DESCRI PTION Title of Invention: METHOD OF PRODUCI NG REGENERATED
HYDROTREATI NG CATALYST AND METHOD OF PRODUCI NG PETROLEUM 5PRODUCTS
Technical Field [0001] The present invention relates to a nethod of
produci ng a regenerated hydrotreating catalyst, and a nethod of
produci ng a petrol eum product. 10Background Art [0002]

Sul fur-contai ni ng conpounds, nitrogen-containing conpounds,

oxygen- cont ai ni ng conpounds, and I re contained in crude oil
as inmpurities, and these inpuri tibggéﬁgrﬁzﬁcont ai ned in petrol eum
fractions obt alifiﬂed ? fractionating the crude oil. For the above 15
i mpurities in HHELE %ﬁth%um fractions, reducing their content is
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terns of the mpegypycorg of 20 environnental |oads, a demand for the
restriction and reduction of the content of the above inpurities,

i ncl udi ng sul freehgieal Biedd ng conpounds, in petrol eum products, has
beconme stricter, and many so-called "sul fur-free" petrol eum products
have been prodd@@d. The prp@no3Ahveition acledr to reeanethgd ceff groditcingsed f or
the hydrotreatment of 25petrol eumfractions descrjbed above is used
for a certai nreganersded dydrotfreatinge catalieds atdeat methed ddppseducing o
coke and sul fur conponents, and the |I|ike, and therefore, replacenent
i s perforned, PPHP@HUP@&P?’E- t he above "sulfur-free" is required, and

nydrot 10t ronBASKESUM Ashs, ~such a5 ker osene, 11 ght of |, and reduced
er cases, | wn Q2 it o SRAANE, hFReRCORERhinR CERAGIEY, o,
and an incr eaggybdh bORa BT BomPbuddiCatfiiR! M ard b8REIHEMn crude oil as

impurities, and these impurities are also contained in petroleum

fractions obtained by fractionating the crude oil. For the above
15 impurities in these petroleum fractions, reducing their content is
performed by the step of contacting with a catalyst having hydrotreating
activity in the presence of hydrogen, called hydrotreating. Particularly,
desulfurization in which the content of sulfur-containing compounds is
reduced is well known, Recently, in terms of the reduction of
20 environmental loads, a demand for the restriction and reduction of the
content of the above impurities, including sulfur-containing compounds,
in petroleum products, has become stricter, and many so-called
"sulfur-free" petroleum products have been produced.
[0003] When a hydrofreating catalyst used for the hydrotreatment of
25 petroleum fractions described above is used for a certain period, activity

decreases due to the deposition of coke and sulfur components, and the



[ 0004] As neasures for this, the use of a regenerated catal yst for
whi ch a spent hydrotreating catalyst is regenerated (regenerated
hydrotreating catalyst) is partly perfornmed in these facilities (for
exanpl e, see Patent 10Literatures 1 and 2). Citation List Patent
Literature [0005] Patent Literature 1: Japanese Patent Application
Lai d- Open No. 52-68890 15Patent Literature 2 Japanese Pat ent
Application Lajd-Open No, 5-123586 Summar | nventi on_Techni cal
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cost and an increase in the amount of the catalyst discarded.

[0004] As measures for this, the use of a regenerated catalyst for which
a spent hydrotreating catalyst is regenerated (regenerated hydrotreating
catalyst) is partly performed in these facilities (for example, see Patent
10 Literatures 1 and 2),
Citation List
Patent Literature
[0005] Patent Literature 1: Japanese Patent Application Laid-Open No.
52-68890
15 Patent Literature 2: Japanese Patent Application Laid-Open No,
5-123586
Summary of Invention
Technical Problem
[0006] In conventional regeneration treatment, it has been general to
20 select regeneration treatment conditions in terms of whether deposits of
coke can be removed or not, assuming that the main cause of a decrease
in activity ocourring during the use of a hydrotreating catalyst lies in the
deposition of coke. For example, in conventional regeneration
treatment, there has been a thought that it is good to set treatment
25 temperature to a temperature as high as possible and set treatment

temperature to a time as long as possible.



[ 0007] But, apart fromthe problemof the renoval of deposited coke,
regeneration treatnent itself may decrease catalytic activity by
changing the structure of an active netal supported on a catal yst
(the coordination formof the active nmetal and an oxygen atom and
the like), and the like. 5 In other words, a problem of excessive
regeneration treatnent is that a hydrotreating catal yst i s damaged,
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met hod of producing a regenerated hydrotreating catal yst, conprising
a first step chtalystperinsigally Ras isyldceasesht i ng cat al yst that has been
used for hydrotreatnent of a petroleumfraction and has a netal

el ement sel ect[800§]rkiris @noeljed off thegriessnd finvendiopde pydavide taatiethodaof
second step of performng regegg{ytion freat Tant, fogkP art of the
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X-ray absorption
object of the present invention to provide a method of producing a

15 petroleum product using a regenerated hydrotreating catalyst produced
by the above production method.
Solution to Problem
[0009] The present invention provides a method of producing a
regenerated hydrotreating catalyst, comprising a first step of preparing a
20 hydrotreating catalyst that has been used for hydrotreatment of a
petroleum fraction and has a metal element selected from Group 6
elements of the periodic table; a second step of performing regeneration
treatment for part of the above catalyst prepared in the above first step,
then performing X-ray absorption fine structure analysis for the above
25 catalyst after the regeneration freatment, and obtaining regeneration

treatment conditions in which a ratio Ig/lp of a peak intensity I of a



5 fine structure spectrum and a third step of performng
regeneration treatnent under regeneration treatnent conditions
determ ned based on the above second step, for the other part of the
above catal yst prepared in the above first step. [0010] In such a
production nmethod, the regeneration treatnent 10 conditions

determ ned based on the second step are regeneration treatnent

conditions in whjch .the hydrotregatin at gl yst cap be suffjciently
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terms of renoving the deposition of sulfur.” Therefore, in'the

production nettreadnedt witler pegepentionanhemnconditotiscistgnenetbadcden
regeneration treatnent is nore reliably prevented conpared with

conventi onal rthe Bbake sdconddthp farthe athargeneofithecibioyd catatysa prepgred
catal yst produced by the production nmethod of the present 25invention
has the sane lieikgabsvedsstsien.y as a hydrotreating catal yst before
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used. 10Advantageous Effects of Invention [0014] According to the

present inventindhe thingrseep & reydmdesded m_awmmg qaEadphe Gttty shaving
regenerated hydrotreating catalyst in ich a regenerated
hydr ot d&at i ng high adtixdty. st abl y havi ng high activity can be produced
froma spent hgdrot reating catalyst by such regeneration treatnent
condi ti ons [0011] In addition, conventionally, for “regeneration treatment
conditions, it has been general to select regeneration treatment
conditions in terms of whether deposits of coke can be removed or not,
whereas in the present invention, regeneration treatment conditions are
20 selected based on the ratio Ig/Ig in terms of removing the deposition of
sulfur. Therefore, in the production method of the present invention,
providing excessive tegeneration treatment is more reliably prevented
compared with conventional methods. In addition, a regenerated
hydrotreating catalyst produced by the production method of the present
25 invention has the same level of activity as a hydrotreating catalyst

before being used for hydrotreating, and therefore can be preferably



15 that the hydrotreating catal yst can be sufficiently regenerated,
and excessive regeneration treatnent is not provided. In addition,
there is provided a nethod of producing a petrol eum product using a
regenerated hydrotreating catal yst produced by the above production
met hod. 20Brief Description of Drawi ngs [00151 [Figure 1] Figure 1 is
a di agram show ng changes in radial distribution curves over tine in
Exanpl e 1. Figure_2] Fiqure. 2 is a diagramshow ng a

rel ati onship B@F&é%ﬁ%@%\%f@‘q Wi gt P fedtese Rioducke i n Exanpl e 1.
25[ Figure 3] Fi e.3.4s a di agram.show ng a,rel ationship betwee
treat ment tenﬂbaﬁ]u@e%@r‘?ﬁeﬂg WEAHER it Sapefed it the bovs mEtﬁErrpl e
2. Descriptio i 0 preferred enbodi nent of the

pr esent inven&lﬁﬁe@wﬁﬁgﬁ;ﬂm&b%'gh?tﬁh'det ail below. 5[0017]
(Hydrotreatin a ' | i h i ng
catal yst has gogg]a'rﬁgltpg%% l%\{aegnggbg%?? ?g&r)‘ngﬁl%sgg@ %%lgdg fiﬁ%ﬁéﬁ?é e{c])f
the perisodi ¢ YabloRud BfeivealcheiprR LB ’

el ement M). I—%re, exanpl es of Pthie}[%FgF g??&%@eﬁ@@g@?gﬁ%e

G oup 6 el emenfesrolfunt fiRctien ek ai-@%gig@raiéa hydibiegith eanlydhicduded

nmol ybdenum (M), and tungsten (W re, the periodic table refers to
a | ong- f or m pédryi tei pradabtien deéthod cdofbthet inesdmit iaventioro debcribeidosbosk, Pur e
and Applied Chem stry (1UPAC). The hydrotreating catalyst preferably
has nol ybdenuiush @aumpysdustiionnuonethpd else resioeNentolity beeonomy asecabes et al
el ement selected fromthe Goup 6 15el enents of the periodic table.
[0018] Exanpl deg@eratehydiotsatieseatalysbistigedist i ncl ude a catal yst

& oup 8061 et SNt gHBIRIENT s a0E EBIOR support ed on t he i nor gani o
support. [0014] According to the present invention, there is provided a method
of producing a regenerated hydrotreating catalyst in which a regenerated
hydrotreating catalyst stably having high activity can be produced from
a spent hydrotreating catalyst by such regeneration treatment conditions
15 that the hydrotreating catalyst can be sufficiently regenerated, and
excessive regeneration treatment is not provided. In addition, there is
provided a method of producing a petroleum. product using a
regenerated hydrotreating cafalyst produced by the above production
method.
20 Brief Description of Drawings
[00157 [Figure 1] Figure 1 is a diagram showing changes in radial
distribution curves over time in Example 1.
[Figure 2] Figure 2 is a diagram showing a relationship between
a ratio Ig/lp and treatment time in Example 1.
25 [Figure 3] Figure 3 is a diagram showing a relationship between

treatment temperature and minimum requited treatment time in



[0019] In the hydrotreating catal yst, the anount of the supported
metal 20 elenment selected fromthe Goup 6 elenents of the periodic
table is preferably 5 to 40% by nass, nore preferably 10 to 30% by
mass, in ternms of an oxide of the netal el enent, based on the total
mass of the hydrotreating catalyst. [ 0020] As the inorganic
support, an inorganic support conprising 25al um num oxide is
preferred. Exanples of such an inorganic support include al um na,

al umi na-si | i c&x@mnleena- boria, alumina-titania, alumi na-zirconia,
al um na- magnesia, alum na-sili,ca-zirconia, and

al umi na-sili Cjﬁqsp{'mog_m mhgdiments supports in which porous

opi o1t s, nofonar Pesiered SBhafit) e Gelord o ARSPERbe Car
al so be used, Wﬁﬁe&ﬂ?eﬁbﬁm na is preferred as the inorganic
er than

support. [002 e metal elenment selected fromthe G oup

6 el emegts of [gﬂg]gggj}ggggﬁ) th‘);ggg or two or nore netal elenments

selected fromt nts of the periodic table nay be
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rhodi um (Rh), iridium(1r), nickel (N ), palladium (Pd), and platinum
(Pt). Anong t hemefinies refermeddt as mdingtal dempni d¥).a Heteglexathples wf the
selected fromiron, cobalt, and nickel, it is nore Ereferred to

corr]Pri se a rretl'?fﬂa]e‘#lgﬁ\@ﬁt selqﬁe@&mﬂm&b | (40 @lﬂﬁnmts ﬁb ﬂlderparimliq tazblmhit
o A0 TG Sl it S e,
§§b2| e [“Jnés; TS TeriRdc Bl e o Pttty tafﬁ&iiﬁﬁg? B s,

T G 8

T oo oot BFnetAROT i T PhecC b ABIRR CREGTn SORAG) O ONP h

| 1 - 00 . ‘ .

motal o enen DBEReng yllgnt BERNLEAS, nidlybdtnin OF (@fla@dl, Sofy LD
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25cat al yst) include "a catal yst obtained by supporting 5 to 40% by
mass ofl5a net glemdmsofithegetiwdicdblet om the Group 6 el ements of the

pert odie [0018] Examples of the hydrotreating catalyst include a catalyst having
an inorganic support and a metal element selected from the Group 6
elements of the periodic table, supported on the inorganic support.
[0019] In the hydrotreating catalyst, the amount of the supported metal
20 element selected from the Group 6 elements of the periodic table is
preferably 5 to 40% by mass, more preferably 10 to 30% by mass, in
terms of an oxide of the metal element, based on the total mass of the
hydrotreating catalyst.
[0020] As the inorganic support, an inorganic support comprising
25 alumihum oxide is preferred. Examples of such an inorganic suppott

include alumina, alumina-silica, alumina-boria, alumina-titania,



table, as an oxide, and 0.1 to 20% by mass of a netal el enent
selected fromthe Goup 8 to 10 elenents of the periodic table, as an
oxi de, on an inorganic support. [ 0024] As a precursor of the
netal el enent used when supported on the 5inorganic support, for
exanpl e, inorganic salts and organonetal lic conpounds of the netal

el ement are used. Anpbng these, water-soluble inorganic salts are
preferred. The support of the netal elenent |s preferahly perforned
using a sol ut i SAIErEFONED| yoMIBYIARHES 80| GIUMBIA-SHLCA HECORMR Y eand
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el enent is turne nto a sulfi y sulturization treatnent called

presul fidi ng. [DOSPBDHErY thagit ieatrhagl sdlementl Relebedstiom ahe Group 6
hydrotreating a petroleumfraction, it is preferred 20 to performthe

presul fiding alememtataf fist pakatigadblentone oo airr m@ké mgethbeldndrys
before a hydrotreating reaction, to turn a netal elenent in the

catal yst i nt o salestedafromuthe iGropp[ee ) elmeents afithe pertodié tabe may be
presul fiding are not particulayly limgted, and it is _preferred to add
a sul fur conpdutihen supnestedon tfa@éaongﬁnxch@pppﬂydrw@wﬁtth@fm@tal

petr ol Gy f1acy | o0 b fa bR B oS VIS clebens ofthe perodic table

include iron (Fe), ruthenium (Ru), osmium (Os), cobalt (Co), thodium
(Rh), iridium (Jr), nickel (Ni), palladium (Pd), and platinum (P¢).

Among these, it is preferred to comprise a metal element selected from

iron, cobalt, and nickel, it is more preferred to comprise a metal element

15 selected from cobalt and nickel, and it is further preferred to comprise
cobalt. In this embodiment, as the combination of metal elements
supported on the inorganic  support, cobalt-molybdenum,
nickel-molybdenum, cobalt-molybdenum-nickel,
cobalt-tungsten-nickel, and the like are preferably used,

20 [0022] The amount of the supported metal element selected from the
Group 8 to 10 elements of the periodic table is preferably 0.1 to 20% by
mass, more preferably 0.5 to 10% by mass, in terms of an oxide of the
metal element, based on the total mass of the hydrotreating catalyst.
[0023] Examples of the hydrotreating catalyst that is unused (unused

25 catalyst) include a catalyst obtained by supporting 5 to 40% by mass of

a metal element selected from the Group 6 elements of the periodic



m xture with the catal yst under the conditions of a tenperature of
200 to 380C, an LHSV (Liquid Hourly Space Velocity) of Ito 2111, the
sane pressure as during hydrotreating operation, and a treatnent tine
of 48 hours or nore. The sul fur conpound added to the feed oil is not
limted, and dirnethyl disulfide (DVDS), hydrogen sulfide, and the

| i ke Sare preferred, and it is preferred to add about 1% by mass of

t hese, based on the nass of the feed oil, to the feed oil, [0028

Oper ati on condablpoasan axideeand 8 tor209 diyompssef a geteldementeslsete
fraction are t rgjcularly Ijmted, .and for, the purpose  of

e nt ai ni ng a AALEe Grod ian 10 plemvofsit GF apuinticanblebas Hgan a5 4
sulfide, a sml]| 10. armuar{I of a sul fur conpound, such as DVDS, may be
added to the FRYEFWCSUPERL: it is preferable that the sul fur conpound
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preferably 4 to I1 MN. Wien the hydrogen partial pressure Ts |ess

than 3 MPa, caokaterrscldbletinorganiv sdiie aratmbiesiedbeTheamppoilt @fshe metdl
there is a tendency that catalyst |ife shortens. On the other hand,
when 20 the hylsmedns peefeiably perfsmedersing asolativh fprefSablpan agneous
construction cost of the reactor, peripheral equipnment, and the |ike
i ncreases, andolutiony ¢f the f ehaver pracuEBNoMS | IPPOLt OppIALISD] Kueasw i n

the hydrotreatin tep can he perforned in the range of preferahly
0.05 t405 |1 ,m%g?tis, S%? Fyalp IRINERION Elef%loir?& iniregrationspetdpdy apl y
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[0025] It is preferred that the support on which the metal element is
supported is dried, and then preferably calcined in the presence of
oxygen, and the metal element is turned into an oxide once. Further, it
15 is preferred that before the hydrotreatment of a petroleum fraction is
performed, the metal element is turned into a sulfide by sulfurization
treatment called presulfiding.

[0026] (Hydrotreating step)
In the step of hydrotreating a pefroleum fraction, it is preferred
20 to perform the presulfiding of a catalyst charged into a hydrotreating
facility, before a hydrotreating reaction, to turn a metal element in the

catalyst info a metal sulfide.
[0027] The conditions of the presulfiding are not particularly limited,
and it is prefetred to add a sulfur compound to feed oil used in the
25 hydrotreatment of a petroleum fraction and continuously confact the

mixture with the catalyst under the conditions of a temperature of 200 to



that econony is lost. On the other hand, when the LHSV is nore than 5
W, there is a fear that the hydrotreatnent of the feed oil is not
sufficiently achieved. [0031] Hydroteating reaction tenperature in
the hydrotreating step is 5 preferably 200C to 410C, nore preferably
220C to 400C, and further preferably 250C to 395C. Wen the reaction
tenperature is less than 200C, there is a tendency that the
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on the catalyst at a reactor outlet proceeds, and thére is a tendency
that catal yst basddeors thermesssof th féedoih tdrdre feaddil. when the hydrogen/ oi |
ratio is nore than 8000 SCF/ BBL (1400 NL/L), the 20constniction cost
of a recycl e ¢00H]eOparatibrcwmdiionsdasthevstep afihyrhadraating @ peraleuthat
econony is lost. [0033] A reacti orI. formin the hydrotreating step is
not parti cul adiagtipnere aet patiguleds lisaiteshiandifet the pipose phsinfriotEsses,
such as a fixed bed anﬁl.wﬁ eVi n ed, and a fiéled bed il%d%referred.

In addition, idStte 1 w metal element of the catalyst 1s a sulfide, a small
10 amount of a sulfur compound, such as DMDS, may be added to the feed

oil, but it is preferable that the sulfur compound is not particularly

added because generally, the state in which the metal element of the
catalyst is a sulfide can be maintained by the sulfur compound already
contained in the feed oil.

15 [0029] Hydrogen partial pressure at a reactor inlet in the hydrotreating
step is preferably 3 to 13 MPa, more preferably 3.5 to 12 MPa, and
further preferably 4 to 11 MPa. When the hydrogen partial pressure is
less than 3 MPa, coke production on the catalyst becomes intense, and
there is a tendency that catalyst life shortens. On the other hand, when

20 the hydrogen partial pressure is more than 13 MPa, the construction cost
of the reactor, peripheral equipment, and the like increases, and there is
a fear that economy is lost.

[0030] LHSYV in the hydrotreating step can be performed in the range of
preferably 0.05 to 5§ h™, more preferably 0.1 to 4.5 ', and further

25 preferably 0.2 to 4 h'. When the LHSV is less than 005 b, the

construction cost of the reactor becomes excessive, and there is a fear



25preferred that the reactor is in the tower type reactor, [0034] As
the feed oil subjected to the hydrotreatnent of a petrol eum
fraction, one in which distillation tenperature in a distillation
test is preferably in the range of 130 to 700C, further preferably
140 to 680C, and particularly preferably 150 to 660C is used. Wen
feed oil in which the distillation tenperature is |ess than 130C is
used, a 5 hydrotreating reaction is a reaction in a _gas phase, and

there is a tenbitspnemuds fstf oPrdhe ether haed, whar theildnb Vyis &noie haned
with the above, catal yst,. t he ot her hand, when feed oil in, which
the i oti | Tt fo t Sieriacarent Qopdhe hRRCAIDR of daedeed il ioRpent
of poi soning supstanges.for ,the catal yst, such as heavy netals,
contained in FH@fcﬁggg'%l%’iep; i ncreases, and the life of the catalyst
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the distillation test means one performnmed according to "Determ nation
of distillati @il shet auffemertlyi achiewed: ediic o pthesshamd; svher the reaction
"Determnation of distillation characteristics by gas 20
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of dondi ty anGebEE B SO ARLIEHEA: (bl o5 Oefined i n NS K2249,
rothoa of pr odtE A BYPEHEHERL FERSATR T BilENToR SERLGDS SRR g

to this enbodi i [

hydrotreati ng&%%{%llggg?@%ﬁa@%ze’%g%ﬁgﬁgg?ﬁgtt(ﬁzgﬁggpg%g’%%e of a
petrol eum f raﬁiéf@ﬁbﬁﬂqzbaﬁ) Fouet SCFMBIEME0 ¢! 1@p0eNI/LY)Mbd Fulheup 6
el enents of the periodic table (hereinafter a "spent catalyst"); the

secondl5 st ep paéfeiubly AS0i 6 6000eSCFABBLN(25r ent 1980t NLGL). paWhedf thehe

catal yst prepared in the first step, then performn ray absorption

fine structur dydrgepbils ribo ishdessatthiny st0thf SEF/BRe ?]ebeNér‘Ia)‘,i coke

treatnment, and obtaining regeneration treatnent condjtions in which
the ratio |s/ poodictioneomthekcatalyshai ayreacioneutdetjarareads; anddherg is@ a
bond between the, abov a. sul fur peak

[ Int ensity Idc, tmdegc}bgﬁ@(tlg@tg.f};[sghi{fglcp%%ﬁs.gg B et arheh liat Téfhgﬁﬂ;[eﬂfﬁéjt a:
i Str1 but 1o CHRHESSINEFAGY if (o ek 0RO SCRIBEY Oi0 NS, e
S1TUCt e SPCCLEURARLobGe d Do iflscRBeb SRR BReehFE LR

treat t und
is a fear that economy is lost.

[0033] A reaction form in the hydrotreating step is not particularly

limited, and can be selected from various processes, such as a fixed bed

and a moving bed, and a fixed bed is preferred. In addition, it is
25 preferred that the reactor is in the tower type reactor.

[0034] As the feed oil subjected to the hydrotreatment of a petroleum

10



15treat nent conditions determ ned based on the second step, for the
other part of the catalyst prepared in the first step. [0037] In this
enbodi nent, the regeneration treatnent conditions determ ned based on
the second step are regeneration treatnment conditions in which the
hydrotreati ng catal yst can be sufficiently 20regenerated, and
excessi ve regeneration treatnment is not provided. Therefore, a

ot oo rorecate ) GRS R Rl 5% °
0038] | iti i [

E:ondi %:Ii 025?1 i Itl’tlhﬁgab&ig‘ﬁ: ntn’lé’t%gg ‘E%léélotr@c?&%zge g If&g%t‘e?ai)égﬁ%@ngo

o5 g . . .

ot wher eas. 990t fe 25 BanhF el FaRY |8 B 6PEC if e WEAR 188

condi tions ar gail ﬁ?bﬁl‘%&?ﬂl@aﬁﬁﬁ?ﬁ&l Eépﬁ%ér%&é) id §sh Qpéﬁi‘ 1865C78s Qked, a

removi ng the déeposition of sulfur. retfore, 1n e "producti on

met hod gf the Hydeseddline Measfidwis Pr&ittidhn axge@,@s?hm, reegefiRfatis on
treatnment is nore reliably prevented conpared wi th conventi onal

net hods. | n adeidenoy that peefienanes édnbdt fyfficiehtlsakhildtedawith thé abswguced
by the production nethod of the present invention has the sane |evel

of activity asatalystdr Or thet othgr bandy when Hedcbod imewhichutteddistilation
hydrotreating, and therefore égn b7e pref]erglat%{%yﬂnused tgxfj; afca’gal yst for
obt ai ni ng a " demperatire els” moxe dhan . 7006036 u er egnieis or poisemirig ne
structure (XAFS) anal yfsi in the 10 second step,is a pethod, i v&:ich
a substance t SUBHABGES] 9&3@ ¢atalyst; suchnas ewtlne&lsﬁwgta&ﬁdﬂaithﬁw
synchrqgt,ron radj ati on geney at b n el ectron accel erato X-rays
ot espBni ng b Tnisghsedy syl et bR cBteih i decenss BiselyL, Aiber o
of the substa i e ﬁq‘gﬁg t] r ( XAFS,

slpeﬂ rgrr) Tﬁ%&%@?ﬁﬁxﬁ%@*’%@gﬁ‘p I 6 {i%tao%? ﬁﬁé g&ﬁs?@n?& pgt

pl otted on - OV : :

Bt ruct ur o ( EvBEOSELE REEH, arld B BEGH HRohaiés dcabPACt s d 8500

ener gy side thgn.go0egiah sl sWiiefordthe i1 [P0 PORWPayd,t Y changes

suddenly with respect " to the irradiation X-ray enérgy (absorption
edge), in the [¥0F Heegt themsubyr Foontert meansfsulfit ngontent measured
15 according to "Energy-dispersive X-ray fluorescence method" in "Crude
oil and petroleum products - Determination of sulfur content" defined in
JIS K 2541. In addition, the distillation test means one performed
according to "Determination of distillation characteristics at reduced
pressures" or "Determination of distillation characteristics by gas
20 chromatography” in "Pefroleum products - Determination of distillation
characteristics" defined in JIS K 2254, The density at 15°C means
density measured according to "Oscillating Determination of density" in
"Crude petroleum and petroleum products - Determination of density
and Petroleum measurement tables" defined in JIS K2249,
25 [0036] (Methed of Producing Regenerated Hydrotreating Catalyst)

A method of producing a regenerated hydrotreating catalyst

11



20t hi s EXAFS spectrum a radial distribution curve can be obt ai ned.
[0040] Fromthe radial distribution curve obtained in this manner,

I nformation regarding a structure around an atomto be neasured can
be obtained. In this enbodinent, attention is paid to a peak
attributed to a bond between the netal elenment selected fromthe

G oup 6 elenents of 25the periodic table and an oxygen atom and a

peak attributed to,a bond betwegn the netal el egent selected fromthe
Group 6 el enerCeording f this mbadment spuDkss dectiist SiePaphAEnRHNEHY

{ﬁS;' pﬁggér e L e R R R @‘%IaaL .

| si el : ' .

in tﬁe”flznze‘ Qetfichy SAEHOR IS 5 2 kel Bjchnehy sGREH TR B EEE, ¥
Loe Lange. o . ‘ . :

oo L o RGeS BRGNS, (e ANNRE AOGEROFARIEL. 4R sLERR Mon!

fromthg G ough %lfeﬁaﬁmiﬁ% fcgendrafibi® tedatinahl Soi iqaﬁolofbﬂﬁnéifhlgghe

XAFS anal ysis in the presenl invention can be carried out by t

fol I owi ng met peehardd>nr dhe Shslr etep, cthvh i perdorsniXe r Ayay AdBdorgliory fine
crystal: Si(311) Beamsize: 1 mmXx 2 nun
structure analysis for the catalyst after the regeneration freatment, and
obtaining regeneration treatment conditions in which the ratio I/l of
the peak intensity I of a peak atfributed to a bond between the above
10 metal ¢lement and a sulfur atom to the peak intensity I, of a peak
attributed to a bond between the above metal element and an oxygen
atom is in the range of 0.] to 0.3 in a radial distribution curve obtained
from an extended X-ray absorption fine structure spectrum; and the
third step of performing regeneration treatment under regeneration
15 treatment conditions determined based on the second step, for the other
part of the catalyst prepared in the first step.
[0037] In this embodiment, the regeneration treatment conditions
determined based on the second step are regeneration treatment
conditions in which the hydrotreating catalyst can be sufficiently
20 regenerated, and excessive regeneration treatment is not provided,
Therefore, a regenerated hydrotreating catalyst regenerated in the third
step is a regenerated hydrotreating catalyst stably having high activity.
[0038] In addition, conventionally, for regeneration treatment
conditions, it has been general fo select regeneration treatment

25 conditions in terms of whether deposits of coke can be removed or not,

whereas in the present invention, regeneration treatment conditions are

12



Det ector: ionization chanber Measurenent atnosphere: the air 15Dwel |
time: 1 sec Measurenent range: Mo K absorption edge (19500 to 21200
eV) Data anal ysis (Fourier transform program REX2000

(manuf actured by Ri gaku) 20[0043] In addition, for the details of
data anal ysis, such as the way of taking a baseline when extracting
an EXAFS spectrum data anal ysis can be performed according to a

Z‘Sérf’gﬁf Cons. bs%Eea{‘-l 554 Obalin ks o astgﬁﬁé?vfscotﬁ%ag then Eﬁsgqasﬁfcﬁx'é .
P Co | 20 57 XAF
agalhlygl ;n?nf}a Lﬁ‘gdt@b&?fﬁaﬁﬂé@ﬁ%&%ﬂvﬁdﬁ?@@#ﬁ 599 EIEYB“ %’T‘hl s

I
ot el orent MO/ tResEEGRAMCHAREA B Bloge [f&%ﬁ AL
table is t ung% éd‘%?ﬂf":c%n%ﬁﬂ t%rﬁ&'clisn-%@oﬁge Rhe3&dtioh ”%e%rﬁ?ggrg@r ays

carried out by ol  owi ng net ray source: cont
Anal yzi §g cr yf‘d}ﬂketreﬁhhﬁ%ﬂalyst produced by the production method of the present

.4

invention has the same level of activity as a hydrotreating catalyst
before being used for hydrotreating, and therefore can be preferably
used as a catalyst for obtaining a "sulfur-free" product.
[0039] The X-ray absorption fine structure (XAFS) analysis in the
10 second step is a method in which a substance to be analyzed is
irradiated with X-rays contained in synchrotron radiation generated by
an electron accelerator, or X-rays corresponding to the X-rays, with
energy changed, and the structure of the substance is analyzed by an
absorption spectrumt (XAFS spectram) in which the X-ray absoiptivity
15 of the substance is plotted on the X-ray energy. The extended X-ray
absorption fine structure (EXAFS, spectrum is a specirum in a region on
a higher energy side than a region in which the X-ray absorptivity
changes suddenly with respect to the irradiation X-ray energy
(absorption edge), in the XAFS spectrum. By Fourder fransforming
20 this EXAFS spectrum, a radial distribution curve can be obtained,
[0040] From the radial distribution curve obtained in this manner,
information regarding a structure around an atom to be measured can be
obtained. In this embodiment, attention is paid to a peak attributed to a
bond between the metal element selected from the Grouip 6 elements of
25 the periodic table and an oxygen atom, and a peak atfributed to a bond

between the metal element selected from the Group 6 elements of the
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Beam size: 1 mmx 2 mm Detector: ionization chanber Measurenent
atnosphere: the air 10Dwell tinme: 1 sec Measur enent range: W3
absorption edge (9700 to 101400 eV) Data analysis (Fourier transforn
program REX2000 (nmanufactured by Ri gaku) [0045] The details of data
anal ysis, such as the way of taking a baseline 15when extracting an
EXAFS spectrum are simlar to the above. [0046] Wen the netal

el ement selected fromthe Goup 6 elepents of the periodic tabhle is

chromi um t he Desbdigighlaanda Slﬂifltlwéoiitis sxiberadial distribitionawrys apdithe ed
20Anal yzi g 8'rp'gs3a¥<‘”am%n§ﬁ%€%1§ncé@9% a5 6005 FE QPR n Dot obtor-
o L B RSk b o
of 0.1 to 0.3, and is more preferably in the range of 0.1 to 0.2, further
5 preferably 0.1 {0 0.15. 'When the ratio I/l is in the above range, an
obtained regeneration treatment catalyst has higher activity.
[0042] When the metal element selected from the Group 6 elements of
the periodic table is molybdenum, the XAFS analysis in the present
invention can be catried out by the following method.
10 X-ray source: continuous X-rays
Analyzing crystal: Si(311)
Beam. size: | mm x 2 mm
Detector; ionization chamber
Measurement atmosphere: the air
15 Dwell time: 1 sec

Measurement range: Mo K absorption edge (19500 to 21200

eV)
Data analysis (Fourier transform) program: REX2000
(manufactured by Rigaku)
20 [0043] In addition, for the details of data analysis, such as the way of

taking a baseline when exfracting an EXAFS specirum, data analysis
can be performed according to a method described in “X-Ray
Absorption Spectroscopy - XAFS and Its Applications - edited by
Toshiaki Ohta, published by Industrial Publishing & Consulting, Inc.
25 (2002), pp. 57 to 61" using the XAFS analysis integrated software
REX2000 (manufactured by Rigaku). This method was also used in

14



Data anal ysis (Fourier transforn) program REX2000 (nmanufactured by
Ri gaku) [0047] The details of data analysis, such as the way of
taking a baseline when extracting an EXAFS spectrum are simlar to
t he above. [0048] Wen the hydrotreating catal yst has two or nore
nmetal elenments 5 selected fromthe Goup 6 elenents of the periodic
tabl e, the second step is carried out for a netal elenent in which

content in ter of, an oxj|de,is highest, anpbng the netal elenents.

[ 0049] The poﬁweﬁ)aes&“bé‘g@t%tr?but ed to agbond bet ween each net al
el emrent and a t Om Or | fur ,at.om.can be, easi det er m,ned
10 by those sﬂ}oﬁﬁﬂ%@ﬁs n&c;tgfe Sﬁ@nk’g@l&@&i}ﬁﬂ% ,t11e\/\ﬁ1é91"sl’lc héler%@]é? of

el enent sel ect am: t t he ri.odi,c table.is
nol ybdenum a tggaéélgtﬁlér P%Bgegy?%ﬁ %&%%%m%n%#@%dgnm anerenh

oxygen atom (qﬁ{,ﬁ 1 da8betaridtt SutdRy céﬁ%’nwr@ Iﬁ@tﬂb?‘lnedi stribution

curve, is generally at an iInferato stance in range of 0.1 to

0.15 ury. 15 In adyifaiyQBurce: @&ﬁhu@h&ﬁ-ﬂ?&ed to a bond between
nol ybdenum and a sul fur atom (hereinafter a "Md-S bond") is generally

at an interatom c dAstbamg drpstath@if3anpe of 0.18 to 0.22 ntn. [0050]
The first to third steps wll be described in detail below (First
Step) 20In the firsBeshayre: & nwpen? nuat al yst is prepared, and part of
the spent catal yst prepared in the first step is subjected to the
second step, and thﬁe@pm?wpsﬁatlongh@mbplea ed to the third step.

[ 0051] Here, the s t catal yst does not necessarily indicate only
easutement aimosphere; the air

10 Dwell time: 1 sec
Measurement range: W L3 absorption edge (9700 to 101400 V)
Data  analysis (Fourier transform) program: REX2000
(manufactured by Rigaku)
[0045] The details of data analysis, such as the way of taking a baseline
15 when extracting an EXAFS spectrum, are similar to the above.
[0046] When the metal element selected from the Group 6 elements of
the periodic table is chromium, the XAFS analysis in the present
invention can be carried out by the following method.
X-ray source: continuous X-rays
20 Analyzing crystal: Si(111)
Beam size: 1 mm X 2 mm
Detector; ionization chamber
Measurement atmosphere: the air
Dwell time: 1 sec
25 Measurement range: Cr K absorption edge (5500 to 7200 eV)
Data analysis (Fourier transform) program: REX2000

15



hydrotreati ng catal ysts that have been simultaneously used for one
25hydrotreating. The spent catalyst may include a plurality of
hydrotreating catal ysts that have been used for simlar or anal ogous
hydrotreati ng. For exanple, it is also possible to subject a
hydrotreati ng catal yst that has been used for first hydrotreating to
the second step and subject a hydrotreating catal yst that has been

df b Ipﬁd t ti t the third st .
g[SSO_SZfr ( ;:ggz&n%{%%lse%%uyeﬁg rg_ezzgﬁdl Q?ep? r_egenelr ;t i gs)nefr eat nent
Conge of 0. 1 (oRTE ThBaeRAR AR BRI Rath th vy o kg abasetine ©

ti ‘ al / o q |
hareor i nol uo el PRE IR X ARS bReth, HsTihiino R0 aRons "L ey
2), (3), d PR3 )
((:a% al §/s% [ gndi[\@iﬁgg]d I nto g'}%fi%aﬁl c%?l%sgbrpa‘{ggé oﬁ%g&?&efz@%@%n%l e,
regener & i on tgebatdre fom ﬂnd@%&%@e@leﬁ\ﬂeﬁﬁ o gt %?E}ggé ﬁ}{gﬁr ﬂﬁf%?ﬂ%d

changed and regeneration treatent conditions

treat nent tenmemisucarriéd vanforenindialrelemant ieRhiEAHontdn s BEaCof A0 d
the |ike) unchangeed. After the regeneration treatnent, for each

sanpl e, the raadide isdrigloest, sanvigrthe enbtalealetnenteat ment time in which the
ratio Is/10 is_in the range of 0,1 to 0,3 is obtained. [0054]
According to t[RB4¥Medhegopiipn afracpeakeatirinderhty atond betsuesny exth Bétalvhen
regeneration treatnent, i s perforned under predeterm ned conditions
(treatment ti rf'é‘?ln%nr?@é]a?q@ﬁge&tw& sulfurriomean beeasily detasmined

bt ai . ht ; I B ly, . the |
and. 1t ndohi onedd Moo KU tpcRbudia. e RiBg ok b praslodetent 15
PR 101 Mg UNOSkidRicR ket M IGRA! 6 il 8 B8 BbEEe FRHSOF)

molybdenum, a peak attributed to a bond between molybdenum and an,
oxygen atom (hereinafter a "Mo-O bond"), in a radial distibution curve,
is genetally at an interatomic distance in the range of 0.1 to 0.15 nm.

15 In addition, a peak aftributed to a bond between molybdenum and a
sulfur atom (hereinafter a "Mo-S bond") is generally at an interatomic
distance in the range of 0.18 to 0.22 nm.

[0050] The first to third steps will be described in detail below.
(First Step)

20 In the first step, a spent catalyst is prepared, and part of the spent
catalyst prepated in the first step is subjected to the second step, and the
other part is subjected to the third step.

[0051] Here, the spent catalyst does not necessarily indicate only
hydrotreating catalysts that have been simultaneously used for one

25 hydrotreating. ~ The spent catalyst may include a plurality of

hydrotreating catalysts that have been used for similar or analogous
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Part of the spent catalyst is divided into a plurality of sanples,
and for each sanple, regeneration treatment is perfornmed wth
treatnent tinme changed and regeneration treatnent conditions other
than the treatnment tine (treatnment tenperature, a treatnent
atmosphere, and the |ike) unchanged. After the regeneration
treatment, for each sanple, 5the ratio Is/10 is obtained, and
treatment tenperature at which the ratio Is/10 is in the range of 0.1
to 0.3 i s obtahy@atreatogses] Harc sxdinple,t ot tike atwt h?ﬂslblbé tot &sabjwena
[ ired when regeneration treatment is performed under
:)Ir (ranée[ g(rqlrjn! ned 'B?T?'fitg}ge"f(tghféb hes beapased forefirsh élgdmiteﬂﬁng to the
dth | ke), can be .10, obtaj ned. In addjtion,

apec ically  TRE ﬁ%&%@tsq%af@i@rm’owwwalméh%h@e%aemus@_dtfnrgm

[ wh rege | t toent i.s perfo . ynder predeterm ne
E:Iog'daitigzs cgn%é%gf%bﬁé@&n?gﬁérﬁwﬂﬁ?%&Hﬁlﬁ”gﬁj:[alE‘g?fm_of ht he spentt_

tal ysts i s pl | m@gri ng apparatus in ich regeneration
??eat?/rer?t ang @Qﬁgu%bc?gr ptiton fine structure analysis can be

i mul t aneousl erf s é}%ﬁg{ t L .
zlnal ysis is pgrl‘oor rrgglﬁgfsep?r%ggest%% r’%¥%e_ | r@effrga s‘°’hP?8‘?&“é%§n~§f S‘fhl%l}/ery
m nute) whil e theghoee gichlerintonsiey FRd 1% REIA GherReheoThe0.1 4 9 Lhe

results of the X-ray absorption fine structure analysis, changes in
the 20ratio | Lbtiiheder Atnethodoé obtiidig dsb 1'e§8ﬂbrhﬁitﬁﬂtreﬁﬁ{ent tamdjtignahi ch

the ratio Is/10 is in the range of 0.1 to 3 is obtained. [0058]
According to tifaotbimited, @ayl examplasnibateof iineluderstheds described in the
10 following methods (1), (2), (3), and (4).
[0053] Method (1):

Part of the spent catalyst is divided into a plurality of samples,
and for each sample, regeneration treatment is performed with treatment
temperature changed and regeneration treatment conditions other than

15 the treatment temperature (treatment time, a treatment atmosphere, and
the like) unchanged. After the regeneration treatment, for each
sample, the ratio I/l is obtained, and treatment time in which the ratio
I3/l is in the range of 0.1 to 0.3 i3 obtained.

[0054] According to the method (1), treatment temperature required

20 when regeneration treatment is performed under predetermined
conditions (treatment time, a treatment atmosphere, and the like) can be
obtained. In addition, specifically, the lowest treatment temperature
and the highest treatment temperature when regeneration treatment is
performed under predetermined conditions can be obtained.

25 [0055] Method (2):

Part of the spent catalyst is divided into a plurality of samples,

17



treatment time and nmaxi numtreatnent tine) required when regeneration
treatnment is perforned under predeterm ned conditions 25(treatnent
tenperature, a treatnent atnosphere, and the |like) can be obtained in
a short tine w thout perform ng neasurenent for a plurality of
sanples as in the nmethod (2). [0059] Method (4): Part of the
spent catalyst is divided into a plurality of sanples, each sanple is

B e ot o it R CERBOE L L LSRR B P L fReat =
perforned, and;sraynabs Yl f¥ankialbn SEEHEEHE CoRARONS! GinksS dRET Y med
E #%éexrrple e ymmﬂ%ﬁe) V\%He

at predeterm ned interval's ( a , ever

regeneration t Ei‘i’d"t‘li b ' t t

changed for eggﬁﬁganp Igbﬁ%ﬁéﬁiﬁi ﬁﬂ?%ﬁéﬁ?’g{sﬁ tﬂsmgg aﬁtlﬁée%%trﬁéégﬁ %h °
absorption fi n&@tumﬁm%sa. angersihe, repBiISEGn itfRatriént! &b eadhsdaklpleyer
time at each treatnent tenperature are obtained, and treatnment tinme
in which the rhe irstid &fIgoisicbtained, hadrtrsrgacnf tethpbrdtoreOatdvhish thaedtio
treatment tenperature, is obtained. [0060] According to the nethod
(4), a rel ati dg¥hispnibe vengn of OdatorfbBiis damedper at ure and required

treatnment tinme becones c|ear, and therefore, treatnent tepperature

and treat ment [00%% Aseomding o tbe rmethedy(2)e treptment dtimg seequised twen
O her  t han | ndCRUSHION, RS TGR i AT UACR: BEdete BE0B GHRNTETOHA O o
\ch,? hr 3; iO OL:i l(gﬁ’-ﬁé%ﬁ%& hé‘mia%r%mrrg,ngq:re%ftmgntlattn?os%hgre? 3hd bcﬁe qﬁ(te rcg}l rbeed
10 obtained, In addition, specifically, the shortest treatment time and the
longest treatment time when regeneration treatment is performed under
predetermined conditions can be obtained.
[0057] Method (3):
Part of the spent catalyst is placed in a measuring apparatus in
15 which regeneration treatment and X-ray absorption fine structure
analysis can be simultaneously performed, and X-ray absorption fine
structure analysis is performed at predetermined intervals-(for example,
every minute) while regeneration treatment is performed, Then, from
the results of the X-ray absorption fine structure analysis, changes in the
20 ratio I/l over time are obtained, and treatment time in which the ratio
Is/lo is in the range of 0.1 to 0.3 is obtained.
[0058] According to the method (3), treatment time (minimum
treatment time and maximym freatment time) required when
regeneration treatment is performed under predetermined conditions

25 (treatment temperature, a treatment atmosphere, and the like) can be

obtained in a short time without performing measurement for a plurality
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regeneration treatnent changed, [0062] Under regeneration treatnent
conditions in which the ratio Is/10 is larger than 0.3, the spent
catal yst cannot be sufficiently regenerated, and sufficient catalytic
activity may not be obtained. In addition, 25under regeneration
treatnment conditions in which the ratio Is/10 is less than 0.1, due
to excessive regeneration treatnent, the netal elenents in the

catal yst form conpl ex netﬁ] oxi.des, aggregation is caused, and the

li ke, and the @@n@ﬁﬁ%wdﬁtﬁﬁnﬁ i(B2d regenerated catal yst may

decrease. In Liipn., eyen if such a decrease in the activity of the
regener at ed cjﬂﬂ%]lsﬁ&tﬁlb@gﬁﬁot occur, econony is inpaired by

third step. the reobbinihbButEaluns gt ep e iy of spmpldd, '
erforned und tJ tlﬂ@d% K L Jioh ; ) Aased on
Itohe second stge%?ﬁﬁgﬁgg%ﬁlﬁ%%ﬁghe P%%é%@b%%ﬁlﬂ?\?@%ﬁ?gﬁ%r

condi ti gns detipiiheRd Hasee-ray h@ﬁ)r?ﬁ&?nﬁnét SRuctdR NBaleCesRArhd ¥
mean applying the regeneration treatnment conditions (treatnent
tenperat ure, tsiealtamoisly pezforaied, &k M-idgedbsorptiohi £t sigcthat ddalys | 0
is in the range of 0.1 to 0.3 in the second step as they are.

15[ 0065] Por axgreploemedivtrpradeternaingd ninteapala r(fdiusxdnyplehiesdry minute)
regeneration treatnment is performed in the second step (hereinafter a
"treat ment appdtila iegenenatiandreatmertaisnperformedawith tseatypenhteniperature
regeneration treatnent is perfornmed in the third step (hereinpafter a
"t?eat ment appaPaEadk Ipr eaghesempleer ehen, afterr the dﬁﬁlﬂgﬁ 19t thee i-ta¥e

t t t . . . . ,
reatmy absorption fine structure analysis, changes in the ratio I/l over time at

each treatment temperature are obtained, and treatment time in which

the ratio Ig/Ip is in the range of 0.1 to 0.3, at each treatment temperature,

is obtained.

[0060] According to the method (4), a relationship between treatment
15 temperature and required treatment time becomes clear, and therefore,

treatment temperature and freatment time can be appropriately

determined based on the relationship.

[0061] The second step can also be performed by methods other than

the above, and regeneration treatment conditions in which the ratio Is/lo
20 is in the range of 0.1 to 0.3 can be determined with various conditions in

regeneration treatment changed,

[0062] Under regeneration treatment conditions in which the ratio Ig/I,

is larger than 0.3, the spent catalyst cannot be sufficiently regenerated,

and sufficient catalytic activity may not be obtained. In addition,
25 under regeneration treatment conditions in which the ratio Ig/ly is less

than 0.1, due to excessive regeneration treatment, the metal elements in
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20apparatus A and the treatnent apparatus B is previously obtained,™
and regeneration treatnment conditions in the third step can be

determ ned based on the correlation and the regeneration treatnent
conditions in which the ratio Is/10 is in the range of 0.1 to 0,3 in
t he second step. [0066] For exanple, when there is a proportional

rel ati onshi p between 25a treatnment tinme a required when regeneration
treatnment is performed by the treatnment apparatus, A, and a treatnment
tinme b requir sbic whtlyst foe semplaxometal oxideanaggregasiontis causedoynd e
treatment appgratus B, regeneration treatnent cqonditions in the third
step can be ddik&s ﬁmglae 59/59‘{1%0 ) Phigineg tesenssated cotadyst npay decregse.
treatnment te r re To and a treatnent ,ti 110,.in whi ch

regener at i onnggrﬁa@gu%fef‘?eei lg_ Speky ap&“ﬁ?ﬁﬁé’a tg§ aPé‘éItff ngb%?&enﬁ%%ﬂ at us
B are previous] ternn I ddjti a: treatment ] i

whi ch the raticg)‘[qlg 1 Glod ?‘??ttﬁg"‘ﬁané‘g’“g’&yoﬁ @%@Hm&nrﬁgﬁ%ﬁ tion

treatnemgt is . treatnent tenperature To using the
3t apparEreagn Baind

treatment app erm ned. 10[0068] Thus, a correlation
between the treesIE(Thitd SRpp I N the treatment apparatus A ahd the
treatment thne b iI'n"the trgatrrent apparatus B (proportionality

constant (bo/a0)) chntheehiiitsaip) e repbfafiorriaeamdndof dacqret sitalyst s

performed, and a treatnment tine ai In which the ratio Is/10 is’'in the

range of 0.1 tispérfrméd nndegepenarstiomtrédtmenttomditionsdetenfimedddsat a

treatment tenperature T1 using the treatnment apparatus A is obtained.
on the second step.

10 [0064] Here, the “regeneration treatment conditions determined based
on the second step" do not necessarily mean applying the regeneration
freatment conditions (treatment temperature, treatment time, and the
like) in which the ratio Igflg is in the range of 0.1 to 0.3 in the second
step as they are.

15 [0065] For example, when a treatment apparatus by which regeneration
treatment is performed in the second step (hereinafier a “"treatment
apparatus A") and a treatment apparatus by which regeneration
treatment is performed in the third step (hereinafter a "treatment
apparaius B") are different, a cotrelation befween the t{reatment

20 apparatus A and the treatment apparatus B is previously obtained, and
regeneration treatment conditions in the third step can be determined
based on the correlation and the regeneration treatment conditions in
which the ratio Is/I5 is in the range of 0.1 to 0.3 in the second step.

[0066] For example, when there is a proportional relationship between

25 a treatment time a required when regeneration treatment is performed by

the treatment apparatus A, and a treatment time b required when

20



[ 0070] Then, regeneration treatnent conditions in the third step is
determ ned based on the treatnent tine al obtained in the second
step, and the previously obtained correlation (proportionality
constant 20 (bo/a0)). In other words, in the third step, regeneration
treatnment can be performed under the regeneration treatnent
conditions of the treatnent tenperature Tl and the treatnent tine al
X (bo/al0). [0071] O , course, when tr%e treatnment apparatus A and_t he
treat nent appdPEENgEatN tEEalRRNL s B PCH PERR ﬂé@pﬁ@&ﬂ% appargs Bane

regeneration 25treatpent condjtions can pe applied tpo the treatnment
parat s A afRBOREA AR coviiors 13 B HEREeR et Pe gelrabi
treatnent condgit iqps..as .t regeneration treatnent conditions

det erm ned inqb%gﬁg%‘@B%&l%ﬁ%QJ can be applied in the third step,

second step andty eyt EghgRiehy WP RRTECIERNEN LeRRAE b o I,
The spegific rﬂiﬁﬁhofegéﬁ@aﬁﬁg%ﬁrﬁéisﬁ?ﬁéiéﬁ% 'I%Zfogig??”&‘ tRE el | v

limted, and the regé&neration treatnent c ormed by known

regeneration npph@ts B are (rOHsREly Aleta@mihdd.y Tusalllifier, 4 Reathr@ewaieat i on
treatnment is not particularly limted, and it is preferred that the

regeneration tapdawiicl thesathe /by iven tHdranga of 8cli 101 0.§ whiehfrepertatforom a
facility for the hydrotreatrnent of a petroleumfraction. In other
wor ds, rat her treatmemefs genforyed egfe ther dteatmentr tamperaturd nlea usingt &d n

whi ch the reactor of the facility for the hydrotreatnment of a

pet r ol eum f r adtaaentapRRIstIsoh & dBernined the catalyst, it is preferred

to extract th st fromthe ,reactor, transfer .
18 TOS&E]%HM, & colre atllc]m befween the treafment time a in the treatment

apparatus A and the treatment time b in the treatment apparatus B

(proportionality constant (by/ay)) can be obtained.

[0069] Here, the second step is performed, and a treatment time a; in

which the ratio Ig/lp is in the range of 0.1 to 0.3 when regeneration
15 treatment is performed at a treatment temperature T, using the treatment

apparatus A is obtained,

[0070] Then, regeneration treatment conditions in the third step is

determined based on the treatment time a; obtained in. the second step,

and the previously obtained correlation (proportionality constant
20 {(by/ag)). In other words, in the third step, regeneration treatment can be

performed under the regeneration treatment conditions of the treatment

temperature Ty and the treatment time a, x (bg/ag).

[0071] Of course, when the treatment apparatus A and the treatment

apparatus B are the same treatment apparatus, or the same regeneration
25 treatment conditions can be applied to the treatment apparatus A and the

treatment apparatus B, the same regeneration treatment conditions as the
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15t he extracted catalyst to a' facility for regeneration treatnent,
and performregeneration treatment by the facility, [0074] A formfor
performng the regeneration treatnent of the spent catal yst is not
limted, and is preferably conposed of the step of renoving fromthe
spent catal yst a pul verized catalyst and fillers and 20the |ike other
than the catal yst by sieving (renoval step), the step of renoving oil
conponents attached to the spent catal yst (deoiling ste and .t he
step of renvpviregerewion Eeatment mm@rf{eé?maﬁﬁ?%@lq q%@“‘géﬁ%s‘iape‘ﬂ? on
the spent catalyst (regeneration step), in this order. [0075] Anobng
these, for th@pﬁﬁ@dm @ pePa met hod of volatilizing oil

25conponent s atfing the spent catalyst to a tenperature of about
200 to 400C uﬁé@?ﬁa@iﬁsﬁgﬂﬂéﬁ%ﬂi‘sq&we@i ch substantially no oxygen is
present, for exanpl 3 NI ' 1BI€ st
preferably used. Infg%lg‘fgeflélﬁ?lgﬁhqreeagg%?tﬁpﬁ%gg%%%gn% ?)Ilclad g%rfcgrr?e? by a

met hod @f washyj, I nent k1t vaht ThedrsesifiBomsodeorofatheet hod
such as%t he r@ﬁ@ea‘:& odfeg(gl cgﬂnpgﬁﬁeﬁinlt Ist])e%)dgﬁsteam' nsg. 5[ 0076] The

Ureat ment at mysphekiod £6AHPRALs henpatiatlrly linitel aehthemegerrationt

the regeneration step can be set as follows. However, the follow ng
descri ption dagstmedt dRR fddmed i keioant regepartjor methedsyi ty can
1 eat ment. At MSONEY A fotiity Lo orehe rogTHpCHRTLIFGmaNkIriS DFARNHORt
e limited, and it is preferred that the regeneration treatment is performed
10 in a facility different from a facility for the hydrotreatment of a
petroleam fraction.  In other words, rather than performing
regeneration treatment in a state in which the reactor of the facility for
the hydrotreatment of a petroleum fraction remains charged with the
catalyst, it is preferred to extract the catalyst from the reactor, transfer
15 the extracted catalyst to a facility for regeneration freatment, and
perform regeneration treatment by the facility.
[0074] A form for performing the regeneration treatment of the spent
catalyst is not limited, and is preferably composed of the step of
removing from the spent catalyst a pulverized catalyst and fillers and
20 the like other than the catalyst by sieving (removal step), the step of
removing oil components attached to the spent catalyst (deoiling step),
and the step of removing coke, sulfur components, and the like
deposited on the spent catalyst (tegeneration step), in this order,
[0075] Among these, for the deoiling step, a method of volatilizing oil
25 components by heating the spent catalyst to a temperature of about 200

to 400°C under an atmosphere in which substantially no oxygen is
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10neet respective requirenents. Strictly, the regeneration treatnent
in the third step is perforned by regeneration treatnment conditions
determ ned based on the second step. [0077] It is preferred that the
treatment atnosphere in the regeneration step is an atnosphere in

whi ch nol ecul ar oxygen is present, and for 15exanplte, the treatnent
atnmosphere is in air, particularly in an air flow [0078] Imri]‘ bl
addition, the treatnent tenper 8 oafietha tlikerars pegieliaply

di fferent accd?rﬁﬁ%r@be?‘%%sg?‘#@g?{/ﬁﬂg?ﬁﬁe’ spent ((:ha];yal yst, and the
like, and is preferablyy oflihet S6h rriapde: wérfaie 7 oo e
preferably ZGGJSFQ' 5 @dlﬁﬁlr]’teﬁ%r%gpre er%jbl y 280 to 450C,@gn£§{% rgst\er
preferably 20 . CrodhefRt Wi lipht hydmcarimnd epios ing&Ho ,

sul fur conpone‘ﬁgs(s?l,lﬁgr?ﬁq%ﬁmep | ke by O%Fldi zing is preferably used. Wen
the treatment tﬁ@ﬁ’@t’ﬁb@éwf%ii Sorhssentstansteamingbove | ower 1imit
tenperature, there Is a tendency that the renoval of subs %ggt%&nihat
have decy eased|opgt Heiteeatmbitatmpspheye,ireatmepkEMRREANLT)

conponernits, does not proceed 25efficient]y, and e ]I ke

ot her hand, whgmet b2 the eegemrﬁtloneﬁﬁbr%m{?% ¢ aﬁoﬁoﬂo\’)ﬁ'anﬁtoﬁvegqg%gg%
upper limt tenperature, the tal elenments k- ith @M
conpl ex netal follodsg d@g@‘t}ﬁ@é{n@&ﬁ npLmeay ,sulgﬂcaél{iﬁﬁg isl Ee@gﬁtg t he
activity of an obtained regenerated R ' : {ﬂﬁmthe
decr ease, [0079lwapseba P’é’é’é‘?@n‘@ %Frﬁ?g%%%tg% h?@%detﬁ%'#%?fcgn step is
preferably 0.5

5 hours, or re 2 af@ diestreatment fme
further prefer S6pyNeN BT eﬁﬂ@éﬁn%%g{eg{rté%hfarl y preferably 3

hours or _nore. \Wen_ the.. Jrd MeQdistiveg tdpanertion eatnssnitier e
is a tehbency r??Pe@ch%%L| é@esubstanciels that have decreased

catal ytic acti i}#ft ly@raug{%paqs c;ggfgquj@a iyl fagenemnipnna‘namwn@o@@ ns

proceed effici
determined based on the second step.

[0077] It is preferred that the treatment atmosphere in the regeneration

step is an atmosphere in which molecular oxygen is present, and for
15 example, the treatment atmosphere is in ait, particularly in an air flow.
[0078] In addition, the treatment temperature of the regeneration step s
different accotding to the use history of the spent catalyst, and the like,
and is preferably selected in the range of 250 to 700°C, more preferably
260 to 550°C, further preferably 280 to 450°C, and further preferably
20 300 to 400°C. A method of removing deposited coke, sulfur
components, and the like by oxidizing is preferably used. When the
treatment temperature is less than the above lower limit temperature,
there is a tendency that the removal of substances that have Flecreased
catalytic activity, such as coke and sulfur components, does not proceed
25 efficiently, and the like. On the other hand, when the treatment

temperature is more than the above upper limit temperature, the metal
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10[ 0080] (Regenerated Hydrotreating Catal yst) A regenerated
hydrotreati ng catal yst produced by the production nmethod according to
this enbodi nent is produced by such regeneration treatnment conditions
that the hydrotreating catal yst can be sufficiently regenerated, and
excessive regeneration treatment is not provided, and 15t herefore,
the regenerated hydrotreating catal yst has high activity. [0081] The

activity of a hydrotreating catalyst can d a £ e,
by desul f uri zafléementadni W%mWﬁ%fé&WpW%éﬁ@nugfétﬁi ’v?%%‘élgs ot
eval uated by a desul furization ra Q t Aigbefnddr oegenetat
conponent contaaused, nand ?r]é]-’Feeu?ﬂqt &]ﬁét?{bgﬁﬁge?g% hydrotreeagting, and
20sul fur conponent content ,i | eum fraction after
hydr ot r eat i ng.hﬁ[@g’@‘iﬁt’nﬂf@%&rﬁi’é%%%gégg "regeneration t reaﬂ'gen%rf;ﬁ ch n be
eval uated by s W o A : the @e@pibiatiohy $teBls ST UM t he
desul furi zati oﬁ)%‘r;]g{ ;[%Sgtﬁéétté‘ﬁwgg{eg tilahhyds?ic?)lt reating catal yst bejegre
use (unussed cat al rgs én@lree ,ﬁ,ggr?ﬁgfeﬁbw 2 thourreodmwnt, fIUFNSTPLE ably
constant® Si  of 14" eos nerh%e 5hydrodtreati ng catal yst (rrBeg%ﬂleerna&lgd
d

catal yst). The i fhsreaghd whitieuRilySirefeabliie hage Qb Bf
hydr ot reati ng lclg alcd;llts?itl&g’r o%ulged by the prod

to this enbodi 18 hefier lebd ytham €05 dlﬂuﬁﬁ)r‘ig‘gelrrg{]@nﬁ‘g%gcr}g%?@r%bgg
or nore. [OOSSF%

Such a regener Qéxﬁdws;lgd?lsrj JJS&LQ&QS@&%&Q%%E%%@%@%%@%Qggﬁla\ést )
coke and sulfur components, does not proceed efficiently.
10 [0080] (Regenerated Hydrotreating Catalyst) |
A regenerated hydrotreating catalyst produced by the production
method according to this embodiment is produced by such regeneration
treatment conditions that the hydrotreating catalyst can be sufficiently
regenerated, and excessive regeneration treatent is not provided, and
15 therefore, the regenerated hydrotreating catalyst has high activity.
[0081] The activity of a hydrotreating catalyst can be evaluat.ec'l, fc?r
example, by desulfurization activity. The desulfurization actrvity 1s
evaluated by a desulfurization rate constant obtained from sulfur
component content in 2 petroleum fraction before hydrotreating, and
20 sulfir component content in the petroleum fraction after hydrotreating.
[0082] The efficiency of regeneration treatment can be evaluated by
specific activity (relative activity) S,/S, in which the desulfurization rate
constant So of a hydrotreating catalyst before use (unused catalyst) are
compared with the desulfurization rate constant 3 of a regeneratf:d
25 hydrotreating catalyst (regenerated catalyst). The specific activity
S,/Sy of the regenerated hydrotreating catalyst produced by the
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5 a catalyst in the step of hydrotreating a petroleumfraction

descri bed above, or may be used by lamnating it on an unused

catal yst. Wien the regenerated hydrotreating catalyst is used by

lam nating it on an unused catal yst, the proportion of the
regenerated hydrotreating catalyst is not particularly limted, and
is preferably 80 or nore (mass ratio), 10 nore preferably 120 or
nore (mass ratio), based on 100 of the unused, cataglyst_ in. ter of a
reduction in tedugisnnmedod acsonting g this &l’f’i’@g%“é‘ﬁ,mtﬂﬁ%&ﬁa&&%ﬁ%ﬁ or
separation of the cat a{%&t ggrr(h g cat al yst replacenent, and the |ike,
In the use of MPKE: PMOFeREIER 5 PbIE&t i ng catal yst, hydrotreating

can B T g S AN R Al 00 T
above, but the pr esﬁlgn%h b?%/@geipdﬁé% gﬁg&ﬁ%@ﬁ}éﬁﬂrg{ Hlaglr%oﬁt%‘a"a% e as

enbodi nent. For exa e on-can ereferred

to as agnet ho;g E{,/tgfjﬁ% &1 fh sy 6ﬂ“ﬁ¥<ﬁ%ﬂ€£ﬁﬂ BASpetfoldie FRGBACIALHBE

treat ment of reating catalyst, c rising the first step of

20 preparing ghyer et mgftiengeddHyalanihatinait diesn beesdugeslyéior When

hydrotreatment of a petroleumfraction and has a netal el enent

sel ected fromthbeegsmeuned hydestesating afatalst peuseddiy laminkating tihensarond
step of perform ng regeneration treatnment for the above catal yst
prepared in t hmuked satakysi phe proportier ¢ Oheirageneratad hydeosrepting aatelyisk
structure analysis for 25the above catal yst after the regeneration
treatment, ands diot giariowlariyn direstndaiand Ja Preferably &leenmars (MASHEEHMN: i n

SN el B T e R
P ant bl S5 ST oo O SR el
ol USRI, GEOMRLORMT PSR, LEGRSP0, R CAMEY o ednae et o
condi tions of C}thlikéégerlﬁr 3hd Ofisel TdFatHEE NeperhtBg B%&lb%@tﬁﬁ@ datlyst,

t
cat al yst. based on conditions obtained i n“the secohd step. [0085] In

addi tion, the [idsestinstis HeipRifoemad ak dotheabbes hydetehtingstep, met hod
of producing a’regenerated hydrotreating catal yst, conprising 10 the

step ofl5r egend0884nThe pryfbaetr eabodigienatod] thet prebant inmentiome hasibeeh f or
the hydrotreatment of a petroleumfraction and has a netal el enment
sel ect ed fromddseril@dbalpo@, dué e peesetit ventpen iototclinigstide theabeve
regeneration treatment conditions determ ned by, the abov

det ermi nati on &mb‘?ﬁbmm%[fﬁb‘%ﬂaﬂﬁﬂﬁt(ﬁélﬂfe&eﬁéﬂwe@g@%tcm ri‘&?ﬁl?? Eﬁfe‘i#ﬁ‘il be
a nmet hod of produci n%F‘%QS trol.eum Pr.odu t, copprisi ggtht he ste t.of
per forni ng t hdoh§drdbt deteriniag 9 «cARdONS 0§ h sreggneation

et hod. - Accor drFRmER: ok SPuiiing SRENEEnsBthek el REY Tl 3RdGRE "
can be ,g0prodyged. Wd N 9R9G AR Y catalyst that has been used for the
hydrotreatment of a petroleum fraction and has a metal element selected
from the Group 6 elements of the periodic table; the second step of
performing regeneration treatment for the above catalyst prepared in the
first step, then performing X-ray absorption fine structure analysis for
25 the above catalyst after the regeneration treatment, and obtaining the

conditions of regeneration treatment in which the ratio Ig/Io of the peak
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Exanpl es [0087] The present invention will be nore specifically
descri bed bel ow by Exanples, but the present invention is not limted
to the Exanples. 25[0088] [Exanple 1] (Unused Catal yst and Spent

Cat al yst) A catal yst in which nol ybdenum and cobalt as
active nmetals were supported on an al um na support (unused catal yst,

t he amount of nol ybdenum supported (in ternms of an oxide): 22.9% by
mass, the anmount of cobalt supported (in

mass) was 5pr dpeensity INeofta peals ta llﬁ%toaﬁf)befrgﬁég‘%g‘fe% tiﬁév;a;%%ﬁg erﬁe tg(; bg
Jpent cat al yerdlemotionid syl Amnap e bORK tysiel 1 BFE e andi@d B E
SCARS Exper | mband Beiteenihg popt METEIHERTER qibsdcsinl Slnle 1e
the H oh Ener gy accel gral op R cat sh CHARTIARH onverotuiied fom an

si mul t aneous ration treatnent and X—r% absor ption

fine structure_ 7S ' r@bpeebruns; eatthe thinbstep of
m@%ﬁ%ﬁ%ﬁaﬁa&fggm# Fink REA0REA ]

per f or med, ySi ST was rtornmed every mnute fromthe étstﬁrt of

t he regenerati L uphditiond teff the lfegeagationf tegmenhudlesie From
an EXAFS spect&ét}?n&gl?ﬁag Mo K absorption edge obtained from tqtfe result

of each XAFS apalrsibstindcatagbibased on conditipomoblaingd ke $5PEE HED:
Changes in the obtained radial distributiagn curvggs %ver ti ﬁ aéﬁe]
shown in Fi gur py0B5] [ACARtiok, thalpréssnhinvenboR a0t HS% ROCEIENE 4hE a

RO AR R R B MR

o e R A ST Loy st

shove spent call v SRRSO LA TRk nlF ! BER Slanew
selected from the Group 6 elements of the periodic table, under
yegeneration treatment  conditions determined by the above
determination method.

15 [0086] Further, the present invention may be a method of producing &
petroleum  product, comprising the step of performing the
hydrotreatment of a petroleum fraction using a regenerated
hydrotreating catalyst produced by the above production method.

According to such a production method, a petroleum product can be

20 produced with good econory.

Examples
[0087] The present jnvention will be more specifically described below

by Examples, but the present invention is not limited to the Examples,

25 [0088] [Example 1]
(Unused Catalyst and Spent Catalyst)
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above ratio Isgo was a value shown in Table 1. For obtai ned
regenerated catal ysts, catalytic activity was eval uated by the
follow ng nmethod. [0092] (Evaluation of Catalytic Activity) For each
of the unused catalyst and the regenerated catal ysts, 5 catalytic
activity was evaluated as follows. First, a fixed bed continuous flow
type reaction apparatus was charged with the catalyst and the

er osene fracti on,  Aostgaiss Wectbirsety Bn gRdrenbaliersAdsive; wetels

10 cat al yor f ofessupBifed Qﬁﬁsﬁﬁt‘nﬁ%é‘iﬁ & Bl R sere PRabEr8f (1 o
ECJ hg%”/isfwa e R R S e M’i a
desul furi zati o@é%tgﬁgéﬁgggé#ﬂﬂma%?%%ﬁ?p ?JPFS woﬁlagé P
15cont et in pirgshiedd Nekt, ghﬂ cﬁdthkatame daﬂi%rét%wﬁsééleﬁﬂli %aréqh'aon

rate constant of the unused catalyst as 1, the specific act|V|ty of

t he regener at gdcitityt fulr Yisé Bydmbresthieat ofRerofhie thediing spaigt ¢ :
Table 1. [0093 {)& Table 1] Regeneration treatnment time (mn Ratlo

s/l o Specifid WAYS donalpsisdt i ve Exanple 1-1
For part of the above spent catalyst, an in-situ cell for XAFS

'_'3-‘0

measurement was installed in the XAFS Experimental Station of the
10 Beamline NWI0A of the PF-AR of the High Energy Accelerator

Research Organization in order to simultaneously perform regeneration

treatment and X-ray absorption fine structure analysis, and while

regeneration treatment was performed, XAT'S analysis was performed

every minute from the start of the regeneration treatment uniil after a
15 lapse of 30 minutes. From an EXAFS spectrum at a Mo K absorption

edge obtained from the result of each XAFS ana'lysis, a radial

distribution cwrve was obtained, Changes in the obtained radial

distribution curves over time are shown in Figure 1,

[0090] A peak I5 attributed to a Mo-S bond and a peak I atiributed to a
20 Mo-O bond in the obtained radial distribution curve were obtained, and

a ratio Ig/lo was obtained. A relationship between the ratio I/l and

treatment time is shown in Figure 2,

[0091] (Regeneration Tréatment)

Using part of the above spent catalyst, regeneration treatment

25 was performed under regeneration treatment conditions in which the

above ratio I/l was a value shown in Table 1. For obtained
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10 min 1.37 035 Exanple 1-1 14 mn 0.27 0.85 Exanple 1-2 17 min 0.16
0.89 Exanple 1-3 30 mn 0.12 0.89

regenerated catalysts, catalytic activity was evaluated by the following
method.
[0092] (Evaluation of Catalytic Activity)
For each of the unused catalyst and the regenerated catalysts,
5 catalytic activity was evaluated as follows. First, a fixed bed
continuous flow fype reaction apparatus was charged with the catalyst,
and the presulfiding of the catalyst was performed. Specifically, to a
kerosene fraction, 1% by mass of DMDS based on the mass of the
fraction was added, and the mixture was continuously fed to the above
10 catalyst for 48 hours. Then, using the above kerosene fraction (to
which DMDS was not added) as feed oil, a hydrotreating reaction was
performed at a hydrogen partial pressure of 3 MPa, an LHSV of 1 b, a
hydrogen/oil ratio of 200 NL/L, and a reaction temperature of 300°C,
A desulfurization rate constant was obtained from sulfur component
15 content in produced oil. In addition, taking the desulfurization rate
constant of the unused catalyst as I, the specific activity of the
regenetated catalysts was obtained. The resuits are shown in Table 1,
[0093] [Table 1]

Regeneration treatment . . o
time (min) Ratio I/l | Specific activity

Comparative \

Bxample 11 10 min 1.37 0.75
Example 1-1 14 min 0.27 0.85
Example 1-2 17 min 0.16 0.89
Example -3 | 30 min 0.12 0.89
Comparative .

Example 1-2 45 min 0.08 0.78
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Conparative Exanple 1-2 45. 0.08 0,78 [0094] In the regenerated
catal yst of Conparative Exanple 1-1 in which regeneration treatnent
was performed under regeneration treatnment conditions in which the
ratio Is/10 was a value larger than 0.3, the specific activity was
| ow, and sufficient activity was not obtained, 5 In addition, also
In the regenerated catal yst of Conparative Exanple 1-2 in which
regeneration t nder_ regeneration treatnent

conditions in m@%ﬁm@\gf‘zﬁég&%&bgﬁggﬁ}g@t Hhvepiiparaive Eranple. 1-1 tne
T LS G SR e A
treatmont conareRiieBPeot SRR wHRA BPLARIERE WiiGElathe TSt G 81
catal yst that SSereciic &Rl s loind SllloichE foduib ABR HoF bfiged.

[ Exanpl & 2] 15XKARS&iH0R) ¥i8b Snabe irﬁ%@éﬁs{mﬁ %aé%ﬁ)ﬁq&gﬁﬁgﬁ%q%{aﬁlple

predet er mi ned regeneration treatnent tenper

rel ationshi p be2vwaeshighrrepéreritiinlfedn@nt Was tHREREmE] WRI¥E ided-
Then, a first treatnent tIgITE in which the ratio Is110 waieggﬁééﬁe\gkg

taken as a mi rii¢almenkguiditons inewhivhnthe tratie Igl, oas Ehealie tpekat 0D
treatment 20t epperature [0096] Then, XAFS analysis as in Example 1
was perfor ned tae shepifigeast EY!W mmwﬁmienbwhdwwaahﬁt Cbiatweer
Fatlo 15/ 10" amdn (R BeE dand, ek vaplopk-Ai Heemplenba, aad heptple deiment
time g ch e 25 Lo ls! 0 ves 0.3 ag, Laken a5 mnimm
freatment conditions in which the ratio I/l was in the range of 0.1 to
0.3, the specific activity was high, and a regenerated catalyst that was
sufficiently regenerated was obtained,
[0095] [Example 2]

15 XAFS analysis as in Example 1 was performed at a
predetermined regeneration treatment temperature T; °C, and a
relationship between a ratio Ig/ly and treatment time was obtained.
Then, a first treatment time in which the ratio I¢/Io was 0.3 was taken as
a minimum requited treatment time a; at the regeneration treatment

20 temperature Ty,

[0096] Then, XAFS analysis as in Example 1 was performed at a
regeneration treatment temperature T, °C lower than the above T, by
100°C (Ty - 100°C), and a relationship between a ratio I/, and
treaiment time was obtained, Then, a first treatment time in which the
25 ratio Is/lo was 0.3 was taken as a minimum required treatment time a, at

the regeneration treatment temperatore T, The ratio aya, of the
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the regeneration treatnment tenperature 1.2. The ratio a2/al of the
mnimumrequired treatnment tinme a2 to the m nimum required treatnment
time al was 1.88. [0097] In addition, XAFS analysis as in Exanple 1
was performed at a regeneration treatnent tenperature 1'3 C higher
than the above Ti by 5 100C (T1 + 100C) and a rel ationship between a
ratio 1s110 and treatnent tine was obtained. Then, a first treatnent

ti in which th .o 1.s/,10 was 0.3 was Laken.,as a m piqum required
treatmont i me i el eliREnd e B Bt SR R pieAlteR S oot The

ratio Val of t I Al equired treatnent time a3 to the mninum
required treat{rrﬁglﬁt@' %}gg}i?%g'al was 0.75. [0098] A relationship between
the treat nment OPE R nﬁAtlj[se 1A W f b
obtained is sh@&n }lan I%?giﬁro g’ 3. O%%%?glﬁgérqel{ E%%P‘%%dlawaggjtgﬁ%?llg? égﬂg
treat ment appafegbmiratibn HREGMNt tEPEELR i ' ych
t he above rreasgrgerrent was 15 perfglﬁnege?ﬁgftgi r%%{ggﬁgﬂ%}ﬁe%ogﬁglrﬂla on
appar at $s B"),160°C €&f nerl00PCYearkl o eslutisRliy Detv@Spnar aiicoly/L gag ment
at the regeneration treatment tenperature T1 was previously studied.
As a result, ifreaientctimeiwaseebtainad. wihen,tahfirst treathramb time inewhithwbs 2
hours, a regener,a&ed catal yst having a specific activity of 0,85 was
obt ai ned, | n dehedslwwas 0.5 was talien egeneinimimrreqpised treatmeRt timean at

apparatus in v@i ch a r‘eﬁenerat ed catal yst having_high activity can be
obt ai ned wi t h WHetiegeRcraHen tfrepbment semperatirat Ty helThe gatierafdionl the

treatnment tenperature Ti. [010 ampl e 24) ., Wien a

required treat HERUT W@uﬁeggleégﬁhgﬁgﬁ’éggl ﬁoéﬁeﬁlgg}iﬂ@ﬁFQ%?‘gFﬁWEr e
12 n the n i~@n apparatus B was used was obtai ned by the
foll ovmmh?g for %rﬁgst%gb@: 3.76 hours was obtained. b2 bi x a2/ a4
(1) [0098] A relationship between the treatment temperature and the

minimum required treatment time obtained is shown in Figure 3,

[0099] Here, using a regeneration treatment apparatus different from

the measuring apparatus in which the above measurement was
15 performed (hereinafter a "regeneration apparatus B"), a treatment time

b; required in regeneration treatment at the regeneration treatment

temperature T, was previously studied. As a result, it was confirmed

that when the treatment time by was 2 hours, a tegenerated catalyst

having a specific activity of (.85 was obtained, In other words, the
20 regeneration apparatus B is an apparatus in which a regenerated catalyst

having high activity can be obtained with a treatment time of 2 hours at

the regeneration treatment temperature T).

[0100] (Example 2-1)

When a required treatment time b, at a regeneration treatment

25 temperature T, when the regeneration apparatus B was used was

obtained by the following formula (1), by = 3.76 hours was obtained.
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When regéeneration treatnment was performed at the regeneration
treatnment tenperature T2 for a treatnent linme of 3.76 hours using the
regenerati on apparatus B, the specific activity of an obtained
5regenerated catal yst was 0.89, and a regenerated catal yst having

hi gh activity was obtained. [0101] (Exanple 2-2) When a
required treatnment tinme b3 at a regeneration treatnment tenperature T3
when t he regeneratign_%gpag?tUQdB was used was 10obtai ned by the
following formula (23, "B3= hours was obtained. b3 bi x a3/ ai

$ g)ge ner at i \c/)ﬁetn r (ragtg rGre n &‘{ ‘?%E%‘%‘éﬁ%f* E%‘%@%@%J @rgglr%rg r?? hﬁt %@%‘T’m@%o

hours using the.4ie@en e&@a%eggg%gagfeé@lean SRA%. 76 Qoffd [MhbHhe" an

obt ai ned 15regenerate at a a regenéra al yst

havi ng hi gh acp¥idrititpSasirauees, ﬁ%loﬁiecﬁ’[cprﬁdtﬁﬁxak&"’ Gn HMRSIHEY N9

to the present Invention, "by obtaining ' I p between

rel ations
treat meift tenpepeidtitedaathlyfauay 649 nadtaTRipenérated ¢dlalySURRAAATHigH

treatnent, required treatment tine at any treatnent 20tenperatufe can
be appropri at edcyivittvadsrobdainedLAl V5
[0101] (Example 2-2)

When a required treatment time by at a regeneration treatment

temperature T; when the regeneration apparatus B was used was
10 obtained by the following formula (2), by = 1.50 hours was obtained.

by =b; x aafa; (2)

‘When regeneration treatment was performed at the regeneration
tregtment temperature Ty for a treatment time of 1.50 hours using the
regeneration apparatus B, the specific activity of an obtained

15 regenerated catalyst was 0.88, and a regenerated catalyst having high
activity wag obtained.
[0102] From the above, according to the present invention, by obtaining
a relationship between treatment temperature and required treatment
time in regeneration treatment, required treatment time at any treatment

20 temperature can be appropriately obtained.
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[Claim1l] A nmet hod of producing a regenerated hydrotreating
catal yst, conprising: 5a first step of preparing a hydrotreating
catal yst that has been used for hydrotreatnent of a petrol eum
fraction and has a netal elenent selected from Goup 6 el enents of

t he periodic table; a second step of perform ng regeneration
treatment for part of the catalyst prepared in the first step, then
performng X-ray absorption 10 fine i@aﬁ&éure anal ysis for the

catal yst after the regeneration tredf *Jand obtai ni ng regeneration
t r eat ment conjkf%g?i]in which a ratio Is/10 of a peak intensity Is of
a peak attrib A a bond between the netal elenent and a sul fur

The motal 6l oment s gy RRARERE, £ SHELBIES IBrchafRE SPANRTT

in a radial di@}nriséﬁg.;ﬁ';on curve obtained froman extended X-ray
absorption fine ructure spectrum and athird step of

per f ornsng r egener ahifpigt bf@paiﬂ@ega@ﬁgiarhyd@g@mt@ ci:a%lyétrﬂ?ﬁt B been
conditions determ ned based on the second step, for the other part of
t he catal yst prseddoekydrotredtenchi o84 pstreleurm2@idtlon mmdHas a metall blerraat hod

of producing a regenerated hydrotreating catal yst according to claim
1, wherein thechetel fremcdtronp 6 demehtsioddheperiodic tabdgt en. [ O ai m 3] 25A
met hod of producing a petrol eum product, conprising a step of
per form ng hydr ot r edtseeid siEp pimerfamingnegasetation tieatmgntator part of
the catalyst prepared in the first step, then performing X-ray absorption
10 fine structure analysis for the catalyst after the regeneration treatment,
and obtaining regeneration treatment conditions in which a ratio I/ of
a peak intensity I of a peak aftributed to a bond between the metal
element and a sulfur atom to a peak intensity I of a peak attributed to a
bond between the metfal element and an oxygen atom is in the range of
15 0.1 to 0.3 in a radial distribution curve obtained from an extended X-ray
absorption fine structure spectrum; and

a third step of performing regeneration freatment under
regeneration treatment conditions determined based on the second step,
for the other part of the catalyst prepared in the first step,

20 [Claim 2]

The method of producing a repenerated hydrotreating catalyst
according to claim 1, wherein the metal element is molybdenum or
tungsten.

[Claim 3]
25 A method of producing a petroleum product, comprising a step

of performing hydrotreatment of a petroleum fraction using a
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regenerated hydrotreating catal yst produced by the production nethod
according to claim1 or 2,

regenerated hydrotreating catalyst produced by the production method

according to claim 1 or 2,
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