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Technology, Kunming 650093, China)
Abstract: The production of high-value-added fuel products through the pyrolysis gasification of
organic solid waste facilitates the transformation of waste into valuable resources and promotes efficient
resource recycling. This technology provides a viable approach to environmental pollution control and
contributes to the achievement of the "dual-carbon" goals of carbon peaking and carbon neutrality. The
pyrolysis gasification process is both environmentally sustainable and highly energy-efficient. It
significantly reduces waste volume, positioning it as a critical technology in contemporary organic solid
waste management. Catalysts play a crucial role in this process, and understanding their performance
and underlying mechanisms is essential for advancing pyrolysis gasification technology. Current
research identifies several catalysts employed in pyrolysis gasification, including carbonates, metal

oxides, monometallic catalysts, monatomic catalysts, biochar, and molecular sieves. The incorporation
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of catalysts effectively modulates the activation energy of the reaction and alters its microenvironment,
such as acid/base sites and electron coordination, thereby enhancing product conversion and selectivity.
Their mechanisms of action primarily involve: (1) reducing the activation energy required for chemical
bond cleavage in organic molecules, thus accelerating the decomposition of the organic molecular
structure under relatively mild conditions; (2) optimizing the reaction pathway to improve product
selectivity and conversion; and (3) modulating the catalytic microstructure to increase active sites and
enhance catalytic performance. These mechanisms collectively enhance the catalytic efficiency of
pyrolysis gasification, leading to higher yields of combustible gases (e.g., H,, CO, and CH,) and liquid
fuels, thereby optimizing the utilization of organic solid waste resources. Simultaneously, tar formation
can be effectively reduced, thereby preventing equipment clogging and environmental pollution.
Extensive research and experimental validation demonstrate the efficacy of catalysts in optimizing
reaction conditions, refining reaction pathways, minimizing byproducts, and enhancing energy
conversion. This provides a theoretical basis and practical guidance for optimizing pyrolysis
gasification technology. Furthermore, given the large volume, compositional complexity, varied
reaction pathways, and dispersed nature of organic solid waste, integrating machine learning with
pyrolysis gasification can facilitate rapid waste characterization, precise catalytic optimization, and
significant improvements in resource utilization. This synergy enhances process adaptability and
resource efficiency while addressing the challenges of variable feedstocks. Finally, this study
summarizes and envisions the integration of new technologies with pyrolysis gasification catalytic
conversion, which is anticipated to enable innovative integration, multifaceted utilization, and
intelligent optimization, further improving resource conversion efficiency and environmental benefits.

Keywords: Organic solid wastes recycle; Pyrolysis gasification; Catalytic conversion; Catalyst

F39EF 3 M

design; Resource utilization treatment

0 51 T

Bifi 5 A 1 AR 2 R DL R Tl Ak 2 4
e, AN ] bk e AR T RO B R IE .
i1, 2 2030 4 3 F B B R R 55908 5 B 48
2 A, B AR SR AR ARG T, SRR P R
KPR R, KA AL 61 7 R A b 3, STt
AR E”, A BT D g IR e sk DL K IR TS
JesE 25 M AFSE R, FE RS, A
HLIER R 5 L ik 449", W80 35 30 T A5 WL I 4R
FEM I CRIF R RIS TR) | Al E A 3
CIRAVEWIFEFRT . B WO ) DL T A HLIEAAR E 55
W\ S S AR, FA R L SRR G A

H AT, &R R 579 b BR %) 3 30 07 =0 F5
SR DA B A b BT S O I Ak B A i Y ]
WRCRAR, FTRES | A — kG Ye S n) . A4 B 5
K LLFERE . KR SR <A T &, M ez
T, A T R S A A T R AT, AT AR
G A e A B PO A A B AU, IF HEA RE IR ]
W 1T RE DR HE SR I 3 DL R B A v 55

W1, R ML R Sl & R IR T R 2
— SR, TP AVLERE YR E 2N, 24
Iy AR R, IR AR R T ) e A A T A R
FEY), Gl IR E R R R A
fifk A0 T H B A5 IOV AR 4 L R H,. CO.L CO,
I CH, 250K, 3 m 3 B e ™. 5 2 ih 4%
R =S B o i B A B i i T A B R 2E L U
AT R LA B AR AR R 2% 106 5 )
RS R R, 2 AR B A RIS
R RO 7= 0 %) T ORI 3, 34 R I 1K A vl 5
B, SR E PR B DL R B e B
AR TR %) I 8 06 R A B 14 v i Ak R, I
VA HIL T R 55 Ak S AR B AR R B (H,. CHL,,.
CO Je A=Wy iy 45 T R I3 ) LA K% s B £k 2#
U AL G5 I PR A AR AR ) 3 A R SR
(CaCO5, MgCO;., H =z f1(CaMg(CO,),) ) LA K 48
AP (CaO. MgO ., Fe,05), FHSRIE | i i il
R, FEIVR SR A R R AR B T N
X ZR 4 B e A R AN AN R R AT AR i 8 i, IR SR B IR
W5 2 LE AU T B, A Rt H, e



W& AP AR AR e 1S -

PR SACRCR . BLAh, B A JE 2 B <Ak b i
AR Y F2 BRI, TR A HE 45 R B Az A R 4 A
A 7 3 PR AV DA R BB A5 45, AT 4 15
I AR L AR, TR SR A, B
JEAEATN 5y R A TR0 . AR YRR, B R
H ALO;. Z1O,. 4 TS /e gk, ISR
1o 4 JE Ay HIORE DA M b AR e M . AR B,
Wit 5 £ 700 3 M 0 RO B AN 46 /0N, LA At
RERE 19 BB R T, R B R s A ER
HEAEPERE . Sk T 2011 4E4R O HGE T
B FHEAL R AR DS ST, G , SR AL R
JTZ TR i, 7EA L E AR <k
PR A S0, B i Ak K ¥ 4 ] 4 o 8 ) A
o LA Au, Pt, Pd, Ru % 5 4 )@ R B Fig dErp
i, P LR AR 4 T SE AR L, T SE BRI & A
fifp PR AR A W 5 (R RS AT ) PR il e e A )
25 2B R, A A HLE A A R
BETHRGER . BRI, B A
I 0 VAT SR 0 2 6 Ak R . X2 A1, DING 462
K KIS A2, 1E ALO,, SiO,. TiO, 1 ZrO,
SN RN 42 )R AR b B R i P, BT A5 Y
B A RITE CO Ak FH e R be A Be 3 o3
AN TR BRI L S PR R

TEACTILEA PR R Bl S A fe b 455
BEH, TRAGEIT AR AL F S M sk, IRk
A A B R e IR A A B B RS W AR SCEE
T A A PR A R B ST R, SR
T AT G A 28 S i 58 SR, I o3 B AR A4
At R E I PLEE . 7E i S Akt A,
AR Y 32 A R RRAR AR T & 4, MR B2 7=
LN EILE N Pe: SRS U o (i Ul R X A IR G
OB AR | B ERES LA K 0 J 18] il 4%, 3
IR SR R, nT DA R THE L G AR 38R, A
ML AR S R . IR, AR SO A HIL R I 34
i AR AT AL BN R B 5 & Sk A T
g5, AR BRI AWK RE, 1L
AR BRBIER ST, 8 R T R R i AL
DL A A i Bk R, HE Bz B R ik — 20
K.

1 BHEERESHRIEANIE
1.1 ABSAEN

A AL R I 3590 B 96 DR Ak A BEJE 24 i PR 40
S ) F A, Herp b e R R RIE Y

R S5 32 %0 . Al 1 iR, A LR IR 529
GEIRAL AL B 2 07 ik SR K Rk | R DL K
A 3 Fhigte . Horb, SRS L EOR B A Ab
YRR IRz . W] P 2 R RN Gy AR AR
B, AR SR F2 2R AL BRI T SR AT

s | L
WEERE | RWER [ TR

77777777777777777777777777

s G ) (o ) e )

1 i s 1 i
i 330~375 C ) | (400~600 C | (600~1000 C):
Py | 5~20 MPa 1‘ 0.1 MPa | 0.1MPa ||
30~60 min 30~120 min 30~90 min J |

- — 7
f%[ kg | [ ewn | [ ewe |

1 BHEEALZSEHER
Fig.1 Various thermochemical treatment routes for

. . 21
solid organic waste””"!

e 2 fros, AR EEIE AL TR
TS 55 30 54 ST B, 5 kB R T
IR BN A AFI, AP OB R AR g RO, 7
Y5523 SRR KA BB, B A, D9+
2N I i L 22 O S T - £
R AR,

. . [ c+o,—co,
E=V14 1 C+1/20,-CO Hl co,
L H+1/20,~H,0 :
” T m )| RENR T |
it 1 rfi+11.0 (k) 10
" AR SH,+CO+CO+H,0(2)+ | [ A1
W' SRR L
L J| cH,
— C+C0O,—CO; C+H,0—CO+H
il 1 o101, S e

L C+2H,—CH, J
IR 1 CH, o C, H, +H+CHC ==
;

M2 SHREERE™

Fig. 2 Primary reactions of the gasification process

1.2 A@SUBHmEER

FEASR T AL RE , S 7 5% 22 I 5,
AR EAR TR 7. R e SO g
AARAIEY | A LRIORL PR 2 5% B I )45, A HILIEA R 774
P R R L BRI R 7
TR A HIL I B A S s i LR, A SO i
RIS N 3 B AL TR IS D F B, TR /N R
PRYPEHE— AR AL . A HLIA R i <Ak
i A RRE B0 AR, AL A R A
BAEHIGGR 1), AR TP 0 4 A 700 o 3 ek A ] 10 42

i

[22-23]



- 116 - fie U R OB M P 55 39 45 3 0]
®1 ABSUTEEUFIARIKILCE
Table1 Summary of research status on main catalysts for pyrolysis gasification

Al A FERT G2 P I BOR 275 3CHK

I O/ K.CO oy IS, BRI i HERTHLICO .
& 800,/ K,CO, o S Rt 2 2 T T S

i AR (H,
SRR COBTERILE  RRANY R R e o O [12,30]

CO. CO,) =i

Ni5 ALO;HAH LA FIHY 54t

. - -
A Ni/AL,O4 AR SOk L R S FEAR AR R S S [15]
Ni-CaO-C YA Yy Fae AV SN s 1 R REH, R [31]
PR AR Y LT A A TR
PAE b A- pip s R CH ke S e
SR | Rug,-CoAlO SRR P P CH PR 7 [18]
YR (BHAR) KRR/ HE L fEAb A I i AR 1 45 B S g PE R AR AL = R [32-33]
AW IR AR AL
3N kL A S A SRR 724 Hy/CH, [34]
Znf P 5 R AL S A R
- - BEER R
Zn-HZSM-5 = % & 98 2 ) (HDPE ) —— Pk [35]
o ETAHER HnFLEER, PRAEE RN
EhnfLEs Y, $RE FREA A5,
. RIS PR
HZSM-5 THEE R SR RS F WA TR P IT IR R [36]
FHMLBE$ 55 4 2 A2 RN 933 3 35 26 A1 0 R
H AR =90 B9 A B, [T 0 i ) 7= 4 e B HHUE R '# A
..|:>: |
LS (in) Sk L J ' .
2 HBEUSTEREEFIFHESERIIE | - o
PR A PR T AR m IR IR EE T AT, X .
. e e o SRR . i
A PERE AR T PSR, 5 B LA I | o B
it v il HOAS FE L AR IR DL B AR A SRR,  —mEE® CHRBE
DL AL AL ook . FRTTFSC I, T34 g 2 ) L
TR A 2 0 A ) 2 5 G W e o ; |
: o< - i

SR A T AR/ R AR R R R
R B i Rl P @ o 133 1 R
g | FEF T L R G R VA f Wl
O ST A A (AR 750 -5 TS T B Wz 45 AH [) A6 2
A S, 18] 3(a) ) 5 S LAl CEL T S 4% ) i
BRI SAR IR (/N1 4, T 3(0) P 2
P A A v, AT G T Y 3 W2 [l AL ik
A B I IR, 8 e SRR e o A W e, AR Sk A
fige A USRS BRI AR 1 5 0 ) L
A, SRR T I R
FNAE B2 i A T K #E A R) A AR B AL VR, B
PR Ok 32 5 3 o W A L R THT S L 5 A I ) 5
XA T AL AL, BRI S A R
PRI AR LA B B . SRR B AT LA
RE BEA S B BT 2R AR S L TG A BE AR i S 1

(b) AL
3 m@EsAEEREE™
Fig.3 Schematic diagrams of pyrolysis gasification

38-39]
processes[ !

2.1 R/ EESEWELT

TEARZ BEALT T, BRfREE 2 (CaCO,. MgCO;,
KR ) AT, AT S SRR A
Ko iy DS B 4R o, 32 T I Sk o A
Hr, ISLAM %M 1, 5%l CaMg(COy), 1 %
it FE RO fE AL, BRAE A R L UF A I Ak AR o
TEREMEY . FealE oK R ST
I A B, 30 AT A S AR AR . eAh,
K,CO; 7E i S AL R A 4% T HBAE, 28



7§

LI B i AL AR 5 2

- 117 -

RPN BRIFSE R IR, 7E 600 °C A ) B B 3 R o
HIA K,CO,, Hirh KB IE Ak A2 il p Y 4-O-F 24
7 Wl TS TR ) i 5 AT, —OH 8 5 T i B, AT
Bl = N 43% P 33%, $2 8 T HRFT e IR EE
AR, X TFRIREERNE, &8 &858
175 BN A= ) ot 45 k) v, o HE S A rh i S
R, B H T /N8 50 7= A, I8 9 B Bk A
BRIV, AT S BRI AR il 7= i, 3R R A R
AN, 2 e B P S A AR A RR R, JE AR SR
(> 800 C) Z&FF, BREREL T 4% CaO/MgO %5 B
P 4w SR AL AR M AL TR P, L e AR A A
AR,

¥4 g A AL, il R T A R /A
PEAE 9, B AR 2 N AL AR, RERS A SR 1 I
NHEAT o LA CaO M, VB il <Ak f i
HEALF, W] DA S5O R TR A R S A B vz (1] 4) 1,
RN AR R R UE T P By A . R R,
CaO i HE 38 1 5O 0 R 1) 5 (8] 19 43 F-1E H L {2
S 0 0 R AR S 7 1 2 Al sk Aoy =, S
BT RN A IR (PR T R 4 TR AR ) g K01
W — 2 A R Ny, DT BRI A i
o, B, BtE 4 R ALY (DL CaO ) vl AE N

a7
(l‘,H:
:(%C\.éi—H A
N o HCT
DICH W
( o Nt |
P0G o ) ) o]0
f\Mg/ \Mg/O\Mg/ O A &I\lflg/o\l\l/lb/
%
(|:H1
— CH, O/ O H
. e D)

CO, MRt (CO,+CaO—CaCO,), fii HiA Ak J i ik
#h, PR ORI AR B CO, 15 T B 2y, 1 T4 g
YIkRH . MAUERHOFER %5 DL RS,
FEXT 52, IR CaO A R A A AL 55 T B I A5 il 5%
S B I, R G SRR, MBS T H,
T ARFUI L 47.4%) o BEAN, 85 R B R, o] I
T CaO MU JE P, BE T VB M A 5 S fb il &
AIYESR CO, M 71, A 32F B . 2E 47, 2 H, ™
B BRI, AR A DRI 2, TR AR 7 CaO
AR AR AR AR S R, TR L SN A
FK A TR A, 33 6 H AL (3 ) v a1 — 2 B
il . %k, MAGOUA MBEUGANG %" % I
g R PIR AL R G, KB T 267581 CaO BN
AT SR A LT 2 R A A R, il A
. LAk, SONG 207 R T 8k 41 M A AL A
SIAEAR T, SRR T A AL R AR A TR L RE,
180.32 kJ/mol 43 Bl f# 2 151.76 kJ/mol I 150.18
kJ/mol, [F] B FEAIR T A T ™ 28, B e 1h 232 43 il
& 55.81% H1 55.05%, {#i45 0] XS 4K H,, CO LA
K CO, =it B, #F— B T 48 1k
WIE R Ak 7 e A A B rp A S g

i
o o T T
N NN Ao o o A
Mg g Mg Mg Mg

H,C CH
H,
— H,C C- — o
. v WA
O=Cc==0 C L]
O 0|0 O o} 0. 0. 0.
,f‘\M N g/__\“[/I AN, {"\M{"\Mg)" ‘;\M NN g/Q\Mg/Q\M {"\Mg)"

4 HBOREKRETERY

Fig. 4 Schematic diagram of ketonization reaction of carboxylic acids™"

22 EREMELF

FEA BLEE 2 B AR A v, 4 AR R
PRI LA 3R 1 o A L % T 45 4 2R 0 P S e A
PERE, 0 A4 AR (25 7R ) LA LA 4
Py CREA /s [T BE ) , o JFCEL AT 5 5 1 WA B2 A S

EALTE M o I RAEAE R IR Z, 36 Na, Mg,
Al, Fe, Co., Ni %4 J@ e @2l a 1. b Ni 2%
PEAL AR Jy 2o U 4 JE A Ak ) i AR 36, R HLA
R TH 0 32 7 (FCC) 25/ Al 5 19 v+ % #2 g
I, X EA L R AR B R A AR AR



118 - (LR N T T

F39EF 3 M

UEAh, Ni FEf AL A BEA SR C—C ft 5 c—H
S, DT 76 SR el B e R R R A, B R
H, M7= 5. SR, 48 A0 0 7 i T S g v &)
B BRSSO AT PERR AR L 200, il
i a SR AL R 3 A ALOS™ caO®! | ™,
Oy TN LA B e et SR b AT AR s AL
(14 43 0CPE, 188 o P A7 a5, DA T R R AR S
PO Ak 0 AR T4 g e A R TR e
A, P PR3k 32 4R o 4 T8 B o0 18U AR e T
7T P/ 2 A ) 8 T 42 4 Ja A Ak 00 M e 1Y
R bs T o AR 5T 2 00, R AR ME VA 5 A Bh T 0 B RS
e85 8B RE ™Y, T B R 2 5 B AL S IR
PO, FSE A TE

T LI 253 2 4, B — A fb b R
X L Ak 2 AR i 75 5K, i 4 R P IR] 4 A 1
B 1R R4 8 A AL 57 T S 22 D RE A AL, 385 6 1
w1 B T, DT AR R Ak TR A R T
NABGAN % ™% Ni-Pt 71 4% T TiO, fl ALO; |
28 T RE T AR, fE T SRR S A
PEAR I A A SRR A 1. AR R, 428 Pt
Bl ABERT T B R (i B F iR, Bronsted acid)
5 L2 (B4 5 1R, Lewis acid) R ME, 458 T 4
J& 5 AR A4 22 ) 4 iR AH AR P, 2 T 4R v R TR Y
G ME DL % Fa qE M . DENG 25 ") 45 1Y Ni-Fe-
CaO/ALO; W fefEfb i, S T Bk A ) i
AR H, M (1 302.10 mL/g) . WF%E &
B, 4 JE 5 3 A 2 0] B4 5 A B VR R 5R T R N ok
FE Xt CO, 5 H,0 By W B, 11 f2 ke fh ol 72
MISKOLCZI %" #£ ZSM-5 43 T i I 71 2% % Fb
SR, #1457 NI/ZSM-5. Ce/Ni/ZSM-5. La/Ni/
ZSM-5. Ce/La/ZSM-5 BUEAL A, H T #ui <4k T
ZECR AW R, BFFEXT LR B, Ce 5 La lih
FIRA N, B T RN AR, 48 S e e
1, [R]EF AT DL Ni B4 75 i i 214
2.3 BETFELF

WE S Fros, b 4 e A R ST r sy, I
TEYEARWI T o RS B, 24 RT3k 31 R 72400
Jei, B T AR R AR B B R Ak Y SR R
FZR | BRI A B AE . AR AECAL RS | T RE
RN LA B A AR 1 15 16 1 5 e o M 5 B S A B
TEAT HLIE R W WAL ) JH 458 % % 2 o B/ Y,
ZHANG 25" %% B, Ru 2 98 H 0 0 A i F ek i
I F S A AL ), 5 Ru L 7 7148 T CoAlO
I, AT Rugs,-CoAlO HLJF T AL, 45 A H Ik

I A0 P ot T B2 N 26, TN 24 90% 11 52 B
R A SBRL I W 7 Ak R W e (R B> 99%, 7= >
91%) ., X FHE25 T Ru A7 S5 0 f 745 F ok
ST v (AL B R B R, A PR A i, AR Y
PR T 245 G 2L L 2 Ty g

b o WU 217 5% PRI 5% -0 il - 1 45 W 7 0k, PR
JET Ga 5h s ZSM-5 b A 456, A T BA
A3 B RS A EAE AL ZSM-5 (GaO,@HS-Z5), 1E
o KA FF ) R o AR TP R S A W ) 7 A
23.6%, IR Ga M EE N 3% I, 77wt ik 2
S A, 3R A P ORE B A R TR AT AR A SR
W o SR, IR0 1 EE e BT, ZE R AR T,
FURETHEACRIFRE S T & A R, T 22k H
FRIR A 45 07w HLEAT AR B . DING 2562 #F 5%
FEH, R FH KT 55 Ak 105 ) 48 1) R D - A 7
AL DU B B T P R, R T GE E
PE R AEATEPE . BT, SR ) 32 B AR A
Au, Pt, Pd. Ru %55t &)@, BUAR =, B
RV T ZRAW B, A 2R AR 4
J& (Fe. Co, NDAEMIEEH L, BRI LA

:'a;ﬁ
m )
= EAPN
i &y | —
Pk R
> ey
,/ ‘ ° o
ol A

B 5 R~FRR s iE R s
Fig. 5 Size effect on catalyst activityml

24 HEYRELT

WL 6 B, A= W e A A 391 3 THT 235 44 1 R R
PR DL A 25 0 L far B RS, A A0 SR TR A TR
P SR A, A R B & R TR
() F RE A1, 7E A AL 5% 1k b G 58 B0 FH T AT MILIED %
HIMEACEE AL, SURTVE A 16 e i ) 2 A, 48 v
Hpga e Y A A IR B B ) A= 1
3 UEFAM | M FEFEEE) BIAT 6145 4= 9 e (1] 3
(b)), KUE) . AR, ff HAE b B 55 9808} 7 1H]
FI B LIEP R 500 € T A
A5 A 0 e, IR AR R 58 R R R R K 37 98 R Y
AT . A5 R R, ARk nl A RU0E o FE I Y



W& AP AR AR e - 119 -

PR 2R, bR B R, IR L 2
V] 1 406 5 20, Sk BRI W 1 A 3 B ARE TR B
# . MARTINEZ NARRO %" W58 220, 4= ¥y ¢
AT, S 4 & T SORHE W e A=K,
SORUSINAE Y AR B, S B 1 (DU R80T

B6 E£HmiUFgeuEreanBEENRREE"

Fig. 6 Schematic diagram of the catalytic conversion mechanism of organic solid waste by biochar catalystsm

2.5 HFiEELF

Gy FIRAE AR LA F s LIS L = Lk
[T AYD O A B R R A SR 7 ¢ S R VI )2
R A R R A AR . AR R T
B, SOnT i I S A 4 IR e P R AL
P 2 fLEE M | 4 Tk DA R e P 7 s Al Ak S T
VEHEAT R, DA SR AR RS T AL
FIRh R 2 %5y BB IR WL 1) 4y 1 0
HEAL PR IR S AL AR P R . 4N, HZSM-5
S — P B A R R P A I 1 4k - A A
F, 8 1 7 A T 2 B R A AR A I SN, DT v
7 S CUn AR B e R B K 4K A W A BT R AR
HRALEY BN Y. YU 2P R R B
) Cw/HZSM-5., Zn/HZSM-5 AL E T wifb iz
iz i N I i N i S T D = 1
QIAN %51 SR H 8 7 38 ik 5 95 955 2 4 45 1) Zn-
HZSM-5 AL 57, AT A 25008 45 4 Ak 700 2% 18 A 336
B, A A B R W 2L, 0 e 1Y 7 R IK B 53%.
LIU 2™ 8158 7 R Al id 3% 42 J& (Fe. Co. Ni, Cu)
#1454 FeZS. CoZS. NiZS Fl CuZS & 44> Fiifi
PR, BT RNt R i S B T AR BE L K S A

PE R 85%, Hoh, ;7 & i N 0.2% $ 5 & 3.3%,
H e =i DN 1.4% 25 & 55.0%. SRHE A L
JE A R R, i AR ) el AT
A BN A, X T IR R4 LA RS IR AR R L
AEER Y,

, Fl o 7640
]
R DI 7

S RHE T LR . LAY R
1E HZSM-5 g | AGRAMY i fLA5 ), Sh & 8k &
Yyt 7 2RV A WD TR R T IER
AR, AT LA R Y R R A i S R . X A
532 W51 T AL R TR i A 2 L 48T
7 i JB TR LRV g, SRy LI R A b AR i
SACEARM R SRR T U AT R AR
2.6 HERFESIBAELTIRIER

A B AR 7 B R K o 52 A DA K
J2 L AR 2 A R L O A 00 A BT 5T R AL A
FHAE R TERPR AR . Ay PR v 1RO 4 o A L
JE W) I S B g A 5 Bl 0 2R, W A v A8
AL RCR, FLES 2% 2] (Machine Learning, ML) £
ARIEZ W R — A3 T H, #ad N T2
25 | UL SEE AP R (L AR AR AR B, n] DLR
AN JFURE PR SO AR A L B A AR 2 R] Y
IO R, (R T B WO B 4B L B4
FEUA KT ERIATEHE R, B OE S A L R
Bk, MERR LA ERET s ML 5 Z AR LS A
A S I A R DB o (W B R L 235 R LA S S
BEAR) 55 Wk Z 8] A PR VT T, A0 A S I ] P 45 31



120 - g I

A

F39EF 3 M

AL T, P EHEALRCR, NEEIR AL IR T I
BT HMSED,
3 BRERE

55 E SN EE, H AR A A% 574 5 IR
MR — 2R, WAk 2. 456 E N ERE S
Wiy i, SR A 208 ISR D585, R A BIL I A4

HEATREAL LA, XT3 BT IR JH R LR BR R
PHAEEMN S AW, Z5F 8 BRI
R B R R AT e | A ] BE LR
SR AT PR A PUER, 5 A HIL I B B DAL A T 9
WL R o 45a HRTOF S BUIR S LUT & %
Jr Tl o

®2 ERIEFEFONLEERUREZESE"

Table 2 Solid waste treatment and development directions in China and abroad"”

ES 2l

R JETT 1w

Rdg I, S, BERE . AR, UM, M. AU Bk,
[ 2 it
HEAF dEHh . MR, BEAE
BEURAL S B RE IR

B IR RS

LR
Wetr . FHL. WH
T E
T AL B 5 o
A EE SR Mg . R
WO S . AR A
N =D
RIIFI oy s, A
e Wetr . BIIGAS . Sk

[IHT, HENL ., $EhE. 25 K%EML

HEAE . S

FIESPRICE b R IR B IEEER
JUHLOMEAL . SRR AEYR . R GE M B A REYR

BEURAL IS S AN RE R

PEEShETE . B84k fhaelE . WUERAN
A ab L BEIRAL A

St FRRFERE . MIkhR

G 31 U N ) G N LGS

ML BEge . HIBGHA . SHRMAI

(D FARBIFT RS o R R EOR 5 g <
FOARME G, Bk i S A fe Ot
b, 25 BT HEALAT R R IR ARZE 5, SRR AL
FEARARLR . SR FH AT R G0 RE VR AR AL PR, b
PEATRETR BT, FEARARHERL -

Q) EMZEAMM . R TR, T %
A B, S B R BT IR A TR AR, 4R80T A
LA ) ¢ LA R RO IR 8/ R AR S AR,
19 ST B TR M R

)R BERIEIL . &5 A ALBIEYIEAT I 5 5
IR B BE P 23, D0 A DSOS AR ) T B A L K
HEALTR) 55 Ak BT 2003 [ DT e, 465 A 5 T SR et e
DAL, SEBRAA | w7 i A R st T2 A

4 &

IR AR TT WA L AR 5 4 B DR A
FBIA 307, 385 i B AR AT LUK [ 1A% 5 e
PR, SR BEIRA IR . 7RI v, fHEAE
70 B TE A A 2 PR A 5 T ) 8 HRRE 10 O i — A
SR, P T AL R B S BRI iz i R
7%, TEAEALHE AL N Al A LA SRR 9 3o i o
Ty i IR A AR M 2 T A s R AR R L, [,
A EAL TR R/ MR AN 2, 25 5 3 U TG e 25 25 )
A, A AR TR Ok R FUE MR . AR SE

FEL 1A DA A AL I 2 i A e 14 S 1 11 452
AL, AR IREL . &R ALY . Ba /M
J& BT LR AR S BT AR AR S
HACRE . e RO B A | 4w AL T TR SR
HRAGEIRE, VAL I B ARG £ T 7™ 3 0 85 fHE AL 2%
RO, B R T HLas~ ) fEA LI R
GEIRAL A A AR L R R . B,
JRUE AR AE i A R o PR TH T 2 K
PR IR, (R TR A A 7 1 A A LI %
1372 H By BEAR R BT IRAL 7 12 . BEAE BIFSE RO
W R, AT AR PR A A e i v g B FH A R
T — R R R

S % ik ( References ) :

[11  LYU Honghong, LIMJY, ZHANG Qianru, et al. Conver-
sion of organic solid waste into energy and functional materi-
als using biochar catalyst: Bibliometric analysis, research
progress, and directions[J]. Applied Catalysis B: Environ-
mental, 2024, 340: 123223.

2] Bk, 18, KR, 5 SRE ST APLEIR R EL
b ¥ B R R R ESE (1], LR, 2022, 40(12) :
1-8+36.

YANG Donghai, HUA Yu, WU Boran, et al. Considera-
tion on development of organic solid waste resource treat-
ment and disposal technology under the background of double

carbon[J]. Environmental Engineering, 2022, 40(12): 1-


https://doi.org/10.1016/j.apcatb.2023.123223
https://doi.org/10.1016/j.apcatb.2023.123223
https://doi.org/10.1016/j.apcatb.2023.123223
https://doi.org/10.1016/j.apcatb.2023.123223

7§

LI B i AL AR 5 2

- 121 -

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

8+36.

ZHAO Yue, LI Jia. Sensor-based technologies in effective
solid waste sorting: Successful applications, sensor combi-
nation, and future directions[J]. Environmental Science &
Technology, 2022, 56(24): 17531-17544.

SAJID M, RAHEEM A, ULLAH N, et al. Gasification of
municipal solid waste:  Progress, challenges, and
prospects[J]. Renewable and Sustainable Energy Reviews,
2022, 168: 112815.

SARKER T R, KHATUN M L, ETHEN D Z, et al
Recent evolution in thermochemical transformation of munic-
ipal solid wastes to alternate fuels[J]. Heliyon, 2024,
10(17): €37105.

OHSH, KIMJC, LEEJH, etal. A mechanistic study of
the hydrolysis of tetrafluoromethane on y-alumina[J]. Chemi-
cal Engineering Journal, 2024, 494: 152880.

TIB, PR, HEM, % TLAHUEE ARG
PR [7]. REVEIRBELRY, 2024, 38(5): 92-103.
WANG Xu, LUO Zhenxing, XIA Zhipeng, et al. Research
progress of industrial organic solid waste gasification technol-
ogy[J]. Energy Environmental Protection, 2024, 38(5) :
92-103.

JIANG Wei, LI Dian, CHEN Siding, et al. Design and
operation of a fixed-bed pyrolysis-gasification-combustion
pilot plant for rural solid waste disposal[J]. Bioresource Tech-
nology, 2022, 362: 127799.

WXL, 2ZE, T, S AR BRIl TR AR RO BT
JR ). Ao AkaE AR, 2020, 54(6): 65-73.

SHANG Shuang, LAN Kui, WANG Yan, et al. Research
in biomass

2020,

progress on catalyst for tar reforming
gasification[J]. Biomass Chemical Engineering,
54(6): 65-73.

WANG Shule, WEN Yuming, SHI Ziyi, et al. Novel
carbon-negative methane production via integrating anaero-
bic digestion and pyrolysis of organic fraction of municipal
solid waste[J]. Energy Conversion and Management, 2022,
252: 115042.

MAUERHOFER A M, BENEDIKT F, SCHMID J C, et
al. Influence of different bed material mixtures on dual
fluidized bed steam gasification[J]. Energy, 2018, 157:
957-968.

MAGOUA MBEUGANG C F, LI Bin, LIN Dan, et al.
Hydrogen rich syngas production from sorption enhanced
gasification of cellulose in the presence of calcium oxide[J].
Energy, 2021, 228: 120659.

FENG Zhiying, LIU Kaifeng, ZHU Tao, et al. CO,-gasifi-
cation of corncob in a molten salt environment[J]. Chinese
Journal of Chemical Engineering, 2025, 78: 58-66.
TIAN Xiaojie, WANG Yunpu, ZENG Zihong, et al
Research progress on the role of common metal catalysts in
biomass pyrolysis:

Chemistry, 2022, 24(10): 3922-3942.

A state-of-the-art review[J]. Green

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

(23]

[26]

[27]

(28]

CHAN W P, VEKSHA A, LEI Junxi, et al. A hot syngas
purification system integrated with downdraft gasification of
municipal solid waste[J]. Applied Energy, 2019, 237:
227-240.

HORVATH D, TOMASEK S, BOBEK NAGY J, et al
Syngas purpose pyrolysis-gasification of organic fractions of
MSW over metal-loaded Y-zeolite catalysts[J]. International
Journal of Energy Research, 2024, 2024(1): 5558323.
QIAO Botao, WANG Aiqin, YANG Xiaofeng,
Single-atom catalysis of CO oxidation using Pt,/FeO,[J].
Nature Chemistry, 2011, 3(8): 634—641.

ZHANG Zedong, WANG lJia, GE Xiaohu, et al. Mixed

et al.

plastics wastes upcycling with high-stability single-atom Ru
catalyst[J]. Journal of the American Chemical Society,
2023, 145(41): 22836-22844.

WU Liu, XIN Junjie, WANG Yonggang, et al. Hollow
ZSM-5 encapsulated with single Ga-atoms for the catalytic
fast pyrolysis of biomass waste[J]. Journal of Energy Chem-
istry, 2023, 84: 363-373.

DING Shipeng, CHEN H A, MEKASUWANDUMRONG
O, et al. High-temperature flame spray pyrolysis induced
stabilization of Pt single-atom catalysts[J]. Applied Catalysis
B: Environmental, 2021, 281: 119471.

MOLINO A, CHIANESE S, MUSMARRA D. Biomass
gasification technology: The state of the art overview[J].
Journal of Energy Chemistry, 2016, 25(1): 10-25.
CHENWH, LINBJ, HUANGMY, etal. Thermochemi-
cal conversion of microalgal biomass into biofuels: A
review[J]. Bioresource Technology, 2015, 184: 314-327.
YANG Yanyu, ZHOU Tao, CHENG Minggian, et al.
Recent advances in organic waste pyrolysis and gasification
in a CO, environment to value-added products[J]. Journal of
Environmental Management, 2024, 356: 120666.
rFA, /NI AP BTSRRI (D). B
&, 2020(2): 36-37+40.

GAO Jianan, FANG Xiaoli. Principle and equipment of
biomass gasification[J]. Boiler Manufacturing, 2020(2) :
36—-37+40.

MGHARBEL M, HALAWY L, MILANE A, et al. Pyrol-
ysis of pharmaceuticals as a novel means of disposal and
material recovery from waste for a circular economy([J]. Jour-
nal of Analytical and Applied Pyrolysis, 2023, 172:
106014.

YE Lian, ZHANG lJianliang, XU Runsheng, et al. Gasifi-
cation of organic solid waste for syngas: Physicochemical
and conversion mechanism investigation[J]. International
Journal of Hydrogen Energy, 2024, 49: 384-397.
MEI Changnan, CHENG Mingqian, XIE Ming, et al.
Recent advances in thermochemical conversion technology
for anaerobic digestate from food waste[J]. Bioresource Tech-
nology, 2024, 413: 131527.

YUAN Rui, SHEN Yafei. Catalytic pyrolysis of biomass-


https://doi.org/10.1016/j.rser.2022.112815
https://doi.org/10.1016/j.heliyon.2024.e37105
https://doi.org/10.1016/j.cej.2024.152880
https://doi.org/10.1016/j.cej.2024.152880
https://doi.org/10.1016/j.biortech.2022.127799
https://doi.org/10.1016/j.biortech.2022.127799
https://doi.org/10.1016/j.biortech.2022.127799
https://doi.org/10.3969/j.issn.1673-5854.2020.06.011
https://doi.org/10.3969/j.issn.1673-5854.2020.06.011
https://doi.org/10.1016/j.enconman.2021.115042
https://doi.org/10.1016/j.energy.2018.05.158
https://doi.org/10.1016/j.energy.2021.120659
https://doi.org/10.1016/j.cjche.2024.07.027
https://doi.org/10.1016/j.cjche.2024.07.027
https://doi.org/10.1039/D1GC04537G
https://doi.org/10.1039/D1GC04537G
https://doi.org/10.1016/j.apenergy.2019.01.031
https://doi.org/10.1155/2024/5558323
https://doi.org/10.1155/2024/5558323
https://doi.org/10.1038/nchem.1095
https://doi.org/10.1021/jacs.3c09338
https://doi.org/10.1016/j.jechem.2023.06.006
https://doi.org/10.1016/j.jechem.2023.06.006
https://doi.org/10.1016/j.jechem.2023.06.006
https://doi.org/10.1016/j.apcatb.2020.119471
https://doi.org/10.1016/j.apcatb.2020.119471
https://doi.org/10.1016/j.apcatb.2020.119471
https://doi.org/10.1016/j.apcatb.2020.119471
https://doi.org/10.1016/j.jechem.2015.11.005
https://doi.org/10.1016/j.biortech.2014.11.050
https://doi.org/10.1016/j.jenvman.2024.120666
https://doi.org/10.1016/j.jenvman.2024.120666
https://doi.org/10.1016/j.jaap.2023.106014
https://doi.org/10.1016/j.jaap.2023.106014
https://doi.org/10.1016/j.biortech.2024.131527
https://doi.org/10.1016/j.biortech.2024.131527
https://doi.org/10.1016/j.biortech.2024.131527

122 (LR N T T

F39EF 3 M

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

plastic wastes in the presence of MgO and MgCO; for hydro-
carbon-rich oils production[J]. Bioresource Technology,
2019, 293: 122076.

2R, Wt BRI, %5 K,CO, AL HRARFT S H
B A R P BRI AL RREAR (1] fe RO AR S
25, 2024, 40(1): 41-48.
TANG Yichen, PAN Yidan, CHENG Qianwang, et al.
Catalytic pyrolysis of cotton stalk by K,CO; and its potas-
sium-containing semi-coke products used for catalytic degra-
dation of tar[J]. Chemical Reaction Engineering and Technol-
ogy, 2024, 40(1): 41-48.

SONG Qiang, ZHAO Hongyu, JIA Jinwei, et al. Pyroly-
sis of municipal solid waste with iron-based additives: A

study on the kinetic, product distribution and catalytic mech-

anisms[J]. Journal of Cleaner Production, 2020, 258:
120682.
CHAI Yue, GAO Ningbo, WANG Meihong, et al. H,

production from co-pyrolysis/gasification of waste plastics
and biomass under novel catalyst Ni-CaO-C[J]. Chemical
Engineering Journal, 2020, 382: 122947.

LI Chao, ZHANG Chenting, ZHANG Lijun,

Catalytic pyrolysis of tire waste: Impacts of biochar catalyst

et al.

on product evolution[J]. Waste Management, 2020, 116:
9-21.
LI Chao, ZHANG Chenting, GHOLIZADEH M,

Different reaction behaviours of light or heavy density

et al.

polyethylene during the pyrolysis with biochar as the
catalyst[J]. Journal of Hazardous Materials, 2020, 399:
123075.

MARTINEZ NARRO G, PRASERTCHAROENSUK P,
DIAZ SILVARREY L S, et al. Chemical recycling of mixed
plastic waste via catalytic pyrolysis[J]. Journal of Environ-
mental Chemical Engineering, 2022, 10(5): 108494.
QIAN Kezhen, TIAN Wenmin, YIN Lijie, et al. Aromatic
production from high-density polyethylene over zinc
promoted HZSM-5[J]. Applied Catalysis B: Environmen-
tal, 2023, 339: 123159.

LI Xiaohua, FU Haowen, SHAO Shanshan, et al. Synthe-
sis of hierarchical HZSM-5 utilizing natural cellulose as
templates for promoted production of aromatic hydrocarbons
in the catalytic pyrolysis of biomass[J]. Fuel Processing Tech-
nology, 2023, 248: 107815.

F5, ST AEYRCEREORUITT IR 0], £
ik T R, 2017, 51(2): 48-56.

WANG Xiao, GAO Ningbo. Review of reforming technol-
ogy of biomass gasification[J]. Biomass Chemical Engineer-
ing, 2017, 51(2): 48-56.

LUO Guanqun, RESENDE F L P. In-situ and ex-situ
upgrading of pyrolysis vapors from beetle-killed trees[J].
Fuel, 2016, 166: 367-375.

WANG Shaoqing, WAN Zhen, HAN Yu, et al. A review

on lignin waste valorization by catalytic pyrolysis: Cata-

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

lyst, reaction system, and industrial symbiosis mode[J].

Journal of Environmental Chemical Engineering, 2023,
11(1): 109113.

R, AWE, B, & GHLEE RS AR
HEE [7]. BARAL T, 2024, 44(9): 55-58+63.
HUANG Jiajun, SHI Mingyan, XIONG Zuhong,
Research progress in hydrogen production from solid organic

2024, 44(9) :

et al.

wastes[J]. Modern Chemical Industry,
55-58+63.

ISLAM M W. A review of dolomite catalyst for biomass gasi-
fication tar removal[J]. Fuel, 2020, 267: 117095.

LUO Cong, ZHENG Ying, XU Yongqing, et al. Wet
mixing combustion synthesis of CaO-based sorbents for high
temperature cyclic CO, capture[J]. Chemical Engineering
Journal, 2015, 267: 111-116.

e, Ul PG, 4F L E R AL R AR A
P R Y BT S B (0], AR Bufe s DR, 2021,
55(6): 39-48.

LI Yang, LI Kai, ZHANG Zhenxi,

progress on catalytic pyrolysis of biomass with alkaline earth

et al. Research

metal oxide-based catalysts[J]. Biomass Chemical Engineer-
ing, 2021, 55(6): 39-48.

ELBABA I F, WILLIAMS P T. High yield hydrogen from
the pyrolysis-catalytic gasification of waste tyres with a
nickel/dolomite catalyst[J]. Fuel, 2013, 106: 528-536.
NABGAN W, NABGAN B, TUAN ABDULLAHT A, et
al. Hydrogen and value-added liquid fuel generation from
pyrolysis-catalytic steam reforming conditions of microplas-
tics waste dissolved in phenol over bifunctional Ni-Pt
supported on Ti-Al nanocatalysts[J].
2022, 400: 35—48.

DENG lJin, MENG Lingshuai, MA Duo, et al. High H,

selective performance of Ni-Fe-Ca/H-Al catalysts for steam

Catalysis Today,

reforming of biomass and plastic[J]. Journal of Energy Chem-
istry, 2023, 80: 215-227.

MISKOLCZI N, GAO N, QUAN C. Pyrolysis-gasification
of biomass and municipal plastic waste using transition metal
modified catalyst to investigate the effect of contaminants[J].
Journal of the Energy Institute, 2023, 108: 101233.

LYU Hongwei, GUO Wenxin, CHEN Min, et al. Ratio-
nal construction of thermally stable single atom catalysts:
From atomic structure to practical applications[J]. Chinese
Journal of Catalysis, 2022, 43(1): 71-91.

YANG Xiaofeng, WANG Aiqin, QIAO Botao, et al.
Single-atom catalysts: A new frontier in heterogeneous catal-
ysis[J]. Accounts of Chemical Research, 2013, 46(8) :
1740-1748.

WIE, FAM, TKBUE, S5 LY BT R & A A
BURUL 2 5 B BFFT dERE 3], L T3, 2021, 40(6) :
3151-3162.
ZENG Yuan, et al.

WANG Yunpu, ZHANG Shumei,

Research progress in preparation of liquid fuels and chemi-


https://doi.org/10.1016/j.biortech.2019.122076
https://doi.org/10.1016/j.jclepro.2020.120682
https://doi.org/10.1016/j.cej.2019.122947
https://doi.org/10.1016/j.cej.2019.122947
https://doi.org/10.1016/j.wasman.2020.07.045
https://doi.org/10.1016/j.jhazmat.2020.123075
https://doi.org/10.1016/j.jece.2022.108494
https://doi.org/10.1016/j.jece.2022.108494
https://doi.org/10.1016/j.jece.2022.108494
https://doi.org/10.1016/j.apcatb.2023.123159
https://doi.org/10.1016/j.apcatb.2023.123159
https://doi.org/10.1016/j.apcatb.2023.123159
https://doi.org/10.1016/j.apcatb.2023.123159
https://doi.org/10.1016/j.fuproc.2023.107815
https://doi.org/10.1016/j.fuproc.2023.107815
https://doi.org/10.1016/j.fuproc.2023.107815
https://doi.org/10.3969/j.issn.1673-5854.2017.02.009
https://doi.org/10.3969/j.issn.1673-5854.2017.02.009
https://doi.org/10.3969/j.issn.1673-5854.2017.02.009
https://doi.org/10.3969/j.issn.1673-5854.2017.02.009
https://doi.org/10.3969/j.issn.1673-5854.2017.02.009
https://doi.org/10.1016/j.fuel.2015.10.126
https://doi.org/10.1016/j.jece.2022.109113
https://doi.org/10.1016/j.fuel.2020.117095
https://doi.org/10.1016/j.cej.2015.01.005
https://doi.org/10.1016/j.cej.2015.01.005
https://doi.org/10.3969/j.issn.1673-5854.2021.06.005
https://doi.org/10.3969/j.issn.1673-5854.2021.06.005
https://doi.org/10.3969/j.issn.1673-5854.2021.06.005
https://doi.org/10.3969/j.issn.1673-5854.2021.06.005
https://doi.org/10.1016/j.fuel.2012.12.067
https://doi.org/10.1016/j.jechem.2023.02.001
https://doi.org/10.1016/j.jechem.2023.02.001
https://doi.org/10.1016/j.jechem.2023.02.001
https://doi.org/10.1016/j.joei.2023.101233
https://doi.org/10.1016/S1872-2067(21)63888-3
https://doi.org/10.1016/S1872-2067(21)63888-3
https://doi.org/10.1021/ar300361m

7§

LI B i AL AR 5 2

- 123 -

[51]

[52]

[53]

[54]

cals by microwave pyrolysis of biomass[J]. Chemical Indus-
try and Engineering Progress, 2021, 40(6): 3151-3162.
SUN Tanglei, LEI Tingzhou, LI Zaifeng, et al. Effects of
reaction temperature and molecular sieve catalyst on the
distribution of pyrolysis products of biomass components[J].
Industrial Crops and Products, 2023, 191: 116012.

YU Jie, LIU Sheng, CARDOSO A, et al. Catalytic pyroly-
sis of rubbers and vulcanized rubbers using modified zeolites
and mesoporous catalysts with Zn and Cu[J]. Energy,
2019, 188: 116117.

LIU Huan, LIU Huili, HU Jianhang, et al. Comprehen-
sive study of alkali lignin pyrolysis catalyzed by composite
metal-modified molecular sieves for the preparation of hydro-
carbon liquid fuels[J]. Journal of Analytical and Applied
Pyrolysis, 2024, 181: 106608.

GUO Haonan, WU Shubiao, TIAN Yingjie, et al. Appli-
cation of machine learning methods for the prediction of

organic solid waste treatment and recycling processes: A

[55]

[56]

[57]

review[J]. Bioresource Technology, 2021, 319: 124114.
SKFBL, P, SRS, SR HLERSE AR A HLIE R 2 ok
Ab R BT BERE (7], BEVRBRBE AR, 2023, 37(1):
184-193.

ZHANG Zihang, XU Dan, HU Yanjun, et al. Application
progress of machine learning in the whole chain disposal of
organic solid waste[J]. Energy Environmental Protection,
2023, 37(1): 184-193.

MA Sicong, LIU Zhipan. Machine learning for atomic simu-
lation and activity prediction in heterogeneous catalysis:
Current status and future[J]. ACS Catalysis, 2020,
10(22): 13213-13226.

EEE, R SR HLIE AR FE B IRAL R TR [M].
Jent: el 2021

WANG Pan, REN Lianhai. Typical organic solid waste
Chemical

resource utilization technology[M]. Beijing:

Industry Press, 2021.


https://doi.org/10.1016/j.indcrop.2022.116012
https://doi.org/10.1016/j.energy.2019.116117
https://doi.org/10.1016/j.jaap.2024.106608
https://doi.org/10.1016/j.jaap.2024.106608
https://doi.org/10.1016/j.biortech.2020.124114
https://doi.org/10.1021/acscatal.0c03472

	0 引　　言
	1 有机固废热解气化及作用机理
	1.1 热解气化简介
	1.2 热解气化的影响因素

	2 热解气化过程中催化剂种类与作用机理
	2.1 碳酸盐/金属氧化物催化剂
	2.2 金属催化剂
	2.3 单原子催化剂
	2.4 生物炭催化剂
	2.5 分子筛催化剂
	2.6 机器学习助力催化剂的运用

	3 挑战与展望
	4 结　　论
	参考文献

