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Title of Invention: METHOD FOR REACTIVATING USED HY

DROGENATION
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TITANIA CATALYST

Technical Field
[0001] Thepreseninventionrelatescamethodof
ausedtitaniacatalystforhydrogenationtreatment
atitaniacatalystfornydrogenationtreatmentafte
reducedcatalyticactivityafterhavingbeenusedf

treatmentofahydrocarbonoil,andtoaregenerate

for hydrogenation treatment, which is reactivated b

Background Art
[0002] Whenfossilfuelssuchaspetroleumorcoal
sulfur oxides (SOx), nitrogen oxides (NOx), and par
assulfates, soot(carbon;graphite),orsolubleor
(SOF)derivedfromasulfurcontentinthefossilf

and emitted to the atmosphere together with an exha
example, the sulfuroxideshavesignificantadverse
globalenvironment,suchascausingacidrainorth
anatureenvironmentsuchasaforestoralake,an
impact on the ecosystem.
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developed, such as a combination of high-pressure i
exhaust gas recirculation (EGR), homogeneous charge
multiple injection, a novel NOx catalyst. In addit
petroleum refining industry, there is a need to fur
concentration of the sulfur content in gasoline or
aviewtoapplyingthe EGR effective forreducingN

an impact on an after-treatment apparatus for remov
particulates.
[0004] Fromsuchviewpoints,aregulationparticula
sulfur content in a petroleum fraction (hydrocarbon
gasoline, kerosene or gas oil, or heavy oil has bee

and a catalyst for hydrogenation treatment having e
desulfurization activity enabling more efficient re

sulfur content in a hydrocarbon oil has been develo
[0005] Asacatalystforhydrogenationtreatmentin
currentlyusedforemovingsulfutingpetroleumf

obtained by supporting a periodic table group VI me
molybdenumandtungsten and a periodic table group
such as cobalt and nickel on a porous alumina suppo
Ascatalysthavingadditionallyexcellentdesulfu
ahydrodesulfurizationcatalystusingaporoustita

been known.
[0006] However,infact,suchcatalystishardlyin

used as the catalyst for hydrogenation treatment fo

of removing the sulfur content in a hydrocarbon oil
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desulfurization, becausetitaniahas shortcomings s
specificsurfacearea,poorformability, andlowme
ascomparedtoalumina,andfurther,issconomicall
owing to its higher raw material cost as compared t
[0007] Inviewoftheforegoing,variousstudiesha
beenmade forovercomingsuchshortcomingsofthet

For example, in Patent Literature 1, there is obta
high-performance hydrodesulfurization catalyst havi
thermal stability, alarge specific surface area, h
ofacatalystmetalimprovedcatalyticactivity ,a
strength, by adding as a particle growth inhibitor
acation to a hydrosol or hydrogel of a hydrous oxi
producedbyapHswingmethod,oradriedsubstance
by drying and calcination.
[0008] In addition, for the purpose of obtaining a
excellentineconomicefficiencyaswellasdesulfu
and mechanical strength, there has been made an att
a composite of alumina having a low raw material co
promising high performance. In Patent Literature 2
proposed atechnology of a method of producing a ca

forhydrorefiningtreatment,nvolvingco-precipita

ionandatitaniumiontomakeacomposite. Inadd

Literature 3, there is proposed a method of produci

alumina-titania composite catalyst support, involvi

titanium hydroxycarboxylate and/or a sol of titaniu
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titanium hydroxide and a hydroxycarboxylic acid to
and/or aluminum hydroxide, followed by mixing and k
calcination. Further, in Patent Literature 4, ther
amethodofapparentlyconvertingaporesurfaceof
totitania, involving introducing atitanium tetrac
thealuminasupporttoperformchemicalvapordepos

on a surface of alumina. Further, in Patent Litera
isproposed atechnology of coating a pore surface
titanium,involvingimpregnatinganaluminasupport
containing titanium, followed by drying.

[0009] Further,forexampleinNon PatentLiteratur
is disclosed a method of obtaining a titania-alumin
involving precipitating (coating) titanium hydroxid
ofaluminahydrateparticles followedbyaging fi
forming,andcalcination. Inaddition theinvento

invention have proposed a catalyst production techn

of producing a catalyst having a large specific sur

high mechanical strength, and exhibiting activity a
hydrodesulfurization catalyst comparable to that of
hydrodesulfurization titania catalyst, evenwhen 13
oftitaniumoxideissupported,involvingsupportin

on a surface of an inorganic oxide through precipit
lamination of titanium oxide between an isoelectric
inorganic oxide and an isoelectric point of the tit

to chemically and macroscopically integrate the ino

aluminum oxide
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analuminasupport
hloridegasto
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and the titanium oxide (Patent Literature 6).
[0010] Further, in Patent Literature 7, thereis di

method of producing a catalyst for hydrogenation tr

involving impregnating an alumina support with a ca

component-containingaqueoussolutioncontaininga
phosphoricacid andanadditiveselectedfromedi
alcoholhaving2tolOcarbonatomsinonemolecule
amonosaccharide, a disaccharide, and a polysacchar
by drying at 200°C or less. Inaddition, in Patent
thereisproposedamethodinvolvingaddingawater
compoundhavingamoleculamweightofLO0omorea

group and/or an ether bond, such as a diol, an alco
group-containing water-soluble polymer, a saccharid
polysaccharide toacatalystcomponent-containing
inproductionofacatalystforhydrogenationtreat

a catalyst metal on a support obtained by supportin
solutioncontainingatitaniumcompoundonanalumi
thenperformingcalcination. Further,theinventor
amethodofobtainingatitaniacatalystfornydrog

involving coating a surface of alumina hydrate part
titaniumhydroxide particles,followedbyforminga

and impregnating an obtained titania-coated alumina

a catalyst component-containing aqueous solution co
catalystmetalcompoundandasaccharide followed

Literature 9).
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[0011] Although those titania catalysts for hydroge
treatment using titania supports exploit excellent

titania support and overcome the shortcomings to so
problem of being particularly economically disadvan

an industrial viewpoint has not yet been overcome.

[0012] Meanwhile forthecatalystforhydrogenatio
there has been made an attempt to reactivate a used
hasbeenusedforhydrogenationtreatmentofahydr
thus has reduced catalytic activity and utilize the

a regenerated catalyst.

[0013] For example, in association with a catalyst
hydrogenation treatment obtained by supporting a ca
onaninorganicoxidesupportcontainingaluminaan

is disclosed, in Patent Literature 10, using, in a
desulfurization step, aregenerated catalyst regene

a precipitated coke removal reaction under the cond

air partial pressure of from 0.05 to 5 MPa and a te
from200to800°C,inthecaseofconductinghydrog

of gas oil by two steps of a first desulfurization
seconddesulfurizationstep. Inaddition,inassoc
above-mentioned catalyst for hydrogenation treatmen
disclosed, in Patent Literature 11, regenerating a

through calcination treatment at 300°C for 1 hour i

atmosphere, followedbycalcinationtreatmentat45

in a mixed gas atmosphere of 50% nitrogen gas and 5
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[0014] Further, in association with a catalyst

hydrogenation treatment obtained by supporting a ca
such as molybdenum, cobalt, nickel, and phosphorus
support containing in the catalyst an organic addit
diethylene glycol, citricacid, and polyethylene gl
disclosed,inPatentLiterature12,performingstri

atfrom 100 to 370°C inthe presence of an oxygen-c
and then, performing regeneration treatment at from
in the presence of an oxygen-containing gas. In ad
association with the above-mentioned catalyst for h
treatment,thereisdisclosed,inPatentLiterature
ausedcatalystthroughregenerationtreatmentatf
inthepresenceofanoxygen-containinggasafters
ofhydrocarbon followedbyimpregnationwith"aso
anacidandanorganicadditive"suchas:citricac

glycol;orphosphoricacidandpolyethyleneglycol,
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Summary of Invention

Technical Problem

[0017] In view of the forgoing, the inventors of th
inventionhavemadeextensivestudiesonreactivati
catalystforhydrogenationtreatmentexhibitingred
activity after having been used for hydrogenation t
hydrocarbon oil to improve its catalytic activity t
comparabletothatofafreshtitaniacatalystbefo

the catalyst as a regenerated titania catalyst for
treatment.

[0018] The inventors of the present invention have
regeneratingthetitaniacatalystforhydrogenation

use through coke removal treatment for removing a c
component on the surface of the catalyst by heating

at500°C in an oxygen-containing gas atmosphere, bu
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in the finding that the catalytic activity (desulfu
activity) of the obtained regenerated titania catal
less than 60% of that of a newly prepared fresh tit
and itis difficult to reactivate the catalystto t
thecatalystcanbereusedonlythroughthecokere
[0019] Insuchcircumstances,theinventorshavefu
reactivatingtheregeneratedtitaniacatalystafter
treatment through impregnation with the "solution ¢
acid and an organic additive," followed by drying,

to the activation method disclosed in Patent Litera
(ComparativeExample2describedater). However,

the catalytic activity (desulfurization activity) o
regenerated titania catalyst is still less than 65%
freshtitaniacatalystbeforeuse,anditisdiffic

the catalyst to the extent that the catalyst can be
cause of such result is not clearly revealed, but t
consider the cause as described below.

[0020] Thetitaniasupportandthealuminasupport
the following difference. Specifically, in the cas
itszetapotentialhardlychangesinaweaklyacidi

pH 3 to 7. Therefore, in the case of an alumina ca
interactionbetweenthesupportandmolybdenumserv
metalisnotaffectedevenwhenaweakacidisadde
substance for regeneration. Incontrast,inthe ca

its zeta potential changes drastically fromaminus
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sideinsuchpHregion. Therefore,inthecaseof

the interaction between the support and anionic mol
islikelytobeincreasedwhenanacidisadded. |

that molybdenum exhibiting a strong interaction wit
generally hardly sulfurized, and hence has low desu
reactivity. Accordingly, it seems that, whenanac
thetitania catalystas an activation substance for

the desulfurization activity is affected, and hence
reactivating the catalyst is not obtained.

[0021] Inthiscontext,theinventorshavemadefur

on reactivating the titania catalyst for hydrogenat
afteruse. Asaresult,theinventorshavefounda

that the catalytic activity (desulfurization activi
regeneratedtitaniacatalystcanbeimprovedtoal
tothatofanewly preparedfreshtitania catalyst
acarbonaceouscomponent-removedcatalystobtained
removaltreatmentwithasaccharide-containingsolu

a saccharide, and drying the obtained saccharide-im
catalyst toallowthesaccharidetobesupported.

invention has been completed.

[0022] Accordingly, an object of the presentinvent
provide a method of reactivating a used titania cat
hydrogenationtreatmentcapableoimprovinghec

of the used titania catalyst for hydrogenation trea

obtained by supporting a catalyst component on a ti

atitaniacatalyst,
ybdenum oxide
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hasupportis
[furization
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an effect of
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andexhibitsreducedcatalyticactivity afterhavin
hydrogenationtreatmentofahydrocarbonoil,toa

to that of a newly prepared fresh titania catalyst
[0023] In addition, another object of the present i
is to provide a regenerated titania catalyst for hy
treatment, which is regenerated by the method of re
used titania catalyst for hydrogenation treatment a
catalytic activity comparable to that of afresh ti

before use.

Solution to Problem

[0024] That is, according to one embodiment of the
invention,thereisprovidedamethodofreactivati

catalyst for hydrogenation treatment, the used tita
forhydrogenationtreatmentbeingobtainedbysuppo
component on a titania support and exhibiting reduc
activity after having been used for hydrogenation t
hydrocarbonoilthemethodncluding:acokeremov
acarbonaceouscomponentonasurfaceoftheusedc
thecatalystinanoxygen-containinggasatmosphere

step ofimpregnating the carbonaceous component-rem
obtained by the coke removal step with a saccharide
solution; and a drying step of drying the saccharid
catalyst obtained by the impregnation step to obtai

in which a saccharide is supported.

gbeenusedfor
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[0025] Accordingtoanotherembodimentoftheprese
thereisprovidedaregeneratedtitaniacatalystfo
treatment, which is obtained by the method of react
titania catalyst for hydrogenation treatment descri
[0026] Inthepresentnvention thecatalystforh
treatmenttobereactivatedisatitaniacatalystf

treatment after use that is obtained by supporting
component on a titania support and exhibits reduced
activity after having been used for hydrogenation t
hydrocarbon oil.

[0027] Herein asthetitaniasupport,atitaniasu
alargespecificsurfaceareaandhighthermalstab

to the related-art titania is preferred. For examp

be given any known titania supports such as the tit

in Patent Literature 1. From the viewpoints of cat
andcatalystproductioncost,morepreferredareth
alumina supportsincluding atitania coating layer

of alumina disclosed in Patent Literatures 4, 6, an

a mixture of alumina and titania.

[0028] Inaddition,the catalystcomponenttobesu
thetitaniasupportgenerallyincludesatleastone

table group VI metal compound, atleastone kind of
group VllltoXmetalcompound, andatleastoneki
compound. Hereinaspreferredperiodidablegrou

are given molybdenum and tungsten. In particular,

ninvention,
rhydrogenation
ivating aused
bed above.
ydrogenation
orhydrogenation
a catalyst
catalytic

reatment of a

pporthaving
ilityascompared
le, there may
aniadisclosed
alyst strength
etitania-coated
onthe surface

d 9, notjust

pportedon
kindofperiodic
periodictable
ndofphosphorus
pVimetalsthere
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preferred. Inaddition, as preferred molybdenumco

are given molybdenum trioxide, molybdic acid,
molybdophosphate, and ammonium paramolybdate. In a
periodic table group VIl to X metals, there are gi

nickel. Aspreferrednickecompoundsthereareg

nickelnitrate, nickel sulfate, nickel acetate, nic

nickelchloride, nickelhydroxide,andbasicnickel

addition aspreferredcobalttompounds thereare

cobalt nitrate, cobalt sulfate, cobalt acetate, bas
carbonate,cobaltcarbonate,cobaltchloride,andc

Any one kind of those cobalt compounds and nickel ¢
beusedalone ortwoormorekindsthereofmaybe

Further, preferred examples of the phosphorus compo
phosphorus pentaoxide, diammonium hydrogen phosphat
dihydrogen phosphate, disodium hydrogen phosphate,
dihydrogen phosphate, and orthophosphoric acid.

[0029] In the present invention, the newly prepared
titania catalyst for hydrogenation treatment before
catalystobtainedbyimpregnatingthetitaniasuppo
component-containing solution containing, in additi
catalyst component, any organic additive heretofore
contributing to catalytic activity, and then perfor
Examplesoftheorganicadditivetobeusedforthi

organic acids, aliphatic dialcohols, ethers and pol

saccharides, and nitrogen-containing compounds.

ammon
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[0030] In the presentinvention, the titania cataly

use exhibiting reduced catalytic activity after hav

for hydrogenation treatment of a hydrocarbon oil re

titania catalyst for hydrogenation treatment that h

for hydrogenation treatment (desulfurization treatm

petroleumoilfraction(hydrocarbonoil)suchasga

orgasoil,oraheavyoilparticularlyforthe pur

asulfurcontentcontainedtherein,hascatalytica

toabout60%oressofinitialcatalyticactivity

of a carbonaceous component on the catalyst with us

cannot achieve a target sulfur content concentratio

hydrogenation treatment (for example, 10 ppm or les

ofgasoil),andisrecoveredfromthehydrogenatio

[0031] [Coke removal step]
Inthepresentinvention,thereactivationofthe

catalystfor hydrogenation treatmentbegins with th

stepofremovingacarbonaceous component, whichis

surfaceoftheusedcatalystandcausesareduction

activity, through combustion, by heating the cataly

temperature of 350°C or more and 600°C or less, pre
or more and 550°C or less in an oxygen-containing g
Ingeneralitisappropriatetoperformcalcinatio
theconditionsthathecontentofthecarbonaceous

3wt% orless, preferably 2wt% orless. Asthe ox

gas to be used in this step, any gas may be used as

st after
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ferstoaused
as been used
ent) of an
soline akerosene
poseofremoving
ctivityreduced
owingtodeposition
e, and hence
n after the
sinthe case

ntreatmentstep.

usedtitania
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presentonthe
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as atmosphere.
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gascontains oxygenandallowsfortheremoval oft he carbonaceous
component onthe surface of the used catalystthrou gh combustion.
In general, air, an oxygen-containing nitrogen gas, or the like
isused. Inadditionwhiletheheatingeemperatur evariesdepending
onthekindofthetitaniasupporttobeused,the followingproblems
mayarise.whentheheatingtemperatureislesstha n350°C itbecomes
difficult to completely remove the carbonaceous com ponent on the
surface of the used catalyst through combustion; an dincontrast,
when the heating temperature exceeds 600°C, alterna tion of the
supportoraggregationofthecatalystmetaltobe supportedoccurs.
[0032] [Impregnation step]

The carbonaceouscomponent-removed catalystobtain edbythe
coke removal step is then subjected to the impregna tion step of
impregnating the catalyst with a saccharide-contain ing solution.
Asaccharidetobeusedforthispurposeisnotpar ticularlylimited.
Examples thereof include: trioses (glyceraldehyde,
dihydroxyacetone, and glycerin), tetroses (such as erythrose,
threose,erythrulose,anderythritol),pentoses(su chasribulose,
xylulose, ribose, arabinose, xylose, xylitol, lyxos e, and
deoxyribose) hexosegsuchagpsicose fructose s orbosetagatose,
allosealtrose glucose mannose gulosejdoseg alactosetalose,

fucose, fuculose, rhamnose, sorbitol, mannitol, dulcitol, o
galactitol glucosamine galactosamine,inositola ndinvertsugar),
and heptoses (such as sedoheptulose) as monosacchar ides; sucrose,

lactose, maltose, trehalose, maltitol, turanose, ce llobiose,
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gentiobiose, isomaltose, kojibiose, laminaribiose, melibiose,
nigerose, and sophorose as disaccharides; raffinose , melezitose,
and maltotriose as trisaccharides; acarbose and sta chyose as
tetrasaccharides;fructooligosaccharide,galactooli gosaccharide,
and mannanoligosaccharide as oligosaccharides; glyc ogen, starch,

cellulose, dextrin, glucan, fructan, guar gum, and

N-acetylglucosamine as polysaccharides; and isomeri zed sugar.
[0033] From the viewpoint of economic efficiency, i tis
preferred that the saccharide-containing solution t 0 be used in
theimpregnatingstepbeasolutionsuchasawater oralcoholsolution
containing one kind or two or more kinds of sacchar ides selected
fromthegroupconsistingofglucose,fructose,ery thritol,xylose,
xylitol, sorbitol, mannitol, invert sugar, maltose, trehalose,

maltitol, isomerized sugar, and raffinose.

[0034] In addition, the saccharide concentration in the
saccharide-containingsolutiontobeusedintheim pregnationstep

is not particularly limited, but needs to be adjust ed to a
concentration range suitable for the saccharide for the following
reasons:whenthesaccharideconcentrationistool ow,thecatalyst
cannotbeimpregnated withapredeterminedamount ofthesaccharide
because the catalyst can be impregnated with the so lution in an
amountjust commensurate with the pore volume of th e support; and

in contrast, when the saccharide concentration is t 0o high, the
viscosity of the solution is increased and the solu tion cannot

penetrate the pores of the catalyst sufficiently. The saccharide
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concentration is generally 5 mass% or more and 60 m
preferablylOmass%ormoreand50mass%ooness.
concentrationislessthan2 mass%, there arises a

the catalyst cannot be impregnated with a predeterm
thesaccharide,andincontrast,whenthesaccharid
exceeds60mass%, theremayariseaproblemofinco

of the saccharide.

[0035] Further,theusageamountofthesaccharide,
the carbonaceous component-removed catalystisto b
intheimpregnation step through use of the sacchar
solution and which is to be supported on the carbon
component-removedcatalystthroughdryinginthesu
step, is generally 2 parts by mass or more and 30 p

or less, preferably 5 parts by mass or more and 25

or less, with respect to 100 parts by mass of the ¢
component-removedcatalyst. Whentheusageamount

is less than 2 parts by mass, an effect obtained by
saccharide is notremarkably exhibited, and in cont
saccharideisaddedinexcessof30partsbymass,

by adding the saccharide is not further increased.

ass% or less,
Whenthesaccharide
probleminthat

ined amount of
econcentration

mpletedissolution

withwhich
e impregnated
ide-containing
aceous
bsequentdrying
arts by mass
parts by mass
arbonaceous
otthesaccharide
adding the
rast, whenthe

aneffectobtained

[0036] In the impregnation step, the carbonaceous

component-removed catalyst after impregnated with t he

saccharide-containing solution is allowed to stand
state for a predetermined time period to be aged as

a view to uniformly and stably supporting the sacch

still in that
required with

aride on the
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carbonaceouscomponent-removedcatalyst. Thetime
is preferably set to a range of from 10 minutes to
[0037] In addition, in the impregnation
saccharide-containing solution may contain, in addi
saccharide, a catalyst component including at least
periodictablegroupVimetalcompound,atleaston

table group VIII to X metal compound, and at least
phosphorus compound, as required. The addition of
componentcompensatesforalossfractionoftheca
supported on the titania support of the titania cat
hydrogenation treatment before use, whichislostt
and/orthe cokeremovaltreatmentinitsreactivati
theregeneratedtitaniacatalystforhydrogenation
reactivationcancertainlyexhibitcatalyticactivi
catalytic activity of the titania catalyst for hydr
treatment before use.

[0038]
saccharide-containing solution is preferably the sa
componentasthecatalystcomponentsupportedonth
in the titania catalyst for hydrogenation treatment
Thatis,the catalystcomponentispreferablyacat
includingatieastonekindofperiodictablegroup

atleastonekindofperiodictablegroup VIlito X

andatileastonekindofphosphoruscompound. The

more preferably includes the same respective compou

Inaddition, the catalystcomponenttobe ad

periodforaging
24 hours.
step, the
tion to the
one kind of
ekindofperiodic
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periodic table group VI metal compound, the periodi
VIIlto X metal compound, and the phosphorus compou
titania catalyst for hydrogenation treatment before
[0039] Further,theaddedamountofthecatalystco
the saccharide-containing solution may be any amoun
the loss fraction of the catalyst component lost th

the catalystand/orthe cokeremovaltreatmentini
canbecompensated. Theaddedamountispreferably
thatthetotalamountoftheperiodictablegroupV
theperiodictablegroupVIlitoXmetalcompound,
compoundinthe catalystcomponentis5mass%orle

to the catalyst componentof the regenerated titani
hydrogenation treatment after reactivation, interm
fothefollowingreasonsthelossfractionothe
isempiricallyabout5mass%orless;inaddition,
necessitymaydisadvantageouslyreducethecatalyti
toassociationbetweentheoriginalcatalystcompon

one; and further, from an economic viewpoint, the a
preferablyaslowaspossible,aslongasdesiredc
(forexample, 70%ofthatofthetitaniacatalystf

treatment before use) is obtained after the reactiv

[0040] [Drying step]

The saccharide-impregnated catalyst obtained

impregnation step through impregnation

saccharide-containingsolutionisthendriedtoall

c table group
nd used inthe
use.
mponentin
t as long as
rough use of
tsreactivation
suchanamount
Imetalcompound,
andthephosphorus
sswithrespect
acatalystfor
sofanoxide,
catalystcomponent
additionbeyond
cactivityowing
entandtheadded
dded amountis
atalyticactivity
orhydrogenation

ation.

in th

with the
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to be stably supported on the carbonaceous componen
catalyst. Thustheregeneratedtitaniacatalystf

treatment through activation is obtained. The dryi
inthedrying stepare preferably asfollows: adry
fallingwithinarangeof100°Cormoreand400°Co

110°C or more and 300°C or less; and a drying time
withinarange of 0.5hourormoreand 24 hoursor
1hourormore and 12 hoursorless. Whilethedry

varies depending on the kind of the titania support
itiseasytoimaginethatvariousproblemsoccurd

because of a remaining water content when the dryin
islessthan100°C. Incontrastwhenthedryingt

400°C, there arises a problem of carbonization of t

[0041] The regenerated titania catalyst for hydroge
treatmentobtainedbythe method ofthe presentinv
catalyticactivity(desulfurizationactivity)recov

comparable to that of a new titania catalyst for hy
treatmentbefore use, specificallyrecoveredtoav

at least 70%, preferably exceeding 75%, given that
activityofanewtitaniacatalystforhydrogenatio

use is taken as 100. The regenerated titania catal
hydrogenation treatment can be used again for hydro
treatmentgenerally asitis, while depending on th

[0042]

Now,amethodofusingtheregeneratedtitan

forhydrogenationtreatmentofthepresentinventio

t-removed
orhydrogenation
ng conditions
ingtemperature
rless,preferably
period falling
less, preferably
ingtemperature
to be used,
uringareaction
g temperature
emperatureexceeds
he saccharide.
nation
entionexhibits
eredtoalevel
drogenation
alue exceeding
the catalytic
ntreatmentefore
yst for
genation
e use purpose.
lacatalyst

nishereinafter
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described, taking as an example hydrogenation treat ment, in

particular desulfurization treatment, of a hydrocar
[0043] Whentheregeneratedtitaniacatalystforhy
treatmenttthepresentinventionisusedtoperfo
treatment, it is desired to first perform pre-sulfu

activatingthecatalystmetal. Thepre-sulfurizati

bon oil.
drogenation
rmdesulfurization
rization for

onisperformed

byusingasapre-sulfidingagent hydrogensulfide carbondisulfide,

thiophene, dimethyl disulfide, ahydrocarbon oilco

compounds, or the like.

ntainingthose

[0044] The desulfurization treatment is performed a fter the
pre-desulfurization. The treatment conditions of t

desulfurization treatment are generally preferably asfollows: a
reaction temperature falling within arange of from 250t0450°C;

and a hydrogen partial pressure falling within a ra

to 15 MPa, while the conditions vary depending on t
raw material oil or the purpose.

[0045] Inaddition, the reaction mode ofthe desulf
treatment is not particularly limited. Examples of
modeincludeafixed-bedmode,amovable-bedmode,
mode andasuspension-bedmode andanyofthosem
Thereactionconditionsinthe case ofadoptingthe

are preferably as follows: a liquid hourly space ve
falling within a range of from 0.1 to 5 hr

of hydrogen/raw material oil falling within arange

500 Nm3/Kl.

nge of from 1

he kind of a

urization
the reaction
anebullating-bed
odesmaybeadopted.
fixed-bedmode
locity (LHSV)
1 and a volume ratio

of from50to
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[0046] Specific examples of the hydrocarbon oil tha

treatedbyusingtheregeneratedtitaniacatalystf
treatmentotthepresentinventionincludeoilsran
akeroseneoil,alightgasoil,aheavygasoil,a

oil to an atmospheric residual oil, a vacuum residu

sand oil, and a tar sand oil.

Advantageous Effects of Invention

[0047] Accordingtoone embodimentofthe presenti
it is possible to reactivate the used titania catal
hydrogenationtreatmentexhibitingreducedcatalyti
havingbeenusedforhydrogenationtreatmentofah

to recover its catalytic activity to a level compar

of a fresh titania catalyst before use. Therefore,
regenerated titania catalyst for hydrogenation trea
usedalmostequallytoafreshtitaniacatalyst. A
present invention is industrially extremely benefic
excellent features of a titania support are utilize

the shortcoming of "being economically disadvantage

a major problem from an industrial viewpoint, can b

Description of Embodiments

[0048] Embodiments of the present invention are her

describedin detail on the basis of Examples, Refer

andComparativeExamples. Itshouldbenotedthat

tcan be

orhydrogenation

gingfromgasoline,

ndalightcycle

al oil, anoll

nvention,
yst for
cactivityafter
ydrocarbonoil,
able to that
the obtained
tment can be
ccordingly,the
ial, because
d and further
ous", thatis

€ overcome.

einafter
ence Examples,

variousphysical
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properties,catalystperformance,andthelikewere

the following procedures and conditions in Examples
Examples, and Comparative Examples described below.
[0049] [Treatment before measurement]

Upon measurement of various physical properties, a
tobemeasuredwaspreliminarilysubjectedtocalci

under the conditions of 500°C and 3 hours, and then
[0050] [Measurement of pore distribution and pore v
Theporedistributionandporevolumeofacatalys

were measured by mercury porosimetry through pressu
ameasurementpressureof414MPausingAutoPorelV

by SHIMADZU CORPORATION.

[0051] [Pore sharpness degree]
The'poresharpnessdegree'isasnumericalvaluet
theuniformityofaporesize. Hereinaporeshar

to 100% meansthatthe pore size ofacatalystora

fully uniform. Specifically, a pore size correspon
cumulative pore volume (median size) is determined,
partial pore volume (PVM) of ones in the pore size
ofthelogarithmicvalueofthemediansizeisdete
sharpness degree is determined by the following equ
the partial pore volume (PVM) and the pore volume (
theporesharpnessdegreecanbecalculatedbythe

based on a cumulative pore distribution curve measu

porosimetry.

measuredunder

, Reference

n object
nationtreatment
analyzed.

olume]
torasupport
rizationupto

9520manufactured

hatspecifies
pnessdegreecloser
supportismore
ding to 50%
and then, a
range of £5%
rmined. Thepore
ationbasedon
PVT). Thatis,
followingequation

red by mercury
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Pore sharpness degree (%)=(PVM/PVT)x100

[0052] [Desulfurization test of gas oil]
A hydrodesulfurization test of gas oil for measuri ng the
desulfurizationactivityofahydrogenationtreatme ntcatalystwas

performed as described below.

The hydrodesulfurization test was performed by usi ng a
high-pressurefixed-bedflowreactorandloading15 mlofacatalyst
under the conditions of. reaction pressure: 5 MPa; reaction
temperature:340°C;liquidhourlyspacevelocity:1 .5h 1 :andvolume
ratio of hydrogen/raw material: 250 Nl/I. All the catalysts for
hydrogenation treatment subjected to the test were preliminarily
subjectedtosulfurizationtreatment(pre-sulfuriza tion)usinggas
oil having a sulfur concentration adjusted to 2.5% (in terms of
mass)throughadditionofdimethyldisulfide. Stra ight-rungasoil
from the Middle East subjected to the hydrodesulfur ization test
has the following properties: specific gravity (15/4°C): 0.849;
sulfur content: 1.21 mass%; nitrogen content: 96 pp m; and initial
distillation temperature of 228°C, 50% distillation temperature
0f293°C,and90%distillationtemperatureof347°C ,asdistillation
properties.

[0053] The desulfurization activity of the catalyst for
hydrogenationtreatmentwasdeterminedasdescribed below. Therate

constant of a desulfurization reaction was determin ed on the
assumption that the desulfurization reaction was a 1.2-order

reaction, and an average value of the rate constant s of the
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desulfurization reaction between a reaction time pe
100tol44hourswascalculated. Desulfurizationa

tathatofacatalystforhydrogenationtreatmento

1 or Reference Example 2 described below was determ

representedas’relativedesulfurizationactivity,"
averagevalueoftherateconstantsofthedesulfur
inthecaseofatitaniacatalystforhydrogenation
in Reference Example 1 or an alumina catalyst for h
treatment, ALC-1, in Reference Example 2 was taken
[0054] [Preparation of titania catalyst for hydroge
treatment]
<Preparation of raw material solution>
Thefollowingsolutionswereeachpreparedinthe
required for the operations described below: soluti
byadding1,030gofwaterwithrespectto970gof
hexahydrate; solution B obtained by adding 1,000 g
respect to 1,000 g of 28% ammonia water; solution C
adding water to 198 g of a titanium tetrachloride s
a Ti concentration of 16.6 mass% and a Cl concentra
mass%, to give a volume of 1.8 liters (L); solution
adding water to 231 g of 14% ammonia water, to give
1.8L;andsolutionEobtainedbyadding733gofh
and 13 g of water to 1,520 g of a titanium tetrachl
having a Ti concentration of 16.7 mass% and a Cl co

32.6 mass%.

riod of from

ctivityrelative

ReferenceExample

ined and
giventhatthe
izationreaction
treatmentHBT-1,
ydrogenation
as 100.

nation

fullamount
on A obtained
aluminumchloride
of water with
obtained by
olution having
tion of 32.3
D obtained by
a volume of
ydrochloricacid
oride solution

ncentration of
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[0055] [Reference Example 1]

<Production of alumina hydrate particle>
(a)14Lofwaterwereloadedinanenamelvesselo

to 80°C while being stirred. 850 g of the solution
tothe enamelvesseland the mixture was maintained
The solution at this time (hereinafter referred to
solution") had apH of 2.5. Next, the solutionBw
enamelvesselinsuchanamountthatthepHofthe
became 7.5, and the mixture was maintained for 5 mi
pH swing).

[0056] (b)Afterthat,850gofthesolutionAwere

to allow the pH of the synthetic solutionto 3.0, a
wasmaintainedforsminutes. Then,thesolutionB
againinsuchanamountthatthepHofthesyntheti
7.5,andthemixturewasmaintainedforSminutes(
[0057] (c)Thenachlorineilonandanammoniumion
wereremovedbywashing. Thus,aluminahydratepar

to pH swing twice were obtained.

[0058] <Production of titania-coated alumina suppor

122goftheobtainedaluminahydrateparticleswe
in terms of an oxide, and well stirred with a mixer
was added thereto, to provide 8 L of a dispersion.
dispersionwasmaintainedat60°C,thesolutionCw
to adjust the pHt0 5.0. Then, the solution C and

eachinanamountof 1.8 L were added thereto simul

f19L,andheated
A were added
for5minutes.
as "synthetic
asaddedtothe
syntheticsolution

nutes (first

addedthereto

nd the mixture
wasaddedthereto

csolutionbecame

secondpHswing).
asmpurities

ticlessubjected

t>
recollected
while water

While the
asaddedthereto
the solution D

taneously over
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about 2 hours so that the pH was continuously maint
arangeof5.0+0.1. Thus,titania-coatedaluminah
were produced. The coating amount of titania in th
titania-coated alumina hydrate particles is 31%.
[0059] An ammoniaion and a chlorine ion coexisting
titania-coatedaluminahydrateparticlesthusobtai
bywashingwithwater. Filtrationwasperformedto
contentrate allowing for forming. The resultantw
acylindrical shape having a diameter of 1.2 mm thr
molding (forming step), followed by drying at 120°C
and further calcination at 500°C for 3 hours (first
Thus, a titania-coated alumina support was obtained
[0060] The obtained titania-coated alumina support
measured for the specific surface area and the pore
and subjected to X-ray diffraction.
Asaresult,itwasfoundthatthe specific surfac
400m ?/g,theporevolumewas0.57ml/g,andtheporesha
was76.5%. Inaddition,therewasdetectednotita
crystal form.
[0061] <Production of titania catalyst>
34.5gofmolybdenumoxide,7.7gofcobaltcarbon
of CoO, and 5.0 g of 85% phosphoric acid were added
dissolved through heating while being stirred. Thu
componentaqueoussolutionhavingatotalweightad

gwasobtained. Further,4.3gofsorbitolweredi

ained within
ydrateparticles

e obtained

with the
nedwereremoved
achieveawater
asformedinto
ough extrusion
for 16 hours

drying step).

was

distribution,

eareawas
rpnessdegree

niainananatase

ateinterms
to water, and
S, a catalyst
justedto100.0

ssolvedin27.6
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g of the obtained catalyst component agueous soluti
agueous solution containing a catalyst component wa
[0062] 30.0gofthetitania-coated alumina support
above were impregnated with the agueous solution co
catalystcomponent,followedbydryingat120°Cfor
atitaniacatalystfornydrogenationtreatment HBT

[0063] It was found that the obtained titania catal
hydrogenation treatment had a specific surface area

a pore volume of 0.36 ml/g, and a pore sharpness de

A hydrodesulfurization test of gas oil using the o
catalystwasperformedunderthereactioncondition
The average value of the rate constants of the desu
reaction was taken as 100, and used as a standard f
of the catalytic activity (relative desulfurization
regenerated titania catalysts for hydrogenation tre
(hereinafter referred to as "regenerated catalyst")
Examples 1 to 5 and Comparative Examples 1 to 3 des
[0064] [Regeneration of wused titania catalyst
hydrogenation treatment]

[Example 1]

The usedtitania catalystfor hydrogenation treatm
recovered after operationinahydrodesulfurization
gasoilforaboutlyearwaswashedwithatoluene
anoilcontent. Then,theresultantwasdriedatl

inamairatmospheretoremovethesolvent. Athi

on. Thus, an
S obtained.
obtained
ntaining a
12hours. Thus,
-1 wasobtained.
yst for
of232m g,
gree of 70.2%.
btained
sdescribedabove.
Ifurization
or evaluation
activity) of
atment
obtained in
cribed below.

for

entHBT-1
apparatusfor
solventtoremove
20°Cfor10hours

stime thecatalyst
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contained14.7wt%ofacarboncontentand8.5wt% ofasulfurcontent.
[0065] The catalystafterthe drying treatmentwas subjected
tocokeremovalkreatmentcokeremovalstep)yro tatingthecatalyst
inarotarycalcinationfurnacewithkeepingthefu rnacetemperature
at 350°C for 3 hours and then gradually elevating t he temperature
and keeping the furnace temperature at 500°C for 3 hours, while
allowing a low oxygen concentration gas having an o xXygen
concentrationof2.0%obtainedthroughdilutionof airwithnitrogen
toflowintothefurnace. Itwasfoundthattheca talystafterthe
calcinationtreatmentcontained0.87%ofacarbonc ontentand0.62%
ofasulfurcontent. Thecatalystafterthecoker emovaltreatment

was represented as RHBT-1.

[0066] 30 g of the catalyst RHBT-1 after the coke r emoval
treatmentwereimpregnatedwithsorbitobyusinga naqueoussolution
containing 22.1 wt% of sorbitol so that the content of sorbitol

was 10 wt% with respect to the catalyst. Then, the resultantwas
dried at 120°C for 3 hours. Thus, a regenerated ca talyst RHBT-2

was obtained.

[0067] [Example 2]

30gofthe catalystRHBT-1afterthe coke removal treatment
were impregnated with sorbitol by using an aqueous solution
containing 22.5 wt% of glucose so that the content of glucose was
10wt%withrespecttothecatalyst. Then,theres ultantwasdried
at 120°C for 3 hours. Thus, a regenerated catalyst RHBT-3 was

obtained.
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[0068] [Example 3]

30gofthe catalystRHBT-1afterthe coke removal
were impregnated with sorbitol by using an aqueous
containing 12.0 wt% of glucose so that the content
5wt% withrespecttothe catalyst. Then,theresu
at 120°C for 3 hours. Thus, a regenerated catalyst
obtained.
[0069] [Example 4]

30gofthe catalystRHBT-1afterthe coke removal
were impregnated with sorbitol by using an aqueous
containing 21.9 wt% of sucrose so that the content
10wt%withrespecttothecatalyst. Then,theres
at 120°C for 3 hours. Thus, a regenerated catalyst
obtained.
[0070] [Example 5]

30gofthe catalystRHBT-1afterthe cokeremoval
were impregnated with sorbitol by using an aqueous
containing 22.4 wt% of maltitol so that the content
was 10 wt% with respect to the catalyst. Then, the
dried at 120°C for 3 hours. Thus, a regenerated ca
was obtained.
[0071] [Example 6]

30gofthe catalystRHBT-1afterthe cokeremoval
were impregnated with sorbitol by using an aqueous

containing 22.4 wt% of sorbitol, and as a catalyst

treatment
solution
of glucose was
ltantwas dried

RHBT-4 was

treatment
solution
of sucrose was
ultantwasdried

RHBT-5 was

treatment
solution
of maltitol
resultant was

talyst RHBT-6

treatment
solution

component, 4.5
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g of molybdenum oxide in terms of MoO 3, 0.8 g of cobalt carbonate

in terms of CoO, and 0.7 g of phosphoric acid in te rmsof P ,(O5 so
thatthecontentofsorbitolwas10wt%withrespec ttothecatalyst.

Then, the resultant was dried at 120°C for 3 hours. Thus, a

regenerated catalyst RHBT-9 was obtained.

[0072] [Comparative Example 1]
ThecatalystRHBT-1afterthecokeremovaltreatme ntobtained
in Example 1 was taken as a regenerated catalyst of Comparative
Example 1.
[0073] [Comparative Example 2]
The catalyst RHBT-1 after the coke removal treatme nt was
impregnated inthe same mannerasin Example 1sot hatthe content
of citric acid was 5 wt% and the content of polyeth ylene glycol
wasbwt%. Then theresultantwasdriedat120°C for3hours. Thus,

a regenerated catalyst RHBT-7 was obtained.

[0074] [Comparative Example 3]

The catalyst RHBT-1 after the coke removal treatme nt was
impregnated inthe same mannerasin Example 1sot hatthe content
ofcitricacidwas5wt%andthecontentofglucose was5wt%. Then,
theresultantwas driedat 120°Cfor3hours. Thus ,aregenerated

catalyst RHBT-8 was obtained.

[0075] <Evaluation of hydrodesulfurization activity >
For measuring the desulfurization activities of th e
regenerated catalysts obtainedin Examples 1to6 a nd Comparative

Examples 1 to 3 as a catalyst for hydrogenation tre atment, the
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hydrodesulfurization test of gas oil described in t he
above-mentioned [Desulfurization test of gas oil] s ection was
performed. Therelativedesulfurizatioractivities weresummarized
in Table 1.
[0076] [Reference Example 2]
Anammoniaionandachlorineioncoexistingwith thealumina
hydrate particles obtained in the <Production of al umina hydrate
particle> section in Reference Example 1 were remov ed by washing
with water. Filtration was performed to achieve a water content
rate allowing for forming. The resultant was forme d into a
cylindrical shape having a diameter of 1.2 mm throu gh extrusion
molding (forming step), followed by drying at 120°C for 16 hours
and further calcination at 500°C for 3 hours (first drying step).

Thus, an alumina support was obtained.

[0077] The obtained alumina support was measured fo r the
specific surface area and the pore distribution, an dsubjectedto
X-ray diffraction. As a result, it was found that the specific
surface area was 346 m ?/g, the pore volume was 0.5 ml/g, and the

pore sharpness degree was 65.9%.

[0078] <Production of alumina catalyst>
34.5gofmolybdenumoxide,7.7gofcobaltcarbon ateinterms
of CoO, and 5.0 g of 85% phosphoric acid were added to water, and
dissolved through heating while being stirred. Thu S, a catalyst
componentaqueoussolutionhavingatotalweightad justedto100.0

gwasobtained. Further,4.3gofsorbitolweredi ssolvedin27.6
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g of the obtained catalyst component agueous soluti on. Thus, an
agueous solution containing a catalyst component wa s obtained.
[0079] 30.0 g of the alumina support obtained above were
impregnated with the aqueous solution containing a catalyst
component,followedbydryingat120°Cfor12hours . Thus,atitania
catalyst for hydrogenation treatment, ALC-1, was ob tained.

It was found that the obtained alumina catalyst fo

hydrogenation treatment had a specific surface area of195m g,
a pore volume of 0.35 ml/g, and a pore sharpness de gree of 62.4%.

A hydrodesulfurization test of gas oil using the o btained
catalystwasperformedunderthereactioncondition sdescribedabove.
The average value of the rate constants of the desu [furization
reaction was taken as 100, and used as a standard f or evaluation
ofthe catalyticactivities (relative desulfurizati onactivities)
of regenerated catalysts obtained in Comparative Ex amples 4to 6

described below.
[0080] [Regeneration of wused alumina catalyst for
hydrogenation treatment]

[Comparative Example 4]

The usedtitania catalystfor hydrogenation treatm entALC-1
recovered afteroperationinahydrodesulfurization apparatusfor
gasoilforaboutlyearwaswashedwithatoluene solventtoremove
anoilcontent. Then,theresultantwasdriedatl 20°Cfor10hours
inamairatmospheretoremovethesolvent. Athi stime thecatalyst

containedl16. 7wt%ofacarboncontentand8.2wt% ofasulfurcontent.
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[0081] The catalystafterthe drying treatmentwas
to regeneration treatment by rotating the catalyst
calcination furnace with keeping the furnace temper
for3hoursandthengraduallyelevatingthetemper
the furnace temperature at500°C for 3 hours, while
oxygen concentration gas having an oxygen concentra
obtained through dilution of air with nitrogen to f
furnace. It was found that the catalyst after the
treatmentcontained0.77%ofacarboncontentand0
content. The regenerated catalyst was represented
[0082] [Comparative Example 5]
30goftheregeneratedcatalystRALC-1wereimpre
sorbitolbyusinganagueoussolutioncontaining22
sathathecontentofsorbitolwaslOwt%withres
Then, the resultant was dried at 120°C for 3 hours.
regenerated catalyst RALC-2 was obtained.
[0083] [Comparative Example 6]
30goftheregeneratedcatalystRALC-1wereimpre
sorbitolbyusinganaqueoussolutioncontaining22
sothatthecontentofglucosewasl0wt%withresp
Then, the resultant was dried at 120°C for 3 hours.

regenerated catalyst RALC-3 was obtained.

[0084] <Evaluation of hydrodesulfurization activity

For measuring the desulfurization activities of th

regenerated catalysts obtained in Comparative Examp

subjected

in a rotary

ature at350°C
atureandkeeping
allowingalow

tion of 2.0%

low into the

calcination
.54%ofasulfur

as RALC-1.

gnatedwith

.1wt%ofsorbitol

pectathecatalyst.

Thus, a

gnatedwith

.Swt%ofglucose

ecttothecatalyst.

Thus, a

les4to6as
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a catalyst for hydrogenation treatment, the hydrode
testofgas oil described inthe above-mentioned [D
tesbigasillsectiorwasperformed. Therelati

activities were summarized in Table 2.

sulfurization
esulfurization

vedesulfurization

[0085] [Table 1]
Additive in impregnation step
Catalyst Saccharide or Catalyst Relative Kind of
No. Acid organic componen | activity support
additive t
Reference HBT-1 i ) ) 100
Example 1
comparative | pppr g None None . 52
Example 1
Example 1 RHBT-2 None Sarbitol 10 wt% - 91
Example 2 RHBT-3 None Glucose 10 wt% 98
Example 3 RHBT-4 None Glucose 5 wt% 77 Titania
Example 4 RHBT-5 None Sycrose 10 wt% 88 -coated
Example 5 RHBT-6 None Maltitol 10 wt% - 93
Example 6 RHBT-9 None Sarbitol 10 wt%o Mo, Co, P 98
Comparative 3 Citric Polyethylene i
Example 2 RHBT-7 acid 5 wt% glycol 5 wt% 61
Comparative 3 Citric o )
Example 3 RHBT-8 acid 5 Wi% Glucose 5 wt% 64
[0086] [Table 2]
Additive in impregnation
step . .
Catalyst Saccharide or Relative Kind of
No. Acid organic activity support
additive
Reference ALC-1 ) i 100
Example 2
comparative RALC-1 None None 53
Example 4 .
Comparative Alumina
P RALC-2 None Sorbitol 10 wt% 62
Example 5
comparative RALC-3 None Glucose 10 wt% 64
Example 6
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Claims

[Claim 1] A method of reactivating a used titania c atalyst for
hydrogenationtreatmenttheuseditaniacatalyst foihydrogenation
treatment being obtained by supporting a catalyst c omponenton a
titania support and exhibiting reduced catalytic ac tivity after
havingbeenusedforhydrogenationtreatmentofah ydrocarbonoil,

the method comprising:

acoke removal step of removing a carbonaceous com ponenton
a surface of the used catalyst by heating the catal yst in an
oxygen-containing gas atmosphere;

an impregnation step of impregnating the carbonace ous
component-removed catalyst obtained by the coke rem oval step with
a saccharide-containing solution; and

adrying step ofdrying the saccharide-impregnated catalyst
obtained by the impregnation step to obtain a catal yst in which
a saccharide is supported.
[Claim 2] A method of reactivating a used titania c atalyst for
hydrogenation treatmentaccordingto claim 1, where inthe titania
support comprises a titania-coated alumina support comprising a

titania coating layer on a surface of alumina.

[Claim 3] A method of reactivating a used titania c atalyst for
hydrogenation treatment according to claim 1 or 2, wherein the

catalyst component comprises at least one kind of p eriodic table
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group VImetalcompound, atleastone kind of perio

VlltoXmetalcompound andatieastonekindof

[Claim 4] A method of reactivating a used titania c
hydrogenationtreatmentaccordingtoanyoneofcla

the saccharide-containing solutiontobe usedinth

step comprisesasolution containing one kind or tw

of saccharides selected from the group consisting o
fructose, erythritol, xylose, xylitol, sorbitol, ma

sugar, maltose, trehalose, maltitol, isomerized sug

raffinose.

[Claim 5] A method of reactivating a used titania c
hydrogenationtreatmentaccordingtoanyoneofcla

the saccharide-containing solutionto be usedinth
stepcomprisesasolutioncontaining,inadditiont
acatalystcomponentcomprisingatleastonekindo
group VImetalcompound, atleastone kind of perio

VllitoXmetalcompound andatieastonekindof

[Claim 6] A method of reactivating a used titania c
hydrogenationtreatmentaccordingtoclaim5,where
componentcontainedinthesaccharide-containingso

the same catalyst component as the catalyst compone

on the titania support of the titania catalyst for

dictable group

phosphoruscompound.

atalyst for
imslto3,wherein
eimpregnation
oormorekinds
f glucose,
nnitol,invert

ar, and

atalyst for
imslto4 wherein
eimpregnation
othesaccharide,
fperiodictable
dictable group

phosphoruscompound.

atalyst for
inthecatalyst
lutioncomprises
nt supported

hydrogenation
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treatment.

[Claim 7] A method of reactivating a used titania c
hydrogenationtreatmentaccordingtoclaim5or6,
amountofthe periodictable group VImetalcompoun
table group VlIlIto X metalcompound, andthe phosp
in the catalyst component contained in the sacchari
solution, is 5 mass% or less with respect to a cata
ofaregeneratedtitaniacatalystforhydrogenation

reactivation, in terms of an oxide.

[Claim 8] A method of reactivating a used titania c
hydrogenation treatment according to any one of cla
wherein the oxygen-containing gas to be used in the

step comprises air.

[Claim9]Aregeneratedtitaniacatalystforhydrog
which is reactivated by the method according to any

1 to 8.

atalyst for
whereinatotal
d, theperiodic
horuscompound,
de-containing
lyst component

treatmentafter

atalyst for
ims1to[4]7,

coke removal

enationtreatment,

one of claims



