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Research progress in the preparation of high value added chemicals by

directional pyrolysis of biomass
WU Gang, XIAO Rui, ZHANG Huiyan "

(Key Laboratory of Energy Thermal Conversion and Process Measurement and Conirol of Ministry of Education ,
School of Energy and Environment, Southeast University, Nanjing 210096, China)
Abstract; The production of petroleum—based chemical products, which are used in various daily and
industrial goods such as cosmetics, lubricants, plastic products, and synthetic fibers, has led to a
heavy dependence on petroleum as a raw material. As a result, there has been widespread attention on
the production of high—value platform chemicals using renewable biomass as feedstock. Biomass pyroly-
sis offers a selective approach to produce a variety of high—value platform chemicals, and it has become
a frontier and hotspot in global research. This article provides a systematic overview of the production of
commonly used high—value chemicals through biomass pyrolysis. Firstly, it summarizes the effects of
pyrolysis feedstock, pyrolysis techniques, pretreatment methods, reaction temperature, reaction time,
and catalysts on the production of target high—value products. Secondly, it analyzes the reaction path-
ways for the production of target products through biomass pyrolysis. Finally, the future development di-
rections for the production of platform chemicals through biomass direct thermochemical conversion are

explored, providing a basis and reference for the efficient conversion and utilization of biomass.
Keywords: Biomass; Directional pyrolysis; Catalytic conversion; High value chemicals; Reaction

mechanism
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Fig. 1 Products of high value added products from biomass thermochemical conversion
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Table 1 Physical and chemical properties of biomass derived platform chemicals

a1 V4 i 4 Ve IV ) SFRRE Bk
b2 53 E AR NE/C PR
Da (g+em™) C FHEA (107%em?)
iR CH,0, HO™ X 46.025 1.22 100.6/8.2~8.4 69.0 137 3730 3.33
OH
LEMIERE  CeHyo0s O(¢To§-OH 162.141 1.70£0.10 383.8/182.0~184.0 185.9£27.9 1.62  79.15 18.36
OH
OH OH
ZEREHEINEE  CeHeO5 o SO 126110 1.30 254.4/N/A 98.2+13.8  1.52 3553 N/A
OH OH
&k
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SFE AR/

o=t R ALY ’ WNAE/C iR
Da (g+cem™) C WA (107%em?)
¥ CgHg @ 78.112 0.88 80.1/5.5 -11.0 1.50 N/A 10.40
Rk C;Hg ©/ 92.138 0.87 110.6/-94.9 4.0 1.50 N/A 12.32
TR CgHyp /©/ 106.165 0.87 145.9+10/-34.0 32.2 1.50 N/A 14.23
OH
EN ) CeHgO ©/ 94.111 1.10 181.8/40~42.0 79.4 1.55  20.23 11.15
O
e s . HO
YR HER  CgHgO, *Q( on 166131 1.51 392.4/300.0 260.0 1.65  74.60 15.90
O
(0]
I I C,H,0 @ 68.074 0.94 31.4/-85.6 -35.6 142 13.14 7.35
O
S C5H,0, 4 96.084 1.16 161.8/-36.0 58.3 1.52 3021 10.03
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FI 2 ( Formic Acid, FA) , fk2¢ & HCOOH,
S (A LR IR , e — PR B ZE Ak, FA 1]
TR A AP IH TR UE L, B Tl 1% )
A PR AR AN FA 7E 4 JE AL R 89 1
TR RS, R 2 o ARG S AR

HAT, FA &7 ik B 2A B ALk
B AL A AR A B AR AL A
il s FA 2R hess AR A 4R e 4
JREL AR 2 RS, &R A LA L
FALYERE , DB W S s W B A e (A
) SE AL FA L LLZEN DL AR (MnO,)
AL FKG A AL FA, o 7 100 °C 4
AT #1469 MnO, A 8EHEY Mn®*/Mn™ F iz, MnO,
A 2 A2 BE R B, FA 0 72 8t 38 B e
SATO %52 DUBRS BE — 45 /K W A Tk 7 250 ) 5
FA, DLt 8L EC AT 7E 70 °C 1 Sl
FALEFIRERI AT FA P23 K78.1% , TAKAGAKI
A5 fa P AR i Ak A B SRR & FAL TE
70 °C \1.4% i S8 F K U805 h, 153 T
B B FA P23 (52%) ., CHOUDHARY %' i
FH 4 Ja S8 A0 A A 00 b7 2 W A A AN I 2
PERE T FA 77 38(65%) , I H38 2 BRI S hv et
(M 250 CREMLE] 120 C) WD iZad 72 B RE i
Ko LUEE TR AR, DL y- T LB -H,

O &k a5 7 A i A W™ 2 FA L 7E 180 °C 2%
FAEEE 1.5 h,FA PR N54.7% , 7 %04 7= H R
F Y S WAL R 38 i A TS A C—C B Y
FIRRFRR I, BEAk, 33X — I N ML 8 P K i
0 — A S A0 A S 1 R 2 T e 2 1, 0 T T SR
Bl = H R R P, A S K 2 ] A
Bt — o AL PR

AN | SN ASGFO A ) BT Bk il 48 FA 52 i)
BRI W AR R, WANG Y 74
AR LT o Pl BT 0 AL T 104 A VA A A
AR #A Sk 22 b SR OBURE RN Z W% A FA,
h, DLER 2 2 FUR SRME N JEORHE 28 19 FA (1772353
WA 64.9%F163.5%, WOLFEL 27" L) keggin %I
H,PV,Mo,,0,, A% 8B ML, LIE AN
EALFIE L W AL N FA, YL 40 N EY)
F, FA PERIEGE N 49% , L1 LI H,PV,Mo,,0,,
ALK A AR A AL S A 4 FA, i
DIAECSR AR A i A A T 45 FA 77 R e
N 55%, LU ZFEN il 85 T keggin M 2% £ R
H;PV,Mo,,0,,+H,S0, i — o fb FI e KA
AW TR YE R TS FA, 7E 180 C 414
TR EALRILF] 100% , FA 775555 61%.
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Table 2 Parameters of FA by directed pyrolysis of biomass

JEk} AL AL SR C PEEtEh R % TR/ % SCHK
A MnO, 0,(3 MPa) 160 2.500 — 81.1 [11]
A Mg-Al/HT H,0,(25%) 70 5.000 > 99.0 78.1 [12]
ikt CuCTAB/MgO H,0,(30%) 120 12.000 > 99.0 65.0 [14]
ikt Ca0 H,0,(1.4%) 70 0.500 91.0 52.0 [13]

EN i Ca0 H,0,(1.4%) 70 0.500 79.0 66.0 [13]
A A ~y-Butyrolactone—H, 0 180 1.500 — 54.7 [15]

PS A& ~y-Butyrolactone—H, 0 180 1.500 — 96.8 [15]
g% NaVO0,/H,S0, 0,(3 MPa) 160 2.000 100.0 64.9 [16]
A NaVO0,/H,S0, 0,(3 MPa) 160 0.017 100.0 68.2 [16]
ARENE NaVO0;/H,S0, 0,(3 MPa) 160 0.500 100.0 63.5 [16]
AR H,PV,Mo,,0,, 0,(3 MPa) 70 7.000 — 49.0 [17]
A H,PV,Mo,,0,, 0,(3 MPa) 80 26.000 > 98.0 47.0 [17]

A H,PV,Mo,,0, 0,(3 MPa) 80 26.000 > 98.0 54.0 [17]

A H,PV,Mo,,0,, 0,(3 MPa) 80 26.000 — 11.0 [17]
A H,PV,Mo,,0,, Air(2 MPa) 100 3.000 100.0 52.0 [18]
A H,PV,Mo,,0,, 0,(2 MPa) 100 3.000 100.0 55.0 [18]
Y H5PV,Mo,,0,, 0,(1 MPa) 170 9.000 100.0 35.0 [18]
o H,PV,Mo,,0,, 0,(3 MPa) 180 0.083 60.0 28.0 [19]
4% H,PV,Mo, 0, +H,S0, 0,(3 MPa) 180 0.083 100.0 61.0 [19]
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Table 3 Parameters of LG by directed pyrolysis of biomass

Jket iy = sk By PRI/ C A ] TEER Sk
Y Py-GC/MS 0.1%H,PO, 300 — 25.1% [24]
R Py-GC/MS 0.1%H,S0, 300 — 35.8% [24]
EAR7 Py-GC/MS 0.1%HNO; 300 — 19.5% [24]
YR Py-GC/MS 0.1%HC1 300 — 7.5% [24]
YR Py-GC/MS / 350 5s — [25]
HFH % Py-GC/MS 10%CH,COOH 350 5s — [25]
LY R Py-GC/MS 0.1%H,80, 300 20 s 33.3% [26]

A Py-GC/MS / 300 20 s 2.3% [27]

/N Py-GC/MS 0.4%H, S0, 300 20 s 53.6% [27]

F AT Py-GC/MS / 550 — 2.6% [28]
AT Py-GC/MS 10%CH,COOH 550 — 37.0% [28]




Lk

JEUk P or kb3 75 AL/ C AR ] PR ik

R Py-GC/MS / 500 — 4.9% [28]

G Py-GC/MS 10%CH,COOH 500 — 54.3% [28]
TR [P 7 PR S £ / 500 10 min 3.6 mg/g [30]
oK I#i] 3 AR 52N 8 mL/gFenton 500 10 min 35.2 mg/g [30]
Tk I8 5 AR S IO 14 mL/gFenton 500 10 min 72.8 mg/g [30]
oK Eilrel/NFavE 14 mL/gFenton 300 10 min 10.0 mg/g [30]
TYE Py-GC/MS / 400 20 s 64.3% [31]
YR Py-GC/MS BREE 300 20 s 24.1% [31]
4t Py-GC/MS B E 300 20 s 15.6% [31]

/" FRTC; “ —" RoRTCAE
1.3 YRR & L e E = VR PRI At AR B e A UL Al BT B, o

LGO R—F L&, b2:20h CH, 0,
2 R A BE 2 2 WK SR 7R A A R S 5
LGO A LA ixh £ 4t 2 (0 Rt PR A b I A4 £k 52 1 DA
AW A & — R B Z AN R 1k
G AR ) AR At i A ST A BT Y
N0

PEAGTAAE A= W) BT ] #A M 1 & LGO 1 1.2
B T EEMEM, B, AW I A
LGO M T 20 AR A 0 70 | R FR
PEs 4R AR, LY I Ni-P-MCM 41
PEAL PR 2 ) B A R GO, 350 °C 418 R, fiEfk
LF A RIS ] LGO (1725 (& 73 500) 43 %)
}927.34% F1 14.30% , SANTANDER %' D451
AR RE B K [ AR R A A T 7R 3 e 2T 4 R
P £ LGO, LI %1 DIk — A 4% (ADP) Xy
R 700 X 2B 4 I AT PR A Ak AR DA LGO
ADP i 27 2 25 19 7 fiff B B A1, A2 a1 AR i
w1 T 4 RBE K S R, SARAGAT 254 1)
TRIL AR A ( DES ) Sy Ak 751 4 T £F 24k 2R ek A i
PP LGO, FEARIR T 47 A 37 , DES /Y [T
KA1k 97.9% ,LGO HI7=5 A 14.0% , QIAN % *
P Fe,0,/C—S0, H, A0 2T 4 R I 5k 5P il &
LGO, 7E 300 C I T #4ik , LGO By 7™ F ik 5|
T 20%., HUANG %" fff 53 % 25 W) 5 5% Ak A
LGO, /KB FEAEAE#E T LG /Kf# 1 LGO 1k Hy
5F2H ELBERE , 2L LGO PR R T, HUANG M
iR 2 A £ BR K, LGO 7 315 3 42wt
YE 251 UG 56 R A A Ab 27 4 3 FAs A A
B LGO, 7E 300 CF, £F 4 R M AR K LGO
PR () 410N 18.1%H1 9.1%

g5 b AR U AR TR A LGO 1Y SQHER &R

BHEAT 2K A R T 45 LGO, 3% 4 HEY R
SE [0 il 5 LGO B S4L
1.4 £¥ERABHESTR

2 AR Z P2 (BTX) B8 75 & ke i
B, R(CeHy) R T AT &%, 6 AR
TR 6 MR TSR FRREEH , AR To B
T BARRIR 0, W TR A BILI 300 R0 Ak 2
BEFEVFZ AL RN A Tl B A )2 BN A
H2K (CoHsCH, ) 2 — R iy A B B B A 9 8007 A=
Yy, P T A Gk BEORE | 24 i A S A 2 I
R, —H IR (CoH,(CH,y), ) AR 3t
T, B 2RI A U 9k R IR A
B =R A BT o - HI R (A8 R |
m - R (A ZH %) Rl p - HI 2R (W 2R
THOR BB AR HLEE R A R YR R,
XA S A R W A B, W] Tz T
AL T4

H AT, A9 B0 ) #0145 05 Ak & 0w
FRARE Ak 3] 0 355 45040 #7241 WANG
LTI 2T CoMo—S/ AL O H £ 3 B fige A= 4 5 i
B I, 1E 590 °C F, BTX 7* %35 %] 6.3%,
FONTES %'/ Il FJ Ti-MCM-41 ik 5 A ) J5i
Tl 5, #E 600 C AT, R M R 2R
FEIRII PR e . LIU 26 LA N R
BE7EBRIREE J9 700 °C I, LA Ni—Mo,N/HZSM-5
SHAEAEF 2K AR — B IR R (R ) 4
WH2.10% 3.94% F1 5.54% , L1 %1% ) HZSM -5
A AL T8 £b T SRS FE A P B R A% 05 0%
BTX (%8557 %8 (Bt 73 40) 4 1018%, MULLEN
LS00 )RR PICPE B HZSM =5 s A7 i Ak B A= )
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Table 4 Parameters of LGO by directed pyrolysis of biomass

JEkH HEALF) fir =X WAL A BRI/ C St a] TRH % SCHk
YR Ni-P-MCM-41 Py-GC/MS / 350 20 s 27.34 [38]

A Ni-P-MCM-41 Py-GC/MS / 350 20 s 14.30 [38]
ES S Ni-P-MCM-41 [T 2 AR S IO i / 350 10 min 21.37 [38]

AR Ni-P-MCM-41 [i] 5 AR 2 7 / 350 10 min 10.71 [38]
LYt H;P0,/SBA-15 [# 2 IR S / 325 15 min  75.00~85.00( Xt &) [39]
YR R A Py-GC/MS / 400 20 s 3430 (FHXT i) [40]
Y2 Wil — A% Py-GC/MS / 550 20 s 23.30( MR i) [40]
A4z WIEHER ([ Emim ] PTS) A5 20P SO 2% / 300 20 min 23.20 [41]
PR FALEIAT ([ Bmmim ] OTE) & =00 SR+ / 300 20 min 22.20 [41]
FYHE Fe;0,/C-S0,Hey, Py-GC/MS / 300 20 s 20.00 [42]
oz Amberlyst 70 A JRpFEK 160 6h 40.40-C [43]
YR AC-P Py-GC/MS / 300 20 s 18.10 [44]

AR AC-P Py-GC/MS / 300 20 s 9.10 [44]
YR AC-P [T 2 AR S IO i / 300 5 min 14.70 [44]

FAA AC-P [ 7 AR S 4 / 300 5 min 7.80 [44]
YR P/AC [T 2 AR S IO i / 550 2h 38.40-C [45]

VE L RIS O FR BRI T e R
WY Fe — HZSM - 5 1] 48 /1 05 & & 1 7= &,
ALCAZAR RUIZ 255" L HZSM -5 i 4k 77 P it
AL IR R A IR IR A5 BTX 7=
o, TAN %052 DL ZSM -5 Ak 7185 Ak 30 A o
IR G RA R AL A, S T R W e R
R B A=

FELEW B 1) B il 55 05 e ) T2 AR
PrUIE 7 e | o D R SN B Pl s e SR D S
AHE AR, DRI T A AR P B R A S B
LS AT 2L 0 i A A TR 2 R SR 2 ) T 17 AR
it Tl AR E o7 = dh P 2, 3R 5 AW
JRE [ JAdk ] o5 55 R A S I OB 28
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Table 5 Parameters of BTX by directed pyrolysis of biomass

Jke HEALF Y e Ak FE = IR/ C it A FEE/ % SCHik
WA CoMo—-S/Al,0, WAL IR RN 7 / 590 35 min 6.3 [47]
S Ti-MCM-41 Py-GC/MS / 600 — — [48]
EXN Ni—Mo, N/HZSM-5 Py-GC/MS VKb F 700 20 s 11.6 [49]
TSRS HZSM-5(CZ) [P 72 PR S 7 / 500 50 min 10.2 [9]
AR S Fe-HZSM-5 Py-GC/MS / 500 30 s 11.3 [50]
AR/ Fe-HZSM-5 Py-GC/MS / 500 30 s 4.5 [50]
L GIRIL 1:2 OP/PVC-HZ Py-GC/MS / 650 20 s 26.6 [51]
TS e 1:2 AS/PVC-HZ Py-GC/MS / 650 20 s 25.1 [51]
EA R ZSM-5 [P 7 AR 52 IO 4% / 600 10 min 46.0 [52]
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Table 6 Parameters of phenolic compounds by directed pyrolysis of biomass

JEk AL i T kb3 75X AL/ C AR i) s SCHk
A K;PO, A 5 P 7 K; PO, 1835k 550 30 min (5.3:0.2)% [54]
WA K,HPO, PR 5 A I K, HPO, 1245k 550 30 min (3.840.2)% [54]
A K,PO, B 52 PR 7 K, PO, 1895k 550 30 min (5.6£0.2)% [54]
FKFEFT K, PO, T3] 2 A S50 K, PO, &5t 550 30 min (2.5£0.1)% [54]
FER 5 AL I35 22 A S IV 4 / 275 30 min 0.8% [55]
kiR 5 HZSM-5 T3] R A SR g / 275 30 min 0.7% [55]
KA~ 5% G A [ 7 AR S5 I / 275 30 min 0.9% [55]
15 TP [ 2 PR SR 24 / 550 — 33.1% (HAXTE ) [56]
MR HZSM-5 [iF] 52 RS2 74 / 550 — 80.0% ( AHXT & i) [57]
g / [é6] R PR S i BRI SR B I 500 — 48.4% (KX ) [58]
e / [E6] 5 PR S H B I SE A B 700 — 58.9% (AHXF &) [58]
LGN K;P0,/Fe; 0, [i1 2 PR S A4 / 550 10 min 4.3% [59]
* V,0,@C TRIRI N 48 / 80 4h 9.3% [60]
A K,PO,/Fe,0, Py-GC/MS / 400 20 s 43.9 mg/g [61]
bkt K/AC Py-GC/MS / 450 20 s 14.6% [62]
INAERERT H=W (EEW AN aNA / 500 10 min -~ 41.2% (X & &) [63]
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TEAE R, #4872 F N 51%89 PTA, HE 2% ff
AR B2 4 R AW Bk SR & PTA . DI4RE
JE AW N JERE, He R A Ga,0,/8i0,/HZSM -5 4
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Table 7 Parameters of PTA by directed pyrolysis of biomass

Jtet HeALR) Y (e Fiab 75 2 PR/ C HogetE R 3ok

Xof S M Mn/Fe/0 T / 100 6h 51.0 [65]

ENEEX/) CoMn, 0,@Si0,@ Fe; 0, VR WAL A 100 6 h 72.8 [66]

FEMRMTHR MoWBO,/AC & PANIO,/AC [ IR 5% [parsrsia 400 30 min 58.7 [67]

FOKFEFF MoO,/AC & Co-Mn-Br peaslE et / 320/60/120 2/4/12 h 15.5 [68]

LR AT AE @ C WA / 100 32 h 76.0 [69]
L/ FoR T

1.7 AW RARE S & Ik

WEIR (Furan) , k2= X8 C,H,0, & —Fh % &
HITEAEEY, BA RXMRA R E LSS, ok
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&Y, i TS-1 F1 Nb, O, AL 5E Ak J W iR )
PEEENEAH L T B 15 O T 32 = B T 43.9%
20.7%, LU %5170 DLAE W) 6 3 1 3¢ 67 38 0 4 I 3
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HAT Lewis BR5 455 R 5 LA KA FLESH , 4 )
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S i AP T ag et ZSM -5 Rk A R AT 1B
Wi 5 BRI ( KZSM =5 ) A1 A Jo A e il 5 ke
M, KZSM-5 ffif5 2 - H EL ok mg (9 7= 48 5 1 4
f% . CHEN 27 fifi i} SAPO B AL I AL 2T 4 %
P i fil 2 ki LS9, Hrp, AlCu-SAPO-34
M ZrCu—SAPO—18 X i 1 Wk g 114 A= il 3k S fee 4,
AT U B 43 3l 56.94% F1 63.86% , =
8 R A=Wy J5 i ) AR Tl 2 A g A 5 400 1) S0 88
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Table 8 Parameters of furan derivatives by directed pyrolysis of biomass

Jket HEALF) iy = AL/ °C ERS il TEPEIE/ % FEE SCHk
YR Nb, 05 Bl ramE 350 5.0 min 27.0 — [72]
Y% v-AL O, [ 72 AR S5 J37 7 350 5.0 min 8.8 — [72]
7o ZSM-5 Eil=ds Nraa 350 5.0 min 6.8 — [72]
2R TS-1 [ 7 PR 52 IO 4 350 5.0 min 43.9 — [72]
YR 2A1-4Z1/ AC Py-GC/MS 500/300 0.3 min 88.6 — [73]

AR 2A1-47Z1/AC Py-GC/MS 500/300 0.3 min 56.3 — [73]
7o 1La-3Ce/MCM-41 Eil=s NFaA 450/400 30.0 min 50.2 — [74]
YR KZSM-5 Py-GC/MS 500 30.0 s — 11.1 mg/g [75]
YR AlCu-SAPO-34 Py-GC/MS 600 15.0 s — — [76]
YR ZrCu—-SAPO-18 Py-GC/MS 600 15.0 s — — [76]
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Table 9 Parameters of furfural by directed pyrolysis of biomass

JEkH AR iy =X AL FE 5 X iR/ C S ] FER/ % SCHR
B ZnCl, [ 58 PR g 8 ZnCl, =5 340 — 51.5 [78]
AR ZnCl, ] 2 B 2oy 2% ZnCl, =5 340 — 26.2 [78]
e ZnCl, I 2 AR S5 17 2 ZnCl, 235 340 — 38.8 [78]
e ZnCl, I 5 A 2 ZnCl, 235 340 — 34.5 [78]
e B — A Py-GC/MS IR — AR i 550 20 s 16.5 [40]
{oh / Py-GC/MS H,0 Wikb#g 500 20 s — [83]
T / Py-GC/MS HCI sk 31 500 20 s — [83]
FOKRFEFF / T ol B A / 500 20 min 4.3 [79]
FORFEFF MgCl, TR B B AR / 500 20 min 79.6 [79]
Sk MgCl, T P B A A / 500 20 min 83.0 [79]
Tk H,S0, [#6] 52 PR L 7 4 H,S0, 2% 527 2s 5.1 [80]
Tk Fe,(S0,) 5 [T PR R % Fe,(50,) ;=201 527 2s 4.6 [80]
Tk ZnCl, ] 5 PR g ZnCl, =15 527 2s 4.3 [80]
R CuS0,/HZSM~-5 I 2 PR S g 2 / 500 3 min 28.0 [82]
YR / Py-GC/MS / 550 15 s 0 [84]
% Na/Fe Py-GC/MS / 550 15 s 61.4 [84]
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