HYDRODEOXYGENATI ON OF PYROLYSIS O L I N PRESENCE OF ADM XED ALCOHOL SUMVARY
OF THE I NVENTION [0001] The present invention relates to the

hydr odeoxwyQenetiseseof pyrolysis oils in the presence of pamERk@iolneisy7
BACKGROUND OF THE I NVENTI ON [0002] There is currently a demand for fuels
from sources other than hydrocarbons. One such source is pyrolysis oil.

For oxatblBRGHEORY §@ﬁ|®ﬁ%&%ﬁ%§i§@éﬁé‘§$3%ﬁmbﬁ£§ oot hat

are highly reactive, which makes AREQHOb ysis oil unstable and unfit for
use. BRI EF DESCRI PTION OF THE FI GURES [0003] Figure 1 provides pictures of
sanples of the liquid products obtained at various reactor bottom

t enper at SISV ARY OF NUE IEENTiOX Exanpl e 1. [0004] Figure 2 provides FT-IR

msasure om t he Exanpl es row es GCx re ults of
The reed 1PPaHh THRchrisei i @R 5latst 1 bk Hpofy o RirtolaRels 06t B ¢ ne
product agrestB&loffanamachbie Exarrpl es. [0007] Figure 5 provides GCxGC for
gasoil deri ved frorr(1)crude oil for reference. [0008] Figure 6 provides a
"van KreVBAGE ENAEPes the nolar O/Cratio of the dry oil
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at is suita or bl ending or er processing alys e
cat al ystsfewmt@tﬁtb@tﬁmpera@éeshedéierfe@aﬁqrEéarslébéct ed fromany bul k or
supporte r f rodeoxygenati on
cat al yst %Op&ﬂ ngurggg)e buI tﬁ %Shfenpeflg f?%%@%ﬁ%ﬁl%cegt al yst cont ai ni ng
great er tloans] Engﬁre%pﬁf@hdﬂs&GCMﬁ@uM\oﬂth@febd)fmint\heEghhplesf t he catal yst, can

be used In sone. e irent s, e byl k catalysts used contain at
Peast at WESUFigH 84@%%65{?%%@5%%5 it ot NS o BEE<UPBeec al , and
somet i mes[pad7]l mast SPRE 1R TIXAC Mtuaboil RYRBOIbAGERIA B tcferstbiet abl e for use
herein ty |caI |y contain at | east one Goup VIII netal and at | east one
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preferablé r’r(; and the at |east one Goup VIB netal, is preferably
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G oup VII% B&%ﬁl is typically present in an anmount ranging fromabout 0.5
to about 20 wt % preferably fromabout 2 to about 8 % and nore preferably
about 3 tW% Al'l netal weight percents of the Goup VIIlI netals
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W . % prefyesigkib ysllfaf@mn@bmuﬁrewldseﬂab@owmﬁ thé pPézenaBdf HoARlypr Mter aakty from
about 15 to about 30 w. % netal s wei ght percents of the Goup VIB
metal s ar¥ecHrdigl soupnEg Er?f@ ﬁhéq &l @than) 'ﬁszlinae% profyet %p%to@éaceéa@aq Psts used
herein cqﬁnghggnqmggﬁgggﬁ@hwkEﬁg&mgﬁe pronoter selected fromthose known in
t he hydroprocessing catal yst art to enhance the perfornmance of the

catal yst. The supported catal ysts of the present invention can contain up
to about 15wm.9% nore typically up to about 1 Om.% and nore typically
fromabout 1 to about 10wt .% of the pronoter, calculated as the oxide. In
sone enbodi nents, the pronoter is selected fromsilicium boron, fluorine,
potassi um or phosphorous, or a conbination thereof. The pronoter can be

i ncor porated by any known net hods |nclud|ng depositing the pronoter onto
the surface of the support or incorporlation of the promoter into the

catal yst support, or both. Al cohol




[0013] The at | east one al cohol, in sonme enbodi nents only one, suitable for
use herein is selected fromany al cohol containing in the range of from
about 4 twoabmuisBZecar bon atons. I n preferred enbodi mnenPST/HPh@1A6489BaSt One
al cohol is selected fromthose al cohols containing in the range of from
about 4 to about 6 carbon atons. In sone enbodi nents, the at |east one

al cohol is isobutanol. The at |east one al cohol described and used herein
is in addition to any al cohol (s), or is an added al cohol (s), that nay be
present ig,dibg pyrolysis oil(s). The at |east one al cohol nay be the sane
as or different fromany al cohol (s) present in the pyrolysis oil(s) used
herei n. [[00124] Thercatdists sawtblldiforevredierdithearabe sedensad foore aay dulkodr wopartdd| e f or
use hereln S irst , ferab nly one,
cont ai ni nad“’rt”?“ﬁssmgacatﬁy&f erIF%ant%?%% ﬁ?r"ae‘txé{ge“&“" %ahloatr dBfe, aoSank%pt&ef erably
about 4 tataAhetand balk bnalyat oiminidndreater ieassovarte maglonhsad oohhd total
preferably .onl ne, containing in.the range of fromabout 1 to about 15
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di f ferentcdpthEbar 1eRSt 2§ 3RO - VI¥P Phekdl] Hntl 120 Gea8X PG RSp OV TES HietaR i@ second
al cohol s cont ai ni ng from about to about 15 carbon atoms, include in
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pref er abl the.r e .of bout 30 referably
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condi t i onigass bhé kb YOI nwse@ i18/p&ally pkentiin@h ladﬁ)uﬁtr RSSUE Font Abdup®. 3 @nge of
fromabout 0.1 to about preferably in the range of fromabout 1 to

about 20, 2bq8t 20 B, eﬁraﬁata;?ly ftomr?éowa%g% apgutfd %ﬁ%@@t@ wetegrbihabrut 5o npst
pr ef er abl %oh{]&t\/{a@ Aﬁqggal%el% &h&%f tBe T(Qo ‘Wltl mdals '%‘H cftaed! @ﬁle' n Ma.

[ 0018] The hydroprocessi ng tlons suita for use herein also include
hydr ogen metednogaexides ddeian ltda‘eomeaﬁg@lpo‘tflﬂ mmualabtiutt'pm@l@NM tpgeséréed ano about
5000N1/ kg fe ref erab i e Noli out 40 /K

about 30 PE eed, mﬁﬁ%éUtft gka snghptwﬁﬁﬂﬂh ? rgiga gb %%'ONllk
feed to about arﬁﬂﬁewﬁrk@rabfﬁﬁ&n altsoatlsptbabemtaﬂml Wt.%N Alhﬁlefaam@agmfpefrcreom about
800N1/ kg feed to about 1 Nl/k 019] . After ydroproce55|n t he
hydr opr oc¥<Bs oy YHt Betadssife galcy Ft@gtaé(tﬁet lae%tst)%?esat Theegsygporte ﬁatatysgn of the
product s Genth@ienehr 11§ 8bdpristh 18Rt Wp&&o‘f@'s@féc‘&aﬁ'%oﬂ{ %‘s‘@kﬁov@ﬁ ¢ fecover ed
is not critical to the present invention, an iy met hod processi ng
known t o Iberafréesstiy eatalystaeipareahingg tlsmhfq@smamm ghe aatalyet uB@oBupmedexarrpl e,
the hydro es e raeg I illation
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one aIcohﬂhuaﬂewﬁﬁnmn@dnmanﬁpmhgzﬁb@du@ﬁﬁlanﬁabhﬁrmhy9$embﬂermomomn sone

enbodinent partion, ferabl subst anti ot any water
present | Ilf’éedh t%swﬁaeﬁgﬁﬁ@leﬁw%aﬁmenfs HecRFEate" W% sdE#on or

settling wrb@rﬂuban@rp@augtmracglwaﬁabm@aéﬁd @dit@ﬁit%nwﬁ@aofdlmelﬂrtra&hp&anl s used
for product recove@y I'n these enbodi nents, the hydroprocessing product is

al | oned the yepworted by @ad@@dvnt @le@@éarnathéhmgndep%ttlngeta@tprarnoot gam dephase
and an a r ni ¢ phase
recovereg%%$ﬁ§dﬁg€o Hﬁg?ﬁ%ggg g@SBandgg?ﬁ?ﬁgggﬁﬁ %3@”%ﬁa° (g%an be
further processed, such as by fractional distillation, to recover any
products present therein. [0020] The inventors hereof have di scovered that
the present invention produces useful products containing | ow | evel s of
oxygenat ed speci es even though the processes of the present invention
operate at such | ow tenperatures, and preferably pressures. In some

enbodi nents, the products produced fromthe present invention contain |ess
t han about 20w . % based on the total weight of the product, oxygen,
preferably | ess than about 10 wt.% nore preferably in the range of from
about 4wt % to about | OM.% nost preferably bel ow about 4w % [0021] The
|nventors hereof have also dlscovered that the nlld operatlng condltlons of

oy . T | - " o .



[0027] In other enbodinents, at |least a portion of the at |east one al cohol
and at least a portion of the water present in the hydroprocessi ng product
are renowe0 20teesedsy producing a | ower water and | ower arCra&ese1ronsoal cohol
hydr opr ocessi ng product, and at |east a portion of the so produced | ower
wat er and | ower at | east one al cohol hydroprocessing product is recycled.
In these enbodi nents, the at | east a portion of the so produced | ower water
and |l ower at |east one al cohol hydroprocessing product that is recycled
contai ns Afokdie range of from about 1)wt.% to about 30)Ww . % water, based on
the total weight of the | ower water hydroprocessing product; in sone

enbodi rrer{10§13]rifltewélqasmgle atsbhély mmoabwmbomﬁmw%ndm@b@mabewseomm Br; in
Zﬁreoﬁn?ﬁgieggeﬁéfs mra!m ?coh%n&)ntatn%lnjg ru?%earba%ué ro%’ncv%tma u? z@ﬁj W%“E car °O/°‘t“’at er.
60) wt . % Oaftoﬂmemqireﬂeﬁ%émdethaht@Cthé)ht, leeb;asmjaladihol h&ele@ﬁealfroneﬂhgmalafhotshe | ower
wat er and | ower at | east g e al coh CeSSI ng_product ; ({%rl sone

enbodi mentoSAHg Hethf g8 b of Bt Tb m %etamab BOBQSAPOUERS he at

| east onephahCri®lone hiRoIfNNEisSHRAR m?ﬁ‘é 8t 1edyt biCalbeHd BeRfibdd 21N BBOHEreR0) WL .
to about 35)wt.% of the at |east one alcohol, all on the sane basis. In

these enbodi additien te hey aleehaits).ofr is lae addedorlcoleale), el mayvier pragent énde one

al cohol Si I S zation
of the p%’gegglg %ﬁﬁ'sofr}% aie)[n%g%l%ﬁlrgn @?In&g%\yer%%\gé%{% 19) ?ocﬁng% l?9‘511) .%to
about 98)altoh(s)yassedt iarnhd preolyat all(sywededhereof t he I ower water and | ower at

| east one hol hydroprocessin roduct,. of t ower. water and | ower at
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the range of from about 50)wt.% to about84)wt.% all on the same basis. The

recycl ed BAbPRioh cerbor BonsoReserelly ébouirftito ehwak 6 gartos ssempead af dgpigine

hydr opr oc r recycl ed
port i on o gl pietrab ko, Eihink o et TR B0 65y 3038813 Tt hod
by whi ch @ubmmmmmsaﬂpamnﬂmdhﬁhnﬂhawwaakmhdatdkmhbﬂmaepdﬁﬁh@mnombmhﬁ at

| east one_al cohol r _conbi nati ons i S, removed from
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distillation, or the like. In sone enbodinents, settling or decantlng or

di stillat qﬂaﬁﬁw dronaigl. byt Rentanpls hrepagk heranaleeptanobgrpapnobhdecanlyand

descri ptigp;isSndisrected to several enbodiments of the present invention.
Those skilled In the art will recogni ze that other nmeans, which are equally
ef f ecti velvrolysis @ibe devi sed for carrying out the sp|r|t of this invention.
It shoul not.ed at enbodi nt. i nvention
cont enpl a8l Tt PRoRE 0wl S bR Rl TRk G b’ PRERRh] T over
anount tOthaI’m/r(kly:gsh@ﬂ @90 Uitkrein H@rdeﬁxaﬁﬁﬂoﬁ; bvdm&ias.dllacm B@bbdiments, the
hydroproce55|ng nditi PS tenper ures in the range of from about 40C to
about 160TTOyHS P! § 6£r8@>ﬁ$8ﬁ¥’ But 100C to about 160C, in the range of

from aboufy d8f6cdsSingd0RHLitidR0C, etc. are within the scope of the present

i nvention. TJ%‘%’OQ‘_TE—V_OWW ng exanples will illustrate the present

i nvent i on00kitInghepraeticernddhe pltesﬁnbeWIentmm ithregpyirelyeinpil madaeleastEXARRRES [ 0031]
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vessel s, a oW oper a fixed
bed r eacttempetatur@ of fegy ﬂameabmt Boc%’meﬂtdbpgorzdxrmg antbast zgansdﬂopqmesdmg

separation and sanplin stem for and roduct s. 2] .The
T Ra becPIP LT ChEEmBire) fit Ehar et et g Pt OHpOUE Bt o gth of

about 60csbdute thefrmval dmtadnéils, 8% eniiRtateiea bR B thefrarRit frdm GBBY: The
reactor was |oaded fromtop to bottom by, about 5cmof SiC 16mesh, about

49cm non-4"C e ebow 308Gy srore prefespilyin terre @uf@nlébm%ﬁOOQﬂwf@ a;bwtcﬁO)Ost oi |
feed use ies outlined in Table 1
bel ow. qmbﬁphﬂaﬂﬁgéﬁgﬁgﬁg%ggggghﬁ%ggf§>@Hggﬁ%ggﬁfﬁg Awt . 9Ni O and
25wt . %003, and 7wt .P205 with the remai nder of the catal yst being alum na
carrier. Catalyst B is a bulk netal oxide catal yst fornmed according to the
reci pe and procedure of Exanple 6 of United States Patent Nunber 6,162, 350,
specifically identified as Sanpl e 18357-109 therein. Table 1 %20 % %1 %O
density 15C [g/m] Pyrolysis oil 22.73%2.7 7.6 49.2
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1.22 i BuOH 0.804 EtOH 0.789 [0033] Before use, each catal yst was
separately activated by the follow ng procedure: Catal yst activation: For
cat al yst wotnwashzsa a DVDS spi ked (2. 5wt ¥%8) di esel feedpraagpresiaacsshe feed
was first introduced at the follow ng conditions: H2/feed300 N /kg LHSV2
Pressure4. 5MPa Tenperature (C) 30

[0017] The hydroprocessing conditions suitable for use herein also include pressures in
the range of from about 0.1 to about 30, preferably in the range of from about 1 to about
20, more preferably in the range of from about 5 to about 15, most preferably in the range
of from about 8 to about 12. All pressures in Mpa.

[0018] The hydroprocessing conditions suitable for use herein also include hydrogen
treat gas rates in the range of from about 100Nl/kg feed to about S000Nl/kg feed,
preferably in the range of from about 400Nl/kg feed to about 3000Nl/kg feed, more
preferably in the range of from about 600Nl/kg feed to about 2000Nl/kg /feed, most
preferably in the range of from about 800NI/kg feed to about 1500N1/kg feed.

[0019] After hydroprocessing, the hydroprocessing product can be treated to recover at
least a portion of the products contained therein. The method by which the products are
recovered is not critical to the present invention, and any method or processing known to
be effective at separating such products can be used. For example, the hydroprocessing
product can be subjected to fractional distillation whereby at least a portion of water and
at least a portion of the at least one alcohol are removed, and the products are thereby
recovered. In some embodiments, at least a portion, preferably substantially all, of any
water present in the hydroprocessing product is removed by phase separation or settling
prior to product recovery, particularly when distillation is used for product recovery. In
these embodiments, the hydroprocessing product is allowed to separate or caused to
separate into at least an organic phase and an aqueous phase, and the aqueous phase is
removed or the organic phase recovered. The recovered organic phase and/or the
aqueous phase, can be further processed, such as by fractional distillation, to recover any
products present therein.

[0020] The inventors hereof have discovered that the present invention produces useful
products containing low levels of oxygenated species even though the processes of the
present invention operate at such low temperatures, and preferably pressures. In some
embodiments, the products produced from the present invention contain less than about
20wt.%, based on the total weight of the product, oxygen, preferably less than about 10
wt.%, more preferably in the range of from about 4wt% to about 10wt.%, most preferably
below about 4wt%.



Thereafter, the tenperature of all furnace sections was increased according
to the follow ng tenperature program keepi ng the other conditions the sane:
Tenper at Wwe 20Qyospmapl Tenperature dwell (C) Tenper at ur e PCOEPR@TJOR4897
Tenperature dwell (C) Cooling down to roomtenperature 304 250, 10C uur
10.5 hours 2504 320, 5C/ uur 2 hours Test procedures: [0034] First

i sobut anol (DMDS spi ked, 5000 ppm S on wei ght basis) was introduced at LHSV
2 and H2/feed 300 NI/kg. Pressure was 10Mpa. During the introduction period

of 2 hourp i(]erﬁe(’qﬁpé?ﬁé}tz %El%opflaxlehﬁsob&’i%éd%@?eaﬂﬁatr{héi‘flhl% éﬁ%hgr&oﬁﬁméﬁleoff urnace
was | ncrease from about roomtenperature to 100C. Thereafter, LHSV was

reduced ttbe QreSend myepiddrf ewapestadlyt enhpes thip pfogesd bmfrectuhmgfoataiwt leerhdtigtdndn and
over a t'r@?ﬂf rr{nod of about 4 hours the reactor tenperature was increased
to 150C (b Snd niddl e section of fur nace). Then LHSV was changed to
the desir edz:L]I-]lSVscmﬁe tefbolliniesits, tthstpresendiitventioarinclades oatt hasthyae ageondf | ow was
set to tkkry desi red val ue Oé‘ht he first tgit condlt on. LHSV is al ways based

on total MIURATAFEFRY St38S1 hdNe SQREIGPNS, TRENESE %45 | ok 1 Pedeshil8e SEFEhed from
i sobut anofydt&prédassiky §t9éé/csdnsoe0§elec{ed'fﬁﬂbﬂﬁ@@ﬂhoﬁ%@&@d&' 468¢e. HORA tRPFP on

wei ght basis) m xture. Next the tenperature of the bottom section of the
furnace weast pmiieea@és:tagerlémnpmgd tibistrieferdeds thaele lsondigonsta ithresegendrdagsi t h a

t enper at u i zation, sanpling was
started. 53\ ﬁy{l aat&gt%%hcfsﬁ{ gg@?%g%%owdf%f%m\gere used to neasure the
conpositi @ﬁ23:]letehlaVﬂft<f>rs descofimdvé alsdelieoverad tHahehd pebant amaehticopoeintesat i on i n
the various fe s nd product

The Karl -Fi s s used
det er ni nelghdv Ve SRSt POBISh § § CHEIY ?%Euéhaf“eﬂ%i‘é‘ r?&y%‘?“odﬁ’i‘{@ The C

H N andfnmsqgetne%nafs BIBRIiNVAEA P HFinfrRes}seraaidds. PITag WslehtonpBerdsit IRfBIangd by an
organi c el enmental analyzer (lntersciense, Flash 2000). FT-IR gTher no

Sci ent i f | #sqqversd dhattis: pesept dnweﬁflﬁararaemert&ﬁ@rpwm It qveafsths EfpB8addedner e
used for J WibRean g Rltlofi Ahd © E] &ﬁh% SRGANEhPS k4 Qi ons
Tot al fee Feed W tﬂé\%g}derloanh a‘{&go (%I ITuent (1 é’pé—l E%tpﬁ Dr;fts
f eed: Feeohtmmrbasutglwxwvelre @nditieng houog aldliol pamof m"eysamelalcwhou ubt addittdmotite wat er
and w t hout n(da(iyl ent fgﬂdr¥&eed O/vai% Onat efl]f % Y ter yiel Pl 0/,?[%
wei ght ] YIRFHOMaEr dh'§re8d 5 ias” n§ Pty Y &MY BTG Gal -
100% % weh@hithake products suitable for use in spemﬁc applications. For example, when the
alcohol is isobutanol, the present invention produces isobutane that can be used in
refinery gasoline alkylation processes. These alkylation processes produce an alkylate
product suitable for use as an octane enhancer for, e.g., blending with hydrocarbon
fractions suitable for use as fuels. By variation of the process conditions the amount of
isobutane produced can be controlled. Also by variation of the process conditions the
degree of deoxygenation of the products from the pyrolysis oil can be controlled.

Optional Recycling

[0024] In some embodiments, the process of the present invention includes recycling of
at least a portion of the hydroprocessing product, and/or at least a portion of any
hydrogen, and/or recycling of at least a portion of the alcohol removed from the
hydroprocessing product, and/or recycling at least a portion of any product(s). The
hydroprocessing product of the present invention comprises at least water, at least a
portion of the at least one alcohol, and products, such products described above. The
recycled portion of the at least one hydroprocessing product and/or at least a portion of

any hydrogen, and/or at least a portion of the alcohol can be introduced to any part of the



Weight flow 0O =g 1 h 0 content:0 content corrected for O in water and O in
di luent C content:C content corrected for Cin diluent H content:H content
correct edwban12ispasewat er and H in dil uent Density cal culpaTiereoiofocepy oil in
two steps: Exanple 1 [0036] Catalyst B was eval uated at various bottom
tenperatures with a mxture of 50% pyoil and 50% i sobutanol to investigate
the influence of tenperature on conversion to various products. LHSV = 0.25
; H2/feed = 2000 NI/kg ; Pressure = | OWa [0037] In Figure 1 sanples of the

liquid produst schelkaddperlifRs o fel RES fr&8} &Ey&@&ﬁ@é@tfn%%ﬁfn@if%%%o@és@ shown.
It can be observed that above an outlet tenperature of about 0-225C t he

liquid producssiostearmpld & quewhatoamendga andor dhainfance teampemtire. Ode domeer
cOmDr ) 1k ey T O BT R B OB ©
product oichctandl) canbitédnohixed hathdaa sdetito (Heliydraphstedxpgendto) i) regnrtednt  of
{he 0TV Brodict ol (ui ol eLer, o Lot ane) | were gl ollgled from (he
Table 2 T@ppdctd td88dcohdiinARl 2P 190 Of 2R0prddQs 3BheMr@SnSiHedhkioh Gtillds 1. 01

more than one hydroprocessing stage, e.g. at least one second hydroprocessing stage, the

recycled portion of the at least one hydroprocessing product can be directed to any of the

hydroprocessing stages, or divided or separated with at least a portion introduced

separately to each such hydroprocessing stage, or any combination of 1)- iv) above.

[0025] In some embodiments, at least a portion of the hydroprocessing product is

recycled without further processing. In these embodiments, the amount of

hydroprocessing product recycled will vary, based on optimization of the process. In

some embodiments in the range of from about 1wt.% to about 98wt.%, based on the total

weight of the hydroprocessing product, of the hydroprocessing product is recycled; in

some embodiments in the range of from about 10wt.% to about 94wt.%; in some

embodiments in the range of from about S0wt.% to about 84wt.%, all on the same basis.

[0026] In other embodiments, at least a portion of the water is removed from the

hydroprocessing product thereby producing a lower water hydroprocessing product, and

at least a portion of the lower water hydroprocessing product is recycled. In these

embodiments, the lower water hydroprocessing product that is recycled contains in the in

the range of from about 1wt.% to about 30wt.% water, based on the total weight of the

lower water hydroprocessing product; in some embodiments in the range of from about

4wt. % to about 20wt.%; in some embodiments in the range of from about 7wt.% to about

15wt.%, all on the same basis. In these embodiments, the amount of the lower water

hydrprocessing product recycled will vary, based on optimization of the process. In some

embodiments in the range of from aboutlwt.% to about 98wt.%, based on the total

weight of the lower water hydroprocessing product, of the lower water hydroprocessing

product is recycled; in some embodiments in the range of from about 10wt.% to about

94wt.%; in some embodiments in the range of from about SO0wt.% to about 84wt. %, all

on the same basis. The recycled portion of the lower water hydroprocessing product can
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be treated in the same manner as the recycled portion of the hydroprocessing product,
described above.

[0027] In other embodiments, at least a portion of the at least one alcohol and at least a
portion of the water present in the hydroprocessing product are removed thereby
producing a lower water and lower at least one alcohol hydroprocessing product, and at
least a portion of the so produced lower water and lower at least one alcohol
hydroprocessing product is recycled. In these embodiments, the at least a portion of the
so produced lower water and lower at least one alcohol hydroprocessing product that is
recycled contains in the range of from about 1)wt.% to about 30)wt.% water, based on the
total weight of the lower water hydroprocessing product; in some embodiments in the
range of from about 4)wt.% to about 20)wt.% water; in some embodiments in the range
of from about 7)wt.% to about 15)wt.% water, all on the same basis; and in the range of
from about 5)wt.% to about 60)wt.% of the at least one alcohol, based on the total weight
of the lower water and lower at least one alcohol hydroprocessing product; in some
embodiments in the range of from about 10)wt.% to about 50)wt.% of the at least one
alcohol; in some embodiments in the range of from about 20)wt.% to about 35)wt.% of
the at least one alcohol, all on the same basis. In these embodiments, the amount of the
lower water and lower at least one alcohol hydroprocessing product recycled will vary,
based on optimization of the process. In some embodiments in the range of from about
1)wt.% to about 98)wt.%, based on the total weight of the lower water and lower at least
one alcohol hydroprocessing product, of the lower water and lower at least one alcohol
hydroprocessing product is recycled; in some embodiments in the range of from about
10)wt.% to about 94)wt.%; in some embodiments in the range of from about 50)wt.% to
about84)wt.%, all on the same basis. The recycled portion of the lower water and lower
at least one alcohol hydroprocessing product can be treated in the same manner as the
recycled portion of the hydroprocessing product, described above.

[0028] The method by which at least a portion of the water, at least a portion of the at
least one alcohol, or combinations thereof, is removed from the hydroprocessing product
is not critical to the instant invention. Non-limiting examples of suitable methods include
settling, decanting, distillation, or the like. In some embodiments, settling or decanting or

distillation, or any combination thereof is used.
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and about 6¢cm of SiC 16mesh. The pyrolysis oil feed used in the following examples
had the properties outlined in Table 1 below. Catalyst A is a supported catalyst
containing 4wt.%NiO and 25wt.%MoOs3, and 7wt.P,Os with the remainder of the catalyst
being alumina carrier. Catalyst B is a bulk metaloxide catalyst formed according to the
recipe and procedure of Example 6 of United States Patent Number 6,162,350,
specifically identified as Sample 18357-109 therein.

Table 1
density
15C
% H20 % C |%H |[%O |[g/ml]
Pyrolysis oil 227 427 76| 492 1.22
1BuOH 0.804
EtOH 0.789
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Catalyst activation:
For catalyst activation a DMDS spiked (2.5wt%S) diesel feed was used. The feed was

first introduced at the following conditions:

Hy/feed 300 Nl/kg
LHSV 2
Pressure 4.5MPa
Temperature (°C) 30

Thereafter, the temperature of all furnace sections was increased according to the

following temperature program keeping the other conditions the same:

Temperature (°C) rampl 30-> 250, 10°C/uur
Temperature dwell (°C) 10.5 hours
Temperature (°C) ramp2 250> 320, 5°C/uur
Temperature dwell (°C) 2 hours

Cooling down to room temperature

Test procedures:

[0034] First isobutanol (DMDS spiked, 5000 ppm S on weight basis) was introduced at
LHSYV 2 and H,/feed 300 Nl/kg. Pressure was 10Mpa. During the introduction period of 2
hours the temperature of the bottom and middle section of the furnace was increased from
about room temperature to 100°C. Thereafter, LHSV was reduced to 0.5 and H2/feed set
to the Hy/feed of the first condition and over a time period of about 4 hours the reactor
temperature was increased to 150°C (bottom and middle section of furnace). Then LHSV
was changed to the desired LHSV of the first test condition and also the hydrogen flow
was set to the desired value of the first test condition. LHSV is always based on total
liquid feed to the reactor. Thereafter, the feed was switched from isobutanol to the
pyrolysis oil / isobutanol (DMDS spiked, 5000 ppm on weight basis) mixture. Next the
temperature of the bottom section of the furnace was increased from 150°C to the desired
bottom temperature with a temperature ramp of 20°C/h. After 20 hours stabilization,

sampling was started.
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18% Cat B, Bulk netal 0.25 2000
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Analytical methods

[0035] GC-methods were used to measure the composition of the off-gas and to
determine the isobutanol concentration in the various feeds and products. The Karl-
Fisher method was used to determine the water concentration in the various feeds and
products. The C- H- N- and O-content of the various feeds and products was determined
by an organic elemental analyzer (Intersciense, Flash 2000). FT-IR (Thermo Scientific
Nicolet 1S-10 Mid Infrared) and GCxGC methods (HP6890) were used for further
characterization of the feed and products.

Definitions

Total feed:  Feed with water and alcohol diluent (iBuOH or EtOH)

Dry feed: Feed without water and without diluent

Dry oil: Product without water and without diluent
. . . _ ¢dry.oil 0

Dry oilyield Yield,, ,, = *100%

dryfeed

_ Drer. 007 ~ Puaterv ¢100% [% weight]

Water yield  Yield
¢dryfeed

water

Gas yield:  Yield,, =Lz ~ 9

dryfeed

2 e100%  [% weight]

Weight flow ¢ =g/h

O content: O content corrected for O in water and O 1n diluent
C content: C content corrected for C in diluent
H content: H content corrected for H in water and H in diluent

Density calculation of dry oil in two steps:

%iBuOH - p,
Step 1: = - B0
Y porgamc pproduct (l OO% _ %ZBMOH)

%H,0- py o
(100% —%H ,0)

Step 2: pdry.oil = porganic -

10
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17% Table 4 - Gas yields LHSV gas
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Example 1

[0036] Catalyst B was evaluated at various bottom temperatures with a mixture of 50%
pyoil and 50% isobutanol to investigate the influence of temperature on conversion to
various products. LHSV =0.25 ; H2/feed = 2000 Nl/kg ; Pressure = 10MPa

[0037] In Figure 1 samples of the liquid products obtained at various reactor bottom
temperatures are shown. It can be observed that above an outlet temperature of about
200-225°C the liquid products started to separate in two distinct layers. One layer
comprising mainly water, some isobutanol and a minor amount of organic compounds
(measured using GC-MS) and the other layer comprising mainly the product oil and
isobutanol. The density (“D”) and oxygen(“O”) content of the dry product oil (without
water and isobutanol) were calculated from the values measured on the product

oil/isobutanol mixture as such, see Table 2.

Table 2
Temp (°C) Feed | 150 200 225 250 260 270 285
Das suen) (g/ml) 1.01 094 1094 1093 (090 |087 |087 | 083
Do iBuoH no 20y (g/ml) | 1.28 1.10 | 1.05 [097 093 |085
O(dry oil) wt.% 37.6 232 [203 [135 127 |62

[0038] It can be observed in Table 2 that depending on the reactor bottom temperature
the oxygen content of the dry product oil is reduced. Levels significantly below 10wt%
oxygen are obtained at a relatively low temperature and pressure of respectively 285°C
and 10MPa.

[0039] The composition of the oil products was investigated by FT-IR and GCxGC
methods. The results are presented in Figures 2 to 5.

[0040] It can be seen from the FT-IR results in Figure 2, that the intensity of the peaks
belonging to aromatic compounds and oxygen functional groups is reduced to various
lower levels depending on the reactor bottom temperature (e.g. B200 indicates 200°C
reactor bottom temperature and B290 in a similar way 290°C). For reference the FT-IR

spectrum of isobutanol (i-butanol) is plotted in the same figure.

11



iC4 C2 CHA COCO2 Oher* sum Yields, %of total feed Cat A, 0.25 17.2%
5 8% 1.7%2.1%0.4%2.5% 4. 7% 17. 2%
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[0041] From GCxGC (Figures 3 -5) it can be observed by those skilled in the art that the
products become less polar and more saturated with increasing temperatures. At the
highest temperatures mainly so called fungible (can be mixed with crude oil derived
products) paraffins and naphtenes remain. In Figure 3 the results obtained with the feed
are shown. Coordinates Y and X are indicating resp. higher polarity and higher molecular
weight of the fractions that were separated by the GCxGC method. The feed contains
relatively polar (e.g. oxygenated compounds, polyaromatic compounds) and heavy
components.

[0042] From Figure 4 it can be seen that the components of the product oil of the
invention are much less polar (deoxygenated, hydrogenated) and also somewhat lighter
than the components of the feed. For reference Figure 5 is presented which shows where
the components of gasoil derived from crude oil (almost no oxygenated compounds) can
be observed by the GCxGC method used. From Figures 4 and 5 it can be observed that
the products of the invention would be mainly naphtenic, paraffinic and monoaromatic
compounds.

[0043] In combination with FT-IR results (reduced aromatic compound peak) it can be
concluded that the aromatic compounds have been hydrogenated for a large part and
consequently mainly naphtenic and paraffinic compounds remain. This is further
supported by the relatively high H/C molar ratio of the dry oil (see figure 6).

Example 2

[0044] Catalyst A and B were evaluated at various conditions to investigate the effect of

catalyst type (with and without carrier).

Conditions

Feed: Mixture of 50/50 vol% Pyrolysis oil / Isobutanol
LHSV: 0.25and 0.5

H2/feed: 2000 and 1490 Nl/kg

Pressure: 10 MPa

Temperature: 270 °C bottom

[0045] The results presented in the tables below are representative for a run time of about
48-96 hours. With both catalysts a similar two layer system was observed as described in
Example 1. Oxygen content is reduced to about 14% at these very mild conditions.

Yields of dry oil are relatively high and it can be seen that oxygen is removed from the

12
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15.6%5.6% 1. 7% 2.0% 0.3% 1. 9% 4. 1%
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dry oil and converted to H,O and CO,. Next to that some CO and light hydrocarbon gases

are formed.

Table 3 - O-content and product yields

PCT/EP2011/064897

LHSV | Hyffeed | O | O/C | H/C | yields [% dry feed]
dry
[wt%] | [mol/mol] oill | water | gas
Cat A, 0.25 2000 14% [ 014 | 1.77 | 55% | 17% | 28%
Cat A, 0.5 1490 18% [0.19|1.69| 69% | 13% | 18%
Cat B, Bulk metal 0.25 2000 15% [0.16 | 1.88 | 58% | 17% | 25%
Cat B, Bulk metal 0.5 1490 19% (020|170 | 71% | 12% | 17%

Table 4 - Gas yields

LHSV | oas | iCs | ¢ | cHy | cO | €O, | Other’| sum
Yields, % of total feed

CatA, | 025 |17.2% |5.8% | 1.7% | 2.1% | 0.4% | 2.5% | 4.7% | 17.2%
Cat A, 05 | 88%|1.4%|1.0%|1.4%|03% |17%| 3.0% | 88%
Cat B,
Bulk metal | 025 | 15.6% | 5.6% | 1.7% | 2.0% | 0.3% | 1.9% | 4.1% | 15.6%
Cat B,
Bulk metal | 05 | 9.9% | 1.7% | 13% | 1.7% | 0.3% | 1.5% | 3.5% | 9.9%

*Other: H,0, C3, nCy, Cgs, iCs, nCs

[0046] The results can be further represented by a “van Krevelen” plot (Figure 6), which
compares the molar O/C ratio of the dry oil (illustrating the deoxygenation level) with the
molar H/C ratio of the dry oil (illustrating the hydrogenation level). Next to the results
obtained with the methods of the invention are prior art results (Reference 1:
Venderbosch R.H. et al, J] Chem Technol Biotechnol 2010, 85, p.674-686) (Reference 2:
Elliott D.C., Energy Fuels 2007, 21(3), p.1792-1815) plotted to illustrate that the
examples according to the present invention provide surprisingly high deoxygenation and
hydrogenation level of the products compared to prior art technology. From the results in
the tables it can also be concluded that relatively low quantities of isobutanol are
converted to isobutane, e.g. in the case of the highest LHSV only about 1.4wt % of the
total feed is converted to 1Cs with catalyst A and 1.7wt % in the case of catalyst B.

13
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15.6% Cat B, Bulk netal 0.5 9.9%1.7%1.3%1.7%0.3%1.5% 3.5% 9. 9%

*Q her: H20, C3, nC4, C6+, 1E5, nC5 [0046] The results can be further

repr esentwo 2b12/@9356an Krevel en” plot (Figure 6), which eowrERe@s/o648e7 nol ar
O/Cratio of the dry oil (illustrating the deoxygenation |level) with the
molar HHCratio of the dry oil (illustrating the hydrogenation |evel). Next
to the results obtained with the nethods of the invention are prior art
results (Reference 1: Venderbosch R H et al, J Chem Technol Bi otechnol
2010, 85, \MRxifhifhs &30 :rsloRef fleSEL0AC, B 9 8004 MisGthe FiFEleHYes BeBlein 460 21(3),
p.1792-1815) plotted to illustrate that the exanples according to the
present idqatedysts are yarpwindd, sud peihsbullyl optahistghardlesnppgeerh tatalmstamdodel fargenat i on
| evel of ﬁegﬁ @rlggatigttsfes%gsnpar ed to prior art technology. Fromthe results in
the tabl €Y “Tan 41's8 'b& concl uded that rel atively low quantities of

i sobut anckExangedonverted to i sobutane, e.g. in the case of the highest LHSV
only abo % of the total feed is converted to.i W th catal yst A
ond” 17 7e 063 i henecafssigel sfeag ygewé}ltawxwﬁwe%lﬁ%ﬁi STt PeRd o

i CA is 5 @mpseedN so the differences between the two catalysts are very

smal |, and both bul k catal ysts and supported catal ysts provide for nearly
equi val entondééuist s. Exanpl e 3 [0047] The use of ethanol instead of

i sobut anolatelast: | nvéstiAgat ed and the results were conpared. Conditions

Cat al yst :IGatl: A Mixture of 50/50 vol% Pyrolysis oil / Ethanol

LHSV: 0.25
H2/oil: 2000 Nl/kg
Pressure: 10Mpa

Temperature: 270 °C bottom

[0048] See for further details Example 2. All procedures of Example 2 are the same
except for the feed used, which is a mixture of 50/50 vol% Pyrolysis oil / Ethanol.

[0049] The results presented in Tables 5 and 6 below are representative for a run time of
about 48-96 hours. In the case of ethanol the liquid product was less clear and contained
3 layers. One oil layer on top of a mainly water and ethanol containing middle layer and a

heavier bottom oil layer. For the calculations the two o1l layers were combined.

Table 5 - O-content and product yields

0]
cont. | O/C | H/C | yields [% dry feed]

dry
[wt%] | [mol/mol] oil | water | gas
iIBuOH | 0.25 14% 014 | 1.77] 55% | 17% | 28%

EtOH | 0.25 19% | 021 [1.70] 63% | 11% | 26%

LHSV

Table 6 - Gas yields

oas | iCs | ¢, |cH4| co | o, | Other' | sum
Yields, % of total feed

iBuOH | 025 |172% [ 58% | 1.7% [ 2.1% | 0.4% | 2.5% | 4.7% | 17.2%

EtOH | 025 |22.9% | 0.0% | 11.4% | 2.1% | 0.9% | 3.0% | 5.5% | 22.9%

LHSV

*Qther: H,0, Cs, nCy, Ce, 1Cs, nCs
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Feed: M xture of 50/50 vol % Pyrolysis oil / Ethanol LHSV:0.25 H2/oil: 2000

Nl / kg Pressure: 10Mpa Tenperature: 270 C bottom [0048] See for further
detai |l s Bxargpi2e052256Al | procedures of Exanple 2 are the samEPexamptssf or t he
feed used, which is a m xture of 50/50 vol % Pyrolysis oil / Ethanol. [0049]
The results presented in Tables 5 and 6 bel ow are representative for a run
time of about 48-96 hours. In the case of ethanol the liquid product was

| ess clear and contained 3 layers. One oil layer on top of a mainly water
and et hanol containing mddle |ayer and a heavier bottomoil |ayer. For the
calculations the two oil |ayers were conbined. Table 5 - 0O-content and
product yields LHSV O cont. O/C HC yields [%dry feed] dry

[0050] By reference to Figure 7, it can be observed that in the case of ethanol more
oxygen remains in the products at the same reaction conditions. Also the formation of gas
is higher in the case of ethanol. Especially, ethane formation is higher than isobutane
formation. So much more ethanol is converted than isobutanol. Altogether, surprisingly
low conversion of isobutanol compared to ethanol was observed in case of this invention
(see also Figure 8).

[0051] In Figure 8 the wt% yields of iC4 (in case of dilution with iBuOH) and C;Hg (in
case of dilution with EtOH) are presented as a function of the reactor outlet temperature.
It can be seen that the formation of the relatively low value product ethane is about two
times higher than the formation of the relatively higher value product isobutane (On

molar basis nearly 4 times more C,Hg 1s formed).
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[W% [nol/nmol] oil water gas i BuOH 0.25 14%0.14 1.77 55% 17% 28% Et OH
0.25 19%
WO 2012/059256 PCT/EP2011/064897

WHAT IS CLAIMED

1) A process comprising contacting a hydroprocessing catalyst with pyrolysis oil and
hydrogen at temperatures lower than 300°C in the presence of at least one alcohol,
wherein said hydroprocessing catalyst contains at least one Group VIII metal and at
least one Group VIB metal and wherein said at least one alcohol 1s selected from 1) an
alcohol containing from 4 to 9 carbon atoms, or i1) a mixture of at least one first and
at least one second alcohol having the same or a different number of carbon atoms
wherein said at least one first alcohol contains from 4 to 9 carbon atoms and said at
least one second alcohol contains in the range of from about 1 to about 15 carbon
atoms.

2) The process according to claim 1 wherein said hydroprocessing catalyst is selected
from bulk or supported hydroprocessing catalysts.

3) The process according to claim 2 wherein said supported catalysts comprise a support
selected from silica, alumina, or silica-alumina, carbon, activated carbon, MgO, Ti0;
and ZrO,, support.

4) The process according to claim 2 wherein said supported catalysts comprise a support
consisting essentially of alumina.

5) The process according to any of claims 2-4 wherein said supported catalyst further
comprises at least one promoter and/or said bulk catalyst further comprises a Group V
metal component.

6) The process according to claim 5 wherein said at least one promoter is selected from
F, K, Si, B, P, or combinations thereof, wherein said at least one promoter is
deposited on the surface of the support, present within the catalyst support, or both.

7) The process according to claim 2 wherein said at least one Group VIII metal is
selected from Fe, Co, Ni, and combinations thereof, and said at least one Group VIB

metal, 1s selected from Mo, W, and combinations thereof.

16



0.21 1.70 63% 11% 26% Table 6 - Gas yields LHSV gas 1C4 C2 CH4 CO CO2
G her* sum Yields, %of total feed
WO 2012/059256 PCT/EP2011/064897

8) The process according to claim 3 wherein said at least one Group VIII metal is
selected from Co, N1, or combinations thereof, and said at least one Group VIB metal
1s selected from Mo, W, and mixtures thereof.

9) The process according to claim 4 wherein said supported catalyst comprises Ni and
Mo.

10) The process according to claim 6 wherein said supported catalyst comprises at least
one Group VIII metal present in an amount ranging from about 0.5 to about 20 wt.%
and at least one Group VIB metal present in an amount ranging from about 2 to about
50 wt.%.

11) The process according to claim 8 wherein said supported catalyst comprises at least
one Group VIII metal present in an amount ranging from about 2 to about 8 wt.% and
at least one Group VIB metal present in an amount ranging from about 10 to about 40
wt.%.

12) The process according to claim 9 wherein said supported catalyst comprises at least
one Group VIII metal present in an amount ranging from about 3 to about 6 wt.% and
at least one Group VIB metal present in an amount ranging from about 15 to about 30
wt.%.

13) The process according to any of the preceding claims wherein said at least one
alcohol is isobutanol.

14) The process according to claim 2 wherein said temperatures are 1) in the range of
from about 40°C to about 300°C; ii) in the range of from about 100°C to about 300°C;
or iii) in the range of from about 160°C to about 290°C.

15)The process according to claim 2 wherein said process comprises a first
hydroprocessing stage and at least one additional hydroprocessing stage.

16) The process according to claim 15 wherein the temperatures of said second
hydroprocessing stage are higher than those used in the first hydroprocessing stage.

17) The process according to claim 1 wherein said at least one alcohol is 1).

18) The process according to claim 1 wherein said at least one alcohol is i1).

19) The process according to claim 18 wherein said at least one first alcohol and said at

least one second alcohol have a different number of carbon atoms.
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| BUuOH 0.25 17.2%5.8% 1. 7% 2.1%0.4% 2.5% 4. 7% 17. 2% Et OH 0. 25 22. 9% 0. 0%
11.4% 2. 1% 0. 9% 3. 0% 5. 5% 22. 9%
WO 2012/059256 PCT/EP2011/064897

20) The process according to claim 18 wherein said at least one first alcohol and said at
least one second alcohol have the same number of carbon atoms.

21) The process according to claim 13 wherein said hydroprocessing product further
comprises isobutane, and said isobutane is optionally recovered.

22) A process comprising;

a) contacting a bulk or supported hydroprocessing catalyst with pyrolysis oil
and hydrogen at temperatures in the range of from about 40°C to about 300°C
in the presence of at least one alcohol thereby producing at least a
hydroprocessing product, which comprises at least water, at least a portion of
the at least one alcohol, and products;

b) recovering at least a portion of said products from said hydroprocessing
product; and,

c) recycling 1) at least a portion of the hydroprocessing product, i1) at least a
portion of any hydrogen, 1i1) at least a portion of the at least one alcohol; iv) at
least a portion of the products; or v) any combination of 1)- 1v),
wherein said hydroprocessing catalyst contains at least one Group VIII metal

and at least one Group VIB metal, and wherein said at least one alcohol is

selected from 1) at least one alcohol containing from 4 to 9 carbon atoms, or 11) a

mixture of at least one first and at least one second alcohol having the same or a

different number of carbon atoms wherein said at least one first alcohol contains

from 4 to 9 carbon atoms and said at least one second alcohol contains in the
range of from about 1 to about 15 carbon atoms
23) The process according to claim 22 wherein said hydroprocessing catalyst is selected
from supported hydroprocessing catalysts containing in the range of from about 0.5 to
about 20 wt.% of said at least one Group VIII metal and in the range of from about 2
to about 50 wt.% of said at least one Group VIB metal, wherein said at least one
Group VIII metal is selected from Fe, Co, Ni, and combinations thereof, and said at
least one Group VIB metal, is selected from Mo, W, and combinations thereof.
24)The process according to claim 23 wherein said supported catalysts comprise a
support selected from silica, alumina, or silica-alumina, carbon, activated carbon,

MgO, Ti0; and ZrO,, support.
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*Q her: H20, C3, nt4, 6+, iC5, nC5 [0050] By reference to Figure 7, it can
be observed that in the case of ethanol nore oxygen remains in the products
at the sawe wpasbisen conditions. Al so the fornmati on of @as/Epsothiogiser in the
case of ethanol. Especially, ethane formation is higher than isobutane
formati on. So much nore ethanol is converted than isobutanol. Altogether,
surprisingly | ow conversion of isobutanol conpared to ethanol was observed
in case of this invention (see also Figure 8). [0051] In Figure 8 the wt %
yields 0f25)%e éir&egéﬁgco?cimg'tl) Wi 2 rdi BUSKD s @il Hhakh® &atRisOfa
dilution wth are presented as a function of the réactor outlet

t enper at uresunpprtwamlbmgmntmltyaqfaﬂ.th@ma ormation of the relativel y | ow val ue
product b hj t

Fer'at vel 3 g RisRedaRbaia el 2: BRah obid brolf bR AR Lot | o

nore C2H6 i st ]feﬁ)sl‘tmﬁd))romdeAs'Elelcﬁd@to% WER, Si)B, A, pf oeabifatt@RRlidrsofNghaoint act| ng

a hydroprocessing catal yst with pyrolysi 0i | hydr ogen at tenperatures
lower than 308" ke Prasiehsedeappsiizd andag purdire ﬂgﬂla:eoﬁmwrtvmsﬁeé}w 8 d

hydr opr oces gicngtabat lppst, sestai ns at | east one Goup VIII netal and at

| east one Group VIB netal and wherein said at |east one alcohol is selected
fromi) a#)dbheahetest@neaiingnlg ¢lao2$ wdegine 2ipokydaersnesssing caialysh isriaxt ur e of
at | east on I ~ e I ) or a

G 1 or ent - nopnper s A0 dh SRR FERRREGPERBHuERE Myt PRSP0 C0
cont ai ns f r teastdonke darBue HID omet tselasted frdms@od, Niabr ¢<maianatn»ne theesfirsgidah dehol

contains in the rz% e of from o% 1 to ab ut 15 carb ato 2 The
o8 o &

process accHEF Ry Ut PVSAI Fto‘B’re 8B gphte)

sel ect ed fr gghbMbkwobnSHBRGES Bidrdoy dr opr OCESSI ng catal ysts. 3) The pr ocess
according to claim2 wherein said supported cat aldysts conprise a support
sel ect ed 3% dhe dirp¢ess acedrding ntg, claim 5| whares gl nydremapeseving getivshtied car bon,
O, T2 Athrh P cq Y ARl omBliselE R ARESST AGH ABA Ao LBOG LI R T &1 N
sai d support cat al y&t's conprise a supp t consi sting essenti al

al um na. b5) aﬂ'chmtbe mmgsef&mmab@htdg te a:bcamg/Ow&%:Mau ns 2 4 wher ei n sai d

supporte st further cqonprise ea 0 ter an r said bul k
catalyst Thher e Las SIEPbH R AL SHIORE AR FRRTHIOCeas

accor di ng3d)aThé baics@si'acm@lhgwcl&m 09 @helefisid @ﬂ@e@f@&%@m thé ra&@k echem fromF,
K, Si, B, P, or copnbinations thereof, wherein said at |east one pronoter is

deposi t ed oAbAUEOR(rtp abeutdPOiCher 4i) b thretrangs ob Siemrabapt KOrC fhboskdr G st
support, Qf t S 0 i t |east
one G oupﬂ\)/ITlhig 0t a %%%gdgfgggtgeé afFwo%m Ic:ue]melh sy %rﬁb% conbi 1r?gst ?agnfg t?her eof ,
and sai d at hydaptocesnimg Gtagapnd/hBeasttoad ,addlsoméllm@mewcéssmmsme viheream the

conbi nati on thereof ess accor |l al m 3 wherei.n . said at
onst "one_ RS ohabdreud bR PeRERREEd Refe Ihah Beb wef DB

t her eof , anﬁrﬁﬁy&iopﬁocés@ﬁhgtstagéle G oup VIB netal |s sel ected from M, W and
m xtures thereof. process according to im4 wherein said

support e&?aghapwswﬁ%ngé% clym 24 vheeein 13§ afr’lﬁ’és%’f‘léé@%"la{% ubefl 3¢ #o ¢l ai m
6 wherein sal,¢ 3UREOQYNH R RANRL X%ﬂffc@&ﬂﬂ(ﬂn%@r%f%rbhﬁ%ﬁhs%ﬁl S PHReM dde et 2l
present in an anmount ranging fromabout 0.5 to about 20 wt. % and at | east
one Group ViiBtakbkdl present in an anount rangl ng from about 2 to about 50
Wt . % 11)33 % §¥0%Csessa%co‘% COI:[(SZI&% %?W% raéinngaisda &s a 10}1%f 3210 Bf dugt(sjarceat al yst
conpri ses P one Fai” Predeh AR ANt ERg MYy from
about 2 to @é&@uéredB bwirefoaing aaﬂeah‘ea:inrtQJIﬁeofGaQiJWaMf EBrol’ﬂB'S@ﬂ hpti®pestkssing an

anount rangi n% from 1about 10 to abg t 40 wt.% 12) The process according to
clai m 9 whePEIHCY HONHHOT FAuene &t T’V@Pp’&?ﬁﬁsﬁ%s% ugt tq sepyptedie aEGep Vi T |
netal presepy o'rgln IREDUR of 206ENRY phiRMAP At aBebiR SR RmMedopR at

| east one G oup Bprreta present in an anmount ranging from about 15 to
about 30 wt O%am];a)ha%@cwewbg@d theo dvighai preagssang/sasd ordapicnheseadiidy seldai ns
wher ei n sal 14) The process according
to claim?2 V\ﬂge%)gi ﬁﬁééit((gj)pet%%r%%?%dh&sglseggl%}%%?lllthe range of from about 40C
to about 300C; ii) in the range of from about 100C to about 300C, or iii)
in the range of from about 160C to about 290C.
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15) The process according to claim2 wherein said process conprises a first
hydr opr ocessi ng stage and at | east one additional hydroprocessing stage.
16) The pwoeesmsszseor ding to claim 15 wherein the tenperatrwresi1064892i d
second hydroprocessing stage are higher than those used in the first

hydr opr ocessi ng stage. 17) The process according to claim1 wherein said at
| east one al cohol is i). 18) The process according to claim1l wherein said
at | east one alcohol is ii). 19) The process according to claim 18 wherein
sai d at | £fThe YAseld E&ordhE RN Chird MY v%@érgmasrald pRubctoRBnERCRRI1ah cahal have a
di fferent nunbér of carbon atons. 20) The process according to claim18
wher ei n sai @0wt %o ceaigen, based fon ity toral welgbt ofdhelprodid. at | east one second

al cohol t ess ding to
ol ai m 13 s P e ey a L E S S G o TR E RS P LR L e,
and said isoﬁu@ameorﬁuﬁﬁmouw&QMi&wmoaﬁmered 22) A process conprising: a)
contacting a bulk or su ported hydr proce ing catalyst with pyrolysis oi
and hydr o%er %PTOF%&&‘F‘&E péclpip phy rrawgeldéfﬁcsfqhaﬁfsa} sercladeredlyapdise 300c

in the presgpsigp@tesding &R Qﬁ&n@&&é@l@'m&@&%ﬁ%h@fe@&i%th@glyaﬁo lRaginga

hydr opr ocessi ng product, which conprises at |east water, Feast a portion
of the at | eastorofibresyelohdd 2 haatckxphangerciosrecaypr tl@d@aevalngtmtefnoeaﬁ) @ portion
of said pro (o} u nd, c) recycling i) at
| east a por?#%%ﬁ% &“ﬂ%8%§3“g%g%@§§§§%§§ngéﬁmﬁgkégg Ieast a portion of
any hydr oijgithe pidcgssatcdréiagto adamoBdt whereof satdvecyading mﬁteo@ded direcvlyad thel v) at

| east a portion of t roducts; or v) .an onmbi nation of i)z 1V

wherei n Sar Brgastsnd calpigeiaRet” o5 HupRed s missorb e feblb i

metal and afirdt %@%écoﬁﬂ%y@’o@tdées\! B OB iii)ARel A Real Bkchadder lt€asdovane

al cohol is selected fromi | east one al cohol containing from4 to 9
carbon at onthe h?atr valuegy therg Qﬂﬂe of optsepaagd anél\*ﬁdquﬂnchndtf%glcﬁeégtafbrne
second alcogg Whﬂﬁl 16, same or a different nunmber of carbon atons
wherein said at east n “first alcohol contains from4 to 9 carbon atons
and sai d 3R8) Thegsécesmnecceebmndo alacohzsl wherirmsangd liyrirdph@essarmerodﬁctfﬁudherabout 1
to about 15 carbon.a%ons 2 3 $ ﬁrocess acc ding Hﬁ claim 22 wherein said
hydr opr oces §P'REEALSIPYRES ARA ¢ BRYUHSF SR VP EFPEEhy dr opr ocessi ng
catalystS%anhauﬁsagmmﬁukbe range of from about 0.5 to about 20 wt. @6of
said at | east one Goup VIII netal and in the range of from about to
about 50 wt.%%f s&eBaging as8preied odswpsoogsmngrsatalyst WHB myrelysaiod %ﬁd | east
one Goup VIII i 0 t t her eof ,
and said at | earsqt%; (glr)r%én%tgﬁlp%&%gﬁréﬁ E{@IEE%G @%%tag%&%é O%Q@NEB&R 3b@q@sl

conbi nati ons t hethegfresedde dthas Igasbelegtml ahmdnydprngumrtg ol laasn:nazﬁdWhmcessmgsai d

ted catal yst L d f I I
Si T oa ol um na,  BaBin Rk PURESH LAPbLRe chgb i HAno B et *2s)

The process accofih Aigolidd, &nldprduéB; wher ei n sai d supported catal ysts conprise
a support consisting essentially of alumna The pr.ocess according to
cl ai m 23 wher é)n sdPYPVeilphah leat acarae, et S%pquiérmcftsr%ﬁalgé@ IOPTICERES one
pronot er sel ectegifjp@mda, K. Si, B, P, or conbinations thereof, wherein
said at |east one pronoter is deposrted on the surface of the support
present withire)the rc@tChng/S)tat kagpopartioropf tﬂ)oﬂlhdmﬁr?)):esmle mpedetsy aab@foradr ng to
claim 26 mherein S Qcessing ,ca rted C yst t hat
conprises in the rdﬂ%g o ﬁf&o bl géa?% éﬁm?(gtﬁ 3@%? akgggt one

G oup VIII netal leaglagoitash (ffrtlﬁH’lpeructd\lbrV)li’nyQﬁﬂﬁibldaabm offi3- 1t/her eof, and in the
range of from abo t 10 to aégout 40 wt. % of at.|east oneeé;‘ro VI B et al

sel ect ed from MoWIGEIayHS OERRIPReSS R GHalgH. CODIGNS Th ECFRRRS PRy to

clai m 25 wher e Rpsai% Mf&@ﬁﬁ%t&gp&lmﬁoﬁbmh ﬂq@talaan%MHRHé Pa‘ﬁge SﬁFréﬂnySt t hat
conprises in the range of fromabout 3 to about 6 w.%of N in the

range of fromakbeid tolgoubSAldit oBeridet kasitene Xgpupr NéB pm@@ee’bera@c&?ﬂd&tng to
claim 28 wher q&ﬁt gl‘?é 8ro%}> %ﬁ%ﬁ&mﬂ@ gelgétgcf)ﬁglln f’eSCt)SIQP lzflrlcis@cgtlblnatlons thereof,

and said at least one Group VIB metal, is selected from Mo, W, and combinations
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30) The process according to claim?29 wherein said tenperatures are in the
range of from about 100C to about 300C, or iii) in the range of from about
160C t o avoub12280f3¢ 31) The process according to cl ai m 22Tmres@ionsssai d
process conprises a first hydroprocessing stage and at | east one additional
hydr opr ocessi ng stage wherein the tenperatures of said second

hydr opr ocessi ng stage are higher than those used in the first
hydroprocessing stage. 32) The process according to claim22 wherein said
at |east one ahgefohnd Saild! dup ?Qﬁi S &efbcRl frEaSLiLA) SISRHAND, Alirahlmias a

di fferent nunber of carbon onms than said at [éast one first al cohol. 33)
The process acwethodi frrgivat@d charapmMgOWhé: @nth Zs@j, dupportl exbwhereponidiapteagf sai d
D HERNRAS s S L TR oad SRS A Ao A b 1 om
sai d hydroprocessr ng pr oV W'ng or causin sai d cfroprocessr ng
product to sepasms,er ik idturd emtleaaﬂb@rﬂgaﬂhnd apltmsta)mrzdccﬁnd amueldms/nrghase
and t he aqueous phase is_frenoved or the organic phase r covered and t hen

furt her procestg‘? YN AT @ GHEaR RUpASE CAIvaP Giosarde sty IsAst<we iy ecover
any products pn&ReNtodifIRy BbM- 4 R4 cAfhen RIRELHR AGEH rémg,n& @e&h@'a[ﬂoﬁ@l wher ei n
said products contain |Iess than about 20wt . % oxygen, based on the total
wei ght of t he qonBinsdr thea@)zeh &ropy ahous b topbont ki aaghangitemsy of cl al ms 22 or 33
wherein s e t the
process. b, Becing B TRES, SN A0CshofRl SaBBME bkl 0% s 1)
recycl ed di stqmbtt;cohs)stmlgesdmydarl@pwfamﬁh ng reactor; ii) conbined or m xed

wth the egﬂ to the %gropro |n react.gr; iii% relcgg eﬁ to a heat
exchanger 1D ¢ BESFEACEHERLA LAY 3 SHeP 817 SPRPOFGY CURY S BEPLtQEPEFedi vi ded
and intr Oduﬁﬁléaslt%na[ﬂ)/on@(ﬁétbdefé%{eﬁ%n@i? K) $i,IB/)P, o8 dmUingki ik WSS, wh&eimdi ng to
claim 31 wherein said recycling is i) recycled directly to the first or
second hydr &3 6t kessli g nrermetens; deppyited miha serfase ofitheetrprpithbreseat peb@ to t he
first or se C g reactor; iii) recycled to a heat exchanger
to recover ?ﬁ&qﬁ@ét l@gf)ﬁfe&?%{ehr]efrom |v) or separated or divided and

i nt roduce4R)flbe anycessambcmémgom dhini )41 whereir383id Thielrqpromsssg astbstdiing t o

claim 29 V\herel r ocessi roduct further c Lseg, | obut ane,
2nd said | sommeaRs v iERGRAPSSTRdtk Breh e hep OB EcaEREb 3T 6T R: o
contacting aeaweqrrbepvmﬂdr&aprs@eew g CatNil ¥stontbihdtiony fRkassiand @h theand
hydrogen at tenperatures in the range of from about 40C to about 300C in

t he presencéngg ohfromepent Hi oghept 4%@1& S abreaetie fgour Vild gutal as selected
hydroproces%loﬁlgMgr@;d?r&&mlMg Ic‘egpprlses at |least water, at |east a portion
of the at |east one rst alco and products; b) recovering at |east a
portion of3)Jhe cbrpsesductmding otm slalnd mmmmeadshydgommedmg ;cahdi 1€)

I f. h [
| aatt o por Ps iy A bBHsSin R are R ABRR AR RO8R Fhs ¥y Sast

one al cohol andin theaspe af Pahaban 16fto tthrit B adechm; or v) any conbination of
i)- 1v) wherein said hydroprocessi ng catal yst contains in the range of
from abOLﬁ4)5 he progessgeenrding toglaiog 4F wherpw said af fegsfrong gleokgldaisorytanolnet al ~and
in the raﬁﬂﬂ?h@i)rdcés‘%%@d?@lﬂ% tclh®h 3P QErenlsalif terﬁ?p@rfattﬁé%' dle # thb ?’ﬁl%fe oPREME Oup
VIB netal, 'wherein said | east one Group V nmetal is selected from Fe,
Co, Ni, andabmmbi)@réittp@h@ntm@r(‘eof in thethnge piifrem abedd 60 6hte abpar290I.B netal , is
sel ected f1oq My oW and. gom) nati,ons, thersol (and,sald suppart | 8¢l ect ed
fromsrlrca mna or §i9 i"at&"im na) carbon ctiva C&Y bon! tI\/gO
Ti®2 and Zr ﬁﬁdroﬁmp@@irng ;staga dnivbeleadt ons additiadal Ihempro@ésemglswghdtheran gel ect ed
fromi) at |east one ﬁl cghol gg éfar ning from4 to 9 car bon atogs or ii) a
mixture of MMMCEAEES ghed preopd FRUORPCRERESUSharsEbtidhen DeHoNse &g the
sane or a digtd GY&BhrobssH: ?rstagg carbon atoms wherein said at |east one first
al cohol contains from4 carbon atons and said at |east one second

al cohol cHhilap neocess acherdngrigelaoh 3P vderabeud atileps capelephalds oarsbiridattons 40)
The process;agc( r%&%dtaﬁzoﬁ%lada %%fe}{%h%r anﬂersoq’l gr %H%ﬁ)?r{s tfth S AIYRE ShecOMPr i se
a support consisting essen arum f) e process  accor gi ng to

cl aim 39 whﬁmaho]s&ir d supported catal yst further corrpri ses at | east one
pronoter selected fromF, K, Si, B, P, or conbinations thereof, wherein
said at | east one pronoter is deposited on the surface of the support,
present within the catalyst support, or both. 42) The process according to
cl ai m 41 wherein said hydroprocessing2tatal yst is a supported catalyst that
conprises in the range of fromabout 2 to about 8 w.% of at |east one
Goup VIl netal selected fromCo, N, or conbinations thereof, and in the
range of from about 10 to about 40 wt.% of at |east one Goup VIB netal is
selected fromM, W and m xtures thereof. 43) The process according to

cI ar m 40 V\her er n sar d hydr opr ocessr ng cat al yst is a supported catal yst that

o ”~ a1 .



45) The process according to claim42 wherein said tenperatures are in the
range of from about 100C to about 300C, or in the range of from about 160C
t 0 about WBQG12/046356 The process according to clai m39 whecaipr2@aioctspr ocess
conprises a first hydroprocessing stage and at | east one additi onal

hydr opr ocessi ng stage wherein the tenperatures of said second

hydr opr ocessi ng stage are higher than those used in the first

hydr opr ocessi ng stage. 47) The process according to claim 39 wherein said
at | east WQh@bbeQs‘glac&&dihg)to Rt 38ideRln A_a?(?éttleégf‘@pé[%%f?%gsﬁdi BR)GQJ:‘[S has a

di fferent nunber of carbon atons than said at |east one first alcohol. 48)
The pr ocessraoegediibngemoviol ait headca whdioni of wal dawt flognstid aypgoptdcessingf sai d
products are_recaovered.by renpvin t Jeast a porti of _sai.d er. from
Said hydr opPSROEa R TRNL B BasBR%te Daledis PR RB e iBksi ng
product to aepafaaicephasé anditn lagasius phal gahie Rhass pHase anreaguedus tHeghase,

and t he aqueous. phase is renov or, the organi c phase recovered, and then
further proCES8ic ageaﬁeaowgggvffﬂﬁﬁaf%hearpawﬁm%ﬁw abﬁa@&@aiﬂﬁ@@_ T B9 recover
any product §qRI8SsHHke, tHRILEVd and Blodd &8 pREQE BRfeiRCCOr ding to claim 48 wherein
said products contain |l ess than about 20wt . % oxygen, based on the total

wei ght of4%) Hbe presgescaccosiye Thelapn d8ewkergincordpioguets gontripsleshthreaiakostai d
recycli 1, ! Solud GEE] BAhGELN hehNGGLERpuAr second hydr opr ocessi ng
’ e

reactor; ii) conbi or m X W e fee O the first or second

heat value therefrom, .iv) or separated.or divided and injroduced to any
conbi nat i on%{ﬁ oF yecony .hY§31>ff°?ﬁSéln§rf8&Cé%rs i ceBbitehg" WA itk teiR e di% said
recycling i sirdt)or k&oX8 K9 Groftdc8&tngYred@ort NG RAMQAPHACESS bRGhah&AGS Pécovér )
conmbined or mxed with'the feed to the hydroprocesm&g.reactor; i)

recycl ed t othe hext valwe Hagigleems dv)r et p¢pdratefeothdatidedapne inthedueed den anyv) or
separated or,_divi 14, i ntroduced to any conmbination of i)- iv). 52) The
process aCCS?ﬂFI\rﬁ"‘étg"te‘\lg"f?ng'm 44 wherein said hydroprocessi ng product further
conpr i sesSl)Fbbyptoress acanmding & clains dHwhare dagl eptdiaga i) yecy deddreely.to the

hydroprocessing reactor; 11) combined or mixed with the feed to the hydroprocessing
reactor; 111) recycled to a heat exchanger to recover the heat value therefrom; 1v) or
separated or divided and introduced to any combination of 1)- 1v).

52) The process according to claim 44 wherein said hydroprocessing product further

comprises isobutane, and said isobutane is optionally recovered.
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