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WD 2004/ 081149 PCT/ US2004/ 006535 SELECTI VE
HYDROGENATI ON OF ACETYLENES AND DI ENES I N A

HYDROCARBON STREAM BACKGROUND OF THE | NVENTI ON 5

Field of the Invention The present invention relates

WO ROYSdtRss for selectively hydrogenating &ZEBUFIEHWESS
and dienes in a hydrocarbon stream More particularly
the invention relates to the selective hydrogenation

of acetyl enes and dienes in a hydrocarbon stream
cont ai ni ng hydrogen, olefins and snmaller anmounts of

acetyl ene E‘EI) fé EN
TR o ey G R

cracker typl cal IBACKBROEIND OF THE |RVERTIDRgEN,
net hane, -C6 olefins and paraffins, C2-C6

5@&%tﬁﬂé@yeﬁﬁand| enes, benzene, toluene, xylenes, and

ot hert¢ present ARARGN tSateS9Ba4 %’b&é’és%g sEREOMH %y@nfogenatmg
the products according to carbon nunber is glenera
4

aeatdRpes snd dlienesdn sebifispearen girgeim | MereRardigdiedynhg ivention
ltehﬁgﬁ kS fife SGRANEH g;geﬂsnchvér é’éla%eﬁésoﬁhd Br%ne@wamdfdbarbon

Igh pressure c box system™ The desnfg
giream coriaingg fs@smg-;alm plefi B%)Wmi soalleramgunine a@éstlerte‘ﬁaand dienes

G%],g QJO%hgﬁq}ﬁﬁmhgmﬁrﬁ CF%‘/‘eenvol atility of the

I'ns, acet es of the same carbon
iﬁelatm*lnmrmakmall 20 making it difficult to produce the

pur e plef F{E,;%Fod%{lé‘? ean%%n{%tet}g@nglta ﬁgétcar LAV n%él?on steam

hi s pro eEM1S |rst sepd on “nu
cﬁraakﬂntmsalbrrwnslh‘ennamlysné hysdrbgmlryethhly@l,l@t-ﬁimet" iresearid paraffins,
Q_con t he cet di ene t

ct d/
Ethoennleing uF iiehSs, BRGaer TRIR JudiSirpld) dher cor
camgdnansl” Sajmam&cdmdreqwewef theepducid 8ccofdioly i caglbdn NPmber
Shanen SheoaissSf bt redieBtal iRt SR aliishe Bitaghpraton
SitpldesgeMNiomlthe hmﬁanee:n@ﬁ@ﬁ@ms%;ut@cdw %bﬁtsysﬂétn TH@deSIQn of
COI’I

tream bef ore separ at usi_n
fit*? d?? %@'@H%éyﬁfﬁe" @o%ﬁrefgfcé‘?ed ﬁ &'P%é%‘% 4"6? thteh‘@ e"ences in relative
&Q&tﬂiﬂf@ﬂt@é‘olei' hé, %acé ecraa,bl gt d.érrs@m ﬂe@@bm@@%@ﬁmn{wam small
t he advant age enovi ng a significant portion of

mAkNg e Homr Qﬁﬂcﬁﬁ’é@ pesflaitatves PR mehep pigircumventing

thResebnt 84y ﬁf§ﬁ geééiﬁteihé Radiof ﬁ&ﬁﬁér%’&:ﬁéﬁs%hd then to selectively
requi renents of the cold box. 30 SUMVARY

hmﬁﬂatmchﬁr@cm@wveﬁ\t%@wwep@ aoﬂl@ééleae tqa .fté gerresepending
of

Aty BEHER Y 38 £ Ui S bl g soarate

hisiretreatingisydieoy o geach garbbn\wonzgg 4raggen 49 well as the addltlon of a

%ﬂ{swg‘a%%ﬁ{np%?&%gen to each system. An alternative method is to hydrotreat

the feed stream before separation using the contained hydrogen as the source of
hydrogen for the conversion. This so-called "front end" approach has the advantage ,
of removing a significant portion of the hydrogen from the feed stream to the cold box
thereby reducing the size and refrigeration requirements of the cold box.
SUMMARY OF THE INVENTION
The present invention provides a "front end” hydrotreating system that allows
for effective control of the temperature within a bed of catalyst which is hydrogenating
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acetyl enes and dienes in a stream containing hydrogen,
nmet hane, C2-C6 olefins and paraffins, C2-C6

acetyl enes and di enes, benzene, tol uene, xylenes and
ot her C6+ conponents. The invention utilizes
WORMEOBMAD0i | i ng point reactor wherein the h’@ér(USZW’“°6535
reaction is absorbed by the liquid in the reactor

whi ch produces a vapor. Besides 5 the feed to the
reactor there is a recircul ati n'%fstream i ch

agetyleriesead gignes i 2 Alrearp ol IRGENYdRagen. et %ﬂeaﬁ,zs% | Sicfins and
p%?éﬁlﬁ§|(?30 V‘ééeﬂiﬂ@nég‘ﬁnd 8RALS beMzBndabBHe, AylERES, Gind other Cg+

s taken froma downstream distillation
comng:nﬁnts. $he syepiiprpyttivesia dpw@ﬂqmp@hrgqumﬂtgggctor wherein the heat

o%_ﬁéa{cﬁgl‘? AlsBebddD {[H? hgﬂﬂa ﬁhﬁ\éqeﬁtftéﬁﬁﬂch Erdd'ﬂl@eé %"J\Fatpgf %eSldeS

e corrp03|t|on rd stream contr ol
tise femdio $teateacioo theos istd weiredlatingestraaguivehich isfipthat a m*% agfﬁment

%ﬁ?? %I tfn%@ﬁ%oéa‘talixrﬁg%a?t‘?éfgﬁoﬁr\tﬁ:'Bonﬂe %?ét@rj éref\}ﬁétﬁégf“ MB{W@ Stream,

y se ol nt rom ownstream
wihict islthledn Mmcaﬂomtrbamnhsﬁiﬁaum ttlemsy, isdadhnto proyidethe make up

férq% Glggr\gfg[g?]rtéél II?J% d’{'\%ﬁ; Jaggf%%%m t § rig%tmqehcﬁa‘nﬁsﬂﬁﬁrof the

trs:*s trﬁﬂrﬁtreﬁha:o&tteadhe steat estateqoogidsition obfhedigeidifioeirgthrough the
t hrough the. reactor alon Wi . re.
crsteh ihesoniae tb S sty B Banith ety dBicRERG fté foin rom
th® @b\lrvhﬁt%agﬁ’ Ufs'tlllét!baf&dlljmn Frolm Wbllcd tidnalseamgs diamay sThe Itc)awer the
mai nt ai ned, even if t action co ents would. .
dja BPing i5dn e C[Oﬁgn e H@Pﬁi@ ﬁ?eﬂaflgBPm?EﬁE?FBWDOFﬁ"faHV%S‘fh'rd
sHRaRt i WealesthieohfReltioR Bf Hetigai ﬂowg fkedughtthe €actor along
vapori zed, an inert higher boili n g}%%eent may be

vilitbe presshEs detaimings e figato F%r@%er SCRI PTI ON OF
THE PRAVLDIE Boft FedktdiS aA @ﬁh@a@@rmwn@mﬁiﬁaal 8ven if the

U
f orm of one enbodi nent of c{ he i nventi on. i S

rgata@nw@mpqn@msm!ﬁ be vepprized by dhe @Fﬁib@ra‘t"ah%a&ﬂfmqf@n }p any

B e Sl MO s [T Poing

catipohent way befadrded & mahdaisd listid MRas®y dr ogenat i on of
acetyl enes an%Rlé? Eﬂé PO @Idgl—@la?hﬁw ¥ oxi de

supported on um na. e such ¢ st contains 0.34
wt . 9Fal 1 iaeiflowmdiagsporin schasnatit/figmi eicimespndigent of ihe invention.

deS|

n I afRfeafiierouhRchis tibtembpal oo I £l Bial bactr
ofthe/pregant inddrdionsupported on 8-12 nmesh spheres and

desig [ j

and PW#?@%@&@N@ B@&s?%%%bgﬁﬁ Bﬁ%@hgl nc.

For Mlyﬁﬁ)thua\rbwsbhﬁfaram@hgiettme&ysltcmmauw of acetylenes and

truct a isclosed in co

g e B ot ioborad B Al B8 TP Hycstiblalst gpptains
B3RV, pAIRARGN bibsortedih 1/8andh0spheredM2sifHMéD8E8¢RNd supplied
PCT1 US2004/ 006535 o
by Stid-Chemie (formerly United Catalyst Inc.). Another catalyst comprises 0.5 wt.%
palladium supported on 8-12 mesh spheres and designated E144SDU as supplied
by Calcicat, Catalystand Performance Chemicals Division, Mallinckrodt, Inc. Forbest
results the catalyst is supported in structured packing as disclosed in commonly
owned U.S. Pat. No. 5,730,843, The catalyst may, however, be simply loaded into

the reactor.
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Referring nowto FIG 1 selective hydrogenation of
acetyl enes and diolefins in a hydrocarbon stream
containing significantly |arger amounts (nol ar basis)

of hydrogen and ol efins than the acetyl enes and
WPBPEHBHE i s carried out in a downflow boi IFGTUBHH(653
reactor. The downfl ow boiling point reactor, shown as
colum 10 is a 5 vertically disposed r eact or

containing the particul ate ported in
st r ubipTEds “B‘éfé‘EFl%”aﬁtue'%iwe Ko é Hisntpeehietes dadgiolefins in

d ﬁ?dWGﬁernOWrééﬁ%o%%nlh? él@lﬂfléé?ﬁlyolﬁrééﬂeam&ﬂitsﬂ'(ﬁ}dé} baSIS) of

fed to he reactor is liquid in flo
hydregencpdgieting than gwe aqsiylanes and diofeding i ?ﬂf@e"}.f’%@rﬁ anﬂow
H&J:[ﬁ’lt\@{ p%dlrﬁereégcgr a‘Fﬁe %\Hngﬁdﬂl b8ilihd BYInt Péb%tcﬂro%dﬁ'ﬁ{ &Y @Quﬁfno'm is a
i'Tlation co as nore particularly describ
viedicelly dispasedmendiorpontpining bgmartivylate eatalysistinpeded ing Structu red
t
HURYE o TR Gl ) LBatic Roq D6 oy A IFBGP 31 the
celuirmm 8t eAlse fierl frothei toplaftiye ofacior is lineiday flovaiing ood whivh is a
%ﬁ‘:?éegf ?;ﬂc%ét.ﬁg Qf%g%@g:ﬁﬂ?\ﬁghé‘ %ﬁdal; 1h enc{maqqt{& Q& Rkd from
tﬂstdiathjratolmgntiﬂmeasl mgiet pmrt[d:u[aﬁy dbsphbedabelowp ﬁwﬁr&i liquicbstreams
uent fromt ctor, ibn flow lin 0 f 0.
sl Souprht BFo% Wik ratinev i 587 Palropiiging oes
cehtinsepar the dondimenh daly cfogdseatd Bhuid etimiregtes then pbssibiity of a
line 106 ..includes the heat of reaction generated in
HRRAWRLEERCHIN 10 while its mass rate is equal to the
iggb:'rhédrefalb@‘t‘\ﬁ'lotofs bb@fi‘?f @giﬁbatlcfhkljlﬁdwmlatrtﬁé Lﬁeﬁ,ﬂ; afn@action is
ess s|lip stream escribed bel ow.,  Li in
aCrewpted fer %%r@fgrqr@alhbgg@(pqraﬂq% e @qﬁ?‘arf liquich plh %%PBF“PO“G“"S

E]f@uen-flﬁ%n?@iefré%lﬁﬁﬂﬁwcﬁﬁet‘l bs issfed @@%pdﬂ/hﬁm@\yebaﬂa@ormmae the
a variable and is nmaintained at | east sufficien

vaReupad tigdid areeseparalpdst IgaPeaicpudent of the vapoht f.ﬂ%w '5'@ 106

iﬁ’éludé%%é e8NSt rbfctioh ené%ﬁé& Rr thd Peacldrer (BIARA |*nﬁs§ *a%\’ s equal
['1ne 103 provi des na up mass correspondin

torhsscanbiped pws of Wetth@amae flow lipasa Of aad é933 ﬁhéé@ieélm 107
a@ééﬁfé& BetoW 2L iqu Elhln?lBﬁ ink"1982MH% fe'd"bafck QM He! tago#@l@ reddiSr 10. The

onposition o treamin ine 103 controls
flphferaé@ eddiye ageamaindiaye lipe siOgi sre goriabig@nd is|roaintained at least

shﬂ'r %‘I"?I@Q En&ré%ﬁ'&ttﬂé c%%ig{sgphﬁlcl 8 fulWétféanz%} aIiHoosmons in the

par anet e mbi nat1'on wt
remao:t Ho. “ﬁvee@wnemdlemémmmés)mm@es make upmase gpresitandng to the

n%s%fé\}aﬁb{eﬁetf |n tRe ?%Jc?cﬁ%éﬁ é\?elﬁﬂe P%ahstcér%g's eh??s égﬁ 8? fhe stream

contro T AVENT
|r$ﬁmmaEdt}6y gﬁeeionmsltlﬁnloaime dﬁeans ireflc@ fi @1 @pLonttads the steady
LS the,vapor, from arat or

ed to t Se
Sg?g S GpraRas N el ki 1ownd; il thg rﬁ?‘%"ﬁﬁ gf‘i" S 4 tmbortant
o@é@ﬁzgg@mme@ml‘mng ebnribthatiohtwitthiherreactoe pf@bu rodettmsiass the
col umm. tore
e aTRaT O A USRI i okt B TR s (iauid
iRERedt irdheWabbfiquid séfaraeeressents 3 WO 2004/ 081149
PCT/ US2004/ 00653 ,

Column 40 is a Cs/Cy splitter. Feed to the column is the vapor from the
separator 20 in flow line 106. it is heated by indirect heat exchange in exchanger 30
with the recirculating stream in flow line 103. The column 40 is designed to recover

a vapor distillate fraction via flow line 108 which is essentially free of Cg+ components
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and a bottonms |iquid product in flow line 109 which is
essentially free of C5 and lighter conponents. The
over heads are taken via flow line 130 and passed

t hrough partial condenser 50 where the heavier
WQﬁﬁ‘lﬁ%@Hi‘% are condensed. The overheads are YCUYPR¥{GS
in receiver separator 60 where |iquid hydrocarbon is
withdrawn via flow line 5 120 and returned to the
colum 40 as reflux. Water is taken out via flow |

amoa baipmslisuidipgryehin flaw Eng i BYwbichisessentialydran o %I%‘W’th@r
THeCoVh M R ake Pa‘k%h%’ié’ﬁbv@ﬁné {5 aid phdd through partial

reC| rchsatl ng stream in flowline 103 is an _operati ng
aoadeaprei0 wberenfgetneevuaaﬂ@n@@merﬁ@arﬁ cengensed. dbapvemeads are

@?%’%"gﬁ]ﬂ %%%ﬁ%ﬁ%%g%ﬁ&é ?‘(51 AOENiHR IJn)dP(?: %QWHHI%N %ﬁ@wlme

I Ng pressure reactor
10 and retdrnedtd the eplemat4dy s efloX.i | Weiterds taken evtatp fwveiine ht0. As

dr. f the col um 40.
R R S A
vapoITherdrdwatff positiont dreraguod hiad redrome’nngaétr%m o1 #dw flige 103 is an

NG g B RS R RS S 50 e

Iﬂ@wmnlhn@telh‘l}boﬁént@i}ﬁhé seahr Nﬂétlglugmnmaﬂmgmesémﬁmme reactor
enatjon ¢ S i mens,j ons ar '
e etk Rip o probledimabbioves ooy TR R e omihe hptom

stagslot theksluh®i 40.he reactor are: reactor top/bottom
pressure 250/ 240 psi a; Ilkgémﬁecycl e rate (streamin
flow line 102) 4, 000, 000 slip streamin

f 1 owHeleR80 1Y sytéi debRtddih. Flém isliret \}ddoﬁbr&ﬁhcﬁﬁbwme 4fdench

is a colum configured 20 with a 16 di aneter ZZC
tgwag@‘ a@ﬂ*@“&\s@mc&i&m stz §@e{<¢r&ﬁt@aﬁaﬂa@syfﬁﬁ gngpcidgay O, and
tsh%éme@émhé réé%tdr%ﬁééw.ﬂ{bp;%ﬁhﬁw ndbd ﬂ@étﬁmméd packing

$é distillation colum 40 are: lux ratio

'@@QQW"[@%W?U%CHI%'W B@Qﬁu@m%@nqﬁ*eggmo@magelyggftduameter
ngsfé?ﬁ éﬁ@lw deraﬁ’ﬁ%e&?rid&%ng rf&&hé%»egdasare ?ég&&%ﬁfba@&n pressure

canter terrper ature .
2681240 psiab e decyciestte dstegam dgn \ﬂ@w Ime ‘m}LA&OfPD 000 Ibs./hr.; slip

EE ALl G100 671 SR 1o Ther TIBBR Bhme 42 odhu iRl urec

withOa Ol @4 Gt Gisonede020 ey Ghereiical) iep Gediad end 0.9 fi020 stage

BT IR ol DEh SR o i Belllicodirth o are

rivfiuvg feti® O 8; @fmxlﬂe#mpmahulrm1IE!6Rchdehaer(pre$3urMsl\23ﬂ psia;-cotumn

'H%ﬁsiﬁlf%ﬂd\il\lorpﬁ %pﬂ'r;n@%@bgggﬁs@eﬁrqy decantePtemperanture 1P NNt ang

material balance results are given in TABLE |. Temperature profile across the reactor

is given in FIG. 2.
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1. A s&‘ﬁg-ctt}l@‘ﬂ}tm)g'éﬂltﬁ)%& ATTENR and Vichies inREitreh Noﬁ’tainE ddgen,
methale TAC Hlefind and: faraftiQCRCD abotfibkBs Mndafendé) behzbhey tihekle, ylenes,
&
§

cont MRmflol bd:eﬁr_%r R §§ac{09 Ba\tilli]gea {&)6%@%6@& MAerefn the reactor is
operaftd G e B0 9519{ SHIRNER k DindhSEFVEREW B M pBinNda AN @R Meat of
reacti D&bedty P bOiiRS 1iRSd a8 whak af foktlbh, of e LBryRAGT MH ANBSs are
conveded tPHhEBP Esres ARAHE BRfind MdURRSFnSf HRNGS e carBROHRE FecEleting an
efiuciPERSRER Bqui® IR Japbr 8ok BRHoRSm DRI Ol POInONBE o separating the
qui Y PHENAL 10 RefRLPINSlecycBA b FoRRA dfMha 1ig@uVBhILOW the top of the
down B8 Hol}8g ROInDteatiEAFcRing NBY Vdp8r # JaRPefARMA: B HOL/LPBRlitter where Cs
and HRRE! Ghtbridl B tHIRAGE Nertiehds MAEY, dhEhbatibr hlteridd @ thiteR Qs Pétiokis and a
side @hwliDBl XbMr Qid Oythemstemiid Ruw b ael top Gf BRI dbiwnfleR Hofling point
react@nNd the heat of reaction is absorbed by the boiling

liquid and where a portion of the acetylenes and
2. THI §06S8s AbRrdifP BY lalRd hdeleheihe MHubesParRdiiNgd deidki sy cled is
maint@a6d Bafigitht 0BSenoire tthe BaRRaAr BN whETr at 1B QORI NgitHAm said
downf@b¥ Ibb@ing p&ittaisrl ng |iquid and vapor fromthe bottom

of the boiling point reactor, separating the Iliquid
3. Thépd bR RRbrding tb Beinef Mheeiitthedchdy sy ebinpgitinpétheiliqniddlowing in
said doR@fibw Builidg Paigkreb@ort S @ostafle®by tHedocadomnf theirdaopdintreg said side
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5. A potdsk fig thohpkogeh@atadracetylenes and dienes in a stream containing hydrogen,
methane, C2-Cs olefins and paraffins, C,-Cs acetylenes and dienes, benzene, toluene, xylenes,
and other Cg+ components comprising the steps of: '

(a) passing said stream over a hydrogenation catalyst contained in a downflow boiling point
reactor wherein the reactor is operated at the boiling point of the mixture in the reactor
and the heat of reaction is absorbed by the boiling liquid and where a portion of the
acetylenes and dienes are converted to their corresponding olefins and paraffins of the

. same carbon number;

(b) separating the liquid and vapor contained in the effluent from said downflow boiling
point reactor;

(c) returning a portion of the separated liquid to the top of said downflow boiling point
reactor; ’

(d) maintaining the amount of the liquid being returned to ensure that the catalyst is fully
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2. The process according to claiml| wherein the anount
of the liquid being recycled is mmintained sufficient
to ensure that the catalyst is fully wetted at al
positions within said downflow boiling point reactor.
3. The process according to claiml| wherein the steady
state conposition of the liquid flowng in said
downf |l ow boiling point reactor is controlled by the
| ocation of the draw point of said side draw al ong
the height of said C5/C6 splitter. 4. The process
according to claim3, wherein said side draw is taken
fromthe botton1stage of CS/ICE splitter. 5. A
G St o snrl e 0, 1500
Y Ac%H! &h r
oltgen AsosHise Cifa'%ppﬁl?ﬁsh O TpCTRL A Aken él?ﬂ:sitﬁ’a*%ol| en _
@ ewl%r?emdet v diom S %ﬁe@)hﬁeraﬁ%s fadﬁ@rsa’éesdcésﬂb Bh’gﬁ%@ of said
6@%@?@Wh jlipgyeointireas aSS|ng sai d. stre qver
@ RUS brgchasicady tats strwmeeﬁf et fovang ow boiling
bdPi FFCPoPhEclecting tegtosiiple P Fide dlfa@'a%m F elglﬁé’[fé%léd?s/cs

atsPltE boiling point of the mixture in the reactor

and t he heat of reactlon i s, ahsorbed b
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Smd(&ﬂeﬁ%g Qre converted to their corresponding ol efins
and paraffins of the same carbon nunber; (b)
separating the liquid and vapor contained in the
effluent from said downflow boiling point reactor;
(c) returning a portion of the separated liquid to the
top of said downflow boiling point reactor; (d)
mai nt ai ni ng the amount of the liquid being returned to
ensure that the catalyst is fully 0 6 wetted at al
positions within said downfl ow boiling point reactor;
(e) feeding the vapor in said effluent to a CS/ C6
splitter where C5 and lighter material are taken as
over heads and C6 and heavier. material are taken as
bottons; (f) taking a side draw fromsaid CS/ C6
splitter .and feeding said side drawto the top of said
downf | ow boi ling point reactor; .and (g) controlling
the steady state conposition of the liquid flowng in
said downflow boiling point reactor by selecting the
position of said side draw al ong t-he hei ght of said
C5/C6 splitter. 6. The process according to claimb5
wherein said side draw is taken fromthe bottom stage
of said C5/C6 splitter. 7 0



