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Abstract: Lignin is a cheap and renewable resource with rich aromatic units. It can be efficiently transformed into
highly value-added fine chemicals such as phenolic monomers and other high-grade biofuels such as arenes and
alkanes through catalytic depolymerization methods, which has long been regarded as an important constituent
part of biomass resources comprehensive utilization approaches. This process is able to replace the chemicals
production from the fossil fuel partly. Among the lignin depolymerization methods, the catalytic hydrogenolysis
process can directly convert lignin into liquid fuel with low oxygen contents, and these biofuels show a great
potential in the replacement of traditional energy sources. This paper focuses on the catalytic lignin
depolymerization methods. The recent progress at home and abroad is reviewed based on the catalysts, solvents,
catalysis mechanism and catalyst recyclability. Wherein, the catalytic hydrogenolysis method is emphatically
introduced in detail. Furthermore, the current technique challenges during the lignin catalytic depolymerization
process are summarized. Many future technologic explorations and suggestions for the efficient application of
lignin are proposed.

Key words: biomass; lignin; catalysis; degradation; biofuel

2016-06-29 YL BIHIRR, 2016-08-23 I BMEBR . Received date: 2016-06-29.

BRARAN: K. S—E&: FHE (1990, 5B, #IHAL. Corresponding author: Prof. ZHANG Qi, zhangqi@ms.giec.ac.cn

EEME: EXRAHEIME (2014BAD02BO1); EFHAMEE Foundation item: supported by the National Key Technology R&D
&TH (51476178). Program (2014BAD02B01) and the National Natural Science Foundation of

China (51476178).



* 4524 - T % # ®67%

El

il

RKRER—FEBEFETHEIKRRETIHE
REFTFHEY), SHERMIAFER—BHART
EMRM=ZKAS. BREWTER SEMREK
10%~35%, {BZESHIREEL HE 40%LL £,
AR R AL RN R ) E B AE Y R BB B R A
RE. KREEEBRASEFE, BRI =, §
A 2R IE AR TV A R R B M DA R &
HIL 5000 J3%, /NERSr FRVER AT RAS NG, 4
REHENBRN R B BB, XAUER
BIRRSAT HS R, ARESFEHEAK
HEEGE, ETEHEEREANEERER LT 3 MERR
MR TS E TR, HF O BEER
R 5 23, H{LHNC—CHE, BF B-04. 0-0-4.
4-0-5. B-B. B-5. 5-5 F1 p-1 @&l BRI
kg, TTUBRISHEFEE. FEE. B (B
7R, E. RESZMIUGRERAN /N FRERF
Y. XENFTFUHEY CH SE S AR, &
o R R VR A LR v P DB A 2 R ) R TR A
SN IR R -

KEBERWNBETERE, ([HEAARTRF ¥R
WK, RIEBHRBLERAKRES S FEMRE S
PERREIM:. BOERIRFTIRGEANE i
&HAP, BintsFraanea®, FEAR
REFNBERPERERTERZEANE, SBUERH
BmK. 55, KERNSEERTISHRE.
BB EMAMERE, BHREBERRMN, £
RS FHIRE =), KPR T EREME. £
RARBR IR, IR RS2 B AR,
PEATRIRIAE A BB T RIS LR, RETE
FEXHRF R T LSRR, EARER
RMAAEARKE . R, KEEEERT
FRIEEE S, HAERYEMT R 2R RE
MBI, KREWEWRRE. BLFREL
VIR LB R RS HE R R B RSB R K
B, B, KRENEWRTEERRIETAR
HEYIRIBRIARR RA & TN E R R et Bk
S, AERIARBERIGCE T EHRESSFERFREN
AEST IR EAE BEF R AR AR KNS, ks
KA ZRETRRELT. WEMTTEBRILTIE
S AN AR F R R e AR, FEat
BRI R AR S RO S AR FIRCRP,

BRMRHEFERIEK. BRURAMEIE
FIR AN RFRARROBEBENR, KRR
RS EALTIEI A, MTTR IR RRR: R
R HEREAIEREE . KB E., FEFHE
5E0%, RS IRERPIER, InEsinsE R
RIRAE. XEERRMEXT AR REUARRNHR
FEAERAKR M, BEIR it bE 2.

FIEARF R KA R 2B AR
M, INRARREMABLERETARIE LS
WrRigte, MARRNBRELBERFIAEE T2
BERRN. MERBIIRR, BRRE RRIER
ARIFER A TARRRENBR . n, RE-
SARER/ RSB (Py-GOMS)AEER T RiER
FEARRE LR T AR R B B R R R 2
THITURA T AR BEMEROIE
FEHT (FTIR) 7T LLEE 2 TR BB E A
H S LM ERITRBIIRR A ILECIR AR R P62
HERERER: TEMTRETNERRES T
RITTRANBEARRRERET EAHINAR RS T
B ZERRSRIIR (NMR) 7] LA
WEIIRFRD THREERANSANEE. X
L RAETORBIBLA LB TAEE WA 258
R AR R SRR A 7 SE I U A0 vE i i
WIRY, AR E M RERROT RN ARNE T
FeFillo

1 KBF AR 7 i

KRR R BRI L BB EEML
5. EMRF A VB E AL SEELAR R
HIRE, WAL, Pt itte, B
BEER. #rK. BihiREmESKEY, B
TIARMEE PLAR R RS TAL R . AR,
WHEREMRRE TR, BTN, SRS
ERAST BRI 2 2IFBR. BIEAR BRI
RAAMETIZREL, BRFERR A IZER,
AR E B B IAGEAR . AKAE . IR,
LS. HELERC. slbzemiifs, i
PR KRR BB S T S2Tl.
LT, MNART, AAXESNBHRE.
1.1 EHRRRR

AL AR R th B AR @ AR BT R
W, HAEMACESEREE. AXESRS, 841
WA KA =, EE AR E T e,



g2uH FHESE: AREECERNBHR * 4525 -

PR RETERBELGT, FIRARGEETEY
BRRSFERMEER, RAERKMR. RAMNT
FIREGERP, BARTRNESTFEMLZEDIIR
B2, BB AR BN F iR
&, SE&EEMRREL. AT REAE Y8
By, WmbdsE. RRAER, EARENARNR
IR INAEALF, W] CASE N B AR A R A
K=,

SR AT /MR 18RI Py-GC/MS AR 4347 TV B
REREURRBRPIRIN, EBIEERIER & 1
TiO, EAFRERE R B RIS, &
500°C FRIBABE] 37% (AR) HRLIKRBZE~=Y
M, X FERMTHETSHEABRNBENGE
BRI, BB RHMEILRMN. TERAAFLEE
BRENAKREEBUARBEERERRR,
A-MCM-41 #1 Al-SBA-15 HIZ IR T =41
T8 RN Re IR 75 = A L. SCHR[15]
B, BERESIEIRR, M FLERER
R RV SRR R A L. NayCOs, KCl
STNBERERF T URERRENRESR,
B EB 2R BERUR AR, T Cu(CH3COO), f
Fe,0; Sl BUEMESRFZ MG TARIADLMR
EHERE, A A RIREE kR, PRgl:
EREX AR R MEALRARBERRRMRHIER, ik
ARBERIMELABR N T, BEEE, BEY
FHF . HEEAR 300C, BURERRE 65.4%,
{E A= P IR 225 B 61.0%, H AT FI 2,6-
T HREREREEE 5T 42.0%". ERER
BAFI T AR R RSHRV IR R RS FR,
XPF HZSM-5 {465, #mF e, &, &, B
SRBAIRSR, REHEREFIR RS FE
i, T CoO/MoO; fEALTTI N 2 i it i Bk SR By &
VIR REE, EBEERSERLEY. B4,
BHEAFAEFITHINE BERERY, EERTE
FERES A AL AR R b & U B I B AR,
NaOH AFIFTABRERS C—C #AIMEC, EhE
HARZEHEZFEEN. ZFEMURBERN,
BEf5 I B AR R A P,

BEBR, EURRBTERES TS, B
FIRKHI A S, BRI SR, B
RAMELKI, HRHESER. BEX TREER
R BRI T RERA A .

1.2 fEkR

RAEFIE N A R EN LA REKBEREH

B AP, FEAR R KAR Lt AR R R
F. MNEA LR, BRENTEIERIBSERRENAR.
EEME B PR E N — T L R AR, 7R R BIAR
ZRBRRPNAMB, HEE TR GR,
MR, BEHBE SIS R, XA
FEES T ek B, EEs, FRERREMRELK
fiE2_b B RROR AR SZ B IR, B Be L
BRERAINTR, (REERERIL AV AR, T ELRE
FERAREPMEHESNRPOTRRMEER, &
BT RERE=Y, MHERRNORED. P18
SHENBARRERKBER BB RFIELBER, &
300°CHBIG A /KEZMT, FTLABE] 30%HIAEYIHIK
R, HPAET 10%~12%H AR S .
ARSI AL RER E S B, MH BRI,
HAb R PR R R A R HEIER, B
AR R CABSER A EALT, 260°C %A+ TEITI3RE
A6% VAT IR TN 10% 26 4 BB 840 S 4miR
22, 3y &g R TR AL RTHEA R & Rk
Wi, SRR, ST EEERAELFIRIRT T FEEL
SFIRE, MK SBA-15 4 FiRstAHIAA
REKBEA RIFHMEAE, 78 150 CHRYRER R
TEIA B E| D AB R S E YR,
IRERMERT HZSM-S 43 FIRRURE L, £ 220°C4%A4F
THLABE 154%K BB SRR, BT
B XERERBRERE T 2EEEMRRKE
L, AR BARR LRI E I, TR
PER Si0,-ALO; BALFIXT AR R/K MG IR
B, 1E 250°C &M T R3] 30% L4 15 ERBA
EYRER, MWEWFIRIE. ZRESEIRE ARSI
ML ELERKRE, TS ENTIN
BRMEERReT B EALER TR, HEEAREIHIER
REIBIRE. Bob, BUFIRARITFHR/KARR S,
RUHRBHTEIME RS, 3 IREE KRR R H
BRFEIH,
BRAEALFITE A R R R K AR L R R B R
IR  F AT 3 EHR LiOH.KOH.NaOH
%, HERPFME. REEESMNE. KEEAER
REHATE, BT RV BIEA RS A AL
NaOH M AR EKBHREWIERABEE, £—EHER
W, EALFIRERRE, FERNELRER, SEER
B PIRE R . IEBRAE TSI AR R
HkA, BRIEERENBRC. FRERD,
7£ NaOH UARR FZKFLIEF, Hmd BT
FER, NARENERRNARRAHEIER.



© 4526 ¢

# T % #

B67%

BIECBANER, (HRBAELIEILFS=Y
W58, RIS S5 R s . T E AR AT A
FERRIX R i1 . MgO BT FIST BB AR E
HIKR R R DS AR, EESKHREE
FITAES 11.2%M BRI AR, =548
W15 F LB,

SAEUER, HAHKBEAELTS S R RE.
RSP ER, RNEEHR G X A AR R B
RS E, BEEFAEER. BiSRHE. mE
PRI — BB T B, REJE 5785y
AfEse, mAESEEEfRE, EE4TIkb
RiF
1.3 fE4UEK

KA RBENENBER T RSB ERMN &M
THRESZMERIANSERLEY, SFEEEAM
RRATE. RERELMENEERNAR, B, NS
g, e ETERL R .
S FREBRRCRR MR RRGERE, U
Cu-C REIRET, RREMHELHB AL, ERTIK
SFERFENEY, WEB T EER KA
KREBRTYND TFED, BIRERI, MAE
LAY B T IR B AR B KSR R P,
HefE A E AR TR B RR & T T, BA e
AL AR B P B AR R R R B P A 1R AT R R,
T S0 R IR 5 B RO R B T o) A J 2 P PR A (R 3
ER, BBEHEECHREER. £TEHENEM
REMEY), Hb, BER. £TEE. 55ER
SFREZEMUAREERS MEEFAIE R,
RFEMAEATIRAELE L, B Cul NELTIAHI,

OH
OMe M OMe
OH 0.
Sopoyed

HOy HO ©
Hoa

O
O?rf lignin®®
/(j)L OMe ligninex

[0]

lignin———

£ 70°C 44 T il Stk R NS Aldol RN RS &
ST T AR BB AN R, BIRAHET
KB T 88%HIF B BT YRR, MIABIR,
B R R B EIMAEMT), 0.
H,0, BRI &HE HENF, WINEEHER. &8
4. —EMERIRERRES . 10, 1ERELLF]
XA R EBEREREFHBR, IR LUKREF
BENIBEYER], Fex(SO4)s AR AR R
EUBBERRET, EMA=HRER X
17.9%%., B4, BERBAENART ERBRHFL T
BRI H,0, fEREMNFINTE T HEESYEL, T
O, VENEAL IR BRI B AR E = 22, 3+ F
AR R REER LS EL SR RIRS, {BIR
ABEREMNBERHEZ L. HEE—RWE, £
B R R KR Stahl“O5F R I BAZENLIBR 5T 05
HER T E R M5 AR BER AR
TS RN HERR, BRI C, AL B AL
REREERT B-O-4 RAIMRE R EHIEH. REHE
EARBRCEIEERRSL, 183 61.2%MEAEME
=Y, TIAREMHIARTE RBR RN RBE] 7.2%H)
FHEBRNEDTE, YRGS T RRERNL
SARMBIAAE, RE T AR NIERZRZ
HD.
ARERBUENBERIEATEERRARARE
FEALFRTRMNELZ, TUARENEIHER.
BREAIEFFERMEN, ERERRES
FALERINAFER, N7 ~IRNEsSE, 75
TFTRENFEREEYRBPIRIE. Bib, BUEER
AEFI YA E AL T A M RN R A e it

HO y lignin °*
0.0
BO4
OMe C—Cand/or

C—Ocleavage s low-molecular-mass
MeO B e —— aromatics
oxidative,
reductive,
photochemical,
non-redox
methods

A1 *ﬁ?%kﬁ%ﬁ%&ﬁﬁém

Fig. 1 Pathway of lignin oxidative depolymerization

[40]



55118 FFHES: ABRERELEROIUHERE * 4527 ¢

o, SRRIIBL, AR
14 HHLSHE
RKREFEHERERIEBERRER S THELREKR
MEHEREETR,  FF B SRS 2 B 20 R B T
JEERVNT FREYIRERE . KRR RIS
B AR RBRICARE S ERBRAERE, BA
FEMEREELT. RMES . IS E S 2RULE
EMHIERENS, BELUVHRRE. KREEMNL
SRR PLBER] ATESMINE S A k4T, AT
IMABEEFHITEES . MEWTIFIRERE,
FEAFEREBEAEM. TESBHELSMAR
ERENERE.
141 FEEMELLE RERBMUEFRBAIR
MEMBEEAREE S, HERELIIEMERER
N, BMSZ A TARZAIECER. P, f
BRI EB A D R IFRE &2 A E
k. —MRUIR, FEEUELTIRESEEIER
BEESE L, REETTEREN, BN, &
JEIEERIE, LIRS SBRA S EEMAFEE
P, AT DMEREATIE GEMFLEM . FERFIPUR
. REANEEEMAEERSR Pd. Pt. Ru.
Rh, T#EAAN FEGIEEMER . FERRRFE A
REERFRKMLLRER, EAEXRERE
JRE T EE, ERFEREAMSE LR .
Pd/C EALFIRESEIA B R RUE MEAE, 15217
3% 4- LB, iX— R E R R 4-2.5
KIRCRAR LA, HRR B SORER Sels IR
R THER AR R Ru/C B TFTHRSMRR, 7
HUFIEHERT, KREFHBRE S SR,
HRERWEY), YR EA A EREESS H,
BATINE R N A, =Y ritaetE, pikE

intact biomass

'OH

H O/\/
- . %(mass PtMo(l 1)/MWCNT >97% yield
1 OH
0. (%\‘ /@/\/ /O:@/\/ v @/\/
T 5 %(mass) ZnPdl 0.1/C

~225°C ,500 psi, MeOH

up to 85% sugars HO
OH y OH enzymatic hydrolysis HO
w\»w&&/ HO o /ﬁ/o e —— - HO' -
HO (o] 0 “an
OH HO OH OH
OH

RRBIFRE . MATEHE T Ruw/C F1 PA/C FHIA
REREWA= AR, KB Ru/C #L TR
BIAREZE=YAE, T PA/C AL T M B R
TEREY. BN, KRR, PA/C.RW/C.
RWC. PYC ZERE MWL A BRI IA
JR &SRR E G,
RERRBAEELTBREER K ELERTR
FARERESB S RE, (B2 EBRIE AL s Xt
SERMNEAEHIER . T HEESBRBEMEATS
FRBRAE AL ZH BB XU B B EIAE B AE AL 7RI o] LA 5
RROXANGR S, SRR &R BRI S SR R .
Pd/C F3& 5 B8 ZnCl, 2 8] FIh FAEALVE A 2UE
BT AR RS SIS R AR, 7
BARAT, IR B iRr= it
HITE 80% LA _E1S), eftb ik RN B B SEARE )
S L, FIFERESSILE MR (B 2), BEERLE
YR IE 54%7, B RIER I, PA/C FIEK 5 4k
CrCL IR A h A ER, AR REMAR
AR . ERIERNEZET, AIEE 85.6%
HIAR R EZWAL T 354% 1) By K1k S &
Pd/C AT BA R EME I 1 RE, ER A
3 K, LR R BB M. bkt
WA B i 45 SR BB LRI R T A 2D B AR
AR, FAh, ZEAFIR AR E . HHAA
JRE . BRI R EFNEMRIE R RELR
B, bRtk T HERR AR A Pd/C FIE
1ARE HZSM-5 (P [FIEAVER, SEBR T AR R ARAY
EMREBER, SRIREEZRY), Bt —
WIS ERR, SEHERERE, IR
MR TIE 100%. I TEKI, PYC FIBEER
Z 6] B0 [E A AR P R RSE BME AR R R A

phenolic products
up to 54% yield

up to 0.7% yield

carbohydrate residue

>95% yield

B2 AR REEEA RS i
Fig.2 Selective depolymerization and hydrodeoxygenation of lignin®*’(1 psi=6894.76 Pa)



* 4528 -

T % #

#67 %

&, B R T 1531 46 4% BB R A PR AT 12.0%
IR A ERP, B—HE, SRELAS
BAENWFI D FIER, BIBEARKRELE RwC
5 NaOH Wb T, BHILEFIX 92.5%, ATLL
B3 12.7%H 2By 2K S0 6.1% 8 fe BB 210
,%%[52]0

BHEEEGRMEARBRE LABTAEED

R—FAEINER, oA R AR BREBIEE
R, XIARBEFERNISBSRESMEHIER. &
ERYERT PUALO; SR BTN B RO KA 1
WEMBR, T KRBT B-0-4 Y
WREIRGFREHIER, BRNARENER RN
2R, RWZrO, MEALFIREE RSB BAR R
FHAMLEYFE B-O-4 ERtE, TWH, E5EH
XM IRIR R, EREERET, S0
AREE TR, BARWRENSERKSML
A, XAAEYIF R T 5 R R,
142 FELEBLER REBEMTERES
MEFEL SRR, ERRALNE, MLESRE
MR Z, T HFEREE& R IFRIE LSRR,
BHERAKTESBEESR Ni, CufllFe,

Ni/C fEALFTIFE RFIBRAR A+ 200°C %4 T RE
SERUAR R R HIE = REME, ARETLIAR 5K
LR T EBREREMRIL 0% . BrARKRIE
FUXT AR RBRE S SRBRERRRR, BE
HEZ KRR SRBR B ZE, TSI
ERBEFEBRE T BRI, THUZZBERRE
P, BANEEFIE R SR, AR

EEFIR SR, BA TR N/SBA-15 4k
FUSTE VLI AR R EMAH R AME R, L
T R4 SBA-15 4371, SEBIENFIRESZIIA
FREEREN, BRAERNED R K,
3 10% Ni BB FIRCR B, 7E 30 min RBAT
Al J5 B AT 78 21 30% 04 M= 07, B4k, ek
MgO #Hik LH# Ni, FHTFEIARZBER=ZIH
SRAMERRL, AR FRRIR
B FREE TR, p-O4 SRBLILTHE
MEAWR, FTIMERMNRRE TR, W
TERRMMEEP,

Cu BALFIN EER D, Cu BRI RE &L S
BENY (Cu-PMO) BALF], XA LTI M5
&7 Cu MR AREILEE S, RETARREN
SRERER . EE AR R A 2K Ford %R 7/
AU A Cu-PMO AR, 456 FEREAIE
BIEE, STARRBEELA YIS SRR T
T AR, T REVESRE, REUEN
BARENERSLIREMEM, BRT 100%KE
BT 50% ) LR ET=IRE, BIFIEHT T
RIREHIIRAE . X AR R B 0F F & WA R A
EMEA SRR T — &SR, HEREEF
¥ T K% Hensen WA EIRACINRGHT A T
BT CuMgAIO, ZEARFRI R MR TR AR R
AL SRR R B (R 1), FFRRIERIX R
BRI, BIGFR 2B AR B R T
YRR E, 1XRF NI CRETE B AL
FIKMER T, SHBEEHNTRERT T AR

#1 TRRMEGRAREEE SRR
Table1 Effects of reaction conditions on lignin catalytic hydrogenolysis®®’]

Entry Lignin Catalyst® Solvent Temperature/'C  Time/h Monomers /%(mass) Char /%(mass) Mass balance/%(mass)

1 Sodalignin CuMgAlO42) methanol 300 4 6 1 103
2 Sodalignin  CuMgAlO«2) ethanol 300 4 17 0 108
3 Sodalignn  PtMgAIO,(2) ethanol 300 4 0 7

4 Soda lignin NiMgAIO,(2) ethanol 300 4 17 79

5 Sodalignin = CuMgAlO,(2)  ethanol 300 2 0 91

6 Sodalignin = CuMgAlO42)  ethanol 300 8 23 0 102
7 Sodalignin  CuMgAlO«2) ethanol 300 20 21 0 110
8 Sodalignin  CuMgAlO(2) ethanol 340 4 30 0 110
9 Sodalignin  CuMgAlO«(4) ethanol 340 4 36 0 110
10 Sodalignin  CuMgAlO(6) ethanol 340 4 31 0 110
11 Soda lignin  CuMgAlO(2) ethanol 380 8 60 10 123
12 Alcelllignin  CuMgAlO,(2)  ethanol 380 8 62 6 116
13 Kraftlignin  CuMgAlO(2)  ethanol 380 8 86 31 146

@ Cu(PYNi)MgAIO; catalysts all prepared by coprecipitation, loaded with 20%(mass) Cu(PtNi); CuMgAIO(Y), F<(Cu+Mgy/Al, mole.
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