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Progress of reductive catalytic fractionation of lignocellulosic biomass

based on the lignin—first strategy

YANG Xu, LUO Zhicheng, XIAO Rui, ZHANG Huiyan "~

(Key Laboratory of Energy Thermal Conversion and Control of Ministry of Education ,

School of Energy and Environment, Southeast University, Nanjing 210096, China)
Abstract; Lignocellulosic biomass is the most abundant renewable carbon resource on the planet,
which has the potential to replace oil to produce clean fuels and chemicals. At present, the efficient uti-
lization of lignin components is difficult, which is the key to realizing the utilization of all components of
biomass. To achieve the high—value utilization of lignocellulosic components, this review investigates
the separation mechanism based on the "lignin—first" strategy, compiles the research progress of reduc-
tive catalytic fractionation, and explores the factors of yield and selectivity of phenolic monomers, de-
gree of delignification and retention of carbohydrate pulp, analyzed the influence of biomass feedstock,
solvent, acid and base additives, catalyst, and reactors on the " lignin—first" strategy. In addition, this
review also proposes new design ideas for catalysts and reactors and the research direction of reductive
catalytic fractionation. The analysis shows that the yield of phenolic monomers decreases in the order of
hardwood—herbaceous crop—>softwood. The alcohol —water two—phase system is favorable for the ex-
traction and dissolution of lignin and hemicellulose as well as the retention of cellulose structure. The
addition of acid not only improves the degree of delignification and monomer yield but also promotes the
hydrolysis of hemicellulose. The semi/full flow reactor effectively avoids the separation of catalysts and
carbohydrate pulp.
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Fig. 1 The building blocks of lignin and the structure of lignin—carbohydrate complex
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Table 1 Results of reductive catalytic fractionation of typical biomass feedstocks

REEHE TR wKALE
o N /k\ - ?f ik
A I D AR SN A - /0, (830 2% 3CHik
HEAR , Ru/C, F C6: 95
92 52 [14]
250 °C,3 MPa H,,6 h C5. 47

A, Ru/C, Pl

R YER .
250 C,3 MPa H,,3 h 86 44 FREAHER: 85 [14]
fifi A
MEAR,Pd/C, LB/ KRR 1 2 1) C6: 81.5
) 93 36 [17]
210 C, X4, 15h C5.2.4
A, Rw/C,IE T/ K (ERRIL 1 1), i 45 . s
200 C,3 MPa H,,2 h = ' = [38]
AR/ BRI G, R/ C, I BE s ) - 14
250 °C,3 MPa H,,3 h AR [14]
E/@N
TN AR PA/C, 2B/ K (AR 12 1) C6: 76
o 84 7~12 [17]
210 °C, KA, 15h C5: 1
2R, Ru/C, FiK 63 27 FREFHEE . 85 14
250 °C,3 MPa H,,3 h TR [14]
FORFEFF MR, 2288, H R, 155 Ru/C, F - 20458 Rl ”
250 °C,4 MPa H,,15 h - o = 26]
AR
ikt ,pd/C, HBE C6: 73.4
82.9 322 [30]
260 °C,4 Mpa H,,4 h C5: 53.4
FARFHF, Ni/C, X !
KARIE 24.5 FREFYER : 76 [31]

200 C,3 MPa H,,3 h

R RN ; & J5 , FEAEAL R VR T, DI AT i
PR A BEh R AR 1 B—O0—4 HEH 5, I8 I hL
TR E A B E B S AR, R R,
VTR F A T R R IS T AL B T O B 0 A
FH BRI B A4 2R s SR AR B B R o B4
S R BT 2R 4 OB A AL 8 DR R R 25 R
Schutyser %5 N2 REWF5E T Pd/C HEALMEAR M R
H R TR B R R S R (EY) Z R K&
UL RN MR F i K R R T 2R R R R
i, I 809 LA b5 AR T K Y& — R B BE, AT
ESR R ~ 2 S Z WS E NS IET
Pt (R IGE P REAEG , T L 7 28] il 4 o 6 6% v C 15
PRGN, BER AR RAE B AR, SRR,
RO 2 A I (PO SR IR R 1, 4- 080 ) th g 41
FA AR, ZEARMME 7] IE 2 i P A A0 R e IR, A
10% , iRas SR W A s | iR 25 ) 2F
BT e R B, IR R S 4E R i
TR DN A 2R/ B O Bt 2=, 32 D)y s A P v
T BE A [ A 5t 2F 2k 45 40 5 47 (R v ik, DT
AR 780 . FERRKAL B i AR BE 1T, R
4

ToK, HAh T A 50 AR 2 B ik KB B
TREAZR, SR, S LK i RIS LT B A (2 45
PRI F AR LA T KR, X RTE S
AT Ko F R B o B, T LU S fi 4k 7
TR K AL B P K, 3X 5 Xiao %8 N 15 H Y
WA — B, BLAk, 76 HA A W BF 5% v AR
AT DARER B 2SRRGB 5007, Sels TN
7E Ru/C AR & i, 2l AR AR R B Sy i
FNBS AL F BRI K H 52% T % 25% 1 H.
JUFF A R KA & W0 4L o8B & 2 T K f# . Sun
ZE NP MoO,/SBA - 15 i ¥ AR B, &% BRLAE
afi/K R R oI E 0 2 i R oKL G Ik
BRI BURIREE TR, Rtk 47K IF A 02 RCF
SRR A

Bk T FE 4l 7] H A B R 5 27 4k 3R 22 46, I AR
KX TF AR R (KR HLIAE ) BIBIFTEA R
2%, TEPIARIRZ A OUBR T3 50 AR 18 HX
TR AR RE . — 7 T, TR0 AR T A ey | B
Ty O 15 40 0 B R SR O A AR R R Y, S — i
AR ZAR R WA A 55 3 0] (nglizk ) v s



T BB RRR ) I, R E e BRI
L RFAARIEEAK L 2Z A B PRI RN . Renders 55
NCRFSE T AR H A A I K IR A 3 K RCF
IR 25 BRI [ B TR R K T
PRI R MR AOR , FHE T i B I &,
TEROKIREE TR (HEE/ K =7 : 3) , KRR BERRM
PR SR AT B 3G 0 T S Ak K Ak A AR Bk
KA, LA AT SR B e 4 b, Rk R (H
B/ 7K =3 7) ,ANUH FIF A ZE %, i 5ok
SrFHEEAEN B A AR 4 R & AR T R
PAF T WA GG R, AR TR B
N, BRICZ AN, 58l EE A L, B KRG

TR R I B R R T JEAIG, B R F Tl Ak
F. Chen 2 NP7 IESE T B 5 A ik ) LR
YEHT, AT 7E R B/ 7K AR 2R A i Ni/COXF L B
A AT I8 AR AL 43 B b B S AE R R A
40% AR RSB 7K I BRI 77 38 AR 11 39.3% 12
E 3 51.4%, HAM, Renders 28 N8 5B 898 THEIE
TEE/ K AR 22 R Kb ) RCF 33 /2, 76 200 °C |
Ru/C Fl13 MPa & KT T, Sl =3k 48.4%,

AR Sy Y B I IO 1) 55 T A I A AR
XA AL 43 1 oy T R B, 4F 4 AR R Ny
96% , 1M 85% M- 21 4t 2 W K fift | % Akl Z JCRE,
WNSORE L (Cy) AT BB (Co ), & MM
L BN R EE MY GG, XU
AT LR T U 19 75 SRR BE 6 20 £F 4k 2 1) 4b B )y
K, AEREKMAER T, AR T AR TR ML
e RIS A, AT 4 R A LU e R B
HHT, 2 Fps il i 2 L 2- T
i S BE S KR SR C N TR A 4E %
R AL B L R, LA, 7E— BB RfF 5T Hh 0
P 5 700 AN AT DA 30 43 A B 2T 4 R 1R,
ALY AR AR T, 2013 4F | Song 25 A\ & B
HH ] DA R R Jot 2 M SR e rp i ST, 7E Ni/C
HEAL I TE SR R B A T R T 2 4 43 i
PEPEMR R AN LB @ QR By AR T & i,
BEREER T 90% , AR 5T 2 Ak 35 53.9% , Tk
AR SR, e a7 h |, SEINEE A
Rl — BN E AR UE R S RE
17 EL A AR R A A I 38 3% ik 8 R S0 i i 0

®2 AUREBHAERTEYMRERELSIBER

Table 2 Results of reductive catalytic fractionation of biomass in different solvents
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Table 3 Results of reductive catalytic fractionation biomass in different catalyst systems
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