HI GH CALORI E NUTRI TI ONAL SUPPLEMENT BACKGROUND OF THE

I NVENTI ON 1. Technical Field The invention relates
w@eoenad4by t o nutritional supplenents, and NMOPET/US2006/045173

particularly, t o a high-calorie nutritiona

suppl enment conprising mlk protein isolate as a

primary or sole protein source. The invention further

relates t o nmethods of manufacturing and adm nistering

such a nutritional supplenent. 2 . Background Art An
cobmdigaglual 's caloric intake is derived fromthree

general sources:. proteins, fats, and carbohydrates.
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and the caloric content has been limted. The uses of

such protein sources are not, however, wthout
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mlk protein, soy protein is deficient in nethionine,
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a nutritional supplenent. As used herein, the terns

"treatnent” and "treat" refer t o both prophylactic or
w@e@vamdeve treatment and curative or di sease- POTUE300610#5173

treatnment, including treatnent of patients at risk of

contracting a di sease or suspected t o have contracted

a disease, as well as patients who are ill or have

been di agnosed as suffering froma disease or nedi ca

condition. The terns "treatnent” and "treat" also
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above, such i ngredients may include, for exanple

citrate(s), a fat source, a carbohydrate source,

emul sifiers, vitamns, mnerals, and flavors. If one

or nore citrates aret o be added t o the conbi ned

ingredients, they are preferably added during steps S1

or S2. At step S3, the conbined ingredients of step Sl

and, optionally, step S2, are subjected t o direct

steamlnj ectlon (DSI) Preferably, the DSI step of the
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i ncl ude nore than one honogeni zati on of the conbi ned
ingredients. At optional step S6, ingredients not
wa@odaed2@el steps S1 , S2, or S4, or additional PCT/US2006/045173

quantities of ingredients so added, are added t o the
conbi ned ingredients. As noted above, such ingredients
may i nclude, for exanple, vitamns, mnerals, and
flavors. At optional step S7, the conbined ingredients
are agai n honogeni zed. The honobgeni zati on net hod
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UHT or DSI at > 280F and sterile honogenize. Fill
aseptically into briks, cans or bottles. Exanple 3
wok@u/12@eer t o 140-1 80 OF. Add protein, fat,PCT/US2006/045173

emul sifiers and antifoam mx. DSI at 250 OF for 4 5

sec and flash cool in vacuum chanber t o ~ 16Q0F.

Honogeni ze at 2500/ 500. Add carbohydrates; m x. Add
vitam ns, mnerals, and flavors; m x. Honpgeni ze at

2500/ 500 psi. Cool t o < 45F. Product can be stored
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overhead vapor stream from a catalytic distillation reactor, which is operated in the
presence or absence of a high boiling solvent, comprises cyclohexane and hydrogen.
Contro! Example 1

A commercial 28 wt. % Ni catalyst (1.2 mm diameter trilobe extrudates) was
tested to hydrogenate of benzene. The crystal form of alumina support of this
catalyst is gamma-alumina. The physical properties of this catalyst were 113 m2/g
BET, 0.43 cc/g total nitrogen pore volume and an average pore diameter of 15 nm.
50 grams of the catalyst was loaded in a vertically mounted up-flow stainless steel



Honogeni ze at 2500/ 500 psi twice. Cool t o < 45F.
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flavors; m x. Honogeni ze at 2500/500 psi. Cool t o0 <
fixé@ bedEABIH (1 Gich BRintéter R2d iAth %@. haNG Qhé\trncfccﬁivéeggt each end
Fill anpl e 10Heat ter

cans or bottles and retort.
of catglyst gonegveprnsiziigddpsoatiel thefeacter teararatitre, The catalyst was
suBFISLIRS PUlaBfie! 888k i o pebon s hfndrdhommende
reaivagieniat @ 82x° FARGY/H00en Ak ftaw.bdhedradalyst was xeadiivated at 250°F

i 30D PRl ofh BE0L a0 Walene B Bidiedin e IV BRERAT 1511 5 hours ana
thdh 3B5 Mo tors hdurs iIASB0 de/hin Gewsof@ure bytireseragals.r Thehiydrogenation

anple 1 1 Hea ter, t 0.140-1 OF. .Add pr.otein, .

of BASTES Whs e QUBHRPhYHOUS Gonditens, THE bty e listag in Table
1.sec and flash cool in vacuum chanber t o ~ 1 60F. Add

fat and enul sifiers. Honogeni ze at 2500/500 tw ce. Add

vitamns, mnerals, and flavors; mx. Cool t o < 45F.

Product can be stored for Org§ehpurs at < 45F. Fill

cans or bottles and retort. Exanple 12 Heat water t o

140-1 80 OF. Add protein, carbohydrate, fat,

emul sifiers, mnerals, sone vitanm ns and antifoam
DSl at 250 OF for 4 3Gec 33@ 11 349 cooB49n 350 360

gme
P}z%é‘sgg&é;\hanber t o ~16(})F5d—lom)§§61! ze %?055?9%8204,5,?0 550

dd vitam ns and f% avorsT m Xx.

BRhedhé fesdPatee niifrpired for @-36 hgurs ay x 45FgFill g 6
cans or bottles and retort. High-Calorie Nutritional

Bsngpne feantversion; fvent i o §.84t h20.29r 0188 nti7 /71t i ddad1 17.86

S | enents ¢ ri sing tej urge_inc ing mlk
SHHRTSr b PERaRS) of BhBB. bR REoL oM Rablad 002
afd\cyelobeixbiiestiodbabl e for oral adm nistration.

Nutritional supplenments according t o the invention
Birenroguctsrpriut@efoaccording t o a met hod above or any
c?ﬂ@ﬁéxé?é ?ﬂg Nutritional supplenents according t o

e Tnvention are generally calorically dense,
cyclohéexizngcoatbivsah wibout 2. 25 and about 3.25 cal ories
pg%r mlliliter. A protein source provides between

out 10% and about 22% of the total calories of the
CyuRpkarmiy . a fat source gyoovi dqgg4bet waan abogs 349859 1520
and about 55% of the total calories of the supplenent,
Matbyleydehestieir at e sour ce orovi d@s bet Ween abtdut 25% 0
H%Qg bout 55% of the total, cal ord')es of _t he su(FpI ement . 0

ABI'E 1 shows typi cal inglpedi ent-ranges of nutritiohal
MVEERRlcgaRpentageor di ng t @gdohe iapenti app Taklgel -1669 1881

Illustrative Ingredient RangesNutritional supplenents

according t o the invention include mlk protein

Sum of by-products 1131 2420 1130 2842 3028 3401
Cyclohexene 854 165 1661 1201 1309 2056
Example 2



i sol ate and/ or canola plant protein as a primary or

sol e protein source. As noted above, when prepared
wa@ewongi4ayg t o a nmethod of the invention, DSI PEHUSHS6/045173

t hevi scosity of the supplenent such that m Ik protein

i solate may be used as a protein source, thus avoi ding

the deficiencies of known supplenents. Nutritiona

suppl enents according t o the invention may al so

i nclude one or nore of the following as a protein

SOUM@phér@Ha@' dihhia- qu%uﬁbn(]-:t Génnhllft Bi=Ph &tel) 59&5&@%:% %alcmed at

protein |solate ysate, and free am

11001 @gor Fheus: othe ﬁltmoac,s@hﬁﬁ@s prrn@n todhe caltination had 145 m?/g BET
t

sufhct B 2 BRI AVRBRE b0 6oB AT ah 24 ita88 Dore diameter of

21 6nom Afidr ceiieingtion.cihe diameter wﬁ;aldmntammeneamaswhanged to 1.45

oA . e 1 euc ol e

o RhRa Gaf SR B, it piGrosrt B VBebddirEl o Gorg and an

averagefpote deaméterof BE24mn. Itsxiray diffractian iaditatedmostly theta-alumina
. di peptides, tri ?tldes fractionated protein, or

with SRPBF s s

in enriched form (protein

- i sojzaheiked agsiiBen i 6F padkel frittrate %%Aéoapér yittdhteaWay BEepared by
di i ncluded in anyf%gnbl nation of the above. |f included

dispaIVing 3 Piarrasat Nih e e rt20FN2R9% alaims PhyatascRRY grams of the
calEfn%fdeéﬁ*?ﬁMa”\ﬁ/@ Mﬁcé& ihea bt AHipredhtd?. a?ﬁétm%é’ 8blution was

t he wei ght he am no-nitrogen solrce (i.e
SPW@@!IOTHFQIW@Q abtra@aamhttneérles@eeth%rotawatrmregaa'@r|befstmg a liquid

spr'fg%r BLek gbﬂburwgﬁﬁ?ums ?mﬂﬁféf r ?Héyco?ﬁell\teﬂstt\ear?i)&gbF\)Pregnator

t oa such wei even nore
wagstdrieshblby blavgog hod @it incataimat Zgltm.‘ofTbedmedav@htUpt wiag calcined at
35(5métfo|p§% rgbl y at | east about 22%t o about 35% of
Such wei g In addition, nutritional supplenents
accdhei Bgccbn«b tribeed mommtlimmnzvaayprfamatré@r by odipsolyihgh d5atgrams  of

NiRBDe ek, op PESuima NG 2t n 18% Bpimsief water. The

secortf irﬁpﬁi rgition Waﬁf[be’r\f@inéh lon fHeShrsﬂllh'l prégAatich Phdddict in similar

tri cerlds holelc safflovver oi |
e (e (afum%&?%%ﬂ hs&réﬁgﬂe'raptegn@tlgewredp%was calcined at
33@<r¢,f0,e2¢mu|9g prinrose 0| I, fl axseed oil, pal mkernel
and coconut oil) Preferabl flsh oil may be

s cBASEHaN WE SBRUBHPF Mtaraiarad the Snistiest eRjblis6uoLId contain

t | |
0,220 4 MSPEED 00, ! (kF BTG oPl QB ibbres uncer
miqrespgRe Teicatgdttbat tia activg meda) aampenenisveerei depasited in an outer

o581 G P YRy s B ORATY B o i

praperties iof this catalystivere 60antige 0156 eotg tmtlall nntrbgéaspore volume and

an Jel568 ries Safisterab Bl o frapd st taissalelistBEdaaded in the
sa:ﬁe&egctcfr\(mdrmrtnem&tt&s@tambl@t ’V\Emheaémaﬁlsﬂw@sgacﬁﬂﬁted at 250°F

and nost preferably about 5.5 g.
in ﬁ%%hﬁ%""f‘ﬂﬂ? Ry ofeevelima % pyqug&nézﬁs wcmltr@geaé‘pmééwhours and
theﬁb@r'ts Qoﬁr&aﬁ@gcﬁ‘@?@taﬁd gzgﬁF '\fﬁgp u§ %’fﬁsé‘&mm of pure hydrogen

preferably between about
gagr Ehetwergoenatinncef lmft?@neﬂvass gaeied eutoinder \@noemmndltlons The
restits &k R4 E}H"Vaﬁ]%tfé\’ee& askllt%%ngngl'a@éj?ttﬂ t(tj);drg) d atjon reaction

even nore prefera Fveen about gaf
progluctrgieems from \tknetreactloln rdze net contajs any detgmbablei amsunts of by-

according t o the invention may be adm ni stered per

day, although as many as five t o six servings may be

adm ni stered. Many of the fat sources above incl ude

n-3 pol yunsaturated (Orega-3],fatty acids, such as

al pha-linolenic acid (LNA], EEA and DHA, either alone

or in conbination. In one errbodl ment, a conposition

according t o the invention includes fish oil

provi di ng between about 0.5 g and about 3 g of n-3

poI yunsaturat ed fatty aC| ds preferably betvveen about

I ~ o, o, a1 a4



pol yunsat urated aci ds nay be present, for exanple in a
rati o between about 0.1 :1 .0 and about 1.0:0.1 (e.qg.,
wO2®7426401 0.5:1 .0, 0.8:1 .0, 1:1, 1.2:1 .0, Pemnus2086/045173
.0, nore preferably about 1.1:1 .0]. Optionally, a
conposition according t o the invention may include
nmonounsaturated fatty acids (MJFA]. Wien so i ncl uded,
a conposition according t o the invention preferably
i ncl udes between about 2 g and about 3.5 g of M.JFA
prdtfiict§ eITHE BerfBRnanBe &fahaPLataiRl Y8 lipaREETo the cBn?dktional nickel
about 3 g of MJFA per serving "and bereen about 3 g
calghstdbout 6 g of pol yunsaturated fatty acids per
serving, nore preferably between about 4.5 g and about
5 g of polyunsaturated fatty acids per serving.
Nutritional supplenents according t o the invention
may al so further conprise a carbohydrate source [e.q.
one or nore of sugar, liquid sucrose, naltodextrin,
corn syrup solids, high fructose corn syrup, corn
syrup, a soluble fiber, trehal ose, isonaltul ose, and
fructose]. Wien provided as a nutritionallydense
formula, a conposition according t o the invention
preferably includes a slowy digested or slowy
nmet abol i zabl e sugar, such that netabolismis prol onged
and results in a lower insulinogenic response. The use
of such sugars may inprove insulin sensitivity, reduce
bl ood/ pl asma gl ucose concentrations, and inprove
nmet abol i ¢ response, including inproved nitrogen
bal ance and endogenous protein synthesis. Suitable
sugars include, for exanple, isomalt, isonmaltulose,
trehel ose, D-tagatose, tapioca dextrin, and sucromalt.
Nutritional supplenents according t o the invention
may al so further conprise vitamns (e.g., one or nore
of A C D E K B6, B 12 , thiam ne, riboflavin,
folic acid, pantothenic acid, biotin, and choline] and
mnerals (e.g., one or nore of niacin, calcium iron,
manganese, chloride, phosphorus, iodine, magnesi um
zi nc, copper, sodium potassium chrom um nolybdenum
and seleniun . Peptides derived frommlk protein have
been shown t o possess various bioactive properties,
i ncludi ng anti-hypertensive and anti-thronbotic
properties. Such peptides nmay al so serve as m neral
carriers. Both casein- and whey-derived peptides nay
provi de additional physiological and/or nedica
benefits. Forexanple, sone peptides rel eased from
casein during digestion can influence gastrointestina
notility, prolong gastrointestinal transit tinme, and
exert antidiarrheal actions. This can be particularly
beneficial t o individuals suffering fromwei ght |oss
caused by an illness or the treatnment of an ill ness.
Casei n phosphopepti des may al so prevent the
preci pitation of cal cium phosphate, thereby increasing
the concentration of soluble calciumin the |unmen of
the small intestine. In addition, bioactive conpounds
and am no acids in whey protein may inprove inmmune
function and gastrointestinal health and nay al so
function as antioxidants. As a further aidt o
gastrointestinal health, conpositions according t o
the invention may further conprise sol uble and/or
i nsoluble fiber. Increased fiber intake has been shown
t o provide numerous benefits, including reduced
transit tinme; increased stoolgmeight; i nproved st oo
evacuation; inproved barrier protectiont o the gut
(thereby preventing bacteria entering the
bl oodstream; inproved fernmentation and production of
short-chain fatty acids (SCFAs), an energy source for
intestinal nucosal cells; and stimnulation of inmmne

I B Y " . D Y 1 o, — N B L o Y



of bile acids. Cellul ose and hem cell ul ose are found
in the stal ks and | eaves of vegetabl es and outer

wa@onwendgl of seeds, while lignin is found in tPEeT/EEEN&045173

andseeds of fruits and vegetables, and in the bran
| ayer of cereals. Significant anounts of insoluble
fiber are also found in soy, wheat bran and ot her
whole . grain cereals. Soluble fibers are soluble in
water and are fernented in the colon. The anount of
fermentati on depends on the degree of solubility and
the particle size of the fibers. Thus, as the
solubility of a fiber i ncr d888s2and its particle size
decreases, it is nore rapidly and conpletely
fermented. Beneficial effects of soluble fibers
Tér@gloﬁde. del ayi ng gggtri g2enpt Y309, dehayi ngzddhe 350
absorption of sone nutrients in the small intestine,
Presg, psigeri ng ser udb@hol @80er ol25@&vel 250Sol udb@ fi G
i ncl ude pectin, guns, sone henicellul oses, psylliu
Bejirgnederd et@ict ool ¥ gosacBhari dds? (Fobt -2 i nul én, an
migdifct ool i gosaccharides [GO5]. |In addition,
significant amounts of soluble fiber are found in
Bdraginies, veget abl 84,4mnd&689ecal8.28ucl21a48balbeho antd.34
c:oats” Dugjng the fernmentati on process, SCFAs are
?ﬂ%%ﬁ%%ﬁ and are thought t o be responsible for sone
sdéctivig orenefici al 1ghf ectypoat t ridwt ed4poo fikgo. 100
Acetate, propionate, and butyrate conprise 83%of the
Cy apeatiifted in the colon. SCFAs are readily
cyB Bed, Byt he intestinal nucosa and netabolized in
t

e Intestine and liver; providing energy, stinulating

B yapir eiduartd wetner absorption in the col on, and
ronmoting, intestinal gromh. Due t o these properties,
pé%ég@{ar%“Fﬁﬂﬂbht t o reduce the risk and frequency of
babdedt r e i1a8%ed by illness, drugs, and bacterial
c?ntanination of the gut. Butyrate is the preferred
cYClReX3Nem 8881 cells in the colon and is inportant
c Y& o 8tapm g the intestinal nmucosa, which is a
maj or barrier t o the invasion of bacteria into the
copnijpadt WeaPRMSCFAs al so pronote a heal thy gut
I nt. They fnhibity the owt h gf har nful
C)gglz!léc/éée'ﬁ}?ggand sti rru?ate ttr?e growt h of @enefi g{JaI 0
M@ﬁmc?ci@ew as pifidolpacterig and lpactobagilli. 0
Beneficial bacteria have a nunber of inportant
Hexan& i ons in the glstroi Mestil trad, incPuding®
tion of intestinal health,,stinulation gf innqpe
MBS onses, and oL o et i or owPh of har nf ul
cyolpemtame especially during antibiotic therapy.
Through the stinmulation of bacterial growh
andf ernentation, soluble fibers have a nmld | axative

Slﬁ{\foef _g{%&q@ be 5e| pfulo in pr@venti g or a{)l evi atd ng
I"pat1on. 0

const Sonme exanples of other fibers
optionally use in accordance with this invention are

t hose derived frq ran S 7 C | osg,, .chitin;
CYJPRSENE hen ceIﬂ%%se‘;"%‘fgnﬁﬁggcari%dr a1t%e4§ (8115

exanpl e: bet a- gal act ool i gosacchari des,

al pha- gal act ool i gosacchari des, fructo-oligosacchari de,

fuco-ol i gosacchari des, manno-oligosacchari des,

xyl o-ol i gosacchari des, sialyl-oligosaccharides,

Ngl ycoprotei n ol i gosaccharides, O glycoprotein

ol i gosacchari des, glycolipid oligosaccharides, cello-

ol i gosacchari des, chitosan- oligosacchari des,

chitinoligosaccharides, gal acd ourono-

ol i gosacchari des, gl ucourono- oligosacchari des,

bet a- gl ucan ol i gosacchari des, arabi noxyl o-

ol i gosacchari des, arabi nogal act ool i gosacchari des,

xyl ogl uco- ol igosacchari des, gal act omanno-

ol i gosacchari des, rhamo- oligosaccharides); sol uble

R T Y I N /7 r I
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Tabl es 2-4 below, provide illustrative exanples of
nutritional supplenent fornul ations according t o the

w0 poognedsen. The fornul ati ons shown have hi ghcaP@F/U82006/045173
val ues of 2.25, 2.5, and 3.0 calories per m _,
al t hough hi gher and | ower caloric values are al so
possi ble and within the scope of the invention.
Preferably, nutritional supplenents according t o the
i nvention have a caloric value of between about 2.25
and about 3.25 calories pegiaphpidaple 2 - Illustrative
2.25 Calorie / m _ Formul ationsTable 3 - Illustrative
2. 5ACaickel eatalyst Wasr priepaiesharaeiding to U9 (yhligative No. 2005-

cos B i ST b B BB R ol

at abeitit] 100RRT ORI SAeuns infait. h'éhd: gammafmumli‘rm pads&2 m /g BET, a total

mtrjogeﬁgidrgrbo&%%h ‘sga 2%«:9 Jo% ég%egﬁtng r of 8.85nm. A

solbtoiz eh aldkel nymtehmpaemddttj}edxssplpmg t83.8igc RN O;3),.6H,0 in 295

cata fied % Cu t her ef
oraply Syl nelbnacet Bt nes lumidh stientt 145 sdadin a rotary
lmpfregnhhﬂ? epfdadtm‘t tios nﬁkmwlt%tepécﬂdu@rh Sive@do&féclsdﬁ r’(un'tthllﬂg alumina

M I I TR R

rot&fyUAfHreéghatdr WHE d8éd aeBYobt 26A1E by MvintEh&®BdiPnto the rotary drier.
portion of cyclohexane is obtained fromthe direct

Thn?aeegéngwtdwwalsm@bﬂ@ Whnfeesthaskisl Bpsedontbgamennt of nickel
mtrbfe 636d & BrePlreitRisVARalysPthBifneh RN Gsta/ss ww@h%{/égq wt % Ni on

bed reaction. The reactor t enper ature I's contro
aluaénee&un@@ﬁt 3Neasyrgneot-of the paysicahperrarties of dag fln@md catalyst

GO TIBET L9 005 O APESRS BB g2 cigan

an alNerageppoite dxfanhgtprodid&&nrm t he ef f | uent streamfrom a

h d h
LSRR IO WIS 6RE Ul L BB iy gy Cont
Exanmplé 8. e catisbyst v/ 3cth@itediirs idemtieal maningu itol thd &xample 2. The
ny o8 BREAAEL SRS s Sl Pt 14T P aindifionss The results are
liste@iimrabhed. tte@memmtghaetwf@fnéma 6at=pbtyBiis Bathlydtah Table 3 with

thosgdh SRETARE [PEHaPaTP CmBpe hiigbisch aLpppYRBHamance of

thid athigstitd ddifeTiRNGE nidke %t@%@t&haltﬁbﬁgﬁfiﬁWa@fnot as good as the
reaction released as | ess and | ess benzene is

catalyst.&r theEXampiR 2Zeoncent rati on of benzene decr eases.
Specifically.the top of the catalyst bed is at a
hi gher tenperature than the_| ower catalyst bed.
Hydrogen i s supplied count efabler&ntt ot he
benzene/ cycl ohexanefl ow. Tenperature control coils are
di sposed within the reactor to maintain the

TdH ature differentialgdf thggxothgymc @E@t of350 360
reaction i s not suff|C|ent or to cool” the bed

Pmasshpsigat i s rel eased. 25 er s@b0 eco@mi0zes mat 250 250
aIthough the bul k of his reaction takes place in the

Benzanesfessaaie amymini on & the Benzendlahd cy@l ohexdhe 6
B2dndColidBdgos SRR | Hahsar Lhed onoRf EL S4.3¢ , 19.44

ere t’'he benzene co est
saeamrmfwydlcshéua]mst 1008.0¢f oo.oendeser 0s.9ar 0\dgdesl  99.97
ndense thecondensi ble nmaterial and return it to
aQiky$%BE¥%ﬂe MAus, a substantia! portion of the heat
reaction is rennved by condensation of the
reactants vapori zed t hroughout the reaction. Peterson
mai ntains a liquid | evel aboyg the topnost catal yst
bed but allows roomfor vapors to escape to the
condenser where the heat of reaction is renoved.
Larkin, et al. in US. Pat. No. 5,189, 233 di scl ose
anot her liquid phase process for the hydrogenation of
benzene to cyclohexane Fbmever, Larkin et al ut|I|ze

o ALY Y. Y. T



hydr ogenati on of aromatic conpounds, such as benzene,
ani | i ne, napht hal ene, phenol and benzene
w@eloyaamuboxyl at es, by hydrogenati ng the ar omat PCT/US2006/045173
conmpound in the presence of a catal yst conprising from
4 to 14wm.% Ni, preferably 9 tO 10 wt.% N and up to
about 0.9 wt.% Cu, preferably about 0.2 to 0.4 wt.% Cu
deposited on a transition alum na support having BET
surface area of from about.40 to 180 n2/g, and pore
vol une of from about 0.3 to about 0.8 cc/g. The
BYﬁyQQHQEHQﬂWBHUS? aromati c conpounds is advantageously
str&ﬁﬁi’b&é’e@% igbo,he presence of a high boiling solvent.
e preferred solvent will have at |east 10 F higher
cytlohexage goidnt t han the aromati c compound to be
drogenat ed cyclic conpound. The
°y§§5§% ﬁggéﬁq?ﬁﬁg‘ﬂg a high boiling solvent are higher
ppproductivity of cycl ohexane and keepi ng the

te rature of catalytig reaction zo in Sir
CVP t@R%e hi gh boil i ngBSoI venppr ovi 32§ i n%l@% ﬁ*gs. n
8{2ngth5 of t he rea?tl on system whget her gor not gthe g

cata is nodified with copper. In the
Hemam@uctl on cycl ohexane, Obenzen® is présent ih the O 0
reaction streamin an anount of 1 to %
Methyt eycdlepentiane of 3 to 40 wt. 9P The hgdr ogel‘P streaf 0

may be pure hydrogen or may contain up to 5 nole %

impurities including carbon nonoxi de. The remnmai ni ng
SUiIByeproducts t he reactidon str@m cap2be cyddhex 386, 273

a high boiling solvent or a m xture of cycl ohexane and

a high boiling solvent. If a high boiling solvent is

solvent may e@apris to wt 5 1846

C)}&&?eer a{%ey 20 to 80 wt % of th?l%ie)act ?gg st r%éasm Th7e6

h| gh boiling solvent may be recovered fromthe

effluent recycle stream aEdammyal ed to hydr ogenati on

reactor. The caontent of c cl %ggxane int rec

sol Vgt e@mewea}?waée% regengtiony %tfg?u%%/@)e ify,ecycle of
reaBtor &RudAt W ¥he TdiRs IS8t hax @ sof/end Qgt ltﬁ§|f§§ﬂstoathe reactor
copper nodified nickel catalyst” used in th
compiiveR, ERBNIkaNZENeRs ARG reatiab affiuens segdhoshigh is cyclohexane.
0 | 4 %
Thlﬁlycg%?ﬁgé g&@o‘n%tr‘éf’é'@ HQQrd(?ﬁngrb)ﬁs Irl%fem)gad;—l fed Ystream to
hydrogesatlmmnwbetﬁrmﬁ RiypdJeedHepreseBER strepgt ebtaiagd 4ty mixing 1

oS RRISb 8 B A o Rt P ont reyo

stedhlE PREFERRED EMBODI MENT This invention pertains to a

gﬁéﬂkét : %é%héé%tﬁgg?@ {aférbggfmﬁ%ﬁ%&fm ne an%]é ﬁheno'q%%é‘géactor used

in thé Copites Exaenpdé 11 The oamﬂysm\!mctwamd |n$iame okaindrds the Example

2. RS R SO R B e S BB ortne

feelrREs .1 $twisatightys.4¢ w%aiarweqer&ratVér4& wi¥acyslohexane. The

nydipBeBEtRR BhBenFRR BRI IGIA 4ACET HaTRHanandianReTpgimpurites

in tRY¥ $d&dnanaRod U tRIAHS Glers bhaRZed Wit é]zfa@@ @b@rﬂﬂyeﬁs method. The
trace anmopunt of benzene, up to about 200

pm
resylliig fisted laskablah The mwm@rfyngchsfgﬁ?wd@@ﬁwsr@'nated from
|m6t.9ftletshﬁ tREQEEGL AR Eoﬂfbfuﬁ%@ RnBYSid %n%tQﬁ%ﬁB@s u'n‘ﬁ)unties (listed in
t he anmount y-products 1n [ uent
Talsler‘b)amﬂuoed dunindrtbgdryarogenatsucebbenzarreaseerdigg e this invention
0
s BYERAAEIR A, R Rt br PORENG bBllhe BOREETT: flgh that the
i ncreases W th hydrogenation fyenperature hi gher than
about 340F. The hydrogenation of aniline yields
cycl ohexyl am ne. But the undesired side reactions are
deam nation, formation of di and triphenyl am ne and
vari ous heavi er products. An advantage of the present
|nvent|on |s reduced by- products so that S|nple

. R



catalytic distillation colum, fixed bed reactor,

boi ling point reactor, stirred tank reactor, trickle
whednaaet ors or any conbinati on of these. SinPET/URM06/045173

benzene hydrogenation reaction is exothermc reaction,

t he hydrogenation reaction for the traditional fixed

bed operation is preferably carried out by recycling

the reactor effluent streamto dilute the fresh

benzene feed, which dilutes the heat of reaction.
berf¥drPeStehes i i@akhst SRaEhOEr&AhURiid be rBlliced to less than 35

necessary for the catalytic distillation reactor, one

PPIRERY Weidide This axa@ple dpmgnstiaies thattihisyRessibledpepligiy extremely
_ ! . ! | i _
hlggg{agxgtbgﬁoxﬁ'gz?n@{é@)g éﬂs*er%ﬂé)mh_é’%?h%éﬁ%ﬁgeg{éﬁ@gaélvatent to

roup consi stin ,

abaut Hh89P Nl Bh Thedradpotivitieaf eyrlehexansoat twsoepnditiong of the two
o kel [.t1onal ] S [ [ um o
ol BT D400 2P NS B BT CBRSLL This i -
deroonpiraten of swwerior tchtadgsis gerfuradhridecrafmpanedA to the prior art

r ef e,(rrq&gi ckel jontent of the catalyst is from about
repges el =¥Rniple "preferred copper contents is from

about 0.2 to 0.4 wm.% The Teal@yst used in this

i nvention is prepared by depositin icﬁgl and. copper
TergR-19. for ous support. Copper siﬂ%esqu i ffrove e 55 160

TewtaltySE activity and sel ectiyboy. 33be @aal yago megp2 322
contain one or nore elements as the second optional

PressePfi%ers from Ag, Ru, Re, Zn23®b, 28Ad E$0 T30 230 230
deposition of active netal conponents can becarried
out by any techni que such as incipient inpregnation,

H2 $patgy Celdaini ng i npregnati on. Th8Spr dB6r r &87sRupptt t 570G |1 500
' from abo 0.a nm b 3
Pl B B ol | to Saboul 2.5 e The 2016 10.5
WHSYnBIti on al unmina i s obtainef.&y &&# ci iy &t0.8bdu2  10.1
. 12 0C, and prefer avi t
Be?%%%\%oﬁglgp '§/’él al propertiesfzg eér)d'ggl ?:4%ngg§t2§ F%% 99.99
Prcth@tivity D2 @9clGhekéaiie soiirdicg) of from about 40 to aba28.2 31.8
180 nR/ g, preferably from50 to 120 n2/g and pore
vol ume of from about 0.3 to about 0.8 cc/g.. The
Trdceansalysieiwelppmna Feed he crystal | ine al um na of
delta, theta, kappa gQr a mxtyre c osed_of t 0
Isopgp &% r om gamm, kappa, del ti‘,zth t _aﬁog_al ph : T{1§ 1.9
Meftyséstaheshapes of thg preferqed ¢4 gn nag ¥ n 1304s 109 10.9
i nventi on can be any shape such as spheres

Peptaneydat es, pellets'-8nd granulés wAikh greferlaly hive 1.8

CyélbpBRidies of |ess tfign about g/44 ipeh, preferahly 568 59
inch and | ess than about V inch Iength and preferably

HexaR® than 1/4 inch 13®fAgth for 183 r 18 ed3H pd-PetR4 125
R the njckel on a pPQkts C e ri
Megﬁ{?‘&ggﬂggzﬁt e nmﬁ'f 15%PPY5Ly €38 P e fifls. 10.9

gle or tiple inprégnations. A so i on “of

Benzrneii ckel compound is prepar 8d8y0d&s6.99 gt a7hiTRel 34.2
or an organo ni ckel conpound in organic _

Cy@%ﬁ‘ggﬁﬁgor wat er. The exanpl es of the nickel conpounds

Cycloberém&el salts sukW as ni cked.8ni 6rat e 249 o4gédno 4.5 0

al lic nickel co unds such .as pickel, acetate,

Meﬂ%&@?'#’&?‘ﬁﬁ?e, ni ?ﬁ% acetyl Set oﬂrﬁze gng nitkel 93 94
Tolakkexi des. The i nprggnati on pg@ducB8.2s ¢r3edapd 0 0

cal gj,ned af tenperature in a range from 200 to 6000C

pr ef %Bhg’@ron1250 to 5000C. Wen the hydrogenation

of benzene is carried out in a fixed bed reactor,

which is operated in boiling point node, or in a

catalytic distillation reactor, the heat of

hydrogenation reaction is utijhized to vaporize the

product cycl ohexane. The result of the vaporization is

the internal cooling of the hydrogenation reaction

zone. The overhead vapor streamfroma catal ytic

distillation reactor, which is operated in the

presence orabsence of a high boiling solvent,

o o ~ a1 — A
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Tenp OF 300 320 340 340 350 360 Press, psig 250 250

250 250 250 250 Benzene feed rate, m/mn 6 6 11.2 6 6
w6 28enzane Conversion, % 18.21 20.21 21.59 17.FAT/182044/045173

17.86 Selectivity of cycl ohexane 99.95 99.87 99.91

99.84 99.84 99.82 and cycl ohexene, nP6 By-products per

100% cycl ohexane and cycl ohexene conbi ned, wt. ppm

Cycl opentane 439 1114 644 1296 1359 1520

Met hyl cycl ohexane 0 0 7 0 O O Hexane 0 0 7 0 0 O

Met hyl cycl opent ane 692 1§anﬁmg51546 1669 1881 Sum of

by-products 1131 2420 1130 2842 3028 3401 Cycl ohexene

8541 higmxapenle temonsinates tws hptmgsnation of pragpegin the presence of
Ao DB T PRnG St P GHENE SobSURIRL o UBR-ET) ) Bfohexane
aretghese to dPA%-i on had 145 nR/ g BET surface area, a total

n|t :

| SOBEAEBANE cBltolft frephfed rbiHe BRafiER: B Ridled in the same

reaoforajsmﬁ ingdhe amtes Emnpleahg‘ﬁmb tatalyst wamactivated innadme manner

t ot ni trogen ol 7 o
to 38 maiped; 10e 1858 it & Ridiitelel Gy i ol Pl i benzene
andiT4 ] fsoamt"/? dgc}a{mil‘ﬂﬁ sdarﬁgéﬁd)tlﬁl ?dambm?i Mmlf(l‘&;eﬂ ihiﬂh@it‘éw which boil
anount . of de ed sol ution of nicke ra ,
at GHIPLEBEs MR 3y RO Gy AR BT L EPRIng PgdstTogenation of
berfienEwas ridPBLE uRdeIZ&}ibils &8nditiols 2TRe dnpUAties in #dfeeds and

ranms. of the cal cined alum na was placed in a rotary
progHﬁ‘r sYRAMS weie, angiveed Wit & fegyiage 3pAbPEY "lﬂﬁh?‘élﬂﬁdn@ trace gc
anaawmna@th%ah%%&esnﬁs @eehét@dnﬁfr%we anhe%g 'heQYn Bddiftts under
l'iquid sprayer over a_ period about m nut es.
vartﬁu@ catitions were moatbtczangmat@grf@gnamrMas itifeast Allcombined, the
I [ b C
it Bokaribds palial By Berind i SHERABLARHELT banzone
accontlingi ¢ this iprveptioredsblesdi dwan v noprés byr mghif based on 100%

cycMr(ém)eZTﬁg%g n%ﬁg)uﬁt & b%'ﬁ%e?x %ﬁéﬁ%%ﬂ%&%@q ,P% Ir%i%csed toless

rans of water. e second 1 npr
thaor?_ piva ihithe prodmtm&thmnprmmmtmﬁmg thenflowrateasiteydrogen to the

he fi ation. . Th ri i mpregnati on product
nydigerain Featar J58Re R SR RSN BA8R on t he

arTDSDtprMngn}haﬁraﬁ@maadt oﬂdyeloheﬂeﬁé il mﬂfbr@diﬁ:t sin@arntvas found.

contain,.9.22 Mt % and
The,{reHstYibh r cyHe Eé?'a?y‘é’?ssﬁhé?%%t 698’%rh'ﬁ11€¥ dbeBpearrying out
hydrogésatieslin thd abfend b ¥ hide ballingENERNH ¥R Sle 4.

deposited in an outer |ayer of spheres. The average

| ayer thickness was about 0.33 nm The physi cal

properties of this catal ystrgupeg 60 n2/g, 0.56 cc/g

total nitrogen pore volune and an average por e
TerapdRetfer of 39 nm 50 grams 0218 hi 82@at aPst s
T degn the sanme reactor u% e tr glggExanpl e
ethacﬁilﬁe catal yst was activated at 2 gBOFg?ﬁ 3%"8 cc/mn
Pregaspsigow of 33 vol ume % hydr o33 g280i n280t r &3én f or

h and then for 3 hour h 7700F
szﬁ/aﬁ%agés}'ﬁg 350 cc/mn of pure drggg §§§ %ﬁ)
Flowyrate géfead salepinlbsitzene was thrri ¢8 outt3unded vari ous
ions. The results are I ted nT

Wﬁ\?w. n Table 2, the hydroge t| oﬁéreagg %nzla'@éuct
Bemmmﬁa@anﬁéaﬂmmhn reactor do nfdp comd@i n180y deect abl e

mount s of roducts. The perfaormance of this
Pro@él‘f’ﬁ\"&‘s?&@%ﬁ%’é@ﬁ‘%E"Y'UT‘EQ‘;e chPenpP Shaft4m ¢ I@él 3

catal ysts. Table 2 Tenp F 300 320 320 340 340 350 360
Press, psig 250 250 250 250 250 250 250 Benzene feed
rate, 6 6 11.2 11.2 6 6 6 m/ mn Benzene 24.45 18. 69
28.28 2 1.48 25.59 14. 34 19.8 Conversion, %

Sel ectivity of 100 100 100 1 6 100 100 100 cycl ohexane
and



cycl ohexene, Mm% By-p rod ucts i n p rod uct stream
based o n 100% cycl ohexane and c y c | o hex ene
wa@oeositmad; wt. ppm Cycl opentane 0 0 0 0 0 O O PCT/US2006/045173

Met hyl cycl ohexane 0 0 0 0 0 O O Hexane 0 0 0 0 0 O O
Methyl 0 0 0O 0 O O O cycl opentane Sum of by-products 0

0 00O O0 0 Cyclohexene 1613 4734 1285 2088 1549 3115
2235Exanpl e 3 A nickel catalyst was prepared according

to US Publication No. 2005- 0033099-Al1 . Ganma- Al um na

Tracelanal m@@ﬁ%{fﬁﬁyr Eebgobe extrudates) was cal cined at
about 1000 OC for 3 hours in air. The ganma-al um na
e

had Issrenigng BET, a 1& al nitddghen 1pdre 161 un@-3of

0. 5L g548 and an avgrage porg 4li aggser %g 8.3 hm A
solution of nickel nitrate \/\/asd%rsepar ed by dissol ving

183 Gyglaperiase 2. 6H2A®i n 295 gho Water .0.300 @.3of the
cal ?—i&%ﬁjleal um na supgqjt was 6I4aceql)én a Rotag

I mpregnator and then tThe nickel nitrate sol ution was
pouMethghcyalobentageal uii na exOr@idatCed | MO.Bthe Odt ary

i npregnataor. After 15 m nutes d I'l,,the nt ent
in Zregfaary i npregnat or was 1%&# eg'gt a% ut ég)‘OOC by
bl o@yatpbHwardi r into the rotary dri.er. The dried
product was cal cined_at 380 OCfor 2 hours. Based on

t he QHARNRXEE® ni ckel O trate Qsed th preépare Phis

cat Mathl cydinékaneshed catal ystowod o hagg 1lgg % N
on al um na support. Measurenent of the physical
prog&i¥ene of the fiRilshed cafal ystOindi@ated0133 m/g
BET surface area, a total nitrogen pore vol une of
0.622 cc/g and an average pore dianeter of 18.6 nm 50
grams of this catal yst wadXasapgedin the sanme reactor

S5 Sk ab e TSP ey T ALY o prosencoor

debgde egdrigh ibmiling sblyent nherasn\wersionsdfdunzerteweraso digh that the

oefgR PR Suf PRI Bme YRR e 18 BBttt
Tabl50 gramg bf tHeosatalyst pheparallie tie Exanisle@whsdbaded in the same
rformance

le 1 j.nd] ' f f thi.
roqiPEpyed I 1 GROLRL FRaaIHie - fbe REieFURRs Bclveiedli§irare manner
to VRS ERAMMS 2000 Ried Was CalditiAd of 0. 10wt %eIRMs e3@.26 wi% benzene
Tabl e, 3 Tenp OF 300 320 340 340 350 360 Press,

angd®. S bt oans. 4 mrage iolaheombined mRUITIAS (exluging benzene)

in fhe &1, QHicPeoANYeMRISILTE O Realtd Byddhé8ans, wasd dbdut 5.77 ppm.
25.59 14.34 19.44 Selectivity of cyclohexane 100. 00

Theobydpagnationgof Gengengswas. aarriar (Ol sNREM@IEUS conditions. The
im %fEQHé%édé Qnara?o dt s%te%m?ﬁéegﬁa&?g&g\gﬁa regular gc analysis

cycC exane and Ccy ohexene
mea%;@d @pera thaee gc anaPsiyuetsss Thegeputitis/listgd inhakigts Thedmpurities

. - . | . 00.
e RS 0 i) SEL b EHELOITIRIRg Ty v oo
AlI5$5nihi6e@92h66 fotabSamedbt Exavarieus Timpsiriieanpreduced during the
BBl S ASEHB) 8 AR S Al A oo on
10888 cydlehérank.t Thé peodeetivitgrof ayaHexanef was kqbivaterteor better than
thefcgﬁegeoﬁﬂggr&ér%{n%rthgfrfyldlflggénast%c{nei?\%e%t:lscemclesof a high boiling solvent in

Example 4.
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Thi s experinment denonstrates hydrogenati on of m xed

feed streamto hydrogenation, where the m xed feed
WO e@rasaEnt s a stream obtained by mixing 1 wei ghtT/US2006/045173

portion of fresh benzene with 3 weight portion of the

reactor effluent recycle steam The sane catal yst (50

grans) in the Exanple 2 was in the sane reactor used

in the Control Exanple 1. The catalyst was activated in

same manner to the Exanple 2. A feed m xture of benzene

and cycl ohexane was prepareghp|dlge conposition of the

feed was 0.1 1 wt% lights, 25.41 w % benzene and 74. 48
Te@inby d ohexane. The hydrogenati on 180 betffenel6ths
TeRH-bLE® Put under various conditio They yties

ﬁﬁf?kg fged and product streans me9§55n23§223§§§th a
Pressadsigio anal ysis nmethod. The resul230i s 233Gt e2B0 n

Tr The inmpurities in product e no y
H2&$$%$ﬁ§?gﬁpfron1inpurities in the ﬂ@@g.qgﬁ? Ggﬁgined,

t he Haw adteaofdert sufle viad/noos i npuri 9 es (8.6stetDin

Tabbﬁ ﬂﬁ/ raduced during the hydrogﬁ$ati n of , penzene

according to this invention is | es§than 10 hb The
BeoraneGomersibnp®nzene coul d be forded soldg ghmadat

t hebenzene.cont en in the reactor effluent streans

Coullb-‘&oété&}vgaﬁ}&yciog\qxggg (FP(&F(%SB p&%r y 3ePgft0-5Thi s

exanpl e denonstrates that it is possible to obtain

extrenely high conversion (>99.99% of benzene with a
T”%V%?Bﬂ@§éﬁ@“%¥¥%%tiv@?@ equi val ent to about 99.999

ol esdBentdise productg pi ty of cycl ohgx@ne_gﬁ% tvpo
conditions of the two right colums in Table 4 were
29. ygiapeptame ny f ur0-fer kg catal ys0.9 ThilsOi s &9
denonstration of superior catalyst performance
conpared to the prior art represented by Exanple 1.

Methyipendamenp-in, F <84 158 145 16001659 16D Testhiout, F

329 310 300 32 22 Press, psi 30 230 230
Hesde 230 1o Rate, cc Ao 155 185 2692 2400500800 F ow
Methyleyofopesdanesol e, 7/ min 6 6 11.2214. 2.9.6 40.5

h 15858 10.8 10.8 9.2 10 enze
BeWEB%  ci on. 06 77, 26 00, 81 74. 21 830FF 10905 092
Cyé&lohenanevity of cyqd.ehexane (mhr/kg) 29.2 3_1.8 Trace
nalysis (wt ppm Feed |sopentane 1.7 1.2 1.9 0.9 1.0

CY‘?‘P e%‘?@elvm hyl pent a?ﬂsqlz. 5 12.0 1413121813.0 10.9

Melityl SyBomexBael. 3 1.8931.6 1.6 1.8 146 1. § £yclpgent ane
5.98.16.47.27.45.85.9 Hxane 13.5 13.3 15.3 13.9

Tolygng 12 4 12.5 Metyf cycl opentane11.1012. 4013, 1 12.1
12.2 10.8 10.9 Benzene 5.78* 0.05* 6.59* 4.27* 9.9
34.2 Cycl ohexane - - - - - - Cyclohexene 4.7 14.8 5.5
24.9 4.8 4.5 0 Methyl cycl ohexane 7.2 8.9 7.6 8.7 9.4
9.3 9.4 Toluene 3.1 3.2 3.2 2.3 1.7 00 * Wight
%xanpl e 5 This exanpl e denonstrates the hydrogenati on
of benzene in the presence of decalin as high boiling
sol vent, where the conversions of benzene to
cycl ohexane are close to 100% 50 grans of the
catal yst prepared in the Exanple 2 was | oaded in the
same reactor used in the Control Exanple 1. The
catal yst was activated in sanme manner to the Exanple
2. The feed was a m xture of 0.44 wt% |ights, 25.26
wt % benzene and 74. 30 wt % decal in. The average t ot al
conbined inpurities in the feed, which boil at
tenperatures near to cycl ohexane, was about 14.8 ppm
The hydrogenati on of benzene was carried out under
various conditions. The inmpurities in the feeds and
product streans were analyzegswith a regular gc
anal ysis nmethod and a trace gc anal ysis nethod. The
results are listed in Table 5. The inpurities in
products under various conditions were nostly
originated frominpurities in feed. Al conbined, the
total amount of various inpurities produced during the

- T T s g,
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cycl ohexane. The trace anmount of benzene in product
stream can be reduced to less than 2 ppmin the
w@ew@duaed42cycl ohexane by adjusting the flow rateCDS2006/045173
hydrogen to the hydrogenation reactor at a given feed
rate of benzene. Surprisingly notrace anmount of
cycl ohexene in any product stream was found. The
productivity of cycl ohexane was at |east 40% hi gher
than carrying out hydrogenation in the absence of a
ThEiNeRRIH Lafnsglyent in Exanple 4. Table 5 Tenp-in, OF
218 220 219 220 Tenp-out, OF 322 330 328 333 Press,
psig 230 230 230 230 H2 Rate, cc/mn 400 430 385 405

1o 1o T PeerGRp R Saethurt dramatc cdmpbintiTfin Riaghion stream

cormpodingt | epntacting csaidl geaxtior Straam [ Wid) BEIregen.uhdet. @nditions of

A S B2 gt RECDbARG ot m e
pre&ehice.of alcRalysBcoieprisidbfiromdd tb ¥4 Wt.2s Bliand 0Vbitdpyto about 0.9 wt.%
oI ot ot SRS i Rg oot
40 e 1118l moys; | e yerevdiumd of frény about 6.35toTMME B 8%clg € Broduce a

0 Exa e 6 This exanpl e denonstrates the

hyGrogeRglatheYdic SI™MBEHRENe in the presence of decane as

hi gh boiling solvent. The conversions of benzene were

so high that the benzene contents in the product

st egnsl WepBcgsssacaosdingderdaina | whemsin ghefiy egntenkis about 0.2 to
0.45/t.84.yst prepared in the Exanple 2 was | oaded in the

same reactor used in the Control Exanple 1. The

catal yst was activated in sanme manner to the Exanple

2. %h e XL .05 0.4 I ght .

i 0 HeERDetRs BgBidhi ohimtz Mhethi diegt ot Gine cataiystis
abguin®t;mdl withanidt i es (excl udi ng benzene) in the feed,

whi ch boil at tenperatures near to cycl ohexane, was

about 5.77 ppm The hydrogenati on of benzene was

car nhedlf' hmgramamammcdadhtz wherein haeidmald bt t@tains one or

in t ee n roguct streans were_analyz th.a
mor8 gupdnes sl LB e bish e 6EAGe Rin iy 2y MG and .

met hod. The result is listed in Table 6. The inpurities

in E:oducts under various conditions nostly originated
fromr i APBrPROCESS| 3Fqrgindetey claim 1 whergie benzeset st pesent in the
reaiBANEtrefm YR BhOMRoLAPYS 1 tb & \Qf.%%ﬁijh?&’dg%ﬁaié@ cyclic compound
hydr ogenati on of benzene according to thisS invention
compriges GycloneypRebased on 100% cycl ohexane. The
productivity of cycl ohexane was equival ent or better
than the case of perform ng the hydrogenation in the
abs @nddeopragess giecondingitg ckaimv e carried eubimihe preFan¢eoba solvent

=Yag o PRTT oIS 4 - PP = 4
v Bind kR 35S OB v P EGAEE ouna t be
hydtiogenateccandl hydeageswted aycliciconfpdding. 10 WHSV hr 1 9.6

8 11 Benzene Conversion, % 100 100 100 Productivity of

cycl ohexane (nmhr/kg) 36.4 32.6 40.5 Trace anal ysi s

(wt 7paihe predskspendiagao@lain6 2viterairPthe Cycdament srsbout 0.2 to
048g§00.9 1.0 0.9 Methyl pentane <0.1 0.1 0.2 <0.1
AWk%he 0.2 0.9 1.0 0.5

8. The process according to claim 7 wherein the Ni content of the catalyst is
about 9 to 10 wt% and

16



Met hyl cyclopentane 1.7 2.4 2.4 2.0 Benzene - 0.02

<0.01 0.02 Cycl ohexane 2.5 - - - Cycl ohexene <0.1 1.4
wda2@702d¢et hyl cycl ohexane 2.3 4.6 4.4 4.5 Tol ureieU$2006/045173

O OThe invention clainmed is: 1. A process for

hydr ogenati ng aromati ¢ conpounds in a reaction stream

conprising contacting said reaction streamw th

hydrogen under conditions of pressure and tenperature

to react the hydrogen and aromatic conpounds in the

pr @encraeqiro@esgtaaiomsdmgqa@?.m naviidrem the eathdysttcodtdihs one or
o Cu OSI te

out
mogg m%*fﬁro'%t%qﬂ& ﬁ%\mstgﬁrﬂfPPp FRORisnEF %@d*?acsea?-eawtﬁ and Pd.
fromabout 40 to 180 n2/g, and pore volunme of from
about 0.3 to about 0.8 cc/g to produce a hydrogenated
cyclQ.c Tdsnprsass accanding te ctaid ﬁdﬁ@@@lm@w@eaeasmr@sent in the
{o
realfi E*f%%é‘;@ T e Lo PN P afd oot cybic compound
conmmmaﬂwydﬁheX&n%atalyst is about 9 to 10 wt % and 4.
The process according to claim2 wherein the catal yst
contai ns one or nore nodifier selected fromthe group
conki.sThegrodesigpcdrudingdo cEim\®whedeiRdhe SolvEm: cpmprizes 10 to 90

m 1 wherein benzene is present in the
(2(§%bﬁdﬁg§ﬁ?%§hpaﬂ‘an anopunt of 1 to 60 w. % and

hydrogenated cyclic conpound conpri ses cyclohexane 6.

The cess accor to cC m1l carried out in
o R e raaf eI CAEABLSAS Rdhs Srodgng et aromatic

conih%lﬁ\dﬁcg ﬁ{ddc@?@h Bﬁbg'iarn%'f@d by‘clmmﬁyaana %ohﬁmsm 4 to 14 wt.% Ni
ydr ogenat ed. and rogenat ed cyclic conPoun . The
an%@%&ﬂ% 240 Ot Wit7g C%/lbd@IP%Fﬁ%Of\)\ﬁé@S«'ﬂQmé UminaGPeRIt haying BET
T I

surBR@ el ¢t o ot Qo A8 DR HERA G5 B9 fiofh about 0.3 to
aboh @B cg/a.0 10 wt % and9. The process according to claim

7 wherein the catalyst contains one or nore nodifier

sel ected fromthe group consisting of Ag, Ru, Re, Zn,

Mo and Pd. 10. The process according to claim®6

wherei n benzene is present in the reaction streamin

an anount of 1 to 60 w. % and hydrogenated cyclic

conmpound conpri ses cycl ohexane. 11. The process

according to claim6 wherein the solvent conprises 10

to 90 wt.% of the reaction stream 12. A copper

nodi fi ed ni ckel catalyst used in the hydrogenation of

aromati c conmpound to produce a hydrogenated cyclic

conpound conprising 4 to 14 w.% N and about 0.2 to

0.4 wm.% Cu deposited on a transition alum na support

havi ng BET surface area of from about 40 to 180 n®/g,

and pore volunme of from about 0.3 to about 0.8 cc/g.
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