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PSEUDO-BOEHMITE, MANUFACTURING PROCESSAND APPLICATION THEREOF

Technical Field

The present invention relates to a pseudo-boehriite present invention also relates to a
manufacturing process of the pseudo-boehmite armlicapon of the pseudo-boehmite in
preparation of alumina, the preparation of hydregem catalyst and the hydrogenation of oil
product.

Background Technology

Pseudo-boehmite is also known as alumina monolgydratl pseudoboehmite, has incomplete
crystalline water molecules, can be white collorkt product) or powder (dry product) with a
spatial network structure, and is characterizechigy crystalline phase purity, good peptization
performance, strong cohesiveness, high specifitaseirarea, large pore volume and the like.
Pseudo-boehmite is dehydrated at high temperabupeepare an activated alumina. The activated
alumina has excellent specific surface area and gtoucture, and especially gamma&d has the
characteristics of large specific surface areajsadple pore structure and good thermal stabdday,
that the activated alumina is widely used as alysttaupport, a drying agent, an adsorbent and the
like in the petrochemical industry and the chemiedilizer industry.

The processes for producing the pseudo-boehmitdhanindustry mainly comprise an organic
aluminum alkoxide process and an inorganic neattibn process according to different raw
materials. Among these inorganic neutralizationcpsses, there are generally three production
processes in the industry: aluminum chloride precakiminum sulfate process, and carbonization
process. (1) Neutralization reaction of an aluminsat and a base, such as aluminum chloride
process: AlG+3NHsOH—AI(OH)3+3NH4ClI; (2) Metathesis reaction of an aluminum salt and an
aluminate, such as the aluminum sulfate process:
Al2(SQy)3+6NaAlO+12H0—8AI(OH)3+3NaSQs; (3) Neutralization reaction of an aluminate and

an acid, such as the carbonization process: 2Na&lO;+3H.0—2Al(OH)3+N&COCs. In the
above-mentioned three processes, aluminum hydrasidgenerated by using the neutralization
method, and then sodium impurity is removed inwashing process, so that the washing water
consumption is high, and a large amount of wastems generated.

CN201610674763.3 discloses a low-impurity pseudbbute, its manufacturing process and
manufacturing apparatus. The weight percentageenbndf the metal ion impurities in the
low-impurity pseudo-boehmite i50.1%. The process comprises formulating a raw nadter
pseudoboehmite into a slurry; acidifying the slurry to obtain an acidified raw material
pseudo-boealite; aging at a set temperature for a set time to obtain an aged raw material
pseudobochmite; allowing the aged pseudo-boehmite to pass through a cation-exchange résan a
set flow rate, so that metal ion impurities in #wed pseudo-boehmite are rer\drying the raw
material pseudo-boehmite from which the metal iompurities are removed to obtain the
low-impurity pseudo-boehmite, wherein the weightcpatage content of the metal ion impurities is
<0.1%. The apparatus comprises a first containggcand container, a third container and a drier.
CN201110103785.1 discloses a process for produdingfine aluminum hydroxide and ultrafine
alumina by using a pulverized fuel ash of a cirtnta fluidized bed as the raw material. The
process comprises: a) grinding the pulverized &sél, then performing the wet magnetic separation
on the ground pulverized fuel ash to remove tha aod then reacting the obtained product and
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hydrochloric acid to obtain a hydrochloric acid immersion liquid; b) passing the hydrochloric acid
immersion liquid through a macropore-type catiosirrecolumn for adsorption, and after the
adsorption of the resin is satuarated, elutingrédsen with an eluting agent to obtain an elution
liquid containing aluminum chloride andbir chloride; ¢) dissolving the elution liquid in an alkali

for the iron removal to obtain a sodium metaaluminate solution; d) adding a dispersing agent into

the sodium metaaluminate solution and mixing evenly to obtain a dispersion liquid; €) introducing
carbon dioxide into the dispersion liquid and perfimng the separation to obtain the superfine
aluminum hydroxide. The superfine aluminium hyddexis calcined at different temperatures to
obtain gamma-alumina and alpha-alumina respectively

Summary of the Invention

Through an industrious research, the inventors loé fpresent invention have found a
pseudoboehmite and a manufacturing process ofsgbéadoboehmite. Without being bound by any
theory, the inventors of the present invention aaahed that an organic acid source, which is one of
the reaction raw materials, can simultaneouslytexenetal ion transfer function and an adsorption
resin protection function in the manufacturing mex of the pseudoboehmite of the present
invention, which is the first finding in the artpé&ifically, the organic acid source can not only
capture or displace metal ions, particularly sodiions, contained or encapsulated in the
pseudo-boehmite (present in a colloid-like staemegated in the manufacturing process and then
transfer the metal ions to a cation exchange rasianother reaction raw material to be adsorbed
and fixed by the cation exchange resin, therebgcéffely promoting the separation of the
pseudo-boehmite from the metal ions, but also @am fprotective micelles around the cation
exchange resin to isolate the cation exchange femin the generated pseudo-boehmite, thereby
effectively preventing the cation exchange resomfrbeing embedded in the pseudo-boehmite to
reduce the metal ion adsorption capacity. Forrégason, according to the manufacturing process of
the pseudo-boehmite of the present invention, geugo-boehmite having a very low content of
metal ions, particularly sodium ions, can be ol#dieven without introducing a washing step. The
present invention has been completed based ofintdiag.

Specifically, the present invention relates toftiiowing aspects:

1. A pseudo-boehmite having a dry basis content®85wt% (preferably 65-75wt%) and
containing a phosphoric acid ester group, wherleé dodium oxide content is not greater than
0.5wt% (preferably not greater than 0.05wt%, maefgrably not greater than 0.03wt%), and the
phosphorus content (in terms of phosphorus pengdxsl 1.2-5.7wt% (preferably 1.4-4.2wt%),
relative to 100wt% of the total weight of the psetdmbehmite.

2. The pseudo-boehmite accoridng to any of the edmo@ntioned or the afterward-mentioned
aspects, wherein the phosphoric acid ester grouensed from a compound represented by the
following structural formula (1),

@)
/ \ I
Ro-{O—Ryjy-O—P—0A

In the structural formula (1), each A is, identitalor different from each other, each indepengent!
selected from hydrogen ion, ammonium ion @JHa metal ion (for example an alkali metal ion or
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an alkaline earth metal ion, especially a sodium) iand a group represented by the structural

RO—R)— | |
formula (preferably at least one A is hydrogen ion, maefgrably both of two
As are hydrogen ion), Ris selected from hydrogen atom, optionally subtd G.3o linear or
branched alkyl and optionally substituted-2Gryl (preferably selected fromsGo linear or
branched alkyl and phenyl, more preferabby€linear or branched alkyl, more preferablyldear
or branched alkyl), n groupsiRre, identical to or different from each othergheandependently
selected from €s linear or branched alkylene (preferably.<dinear or branched alkylene, more
preferably ethylene), n is a number in the range@ tf 200 (preferably a number in the range of 0 to
100, more preferably a number in the range of 50tor 5 to 20).
3. The pseudo-boehmite accoridng to any of the edmo@ntioned or the afterward-mentioned
aspects, wherein the gibbsite content is <3.0wlative to 100wt% of the total weight of the
pseudo-boehmite.
4. The pseudo-boehmite accoridng to any of the edmoentioned or the afterward-mentioned
aspects, which further contains at least one auyiskelected from Si, B and Ti, the content of said
at least one auxiliary (in term of oxide) is 1-8w{pseferably 2-6wt%), relative to 100wt% of the
total weight of the pseudo-boehmite.
5. A manufacturing process of pseudo-boehmite, cmng:
Contacting an alkaline aluminium source (for examguminate, especially metaaluminate, more
especially sodium metalluminate), a cation-exchangesin (especially strong-acidic
cation-exchange resin, preferably selected from lemst one of macropore strong-acidic
styrene-based cation-exchange resin and sulfonatene-based gel-type strong-acidic
cation-exchange resin, more preferably selectea fibleast one of DOO1 macropore strong-acidic
styrene-based cation-exchange resin, D002 macrgbaneg-acidic styrene-based cation-exchange
resin and D61 macropore strong-acidic styrene-basgidn-exchange resin, further preferably
selected from at least one of DO01 macropore stemndjc styrene-based cation-exchange resin and
D61 macropore strong-acidic styrene-based catichange resin) and an organic acid source
(especially selected from at least one of a carmxacid, a salt of the carboxylic acid, an
organic-based ester of the carboxylic acid, an ricgbased ester/salt of the carboxylic acid, a
phosphonic acid, a salt of the phosphonic acidprganic-based ester of the phosphonic acid, an
organic-based ester/salt of the phosphonic acphigphinic acid, a salt of the phisphinic acid, an
organic-based ester of the phisphinic acid, anrocgaased ester/salt of the phisphinic acid, an
organic-based ester of carbonic acid, an orgarsed@ster/salt of carbonic acid, an organic-based
ester of phosphoric acid, an organic-based eslteosphosphoric acid, an organic-based ester of
phosphorous acid, an organic-based ester/salt oghiorous acid, an organic-based ester of
sulfuric acid, an organic-based ester/salt of sidfacid, an organic-based ester of sulfurous acid,
and an organic-based ester/salt of sulfurous gmieferably selected from at least one of an
organic-based ester of carbonic acid, an orgarseda&ster/salt of carbonic acid, an organic-based
ester of phosphoric acid, an organic-based eslteofsphosphoric acid, an organic-based ester of
phosphorous acid, and an organic-based esterfsphiasphorous acid, more preferably selected
from at least one of an organic-based ester of ggfw& acid and an organic-based ester/salt of
phosphoric acid, especially an organic-based @$tphosphoric acid, especially an organic-based
monoester of phosphoric acid or an organic-basedta&l of phosphoric acid, more especially
selected from at least one of monoalkyl ether phosp acid ester, dialkylether phosphoric acid
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ester, monoalkylphosphoric acid ester and dialkggphoric acid ester, especially selected from at
least one of mono-¢Cis-alkylether phosphoric acid ester, mong{is-alkylphosphoric acid ester,
di-Ce-Ciys-alkylphosphoric acid ester and d¢-Cis-alkylether phosphoric acid ester, more
preferably mono-&Cis-alkylether phosphoric acid ester, further prefgramono-G-alkylether
phosphoric acid ester, more especially a compoapresented by the following structural formula
(D) in the presence of water (especially deionizeater) to obtain a mixed liquid, wherein the
organic acid source has an acidity coefficient pK&-8 (preferably 2-8, more preferably 3-6), and
Separating the mixed liquid to obtain the pseudehkinaite,

O
/ \ I
Ro{O—RylO—P—0A
OA

In the structural formula (1), each A is, identitalor different from each other, each indepengent!
selected from hydrogen ion, ammonium ion @9H metal ion (for example alkali metal ion or

| | R O—Rj—
alkaline earth metal ion) and a group representedhle structural formula
(preferably at least one A is hydrogen ion, morfgmably both of two As are hydrogen ion}, iR
selected from hydrogen atom, optionally substitu@edo linear or branched alkyl and optionally
substituted €2caryl (preferably selected froms@o linear or branched alkyl and phenyl, more
preferably G.i5 linear or branched alkyl, more preferablyl@ear or branched alkyl), n groups R
are, identical to or different from each other, teasdependently selected fromi-£linear or
branched alkylene (preferably.&linear or branched alkylene, more preferably ethg), n is a
number in the range of 0 to 200 (preferably a numitbéhe range of 0 to 100, more preferably a
number in the range of 5 to 50 or 5 to 20).
6. The manufacturing process accoridng to any @fathove-mentioned or the afterward-mentioned
aspects, wherein the weight ratio of the alkalihem&nium source (in term of alumina) to the
organic acid source is 1.2:1 to 24:1 (preferablyt6:20:1), and/or, the carbon atom number of the
organic acid source is up to 30 (preferably up @p rdore preferably up to 15), and/or, the HLB
value of the organic acid source is 3-8 (preferaBWg), and/or, the particle size of the
cation-exchange resin is 20-150 mesh (preferabl@Qithesh), and/or, the organic-based refers to a

RQTL O-—Ry;- N
group represented by the structural formul , Wherein R is hydrogen atom or
optionally substituted Cso hydrocarbyl (preferably selected from.-4g linear or branched alkyl and
an optionally substituted eGoaryl, preferably selected froms&o linear or branched alkyl and
phenyl, more preferably §Gs linear or branched alkyl), n groups Rre, identical to or different
from each other, each independently selected fregliGear or branched alkylene (preferably.4C
linear or branched alkylene, more preferably etig)e n is a number in the range of 0 to 200
(preferably a number in the range of 0 to 100, npoederably a number in the range of 5 to 50 or 5
to 20), and/or, the salt is selected from at least of alkali metal salt and alkaline earth med#dt, s
preferably alkali metal salt (for example sodiurtt)sa
7. The manufacturing process accoridng to any @fathove-mentioned or the afterward-mentioned
aspects, comprising the following steps:
(1) reacting the alkaline aluminium source, theaarg acid source and one part of the total amount
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of the cation-exchange resin in the presence oémtatobtain a first mixed liquid,

(2) aging the first mixed liquid, and then addifmgreto another part of the total amount of the
cation-exchange resin to obtain a second mixeddjqu

(3) separating the cation-exchange resin from ¢leersd mixed liquid to obtain a slurry, and

(4) optionally filtering the slurry and then dryitige slurry to obtain the pseudo-boehmite.

8. The manufacturing process accoridng to any @fthove-mentioned or the afterward-mentioned
aspects, wherein the alkaline aluminium sourceodiusn metalluminate with a caustic ratio of
1.15-1.35 (preferably 1.20-1.30), and/or, in thepstl), the reaction temperature is 45°C-80°C
(preferably 50°C-75°C), the pH value of the reattaystem is 7.5-10 (preferably 8.0-9.5), and/or,
in the step (2), the aging temperature is 50-10(@fi€ferably 60-90°C), the ageing time is 0.5-3
hours (preferably 1-2 hours), and/or, in the sthpthe drying temperature is 100-150°C, the drying
time is 6-10 hours.

9. The manufacturing process accoridng to any @fthove-mentioned or the afterward-mentioned
aspects, comprising the following steps:

(1) reacting an aqueous solution of the alkalinem@hium source, an aqueous solution of the
organic acid source and a suspension of said ah@fone cation-exchange resin (optionally in the
presence of water, preferably adding the aqueoluti@o of the alkaline aluminium source, the
agueous solution of the organic acid source andstispension of the cation-exchange resin to
water) to obtain the first mixed liquid,

(2) aging the first mixed liquid, and then addimgreto a suspension of said another part of the
cation-exchange resin to obtain the second mixgddi

(3) separating the cation-exchange resin from ¢leersd mixed liquid to obtain a slurry, and

(4) optionally filtering the slurry and then dryitige slurry to obtain the pseudo-boehmite.

10. The manufacturing process accoridng to any bg tabove-mentioned or the
afterward-mentioned aspects, wherein in the stgpttié amount of water is 5-20vol% (preferably
5-15vo0l%) of the total volume of the reaction systéfor example the reactor), and/or, in the step
(1), in terms of oxide, the concentration of thelism metalluminate solution is 20-100g-8k/L
(preferably 30-70g ADs/L), and/or, in the step (1), the flow rate at whithe sodium
metalluminate solution is added to the reactiontesgsis 20mL/min-60mL/min (preferably
30mL/min-50mL/min), and/or, in the step (1), thencentration of the aqueous solution of the
organic acid source is 0.05-0.5g/mL, and/or, in skep (1), the flow rate at which the aqueous
solution of the organic acid source is added tad¢aetion system is 5mL/min-10mL/min, and/or, in
the step (1), the solid content of the suspensibrthe cation-exchange resin is 30-80wt%
(preferably 50-80wt%), and/or, in the step (1), fleew rate at which the suspension of the
cation-exchange resin is added to the reactioresystr the used amount of the suspension of the
cation-exchange resin added to the reaction sy@esnch one that the pH value of the reaction
system is maintained at 7.5-10 (preferably 8.0;%8y/or, in the step (2), the used amount of the
suspension of the cation-exchange resin addecketeetiction system is such one that the pH value
of the first mixed liquid reaches 6.0-7.5 (prefdyah5-7.0).

11. An alumina having a phosphorus content of 008v®%6 (preferably 0.5-4.5wt%) (in terms of the
phosphorus element), a pore volume of 0.7-1.2mpfgférably 0.8-1.1mL/g, further preferably
0.9-1.1mL/g), a wunit surface acid amount of 0.0006@mmol/mM (preferably
0.0015-0.002mmol/A), and a hydraulicity of 3-10N/particle (preferaBiylON/particle).

12. A manufacturing process of alumina, comprisimgfollowing steps:
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Manufacturing a pseudo-boehmite according to theufeturing process accoridng to any of the
above-mentioned or the afterward-mentioned aspawts,

Calcining the pseudo-boehmite to obtain the alumina

13. A catalyst (especially a hydrogenation catylysbntaining a catalytic active component
(especially an active metal component, for exarsplected from at least one of Group VIB metal
and Group VIl metal of Periodic Table of Elemergspecially selected from at least one of Mo, W,
Ni and Co) and a support, wherein said supportaiostthe alumina accoridng to any of the
above-mentioned or the afterward-mentioned aspectshe alumina manufactured by the
manufacturing process accoridng to any of the almogstioned or the afterward-mentioned
aspects.

14. A manufacturing process of a catalyst (espgcalhydrogenation catalyst), comprising the
following steps:

Manufacturing the pseudo-boehmite according tantaaufacturing process accoridng to any of the
above-mentioned or the afterward-mentioned aspects,

Shaping, optionally drying and calcining the psebdehmite to obtain a support, and

Loading a catalytic active component (especiallyaative metal component, for example selected
from at least one of Group VIB metal and Group Mitetal of Periodic Table of Elements,
especially selected from at least one of Mo, Wahtd Co) to said support to obtain the catalyst.

15. A hydrogenation process, comprising a step yafrdgenating an oil product (for example
selected from at least one of diesel oil,vacuumagiasieavy oil and residual oil) in the presen€e o
the hydrogenation catalyst accoridng to any of dbeve-mentioned or the afterward-mentioned
aspects or a hydrogenation catalyst manufacturatidoynanufacturing process accoridng to any of
the above-mentioned or the afterward-mentionedcispender hydrogenation reaction conditions.
16. The hydrogenation process accoridng to any bé tabove-mentioned or the
afterward-mentioned aspects, wherein the hydrogenataction conditions comprise: the reaction
pressure is 5-20MPaG, the reaction temperatur&@s580°C, the liquid hourly space velocity is
0.1-2.0 ht, and the hydrogen/oil volume ratio is 100-1000.

Technical effect

Compared with the prior art, the present inventg@m achieve at least one of the following
advantages:

(1) The pseudo-boehmite according to the presemntion has a very low sodium content even
without washing treatment in the manufacturing psscthereof, and is particularly suitable as a
support material for the hydrogenation catalysts.

(2) The pseudo-boehmite according to the presergniion has a low gibbsite content and is
particularly suitable as a support material fortlgdrogenation catalysts.

(3) According to the manufacturing process of treeyso-boehmite, a washing step in the
manufacturing process in the prior art is omittedier a preferable circumstance, the wastewater
discharge amount is greatly reduced, the manufiagtyorocess flow is shortened, it is guaranteed
that the pseudo-boehmite with low sodium content loa obtained, and the surface acidity of the
manufactured alumina product can be improved. Toeethe filtered slurry can be recycled,
thereby realizing the closed circulation of thedarction process and discharging no pollutant.

(4) According to the manufacturing process of tkeyalo-boehmite of the present invention, the
sodium content in the manufactured pseudoboehnate lwe further reduced by adding the
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cation-exchange resin step by step in the syntheatdion process, and a pseudo-boehmite product
with lower sodium content can be obtained.

(5) The alumina according to the present invenhas great pore volume, low impurity content,
high unit surface acid content and high hydrauwlicénd is especially suitable for preparing a
hydrogenation catalyst support with good abrasesistance.

Brief description of thedrawings
Figure 1 is an XRD spectrum of the pseudo-boehmidmufactured in Example 1 of the present
invention.

Detailed description

Reference will now be made in detail to the presgnbodiments of the present invention, but it
should be understood that the scope of the inveritonot limited by the embodiments, but is
defined by the appended claims.

All publications, patent applications, patents, atider references mentioned in this specification
are herein incorporated by reference in their etytirUnless defined otherwise, all technical and
scientific terms used herein have the same meamsag®mmonly understood by those skilled in
the art to which this invention belongs. In casecofflict, the present specification, including
definitions, will control.

When the specification derives a material, a sulogtaa process, a step, a device, an element and
the like with the expression such as "known to ¢hsldlled in the art”, "prior art”, or the anologou
term, it is intended that the subject matter sovéddrencompasses those having been conventionally
used in the art at the time of filing this applioat but also includes those which may not be so
commonly used at the present time, but will becémawvn in the art as being suitable for a similar
purpose.

In the context of the present specification, thentésubstantially” means the allowance of the
presence of a deviation acceptable to those skifiethe art or considered reasonable by those
skilled in the art, for example, a deviation withl®%, within£5%, within£1%, within£0.5% or
within+0.1%.

In the context of the present specification, thentéester” includes monoesters and polyesters,
depending on the type of acid.

In the context of the present specification, theregsion "ester/salt” refers to a mixture of eatet
salt.

In the context of the present specification, theliac coefficient pKa is measured in the non-salt
form of the corresponding substance (in partictiar organic acid source). Herein, the so-called
non-salt form refers to a form obtained by replgatl metal ions or ammonium ions contained in
the substance with hydrogen ions.

In the context of the present specification, thegghstructure and the gibbsite content of the
pseudo-boehmite are characterized by the XRD spactHerein, the XRD measuring conditions
include: using an X-ray diffraction analyzer mo@max2500 manufactured by RIGAKU, Japan,
the working voltage is 40 kV, the working curreat80 mA, the scanning range is 10 (°)-70(°), the
step is 0.01 (°), and the scanning rate is 1 (§*mi

In the context of the present specification, thdraulicity refer to the property of reacting with
water and only gradually coagulating and hardenm@ moist medium. For this purpose, the
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alumina hydraulicity is defined as the strengthNifparticle of the sample obtained by contacting
alumina with atomized water droplets to agglomeaaig solidify into particles and drying at 200°C
for 3 hours. The specific determination process mises: (1) weighing 100g of the manufactured
alumina sample, adding 50g of water and sprayingjlsmater droplets in an atomizer with a nozzle
of 100 um, adsorbing the small water droplets watbmina to gradually aggregate, further
crystallize, and coagulate and harden into pelle¢gause of different microscopic properties of
alumina, the coagulation and hardening time isediffit, and the hydraulicity of alumina with the
shorter time is better than that with the longer time; (2) drying the coagulated alumina pellets at
200°C for 3 hours, screening 1.0-1.5mm aluminaepelland testing the pressure force of 20
samples by using an intelligence strength tedterunit is N, and the unit of the average intenisity
N/patrticle.

In the context of the present specification, theasueing method of dry basis content comprises:
weighing 10g of pseudo-boehmite raw material, pigcit in a muffle furnace for the
high-temperature calcination, wherein the calcoratconditions comprise 600°C and constant
temperature for 3h, and taking the sample out agidhving the calcined sample. The weight of the
calcined sample is divided by 10g and then muégplby 100% to obtain the dry basis content of
the sample.

In the context of the present specification, theepmlume and the specific surface area of alumina
are analyzed by the low-temperature nitrogen adisorpnethod.

In the context of the present specification, thecalbed numerical value includes integers and
decimals.

In the context of the present specification, thpregsion "optionally substituted" refers to being
optionally substituted by one or more (for exampi®, 1-4, 1-3, 1-2 or 1) substituent groups
selected from halogen, hydroxy, mercapto, aminoinacarbonyl, nitro, oxo, thio, cyano,1€
linear or branched (halo) alkane (oxy, thio, amicabonyl) group, &s linear or branched (halo)
alkene (oxy, thio, amino, carbonyl) group:-€dinear or branched (halo) alkyne (oxy, thio, amino
carbonyl) group, €20 cycloalkyl, G-20 cycloalkane (oxy, thio, amino) group;-£s cycloalkyl G.e
linear or branched (halo) alkane (oxy, thio, amicarbonyl) group, €20 cycloalkyl G linear or
branched (halo) alkene (oxy, thio, amino, carbogyup, G20 cycloalkyl G.¢ linear or branched
(halo) alkyne (oxy, thio, amino, carbonyl) group.-2&cycloalkenyl, G.2o cycloalkene (oxy, thio,
amino) group, 2o cycloalkenyl G. linear or branched (halo) alkane (oxy, thio, amicerbonyl)
group, G-2o cycloalkenyl G linear or branched (halo) alkene (oxy, thio, amicarbonyl) group,
Cs-20 cycloalkenyl G.s linear or branched (halo) alkyne (oxy, thio, amioarbonyl) group, €20
aryl, Gs.20 arene (oxy, thio, amino) groups-£s aryl Gi-e linear or branched (halo) alkane (oxy, thio,
amino, carbonyl) group, 3o aryl G- linear or branched (halo) alkene (oxy, thio, amiterbonyl)
group, G20 aryl G- linear or branched (halo) alkyne (oxy, thio, amicarbonyl) group, 20
heteroaryl, @20 heteroarene (oxy, thio, amino) group,cheteroaryl @¢ linear or branched (halo)
alkane (oxy, thio, amino, carbonyl) group,&heteroaryl G linear or branched (halo) alkene (oxy,
thio, amino, carbonyl) group,4Go heteroaryl @ linear or branched (halo) alkyne (oxy, thio, amino
carbonyl) group, €20 heterocyclyl, G20 heterocycle (oxy, thio, amino) group;-£5 heterocyclyl
Ci-6 linear or branched (halo) alkane (oxy, thio, amioarbonyl) group, €20 heterocyclyl G.e
linear or branched (halo) alkene (oxy, thio, amigarbonyl) group and £o heterocyclyl G linear

or branched (halo) alkyne (oxy, thio, amino, cagdprgroup. When a plurality of these
substituent groups are present, two adjacent dubksti groups (for example the molecular
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chain ends of two substituent groups) can be bonae@ach other to form a divalent
substituent group structure. For example, two aha&.¢ linear or branched alkyl groups can
be bonded to each other to form a correspondinyledle structure. Alternatively, two
adjacent &g linear or branched alkoxyl groups for example t@m a relevant alkylenedioxy
group structure, two adjacent-€linear or branched alkylamino groups for exampde éorm

a relevant alkylenediamino structure, two adjacens linear or branched alkylthio groups for
example can form a relevant alkylenedithio struefand so forth. As the preferred substituent
group, for example, halogen on.-E€linear or branched alkyl and the like can be emateal.
Herein, the expression "(halo) alkane (oxy, thioirgo, carbonyl) group” means: alkyl,
haloalkyl, alkyloxy, alkylthio, alkylamino, alkyledonyl, haloalkyloxy, haloalkylthio,
haloalkylamino or haloalkylcarbonyl, the expressifthalo) alkene (oxy, thio, amino,
carbonyl) group"” means: alkenyl, haloalkenyl, alkemy, alkenylthio, alkenylamino,
alkenylcarbonyl, haloalkenyloxy, haloalkenylthioalbalkenylamino or haloalkenylcarbonyl,
the expression "(halo) alkyne (oxy, thio, aminorbmmyl) group™ means: alkynyl, haloalkynyl,
alkynyloxy, alkynylthio, alkynylamino, alkynylcarimyl, haloalkynyloxy, haloalkynylthio,
haloalkynylamino or haloalkynylcarbonyl, the exmie® "(oxy, thio, amino) group” means
oxy, thio or amino. Herein, the expression "halotludes monohalo, dihalo, trihalo, or
perhalo, and the like.

All percentages, parts, ratios, and the like reférto within this specification are by weight and
pressures are gauge pressures unless explicitbaied.

In the context of the present specification, ang tw more embodiments of the present invention
may be combined in any combination, and the reguitechnical solution is part of the original
disclosure of this specification, and is within 8wpe of the present invention.

According to one embodiment of the present inventibrelates to a pseudo-boehmite. Herein,
the pseudo preferably-boehmite has a dry basienbot 55-85wt%, preferably 65-75wt%, relative
to 100wt% of the total weight of the pseudo-boekbmit

According to one embodiment of the present invemtithe pseudo-boehmite contains a
phosphoric acid ester group. For this purposepthsence of the phosphoric acid ester group can
be easily identified from the pseudo-boehmite vaithanalysis method such as infrared absorption
spectrum, mass spectrum, and the like by thoséedkih the art. Specifically, for example, the
phosphoric acid ester group is usually shown aglhiagacteristic peaks of the groups such as P=0,
P-O, and O=P-OH on the infrared absorption spectamd more specifically, for example, in the
infrared absorption spectrum of the phosphoric astér group, the characteristic peaks of the P=0
group and the P-O group are usually located at1BI® cm-1, and the characteristic peaks of the
O=P-OH group are usually located at 2200-2800 cm-1.

According to one embodiment of the present invemtithe phosphorus content of the
pseudo-boehmite (in terms of phosphorus pentoxideypenerally 1.2-5.7wt%, preferably
1.4-4.2wt%, relative to 100wt% of the total weiglitthe pseudo-boehmite.

According to one embodiment of the present invamtithe phosphoric acid ester group is
from a compound represented by the following suedtformula (1).
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According to one embodiment of the present invamtia the structural formula (1), each A is,
identical to or different from each other, each apdndently selected from hydrogen ion,
ammonium ion (NH"), a metal ion (for example an alkali metal ionaor alkaline earth metal
ion, especially a sodium ion) and a group repregnby the structural formula

RO%O_RJ}T (also known as a polyether group). Preferablyeast one A is hydrogen ion,
more preferably both of two As are hydrogen ionrdite R is selected from hydrogen atom,
optionally substituted s linear or branched alkyl and optionally substituté..caryl, preferably
selected from € linear or branched alkyl and phenyl, more prefraly.1s linear or branched
alkyl, more preferably €linear or branched alkyl. In addition, n groups &e, identical to or
different from each other, each independently setedrom G.e linear or branched alkylene,
preferably G.2 linear or branched alkylene, more preferably ethgl n represents an average
polymerization degree of said polyether group, sngenerally a number in the range of 0 to 200,
preferably a number in the range of 0 to 100, npoederably a number in the range of 5to 50 or 5
to 20.

According to one embodiment of the present inventithe sodium oxide content of the the
pseudo-boehmite is not greater than 0.5wt%, prefgranot greater than 0.05%, more
preferably not greater than 0.03wt%, relative toOW®6 of the total weight of the
pseudo-boehmite.

According to one embodiment of the present invantidghe gibbsite content of the
pseudo-boehmite is <3.0wt%, relative to 100wt%h#f total weight of the pseudo-boehmite.
According to one embodiment of the present invemtihe pseudo-boehmite further contains
at least one auxiliary selected from Si, B andHerein, the content of said at least one auxiliary
(in term of oxide) is 1-8wt%, preferably 2-6wt% Jatve to 100wt% of the total weight of the
pseudo-boehmite.

According to one embodiment of the present invemtidhe pseudo-boehmite can be
manufactured with the manufacturing process of phesent invention as described below.
Herein, as the manufacturing process of the pséodbmite, it at least comprises a contact step
and a separation step.

According to one embodiment of the present inventilm the contact step, an alkaline
aluminium source, a cation-exchange resin and garoc acid source are contacted in the
presence of water to obtain a mixed liquid.

According to one embodiment of the present inventim the contact step, as the alkaline
aluminium source, any alkaline aluminium sourcedusenventionally in the manufacturing of
the pseudo-boehmite in the art can be enumeratetispecifically for example, an aluminate,
especially a metaaluminate, more especially sodnetalluminate can be enumerated. Herein,
as said sodium metalluminate, preferably its cauatio is 1.15-1.35, preferably 1.20-1.30.
According to one embodiment of the present invemtion the contact step, as the
cation-exchange resin, for example, any cation-arge resin that can adsorb a metal ion
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especially a sodium ion through the ion exchangenmea can be enumerated, more
specifically for example, a strong-acidic catiorckange resin can be enumerated. Herein, as
said strong-acidic cation-exchange resin, it is enpreferably selected from at least one of
macropore strong-acidic styrene-based cation-exyghagsin and sulfonated styrene-based gel-type
strong-acidic cation-exchange resin, more prefgrablected from at least one of DO01 macropore
strong-acidic styrene-based cation-exchange r&3092 macropore strong-acidic styrene-based
cation-exchange resin and D61 macropore strondgeadtyrene-based cation-exchange resin,
further preferably selected from at least one of0DOnacropore strong-acidic styrene-based
cation-exchange resin and D61 macropore strongeagtigkene-based cation-exchange resin.
According to one embodiment of the present invemtio the contact step, the particle size of the
cation-exchange resin is generally 20-150 mesliegaely 40-80 mesh.

According to one embodiment of the present invemtia the contact step, the so-called organic
acid source refers to an acid or acid derivativetaioing an organic-based group in the molecule
structure. Preferably, said organic-based group gwroup represented by the structural formula

Ref-O—Ri— | _

(also known as a polyether group). In said polgetiroup, Ris hydrogen atom
or optionally substituted o hydrocarbyl, preferably selected from.4g linear or branched alkyl
and optionally substituted sGoaryl, preferably selected froms&p linear or branched alkyl and
phenyl, more preferably Gs linear or branched alkyl. In addition, n groups&Re, identical to or
different from each other, each independently setedrom G.e linear or branched alkylene,
preferably G4 linear or branched alkylene, more preferably ethgl n represents an average
polymerization degree of said polyether group, sngenerally a number in the range of 0 to 200,
preferably a number in the range of 0 to 100, npoederably a number in the range of 5to 50 or 5
to 20. In addition, in order to facilitate the méaiuring process of the present invention, as the
organic acid source, its carbon atom number (whekans the total number of carbon atoms
contained in the entire molecular structure) isegally at most 30, preferably at most 20, and more
preferably at most 15.
According to one embodiment of the present invemtiom order to achieve the intended
function of the organic acid source, it is desieatilat the pKa of the organic acid source be
greater than the pKa of the cation exchange resih lass than the pKa of the alkaline
aluminium source. Specifically, for example, thedag coefficient pKa of the organic acid source
is generally 0-8, preferably 2-8, more preferably. 3
According to an embodiment of the present inventias the organic acid source, more
specifically for example, at least one of a cardmxwcid, a salt of the carboxylic acid, an
organic-based ester of the carboxylic acid, an migaased ester/salt of the carboxylic acid, a
phosphonic acid, a salt of the phosphonic acidrganic-based ester of the phosphonic acid,
an organic-based ester/salt of the phosphonic achisphinic acid, a salt of the phisphinic
acid, an organic-based ester of the phisphinic ,aeid organic-based ester/salt of the
phisphinic acid, an organic-based ester of carbada, an organic-based ester/salt of
carbonic acid, an organic-based ester of phosphacid, an organic-based ester/salt of
phosphoric acid, an organic-based ester of phospisoacid, an organic-based ester/salt of
phosphorous acid, an organic-based ester of salfadid, an organic-based ester/salt of
sulfuric acid, an organic-based ester of sulfuraesd, and an organic-based ester/salt of
sulfurous acid, preferably selected from at leasdt of an organic-based ester of carbonic acid,
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an organic-based ester/salt of carbonic acid, @arac-based ester of phosphoric acid, an
organic-based ester/salt of phosphoric acid, ammogbased ester of phosphorous acid, and
an organic-based ester/salt of phosphorous acide meferably selected from at least one of
an organic-based ester of phosphoric acid and ganoc-based ester/salt of phosphoric acid,
especially an organic-based ester of phosphoricd a@n be enumerated. Preferably, the

| R O—R}—
organic-based refers to a group represented bysthestural formula (also
known as a polyether group). In said polyether grd is hydrogen atom or optionally substituted
Ci1-30 hydrocarbyl, preferably selected from.4glinear or branched alkyl and optionally substituite
Cs-20aryl, preferably selected froms&p linear or branched alkyl and phenyl, more prefiyrét.is
linear or branched alkyl. In addition, n groupsdRre, identical to or different from each otheghea
independently selected fromi€linear or branched alkylene, preferably.4Qinear or branched
alkylene, more preferably ethylene. n representsvanage polymerization degree of said polyether
group, and is generally a number in the range tf 200, preferably a number in the range of 0 to
100, more preferably a number in the range of B0tor 5 to 20.

According to one embodiment of the present invantias said an organic-based ester of
phosphoric acid, an organic-based monoester ofgitwg acid or an organic-based diester of
phosphoric acid can be particularly enumerated,iiisdmore especially selected from at least
one of monoalkyl ether phosphoric acid ester, di&ther phosphoric acid ester,
monoalkylphosphoric acid ester and dialkyl phosphacid ester, especially selected from at
least one of mono-¢Cis-alkylether phosphoric acid ester, mong-Gs-alkylphosphoric acid
ester, di-G-Cis-alkylphosphoric acid ester and dp-Cis-alkylether phosphoric acid ester,
more preferably monodXCis-alkylether phosphoric acid ester, further preféyab
mono-G-alkylether phosphoric acid ester.
According to one embodiment of the present invantias said an organic-based ester of
phosphoric acid, it is more especially a compouegresented by the following structural
formula (I).

O

I
RoFO—R}—0 P—OA
OA

According to one embodiment of the present invemtia the structural formula (1), each A is,
identical to or different from each other, eachapdndently selected from hydrogen ion,
ammonium ion (NH"), a metal ion (for example an alkali metal ionaor alkaline earth metal
ion, especially a sodium ion) and a group represtenby the structural formula

R-O—R)— | |
(also known as a polyether group). Preferablyeast one A is hydrogen ion,
more preferably both of two As are hydrogen ionrdite R is selected from hydrogen atom,
optionally substituted Gso linear or branched alkyl and optionally substitlitg.caryl, preferably
selected from €2 linear or branched alkyl and phenyl, more prefigraly.1s linear or branched
alkyl, more preferably €linear or branched alkyl. In addition, n groups &e, identical to or
different from each other, each independently setedrom G.s linear or branched alkylene,
preferably G4 linear or branched alkylene, more preferably ethgl n represents an average
12
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polymerization degree of said polyether group, sngenerally a number in the range of 0 to 200,
preferably a number in the range of 0 to 100, npoederably a number in the range of 5to 50 or 5
to 20.

According to one embodiment of the present invemtim order to fully exert its intended
function in the manufacturing process of the présewention, the HLB value of the organic
acid source is generally 3-8, preferably 3-6. Heraifter determining the specific chemical
structure of the organic acid source, the correspgnHLB value thereof may be measured or
calculated by a method known in the related artmay be obtained by referring to known data.
According to one embodiment of the present invantia the contact step, the weight ratio of
the alkaline aluminium source (in term of alumirta)the organic acid source is generally
1.2:1 to 24:1, preferably 5:1 to 20:1.

According to one embodiment of the present invemtiom the contact step, as the salt,
specifically for example, the following can be erenated: it is selected from at least one of
alkali metal salt and alkaline earth metal salefprably alkali metal salt, for example sodium
salt.

According to one embodiment of the present invemtim said separation step, the mixed
liquid is separated to obtain the pseudo-boehni&zein, the separation manner and method are
not particularly limited as long as the pseudo-lmiéd can be separated from the mixed liquid, and
specifically for example, filtration and any of teenbodiments described below in the present
specification can be enumerated.

According to one embodiment of the present invantgaid manufacturing process preferably
comprises the following steps:

(1) reacting the alkaline aluminium source, theaarg acid source and one part of the total amount
of the cation-exchange resin (referred to as tleel asnount A) in the presence of water to obtain a
first mixed liquid,

(2) aging the first mixed liquid, and then addifmgreto another part of the total amount of the
cation-exchange resin (referred to as the used an®)uo obtain a second mixed liquid,

(3) separating the cation-exchange resin from ¢lcersd mixed liquid to obtain a slurry, and

(4) optionally filtering the slurry and then dryitige slurry to obtain the pseudo-boehmite.
According to one embodiment of the present invantibe weight ratio of said used amount A
to said used amount B is generally 8:1 to 4:1.

According to one embodiment of the present invemtion the step (1), the reaction
temperature (referring to the temperature of thectien mixture in the reactor) is generally
45°C-80°C, preferably 50°C-75°C.

According to one embodiment of the present inventim the step (1), by controlling said
used amount A, the pH value of the reaction systeferring to the pH value of the reaction
mixture in the reactor) is maintained at 7.5-1@&fprably maintained at 8.0-9.5.

According to one embodiment of the present inventia the step (2), the aging temperature
is generally 50-100°C, preferably 60-90°C, and #geing time is generally 0.5-3 hours,
preferably 1-2 hours.

According to one embodiment of the present invemtia the step (4), the drying temperature
is generally 100-150°C, the drying time is gengrd&t10 hours, but not limited thereto in
some cases.

According to one embodiment of the present inventisaid manufacturing process more
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preferably comprises the following steps:

(1) reacting an aqueous solution of the alkalinem@ium source, an aqueous solution of the
organic acid source and a suspension of said anefpde cation-exchange resin to obtain the first
mixed liquid,

(2) aging the first mixed liquid, and then addimgreto a suspension of said another part of the
cation-exchange resin to obtain the second mixgddi

(3) separating the cation-exchange resin from ¢leersd mixed liquid to obtain a slurry, and

(4) optionally filtering the slurry and then dryitige slurry to obtain the pseudo-boehmite.
According to one embodiment of the present invemtia the step (1), for the addition manner
of an agueous solution of the alkaline aluminiunurse, an aqueous solution of the organic
acid source and a suspension of the cation-exchesge, they can be simultaneously added
with the concurrent mode, or separately added ¢oréfactor, preferably simultaneously added
with the concurrent mode. In addition, for beingamtely added to the reactor, the addition order
of several streams is not particularly limited, fprably an aqueous solution of the alkaline
aluminium source and an aqueous solution of thareegacid source are firstly added, and then a
suspension of the cation-exchange resin is added.

According to one embodiment of the present invantgaid step (1) is performed optionally in
the presence of water, especially deionized waderein, the aqueous solution of the alkaline
aluminium source, the aqueous solution of the acgacid source and the suspension of the
cation-exchange resin is preferably added to water.

According to one embodiment of the present invamtia the step (1), the amount of water is
5-20vol%, preferably 5-15vo0l% of the total volumétbe reaction system (for example the
reactor).

According to one embodiment of the present invantio the step (1), in terms of oxide, the
concentration of the sodium metalluminate soluti®mgenerally 20-100g ADs/L, preferably
30-70g AbOs/L.

According to one embodiment of the present invantio the step (1), the flow rate at which
the sodium metalluminate solution is added to #action system is 20 mL/min-60 mL/min,
preferably 30 mL/min-50 mL/min.

According to one embodiment of the present invantia the step (1), the concentration of the
aqueous solution of the organic acid source is-0.@%/mL.

According to one embodiment of the present invantio the step (1), the flow rate at which
the aqueous solution of the organic acid sourceadsled to the reaction system is
5mL/min0mL/min.

According to one embodiment of the present invemtia the step (1), the solid content of the
suspension of the cation-exchange resin is 30-8Qwt#erably 50-80wt%.

According to one embodiment of the present invantio the step (1), the flow rate at which
the suspension of the cation-exchange resin ischtiéhe reaction system or the used amount
of the suspension of the cation-exchange resin cdaddehe reaction system is such one that
the pH value of the reaction system is maintained.a10, preferably 8.0-9.5.

According to one embodiment of the present inventias a preferable embodiment of said
step (1), specifically for example, the followingrcbe enumerated: a bottom water is added in
a reactor and heated to a certain temperature wstdeing, and then an aqueous solution of
sodium metalluminate, an aqueous solution of sagmic-based ester of phosphoric acid and
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a suspension of the cation-exchange resin are attdeeérform the reaction. Preferably, said
bottom water is deionized water, and its additioroant is 5-20%, preferably 5-15% of the reactor
volume.

According to one embodiment of the present invemtim the step (1), as the process of
formulating an aqueous solution of said sodium hhetainate, specifically for example, the
following can be enumerated: mixing and boilingraloum hydroxide and sodium hydroxide
to prepare a solution with the concentration of -300g AbOs/L, and then diluting the
solution to the required concentration with an agusesolution containing 1-5 wt% of NaOH.
According to one embodiment of the present invantia the step (2), the used amount of the
suspension of the cation-exchange resin addedetodhaction system is such one that the pH
value of the first mixed liquid reaches 6.0-7.5ferably 6.5-7.0.

According to one embodiment of the present invemtim the step (3), as said separation,
specifically for example, the manner of separatiing cation-exchange resin and the second
mixed liquid with a 100-120 mesh screen can be earated. Herein, the separated
cation-exchange resin can be regenerated and eeciar use.

According to one embodiment of the present invantio the step (4), the slurry is separated
for example by filtration to a filter cake and dtriate, the filter cake is dried to obtain the
pseudo-boehmite, and the filtrate can be recyctedife.

According to one embodiment of the present invantia the step (4), the drying temperature
is generally 100-150°C, the drying time is gengrd&t10 hours, but not limited thereto in
some cases.

According to one embodiment of the present invemtiomm the manufacturing process, a
precursor of an auxiliary agent, such as one oremwrSiQ, B>O3 and TiQ, may be added
according to the actual requirement. For this neaieese precursors are added to the reaction
process of step (1) in form of the water solubteganic salt. As said inorganic salt, specificédly
example, a silicate salt, a borate salt, a suBate a nitrate salt or the like can be enumerdted.
addition, the addition amount of these auxiliarreay be arbitrarily adjusted according to the
requirements of the subsequent catalyst and thee lik general, the weight content of these
auxiliaries in term of oxide is generally 1-8wt%eferably 2-6wt%, relative to 100wt% of the total
weight of the pseudo-boehmite.

According to one embodiment of the present inventibalso relates to alumina manufactured
by using pseudo-boehmite according to any one efpiteceding embodiments of the present
invention. Of course, the alumina here involvedha present invention can also be manufactured
by using other manufacturing processes, and theufaeture process is not limited to the specific
manufacturing process according to the presenninve

According to one embodiment of the present invemtithe phosphorus content of said
alumina is generally 0.3-5.0wt% (in terms of thegphorus element), preferably 0.5-4.5wt%.
According to one embodiment of the present inventithe pore volume of said alumina is
generally 0.7-1.2 mL/g, preferably 0.8-1.1 mL/gtther preferably 0.9-1.1 mL/g.

According to one embodiment of the present invemtithe unit surface acid amount of said
alumina is generally 0.001-0.002 mmof{rpreferably 0.0015-0.002 mmolfm

According to one embodiment of the present invemtithe hydraulicity of said alumina is
generally 3-10 N/particle, preferably 5-10 N/palic

According to one embodiment of the present invantisaid alumina can also contain an
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auxiliary. Herein, said auxiliary can be one or emof Si, B, and Ti. In addition, the weight content
of these auxiliaries in term of oxide is gener@ht4wt%, preferably 4-11wt%, relative to 100wt%
of the total weight of said alumina.

According to one embodiment of the present inventisaid alumina can be obtained by a
method of calcining the pseudo-boehmite accordingrty one of the preceding embodiments
of the present invention. Herein, the calcinatiemperature is generally 500-900°C, and the
calcination time is generally 2-8 hours.

According to one embodiment of the present invemtibalso relates to a catalyst, especially a
hydrogenation catalyst. The catalyst contains algiat active component and a support. Herein,
said support contains alumina according to anyajfriee preceding embodiments of the invention.
In addition, as the catalytic active component,cdmally for example, any catalytic active
component conventionally used in the technicabfie the hydrocarbon oil hydrogenation can be
enumerated, especially an active metal componpatifically for example those selected from at
least one of Group VIB metal and Group VIII metaPeriodic Table of Elements, especially those
selected from at least one of Mo, W, Ni and Cofdably, said Group VIB metal is preferably Mo
and/or W, said Group VIII metal is preferably Niddor Co. Herein, the content of the metal
component of said Group VIB is 1wt%-30wt%, the emttof the metal component of said Group
VIl is 1wt%-15wt%, relative to 100wt% of the totakight of the hydrogenation catalyst.
According to one embodiment of the present invemtithe hydrogenation catalyst has a
specific surface area of 120-25@/@) a pore volume of 0.50-0.75 mL/g, and an infdaaeid
amount of 0.30-0.55 mmol/g.

According to one embodiment of the present inventithe hydrogenation catalyst can also
contain an auxiliary. Herein, said auxiliary candyee or more of Si, B, and Ti. In addition, the
weight content of these auxiliaries in term of @xid generally 0.5-5wt%, relative to 100wt% of the
total weight of the hydrogenation catalyst.

According to one embodiment of the present invemtibe catalyst can be manufactured with
the manufacturing process of the present invensisrdescribed below. For this reason, said
manufacturing process at least comprises a stepantifacturing the support and a step of loading.
According to one embodiment of the present inventias the step of manufacturing said
support, specifically for example, the manner otadfing a catalyst support by shaping,
optionally drying and calcining the pseudo-boehnateording to any one of the preceding
embodiments of the invention can be enumerated.

According to one embodiment of the present invamtitiie properties of the catalyst support
are preferably as follows: the pore volume is 0.8-0L/g, preferably 0.6-0.9 mL/g, further
preferably 0.6-0.8 mL/g, the specific surface aiea50-280 /g, the phosphorus content is
0.3wt%-5.0wt% (in terms of the phosphorus elemeptgferably 0.5wt%-4.5wt%, the unit
surface acid amount is 0.001-0.004 mmadJ/preferably 0.0015-0.003 mmolfpithe abrasion
index is less than 1.0%.

According to one embodiment of the present inventis the step of loading, specifically for
example, the manner of loading the catalytic actemponent onto said support to obtain the
catalyst can be enumerated.

According to one embodiment of the present invantias the preferable embodiment of the
manufacturing process of the hydrogenation catalgseudo-boehmite and deionized water
are mixed uniformly, then the resulting mixturefusther shaped, dried, and calcined to obtain
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a support, and an active metal component is inttedwnto the obtained support as described
above to obtain a catalyst.

According to one embodiment of the present invemtio the manufacturing process of the
hydrogenation catalyst, an additive can be addedegsired, and the additive comprises a
pore expander and/or an extrusion aid. The porearegr is one or more of carbon black,
ammonium phosphate, ammonium carbonate, polyetayiglgcol, polyvinyl alcohol, methyl
cellulose, and polyacrylamide.

According to one embodiment of the present invemtio the manufacturing process of the
hydrogenation catalyst, the condition for dryingdssupport is as follows: drying at 80-200°C
for 2-20 hours, the calcination condition is adduls: calcining at 600-1000°C for 1-8 hours.
According to one embodiment of the present invemtio the manufacturing process of the
hydrogenation catalyst, said shaping technologshésprior art known to those skilled in the
art, and the specific shaping operation can becssdeby those skilled in the art according to
the actual requirement, and the shape can be a@maaybshape such as cylindrical strip-shape,
three-leaf clover-shape, four-leaf clover-shapéesiity-shape, and flake-like.

According to one embodiment of the present invemtim the manufacturing process of the
hydrogenation catalyst, said active metal componsndne or more of Group VIB metal
and/or Group VIII metal. Herein, said Group VIB mleis generally Mo and/or W, said Group
VIII metal is generally Ni and/or Co.

According to one embodiment of the present invemtio the manufacturing process of the
hydrogenation catalyst, the process for introduding active metal component can be any
conventional method available in the art, for examan impregnation method, a mixing and
kneading method, and the like, preferably an impeggpn method. Said support loaded with an
active metal component through an impregnation otktlis manufactured with a routine
impregnation method, and a spray impregnation negthosaturation impregnation method or a
supersaturation impregnation method is availalblthd method of loading a hydrogenation active
metal component on the support is an impregnatiethad, said method comprises formulating a
solution of a compound containing a hydrogenatictiva metal and impregnating a support with
said solution, followed by drying and optionally@aating.

According to one embodiment of the present invemtim the manufacturing process of the
hydrogenation catalyst, in term of oxide and basedhe catalyst, the concentration of said
compound containing a hydrogenation active metasard solution and the used amount of
said solution are such ones that in the final gatalthe content of the metal component of the
Group VIB is 1wt%-30wt%, the content of the metangonent of said Group VIl is
1wt%-15wt%, relative to 100wt% of the total weigiftthe hydrogenation catalyst.

According to one embodiment of the present invemtio the manufacturing process of the
hydrogenation catalyst, the drying temperature 0s120°C, and the drying time is 0.5-24
hours.

According to one embodiment of the present invemtiom the manufacturing process of the
hydrogenation catalyst, the calcination temperatsaré00-550°C, and the calcination time is
1-6 hours.

According to one embodiment of the present invemtio the manufacturing process of the
hydrogenation catalyst, a precursor of an auxiliaggnt, such as one or more of 5iB8203
and TiQ, may be added according to the actual requirentderein, the precursor is added in
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the manufacturing process of the catalyst in forirth@ water soluble inorganic salt. As said
inorganic salt, specifically for example, a sileaalt, a borate salt, a sulfate salt or a nigaliecan

be enumerated. In addition, the addition amounthete auxiliaries can depend on the catalyst
requirements. Specifically for example, the weigbihtent of these auxiliaries in term of oxide is
generally 0.5-5wt%, preferably 0.5-3wt%, relatieelD0wt% of the total weight of the catalyst.
According to one embodiment of the present inventiih also relates to a hydrogenation
process, which comprises a step of hydrogenatingoihnproduct in the presence of a
hydrogenation catalyst according to any of the pmes embodiments of the present invention
under hydrogenation reaction conditions. Hereinsad oil product, for example, at least one
selected from diesel oil, gas oil, heavy oil angldeal oil can be enumerated.

According to one embodiment of the present invantim said hydrogenation process, said
hydrogenation reaction conditions generally comgaribe reaction pressure is 5-20MPagG, the
reaction temperature is 350-500°C, the liquid hpwpace velocity is 0.1-2.0h and the
hydrogen/oil volume ratio is 100-1000.

Examples

The present invention will be described in furttetail below by way of examples and comparative
examples, but the present invention is not limitethe following examples.

In the following examples and comparative exampa% represents the mass percent.

In the following examples and comparative examméghe present invention, the contents of
sodium oxide and phosphorus pentoxide in the psbodbmite are measured with the
fluorescence method.

Example 1

Aluminium hydroxide and sodium hydroxide were mixadl boiled to formulate a solution with a
concentration of 345 gADs/L, and then the solution was diluted with an agqugesolution
containing 3.5wt% NaOH to formulate a sodium metamhate solution with a caustic ratio of 1.20
and a concentration of 50 g@k/L for later use; a Co monoalkyl ether phosphoric acid ester
(pKa=4.3, HLB=7) solution with a concentration of 0.2 g/mL was formulated for later use; DOO1
macropore strong-acidic styrene-based cation-exyghaesin with 60 mesh was formulated into a
suspension with a solid content of 50wt% for |latee.

500mL of deionized water as bottom water was addida 5000mL reactor, stirring and heating
were started, deionized water was heated to 50f€Cabove-mentioned three streams were added
into the reactor with the concurrent mode, the flate of sodium metaaluminate was controlled to
30 mL/min and the flow rate of thegGnonoalkyl ether phosphoric acid ester solution was
controlled to 6 mL/min, the pH value of the slumythe reactor was controlled to 8.0 by adjusting
the flow rate of DOO1 macropore strong-acidic stgrbased cation-exchange resin suspension, and
the temperature and the pH value of the slurriéreactor was kept constant. After the completion
of the reaction, the obtained slurry was aged fohdurs at 90°C, then D001 macropore
strong-acidic styrene-based cation-exchange respemsion was added, and the pH value of the
slurry was adjusted to 7.0. The cation-exchangénraad the slurry were separated with a
100-mesh screen, and the separated cation-exchiasigewas regenerated and recycled for use.
The slurry was filtered to separate out a filtekecand a filtrate, the filtrate could be recycled f
use, and the obtained filter cake was dried at @2@5r 8 hours to produce an inventive
pseudo-boehmite al, the properties of which weosvehin Table 1, and its XRD was shown in
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Figure 1.

Due to the absence of a washing step, the pseuslbite al manufactured in Example 1
necessarily contained a phosphoric acid ester ghaup the G monoalkyl ether phosphoric acid
ester.

Example 2

The other conditions were the same as Example dgpexhat the concentration of the sodium
metaaluminate solution was adjusted to 65.04L, the temperature for forming a colloid was
adjusted to 70°C to produce a pseudo-boehmitehaZyroperties of which were shown in Table 1.
Example 3

The other conditions were the same as Example depe¢xthat the 60-mesh D001 macropore
strong-acidic styrene-based cation-exchange resis ngplaced with a 80-mesh D61 macropore
strong-acidic styrene-based cation-exchange rdsenpH value for forming a colloid was adjusted
to 9.0, and the drying conditions were changed riondg at 150°C for 6 hours to produce a
pseudo-boehmite a3, the properties of which weogvahin Table 1.

Example 4

The other conditions were the same as Example cepéxthat the €monoalkyl ether phosphoric
acid ester was replaced with a &kylphosphoric acid ester (pKa=4.8, HLB=5), ahd pH value
after aging was adjusted to 6.5 to produce a psbodbmite a4, the properties of which were
shown in Table 1.

Example 5

The other conditions were the same as Example tepexthat the flow rate of sodium
metalluminate was changed to 45 mL/min, and thecewoimation of the &€ monoalkyl ether
phosphoric acid ester solution was changed to ol gnd the flow rate thereof was changed to 8
mL/min to produce a pseudo-boehmite a5, the pragseof which were shown in Table 1.
Comparative Example 1

Aluminium hydroxide and sodium hydroxide were mixa@dl boiled to formulate a solution with a
concentration of 345 gADs/L, and then the solution was diluted with an agqugesolution
containing 3.5wt% NaOH to formulate a sodium metamhate solution with a caustic ratio of 1.20
and a concentration of 50 g&/L for later use; a Co monoalkyl ether phosphoric acid ester
(pKa=4.3, HLB=7) solution with a concentration 02 @/mL was formulated for later use.

500mL of deionized water as bottom water was addida 5000mL reactor, stirring and heating
were started, deionized water was heated to 50&Calbove-mentioned two liquids were added into
the reactor with the concurrent mode, the flow @ftsodium metaaluminate was controlled to 30
mL/min and the flow rate of theg@nonoalkyl ether phosphoric acid ester solution e@strolled

to 6 mL/min, and the temperature of the slurry e treactor was kept constant. After the
completion of the reaction, the obtained slurry \wged at 90°C for 2 hours, the slurry was filtered
to separate out a filter cake and a filtrate, thierfcake was washed with distilled water to pH=7,
the obtained filter cake was dried at 120°C foro8rs to produce a comparative pseudo-boehmite
b1, the properties of which were shown in Tablar®j its XRD was shown in Figure 1.
Comparative Example 2

Aluminium hydroxide and sodium hydroxide were mixadl boiled to formulate a solution with a
concentration of 345 gADs/L, and then the solution was diluted with an agqugesolution
containing 3.5wt% NaOH to formulate a sodium metamhate solution with a caustic ratio of 1.20
and a concentration of 50 g&k/L for later use; DO0O1 macropore strong-acidic styrene-based
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cation-exchange resin with 60 mesh was formulatéal a suspension with a solid content of 50wt%
for later use.

500mL of deionized water as bottom water was addida 5000mL reactor, stirring and heating
were started, deionized water was heated to 50&Calbove-mentioned two liquids were added into
the reactor with the concurrent mode, the flow @ftsodium metaaluminate was controlled to 30
mL/min, the pH value of the slurry in the reactasacontrolled to 8.0 by adjusting the flow rate of
D001 macropore strong-acidic styrene-based catighange resin suspension, and the temperature
and the pH value of the slurry in the reactor wastlconstant. After the completion of the reaction,
the obtained slurry was aged for 2 hours at 907@,then the pH value of the slurry was adjusted
to 7.0 with the cation-exchange resin suspensitie. dation-exchange resin and the slurry were
separated with a 100-mesh screen, and the sepaatied-exchange resin was regenerated and
recycled for use. The slurry was filtered to sefganat a filter cake and a filtrate, the filtrateutd

be recycled for use, and the obtained filter cakes wried at 120°C for 8 hours to produce a
comparative pseudo-boehmite b2, the propertieshaflwwere shown in Table 2.

Comparative Example 3

Aluminium hydroxide and sodium hydroxide were mixatl boiled to formulate a solution with a
concentration of 345 gADs/L, and then the solution was diluted with an agqugesolution
containing 3.5wt% NaOH to formulate a sodium metamhate solution with a caustic ratio of 1.20
and a concentration of 25 g@lks/L for later use.

The above-mentioned sodium metaaluminate solutias added into a 5000mL reactor, a mixed
gas of CO2 and air was introduced into the reathertemperature of the slurry in the reactor was
controlled to be constant at 22°C, the reaction fivashed when the pH value of the slurry in the
reactor was 10.5, the resulting slurry was filteradd the filter cake was washed with deionized
water which was 60 times of the produced pseudduinde to be neutral, and dried at 120°C for 8
hours to produce a comparative pseudo-boehmitéghb3properties of which were shown in Table
2.

Comparative Example 4

Aluminium hydroxide and sodium hydroxide were mixa@dl boiled to formulate a solution with a
concentration of 345 gADs/L, and then the solution was diluted with an agsecolution
containing 3.5wt% NaOH to formulate a sodium metamhate solution with a caustic ratio of 1.20
and a concentration of 150 @@k/L for later use; an aluminium sulfate solution with a
concentration of 50 gAD3/L was formulated for later use.

500mL of deionized water as bottom water was addida 5000mL reactor, stirring and heating
were started, deionized water was heated to 50f€Cabove-mentioned two solutions were added
into the reactor with the concurrent mode, the flate of sodium metaaluminate was controlled to
30 mL/min, the pH value of the slurry in the react@s controlled to 8.0 by adjusting the flow rate
of the aluminium sulfate solution, and the tempg&eatnd the pH value of the slurry in the reactor
was kept constant. After the completion of the tiea¢ the obtained slurry was aged at 90°C for 2
hours, after the completion of the aging, the gluvas filtered, the filter cake was washed with
deionized water which was 80 times of the produgseldo-boehmite to be neutral, and dried at
120°C for 8 hours to produce an inventive pseudehbute b4, the properties of which were shown
in Table 2, and its XRD was shown in Figure 1.

Table 1: Properties of Pseudo-boehmite Manufactur&kamples 1-5

No. Example 1| Example2 Example[3 Example 4  Exarfip
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Dry Basis, % 70 69 73 70 70
Gibbsite Content, % <1 <1 <1 <1 <1
P20s,% 3.36 3.31 3.49 3.37 1.53
Na0O,% 0.03 0.04 0.03 0.02 0.03
Table 2: Properties of Pseudo-boehmite Manufactuwr€bmparative Examples 1-4
No. Comparative Comparative Comparative Comparative
Example 1 Example 2 Example 3 Example 4
Dry Basis, % 70 69 70 70
Gibbsite Content, % 40 <1 <1 <1
P>0Os,% 5.14 - - -
N&a0,% 5.3 15 0.05 0.05

As could be seen from the data in Tables and Fegdine pseudo-boehmite manufactured according
to the present invention had low gibbsite contéme, characteristic peak of the gibbsite did not
appear in the XRD diagram, and the manufacturediqussboehmite had low impurity sodium
content and was suitable for manufacturing the txyelination catalyst.

In the following examples and comparative examplethe present invention, the P content in the
alumina was measured by spectrophotometry, andNtheontent was measured by inductively
coupled plasma emission spectroscopy (ICP). The sunface acid amount of the alumina was
measured by an infrared spectrometer, and theadsstbent was pyridine.

Example 2-1

Aluminium hydroxide and sodium hydroxide were mixa@dl boiled to formulate a solution with a
concentration of 345 gADs/L, and then the solution was diluted with an agsecolution
containing 3.5wt% NaOH to formulate a sodium metamhate solution with a caustic ratio of 1.20
and a concentration of 50 g&3/L for later use; a Co monoalkyl ether phosphoric acid ester
(pKa=4.3, HLB=7) solution with a concentration of 0.2 g/mL was formulated for later use; D001
macropore strong-acidic styrene-based cation-exgghaesin with 60 mesh was formulated into a
suspension with a solid content of 50wt% for latee.

500mL of deionized water as bottom water was addida 5000mL reactor, stirring and heating
were started, deionized water was heated to 50f€Cabove-mentioned three streams were added
into the reactor with the concurrent mode, the flate of sodium metaaluminate was controlled to
30 mL/min and the flow rate of thegGnonoalkyl ether phosphoric acid ester solution was
controlled to 6 mL/min, the pH value of the slumythe reactor was controlled to 8.0 by adjusting
the flow rate of DOO1 macropore strong-acidic stgrdased cation-exchange resin suspension, and
the temperature and the pH value of the slurriéreactor was kept constant. After the completion
of the reaction, the obtained slurry was aged foors at 90°C, and then the pH value of the slurry
was adjusted to 7.0 with the DOO1 macropore stamidic styrene-based cation-exchange resin
suspension. The cation-exchange resin and theyshere separated with a 100-mesh screen, and
the separated cation-exchange resin was regenenadeccycled for use. The slurry was filtered to
separate out a filter cake and a filtrate, thedfiét could be recycled for use, and the obtainest fi
cake was dried at 120°C for 8 hours and calcine@08tC for 3 hours to produce an inventive
alumina Al, the properties of which were shownabl& 2-1.

Example 2-2

The other conditions were the same as Example depexthat the concentration of the sodium
metaaluminate solution was adjusted to 65.@QA4L, the temperature for forming a colloid was
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adjusted to 70°C to produce an alumina A2, the gntogs of which were shown in Table 2-1.
Example 2-3

The other conditions were the same as Example depe¢xthat the 60-mesh D001 macropore
strong-acidic styrene-based cation-exchange resis mgplaced with a 80-mesh D61 macropore
strong-acidic styrene-based cation-exchange résnpH value for forming a colloid was adjusted
to 9.0, and the drying conditions were changed riond at 150°C for 6 hours to produce an
alumina A3, the properties of which were shownabl& 2-1.

Example 2-4

The other conditions were the same as Example cgpéthat the €monoalkyl ether phosphoric
acid ester was replaced with a &kylphosphoric acid ester (pKa=4.8, HLB=5), ahd pH value
after aging was adjusted to 6.5 to produce an aam4, the properties of which were shown in
Table 2-1.

Example 2-5

The other conditions were the same as Example tepexthat the flow rate of sodium
metalluminate was changed to 45 mL/min, and thecewoimation of the &€ monoalkyl ether
phosphoric acid ester solution was changed to ol gnd the flow rate thereof was changed to 8
mL/min to produce an alumina A5, the propertiesvbich were shown in Table 2-1.

Comparative Example 2-1

Aluminium hydroxide and sodium hydroxide were mixa@dl boiled to formulate a solution with a
concentration of 345 gADs/L, and then the solution was diluted with an agqugesolution
containing 3.5wt% NaOH to formulate a sodium metamhate solution with a caustic ratio of 1.20
and a concentration of 50 g&/L for later use; a Co monoalkyl ether phosphoric acid ester
(pKa=4.3, HLB=7) solution with a concentration o2 @/mL was formulated for later use.

500mL of deionized water as bottom water was addida 5000mL reactor, stirring and heating
were started, deionized water was heated to 50&Calbove-mentioned two liquids were added into
the reactor with the concurrent mode, the flow @ftsodium metaaluminate was controlled to 30
mL/min and the flow rate of theos@nonoalkyl ether phosphoric acid ester solution e@strolled

to 6 mL/min, and the temperature of the slurry e treactor was kept constant. After the
completion of the reaction, the obtained slurry wged at 90°C for 2 hours, the slurry was filtered
to separate out a filter cake and a filtrate, tlierfcake was washed with distilled water to pH=7,
the obtained filter cake was dried at 120°C foo813 and calcined at 600°C for 3 hours to produce
a comparative alumina B1, the properties of whieneashown in Table 2-2.

Comparative Example 2-2

Aluminium hydroxide and sodium hydroxide were mixa@adl boiled to formulate a solution with a
concentration of 345 gADs/L, and then the solution was diluted with an agqugsesolution
containing 3.5wt% NaOH to formulate a sodium metamhate solution with a caustic ratio of 1.20
and a concentration of 50 g&k/L for later use; D001 macropore strong-acidic styrene-based
cation-exchange resin with 60 mesh was formulaténl & suspension with a solid content of 50wt%
for later use.

500mL of deionized water as bottom water was addida 5000mL reactor, stirring and heating
were started, deionized water was heated to 50&Calbove-mentioned two liquids were added into
the reactor with the concurrent mode, the flow @ftsodium metaaluminate was controlled to 30
mL/min, the pH value of the slurry in the reactasicontrolled to 8.0 by adjusting the flow rate of
D001 macropore strong-acidic styrene-based catichange resin suspension, and the temperature
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and the pH value of the slurry in the reactor wastlconstant. After the completion of the reaction,
the obtained slurry was aged for 2 hours at 907@,then the pH value of the slurry was adjusted
to 7.0 with the cation-exchange resin suspensitie. dation-exchange resin and the slurry were
separated with a 100-mesh screen, and the separatied-exchange resin was regenerated and
recycled for use. The slurry was filtered to sefganat a filter cake and a filtrate, the filtrateutd

be recycled for use, and the obtained filter calees wried at 120°C for 8 hours and calcined at
600°C for 3 hours to produce a comparative alundBathe properties of which were shown in
Table 2-2.

Comparative Example 2-3

Aluminium hydroxide and sodium hydroxide were mixa@dl boiled to formulate a solution with a
concentration of 345 gADs/L, and then the solution was diluted with an agqugsesolution
containing 3.5wt% NaOH to formulate a sodium metamhate solution with a caustic ratio of 1.20
and a concentration of 25 g@ls/L for later use.

The above-mentioned sodium metaaluminate solutias &dded into a 5000mL reactor, a mixed
gas of CO2 and air was introduced into the reathertemperature of the slurry in the reactor was
controlled to be constant at 22°C, the reaction fivashed when the pH value of the slurry in the
reactor was 10.5, the resulting slurry was filteradd the filter cake was washed with deionized
water which was 60 times of the produced pseudduinde to be neutral, and dried at 120°C for 8
hours and calcined at 600°C for 3 hours to produ@®mparative alumina B3, the properties of
which were shown in Table 2-2.

Comparative Example 2-4

Aluminium hydroxide and sodium hydroxide were mixadl boiled to formulate a solution with a
concentration of 345 gADs/L, and then the solution was diluted with an agsecolution
containing 3.5wt% NaOH to formulate a sodium metamhate solution with a caustic ratio of 1.20
and a concentration of 150 @@k/L for later use; an aluminium sulfate solution with a
concentration of 50 gADs/L was formulated for later use.

500mL of deionized water as bottom water was addida 5000mL reactor, stirring and heating
were started, deionized water was heated to 50fiCabove-mentioned two solutions were added
into the reactor with the concurrent mode, the flate of sodium metaaluminate was controlled to
30 mL/min, the pH value of the slurry in the reack@s controlled to 8.0 by adjusting the flow rate
of the aluminium sulfate solution, and the tempaeind the pH value of the slurry in the reactor
was kept constant. After the completion of the tiea¢ the obtained slurry was aged at 90°C for 2
hours, after the completion of the aging, the gluvas filtered, the filter cake was washed with
deionized water which was 80 times of the prodygseeldo-boehmite to be neutral, and dried at
120°C for 8 hours and calcined at 600°C for 3 hdorproduce an inventive alumina B4, the
properties of which were shown in Table 2-2.

Table 2-1: Property of Alumina Manufactured in Exdes 2-1 to 2-5

No. Example Example Example Example Example
2-1 2-2 2-3 2-4 2-5

Pore Volume, mL/g 1.03 1.00 1.04 1.06 0.99

Sgecmc Surface Ared, 274 283 281 266 301

m</g

Unit — Surface = Acid 507 0.0016 0.0016 0.0015 0.0013

Amount, mmol/m
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P, wt% 2.08 2.09 2.08 2.10 0.94
Na, wt% 0.02 0.03 0.02 0.01 0.02
Hydraulicity, N/particle 7.1 6.4 6.6 7.3 6.1
Table 2-2: Property of Alumina Manufactured in Cargiive Examples 2-1 to 2-4
No. Comparative Comparative Comparative Comparative
Example 2-1 Example 2-2 Example 2-3 Example 2-4
Pore Volume, mL/g 0.15 0.85 0.95 0.98
ifee;'fr'; " Surface 80 321 310 298
unit Surface Acid ) 5005 0.0007 0.0008 0.0007
Amount, mmol/n
P, wt% 3.18 - - -
Na, wt% 3.92 1.11 0.04 0.04
Hydraulicity, 0.1 35 15 18
N/particle

In the following examples and comparative exampfafe present invention, the P content and the
metal oxide content in the alumina was measuredpagtrophotometry, and the Na content was
measured by inductively coupled plasma emissiontepgcopy (ICP). The total acid amount of the
alumina was measured by an infrared spectromentel,tlae used adsorbent was pyridine. The
abrasion index was measured using a fluidized stiatasion index determinator and represented
the abrasion rate of a sample per unit weight pértumne.

Example 3-1

(1) Manufacturing of pseudo-boehmite

Aluminium hydroxide and sodium hydroxide were mixadl boiled to formulate a solution with a
concentration of 345 gADs/L, and then the solution was diluted with an agugesolution
containing 3.5wt% NaOH to formulate a sodium metamhate solution with a caustic ratio of 1.20
and a concentration of 50 g@k/L for later use; a Co monoalkyl ether phosphoric acid ester
solution (pKa=4.3, HLB=7) with a concentration of 0.2 g/mL was formulated for later use; DOO1
macropore strong-acidic styrene-based cation-exyghaesin with 60 mesh was formulated into a
suspension with a solid content of 50wt% for |latee.

500mL of deionized water as bottom water was addida 5000mL reactor, stirring and heating
were started, deionized water was heated to 50f€Cabove-mentioned three streams were added
into the reactor with the concurrent mode, the flate of sodium metaaluminate was controlled to
30 mL/min and the flow rate of thegGnonoalkyl ether phosphoric acid ester solution was
controlled to 6 mL/min, the pH value of the slumythe reactor was controlled to 8.0 by adjusting
the flow rate of DOO1 macropore strong-acidic stgrbased cation-exchange resin suspension, and
the temperature and the pH value of the slurriéreactor was kept constant. After the completion
of the reaction, the obtained slurry was aged foo@rs at 90°C, and then the pH value of the slurry
was adjusted to 7.0 with the DO0O1 macropore stamidic styrene-based cation-exchange resin
suspension. The cation-exchange resin and theyskere separated with a 100-mesh screen, and
the separated cation-exchange resin was regenenadectcycled for use. The slurry was filtered to
separate out a filter cake and a filtrate, thedfié could be recycled for use, and the obtainest fi
cake was dried at 120°C for 8 hours to producenaentive pseudo-boehmite al.

(2) Manufacturing of hydrogenation catalyst C1
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500g of a manufactured pseudo-boehmite raw maitiavas taken, 10.5g of sesbania powder and
7.0g of methylcellulose were added, and then theture was shaped into sphere, and the
sphere-shaped sample was calcined at 850°C fouks ho obtain a support Z1 with a particle size
of 0.3-0.8 mm, the properties of which were showiable 3-1.

57.12g of phosphoric acid was weighed, 1800mL aitilted water was added, 155.16g of
molybdenum oxide and 71.12g of basic nickel carbomeere sequentially added, the mixture was
heated and stirred until completely dissolved, #edsolution was diluted to the constant volume of
2000mL with distilled water to obtain a solution.LThe support Z1 was subjected to the solution
saturation impregnation with the solution L1, dregdl10°C for 2 hours, and calcined at 550°C for
5 hours to produce a catalyst C1, the specific gnogs of which were shown in Table 3-3.

Example 3-2

The other conditions were the same as Example depe¢xthat the 60-mesh D001 macropore
strong-acidic styrene-based cation-exchange reasreplaced with an 80-mesh D002 macropore
strong-acidic styrene-based cation-exchange résenpH value of the slurry in the reactor was
changed to 8.5, the obtained slurry was aged & 7&°3 hours to produce a pseudo-boehmite a-2,
a support Z-2 and a catalyst C-2, and the spegifiperties of the support were shown in Table 1
and the specific properties of the catalyst wemshin Table 3-3.

Example 3-3

(1) Manufacturing of pseudo-boehmite

The other conditions were the same as Example cgpéthat the €monoalkyl ether phosphoric
acid ester was replaced with a &kylphosphoric acid ester (pKa=4.8, HLB=5) and flow rate
thereof was changed to 8 mL/min, the flow rate oflism metalluminate was changed to 50
mL/min, and the temperature for forming a colloidasvadjusted to 70°C to produce a
pseudo-boehmite a3.

(2) Manufacturing of Catalyst

500g of a manufactured pseudo-boehmite raw mai@Biavas taken, 10.5g of sesbania powder and
17.5g of polyacrylamide were added, and then theture was shaped into sphere, and the
sphere-shaped sample was calcined at 700°C fouf® ho obtain a support Z3 with a particle size
of 0.8-1.2 mm, the properties of which were shownTable 1. 62.72g of phosphoric acid was
weighed, 1800mL of distilled water was added, 223.4f molybdenum oxide and 71.84g of
cobaltous dihydroxycarbonate were sequentially ddtlee mixture was heated and stirred until
completely dissolved, and the solution was dilutethe constant volume of 2000mL with distilled
water to obtain a solution L2. The support Z3 wagjected to the solution saturation impregnation
with the solution L2, dried at 110°C for 4 houradecalcined at 500°C for 5 hours to produce a
catalyst C3, the specific properties of which watewn in Table 3-3.

Example 3-4

(1) Manufacturing of pseudo-boehmite

Aluminium hydroxide and sodium hydroxide were mixadl boiled to formulate a solution with a
concentration of 360 gADs/L, and then the solution was diluted with an agsecolution
containing 3.5wt% NaOH to formulate a sodium metamhate solution with a caustic ratio of 1.25
and a concentration of 60 g&/L for later use; a Co monoalkyl ether phosphoric acid ester
(pKa=4.3, HLB=7) solution with a concentration of 0.1 g/mL was formulated for later use; D61
macropore strong-acidic styrene-based cation-exgghaesin with 60 mesh was formulated into a
suspension with a solid content of 70wt% for latee.
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800mL of deionized water as bottom water was addida 5000mL reactor, stirring and heating
were started, deionized water was heated to 60f€€above-mentioned three liquids were added
into the reactor with the concurrent mode, the flate of sodium metaaluminate was controlled to
20 mL/min and the flow rate of thegGnonoalkyl ether phosphoric acid ester solution was
controlled to 8 mL/min, the pH value of the slumythe reactor was controlled to 8.5 by adjusting
the flow rate of D61 macropore strong-acidic stgrdased cation-exchange resin suspension, and
the temperature and the pH value of the slurripéreactor was kept constant. After the completion
of the reaction, the obtained slurry was aged foo@rs at 80°C, and then the pH value of the slurry
was adjusted to 7.0 with the cation-exchange reggpension. The cation-exchange resin and the
slurry were separated with a 100-mesh screen, hadséparated cation-exchange resin was
regenerated and recycled for use. The slurry wesdd to separate out a filter cake and a filrate
the filtrate could be recycled for use, and theaoisd filter cake was dried at 150°C for 6 hours to
produce an inventive pseudo-boehmite a4.

(2) Manufacturing of Catalyst

5009 of a manufactured pseudo-boehmite raw matafialas taken, 7.0g of sesbania powder and
10.5g of ammonium bicarbonate were added, andttleemixture was shaped into sphere, and the
sphere-shaped sample was calcined at 650°C fouf® ho obtain a support Z4 with a particle size
of 0.6-1.0 mm, the properties of which were showifable 1. The support Z4 was subjected to the
solution saturation impregnation with the solutidh dried at 110°C for 2 hours, and calcined at
480°C for 4 hours to produce a catalyst C4, theifpgroperties of which were shown in Table
3-3.

Comparative Example 3-1

(1) Manufacturing of pseudo-boehmite

Aluminium hydroxide and sodium hydroxide were mixatl boiled to formulate a solution with a
concentration of 345 gADs/L, and then the solution was diluted with an agqugesolution
containing 3.5wt% NaOH to formulate a sodium metamhate solution with a caustic ratio of 1.20
and a concentration of 50 g@k/L for later use; a Co monoalkyl ether phosphoric acid ester
(pKa=4.3, HLB=7) solution with a concentration o2 @/mL was formulated for later use.

500mL of deionized water as bottom water was addida 5000mL reactor, stirring and heating
were started, deionized water was heated to 50&Calbove-mentioned two liquids were added into
the reactor with the concurrent mode, the flow @ftsodium metaaluminate was controlled to 30
mL/min and the flow rate of thes@nonoalkyl ether phosphoric acid ester solution w@strolled

to 6 mL/min, and the temperature of the slurry e treactor was kept constant. After the
completion of the reaction, the obtained slurry \ged at 80°C for 2 hours, the slurry was filtered
to separate out a filter cake and a filtrate, thierfcake was washed with distilled water to pH=7,
the obtained filter cake was dried at 120°C foo8@rs to produce a pseudo-boehmite f1.

(2) Manufacturing of Catalyst

5009 of a manufactured pseudo-boehmite raw matériabs taken, 10.5g of sesbania powder and
7.0g of methylcellulose were added, and then theture was shaped into sphere, and the
sphere-shaped sample was calcined at 850°C fouts o obtain a support F1 with a particle size
of 0.3-0.8 mm, the properties of which were showiable 3-2.

The support F1 was subjected to the solution siadaranpregnation with the solution L1, dried at
110°C for 2 hours, and calcined at 550°C for 5 hotar produce a catalyst CF1, the specific
properties of which were shown in Table 3-4.
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Comparative Example 3-2

(1) Manufacturing of pseudo-boehmite

Aluminium hydroxide and sodium hydroxide were mixa@dl boiled to formulate a solution with a
concentration of 345 gADs/L, and then the solution was diluted with an aggsecolution
containing 3.5wt% NaOH to formulate a sodium metamhate solution with a caustic ratio of 1.20
and a concentration of 50 g&k/L for later use; D001 macropore strong-acidic styrene-based
cation-exchange resin with 60 mesh was formulaténl & suspension with a solid content of 50wt%
for later use.

500mL of deionized water as bottom water was addida 5000mL reactor, stirring and heating
were started, deionized water was heated to 50&Calbove-mentioned two liquids were added into
the reactor with the concurrent mode, the flow @ftsodium metaaluminate was controlled to 30
mL/min, the pH value of the slurry in the reactasicontrolled to 8.0 by adjusting the flow rate of
D001 macropore strong-acidic styrene-based catichange resin suspension, and the temperature
and the pH value of the slurry in the reactor wastlconstant. After the completion of the reaction,
the obtained slurry was aged for 2 hours at 90#@,then the pH value of the slurry was adjusted
to 7.0 with the cation-exchange resin suspensitie. dation-exchange resin and the slurry were
separated with a 100-mesh screen, and the sepaatied-exchange resin was regenerated and
recycled for use. The slurry was filtered to sefganait a filter cake and a filtrate, the filtrateutd

be recycled for use, and the obtained filter cales wried at 120°C for 8 hours to produce a
pseudo-boehmite f2.

(2) Manufacturing of Catalyst

5009 of a manufactured pseudo-boehmite raw mat@riabs taken, 10.5g of sesbania powder and
7.0g of methylcellulose were added, and then theture was shaped into sphere, and the
sphere-shaped sample was calcined at 850°C fouts o obtain a support F2 with a particle size
of 0.3-0.8 mm, the properties of which were showmable 3-2.

The support F2 was subjected to the solution sidaranpregnation with the solution L1, dried at
110°C for 2 hours, and calcined at 550°C for 5 hotar produce a catalyst CF2, the specific
properties of which were shown in Table 3-4.

Comparative Example 3-3

(1) Manufacturing of pseudo-boehmite

Aluminium hydroxide and sodium hydroxide were mixadl boiled to formulate a solution with a
concentration of 345 gADs/L, and then the solution was diluted with an agsecolution
containing 3.5wt% NaOH to formulate a sodium metamhate solution with a caustic ratio of 1.20
and a concentration of 150 @@k/L for later use; an aluminium sulfate solution with a
concentration of 50 gADs/L was formulated for later use.

500mL of deionized water as bottom water was addida 5000mL reactor, stirring and heating
were started, deionized water was heated to 50fiCabove-mentioned two solutions were added
into the reactor with the concurrent mode, the flate of sodium metaaluminate was controlled to
30 mL/min, the pH value of the slurry in the reack@s controlled to 8.0 by adjusting the flow rate
of an aluminium sulfate solution, and the tempemfand the pH value of the slurry in the reactor
was kept constant. After the completion of the tiea¢ the obtained slurry was aged at 90°C for 2
hours, after the completion of the aging, the glwvas filtered, the filter cake was washed with
deionized water which was 80 times of the prodysseludo-boehmite to be neutral, and dried at
120°C for 8 hours to produce a pseudo-boehmite f3.
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(2) Manufacturing of Catalyst
5009 of a manufactured pseudo-boehmite raw mat@iabs taken, 10.5g of sesbania powder and
7.0g of methylcellulose were added, and then theture was shaped into sphere, and the
sphere-shaped sample was calcined at 850°C fouts o obtain a support F3 with a particle size
of 0.3-0.8 mm, the properties of which were showiable 3-2.
The support F3 was subjected to the solution sadaranpregnation with the solution L1, dried at
110°C for 2 hours, and calcined at 550°C for 5 kowr produce a catalyst CF3, the specific
properties of which were shown in Table 3-4.
Table 3-1: Properties of Alumina and Support Maotifeed in Examples 3-1 to 3-4

No. Example 3-1 Example 3-2 Example 3-38 Example 3

Properties of Alumina

Hydraulicity, N/particle 7.1 7.4 6.5 7.3

Properties of Support

Pore Volume, mL/g 0.781 0.776 0.742 0.712

Sgecmc Surface Areg, 165 171 261 249

m/g

unit  Surface —Acid 4016 0.0015 0.0019 0.0021

Amount, mmol/m

P, wt% 2.06 2.08 1.73 1.83

Na, wt% 0.02 0.02 0.03 0.01

Particle Size Range, mm 0.3-0.8 0.3-0.8 0.8-1.2 -1006

Abrasion Index, wt% 0.45 0.41 0.52 0.43

Table 3-2: Properties of Support Manufactured imparative Examples 3-1 to 3-4

No. Comparative Comparative Comparative
Example 3-1 Example 3-2 Example 3-3

Properties of Alumina

Hydraulicity, N/particle 0.1 3.5 1.8

Pore Volume, mL/g 0.10 0.693 0.712

Specific Surface Area, fy 41 171 156

Unit Surface Acid Amountj, 0.0005 0.0007 0.0008

mmol/n?

P, wt% 3.18 - -

Na, wt% 3.92 1.11 0.04

Particle Size Range, mm 0.3-0.8 0.3-0.8 0.3-0.8

Abrasion Index, wt% 5.64 1.43 2.16

Table 3-3: Properties of Catalyst Manufacturedxarples 3-1 to 3-4

No. Example 3-1 Example 3-2 Example 33 Example

Specific Surface Area, fy 145 151 189 221

Pore Volume, mL/g 0.705 0.694 0.589 0.653

Total Acid, mmol/g 0.365 0.348 0.441 0.386

Catalyst Composition, wt%

MoOs3 5.98 6.03 12.89 5.94

NiO/CoO 1.43 1.48 2.24 1.45
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P 243 | 2.45 2.75 2.21

Table 3-4: Properties of Catalyst Manufactured amParative Examples 3-1 to 3-3

No. Comparative Comparative Comparative
Example 3-1 Example 3-2 Example 3-3

Specific Surface Area, #fy 26 152 138

Pore Volume, mL/g 0.06 0.613 0.631

Total Acid, mmol/g 0.009 0.221 0.225

Abrasion Index, wt% 5.64 1.43 2.16

Particle Size Range, mm 0.3-0.8 0.3-0.8 0.3-0.8

Catalyst Composition, wt%

MoOs 5.74 5.91 5.94

NiO/CoO 1.39 1.46 1.48

P 3.41 0.58 0.56

The activities of the above-mentioned -catalysts ewavaluated on a continuous stirred
high-pressure autoclave (CSTR), the loading amotitiie catalyst was 100mL, and the ebullated
bed reactor was similar to the continuous stir@ak treactor (CSTR), both of which had good
whole back-mixing performance and had equivaleattien kinetic characteristics. Therefore, the
CSTR could be used instead of the ebullated bectae#or the catalyst performance evaluation.
The properties and evaluation conditions of thel$ézck oil were shown in Table 3-5. The activity
of Comparative Example 3 was 100, others were cosadpaith Comparative Example 3 in term of
the activity and the evaluation results were showrable 4.

Table 3-5: Properties of Feedstock Oil and Evatue@onditions

Item Value
Properties of Feedstock QOil

Sulfur, % 5.15
Carbon Residue, % 24.13
Nickel+Vanadium/ug-¢ 220.38
Yield of >500°C Residual Oil, % 94.3
Process Conditions

Reaction Temperature/°C 430
Reaction Pressure/MPa 15
Space Velocity/f 0.5
Hydrogen/Oil Volume Ratio 500:1

Table 6: Evaluation Result of Catalyst 4L for Ehtéd Bed Hydrogenation Apparatus

Catalyst Example| Example| Example| Example| Comparative| Comparative| Comparative
3-1 3-2 3-3 3-4 Example 3-1| Example 3-2| Example 3-3

Relative

Hydrogenation

Activity

HDS 110 109 132 118 45 102 100

HDCCR 108 108 120 112 31 100 100

HD(Ni+V) 115 112 99 102 60 97 100

Relative

Conversion Rate 106 105 116 110 76 101 100

of >500°C
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As could be seen from Table 6: Compared with thalgsts manufactured in the comparative
examples, the hydrogenation catalysts manufactwigd the alumina of the present research
increased the impurity removal rate and the comwensate, and was particularly suitable for being
used as the ebullated bed hydrogenation catalysiefavy oil or residue oil.
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Claims

1. A pseudo-boehmite having a dry basis contentb®85wt% (preferably 65-75wt%) and
containing a phosphoric acid ester group, wherkeer dodium oxide content is not greater than
0.5wt% (preferably not greater than 0.05wt%, maefgrably not greater than 0.03wt%), and the
phosphorus content (in terms of phosphorus pengdxsl 1.2-5.7wt% (preferably 1.4-4.2wt%),
relative to 100wt% of the total weight of the psetdmbehmite.

2. the pseudo-boehmite of claim 1, wherein the phosc acid ester group is derived from a
compound represented by the following structuratida (1),

O

/ \ I
Ro{O—RylO—P—0A
OA

In the structural formula (1), each A is, identitalor different from each other, each indepengent!

selected from hydrogen ion, ammonium ion @JHa metal ion (for example an alkali metal ion or
an alkaline earth metal ion, especially a sodium) iand a group represented by the structural

R O—Rj— | |
formula (preferably at least one A is hydrogen ion, maefgrably both of two
As are hydrogen ion), Ris selected from hydrogen atom, optionally substd G.30 linear or
branched alkyl and optionally substituted.>caryl (preferably selected fromsGo linear or
branched alkyl and phenyl, more preferabby€linear or branched alkyl, more preferablyltbear
or branched alkyl), n groups:Rre, identical to or different from each othergheandependently
selected from Cs linear or branched alkylene (preferably..Qinear or branched alkylene, more
preferably ethylene), n is a number in the range tf 200 (preferably a number in the range of 0 to
100, more preferably a number in the range of 50tor 5 to 20).
3. The pseudo-boehmite of claim 1, wherein the gjtblcontent is <3.0wt%, relative to 100wt% of
the total weight of the pseudo-boehmite.
4. The pseudo-boehmite of claim 1, which furthemtams at least one auxiliary selected from Si, B
and Ti, the content of said at least one auxil{@mterm of oxide) is 1-8wt% (preferably 2-6wt%),
relative to 100wt% of the total weight of the psetdmbehmite.
5. A manufacturing process of pseudo-boehmite, cmng:
contacting an alkaline aluminium source (for examgluminate, especially meta-aluminate, more
especially sodium meta-aluminate), a cation-exchangesin (especially strong-acidic
cation-exchange resin, preferably selected from lemtst one of macropore strong-acidic
styrene-based cation-exchange resin and sulfonaaene-based gel-type strong-acidic
cation-exchange resin, more preferably selecten fibleast one of DOO1 macropore strong-acidic
styrene-based cation-exchange resin, D002 macrgbaneg-acidic styrene-based cation-exchange
resin and D61 macropore strong-acidic styrene-basgihn-exchange resin, further preferably
selected from at least one of DO01 macropore stemngjc styrene-based cation-exchange resin and
D61 macropore strong-acidic styrene-based catichange resin) and an organic acid source
(especially selected from at least one of a carmxacid, a salt of the carboxylic acid, an
organic-based ester of the carboxylic acid, an rocgbased ester/salt of the carboxylic acid, a
phosphonic acid, a salt of the phosphonic acidprganic-based ester of the phosphonic acid, an
organic-based ester/salt of the phosphonic acghigphinic acid, a salt of the phisphinic acid, an
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organic-based ester of the phisphinic acid, anrocgaased ester/salt of the phisphinic acid, an
organic-based ester of carbonic acid, an orgarsed@ster/salt of carbonic acid, an organic-based
ester of phosphoric acid, an organic-based eslteosphosphoric acid, an organic-based ester of
phosphorous acid, an organic-based ester/salt o$pbiorous acid, an organic-based ester of
sulfuric acid, an organic-based ester/salt of sidfacid, an organic-based ester of sulfurous acid,
and an organic-based ester/salt of sulfurous gmieferably selected from at least one of an
organic-based ester of carbonic acid, an orgarseda&ster/salt of carbonic acid, an organic-based
ester of phosphoric acid, an organic-based eslteospahosphoric acid, an organic-based ester of
phosphorous acid, and an organic-based esterfsphiasphorous acid, more preferably selected
from at least one of an organic-based ester of gytw& acid and an organic-based ester/salt of
phosphoric acid, especially an organic-based @$tphosphoric acid, especially an organic-based
monoester of phosphoric acid or an organic-basedta&l of phosphoric acid, more especially
selected from at least one of monoalkyl ether phosp acid ester, dialkylether phosphoric acid
ester, monoalkylphosphoric acid ester and dialkyglgphoric acid ester, especially selected from at
least one of mono-43Cis-alkylether phosphoric acid ester, mong{s-alkylphosphoric acid ester,
di-Ce-Ciys-alkylphosphoric acid ester and d¢Cis-alkylether phosphoric acid ester, more
preferably mono-&Cis-alkylether phosphoric acid ester, further prefgramono-G-alkylether
phosphoric acid ester, more especially a compoapcesented by the following structural formula
() in the presence of water (especially deionizegater) to obtain a mixed liquid, wherein the
organic acid source has an acidity coefficient pK@-8 (preferably 2-8, more preferably 3-6), and
separating the mixed liquid to obtain the pseudehinaite,

O
/ \ I
Ro{ O—RfyO—P—OA
OA

in the structural formula (1), each A'is, identi¢alor different from each other, each indepengentl
selected from hydrogen ion, ammonium ion @YH metal ion (for example alkali metal ion or

| . RO—R)—
alkaline earth metal ion) and a group representedhle structural formula
(preferably at least one A is hydrogen ion, morfgmably both of two As are hydrogen ion}, iR
selected from hydrogen atom, optionally substitu@zdo linear or branched alkyl and optionally
substituted €zoaryl (preferably selected froms@o linear or branched alkyl and phenyl, more
preferably G.1s linear or branched alkyl, more preferably l@ear or branched alkyl), n groups R
are, identical to or different from each other, lreacdependently selected fromi£linear or
branched alkylene (preferably..€linear or branched alkylene, more preferably ethg), n is a
number in the range of 0 to 200 (preferably a nunibéhe range of 0 to 100, more preferably a
number in the range of 5 to 50 or 5 to 20).
6. The manufacturing process of claim 5, whereawileight ratio of the alkaline aluminium source
(in term of alumina) to the organic acid sourcé.:1 to 24:1 (preferably 5:1 to 20:1), and/or, the
carbon atom number of the organic acid source i® 8D (preferably up to 20, more preferably up
to 15), and/or, the HLB value of the organic aadrse is 3-8 (preferably 3-6), and/or, the particle
size of the cation-exchange resin is 20-150 mesdfd@ably 40-80 mesh), and/or, the organic-based

32



10

15

20

25

30

35

40

RAFORI—
refers to a group represented by the structurahdica , Wherein R is hydrogen
atom or optionally substitutedi@o hydrocarbyl (preferably selected from.-4g linear or branched
alkyl and an optionally substituted & aryl, preferably selected froms&p linear or branched alkyl
and phenyl, more preferably linear or branched alkyl), n groups &#e, identical to or different
from each other, each independently selected fregli@ear or branched alkylene (preferably.sC
linear or branched alkylene, more preferably etigje n is a number in the range of 0 to 200
(preferably a number in the range of 0 to 100, npoederably a number in the range of 5 to 50 or 5
to 20), and/or, the salt is selected from at least of alkali metal salt and alkaline earth med#dt, s
preferably alkali metal salt (for example sodiurtt)sa
7. The manufacturing process of claim 5, comprisirggfollowing steps:
(1) reacting the alkaline aluminium source, theaarg acid source and one part of the total amount
of the cation-exchange resin in the presence oémtatobtain a first mixed liquid,
(2) aging the first mixed liquid, and then addimgreto another part of the total amount of the
cation-exchange resin to obtain a second mixeddjqu
(3) separating the cation-exchange resin from ¢lcersd mixed liquid to obtain a slurry, and
(4) optionally filtering the slurry and then dryitige slurry to obtain the pseudo-boehmite.
8. The manufacturing process of claim 7, whereia #lkaline aluminium source is sodium
metalluminate with a caustic ratio of 1.15-1.35efprably 1.20-1.30), and/or, in the step (1), the
reaction temperature is 45°C-80°C (preferably 5@%C€), the pH value of the reaction system is
7.5-10 (preferably 8.0-9.5), and/or, in the step (Be aging temperature is 50-100°C (preferably
60-90°C), the ageing time is 0.5-3 hours (preferdbR hours), and/or, in the step (4), the drying
temperature is 100-150°C, the drying time is 6-&0rk.
9. The manufacturing process of claim 7, comprisiegfollowing steps:
(1) reacting an aqueous solution of the alkalinem@ium source, an aqueous solution of the
organic acid source and a suspension of said anhefone cation-exchange resin (optionally in the
presence of water, preferably adding the aqueolsi®o of the alkaline aluminium source, the
aqueous solution of the organic acid source andstispension of the cation-exchange resin to
water) to obtain the first mixed liquid,
(2) aging the first mixed liquid, and then addimgreto a suspension of said another part of the
cation-exchange resin to obtain the second mixgddi
(3) separating the cation-exchange resin from ¢lcersd mixed liquid to obtain a slurry, and
(4) optionally filtering the slurry and then dryitige slurry to obtain the pseudo-boehmite.
10. The manufacturing process of claim 9, wheneithe step (1), the amount of water is 5-20vol%
(preferably 5-15vol%) of the total volume of thecgon system (for example the reactor), and/or,
in the step (1), in terms of oxide, the concertratf the sodium metalluminate solution is 20-100g
AlO3/L (preferably 30-70g AOs/L), and/or, in the step (1), the flow rate at whithe sodium
metalluminate solution is added to the reactiontesgsis 20mL/min-60mL/min (preferably
30mL/min-50mL/min), and/or, in the step (1), thencentration of the aqueous solution of the
organic acid source is 0.05-0.5g/mL, and/or, in step (1), the flow rate at which the aqueous
solution of the organic acid source is added tad¢aetion system is 5mL/min-10mL/min, and/or, in
the step (1), the solid content of the suspensibrihe cation-exchange resin is 30-80wt%
(preferably 50-80wt%), and/or, in the step (1), fleew rate at which the suspension of the
cation-exchange resin is added to the reactioresysir the used amount of the suspension of the
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cation-exchange resin added to the reaction sy@esnch one that the pH value of the reaction
system is maintained at 7.5-10 (preferably 8.0;%8y/or, in the step (2), the used amount of the
suspension of the cation-exchange resin addeckteetiction system is such one that the pH value
of the first mixed liquid reaches 6.0-7.5 (prefdyah5-7.0).

11. An alumina having a phosphorus content (in $eainthe phosphorus element) of 0.3-5.0wt%
(preferably 0.5-4.5wt%), a pore volume of 0.7-1.2q{preferably 0.8-1.1mL/g, further preferably
0.9-1.1mL/g), a unit surface acid amount of 0.0006@mmol/m (preferably
0.0015-0.002mmol/A), and a hydraulicity of 3-10N/particle (preferaBiylON/particle).

12. A manufacturing process of alumina, comprisimgfollowing steps:

manufacturing a pseudo-boehmite according to theufaaturing process of claim 1, and

calcining the pseudo-boehmite to obtain the alumina

13. A catalyst (especially a hydrogenation catalysbntaining a catalytic active component
(especially an active metal component, for exarsplected from at least one of Group VIB metal
and Group VIl metal of Periodic Table of Elemergspecially selected from at least one of Mo, W,
Ni and Co) and a support, wherein said supportatostthe alumina of claim 11 or the alumina
manufactured by the manufacturing process accotdictaim 12.

14. A manufacturing process of a catalyst (espgcamlhydrogenation catalyst), comprising the
following steps:

manufacturing a pseudo-boehmite according to theufaaturing process of claim 1,

shaping, optionally drying and calcining the psebdehmite to obtain a support, and

loading a catalytic active component (especiallyaative metal component, for example selected
from at least one of Group VIB metal and Group Mitetal of Periodic Table of Elements,
especially selected from at least one of Mo, Wahid Co) to said support to obtain the catalyst.

15. A hydrogenation process, comprising a step yafrdgenating an oil product (for example
selected from at least one of diesel oil, vacuusaig heavy oil and residual oil) in the presente
the hydrogenation catalyst of claim 13 or a hydnagen catalyst manufactured by the
manufacturing process according to claim 14, uhgdrogenation reaction conditions.

16. The hydrogenation process of claim 15, whetterhydrogenation reaction conditions comprise:
the reaction pressure is 5-20MPaG, the reactiopéeature is 350-500°C, the liquid hourly space
velocity is 0.1-2.0 #}, and the hydrogen/oil volume ratio is 100-1000.
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