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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 Control 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.
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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

o/ s/ e AR/
2L o s ) ‘l‘L“,‘/OC - ERE SR
(o 1 CLOEN Da (g om™) . N e ETE (10 en®)
iR CH,0, HO/%O 46.025 100.6/8.2~8.4 69.0 1.37 37.30 3.33

OH

e RN CeH 05 @EMOH 162.141 1.70+£0.10 383.8/182.0~184.0 185.9+27.9 1.62  79.15 18.36

OH
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Da (g em™) C FHEH (1072 em?)
OH OH
FEREME R CeHeOs 14 oY 126110 1.30 254.4/N/A 98.2+13.8  1.52 3553 N/A
OH OH
P CeHg @ 78.112 0.88 80.1/5.5 -11.0 1.50 N/A 10.40
R C,Hg ©/ 92.138 0.87 110.6/-94.9 4.0 1.50  N/A 12.32
THI% CsHyo /©/ 106.165 0.87 145.9£10/-34.0 32.2 150  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
s H(
XA TH®R  CgHgO, ))KQYOH 166.131 1.51 392.4/300.0 260.0 1.65  74.60 15.90
(6]
O
g C,H,0 @ 68.074 0.94 31.4/-85.6 -35.6 142 13.14 7.35
. O
e CsH,0, 4 o 96.084 1.16 161.8/-36.0 58.3 .52 30.21 10.03
= Pz
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Table 2 Parameters of FA by directed pyrolysis of biomass

JEEE HEALF AL PRIRE/C BT b ALR/ % TR/ % SCilk
A MnO, 0,(3 MPa) 160 2.500 — 81.1 [11]
MW Mg-Al/HT H,0,(25%) 70 5.000 >99.0 78.1 [12]
B CuCTAB/MgO H,0,(30%) 120 12.000 >99.0 65.0 [14]
M b Ca0 H,0,(1.4%) 70 0.500 91.0 52.0 [13]

AHE Ca0 H,0,(1.4%) 70 0.500 79.0 66.0 [13]
iR MNi&h A vy~-Butyrolactone—=H, O 180 1.500 — 54.7 [15]

A AGET ~y~Butyrolactone—H, 0 180 1.500 — 96.8 [15]
Yt NaVO;/H,S0, 0,(3 MPa) 160 2.000 100.0 64.9 [16]
A NaV0,/H,S0, 0,(3 MPa) 160 0.017 100.0 68.2 [16]
AT NaV0,/H,S0, 0,(3 MPa) 160 0.500 100.0 63.5 [16]
A HyPV,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]

WA 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]
AT HyPV,Mo,,0, 0,(2 MPa) 100 3.000 100.0 55.0 [18]
g% H5PV,Mo,,0,, 0,(1 MPa) 170 9.000 100.0 35.0 [18]
RS H,PV,Mo,,0,, 0,(3 MPa) 180 0.083 60.0 28.0 [19]
4R H;PV,Mo,0,+H,80, 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

e i 7 = Ak FE 5 X IR/ C it (a] FEE SCHk
LU Py-GC/MS 0.1% H,PO, 300 — 25.1% [24]
HFYfER Py-GC/MS 0.1% H,S0, 300 — 35.8% [24]
oz Py-GC/MS 0.1% HNO, 300 — 19.5% [24]
FopE Py-GC/MS 0.1% HCI 300 — 7.5% [24]
THYEF Py-GC/MS / 350 55 — [25]
YER Py-GC/MS 10% CH,COOH 350 5 — [25]
E ¥ Py-GC/MS 0.1% H,S0, 300 20 s 33.3% [26]
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JEkk iy = AL 3y 2 WAk C fista] AR SCHik
LAY/ Py-GC/MS / 300 20 s 2.3% [27]
AR Py-GC/MS 0.4% H,S0, 300 20 s 53.6% [27]

O Py-GC/MS / 550 — 2.6% [28]
T AT Py-GC/MS 10% CH,COOH 550 — 37.0% [28]
S Py-GC/MS / 500 — 4.9% [28]
EX Py-GC/MS 10% CH,COOH 500 — 54.3% [28]
FEKI T 2 PR S 2 / 500 10 min 3.6 mg/g [30]
5 N1 25 7 PR SN 4 8 mL/g Fenton 500 10 min 35.2 mg/g [30]
KIS [#] 7 PR B2 IO 4 14 ml/g Fenton 500 10 min 72.8 mg/g [30]
FoKth Eibed NFaA T 14 mL/g Fenton 300 10 min 10.0 mg/g [30]
Y% Py-GC/MS / 400 20 s 64.3% [31]
[AR4 Py-GC/MS BRI 300 20 s 24.1% [31]
FYE R Py-GC/MS R RN 300 20 s 15.6% [31]
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Table 4 Parameters of LGO by directed pyrolysis of biomass

R AL it 7 5 iR A BRI/ C it a] FER/ % SCHk
YR Ni-P-MCM-41 Py-GC/MS / 350 20 s 27.34 [38]

AR Ni-P-MCM-41 Py-GC/MS / 350 20 s 14.30 [38]
Y F Ni-P-MCM-41 I 2 PR S 2 / 350 10 min 21.37 [38]

AR Ni-P-MCM-41 24 7 PR S 2 / 350 10 min 10.71 [38]
U H;PO,/SBA-15 b7 NFaA / 325 15 min  75.00~85.00( #HX}& &) [39]
YR R — S 4% Py-GC/MS / 400 20 s 34.30(AHXT & i) [40]
Y R — Ak Py-GC/MS / 550 20 s 23.30(AHXT B i) [40]
oEFE FITHER ([ Emim ] PTS) &=y RN A / 300 20 min 23.20 [41]
Y IR Bmmim ] OTH) & =00 SO & / 300 20 min 22.20 [41]
FaRS S Fe;0,/C=S0;Hgyy Py-GC/MS / 300 20 s 20.00 [42]
YR Amberlyst 70 S 4 JEi =K 160 6h 40.40-C [43]
HFYER AC-P Py-GC/MS / 300 20 s 18.10 [44]

AR AC-P Py-GC/MS / 300 20 s 9.10 [44]
I AC-P EREZNraA £ / 300 5 min 14.70 [44]

L/ZN AC-P [P PR S 0 7 / 300 5 min 7.80 [44]
TFYEFE P/AC [P 7 PR S / 550 2h 38.40-C [45]

VL R T 1 O FOR DU EU T R iR
WY Fe — HZSM - 5 7] 42 & 55 & & 1 7= &,
ALCAZAR RUIZ 251 DL HZSM -5 g fi Ak 7] e 3
AL R A CIHIR AR & BTX 7=
fit, TAN 202 DL ZSM -5 SR A Ak 7705 e A 2 e
IR S IR AR WA S &, S0 T B 1 ) v e
bR ™ i

TELEWBUE () PR ) 45 D7 ke i) T2 A Al
Fo 1 A AR B A AR 1, o1 L B oA Ak
AR HEAL TR, PRI T A BRSSP S i R P A a5 B
LS BT 2 i A A RS 2 A SR 2 ) T 1) A
fift TV A A - I7 e i B h 2, R 5 NEY)
JoAE 1) FAf ] 5 57 KA I OB 288
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Table 5 Parameters of BTX by directed pyrolysis of biomass

Jt REAFH] iy =X Tisb 3 5= R/ C SRR ] TR/ % Sk
AR CoMo—S/Al, 0, T AR SN 2% / 590 35 min 6.3 [47]
R Ti-MCM-41 Py-GC/MS / 600 — — [48]
BN Ni—Mo, N/HZSM~-5 Py-GC/MS VK T $H 700 20 s 11.6 [49]
TSRS FT HZSM-5(CZ) Ei)e97 NFak o / 500 50 min 10.2 [9]
YR Fe—-HZSM-5 Py-GC/MS / 500 30 s 11.3 [50]
274 — Fe-HZSM-5 Py-GC/MS / 500 30s 4.5 [50]
LGRS 1:2 OP/PVC-HZ Py-GC/MS / 650 20 s 26.6 [51]
M i 1:2 AS/PVC-HZ Py-GC/MS / 650 20 s 25.1 [51]
B N ZSM-5 ¥ 2 PR SO / 600 10 min 46.0 [52]
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PRI A KW, WANG ' LIV, 0 @ C Ky
A0 e b 2E W o b A ) A5 R 1, ZHANG
S5 R K, PO,/ Fe, O, M A0 1) o sk A e A4 7
W EY, IR 400 C AR
WAL 2 AT, By 250 00 7 R e e
MA 2514 T P e B A A4 AR R (K/AC)
FHF R 5 A A e A8 i A 7= a5 1 1 1) A i
ZENG %5 A/ N ARG FE DGR ] 25 B o i i A=
PRt 500 °C &M il & 1 A= W e AL 350 58 A )
FARm A R A Ik 41.20%
A T I AR A8 I 254k S i T 34
ST E XS P P RS A K, 500 ~ 700 °C B AT
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Table 6 Parameters of phenolic compounds by directed pyrolysis of biomass

JEUkt HEALFH i 7 X kb= PR/ C AR ) FER itk
wmA K, PO, (361 5 AR S g K; PO, 125 550 30 min (5.320.2) % [54]
WA K,HPO, #1527 K, HPO, 1235 550 30 min (3.8+0.2)% [54]
AR K, PO, [ 7 AR 2 o 7% K;PO, 295 550 30 min (5.6+0.2) % [54]
FRAEFE K, PO, [i6] 5 IR o2 7 K, PO, =5 550 30 min (2.5+0.1)% [54]
KRR =5 AL [P 7 PR S 7 / 275 30 min 0.8% [55]
FERE{= e HZSM-5 [ 7 PR RN 2 / 275 30 min 0.7% [55]
FER= 5 ER e I#4] 7 PR ST 2 / 275 30 min 0.9% [55]
w5 T PER [T AR S5 7 7 / 550 — 33.1% (HIXT & &) [56]
IR HZSM-5 Eihrel/ e £ / 550 — 80.0% (AHXT ) [57]
HE / [#i] 7 AR S5 N H BRI ST BRI 500 — 48.4% (MIxt i) [58]
H Rk / [T 2 AR S5 7 7 FH A S B 700 — 58.9% (FHXF ) [58]
LN K;P0,/Fe; 0, [P % PRSI0 A / 550 10 min 4.3% [59]
ES v,0,@cC IR I %8 / 80 4 h 9.3% [60]
L7EN K;P0,/Fe;0, Py-GC/MS / 400 20 s 43.9 mg/g [61]
ke K/AC Py-GC/MS / 450 20 s 14.6% [62]
INEFEFT AW (-E-N VA / 500 10 min ~ 41.2% (MHXFEHR)  [63]

Vi BRI B T
1.6 4EYRABHSIE_FER

XF4 R ( Phthalic Acid, PTA) , fb2#2 N
CeHg O, , JE A IR WAL F X557 BB B 7 1 #R

J(—COOH) BUAE M, PTA Sk [ £ 45 e [ 44,
AT T K FBEREE R, PTA BT PERR, &
FAF YRl 8o TR RURE ik T 2450
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e R #1487 F25%N 51% %) PTA, HE &) {ifi
AR £ 4 R A sk PP AL il 5 PTA, DA4E
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TR B =323, 4% I 6F — H 2K BRI 4 )8 4
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Table 7 Parameters of PTA by directed pyrolysis of biomass

JEk} AL iy = i ab HE 5 2 PIRIR L/ °C PIEEE PER/% SOk

Xt B4z Mn/Fe/0 pagiIp2 / 100 6h 51.0 [65]

AJEEYR CoMn, 0,@Si0, @ Fe;0, A [LEzEsLY 100 6h 72.8 [66]

FHRRAT FMR  MoWBO,/AC & PdNiO,/AC [ IR i PR 400 30 min 58.7 [67]

FORFEFF Mo0O,/AC & Co~Mn~-Br pag il pa / 320/60/120 2/4/12 h 15.5 [68]

W B AR @ C TR / 100 32h 76.0 [69]
T/ RN T

1.7 YRR B &K

WK (Furan) , 6220 C,H,0, & —Fh & &
TG A Y, A BRI R e 45, ok
MR 2 G IR A, 7E K RS By v i, Bl 95wk, nl
DI Sy 9 300 AR Ak 300 F BUREE AL T AT R T iz
I3 KA

AT TR 40 5 ] ) 4 DR 1 T 2 Pl 25
FEAE R, B A W o A A R AL S
TEAET A A FL 78 43— 0 0 4 I 970 28 80 3 1k
ZHU 251758 g P A B0 figp £F 4k 28 4= 77 ok g £k
G, R TS—1 F1 Nb, O AEALFEAR IS |, ks i) 12k
FEVEA L TG AL ) 5 0 R $2 5 E T 43.99% A
20.7%, LU 5170 DLA W) 5635 1 ¢ 67 3 0 4 J 3E
b PR A Ak A A ) AR PR, 2A1- 471/ AC
HA Lewis TR5 455 RIS VA KA FLESH , ]
TR A AR B Sl S, B2 T R R A R R
SHI 250740 D)~ 4t X4 J e Pk B MCM—41 g ik
AL P B 27 4 22 L I ) 45 Wi . MULLEN
AU S g 5 B T A ) ZSM -5 B A R AT
i JE BOHEAL ] ( KZSM - 5) i Ak A= W Joi 4 i ol 28 ke
M, KZSM-5 ffif5 2— Ff BLnkms (i 7= R 48 & 1 4
f%. CHEN 2517 ffi Fif SAPO BB LRI LT 2 2%

P 2RI LA . Hrh AlICu-SAPO-34
Il ZrCu-SAPO—18 X 42 a2F Wk Wi 14 A= RO e dr
ARAT 4 15K MR e T AR 430 O 56.94% 1 63.86% , 5
8 Ry A= Wy I3 5 o) S ) 5 O g A 5 400 4 S0 S8
1.8 YRR G &g

MRS ( Furfural , FF) |, fb225Ch8 C H,, 0, , HFK
2RI RS A IRER AL G, FF
RITCEWAR  HA RIS, FE R8Tl
Syl A s Ak SN R R AR )z T
Srit BRI 25 R AL Tolk S8R 7

Tl i K A R SRE  RUORH A 7 FF
VERR G-I 1 R Tl £ FF JE R B2, FF n] LA
N—BE TR AW SRS, i H R AT 4 R A
AP IR A FF R R B AE AR 4R Sk
AL, LU %7 F 20 AL R 5 B A 0
AT PRI AR ) £ FF, 76 #U IR JE M 340 CHY,
BT 15% (T f 43450 A EE R K0 BT il 45 1Y
FF 73R K (R340 8%) . WAN %57 %F £k
FEAT R 14 R FH 8008 0l B A4 b B i 02 1 4% FF
SALY AR T AR FF BB E AT 8 o
MgCl,/100 g AL A=) BTkl T FF AEX & 1
i 80% ., BRANCA %1 fifi Fi JLAH R V4 W4 oK
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Table 8 Parameters of furan derivatives by directed pyrolysis of biomass

R HEALFH] i = IR/ C SRt R] P % FEER SCHR
YR Nb, 05 [i] 52 AR IS5 7 350 5.0 min 27.0 — [72]
HFH R vy-AL O, i1 7 IR 52 I £ 350 5.0 min 8.8 — [72]
7o ZSM-5 [ 7 AR S5 I 7 350 5.0 min 6.8 — [72]
HFHR TS-1 [iF] 52 AR J2 37 74 350 5.0 min 43.9 — [72]
YR 2A1-47r/AC Py-GC/MS 500/300 0.3 min 88.6 — [73]

[/AZN 2A1-47Zx/ AC Py-GC/MS 500/300 0.3 min 56.3 — [73]
Y% 1La-3Ce/MCM-41 [ 7 AR S5 I 7 450/400 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]

U R AR

JEURME 4 o 2 AAMEs X FF A9 AE 5% i 4%
KX R T— 2 W TRAL BE LA 2 Bk AAEMs 1] 2
= FF [ 7= 3%, ROSS 4515 38 oo $44 it 4 38 il &
FF, BRVALFEAT B 90% LA b ek A1 A4S LA
FAR Y 5, Zead R TUAL PR 5 1048 B8 i) 3 2
FEYIE PR, BAT %5 % B v 1 18, 048 1 11

HEALH) AR LA R T PR AT A, (EA 85 A 3R
FERVEALT A D LI T FF AJE R, BAT 42
H T 2R PR ) T B AR A BRIV TE M
A T4 2 B AR A IR K B, 4n LGO AT DGP,
JBE K I M 280k R P 4, e T ORI, 2% 9
Shy ) TR [ A ) B B A B I RN S

=9 EYREEABRSREN RN S
Table 9 Parameters of furfural by directed pyrolysis of biomass

JEt ML) 7= AL F = IR/ C P ] FER/ % SCER
Tk ZnCl, [#5] 7 PR S0 4 ZnCl, 1235t 340 — 51.5 [78]
A ZnCl, [] 52 R S5 oy 8 ZnCl, 125t 340 — 26.2 [78]
HREE 7ZnCl, Ll SERIE ZnCl, 25t 340 — 38.8 [78]
T ZnCl, B 52 TR R i ZnCl, 129 340 — 34.5 [78]
[T B ER AU Py-GC/MS B — AR 550 20 s 16.5 [40]
ey / Py-GC/MS H, 0 Fisb 2 500 20 s — [83]
ey / Py-GC/MS HCI Fii b2 500 20 s — [83]
FORFEFF / TR U B A4 / 500 20 min 4.3 [79]
TORFEFF MgCl, T B A / 500 20 min 79.6 [79]
EL7] MgCl, TRise U Bh A / 500 20 min 83.0 [79]
o H,50, #6527 H,S0,#&=i 527 2 5.1 [80]
Tk Fe,(S0,), [ 2 B 2 8 Fe, (S0, ) ;1= 527 2s 4.6 [80]
R ZnCl, [#5] 7 PR ST 4 ZnCl, 1235 527 2s 4.3 [80]
s CuS0,/HZSM-5 [P 7 PR S IO 4 / 500 3 min 28.0 [82]
YR / Py-GC/MS / 550 15 0 [84]
YR Na/Fe Py-GC/MS / 550 15 s 61.4 [84]

TE: /7R TG —" FoR ol
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