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nothing is disclosed concerning rep italization of a
spent catalyst using chelating agents and the

rel ati onshi p between carbon renoval and a chel ati on
treatnent. i U $. Patent No. 6,239,066 Bl, discloses a
process for inproving the activity of a catalyst by-'
ctreatnent thereof with a chelating agent it is noted
that the treatnment nethod can also be used to inprove

t he act t tRd e
pr esent gsl%%ﬁN@e%%qﬁgﬁghow &g’ usggxm‘glt%%ﬁ?e activity of a
t h aiatalystbyitesstmdnt thereof yithe x: h@lelul@agdmt Itesmtw&ihatdhle ineahinent method

oV 85 R ol B St (P R st i

us esdmnpleahqu&:at dwied batslystithay hhﬂmnbeﬂt&eﬁh&h&ﬂ and Hheh @rebtdd with

carcloye Shine et et e Y EH) Bveforduprskd Fabve votmetsic actvity

re a8 ARG catdl Hﬁﬂhé% beeh redefirgled AHeRN 8
puqﬁmﬁgtl on nunber 95/31 0 dis %egsds cat al yéomenhonofcarbon

bade@is i are gdhesed o ﬂrstbbwetsd ¢atglysbop sheggemierated and
a GRuRA ¥idiga! | v active metal and a method of making
such catalysts. It al so discloses a process for

i npr ovi Hyemaienalaublication grraberdM 02531288 disclosapatalysts based upon

by wﬁfalaﬁﬁnﬁ 'chel
agent ag| ngiht bﬁ%%ﬁ?ﬁ?&ﬁgst r%&ﬂ %t)@'&gameﬂmdof
dr yakipg smphcatzdysts. Hielsg dlsﬁbmmaqumfw irpropipj | mn?ty of such catalyst
pu 0 a.praocess for
pr(g%)a |n%°%g 5@8@%"%&“ g aging the so-
t havetigdisubstiate; follogved Ay dkyimg aidwalnidihgcted to a
| fi I,

Car 1 1 bl SRR TS 4T BB
hy gireperbrgst aubﬁﬂemr&‘mm cmlyﬂﬁﬂ whiich tﬁ@m’t{%ﬂh&é&mﬁﬁs’c is subjected
Pae 33d|s ose rocess for prepari

éym#;s iﬁ“imﬁ’l ?PF Eigg ‘?‘H@p Wlﬂéﬂ%ﬁwﬁmnmgﬁm 50 %
hualnmzaahwﬂmgqnmmeﬁlanedu olpBuddf €SENCE Of a
sul fur [ here i s_an ongoi ng need
o 11 ndiperaen e FOCEI b lasent ippery e mespaos v ixgly @i which
capmbqsstlmvblwl dofitedt dfQH tin e
par r.l Ii!v\lglaen t he ctglt%al yst Pg&glsspen?ﬂuhl gﬁ&meoﬁ

%‘Hﬁ%‘g %Pt“png cat al yst Surmary of the

| nvent Iﬁﬁra“iﬁﬁ@

dg F i’ﬁa spent hy roproceSS| ng ca@a ysflﬂgﬁg\?ﬁ‘awa"f

lostastiv & thepase partigulatiywhed thedagiyst is a spent
|O=lﬁyi W?hmgéim& of carbon on the spent

hyorOoroceSS|ng cafal yst is reduced to thensby provide
a RARany of the avention pent catal yst having a second

car bon LeaagRlY, #f sfdtnbveRttd fehdd %&J@dt | 2 spedt linygmprocesmng catalyst

having a first carbon concentration exceeding about 3 welght percent. The concentration of
carbon on the spent hydroprocessing catalyst is reduced to ﬂtemby provide a carbon
reduced sFent catalyst having a sacand carbon concentration in the range of from about 0.5
weight percant to about 2.5 weight persent. The raduction of the concentration of carbon
on the spent hydroprocessing catalyst is done by contacting under carbon burning
conditions the spent hydroprocessing catalyst with a gas comprising oxygen and

com:rolhng the amount of carbon removed from the spent hydroprorcessing catalyst so as to

provide the carbon reduced spent catalyst having the second carbon concentration. The




wei ght percent to about 2.5 weight percent The
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the revitalized hydroprocessing catalyst with a
hydr ocar bon feedstock under hydroprocessing
conditions. Qther objects and advantages of the

invention will beconme apparent fromthe follow ng
detai |l ed description and appended clains. Brief
Description of the Drawings FIG | is a plot of the
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Detailed Description of the Invention

The invention relates to a method of restoring catalytic activity to a

hydroprocessing catalyst that has become spent due to its use. The invention further relates

to a method for maximizing the amount of restored catalytic activity to the spent
hydroprocessing catalyst. Also, the invention relates to a revitalized hydroprocessing
catalyst and other catalyst compositions made by the treatment of a spent hydroprocessing
catalyst using the inventive methods described herein. Further, the invention relates to a
hydroprocessing process that utilizes the revitalized hydroprocessing catalysts and other
spent catalysts having restored catalytic activity of the invention.

The hydroprocessing catalyst of the invention can be any suitable hydrogenation

catalyst including conventional hydroprocessing catalysts that comprise a metal component
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The Group VIB metal component contained in the hydroprocessing catalyst

composition can be in the ¢lemental form or in the form of a metal compound, such as, for
example, oxides, sulfides and the like. The amount of Group VIB metal in the
hydroprocessing catalyst composition can be in the range of from about S to about 25
weight percent elemental metal based on the total weight of the hydroprocessing catalyst
composition. Preferably, the concentration of Group VIB metal in the hydroprocessing
catalyst composition is in the range of from 6 weight % to 22 weight %, and, most
preferably, the concentration is in the range of from 7 weight % to 20 weight %.



al um na, gamm alum na, delta alum na, eta alum na
theta alum na, boehmte, or mxtures thereof. The
preferred porous refractory oxide is anorphous

al um na. Anong the avail abl e anorphous al um nas,
ganma alumina is nost preferred. The porous refractory
oxi de generally has an average pore dianmeter in the
range of from about 50 Angstrons to about 200
Angstrons, preferably, from 70 Angstrons to 175
Angstrons, and, nost preferably, from 80 Angstrons to

150 An t r o ;
"ot r ac il Gt ptiel & e R ookl R il sBPLiANFIal that
Qﬁitﬂﬂyrplbwiﬁes m‘npboxd for thesmétal Hytiwgenatige carppanerif PEWS ut

42.ccl qgésas{qgtcg baut aénCC/ tg saﬁhbft@r?(:gdgpam : %l'@?of;ﬁb"sﬁble suitable

c q—foﬁfu@ R frad ey oﬂméstmﬂﬁdefsﬁfcahhg@em Gﬁlc@tﬂhmac wwlh@ﬂ zZirconia,
cc/gram The surfgce ar of 0

oXitepa, tianigplummacgrepyis ﬁ@" § cﬁ'ugﬁw %}m generaqﬁ‘ma’ and
exfmfafne-sARad! ThONuMEaGhRbR ofadiod foh:ﬁs tyohias,alpha slumibh beta

range, of from about 100 t o about r.am e
i redening,gamma Againe.delipalimitag s plnming, 8@%&3? 8 bﬁéﬂ“‘t" or mixtures

t rtﬁ@rteg?s e %t eféhet&' p%fbuﬁ edeta¥ioly oxid/id bMBfpB6@SHimiga.t Avabngths available

become spent catal yst in order to restore a portion of
trmmph@byhmnasazﬁmm#lméﬁm%§%§ﬁ | ost typically

due to %%%Hpol‘us EG%E{Bﬁh%%O%hWh&me@ér%&@ﬁﬁﬁ%r inQke range of

to bot I's spen tivity hydroprocessin
C afréth WBdut GAAngsiomsdo amweomengs@pmreﬁe@ m‘é@WPWlﬁsmms to 173

! o p otal pore
g?yﬁ{lA tgng,gan'pf égﬁreﬁ%t%éy,%o%d AfiodBYRs W80 AdbsBorhb. EBKS total p

concentrati on of deposited
Cajde offhoc bireus @faotbry outiiephsimeasired by parsiatd merewig porisimetry

cmER9ES & B e e P U e Y L £ bereh® BleRRably, the pore
hyglniede sih ke bt ﬁem(wa)/gm to hyschotptkamiatd, ag@hpnefembly, from 0.4

HDN) of a specific catal yst that has

r etcdgramdo ¢ go/grag. 'Jangtsg{f%elageagé{}}e\nq%}ls éﬁaf:ﬁg %7? ge as measured by the

Spﬁ%‘r q%etﬁ@éR%élyeﬂflly"gﬁ%dé fbout F00fth®sthm, atausie Gypidally én the range of
he jresh, unused reference catal yst

i Sﬁ‘blsﬂ abeiiti 19D to Srout400TAEERYA of the eval uated cat al yst

can be he Qi Obatine®fa High acti

(Rate Cg §n$ %"or eva%%a‘tnggdlcat gfkl;%fo;i/ﬁ Rat e gh activity

Cohﬁdrap”rbcésmng ﬂntelﬁs becoimey spert eatelystan pElef to rastops @ partiog,of the catalytic

LN s JBahé

core B P 3 R Ao i fRten, o

or gt Diis dpedt higabtivity hydmproeassmptatﬂyaﬂ pmpw@g@waplum&mc

Snatsis A bl oo B B Al ARy, il 4 Blve.

hy g6:RBkPAR2 SF Béositidabibeh, i s a sul fur treat ed

hydr opr R(s: (tehsas’ularrl:]éJ is used in this specification, "relative volumetric activity" (RVA) refers

to the catalytic activity with respect to either hydrodesulfurization (HDS) or
hydrodenitrogenation (HDN) of a specific catalyst that has been used relative to the
catalytic activity of the same specific catalyst when in its fresh, unused state, Thus, the
RVA of the fresh, unused reference catalyst is by definition 1. The RVA of the evaluated
catalyst can be represented by the following formula:
RVA = (Rate Constant for evaluated catalyst)/

(Rate Constant for fresh reference catalyst)
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The metal impregnation solution used to incorporate the metal compound or
compounds into the porous refractory oxide support can be the source of the volatile
compound and can include, as mentioned above, water, or an alcohol compound, or an
organic solvent or a combination thereof. It is preferred for the metal impregnation solution
to be an aqueous solution of the metal compound. The metal compounds suitable for use in

forming the metal impregnation solution are those compounds that are soluble in the
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mcorporahon therein of sulfur or a sulfur compound. Calcination temperature conditions
are those temperatures at or exceeding 400 °C, and they are usually in the range of from
400 °C to 600 °C. Thus, the catalyst precursor can be exposed to a temperature of less than
400 °C prior to the sulfurization step; provided, the temperature conditions are not such

that the resulting concentration of volatile compound in the resultant caialyst precursor is

within the desired concentration ranges as noted above. Typically, the catalyst precursor
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under elevated temperature conditions followed by an optional passivation step.

The preferred sulfurization step provides for the incorporation of sulfur into the

catalyst precursor by contacting the catalyst precursor with elemental sulfur under

conditions that cause the sulfur to be incorporated into the pores of the catalyst precursor
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The preferred sulfrization step provides for the

i ncorporation of sulfur into the catalyst precursor
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ranging ﬁpm about 105 °C to about 125 °C, Typically, the cathlyst precursor and
powdered sulfur is placed in a vibratory or rotary mixer and heated to the desired
temperature for sufficient time to allow the sulfur to be incorpgrated into the pores of the
catalyst ﬁrecmaor. The time periocl for heating typically will range from about 0.1 hour to

about 10 howrs or lenger.
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A B&Eased heat will achieve the same effect. The mixture of olefin and sulfur is then added

to a preweighted catalyst precursor and mixed therewith. The mixture of catalyst
precursor, olefin and sulfur is then heated to the olefin reaction temperature of above about
150 °C. Preferably, the temperature is in the range of from about 150 °C to about 350 °C,
and, more preferably, from about 200 °C to about 325 °C. The heating time is in the range

of from about 0.1 to about 10 hours.
A sulfurized catalyst precursor may also be further treated with sulfur by sulfiding

either in-situ or ex-situ or a combination thereof.
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carbon content of the spent hydroprocesing catelyst is in the range of from 5 weight
percent to 25 weight percent, and, more typically, the carbon content is in the range of -
from 6 weight percent to 20 weight percent. | '
A:n important feature of the inventive method for mmdMg the restoration of
vatalytic activity to the spent hydroprocessing catalyst is for the carbon reduction of the

first step to be such as to provide a controlled concentration of carbon on the spent
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hydr opr ocessi ng catal yst can even have an RVA | ess
than 0.5 dud even less than 0.4. The hydroprocessi ng
catal yst can becone spent by use under hydrotreat nent
conditions as described above. It is generally

consi dered that one cause of the |l oss of catalyytic
activity is due to the depoidtion of carbonaceous
material into the pore structure of the

hy dihydropmesssing gatsbystagh hattshen it wderaocot subsaquiatdroatinent with a

t hat_, t,h ¢ . ' 6 i .
e R RO S LN - ALY By g e
t he dssiregirestorpi catalptic dxtivityisipeovidedon t he total wei ght of

the spent hydroprocessing catal yst including carbon
and ot her conponents deposited upon the

hydr opr ocessi ng catal yst. Typically, the carbon
content of the spent hydroprocesiug catalyst is in the
range of from5 weight percent tq 25 wei ght percent,
and, nore typically, the carbon content is in the
range of from6 weight percent to 20 wei ghs percent
Ail inmportant feature of the inventive nethod for
maxrntizing the restoration of catalytic activity to
the spent hydreprocessing catalyst is for the carbon
reduction of the first step to be such as to provide
a controlled concentration of carbon on the spent 12
hydr opr ocessi ng catal yst such that %6 hen it undergoes
a subsequent treatnment with a chelating agent in
accordance with the inventive nethod a revitalized
catal yst having the desired restored catalytic
activity is provided. 12a It has been found,
unexpectedly, that to gain the best benefit fromthe
treatnment wth the chelating agent there is an
opti mum anount of carbon that should remain on the
spent hydroprocessi ng catal yst after the carbon
reduction step. To provide for the best i nprovenent
in the restoration of catalytic activity fromthe
chel ation treatnment, the spent hydroprocessing

catal yst should first have its carbon content reduced
to a level that is no |ess than about 0.5 weight
percent to thereby provide a carbon-reduced catal yst,
and, generally, the carbon concentration of the

car bon-reduced catal yst should be in the range of
fromO0.5 weight percent to 2.5 weight percent. To
provide for a greater anount of restored catalytic
activity after the chelation treatnent, the carbon
concentration on the carbon- reduced catal yst should
be in the range of fromO0.75 wei ght percent to 2

wei ght percent, and, preferably, the carbon
concentration is in the range of from 1l wei ght percent
to 1.75 weight percent.
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I f the carbon concentration of the carbon-reduced

catal yst is controlled within the required
concentration.range in accordance with the inventive

nmet hod, catalytic activity can be restored to the

spent hydroprocessing in a manner that an optinmm or

maxi mum | evel of restored catalytic activity is

obt ai ned. This maxi m zed regenerat ed RVA exceeds,

and, preferably, substantially exceeds, the reduced

RVA of the spent hydroprocessing catalyst. Thus,
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ancatalystoThuse gengtatly ghe pgyimd ﬁ?geﬂ?alfeg g@& 8@@? gagrgon—rréﬁuced catalyst
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hy e sxhigicasss achipvebleAhyss it cars b grapteictha - prdevep grpater than 0.7,
oxygen- cont aini . . Aid 4 ratddicl VA 0.9,
Cepanapee o bl Ll B e b A By .
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475 C, and, nost, preferably, from 35 4 .

o yien SR saITO R S eoRBT G SRSk SRt S Emdbulify

be Rk dn bh®fh 25xPn@Sllddananner so as to combust or burn or oxidize the carbon that is
on the spent hydroprocessing catalyst and so as to provide the carbon-reduced catalyst

" having a reduced carbon concentration that is less than the carbon concentration on the

spent hydroprocessing catalyst.
It is a particularly important aspect of the inventive process for the carbon

concentration on the carbon-reduced catalyst to be controlled to within the specific ranges
as noted above so that when the carbon-reduced catalyst is subsequently subjected to a

treatment with the chelating agent the restored catalytic activity is maximized.
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provi de the desired carbon burning tenperature

condi tions. The oxygen-containing gas is preferably
air, which can be diluted with other gases, for

i nstande, inert gases such as nitrogen, to contra

t he concentration of oxygen in the oxygen-containing
gas. The carbon bum can be conducted within a
conmbusti on zone wherein is placed the spent
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cat ala% t a.%tlj its de{a&vat [ ves fromwhich the carbon-
catalyst with restored ca
The chelating agent, or ch&mt, suitable for use in the ¢helating treatment step of
the inventive method includes thos= compovmds that are capable of forming complexes
with the metal components, such ar; any of the Group VIII metals and Group VIB metals,

contained in the carbon-reduced catalyst. It is particularly impertant to the taventive
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reduced catal yst is derived. The anount of netal

redi spersion may be denonstrated and observed through
el ectron m croscopi ¢ photographs. The chel ati ng agent
is added to the carbon-reduced catalyst in a liquid
form preferably by use of a solution containing the
chel ati ng agent which conplexes with the agglonerated
netal of the carbon-reduced catal yst. The conpl exes
are, thus, in aliquid phase that provides for
nmobility of the conpl exes and assists in the transport

of the netal, .throughout.the RO R ld : i ivi
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chelating agents that contain at least one nitrogen atom that can serve as the electron donor

atom for forming the complexes with the metals of the carbon-reduced catalyst.

| Examples of possible nitrogen atom containing chelating agents i:_lclude those
compounds that can be classified as aminocarboxylic acids, polyamines, aminoalcohols,
oximes, and polyethyleneimines.

Examples of aminocarboxylic acids include ethylenediaminetetraacetic acid
(EDTA), hydroxyethylenediaminetriacetic acid (HEDTA), diethylenetriaminepentaacetic
acid (DTPA), and nitrilotriacetic acid (NTA).

Examples of polyamines include ethylenediamine, diethylenetriamine, -
triethylenetetramine, and triaminotriethylamine.

Examples of aminoalcohols include triethanolamine (TEA) and N-

hydroxyethylethylenediamine.
The preferred chelating agent for use in the inventive method is an aminocarboxylic

acid that can be represented by the following formula:
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and allyl with up to 10 carbon atons and which may be
substituted with one or nore groups selected from
carbonyl, carboxyl, ester, ether, am no, or am de;
wherein R6 and R7 are each independently sel ected
froman al kyl ene group with up to 10 carbon atons;
wherein n is either 0 or 1; and wherein one or nore of
the Rl, Rz, R3, R4 and R5 has the fornula: 0 11
-Rs-C-OX Wherein, Its is an al kylene having from1 to
4 carbon atons; and wherein the X is either hydrogen
or another cation. Preferred ghel ating agents include
et hyl enedi am net &,y aacet j aci|d EDTA), Ra

hydr oxyet hyl enedi ani pet r qgetkp cigd (I\EDTA), and

di et hyl enetri ani nepghtaagetf c acild (DIRY). The nost
preferred chel atiry§ agent_ i s DTRAR Any suiRkabl e neans
or method can be used to contact the carbon-reduced
catalyst wth the chelating agent or solution having

a con g f ' endinly beleted fram aliryl, alkenyl,
éréngt%gxg , g , Ra!agh i kiR GadDiRRdpendin Y

means of ovides for the suitabl, .

i andailpwi upto 1Orcaibop plogand whichmayrhe substiByted Withong pX Frote
within the.pores.of .t - tagdides twherein R6 and R7
e
cdie bavhiindepagienily selectdditoat amgkderte grouprivithoun fd 0 carbon atoms;

car bon-r.educe at.-gl yst . c ' RPRI and R has the
Sphetggs ciles e LR et G o BPrt SERP R, R sod Rs
CRHRpm- reduced catalyst with the chelating agent or
chelating solution is by any sy table inpregnation
met hod known to those skilled ijp the art, for
I nstance, inpregnation by FnCi-lfﬁE wet ness wher eby
the anount or volune of chel8ting Sol ution added to
the carbon- reduced catalyst is such that the total
vol ume of the added chelating solution is such that .i .
i s in WhereinRgds mfaﬂw#wbaﬁmgpmtlﬁe 4c3togp "$981sém\516’iql?ﬁeé“ the X is
of _th ar bon-reduc catalyst to be inpregnated wth
tﬁléhegﬁgffggﬁﬂnﬁﬂg%gﬁﬁg%%’% The chel ating sol ution caalthﬁL
a sol Upic@fired @hglatingagents meludhethylensdipmigatpiraagatig agid )
sol vent that suitably. prowvi fLor st mlrﬂﬁépgﬁtaﬁfeﬁcacid
th&dfewﬂﬁil?q‘fﬂl%ﬁla&qgoaggﬁ @%@a‘é& o1 E\{/néi ndt@hﬁm i ncl ude
Wetyep A NBe alodOhietsfred chistating sgentistDERAol and et hanol ,
wth water being the preferred solv _reduced catalyst
Chel at g segeinmeeth g BBEToogF YREP SRy Ui paltdBapduced ctaly
aRRI B cHieitind SodRbRRNrtioh BEHEE S camtwtiayion obthelatiug hgent @edyided,
as to provide %or the desired restored.cat %} igﬁati 1 of the
acushabeans s method provides for the suitable mcorporation or e o

chelating agent within the pores of the carbon-reduced catalyst. Examples of suitable

methods of applying the chelating agent or chelating solution to the carbon-reduced
catalyst can include dipping or spraying. A preferred method for contacting the carbon-
reduced catalyst with the chelating agent or chelating solution is by any suitable
impregnation method known to those skilled in the art, for instance, impregnation by
incipient wetness whereby the amount or volume of chelating solution added to the carbon-
reduced catalyst is such that the total volume of the added chelating solution is such that it
is in the range of up to about the total pore volume of the carbon-reduced catalyst to be
impregnated with the chelating solution.

The chelating solution can be a solution comprising the chelating agent and a
solvent that suitably provides for the dissolution of the chelating agent. Possible solvents
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descri bed herein; and, generally, the anount is such
as to incorporate into the carbon- reduced catal yst
chel ating agent in the range of from about 0.005 noles
chel ant to about 1 nole chelant per nole of active
nmetal, i.e., Goup VIIl and Goup VIB netals described
above, that is in the carbon-reduced catalyst. It is
nore preferred to add to the carbon- reduced catal yst
an amount of chelating agent that is in the range of
fromO0.01 to 0.5 noles of added chel ati ng agent per
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catalytic activity of the carbon-reduced catalyst that is treated with the chelant. This
minimum aging time can depend upon the temperature at which the aging is conducted and

the type and amount, relative to the carbon-reduced catalyst, of chelant used.
Generally, for the preferred amino carboxylic acid chelating agents to obtain any
significant benefit from the aging, it is important, if not essential, for the aging time period
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to exceed about 10 hours, but, preferably, the aging
time period should exceed 20 hours, and, nost
preferably, 40 hours. There is also a maxi num anmount
of aging time at which no significant increnental
increase in restored catalytic activity is achieved.
The maxi mum aging tinme is generally no nore than 1200
hours. The preferred maximumaging time is |ess than
1000 hours and, nore preferred, the maxi mum aging tine
is less than 750 hours. Thus, the aging tinme period

for cont acting the, carb uced a

ST R 5 e B8 g 20w,
V"'ah&l'rﬁbs% El%fa?ﬂﬂﬁﬁo abursEheteds biot e radinae amema of/aging tgme at which no
remai n

ereon or. to spak is,i e ra 0
a@tmﬁcw ipgrernentalncreAss m rgersd ﬁ%ﬁ‘?&" a"“b’} {5‘8{' be T
Eﬁg g epkBHY i3 QtbrS tha@ M2D0 HIRAE Tﬁépﬁeﬁm&imxmfum sging/tpme is
ho 7 O hodrs.

The agln tenperature of
adéss ghamé 080 hetire stk meEg PreferT 31 WE’SS Bart 750 hours.

Pg@;\ﬁg’ggers 5411?%1;1&1? S?rﬁ)g?gr &odtadtingSthe &U.rﬁc;h-l%ﬁudeﬂaﬁﬁlyﬁﬁmfor allowing the

met al s t he carbon- red

e
c ahelathsg agantthatdmingernenmistl mythurefh¢ porghef tb%??g@ﬂcliegwg ftalyst to

t t .t thI‘ ’
rglgxalg%%%'?o%gpf t%go'gg EJ 1%@%5[}?11%3 dﬂ% meﬁifgﬂpi (ﬁ:ouf'srtQ a‘%&@ Q260 hbldrs
Caprafbisbly fm 2 hours 1060 ot taud,amba@mefqral:émm 0 bova fo 750 hours.

can ing¢l ude, dr &
is pref BEHE gq g&fﬁl&ﬁ the aagn%% cﬁlg%lag e&gldﬁ‘ég% %eg%uerauue at
%roﬁééscfoﬂ&b |a§él§ca&@%ﬂwith a]ﬂ&st ﬁme redigpengjorodf thhmetalgefthe carbon-

cataly is to_renove

S otle%cﬁﬂ C@JSPIYFfW@d EHeERre b“s’(‘} ‘%ré{f“? [ﬂh"% am&gﬁ temperature, for
aé:@b%&t 66 abBut IQ?E't@h ot 37 31 ‘Ea&i a’tﬂ)upﬁﬁ %C @r60 °Cpr eferably

a | portlon of the che

c at al ysthe aged eatalye fsdhemegyb Je@ﬁ% a%qwer}q fhat ffﬁ@ clleodrgymg or

. a;légdtfiﬂp SRR Hit ik féifeu%t ﬂ%gxgéd adtpt yisﬁbetsobjected to
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th h |
c agéqceygi '?ﬁn Lgﬁté% atr g%’dr %ﬁg%gefgrgbl'&rﬁoﬁ%ﬂ% W perdent of the

chelant originally added to the carbon-reduced catalyst remains in the carbon-reduced
catalyst when it is subjected to the sulfurization treatment. Thus, Iess than about 50 weight

percent of the chelant originally added to the carbon-reduced catalyst in the chelation
treatment thereof should be removed from the aged catalyst during the drying step.
Preferably, less than 25 weight percent and, most preferably, less than 10 weight percent,
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treatnment thereof should be renoved fromthe aged
catal yst during the drying step. Preferably, |ess
than 25 wei ght percent and, nost preferably, |ess than
10 wei ght percent, 18 of the chelant incorporated into
the carbon reduced catalyst is renoved fromthe aged
catal yst when it is desired. The drying can be
conducted by any suitable nmethod known to those
skilled in the art. Typically, to dry the aged
catalyst, hot air or any other suitable gas, such as
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ys’ts treated i n accordance with
thﬁ @ik (856 Biris ﬁm&rremmmgaﬁhe@@@m pLaBitgre Gty tp a spent

hydrotreat .hydr h tfepéd foRthe RVA of
c o AYATPRIEFRSSIAE © t%ysﬁ&y s%‘r?el%g %ﬂﬁé@%’%ﬁ&ai%?ewg oree

f OlleQuiiRGzdcAmRIset exteed Produndmaast prsfarably sher RY exesgds 0.95.

i nvention, but the sh t..b ved
limti n@'hq a%lfp@g W&ﬂ i %cggﬂ%'\%ﬁﬁh@&eﬂmds describe

EX%E?@JHI aﬂrb@@ﬁ&blybﬁ&d toh@dio&bﬂmﬁdmcatbmfehds;tbckswet lydrotreating
revitali ze and restore catalytlc act|V|ty to a

c owomstitonalab fullydgsariipd BerpipRho¥r ocessi ng catal yst t hat
had bec ¥ following Examples are presented to illustrate the invention, but they should

not be construed as limiting the scope of the invention.
EXAMPLE 1

This Example 1 describes the laboratory method used to revitalize and restore
catalytic activity to a commercially available hydroprocessing catalyst that had become
spent through its use in the hydrotreatment of distillate feedstock.

Samples of spent CENTINEL™ DC-2118 high activity hydroprocessing catalyst
were obtained from commercial users of the catalyst. CENTINEL™ DC-2118 is a high
activity hydroprocessmg catalyst that contains hydrogenation metal components of cobalt
and molybdenum that are supported on an alumina support and is marketed by Criterion
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spent through its use in the hydrotreatnment of
distillate feedstock Sanples of spent CENTINELT"r
DC-2118 high activity hydroprocessing catal yst were
obt ai ned from conmerci al users of the catal yst.

CENTI NELTN DC- 2118 is a high activity hydroprocessing
catal yst that contai ns hydrogenati on netal conponents
of cobalt and nol ybdenum that are supported on an

al um na support and is marketed by Criterion 19

Catal ysts & Technol ogi es of Houston, Texas. The carbon

congent i,on,of e iofl of ach@®aghple A,
AR ety bos SF AL s he cHbobrgopdentiuiofr of Gach @atiple
I DG ByB.SG, b EErsmedtitely @ praettehinigbk 20¢l9¥assi ng ai r
over the sanmple at.,a er I ;
e biach PR e fpipied R GHR tafh ) pasdififait ORR i Aaple ata
Q) ?{mh&e%ﬁééﬁ%ﬁhom. VTH8 bty condicibns were caxefobi controdlgd i order
p

san; e so as to |l eave a_residual anpunt of I
tth ombest baly aortiontof thesagbap o8 5@%@@% 4P %tp’lcag‘ré L9 aPinount of

Z%@%%ﬁ rt%e%&ﬁﬁ’ng%@a?ﬂréﬁ%d- spéﬂi‘ QatBIgEtDertartoaAaitosd atdlyh The carbon.

- d cat t. Sanpl : =g
Geoneenthatbn aspduerhashpaiosd RSB SEBRES i ot B B oG 81 1
© Sanpl B : : h bj ected t
Cr% egi?‘?e}pgisgéégﬁ%%qﬁﬁﬁem%“ﬁ were each subjecte 0 a

reatment 1n accordance with the

i nventgaaiplesIamiC; FIGywmd Fhweresat)) sbicetsd 1o chelafjng %gephﬁeatment in

agent_ treat.nent nd Sampl & J | agent treatment
PR DR (RO S s S bioERl Rt eldinagent v

t A SaDNER a8 Breatdin@ite b eheliting ggand buttwasmotrasd in apcpigage with the
the carbon-reduced catal yst sanples conprised of one
(myent by wei ght DTPA, 0.11 part by wei ght ammonium
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at room:.t erature in_a I F A8 Reks dt Sodd Ritipekdture in 2
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The dried catalyst was then subjected to a sulfurization step. To sulfurize the dried

catalyst, 13.5 parts by weight of elemental sulfur was added to and mixed with 100 parts by
weight of dried catalyst. The mixture was then brought to a temperaturs of about 120 °C

and maintained for a period of time sufficient to incorporate the sulfur into the pores of the

dried catalyst.
Following the sulfur incorporation, an alpha olefin blend containing alpha olefins

having from 14 to 30 carbon atoms was incorporated into the pores of the sulfor
incorporated, dried catalyst by incipient wetness. The amount of the alpha olefin added to
the sulfur incorporated, dried catalyst was sufficient to fill approximately 90 volume
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Ni trogen, ppm 291 243 Aromatick, w%12.7 32.8
Density CML5.6 C, g/cc 0.8534 0.8531 Brom ne Nunber
15.7 4.1 TBP (by GC) IBP (F) 263 320 10% 395 457
50% 561 559 21 90% 689 648 FBP 870 704 The results
of the activity testing described in this Exanple 2
are presented in Table 2, and Fig 1 presents a plot of
such results. As can be seen fromthe presentation of
the results, particularly as dramatically

denonstrat ed by the graphi cal presentation of Fig. 1,
theresterat+on—of—gatarytiTgggtTVITY TP the Spesag
oprocessing catalyst after the chelhtion

fFg@t nent 1s maxi m 2ed when 8F@ carbon fontent j 94

contraolled \A‘.'thinospCCIf;ulalluc IJIIU lUIhe

chelation treatnent. TABLE 2. Relative Volunetric
Activity of Revitalized Catal yst vs. Percent Carbon

SAMPLE WI'. % RVA FEED CARBON USED. AETER B din Tabl
N A 1.Ti® resultn of e aetivitatesing %s&nﬁfﬁ %@fﬁ&mp%%%% f“t;s e
19t of guéﬂ 1éshité) AsEeai b2 Beefl frbth the pfesdntadion o
iy ey TR i Al o
results, particularly as dramatlcally demonstrated by the graphical presentation of Fig,
the restoration of catalytic activity to the spent hydroprocessing catalyst after the chelation

treatment is maximized when the carbon content is controlled within a specific range prior

to the chelation treatment.

TABLE 2. Relative Volumetric Activity of Revitalized Catalyst vs. Percent Carbon

SAMPLE WT. % RVA FEED
CARBON USED
AFTER BURN
FRESH N/A 1.00 AandB
CATALSYT
A 0.14 0.94 A
B 1.2 1.00 B
C 1.29 0.97 A
D 1.29 0.77 A
E 1.29 0.78 A
F 1.9 0.97 B
G 2.02 0.96 B
H 3.03 0.86 A
EXAMPLE 3

22



EXAMPLE3 22 THAT WHICH IS CLAIMED |IS: 1. A nethod of
restoring catalytic activity to a spent

hydr opr ocessi ng catal yst, said nethod conprlses
provi di ng said spent hydroprocessing catalyst having a
first carbon concentration exceeding.3 weight

percent; reducing the concentration of carbon on said
spent bydroprocessiug catalyst to thereby provide a

carfgl @1{% f¥Vvi ng a second carbon

concer&i hﬁ?l on 1n e@ange of fromO0.5 weight percent

to 2.5 weight percent by contacting under carbon

bur |ng condi ti 7 essing catal
cat Iyst Wi t%%ﬁ‘%si%}@%#g%%ﬁf“%#yﬁgﬁ%% co %t?lg’fhﬁﬁm g catalysh
OXygaRinéthet svpftirised: | i ng the armount of carbon renoved
fromsajd spent I opr ocess cat al

pr dvpﬁ@ngawﬁw ErieEg iy 6 EnE p 557 sl Sl fopbBurarion
se ﬁh tGRRBARAL rati on; andtreatlng sald
carbon-reduced cataly

@@W@W@M@ﬁﬁlw?ﬁ% e caalyst o theroby
ré):ﬁﬁhé B Elrbh Fedfi el chtaly4PRH BigTh S daftRA bbRAASANA in the range of

rirses: -contacti n% sai d cal bon-reduced catdyst with

. Stvbma OiSoveighs paroest ta %ﬁﬁlsht@mmbwgm&@%mémm&n buraing

S SOBSioR et erkfh 1R PRI caB il Byl b0 s compriing

sai akygar ddvontrolliog ﬂlecamoanyoﬂcarbm:ﬂmcgreﬂ ooy 9% spewt frydroprocessing

ca Yt 5 pilp aFelid ol ool SR s g o p BT carbon

pr ostincentfation;raadt ored catal ytic activity to said

c ot EEE S8 S RO R Bl ity e 3Bl o oy provige  revistized
cara ot and 2°thtu§erfb¥i pr°v'a|d3 Cevi ol ageﬂ st

SR ouh Btrthed 3 B B iinck b s oo G50 i ed

tr eﬁhtd&ﬂn@é@cpceﬁwﬁ-fedﬁcad@mys&aﬂi a srﬂuﬁdmﬁphmg baid) clsabiting agent and

S;Itgd ed cat,al st to é&? OVI wevﬁé‘}%ﬁihﬁ&‘:

sai glrigg h?ﬁg ﬁﬂl@@hdbﬁrb&ﬂﬁﬂbﬂd}amim muhhgu&b@bﬂted therein said

;ggm stl ng 0 am nccar bog% ie % ci ds,. ﬂéﬁﬁg@mgﬁﬁ%&nﬂo
ﬁ%d@?er"r&%r%& dampn@hmﬁo smWn%&Mcmmsm of

sal grytsﬁgl sgltdl aggd (Izefc’talyst to ramove a portion of said solvent;from said aged catalystto
thereby provide a dried, aged catalvst and to thus provide said :evstahzed catalyst.
3. A method as recited in claim 2, wherein said éating step further comprises:
sulfar treating said dried, aged catalyst to thus provide said revitalized catalyst.
4. A method as recited in claim 3, wherein said chelating agent is selected
from the gru\:p consisting of amince carboxylic acids, polyamines, aminoalcohols, oximes,

and polyethyleneimines.

5. Amethod as xecited in claim 4, wherein said 'éo)vant of said solution is
waler.

6. A moethod as recited tn claim 5, wherein said chelating agent is selected
from the group consisting of sthylenediaminetetraacetic acid (EDTA),
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6. A nethod as recited in claim5, wherein said

rielating agent is selected fromthe group consisting

of ethyl enedi am netetraacetic acid (FDTA), 23

hydr oxyet hyl enedi am net iacetic acid (HEDTA), and

di et hyl eA i am nepentaacetic acid (DTPA). 7. A nethod

as recited in claim®6, wherein said aging tinme exceeds

about 10 hours. 8. A nethod as recited in ¢glaim?7,

wh ehﬁr@?@@ymnéd:mhemmho acid GAEDTA),and dieth: iamiepentaacetic acid
ranag of from5 weight percent to 25 weight ‘per cent

and A)- second carbon concentration is in .the range

of from4. 75 A\Bic@bs aPRERSITH cletm , Whervinisgl agigrtineerixceedls sbout 10
A nethod as recited in claima8, wherein nore than 50

per bems. of said chelating agent incorporated into

sai d Car;f ﬁﬂl%gﬁd Ks%ﬁm&mmnemmm&& ciftiof Goncentration is in

aged cat'al yst hod as recited in claim9
whe iieirmge of fowifovtightiperrenide A8 weight percent and said second carbon

N R e

car bon c@ncent emthodaa recited w dfing Sruhgemoﬂorbms@meg‘mfwa

percent togé*‘g °E‘§%ddgﬁls§ﬁ% Ing agen ng%g%ﬁc}r at egdned,aged

|nt Qata td carbon-reduced cat al yst |s in said dri ed

sped it gy et 4 e i o, el i isploRsbentis

car gyl WWB&M@W)WHM ssldlagingmme exceeds 20 hours;

conpri sing, sai d cheI atl n ent_ and' ent .so as
to | s e Htsmogs St 6 Weig Bt 020

car Rafn ﬁ&%@%wwwvw& Wdﬂm 1aGiggent incorporated
tine sald carbon- reduced cat g% hayi ntg]s?ggxporat ed

t he ap paid parhon-eednerd; catalyst Stan aged

catal yst }Werﬁ'ﬁbﬂiﬂﬁréﬂb@ﬁx&ﬂﬁﬂ 'v&ex%ﬁfzfai@ﬂrﬁﬁhght@p comprises:
provide for restored catal ytlc activity to said car

hon
redmmmmuyabow@ yrsgistr e Wi Abyisig said chelating

ﬁi;ﬁxéﬁ dafhon-reduced spent
pro e sal (fq@gv[{){sa I zed cat al yst 12 E%met hod as P
recicetelyst n claim 11, fzrther conpribiing the step of:

gg: %E%gfél onangq%%&?dgﬁ%gﬁgent fa*]er e}’ﬁ ulﬁguﬁgifbgﬁgdsg“msmd

r evisolation; ewithembybxpyide 1@ agal carlysbwhersinrsaidi aging tioe is sufiigient to

12, p@v‘fdcet‘opre?t%req cEAfhia bRy 0 B4 cirﬁo:?x@d&&&%gmlyst, and
drying said aged catalyst to remove a portion of gaid solvent therefrom and to provide said
revitalized catalyst.

12. A method as recited in claim 11, forther coml‘)rikingﬂle gtep of: sulfur
treating said aged catalyst having removed said pertion of said:solvent therefrom to yield
said revitilized catalyst.

1?;. A method as recited in claim 12, wherein said chclatmg agent is selected

from the group consisting of aminccarboxylic acids, polyammes aminoalcohols, oximes,
and polyethyleneimines.

14. A method as recited in claime 13, wherein sajd solvent of said solution is
water.
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fromthe jroup consisting of am nccarboxylic acids,

pol yam nes, am noal cohoi s, oxines, and

pol yet hyl eneimnes i4. A nethod as recited in clains
13, wherein sajd solvent of said solutionis water.
24 15. A method as recited i n claim14, wherein said
chel ating agent is selected fromthe group consisting

of ethyler:ediamnetetraacetic acid (EDTA), . )
hydr oxyetfy| ehemimdissecitediosldn 14cwhereippo ghelatingpgent is selected

di et.hyi enetri am nepe L ' A

ot e &8 Do PeRatpRE O B fice e dacdil sl BBV D

eX C gy ylediaminetiaostit apwi (HED TS, aialistirenetriaminépentaacetic acid
14, wherein said first carbon concentration is in the
rand®TBAMf rom 5 wei ght percent to 25 weight percent

and sai d1§eC 08 Geie Pecited BC@din 13} WhEteinSaidraginginierangeeds 10 hours.

of fromO0.75 weight percent tq 1.75 wejght percent. .
18. A method é@ﬂ%@i 26 Seitpd, mcqlaamrﬁ‘iﬁ'wm%ﬁ@i 1egrbgn concentration 1s
chel:t gt PR I | Py b
R LU RSN o
whe reghwentsatiod isf iarthe rapger ¢844 wisightmparemt fosl. Thweight percent.

range of g:ronkgndée@é%gn g 1 g,gmmhﬁlyﬁemﬁgg tis

and wherel'n sai arbon cohcentration Is In the

r angietiflenktriamitdepemedcgtic acid LXIA); whertinFaidaigipgtimaaxeends 20 hours;
19. t [ L0 claal '

abouf2eBEt ARt e el Bl feog B ih § i el 0 20

i NC oveieht pérecht; antl v reinisabdisebond aathdn conkenivaion isinthé srage of from 1

is re ed from.said. aged catalyst during said drying
steﬁf""l ?e?ﬁ\mﬁéf ﬂéa‘%‘ggéﬁi%‘ﬁg-éu ng: providinga spent high

acti vi t y 1oy dr ammabmissirenjied it ahiysiy, vhereindess thachboutc ORksight percent
and a f.irst . carbgon concent.ratign of deposjted carbon

e it E3RAE BERE TPRREIE 11 e SRPAP SR RL et 3yt rmoved
cat gfronpiaid sped esthlyetdluting said Beingseepof ai high activity

hydr opr ocess C %£ st under hydroprocessing
condi t i of% wh r"@‘%" 1 deposited thereon to give

f, ai S,nfmﬁ 'a g@ﬁmg% amm?pﬁpﬁfﬁmai?g&mtdgwrﬂmd réqRbAIRVA and a fivst
ea reatl ng sal pen | actl Vi A rOpJyocessStn .
ot AFSPOR COpIRIGHHON Of ARl OeRIHReTH: G A5fet figh ptvity bydkoprocessing
hy dre@RiyRGCS a&ived fonl Bk YSd oft High AfvieK NERGpr6cRiaE Sitdght Bhidter

under carbon, burning conditions,to thereby provide, a
heathyiogmeessing sapditiens yrheprtvictbpn is depenited isteen &g gige said first carbon

cat gloydhtratitR \dr BepdRit&EGsita; car bon concentration; and
beat treating said spent high astivity hydroprocessing catalyst by contacting said spent high
activity hydroprocessing catalyst with an oxygen-containing gas uader carbon buming
conditions to thereby provide a heat treated spent high activity'hydroprocessing catalyst
having a §econd carbon concentration; and

controiling said second carbon conzentration by controlling sai,d carbon burning conditions
80 as 10 provide said heat treated spent high activity hydroprocessing catalyst having a
maximized rogenerated RVA. :

21.  Amethod as recited in claim 20, wherein said High activity hydroprocessing
catalyst comprises a porous carrier and a catalytically active mietal, wherein said high
activity h;ydmprocessing catalyst is. made by combining said porous carrier and said
catalyticdlly active metal in a manxier 50 a3 to include a volatile compouvud; forming an
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controlling said second carbon concentration by
controlling said carbon burning conditions so as to
provi de said heat treated spent high activity

hydr opr ocessi ng catal yst having a nmaxi m zed
regenerated RVA. 21. A nethod as recited in claim?20,
wherein said I figh activity hydnprocessing catal yst
conprises a porous carrier and a catalytically active

et @loalcMybke il yut ﬁﬁb&s&' Haking ae.bmwmteammemnmfﬁom 0.5 wt.% o 25
cat al%st i:. made by qﬁ ing said porou

sai wt-%tandgplfur @&F’F%/S%Q ‘&F"r ' Pmﬁﬁﬁé%gwaﬂwmmg

i ncj a volatile compound, form ng an 25 uncal ci ned
cata precursor having a volatile content in the
range omfrommetﬁt)&\nsm 2 glaing2 1, drthon deropHaie:t r eat i ng

R e

cl afra¥tieht tof therhlbsepmvﬂapmsmh@d mmmmwmhmm.

treat ed gpent, high,ac It pr.ocessi. h#: cat

Lo a ohdint i detip St of s 25 RUEEER RAf FraBE RV s ess than
rev?] 6%|aixc¥ﬁﬂer@ﬁtsﬁ?gk8ﬁtali%ﬂl mgas aedst BB zed RVA. 23, dA

nmet hod as recited in clai,m erein sa e

RVA s s iaobayBcii SR i Hoecsp B Chipe R apeps

VAé,%ﬁfsesLeast 0.8. 24. A nethod as recited in claim
ereln said 4el atln _treatment  conpri ses:

coreaatreting paifheat Eestnd spemt MaRCE BRIy dRRgPPeaRing Glyst with a solution
Y Cf 306 S5 Cfelattbl bt Shd Wsbilad 55 &b 181ihFporf SHA b Athg agent in

sal t1ng agent sol vent so as

i ncqumaamt@aspmtm aahwnghﬁgmmcepmg ealystimd ¢ r eat ed

spe
agﬂ%‘ﬁﬁp |ng ?ﬁg&ggﬁhﬁ& eat]!a reat ed iim%r%% ﬁcatalyst,
act haxrm,gynduypbmpd ﬁmmsaurgsadiml tpshmbmndgan aged catalyst wherain said

ot S PR b e Xl rd ot GGl o eduood

sufédtﬂjrﬁtdﬂlemb)ppmwddemﬂmnahmimmat alytic activity

to said rbon ed |

said revrtal .&@ﬁegéwﬁ%ﬁﬁ?mgﬁ@@%%g Tpot forther

c I acdmpaﬁes diping edin agad cmaﬁsr &l ratnbviga portian ofseid s’obmhhhew&om to
Slgeé?ag aald ed catalyst. to renove a

por ‘?" therefromto provide said

reV| tal iZed Coinsthgd bs %wdﬂinrmﬁxhad ﬁﬁhﬁ&ﬂh}bﬁﬁn'gﬂ\e@tepiom

sal grther congggflsn the ste ﬂﬁﬂ%ur%@%@mdwlwm

por&h@ﬂoﬂfmsﬁmmdwﬂmfrom toyield said

revitali zed cat al
27. Ameﬂ:% ag recited in olaim 26, wherein said chelating agent is selected

from the group consisting of ammcca:boxyhc acids, polyamines, aminoalcohols, oximes,
and polyethyleneimines,

28. A method as recited in claim 27, wherein said splveut of said solution is
water.

29,  Amethod as resited in claim 28, wherein said c?aelming agent is selected
firom the gt'oup consisting of etbylenediaminetetraacetic acid (EDTA),
hydroxyemylmedzammetnaceuc asid (HEDTA), and d:cthyle.memammapemaaceuc acid
(DTPA).

30,  Amethod as recited in claim 29, wherein said dging time exceads 10 hours.
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27. A nethod as recited in claim26, wherein said

chelating agent is selected fromthe group consisting

of am nccat boxylic acids, polyam ngs, am noal cohol s,

oxi mea, and pol yethyl eneimnes. 28. A nethod as

recited in claim27, wherein said splvent of said

solution is water. 29. A nethod as recited in claim

28, wherein said ctelating agent is selected fromthe =
group co3lsi stA mgthod aetetitdden eliira 30, wherein said vt caborsogcentration is
(EDJA), h oxyet h nedi ani S [ .
SncE TR GBI § SRR PO a gt Bt i e s dagbon

met E&%eﬁ?g&ﬁﬁiiﬁ% i geg?bmAﬁm wﬁggrpe'ruenmjrm‘jag@igm plen'cgm.
exceeds ours, 1. A et as .regLted [.nh clalm

30- “wherhn Shmaiief 8 reikidsh s AL CrRereip S il SgefL3

fa”&i%thgf Lt nepaiGintiie aBRNDAPA) whedlin WA Btk Bk @REbeds 20 hours;
and ir |agl.second carbon concentration js in t{}gshrange

of mgmammwm cwmgméﬁg@wmf@w Hwietgbiperespt to 20

- i Londbhe Aahé from 1 weight
cl ?g’lt@ﬁeg%néwgﬂ%?et%ﬁggnet ri em@ggsent_ aace ?%f “felgh.
\alblcqzi PerbaTRA).5 w:@tmmsaﬂumﬂagsai@reflmté_m Bders ﬂz?lh%@né whezein said

erein.s ir rggon concentration is in the

ranﬁ%’l‘gfz‘??g’rﬁ'éa\?\kf'%ﬁtsgbercent to 20 weight percent;
wher ei n i d & erxthod o8 rcitehinaxingd) ficthereompesing: t o
range of from Lght.,.per e . ‘
e g S oA b B RGShBwbB iy  crlaio g
and toyaevidé frévithliked ealybtal i zed RVA is at |east 0. 85.
33. A nefhod as recited..in. claim,20, furt.her . ——
conpri si #Y; t‘g&ﬁl}"ﬁd‘s %‘ﬁ‘{]'r?e%?mt@?e‘gf'%aﬁg%g%a%%w COMprSes:
act 'wﬂtadtgt' t'ugyﬂda_éugeeﬁ&s'sp’egtlﬁlg& aiﬁyﬂjrhydrbﬁrol aesmht 3‘4g7bm1yst' gﬁthdasoluﬁon
agen L Q provide a revitalized catalys : 0 .
20 PerupRe 4 shlanng Aseaand  olER 5o M orRt g . agent ino
gg{rieii?tﬁgﬁhydroprocé;s?:rﬁﬁﬂ%? | yst ﬁ'ﬁ‘?ﬁﬂgyﬁgﬂi (r)”n on
omBERE fargh ATR Se SR GCRJRA Sh el DI by eppEcsipe catalys,
I nc ﬁﬁﬂ%g R Siporicd 1hd6h 24il BB:1MRNpelt Yo theréldipioVieddn aged catalyst
treated spent high .actlvle:% hydr_oqp‘%gces& ng catal yst; o s
and vdgreinsaidaging fmgis saifcicpbtosarad esioped pateliic ety to revitalized
hi gl i vity hydroprocessing catalyst, having
i ncorporated therein said _chelating agent, to thereby
provi de 3h agansthndssyesited igdeigs 34, Whrgingaid tipating,gop Quther

suf f.pGl .to provide for restored catalytic activity

to revitalized catalyst. ) ) ‘ .
drying said aged catalyst to remove a portion of said solvent from said aged catatyst to

thereby provide a dried, aged catalyst. :
36. A method as recited in claim 35, further compnising:
sulfur treating said aged catalyst having removed said portion of said solvent therefrom to
yield said revitalized catalyst.
37. A method as recited in claim 36, whereih said chelating agent is
selected i::'rom the group consisting of aminocarboxylic acids, polyamines, aminoalcohols,

oximes, and polyethylencimines.
38. A method ss recited in claim 37, wherein said splvent of said solution is
water,
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35. Anethod as recited in claim34, wherein said
treating step Rather conprises: drying said aged
catal yst to renove- a portion of said solvent from
said aged catalyst to thereby provide a dried, aged
catal y?pt. 36. A nethod as recited in claim 35,
further conprising: sulfur treating said aged catalyst

hayi ng renoved said portion of said solvent therefrom
to y| el39.,s aidomethed mm@éan@mﬁ&ﬁhﬂmsmwwmﬁaag@sm selected

recy i n cI , d@mﬁ IS
sel gﬁe ‘@grog%ﬁf:on& st ng o?‘:k am nocal oxyI iC

aci :dybmymﬁ&aimﬁnemmwmﬂ (HEDT 4), anddiethylenctrianinepentaacetic acid
poI ﬁ )SI enei mnes. 38. A nethod as recited in claim
@Yei n said solvent of said solution is wat er,

27 39., 4. ﬂewm&ha&ag@ﬁmeﬂchnnsy awmaﬁsmmghmmeéds 10 hours.
chel atl ng agent 1s sel ected %ndvhe ro&x consi stin

of et hy|‘nedifamribed e&rﬁaﬁém’em& £ cathon cohcehtration is
2%%%/ 5 n%/ FHRES %gigﬁ%éﬁpﬁt tﬂe&ﬁﬁ%&hﬂ Eéhdnd carbon

triam nepentaacetic acid “(DTPA

et mumuorem iin thet rangp of frer r%mexsh#am 1 47 %ﬁhﬁgmm
t
O A G i A BB iwcitdd b TR AR i e Bfingagont o

cIa|n14 t carbon concentration IS

in mbmylemgmépehtaamns awdﬂ@WPAbjevm saidaging time gieeeds 20 hours;

bR ang A Fpoc Ry h i SEIRRRY A €etght ptpon 1020

per wesghtpeﬁ%nt' Ahefefnsaid sesond@arbon doncantaition s it the mhge ¢fi from 1 weight

ot Pt o aRn Gt it Mo SeguopA RYAlg e han 0

tine excieds Lthethod bSoptinviigrevitalisiag d spent hydmxanmng catalyst having

concentration is i he ran e of .fro wej per cent

C o Bt EAtestg oo Pongeaaiens wid HEBRR SHEPERon

CONE&PirEaing @id gﬁwx ﬁe@eﬁﬂ@cﬁlysﬁ b9 boritacting Giit spent hydroprocessing
we

percent 1Q. | ercent; an erein
redMWtMWr@zc%mﬁmﬂ umidiey caz H}g °8?"a**’°n5'ﬁ°fhﬂrﬁbymwde

opt j A&t k¥atbEMehitlydiophiedingtatilystiti g 100084 titbon concentration below
catal yst haviing ~a spent hydrotreating carbon
consddhenest ygrriccaing Fapop cERFeE ses: heat treating

sai ghhRBi shd FERBEPS o e SeRiradot Yy dntrANRg abid taBorPRirking

spent ydroproceSS| ng cat al yst vvlth an
oxygmdxmﬁcaasﬁp mm in dhresangeihat provides for

hydr gges%xmggﬁ avi ng a reduceegn%gaﬁ%%emmw
co nhsﬁomwasmg ¢rtdlymito a chelamng treatment; and,
thereafter, subjecting said heat treak?d speut hydroprocessing catalyst having seid reduced
carbon concentration to said chelating treatment to thersby provide a revitalized catatyst,
44. A method as recited in claim 43, whersin said spent hydrotreating carbon
concentration exceeds 3.5 wt.%.

45, A method as recited in claim 44, whersin said reduced carbon concentration
is in the range of from 0.5 wt.% to 2.5 wt.%.

46. A method as recited:in claim 45, wherein said VA of said revitalized
catalyst exceeds 0.85.

47.  Acatalyst havinga: restored activity made by the methods of claims 1.46
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sai d spent hydrotreating carbon concentration;
controlling said reduced carbon concentration by
controlling said carbon burning conditions so as to
provi de said reduced carbon concentration in the range
that provides for a catalyst, having a restored RVA
exceeding 0.85 after subjectirdg said heat treated
spent hydroprocessing catalyst to a chel atang
treatneﬁ%? aﬁdwﬁwﬁ%W@hPWEFEQéﬁbjecting sai d heat

tr o : _ )
oduayet BBl ALOR ANAT Rt £ syt ol AR i Syt iving
t r alaposited thereon hdeashyatingsoncetrationanficadbn, xdwrein g of said

44. . A.et.hod [&C] i [ ' [ ' .

op SreoRARE By dipipohis el ercHBET i B foamunt of i
VW:i?ﬁﬂigdndﬁ?m&ﬁhgdm&bmﬁmﬂhmxmhﬂmeofhpbmygh&pmﬂhkﬁnggmsh?ghean

sai d redyced carbon_.concentratio S Nt r e

Fr GRHBHERA EOARERSF DG 36 DAL b et At

¢l ayfopRocestiincatalysih Sedn\ibjetted & dlctebiing Gbitiest.

cat al yst exceeds 0.85. 47. A catal,yst having a

[
.

: r est or 4 acf} HIETERRIELTRRFSS K ds of clains 1-46
28 chfifactih SOARRbYR food AIERIR! Byiotibeibafbafditiols Wit tvatalyst

restored activity conprising a spent hydroprocessing
c atmaddedry thesnyage °E@9§%Fﬁ°§ﬁ°gﬂ%dn4% deacti vating
concentration of carbon, wherein a portion of said
deactivating concentrati on of casborizs renoved
therefrom by the heat treatnment of said spent

hydr opr ocessi ng catal yst in the presence of an
oxygen-containing gas to give an optim zed
concentration of carbon and, thereafter, the thus-heat
treated spent hydroprocessing catal yst has been
subjected to a chelating treatnent. 49. A
hydrotreati ng process, conprising: contacting, a

hydr ocar bon feedstock under hydrotreatnment conditions
with the catal yst nade by the any one of the nethods
of clains 1-46. 29
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