gﬁh%ﬁiy%fe:@gg%rr °c¥§8(§1e{{aitiﬁ§ ti'_&rl]tegea tC%l’l usr}'enalyoirs]gng\rliizteg 1-
butene to 2-butene and separates the isobutene as overheads by fractional distillation
in the presence of a particulate supported Pd, Rh, Ru, Ni or mixed catalyst prepared as
a distillation packing, preferably in the presence of an effectuating amount of
hydrogen. In addition any unconverted butadiene is saturated to butenes. The 2-
butene has a boiling point significantly different from isobutene to allow for
separation. Most (>95%) of the 1-butene is isomerized to 2-butene which is

withdrawn as bottoms. This is accomplished by retaining the 1-butene within the

catalyst bed while removing the 2-butene.

The feedstream which may derive from a thioetherification reactor,
containing the mixed Css is fed to the distillation column reactor containing a

supported palladium oxide hydroisomerization catalyst along with sufficient hydrogen
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to provide for the hydrogenation of the butadi ene and
keep the hydroi sonerization catalyst in the hydride
state. In the distillation colum reactor the
but adiene is converted to butenes and 1-butene is
i sonerized to 2-butene which is concentrated in the
bottons. |sobutene and i sobutane are withdrawn from
tot previdiesot heahydrogenatiomof theehutbdiene and reaphiha dydraSiomessization

the 2-bytene js renmoved from.the reacti on zone a . .
VY oethet REE Suter | it Lot GaRTBE)aDT Gy Butadione is
c%ﬁ?ﬂéd R huie’ Rdd Wu?m%lp WoB1RE zeBtoPr-BEHEE A hidRAB chifcentrated in

alned 1n an equilibriumreactor (fixed bed flow
the Hyodtogs) . Isbbuibnet amd isobutahe ere withdeaminr p@dthigydistillation column
distillation in the overheads along with the
reacth @Eea%hy di ssol ved water will be renoved from
the distillation colum reactor with the isobutene as
over headssindé thel Bbuteh@ i rerrobed G0 thielrbadtioti zohe asibyttoms, the
Metathesis Suitable catalysts for, the nmetathesis_ar .
ispmerization dy didenawayskom fequisbapm, and Faorg FdHERs 1S &’Fféhlf:iﬂ?ﬁhan 1s
ob%ipga %h %eé%tﬁfibr?\ﬁg ehotN ¢k ¥og %Wntﬁ)éhgﬁ)s _I?bﬁ&ﬂé is also
si'lrca or um na- based "supports for t oxi des nay
coneented byldistilthtiohiih thetoverheads along with dtedsotiusenegener al | y
operated at an overhead pressure to result in a

catal yst bed tenperatuyre 100- 200C. f or, Co

cat al yst ‘g%déﬂﬁ F‘_Iir%_?ﬁ Y"gl & SRVE &BCFntth% d%@]%on column
re5@b AW HE the i8R REdnRYs bPeribid. THErQhItAR D-WiteR WBISHAEbO Y.

tenperature as di scussed above. The reaction of

2-butene with ethylene to produce propyl ene is of

i nterest Metethesie of the availability of the 2-butene
and the value of propylene. The reaction is

reversi bl .jp fi [ r ' '

B
mélyB@erutidiBium dr HitHR aEkbdlinand mélybddniuat oxddesc dlithensilica or

reactor, the equilibriumis constaptly. dj.sturbed .
alww-bgpqqmamq %@ t 1$Jqs5r[1qyl}?ﬁ usg '.C E‘h? flg{lllg?prb(fo?urhn reactor 1§
ge@?ﬁ?% 0BGt at AnHBvéfHad PRREIB Y E&ultSn ol QilydtRd rt&il’fpé«fﬁthre of

t
e pr opyaI ene as an over head product constant
100¢10066 for@oOMedtdatatyst and atmué smen Enyebngtieoir gfe Re,O; catalyst

r.opyl ene.. Adj.usti.ng the throughput gives t her
beBERE RGPS oF Darars o (s gs disgiied gpove
conversion to propyl ene. The production 8 of
undesi r abfie fhétforPbPdUsHshe Witk ethflbee kS PaRIucE ropierf is of

2-butene to 1-butene, followed
interest because of the availability of the 2-butene and the value of propylene. The

reaction is reversible in fixed bed reactors for a given residence time and may be

written as follows:
CH,=CH, + CH;CH=CHCH; — 2 CH3CH,=CH,

In a distillation column reactor, the equilibrium is constantly disturbed,
thus although the equilibrium concentration of propylene at a given temperature is
low, the removal of the propylene as an overhead product constantly drives the
reaction to increase production of propylene. Adjusting the throughput gives further

control of product distribution and degree of conversion to propylene. The production
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by their netathesis to pentenes and hexenes, is
prevented or m nimzed. Another advantage of the
catalytic distillation reactor is that the feeds wll
be dried by azeotropic distillation allow ng | ong
periods of catalytic activity wthout the special
drying steps that woul d ot herwi se be necessary. The
ofelesisibleysil@proddcety, feetle ismendatiamt ef-butets:; ®. 1 -Paters tfollowed
hﬁ@ 3, 340, 322 where t dried feed %ﬁ S eC|f|%q for
by fhgir FsEto NRBIAPS MBS S PEHYED 9l i fi ed
fl ow di agram of one enbodi nent of the process nay be

seen in W&Heﬂzﬁivaﬁt‘dké of th'értqtaﬂ)ﬁicyabtﬁfaluaﬁ rédctor i§ € viedfeeds
in an optional first step. A typical light fluid

will he Kimddafpmqwaop@e@smléatmdalwang flongapetiass afpgatglpiic activity

SIAE e
RGeS RN AP OTAR, DR ey D Sfecssity o
driylTeeaieib hﬁliéafddClﬁKﬂ Snp&adtaNo/ st34M;e2 evhatenhs driad Feedfis $peeified for
nmer capt ans contained therein are reacted with di enes

the gxgraples. hi gher boiling sulfides. Hydrogen is fed as
required below the bed 12 via flow line 118. In

addi ti on pi dr‘f—ﬁﬁgt fow @ ﬁ%@eﬁl(ﬁ}ﬁES§ lSGRplNE Yiow dhagralgln of one

hydr ogenat e nono ol efins. Concurrently w
emtgdlihernns thehgrotésghhayf beisdercimothech delphilfier amsl plyolefins are

into,a C4 and |ighter fracti
rep L B AP O PREI TR R ra re S ThighgrasRed Theped is fod via
f1dw 8RS | ONandddnfiin&ORiRA 'Pécyt:fé%trééih Bhdlesl to avitsCdistilRation column
renoved as bottons via fllow |line 104. The catal yst bed

redc@ori $0 helsive @abéd, 12nof thn@eth@rﬁcamm gatalyst sderq ahpast aflhef the

di still at | umm reac 0 -becaus a
mans B Bt SRl Sl oGNP il g R
Hﬁiré%(& i8l feldsas réqififedarelow thébell 12w fldwi ik ¢ 18.C Bpadditiynsurpeacted

packing is placed bel ow the bed of catalyst

dieyies preielegtivey hiydipeaprsedsto mpRo ﬂly’é% gepnqysiepdy wethdpe Fggetions

o Dy SPEB PR T € WP Gy it o

ovethead¥via flewdinerl 0dfand h Gz and heanerEfrdcadn Ahioff contams the sulfides,
i.sonmerizatjon catal yst where 1-butene is

whigh 5 TBI B PR o8 Gne ¢ T hocHieirthad (Rl Etably in
the%_f/eg{i]fg%agﬁﬁ Isgd%g) ddf“iﬂ i@ 109\’0% gﬁct& @O i)l%(%{‘(sé tHaeisWRre the

bel ow t Vi a line 119 to
Cyk &l bt kenceatrateyts tStamlatdwsthi}aﬂmn darus:nms,eswh s siaye |t@ys,flmbble

cafibys 41 RRGE 1t SRR PGP of AaBObTne AP sEich where

éwd% en hteﬁ)@ k@&&@@%@@g& haRRRP LR I@NE k6 Aeened. i n
condenser 24 and collected in receiver/separator 26

where the water is renoved as a separate phase_(not
shown) . The C, and lighter fraction is then fed to a second distillation column

reactor which contains a bed 22 of isomerization catalyst where 1-butene is
isomerized to 2-butene simultaneously with the removal of the isobutene and
isobutane overheads via flow line 105. Hydrogen is fed below the bed 22 via flow
line 119 to keep the catalyst in the hydride state and provide for any hydrogenation of
dienes. Any water in the feed will also be taken along with the overheads. The water,
isobutane and isobutene are condensed in condenser 24 and collected in

receiver/separator 26 where the water is removed as a separate phase (not shown).
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The Cis and lighter are vented via flow line 110.
| sobut ane and i sobutene are renoved fromthe
recei ver/separator 24 via flow line 107 with a portion
being returned to the second distillation columm
reactor 20 as reflux via flow line 109 and the
remai nder bei ng renoved as product via flow |line 108.
TRatGh Yol 1hheer 2 venpldaciadflow nlideh £10. e dsotfutamat arainisobutene are
section where the 1-butene is c ncentr qg,fd for
RGO EBring GeeelVaBISERATOT S aKANGN it 197 dtiffbd portion being
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in e BRI SRR WIere A1 | DuleBRdt Sorcepented for aaiwgsipn to 2-

blﬂélﬁet | ISkAlANdistORNsthRAFED 'sudP a¥i stevk! @XYs! baBblé Kapatidls or
via flowto a third distillation col’'um reactor

p@@lnab@pbcal ot 312e béd mmlm 358 swmwctlomwhwéhmhwkogen
e.th i St 30 bel ow the bed
5 sistaiE 1 Tbkeng bagk B eto BT fehgd2 501 05! e

et hyI ene reacts with the 2-butene in the catal yst bed

32 to prodi¢ceriche@pyiRipe strdarth e rentved tfives ilte seeand distillation
and the pr oduct propylene is inmediately r

colyiyen Feastes 20vyia fomoling il Ae and fedvigniiowite A e g@éﬂm column

reﬁtt&y be rb%ovégyb%g R agd ﬁ]%ta%heg#ow y@nd Eg'gi’éﬂn e€]s fe'aafoe ﬁiea{hlrd

I'S renoved as ttons via The I d recycl
ditidlatitue columat3 0cheddw ithealtddd2 ofométatimsis eaa:lystrwa ﬂowhlmteel 1t7h élhe
erefro

b d h t.h
CUPG TRk w1 ne NG aR NEEEAITS bFf o, (P oos Sresp i the
mét@hé fRcSR] hid @ AN BEDYIAB is Rflﬁg&iﬁfebpfe‘ﬁmueé Qﬁ dvérheads

separated fromthe unreactéd ethyl ene and renoved
vibfowdims 11V iabng|vath unrn@tqdlethylm@ Amy wrreacsed éftmelné ﬂéd hgavwr

rempved fromt [itt erh
G 5 Sty B S vy Bge i oS RS o teoth| ifittgtion
colutth reRétEPYH SRrdPihRdidaties BN BE réndviel Meith e BdMenishthédfrom in
distillation colum reactor as reflux via flow line

flop1 Bnenhd4: eTheheveshesds én ﬂpwdb?ﬂ Hieare fedr torfearCaisrlitier A0 gbere the
The
pr&du@? ]%r]oégene Ebt sﬁeg%?eg f?grﬁtthﬁ é(? eﬁ"&fen!a ag&1 %erﬁ{)\lfgdgar% l?oétoms

crac I ene“conten

vidigled, liselcn4as The omreacsdde amymhaqk aemot &k febine rthe cplittend0 as
woul d be extremsly hi g Al though it would still

be
ovgrgsadshyie oy {inedd 2tand 1@% Hester¥elath ot ishawn). A portion of the
cngfetn!e éJfrer a a?%é%ﬂlrﬁ&?ﬁ]me &8 idiREGoR BOURm ﬂeﬁctfﬂ' Hfeflux

etotreat e stream 1n a separate
v1arthmzlmes 113 whielthe prodieh propyleat iscemaveat wndamdlisd hidl.
pass down flow fixed bed thioetherification reactor

coul d be, pl aced. before the naphtha.splitter a .

st andar d TB% ﬁﬂ’?’ P@Wef‘? S bsotgﬁ ﬁg}?{gﬁg‘if{ﬁcg?cfgwé}’?@aa cH g higher
dievik thnteRCoeh® it AséRRLEPhs FB/ H8Bhm cracker, the diene content would
be extremely high. Although it would still be possible to treat the dienes in the first

distillation column reactor described above, it might be preferable to treat the stream

in a separate reactor. In such a configuration a standard single pass down flow fixed
bed thioetherification reactor could be placed before the naphtha splitter and a

standard downflow fixed bed diene saturation reactor with recycle to control the heat

of reaction located down stream.
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of reaction |ocated down stream 10 CLAIMS The
invention clainmed is: 1. A process for the production
of propylene by the netathesis reaction of ethylene
with 2-butene conprising the steps of: (a) feeding
hydrogen and a light fluid cracked naphtha contai ni ng
1- butene, 2- butene, isobutene, nercaptans, dienes and

CCAIMRI heavi er conponents to a first distillation
colum reactor containing a thioetherification

Th&ingbdtion;cldilpd goncurrently in said first distillation
columm reactor, (i) reacting the dienes with the

1. B HFAREERE thd Pfd?lﬁcﬁ%r?§?€x%‘lﬁyféﬁe %2%(—]3 IeekRekhdtonalf @iylene
catal yst conpfising nickelf”on ah al um na base which
hadthizbutenootmgisirgrthasteps ¢t al ytic distillation

stru re, ositioned in a.rectifigcatiagn secti.on,of

St o) feeine iy Ttoen 69 b enOpliatacked Rioniia R 1 Brepe. 2
bet weeRyfndnsbhiRBe Pob@aptandAidhbahill @5 aldeligacied bothonents to a
bet ween 100 and 300F to formsulfides, (ii) reacting

di enes fiwit distilgtimoepdwmn eeactor gomtainingd thfoethsrifigattpn(qatalyst;

and BF prcaren B st el SRR £ 70 Ton,

(c) renovingattiy Gt adiRbed WAt te iereptanirc did ptesemtg of the
the 1-butene, 2-butene and isobutene fromthe fjrst
di sti| | ati ofhieashafisatiem crighysh§omPHsing nickek PR HalumyiRy base

renoving th [ [ algnkng:
G dog §r Snich, A bHEE thRfidbf i £ bab B uildr Sructure
as a first peiticard;in @actifvadomsection df fdid $irstalistillaam solumn
cont ai ni ng 1-butene, 2-butepe and 650 uéﬂene fo, a ., .

second di st ePFaE idbn? JBPSIHET PERCERIO @Bt AthiPi X Fednsm @

a supporte dtem?a@}alt@rg bR R% 1186 ahy I6PFIO R AAGIAQN

catal yst positioned in a rectification section of
sai d di st(ii) feattingrdiemss with nyelacgenrto fqri)menmelgfingnandy i n
t he seco

e e bAoA T8 bt gy Syl
(i) separafhdiBn'ah@ ad:; Ml eRSviENFRL3nPUL ene enri ched
streamfromthe
(c) removing the C4 and lighter fraction containing the 1-butene, 2-butene and
isobutene from the first distillation column reactor as a first overheads;
(d) removing the Cs and heavier fraction containing the sulfides from the first
distillation column reactor as a first bottoms;
() feeding said first overheads containing 1-butene, 2-butene and isobutene to
a second distillation column reactor containing a bed of a supported
palladium oxide hydroisomerization catalyst positioned in a rectification
section of said distillation column reactor;
(f) concurrently in the second distillation column reactor,
' (i) isomerizing a portion of the 1-butene to 2-butene and
(i) separating the 2-butene in a 2-butene enriched stream from the
isobutene by fractional distillation;
(g) removing the 2-butene enriched stream from the second distillation column

reactor as a second bottoms;
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I sobutene by fractional distillation; (g) renoving the
2-butene enriched streamfromthe second distillation
colum reactor as a second bottons; 11 0 (h) feeding
said second bottons and ethylene to a third

distillation colum reactor containing a bed of
nmet at hesi s catal yst conprising supported oxides of
cobafh) fesdiny ¥didisesondf botwhal dndactylend ydbd ehindndigtillption column
concurrently in the third disti]lation colum.reactor

(i) reRactongcontaiRng i & bef hel maaiheste CaAlySt: CHBPLTRS SBPPd“ed
the et hyl0gr éo%aft Qfemlﬁ{fe@ %Fe@oaﬂf glﬁ%llﬂﬁfeﬁﬁrﬂes' S

catal yst to produce propyl ene, 1) separating
unra@nmednemMyhmﬁmthmddpnﬂwyhemkmﬁmummmnreacted 2-

but ene ang heavi er mater, fra onal .
dlust il at(l%orﬁacn\({’;g)a PEHEN I l?ng Pﬂén%ﬁ? éd?f’glﬁ’nectfﬁb‘f ghyleng, ip the
propyl ene fpomiReriy ﬁ&aﬁb§§ tAthightit® Erodﬁ@é PPyl @her

as a third overheads; (k) renoving e unreacted

2-but ene Gihdepreatingennieatted |e§1y1€meofmdt propylene drom unreacted 2-
dlstlllatlo colu react o [ (1)

f eedi ng t he G Ry ﬁ%g’ﬁger’tagb%ﬁ&fg &%1 ? at??‘g’r wher e
unr SdvRieiE Afatld efil@éathdasopylét fr&nfthel thitd distillation
over eads and propylene is renoved as a fourth

bot t onselumndeaciny a5 adlied Pyrsheads third bot t ons
contgy g ?v ﬁg F@GhF e LA biike 3R Iﬂ:%gi‘ék GHatbal f8fndthe third

firs i on colunn reactor.
distillation column reactor as a third bottoms;

(1) feeding the third overheads to a C»/Cs splitter where unreacted ethylene is
removed as a third fourth overheads and propylene is removed as a fourth

bottoms; and
(m) recycling the third bottoms containing unreacted 2-butene and heavies to

said first distillation column reactor.
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