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| TS USE AS A FUEL FI ELD OF THE | NVENTI ON [0001] This invention is directed
to the hywoaprioes®si ng of pyrolysis oils. In particul ar pcrhisgotiifs@mti on is
directed to the production of fuels frbm hydroprocessed pyrolysis oils.
BACKGROUND OF THE | NVENTI ON [0002] Pyrolysis oil, the liquid product of a
parti cul ar hydrocarbon heat treatnentxprocess, is known to have limted use
as a | ow gr addYBROIEIGESHING PLYMS O ANDIES USE A8IA BUEL 5 | i t ed
as a consequence of the relatlvely | ow quality fuel characterlstlcs t hat
are common to pyrolysis oils. For exanple, pyrolysis oils can contain
undesi rEBLE QRAIHE ENGENWEDNEr , whi ch can have a negative inpact on catalysts
used t rad fuel base bl en ock conpone rolysis qils are
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such as al dehydes, ketones and carboxylic acids, which can have adverse

ef f ect ae8Te r a period of tine. [0003] A variety of
hydropﬁ%&@géﬁﬁ%8§¢L§§ fr Qﬁggggﬂgﬁoposed to treat pyrolysis oil to increase
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a nmet hod of " hyd rodeoxygenatlon of pyrolysis
[0003] A variety of hydroprocessing steps have been proposed to treat pyrolysis oil to

increase the fuel quality of the oil. The proposed steps, however, are generally quite complex
and costly.

[0004] U.S. Patent Application Publication No. 2009/0253948 discloses a process for
producing naphtha, aviation, and/or diesel fuel, blending components, or related products
from pyrolysis oil. The pyrolysis oil is treated in a partial deoxygenation zone generating a
partially deoxygenated stream. Water, gases, and light ends are removed, and the remainder
of the partially deoxygenated stream is further treated in a full deoxygenation zone to produce
a deoxygenated product stream. The deoxygenated product stream comprises hydrocarbon
compounds that, when fractionated, are useful as gasoline and naphtha, aviation fuel, or as
additives to, or blending components of, one or both products. The product stream can also
be upgraded to produce a diesel fuel, blending component, or additive. Furthermore, the
product stream can serve as a source of chemicals or chemical feedstocks.

[0005] U.S. Patent No. 7,425,657 discloses a method of hydrodeoxygenation of pyrolysis
or bio-oil. The bio-oil and hydrogen are reacted over a catalyst comprising Pd at a
temperature of more than 200°C. Typically, the method is conducted in the presence of

water; with the bio-oil comprising 5-50 mass % water. The bio-oil can be a single-phase or



or bio-oil. The bio-oil and hydrogen are reacted over a catal yst conprising
Pd at a tenperature of nore than 200C. Typically, the nethod is conducted
in the prweente4sf7water; with the bio-oil conprising 5P60/usa&ig/0%62nat er .
The bio-0il can be a single-phase or2-WD 2011/ 143397PCT/ US2011/ 036212 - 2 -
mul ti-phase liquid. In preferred enbodi nents, water is renoved during the
step of reacting the bio-oil and hydrogen over a catalyst. The nethod is
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the oils need to be further addressed. As the technology currently stands, only highly

complex, intensive treatment processes have been suggested for treating pyrolysis oils, so that

such oils can be used as viable high quality fuels.

SUMMARY OF THE INVENTION

[0015] One aspect of the invention relates to a process for producing a reduced sulfur
fuel, comprising: hydroprocessing pyrolysis oil in the presence of a non-aluminum support
catalyst and hydrogen at a hydrogen to pyrolysis oil ratio of not greater than about 1000
SCF/bbl (about 170 Nm?/m?) to produce a hydroprocessed product; and combining at least a
portion of the hydroprocessed product with a base fuel in which the base fuel has a sulfur

content in excess of that of the hydroprocessed product to produce the reduced sulfur fuel.



- 3 - [0016] Anot her aspect of the invention relates to a process for
produci ng a reduced sul fur fuel, conprising: pyrolyzing a hydrocarbon

f eedst ockwOaopv@sisce a pyrol ysis oil; hydroprocessing tireTmse@lpsézs2 oil in
the presence of a non-al um num suppoBt- catal yst and hydrogen at a hydrogen
to pyrolysis oil ratio of not greater than about 1000 SCF/ bbl (about 170
NnB/ nB) to produce a hydroprocessed product; and conbining at |east a
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fuel h a sul fur content i xcess of at ,of the hydroprocessed product
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hi gher sul fur. hydrocarbon, e.g., a base fuel that is off- spec for high

sul fur bt @hthe hydpprercscd preduckio Iﬁﬁg@ﬁé]&e redesedsiEneugonposi ti on. [ 0018] Due
to the innate chem stry of pyrolysis oils, e.g., typically a relatively
hi gh water content, the hydroprocessed pyrolysis oil product can
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chem str ée.c., water content). Additionally or alternately, the pyrolysis
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fuels, Or In rtain rare’ circunstances as a fuel conposition by itself
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pyrolysis oil can be hydroprocessed under relatively low severity conditions, e.g., to limit

additional water formation and/or to make the pyrolysis oil more stable (i.e., to reduce the
content of higher reactivity compounds, preferably in favor of lower reactivity compounds).
For instance, the pyrolysis oil can be converted to a more stable product by converting at
least a majority of the aldehydes, ketones, and/or carboxylic acids in the pyrolysis oil to more
highly stable partially deoxygenated compounds (e.g., alcohols) and/or completely
deoxygenated hydrocarbons. The hydroprocessed pyrolysis oil product can also be relatively
very low in sulfur content and can thus be particularly suited as a blend component for a
variety of fuels, or in certain rare circumstances as a fuel composition by itself. Examples of
preferred fuels for blending with the hydroprocessed pyrolysis oil product can include, but
are not limited to, distillate fuels that include diesel fuel, home heating oil, industrial heating

and boiler oil, marine fuels such as bunker fuel, and the like, and combinations thereof.



[0019] I n general, pyrolysis is a thermal degradation process in which |arge
hydr ocar bon nol ecul es are broken or cracked into smaller nolecules in the
presence WO 20itB®7i f any (e.g., substantially no) reacPCraSgas/ose@nponent
such as oxygen. A wide variety of hydrocarbon materials can be pyrolyzed to
produce vapor, liquid, and often solid hydrocarbon materials. The portion
of the pyrolysis product that is liquid at about 25C and about 101 kPaa
(about Pmolysip€lih, about 1.0 atn) absolute pressure, is also referred to

her ei n rolysis oil. According to th resent invention,,the rolysis
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t her mal : gE)q}o Siabegi t, the
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resources and conprising at |east carbon, hydrogen, and oxygen. Exanples of
bi onasdowansuliue fusiesuchbat anserespessullimdongat fus! cphpesitiaand pl ant - der i ved
mat er i egetatign, agrd-cul tural. waste, forestry,waste, woad wasie, paper
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cellul %@Olyﬁeﬁrtb@hy@rcah@ﬁrcﬂysisj@il thaat@shdt 1868 Qd, acebrdinpaalthe @Bgknt ivchtidee, and
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conbi nati ons/ m xtures eof . The feedstock can additionally or
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present as feedstock conmpone .can include, but are_pot limted to, tinber
har vestdt Str@s‘ivé}ﬂ& at &‘6?%%"6’3}0 gmnﬁés bﬂ%ﬁddRkaB@PE’ﬁ} ?f{g’F‘i%oo& anches, tree
st “”ps’Pfﬁﬁ%%’“{’@gﬁrﬁkm tg@%ﬁgﬁglgpyfgl§si§fégaopaper pul p, corn, corn cob, corn

stover, eat s . rice straw, sugarcane bagasse, sw tchgrass,

m scant[R031] anThatermeibiomesss,ifion tbe patposgardd flge jnvienindrs ipeninsislensd gey noarabr ci al
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conbi nations/ m xtures thereof [0023] The bi omass to be pyrol yzed can
opt i onahatyriguycggtadiperagbicyltiyel yastudarepiry wRste.ovena sy ipARRT VRIS, exianapl e, t he

bi omass, can, be .ground i,n.a  m| unt.iJ sired ticl i ze,is achi eved.
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suf fi cidAkhigs thetafthb@oplasisd thb i@y ghdaodDinmibegieeines HiRicofX AP FditBElough a
20 mm screen, through a 10 nm screen, through a 5 mm screen, or through a 1
nm scr &8p addigonddiymyradeipately eippipicaEramble grannoaents athcp thanbipraass jugh py el y

inert afimsphere fue‘ﬂﬂe@l coal, petroleum, crude oil-derived fuels, shale oil-derived fuels, and
the like, and combinations/mixtures thereof).
[0022] Further examples of biomass that can additionally or alternately be present as
feedstock components can include, but are not limited to, timber harvesting residues,
softwood chips, hardwood chips, tree branches, tree stumps, leaves, bark, sawdust, off-spec
paper pulp, corn, corn cob, corn stover, wheat straw, rice straw, sugarcane bagasse,

switchgrass, miscanthus, animal manure, municipal garbage, municipal sewage, commercial



nmeans that there are fewif any (e.g., substantially no) reactive
conponents to react with the pyrolysis feed material. Such reactive
conponentwocan/i4siude hydrocarbon reactive gases, suchPa3/use@atossze2 oxygen
conpounds, sul fur conpounds, and varPous reactive hydrogen conmpounds.
Preferably, pyrolysis can be carried out in an environnent (e.g., in the
pyrol ysis reactor) having a hydrocarbon reactive gas (e.g., oxygen, sulfur,
and/ or thstﬁr QLR PUDIEE elmondfshdm pefraaahells, coranutatholls, coffew giownds, grasexanpl e not

greater about 5 vo ot eater than abg % ot greater
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be bas%ngﬁhgtlghghugm}egm&r@ﬁf gas, e. g fluidizing gas, supplied to the
pyrol ysis reactor during continuous operatlon [ 0025] I n one enbodi nment
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[ 0026] Ry ¥ ke dGRnelidll Shsh £adiRrShfoatlty cdiabvdenihisssbddrRbctivrdss, and/ or
m ni m zé non-condensabl e gas formation and/ or solid/char formtion.
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pr oductnosgropter thea aggutolgil%, fasgxarspleaet are\%t&pﬁxan abpwfoerolls thﬁgaéﬁ:rrféart hr ough
a filt par, r & roduct .
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usi ng any equi pnent  suitable for such purpose, e.g., a condensation train
to col 76840 m&é@?‘i‘@é?“ﬁ%ﬁﬁl“é‘?% The condensation train can conpri se at

| east qpgghi | h’??ne"@ﬁl%dlrﬁ densefeactife dx?%%# %%”%x é?lcthﬁt%h@tt%o%all%ﬁ i pi tator,

at | east one coal escence ter or a at'ion thereof. [0029]Pyrolysis
t enper dtonded E)mmdﬂglsmhydtmghbanfmgshocﬂq) icjoesant in the Qudrbcabelmteaquramgais(ey) of feed

to desired duct Eut not .so hi &e ndes rabl h. ntities
of non-CBABERCEH Ly RS i) 4F S BT Pi SRS GRR AL o H g i GrHEhr SHs O ont |
feed C%nﬂﬁet@%rﬁbﬂsﬁ@ﬂ AlddRiohEIMPEF Blckiely [ RIdIFNO din BOOEritPo@hRYWh 600C, for
exanpl e from about 300C to about 600C or om about 400C to about 500C.
environment (e.g., in the pyrolysis reactor) having an oxygen content of less than about 40%,
less than about 30%, less than about 20%, less than about 10%, less than about 5%, less than
about 1%, less than about 0.5%, less than about 0.1%, or less than about 0.01% of the
stoichiometric amount of oxygen required for complete combustion of the feedstock. Further
additionally or alternately, pyrolysis can be carried out in the absence of (added) reactive
oxygen.
[0026] Pyrolysis conditions can preferably include those that reduce and/or minimize
non-condensable gas formation and/or solid/char formation. Additionally or alternately, the
pyrolysis conditions can preferably include those that lead to condensable gas and/or liquid

formation. See, for example, Czernik and Bridgwater, Energy & Fuels, 18:590-598, 2004;
see also Mohan et al., Energy & Fuels, 20:848-889, 2006.



[ 0030] Pyrol ysis pressure should be within a range that reduces and/or
mnimzes formati on of non-condensabl e gas and/or solid products. The
pressur e waroriarg®7f rom about 0 psig (about 0 MPag) to &bDAtS2W00862p%i g
(about 6.9 MPag), for exanple fromabBout 5 psig (about 35 kPag) to about
500 psi (about 3.5 MPag) or from about 10 psig (about 69 kPag) to about 200
psig (about 1.4 MPag). [0031] Pyrolysis can advantageously be carried out

for a d802dd ofn enewmhddancrnpblgcdprodbeteats thelpyorlysesiactedaguasnort y of feed
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pyrolysis conditions can be inplenented for a period of time fromabout 0.1
seconddiqui pelysisPaodstsr s, for exanpl e from about 0.1 seconds to about 1

hour, f abo C . .4 . . e t o about
6 hour s[,be%@r]om gg%u?&?ﬁo% c%g%(%ﬁgrgleta g)%g%%{lﬁ g@”%}%&ﬁréé,nqg%rug%%;{%é? a](}.gl’g&gsg’(:onds to
about le.fhpaicondensanvabaint to todat drdickvedpodictd Todicademsatibn aninadaaut 1 second
to about 1 hour. |If onl,ﬁ for sheer econ?rric reasons, .shorter tines can be
par t i cUicaMIe aldgash pagelilled watse pondsnser grhlefsloRne decirosiatie AFSIPIEtoRH IRast

m nut e, fLr.gm.alkpu 11Qerlorsa?&9@51ﬁat{o%tﬁ&€b‘ﬁ 30 seconds, from about 0.1 seconds
to about 10 seconds, from about 0.5 seconds to about 1 minute, from about
0.5 sed062® t oPwaivdysis tBpsmooassuld bomghlboatghto Soserionsgiitiontajpaotity 1@

Soron e LM SRS G OnE R AR T AN TS SRR e
2011/ 143384R4H1E YR2ihlldrA3fe drbducté. 1n b BRIGH IS EmENDRAN BRMbSpyrbRSEd at

pyrolysis can bé used. Fast pyrolysis is a relatively high-tenpérature
pr oces st empoatush fbeeaboub2W0°Cgo rbputt00 AT yor esimiily frveerbet, 300AC o alout
enbodi ts 1R the a Q . The feedstock can deconpose to
genera?gﬁﬁfgagﬂgﬁﬁﬁyﬁéﬁeggg?E%ﬁgﬁgﬁ?id (i.e., char) products. The vapor
product[0630] pr e{RIRl prearcamolidbeanithit angdgrsed réductoimyangindhizeore i quid
products. Miltiple steps of heating and cooling can be carried out to

c

pr oducdormtiont aratcengspsaly sssandigepld piodueiet he mesturpgandepaq Soprabeesses
o babic G (bboER RIAYS bl 1o BRN 6 MrlafRIEHARR Sofiafodiad I 0

w % t 0 (abmu 35 X0a ) teabout-300 pdefabaliles NiPagpooika iboutd0tpsid@beutporkPap)f tages can
vary gr atlél depe gi ng1 an the particular conposition of the feedstock.

[ 0033] _HPtt 0(9&&!3(} ot lat VER8At el y, sl ow pyrolysis can be used. In slow
Pyrol yspfa1t neplRBAN ARk acauRBulIF 8L Etkricd ohor ALEALE §iHEM:RBRIGO0C Tor a
period rangi ng from about 1 nute to about 24 hours, for exanple from
about Isubstantiadot desabdguamdy of fead esbe dapertedmodenndensppicoapdryandaediqnot escape
as rapidly in sl.ow pyrolysis as it.does jn fast rol ysis. .Thus, vapor

o oduotEodhel R ERSBY b BehvideRemd @B iutided SrfendhiE Vgl 6 are
bei ng fREdIBL, teﬁvﬁaefcéﬂlﬂeﬂ?g@omu&t@r 1388 dhd JtRdrRoRdidi8@SHsN Fot BxaPhAW (RYSIQdiYSi s 1S
typically slower than at used in fast pyrolysis. In slow pyrolysis, a

f eedst corditians e teainplemendeshior aperieeapienatomeabont @.dncesmds & atouyed howb.ow y
heat ed.. Vapor an be r ved . g, nti pUousl s.th are fporned.
[0034] o ERiris SRR REHETT Sea o fydonsf BN, BT 0 SesoldY ool SSea. 1

vacuum feyth @by ilSsecdrtieto fabe@t st insils, Gidin SsHubeatsechnab td stsmit bmatrsplroMSPORY | C
pressure (less than about 0 kPag, or |ess than about 100 kPaazl) Vacuum

condi t ibhsecends wabayleldhaus, Beprbaud Rendigiabpyigt BRIirnor Sieay ghout b seaperl &0
reduce . 300( fur AT £ AIALSHABFDGR, iREtRIRan {é%g%g]:ﬁﬁﬂyem  oned

above, pyrolysis pr c¢an contai nh wat er.
advantageous, such as from about 0.1 seconds to about 1 minute, from about 0.1 seconds to

about 30 seconds, from about 0.1 seconds to about 10 seconds, from about 0.5 seconds to
about 1 minute, from about 0.5 seconds to about 30 seconds, from about 0.5 seconds to about
10 seconds, from about 1 second to about 1 minute, from about 1 second to about 30 seconds,

or from about 1 second to about 10 seconds.



condensed pyrolysis product can contain fromabout 10 wt%to about 30 w %
water. Optionally but preferably, the water can be renoved prior to

hydr opr ocwe=0ng4837ng any appropri ate nmeans, such as by PCirashémg3c212
decanting, distillation, nmembrane segaration, or the Iike, or any

conbi nati on thereof Thus preferably, prior to hydroprocessing, water can be
renoved from (water content can be reduced in) the pyrolysis product to

pr oducd 0834y r olyssings mbomwﬁﬂﬁmwyﬁgcmécﬁaﬂﬁaviorh‘gﬁisrﬁ@ta rgeedler t han
about % preferably. not. ter out .10, wt % .for exarrple not

ar eat eresnsBs e FeS R SR FERNE PR Moid sk on S ve vt o | based
on t ot aimbuirg&ts ﬁlfthé BscRYd & 9kSz8n. OThe RYRAUK QAF @8Sdrighst eedsicask. WO

2011/ 143397PCT/ US2011/ 036212 - 8 - [0036] The pyrolysis ol used as

f eedst dErdagpamiyavappr srdespdiddge. cadrrumpdiaty nﬂtee\rayowﬁﬂwtﬁa@wé@ﬁ@m@ that can

be rel I cl iy are not
necessgctrolbreg a¥|d %Qﬁ(ieegp%ﬁ?q%ﬁéo%ér g@n%?gqgﬂl&]?@aﬁ&des ltﬁﬁ?Str%]éw % oxyI iC
aci ds. doolidy $dnbeosaerieidod pridtce 1tnk&m|9&'1mlmmlysmhllulh)pdcsdmptsodewym@yileedst ock
can conprise at Ieast ﬁgout 1.0 wt % al dehydes, for ex% npl e at gst about

1.5 wt RreFIEnaRBodiFg %@aw@@t%m/&h%ﬂ %aflﬁ"o oopdssel a|ga%mﬂdléc§1 or from
about gpr 1%1% @mﬂp%ht oW % %(Qﬁbx%% g 9 dgghﬁéboﬂ@ 1,96 a 1%31&20
e [0038 or

pyrol ysis oil hydroprocessing edstoc |t|ona y ternately,
t he pynet’ysoscaidensaptlr gaspoakisss) hl@th@eqbsto@nﬂagesamnczarypgmabr ddpehdiagbn dizout 0. 8
| east about 1 wt % ketones, fromabout 1 wt%to

w % ket ones, for I
about ]mrt\]/&“‘lxarIQB’EI@ﬂ%lggEBﬁhﬁfWTﬁ%ut 1.5 W% to about 8 wt% ketones, based
on tot gboml ghtadaftiohiey V1RSI, ?%Ws%aﬁ%%éd‘glnfsﬁﬁ)gﬁi&%ls the

[ 0039] Further additionally or a ter na he pyrol ysis oil
hydr oprfwbmkr@gn beé@md)@moéamatﬁoﬂwmabeu 0P@deta peviodiranging {woabarbbxyl i c

acids, for st W X cids m about 1.5
k% £ o "auist 3B Patout B PRRH ey ol R BRI AR OG0 Htes’ YU "50. wtog
car boxyrogucgipitslly l@l@&ﬁﬁbt@@cab@h@fapwﬂy ghilowfpytdlgeslpw PUy&iis f&kt byrolysis.

hydr opr ocessi ng feedstock. Hydroprocessing Catal yst and Condl tions

[ 0040] I:Elmso‘fﬁpé’éﬁ@é}lﬁ@ myagfreges Moge With cedsetbergs sphidgharand any hauid axqwdng at

| east FolfLd '&pthg name would imply, rate of heating in slow pyrolysis is typically slower than
that used in fast pyrolysis. In slow pyrolysis, a feedstock can be held at constant temperature
or can be relatively slowly heated. Vapors can be removed (e.g., continuously) as they are
formed.
[0034] Further additionally or alternately, vacuum pyrolysis can be used. In vacuum
pyrolysis, the feedstock can be heated at less than atmospheric pressure (less than about 0
kPag, or less than about 100 kPaa). Vacuum conditions can be used to decrease the boiling
point and/or to avoid, reduce, and/or minimize adverse chemical reactions.
[0035] As mentioned above, pyrolysis product can contain water. As an example,
condensed pyrolysis product can contain from about 10 wt% to about 30 wt% water.
Optionally but preferably, the water can be removed prior to hydroprocessing using any
appropriate means, such as by flashing, decanting, distillation, membrane separation, or the
like, or any combination thereof. Thus preferably, prior to hydroprocessing, water can be
removed from (water content can be reduced in) the pyrolysis product to produce a pyrolysis
oil hydroprocessing feedstock having not greater than about 20 wt%, preferably not greater
than about 10 wt%, for example not greater than about 5 wt% water or not greater than about

3 wt% water, based on total weight of the pyrolysis oil hydroprocessing feedstock.



a feedstock (in this case, the pyrolysis product) to hydrogen in the
presence of a hydroprocessing catalyst to facilitate the reaction. Such

pr ocesseswoanit/msidade, but are not limted to, hydrodeoPggarsanilosg212

hydr odeni t rogenati on, hydrodesul furiBation, hydrotreating, hydrocracking,
hydr oi someri zati on, hydrodewaxi ng, and the |ike, and conbi nations t hereof
For exanpl es of such processes, see U S. Patent Nos. 7,513,989, 7,435, 335,
7, 288, 18093617, 288¢ p@olysis, luscd 89 feadgiodk 2 by@Bproceyseng ahamémtungioht emtain of

whi ch are hereby [ncorpaorated b ef erence. Specifically wth r rd to the
byt oy SRl PEERRLBLAR Rk E oS PRF; SR Gttsa i ferllok Db TR ¢

OXY gen-rfo Atk iringlimed Qs 3hdens ot Mitdthad &MRdtbEcsahiohdbskydndéigs. par af fins.
[0041]P¥rolysis oi |l can _be hydroprocessed according to this invention to

pr oducdV83Hy dr Bpenscealasimeitoda yral edueib By drapigaessivg Teessock tampeaprjget

ket one, [Reier Vi i i f iingreased
in aIcgﬁ%Pg%%ﬁgéntf%F@ﬁg&kgﬁﬁfg%ﬁﬂﬂ?gﬂg?%ggbgggi%ﬁ%gg%ﬁgﬁgiﬁ§ﬂ2$%§ﬂo ysi s
pr oductwt®atn dbeut 20luweddidehyéachr idmaboetdywe, tkeionnes wavichldhybesg phded oaci d
content and can bg si mul t aneousl y incre%sed in alcohol content. WO

2011/ 148807piEeht eighe pyrodsEabhydreprocessing 399dy'@Fbpr ocessi ng catal ysts suitabl e
for us td1h a I ol i esent

| ivent o o o o e b R e FeR b D

| evel nongtige et lcomtenit Ol it ketohes, igrdxemp o dsistapoenls wt Brkeemies,drom eact | on

vessel, .as, t her i 11 generally be sone a t of t ipcluded with the
oy ot y 8ot 1% G bt d B G EHodhse & RRALR it S 20 BB B atie keerigrocd

hydr oprcsgs Weght b@éﬁé%%,f@m oil Ry@BpBEEQmk ftQsiRkNtai n catal ytic activity
and/or catalyst life, the hydroprocessing catal yst and hydroprocessing
condi t i[8039]c anFuadhcrntdigenubl gr dernattilnithd madlysis dili hyidrgpmdasissg Ecedatoey can
formati gn duri hydr ol ysi ile.reducing at | east one of.algdehyde,

et one O C ARl YRR 1w clifbufic fRE YT he s B 2By Moy er s oi

pr oductcartfkefie hdld, Yronvatiork 11504tvRtd duEROWEE chibdkiRdidids) onfra@chbdut 2 Weo

hydr opr ocessing, while a majority (i.e., at |east 50% of the conbined

al dehyde abrut28rie? eaboxedicisidy hascden wta ohths nyeolysis od SydepEGEBH DY t he
rati o gf. g Pre-hydroprocessing collective content to the post-processing
col l ective content) are converted, e.g., to al cohol conponents.

[ 0044] Hydr opr ocessi ng cat al ysts whose support(s) contain substantially no
al um num (usual |l y, ssarily, in oxide form can be preferred.
For i nSEARERIOCEHINE 1889 supported catal ysts can include at

| east taly, g “‘5‘_. Ratel S,
e S v e e

desi gnat ed acco g to the
i ncl udey, febdstockr(en thotcakd, thid waolysis pradont) te bydregéruimthopmsance o€abal t, rhodi um

iridi i ckel ,. |1 adi .pl atj : nbi nat i .t f 1

part 1 o ARG P A b B o R diedres o B LG 8<gbsent

[ 0045] |1ﬁnﬁté&o?ﬁﬂfr@d&@&%&lﬂﬁ&l, hy B 66 £&ti0s, Al Fiizalidle hi @lodbatent ent  of
nmetals from G oups 8-10 can be at |east about 0.1 W% for exanple at |east

about Owdragragkingt hydraspmabeitonohBiredeygaxate, prechibe likbourd combingtions tercpbast

b 9 | b : < itd I ly, th
Coral dsneantblstorEknpERhst i b s Ko S a8 Bt ese ror

exanpl €7 W11, 3040398 afid 236,358 hbdiiclRantdotdnts dfesisich aldddtcbs Gnodtrforated| ess,

about 15 w % or | ess, about 10 wt% or |ess, or about 5.0 wt% or | ess.
by reference. Specifically with regard to the pyrolysis oil, hydroprocessing can primarily

involve the conversion of oxygen-containing hydrocarbons to non-aromatic alcohols and/or
paraffins.

[0041] Pyrolysis oil can be hydroprocessed according to this invention to produce a
hydroprocessed product reduced in one or more of aldehyde, ketone, and carboxylic acid
content and optionally but preferably increased in alcohol content. In a particularly preferred
embodiment, the pyrolysis product can be reduced in each of aldehyde, ketone, and

carboxylic acid content and can be simultaneously increased in alcohol content.



[ 0046] Hydr opr ocessi ng cat al yst support materials can include, but are not
limted to, carbon (e.g., relatively high surface area graphitized carbon,
graphi t e, waabives®d car bon or the like, or a conbinati @oTtusesiem®sg21and
silica supports, with a preference f8r support materials that are por ous
particul ate solids and that contain substantially no al um num (al um na).
Exanpl es of carbon and silica supports are described in U S. Patent No.

5, 149, d8042[t heHWétoemssimg)cmtelmtssmfabepthseawiéh heywlypis eikbbased feedsidcloy

ref erence. 11/143 97P [ US201 047 at al yst
Corpr | S PR PSR AT PR S b ern A kB ' ave o
rel ati vevdt ntvigtireBbitettwitRia@h@kRiop &@éssﬁgeﬁwk@rﬁént beasttiddaidtel la@QhéTB/ g, at

| east about 200 nR/g, or at |east about 300 n2/g. Additionally o

al t er navidl ggneraHy besame ampueo§ ayaies 1n@u<ﬂfyip\w<§fathe3pymiys1@gwéa?ﬂléradtilﬁlanalszb%@n 1000
n2/ g, t 750 n2/g. [0048] A preferred carbon
su pportC% fg%ﬁgﬂﬁy ngg%??vﬁﬁé}éy&gﬁg%%pg pport , can be prepared by heat
treati rj@o4s|car hams, trom afifert fogmsinadin caiglyti@taivitglandiohcathlys@ifecthapr i se/ be any
sui tabl e carbon mater;jal uch as an ol eophilic graphite, car bon bl ack,

or the hYﬁ@rOC[eém@f%&%ia?ttamersh fijoprasessiilg ngtogp gan %%nea?%ewa‘ws%wneﬁm eri al
can be r I t A4t about
300C T 4 AB T gD o R o e R R R R

oxi di zeketdre, sipporaxyhatadicahtentunitior hdoopreesssddpyselykis ail peodvoti li’tefﬁrably,he

carbon s rt can b nert atrms ere at. a tenperature
A e e O R M R LR

e.g., %as@S@%ﬂBﬁﬂl@tcHﬁl%ﬂeﬂQmeﬁ?(%'ketgﬁgQnH@al%Bf?)?'ﬁc A Pm (Fﬂéﬁttsfaeg L such an
enbodi nent e oxidized materi al can optionally be heat ed, g., in an

i nert anmglpldé)ryéhe( wtiolef thes mﬁﬁyé@ememn&cqﬂeﬁmc@mﬂn@oﬁhemﬁmﬁessgm@c to
about 309 CCf‘1 X t5n'J) X ¢ rB% e%? >%0 af horl%m%entn can include, but are not
limted o st@am ~&ar Bon“di‘oxitae: ﬁgses CEHRPE i ng nol ecul ar oxygen (e.g.,
air), qooadle | HyEropedcessiSOeHAlnat iva0sd fuBp&ak) cdnfaif BEbseiHtially i&Blumidxhdat i on
can be carried out to give a carbon weight |oss of at |east about 10 wt%
for exdHplallydutnebrgcessBelys imoxigy dermp saele pri eWeidg er Bstages: BOPrabumpest ed t o

t he oxi r ht | oss due
to suortona it FsBradEHbHERA InbAE «PlehS LN b rGRR B0 ARhETT ' Dot

gr eat erPdriodic bbbt tBéEWn%ltsoﬂeshmtad&rcbmﬂi@ubjﬂm:mm Syitha. @maﬁh@tes ofi step.

The rate of pply of oxidizin t can be such that th ed wei ght
| oss taswe%mﬁraiwndwpdeatbui %raepfq LiBBEA top TABUREeT g Oél%a%we 5 di¥my east
about 4r139,1'rﬁ ?11ck[epg§ﬂ-alcﬁ)ﬁrﬁf Et'irﬁgn Sa'nh'chﬁbﬁlldB&?g thére8f: e[nh;&ﬁ‘?cbouw ﬁgfe?n%

relatively High Surface t'or exanple greater t t" 50
gr eat erermﬁmdnnabqnﬂiladﬁmm@r pd)atlngnelau)efrsenman about 100 .nR/g.
[0045] In the aforementioned hydroprocessing catalysts, the total content of metals from

Groups 8-10 can be at least about 0.1 wt%, for example at least about 0.3 wt%, at least about
0.5 wt%, at least about 1.0 wt%, at least about 2.0 wt%, or at least about 3.0 wt%.
Additionally or alternately, the total content of metals from Groups 8-10 can be about 40 wt%
or less, for example about 30 wt% or less, about 25 wt% or less, about 20 wt% or less, about
15 wt% or less, about 10 wt% or less, or about 5.0 wt% or less.

[0046] Hydroprocessing catalyst support materials can include, but are not limited to,
carbon (e.g., relatively high surface area graphitized carbon, graphite, activated carbon, or the
like, or a combination thereof) and silica supports, with a preference for support materials
that are porous particulate solids and that contain substantially no aluminum (alumina).
Examples of carbon and silica supports are described in U.S. Patent No. 5,149,680, the

relevant contents of which are hereby incorporated by reference.



[0052] I n the hydroprocessing reaction, it can be preferred to limt the
anount of hydrogen used in the process, e.g., tolimt any water that can
be formedwva0u/w@ss9pr oduct. I n one enbodi nent, hydr opr oc@€3iusgoicase2he
carried out at a hydrogen to pyrol ysik-o0il treat gas ratio of not greater
t han about 1000 SCF/ bbl (about 170 NnB/nB), for exanple not greater WO
2011/ 143397PCT/ US2011/ 036212 - 1 1 - than about 900 SCF/ bbl (about 150
N8/ n8)[08471not Wrcadheeatalstreonipoiss BOOLBGEPbII nasdsaltthd APpNRAMS) .

[ 0053] Hydr apr ocessi ng can. be cayrj oMt over. a w de ran f ssures,
cog ) PPSAMBESETY a0 A AL R0 B0 R R o Rt RS R BBG T Mo 00

psi a), dt 16850 DBAUL0Bm Y g Nrad Idaaoult FVnbei Aldienabositalibmabdiaand BBgut 2000
psia), fromabout 3.4 MPaa (about 500 psia),to about 12 MPaa (about 1800
psi a), Surfaes ApdisttyBcadlyvmd grqats dhan aboot EOQOaI} /. dondEmrlong guadel thabdwut 1300
psi a), Bd_ézr/ m about 3.4 MPaa (about 500 psia) to about 6.2 MPaa (about 900
psi a). ? 4¥'Hydroprocessi ng can also be carried out over a w de range of

t enper g0048s, Nosrefexadphdoh sappoabaith a2 A0 ectivatabatiionsPfort,fean e phwputcd200C t o
about 400C, or from about 300C to about 375C. . [0055] Space velocjty through
the reddtheghtreatiag @ cargengentanipg rpiededsdd nyhic C%Ia?qm%ﬁeﬁmangﬁbm%e be high

enough ctaPoo%"rﬁeiltgriﬂ}’ﬁ{ch%?%Bieﬂghihbg%ﬂﬂe,@ Ahdnatidiescacikges. 1n one

enbodi nment roprocessing can be carried out af a liquid hourly space
vel oci t[§049]HSVAdditioaslly ecd terrmibdwt th® cdrbdu suppoftonatexa cph be attlcdsepstiaBpout 0.5

hr-1, at.l.e about 1.0 hr-1, or.at le ut. 1 - Addi tionally or
Dt o ndradiged T Renly e et AT bR 0% B et TaFC b 5. o
hr-1 orpchigg of tiaRas buBicRntl odiddke the€SppoARRHrial: Fidd o dse0'Inls@&San Or about 1.5
hr-1 or | ess. Hydroprocessed Product [0056] The hydroprocessed product

pr oduc exnbwdiraemi thg carbon kepportese bt heatodretd. on apamert atmosphere at a temperature
from about 900°C to about 3300°C, and the heated carbon can be oxidized, e.g., at a

temperature from about 300°C to about 1200°C. Further in such an embodiment, the
oxidized material can optionally be heated, e.g., in an inert atmosphere (such as nitrogen) at a
temperature from about 900°C to about 3000°C.

[0050] Examples of oxidizing agents can include, but are not limited to, steam, carbon
dioxide, gases containing molecular oxygen (e.g., air), or the like, or a combination thereof.
In one embodiment, oxidation can be carried out to give a carbon weight loss of at least about
10 wt%, for example at least about 15 wt%, based on weight of carbon subjected to the
oxidation step. Additionally or alternately, the carbon weight loss due to such oxidation can
be not greater than about 40 wt%, for example not greater than about 25 wt%, of the carbon
subjected to the oxidation step. The rate of supply of oxidizing agent can be such that the
desired weight loss takes place over at least about 2 hours, for example over at least about 4
hours.

[0051] Preferred silica supports are those having a relatively high surface area, for
example greater than about 50 m*/g, greater than about 75 m*/g, or greater than about 100
m’/g.

[0052] In the hydroprocessing reaction, it can be preferred to limit the amount of
hydrogen used in the process, e.g., to limit any water that can be formed as a co-product. In
one embodiment, hydroprocessing can be carried out at a hydrogen to pyrolysis oil treat gas

ratio of not greater than about 1000 SCF/bbl (about 170 Nm®/m”), for example not greater



advant ageously be reduced in one or nore of al dehyde, ketone, and
carboxylic acid content and optionally but preferably can be increased in
al cohol cwotent14339m a particularly preferred enmbodi nent PCThES2@y0642y51 S
product can be reduced in each of al behyde, ketone, and carboxylic acid
content and can be sinultaneously increased in alcohol content. [0057]1n
one enbodi nent, the hydrop rocessea roduct can conprise |less than about 1.5
W % al dbdnyeheyt 9®Q)SCE/>bah¢abeutl 189Nmitan) erowt gregtonthapoehbatePpdes /bl (Rlawg t han
about q4%£§%%>a dehydes, based on total weight of the hydroprocessed
product t nally or alternately, the hydroprocessed product can

conpri §00$xss H@aﬁpe&&sanglcam%dsﬁt@mové@wﬁm coflpessurtf)ay, ababt 0.5 wt %
ket ones or | ess than about 0.1 wt % ket ones, based on total weight of the

hydr oprabeeiské dinadabmr 50&9&@”@@9@& It VB (abguictO0] psia).rieane a'goutﬁrfeMPaa
hyd t
agiogpqg&ﬁﬁégg B% %@égP?%an a ou @%k@iéééqag%xy 84§¥&3§@%%ﬁ séé%han

about Qo 2bwitsRAdPRokpbiutc 880 ipsia), floas sitbuoB.4tMPad (a\h/atutgih)() pefa) thebow.0
2011/143397PCT/U82011/036212 - roprocessed product, Still further
addi t i a4 Sﬁ Byt 12300 @pighos fpm h%lt%f}d\ﬂé g@&é&@ PRy uted Marderbal at

| east afguii,30 wt % non-aronmatic al cohols, for exanple at |east about 15 w %
non- aronatlc al cohols, at |east about 20 wt % non-aromatic al cohols, or at

| east dh02#] ZSHNd%pmsmg)mntals:o & codhal eyt obayeotidorram@tofltemmrgﬂutesofort he

advant d960% 5 BaSTHRADTG & ot R ERPPIRSCAREEE CrALOTERERaTCa i si ng
| ess t hppec@h@oud3®sot % sul fur, less than about 1.0 wt % sul fur, |ess than

about 5000 wppm sul fur, less than about 2000 wppm sul fur, |ess than about
1000 wdP®Hul f Spacelvelsity Hanughhatesoon Wgﬂp@h ig whicly hydrensecashiag isstseried @00 wppm

sul fur, n_abo 100 tha ab pm sul fur,
ess 1 iR Ay E ke S SR tink Hrane EE0 S0 Ep Bt B Ses ¢ han
about ldnbuapties) Lﬂ}fdlﬂdiprooﬁﬁﬁ% bttatsle avaed outQit mmqmdswhflyrspa&rvelo%&§ (LHSKYE apout 5
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embodiment, the pyrolysis product can be reduced in each of aldehyde, ketone, and

carboxylic acid content and can be simultaneously increased in alcohol content.

[0057] In one embodiment, the hydroprocessed product can comprise less than about 1.5
wt% aldehydes, for example less than about 1 wt % aldehydes or less than about 0.5 wt%
aldehydes, based on total weight of the hydroprocessed product. Additionally or alternately,
the hydroprocessed product can comprise less than about 1 wt% ketones, for example less
than about 0.5 wt% ketones or less than about 0.1 wt% ketones, based on total weight of the
hydroprocessed product. Further additionally or alternately, the hydroprocessed product can
comprise less than about 1.5 wt% carboxylic acids, for example less than about 1 wt%

carboxylic acids or less than about 0.5 wt% carboxylic acids, based on total weight of the



hydr opr ocessed product and a base fuel. At |east a portion of the
hydr opr ocessed product can be conbined or blended with the base fuel to
produce awbigher3yaal ity fuel and/or to neet strict govecmrsatialodemnzl/ or
product fuel specifications. In partiZular, the fuel that is produced can
have a sul fur content of not greater than about 5 w% for exanple not
greater than about 4 wt% not greater than about 3 wt% not greater than

about Zwroproasstedgreductr Stilhanthgbadditianally 3 alternatghye tiedry drapsercsisd prod00

wppm not qgreater (th about 2000 . not. greater than,about 0. mppm
ot "r o2 PRSI BT R 8 b B AR e AP N bl B8 bt el

gr eat ernohhasmaioalboldl) avRRNabe@t2 094 e ahei-atoRfic ARVHS s 6 AVRABE abBRL 2 DWEBL er

t han about 30 WO 2011/ 143397PCT/ US2011/ 036212 - 13 - wppm not greater than
about 2OnvEpRAtiGYeohplebated onHatl weight ofithe pprprosesspdproghetat er t han about 10
wppm on

[ 0062] gggﬁf ueITgé P i’](grtg E%ggﬂg%ﬁ%gﬁgﬁgééég %aing%gglc}iﬁgﬁ?ﬁélf[ﬁ;glﬂ@%ggﬁ%ressed

pr oductcoatent, fenshaiple/congirirgsiess thanstiost 2 @ss@hiilfur) lyssahan shoubé.0anyo heavi er
refinery fraction. Such fracti O”irﬁg%é ypi.ca soline or a

|| vy heavier than ga
maj or i tSW11BF 1¢5a dhsmiakauty) 094 v oy e @@ub?g%)a%pmﬁ%hf%n feﬁ%ﬁ]ﬂﬂé?mﬁut are
not lim i i I i resid,
neavy cor e B S o Y b B DS YR e
conbi neblaroabont Ededpmistifut, hess thadrabputddessea spfodiest themabdw gD egiphysthwve an
overal |, sy] fur content in excess of that. of the _ hydroproces r oduct,
atich ¢ Haw (BHEGTEAUBER BHER By TPGutte S PRBGLSe. ot Ban SPIB0 iR one
embodi M@y, ot R8s MMHLBRICCEFHA JulBlOBAEY of AtaDeciERETRERy R6prBt&Bdestoidth a
base fuel having a sulfur content in excess of the hydroprocessed product

to prodd8¥la r Hdlesied, swakdrur thiedwidropsoggssediphedushemm Yeuremokiedpmey ta sul f ur
content that. is at l.east,10% |n, excess of that of .t he,hydrqgprocessed

O acicontBfing Sr BadiFERhnaRe Ky BRI AR sl ROVEIAREAGEIREE
| east 2QQUedmipl@he€ SSing @fiy afprbasé ndOY/aidh £%gaRshing HRGA]tAGIHkii0aRN| y or
alternately, the fuel produced according to the present invention can be
r educedn¢TADRNE separatipn @1 the like of a coppinatipn thereef ( Heenpyombogdanent, mmé texanypl e,

the fu - ' ' ' ' ' = not

ar et er g ELEAGHESEA BECRENRE b BEMROR A1) BERSLO Y AirobRdsdl o7 han
about 4@6ducohaving a graeaicentehtemoageutcr 20 abhaewt?6fot SAnhlOdottgesdterntrihod.

[ 0065] ‘I;g)rt her additionall ){1 or. alternately, the fuel produced according to
the pr&Q8HE! VhGORNPLECHSHIAR DR Pa¥Ed i n flash point relative to typical
base (heavy) fuels. For exanple, the fuel that is produced can have a fl ash
poi nt of at |east about 40C, e.g., at |east about 50C or at | east about
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in its reduction in sulfur content relative to current bunker fuels.

[0061] Thus, in one embodiment, a fuel is provided that is a blend product of
hydroprocessed product and a base fuel. At least a portion of the hydroprocessed product can
be combined or blended with the base fuel to produce a higher quality fuel and/or to meet
strict governmental and/or product fuel specifications. In particular, the fuel that is produced
can have a sulfur content of not greater than about 5 wt%, for example not greater than about
4 wt%, not greater than about 3 wt%, not greater than about 2 wt%, not greater than about 1
wt%, not greater than about 5000 wppm, not greater than about 2000 wppm, not greater than
about 1000 wppm, not greater than about 500 wppm, not greater than about 200 wppm, not

greater than about 100 wppm, not greater than about 50 wppm, not greater than about 30



[ 0067] Speci fic exanples of fuels produced according to the present
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3. The process of enbodinment 1 or enbodi nent 2, wherein the hydrocarbon

f eedst c&RC€¢onpri ses bi onass. [0072] Enbodi nent 4. The process of any one of

the pr %b@aﬂs e%‘%ﬂfoﬁ?l@ Sr al%gﬁﬁl':[qul,r{hé hﬁl produced according to the present invention

can be reduced in viscosity relative to typical base (heavy) fuels. For example, the fuel that is
produced can have a kinematic viscosity at ~50°C of not greater than about 800, e.g., not
greater than about 600, not greater than about 400, or not greater than about 200, based on
ISO 3104 test method.

[0065] Further additionally or alternately, the fuel produced according to the present
invention can be increased in flash point relative to typical base (heavy) fuels. For example,
the fuel that is produced can have a flash point of at least about 40°C, e.g., at least about 50°C
or at least about 60°C, based on ISO 2719 test method.

[0066] Still further additionally or alternately, the fuel produced according to the present
invention can be reduced in water content relative to typical base (heavy) fuels. For example,
the fuel that is produced can have a water content of not greater than about 0.5 vol%, e.g., not
greater than about 0.4 vol% or not greater than about 0.3 vol%, based on ISO 3733 test
method.

[0067] Specific examples of fuels produced according to the present invention can
include, but are not limited to, diesel fuels, home heating oil, industrial heater and boiler fuel,
and marine fuel, preferably marine fuels of the distillate type (e.g., gas oil or marine gas oil),

intermediate type (e.g., marine diesel fuel or intermediate fuel oil), and resid type (e.g., fuel



non- al um num cont ai ni ng support catal yst conprises at |east one netal from
G oups 8-10 of the Periodic Table of Elenents. [0073] Enbodi mnent 5. The
process oVOoany/w@s®7of the previous enbodi nents, wherei nPCRAIS2011/036212

non- al umi num cont ai ni ng support conpt4 ses a carbon support or a silica
support. [0074] Enbodi nent 6. The process of enbodi nent 5, wherein the
non-al um num contai ni ng support catal yst conprises at |east one of
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t he hyd06¢8]ocedsdidiopslbdoictlternately, the present invention can include one or more of the

following embodiments.

[0069] Embodiment 1. A process for producing a reduced sulfur fuel, comprising;:
hydroprocessing pyrolysis oil in the presence of a non-aluminum support catalyst and
hydrogen at a hydrogen to pyrolysis oil ratio of not greater than about 1000 SCF/bbl (about
170 Nm*/m?) to produce a hydroprocessed product; and combining at least a portion of the
hydroprocessed product with a base fuel in which the base fuel has a sulfur content in excess
of that of the hydroprocessed product to produce the reduced sulfur fuel.

[0070] Embodiment 2. A process for producing a reduced sulfur fuel, comprising:
pyrolyzing a hydrocarbon feedstock to produce a pyrolysis oil; hydroprocessing the pyrolysis
oil in the presence of a non-aluminum support catalyst and hydrogen at a hydrogen to
pyrolysis oil ratio of not greater than about 1000 SCF/bbl (about 170 Nm®/m®) to produce a
hydroprocessed product; and combining at least a portion of the hydroprocessed product with
a base fuel in which the base fuel has a sulfur content in excess of that of the hydroprocessed
product to produce the reduced sulfur fuel.

[0071] Embodiment 3. The process of embodiment 1 or embodiment 2, wherein the
hydrocarbon feedstock comprises biomass.

[0072] Embodiment 4. The process of any one of the previous embodiments, wherein the
non-aluminum-containing support catalyst comprises at least one metal from Groups 8-10 of
the Periodic Table of Elements.

[0073] Embodiment 5. The process of any one of the previous embodiments, wherein the
non-aluminum-containing support comprises a carbon support or a silica support.

[0074] Embodiment 6. The process of embodiment 5, wherein the non-aluminum-
containing support catalyst comprises at least one of palladium and platinum.

[0075] Embodiment 7. The process of any one of the previous embodiments, wherein the
pyrolysis oil is comprised of one or more of aldehydes, ketones, and carboxylic acids.

[0076] Embodiment 8. The process of any one of the previous embodiments, wherein the

base fuel includes at least one gas oil, heavy fuel oil, or resid oil component.



[ 0078] Enbodi nent 10. The process of any one of the previous enbodi nents,
wherein the reduced sul fur fuel conprises a diesel fuel, a honme heating
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t hereof. [0079] Enbodi nent 11. The prbtess of any one of the previous
enbodi nents, wherein the pyrolysis oil is a liquid fraction of a pyrolysis
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[0080] The principles and modes of operation of this invention have been described
above with reference to various exemplary and preferred embodiments. As understood by
those of skill in the art, the overall invention, as defined by the claims, encompasses other

preferred embodiments not specifically enumerated herein.



pyrol yzi ng a hydrocarbon feedstock to produce a pyrolysis oil;
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t han about 1000 SCF/ bbl (about 170 -NfBfnB) to produce a hydroprocessed
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excess GEAIMat of the hydroprocessed product to produce the reduced sul fur
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The process of any one of the previous clains, erein the basée fuel

i ncl udeke sdupassiiuvfisl.gas oi |, heavy fuel oil, or resid oil component. WO
2011/ 143397PCT/ US2011/ 036212 - 17 - 9. The process of any one of the
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and hydrogen at a hydrogen to pyrolysis oil ratio of not greater than about 1000 SCF/bbl
(about 170 Nm®/m?) to produce a hydroprocessed product; and
combining at least a portion of the hydroprocessed product with a base fuel in which
the base fuel has a sulfur content in excess of that of the hydroprocessed product to produce

the reduced sulfur fuel.

3. The process of claim 1 or claim 2, wherein the hydrocarbon feedstock comprises

biomass.

4. The process of any one of the previous claims, wherein the non-aluminum-containing
support catalyst comprises at least one metal from Groups 8-10 of the Periodic Table of

Elements.

5. The process of any one of the previous claims, wherein the non-aluminum-containing

support comprises a carbon support or a silica support.

6. The process of claim 5, wherein the non-aluminum-containing support catalyst

comprises at least one of palladium and platinum.

7. The process of any one of the previous claims, wherein the pyrolysis oil is comprised

of one or more of aldehydes, ketones, and carboxylic acids.

8. The process of any one of the previous claims, wherein the base fuel includes at least

one gas oil, heavy fuel oil, or resid oil component.



11. The process of any one of the previous clainms, wherein the pyrolysis

oil is aliquid fraction of a pyrolysis product.
WO 2011/143397 PCT/US2011/036212
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9. The process of any one of the previous claims, wherein the hydroprocessed product

comprises at least 10 wt% non-aromatic alcohols, based on total weight of the

hydroprocessed product.

10.  The process of any one of the previous claims, wherein the reduced sulfur fuel
comprises a diesel fuel, a home heating oil, an industrial heater or boiler fuel, a marine fuel,

or a combination thereof.

11. The process of any one of the previous claims, wherein the pyrolysis oil is a liquid

fraction of a pyrolysis product.



