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WD 2004/ 018390 PCT/ US2003/ 026153 HYDROGENATI ON OF

OLEFI NIl C FEEDSTOCKS BACKGROUND OF THE | NVENTI ON Fi el d
wobooshessbmventi on This invention relates to thePCT/US2003/026153

hydr ogenati on of olefinic feedstocks. In 5

particular, it relates to a process for hydrogenating

an olefinic feedstock containing a plurality of

different wpgs fami unds.
SUWARY COF THERIE)VI@%E'q ]rg{ﬁ/g?:@gl' d@ﬂgﬂ?ﬁ%ﬁrﬁven i on,

there is provi dBACKGROLENE O iTHE/ INENTEDNNg an

. In-gontaining feedstock containing a plurality of
Flg‘(f&etﬂgﬁ[\v?[ﬁ?& urated ol efinic 10 hydrocarbon

conppigditwehiish REREES Io | the! HdGenatibh &5t b)l/&ir?fed;ﬁ%e%ﬁtocks. In

ol efinic feedstock to bul k hydrogenation b
partielpl:y relajps o pInge¢ass fonhpdrogenatjing an diafini¢ femdistock containing

; WAy { t al yst d,n th
= BAR8Ly SECHPA RN B BARY BRrGa) Bh Somedtos” 1"
unsat urated ol ef i SURMARYARITHE MPERJUONS present in
the feedstock, inpto their correspondi ng saturated
c orrd%?ﬁ?cﬁé',ngatﬁ dhevnveatiany there inerevded gt acessior bygmgensting an
oléfiREbhiaifg BbAdtbLk @bﬁ{diﬁibgitéc rafY st difteret@ibiskhlrbted olefinic

distillation in the catal 'S I on 2z

hyidneearbes cefripetindsghe ipyacesgdnctdion: sabjecting the olsfisic fédtstock to

ol iR afibn phneits BF SafvbrusAlatiobrina eatalytic distilation zone
odit&ihing &hiya8rogehati Z9h& i r

v hydr ggena i orgégﬁgbgggga;@stti gﬂétl)r}l/k%gﬁ%fcegﬁslﬁﬁm%?q,gn?reby to

hysregestate einsaturated olefinia hyrdroaaibpnicompatinugl pregemten thgyfeedstock

P14, BAEGREAAY Bt 5B M SR PiBh-gippasatratc
confpdurmisefrgrahe chtadlytict distilztiehizone. f eedst ock, are

hydr.ggenat ffd, I n one enmbodi nent of the invention,
subshEn eyt distillation ipnibgt eatatyéia distilletipnizone involves effecting

' h t :
e e T D —
simulbaeauslyivitt, opimpcambinatioh avith, skgitliatidn antiRd 8aiBe zowed In other

separat, ng |i.ghter ;saturated conpounds or paraffins
Wi WEIRGR21E0; Brd; SePeratinno iR dmegns pat afiiiabon, fare effected

simumﬁ@jumgmg[gzdﬁe_t he invention, however, the

nunmber of different unsaturated ol efinic hydrocarbon
mFou ik hiydfoganetion disogeaat datnaynumbéress diffidenthansaturated

co
. 58 esPSSR oo e EBAAL Lk ST gstoo,ar
hydrayematedrey dneesmbdadlrieeoithhilientioR Jsisthiffsily 2AM8e udsaturated
olefinic hydrocarbon compounds in the feedstock may be hydrogenated. The
process may then include feeding the saturated compounds into a separation stage,
and separating lighter saturated compounds or paraffins from heavier saturated
compounds or paraffins.

In another embodiment of the invention, however, the number of different
unsaturated olefinic hydrocarbon compounds that are hydrogenated may be less
than the total number of different unsaturated olefinic hydrocarbon compounds
present in the feedstock. The process may then include withdrawing at least one
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WO 2004/ 018390 PCT/ US2003/ 026153 wunreact ed
unsat urated ol efinic hydrocarbon conpound fromthe

wa@adoaloygspe di stillation zone. BRI EF DESCRI PTI e/0B2003#26153
DRAW NGS FI GURE 1 shows a sinplified flow di agram of a
process for hydrogenating an olefinic feedsto

uneactydlingttated dlefisic hydheasirbemcompotind fiony He ¢aiﬂlyt|5 distillation
FIGQURE 2 shows a sinplified flow di agram of a process

ZOM%r hydrogenating an ol efinic feedstock, according to

a second enmbggjre EiES(ERFF*ﬁdMW‘THEFDRWNGED
DESCRI PTI ON OF THE | NVENTI ON The i nvention is

chaFBURE teliows ers&bphfteniaftow inOrAIm RS a Hrogass thhvéiLfrogena‘ﬂng an

oleltfii BRARG el BeotaP R RS fbbhihaorefRAtERD
Si nEl@UFHESZIEhIdS\ﬁQ a%lrhplﬁre@dtmbdlagmm arpdomssdoshycybgenating an
cate of unsat ur at ed droca n c nd uch as
oleinisy GodkingonCa g A SSCans ATARaAEIST IR Qi iventt
hydr ogenat 3?/51;/3(!‘%6 BE@%F@@T@WO?OI‘HEHNVENHOWO% by

mass to 10 mass unsaturated ol efinic hydrocarbon
Conﬁ'&enmentuymnsahw chaomteeed therebystbgt, s snears of the bulk

SRR N e LSRRt DRSS et

rat@ Fﬁ%ﬁﬂgﬁ' d Qﬁg%@%&atﬁd higrobamsbt estspomyd ot mmlﬁ@blc:ﬁtegory

ranched and normal paraffins such

of oummteraaad/ bydrecarhenh wonttnalse ; SUsHy @sn &k %&ess@w/%rs acetylenic
al coh h as benzene; and saturated

Comﬂ?u@%apﬁﬁgm}@iﬁ?‘%&corrpounds ot her than aromatics,
SUC'TA’r%,Sffé’é%std@{ Ehayﬁmg prisyy fesmnme0%c byo npassn ds 100%ehy mass
in the feedstock w e nated to t o

nsBtraegaIENg PYAPHIRICRYEPESS SSANES A . 00% py mass

I

of SRR B B88%ck Sorirtises 1S it 100%Iby mass of

un3gtlrateehelefinic Wdrbhaarbbaemm\pmmdsl rihe halanasodf thenfeegistock may
t.he venti on, edst o may, he Cr-

ty@galﬂyegggp%@@( up,ofgxanpe\? cﬁﬁg;g qlél Rag%%%atg%gpgaoo&éﬁéand/or 2-
%ﬂhfy ﬁéﬁ%%e“%&??éﬁé’c%%u@heéd BicehBisd LeeRBHEd sulv BT Ne; and

avi ng o 13 carbon atonms. However, in another
saturatet gt unisaturatedi syeliet compoundst ethestthar agmatics, such as

rise ol ners t t
R TR, AT UHUTRTBsGh, AEL Kaigic v be
hydirbdé&i88 toutheatorredpshding fsaturaten cgdlmec&npa(lnd'dnehowever any
feedstock may be Fischer- Tr

oxXygenBiest GRsaP@URsIA pr@ﬁ@n’@eﬂ_&% Faststosiul & gwqgﬁlwe hydogenated
AR Dulk RyQlodBhatiss 8Fthd feeH@bbcR.e obt ai ned by

In one embodiment of the invention, the feedstock may be a C;-C43 naphtha
feedstock, i.e., it may contain a range of different unsaturated olefinic hydrocarbon
compounds having from 7 to 13 carbon atoms. However, in another embodiment of
the invention, the feedstock may comprise oligomers obtained from C;-C;
unsaturated olefinic hydrocarbons, i.e., it may contain a range of different
unsaturated olefinic oligomers.

The feedstock may be Fischer-Tropsch derived, i.e., it may be obtained from
the so-called Fischer-Tropsch process. In other words, it may be obtained by
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2 WD 2004/ 018390 PCT/ US2003/ 026153 reacting a
synthesi s gas conprising carbon nonoxi de and hydrogen
WO nootloes3pr esence of a suitabl e Fi scher-Tr opschCT/US2003/026153
catalyst, normally a cobalt, iron, or cobalt/iron
Fi scher- Tropsch catal yst, at el evated tenperature in
reagtipg iarsypihesisgas @nmpvmng gafbonyBen@rids apd hygragends the presence
b
of%% LeL e Eﬁs%pégﬁ‘ﬁé ng a r ﬁgﬁéoﬁ&r\ @%@ét{bf&tﬁ‘g&@{@&oﬁ%wlron Fischer

Tropseatoatalls abgldvatear temperatpe imad sukableabaetof,avhiols é asrmally a

thefeedstock5|nth|3|nv ntion. The cts from
fixahar HGHIRER PARI O B Io BRI NG BT aaN s, MeWd a range
or YRNAE Sy s Rrscioh b ROEn SRS for ER neocsonk
in thisrimaetjorc o'ﬁu@pmducts featdithé Gischer-Thepashqurocesa must then usually

oo o 0 DO R SR SEIEBBENECE Al WA oroes e

feéb%ﬁ’écﬂ@@mll Oﬁh)éﬁeﬁéhﬁéllysl&htélﬁ ah cadticn tar eBtursatFEed olefinic
benzene; and 10 sat ur at ed and unsat ur at ed cyclic

hy@@epdmm@rnpmda, Akse biarshed angd nermeh pa@fﬂw@w@mﬁ@e and/or
é@}%ﬁgp%&w% @9%&(“] i 3/&8{ aé I%\?ccﬁ't% fg#éﬁ\gﬁg% ghgﬁ tag'tﬁanzene and

samé’@kiytahd dn%tufétadlwcllzommﬁh\mdise cﬁherr Highre aromatlcs such as
unsaturated ol efinic hydrocarbon conpound nay, at
cy¢labB@x¥end, 15 principle, remain unhydrogenated or

unr ??tgh%g)% b dbsut9ebel é‘ftthéuﬁéra??fa{téé‘bleﬁg cg@gl?océrbﬂ@n c8fpounds

mor e rent unsaturated inic rbon
mawln@hydm@enatdd ndhemlatqjyttcedmtlllatlourﬁw‘@r ogenat ed or
ar s giopte LPRarr R T Ay ARESH AT A PPHAG fBe. 2 Teast i

pnﬁ@i?téstr@%.ﬁ Unhl}@ro@@ﬁéﬂe@sdr UPPERALA dsthel dathlee a@ﬁm@%ne two
he proceSs oOf the invention thus resulting i

or Mese @nf&mpbumu@eqbelaﬁglcm%@@arb@n cpmpoyade a\ﬂlbngrtma,“y remain
ol gl ARl T BRI AR pgyncs are

usbail Jﬂeﬁt%rltﬁé lightest catroysits inrthe fwdlstoqkamtthe Heawiest oompounds
be provided in the formof a

in fedagrdioRk Mt PdrGRRSRIaRe (Ve Rt Tas i iag I nass fempounds
beﬁ‘f@ﬁ}é&ﬂr‘%ﬁ' h thé‘&&ah}ﬂ? )c/ifs?llé‘tﬂfh ond, FerttH@ h?ﬁ%éﬁ%&#beéd?ﬁpounds

Wn tont T nuo rom Lhe ¢olum-: a a-pro
st r e cc—ﬂélyﬂ‘tl distittatitat zarie isrigbibgltr prowideddeyy @ nolemrt.hEhe catalyst
ent

mAOR MLPABICD s I, rXRey bE ProHEeH s o A Baged bed. The

feédl#o@l@!a#&ﬂw@h &ob@ﬁ%ll tHé%' MuFNg Heeﬂé@coﬂhn%us] irftd éhe column,
f eedst ock enters he columm. Suitable distil i on

withgbie gr odte:t@e;ng\anﬂutﬁwm:@ntln@ousiy frgmtbee‘.@lqsmas agroduct stream.

tr r
ThecRéRnlict HhY D/BkeR sl £ ¥ SR AL HFa ths arge level, or at
diffdrenelelBr. Rrerdriibly, hewleverOthE ey én idyasriter the column at a level
hyd enation catalyst in the % bed Berm ts ﬂ
th@%@vel at which the feedstock enters the column. Suitable dist atlon media,
e.g., random packing, structured packing, trays or any other distillation apparatus or
equipment, are provided in the column below and/or above the catalyst bed.
The particulate hydrogenation catalyst in the packed bed permits good contact

between the unsaturated olefinic hydrocarbon compounds and the hydrogen, while
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bet ween the unsaturated ol efinic hydrocarbon conpounds
and the hydrogen, while 3 WD 2004/018390

wWEOH0B23003/ 026153 al so providing the requir eBCT/US2003/026153
separation between gas and |iquid phases. The
hydrogenation catal yst may, in particular _

alshepeavidjeg etbasrmradygeparﬁ{ ion \hatwaenygas, @da“%!at phases. The

hy@tjﬁ§§88{l%t9 Sgt%l% ) é?rtﬁg‘ rebe ad O?R)? HEPﬁfl‘,a@@y%tr fctypically

had WP rtitibsizesoch 70 ahml ty 6. 35 mmi amah m:ayebe)of any desm&chd;h;ape e.d.,
such as ni ckel zi nc

SpaRTEALoRUSIEar R Wb Ay such GatpRElS St i or mere metals
su&"f‘gg Ay COREQFICBBER%F MUHRNEHE) lrcﬂﬁaﬁcﬁ‘ﬁié pléﬁﬁumfgroup metals,

nponen e co urm can, [east 1n
i. ep Ipiatmum qqallapiam,trhoelmnaanéIreth&nwnm%mftmlv@fcoum)qr@nt

1500k P. t d t hat.

ope%@ &( &{e %gljgmpl chﬁ%t %ﬁ%pnr@q@gsg% kg gg%ﬂaerl{%\yated pressure
of §p tc9’115d)OkFi’é{$)/ ® |§éﬁ@§é§éﬁi theit Rviibsdtreally\Wpesdteias about atmospheric

advant age o process according to the inventian.

prefsuse or Bt oob'es*llshtlh QbQV%gﬁmf’%PhQﬂCt pressien MbichLts amgdvantage of

SRk BB RS AP T R ARRR sy coun

maleRpidipbedn the rarye oft dut 50kPe(g)fto atmub2R0kPa(g).

conposition, the columnm press dth t te
ol oG {empryale dn dBe CHIPBUMIDaAREANdEY St amgngethers, the

fe{%&&ﬂg GSltlb e. the""@bﬁlir"nr?r@rets@u&e arﬁfpﬁ‘\%atlﬁﬁafdrﬁf@d olefinic

drog nate ’ conpounds when t he feedstock
hydsodanieorCEoipotnds nech hee fiob s bedkydragenatad, icdl Which are to be

AR it SRR O e bt -

C, éfh% Hsfickea thb%mrh@bagratmgw@séuaélsal ODIRPEa(J@)BZOOKPa(g)

tr the unreacted unsaturafed ol efin

thayatabxsim@ddemqn@mwmaw@mgbowgm%|C &M&Mﬁsthﬂﬂl@ﬁuct stream

s Bl EORITOWRT 78 Soih? SRR ahF U LY Baspiuratsg olefiic

hyel ?ﬂt)déﬂ‘ﬁot? ngfrgpdtnmwsorbe?@uughm @hﬁpbuﬁd?%éw)aret femoved as an
ca r

i e ol i e bt o

co@ﬂ'ﬂn ohgg?tfﬁ@ en‘? Q isabsti Y b@kﬁgm c}%v\lﬁ b@ﬂ@éﬁb@%’tura may be

eavl er conpo are renoved
abasit asbm:mms thaet preainct stheamtbeing mwerbas ao@vprhiaasts stream and

téP@%?é‘écaé eI L AlSTOF o agarhlf ool Bhids s being, heavier

wWHIGK PR Demb Rl &at al ysttos dstitimer FYhER tﬁéWeedstock
be about 160C-200C, with the product stream bein

cqmmmmmtmtaw@leﬁmaahgome vgddronwhesﬁvr@%fm%and the column

o S SRRy S emppgtre may
bé BY6IH 160° CMR00° @ oNith ¢hel pEstilich etrelsh baiygatnrvadsamidverheads

reference to the
stream and the unreacted unsaturated hydrocarbon compounds being heavier
compounds which are removed as a bottoms stream.
The invention will now be described by way of example with reference to the

accompanying drawings.
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30 acconpanyi ng drawi ngs. 4 WO 2004/ 018390

PCT/ US2003/ 026153 Referring to Figure 1, reference
wovenad3900 general ly indicates a process for PCT/US2003/026153

hydr ogenati ng an ol efinic feedstock, according to a

first enbodinent of the invention. The process 10

i nciRefeging tofuguryﬂ., eferende nunersh 1€ geoareally indieatesiaragess for

hy@r@%‘ﬁﬂg gﬂ%ﬁdefhdl’c dg‘to% fédci%&lépﬁé ﬁ%é‘%’gf ?ﬁﬁﬁﬂ{rﬁé’ﬁ’t of the invention.

pl atTeﬁz drﬁcegs 0 |¢hlcliidleb Iaaiatallytlcr @lgtlltalloa@oabnn ¢2ichatahing @agpacked
cat al . 5 A feedstock feed Ii e 20 eads [

befini4 of pan%awatﬁqhv%@gsﬁati@ caralyst as \N9 PSdeR uralétadv'fnc}igti"aﬁon
pldteRde3td GefifafioR Bololiad bbbl 4
f r onh Telelelstmu(tfem hxge 20 kaadsl itheﬂlstlllatlmeglm 18,iwhilesa hydrogen
2 d
feg fab 23 10805 i B elufinors Bhiglt inar b caidlvettis 245

the ogdttas m’thréWbmﬁe Qheregdﬁ msm th bo&QmAﬁ tl@éf@bmﬁmﬂm It splits
line 32 |eads fromthe top of the colum 12 to a

intoon tebaikline326 amddaa preguat matharawaldines28.uX heéxling 28.is fitted with a

rebpftt D anpdeuitis IE TR Top Mo S el &, (o
12 datloverhedds eadg leadyiftom theitdhof headolurhne 248.a dondenser 34
dro%en w thdrawal |ine 44 |leads fromthe reflux drum

Frarp thererdod siex drady3q. oA dgHigsdiaectd legds fonmthe raflyx drum 36,
t

TN 005 s o

withdrawaHime MdAmdmgwe_dltlhdrawaMne Ha Iems fram theeeflux drum 36 to

a REEOGPBRCYTE Spmirasion Bruin A ing Fdedsiing Ygm A gompressor 46

to @h8Ngydrb8en 684 lihe©220 A mdﬂogehyﬂbﬁ%ﬁb lineS 50 also leads into the

simul'taneously fed into ottom of the colum al ong
hydregen feeddine 2he col umm 20 12 is maintai ned at

Toodi) HRoYBURKTES I Rkr s PHE R BiesbpPistboch Brived naphtha
feé@étb@k as eckinty ecdistillatione re@or ABtalend ¥ faed ke 20, Whléhydrogen
Heavi er unsat urated ol efini¢c hydrocarbon conpound

is sinaultanconshy. fed dpiodhe h@&tﬁm phthecalumpalong the line 22. The column
1206 ARAREE ol QichRY HrovB ymibepRehiBEreotRe Pl & fbokPa(g)-

200keag), withotine mﬁtalyb‘ebeabttemperaﬁrqotypwady blemg ebtwirélk=dl at 120°C-
26 boi |

1685 HeRYIEr LReR LSO ole s e Aol CombRyas B The Fiscper-Tropsch

éorih%‘é %eHé‘tb@F%Cér%dh9dro@6h¥fé’o°@§r}?ér§ﬁm§ Sﬁ’éﬂ”’cﬁéﬁéj parafﬁns being

l'efinic hydrocarbon products are w thdrawn throu
wnthubaWnraéomtrmme:%aeras@utoms straamcaefedyel &zme dsh@bottoms

orBAIELAFob IS e e 4 Ry 6n sObo g VR eHong nereor
bdingWwrRdral diend ®klling28. alghter untéadted erdfhydrogenated unsaturated
olefinic hydrocarbon products are withdrawn through the line 32 and condensed in
the condenser 34 before passing to the reflux drum 36. A liquid component thereof
is withdrawn along the line 38 with a portion thereof being refluxed along the line 40
to the top of the column 12 while the remainder is withdrawn as an overheads
product or stream along the line 42. Hydrogen is recycled as feed to the column by
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30 to the top of the colum 12 while the remainder is

W t hdrawn as an overheads product or stream al ong the
wo 2ove/048390 Hydr ogen is recycled as feed to the POl/URINORY26153

5 WD 2004/ 018390 PCT/ US2003/ 026153 neans of the line

44 | eading fromthe ref|lux drum 36 e conpress 46 .
means o7 e e lapgnCEipomhh Eo b GTHEN 36 JBe S MPRESSiAR and the fine
48hydrogenat| on of a Fischer-Tropsch derived naphtha

feedstock can thus be effected. In this bulk

hyd ngmam”cs afthe peeiser! 0, bulk aydmogesdtian efa hischer-Tropsch derived

o L AR 21l S5 B2 Bkl povir

unﬁé%ﬁ é‘h‘ﬂ@ﬂ&&ﬁ)c‘amﬁﬂ &Bmpéﬂﬁd‘é Hféhﬁﬂo@bﬁéﬂe@l' t@ parafflns which

ocar on conpounds are w t hdrawn al on line
arasmtmhrawnvelolmgamﬁ finedd8t as |thevboitorpe Rip, uet:. aerameait lighter

o BT SRt B P ERHF SR e 425 o

ovédaerpre@ui on of this enbodi ment of the i nvention,
the process 10 can be used for bul k hydro enatl on of

ol efiwill berppmaiaied thatpiheeagsiorkacan a@ trgatey] 93 progess having
thé’Eé %)'?Hrﬁlgﬁfat@n’asoﬂlp‘gf made up of 2, 3 or 4 nonomer
un ved from -C

ol efins. The unsat ur at ed
ol | g‘chm_er i arrathénywbrsigad thds emquinnaﬁf ofrthe invarttionhthe process 10

ff b hd d
caliteusprhaon Bkt gfr elandeeistr BhBiiteing diSaturated
oldHirfid gﬁ@cﬁné’ﬂs' CL] @bﬁ/nﬁ’é@ rRh@d LpDf eB iy 4rrﬁ8ﬁ<‘5ﬁ1@r ﬁﬁlté)“tﬁenved from

over heads prod In the process 10, the degree o
CH@d otefimsat Thenunsatueated wigeatersara hydrogppated t@fparaffms with the

gen an the ling 2 t
patdfibPoeng BRfoR cisL e otis piBgBRE: fld, ity mqnted tight
un'hgé fsenatddonmsatiratdbolenniglotipemefdiandigidfing beingpeywdved as the
conpressor 46 ensures adequate hydrogen parti al

ovprheasisrredyet. t he catal yst bed 14. The process 10 is

exe I
TS A 5 YR oA TS
ofhﬁyrdwg@iﬂalo@ fHie iieé @2, 2andhttie opemiingxcomditidrys @E_rthe_column 12.
STl Bt ke AW B SRS D TRERATHED o
co \}5 Féki) 4‘6”1% e4'Hle e'h ﬁﬁ{én%éﬁ?al%r@@s&@mh@c@télyst bed 14.

ogena yst as specified

par tThapracess:a@ is eoeamplvfmd ip &damples 1 gockeheravader f indpxamples

SB35 s T« R VB Yo e 2

(abrﬁﬁaxanéleuse@ﬁ) diametércatall liodistitioplcotens 12 ddrsistimgiod four 2.5m
e hydrogenat ed conpounds coul d be renoved as
sections, was used In each of Examples 1 to 4, the column was loaded with a

commercially available hydrogenation catalyst as specified. The particulate catalyst
was packed in pockets made from woven stainless steel mesh wrapped in demister
wire. The column had feed points on an upper flange of all the 2.5m sections, to
allow for process optimization. The hydrogenated compounds could be removed as
either an overheads product stream or a bottoms product stream.

Generally, in Examples 1 and 2 hereunder, the process configuration was as
indicated in Figure 1 except that the hydrogen recycle lines 44, 48 and the hydrogen
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ei ther an overheads product streamor a bottons

product stream 30 Generally, in Exanples | and 2
wheoogonsseo , t he process configuration was as POTUSEN®0R6153

in Figure 1 except that the hydrogen recycle |ines 44,

48 and the hydrogen 6 WD 2004/018390

compTdsd5R 463 eR6AmEted: omstess @ hydrogen eousge tineded from the reflux
| nst ead,

MTC RN e N
an&‘m{(@at‘éfysﬁ Eééﬂl’ré t&%é@l’sé'fb{ﬁlﬂe@ﬂfé rolinst distitlatien @Hatéé

I ng °t o fulfilled the roll of distillatjon
pI aGeserdliynierExdmplesd @xddpd &5~ @mﬁ@cger-grqpﬁ.ch@pglved naphtha

e R Lo 8 e A o b coave
be§ auabv(éjfratefofb)te&ﬂg/ht ?Hy@rofg@h@vas‘ fed. |EtoltHegtdttorfrI3uﬂﬂmgem1umn 12
Into e 0 omo

h I
alongrtbe dne 28 ge.. Delaveit vRtawst bed, 19, Siarata of A0-2-8mghgyr. The

o AU 0 00 Sl

terh mm:etsmaagurrgafrgnngzo?@nﬂozoc Ihecconvassmmmfdheu@aﬂmﬁ in the

e alefins in tockvva bout o
feqqm%waa o a0k Fadheroastied ot ingthis Were Bfoved as a
boﬁ%fn% was found that simlar results to those

|ne |n Exanples 1 and 2 could also be achieved
usi MgNas fcmlngéha@jmiler tesulB jo thosei chtainegdn Sxapyiesh and 2 could

L5830 3B ) RO, 2 L, PR o neving

|er%i&‘8? Menbly haviag! £4/ |ﬁclhl)(§lb<§lﬂe‘ﬂmmmf)l disxhefey sand 1Sing the same
E | The 10 neter 2 inch colum was | oaded with a
cownﬁmailwaﬂwaya!dedlMdM@atwcﬁaé@l ¥¥lat i on cat al yst

obt ai nabl e from Kata Leu HeGat al ysts of Am
Haupttor, Geb 8322, DO Leuna, GCermany, under the

deSITmaaatmqnetauzanﬂatadlwnn wés6aaded with A @mnerdally available
Fi scher-Tro

hygreganatiop cg %ﬁg & I al %{rn étg;e&ﬁg%gﬁla@%?aﬁyswaa@Afnégiaupttor

G@?%é%ﬂ r[g .0825¢! Ué&nepeéeﬁhaﬁyr atigd&r the1 d@gid?iatloﬁhl_eeuna Catalyst
ee conposition is given in Tab 1. Tab

69audiLot.ar bArCféé,gﬁls_(merJaqpm der(b\redam@pmaadeedstock W|th an olefin

cogt@%%%égt\&égl% 'gﬁ Rl Jézg %sw&efgd gf?oc\rcéo/ﬂ'l%Scaq:egQt Bt af B rate of

1 kg/hr. The feedstock composition is given in Table 1.1.

Table 1.1 Hydrocarbon Feedstock composition and Feed Characterization.

Feed component Mass%
C5 0.23
C6 2.18
C7 17.78
C8 27.39
C9 23.78
C10 17.49
C11 9.46
>C11 1.69
Total 100
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C9 23.78 30 C10 17.49 Cl11 9.46 >Cl11 1.69 Total 100
7 WD 2004/ 018390 PCT/ US2003/ 026153 Feed
w@h@xAacseor i zati on Bromine no. (g Br/100 g) 81.BCT/BS20d3/026153
no. (ng KOH g) 15.4 Carbonyls (% MEK) 5.9 Al cohols
(% CO 6.5 5 Esters (ng KOH g) 2.3 Hydrogen was fed
FQﬁQ Qﬂaf%lﬁeré@“@ﬂyst bed at a rate of 89g/hr. The colum
Bnmnaaeme(g\BstDO(yf)Pa(g) vgi.6h resulted in a catalyst
e of 117C.4glhe (rjebmler tenpe(rjaturtleovvas
ogenat ed coripounds were renoved as
C?'%Q”M'ét(tﬁ&grgam 7989’55}p bottons product and 200g
Alodhals¥€ads product wer@5 col | ected per hour. The

Eg@fgv KOH the olefinsgin the feedstock was 57%
@g%al ys/gi of the over%eads and bottons products

are given in Table 1.2 below. Table 1.2 Product

anal Wywdeg é@v@é@éﬂ@&éw&h@@a%yﬁ%ec{ gt 5%’3@9; Qéglﬁlg The column
Aci d no. KOH/ 18.90 Carbonyls (% MEK
PraseyRyNas Y&R@@(gb/v ghzeﬁuit@demgcetajystoeu@mpemure of 117°C. The

reﬁ?ﬁéﬁ@@g@r’%ﬁt\gfé)\glgg qtﬁﬁdcpraﬁ%ﬁ}d% %‘@PB ggf%q@@moved as

the bboRHs siteanino? 884 & Kattords bPoduct bAd QOO@Q)f Ve Dadsbréfuct were
co'fzrécpfed per%'lour The conversion of the olefins in the feedstock was 57%. The
analyses of the overheads and bottoms products are given in Table 1.2 below.

Table 1.2 Product analyses

Overheads

Bromine no. (g Br/100 g) 16.77
Acid no. (mg KOH/g) 18.90
Carbonyls (% MEK) 6.30
Alcohols (% C) 10.50
Esters (mg KOH/g) 2.20
Bottoms (Hydrogenated product)

Bromine no. (g Br/100 g) 40.25
Acid no. (mgKOH/g) 5.90
Carbonyls (% MEK) 4.50
Alcohols (% C7) 3.10
Esters (mg KOH/g) 10.30

EXAMPLE 2
The 10 meter 2 inch column was loaded with the same commercially available
hydrogenation catalyst as used in Example 1. The same Fischer-Tropsch derived
feedstock as used in Example 1, was fed above the catalyst bed at a rate of 748g/hr.
Hydrogen was fed below the catalyst bed at a rate of 224g/hr. The column
pressure was 212kPa(g) which resulted in a catalyst bed temperature of 140°C. The
reboiler temperature was 197°C. The hydrogenated products were removed as the
bottoms stream. 544g of bottoms product and 216g of overheads product were

8
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The 10 nmeter 2 inch colum was | oaded with the sane
commercial ly available 30 hydrogenation catalyst as
was@d/oissoexanpl e 1. The sane Fi scher-Tropsch deeT/vezo3/026153
feedstock as used in Exanple 1, was fed above the
atal yst bed at a rate of 748g /hr Hydr ogen was fed
fﬁ RETOLis Ihg-;@nue@m ofathea:deﬂrtsrm Ahe fged straare was 78%. The

ca¥é§f§yb R EReHidad i harins BhotiteiRes GRlpitabio 2.1 betow

tenperature was 197C The hydrogenated products were
35 bottons stream 544g of bottons

T?ﬁ%&uﬁt 3%&“52‘% Y¥S@¥er heads product were 8 WO
Ov&Pésa4 8390 PCT/ US2003/ 026153 col |l ected per hour. The
olefins in @hgﬁf eed stream was 78%

B%xggﬁaﬁ%ggéogfgﬁt he over head d bottons products

Acid @1og (g K@H/ghabl e 2. 1 bel ow.19.4@bl e 2.1 Product
Cambahyls€%% MBEKOheads 5 Bronine 31@9 (g Br/100 g) 10.25

KOH/g) 19. 40 ylI's (% NEK) 3.60
Alﬁ?h& g? )rrgco 14.80 Esters n%?KO—V g) 2.40 10
Eség{st @ ogenat ed product om ne no. (g Br/100
Batjoras (I8ydrogenatedprooct) KOH g) 1.50 Carbonyls (% MEK)

Br%n'menﬁl gﬁﬁhéo °CO4 10 15 Jgsgers (ng KOH g) 18.30

ure 2, reference nuneral 100 general |y
A‘f'ﬁ& ocess for hydr?)@@natl ng an olefinic
Carb@dxlsd%,&M cording to a sec?d0 enbodi nent of the

Alcmg(%oo) 20 In the process 4% conmponent s \flal clf1 are
ﬁg[rg imlar to those he process 0
E%ngsd 649 indicated with 1% sane reference
nuneral s. The catalytic distillation colum 12 of the

Ccc oo hetlo Flauit 2 (dtbre e biferd 1o Sand?eRdbalin process or

hyHaigmatlhg araolkefihic éée”dSst@dk deedrdidg tdhe s%@@n%%‘iﬂfoélﬁ\%ﬂt of the
ne 20 still leads into the distillation zone 18, an

myep’upg 25 thus al so |ocated bel ow the packed catal yst
bed |4 the process 100, components which are the same or similar to those of the

process 10 of Figure 1, are indicated with the same reference numerals.

The catalytic distillation column 12 of the process 100 is similar to that of the
process 10, except that its distillation region 18 is provided below the packed catalyst
bed 14. The feedstock feed line 20 still leads into the distillation zone 18, and it is
thus also located below the packed catalyst bed 14.

In the process 100, bulk hydrogenation of an olefinic feedstock, such as a
Fischer-Tropsch derived naphtha feedstock can be effected, with unsaturated
hydrocarbon compounds in the feedstock being converted to paraffins. The
hydrogenated compounds, i.e. the paraffins, are withdrawn along the line 42 as an
overheads product, with unwanted heavier unsaturated hydrocarbon compounds, i.e.
feed oligomers, being removed along the line 28 as a bottoms product.

It will be appreciated that other feedstocks can be treated in a process having
the same configuration as in Figure 2.
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In the process 100, bul k hydrogenation of an olefinic

feedst ock, such as a Fischer-Tropsch derived napht ha
woe@dsissek can be effected, with unsaturated PCT/US2003/026153

hydr ocar bon conpounds in the feedstock being converted

to raffins. The hydrot%ﬁnated conmpounds, i.e. the
par at{shdn appibegivergiomeh ogifeenti gféhe investian, asirogenation

of%y FlikaRs B Bﬁ@&‘r\%l"s d |\9JH ﬂBW@t %9' dﬁ]‘f&f’a\fur%rtedJ or %Leg nﬁct fiftirocarbon

hydr ocar bon oun [ ONer S,
carepewts, sho g hythfogemHed&h the process 009 ﬁ'rhedumtuﬂated oligomers

ant B P8 W, BB TR PoreIT oS SSEh 261 9 oxemheads
produt, wnheuﬂwaﬁte%Méf&é@%@v%ﬁ&ﬁ?&%ﬂtgﬁg%é forf'6F heavier

in another version of this enbod
olem%aﬂd @hohgwmreg\eam eprovet as ahottamepraduct. i Apbefoss, the degree

o S TR L% S0l 31 5HeRlon e operetig

cqmldammssmltﬁ@ cataigtic dssaillatier edlutin 92"BAE thé”l’ﬁ‘/drogenatlon does not
dro R}@edto paraffins. The parafflnsvve
%havedode QQWstThethﬂfQQEn recydie gampiessor 46 ensures

adé&ﬁ%i&ﬁ@r@ﬂelﬁ g?)“da‘? ba }]Eérg\ﬁ e aél&aoI %‘I@Bﬁ&%&@&%y‘c&dlgtmatlon

heavi er olig ners,
cohonnd@s product. As before, the degree

| hyd
o A BB s SedREi TonDasnating | ﬁe rwney by the supply of
hydrsden érﬂiﬂh@'brfe?éﬁﬂ"@"c&%-ltlcﬁf%qn fﬂe% qﬁ%hqgﬁ roggdbg@ﬁétuﬂ%oes not

necessarily have to be conplete.

negeRpdY: bave ipbe gomplaie; amiatmdl)eirhgm mmfnlqcmenmessor 46 ensures

a3} hifrobh bRl Birash Be AebeGe€is: Vi ne degree
of hy@xaggles Bao 9 ﬁer@@h@émmﬁrd@lésé h@OWbyedJEave that instead
of? drogen and the operating conditions in the col

hyREogpurasyelea@ippe thediserfst, thae@eeryessery%me 1he line 48, a
46
%ﬂi@ﬁgeﬁfﬁuiﬁéf%@%&ﬂ e i es i n the
cat ﬁetmr:allggm Examplesl %ﬁ(@ﬁC%Q 3 Fts;@hér-ﬂfﬁmed:hdﬁphtﬁdﬁedstock
roce saye nst ead
W'ﬁ‘yﬂ? %iiﬂ E%miﬁloé légl BAZS Yrwar ?ﬁfe'naqthq piabdipstistligtien gglumn 12
beﬂﬂ@'tﬁé%@atlaly@?bé@14aaté‘YéEbeﬁ9R m" g,gemﬁeg%a gﬁth%ﬁe column 14

drum 36 wasg used. Gener al
at @7 rate PF2’C pdouT;r b@@mhtheapa’lalwt feeld 44 0cKhe widlulmarpressure was

L to th t gl
mah i SORORPRHHic BRtBed el fihedlaerguidia abaut1so-c.
Thatconvessien of olfiasin thd ficaeritkWass §6%-854,0 the col umm
14 at a rate of 2nmBn/hour, bel ow the catal yst bed 14.

The col unm pressure was EXAMRIE Bed at 100kPa(g) whi ch
r eSHhbad thbter Ay SiufFdASBREERWHA Bt &ma t3:8H1tmerC|aﬁy available

hydrogenation catalyst as used in Example 1. A C,-C,, Fischer-Tropsch naphtha
feedstock with an olefin content of between 42 and 72 mass % was fed below the

catalyst bed at a rate of 2 kg/hr. The feed composition is given in Table 3.1.

10
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The conversion of olefins in the feedstock was
80% 85% EXAMPLE 3 25 The 10 neter2 inch col um was
wo o@dems3w t h t he same conmercial ly avail abl e PCT/US2003/026153
hydr ogenati on catal yst as used in Exanple 1. A Cr/-C13
Fi scher-Tropsch naphtha feedstock with an olefin .
Talladeht diydrecaon Fgedsteckrcompesition wad Hesdl Grarastarization.
at a rate of 2 kgl/hr, The feed
F%%&n%%%ﬁbpgﬁ@i s given in Tabl ?,QS_L./" 30 10 WO
C8004/ 018390 PCT/ US2003/ 026153 1.6@bl e 3.1 Hydr ocar bon
C@eedstock conposition and Feetb fharacteri zation. Feed
c§@mponent Mass % C8 1.00 C9 1 3 Cl10 33.13 5 C11
C .73 Cl12 0.71 >C12 0.00 %? 100 Feed
aracterization 10 Brom ne no’ :?g Br/ 100 g) 82.5
Creid no. (my KOH g) 0.2 Carbdnyls (% MEK) 5.9
>@{zohols (% C7) 6.2 Esters (ngofOHg) 2.6 15
T(X[I%grogen was fed bel ow t he catI yst bed at a rate of
[hr. The columm pressure Was 100kPa(g) which
Feasshaeagtenizatignal yst bed tenperature of 143C. The

Broeding nel (§ BMODa)ure was 219Cg2 Bhe refl ux ratio was

int Al 2. The hydroge ed conpounds were
A&B#%Vghgg%? over heads streg' 486g of bottons 20
"aliER), 4

r
Cif?’@ﬂﬁ'@t( 97kg of overhedds product were
Alcohdle¢¥e@7per hour. Excess hg@® ogen was flared. The

ESSRY, iﬂ@H the olefins in $he feedstock was 83%
The @lg%a ys@ of the over headg%gnd bott ons products

are given in Table 3.2 below. Table 3.2 Product
analyyft6gen was fed below the catalyst bed at a rate of 179g/hr. The column

pressure was 100kPa(g) which resulted in catalyst bed temperature of 143°C. The
reboiler temperature was 219°C. The reflux ratio was maintained at 2. The
hydrogenated compounds were removed as the overheads stream. 486g of bottoms
product and 1.497kg of overheads product were collected per hour. Excess
hydrogen was flared. The conversion of the olefins in the feedstock was 83%. The

analyses of the overheads and bottoms products are given in Table 3.2 below.

Table 3.2 Product analyses
Overheads (Hydrogenated product)

Bromine no. (g Br/100 g) 3.25
Acid no. (mgKOH/q) 0.02
Carbonyls (% MEK) 5.05
Alcohols (% C7) 5.70
Esters (mg KOH/g) 2.50
Bottoms Bromine no. (g Br/100 g) 47.18
Acid no. (mgKOH/g) 0.09
Carbonyls (% MEK) 3.85
Alcohols (% C7) 1.85
Esters (mg KOH/qg) 4.50

11



10

15

20

25

30

25 Over heads (Hydrogenated product) Brom ne no. (g

Br/100 g) 3.25 Acid no. (ngKOH g) 0.02 Carbonyls (%
wWOBHH08305 Al cohols (% C7) 5.70 30 Esters (ngP&OHSZYN3/026153

2.50 Bottonms Bromine no. (g Br/100 g) 47.18 Acid no.

(myKOH g) 0. 09 Carbonyls (% MEK) 3.85 Alcohols (%

C7) 1.85 35 Esters (ng KEMAMPKUEZO 11 WO 2004/018390

PCTLUS2003/ 02615 I\/PLE met [
col et Zi0eh oA ES Laned wiRs seeconiyardialiyauailable
hyﬁwe@ﬁﬁﬁﬁbb%yé%@%i‘}séaﬁn EiaMﬁ@H 'T'h@éérﬁ@'F‘?sdwerWS medstock

Fi scher-Tropsch feedstock as used in Exanple
asfusgdosl Exanaple C’cwaarfgd;bel@wtr@tcaéalwat kedat ak@remrf 2kg/hr

17 o b RROaR s i S e Bl wkBletaS Bl G Rl he cotumn

présstue wers 100KR(g) Wﬁtchb@ﬁultéﬂm&fa@élyét%w tehffiratuféef 148°C. The
reboi | er tenperature was 6C. The reflux ratio was

rebilart igmparatiire JvagRs6° GydrT bgeteliuxdrationyasnmainfeined at 2. The
hyﬂﬁ% %@e@é C{%?Sg@(ﬁ\ﬂlg ?no?feﬁ%% e?)ggl%egp \%g%émﬁwgof bottoms

over roduc
prcabhdteam¢d1 897kg1@jrov&heaad§ prd)‘dubtagere waBedtédrmf hdilne . Excess

hySEP OOV as QiEvehe 1he Ganvervel AT aleingds Hi qacateam was 75%.
THRY &hdl{ 368 of the GYerfedt andPBbAYM pr aElbt% dalr J%n%rpﬂuable 4.1 below.

anal yses Over heads (Hydrogenate pro Brom ne
(g Br/100 g) 20.14 15 Acid no. (ngKOH g) 0.11

I 9 0 Al cohol % C7) 5.70 Esters
Taﬁl%g%ny Zb)rgéij%@ﬂaé\zstet%ons B(rjgmonz 510 (Zg Br/ 100 g)
Owsthéad (Hyrogenated (protédt) g) 0. 13

Bromine no. (g Br/100 g) 20.14
Acid no. (mgKOH/g) 0.1
Carbonyls (% MEK) 5.60
Alcohols (% C7) 5.70
Esters (mg KOH/g) 2.25
Bottoms Bromine no. (g Br/100 g) 21.83
Acid no. (mgKOH/g) 0.13
Carbonyls (% MEK) 4.95
Alcohols (% Cy) 0.40
Esters (mg KOH/g) 5.45

In Examples 5 to 9, a 10 meter 4 inch (approximately 100mm) diameter
catalytic distillation column 12, consisting of 10 1m sections, was used. In each of
the Examples, it was loaded with a packed bed 14 of commercially available
hydrogenation catalyst as specified. The catalyst was packed in proprietary catalyst
packing obtainable from Catalytic Distillation Technologies of 10100 Bay Area
Boulevard, Pasadena, Texas 77507, United States of America, and described in U.S.
Pat. No. 5,942,456. The column had feed points on an upper flange of all the 1m
sections, to allow for process optimization. The hydrogenated compounds were
removed as a bottoms stream.

12
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Carbonyls (% MEK) 4.95 Al cohols (% CO 0.40 Esters
(my KOH g) 5.45 25 In Exanples 5to 9, a 10 neter 4
WO p@h/o{ssppr oxi mat el y 100nm di aneter cat al yt i BCT/US2003/026153
distillation colum 12, consisting of 10 1 m secti ons,
was used. In each of the Exanples, it was | oaded with
a packed bed 14 of commeEXAMPLE®Dvail abl e

a9, (St #kl oudtia JEE oot WiB g Rafimaabiall” Svaiiabie
hydrsgeriaionl catalgstidtrainbbletiioin Kets heahaLAslysts JNAHRDtor, Geb

Area 30 Boul evard, Pasadena, Texas 77507, United
8322,Dl6 257 Luna, Germanyundedhpdesignation beun®giatalxet 7762K. A C,-
5, > h L v
C 3 BAGnEFroglh RANUTAGRA REAGRRATIE B8 s B ot petweer
450grid 80 rrasisGe wakifed bgliwoihercataslgstbe andte ofelde25 T kgbv.ethe feed
as a.bottons st r_ga%rp 12 WO 2004/ 018390
CORPONIILE P RIBSRPIERAMPLE 5 The 10 neter 4 inch
colum was | oaded with a comercially avail able
hydr ogenati on catal yst obtai nable from Kata Leuna
Tabie 8l Yy st $ysiroganbbin lpeedstock@amp@itksh amd Feed Tharacotzrization.
E rémnéorﬁqer t he designation,Leupa-Catal yst 7762K. A
- '},cher-Tropsch deri ve¥PSh&pht ha feedstock with
c&an ol efin content of betweengyz5 and 80 mass % was
C{red bel ow t he catal yst bed at a7:¥]ate of 14.251 kg/ hr.
he feed conposition is gi Véll”‘?'l Table 5.1. Table 5.1
C8lydr ocar bon Feedst ock conposi27i4th and Feed
aracterization. Feed corrp%% Mass % 10 C6 0. 42
Cr 15.73 (C8 27.48 (9 24.50 17.68 15 C11 11. 30
C®2 2.03 >C12 0.06 Total 103-68&eed Characterization

C11 11.30
C12 2.03
>C12 0.06
Total 100
Feed Characterization

Bromine no.(g Br/100 g) 90.0
Acid no. (mg KOH/g) 17.2
Carbonyls (% MEK) 6.4
Alcohols (% C;) 6.3
Esters (mg KOH/qg) 4.3

Hydrogen was fed below the catalyst bed at a rate of 396g/hr. The column
pressure was 102kPa(g) which resulted in catalyst bed temperature of 172°C. The
reboiler temperature was 203°C. The reflux ratio was maintained at 6. The
hydrogenated compounds were removed as the overhead stream. 2.789kg of
bottoms product and 11.463kg of overheads product were collected per hour.
Excess hydrogen was flared. The conversion of the olefins in the feedstock was
87%. The analyses of the overheads and bottoms products are given in Table 5.2

below.

13



10

15

20

25

30

20 Brom ne no.(g Br/100 g) 90.0 Acid no. (ng KOH g)

17.2 Carbonyls (% MEK) 6.4 Al cohols (% CO 6.3
WEsa0e0s830y KOH g) 4.3 25 Hydrogen was fed bePomusines/026153

catal yst bed at a rate of 396g/hr. The col um

pressure was 102kPa(g) which resulted in catal yst bed
Tablerper at iireduet amalGesSThe reboil er tenperature was

offitatd Nvdfbetisi bt . Tenoved as the” over head
Brgmneeano (@ Bméwgg)of 30 bottond0ptdduct and 11.463kg of

Aépgyﬁbh uct were col | eqigesh per hour. Excess
% gny Iared The conversion of the olefins in

was 87% The aﬁ_’azf@ses of the overheads
Alwhblb()%t(oﬁs products are giveg.80n Table 5.2 below 13

4 0 PCT/ US2003/ 026 Tabl e 5.2 Product
Esxggz@l%kggﬁfheads (I—Ndrogenal]"'sﬁ) product) Br om ne
Bq’iton@ Br/100 g) 10.12 Acid no. KOH g) 16. 30

,,pé)%l( E(r%adzgé) 5.30 5 Al cthgg; (%CO 6.80 Esters

Bottons Brom ne no. (g Br/100 g) 17.55
ACAE 8- HBQ 9kOH/ g) 1.30 10 E&Pbonyls (% MEK) 3.00
Catbonyisl(% MO 0. 60 Esters (3@oKOH g) 32.00 EXAMPLE

0O nmeter4 inch colu s loaded with the
Akg?ﬁi Z%ﬁ%érm ally avail abl e n@)@\g?ogenati on catal yst as
Esters (mgpdOHigExanpl e 5. The s3B®0Fi scher - Tr opsch
derived naphtha feedstock as used in Exanple 5 was fed

bel ow t he catal yst bed at
EXAMPLE 6

The 10 meter 4 inch column was loaded with the same commercially available
hydrogenation catalyst as was used in Example 5. The same Fischer-Tropsch
derived naphtha feedstock as used in Example 5 was fed below the catalyst bed at
a rate of 18.016kg/hr.

Hydrogen was fed below the catalyst bed at a rate of 434g/hr. The column
pressure was 300kPa(g) which resulted in catalyst bed temperature of 208°C. The
reboiler temperature was 244°C. The reflux ratio was maintained at 4. The
hydrogenated compounds, i.e. paraffins, were removed as the overhead stream.
2.727kg of bottoms and 15.648kg of overheads were collected per hour. Excess
hydrogen was flared. The conversion of the olefins in the feed stream was 95%.
The analyses of the overhead and bottom products are given in Table 6.1 below.

Table 6.1 Product analyses
Overheads (Hydrogenated product)

Bromine no. (g Br/100 g) 2.18
Acid no. (mgKOH/g) 15.25
Carbonyls (% MEK) 4.95
Alcohols (% C;) 6.45
Esters (mg KOH/g) 2.55
Bottoms

14
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a rate of 18.016kg/ hr. Hydrogen was fed bel ow t he

catal yst bed at a rate of 434g/hr. The colum 20
w@e@sms3eo was 300kPa(g) which resulted in cat abgeUSIHO81026153

tenperature of 208C. The reboiler tenperature was

244C. The reflux ratio was nmaintained at 4. The
Brapine gen@ Bd1@dapounds, i.e. paraflifls, were renoved
Ad$nbh gw%ad stream 2.727kg of fpottons and

1 .64@%%(0 ver heads were col |l ected per hour. Excess
C<’=H§BP¥J§ WM&K)t 1 ared. The conversi o§-7 the olefins in
Altdtools €dC ot ream was 95% 25 The anglagses of the

Esg%rlggafga}qqiﬂg)ebot tom products are gbv in Table 6.1

6.1 Product anal yses er heads
(Hydr ogenated product) Brom ne no. (g Br/100 g) 2.18

30 ' 15. 25 4 Car.bapyl s. (% MEK), 4. 95 . .

A coreierily, BoaRAe 7 9. nahe Bl J8450k vafprising an
unbAtuRedMligofisr IS T AETA0HIOW GRS SatdBjs Hede! 48t a (8te between

Br/ 100 14.76 Acid no. (nmgKOH g) 0.47 Carbonyls (%
S~ MSkp/p | Tiydragen wassfedogice rg?esgf 15%'0@?/5 nofak@erdour below the

5 | \ _ 9/ -

ooyt THE At pREIRTAE VL b8 ath BB g,
resulted iaccdtallysibadtensperatyres riweging 4roat 1807@GL200DEL VNconversion

-1 /h. rogen was fe a rate of 1-9nBn/h
Ofﬂﬁﬁéﬁﬂﬁé’?ﬂ%{%@dtﬁgfww é]bc'gé%l-yst bed. The col um
pressure was varied bet wespanbrRG0kPa(g), which 10

resulted in catal yst bed tenperatures ranging from
160Gheoidanetrrd inemeaurginovas lobdetwithitied sarmeicomrerdiallydvailable

. - 99% h inch . ,
YD IERR Sotkslerr Wrhi!l FEaCRl o BT RPT [Nyt pifhyap olefi
coRieht @f BBRTésHUS ahal80shass % ead féd dexanBletinfe feBlstock, below the

ol igonmer mxture with an olefin
catalyst bed at a rate of 15.02 kg/hr. The feed composition is given in Table 7.1.

Table 7.1 Hydrocarbon Feedstock composition and Feed Characterization.

Feed component Mass %
Propane 0.01
Isobutane 0.27
1-butene + Isobutene 0.54
Butane 5.62
t-2-Butene 3.43
c-2-Butene 2.32
C5 paraffins 1.31
C5 olefins 2.57
C6 paraffins 0.28
C6 olefins 3.83
C7 and heavier hydrocarbons 79.83
C4 and lighter hydrocarbons 6.29
Total 100
Feed Characterization

Bromine no.(g Br/100 g) 90.00
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7.1. Table 7.1 Hydrocarbon Feedstock conposition and

Feed Characterization. Feed conponent Mass % 20
SamplednBVP. 01 | sobutane 0.27 1-b66kH8 + | sobutene

ne 5.62 t-2-Butene 3.435RpgC- 2- Butene 2.32
Sa&a%azrlgyﬁans 1.31 C5 olefins 2.57 Cb paraffins 0.28

C6 olefins 3.83 30 C7 and heavi er hydrocarbons 79. 83

A ' t

Chat ARG aES S feieRANB ataiettiod ol glrBls 878 ofEAt, Thg column
préside OER3EBKPET(Y 1 IBRIBA3LEIBLER caBalyst bediteRyeratkeaf 193°C. The
BB iRl Borr SRR soB v RE e AL S The
hyg@fggécai prr\#gh@mégsémb@@a adtHeA\iedd Sesarhe ng%zgg éldfféverheads

5 reboiler tenperature was 234C.
wearecplscted par hagr. rexoesainydoen veBdiarad. Tigeonversion of the olefins

n L SR b OB 09RO i 5 gremeaas
(hmseﬁatbmipmtm g.0ared. The conversion of the

ins 1n the feed streamwas 99.9% The brom ne
nunber of the overheads EW'@%@nat ed) product was

0. 03‘ éqg,]ﬂ% W%@c&mﬁmw&ﬁéﬁﬁé#mﬁtﬁ% %%}b}ég@n%ércially available

| oa e sane commercially avai
hydyatengtion catalystatsalsesk indscanyse 5. T Hexsame deé&dstdtieas was used in
Exfa(rer(lep 8 ?Svlésq‘gd\%%?ovv ?ﬁed cét%lyst bed at a rate of 15.00kg/hr.

Hydrogen was fed below the catalyst bed at a rate 0.18 of kg/hr. The column
pressure was 133kPa(g) which resulted in catalyst bed temperature of 202°C. The
reboiler temperature was 229°C. The reflux flow was maintained at 40kg/hr. The
hydrogenated compounds were removed as the overhead stream. 14.80kg of
overheads were collected per hour. Excess hydrogen was flared. The conversion
of the olefins in the feed stream was 39.0%. The bromine number of the overheads
(hydrogenated) product was 54.92.

EXAMPLE 9

The 10 meter 4 inch column was loaded with the same commercially available
hydrogenation catalyst as used in Example 5. The same feedstock as was used in
Example 7, was fed below the catalyst bed at a rate of 10.02kg/hr.

Hydrogen was fed below the catalyst bed at a rate 0.33 of kg/hr. The column
pressure was 52kPa(g) which resulted in catalyst bed temperature of 177°C. The
reboiler temperature was 214°C. The reflux flow was maintained at 35kg/hr. The
hydrogenated product was removed as the overhead stream. 10.22kg of overheads
were collected per hour. Excess hydrogen was flared. The conversion of the olefins
inthe feed stream was 99.4%. The bromine number of the overhead (hydrogenated)
product was 0.56.

EXAMPLES 10-13
16
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15

Exanple 7, was fed bel ow the catal yst bed at a rate of
15. 00kg/ hr. Hydrogen was fed bel ow the catal yst bed at

w@200anes3® 18 of kg/ hr. The columm 15 pressur eP@BEES2003/026153

133kPa(g) which resulted in catal yst bed tenperature
of 202C. The reboiler tenperature was 229C. The

r ef [BExanfplesv 0SS weterpesionmed én ident«'@lrﬁashid“nnm Examples 7109, using

th AR SRS Rtg OB by Sl 2Uk TR BT BRI Ao Gipohdgrd rates

hyEhcRmSdR006e Bndasthbt 6b§|%t|n'gr*‘ﬁar§ﬁ1’ét@|fs3' vﬁe flow Fdt8s, operating

olefins in the feed stream was .0% The brom ne
pammﬁters,ofpr@mcto\a@alyéms,anQore(swtar e ngiven) ipr baklet 1Qes

colfiistennES EATRER TP Ard TRabee TR AT ogenat i on

catal yst as used in Exanple 5. The sane feedstock as
was used in Exanple 7, was fed bel ow the catal yst bed
at a rate of 10.02kg/hr. 25 Hydrogen was fed bel ow t he
catal yst bed at a rate 0.33 of kg/hr. The col um
pressure was 52kPa(g) which resulted in catal yst bed
tenperature of 177C. The reboiler tenperature was
214C. The reflux flow was mai ntai ned at 35kg/ hr. The
hydr ogenat ed product was renoved as the overhead
stream 10.22kg of overheads were collected per hour.
Excess hydrogen was flared. The conversion of the
olefins 30 in the feed streamwas 99.4% The brom ne
nunber of the overhead (hydrogenated) product was
0.56. EXAWPLES 10-13 16 WD 2004/018390

PCT/ US2003/ 026153 Exanpl es 10-13 were perfornmed in

i dentical fashion to Exanples 7 to 9, using the sane
feedstock, catalyst, etc., but having different
feedstock feed rates, hydrogen feed rates and ot her
operating paraneters. The flow rates, operating

par anmet ers, product analyses and results are given in
Tabl e 10.1. For conpl eteness, Exanples 7 to 9 are
included in Table 10.1. 5 10 15 17 WD 2004/018390
PCT/ US2003/ 026153 M N N LU ti LO (0 I~t U
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U 2' 0OEzvoi wwO0z 2a) a) zOca cn0) (n

cu Thedppligardibelieres thatthe prcmeBsmccprcﬂmgtoi emvevmgn has ramong

-Foot [. 0, OLOzd) 00a) UoCOOu. a
Ot'”@r%@ego'@%'l"ﬁﬂécﬁ‘)’an?geé U. a 0 Q10 DO WD 2004/ 018390
PCTL WSR-S St iR prégéﬂrééﬂﬁén baiselh trfélgétatylﬁ@tdlétmatlon column

process according to the invention has, ng
12 compared to fixed bed/trickle bed hydrogenation technologles to achieve the
same conversion/productivity potential resulting in less capital intensive equipment
being required.

-- Hydrogenation is an exothermic reaction so that substantial amounts of heat
of reaction are produced. With the process 10, in situ removal of these substantial
amounts of heat of reaction can be achieved. Highly liquid recycles or the use of
intercoolers is not required, potentially resulting in process simplifications.

-- Due to excellent removal of heat of reaction, i.e. no hot spots, less fouling
of the catalyst due to the formation of oligomers, occurs; this results in an extended
catalyst life compared to the same catalyst used in a fixed bed hydrogenation
reactor.

-- Acidity of the feed, which can lead to the formation of heavy
components/oligomers, has no negative effect on the catalyst activity as the heavy
components are continuously washed from the surfaces of the catalyst particles.

Additionally, the process according to the invention has general advantages
over conventional processes for hydrogenating olefinic feedstocks comprising a
hydrogenation reactor followed by a distillation column, such as

-- Equilibrium constraints are overcome, as products are continuously
removed from the reaction zone, resulting in increased productivity.

-- Extended catalyst life is expected, due to the removal of
products from the catalyst surface as a result of the washing action of the reflux in
the catalytic distillation column.

-- Increased selectivities are expected since high local temperatures, which
can lead to by-product formation, are limited.

-- Strategic location of feed points into the catalytic distillation column can limit
the harmful effect of poisons and/or inhibitors in the feedstock.

-- The process can handle azeotropic systems.

-- The process has the ability to remove large amounts of heat of reaction
while maintaining a stable catalyst temperature as the column temperature is set by

19



ot hers, the follow ng advantages: -- Lower operating
pressures can be used in the catalytic distillation
w@edodoms39d2 conpared to fixed bed/trickle bed PCT/US2003/026153
hydr ogenati on technol ogi es, to achieve the sane
conversion/ productivity potential resulting in |ess
the moluran pressurei peovidpd fhalrthe ®lwenng apegatedeabove the minimum

reﬂﬁd&fgﬁpation is an exotherm c reaction so that
U ("8 anounts of heat of reaction are produced.

W t h- The gehef# pfockes schefleldan Isarsinalified sintegRe two operations of
substantial anmounts of heat of reaction can be

they KRPWDdUOCe§S§S| 3e InoyuPRrfermstinceneyessed use of
i nter I j ' , [ 00 i
proce L 0O HERE pf alion e R <o Rrbledd: oA Reduced

rebeitarvrefuicdmbatst of reaction, i.e. no hot spots, |ess
fouling of the catalyst due to the formation of
ol i gomers, occurs; this results in an extended
catalyst life conpared to the sane catalyst used in a
fi xed bed hydrogenation reactor. -- Acidity of the
feed, which can lead to the formati on of heavy 15
conmponent s/ ol i goners, has no negative effect on the
catal yst activity as the heavy conponents are
conti nuously washed fromthe surfaces of the catal yst
particles. Additionally, the process according to the
i nvention has general advantages over conventiona
processes for hydrogenating ol efinic feedstocks
conprising a hydrogenation reactor followed by a
di stillation colum, such as 20 -- Equilibrium
constraints are overconme, as products are continuously
renmoved fromthe reaction zone, resulting in increased
productivity. -- Extended catalyst life is expected,
due to the renoval of products fromthe catal yst
surface as a result of the washing action of the
reflux in the catalytic distillation colum. 25 --
I ncreased selectivities are expected since high |oca
tenperatures, which can lead to by-product formation,
are limted. -- Strategic location of feed points into
the catalytic distillation colum can limt the
harnful effect of poisons and/or inhibitors in the
feedstock. -- The process can handl e azeotropic
systens. 30 -- The process has the ability to renove
| arge anobunts of heat of reaction while nmaintaining a
stabl e catal yst tenperature as the colum tenperature
is set by 19 WO 2004/018390 PCT/ US2003/ 026153
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the col umm pressure, provided that the colum is

operated above the mninmum required | oading. -- The
w@enensd39pr ocess scheme can be sinplified sincECT/O8200826153

operations of the known processes are now perforned

in one vessel. -- The heat of reaction is used for
Thedpuentidroelajpeisses, resulting in reduced 5 reboiler

o0 B ALy SO e BHIGR 5 g

pl@ralig! 6f different ahsatneatbe eslefiviekhygdrotaibonngompohds,adhiet process
. of different unsaturated ol efinic hydrocarbon
in@d¥dipsunds, the process including: subjecting the

| efi Qi Cu: et i , .

0 S dth3 A Bt Y ORSARASAE A r ctayc
digtitlatior imé abta’rllytg (ﬁsﬂﬂ;aﬁb?metdou{tain*ﬁgad wairog?miidrmatalyet, and in
thg RESReDPa L YRR TE ey P SuSasismats G aiRies plegisydracarbon
coHtﬁ)Jn%i%ggé%}g ri}r\éj%ﬁeé@@cb&k 6 flﬁﬁMFHs?Bné RigWaRlirdted compounds;

conpounds; W t hdraw ng t he saturated conpounds
androm the catalytic distillation zone. 2. The process

Fr oty s el e R BbGy AR bR ARG ARBliarkibrpne.
conpounds. 3. The process according to claim2 wherein

sai d feedstock conprises from 80 to 100 nass% ]
uns & urhg RiYcesepEeaTdingtaciriny bwhetainpaigfagdstack mamprises from

_ o | ;
SO RS ARG Bl o B ot et ©

ol ef i ni ¢ hydrocarbon conpounds in said feedstock are
fromsaid roc

d h ion. 5. T .
ook dlTRPIOSSEs SRoTNGHE R 4 Hip(s Sei e be Bk romrises from
80N UL REREN, GRIERAIHEL ofefRRY hyRIrBEaBa \Cofffoupldef | ni C

hydr ocarbon conpounds in sdl d feedstock are recovered
fromsaid hydrogenation. 6. The process according to

o) o T i) 0Bl B AL O RGeS e
hylifscaPbO €HpaGRes EbrAprising iiates dlefi€hdrocamiofl dopgounds in said

hydrogenation is carried out a pressure up to
feqc&qulpa(qﬁe_coggred from said hydrogenation.

5. The process according to claim 1 wherein unhydrogenated olefinic
hydrocarbon compounds comprising heaviest olefinic hydrocarbon compounds in

said feedstock are recovered from said hydrogenation.

6. The process according to claim 1 wherein from 30 to about 100% of

unsaturated olefinic hydrocarbon compounds are hydrogenated.

7. The process according to claim 1 wherein said bulk hydrogenation is
carried out a pressure up to 1500kPa(g).
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WO 2004/ 018390 PCT/ US2003/ 026153 8. The process
according to claim7 wherein said bul k hydrogenati on
WO 300sarg3p@ed out at pressure in the range of 50P¢DUSINOBI026153
200kPa(g). 9. The process according to claim1l1, 2, 3,
4, 5, 6, 7 or 8 wherein said feedstock conprises
C7- @13 Theppronass accorming (o claims? adwsein sajdtlaulk Ihyidreggnation is

cofinprCairiysiatie B oee I Bnelt ATt R er 1 2at i on
of C3-C7 unsaturated ol efinic hydrocarbons. 11. The

process according to claim1, 2, 3, 4, 5 6, _7 o 8 )
whefei i heapr@cess A6 @ PRIMs bs 2uls 4 (i .66 Oor 8 wherein said

feggggggq.{lomé}?%g%%éndﬁag%gyed from Fi scher- Tropsch

react! o pt oCess according to claim7 wherein
the feedstock conprises C7- Cl3 naphtha feedstock,

*he 10angbe RiPoatoRBRYEMLB0RBT o) SrB it B Jsor baherein said

foddtopk | Sc&hpﬁséserﬁﬁgbﬁiér'é CobtBinkbe froff 3Re Obligdth&iation gf CxCy
120C-140C, with a product stream conprising saturate

unsetyraiadddetinic mydrocampers] as a bottons stream and an
over heads stream conprising unreacted unsaturated
ol efi ni ¢ hydrocarbon conpounds being |lighter

conpaunThe grdceddhacesrdisto ekaarti 2w t4, 5! 8l Mar 8 wherein said
wherein the feedstock conprises unsaturated olefinic_
feedistgeirepmpiises wagaturatpddaydrocaben; Gmpaunds defived from Fischer-

jon s operating at a pressure in the range
Tr@%‘%‘ﬁ%ﬁ%&ﬁét}k%(g)-ZOOkPa(g) in a catal yst bed which

is at a tenperature is in the range of about

160G 200C, with a progduc stream co I sj ng saturated

iy r1e b RIGSS GO 10 6 BHB FoNRer AL ines e g ok daaprises Cr
C 3 If=phtcfeddstolR!dAIBuikiHy 8RS H2IAB iissct'g& HiRYg 865re88ure in th

1gnsa??urat ed hydrocalrjbor)},a?c)grrpoungs el ﬁgﬁgweg\%?eer reintherange
of d0RBsBa(@<200kPa(g) in a catalyst bed which is at a temperature in the range of
about 120°C-140°C, with a product stream comprising saturated compounds being
removed as a bottoms stream and an overheads stream comprising unreacted

unsaturated olefinic hydrocarbon compounds being lighter compounds.

13. The process according to claim 7 wherein the feedstock comprises
unsaturated olefinic oligomers derived from C,-C; olefins, said bulk hydrogenation
is operating at a pressure in the range of about 50kPa(g)-200kPa(g) in a catalyst bed
which is at a temperature is in the range of about 160°C-200°C, with a product
stream comprising saturated hydrocarbon compounds being removed as an
overheads stream and a bottoms stream comprising unreacted unsaturated
hydrocarbon compounds being heavier compounds.
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