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OF AROMATIC COMPOUNDS BACKGROUND OF THE INVENTION
WORMHIZF4RE Invention The present invention relates to a procBSE/KEF2006/045173

hydrogenation of aromatic compounds such as the hydrogenation of

benzene to cyclohexane and the supported nickel catalyst modified with

up to 0.9 wt.% Cu therefor. Related Information Cyclohexane is the main

precursor for the production of nylon products and as such, the demand
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distillation of suitable crude Egetroleum refinery streams. Now the major
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CorlPEMRSALIRE the PheoW Ry SQFﬁg’qttﬁﬁ n gﬂﬁ%ﬁ%&éﬁp@ﬂgge using a fixed bed

_ countercurrent to the benzenelcyclohexan emperature
reaction. The reactor temperature is controlied to be between 350 to 500°F. Higher

temperatures can iead to thermodynamiclimitations on benzene conversion, therma)
cracking and increased by-product. In general, the amount of byproducts in the
effluent stream from a hydrogenation reactor increases with hydrogenation
temperature or conversion of benzene or both.

Peterson in U.S. Pat. No. 2,373,501 discloses a liquid phase process for the
hydrogenation of benzene to cyciohsxane wherein a temperature differential is
maintained between the top of the catalyst bed where benzene is fed and the outiet
where substantially pure cyclohexane is withdrawn. The temperature differential is
due to the change in the exothermic heat of reaction released as less and less
benzene is converted as the concentration of benzene decreases. Specifically the
top of the catalyst bed is at a higher temperature than the lower catalyst bed.
Hydrogen is supplied countercurrent to the benzene/cyciohexane flow. Temperature
contro! coils are disposed within the reactor to maintain the temperature differential
if the exothermic heat of reaction is not sufficient or to cool the bed if too much heat
is released. Peterson recognizes that although the bulk of his reaction takes place
in the liquid phase a portion of the benzene and cyclohexane will be vaporized,
especially near the top of the reactor where the benzene concentration is highest
and conversion is highest. A reflux condenser is provided to condense the



control coils are disposed within the reactor to maintain the temperature
differential if the exothermic heat of reaction is not sufficient or to cool the
bed if too much heat is released. Peterson recognizes that although the
bulk of his reaction takes place in the liquid phase a portion of the
benzene and cyclohexane will be vaporized, especially near the top of the
reactor where the benzene concentration is highest and conversion is
highest. A reflux condenser is provided to condense the 1 condensible
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US. Pat. No. 6,750,374 discloses a process for the hydrogenation of benzene
using hydrogen containing up to about 15 mole% impurities, such as carbon
monoxide and Zight hydrocarbons with an alumina supported catalyst containing from
about 15 to 35 wt.% Ni and from about 1 fo 15 wt. % Cu. The catalyst fﬁay contain
additional elements such as Mo, Zn, Co, Fe.

SUMMARY OF THE INVENTION

The present disclosure is directed to a process and a catalyst used in the process
_ for hydrogenation of aromatic compounds, such as benzene, aniline, naphathalene,
phenal and benzene polycarboxylates, by hydrogenating the aromatic compound
in the presence of a catalyst compriging from 4 to 14 wt. % Ni, preferably 940 10 wt.%
Ni and up to about 0.9 wt.% Cu, preferably about 0.2 to 0.4 wt.% Cu deposited on
a transition alumina support having BET surface area of from about 40 o 180 m2/g,
and pore volume of from about 0.3 to about 0.8 cc/g. The hydrogenation of aromatic
compounds is advantageously carried out in the presence of a high boiling solvent.
The preferred solvent will have at least 10° F higher boifing point than the aromatic
compound to be hydrogenated and hydrogenated cyclic compound. The advantages
of using a high bolling solvent are higher productivity of cyciochexane and keeping the
temperature of catalytic reaction zone in a desired range. The high boiling solvernt



The present disclosure is directed to a process and a catalyst used in the
process for hydrogenation of aromatic compounds, such as benzene,
aniline, naphathalene, phenol and benzene polycarboxylates, by
hydrogenating the aromatic compound in the presence of a catalyst
comprising from 4 to 14 wt, % Ni, preferably 9 t010 wt. % Ni and up to
about 0.9 wt.% Cu, preferably about 0.2 to 0.4 wt.% Cu deposited on a
transition alumina support having BET surface area of from about40 to
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used in

in one aspect, there is provided a process for hydrogenating aromatic
compounds in a reaction stream comprising contacting said reaction stream with
hydrogen under conditions of pressure and femperature fo react the hydrogen and
aromafic compounds in the presence of a catalyst comprising from 4 to 10 wt.% Ni
and 0.2 up to about 0.3 wt.% Cu deposited on a transition alumina support having BET
surface area of from about 40 to 180 m2/g, and pore volume of from about 0.3 to about
0.8 cclg to produce a hydrogenated cyclic compound, wherein the catalyst contains
one or more modifiers selected from the group consisting of Ag, Ru, Re and Pd.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
This invention periains fo a cataiviic hydrogenation process of aromatic
compounds such as benzene, aniline, naphthalene and phenol in the presence of
improved copper modified nickel-based catalyst supporied on & porous support.
Hydrogenation of benzene vields cyclohexane. But the hydrogenation product
stream from the catalylic reactor contains other undesired by-products such as
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compound comprising 4 to 14 wt.% Ni and about 0.2 to 0.4 wt.% Cu
deposited on a transition alumina support having BET surface area of
from about 40 to 180 m2/g, and pore volume of from about 0.3 to about
0.8 cc/g. in one aspect, there is provided a process for hydrogenating
aromatic compounds in a reaction stream comprising contacting said
reaction stream with hydrogen under conditions of pressure and
temperature to react the hydrogen and aromatic compounds in the
presence of a catalyst comprising from 4 to 10 wt.% Ni and 0.2 up to
about 0.9 wt.% Cu deposited on a transition alumina support having BET
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hydrogenation process of aromatic compounds such as benzene, aniline,
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benzene, up to about 200 ppm by weight. Less than 10 ppm benzene |§ ’
highly desirable for the production of high purity cyclohexane. In general,
the amount of by-products in the effluent stream from a hydrogenation
reactor increases with hydrogenation temperature or conversion of
benzene or both. Especially the amount of the by-products rapidly
increases with hydrogenation temperature higher than about 340F. The
hydrogenation of aniline yields cyclohexylamine. But the undesired side
reactions are deamination, formation of di and triphenylamine and various
heavier products.
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3a WO 20071126421 PCT/US2006/045173 An advantage of the present
invention is reduced by-products so that simple distillation of
WO 334 tion product stream produces high purity cyclohexBnEUSt8eaR45173
Preferably the cyclohexane product contains no more than about 50 ppm,
preferably no more 30 ppm by weight impurities including unconverted
benzene excluding impurities came in with the feed benzene. The
hydrogenation reactor effluent contains small amounts of cyclohexene.
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impmhmmiofehetmghegwogmqu;sfwdﬁl%sti’“@diti@ﬁf% foed impurities
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ref rabl¥ comprise Ni and Cu and optionally one or more eleimen

subdtaptialy #1258 IRCHSLBI YR N of Ag, Ru, Re, Zn, Mo and Pd which
areTehepiogiiashen atieupresttiompsnine tansdiPoat Mlunipps vseliafevice such as

cata%i‘@lg}ﬁiation column, fixed bed reactor, boiling point reacior, stirred tank
reactor, trickle bed reactors or any combingtion of these. Since the benzene
hydrogenation reaction is exothermic reaction, the hydrogenation reaction for the
traditional fixed bed operation is preferably carried out by recycling the reactor
effluent stream to dilute the fresh benzene feed, which ditutes the heat of reaction.
Although recyciing the reactor effluent is not necessary for the catalytic distillation
reactor, one may choose to do so.

The present catalysis preferably comprise Ni and Cu and optionally one or
more elements sefected from the group consisting of Ag, Ru, Re, Zn, Mo and Pd
which are deposited on a support comprising transitional aluminas such as crystalline
alumina of gamma, kappa, deita, theta and alpha or a mixiure comprised of two or
three selected therefrom. A preferred nickel content of the catalyst is from about ©
to 10 wt.% and a preferred copper contents is from about 0.2 to 0.4 wt.%. The
catalyst used in this invention is prepared by depositing nickel and copper on a
porous support. Copper serves to improve the catalyst activity and selectivity. The
catalyst may contain one or more elements as the second optional modifiers from
Ag, Ru, Re, Zn, Mo, and Pd. The deposition of active metal components can be



alumina of gamma, kappa, delta, theta and alpha or a mixture comprised
of two or three selected therefrom. A preferred nickel content of the

WO 2004284 from about 9 to 10 wt.% and a preferred copper cBnTEHI0R/045173
from about 0.2 to 0.4 wt.%. The catalyst used in this invention is prepared
by depositing nickel and copper on a porous support. Copper serves to
improve the catalyst activity and selectivity. The catalyst may contain one
or more elements as the second optional modifiers from Ag, Ru, Re, Zn,
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impr@gmagana.s AUshiaichckelas il HeKepEUMAIE pRESIARL 8V IRSSKIVRIS a nickel
com%rc]sctlmd or an organo nickel compound in organic solvent or water. The examples
of the nickel compounds are nickel salts such as nickel nitrate or organo metallic
nickel compounds such as nickel acetate, nickel formate, nickel acetylacetonate and
nickel alkoxides. The impregnation product is dried and calcined at temperature in
a range from 200° to 600°C, preferably from 250° to 500°C.

When the hydrogenation of benzene is carried out in a fixed bed reactor,
which is operated in boiling point mode, or in a catalytic distillation reactor, the heat
of hydrogenation reaction is utilized to vaporize the product cyclohexane. The resuit
of the vaporization is the internal cooling of the hydrogenation reaction zone. The
overhead vapor stream from a catalytic distiilation reactor, which is operated in the
presence or absence of a high boliing solvent, comprises cyclohexane and hydrogen.

Controt Exampie 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 mournted up-flow stainless steel



nickel alkoxides. The impregnation product is dried and calcined at
temperature in a range from 200 to 600C, preferably from 250 to 500C.
Wo\R)‘l‘?(.grlrzt‘I("i‘@’hydrogenation of benzene is carried out in a fixed Bed/HSa84645173
which is operated in boiling point mode, or in a catalytic distillation reactor,
the heat of hydrogenation reaction is utilized to vaporize the product
cyclohexane. The result of the vaporization is the internal cooling of the
hydrogenation reaction zone. The overhead vapor stream from a catalytic
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4. the reactor temperature. The catalyst was supplied by the manufacturer

as activated and passivated form, and recommended reactivation at 482F
in hydrogen gas flow. The catalyst was reactivated at 250F in 300 cc/min
gas flow of 33 volume % hydrogen gabig nitrogen for 1.5 hours and, then
575F for 5 hours in 350 cc/min flow of pure hydrogen gas. The
hydrogenation of benzene was carried out under various conditions. The

Tekgpuite are listed in Table 1. Tabigh Temp4aF 300,320 34 035 0
Prgis, psig 250 250 250 250 250 250 %460 35%88° 360

Press, psig 250 250 250 250 250 250
Benzene feed rate, ml/min 6 6 11.2 6 7] )
Benzene Conversion, % 1821 2021 2159 1771 1841 17.86

Selectivity of cyclohexane 90.95 ©0.87 99.91 99.84 00.84 00,82
and cyclohexene, m%
 By-products per 100%
cyclohexane and |
gyclohexene combined, wt.

ppm

Cyclopentane 439 1114 644 1206 136D 1520
Methylcyclohexane: 0 9; 7 0 0 ]
Hexane 0 0 7 0 0 0
Methyl cyciopentane €92 1306 472 1548 1669 1881
Sum of by-products 1131 2420 1130 2842 3028 3401
Cyclohexene 854 165 1661 1201 1308 2056

Example 2



Benzene feed rate, ml/min 6 6 11.2 6 6 6 Benzene Conversion, % 18.21
20.21 21.59 17.71 18.41 17.86 Selectivity of cyclohexane 99.95 99.87

WOgE3A134231 99.84 99,82 and cyclohexene, m% By-productFS&r4i5004/045173

cyclohexane and cyclohexene combined, wt. ppm Cyclopentane 439
1114 644 1296 1359 1520 Methylcyclohexane 007000 Hexane 00 7
0 0 0 Methyl cyclopentane 692 1306 472 1546 1669 1881 Sum of
by-products 1131 2420 1130 2842 3028 3401 Cyciohexene 854 165
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withiininer andeoppef déliae was prepared by dissolving 86.5 grams of
Ni(NORRe P Mictr -OP AIBKES HRMAET =3 Qéﬁaér%ﬁﬂ%téa{%? Yrepared by
. alumina was placed In a rotary impregnator. The mixed solution was
dissoiving 86.5 grams of Nn(NO3)2.2.£H2 in 25.95 grams of water. 300 grams of the
calcined alumina was placed in a rotary impregnator. The mixed solution was
sprayed on m!iing.aiumina spheres inside the rotary impregnator by using a liquid
sprayer over a period of about 15 minutes. The content in the rotary impregnator
‘was dried by blowing hot air in at about 200°C. The dried product was calcined at
35G°C for 2 hours.

The second mixed solution was prepared by dissolving' 65 grams of
Ni(NO3),.6H,0 and 1.8 grams of Cu(NO3),.2.5H,0 in 19.5 grams of water. The
second impregnation was performed on the first impregnation product in similar
manner to the first impregnation. The dried impregnation product was calcined at
380°C for 2 hours.

Based on the amount of materials used, the finished catalyst would contain -
8.22 wt % Ni and 0.35 wt. % Cu. The examination. of the catalyst spheres under
microscope indicated that the active metal components were deposited in an outer
layer of spheres. The average layer thickness was about 0.33 mm. The physical
properties of this catalyst were 60 m?/g, 0.56 cc/g total nitrogen pore volume and
an average pore diameter of 39 nm. 50 grams of this catalyst was loaded in the
same reactor used in the Control Example 1. The catalyst was activated at 250°F
in 300 cc/min gas flow of 33 volume % hydrogen gas in nitrogen for 1.5 hours and
then for 3 hours at each 670 and 770°F by passing 350 cc/fmin of pure hydrogen
gas. The hydrogenation of benzene was carried out under various conditions. The
resuits are listed in Table 2. As shown in Table 2, the hydrogenation reaction
product streams from the reactor do not contain any detectable amounts of by-
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The average layer thickness was about 0.33 mm. The physical properties
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average pore diameter of 39 nm. 50 grams of this catalyst was loaded in
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activated at 250F in 300 cc/min gas flow of 33 volume % hydrogen gas in

nitrogen for 1.5 hours and then for 3 hours at each 670 and 770F by

passing 350 cc/min of pure hydrogen gas. The hydrogenation of benzene
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Table 2 TempF 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 ml/min Benzene
WO 28078264289 28.28 21.48 25.59 14.34 19.44 Conversion, % BelEiwgrges17s
100 100 100 100 100 100 100 cyciohexane and cyciohexene, m%
By-products in product stream based on 100% cyclohexane and
cyclohexane combined, wt. ppm Cyciopentane 0000000
Methylcyclohexane 0000000 Hexane0000000 Methyl00O00O00O
0 cyciopentane Sum of by-products 00000 0 0 Cyclohexene 1613

4734 1285 2088 1549 3115 2235 9 WO 2007/126421
PCT/US2006/045173 Example 3 ARt catalyst was prepared

according to US Publication No. 2005-

Temp °F 300 320 320

Press, psig 250 250 250

Benzene feed rate, 6 6 1.2

mi/min

Benzene 2445 18.6% 28.28
Conversion, %

Selectivity of 100 100 100

cycichexane and
gyclohexene, m%
By-producis in
product stream
based on 100%
cyclohexane and
cyclohexene
combined, wi. ppm

Cyclopentane 0 0 0
Methyicyciohexane 0 0 o
Hexane o 0 0]
Methyi 8 0 0
cyclopentane

Sum of by-producis 0 0 0
Cyclohexene 1613 4734 1288

340 340
250 250
11.2 6
2148 25.59
100 100
0 0
0 0
0 0
0 0
0 0
2088 1548

350 360
250 250
6 &
14.34 1944
100 100
0 0
o 0
0 0
0 0
0 0
31156 2235



0033099-A1. Gamma-Alumina (1.3 mm diameter trilobe extrudates) was
calcined at about 1000 C for 3 hours in air. The gamma-alumina had 252

WOREHIBEAL a total nitrogen pore volume of 0.571 cc/g and af aldreigae/45173
pore diameter of 8.85 nm. A solution of nickel nitrate was prepared by

dissolving 183.6g Ni(NO3)2.6H20 in 295 grams water. 300 g of the
calcined alumina support was placed in a rotary impregnator and then the
nickel nitrate solution was poured on tumbling alumina extrudates in the
rotary impregnator. After 15 minu§5§ %b the content in the rotary
impregnator was dried at about 2 éi@ Iowmg hot air into the rotary

drid. Fipkelrateiuuasa P enraned mmctm)rtg HdSr<Pahlication (o, 2005-
00330UBLACf G&'ﬁﬁh@uﬁﬁlﬁhﬁ@(@:{)ﬁﬁ@@é%ﬁ@ﬁ%ﬁ%@@)&ﬂﬁ%ﬁ%}%&%ﬁlmmd

would have 11 wt % Ni on alumina support. Measurement of the physical

at abot 400 % ﬁﬁ@%& @iy st NRERaa HHPNPEIEH Sifabd @ggg a total
nitragtal pitnegesi pate WIOrﬁebﬁﬁ@%r@@wcbmgevstﬁgeﬁmd@%me@Bﬁf nm. A

sciu%géég;ﬁ algelgxam gﬁfﬁ%& ;géa?%c vatgﬁﬁ?d@eﬁtlc ?ﬁ}%ﬁer‘%"&?} in 285

gramnie ‘Eﬁ‘a‘@ﬁple@&f@ W@hﬁg@@é@o#@f%@mm sRRpeHiriv@sUplkacger in a rotary
impAIIHS CARAITIPR: The FRSKEP AR EsliRdMas: mﬁ?ﬂtmﬁbimg alumina

performance data of this catalyst in Table 3 with those in the Table |

exinygategindhe.catmg 'IWES'E@%"SM?)@%F pmiHigSEoi ik E‘&?aﬁ%‘i‘ﬁ%ﬂt in the
rotappimentignatockabaitityshs sl the B0t @ dsy rm&mdt%ﬁrthﬁo the rotary drier.

T B MU A ARSI 05 S S Bl st
nitralpais e dpsnepasnitiskrialyst sibe ﬁezesezimawgvmmm 1 wt % Ni on
a!un%ﬁ?gﬁﬁw&{ CX@'@Q%R&?@%H@@%Q%\?Q@& bRt F WePrindika catalyst

cyclohexene, m
indicated 133 m*/g BET surface area, a total nitrogen pore volume of 0.622 cc/g and

arn average pore diameter of 18.6 nm.

50 grams :cf this catalyst was loaded in the same reactor used in the Control
Example 1. The cafaiyst was aclivated in identical manner to the Example 2. The
hydrogenation of benzene was carried out under various conditions. The results are
listed in Table 3. Comparing the performance data of this catalyst in Table 3 with
those in the Table 1 of the Control Example 1 indicates a superior performance of
this catalyst o0 conventional nickel catalysts, although it was not as good as the
catalyst.in the Example 2.

Table 3
Temp °F 300 320 340 340 350 360
Press, psig 250 250 250 250 250 250
Benzene feed rate, mi/min 5] 6 11.2 6 & 6

Benzene Conversion, % 18.92 28.28 2148 2550 14.34 19044

Selectivity of cyclohexane  100.00 100.00 99.97 99.94 09.95 09.97
and cyclohexene, m%
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10 WO 2007/126421 PCT/US2006/045173 By-products in product stream
based on 100% cyclohexane and cyclohexene combined, wt. ppm
WORKIGE e 0 0 225 493 386 273 Methylcyclohexane 0 0 8GH(P§2006/645173
Hexane 000 0 0 0 Methyl cyclopentane 000 00 0 Sum of by-products
0 0 225 493 386 273 Cyclohexene 555 846 890 565 765 1846 Example
4 This example demonstrates the hydrogenation of benzene with recycle
of reactor effluent in the absence of a heavy solvent. But the feed to the
reactor comprises fresh benzene feed and reactor effluent stream, which
BY‘E@?%M@C“FHS experiment demonstrates hydrogenation of mixed
strefesdisiranbie 1mpgenation, where the mixed feed represents a stream
obtained by mixing 1 weight portion of fresh benzene with 3 weight
C&’G}gg}ﬁﬁﬁﬂﬁ %férgreactor effluent recycle steam. The same catalyst (50
cyclagmenie tentbiaemb/ev®. was in the same reactor used in the Control
r‘Example 1. The catalystwas activated in same mannerto the Example 2.
PPPA teed mixture of benzene and cyclohexane was prepared. The
Cyatopeprdsitien of the feed was 0011 wt% lights, 2522Bwt% $88zene 36@ 273
4.48 wt% cyclohexane. The hydrogenation of benzene was carrieg out
Me%%%\ﬁi/%ﬁgﬁé By A g @ 8

Wnditions. The Impuritiesin the feéd and product streams

Hexsere analyzed with a trace go @nalysis rethod. T@e 0 0 0

Methy! cyclopentane 0 0 0 0 0 0

Sum of by-products 0 0 225 493 386 273

Cyclohexene 555 846 890 565 765 1846
Example 4

This example demonstrates the hydrogenation of benzene with recycle of
reactor effluent in the absence of a heavy solvent. But the feed to the reactor
comprises fresh benzene feed and reacior effluent stream, which is cyclohexane.
This experiment demonstrates hydrogenation of mixed feed stream fto
hydrogenation, where the mixed feed represents a stream obtained by mixing 1
weight portion of fresh benzene with 3 weight portion of the reactor effluent recycle
steam.

~ The same catalyst (50 grams) in the Example 2 was in the same reactor used
in the Control Examiple 1. The catalyst was activated in same manner {o the Example
2. Afeed mixture of benzene and cyclohexane was prepared. The composition of the
feed was 0.11 wit% lights, 25.41 wit% benzene and 74.48 wt% cyclohexane. The
hydrogenation of benzene was carried out under various conditions. The impurities
in the feed and product streams were analyzed with a trace go analysis method. The
rasult is listed in Table 4. The impurities in product streams mostly originated from
impurities in the feed. All combined, the total amount of various impurities (listed in
Table 4) produced during the hydrogenation of benzene according to this invention
is less than 10 ppm. The conversion of benzene could be forced so high that the

11



result is listed in Table 4. The impurities in product streams mostly

ariginated from impurities in the feed. All combined, the total amount of
WO\?&&%@%‘puntleS (listed in Table 4) produced during the hyg%gﬁ%‘{%f?ﬁfm

benzene according to this invention is less than 10 ppm. The conversion

of benzene could be forced so high that the 11 WO 2007/126421

PCT/11S2006/045173 benzene contents in the reactor effluent streams

could be reduced to less than 35 ppm by weight. This example

ben%ﬁ@@éﬂ?éﬁ%‘sthﬁ“tﬁésrgﬁéﬁﬁ?@ﬁ&u@ﬁ%&@éﬁ%‘l@&ét@'ﬁ@ ROBNEERAB tess than 35

(>99. 990/% of benzene with a cyclohexane se ect|V|ty equivalent to about

ﬁPﬁb%%ﬁ fe DhisREMRRIG MO MIRIBAdRA LS RIS derRtbpiRSxtremely
highteonughtionl {ng % 99 Faie Wﬁ@é%ﬁ@@b%&ﬁﬁ%@éﬁ@@mg @qtﬁva ent to
| tr [0, errorman compal, tot
abollf b/ 8adRHIE 1 R0 Al RSIAL S ST AR O R0 BRI B the two
right] colusenscin Tieahleodt, wezw:&gas@o&m@ 32efap parrdiss, gudigha80 This is a

dem&#ala?O0ct3GapBrid? Rataid "HBdorndineed catdnt 300+
rate of feed sole, mﬁilmln 66 11. @%29 6 10.5 WHSV, ?r 158581 t'%o‘%mr art
reprepented By EX8EARINA Conversion, % 77.26 99.81 74.21 83.26 100
99.99 Productivity of cyclohexane frafu/kg) 29.2 31.8 Trace analysis (wt
) Reed Isopentane 1.71.21.90.91.,0 1.8 Ipe e
Temo s 107131 10,0106 Pentand®a 1 5506 1%51% B 8 160

Tempyolgpéfitane 5.9 8.1 6.4 7.2 7.45.8 5289 329 310 300 322 322

Press, psig 230 230 230 230 230 230
H2 Rate, co/min 166 185 287.5 340 500 500
Flow rate of feed sole, mi/min & 6 112 11, 296 105
WHSV, hr 58 58 10.8 10.8 92 10.
Benzene Conversion, % 77.26 88.81 74.21 83.26 100 99,89
Productivity of cyclohexane (m/hir/kg) 28.2 31.8

Trace analysis (wt ppm) Feed

Isopentane 1.7 12 18 08 10 18 1.9
Methyipentane 12.5 12.014.3 12,7 13.1 109 10.8
Pentane 1.3 1.9 16 16 1.8 17 1.8
Cyclopentane 5.9 81 64 72 74 58 659
Hexane | 13.5 13.3 153 139 140 124 125
Methy! cyclopentane 11.1 124 131 1214 12.2 108 108
Benzene 578* 0.05" 6.59* 4.27* 9.9 3472
Cyclohexane - - - - - - -
Cyclohexene 4.7 148 55 249 48 45 0
Methyl cyclohexane 7.2 89 76 87 94 83 94
- Toluene 3.1 3.2 32 23 17 o0© 0
* Weight %
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Hexane 13.5 13.3 15.3 13.9 14.0 12.4 12.5 Methyl cyclopentane 11.1
12.413.112.112.2 10.8 10.9 Benzene 5.78* 0.05* 6.59* 4.27* 9.9 34.2

WO RN F S e - - - - - - Cyclohexene 4.7 14.8 5.5 24.9 4.8 4. B QT IRAHY045173
cyclohexane 7.2 8.9 7.6 8.79.49.39.4 Toluene 3.13.23.22.31.700 *
Weight % 12 WO 2007/126421 PCTIUS2006/045173 Example 5 This
example demonstrates the hydrogenation of benzene in the presence of
decalin as high boiling solvent, where the conversions of benzene to
cyclohexane are close to 100%. égmfpf the catalyst prepared in the
Example 2 was loaded in the same reactor used in the Control Example

1. ThE enapaiademansiiaian istywanseation s BRaspe i fieiwsence of

decatiaszs highisolifriy Sbwsn i oikmrdaRS vabvbesiaereoBbenZere W%yciohexane
gggl'% ]’Bscﬁverage total combined impurities in the feed, which boll at

emperatures rear to cyclohexane, was about 14.8 ppm. The
hy&fd geamipaldhe eatalysiperaraddrothe buamplivdsnam idoies! Thide same

reactBPYEEEIHHARCCERARIDAR% R Gt SFRAMGIGES 7 é'%%‘?!@éﬁ‘gﬁ I ESHB manner

c analysis method and a trace gc analysis method. The results are liste

10 thf, FXBIDIRIS e AR IRRE 1A R R AE 04 i Bkt 0R5 %6 wi% benzene
and m;pstwm Haem_rﬁr,om@wdggd& f@ﬁ@!@f}blﬁﬂgﬁ@@ hmsqriﬂe? iotAbFREWhich boil
of variQus Impurities produce uring the rogenation o nzen .
at o RTEINED e TR REL s Ly AR Bac e ARG nation o
benzgmiohexanarrik acerateo warioliseraediéianprdthe istpeaitiesain ke feeds and
prcd%ﬁﬁ%?@é&?%?@%@%@ﬂ'w RGP BREAMAPHAMEHARE trace go

low rate of hydrogen to'the
analysis method. The resulis are listed in Table 5. The impurities in products under

are

various conditions were mostly criginated from impurities in feed. All combined, the
total amount of various impurities produced during the hydrogenation of benzene
according fo this invention is less than 4 ppm by weight based on 100%
cyclohexane. The trace amount of benzene in product stream can be reduced to less
than 2 ppm in the product cyclohexane by adjusting the flow rate of hydrogen to the
hydrogenation reactor at a given feed rate of benzene.

Surprisingly no trace amount of cyclohexene in any product stream was found.
The productivity of cyclohexane was at least 40% higher than carrying out
hydrogenation in the absence of a high boiling solvent in Example 4.

_ Table 5

Temp-in, °F : 218 220 219 220
Temp-out, °F 322 330 328 333
Press, psig 230 230 230 230
H2 Rate, cc/min 400 430 385 405
Flow rate of feed scle, mi/min 15 15 13 13

WHSV, hrt 18 16  13.9 13.9
Benzene Conversion, % 100 1400 100 100

Produclivity of cyclohexane {(m/hr/kg)  50.9 50.9 44.2 443

13



hydrogenation reactor at a given feed rate of benzene. Surprisingly no
trace amount of cyclohexene in any product stream was found. The
WOGIRERAY of cyclohexane was at least 40% higher than cat’?ﬁ?@wpw“l”
hydrogenation in the absence of a high boiling solvent in Example 4.
Table 5 Temp-in, F 218 220 219 220 Temp-out, F 322 330 328 333
Press, psig 230 230 230 230 H2 Rate, cc/min 400 430 385 405 Flow rate
of feed sole, ml/min 15 15 13 13 WHSV, h(1 16 16 13.9 13.9 Benzene
Tragé’g\‘%ﬁ?@ig (0 }f‘% 400 Productivity of cyclohexane (m/hr/kg)
50.9 5079 44.2 44.3 13 WO 20071126421 PCT1US2006/045173 Trace
andFSRENEPBm) Feed Isdpéntane 1.011% 1.3 26 0.3-®ent8 1 0.30.3
0.3 Behtaiyelopentane 0 06 0.4 0.3 0.33ldexame.0 @40.3 @-.,3 13 Methyl

cyc@ecg) ?’il 10.60.40Q40.4 Benz r@ 16 5 1§3 %ycél.o?hg.);ane

----- a&ne 0.20000 Methy cyclohexane

Tolmzﬂ 0000 Exanipl2 6 0.3
Methvl cyclopentane 1.1 06 04 04 04
Benzene - 4.9 51 03 03
Cyciohexane - - - - -
Cyclohexene 0.2 0 0 0 0
Methyl cyclohexane 4.7 70 67 67 6.5
Toluene 2.1 0 0 0 0
Example 6

This example demonstrates the hydrogenation of benzene in the presence of
decane as high boiling solvent. The conversions of benzene were 50 high that the
benzene contents in the product steams were close to undetectable.

50 grams of the catalyst prepared in the Example 2 was loaded in the same
reactor used in the Control Example 1. The catalyst was activated in same manner
to the Example 2. The feed was a mixture of 0.10 wi% lights, 30.26 wit% benzene
and 69.64 wi% decane. The average total combined imbu rities (excluding benzane)
in the feed, which boll at temperatures near to cycichexane, was about 5.77 ppm.
The hydrogenation of benzene was carried out under various conditions. The
impurities in the feeds and product streams were analyzed with a regular ge analysis
method and a trace gc analysis method. The resuli is listed in Table 6. The Impurities
in products under various conditions mosﬂy originated from impurities in the feed.
All combined, the total amount of various impurities produced during the
hydrogenation of benzene according fo this invention is about 11 ppm based on
100% cyclohexane. The productivity of cyclohexane was equivalent or better than
the case of performing the hydrogenation in the absence of a high boiling soivent in
Example 4.

14



This example demonstrates the hydrogenation of benzene in the presence
of decane as high boiling solvent. The conversions of benzene were so
WORMK 4t %he benzene contents in the product steams were EfoE@/f5006/045173
undetectable. 50 grams of the catalyst prepared in the Example 2 was

loaded in the same reactor used in the Control Example 1. The catalyst
was activated in same manner to the Example 2. The feed was a mixture
of 0.10 wt% lights, 30.26 wt% benzene and 69.64 wt% decane. The
average total combined impurities (@xgldig benzene) in the feed, which
boil at temperatures near to cyclohexane, was about 5.77 ppm. The
TempdRygehation of benzene was carried out undéi®arid§$ corifions. The

TenipauitiésHn the feeds and product streams wggsanagzed vgtiya regular
¢ analysis method and a trace gc analysis od. result is listed in

Preg%tﬁ)g' igY The Impurities in products under var %Ié cogélﬁon?#%stly

H2 Bagnaetirfiom impurities in the feed. All com®:d, d@0totadi@nount of

var%@mgr&%g@ga&gqﬂ@ﬂg the hydro%pnatiog fbeqaene

according to this invention is about 11 ppm based on 100% cyclohexane.
Th&¥rbeYictiity of cyclohexane was equivale®8r beler thahl the case of

Bengefer Oy /treibydggenation in the absence abg highdipilingggplvent in
Ex le 4,.14 WO 2007/126421 PCT/1JS2006/045173 Table 6 Temp-in,
TRy SLRYSRlERanR A ES) Rk peritB0 Ho30 1o
Rate, cc/min 400 400 450 Flow rate of feed sole, ml/min 9 8.5 10 WHSV,

Tradd SER4L REDERAS Coygssion, % 100 100 100

 Isopentane 0.2 02 03 0.2
Cyciopentane 0.1 g9 1.0 0.9
Methy! pentane <0.1 01 02 <01
Hexane 0.2 62 10 05
Methyl cyclopentane 1.7 24 24 20
Benzene - 0.02 <0.01 0.02
Cyclohexane 2.5 - - -
Cyclohexene <0.1 14 1.3 0
Methyl cyclchexane 2.3 46 44 45
Toluene 1.7 0 0 0
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Productivity of cyciohexane (m/hr/kg) 36.4 32.6 40.5 Trace analysis (wt
ppm) Feed Isopentane 0.2 0.2 0.3 0.2 Cyclopentane 0.1 0.9 1.0 0.9
Methyl pentane <0.1 0.1 0.2 <0.1 Hexane 0.2 0.9 1.0 0.5 Methyl
cyclopentane 1.7 2.4 2.4 2.0 Benzene - 0.02 <0.01 0.02 Cyclohexane 2.5
- - - Cyclohexene <0.1 1.4 1.3 0 Methyl cyciohexane 2.3 4.6 4.4 4.5
Toluene 1.7 0 0 0 15 The invention claimed is: A process for
Thhydvrogematingardmatic compounds in. a reaction stream. comprising
contacting said reaction stream with. hydrogen under conditions of
1. Pressuge.and famperature in feadt ihe.udiagen and aromal gempounds
in. the presence of a cata yst“compnsmg 3 (‘5 s Ni and 0.2 up
cotgrabogt 9wt sGa @eme@&mmﬁéﬁmﬁu&@ emﬁnes@a&:pomhéving
preBiale Sy cg%%% f%;?tg 10, AaQut, & 59 %&18% Mg and pote s}fl Qlume 91 from
about bout 0 g to produ rogenated cyclic compound,
proghierein m@?@étaﬂmmmM% oneiop m@mmmm s&lepterlfrom e . %
C uQ{Q%{R}‘EQd@L SUng.of A, & Ru%eﬁbfx% oﬁqx.g’i:[ h%@foﬁg%%eé%?&{ ding fo.claim

1 w erein the Cu content Is a 2100 he process
40 &edrding to wldiny2 whisredrotHeoN abontéhi of thewdtdlyst gsicabodteto

hv&%%ﬂé(é’& &[G OCESR AGROYING, L0 SN WRSISIN BROZENGIS RISSENL

e reaction.
selected from the group consisting of Ag, Ru, Re and Pd.

2. The process according to claim 1 wherein the Cu content is about 0.2 t0 0.4
wi. %,
3. The process according to claim 2 wherein the Ni content of the catalyst 1s

about 9 to 10 wi¥% |

4. The process according to claim 1 wherein benzene is present in the reaction
stream in an amount of 1 to 60 wt. % and the hyvdrogenated cyelic compound

comprises cyclohexane.

5. The process according to claim 1 carried out in the presence of a solvent
having a boiling point at least 10°F higher than the aromatic compound to be

hvdrogenated and hvdrogenated eyclic compound.

5. The process according fo claim 5 wherein the Cu content is about 0.2 10 0.4
wi.%o.
7. The process according to claim 6 wherein the Ni content of the catalvst is

about 9 o 10 wib .
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stream in an amount of | to 60 wt. % and the hydrogenated cyclic
compound comprises cyclohexane. J. The process according to claim |
carried out in. the presence of a solvent. havin;g a boiling point at least 1
OsF higher than the aromatic compound to be hydro()gcnated, and
hydrogenated cyclic compound. 6. The process according to claim 5
wherein the Cu content is about 0.2 to 0.4 wt. %. ?. The process

8. accorbing tecchainrGdingteinsthe NVooriantof tine isatslyst is: ot @it 1

str Y1 28 81 INGRIOCEES ACLOIAING 19, Slalm a wherein; benzene Is
present in the reaction stream in an amount’of 1 to 60 wt, % and the

cothydregenatdd eaveric can pound comprises cyclohexane. to 9. 'A lie
process according to claim r cwhes~ern the solvent :ompnses , 9 to 90

9. M'%Eﬂg %%a@«f’%‘%&%&gﬁﬁgﬁ%ﬂa 5 wherein the solvent comprises 10 to 90 wt.%

of the reaction stream.
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