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STYRENE- CONTAI NI NG MEDI UM W TH TRE+®| D' ef s aamal Y&t  The invention
relates to a process for the hydrogepaigmompefz phenyl acetylene in a
styrene-containing nediumwith thé aird of a catalyst and in the presence
of, hydrogen gas. Styrene is often polymerized to polystyrene. In the

styr ene- cont ai ni Bﬂogggb“gg}g: élhi*ni%é&gm&?ioghb? Bﬁéﬁgiez\g%ﬁﬁﬁﬁ”y'
acetyl ene causes tion, such

as cross-linking of the pdymrersTYRENE-CONTAINING MIEDIWM of i nportance to
keep the phenyl acetyl ene content of the styrene-containing nedi um as

as possible. The above- nent i¥hhEH P A QR (FIMWEHgenat i on of k\ﬁ“\l\\ \\
acetyl WM& 1hfron1JP-A-55 35368. Said patent publication d
proces\&&@“\m rogenation of phenyl acetylene in a mxture of styneié’
phenyl p@Re and o-xylene with the aid of a palladiumor nickel

catal yst. In t he specific_ Exanple hydro%inatlon Is effected wth the aid of
a paliadium catal yst on &hSaltEYieRkioR FRELLER FPaRRIPCEES FeTuEESf a

pal | adi umgabaloksiaclitn 2! bl aicieacalivsh, otheRnuseditatntife

hydr ogenation of phenyl acety éne in & styrene- co aining mediumw th m nor
ANENDED SkERTum wighSEpRe2@dZ P@-@SC@@@OYNE @@QQ@@Z&&G'PIGSGEWGI@§ure 1.4 :

ﬁ&dfégén~§as~ 9271V . . . . _ oo a 1
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) Styrene is often polymerized to polystyrene. In

the styrene-containing medium which is used for this purbose,
the phenyl acetylene causes undesirable side reactions during
the polymerization, such as cross-linking of the polymer
chains. It is therefore of importance to keep the phenyl
acetylene content of the styrene-containing medium as low as
possible.

The above-mentioned process for the _
hydrogenation of phenyl acetylene is known from JP-A-55,35368.

Said patent publication describes a procéss for
the hydrogenation of phenyl acetylene in a mixture of styrene,

} phenyl acetylene and o-xylene with the aid of a palladium or

nickel catalyst. In the specific Example hydrogenation is
effected with the aid of a palladium catalyst on an aluﬁina
carrier. ,

A drawback of the use of a palladium catalyst
is that a palladium catalyst, when used for the hydrogenation

of phenyl acetylene in a styrene-containing medium with minor

AMENDED SHEET



-amounts of inpurities, rapidly loses its activity and thus has a shok& SEP 2002
30r0h-2€00ife. This is a major drawback because it entails high cat &lLy329900245
regener at gp168sts. 1Furt Bens regengrati pN.@1° t het*cat'al yst neans | ggg1a@d
producti ofi or the need t & ‘hfive a sdcadridir 8athor swhich is put on stream
while the catalyst is befng*regefrat ed i*nét*he* fierst* reactor. The ai m of
the invention is to provide a , cAMBNYED PAGEh2Hoes not present said
drawback or only to a |l esser extent. The 1nvention is characterized in that
the catalyst is a supported nickel catalyst with a nickel content :of 10-25
wt. % Surprisipgal ¥ei t : ar t kN @S . St 3C | pi.Rg
medi um a %ﬁ%é&?gcégaﬁyg?§%ggﬁgéhgggggg ngﬁ%FEelﬁg ?%g&?%¥'e§%gn§%kﬁuga as a
much | onger sherti serkite. 1Tifies Thislist hemaybe shepbaskndpeicauskatita person
skilled in the_art, relyin% on his knowl edge of cat al s%%, woul d not be
likely to®B5elf-§r baghi CRERLYELaFFIENEREELSH SPséspaFPéﬁ' frcatal yst, since
a nickel . cabghushBBhMR! LhRA%aRah QRY reGhiVbisAd pRbdtychy ollahed
pal | adi um catal yst 1 n the conversion OP acetylenes t0 al kenes (see for
i nst ance heAd Wouhajyve, aPsWthnkl reactbeewhdchand Rus. onastSsamrewhidst &hesi s,
El sevier, 199 p. 180-181). , Further .,adyant ages, of application-of a
ni ckel cafﬁgﬁiysgrést% nghgenggga F%al 'ﬁﬁgl%ggFglﬁ?Pc&QITomer t han t hat
of a palladiumcatalyst amd BGhat ofi ekel iedealtdshnS iar ¢ prRideald ¥
avail able with a larger catalytically active surface area. . The nickel
cat al yst sppeilystavbaci deeso ofe Preventi 6alids dxaslpgsdr ©&d omilak&le @at al yst .
Exanpl es QEs%%Et%QE n arrier materials are: silica, a-, B- and y-al um na,
zeol ites, "carbon and oXidic carriers, such as for instance magnesi um oxi de,
tiyani um oxi de and zir comhgmioxiete i cAVENDERaSEICEEri zEG G 206A@ the .
.. .. .. EnclqQsure 1 . 5 - 110100 0 f L 1 ., .a. . atr . . .
~ o 1 1°atplyst.is a supporfedynickel catalystaliED PAGEIACKHIERes of
different ganii-gs wi . N I8 PR9%00A45 192 AL AMENRER SIFEEhatl 16 S Eahe2002
- 3 of suitable carrier materials are: silica, a-, 8- and y-alumna,
Jeol i Les, SEamisne-santeindng macier &, Nigkelas el iaks tiah Suicindeas um oxi de,
titani um xi Ir i I_d r of, di fferent rri er.
mat or' al s SoET 5SS 58 RBEIETE Snd eh B ok 1BedF Y

life. This is all the more surprising in that a person skilled

in the art, relying on his knowledge of catalysts, would not
be likely to opt for a nickel catalyst instead of a palladium
catalyst, since a nickel catalyst normally has a lower
activity and selectivity than a palladium catalyst in the
conversion of acetylenes to alkenes (see for instance J.A.

) Moulijn, P.W.N.M. van Leeuwen and R.A. van Santen, Catalysis,
Elsevier, 1993, pp. 180-181).

Further advantages of application of a nickel
catalyst are that the price of a nickel catalyst is lower than
that of a palladium catalyst and that nickel catalysts are
commercially available with a larger catalytically agtive
surface area.

The nickel catalyst applied according to the
invention is a supported nickel catalyst. Examples af suitable
carrier materials are: silica, a-, 6- and y-alumina, zeqlites,

carbon and oxidic carriers, such as for instance magnesium

oxide, titanium oxide and zirconium oxide.

AMENDED SHEET



-alumna, silica or carbon are used as carrier material. Particular {
pOdIe2@dle is given to A- or y-alumina as carrier material, becausé“{&ﬂ%%%é45
an iner't gaklbstrentesi aB-\Mth asd al" ge »Bbal? sus'f'act’.ar ea and a gead 1¥W0
poor vol ufe dlstrlbutlon' "The nldkel'cagakysb i § ;ynkhe3|zed for instance
i'n the follow ng way. Thé nt ckel *s*appl i*ed*omt o**t ht? carrier naterial by
inpregnating it with a solution oAMBNDEBI PAGEt 8A Water is comonly used as
15 solvent. Then the inpregnated carrier material is dried and subsequently
calcinated at elevated tenperature. The ni ckel oxide thus obtained is then
activat edyon {,Be CREr gk raREAE! ahrihegugh a treatment with hydrogen at

el evated tenperature. A high degree of dispersion of 20 the nickel on the
carrier results in a catalyst with a ,) large catalytically active surface
area. The higher the catalytically active surface area in the catal yst, the
better the phenyl acetylene is hydrogenated. For econom cal and technical
reasons the 25 nickel content of the nickel catalyst is kept as | ow as
possi ble. A nickel catalyst with a higher nickel content is nore expensive
and when the nickel content becones higher, the dispersion of the nickel in
the catalyst is worse. 30 The nickel content of the catalyst is 16 SEP
?00? - 4 normally 10-25 w.% Supported nickel catalysts are commercially
avail able with for instance 10, 15 or 20 wt.% of nickel. The nickel content
of the nickel catalyst preferably is 11 to 25 wt.% 5 Mst preferably the
ni ckel content- of the catalyst is nore than 11 and | ess or equal to 20
wt. % Besides the nickel the catal yst can also contain m nor anounts of

ot her conpounds whi ch enhance the activity and selectivity of the catal yst.
Exanpl es 10 of such conpounds are: chrom um gold, rhodiumand ,,|

rut henium The catal yst can al so be nodified with sul phur-containing
conpounds. Wen its activity in the hydrogenation of phenyl acetyl ene has
declined strongly, the nickel

AMENDED SHEET



.15 catal yst can be regenerated. Regeneration is effected for indtbaStPelll
treating the contam nated catalyst with steamand air at a high
tenperature, for instance 300 to 350C, followed by reduction with hydrogen
‘at the sane tenperature. If the catalyst is lightly 20 contaminated it can
al so be regenerated by nerely treating it with hydrogen at an el evated
tenperature of 100-300 C. Wen napht ha, gas condensates and LPG are

ked, d petyol is_ f d._Thi ked_petrol 25 nginl t ai
C1 Tphati candt o BREPRS CRRBURISTOF T BL5 D boF A T 41 ncl LGPy 1. 50 w. %

Contal ns. 30- FOLMCMORAT STUTERES” WO ST | BT A (e with &

sol vent and &8efoB0idcanté eflagrie S1vh ederdd Che feactumnotsaodmi ned which
may contain nore than 95 w. % of styrene. The cracked r - 5 16 SEP 203

petrol, the g8rfoatthnonxide wallixtmsreheobtgiBimrentchcdraidy on can be used as
styrene-contai ning medium A styrene-containing nmediumcan al so be obtai ned
by means Sof ®Baeettalssganhakss. bl kyedt i By mfefeperrend wiatd et-hene gi ves
et hyl benzene, which tthu h dehydrogenati on can be converted into a

st yr enecont afhiAg AedFH 9\%%% %%’g?%‘gsa’é?y‘r‘ BIFHSE T IR E & hyl
benzene and BQ%Q%H gcgtg}ege. The invention isjnot restricted, however, 10
to the hydrogahatTBn bfPhReRT aTet§IThET n" T He abovea mEhtTdidd

styrene- cont ghpi-D8r MRt 8ri St Y edeaeoat GhNd Nos nedli snavd Ch Payve- been obt ai ned
in another way can al so be enpl oyed. The styrene-containing nedia can
conpri se 15 UPptevigd. vdtinm o birge yrehwl Sivefaty rarea cord & rdees medi um
preferaalgy conpr.i sef m)rg.tha 30. wt . % of styrene. By particul ar

pref erende, PRBT sY9rEHe- CHRt AP hedi umis a C8 hydrocarbon fraction

whi'ch conprises nore thaf, 30, WRALO-0f 2 BF I 1€ gyt Hdle: ST nation of

phenyl acetylene in the styrene-containinhg nediumit 1s preferred for all
phenyl acetyipseanhget be shyreokrleoit@i wayg Ties i niekeal bies cappeidded to

styrene or et hgl benzene, with a limted 25 anount of phenyl acetylene or
styrene bei ngRk9dEBYeRd¥EHEY Rt eyt a bz eHEPTaFRA PHshyA & a8ty | ®ne” cont ent

of "a styr eneggptal o) nge MDY | S 1\0L BV Del wieshf Qi AILE YL % el at i ve

to the styrene presen he styren cont ai ni ng ing the
hydr ogenat i 080 Dv€R€SSTRER Of Ik N e ditet éd Vet Dt T tSe26041 €18 dsidgduced.

' and subsequently calcinated at elevated temperature.
The nickel oxide thus obtained is then activated on the
carrier material through a treatment with hydrogen at
elevated temperature. A high degree of dispersion of

20 the nickel on the carrier results in a catalyst with a
) large catalytically active surface area. The higher the
catalytically active surface area in the catalyst, the
better the phenyl acetylene is hydrogenated.
For economical and technical reasons the
25 nickel content of the nickel catalyst is kept as low as
possible. A nickel catalyst with a higher nickel
content is more expensive and when the nickel content
becomes higher, the dispersion of the nickel in the

catalyst is worse.

30 The nickel content of the catalyst is



- 6 Said content is preferably reduced to I ess than 100 ppm by 1@Baggp ar
preference to less than 10 ppmin the styrene-containing nedium 1 6

2002 The process for the hydrogenation of phenyl 5 acetylene in a
styrene-containing nediumis carried ouy Ln a reactor. The catalyst on a
support is present in the reactor. The reactor is fed with the
styrenecont ai ni ng nedi um and hydrogen gas. The hydrogen gas can optionally

have been di}uech W th) another, U%rﬁc?%%e(gﬁ;icﬁ%%&h @aﬁ:arl%fsééﬂ'séraé‘?e ni t rogen

gas. The styrenecontal ni ng nedi gen gas “‘can be m xed before

bei ng fed tacdhire fEBLl DY . avidE]l JIEBC IWICIC LD E ARSI AS &5 tyw-Jhase or as
a three-phase reactor. 15 If the reactor is operated as a two-phase
reactor, the#ttheohyrfideph. deze tihimkels qatanted§ drheg eldlalr ogenat i on of

t he phenyl acetylene is fully dissolved in the styrene-containing nmedi um
that is suppfied ¥9 t%ej{ee]é%%ﬁdf.l?ol%ftcﬂ?gr’ Mfactor is operated as a

three-phase reactor the iy ngs oD PidE FRdLUD and,d hygr n gas are

fed in at the bottomof the reactor and the product 1s obtalned at the top
of the reactmatalyst sislmsoreassml el tand Updy dhedial egwe-poRitaidn ng nmedi um
25 and the hydrogen gas at the top of the reactor and to recover the
product at the bottom ofBeHleeddtomickfl rtdigtitalaftalan el Bherated as a

Count er cur r &0l g £ACtor, o L LA T0IStanes, LS, bydiooen gas belhg.suppl i ed

C
at the bottomo reactor an styrene cont alning nedium at the

top. The proghistadsiveepVvai®dkateddior gt tin e tdi 41808 OrExamph & SEP 2002
By preference the styrene-containing nmedium and the hydrogen gas are
suppl i edOat @hespoh tormpiunds aract@ryompissnugeidherthadiumsmdackm xi ng

then and thus | ess, styrene and phenyl acetylene react, further to formb5
ethyl benzeme AR ckErE R ti%arbrag'-f%?g%ﬂ Wﬁ&flleft&e%# Y354 fixed bed in
the react or. g Jhen$t YESHes LA AMburRell Um and the hydrogen gas are
contacted with this fixed bed. 10 A fixed bed is a bed of solid catalyst

parts that can have dif fidrentitshapasiwaid dan they Hyodragestetnice) afr anul es,
pel l ets, extrudates, spheres, triloops and qaudrul oops. The fixed bed can
al so consi stPRFNE AFRTYt$Norhad Qﬁ9ﬁ44?qu§éL°ngly' the nickel

15 catalyst can be regenerated. Regeneration is effected
for instance by treating the contaminated catalyst with
steam and air at a high temperature, for instance 300
to 350°C, followed by reduction with hydrogen at the
same temperature. If the catalyst is lightly

20 contaminated it can also be regenerated by merely
treating it with hydrogen at an elevated temperature of
100-300 °C.

When naphtha, gas condensates and LPG are
cracked, cracked petrol is formed. This cracked petrol

25 mainly contains aliphatic and aromatic compounds with
6-9 carbon atoms, including 1-50 wt.% of styrene.
Fractionation of this cracked petrol yields a C8
fraction which contains 30-70 wt.% of styrene. When
this C8 fraction is extracted with a solvent and then

30 distilled, a styrene-rich fraction is obtained which

may contain more than 95 wt.% of styrene. The cracked



:15 The hydrogen pressure in the reactor is usually between 0 and 30p6§gf EZ
over pressure, preferably between 0 and 50. 105 Pa overpressure. Prefer ;n
low pressure is applied, because then the reactor does not have to have a
thick wall and is 20 therefore |ess costly. The tenperature is usually
between 0 and 100 C, preferably between 15 and 50 C. If the tenperature

ri ses above 50 C, polynerization of styrene occurs during the reaction. 25

The process i i i i r I ied qut with a
pﬁﬁﬁﬁfﬁ MOhd Ocd A VAL 1.A0 de P £ g{rg% Je HAd &0

hydr ogen . acetate no ratio ~ 1. By erence this nolar ratio
i's between lfaadtidn &ofi SoOMIEES| & -Soptenhapmnteadn NG dddiummol ar ratio is
preferably between 1 and 4. The 30 'nolar ratio is kept as |ow as possible
in order to prevent conRrsiyrers-eegraiiinshdigrhiatylcaicatdgede into s

et hyl benzene. The average residence ti of the styrene .containinhg nmedium
' the roact BPCEHITR CHATCHE (B GG LoD VoI - DechlSd ATAAT i o ot yrene
and/ or phenyhoasety! $en Se F18a6d S31Fk t t &1 b -t hk er age
resi dence ti rr% sﬁ%ul d note%e to?ls‘%orté}g?xt%er, {ee/c%'use t hen t]{?gdgg}e/gree of
conver si on odelppénydiemate gth eten tige séyieirdd i lovetareasure for the

average residence tine is_the liquid hourly space vel oci tfl (LHSV). 10 The
process accofeRhyipbnd Heedhvenvhbeh iResidnd |SEXERRT PBHWRISRth a LHSV of

b : :
etween 0.1 ?gtAQQ g§%¥gg$%%%%ﬁéi§£éi§§%§§§v§gg%#%%g§[10 per hour. The

i nvention w NOwW" be exa wi t hout being

restricted thereto. 15 Eom®! Enderft i®RCIHMIM e St €0P0€d | Ynddele’B wWas 20
conpletely filled with a fixed bed consisting of a nickel catalyst on
8-al um Ad. The theadrydrogem blerdiohenyh gicefixkene im e rakaven

conprising 50 wt.%of styrene, 8 wt. % of ethyl benzene and 0.8 wt. % of
nanyl 25 acBEYF LFRSE HT ST LA HE TG oI Se TR A or ogen
gas was al Soms4PR! VRLcH Ohdte BOLA OB idte featidhet NEaPYEHPGEIsPasS
phenyl acetylene nolar ratio being kept between 2 and 3.” The LHSV was 4 h-1
and the conthetetpheyeds 15 m nutes.

The styrene-containing media can comprise

15 up to 99.99 wt.% of styrene.

The styrene-containing medium preferably
comprises more than 30 wt.% of styrene. By particular
preference, the styrene-containing medium is a C8
hydrocarbon fraction which comprises more than 30 wt.%

20 of styrene.

In the hydrogenation of phenyl acetylene in
the styrene-containing medium it is preferred for all
phenyl acetylene in the styrene-containing medium to be
converted to styrene or ethyl benzene, with a limited

25 amount of phenyl acetylene or styrene being
hydrogenated to ethyl benzene.

The phenyl acetylene content of a styrene-
containing medium is normally between 0.01 and 5 wt.%
relative to the styrene present in the styrene-

30 containing medium. During the hydrogenation process

according to the invention this content is reduced.



:30 Further data of the reaction are presented in Table 1. The data were

regi stered after different ~ 6 SEP ?00? _ g _ on-streamtines °f‘ﬂ$§EPzwz
reactor. Measurenents were carried out after 10, 100 and 220 days.
Conparative Exanple A5 In the reactor @f _exanple | a hydrogenation
reaction was carried out with a palladiumcatalyst instead of a nickel
catalyst. A palladiumcatalyst on y-alum na containing 0.2 wt% of palladi um

was used. Th$?$§h§§nﬁgggtEgn%%§§€££$9ysr¥§£§%&h@os-g§$?€$iqdﬁp exanpl e |

The service I'S cat was® on days ays the

degree of copyp@rshpnpattpbenyt peetytenee had Uest i fieght 0o thiem poh Nt where
continuation of the hydrogenation reaction with this catalyst was not

sensi bl e anytheretyrsnpureonepaidang owédiwe. reacti on are presented in Table
1. Exanple Il In the reaibor of Exanpl enatjon 20 reactjon was

| h
carried out with the catal'§sPr3EEdrd Cﬁg "EI_EJSEQ% r‘?%erl"a%*?%ro ga%fé?féY]ation.
The cat a|5YSta&@éyiéﬁ@n%aﬁeﬁtpi‘eﬁéQééhtf‘eg'Mn théd SR a3 a@éirﬂéz%a%éoo G,

foll owed by reduction wt ydrogen at the sane tenperature. e LHSV
was 6 hr 1 abd aheeaotbact Théneavadsydf ohnatesppdhe D& heres@sction
conditions were the sanme as in Exanple |. Data after different on-stream
ti mes of thetReattactarreThegreacted. inphedrehtnt showsteyeenei ed out 30

after 10 and 100,43V, FUALIR' 108 A 8Lo40E L28CHHAD RYS-Qigseptgd 1n Table

can optionally have been diluted with another, inert
10 gasg such as for instance nitrogen gas. The styrene-

} containing medium and the hydrogen gas can be mixed
before being fed to the reactor.

The reactor can be operated as a two-phase
or as a three-phase reactor.

15 If the reactor is operated as a two-phase
reactor, then the hydrogen gas that is required for the
hydrogenation of the phenyl acetylene is fully
dissolved in the styrene-containing medium that is
supplied to the reactor.

20 If the reactor is operated as a three-phase
reactor the styrene-containing medium and the hydrogen
gas are fed in at the bottom of the reactor and the
product is obtained at the top of the reactor. It is
also possible to supply the styrene-containing medium

25 and the hydrogen gas at the top of the reactor and to
recover the product at the bottom of the reactor. The
reactor can also be operated as a countercurrent
reactor, with for instance the hydrogen gas being
supplied at the bottom of the reactor and the styrene-

30 containing medium at the top. The product is recovered

at the bottom of the reactor.



.1 6 SEP 2002 - to Table 1 Exanplet (days)Tin (C) Tuc (O ~T (O Xph@jﬁ,)fuw.lt
(PP 1,028461899. 8< 101028461899. 8< 1010034491599. 7< 2022039531499.
'30A020402099. 9< 10102228675. 0200 - 3001 1 030451599. 8< 101030451599. 8<
1010035481398. 9100 Expl anati on of the s;;rrbol s: 5t =timeTin =inlet
t-enperature ofthe styrene-contai ni ngnedi'umTout =outl et tenperature ofthe
styrene-cont ai ni ng nedi unil0 OT =di fference between the inlet and the
out | ett enper at ureXph =conver si on of nyl acet yl enePhout ;th%§$ enyl

or

h
acetyl enecontent of thestPyrBhelTomEs nfiMy Pl e 1R HF e T

Example 111 5 fille | I 7 onsi sting
of ni ckel ca‘ffg yggéoﬁﬁgfgg%%‘l & é}émﬂé%fg%%ziﬂ Xﬂ%b&%ﬁ; Ta alrgyré

contained 15rsbctonf Beekebe Fhetdiei HOIdHM WckhExTRACINN & fHwasti on was
supplied, containing 50 w.% of styrene, 8 wt.% of ethyl benzene and 0.8

wt . % of phenyesacetyrene. andheheny H\cqkisl endirrdact hiewpyitrngen fwssure was
3 bar and the #ntet tenBerature was 40 C. Hydrogen gas was al so supplied
via the reactbfYboPEBAT™ Gt th a varying hydrogen gas / phenyl acetyl ene

mol ar ratio, as indicategnhtnTaRle ZardTPim TaDI & -LrdiapiPeSsdftat at a 10

hi gher hydrogen gas / phenyl acetylene nolar ratio the conversion of phenyl
acetyl ene i ntneasésxeS&ohedsiyrehne rsacteact eThd witywind acaityinienzene,
however, causing the net styrene yield to decrease a_little again. 15
Exanpl e |V ER@APPE #1¢ WAR R¥peedenl 9asidwe Lontketet Ay sthih 8-al unina
contai ni ng 20, Wt 4% ni ckel instead of 15 wt.% The inlet tenperature was
30 C. The other reaction conditions were the sane as in Exanple

10 A fixed bed is a bed of solid catalyst

) parts that can have different shapes and can be, for
instance, granules, pellets, extrudates, spheres,
triloops and gaudruloops. The fixed bed can also
consist of a monolith or of miniliths.

15 The hydrogen pressure in the reactor is
usually between 0 and 300.10° Pa overpressure,
preferably between 0 and 50.10° Pa overpressure.
Preferably a low pressure is applied, because then the
reactor does not have to have a thick wall and is

20 therefore less costly.

) The temperature is usually between 0 and
100 °C, preferably between 15 and 50 °C. If the
temperature rises above 50 °C, polymerization of styrene
occurs during the reaction.

25 The process according to the invention is
preferably carried out with a hydrogen : phenyl acetate
molar ratio = 1. By preference this molar ratio is
between 1 and 10. For commercial-scale applications
this molar ratio is preferably between 1 and 4. The

30 "molar ratio is kept as low as possible in order to

prevent conversion of styrene and phenyl acetylene into



.20 1'11. Hydrogen gas was supplied via the reactor bottom wth a Ln
hydr ogen gas / phenyl acetylene nolar ratio, as indicated in Tablgqgﬁhkﬂﬂh1

‘Table 2 it appears that at a higher nickel content of the catalyst the sane
degree of conversion of phenyl acetyleng is 25 obtained with a | ower
hydrogen / phenyl acetylene nolar ratio. Fromthis exanple it al so appears
t hat when the hydrogen / phenyl acetylene nolar ratio is too high, styrene
is al so hydrogeprptieshene 1l 6 SEP 2002 - 12 Table 2 ExanpleH2 / ph

(rmol /mol ) Xph (%S (% 111398.50. 3599. 90. 1799. 90. 11 V1910. 4299. 90. 2399. 9-0. 2
Expl anati on of the synbdllse &refEyes monvdnsiorn iofe pifermte amtndrene H2/ ph =
nol ar rati o hydrogen / phenyl acetylene S = net styrene yield in the nedium
| eavi ng t he R TRLNBITRIVEN ti tHee RRARL WYL 1% tfe %¥act or 10

ExarrpIeVEXﬂEgPe Y@? epe vat qnﬁ re d-wth a LHSV
of 5.5 hrl. A %’ thl’eérrépaera ut{%éq%?ﬁ Q?%’ aCrttt}fe%i'leeehceona\‘?]falldr}sol 0 q%e?‘%eanc%%%ce&eyl ene 15
was 94% gt thenst pit RirdHer epesdmEntberMdRy. ridas dhigyeconver si on of
phenyl acetyl ene had declined to 30% At a tenperature of 90 C the

conver si on ofephignde deiotey | Sl ndt0d9s dtoa ehanttarai tdfert,hdemepard nent .

After 4 days .the cl%)nv rsion(gqr henyl 20 ac t{é}len had declined to 40% The
strong decl i TRELI IR ATRRr GBI THS 1© SIS GE Y7 &% or mat i on of

Pose ol catal gt vy Lo 1o 50 AL UBOORIaA S Ted @R M0 i1
; ; 07iP id el hisguiel hodlrly spdce velocity (LHSV).
10 The process according to the invention is
) usually carried out with a LHSV of between 0.1 and 100
per hour, preferably between 1 and 10 per hour.
The invention will now be elucidated by
means of examples, without being restricted thereto.

15
Examples:

Example T
A reactor with a capacity of 1 m’ was

20 completely filled with a fixed bed consisting of a

) nickel catalyst on 6-alumina. The catalyst contained 15
wt.% of nickel.
A C8 fraction comprising 50 wt.% of

styrene, 8 wt.% of ethyl benzene and 0.8 wt.% of phenyl

25 acetylene was supplied to the bottom of this reactor.
Hydrogen gas was also supplied to the bottom of the
reactor, the hydrogen gas : phenyl acetylene molar
ratio being kept between 2 and 3. The LHSV was 4 h™ and
the contact time was 15 minutes.

30 Further data of the reaction are presented

in Table 1. The data were registered after different
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acetylene in a styrene-containing mediumwith the aid of a catalyst and in
t he presence of hydrogen gas, charact gr%zgd in that the catalyst is a

ni ckel catalyst with a nickel content of 10-25 wt.% supported on a carrier
material and in that the hydrogen gas / phenyl acetylene nolar ratio is

1-10. 2. Process according to.claim1, characterized in that the nickel
content of tPd TREERYsEITES 1AE Z%hWF@%thrPﬁg%%L?ee{%eEbtr%i“f?gmto any one of

claims 1-2, charpehesigegdeid-that 10@ Lairdy J@jerial is 9- or y-alumna.
4. Process according to any one of clainms 1-3, characterized in that the
catalyst is a fixed-bed catalyst with which the styrene-containing nedi um
and the hydrogen gas are contacted. 5. Process according to any one of
clainms 1-4, ‘ePAR3E? e3PPI RA the styrene-containing nedium and the
hydr ogen _.gas are suppli t, the bottomof the reactor. 6. Process

accordi ng to any one ofeg gti'rrlr% g%?t% aorée)lc }(earr?I)zleedall(:na t%‘fr?%eéq% gen gas
I phenyl acetyi@Peoias dattPed Sodr with PrcesaaeyHdifg 40 any one of
clainms 1-6, characterized in that the phenyl acetyl ene content of the
styrene, conin$héad oBdkumdlseD. GHtHlwat %A GalPratiess eyt o any one
of clainms 1-7, characterized in that the tenperature is between 15 and 50
C. 9. Proces¥-atenind ngontaamingne. dfwel niok Haldladhar aterisedt in that the

LHSV is bet 0..1 and 100, h ., 10. P di ng, t f
Claims 1-8, CHArGLERE | SRHFTHT HERIE N CHEVIRF Bethetiie a0 per hour. 11

Process 1acCcosghmigl & O1 aMhON§e P4 &d & IBe IsAbh characi Bfdzethd ndhat the
styr ene-cont ai ning nmedi um contains >_ 30 wt.% of styrene. AVENDED SHEET

10 days. After 10 days the degree of conversion of

phenyl acetylene had declined to the point where
continuation of the hydrogenation reaction with this
catalyst was not sensible any more.

15 Further data of the reaction are presented

in Table 1.

Example I1
In the reactor of Example I a hydrogenation
20 reaction was carried out with the catalyst according to
) Example I after regeneration. The catalyst was
regenerated by treating it with steam and air at 300 °c,
followed by reduction with hydrogen at the same
temperature.
25 The LHSV was 6 hr™' and the contact time was
10 minutes. The other reaction conditions were the same
as in Example I.
Data after different on-stream times of the
reactor were registered. Measurements were carried out
30 after 10 and 100 days. Further data of the reaction are

presented in Table 1.
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containing medium

difference between the inlet and the outlet

temperature

conversion of phenyl acetylene

the phenyl acetylene content of the

styrene-containing medium leaving the

reactor

Example IIT

A 95 ml reactor was filled with a fixed bed

of 70 ml consisting of nickel catalyst on 6-alumina.
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inlet temperature was 40 °C. Hydrogen gas was also

supplied via the reactor bottom, with a varying
hydrogen gas / phenyl acetylene molar ratio, as
indicated in Table 2. From Table 2 it appears that at a
10 higher hydrogen gas / phenyl acetylene molar ratio the
) conversion of phenyl acetylene increases. Some styrene
is reacted further to ethyl benzene, however, causing

the net styrene yield to decrease a little again.

15 Example IV
Example III was repeated, using a nickel
catalyst on 6-alumina containing 20 wt.% of nickel
instead of 15 wt.%. The inlet temperature was 30 °C. The
other reaction conditions were the same as in Example
20 ITI. Hydrogen gas was supplied via the reactor bottom,
) with a varying hydrogen gas / phenyl acetylene molar
ratio, as indicated in Table 2. From Table 2 it appears
that at a higher nickel content of the catalyst the
same degree of conversion of phenyl acetylene is
25 obtained with a lower hydrogen / phenyl acetylene molar
ratio. From this example it also appears that when the
hydrogen / phenyl acetylene molar ratio is too high,

styrene is also hydrogenated.
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the catalyst surface at higher temperatures, resulting

in loss of catalyst activity.
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of 10-25 wt.% supported on a carrier material and in that

the hydrogen gas / phenyl acetylene molar ratio is 1-10.

Process according to claim 1, characterized in that the

nickel content of the catalyst is 11-25 wt.%.

Process
in that
Process

in that

according to any one of claims 1-2, characterized

the carrier material is - or y-alumina.
according to any one of claims 1-3, characterized

the catalyst is a fixed-bed catalyst with which

the styrene-containing medium and the hydrogen gas are

contacted.

Process
in that
gas are
Process
in that
is 1-4.
Process

in that

according to any one of claims 1-4, characterized
the styrene-containing medium and the hydrogen
supplied at the bottom of the reactor.

according to any one of claims 1-5, charactérized

the hydrogen gas / phenyl acetylene molar ratio

according to any one of claims 1-6, characterized

the phenyl acetylene content of the styrene-

containing medium is 0.01-5 wt.%.

Process
in that
Process
in that
Process
in that

Process

according to any one of claims 1-7, characterized
the temperature is between 15 and 50 °C.
according to any one of claims 1-8, characterized
the LHSV is between 0.1 and 100 per hour.
according to any one of claims 1-8, characterized
the LHSV is between 1 and 10 per hour. ’

according to any one of claims 1-10,

characterized in that the styrene-containing medium

contains 2 30 wt.% of styrene.

AMENDED SHEET
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