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Fig. 1. Surface morphology and contact angle changes of BDD films treated for 30 minutes at different thermal oxidation temperat-
ures: (a) Untreated; (b) 500 °C; (c) 600 °C; (d) 700 °C; (e) 800 C; (f) partial magnified image of the 800 °C sample. The insets show

the water contact angles of the corresponding samples.
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Fig. 2. (a) Raman spectra and (b) summary of characteristic parameters of BDD films treated at different thermal oxidation

temperatures for 30 min.
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K3 RALPES ML 700 “C-30 min JFHAEM AT XPS JEiE  (a) C 1s KEAIGAYIU A ; (b) O 1s FEAHIE AT L5 121
Fig. 3. XPS spectra of the sample before treatment and after thermal oxidation at 700 °C for 30 min: (a) Fitted C 1s high-resolu-

tion spectrum; (b) fitted O 1s high-resolution spectrum.
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T8 L 77 2 BE ; 7E 0.1 mol/L Na,SO,+500 mg/L PUBR Z IR H (e) T

\/

1 mmol/L K3Fe(CN)g+1 mol/L KCLIFW 1 CV 14 ) (d
IRHR LB AA () COD B H Ak i 18] ) 25 4k

Fig. 4. (a) CV curves and (b) summary of the corresponding electrochemical parameters of BDD electrodes treated at different
thermal oxidation temperatures for 30 min in 1.0 mol/L KCI solution; (¢) CV curves in a 1 mmol/L K3Fe(CN)g+1 mol/L KCI solu-
tion and (d) surface charge density; (e) tetracycline removal rate and (f) COD changes with electrolysis time in 0.1 mol/L NaySO,

containing 500 mg/L tetracycline solution.
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2EVERE AR IR T PR IG5 | e B ek S
TRER AR, Bl A AT 0 min ZE
% 30 min, HHAYHFEE DT, 15 5 IR E
I, [R] Hsf 2 1T L A7 285 5 0 AR B 7 v 3k 3] B K
1B, VIR B S SR AL [B] RES 7 L PR R ik 4
NI 25 A | 2 A= w2 R AR R 250 TR 2

(b) 700 “C-20 min
37.8° -

(c) 700 °C-30 min
34.1°

(d) 700 °C-40 min (e) 700 °C-50 min

28.9° . 15. 0

—o— Diafif# (cm~! SR HIEFWHM Ipia/Ic
18
@1330.78
16 1329.27
/ \13.‘28 67

—9o

1328.54 1328.56

10 J . | i I
0 20 30 40 50

PEEALITE] /min

(a) Ab 2 50 min H (9 A0 R W

Fig. 5. Surface morphology, contact angle, and Raman characterization of BDD films treated at 700 °C for different durations:

(a) Representative SEM image of the sample treated for 50 min; (b)—(e) water contact angles of samples treated for 20, 30, 40, and

50 min, respectively; (f) Raman spectra; (g) summary of characteristic parameters.
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Fig. 6. (a) C'V curves and (b) summary of the corresponding electrochemical parameters of BDD electrodes treated at 700 °C for dif-
ferent thermal oxidation times in 1.0 mol/L KCI solution; (¢) CV curves in a 1 mmol/L K3Fe(CN)g+1 mol/L KCI solution and
(d) surface charge density; (e) tetracycline removal rate and (f) COD changes with electrolysis time in 0.1 mol/L Na,SO, contain-

ing 500 mg/L tetracycline solution.
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Table 1.  Comparison of the performance of modified BDD-based electrodes.
BT (%) 7 i HEEO/V O FREE/(mA cn?)  SREYATE SEMERE/% CODTLE/% 2% 30k
jipgheit 3.20 / XA HE AR 92.43 79.5 9]
WAL 3.35 / PUIRE 91.2 53.6 [14]
AT B TR 20k 3.47 / S 99 99 [34]
e 2SR 3.89 6.70 PUIRE 100 53.7 [35]
FEIRFRZ 3.80 / g 99 78 [36]
BDD /B AR TR 2.00 300 SLORGLRL 100 / [37]
EA-HFCVD 4.12 9.64 A PEIK / 64.88 [38]
AL 4.31 8.19 7SS 100 94.47 ZNTIE
WS, REEEE, A, FESOR 2025 YR 74 210201]
4 s \% [7] LiH B, Wang W H, Li Y D, Chen L C, Zhang Z F, Zhang Y
“H v W, Wang Q Q, Wan B, Du C L, Fang C 2025 Chin. Phys. B
34 118101
jxi%%i&%%ﬂ—\‘ Té%%ﬁ??&%{%ﬁfiﬁ [8] Bernard M, Deneuville A, Muret P 2004 Diamond Relat.
/;H\/@ 2 BDD i N SR g = 1T i Mater. 13 282
B LR ISR T P 5 25 A At 05 2 T [9] Zhou T, Ou J, Xu T, Zhou Y, Lei X, Hu B, Zhang X, Yu G
\ <oy e PR
ﬁ%”fnéfﬁu, %ﬁ%?%@}m%ﬁ: E"Jlﬁjjﬁ@ H. E:I:ﬁk 2023 Process Safety and Environ. Prot. 173 452
IJLH,, ﬁgﬂﬁi‘}&%’fﬂﬁ'@%iﬁﬁﬁfﬁ%ﬁgIE%LJEEEZ [10] Wang B, Li M, Li C, Xuan X, Li H 2024 J. Environ. Chem.
Eng. 12 113254
E/‘J Sp2 3'552[*]']51‘5, ﬁﬁﬂg/ﬁ'ﬂﬁ (ﬁn ﬂ'ﬁ%’li 800 C [11] Lu Z, Liu L, Gao W, Zhai Z, Song H, Chen B, Zheng Z, Yang
QZ‘@&@ 40—50 min) Eﬁ%ﬁt%%ﬁﬁgﬁ%7k1@’ ];:, ?enlg :Sé 11421;850J7 Jiang X, Huang N 2022 Sep. Purif.
echnol.
/N =] N 7 Ew
Ao 2 sp? AR | T M SZ 0 5 A RO [12] Li H, Qin J, Li M, Li C, Xu S, Qian L, Yang B 2020 Sens.
@*/Ew&//l\ Tﬂ—: 700 °C AIE{HEHAL[\}E 30 min E‘J%’%fﬂﬁ%ﬁ - Actuators, B 302 127209
13] Li Y, Li Z B, Song M S, Wang Y, Jia X P, Ma H A 2016
S g s e PANCY 4 ALy L1 BT . o
PP TN, ARSI 1 A B R S AR R IR B Acta Phys. Sin 65 118103 (in Chinese) [255, 25555, FENE,
(A B AR ST, AT AR5 5538 4.31 VY HL 37 TRz, BILEMG, THELZE 2016 Pl 65 118103]
e [14] Kang X, Zhang Z, Gou L 2020 Appl. Surf. Sci. e 526 146738
N 2 Jb 5L g oy
540N 8.19 mA fem® R AR SHLHE. XLk [15] Li Y, Wang Y, Li S S, Li Z B, Luo K W, Ran M W, Song M
B M FE R A o DU IR RS0 R /K Hp 32 B0 L e - S 2019 Acta Phys. Sin 68 098101 (in Chinese) [ZE5, FEJif, 2
b ey . Tk, A, BITR, MR, R 2019 YA 68
U 12 SURHETAERE S IR 3 h N BRI o
88.27%, F-7E 9 h SLIEHATG e W i) 52 4 16k 1A [16] Miao D, Liu T, Yu Y, Li S, Liu G, Chen Y, Wei Q, Zhou K,
N . N Yu Z, Ma L 2020 Appl. Surf. Sci. 514 146091
D, = } < =] 7
B COD KAl % 52.0 mg /L, 5 LR F1k 94.47%. [17] GuS S, Hu X J, Huang K 2013 Acta Phys. Sin 62 118101 (in
RN T AL PR S 0 25 1 5 P e v AR B A, Chinese) [, BAVEE, #EL 2013 PHLHR 62 118101]
NI N NN e 18] Li Q, Dong W, He D, Wei X, Hu Z, Yang J, Zhan G 2025 J.
AR ALK A ST R B 5 5 2 gy 1S @ Done | Xt 7, Yang 3, Zhan
Am. Ceram. Soc. 108 20670
WAL TEES R [19] Jiang B, Zhang J P, Jiang M Y, Chen A S, Hu X J 2025 Acta
Phys. Sin. 74 168101 (in Chinese) [323, TKEF, #iE, e
B, BB 2025 PIREAEAR 74 168101]
= Sk 20] Ryl J, Cieslik M, Zielinski A, Ficek M, Dec B, Darowicki K,
Z i Yy
Bogdanowicz R 2020 Materials (Basel) 13 194
[1] Vinayagam V, Palani K N, Ganesh S, Rajesh S, Akula V V, [21] Karmakar A, Karthick K, Sankar S S, Kumaravel S, Madhu
Avoodaiappan R, Kushwaha O S, Pugazhendhi A 2024 R, Kundu S 2021 J. Mater. Chem. A 9 1314
Environ. Res. 240 117500 [22] Mortet V, Vigkovd Zivcovd Z, Taylor A, Frank O, Hubik P,
[2] Deng Z, Zhu R, Ma L, Zhou K, Yu Z, Wei Q 2022 Carbon Trémouilles D, Jomard F, Barjon J, Kavan L 2017 Carbon
196 923 115 279
[3] Zou J, Peng X, Li M, Xiong Y, Wang B, Dong F, Wang B [23] Song C W, Cho D S, Lee J M, Song P K 2020 Coatings 10
2017 Chemosphere 171 332 331
[4] Brosler P, Neto M A, Silva R F, Tedim J, Oliveira F J 2024 [24] Wang P, Wang T, Yang M, Wang Q, Yuan X, Cui Z, Gao N,
Diamond Relat. Mater. 141 110595 Liu J, Cheng S, Jiang Z, Jin H, Li H 2024 Small 20 2402481
[6] Bensalah N, Midassi S, Ahmad M I, Bedoui A 2020 Chem. [25] Gong Y, Jia W, Zhou B, Zheng K, Ma D, Li Z, Gao J, Ma Y,
Eng. J. 402 126279 Hei H, Yu S, Xue Y, Wu Y 2023 Diamond Relat. Mater. 139
[6] Liu D J, Wang P B, Hu Z L, Lu J Q, Xiao Y, Huang J Q 110377
2025 Acta Phys. Sin. 74 210201 (in Chinese) [XIZ<if, EM5H, [26] Ferreira N G, Abramof E, Corat E J, Trava-Airoldi V J 2003

180804-9


https://doi.org/10.1016/j.envres.2023.117500
https://doi.org/10.1016/j.envres.2023.117500
https://doi.org/10.1016/j.envres.2023.117500
https://doi.org/10.1016/j.envres.2023.117500
https://doi.org/10.1016/j.envres.2023.117500
https://doi.org/10.1016/j.envres.2023.117500
https://doi.org/10.1016/j.carbon.2022.05.015
https://doi.org/10.1016/j.carbon.2022.05.015
https://doi.org/10.1016/j.carbon.2022.05.015
https://doi.org/10.1016/j.carbon.2022.05.015
https://doi.org/10.1016/j.carbon.2022.05.015
https://doi.org/10.1016/j.carbon.2022.05.015
https://doi.org/10.1016/j.chemosphere.2016.12.065
https://doi.org/10.1016/j.chemosphere.2016.12.065
https://doi.org/10.1016/j.chemosphere.2016.12.065
https://doi.org/10.1016/j.chemosphere.2016.12.065
https://doi.org/10.1016/j.chemosphere.2016.12.065
https://doi.org/10.1016/j.chemosphere.2016.12.065
https://doi.org/10.1016/j.chemosphere.2016.12.065
https://doi.org/10.1016/j.diamond.2023.110595
https://doi.org/10.1016/j.diamond.2023.110595
https://doi.org/10.1016/j.diamond.2023.110595
https://doi.org/10.1016/j.diamond.2023.110595
https://doi.org/10.1016/j.diamond.2023.110595
https://doi.org/10.1016/j.diamond.2023.110595
https://doi.org/10.1016/j.cej.2020.126279
https://doi.org/10.1016/j.cej.2020.126279
https://doi.org/10.1016/j.cej.2020.126279
https://doi.org/10.1016/j.cej.2020.126279
https://doi.org/10.1016/j.cej.2020.126279
https://doi.org/10.1016/j.cej.2020.126279
https://doi.org/10.1016/j.cej.2020.126279
https://doi.org/10.1016/j.cej.2020.126279
https://doi.org/10.7498/aps.74.20250895
https://doi.org/10.7498/aps.74.20250895
https://doi.org/10.7498/aps.74.20250895
https://doi.org/10.7498/aps.74.20250895
https://doi.org/10.7498/aps.74.20250895
https://doi.org/10.7498/aps.74.20250895
https://doi.org/10.7498/aps.74.20250895
https://doi.org/10.7498/aps.74.20250895
https://doi.org/10.7498/aps.74.20250895
https://doi.org/10.7498/aps.74.20250895
https://doi.org/10.7498/aps.74.20250895
https://doi.org/10.7498/aps.74.20250895
https://doi.org/10.7498/aps.74.20250895
https://doi.org/10.7498/aps.74.20250895
https://doi.org/10.7498/aps.74.20250895
https://doi.org/10.1088/1674-1056/adfb55
https://doi.org/10.1088/1674-1056/adfb55
https://doi.org/10.1088/1674-1056/adfb55
https://doi.org/10.1088/1674-1056/adfb55
https://doi.org/10.1088/1674-1056/adfb55
https://doi.org/10.1088/1674-1056/adfb55
https://doi.org/10.1016/j.diamond.2003.10.051
https://doi.org/10.1016/j.diamond.2003.10.051
https://doi.org/10.1016/j.diamond.2003.10.051
https://doi.org/10.1016/j.diamond.2003.10.051
https://doi.org/10.1016/j.diamond.2003.10.051
https://doi.org/10.1016/j.diamond.2003.10.051
https://doi.org/10.1016/j.diamond.2003.10.051
https://doi.org/10.1016/j.diamond.2003.10.051
https://doi.org/10.1016/j.psep.2023.03.043
https://doi.org/10.1016/j.psep.2023.03.043
https://doi.org/10.1016/j.psep.2023.03.043
https://doi.org/10.1016/j.psep.2023.03.043
https://doi.org/10.1016/j.psep.2023.03.043
https://doi.org/10.1016/j.psep.2023.03.043
https://doi.org/10.1016/j.psep.2023.03.043
https://doi.org/10.1016/j.jece.2024.113254
https://doi.org/10.1016/j.jece.2024.113254
https://doi.org/10.1016/j.jece.2024.113254
https://doi.org/10.1016/j.jece.2024.113254
https://doi.org/10.1016/j.jece.2024.113254
https://doi.org/10.1016/j.jece.2024.113254
https://doi.org/10.1016/j.jece.2024.113254
https://doi.org/10.1016/j.jece.2024.113254
https://doi.org/10.1016/j.seppur.2022.122080
https://doi.org/10.1016/j.seppur.2022.122080
https://doi.org/10.1016/j.seppur.2022.122080
https://doi.org/10.1016/j.seppur.2022.122080
https://doi.org/10.1016/j.seppur.2022.122080
https://doi.org/10.1016/j.seppur.2022.122080
https://doi.org/10.1016/j.seppur.2022.122080
https://doi.org/10.1016/j.seppur.2022.122080
https://doi.org/10.1016/j.snb.2019.127209
https://doi.org/10.1016/j.snb.2019.127209
https://doi.org/10.1016/j.snb.2019.127209
https://doi.org/10.1016/j.snb.2019.127209
https://doi.org/10.1016/j.snb.2019.127209
https://doi.org/10.1016/j.snb.2019.127209
https://doi.org/10.1016/j.snb.2019.127209
https://doi.org/10.1016/j.snb.2019.127209
https://doi.org/10.7498/aps.65.118103
https://doi.org/10.7498/aps.65.118103
https://doi.org/10.7498/aps.65.118103
https://doi.org/10.7498/aps.65.118103
https://doi.org/10.7498/aps.65.118103
https://doi.org/10.7498/aps.65.118103
https://doi.org/10.7498/aps.65.118103
https://doi.org/10.7498/aps.65.118103
https://doi.org/10.7498/aps.65.118103
https://doi.org/10.7498/aps.65.118103
https://doi.org/10.7498/aps.65.118103
https://doi.org/10.7498/aps.65.118103
https://doi.org/10.7498/aps.65.118103
https://doi.org/10.7498/aps.65.118103
https://doi.org/10.1016/j.apsusc.2020.146738
https://doi.org/10.1016/j.apsusc.2020.146738
https://doi.org/10.1016/j.apsusc.2020.146738
https://doi.org/10.1016/j.apsusc.2020.146738
https://doi.org/10.1016/j.apsusc.2020.146738
https://doi.org/10.1016/j.apsusc.2020.146738
https://doi.org/10.1016/j.apsusc.2020.146738
https://doi.org/10.7498/aps.68.20190133
https://doi.org/10.7498/aps.68.20190133
https://doi.org/10.7498/aps.68.20190133
https://doi.org/10.7498/aps.68.20190133
https://doi.org/10.7498/aps.68.20190133
https://doi.org/10.7498/aps.68.20190133
https://doi.org/10.7498/aps.68.20190133
https://doi.org/10.7498/aps.68.20190133
https://doi.org/10.7498/aps.68.20190133
https://doi.org/10.7498/aps.68.20190133
https://doi.org/10.7498/aps.68.20190133
https://doi.org/10.7498/aps.68.20190133
https://doi.org/10.7498/aps.68.20190133
https://doi.org/10.7498/aps.68.20190133
https://doi.org/10.1016/j.apsusc.2020.146091
https://doi.org/10.1016/j.apsusc.2020.146091
https://doi.org/10.1016/j.apsusc.2020.146091
https://doi.org/10.1016/j.apsusc.2020.146091
https://doi.org/10.1016/j.apsusc.2020.146091
https://doi.org/10.1016/j.apsusc.2020.146091
https://doi.org/10.1016/j.apsusc.2020.146091
https://doi.org/10.7498/aps.62.118101
https://doi.org/10.7498/aps.62.118101
https://doi.org/10.7498/aps.62.118101
https://doi.org/10.7498/aps.62.118101
https://doi.org/10.7498/aps.62.118101
https://doi.org/10.7498/aps.62.118101
https://doi.org/10.7498/aps.62.118101
https://doi.org/10.7498/aps.62.118101
https://doi.org/10.7498/aps.62.118101
https://doi.org/10.7498/aps.62.118101
https://doi.org/10.7498/aps.62.118101
https://doi.org/10.7498/aps.62.118101
https://doi.org/10.7498/aps.62.118101
https://doi.org/10.7498/aps.62.118101
https://doi.org/10.7498/aps.62.118101
https://doi.org/10.1111/jace.20670
https://doi.org/10.1111/jace.20670
https://doi.org/10.1111/jace.20670
https://doi.org/10.1111/jace.20670
https://doi.org/10.1111/jace.20670
https://doi.org/10.1111/jace.20670
https://doi.org/10.1111/jace.20670
https://doi.org/10.1111/jace.20670
https://doi.org/10.7498/aps.74.20250339
https://doi.org/10.7498/aps.74.20250339
https://doi.org/10.7498/aps.74.20250339
https://doi.org/10.7498/aps.74.20250339
https://doi.org/10.7498/aps.74.20250339
https://doi.org/10.7498/aps.74.20250339
https://doi.org/10.7498/aps.74.20250339
https://doi.org/10.7498/aps.74.20250339
https://doi.org/10.7498/aps.74.20250339
https://doi.org/10.7498/aps.74.20250339
https://doi.org/10.7498/aps.74.20250339
https://doi.org/10.7498/aps.74.20250339
https://doi.org/10.7498/aps.74.20250339
https://doi.org/10.7498/aps.74.20250339
https://doi.org/10.7498/aps.74.20250339
https://doi.org/10.7498/aps.74.20250339
https://doi.org/10.3390/ma13010194
https://doi.org/10.3390/ma13010194
https://doi.org/10.3390/ma13010194
https://doi.org/10.3390/ma13010194
https://doi.org/10.3390/ma13010194
https://doi.org/10.3390/ma13010194
https://doi.org/10.3390/ma13010194
https://doi.org/10.1039/D0TA09788H
https://doi.org/10.1039/D0TA09788H
https://doi.org/10.1039/D0TA09788H
https://doi.org/10.1039/D0TA09788H
https://doi.org/10.1039/D0TA09788H
https://doi.org/10.1039/D0TA09788H
https://doi.org/10.1039/D0TA09788H
https://doi.org/10.1016/j.carbon.2017.01.022
https://doi.org/10.1016/j.carbon.2017.01.022
https://doi.org/10.1016/j.carbon.2017.01.022
https://doi.org/10.1016/j.carbon.2017.01.022
https://doi.org/10.1016/j.carbon.2017.01.022
https://doi.org/10.1016/j.carbon.2017.01.022
https://doi.org/10.3390/coatings10040331
https://doi.org/10.3390/coatings10040331
https://doi.org/10.3390/coatings10040331
https://doi.org/10.3390/coatings10040331
https://doi.org/10.3390/coatings10040331
https://doi.org/10.3390/coatings10040331
https://doi.org/10.1002/smll.202402481
https://doi.org/10.1002/smll.202402481
https://doi.org/10.1002/smll.202402481
https://doi.org/10.1002/smll.202402481
https://doi.org/10.1002/smll.202402481
https://doi.org/10.1002/smll.202402481
https://doi.org/10.1002/smll.202402481
https://doi.org/10.1016/j.diamond.2023.110377
https://doi.org/10.1016/j.diamond.2023.110377
https://doi.org/10.1016/j.diamond.2023.110377
https://doi.org/10.1016/j.diamond.2023.110377
https://doi.org/10.1016/j.diamond.2023.110377
https://doi.org/10.1016/j.diamond.2023.110377
https://doi.org/10.1016/S0008-6223(03)00071-X
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 2 3R Acta Phys. Sin. Vol. 75, No. 18 (2026) 180804

Carbon 41 1301 [32] Messias V B, Modenez D C P, de Souza Pereira C E,
[27] Hong S P, Ha S W, Lee S W 2018 Diamond Relat. Mater. 81 Takeuchi R M, dos Santos A L 2025 Electrochim. Acta 511
27 145374
(28] Cancado L G, Jorio A, Ferreira E H, Stavale F, Achete C A, [33] Roy P R, Saha M S, Okajima T, Ohsaka T 2006 Electrochim.
Capaz R B, Moutinho M V, Lombardo A, Kulmala T S, Acta 51 4447
Ferrari A C 2011 Nano Lett. 11 3190 [34] Zhang T, Xue Z, Xie Y, Huang G, Peng G 2022 RSC Adv. 12
[29] Navas J, Araujo D, Pifiero J C, Sanchez-Coronilla A, Blanco 26580
E, Villar P, Alcéntara R, Montserrat J, Florentin M, Eon D, [35] Yang W, Tan J, Chen Y, Li Z, Liu F, Long H, Wei Q, Liu L,
Pernot J 2018 Appl. Surf. Sci. 433 408 Ma L, Zhou K, Yu Z 2022 J. Alloys Compd. 890 161760
[30] Li C, Zhang X, Oliveira E F, Puthirath A B, Neupane M R, [36] Qian X, Peng Y, Guo S, Hou M, Liang Y, Jiang G, Yang L,
Weil J D, Birdwell A G, Ivanov T G, Kong S, Gray T, Ye X, Sun H, Chen G 2025 Appl. Surf. Sci. 684 161944
Kannan H, Biswas A, Vajtai R, Galvao D S, Ajayan P M [37) de Toledo W, Pinheiro R A, Trava-Airoldi V J, Corat E J
2021 Carbon 182 725 2022 Diamond Relat. Mater. 127 109159
[31] LiuY H, Zhang J L, Wu F L, Qi M, Hei L L, Lv F X 2020 [38] Tang Y N, Feng S C, He D L 2022 Water Sci. Technol. 86
Mater. Today Commun. 22 100699 1540

Thermal oxidation of heavily boron-doped microcrystalline
diamond electrodes for electrochemical degradation
of tetracycline’

WANG Jianyu 345  REN Yilei V345  CHEN Chengke V345  CHEN Chao?
LI Kai? MO Luozhi? TIAN Yi?  HU Xiaojun V3451

1) (College of Materials Science and Engineering, Zhejiang University of Technology, Hangzhou 310014, China)
2) (Guangzi Technology Innovation Center for Special Mineral Materials, National Engineering Research Center for Special Mineral
Materials, Guangzi Key Laboratory of Superhard Material, China Nonferrous Metals ( Guilin)
Geology and Mining Co., Ltd., Guilin 541004, China)
3) (State Key Laboratory of Green Chemical Synthesis and Conversion, Zhejiang University of Technology, Hangzhou 310014, China)
4) (Moganshan Diamond Research Center, Huzhou 313200, China)
5) (Diamond Joint Research Center for Zhejiang University of Technology and Tanghe Scientific & Technology Company De Qing,
Huzhou 313200, China)

( Received 2 April 2026; revised manuscript received 2 May 2026 )

Abstract

Heavily boron-doped microcrystalline diamond (BDD) films are prepared on single-crystal silicon substrates
by hot-filament chemical vapor deposition and subsequently thermally oxidized in air at different temperatures
and durations. The effects of thermal oxidation on the surface structure, wettability, electrochemical properties,
and tetracycline degradation performance of BDD electrodes are systematically investigated. The results show
that thermal oxidation induces a competition between surface activation and structural damage. Moderate

oxidation can selectively remove non-diamond carbon from the surface and grain boundaries, expose more
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diamond facets, and introduce oxygen-containing functional groups, thereby improving surface hydrophilicity,
reducing background current, and widening the electrochemical potential window. However, excessive oxidation
at high temperature or for prolonged time causes surface etching, structural disorder, and degradation of the
conductive network, resulting in weakened electrochemical performance. Among the investigated conditions, the
BDD electrode treated at 700 “C for 30 min exhibits the best overall performance. Raman analysis indicates

that this sample has the narrowest diamond peak and the highest intensity ratio of the diamond peak to the G
band, suggesting an optimized balance between non- Air 700 C

Silicon

diamond carbon removal and preservation of the sp?

diamond framework. XPS results further confirm that

thermal oxidation increases the surface oxygen atomic
content from 7.23% to 17.45%, mainly through the
formation of C—O, C=0, and C—OH groups.

Electrochemical measurements show that the optimized

electrode has a wide potential window of 4.31 V and a = B

495

low background current of 8.19 mA /cm? In tetracycline -

degradation tests, this electrode achieves 88.27% 490

removal after 3 h and complete removal after 9 h. The

chemical oxygen demand decreases to 52.0 mg/L,

T L/ V
R/ %

corresponding to a mineralization efficiency of 94.47%. ys

These results demonstrate that appropriate thermal

oxidation is an effective strategy for optimizing heavily

boron-doped microcrystalline BDD electrodes for 20 i 3
' HALFD 700 °C-30 min

electrochemical water treatment.

Keywords: boron-doped diamond, thermal oxidation, electrochemical properties, tetracycline degradation
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