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Abstract : Biomass is a sustainable alternative resource for production of liquid fuels and organic compounds that are currently
produced from fossil fuels including petroleum, natural gas, and coal. Because the use of fossil fuels can increase the production
of greenhouse gases, the use of carbon-neutral biomass can contribute to the reduction of global warming. Although biological
and chemical processes have been proposed to produce petroleum-replacing chemicals and fuels from biomass feedstocks, it is
difficult to replace completely fossil fuels because of the high oxygen content of biomass. Production of petroleum-like fuels and
chemicals from biomass requires the removal of oxygen atoms or conversion of the oxygen functionalities present in biomass
derivatives, which can be achieved by catalytic hydrodeoxygenation. Hydrodeoxygenation has been used to convert raw
biomass-derived materials, such as biomass pyrolysis oils and lignocellulose-derived chemicals and lipids, into deoxygenated
fuels and chemicals. Multifunctional catalysts composed of noble metals and transition metals supported on high surface area metal
oxides and carbons, usually selected as supports of heterogeneous catalysts, have been used as efficient hydrodeoxygenation
catalysts. In this review, the catalysts proposed in the literature are surveyed and hydrodeoxygenation reaction systems using
these catalysts are discussed. Based on the hydrodeoxygenation methods reported in the literature, an insight for feasible
hydrodeoxygenation process development is also presented.
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LM 2 4, A% BN ol 43| Aduolof b AeE 2ol
ol ¥g7] 47 9 ¥g oA WhEE AT Bast 9tk
dlole IR 9 vlo|Q SeHES] URE ASHE B

v}o] @ uj A(lignocellulose), 3| F(macroalgae), -3-A|(lipid), ©] 2. CIOk5t HIO| QA YT O| AXEIAIA HES
M| ZF(microalgae), FF(sugars) 5= AAoA IS 5 U=
AA E2AL], It ARA B= LEA F71EE 5 Hio| QujA g 9] YA ¥R TR 34 Ve
o ©&4x(C), F4(H), AH2x(0) €¥4F F2 sk, Ao (N), AXA AP 4= Sk, ¥vHE dEE FE FHA vpo] oA
Z(9) T Y4E &% ZISHL, ol9fo HEF (Na), Z& o] dE5l 2U[4,6-8], ZAA Hio] QA AE U] H&
(K) 5 771945 2RI o|2elt Hio]Quj A JEL w2 < 222 AFH HeA sRkE9-11], 524 vo|uAs
A FFo g AR, Agt 5 MRS AT & e AE A LRt THgRE Hho] QUi AS| 2R, HARRF 5)9 FE 2
7hedt Ao g IR Qlon, 71E AR, Ad drE o A[12,13], AE2 A EE JUAER 0N A=
Alsk7] AsiM = A=, skt dehg 53 UiA 45E A A SHE(3,14,15], AEA FA B ARAH16,17] 501 A
Absfjof shH, £3] theFe] Akhk ARE AAGHA 71E AR, 4 &dth(Figure 1).
gt fARE @3leas B4k a7t qloh2] E44 vl eujA AR UL AL WS E5f
Hio|uj A gl Blo] Quj A {3 A= FE S AlASH Chgt gaks ©5leAa R AeHE 4 Qioh 5@ A vio] A
= PHoE SR WG 71&0] Sl=d, ol W= £ RS U] ERR £ AbA 7] 7100 9t EQHyT 4
oE AaE AASH] 8 eaE F7Iska SUE o8-St A o] HF-ARL BEEO] bRl 240] of2 A &
W32 75t 2 o=, o] A0 A& T TEE o E4kAT) opd FEAQ1 231et A "AA: BT X3St
29, B 5 % $9) S, 97 50| £ag weo] Hrh  TH720L. o] A9 FE Ao 2EYTE(cyeloaloohols)o] A
AT, dolg 5 w48 SIS 7o oot 3 v, oA AR ol ot TAH(adipic acid)Tt 22 23t A
& Zo7h ANET FulEe] 2eT A4 B WAl Wb ES AAel) AiE RS B8 4 k12l 2 v
choyet whS B 710] AAET ek AL ML vl o] 9ujA So|E b]H R (microalgae), H)% F(macroalgae) 5
oleujA dgo] we} vhgAgo] A Zol7t E S UIL[34], o] FE F FHTAA WO R HET|E ST, ol&
SuiSolA A Ee 2UA BHES] HF AlH(contact time) Hae= o7 Aol worA sHBAL WS 3¥o] ofFh
o] 1At ol HAr = ¥ &do] RoH[5], RS (23,24]. HA=RE FAdipd) 422 FE% RS &
sl A woleHA - dmE AL MEER Flatal ojg A AAE FES| LU SHBAA v dua
ARESHRS A5 S wIgAS - Astd] Bk 579 ARG S QITH25]. AEREQA, FuAER QAL B & o
2o upet 2det S dAste] E-8-sfoF o). wHEbAl, oA B9 g Mo R AAEH= 94 dRES AEF
B2 SMiso] AAEHA Y A WS Sl 84, oF $4% 508 4IE 5 78 SRS AAstedo F= o]
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Figure 1. TS AIZ0M HOK= +HEMA B HES(7,8,18,19].
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E|L426-28], SHEAMA BRSO R AbA PR A
AAsto] C6 olate] ARA WokpsE A
1cH14,15]. 244 SEF wFE(furfural)> A¥H(sylvan)
& o]&sto] C15 o] FAARE AT 4 ATH29-35].
Cls o] SRR e AUF 4512 2W719S
FAUB6], S3EAL HEoE Ff, FFF To=
g Jlse nes golis dRg 44T 4+ AT
AEA A, 1AIERR FE A 5ol 238 ERlEdARE
(triglyceridey= | AH|Z 1 ¥ transesterification) ¥-3-2 53] v}
ootz ek & QoUH37], $7) Ei Aty acid
o SHAL WSS B TEA 0 EE i BT

= ATH16,17].
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3.1. 1]

AR ¥HE SH7F =2 0]7]54 (bifunctional) 4= Tk
7154 (multifunctional) |2 FLAJE|o] tpoFst & HJES
25, o]F HEg G4 JEE A% Aol F83ith
FAGAR ¥HEo) AREEE 35 FYIE Ru, Pd, Pt, Ni, Co
5 U HdRt SHiEe] AlE=EAT(Table 1)[3,4,6,10,11,20,
21,38-50]. ol AEEHE YT AAAE AHESo] 1EARE
SR ARE =, gL, GFuY, A7 A2 Yo 5 &
5] AREE= AAAE] EEUIL o]F AX A= T A
A7t otet F=2 A} o2 ARBETH6,10,11]. 1Ak
Sl ATl EL fHEANL S AAHE AHEE7| =
QeH40]. AR BEEOlA a5 Fuio] AT 7R
e & ok AR, 4 2 9 2435 veS B9 B
o] Exol Ay} Ex3} 7575 AL 44 75TE
A7 = Aolt51]. B4, ¥6=Y AtA 71571 AAE 9
o 2% xHo S 4 HEER FFot= Aotk &
& EHORRE 47t SFEs ARBolA 1ALEH #H

= w5-0 AL HA oA Aba 75717 A Be AlAE
t}H40,52]. o] #gF §h-2 4t ol o3t E4/Ed T & §HS
Al AR 1S 0] 4 TF IYS She AR B &

ATt

od
I
i

T
5

A XX A E A& SHiE Skl AL WOl A&
sk AHIZE Bt A& E0] S8 2438 Sl E Hol AR
5= Pto]] Cog H7Fsto] a2 AlZsto] BEg A8 g #0]
711}H43,44], Ho]F4:9] Ni o] Felt P, Mo & A7I5t0] &4
HhS B4S o|7| & §1}46,47,49]. Col] & ATHE2l Cobalt
nitrideE AME-SH7] &= SFAL[21], Feof] ©4x9} HAE H7IRE S
2 7I2EAAY DAL WSS S| SFATHS0].

Aes, Aolas SH Qo IEFSol AME«=
MoS, AE Zuj7} @ol ARgE=t], §Hs-=°] & itEo] &
=0} A ot o] gt FuES HSY Hu|EH dufe| &=
(dimethyldisulfide)?} 22 & &S W= A FAstod
oF 2tH56,57]. AEHLE MoS, AF F= Ni, Co 5 A
o] &5 F7Iste] o 4 FF YL /ST, 3
eika ¥hgo AMG-E W= Ni, Co7t H7HETHS,56,57]. 22
A= MoS, Uie2E F50t0] Fujo] ghika vt
< S 2Eske A7F BarEar QITHss).

gt M2 1HHE S84S5 AAARE ARESHAL A A A
FHO| T GAAHSIY A2 Yle YRH601E S2Fste] Hio]
QuiA Ff EEO] 4%} Ee AL BFES AT B
171 loy, ol Fuli= tiA= ¥hEAJo] WobA vanillinC &
B E 4-methylguaiacol-S AAFSH= Adt 22 %7] thA| 9] &AL
& ¥hgo] dojubn & g4kA REgol= o]2A] EEith

3.2. X|X[A|

Ed A SolA 4S5l 5 ARkl gt AR A J
= e ot A E BERSH] o St 22 A
AA7F AR BESof] ARSE 7| & 5H{46,49] HA= A|A]
A #H|| A 5k= AolA B, BYFAE 59 WHgo] Yoi
LA Abas 7157178 AAEE AsHoE AfakehiteiolA
ol AMgE= AlZEelE SulE AA[A 2 ANt -EA
A WS Agste A A7t gol e Jrh40,54]. A
Sl FHOA AbA YAE Hoj=2)7] A B Ee BYA
= Hhgo] FEHAT, XA Ao EA5t= 4hA WA} (oxygen
vacancy) 9 FHO| F&o4 AR YR 9] 4bA ARE Eof
A GAkA S YESHA APT = QUTH61]. SHfjo] &
Aot o] # gt Z4kA/d (oxophilicity) ¥HE-Eof EAot= At
A YAE 88H0E AAY 5 e e FEE AT
[53,62]. TiO,, ZrO; 5 TP (reducible) &< ASHE XA A=
ARG 739, Pt Ni%F 22 AFE B HolgdS A=
Ao 4] SMSI(strong metal support interaction) &Afo] ErAs}k

o5 S dAe] ;o] A|X|A] o] HIPE7| = Tt
[49,61].

% S| RS LEAA]Z]7] ARt AEA A rHEA X
Al ol #HAL Eoli FHES A E 28T 5 U
%5 (mesoporous) A A A7} ARRE 7] = $FH16,27,63-65]. A
A 7% F2& 2AsHe 222 Y <ok, A F <
sfeta E4S HItAA SHi9] ¥hE E4E 24T & Q=T
ghao] A RS FYste] B A A B 2E



Table 1. E7UH +HELA =04,

vro] Quf & 2l ohita SfehE ol T S - F

a5 S AR A L @7 Clasa=y BEE =3
Ru Tungstate-zirconia —-o}o]o}Z(guaiacol), =2 A| A|Z 29 Ak (cyclohexane), |[4,6,11]
v}o] @ ufj A(lignocellulose) B3 2L SAAES A
Ru TF3t carbon H|:=(Phenol) A T4, 547 Ak 'holeas [38]
H}o] @ o A(lignocellulose) FE31.2. A
Ru Calcium carbonate FA4-&(eugenol) T Z YA ZZ AL [39]
(propyl cyclohexane)
Ru HZSM-5 Hhd F(vanillin) HEASZ AT [40]
(methyl cyclohexane)
Ru TiO, Hpo] QA FES| U s e [41]
Rh Silica-alumina —-olo]o}Z(guaiacol) Al ZZ2 Ak (cyclohexane) [10]
Pt Tt}FSt zeolite —-olo]o}Z(guaiacol) Al ZZ2 Ak cyclohexane) [42]
PtCo Nitrogen-doped ordered <-olo]ob=E(guaiacol), 2] 1 2 A(lignin oil) Al Z &8 k(cyclohexane), | [43]
mesoporous carbon XA B R A
Pt, PtCo Carbon 5-5}o| EZ A | & F-2H(5-hydroxymethylfuran) | g FH(dimethylfuran) | [44]
Pd ¥-Al,03-P Eg|7+Z(tricaprylin), 2] 2AK(valeric acid) XA B A [17]
Pd Si0,, ALO;, ZrO, = (phenol) Al ZZ2 3 AH(cyclohexane), | [53]
Al (benzene)
Ni Tungstate-zirconia C15 AsH= Cl15 EAAESEA [3]
Ni Nitrogen-doped Hhd A (vanillin) 4-H|gdLofo|ol= [20]
carbon black (4-Methyl guaiacol)
Ni Ce;..Nb,O, H|&=(phenol) 4l (benzene) [45]
Ni HZSM-5 AFoHE, vlo] QU A AR Y SikaEslea [54]
Ni2P Si0, 2-H g E g|g}5}0] = 2 F-2H2-methyltetrahydorfuran), EALAESH A [46]
E A Hlo] QufA (lignocellulose) EE-3 Y
Ni-Fe Carbon nanotube —-olo]o}Z(guaiacol) Al ZZ2 Ak cyclohexane) [47]
Ni, Ni-Cu HZSM-5 Hio| Quj A FE o U AR A [48]
Ni-Mo SiO, m-=Y| 2Z(m-creosol) E-F9(toluene) [49]
Ni-Mo Si0,-TiO, A uHehd [16]
Ni-Mo HMS-ZSM-5 Az QR Y PAaEses [13]
Ni-Cu 710, A 2R dEHY PAaEsles [12]
Ni-Co ¥ -ALO; -ofo]olZ(guaiacol) Al ZZ A2 (cyclohexanol) | [22]
Ni-Mo ¥ -ALOs T SHAA Thet [55]
CoNx Nitrogen-doped carbon, A& (eugenol) ZZYA|ZZ AL [21]
(cobalt nitride) | HZSM-5 (&7} Z1)) (propyl cyclohexane)
Ni-Mo-S, Co-Mo-S ¥ -ALO; 2-o] & #|&=(2-ethylphenol) oA ZE N4 [56]
(ethylcyclohexane)
Ni-Mo-S, Co-Mo-S Carbon AUR GE Y EALAELSH A [5]
Fe ALO;3 of 2] 72544k ERieats e [50]
SR wpde Y] BeET UTH202143,5066) Aol SAE  obu wHSEE ALSSIRE A9, el BT S (space velocity)

O] E(tungstate)?} 2+ o2 SiotHE

o A7) 54E 28T 5 3leH6ll],

4

SHDAL WSS A4 voloma f¥ ARES TN

A
T a2 -

F{EFALA HE

[

o= AgHE
Az)7} obd @7] 22 XA A8 ARS T BHTH39,67,68].

olo
OH

= 3d 5°

T GAE A7l AAA EE E2 85 AlZKcontact time)o] BT HE2 Sujo] &
dol =2 Hol, ¥83 il 44

A% SAE 47 Yrha-6). FADALL WS PHOoT 4P

o7 QI3

RO E 224 (batch) HHS-0] 2 o]&EH ol ) &

X BAES Slat Zolche]. AR Ei 7]% B3} AF YRS
SRR Wgo] go| FEHh

F2 1H5(fixed bed) ¥Hg7]S 0|3}

) 91e) @
£4) W)



131_]_"6‘7 ] "‘céEH Suf HE BE =4
Trickle bed (15F) NiMo/¥-Al,03 T ot [55]
13502 15 Pd/C (~190 C) Hlo|QujA GH510d A4 Eokea| [4]
2%} Ru/tungstate-zirconia (~350 C)
529 1%k Rw/C (~170 C) Hlo| QU A FHFH QY A4 Bols| (5]
2} Co-Mo-S/AC (~400 C)
CSTR Molybdenum 2-ethylhexanoate % AR (vacuum residue), AkA EsleA| [70]
2t 73-9-(vacuum gas oil), o] Quj A H R3] @ o] &3}
CSTR Ni-Mo/activated carbon AR F Bl ik gholear| [71]

[4,5], CSTR ¥I-3-7] % o]- &8 4= t}70,71]. o4 7|A7F BA
o] EJ=]7] W&o trickle-bed FEJO] §HS71 = AAH v} 9
oHs5]. A4 HHE71E o] 8T He oy Sise AER o
Asto] 24z b2 Fuje} g vhg 2004 1S 3sto]
FEGAAE BES £0)7|% gt §REEo] TEshs ARA
ZujFoA 435 B £AMYSE FPotal, FHA S0
oA AL E o wk-go] AAIE B ATH4,5].
Zof| ¥ESA] A4S 9% 714 H} = 284 H o, 3
kA RG-S AAR £ o835t

st gk

[e]
S ot et Wkl 2
Ao} o] & o]Fx glom WA Fu ol A

Y At 2o A 4§ 33 Aol A 7f
ATE Ao B ARzt 2k vo] oo
12 A o4 9= 9 ok} ABOE AU 5 9
AU AL 3HE HAAE AR Tl
7o) 27 9k B4 st A A
Agstn H=ske Bast ek oS AL
e WA AR oISt SHDAL WS
LAY > U=F Zvhe] B, YA, MY

A2 Sstol et

o

L ootk
o rin

L, ) 0
L7 rlr
2ok

>
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