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Abstract

Graphite-phase carbon nitride (g-C3N4), as a promising non-metallic photocatalyst, has attracted
much attention due to its unique electronic structure and environmentally friendly properties. How-
ever, pure g-C3N4 suffers from high photogenerated carrier recombination rate and limited specific
surface area, which limits its practical application. In this study, pure g-C3sN4 was prepared by ther-
mal polymerisation using melamine as a precursor and a series of boron-modified graphitic phase
carbon nitride catalysts (B-C3N4) were synthesised using a in situ boron doping strategy. Character-
isation reveals that boron doping preserves the basic skeleton of g-C3N4 but significantly disrupts
its layered stacking structure, enhancing light absorption and charge separation efficiency. The ex-
perimental results showed that the degradation efficiency of B-C3N4 for pollutants such as Rhoda-
mine B (RhB), Methyl Orange (MO) and Bisphenol A (BPA) was significantly better than that of g-
C3Na. In addition, the cycling experiments and the degradation tests under natural light showed that
B-C3N4 has good stability and potential for practical applications. This study provides a new idea for
the development of highly efficient and stable non-metallic photocatalysts, which has important ap-
plication value in the field of environmental pollution treatment.
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1. 5|8

TR AN B Y K IE B N RN AR A 22 4. R 2 SR AL T B AR5 A5 A HLI o>
K C 51 A BRI A OGVE1]-[3]. TESFIREAMA Fi5 3, BHLGIZVRRXNE A |2 A5 T
Tl K H[4]-[6]. BAAIFE GEF 1A WL 23R B A MXT R 8 P2 450, TR € 20 Tt shia ) A
BERA[T]. BURSIMEER[9]. s, W A BfA &t SugtERs &Sm0, o
REFEA IR, FHAEERS, JIE)LEMERA12][13]. Bk, B8Y)FEE A 8005, L
TR JE A R K P B & B BLTS B0

TE CARIE PRI, A B E R (e-CaN) R A TE AT B(~2.7 eV) [14], - 3L5HTF RS, &
R SRS A T B e — P TE I AR & 8 2 S AR 15]-[17]. 2R, Bk g-CaNy FA7EHE
SIEEM[18], FELEREIAMC, SeAEBR FHELAER[19]. JAL, BUIR g-CaNy BRI H S5 R T A7 72— L8 [l 4
B, A9 U AR BRI T 1 2 B RCRAR  TEVEAL AR 6 AT UL IR R A DA R BRI T A i [20]-
[22].

FEE&BITEB Fu S B RAT A KA g-CNy BT 4589[23]-[26], B4 Nar iR 38586k
WK AN BRI T E A B R T H AT . A TAEEE RAT A B B g-C3Ny, B FHBEER T
B B4 Z LA A =K (B-C3Ny) o FFFARY], B BREMIN g-CNy FIHUIREG M, (HIRT H AR 7 gk
B e BE AN 1 SR 6 AR E P, XRD. FTIR S5 RAEUE S5 28 il AR VR, R T I e 306 i A 57 32
BB R, AR T R A 2 e R W A5 4 M TR, ik — B sh AR 518 51 5 R VR % Ak 1 B
H.
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2. SCROERSy
2.1. EUFINERK

(1) g-C3N4 [l %

¥ 10 g =REW ARTBNS T, EE AP, ERTR TINAE 550C, m#HE N 10°C/min,
REE4h 5, BRMAHERE, BREREGOE).

(2) B-C3N4 HI 1) %

FREL 0.8 g Wl 4.0 g = FF %, RHLIER R 1 b SRE, TOVERIPIR, B TRAd, 2
A Ik, S B A AR INRRCIHAET 2 AR 30 min, IR S NESAR), WE
FHEAZF, FHEER N 5C/min, JIIE] 650°C, {RIE 4 /N, HARBE, B3] 1:5 FLEHB &K B-CN,

20
S AR o

2.2. FRERMEEENIR

(1) AL

MR X SR ATH (PXRD)IMARAE A BE 2% Ultima IV BUX B85 i, RAHTHE X SHERIHEEK 1=1.540 A),
PRV 5% 907, FAMHE LN 5 /min. (B ARHLL /MR (FT-IR) AL 54635 5 A A 5 1) WQF-510A
BALT A TS SCIE o fHE A0 1) 38 R 5 i (DRS )il Z2 448 Cary 300 BUOBTESGREL, HEURHPL) G RE N
8 H F 52 F-4700 B9 RECGIAT R . BT HAG 22 R0 Ha AL 22 SE R 548 R 4E CHI-660E L% T AF ik
F5ER. BET BGER AR B0 8 i 55 [E Rom B A ®)24E 7= (1 AutoChem 11 2920 24 [ B4 22 W% B 43 AR
£.

(2) e

FER WIC A FETE 7ML ERE . SEX R LA 400 nm Ye 4386 A (KT 1E N EIR. ¥ % P10 B
(RhB). HEEFE(MO)FIA ) A (BPA) K BERECHI AR B 100 mg- L1 I TARVE W, FFH4 750 R 2 & 5058
TREE, RTOIREEVEE 258 5 mg L' & 50 mg L' BN T, ¥ 20 mg YT/ #T 100 mL il
HUFH R B TR N2 N« JEHEAT, TRAY T E BRI HiRE 30 4380 DUk B0 - f#
WEPEPIRES o B SRR, BERE 15 2B DU A R ECH 5 mL A S VA BOEAT R .

TEERIGHFAE T, X B-CaNy B2 PHEH B FDGMEAG B AR SLE0 DR U R« 4% 20 mg (AL A SERE
B, N 50 mL RFEDN 20 mg L' ) RhB KV, 7ESBIE it bE 1 /NS DAL Al . 7ESR 40 - mT Lo
JeRETE B MR BE e T, A IR RIAE W IET 0.22 um BEERLT4E R IR S I e . V5 G AR
3l A ()BT AR T RS E P, FRATR A B-CaNy AL FHEAT T FL G 1) B 2 S0 DAY
AR . BB RGE, M EEE OIS SR, 2KIEHE BT 60 CHA R T4, LMERT
TR .

Degradation efficiency (%)= (A, — A)/A0 x100 (1)

o, Ao A2 K ER FT LA [A] R G R IROG B, A A2 AbHE S B AR TR E Amax = 550 nm Ak FIVROG BEAE

(3) H HHHPE R S5

kGG R BVEYEYI BT, W RBh IS 43 I & — iz DU .18 —8A(EDTA-2Na). Kl#(BQ)
FFTEE(TBA), LAHIRZ/N(hY) #EAE E H3E(O )AL [ 3L (OH). XL [ IS BRI IR B3 A
0.3 mmol/L.

(4) S

By — Y R S G AR SO FRR SR G A FAL S AR R AT, TR R AR SR = Ak, o
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Bz Rt sl MR R FAR(SCE) 2 LA, BR#EN TAEHRK, BEETHAN 0.28 cm?. BARCKUL, 4
5 mg JEHEALFIINA 1.5 mL &4 0.5 mL 4K 1.0 mL R REYIF, SRIGEBAE B30 708, PR
BB B E, ¥4 5.0 uL PRI SIE IR R T B AT . NS FE g, =S ks
1RULAE 0.5 M NapSO4 ¥ H « AL ZZBHPTG IR (BIS) I & FIA Y5 N 0.01~10° Hz.

3. BR5IE
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Figure 1. (a) XRD spectra and (b) FTIR patterns of g-C3N4 and B-C3N4; (c) SEM images of g-C3Na;
(d) SEM images of B-C3N4

1. (a) g-C3Ns F1 B-C3Na B XRD HKigH(b) HIMTIRLIIMHIER; (c) g-CNa BT E
Elf&; (d) B-CNs ByFAS i S E R

%f g-C3Ny il B-C3Ny AR E5 FIRFAE] XRD 3 M (] 1(a))o A2 B R0 77 S 20 HE AR 1) o-CaNy 2544 (DU
JidmAR), 1X ] DU W 52(002) A1 (100) A7 565 T F [ P9 AN R AT 5 WSk iE B, 3k 9 AN 569 T 43 ) %o T
27.3°H1 13.4°, HAFEERE, W& B M54, EEMEME 27.3 b 1S A IGE58 FE W e . X —ILE W
HHMRAT: HTHICRMBACER g-CaNy A B ZARE W IERBIR, 2BRH| g-CsNy HEZ 2514 1)
TR,  MNTTHE 0 LG 2 AR S SIAL L, RIS 38K 2 (AP g-CaNy 5B R . W& 1(b)fw, @il
18 B AR 4T A GRS (FTIR) 0 HTIESE T g-CsNy 5 B-C3Ny MBS HEE . 799 em ! AL IR RFAE I X . = BRI 1)
AN MRS . 7£ 1210~1640 cm ™ JEE N, ZAHRHIRZNIER B g-CsNy ZR 5 I AAE . 3200 cm™! 40T
REAEE ) N-H 8R3N51 . (ESERRE, 4 B 9 NIRRT, B-CaNy FIRHIER 5 g-CaNy =1
FEWIE, IX L B-C3Ny BN RE T IR B FUA SRR . 1Ak, 799 em™ A BURFIF UG R BLTS 1L
. ATREMRARE AL MR I BRI T U AR A B B P G R R ke A v B AR

g-CsN4 5 B-CsNy IO A AN ] 1(o)FE 1(d)FiaR. g-CaNg HHE A ARG MR BURL AL, S I
BRI AR LE R . B 1528 £ 1) B-C3Ny JE L H B B BURFLIRGE M, BR300, 2R B bl
AR, RIHREREIE I, HBUKER A LB . XS (G FLBR 45 M AN G 304 i T M e R e s,
PRAE T B2 I N AL, AT SEER T A S BT e

KH X F 26 T BRI (XPS) % B-C3Ny R I 6 2 2 BT 7T . 54l g-CsNy A EL, B-C3N4 /) XPS
i E AL, EE A NP HARE RSy, AT Clsy Nis # Bls #H7 T @i
XPS Wi 43 #r. an 2(a)fTan, B-CsNa [ Cls XPS Yeilhi & =M, 43 3I467T 284.8. 286.8 1 288.6¢eV,
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X T A 2R AR (C-C) FRAb R BR IR T (C-OH) LA I sp2 2L AR B BE(N-C=N). A% T g-CsNy, C-OH 14
SR JENE G VTS, T N-C=N W55 U A 8 5. P 2(b) 1K N1s i o 8 i) -Lgk B 5 e hRfiE, wlkil
RN, A RN T 398.2. 401.2 F1 403.4 eV IS IR . F N-C=N/C-N=C. N-(C); fl-ZHHH.
BEAh, 7 403.4 eV AL B MG EIE, BT o DRI, 5 g-CNyMIH, EIEFEF(-NH) 1 H 4
FITBRAIG . IR EEZE QL — P IESE | B-CaNy i IR 40 C-OH MI-ZUREE WIS, X 527 61EHEAH
Wit B 2(c) I Bls ez T 189.5 F1188.7 eV KI5 Hl%t N+ B-N. B-C ##, #F—PiEs T B-C3Ny
D 4, T g-CaNa A M EHl s = e 5 .
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Figure 2. (a) High-resolution XPS spectra of C 1 s; (b) High-resolution XPS spectra of N 1 s; (c) High-resolution XPS spectra
of B 1 s for g-C3N4 and B-C3N4
B 2. g-C3Na F1 B-C3Na B(a) C 1 s O S3 983 XPS SEik; (b) N 1 s IS #EEE XPS #i&; (o) B 1 s IS #EE XPS

it
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- —g-C3Ng ®) 801 —g-C3Nyg
5 —B<C3Ng | ~ e0{ —B-C3N,
2 <
= g 40
2
= < 20
@ 3
(] - 0
<
- -20 t
OFF ON

400 450 500 550 600 650 700 750 10 30 T??ne??nir?;’ 110
(©) Wavelength (nm) (d

0.6
—~05 ——g-C3Ng 1.6{ —9-C3Ny
3 —B-C3N4 —B-C3N,
< 0.4 o 12

0.3 =
%‘ Zos
% 0.2 g 1.81eV
£ 01 04 f

0.0 5 ! _242eV

0l =t
200 300 400 500 600 700 800 18 24 3.0 36 42 48
Wavelength (nm) hv (ev)

Figure 3. (a) Photoluminescence (PL) and (b) photocurrent response of g-C3Na and B-C3N4; (c) DRS and (d)
band gap values of g-C3N4 and B-C3N4
& 3. (a) g-C3Na F1 B-CaNag BUAE &L S (PL) K (b) FEERMIEL; (c) g-CsNa F1 B-C3Ng B9 DRS K (d) BR1E

3 fros, @ E A HTOEBURG(PLY RS . JEHLIR(PC) K& BhE [ IHE I (DRS) 4 - BT Ik
T, BRATRNFRME T AR 6 N BE RS S . A PL Y% 3(a)) A WL, B-C3Ny ) PL 582K T g-
C3Ny, XK B 1572 MIFLBR A5 M OB 4 & 1 L - 23 7O 2 B0, W38 A A sekimt 1 1 2=
o 3(b)B/RT g-CaNa &5 B-CsNy FIBRAS S HIRMA RN LG, AHEL T g-C3Nay  B-C3Nay IR 't FLIT A B
RERFL) 2.5 £, XK BA AT 4 B RBCR Bom H AR

NI FU A RE S R, FRATTRE ISR AL - AT LIX DRS S kAT 7Tl @il 3(o)FR, B #Gl
ANFHRBAE g-CsNy (e ISEd g, W I T4 460 nm 4b. STl 41 B-CNy E&M RIS, Hotm
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W RE J7 iR 140 g-CsNy, AT I H AL S e R 26 o (EASVER A, fE 460 nm LA ERBAKIERIN, JF
FBFRTOCRICGERE . AL, 7E 500~650 nm B, B-C3Ny (6T AE 7 Z 0L B0, 78 H R
(A, FLBR S R s A= 2 m] e IRk [27] [28], B RARF T T WYEHIM R . @l JE TR - 5
SE BT SAS 2R S A BRAE R . W01&] 3(d)FTR, g-CaNg AT N 2.42 eV, 1T B-CaNy I BRI 46 /N 42 1.81
eV, XK B 445 NFLBR L1 B8 B 3 UL A0 7 Ry B AR

(a)50000 b
a g'C3N4 ( ) 1.2+ m g-C3N4 OO{.O
a0000{ ’ 1.0 >
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Figure 4. (a) EIS spectra and (b) Mott-Schottky curves of g-C3N4 and B-C3Ns
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Figure 5. (a) Degradation curves and (b) kinetic values of RhB with g-C3N4 and B-C3NGa; (¢) degradation curves and (d) kinetic
values of BPA with g-C3N4 and B-C3Ny; (e) degradation curves and (f) kinetic values of MO with g-C3N4 and B-C3Na

[& 5. (a) RhB 5 g-C3N4 #1 B-CsNas RIFERFHhZE K (b) BIFEH; () BPA 5 g-C3Na F1 B-C3Na HIPERRRNZZ K2 (d) 11
¥B%; (e) MO 5 g-C3Ns F B-C3Ns HIPERRERLL R () ZhHhESH

HLAb 22 B HTIE (BIS) SLG (] 4(a))it— D IRAE T MRS 8. B-CsNs MIBHPEARN, RPLBmER
R H o PC Al EIS 45 5t — R SE, B 5445 NFIFLERZEH 2 $2 T g-CaNy JeHEAL ME RS (104 ROKIg . 4
E 4w, RIEARE =By —E,» 4771133 g-C3Ny (Evb=1.85eV). B-C3N4(Evb=1.68¢V). HIILH]
THIEETHUR g-C3Ny, B-C3Ng ELA 4T (10 B2 B

NPT g-CsNg il B-C3Ny 7E 1] WG R BB HEAL B R RE 77, SE003%E F A AN A B Re 1 6 L 805 Qe &
FHH] B (RhB). FHEAE(MO)FIXUEY A(BPAYE AR G . 7ECHRSZUG AT, SETERS AL HEAT W P17 5256 DL
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TR IA B BT . RhB 1M T2 W], B-CsNg %t RhB W HUR B E T g-CsNao 41 g-C3Ny
1E 90 4P AL 2Bk 18.7%(1) RhB (] 5(2)). B B BREEM R G, B-C3Na X RhB 1B AR 80 % KR
T4 88.83%. K 5(b) /R T g-C3Na 5 B-C3Ny Xt RhB FRIFF R HH 28 S 30— sl il s 1. iH &
3 H g-C3Ny Fil B-CaNy $l— 2 3)) /) 5 e B85 5 HU(K AE) 735314 0.0289 1 0.016 min e ZE{lth, B-C3N4
Xt BPA Al MO B R 20390 4381 5 43 T3 R 51%A11 90%) izt 1 T+ g-C3Ny (90 4341 )5 40 51 A 10% A1 73%).
RGN — K 5h S i S HH 5L, B-CNy Xt BPA Fil MO [GHEALED 17248 5003 & g-CaNa 19 3.1 %
2.2 5.

(a)_ (b)
X | . ~ 95 | _
1001 17 | =] mmecang
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Figure 6. (a) Cycling run of degradation curves of RhB with B-C3N4; (b) TOC removel of g-CsN4 and B-C3Ns; (c) RhB
degradation efficiency with different scavengers for B-C3Na (the concentration of RhB solution was 20 mg-L™"); (d) RhB
degradation efficiency for B-C3Ns under natural light source

6. (2) RhB 5 B-C3Ns RIPERRIEIME RERNZE; (b) g-C3Na F B-C3Ny B9 TOC KFRE; (c) B-C:Na EREHHRFIGFET
9 RhB P& (RhB BHGRE H 20 mgL™); (d) B-C3Ns 7E B AR T RhB PEAEER

S A AR e PEXT LS BR B 2 R . WfE] 6(a)fiTn, £0d 5 IKIEIASEE S, B-CsNy X RhB
TCHEAL AR R A 98.1% 8% 2 75%, RUNZAETIIREF REFRIDCHEALTETE, UEH] B-CsNy £ B R
HA MR MR EREAPERE . 5] 6(b) R 1A A B 44 22 I B 2 b i A HLBR(TOC) I AZ 1L, %484 H]
TR ALTDHS S 0 L RE o TERT WGREE 90 734 J5, g-C3Na Fl B-CsNa A AL AL 43 3l N 4.5%
H128.98%. 541 g-CsNy AHEL, BOMEMEALTR A L VEREAS 2R 5 52T . B-CsNy AMUER R 1 RhB HIFERERL
2, IR YR . XX RE AT REH T LUR JLANEIER: B %, WS R I T o-
C3Ny IIRETF S, (it 7R BB TR B LK, B-CNy IRE™ A 13 2 A SR A LB TR
AWF(UI-OH), XEETEIEYIM RN B A B AR S5 4, SEITS R 1L, jbAh, BRASIN AT RE
AR T HEAC IR T R AL BT, 35 T X v 8] = R B A — PSRRI BE T - EARE 2, BAR B-
CsNy RILMELF 0 LAE ST, EVIEZ) 7T1%H TOC RHEEER, XRYIE MRS RE TR Re 4 7 58 AaE
Rl =)o IS [R] P W AL T RE S RO SR R AR, B mT e LA LU IS e o i Rk
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NN AR Z T RhB BEAR I 200G VED A, AW R AR BR(BQ). £ /&l 21 —HN(EDTA-
2Na)Fl 5 N BE(IPA) 7 IE A H B0 ) /(W) RFR L ORI 3R . Wil 6(c) R, 4
7N BQ i, RhB [ FEARRCRM 95% S NS 36%; NI EDTA-2Na Ji (&R UK %2 49%, 1 IPA 1
IINS AR AR P2 A 2 R . IR IR Ie 45 R M oMt b, A E (O
FRER S, () IR EE Y

NIRFEAEA TN ) DL bR 77, AHIEFAE B AR RBA G5 A R iEAT TG PR AR SRS . K& 50 mg
B-C3Ny M A7 1) RhB W70 E T 988 e S o, T ML IX R 7 s 20 7 sOdEAT R B G RS SE a6,
ARSI A S AN IR R — B PR 2R 6(d)BoR, &l 12 /M EAAKFOGRE ST S, RhB
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