Sel ecti ve Hydrogenation of Al pha-Methyl-Styrene to Cunene DESCRI PTI ON
BACKGROUND OF THE INVENTION [Para 1 ] This invention relates to the

sel ective hydrogenation of al pha-nethyl-styrene (AMS) to cunene, and nore
particularly to the selective hydrogenation of al pha-nethyl-styrene to
cunene using a conbination of a nickel catalyst and a nobl e-netal catal yst
to achieve an optimal conbination of conversion and selectivity at a | ower
overall catalyst volune and cost. [Para 2] The production of phenol from
cunene by the KBR Phenol Process has been studied for nore than 50 vyears.
Typically, cunene can be oxidized with air to produce cunene hydroperoxide
(CHP), which can be concentrated and cl eaved to produce phenol and acetone
in the presence of an acid catalyst using, for exanple, the KBR Advanced
Cl eavage System Sehectow hlygsogeaation of idpbd-Methy!+Styrenettor Eunende
fractionated to produce high-purity products, principally phenol and

acetone. The fractionation train c i d to separate
al pha-net hyl -styrene (AMS) as co- p??)tdggtkﬁp?rlwtrﬁe AMS can be hydrogenated to

cunene for recycle to the oxidation step. Representative patents disclosing
t he production of phenol fromcunene via cleavage of the hydroperoxide

include US Pat. Magkcr U,g,gQ,F:ﬁim INQedrABManN, 3,646,235 to Little and
5,430,200 to Hood. | [Para 3] AM5S is an inevitable by-product of the

cumene- to- phenol[pRF PSS THYBn P REBhSV8te2h BRe fs@&@@yé N the cunene
oxi dation step, and converted VS durlhgg t he subsecluent cl eavage step.

, 0
AVS is general |y dé'@@@n%'oéhotf@rhﬂ armathyE=2yrene sHMY JOUEY MERE. t o
difficulty in remp Rbre particularly to the selective hydrogenation of

alpha-methyl-styrene to cumene using a combination of a
nickel catalyst and a noble-metal catalyst to achieve an
optimal combination of conversion and selectivity at a lower
overall catalyst volume and cost.

[Para 2] The production of phenol from cumene by the
KBR Phenol Process has been studied for more than 50
years. Typically, cumene can be oxidized with air to
produce cumene hydroperoxide (CHP), which can be
concentrated and cleaved to produce phenol and acetone in
the presence of an acid catalyst using, for example, the KBR
Advanced Cleavage System. The catalyst can be removed,
and the mixture can be fractionated to produce high-purity
products, principally phenol and acetone. The fractionation
train can be designed to separate alpha-methyl-styrene
(AMS) as co-product, or the AMS can be hydrogenated to
cumene for recycle to the oxidation step. Representative
patents disclosing the production of phenol from cumene
via cleavage of the hydroperoxide include US Pat. Nos.
3,290,384 to Largman, 3,646,235 to Little and 5,430,200 to
Hood.



AVS from both the phenol in the rectification step and from the recycled
cunene stream and due to a relatively small market for AMS. \Wen narket.
conditions dictate, AMS can be separated, purified and exported for sale.
AMS produced in the synthesis of phenol can also be hydrogenated to cunene
and recycled to the oxidation step to enhance the overall yield of the
phenol process. [Para 4] Hydrogenation of AMS has previously been disclosed
usi ng nobl e-netal catalysts, notably palladium (Pd) on alumna (Al 203) or
carbon support, where the catalyst can be used in a fixed bed systemin the
liquid phase, or in a trickle bed systemw th both vapor and |iquid phases.

In US Pat. No..3,646,235, . Little et al.  disclose.t use of nickel,

pl ati num pall éﬁ?tﬂé?coﬁﬁ,‘s Ry 16 m%(gﬁiQYe‘er?&f%t&th%Vﬁ?eQ%T alysts for
betwean 1 and Bob P O B R e atur o5 of 24-
120C ( 75- 248F) Cmebﬁé?gaﬂ8§%$tetﬂnﬁg’lfféﬁ§e’eﬁﬁéj (@5&@55?“6@9 € preferably at
tenperatures ofs ft/6ed728 51801 Aesswaserllyibwed adarPa (25- 65

psia). [Para 5] | JS Pat. No. ), Maurer et al. disclose selective
hydr ogenat i on Mnc&'ﬁél‘ﬁﬂl seacijpaly-preduid Cﬂ#%é@rﬁﬂéﬁc'ék‘/smweéﬁ@}"ﬂﬂ th a copper
cat al yst suppor, | A P& i T i I ' sts is
di scussed, but Aflgﬂ @?gggmégg %’rﬂééﬁ‘?lolr} e rggtdgtgg?gsé;@ﬂjgh%ﬁggwen required,
of ten resul ti ndherrecysled) gueumsireanns andydue o o relpsivehssmall Us Pat. No.
5,064,507, O diAgd cg&ﬁ OH; PAKAc Fcation of a
crude phenol E’?ﬁggknét gv'?t\]kg'bet_ we'gﬁ%o’.k%tga Sl%vr\'/resi ahcttggee’r%ynst ti\'ﬁs present by
separating AVG lie separated: pugifiedasd pxpenad fer salea AMBdrodused | ati on
process. in the synthesis of pheno! can also be hydrogenated to

cumene and recycled to the oxidation step to enhance the

overall yield of the phenol process.

[Para 4] Hydrogenation of AMS has previously been
disclosed using noble-metal catalysts, notably palladium
(Pd) on alumina (Al203) or carbon support, where the catalyst
can be used in a fixed bed system in the liquid phase, orin a
trickie bed system with both vapor and liquid phases. In US
Pat. No. 3,646,235, Little et al. disclose the use of nickel,
platinum, palladium, cobalt, chromium oxide and mixed
metal catalysts for the hydrogenation of AMS. A palladium
catalyst having a metal content of between 1 and 5% is
noted as being preferred, for use at temperatures of 24°-
120°C (75°-248°F) and pressures of 0.17-0.86 MPa (25-125
psia), preferably at temperatures of 24°-50°C (75°-122°F)
and pressures of 0.17-0.45 MPa (25-65 psia).

[Para 5] In US Pat. No. 4,822,936, Maurer et al. disclose
selective hydrogenation of phenylacetylene, in the presence
of styrene, with a copper catalyst supported on gamma
alumina. The use of palladium catalysts is discussed, but is
discouraged due to the large excess of hydrogen required,
often resulting in the hydrogenation of styrene.



[Para 71 In US Pat. No. 5,905,178, Hildreth discloses the renoval of AMS
fromcunene by sel ective hydrogenation of the side chain in a distillation
colum reactor. The process includes the step of contacting the cunene/ AVS
feed stream w th hydrogen and catal yst material, with the catal yst
specified as preferably being palladiumoxide on an appropriate support.
The reaction feed is given as 18 weight percent AVMS and 82 wei ght percent
cunene, with the catalyst zone being naintained at a pressure and
tenmperature of 0.21 MPa (30 psia) and | 740C (3456F), respectively. [Para

51 Hvarogenat | palelVOTES PN PE06A80Y, GRFIAEF ) Ak dBReY 1 kel
catal ysts in a“slur pr oCess, Ut 't'he '‘process has been | argely repl aced
with the fixedalproceps cfoeﬂ:beqlw'iﬁoatiossofga cudegphesol stredough the slurry

Baut prent - as. favingbeblabfibts, &3d o' uidioht PEbaRF AT RRE e o0 o
Addi tional ly, sépareivey AMSKedrbesedrudaetpiemssisphadectdusidzpaks, i ncl udi ng

produci ng undesj red d.s't.ge .%r oducts due to over-hydrogenation, and a need for
frequent addit?SiBrAIPHEGHOMPEPSAYS: [Para 9] Noble metal hydrogenation

catal ysts Ly el e GUR NAISRESIAL MR b G FR SpLL L e
nobl e netal catenpshs ofiM§dnematimenbbyasdleativy hyrdrogenatansiofe t han
Lo cal kel R Ry By T Rt el 261 B betk Hd RBnged Drovi e
advant age of trcludes chetstapdohcghtactingithg cafmehe / AMS keéd catedmst and t he
high sel ectivi Y 2 Rgar858n A ¥eivst FiarePlal! BT ORE SalEh 3L catalyst.

specified as preferably being palladium oxide on an

appropriate support. The reaction feed is given as 18

weight percent AMS and 82 weight percent cumene, with the

catalyst zone being maintained at a pressure and

temperature of 0.21 MPa (30 psia) and 174°C (345°F),

respectively.

[Para 8] Hydrogenation of AMS has previously been
disclosed using Raney nickel catalysts in a slurry process,
but the process has been largely replaced with the fixed bed
process due to loss of aromatics, Although the slurry
process is effective, it requires two distillation towers and
associated equipment, as well as energy in the form of
cooling and pressure. Additionally, the Raney nickel-based
catalysts have drawbacks, including producing undesired
side products due to over-hydrogenation, and a need for
frequent addition of fresh catalyst.

[Para 9] Noble metal hydrogenation catalysts typically can
exhibit high conversion yields and selectivity, as well as long
catalyst life with little need for régeneration. However,
noble metal catalysts are generally substantially more
expensive than typical nickel catalysts.



SUMMARY COF THE | NVENTI ON [ Para 11] The present invention is directed to the
sel ective hydrogenation of al pha- methyl- styrene to cunene using a

conbi ned catal yst system having a ni ckel -based cat al

yst and

a

nobl e-metal . catal yst. [Para 121 The present invention provides, in one
enbodi nent, a process for the selective hydrogenation of
al pha- net hyl -styrene (AMS) to cunene. The process includes contacting a
feed stream conprising AMS in cunmene with nickel in the presence of
hydrogen in a first fixed bed catalytic reaction zone to convert from70 to
95 percent of the f&ﬁ,%o curmrene, .and contacting effluent from the first

p

hedresent iRkepHes AR PEPVI

zone with a nobl&3g

bed catal ytic E&%?&Pﬂsﬁgmfbpthéqw*dgeﬁﬁidﬁ‘ of VIS doSE
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obtain a net reactor e
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ar'd

in a second fixed

uﬁ-fmfé effluent to
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nickel T Lhe RlASh GRARKLAMCANE HigA fechiitg 4ot gy ARk s ROr L. The

process can further 1nc recircul ating ortio

rst zone

cunene ef f1 uenof the natdednetalcatadystst ream optionally with cooling for
tenperature control of the first zone. The process can fur
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[Para 12] The present invention provides, in one
embodiment, a process for the selective hydrogenation of
alpha-methyl-styrene (AMS) to cumene. The process
includes contacting a feed stream comprising AMS in
cumene with nickel in the presence of hydrogen in a first
fixed bed catalytic reaction zone to convert from 70 to 95
percent of the AMS to cumene, and contacting effluent from
the first zone with a noble group metal in the presence of
hydrogen in a second fixed bed catalytic reaction zone to
convert AMS in the first zone effluent to obtain a net reactor
effluent comprising cumene essentially free of AMS.

space
ygt and

[Para 13] The feed stream can comprise less than 6 weight
percent AMS. The nickel in the first reaction zone can be
fixed on an inert support. The process can further include
recirculating a portion of the first zone cumene effluent to
the cumene feed stream, optionally with cooling for
temperature control of the first zone. The process can
further include supplying the hydrogen to the first zone at a
molar hydrogen:AMS ratio of from stoichiometric to 100
percent excess hydrogen. The unreacted hydrogen can be

4



velocity of from5 to 15 per hour. The first reaction zone can have an
aver age tenperature between 60 and 90C (140 to 194P). |sopropyl cycl ohexane
(IPCH) formation in the first reaction zone effluent can be mnimzed so
that the first zone effluent is essentially free of | PCH for exanple, not
nore than 50 ppnmw | PCH. The net reactor effluent can include |ess than 750
pprmw AMS. Desirably, the reactor effluent can include | ess than 300 ppnw
AVS. [Para 14] The present invention also provides an inprovenment to the
process for the selective hydrogenation of AMS over a noble group netal in

the presence of _hydrogen to.obtain a cunene, product copprising |ess than
750 ppnw AVB. ﬁ’ﬁésg‘gqﬁ(gr\'ﬂe%f"?%@%w E&F‘Leags)itﬁﬁ Sgcomgge%qt,l% m conpri si ng
up to 6 weight zppecenhe ARl Of tise! TRBE andl $Ecomd §8aREBONCZOA¥EI@GEN Wi th

supported nickel ,catalyst in a fixed bed upstream fromthe supported noble
oroup metal caP8IGiSPOSEUIBrAEPMMAHTERFOF USSEL, ddif B FRACHIONE to cumeno

n an intermedyghe G AATRAGUIRRONAlY spaeatietbiity oM 9D PR and
supplying the internediate streamw th hydrogen to a downstream fi xed bed

conpri si ng t hePSLASBIE elNRSBICONG: ERACLIRN ZONEatan jaEluds S¥BPAItEd stream of
the cumene progaﬁhd Aty AR Tahdye 43 ma;wgﬁ'}ﬁs;ﬁfgéa 15] The

I mprovenent cah further 1nclude recirculatin 1 portion the internediate
stream to the velafitt pbhiarm dpeilon@erhait h Thgdirsigeastiare@peeat ure contr ol

Che hydr ogen ¢ Caf inaVRaiiverdQe (LAMERIPE betkert6b ahd 90' (F4ULPP Y nd
feed stream frbon! 94’bl.cHiamepyicydlohesangdiReH) fexmasiomimtbgdirst The
unreacted hydr pgeqiSRedife RARSET ELRBE REnHRTIEERD fHatethe first

zone effluent is essentially free oflPCH, for example, not

more than 50 ppmw IPCH. The net reactor effluent can

include less than 750 ppmw AMS. Desirably, the reactor

effluent can include less than 300 ppmw AMS.

[Para 14] The present invention also provides an
improvement to the process for the selective hydrogenation
of AMS over a noble group metal in the presence of
hydrogen to obtain a cumene product comprising less than
750 ppmw AMS. The improvement includes contacting a
feed stream comprising up to 6 weight percent AMS in
cumene in the presence of hydrogen with supported nickel
catalyst in a fixed bed upstream from the supported noble
group metal catalyst to convert from 70 to 95 percent of the
AMS to cumene in an intermediate stream that can be
essentially free of IPCH, and supplying the intermediate
stream with hydrogen to a downstream fixed bed
comprising the supported noble group metal catalyst to
obtain a stream of the cumene product comprising less than
750 ppmw AMS.

[Para 15] The improvement can further include recirculating
a portion of the intermediate stream to the feed stream



bed to the downstream fi xed bed. The upstream and downstream fixed beds can
be di sposed in a conmon reactor vessel. The upstream bed can have a liquid
hourly space velocity from10 to 20 per hour. The downstream bed can

i ncl ude supported pal |l adium catal yst and can have a |iquid hourly space
velocity of from5 to 15 per hour. The wupstream bed can have an average
tenperature between 60* and 90'C (140 to 194*17). Since |IPCH formation can
be mnimzed, the internmedi ate stream can be essentially free of IPCH for
exanpl e, not nore than 50 ppmw IPCH [ Para 16] | n another enbodi nent, the

I nvention provides ar at r selective hydro on of AIMS to
cunene. The aBB&‘PJﬁjB’Y‘P gae nﬂeéﬁ'tt@rmﬁﬁﬁﬂ‘fé"? gfﬁgtt"'ﬁg a feed stream

conpri si ng AMByin3t CdHFR Tex & thed)i Tk lrhﬁréwb'@me?ﬁet%?ﬂﬁ?rtﬁér hyeieren in a first
fixed bed catal ytic reacti

zone for, convertin to 95 percent of
the AVS to cufER®! V'é]ﬁdth%gdfﬂbﬁagﬁ@é@sth%ﬂpébfrﬂadﬁgri%@g m:i akAt fromthe
first zone wtpq@lam%ltﬁ) @ e AWASah tHe fd BEREGATROR] hydrogen N a second

fi xed bed catalytic reaction zone convert In the first zone effl uent
for obtai ning a qishiomeseicdio b@ﬂm&rrcten&cﬂm%.h mﬂiheTé@sentlally free of

AVB. BRI EF DES{l 5’5&1‘%}5 Hydtbtefieat! B‘@%éfs%rcﬁﬂ:b?h thedupstriean fiERpmat | ©

di agram of a two-cat reactor ftor t drog enatlon
al pha- et hyl - sbﬁdeﬁ()sﬂ@eldﬂvwﬁrﬁ'ﬁém fikedebadt hEheuumtrwmaarydt bed incl udes a

ni ckel catal yﬁlgmﬂ‘?&régﬁw ﬁ‘i‘éﬂ”ﬂﬁ&?tc%'nyﬁﬁz cFﬁ@okE&'qufgﬁ%@%@ e metal

catal yst, accor t 0 one enbo nvent CRI PTI ON OF THE
| NVENTI ON [ Par aea&]orDEﬂSeSEIled'hﬁdetmmdBQﬂ cahehaveadimuidnbeuntriyon are

di scl osed her etacERuEy from F020BEPHOLRA TAE RovstFbaRPBegTbod ment s

are nerely exe
can include supported palladium catalyst and can have a

liquid hourly space velocity of from 5 to 15 per hour. The
upstream bed can have an average temperature between 60°
and 90°C (140 to 194°F). Since IPCH formation can be
minimized, the intermediate stream can be essentially free
of IPCH, for example, not more than 50 ppmw IPCH.

[Para 16] In another embodiment, the invention provides an
apparatus for selective hydrogenation of AMS to cumene.
The apparatus includes reactor means for contacting a feed
stream comprising AMS in cumene with nickel in the
presence of hydrogen in a first fixed bed catalytic reaction
zone for converting from 70 to 95 percent of the AMS to
cumene; and reactor means for contacting effluent from the
first zone with a noble group metal in the presence of
hydrogen in a second fixed bed catalytic reaction zone to
convert AMS in the first zone effluent for obtaining a net
reactor effluent comprising cumene essentially free of AMS.

BRIEF DESCRIPTION OF THE DRAWINGS

[Para 17] Fig. 1 is a schematic diagram of a two-catalyst
bed reactor for the hydrogenation of alpha-methyl-styrene

6



I nvention, which can be enbodied in various fornms. Specific structural,
functional, and operational details disclosed herein are not intended to be
limting, but are nerely illustrations that can be nodified within the
scope of the attached clains. [Para 19] The present invention provides a
met hod for the selective hydrogenation of al pha-nethyl-styrene (AVS),

which is typically produced as an undesired by-product during the synthesis
of phenol from cunene. Typically, AMS produced in the synthesis of phenol
is present in the crude cunene streamin a concentration of approximately

1-10 weight percent. depgndi.ng, upgn operatin andjtions. | t he present

I nvention, t hetQ:FHH%QQﬁln‘&ﬁgr?@?@?ﬁﬁéﬁ%gﬁ{aﬁwﬁgeaﬁ@c%e%é '%'686! led to a

hydr ogenati on ¢#@dystrand hlidrsegemat edtalyst badtineibdes ai sésble anetahobl e net al
catal yst system t? roduce,a cunene str.eam whi substantially AMS free.

n whi ch_i .
The cunmene st r&3ld acherding to 9&%?@%'%“?@9&'tEFr'BMﬁPF'SF-the synt hesi s

of phenol. The nmmjority of the hydrogenation takes place in the nickel
catal yst bed, with the renaining AMS bei ng hydrogenated in the noble netal

cat al yst bed. né?fqé%wglgﬁr':érg%%géﬁé&syst em results in reduced overall
; u i

catal yst volu penses, and reduced operating expenses.
7 [Para 20] Refgr.Li t | i r t. . for the
hydr ogenat i on l{ﬁarﬁ@ nﬁﬁf%%ﬂg%@%‘?ﬁjQﬁgﬁg@@?qhef%599@3'['&{’?@?%8@(1 systemis
shown. The reaatodisci@feddrereimsiHawewoér,dt fis usiderstmdd thatohe 1 12 and a
second reacti of. f i 1 12 can contain a
ni ckel cat al yg'[szciﬁie%ﬁéilgggﬁﬂghf%égﬁ:gﬁ@;%n eilr%ﬂg'%aﬁpgﬁﬁt ain fi@. nobl e
netal catal ystinvemidnrwhidndasdmethbediad imvaoioes farids. Spetifian be
contained in SeRARlf LA Ral, Und'sPerdibRal details disclosed

herein are not intended to be limiting, but are merely

illustrations that can be modified within the scope of the

attached claims.

[Para 19] The present invention provides a method for the
selective hydrogenation of alpha-methyl-styrene (AMS),
which is typically produced as an undesired by-product
during the synthesis of phenol from cumene. Typically, AMS
produced in the synthesis of phenol is present in the crude
cumene stream in a concentration of approximately 1-10
weight percent, depending upon operating conditions. In
the present invention, the crude cumene stream containing
AMS can be supplied to a hydrogenation reactor,
hydrogenated over a two-bed nickel and noble metal
catalyst system to produce a cumene stream which is
substantially AMS free. The cumene stream can then be
recycled as a feed stream for the synthesis of phenol. The
majority of the hydrogenation takes place in the nickel
catalyst bed, with the remaining AMS being hydrogenated in
the noble metal catalyst bed. The two part catalyst system
results in reduced overall catalyst volume, reduced capital
expenses, and reduced operating expenses.

7



can be contained within the sane reactor shell. [Para 21 ] The first
reaction zone 112 can have a distributor 116 for mxing the liquid and
gaseous conponents, a first catalyst bed 1 18 conprising a trickle bed with
a ni ckel - based catal yst for hydrogenation of AMS, and a liquid take off
tray 120. The liquid take off tray 120 can include a series of plates and
channel s that can channel the liquid feed to a first reaction zone outl et
while allowing the unreacted hydrogen gas to pass directly though a
transition section 122 and into the second reaction zone 114. [Para 22] The

second reacti Ofy.zonNn 1 C d di trlbuto a second
cat al yst bed 19’61r%c€prtrﬁgf ”%9 g? L#d§1 Z Bﬁy%qg{gr};{a r']%rﬂlrgaﬁé? I%pat al yst, and
a collection &patiee hydroghaation ef AMS isRacemif: soeamawedea twof i r st

tlet f | duct and d let for.th | of
oncess hvarooeratalySt pparsystelt fsfenioTBereathon 1 18 cihadisitl s, Seoent bed

?EOYG Iﬁat ur ﬁts)ofrall ﬁkdt&eb%dl?rl;f 26bnehel ?W@G%@;ﬁd@r@éct}@&ﬁtzoﬁe 1:1?‘4 und;ar st ood
at other e nme e presen ention can feature alternate
cat al yst bed CB&@ Lﬁ@t?bﬂsrea k?r” ES?Qﬁ"pi £¥ GEReCeBiANA Nigfele configured to
use a fixed b@QtaCl?F,ﬁhMéttHee?@é(ﬂid\ﬁﬁﬁtﬁbﬁ zéwe hYId:f eaANcENGif@rene/ AVS 8 feed
can be supplied the reactor in_co- curre el;f_p ﬁw or . down fl ow nodes.

[ Para 24] The PPOs¢ "B%aeh%@'yﬁéd Thef 'dé’sﬁf‘ faacHOR ZoMNe%kel cat al yst

and can be anyjgener pd lyndseeBhealdd/ in §EP'aP@t@ ﬁéat'té'ﬁ?' oP s pgRIIpt | on
cat al yst denons sel ectivit Kgi ogenation of the

ethyl enic si dectgfr’&?ﬁ)coﬂ g‘?\‘%@ wiliiiAghe i%@edmﬁ@éé lde effect of |oss of
Oy B S B A SRR o RS (S8 Rlve SHRRRIASS and can

116 for mixing the liquid and gaseous components, a first

catalyst bed 118 comprising a trickle bed with a nickel-

based catalyst for hydrogenation of AMS, and a liquid take

off tray 120. The liquid take off tray 120 can include a

series of plates and channels that can channel the liquid

feed to a first reaction zone outlet while allowing the

unreacted hydrogen gas to pass directly though a transition

section 122 and into the second reaction zone 114.

[Para 22] The second reaction zone 114 can include a
second distributor 124, a second catalyst bed 126
comprising a trickle bed with a noble metal catalyst, and a
collection space 128. The collection space 128 can inciude
a first outlet for removal of liquid product and a second
outlet for the removal of excess hydrogen gas.

[Para 23] While the embodiment of the reactor described
above features trickle beds for the hydrogenation of AMS, it
is understood that other embodiments of the present
invention can feature alternate catalyst bed configurations.
For example, the reactor can be configured to use a fixed
bed catalyst reactor wherein the hydrogen and cumene/AMS



ni ckel by weight, with the remai nder of the weight being nmade up by the
support material. Desirably, the nickel content of the catalyst is between
10 and 25 weight percent. In the case of the supported catal yst, the
support material can include, for exanple, silica, titania, zirconia,

al um na, Kkeiselguhr, magnesia, calciumalum nate cenents, other inorganic
carriers, carbon, and other known materials. [Para 25] The catal yst can be
provided in any suitable form desirably with a m ni num di nensi on of at
least 1 mm Specific particle di mensi ons can be sel ected based upon

reaction conditions and the t) of , cat al yst . bed bei ng use The cat al yst
can include ante%qi]éﬁB éb‘ip(ﬂli%fg%fth?(ﬁeéﬁ OF U),£PaEHIEMNHPTIAW Qfii ng but  not

limted to, cydovdefow habbess, garanules, spheres, |obed cylinders, or
conmbi nations thereof. The catalyst can also contain holes or passages. The

particles can Peafac24pdThY filihedalystdud nnahesahbly gyptaingsa for exanple,
extrusion or tabletti ngyor the like. The catggst can be shaped either
S

before the ni cREFKelf@tal shran 5ﬁ6rﬁﬁéFY&%@)’Lﬁ“\ QREMEREIABMuced, or it can

be shaped af t guaiaple ﬁrcwehyaro a@ﬁirﬁth@dl?st ahﬂwﬁﬁﬁht’ﬁ? gaadbe suppl i ed
as a nickel oxide catal an reduce in the

process, or thé&elctivdty é{nﬁ’aﬁ]\,\gb{drggegapﬁ@ @gimﬁhvmcﬁéd@ngéoﬂ@duced and
metal surface OPWFV%%ut[ﬁ?é@lngﬂnt@EF5|@éa€FE@t 8F (gs st abl e ni ckel

hydr ogenati on cata I s conmer ci al aval 'e under the trade
desi gnat i on I-rr@anaétUBtRPTbﬁo@I%&H Bl Mﬁh§éﬁ hesup@prtedne NI 405RP, for

exanple, is a hwshggﬁ&éaraﬁat@amtgh@ém 5etgbyiio arad SY pkegnoupport with

a surface area OoXl mate he cat al St can e a nom nal size
of 1.2 nm and naclf:ﬁ dk\éWEdGHtertfbth%ﬁwndﬁfél} ge/vwegwbemg

made up by the support material, Desirably, the nickel
content of the catalyst is between 10 and 25 weight percent.
In the case of the supported catalyst, the support material
can include, for example, silica, titania, zirconia, alumina,
keiselguhr, magnesia, calcium aluminate cements, other
inorganic carriers, carbon, and other known materials,

[Para 25] The catalyst can be provided in any suitable form,
desirably with a minimum dimension of at least 1 mm.
Specific particle dimensions can be selected based upon
reaction conditions and the type of catalyst bed being used.
The catalyst can include any shape providing sufficient
surface area, including but not limited to, cylinders, tablets,
granules, spheres, lobed cylinders, or combinations thereof.
The catalyst can also contain holes or passages. The
particles can be formed by methods known in the art, such
as, for example, extrusion or tabletting, or the like. The
catalyst can be shaped either before the nickel and/or any
promoter compounds are introduced, or it can be shaped
after manufacture of the materials. The catalyst can be
supplied as a nickel oxide catalyst, which can then be
reduced to nickel in the process, or the nickel component of



percent. Generally, the catalyst can be manufactured in a reduced and
passivated form and reduced with hydrogen at noderate tenperatures to
activate the catalyst. [Para 27] The second catal yst bed 126 can contain a
nobl e- netal catalyst, with a relatively high activity and a good
selectivity to hydrogenation of the ethylenic side group of the AMS w t hout
| oss of aromaticity. The netal can be selected fromthe group consisting
of, but not limted to, platinum palladium iridium rhodium osm um
ruthenium and so on, and can be on a support material . The support
material can be sel ect ed froamsilica ani a, zi rcom a, alum na,

kei sel guhr, ma@l?h%§ﬁ§a yehrans QIFQM&M@ amshmetal SUREACS nor gani ¢ support s,
carbon, or ot hgﬁ s SNy ?@@I e materials. The catal yst desirably can have a

m ni mrum dinmension of at least 1 nm and can be shaped in the form of

cyl i nders, taprgrg 26P h@h%S x&&@ﬂé’&ﬁsa shgla%qf‘%ﬁtkﬁp'ﬁ?t%mgénaﬁbﬁer shapes,

and can have passages’ or esire Par a content in the
catal yst can béatﬁévwe@ncmme@a pAvadlabéaungarstheyrags ght, with the

remai nder bei ngesRypRASA HIRE NI 405 RIPBFLHARLY by 18hAZLAMtHAS between 0.1

and 10 percent rre d/ group I'ntroduced to the
cat al yst suppo Gritl AGHRP b r@&amﬂ'eaﬁlétl@h@tmudamlﬂtﬁlt hose skilled

inthe art. Ea@ggq%ﬁ auf B R RUR ARG sEPfcheafdgpregnated with a

solution of a regnation e support can be
dried and subj appedxiroatelyak mehtg.ail hiei gatatlﬁt;mmﬂ'mwesa mmtrmi\seze t he

| npr egnat ed net.al | t he
support can bebmp?ce)mﬁg'tgﬁas‘\}epﬁq&q (?3] ubl on%p@ﬁm ﬁ@ #Fen or

pal | adi um chl opedeentz\hﬁeneraﬁy\, th%ﬁatﬁdv&bﬁaerbeammmuf&céum ah 2oxi de by being
subjected 10 {LGALEE YnPhalt Rt ETBRFAHHE educed with hydrogen at

moderate temperatures to activate the catalyst.

[Para 27] The second catalyst bed 126 can contain a noble-
metal catalyst, with a relatively high activity and a good
selectivity to hydrogenation of the ethylenic side group of
the AMS without loss of aromaticity. The metal can be
selected from the group consisting of, but not limited to,
platinum, palladium, iridium, rhodium, osmium, ruthenium,
and so on, and can be on a support material. The support
material can be selected from silica, titania, zirconia,
alumina, keiselguhr, magnesia, calcium aluminate cements,
other inorganic supports, carbon, or other suitable
materials. The catalyst desirably can have a minimum
dimension of at least 1 mm, and can be shaped in the form
of cylinders, tablets, spheres, granules, lobed cylinders, or -
other shapes, and can have passages or holes as desired.

[Para 28] Metal content in the catalyst can be between 0.1
and 50 percent metal by weight, with the remainder being
support material. Desirably, the catalyst has between 0.1
and 10 percent metal by weight. The metal group can be
introduced to the catalyst support material by any suitable
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(Para 29] An exanple of a palladiumcatalyst suitable for wuse in the second
catal yst bed is the hydrogenation catalyst available under the trade
designation 309/6 E manufactured byJohnson Matthey. The 309/6 E pal | adi um
catal yst denonstrates high selectivity for hydrogenation of the ethylenic
side group wthout |loss of aromaticity due to over hydrogenation of the
aromatic ring. The 309/6 E catalyst can have a trilobe shape on an al um na
base with a nom nal size of approximately 2.5 nm and a surface area of
approxi mately 110 M2/ g. The palladium content can be approximtely 0.3

ercent by weight, The catal yst can manuf actured in th oxi de form and
(F:)an be ac%/i va'lt'g‘(ﬁE thednigno W%{%&légse[srkblf%p tH?oarﬁ; Qfgl%%% ?h&%\/B a cumene

feed contai n'sﬂgpyérttmaTt@rira(Frc@ﬁnﬁe'?hﬁ)rb?n\&QeéhMtﬁad‘sbﬁ.lﬁ@ﬁﬂiﬂe?d to the hydr
' ogenation react 110 via Ilgeirt 130. T ed ¢ e a cr udggstreamtaken

from a phenol 9hednstar@es %veﬁregnaﬁeapﬁﬁ@rﬂmmm nd AMB, can
al so incl ude anaat@ﬁd%n é@gt?(??étﬁéﬁméhﬁﬁt h@ﬁltéﬁ%ar LiRes kgactor feed

m Xt ure contains V\%)e{] percen even nore
desirabl y, theCQ@é%Ft um@rm@teﬁmg!eta hiEe B fm@yp@cm gt thercent AMB.

The AVB cont eéadf of balla@ilAE Y S@ABLAREf e RBrEGnaRI] WAth e tenperature

rise of the hydroge atlon reaction, nore enerally
resul ting in aSolugien of aaladivm oirate Orﬂ%félﬁdlslmgﬂwoﬂﬁﬁe\ﬂ&fﬂghcan i ncl ude a

fl trol f P 31
G contvol e endibs porSaUelo e i sliddyeggemed e 51

Hydrogen gas can be sup
via line 134 mm&rreactm\enmﬁ high dempgrateetf.rol val ve 136 Hydr ogen can be

supplied at a drogen: AMS ratio fronm a stoichionmetric anounf up to a
PP Fﬁér 9] An example of a palladium catalyst sultable or P

use in the second catalyst bed is the hydrogenation catalyst
available under the trade designation 309/6 E manufactured
by Johnson Matthey. The 309/6 E palladium catalyst
demonstrates high selectivity for hydrogenation of the
ethylenic side group without loss of aromaticity due to over
hydrogenation of the aromatic ring. The 309/6 E catalyst
can have a trilobe shape on an alumina base with a nominal
size of approximately 2.5 mm, and a surface area of
approximately 110 m2/g. The palladium content can be
approximately 0.3 percent by weight. The catalyst can be
manufactured in the oxide form and can be activated using
hydrogen.

[Para 30] To hydrogenate the AMS, a cumene feed
containing up to 10 percent AMS by weight can be supplied
to the hydrogenation reactor 110 via line 130. The feed can
be a crude stream taken from a phenol synthesis process
which, in addition to cumene and AMS, can also include
lighter and heavier aromatics. Desirably, the reactor feed
mixture contains between 2 and 6 weight percent AMS, and
even more desirably, the feed mixture contains
approximately 4 weight percent AMS. The AMS content of



| O-fold nolar excess. Desirably, the hydrogen is supplied at a

hydr ogen: AMS ratio froma stoichionetric anount to a 100 percent hydrogen
excess. Hydrogen enters the first reaction zone 112 through an inlet, which
can contain a hydrogen distributor 140 or other dispersion device. The
hydrogen inlet can be | ocated at the top of the reactor shell, and is
desirably upstreamfromthe cunene/ AMS feed inlet. (Para 32] The liquid
cunmene/ AMS feed m xture can be supplied to line 142, which can then supply
the first reaction zone 112. Line 142 can include a heat exchanger 144 to
heat or cool the feed stream 142 as desired. A bypass- |line 146 can include
a flow control valkve,148,_allowing a rtio t he cumene/ ANS feed to
bypass t he hea‘h%i%%%ﬁ&@am4%%?ﬂlés%@ggs@rﬁrﬂg{qﬁéemr\%ﬁ"(/eer'f$8 can be
used to controbf thédyidrogeratioreredction, heeck AMS e thedetdr. The cunene/ AVS

feed can be s lied,to the reactor. inlet, where the feed enters the
di stribut or sgggnlﬁFﬁﬁée%‘Fﬁ{%m '(9Ic}kﬁ'r L [ EV VAR %§8F‘ogen gas. [Para

33] The hydrogenpphdiihequ3d dagethdadearflodv cdnsidliaiyen 3déowhi ch
facilitates m xi ngl’piftht he cuane/éNS feed and the hydrogen gas.

Hydr ogenat i on 6PN FEa8PT thec(hed Sth83Mi i ckl e bed 118 having a ni ckel
catalyst, as 1 reyjpusl y described, A cunene-rjch prqduct stream and the
inr eacted hydr BAIA Shb - BxFrOGRE 2% saphe sUaPTes toHhe THFE redbhPhr ea i n a
i qui d take of ponect i Rrofldfa rdd@opwiziigre | Bahwhidleah intledenachaw ncl ude
between 5 and 30 per.cent Q:{ﬁet I"l_f&kmtlal Axg?h I—%d’.oaenatlon of the AMS in
the first cat&PPEOIn@ive d 3fesHyssogen can R suPRIISH dfabet ween 70 and 95

percent of t hehydégeh-AMScatiPhom3bidiehibimittié dmleurtiip $6Gi i on 120
(eatures s serforcl Pt S GIEATEL, S by HogHas o i o
at a hydrogen:AMS ratio from a stoichiometric amount to a
100 percent hydrogen excess. Hydrogen enters the first
reaction zone 112 through an inlet, which can contain a
hydrogen distributor 140 or other dispersion device. The
hydrogen inlet can be located at the top of the reactor shell,

and is desirably upstream from the cumene/AMS feed inlet.

[Para 32] The liquid cumene/AMS feed mixture can be
supplied to line 142, which can then supply the first reaction
zone 112. Line 142 can inciude a heat exchanger 144 to
heat or cool the feed stream 142 as desired. A bypass line
146 can include a flow control valve 148, allowing a portion
of the cumene/AMS feed to bypass the heat exchanger 144,
The bypass line 146 and valve 148 can be used to control
the temperature of the feed to the reactor. The
cumene/AMS feed can be supplied to the reactor inlet,
where the feed enters the distributor section 116 of the
reactor and mixes with hydrogen gas.

[Para 33] The hydrogen and liquid feed contact a
distributor 116 which facilitates mixing of the cumene/AMS
feed and the hydrogen gas. Hydrogenation of the AMS can
occur in the trickle bed 118 having a nickel catalyst, as

12



exiting the nickel catalyst bed 118 to a first reaction zone outlet which
Is ffed to line 150. Unreacted hydrogen gas passes directly fromthe first
catal yst bed 118 through the 1liquid take off section 120 to the second
catal yst section 114 though a connecting space 122. [Para 35] The
cunene-rich stream having a reduced AMS content, exits via |line 150, which
can contain a punp 152. Line 1 50 supplies the cunene-rich streamto |ine
142. Line 142 can include flow control valves 1 54 and 156 which can allow
the cunene-rich streamto be recycled to the first reaction zone 112, or
supplied to the second reaction zone 114, in whole or in part. [Para 36]

Li ne 142 connects to ling 158 d streanlof 154, 156, and can supply
feed directly P& Y'I?é"sé\é%&”%reég | GHMERRs Tigh F?éoéuﬁ 5 Tﬁmrf’d'lcﬁde a heat
exchanger 160, thalrfreanted hydrogent gabeiediedaeagkededs] gsaned. Line 158
can al so include a bypass,|line

can.inc val ve 164, allow ng
a portion of tﬁéeéﬁrﬁ’@rﬁétqrdé‘haslﬂfﬂ@&mﬂ ?%&%%tloﬂh&&eéfh%ﬁéﬁ%ﬁ@%? 160. The

tenperature of rkmﬁPF@@dcpgnelam %ﬁﬂt rn‘élu@é‘ H@m@érpwm (PPEFEAt of the feed
to bypass the heat exchan 13 [ Para "[ﬁe cunene-rich feed stream

enters the sec@ﬁﬁdher'é‘éﬁﬁﬁﬁ Szohlé/dm@emaa!oaho hetAMSdat e fipst ream from t he
di Stri butor 12408 el A8l it RXSTRAASINLS hoklpen 707wt he 11 rst

reacti on zone roug transition section I'f desired, a second
m xi ng devi ce @%pewmfﬂ&%mmﬁ@ f86dd to the distributor 124 to assist in

m xing of the feed sﬁ m and t he hy grogen The hydrogen and, cupene-rich
feed mxture i 4P %ru'bﬁf’f e “%U%&QJ‘?ﬂjO hseryen ]Z)Q(feéﬂﬁesvﬂhéﬁéleﬁy@f ogenati on

g; t gp)ylsﬁl\/g aen&ﬂmersgtna& ¢REn n EWHRRo Ll BuPhé @ AP FePGGhing AlMs second
exiting the nickel catalyst bed 118 to a first reaction zone
outlet which is fed to line 150. Unreacted hydrogen gas
passes directly from the first catalyst bed 118 through the
liquid take off section 120 to the second catalyst section
114 though a connecting space 122.

[Para 35] The cumene-rich stream, having a reduced AMS
content, exits via line 150, which can contain a pump 152.
Line 150 supplies the cumene-rich stream to line 142. line
142 can include flow control valves 154 and 156 which can
allow the cumene-rich stream to be recycled to the first
reaction zone 112, or supplied to the second reaction zone
114, in whole or in part.

[Para 36] Line 142 connects to line 158 downstream of
valves 154, 156, and can supply feed directly to the second
reaction zone. Line 158 can include a heat exchanger 160,
allowing the feed to be heated/cooled as desired. Line 158
can also include a bypass line 162, which can include a valve
164, allowing a portion of the cumene-rich stream to bypass
the heat exchanger 160. The temperature of the feed can
be controlled by allowing a portion of the feed to bypass the
heat exchanger.



126 desirably contains a noble netal catalyst, as previously described. The
product stream fromthe second catal yst bed 126, containing cunene and
desirably only trace anmounts of AMS, exits the second catal yst bed 126,
along with unreacted hydrogen and collect in collection space 128.

Hydrogen gas exits via a gas outlet to line 166, and |liquid cunmene product
exit the collection space 128 via filter 168, <connected to line 170. [Para
38] Hydrogenation in the second catal yst bed of any AMS remaining in the
cunmene feed stream can be between 85 and 100 wei ght percent of the AVS
contained in the feed to the second bed, desirably at |east 95 wei ght
percent. AVS H@afachi] i hhekairpesaatichsieeshsireasmeniersteseceadal yst  bed

126 can be | esgeddiid FRRPTviER] TRk YOLSRR LRAEHA frpfvhe Par 2 39]

Hydrogen gas exits via lin can 1nc into drum
174. Cumene prdtﬁicnblmart1§.4,v\:vheremtanuxes withdnydrogemurhich flavse 176, into

drum 174 DX WOl 183 SRR, SUABTP) P AKMAIoH BOfPayglh | o L ont

conmpounds and exit vra'l 178 can i ncl ude
over head conde&eemom8k22 whf disirad, B4seconid mixingodewicar(notisingvdnt o t he drum

el ude_ pressord o effeti Pie BUSI PRASB R M BT 06 o o
knockout drum i3 fead sheeaupd ¢He wdrdgere T8@ hpdeogemainger at or  ( not
PRov) P e RSO e M BOE LA VEE T, |
heavi er conpoubdd b2@switeraritydradenation lafrany A4S refaihirepin ithel ude a punp
;goaf or delivery Alnd ek 'sBilatn GHBR8r. " SOESTd RaRdsh e be recycled

126 desirably contains a noble metal catalyst, as previously

described. The product stream from the second catalyst bed

126, containing cumene and desirably only trace amounts of

AMS, exits the second catalyst bed 126, along with

unreacted hydrogen and collect in collection space 128.

Hydrogen gas exits via a gas outlet to line 166, and liquid

cumene product exit the collection space 128 via filter 168,

connected to line 170.

[Para 38] Hydrogenation in the second catalyst bed of any
AMS remaining in the cumene feed stream can be between
85 and 100 weight percent of the AMS contained in the feed
to the second bed, desirably at least 95 weight percent.

AMS content in the product stream from the second catalyst
bed 126 can be less than 750 ppmw, desirably less than 300
ppmw.

[Para 39] Hydrogen gas exits via line 166, which can
include a valve 172, into drum 174. Cumene product exits
via line 170, which can include valve 176, into drum 174.
Drum 174 can separate cumene product from volatile light
compounds and hydrogen gas, which exit via line 178. Line
178 can include overhead condenser 180, which can
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circulation streamvia line 192, which can include a flow control valve,
and can be supplied to line 142. Line 192 can include a bypass |ine 194,
whi ch can supply a portion of the cunene circulation streamto the second
reaction zone 1 14 wvia line 158. Cunene product exits via line 195, which
can include a valve and a heat exchanger 196, and can be supplied to the
phenol synthesis |oop as feedstock. [Para 41 ] Upon start up of the

hydr ogenati on process, the reactor 110 is initially primed with a steady
stream of cunene, supplied to the reactor feed line 142 via line 192. The

start-up cunene stream can be a [ Y‘g amfrg éhe hydr ggenati on
reactor 110, oFONEepaR ée'ﬂﬂ'ﬂ 1gH f‘ott hé4: ceas &Xitat&uppl i ed from

t he phenol Synwﬁ%fsche%ﬁéﬂi"éad IBﬁd%h%@?W@ |l ¢8M QﬂﬂchecaFrPnt i nuously
supplied to both the first and second reaction zohes 112, 114, as a

circul ation st i"é’dH‘de[mséUJIQ]COTHéOWébf@o} Bgséﬁﬁuﬁ!@tﬂférk%@dhﬂ%t ai ned between
9.2 and 7 WPa Fani184108a3 @8hfknRkIiABIMIPSAY y9e3Su Ffed MPa (50 and

1 50 psia). The reactor pressure can conveni ent controlTed through the
addi ti on of hy¥iljBa.1 &ﬂ@ arbml@nerats?rrp@t@ttsh@wa nPUEI@GJ nt ai ned bet ween 16'

and 18 260C (ohrgees PR ndroneh! echiberpelsed AntlitOpy Chadyand 1947) . The

reactor can optiona exch ers wt strean1to

control the tWm%raoyggu%eﬁ@gqrb%ﬁ&tﬂ.arun)/mvwwlegseyw fgmture of the

feed stream t he ni catal yst activity decrea at| ng of the feed
stream may be M@d@émam&mwefnaowpoumdscna'grseaaancdoaxeta vpadmﬁct ef f | uent

can be recycl eq g6 ghidH £ ALARL & 1990 deliidly dthd Rigiat rol the

tenperature ri se dcross f reactor 'as he exothern1 reac |on progresses
cumene. The cumene product can be recycled as a

circulation stream via line 192, which can include a flow
control valve, and can be supplied to line 142. Line 192 can
include a bypass line 194, which can supply a portion of the
cumene circulation stream to the second reaction zone 114
via line 158. Cumene product exits via line 195, which can
include a valve and a heat exchanger 196, and can be
supplied to the phenol synthesis loop as feedstock.

[Para 41] Upon start up of the hydrogenation process, the
reactor 110 is initially primed with a steady stream of
cumene, supplied to the reactor feed line 142 via line 192,
The start-up cumene stream can be a recycle stream from
the hydrogenation reactor 110, or it can be a portion of the
cumene feed stream supplied from the phenol synthesis
process. The start-up stream can be continuously supplied
to both the first and second reaction zones 112, 114, as a
circulation stream.

[Para 42] The reactor pressure can be maintained between
0.2 and 7 MPa (35 and 1015 psia), desirably between 0.3
and 1 MPa (50 and 150 psia). The reactor pressure can be
conveniently controlled through the addition of hydrogen.
The reactor temperature can be maintained between 16° and
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[ Para 43] Residence time for the cunene/ AMS feed is generally shorter in
the nickel catalyst bed than in the noble netal catalyst bed. The nickel
catal yst generally exhibits a higher activity than the noble netal

catal ysts, and prolonged exposure of the AMS to the nickel catalyst can

| ead to hydrogenation of the aromatic ring, whereas the noble netal

catal ysts generally exhibit a higher selectivity to hydrogenation of the
ethylenic side chain. The liquid hourly space velocity (LHSV) of the
cunmene/ AMS over the nickel catalyst in the first catalyst bed can be from
10 to 20 hr-1, desirably from12 to 16 hr-1. The LHSV of the cunene/ AVS

over the nobl a VSt ~d . | ysd from5 to
15 hr-1, desi %@ﬁ?k@@rﬁ@bt@qfﬁﬁﬁgﬁra?%ﬂgt\ﬁg%ﬁ&(znﬁﬁécblm]e ol I owi ng
exanpl e was camdiu@4%H),i Tha pdahor ghandptienatly empdeg haatwi t h an i nt er nal

di aneter of 21 The pil ot a h a_single cat st bed which

consi sted of Sg)f%g%rér\mtggnghgr}tgegﬁgt‘[gﬁnbgag Wﬂ%erei n the catal yst
had a vol ume oferdperdturéisf thrramdatiomdy vasyiggetet@roperataeasf a pressure
700 (122 and 10HeerAREAER P thR A Ftatfeta @Bl LTS a ni kel
cat ?I yst havi ﬂ?e@tir%@ afwr@emethmim?havﬁz@gegéﬁgmaAgaitibh?ﬂv,edsggge and a
surface area o : S opera a : a psia) an

(158F), with ah dlq_sl'-@r\az'(ﬁgoollﬁ hipC .Uelth%f(?ﬂ@éﬁ &n @@rﬁ%‘glﬁi‘?@taéda of approxi mately
96 wei ght per capéulabithinfeaNdtaph Uia THeel 924 oMebatiol ther cent AVS, and was
supplied to the reactor where it é:ﬁ)nbi ned wit hydrogen present in an

excess of 10- NP8 JETRALERS DENe RRAGRE 3SR S NRE]6ppr oxi mat el y 85

percent, W th gadeidH peb§Fedsedpropyl cycl ohexane present in a concentration
of 34 ppm

[Para 43] Residence time for the cumene/AMS feed is
generally shorter in the nickel catalyst bed than in the noble
metal catalyst bed. The nickel catalyst generally exhibits a
higher activity than the noble metal catalysts, and prolonged
exposure of the AMS to the nickel catalyst can lead to
hydrogenation of the aromatic ring, whereas the noble metal
catalysts generally exhibit a higher selectivity to
hydrogenation of the ethylenic side chain. The liquid hourly
space velocity (LHSV) of the cumene/AMS over the nickel
catalyst in the first catalyst bed can be from 10 to 20 hr-,
desirably from 12 to 16 hr-1. The LHSV of the cumene/AMS
over the noble metal catalyst in the second catalyst bed can
be from 5 to 15 hr-1, desirably from 6 to 12 hr-1,

[Para 44] Example 1. The following example was
conducted in a pilot plant having a reactor with an internal
diameter of 21 mm. The pilot plant had a single catalyst
bed which consisted of silicon carbide and a nickel catalyst,
wherein the catalyst had a volume of 35 mL. The reactor
was designed to operate at a pressure between 0.1 and 1
MPa (15 and 150 psia), and a temperature between 50° and
70°C (122° and 158°F). The reactor, having a trickle bed with
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[ Para 45] Exanple 2. A hydrogenation reaction according to a reactor
described in exanple 1 is given. The reactor enployed a trickle bed with a
ni ckel hydrogenation catalyst wth a 16 percent by weight netal content, a
tril obe shape, and a surface area of 112 nR/g, was operated at 0.5 MPa (72
psia) and 50C (122F), with an LHSV of 12 hr-1. The feed stream consisting
of approximately 96 wei ght percent cunene and approxi mately 4 wei ght
percent AVMS, was supplied to the reactor where it conbined with a 10-30%
excess of hydrogen Hydr ogenati on of the, AMS to cunene was 99.7 percent,

Approxi mat ol y S CkETEHARST 'ﬁ%ﬁ*‘%ﬁ*"@@eg@éﬁ@?é’a@ B BRREETLT 2 ranel AV
feed in a reacamteriad tijoder vivapanad aswiasterres ofilvieh mig, dNﬁEEe; ﬁl\/B f eed

50 ﬂ/ﬁl : 000 .
(Iilsgfglgzlnn\?vas ae‘\ﬁéﬁi}%opﬁﬁe cune eW%E? Qldl ?6@ a?S‘Fg; ﬁ{i@{) rrB/hrg Arcurrene
di | uent st reanh.HSh’otyfclGdnﬂ.o'ﬁ?elfeedrﬂd&am sonsistedvafsappraidinately he feeﬂ t

t t

iLLEZ:”‘nZ‘& Zpéf%i‘@%ntm Q&e@% U?Lmeh??id %ﬁ”ﬁ?@é@%&& Lfffng{udeﬁ 2
[ 17 aaae i [
plagc'?or atcgaaggg\z 1:3 I\]:gg;% asng?pfl i EO %Eem 5;28 :‘(raom E1gCt((1a
13F) at the st dﬁ frit e}a (Elrogé: g’re%%ﬁﬁ?% {":? %s{) 3 \;"355 t he
reaction. Ttd1e Hvdcdﬁ/ggnaasg opthaddSao @Jmenvlléa/vf aﬁ(eapgg?lrmnelﬁﬁgst?ggugi t he
wae. produced abetcer i Sid8athfler SRRy ld LR bk hns e et cont
AMVS, correspondongemntratiom by @4doppmati on of 88.2 percent of the initial AMS

feed in the first catalyst bed. The tenperature varied from 65C (149F) at
the start of t{Rara 45] Example 2. A hydrogenation reaction according

to a reactor described in example 1 is given. The reactor
employed a trickle bed with a nickel hydrogenation catalyst
with a 16 percent by weight metal content, a trilobe shape,
and a surface area of 112 m2/g, was operated at 0.5 MPa (72
psia) and 50°C (122°F), with an LHSV of 12 hr-!, The feed
stream, consisting of approximately 96 weight percent
cumene and approximately 4 weight percent AMS, was
supplied to the reactor where it combined with a 10-30%
excess of hydrogen. Hydrogenation of the AMS to cumene
was 99.7 percent, with side product isopropyl cyclohexane
present in a concentration of approximately 43 ppm.

[Para 46] Example 3. Hydrogenation of a cumene/AMS feed
in a reactor having a two catalyst system is given. A
cumene/AMS feed comprising 50 weight percent AMS was
supplied at a rate of 1000 kg/hr. Hydrogen was added to
the cumene/AMS feed at a rate of 100 Nm3/hr. A cumene
diluent stream, recycled from the product stream, was
added to the feed stream at a rate of 10,000 kg/hr, resulting
in a feed to the reactor that contained approximately 5
weight percent AMS. The first reactor included a nickel



reaction to 119C (246F) at the end of the reaction. [Para 47] The product
streamfromthe first catal yst bed, having an AMS content of approxi mately
0.5 weight percent, was supplied to the second reactor at a rate of 1008
kg/ hr. Hydrogen was added at a rate of 10 NnB/hr. The second reactor

I ncluded a trickle bed having 0.13 n8 of a palladium hydrogenation
catalyst. The feed was supplied to the reactor at an LHSV of 9 hr-1, and a
tenperature that varied from 60C (140F) at the beginning of the reaction
and 100C (212F) at the end of the reaction. The reactor was operated at a
pressure of between 0.4 MPa (60Q Asia) at the start of the reaction, and 0.8
MPa (120 psi a) catalysiehavinga th{tém%ﬁ(fﬂl oR. m3aj1?bﬂéegdoua&tsumz=llqﬁ oduced at a

rate of 1008 kg Wheﬁ%w*@pﬁﬁr‘hﬂﬁﬁgﬂ%ﬁ%h O?a%rap{é 02 wei ght

percent, correspon ydr ent of the AM
suppl i ed to ththakvariadrfsant 45 Ca(ﬂ\d3a|ﬁ) @t/amstartrgﬁthﬁgmcm@n tof 99.9

per cent of e 1kl @ el Rlend dPrn@raduabn SPRERUEEYEARexane (1 PO

concentration int Mat eri al
bal ances for thperated aaﬂd4§éEan660qmla) y\tttheesctarboﬁtheeregcmenn amd Tables 1

Bed) - Net Bed P4t 20hdal ar e EbraRe TS, TRCBRgeL G YS!
was produced at a rate of 1008 kg/hr and consisted of 0.5
weight percent AMS, corresponding to the hydrogenation of
88.2 percent of the initial AMS feed in the first catalyst bed.
The temperature varied from 65°C (149°F) at the start of the
reaction to 119°C (246°F) at the end of the reaction.

[Para 47] The product stream from the first catalyst bed,
having an AMS content of approximately 0.5 weight percent,
was supplied to the second reactor at a rate of 1008 kg/hr.
Hydrogen was added at a rate of 10 Nm3/hr. The second
reactor included a trickle bed having 0.13 m3 of a palladium
hydrogenation catalyst. The feed was supplied to the
reactor at an LHSV of 9 hr-', and a temperature that varied
from 60°C (140°F) at the beginning of the reaction and 100°C
(212°F) at the end of the reaction. The reactor was operated
at a pressure of between 0.4 MPa (60 psia) at the start of the
reaction, and 0.8 MPa (120 psia) at the end of the reaction.
Cumene product was produced at a rate of 1008 kg/hr, and
had an AMS content of approximately 0.02 weight percent,
corresponding to the hydrogenation of 95.4 percent of the
AMS supplied to the second reactor, and an overall
hydrogenation of 99.9 percent of the initial AMS feed. Side
product isopropylcyclohexane (IPCH) concentration in the
product stream was no greater than 50 ppmw. Material
balances for the first and second catalyst sections are given
in Tables 1 and 2 respectively.
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Feed Feed Feed Total Qut Liquid Qutput Conv. (k hr)(k hr(k2/kg)(k hr)(k
hr)Qut (% (96) H2--102-- AMS5005505-5550. 585 Cunene5001045095- 10, 9521, 00399. 5
Total 1, 00011, 00 1001011, 0091, 008100 O Table 2. Material Bal ance for Reactor
(Second Catal yst Bed). Bed 2 Bed 2 Bed 2 Bed 2 Bed 2 Overall Conponent Feed
Feed H2 Qut put Conv. (96)Conv. (k /hr)(k /k)(k /hr)(k /hr)(% H2-1.0-

AMB50. 5- 0. 295. 499. 9 Cunenel 00399.5-1,008. 3-- Total 1, 0081001. 01, 008. 5- -

[ Para 48] Exanple 4. In this exanple, the hydrogenation

Table 1. Material Balance for Reactor (First Catalyst Bed).

Component | Net Bed 1 Bed 1 H2 Bed 1 Net Bed 1 | Bed 1 Bed 1
Feed Feed Feed Feed Total Out | Liguid Output | Conv.
(kg/hn) | (kg/ho) | (kg/kg) | (kg/hn) | (kg/hr) Out (%) (%)

H2 - - - 10 2 - - -

AMS 500 550 5 - 55 5 0.5 85

Cumene 500 | 10450 95 - 10,952 1,003 99.5 -

Total 1,000 | 11,00 100 10 11,009 1,008 100 -

0

Table 2. Material Balance for Reactor (Second Catalyst Bed).

Component | Bed 2 Bed 2 Bed 2 Bed 2 Bed 2 Overall
Feed Feed H2 Output Conv, (%) | Conv.
{kg/hn) | (kg/kg) | tkg/hr) | (kg/hr) %6

H2 - - 1.0 - - -

AMS 5 0.5 - 0.2 95.4 99.9

Cumene 1,003 99.5 - 1,008.3 - -

Total 1,008 100 1.0 1,008.5 - -

[Para 48] Example 4. In this example, the hydrogenation
reactor consists of a vessel having a diameter of
approximately 0.85 m and a height of approximately 8 m.
The reactor includes two catalyst beds arranged in series in
the same reactor shell. The reactor consists of a distributor
section which supplies a cumene/AMS feed and hydrogen to
a first catalyst bed consisting of a trickle bed having a length
of approximately 2.5 m, an L/D of 3, and containing a nickel
based catalyst. The cumene/AMS is supplied to the first
catalyst bed at an LHSV of 12-16 hr-1. The product effluent
is supplied to a second distributor which mixes the first
catalyst bed effluent with hydrogen gas, and supplies the
mixture to a second catalyst bed. The second catalyst bed is
a trickle bed having a length of approximately 0.88 m, with
an L/D of between 1 and 3, and containing a palladium
based hydrogenation catalyst. The product stream from the
first catalyst bed is supplied at an LHSV of 8-12 hr-'. The
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reactor consists of a vessel having a dianmeter of approximtely 0.85 m and
a height of approxinmately 8 m The reactor includes two catal yst beds
arranged in series in the sanme reactor shell. The reactor consists of a

di stributor section which supplies a cunene/ AMS feed and hydrogen to a
first catalyst bed consisting of a trickle bed having a length of
approximately 2.5 m an L/D of 3, and containing a nickel based catalyst.
The cunene/ AMS is supplied to the first catalyst bed at an LHSV of 12-16
hr-1. The product effluent is supplied to a second distributor which m xes
the first catalyst bed effluent with hydrogen gas, and supplies the

m xture to a second c t bed. The sec a trickle bed
havi ng a Iengtrﬁﬁoﬁﬁﬁﬁ%ﬁﬂﬂggﬁyﬁmeﬁpmv "{'ﬂe QﬁaE(a)t@?OWe‘i en 1 and 3,
and cont ai ni ngsecdd lcatalyst bleases! allow f@eratrbfittingt &f wed redbw@rafoduct stream
fromthe first cataglyst bed is supplied at an LHSV of 8-12 hr-1. The 19

reactor also i He$IGEs an errpty vol une | ocat ed beI ow the second cat al yst bed

to allow for retrofjtti t he reactor lf redEE[J ara 49
ovontton U5 dBaes4dly B daventiparia, STaRER 18 and

enbodi ment s. h@eaﬁt@aﬁm@Ie@ewmdénmodnmenwemheqwe@ée amef to be limted by
the foregoing disclos which is illustr tlve %‘a%y t shoul d be
tt

determined i n BRHBAS @"%"i"rﬁ"itﬂl‘énfatfﬁln%tc% ezl t he appended

clains. Vari O%r@@@lﬁg(‘cﬁktl‘&%ré‘ WhieR ISQH%’fr%'@F\/ethFthﬁﬁ %uIcPBe' n the art
in view of the deScrjpt]on nd exanpl, S i ntended t hat such

vari ations w t'ﬂﬂ?ﬁrr‘?'ﬁ'@%ﬁbéécﬁ'ﬁdﬁ%ﬁ W"E IF'etlﬂl AR aed WSt be enbr aced
thereby. 20 Wa{e bppehdiet®eaigis. Various modifications will be

apparent to those skilled in the art in view of the description
and examples. It is intended that all such variations within
the scope and spirit of the appended claims be embraced
thereby.
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[Claim11 A process for selective hydrogenation of al pha-nethyl-styrene
(AMS) to cunene, conprising: contacting a feed stream conprising AMS in
cunrene with nickel in the presence of hydrogen in a first fixed bed
catalytic reaction zone to convert from70 to 95 percent of the AMS to
cunene; contacting effluent fromthe first zone with a noble group netal in
the presence of hydrogen in a second fixed bed catalytic reaction zone to
convert AMS in the first zone effluent to obtain a net reactor effluent
conprising cunene essentially free of AMS. [Claim2] The process of claiml
wherein the cunene feed stream conprises up to 6 percent AMS by weight.
[Claim3] The process of clai Whatvecédaiimeddshickel in the first catalytic
fixed aon

reaction ne i ninert s ort. [.Cai,m 4] The process of claiml
Conpr | o1 KofHEL T cu A tase s Bt ItV RVdRgenat o A be SR eRA B dhson: “to ¢ he
cunene f 6&MdSkta eameapt comairisingsi t h cooling for tenperature control of the
first zone. [Caimb5] The process of claim1 conprising supplying the
hydrogen to fABtadtingsa feechetream SunerisindAMSIiBcUmaTeowlh: mekeliaithe of from
cl ol m 5 e o e o Bt 1 on zone
to the seconaop\é%r(’ftfr%'ﬁ @gﬁ%gg[@qﬁ?% 9f] H‘ﬁéﬁgrt&%@%‘-"b‘?i claim1 wherein the
beds of the tontactingoeffleeohfrom ehe firsnzommeithax soblespurietakinaberon
one has a1 Prcs deeron irogef iRadiBRdixd B ARt Bdbriofeond & 7 2R o
The process SP”E?réiWELWV\ﬁ/@ irst aane oflipsal te ehtaingnebrractoektiuests support ed

pal | adi um catemaisiagdubdshesedsieatially eerdfyAmgace velocity of from5 to 15
per hour. 21 [C aim 10] The process of claim1l wherein the first reaction
zone hasl[@himdr agdet riosesaoficaimet wheneioahgrrunvoe fded stireard 1 | The

process ebmpr@edIUp WB irBesRMEi ysiverite ef fluent is

[Claim 3] The process of claim 1 wherein the nickel in the first catalytic
reaction zone is fixed on an inert support.

[Claim 4] The process of claim 1 comprising recirculating a portion of the
first zone cumene effluent to the cumene feed stream optionally with cooling
for temperature control of the first zone.

[Claim 5] The process of claim 1 comprising supplying the hydrogen to the
first reaction zone at a molar hydrogen:AMS ratio of from stoichiometric to
100 percent excess hydrogen.

[Claim 6] The process of claim 5 wherein unreacted hydrogen is passed
from the first reaction zone to the second reaction zone.

[Claim 7] The process of claim 1 wherein the beds of the first and second
reaction zones are disposed in a common reactor vessel.

[Claim 8] The process of claim 1 wherein the first reaction zone has a liquid
hourly space velocity from 10 to 20 per hour.

[Claim 9] The process of claim 1 wherein the second reaction zone
comprises supported palladium catalyst and has a liquid hourly space velocity
of from 5 to 15 per hour.
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essentially free of isopropylcycl ohexane. [C aim 12] The process of claim1l
wherein the first zone effluent conprises 1less than 50 ppm

i sopropyl cycl ohexane. [C aim 13] The process of claim 1l wherein the net
reactor effluent conprises Iless than 750 ppnw AMS. [Claim 1 4] The process
of claim1l wherein the net reactor effluent conprises |ess than 300 ppnw
AMS. [Caiml1l 5] In a process conprising selective hydrogenation of AMS in a
feed streamconprising up to 6 weight percent AMS in cunene over a

suppor t egC|d1aP D] TeHrERE M of fafhyB whelefnhelfi &S pas@idH zHNEhagan to obtain
a cunene grod ct conprising | ess.than (ﬁ:o ppmw AMS, the inprovenent

conpri si ﬁg_ragsﬁfmqrﬂ rFﬁth’SEBS@} Iaé@n? ‘the presence of hydrogen with
supporte ' I | £ : td upported nobl e
aroap | mag Lfing A3, THeYebebss B Bl C WG EIL LA PO nE MILER RN (o' cumenc
in an i gseentAdlydree of ioprppylspeoteRanehe i nternedi ate streamwi th hydr ogen

to a do r.ea I xed bed co I Si t he. supported nohl.e group netal

catal yor T¢I G002 T5¢ Ridess PEF A Rel ditfic (ROt EonF attiaft Coffofes

i mpr ovembess thindGppml Gopoopylcgdlobexawé.r cul ating a portion of the
intermedi ate streamto the feed streamoptionally with cooling for,

t enper at U BigbA3loThsrprosesupt £ladmnl mhesaingde ngtaeaciar effipenteomppsey enent
of cl ai mdsy amTIGbpenveWMR.yi ng the hydrogen to the upstreamfixed bed at
a nolar ratio to the AMS in the feed streamfrom stoichionetric to 100

percent ¢&tadss 1HM]dTdgeprocesy af claidll Whereimptheveetereaculr efflaemt ¢cdmphisesi n

unr eact eqk dyighy %m bemwassed fromthe upstreamfixed bed to the downstream
fixed bed. 22 P al E?lé’f The inprovenent of claim 15 wherein the upstream

and dowfStadieam¥]i xrd pedesacempirzshos edectiva hydrmgenatiacdbAMEdasefeed] Cl ai m

20] The i_pnr. . ' . ' ns l,qui d
hourly SB%&%E%@?F@’{Q gé%b%&ltébg@?%ér@ntgﬁ‘rﬂlﬁ[{grﬁ% g?gﬁ Q‘?’%gﬁprérrﬁpovenent of
cl ai m 15nRide ereun metabGaatystintnggresence of hydrogen to obtain a cumene

product comprising less than 750 ppmw AMS, the improvement comprising:

contacting the feed stream in the presence of hydrogen with supported
nicke! catalyst in a fixed bed upstream from the supported noble group
metal catalyst to convert from 70 to 95 percent of the AMS to cumene in
an intermediate stream;

supplying the intermediate stream with hydrogen to a downstream fixed
bed comprising the supported noble group metal catalyst to obtain a
stream of the cumene product.

[Claim 16] The improvement of claim 15 comprising recirculating a portion
of the intermediate stream to the feed stream optionally with cooling for
temperature control of the upstream fixed bed.

[Claim 17] The improvement of claim 15 comprising supplying the hydrogen
to the upstream fixed bed at a molar ratio to the AMS in the feed stream from
stoichiometric to 100 percent excess hydrogen.

[Claim 18] The improvement of claim 17 wherein unreacted hydrogen is
passed from the upstream fixed bed to the downstream fixed bed.
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conprises supported pall adiumcatalyst and has a liquid hourly space
velocity of from5 to 15 per hour. [Caim22] The inprovenent of claiml1 5
wherein the upstream bed has an average tenperature between 60 and 90C.
[Claim23] The inprovenent of claim15 wherein the internediate streamis
essentially free of isopropylcycl ohexane. [C aim 24] The inprovenent of
claim15 wherein the internediate stream conprises |ess than 50 ppm

i sopropyl cycl ohexane. [C ai m25] Apparatus for selective hydrogenation of

al pha- e (*demﬁtl EMBe |£n‘edV5)/eﬁ1@nt:ufrem¢m FS)WHe'rél'nnlg}e uﬁﬁ?éﬂh arkmfms f ?L
ni,ckKke In e

S?Qtsiﬁi'e@ﬁw ﬁb&ﬁﬁbﬁﬁeﬁ? DS AR i Sn R i, O f O VEstRIL b0 Jome for
conver ti 16160010 T+ AR BEEAERE oPbIsife) SR ehBin TERred BARPagERNS o

contact| zone Wt group netal “in the
presence 'Qf—"Ch @I‘#@béﬁa%vé[o%?t(fmjﬂf‘@(& BeRerd@Wl ytic reaction zone to

convert I r.st zone obt ai hi n net eactor effl uent
comr 1 si forahald” Thedfinarrient ot ehina Rwrksel e dofinSFan S&F

comprises supported palladium catalyst and has a liquid hourly space velocity

of from 5 to 15 per hour.

[Claim 22] The improvement of claim 15 wherein the upstream bed has an
average temperature between 60° and 90°C.

[Claim 23] The improvement of claim 15 wherein the intermediate stream is
essentially free of isopropylcyclohexane.

[Claim 24] The improvement of claim 15 wherein the intermediate stream
comprises less than 50 ppm isopropylcyclohexane.

[Claim 25] Apparatus for selective hydrogenation of alpha-methyl-styrene
(AMS) to cumene, comprising:

reactor means for contacting a feed stream comprising AMS in cumene
with nickel in the presence of hydrogen in a first fixed bed catalytic
reaction zone for converting from 70 to 95 percent of the AMS to
cumene;

reactor means for contacting effluent from the first zone with a noble
group metal in the presence of hydrogen in a second fixed bed catalytic
reaction zone to convert AMS in the first zone effluent for obtaining a net
reactor effluent comprising cumene essentially free of AMS.
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