- HYDROTREATI NG PROCESS FI ELD OF THE | NVENTI ON 100011Thi s invention
relates to hydrotreating processes for reducing the level of sulfur in

di esel fueb=2oamwezher sul fur-contai ni ng hydrocarbon fe@d3/USBATHERIUND OF
THE | NVENTI ON [ 0002] Supported CoMb catal ysts have been used for decades in
the fixed bed hydrotreatnent of diesel-Tuels. These catal ysts have been
proven to be very effective for renoving the bulk of the sul fur content
fromdiesel fuels at relatively | ow cost. Mreover, until the 2006 U.S.
regul atory changes reduced t IR & fﬂ& s in diesel fuels from
500 ppm by wei ght (S500) to , these catal ysts were

al so typically very robust, generally lasting for years before repl acenents

wer e necessar% and t hereb t¥ ically affording very | ow catal yst cost.
[0003]FbmevéﬂrLHéQEﬂEﬁiBﬁzéﬁiigﬁneraIIy requires an increase of the
severity of hydr ot : I i I t g talyst,
which in turﬁbfgads ?%&ﬁgé?gglggﬁgréggaggact| tk%ﬁﬁﬂggﬁﬁﬁgﬁgggiy in

rel atively llowel pf edfuiedi¢sd] tfisels vat othavalfuncomhiyingdrydraarbondeelased
tenperature to produce S15. The catal yst deactivation often accel erates so
much that it significantly affects the cost of refining diesel fuel. There

i's, thereforgacRdREONDAOFATACASSERIFNRr catal yst solutions to mitigate the
accel erated catal'yst deactivation Involved in hydrotreating diesel fuels to

sul fur | evell806HI ow 3 papipdiCoMIDGU]lpsis bawdi begn tisedtthedadssantthd xeent i on, it

has now bee%eﬁi%gg%trtegt%gen% QF diesel fuels. These catalysts have been proven to be very

effective for removing the bulk of the sulfur content from diesel fuels at relatively
low cost. Moreover, until the 2006 U.S. regulatory changes reduced the
maximum sulfur levels in diesel fuels from 500 ppm by weight (S500) to 15 ppm
by weight (S15), these catalysts were also typically very robust, generally lasting
for years before replacements were necessary, and thereby typically affording
very low catalyst cost.

[0003] However, delivering S15 generally requires an increase of the
severity of the hydrotreating conditions when using the same catalyst, which in
turn leads to faster catalyst deactivation, particularly in relatively low-pressure
units that have to rely more on increased temperature to produce S15. The
catalyst deactivation often accelerates so much that it significantly affects the cost
of refining diesel fuel. There is, therefore, a need for process and/or catalyst
solutions to mitigate the accelerated catalyst deactivation involved in
hydrotreating diesel fuels to sulfur levels below 15 wppm.

[0004] According to the present invention, it has now been found that the
impact of catalyst deactivation, particularly during the start up, can be reduced by
using a start-up feed with reduced aromatic content as compared with that of the
feed to be hydrotreated.

[0005] U.S. Patent No. 3,436,338 discloses that hydrocracking catalysts
which have been partially deactivated by polycyclic aromatic hydrocarbons
present in the charge stock are reactivated by introducing a feed having a lower

polycyclic aromatic content. This patent is, however, silent as to the effect of



i npact of catal yst deactivation, particularly during the start up, can be
reduced by using a start-up feed with reduced aromati c content as conpared
wi t h t hatwofzotiiwet7éaed t o be hydrotreated. [0005] U.S. PaPemtuskio.1/03554386, 338
di scl oses that hydrocracking catal ysts which have been partially
deactivated by polycyclic aromatic hydrbearbons present in the charge stock
are reactivated by introducing a feed having a | ower polycyclic aromatic
content. This patent is, however, silent as to the effect of 2 - lowering

t he overall .ar tic content _qf th i,vation rate of fresh,
undeacti vat égwgﬂgrﬁ%#hésotv%agm&? C&E%ilﬁéﬁ%‘ IV%\?H %&Oﬁ%]ffﬁlel’ aspect of the
i nvention ramhdt&sivhedaatalyecess for hydrotreating, or alternately starting

up a hydrotreating process involving, a first aromatics- and sul fur-
cont ai ni ng hydrocarbon feed, preferably a diesel fuel (for exanple having

an aromati ¢ GONEARYWF FE ENZfOMt X9, using a fresh supported CoMo
t

cat al yst, ) consisting essentially of, treating the
fresh cat al y8004jnder Oh¢ agtectyfdhoinyvedidnnglacsnda prarss fot hidratrsamgnaol
hydr ocar bon feed ha%/ia]gglga | ower aramatics content than the first feed, and

then, opti orfdFTHBUEBISRE B0 IANER PIET IR YRR Brib ShFOPIaHSY afded.
Advant ageousdur-ddfialifShy SRl @81 IDAGGONT GibANRuck BB LN LT

tenperature of about 3 to about 350C, a pressure of about 1.5
about 3.5 MRagromait comtdnHShatdéasaBowmt?od. Birgra freshoupimoted ColNo hatalyst, | n one

enbodi nent, the treating is conduycted from 3.days t 0 .days. [0Q07]1n one
ooodi ment " b ErobiS Sating B e e i8I o P e P Y i e Ly o
with the firmkt BidesPdatifs coriGorsWifid seceRMhRirbéaMBoikdd Asanpeowaed under
second hydrotreating conditions to reduce the sul fur content of the first

feed to 15 wppmites copisst thaphedhbidaed. ynd thea, epttooaldy hytdreierablt alg condi ti ons
et vce o COREA Lol R0EGARaReH. 0 ABIEREN0) o ¢
can include a temperature of about 300°C to about 350°C, a pressure of about 1.5
MPag to about 3.5 MPag, and an LHSV of about 0.3 hr’' to about 1.0 hr’'. In one
embodiment, the treating is conducted from 3 days to 10 days.
[0007] In one embodiment, the process further comprises contacting the
treated catalyst with the first aromatics- and sulfur- containing hydrocarbon feed
under second hydrotreating conditions to reduce the sulfur content of the first feed
to 15 wppm or less. Conveniently, the second hydrotreating conditions include a
temperature of about 300°C to about 380°C, a pressure of about 1.5 MPag to
about 3.5 MPag, and an LHSV of about 0.2 hr™ to about 0.8 hr™.
[0008] In one embodiment, the first and second hydrotreating conditions can
be substantially the same.
[0009] Conveniently, the second feed can be produced by adding aliphatic
hydrocarbons to the first feed. In one such embodiment, the process can further
comprise adding the aliphatic hydrocarbons to the first feed so as to reduce the
aromatics content thereof by at least 50%.
[0010] Another aspect of the invention relates to a method for selectively
treating hindered sulfur species from a sulfur-containing hydrocarbon feed, the
method comprising: providing a multimetallic amine oxide catalyst having the
formula (T1)(T2)q1-x(am)(M6)Oy, where T1 is a first row transition metal from

Group VIII of the Periodic Table of Elements, where T2 is a first row transition



[0008] I n one enbodi ment, the first and second hydrotreati ng conditions can
be substantially the sanme. [0009] Conveniently, the second feed can be

pr oduced W9 2addioszy7al i phati ¢ hydrocarbons to the first Pe®EAIS201M/0035¢7 such
enbodi nent, the process can further conprise adding the aliphatic
hydrocarbons to the first feed so as t-®dfeduce the aromati cs content
thereof by at |east 50% 100101Anot her aspect of the invention relates to a
met hod for selectively treating hindered sul fur species froma

sul fur - cont g g, Ded 09T AON, 88k, b BANTRNOR. SATPEIS] BSkicRERY AN @

mul timetal li'c am ne oxi'de catalys Havi ng tlheefrorrru a

(T1) x(T2) (i _ixpireemdm (ive) Db, widie M 1§ imdlgbdeniunrasitl/of QwightcANShdre ommMBtaal from
Goup VIl of the Periodic Table of Elenments, where T2 is a first row

66,7 o

transition organic amingligppdpclyas shANPHABMRE: Bihety Fups M19latvsiMelie Per i odi c
Tabl e of Bl apfhpof DbikGerthhl B! whiR™: Tlea MAGLE nihurlahadfiRl aenum and/ or

tungsten, where I's an organfc am ne |i1gand such as ethyl enedi am ne,
where "x" | organiehmatnedgantdbah thardunt6,aihdediead th ssie Iclbtnat mOlax athpumher e " a”

is arelative nolar amount. of the. organic.am ne |ligand such that 1<a<6, and
where "b" i_soeféher BNECR B Sy S%J%@mgttgw actphis gey eawad%%ftlset_%wgfai di ng the
mul ti met al |G @R OeRdsARntRbl aLNRin &b ioas fHhE gL RAGHaRRdiION and
sulfiding conditions in the liquid phase in order to activate the catal yst

for sel ecti wetivgtdthedeslyst lorisgletinany deadesdbitrizagon; wentacting/ht edivétdal yst with
a hydrocarbon feed.havi at, | east, 25 m of . hi nder.ed sul f ur. speci es

and] or *havi R Aig AR aETeH beHe et BRPEG BRI u! 1 o
speci es of apedieasid/ @ Mvihg alrdtid BERIESE Bl fur@pedidkdd Q@R derdddglfyrcondi ti ons
sufficient to selecti veI(¥4hydr odesul furi ze the hindered sul fur species in

the feed, sopagesd ddqasih4d, mrtbapeseney @f brdopoh updagopndivipiysuiocig®r e t han 10

f hi i J j . |
D ol 1 DR WorRRERAS AR DAERG AT AR Al B85 bakal s Tur
a total sul fattaincotéaest hyalfro@ibdnedsd haAROnovpRY thapl § eppiooflighdigecwitfuact ed

with the activated catalyst, can first be placed in the presence of a
hydr ot r eat i et AV ingr}) WRRIP 85 kess ol geurssomontr or different effective

hydr ot reat i ng?ﬁfjndi tin%ﬁle(éﬁﬁﬁ;fgl' San tﬁé)ﬂ};cﬁ&?alrl%éﬁ RUd g@géﬁil%%r y reduce

the total s content to wppm or” Iess) to ¢ sul t ant
pre-treated thabshlfuo chaeet dtat leastA002 Srppppnprafr thbade cedased fvith thpeci es and/ or

to have a rati.o of hindered.sul fur species to unhi ndered sul fur species of
at | oast 0. ACH LAY nGTCUAL BEcRIBPO HIF RERRShE el 4 By reapa eyialyst

[ 0012] Addi tipaaylidges, wkbehnahebnuifftle: ditchil OBy @bird£ind ToAELoN Ghigat al yst

ean can optionally but advantageously reduce the total sulfur content to 500 wppm or
less) to cause said resultant pre-treated feed to have at least 25 wppm of hindered
sulfur species and/or to have a ratio of hindered sulfur species to unhindered
sulfur species of at least 0.4:1 upon being contacted with the activated catalyst.
[0012] Additionally or alternately, the multimetallic amine oxide catalyst can
be a cobalt-amine molybdate catalyst having the formula Cox(T2);x(am),MoOp,
where T2 is a first row transition metal from Group VIIB and/or Group VIII of the
Periodic Table of Elements other than cobalt, where “am” is an organic amine
ligand, where “x” is a relative molar amount of cobalt such that 0.33<x<1, where
“a” 1s a relative molar amount of the organic amine ligand such that 1<a<6, and

where “b” is a relative molar amount of the oxygen and 3<b<5. In some preferred

embodiments, the cobalt-amine molybdate catalyst has the formula Co(en);MoO,.



be a cobalt-am ne nol ybdate catal yst having the fornul a
Cox(T2)(1_x)(am aMOb, where T2 is a first rowtransition netal from G oup
VII B and/wo 2@r1oum®7vI 11 of the Periodic Table of El ement #Cotuses11i0bisn7 cobal t,
where "ant is an organic am ne ligand, where "x" is a relative nolar anount
of cobalt such that 0.33<x<1, where "a'4is a relative nolar anmount of the
organi c am ne |igand such that 1l<a<6, and where "b" is a relative nolar
anount of the oxygen and 3<b<5. In sone preferred enbodi nents, the

cobal t - am ne; . . or mul a Co(en) 3Mb04. 4 - BRI EF
DESCRI PTI ON Hi AT shows a conparison of the
start-of-r ur[o()ﬁqR) dE@Qfd I\/ﬁiolvx&fh dbﬁnﬁah@otﬁd)ﬁlb@ Ethﬂd)f@@ﬂfcsmﬂﬂd&bﬁﬁaiohng

catal yst of Exanple 1 with two different feeds, one hij aromati c and one

nearly free Qfﬁheasru@ﬁﬁﬁt‘?%QOMchYG’EOr‘i@?‘W%‘@HﬂM%rﬁ’tf Fé&mpl@oln‘éﬂtg ms@]élffemm LED
DESCRI PTI ON ({2014 I %h;&; for
hydrotreati ng&(g %ﬂ r@ﬁgﬁg&ng%tlccag{d Otnggleérﬂ}y?g% 69%8%% g“%h%(tﬁ‘gh y rgg‘%’?@on feed
usi ng a freshnditipported CoMo catal yst, wherein the average rate of
deactivation of the catalyst is reduced by treating the fresh catal yst
under first hydrotreating conditions with a second hydrocarbon feed having
a | owner arormfg&mm@@Rlpm@Nt he first feed. [0015] As used herein the
term"fresh catalyst™ 1S used to describe a catal yst which has not
previously d@@hl]usedOnﬁa@ecmfahajmv@ntmnoue@sempmmss torhtgsirotesatipg @vi ousl y

contacted t first .feed 5| a prio ti,on. or ctivati,on. Fresh
STt £ ) st R SR SURE R SO Rl R TSR St
exanpl e, by (Sde) ek @, wherein the average rate of deactivation of the catalyst is reduced

by treating the fresh catalyst under first hydrotreating conditions with a second
hydrocarbon feed having a lower aromatics content than the first feed.

[0015] As used herein the term “fresh catalyst” is used to describe a catalyst
which has not previously been used in a catalytic process or which has not
previously contacted the first feed since a prior regeneration or reactivation. Fresh
catalyst may, however, have undergone prior activity adjustment, for example, by
sulfiding.

[0016] In addition, the term “supported catalyst” is used to describe a
catalyst in which the active components, in this case cobalt and molybdenum
metals or compounds thereof, are deposited on a carrier or support.

[0017] In particular, the present catalyst comprises cobalt, which can
typically be present in an oxide form in an amount ranging from about 2 wt% to
about 20 wt%, preferably from about 4 wt% to about 12 wt%, based on the total
catalyst weight. Similarly, the catalyst also comprises molybdenum, which can
typically be present also in an oxide form in an amount ranging from about 5 wt%
to about 50 wt%, preferably from about 10 wt% to about 40 wt%, for example
from about 20 wt% to about 30 wt%, based on the total catalyst weight. In most
embodiments, the remainder of the catalyst can be composed of the support
material, although optionally other components may be present (e.g., filler,
cracking component, molecular sieve, or the like, or a combination thereof).
[0018] Suitable support materials for the present catalysts can include, but

are not limited to, inorganic refractory materials such as alumina, silica, silicon



[0016] In addition, the term "supported catalyst” is used to describe a
catalyst in which the active conponents, in this case cobalt and nol ybdenum
met al s orwoanpawmis t hereof, are deposited on a carri er POT/USa@pPORIS97

[0017] I n particular, the present catalyst conprises cobalt, which can
typically be present in an oxide form4ih-an anmount ranging from about 2 wt%
to about 20 wt% preferably fromabout 4 wt% to about 12 wt% based on the
total catalyst weight. Siml arI y, the catalyst also conprises nolybdenum

whi ch can t)éﬁva@e aXlO%ghOBr t?)h%gsﬂ 220 nad(glhcgrml n anmount rangi ng

from about era rom gba(%?m 0 wt% to about 40

w % for examnhmof)lﬁ@phﬁb@tbbrlaaltm%zﬁmo@boaﬂd tBOliM¢g, Us Wt e chiordshadt ot al
catal yst weight. In nost enbodi nents, the renai nder. of the catal yst can be
conposed of QOB%lséft?ﬁ‘iﬁfr Frofared supportnsanipeiyse HHed. shaming amer-siisapBdent s may

be present. (i Srysiflklsn-SAEAGKL e ARRONRIL mAADA RELL T £YFmo OF the 11 ke,

or a conbinati o ereo e support materials r the present
catal ysts caleohminatéealsbﬂ)/ﬂorape:fﬂmd supportt ecitdrials fonpuipasisof tlef prashor y

mat erials such as alum na,, si I|c silicon 5 car hous and
crystal line ng?qS%a@nalP@HH%ngl%a Filica- m&ﬁwaéﬂ% Rfﬁﬁlﬂ%%@%ﬁ?lggnn%or ia,
titania, zirgQpja and the like, as well as mxtures and cogels thereof.

Preferred supports can include silica, alumna, alumna-silica, and the
crystal i ne [8919]ca- abuprionag Copr catdydtan the tipssieserircd rbavesare hegbble ed as

clays or zeolitic rrE grla S. {é/b g g fer d su ortd % r|a s for 1purposes
of the presefIHFERLY FopLhTimbyr f ey ot C§P| (1?50 USH ofx Vs i ca,
parti cul ar | Yn@ivhhe theadrt) Mok afipleS khdhGa deé&%m@m})(ﬂem«aéhd@b/b La@aplysts of
the type descri bed above are avail abl e comerci al I@%ﬁfrom a nurrber of

vendors and/1gp (W) bE%plIga ireS. t%ﬁnrmt wods Cagll 2nciRA7 ), A09H 88 zand inf or
SKATDLE: SUCH e AR A Sy o R o8 (1509
Topsoe and Bli&losﬁfeaha@mcéx}ppfated(lﬁtrah by r&brend®86), 273-293, the ent irety of
cach Al sl O 12! "Fnd Chialy B matals iy be loaded onts the Support, ¢.g.. by any

conventional techniques, such as impregnation by incipient wetness, by adsorption

from excess impregnating medium, by ion exchange, or the like, or combinations

thereof. The typical impregnation route is by incipient wetness.

[0021] The cobalt and molybdenum components can be deposited onto the

support material in either a single step or in two separate steps. For example, in a

two-step process, a catalyst precursor can be prepared by impregnating a catalyst

support with a first aqueous solution comprising a water soluble salt of cobalt or

molybdenum in such concentration as to provide the resulting catalyst precursor

with the desired amount of the metal. The impregnated support can then be dried,

e.g., by conventional drying techniques (for example at a temperature of about

100°C) until substantially all the water is driven off (for example, typically for

about 2 to about 6 hours). The dried impregnated support can then be oxidized by

heating from the drying temperature to about 250°C to about 450°C (for example,

to about 275°C to about 400°C) in the presence of an oxidizing gas, such as air.

At least a portion of the resulting partially formed catalyst precursor can then be

impregnated a second time with a second aqueous solution containing an effective

amount of a water soluble salt of cobalt or molybdenum (the remaining metal not

impregnated during the first impregnation) in the appropriate concentration. The



[ 0020] The catalytic netals may be | oaded onto the support, e.g., by any
conventional techniques, such as inpregnation by incipient wetness, by
adsor pt i oNOf20M0e7Cess i npregnati ng nedi um by ion exch&agalS2an/oesse7 | i ke,
or conbi nations thereof. The typical inpregnation route is by incipient
wet ness. 100211The cobalt and nol ybdenuim conponents can be deposited onto
the support material in either a single step or in two separate steps. For
exanple, in a two-step process, a catalyst precursor can be prepared by

i mpregnatin .catal yvs rt. wiith a fi : ous.Sol uti conprising a
wat or ool ubi P2 BB Bcoullor Ao illahing SR B Butondfl G306 ¢
provi de t he thasbd dubi@tedab ataoatl dpyiee b otidmidnhopeheiodesinradil@mauwt of the
nmetal . The inpregnated support can then be dried, e.g., by conventional
dryi ng techrh ew%ﬁfe@%%%stg? cgbpdimisat AhunEresnafpe SePL eIc)e dRE| |
substanti al | 1.S:.gri | y for about
2 to about é¥ﬁ%31%#??%ﬁghg$rg%ng#%yggﬁgéEgﬁg%%%%§?&g1%0?%%ﬁh@g&%kidized by
heat i ng fromwitihe sidglixglizampetepttofdldw mbxoothe? blddEnite, thightles50C (f or

exanpl e, to about 275C to aboyt 4000C) .in the presence of an oxidizing gas,
such as air.Pf r%&agwo-_ate}aapgpaww thars %%@E%efgwgawwﬁ yips Gimificar al y st
precursor cafyvt hanrREubRRLRIGES R cHaBeaaNbITbIRuM §uthahA YGORERAWEOUS

sol ution containing an effective anount of a water soluble salt of cobalt

or nol ybdenwerifitphegnateddlikd mgnglstsedp endtodimgntelian exo shpaiatg cohsschitivest

i npregnation) in the. appropriate concentration. The 6.- partially forned
catal vt pr ol r e AR SR A R R Aik ns A S €an t hen’ be

subj ected tqoeeyond WhyiR@tanCatdiidRtdu@ddreRebatdRBRed lothafindl dagyrat e,

t hough | ess preferable, two-step enbodi ment, the inpregnati on steps can be
done back t dyvatidingierd whigcoarsitiogal sylfbngeshnifligss tThanalisdaprgyd§ueous

treatnments, w i ngl [.dizati . f . ot her al ternate,
t hough Iessz%$%?@%§%§Q?Lﬁﬁgég%géggﬁﬁgg?%§%P§§¥ﬁ§hk% §Ph%ﬁ %%ond aqueous
sol uti ons cantdhat vithawalfwat@ttaigblgUbdd ealstish of HIUhmeabaditulidel nol ybdenum
such that the netals are ¢co-inpregnated %I i ke a single step enbodi ment) but
in two separ®MDShengelysilfides (€iage disclasehby fd - dishery imihg SRt dP%ht i on st eps
occurring as . - DF: can be
converted tgsst%%gj?ﬁ} ﬁgqtageg,g?g (Sés%t g@&?ﬁﬁrﬁg@ﬁ%&g{ Qk%@?’lﬁgﬁ‘?gﬁ%‘?ﬁf i onal
sul fi di ng t echini roesce Jhi Boswif hibalit36 soilybllieboae 8 Siyhi/sHipw dbousii00, namely in

t he hydr ot j 30V tacti th talyst with
Sul 101~ cont SPRPHAPERa00 Sty i BTRee Baivieri o apEai e Bilbs) . or
pol ysul fi des;g0&, Bydrogs, thiSHoARBEpRYerfetH re _ﬁﬁgfnt Sarlifl HyQfogeR Meat 2Q08 i ssue of

Hydrocarbon Processing (p. 133)), or the like, or a conbination thereof, in
t he presenceals) urdel condibdnsespbiidicrB o sit¢qtiind hydibiweating, Sg.NwBioh8rnt o about 1500

scf/ bbl (about, 260, NnB/ f,. hydrogen .equi,val-en iN_a gas ntaining | ess
Than 10056 hy iragem TR p i TR S YR Bluab DB RSat BBt 67 ogen
treat gas rgsg) (aboeenoseagh tbiabss 2500 phigi(etut 1 D3PS ARl 1 lyed-ot r eat i ng,

e.g., which can include a tenperature of about 75C to about 450C, a (total)

pressure of sabuling pocessesgutilhupMBpongmaypplftdes ableqiid hewoty spscgvelagbut 17. 3
MPag), and, /A No (P INER oIS utilizing DVDS or polysulfides, a
i qui d hourl(%@lssla}a?g)gagéﬁ&%ﬁ/qgfﬁfg@)ﬁ?ﬁs&about 0.3 hr-1 to about 2.0 hr-1.

[ 0023] The r¢goo23jant Thd fesulednt dfiatd/sitalgarabee emplogy@ yalrdiyedt otwidat a w de
variety of aromatics- and sul fur- containjng hydrocarbon feeds, including
distiliates Vé‘ﬁatyr‘écs"?‘&ﬁaat}?Sb?qugurf;lbrﬁ"é%%hﬁgf’%aﬂé Sgde FHARSti 11 ation
processes,  Gliafiied A3 %osRial Hiehh AfospAB: MAVHIER dRREEG probflpar i cul ar,
the present process can advant ageous?)]; be used to hydrotregt ydr ocar bon
fracti ons bairkdkad ganoit frectiinesmld nhingires thegef. Angaltavianghapreacopatdess cont ent
of at least 20 wt% typically from20 w%to about 45 w% and having a
oul fur cont AR arartageDe Be b T8 s o <o og tep i LR 5 e o6 t o

about 2.6 Wdfsel fuel range and having an aromatics content of at least 20 wt%, typically
from 20 wt% to about 45 wt%, and having a sulfur content of at least about 0.8
wt%, typically from about 1.2 wt% to about 2.6 wt%.



7 - 100241However, before the catalyst is used to hydrotreat a desired
(first hydrocarbon) feed, the present process involves treating the fresh
cat al yst woader1/f5273t hydrotreati ng conditions with a seecmaskeidoessar bon
feed having an aromatics content |ower than the desired (first hydrocarbon)
feed (and/or having an aromatics content-below 20 wt% . Conveniently, the
first hydrotreating conditions can include a tenperature from about 300C to
about 350C, a (total) pressure fromabout 1.5 MPag to about 3.5 MPag, and
an LHSV fro ut O hr-1 t out 1.0 hr-.1 regver, th reating can
e conduct edPal anol 3 gy e Rt yaJo WEPERHqeshRE ki 1y o

the fresh catydtyatbonnfcbato preeciipestebyinaslvte@siinphe frevh canapledeirom 5% to
about 15% or_from 5% to about 10% AIthough t he exact caonposition of the
first feed iyt @fotsatipg penditagns with asrsandinydpeyben ped Byanaan aiosdes cs

content bel O : 9 - ut 5 wt% or
even bel ow %\ggﬁg P%RNVG\% %}a%l\/@é‘%ﬁg% g%gﬁﬁl}%\é\b%?%%g%g(ﬁl}(g& %yg%gﬁ%e, by ad(ztli ng

al i phati ¢ hydomatasionen( bdlove a0 witr)atohechicralydfherfirstygidratteapeg haps havi ng
doubl e bonds, naybe eve onj ugat ed doubl e bqn byt not bein romatic)
to the desi rceagﬁym Y Bdpfng Pt ggnﬁwﬁaﬂ‘ffét&%@ubf@nﬁt?egta@om ent
thereof to WitdufMBREEQRUPVPaL BNARUL §.5MPad, @HY Gh LAZ\PHoMlabbEESE 50% from
its previous |l evel). [0025]After treatnent with the second, | ower

ar omat i cs- cdnt émabduedd, hrt'y plaredey, thetredtimgtopd bocoediciadgor et ddaysthe

catal yst can,be d to hydrotreat t esir drotreating.feed under

cecont hyar qePaatt AL s Tly B b fET PR RecbaRsRE P RE L he T eed,

e.g., to | eggast BE) fok2x WRPIA frdnh 5% PrBHEI 1M oLfiBRdioNRNAbout NEss @a@iddah

hydr ot reat i ng conditions can include a tenperature of about 300C to about
¢

380C, a (totth¢ yxgst eayspaseicnfoldlplirst food npaigt bo crapeslitit shogld\geagrallihdvan LHSV

of about O. r-1 t - i r r odi t, the

first and sgagt(;hrrl(g’]‘%%/c rcgﬁt%%e{{a?e?%\gagé)lﬁélstvﬁg/?slge'%’an%&%eagﬁﬁép Z‘gtb ?1%%10{%2 sarne.

[ 0026] Anot hert%aspecén eflow ABoutwetdt), ahidhrocal Mespraduet hod ckanplsdlyect i vel y

treating hindered sulfur species froma sulfur-containi ng hxgr,ocar bon feed.
[

Hi ndered suladmesbebaticshysdiecaronp Oinsas bimshed spd/pusyclicobRriapsihayinge) at | east
partially bl j i h et - ot i ons of
Phe. conpound Cop Resnr. Shlyp8eloh ARl bl ioBl b BB RO 0 ur
atom(s) to ahed¢saleyhidrosatengabedvt ashto gtbiico desubiati¢szahiconthemnt mowiln .

H ndered sul fur conBounds can be exe

lifie y . .
4, 6- di al kyl -'Bf BEFREPRiBHdfes T8 HO%_E%E %@Stgg%-frﬂpﬁfétpﬁ%n@ﬁﬂﬁ%ot hi ophene
(DVDBT) and/jgp24}, 6- dh@thitasbhanantisanhe e wePEIRics-86mad eider s. By

conparison, unhindered sul fur species are conpounds whose sul fur atomn(s)
i s(are) not tgpigallyf indhqhydrots¢atiorechc(wt Beicatalyisycanihedeedtd) hylyotraal tici es on

h i . d h ff ' | at.i. vel f d
acoess! bi |1 (9oBR pRSRRTR Ao o byl Rl et ™ ©

hydr odesul f uhifgaédndht 6athede&l .., ab 1ds€amh 15RvppaPRId srefericd chidedindnder ed
sul fur species. Unhindered sul fur conpounds can be exenplified b

di benzot hi ophefrsopByYrogpriingicandijipnsdsaainglpdra tegineraters Oéah@ttﬁg)ﬂ"(a{%m fide
(DMDS) . among, gt fgre. o [Q0RThINGTRLAAH 15PNPLBE 4615t S BuPSE ol o

mul timetal | icoam ne bx
LHSV of about 0.2 hr'! to about 0.8 hr''. Also in a preferred embodiment, the first

and second hydrotreating conditions can be substantially the same.

[0026] Another aspect of the invention involves a method for selectively
treating hindered sulfur species from a sulfur-containing hydrocarbon feed.
Hindered sulfur species are compounds whose sulfur atom(s) is(are) at least
partially blocked (sterically hindered) by moieties on other portions of the
compound, thus significantly reducing the accessibility of the sulfur atom(s) to a
catalytic site at which hydrodesulfurization can occur. Hindered sulfur

compounds can be exemplified by 4,6-dialkyl-dibenzothiophenes such as 4,6-



catal yst having the fornmula (T1)x(T2)(i_x)(ama(M)O0b, where Ti is a first
row transition netal fromGoup VIII of the Periodic Table of El enents,
where T2 We 2011106257 row transition netal from G oup VII BCastan/o&soup VI 1 |
of the Periodic Table of Elenments that is different fromTi, where M5 is
nol ybdenum and/ or tungsten, where "ani-8s an organic am ne |igand such as
et hyl enedi am ne, where "x" is a relative nolar anount of cobalt such that
0<x<1, where "a" is a relative nolar anount of the organic am ne |igand
such that 1<a< and wher.e "b" | at i ve, mol.ar unt - t he oxygen and
3bes. adai aaay TR Buids coRyeT Rl Fe MRS TR hisBheli e e abal yor
can be a col@EDEI), aoAPbihbeatBy @aipakiyst, uhamtagd kineurfspeditd de
Cox(T2)(1_x)(am) aMOb, where T2 is . a first rowtransition netal from G oup
VI 1 B and/ or erigpndy whosssukipeateags) sdre) nedisiesilipnty bloskek(srisally t han cobal t,
where "am' ig f L CH AR IR r&modund Shiik 4 b Y. AR@r anount
of cobalt sucﬁﬂ?%§$gg&%§¥§g??ﬁﬁﬁégeﬂ&gpwﬂg(gngéP%%iJ% égﬁgrgéﬁgﬁﬁ{?of t he
or gani ¢ am nafdticgaiutcswstility ldthelsadfabatomiis) tovhenwlytio'site st whick| at i ve nol ar
amount of the ox and 3<b<5. In sone preferred odi nents, the

cobal t - ani ngwm%glﬁﬁwa%% ST ASICPH &N FORRAISE gﬁ)@ﬁ&ézﬁ}f%ozm In order
to activate $RGcCalivddred Qlifu? 8bRFEINE chY HE edeSIH ek by ZRbdnOMnBhARds. the

multinetallic am ne oxide catalyst can be sulfided in the |iquid phase
usi ng appr ogbB)end didlydidiyl fetsspedi asidomsthghdisw GH¢ ([dMP) cametig dthers. 1 n one

enbodi nent , e conditions can | nclude ut .e t necessarily limted
oot T ol DOER, © R ke 58 Mo BB S s ol Bl B PERERRRE LY 1 Ay

cal ci ni ng) tdagiwi H@ﬁh%tHé&bﬁhul@{Tggmﬁﬂydaﬁﬁa(MQQb,tvﬂ{W@Tﬂw first Feyn about 190C
to about 800C (e.g., from about 0C

e 00C to about 50 , €.0., in arelatively
non- oxi di zi rigpnsigion metadeshereupsVidhobtde Paripgie E@b@@f@m@v@mheﬁ%w at | east
partially oxidi 7z re. | e t YRl {,ﬁﬁ t tures are
desi red, foﬁrg{xé%%g?ﬁ%%g%%tf%& aﬁ@%’t QIrIeBI Qeﬁg/bsogﬁr%%pm oXi géqe?glggl%gféconposi tion
of the organtabld ofJelamnts ehap asdiffgrehh@omriamiheraedb ad mokibdenuho afd/ex
(optionally but preferably as previously thermally treated and thus as at
| east parti dMgpletBRiSoSR /It a eicARg pniRe heandgueiyaspribyencdignping hpre _
composi t1 o« SUchriye AbIP ML bPedtRHSEA G GRLIORRY 2P RILEr bl i
the presence of a reduci ng agent such as ygr ogen, at tenperatures from
about 190C tmolaboudunt 50 Qe(ceganic athimerhgatdsiich2B0C<he6,alnd wthed28C)isho sul fi de,
and thus activate, the catalyst. [0029] As use erein, the term"sel ective
nydr odesul T FFBST MBI TRREPOLE BRREAT oo br SULGST CAlEYED, ishoul d be
under st ood t,Qyiafefiilid Anfc GRAMRRaIaBRNcREINEEb IR WlIME I RlysPN
effectiveness/activity for hindered sul fur conpounds "and -
hydr odesul f thavingtthe forefifadCed TdnegehabtaGsi whert dr2 isaHirsidew ddmsitipf ur

comounds, NG R9RL A SRR AR LA Yo i e zacion

hydr odesul f wih&ahdndbeRnvigeaesat [synkggahaimiikaighd®dvidse havis agela@ughl y a
simlar effectiveness/activity for desul furizing hindered sulfur conmpounds

as for unhi rfaepegnoymt 9 pekalt syeh atP ddexul. Miere, &t ilomredatiyepeolanapett er i zed

herein as haw |G !qh f L eclivenses shastl Wk hi nder ed
sul fur comgoﬁlﬁlgfoéﬁlggakg&q%aﬁfig erg%t.fe ST% 2H%ie pu?p%glgtsar}éfta{l%;%{ng[ﬁrnventi on, a
"sel ective hyuadestik buygehaindGrb<salmdonsd prpfebed smbodimdnes, drabbglt-eri zed as
exhibiting at |east twice the effecti vrnes(;/ activity for desul furizing

hi nder ed SU!WPGWWWC@I _thfbgrt_%l RENA Phh{lqﬁhhi ndered sul fur conpounds.
Such sel ect ijygad)y dr ofiesubiLEARAL B SARADT kel IBBIIRYAR LRGP Tl ati vely
rare, since the accessibility of hindered sulfur atons 1s |ower than for
unhi nder ed sué¢thods, tieonwl{inetalisc arpikie ngidietcaelyst canietsutfatedan detlajuydpliase ocess to
be sel ective the opposjte , 1.e.,.such,t . hi gher.

o f oot | venedST PO cuH i Ghe serinishisi e o BaCliens s Whni nder ed

sul fur at omemddAR3G HREsEhARENE 8dh thblubNut hRGloHHS ERARTPEHItBdd: he acti vat ed
catal yst with the hydrocarbon feed to be selectively déesul furized in the
presence of dpjidndlyehut pratereblydberdially dasorspesiriedeleast partiedy eelcinimg) yhe

hydrodesul furjze the hindered sulfur speci I Nt SO J40 attain a
Teatea nyarsedisbRt QsRERREPHS 4o MrRaaEi ot Qotldab ST bRl PR S
speci es and (BaViffegn SEbUMRPIRCOIL dbesiss5008C Ble. ¢5,Uh htElativelP non-oxidizing



content. In various enbodi nents, the hydrocarbon feed to be contacted with
the activated catal yst can be untreated or pre-treated. Either way, the
hydr ocar bwo 2hHe&86170 be sel ectively hydrodesul furi zed camChaseoiaw2iseast 25
wppm of hi ndered sul fur species and/or can have a ratio of hindered sulfur
speci es to unhindered sul fur species of%9at |least 0.4:1. 100311lIn the case
of pre-treated feeds, an untreated hydrocarbon feed (optionally but
typically having a total sulfur content of at |east 2000 wppm), prior to
bei ng contacte ifh th ct.j vat cat al : n first be.placed in the
o caance of Akt b AGHEI e PG b SRS R G PR TS o

di fferent efdu@ciphee iByichdotypaallly NevaatepéraRs fybiéstld cancapiplonal |y but
advant ageously reduce the total sulfur content to 500 wopmor |ess, e.g.,
to 300 wppmEptrplicat rejegsofomgxitatioe dP‘é%’%i?OStt’é’nIﬁ@%ﬁ%ﬁl‘\gﬁgm@é@?xp@?mgo 50

wppm or | es al I: ﬁ@ﬁ . . at | east 25
wppm of hin )éer Eé%a{s}%ﬁ?ﬁ?ﬁg%&eiec% e %}%\@TSPH%I?]{]%\%&%&{PQE? 8}%%&%¥ﬁder ed sul fur
speci es to uhdmmnietedied ahd trus apeclicses paftialy dee@agtos@d/daldinehan abigunlg cont act ed

with the activate atalyst. . In the case re-treatnment, t effective
hydr ot reat | r@awﬁﬁlcﬁ%ﬁ%ﬂyﬂgmﬂwmf ﬁ%ﬁ%sﬁ@ dodiese %@BQ@?I& r ender
the pre-treghedrsiy ihUrDpresdtich %pll?ecfugfng‘éggnt'sﬁc@asf Mo RACkt thifip&Gaturd di €sel
fuel pool) without” further treatnent. [0032] Further, in enbodi ments where

pr e-t r eat merftom gbauvdd0UE dhbouh&54i¢ de gt, M almnt 260 atoyedbbuicRA°Grtoany sui t abl e
hydr ot r eat nen at st, .such.as one containing at | east one of Goup VIB
and G oup VISPFﬁCf?E? - %‘itltvﬁgrﬂ‘ier?aﬁ&sk or on a support such as al unina or
silica. Exanpbpy canAknsdduttesinaHE tedme stIeétivel Hydt sl AurizMNid)? wierMd, NiW  and
Ni MOW cat al ysts. [0033]Alternately to hgdr otreatnent as a pre-treatnment, a
hydr of i ni shitegrage & §Brocayidr 6ptakygl slafulthbe hngegsteeshigirefep Hsa eempdsBonsed. | n

sone enbodi 11pi.shi: [ e Wy to (or can fall
w thin the gonerm YRk SR OB B R Rt e © e
hydr of i ni shidognpoand dniddydroeiasul funiehtiches ftoedy afessmut it fforurhéideesdadulioe f rom

about 150C to about 350C, for_ exanple about. 18QC to about 250C, a total
pressure frdeMpeBIds. Merenprisulaslyot Nighosehrstiyty {05 hydedeswortzagmaef (about

3000 psig), Iﬁ:ghe'rt 1@& 961% Eisoﬁg)%ﬁ'tf “Anbs80aNk h Qrolaés'u:l'f%uriszﬁonEc)éﬁnpl e about

0.5 hr-1 to abou and a rogen treat gas rate from about 43
N8/ nB (abowen@aly be thdrhdtgrized aahoung TGt@BINNSMBr ¢ Adowtncb®BADvitydbr bbl ) .

Aside from hydrotreati.ng cat sts (whjch .can, be used for hydrofinishing),
other sutt aBEeYEAGH HRTaT e SPEPYUIKS S8 4 PHERGHE: biCCHPE not 11 m teq
to, those coplpideblBirRafFPe bl dhhradRBLZQ h&FAUR KW iBe ARbAteabRRtibRRal | 'Y
supported, on a bound support fromthe M4 1S fam |y, "such as bound

e g.,
MCM41. Suit @lﬂgeetiﬁnﬁelséaroswfm fordnimdepgoyul fuf eempaunds NMan 16 drdmdeyed. dipe theas

MCM 41, can jnclude.al um na, silica,. and/o .ot.her binder or conbination
of "bi nider o daosgar B0t aon ki o R AT o M SRR 63

cat al yst. 10%hdkeferigansy &hitiiigsalledstglicomeleroepdnbRiRtivigy foref f ective
hydrotreating conditi ons can include one or nore of a terrCPerature from

about 300C tdssdbsiringpadsred syfus sempeautds gmieisisael ipgmgpanhandesisoiivn . 4 MPag)
to about 300Q ' . | HSV haut: -1 to about
0 Rt anatuRld et e ARG AP BB AR My B D 1 20"

10 hr-1, and ogen trea roma about 85
NnB/ nB) to ablatitelyPHOGisefthbidcedsatiittyt of hifdrdddil fiBitomédhietosver thangodesi red to
of conditions,

t hydr ot r eat nent der a i t
Yt cal |y ARBSFICGA D GRS BEE S BELI AT &R HEreFrader at r e 11 om
about 260C t0.RAhe %Bﬁ(‘%itgrwagf PN aRAa ARG é@ecﬁb%s/ﬁ&ggy k93] The

invention wll now be re particularly described wt erence
attained for hindered versus unhindered sulfur atoms.

[0030] The method can further include contacting the activated catalyst with
the hydrocarbon feed to be selectively desulfurized in the presence of hydrogen,
under conditions sufficient to selectively hydrodesulfurize the hindered sulfur
species in the feed, so as to attain a treated hydrocarbon feed having no more than

10 wppm of hindered sulfur species and having 30 wppm or less total sulfur



to the foll ow ng Exanpl es and the acconpanyi ng drawi ng. EXAMPLES [0036] The
tests reported in Exanple 1 are conducted in a hydrodesul furization (HDS)
react or cwoOpRPigiomy7t hree identical stainless steel cyli rdTiuSad11oksaber s,
each having an internal dianeter of about 0.28 inches (about 0.70 cn) and a
| ength of about 7.0 inches (about 18 enp.- Fritted gaskets or quartz wool
was used to hold the catalyst in place within the reactor chanber

| sol ation val ves were included to enable off-1ine catalyst extraction under

relatively ingrh 11'1s°” boc{m%%”tﬁ' hr%ﬁ%ﬁeeﬁﬁ&ﬁe S e Didh e pl aced

d]
into a common san bfh &7 at Ut WS fromi T or e y three

t her nocoupl estipasd t;at@lpad:ah Be bﬁtrd:ﬁéﬁ?d)r AP peaistd MAltRéy Y, tHe Hyldeodaffon mi ddl e,
and bottom of the catalyst beds. Any of the three reactors were capabl e of

bei ng oper at'&¢l ke S@Eﬁ%‘t‘ﬂlﬁé her%ﬁqu@ﬂ%eélrﬁwé]avq ideast e Weame hardsred
i ndependent ls}dﬁ{ J)telg%s Qﬁﬁﬁcaﬁlqﬁ% Qbaio (hqmncm%ed P EHYC R ¢ rooﬁde}ﬁa vol %

H2S/ H2 was fe e reactors using three 1 ndependent ss Fl ow
Control | ers.suIIfhrmcmmdéqadmteﬁﬁ IHPLC punps (e.g., Therm) Separation Products

Constal\/btri 0 So] vent Del. ver fedth Ifldat on liquid to
the reactord ree i ‘éﬁ%ﬁ‘?d’éﬁfe ﬁré@é%/%ﬁﬁ%gn(lﬁtrﬁate t§I§'Otllf‘)e yringe Punps)
fed the oil bﬁuédaﬁy bRAGHRARy ﬁwlhggtdfﬁ%u[fupéom&@@?@dllmzmwﬁm) Igpi d feeds

were m xed toget her ore arriving at the catalyst bed. The feed was
pr eheat ed agoibtingravietted widnvthe adteyafededtalysty chiefiont be phiced inrthe presenceact or

OO OO e o MR St S R b || % s ver o
hydrotreating conditions (which can optionally but advantageously reduce the
total sulfur content to 500 wppm or less, e.g., to 300 wppm or less, to 200 wppm
or less, to 100 wppm or less, or to 50 wppm or less) to cause said resultant pre-
treated feed to have at least 25 wppm of hindered sulfur species and/or to have a
ratio of hindered sulfur species to unhindered sulfur species of at least 0.4:1 upon
being contacted with the activated catalyst. In the case of pre-treatment, the
effective hydrotreating conditions should generally not be severe enough to render
the pre-treated effluent suitable for use in a fuel pool (e.g., a diesel fuel pool)
without further treatment.

[0032] Further, in embodiments where pre-treatment is conducted, the
hydrotreatment catalyst can be any suitable hydrotreatment catalyst, such as one
containing at least one of Group VIB and Group VIII metals, either in bulk or on a
support such as alumina or silica. Examples can include, but are not limited to,
NiMo, CoMo, NiW, and NiMoW catalysts.

[0033] Alternately to hydrotreatment as a pre-treatment, a hydrofinishing
catalyst and/or hydrofinishing conditions can be used. In some embodiments,
hydrofinishing conditions can be similar to (or can fall within the general range
of) hydrotreating conditions, e.g., which hydrofinishing conditions can include
one or more of a temperature from about 150°C to about 350°C, for example
about 180°C to about 250°C, a total pressure from about 2.8 MPag (about 400
psig) to about 20.7 MPag (about 3000 psig), an LHSV from about 0.1 hr'' to about
10 hr'', for example about 0.5 hr™' to about 5 hr™', and a hydrogen treat gas rate
from about 43 Nm’/m’ (about 250 scf/bbl) to about 1700 Nm’/m’ (about 10000



coll ected. Gases were vented to a scrubber filled with aqueous KOH sol ution
to neutralize H25. During sanple collection, a knock-out pot separated
gases fr owpl20nuioszy agai n venting gases to the scrubber PCrOB4@jioez507 d

ef fl uent sanples were anal yzed using a sul fur/nitrogen anal yzer (e.g.,
ANTEK 9000 Series). Data acquisition sdfitware (e.g., from National

I nstrunents) was configured to operate the hardware and an Aut osanpl er
(e.g., ANTEK Model 738). The software collected an integrated area or peak
hei ght frOmstcgﬁblﬁf‘ﬁ'siﬁé'ﬁ%moﬁyc{l{gﬁe%rﬁhg' Sttaf’y‘;ts‘t%}%"ﬁ GREPOS PN to create an

i nternal calrbration curve. e an Fy iFcal* 'response "ot sanpl e unknowns was

t hen conpar e didfiridhisg)Cathédyuatblo AydioriMBhingrdialyke cammutidepbutsdrt horr and/ or
nitrogen was determ ned. Calibration_curves were generally approximately

| i near, and lmsieddpd@pscenmiaaniae pdrovMd apder PreureWiE mgiath.opgpialivned i n cases
wh the t N i P Ctud
ere the %%g]%)or\%gg%fﬁ,gﬁ%%%ﬁﬂ& Eﬁbﬁfh&?g%%%fﬂﬁﬁ LR RLAEME- magni t ude

(e.g., 10 - t he unknown. e usér was given the ability
to define thd. SulMablobielety fat b suppoangen (Hcdiil B fahilyucamgpdCOM - dhatanbest

approxi mated th xpected ran of concentrations.in the s l.es. Typi cal
ranges i ncl d&@@@%@%ﬁtﬁ%@n%%g T Bt 560" FindBb8RL 6000 wppm
A Ca"brat'Qﬂo%ﬂé§hﬂﬁﬁn€&ﬁﬁkﬁ9aﬁ%%rﬁﬁ%ﬂéﬁﬁ%cﬁﬁ&hﬂed range. Detector

sensitivity was adjusted, as needed to nmaxim zé the peak height of the
hi ghest cond@634lat i ohorsgeaamdbdidsdl ud ppalniged motefialk, elfe¢thichytltodreeiimghi ng scr een.

Det ector sensitivity wa hanged, as .needed, by.adjusting,gain and/or

vol tage for CAMOBHETGHCIES B arnednss Sheaury Brmape e Bhhdher “vas
then - 13 -42500423StNeLiHintabe@EMOGRIXC@PEUIALS PIPag) 13 dbber BURkRS Were
frequently in a different range than sul fur concentrations, a calibration

file was crdabed 20AaYPagicrubiBy Valrombowidk bin tofabewtl idiratandr Ivaiegss for bot h
S and N A gl SRl G ARLRL Ol LLi PAKET ANRS,5 3008 Qoctgpm i ¢ rogen

and 100-1006 wppm sul , 0 nations may be useéd to
reflect othgab@astiued Nednal)t Winse it[i0@43Ld heoptsat aWgsrogiematent precabi | ity to
specify the specific gravities of the standards and sanpl es. Tégically,
0.69 g/ nL wa¥deit wilder bl ¢omditions-tyicahed loas tenarcaug @ baselcdpbut

0. 85-0- 83 ol ik N ch kAR orP et 9800k S Rlo-e BB siepaneiigg on their

actual density). e aut o- sanp was programmed, tor exanple, to ma
t hree 8- 1i L abnjie¥t0POns for each sanple and to cal cul ate the average. The

average was [ rted_and used for catal yst activity cal cul atians.
[0044) Feeas B or opEht aitiagy il bembBrasanaiedeshebud idBaees and

to the following Examples and the accompanying drawing.

EXAMPLES

[0036] The tests reported in Example 1 are conducted in a
hydrodesulfurization (HDS) reactor comprising three identical stainless steel
cylindrical chambers, each having an internal diameter of about 0.28 inches (about
0.70 cm) and a length of about 7.0 inches (about 18 cm). Fritted gaskets or quartz
wool was used to hold the catalyst in place within the reactor chamber. Isolation
valves were included to enable off-line catalyst extraction under relatively inert
conditions.

[0037] All three reactor chambers were placed into a common sand bath, the
temperature of which was monitored by three thermocouples positioned to be
level approximately with the top, middle, and bottom of the catalyst beds. Any of
the three reactors were capable of being operated and capable of being removed

from the sand bath independently of the other reactors. Hs, N,, or approx. 10



liquid flowrates, and feed and effluent sulfur |levels for each bal ance
were used to calculate HDS activity. An "actual" catalyst activity for
desul f uriwetoonoikact ual or Ka) was cal cul ated as a funeCirarsaf/oagsbual
processi ng conditions, and was adjusted to base conditions for hydrogen
partial pressure, treat gas rate, and-tl@mperature. A "predicted" catalyst
activity (Kpredicted or Kp) was then cal cul ated based on earlier-collected
data with a reference catalyst to account for the feedstock properties at
base conditions. el at tal Y | ated fromthe
rati o of KathOtIinZ‘lez'tgéﬁkvﬁ?%e%:{ig? %e‘h ,ré%c\éér% 355?1%\% :eé éfljgp%%a%‘t\lﬁ%%ogs%ys-ﬁ@anpl el

[ 0045] About Corgifotlers. dhhre iadspFRE MPLCOPIMEA el YRierma ScpLatetPotics each
barrel of the HDS reactor. T al yst bed volune in each barrel was

h t
appr oxi mat el Grgtaelring 2} Solueik by ey stomded e s e sombaed sl ded using a
-2.5 wt%h LUt i _ e Lyt h
Lrisv) "and g1 aan TpER it ERAL ISR AR R el oob e it R V51"

sul fi dati on thasil édthabeactor6dutvguii®Sanas.i nvol ved an -8 hour ranp from anbi ent
tenperature ut 20-25C) to. 220C, holdin or about. 16 haurs at about
220C, foll ovléggﬁy a ?%g%&aﬁ?wawpfew %ﬁsm&%&s’seﬁ@arb@é?re@areﬁyga & hol di ng
for about 16.Roui 8cAITRIBE whOPRRLtLaHPRaRGLd oY iHeaScd 188 bE@r&at nom nal
condi tions of about 329C, about 280 psig (about 1.9 MPag), an LHSV of about
0.54 hr-1, angamghburdhgtospaeeey &bocthe poit@SThe dbwabgiote 16 211Harrtls veast r eat gas
rati o of about 645 scf/bbl (about 110 N8/ nB). The treat gas was

appr oxi natellip'fi[%‘ﬁ% pure hydrogen, although | ess pure hydrogen with a

relatively i[0839] gasEffRictt liquidd 4nAGRRIs W& kéht iy Slopeen whsdidudisatdral N a
simlar result. In the reference run, a refinery diesel oil stream having

t he proper ti®@degipdieasep weaby@ted tpasscaipbpiolylied with aqueous KOH solution to
neutralize H,S. During sample collection, a knock-out pot separated gases from

liquids, again venting gases to the scrubber.

[0040] Liquid effluent samples were analyzed using a sulfur/nitrogen
analyzer (e.g., ANTEK 9000 Series). Data acquisition software (e.g., from
National Instruments) was configured to operate the hardware and an Autosampler
(e.g., ANTEK Model 738). The software collected an integrated area or peak
height from the analysis of materials of known composition to create an internal
calibration curve. The analytical response of sample unknowns was then
compared to this calibration curve, and the amount of sulfur and/or nitrogen was
determined. Calibration curves were generally approximately linear, and 1% order
correlation curve coefficients were obtained in cases where the total S or N
concentration range was within an order of magnitude (e.g., 10 — 100 wppm) of
the unknown.

[0041] The user was given the ability to define the S/N concentration range
(“calibration range”) that best approximated the expected range of concentrations
in the samples. Typical ranges include 0—10 wppm, 10-100 wppm, 100-1000
wppm, and 1000-10,000 wppm. A calibration file was created for the user-
defined range. Detector sensitivity was adjusted, as needed to maximize the peak
height of the highest concentration standard in a range to fit within the viewing
screen. Detector sensitivity was changed, as needed, by adjusting gain and/or

voltage for each photomultiplier tube. The sulfur/nitrogen analyzer was then



Table 1 Feed Sul fur, wt%-1.85 Feed Nitrogen, wppm -157.0 Feed API Gavity
-32.6 Feed Specific Gravity -0.862 Feed Brom ne Nunber, centigrans/gram
-1.45 WO 2011/106277 PCT/US2011/025597

- 13-

[0042] Since nitrogen concentrations in the samples were frequently in a
different range than sulfur concentrations, a calibration file was created that
included a combination of calibration ranges for both S and N. A typical
calibration file covered the range 10—100 wppm nitrogen and 100-1000 wppm
sulfur, although other combinations may be used to reflect other actual conditions.
[0043] The user was given the ability to specify the specific gravities of the
standards and samples. Typically, 0.69 g/mL was entered for the iso-octane-based
standard, and about 0.85-0.88 g/mL was typically entered for diesel samples
(depending on their actual density). The auto-sampler was programmed, for
example, to make three 8-uL injections for each sample and to calculate the
average. The average was reported and used for catalyst activity calculations.
[0044] Feedstock properties, along with temperatures, pressures, gas and
liquid flow rates, and feed and effluent sulfur levels for each balance were used to
calculate HDS activity. An “actual” catalyst activity for desulfurization (Kactal OF
K,) was calculated as a function of actual processing conditions, and was adjusted
to base conditions for hydrogen partial pressure, treat gas rate, and temperature. A
“predicted” catalyst activity (Kpredictea OF Kp) was then calculated based on earlier-
collected data with a reference catalyst to account for the feedstock properties at
base conditions. A relative catalyst activity (RCA) was calculated from the ratio
of Kactual t0 Kpredicted, as follows:

RCA = K,
K

p



Distillation Type GCD Distillation, F IBP -335 10 wt % -553 30 wt % - 627 50
w % - 661

WO 2011/106277 PCT/US2011/025597
- 14 -
Example 1
[0045] About 5 grams of a commercial CoMo catalyst was loaded into each

barrel of the HDS reactor. The catalyst bed volume in each barrel was
approximately 6 mL. After leak testing, the catalysts were sulfided using a ~2.5
wt% hexadecane solution of DMDS (about 2.0 mL liquid/(mL catalyst h) LHSV)
and hydrogen (about 500 standard mL H,/(mL catalyst h) GHSV). The
sulfidation lasted about 64 hours and involved an ~8 hour ramp from ambient
temperature (about 20-25°C) to 220°C, holding for about 16 hours at about 220°C,
followed by a ~24 hour ramp to about 338°C (about 640°F), and holding for about
16 hours at 338°C.

[0046] The HDS activity was tested at nominal conditions of about 329°C,
about 280 psig (about 1.9 MPag), an LHSV of about 0.54 hr™', a gas hourly space
velocity (GHSV) of about 62 hr'', a treat gas ratio of about 645 scf/bbl (about 110
Nm’/m’). The treat gas was approximately 100% pure hydrogen, although less
pure hydrogen with a relatively inert gas (e.g., nitrogen) could have been used to
attain a similar result. In the reference run, a refinery diesel oil stream having the

properties given in Table 1 was employed.

Table 1
Feed Sulfur, wt% ~1.85
Feed Nitrogen, wppm ~157.0
Feed API Gravity ~32.6
Feed Specific Gravity ~0.862
Feed Bromine Number, centigrams/gram ~1.45
Distillation Type GCD
Distillation, °F
IBP ~335
10 wt% ~553
30 wt% ~627
50 wt% ~661
70 wt% ~690
90 wt% ~722
95 wt% ~736
Saturates, wt% ~67.8
Aromatics, wt% ~32.2
mono-aromatics, wt% ~20.9
di-aromatics, wt% ~9.8




70 Wt % -690 90 wt % -722 95 Wt % -736 Saturates, wt%-67.8 Aronatics, w%
-32.2 nono-aromatics, w%
WO 2011/106277 PCT/US2011/025597

-15-

[0047] In another experiment, a relatively low aromatics feed (cut with
hexadecane) containing about 1.8 wt% total sulfur content with a
thiophene/dibenzothiophene molar ratio of about 8:1, was employed in place of
the diesel oil of Table 1. The start of run (SOR) deactivation of the supported
CoMo catalyst was measured with both feeds at identical conditions during the
first 12 days on oil (days on stream). The results are summarized in Figure 1.
[0048] Figure 1 shows a comparison of start-of-run (SOR) deactivation of
the supported CoMo hydrotreating catalyst with the two different feeds at
otherwise identical conditions. As shown in Figure 1, the deactivation after 12
days on stream was reduced from about 33% of the initial activity with the
refinery diesel oil stream (containing about 32 wt% aromatics and about 1.8 wt%
total sulfur) to about 6% of the initial activity with the hexadecane-based
relatively low aromatics feed (containing about 1.8 wt% total sulfur). This
demonstrates that the rate of deactivation of the same catalyst was substantially
reduced when a relatively low aromatics feed was used at the start of run, in stead
of a relatively higher aromatics feed.

[0049] Without being bound by theory, it is believed that the relative
catalytic activity (RCA) with the relatively low aromatics feed was higher due to
the absence of inhibitors, e.g., nitrogen-containing compounds. While nitrogen-
containing compounds can inhibit catalytic activity, which can result in lower
observed catalytic activity at higher contents of nitrogen-containing compounds
(nitrogen contents), they are not believed to significantly affect the rate of
deactivation. The effect of nitrogen-containing compounds on the catalytic
activity and rate of deactivation of the supported CoMo catalyst was also
examined for feeds with about the same aromatics content and total nitrogen
concentrations of (a) about 2 wppm, (b) about 12 wppm, and (c) about 157 wppm
(nitrogen compounds were selectively extracted to different levels from a diesel
feed). While the level of nitrogen-containing compounds can impact the level of
catalytic activity at the same conditions, it did not seem to significantly affect the
rate of deactivation. In the process of these experiments, seemingly independent
of the total nitrogen content of the feeds to the hydrotreating unit, all deactivation

curves appeared approximately linear, indicating roughly first order deactivation
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~50% or more by volume of amine, and thus can be recovered by filtration, for
example, followed by washing with dry acetone. The intimacy between Co and
the Mo-oxide moieties can generate an environment conducive to the Co
promotion effect along the MoS, edge planes, when the MAM/MAT is sulfided.
Since thermal decomposition of MAMs/MATS can generally be a prerequisite for
sulfidation, conventional catalyst activation protocol typically involves two steps:
heat treatment with nitrogen followed by gas sulfiding with a sulfur-bearing gas
mixture (for example, ~10 vol% H»S in H,). See, for example, U.S. Patent No.
4,663,023,
[0051] To test the effect of sulfiding phase/protocol, comparative
experiments were carried out over a bulk CoMo sulfide derived from the precursor
Co(en);MoO.. A co-current fixed-bed reactor, made of a nominal 3/8” ID 316
stainless steel pipe, was operated isothermally in up-flow mode. With dodecane
as the carrier solvent, two model-compound feed mixtures were used. One

contained about 1.5 wt% dibenzothiophene (DBT), while the other contained



kinetics, wth approximately identical slopes, indicating a significantly
simlar deactivation rate. The total nitrogen content, however, did seemto
af fect thWOabslenywd catal ytic activity (RCA) val ues. ExXREDIUS3012/035597
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[0053] The precursor Co(en);MoQO, (about 0.75 g) was thermally

decomposed under ~200 ¢cm’/min flowing nitrogen at about 370°C for
approximately three hours. Subsequently, the temperature was lowered to room
temperature (~20-25°C) in flowing N». The thus-decomposed oxide particles
were passivated with ~1% O, in He at room temperature overnight. This was
followed by sulfiding with ~3 wt% dimethyl disulfide (DMDS) in dodecane at
about 260 psig (about 1.8 MPag) according to the following sequence of steps:

1) the catalyst bed was heated to about 66°C and maintained at

~66°C for about six hours with a liquid flow rate of ~0.13

3 .
cm’/min;



[ 0052] The precursor Co(en)3Mb04 (about 1.29 g) was sulfided with the 10%12S
in H2 gas m xture at about 400C for about 2 hours. The HDS activity test
was conduwoediiztoe2zr7VWHSV of about 8.1 hr-1. This cat al ysPCaamsensoesved a
-74% HDS | evel in the test with DBT and a -70% HDS | evel in the test with
DEDBT. The gravinetric HDS activities-fl8r the DBT test and the DEDBT test,
assum ng pseudo-first-order rate constant, were about 10.9 cnB liquid feed
per gram catal yst per hour and about 9.8 cnB liquid feed per gram catal yst

per hour, respect jding [0053] The
precursor Co(en) 3%%@4%(%15%%{&88?%“3}60&%0%1 r%ﬁaﬁé fél(%orrposed under -200
cnB/ mn flow ng nhiih@geng tie saie liguid M6, faas ataar@pmozslzﬁetf@d abouhrge hours.

Subsequently, the tenperature was |lowered to roomtenperature (-20-25C) in
flowing N2. The th9Uss: deconposed oxide particles were passivated with - 1% 02
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wt % di net hyl di sul'fi ecane at a psig (about 1.8
I\/Pag) accordi ng tabotthe Mot lmrsngndequence of steps 1) the catal yst bed was
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of about 30 cnB/ MkRpMILkE and pressure.
[0054] The HDS activity test was conducted at a WHSV of about 8.1 hr™.
This catalyst demonstrated a ~24% HDS in the test with DBT and a notably high
~97% HDS in the test with DEDBT. The gravimetric HDS activities for the DBT
test and the DEDBT test, assuming pseudo-first-order rate constant, were about
2.2 em’ liquid feed per gram catalyst per hour and about 28.4 cm” liquid feed per
gram catalyst per hour, respectively.
[0055] The results of Examples 2-3 show that sulfiding protocol has a
dramatic effect on the performance of bulk metal sulfide catalysts. Specifically,
liquid sulfiding can significantly enhance the hydrogenation function of bulk
catalysts and hence boost the HDS rate of hindered (refractory) sulfur species. On
the other hand, gas sulfiding can enhance the HDS rate of unhindered sulfur
species. An optimum sulfiding protocol may be designed based on the
concentrations of different sulfur types in the feedstock. For instance, due to
competitive adsorption, unhindered sulfur compounds can tend to get desulfurized
(e.g., simple HDS) in the upstream zone of a hydrotreater, while hindered sulfur
compounds can be desulfurized (e.g., deep HDS) in the downstream zone. It can
thus be desirable, in certain embodiments, to use gas-phase sulfided and liquid-
phase sulfided catalysts in the upstream and downstream zones of the reactor,
respectively. In some embodiments, the gas-phase sulfided catalyst can be pre-
sulfided ex situ prior to being charged to the reactor. Without being bound by
theory, it is believed that the activity of the pre-sulfided catalyst would be only
minimally affected by subsequent exposure to the sulfiding liquid, since gas-phase
sulfiding is done at temperatures relatively higher than those used in liquid-phase
sulfiding. For HDS reaction on naphtha boiling range feeds, gas-phase sulfiding

may improve selectivity via suppression of olefin saturation.
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hi ndered (re F%gtgéi HHQ%Pgﬂhéﬁgﬁ%eSXégﬁ)ﬂﬂgagﬁﬁigﬂﬁggﬁﬁwgggmgﬁ fiding can
enhance t he dHb@sfat @irpdsesnhdacersidg shd trwer scopect s prefentoptanoiom sul fi di ng
protocol nmay be designed based on the concentrations of different sul fur
types in the feedstock. For instance, due to conpetitive adsorption,

unhi ndered sul fur conpounds can tend to get desulfurized (e.g., sinple HDS)
in the upstream zone of a hydrotreater, while hindered sul fur conpounds can
be desul furized (e.g., deep HDS) in the downstream zone. It can thus be
desirable, in certain enbodinents, to use gas-phase sul fided and

| i qui d- phase sul fided catal ysts in the upstream and downstream zones of the
reactor, respectively. In sonme enbodi nents, the gas-phase sulfided catal yst
can be presulfided ex situ prior to being charged to the reactor. Wthout
bei ng bound by theory, it is believed that the activity of the pre-sulfided
catalyst would be only mninmally affected by subsequent exposure to the
sulfiding liquid, since gas-phase sulfiding is done at tenperatures

rel atively higher than those used in |iquid-phase sulfiding. For HDS
reacti on on naphtha boiling range feeds, gas-phase sulfiding may inprove
selectivity via suppression of olefin saturation. - 19 - [0056]Wiile the
present invention has been described and illustrated by reference to
particul ar enbodi nents, those of ordinary skill in the art will appreciate
that the invention lends itself to variations not necessarily illustrated
herein. For this reason, then, reference should be nade solely to the
appended cl ai s for purposes of determning the true scope of the present

i nvention.



- 20 - CLAIMS: 1. A process for hydrotreating a first aromati cs- and

sul fur-contai ning hydrocarbon feed using a fresh supported CoM catal yst,

t he procese 200mMps5373i ng: treating the fresh catal y®CTaISA@EN/ 023505t
hydrotreating conditions with a second hydrocarbon feed having a | ower
aromatics content than said first feed20-2. The process of claim1, wherein
said first hydrotreating conditions include a tenperature of about 300C to
about 350C, a pressure of about 1.5 MPag to about 3.5 MPag, and an LHSV of
about 0.3 hrC'LlAf S,about 1.0 hr-1. 3. The process of claim1l, wherein said
treating is conducted from3 days to 10 days. 4. The process of claim1,
further conprising contacting the treated catalyst with the first

aromati cs- and sul fur- containing hydrocarbon feed under second

hydr ot reati nlg corfdPtacetslor bydraerdide pHEstAIpmaticse it BHfursPNawing first feed to

15 wppm or &% cartRin [IREMLLESH QbpGla (o MRRKER 55E M.
hydrotreatin cgﬁri %li ons Sp{r%ggrud% ah?errperat arce @15 ’a]%o%t %%g%ﬁﬁgkq%%out 380C,
a pressure of abautatidg heNRab chtalyatwder BrsbhiRageatagdoaditibhiSVithh about 0. 2
hr-1 to about O. r-1. 6. The. process of claim4, wherein said first and
second hydr o%@?%qwﬁaoceﬂwaif??dob?g“%raelogvﬁbgﬁoa}%lf%ﬁww fnsakisCiped rhe process
of claim1, wherein the first feed has an aromatics content of at |east 20
wt % 2. The process of claim 1, wherein said first hydrotreating conditions include
a temperature of about 300°C to about 350°C, a pressure of about 1.5 MPag to

about 3.5 MPag, and an LHSV of about 0.3 hr™' to about 1.0 hr™.

3. The process of claim 1, wherein said treating is conducted from 3 days to
10 days.
4. The process of claim 1, further comprising contacting the treated catalyst

with the first aromatics- and sulfur- containing hydrocarbon feed under second
hydrotreating conditions to reduce the sulfur content of said first feed to 15 wppm

or less.

5. The process of claim 4, wherein said second hydrotreating conditions
include a temperature of about 300°C to about 380°C, a pressure of about 1.5

MPag to about 3.5 MPag, and an LHSV of about 0.2 hr™' to about 0.8 hr™".

6. The process of claim 4, wherein said first and second hydrotreating

conditions are substantially the same.

7. The process of claim 1, wherein the first feed has an aromatics content of
at least 20 wt%.
8. The process of claim 1, wherein the second feed is produced by adding

aliphatic hydrocarbons to the first feed.



8. The process of claim1, wherein the second feed is produced by addi ng

al i phatic hydrocarbons to the first feed. - 21 - 9. The process of claim
8, furthavocompsziing addi ng said aliphatic hydrocar bongCraseeia/oisest feed
so as to reduce an aromatics content thereof by at |east 50% 10. The

process of claim1, wherein said first2fleed conprises a diesel fuel. 11. A
nmet hod for selectively treating hindered sul fur species froma
sul fur-cont ai ni ng hydrocarbon feed, the method conpri sing: provi di ng

a cobalt-ampe hd | ySt ving the farmul a  Cox{(T2)(1_x)(am aMwoOb,
where T2 is d; fin?f;}%/e prrgésg% §§ér%§1| ;g"ofﬁlqﬁree@rtcg%pilrs %ﬁ%a dlcl)l Sg'\(}%?lﬁé%h%/ or Goup Vil

of the Peri dadideociidhetoothe Birefesitsd athesdutdh@narophdtd conwnetieréodbl at S an
organic amne |igand, where "Xx" is a relative nolar anmount of cobalt such
that 0.33<x<d9stawére "a" is a relative nolar amount of the organic am ne
| i gand such that 1l<a<6, and where "b" is a relative nolar anount of the

oxygen and 3ﬁ)b<5;The proces?ﬁ% liéiﬂ} P,?Ndl{leﬁgm%gllagilr%ffgéﬁ &%ﬁ%&é@ﬂ%‘a&c@ al yst using

a sul fiding conposition a con i ons™ i ui d phase in
order to activate the catalyst for selective hydrodesul furization;

contacting tihe acA ineatRItoE l@hivsly tatifle Rindydd ecldiPBcite@emhavig at | east
25 wppm of hi ndered sul fur species and/or having a ratio of hindered sulfur

speci es to Adniamieg brirsearben feshdbe msthotl camprisiagt 0.4:1, in the presence of
hydr ogen, under C?@%h&g%ﬂ%b%ﬁéﬁ%&gﬁ?ﬁb&ﬁe%5%@%&#%&#%hg&%ﬁﬁ,eSU|furlze t he

hi ndered sul fur ébe0|e SO as a reated hydrocarbon

f eed having(ﬁg(ﬁDFg{&hﬁNﬁiﬁ,w@@ﬁﬂaﬁshE@de@@dmﬁuﬁbmhw&@ﬁ@hﬁ@nﬁ@dWMBving 30
wppm or |l ess total sulfur content. 12. The nethod of claim 11, wherein the

organi ¢ am rf@dfor faper ¥Hhef thedsrigdigyliableeafitaemends othenthangebaliethes of cl ai m

éé,( e‘rfl\?gk/ggz.%le i€ 0P8l hAR TN MRMPIALE <<t Al ¥pkivBAH14N Bl B Ralt

such that 0.33<x<1, where “a” is a relative molar amount of the organic amine
ligand such that 1<a<6, and where “b” is a relative molar amount of the oxygen
and 3<b<35;

sulfiding the cobalt-amine molybdate catalyst using a sulfiding
composition and sulfiding conditions in the liquid phase in order to activate the
catalyst for selective hydrodesulfurization;

contacting the activated catalyst with a hydrocarbon feed having at least 25
wppm of hindered sulfur species and/or having a ratio of hindered sulfur species
to unhindered sulfur species of at least 0.4:1, in the presence of hydrogen, under
conditions sufficient to selectively hydrodesulfurize the hindered sulfur species in
the feed, so as to attain a treated hydrocarbon feed having no more than 10 wppm

of hindered sulfur species and having 30 wppm or less total sulfur content.

12. The method of claim 11, wherein the organic amine ligand comprises
cthylenediamine.
13.  The method of claim 11, wherein the cobalt-amine molybdate catalyst has

the formula Co(en);MoQs.

14.  The method of any one of claims 11-13, wherein the hydrocarbon feed,

prior to being contacted with the activated catalyst, is first placed in the presence
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sulﬁdmg the multimetallic amine oxide catalyst using a sulfiding

composition and sulfiding conditions in the liquid phase in order to activate the
catalyst for selective hydrodesulfurization;

hydrotreating a sulfur-containing hydrocarbon feed having at least 2000
wppm total sulfur content, in the presence of a hydrotreating catalyst and
hydrogen, under first effective hydrotreating conditions to form a pre-treated
sulfur-containing hydrocarbon feed having a total sulfur content of 500 wppm or
less, said pre-treated feed so formed also having at least 25 wppm of hindered
sulfur species and/or having a ratio of hindered sulfur species to unhindered sulfur
species of at least 0.4:1;

contacting the pre-treated sulfur-containing hydrocarbon feed with the
activated catalyst in the presence of hydrogen under second effective
hydrotreating conditions to selectively hydrodesulfurize the hindered sulfur
species in the feed, so as to attain a treated hydrocarbon feed having no more than
10 wppm of hindered sulfur species and having 30 wppm or less total sulfur

content.



