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WHAASF R E R DA 1.23 V, PEEIZKZBH AR HEERH: (2) HO0 KEFE & (0°C), 5
FURARIRANAS, B f bR/ PR T TR B AR, S BUK KRB 2 2 IR 1 8 38 B 2 58 4 R K
A TAR Fl G R AL T AR, ST K RBH A28 0 R i AR YERE . 1. #F9C 7 DMSO Xt
FEL A VR FEL AL 2 AR M AR IR ME RE I B2 . S A% DMSO fig 5 HO 1T R Aa e 1) 43 1 [a) A B
(S=0--H-0), #fiE H A FIEHA S, AR SRR ML HO 2 FlREFK . H&riR
BRI A TEEAL R B N 2.61V (vs. Ag/AQCD), A 45IREILT-50°C, —50°C W& FHSE
N 0.52mS em e FETIR A AL MK PR 2 AR AR I TAR R B A 20V CRIRD, iR
FIRFEE-50 °C I, ETIZR A BERAE B B R BB R R EiET, R 44 Fg'l@
025 Ag Ml 23Fg @ 10AQg™" . 2. BFAL T BIE TR H,O 40T IRV RS, s P 25 P2 B B
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T BB FRENT WIS AR A S Ae0E & s . iE—2D 0L Ca(ClO,), % WIS HfFU R, 1)
BT SRAANIEFIOK”  (OSWIS) HLFEWR, BHFL T A NUAFIF AT R IR MR se . 0 CAND
VER—Fh m 3 AR RER, B & ) FEL R B AL AR e % 1O 3.29 V vs. Ag/AQCI, R 451 FE Ik F-50
°C. HEINEM G TEERAER, AN A TREHEAN Ca B PR E 3R Clo, B 1. X
— R EIK Ca®—CIO, "Hlf%E, A %ME| EAm IR L%, MIiseE R miE g, 4
BRXSFRAB R AR M T/ERER DA 2.3 V (). HiRENFIREE-50 °C, %% HEAER R
AL AHA: 14% @ LAg ™ Fl 26% @ 20Ag* . £ 10000 KIERABCEMEH G CRRZ E: 10A
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MAREMRGRFEETHAE, k. FoETER, ER&EIERMET IREA MRS RN,
I T AR B 2 A ) LT R R I N AT PR A8, TR TR M RME R A D BE . FEARR AR TR IS AR
G NSRS B 1 AR S5 R EA T 15 R U T R S 2T BB AR AL R, AR R AL S AT IR AN S BB 1
SR G YORG WY AT VR ST AR ], W5 T BUAB R R T R AL s oM R AL A 7%
BREILB IR AR IS BB TR S — RV RPDRE, X SRR R A 1E R 537 1)
FLIFRFIE o K IR TE T R AR T4 2 it S i S B, BUAS T AR ek, 7o i P R 221K % 0.65
V ULR, BRE AR 240 mW em™, ZEHERE 2 st rP4RIE S 120 mW em™, JEFAMEZERYE 10000 ;5 1E
A E G =S N, el AR R St & BT RO T i G o S A, e
ik 99%. IXELfEAL AL R BT AT R ADRE, B PR AL A s R ) A A B R, T LRI
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Bl 5t B P — i B 2 L O SR . FRATIE XU 70 2t B4R R SI N RIR T, S p-d PUERALH F A7 4y
AT EIASKIRRARAL 2% i1 70 24 L (AR 3 P i (o B LIRS R R 5 S B Bl 7757 ST IR 7RI Y
T - AU AN 2R O R o AR T —Fh B SRR IR = &R R R, RO e
FasE MU e A AL E (ORR A1 OER), L TRRE IR T4 . [2-5] TSR, RE® &
J& IR B F A AR TR AR R M B AL . Uil d UERERALE . d A O LR A1 S S b AR 4 &
SRR o FC 2 < ST AT A AR A < Jee 2 P b B A 1 PR AT T R E TR 5 (R 4 R AR A
PERE (-60C FAE 1 mA cm-2 i 5500 /N o FEAZ BETHFIER AN IHLEE 73 BT 2 1 Bk 22 J 5~ AL R FE e
PRAEAL R R
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CO2 conversion to CO via the reverse water-gas shift (RWGS) reaction is limited by a low CO2 conversion
rate and CO selectivity. Herein, an efficient RWGS catalyst is constructed through Enteromorpha prolifera derived
N-rich mesoporous biochar (EPBC) supported atomic-level Cu-Mo2C clusters (Cu-Mo2C/EPBC). Unlike
traditional activated carbon (AC) supported Cu-Mo2C particles (Cu-Mo2C/AC), the Cu-Mo2C/EPBC not only
presents the better graphitization degree and larger specific surface area, but also can uniformly and firmly
anchors atomic-level Cu-Mo2C clusters due to the existence of pyridine nitrogen. Furthermore, the pyridine N of
Cu-Mo2C/EPBC strengthens an unblocked electron transfer between Mo2C and Cu clusters, as verified by X-ray
absorption spectroscopy. As a result, the synergistic effect between pyridinic N anchoring and the clusters
interaction in Cu-Mo2C/EPBC facilitates an improved CO selectivity of 99.95% at 500 < compared with
traditional Cu-Mo02C/AC (99.60%), as well as about 3-fold CO2 conversion rate. Density functional theory (DFT)
calculations confirm that pyridine N-modified carbon activates the local electronic redistribution at Cu-Mo2C
clusters, which contributes to the decreased energy barrier of the transition state of CO*+O*+2H*, thereby
triggering the transformation of rate-limited step during the redox pathway. This biomass-derived strategy opens
perspective on producing sustainable fuels and building blocks through the RWGS reaction.
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AR SR RE, B TELE R Tl AR AT 5% o

D32 -37
AW PR B T 5 1 VA B FLOA T T LYo R AR I 9T
skE A2, EHY MY, eI Y
et KA SRR AL AL B AR FT B
Hh AR AT TSR 4 TR FE P

R A o foc AT B BT SR DA RE, R T FE M s MO BRI A KM SRR 2
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FRTEHALINE T it AR R S H o B A RS R AR RS G, I AR EAGRORLAE 2R P S BT
OAA R B, BT T BT S IR S5 A B RERR AR . R DN IR 5N RO TR iR R A
AR, T IR AR E A ) SR R S T AR B R T E A B AR A S RE . SRAESS
RRE, PSS EAY R A s R, I B S TS E, AR TS R i
it R BN 12 . VENENES TR RN, FiZ 7 924E 800°C. 1200°C. 1600°CHill{E IR RIZE 0.2C HLR R
T 20-30mAh g AT LU B . AN FT N AR TR AT AR B () R 4 K g e PR RE AR AL SR A TR R
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B ARA R RAE PR —F, 2 A QR FE v ) E LR T AR Ak 22 25 F A B 1Y)
SFES, HFEORT RN —, R TR RN S IMERH . AR —F T AR5 T
IR T POE AR, T 6% s 80m A S L, R T HAE Bk 513 & 8 A 4 KR 1
HAL =T A e B AR ITIE 7 B, REIARS FERIAR R FAHEERY SRR T 26 & AR
FATEWMEL. T ERIEEA SRR K TR, F2E M —. e AEYmEAMRL MR
I v L R S SRR T TR R A SRR . SRR, TERTS MR, B RS TR R A IR AT
AR R R R S A SR AR FE R S B 2 . AR T &R 3, AR T KT SR M
BT 5K, KT 2R 2 AT IR RAT A It bR 11 348 I8 £ (PYFLC) fE A R PE BR VA o R I
5 HER 351 GEHIAL n10=18.77 mV), %Ik Tk 20 wt%Pt/C (n10=16.08 mV), HEH RIFHIfE
PE. PYFLC MIHR S MR RE VR T K2 TR Ao 2 B AT AR (R BRE ok B R 45 4 S Pt 9K R 5 e 2 k2 [
MIsEAH HAEH o AW TN 2R m (EAG R FH 2 s RO B K AT S A R T B AL TR SR
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LS
PN

A5 R PR e 2R P A S IR R P 7 SR SR A% o e A2, FLm] AR AR PR B AR A AR BT L
o RERVENHEY) FHEEE ZIRARE D TR T 4R, URR iR chES, @it C-C/C-O BEALHk
TE R = HEWUIREE R, TR E Tk 60%-65% (FTEAHD, RFmmTLYER (44%) FLF4ER (48%). XHh
i B PR LA L RO B AR RR A R RT IR, T N T 2 LB R R R S SRR R ) 2, AR
AT I H R IL 3 . ASHE 7T B R R ORI AT AR B AT 4 ) S R R AR AR T AL — AL AR R
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WITHHI N, A I B ALY (Cos04) WUKBIFREI S TR T AR R IEZ AL 4EH A L, I
T Cos04/CiF A s Br [FIHEAL A 2, £E 110°CTF AT SEHL — S AL ) 52 2 S AR B T [ A7 25 46 1 Cos04
AL — SRR IR PRI T4 50°C
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AR K

AR T — K B BRmG , F T4 T 5-32 B BB S (HMF) HE 4804k S N7 4387 B Cu-Ce MOF
TR YR T] (CuCeOx/C)o IZMEAL TR I H L 5 AL RE, CuCeOx/C 7E 1.408 V / RHE Ik FLAL T
HLI 25 BE A H) 100 mA em™?, £E 1.5V / RHE % HL A7 T HLIi %5 BE R 25 280 mA em®. #EMME T, HMF [
AL 100%, XTI 2,5-BRI IR (FDCA) HLEFEMEEEI 99.11%, VEHi BN 97.76%. FHLTHE
AEA A= FHPTRE (EIS) 3R, Ce Jk Cu-MOF R i &5 9K AL fIH2E = 7 CuCeOX/C AL FI#E HMF 4
JE_E BT RE, [RIN AR T HMFOR SRR R NifE 22 JE T IRATTM TAE, RH CeCu/MOF 5 i 45 H I AL 71
ECREA HMF #ill % FDCA, AAEE T RESAb ad FE AN A S S A PR T — SR Gt ] R AL (1 T %
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IR AR RS, $R S ARV AT A S R 2 L A R A R 05 s TEIMR G A 5| A T
PRIV o AR TAESEH T DURRGIHT ) = 4EFRIR N FL Ce & MOF #1EL, B 15 BEEUE MBI DLE i 2 2
BERK 2 TR = INER A . R 214 (30 mg CoCe@C 144 7). 2 MPa N,. 15 mL S A . 190 °C F1
5h MNET[E)D, CoCe@C HEMFJL TSI T HFHEEER 5E A, HEREAFITHRIE 87.8% MixFEM
BT MMP. RIEGEREH, &/ Co SRS BIMPEERH ARSI E 2 Z TR -CHO i,
MU B2 MMP. b4, fefEff CoCe@C MEALTIIERE LI A /3 AR AN, I IRTS &
FRER ST AT TR AR 2= i o X T 5 A [ R P AR SR 3 AT AR A 7 i U AR A 25 i B 1
T MEAT I
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B BCEALBRAL E R A REM U RRWRERKT 6 AR
JASEHEL. EfL A
H R BRI k2 B TR BEAR A2 T T T

TG X AN AT R RE AN ES T LI AE AR (HC) S B A S R PR RE I Gk . SeBUL 7 G HEREN)
F SRR R Y R SR RN 02 A1 . SR, FR Tk A TR B T B, D Rtk B PR Y
AR R AL Btk Sems, R 7 A KA BB (La=5.31nm) FIK/ZEEE (deg = 0.389 nm) [
HC. Z58 AT FIEE SR SEIGHR /R T ZNnCly B Ak I 5 L Wr g A0 5 A A 808, DA ) ZnO il Zn 7EAN[H]
TR B A SR 2 R SR A8, AT S BOME S5 M . e HCZ-0.1 B A5 346.9 mAh g™
(AT AR 249.4 mAh g LA AR, DURAE 5 A QT IR SIS FEIERE (114.0 mAhg ™. Ak, TR
/R T HCZ-0.1 KIANE F B HLHI AN Na' sl 772385 i S5 IR . A FU4R4E 7 — Rk Wi s 2ok Bt HC R i
Al at, DS & XiEhEe
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CH/KOARNSBIFENFCEBH B A2 H R REAR R RAT AL AR — R AR
ZID N T
LR AR 1 5 TR B

KRIR RO R T A 2 fUAE N B R S 2% P A . SR, 38 D) 75 Bt H A 203 s (1) A5
RALH I TALRN A o R, FRAT5E A AT IR — S (CH/KO7) SRR (KoCOs) 1E 5 1) — 42
WA T 22 1l 46 22 FLBIK, TG 75 A AT AT 7 200G BI040 22950 (ln NaOHD o B3 LA AH HLE B2 1) e 3 1R
R ZFLEER (BET LWERTHAN 945 mAy), 7R LN 40%. Frifil & 12 FLIKTE LA/g MHBIREE T (6 M
KOH Hifi# i) B 310 Fig L HIZE . BhAlh, FHZ 2 FLERH 3L T PR R 2 R 25 4 78 250 W/kg ) Th 2% 2
NEA 6.39 Whikg [fIRe =% %, BIELE 2500 W/kg D) 225 B2 N A RELRHF 5.69 Whikg. X T TAE 9 MAI
RARE LR HE T — Mgt B EE TSR R, FEHES) T AR 270 A RS UK SEBR B F
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BTN RACRT RN 2 FLBR A 25 R A R R BRI A
HH L IR
A e R AR Cb RN T E e SR S AN P RS BRI S R S
PUER IS B HE O SO A P R R, Il BB A S RGNS B T LR

B, KRR BE B AR 2P BB KA B I 240, 0 ARG AN S R4tis g e e s . Bk, JFks
R ARSI R L BREORAEERE. HAT, SRR ERPUERPIECRE YRR, B E. SR
AR B HEAREE o F PR BB R DA T 8. AR, TC RIS Bl 2 R o 1 R B P e ) SR B e A
BRI SLER S . R REBI AL AR 55 o BRIMOT A i P BE W B A RE S AL B e AR R AR Oy 2
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PVP-Mediated Oxidative Doping of Pitch-Derived Hard Carbon for Sodium-lon Batteries
Qi Wei, Han Hu*
State Key Laboratory of Heavy Oil Processing, Institute of New Energy, College of Chemistry and Chemical
Engineering, China University of Petroleum (East China)

18



T [E R R 2 2025 D32. AW et it bl

As a soft carbon precursor, pitch needs to be pre-oxidized to transform into hard carbon for use in
sodium-ion battery anodes. Although pre-oxidation is a crucial process for producing carbon negative electrodes
from pitch, conventional pre-oxidation only offers limited capacity enhancement, thus presenting a distinct
performance ceiling. It is widely acknowledged that the Na* storage capability of hard carbon is primarily
determined by its pore structure, which makes pore engineering a key objective in material modification. In this
work, polyvinylpyrrolidone (PVP) was used as an additive, and an innovative PVP-mediated oxidative doping
strategy was implemented. This approach achieves trifunctional modulation—pore creation, heteroatom doping,
and interlayer spacing expansion—surpassing the limitations of traditional pre-oxidation. As a result, a porous
pitch-derived hard carbon with tailored structural functionality was successfully fabricated. The optimized 5%
PVP-OP-HC delivers a high reversible charge capacity of 310.3 mAh g! at 0.3 A g! and an initial Coulombic
efficiency (ICE) of 75.43%. Moreover, 5% PVP-OP-HC exhibits exceptional rate capability, with a capacity of
148 mAhg'tat6 A gt
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Preparation of Hard Carbon from Lignin and Starch Co-pyrolysis for Sodium-lon Batteries

Xingyu Liu, Han Hu*
State Key Laboratory of Heavy Oil Processing, Institute of New Energy, College of Chemistry and Chemical
Engineering, China University of Petroleum (East China)

Abstract: Biomass-derived hard carbon is a highly promising anode material for sodium-ion batteries. In this
study, we prepared hard carbon anodes for sodium-ion batteries using starch and lignin as raw materials through a
co-pyrolysis process. Initially, starch and lignin were mixed, and their mass ratio was adjusted to optimize the raw
material composition. Subsequently, the mixture was subjected to pyrolysis under specific temperature and
atmosphere conditions. By controlling parameters such as pyrolysis temperature and duration, the microstructure
and pore characteristics of the hard carbon were precisely regulated. The optimized material exhibited a reversible
capacity of 381.8 mAh g and an initial Coulombic efficiency (ICE) of 82.9%. Additionally, the rate performance

of the material was significantly improved, with a capacity of 98.7 mAh g! at a current density of 0.6 A g™'.
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