HYDROGENATION OF AROMATIC COMPOUNDS BACKGROUND OF
THE INVENTION Field of the Invention The present invention relates to a
process for 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 remains strong. Cyclohexane was first obtained
by the direct fractional distillation of suitable crude petroleum refinery
streams. Now the major portion of cyclohexane is obtained from the direct
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Peterson in U.8. Pat. No. 2,373,501 discloses a liquid phase process for the
hydrogenation of benzene fo cyclohexane wherein a temperature differential is
maintained between the fop of the catalyst bed where benzene is fed and the outiat
where substantially pure cyciohexane is withdrawn.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/cyclohexane fiow. Temperature
controt colls 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 conceniration is highest
and conversion is highest. A reflux condenser is provided to condense the



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 material and return it to the

reactor. Thus, a substantial portion of the heat of reaction is removed by

condensation of the reactants vaporized throughout the reaction.

Peterson maintains a liquid level above the topmost catalyst bed but

allows room for vapors to escape to the condenser where the heat of
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readtions. Hui, et al. in U.S. Pat. No. 4,731,496 disclose a gas phase
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15 to 35 wt.% Ni and from about 1 to 15 wt. % Cu. The catalyst may
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Sgenatlng the aromatic compound in the presence of a catalyst

compuSngdtoNu4aT 34, ot 4%idlicpraier shly:-850fd0tna. Mydrogenation of benzene
using hydrogen containing up to about 15 mole% impurities, such as carbon
monoxide and light hydrocarbons with an alumina supported catalyst containing from
about 15 to 35 wt.% Ni and from about 1 to 15 wt. % Cu. The catalyst may contain
additional elements such as Mo, Zn, Co, Fe.
SUMMARY OF THE INVENTION
The present invention is a process and a catalyst used in the process for
hydrogenation of aromatic compounds, such as benzene, aniling, naphthalene,
phenol and benzene polycarboxylates, by hydrogenating the aromatic compound
in the presence of a catalyst comprising from 4 to 14 wt. % Ni, preferably 810 10 wt.%
Ni and up to about 0.8 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 to 180 m2/g,
and pore volume of from about 0.3 to about 0.8 cc/g. The hydrogenation of aromatic
compounds is advantageously cartried out in the presence of a high boiling solvent.
The preferred solvent will have at least 10° F higher boiling point than the aromatic
compound to be hydrogenated and hydrogenated cyclic compound. The advantages
of using a high boiling solvent are higher productivity of cyclohexane and keeping the
temperature of catalytic reaction zone In a desired range. The high boiling soivent



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 to 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 boiling point than the aromatic compound to

be hydrogenated and hydrogenated cyclic compound. The advantages of

using a high boiling solvent are higher productivity of cyclohexane and
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

This invention pertains to a catalytic hydrogenation process of aromatic
compounds such as benzene, aniline, naphthalene and phenol in the presence of
improved copper modified nickel-based catalyst supporied on a porous support.
Hydrogenation of benzene yields cyclohexane. But the hydrogenation product
stream from the catalytic reactor contains other undesired by-products such as
pentane, cyclopentane, methyl cyciopentane, n-hexane and methyi cyclohexane.
The product stream usually contains a trace amount of benzene, up to about 200
ppm by weight. Less than 10 ppm benzene is highly desirable for the production of
high purity cyclohexane. In general, the amount of by-products in the effiuent 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 340°F. The
hydrogenation of aniline yields cyclohexylamine. But the undesired side reactions
are deamination, formation of di and triphenylamine and various heavier products.



compounds such as benzene, aniline, naphthalene and phenol in the
presence of improved copper modified nickel-based catalyst supported
on a porous support. Hydrogenation of benzene yields cyclohexane. But
the hydrogenation product stream from the catalytic reactor contains
other undesired by-products such as pentane, cyclopentane, methyl
cyclopentane, n-hexane and methyl cyclohexane. The product stream
usually contains a trace amount of benzene, up to about 200 pprn by
weight. Less than 10 ppm benzene is highly desirable for the production of
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hydrogenation reaction is exothermic reaction, the hydrogenation reaction for the
traditional fixed bed operation is preferably carried out by recyciing the reactor
effluent stream to dilute the fresh benzene feed, which dilutes the heat of reaction.
Although recycling the reactor effluent is not necessary for the catalytic distiliation
reactor, one may choose to do so.

The present catalysts preferably comprise Ni and Cu and optionally one or
more elements selected from the group consisting of Ag, Ru, Re, Zn, Mo and Pd
which are deposited on a support comprising transitional aluminas such as crystaliine
atumina of gamma, kappa, delta, theta and aipha or a mixture comprised of two or
three selected therefrom. A preferred nickel content of the catalyst is from about 8
to 10 wi.% 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
parous support. Copper serves fo 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



The hydrogenation reaction can be carried out in any physical device such
as catalytic distillation column, fixed bed reactor, boiling point reactor,
stirred tank reactor, trickle bed reactors or any combination 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 diutes'the heat of reaction. Although recycling the
reactor effluent is not necessary for the catalytic distillation reactor, one
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of the nickel compounds are nickel saits such as nickel nitrate or organo metaliic
nickel compounds such as nickel acetate, nickel formate, nickel acetylacetonate and
nickel alkoxides. The trpregnation product is dried and calcined at temperature in
a range from 200° to 600°C, preferably from 250° {o 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 distiliation 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 distillation reactor, which is operated in the
presence or absence of a high boiling solvent, comprises cyciohexane and hydrogen.

Control Exampie 1

A commercial 28 wt. % Ni catalyst (1.2 mm diameter trilobe extrudates) was
iested to hydrogenate of benzene. The crystal form of alumina support of this
catalyst is gamma-alumina. The physical properties of this catalyst were 113 mzlg
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-fiow stainless steel



The physical shapes of the preferred aluminas in this invention can be any

shape such as spheres, extrudates, pellets and granules which preferably

have diameters of less than about 1 /4 inch, preferably 118 inch and less

than about 1/z inch length, and preferably less than 1/4 inch length for

extrudates or pellets. Deposition of the nickel on a support can be carried

out by single or multiple impregnations. A solution of the nickel compound

is prepared by dissolving a nickel compound or an organo nickel

compound in organic solvent orwater. The examples of the nickel
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1stream from a catalytic distillation reactor, which is operated in the

presence or absence of a high boiling solvent, comprises cyclohexane
and hydrogen. Control Example 1 A commercial 28 wt. % Ni catalyst (1.2
mm diameter trilobe extrudates) was-4ggted 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
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reactor temperature. The catalyst was supplied by the manufacturer as
Benvare GROvsISEvaléd form, dfd2bcolth®hded! @ctivtioh at4B2F in17.88

8YO0aH R {oWndReeatalystg¥asseaghvied 85 200F 95 84 9o.84 9o.82
and cyclohexene, m%

By-products per 100%

cyciohexane and

cyclohexene combined, wt.

ppm

Cyclopentane 438 1114 644 1206 13590 1820
Methyicyclohexane 0 O 7 0 0 O
Hexane 0 D 7 0 o o
Methyi cyclopeniane 692 1306 472 1546 1668 1881
Sum of by-products 1131 2420 1130 2842 3028 3401
Cyclohexene 854 185 1661 1201 1309 2056

Exampie 2



in 300 ccimin gas flow of 33 volume % hydrogen gas in nitrogen for 1.5

hours and then 575 OF for 5 hours in 350 cc/min flow of pure hydrogen

gas. The hydrogenation of benzene was carried out undervarious

conditions. The results are listed in Table 1. Table | Temp OF 300 320

340 340 350 360 Press, psig 250 250 250 250 250 250 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 cyclohexene 99.95 99.87 99.91 99.84

99.84 99.82 and cyclohexene, m% By-products per 100% cyclohexene
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dissolving 86.5 grams of Ni(NO;),.2.5H,0 in 25.85 grams of water. 300 grams of the
calcined alumina was placed in a rotary impregnator. The mixed solution was
sprayed on rolliﬂg'alumina 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
350°C for 2 hours.

The second mixed solution was prepared by dissolving 85 grams of
NiNQO;),.6H,0 and 1.8 grams of Cu{NO,),.2.5H,0 in 18.5 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 wouid contain
9.22 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 mzfg, 0.56 ce/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/min of pure hydrogen
gas. The hydrogenation of benzene was carried out under various conditions. The
results 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-



average pore diameter of 36.2nm. Its x-ray diffraction indicated mostly
theta-alumina with minor amount of delta. A mixed solution of nickel
nitrate and copper nitrate was prepared by dissolving 86.5 grams of
Ni(NO3)2.2.5H20 in 25.95 grams of water. 300 grams of the calcined
alumina was placed in a rotary impregnator. The mixed solution was
sprayed on rolling alumina 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 200C. The
prdedisrodine wedwaicined af B0 CamAhdussipEhiesecahd mikedntional nickel
ca?t%'l%i@! was prepared by dissolving 65 grams of Ni(NO3)2.6H20 and 1.8
grams of Cu(N03)2.2.5H20 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 380C for 2 hours. Based on the amount of materials used, the
finished catalyst would contain 9.22 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 m2fg, 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 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
was carried out under various conditions. The results 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- 7 products. The
performance of this catalyst is superior to the conventional nickel



catalysts. 8 Table 2 Temp F 300 320 320 340 340 350 360 Press, psig
250 250 250 250 250 250 250 Benzene feed rate, 66 11.211.266 6
ml/min Benzene 24.45 18.69 28.28 21.48 25.59 14.34 19.44 Conversion,
% Selectivity of 100 100 100 100 100 100 100 cyclohexane and
cyclohexene, m% By-products in product stream based on 100%
cyclohexane and cyclohexene combined, wt. ppm Cyciopentane 0000
0 0 0 Methyicyclohexane0 000000 Hexane0000000 Methyl0OO
00000 cyclopentane Sum of by-products 0000 0 0 0 Cyclohexene
1613 4734 1285 2088 1549 3115 2235 9 Example 3 A nickel catalyst was
prepared according to US PublicatiggdNoo2005-

Temp °F 300 320 320 340 340 350 360
Press, psig 250 250 250 250 250 250 250
Benzene feed rate, G 6 11.2 11.2 B 31 13
mi/min

Benzene 2445 1869 28.28 2148 2558 14.34 1944
Conversion, %

Selectivity of 100 100 100 100 100 100 100

cyclohexane and

cycichexene, m%

By-products in
product stream
based on 100%
cyclohexane and
cycliohexene

combined, wt. ppm

Cyclopentane 0 0 0 0 0 0 o
Methyicyclohexane 0 0 0 0 0 0 0
Hexane 0 0 0 O 0 0 )
Methy! 0 0 0 0 0 0 0
cyclopentane

Sum of by-products 0 g 0 0 0 0 0
Cyclohexene 1613 4734 1285 2088 1548 3115 2235



0033099-Al. Gamma-Alumina (1.3 mm diameter trilobe extrudates) was
calcined at about 1000C for 3 hours in air. The gamma-alumina had 252
m2/g BET, a total nitrogen pore volume of 0.571 cc/g and an average
pore diameter of 8.85 nm. A solution of nickel nitrate was prepared by
dissolving 183.6g Ni(N03)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 minutes cold roll, the content in the rotary
impregnator was dried at about 208&mplsidving hot air into the rotary
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na%&éngg%ocﬁgﬁ%\/fwﬁr@ﬂfé} g%ﬁ&f r?‘QQ évﬁé?&%i%?ﬁ%t%'ra&%teésoﬂm A

rams of this cata was oad e he same reactor used

S%%ﬂﬁﬁF@ﬂWﬁ?N%@’@&ﬁf?ﬁ S SRRV AR AN Ralerfr in 295
grﬁ‘lﬁimmie 230hey hyrdtageaanmﬁe@f benaane wﬁp@aﬂkﬁd@lﬁﬂa&ﬁ&ﬁrtn a rotary
im qr H%t%?%%go‘fp%r? T r%%ﬂ%s' tgg lgioﬁt\)m%g %8?&1, arln %imo? alumina

rmance ata of this catay sé |n e
e’fﬁé@é‘?ﬁrtﬂ %rﬁtﬁ@mrﬁa@s@t@rsu%%ﬁ ’ééwatﬁ%mé@féfr@mé”@wﬁﬁﬁ in the
me@«wmi%aiaa&ﬁl@h@am%tat althoygbit-wasNabasgoast Qﬁ"ﬁh@} the rotary drier.
T B e BT S o g SRR BeR T se i o PR A G of ickel
nigadecuShie pEccars drisicratolyss. e iizbod aBast ey [34@9@4?11 wi % Nion
aiﬁﬁlﬁﬁ%ﬁbﬂ&ﬁycfﬁﬁﬁéﬁi’@lﬁ&@t@ #0,0Q 9P W7 AL FiSED catalyst
tng}/ 5 )‘E%I% OBJEQI’ surface area, a total nitrogen pore volume of 0.622 cc/g and
an average pore‘d:ameter of 18.8 nm.

50 grams of this catalyst was lcaded in the same reactor used in the Control
Exampie 1. The cai‘aiyst was activated in identical manner to the Example 2. The
hydrogenation of benzene was carried out under various conditions. The results are
tisted 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 to 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 g8 8 11.2 8 6 6

Benzene Conversion, % 18.82 28.28 2148 2558 1434 19.44

Selectivity of cyciohexane  100.00 100.00 ©89.27 988.94 89.95 09.97
and cyclohexene, m%
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By-products in product stream based on 100% cyclohexane and

cyclohexene combined, wt. ppm Cyclopentane 0 0 225 493 386 273

Methylcyclohexane 000000 Hexane 0000 00 Methyl cyclopentane

000000 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 is cyclohexane. This experiment
B %e%%&gtﬁsﬁggmenation of mixed feed stream to hydrogenation,

here the mixed feed represents a stream obtained by mixing | weight

st R BFHESH HO%&ne with 3 weight portion of the reactor effluent
cyERWeapieamd The same catalyst (50 grams) in the Example 2 was in the
Csa%ee&%%%ogoﬁﬁ% in the Control Example 1. The catalyst was activated

§ Same manner to e xample 2. Afeed mixture of benzene and
pRYitlohexane was prepared. The composition of the feed was 0.11 wt%
C&@%ﬁe%@a%‘”t% benzene andg4.48 wt¥ cyclobexane. 408 386 273

ydrogenation of benzene was carried out under various conditions. The

Meipulstonenseseed and prodfct streafls were &halyzed®with a trce go ©
1Aalysis method. The resultis fisted in Tgble 4. Te impugties in pgoduct ¢

streams mostly originated from impurities in the feed. All combined, the
MethyhaysiprRattaasous impuritiés (isted i Table®) produed durify the ©

hydrogenation of benzene according to this invention

Sum of by-products 0 0 225 483 386 273
Cyclohexene 555 846 880 565 765 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 reacter
comprises fresh benzene feed and reactor effiuent stream, which is cyclohexane.
This experiment demonstrates hydrogenation of mixed feed stream 1o
hydrogenation, where the mixed feed represenis a stream obtained by mixing 1
weight portion of fresh benzene with 3 weight portion of the reactor effluent recycie
steam.

The same catalyst (50 grams) in the Example 2 was in the same reactor used
in the Controt Example 1. The catalyst was activated in same manner to the Example
2. A feed mixiure of benzene and cyclohexane was prepared. The composilion ofthe
feed was 0.11 wi% lights, 25.41 wt% 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
result 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
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is less than 10 ppm. The conversion of benzene could be forced so high
that the 11 benzene contents in the reactor effluent streams could be
reduced to less than 35 ppm by weight. This example demonstrates that
it is possible to obtain extremely high conversion (>99.99%) of benzene
with a cyclohexane selectivity equivalent to about 99.999 mole %. The
productivity of cyclohexane at two conditions of the two right columns in
Table 4 were 29.2 and 31.8 m/fur per kg catalyst. This is a demonstration
of superior catalyst performance compared to the prior art represented by
beExampleobidiebln4iFerapcior @fldddt E5@4dE 18R ItSSIeduTethmdass than 35
o RS INRDHRAeRisssnirlo 830 790 230450 29063 Haremely
Rate, cc/min 155 185 287.5 340 500 500 Flow rate of feed sole, ml/min 6
highgopviersisy ERPP IR SLPTRENE 1D BYHP RO FOSEIgstiBy RauIvalent to
aboon9erSion HoléR26T9@ ploddivil @bcl0b a8 ePabtustivitydiifons of the two
c lysi ik o
Y A ) SR B e D K ey T s =
demonsinaian P ShRPRCL $atalysk P@rfPB""la?"leB ‘@%ﬂ%@ﬁta% thg gprior art
refrésbatédti&EROnbiexane 13.5 13.3 15.3 13.9 14.0 12.4 12.5 Methyl
cyclopentane 11.1 12.4 13.1 12.1 1% 20}048 10.9 Benzene 5.78* 0.05*

6.59* 4.27* 9.9 34.2 Cyclohexane -'--"-- - Cyclohexene 4.7 14.8 5.5
Temmwin,d4.50 144 158 145 160 158 180
Temp-out, °F 289 329 310 300 322 322
Press, psig 230 230 230 230 230 230
H2 Rate, co/min 155 185 287.5 340 500 500
Flow rate of feed sole, mi/min 5] o 112 11. 2986 105
WHSV, hr’ 58 58 108 10.8 9.2 10.1
Bernizene Conversion, % 77.2699.81 74.21 83.26 100 89.88
Productivity of cyclohexane {m/hr/kg) 29.2 31.8

Trace analysis (wi ppm) Feed

Isopentane 1.7 12 18 08 10 18 18
Methyipentane 12.5 12.0 14.3 127 1341 102 10.9
Pentane 1.3 1.8 1.6 1.6 1.8 1.7 1.8
Cyclopentans 5.9 81 64 72 74 58 59
Hexane 13.5 13.3 15.3 13.9 140 124 12.56
Methyl cyclopentane 11.1 124 131 121 12.2 108 10.8
Benzene 5.78% 0.05" 6.59* 4.27* 9.8 34.2
Cyciohexane - - - - - - -
Cyclohexene 4.7 148 55 249 48 45 0
Methyl cyclohexane 7.2 89 76 87 84 983 064
Toluene 3.1 32 32 23 17 ¢ 0

* Weight %
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Methyl cyclohexane 7.2 8.9 7.6 8.7 9.4 9.3 9.4 Toluene 3.1 3.23.22.3
1.700 *Weight % 12 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%. 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
0.44 wt% lights, 25.26 wt% benzene and 74.30 wt% decalin. The average
total combined impurities in the feledanmhiertboil at temperatures near to

CyC'Q"]ﬁ%ﬁ%ngﬂé 88 8PEMe %ﬂ%&ﬁ%‘?%@ﬁz@ﬁ@%ﬁ@ﬁe@é%mce of

carried out under various conditions. The impurities in the feeds and

degRiiLBe JHEaRe NG S AR Rt BT SR P RICATRf e RFaMR dPapipiphexane
ar@rabssgdoaltélysis method. The results are listed in Table 5. The impurities

in pr@@‘;@'éd-lg%?rth\éae ? ﬁ&ﬁ%ﬁéd’“ﬁrﬁ'@@ igBaied 1M8ad in the same

n feed. All com total amoun o various impurities

rit
reas:&m'@%arms fﬁ@ﬂ{iarggaﬁﬁﬂsﬂ of B8 ﬁféﬁéf%&?cﬁﬁg%t%m FREREGRanner

{o ithlesHapid ppmheyfamiohbbasa:emd QF%. de%@ﬁl@l EB?HSEW% benzene
o Stl’ e reguce essS

A e e IR TR R &R e o

at ﬁ?ﬂf@@@’fﬂt‘@ﬁ PEAEtSY ﬁY‘é@Wéﬁﬁ@eW?@t@%ﬁb@ﬁé&@MrEﬁg mykragenation of

bdFaepamaupHeucherne MaABMPrMsLsSHE MW AAOHALs iRNBe feeds and

B S e o DL SO o

anpisis BTESheki e 2e8udecara Bskad i ealpbeotit TS 22 330328733 ducts under
various conditions were mostly originated 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%
cyclochexane. 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 frace 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 218 220 218 220
Temp-out, °F 322 330 328 333
Press, psig 236 230 230 230
H2 Rate, cc/min 400 430 385 405
Flow rate of fead sole, ml/min 18 15 13 13
WHSV, hr 16 16  13.8 13.9
Benzene Conversion, % 100 100 100 100

Productivity of cyclohexane {m/hr/kg)  50.8 509 44.2 443
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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, hri 16 16 13.9 13.9 Benzene
Conversion, % 100 100 100 100 Productivity of cyclohexane (m/hr/kg)
50.9 50.9 44.2 44.3 13 Trace analysis (wt ppm) Feed Isopentane 1.0 1.4
1.21.6 0.3 Pentane 1 0.3 0.3 0.3 0.3 Cyclopentane 0 0.6 0.4 0.3 0.3
Hexane 5.0 0.4 0.3 1.3 1.3 Methyl cyclopentane 1.1 0.6 0.4 0.4 0.4
Benzene - 14.95.1 0.3 0.3 Cyclohexane - - - - - Cyclohexene 0.20000
Methyl cyclohexane 4.7 7.0 6.7 6.7 6.5 Toluene 2.1 000 0 Example 6
TrHuvs exalygite(demomstratesale hydrogenation of benzene in the presence
of decangpgdugh boiling sojyent. The cgnversions of genzgng were so
high that the benzene contents in the product steams were close to
undefRRUHE 50 grams of the catalyst épar«gosin th%'%xarﬁﬁe 2 was
loadedyicidhersame reactof used in thedGontrél.&xanipte 1. Tl3e catalyst

was aefivated in same manpgr to the Examplg 2. The feed yvgs a mixture
of 0.10 wt% lights, 30.26 wt°/§ benzene and 6%.%4 wit% dec;{l\;le. The

averdJetaFIRpmERNen Julities (excRifling Befhzen@) in tReffeed, which

boil agtermpesatures near to .cyclohexaneg, wasapoutd 37 ppm. The

hydrogeqagon of benzene was carried out under various conditions. The
yciohexane - - - - -

Cyclohexene 0.2 0 4 0 0

Methyl cyclohexane 4.7 7.0 6.7 67 8.5

Toluene 2.1 0 0 0 O
Example &

This exampie demonstrates the hydrogenation of benzene in the presence of
decane as high boiling solvent. The conversions of benzene were so high that the
benzene contents in tha product steams were close to undetectabie.

50 grams of the catalyst prepared in the Exampie 2 was icaded in the same
reactor used in the Control Example 1. The catalyst was activated in same manner
1o the Example 2. The feed was a midure of 0.10 wt% lights, 30.26 wi% benzene
and 69.64 wt% decane. The average total combined impurities (excluding benzene)
in the feed, which boil at temperatures near to cycichexane, was about 8.77 ppm.
The hydrogenation of benzene was carried out under various conditions. The
impurities in the feeds and product streams were analyzed with a regular gc analysis
method and a trace gc analysis method. The result is listed in Tabie 6. The impurities
in products under various conditions mostly originated from impurities in the feed.
All combined, the total amount of various impurities produced during the
hydrogenation of benzene according to 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 solvent in
Exampie 4.
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impurities in the feeds and product streams were analyzed with a regular
gc analysis method and a trace gc analysis method. The result is listed in
Table 6. The impurities in products under various conditions mostly
“originated from impurities in the feed. All combined, the total amount of
various impurities produced during the hydrogenation of benzene
according to 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 solvent in
Example 4. 14 Table 6 Temp-in, F T6bl&6b 164 Temp-out, F 335 327
TS3h-iaress, psig 230 230 230 H2 Rate, cc/min 490 400450, Elow rate of
feed sole ml/min 9 8.5 10 WHSV, hr-'9.6 8 11 Benzene Conversion, %
TagH-rot 100 Productivity of cyclohexane (m/nPRg) 364732.63b.5 Trace
Pwmlyp-g(wt ppm) Feed Isopentane 02 0.2 0.3238@ C2®0pe|2ta@e 0.10.9
H3- @é)tg Mﬁm | pentane <0.1 0.1 0.2 <0.1 He .9 1 %6) .5 Methyl
ntane 1.7 2.4 2.4 2.0 Benzene - 0.02 < 1 O Cyclohexane 2.5
--- JEMH@%H@f@GCi 0leq rlmidlethyl cyclofexane23 4.4 4.5
WHSV, hr”’ 96 8 11

Benzene Conversion, % 100 100 100
Productivity of cyclohexane (m/hrikg) 36.4 326 40.5

Trace analysis {wt ppm) Feed

Isopentane 0.2 0.2 03 0.2

Cyclopentane 0.1 09 1.0 08
Methyl pentane <(0.1 0.1 0.2 <041
Hexane 0.2 68 1.0 05
Methyt cyciopentane 1.7 24 24 20
Benzene - 06.02 <0.01 0.062
Cyclohexane 2.5 - - -
Cyclohexene <0.1 t4 13 0
Methyl cyclohexane 2.3 46 44 4.5
Toluene 1.7 0 0 o
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Toluene 1.7 00 0 15 What is claimed is: 1. A copper modified nickel
catalyst useful for the hydrogenation of aromatic compound to produce a
hydrogenated cyclic compound, the catalyst comprising 4 to 10 wt. % Ni
and about 0.2 to 0.9 wt. % Cu deposited on a transition alumina support
Wr}%\‘/slncga% F'surface area from about 40 to 180 m2/g.. and a pore
volume from about 0.3 to about 0.8 cc/g; and wherein the catalyst

1. containg one alme modifiessalecied freg the GiaHRySARsIRIRg.Af At

and Ru. 2. The catalyst according to claim | wherein thé catalyst further

COBRHIRLCHRYFEASHETASRIALS SHLCEATROHIth e AR WSO RETERAGTS Re,
4 1gr,OMat. adNPdnB. abhet datatyst Acetrdinguaielaiaitek vehezeiaibigidc Uaiumina

suSRERER S AROBED. 10 04, Wi, 19(67?4'3-55'& 9@@%@%@%{Q§§%g§#§;v&ume

wherein the Ni content of the catalyst is about 9 to 10

fropL oAt 4 dBRRAY! LRSI 39%herein the Ni content of the catalyst is
aboutt@teirl DisvtalélysivhenaiimthenE vroontentisifbaut O 2t Grérvtndayang

Com{@%m&a Galatyst further contains one or more modifiers selected from
the group consisting of Re, Zn, Mo and Pd. 6. The catalyst according to
claim 1, wherein the transition alumina support is obtained by calcining at

2. a teMperataigsimatberdange tam abatit B8R0t aaeist 200G donties one or
according ¢ | erein.the transiti lumin pport has
e B e R oM e e o
according to claim 1, wherein the transition alumina comprises one or

3. moré b dettayed wirioaiinbetacidiminahanshkaePa AHAMER. 19 aARPRPES 0.4
wMgdified nickel catalyst useful for the hydrogenation of benzene to

4. The catalyst according to claim 1 wherein the Ni content of the catalyst is
about & to 10 wt. %,

5. The catalyst according to claim 1:
wherein the Ni content of the cataiyst is about 9 to 10 wt. %:
whereain the Cu conteni is about 0.2 to 0.4 wi. %: ang

wherein the catalyst further contains one or more modifiers seiected from the
group consisting of Re, Zn, Mo and Pd.

8. The catalyst according to claim 1, wherein the transition aiumina support is
obtained by calcining at a temperature in the range from about 850 to about 1200°C.

7. The catalyst according to claim 1, wherein the transition aiumina support has
a BET surface area from about 50 to about 120 m*/g.

8. The catalyst according to claim 1, wherein the transition alumina comprises

one or more of delta alumina, theta alumina, and kappa alumina.

8. A copper modified nickel catalyst useful for the hydrogenation of benzene to
produce cyclonexane, the cataiyst comprising
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produce cyclohexane, the catalyst comprising 16 4 to 10 wt. % Ni and
about 0.2 to 0.9 wt. % Cu deposited on a transition alumina support
having a BET surface area from about 40 to 180 mz/g and a pore volume
from about 0.3 to about 0.8 cc/g; and wherein the catalyst contains one or
mor8 Md8inere SERRERPREHR B §raup YonsisaresiedgremtiaRailien. The
alucditalpsbact oeding t00E A sudaohereltitie sptalyst toriBer 695 taHaSQRROr
Vatnméqu}ﬁ)gggﬁk%%e{g%@ﬁfr&@&%,g.%rocyp consisting of Re, Zn, Mo and Pd.
C

11. The catalyst according to claim ‘SWherein the Cu content is about 0.2
to 0 WNEIBIDANE Satgivet catipie aneGdmyosdifare seirsteththen Miccoiment
condighrgosttalyshisrabout 9 to 10 wt. We. 13. The catalyst according to claim
9: wherein the Ni content of the catalyst is about 9 to 10 wt. %; wherein
the Cu content is about 0.2 to 0.4 wt. %; and wherein the catalyst further
10 contAltsoily 8 drreeintbififiiatns 8 lebrsaifrtim taéaigroluptioenuistiigsofReyr

mofe mdeifrnesBdcid. fone hatalyab 2BRAIEAG 4o rekaim Qawhsdeta the
transition alumina support is obtained by calcining at a temperature in the

range from about 850 to about 1200C. 15. The catalyst according to claim

g, whepetatehstaiesnioie Alupiia Supprihite &BEM BN acetangalftom 0.4

wt.ahout 50 to about 120 m2/g. 16. The catalyst according to claim 9,
wherein the transition alumina comprises one or more of delta alumina,
theta alumina, and kappa alumina. 17

12. The catalyst according to claim & wherein the Ni content of the catalyst is

about 8 o 10 wt. %,

13. The catalyst according to claim
wherein the Ni content of the catalyst is about 9 to 10 wt. %;
wherein the Cu content is about 0.2 to 0.4 wt. %; and

wherein the catalyst further contains one or more modifiers selected from the
group consisiing of Re, Zn, Mo and Pd.

14, The catalyst according to claim 8, wherein the transition alumina support is
obtained by calcining at a temperature in the range from about 850 o about 1200°C.

18. The catalyst according to claim 9, wherein the transition aiumina support has
a BET surface area from about 50 to about 120 m%/g.

1€. The catalyst according to claim 9, wherein the transition alumina comprises

one or more of delta alumina, theta alumina, and kappa alumina.



