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"HYDROGENATI ON OF AN OLEFI NI C FEED STREAM CONTAI NI NG ACETYLENI C qu] 2003
DIOLEFINIC | MPURI TIES 5 Background of Invention Field of Inventi T%ﬁg
invention relates to a process for selective hydrogenation of an olefinic
feed stream cont ai 10 ace eni c and di ol efi n| C inmpurities. Mre
particul arly, thig % Egg? rﬁﬁﬁﬁ Wg Altive
hydrogenation of a r&3é§ ﬁﬂ(? 5ﬁqgﬁﬂﬁwﬁﬁﬁajnlng acetyl enic
and diolefinic i rrpur|@$%§LWF906FDfW@%EF%@%gr AMFPHETERESC2 ol efins fromthe
ol efins, whereby the 15 hydrogenation of the acetylenic and diolefinic
fﬁburities occurs in a singre processing step. This invention also
rel ates to a CREHIFQUNhPE La¥anten in this process for sel ective
- hydrogenation. Prior Art 20 The manufacture of unsaturated hydrocarbons
usual Iy involves &igdid mf VEryenkianypes of hydrocarbons and often
produces a crude product containing hydrocarbon inpurities that are nore
“unsat ur at ed t A%A st hendesitied protlateés These pneatsasatfor hydrleeariben
inmpurities are often very difficult 25 to separate by fractionation from
the desi mediyegsdwdtiorTheofnosh ceotmdindxanpiesds ethghmne qmtafiadiig e, in
whi ch acetyl enes are common by-products. In a simlar way, formation of
propy| en@qertadeces Gl 4d@mdelfiyhiacdimpene iers.]| More particularly,

this invention relates to a ©process for selective

hydrogenation of a C, and Cy olefinic feed stream containing
acetylenic and diolefinic impurities without first
separating the C, olefins from the C; olefins, whereby the

15 hydrogenation of the acetylenic and diolefinic impqrities
occurs 1in a single processing step. This invention also
relates to a catalyst and to its use in this process for
selective hydrogenation.

Prior Art

20 The manufacture of unsaturated hydrocarbons usually
involves cracking various types of hydrocarbons and often
produces a crude product containing hydrocarbon impurities
that are more unsaturated than the desired product. These
unsaturated hydrocarbon impurities are often very difficult

25 to separate by fractionation from the desired product. The
most common erample is ethylene manufacture, in which
acetylenes are common by-products. In a similar way,

formation of propylene produces C. H;, (methyl acetylene or

!
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3 0 DEC 2003 allene) and butadi ene. Further, it has often been diffli @glt
industrially to renmove such undesirable, highly unsaturated Inmk%@a Endlil3 -

by hydrogenation so that no significant hydrogenation of desired

hydr ocar kan driakes ] R addig > © of .fhis _catalytjc process is
described in UK Pat. No. 916, Oéggm %5’géﬁebﬁﬁ P%%&é %?egaglgﬁégﬁlt
sel ecti ve Jadiragenat) q, for_ renovi undesi red, unsaturated
hydrocarbons have 3gnei%%ﬁ?ﬁigsﬁ%th}%%ﬁﬁ?éi?”;h%ﬁﬁl¥ﬂﬁpsﬁkprat9d

hydr ogenatjon,~d es, passi the crude gas fromthe injtial cracking
st ep, aftgr recréD]{/Bé %f E?eaﬁ‘}’ggage%ﬁagﬂsi %F’e FGdni OGmrerIni ficaet a
hydr ogenat.j t.alyst. ite the | arge hydrogen content of such gas,
whi ch is%r})\?ce}%?%g‘ra?a 5y ioﬁngégéégeSf e‘%%‘grg%lf?%n kRl ®dRCesi entOne 15
hydr ogen ubst apt i al r f, the olefin present operation with
suffici e%%{%s lzéct?%/i %1?0‘35?8‘5&{2‘%‘30@«%%‘%%%18 pBe§AELPedt ion Wuadbdty i s
wel | eSt%%|i?H%go%Qg catalyst I|ives of nmany years are obtained. In the
ot her typé ‘of 'gds ~ phase sel ective hydrogenati on, known as "tail-end" 20
hydr ogenat i on,, t he crud gas is fractionated and the resulting
concentrated prody&ns ¥oegr et farviPhasgr welreddved hyidrodsydrtogen in a
slight excess over the quantjty required for hydrogenation of the highly

unsat ur aP&§“CRy&to onERi h Wrde pt bednt unpplevetedi hytaidesandrise 25
reater tendency for deactivation of the 2 WD 02/ 32838

there is, a g
PCT/ US01P'3¥516 2°BeD ETER00gSe. One, known as “front-end”
10 ‘hydrogenation, involves passing the crude gas from the

initial cracking step, after removal of steam and
condensible organic material, over a hydrogenation catalyst.
Despite the large hydrogen content of such gas, which is
very greatly in excess of the acetylenes and sufficiént to
15 hydrogenate a substantial part of the olefin present,
operation with sufficient selectivity to produce olefins of
polymerization quality is well established and catalyst
lives of many years are obtained. 1In the other type of gas
phase selective hydrogenation, known as “tail-end”
20 hydrogenation, +the crude gas 1is fractionated and the
resulting concentrated product streams are individually
reacted with hydrogen in a slight excess over the guantity
required for hydrogenation of +he highly unsaturated
hydrocarbons which are present. However, in tail-end use

5 .
25 there is a greater tendency for deactivation of the

bt



cat al yst ,wgno B%%’ﬁsequent |y, periodic regeneration of the Pel/akygiz2ies

-end and tail - e
' essary. It has been proposed to enploy both front-en BEC 2003
ggfectivg hydr ogenation in the same plant. 5 Further, although t el

i i t in the gaseous
-- i oned processes are normal ly carried ou _ (
Shove oL b n _proposed to performthese hydrogenation reactions

\?\,ih?f]ei hletc Hygrggc%?b%ﬁ i FORSSHRY Phaseer bapaei aliletg/elvmlemth ilzdmﬁ lbée(tg‘;é:a%gir ns
i,ni, four or nore carbon atons in the nol ecule. n
g?nggggﬁﬁgﬁ%ht%%Sbggﬁ§%%ésﬁéyéctive hydr ogenat i on of sucg6$nsgggra2ed329
i I U S. Patent Nos. 4,126, 645, 4, , , 4, ,
550, "4 517, 307 BAE BOHEADISBOSE: b yeTal e o Haves bwen. o o be '
i t abl : ti ve hydrogenation reactions include
Uppor t 680 SBi} At BV SSSIAIG Orad rltdel cweb ferrexanpl e | n US.  Pat ent
sugpog 113, 980, .4,126,645 and 4, 329, 530.. The catalyst used for these
réactions is %Bl,rltrﬁ,ﬁf’fy f ok Heelgh téh?ap@?(ﬁpéﬁmestisnehlf ﬁzﬁiéi??ha}%: - ange
i ina catalysts generally have a sur : ge
g?lgasgugéggaiéggégﬁﬁi%dp@@é Vol the gésabusepshsl, 4iemBhg, awsbhpbhg radi
of the pores greater than 300 angstrons. The gnDunt of the paIIadlg[?Out .
pr esent Pﬁopﬁgeéa¢8IF@?fpgﬂgémasﬂIhydrvgdnatidﬂEEEQ&tﬁbﬁgtw@tﬁ tfe

percent’hggrgtggggge%gIlﬁifiqéid phase, especially when the feed

contains compounds containing four or more carbon atoms in

10 the molecule.

A  number of patents have discussed selective
hydrogenation of such unsaturated hydrocarbons, including
U.5. Patent Nos. 4,126,645, 4,367,353, 4,329,530, 4,347,392
and 5,414,170.

15 Catalysts that have been found to be suitable for such
selective  hydrogenation reactions include palladium
supported on an alumina substrate, as disclosed for example
in U.8. Patent Nos. 3,113,980, 4,126,645 and 4,329,530. The
catalyst used for these reactions is noxrmally formed as

20 shaped pieces, such as pellets. The palladium on alumina
catalysts generally have a surface area in the range of 5 to
200 m°/g and a pore volume of at least 0.4 cm’/g, with the
radil of the pores greater than 300 angstroms. The amount

of the palladium present in the catalyst is generally in the

25 range of about 0.1 to about 1 percent, as disclosed in U.sS.



percent, as disclosed in U S. Patent No. 3,113,980.. O her types3df Dds2(03
phase pal |l adium on alum na catalysts for the selective hydrogenation of
acetyl eng_gqupoungs arne 38 sed , f Xa , kn U.S. Patent Nos.
5,925,799, b5, 889, 138,36?'?53?5?5%‘%@&2?‘ 192!09164’5.0 car r%ﬁfrc{egitcl'-eﬁﬁ,

sel ectivey; r i e ol ogy.. fo apd.C3 feeds enpl oys two
separate%g%%93|stlﬁgtqpﬁ%bgggg?%% ?he%ﬂf%%égggr t he sel ective

hydr ogenati on Qf ol efin conpounds and.one for the selective
hydrogenationc%fhe FPES S&eﬁﬁﬁ EﬁﬁBSURai%aQﬁBmcﬁ“ca BiRascarehyehai r

rel at ed f%ont ninanis ére fér t seBa%ated fromthe C3 conpounds and their
rel ated ¢ort amthantsSeThis @gﬁPHF BR1PBs Gt @GaF YRR PR TRAS of T EWO

dgstinct f.,eed streans. Each of these feed streanms is then independently
reacted'ﬁﬁﬁ?iﬂﬁﬁ ge C&nd=*2aPbsn moho¥-de i RatRBtpr¥e&Enced 0f2a. PAP} adi um

cat al yst t% selective hydr ogenat e t he_ respective C2 and C3

cont ami nant’d rcubr fﬁzﬁlaQﬁuﬂmkgﬁwﬁﬁ%gy has several deficiencies
including.(1) hi%her production of heavy oligoners resulting in shorter
operating cycl¥EIrgy tahbrendverssgedeivect hvflrggepsyivhe heenébegyr equent
regeneration, and (4) the need for the introduction of carbon nonoxide to
the procé®< fEed &t efm tieedpr G lomsal $up seeparpbit yandhedtat bont

monoxi de nmust be subsequently renoved fromthe
processing lines, one for the selective hydrogenation of C,

10 olefin compounds and one for the selective hydrogenation of
the C; olefin compounds. The C, compounds with their related
contaminants are first separated from the Cs; compounds and
their related contaminants. This separation results 'in the
formation of two distinct feed streams. Each of these feed

15 streams is then independently reacted with hydrogen and
carbon monoxide in the presence of a palladium catalyst to

selectively hydrogenate the respective C, and  C,

contaminants.
The current tail-end technology has several
20 deficiencies including (1) higher production of heavy

oligomers resulting in shorter operating cycles, (2) lower
average selectivity, (3) the need for frequent regeneration,
and (4) the need for the introduction of carbon monoxide %o
the process feed stream to improve catalyst selectivity.

25 (The carbon monoxide must be subseguently removed Ffrom the

4



4 WD 02/ 3V&3B/R¥Ed streamin a further processing step.) PpEiidSeils¢216 30
'"DEC 2003 In addition, (5) this two-stage process is nore expensive to
performthan woul d be a single-stage process, at |east partially beBblsH03
of increased capital costs, and can result in the formation 5 of certain

| onger chain, by-products resylting in |oss of the desired, olefin end
productshj‘aeﬁ:(%:OE?IJCcf1p(?1a(jﬁ1 v Iie%#“&‘r?ro rcessrIehitd SPndentfoAdfad tignsclidse a
process fqr.the sel ective hydrogenation of a C2 _and C3 olefinic feed

st r eam coHtsi nfﬂa"éga&ﬁd G ylenfeTe1EHRRN B OF efPniRe Rk i thed. It is

a further olﬂfiag:% of the invention to disclose a process for the selective
hydr ogenat9q © £ LML TG M Teat steruhsrabhial hvgecauaad C3

acetylenic.and diolefinic inpurities without first separating the C
ol efi ns 1 AEHSREECTR I hcoshior aiyd \an i xesgla Bhnghe pPeovatsost ep,
whereby C2 and C3 acetylenic and diolefinic inpurities are renoved in a
sihgl e prfc &Sty 1qnges chady by-pueghet sobpseltangt Abslpavenfi bhet o
di scl ose a catal yst useful for the single-stage, selective 20
hydr ogen&§orF &5t A<t Lanene, Pevr@tshs c feed stream containing C, and C3
acetylenic and diolefinic inpurities in a single process step. It is a
still further PoBjcdinglyt hitd | hveritri onbdectdi o€l dde Dr dowsstspepstbor a
singl e-stage selective 25 hydrogenation of a C, and C, olefinic feed
stream coHtEGfiSRy & process for the selective hydrogenation of a C,
and C; olefinic feed stream containing C, and C, acetylenic
10 and diolefinic impurities.
Tt is a further object of the invention to disclose a
process for the selective hydrogenation of a ¢, and C;
olefinic feed streams containing C, and C; acetylenic and
diolefinic impurities without first separating the C, olefins
15 from the C; olefins, thereby utilizing a single process step,
whereby C; and C; acetylenic and diolefinic impurities are
removed in a single process step.
It is a still further object of this invention to
disclose a catalyst useful for the single-stage, selective
20 hydrogenation of a C; and C; olefinic feed stream containing
C; and C; acetylenic and diclefinic impurities in a single
process step.
Tt is a still further object of this invention to

disclose process steps for a single-stage selective

25 hydrogenation of a C, and C. olefinic feed stream containing
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30 DEC 2003 C2 and C3 acetylenic and diolefinic inpurities, whereby the
quantity of the desirable C. and C3 olefins is not substantiallglyqﬂﬂ22503
It is astill further object of this invention to 5 disclose the pro

conditio f singl. e-stage hydrogenation of a C2.and C3 olefinic feed

stream cor1§n’1 aalqiﬂ ?\SQ’ aﬁgtg%(?“é% féﬁﬁle‘%}l HhF dHBPRFLRLE S mydheneys EhFhese

and ot her_objects cgE bg obtgined b% the disclosed process for the

sel ecti vel By irogenatt ontBF ateSdk@bieo €3 oPBfi nfe fedafdnseamscomadi ni ng
iolefinic inpurities which is disclosed by the

C2 and C3_acetyl enic and
pr esent ?é%ﬁﬁé%ﬁﬂﬁl%% z gﬁge@unnary of the Invention The present invention
is a process for the single-stage selective hydrogenation of a C and C3

|‘ )
ol efinic feed ktréd&m? cé?ﬂlalilni hgriberyldniectan@fdi bhési ninvemplent ites
cogpri sing, reparin% a C and C,, olefinic feed stream which stream nay
i rmcl ude yhetfes, Lhrol epFPgeand condditidrew nbbecular sweigdlt-stlaigght - end
gases sel ected froq1th§ﬁ§roup consi sting of hydrogen, carbon nmonoxide and
net hane; TSEHaIsmatg oy tthé-.f aed §i relafitrhec | fghtd ehdegmsesntaingererate a
C. and C3 olefinic feed streamwhich includes C, and C3 acetyl ene and
di ol ef i n Ganpilfi £ excehybiengenaniingivhef Cpiandm@uradetad.ene and diol efin
inpurities in a single feed streamover a catal yst bed by 6
These and other objects can be obtained by the

disclosed process for the selective hydrogenation of a C, and
10 C; olefinic feed stream containing C, and C, acetylenic and

dicolefinic impurities which is disclosed by the present

invention.

Summary of the Invention

The present invention is a process for the singlé—stage
15 selective hydrogenation of a C, and C; olefinic feed stream
containing acetylenic and diolefinic impurities comprising
preparing a C; and C; olefinic feed stream, which stream
may include acetylenes, diolefins and certain low molecular
weight, light-end gases selected from the group consisting

20 of hydrogen, carbon monoxide and methane;
separating from the feed stream the light end gases to
generate a C, and C,; olefinic feed stream which includes C,

and C; acetylene and diolefin impurities;
hydrogenating the ¢, and C, acetylene and dioclefin

25 impurities in a single feed stream over a catalyst bed by

0

&



5 10 15 280933388 02/ 32838 PCT/ US01/ 32216 30 DEC 2003 t he aricli/usmrs2ofs

‘hydrogen to the feed streamto yield a C2 and C3 olefinic feed ﬁ'gm%ﬁsh
substantially reduced quantities of C2 and C3 acetyl ene and dio i
inpurities while not substantially reducing the quantities of the C2 and

C o Ohering ddutbeod e keamy 40 aepacali ng. Lhe (2 oleing Lromdhe O

olefins. In a preferred rocess for s ngl €-st age
and 3 aceturaa e araed; Shefeiey St B BT e Teed”
From abont 10778 ShoUrost Bar cBRE by uer Nt ot AN o QHOME 8* ro
per cent BUERETBRE B patt ot FBR KB LF LS od Rhbddimeht . Stfe G

si ngl e- st . selectjve_hydrogenation_process as di scussed above is
LéiIizedofﬁgé?stéPlgéﬁdfeégl§g¥?@@’h98Bogenation unit. In another preferred

enbodi ment the cata)] yst useful for_,the_process for .the single-stage,

sel ective hyd?%@%ﬁ%ﬁl%?l glf‘e §2 Ql%ﬁfd’%s’flgq’%fph‘? “f &d¢Stham contai ning C_
and C, acetylenic and diolefinic inpurities conprises a palladium on

al uni na cat al Y3t . BRYELBEEE i B{“PBHHE‘FDFheOB' awnggéxocesg for the

single-stage selective hydrogenation of a €, and C; olefinic
feed stream containing C, and C; acetylenic and diolefinic
10 impurities as discussed above, the feed stream comprises
from about-15 to about 50 percent by weight ethylene, from
about 10 to about 25 percent by weight ethane, from about 25
to about 50 percent by weight propylene and from about 10 to
about 25 percent by weight propane. |
15 In a further preferred embodiment, the single-stage
selective hydrogenation process as discussed above is
utilized in a “tail-end” selective hydrogenation unit.
In another preferred embodiment the catalyst useful for
the process for the single-stage, selective hydrogenation of
20 a C; and C; olefinic feed stream containing C; and C,
acetylenic and diolefinic impurities comprises a palladium
on alumina catalyst.
Brief Description of the Drawings
Figure 1 is a diagram showing the prior art two-stage

25 process used for the selective hydrogenation of a C. and C,



Figure 1 is a diagramshowi ng the prior art two-stage proce_sé used for the
sel ective hydrogenation of a C2 and C3 7 5 10 15 20 25 0 DEC -20@3) DEC 2003
olefinic feed streamcontaining C2 and C3 acetylenic and diolefinic

oUW oc2,lis A R0 oEn SHON:A e BEACESS i drvent o for

a single-stage selective rogenatron-o

containiagogéfy%lézg c&%y&quc and diolefinic inpurities. Figure 3 is a
tabl e show ng a conparlsoniﬁ? test perfornance between the ol d process

shown in Figure | and, the process of the inventjon shown in Figure 2.
Det ai | ed Desml‘ﬁif’sL Y5h 6 the %g\haﬁd?mrhégm"ﬁ“@r ejh}g%s Betcen Ofe pRfor art

process (Figure 1)_and the ocess of the invention (Figure 2) are
apparentgn?%@ﬁ%??xﬁ&%r?sﬁﬁng °TR aﬁﬁoé§g§§§%ﬁﬁd?%@Fé%%Hthoﬁi@Jrébl and
Fi.gure 2. The nu [ designations on the separate_ Figures disclose the
sfeps of af’ﬂeeﬁv%fgg%‘bé‘étF%"egp?‘b’&%%@%s‘?m@%’ﬂl% t he BiblesdBstHienie,) |
end" processes. Wi le the process of the invention may be used with a
front end"8r L9 EHEF pieeEEigt ef erably the process is used in a tai

end process. The differences between the prior art process and the process
of the inventFd¥%% di séfosedtARltheshpylnew hg WRATIRIONOL ntehs prior

art process as shown in Figure 1, the feed
performance between the old process shown in Figure 1 and

the process of the invention shown in Figure 2.
10 Detailed Description of the Drawings
The differences between theée prior art process (Figure
1} and the process of the invention (Figure 2) are apparent
from a comparison of tﬁe processes as disclosed in Figure 1
and Figure 2. The number designations on the séparate
15 Figures disclose the steps of the two respective processes.
Bach of the processes are “tail end” processes. While the
process of the invention may be used with a front end or
tail end process, preferably the pxocess is used in a tail
end process. The differences between the prior art process
20 and the process of the invention are disclosed in the
following description.
In the prior art process as shown in Figure 1, the feed
leaves the furnace (1) after cracking and goes through a
guench drum (2} to rapidly cool down the gas. This is to

25 prevent further cracking and resultant coke formation. This



| eaves t heofemszeage (1) after cracki ng and goes through a Wﬁﬂﬁ&]/ﬁifém (2)
to rapidly cool down the gas. This is to prevent further cracking and
resultant coke formation. This 8 WD 02/ 32838 PCTIUS(c)I13221G 3(% @Eg{g%@gS
10 15 20 25 step is exactly the sane in the new process of Figure 2. e
gas then passes through a heavy oil knockout stage and de-watering stage
and t hen3¢&&s ht BXacHéNetHihi 2¥re FRi §hestigye PROFABS pPdcddgure identi cal
in both the old and new processes (Figures 1 and 2). The new process

(Fi gure 2)'SstO&% Sheh dpd$eeenthapeahi asBepvr ol Halast kb ottexss (Fidure 1)

in the hydrogen recovery step (4). The deMethani zer overhead feed consists

of net haR& VR EdEn, staddonndorbRitdeceandntar Bordatiedhtiate, ze1Suf ficient
hydrogen is present in both the new process and the old process to

hydr ogen&ft@dgnyirofthhepaeeeybenss igianht idiagl eft nsothat har @ gt esehtndwn t hi s

feed stream Preferably the amount of hydrogen present is greater than the

sPoi chi oRBPERE SePoUiti dMtiesh 1 samécdlssary to hydrogenate all  acetyl enes and
diolefins present in the feed stream Preferably, the amount of hydrogen
present in th@&hkeedevs pfeorsabditigt@@ pf certtamdfs t he stiof fxhicomstatic anount

necessary for hydrogenation of all acetylenes and diolefins to about 150

percent aftseld sfobmhitdret pild apmowmgss (Figure 1) in the hydrogen
recovery stép (4). The deMethanizer overhead feed consists
of methane, hydrogen, carbon monoxide, and carbon dioxide.

10 Sufficient hydrogen is present in both the new process and
the old process to hydrogenate any of the acetylenes and
diolefins that are present in this feed stream. Preferably
the amount of hydfogen present is greater than the
stoichiometric amount which is necessary to hydrogenate all

15 acetylenes and diolefins present in the feed stream.
Preferably, the amount of hydrogen present in the feed is
from about 100 percent of the stoichiometric amount
necessary for hydrogenation of all acetylenes and diolefins
to about 150 percent of the stoichiometric amount.

20 This gas stream is sent to a cryogenic drying section
followed by CO and CO, conversion to CH gagnd HO .in a
methanator or PSA unit. The old process requires a bypass
valve (5) around the methanator in order to supply CO as a

selectivity enhancer for the hydrogen in the C2 converter

25 and MAPD converter. The new process requires CO addition at



v A/uowe
This gas streamis sent to a cryogenic drying section followed B’y"‘é& and
COQ2 conversion to CHand HO ,in a nethanator or PSA unit. The,o| rocess
requires a bypass valve (5) around the nethanator in order to 3%&]5& Cllihs
a sel ectgﬁ/jty enh%ncer for the hydrogen in the C2 converter and MAPD
conver t erS Y he PR pr ot edd s edditess Cer@Iditol ohhat TPmsimeBEs 2003 C3 hi s
point. in the flow scheme to the conbination C2/C3 reactor. Water forned
i s renoveFIHHE nol"BEES Ve By Theremeyed bnde poeilei edelgdbegen theadded
to the hydrogenation reactors of both the old and new processes. 5 In the
ol d procébsi§Ei §ifePerifiedddnedtrareishatddem teethe cbytaiogiengtErand
heavi er conpounds, is sent to a deEthanizer (6). The C2 overhead feed
cont ai ns TR EuHpounioo i Hagi Pydcondi seiwngrote€2H4. C2H6 and trace | evel s
of C2H2. The trace |evels of C2H2 are renoved by sel ective 10
hydr ogenat i on ¥ Bhe2otdnpeptess( A1 ddowe\ier tisondelthhaeizies poaduged from
over hydrogenati on of the acetyl ene which can be reduced with the addition
of CO on fsad.evebstabpangerCd| ngonisaarer f oonpduasisa bysr eduet o the
hydr ogenati on process. The ethane is separated fromthe 15 ethylene in the
C2 Split debHieini Frhyléene Jhes Qv envaddaandeecet haneagxist £21 Rolbeubakt om
feed, which is recycled for <cracking (I). Any oligoners forned are
recycl ed prointats 1y catisarst iFhe ot liypliene orust abe pracessedhur bLEerohe renove
trace CO levels that are not desired in the polynerization 20 process. The
deEt hani Zére bottace f egdvedst aigi ngc@2andre removed by selective

10 hydrogenation in a C2 converter (7). However, some ethane
is produced from overhydrogenation of the acetylene which
can be reduced with the addition of CO on ppm levels.
Heavier oligomers are formed as a byproduct o©f the
hydrogenation process. The ethane 1s separated ffom the

15 ethylene in the C2 Splitter (8). Ethylene goes overhead and
ethane exits in the bottom feed, which is recycled for
cracking ({1). Any oligomers formed are recycled to the
cracker. The ethylene must be processed further to remove
trace CO levels that are not desired in the‘polymerization

20 process. The deEthanizer pottom feed containing €3 and
heavierx compounds is sent to a dePropanizer tower (9) for
separation. The dePropanizer overhead feed contains C3
compounds primarily consisting of C3H4, C3H8 and trace
levels of MAPD (methyl acetylene and propadiene). The trace

25 levels of MAPD are removed by selective hydrogenation in a

10



25 heavi ewW002/3pga8nds i s sent to a dePropani zer tower (9) fecr/usepamadion.
The dePropani zer overhead feed contains C3 conpounds prinmarily consisting
of C3H4, C3H8 and trace |evels of MAPD (nethyl acetyl ene and ro?&ﬂgﬁm%)
The trace |evels of MAPD are renoved by sel ective hydrogenatigﬂ [ WO
02/ 32838 PCTTUS01132216 5 10 15 20 25 DEC 2093 separate C3. converter (10)
Heavi erS%R3 goher § Jarecayeet $or fed 'dur i AigaHies hgdt 8eeREs| oif Drodess. Li ke
in the C2 converter, overhydrogenati on occurs and CO addition is required
to i ni mZreg hdpesdees $hi poMySEOEa g ORI OFR DDy | ehé kies Igepelrat €4 from
the propane in a C splitter (11). The C3 splitter overhead contains
propyl eneneEr peoparey sifixhreggnat feomateucs pid t £8r addatbornt oisf eed
for recycling to the cracker (1). Any oligoners fornmed also |eave the C3
splitter dgauiredotticommiveiter sudychinegass fhemcramkerri{ng. | nThesimlar
fashion COis renoved from the propylene feed for the down stream
pdl yner i Rutémnlepe odessseplaratssl nBropr tbes prndigmrde Vet haniGer spbditbar f eed,
contai ning C2 and heavi er conpounds are sent to a dePropanizer (9). The
dePr opani @er) over Read Tredplitbatrai ovagh€28id, ca@did4eing r prepadend eand C3H6

and trace MAPD, is sent to a single selective hydrogenati on converter
(12). propane which exits from the C3 splitter as a bottom feed
' for recycling to the cracker {1). Any oligomers formed also -

leave the C3 splitter in the bottom feed for recycling to

10 the cracker {1). In a similar fashion CO is removed from

the propylene feed for the down stream polymerization
process.

In the new process the deMethanizer bottom feed,

- containing €2 and heavier compounds are sent to a

15 dePropanizer {(9). The dePropanizer overhead feed,

containing C2H4, C2H6, trace acetylene, C3He and trace MAPD,

is sent to a single selective hydrogenation converter (12).

The hydrogenated feed stream is then sent to a deBthanizer

{6) for further separation. The deBthanizer overhead feed

20 consists of the C2H4 and C2H6 and is sent to a C2 splitter

{8) for separation of the C2s. The C2 splitter overhead

feed provides ethylene suitable for polymerization which

does not contain CO. The C2 splitter bottom feed consists

of C2H6 which is recycled to the cracking furnace (1). The

25 debthanizer bottom feed contains C3H6, C3HB8 and any

11
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The hydrogenated feed streamis then sent to a deEthanizer (6) for further
separati on. The deEt hani zer overhead feed consists of the C2H4 Zrd IIEZ]"@GUS
and is sent to a C2 splitter (8) for separation of the Cgs. The C2

splitter ovtybeads fiaatt proxi des.glhyl eng suifable for pal ymerization which
does not contain CO. The C2 splitter bot olrﬁfggﬁeéﬁnﬁsstgedoft@% Gwhich is

recycl ed $p11ibteegracki ng sHyr n . Jhe _deFthanizer bottom feed contains
C3H6, C3H8 and any Il )nO DEC %1851(1%%' i Qo 1 HAt ar eMBorid SPititdegt r eam

is fed t oRefPe88! FLEEM » far fur separation. The C3 splitter
overhead feed consists cc)%}%)%ﬁ%%sﬁ a‘%ﬁéfﬁ? T ifefPEapPPrdimertizett idmes not
contain G ;idhegEldssplddt ottom f eed cont ains C3H8 and any forned.

ol i goners for recycsl 2{%% ?érel a(lzlrnag]éhg ffi¥ndcd EPlittre feeltenr demdat t he

begi nni ngfr 4 hes p ss_.I,S .conventional and in one enbodi nent includes
from about 15 to gg%ﬁt 3&8 ﬁé]ryce‘ﬁ?r%‘?ﬂyf’éﬁg?m%st dogbotrC Bl petoehheet hane,

25 10 to [ er opyl ene and 10 to 25 percent propane plus C and C3
inmpurities. Therﬁ%enfudlqg?(‘?élea }'may further include fromb5 to 25 percent

met hane. |t ofgtr%n %g;l udecs acet ggeni c and diolefinic inpurities from about
1.5 to about 3.0 peroent B erhtthe soeaénpangl yst that drodsad it hin

t he new is_.preferably a palladiumpronoted catal yst, nore

prefer ab%%glg%éallolng&i GRoARaP iR RALESLAEPSt Inslutieasf EERCapoadueedy y Sud-
Chem e | gg.oufghg cat al %1%55 is preferably used in a nmultiple catalyst bed
stream compri-siPigPEESRPENEE Ry EREee 18epar abeut 205 cat atyst SeHsne pres er abl y

§hree sugh bgds,
) pPercent propylene and 10 to 25 percent propane plus C2

and €3 impurities. The feed streams may further include

from 5 to 25 percent methane. It often includes acetylenic

and diolefinic impurities from about 1.5 to about 3.0
percent by weight. ‘

15 i
The catalyst that is used within the new process is

preferably a palladium promoted catalyst, more preferably a

palladium on alumina catalyst, such as G58C produced by Siad-

Chemie Inc. The catalyst is preferably used in a multiple

catalyst bed stream comprising from one to three separate

20 catalyst beds, preferably three such beds.

The advantages of the new design include:
(1) Higher selectivity over the old design, at least

about 10 percent and preferably at least about 20
percent higher; |

- .
25 (2) Lower capital costs because of the use of only one



_The advanYQ@@82838 t he new design include: (1) H gher sel ece¢wUsot/zomsr t he
ol d design, at |east about 10 percent and preferably at |east gfgub 20
percent higher; 25 (2) Lower capital costs because of the use o n 580%@3
12 WO 02/ 32838 PCT/ US01132216 30 DEC 2003 reactor instead of two; (3)

Substanti al decggasg-of,i0tal QFiggper formed resulting in higher olefin
yi.eld. This decreaseriisnat Q(%ieast about 10 percent and preferably 25

percent or 5 (@fe%‘%g%%&?g% {1;4&&%%%ylcgapetroetrg(ivaljlggf)%elrev%il@rﬁf%gl ess

t han about 1 ppm ( inTenoval to a-level © s than

I d ) X / 0_and di ol ef i
Bioed 1o b Ve ot dnele A s T Fhettefion THET naceesof ¢heBmount

reduced to a leve ction 1n

of carbon no ide to a, level _of |less _than about .10 p , referably 1

. ppm to 3 ppmnﬂ%(én% h388F5f Ie'L\ffl)I cp?lé%ﬁp%starnecgnﬁ’r% ?%?bf% E?drpoegéé%eéﬁ ofit 15
nple 1 In order to test the process of the invention, the above process

system of the Thvention as detailed in Fi gure 2 was utilized in a bench

scal e fixed bed reactor,. The feed 20.stream contai.ni ng £t he conposition as
detai | ed was iﬁ@r g‘é}%ﬁtmﬁ]{%{aa?ﬁ%éféef}gdrc%‘toé’la;sttos tenie nPci‘FﬁFyst

used was a G,58C catalyst supplied by SUd-Chem e, Inc. The conditions of
the feed strea %r%’@%d&)@—'@v at 300 psig. The

{(5) Substantial diolefin removal to a level of less
than 1 ppm. and preferably where the total acetylenes
10 and diolefins are reduced to a level of about 1 ppm.
{6) Reduction in the use of the amount of carbon
monoxide to a level of less than about 10 ppm.,
preferably 1 ppm. to 3 ppm. in the olefinic feed: stream
prior to hydrogenation. |
15
Example 1
In order to tést the process of the invention, the
above process system of the invention as detailled in Figure
2 was utilized in a bench scale fixed bed reactor. The feed
20 stream containing the composition as detailed was introduced
into a three bed catalyst system. The catalyst used was a
G-58C catalyst supplied by Sud-Chemie, Inc. The conditions
of the feed stream were 5,000 GHSV at 300 psig. The
composition of the gas at the inlet and outlet at each stage

25 in the processing is detailed below. Bach of the systems

13
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conposition of the gas at the inlet and outlet at each stage 25 in_the
processing i s detailed bel ow Each of the systenms 13 3 0 DEC 20b3 003

eval uated for 100 hours. The results for the new process are shown bel ow

5Bed # . 133 sCas l£..9% - ~focoo- - 10l nl et
CUtIetInIetELtlg%?E?g$%gt é{éa£9;2539550.138%803@?%%bt5 for the new

CH412. 612,612 .61L2.6812. 6 ). 230. 830. 830. 870. 870. 98
C211468.4?0.770.7%b.8%b.8 OF%%§EQBFB0.0550.0720.0720.0720.0720.072

C3H614. 315. 615. 615. 715. 715. 7 C21121. 010. 0950. 095<. 0001<_0001<. 0001

Pr opadi ene0. 2410. 0210. 0210. 00430. 0043<. 0001 20Met hyl

1. 000. 014H,9340. 00240. 0024<. 0Q01 Acetyl ene H2; C2H2 25& MAPDL; 11:16:1 %
C284 Gain/ 0.310.055(0.115} (Loss) 30% C3H6 Gai n/ 1.060.09103022 (Loss) As
i s shown &dae Qompcesseof the-d-navention successfully  ___________

Inlet Qutlet Inlet Outlet Inlet Outlet

10 | mmem e e el
HZ 2.22 G.01 0.13 0.003 0.04 o
CH4 12.6 12.6 ©12.6 12.6 12.% 12.6
C2H6 0.23 0.83 0.83 0.87 0.87 0.98
CZH4 68.42 70.7 70.7 70.8 70.8 70.7
15 C3HS 0.055 0.072 0.072 0.072 0.072 0.072
C3H6 14.3 15.6 15.6 15.7 15.7 15.7
C2HZ2 1.01 0.085 G.085 <.0001 <.0001 <.0001
Propadiene 0.241 0.021 0.021 0.0043 0.0043 <.0001
Methyl
20 Acetylene 1.00 0.014 0.0314 0.0024 0.0024 | <.0001
H2:C2H2
& MAPD : : :
25 , 1:1 1:1 6G:1
% C2HZ Gain/
{Loss) _ 0.31 €¢.055 {(0.115)
‘% C3H6 Gain/
30 {Loss) 1.086 0.091 0.022
As 1s shown the process of the invention successfully
removed acetylene and MAPD to less than one part per million
without the addition of carbon monoxide while providing an
35 overall gain in the composition of ethylene and propylene.

The first two beds operated at hydrogen 1levels slightly

above the stochiometric  amount needed to maximize

14



renoved awetogbesse and MAPD to | ess than one part per mlli W t the
addi tion of carbon nonoxi de while providing an 35 overall I{;ﬁ;jiﬂr]]gqﬂr?g?ﬁe

conposition of ethylene and propylene. The first two beds opera?;ﬁdDEtL‘, 2003
hydrogen | evels slightly above the stochionetric ampunt needed to nmaxim ze

g
14 WO 02/ 32838 EQI#BSO#/S §16 3 0 DEC.2 Q? % selectivity, in the range of
1:1 to 1.5:1. & ha nbtzat ¢ regt Efe(afagh' ghé&r ip%r‘(,lent of 1A% dr bgen in
t he range,.9f,,4; 5oh6" Q_renopve CO% te(Jé_y t he propadi ene. As a result
there was a&sjﬁrgﬂt |' 558 Fh Reryimgs %}’I oges B@B,t?’&s r3fHepl c&d 4by
Sud- Chem g_ 1| p¢,, s_tested in bench scal e fixed bed reactor under the
£o! BGq 8S, z‘ ﬁ
ol d process an t1e HEW Pr GREBL CEEHENE N REPRATT %®- of Achea r ssahds of the
old 10 pr and the. new 15 20 process_is shown on Figure 3. No CO was
iﬂ?@fi 2 ﬁ
supplied to the ¢atdl y5t98hr +A55t hB £EE¥1ep&ri od. Selectivity was clearly
higher in the new process. The C. and C3 old process selectivities were
27% and 26% respectively conpared to 48% for C2s and 98% for C3s'in the
new process. Aigoner formation was al so reduced in the new process. The
new process formed 21%total ol i gdf&f@Ptdndared to 50% for the combined C2
and C3 process. The principles, preferred enbodi nents and nodes of
operation of the$PesthtSurRidnd d Hivd Geaw acber i baths ntested in a
bench scale fixed bed reactor under the old process and the
new process scheme. BA comparison of the results of the old
10 process and the new process is shown on Figure 3.
No CO was supplied to the catalyst during the test
period. Selectivity was clearly higher in the new process.
The C, and C; old process selectivities were 27% and 26%
respectively compared to 48% for C;s and 98% for Cys in the
15 new process.
Oligomer formation was also reduced in the new process.
The new process formed 21% total oligomers compared to 50%
for the combined C, and C; process.
The principles, preferred embodiments and modes of

20 operation of the present invention have been described in

the foregoing specification.

15
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t he foregoing specification. 15 3 0 DEC 2003 " Clains A process for_the
generation of separate streans of C, olefins and C3 olefins with3 0 DEC 2003 -
substantially reduced acetylene and diolefins froman olefinic feed stream
5 contai ni ng acgatashgni ¢ and diolefinic inpurities conprising preparing a

C2 and C3 olefinic feed which conprises C2 and C. olefins, acetylenes, and

di ol efins, w tRhout %e%agaéei% #he % and C3 olefins into a separate C
feed stream and ‘a séparate Tod" LFr EERFT G 18N STarfgraA T3 yeik veg@nat | ng
the acetylgenes a Lolefin 5 inpurities over a catalyst bed system
cont ai ni n%%a ;é:’ét gfdl;?gtlnsbyaq e%addﬁlter%f‘%f W& oﬁéﬁsi@nth@{ﬂ%dredmeaﬂn to
yield an finic streamw th g substantially reduced quantity of
acetyl eneasggﬁarl 'Sl effs Fiﬂrﬁ’gﬁifﬁn&, TP separ sthelinie el efstsedmom t he
C350l efing, %aiThe pr chsi of Caim1l wherein the anount of hydrogen
present in the'f'¢8d preéyIEeiRy dncysialadinic Ynpaririehamomprising
stoi chionetric amount which is necessary to hydrogenate the acetyl enes and
diol efins present iR FRBT1DE fced 28l Cihel pfbrbssiedd Gitaich Zamlyeriaids t he
anount of .the _hydrqQgen present in the feed is from 100 percent of the
st oi chi ongt ri? a(ijml? Einécesssef viemandraogbrito bnfofis f he acetyl enes and
diolefins to 150 percent of the 25 stoichionetric anount

: without separating the C, and C,; olefins into a

separate €, feed stream and a separate C; feed stream,
10 substantially hydrogenating the acetylenes and diolefins
impurities over a catalyst bed system containing a catalyst
by the addition of hydrogen to the Ffeed stream to yield an
clefinic stream with a substantially reduced guantity of
acetylenes and diolefins impurities, and '
15 separating the C, olefins from the C; olefins,

2. The process of Claim 1 wherein the amount of
hydrogen present in the feed prior to hydrogenation is
greater than a stoichiometric amount which is necessary to
hydrogenate the acetylenes and diolefins present in the

20 feed.

3. The process of Claim 2 wherein the amount of the
hydrogen present in the feed is from 100 percent of the
stoichiometric amount necessary for hydrogenation of the
acetylenes and diclefins to 150 percent of  the

25 stoilchiometric amount.

16



.16 WO 02/¥dR828¢&T| US01/ 32216 30 DEC 2003 4. The process opCcpO¥01Bh2fe aims 1
- 3 wherein the 5 10 15 20 25 catal yst bed conprises a nul tipl e gapaly2ui3
bed system conprising fromone to three separate catal yst beds. 5. The
process of any of Clainms 1. - 4 wherein the catalyst is a

pal | adi um pr onpt ed B3l 3b¥SLesS: oRe R 068SE10lnd & M SIMELEN { e | i e

palladiumis placed o alu port. € process

- wh i i ti f th d i f
o St PSRRI SRIPSAL | (el S5dphLl I EOTRE) Ser, L EMAZ , %0

percent by
25 to 50 . ight propylene and from10,to 25 percent propane. 8.
The pr ocggjggpgg‘gdlggn#\g&gm% ege)i%cpt%]ér?%e%el-)%{?‘é%n‘?a??lfff?rérg‘?:%ﬁpri ses from5
to 25 percent Jret halrhe. 9. The pracess of agi of Clainms,1 - 8 wherein the
hydr ogenat i on “occur s HuPTRGEESt &M -HBhE BFolddd™s1d Thé h6c&ds dibany of

Clains 1 - .9 wherein the cetylenes are reduced to a |level of less than 1
pp5ﬁ1 11. Cﬁ%:ealﬁsc;gcce]s% %fpaa]rﬂ%cg*‘}/r@%’?%o ed ‘i"t‘)t@ﬁ%?Ei nthe diolefins are

reduced to a I6evel f less than %5%1 12% The process of any of Cainms 1 -
11 wherein the'* ac MESCENA Aol af YRFT Rydr bYBn&EIFEME Pedduced to

placed on an alumina support. :
7. The process of any of Claims 1 - 6 wherein the
combosition of the feed stream comprises from 15 to 50
10 percent by weight ethylene, from 10 to 25 percent by
weight ethane, from 25 to 50 perxcent by weight propylene
and from 10 to 25 percent propane.
8. The process of Claim 7 wherein the feed ‘stream
further comprises from 5 to 25 percent methane. |
15 9. The process of any of Claims 1 - 8 wherein the
hydrogenation occurs during a tail-end process.
10. The process of any of Claims 1 - 9 wherein the

~acetylenes are reduced to a level of less than 1 ppm.

11. The process of any of Claims 1 - 10 wherein the
20 diolefins are reduced to a level of less than 1 ppm.
12. The process of any of Claims 1 - 11 wherein the

acetylenes and diolefins after hydrogenation are reduced to
a level to less than 1 ppm.
13. The process of any of Claims 1 - 12 wherein the

25 amount of carbon monoxide in the olefinic feed stream priox

17



a level to less than 1 ppm 13. The process of any of Cains T 3 flz”%éﬂ@?n

the anmount of carbon nonoxide in the olefinic feed streamprior 17 3 0 DEC

2003 to hydrogenation is | ess than 10 ppm 14. The process of Claim 13
wherein th& z\gﬁﬁﬁg%ﬁatmbbﬂ hessxtHeni n1bhgepl efinic feed streamprior to
hydr ogenati on iltsq.r];rom 1 ppmto 3.0 ppm 5 15. The process of any of C ains
1 - 14 wherein Hmuptooksaced | eniagmangs diglsfd:ni c, i npurities present
in the feed streamprior to hydrogenation is fr(?ﬁ{éf.r}{s F%es.%“o%‘% cldt by

wei ght of C@RBCReedtonoxdaim 16. The PHOEess;ef of faims 1 - 15 wherein
the C2 10 and C. olefinic feed further COMpri ggédl i agff?é‘ﬁ‘d gides, teherein

t he |i ghth¥ddogases iconird &e:derlogﬁgﬂ E@r bon, oxi de and net hane. 17 Th
process of Claim16 f th ur er conprising St anti al | y separating the

i Tht - end gasesd 5f.r omhieh kbl f b i 5168 ream pyior _to hydrogenation of
Lhe " aeoryloncs o trobpE L iof & § % %ﬁalms { — 14 wherein the
amount of acetylenic and diolefinic impurities Present in
‘the feed stream prior to hydrogenation is from 1.5 te 3.0
bercent by weight of the feed stream.
16. The process of any of Claims 1 - 15 wherein the C
]0 A] L3 V ]
and C; olefinic feed further comprises light-end gases
wherein the light and gases comprise ' hydrogen, carbon
monoxide and methane.
17. The process of cClaim 16 further comprising

substantially separating the 1light-end gaseé frém the

15 ini
olefinic feed stream prior to hydrogenation of the

acetylenes and diolefins.

20
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