- STACKI NG OF LOW ACTI VITY OR REGENERATED CATALYST ABOVE H GHER ACTI VI TY
CATALYST FIELD OF THE | NVENTI ON [ 0001] Enbodi nents of the invention are
gener al | ywpebataaso hydroprocessi ng of distillate feedPCraSpriosswss | ow

sul fur products. BACKGROUND OF THE | NVENTI ON [ 0002] Sul fur requirenments for
many products based on distill ate feedd -have becone stricter in recent
years. For exanple, many countries are noving to requirenents for sul fur

| evel s of 20 wppm or |l ess, or even 10 wppmor |ess, for diesel fuels.
Various catalysts and reaction conditions are avail able for achieving these

nmore stringent s@TAGKINGF EONCALITVIHY N REGENIRATED £AJALM art cat al ysts

that provide the best perf ne Iﬁﬁ@A»?Dgﬂﬁf AERELLY. SUMVARY OF THE

| NVENTI ON [ 0003] I n an enbo ngfjg}a rree 0 8? reab?ng a distillate feed
Of q

with a plurall giurization catal ysts is provided. The net hod
i ncl udes detettm O er e reaction conditions for processing a
distillate feed with a first catalyst, including a tenperature, a pressure,
a ratio of hY¥Hbgen Eophodimaegiscof thel inypatiomare gengraliyirelped todydropracesgmgdf hour | y
space vel ociji¥natd Redeh hRGVBw ERG rQficondi tions are suitable to forma
distillate product %aving a target su ?ur content of about 100 wppm of

sul fur or | WE first catalyst is then provided. A
second volu%ﬁﬁ: éké y?hﬁqﬁV%’j% ﬁ'also provi ded, the first volume and
second vol une conprising a conbi ned volume. The second catal yst has a

hydr odesul f (#0024t i ordulfet iegyitopepty dor mapyreshyctabesgd o 9ngiliade EpdUvo0% of a

hydr odesul f yed gt Rer affbdht {arOTFok Benipid $fan§ 85dkYes bire nld\8ng to

requirements for sulfur levels of 20 wppm or less, or even 10 wppm or less, for diesel

fuels. Various catalysts and reaction conditions are available for achieving these more
stringent sulfur requirements. However, the state-of-the-art catalysts that provide the

best performance can be quite costly.

SUMMARY OF THE INVENTION

[0003] In an embodiment, a method for treating a distillate feed with a plurality
of hydrodesulfurization catalysts is provided. The method includes determining
effective reaction conditions for processing a distillate feed with a first catalyst,
including a temperature, a pressure, a ratio of hydrogen treat gas volume to feed
volume, and a liquid hourly space velocity. The effective reaction conditions are
suitable to form a distillate product having a target sulfur content of about 100 wppm of
sulfur or less. A first volume of the first catalyst is then provided. A second volume of
a second catalyst is also provided, the first volume and second volume comprising a
combined volume. The second catalyst has a hydrodesulfurization activity that is from
about 75% to about 90% of a hydrodesulfurization activity of the first catalyst. The
first volume corresponds to from about 50% to about 90% of the combined volume.
The distillate feed is then processed under second reaction conditions that are
substantially similar to the temperature, the pressure, the ratio of treat gas rate volume
to feed volume, and the liquid hourly space velocity of the effective reaction
conditions. During processing, the distillate feed contacts the second volume of
catalyst prior to the first volume of catalyst. The processing produces a distillate

product having a sulfur content within 10 wppm of the target sulfur content.



first volunme corresponds to from about 50%to about 90% of the conbined
volunme. The distillate feed is then processed under second reaction

condi t i orsOhEL043936 substantially simlar to the tenper CUAS2010/080154 essur e,
the ratio of treat gas rate volume to feed volune, and the liquid hourly
space velocity of the effective reacti-an conditions. During processing, the
distillate feed contacts the second volune of catalyst prior to the first
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portion. Thé0MShnst rlesehapethenambedintennp methodHer tfeating a disgtillitofeed wiflsa em has a
vol une t hat QHE, 9 of the upstream
vol ume and Blcl)ls\%%?r %ﬁ)@g ‘iiﬂr@aﬁ%&t@g{gﬁﬁﬁéﬁﬁﬁ %ﬁgthg(g{rn?ﬁg% of the first
catal yst sydtterminigg efientivpreseticdedndifosdognocesangd Jistillagyfetdemth  al so provi ded
that has a h esul f t t % t o0 about
00% of a nydrdssorie CEARREERRE bl He' BRk sk AR IEALE, On ot
the first cangleysire, ap3essurs,ymtiemneat‘@aerasecmhmlefﬁmuw 1y$ctt1osysﬁdetmnh1a1$ a vol une

hen pr ocesSulioGRakP ma e paitits HETe BRAR BhETER e Lot Bt S oy

simlar to bhesd dhpéiia@tatil@st sidian prc&ﬁsuarna;psﬂréam voirh®pdfiot anélat gas rate
volunme to feed vol une, and IheTk %qld hour | t he

ace v f
U aative 1 aatee e Ea preas The Ry it Batige YLE Bttt hovi ng
sul fur cont gpftenPhasalbUimMSBat WAHFUO50% RSBoutBBYEH 2[06RERLPTHINe OFthdHE FI GURES

upstream volume and downstream volume. The downstream volume portion of the

first catalyst system is then provided. A second catalyst system is also provided that
has a hydrodesulfurization activity that is from about 75% to about 90% of a

hydrodesulfurization activity of the upstream volume portion of the first catalyst



[0006] FIG 1 schematically shows a reaction systemfor performng a process
according to an enbodi nent of the invention. [0007]FIG 2 schematically
shows a reaerilgd3syst em for perform ng a process accor diPag/useoianse@sbodi nent
of the invention. [0008] FIGS. 3A and 3B show rel ative activities for two
exanpl es of catalyst systens for reducidng a sulfur content to a range from
about 400 wppm to about 600 wppm of sulfur. [0009]FIG 4 shows reaction

t enperatures used during experinments using exenplary catal yst systens.

[0010] FI G 5 shows product sulfur |evels from experinents using exenplary
cat al yst sysystans . TIDETond e DRSTREP IasGN dFn et iIENBOD] WENNdeowé thgi ew

upstream volume. The distillate feed is then processed under second reaction
conditions that are substantially similar to the temperature, the pressure, the ratio of
treat gas rate volume to feed volume, and the liquid hourly space velocity of the
effective reaction conditions. A distillate product is produced having a sulfur content

of about 50 wppm or less.

BRIEF DESCRIPTION OF THE FIGURES

[0006] FIG. 1 schematically shows a reaction system for performing a process

according to an embodiment of the invention.

[0007] FIG. 2 schematically shows a reaction system for performing a process

according to an embodiment of the invention.

[0008] FIGS. 3A and 3B show relative activities for two examples of catalyst
systems for reducing a sulfur content to a range from about 400 wppm to about 600

wppm of sulfur.

[0009] FIG. 4 shows reaction temperatures used during experiments using

exemplary catalyst systems.

[0010] FIG. 5 shows product sulfur levels from experiments using exemplary

catalyst systems.

DETAILED DESCRIPTION OF THE EMBODIMENTS

Overview

[0011] In various embodiments, a process is provided for producing a distillate
product with reduced sulfur content at a lower cost as compared to conventional
processes. It has been discovered that catalysts considered to be “lower activity”
catalysts can have a similar ability remove sulfur as compared to “higher activity”
catalysts for desulfurization to sulfur levels of about 400 wppm sulfur to about 1500
wppm sulfur. More generally, a catalyst system considered to have a lower activity can
have a similar ability to remove sulfur as a higher activity catalyst system for removal

of sulfur in the range of about 400 wppm to 1500 wppm. While the catalysts/systems



[0011] I n various enbodi nents, a process is provided for producing a
distillate product with reduced sulfur content at a | ower cost as conpared
t o converwpandlo4pr3ecesses. It has been di scovered that earalsgewssuasnsi dered
to be "lower activity" catalysts can have a simlar ability renove sul fur
as conpared to "higher activity" catal-yists for desul furization to sul fur

| evel s of about 400 wppm sul fur to about 1500 wppm sul fur. More generally,
a catal yst system considered to have a |lower activity can have a simlar
ability to renove sulfur as a higher activity catal yst system for renoval

of sul fur i disewecdherpypmay hasoinilad golityfpdesdfurge@ngdopmto thai-+e0-1 H9

catal ysts/s = o i i Joarn @bl ity for

desul furiz a@hﬁqﬁgﬁhﬁ% ho0 “ﬁ]%%ﬁ%ggﬁ‘g@%ﬁ%% g]a%ﬁggr}gg}%teﬁs rﬂé%%%ﬁl Flgg{tl)deulyl?yn der st ood
that these eltradtsizbsisyde devslivmiry feedelticing tafory dotillat pedwavethyulie used to
s 7 AL SR Ry AL b oA bl Sy ront enes of
about 15 mpﬂnss,ebodtéSsv,ppmror&zérmr a@omboﬂOprpmomﬂesd;)e@@i;h stfumecntensul f ur ’

contents abgye abpo 00 m (e. about 2000 r _nmore, about 3000
wopm or - ror X580 1SABE R R o Sivan MBS Fero st Bl PR F e ey n
about 6000 ap@EIY@I0 Wiphe)r. mdm, dbbet 390G GppRiod mobebowen abauab@IOWwsipnsyrst em i s
defined as one o re catalysts. Thus, use qf.a single catalyst in a
feactor cor PRCHORHEHEeG A bdRyet et ttiris SHufd Pl B it onl y one
catal yst. [ @@d2]iécamesiigicaatlylsyin agdeddtoy BeFespaiids W 4 datdak alsiead inShest em can
provide a variety of advantages for a reaction system One advantage can be
enabl i ng a FOREF nsldingonyngettalyy be achi eved for a gi ven conbination of
feed properties and reaction conditions. Another potential advantage can be
the abil ity [802] ncr daseentinealypabighuretddiytoptalyst systemear povide agarethpgher
catal yst wnit e B aEt R R o OR B b R R M Sl BB El e et ow
of feed thr culgachicvelfot 4 ginesymibemtion hfesparopertial and rdaytianatonditisis. be i ncr eased
by reducing , the amount of catalyst used in.the reaction.system This can
oY ovt de 11 sarae TSRy v o B Rlabl elited GEP RN 65 Leq for
ot her pur pos@stor, 3¢ highsr aativiat @tayst sysyst@npiooess a LapISeQUEINT feed per
oper at o a 1 SHBETGhe Ry SR aaprod B T BEAE F A GEEEITE TR eV ng a
desired prodoftd Sduoh réRN&l systehQiRe 8p4RE aElbéitadan SkabElPGicied b$ lcia@Nbi nat i on
of all of the above advantages can be sel ected, based in part on the nature
€ n S I S, . S Wl

of the feedampanis sraksancd prke ragign &VsGm t HEd sBAEQI G PR and the
desired produGhing tHaleREcs@édiadyst kRO Bl fe@RMedt baHulposesOfiRh & a SRt of the above
advant ages can be obtai ned, but typically at the cost of using a ful
ef fective verspiosn syreduspignédroiwacrivatiop stkipdbdbiensiher ahiaptagq oa be deal yst
system Suchy,ifljyqhGperde hirddfidh SRRl £ lowdY RhHIBuky RhE&HiNachi@Vife Bi gher costs
than catal yst systens that Include the corresponding regenerated catalysts,
or ol der gedesiiad Produetarifirysth Kbmiy prasieal seedriovitispes combingtzmiodal of
embodi ment s %%Oé&%a 9{5 'ﬂ%g;,ellfeae& Bk BY SR de AMehRWr Il oAy aNt ages of
using a full eftective Vol ung ot hi gher activity catalyst systemto
be capt ur edpwitessed, drinareofithaiwesidn spstm, @ad ticystired patdech #6r abe. | east a
portion of the effective vol une.

[0013] Conventionally, one or more of the above advantages can be obtained, but

typically at the cost of using a full effective volume of the higher activity
hydrodesulfurization catalyst system. Such higher activity catalyst systems typically
have higher costs than catalyst systems that include the corresponding regenerated
catalysts, or older generation catalysts with lower activities. In various embodiments,

methods according to the invention allow the advantages of using a full effective



[ 0014] Based on the above, an inproved process for desulfurizing a
distillate feed to | ess than about 500 wopm preferably |ess than about 100
wppm carwbeopr@sddded. |1 n an enbodi nent, a set of proce®sTASAA0F@OAS can be
selected for desulfurizing a distillate feed. The conditions can include an
effective volune of a catal yst system-suitable for achieving a desired

sul fur level in the product. However, instead of filling the entire
effective volune with the suitable ("higher activity") catalyst system
from about 50% to about 90% of the volune is filled with that catal yst

syst em The velamaiofbighergftiitysaelyseystemdo botapisedowlnlcpsingiarpdgedash a cat al yst
systenthaV|@gm§Mq§§M£%H t%Qﬁh?@nﬁﬁ%f%k%%%%ﬁ@%mhﬁefro”‘abo“t 10% t o about

25% | ower than'the activit her activity") catalyst
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system so t alesstthen dbouEsn0 thpﬁeYeraﬁbﬂ?gt et:sycﬁatn HYet 1O WP adtie prdiededi stil l ate
feed first. The dIStI||at2@?eed can then be desulfurized to the desired

sul fur | evel™ HsiRRPIIPRIL @SRATIOTSAS Cetctltﬁnﬁ &P be sslocied f@dleswbinigiag ag t he

sui tabl e ("RQisahgs ragt Tivd Jo)/ldl}loﬁsaetaﬁhdéﬁfde oY sfr&Mmvé Polhfi€ of Adaa@k {REH ve vol une.

In such an enbodi nent, even with a |lower activity catal yst system being

used in a pétitablsoichicras atlpwied pwlirjeypLimghe rroduct ddarevphgsrdeifiling e product

can still a%aeﬂaega@ewewomﬁe lthftﬁe desbic %%gwt a{clti(nty?’@@&thlg/ét%?sttérﬁ Trom

Addi tionally, the sulfur specification can advantageously” be ‘achi eved at

t he sane thﬂbﬂ@ﬁ%@ﬂoéEMtWWﬁhémSM©MG©Meﬂ@ﬂHW@H@ﬁCaébﬁwvﬂvﬁ)TbataIyst system

occupi ed t he, Ll der eﬂtegﬁr cife YHEEm Gkl il 1 200R RURAdRIRAL S, the suitable
hi gher activity St systemcan inclu nore catalysts. In
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hi gher acti e e tal yst, so
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cat al yst systteiny calhmcltmtmegenemwderata@tsal Srht sata:imns & advanegedwlydtehended or t he
catal ysts can e in.separate e n.stil t her e
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[0016]|n vari ous .enb i.table feed i.ng f eedst ocks
bot 1 ng. i n- {15GOR SOTT SUEY RSB TR G o PGB SRR | o i esel
boi Ii ng r ang@tdnerchdaviciactave R0IubieNth fiRAGL cihb@imalven 480k IR attvig32C) to
about 800F (about 427C). Another exanple of a suitable feed jis_a diesel

boi | i ng ran@@alf/%téwttrﬁatmg Rer iR RorHok e the lfrstivgiroluneg, e rgsultngdlitillpfe nave a
boi | i ng ranggdfisi@m aboslaRaRbusipRed thelR it sh%@?éﬁ#ﬁcaﬁ@t@FA&(ﬁ@&MH% 423 C) .

Still another exanple of a suitable feed can be a heavier feed having a
boi I'i ng rangefirseacifispinircassdrntagenysly beadnyved gt thpsame throoghput apbthe 593C). In

ot her e”bOd'sﬁY%Bfe%"‘m%{e? bty t?t)%atfa@%%t%tobc@;ela%e fullickb@ive QbumBd boi ling
points within the above ranges can be use I'n an enbodlnent the initial

boi I i ng poi dlstlll te ra ( about 250F

boL 1119, 5O Mhoid] "SRt PSR 5 A RS0 20T o
232C§ i}[ | eRsdde &bf)blltm&@@&al@agOm][suaﬁﬁﬁl)qdlr@d’ntsatoﬂlﬁa&'ﬁ o baedst &ﬁ(ﬂ?t}(eabou;[m )
288C ternative e T5 . boi oi nt t erature at iC
5 W% of t heRmasR B Mg ecyig e Tl C%@wplﬁwﬁvﬁ’a@eﬁ@ XJ)0at | east
about 350F (abobdrrelfohiding “Bfwek ARty 2b@dlst $RRM ((aatb@tﬂ&mé&ta)a caillyst east about
500F (about 260C), or at |east about 550F (about 288C). In anaqther

embodi ment , SYYREN. i ST MoFrLaiibisiica be Mfed dpesther. phihe C%t%tmaecanéean can be about
1100F (abOU%ep'é%@eq)ayé?i Q88 othB0Mod HAORAFhe 3RS Malﬁ[ sysRfiSoan @POUt 900F
(about 482C) or |ess, about 800F (abouf 427C | ess, or about 700F (about
3710) or | edistribajed o spytqthes cynvepingt magehgich ﬁh@ubl@leritlye(ﬁi ofgaryinghe tenperat ure
at which 95, whg @font he feed boils) can be about 1100F (about 593C) or Iess,
about 1000F (about 538C3 or | ess, about 900F (about 482C) or |ess, about
800F (about 427C) or |ess, or about 700F (about 371C) or |ess. [0017]In an
enbodi ment, the distillate boi li ng range feedstock can include at |east a
portion of a bioconponent feedstock. A bioconponent feedstock refers to a
hydr ocar bon feedstock derived froma biological raw materi al conponent,
such as vegetable fats/oils, animal fats/oils, fish oils, pyrolysis oils,
and algae fats/oils, as well as conponents of such nmaterials. Note that for
t he purposes of this document, vegetable fats/oils refer generally to any
pl ant based material, and include fat/oils derived froma source such as
plants fromthe genus Jatropha. The vegetable, animal, fish, and al gae
fats/oils that can be used in the present invention can advantageously



7 - include any of those which conprise triglycerides and/or free fatty
acids (FFA). The triglycerides and FFAs typically contain aliphatic

hydr ocar bwo 20hi48986i n t heir structure having from 8 to BETA®RMONS)154
preferably from 10 to 26 carbons, for exanple from 14 to 22 carbons. O her
types of feed that are derived from bi-@d-ogical raw materi al conponents
include fatty acid esters, such as fatty acid alkyl esters (e.g., FAME
and/ or FAEE). Exanpl es of bioconponent feedstocks include but are not

limted to rapeseed (canola) oil, soybean oil, coconut oil, sunflower oil,
pal moi |, p&kidskeknel oil, peanut oil, linseed oil, tall oil, corn oil,
castor oiI jatropha oil, jojoba oil, olive oil, flaxseed oil, canelina
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their derlvatlves terpenes and their derivatives, fat-soluble vitam ns,
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parvum Tet pga6Lam & HOW 1 10@"1’*%63&% SYEOIMBRS,bh & l@b@cht‘éﬂ)dut 5300704 Bi;oconponent
based di esel boiling range feedstreans can typically have | ow nitrogen and

sul fur cont @baut 9¢GF (@X)ah‘tﬂ%C) A 1gsh.abont3oR e rbdya 240G @relé%t rehatd@® Fcont ai n up
to about 300, Raf{:5-®&) 1d@&!!ion by weight (wppm) nitrogen (in the form of

ni trogen-co talnlng conpounds). Instead of nitrogen and/or sulfur, the
primary het onenf. in conponent based feeds i.s typically
oxygen (in ﬁh@gﬁornﬁ%gyﬁ?96@ﬂmﬁdﬁ?g??ﬁ%&fQﬂmﬁﬂﬂﬁﬁé§ﬁﬁoéﬁﬁPéﬁﬂﬁy5ﬁoconponent
di esel b0| | idag o RREM Jf @ BeSbMPEEt f@RtobRCA BilRomPoreft RERIK ddders tol2 W %
oxygen. greferred enbodi nents, the sulfur content of the bi oconponent

f eedst ream xdiosReaeedsieskiderycd Bompdiglogienl i mristial componest. 8%dr@sbl y about 10

wopm or | esgegcibid ¥, ahiﬂlamlf%lgn@sqmmmymt&@ RIQEATPANGR! ashvRgdSt r eam
can be substantlally free of sulfu g can contain no nore than 50
wppm  pr ef eRaggPoReithefrsach matarigde M@tpﬂ‘}at o5 thegmmopiset Hos dasp@erthan 15 wppm no
more than 1%@’8@%[@&@&18&&‘& LRIy 0 Wnt%gseﬁ%a?erfah%ﬁ'd r%oi‘(‘(@@fﬁ/oﬂbo nore than 2
wppm no nore 1 wppm o nore than 0 wppb, no nore than 200 wppb, no
nmor e t han 1©erlw§;§n@m m@urmrsechtawhn@drombb gerolﬁ Jetoppd. ethsl vgaieblergaisngt.abl e

jmy't L“;)- [ 0@t LhiaB s SO AU FRRE Ssea®n HPFREROMERion &R FhEBuEYN be m xed



m neral diesel boiling range feedstreamfor co-processing. In other

enbodi nents, a diesel boiling range product from hydrotreatnent of a

bi oconporeotofiggssssock can be m xed with a mneral feedPCoUSEUONESS
processing. In such enbodi ments, the mneral feedstream can have a boiling
range from about 150C to about 400C, f-or- exanple from about 175C to about
350C. M neral feedstreans for blending with a bi oconponent feedstream can
have a nitrogen content from about 50 to about 6000 wppm nitrogen, for
exanpl e from about 50 to about 2000 wppm such as from about 75 to about
1000 wppm niitchuggeny, ofj thosa wheaisotipriseritigly ¢ asds anda e &ty tapid$ @FFrAdr Thse herein

h f
exanp o 1 ronSiara&JRLEPAs LRI TR Hifaheh AR b HE BRI AMET ' 2bou
25000 wppm hivingiyoms SeoaBodirbent wefetahly frinnéd @I26§taxbeasrrfdr®xarmblefrdmdg twith the
bi conponent, ShESAMARD i SdleRgaERHMLORoR BNARIAL LSAMIAA oL her

enbodi nent s, e m neral ream ca er boi FI ng stream such
as an at nobs pbtepormnts incluale mnylagﬂsesuars] such as fatty hd1d @M(hlastefsr(bgd FABM sad/drhe

m neral str ap be.a l.ighter boiling.str uch eavy naphtha, a
ot al yt i ool FOTE bt oLhReh gt o el gh SR i Bl W BRGBE S VP o
napht ha st re@mlamlheasybeamsmIc@sanmfoﬂswnﬂa{ablemrrpﬂmraﬂl painrkearboit @sanunc| ude

resid, cycle. ails, ker derived.oils, as well ags combinatiqons of any
of *t hese andiainsiiy ToRIEE st HEF i ilamante el br RS ST BB Aot her
enmbodi ment s carhdlia dilSdatrldwat 6il lwba{smgl tAlRGSIl Bedshio6iK aG@thelige,andi ner al
feedstock. M neral feedstocks can have a content of nltrogen cont ai ni ng
conmpounds ( &PRRNHENS B§'Hft r ogen content, or abbreviated as nitrogen) from
about 50 wppm to about 6000 wppm for exarrpl e fromabout 50 wppm to about
2000 wppm ofl0G¢18pm aboune emambppfmt ttloe lziwmpon@m&emmcnh incluge nne dromaae

embodi ment, f%eogftlrdecg‘nqsousn bldecoInor eqerleal bloilgl 1ca PV sin aOurqc?sr{E ra}%e of
sul f ur - cont &P n Unasg Rat ear f P’ Nt R reviated as

sul fur) of atsollublasmwaﬂamhnt sbﬁﬁ& m;pprrpotaf (@ idt§ wi\;enfsoNoﬁxﬁmmhgemmpleeaﬁt about

can_ be’ aboutisOobETABEHASarTIGF Sher e orgin STt B spt i gor | ese or
about 10, Ooeommpmcms tHefesS Mhjor &lmestxrfp@rdemcmb&mehretnm ﬂebé]sgarﬂ)a[iglﬁed

f eedstreans, i.nste n r sulLfu het er oat om
conponent | Lo, @%%@FI@WS@S ‘%Sgﬁﬁf lédll?ﬁ ﬂ"ﬂfoﬂ’i‘gﬂ?{l&@}’g‘g’é hpoi |'i ng range

f eedstreans slﬂﬂlﬁ’go'élh’l%&ﬁ@ﬂ@lpid@th@lddingﬂ&rﬁﬂdﬂhs a&cBbadds, dipllRidet, Un@xygen. In
enbodi ments where at |east a portion of the feed js based on a bi oconponent

feedst ock, FIPENgGoRYGHRS)-Gteraidy dhscHRNED el BeihdBRaRE Bast about
1000 wppm  £QLbIEX¥RMRLE catiaih S3FhIARMourROh MR halODRbIESAIRERS. #f m neral
f eedst ocks can include, but are not limted to, strai ght run (atnospheric)
gas oils, varmgeTgasmyilipis egrardlyarrve sethe bpyistor edlaaembrpagsiand ataeorm ¢ at
cracker di shf kRlGSee. NS cAARDT0RSnl OB QAR BUeinR LA ANaL | east
partially denitrogenated and/or at |east partially desul furi zed), diesel
boi | i ng rangechds st thp f@[m@fﬂlp%@tﬁmﬁal(CblmqulmsﬁcclgﬂnB@ﬂ preferably at |east
partially denitrogenated and/or at |east partially desulfurized), jet fuel
boi I i ng rangenidi st i |Algdeik bﬁBﬁlﬂMn(b@Bbﬂtﬂﬂ@i ihyidatlin th¢ efr@rodbleyhbaine | east
partially denltro enat ed adglor t Ft rtlalla}f desul furi zed), kerosene
boi | i ng ran§e¥™ei"s K4 osp oGl %%9 Shat e prrePUBFYARL " | east

partially denébiieganat adiand! £d Ghndbe@sta, Bafdih plo }Wmd@a‘-illgﬂhﬁghrlb%ﬂ%cﬁf and coal
liquids. The mneral oil that can be included as/in the feedstock can

conpri se anyPidheAlsp! PoHEsR0B S #isre 0y Gop SpRain Vary g amounty L. 2 N4t on

t hereof that, W‘%ﬂoﬂ?plésuba{s@@bﬁtota@(ve?%ﬂ% A& bRehaW 1t l@?gabédﬁ%mnent
portion. Preferably, the feedstock does not contain anﬁ appreci abl e

asphal t enes 2lgpnoilrfan xshide ke not IHeitaditoamigellylarend mpdiceupr #2reni xed with the
bi oconponeniz,paritd G ed-RENiHNHE 9}1{0%2151{%% EfodoPEyR, %eﬂa%%ﬁ%ﬁl@@é ed material.

I n anot her enbodi nent, %e m neral feedstock can 'be hydrotreatéd to reduce
the nit rogeﬁlt@nhb/t@rgl%lgmhme, duererephnidpds or @iglvapid ghapiopbyiedintptora¢ined.bi oconponent

portion. Ca{iﬁl'oﬁééell@i‘ﬁ:[ I.Bh\gfitotpYankton, and the like, and a combination thereof. In one



[ 0024] Catal yst activity generally refers to the activity of a catalyst for
catal yzing a given reaction or conbination of reactions. In the various
enbodi merwe 20833893bed herein, catal yst activity shoul d PeTUsd@085@64 t 0
refer to activity for a hydrodesul furization reaction, even if other
reactions may be occurring at the sane &ine, e.g., hydrodenitrogenation,
hydr odeoxygenati on, hydrogenati on of hydrocarbon unsaturations,

dearonati zation, and the |i ke, and conbinations thereof Additionally, in
the various enbodi ments descri bed herein, the catalyst activity can be
defined as ampedimpitvagasannbgsfthaelpise Wowehyoe@ﬁ apder Hieplensnerifls of

var ! oue YOLadre Ul HELEARLOR. SRYHYTIENEANIRY IR KA ALI O, S0 uSI N0
catal yst activit er volume can facilitate conparison between catal yst
syst ens conﬂmaﬂphg @!géqyagmcellﬂ ﬁbwsdwlmtr&by&ﬁm HaoesMhenrtdescr i bi ng
catal yst actjvit i IVI f d as opposed to
absol ute actH Y eymméyﬁﬂg;s" ¥%ﬁ6ﬁg¢e a |\2}%C?§o]?%%eo mon? }e%z%ya%? a catal yst can be
defined in several ways. met hod, can be to select a set of

(hydr odesul 190 at i 63190086’%‘?“6 P%ﬁﬁ% dlﬁ?féib?légg rapgiolesdstrppiecap Sl heveunder t he

condi ti ons. |RUoE&SE AR cBfteM] H6r tﬁagbl%%lo&f?{%ﬁéﬂt%%d @feadtRemaed i vity per
vol une of the catalysts at the specified (hydrodesul furization) conditions.

Anot her opt POHaiB &R thabopio o s millieg e vefeht (Wpama noecHen the far of The model
can account yfQbed &ﬁmﬁﬂﬂg&&ﬂlﬁzmﬁdsysglgtewom&ctg@ﬁ Hﬁd}‘& Ahdadasul furization)

reaction, such as tenperature, pressure, |iquid hourly space velocity,
rati o of tr &eterogtam apolpangat trld91¢6@ém0wrm$edfea¢ﬁdﬁ vivicatlherygse(iethedanteindi ti ons.

The model canah oA LEAM LRSI LeR U b fifashbons at diferent

conditions to be correlate hat activity conpari so an be made
wi t hout havifeegstteams e@tindadeawgtdbomﬂorbl%wt%@aYgecohmrtﬁeacrtembodmnentsj,00261 I n

the di scussiyan, AEl Ol SRS AEA KSIRGE LI 10l B 5 DRl e 200" (Kal kD).

where ka an are reaction rate cons Sts reaction
rat e const amppmaaiesy pradatidy above d) whHpm oeieeer,rplﬂmugllnyn fand enﬂ@dandntsné]bl c

expressi on to neasure drod sul f t % tlon rates at a nunber of
(oo a1 ePRaPmR e dro BB S B SRR S BR T “Bais bR s "L el e
a reaction eraden wp@hhcbre%ably&mbﬂa thidne0dvppal) & iceample howord then e, ement s

used for determ t;%l?%oﬁ he reacti or]ﬁP?te const ant n be neasurenents, e.g.,

for reduci ng° & BBRBHACRUF GF Y VEBA: B%FIOEPftﬁ%P R4 IOdr e {@8d to 50

wppm or | esSsypphhitSmoréthRSISwHth 8loWh &€ thaR 80E P no 1 thal 200 wiHbyed ume
activity val ues rei)resent activjty for reduci n?Pbbhe sul fur content of a

distillate fMOsUhEDIE0VRSER BPrRAS0 TRIG2F|PRPETNOR RERtELIeAYStvi ng a
catal yst systemcontaining two or nore catalysts, a relative vol une

activity cah0@2list beseet@nbridinedhts, ebioeersponoit fedistr@at ahys nsxddwitlhe cat al yst

system The ji.ndj,Vv | .rel ative.vol u cat al yst Viti es;.can then be used
to forma we.““‘h%ld ;1%8%161 range¥eed5tre%mr¥erof°oproce¥ﬁl “°{h8r CAICUT A" an activity
for the cat aieyes boidiys tanpe pI@alﬁca Iﬁysmthyﬂﬂﬁrzﬁ]nlem of alblaaump@wboﬁdedmk san liche

catalysts used. fof, Sgsuli Hy

d %ortfuraler procé[ssmg In such embodiments, the mineral
feedstream can have a boiling range from about 150°C to about 400°C, for example
from about 175°C to about 350°C. Mineral feedstreams for blending with a
biocomponent feedstream can have a nitrogen content from about 50 to about 6000
wppm nitrogen, for example from about 50 to about 2000 wppm, such as from about 75
to about 1000 wppm nitrogen. In an embodiment, feedstreams suitable for use herein
can have a sulfur content from about 100 to about 40000 wppm sulfur, for example
from about 200 to about 30000 wppm, such as from about 350 to about 25000 wppm.

In some embodiments, the mineral stream for blending with the biocomponent stream

can be a diesel boiling range stream. In other embodiments, the mineral stream can be



distillate feed can be catalysts including a Goup VIB netal and/or a G oup

VIIl nmetal on a support. Exanples of Goup VIB netals can include
nol ybdenuwp 20urigse3en, and conbi nations t hereof Exanpl esPOT/US2@0{050054 |
metal s include non-noble Goup VIIl netals, such as cobalt, iron, nickel,

and conbi nations thereof In sonme altermati ve enbodi nents, other Goup VI
nmetal s such as platinum palladium and/or iridiumcan also/alternately be
used. In a preferred enbodi nent, one or nore catalysts in a catalyst system
can be conprised of netals that include, or consist essentially of, cobalt
and nol ybdemhrﬁhermvehrwypm tsugfeas apetreosplsicior Vesuamdhopil amot khthas bases.

Addi tional I y,,8 n%le]!i@rﬂl'{l%g fiedht stIePr% cﬁHB?QL%ht&%ﬂQl sf,?- %Hc!ht ?thgax{zef ractory
support materia ative surtace area neta

oxi des suchngshtlgi & prﬁ@lytlcallu mad@d f@dlqrpwdmtlﬁﬂg n@r/frptheﬁﬁ)aandéqrraodegina and

conbi nati on I I L&
cont ai ni ng ?ﬁlc}%l HI S%QJ%CBW%E}I%!?#%%@B% ﬁgrllegarlg é‘?“‘%l CE‘?I 1n%[2d§ %eﬁ‘f é{)%eo 757 (KF
757), avaiIabdendc@mnﬁﬁhamahlB\Gﬂhpaombmwmmsaﬁdw%ﬁﬂ&%ﬁmuﬁxanyahhe from

Hal dor Topso&ﬁﬁgs ne one | referred enbodi nent includes a catal yst
conprising & 6“”?%’%%?% nd a Goup VIl netal (e.g., in oxide form

or preferablémffter the oxide - 12 - form has been sulfidized under
appropri at e [Q032 | di Aaethererekodinantsoths distidye peiHag rapeoiseditoskpphaa t he

catal yst may,addigtdiopal le@lral ﬁb&s%cﬁ@&a%l%V&Qgﬁn%npoﬁggé)éehQﬂﬁtlcnnﬁl%”ponent S,

such as other transition netals (e.g., Goup V netals such as niobium,

rare earth mempdusds @Isgamlied mtr@almd@te(né ogy abbreygatedigpandtrerenafsorp pleasitip&or s | ef t
over from oxj dat I nds,

bor on compodiin 1 B Rteneat el 1 AL Dk 18N SRR EY
conmpounds, rﬁwambbetr7§ wmmmfd@b@qt 1900 wpprs pitioger. iTken agbodigentofeedsgrdmnat i ons

t her eof The r VérS|on as
found in thé g%ﬁ% SQL$' anB?Vethe éﬁgﬁluCB&aﬁL%FB%p&H%%EH%nseS'Chenlcal
Di ctionary, sﬂlﬁirIuorEeht,tor@bbreﬁyted\m/suﬁhr)lolfhtusatst aa‘iouor()OOsuppmaiﬂlsﬂﬁ@ribup VITIN B

catal ysts are scrl be f exanpl e nor e ent Nos.
6156 695, * BLHIE Gatrioug§ho BB G isad aBT 2, SR Rlemyiyvels
6, 863, 803, mlﬁﬁeoﬁéﬁpaﬂb%u&woo Vp88ulfiB 3r leds, 4d4boB216,008/epih, @4ks,632, U. S.

Pat ent Applic bli cation s. 2005/ 0277545,. 2006/ 0502,
2007/ 008475&ral Wémﬁ%%ﬁ I’atHBCOFIIPPE‘?%ﬁFf%h%I Fingo{pBEs g&‘?sFS"Hﬂﬁ\los WO

04/ 007646, ‘ﬁ@te&@@ﬂ@&é&ﬂ%ﬂd/o%@lfaﬂ%W&ter%rﬂ@&%&&ﬂﬂ@%’pwmﬂ VO
2007/ 084471, inter alra. [0029]1n an enbodi ment, one or nore fresh
(sul fided) RYXEeBd S bl igcp mppRsHt @aﬁteébwgsr%%ﬁnfe%tr%@cfa%Qlefqﬁ@e e

activity” calabyds abY§teMmiviAYRoxky8AL th eRbSHSERTWhES R edkea pbAVEDLf @St 1 Vi ty”
catal yst system one option is to use a regenerated cat aF st of a simlar

type. After fcd dehraedan pocompoieit &sgflstedkntie peapet jof sudfpain thbeOéal &gy can
have a react s ¥oduf RB0RRPHL foZ%;(Qtﬁlge 20K 230%08D W, cor respondi ng fresh

catal yst activity. In anot hér enbodi ment, catal ysts can general ly be

sel ected so "| ower actl atal t. h tiv] ty from about
7506 o aboul08als of TrAmPBEDs Bietp lpkoskiainTige B aRoF Gl yor

[0030] I n anefrdight rﬁﬂ@ﬁﬁhsﬁlﬁdﬂf@) gdsh)ﬂs vh¢@hegasaﬂ§ idemttitliz&PdiR] Qokbr Eytshem can
corrprl se a mxtu odi nents, the

ch
"| ower acti ﬁ?ttCI}aC{(?fé’fsé‘ 19%?? hgagrYé’ anﬁgﬁ?@ézg%‘@}{%l yrﬁ“%?‘ﬁf’%a%bf at?‘ﬁ‘ét pélgg@ycat al ysts as

t he "hi gher gagirbdehityd adtl/of tabilesist pﬁuﬁuwue%mﬁdizéd)edn@gat bdfiPende dislate
Al ternatively, one or nore conponents of the gher activity" mxture can

be oni tted fiagsian prReionply p%?éﬂtrwy weasm%%wemge&f‘élﬁtsﬂ gmd/@éal%ﬁ to the

“lower acti phkiily &RLIAINESY), J%Vﬁlkpdmhfglraggeldwlat@ fabtR@l (Eptfdbi®) pgt - Still
anot her optl on i's to use one or nore catal ysts not ﬁbesent in the "higher

activity" mkefaptdy at leasyprtiallyglgmirpganated Pmd/oralﬁ betieprtishhdeipiiered). t he " hi gher
activity" cat@los tooﬁ}{g I'aﬁgé §i&illate fraction (optionally but preferably at least partially

denitrogenated and/or at least partially desulfurized), and coal liquids. The mineral oil

that can be included as/in the feedstock can comprise any one of these example streams



include multiple layers of catalysts and/or catalyst m xtures. The "I ower

activity" catalyst |ayer can then be forned by replacing a portion of at

| east onewbDayrro48d36t he "hi gher activity" catal yst systeRCTIUS26100680154

enbodi ments, the layers in the "higher activity" catalyst system can be

viewed as residing in two volunes. |n-s@ch enbodi nents, a downstream vol une

corresponds to Iayers and/ or portions of |ayers that are the sane in the

"hi gher activity" and "lower activity" catal yst systens. |In such

enbodi ments, an upstream vol une corresponds to the |ayers and/or portions

of layers tIqmnymOfnfoexatI@etﬂlmeﬁth%tH@uidrhegfné&blebt hmr@vackmdwh thover activity"

cat al yst sy t i | yst present

in the fi rsﬁogg;ﬁ%or?g&l pﬁﬁloﬁlmﬁ?ﬁ& grth%%'? (l?s\tlolc%g d@&?%% a %ﬁ Xﬂgt %P ree%gfc):lgn al so be

present in eiphalkmeond ovebrulv@lmént,tthemmragfﬁedst@aktoawm yﬂxedatmltlyst system In

anot her enbQdi [ ARRY n.t he second

vol unme in tﬁ% S;ﬁgonﬁer&g%otqla\%lgﬁl y}:l hg(%{r?ated o ?0%1{ %:051%5@?%’3{@8%1 plﬁ esent in the

first vol umnotﬁ@anﬂoommeﬁomdln'unanadS‘ee[dGJtﬁc’ﬂQqaiine hy@atrdzat@lrto calnch the omegéor t he

hydr odesul f ur ,zat 1Fﬁ n n%gt |on can be c ti.ons sui ItIabI .e for reducing the
h

sul fur cont &KO6F LT Bl I[nbxeg%trﬁ%ﬁtg%ﬁlﬁ)ﬁ{l%l PYUEY for exanple to

about 10 ppm by weight or less, as the feedstreamis exposed to the
cat al yst bem hydr odesul furi zati on reaction zone. The

hydr odesul furization reaction conditions can include one or nore of a
l'iquid hour l[§028pace Casllpeadtiyity besh)ly oéferabotit aﬂiviltylof a gattlpst dpeataly2in@ hr-1, a
total pressure from about 250 bou ab 0Q psig
(about "10. 3 eps AR PAT mSRi B Fesh AR In de Lot kmb iAo ts T about 7s0r
(about 399C}1¢remnchtaiyslﬂydrvﬁg@hbuﬂd’Mndg@&ocﬂa)trefeffocm’llﬁbofuta200 scf/ bbl (about
34 N8/ nB) ﬁ? uli 50t00 ft/ bbl ?E@P Nnﬁ)f_&?} Prefe abI , the
reaction co Xﬁ‘rP SRS PHETUGE 8veé VBT ‘ére%“f 10gHME: CSF“%SB hr-1 to
about 1.2 htimt,eq, E}Ql&@lenllﬂfb@ﬁsﬁukﬁrﬁhf/drod’eoﬁmﬁﬁtlo'ﬁﬁ@dﬁ%e@lt(oﬁbﬂh&dr&aﬂooNPa) to

about 800 psi about 5. ogen treat a om about 400
scf/bbl (abd t‘%afloﬁﬁré‘F?FﬁljﬂathG“é‘bé’éﬂ thig%»%%%??‘bb”%aéﬁgﬁéerf%% NI%‘}OH%‘T Y-8 at

| east about (RS aMbMHANRRER dcRriBed hatdih, Ahd Bialysendiviig edn Le¥RAddSHsAg one or
nore inert gases), and a tenperature from about 625F (about . 329C) to about

700F (about redgteyatalyst agivity qeppedame.nThalenytss o yarianbydpdeshfwizadatr i bed
herein, |1 quighy O RavSRAGEVYIBEAC LT WidgTaBid a[&ﬁdn}a?er@oMHﬂe‘éQi?fa@ﬂ(lnaft@Ed per
vol une of cata?lyst er unit tinme. It i's noted that the space velocity is
defi ned per compaiiyen batweatcatalyst systgas epyriniag disparac §oes of efabiitsbased on a
volume of a reactor in the reaction systemused for a hydrodesul furization
reaction. [(QQR4]In swhe drbibitigremntyst acti@i@@frélﬂﬂe@anﬁﬁytvhlﬁlasaré oftendiséd&rent
reactions can be cogPQ?red t o det er?51 1if are su?sta tially simlar.
In such enb8BRPEHPS %a‘ﬁ‘é&%V Ef‘?%‘r’(‘*EB et"‘Fthd%/ 38” é“c?&‘h § der ed
subst ant i al lyfifd i $cErabaged F@fbxampen@erﬂlesm @h bato sleeaﬁet sepsfessur e,
tenperature, ratio of treat %as vol unme to feed va tgd | i Uld hour |y

space vel oci(IIWYOdPSr‘%fé‘E%ﬂ“@%) AAURRS 408 HST HOr B oSy Ed %ﬁ‘ﬁt‘inélFrl e?nm P8 if the

pressures, GiclBstAnPrdili® SErkEsonthafifddlof B ab@8E fehaud®otthe dA9Wsts at
Tenperatures can _be considered substantially simlar if the tenperatures

di ffer by aBupcasiesddhyqredesuliyszaions coplitions o nfhes opirmsta be & dxelap gol une can

be consi der %d@l%ﬁ&@a@s’t iy STIRE hédel bdn dcbfint BF {h‘é%m‘xjduflcfn@'hsé%{n' ess than about
15% Note that for this conparison, the anmpunt of treat gas vol une shoul d
be used as OpPYLTE q(@YdrhéesvléurgptI@ageavmru pch aTpmperafuge, pEestr@ duigas

cont ai ni ng of the
hydr ogen shggﬁ/&}%g&ggﬁg}t%g?tgyddU%Qt%.uggd%%lgfdfeecgﬁog%nee \%g(:l/gﬂ:(?t?%gglgééw be

consi der ed soiskticant Thkd lhgded cani dllaw dafa frdne(hypradesulflizatpn)iresstiolisfat diffetopt | ess

than about 1096,J, 00381t SERRALARA wohfifishRAGh bOMaSORRhAL BRS8N De

sel ected to'red
test catalysts at identical conditions.



sul fur level of the distillate feed to about 400 wppm of sul fur or |ess.
Preferably, the reaction conditions can be selected to reduce the sul fur

| evel to ‘sibaot/@@Bowppm or | ess, for exanpl e about 50 wppmUSRO10ASES4 about
30 wppm or | ess, about 20 wppm or | ess, about 15 wppm or |ess, or about 10
wppm or | ess. Reaction Systens [0036] FIG- 1 schematically shows a reactor
100 suitable for perform ng a hydrodesul furization reaction. Reactor 100

i ncludes a catal yst bed 105. The portion of catalyst bed 105 bel ow t he
dashed line corresponds to a downstream vol une 106 of catalyst, while the
portion aboV@26he ddnthediscissmndbolomesintine satalpstaetiviyds dafined 100107 of
catalyst. T i e i i G . ed 105
corresponds%ﬁgretwﬁgm#%%é %@?ggﬁ?%&%@ uoﬁé‘g%ﬁt&%t%@l??g%te&e{%%t for achieving
a desired pradtants csmbd daterindned) foatxahipte, Bpfting kb &thetoogirdssiom® mensaredi ngl e
reactor. In the e dinent _shown in FIG, 1, .the - .15 - upstreamyvol ume 107
Cor r esponds (MGRURERGRTRRlBHS! Rub s iad oL peB LR e BT RS T ween a
"hi gher act iinetiyéxpandon taawepicalgtinohideld reacab@bist, sy at €9 I BO3ié¢uskiput s t o
reactor 100 inclbfjde a distill a(t fdeed.120 and aqg%dr ogen feeg 130.
Distillate PE&Y 1T EUFHASAStHOFIGS YIS e ARG UV EOHPEBYEA feed 130

Er gvi des Pyﬂge@@eéina‘n@c e.g.bﬁ)r(ﬂ&ﬁt;ﬁhé ufeihé%tdames(g@mg/wﬁﬁbén arﬁdiﬁnfml f¥ed th heI

ydrogen feed can contain at |east aboqut wt % hydr ogen, far exanple at

| east about 8FPRIOG Hjtr YernIoAs oEeAR THicH e he rdytreraRmcidfti vvaalugs  f eed 120
ent eri ng t hepr@attadtivith 3 biucii (RNGINE RSt HISditBRM QI tH BB whPh Rlesgat al yst
bed 105, followed by downstream portion 106. After passing through the
reactor, th ul fyri distilla pr cl i ] r and can
enter opti oﬁ%@iepaﬁg? %lfggdfgﬁrﬁ § g%olgin taé"ra&%tosy(s:tgﬁé Cé%ﬁ%?%tﬁgggﬁ%gé distillate
product 144 cétalgss,gasletinesvobmnt ativinacanh Sirst be déterasnddXbr calOpf i Rgtalgniginor NH3,

that may be produced during.the hydrodesul furization.process., The

desul fur i 2ol SSFARTEY S EBn TBP I BRLE FieEstyaC Sty pORIfS FRERPHRTE! such as
addi tional hyfbropreitssliangasd, eQs bade@0B8)10me, topilcwlme bohctivity fdiglic pr ocessi ng
can be to pass the distillate product to a hydroi sonerization stage. The
hydr oi somer F¥8¥{!5¥'YPage can be used to further inprove the col d-flow
properties of the |iquid phase product stream [0039]1n the optional

hydr oi sorrer 2#bisbn stage, a |iquid phase product stream can be exposed to
one or nore reaction zones that are operated at hydroi sonerization

condi ti ons, [@28] onalih yarbuk epbefime@blthe darnlishaisqal fos énckurohtidnyeltd someri zat i on

catal yst. Hydr.ois ri zation catal ysts can i tably include | ecul ar
CFever: such sy S ki iSRGt Riti ALY phE p s VI RE!

si | i co- al unonephpsphakaspléSARGS)p VIasRlseat akimat MmoliBYilenalns Aingadd, yndd net al
hydr ogenati on conponent, prefe abl(mJ one_or re Gooup VLI netals,

especi al |y €PBRIBAIT | CH I EaHBlAPES P HIB; LA P Mg Londi ti ons

can i ncl ude g, QichAPESHaAS irdne MR 2t COSbIARQIL BRAME 1480k bikeradiobt 380C,
pressures from about 300§p5| %Igabout 2.1 MPag) to_about 3000 psig (about 21
TPt

MPag), LHSVEmPedmeap&tfier Imetyls ss8 @b platiginy paadingpy gnd/prigidiughe@ny at es

[-om about A0uGhkEDbe (R0 rHEB LTk S Ao S ASIViPBbakighoUt 340
- system can be comprised of metals that include, or consist essentially of, cobalt and

molybdenum. The support can be a zeolitic and/or amorphous bases. Additionally or
alternately, the support can be any suitable refractory support material, including
relatively high specific surface area metal oxides such as silica, alumina, silica-alumina,
titania, zirconia, and combinations thercof. Commercially available examples of
catalysts containing cobalt and molybdenum on a support include Ketjenfine® 757 (KF
757), available from Albemarle Corporation, and TK 576, available from Haldor
Topsoe A/S. While one preferred embodiment includes a catalyst comprising a Group

VIB metal and a Group VIII metal (e.g., in oxide form, or preferably after the oxide



[ 0040] I n various enbodi nents, the nol ecul ar sieve used for catal ytic

hydr oi soneri zati on/ dewaxi ng can conprise an alum nosilicate, e.g., having
an MRE freigewrd3weol ite such as ZSM 48, which is a 10- REFISLEG/ 080154

nol ecul ar sieve - 16 - having a 1-D channel structure. ZSM 48-type

nol ecul ar sieves can perform dewaxi ng-p2imarily by isonerizing nol ecul es
within the feed. Typical silicato alumna ratios for the alumnosilicate
can be fromabout 250 to 1 or less, or from200 to 1. Preferably, the
silicato alumna ratio of the alum nosilicate can be | ess than about 110
to 1, for efamiieebaasylidivaduadsoenpraptBtesylfivation @odigiend)raptiredhywn 100 t o
about 40. T 1. ited with a
bi nder. Sui tg a{{gjlg{[etmg %%%sgh%ghd?lﬁgﬁggg} ﬁ%u”f%% idnﬁd\gfa@%n? egﬁlg3 g%gll?sl’ i ca,

al um na, si kuchas athantranaition ety (a g., ﬁrwlmoVﬁrratalscsuclaasmlotnum)erarmmm O her

sui tabl e bi r111%‘?2115 allnc hgand?geo ara%g d rta{' %r%gurgors l%h'o ér fhohn é I’]gatl%gtdnd/groolll] One
exanpl e of a read Sui carrying out he above processes
i's shown schldﬁmtzatmalsteps); phoﬁplﬁmszombnurﬂb GBorad, compdmrsis,iﬂdoaheccﬁmﬂ'niag ock 208 can
be introduced intg 8’ 5 t ment act o g A tﬁﬁj grelq( reat gas
stream 215 EARPAISS SPEOT Y aé‘&‘&%‘éodnl?oﬁ? %%‘PS*{S RO A P TS PE 0. “The
distill ate beadsiiogiond tﬁerecxﬂ)d&ed}rd)@s yfeltaatto @atinrgfecO@blips@ifishelGAS

hydr ot r eat rea tor 0 h re e of o re ca al yst beds
o Ceont o S et f e Peiedd Tl SHRCEEmel B rdbe bR eaa ¥ ow tht o

separat or 22RemidelDicadmary, 222EGabn. S&p&ﬁﬁbﬂllﬁmﬁu&i §ﬁ1tabiea}reup3vnﬂum 224 from
gaseous contam nants, such as H25, Co2, and/or that may be present

after the hydrlts érﬁtdﬁ%ﬁPedsf%{@éamqlaow}%rtnare plald Si %ﬁertt SOy dr ot r eat ment

reactor 210638, 35@"6'2@9@13(5 ¥ S%QE% at1n 9882, 785 1863.¢, higos ad @opneduct can
optionally enter second hydroprocessing reactor 240, along with second

hydr ogen tr éae9§s 78218%%72“2@ 924 1gad 656‘?6’@@@ S RaEHAIigHIBPobEEEPhg 1 eact or

240 can be aRydH9HSLRES, '26@6/0(%056239667%0891754391%iUéB/O‘I‘?ﬁﬂoﬁ%dhydrOprOCGSSI ng
reactor. Optionally, the treated feedstock ¢an the ass t hrough second

separ at or 24serhefrongldiilieation doga¥ OBV ¢4gu WP E)QQ?&I%‘E » NP 2051084
di sposi ti 0”%0[29@74@8}41?@ ahd%?ﬂo@??(ﬁ%'ﬁt mfterrg,?gbel ther the first or the second

reactor can optionally’ ’undergo a variéty of additional process steps.
Optionally, l'iquid st m can be pas | i qui.d treatnent
L el ) o G A s DR R (LRI oot sb e T LT o
wash, a treaiAmet call Behis@NR 1Ry “hildheactiRigyn G ailysBgRnSn b Geat @M SemUIFbUr and/ or
trace cont am nants, or the like, or conbinations thereof Additjonally or

al t er nat el y et TRV pefiity” catalysh ysicah OBBORI0EdTle Uph? EaEfieratedsaiafst ofgds or pt i on
step, such §-§n1ﬁyty§e¥ pﬂﬁérﬁ@geh@@ml)ﬂ GWﬁi’caﬁéd’nﬁﬁé&ﬁH’y BN bs&'ath cadhGe 2 OF  @not her
adsor ber of sulfur species

reactivity from about 75% to about 90% of the corresponding fresh catalyst activity. In

another embodiment, catalysts can generally be selected so that the “lower activity”

catalyst has an activity from about 75% to about 90% of the activity of the “higher

activity” catalyst.

[0030] In another embodiment, the “higher activity” catalyst system can comprise
a mixture of two or more catalysts. In some such embodiments, the “lower activity”
catalyst system can be a mixture of the same catalysts as the “higher activity” mixture,
but with different proportions. Alternatively, one or more components of the “higher
activity” mixture can be omitted from the “lower activity” mixture, possibly leading to
the “lower activity” catalyst system being just a single catalyst. Still another option is

to use one or more catalysts not present in the “higher activity” mixture.



- 17 - [0044] Additionally or alternately, the present invention conprises
the foll owi ng enbodi nents. [0045] Enbodi nent 1. A nethod for treating a

di stil | atwofead4843sh a plurality of hydrodesul furizati oRCTAIS2019H5E 54
conprising: determning effective reaction conditions for processing a
distillate feed with a first catal yst;13ncluding a tenperature, a pressure,
a ratio of hydrogen treat gas volune to feed volunme, and a liquid hourly
space velocity, the effective reaction conditions being suitable to forma
distillate product having a target sul fur content of about 100 wppm of

sul fur or Ié@BI]pr oM dilhgnothef emisadimeitithe tagher haivity't etalsasyatepstan provi di ng a
second volu c t s ‘ d vol une
conpri sing an;{aC %:ug 3’35 Bg% 8%%{1%% agcel/rggnéaf st ﬁi té’i%rg%'uﬁ%w ngrggtﬁ’%)

hydr odesul f uatalyatla}@ncamcthemhetfyrrﬁad@mraﬁwtg afitidnof abloast oB0%ybf the

hydr odesul fuy.i zation activit e first cat fd r ]! vol unme bei ng
from about 5@@1% 3Ctét1)t3ufat§l?5%% %ﬁ‘ten% hltél S(Q,Chn%mt??gdn?/ lh%rzayerﬁ r&lﬁlﬁr olge%m ng the
distillate haevdyum:ﬂystsmchnrtxeam\vedms egiddhigtin onsvdliads. aif euickubst anti al |y
simlar to at CFast th eraﬁure t he sure, .the ratiq of treat gas
rate vol ume “PBOFBEYSA OE(H%“ A YO ERgR tﬁiﬂ.YF‘ian@B‘é%oé“QPélog B of the

ef fective raacikai MO thi Ofigher bbtBilt &id Nbwdract e casinitagddnng Ih kehsecond

vol une of catalyst prior to the first volunme of cata yst to produce a
distillate ﬁmga%ﬁlﬁmw.uﬁﬁreamsvalwcoesﬁ%#ﬁtowet ek BASLPOTHONSRREBT t he
target sul f yiat gt I%%een[tﬁg}%@%hgﬂ&ﬂdit}l“ﬂiﬂﬁ “BweLadi®ItTOGhARE sylstef! [If]’rgl a
distillate feed with a plurality of hydrodesul furization catalysts,
conpri si ng: e@é@fbmﬁﬁltnﬁhﬁghlélvqswflm " cpehit prewnids M firstorimicdn e éﬂ%@rsi ng a
distillate fa@tﬁﬁjtywbettﬂyﬁ sys&Jn?&anCa@sto%%S%serﬁYI§ﬁ1@%coh@%lwé O8me-figgperature, a
pressure, a ratio of hydrogen treat gas volunme to feed volune, and a |liquid

hourly spacéCtWétb’o@qtiﬂySt SYSFPéTI eivfasethenembediment, e Nighattiae Gy alslysIcssH t abl e t o
forma dist & e 100 wppm
of st fur or" asoR RAHEL i el B MO be e P Rhe 101 e
portion andfigstdownst r eam vol une portion, the downstream vol une portion

bei ng about 50% to about 90% of a conbi ned vol ume of the upstream vol une
and downst r @amtiéelCendtiodr ovi di ng t he downstream vol unme portion of the first
catal yst system providing a second catal yst system having a

hydrodesul f yggzagt | Orth@%a'cmnt a(maﬂheﬁg BPah &éa/@samlra@@dhtre&%ﬁ on 1R

hydr odesul furi zation activity o he up s¥ream vol une portion of the first
cat al yst sysoréinqonaﬁldtabkd@rers@lcng thehwlfﬁr @tnielnt efithe feedstiedm ta dboutr Sawnpinon syst em
under secon [ t mlar to
at | east thgr {egsr?rgogf Qt L}ﬁ Q{Mbhﬁt%}ghn% W‘géhefﬁrere? égsi ﬂc}eo E)S?%e%gﬁ &?é%g 3 e vol une
to feed vol theeatabnibedtyeinl thqhuddomeldfulrlyat@pa@etlmeiomm The ll[yfdr(ldhsllﬁfli%@tll ve
reaction conéjdl tt10' oNS 4 1tohe agt s}udlel gétoerr}‘loergd spntact i the Lrs]oc1 @ taI yst
system pri or PR downs T edm'vo umsq ? 3’ *iTst cat al yst
system to pf ﬂlﬂ)uc(e4hr]db$b®dtl23§)tle mrtotdhmbsshla\ftomgatﬂuSJﬂOfpﬂlg (alwnt EAMB&)t hi n

about 10 wppm,of ]gta r (L;J r nt en F004 % i nmet hod
For et i ng abot EPPPIELEHGD WPbnE BMpRGhur ol shpr 0% AR s

about 750°F (about 399°C), and a hydrogen treat gas rate from about 200 scf/bbl (about

34 Nm’/m’) to about 5000 scf/bbl (about 840 Nm’/m’). Preferably, the reaction

conditions include one or more of an LHSV of about 0.7 hr™' to about 1.2 hr'', a total
pressure from about 350 psig (about 2.4 MPa) to about 800 psig (about 5.5 MPa), a
hydrogen treat gas rate from about 400 scf/bbl (about 67 Nm*/m’) to about 1050 scf/b
(about 180 Nm®/m®) of at least about 55 wt% hydrogen (e.g., with the remainder
comprising one or more inert gases), and a temperature from about 625°F (about

329°C) to about 700°F (about 371°C).



hydr odesul furi zation catal ysts, conprising: determning effective reaction
conditions for processing a distillate feed with an effective volune of a
first catwiDysti/@ysbem the effective reaction conditi on®Crauskudionygsqa
tenperature, a pressure, and a ratio of hydrogen treat gas volune to feed
volune, and a liquid hourly space velot4ty, the effective reaction
conditions being suitable to forma distillate product having a sul fur
content of about 50 wppm of sulfur or less, the first catal yst system

i ncludi ng an upstream vol unme portion and a downstream vol une portion, the
downst r eam V)3dhe pdnthiconriafs enthedifricnts dessabed hesdin, digsiddwnaspapgvedooitpl une
about 50%t e stre and
downstream \ﬁ/’s %?8&} asgd% qu?l{c? it f@e(aLBQ} ﬂ%%és/&clmﬁspo hﬁguﬁ{@ %tllsolﬁoquftﬁétﬁﬂemf irst

cat al yst sysmmawdpmous&ﬁhgdams@hmﬂdﬂcahhMysumpysdena&ﬂhebaém@ddneataIyst
systemhavmg1 d oqgsuth ra%gtlo? act ﬁv g out. 11%gtt° about 90%
of a hydrodg urf r??% Pl é%FﬁVO?SWS?HF%’ MVOI 871N of the
first catal yst systen1 t he second cat al yst systen1haV|ng volune about
105% or | esi 00341 t he T pyne eabadietngricactipnsopdibens fei differepacasietsicen g e f eed
under secondyheac! fteRRR ntthé%%e LBahnANe s1%HQ§tIﬂ@Eél1aénh§6d§ﬁemsl flo bR at | east
the tenperature, the pressure,; the ratio of treat gas rate vol une to feed
vol ume, and of frectiongonditidns gar 196 eppsidercd/aibgeitially sfimitahkased e edmparis@adt i on
condi ti ons, e t | tent of
about 50 wppneisPPREYES FpEai. HEF A el B R MR P

pr evi ous emholdlyrmmesvelommer%ﬁﬁutehearﬁidoenildW@l quegtttiabyn siowladif theons conpri se an
LHSV from a .4 0 0, h re. frqom about 250
psi g (aboutg%g%ug %l%lb$ﬂu &?3§E5%b%§?%m% t%u ﬂ%ﬁ Egﬁﬁ%%%esamﬁgnperature

f rom about Emme(eabmbstanﬂﬂaﬁ)mﬂm 1ﬁﬂh0tﬁmp§51ﬁﬁ=es(chﬁﬁtliy aB&ﬁG)C onlesh. eRahysdr ogen

treat gas rate from about cf/bb abqut .3 5000
St bbr - abghiessad e el Yol A pe Ok St BRI & m R s REHHOS of any
of the previdites be rebotlamious] SonWhEse ithat fdﬂﬁl1§&ﬁlqjadscmatha|amﬁnt©lftrSﬁ(gﬁH’ld cat al yst

systemis are ener ated catal yst. 050] Enbodi The nmet hod of any of
t%e previ ous ﬁ‘?"ﬁelﬁﬁ?eg B?Grqt%\%gt‘?t% lgay v ‘éH‘?iI %FaFF"Pgi‘ cat al yst

system COprl’cblﬁﬁﬁmgQO%ﬂQdM@erO@gaaﬁ&lWQﬁﬂertfgaﬁ)ebﬁlﬁkhe vbﬁﬁﬁﬂfﬁfm@dto@&m 7. The
port. material conprjses silica,

met hod of emnpo erein the sup
al umi na, si Pb@gd%wmlg%{ed PR PP ARG g e Fan e CORAEFRA HBTANEARY eof _
[ 0052] Enbodisaant iffhe spQ VIRLHRAdEr By ¥ssQharBButRDEYi OUS enbodi ment's, wher ei n

[0035] In an embodiment, the reaction conditions can be selected to reduce the
sulfur level of the distillate feed to about 400 wppm of sulfur or less. Preferably, the
reaction conditions can be selected to reduce the sulfur level to about 100 wppm or less,
for example about 50 wppm or less, about 30 wppm or less, about 20 wppm or less,
about 15 wppm or less, or about 10 wppm or less.

Reaction Systems

[0036] FIG. 1 schematically shows a reactor 100 suitable for performing a
hydrodesulfurization reaction. Reactor 100 includes a catalyst bed 105. The portion of
catalyst bed 105 below the dashed line corresponds to a downstream volume 106 of
catalyst, while the portion above the dotted line corresponds to an upstream volume 107
of catalyst. Thus, in the embodiment shown in FIG. 1, catalyst bed 105 corresponds to
the total effective volume of catalyst needed for achieving a desired product sulfur level

at the specified conditions in a single reactor. In the embodiment shown in FIG. 1, the



the second catal yst or second catal yst system conprises Co and Mo on a
support material selected fromsilica, alumna, silica-alumna, titania,

zi rconi a,wonod/@seshi nati on t hereof [0053] Enbodi nent 9. TPhe/Usedthos1sd any of
t he previous enbodi nents, further conprising hydroi sonerizing the
distillate product under effective hydi®isonerization conditions.

[ 0054] Enbodi nent 10. The nethod of any of enbodinents 2-9, wherein the
downst ream vol ume conpri ses at | east about 65% of the conbi ned vol une.

[ 0055] Enbodi nent 11. The nethod of any of enbodi nents 2-10, wherein the
activity of upticaneelms 10aceirsppends yosthe periign i tharradptisysgovshedifitout 85% of

the activit : | |, ® I rst catal yst.

[ 0056] Enbod?éﬁe%%&%%lé%ﬁ%&ﬁeﬁ?‘h%l of éﬁﬁ{\fgt# ﬁ%%%[t)%}%\?/elngus enbodi ments, wherein
one or nore he foll ow ng applies: the.disti te feed is I ner al

Sret 11 are 4GB "E namenabiriir 20 nERie s dSutiskr [ Sabri ot ' om about
250F (about 13@1Gktill4e RBOUI0 BABF a f@dayticsdRd@)abonN Byidhsgedltsd i1 30 gbeidéeed has a
boi | i ng poi nt rangin from about 450F (ahout 232C) to about 1100F (about

593C) . [ 005 Py #REBdPHBALCsBurizrHen fratthad Pferanly i hdmseaiche Atscoptarat wher ein
the upstream.vebyrsoRA%L yﬁﬂ)g@ﬁ, f&r@a&blé%ﬁle&@&@ui’@dw@)ﬂﬁ&&%&om@rsh&ﬁﬁ at |east

one catal yst %resent I n the downstream vol une portion. 0581Enbodi nent 14.
The nethod &t thaagpbeimenttin HiGrd nfegd D20renteripp dhegpagtor 100 first encounters

upstream volume 107 of catalyst bed 105, followed by downstream portion 106. After
passing through the reactor, the desulfurized distillate product exits the reactor and can
enter optional separator 140. Separator 140 can separate out a distillate product 144
from gaseous contaminants, such as H,S, CO, CO,, and/or NH3, that may be produced
during the hydrodesulfurization process. The desulfurized product can optionally

undergo additional treatments, such as additional hydroprocessing steps.

[0038] One option for further processing can be to pass the distillate product to a
hydroisomerization stage. The hydroisomerization stage can be used to further improve

the cold-flow properties of the liquid phase product stream.

[0039] In the optional hydroisomerization stage, a liquid phase product stream
can be exposed to one or more reaction zones that are operated at hydroisomerization
conditions, optionally but preferably in the presence of hydroisomerization catalyst.
Hydroisomerization catalysts can suitably include molecular sieves such as crystalline
aluminosilicates (zeolites) or silico-aluminophosphates (SAPOs). These catalysts may
also carry a metal hydrogenation component, preferably one or more Group VIII
metals, especially Group VIII noble metals. Hydroisomerization/Dewaxing conditions
can include one or more of temperatures from about 280°C to about 380°C, pressures
from about 300 psig (about 2.1 MPag) to about 3000 psig (about 21 MPag), LHSVs
from about 0.1 hr' to about 5.0 hr'', and treat gas rates from about 500 scf/bbl (about
84 Nm’/m®) to about 5000 scf/bbl (about 840 Nm’/m’?).

[0040] In various embodiments, the molecular sieve used for catalytic
hydroisomerization/dewaxing can comprise an aluminosilicate, e.g., having an MRE

framework zeolite such as ZSM-48, which is a 10-membered ring molecular sieve



- 20 - At least one catalyst included in the upstream volune portion of the
first catal yst system conprises the highest activity catalyst present in

t he downswoeanvo4dd3ane portion. EXAVPLES Exanple 1 [ 0059 TAalsh@s/0io1and 2
each show portions of a catal yst systemthat correspond to an upstream

vol une. The catal yst systens can be relgerred to as Catal yst System 1 and
Catal yst System 2. Al of the catalysts shown in Tables 1 and 2 are
supported catal ysts that include both cobalt and nol ybdenum Tables 1 and 2
i nclude the relative volunme activity for each catal yst, along with the

vol ume per cépiagel-of chapzal steugtuag. y&IMi48 -ty premelpadar ¢igresvaeh perkorm|dgweking Exanpl e,
Table 1 cor &gg@ : : Ol e cti Vit oy catal yst
system mhi?g a ﬁ%1%ﬁ§%?@ Eﬁ%%g%gﬁgmﬁﬁgﬂﬁﬁi?ﬁg%ﬁk@%ﬁﬁﬁéﬂ@Orfékﬁﬁgﬁer
activity" cétealyshosmteemm b fremehowR§&tosl adese, @ timokAM th h. Preéerdigdelre shown i n
the tabl s, ff &Q atl %n%ﬁ% 0%'91%5{1}1%@53%5‘[@'0%%6 1|e§s§llia%qlbg ItrIZ{) 0 lTIi}(? relative

vol ume act|V|fy val ues tor eac cé{aﬁyst wer € generdfe Baséd on a node

fit to prioexdmyde kebabal dboni Aatte about Zeérdrdnoaboaatlo to ab@it y&t To formias not ed
that, in the

xperinments correspondi ng tqg t.his .Exanpl. he catal ysts were
hetual 1y 1 oEuE i TR T Cin SPEOT Sl iR P B3 oY 1" ang
Reactor 2. hawel et arkhbslimiesdfto gilicativarinasisicaisiedidhoitatignvwestiignee only and is

bel i eved to be equi val ent to hayi al.]. . of the catal I n successive beds
o thine o Mt Bl i bR P St phoregf Sy G B¢ HEskal e

[0041] One example of a reaction system suitable for carrying out the above
processes is shown schematically in FIG. 2. In FIG. 2, a distillate feedstock 208 can be
introduced into a hydrotreatment reactor 210. A hydrogen treat gas stream 215 can also
be introduced into hydrotreatment reactor 210. The distillate feedstock is exposed to
hydrotreating conditions in hydrotreatment reactor 210 in the presence of one or more
catalyst beds that contain hydrotreating catalyst. The treated feedstock can flow into
separator 222. Separator 222 can separate out distillate product 224 from gaseous
contaminants, such as H,S, CO, CO,, and/or NH3, that may be present after the

hydrotreatment stage.

[0042] After passing through hydrotreatment reactor 210 and optionally separator
222, the distillate product can optionally enter second hydroprocessing reactor 240,
along with second hydrogen treat gas stream 225. The optional second
hydroprocessing reactor 240 can be a hydroisomerization reactor or another desired
hydroprocessing reactor. Optionally, the treated feedstock can then pass through

second separator 242 for separating gas and liquid products for various dispositions.

[0043] The liquid product from either the first or the second reactor can
optionally undergo a variety of additional process steps. Optionally, the liquid stream
can be passed through a liquid treatment step, such as by exposing the liquid to
filtration, a caustic solution wash, a treatment with one or more chemical agents to
remove sulfur and/or trace contaminants, or the like, or combinations thereof.
Additionally or alternately, the liquid stream can be passed through a sulfur adsorption
step, such as by exposing the liquid stream to metallic Ni, ZnO, or another adsorber of

sulfur species.
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[0044] Additionally or alternately, the present invention comprises the following
embodiments.

[0045] Embodiment 1. A method for treating a distillate feed with a plurality of
hydrodesulfurization catalysts, comprising: determining effective reaction conditions
for processing a distillate feed with a first catalyst, including a temperature, a pressure,
a ratio of hydrogen treat gas volume to feed volume, and a liquid hourly space velocity,
the effective reaction conditions being suitable to form a distillate product having a
target sulfur content of about 100 wppm of sulfur or less; providing a first volume of
the first catalyst; providing a second volume of a second catalyst, the first volume and
second volume comprising a combined volume, the second catalyst having a
hydrodesulfurization activity from about 75% to about 90% of a hydrodesulfurization
activity of the first catalyst, the first volume being from about 50% to about 90% of the
combined volume; and processing the distillate feed under second reaction conditions
that are substantially similar to at least the temperature, the pressure, the ratio of treat
gas rate volume to feed volume, and the liquid hourly space velocity of the effective
reaction conditions, the distillate feed contacting the second volume of catalyst prior to
the first volume of catalyst, to produce a distillate product having a sulfur content

within about 10 wppm of the target sulfur content.

[0046] Embodiment 2. A method for treating a distillate feed with a plurality of
hydrodesulfurization catalysts, comprising: determining effective reaction conditions
for processing a distillate feed with a first catalyst system, including a temperature, a
pressure, a ratio of hydrogen treat gas volume to feed volume, and a liquid hourly space
velocity, the effective reaction conditions being suitable to form a distillate product
having a target sulfur content of about 100 wppm of sulfur or less, the first catalyst
system including an upstream volume portion and a downstream volume portion, the
downstream volume portion being about 50% to about 90% of a combined volume of
the upstream volume and downstream volume; providing the downstream volume
portion of the first catalyst system; providing a second catalyst system having a
hydrodesulfurization activity from about 75% to about 90% of a hydrodesulfurization
activity of the upstream volume portion of the first catalyst system; and processing the

distillate feed in the reaction system under second reaction conditions that are
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substantially similar to at least the temperature, the pressure, the ratio of treat gas rate
volume to feed volume, and the liquid hourly space velocity of the effective reaction
conditions, the distillate feed contacting the second catalyst system prior to the first
downstream volume portion of the first catalyst system, to produce a distillate product

having a sulfur content within about 10 wppm of the target sulfur content.

[0047] Embodiment 3. A method for treating a distillate feed with a plurality of
hydrodesulfurization catalysts, comprising: determining effective reaction conditions
for processing a distillate feed with an effective volume of a first catalyst system, the
effective reaction conditions including a temperature, a pressure, and a ratio of
hydrogen treat gas volume to feed volume, and a liquid hourly space velocity, the
effective reaction conditions being suitable to form a distillate product having a sulfur
content of about 50 wppm of sulfur or less, the first catalyst system including an
upstream volume portion and a downstream volume portion, the downstream volume
portion of the first catalyst system having a volume about 50% to about 90% of a
combined volume of the upstream volume and downstream volume; providing the
downstream volume portion of the first catalyst system; providing a second catalyst
system, the second catalyst system having a hydrodesulfurization activity from about
75% to about 90% of a hydrodesulfurization activity of the upstream volume portion of
the first catalyst system, the second catalyst system having a volume about 105% or
less of the upstream volume; and processing the distillate feed under second reaction
conditions that are substantially similar to at least the temperature, the pressure, the
ratio of treat gas rate volume to feed volume, and the liquid hourly space velocity of the
effective reaction conditions, to produce a distillate product having a sulfur content of

about 50 wppm or less.

[0048] Embodiment 4. The method of any of the previous embodiments, wherein
the effective reaction conditions comprise an LHSV from about 0.4 hr' to about 2.0 hr
!, a total pressure from about 250 psig (about 1.7 MPag) to about 1500 psig (about 10.3
MPag), a temperature from about 550°F (about 288°C) to about 750°F (about 399°C),
and a hydrogen treat gas rate from about 200 scf/bbl (about 34 Nm’/m”*) to about 5000
scf/bbl (about 840 Nm*/m?).
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[0049] Embodiment 5. The method of any of the previous embodiments, wherein

the second catalyst or second catalyst system is a regenerated catalyst.

[0050] Embodiment 6. The method of any of the previous embodiments, wherein

the first catalyst or first catalyst system comprises Co and Mo on a support material.

[0051] Embodiment 7. The method of embodiment 6, wherein the support
material comprises silica, alumina, silica-alumina, titania, zirconia, or a combination

thereof.

[0052] Embodiment 8. The method of any of the previous embodiments, wherein
the second catalyst or second catalyst system comprises Co and Mo on a support
material selected from silica, alumina, silica-alumina, titania, zirconia, or a combination

thereof.

[0053] Embodiment 9. The method of any of the previous embodiments, further
comprising hydroisomerizing the distillate product under effective hydroisomerization

conditions.

[0054] Embodiment 10. The method of any of embodiments 2-9, wherein the

downstream volume comprises at least about 65% of the combined volume.

[0055] Embodiment 11. The method of any of embodiments 2-10, wherein the
activity of the second catalyst system is from about 80% to about 85% of the activity of

the upstream volume portion of the first catalyst.

[0056] Embodiment 12. The method of any of the previous embodiments,
wherein one or more of the following applies: the distillate feed is a mineral distillate
feed, the distillate feed has a boiling point ranging from about 250°F (about 121°C) to
about 800°F (about 427°C), and the distillate feed has a boiling point ranging from
about 450°F (about 232°C) to about 1100°F (about 593°C).

[0057] Embodiment 13. The method of any of embodiments 2-12, wherein the
upstream volume portion of the first catalyst system comprises at least one catalyst

present in the downstream volume portion.

[0058] Embodiment 14. The method of any of embodiments 2-13, wherein
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At least one catalyst included in the upstream volume portion of the first catalyst
system comprises the highest activity catalyst present in the downstream volume

portion.

EXAMPLES

Example 1

[0059] Tables 1 and 2 each show portions of a catalyst system that correspond to
an upstream volume. The catalyst systems can be referred to as Catalyst System 1 and
Catalyst System 2. All of the catalysts shown in Tables 1 and 2 are supported catalysts
that include both cobalt and molybdenum. Tables 1 and 2 include the relative volume
activity for each catalyst, along with the volume percentage of that catalyst in the
upstream volume. In this Example, Table 1 corresponds to the upstream volume for a
“higher activity” catalyst system, while Table 2 corresponds to the upstream volume for
a “lower activity” catalyst system. The catalysts were stacked in the order shown in the
tables, with the most upstream catalyst listed first. The relative volume activity values
for each catalyst were generated based on a model fit to prior hydrodesulfurization tests
for each catalyst. It is noted that, in the experiments corresponding to this Example, the
catalysts were actually located in two separate reactors, labeled here as Reactor 1 and
Reactor 2. However, this configuration was used for convenience only and is believed

to be equivalent to having all of the catalyst in successive beds within a single reactor.

PCT/US2010/050154

Table 1
Catalyst Reactor 1 Reactor 2 % of Catalyst Relative Volume
System 1 (kg*1000) (kg*1000) Volume Activity (RVA)
Catalyst A 1381 14 149
Catalyst B 2343 6261 86 200
Combined RVA 193
Table 2
Catalyst Reactor 1 Reactor 2 % of Catalyst | Relative Volume
System 2 (kg*1000) (kg*1000) Volume Activity
Catalyst A 122 1 149
Catalyst C 949 9 190
Catalyst B 2667 27 200
Catalyst D 6285 63 135
Combined RVA 158




27 200 Catalyst D 6285 63 135 Conbi ned RVA 158
WO 2011/043936 PCT/US2010/050154
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[0060] The combined RVA values in Tables 1 and 2 were calculated based on a
weighted average of the individual relative volume activities, taking into consideration
the volume of each catalyst. Based on the combined RV A values from Tables 1 and 2,
using Catalyst System 1 as an upstream volume should lead to a catalyst system with
higher activity than using the catalysts in Table 2. Based on the selection of Catalyst B
as the bascline, with an RV A value of 200, the difference in Combined RV A values of
193 versus 158 corresponds to about an 18% difference in RV A between the two

catalyst systems.

[0061] FIGS. 3 to 5 show the results from the hydrodesulfurization processes that
were performed using Catalyst Systems 1 and 2. Catalyst Systems 1 and 2 were used to
process a distillate feed having an initial sulfur content of about 2 wt%, or about 20000
wppm. The target product sulfur level was from about 400 wppm to about 600 wppm.
The results discussed below show a total run length of either 350 (Catalyst System 2) or
400 (Catalyst System 1) days on oil. The liquid hourly space velocity was between
about 0.37 hr'' and about 0.39 hr'. The temperature ranged from about 590°F (about
310°C) to about 660°F (about 349°C) during the run, as shown in FIG. 4. The treat gas
ratio of hydrogen to oil was about 1200 scf/bbl (about 200 Nm*/m*). The hydrogen
partial pressure was between about 250 psia (about 1.7 MPaa) and about 275 psia
(about 1.9 MPaa).

[0062] FIGS. 3A and 3B show the activity for Catalyst Systems 1 and 2 for
achieving a final (product) sulfur content in the range from about 400 wppm to about
600 wppm, measured as if the catalyst systems were a single catalyst. Since the
experiments shown in FIGS. 3A and 3B only reduce the sulfur content to about 400
wppm to about 600 wppm, the catalyst activities shown in FIGS. 3A and 3B are
determined differently from the RVA values shown in Tables 1 and 2. To denote this
difference, the activities shown in FIGS. 3A and 3B can be referred to herein as

RVA400 values.

[0063] In FIG. 3A, the RVAyy of Catalyst System 1 is initially higher than the
RV Ao value shown in FIG. 3B for Catalyst System 2. However, by about 300 days
on oil, the RV A4 values for Catalyst Systems 1 and 2 are comparable, in spite of the

lower RV A value for Catalyst System 2. Thus, after the initial processing period,
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this prophetic example, the downstream volume can include about 100% of Catalyst B.

In other embodiments, the downstream volume can include at least about 50% Catalyst
B, for example at least about 75% Catalyst B or at least about 90% Catalyst B, so long
as the combined RVA for the downstream volume is greater than the combined RVA

for the upstream volume.

[0066] In this prophetic example, about 20 x 10° kg of Catalyst B are used in the
downstream volume. This corresponds to the downstream volume having about 66%
of the catalyst volume, as both Catalyst System 1 and Catalyst System 2 include about
10 x 10° kg of catalyst. In other embodiments, the downstream volume can include at
least about 50% of the catalyst volume, for example at least about 75% of the catalyst
volume. In still other embodiments, the downstream volume can include about 90% or

less of the catalyst volume.

[0067] Since Catalyst System 1 and Catalyst System 2 have similar abilities to
reduce a sulfur content to about 400 wppm, either catalyst system can be used as an

upstream volume in a catalyst system for producing a low sulfur distillate. Thus, the
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conbi ned catal yst system of an upstream vol unme of Catal yst System 1l and a
downstream vol une of Catal yst B can be used under the reaction conditions
for Catalwet2oByws®m 1 in Exanple 1 to produce a distill aC&/yseadosiisn th a
sul fur level of 50 wopm or |ess. The conbi ned catal yst system of an
upstream vol ume of Catal yst System 2 apdl-a downstream vol une of Catal yst B
can al so be used to produce a distillate product with a simlar sulfur

| evel of 50 wppm or |ess. [0068] The principles and nodes of operation of
this inventi on have been descri bed above with reference to various

exenpl ary afdAdMef erred enbodi nents. As understood by those of skill in the
art, the overall invention, as defined by the clains, can enconpasses ot her
preferred enbodi rrentls Aaoictisyddai tfdatind 4 Yistltanfecday dlda plaradicynof - 24 - CLAIMS

1. A nethod,f rtr n tlllatefeed with a plurality of
hydr odesul f&W@?f?%ﬁSP téqq’a‘iaV&E CCBIPsi ng: det er ni ni ng

effective reaction conditions for processing a distillate feed wth a first
catal yst, including a {&¥péyng dffestivedesiion sendgiony for gracessve aiisgtleigen tr eat

gas vol ume Qqfe@d Mol YRRt BRAIRlOHIGQUL hr¥ssTRAE fatiY BF ﬁ’ﬁ!r(;%én bdre

effective reaction conditions be| ng suitable to forma distillate product
having a t aggetolynd pdeedoohmenendst liquisbipurly sorcappasit ths gffeqsive erectians s ;

provi di ng acgﬂditfotnaggh Qlfe t§ R)me 'dﬁs%ﬁlﬁt% @%ﬂh&qﬁwm a target sulfur conterg Lpviding a

second vol une se d cata yst Irst volfune and second vol une
conpri sing ab%h(ﬂﬁweldnvbﬂuhﬁuetprlme second catal yst having a

hydr odesul furi zation activity from about 75%to about 90% of a

hydr odesul furi zati on agbiidingy fiodt vblnenefoff fistfira @hitalyytst , the first vol unme being
from about 50%to about 90% of the conbi ned vol une; and

processing the distillgb@&ahngadedsndesiumeoPNEhchRAGEIAN 1EoNGol@Rsnihat are
substantially simlar to at |east the tenperature,” the pressure, the ratio

of treat gastcend eolyse corapisIZacembist yme dhesecerd qafadyst BEVHSUY | y space
vel ocity of h%&]@de‘%ﬁlffﬁ&taﬁdﬁeacﬁ@i%pﬁérﬁ B &P RE, b AR 9doh Bf Qh}%trédeglﬁﬁlﬁzzit%ﬁd

contacting the second vol une catalyst prior to the first volune of

cat al yst, t ectpity@hithe fisst ditslyit the fiest pelomebeing &oinrpgowt S8UI th about B0 @hithewi t hi n
about 10 wp 59185 cfv%‘?urﬁ Lggt sul fur content. 2. A nethod for
treating a di Stl? ate eed with a plurality of hydrodesul furization
catalysts, conprising: processing the distillate feed under second reaction conditions that are
substantially similar to at least the temperature, the pressure, the ratio of treat gas rate
volume to feed volume, and the liquid hourly space velocity of the effective reaction
conditions, the distillate feed contacting the second volume of catalyst prior to the first
volume of catalyst, to produce a distillate product having a sulfur content within about

10 wppm of the target sulfur content.

2. A method for treating a distillate feed with a plurality of

hydrodesulfurization catalysts, comprising:

determining effective reaction conditions for processing a distillate
feed with a first catalyst system, including a temperature, a pressure, a ratio of
hydrogen treat gas volume to feed volume, and a liquid hourly space velocity, the
effective reaction conditions being suitable to form a distillate product having a target
sulfur content of about 100 wppm of sulfur or less, the first catalyst system including an

upstream volume portion and a downstream volume portion, the downstream volume



determ ning effective reaction conditions for processing a distillate feed
wth a first catalyst system including a tenperature, a pressure, a ratio
of hydr ogE0 20r1edB93gas vol ume to feed vol une, and a |i quibdThseelpsEpaCe
velocity, the effective reaction conditions being suitable to forma
distillate product having a target sulfsr content of about 100 wppm of

sul fur or less, the first catal yst systemincludi ng an upstream vol une
portion and a downstream vol une portion, the downstream volune - 25 -
portion being about 50%to about 90% of a conbi ned vol unme of the upstream

vol ume and dowas beiegaphonbfQimto abonB e freronthencd gakgeoé thmupsitoameopwict | on of
the first c Yook . provi ding a second catal yst system
havi ng a hyg#(g&esu}r?%ﬁ(gg%lle’on activity fromabout 75%to about 90% of a
hydr odesul furization acti. it¥ho thte tEJPEs ream vaol L%gli? ort%?nt oft the first
catal yst system and Providingthe downsugagl NomeRPriqpot sy RO PEEE i n the
reacti on system under second reaction conditions that are substantially
simlar to at |east th¥oyidisgapegond eatalyyiayynebaiiee hidrulesudiurigation treat gas

rate vol ume tQid @@eh 38LLUT., 10aB6u0e, driadyhdabaH iz iSPA%Siy 6f@Ci ty of the
effective reaction conditions, the distillate feed contacting the second

cat al yst sy#psiepprplymetpertionef fhiedsit cefalpisyveamndol ume portion of the first
catal yst system to produce a distillate product having a sul fur content
wi t hi n about 10 wppm ofrotdagng the gastillgefekdin thorsmetivn.system under seco®d A net hod

for treating a.distil.late feed, with.a.pluraljt f hydraodesul furizati on
catal ysts,  CERis Onfigetd that are SubsthntidtyRyiay el fofhs et Peact i on
condi ti ons baksups, Geastsd sfgreat ghk sdtd dlahetof feail ohrhd) ashthelif@d howe, spadeune of a

first catal yst . tem_the effective reactj.on caonditions including a
{enper at ur e VoICTR) a8 TR FERCHon sondiopy. URATDIgEACH caMRC Badh P de t o f eed

vol ume, and caalyétQGydt€n BAbIt YheSRRGBWY &I VY umelJoeti Bff Bfetfirt@ataBaGl bte,

condi tions bei ng suitahle to f%rm a difti | I at e . product having a sul fur
content of &byafucs@ dybpF arodugihayipe prulfus santent prithinapgyt 10 xppmdithesy st em

i ncl udi ng alﬂlr%@ﬁlﬁﬁ@.&itmj ume portion and a downstream vol une portion, the
downstream vol une portion of the first catal yst system having a vol une

about 50%to about %Q%%cﬁﬂﬁogq?@ag%gi%lw@fe%Y"ﬁlbgpfdp“%w&am vol une and

downstream vol une; provi eam vol unme" portion of the first
cat al yst sy$yénglesulfurization catalysts, gmgprisiigng a second cat al yst system the
second catal yst system having a hydrodesul furization activity from about

75%t o about 90% of a hydmotesatdivd reativ®Bordiatony fdr yrooéssin@ dilggihte eam vol ume
portion of the first catalyst system the second catal yst system having a
vol ume about®cd 38928 cfrds vilume w’éaﬁaéfai@wvm%ﬁl&ef§ﬁwe reaction

conditions including a temperature, a pressure, and a ratio of hydrogen treat gas volume
to feed volume, and a liquid hourly space velocity, the effective reaction conditions
being suitable to form a distillate product having a sulfur content of about 50 wppm of
sulfur or less, the first catalyst system including an upstream volume portion and a
downstream volume portion, the downstream volume portion of the first catalyst
system having a volume about 50% to about 90% of a combined volume of the

upstream volume and downstream volume;
providing the downstream volume portion of the first catalyst system;

providing a second catalyst system, the second catalyst system having
a hydrodesulfurization activity from about 75% to about 90% of a hydrodesulfurization
activity of the upstream volume portion of the first catalyst system, the second catalyst

system having a volume about 105% or less of the upstream volume; and



- 26 - processing the distillate feed under second reaction
conditions that are substantially simlar to at |east the tenperature, the
pressur e, Wohelwv®se36 of treat gas rate volune to feed volawaS2@adsilse | i quid
hourly space velocity of the effective reaction conditions, to produce a
distillate product having a sul fur congent of about 50 wppm or |ess.

4. The nmethod of any of the previous clains, wherein the effective reaction
conditions conprise an LHSV from about 0.4 hr-1 to about 2.0 hr-1, a total
pressure from about 250 psig (about 1.7 MPag) to about 1500 psig (about

10. 3 MPag), a tenper atpeesfingiie distliate 85 Pdea rsond R@8IC) conslitiho that #ISOF (about

A R A e R S M
of any of t ~elupeevfeedizolehaiand thediqeiddionrly kracsedenity of teaffygive oracs@cond
catalyst SYSUEMJS BplAARNSTANRR FRAR MIhe a ity copens o ool S FRAPS, ©F any

of the previous clarns, rrirs al'yst system
conprises Ciesand Mb on a support material. 7. The met hod of
claim6, wherein the support material conprises silica, alumna,
silica-alum na, titaniphe AéthEDiMady oPthe PreCRUDEINATs] WRerih @fe@fective 8.

The method of any of the previous clains, wherein the second catal yst or

second cat aFSpEHOTSSPRMIEANSCOMBFPSILIERY SRt RBU O b du#hont 30 hiae 8918l sel ect ed

fromsili Capre@du%ﬁr&ﬁab&it bS(?ﬁs‘i%&aHBﬂtﬁ% MP&é)@&&tﬁ)ut Féob%_ﬁﬁ@i(%oupfq.ﬁm(a bi nati on
t her eof 9. The nethod of of the previous clains, further

an
conpri si ng RyRMsSTdEeEomAbay AT @bart 28151 & heudiietF @he oDt ipve

hydroi soner i,zah b Qna0Rdidd R85 -about 200 sct/bbl (aldt 34 REn’ /ﬁ?? {3)0&@019[](509(5]%1‘/@?1 cl ai ms
2-9, wherein the downstyeam vol unme conprises at | east about 65% of the

conbi ned voKabet 840 Nm’/m"). 11. The nethod of any of clains 2-10, wherein
the activity of the second catal yst systemis from about 80%to about 85%
of the activity of theThgsdth@bsNaupbiiie proiots dainsf whdign thierssdond aitallyyst .

or second catalyst system is a regenerated catalyst.

6. The method of any of the previous claims, wherein the first catalyst or

first catalyst system comprises Co and Mo on a support material.

7. The method of claim 6, wherein the support material comprises silica,

alumina, silica-alumina, titania, zirconia, or a combination thereof.

8. The method of any of the previous claims, wherein the second catalyst
or second catalyst system comprises Co and Mo on a support material selected from

silica, alumina, silica-alumina, titania, zirconia, or a combination thercof.

9. The method of any of the previous claims, further comprising

hydroisomerizing the distillate product under effective hydroisomerization conditions.

10. The method of any of claims 2-9, wherein the downstream volume

comprises at least about 65% of the combined volume.

11. The method of any of claims 2-10, wherein the activity of the second
catalyst system is from about 80% to about 85% of the activity of the upstream volume

portion of the first catalyst.



-27 - 12. The method of any of the previous clains, wherein one

or nore of the following applies: the distillate feed is a m neral

di stil | atwofResad4343he distillate feed has a boiling poi nPCTAIgIMY5F15SHOM about
250F (about 121C) to about 800F (about 427C), and the distillate feed has a
boi l i ng point ranging from about 450F-gabout 232C) to about 1100F (about

5930). 13. The nmethod of any of clains 2-12, wherein the
upstream vol ume portion of the first catalyst systemconprises at |east one
catal yst present in the downstream vol une portion. 14. The

met hod of any of cl d2nheamatiod effaay ef the previceadrimsnehasein ahgetmerpef thded in t he
upstream VO%&{S@@;"%@&“ #pf gidehG eff‘e 3%& ﬁﬁﬁe?ah}ﬁﬁhu?%é( ?eteﬁr{hé?&é‘iﬂfa'tesf@éd g hi ghest

activi ty cata esent Int ownstream vo
boiling point ranging from about 250°F (about 121°C) to about 800°F (about 427°C),
and the distillate feed has a boiling point ranging from about 450°F (about 232°C) to

about 1100°F (about 593°C).

13. The method of any of claims 2-12, wherein the upstream volume
portion of the first catalyst system comprises at least one catalyst present in the

downstream volume portion.

14. The method of any of claims 2-13, wherein
At least one catalyst included in the upstream volume portion of the first catalyst
system comprises the highest activity catalyst present in the downstream volume

portion.



