DESCRIPTION Title of 4nvention PROCESS FOR PRODUCI NG REGENERATED
HYDROTREAT1ING CATALYST AND PROCESS FOR PRODUCI NG PETROCHEM CAL
5PRODUCT Technical Field [0001] The present invention relates to a
process for producing a regenerated hydrotreating catal yst for
treating a distillate petrol eum fr gZESORIPTICNPr ocess for producing
a petrol eum product nmade froma 10distillate petrol eumfraction.

Background Art TiA0e2 Inveiion - cont ai ni ng conpounds,
ni t rogen-cont ai ni ng conpounds, oxygen-contai ni ng conpounds, and the

l'i ke are cont aPROCESSFOREPREODGCENG REGENBRATED HHDROTREATING

inmpurities are also contained in 15 distillate petroleumfractions
obt ai ned by di SATALYSTtANIZPREGCESS TR BRODECINGIPETRECHEMIGSE
distillate petroleumfractions are reduced in their contents by a
step of Jringi BRABEdFactions into contact with a catal yst having a
hydrogenation activity in the presence of hydrogen, the step being
referred to asTthhkm¥Eﬁddent. Especially, desul furization for 20
reduci ng contents of the sulfur-containing conpounds is well known,
Recent |y, fronlQMH]vikaypsesent omventionirelptesnior anpracess fooaurodudiogea
has been stricter demand for controlling or reducing contents of the
i npuri ties i ncragenaigtechhydivtreating, ﬁatai)rsg AT clsegitng ds distillate pefrelsam
products, and | ar ge numnber of petrql eum products referred fo_as
25s0-cal | ed " sieetien and @ pegcessyipr pradueing# pelooleum pradict aade from a
hydrotreating gat.al yst used for hydrotreatnent of the distillate
petr ol frac Wgﬂa%%P ghmdrackiodert ain period of time, its activity

andt her of or o, BAEBEHAHLATE 1 o car i ed out. Espect ally, the *sul fur
free’ Is reaul o) Nfind-Srifthfly QYALSHAGE 1ili%eEaR R aindY tSmpSaids, °

oxygen-containing compounds, and the like are contained in crude

petrolenm as impurities and these impurities are also contained in

15 distillate petroleum fractions obtained by distilling the crude petroleum.

The impurities in these distillate petroleum fractions are reduced in their

contents by a step of bringing the fractions into contact with a catalyst

having a hydrogenation activity in the presence of hydrogen, the step

being referred to as hydrotreatment. Especially, desulfixrization for

20 reducing contents of the sulfur-containing compounds is well known,

Recently, from the viewpoint of reducing environmental load, there has

been stricter demand for controlling or reducing contents of the

impurities including the sulfur-containing compounds in petroleum

products, and a large number of petroleum products referred to as

25 so-called "sulfiur free” are manufactured.
[0003] After a hydrotreating catalyst used for hydrotreatment of the



5 hydrotreating facilities for fractions such as kerosene, gas oil,
and vacuumgas oil. As'a result, frequency of the replacenent of the
catalyst is increased, which |eads to an increase in catalyst cost
and an increase in an anount of waste catalyst. [0004] To conbat

this, ar ege”eﬂﬁtﬂﬁtégiﬁﬂbﬁéiﬂ(ﬂﬁ&ﬁﬂﬂsah@é’d PO bk ?&i&?ﬁg‘tﬁﬁﬁsq 5

regenerated froma sp otreating catalyst 1s partia used in

these faciliti ggtifitploRsAdieio 8RsMRILHE coltd 6F @ﬁlﬁﬁ:eéorﬁpaﬂ&t@ -and the
Ctation List Patent Literature [0005] Patent Literature 1:

Japanese Pat enllik8pphd ¢adrefore] pdrdadopasmt 15 RuRfdE o, OFE% aglh%; B85 O 1 fur

Cl
Patent Literature 2: Japanese Patent Application Laid-Op
Publ i cati on No fre@5-i8 2398ibehumth hyarehiet hiyelfbicaninbecdyubilaty #r @blifey in
20[ 0006] In the use ofét hec§r egen)e/gr at edﬂ?gt al yst:g(ai%]mi t&:ys p??si ble to
mai nt ai r5 t he abydsotteatinp favelifiesd fot femtiony amhaby teresepe, gfasenil, and
hydrotreat ment and regeneration are repeated nultiple tines,
advant ages of wa¢mgnt gas foyldr cAs eatesudt, caeqionsy of geneeplacement of the
(hereinafter, referred to as "regenerated hydrotreating catalyst" or
just as "regenettalyst iz mcxbased, )vhg&b&adaréogmaammasem”amlgmwsbmﬂan
regeneration, it is possible to restore the activity by regeneration
in viewpoi nt ofnarpasedapodAmowit affwasikeatakyst.sul fur which is the main
cause of a decrease in the activity occurred in the use of the
hydr ot r eat i ng E@ﬁ(Eﬁy'EQ combakiiy, a regenerated cpdalysidreganeyate@ hydreotresiiaged
because, t he regeneration itself,k changes a structure of an active
met al sifbport o BA13 7N EoRCACEASG (Fgm 8 o¥shhihyglrolreatingn gatalysy 1§ partially

addition, as the catalys ctivj after regeneration varies

Gependi ng on « Heed Bufede factlifis Gl stampleysrePaknbhigratiics lndidst, a
met hod of rege fi Oﬁ or the like, the regenerated catal yst,
especially the é&éﬂ’e gﬁted catal yst after regenerated nultiple tines

does not al way ay, syfficient activity steadily. Mreover, it may
be necessary t?a?@@éﬁg’ﬁ%%ndi tions of regeneration depending on the

usage history . VSt. |4 [t N0 e, . n
the activity i @q@ﬂ?ﬁ?@n g‘@@%@%ﬁe%@g@% rPgA‘tg%te%d]g:ﬁégﬁt @81‘%%3‘1
catal ystg i n t hg hydinh] Rat 5?—958%?? lities and starting hydrotreating
operation, there 1s a need Tor feduction of a treatment speed of a
feed oil or thpglehkEiteththfe2 PIARRBSP Aot AppAtRSP PafiTOpen Publication
No, 05-123586
Summary of Invention
Technical Problem
20 [0006] In the use of the regenerated catalyst, if it is possible to maintain
the activity of the hydrotreating catalyst even after hydrotreatment and
regeneration are repeated multiple times, advantages of using the
hydrotreating catalyst regenerated (hereinafter, referred to as
"regenerated hydrotreating catalyst" ot just as "regenerated cafalyst")

25 become greater. In conventional regeneration, it is possible to restore

the activity by regeneration in viewpoint of the deposition of coke or



[ 0007] For the reasons nentioned above, a real situatipon is that the
regenerated catalyst is not necessarily enployed in the hydrotreating
facilities sufficiently. Therefore, it is strongly demanded that a
decrease in the activity by regeneration of the hydrotreating

catal yst be 20 sulfunmiicleds thedmairr egyseerfa decreasendnyiie dvdiwitygoecuhieghin
activity steadily be provided. [0008] The present invention has been
made i n" vi ew otthg mge aifothenbydiotieating i catalystt adteswevean theavatabyss cactivity
the present inventjon is to provide a process for producing a
regenerat ed hy&ias belaweigd bacansgdhe reganetaticitgel Oechangesa sofucture of an
regenerated hydrotreating catal yst having a high activity, steadily
froma spent hpel¥e ragl rﬁ@lpﬁaﬂ&ay@ﬁ.thﬂn@ﬁ st aFpsemething tlike phatserdn
invention is to,provide an eci)nom' cally efficient, process for

pr oduci r£ a pe@d&t@@l‘rﬁﬁ galalys agHvity afte rezensration veries depanding ong
catal yst. Solution to Rr.oble 0009] Aim ng at solvinpg. the abov
brobl ems, the PlELAEe HISERE | R5I0Hr SeEeREAtOTY 0d s oRtaIYShr Bcimerngl f

hydrotr eati ng’ CSRRPIAon nof bR Lkp: dba’ Ferperdedr fliibocsngsially dhene

rore a2+ WAL P GORGHRAL UG S

ayg{ fferont Pgl LS S nf sEheF SRR, - MGHBpn B b3 @R e
Al 3 _ _ o 1o

di rer o 7ot n e B T BER bl PR AL T i bistopy it

" epr esent i ng 8 ey B GRaTRg Tty RBEOE ABMSisnd tp.

| ower - t enper at Yg el e@sgiékiﬁgmdﬂﬁ FESBTA A gLy ﬁfggggmfe&rngaﬁﬂg

extrenme val ue on the higher-tenperatutre side as

"differential vhelin® -adabwsiisg hyndr8feandl Y§icatit, e iseheyatd Ngyra

tenperature of a sanple under préscribed Terperature 20 conditions
and neasuring wealiictibh @f% tréntinRat speudnes £ feddesi! on deolRERYhRA Jresents a

gasi fication, oxidation, thermal ‘deconposition, and the |ike.

Speci fildal |y, foajorgrabiene, neasurenent is performed by neasuring out
about 5 ng of a sanple into a platinum pan having an internal

di aneter of 5 [G0073dtari thg fdasoms agtitidhedesbovel # bexl nsituatioal szt the

25and el evating a tenperature of the sanple fromroomtenperature to
700C at 10C/ ni regeperatell gatalysly is aid mécessarilpfemployed /ini thet hydrotreating

facilities sufficiently. — Therefore, it is strongly demanded that a
decrease in the activity by regeneration of the hydrotreating catalyst be
20 inhibited and a regenerated catalyst having a high activity steadily be
provided.
[0008] The present invention has been made in view of the
aforementioned circumstances, and an object of the present invention is
to provide a process for producing a regenerated hydrotreating catalyst
25 engbling production of a regenerated hydrotreating catalyst having a
high activity steadily from a spent hydrotreating catalyst. Another



[0011] Hereinafter, a description will be given of a cal culation
met hod of Ti and T2 based on Figures 1 to 5. Figure 1 is a chart
representing a tenperature range of 100C or nore and 600C or |ess of
results of a differential thermal analysis on a 5 sanple. In this

chart, two peakbidcp@dkhé prédbnb S¥erdlondistio &Dhh ecORSRIMEN efficient
however, it is necessary to carry out the follow ng processirng in

order to exact byodeR§ Fbop ﬁoﬁ@i’ﬁg raipetelue R6Qeadby isity e %gérﬁa?lﬁted

val ue of the peak. 10[0012] On"thé chart shown in Figure 1, a val ue
(AV/ AT) obt ai nagditreatinpdatidys, di fference (AV) by a difference (AT),
the difference (AT) being a difference between a neasurenent

t enper at ur e anSoldtboméxProbleaur enent tenperature after elevating a
tenperature (for exanple, a tenperature elevated by 0.1C) and the

di ffererfce (AVJ00S]n4iminp5adisbfvengrthe dhetoemoblahsetheopteaemte thvention
converting differential heats at the neasurenment tenperatures to

di fferences i nptivddes aprdesefdrprodycing acmgentrateskhydrtreating catalyst by
calculation is repeated from 100C to 600C, which provides a chart
shown in Fi gur Eegenefating3) spendthydrotyaatengs catalyst oniadpresesibed éstapemtpreut
values in a 20 nmeasurenent_ tenperature range includi ng[ a tenperature
and rangi ng frngehwhesspdhepuesstibed demper Taggpas atlamperatuggangad

i Ll ol e

t enper gltrajr e". DY ?’E’%F‘%Wﬁﬁr &,atah’%u'?%s? Aﬁ%@@ r%eﬁpél/i%’@b’%

Chown I B gur BOVEIRG & CHCURED B (Ro RomGPREIRE (IHTRGTIR

o B A MR e

igglr It esl(;1 te)é ﬁnr) gfr:gifgfﬁgﬁﬂfg?gg%g (éﬁi %j{éﬁa::gé% ié%f%ﬁi{%ﬁéﬁ@%ltﬂ grloﬁzq%ps
: ' nted  as and a er%gerngé"u‘?%ﬁe’ and

Iower-terrg_erature Side TS represe . . .
Copr coonted ast . efBk R YR OfcsDudg 18] T PRRIAS Yo bt

R emer at o o St ABSERIRGHRLY Ty P okBiye cpRe bR e

a tenperature where a“sulfide of an"active

in the spent cattpdis vakiyfdisthethifhéitehiBepatare ﬁ&é@ﬂgl‘ the active netal

and T2 is a benchmark of a tenperaturé where coke depositing on the

spent cat al yst[0o10n Herk00dH erbimidlntephil asalyk! Braddaaleisamethod of
regenerated hydrotreating catal yst

clevating a temperatire of a sample under prescribed temperature

20 conditions and measuring variations in the amount of heat
accompanying gasification, oxidation, thermal decomposition, and the
like.  Specifically, for exémple, measurement is performed by
measuring out about 5 mg of a sample into a platinum pan having an
internal diameter of 5 mm, setting it in a differential thermal analyzer,

25 and elevating a temperature of the sample from room temperature to

700°C at 10°C/minnte and a flow rate of air of 100 ml/minute.



15 of the present invention, it is preferred that a residual carbon
content in the regenerated hydrotreating catal yst be 0.2% by mass or
nore and 3.0% by mass or less. [0017] In addition, in the process for
producing a regenerated hydrotreating catalyst of the present
ot o (OB oSBT 6081 0B GRS} it
sel ected from u : igodic table and 1 to 7% by
mass of at |eas ?bﬁlé@;ﬂérﬁgg‘%‘i%‘%%%sggég's to 10 netals of the

mor gani ¢ suppbitteanss it escHiE: Speitrebiietatizt ofIRO°C, or more,
the present | nUSh e P 1@ B EEARRCHRCETHERRAL ARtkindp falRly'sh &7
sel ected from i 6’ netals of the periodic table be nol ybdenum and
the at least one selected fromGoup 8 to 10 netals of the periodic
tabl e be cobal)n diid/chartDiwsgleaks (R 1Rud 6&1{@?%1'3 'a?géil’@ﬁﬂ?rcﬂﬁ@ﬁﬁadf or
produci ng a regenerated 5 hydrotreating catal yst of e present
invention, it howpvef &ris adcdsbaty tolrarsnentthe followirpapioogsshet il yaler be
regenerated under an air flow having a flow rate per unisfmgvol ume of
the catal yst ofxdetlynolafin o t@fiperabiiedearsdspbydingf tor a2 ekiveme alugrofehe | n
the units, "NT]' neans a flowrate of air in a standard condition,
"h" nmeans hourpesdnd "L-catal yst" 10means a vol une of the catalyst.

[ 0020] d-ll(i-)rr;]e pr eﬁsﬁgﬁtz]i&&;;ﬁti ﬁn prhgvi dgang pr&cesspﬂ;&g&g&%cigg adb
pet rol pr od ¢ shay:shawii nmsFigirepl,of v ' aobtained by
regener at ed h;&;&t'r eat idril& cat al(ﬁ) bt?y ts%pr’ocezgl‘soam%j%ci ngﬂgx)
regenerated h INgat imgerchcea | ¥ & ¢renee n slesy)
second step of, 15hydr Qitfr eati &% a distillate petrol e’um fracti C]);Q by
using the regebingt®diligiense hshween acecasyismenbiampetatite A the msut

step, [0021] In the process for prqducing .a petrol eum product of the
present inventhﬁS}urPEleﬁE tﬁ‘ﬁ%‘ﬂéﬂ-ﬁ?é k '?ngiéga?t Ew%mg(foar@mmplm
d b hyd [ 3t MPa,

CESV of 11 om &e%aa%@hé’%eeﬁleﬁ’%%é' §y;@§;§éﬁ ofnd Zrﬁaﬁebit&%rpa?%f heRO 1 o
410C, [ f.- hyd i 100,.t 0 _8000. SCK/.1313L

di st 1 14t on_ oG hrmree Eiiesy valies éﬁ@@%ﬁ@g%@w&y bitenay oReins :t
I : 00 ' ' ' t
oot rea | BB SRRl PlORLBLAY b abBRTR e
regener at ed 250elrigldeahd s ARt BrepDReR KR 0056 W00, which

provides a chart shown in Figure 2.

[0013] Next, Figure 3 is provided by averaging ouf values in a
20 measurement temperature range including a temperature and ranging
from the temperature - 10°C to the temperature + 10°C, and a value of
the ordinate in the chart is referred to as "a value obtained by converting
a differential heat to a difference in electromotive force and
differentiating the converted value by temperature”.
25 [0014] Furthermore, Figures 4 and 5 are provided by performing the

same processing as that mentioned above on the chart shown in Figure



Advant ageous Effects of Invention [0023] The process for producing
a regenerated hydrotreating catal yst of the present invention has an -
advant age of being capable of easily producing a regenerated
hydrotreating catalyst having a sufficient activity. In addition, the
process Tor Pradudidg. 4 Pakb UPHE BAME iCihechii? MERHLT HANR"S 8"
can achieve a highly bract!ca producing process using a régenerated
hydrotreating gafesedSh 45V4 %}1&. Sbthaired! Wtco%%r‘tiﬂ Y dMfrbfenfial RUB 1o a
price and is remarkably useful in terns of reduction QF’_ cost,
reduction of agiffifessd ReldBREMOLOE fm%ts&dnﬂi%uﬁ{tiaﬁﬁgfths cBfdtdd yaluo
hydrotreatment of a distillate petroleumfraction, production of a
10pet rol eum pr pglieet b felnprthes”, AGf it ¥maBesl &ar@fe BilhE andea Cédcbhiion
of Drawi ngs [0024] [Figure 1] Figure 1. is a view for explaining a
cal cul at§ on negmalestfextien@ndallid in this chari] Eltémp@ra%ﬂlre%(ﬁ%sﬁoﬁdjn? 9 theew
for explaining a calculation method of Tl 15and Tz, [Figure 3] Figure
3 is a view foexteapkaialiegn ahe dbwer-winpmpates bidkd igfrefiesedmtdd By T, dridiur e
4] Figure 4 is a view for explaining a cal culation nmethod of T1 and
T2, 20[Fi gure ®mpérglure Scomesponidawg f do exhéai axingme cablugl atdnon the
met hod of Ti and T2. Description of Enbodi ments [0025] Hereinafter, a
detai | ed descr higheotempédatire sifdevismepiesqted as Ted enbodi ments of the
present invention. 25[002&] (Hydrotreating catalyst) A hythotreating
catal yst used [GPl5]el pand dntcoriespond tmiher peakr Atsind the qrepki 2 bs Figure dast
one of Gyoup 6 netals _of the@‘ﬁ)_e_ri odic table and at | east one of G oup
8 to 10Ghet al stespeetivalye HeaddifionEYaigpn benghmarle cbadampsraturcawhers a
the periodic tahl.e preferably include nolybdenum tungsten, and
chronme, nore p?‘gﬁgﬁ 0 a¢EIVE daeteb ISyl asuimolyrdenum in the spent catalyst

burns to turn into an oxide of the active metal and T, is a benchmark of

a temperature where coke depositing on the spent catalyst burns.
[0016] In the process for producing a regenerated hydrotreating catalyst
15 of the present invention, it is preferred that a residual carbon content in
the regenerated hydrotreating catalyst be 0.2% by mass or more and
3.0% by mass or less.
[0017] In addition, in the process for producing a regenerated
hydrotreating catalyst of the present invention, it is prefeired that the
20 hydrotreating catalyst be a catalyst obtained by supporting 10 to 30% by
mass of at least one selected from Group 6 metals of the periodic table
and 1 fo 7% by mass of at least one selected from Group 8 to 10 metals
of the periodic table, based on a total mass of the catalyst, on an
Inorganic support comprising an oxide of aluminum.
25 [0018] Moreover, in the process for producing a regenerated

hydrofreating catalyst of the present invention, it is prefetred that the at



5 tungsten, and especially preferably include nol ybdenum Exanples of
the Goup 8 to 10 netals of the periodic table preferably include
iron, cobalt, and nickel, nore preferably include cobalt and nickel,
and especially preferably include cobalt. These netals can be used

| . . : ] . Of
2205 20 \D SSBIMEREURTAR, Sl SRS e Bl e s v

nol ybdenum cob dﬁﬂﬂgh } i

nol ybdenunm coba qu%ﬂ%?’ an fmtu%ééag% Ee)?é %g??%%%@p%teo })%grlle(’g%llsgf
tabl e herei n mignserthdi®fblé BE FoBEN LAGI0E nickl e provided by

I nternational Uni'on of Pure and Applied Chem stry (l1UPAC). 15[0027]

The hydr ot r eat [((0 9 d\@fthvsiincrec dhdithe ?ﬁ;cbgga ﬁj‘relsﬁ:@@&udiﬁ ent irBkerietated
preferably a catalyst in which the nmetals are supported on a

i norganix supphydroteating dapdyanod tiedpregénipivehion) itFiseprefirest ehearthkes
of the inorganic support conprising an oxide of alum numinclude

al um na, al um sperﬁihyidq:atreaﬁing”ri:ata}y@bbba:e%aiamﬂedamdet:mi &r flow having a

al um na-zirconi a, 20al um na-magnesi a, alum na-silica-zirconia,

al um na- si | i cafloi amteaipeor unitswphome ofh thii catabyspood usoinn @0gdni 2000
cornrpound such as various clay mnerals including various zeolites,
sepi ol i te, andNidhiroatalystfigrt 2 hionrsoltmedre.o B the wmets, NI "ofmehihes dlow
alumna is especially preferred. [0028] The hydrotreating catalyst
accordi ng to trde miedienn a stendardgonditionp"hY eneansy havy ma Ylstcatalyst"
obt ai ned by supporting,10 tqQ 30% by nass of the at | east one sel ected
from Gléup 6 ndreansagyolime opthe eatelyst abl e and 1 to 7% by mass of the
at | east one Sﬁ}@agﬂﬁ‘rom Goup 8.to 10 netals of the periodic

tabl e, based o nraseit ofveRtoR gp 5 20 Pro¢Rssi My gaeducing a
support conprising an oxide of al um num_ Wen s orted amounts of
the Group 6 rebifalepR p UGk ORISR Eirgindiep Hﬂ‘ox%oéu@ng 3 segrneried s

catal yst | enda ipEeit SiefalySE ot 1EF oMocHiuOY R R e FeenpaTEhg
h h h d d . theft-

i ; f “catal %ﬁe&%‘m@i ESPﬁ;Sgg%EHﬁS%S | C?‘%aﬂé@esﬁ%aa?cf%ﬁeéﬁﬁffr
uppor td met A BEER P gREY bORFBH SoRBY T Halle, Ak, Hacofired
E:‘Jpltoﬁcret rergt g:stg Is&éaﬁ% ga‘; 5 UB;{ :i Echéggct@%al%gﬁn t he ineégrgani o r
suppf)rt igcl ud@,ﬁﬁgut arg nopﬁlmgﬁeegf E{o, |nSorg ic salts of the

o212 o OUURE | TR pEUERE 5o DS ERRORIS i UF the presen
preferred to ciakbntigitit 84! éﬁ-éd'ﬁaa@bpeﬁgeﬂg n@@di%@ﬁ%egée%ﬁag&wb@“

aqueous solution, of the precursor o S ortin

operation, forg BydHpeA padtiNRBEs B O Fbrs 30l B3 MPy | mﬂ%&rﬁﬁﬁm
eferably

an inpregnation hethod,” and "a coprecipitation nmethod i's pr
enpl oy@d, 20[ A@381h1,tairsastical esmpeahitatoft Hons POROC tPA1OPCCH {488 of
precursor of the netal_ls supported be calcined preferably in the
presence of oxXygiropaf/odrofifiomd] 0®tw 8060 SUR/BRL, el distitlhtisn pebRstiss
an oxide. Furthernore, before hydrotreating a distillate petrol eum
fraction, it icopfetieilefll3EFConvere and600%T ak Igpeci es to a sul fide
by a sulficlin Brocess referred to ]

[%0 2] The present invention also provides a regenerated hydrotreating

catalyst produced by the process for producing a regenerated
25 hydrotreating catalyst of the present invention.

Advantageous Effects of Invention



25as "pre-sul fiding". [0031] (Regeperation step) The
hydrotreati ng catal yst which has been used at a hydrotreating
facility for a distillate petroleumfraction for a certain period of
time and then represents the activity lower than a certain level is

subj ected to r "Phd ocehs rffne@%@ggﬁ{é@%@e@{e@@%‘g%hﬁ{%fcﬁlfalnf’%ted

carrying out the regeneration In ot cl'a

to, a facilitygpgdithé %’r@é&ltfiﬁ%ﬂtidgglelgé;/ ?Iflé’%cfv%ﬁ’dg[‘%gof %iﬂg-n%ér/pafb?é il easilgt

distillate petroleumfraction. 'y, t he reg atronisn
carried out W pihdira NP rfebendafed hWHrARGEEE b h Y

hydrotreating Paci I ;ﬂ%‘% folr Qaldi stil a%e pet rol g%&%r a%fﬁ?%n? ﬂﬁflcgﬁlt
preferred to pattiviept Tnhaldifos) the hrdéanfdfprddiRinea $eblevi® yeodite of

pul | ed-out catalyst to a facility for regenheration, "and carfy out the

regener dion athe pesémcinivention @8 2ichRvers @ré@ttcat?pm&ﬁdiﬂ Mbcdse

regeneration of the spent catal yst used in the present inveniion, but
is not |imtedusipged eegdieyatedriprdretesatingn catabyst dlaving agsuffidient aetisitep
of renoving, by sieving, a 15 pul verized catal yst fromthe spent
catal yst, and wpithi ardaivey prowpankid sematkmblyt hseful fie teahslof sedustich ofs
afiller, a stepto;@drer[ovid;\tg oi |l attached tofthe spenzi cat al yst

(deoi I i ng st ep§ostaretiustioneyt aif emession monawktef wasteproducip efficiency dnd
the |ike deposjting on the spent, catal yst fregenergti on step). y

20[ 0033] OF t haydrotgetment @fon | distillatee petralevim nirdctadn,v preduictioni of ahe
oi | conponents by heating the_spent catal yst .in an atnosphere where
oxygen 1% not pefseleum p HQtthzsbéﬁlﬂQr quelit arespén. i n a nitrogen

at nosphere, or theﬂi ke, is preferably enployed. The conditions
preferably i ncBEied Desgripiomof Brawings ng at a tenperature of from

about 25300C t and .owrate of nitrogen jn ter Qf a f|ow
rate per unit mm&&m?m%&%rél]y@a e ﬁ?ﬁ%faﬂ%mss?ocalgnﬁﬂh%m 94+
for 3to 7 houlgcf.%ﬁéﬁﬁ;ernati vely, the deoiling step may be conducted
by a net hod of Otk & the oil conponents by |ight hydrocarbons, a

met hod of renop.pg. t Il gonponent s by, st.eam ng,,ofr .the |ike
100341 vien-t nd RgeRCF e o B PEN FarcPaliifiig 4 Raietlatiotometidd o T
rate of 59 air J rer ms of a flowrate per unit volunme of the spent
catal yst is preterdbly from20 to 2000 M-catal yst, nore preferably

o0 e SRR, 08, G F gt

NI ./hl,-catal ya%{dT%_here is a tendency that coke, sulfur conponents,
or the like depositing

[Figure 4] Figure 4 is a view for explaining a calculation method of Ty
and Ts.

20 [Figure 5] Figure 5 is a view for explaining a calculation method of Ty
and Ts.
Description of Embodiments
[0025] Hereinafter, a detailed description will be given of preferred
embodiments of the present invention.

25 [0026] (Hydrotreating catalyst)

A hydrotreating catalyst used in the present invention preferably



10on the spent catalyst is not renoved sufficiently and the activity
of a regenerated catalyst is not inproved sufficiently. On the other
hand, when the flow rate exceeds 2000 NL/Ircatalyst, there is a need
to increase a size of a conpressor, which inpairs economc

ffici [0 . i i '
Corr e oot RS MEEAP SRR Bl B SEREARIE! LB b,
| . The | i R f fooks j ' -
300 or more.  peapb Py of Gl 8 JERY IS o8 achiVE AARRDS e b the
Tl - 10C or mO{Roh @ﬁﬁ%lstcgtﬁerpéﬁdd'é 18 Greféea t'ﬁbhﬂavmﬂgrtﬁien m,
%)ac to an cg(r? c} On tHe

sulfide state in the spent catalyst e state.

other hand, thgusewar A | dhrbnff ﬁi@@etzgammwriﬁcmﬂet ReolyBAGHh abh@n
C or |

is T2 + 30C or |é€ss, preferably T2 + ess, and especially

preferatyy T2 fmpdted), akd espdoialy ?Mé@%?y foRicRahoMibdéna. t MBxamples of

regenerated catalyst decreases i oke "depositing on the catalyst is
burned and r enthee@roqgl et ) metitI@Qﬁ&hefT,miotiimbdﬂ pidferatdgenende i, | s
er

preferably 2 hours or nore, nore 25pre ably 2.5 hours or nore, and
especi al |y prefslradf)| ond icsls morempreferabbeninthmdet celaltremd nickel,i and

| ess than 2 hours, renoval of substances which have reduced the
catal yst acti vedpeciadlycpredmabhk mclude sobdltir Thasepnetals san thenckednadtone o
proceed efficiently. It is noted that "coke" in the present .
appl i cati on nean: gogmbisation of itwowdit oiore, hPkforad xampdesn of ta speaihic a
surface of the hydrotreating catalyst in the use of the 5

hydr ot rléat i ng eembingtion; ef rﬂglg hingtady dbi ke dusedd inodedie maelybdanummeadialt, s
simlar in appearance to carbon. [0037]. The regenerated hédrotreati ng

cat al yst obt ai BOYRdenuRENickgbntnEstesnniskely wekhttdengm-eabaliraickehr aag
at a content wwth alo lim.t ef erabl.,y of, 0. 2% by nmass or re,
Tore pref er abl HgAeE-cARAbsiTkelm %Pﬂﬁﬁ‘iﬂ%lﬁ,taélﬁdh@%b&eé‘mﬁﬁ lang &b y
of 0.5% by mass or,.nor and ,wi an upper ljnoit, pr rabl y.of 3,09
by s of | esRerioip deple phraded ot ToreBhbpel Siiof ok BE ahdqapptied”
especially pre{iﬁrabl ﬁ .Q% by mass or | ess based on a mass of the
regenerated hy %W%éf h]é:%t al yst. When the residual carbon content

nydr ot ridat  ng. WeEdy TF BciBhe g ZhR At oY T RRS brdrel ipvsutin s
appl i oat 1 on” oo, £ atls n ACEAR: nEER Y s PudiiL Ph ARG Rbmanic
car bon cont entpher SinBASRE Y G/ GPURANGR, OIPfElorr A bl 18 0
't mat o anal ySessAiS SupbaticobEHisR au GMANG biuflinRi MRARAC Aluming
alumina-silica, alumina-boria, alumina-titania, alumina-zirconia,
20 alumina-magnesia, alumina-silica~zirconia, alumina-silica-titania, or a
support in which a porous inorganic compound such as various clay
minerals including various zeolites, sepiolite, and montmorillonite is
added to alumina, and of these, alumina is especially preferred.
[0028] The hydrotreating catalyst according to the present invention is
25 preferably a catalyst obtained by supporting 10 to 30% by mass of the at

least one selected from Group 6 metals of the petiodic table and 1 to 7%



[0038] It is noted that a step of producing a regenerated
hydrotreating catal yst in the process for producing a petrol eum
product of the present invention is a step of producing a regenerated
hydrotreati ng catal yst by 25the process for producing a regenerated

hydrotreating pathsssf te athRasll GifeBdledtBd SR OBrod th ) HkeAs (dfshe
af orenenti oned steps. Aspects of a hydrotreating catalyst and a

regeneration spefodic thbk, basedkon 4 estabhedy itheacatalivsn | Buihediepatic of

the present invention are the sane as those nentioned above, and the
over | appi ng expimpuat comprisirlg e oxide b dluneinem. 5[ Wiz suppeeedtaneaintent
st ep) " In a hydrotreatnent step of a distillate petrol eum
fraction of theffirdSenip 6 metalsiodithe periodichakieandeate Groapdier 10 teeals

active netal species into a netal sulfide by subjecting the

regener & ed caofilys periadicetablenatehkess dvan itheir pwmlaweralimits; the catakyst
catal yst using a sulfur conpound referred to 10as pre-sulfiding

bef ore a hydr otatidathabrio exsacaiswificipobhpirohteatingastivitypand icautler other
restriction on conditions of the pre-sulfiding, but it is preferred
to add a sul f ubansbrpbendtheo suppasiad emougte @xeerd ttheir ngranouppeert Hmits,
of a distillate petroleumfraction and brjng it_into contact with the
regenerat ed ca€afhlyst ceﬂnmicmﬁé%laynmﬁweeatqbsgmsm@n@ o¥erh a sufficient
tenperature of, from 200 to0,380C, a LHSV.,of from1l to 2 111, a .
pressure same BEdIOfsAtNg HGBE-&E;%F’S?\“% agghamegatio: pE thenunporigdamatal is
treat ti rre.gf 3}8 hours or nore. Exanples of the sulfur conpound
added tid t he fHEEIYPIOCEWef erably i nclude, but are not limted to,

e, L R, B S PO
g? o?egﬁts i gl;lefj y%‘r%gfﬂr Q%{%L%%ﬁ%ggoﬁ@%ﬁng}ﬁﬁ@%{ éﬁtggfer i(pl%ét}ﬂ{elwgctpi’ on
oo 10 25PCl hTRC, bho, BT R ki oot A
oot v oLl SO GakalRld S 5 A

15 it is preferred to catry out supporting by using a solution, preferably an
aqueous solution, of the precursor of the metal. As supporting
operation, for example, a known method such as an immersion method,
an impregnation method, and a coprecipitation method is preferably
employed. .

20 [0030] It is preferred that the support on which the precursor of the
metal is supported be calcined preferably in the presence of oxygen
after dried to once convert the metal species to an oxide, Furthermore,

before hydrotreating a distillate petroleum fraction, it is preferred fo
convert the metal species to a sulfide by a sulfiding process refeired to

25 ag "pre-sulfiding".

[0031] (Regeneration step)

10



while a small anount of a sulfur conpound such as DNPS may be -added—- - --

to the feed oil in order to keep the active netal species of the
catalyst in the sulfide state. [0042] A hydrogen partial pressure at
an inlet of a reactor in the 5 hydrotreatnent step is preferably from

oreforabl y rom 4 torts MRAONHRURBL 1 obBirtnobeh oPosp coBEf o ¥
caral yat boconbydiotafol kg OF 1L Y lRhe BRRAALL M lart REF 4n Bt
xceods 13 vi Batiof REFine B imetiehe ot e YT APRAET R bl Rt
o 11 ciency i o FsanefAReR ot | & mckied KSERRR oA BERREE"

f B 4 : .
45 1117 and comsgig Ul Retaekiion hEdcETR JRUBE SERpAIly i d, 40

LHSV i s | ess t hasti@y diffelchl from Sehi drofrehiag fAdiRty f0he QMM YRlrbRhm

cost of the reactof becones excessive and The econom ca i Ci ency

i's inpaired. Ofabtienot Bgecifiaalty, théespdnetatlonSY motcaedsd dut With k&g i s

a fear that the hydrotreatnent” of the feed oil is not achieved .

sufficiently. £ 0RMAIst dackeddnt dreactoraothiltt bgdnstdating! Reflityofbri A
the hydrotreatment step is preferably from200C to 410C, nore

preferably frodis@flaE petrolond, fravtibrg $psoprefdrsecbrcepell ak vhe cataiyab@Gni o
395C. When the reaction tenperature is |less than 200C, the

hydr ot rldat ment thef reabferf rededhe mdledsomtatatalystbie adhcitive dosrddeneration, y.
On the other hand, the case 25where the reaction tenperature exceeds
410C i s undesi aabtaryevhtheasgenersion getherfaciliby of a gas conponent
which is a by-product increases, and  therefore, yield of an

obj ective refi 20iA precedusetor pamuslE aut dhe oregenerptiongefi/the | spent
the hydrotreatnent step. i,s preferably from 100 to 8000 SCF/ DBL, nore
preferably frogatabyet uged onot%son;em:, inysation,pbut 48 Inpt Jinsited apraferablim
150 to 6000 SCF/BBL. 5 ,\Wen r.ati o ,of hydrogen/oil,is |ess {han
100 SCF/ BBL, t FREPRIESS, 40t 15 Ardgte (fe S9N Bh TBINOVEIEG W Siavang, a

T bRk
cost "o vecy UG Uy HEabSholkbhitln b olm Bam Eha SELTAGHRL ™
Step’i oMoy S SR F Datal K BRoiigb RERY, AR Heb Of v G day) BRteT

Ot Pt og Gt dind {nEAtke Bch AN (18 BT 0P A1Y5t MEadilaiford o

shaped. step).

20 [0033] Of these, as the deoiling step, a method of volatilizing the oil

components by heating the spent catalyst in an atmosphere where
oxygen is not substantially present, for example, in a nitrogen
atmosphere, or the like is preferably employed. The conditions
preferably include, for example, heating at a temperature of from about
25 300°C to 400°C and a flow rate of nifrogen in terms of a flow rate per

unit volume of the catalyst of from 5 to 150 NL/h-L-catalyst for 3 to 7

11



15[ 0047] As the feed oil subjected to the hydrotreatnment of a
distillate petroleumfraction of the present invention, a feed oil
having a distillation tenperature by a distillation test preferably
of from 130 to 600C, nore preferably of from 140 to 550C, and

navi a0 o | 6087 o el B8 BUERE b b B coSHBE /Bl

react | on and t hb s At B eGSR, b 3%%@%%@%@5@3?#2@2%3?

G sti 1ot on tEREYERIE o RpiheRl Y dfthe WG T Ton of B
stil lation , a

n che reed of f@??&ﬁ@si?@% %ﬂéﬁﬁmﬁﬁzﬁﬁﬁ%‘?@&gﬁ AR W, AR R R

o oper e of LharareE [are, O PP O YK VUIUEETHL 1R SOMECHaLAeTr

but typical pr éﬂabﬁfﬁﬁfrﬁ% 52000 miﬂ-ﬁaﬁlysﬂﬁﬁofé%fﬁ%ﬁﬁﬁoﬂl 3% ;Llo

970.0 kg/ nB8 and a sul*fur conponent content 1's Trom®0.02 to 4.0%
mass. 5[ 0048] |60 Sm%-ﬁdcdtbl?ﬁ,t Bﬁdsééﬁe@falljlo'ﬁréﬁ*abl R PEOS €8t 500
invention nmeans a sul fur confent measured in-accordance with "6.
Ener gy- di sper sNV¢h-K-£gylykt, uondrpeihesflewtandis lebs tharn'do NL/Mh-Boshtalyst
petrol eum products - Determ nation of sulfur content” defined in Jis
K 2541-1992. |thepelit 4 itandenthehal ikl kalfinocomeeents, ohthepliles depositing
application neans a test 10 perforned in accordance with "6.

Det er nilflat i on ofi thaspemb citalyst fsanobrembevsdstufficiattly atd ithe "aPEvity| cfuan
products - Determ nation of distillation characteristics" defined in
118 K 2254. Moregenenated batabishds npt dnpeowids sufficenélyp e tOmthe ptlfer dwnidon
in the present application neans a density neasured in accordance
with "5. Osci |l whenrthe dlowinefe esetedss2MHNL/hIzsatalyatdthepetis ol resd tnd
petrol eum products - Deterpm nation of density and petrol eym

measur enent  t aBICERASE ASELE Aird eOMprassel sdhieh Hapalsy esanomis efigiengy.ade
degr ees) (exenﬁ)téﬁ" (he!f' ned in TN K 2249. [0049] Furthernore, an
exanpl e of nealt¥P381 1nj thecragpnespsionasteng the, seagrigraliane a3 icarrieeh o0 iatya of

t he reqgenerated catal yst .i.ncl a 20desu rj jon rate nst ant
under g% i dentﬁegﬁ?er%}ié’r Sfilﬂq Sﬁf@iqrileﬁre Wlit[gejgéﬁ% r¥iz ﬁ-on%ﬁﬁj@‘”er
constant is defi ned.by the fol.l ow formul a. ..Desul furi pon rate
Const ant Ly Uit pE dhe TRt of s, tEERAIaGOR 15 11 suBPit Gorhaie

cat alyot va i fIaR £y 20 AP afttss anc dsBEiRff kit B £ Mo ne
i ke, dth f i i i [ v 1V

e, o214 Lher SLoCSh chdod 5 ESRBAREERAR! A fuS1AL HMSAOSARE IR A
catal yst afterg t.’&tgtatlgsf‘% el %ﬁ%&i@@ stAL 2l ¥t pgﬁy?gﬁ%%ﬁﬁlgﬁ’tﬁﬁ%%f y

based on the activity a correspondi ng new ca

acti vi iy of t@qggfﬁﬁé%@ﬁ&éﬁﬂy tHeS rcf‘gﬁlefk&foﬁdi@yrfﬂe@b%cor less,

activity defi oW ng 5formu
preferably T, + 20°C or less, and especially preferably T; + 10°C or less

because the activity of the regenerated catalyst decreases if coke

depositing on the catalyst is burned and removed completely.

[0036] The time of the regeneration is preferably 2 hours or more, more
25 preferably 2.5 hours or more, and especially preferably 3 hours or more.

When the treatment time is less than 2 hours, removal of substances

12



Specific activity = desulfurization rate constant of regenerated-
catal yst/desul furization rate constant of new catal yst Exanpl es

[ 0051] Next, a further detailed description will be given of the
present 10 invention with reference to Exanpl es and Conparative
Exanpl es, but  ihidhdidve beluwedsthreuedtatysatadtivityl nveht aorcoke and rewlfigy
limted to those exanples. [0052] [Exanple 1] (Regenerated
hydrotreating cemgbysnts, #ndpaot thprboeed effigiently. at Hliy svtet! thiat tdokedidna
catal yst containing 15 nol ybdenum and cobalt as active netals
supported on athealpoesient applipation ancdansag sulistateoin veliichr a Handracprbern
used in a hydrotreating facility for kerosene for two years was
prepared. 5. 13depasitng wmea sprface 10§ the thydsetreajingacatblyst 1 theysewddheed
out into a plafinumpan, set in a differential thermal analyzer
(Ther no Pl us 2hydoirsefingriadysoisnhighin ey chizad Bgtdmogdmsedomp%welupbri;,
and subjected to.,a differential thermal analysis with elevating a

t enper at ur e of SENFEHAPPEUSALS KLFATPBAPer ature to 700C by 10C/ m nute
at a flowrate_gqf. air. of 100 m | m nute. Next, Tl and T2 were .

cal cul ated by E(ﬁ)@']if'@?eerré?gqn&{’fgﬁ&n HeRireatingq 6@?3@% Pg’gﬂllll@(i & the
differential thermal .analysis, which, 5reve%lped t hat '{i = 260C.and T2
= 360C.  Deoi | | FRECHERUON, SIFR LUNAIB FeHaur] Rl doRcals franisnta iy 8 Jopies

‘5;';‘? ahs fiof"L RS oieREraBlsLAr D2l e FESTR H&%”p@%%qr@z?ofi¢$%n6?t °
_ A i ) _
fﬁlye?terﬁ' L ot nyen et BEde) ol el PEEPEELEY §€éﬂ%§6}z—,&+¢§’€%§§v¢ﬁgﬁﬁ T
L/ it - gé't glgy‘;‘t i b Ger el - B b e %Siﬁaéﬁ%)s%vae}?fwof
car ?Z;dfi‘utc‘é‘;@f{’%g’@ ribass Br %%éaﬁ?%géﬂkﬁgﬁlhﬁ@ﬁ%ﬁéﬁﬁzgﬁ"%ﬁﬁf@és L
[ gener at oa cotst SBAN b iRl SN CERASRAS O Mcklifig TARAyS! Jpen
regenerated cahglisidudl WaboRaldshtiis 1&3%51@(1!}.%0'1# Yk DR eEdL10%

reactor, and at first, pre-sulfiding of the catalyst was carried out.

Speci filgal Iy, Wmms,nﬁﬁshf«ﬁmwﬁﬁng\@&tiaﬁﬁﬁ the 176%6ﬂe@9t%ﬁ%talyst tends to

corresponding to a gas oil having a density of 851.6 kg/nB, a initial

15 boi | i ng poilpg not hag eAbugind Hrisanded thati residoainéarbbn’B 16 {BE paésent
distillation test, and a sulfur conponent in ternms of a sulfur atom

based on a masapphicatichendans tarbbn {cdlee) temainsrp, irbHwertgenetabal oaabysof
the fraction, and then, this was continuously supplied to the

cat al yst for 4dierorsgenerdting thehspenta hiydedioaatingt cstalyst,eand ithe seaglual
conducted by using 20 the fraction corresponding to a gas oil as a
feed oi | undercarhen conting i the ssgenerased hydrotraatipgreatalyst isfmeane:d i
hydrogen partial pressure of 6 MPa, a 1,1-1SV of 1 13.4, and a ratio

of hydP8gen/ oiaccerdanseowsbr! Genl. and wekal £ Mechanicsh metheds dies relimaties

obt ai ned based on a sulfur, co nent. content in a product oil. In
addition, a d Yoi§'| @Wﬁg&%&gnstant was obt ai ned by carrying

out a sim lar [ro(aggj | 15 ggteﬁstilgtg aasteri)e\évf producing a regenerated hydrotreating
catalyst in the process for producing a petroleum product of the present

invention is a step of producing a regenerated hydrotreating catalyst by

25 the process for producing a regenerated hydrotreating catalyst of the

present invention, and includes the aforementioned steps. Aspects of a

13



catal yst corresponding to the spent catal yst used, and the specific
activity of the regenerated catalyst | was cal cul ated by the

desul fui zation rate constant. The results are shown in Table 1. It is
noted that the analysis on properties of the feed oil and the product

F‘E'xal“nﬁfea'zi (RSB ROAAL AT e RRRROE) 8B P Y RS fox,
2 | . . .

catalyat 1 ae PRAVUIES pofiolSthf Beddipe SRRy DRESD: INRRABRTR, t0sams o,

condi 11 on vor S Rood RRelabove i AED A hoBti Pl FERCRAINEY |

resi dual carbopegontent in the regenerated catal yst 2 are shown in
Tabl e 1. [0055] (Hydrotreatnent reaction) A hydr ot r eat nent

reactiors was CRY0393 dIBiko¥atileat § operation as that in Exanple I
except that the regenérated catal yst 2 was used. 15The results of

specific activity afa shpdetieatiet ged of QRS Hlaté Peasluen Haction of the
(Regenerat ed hydrotreating catal yst) A spent hydrotreating

catal yst 2 whi plesemisingentiomg|iy i prefiatad 10 egnvent thedetiverrastd] spdrdtd inds
active nmetals supported on an al um na support and was pul | ed out
after having beeanetalsdlfide dyhsubjettireg ithe regerfonated i dagalfyst packsab ioithe
for two years was prepared. The spent hydrotreating catalyst 2 was
subj ected to afasilityde artréatinentief thel catalystysing a ahifohcompeahddefetrad 11
=310C and T2 = 410C. Deoiling was carried out by heating the spent
hydr ot riéht i ng asprersmfidinghefapochydiotzatentseseiion ni t rogen f1 ow
having a flow rate_per unit volune, of the spent catalyst 25o0f 15

NL/ h- cat al yst 10948h Theset is cne upaséailans restriction: o cobdiionat ¢ the

catal yst 3 was obt aj.ned regener.ati t dep| |l ed catalyst at T2 -
10C for 5 houp@-stﬁhawgam ft lg\mrﬁzéamsgtgc)aacrcf TN sopwougidite & rednl of
the catal yst of 50,.N A-catalyst in the electric furnace. Quantitative
det er mi nat i on $cCalof ‘?%‘UQ?O At Bgﬁtﬁmﬁfﬂt% PFH@P%IB@ %Wat%l@n and biing
regenerated catalyst 1 carried out by the aforenenti oned test
roehod. Ae a otodipr cophEt, BlhadlF Stensied redubstatreinggey’ dader
pased. 9 the "BS%iRlnd BFa IGHFRSKAL S Fh 06T 38 TL ARV LEOSR BB

reacti

2 I, a pressure same as that in operation of the hydrotreatment, and a
treatment time of 48 hours or morg. Examples of the sulfur compound
added to the feed oil preferably include, but are not limited to, dimethyl
disnlfide (DMDS) and hydrogen sulfide, and it is preferred to add about
20 1% by mass of these compounds to the feed oil based on a mass of the
feed oil.
[0041] Operating conditions in the aforementioned hydrotreatment step
of a distillate petroleurn fraction are not especially limited, but it is
preferred not to add a sulfur compound in particular because it is
25 generally possible to keep the active metal species of the catalyst in the
sulfide state by the sulfur compound already contained in the feed oil,

14



A hydrotreatnment reaction was carried out by the sanme operation as
that in Exanple 1 except that the regenerated catal yst 3 was used,
10The results of specific activity are shown in Table 1, [Exanple 4]
(Regenerat ed hydrotreating catal yst) A regenerated catal yst 4

was obt ai ned bthI%;ﬁ%n%leaﬁ%Wts}ﬂm%BMgﬁa H%c&?éf‘ Ly bhat

used in Exanpl e y carryirng out regen Ion e sane

operation as thaded b ﬁ?ﬁ'ﬁf&!cﬁoﬂ iﬁxﬂf %é 'k;&ﬁg the JcEBYENBEAL I t@(éie% fofathe

conditions were those own In Ta anal ysis resu
resi dual car bopa@RRt fithel shifidesthgoener at ed catal yst 4 are shown in
Tabl e 1. [0058] (Hydrotreatnent reaction) A hydr ot r eat nent

reaction was CﬁbﬂdzquOerdﬂégeﬁ qﬁ:?ag?rmaf@tat% 3ARs shat réa’&tcﬁxfﬁfrﬁhé 1

except that the regenerated cataly 4 was used. The results o

speci fi 5 acti vhygrotrcatratigvetep s Trbfeeably 653 lto[ G0 MIPY, atoye preferables
1 to 4] (Regenerated hydrotreating catalyst) Regener at ed

catal ysts 5 tofisnwe.® tobl2i e, tydusspegiallye peefomblpsipemt 4 to 11 MPa.

hydrotreating catalysts 1 and 2 as those used in Exanples 1 and 3 and

by carrying ouWheydémetydiogerbpatttsd masmireperlass dham3 VB8, ithere is a

Exanpl e 1 except that regeneration conditions were those shown in

Tabl e 1. The ateadpnt)sthasgenexation ofecikeuen theaediolystbecamesiritensehand a

regenerated catalysts 5 to 8 are shown in Table 1. [0060]

( Hydr ot r eat mentife-span obthe glysbbeenmereshortengd: | 6istheeotber hand,cahowt

by the sane

Y 10 the hydrogen partial pressure exceeds 13 MPa, there is a fear that
construction cost of the reactor, surrounding equipment, and the like
increases and economical efficiency is impaired.

[0043] A LHSV in the hydrotreatment step can range preferably from

0.05 to 5 h”', more preferably from 0.1 to 4.5 h™, and especially

15 preferably from 0.2 to 4 b, When the LHSV is less than 0.05 b,
there is a fear that the construction cost of the reactor becomes
excessive and the economical efficiency is impaired. On the other
hand, when the LHSV exceeds 5 h”, there is a fear that the
hydrotreatment of the feed oil is not achieved sufficiently.

20 [0044] A temperature of a hydrogenation reaction in the hydrotreatment
step is preferably from 200°C to 410°C, more preferably from 220°C to
400°C, and especially preferably from 250°C to 395°C. When the
reaction temperature is less than 200°C, the hydrotreatment of the feed
oil tends not to be achieved sufficiently, On the other hand, the case

25 where the reaction femperature exceeds 410°C is undesirable because, if

s0, geheration of a gas component which is a by-product increases, and

15



operation as that in Exanple 1 except that the regenerated catal ysts
5to 8 were used respectively, The results of specific activity are
shown in Table 1. Conparative Exanple 1z ;signma wads Regeneratedl,

catalyst 8 O5E (0S-in OOE OSs sl E :

therefore, yield of an objective refined oil decreases.
[0045] A ratio of hydrogen/oil in the hydrotreatment step is preferably
from 100 to 8000 SCE/BBL, more preferably from 120 to 7000
SCF/BBL, and especially preferably from 150 to 6000 SCE/BBL.
5 When the ratio of hydrogen/oil is less than 100 SCE/BBL, there is a
tendency that generation of coke on the catalyst at an outlet of the
reactor progresses and the life-span of the catalyst becomes shortened.
On the other hand, when the ratio of hydrogen/oil exceeds 8000
SCF/BBL, there is a fear that construction cost of a recycle compressor

10 becomes excessive and the economical efficiency is impaired.

[0046] A reaction style in the hydrotreatment step is not especially
limited, but can be generally selected from various processes such as
fixed bed and moving bed, and the fixed bed is preferred. In addition,
the reactor is preferred to be tower shaped.

15 [0047] As the feed oil subjected to the hydrotreatment of a distillate
petroleum fraction of the present invention, a feed oil having a
distillation temperature by a distillation test preferably of from 130 to
600°C, more prefetably of from 140 to 550°C, and especially preferably
of from 150 to 500°C is used. When a feed oil having a distillation

20 temperature of less than 130°C is used, there is a tendency that the

| hydrotreatment reaction becomes a gas-phase reaction and the
aforementioned catalyst does not exert its performance sufficiently.
On the other hand, when a feed oil having a distillation temperature of
mote than 600°C is used, a content of a poisoning substance to the
25 catalyst such as a heavy metal contained in the feed oil becomes larger

and the life-span of the catalyst decreases remarkably. There is no
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particular restriction on other propetties of the distillate petroleum

fraction used as the feed oil, but typical properties are that a density at
15°C is from 760.0 to 970.0 kg/m® and a sulfur component content is
from 0.02 to 4.0% by mass.

[0048] It is noted that the sulfur content in the present invention means
a sulfur content measured in accordance with 6. Energy-dispersive
X-ray fluorescence method" in "Crude oil and petroleum products -
Determination of sulfur content” defined i JIS K 2541-1992, In
addition, the distillation test in the present application means a test
performed in accordance with "6. Determination of vacuum distillation
characteristics" in "Petroleum products - Determination of distillation
characteristics”" defined in JIS K 2254, Moreover, the density of a
distillate petroleum fraction in the present application means a density
measured in accordance with "5, Oscillating density test method" in
"Crude pefroleum and petroleum products - Determination of
density-and petroleumn measurement tables based on a reference
temperature (15 centigrade degrees) (excerpt)" defined in JIS K 2249,
[0049] Furthermore, an example of means of directly evaluating the
hydrotreating activity of the regenerated catalyst includes a
desulfurization rate constant under an identical operating condition.
The desulfurization rate constant is defined by the following formula,
Desulfurization rate constant = LHSV x (1/sulfor content in product oil
- I/sulfur content in feed oil)

[0050] It is noted that the activity of a new catalyst varies with its
manufacturer, its production unit, and the like, and therefore, it is

considered valid to evaluate the activity of the regenerated catalyst
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obtained by regenerating a hydrotreating catalyst after using the
hydrotreating catalyst by relative activity based on the activity of a
cotresponding new catalyst, Then, the activity of the regenerated
catalyst is evaluated by specific activity defined by the following
formula.

Specific activity = desulfurization rate comstant of regenerated
catalyst/desulfurization rate constant of new catalyst

Examples

[0051] Next, a further detailed description will be given of the present
invention with reference to Examples and Comparative Examples, but it
should be construed that the invention is in no way limited to those
examples.

[0052] [Example 1] (Regenerated hydrotreating catalyst)

A spent hydrotreating catalyst 1 which was a catalyst containing
molybdenum and cobalt as active metals supported on an alumina
support and was pulled out after having been used in a hydrotreating
facility for kerosene for two years was prepared. 5.139 mg of the
spent hydrotreating catalyst 1 was measured out into a platinum pan, set
in a differential thermal analyzer (Thermo Plus 2 series/TG8110
manufactured by Rigaku Corporation), and subjected to a differential
thermal analysis with elevating a temperature of a sample from room
temperamré to 700°C by 10°C/minute at a flow rate of air of 100
ml/minute. Next, T, and T, were calculated by the aforementioned
method based on the results of the differential thermal analysis, which
revealed that Ty = 260°C and T, =360°C. Deoiling was carried out by
heating the spent hydrotreating catalyst 1 at 300°C for 3 hours in a
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nitrogen flow having a flow rate per unit volume of the spent catalyst of
15 NL/M-L-catalyst in an electric furnace. After that, a regenerated
catalyst 1 was obtained by regenerating the deoiled catalyst at T} + 40°C
for 5 hours in an air flow having a flow rate per unit volume of the
catalyst of 50 NL/h-L-catalyst in the electric furnace. Quantitative
determination of a residual carbon content in the obtained regenerated
catalyst 1 was carried out by the aforementioned test method. As a
result, the residual carbon content was 0.7% by mass based on the mass
of the regenerated catalyst.

[0053] (Hydrotreatment reaction)

The regenerated catalyst 1 was packed in a fixed-bed continnous
flow reactor, and at first, pre-sulfiding of the catalyst was carried out.
Specifically, 1% by mass of DMDS was added to a fraction
corresponding to a gas oil having a density of 851.6 kg/m®, a initial
boiling peint of 231.0°C and an end boiling point of 376.0°C at a
distillation test, and a sulfur component in terms of a sulfur atom based
on a mass of a feed oil of 1.18% by mass, based on the mass of the
fraction, and then, this was continuously supplied to the catalyst for 48
hours, Afier that, a hydrotreatment reaction was conducted by using
the fraction corresponding to a gas oil as a feed oil under the conditions
of a reaction temperature of 380°C, a hydrogen partial pressure of 6
MPa, a LHSV of 1 b, and a ratio of hydrogen/oil of 1000 SCF/BBL.
A desulfurization rate constant was obtained based on a sulfur
component content in a product oil. In addition, a desulfurization rate
constant was obtained by carrying out a similar reaction by using a new

catalyst corresponding to the spent catalyst used, and the specific
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activity of the regenerated catalyst 1 was calculated by the
desulfurization rate constant. The results are shown in Table 1. It is
noted that the analysis on properties of the feed oil and the product oil
was all condu}.:ted by the aforementioned test method.

[0054] [Example 2] (Regenerated hydrotreating catalyst)

A regenerated catalyst 2 was obtained by using the same spent
hydrotreating catalyst 1 as that used in Example 1 and by carrying out
regeneration by the same operation as that in Example 1 except that
regeneration conditions were those shown in Table 1. The analysis
results of a residual carbon content in the regenerated catalyst 2 are
shown in Table 1.

[0055] (Hydrotreatment reaction)

A hydrotreatment reaction was catried out by the same operation
as that in Example 1 except that the regenerated catalyst 2 was used.
The results of specific activity are shown in Table 1.

[0056] [Example 3] (Regenerated hydrotreating catalyst)

A spent hydrotreating catalyst 2 which was a catalyst containing
molybdenum and cobalt as active metals supported on an alumina
support and was pulled out after having been used in a hydrotreating
facility for a gas oil for two years was prepared. The spent
hydrotreating catalyst 2 was subjected to a differential thermal analysis,
which revealed that T; = 310°C and T, = 410°C. Deoiling was carried |
out by heating the spent hydrotreating catalyst 2 at 400°C for 3 hours in
a nitrogen flow having a flow rate per unit volume of the spent catalyst
of 15 NL/h-L-catalyst in an electric furnace. After that, a regenerated
catalyst 3 was obtained by regenerating the deoiled catalyst at T; - 10°C
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for 5 hours in an air flow having a flow rate per unit volume of the
catalyst of 50 NL/hL-catalyst in the electric furnace. Quantitative
determination of a residual carbon content in the obtained regenerated
catalyst 1 was caried out by the aforementioned test method. As a
result, the residual carbon content was 0.3% by mass based on the mass
of the regenerated catalyst.

[0057] (Hydrotreatment reaction) |

A hydrofreatment reaction was carried out by the same operation
as that in Example 1 except that the regenerated catalyst 3 was used.
The results of specific activity are shown in Table 1.

[Example 4] (Regenerated hydrotreating catalyst)

A regenerated catalyst 4 was obtained by using the same spent
hydrotreating catalyst 2 as that used in Example 3 and by carrying out
tegeneration by the same operation as that in Example 1 except that
regeneration conditions wete those shown in Table 1. The analysis
results of a residual carbon content in the regenerated catalyst 4 are
shown in Table 1.

[0058] (Hydrotreatment reaction)

A hydrotreatment reaction was carried out by the same operation
as that in Example 1 except that the regenerated catalyst 4 was used.
The results of specific activity are shown in Table 1.

[0059] [Comparative Examples 1 to 4] (Regenerated hydrofreating
catalyst)

Regenerated catalysts 5 to 8 were obtained by using the same
spent hydrotreating catalysts 1 and 2 as those used in Examples 1 and 3

and by carrying out regeneration by the same operation as that in

21
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Example 1 except that regeneration conditions were those shown in
Table 1. The analysis results of residual carbon contents in the
regencrated catalysts 5 to 8 are shown in Table 1.
[0060] (Hydrotreatment reaction)

5 Hydrotreatment reactions were carried out by the same
operation as that in Example 1 except that the regenerated catalysts 5 to
8 were used respectively. The results of specific activity are shown in-
Table 1.
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g 0 a 124 0 Properties of regenerated catal yst [ 0062] The
results in Table 1 show that the residual carbon content is |ess than
2.0% by mass and the activity is nmaintained to be about 95% or nore
in conparison with the new catal yst when the spent hydrotreating
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e act i vity 1158 Hiagup- 008 kY(atets SRL e TR AR SBR AR08 o5 oo
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differenti al a S, converting a differentral 'hedt in a

measuri ng t_errpgf;ahks[ég 53808 @fgr%@%apfn EBmPariseh GHACHRE ne®s 3atabyst is

di fference in el'ectronotive , differentiating 10 the converted
val ue tw ce by;RRPEIURIsH Rsd and Obd8ack mihel falviexislange itabach 8ame, a

second snal |l est extrene value, and representing a tenperature
correspondi ng {Ailehthee¥iheeeltidloueilonst timst oyeed- ire Fxangiles € 40 dk azs
Tl and a tenperature corresponding to the extrenme value on the

hi gher -jtgenper ahydratiebtéed. as T2. 152. The process for producing a
regener ated hydrotreating catal yst
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according to claim1, wherein a residual carbgn content in the
regenerated hydrotreating catalyst is 0.2% by nmass or nore and 3. 0%
by mass or less. 3. The process for producing a regenerated
hydrotreati ng catal yst 20 according to claim1 or 2, wherein the

hydrotreati ng catal yst is a catal yst ﬁmgd by supporting 10 to 30%
by mass of at |east one selected fro 6 netals of the periodic

metals of the beriodieear 4o BERRng A Sepaietbd huataftdRg Gupyh by

0217000 EASUPHESE £ UBBIAGAN, E hpli

to claim3, wh | e.1at | east one selected from Goup 6 netals of
t he periodic tg%%g%enoﬁybdenum and the at | east one selected from

Group 840 10 netal §h0hrédsibegteRBbatiaiatok Is GABRperAGY i gtk -

5. The process for producing a regenerated hydrotreating catal yst

saccording to 30 Renbfe ShATIB+ B0PC ¢b Ie‘ééleéﬁﬂﬁehﬁﬁleﬁwfsugiecﬁn% t¥1&|3 ow

hydrotreati ng catal yst 1s regénerated under an air flow having

rate per unit smanyRRdRiirdabiag@atavstsd adifferaitial thermal 804lysis, converting
NL/13.-L-catalyst for 2 hours or nore. 6. A process for producing a

pet rol eum pr odglefiffeentinl heitria:a ﬁfb@sﬁﬂiﬁ% tedpenat angeetil@°€ or more
regenerated hydrotreating catal yst by the process for producing a

soerr et DAGSONE el lrmesiiestincon v, daining

fracti d by ustheganivertedyaher twiee biyytanmperaiate togproaide y smablestaéxiseme n

the first st ep\}alue and a second smallest extreme value, and representing a
temperature  corresponding to the exireme value on the
lower-temperature side as T; and a temperature corresponding to the
extreme value on the higher-temperature side as T;.

15 2. The process for producing a regenerated hydrotreating catalyst
according to claim 1, wherein a residual carbon content in the
regenerated hydrotreating catalyst is 0.2% by mass or more and 3.0% by
mass or less.

3. The process for producing a regenerated hydrotreating catalyst

20 according to ciaim 1 or 2, wherein the hydrofreating catalyst is a
catalyst obtained by supporting 10 to 30% by mass of at least one
selected from Group 6 metals of the periodic table and 1 to 7% by mass
of at least one selected from Group 8 to 10 metals of the periodic table,
based on a total mass of the catalyst, on an inorganic support comprising

25 an oxide of aluminym,

4. The process for producing a regenerated hydrotreating catalyst

25



15 7. The process for producing a petrol eum product according to
claim6, wherein operating conditions of the second step are a

hydr ogen partial pressure of from3 to 13 Isaa, a IIISV of fromO0.05
to 5 114, a reaction tenperature of from200C to 410C, a ratio of

hydrogen/oil of fr 0 SEh 184 3t leaabdndi ssldctéchfionn Group .6
properties of 5(:({0&@@%&1 cl‘éa?n?%?%lolc or nore and 600C or less. 8

A
e Sonet s ST RRle sl enelsimuny ateecb anolen e
of claims 1 togam Group 8 to 10 metals of the periodic table is cobalt and/or nickel.
5. The process for producing a regenerated hydrotreating catalyst
5 according to any one of claims 1 to 4, wherein the spent hydrotreating
catalyst is regenerated under an air flow having a flow rate per unit
volure of the catalyst of from 20 to 2000 NL/h-L-catalyst for 2 hours or
more.
6. A process for producing a petroleum product, comprising:

10 a first step of producing a regenerated hydrotreating catalyst by
the process for producing a regenerated hydrotreating catalyst according
to any one of claims 1 to 5; and

2 second step of hydrotreating a distillate petroleum fraction by
using the regenerated hydrotreating catalyst obtained in the first step.

15 7. The process for producing a petroleum product according to
claim 6, wherein operating conditions of the second step are a hydrogen
partial pressure of from 3 to 13 MPa, a LHSV of from 0.05 to 5 h', a
reaction temperature of from 200°C to 410°C, a ratio of hydrogen/oil of
from 100 to 8000 SCF/BBL, and distillation properties of a feed oil of

20 150°C or more and 600°C or less.

8. A regenerated hydrofreating catalyst produced by the process for

producing a regenerated hydrotreating catalyst according to any one of

claims 1 fo 5.
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