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Abstract: The extensive production and utilization of plastics globally have resulted in waste plastic

pollution becoming a significant environmental concern. To advance sustainable development, it is
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crucial to enhance the recycling and reuse of these materials. Chemical upcycling strategies, particularly
photocatalytic and electrocatalytic reforming technologies, offer promising solutions due to their low
energy consumption, environmental compatibility, and capability to selectively convert waste plastics
into high-value products. These technologies are viewed as essential for achieving a sustainable future
for plastic waste management. However, the large-scale implementation of photocatalytic and
electrocatalytic reforming still faces several challenges, including low catalytic efficiency, limited
product selectivity, and complex separation and purification processes. This review provides an
overview of recent advancements in the photocatalytic and electrocatalytic reforming of waste plastics,
emphasizing the reaction mechanisms involved, the structure-performance relationships of catalysts,
and the synergistic effects of coupled reactions. It also examines how different reforming systems
influence reaction efficiency and product selectivity. Recent studies suggest that waste plastics can be
directly degraded into microplastics and nanoplastics or converted into fuels such as hydrogen (H,) and
carbon monoxide (CO), as well as high-value chemicals, like formate and acetate via photocatalytic
reforming. Electrocatalytic reforming further enables the selective conversion of plastics into C, and C,.
chemicals through tuning the applied voltage or incorporating additional reactions. Key evaluation
metrics, including economic viability, reaction efficiency, scalability, product selectivity, product yield,
developmental potential, and environmental impact, are compared. This assessment helps determine the
practical applicability of these upcycling processes. Despite significant progress, challenges such as low
reaction efficiency and limited selectivity persist in current photocatalytic and electrocatalytic systems.
To address these issues, future research directions are proposed, focusing on achieving highly efficient
catalysis under milder conditions, enhancing product selectivity in plastic reforming, and elucidating the
underlying reaction mechanisms. Additionally, strategies for coupling photocatalytic and
electrocatalytic technologies with CO, reduction and biomass conversion are suggested to improve the
yield of high-value products. Broadening these efforts to encompass CO, reduction, N, fixation, metal
recovery, and organic synthesis is expected to enhance the efficient conversion and upcycling of waste
plastics, thereby advancing the development of a circular chemical economy.

Keywords: Waste plastics; Chemical upgrading and recycling; Photocatalysis; Electrocatalysis;

High-value chemicals; Circular chemical engineering

0 51 7T

SRR T2 N AT B R AT, Y
B, 1248 | SR & R R A T = 4 IR 4 RD
P SRR, 25 AT AR T R T 14 2 1 A
FEFIG . TSR EA R kA T
Ff =i 2 DR e SR 05, T AR 4 AN [R] B0  FH 37 =
SRk 1 N T ) A S B T o i o7 2 S
PR R RFLLI R, R B BT 5
Gk PEGETE, ERIEEE A 1950 419 200 7 t
WUTEZ 2015 4R 19 3.8 12 t, Tt F] 2050 4K 8 i
542 M. T ERHH & e A iR 2
THIF, o Z2 B Skl i e i JE A ek o, 3R E
C At SRR A R B A P A 2
F14) RS 2 R A T KT B 8 e, AT X ) o

e SRR E— 20 10 . SR, PR 5 S RLHT R 1 2R
Bi5 Y RS IR RE R A H 2 D

TR B A ezt v, HAE AR /T
/DT EREEA e g . TR R, Bk
il TG, AR R PHOC IR A= ke XA A
FHTE, 208 53 itk B3/ N TGS R 00) 7y 8 AR, X
PL#E R IR 2258 . T 28 L ( Microplastics ) J& 48 H 1%
/NT 5 mm B SRR R IORE, 5 W B PR Y
HEEJE . REAR AP YY), dEmx AR R G
N R A e U

SR it 0 T R A JR RN AE B R X A
G 1) EE SR IR R, B R SR iRk Ab B K 3
FAFEFE G I EE R AE . SR, FEFE RS
HEPFANAMAE. R 2R REA T
AE SR I fRE, IR 46% /2



42 g I

A

F39EF 3 M

AL RS | IRAS I SR P 7 SR U 52 7 i
RPN 20, SEARAS B M 3 1T 01 B R 48 5 2% A
38 DL AE e ol Iy AR B ST AR R, [RLIRE 5
SR} DA 3 B BB B IR i S R 2
BT BRI AL B vk, Ho, k2ot
% 1] 7 ( Chemical upcycling) 5 W&, 18 3o 4 1k 5 38
HIE N TR e JoT B 1) EAAA T BT B T4 Ry 3
(B, 36 B SCBE YRR I R 5V T,
ZEN T HARFA T ) 2 e g n
W R R 43R 2 K2, B 25 Ak 2 T 9 mllie (Cn
P IEAL . TR AR S ) R AR R 25 T
LA S e Ak A LA AR SE ), A& 1 iR . S50
BN A A T TSR L, SR 2R A A T 2% T
WL A 5 0 A DR R 22 % AR AR ) D34, TRI R 7 4
BEREERIG BT F R fk T2 R b T 30
(I BIFSE B B, B S50 AT TN 7 ) e 9 P 2 2 LT
I 1) Foe Kb K

ER ALY
1 EFBRHLSEFREL

Fig.1 Major routes for chemical upgrading and

transforming of waste plasticsm

ARSCERR T IDRHEA A TR T T Y 3R
WFFE IR, H ORI A0 2 A A 27 T I i B 45 5
HEAL B BRI L AL TR AT T R, IR RS HE R
TRRINEMP BT, fia B4 T IR 2RO/
HEAE T2 [l g v s AR SO i 1 JR 2

1 RENEE

VT AFk, S 1k # %% (Photocatalytic reforming)
PRI AT I TR BHOGRE, FEGA AR A A /R T S 30 &
R ROk R, BARRERE . PR ACHF . nIHRpaL
SN, WA B 08 B A T e AR,
SR FH G A A i 8 B AR T R A o8 % e ey

THRL . GRS, B e e A B S BT R LA
AR08 H, S Hofb/ Nyl i
A B AL R FL AL TR L, DB AL TR R T
i WNETR A, BAT B R i 2 Dl ATk B,
JCAE AL AR ARAT B IR TR Sk S R
AUEEAL AN THE, G T & S 4R it B 2 S04

TEIRRE S BRI A A2 a1 G HE AL 72
JCREAL ™ A DA 25 AT AR A A SR s (L
A7 i, G BT AHDIEAE 250 O, 3 H,0 b
T RH)— 26 F] by 5, R REAR S i B, el
BRORL B SRR A Ao il RS R /N oy 1A LR
CO, F H,O". P4, Yok v 1 AT OB AEAL I
Sl A% = MR L, F KR IO SRS (K 2) o
S AL TR AR AL ST S T 2% el Wi 7 1w e
B P % L P AT, (EHC A AT e D't e A 2k
FAK . B2 | o) B Al R A e A A

{@9
MR

2 g0
-F A
0N i

HO
HO~-OH \-OH

B o o)
3—@40

2 pEuERBdrRER"

Fig.2 Schematic illustration of photocatalytic reforming

process of waste plastics'"I

L1 EEREANE

JCHEAL BB AL A B — AL FE LT 3 428
B (OoLBCR SR . ORI T, Sufi sk
W ASE T, FEH (VB) il i i i F -3
K BRITF) i (CB), I AL T8 7Ok (20064
BRI E] o B R B B (4Bl N I
B RI; (3) 6/ E HARTE LA 1 &
PSRRI TR R e AR R SR S T
PEAR, T FE 2 TRy [ I B SR AL B A /N AL S



HODERSE BTl AL AR TR A 5 T DR RS 5 43

Yo IR 220 M B R, X S8R B 1 HE
T WA TR 7 ) ) AR AR A i LA AR DR T, R
VEPR AL R T B A AE o Rear s it e
SR AE AL d A R v, SRR AL BT R A A R
%, XA CEAR LR Tz .

H AT, S A o 2 2 o5 9 ) 403k 1) = ZE Pk K
BFFLAT 4 A5 : (DHBETFMEIRNE G ()%
5 B A AL B AT S218 19 30 01 FREE; (3) 5
Ak T AR 3 B H R IR B B W) O - 1 4k A B
(4) R B 09774y vl e il it ) e Ak . R, O
PEA TN (R T X A Ak B R BE PRI 5 fb IR 57 Y R
BOCHE, BLSIPIR  BE PR AL E K,
Al DAR SR AR Tk (1) BB T
o 2O N T 5 AR B B2 I DA A6
AEFIERE o 18 2 AR Ak 79 3% 1A 7 7 A T
R 451, 0 3 e i $02, AT B8 e i 1k
He AR I Y (2) T B AL ) e R
VE R B A AR R o] DA 3G i AL T H p 5 88 o e Ah, 38
AT DA 2 1 45 125 - IR PR AL 8 59 6 AR R
R LA (3) BB A S A R4
PR AR I, R A AR 70 5 R 4 R 4L A0 (A SE A1
ok 4 JE Ay AT E AT, (4B TR, @
oA U T B BE Y 45 K, A 2% 1T ol B 1 A TR Y
H# Y, nTA BRI A R T R, B B
A2,

1.2 St Ame

TEAL G ) fR K &, T AE s -2 X
XTHY TR A, SRR IR TS
e K i SRR, 8 H T A RN AR R A
QT B S (EE = e VA N Thi 5 ) e VA0
IR B SR o SR, SRR AN N T b
PRAAR, W il T ks k. T, Ao R Al
FH R 5 3R 25 7 B AR, 12E 1 4 v o g 7K il
AR X WA K7k A, R AR
B FERAE R L. — L B AR A
WAL RN ALY, 5 — T, G T
FAE AT A8 B A7 5 AR R HL0 il Hyo 33X
R 2 ORE 5 A0 H, A9 BE & 5 BT3B B E) 1981
4F, KAWAI Fl SAKATA 255 ffi ] — S fb 4k fr 4%
FA(PYTIODAE M EAEAL R, LLRE L0 (PVC)
ek 25 7 GE R, 78 500 W RAT RS R, iish se i
T A o A B AR R WA D)0 R AL,
(R I5FB) M (R F 5 Sk 1) AT R A K BH BB [ 43
R SRR A P S B R RE 18T Y Al et o

2018 4F, UEKERT %™V LIk 5% 42 J& CdS/CdO,
TP SO CEARR, SEBLT 7R BR A T
PR SR A &, FRRBOE T YRR 7 (1)
WEE . TR KA, 78 CdS/CdO, & T S /EH
T, A dE R FLMR (PLA) . R (PUR) FIER XK —
H iR & — I (PET) 76 N (1) Z Fh DRHE AT IO
P Hyo X F CdS iE FE R PR (2.4 eV)
418 B REH 7 B (CB: —0.5 V; VB: +1.9 V, A%}
TF— B MW (NHE) ) . 7EX i, e fF ok
WOk TSR A, TG A UK kR AL
AN R . 1R . FLER AN B R %G HLorF.
3 ffi 7n, PLA. PUR Hl PET ;= & i 3 43 5l N
6430, 0.85 F1 3.42 mmoly, -gzl-h o Hivp, EL5E
(1) PET $EAMRZE G A 5538 n DL S A e i =
Kik 6 d, A3 %K 4.13 mmoly, -gilh o 4K
1M, FEFEAT A SN 2 11T, 75 BKs AL e SR
JK YW (10 mol/L NaOH) H #E47 i Ab B, K343 7K
fift A Y BAR . BEAh, Cd BoA E bk, R
ZOLMEARITh Cd BYAATE R 7 HSEBR I .
T oA ) L O A T — R R
Hr HLICHE A B R AL /B 8 L (CNLNLP) YEAiAL
#, I H T PET Fl PLA fOGHEIL TR BFge s
W, S REAL CN, 5 NP () B3 454, al
DA -2 RN E A, ERER TS50
SR TR 1 7 i, DT B8 e A AR TG 1 o #E T
LG BT, CN, P2 AR L P4k 31 CB 4%
R3] Ni,P A L L, i85 H,0 7= &, 1M CN, /Y
VB 7= A (125 DK SR AR Sl CO, A HIL/INGY
To 7E CNNLP HEAE T, S K FH % IR
% 50 h J&, PET A1 PLA YAk 8 il &0 7= R 5
g A (82.5 + 7.3) umol/g,, A1 (178 £ 12) pmol/g,,,
AL B4y 3 (7.8 £ 0.7) moly, /moly; F1(16.8 +
1.1) moly, /moly;s

BLAb, SeAi Al E B AR A AT LI YR A
COBRBL . XU 2P 4R5H8 T — Rl 81 00 YR 4
BB AR, IR Co-Ga,0, 41K A R tfifk
I, R K BH g B AT S E0AE 2 IR R R SRRk A
NS ESE s (A ey S T U oy e o
I AT DA 500K 75 R Y8 RE A 3R 2 95 (PE) %8 A1
4% WM (PP) BURL & F1 PET ¥RHH 1k A CO,
A6 R HL0 il Hyo 78 PE SRS AL bt 7
i, H, I CO B i 2R 53 513K 647.8 umol-g 'h'
#1158.3 umol-g "*h ', T HMLRELFI H,0 #4L J &
R BIEA 2 R K 3 A B R O Tk



$44 - fie W

A

F39EF 3 M

D s
V) # st e

A\
AR

H,(mmol-g . '-h™")

PLA PET PET %%l PUR x
B
(a)

—vw— PET #RHil
3007 aes HUALHLRH) PET MRV I I
—— R A

Hy(mmol-g. ")

3 (a) CdS/CdO, EF = (1 nmol) ZEHEHIKPAFE (4 h,
AM 1.5 G, 100 mW-em ', 25 C) FREXEE
RAWEH,, (b)XELER PET BRYE~ B,
Fig. 3 (a) Photocatalytic reforming of polymers to H,
using CdS/CdO, QDs (1 nmol) under simulated solar light

(4 h, AM 1.5 G, 100 mW-cm ', 25 °C). (b) Long-term

photocatalytic reforming of a PET bottle to Hzml

IK o PR Hy RO, DL K 38 BE G B it 55 4kl
CO, 3% 4t *COOH A IE i, CO.
1.3 RECELALFER

P — B e & ik ST R AL, 1 58 R 4k
Sk AL A O s D RE IR T AE B
o AR LA HE, e b R —Fh Rl

Y RE VS (B A A, EL 7 3 A B9 S 0 2 1F R AT

[ i % 2 9 ) v Ak 27 B B0 ] ) 38 [AIR T R ARE

i 2 R AT R R FE AR, YRR E AL L AL BB USRS

TEHB T 240 () Ak 2, SEER = ) i B BE
ZHANG 27 i 46 7 — Pl s 2 Bl b 10 B B

T R R A ) B AL 4% (d-NiPS/CdS ) YA AL 571,
FE IS T SR TR . EEIRAT,
JE3E PET BRI AT PLA ¥R AR 1 G A Ak 8
MRS AE MR IR 100 he ZERRMEA BT rh, 0 % 42
N 9 h i, PLA (546 7™ 9 R £ 1R 15 FN T T i
fig, 1 PET W46 400 R IRER . LR FN 2, —
fRlE . Ot E RSB SICR EEIHY)F
d-NiPS; 40K X Az B F--25 743 25 1 4 0 1
FHRIG A k700 2 1T R B S 1) PR S o7 s B R AR
o R R AR SR R N o SR IR 5T T A A i RO G
AN T DL B S AL 1] i A 27 5 8 ] e
FEBEAE T T L i

Bl A Ak R B A SR AL h = I (ELAL
ai o — PR TS SR o SR, 77 A 5 2%
IR B A R T — & Pk hl . A
U, ey S SRS R 1] ffk e A b2 A T e BRI
LR T 24 i SR b 2 T D i BF 5 A 2
— . JTAO %P HE T — Rl i b S C—C
VT 2L R o0 I 3 SRR B R AR C, fh2
BT, DL Nb,Os G AEALF, PE. PP I
PVC #OG AR M Ji . CH,COOH HY 7= i 44 i 2%
B, RALLLAMNETREZE R R, PE 6L K
i CH;COOH & —Wib (i i i A o X — i
W KGE L O, F1-OH X C—C #E A A 240, LR
fif 1 B o3 F I AR CO, R, Bl J5 223 C—C
B RN B8 JE S CH,COOH™,  [Rlfi Z hRic S 46
(H,"0) &5 - B7x, CO, i & 5 AU IR T
H,O, R IE T 0,0 X A& A Nb,Os #1759 45 ¢
¥ H,0 S ALk -OH, 1 54 (W LK O, 1B J7
Oy o ZMFTE A BERLFL Ak A fh 2 i (0 DA Ak
R HLEEREE T — 2% ik C—C Wi
T AR, 76 A SR IREE A T SE B R 57 B R} 1) i
PR G AL F RO b i, BRI RNl
) — AN FEIR AR . SR, H 9RLL R CO, 7T g
S FEKEMIRESEH . tLAk, B2 R it
T2 1T 2 IR ) e e T 9 118 R AR S iy TR

STACHE 25 3 i ie f Ak WA i 1 A B 3¢
IR 7 (PS) T I SC I £ Ay 2 H G 7= i ( 32 2
KR . AT, FeCly & /EH R A
Mo, FERAEY 6 LIRRE — BT
AT . R AHET, &5 it PS(>90
kg/mol) B [ i 2= <1 kg/mol, F£4= Bl K =ik 23%
AR =Y . WFoeas LM, S A hEMRA
JR TR E T B A L A

2
{48



HODERSE BTl AL AR TR A 5 T DR RS 5 45

1.4 StERENAThEER R

TR C—H #EE 1T Dy Re AL AL B, T A 2
7 B0 M T i, LA A A RE 45 7 T B0 I BT,
LEWIS 4552 8 7 — Fh 7 35 0 4 148 F % PS 19
C—H U7 IR Ak Ab #E LA Bl o P 3 AR o 2
H Sk, E 4 Bt . A A Ru(bpy);Cl,
A P AR SR | ORI R R I S R TR
BN A BN E B PR SRUE 3 F 3t . PS B SRAL B
O T K Pl AR, R BRI . C—H
FRIE AL T 7 1Y e 1 A O RAIG, IO fE C—H
ot FEA I — 0K I 5 50 R A R TR A L R T 7E
R o SR, AR A UCBOR o A 4 o 7 Bk —
HIRE

O O
ok
F;C)J\O)J\CFJ Ru(bpy):Cl, UZ} #
= ] T» ['CF;]
,O:N\
TR SR 2% AT AL

4 EHAREREAEMEERESDLES™
Fig. 4 Electrophilic radical functionalization of various

. . 32]
aromatic polymer chemicals™

15 SENEERAREMNA

UTAF R, i T H B R AR BRI 2 m] i 45
SRR TR HERR o BRI, GX 4B R Ak T R A S
K WEFEE B, AESEPRAT S | P AR e L AR
SEPEZ T Al AT PRSI A A SRR s ] .

T, LEE 255 JF %% T —Fh LA Z 4L PYTIO, KI5 5E
Jie A R R R AL 77 sh e Ak &, 1%F
3 J S0 M I 2 ) A AR AR T A RIS o Vs T
K H PUTIO, IR B A M R T- 7, XF
PET #EAT R AL B S0 . 452 R, i fiE
A6 & FE SR AR v W P AT DR A e e AR e e,
SR 5% 3.45 mmol-h 'm . XS T T
PER-KEE 9K E A MR V7 S F- 5 BB
A E 5 1 o5 A% i, A2 AR A0 B, o R 1) 4R
UANIIETE = 3= P A il

2 RN A AR BTt — 20 2 i i R
14 J52 0 % FE M . REISNER 140 Y ]
Sl 2= HOR A S T ¥R R HEH CO, ib i, H
RIS, —FhEE 54 Bl CO, i JFUAAL 70 1 B b1
B, 14T NIk . Cug,Ing A 4 F1H 12 £ I A it
IS SR FOLARAE T, 43 31 CO, AL CO. &
B AN R ER; CuyPdys YA AL R FHAR A4 R, HE
TEBRE A W P DB PET e e EME RS ALy 2R
2 R 2R G P 5 I i XU R WAL 7 ) 1 FE A
M, AR L Bl R G A A AR 10~100 £
I PR H A K BH B BIR 3h A ' FR R AL R R Sk
BB T —Fh AT T R ik, 1 A4S
T AR TE S Ak A R} AR 11— BRI oY A
AR, Stk B R HORTE IR 7 SRMIE 2R T 90R]
J5 AT A B kR g, ARATh T I A A Ak
AR AR AT RN L 281 22 A BR AR

F1 FRERBLFTRER S ELERL

Table 1 Photocatalytic conversion of plastics with different catalysts

HEALH SBEL I HePEME% FaE 27 30k
O P PE. PVC 300 W RAT G IR T -
o T AM 1.5 GEEEH 100 (35]
T CEERLAM 1.5 G BERREL A
i, . 8 DEHEA)E , HFEAL3H4.4% + 0.6%
CN,Ni,P PET PR (100 mW-cm™) S 100 JeiE , R + [24]
MoS./CdS 300 W AT Y IEFA L o SUHEIAMI, B4 FR AT R] 530200 h
o> PLA AM 1.5 G 386 o 100 Ja . Hy=RABR I 154.62 mmol-g "+h' [36]
24 DERRJF, CH KL HRS
C/g-C;Ny/H b\ &R T = PLA %HMELEDs 100 SR Hiﬁﬁﬁﬁﬁ [37]
(7.24 £ 0.40) mmol-g
2ok . .
NI LA LR A PS KR 97 JIR48 hIE = H N 72% [38]
(365~370 nm, 20 W)
FRBI B AL 2 T R DR o 38 3 it TR 5
2 EBELEE

AT F- A= FRE 9K 3 Y FE A £k T %8 (Electroca-
talytic reforming ) J&—Ff S 9 57 28R} (B A6 A1)

Az A BB NE AR L R SR N, DT S 308 )
(AL (1B 5(a)) ™ —J7 i, o 0 57 Rk
C—C SHWT 58 T2 B8 A A B, i ) FH ARG L Ao



$ 46 - g I

A

F39EF 3 M

g, BRI T4 SR B A SRR, LR H AR RE
FEBBR™ . 5 —Jr i, A R S B
BEFEMEME R BOR T AL R,
U B TV v P B ) SO B R A, X L R
B 3 B REATAE S 4 O AR, A A I H AR 1)
HURPRE VA B%5 € N M il I e =9 W D P 7
S FECA AR PR T R
PR B Pt P i ol e 0 B R M AR
PEATTOUAL B, 384 95 SERL B0 A AR 1R, DT 96 56 e £ 79
SHURHE AR B o SRR FAL 8155 AN O B3
RO I PR SR e, T EL ™ A R R Tl %
JK, & T PRI ) [RS8 i A B SCAR PRI AR R
BR i 1 P 5 S e ri A B R OR B RLREA L BT

SO0UgdS

PEFE IR
PET HDPE LDPE PLA PS PVC Hiih
W K B AL
[y IIcY X1 e e .
. eV pa—
o WE o TR R AR
ZEE TR OETER AR
@
e
/T I 3) 7ML <
<0 ' @P
AL Ore A-AJ sRBHRE
RE it
a‘%gﬁmﬁ I —~

§200 7 ook
55 A sk R AR P A S i
/“
o

K BRI
(b)

5 () BEMERERFEMTER, (b) EXBEENE
By 2 Rz R BN AL T i T SR M

Fig. 5 (a) A schematic illustration of the electrocatalytic

reforming of plastic waste. (b) Reaction types and catalyst

design strategies for electrocatalytic conversion of plastics

2.1 FENELE

FL R A S I R Ak 2 14 i L R I, A0 4
SN 0 TR I R e R P, 45
b AR AEAL TR SR I ARAT B T2 S5 RO,
[Fa) A 5 v A PR 22 T AR EL AR FH i B e W B 1 e
AP, B BT AL AL 1 g

WA, S v ] 7 A0 2 o0 AR e T 1) B T 2 RN Bl g
SN e R R e E T

H i, 76 SR 3R 0 i A A i h, 4 K
ZH RN AR RN o 33X 46 2 B EE E
P RN (P T AR 5 1 A ) AR 1 L
H I S IO (W B 7= 2 2B A e e B ) ™l T
7R SR F A L A Ak NV B 224 43 F ) B O
A, PRI A £ 50 2 200 B 0% 2 7 9 45 R[] o ] 7= 4
FE A~ 41 43 BN T R I, A i AR BLAE R
JRBT A2 (P 5(b) )t 17,
22 HBEAELAS C TR

C, b2 AL4E CO. CO,. CH,. H % (CH,0H)
DL R (HCOOH), 7 RE VR 1 A = A (B Ak 2 i
W R EE EEAE YRR & R AR
AT LSS ISR R IR A W P A 3R, DTS I 57 9
BHEAL R A AL 2E 5 o SR, SRR IR A A
SO YRR, OF 7 A KR, LS T
Hbw =Wy A 305 s AL

DUAN %5 " % 1] 4k 5% 4 J& 4 8 W 1L &
(CoNiy,sP/NF) VB A XL RE L A AL, 52 BT K 57
PET %8R} F+ 2 Fi-as , FE AL % {1 % 55 PET %)
Sk v BRI A 6 2R U H R (PTA) . - H g 4
(KDF) fil H, k8L, W&l 6 frs, iR 35 PET
BB g T2 F 284345 3 20: (1) PET 78 KOH
LR K A PTA FZ —BE(EG) BA4A; (2)PET
IR 1) £ AR AR & A SR AR R, T PR
Wr%d C—C A Bl R B, [R) i 7K 7 B AR G I
AR Hy; (3) 1] HLRRVR PN A R, ol 0845 31 = 2
JFE R R R, B — 2D W 4 4 AR B
FREF (KDF) o 21 2% I i b 3 8 B I i v, 300
mA-cm ~ Fl 500 mA-cm ~ fH & HL i % K, EG
W A B R 1147 0 ) J2: 3.6 mmol-cm C-h Al
5.1 mmol-cm >h'', B Hr 55 ROR 43 5 29 K 94% F
80%. i LI % T i, FR R A A AN AR K
R R, B AT BT 4 R W (OER) 1Y &
Ao 1 kg 1 PET R Hfifb i Ak n] 7= E 389.2 ¢
FHAR N 818.5 g PTA. [A]if, AF9E A BLpEAl T X —
IR LB ATE, AGTHFH IR 1t PET %0k} b7
W B IR Z1h 350 2T, Foor R T AR DL
27 T G 1l AT 5 s 3% o BERL 17 3] 0 T o AR,
ol R AR 2 0 B BRI i AL R AR (B €,
P e SRR IRIR 2 . IR, AR IE SR R
rn P AR v, ST AT RS R IR 2 0 B O,



i
4
=

AR
FH e Fti

T/ A B R S S R 47 -

o} FEGEHUAR I
(<20%)
n

(a)
l SR TAE:
KOH Hfififi mzﬁﬁkb)
) H) U RAR/(S/t PET)

—_

[ EE

~ 30 B BT
< 1
g 1 B B
& 100 B %
2 [ S
& [ EONIW 1)
X
= 300
&
§ KDF

Ve : : ] -

0 1 000 2 000 3000 4000

Wi 25/($/t PET)
(c)

B 6 (a) fRH) PET EUIREL, (b) FRAE{L PET F &%
UAZRMH, BB (BEED, (o ERFABREE T
B2 1 TR ARZFHH(TEA)™
Fig. 6 (a) Conventional routes for PET recycling.

(b) Electrocatalytic PET upcycling to chemicals and H,
fuel (Route I). (¢) Techno-economic analysis (TEA) of

Route I using different current densities™”

2.3 HEEAFELHS C. R

HL b 2 S A R — b R R SE HLA 1 S T,
AW IR S SR LR AE A A RS Ak 2
SR, B ET AL 2 A AR R A LA
C—CHEWT 24 ) W R (3h) 4 =, 2 TF B (8 4
ik A T 2B &k Mk A e E G
YAN 255 o Mg 5 W R - A U3 A
AwNi(OH), Hh [ AL, 50 Ak T 5 I 4 78 8 AL 7
18T A % O I B AN AL AT R, ST Tk g K H
VLT (5300 mA-cm ) H A 2 — Bk P
b 48 Ak il £ L R AN 2 B TR ( 3k R M A 1)k 3
77% 1 91%), [FIEHRG K & Bkl
SEURZE LB, RN LA 0.85 V vs. RHE # K
% 1.05 V vs. RHE B, H i fb S8 o g s, 21
M2l EZ Y R — P K E 175V vs.
RHE B, HhE AR TR, BRI EZ ), X
A] 85 NiOOH 7¥ /= L {37 (£ 1.4 V vs. RHE) ¥
Z ol CH ) EA R A . o T REE R
TR T BRI R, 12 VE & AR G
I3 A Fl (R TEG AR 150 em®) 520 T KL R
Huh, & ZEEE R A AL A AR (77 & 56.9
mmol-h ', ¥& % £ 65%) Fl £ iR (/7 & 36.8

mmol-h ™, BEFEVE 94%) , [7] ik BRI 7 H,(H il
2 A AR XIS B 7 SR 3 0 R 120.9 mmol+h !
F177.0 mmol-h ™), P HLFEST 50 3.1 (KW-h)/m’
H, F13.2 (kW-h)/m’ Hy, &% 3% T F iR sk
fil KIS AE(4.2 (KW h)/m Hy) . K T i —
TE B2 A 1 S B o, FH 8 1, 24 3 40 3 DA H
R PET $RH A S50k}, 3 i 7K fif T 250 =4k
AR H RN 20 R, R P G R R M B e R
M. R A LR . £ FERR, TR BAR
75 Hyo I%MFFE A SERL RN A W S35 R B DR Ak Ry
B PHMERY Co 7= i AR AL T —FloBr 81 00 ik . R,
o AL B O R R RBAE . PR, ZEARER R
T SEBLHE FRS MR C—C W R R E— D E
KAGPRAL

LIU 25 ) PA-Ni(OH), Ay B A AL 7], B3 #%
EG HL AL 2 R, BV e Tl 2 v i %
(600 mA-cm °, I ¥ F AR S AR AL 1.15 V)
T, 5 18 L P AR I L A 2 2 0 o L A, 4
T TS AL ERE . XML FRILE T
P A AR N B PE (>85%) , WA iR Ha i 1B AT R
200 h, 5354 2% OER AH L, 801 H 7 vk vh 14
Pd-Ni(OH), #£ EG %&b i 87w H 2 RE AR
SRR TG SR I L R . BRT A R AR,
*OH T5PEY I 1) 25 R 2 S b i R 1 i e e 2
B, H Pd-Ni(OH), L FIEHE T 2B ARHL A T
[E] =My 1) £ RRAVEEAL . ISR TAESEEL T 1R85
fRHLA T PET ¥RMIT AW (2 ) 0] £ BRIV =
VERE MR, R N AR BEAS . A = 2
() Cy. 7= IR A HA 2R S, SR, H AT
F AR L A B AR AN B T %o S0 7= i ) B s A 2
IR Ak, ME LSBT 37 SR G B A
2.4 HEWAEE CO,TERMUELN C, =M

W IE SRR A YL S co, i it
FERE G LA C, S AR 2E 5, S —Fh o =
SRRL TG RTISCR G, I B B S R s A EA
2 A PR . CHEN 260 S — o i fi Ak
FHK Ak PET J& 57 90k 5 B CO, 38 552 1o #
AT 7 B I B R (FA) P2 1 3w (181 7)
ZHE LR A AL PET JR 5 BRI R s HA LU HE
A DR AL B AR B T FE IR R AT
IR AL T M AR PET R 3 98 kL (2) #&
CO, IR J 2 J W, A %L fin 7 s F 4 PET JE 5790
hh & B R 7 W 0 AR (3) AH X K AR R,
PET /K fift =4 b i) BG 48 A0 S 0 EL AT 5 AT 1) ) 4



48 g I

A

F39EF 3 M

FI2E BN S RN RAE, 5 CO, i I 5 W #l 4 A]
PLAT B R IK N IR R B RE AR . F 5T B L
NiCo,0,/CFP 4 FH#% #4 ¥}, Sn&SnO,/CC 4 [ b4
B, AR R R . B 2RISR R B, 1
A PET ZK =4 0 BN 2R v, 32 9 LA Ak 3R
FEI AT A S I R R 8 1 A A A L O 4
PR AR, N A R CR 1.90 VI, 28K H
T 1) 2 IO A 2R 3% B LR A 8 R v S AR 2 155%
(B 80%, M 75%) o F1I H 1% F A AL FE A 3 W
AL HEGEVE AT G ISR 2 5509 PET #8081
H AT ASEE R 2= A4k CO, Mo iRfbib ik, KB
B W N B AN (E . B A 5, R % A AR
A R AE I 1 W PET J& 37 38R0 n] LAA i 2 557
FICMIZ TR RS, BN 3w I AL A

PET
KA

o, g

p & R ,
é/ HCOOH W7, ¢
v 6 A
7k

5 > ', N ._‘

b Epre—

B
=1

[— 7 PET
0.1 mol/L PET

w
=1
T
—
%)
=3

(HNiC0,0,][(-)SnO,

Jj/(mA-cm?)
I~
S
>®©
<
A FEpp/%

(=]
T
N
(=]

0 ; Y . . 0
12 14 16 18 20 16 1.7 1.8 1.9 2.0 2.1
A LR/ V HE/V

(b) (c)

7 (a) BENEE PET EEREE CO, BIEHEE~H
=¥ REE, (b) NiCo,0,Sn0, AHEIRENLIERES
BMAKREHE PET KE=WHRPRI LSV HE, (0 ER
FIRMEESEHT, MERERPABRRE”RR>
YR SR E
Fig. 7 (a) Electrocatalytic reforming of waste PET
coupled with CO, electrochemical reduction for co-
production of formic acid. (b) LSV curves of the
NiCo,0,/|SnO, two-electrode electrolytic system in
solutions with and without PET hydrolysis products.
(c¢) Faradaic efficiencies of formic acid production at the
anode and cathode in the two-electrode system under

. 41
different reactor pressures[ !

25 BENBEEMELREUFELA C,. &
B w & CH Y IR 57 SORE 5% A D v A (B Y
Cou ™ dilr, ANASURT LAY A X8 A7 3001 55 Ji A= B 05 1) 98

FE, T ELK s e AR S I T, SE B
TR A PG AR, I B Jy ik 0 | kb A E bR s
B, KIM P ST & T — 3 250 1 o B g
9K 3l i A PR fE L AR A R G, UL PET i 98
REE R L IR, SEEL T C—H i A A D RE AL
C=0 5 1Y i J5 B Ak Fl C=C %2 i A X AR & .
B, Zr: a-Fe,0; JEFHM AT &L PET H 25 B L 7,
I o iR 2 AR Y I AR S R BB
WA 57 L 1 DA 3 D SR AR, DA 3R 3l 45 b
AHLA BN o 1ZGH-BER G R R e 8 T AR Fy
SvE ALY . LA R B N Y
1o A B A A, FE R 1 AR JE A 8 (TON) 43 51 4
362 000, 144 000 F1 1 300, X35 T4F i G135 11
TR Ao B A 45 &, 382 R PET 1%
FEVERE Ay L A 1 17T 9K 20 A S 7, R
T H TSR FHRE BNk B B AL N FH TS T o
2.6 MEMEERBEBNAREMNA

204 117 R4 T PR SR AT B B 5 L R
LA v R AR BH A LS T S B L R R, RS
Fren b hr s o . SHI 2557 $ T — o 3 ) ey
Ak TR W, 3 AT A0 T ) YL TR A R T L
B2¥s PET W 57 MR AL Bk R & o 2 ik 7 7
R b AR 7= T R B T O S 0 AT P, TE
0.7 V vs. RHE( AT ¥ S FL A ) FELA T, LU %% B 1y
5 400 mA-cm o BEAh, %R Gk F L e vk B
(95%) A F HE LB AR (93%) o 1% 5K W JG T X 98
RHEA ORI B, HA A2 5 fER BT AR

O SEAL R AT A A A S5 0 i A Ak T 2 TR
— AR A A ) ik, (H B R4 R 28
WAL IR T ook 4k &9, 1R D IR A3 (A 1
2, MAMEMAEGY . T 5T, DUAN
IR R T —Fh LA A SR N, E A A
T, e R AL AL 1 PET ¥RMT A B EG M1
A= W) AT A 1 22 T8 B G Ak R TR B, T & 8 BT
/No EG-to-H BERE R v, #2300 sl B A h, 618
W 100 mA-cm BT, 200 12 h B9, $45
T 537.7 umol-cm >h" A F kR 7 FR A 4.29% 11
PLEE AR, 5 LA HRE 1Y B R A i BB AH H
HABERMEH . HLIEEHr &0, NH; %R E
B A H B SER R EE T EG Hh C—C
(RT3, 300 C—N A (0 A8 2, e 27 A R o
HEAb, IZ s il LAY ) PET SRDIAYFE 1L, LU
RORAE P B B . X T AEIERA T S8 Y mT
FHG K w, AT BEXT B K Ak A ) LA AN T 2 14 (E Ak 2



B T/ P8 (B SR S $49-
b T P e ) (HER) ST K AR B e
e . CHEN P A 52 11 iy i 1k, 756 0 55 PET 903 K1 48
b AN Vo i AWK AN, M Pd-CuCo,0, 54 i A
N SRR TR, T DS MR MK I 7 PET 7 6
. i1 2 W FR(GA) . 25 B2 0: (1) PET-fif 2 1y
2 . o EG A P 5 5% V£ U W44 35 T P 0 1L P
% o Pd A d A L0 ARSI T GA W%, AT B 1k
22 ¢ :éﬁ 1AL (2) CuCo,0, XF OH f14 i 1% i} B3 ] i€ 2
ENE A EG LA AL 2, U g & 2 i i s Ay

(b)
E 8 (a) PET BHHAEMRITES TEEENELAS
BYMBARETEE, b)EL/ANH, FET, EGE L
FEWESE, (o) ERERRES
Fig. 8 (a) Schematic of electrocatalytic conversion of PET
plastic- or biomass-derived polyols to oxygenates and
formamide. (b) Products distribution of EG oxidation with

or without NH;. (c¢) Faraday efﬁciency[53'

il R AR 7 RS

AIHTAT FEAE BEUR (IR BHBE . KUBESS ) 9K B Y
R AR, BRI R K A A R R ok S B
BRAZTT IR AR Hoh, BRI AR NG
3 MR 7K BT IR A BEAE A ¢ (i) 2 U2 —,
{FURG FUAR LA R T 7K B8 v She i) A7) K 16 2 1R
IR i) i By 2 A DAL ke, e AR B A )

R HEF CU, T BT 1R S ko 330 TAE ] 6E>

AR U VE RS UR A PET R B b AR 72 S S R (.
GA UL LS . ZHAO ML 41 SR I L R
Bl A EEL A AL R W, K PET T 40 5% Ak o0 5 B i
FA Jf W [F il Hyo 8% P 5% PET H KOH ¥ it J5 B
FEFRALL CuO 9K L R BHAR A 209%PY/C iy 1
%) B 2737 3 B 2% (PV-EFR) , 3 H 7 TG AR
(PV) B HEATIK SN . 1% PV-EFR RS 1ER AM
1.5 G KFHYE(100 mW-em®) T, 2E 7= H iR f A<
R SUCR A 2R 67% 1 90%, H ELA )
120 h K %4 5& 7 ( Solar-To-Chemical (STC), K FH
RE-fL2FRE R AL 0) o BLAh, XA GRS T
32.6% 11K FH Al 5 e Ak 24 BB AR o X R AR 3K
S 11 FL A AL SR W, 3 A T2 IR 5 SRR
PR FH AT A B U A 7 v A0 A b 2 R

SAALRE 22, ISR 55 ) 2 i B A BT T, eI T — 0 YR T 1. 4 2 B4 T i
F2 AEMEAFTTH PET 2R BEELEL
Table 2 Electrocatalytic conversion of plastics with different catalysts
i1/ z

il A N e R st -

(V vs. RHE) SCHik
) ZHERA TE1.7 Vvs. RHEHLE T, 8021739 h, B ERIFA N
CoNij,sP 1.70 91 e >80 N 48]
XA TR 350 mA-cm
AUNICOLL s o6 FLIR | 77 ol FELA VIR T oL b lisLie, 2 RGN G, 4axf il "
. Hom ot zmm T 65 Ay HTOA. SWIRR. Sabbiliiiar A )
PANI(OH)/NF 7 HELLEATS0 W, TE12 VIIETR, WG EREENZ1100

-NI(OH), LIS 8o 22 mAem L EA>200 b K R 01

Pd/Ni 0.70 93 TR AR 95 it ARAEIA G, VORI b L T L 97 % [52]

NiCo,0, 1.55 90 H R >90  CYHMERIET2.0 VI, FEJIREIRFFES5% /AT [56]
Pd-CuCo,0, 0.90 90 LB 93 fE1.6 AR T I R2EBFTAE100 h [54]

c FERR R EE T, RS EREEL24mA-cm*, MY
Cu0 1.50 90 HiiR 90 TAEI20 nYIHK T, FIHH, %M 14.7 pmol-min ', FIML  [55)
FAJ"%:46.50 pmol-min_'
Ni/CoP 1.30 96 R 9 T RRE212 h U HAEAS R R FFEAR RN [57]
HAlb WO, 2.0 43 P Pt fre 61 TEELLIBATI2 WG, PR I AR TR A PR R A [53]




$ 30 g I

A

F39EF 3 M

P BRIy ) — LERE TS RE S . T LUE S
LR ST YRR e S PR R AL e i BRI B9
A7 o I AR SR K S BT T 1] o BT 9 R
T/ AR A T R A A T [ 552 P o T ) T2 [
Wi P45 22N RRAE A AR SEAE 23T o
AT
0 02 04 06 08 1.0
it T

2

AT

S
e

L
JE 1

SefR T
ol g
=

TRA

— R

L shbng

LG R FefHEA
B9 MmmEEFREANFAREKITRES
FEITMHERHE XS
Fig. 9 Correlation analysis between upcycling processes
and main evaluation characteristics towards practical

application“”

3 RE5ERE

ARICEE QLS T IOt/ A L B B HORTE
1 F SRR IS AL R 75 T A BIF S R, 4 Y aE
P22 T+ G IS W I 5 SRR A A N (LA T
7= i CAN SR @B RI 22 i ), D ik B €75 e )
RS G IAAL TRBE T — A B HoR iR 42
SR, 3K L8R 1 LR A TR BB, B
(1 i S A D — M ELAT AT RE R (4 0F T AN EEAR A 5
F AT, /e A T B RO 2 B S RO | &8
DE AT YRR R e R PSR T A PR . AR IEFF
FLRL T DS S 4 A7F S B AR R AE LT L
AT T o

(1) 5 B0 S 3 R ) 5 IO 4% 174 R0 B ey ) T 3
AR, G R R e T P SR O 2R AT
POAL B, AT FR R o 7 R AL i
, FERLARR SN (i B F T S B e Ak SR TR,
IR AR S IS B IR TR U B A ™ F) S

(2) $2 i SR R e B . v SR e AL

F o A B IO/ A B AR 22 B T AT A O
S, R BIR AR AR P R O R AR RGO R o XL
AR BT FIXE S BEXF H AR, ATAS &
LI T BB, 2T AT WG R | mide Rk
HEAL TR B BETH AR 25, I T2 20 BRI N L 3 (L
A37) Xt SR TG A AR = s B R R R, DLARAS
RIiETT 5

(3) I W SR ) E AR A S I HL A o TR AW 28
BHE B A HLEEX T et ML R RS T
B JEU B A R LT AR IR O S HOR
T RGN Fp 8] Py A0 A My e A AL
5750 28 TR P9 R R R TR o R, T 2 PO A 50 26 T
TSN R PSS AT o A B B T Al B4
SR R BT AL, S SE R B AR

(4) 7 R0 SR BB RN . 2R A RO
(1 BIR FRIAE P, A M) T 48 i e A ™ i F) 2B AR
a7, e A T R SR (PR S ) ALK 38 i
il Hy. CO, i B A=W SRR AL 55 BN S RE A 7, D't
HEAL TR S A E | &) R, AHLE A

223k ( References ) :

[1]  JEHANNO C, ALTY J W, ROOSEN M, et al. Critical
advances and future opportunities in upcycling commodity
polymers[J]. Nature, 2022, 603(7903): 803—814.

2] MACLEOD M, ARP HP H, TEKMAN M B, et al. The
global threat from plastic pollution[J]. Science, 2021,
373(6550): 61-65.

[3] STUBBINS A, LAWK L, MUNOZ S E, et al. Plastics in
the Earth system[J]. Science, 2021, 373(6550): 51-55.

[4] KIENDREBEOGO M, KARIMI ESTAHBANATI M R,
KHOSRAVANIPOUR MOSTAFAZADEH A, et al. Treat-
ment of microplastics in water by anodic oxidation: A case
study for polystyrene[J]. Environmental Pollution, 2021,
269: 116168.

[5] GEYER R, JAMBECK J R, LAW K L. Production, use,
and fate of all plastics ever made[J]. Science Advances,
2017, 3(7): el170078.

[6] COZARA, ECHEVARRIAF, GONZALEZ GORDILLO J
I, et al. Plastic debris in the open ocean[J]. Proceedings of
the National Academy of Sciences of the United States of
America, 2014, 111(28): 10239-10244.

[71 T, Sob, B, % ATk SR LBk
R B FG A 2 e O W 5T ERE [J/OL). BRI R, 2024
1-23[2024-11-20]. https://doi.org/10.13227/j.hjkx.202406192.
DING Ziheng, CAO Chong, CHEN Lei, et al. Research
process on the removal characteristics and rcological response
of constructed wetlands to microplastics/nanoplastics[J/OL].
Environmental Science, 2024: 1-23[2024-11-20]. https:/


https://doi.org/10.1126/science.abg5433
https://doi.org/10.1126/science.abb0354
https://doi.org/10.1016/j.envpol.2020.116168
https://doi.org/10.13227/j.hjkx.202406192
https://doi.org/10.13227/j.hjkx.202406192

—He e 2
H . uj;:;

H Tt/ A A A R Y 5 R SO 5 51

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

doi.org/10.13227/1.hjkx.202406192.

KIM S, KONG D, ZHENG Xiaolin, et al. Upcycling plas-
tic wastes into value-added products via electrocatalysis and
photoelectrocatalysis[J].
2024, 91: 522-541.
SAJWAN D, SHARMA A, SHARMA M, et al. Upcy-

cling of plastic waste using photo-, electro-, and photoelec-

Journal of Energy Chemistry,

trocatalytic approaches: A way toward circular economy[J].
ACS Catalysis, 2024, 14(7): 4865-4926.
BHATTACHARIJEE S, LINLEY S, REISNER E. Solar
reforming as an emerging technology for circular chemical
industries[J]. Nature Reviews Chemistry, 2024, 8(2) :
87-105.

NGUYEN T K A, TRAN PHU T, DAIYAN R, et al.
From plastic waste to green hydrogen and valuable chemicals
using sunlight and water[J]. Angewandte Chemie Interna-
tional Edition, 2024, 63(32): €202401746.

KARIMI ESTAHBANATI D M R, KONG D XY, ALI
ESLAMI D, et al. Current developments in the chemical
upcycling of waste plastics
sources[J]. ChemSusChem, 2021, 14(19): 4152—4166.
ZHANG Yi, QI Mingyu, TANG Zirong, et al. Photore-

dox-catalyzed plastic waste conversion: Nonselective degra-

using alternative energy

dation versus selective synthesis[J]. ACS Catalysis, 2023,
13(6): 3575-3590.

TOFA T S, KUNJALIK L, PAUL S, et al. Visible light
photocatalytic degradation of microplastic residues with zinc
oxide nanorods[J]. Environmental
2019, 17(3): 1341-1346.

XIE Mingzheng, FU Xuedong, JING Liqgiang, et al. Long-

Chemistry  Letters,

lived, visible-light-excited charge carriers of TiO,/BiVO,
nanocomposites and their unexpected photoactivity for water
splitting[J]. Advanced Energy Materials, 2014, 4(5) :
1300995.

JING Liqiang, ZHOU Wei, TIAN Guohui, et al. Surface
tuning for oxide-based nanomaterials as efficient photocata-
lysts[J]. Chemical Society Reviews, 2013, 42(24): 9509.

YUE Shuai, WANG Pengfei, YU Bingnan, et al. From
plastic waste to treasure: Selective upcycling through
catalytic
2023, 13(41): 2302008.

XIONG Lungiao,

technologies[J]. Advanced Energy Materials,
TANG Junwang. Strategies and chal-
lenges on selectivity of photocatalytic oxidation of organic
substances[J]. Advanced Energy Materials, 2021, 11(8):
2003216.

ZHANG Dongpeng, WANG Pengfei, WANG Junhui, et
al. Tailoring of electronic and surface structures boosts exci-
ton-triggering photocatalysis for singlet oxygen generation[J].
Proceedings of the National Academy of Sciences of the
United States of America, 2021, 118(48): e2114729118.
WANG Yuying, LIU Yancen, SUN Hongwei, et al. Type

I photodynamic therapy by organic-inorganic hybrid materi-

(21]

(22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

als: From strategies to applications[J]. Coordination Chem-
istry Reviews, 2019, 395: 46-62.

ZHU Shasha, WANG Dunwei. Photocatalysis: Basic prin-
ciples, diverse forms of implementations and emerging
scientific opportunities[J]. Advanced Energy Materials,
2017, 7(23): 1700841.

KAWAI T, SAKATA T. Photocatalytic hydrogen produc-
tion from water by the decomposition of poly-vinylchloride,
protein, algae, dead insects, and excrement[J]. Chemistry
Letters, 1981, 10(1): 81-84.

UEKERT T, KUEHNEL M F, WAKERLEY D W, et al.
Plastic waste as a feedstock for solar-driven H, generation[J].
Energy & Environmental Science, 2018, 11( 10)
2853—-2857.

UEKERT T, KASAP H, REISNER E. Photoreforming of
nonrecyclable plastic waste over a carbon nitride/nickel phos-
phide catalyst[J]. Journal of the American Chemical Soci-
ety, 2019, 141(38): 15201-15210.

XU Jiaqi, JIAO Xingchen, ZHENG Kai, et al. Plastics-to-
syngas photocatalysed by Co-Ga,0; nanosheets[J]. National
Science Review, 2022, 9(9): nwac011.

WANG Changlong, HAN Honggui, WU Yufeng, et al.
Nanocatalyzed upcycling of the plastic wastes for a circular
economy/[J]. 2022,
458: 214422.

ZHANG Shuai, LI Haobo, WANG Lei, et al. Boosted

Coordination Chemistry Reviews,

photoreforming of plastic waste via defect-rich NiPS;
nanosheets[J]. Journal of the American Chemical Society,
2023, 145(11): 6410-6419.

JIAO Xingchen, ZHENG Kai,

Photocatalytic conversion of waste plastics into C, fuels under

CHEN Qingxia, et al.

simulated natural environment conditions[J].
Edition, 2020,

Angewandte

Chemie International 59 36)
15497-15501.

SU Kaiyi, LIU Huifang, ZHANG Chaofeng, et al. Photo-
catalytic conversion of waste plastics to low carbon number
organic products[J]. Chinese Journal of Catalysis, 2022,
43(3): 589-594.

OH S, STACHE E E. Chemical upcycling of commercial
polystyrene via catalyst-controlled photooxidation[J]. Journal
of the American Chemical Society, 2022, 144( 13) :
5745-5749.

WILLIAMSON J B, LEWIS S E, JOHNSON R R, et al.
C—H functionalization of commodity polymers[J]. Ange-
wandte Chemie International Edition, 2019, 58( 26) :
8654-8668.

LEWIS S E, WILHELMY B E, LEIBFARTH F A. Upcy-
cling aromatic polymers through C—H fluoroalkylation[J].
Chemical Science, 2019, 10(25): 6270-6277.
LEEWH, LEECW, CHA GD, etal. Floatable photocat-
alytic hydrogel nanocomposites for large-scale solar hydro-

gen production[J]. Nature Nanotechnology, 2023, 18(7):


https://doi.org/10.13227/j.hjkx.202406192
https://doi.org/10.1038/s41570-023-00567-x
https://doi.org/10.1002/anie.202401746
https://doi.org/10.1002/anie.202401746
https://doi.org/10.1002/anie.202401746
https://doi.org/10.1002/cssc.202100874
https://doi.org/10.1007/s10311-019-00859-z
https://doi.org/10.1002/aenm.201300995
https://doi.org/10.1002/aenm.202302008
https://doi.org/10.1002/aenm.202003216
https://doi.org/10.1002/aenm.201700841
https://doi.org/10.1021/jacs.9b06872
https://doi.org/10.1021/jacs.9b06872
https://doi.org/10.1021/jacs.9b06872
https://doi.org/10.1002/anie.201915766
https://doi.org/10.1002/anie.201915766
https://doi.org/10.1002/anie.201810970
https://doi.org/10.1002/anie.201810970
https://doi.org/10.1039/C9SC01425J

- 52- (LR N T T

F39EF 3 M

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

754-762.

BHATTACHARIJEE S, RAHAMAN M, ANDREI V, et
al. Photoelectrochemical CO,-to-fuel conversion with simul-
taneous plastic reforming[J]. Nature Synthesis, 2023,
2(2): 182-192.

TOE CY, TSOUNIS C, ZHANG lJiajun, et al. Advancing
photoreforming of organics: Highlights on photocatalyst and
system designs for selective oxidation reactions[J]. Energy &
Environmental Science, 2021, 14(3): 1140-1175.

DU Mengmeng, ZHANG Yu, KANG Sailei, et al. Trash
to treasure: Photoreforming of plastic waste into commodity
chemicals and hydrogen over MoS,-tipped CdS nanorods[J].
ACS Catalysis, 2022, 12(20): 12823-12832.

YE P J, CHEN Yiping, GAO P C, et al. Sustainable
conversion of microplastics to methane with ultrahigh selec-
tivity by a biotic-abiotic hybrid photocatalytic system[J].
Angewandte Chemie International Edition, 2022, 61(52):
€202213244.

XU Shuoyu, LIU Shuxin, Song Wangze, et al. Metal-free
upcycling of plastic waste: photo-induced oxidative degrada-
tion of polystyrene in air[J]. Green Chemistry, 2024, 26:
1363—-1369.

CHO J, KIM B, KWON T, et al. Electrocatalytic upcy-
cling of plastic waste[J]. Green Chemistry, 2023, 25(21):
8444-8458.

FAGNANI D E, KIM D, CAMARERO S I, et al. Using
waste poly( vinyl chloride) to synthesize chloroarenes by
plasticizer-mediated electro( de) chlorination[J]. Nature Che-
mistry, 2023, 15(2): 222-229.

CHEN Dexin, DING Yunxuan, CAO Xing, et al. Highly
efficient biomass upgrading by a Ni-Cu electrocatalyst featur-
ing passivation of water oxidation activity[J]. Angewandte
Chemie-International Edition, 2023, 62: ¢202309478.

HE Meng, LI Rui, CHENG Chuangi, et al. Microenviron-
ment regulation breaks the Faradaic efficiency-current density
trade-off for electrocatalytic deuteration using D,0O[J]. Nature
Communications, 2024, 15: 5231.

TANG D C, ZHENG DY, JARONIEC P M, et al. Elec-
trocatalytic refinery for sustainable production of fuels and
chemicals[J]. Angewandte Chemie International Edition,
2021, 60(36): 19572-19590.

ANAND R, NISSIMAGOUDAR A S, UMER M, et al.
Late transition metal doped MXenes showing superb bifunc-
tional electrocatalytic activities for water splitting via distinc-
tive mechanistic pathways[J]. Advanced Energy Materials,
2021, 11(48): 2102388.

TRAN PHU T, DAIYAN R, TA X M C, et al. From
stochastic self-assembly of nanoparticles to nanostructured
(photo) electrocatalysts for renewable power-to-X applica-
tions via scalable flame synthesis[J]. Advanced Functional
Materials, 2022, 32(13): 2110020.

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

LING Tao, JARONIEC M, QIAO Shizhang. Recent
progress in engineering the atomic and electronic structure of
electrocatalysts via cation exchange reactions[J]. Advanced
Materials, 2020, 32(46): 2001866.

ZHANG Qiang, YU lJihong, CORMA A. Applications of
zeolites to C, chemistry: Recent advances, challenges, and
opportunities[J]. Advanced Materials, 2020, 32( 44) :
2002927.

ZHOU Hua, REN Yue, LI Zhenhua, et al. Electrocat-
alytic upcycling of polyethylene terephthalate to commodity
chemicals and H, fuel[J]. Nature Communications, 2021,
12: 4679.

YAN Yifan, ZHOU Hua, XU Simin, et al. Electrocat-
alytic upcycling of biomass and plastic wastes to biodegrad-
able polymer monomers and hydrogen fuel at high current
densities[J]. Journal of the American Chemical Society,
2023, 145(11): 6144-6155.

LIU Fulai, GAO Xutao, SHI Rui, et al. Concerted and
selective electrooxidation of polyethylene-terephthalate-
derived alcohol to glycolic acid at an industry-level current
density over a Pd-Ni(OH), catalyst[J]. Angewandte Chemie
International Edition, 2023, 62(11): e202300094.

KIM J, JANG J, HILBERATH T, et al. Photoelectrocat-
alytic biosynthesis fuelled by microplastics[J]. Nature Synthe-
sis, 2022, 1(10): 776-786.

SHI Rui, LIU Kesheng, LIU Fulai, et al. Electrocatalytic
reforming of waste plastics into high value-added chemicals
and hydrogen fuel[J]. Chemical Communications, 2021,
57(94): 12595-12598.

SHI Qiujin, TANG W, KONG Kejian, et al. Electrocat-
alytic upgrading of plastic and biomass-derived polyols to
formamide under ambient conditions[J]. Angewandte Chemie
International Edition, 2024, 63(33): €202407580.

LIU Kesheng, GAO Xutao, LIU Chuxuan, et al. Energy-
saving hydrogen production by seawater splitting coupled
with PET plastic upcycling[J]. Advanced Energy Materials,
2024, 14(17): 2304065.

ZHANG Ting, LI Xin, WANG lJianying, et al. Photo-
voltaic-driven electrocatalytic upcycling poly( ethylene tere-
phthalate) plastic waste coupled with hydrogen generation[J].
Journal of Hazardous Materials, 2023, 450: 131054.
WANG lJianying, LI Xin, WANG Maolin, et al. Electro-
catalytic valorization of poly( ethylene terephthalate) plastic
and CO, for simultaneous production of formic acid[J]. ACS
Catalysis, 20, 12(11): 6722-6728.

WANG Ning, LI Xiaofang, HU Mengke, et al. Ordered
macroporous superstructure of bifunctional cobalt phosphide
with heteroatomic modification for paired hydrogen produc-
tion and polyethylene terephthalate plastic recycling[J].
Applied Catalysis B: Environmental, 2022, 316: 121667.


https://doi.org/10.1002/anie.202309478
https://doi.org/10.1002/anie.202309478
https://doi.org/10.1002/anie.202309478
https://doi.org/10.1002/anie.202309478
https://doi.org/10.1038/s41467-024-49544-y
https://doi.org/10.1038/s41467-024-49544-y
https://doi.org/10.1002/anie.202101522
https://doi.org/10.1002/aenm.202102388
https://doi.org/10.1002/adma.202001866
https://doi.org/10.1002/adma.202001866
https://doi.org/10.1002/adma.202002927
https://doi.org/10.1038/s41467-021-25048-x
https://doi.org/10.1002/anie.202407580
https://doi.org/10.1002/anie.202407580
https://doi.org/10.1002/aenm.202304065

	0 引　　言
	1 光催化重整
	1.1 光催化转化机理
	1.2 光催化转化为燃料
	1.3 光催化转化为化学品
	1.4 光催化转化为功能材料
	1.5 光催化重整技术其他应用

	2 电催化重整
	2.1 电催化转化机理
	2.2 电催化转化为C1产品
	2.3 电催化转化为C2+产品
	2.4 电催化耦合CO2还原反应以转化为 C1 产品
	2.5 电催化耦合生物催化反应以转化为 C2+ 产品
	2.6 电催化重整塑料技术其他应用

	3 总结与展望
	参考文献

