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reactive feedstock.
[0002] Although a wide variety of process flow schemes, operating conditions and
catalysts have been used in the selective hydrogenation of olefinic hydrocarbons, there is

20  always a demand for new selective hydrogenation methods which provide lower costs and the

required product quality. '
[0003] US 5,417,844 B1 (Boitiaux et al) discloses a pracess for the selective
hydrogenation of diolefins in steam cracking petrol in the presence of a nickel catalyst and is

characterized in that prior to the use of the catalyst, a sulfur-containing organic compound is

25  incorporated into the catalyst outside of the reactor prior to use.
BRIEF SUMMARY OF THE INVENTION

{00041 The present invention is an improved process for the selective saturation of olefins
in a hydrocarbonaceous stream containing olefins and aromatic compounds without

significant hydrogenation of the aromatic compounds. It has been unexpectedly discovered



significant hydrogenation of the aromatic conmpounds. It has been
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hydrogen to olefins, the selective saturation of olefins is high
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particularly useful for the selective hydrogenation of ol efins

cont ai ned icﬁmﬁ%‘ﬁﬁﬁﬁ@%iqgi%fﬁd%ﬁﬁ@cﬁw]@gﬁ£@g eous streans, any

sui t abl e hydrocarbonaceous feedstock may be used in the present

i nvention. A preferred BerheesstmRsCRIPTRONAPhTIHE INVENIGONN t he range

from38C to 204C and containing olefins in an amunt from0.1 to 5
wei ght percent. 008 accordance with the present inve
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zone tempe rh?rgir%régna]ﬁgn ]:){’ c(leg]ﬁr.ISs cco:ngaioneg (i)ncﬁaphtha boiling range hydrocarbonaceous streams, any
suitable hydrocarbonaceous feedstock may be used in the present invention. A preferred
20  feedstock is a naphtha boiling in the range from 38°C to 204°C and containing olefins in an
amount from 0.1 to 5 weight percent.
[0008] In accordance with the present invention, the hydrocarbonaceous feedstock
containing olefins and aromatic compounds is introduced along with hydrogen into a selective
hydrogenation zone containing a selective hydrogenation catalyst comprising elemental nickel
25  and operated at selective hydrogenation conditions including a temperature from 20°C to
90°C, a pressure from 618 kPa to 7000 kPa and a stoichiometric ratio of hydrogen to olefins
from 1:1 to 5:1. A more preferred hydrogenation zone tempetature is from 50°C to 90°C.
Another preferred hydrogenation zone temperature is from 20°C t0 50°C.
[0009] Suitable sclective hydrogénaﬁon catalysts in the present invention contain

30  elemental nickel preferably supported on a high surface area support material, preferably



Anot her preferred hydrogenati on zone tenperature is from 20C to 50C .
[ 0009] Suitable selective hydrogenation catalysts in the present

I nventi on Qoaiessedd el emental nickel preferably supporgcgt@izasdioh
surface area support material, preferably WO 2007/ 055690
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will be selectéd from these conditions and depend on the composition of the feed steam. In

any event, the product from the selective hydrogenation reaction zone will be substantially
free of olefins. The term "substantially free" means less than 1000 wppm weight basis of the
olefinic compounds (0.1 weight percent). In addition, it is preferred that less than 0.5 weight
25  percent of the aromatic compounds in the hydrocarbonaceous feedstock are hydrogenated.
[0012] According to the present invention, the selective hydrogenation catalyst is
preferably employed in a fixed bed reactor containing a cylindrical bed of catalyst through
which the reactants move in a vertical direction. The catalyst may be present within the
reactor as pellets, spheres, extrudates, or irregular shaped granules, for example. To croploy
30 the catalyst, the reactants would be preferably brought up to the desired inlet temperature of

the reaction zone, admixed with hydrogen and then passed into and through the reactor.



[ 0012] According to the present invention, the selective
hydr ogenati on catalyst is preferably enployed in a fixed bed reactor

cont ai ni ng ' I cal bed of catalyst through whic r ant s
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Fecovery  f o0t PGP el R maLitR IRy g b G5 aesidue
passed @i r egfdrobeh, ¥ Syl BWOSIEARMHB/IPEHEE nay 1ok kdidRlell 89 13 hb BB stream to
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alum na sol 1s the "addition off al um’nu al to"an aqueous
of al unm nunfedtha metwdwoinprisdsietectrblysis pfa fditivg of eloramne dhivvddieat elegiralptit
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20 [0015] A preferred method for effecting the gelation of the sol comprises the steps of
admixing the sol with a gelling agent at a temperature below the gelation temperature and
then dispersing the resulting admixture as droplets in the hot oil bath whereby gelation occurs
with the formation of firm spherical gel particles. The alumina hydrogel spheres are then
subjected to certain aging freatments in order fo impart the desired physical characteristics.

25  Generally, a complete aging treatment comprises aging in hot oil for a period of at least 10
hours, aging in a suitable liquid alkaline medium at least 10 hours and finally washing with
water to reduce the concentration of alkaline medium. In such a process for the forming and
aging of alumina particles, the hydrogel spheres are not to be contacted with water prior to
being aged in the liguid alkaline medium. The spheres are water-seluble at these sarlier

30  stages of the process and can be destroyed upon contact with water. The aging ﬁeatment may
be effected at a temperature from 49°C to 260°C and above 100°C there exists a tendency for

the rapid evolution of gases which cause the hydrogel spheres to rupture and otherwise



with the formation of firm spherical gel particles. The al um na
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in airzat t hﬁsﬁnﬁﬂﬁbﬁﬁﬁtmﬁieﬂei\ﬂmﬂﬂm suppbtidecemptited mf aﬁrﬁa@se P9 ateight percent
gamma alumina. To ensure that the support material be essentially gamma alumina, it is
highly desirable that the support material not be exposed to a temperature in excess of 850°C.
Exposure to temperatures in excess of 850°C will result in a phase change of the alumina,
converting it from the gamma- to delta-, theta-, and possibly even alpha-alumina. Sucha
26  phase change is usually accompanied by a collapse of the small pores (less than 100
angstroms) creating larger pores which results in an increase in total pore volume. However,
becanse the surface area is directly proportional to the quantity and pore size of the small
pores, the collapse of these pores results in a dramatic drop in surface area of the support
material. Therefore, by utilizing the oil drop method, it is possible to form o gamma alumina
30  support material having a total pore volume greater than 1.4 cc/g with a surface area in excess
of 150m®*g, thus avoiding the attendant problems just described associated with alternative

forming techmniques.



after the air calcination is essentially gamma alum na. Wat is neant
by the term 20 "essentially” is that the resultant alum na support be

conpri sed east 90 wei ght percent ganma alum na._To _ensure
that the s%%géﬂt”}o??z?soeri al be essentially gama al um na,PﬁmWQ"”mﬁWdﬁl y
desirable that the support nmaterial not be exposed to a tenperature
in excess of 850C. Exposure to tenperatures in excess of 850C will
result in a phase change of the alumna, canvertin

Lo to JOIAC SReleS S bania abant BpoRetial B Rr el gl f e

phase changg.dosm MUk IhY cAGTHTRENNGR: A¥scht HP4iBRS EhOhickd) Gna 'Eﬁkjfese_ﬂﬁ’ 68§ on
(less than 100 angstrons) creating 1arger pores which results in an

i ncrease i nihe ottat supfaeecofitiod alnminalsoppevianaterigh ecenibenbyrbroyghquithe saprest. | s

directly prgportjonal to the guantity.and pore size. of t . ..
por es.  + ho B8R ARk b BuiPillot of MRl ey il e NG 5 e

sur f ace sar egepoiitet RS thh) edskntial 2@ foif fle nickbigsesb it o, thdstipubit is cohcegirhied within
oil drop nmethod, it is possible to forma_gammua al um nta: 30 _suppart
materi al haip Agernash) misemdayes of fhe sured: dhe eengAtpatign sEpigkshin fhe fnished

surface ar e@atah;g%g@g@fg%%xy%weég 501 g0s h@%ﬁtﬁ&hﬁ 'bg _aletdaa? o 18 QR AREtal metal.

probl ens | ust _ assocliated wt ernative orm ng .
t echni ques. TMGIARDIHHG&RRGaPET 2ddS2 G0%E Oat@yst thurige hoGiivye Posiiteprededure if it

basi ¢ al um ha su rt. materjal, .an ntal . ni ckel .is.requjted I
Phe B R RS oV aer abR preared el Bkt B o RS i i
ni ckel {gay {6 pRVRBEH ForRRH ¥ludfina fhre®bE B infpeiphatd i8 whidheh@foitd@umina
support material or uniformy throughout the s;&port. Having th

e .
ni ckel on tdphessiare immarsedinge dolutnn of amirkel companrd. thyaferablye theifenust cplgined
surface 5 d it C s j . al k. i | . -
on t he. supparii szl ddhyin SRRk Aol skl GIEHEKE hRERE Bl
of the suppatlfie of hitkelabeiain bt afheowatefsohibbdetkel vortfvemd. Thsivddiondatheh yst
is preferably_ between 5 and, 25 wei ght percent, on the basis of the
el ement al YTy erﬁgorﬁfﬁg%qu’af‘éﬁﬁb%amf %’é}h&ﬁél?‘%?aﬁé‘ﬁ?ﬂ%_gﬁﬁ%"a%’ Ay st
during fshe SRB&GER:.! Phd Tl PBriRIL GBI YRR Yelcaleined hifa @RpEtaREd SUS0HOMR VEE hour
it is preferred that the nickel conponent of the catalyst is added to
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conpound. THESROBEROF i cRiglyEh &y é%f@@ﬁé&l@swa%&mfﬁéaf SO RS
contactyoW t g1 SPREEBSesY bf thk pldicht InveRicH iY fitiRAdBmonstrated by the following

examples. These examples are not presented to unduly limit the process of this invention, but

to further illustrate the advantage of the hereinabove-described embodiment.

EXAMPLE 1
[0019] A model feedstock containing 99 weight percent toluene and 1 weight percent Ce-
25 (g olefinic hydrocarbons was reacted in a selective hydrogenation reaction zone containing
elemental nickel on a gamma alumina support operated at selective hydrogenation conditions
including a pressure of 5600 kPa, a temperature of 40°C, a liquid howtly space velocity of 10,
and a hydrogen to olefin mole ratio of 1.5. The Bromine Index, which is a direct relationship
of the olefin content, of the feedstock was 1000 and an analysis of the effluent from the

30  sclective hydrogenation reaction zone determined that the product Bromine Index was



15 evaporator. The dried particles may then be calcined at a
tenperature of 150C for one hour and then at 525C for one hour. The
formed sphere hen be dried and purged with nitrogen_and are
pr ef er abl y%%%fﬂ%%@ to a reduction step in contact wt T&W@ﬂ‘%"&é}n-
contai ning gas. Although spherical alum na spheres are the preferred
support for the nickel conponent of the catal yst, any suitable

support may b ilized in the present inpvention. 2 0018] The )
process of t‘ﬁgy%(ie%ﬁ? esls'?ﬂ}’éhYF eﬁ@gﬁhf’fﬁﬁe‘:&étﬁ@h%‘?‘ﬁ?%% %yﬁi?si[ﬁ%o'z weight
fol | owi NG exeadtRt EfShe BHREGIAKAIRHES LS siQlarlr esented to unduly 1init
the process of this invention, but to further illustrate the

advant age of the herei nabove-described enbodi nent. EXAMPLE | [0019] A
nodel feedstock containing 99 wei ght psrogptebol uene and 1 wei ght
percent C6- 25 C$ ol efinic hydrocarbons was reacted in a selective
hydr ogenati on reaction zone containing elenmental nickel on a ganmma

al um na supoOROPPeA atoRdl Rédskrk @6kthinRp 09 e 3 patd@ PoieBdhd | SREht percent Co-
i ncl udi ng a of 5600 kPa, a tenperature of 40C, a liqui dp

hourly sPpac egs\rﬁg;fgg‘fr f)gﬂrqpﬁrbpeﬁ waggeacted impdelsgars bydrogenstipn resefian Zoa¢ pentajping
1.5. The Bragi ~whi.ch js a di i ' f i
content or piead B8 ondefild Gfind i obafl s G Rre B'sebiiRe Rk Rl

fromthe 30 metlpspacyeclbyigrafdenad & bpdrogmad blefin zoheradebét 51 Maelhidragentive
product Brom ne |ndex WO 2007/ 055690 PCTI US2005/ 04074 only .
D0, Wi I o ooSBHIET A1 S WaRR PP EANT afioprens BeagrResioaiar e Biyine

| ess than O-Edékﬁif@{btzprocﬁﬁf SRR Wis {50 tb B YSMewitBodt RBardoBRASY Qfler YWPating
saturated. EXAVMPLE 2 [0020] A nodel feedstock containing 99 weight
per cent 1P ol uepditionsdthe reasiigmhrong dereparaiuesas sedageddiant POCEtoRPEE endithb Buemine
was reacted 4 | ti| QN zone. contai nin

ol orent al i S S hEEELUR, WAL RORNR GO A€ LB BANTCS IR Qe hons
5600 kPa, a tbmphatdre floauf@or 8 @EILE redatadahd Broadind Bidentlom 40y6 20.9RIthis @xample,
olefin nole ratio of 5.. The hydrogenation _reaction was started by

i ncreasi ng (HY pedban (%%Wf’(ﬁgbpetr@?%%&g? ‘?n?@t@ﬁ%eéﬁﬁcktw S’B‘i”EﬂW‘ile

I ndex of the product streamwas found to be 150. Wt hout changi ng any
ot her operatj 0 gonditi.ons, t.he regction zqne t, erature was
reduced fr or[b égé}t ofb%%@eawag FROTIRH @X@ﬂ%‘ﬁeaﬁ]ﬂﬁ%ﬁ?déﬁ gigees
reduced 1§ r omnddakhak@d 49 -tha})rf)éb%é Sf6he HiRSHAE fnv&ioh And 118 HeRaRl oW £BRRA with the

tenperature from50C to 40C reduced the Brom ne Index from40 to 20
In this exarfse tereof.




only less than 0.2 wei ght percent of the toluene in the feedstock was
saturated. [0021] The foregoing description and exanples clearly
illustrate the advantages 15 enconpassed by the process of the
present invention and the benefits to be afforded with the use
thereof. 8 CLAIMS: 1. A process for the selective hydrogenation of
ol efins contained in a hydrocarbonacepus feedstock conprising

ol efins and aromati c conpounds whi ch process conprises the steps of:
(a) reacting the hydrocarbonaceous feedstock with hydrogen in a

sel ect iGIAIMAIr ogenati on zone containing a catal yst conprising

el emental nickel at ol efin hydrogenation conditions including a

t enper dt Areodes Oty HRGeleotiveMHydrogeiition sslefiid @mabilkd ik PaydiocalBéicdda and
a stoichionetric ratio _of hydrogen to olefins from1:1 to 5:1; and

d
(b) r eéWé‘PF‘ﬁ@OI@YFW‘B@H}S@%é@ & COIFBRIIEE WRICh SERFCESTRBIOTSTSBE HERSIPAL i ¢

conpounds and having a reduced concentration of olefins; wherein

| ess t : i : j I :

vl oA o san BB s Tedk A0 M Rl eI JROHRAT. Al Bfitiop zone
cl ai m tomthiamegiarcatahest bymiprotey donacts alrkelf 2 o tsin diyiroenation aqdti thans haildingga
range _stream .3. r ss _of cl.aimifQr jn the, feedstock .
Contai AEMFAMe fm 20, BENE R ruf iR iado IR Ghenpasuuticret e

pr ocessf Bfdragen toBRfat fremal: e 5t1tad3 wherein the hydrocar bonaceous
product stream contains |less than 0.1 weight percent olefins. 5. The

process of any one of clainms 1 to 4 wherein the catal yst conprises an
al uni n&)degyeiing a hglrocpronapeoBe RGN stipam emePTisinaErenptic conpousdsgne having

t he Ca%@&%%&d&ﬁm?@%ﬁﬁﬁgﬁébﬁ&r The process of any one of clains | to 6

wherein t catalyst containé nickel in an anount from 2 to 40
wei ght percent of the total catalyst weight.
wherein less than 0.5 weight percent of the aromatic compounds in the hydrocarbonaceous

feedstock are hydrogenated.

2. The process of claim 1 wherein the hydrocarbonaceous feedstock is a naphtha boiling range

stream.

3. The process of claim lor 2 wherein the feedstock contains olefins in an amount from 0.02 to 5

weight percent.

4. The process of any one of claims 1 to 3 wherein the hydrocarbonaceous product stream

contains less than 0.1 weight percent olefins.
5. The process of any one of claims 1 to 4 wherein the catalyst comprises an alumina support.
6. The process of any one of claims 1 to 5 wherein the catalyst is spherical.

7. The process of any one of claims 1 to 6 wherein the catalyst contains nickel in an amount from

2 to 40 weight percent of the total catalyst weight.



