Volume 54, Issue 9, September 2026 LL.j
Journal of Fuel Chemistry and Technology
Cite this article as: J Fuel Chem Technol, 2026, 54, 20250393 RESEARCH PAPER

R REITERBREAKRE LS RENERENFIT

BEAAR, mikgt, AR, KEm'2, B F2, RERYZ, BEE
(1. PRBHAE T oK% BB 5% 4 TR B 107 JEFH 110142;
2. B M BERBT IS BT ) 444 B A B TR A 8 AR R A TS IR )4 ) 510640)

JOURNAL OF FUEL CHEMISTRY AND TECHNOLOGY ‘
JJ JRRME 2% e

O AL AIE JE (ORR) AL P H AR | Sl | &5

A T 3 R U AT 44 32 S AR TR L 406 Sy e = S
R, 23 590 LA BR 38 FUUSME S SRR, 3 3 — 25 i v o & T P Was”:{f;aper

FhRIB 2Bk 9K A5 (N-CNTs) . A X SR AT ST hri ik | . L

X LR L BRI K e A2 A T B TR R EELA ‘ Rl
SEPEIR ' ORRAEALYERE . 44K J 4 W1, PR3 A A g K f‘r "gc”; i
(UCNTSs-0.15) 52 BRA RS 19 £ AR A IR 254, HEntk e 50 5 ik v + ™

ik 20%, 3 w5 T XUFUR AT A FE L (DCNTSs-0.15) 1 1%, H ‘ :gﬁﬂf&

Ak 24 @ %, UCNTs-0.15 £ 0.1 mol/L KOH i, fi# i o & Bil . E e TR

R B ORR G P, Ho i 4f ol 4 5 2 3 W 47 43 1) 5k 3
0.94 5 0.74 V (vs. RHE), i FH B 4, HREH B EM
F DCNTs-0.15, DL H: 41 2% 5y -2 S H b R B0 4 80 mW/em? (1 W (B T 2R 4% i Fl 644 mA-h/g( LA Zn 31) B L & i, JF T R E
HE¥F 60 ho MLERWF Y B, PR 2 AE I o A8 IG IR B A NH,, £ 3F Fe,N Az jlg At b 0 /40 55 (18 2% 5 T AU =5 18 Rk
HCN, T3 Fe;C JE 5 MW F b RS . AR R T R ISR i V8 15 Fe AL A A5 BT, 1 T P e
B EE RS PERE AL, R R 4G S (AL 5 v RS A AR R BT R AL T S 5 S Ak 4 -

KRR UG RGN EIB 2 SR IRV ; BEs LI

hE S-S X705; 0643.3 XHERFRIRAD: A

Effect of nitrogen source on the structure and
electrocatalytic performance of waste paper-derived

carbon nanotubes

ZHOU Zhiwei"?, YANG Juntao?, ZHOU Xiaoyue?, ZHANG Wanjia"?, GU Jing'?,
YUAN Haoran'?, YANG Gaixiu'?*

School of Environmental and Safety Engineering, Shenyang University of Chemical Technology,
Shenyang 110142, China;
2Guangdong Provincial Key Laboratory of High-Quality Recycling of End-of-Life New Energy Devices, Guangzhou Institute of
Energy Conversion, Chinese Academy of Sciences, Guangzhou 510640, China
Abstract: Carbon-based oxygen reduction reaction (ORR) catalysts have attracted widespread attention due to their low cost, high
conductivity, tunable structures, and excellent stability. In this work, wastepaper was used as a carbon source, while urea and dicyandiamide
served as nitrogen sources, to successfully prepare two types of nitrogen-doped carbon nanotubes (N-CNTs) through a one-step pyrolysis
method. The physicochemical properties and ORR catalytic performance of the materials were systematically investigated using X-ray
diffraction, Raman spectroscopy, X-ray photoelectron spectroscopy, and electrochemical measurements. Structural characterization revealed

that the urea-derived carbon nanotubes (UCNTs-0.15) possessed a unique wrinkled tubular morphology and exhibited a high pyridinic-N
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content of up to 20%, significantly higher than the 11% observed in the dicyandiamide-derived sample (DCNTs-0.15). Electrochemical tests
demonstrated that UCNTs-0.15 displayed excellent ORR activity in 0.1 mol/L KOH, with an onset potential of 0.94 V and a half-wave
potential of 0.74 V (vs. RHE), an electron-transfer number close to 4, and markedly superior stability compared to DCNTs-0.15. Zinc-air

batteries assembled with UCNTs-0.15 achieved a peak power density of 80 mW/cm?” and a specific capacity of 644 mA-h/g (based on Zn),

and maintained stable cycling for 60 h. Mechanistic studies indicated that urea releases NH; at low temperatures during pyrolysis, promoting

the formation of Fe;N and pyridinic/graphitic N doping, whereas dicyandiamide releases HCN at higher temperatures, leading instead to

Fe;C formation and predominantly pyrrolic-N structures. This work elucidates how the choice of nitrogen source regulates the phase of Fe

catalysts and nitrogen-release behavior, thereby determining the structure and performance of carbon nanotubes. The findings provide

theoretical and experimental insights for the high-value utilization of wastepaper and the sustainable design of electrocatalysts.

Key words: waste paper; carbon nanotubes; N-doping; oxygen reduction reaction; zinc-air battery
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Fig. 1 LSV curves under different nitrogen addition amounts
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Fig. 6 (a) Open-circuit potentials of Zn-air batteries; (b) Rate performance curves; (c) Discharge and power density curves;
(d) Specific capacity tests at 50 mA/cm?; (e) Cycling stability tests assembled with the three materials
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Fig. 7 (a) TG/DTG curves; (b) NH; mass spectra; (¢) HCN mass spectra; (d) FT-IR spectra at different
temperatures of the three materials
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