COVBI NATI ON OF FI YDROGENATI ON AND BASE CATALYZED DEPOLYMERI ZATI ON FOR

LI GNI N CONVERSI ON FI ELD OF THE | NVENTION [ 0001] This invention relates to
processes for obtaining hydrocarbons from bi omass. 5More particularly, this
invention relates to the treatnment of lignin and cellulosic waste to
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dependence on i npor bEROYYMBRIZATION GORALIEREY icotyEReIOKossi | fuels. Al so,
10r enewabl e resources can provide for basic chem cal constituents to be

used in other industries, such as chem cal nononmers for the naking of

pl astics. Bionass is a rene e can provi de sone of the
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The econpdugsch%e cea@sdorofrl} the ability to produce | arge anounts of bionass on
mar gi naf'q and P wﬁt er environnent where there are few or no other
significantly conpeting econom c uses of that |and or water environnent.
The econom cs can also d e di S i,gmass that woul d

normal Iy be placed in 20§Rﬁm®1\1&5 Pglogfl{]% %&.‘é‘%g?rg i'ng, harvesting and
processing of biomass in a water environment provides a space where there
i's pl en{QOO2] s Runt@hile ansgystuided BcSoN\MYré8ing Gfpoi@incac Théyoharé b aBaiDsE
productive alternate uses. In addition, biomass contribut es to t he renoval
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pyrolysis oil. Bionmass also contains a significant amount of |ignin, which
cont ai n&SAUEs hat canrayidesamime! the needs B}f.sawrC%M@h@awaBén@% as precursors

for che a 0 rings that
are |i n@%@%oggg er tﬁrl%%%ﬁouéaérlgghﬁlé%?Edjdrcqia%f)ﬁ gs ghgé Qﬁ% oug‘%ﬂfé on-oxygen
bo nds. ﬂ'ﬂmeessmgmmmdwoodldtlph alf, pragin, grassesecangecdr huﬁkkwéedk;mqnﬁn@lmsrpou nds
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base to partl ally break
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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up the lignin conpounds. One nmajor problemof this approach is high
consunption of strong base such as NaOH which nakes it not very attractive
from econonm ¢ stand point of view Qur recent study showed that final pl4
of reaction product need to be above 12.4 in order to have high lignin

conver sij@fin sk sTiﬁb@rdT@iﬁ%nstdﬂ@natﬁﬂnigfs thewtedked togsiher thedugh icadben-8adbn dendsoi | er
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can shi fnd {lfeugheeginararysm kangani ke sanaroypdoihat feve hghivalg st the alkybnomi cal |y
vi abl e gt otection
for bi o ebAsar anpats AL pnedic &Rl Ba e Moo ERPIEF BB T T he
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catal yzed epol yneri f the lignjn found in bi o rovi a route
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econoni ¢ afety of the process. The préesent invention recover| ng
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oxygenates and hydrocarbons. The internediate product streamis contacted
Wt a détwdnplgeﬁmﬂl on and deoxygenatl on catal yst at dehydrogenation and

deoxyge actl o ondl i.ons b ener ream
conpri sﬁﬁgbgf f)i’ec,ss%s hls fl%ed tf nér?%eg ?’#ﬂlg%&gr og natlgalﬁ there is
addi ti opadcusbagkdm Bldﬁfas§@f&oﬁmfbﬂﬁy Vigslk grbabsskd, gnivell Bs)lewmrthe ¢3088] O her

obj ects, advantages and applications of the present invention will becone
appar emenwcpmm@gpmqnp@éoruhwwemqnnrp%ﬂwhe fol | owi ng detail ed
description and drawi ngs. BRI EF DESCRI PTION OF THE FI GURES [0009] Figure
1 shows the basic steps of the ocess as a ied to an idealized
situation, where a phenol i¥/M Mn@FlmEyﬁf‘B@%Mhéd and then deoxygenat ed;
and [0010] F| gure 2 shows the effect of pH on the insoluble yield of two

%'SEP %g)ﬂag Tﬂomb%rmggafuwgwémfl[ﬁﬁws BLRMess

COI’T'pI’I S UbSt an unt (0] onaceous materi a at can be

convert eﬁtaltyﬁedﬂd@b@tn&mhanm of Geniégrah Found trhiohiasnmesidesd iuteafor mummges
carbohydrates, and other oxygenates, One inportant org&ahc mat is the

i gni n ©R&Y of theeeheanisals. nisirednstien af thy emorpiangd strengifo AYF U | s es
useful 3L NBRELLE HbRS iGPERAH Mfhe SHIMibd R 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.



10the lignin is broken down, the aromatic ring conpounds can be recovered
and used as precursors to polyners, fuels, or other materials. [0012] Base
catal ysis for the depolynerization of the lignin can break down the lignin
for the recovery of phenols and other aromatic conmpounds. However, base
catal ysis uses a | arge aBRIBERDBPSCRIPSIONQF DHE IGURES | al for this process.
The hi gh usages of a strong base is 15required for obtaining sufficient

| ubi I the lignin, in arder for the hyd t tion t
e oceec 0B8] o FEwe 1 HHrHs ededSehort e brtfor goonag st Ko g Hilohace | <
that theyHeRACKABPERORhE i AtdbdRaRNACGhe dddyRinaRa) dna derivatives and

carbon di oxi de. These "are aci di c conpounds and neutralize the base during

t he prod@830][ 0tigap 2Fhews thewtfiestont pHront the inseledlefydgld af &iarlignip trarpdescan reduce
cost and the handling of 20strong chem cals. The acidic environnent from
the aromati c oxygenate derivatives can be reduced by hydrogenating the
arorfatic rings and r BEOAIREDsDRECBIPEINE Oy JEiE {NVEDAWNt the aromatic
oxygenates to | ess acidic saturated hydrocarbon conpounds. An exanple, is

t he con Lon .of enolic. co I i alell as
cyclohelgéghf %H%% %83%§%¥E§%%%@%§ﬁ% gh%%%m%éﬂ%@@pﬁ%%Q eg§§§%ﬁg ed to
napht hegbgveaedmobiddsart®ys NGatera e yhelbidigasa Attatlat o ieoxybeydatamd enoved.

I n addition, when a base is used in the process, it is |liberated and can be
r ecover eHeap¥yeeRtiee PnerippeBgEreaic acra dbihe ligain thatihouad Byegifent

dehydro i QR d enat i QF f I e |
hydroca?%%%%h%g%ﬁ&g% g@%%ﬁ ?%@h&afgg%%f Ig&gﬂégé%?ﬁgﬁ§%h?ﬁ%gh¥gﬁmgroducing
chetni calkls Hgniisibrgkenh dowathe hoastic o o pourids earl bgrcoverdd dndaiséd/ayr ogenat i on

catal yst under a hydrogen at nosphere, formng a lignin slurry m xture. The
mi xt ur e Presuiseisde pefymersy fugls or dhameatsials process conditions to form an

I nter mefd)?%ﬁ] Erl%gé’%talg%ig %@eﬂ%ﬁ)ﬁ%ﬁ?&&ﬁﬁ% NI ERASEACRIHAAE 1B £8r | Ower

acidity diti eilng limted to any particular theory, it
i s bel i éeadcdvantofphemlodnd dikeraraomatici componguisu fisveses bisg dntalysisaisescth arge

saturated or partially, saturated hydrocarhon.conpounds. The, i nternedi ate
o1 oduot S8 Ao G o SR Ve PBHCd UEBR 5Bt | on

cat@l ysteq@ired RRWIHA98NQIH Qbnt sBRO{HPBF HO ﬂghifn! R2ddr Fo 186 By dooRSlstnbtist r eam
conprising aromatic conmpounds. The two-step process is shown in Figure 1,

whi ch i seagtionl©ipdecabd.z@de ef thp kiafn watone fordhe latge conpurmgion of He tase istthat tlep

hydr ogenat es nore acidi.c oxygenate c ounds, such .,as phenol.j,c conpounds,
byt e ORI TORRS Dp LS BRFHEA aerer RETHTNGS Y e RGe: Pesf Shralye o
hydr 09eaélaﬂcfaemgém&da%n@haﬁﬁhk@aﬁ%ﬁmwﬁ% thdpBE@gduce much less acidic

hydr ocar bons, such as cycl oal kane al cohols or cycl oal kanes, and to

depol ynfO@ %3] t Heelr¢dyation rtHe neaddora gxapgdnase sasneduse cpstgnd e mhdingedond st ep,

lytically d . d 15dehyd h h
cyPonl RESHE heHSRY IR32AD AU ARIE IR B SR o s AR IS A houn
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further conprise adding a base to the slurry and hydrogenation catalyst to

form a fiofatie exyespaiayiodess Acificntented hghogubatonmonnds bt sxaRwla. igha pH
bet ween § angd,1¢ Pﬂ%&li@%m‘n@&&& 0y f’eg%é{cﬁ% §1c8{11<9§ %ﬁ?h as QEIBELHEE Srifeur t her
conpri ses recovering the base used in e hydrol'ys
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.



process. A weaker base can be used, and bases are selected fromal kali

nmet al hydroxi des, alkaline earth netal hydroxides, alkaline earth netal

oxi des, al kali metal carbonates, and m xtures thereof [0016] The hydrol ysis
reaction conditions include heating the reactor to a tenperature 25between
100C anq003dg, Whd pregenphetsioner predpdnpdhentcabefive dgniaTofipang cébibiing he
hydrol ysis requires the addition of hydrogen, and the drogen | s,under an
at mosphéhelighiny ﬂﬁrﬁé@/é{?rg@%’@fl\ﬁéféﬁswﬂe@%%% aB’é‘?SailelﬁtfgéEl“&%g‘ngb%‘@%si a),
and pr efarafl yTRELIRED ishefo MR AR BRIA bcddcdfdRidR O3ReRiSha) - The

hydr ogenati on reaction condition I s operated at a I1quid hourly space

vel oci t yinteinkidNgte podbetswesn hovilg andiud@loxykenaBifod@hvindihlewey aidikyy dhs pr ocess

supprt itgrer e BoRg SRGGE iAottt tiche et B e ar " and
especi alhomaReonbifdsete ]é;{cg?é’@ehg‘l@d R @amrawarb%ége)m}y shRatBEhRlrscatibat are

preferred are platinum (Pt) and pal | adi um . 'Supports for the catalyst
i ncl ude cempbindss Thebiteroneldinte mpduwce strean) BEontagedwith pylehydrogeation @@, ni xed

met al oxj des and carbon. 018] In an alternate odi nent.. .t he

vl ogenaypereap ar pUera dhmeniset bu o SRR SRR B PEmase et ai s
useabl e cbﬂxpﬁﬁih%\)aﬂﬁ&@i@%&mbﬂﬁdﬁ.d Fhdtwd<stbp bidcgss iCIhoM ibl Figuéd ), whigH khdenum (M)
and tungsten (W. The process can also use a netal sulfide, wherein the

met 8 i ndealieedyimplifiention pftheipsocses. ekhedstistapriydiogerstesripeie sl pxyeatee met al s
l'isted. I th enbodi I . al yst
can coms?Bankis. el et Pl cSREHATRYonnbilfe RS AIROBHIGR R BERTRER
nmor e of 1édea patial catalyttichy{iBadnatid oNthe WBNidtR)compuilidisnd prado&ihucht laedticidie ( Rh) ,
rhenium (Re), osmum (Gs), iridium(Ilr), germanium (Ce), lead (Pb), cobalt
(Co), gdweiogsrbpsayuch2p grcloatkanc alcqhels a1 eycltalkames) and oulepplymeaze e dighinst ep of
the pro i i d L hydr ocar bon
g Com B B B L et 8 o
conundshshiiavdengtes the hothexabens; surhas ciidiealkiab yitvhee natsctoallanes, teproghgrenat i on
reactions 15renoves the oxygen and returns the naphthenes to a product
stream GBWAUCEI ng aromati ¢ conpounds under dehydrogenation conditions. The
reactio ith 1 KPR , a

{ orper a0 £oher e R A S B ES MR B HEER [ K TRt £y

(LI - | SVfuter weepri@. aidmgd Hhe&Otohthe $luith endhwiegehattraetatyshsfole n neiness

t ol uenes, .and her al kyl - benzene hat can .be separat.ed, for use as
br eour S TRGRE & PELHEReT e 280 BT gh K PO AGLL e O o ubiPe fifo
f eegst 0%§§roly§f§§>r&%§'s)! dl"}fé%&%%d ﬁﬂhmnﬁﬁfééﬁ/ﬁ@&@ﬁhé’ﬂ?%ﬁﬁuéﬁém {he %B/&ilgﬁysﬁl

cracking function for further depol yrnerization o 2 |ignin ol ecul es.
The cr apkicags. fAiweakieo haseaan beused panddedesye satectedifibnh alkeli inwtal hiydnoxides

cat al ysty B BRI Bt ASHOGICH Rals Bt MR B, ol ving

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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[0021] Figure 2 illustrates the consunption of a base in the conversion of
lignin fromtw 25different sources of |ignin. The process requires the
solubilization of lignin to enable the breakdown of lignin into snaller
nol ecul es. In the process, a |large anmount of base is required to carry out
t he procsgsialynae stlectebfremnbeplatitun peupuTivoaneals that mmmfgredoalepmtihmnt he

per cent 480 wf prfashi r0° Riverte e st LTt G E R R sount
of baseswqqg(t)hgrd%?ﬂia@zl &1%%taﬂb§ﬁle§9n&%ﬂ§ﬁ9r eater than 40% of the anount

of lignin, "by wel to achieve a sufficiently high pn and the desired
sol ubi | |[OSDI&N t hmﬂaltbmamgmmndmeriﬁ,ythahxdrmmﬂlma@yat h@moylpms@ ajbgseyetteeved

t hat the hydr ogepati o rocess_r.educes th nee n|f ant addition
of & str? ‘BB%‘% g?)setnPFgalE EI% 1’%8?%?”8?753%7 g(ﬁlfe@\é} c}r]irﬁ WB( Pe acidic
oxygenatgslyb&uah (%)Bﬂ@ﬂﬁllg!st@n CRNPORNEIScesh Barddléh diseQrindtal sdHide] whakinzheig t he
l'ignin, thereby creating an internedi ate stream_ The %)rocess is then

cont i nugdetel ltlhh@m@,té esif eqiembfr@mon@ori mewratil basemstalsdiged s processed

using a i.on d C nati on and
deoxygor 0PIl CBHERb RnA T NG E Y BBl U LHEHRGET

conpr i sisagnAreerEll iviérein[tBOZetbnd Hﬁtaﬁfsﬁﬁkﬂﬁde@fm& bembiecdsfalgematisotin {Smct i on
produces a hi gher sol ubl e product w thout the need for the addition of

fst Ir l&fhg Hadiem G, juthegm G grhpaiumgihe theniym (Reye oty Oshuddippddner e
t , d
(o Sy, BBTORS A0 AbTeR, SRV 46 OEBLITHY 720 . e

ar omat i 00R0)s . TWesoridwepsfthe pocssa sompiisepideliydiogehatimgn dsexygeietion ofias

still a subpstantial anpunt of inso]luble material. Even th the addition of
10 ti medhe helrespphoniringicopmpennds; prenapl £ SUCR 8% P Fifthexang yaé&mgﬁpy reduced

by 40% By, Byisad zﬂgtckﬂgh&gﬁe Lk gy 'Tﬁ&e dE}l&%ﬁ@‘éﬂéﬁ noRd ko aeuwﬁ%eagﬁ&n@ecessar y

to obtain & S|gn|$ |rrprove in-t uction I nsol ubl e matter.
The1 515prremevﬂs thencvzengbm and shonssthe ha;ihthelneste al podugh strant ¢(uﬂ1prysmgmmraamed_

solubilit e hyd enat ed rocarhons, even w.thout the addition of a
strong 58 our; @pg%fgehgg‘f)gﬁéla{l 1tons-o g fepchogd CPB&IP?Fc’P‘él&é%ﬁ PESTYBi1ity in
an aci d'b%tv%wlr@%ﬁmo@ﬁwﬁkaﬂpe%m%%ﬁmi{ abdwe and 906@%& b $ighidefoutipf | uence
of hydrogenation of solubili nd H (9)

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

5.



1105%PdonC(g) 0011 1-12 (psig) 0 O 500 500 Tenperature (C 320
320 295 325 final pH 12.4 8.1

hydrogenation process reduces the need for a significant addition of a strong base to the lignin
solution by hydrogenating the more acidic oxygenates, such as phenolic compounds, in
addition to depolymerizing the lignin, thereby creating an intermediate stream. The process is
then continued with a second step where the intermediate stream is processed using a
5  dehydrogenation and deoxygenation catalyst at dehydrogenation and deoxygenation

conditions, thereby generating a hydrocarbon stream comprising aromatics.
[0022] The effect of the hydrogenation function produces a higher soluble product
without the need for the addition of strong base, as illustrated in Table 1. In the table, two
runs were followed using the current method for base catalytic depolymerization, and two

10 runs were run using the present invention with hydrogenation of the aromatic rings. When
the process was run with a strong base, there was still a substantial amount of insoluble
material. Even with the addition of 10 times the amount of base, the percent insoluble matter
was only reduced by 40%. By hydrogenating the lignin, the addition of base was not
necessary to obtain a significant improvement in the reduction of insoluble matter. The

15 present invention shows that there is substantially increased solubility of the hydrogenated
hydrocarbons, even without the addition of a strong base. Increasing the temperature allowed

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 1295 |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.



10.3 6.3 %insoluble 24 39 11 10 % ether soluble 33 9 55 62 [00231 Wile
the invention has been described with what are presently considered the
preferred enbodi nents, it is to be understood that the invention is not
limted to the disclosed 25enbodi nents, but it is intended to cover various
modi fi catliAggmMsS:and equi val ent arrangenents included within the scope of the
appended clains. CLAIMS: 1. A process for producing chemcals fromlignin,

conpr i siings process fe:qirbduingheingalstronh tipnia, doydrismgnat i on catal yst under a
R SR ST MG RS WU E S
content; and reacting the mixture at lignin hydrolysis process conditions to form an intermediate
5  product stream having a reduced oxygen content; and
contacting the intermediate product stream with a deoxygenation and a
dehydrogenation catalyst at dehydrogenation reaction conditions thereby generating a product

stream comprising aromatic compounds.

10 2. The process of claim 1 further comprising combining a base with the lignin and

hydrogenation catalyst forming the mixture having a pH greater than 6.

3. The process of claim 2 further comprising recovering the base used for lignin hydrolysis
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,03, SiO,, MgO, ZrOz, TiO,, mixed metal

oxides, carbon, and mixtures thereof.



contacting the internediate product streamw th a deoxygenation and a
dehydrogenati on catal yst at dehydrogenation reaction conditions thereby
generating a product stream conprising aromatic conpounds. 102. The process
of claim1 further conprising conbining a base with the lignin and

hydr ogenati. @he pratdab ySdlaimor Whatgin theehydiogénatien Jsma/l'ysm gomapiixek gbaaiertal bdlameds. 3.

The process of claim2 further sin i t ase us for
l'ignin hydhﬁ?wgﬁgmﬁfﬂgﬁ?ggOaﬂgfgﬁﬁyfh %Eégﬁ ?@ﬂgﬁpg@géﬂ¥¥?%ﬁﬁ?he group
consi sti ngin@tiabfeathersdet al 15hydroxi des, al kaline earth netal hydroxides,

al kaline earth netal oxides, alkali netal carbonates, and m xtures thereof.
4. The process of claim mhereln the lignin hydronS|s proce condi tions
include a% gh?)@rpgﬁs&,pfecl@@tl\,\gléehelg@@d}ygwgewgg@at%st campriggpa 5‘?@@%@@ %f claimil
wher ei n t Rgneldighe ey S @b Mx%ia%n@ﬁ&%&?ec%%rﬂ {heRfoubREhsdRg ar MERS aNine bet ween
0.7 MPa to 21 MPa. 6. The process of claim1 wherein the hydrogenatlon

cat al yst é@ﬁﬁmﬂ@égﬂaﬂWQB#@UWéW@DtWﬁﬁﬁnﬁﬁ%dﬁﬁéﬁﬂﬂmﬁH@F@fn the noble netal is
selected fromthe group consisting of platinum (Pt), palladium(Pd), and

m Xtures tgpe g ﬁne\!vmerél B g%hat%‘d@%ﬂ% &oﬁldﬁshmﬁele;%ﬁgeume
group consi st zeolites, no ar- sieves

Ti 02, nlxéﬂhwnnékPmmuU5§3kBamb@nKmaNUvaQf@ﬁ%@mﬂﬁéﬁémﬁ900C7 The process of
claim1 wherein the hydrogenatlon catal yst conprises a base netal selected
fromthe o} consi n ckel i hrom (M),
tungst en (o RGeS QiR SaeBiEF sel/thgnnfiOh SR AR ehdjor BLRERENELT V2]
hydr ogenata coatkingtfaicyiss. conpri ses a netal sulfide; wherein the netal in the
netal sulfide is selected fromthe group consisting of nickel (N),
chromium (Cr), nolybdenum (M), tungsten (W, and m xtures thereof 9. The
process of claim1 wherein the dehydrogenation reaction conditions include
a pressure between 1 kPa and 1013 kPa; and a tenperature of between 400C
and 900C. 10. The process of claim 1l wherein the dehydrogenati on and
deoxygenati on catal yst includes a cracking function.




