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1 VRAEBRAEO-OR CONCURRENT SELECTI VE HYDROGENATI ON OF PCT/US97/15137
ACETYLENES AND 1, 2 BUTADI ENE | N HYDROCARBON STREANS
BACKGROUND OF THE | NVENTI ON Fi el d of t he I nvention The

present invention relates to the C tive

hydr ogenati on of vFRPCESE FP&@ON@WI t#lrl&efgﬁvz HY@ifb&ﬁ‘XA@%tgﬁl ene

in an olefin ri chAGATYSIENESTAND e BUTADIENE tIN (HYDROCARBON NS'EREANMS
relates to a process utilizin r genat.i cal.alysts in a structure
to.serve as both the 10 cat?—%@fﬁ&%ﬁg (28 ck 3’91{ ||lé¥|80n structure

for the FigldldfngveisInweawttiam and separation of the reactants and
reaction E,oroduct e@ijfrﬂ{ ed; LObAESA ONrelates RELT OLREM @"’ée xf%xft
str.eans contain var| B organi ¢ chem_cal conponents. nera

the streans arS?lecth%le wﬁe'egsyaﬂ:n@mr ®6i valraé?ﬁ}'é’sl%ﬁvche&éVélameﬁé’m

composi tions. ki ArLeSHAH) dife t191 StaheaBEth.ﬁo ﬂiEﬁCté streéxﬁ"e . More
conposi tion. For,” 'instance, products cat al *t iC

t he
cracking or tﬂ‘@r‘?Fe?}c‘-b]r% nEner &%ﬁ@%ﬁﬁ?ﬁtﬁﬁ t°h|agh"1"(3‘6ﬁ5|§%ni‘1 atlilgidg
of olefinic nmheogensting cadlystas in a structted tel kapee) agabethilthe
and pol yunsat ur.ate f er | s (d| It I hege
conpone ld)s mafat fygg rﬂr}F ‘Ji'%e var |cgiu§£;"22)r?§lw %ﬁgﬁééﬁ%& dgor the
Refinery streaisnddiareous be@a*dlepe@tndms@pambiom of2%he cne@@tmlts afid s
is especially frug Qfn R90edes fromeither catal ytic cracking or
t hermal cracking proce Ses. ese unsat urated conpounds conpri se
et hyl ene, aceRelated Infommagpidrene, propadi ene, methyl acetyl ene, butenes,

but adi ene, anyl et rdieanesafici1 My OktirBaRe CMANIES 3@ vaﬂ?ety of
val uabl e, especi al IC{ as . f stocks . for ducts.
y

eed §hem Cib‘
Et hyl end?® eSF&@Nd ychpmical, fapRopents. A\ GERPERILY) t}b?opiﬁriﬁ?é“%n&rlene
but enes are vaelﬂbiea by thekrer botihéngl efamgydmayviwigicor edétarmbne dahll e

bond and i”%%n. rresPn't ol E@gp%any Oglﬁ’%ie“&%atﬂé' &'t%e‘%%d)ai‘@é’ ea%‘%%%%r

35 uses and <ar em cal process
whi ch the singhe dedspesidricrconpolfals akrstaree , fmroduct%xaﬁpbm elther

pol yneri zat | Ofe Qﬁ id hersengﬁgof oY #hREARRONSrackind N$oce¥rtdeLa8hv3An

t he renoval unsat ur at . .
20 hlgh concentrations of olefinic materials as well as

saturated (alkanes) materials and polyunsaturated
materials (diolefins). Additionally, these components may

be any of the various isomers of the compounds.
Refinery streams contain a broad spectrum of olefinic
25 compounds. This is especially true of products from either
catalytic cracking or thermal cracking processes. These
. unsaturated compounds comprise ethylene, acetylene,
propylene, propadiene, methyl acetylene, butenes,
butadiene, amylenes, hexenes etc. Many of these compounds
30 are valuable, especially as feed stocks for chemical
products. Ethylene, especially 1s recovered.
Additionally, propylene and the butenes are valuable.
However, the olefins having more than one double bond and
the acetylenic compounds (having a triple bond) have lesser
35 uses and are detrimental to many of the chemical processes
in which the single double bond compounds are used, for
example, polymerization. Over the range of hydrocarbons
under consideration, the removal of highly unsaturated
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2 conp28I2160s of val ue as a feed pretreatnent since thesguseIs137
conpounds have frequently been found to be detrinmental in nost
processi ng, storage and use of the streans.2 Boitiaux, et al in

"Newest Hydrogenation Catalyst", 5 Hydr ocar bon Processi ng, March 1985,
p. 51-59, prexwmpounds is ofvevaluev 85 varfeed petreatmeditogeinteorthese

Cat Al ySt S, PRROREYdhage SHeGbNR A SaaPnAblAR. e id 2a0E: ApREERY L SLETY

bi metal | i ¢ hydrogenation cata artlcu 6,21t he
aut hors shomePﬁi RWWW% gﬁmrmmn@ US%rQﬁstbenatrenmsof conponent s

is vinylacetyl engoit Pausd; 3-et al Byt adNSQ@s‘@ tﬁyﬁ?@gbﬁﬂ'&%&ﬁd PQEQ'J_%&S; in
a stream al sq cont ai_ni n but yne, - but adi ene
U S. Pat® NO.M@E%MD vpr’l?é'e%% R98%n & 51-59 horesent an

-Process, whersrexseiew enes avSrhudéogaaabed ofh ahydrogeh£PEoR! r 8aFh1ysts,
trace amounts  of

cont ai ni ng prJ.n t adi
vi nyl acet yl ertd*€ (i‘g‘ﬁﬂgaﬁ%f?ﬁgﬁ‘ée ggﬁa‘ogfngtlon, YWirkd ek aprRPrietary
substanti al &imsteliim bydvbgghatébpl esetalystwi t iMare mpardiean o1y at

5 o e gl o ned SN il R

I V) : advant age pr ésen
reductll@n of t\narqafanmawm ot hgoapengndise dsd Yidylacetylenadi €oe 253~

obtained in GhtQlEfdre CWittﬁ' NtRg Sitn(;?ﬁf{ﬁed | catalysts axﬂaref' Gl ndugngage
that this may be achieved in a S|n |l e reactlve di stillation col um by

usi ng beds oF%aI’TWﬁ:ﬂ R 2 digne and olefins.

SUMVARY OF THE IIN\ENTPEJN No. 4,062, 9msenis¢rw§é§| an x@f@é@é‘és ¥hdWhPC8ss

for the ngi{ f acet Iene and/ or %)ﬁi but adi en%@r

al i phatic hyé-’lhéa slPFé\’g & R eoheaPrantfy: rogenated in)a

L egdl ngsbhyd@a@ene sstméanatdwmmtg)rprnsrtcrmnly 1, 3-btﬂmﬂd)iéﬁé Ngn&4trace
rocar bons n adi ene,

y \ amd‘rg g ou %%f%lQHE%@ﬁene rhlyjla%et%.ét ‘and o1,2-

1, 2- but adi ene an cetyl ene 1 on
cont ai ni ng abM&@ddens i swigh Substanéﬂ@}dr%bhhﬁ'@m@ap@ y‘sinxolace'eylgpe

characteri zeg¢i®h a small loss of 1,3-butadiene, but substantially no
reduction in 1,2-butadiene (Table 1V).

20 It is an advantage of the present invention that
reduction of vinylacetylene, ethylacetylene and 1,2-
butadiene is obtained in C4; olefin containing streams. It
is a particular advantage that this may be achieved in a
single reactive distillation column by using beds of

25 function specific catalyst.

SUMMARY OF THE INVENTION
The present invention presents a process for the

removal of acetylenes and/or 1,2-butadiene from Cy
aliphatic hydrocarbon streams comprising concurrently:

30 (1) feeding hydrogen and a hydrocarbon stream
comprising C4 hydrocarbons including butanes, butenes,
1-3-butadiene, 1,2-butadiene and acetylenes to a
distillation column reactor containing a bed comprising
a hydrogenation catalyst of the type characterized by

35 platinum, palladium or rhodium, preferably selected from
platinum, palladium, rhodium or mixtures thereof, and
prepared as a distillation structure under hydrogenation
conditions to selectively hydrogenate a portion of the



35 pl atj nu al I adi um or rhodium preferably selected from

pl ati num pawpa"g} rhodi um or m xtures thereof, and ROTARI746133s a
distillation structure under hydrogenation conditions to

sel ectively hydrogenate a portion of the 3 V\D 98/ 12160

PCT/.US97/ 15137 acetyl enes
and 1,-2- but adi eREeL¥LIEBLM AndedordBHLASAGRS to forn paction mikture( )
fractionally dighiglling the reaction m xture to renmove a heavi er
fraction and renovin frac l,on r.nea I‘ISI

substantially all g?? £rac Eﬁnalﬁy dlSt& ﬁﬂ‘ cggmture to

acetyl enes and tefiobet adi eheavier fracduitent and removiﬂy& t‘eydrf)gsaaj_bﬁn

of the re highl nsat ur at ed

m)no-olg?i ns an87'érr %ne‘éomgﬁls%&f%o g’%er{%f]r’a%\i%hﬂ %ﬁshl |n"d‘e Cs

i soneri zation sqmpouads havingt eeduzed bBgetydehes and 1, Lmeradignéhe
catal ytic miterbéhtgﬂtt he bed S initially present as the nmet al oxi de
and may be converte to the hydride formduring use by the hydrogen.
15 In the Bhesemydrreanasionydfgerthe mevedeglablam unsaturated

ef f ect uati ngcoMgpeARS RANL abr@&ﬁééurnﬂaﬂi abnbe@atefab&utana/or Gk Pré & .
| ess than 70 fSI a, preferably | ess than preferably I ess

t han 3%° psi P18t HeF &t MAYat PGn bond %%%G%ngeaﬁ?weemmﬂnngsuch as
hydr ogenat i oputéhe*-ysts patdRe-1descri bed. - BRI EF

DESCRI PTI ON OF THE DRA | GURE fl di .
schematic form@fRgrally pr%liiﬁrrgﬁteat}%g?‘ﬁenf"alotf 1:[1&1 ?Vn\i‘/réln?g%%m Ibn d 1is
DESCRI PTI C]\l Dl T PREFERBREDt ElBORMENRELAS oxidelThand pmagebe donmsstted
DOVt 85 o e OhE Ryal Pho rorm SEheLhy VAL Bydeﬁaeﬂgg&ggeg. i,0l efins and

particul arI enes and 1sonerizing the no ns toward
equi | i¥7i um In thg onﬁéeD;*rual-an%@at |Tb¥fi3€ﬁ9%“ priGceBsovAded tat an

catal yst 30 effEEMESt an@a%bbhat;bé)ﬁtfﬂﬂpwgsuré hereaw | 18a58Mdout
constantly d| st ur bed, driving the reaction toward
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
20 described.
BRIEF DESCRIPTION OF THE DRAWING
The FIGURE is a flow diagram in schematic form of a
preferred embodiment of the invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
25 The present invention provides a process for
selectively hydrogenating dioclefins and particularly
. acetylenes and isomerizing the mono-olefins toward

equilibrium.
In the usual application of a process where the catalyst
30 serves as a distillation component, the equilibrium is

constantly disturbed, thus driving the reaction toward
completion, that is, the reaction has an increased driving
force because the reaction products have been removed and
cannot contribute to a reverse reaction (LeChatelier's
35 Principle). Although the hydrogenation reactions have been
described as reversible at elevated temperatures above
about 900°F, under the temperature conditions employed in
the present invention, the hydrogenation is not reversible



conpletion, that is, the reaction has an increased driving force
because t hew@omt2ien products have been renoved and canngdr 6§yr§isput e
to a reverse reaction (LeChatelier's 35 Principle). Although the

hydr ogenati on reacti ons have been desgribed as reversible at elevated -
t enper at ures above about 900[err]F, under the tenperature conditions
enpl oyed iNand cdho®rescah iAveAtive, tohasy i agerelyeici aisel11avepsi bl f
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4 and SYEHFR be aht®ncBRPTvePEF IREBARCE ach/rt iRF17%¢t | YRRPF onPhase

system ThydnooEmatpieorisor wenté not suggestvaher upbasf distillation
hyd ti digti | | t
yarogena '%ﬁe‘é"’%ﬁe@?kﬁ“gge@rigrQ%‘i%%l%fr LAk isg:fdu?g art onl{i DOk

reacti on. articular the art_woul d not uggest
undesi Babl esugestt athate the undesirahietylloRcdutinstidnealandyvihhe

acetyl ene a'&‘ée@ﬁ)@r@.—?té’é}ée‘é‘a%‘ficallfoﬂ.flylﬂpb%é%ﬁd%ﬁ@tﬁ% 't é"‘:ﬁylﬁgggffgnén

the C4 product over . . is believed t In”t esent
reaction caCfuid cbegh hestsubstanhizkly Jeeddeed f ilnst thigec Bysepraduct
reaction isgyernddeurring concurrently with distillation, and the initial

reaction products and other stream cqQnpgnents_are [enoved , fromthe
reaction zone &% qif cPe}1g¥efos "iﬁelf‘eg{]‘tﬁ ngrgﬁgn{: reaqtian nsatadytifde
react ions. distddndtitecaiise aalbendits firstypdrecdsse athe hddathipn hes
tenperature act | ' rofd ads boLLi,ngipoi nt . pf .t he
mxture at * gurxrl yé?rg?ﬁl%f%%tsl e?’ggﬁe%le%l%aég%ct [ éhhs?‘ggﬁ yléf’gé?is
mor e baieackidsut preducis easd igthesnpetteamecampangnien are remevedre.
fs a resull ean0iGal Feabefbn CoBhEOhsOYBICKIS 20 pdAib1d red §26AG FBnend

di stribution, of | cts can .achi eve y_ regul ating

system preddiedinood sgf sidepgaritiiffthe tHPEAWRApuPgIANTRIcAdd tEhe =
||q3| d.ShOUF'cb(tjnponqr%ﬁipﬁreVeg@Gﬂtihbgr the ﬁemp&rai:uf&bhﬁbf Pgé’ééﬁionpfis -
pr oduct I Stri i on to a.degree contro t he ,si.de reactigns
such as ol F§&ER oﬁ.y aﬁ%\e %.ﬂ"tjﬁé% bBRARAS a?ﬂf"hi Jixture eﬁgti*blﬁerray
gai n from caysitem Eristurd.atiDhei Beaheof reagddlonn g iaffloc tctrdmtted hmore
internal reglys pR&y'q§§tton5heincrease in temperature at a given

pressure. As a result, a great deal of control over the
20 rate of reaction and distribution of products can be
achieved by regulating the system pressure. Also,

adjusting the throughput (residence time = 1liquid hourly
space velocity~l) gives further control of product
distribution and to a degree control of the side reactions
25 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
catalyst thereby reducing polymer build up and coking.
Internal reflux may be varied over the range of 0.1 to 40
30 preferably 0.2 to 20 L/D (wt. 1liquid 3just below the
catalyst bed/wt. distillate) and gives excellent results,
and with the C3-Cg streams being usually in the range of

0.5 to 4.0 L/D.
Quite surprisingly the low hydrogen partial pressure
a5 used in the distillation system did not result in the
failure of the hydrogenation which would have been expected
based on the high hydrogen partial pressure found in the
ligquid phase systems which are the worldwide standard.



catal yst thereby reduci ng pol yner build up and coking. I nternal refl ux
may be vari edWO\A812160e range of 0.1 to 40 30 preferably 0.2 pamus®0513z/ D
(w. liquid just belowthe catal yst bed/w. distillate) and gives
excel-l ent -resul ts, and with the CJerr]-&ferr] streans being usually in
t he range of . 0.5to 4.0 L/D ngte surprisingly the | ow

hydr ggen partWa,Ithplu&ssllmta@g thedstapehefditde |intemdHiarysitenigi Brapesed

resuft in the at_ (f d t%&"ﬁ{‘ %ﬁe§§x@r IRicES ﬁﬁéclam@tqd%spesf the

expect ed hydrogen parti al, pressure found in
liqui d phase Dyesemt .Wre®ease ishcther coandansatdrm,gf a portion wf “the

98/ 12160 vapors in the reaction system,CH/MBEK/ bzkihdes sufflclent
5 Wthout Iimting the scope_of t elnveE’tlonl

is p
that theSmechBHAEREERatPr Gﬂﬁcé’s‘"ﬂf’e“%ﬁ edt ke of’i’f‘ﬁén tHe' pFﬁ%ﬁFlte
process i s t hgneapdeesaicontacit abmﬁaem e hdiydrogempoand i nchée héghtyon

system which occl ude ufficient £0 nsg d to
obtain the re&ﬂF?t‘PEa%e% C?IPR?%‘?% &Bnt S % g’%{[&v%eeg’r'f'I ha heggogea%%ir%u*

hi ghly resatlt at gd cmimmdshydrd;q;@n@teeance ofThilse Rhiengmenon of
result in th r.oge t%ﬂ@?

condensati on mﬁhgﬁnlgéqa%g’o% a&{] 'TLacFor I'n st ??gt | g% ﬁ) dllsgl%%?té\%ld
to resul® |nishebeddeved btet eresybitogh the samg | gF | betitens hyvdrpggh

pressure in tgeahhgﬁ'ﬁ.l@}aseas the high ipredditrdydnogene i § iiqiliiPdPRgde,
into the liquid so t he hydrQ enatlon ceur The
Clerr]'s in tﬁBaFeéért ES‘-htehélYSFé’g@ﬁ‘t 11?1"n|1‘t ‘E‘Eﬁé)a}’hté‘ﬂ Ghe 1+‘ﬂi“édsFﬂgFBaEut

i gher K4°Q§3‘e“h?“%”‘e“'§‘?‘?§ﬁ’rm‘@” onL 3L 5 brqa Sheclram of
' iBe' e "1 B8 Yelel iy 1€ PhASBR®, BT kR Phep

ol ef i ni ¢ conmpoun
catal ytis cradki g singler cuberwmlch CM(YKI qgntpnncmythm@effm yCa's

streams A€ eRrouRUatlYsSanf ahadnlt | 1 aghipoa! x‘H%Hs%éyat B@Qeaﬁt@d 8geatise

they often con 5P corrp%unds re ver%/ ose i n
such separatioaptain rotbpeadi speckrom 2f egAefisic C°’“E‘H§1%§1ce 'IFW *is

contain (JerrpgpegRd19p e &t lpSoducts from either catalytic cracking

or thermal cracking processes. Refinery streams are

20 usually separated by fractional distillation, and because

they often contain compounds that are very close in boiling

points, such separations are not precise. A Cg stream, for

instance, may contain C4's and up to Cg's.

Catalysts which are useful in all the reactions include

25 the Group VIII metals. The preferred catalyst for the

selective hydrogenation and isomerization is palladium.

. The catalyst may be used 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.

30 Generally the metals are deposited as the oxides on an

alumina support. The supports are usually small diameter

extrudates or spheres, typically alumina. The catalyst

must then be prepared in the form of a catalytic

distillation structure. The catalytic distillation

35 structure must be able to function as catalyst and as mass

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



Cat al ysts which are useful in all the reactions include 25 the Goup VIII

net al s. Theopgmiﬁbred catal yst for the sel ective hydrogeﬁmjsipﬂmlgﬂd'
i someri zation is palladium The catal yst may be used as individual -

Goup VIII netal conponents or in admegture with each other or
nodi fiers as known in the art, particularly those in Goup VIB and |B.

30 Ge_rl‘_ﬁﬁ:@t'a)ly“s*te Bt @oiat&rlﬂéaepgﬁl taedwesehhwive dessin sfdtﬂ:ucture'i| asinay
support. e supports are usua di angt t,r ydat.es or
spheres, tygiesioFed uind- SrI'h(?y n’% yyp- 5, fﬁ%s?“? hg'éubcg’ prEpaPehePy

the form of dncoirpotiated by diefidddrata.on Atheax upetaImlcat@igtu:latlon
distillation struct S e t a

mass tr?%ﬁ‘g FURSR U gf%etfggt a?’pi kgu.-? be sw tggfge&ag&a ﬁ{ldu 8

and spased wipialtientished 1315229 p 5007é52é6ceﬁnﬁy$t%31 890detl aRlTQ)nalso
structure.  RGRLShaId ) strdidry. the WO 98/ 12160

PCT/ US97/ 151 catal yst is
contained in a Wheencatadykdsh distdddatige bed dFQEFBéBE i A LBupprexted:

No. S, 266, 54?&'?1561'&mh66%b5'a1yt1¢ ncanp f1 2@ thyonef eranceture hafhich
catal ytic di St

| at t t f tg
di scl osed i nS©@L chV%%atWﬂ%‘lrﬁu’ﬁfc urstzaszgluesglgiiséor 2 Eauﬁ%\s%ggyﬁﬁpgﬁ are
also 10 incorpyaickny ief epeoetded as nEvessaryl ytic dupporiati thebed
contains a su rted . esTlfﬁa‘liligg fii*’ﬁl %Bll gi|| Hela %t%tr' %fggéjc‘wéf@ﬁ@hm

selectlvely I ns an acetyl enes rogen
is providedatasa preessspeysuch thapp&hle relastion meraremeoms Triling in

di stillation.col ym rea Ct% 8[1% be A)peff’é&g level'®! & ngss&yigeaup_g {Ihgt

t he reaction mxture |s bed of cataly A "frot
level ", as d&adr. bBd.i P22, ad1 WP&Fh N€§ SHE‘QIP@EEtﬁﬁl c’PP?%anc&ap(orHFed

her ei n, gmay '?r?all-ftan{ai n’cﬁkaﬁshbbfom%a{:ﬁwﬁat dedstbpedohrreantd®! thk
t he bottons and/ or overheads w t drav.v%hdr ate, al tgough

preferred op&CRSME i §r\ﬁ OFouLVERBepds hwithdravaly ra Feseﬁﬁ‘gg'ﬂig&‘ssthe
preferably opafefcaasred operdteish is witlesstreheffseihl distillation col um

reactor in the Hﬂﬂgepresent process preferably operates at overhead
pressure of said distillation column reactor in the range
20 between 0 and 250 psig and temperatures within said
distillation reaction zone in the range of 60 to 300°F,

preferably 100 to 170°F.

The feed and the hydrogen are preferably fed to the
distillation column reactor separately or they may be mixed

25 prior to feeding. A mixed feed is fed below the catalyst
bed or at the lower end of the bed. Hydrogen alone is fed
‘below the catalyst bed and the hydrocarbon stream is fed
below the bed to about the mid one-third of the bed. The
pressure selected is that which maintains catalyst bed

30 temperature between 100°F and 300°F.

A preferred catalyst for the selective
hydrogenation/isomerization reactions is palladium oxide,
preferably 0.1 to 5.0 weight %, supported on an
appropriate support medium such as alumina, carbon or

35 silica, e.g., 1/8" alumina extrudates. The catalyst used
is 0.5 wt% Pd on 1/8" Aly03 (alumina) extrudates,
hydrogenation catalyst, supplied by Calsicat designated as
E144SDU. Typical physical and chemical properties of the



20 between 0 and 250 psig and tenperatures wthin said

distillati orWpd842568n zone in the range of 60 to 300[err]F, PpcTsveAs3ably
100 to 170[err]F. The feed and the hydrogen are preferably fed to

t he - distillation colum reactor separa&tely or they may be m xed 25
prior to feeding. A mxed feed is fed bel ow the catal yst bed or at

t he 'l ower endabdlyht bsdprbyddedebyakbee manufadturer lateovas tokkwd yst bed
and ‘t he hydrocarbon streamis fed TR% wyt he bed to about the md
one-third of the bed. The pressure sel ected is that which naintains
catal yst bed 30 tehpsighatéobet ween 100[ er r ER44SPW00[ err] F. A
preferred catal yst f porishe sel ective hyg I on/isonerization
reactions is palladi um oxide, , preferably 0.1 to 5.0 weight %
support®d on an NomppadpFia®e support ned%&%ﬁsﬂ@ﬁhas al um na, carbon or
35 silica, e.g., 1p8. @tym na extrudates. Bhe catal yst used IS

0.5 w% Pd on 1/8" Aferr]derr] (alumnpa), extr, dat3§,,

hydr ogenati on cat al y2¥PPSEBpl i ed by Cal si cat g@@@gﬁgf Ya@lumina g9 445py
Typi cal physi cathenthyhsgeral ratepetsdi echeof dibeillation col¥mA8/¥ekkbfor

PCT/ US97/ 15137 < s . . . cat al.yst Aas

provided by PARE (BRFUEFhFLPNS, boRapFRlg, the reaction, but" bt Tefly
TABLE 10 that whichDewbghdt izause flooding F0£4Sthe column whichFaisn
spheres 5 LN | " t t‘ﬂ 1% ; P
N understo%&g?b Ye UK€ effgﬁpggr% $1AdR3t of hydﬁ?gﬁ?5ur| y
al um na that feamhylis ogEed heredns he GrBErRLAYi oFheomgde reatier of

must be suf fﬁf&f‘&seﬁOtsahotzabnthhseh%acaﬂ@racamm bRl eMe1@eedt Hat athi ch
woul d cause flooding of the colum understood to be the

which is
"ef fect uat i n]ge%uﬁtooﬁ:%fdr%gé?ﬁe%%rabfy atpideash 4% tRel- RepBry more
Cenerals y t herebdrabipyi &t ofeast 10hgdrbgen to 1, 2- but adi ene and acetyl enes

and more 15 | grerESh CELABESE 10 P50 BEATILES ARE SelelBabid
catal yzes tHeydebgenatsion of the 1,2-butadiene and acetylenes.
However, the palladium catalyst is preferred for these
reactions. Generally the relative absorption preference is
20 as follows:
(1) acetylenes
(2) diolefins
(3) mono-olefins
If the catalyst sites are occupied by a more strongly
25 absorbed species, reaction of these weaker absorbed species
cannot occur.
The reactions of the C4's of interest are:
(1) acetylenes + hydrogen to butanes and butenes; and
(2) butadiene-1,2 + hydrogen to butene-~l1 and butene-2;
30 The present invention carries out the method in a
catalyst packed column which can be appreciated to contain
a vapor phase and some liquid phase as in any distillation.
The distillation column reactor is operated at a pressure
such that the reaction mixture is boiling in the bed of
35 catalyst. The present process operates at overhead
pressure of said distillation column reactor in the range
between 0 and 350 psig, preferably 250 or less and
temperatures within said distillation reaction zone in the



hydr ogenati on of the 1, 2-butadi ene and acetyl enes. However, the

pal I adi um Gg S pref erred for these reactions. % t he
relative absg?g%i?fgg pref erence is 20 as follows: Gﬁ%ﬁ% %151
acetyl enes (2) diolefins (3) nono-ol efins

If the catal yst sites are occupied by a nore strongly 25 absor bed

speci es, regg,t,ggnt‘ﬂf étgrﬁwggggr-yab Qfé’réﬂf?' 810 to&%“?‘t ﬁcqf e

- i

The reacti ons |nt est are: acety
hydr ogen t or@daifdteandydregees parfial pressyr®sput gGhencfaed -wew;irtogen

to but ene- %@@Ql?uéﬁaéezve§gc1‘ty ﬁh@v;praa%h 1N WRAH 1N urfefdrtd d% the
nmethod in a cat al packed cal um whi can be appreciate

contain mean, ther Uph s@eéHBtSSﬁefPPauPﬁrpH&!%' ghtexing, tc!iestliqéﬂcgth;h

The distil |@i$’@ﬂ1£9tm5ﬁ rwmm ipﬁezopﬁhatEdwéligﬁtprdirssééealyst Sﬂﬁh tHat
thereactlonggg %[ J!%ﬁq__gllnthe catala*/

present proRedsY*dfer B e PRERE ures,prxgggurvea oyex d?st‘ﬁem}ht i on
col urm reacwidei rahbge mdndein the betherencénditi@bOpprigetprsf,eraly.y %0 or
less and ¢, 4gnperatures within said distillation reaction zone in the
WO 98/ 12160 PCT/ US97/ 15137

8 rangeThe 4edventegpsrrof prafleizing 130 €dskidletiph atcalwmn
requispte N ;Ran |5 s vah 0
Cpace Vel ooty  TURGUL e dndteiRe Sfectiyd RyREISHALIGh proceshddie,
wei ght of fEedther hehfiererseletllvHey r 685t ithe epnversion | afi dn 2c6liene per

uni t wei ghtam aaktliyehel, N ddifservatidiftef Yheatdiavid |t1ed | 88pakha¥ebHr & MY
vary over condlt on perlneters

thin the oth
vary OVET aYEliynagson MR hbhhPe! Mol \Chag oAl 2 cberLIELETS.
colum 20 ergacttive | heaWiespsITET andeCy'se dmydlrctc@enadimlm@tﬁeﬁ loam
In theg bett &hn SEMEELEY! &X gédtQSmgé?{lﬁﬁ{é' R £ e c%tgh%% zone. 2Nd

acetyl ene, conservation eat an par a
The temperature in the dlstlllatlon column reactor is

determined by the boiling point of the 1liquid mixture
present at any given pressure. The temperature in the
lower portions of the column will reflect the constitution
20 of the material in that part of the column, which will be
higher than the overhead; that is, at constant pressure a
change in the temperature of the system indicates a change

in the composition in the column. To change the
temperature the pressure is changed. Temperature control
25 in the reaction zone is thus effected by a change in

pressure; by increasing the pressure, the temperature in
‘the system is increased, and vice versa.
Referring now to the FIGURE there 1is depicted a
simplified flow diagram of one embodiment of the invention.
30 The C4 feed 108 is combined with hydrogen from flow line
106 and fed to the distillation column reactor 20.
Distillation column reactor 20 is shown to have a
stripping section 26 in the lower half and a rectifying
_ section 24 in the upper half. The catalyst bed is
35 disposed in the rectifying section. The catalyst bed 22
contains the palladium oxide in the form of a catalytic
distillation structure for the selective hydrogenation/
isomerization reactions.



distillation mhlch can renove sone undesirabl e conpounds, e.g. the
heavi es, TBC WQP%424$% ' s and the distillation can 15 concentRPCRESHESIYed

conponents in the catal yst zone. The tenperature in the
distidlation colum reactor is deternithed by the boiling point of the
liquid mxture present _at any en pressure. The tenperature in
the * - |ower pg&&isembinednLegd #F%q‘llf‘efqlaﬁ }ipecadnst ikt fed dgto

of the materi ghgd rhié‘@‘ilﬁ‘ﬁoﬁfcét‘ﬁﬁnﬁokéaﬁto\ﬁhldfﬂré@!ﬁly he1 ow tﬂégbea bhan
the overhead; that is, at cop siant pressur % %ge i n

tenperature offeheCsstBAFERIFEatlst §e§’ﬁ§ﬁ§€? fr°¥“n t ctoﬁ}%’s tighter,
the col um. matBrlalharige thee strippéngersectiohhe2@r asisth e tife clogngasd
Tenperature c t.he . d b

change 1§ CViihEer hardslar BolidHe B SOl SRt AT, M8, o
the system:i shlemmtmhneoatsem flow linere¥l@+i ng portiont b€ the
FI GURE t here d o] e

of the |nvent|on(i % ﬁ%{ %e4 gﬂ%(%ééda g&%ﬁﬁﬁd%és r(r;%%nq;firomﬁp
l'i ne 108ined ad@ tbot n@rwrﬁm Inggtonbad rnee r§act‘6ile 2@olumn. The
Di stillation %hgmd&agprt@a&m@%aua £16% rmpénﬂ gection 26

in the |Lower half and a recti pper  hal f.

i o in
The cat8lyst béde i< 33nd Msﬁ&g&j “!ar?ecrﬁé‘]r et¥i F?FHQ @éﬂﬁ%ﬁlpwa%elnto
catal yst bed 2fe upp&Q'nt Beds tde gnml Itaw ureetiidy iing t Bectdbm Ofhare the

catal ytic i Ll ation structure.for.t | ect.i hdro enat i op/
i someri zat i onmf}lgg (;‘ns15 Coritacted 58?3_[‘25838 in the prestnce 'of t
PCT/ US97/ 1513§allad1um catalyst. A portion of dicdefins and é'd:ety,behesed

feed streamip ng ﬂé (ﬁ?(ﬁ%éf%géﬂgééqTFoCrbﬂ@—ﬁi%%&hla i 504 Uphy

react or di rect rr]+ mter | s~ separ ated
fromthé5C erp}e§a95| agm disomerizegptomazd ieguiddbstiumpi ng section 26 with

the (Jerr] and &ne IdgN&d TRGRtER! diQitilnGated (Af0) ! heieat dleicdedy 2TIhe
Cerr]+ v 4m‘:lterlgyéeme V|alflowI|(ne‘I?10 Aﬁortloné‘)%3 t 2

e Lt vy bRl EeIns B [AtrnLeoem, B8, rapoyl (aaopverhoansOyia bley,
provi de heat bahencalteo tdml cqraweed tHheough coadenseéer a0 t khdxa t obke

are taken Viacghaghgkgﬁelléaterials are condensed. The liquids are
20 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. Some of the liquid is recycled
25 to the column 20 as reflux via line 120.
Generally the butadiene is separated from the remainder
.of the C4 and lighter material and the C; oclefin stream may
be used as feed stock for a polymerization plant where it
is converted to synthetic rubber, latex, etc.
30 EXAMPLE 1
In the Examples a one inch diameter column is loaded
with 10 feet of the palladium catalyst as distillation
structure in the upper portion of the column. A stripping
section of 2 feet containing Pall rings was left below the
35 catalyst bed.
The feed to the reaction distillation column was a C4
cut. The analyses, conditions and results are shown in
TABLE II below. The chromatographic analysis of the



10 The Cerr] and lighter material is then boiled upward into

t he upper begoddnnket he rectifying section where the MePET/U897/15837
contacted with hydrogen in the presence of the pal | adi um catal yst. A
portion of diolefins and acetyl enes ape sel ectively hydrogenated to
nmono-ol efins and the nono- 15 olefins are isonerized toward equilibrium
The C4 and | ioglirtveadiss Wasl atonducted fioxt Mndekirables. di ol efins and
acetylenes is renmobved as overheads vi g line 116 and passed

t hrough condenser 30 where the con enS|gIe materials are

condensed. CoRddtilanguids are 20 coll ected in accumul ator 40 where the
gaseous materi aIh i ncl udi ng any. unreacted hygyogen, are separated

and renoved i® flow |ine 124. The unreact edcﬁ%drogen may be recycl ed
(not shown) if (Pass=axre, Bsdd iquid distillate pro [ renoved via

flow |ine 122. e ite driddd d gefid ecycled 25 1o the colum 20 as
reflux via line m(.ifl * ﬂ nerpally the butadiene is separated fromthe

r emai nder Gfentl??é'-'a@’é?err] &nd lighter material and the C4 olefin stream
may be used as fgafl stock for a polynerization pl@nt where it IS
converted to synt het| ubber, latex, etc. 30 ~115

EXAMPLE 1 1? Exarrpl es a one inch dianeter colum is | oaded
with 10 feet of the fetisadi um cat al yst as distill atibéd structure in

t he upper porti e oI stripping section of 2 feet

cont ai ni ng Pal | ci:l;tlo(rgl';gs’:tarv}\:/assc'l /t?e ow the 35 catal yst bed. The
feed to the reaction f8edillation colum was a C4 1 cut. The anal yses,
conditions and resultgyafe shown in TABLE |1 below The

chromat ographic analysis of the WO 98/ 12160

PCT/ US97/ 15137 btms o¥etheads was conduct ed
for undesi rabl ¥, rate, scfh TABLE l0.Xonditions hour s

47 Pressure, psi g .58



H2 partial press. psia 1.1 Tenperature, [err]F
ovhd 0 98/12160 110 bed PCT/US97/15137
[err] 115 bt ns 124 Fl ow r at es,
| bs{ hr f eed 11 1 ovhd
0.9 .. btns , 0.1 Herr] rate, scfh
0.3 . WO 98/ 12160 (TABLE II continued)
PCT/ US97/ 1553fa1ysis 11
(TABLE 11 contlnued Anal ysi s CCNPCNE
BOTTOME % 2} 8 “uigy o OVERMERD Bofgus —-&%H[err]
100.00% N[ efodrs Clerr] 47.0 0.01%  47.0 0.08%0 0.00% derr]
0. 04% 0. 00% 0. 0&#0% err] 0.11% 0.07%
0. 00% Hy50 err] 18% 0.07% 0.01% - 66%
MeAcet W5l5% 0.07% 0.02% -57% Propadi ene 0.05%
0.02% Q1% % Cyclo C[e .009 02% g o003 0.01% 0. 00%
- 43% iC[er%z 1%%2 . 54% 0. 78% -18% iB[err]
11. 77% Cy 11.64% 0.04%.38% 0390%1- B[ ePrPO% 11. 69%
13.91% &;86% o-ipP6 1,3-BD  §8gBE% - 00% 57_48%  56.01%
-3% n(d err] 5.42% 5.46% 5. 4 1% _ Vi Acet
1. 887% C3 . 4985048% 1. 92519 0.07%g0, tPaﬂé*z B[ er FF63. 44%
5. 14% M6t 053% EtAcet . 630740 0.02% .2818%% .4505%
-53% MeCyc err], 0.03% 0. 03 0. 03% 5%, .Ci S
2-Blerr] Frgpadiene ¢ 088 gy, "Bep2r O b =60%

Cyclo C3  0.02% 0.01% 0.00% -43%

icy 1.79% 1.54% 0.78% ~-18%

ip= 11.77% 11.64% 9.38% -3%

1-B% 11.69% 13.91% 9.86% -16%

1,3-BD 58.87% 57.16% 56.01% ~3%

ncCy 5.42% 5.46% 5.45% 1%

ViAcet 1.887% .4985%  1.9251% -66%

trans 2-BT 3.44% 5.14% 6.06% 53%

EtAcet .6314% .2810% .4505% -53%

MeCyc C;  0.03% 0.03% 0.03% 5%

cis 2-B  3.33% 3.82% 6.05% 21.%

1,2-BD 0.22% 0.10% 0.63% -32.%

Cg's 0.26% 0.03% 2.07% -13%

HVY's 0.10% 0.13% 0.94% 109%

. Total 100.00% 00.00%  100.00% 0.00%

ib/hr 1.0 .0017 0.9 0.1

EXAMPLE 2

Substantially the same results were obtained using
process on similar feeds with a similar catalyst in a
three inch column, but over 99% of the C4's were recovered

overhead.

the
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0.13% 0.94% 109%'Tot"al S *100 9996 00.00% 100.00%
0.00% | b/ hr 1.0 .0017 0.1

EXAMPLE 2- Subst a tlal t.ne sane results were obtained using the
process on EPI% F{ 3:(-}(9? \ﬁiﬁnﬁilﬁﬁ ‘Tar catalyst in a three inch col um, '

but over 99% ofl.t ha @recelsss fisar dheecerovad @frdvttylenes aMd 98/42160

PCT/ US97/ 15 vention clainmed is:
1. A procesé?i 8Riene FEOB &4 &115’0&“1 s?raondajl%of' mgt"{é}ﬂ? iR ohT E%r r ]

ali phatic hﬁér)ocar b feestinga iy drmgen simﬁg A Ha hYdmﬁn@mﬁtm and a
Cerr] hydrocarbon glh@lsing 1,2-PRBNdiHHY ahd ggg?ib&?s gl acetyl enes

to a distillatiqn colunn r eact or contalnln
conpri si ng a hydfd§&iddasionacalydn Fsashayy con alnlrf? dmbgditi num

pal | adi um rhodi um eompriEings a hydrtdg@rreﬁmr{ tBatalféH‘%EI@é‘Eéd’ in said

distillation colum react cont ac sai d drocarbon stream
and said S‘S&éﬁ"’l‘“ﬂ tIP@lé'la@s‘éW thnqé'& r‘%‘détd'h‘f‘?%n

catal yst under hydrdzgem'eblfqn conditions to sel ectively

hydrogenate(g)portlcon & % 5‘&# in said di %ﬁ%ﬁﬁkﬁﬁgﬁk qvﬁggt%%%%bqéadlene

to forma m xture an
distilling the react{il¢n sontactging said hydrqnanhannﬂ;ngamuandwséxmction

and renoving a t QN erﬁ.qggja 1Sy 5 xﬁ}!ﬂ?& | al |
of the Cerr] conpounds hggfkgeﬁééﬁéggﬁhcetyléﬁggH¥é%ﬂ&J éEH&éﬂ&ﬁ
1, 2- but adi ene content. <cafalygt HP@@%S?KQﬁQﬂ%ﬂQﬁjQH)QHQQMﬁkpﬂﬁm#Qnn sai d

hydrogenation catal yst ceenea&&eplyahwlﬁage@ﬂdea@ POr¥ion of the

acetylenes and the 1,2-butadiene to form a
reaction mixture and

(2) fractionally distilling the reaction mixture
to remove a heavier fraction and removing a
fraction overhead comprising substantially all
of the C4 compounds having reduced acetylenes
and 1,2-butadiene content.

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

3. The process according to claim 1 wherein the
hydrogen partial pressure within said distillation column

. reactor is between 0.1 and 75 psia.

4. The process according to claim 1 wherein the
pressure within said distillation column reactor is
between 0 and 350 psig.

5. The process according to claim 1 wherein the
hydrogen partial pressure within said distillation column
reactor is less than 50 psia.

6. The process acéording to claim 5 wherein the
hydrogen partial pressure within said distillation column
reactor is less than 35 psia.

7. The process according to claim 1 wherein said

acetylenes comprise vinylacetylenes.



r hodi um rog [ claim1 wherein the hydrogen

parti al presg&%/h\%@hi ﬂmﬂ‘\m&mmmrmmon col um reactor is béﬁ/ié&??wﬂ?’/and
75 psi a. 4. The process tactor¥ing to claim1l wherein the pressure within
sai d distillation colum reactor is betweeh30 and 350 psig. 5. The
process according tg claim2l1 wherein the hydragen partial pressure within
said distillati8n cIPERIPEESSASCOTLIY { réﬁ%?ﬂxﬁz¥here¥ﬂ M process
accor di ng t oacksyehewheofipt islke ethglagatylardsal pressure within said
distillation coLum_teactor is | ess than 35 psi_a. .__The process
according to cl éi‘m T E’F@Fﬁs§a98c85§1tl§‘lge%é’s c?@r?ﬁ'l‘i]sé"z\ﬁrrﬁ?lrhc%? enes.

13 8. Thetpilystsscanpridesgplatdnamm 1 wherein said acetyl enes
conprise ethyl aggtyl S Iy rdi,ng,.t lLaigpn 1 rein
sai d catal ysts ggﬁpr?§§5p5 gf?ﬁuﬁgggraf8§e$%é%%%§be§s%&é&ﬁ%ﬂr%??c#iﬁa}%11
wherein the Enpths ranggeofafigd &P 401 to 40. 11. The process according

to claim10 whegein ¢he pkBckssi BcbBedingoecoti1@ih 10 %h@rein ¥he 1
process accordlgg to claim1 wherein catalyst is prepared as a
C L]

sai
di stillationtStticthiperange of 0.5 to 4.0
12. The process according to claim 1 wherein said

catalyst is prepared as a distillation structure.



