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wherein said catal yst has a specific surface area of 60-150 n2/g and a pore
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impregnating solution;
impregnating the modified alumina carrier with the impregnating solution;
drving at the temperature of 40-120°C; and
calcinating at the temperature of 350-450°C for 3-6 hours, thereby obtaining the
resuitant catalyst.
33 In particular, the present invention preferably recommends that the modified
alumina carrier is prepared by:
adding silica sol, nitric acid and water into alumina hydrate (pseudo-boehmite);
after kneading and extruding, drying at the temperature of 40-120°C;
calcinating at the temperature of 300-600°C for 4-6 hours; .
40 impregnating the formed carrier with the impregnating solution formed by
adding alkaline earth metal oxide into water;
drying at the temperature of 40-120°C; and
calcinating at the temperature of 800-1100°C for 4-6 hours, thereby forming the
modified alumina carrier with desired physical properties.
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preferably 3-6% The solution of the active conmponent and aids are
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dried in air CAETEENFRE R AR REEA S PIASHERE S SaLe Rl AHR)Y:
obt ai ni ngftlfheg Alix0g. Gargsier .

40 Alumina powder: available from Lanhua Xiangxin Additives Factory.

Example 1

140m1 water, 5ml nitric acid (the content of which is 60%) and 16ml silica sol
{comprising 40% silica) are added to 300g pseudo-boehmite alumina powder. After
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308.6g nickel nitrate is added to 20nl water with stirring. Wile stirring,
1.5g lanthanumnitrate and 0.6g ammoni um tungstate are added. The pH of the
solution is adjusted to 4. Then 10g carrier is inpregnated with the
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inpregnated with the solution, aged for 12 hours, dried at 120C, and

cal cinated at 350C for 4 hours, thereby obtaining the catalyst. .
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200 hours. And Db HsaI LS IS AR drdrerTiF FEmimepopiion ddeskmréinanal yzed

every 6 hodPS SXimkénsvisr lagecddkivainafeatrive if ddidie aimbuE0aNdand calcidicalf i n” of
t he productlO3&E feat howatiarystobdiihnthetdied,2Q8:hour eval uation are shown in
30Tabl e 2. Tatienitkdingexess eddehydrogenatkon faw. il xg(g@@ gfgﬂ Wb 0&%@60 ol efin
S ooy ool SRR ot A S O 2 G o) range
© (pprgy (i @%lgiﬂ'}S %?preg%%te with 16980 ution, a]g'e ?or 12 hours, dried at 120°C, and

calcinated at 400°C for 4 hours, thereby obtaining the catalyst.

Example 4
140ml water, Sml pitric acid (the content of which is 60%) and 12m! silica sol

(comprising 40% silica) are added to 300g pseudo-boehmite alumina powder, After

kneading and extruding, the formed alumina carrier is dried in air at 120°C, and then

calcinated at 460°C for 4 hours. 100g calcinated carrier is impregnated with a solution
formed by dissolving 5.8g strontium nitrate into water, dried in air at 120°C, and
calcinated at 1020°C for 4 hours, thereby obtaining the Al,Os carrier,

30 9.5¢g nicke!l nitrate is added io 20m! water with stirring. While stirring, 1.1g
cerium nitrate, 1.1g lanthanum nitrate and 0.6¢ potassium chromate are added. The
pH of the solution is adjusted to 4, Then 10g carrier is impregnated with the solution,
aged for 12 hours, dried at 120°C, and calcinated at 350°C for 4 hours, thereby
obtaining the catalyst.

2
w

as
Comparative Example 4
140ml water, 5ml nitric acid {the content of which is 60%) and 12m! silica sol
(comprising 40% silica) are added to 300g pseudo-boehmite alumina powder. After
kneading and extruding, the formed alumina carrier is dried in air at 120°C, and then
40 calcinated at 460°C for 4 hours. 100g calcinated carrier is impregnated with a solution
formed by dissolving 21.6g magnesium nitrate into wate, dried in air at 120°C, and
calcinated at 1020°C for 4 hours. thereby obtaining the Al,Os carrier.
9.5¢ nicke] nitrate is added to 20ml water with sturing. While stirring, 1.1g
cerium nitrate is added. The pH of the solution is adjusted to 4. Then 10g carrier is

i



Table 2 Catal yst conposition and average data of 200-hour evaluation every
35exanpl e andycorrpar ative exanple Catal yst ndex oduct diolefinel 012 (gbg)
Product iodine 41.3 volute< | 0-2 (gig) The colloid content after

1000- hour irhmegnaperiiadievalwasi QRdifs: PEHOENEYLOR ij@)eccﬁ{%iaég%ﬁmﬁf . Bxampl e 2.

The eval u n adi abati c bed rogenatlon
appar at us%@Fo?{rS%I\@gmﬁt@ﬂgcgtog%%lg F%Oc(rgg@us%ed w der hydrogen at the

60C.
t eratu of 400 450C for 10 hours. 5The tenperature is lowered to
Afe{ne)r the{ iigabiliaact i vated by cycl ohexane contai ni ng 1000ppm _

di met hyl di sdiopiveienedird3 hours; the raw oil is added. Reaction condition:
React i on pr esssiilltion2raBgded, oil latoai}aastﬁfmﬁz&@it h'éc%rdlﬁ@%nﬁeﬁr%%h%{éb‘cfu%* 70C,
10Ai r speesktiaf Meieskymaw 0idg: 2. 8h- 1, The volune rati o of rogen to oil:

200: 1 (basedICQf‘netme Iﬁgéﬂregfggci{dmo fo metgofglvge@\s/%lgbﬂgg 32211%0%51 l efinof the

P every 200
E:)lcj)(rjgc;r Zr e%on nrﬁgeaiswggiaégo@rn%% Bhatinsfifamesidd ((@seee) tare” shown in
Tabl e'3. é 2ol Taple 3 indexes of hydrogenati on raw oil (05-C9) | odinei
Dial efin; S&waemc chni@s| keisgied by2DEA30® yromd shiskibaticofoscopy; cont ent x  10-
Col ol val ue/ JQfer2odXt Omedsured by WK-2B microcoulometric detector;
Colloid: measured according t Petroleum  Product festing  Method
SYB-2103-60.
The full distillate pyrolysis gasoline is used as the starting materials, the
properties of which are shown in Table 1. The catalysts of Examples 1, 2, 3 and 4 as
well as Comparative Examples 1, 2, 3 and 4 are evaluated on 100 mi adiabatic bed
hydrogenation apparatus, Firstly, the catalyst is reduced under hydrogen at the
temperature of 350-400°C for 10 hours. The temperature is lowered to 60°C. Afser the
20 catalyst is inactivated by cyclohexane containing 1000ppm dimethyl disulfide for 2
hours, the raw oil is added.
Reaction condition:
Reaction pressure: 2.8 MPz,
Intake temperature: room temperature ~60°C,
23 Air speed of fresh raw oil: 3.5h7,
"The velume ratio of hydrogen to oil: 200:1 (based on the fresh oil).
The evaluation is carried out for 200 hours. And the iodine value and diolefin of
the products are analyzed every € hours. The average data of the iodine value and
diolefin of the product far each catalyst during the 200-hour evaluation are shown in
30 Table2.

Table ! Indexes of hydrogenation raw oil (Cs- Cg)

; . — | - :
| fodine R onluiin Distillation | Sulfur CoHa‘éd ‘ Density Arsenic
t Color | valug x10 x1d range (°C) | content %10 (@/ml) content
| (g/e) (/g) U e | (mgmi) | (ppb)
 Yellow 88,2 38.5 45-205 1 9g 6.0 | 0.815 <20

Table 2 Catalyst composition and average data of 200-hour ¢valuation in every

35 example and comparative example

i Catalyst Compara Compara | Compara | ‘ Compara |
] \ Example tive Exampie tive | Example five Example five %
; I Example 2 Exampie 3 Example 4 i example !
__Index 1 2 3 5 i 4 |
|  Product diolefin<10 1o 118 0.8 1.82 09 1 L8 09 115 |
[ (gg] ! ! ! !
H 3 odne H / i i .

| V{;ESS?{;??@) R e T T T Y I R I

[ The colloid conten: afier | 6.1 | 5.9 T 6.2 | 8& 1 43 9 6.8 |




i /g)range (O (g/m) ;,1" 1 (ppm 1 (ingim) 11
g/gl IQZJ\(AgS.g)539. 5.45-205186F70. 815 1 Arsenic content (PPb) 126 The results
of evaluation are shown in Table 4. During the 1000-hour operation,
the i odine value and diol efin value of the hydr ogenatlon product remain at

| ow | evel ZoZ@wnieh. suf ficrenmtty-inmdrcatgs—that—the-catal yS 5 Ak arrp! e2
has good stabiltdt yeand hydrogenati onD activifTy. S%QJE:? 4 ~T00p=Toureval uation
b 95 93, )
data f orﬁgégf_aiawfﬁﬂﬂ’ ‘of yaml e_2 an éO npar at Lve arﬁjl % 3 éUI’T'm Qf ? ve
operati o Spﬁ“E; gmm"ff Hydr ogenat | q)n ops od uctssi ndexs: 111 Gat al ysts Of Bxaml e
m 1 £ he1-Oo 0111 nrl- nol DA - -
2Cat al ysft Compakat i vesExanpl e 81, Brotgfnixia-2—3Hedi-nei—B-okefipax10- 2
?1 odi ne Silica 4.3 / 37 37 ba T TS T
Lant}‘}_an um ; / 4 £2 " g ; 3.0 ;
axide |
Active | Cerium oxide 6.1 6.1 / / 1.9 ! 3.2 14
compo | Magnesium 3.9 2.4 2.9 / T 33
nent oxide
and Strontium ; 3
aids axide / 1.6 1.8 / / 4 32 /
conien | Moelybdenum . . i , . .
it o S Soob fop s
i . I H H : i
| | Twgsen 38 | 38 3 4 /
] i oxide | !
i Chromium | , | , { . ) . .
% | oxidc | j ; / / 5 / / / 2.3 !

1000-hour long period evaluation is performed on the cataiyst of Example 2. The
evaluation was carried out on 100 ml adiabatic bed hydrogenation apparatus. F irstly,
the catalyst is reduced under hydrogen at the temperature of 400-450°C for 10 hours.
5 The temperature is lowered to 60°C. After the catalyst is inactivated by cyclohexane
containing 1000ppm dimethyl disulfide for 3 hours, the raw oil is added.
Reaction condition:
Reaction pressure: 2.8 MPa,
Intake temperature: room temperature ~70°C
10 Alr speed of fresh raw otl: 2.8h™,
The volume ratio of hydrogen to oil: 200:1 (based on the fresh oil).
The iodine value and diolefin of the product are analyzed every 12 hours. The
average data during every 200 hours are taken. The indexes of hydrogenation raw oil
(Cs5-Cy) are shown in Table 3.

15
Tabie 3 Indexes of hydrogenation raw cil (Cs-Cy)
j ledine | Diol efm | Sulfer | Colloid | I Arsenic
i t H v I 1
i Color [ valug x 10 { x 10 [ }?;th?;g? | content 1 <107 | %2:? | content !
| | wn | e | opm) | mempy @ ey |
| Yellow ;885 | 395 | 452205 | &6 | 7 f081s | 26 |

The results of evaluation are shown in Table 4. During the 1000-hour operation,

the lodine value and diolefin value of the hydrogenation product remain at low level,

20 which sufficiently indicates that the cataivst in Example 2 hag good stability and
hydregenation activity,

Table 4 1000-hour evaluation data for catalysts of Example 2 and Comparative
" Example 3
‘ Hydrogenation product indey

| Cumulative Catalyst of Comparative ’
| operation time | Catalyst of Example 2 Y p ‘
: | ; Example ;
W i |

Diolefinx10~ | Iodine g D1o efinx10” | Iodine |

-



(g9/9) itvaluex10' ( I(gig)r (g/g) valuex10-2 (gig) 200 0.8 36.8 0.8 36.0 400
0.8 37.2 1.1 38.9 600 1.0 38.6

f €y valuex 10~ (2/g) - valuex10% |
g'g) (g/g)
200 0.8 36.8 0.8 36.0
400 ! 0.8 37.2 1.1 38.9
600 1.0 i 38.6 1.4 ! 39.8
800 1.2 39.6 | 1.8 40.3 i
1000 1.4 | 402 2.5 43.6 |

In summary, the hydrogenation catalyst according to the present invention has
good hydrogenation performance, especially has impurity and colloid resistance as
well as good hydrogenation stability. The catalyst can be applied to selective

5 hydrogenation of diclefin unsaturated hydrocarbons, especially the first-stage
selective hydrogenation process of full distillate pyrolysis gasoline.



1.4 39.8 800 11.2 39.6] 1.8 40.3 1000 1.4l 40.2F 2.5 43.6 I n summary,
t he hydrogenation catal yst according to the present invention has good
hydrogenati on performance, especially has inpurity and cgllseid resistance
as well as good hydrogenation stability. The catal yst can be applied to

sel ective 5hydrogenati on of diolefin unsaturated hydrocarbons, especially
the first- stage sel ective hydrogenation process of full distillate

pyr ol yS| S %ﬁﬁ medYeSLLP What is claimed is: 1. A selective
ni ckel - base rogenation catalyst, with alunmna as carrier, characterized

in that b se on t e tot t, S 20%
ni ckel OXI de ;gg%e@edghﬁy O%S}Q’F H%%:E[[i xﬁh %RJE@;]A g%e?a?ﬁ%i OXI(:ZIe
1- 8% VI B gPaip eé‘lz rlrla gve %ht }éei %3 %1 licﬁ%réﬁ ﬁal ine earth

netal &xi de; ffd%héﬁé#ﬁ‘§é#ﬁ“éﬁ?&??%?ﬁﬁﬁgta specific surface area of 60-150

m2/ g and a por¥olelirenpexide andiorgerinmygde;
1-8% VIB group element oxide as aids;

2 8% silica;
1-8% alkaline earth metal oxide;
10 wherein said catalyst has a specific surface area of 60-150 m?/g and a pore volume

of 0.4-0.6 ml/g.

2. The selective nickel-based hydrogenation catalyst according to claim 1, characterized
in that the nickel oxide in the catalyst is in the amount of 15-19%.

3. The selective nickel-based hydrogenation catalyst according to claim 1, characterized
in that the lanthanum oxide and/or cerium oxide in the catalyst is in the amount of 3-

5%.

20 4. The selective nickel-based hydrogenation catalyst according to claim 1, characterized
in that said alkaline earth metal is magnesium and/or strontium.

5. The selective nickel-based hydrogenation catalyst according to claim 1, characterized
in that the alkaline earth metal oxide in the catalyst is in the amount of 2-5%.

25
6. The selective nickel-based hydrogenation catalyst according to claim 1, characterized

in that said VIB group element is one or more of chromium, molybdenum and tungsten.

7. The selective nickel-based hydrogenation catalyst according to claim 1, characterized
30 in that the VIB group element oxide in the catalyst is in the amount of 3-6%.

8. A method for preparing the selective nickel-based hydrogenation catalyst according
to claim 1, comprising:
adding silica or its precursor and alkaline earth metal oxide or ifs precursor into

35 alumina carrier;
calcinating at the temperature of 800-1100°C for 3-6 hours to form the modified

alumina carrier;
adding the soluble salts of nickel, rare earth element and VIB group element into
water, wherein the rare earth element is lanthanum and/or cerium;
40 after fully dissolution, adjusting the pH of the solution to 4-5 to form an
impregnating solution;
impregnating the modified alumina carrier with the impregnating solution;
drying at the temperature of 40-120°C; and
calcinating at the temperature of 350-450°C for 3-6 hours, thereby obtaining the
45 resultant catalyst.



2. The sel ective nickel -based hydrogenation catal yst according to claim1,
characterized in that the nickel oxide in the catalyst i@.%Q 5he anount of
15-19% 15 3. The sel ective nickel -based hydrogenati on 8 #yst accordi ng
to‘claiml|, characterized in that the |anthanum oxi de and/or cerium oxi de
in the catalyst is in the anount of 3- 5% 204. The sel ective nickel -based
hydr ogenat i oh ldamsiipstacenséiog i thgmt o chdrattmized inkar aeterdifzadhinint hatasal d
al kal i ne eartrtpant@al: i s magnesi um and/ or strontium 5. The sel ective
ni ckel - based h)édﬂiﬂ@@ﬂ\i@&is&miﬁﬁta@ﬂd)éﬁﬁw%?&%tgiaﬂxgztﬁhfgf @L.m 1, characterized in

cat al ys

IE@

that the <al kal ijpe. N, xjde in the ! I's. in the amount of
2-5% 25 6. Tﬁﬁ%s%%é%?f\%&%“é%@%% é‘%ﬁg?&?“&%%ﬁ ioéﬁa“éa@zﬁéyst according to

claimi, chara@?éFF?%%mﬁﬁa?Wﬁ?m§§ﬁgg@ﬂﬁﬂ§ﬁ5@§“%@é%ﬁﬁt is one or nore of

chromi um nol yByeEREAdhe (igat enrier with theimTheesed edtiorefonhake) abiaged

hydr ogenat i ke @ktleypath merbedinigtatwated; ai m 1, characterized 30in that the

VI B group el emEntinoxiteercinpertfaee @apalyyst:; iz in the anmount of 3-6% 8. A

met hod fior prepakinRghd hems elggtive Ji ke ydrogenat i on cat al yst

accor di ng t?héﬁﬁ%d&Jm¥£?£B&f§%”é: d$g6®ﬂ1@§g§?%db§iOPcagngfggnﬁP%gﬁrsor
5 |

and al kaline earth ne oxide or its precursor into 35alumna carrier;
calcinating at the tenperature of 800-1100C for 3-6 hours to formthe

nodi fied alum na carrier; addi ng the soluble salts of nickel, rare earth
el ement and VIB group elenent into water, wherein the rare earth elenent is
| ant hanum and/ or cerium 40after fully dissolution, adjusting the pH of the
solution to 4-5 to forman inpregnating solution; inpregnating the nodified
alumna carrier with the inpregnating solution; drying at the tenperature
of 40-120C; and calcinating at the tenperature of 350-450C for 3-6
hours, thereby obtaining the 43resultant catalyst. MCSLLP 9. The nethod
according to claim@8, characterized in that the nodified alumna carrier is
prepared by: adding silica sol, nitric acid and water into al um na hydrate;
5after kneadi ng and extruding, drying at the tenperature of 40-120C;
calcinating at the tenperature of 300-600C for 4-6 hours; I npregnati ng
the formed carrier with the inpregnating solution forned by adding the

al kaline earth nmetal oxide into water; drying at the tenperature of

40- 120C, and 10cal cinating at the tenperature of 800-1100C for 4-6 hours,
thereby formng the nodified alum na carrier.



