MULTI - STAGE CO PROCESSI NG OF Bl OFEEDS FOR MANUFACTURE OF DI ESEL RANGE
HYDROCARBONS FI ELD OF THE | NVENTI ON [ 0001] Thi s i nvention provides a
process fwo 2névaspmnuf act ure of di esel range hydrocar bonectrhmtooanesokpw i n
sul fur and that include up to 20% by wei ght of a bi oconponent feedstock.
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BACKGROUND OF THE | NVENTI ON [ 0002] Environnental interests, governnental

r egul atiqﬂ% g < hﬁ@'ﬁﬁ@&ran I ncreasi ng worl dwi de demand for energy
are resuls# .1.951?3.1.} Jif«l er-eas est in renewabl e energy sources, such as
hydrocarbon fuels derived from biological raw materials. In the manufacture
of di esel[000%] s, ditds ameatioh provides st proasssifoe thomaduadtare affdissslt abl e

di esel fuel via processing of vegetable oils and ani nal ts that .contain
tri gl ycerpage hydrocarhapsdbatre loy ig spbirjagd dhatgpckide ‘%m?%ée(?%i eWeigld nost |y
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fuel s. [ Go6a]dDMeaseony divdonmponamd feadsedek aid stdenstrdnenginezgidhyadrbearbions or
other fatty acid derivatives into liquid fuels in the diesel boiling range

is by a tfcedsteek.erification reaction with an alcohol in the presence of a
catal yst, such as sodi um hydr oxi de. The obtai ned product is a fatty acid

al kyl eStQACI@?ﬂdI%HQ‘ o YHEINVEXNTIONCI d nmethyl ester (FAME). Wiile fatty
acid al kyI—esters have nany desirable qualities, such as high cetane, there
are issues associated with their use directl Es d:hesel fuels. Fatty acid

al kyl estl@0Q2} ypi cEnvijonmeatal daerests, @oVeBUNSHE Fong AndIZCENESye wei ght

per cent a%%dogn f?ltcfeaa'sglhgt wolAWide demand for energy are resulting in increased

interest in renewable energy sources, such as hydrocarbon fuels derived from
biological raw materials. In the manufacture of diesel fuels, one area of
interest has been production of suitable diesel fuel via processing of vegetable
oils and animal fats that contain triglycerides of fatty acids. Triglycerides
contain three linear and mostly saturated hydrocarbon chains (normally 8 to 22-
carbon atoms) that are linked together by an ester backbone. When the ester
backbone is removed, the remaining linear hydrocarbon chains correspond
chemically to hydrocarbons typically present in mineral (i.e., conventional)

diesel fuels.

[0003] One conventional approach for converting vegetable oils or other
fatty acid derivatives into liquid fuels in the diesel boiling range is by a
transesterification reaction with an alcohol in the presence of a catalyst, such as
sodium hydroxide. The obtained product is a fatty acid alkyl ester, and
typically is a fatty acid methyl ester (FAME). While fatty acid alkyl esters
have many desirable qualities, such as high cetane, there are issues associated
with their use directly as diesel fuels. Fatty acid alkyl esters typically have

poor cold flow properties due to a large weight percentage of straight chain



hydr ocarbons. Additionally, fatty acid al kyl esters often have | ow
oxidation stability related to the presence of ester nvieties and

unsat ur atwo 20@vdsessecar bon bonds. [ 0004] Hydr ogenati on of peegst@bloecoar | s or
other fatty acid derivatives by co-processing with mneral diesel

f eedst oc ' e 'ﬁmh [1Sd iH)dIL,I_,g i : ived feeds
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undesi r abjighiRKy eited Yo ivélpRdencey gbenatt moicieshindratanaatedodrisén-oarbopact i ons,
and saturates 't he unsaturated carbon-carbon bonds present in feed

mol ecul eshonidgdr odeoxygenat i on and/ or hydrodecar boxyl ation reactions are in
many ways simlar to other forns of hydrotreating currently used in
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be pract sing existing In ructure. wever, rodeoxygenati on

react i ongap@cBidhg witkalifdaltieseefeatistoeks B dhvtlicrdgpubaah forati on and al so
require relatively |arge anounts of hydrogen. The excess heat generated by

t he hydr asavessjemaf bimlogically iderived fex hyidrecarhen hiqyids iavibe dliesel r equi r ed
hydrogen can | ead tq_undesjrably high reaction te ratures or | ow hydrogen
avai | abi 1hailing pangge T}é‘édn%tbPaéﬁ%@MF HBdesy hﬁ)?’&ﬁ%&gﬁﬁg. These undesirabl e
condi tions I I r j : j ction

pr oduct Sﬂgﬁﬁ@@e&a@%né@oé%éﬁ@& 3 C%ﬁv(\)/a gdgg)%slg Ce%%b?%ﬁ@{rggagﬁ@as cracki ng,

pol ymer i éﬁfshﬁﬂateh%%ﬂriééﬂb%ﬂb&ﬁdlsipﬁéén@ih fud mbRyFRldszat i on decrease the
yield and the beneficial properties of a diesel fraction. Additionally,

unsat ur atléydiodedsygemtibnend/art iydredecisboxylation rgactiondiace i nlanyiways y
derived oils may al sg pronpte the formation of hi,ghqu),l eg&l ar i ght
conpoundsimilar tapther dernaeef hydnotrepting cyrreatly used in refyypgadmainefalere js a
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produci ng a uding & biolodically derived fee ck is to

separ at elekofticrfiis selativé tahpdreieahl fosidattornanalsb eeqisiro cdlatvel ytlarge
bi ol ogically derived feedstock. The processed feedstqocks can then be
bl ended tam@udsof bydragses; (lhe encsse heatiganerajpd by the pydradeoyygeraliohg al | ows

f d diti t ted N t ock indiyjdually, thi
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regul at Ofsﬁebﬁﬂdﬁﬁ@%‘fh?dﬁ)pﬁmiﬁsismge Theseatdesirable coaditionsfcanukadito t hat i s
permtted in diesel fuels. In order to neet worl dw de regul at or;i st andar ds,
pr ocessedneneasetftationnf unwanted sidegeaetien pedusts andeeringeficafglyst- 10 ppm
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cylization and aromatization decrease the yield and the beneficial properties of
a diesel fraction. Additionally, unsaturated feeds and free fatty acids in
triglyceridic biologically derived oils may also promote the formation of high
molecular weight compounds that are not desirable in a diesel fuel. Therefore,
there is a need for an improved process for refinery hydrotreatment of
hydrocarbon streams that include a biologically derived feedstock, such as

vegetable oils and/or animal fats.

[0005] Still another conventional approach to producing a diesel fuel
including a biologically derived feedstock is to separately process both a

mineral hydrocarbon feedstock and the biologically derived feedstock. The



i ncl udes hydrotreatnent of a feedstock containing from1l - 75% of a
vegetable oil, with the bal ance of the feedstock being a m neral

hydr ocar bwo 2b@as2366he m xed feedstock of vegetabl e and mCmasado7oedo4z s
co-processed in at |east one hydrotreatnent stage. Sulfur levels in the

25Ul 11 g, f85Eh (L4RlodsRoRthefbERIERRA bF.AO233%ca LRRDFAIE 4992605

descri be rocess reating vari-ous bi ol ogi cal

origin fowhileseparatt prlessitglallewisgsdurted dommlitivay ©f besdlectedifbseadte t hen
separated and di esel conponent is renoved for mxing with a conventi onal

di esel f uekdstpcoislivdualiy,thisstdategy irequires ygnidicant additipnaldeqiipmedt esel
range hydtr ocarbqons frombio oils apd fats. The feedstoctl§¥fbor processi ng
i ncl udes ROMIILAN @ refineEy, agdedicated prackss Uaimsare eauirsd foribOth agent can be a

agent 1 oaRERRT orh iy soBRPn it SRR Shre Pbas sBindpBinl) Ccat' on

The first bio oil or fat and diluting agent streamenters the reactor above
the first[0086Lti orBeiparhtelyhi¢gnlatocy sequiraiments eantinag toredoge gherlavgl bf o oi |l or
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and cont gi4 g I&sifaagmponent portion of up to 20% by weight into a first
reaction zone. The feedstock is hydrotreated in the first reaction zone
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stream ang], ayikh e BalghéSafhetfeedtasiobeield iriferaPhy @&iodhrtbfeddodaie gas. At
| east a portion of first hydrotreated feedstock is then passed to a second

react i on mixed feeddtock of segitabletdnd maneral gibis coprewssed m atdeastamsgen gas.
The portion of the first h otreated feedstock..in the second.reactjon zone
is hydroth)’éié?"é%tm?@éﬁtagécc%’géﬂ'ﬂ? §FW@‘%WP]&{%FWH{}M&W%'F@?%WWoduce
a diesel ib%ﬂ'&wge product. [0011] I n another enbodinment, a nethod is
provi ded f E 0 'ng a |l ow sul fur diesel product. The nethod begi ns by

introducing a feedstock having a T5 boiling point of about 300F or greater
and cont 0808 a ﬂﬂ&é&ﬁﬁ(z@@desqxdwesimprmésm%rﬂwdmwaﬁmngrgms typeooh fir st

maer 1 <81 irbiglaical cHyEin GoF bik 15 Giesel PURGOS. FrequsoRCH el
hydr ot real g, J eaISHACK AHA UG Bomibohihe §38hBVkd B mikARWARQUL 2500 ppm by

wei ght , ein €as € oxygen IS renov rom the
f eedst ockyonlBRtibhdl HiedeY dislt r eat ed feedstock is separated into a vapor
streamand a liquid stream the vapor portion containing hydrogen gas. At

| east ' f t i d int h l e | oop,
wni e at 100BAE" " I ab 8 desiultes qunacES e m B e et B9 econd
c tr ot . f . fock i
tho secortierBeasbis ol b 8% RS THETeLdst o RN LS HE MO KRS Ve '
hydr ot r eaib 8l &ofadhhd ardilutihgigeauc The diktingtageat esh be adtwitibaali ng a sul fur

content of about 10 ppm by weight or |ess. The second hydrotreated product
i s separ dtysdo¢arbon atreamorThe cofubinedrhio®ikiorefagland diluting agent feedstock

is then passed into a reactor at two different location. The first bio oil or fat

and diluting agent stream enters the reactor above the first reaction bed, while

the second stream, also containing bio oil or fat and diluting agent, enters the

reactor downstream from the first reaction bed.



boi l i ng range product, the vapor product containing hydrogen gas. At |east
a portion of the vapor product is also passed into the hydrogen recycle
| oop. Thewpantwmweseef the vapor stream and the portion ofPCrhis2aaped4pr oduct
in the hydrogen recycle |oop are treated with a CO renoval system This

recycl ed syimaAgty o REBINVERNTION recycl e loop is passed into the first
reaction mwrs—agrygvgvn—rr‘e‘m—gas. BRI EF DESCRI PTI ON OF THE FI GURES

[0012] Fig. 1 schematically shows a reaction systemfor perfqrmng.a process
accor di nd00&0kn erdngai embedimenta mathedis mw%lqslofps]pm@cmggdﬁwdﬁﬁﬁm ly
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di esel f usflup t0120% by weight into a first reaction zone. The feedstock is

hydrotreated in the first reaction zone under first effective hydrotreating

conditions to produce a first hydrotreated feedstock having a sulfur content less

than about 2500 ppm by weight; wherein at least 90 wt% of the oxygen is

removed from the feedstock. The first hydrotreated feedstock is then separated

into a vapor stream and a liquid stream, the vapor portion containing hydrogen

gas. At least a portion of first hydrotreated feedstock is then passed to a second

reaction zone without passing the vapor portion containing hydrogen gas. The

portion of the first hydrotreated feedstock in the second reaction zone is

hydrotreated under second effective hydrotreating conditions to produce a

diesel boiling range product.

[0011] In another embodiment, a method is provided for producing a low
sulfur diesel product. The method begins by introducing a feedstock having a
TS5 boiling point of about 300°F or greater and containing a biocomponent
portion of up to 20% by weight into a first reaction zone. The feedstock in the
first reaction zone is hydrotreated under first effective hydrotreating conditions
to produce a first hydrotreated feedstock having a sulfur content less than about
2500 ppm by weight, wherein at least 90 wt% of the oxygen is removed from
the feedstock. The first hydrotreated feedstock is separated into a vapor stream
and a liquid stream, the vapor portion containing hydrogen gas. At least a
portion of the vapor stream is passed into a hydrogen recycle loop, while at
least a portion of the liquid stream is passed to a second reaction zone. The
liquid portion of the first hydrotreated feedstock in the second reaction zone is
then hydrotreated under second effective hydrotreating conditions to produce a
hydrotreated product having a sulfur content of about 10 ppm by weight or less.

The second hydrotreated product is separated into a vapor product and a diesel



i nclude up to 20% by wei ght of a bi oconponent feedstock and al so have

sul fur levels of 10 ppmor less. In an enbodi nent, the desired goals of the
i nvent i orwaneoszskiceved by co-processing the m neral hydPotashen/oteezist ock
and t he bi oconponent feedstock in a reaction system having nmultiple

reactors ﬁdtﬁh% r&?ﬁé’@%tdgxapXHé 9%&3@{6%{1& éérﬁ&ﬁﬁn% m%&ltbg% @serm qent, both

f eedst ocks ar reatment 1 n reactors, each
havi ng at drﬁaﬁtofqn@vhwtr aat iFeiléo pasked intbthe hydbsEbn oY clerloup daet he
advant age that a br oader range of tenperature and pressure conditions can
be sel ectpmitiboroféhe Mapymistotane andée pertgeofitbe saper pmducsuaga isin a
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first reastPhydrd gn@@ta@gygr c inhibition effect produced dur| ng
hydr ot r eat rrent ol bi oconponent feeds can then be avoided in the second

react or ﬁgﬁg@aﬁﬁiJiﬁiéﬁE@ﬁgﬁﬁé&ﬁﬂé@iﬂiﬁﬁgktO 10 wom or less. [0016]In the
di scussi refers to a hydrocarbon

feedst ock derived froma biological raw material conponent, such as

veget abl 0012] or @ignhkclighatiddlly stroed abdaetionlsyswend farperforiiagsa t hat can be
used in the present invention include any of those which conprise primarily

tri gl ycerpraesssacdofding té anembodinent 6Fil)c invertion.i gl yceri des and FFAs
contain aliphatic hydrocarbon chains in their struct ure having 8 -

car bons | es Fed fgﬁ%ff i m ted to
canol a orlﬁﬁfggr n oqu% i)soy ol c%li;t orég@ﬁgﬁ% HF?O i gggg] A m ner al
hydr ocar océssedsbalin %[@ﬁﬁl’eﬂ’lﬁ(ﬂllﬁlehydfﬂmﬁhbeﬁtl(ﬁlﬁEdSt ock derived from crude
oil that has optr onal Iy been subjected to one or nore separation and/ or

h
ot her refyj esse fera t he i ner al rocarbon_f. tock is
o et r of A FEGS EIEREEG: 1 A eRy Al erghnk roeRE ruy B RRRRIRE T,
feedstoclblt,yd}hgg,lléﬁf ABASmbh Al feb8gobtRN0e from about 300F (149C) to about
840F (4490 eferably from about 350F (177C) to about 750F (399C).
AIternatlver, the f eedstock can be characterized in terns of the boiling
poi nts atDhk ILDESCRIFHIQIN OE Td] 'Eéwrll boi| at. For
exanpl e, the T5 boiling point refers to the terrperature at which 5 percent
of the fqe@sspck VWHi$ i@ntionWrbVRlek Ppeodddbedfrlproduding diesed figdls thae t he

tenperature at which 95 percént of the feedstock will boil. In an
enmbodi rrennqludhelpftee?@% bykweight af Ibiecimpenensdeedstadk and alsadravatsulfur 300F. 1 n

anot her q 8 t he feegstock has a T9 bor li r}t of about 775F or
| ess, 2?\@ Eﬁ PPIEOR Jesse dn anjembodimens, Tﬁgg?g s qfithe inysadione k
cont ai ns aps ﬁ@ﬁl@(ledg fﬁ% S?IQ%W%E:[H \AI&?%M Efdro%rb%t%&&&gél?gﬁﬂ?ﬁ@m 0.1 wt%

sul fur, or greater rea an about 0.5

Wt % sul f Wiocdthp &Etﬁﬁtféédsftditﬂ@nﬁb%ﬂcuen\@?%eﬁﬂhﬁﬂhg rﬁﬁltﬁﬂ@?éd%'toﬂshﬁét about 2 wt %
suI fur prior to processing according fo the invention. Exanples of suitable

f eedst ockinsclude lalgaretreatimendistagel |Iatsash ahyednbadinwngdoth fegdstatkstare | at es,

light gas ojls,. heav as oils, light catalytic cycle oils, |ight cycle
oi I's, andubisstrshiogaedrgiTeatmenian SWOgTIBOIPEPrS20h haymgnaideast one
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range of temperature and pressure conditions can be selected for each

hydrotreatment stage because each stage is in a separate reactor. This can
assist with maintaining a desired temperature during deoxygenation of the
biocomponent feedstock, which is typically an exothermic process. Use of
~multiple reactors also allows for substantially complete deoxygenation of the
biocomponent portion of the feedstock in the first reactor. The catalytic

inhibition effect produced during hydrotreatment of biocomponent feeds can



distillate or other m neral hydrocarbon feedstock is one option for the
manuf acture of renewabl e di esel using existing refinery equipnments.

However, wocoomsessent feedstocks al so pose difficultiesprduasca7oadoat yst

poi soni ng. Bi oconponent feedstocks, such as vegetable oils and aninmal fats,
typicall (el drd ' | b i) f

bi ocorrpoﬁgﬁlg%gggisdt%gé&sth? %%((gﬁ{:do%\égtr?? %}Jg?&l&?’g@ﬁxﬁ%&lﬁﬁ?ﬁﬂ?%@ 1(:Oat alytic
hydr odesukpprhictdesson activity of conventional hydrotreating catalysts, such
as catal ysts having CoMo or N Mo supported on alum na. Wthout being bound
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active si reati ng catal ysts. I's conpetitive adsorption

reduces tdievegetableoit ior aniraubfdtallihe vegetabyeloilsland hhimalzfats that cdéisbe resul t,
co- processing of bioconponent feedstocks slows the kinetics of
hydr odesuistdni the present inventien incdudeany ok thaseiwhich somnrisepryaagbt ed for,

oehirccinehendet R 4R B A TR SN IS RRERSIRRRTE) ¢
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hydr odeoxysgities 0f bifcompusieiip eeaistodkedasiude bat are it liraited té capslacike
increased levels of COrelative to hydroprocessing of a m neral hydrocarbon

f eedst oclcoriTlod, 5ol psadtdredik landgfal@®ipr oduced during hydr odeoxygenati on

are also believed to inhibit catalytic activity of hydrodesul furization

cat al yst 19] T, g i ' IsHekmet hod

o ovi dos 1POL P 4 ot Staf BYBrocafdiy Rkkick s 1o Ehydf b Bidsic

hydr ot r eaieiRRl fiGiarade oil MRatthascspiivnatiptberarsubjuctaf tot dree dremdse ock i s

substantial |y deoxygenated. This corresponds to renoving at |east 90% or

at | east sepatation aml/dreather Bgiing progessesatrebgablyt theyminstphen present in the

bi oconponent feedstock, Alternatively ubst antially. de nating the

f eedst ochysaacarben desdsinsk: is a RATRIeHY fef t89('§§8ﬂﬁ’tgel t@@éﬁg&ﬁ?‘ﬁ? Iﬁ%ngegt al

f eedst ock_t 1 0, - O o10r | ess, or
rgofle Sk ategd o3k nifipdiy Rats ¥opling e fRim yod 00T

0. 005 wt % or T éss. rotreat nent reactor

I's al so ygadedpd svut 8400R 4594\ préferibly fionh abdst IS0CF (1r778C) esrabdutnent
the sul fur Ievel of the treated feedstock after hydrotreatnment in the first

react or iZS02BER9MPM Altetmsivelyythe feaistagkneanrbd ehmaracterized gotespyrofor | ess,
1000 | ess. [0020] Two, t of feed b) h. t

hvent i orbapellingaeials dghich iy drartioms of e EedRloctionit bof af oF Py 11

t f |1, | i~Cenl dq-val i | i 1% to 50%

of total OB dhe 13 bAIBEAYTE 8 53¢ [ indtanite & Gl 3 bR L0

Pref er ablife fhdistdtk WIPBEILWALIE tHE TO5I BEng b refdie td rROeAferatuge seact i on
zones are operated in a co-current manner. Milti-Stage Co-processing of

Bi oconponehichPdeptrtenthef the @@ddstock wéll boill dniangerebodidientthe, feedsioeler al

hydr ocar bon f eedst ock and a bj conponent edstock are cq:processed in a
mul ti - st w6 ababeilg roist efat b@é&@%@?r’fhinﬁnﬂ 5FH}W§F§E% % feedst ock

is a diesel ;hoi,lin e .f.eedst ac i 9 to 775F.

The hi ocofwgrﬁ 8?‘& hﬁg?f_@ggpod;m Wg}ﬁe(gfoasb[\gg&27%1?1-35&%1}%{&%%?8’1‘?%Sn(;%g out 0.1 to
about 50%&y Wb%&u@%mb%irﬁ@ﬂ@,‘ 1HR¥EEROSK e6itairk dreaRPEhdH Sbott 300 about 20%
by wei ght, or up to about 15% by wei ght, or up to about 10% by wei ght bei ng

pr ef er r edwppiarsutfunyengreatee thamabowr®lwtdt selfon dirrgeeater thian| abioat 8ekxcr i bed
based on a reaction systemcontaining two hydrotreatnent [eac but

or
those of Wibsplfup arrgreater than abqus 4y W7 s1EHs OF BEEAlER IR PPB&]&Y@P eactors
coul d be added to the . reacti syst e [ j . K is
o e saTRRCof Grebfe? ARGHAA™ AP SlTFurl PR BR6AHY ARdrimg 15 e
invention. Examples of suitable feedstocks include virgin distillates,
hydrotreated virgin distillates, light gas oils, heavy gas oils, light catalytic cycle

oils, light cycle oils, and vacuum gas oils.



reactor that includes one or nore catal yst beds that contain a

hydr ot reat ment catal yst. The conbi ned feedstock is exposed to each catal yst
bed whi | ewbebmgselsposed t o hydrodesul furizati on and hydirouaszggen@it on
conditions. Such conditions will also result in olefin saturation of any

ol efins ppgsgt 'T&-g?o&b%’lﬁgWS%mﬁSﬁHﬁtf@%ﬂoél@“ﬁm £ chhvenidaypr ot r eat nent
reactor, 1ow pressure condi Tions are used that allow for deoxygenation of

t he bi ocaifpitastor pRidrimihersifhytdrocirbed feedstoclais omel dption fdrithevi ng for renoval
of a portion of the sulfur and nitrogen_ in the feedstock. The use of a

| owner pr enauufacture oficcriawahle digsel usinglexisting isfinerpeguipmensht Howeyer.t he

of ¢ he. ddURGRBRIRET fer ek IS ppopdRiphbiesafig Satifstnbisaingy T © "
hydr ot L onal i t, such
22 5 c ot A PEPSREL ReGBRIRulh S8 WERBIbRO fils MFBBATLT BIGEIY V21 11 “on'a
Support. dicdiafgetripty Grideks nat ey GeliR| tA dditiokef bioeonpoemtfeedstogas en, or

conbi nations thereof. Suitable supports include silica, silica-alumna,
al um na, iatucanveational distiHates iehibéta catadytic bydiodiesulfurizatidneadtivitgy of

cont ont ??o”n?ﬁétfié&%ﬁéz%&@é%?m%%a&gl&géséisﬁcﬂias?ééta&?i g G oF 'éﬁs?gﬁﬁf “”h
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hydr ot r egjdiRREd 'ﬂ%ﬁ%%rflaefo%s s6hRHuRd 1S theR@iAI9tiBBhibRARSR UBlRst, the large

hydr odeoxygenati on while reducing the sul fuf of the feedstock to a val ue

bet ween ahigiyicetideqndfatty acitl pléculepim Hocdimponericicedstocksiayi ons can

i nclude an LHSV of 0.25 to 1.5, a hydrogen p?rtial pressure from about 100
12

to about ®@rEpaiitivgly adsarbon apblogkdctve sHenpt Bydrotreating satalystys 184S | east
80% hyd i nder.. i nerg . and at fof bout 500 -
750F pr ety AETan RS e eb REREURE £8F Psv' of 1 rom about. 0.9
to about el'??/d}odé’su@ﬁ‘ijirzgﬂsﬂ. Rar4 f%hlt?f:g—%gb'{,&igf 3 FiBestnpdRehit Reaftdbks 270 psi g,

a hydrog treat gas rate of abou scf/b of at |east 80%
hydr ogen sl¢wseheKRimetics of hy grelesulfmdizatidre nifehstahasgefin kimeticalionot 600 - 650F.
[0025] I n yet another enbodi ment, the bioconponent portion of the feedstock
can be prasmpensetedtfor.remprasessipg of miasral hygrogasber deesistacki with@a  Thi s

t t t i 1 X the bi t i th
Feedst ocPIFRPORETTErARaE bep fostly innangreast SL MR st BT 8o of ng
the bi ocqpenanl i'%QH%tleE' 4sh @0 FS ARG Eoric@nfr8ABY SestiiRg Fromk | | tering

t he bi oconponent portion to r ve sedl nent, or other processes.

Al t er nat itvgltmeneof opllyl the ahingkil dydrocrbua lfeqisedoke s8etont, can take place in
the first reactor after m xing of the bioconponent and m neral hydrocarbon

feeds, byhysxpdsinygenaidor ofrbiavempansat fesnsistacks as belistes toipradhen cat al yst
o odaonptensed Gyel o CB TelatR oy dbprolethifg 875 SHidetd Hydibeito8R ™ ©"

feedstock. The increased levels of CO produced during hydrodeoxygenation

are also believed to inhibit catalytic activity of hydrodesulfurization catalysts.

[0019] To overcome the above difficulties, the inventive method provides
for multi-stage co-processing of feedstock. In a first hydrotreatment reactor,
the biocomponent portion of the feedstock is substantially deoxygenated. This
corresponds to removing at least 90%, or at least 95%, or at least 98%, or at
least 99% of the oxygen present in the biocomponent feedstock. Alternatively,
substantially deoxygenating the feedstock can correspond to reducing the
oxygenate level of the total feedstock to 0.1 wt% or less, or 0.05 wt% or less,
or 0.01 wt% or less, or 0.005 wt% or less. The hydrotreatment in the first



[0026] Optionally, the first hydrotreatnent reactor can also include a
quench mechanism where a fluid is introduced into the reaction zone to
control rwecbins2icenper ature. Thi s quench mechani sm assiPETAIS20V7/R60AL ai nNi NQ
a desired tenperature in spite of the heat rel ease due to the exothermc

nat ure Opr{lfg%ﬁ@m i RIS uddiProYeArVERMESulRSY frbANthRIfebdgodieedst ock.

The quenc can be a make-up hydrogen gas stream an inert gas stream
such as MintdamogBodimndritathedusfur ¢evel sifche asaredl feedstdclpafiethydotreatmertf
recycled product fromthe second hydrotreatnent reactor, an additional flow
of a m ndnahe figstdsaciok is 290 wppmbphkask.oer 2000 wppar ondsss @t YXA0eWBBBV e t ypes
of quench f]l uids. 8027 After hydrotreatnent, the output stream (treated
combi ned qreIQ%%PBC!Q& YRR ECSS: r st reactor can optionally pass through a
separator for renoval of gas phase products fromthe |iquid phase product

produced [i0020e fi Tsvo typds of fewad coered bathocurrentcinvantiv? Sre fiher@?, or NH3.
I n such an enbodi nent, the hydroq%er] flow that passed through the first
react or idistillates sng biarfesdsi(feadstafdipiagigin). pinatsams o @yerall ligeids) Af t er

e ppi ng AWBeiie HOBGIRSNRSis SaLE BietS JDReRT KABL R vARmE cacond
hydr ot ' eq RRALIN IR T80 20ADABER TGV SRONE CPITRIAbIY, 3AhOEmLBAIMIERS one of
ysS S ro I

nmore cat contarning a hy reating catal’yst. e conbi ned

f eedst ockjezefibed belowl@he Yehcpbrsemd recticr abnisstart dpetited it aed-durekmet r eat ment
react or under hydrodesul furization conditions. In some enbodi nents, higher

pressur egnanmerused in the second hydrotreatnent reactor to renove the
sul fur that was not susceptible to renoval in the first reactor. The out put

stream { nod 3% ReeRLIIf 6 PRICEIMpdRAF Fobgdiagls di esel fuel with an
p

I mpr oved m by wei ght or | ess.
WO 2009/ 082366PCT/ US2007/ 026042 [ 0029] The cat ag%st In the second
hydr ot r ed082h} r ealbnt the follewiag &nh&dawats, a smnsE diydrocarben feedstasknet al

o001 2 ol Pl PRV PO BB B o ARG AT 1
include $plibaplyStild MindthtAY ddcaflo Felasto80 S 4 ledBl Boiling range

feedstock, with a T5 — T95 range of 300 to 775°F. The biocomponent portion

of the feedstock can.account for from about 0.1 to about 50% by weight of the

combined feedstock, with amounts up to about 20% by weight, or up to about

15% by weight, or up to about 10% by weight being preferred. For

convenience, this group of embodiments will be described based on a reaction

system containing two hydrotreatment reactors, but those of skill in the art will

readily understand how additional reactors could be added to the reaction

system.

[0022] The combined feedstock is introduced into a first hydrotreatment
reactor that includes one or more catalyst beds that contain a hydrotreatment
catalyst. The combined feedstock is exposed to each catalyst bed while being
exposed to hydrodesulfurization and hydrodeoxygenation conditions. Such
conditions will also result in olefin saturation of any olefins present in the
biocomponent feedstock. In this first hydrotreatment reactor, low pressure

conditions are used that allow for deoxygenation of the biocomponent portion



[ 0030] The reaction conditions in the second hydrotreatnent reactor can be
conditions suitable for reducing the sulfur content of the feedstreamto
about 10 wprmdyosassight or | ess as the feedstreamis expesewst@7ob@4zat al yst
beds in the reaction zone. The reaction conditions can include an LHSV of

0.5 10, L ¢hin@ ouiagens At habl SRBRSSeiona 8PP briiPol el sHI00 Psi o

and a tenperature rom about Pre e reaction

condi ti ongitrogen g theafeeltovk O Theruma afolow e pedsarahiviie first reagtdryadlovgen
partial pressure fromabout 775 to about 925 psig, a hydrogen treat gas
rate of dboimposEd contsd of ¢he reastioatconditiansgBdriely aidsdne wopnterimgriber i nert

gas), and. enperature of fr out 625 - 675F. [0031] The output fromthe
second h gbﬁyr t lcrr@g‘é‘ied?ﬁg]ﬁﬁl%%y%@cal%&&ﬂ:?‘ip%ssed to anot her
separation zone for separation of a vapor phase streamand a |iquid phase

product q0023Jn AfTiey catalybt tn thefarsthydrotrebtinenti rgactdr paabe apr oduct stream
can optionally be passed to a hydroi sonerization stage. The
hydr oi sorenveational hydsgteeasing eatalysb$uch ap araatalysti qamprssdiafa Gooup f | ow

ti ft | j ' h t st . th Dt | |
o oper S e 8 B bR SRR SR RSB 1
fatt ' t f ' t ' t.
L) R ks e o NS, RSO BN stfiocoonen

st ream f rsappbhts ind G silicagsilioa-alemend) ahatira apd eitariianor e reaction zones,
optionally present in a separate reactor, that are operated at

hydr oi so Lzation.conditions in the presence ,of hydrojsonerization
cat al yst rm@gha abl AEiIAR, %P@%@Pﬁdﬁﬁl%ﬁéﬁtg’é’ flgot{q%ma Ieds i ¥hal
hydr oi so ' Wela i . ' I S
I mpr egnatrEg)g‘ hﬁmﬁ%%glﬁgtﬁ&%?%ﬁl.ﬁg% glgl(ggl/e %&‘)@6@& ? @é%? %‘zg@s‘g %%%33] In an
enbodi m'ﬁeoﬂ@%&@tiﬂ%&blfﬁeﬂﬁm@h@&ﬁd patReatirig blefihy ds the fevdsiréan,ist he hydrogen
treat gas used in the hydroi sonerization reaction zones may be cascaded
back to texposéd t thieyatalystdadsantthe eeasten .In a preferred embodiment, the
reaction conditions of the first hydrotreatment reactor are selected to perform a
thorough hydrodeoxygenation while reducing the sulfur of the feedstock to a
value between about 1000 wppm and 1500 wppm S. The reaction conditions
can include an LHSV of 0.25 to 1.5, a hydrogen partial pressure from about
100 to about 325 psig, a treat gas rate of about 500 — 1200 scf/b of at least 80%
hydrogen (remainder inert gas), and a temperature of from about 500 - 750°F.
Preferably, the reaction conditions include an LHSV of from about 0.9 to about
1.1, a hydrogen partial pressure from about 230 to about 270 psig, a hydrogen
treat gas rate of about 600 — 1000 scf/b of at least 80% hydrogen (remainder

inert gas), and a temperature of from about 600 - 650°F.

[0025] In yet another embodiment, the biocomponent portion of the
feedstock can be pretreated to remove impurities prior to hydrotreatment. This
pretreatment can occur prior to mixing the biocomponent portion of the
feedstock with the mineral portion. The pretreatment can include passing the
biocomponent portion through an adsorbent to remove metals, filtering the
biocomponent portion to remove sediment, or other processes. Alternatively,

an optional metals removal pretreatment can take place in the first reactor after



[ 0034] Due to the presence of a bioconponent portion of the feedstock, an

i ncreased anount of hydrogen may be needed in the first reactor relative to
t he amounwoahodngeteegen needed for processing only a m necalust@edsdoork.
Thus, enbodi nents where hydrogen can be recycled will be preferred.

However , [ oy evio} oY) ' i eved to
lead to il{fl]gér?% ?291 car bgﬁﬁﬁ@ﬁ%ﬁ;ﬁﬁ eﬁf(u%a,?ﬁgg%gﬁf%r} %’??g’?’?%g’z%ﬁ%%g{éw er
(H20) pr ashasBined febdstduk toydldadentigriont davalystiihdes dentoralizationi bi t or for
hydrotreat ment catal ysts. [0035] One side effect of the increased CO CQ2,
and H20 moadittrsqriorsodrydrode ization aadéurhysispdeoxyigeration. r eact or
conponents. Due to this increased production, the environnent in the first

react or g e . i i r i 9N preventi on
‘é[p%djcl ggﬁoxlﬁl&ﬁrlf O first M3 ArGtré At Richfledc Rt daA alsCRICIAE &N P

steps in ng of "exposed”surfaces, adding a corrosion inhibitor,
or changiqu@nthén¢vhaaisng|whereedflhil isdnpodectdsintd drereaciO26h¢ to eoptrelf er r ed
enbodi ment, the additional CO production due to co-processing, of

bi oconporreattiomtemperaturet Thisaquenchi mechanism assistsyinmpgintainiigradesieedhy dr ogen
recycl e | oops for Ihe.f;a§b %gac%ir a thg second reactor. #n such an
enbodi merEMPRIAIHESIBFPis S the heptrefease duedg the PXOUegRIGNINES e ed to the

first re A (é(;e({wgkﬁatw&ﬁ{% Q%c&&?&b@(&é(%ﬁ%}ﬂﬁ%tp%&ﬁﬂdfg eppaddi ti onal

effort. nal T owm Ng exces I rst ot r eat nent

reactor tqueRERHRA@LSn bBovekeup Hytrosanghd SfediN SdreNertigabasicant swckhydr ogen
recycle loop can be used for the first reactor. This I1mts the CO buil dup

to the fiasstitrogentaokiquidisitreanhsuchaas @liguid/produnbstesam @€ sedyicled pradush t ar get
(1000- 2000 V\ﬁpm S).. The second reactor, v&y'éch recei v&:s a. dealxygenat ed
f eedst oc KTHRADS gecAd etreptmaeny rgactpp, angdditional flow of amingzal v cquce t he

Zgi)gy Bsg?é%@%ﬁﬁ%ﬁﬁﬁ%ﬁ@%ﬁ?%f@%‘ﬁ a\sé%l £ (%P %Su?ti%lbﬁnghf%l%id%ar ryi ng

out the above processes is shown schematically in Figure 1. In Figure 1, a
conbi ned [B02% al H\flerdualrotreatamentpthscurpeindraan fseriedermbdged s i nt r oduced

al'so ?QI tereobiOrhem iy ot easicrean opbenely PRSTToNER B SRBRARY Pbedot ock | &
The.pr esdamaVef SF EERIALS OB MRUR T HELI R MR T ed BABEDT 110 11

cat al yst .firkf By @ofiehdmentitetctopBuehastHyS, COf QO,conNent Iafsuthant r eat ed
feedstock to Trom about 1000 ppmto 1500 ppm by wei ght. The treated

f eedst oclenibadimentyttbe hyd ow thatpassed throygh the fis rpadauisialser e

separated from]iquid phas roducts. Optionally, a portion of the gas
phase pr shRtedEgRY étﬂ%apg’éﬁ-’ap%ﬁ‘ﬁw-lzz may be cascaded back to the first

reactor as a recycl ed hydrogen treat gas stream (not shown). [0038] After
passi ng t[po28ph fiAfter pusking Haouphhe fiegtdydiottddinmnd reactor, and any

optional stripping vessel, the combined feedstock is then passed into a second
hydrotreatment reactor. The second hydrotreatment reactor includes one or
more catalyst beds containing a hydrotreating catalyst. The combined
feedstock contacts the hydrotreating catalyst in the second hydrotreatment
reactor under hydrodesulfurization conditions. In some embodiments, higher
pressures are used in the second hydrotreatment reactor to remove the sulfur
that was not susceptible to removal in the first reactor. The output stream
from the second hydrotreatment reactor is a diesel fuel with an improved cetane

number and a sulfur content of 10 ppm by weight or less.
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optionally separator 122, the treated feedstock enters second

hydr ot reat nent reactor 140, along with a second hydrogen treat gas stream
125. Due wo 200v08¢X66| evel s present in the first hydrotreaCwastoreamunr, it
is desirable to mnimze the flow of potentially COrich H2 gas fromthe
first st t he : qg;ap ' to

hydr ot rejtglﬁ%gpcondrtﬁ?g%{s%ijxsiiﬁl?ﬂge %érgg)?gn e %@@%@%ﬁ?@#@%d@g@g% éds t hat
contai n hyhigdsedasfiaGra WiB shetal Bhd/of G VIIE nsathl, wbtionallgoh of the |
treated conbi ned feedstocks to about 10 ppm by weight or |ess. Optionally,
t he tr eatsuppbeeBuitable nwtals muwsmmhﬂba&bdanEme@Stﬁn, D42 for separating

gas and liqui.d prodycts..In.such an enbodj nent.. hydrogen gas f.rom separator
13 can tompalians theref, uitabie siRarts 1G5 de il S g ISR ARy AR e
second hya%rqgtraﬁ%t ment reactor. [0039]In another enbodi nent, a comon

hydr ogen rgcyc €'l oop can be used for both hydrotreatnment reactors. An
exanpl e of this type of enbodinent is shown in Figure 2. In such an

enmbodi mrer0030he hylkheogaction conditions dm theaseciond Ihydeotseataest repetors¢dnf t r eact or

"0t he s AP Siisble oRTEAUGInEI e PR EHBCCR! e BRSO 1 BhRNC o
I ' ' snth
adbcl g 19 PR vSlet OSSR PR RRal SERPbsdd1d 0 calIBIOARR ] Citced by

hydr odeox}g egrsitionrzode. TR RaeGoRENEItons 8a $¢lade bn IHSVIof G5 to 1.5, .
hydrotreatment reactor. An am ne scrubber is an exanple of a CO2 scrubber.

Q her typelsydrbg@Dpartial poéssuse frayn seowt X0 toi abouk { 560 psig, iand af or CO r enoval
that the water gas shift reactaor is not ngegessa 00Q40] A reaction system

ry.
sui t abl e te@peratprg piniom abauh @ 5ok Fr Justesably; g%lesll’?gﬁﬂo‘% SARALIONE | |y i n

Figure 2.. In Fi gyr i ' hyd ' onent

f eadst ocineipee TS Lol R MG 0T 1 ol (i s R IRE R a RSB 0"
hydrogen #68afhod975 b 8BNS pSigah B9didBenQedHE 2ds rate D fAbBLEYF@at ment
reactor 210. The conbi ned feedst%&k is exposed to hydrotreating conditions

in first 1Q50rsefibeaf atdedst 96%6 hpdropbh (remaindepiresegasy, aid atemperaturceofcat al yst
beds that_ contain hydrotreating catalyst. Preferably, this reduces the
sul fur cdremaiboyt 62%66{7}5%5{ ed feedstock to from about 1000 ppmto 1500 ppm
by weight. The treated feedstock flows into a separator 222, where gas

phase prq@ysip ar ermenapat feni fHeBebAd hddRiinsemBhOfbAcidt-cafilie onal Iy, a
portion of the gas phase products separated by separator 222 nay be

cascaded dpdiohatly paksed toratothersseparation zonedoy s¢patatigniobgempor phasegas st ream

(not shown), or to_ the second reactor as recycl ed hydrogen treat gas
stream Piieam and a higsid phasg RTQQEFWFG%e%§EF%6 Sﬁ?@yraﬁ‘ﬁénﬁ'{erlé%ﬂlggas is

pr ef er abl asse h r I . -g 1 ubber,
and/ or ot Ee p F%cg‘{c&réﬁg g@%ﬁgéﬁgiﬂ%@@ (;%Ser@r%;s)%/&et({egggég&%%@gggg%}?a%géi‘ romthe
treat gaspphd RAUHrblM&izaRRRSIALE ¢4H BaidSed {0 firthey dnpiéwAthersdldfRaet or 220 and
optional ly separator 222, the treated feedstock enters second

hydr ot r egtroperties @dtheliqauiphakherodudtistredn. elrdatathér optianad esdrbdiment,
hydrotreating conditions in the presence qf one or, nore cat, Iyshbjk)eds t hat

cont ai n Hhehydraseaated;feedicanyha blemded Wity ieed ¢ondaiaing fattycamid agthyl ¢ he
treated copbi ned. feedst ocks .10 _abou - bpm b ight or less. [0042] The
pr oduct qug%%?’t R&“E‘BEBH‘&“?‘ES&‘E‘%P“}?&‘HE ﬁﬁgé(fcgglpa&\?\ﬁ?i ety of additional process
steps. Optionally, the product fromthe second reactor can be separated
into a gg8032hse [ndbeoptiemal lydroisoimkrizatier stagsdthst ligsidmhase product

stream from the second reactor is exposed to one or more reaction zones,

optionally present in a separate reactor, that are operated at hydroisomerization

conditions in the presence of hydroisomerization catalyst. Suitable

hydroisomerization catalysts include conventional hydroisomerization

catalysts, such as zeolite or amorphous catalysts impregnated with a noble

metal.
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separator. The gas phase product fromthe separator can be recycled for
further use in the second hydrotreating reactor. After separation, the

| i qui d prwouroeey/dsessm t he second hydrotreati ng reactor camChaSecgpoz@d2to a
hydr oi someri zati on catal yst under hydroi sonerization conditions.

Optionally, before such a hydroi sonerization step, the liquid stream can be
passed t H0083h a [Ihcmi embodiatent whexe ¢ipe liguickphese lpyodugiasi ng the liquid to
filtratiaogn, a caustic solution wash, or a treatpent with chem cal agents to
renove sundipisamerizedcthedyidragemigetsgasysed inhe HRARPisOMEriZaton d st ream can

be passed _through a sul fur adsorpti ing the liquid
stream tcfeﬁ’g}f%ﬂ gc?rbes,\r,p?y Eﬁ6ag%a'ﬂ%gﬁ)&cﬁgp%%%@55}31&?1?%@3%&?@{1 g?ga;%%éalgl es. Exanple
1 - Single reactor proc&;si ng [Ooﬁl;he fol |l ow ng exar;pLefdecan(g)sk;r ates the
di ffi cul tfp034] co- Puotcetheiprgsaceafla biocomponentt pdrtied.ofithe f¢ddstackaapl e, a
feedstock is hydrotreated with a cogmarci aydj y a\r%ai | abl e CoMb cat allp%st under
hydr ot r edneEeAsEd@MAPRt ohRy drogen maysbe Recdedyi the fustrcagtor selafive 4, the,

content of the resultin t edstock. 1nitiall 1 n distillate
F ecdst oc AU SABALE pricSh iy bibicf foeg et b8, G '
total pr %?ﬁbﬁ(ﬁﬂ%t@%ﬁe%ﬁdrog_eﬁ 'bﬁﬁ%e%%dl@& ilfbelpreferfed./ HBWeotr, GRE0 H2, and
an LHSV of 0.3. As shown 1n Figure 3, the Days on G| correspondl ng to

t r eat nenthigh okigenrcomteat of biedodgpument fewidstackds beheverbtodiead oo snareased
sufficient to reduce the sulfur content to 10 wppm or less. At day 57, 10%

by wei ghtcashorpaionogide (), sarran dioxide(GPnkand waks (EbQdprodudian eat gas
t I [ d to,.148 f/bbl t he. . d
cont ent SRR BIPAFOTYETBHARr GPeLe RBBA PORLT PR BSARER ont i 1 ¢ ho
treated fc%géjgggck junped to a value of about 100 wpopm Wen the feed into
S

t he reactor " changed back to only the mineral distillate feed, the
sul fur content of the resulting treated feedstock fell below 10 wppm

Wt hout HEP3Y bouRnasidasiteshet theuinsreased 6, COp, and HeDinsoductiomis ¢ he

f. in the_pal il I i i nhibi t.i f, cat al yst
eCT ity Shringtses i Heccarforiat bR At aetdr ot enfy Dy B3 p&dadia ci *'°
Exanpl e j;mdaéti&d, R 89irénBhORARE St AL WIN B/ RIrOBBrrbSiwedhad heul ties in

co- processi ng of "bi oconponent feedstock, a two stage reactor can be used.
The conditypieabrdaotdrh€drrosion praagatioarstdps inelugdetadaldding o rapesailibst anti al |y
all of the oxygen fromthe bioconponent feed, while reducing the sulfur in
the feedsutieres, @ddingamagmasion inhibitor, ¢ ¢hanging Hegnateriads usadifor i n t he

resul ti n% Br o%gct for the indicated reactor conditions and types of

f eedst oc FXPRISEILLEES: The initial processing conditions included a
tenperature of 621F (327C), a pressure of 400 psig, a hydrogen flow rate of
1100 scf/[p0B6Jof 8lfahitefearal eambpdimsentetheciddjtiarial CO produdtion duelicat ed ti nes
during processing, the conditions were nodified tq either ingcrease or

decr ease corRroggssing ehbiacempaneat (1 theifisb reactonysaddessed byhayiig or 750

f/bbl), | h Fl 332 6
hange | nePACRTTgRR bR IRt B blsrs rastorimd e ePbhdacader. ' o, 50
change t B Phdtd 11 , 45T
Featist oc A b B I BBt ot a ned

little orfirspreavtorurWhie GOdedn be reddilyhentovedo Qb rezntires edditianal leéfori. ner al
distillate feed led to a reduction in sulfur content. [0045]1n addition to

sul fur r dashen thas ablewang exresy GO\ fromythe Airskly drefrsgtapent reactor to

propagate throughout the reaction system, a dedicated hydrogen recycle loop
can be used for the first reactor. This limits the CO buildup to the first reactor,
which has a relatively modest desulfurization target (1000 — 2000 wppm S).
The second reactor, which receives a deoxygenated feedstock and should have
little or no CO formation, can then reduce the sulfur level in the feed to 10

wppm or less.
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fromthe mneral and bi oconponent m xed feedstock for the products shown in
Figure 4. Al of the conditions selected resulted in renoval of at |east
95% of t hwoaryysmepr esent in the feedstock. This is bel peram$2a00/0b@42
sufficient to prevent the catalytic inhibition associated with processing

of bi ocorgpent { sedel ooy st SuitdbI3F6PESrMY Uk (RERBBIK prcResidis woul d be

able to reno the remaining sulfur to pro a dies wth 10 wppm

of sul f urshown Siﬂl%me{tﬁﬁlﬁl?]ilh Figudeodi ePigarsvided eombénedhminérabhy diocarbymonent i s
20% or less of the total feed, the resulting product will have simlar
char act erdngtbiesomponemprfsadstociod 88 ie drddused dntoya firsidwdrotreatmentor exanpl e,

f cedst 503_28%}3@?&1 AT ot afeed 285 piearmd ok gl PHPIBFL R8I ng & heavy
2t ros pher g Salient BAF5] 16. 08B Bitbindd freRsands Beadiatiol o he result of

hydr opr ocessing a feedstoc cont al ni ng the sane m neral

f eedst ockhydesgledtiite Sondieoadin fifst hydfoteedtmenhagetdr H@Jﬁltthe?éﬁnge o€r at ed
using reaction conditions simlar to the conditions used for the processes

ihn Fi g:Jr mm.orgnommlt : y'sttqba@bﬂhat tQQr;;fain hydrotre itat_ing oatfab?% Byeﬁmhtj}’i,tthdﬁ;_ pal Im oi |

as on a node | qpact on characterjistics o er in i ese

pr oduct y r‘?ﬂ‘éceéc}EP tspﬁ]gr gentsht ?rP&!el tf?%ﬁeﬁr’&dﬁt%hépéﬁqénégﬁ%?é% Bpg}ggog htly

i ncrease f the r L1 i dition of

the pa moch HntY whiehe dh¥ ieRe eIk TRt o, bistolbiad i aE,

resul ti ”%a_g iha§e pRIRdtCAre separaedl fondlifuidf pHdie ppaduets) bptﬁ)nﬁﬂlf),_ez@t ed to be

converted into paraffinic nolecules. However, the overall beI | %gd/pm nt

profil e gfortibe of tleeigas phaseqrbgucts isgpdratedchyasepadatond 22 miamabe checadods by

wei ght palmoil characteristics represent ranges of product characteristics
led b

gener at edask 1o the BEstirearter asayesysic oggn treghgas Streai fBetthovaly product
Wth 10 wt% Palm Q| API

[0038] After passing through first hydrotreatment reactor 110 and
optionally separator 122, the treated feedstock enters second hydrotreatment
reactor 140, along with a second hydrogen treat gas stream 125. Due to the CO
levels present in the first hydrotreatment reactor, it is desirable to minimize the
flow of potentially CO-rich H; gas from the first stage to the second stage. The
combined feedstock is exposed to hydrotreating conditions in the presence of
one or more catalyst beds that contain hydrotreating catalyst. This reduces the
sulfur content of the treated combined feedstocks to about 10 ppm by weight or
less. Optionally, the treated feedstock can then pass through a separator 142
for separating gas and liquid products. In such an embodiment, hydrogen gas
from separator 142 can be used as a recycled hydrogen gas stream (not shown)

for the second hydrotreatment reactor.

[0039] In another embodiment, a common hydrogen recycle loop can be
used for both hydrotreatment reactors. An example of this type of embodiment
is shown in Figure 2. In such an embodiment, the hydrogen recycle loop can
include a water gas shift reactor and/or a CO, scrubber. The water gas shift
reactor will convert CO present in the hydrogen into CO,. This will allow the

CO, scrubber to remove a larger percentage of the carbon oxides present in the
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hydrogen, thus reducing or minimizing the impact of the addition carbon
oxides produced by hydrodeoxygenation of the biocomponent feedstock in the
first hydrotreatment reactor. An amine scrubber is an example of a CO,
scrubber. Other types of CO, scrubbers may be sufficiently effective for CO

removal that the water gas shift reactor is not necessary.

[0040] A reaction system suitable for carrying out the above processes is
shown schematically in Figure 2. In Figure 2, a combined mineral hydrocarbon
and biocomponent feedstock 208 is introduced into a first hydrotreatment
reactor 210. A hydrogen treat gas stream 215 is also introduced into
hydrotreatment reactor 210. The combined feedstock is exposed to
hydrotreating conditions in first hydrotreatment reactor 210 in the presence of
one or more catalyst beds that contain hydrotreating catalyst. Preferably, this
reduces the sulfur content of the treated feedstock to from about 1000 ppm to
1500 ppm by weight. The treated feedstock flows into a separator 222, where
gas phase products are separated from liquid phase products. Optionally, a
portion of the gas phase products separated by separator 222 may be cascaded
back to the first reactor as a recycled hydrogen treat gas stream (not shown), or
to the second reactor as a recycled hydrogen treat gas stream. Prior to entering
a reactor, the recycled hydrogen treat gas is preferably passed through a water
gas shift reactor, an amine scrubber, and/or other treatment components to

remove excess carbon oxides from the treat gas.

[0041] After passing through first hydrotreatment reactor 220 and
optionally separator 222, the treated feedstock enters second hydrotreatment
reactor 240. The combined feedstock is exposed to hydrotreating conditions in
the presence of one or more catalyst beds that contain hydrotreating catalyst.
This reduces the sulfur content of the treated combined feedstocks to about 10

ppm by weight or less.

[0042] The product from the second reactor can undergo a variety of
additional process steps. Optionally, the product from the second reactor can

be separated into a gas phase product and a liquid phase product using a
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separator. The gas phase product from the separator can be recycled for further
use in the second hydrotreating reactor. After separation, the liquid product
from the second hydrotreating reactor can be exposed to a hydroisomerization
catalyst under hydroisomerization conditions. Optionally, before such a
hydroisomerization step, the liquid stream can be passed through a liquid
treatment step, such as by exposing the liquid to filtration, a caustic solution
wash, or a treatment with chemical agents to remove sulfur and trace
contaminants. Alternatively, 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.

Example 1 — Single reactor processing

[0043] The following example demonstrates the difficulty in co-
processing of a bio-component feed. In this example, a feedstock is
hydrotreated with a commercially available CoMo catalyst under
hydrotreatment conditions. Figure 3 shows data related to the sulfur content of
the resulting treated feedstock. Initially, a mineral distillate feedstock
containing 0.9 wt% sulfur was hydrotreated at 647°F (342°C), a total pressure
of 390 psig, a treat gas rate of 1295 scf/bbl of 80% H,, and an LHSV of 0.3.
As shown in Figure 3, the Days on Oil corresponding to treatment of the
mineral feed demonstrate that the conditions were sufficient to reduce the
sulfur content to 10 wppm or less. At day 57, 10% by weight of palm oil was
added to the mineral feedstock. The treat gas rate was also increased to 1480
scf/bbl to account for the increased oxygen content of the palm oil. Under
these conditions, the sulfur content in the treated feedstock jumped to a value
of about 100 wppm. When the feed into the reactor was changed back to only
the mineral distillate feed, the sulfur content of the resulting treated feedstock
fell below 10 wppm. Without béing bound by any particular theory, it is
believed that the presence of oxygenates in the palm oil results in an inhibition

of catalyst activity, resulting in a higher sulfur level in the treated feedstock.
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Example 2 — Multi-Stage Co-Processing

[0044] .- To overcome the difficulties in co-processing of biocomponent
feedstock, a two stage reactor can be used. The conditions in the first stage can
be selected to remove substantially all of the oxygen from the biocomponent
feed, while reducing the sulfur in the feedstock to a manageable level. Figure 4
shows the sulfur in the resulting product for the indicated reactor conditions
and types of feedstocks processed. The initial processing conditions included a
temperature of 621°F (327°C), a pressure of 400 psig, a hydrogen flow rate of
1100 scf/bbl of 80% H,, and a space velocity of 1.0. At the indicated times
during processing, the conditions were modified to either increase or decrease
the hydrogen flow rate (to 1300 scf/bbl, 1700 scf/bbl, or 750 scf/bbl), increase
the temperature (to 630°F/332°C or 640°F/337°C), or to change the amount of
palm oil included in the mineral feedstock (10 or 30 wt%). As shown in Figure
4, the mineral feedstock was a distillate feedstock containing 0.9 wt% sulfur.
Note that the biocomponent contained little or nb sulfur, so addition of the
biocomponent feed to the mineral distillate feed led to a reduction in sulfur

content.

[0045] In addition to sulfur removal, substantially all oxygen was removed
from the mineral and‘ biocomponent mixed feedstock for the products shown in
Figure 4. All of the conditions selected resulted in removal of at least 95% of
the oxygen present in the feedstock. This is believed to be sufficient to prevent
the catalytic inhibition associated with processing of biocomponent feedstocks.
Thus, a second hydrotreatment reactor would be able to remove the remaining

sulfur to produce a diesel fuel with 10 wppm of sulfur or less.

[0046] In embodiments where the amount of biocomponent is 20% or less
of the total feed, the resulting product will have similar characteristics to a
product produced from only mineral feed. For example, Table 2 shows the
resulting products from hydrodesulfurization of two feedstocks. The first
product is the result of hydroprocessing a heavy atmospheric gas oil mineral

feedstock. The second product is the result of hydroprocessing a feedstock
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of palm oil. These products were generated using reaction conditions similar to
the conditions used for the processes in Figure 4. As shown in Table 1,
introduction of 10% by weight of palm oil has only a modest impact on the
characteristics of the resulting diesel product. The addition of palm oil in the
feedstock appears to slightly increase the API of the resulting diesel product.
Note that the addition of the palm oil would be expected to increase the
paraffin content of the resulting diesel product, as nearly all of the palm oil is
expected to be converted into paraffinic molecules. However, the overall
boiling point profile of the product is only slightly changed. Note that the 10%
by weight palm oil characteristics represent ranges of product characteristics

generated by processing of several samples.

Table 1
Mineral feed product With 10 wt% Palm Oil

API 31.0 32.1-32.4
Cloud Point, °C 14.3 12.0-13.7
Pour Point, °C 11 6-10
GCD, °F '

IBP 345 347 - 375

5% 510 514 -517

10% 565 550 — 551

30% 654 ' 632 — 636

50% 689 677 — 682

70% 716 706 — 712

90% 754 746 — 751

95% 772 765 — 770

FBP 815 813 - 817

[0047] Table 2 provides another comparison between product properties
for diesel produced from another gas oil mineral feed and a 10 wt% palm oil
feed. As for the heavy atmospheric gas oil in Table 1, addition of 10% by
weight of palm oil results in an increase in API. Otherwise, the product

profiles are similar.
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Table 2
Mineral feed product With 10 wt% Palm Oil

API 36.5 37.3
Cloud Point, °C 2 2
Pour Point, °C -4 -4
GCD, °F

IBP 209 215

5% 383 391

10% 438 446

30% 528 531

50% 578 577

70% 629 626

90% 698 697

95% 730 728

FBP 817 817
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CLAIMS:

1. A method for producing a low sulfur diesel product, comprising:
introducing a feedstock having a T5 boiling point of 300°F (149°C) or
greater and containing a mineral oil portion and up to 20% by weight of a biocomponent
portion into a first reaction zone;
hydrotreating the feedstock in the first reaction zone under first effective
hydrotreating conditions to produce a first hydrotreated feedstock having a sulfur content less
than 2500 ppm by weight, wherein at least 90 wt% of the oxygen is removed from the

feedstock;

separating the first hydrotreated feedstock into a vapor stream and a liquid

stream, the vapor portion containing hydrogen gas;
passing at least a portion of the vapor stream into a hydrogen recycle loop;
passing at least a portion of the liquid stream to a second reaction zone;
hydrotreating the liquid stream of the first hydrotreated feedstock in the
second reaction zone under second effective hydrotreating conditions to produce a

hydrotreated product having a sulfur content of 10 ppm by weight or less;

separating the hydrotreated product into a vapor product and a diesel boiling

range product, the vapor product containing hydrogen gas;

passing at least a portion of the vapor product into the hydrogen recycle

loop;

treating the portion of the vapor stream and the portion of the vapor product
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in the hydrogen recycle loop with a CO removal system; and

passing hydrogen from the hydrogen recycle loop into the first reaction zone

as a hydrogen treat gas.

2. The method of claim 1, wherein the CO removal system includes a CO,

scrubber.

3. The method of claim 1, wherein the CO removal system is an amine scrubber

and a water gas shift reactor.

4. The method of any of the above claims, wherein the biocomponent feedstock

comprises palm oil.

5. The method of any of the above claims, wherein the mineral il portion of
the feedstock has T9S5 boiling point of 775°F (413°C) or less.

6. The method of any of the above claims, wherein the mineral oil portion of

the feedstock is an atmospheric gas oil, a vacuum gas oil, or a light cycle oil.

7. The method of any of the above claims, further comprising hydroisomerizing

the diesel boiling range product.

8. The method of any of the above claims, wherein at least 95 wi% of the

oxygen is removed from the feedstock.

9. The method of any of the above claims, wherein at least 98 wt% of the

oxygen is removed from the feedstock.

10. The method of any of the above claims, wherein the oxygen content of the

first hydrotreated feedstock is 0.1 wt% or less.
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11. The method of any of the above claims, wherein the oxygen content of the

first hydrotreated feedstock is 0.05 wt% or less.

12. The method of any of the above claims, wherein the oxygen content of the

first hydrotreated feedstock is 0.01 wt% or less.

13. The method of any of the above claims, wherein the first effective
hydrotreating conditions include an LHSV of 0.5 to 1.5, a hydrogen partial pressure from 100
to 300 psig (0.69 — 2.07 MPa), a hydrogen treat gas rate of 650 - 750 scf/b (115.8 — 133.6
m>/m®) of at least 80% hydrogen (remainder inert gas), and a temperature of from 500 -
750°F (260 - 399°C).

14. The method of any of the above claims, wherein the first effective
hydrotreating conditions include an LHSV of from 0.9 to 1.1, a hydrogen partial pressure
from 230 to 270 psig (1.59 — 1.86 MPa), a hydrogen treat gas rate of 650 - 750 scf/b (115.8 —
133.6 m*/m®) of at least 80% hydrogen (remainder inert gas), and a temperature of from 600 -
650°F (316 - 343°C).

15. The method of any of the above claims, wherein the second effective
hydotreating conditions include an LHSV of 0.5 to 1.5, a hydrogen partial pressure from 250
to 1500 psig (1.72 — 10.34 MPa), a hydrogen treat gas rate of 950 - 1050 scf/b (169.2 — 187.0
m’/m’) of at least 95% hydrogen (remainder inert gas), and a temperature of from 550 -
750°F (288 - 399°C).

16. The method of any of the above claims, wherein the second effective
hydrotreating conditions include an LHSV of from 0.9 to 1.1, a hydrogen partial pressure
from 775 to 925 psig (5.34 — 6.38 MPa), a hydrogen treat gas rate of 950 - 1050 scf/b (169.2
—~ 187.0 m*/m’) of at least 95% hydrogen (remainder inert gas), and a temperature of from
625 - 675°F (329 - 357°C).

17. The method of any of the above claims, wherein the sulfur content of the

introduced feedstock is 0.25 wt% or greater.
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18. The method of any of the above claims, wherein the sulfur content of the

introduced feedstock is 2 wt% or greater.
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