COVBI NATH@N9®B HYDROGENATI ON AND BASE CATALYZED DEPOLYMERI ZATI ON FOR LI GNI'N
CONVERSI ON FI ELD OF THE | NVENTI ON [ 0001] This invention relates to

pr ocesseswban1ogi9siini ng hydr ocar bons from bi omass. Mr ePpatise@aloarsy, this
invention relates to the treatnment of lignin and cellulosic waste to
produce chem cals or fuels. BACKGROUND OF THE | NVENTI ON [ 0002] Renewabl e
energy sources are of increasing inportance. They are a neans of reducing
dependence on idHaBRIRATEON @FdHWGEN%ﬁQPJS AN tBAsercAvasiyizeel s. Al so,
renewabl e resources can provide for basic chem cal constituents to be used
in other industries, DERCH DYERNSATEAN I dnbeiNeNf 6IONVERBKKN ng of pl asti cs.
Bionass is a renemable resource that can provide sone of the needs for
sources of chemicals and fuels. [0003] Biomass includes, but is not limted
to, plant parts, fruits, vege n i ng waste, wood chi ps,
chaff, grain, grasses, corn, %@?%? 3 Eg? @E@%@?ﬁZ§uatic pl ants, hay, paper,
paper products, recycled paper and paper products, and any cellul ose

cont ai ni [@OOLP! COrhis Alven@dredelabds t6 protBdses foalbb@initd BYdgéaeBdns Ffongbidmaide
econon cs depend on the ability to produce |arge amounts of biomass on

mar giSnal Moipgartigplarly, thiswateatior rlatesierrbatreatmeniottligaimeangdreeliplegic gyastedo ot her

signific onom ¢ uses of that |land or water environnent.
The econ n?%éaggﬁﬁé% g%end on the di sposal of biomass that would
normal ly be placed in a landfill. [0004] The grow ng, harvesting and

processi ng of biomass in Lr i a space where there
is plenty of sunlight and%ﬁﬁﬁiﬁgﬁﬁgﬁaﬁﬁﬁgﬁﬂ%gﬂﬁﬁﬁ$§§ﬁ$ng fromnore
productive alternate uses. In addition, biomss contributes to the renoval

of car bo[oOORKi denkwablehergflkomsaes sf@@rehhﬁg bh Se.OT@%Wsare 4 ARabiser Of
bi omass can be one process for recycling atnospheric carbon while producing
fuel s antpdepiagidepandprescurigwporied gjl @%B@VICIE‘, a substltute for fossil fuels. Also,

10 renewable resources can provide for basic chemical constituents to be used in other
industries, such as chemical monomers for the making of plastics. Biomass is a renewable
resource that can provide some of the needs for sources of chemicals and fuels.

[0003] Biomass includes, but is not limited to, plant parts, fruits, vegetables, plant
processing waste, wood chips, chaff, grain, grasses, corn, corn husks, weeds, aquatic plants,

15 hay, paper, paper products, recycled paper and paper products, and any cellulose containing
biological material or material of biological origin. The economics depend on the ability to
produce large amounts of biomass on marginal land, or in a water environment where there
are few or no other significantly competing economic uses of that land or water environment.
The economics can also depend on the disposal of biomass that would normally be placed in

20 a landfill.

[0004] The growing, harvesting and processing of biomass in a water environment
provides a space where there is plenty of sunlight and nutrients while not detracting from
more productive alternate uses. In addition, biomass contributes to the removal of carbon
dioxide from the atmosphere as the biomass grows. The use of biomass can be one process

25 for recycling atmospheric carbon while producing fuels and chemical precursors. Biomass
when heated in an environment with low or no oxygen will generate a liquid product known
as pyrolysis oil. Biomass also contains a significant amount of lignin, which contains a

substantial amount of material that can be used as precursors for chemical and fuels. The
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when heatea o793 an environnment with | ow or no oxygen will generate a liquid

product known as pyrolysis oil. Biomass also contains a significant anount

of | i gni nvownioglessdent ai ns a substanti al anmount of mat er PET/GSR@Y/O6CHER2 be used
as precursors for chem cal and fuels. Thelignin structure contains aromatic
rings that are |linked together through carbon-carbon bonds and through

car bon-oxygen bonds. The conpounds that have hi%h val ue are the

al kyl ben}enia stoapEUsRIsiRTRIOBABHENEcthelorp bulkrddogibgr teqrehearper-edrbpeBodsom

t he bi 0 ti i gni - icals i
e oL e e R B YOS, e FATNET g8, b e A ool 1
uses a sbe@Ree baspourds RAd pherbliy chrhpalads phat ben bd oower&bfiprauhebionae maj or
probl em of this approach 1s high consunmption of strong base such as NaOH
whi ch nak@QOB] rdre glewgysde coniert ligain wofﬁﬁlé@bﬁlaﬁwéalgtwgoaﬁ%pmlyzﬁd view. Qur

t stud howe: t i . ct 12. 4

- order (0 HAOTAR g HOR e R R d AR B P LR M Slrp B B R BP BE

basi ¢ maug thelignis b6Mp@mdPOoOhe mapspesblempIf &6t hsibach[i98Q8|colsngeRaes strbwgt
avoid this need for strong bases can shift the recovery of organic
pr ecur sobasefsuelrrbNaRHsshicl makenib RotoEry gitratinsl feom eepnogye stand goieef vigw. | essen

h f i I { f hi I . MVARY
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val uabl e hghelibE dbniRlcagvGtisn. TSRkl thé UZEsH 16w Robi)basit inZaérisueh ab Beildri gni n
found in bionmass provides a route for recovering many of these chem cals.
The tOeduésticapmpracti¢sd arount and strength of the base used for

depol yrme L%éalkls nPriogesiﬁgsﬁgzrg,ttaglgltd thlg ntch? for S2OR n@éﬁcsgs Pdsh Ih%trgcoqﬂzawtc %&éagn?cc €ss.

The pres entro coveri ng cheni omlrgnrn i a

conbi ni NGrdcii@BisTroth bibnashiERaEARRIP NiabRFRbMSes! & WA 48 [8sseh Xieloet ainder a
hydr ogen at nosphere. The m xture is reacted at hydrol ysis process

condi t i opsvirguwiestahpeaicdtivndendicanecrgppaIRsessst.r eam havi ng reduced oxygen
content, and producing |ess acidic m xture of oxygenates and hydrocarbons.
The internedi ate product streamis contacted with a dehydrogenati on and
deoxygenati on SUMMARY OF THE INVENTION

15 [0007] In the processing of biomass for recovering valuable chemical products, base
catalyzed depolymerization of the lignin found in biomass provides a route for recovering
many of these chemicals. The reduction of the amount and strength of the base used for
depolymerization is important in the economics and safety of the process. The present
invention for recovering chemicals from lignin includes a combining lignin with a

20 hydrogenation catalyst to form a mixture under a hydrogen atmosphere. The mixture is
reacted at hydrolysis process conditions to form an intermediate product stream having
reduced oxygen content, and producing less acidic mixture of oxygenates and hydrocarbons.
The intermediate product stream is contacted with a dehydrogenation and deoxygenation
catalyst at dehydrogenation and deoxygenation reaction conditions thereby generating a

25 product stream comprising aromatic compounds. In addition to the dehydrogenation, there is
additional cracking of some of the residual lignin polymer.

[0008] Other objects, advantages and applications of the present invention will become

apparent to those skilled in the art from the following detailed description and drawings.



cat al yst Ha@19¢ehydr ogenat i on and deoxygenati on reaction conditions thereby
generating a product stream conprising aromatic conpounds. In addition to

t he dehydwogerawssem, there is additional cracking of soRETAS200806T42%i dual
l'ignin polynmer. [0008] O her objects, advantages and applications of the
present invention will becone apparent to those skilled in the art fromthe
follow ng detailed description and draw ngs. BRI EF DESCRI PTI ON OF THE

FI GURES [ 0009] Figure 1 s PRaCBAZHON gﬁg{%f“?HBEérocess as applied to

an idealized situation, where a phenolic conpound is hydrogenated and then

deoxygenghego) and %llixg Q1RbwE it}&l'ﬁa@ic%téég Bre iRGe8f 48pblLia] toPid 188h1LBE sihsigh ubl e
yield of "two Tignirn sanples. DETAILED DESCRI PTI OF THE I'NVENTI ON [ 001 1]

Bi omass wbapra gesolk sulstuadts afdregeneted and theadbanaerderts andit eri al t hat can be
converte ydr.ocar.bons. Gener al t he .bi Ss. mpterial conprises
car bohydf%éggj] }ﬁaurs?rf» Pwaﬁgﬁg%%at ] %geil mame[%fégﬁﬁ@n &% is the

lignin that is found in nbst vegetative biomass. The lignin conprises

useful aromatic ring conpounds, such that when the lignin_ is broken down,
the &romatic ring conmp ﬁﬂ%EQEPEﬁémggggﬂéﬂ%@TQﬁ@3@@@@£E¥”ﬁrecursors to

pol ymers, fuels, or other materials. [0012] Base catalysis for the

depol ym[ééfigo%iﬁﬁqaémdr#ﬁéggé Qs@o%&nﬁal‘jf?{%u%gmafr%a 439 irrﬁttJrBF tHaP €l REOVETY

of phenol's and other aromatic conmpoun wever, base catalysis uses a

| ar ge anounerted tcahysitsoarignbaGieneralhy, elid Ebmbgrmithtia dormpeiessscarbbthgdiategandsages
of a strong base is required for ohtaining sufficient solubility of the
lignin, PHCHPHEENFEY er?emﬂ?&fa%fo%%%gﬁ%?mgﬁ thelign gt isfoprbEdaest one of the

nai n rea ] : I : i : j on
o oduct o AL BHOReaA AR Rl ARl b BRiERRE chlipbilit ARE AR T e
ar e 1aci dile lpaime badken @ndnne arahaticaidghenipassd dianibegedoveregrnad @ssl as[ 0013] The

reduction in the need for a strong base can reduce cost and the handling of
strong cREfRUsasLo Palimesse fugis ObPAFT BAKEMS: from t he aromatic oxygenat e

derivati 45515 ”lﬁ%e&ﬁ%?&@%nQXe?ﬁgﬂﬁﬂ&ﬂ%ﬁb&gf&E?gﬁ&ﬂ%ﬁ%h%k%b&%ﬁh@ﬂgﬁﬁ%ﬁDVi”9

sone of e oxygen to convert
the recovery of phenols and other aromatic compounds. However, base catalysis uses a large

amount of a strong basic material for this process. The high usages of a strong base is

15 required for obtaining sufficient solubility of the lignin, in order for the hydrodeoxygenation
reaction to proceed. One of the main reasons for the large consumption of the base is that the
reaction products include phenols and phenolic derivatives and carbon dioxide. These are
acidic compounds and neutralize the base during the process.
[0013] The reduction in the need for a strong base can reduce cost and the handling of

20 strong chemicals. The acidic environment from the aromatic oxygenate derivatives can be
reduced by hydrogenating the aromatic rings and removing some of the oxygen to convert the
aromatic oxygenates to less acidic saturated hydrocarbon compounds. An example, is the
conversion of phenolic compounds to less acidic alcohols, such as cyclohexanol. The
hydrogenated compounds can be further deoxygenated to naphthenic compounds, such as

25 cyclohexane with the oxygen atoms removed. In addition, when a base is used in the process,
it is liberated and can be recovered and reused. Hydrogen can be recovered in the subsequent
dehydrogenation and deoxygenation step for converting the cyclic hydrocarbons back to

aromatics.



aromat i c HOXWG¥nates to | ess acidi c saturated hydrocarbon conpounds. An
exanple, is the conversion of phenolic conpounds to | ess acidic al cohols,
such as cyol20tvesseel . The hydr ogenat ed conpounds can bePCUHAISR@9/067422
deoxygenat ed to napht heni ¢ conpounds, such as cycl ohexane with the oxygen
atons renoved. In addition, when a base is used in the process, it is

| i berate be recovered nd reused en..can be r.ecovered in the
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cycl oal kanes, to produ 0015] Al t hough it is not necessary to
add a baSETOGRTDRES, PGSy P%IEH a(fffqlr@ s s¥elealkanes. Fdrip HEPOlEBRIMFS Se lighdi ng a

e 1" A L 0 A LS s 0 4

15 dehydrogenates the hydrocarbons, such as cycloalkane alcohols or cycloalkanes, to produce
aromatics.
[0015] Although it is not necessary to add a base to the lignin slurry, the process can
further comprise adding a base to the slurry and hydrogenation catalyst to form a mixture
having a pH greater than 6, and preferably having a pH between 8 and 12 during the

20 hydrolysis process. The process further comprises recovering the base used in the hydrolysis
process. A weaker base can be used, and bases are selected from alkali metal hydroxides,
alkaline earth metal hydroxides, alkaline earth metal oxides, alkali metal carbonates, and
mixtures thereof.
[0016] The hydrolysis reaction conditions include heating the reactor to a temperature

25 between 100°C and 450°C, with a preferred temperature between 250°C and 450°C. The
hydrolysis requires the addition of hydrogen, and the hydrogen is under an atmosphere at a
pressure between 0.7 MPa (100 psia) to 21 MPa (3050 psia), and preferably between 3.4 MPa
(493 psia) to 14 MPa (2030 psia). The hydrogenation reaction condition is operated at a
liquid hourly space velocity (LHSV) is between 0.1 and 100 hr™.

30 [0017] The hydrolysis process is operated over a hydrogenation catalyst, which comprises

a metal on a support. A preferred hydrogenation catalytic metal is a noble metal, and
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hydr ol ysiH80137%cess. The process further conprises recovering the base used
in the hydrolysis process. A weaker base can be used, and bases are

sel ect ed woamoAloksali met al hydroxi des, al kaline earth meCalusheodiooxzles,

al kaline earth netal oxides, alkali nmetal carbonates, and m xtures thereof.
[ 0016] The hydrolysis reaction conditions include heating the reactor to a

t enperature between 100 and 450C, with referred te rature between
2500C. anGPFSHEY SR EF A oP P ARG P FaN BRI Bt 61 PO GEp G ne
hydr ogen b a4NFaladft AP SRR 181 th@Baﬁr%%ﬁélad@%di%nmg1eZu1%(Pae&e%9R1 E?%,'Ngé to

2 1 MPa (3050 psia), and preferably between 3.4 MPa {493 psia) to

(2030 psBa);, Mif Zrpdr Bigenmiiedmatgdaxidesand caxblon.i on i s operated at a liquid
hourly s elocit LHSV). i s bet n.0.1 and 100 hr 1 . [.0017] The
ydr of yoRaOBBboebgndelpleitiod gt e iryaragBRacHon-dan b yatisc ke et
conprsi Se§n 3 sHBSH. 94ke IctMPRQable iAMIRS FloBEdks SbIIECHi O R Aokl Ys] ¢ met al
is a noble netal, andespecially one selected fromthe platinum gfoup. Two
met al s t hatytalepup(fog andthngsten fWat Theipno¢d3s ramaldo psd 4 meialimol{ifke) )wheSupper t s

for the catalyst inclu zeolite nol ecul ar sjieves, Al .. SO, MO

orce, T BFA i Mg e o aB Shcf 0By SR TATAIat Fetnat o

enmbodi Nrefhe16ye MLALABERIHAMGR BL M?&ro%@ti&??ﬂcés%%a&lﬁ@&% dEﬁ{'{i?*se Qn a
ncl ude ni ckel ( |3,

support. Base netals useable in this process chrom um
(Cr), nobsdodémenal(Whdreiarthe sasngd tnetal {(sWicluddseonp oo oess ofthn nadtde ting&np net al

sul fide, wherejn the netal i he al sulfide is.selected.fr one or
mor &' %of y%uraif@i rH@@auugl R r@e&mro@] r!h?rﬁwal (ReH OB AEOITLHE ?ﬂl he

hydr ogengti.on: S I i : rein the
Y Cond: EreRRR ROEDRal 0415, 45Hli80), ERMRE @R MR e nd it O 1 Uy
rut heni ufPQRO], Theodcwmh tdRhdf the heressrpmBees debhydrogenatsn) and déoctiy gematiom df

Phal 11 unfieHoIocpD o1 L FREPEGENE WHETel b P BUeEaes B hiGetarbon
ey oSE0A g0 EEBSIAL 10, 9 U T BRI SRR O
cy cl16hex eameo viek tigsoxyghreardiekfudnsoiye naghtimeatoch pfledxgtganah icomprigiag bioarisic
compounds under dehydrogenation conditions. The reaction conditions include a pressure
between 1 kPa and 1013 kPa, a temperature between 400°C and 900°C, and a liquid hourly
space velocity (LHSV) between 0.1 and 100 hr'. The product stream has benzenes, toluenes,
and other alkyl-benzenes that can be separated for use as precursors to other processes,
20 including the formation of fuel feedstocks. The dehydrogenation and deoxygenation step can
include a cracking function for further depolymerization of the lignin molecules. The
cracking function can be provided by an acid function from the catalyst, or provided by a
cracking function from the catalyst involving a cracking metal.
[0021] Figure 2 illustrates the consumption of a base in the conversion of lignin from two
25 different sources of lignin. The process requires the solubilization of lignin to enable the
breakdown of lignin into smaller molecules. In the process, a large amount of base is
required to carry out the process, and the base needs to be sufficiently strong to enable the
raising of the pH to greater than 12.4 in order to achieve a low percentage of insoluble
materials. The results illustrate that the amount of base, when the base is NaOH, has to be
30 greater than 40% of the amount of lignin, by weight, to achieve a sufficiently high pH and the
desired solubility. Without being bound by any particular theory, it is believed that the
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renmoves HPEI®Rygen and returns the naphthenes to a product stream
conprising aromati c conpounds under dehydrogenation conditions. The
reacti on wWorediogiosses i ncl ude a pressure between 1 kPa an@CIQB2000PBa7422

t enper at ure between 4000C and 9000C, and a liquid hourly space velocity
(LHSV) between 0.1 and 100 hr 1 . The product stream has benzenes

t ol uenes her al kyl - benzenes {?hat C use as

ot. ar
precur sop%ﬁf’%ena{lﬂ%?mﬁ?%é%%&t cinfed Ei?r?@ (fni r"i1 @S]etf’éléed]é%né’& ks.
The dehydfi0g608y hiid gtl&f%%%@ﬁ&lﬁﬁ%X?é&ﬁt&%ch @Ei)h@l%h@c&hﬁ&lﬂd@gmf unction
for further depol yrrerl zat| on of the lignin nolecules. The cracking function
can be prdditideth dspobmeaizing thuhgt’un,dher&by)meath@ a:rammlrlylsdmtecstrezpnoifhdpd)cbgs is

cracking function fr, mthe t al nvoI Vi a crackin 002 1]
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f r omst wo gdliyky c?eﬁemonsﬁl‘drdégﬁggﬁatldn%{a@st ANRhPAREERSoh SHYELSES odlifion

sol ubi I'i zat'i 't gnin to enabl e tthe breakdown of lignin“into smaller
nmol ecul esonditiortshthepby gexsating d lgdgeachwnusttanfcolnasieing sranedigs.r ed to carry out
t he proc t as S to.be_ sufficiently stro oe bl e the
rai sing ﬁsgﬁﬁ dwq%feﬁ?@ip%gyﬁﬂ%qﬁlaﬁ@ fanction predpces g ighs % lﬁpF%gdcber cent age
of i nsol yhiheutat ﬁééd%?thﬁ-@a&m%ﬁ%?'s&&ag' a3 iRl Al Tatn@ |aFpHRtLE, hase,
when the base 1Is be gré€ater than 40% of the anmount of |ignin,
by wei ghtynstverathioewed vaingulid ¢meenmle§hoh|f<g’rba|s¢4czamldm Hepotiesérizatiosaind bwbd i ty.

W t hout bei ng bound, by an articul ar bel i eved .t ha

t hehdr oaéﬁa?qrww&ge@g pieg e%@ntl%vvﬁé Jydicgenasiogiq gmef%r%laﬁffc s (WBEP of a
strong bgge, r&&s%] %w x’rcétBaQQ ﬂb% Q»égemggaﬁgtmamﬁ dﬂ% irRGufieC
oxygenat es,” suc eno onmpounds, 1n addition to ynerizing the

l'i gnin, trfaeambyEmnexaﬁhﬂ@ addltllontoéﬂmameaﬂfe showant béﬁhﬁhppmmsnsommélmatter
streamis processed

O e 2Rt Bt St skl lighigaing 20ison FyarSschir on and
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conprising aromatics ydrogenati on function
pr odidc es peesdrit ginentiso kdesethm‘rtbda ¢¢ substhindally ihdreasee eclubibity dfithe agdtoperaredof

strong bas as illustr, able 1. In the table, two runs wer
foll ovvedﬁYng??d ‘?Iﬁee‘@&}r"r’ %@H&&Oﬂ@f a giang base ai‘&?f‘iaémaélﬁotfi?‘ﬁ%ﬁaf‘%%??%‘ﬁ?d and
t wo

for increased solubility in an acidic environment and using no base.

Table 1 — Comparison of influence of hydrogenation of solubility and pH

20

NaOH (g) 10 1 1 0
5% Pd on C (g) 0 0 1 1
H2 (psig) 0 0 500 | 500
Temperature (°C) 320 320 | 295 |325
final pH 12.4 8.1 10.3 | 6.3
% insoluble 24 39 11 10
% ether soluble 33 9 55 62

[0023] While the invention has been described with what are presently considered the
preferred embodiments, it is to be understood that the invention is not limited to the disclosed
25 embodiments, but it is intended to cover various modifications and equivalent arrangements

included within the scope of the appended claims.



runs wer 80¢181P5usi ng the present invention w th hydrogenation of the
aromatic rings. Wien the process was run with a strong base, there was
still a swb20EvBst anmount of insoluble nmaterial. Even WCTAISROW/06dd2ti on of
10 tinmes the anmount of base, the percent insoluble matter was only reduced
by 40% By hydrogenating the lignin, the addition of base was not necessary
to obtai mﬁﬁni ficant inprovenent in the reduction of insoluble matter.
The pres ention shows that there is substantially increased
solubility of the hydrogenated dr oc rb,ons, even without the addition of a
strong basé PIPRESS &R CﬂrfgeChF%‘if‘isr ’&n%ﬂ FORRE R Br i ncreased solubility in

an acidic env ﬁﬁ'{?{'gt Rﬁﬁ h hiR8, Rk nfl uence
of hydrogenat F%rﬁgo loﬁlﬂgw?{l tgggﬂ)% F()C(%{Z%?{ %djef% iéanenthlJ one has been
descri bed w t keantimg tIﬁmﬁxmrcestd@ﬂryhﬂmiymdproeebstcbadlpbma‘ KBI‘fDHI]I aphdiadiediant s, it

is to be understood that the invention is not limted to the disclosed
enbo@i meRtsluCreamihaymgiaiediicgd AXYgsnCoEPt: @84 i ous nodi fi cati ons and

equi val ent ar EaPaRIEThSid ARG bRl G B 0RG ki Apended

cl ai ms. CLAI V5: rocess produci ng c em c rom |gn|n

conpri si dqiydmgasbatmrr@tdlysgaﬂ dthyxﬂmgerambyderaoganaindamns dieatlysdeneiratag a arduydr ogen
at nosphere; reacting the mxture at lignin hydrolysis process conditions to
form an FW@??@HPW@%%PB’&H%PO@P?‘@Q%] havi ng a reduced oxygen content; and
contacting the internediate product streamw th a deoxygenation and a
dehydr ogenati on catal yst at dehydrogenation reaction conditions thereby
genemat i By Tae proedssodf cidimelafithanpnising @nbifhg 6 besenpiduthddignih anhe process

of claim1 further conprising conbining a base with the lignin and

hydr ogenaydreaer@a%%lﬁvstffwa&qrﬁé%ﬁe)b@wpé 3Rl gRYRhBMOgr eater than 6. 3.
The process of claim2 further conprising recovering the base used for
lignin hydrol ysis process; wherein the base used is selected fromthe group
consi sti BgTaé padckad of chatina fubiiel @xiptising ratdvatihg thedasd isedednlignivy Hydyxiysies,

al kaline earth netal oxides, alkali netal

process; wherein the base used is selected from the group consisting of alkali metal
15 hydroxides, alkaline earth metal hydroxides, alkaline earth metal oxides, alkali metal

carbonates, and mixtures thereof.

4. The process of claim 1 wherein the lignin hydrolysis process conditions include a
temperature between 100°C and 450°C.

20
5. The process of claim 1 wherein the lignin hydrolysis process conditions include a pressure

between 0.7 MPa to 21 MPa.

6. The process of claim 1 wherein the hydrogenation catalyst comprises a noble metal on a
25 support; wherein the noble metal is selected from the group consisting of platinum (Pt),

palladium (Pd), and mixtures thereof; and wherein the catalyst support is selected from the

group consisting of zeolites, molecular sieves, Al,Os, SiO, MgO, ZrO,, TiO,, mixed metal

oxides, carbon, and mixtures thereof.



car bonat 880192%d mi xtures thereof. 4. The process of claim 1l wherein the
lignin hydrolysis process conditions include a tenperature between 1000C
and 450C.wB.20im98g9m ocess of claim 1l wherein the |ignin REHEASLLI0ETIRL Ocess
conditions include a pressure between 0.7 MPa to 2 1 MPa. 6. The process of
claim1 wherein the hydrogenation catal yst conprises a noble netal on a

support; rein th obl e t al el ected fromthe o] conS| stl ng of
o1 BT nui B0 PrOPST ha1Ah | BERTC e YA RETHOE ST R SPIPETRS Adies BT prigtied
cat al yst f3HPRetoupTof&l &qlékr

nol ecul ar si evesOU!p ’ tﬁ%t ) e%wos %&ﬁl%%%%n?gde %&cﬁ%@%&?(v\f%ar bon,
and m xt amcbmlxthesﬁwi"eo'f The pr ocess of claim 1l wherein the hydrogenation
catal yst conprises a base netal selected fromthe group consisting of
nickel (Ni), chromum (Cr), nolybdenum (M), tungsten (W, and m xtures

t her gof . g8:hd f ti st
comprl ses AR e, e SR MRS RBERE Al Y S

sel ect edwherem ﬁahmegerl ow theanetsl sifidegs séleqiedc ke thé\Nedoup chmsstingrof qiokEl (Ni),

nol ybdenum ( M) , and m xt res t hereof. 9. The process of
claim1 (Lij\ﬂ@lg“é‘i“%i (R mggﬁ?ga}%%ai,ﬁww 480i BK mExNHES h6HSTi ncl ude a pressure
between 1 kPa and 10 13 kPa; and a tenperature of between 4000C and 9000C.

16. The process of claim1 wherein the dehydrogenati on and deoxygenati on
cat al yst 9i bt poesssaf claanli wigerinnbd deiydrogenation reaction conditions include a pressure

10 between 1 kPa and 1013 kPa; and a temperature of between 400°C and 900°C.

16. The process of claim 1 wherein the dehydrogenation and deoxygenation catalyst includes

a cracking function.
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