Specification A Nickel Catalyst for Selective Hydrogenation Cross Reference
of Rel ated Applications The present application clains the benefit of the
Chi nese Patent Application Nos. 200610116231.4, filed on Septenber 20,

2006; 200610117854.3, filed on Novenber 2, 2006; 200610117856.2, filed on

Novenber. 2,. 20t0§1; and 200610118522,7, filed on Novenmber 21, 2006, which are
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mcorporé)te fierei n by reference in their entirety and for all purposes.

Field of the Invention The present invention relates to a N -based catal yst

useful in selective hydragQpati@Ra9fidof SelediRe 1RIERRMAEIPN thereof, in
particular, to a N -based catal yst "useful in sélective hydrogenation of a

full boiling range pyrolysis gasoline consisting of Cs hydrocarbons up to
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hydr ocar bons having an énd boiling point of 204 C. The pyrolysis gasoline
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and poi BaoBgrosatdf as Iidiean@s, guns (i.e., polyners resulted fromthe
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f ol | ows mairdprelrtaised eatays® of Ni220€d catalysts. These catalysts can be used in hydrogenation
processes of middle distillates of pyrolysis gasoline, such as ones consisting of C¢ to Cg
hydrocarbons, and full boiling range pyrolysis gasolines consisting of Cs hydrocarbons up to
hydrocarbons having an end boiling point of 204 °C. The pyrolysis gasoline feeds to be
hydrotreated from ethylene plants contain generally impurities and poisons, such as dienes,
gums (i.e., polymers resulted from the polymerization of unsaturated components, such as
dienes and styrene), As and heavy metals, although their contents may be quite different due to
the differences of individual ethylene plants in cracking feedstock and cracking condition. These
impurities and poisons will likely cause the deactivation of Pd-based catalysts. Ni-based
catalysts have important use in the selective hydrogenation of pyrolysis gasolines, in particular
full boiling range pyrolysis gasolines, because of their tolerance to As and stability at lower
temperature.

Chinese Patent Application CN1644656A discloses a hydrogenation catalyst as well as
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pressure = 2.0 to 4. OWa, liquid weight hourly space velocity =1 to 10h-1,
volunme ratio of hydrogen to oil = 100 to 300. Wth this catal yst and
process, it is possible to produce directly a solvent oil having a high
aromati c hydrocarbon content or a gasoline having a high octane value via
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tolerance to gums, higher activity at lower temperature, and good selectivity, to prolong

regeneration cycle length and service lifetime of the catalyst.

Summary of the Invention

The present invention attempts to solve the problems suffered by the prior art, such as low
activity at lower temperature and inferior stability of hydrogenation catalysts, by providing a
novel Ni-based catalyst for selective hydrogenation. Said catalyst is suitable for the selective
hydrogenation of a middle distillate of pyrolysis gasoline, such as one consisting of Cs to Cg
hydrocarbons, or a full boiling range pyrolysis gasoline consisting of Cs hydrocarbons up to
hydrocarbons having an end boiling point of 204 °C, and has good activity at lower temperature,
good selectivity and good stability.

An object of the invention is to provide a Ni-based catalyst useful in selective
hydrogenation, comprising the following components supported on an alumina support:
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(c) 0.0l tol OOM.%of at |least one rare earth el enment or oxide(s)
thereof; (d) 0.01 to 2.0wt.% of at |east one netal from Goup IA or Goup
1A of the Periodic Table or oxide(s) thereof; (e) 0 to 15.Oam.% of at
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from2 the lnYﬁ’ﬂUOPrUéfi@r rqgenatipa qoadiopst conprises the netallic nickel or

oxi de(s) thereof in an amount of from5.0 to 35.0m.% and nore preferably
from 10 to % se he total weight of the catalyst.
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(c) 0.01 to lO Owt.% of at least one rare earth element or oxide(s) thereof;

(d) 0.01 to 2.0wt.% of at least one metal from Group IA or Group IIA of the Periodic Table
or oxide(s) thereof;

(e) 0 to 15.0wt.% of at least one selected from the group consisting of silicon, phosphorus,
boron and fluorine, or oxide(s) thereof; and

() 0 to 10.0wt.% of at least one metal from Group IVB of the Periodic Table or oxide(s)
thereof;

with the percentages being based on the total weight of the catalyst.

In an embodiment, the catalyst contains nickel grains having an average particle size of
from 1.5 to 4.5nm, preferably from 2 to 4nm.

Preferably, the catalyst comprises the metallic nickel or oxide(s) thereof in an amount of
from 5.0 to 35.0wt.%, and more preferably from 10.0 to 30.0wt.%, based on the total weight of
the catalyst.

Preferably, the catalyst comprises the at least one of molybdenum and tungsten or oxide(s)
thereof in an amount of from 0.1 to 15.0wt.%, based on the total weight of the catalyst.

Preferably, the catalyst comprises the at least one rare earth element or oxide(s) thereof in
an amount of from 0.05 to 7.5wt.%, and more preferably from 0.1 to 5.0wt.%, based on the total
weight of the catalyst.
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The alumina or precursor thereof may be selected from the group consisting of
pseudoboehmite, aluminas in other phases (including vy-alumina, n-alumina, &-alumina,
f-alumina, x-alumina and a-alumina), and mixtures thereof.

The sol-forming agent useful in the preparation of the alumina support according to the
invention refers to substance that can reacts with an alumina or an alumina precursor to form a
sol, such as monocarboxylic acids, for example, formic acid, acetic acid, propanoic acid,
butanoic acid, etc.; dicarboxylic acids or polycarboxylic acids, for example, succinic acid,
maleic acid, citric acid, etc.; anhydrides and weak base salts of said carboxylic acids; inorganic
monoprotic acids, for example, nitric acid, hydrochloric acid, etc.; and salts of strong acids, for
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4 exanple, alumnumnitrate, nickel nitrate, alumnumtrichloride, alum num
sulfate, etc. The binder useful in the preparation of the alum na support
according to the invention refers to substance that can bind vari ous
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In a preferred embodiment, the catalyst further comprises sulfur or compound(s) thereof in
an amount of from 0.01 to 10.0 wt.%, and preferably from 0.1 to 8.0 wt.%, based on the total
weight of the catalyst.

In a second aspect, the present invention provides a process for preparing the catalyst
according to the invention, comprising the steps of

i) providing an alumina support, which comprises optionally part or all of the catalyst
component (d), and optionally part or all of the catalyst component (e) if desired,

ii) dissolving materials providing the other catalyst components in desired amounts in
water to form an impregnation solution;

iii) impregnating the alumina support with the impregnation solution to provide an
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water to forman inpregnation solution; iii) inpregnating the alum na
support with the inpregnation solution to provide an 5 inpregnated support;
iv) drying the inpregnated support; v) optionally, repeating steps iii) and
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those skilled in the art. For example, the oxidized catalyst may be reduced in a reactor at a
temperature of from 200 to 700°C, preferably from 300 to 600°C under a hydrogen gas pressure
of from 0.05 to 5.0MPaa, preferably from 0.1 to 3.0MPaa for 1 to 24 hours, preferably 2 to 12
hours,

In a preferred embodiment, the catalyst is subjected to a pre-sulfurizing treatment prior to
use. The pre-sulfurizing treatment of the catalyst can be carried out by an in situ pre-sulfurizing
process or by an out-reactor pre-sulfurizing process. The in situ pre-sulfurizing process refers to
one in which a feed oil containing a sulfurizing agent is directly introduced into the reactor after
the catalyst has been reduced. The out-reactor pre-sulfurizing process refers to one in which a
catalyst having been reduced/passivated (in a passivating process, a catalyst having been
reduced is cooled to a temperature of 80°C or lower, and then a mixed gas of air and nitrogen is
introduced with the level of air in the mixed gas being increased gradually so that the surface of
Ni grains is coated gradually by a nickel oxide film which protects the catalyst. The passivated
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The following examples are given for further illustrating the invention, but do not make

limitation to the invention in any way.

Example 1

450g of pseudoboehmite and 13.5g of Sesbania cannabina powder were mixed together,
and then to the mixture was added 480 ml aqueous solution containing 25g of Swt.% aqueous
solution of polyvinyl alcohol (number average molecular weight = 1750), 6.5g of nitric acid,
8.4g of 85% phosphoric acid, 3.5g of potassium nitrate, and 13.9g of magnesium nitrate. The
resultant mixture was mixed homogeneously, and then extruded into ¢2.5mm trilobal extrudes.
The wet extrudes were dried at 120°C for 4 hours, and then calcined at 1150°C for 2 hours, to
give a support , Z1. The specific surface area, pore volume, probable pore diameter, and pore
distribution of the support Z1 were measured by mercury intrusion method. The results are

shown in the Table 1 below.



The wet extrudes were dried at 120C for 4 hours, and then cal cined at 1150C
for 2 hours, to give a support , Zl1. The specific surface area, pore

vol une, probabl e pore dianmeter, and pore distribution of the support Zl
were neasured by nercury intrusion nethod. The results are shown in the
Table I below. 7 Exanple 2 350g of pseudoboehmite and 10.5g of Sesbania
cannabi na powder were m xed together, and then to the m xture was added 320
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m xture was n xe onbgeneously, and hen extruded into 4)2.5mmtril obal
extrudes. The wet extrudes were dried at 50C for 24 hours, and then
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The results are shown in the Table | bel ow. Exanple 5 300g of
pseudobgehm t 359 of diatomte and 99 of Sesbani a cannabi na powder were
m xed tg’&’é‘m%g and then to the mixture was added 360 m aqueous sol ution
cont ai ni ng348goDpseudoboehmite and 10g of Sesbania cannabina powder were mixed together, and

then to the mixture was added 340 ml aqueous solution containing 19g of 5wt.% aqueous
solution of polyvinyl alcohol (number average molecular weight = 1750), 3.0g of nitric acid,
34.5g of alumina sol (alumina content = 10 wt.%) and 2.9g of calcium nitrate. The resultant
mixture was mixed homogeneously, and then extruded into ¢2.5 mm trilobal extrudes. The wet
extrudes were dried at 50°C for 24 hours, and then calcined at 950°C for 4 hours, to give a
support, Z4. The specific surface area, pore volume, probable pore diameter, and pore
distribution of the support Z4 were measured by mercury intrusion method. The results are
shown in the Table 1 below.

Example 5

300g of pseudoboehmite, 35g of diatomite and 9g of Sesbania cannabina powder were
mixed together, and then to the mixture was added 360 ml aqueous solution containing 18g of
5wt.% aqueous solution of polyvinyl alcohol (number average molecular weight = 1750), 3.6g
of acetic acid, 3.6g of citric acid, and 2.8g of calcium nitrate. The resultant mixture was mixed
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5wt . % aqueous sol ution of polyvinyl alcohol (nunber average nol ecul ar wei ght
= 1750), 3.6g of acetic acid, 3.6g of citric acid, and 2.8g of calcium
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Example 6

Water was added to 0.19g of ammonium molybdate, 0.27g of lanthanum nitrate and 9.0g of
zirconium nitrate until the total weight was 40g, and then the resultant solution was combined
with 71.4g of an aqueous solution of the complex of basic nickel carbonate with ammonium
carbamate having a concentration in terms of nickel of 14 wt.%, to form an impregnation liquid.
100g of the support Z1 was impregnated with the impregnation liquid. After the liquid was
removed, the solids were dried at 60°C for 8 hours, and then calcined at 450°C for 4 hours, to
give a Ni-based catalyst, C1. The composition of the catalyst is shown in the Table 2 below,
with the contents of the individual components being based on the weight of the alumina

support.

Example 7

Water was added to 9.3g of ammonium molybdate, 7.4g of ammonium tungstate, 6.7g of
lanthanum nitrate, 7.8g of cerium nitrate, 12.9g of titanium tetrachloride, 28.7g of boric acid and
5.3g of hydrofluoric acid until the total weight was 125g, and then the resultant solution was
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5.3g of hydrofluoric acid until the total weight was 125g, and then the
resultant solution was 9 conbined with 75g of an aqueous sol ution of nickel
nitrate having a concentration in terns of nickel of 40 wt.% to form an
inpregnation liquid. | OOy of the support Z2 was irrpregnat ed with 1009 of
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liquid. Upon the completion of the impregnation, the liquid was removed, and then the solids
were dried at 60°C for 8 hours and then calcined at 450°C for 4 hours. The above impregnating,
drying and calcining were repeated for one times, to give a Ni-based catalyst, C4. The
composition of the catalyst is shown in the Table 2 below, with the contents of the individual

components being based on the weight of the alumina support.

Example 10

18.6g of ammonium molybdate and 7.8g of cerium nitrate were weighed, and water was
added thereto until the total weight was 76g. Then the resultant solution was combined with
100g of an aqueous solution of nickel formate having a concentration in terms of nickel of 20
wt.%, to form an impregnation liquid. 100g of the support Z5 was impregnated with 88g of the
impregnation liquid. Upon the completion of the impregnation, the liquid was removed, and then
the solids were dried at 60°C for 8 hours and then calcined at 450°C for 4 hours. The above
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to inpregnating, drying and calcining were repeated for one tines, to give a
Ni - based catal yst, C5. The conposition of the catalyst is shown in the
Table 2 below, with the contents of the individual conponents being based
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0.4 P
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of edach_of thGEYtaHLJﬂvstgnrp ard iln Pxamnl e 6 tlo 19 wds t Hken |drRINP- EX
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wt . %]|of CG hydr ocar bons 23. 3 wt . % oflo- &0 hydrocar bons 41.3 wt, % of Cs
hydr dcar bd¥ie Wsentent, wt.% Mo-0.11 " ¢ | Mo-15.0 70.0 7 8o-10.0 0
h el t content La-2.5
Rare carth element content, | o | L2 Ce-25 | La2.5 | Ce-2.5 0
wt.% Ce-2.5
Group IA metal content, wt.% | K-0.3 | K-0.5 0 0 0 0
Group IIA metal content, wt.% | Mg-0.5 | Ba-0.1 Ca-0.2 Ca-0.2 Ca-0.2 0
B-5.0
Si, P, B or F content, wt.% P-0.5 F.5.0 Si-10.0 0 Si-10.0 0
Group IVB metal content, wt.% | Zr-2.5 | Ti-5.0 | Zr-0.1 Zr-0.1 0 0
Average Parti.cle diameter of Ni 55 3.8 31 35 33 49
grains, nm
Example 11

This example demonstrated the use of the catalysts prepared in Examples 6 to 10 in the
selective hydrogenation of a full boiling range pyrolysis gasoline consisting of Cs hydrocarbons
up to hydrocarbons having an end boiling point of 204 °C.

80 ml of each of the catalysts prepared in Examples 6 to 10 was taken and evaluated in a
100 ml fixed bed mini-reactor. Each catalyst was reduced under the following conditions for 12
hours: hydrogen pressure=0.27MPa, temperature=450°C, and hydrogen flow rate=1500ml/min.
Then a full boiling range pyrolysis gasoline feed containing 15.5 wt.% of Cs hydrocarbons, 21.8
wt.% of C¢ hydrocarbons, 23.3 wt.% of C; hydrocarbons, 21.3 wt.% of Cg hydrocarbons and
18.1 wt.% of C¢" hydrocarbons (i.e., hydrocarbons having 9 or more carbon atoms) and having a
diene value of 27.12 g iodine/100g oil was reduced under the following reaction conditions:

hydrogen pressure=0.27MPa, temperature=50°C, volume space velocity of fresh oil=3.8h™,
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18.1 wt, % of C9 hydrocarbons (i.e., hydrocarbons having 9 or nore carbon
atons) and having a diene value of 27.12 g iodine/100g oil was reduced
under the follow ng reaction conditions: hydrogen pressure=0.27Mra,
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used in Exanple 1 I . Then a hydrogenation experinent was carried out by
using the sane feed and reaction conditions as used in Exanple 12, and the
exper i mEnemplgdg conti nued for 200 hours. The hydrogenation results are shown

in the Tabl”[%is‘leﬁﬁ{p@é"éhowed the results of 1000-hour selective hydrogenation experiment of a full

boiling range pyrolysis gasoline consisting of Cs hydrocarbons up to hydrocarbons having an

end boiling point of 204 °C carried out by using the catalyst C2 prepared in Example 7.

80 ml of the catalyst C2 was taken and reduced as described in Example 11. Then a full
boiling range pyrolysis gasoline feed containing 15.5 wt.% of Cs hydrocarbons, 21.8 wt.% of Cs
hydrocarbons, 23.3 wt.% of C; hydrocarbons, 21.3 wt.% of Cg hydrocarbons and 18.1 wt.% of
Cy" hydrocarbons and having a diene value of 27.12 g iodine/100g oil was reduced under the
following reaction conditions: temperature=50°C, hydrogen pressure=0.265MPa, volume space
velocity of fresh 0il=3.8h"', volume space velocity of total oil=7.6h™", and volume ratio of
hydrogen to 0il=100:1, and the experiment was continued for 1000 hours. The hydrogenation
results are shown in the Table 4 below.

Comparative Example 4

80 ml of the catalyst CD1 prepared in Comparative Example 2 was taken and reduced
under the same conditions as used in Example 11. Then a hydrogenation experiment was carried
out by using the same feed and reaction conditions as used in Example 12, and the experiment

was continued for 200 hours. The hydrogenation results are shown in the Table 4 below.



12 Table 4 Catal yst Reaction tinme D ene value of product Conversion of diene

(h)

0.07 99.74 Exanple 12 C2 500 0.13 99.52 600 0.33 98.78 700 0.00 100.00
800 0,00 100.00 900 0.20 99.26 1000 0.13 99.52 50 2.96 89.09 Conparative

i odi ne/ 100 oil) /a 100 0.00 100.00 200 0.00 100.00 300 0.10 99.63 400

CDI 100 4.66 82.82 Exanple 4 150 7.3Eab1g475 200 8. 06 70 28 Example 13
Thi s gxarpl-e—showed—the—+estHts—ef—500—heur—setect—re—hyarogeratton
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Tabl e |5 bel ow, Tabl e 5 Reactd Oﬂoé, D emne vaub of —prodpct uorm(? on of
di ene | (h) iodine/100 oil) 0 10000 108:% 03 09 g7 150'HIHY g9 79
200 0.]20 99.58 250 0.07 99. 7180800 0/ 06 99. 78.00 100.00

900 0.20 99.26

1000 0.13 99.52

50 2.96 89.09

Comparative CDI 100 4.66 82.82
Example 4 150 7.39 72.75
200 8.06 70.28
Example 13

This example showed the results of 500-hour selective hydrogenation experiment of a

pyrolysis gasoline middle distillate consisting of Cs to Cg hydrocarbons carried out by using the

catalyst C2 prepared in Example 7.

80 ml of the catalyst C2 was taken and reduced as described in Example 11.

Then a

pyrolysis gasoline middle distillate containing 32.8 wt.% of C¢ hydrocarbons, 35.1 wt.% of C;

hydrocarbons and 32.1 wt.% of Cg hydrocarbons and having a diene value of 23.99 g

iodine/100g oil was reduced under the following reaction conditions:

hydrogen pressure=0.265MPa, volume space velocity of fresh oil=3.0h™,

of total 0il=7.5h"!,

for 500 hours. The hydrogenation results are shown in the Table 5 below.

temperature=50°C,

volume space velocity

and volume ratio of hydrogen to 0il=110:1, and the experiment was continued

Table 5
Reaction time Diene value of product Conversion of diene
(h) (g iodine/100g oil) (%)
50 0.00 100.00
100 0.03 99.87
150 0.05 99.79
200 0.10 99.58
250 0.07 99.71
300 0.06 99.75
350 0.05 99.79
400 0.04 99.83
450 0.02 99.92
500 0.05 99.79




350 0.05 99.79 400 0.04 99.83 450 0.02 99.92 500 0.05 99.79 13 Exanple
14 80 m of each of the catalysts prepared in Exanples 6 to 10 was taken and
evaluated in a 100 m fixed bed mni-reactor. Each catal yst was reduced
under the follow ng conditions for 24 hours: hydrogen pressure=0 | OWPa,

t enper at ure=450C, and hydrogen flow rate=1500m/m n. Then a full boiling
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wt . % of Bx@mipledrdocar bons, 23.3 wt. % of C7 hydrocarbons, 21.3 w.% of C8

hydr ocar bo n : 9 ' r Se (1 rocar i.ng 9
or nore car ox?ill §{ Sgn%)&éﬁgcﬁ%&gtﬁgg ?ap%?%g%&v C?ét]seé (g(# 1@%".%?%%%??&39@3@3%{&I
was reddbednldingdrbet manf-tsiattonibagh catalysi was ednelidtundasthe thijewmgenenditions for 24
pressur ¢=0..2 U RF -3 ' 2 i

D 23R 2Rt MBI RIR o KM 365 S SRR s S

rat i o=1)Themadul 6piling rengeinyrdysihgerobpe feed son@ining b5 Wt.OTRE Chitdiogeheans éh8
resul tsvarg TR drdtat s T2Pb &vi6/, REl Wy dEUIPRIaL 2 V8 viearatl & BydB8catborRfankihe
catalyst CD | pr%ﬁage(gr in ConparEEt ve %arﬁ)l e évvas t aken an reda ed under
the samd3doWl{®tq s NE&rotAens; (he ERUIFAFAEDANE Hayigry of RY'GFAERORAIIBH 28 %@Ylp&ént
was car idiegd vait ofus7.ny gt peinsameg frledaaneiuc@dahd@nhe @it wingneactidon usaditions:

Exanpl e, 14. The hydro jon result: e shown in the Table.6,bel ow, Tabl e
6 Renct PBHTORTRRAGRT Sra Al G oA e Ao LOHOE Brgh SRl S alsby Sy heh
product vdivemespathyelogtyi adtbraebil:on6ly' Gid.,)repcl raB681)) abdb v O Fati€Caf BHBognA0

& 5 OSBRI A B o b cpar ed 1 Evanpi e

6 was reduced and passivated in a fixed bed reactor as follows. The

cat al ysicopasrfifdycgfipinder the fol lowing conditions for 24 hours: hydrogen
pressur e=0. 10MPa er at ur e=450C, and_hydrogen_fl ow rate=1500m /m n. Upon
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results are shown in the Table 6 below.

Table 6
Reaction Average diene value of Average conversion of
Catalyst time product diene
(h) ( g i0odine/100 g oil) %
Cl 350 0.55 97.97
C2 350 0.20 99.26
Ex. 14 C3 350 0.35 98.71
C4 350 0.47 98.27
CS 350 0.40 98.53
Comp. Ex. 5 CDl1 350 3.20 88.20

Example 15

The catalyst C1 as prepared in Example 6 was reduced and passivated in a fixed bed reactor
as follows. The catalyst was reduced under the following conditions for 24 hours: hydrogen
pressure=0.10MPa, temperature=450°C, and hydrogen flow rate=1500ml/min. Upon the
completion of the reduction, the hydrogen flow was stopped, and temperature was lowered by
passing a nitrogen flow through the catalyst. After the temperature was lowered to 80°C, the
nitrogen flow was switched to a mixed gas of air and nitrogen, and the level of air in the mixed
gas was increased gradually until the level of air reached 100%. Upon the completion of the
passivation, the reduced and passivated catalyst was removed from the reactor bed.

100g of the reduced and passivated catalyst was impregnated with 97g of a solution of
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gas was increased gradually until the level of air reached 100% Upon the
conpletion of the passivation, the reduced and passivated catal yst was
removed fromthe reactor bed. 100g of the reduced and passivated catal yst
was inpregnated with 97g of a solution of t4 dinethyl disulfide in
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80C for 8 hours to renove the cyclohexane, thereby giving a catalyst C8.

The conposition of the catalyst is shown in the Table 7 below, wth the
cont ent sExamplehE’ i ndi vi dual conponent s bei ng based on the wei ght of the
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al um na atunpipe stppexicapeptithathd udfus vbrftent icbaseéoh theswhbighed thacdthigstwei ght of t he
catal yst. Exanple 19 The catal yst C5 as prepared in Exanple 10 was reduced

and passivated as described in Exanple 15. 100g of the reduced and
passi vathedmpkt Bl yst was i npregnated with 48g of a solution of dinethyl

di sulfide ifyd Xé}él%}e@@%@ pf?@}ya'r&g 1@%%@()' : | 9By ded Jril PRsihted Us! WscMealrn 1

W% After renpv were dried in a nitrogen flow at
80C for Exampler k. BOg @mjgéeduced and passivated catalyst was impregnated with 87g of a solution

of dimethyl! disulfide in cyclohexane having a concentration in terms of sulfur of 2.4 wt%. After
removing the liquid, the solids were dried in a nitrogen flow at 80°C for 8 hours to remove the
cyclohexane, thereby giving a catalyst C9. The composition of the catalyst is shown in the Table
7 below, with the contents of the individual components being based on the weight of the

alumina support except that the sulfur content is based on the weight of the catalyst.

Example 19

The catalyst C5 as prepared in Example 10 was reduced and passivated as described in
Example 15. 100g of the reduced and passivated catalyst was impregnated with 48g of a solution
of dimethyl disulfide in cyclohexane having a concentration in terms of sulfur of 12.1 wt%.
After removing the liquid, the solids were dried in a nitrogen flow at 80°C for 8 hours to remove
the cyclohexane, thereby giving a catalyst C10. The composition of the catalyst is shown in the

15



t he cycl ohexane, thereby giving a catalyst CIO The conposition of the
catalyst is showmn in the 15 Table 7 below, with the contents of the

i ndi vi dual conponents bei ng based on the weight of the alum na support
except that the sulfur content is based on the weight of the catalyst. Table
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catal yst CD1 prepared in Conparative Exanple 2 was charged into a 100 m
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sane feed and Feaction con
selective hydrogenatlon of a full boiling range pyrolysis gasoline consisting of Cs hydrocarbons

up to hydrocarbons having an end boiling point of 204 °C.

80 ml of each of the catalysts prepared in Examples 15 to 19 was taken and evaluated in a
100 ml fixed bed mini-reactor. Each catalyst was reduced under the following conditions for 6
hours: hydrogen pressure=0.27MPa, temperature=180°C, and hydrogen flow rate=1500ml/min.
Then a full boiling range pyrolysis gasoline feed containing 15.5 wt.% of Cs hydrocarbons, 21.8
wt.% of Cg hydrocarbons, 23.3 wt.% of C; hydrocarbons, 21.3 wt.% of Cg hydrocarbons and
18.1 wt.% of Cq” hydrocarbons (i.e., hydrocarbons having 9 or more carbon atoms) and having a
diene value of 27.12 g iodine/100g oil was reduced under the following reaction conditions:
hydrogen pressure=0.27MPa, temperature=50°C, volume space velocity of fresh o0il=3.8h™,
volume space velocity of total 0il=7.6h™" (i.e., recycle ratio=1), and volume ratio of hydrogen to

0il=100:1. The hydrogenation results are shown in the Table 8 below.

Comparative Example 6

80 ml of the catalyst CD! prepared in Comparative Example 2 was charged into a 100 ml
fixed bed mini-reactor and reduced under the same conditions as used in Example 15. Then a
hydrogenation experiment was carried out by using the same feed and reaction conditions as

used in Example 20. The hydrogenation results are shown in the Table 8 below.



used in Exanple 20. The hydrogenation results are shown in the Table 8
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98.56 Exanphieeggnple showed the results of 1000-hour selective hydrogenation experiment of a full

boiling range pyrolysis gasoline consisting of Cs hydrocarbons up to hydrocarbons having an

end boiling point of 204 °C carried out by using the catalyst C7 prepared in Example 16.

80 ml of the catalyst C7 was taken and reduced as described in Example 20. Then a full

boiling range pyrolysis gasoline feed containing 15.5 wt.% of Cs hydrocarbons, 21.8 wt.% of Cs
hydrocarbons, 23.3 wt.% of C; hydrocarbons, 21.3 wt.% of Cg hydrocarbons and 18.1 wt.% of
Cy" hydrocarbons and having a diene value of 27.12 g iodine/100g oil was reduced under the

following reaction conditions: temperature=50°C, hydrogen pressure=0.265MPa, volume space

velocity of fresh oil=3.8h, volume space velocity of total oil=7.6h", and volume ratio of

hydrogen to 0il=100:1, and the experiment was continued for 1000 hours. The hydrogenation

results are shown in the Table 9 below.

00y oil) (@a 100 0.54 98.01
300 0.56 97.94 400 0.33 98.78 Exanple 21 C7 500 0.45 98. 34
700 0.41 98.49 800 0.68 97.49 900 0.53 98.05 1000 0. 39

Table 9
Reaction time | Diene value of product Conversion of diene
Catalyst o .

(h) (g iodine/100g oil) (%)

100 0.54 98.01

200 0.47 98.27

300 0.56 97.94

400 0.33 98.78

Example 21 7 500 0.45 98.34
600 0.62 97.71

700 0.41 98.49

800 0.68 97.49

900 0.53 98.05

1000 0.39 98.56

Example 22

This example showed the results of 500-hour selective hydrogenation experiment of a

pyrolysis gasoline middle distillate consisting of C¢ to Cg hydrocarbons carried out by using the

17



Thi s exanpl e showed the results of 500-hour selective hydrogenation
experinment of a pyrolysis gasoline mddle distillate consisting of C6 to C8
hydr ocarbons carried out by using the 17 catalyst C7 prepared in Exanple
16. 80 m of the catalyst C7 was taken and reduced as described in Exanple
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300 0.48 98.00
350 0.69 97.12
400 0.54 97.75
450 0.62 97.42
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The patents, patent applications, non-patent literatures and testing methods cited in the
specification are incorporated herein by reference.

While the invention has been described with reference to exemplary embodiments, it is
understood by those skilled in the art that various changes and modifications may be made
without departing from the spirit and scope of the invention. Therefore, the invention is not
limited to the particular embodiments disclosed as the best mode contemplated for carrying out
this invention, but the invention will include all embodiments falling within the scope of the

appended claims.



(b) 0.01 to 20.0wt.% of at |east one of nolybdenum and tungsten, or oxide(s)
thereof; (c) 0.01 to 10.0wt.%of at | east one rare earth el enent or

oxi de(s) thereof; (d) 0.01 to 2.OM.% of at |east one netal from Goup |IA or
Goup Il A of the Periodic Table or oxide(s) thereof; (e) O to 15.0wt . % of
at | east, .one sel ect.ed fromthe group consisting of silicon, phosphorus,

bor on ar}ﬁ g?'i"?féi S'or oxide(s) thereof: and (f) O to 10, Om.% of at | east
one netal from Gidaped VBabfst tusefuPeni sadhcd:wa'alb)ldeogﬂnatdmi det(mprisimgleh@cfbllowntgh

t he per CS‘%?Q‘?%%S {ﬁ%g&ge(p(?%ga@& ﬁalhﬁp%&ial wei ght of the catalyst. 2. The

Ni - based ccor nprising the follow ng conponents
supported da) éﬁ taHOBivh o Qfﬁpp@ﬂtc nig¢kg) 011@<1®€(§)oth3t@0ﬁ)/vt % of metallic nickel or

oxi de(s) thep 6o ; oi@bw@%lofté%léaét Mot AT bR AR AR ARbY BREGT, and

t ungst en, OXI é her eo (c) | east” one rare
earth el ema(ﬁi 8 X0 Bt % of g draglggne ré@)eaﬁhﬁlwnb(’%’d%)d 4P| east one netal

from G oup WAON t62DUR.% blattast Be Mefal 6dhCGrbablIA or@roox ided Sthe PhesEOTablee)
0.5 to 10. Ogtg%%of t | east one selected fromthe group consisting of

si | i con O BRYSGhBETRS:  boron and fluorine or oxide(s) thereof; and (f) 0.1 to
5.0 . % of (@) 0lkeasSOwoleofatiedst bﬁ@fﬁl@t@h@omv& gifoup lvendreirgadti sﬁ':lic'Babbl&)sphorus

oxi de(s t her.epof ercen es being based on the total weight of
t he cat Q’PV andgﬂloﬁlﬂg q{hoxb‘%@ e&%ﬁ a‘i’ st according to claiml or 2, wherein

t he at | east) one10.ane%eaf sthicast losermmtal i fsorh Aitbl@hVibhodnbk Beriadke iTable drhvexide(s)

| east one.. al fromGoup IAor IIAof the Periodic Table is at |east one
of potassiunj cal cium magnesium and barium and the at |east one netal
from Group WitBthgfperdgataRes hedag basTdbh heitetat wewht ohthasatlebst. zi rconi um 4. The

Ni - based caf afysSi;AG6Rr E'éthgstt Qe RAnPNE (.q’afmplla'cgﬁphslhg tBe Mﬁ@\ﬁ/f?ﬂgnc&rﬂﬁorﬁhﬁm na
support has a specific sufface area of from 100 to 180 n2/g, and a total

por e vOISHRPROTISE On RBRAHUNIBa ¥PPPI3 /g, 5. The Ni-based catal yst according to
claim4, wheye0.0td @0, Wﬂﬂ]ﬂet@lﬂi@ﬂﬂik%] &&Sﬂ(&(@ﬂﬁ&héﬂ c surface area of from

120 to 160 otal pore v me, of fr to . The
N based odbbh e Fatelubha s BOu R Rbmariisfs: & iffuPlibfrepR ¢ no
al um na Sl{pp@rltto 5 awpot efaﬁdéastrmaxfarmﬁﬁ&ldmaﬂt ngoaAdpRy eleddo&rret er of less than

30 nm acco g §2t8r0 \%Oé ?plea o%f i q:fbot‘ar%%p [£ of B IR A MR 0(11 g%b@) of

pores havi a“pore -8t acc un s for
t he t ot al opde(e) thetewfre; and a pore voI ume of pores having a pore d| anet er of

|00y L hancROsA aceun sty 38 8:80 SRl Ol RREESSU Bonlih
the por éomi;‘@lnél%oﬁfle pordde(patbeisgl: angor e di aneter of |ess than 30 nmaccounts
for 20 to 69 #4 ed 510Re.%4 eF & least one metal from Group IVB of the Periodic Table or oxide(s)
thereof,
with the percentages being based on the total weight of the catalyst.
3. The Ni-based catalyst according to claim 1 or 2, wherein the at least one rare earth
element is lanthanum and/or cerium; the at least one metal from Group IA or [IA of the Periodic
Table is at least one of potassium, calcium, magnesium, and barium; and the at least one metal
from Group [VB of the Periodic Table is titanium and/or zirconium.
4. The Ni-based catalyst according to any one of claims 1 to 3, wherein the alumina support
has a specific surface area of from 100 to 180 m%g, and a total pore volume of from 0.5 to 1.3
ml/g.
5. The Ni-based catalyst according to claim 4, wherein the alumina support has a specific
surface area of from 120 to 160 mz/g, and a total pore volume of from 0.8 to 1.2 ml/g.
6. The Ni-based catalyst according to any one of claims | to 5, wherein in the alumina
support, a pore volume of pores having a pore diameter of less than 30 nm accounts for 20 to 80
% of the total pore volume; a pore volume of pores having a pore diameter of from 30 to 60 nm
accounts for 5 to 65 % of the total pore volume; and a pore volume of pores having a pore
diameter of larger than 60 nm accounts for 20 to 50 % of the total pore volume.
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pore vol une; the pore volume of pores having a pore dianmeter of from30 to

60 nm accounts for 20 to 40 % of the total pore volune; and the pore vol une
of pores having a pore dianmeter of |arger than 60 nm accounts for 25 to 45
% of the total pore volune. 8. The N -based catal yst according to any one of
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conponent (d), and option tp or a e catal yst conponent
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in water to forman’i ion solution; iii) inpregnating the alum na
support wt?ht%fﬁaﬂ?wp@r@a loﬁﬁ‘ok%‘PHtl on to pr OVI de an inpregnated support;

IV) drying tiheimpregeginat @d SuRRer tuppot SRthl efealihyregh@RBatdI0Gors tte PSrolide) arand
v); vi). calcin the dried support fromstep iv) of v) in air, to give an

OXI di Zednpgf@pg;gtsﬁppq;} i) reducing the oxidized catalyst to give a reduced
catal yst; ahdwihg )hesmlpfagmatzdlg);iolme reduced catalyst with a sulfurizing

cgent 15 OB sy LBEL VS DRI PRReBH Lt 2 SR v
accordi ng te) amlylrm@thoﬁrlcdi aummrtlfrqrm stiep l‘u)rmieyr) in fiy,de ggeratdxahzabrilyitons. 20
13. The process according to claim 12, further comprising reducing the oxidized catalyst.
14. A process for preparing the catalyst according to claim 10, comprising the steps of
1) providing an alumina support, which comprises optionally part or all of the catalyst
component (d), and optionally part or all of the catalyst component (e) if desired;
ii) dissolving materials providing the other of the catalyst components (a)-(f) in desired
amounts in water to form an impregnation solution;
1i1) impregnating the alumina support with the impregnation solution to provide an
impregnated support;
1v) drying the impregnated support;
v) optionally, repeating steps ii1) and iv);
vi) calcining the dried support from step iv) of v) in air, to give an oxidized catalyst;
vii) reducing the oxidized catalyst to give a reduced catalyst; and
viil) sulfurizing the reduced catalyst with a sulfurizing agent.
15. A process for selectively hydrogenating a pyrolysis gasoline, comprising contacting the
pyrolysis gasoline with the Ni-based catalyst according to any one of claims 1 to 11 under
hydrogenation conditions.

20





