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One of these methods is described as a lignin-to-gasoline (LTG) two-stage process. A

first step involves base-catalyst depolymerization (BCD) of lignin feed in a reaction medium

such as an alcohol followed by catalytic hydroprocessing (HPR). In the BCD stage of the
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and formation of polymeric solids which tend to clog the reactors. Further, alcohol-based

solvents tend to alkylate with the reactants and oxidize to acetic acid which reduces yields
and makes disposal of by-products more difficult.

Accordingly, investigations continue into developing processes for conversion of
lignin to more valuable products that are economically viable. Many challenges still remain

to provide useful product yields without sacrificing process reliability.

SUMMARY OF THE INVENTION

It has been recognized that it would be advantageous to develop processes which
allow for conversion of lignin to more valuable products such as bio-fuels and fuel additives
with improved yields and acceptable processing conditions.

In accordance with one aspect of the present invention, a process for conversion of a
lignin material to bio-fuels can include subjecting the lignin material to a base catalyzed

depolymerization reaction to produce a partially depolymerized lignin. The partially
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In another detailed aspect of the present invention, the stabilization/partial

hydrodeoxygenation reaction can occur at conditions sufficient to convert greater than about
95%, and preferably greater than about 98%, of methoxyphenols and benzenediols to phenol-
based products having a single oxygen moiety.

Still another aspect of the present invention includes performing any number of
refining steps designed to achieve a particular bio-fuel product. For example, the refining
step can include a hydrodeoxygenation reaction, a mild hydrocracking reaction, an

etherification reaction, a hydrogenation reaction, and/or combinations thereof.
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dareidyes aropaieethers (ai}sxlatnd zlﬂcﬁ@'bameu%ﬁ y Eaghgof] thege steps was previously

WAL RAPRALAR BTN Fidks. L ARSI € 11ng hydrogenat i on

rong t ese reacti ons shou be m nimzed by careful
c hoi cé Béw disgrapavtithy sutegiated Hgso comtemstnt rogees AL UF)efdr production of

({me@féa%g%lﬁfe yoa:ﬁ(%g%t iro{)eglal?tgan'a‘DQo%%% et¥1§rts 1h S’aI 121'1191 sftélge procedure is
cpyezsbmbdamdﬁ@ &.nlh the fiest sthgbcbfd)l@emacteesj llgnlodmatetrﬁtl can be subjected to base-

SRR o B TP, RSP RA lid A, ossoncne s

nﬁmtlblaineﬂ)lﬁmn (Thereafierpasidily Sgetynhdrizad hgmn bhﬂud!ﬂD@rcs ether extract, after

at aI s can be cho al | ow ex e o .
TS tRotBR) Gt o o CRETD BErCEh A fec Bebhgiling iaction of the
@u@w@ﬁmc I;E&&uegr cdH)beC litgbcy&t So SHPRSY t tefiBEr@fukd | stab@lizBtion/partial
eneral ly acidi¢c _or strongl é@am dic sufficient to
%‘V%R?FI%FB‘YE‘?“&E% RFRPPhBiaress St abRPRPrasess dwiolygs the conversion of

GRkh 518 metlo@AHendT® hiRCbHnned18ls §0h rdofARAHIOPheR ORI, SDuring a third
such as al kyl at ed napht hal enes, al kyl ated tetralines,

&tagy oA thedprpergartbe pargplﬂwhyalgc@gow SBHQQgroduct can be subjected to
mgh%ﬁfoléégsﬁﬁg ?ﬁPﬁﬁféé&ﬁ)ﬁ? inQrddr Q@o@@aﬁd@gﬂéﬁ gaﬁﬁlﬁéj Uoher molecular

can be opt1 onal ecte
éxeihi sompeuitprageinliion nayhtbalmeﬁg akylghed viahralines, alkylated indanes,

Eﬁﬁfﬂ‘ttég@gb% gm nd ?QS’%%ZIM%?I C ea?és BI%EEAFE)aS %fha): }ogkocg‘ssmg product.

Rét gretdsragd bpes ofipréduGs c2p by d;catrm tanenSEAHBOLS tedERR pbcess.

for t e EURRERSuEE o Rt o PRuS AR B B ROl e cotvti

higdropenation) ’ﬁhnt; agdrbgenstidissepuentyidid haphthedic ketoaeiei dogtaﬂxmg a mixture

{ ﬁea 4 'C@%p{%&alﬁ%ﬁ }?Csfr%ﬁg{}t?xy@,s iaﬁ(ryg{l BﬁirﬁdObs © o pblyalkylated

lcgmallmhﬁse hdapqitmﬂarselmttd; procabing BepréRAICS- @pdlyﬂﬂ{elnsls fractionated
B TS PR Broer by B or e PR Cobpogs it methanol

3dag@itigfid gma;ty‘?gmmt s of internediate phenolic
ol i goners 0 increase the armunt of the nononer

pr oduzbe ingegipted) Ihill PERCES ORI Agfd e duednglien phat lepd tbrneﬁ qaluable fuel
BJdubts OpkdGided 48 TIppadt@y 18 peBBriMihd bRGAH %GR cdnferkiBf process in a




presence of solid superacid catalysts is shown in FIG
2 as Stage Ill. This supplenental NMHtreatnnent can

we@bdoea193sel y depol yrmeri ze the lignin by sel ect PUBUS006/@6969

cl eavage of residual intermediate oligomers to produce
t he desirabl e nononeric phenols. Although processing
conditions for the MH treatnmdrdt can vary, the
d@nsrbweiyy apt @haémpmde he oversl eqpgowp 08 theiporesssaus avedl as overall economy
ure from about 200 C to about 400 0C,
§W§§R§g g‘gr{%tsfrornabout 5 to about 30 m nutes, and
a pressure (H2) from about 1,000 to about 1, 800 pS|g

Non-limiting ex f.suitable stron aci d
oot al y 3o f B SATRac i fhnd b Rl AftfatdE HsCiuspative of the
lagplicRtionfoi e @ﬁﬁﬂlplewofdﬁe Eednttibeintiors AimerGwungiifidaéiohsand alternative

unsu orted C13 6 nd th like. As shown in
AaaiRBRlt G mectmys Sthoy perting Tt v Rk Febpe b the present
ﬂl'ft%ﬂtﬁﬁnswlhﬂé thé reRADRRENGh PhOBHLE l'shcﬁﬁfhnhﬁe &ubj@@ hTddseribed above in

etherification with nethanol referably,
SPRSF o0 W the Fremplaey FBbpdimsni 05@?1“3@&% at v@ be@ppargt to those of

toediRey At iethk raﬁrfhﬁbﬂultemagglo&;ft:&oﬂb@sﬁbéﬁ&he%t@nﬂd@amng from the

aut ogenous pressure from about 100 to about 2000 psig.
RripgRles adyrorqepis abthe invantionys set foith ipheglagds. i n t he
etherification reaction. Suitable catalysts can

i nclude, but are not limted to, supported

het eropol yacids or their salts, potassium benzoate,
Cs-P/Si@2, SO 4 27Mh0 x/ Al 20 3, SO4 27MbOx/ Al 2C3, SO4
27WOX/ A1238, Sq 4 27Cr Ox/ Al 203, SO 4 27Ce0 x/ Al 20 3,
and the like. Typically, nethanol can be used as the
etherification agent. Any flow reactor system which
allows for continuous drying of the recycled reaction
m xture can be used. The ELTG process of the present

i nvention provides a nunber of benefits over
previously avail abl e processes. The majority portion
of oxygen present in the BCD SPHDO product can be
preserved which elimnates the need for costly further
hydr odeoxygenati on steps. Additionally, oxygen remains
incorporated in a major portion of the final,

hi gh- oct ane al koxybenzene gasol i ne conponents.
Therefore, there is substantially no need for outside
oxygen-contai ning additives, as recomrended by the
Clean Air Act anmendnent. Also, the final total ELTG
product, including hydrocarbons, is expected to have
oct ane nunbers of about 130. As a result, these
products can be conveniently used as a bl endi ng
additive (e.g. to petroleumderived gasolines having

| ower octane nunbers) to generate prem umrefornul ated
gasol i nes possessing greatly inproved conbustion-
characteristics. Integrated Lignin-to-Liquid Fuels
(ILTF) Process



I n anot her aspect of the present invention, the ELTG
and ELTE processes can be integrated into a single
w@eweasss7 The final |ILTF products derived fronPGUUR20861016969
i ntegrated process can include the products of each of
the ELTG and ELTE processes such as al kyl benzene
gasoline, aromatic ether gasbtdine additives, and
napht heni ¢ kerosene. As di sclIsdts above i n connection
%@th ﬁ]cs..l and 2, a base catal yzed depol yneri zati on
308 P3F84H be used to produce a partially
depol A/ potésE &t con@sich gadifuiitmatéad tectriadfbeys, compridiegs e

cat al yzed depol rization.reaction can r f ar ned .
oot b ope pilbeing T g maia 15 € b P afed GBS e REAEH resction o
r eactpreiucé B girtiamy depblymetindd Hghi; BCD reaction, a | ow
tenperature stabilization/ partjal .hydrodeoxygenat.i.on . .
(SPHER)  pFiiecdiBs il PERID HAPYLTIHEE RRRY o bf Siegilization/partial
C9 alfeiion driatibd RR ARG RAHE@aRIa0 UsdroddRy #ated product; and
performed. H ghtenperature hydroprocessing reagtions

(HPR)®) of SPRIE the patielly Bxdroddogygsnaipd REpdnet 1p jp dpiming step to form a
gasolyin@eps @ primary product. Further, exhaustive

hydr ogenati on of hi gher nol ecul ar weight fraction of
the HPR product, containing al kyl ated napht hal enes,

| kyl-gt.e ral 1hes; atedh i I : :
B puci QobR B IR 1, REPEolsO TE e i h&Hation reaction
inclyfesvdtidsolyingatphtigrem nwtdtiel wsarrgueds hasei chialyst inghe presagee of a polar

al kyl phenol.s fr t he t.can. . :
0t B Pl AR SRHROLPRANS| Ay gin o puity
adplsyxekienthe figsih mafeaial) and retdrvesieg ke ppsialipdepotymarigekslignin.
di scussed in connection wth FIGs. 1 and/or 2. A flow
di agram of the integrated |ignin conversion process

§.| LTFhefpdcesy cf@dlufh 2pwhabinalicotimd tatalga ol mamberselekat frgrathe group

Greatenn 8 sl BLIRONS: FdPleh. 42 Fltiaba ey ot age

of the process, lignin material can be subjected to
basecat al yzed depol ynerization (BCD) .with water,
Bpt i ohsIprgeerfiskg 2 WPGI@PﬁI%erﬂlﬂrg%e‘ébq Vaft  and
reacti on nedium The entire partially depol ynerized
lignin product or its ether extract, after bein

8 | ut Eie napaeps of ofimtl, whersmipsasedbenipdyzed depalymerization reaction occurs
Wﬂ%%?@ul%i&dtb%ﬁ&dt@ﬁ‘o gt the al kylaromatic product,

can be subjected to a | ow tenperature

stabilization/partial hydrodeoxygenation (SPHDO)

groc g@fegr%%iot%}? i Wh@&gﬁtge Eﬂﬂi‘ﬁ&% ip%)ﬁﬁl RRINYERES) eRht8h reaction

unst oxyphenol's enzene s t'o a nore
s¢cats at frpmed01°Cdo Pohict . During a third stage of the
process, the partially hydrodeoxygenated SPHDO product
can be subjected to hydroprocessing (HPR) reactions in s
0r der Tlieoprodesoficlamolyatherit the ktabidisaionipertiaHhgheleoxygenation reaction

nmol ecul ar wei conpound .g., alkylated
B> {siait ﬁpfeeﬁ%‘%%gtgoﬁgwlg}t%‘é olug%orogpgﬁ%, al>/kyl at ed i ndanes,

al kyl at ed bi phenyl s and pol yal kyl at ed benzenes are

roduced as a dr opr qcessj ng pr.oduct. T i el ds and .
gypesTléﬁprﬁ?eé%ﬁtfc]‘%i%‘mc rYV%BE‘“b%‘ﬁgﬁagﬁli‘F%@r‘{péﬂ’éEM%‘%PWn%V“ reaction
1RRIAEPEJRERE GBS parlily QY sHRRREE $ighiiOoPd S6HIC Efalgarut tahRimperature
be opti onal subj ected to exhaustive catalytic
helevabaral? dn. This hydrogenation step can vyield
napht heni ¢ kerosene containing a m xture of alkyl ated
decal i ns, al kyl ated bi cycl ohexyls, alkyl ated e
Rydr | Rletapresess mfclaiml Sawhereiat thel selid: celstainelgdes| # ngpracidic support

I ocessi ng approach, C6 - C9
g@&??gﬁ@ﬁ%ﬁgg%gggggghated fromthe SPHDO product can

be used as feed for the etherification process with
met hanol




| eadi ng to al koxyphenols. The integrated |ILTF process
can |l ead to production of at |east three valuable fue
wEe@daca3s7 provi des an opportunity to perfor mPEEUS2006/016969
overall lignin conversion process in afeasible way,
and can inprove the overall econonmy of the process as
mell as overall econony of ptdjected bio-refineries.

is to be understood that the above-referenced

?r r aﬁ%ﬁg%? %J‘ Eefl %gvshﬁ{%ts %quﬁytgﬁte | %PO?% er%tr%r%?l a8 sd1i@fed from the

g&ﬁﬁ&b toaatih® 66 aid Belivaletl @aidah, sikcoardiaiide antisunt aridbeor combinations

devi sed wi t hout departing from the spirit and scope of
0%resent i nvention while the present invention has

been shown in the draw ngs and descri bed above in

connection with the exenplag%ienbodlnent ﬁ%?@
1hventheoprocass oficlaim f vilispedn &bt cat@yt HB%%“ s 6?18‘?t m the group
%sis{lng &F G0 2R A-Md) Rb-NS RNV PNl iahil S&hﬂ)lﬁi’rﬁ)nﬁ fHrdat

made W t hout departing from the pr|n0|ples and
concepts of the invention as set forth in the
&, a’i"lqgiprgtjzd Q &ﬁl&%@i whref E‘Eﬁﬁyé’c s su%%orédpﬁ ﬁﬁs‘%@ﬁorte@rtransmon metal
conversion of gnin materi al
m@nbspsﬁmgﬂwaﬁwgmbﬁbdﬁing the lignin naterlal to a
base catal yzed depol yneri zation reaction to produce a

partially depolynerized lignin; b) subjecting the
D%\r Theqbrbgessj@ﬁjﬂﬂnylrié[ wherdml thegsmpported on unsupported transition metal nitride is

R A RS B SRR B g

reactlng the partlally hydrodeoxygenated product in a

| $ #ﬂ% St ef d I"‘illo?] E:ﬁéﬂ]ﬁgeé% BIO ngﬁp%rgﬁ 88“@8%#&9%%?““&? rgetal carbide

[sGaktt® Proﬂnl’ﬂi‘é HOGScaRbiStH ofiWig, MBL, M ahdicdimtiitiond therofan
aqueous base catalyst in the presence of a polar
sol vent, subjecting dissolved lignin material to

fgact Tl‘iénpr@&@éjbﬂ d1AS8, Sitefeitihe @iabill@at é)bi'ti&l hydrodeoxygenatlon reaction
depol yneri ze the I|%n|n mat eri al recaver

PRRUES &) qopditiepsorufficien ztecfowegﬁqgrﬁatersthal"r%% et H%fhoxyphenols and
Bdtols WPRERI-Badel BrodB&EnAAM A HSdle 6:8/28n MBRBET
g%&gct edseerf)omt % g?f)up consﬁ?ﬂlﬁ%e %’gl\la(]—lﬁgeKm
Ca(OH)2 My( OH) 2, and m xtures thereof. 4. The process
cl tndh Ire%Et ZeledB& from th
B oo TiCTe SRASAN, AE B AR B el i BE T om
ewppl gpmeistingaof @nhydetaboxmnaﬁr@n uieactign, frofd atbrdmcrazlggg geaction, an
%Hé T%?Qm 4h rcag;gp r a%g ccﬁﬁlﬁﬁﬁoﬁs nofagf €1 n
Ystabt 5 zati o eoxygenatlon reaction
occurs at from200 Cto 300 OC. 7. The process of

wherein . t.he.stabilizatign/ tial . .
Far ol PG 8 P dacirish BRCPERERL' § 1o, budroproggpsing reaction
ERMdps athyddedgPénaROd Sepaidg: suBsequidne hypdrogaskingofepc| ai m
1, wherein the stabilization/partia
hydrodeoxygenation reaction includes exposing the

par ti ahd Yorstenoloy n@4inz ad, [Wighdin the 13/dfodtdcessaigt daytidn atcurs at a

a tenperature bel ow_about 300 OC.
temperature from about 320 °C to about 450 °C.

19.  The process of claim 16, wherein the refining step is a mild hydrocracking reaction

followed by an etherification reaction.



9. The process of claim8, wherein the solid catalyst

i ncl udes a non-acidic support material and a catal yst
woraioenniss7 10. The process of claim9, wherein PEEUS2006/016969

non-aci di ¢ support material is selected fromthe group

consi sting of an activated carbon, silicon dioxide,

al um num oxi de, or conbinati @s thereof. 11. The

po.oceSike ofrocdsai of Sclainhen & nfutthee catpiisisg  fatctenatalg ithe partially

B BT B R sl R BB i
process of claim8, wherein the catalyst is supported
or unsupported transition metal nitrides or transition
netal carbides. 13. The process of claim 12, wherein

t he supported or unsupported transition netal nitride
is selected fromthe group consisting of VN, M2N,

Ti N, and conbi nations thereof. 14. The process of
claim 12, wherein the supported or unsupported
transition netal carbide is selected fromthe group
consisting of WC, Mb2C, VC, and conbi nations thereof
15. The process of claim8, wherein the
stabilization/partial hydrodeoxygenation reaction
occurs at conditions sufficient to convert greater

t han about 95% of net hoxyphenols and benzenediols to
phenol - based products having a single oxygen noiety.
16. The process of claim1l, wherein the refining step
i ncludes a reaction selected fromthe group consisting
of a hydrodeoxygenation reaction, a mld hydrocracking
reaction, an etherification reaction, a hydrogenation
reacti on, and conbi nations thereof. 17. The process of
claim1, wherein the refining step is a

hydr opr ocessi ng reaction including a

hydr odeoxygenati on step and a subsequent hydrocracki ng
step. 18. The process of claim17, wherein the

hydr opr ocessi ng reacti on-occurs at a tenperature from
about 320 C to about 450 0C. 19. The process of claim
16, wherein the refining step is a mld hydrocracking
reaction followed by an etherification reaction. 20.
The process of claim16, further conprising
fractionating the partially hydrodeoxygenated product
into a first nmononelic fraction and a second

ol igoneric fraction.



