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Abstract

In recent years, the detection rate of carbamazepine in natural water bodies has gradually increased
due to its high usage, and it has become a new challenge to find a new efficient and clean method to
treat carbamazepine. In this study, the carbamazepine solution flowing through the discharge area
in the form of water film was effectively degraded by using COz and argon as discharge gases in a
coaxial double-dielectric barrier discharge reactor. The effect of different ratio of COz/Ar atmos-
phere plasma discharge on CO: conversion, the effect of different discharge parameters on carbam-
azepine degradation rate, the production of active substances and the degradation mechanism of
carbamazepine were studied. The results showed that when COz/Ar = 1/9 and the total gas flow rate
was 300 mL/min, the COz conversion rate (16.84%) and carbamazepine degradation rate (87.58%)
reached the highest. At the same time, with the decrease of the COz/Ar ratio in the gas, the content of
active substances such as -OH, O3 and Hz0: also increases to a certain extent, which is mainly related
to the promotion of the collision and dissociation of COz during the discharge process, the generation
of reactive oxygen atoms, and the formation of liquid phase active substances through a series of
chemical reactions such as mass transfer. Finally, the degradation intermediates of carbamazepine
were detected by liquid chromatography-mass spectrometry, and the possible degradation path of
carbamazepine was analyzed. This study provides a new idea for the plasma degradation of organic
pollutants in water and the conversion and reuse of CO2.

Keywords

DBD Plasma, CO: Conversion, Carbamazepine, Reactive Species, Wastewater Treatment

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 7
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Figure 1. Schematic diagram of experimental apparatus
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Figure 2. (a) Current-voltage waveform diagram; (b). Lissajous graphics
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Figure 3. Emission spectrum of CO2/Ar DBD discharge
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A5 Y R DG TEASONS 48 B - LD R v 7 AR BOR S R B T A REAT I, AR 3 PR O
i 1 i £k T  th CO,* (337, 351.1, 367.4, 385.2, 404.7, 410.9 nm), Ar (696.5, 706.7, 738.4, 750.4, 751.5,
763.5, 772.4, 826.5 nm) Flif M % i 7 (777.6 nm, 844.6 nm)ZH % [13] [14].

3.2. N[E CO./Ar SiELLBIFIE SEREX CO #LRAIFMN

A8t F SOM €35 SO TBCRL T S (1 CO2 A AR 3 BB AT R, 23 BT CO2/Ar A L A5 AL AR I 5 %
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Figure 4. (a) Effect of different gas ratio on CO2 conversion; (b) Effects of different gas flows on CO2 conversion
4.(a) FRISALLGIRT CO 3 UEEN; (b) ARISARERT CO FILES M

3.3. FRIFMWEZE T CBZ PRI

3.3.1. FFE CO/Ar Siktbfix CBZ FERRERF M

i IR R TT 5, ARFEI COJAr UKL CO, ML RAE —ERIHM. T IHEZE 7 RFK
CO2/Ar S AL CBZ [ MR R . (EVIWIIGIRE R 20 mo/L, RARFAY 300 mL, k&
79300 mL/min, JHLIIZEA 96 W G T, ARSI CBZ M rszmitn &l 5 fx. wJ UK
BE A AEBCR AR T Ar BILLBI SN, CBZ HIFFfRZE 2SI G MAE&S . 4 CO/Ar = 1/9 B, CBZ ¥
23 10 VOB IE AL 5, BN PR N 87.58%. SR 418 4l CO, NI S AR, CBZ MF4ff % &
/N, H 69.32%. IS 2 TS EBINT COp LI T, XA RERFINEEE CO, Fib )i s, 16
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Figure 5. Effect of different CO2/Ar gas ratio on CBZ degradation rate
B 5. &) CO/Ar SitL %S CBZ FEfEZ A #2M0

3.3.2. SREN CBZ MERELSN

TERHT) N 96 W, CO/Ar = 1/9, ¥EEAIMEIREE Sy 20 mg/L, HHAFA 300 mL (1L T, 04T
AR S AR IR BT CBZ P 28 1R 520, &35 B U] 6 Jr o - Bl o5 U ¢4 & A\ 250 mL/min 38 /111 31 900 mL/min,
CBZ [P 2t S 30 S 38 hn s BRI Ea %, I HLFEAR 22 4E 300 mL/min AR5 K, 5 87.58%., X—
55 FIRE A(b) AR E T COo ARG LRIF— 8. SR ECT 300 mL/min i, &S
M 250 mL/min 350 300 mL/min, TEAH AR IIRR AR T, SO AE 1 e HL T REBE T BE 2 1)
CO 7 FIEATREBEAR 25, (RREEE 2 09-OH. Os S5V 7=k, MIfi$e & CBZ MMM . USARE
it 300 mL/min B, —J7 1, BEAESARRE RN, AR R E P R R R AR R, SR T
H1 CO Rl I JUZE AR, CO2 TE B FR X 35 P 73 AN 21 S 5 1) R S FH ST RDHEAT A B9 80 B9 T T O X, 53K
TE AT CBZ AT IR S E PR R 1) & sl o 59— 7T, Bl SRR I3, A vT ge < et vy
AR AEE LK I R RIS BN R, BRI T CBZ ¥ AE B XI5 B 8], ekl TR A
AN CBZ [ ST Ta], I HOK ISR Eib A m e MK = AR BB, s mi i i AssE v, i &
# CBZ [ 2 i P fIK[20] -

3.3.3. BRVBREX CBZ MEEENFI

TETCER IR A 96 W, SARIEA 300 mL/min, COJ/Ar=1/9, ERAR N 300 mL fIEHL R, M4
A (R AU R FE X CBZ MR I, 455N (%] 7 fion. 24 CBZ VEWWIMAW N 20 mg/L I, £it
TR R AE RN S, PR RIA R B, N 87.58%, TMIAEHIUAIRE N 50 mg/L I A%, 70.9%. H!
DU PPl R el g IR Ry, TEARIIBR AT, A KBS PR R, —E R Ry 3 E
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Figure 6. Effect of gas flow on the degradation rate of CBZ
Bl 6. SixREX CBZ FEREAFN
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Figure 7. Effect of initial concentration of solution on the degradation rate of CBZ
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mo/L IS T, 2B ASE BI978E pH (] 1 mol/L NaOH F1 1 mol/L HCI X4 pH #E47#) % CBZ [4
RN, 4R 8 Fir. BEAE VMY pH MK, CBZ MIFFARZR 2O H et @ s AR r a3,
7E pH = 6.8 (IF I pH, ¥ 25t NaOH F1 HCI (18 5) i 5 T BE il - e, N 87.58%; pH =9 Al
pH = 4.5 K2, 7371104 86.52%41 81.4%; TMIEVE pH = 11 I BEAR R & AK, 7 69.76%. HMIBHIENE LT L
ke, EVEWR pH AbT 53R VE AN rh S I R CBZ I MR R e i — 2 . X AT AE S A ONTEBR I 46
NAFT AR 2O A H.02 (1530l [22], I HAEBRTE 254 T 1¥-OH 4840 58 ) ZE LU AE B 2% A
NEERR—LY, WAERRPE A NI, — 5T -OH 2 RN I U SER B8 7 S B AR I A A PR 1) - O 4595 1k
YIJR[23]; WLES — 7T, — B4 CO I T /K, R4 T 2 LL-OH HI K7 COZ [k s\ 171E[24],
ATLAE A 1)-OH B2, PRI AR R -OH & &, MIfiSE CBZ FEMRAEII R . T ¥ pH =
11 1), CBZ MIBFMRTEAR, AIRE2EFNTER M pH R -OH AL RE eSS, F5ariBi T EU[25].

i EIRAEBORSHCN CBZ MR IR, # € | S AL CBZ FEff %A1+, I Himid X (3) % CO/Ar
KR EE B AR AR CBZ (MR B RCREHT T8 . 4 UARE v 300 mL/min B, 7ES4& N4l CO, HI1E
LT, CBZ HIRER AR N 64.725 mg/kW-h; 4514y CO/Ar=1/9 i, CBZ (Rt E AR = 2] T 109.475
mg/kW-h. 45 REH, Ar FIIAA AT LR S CO, LR, b fieftim CBZ MM A EAR
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Figure 8. Effect of initial pH on the degradation rate of CBZ
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3.4. KRS RIS FE TR LB

3.4.1. MEBFED pH B FEHTL

£ COz/Ar /K 55X DBD 45 & T {45 B A% CBZ (i R, (M pH H AT 3 AU BRI 0 AL 2
TR pH FRE S R BEAT I, 0 AT E A ORI R CBZ R pH A1 SR WA L%, 45 R
9 fli7R. £ CBZ A+ BRI AL B R A2 v, VAVRh ) S R RO SRIE I &%y, s
T pH WIZRBLH S BRI N B R SR IR 3, BUR AR EAE 2.8 b o RPN F S AR AR ) JEL R ]
B A2 IR 7E CBZ FAR i 103 A5 7 A 1) i 18 722 4 BA B TR Ay CO2 A ASE Y, 76485 B8 4k F s R b = A 7 CO3
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Figure 9. Change of pH and conductivity of solution during discharge
B 9. M di2d A% pH MBSEHTN

3.4.2. AR YIRHNE

FELL COR/Ar N AT ORI FE H, CO, 70t ™ A R 1 28U SR T2 SR A TR AT R X I N O
ZN CBZ WG AT AR it 1 S FAETE I 2, BIE-OH. Os il Ha02 55, AR SCH8: 73 31 il o Xof %
TR W BT PR AN A L € 0T A B A I R v 7 A - OH L O Al Ho0, 85 Bt AT 5E
iR T KPR . WlE 10(a) s, -OH & B E AP OB R R in o 3L S 38 s b iié s, I
HLEE COAr FLA] (¥ B AR TGN o 10 S 2 J A L £ - OH 55 BN B U5 i mT e A R D B B I R )
FRELHEAT, TEVAR RO 28 PR B T B, AT TR R R R RO TR R - OH AT AR
—J7 AT REAZ 0 2R R A-OH SUSAE R 2-52 5% K R, 7E-OH [M/EH N iEAT 0 f[26], 20
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Figure 10. Determination of active substance content in different gas ratios (a) -OH concentration; (b) Os concentration; (c)
H202 concentration
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Figure 11. Mechanism diagram of CBZ degradation by CO2/Ar water film plasma
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