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1) (W Tl KA kLR 22 5 T2 2B, Bt 310014)
2) (FREE BT P i A R A w] TP AR st ie =, [
Fla s kL TRERARWT T O, | POREF T P R AR QB 0y, BEAK 541004)
3) (WL TR g A6 S oA B X pi Seie =, i 310014)
4) G NIA R G, WM 313200)
5) (WL TV K- SR & IR BCE AT 7B, W11 313200)
M E

KA RS PIRETE R A B & T ESMMES£&RNA (BDD) #
JEE, AR ST AN R AU [R] I [A] A AR B, RGRF T T #E AL EE XS
BDD LRI S5 AL RE X VU R A= PR R Re o . 25 R, #4
AL AL PRI FRAFAE R TG 5 S5 M (SR B S 5 0 R o AL B R e i
%% BDD M FEh SAFE, (HR 2 RIS, BB 2T A &
WA AT R EBR R K A RS NI R, D5 LR RR, HFOIAEESAE
Rell, MR A O PR SRR A i OB 264 T sl FE Bod K
[ AL RN 2 3 R T 2 oI R A 5 /B 1k, IS AR ERE . LR A EMRIE. AL
SR S5 Y R SE e mT A, 700 °CEEALALEE 30 min (1) BDD HLARZR I H AH X 55
I ZEE Bt M RE R M b BE ), X EZEAR T %A FESNIAR LR, &
T & 5 B AR 9 NFAGE ) SE B MR R 2 [MIA B T R AFW-PAr . 1% FBA RS 3 h B Y
WHRLBRFIL 88.27%, 9hBISLHLEA Lk EFEAERZE 52.0mg/L, T iLES
15 94.47%.

X WS ERA, R, iAbsAERE, DUPR R B AR

PACS: 81.05.Uj, 81.65.Mq, 82.65.-1, 82.80.Fk
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(HHES: 52102052)  WITLAE E SR “—#—i%” EERRHAEDE (i
2018C04021)  HHEA MY M FT I AT R A F B R H (UH %5 KYY-HX-
20240765)  WIMNTTRPFEEAR/BH (kS 20246225) FEIKERE.
t #IFAEZE. E-mail: huxj@zjut. edu.cn

H—1E#H. E-mail: wangjianyu@zjut. edu. cn
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W45 44 4 NIl (boron doped diamond, f&jicy BDD)HLFK BT H S AR 1. ik
T, R R s Reme AT, EE AL E R A
(electrochemical advanced oxidation processes, & it. A EAOPs) 4535k i I Hi 5 2 & 78
71, RIAEE NG FW Ak 77 0B A B A 012, SR, 1440 BDD HARIFIE
FTVEPEAL U LA« 5T L ar e B R 2 IR DL S R TR A 45 0, ] 2
T A A e A0 A R S o 7 A e 1315

VEAER, @I AR BDD HUBRIKIR I 45 0 5 40 2 2 1k USRI L Ak 2 M R O Rk
TR . Forr, BUC B R  RUR I REAGAL R, g R — R A
R T e TFB U7, I R A IR B LB R T AE S NIA B (sp? BR), FE5
NEL LM C-O. C=0 5B REMA), I et 22 VR R 4% S e P45 4, %
PRIt H AL P A AR A FHUS0L, R, VR A AR Bl v2 B T4k BDD H
P AE Bk 2 I N P R RER B, SR, DA RF R, AT BDD HAR K
18 T AR 4R 2 R I A B — (S AL NP0 AR T 1245 J iR Bl (s BDD, H 5%
BDD it i HL A 9 e AR K FE . SEAR I F gy A i B g AR B AR Y ST FEL A A
B, HAAT R BDD 95 3 A LA mAe g MRS (2 SUbE, sl 2s
AEATAF B T 55 R I o TR L RS o0 AT LA SR T/ i AL AR S A B e B,
FE A E AT AR v SR B O i 1 5 A R . B SR IHON @ A B T R R T
S b SR A S NI A, R R RS S AR A A i i R R AL TT BE Y
firs AR DI R Z i, R S NI A S s, S VAR IR . ]
i, [ E ST BDD fE A S AR R A <SR TS0 5 < S A AR 0 2 TR 1 3
G FR, ST AL T R K DS B AR 2 1)
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ALV HE B IR0 BDD RO o G, S A TG A R LA 8]

AEAEIE, REFEEIRMILH . ARSI RIWIRES R, BT

N DA R A BE T AL R . DX T CA W 0 J2 B R 0 — B B2 AR Bl iR

RIMIFEWRCR , At — D4 E AT T (1 2R 1 25 R T AR 5 DU 3R B 22 B AT AL

2 75 4 & (chemical oxygen demand, {&j1c 4 COD) #4047 NAHREL, EHEAH/RES

fih BDD ARG NIk BR . R AL L RS e W SR PR RE 2 8] 1 13 [F) A 5

PR AR, WIS I i 2 AL 45 05 HIL X B AAIE H A S P R S e B AR A A

RE I IRIEMR,  IFAEAR SCE B 2% A Vi TRl A ff e B A E R B . AR S n]

$7% BDD HIR IR EM S HEBT S AR Al 2 SR A R A P o () N SR IS 2

2 5038

K #2242 S AR TR (hot filament chemical vapor deposition, {41ty HFCVD)

AR E A A % BDD . A KHT, 3 4 NI O X R S R A R AT T
AbFE, AR e NI RSO 2 B . DAIR = F R 5 AR R R LE A 129 (TR AV iR
PERMNE, JRmd SRS N NS, B EESREN 14 scem; [F]Ii#
NFREMASR, HFki. SRR ES AN 200 500 scem, S KA 4000 Pa, FHE

HEZ1H 850 °C.

il % J5 I¥) BDD 8 5543 i it AT A [5) 5BE AN A [R s R (3 s A A0 B . SR o oA
500. 600. 700 A1 800 °C, AbFEI (A4 30 min; £E 700 °C R, AbFRIE] 4 Bl N
20, 30. 40 F1 50 min. BEJ5, K#EAL)E ) BDD EREVENBHAR, F T DR R AL

JRIK A AL SE B AR o BB K TR YA ZIK DN 500 me/L, 3245 FLAE N 0.1 mol/L

NaxSOQy, PEMEITFELE 50 mA/cm? B R N iEtT .

K AL 22 TAR wh(CHIT60E) M R AL 22k g, DIl 4R R O8 = AR &

LA BDD i RAE N TAEEARCTAETAR: 2 em?), 4 H BARAE Joxd B AR (AT :

4

cm?), YFIH IR (SCE) (N B AR R VSN 3.5 M KCLEBOE NS R .. R

EAN-AT WA FE HH(UV-1800) il 5 VYA 2K

Herb R AT AT H ok AT 92 B BG4S BDD JH 5 1 A S L (57 AN AT S A A AR

a3 (1) BN AT S AR (RHE) Dy 2 Ll R f) 4 S0 A A 42 A 21,

Hb

H




—

© 00 N o o b~ N

-
w N = O

14
15
16
17
18

19

20

21
22
23
24
25
26

S PR IR AR 2 i 2 i J g e 0 R AR BRAEL (2 10° Alem?®). ARIEA S (2) PF

LIS NI PN
Erue = Esce+ Eo+ 0.059 pH 1)
Removal (%) = (1-C¢/Co)-100 % (2)

AR, Erue APEE HEARAIE NS L HRI BDD {8 15 (1) 47 & A AT S
B, Esce J9MURITH 7R ARAE 2 L oAl S BDD 8 (1 b S FEA AT S FB S, Eo Ry
25 “C N EANH IR B R ARG T b S AR P F AR F %5, pHL R DN B PR VT
(1) pH {E(+0. 1)e AQR)H, Co Al Ct 3 HIFRIRWIAE AN t Bf %1 PUIE 2SI TE

SR FH i 7 VR 52 AL 7 SR (COD),  COD e 3% B HI 828-2017 (/K b2 7
AR E AR IR Eh5) AT AR R AR K 25 8 KB RE 2 £, DAORIEFE
iR FE A T 07 R3S FH VG R A . 27 VE R E a9 16-1400 mg/L, AHXS (i 25 44
0.5%5%. KM K S T BB FESEM)W &R K3, KM Raman
4% (Renishaw inVia Reflex, 532 nm WUR)FRAEHBERE A . o PRuE a4 50 AT 5E
P, b, PO, R, VIR LERFM COD S5 X a1 RE4EAn kAT
T 3 EEN, RV 3 A R K 22 R s . Fo,  Hefil A
WRIREN £2.0 VN, HAEIRZEN 02V KN, BEAKIEZEN £0.3 mA/cm?
DAY, DU R EBRRIRFEN £2.0 % LAY, COD MHRIRZEN £5.0 %Ly MK
SRR, A FEFAEAEAT TR PERE AR A 55 HAT BT — 3
3 ZR5iHiE
3.1 EAL IR 53 B R T A0 5 S5 R 40 5 AL

W 1(@)fR, R BDD R i 2 1 HH 58 8 IR 30T 22 A SR G, (H
I Eor AR 2RO, WREFE ERNAESNARER. 4 500-700 °C
PEEALAREE 30 min JE (B 1(b-e)), FE& R PIIEX LOIX SR 88D, ShTfe E A &
B S5 M SE NI T, 2R B AL B B TR O 2 R AR T E 6 WA ik O 2R BR T SR B
BDD #i il 482ETHIR 2 800 °CJm, FEdh I BT ARG AL A 2R AE, 1B 1(D)
R B BOR Bt — R W, i Ab S foRL R 2 OO AR BT i Z AN S5 R 1R 4k
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ORI, 3 B RGE AR TE BR R T AR I G SRR R, 1 e iR 2
SR B A AR TR -

B 1(a—e) 1 HUFE BI4A T R )RR B T B R T B /K #5fi /g« R 4028 BDD
FEGL R A Y 100.2°, FRILHBGREIKNE: 2 500, 600 Al 700 °CALHR )5, #Hefih
o AIBE R 53.1°0 49.6°H1 34.1°, KMREERFULIREE TS, R RISE KR E
BEag . X EADR T R AL BRI AR b R T R 4 A B D DA B B SR 4 1B A (-OHL
C=0 )51\, MMiMEmE TR EREREEE. EEENL, LRk BTt
2 800 °Citf, FESEM [EI5E /B i 2% It B BB 20 DA Jm) SR RS AL i, SR A

L ERE A C 5 R R IR SN — PR 98 . 20830 55 0 W] BE B 55 W0 £E F bR R 1 Y

HSiERE S, WS Emh A IR T, 455 SEM £ A A, BAREIR AL AT

Aet— D e bR M A, ERN G 7R AR 2 RS A A — 1
W%, BOR T IEA BRI SIOKER, SRR R AE D T . B, #EfilfA AR
A i A Ak B i T R YRS s T S Bk Y R T A 5 e R R o TR ) S A R
o

B 1 AR R AR R AP 30 min BDD R IR TS0 M s fh #1254k (a) R ALEE; (b)
500 °C; (c) 600 °C; (d) 700 °C; (e) 800 °C; (£) 800 °CFE i R AR B o 476 B At R it () 7K
Efilsh .

Fig. 1. Surface morphology and contact angle changes of BDD films treated for 30 minutes at
different thermal oxidation temperatures. (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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B 2 g RZ KT Fe AN FIIR b BE 30 min JE1M5 BDD UM IR 8%, FTE
W) R E 524 BDD L AYREAE: 500~600 cm™ J 1250 em™ FRHUT A 58 45 43 A U
J& TIN5 S 1 R AR B AN T2 5 R, R AR [B] = 8.44-10%0-¢ 008 W,
([B] (cm )& FEHERURL A (4 SE Bl J5 45 20 B, W hi 2 i 26 500 em™! YA
55 A0 28 5y B B VA PR 22, TR RT #3 BDD R BB R £ 3.5% 10%°
cm 2. 7EE 2() B BAEFTRI 1500-1600 cm™ JEFE Y, AT, sp? BRAHSGH G R4,
BRER ISR FIEAL T 1328.6~1330.7 em™ 28], FHEAI AN 2b)in. %
RIREWIA(1332 em™)yRAELLFE, X FEZIHP T REART 5 HURHR 57 51 L &
I S R IR AR R B 252680, e, %4 WG R I IR O ) S HE B R A
WFRHEE . X —ILGIE T AL Fano JEARZNET, BIBSHUM S T 5 m ik FEA
SAGINNEL TR RE T ', Pk T HRR&E B Aok 535
& )& .

HE— 3 BT S AL B U R SR A R TEAG R, [ 2(b) R T NI R A
B RIEAY (FWHMD PURERIA TFIEE G o 06 o L 8 b B 2 1) 2244
Hr, FWHM Al T e G NI S A S50 S BN P AR s 1 Ipia/lc R )
A EVEHIR T sp? BAHOC G (S S sk, n] A Tl A R AR S SN R
(S 5 5 AE S NI GRAS A R AL A PEFEAR S . AR AL BRE 5 (1 FWHM N 17.17
em™, Ipi/lc N 6.04. B HAEELEE B 500 °CTH =4 700 °C, &R 30§ FWHM
AR, FELE 700 °CHY P4 F AR 13.22 cm™s [A Ipi/ls 3225 i, Wi HIE
REAMNA By T Fe BRI S A A S WA BAE, B4 sp? BRFIJCIT AR5y, AT
BEARAE A4 0 7 [ 0 B e WA A 2R i . A 2 T i 2 800 °CI,  HARAE G WA+
WA S S —B9RES, (4 FWHM FHIHA, St S AT IE T R4
FHERR, 1T BRI AN GREE X IR — P20, BRI SIR sp® SR E SR AR R 45
R A .
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(a) —ps - (b) —o—Diafiif (m™) &R FWHM I, /g
: Ll G . 184 133075
; . \ 800°C o
i 1 1
2 : | : " - \1329.30 132027
= 700°C | 164 : 1329.07
= ! : h en °&328V°"——-_°
= : X P! = &
=] L e | o
~ 1 1
1 1
M 1 1 1|
| 500°C
= vy -
e ,,.,HL\./! L BDD
: Vo ]
L1 " g1 L 0 S S— 7 — r I 2
400 800 1200 1600 2000 0 0 600 700 - 800
WeH/em MEULIRE CO)

2 AEFEEAIRE T 40 FE 30 min BDD R[] (a) Raman Y63l & (b) FHIES 0.
Fig. 2. (a) Raman spectra and (b) summary of characteristic parameters of BDD films treated at

different thermal oxidation temperatures for 30 min.

At — B o T #GEALST BDD i IE R I RS RIS A B BRI 5, X AR AL
FRAEE S AT 700 °CHEEAL 30 min £F 5H3HT T XPS RAE. W1 3(a) Fias, FAFEMIK

C 1s K4 v 20 RO T %) 284.8. 286.3 F 287.5 eV =4y, 4> RIXt N sp?

C-C. C-O 1 C=0 42301, 3 P v A A 8% 51| B B AN [1) sp? C=C HFAFIE, it
HH B S R A SR sp? {5 58558, X5 Raman Jti¥d G FAEIISE R —8. &
700 °CHE AL 30 min AFLJE, sp® C-C FUEA 5 FBH 5y, RIS JE HE AR 2
W3R BDD J§EA E B 42 A C-0 f1 C=0 Ao RAEZ, BRI HE LT
TR RREE M. P, 18] 3(b) 45 T REM Y O 1s KA. O 1s W RT 43 fi#
NI T#) 531.3. 532.2 Fl 533.1 eV ) =AM, 43 AR C=0« C-OH 1 C-0-C
SRS, R ERE AR EL, 700 °CHVEARARER S C=0 Fl C-OH #1554
EIn, R SAREREE T R A ZE S R E AR . XPS LS
PreEfEoR, HERMEITR S RN 7.23 at %NS 17.45 at.%. X4 R 5K
fulf R 100.2°F# K% 34.1°) A8 b — 55, U6 W36 11 & U E Be I A3 e SVEUAL
J& BDD R E K P B2 T i) 2 2 A
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(@) k4trr  Cis (b) [katmr  O1s

sp3 c-C

700°C-30min

o ¥ farb.units
7% 5 /arb.units

200 200 288 286 284 282 538 536 534 S S0 528
4
i heleV giatigleV

] 3 RALHLS #EAL 700 °C-30 min J5AF 5 1) XPS 63 (a) C 1s K4 MIILE R, (b) O 1s §F
LI REy
Fig. 3. XPS spectra of the sample before treatment and after thermal oxidation at 700 C for 30

min; (a) Fitted C 1s high-resolution spectrum, (b) Fitted O 1s high-resolution spectrum

B 4(a) WA R FA AR BE AL ] 30 min Ji5 BDD HUARZE 1.0 mol/L KCLIE R I
HRZ(CVYIIER, FEEHT R AR T 5 AT O, X SR
i HAE EAOPs H (LIS PR 5k S ROCR I S 2R A0 MR S HOE R T
4(b). AALIE BDD HIAREIAS I FE A T VRIS M (15 SRR, 32 3R A Ak
B sp? IEERIABAA I, X ELIR TR 5 5 KK 7 il A I N, AT PR P R T
TEHALIX AR AA TE . SAEAL RS, AR A0 SRR R AIC, iAo DR R
Fio Hrhr, 700 cCAbEAE MR BA B SR, HBEHGORE 431V, §
SRR 8.19 mA/em?, Ul W T HVE AT BT 2% BR AR T HE S WA BRI 400 i) 1 s
B 5 TFE%E 800 °Cla, FRFAE M H BT, FRIFI & AU = A 1) i S 2 il
SR 2 R P R AR BT S S S, 5 SO A A e e T TR

it 0 Al A A e ot BB S T FL T T A AT AN 8 A 2 S S T AR R 52
0, RHEH 1 mmol/L KsFe(CN)g ' 1 mol/L KC1 VAR AE Fbruk 4 BR B E AL JF 15
BHEEAT T CV AR, nE 4y, JFdid dh AR o v SR I e A R, A5 AR
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& 4(d). ARA4LEE BDD Ff g A S R A, X ATRE SR sp®/ P AR

NI B AR SR R RS BTRR A 0. 28 500 °CHI 600 CCHVEAV AT 5, R LT 55

FETFE, UiHIELS sp*/JCFPRRAL 0w 22 B, HOOE A HU A Dk gs . B EE L IR

JET 2 700 °CRY, R FL A 25 B AR PR B i B BT IRl O, R Z SR T R ARAE

Pl A i ) (RTINS TS 3t DR 5 1 < A A % R AN AL S S N AR, AT A
T o8 BRI 1 TR I R . B DT A 800 °CE . AR HL 4 # W] R TR,

Y I B A 5 BT H I 28 SR R A 27 S B T AR BRI o

NESAIE A IEOE & U6 SR EAOPs 14 BE I3 THE, 7E 0.1 mol/L NaxSO4
R LA BT PG 500 mg/L (1 DU PR SR AADL P 7K EAT 11 FEL A B AR . ] 4(e)
Fius, TERBIET 3 /NP, & s DU B 38 1 B i3l ) 3R I & ZE 5+ . 700 °C
AEFEFE G R I A PR BT PR M 22, 3 h PUBR R PR IAF 88.27%, MHRALT
ARAC IR, 0P I P R A BE 0% A R T F AR I TS Qe B fid e 7 . B 5 S ]
WK, HBRON DY PR 3 BEAR 43 1) 2 B A i T Hilt, X AT B BEAAR 7 U4 B2 B
AR S A% ST BRI 3 AT 0. SR, 800 °Cick 5 &b FRAY: it (1) ) B4 i 5 ) 2 W Y 52
0 e i 5 | ) R R S IR 4 S AR SR LA A TR AR T e 2 1 55 HEL A 11
SEAGBEfERE J0: RIS, FEIAE TSR SR BT SR RSB 5 R A, AR TS Y b
i AR B SRR ST

SIS 112 11 S L W 9 e 2 0 3 L 11 s
SERFSE PG BE 70, DRtk COD R0 T Al T VP4 AR IR FE A (e P RE . T 4(D)
Jhizs, AEFEGE) COD ZBri#iat— R Y], 700 *CERIMRM K HEI & O 3K
THER T R sp® 2 FAH SR AINT AEIR B, 9 h J5 COD f4% 52.0 mg L', XFMA {k
BN 94.47% . X Ut BEIE FE SR B TN PR V3R 25 BE A 7 1 B file, A T
et [l = PR AL . AHEEZ R, ORACFEAE S AT 800 °Cid A PRAE Fh ) COD
FEBR AR S, B 2T B NI B Bk B B AR A S RS R A AL 3R 5 38 AN T FRR
FREE AL B ) B R FE

RO PRSI IR As R, V5 R 2 BR AR 5 T SC AL A T H B
I R % ] FELTAT 25 P AT A I = T B, 700 °CR IR AL B 14T R0 B T
T sp? A< HUAH 51 EEAIMT AR BN, B ER B 2 i sp? NI L% . X RO

9
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ROt 7T I AL AR 58, TR - 7 B2 BDD RS
SL I FL AL = S A B 5 TR R L e

ik, AFRMENIRET BDD HARMLE T 5 EREEAL AT Ry RimE 5
“GERIBT Z B ISR OR R 1E 500-700 °CYGEHI P, A MACIE T BR BN R TS
WA, ARG RIARRAN 56k . o MG AH 2 Bk s DL R T2 S e A, A
I AR IR RE P 398 HL S B DTSR TS Qe PR ML e IR T R & 800 °C
I, IR SR 2 T SR SRR G L 2% AR R S B, S ECRILE
PEREAN FREAF BE 0 Bt B o PR, BGEARIRIE € 1 3R TS AL 5 544 453 1 P i 3 4
Y OAE I EDS 8 S i LY VAR

S00
(?) — AR (c) (e) w0 f
g 40 ——s500°C g
S gl —600°C w X w}
——700°C =
‘é w0l 800°C E ol
= ~ &
P 100 | il __H ol
B oor P —— 2 ik
Je= = Iy
E . %—/w £ % .
-200 oF
-3 -2 -1 ﬂ 1 2 3 0 1 3 5 7 9
HHE/V H I /
b) .s d
( ) * 0 [ St 1 o ( ) —_ . (_f)ww r —— A AT
5 < ;
142 S s0
o > -~
Z a0 I I g 2
Imf 12 = ~ 70
= B
e & 5
D l i g
= - #
8 IE =g
11
40

o 1 7 9

0 S00 600 700 800

3 s
AL (°C) b} 5] / T

0 S00 600 700 800
HALEE (C)

Bl 4 AR HEA IR E AL 30 min J5 BDD HLFLTE(a) 1.0 mol/L KCLERHI CV 2k K (b) A%

LSS HIC i () £ 1 mmol/L KsFe(CN)s+ 1 mol/L KCI TR [T CV £k % (d) 7% T FL fif 2

J&: #£ 0.1 mol/L NaySO4 + 500 mg/L DU ZKIE (o) U A 3 L BRA A () COD B HLARIN [H] (38
L.

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 KCIl solution; (c)
CV curves in a 1 mmol/L K3Fe(CN)s+ 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,SO4 containing
500 mg/L tetracycline solution.
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3.2 PG [8) X6 45 4 5 P A I RE 1) T 1 1R 4

H T J SO BRI RORE 404, 700 °CAb TR S b 5 45 5 4 ok R
B PRI X ) o it — D SR Z A T A FRET [0 BB 441 5% BDD HipR
RIIRZS S REF AR, AT LR R SOA SR, XT 700 °C R A A FA A AL
[f] (20-50 min) AbFS IR EAT X LE /08T B S(a)25H T 700 °CHAEAL 50 min
JEREMI) SEM EME. FTLAE H, RESE AR CREFE e B 2 TR TS, R
I 800 °CAb FRAF it 7 B i (R RUCRAE AR U 2| R AL, Wi BHAE 700 °CoRAF T, RIS 4b 2
IR 2 50 min, A5 S B A BUF IR FFE . S5RACERRE AL, #V
AL PR S oty R T (100 Y CELIE AR AR YR/, ot TR 60 R SN B, ) 8 X e T 2 TR
REAGE S, S 7 (A ) SR BR R B T BRI AE G NI TR, EXARAE S 251
FEA R AR e ] S(b—e) ot LR R K R g o SR AL BB 5 R ik £
100.2°, £ 700 °CHEAL 20, 30, 40 F1 50 min ALFEJE, il RIEE 37.8°,
34.1°, 28.9°F1 15.0°, KR ACFRIN (A K, AF S R THE MR R RF AR 58 . IX 150 B
E 700 °CHAF R, HEAK AR [R) AT R A AR R TR AS, (b2 T R B /K 355
IKILAR s AR LR AERL G 0 TR R S5 A AL R RE I SE A, ATY T 45 5 SR 4 F SR AE
5oL Rt — B

700 °C R A # A AR (0] 4b 2 5 BDD A5 1) Raman Y6l K FLARFAE S 505 71 L
B 5(f, g). FrAWGEIMRE T EiB7% BDD FIMARAE, BEHIAE 700 °C4& M Tt K
AL R R BB A B IR . W S() i, S ARMHERES ML, 20
min FLEH G G WA FIE FWHM SR/, Ioiw/le BT, R HGEAL CREMEAT XL
HIFSRZAEENIABRIE T T 30 min B FWHM B2 5K Ii/lc 2A e m, B
B R R AR 22 5 S NI AR R RIS T RAF -, R 2 S5 h i T A X
BARARAS o QRS IE K AL B 8] J5, FWHM HEFH8E K, H Inw/lc FFE, BB Kmt
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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) CV curves and (b) summary of the corresponding electrochemical parameters of BDD
electrodes treated at 700 °C for different 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; (¢)
tetracycline removal rate and (f) COD changes with electrolysis time in 0.1 mol/L Na,SO4 containing
500 mg/L tetracycline solution.
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Table 1. Comparison of the performance of modified BDD-based electrodes.
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Abstract

Heavily boron-doped microcrystalline diamond (BDD) films were prepared on single-

crystal silicon substrates by hot-filament chemical vapor deposition, and then 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 were 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 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
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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-

diamond carbon removal and preservation of the sp> diamond framework. XPS results

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

Flectrochemical measurements show that the optimized electrode has a wide potential

window of 4.31 V and a low background current of 8.19 mA/cm?. In tetracycline

degradation tests, this electrode achieves 88.27% removal after 3 h and complete removal

after 9 h. The chemical oxygen demand decreases to 52.0 mg/L, corresponding to a

mineralization efficiency of 94.47%. These results demonstrate that appropriate thermal

oxidation is an effective strategy for optimizing heavily boron-doped microcrystalline

BDD electrodes for electrochemical water treatment.

Keywords: boron-doped diamond; thermal oxidation; electrochemical properties; tetracycline

degradation
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