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Preparation of TIHAP@g-C;N4 Heterojunction and Photocatalytic
Degradation of Methyl Orange

WU Lin, HU Minglei, WANG Liping, HUANG Shaomeng, ZHOU Xiangyuan

(School of Environment and Spatial Informatics, China University of Mining and Technology, Xuzhou 221116, China)

Abstract: A composite photocatalyst (TIHAP@g-Cs;N,) consisting of Ti doped hydroxyapatite and g-C;N4 was
synthesized through hydrothermal route. Its structure and optical property were characterized by various means and
photocatalytic activity was evaluated through methyl orange (MO) degradation experiments. Results show that short
rod-shaped TiHAP in the sample grows on the surface of g-C;N,. Both TIHAP and g-C;N, maintain their original
crystal shape and chemical structure. As-prepared TiHAP@g-C;N, is of high purity with specific surface area of
107.92 m’/g, which is increased about 135% and 44% as compared with sole TIHAP and sole g-CsN,, respectively.
The highest MO degradation rate of 96.35% is achieved within 120 min by TIHAP@g-C;N, at the concentration of
1.0 g/L and pH 7. More than 80.02% of MO was removed in every of three cyclic tests, demonstrating good and stable
photocatalytic performance of TiHAP@g-C;N,. Holes (h") play the largest role in the MO degradation process,
followed by ‘O, and ‘OH. The constructed TIHAP@g-Cs;N, heterojunction enhances light absorption, improves separation
efficiency of photoelectrons-h", and preserves more redox-prone TiHAP valence band h™ and g-C;N, conduction band
electrons. Therefore, as-synthesized TIHAP@g-Cs;N, can be a promising catalyst in photocatalytic degradation.

Key words: ultraviolet photocatalysis; TIHAP@g-C;N,; methyl orange; heterojunction; photoelectron-hole

R E A 2022-07-15; LRSI B EA: 2022-11-11; MEHREH: 2022-11-16
HEWB: FXE AR %4 (51974314) National Natural Science Foundation of China (51974314)
EHBA: I AK1999-), F, iLHF7E. E-mail: TS21160095A31LD@cumt.edu.cn

WU Lin (1999-), male, Master candidate. E-mail: TS21160095A31LD@cumt.edu.cn
BIEMEE: T, Z0%. E-mail: wipcumt@126.com

WANG Liping, professor. E-mail: wlpcumt@126.com



504 I e

38 %

BEA . S48, 97 SURTEN R ES Gl Tk g p
TR, GekbR KIS e H 2k N R R AR K AR
FEUIRE, i KRB, BEIRK R B, KA
Wit A KT L N S R B, L £
Rk TR G R = 55 5 R Jot e ol 2 0ot I I 3
IR i AR R Jok A e B, 2 e e s . Stk
FARBA Zi59s . RNIRBETR BEARSCR S, 1R
— P G R YR K AL B T VE T 32 3 )z el
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90 min P JL - 58 4 B AR 4-Ti KB (5%10 %), Palani-
samy 2PN SR HAP [ 5E7E g-CaN, il |, 5
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KT LR BRI IRAR, B R RE A LR S T
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1.1 X7

JRZ S TY/KAEERES(Ca(NO;s),-4H,0). TR —
AH(NHH,PO,) . RIS LERI(PVP). &K
25 4 A 4 5l A A BR A A A7 R AR
(Ti(SOu)2)~ HLIRHE(AO)- ¢ A I (IPA) AN KB (BQ),

FEETMAEMEE AR AR A, BR. KL
i, R A R A A A7, R (MO), Th
Bkt A PR A 7 477 . BLERFI A 4 at
1.2 g-CN, Bl &

FREL 20 g JREE T 50 mL 47 75 M & Hw h, 7%
AN, EAREEHN 10 C/min, HHRZE
550 C, MEE 4 ho RJEMYHREH, AEEER,
F2: 8 F /KR BT 3~5 ¥R, B5.00(5000 r/min,
Smin, FE)EINE, FTFEAR 70 CHAEHE 12 h,
143 g-C3Ny.

1.3 TiHAP@g-C;N, Byl &

PR 3.45 g NH;H,POL ¥ T 50 mL % & 1K, 133
W A; F7 531 g Ca(NOs),-4H,0 1 0.6 g Ti(SOy),
BT 50 mL EB Tk, S02H0RE R A A
BN B, FREL0.23 g [ g-C3Ny % T 100 mL 2%
B K, A A ERAE A EUE TON 60 °CE IR i
TR BAN, F G ZBIMNER AL K B A
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K X SFHAHTHHM(XRD, Ultima IV Y, H AR
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DUORHEFRACES A R A 7)HAT AL 2=, B0, HAn
HR W& PENE 23 A o it 2 L AR AT
TAEEEM, HEARBN 0.2 mol/L Na,SO4 ¥, #i% iU
BN 10~10° Hz, fw[EN 0.5 V. TAFHEBAHI%
FREL 0.4 g # % FIF R 0.05 g A 28481 0.05 ¢ Fiw
IR TSR, RS 30 min, ZRJEFR
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Fig. 1 XRD patterns of HAP, TIHAP, g-C;N,, and TIHAP@g-C;N,

2 (a)TiHAP.(b)g-C3N, Fl(c, d)TIHAP@g-C;N, [f] FESEM
A

Fig. 2 FESEM images of (a) TiHAP, (b) g-C;Ny4 and (c, d)
TiHAP@g-C;Ny
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Af LA EE 3, #oIR TIHAP £ KT g-CsN, i 5 3
AL, VBT Ca¥t. PO R E TiYEE A E
TiHAP &it%, PVP —J7 AE ARSI E T g-C3Ny
KT, LA TIHAP FI AR I, 5 — T HEN
43 BRI TIHAP @A 218 4 K T g-C3N, K 1, 15 2
FFLRE (2 & 8B TIHAP@g-C3N,
2.3 LEERERRFFLEM

K] 3 TiHAP. g-C3N, fil TIHAP@g-C3N, )
N, MR B -E Bt R F LR A, & 1 MERT =
FIOEMEAI BET LhaRTHAN K ALEE M . R4
IUPAC 4328, =45 Z635 00 11 B W b S5 R 26 .
TiHAP@g-C3Ny A4 RL B Z I Bt & s T TiHAP A
g-C3Ny, VIR SRR, 5 BET iHH4 R —
. TiHAP. g-C3N, Al TIHAP@g-C3N, [ EL & [ F2
43514 46.02. 74.99 F1107.92 m?/g. Hl4& AR EL
FTRLUKA F T 38 I yE v AL 5 K, AT R e
15 YW (G A4 P s RO RN, XS e By
B R PR B B o A [R] bb R TR AR A LR B 22 7B B
(0 45 FL 2 B, R B B 5 EL 2 TR AR R B IR 2 1 A
FpEM, AR B TIHAP@g-C3N, 1L 28 W] o 4
K, ATRERH g-CNy FEHAH S TIHAP B A
S,
24 FRYHERETNEETT L

Kl 4 4 TiHAP. g-C3N, fl TIHAP@g-C3N, [
UV-Vis 18 63 . 1K 4 7T WL, TiHAP 7£ 300 nm
B W B 170, g-CaNy 722K A6 X R 4 7 L
X H W EE 1. 5 TiHAP F1 g-CsNy A L,
TiHAP@g-C3Ny [ /6 IS RE 77 0 35 3 5, A2 18
250~450 nm i [ . a8 i 5 78 A BRARE iR 5 45
ORI IR BE T B I L R 5. B
B o W i 5 BE B AT — Fh Al M RO, AT
TiHAP #l g-CN, BRE &G EMMEER. 446
TiHAP@g-C3N, ff] FESEM & F Al UV-Vis 18 5

N
=)
S

(2
F —=— TiHAP
—o— g-C3N,

300~ —a— TiIHAP@g-C;N,

Quantity adsorption / (cm*g™!, STP)

L 1 L 1
0.4 0.6
Relative pressure, p/p,

0 0.2

0.8 1.0

(dV/digD) / (cm®-g™)

i A LLHERT TIHAP@g-C3Ny JRINTE K T 7 46
Nt B R TIHAP@g-C3N, A5 B 454, i
it Tauc Plot Vit TiIHAP F1 g-C;3N, [ 255 55 &
R, AE (@) ~hy 12k, S5 RME S2 FR.
TiHAP H1 g-C5N, F 717 B 58 BE 43 7 4 3.88 12,90 eV,
5 AR H A —F,
(ahv)'" = A(hv - E,) (1)
H, a b ovi ARVE, 70 I9WRCR AR, ¥ 70

H(eV), JeMHE (Hz), HLWlH BRI ZEH 56 (eV). n
B T2 SR 28 . TIHAP IR B2 Sk, n B
2, g-C3N, N E B B SR, n B 172

ST TIHAP@g-C3Ny [ 57 4544, % TiHAP
FT g-C3Ny HEAT S B RERE AR, 45 il S3 Fiow.
g-C3Ny I SEHF— R i 2R R A R ORIE, JEn
RISk, TIHAP ISR N, 2 p BES
&, 8 TIHAP 5 g-C;N, EETEN T p-n 745 LLAL,
TiHAP 1 g-C3N, [P AL 534 2.74 V(vs.SCE) !
~1.13 V(vs.SCE). 8% n &Gk S5 B 7 LT
M ELAL 6120 0.2 V(vs.NHE), p B2 SR 047 B A7
P AL IEZ) 0.2 V(vs.NHE) !, FIFH(Q2, 3)%
AISRAF TIHAP Fl g-C3Ny AHXT T bR & F AR 1) e Y
I8, 455 WZE 2.g-C3Ny b TIHAP ()54 5 41, 1M
TiHAP Lt g-C3Ng 4017 5 IE, AR - SR I Re iy

£ 1 TiHAP, g-C;N,#1 TIHAP@g-C;N, )
BET Lt REFR R 7L LR

Table 1 BET specific surface area and pore structure of
TiHAP, g-C3N, and TIHAP@g-C;N,

Seret/ Pore volume/  Average pore/
Sample - —
P m>gh  (em'gh nm

TiHAP 46.02 0.1368 11.89
g-C3Ny 74.99 0.1370 7.30
TiHAP@ g-C;N, 107.92 0.3107 11.52
1.0 -(b)

L —=—TiHAP
08| +g-C3N4

L ——TiHAP@g-C;N,
0.6
0.4
0.2

0

80 100 120 140 160

60
Pore diameter / nm

0 20 40

3 TiHAP. g-C;N, fl TIHAP@ g-C3Ng [ (a)N, W Bt —fist i ih 28 & (b)FLA2 5 A
Fig. 3 (a) N, adsorption-desorption curves and (b) pore size distributions of TiIHAP, g-CsN, and TiIHAP@ g-C3N,
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2— ng3N4
3 — TiHAP@g-C;N,

Absorbance / (a.u.)

700 800

500
Wavelength / nm

600

Bl 4 TiHAP. g-C;N, fl TIHAP@g-C;N, (] UV-Vis 18 jz 5t
it

Fig. 4 UV-Vis diffuse reflectance spectra of TiHAP, g-C5N,
and TIHAP@g-C3N,

%2 TiHAP # g-C;N, HIBETH L B
Table 2 Band position of TIHAP and g-C3;N,

Sample Band gap  Conduction band Valence band gap/
p energy/eV  edge/V(vs. NHE) V(vs. NHE)

TiHAP 3.88 -0.70 3.18

2-C3Ny 2.90 -1.09 1.82

AL E, TIHAP 5 g-C3Ny B & TE BB B 57 5T 45
Epg = Egce + Esce (2
XA, Engp AAEXT T b v S0 R R 7 B AL (V);
Egcp JARXT T AR H R U (0 BE A5 HLAL(V); ESer
RN T FRiE S F R R H IR FEAR FEA, 0.2412 V
Eg =Eyg —Ecp (3)

XA, Eyg AMATHAL(EV); Eqg NSFHTHAL(EV).

2.5 RAEBTF-hHSBENTR

T8 B A O LR e R R (PC) A HL AR 2 BE T 1
MR (EIS)WF 7T TiHAP. g-CsN, A1 TiHAP@g-C;3N,
PIEAEFR TR BT, R WE 5 Fias. W
5(a) i) WL, TG R =R A4 7 LT T O LA e
;AN R e R K, Hh TiIHAP@g-

120 5 '
Tioo| ON OFF L i— i
- ; 3— TiHAP@g-C:N,
S sl M —
g’ 60 -
5 L 1
o ] —"1 — L
% 40_— 2
5 20}

0

0 50 100 150 200 250

Time /s

C3N, G LR B 3 7 T TIHAP Fl g-C3N,, R3O
AT R B AR B, IR R R . RERE
B [ R AR RS, 2 B 2P SRR e AR 7
h' 15 A RAC, BB acEsE . BB 50b)n A,
TiHAP@g-C3Ny MR IR 42 g /0N, i B H 6 AR FL fr
(173 B R d v, FEREBEBIR /N

FEUR H(PL) LT A 5 — i Tk 4 7 A0 b
R RNAEBOTE, GG, BERTM IR
AR WE . TIHAP. g-C3N, Al TiHAP@g-C3N, 7
320 nm R K FHI PL W 6 fias. HIE 6w
A1, TIHAP@g-C3N, i I 5 i W 2 (KT TiHAP Al
g-C3Ny, RIFHLAHFA W E AR, 5 PC
FIEIS AT 345 AT
2.6 SEELMEREITM

Kl 7 45 HIANE TIHAP@g-CsN, Vs & Al pH 4%
£~ MO MMM . & 30 min BE R M,
TiIHAP@g-C3Ny % MO [V Bk 2P 47, WP 2505
BN 5%. BHE 7(a)rl 5, JHE 120 min 4 MO P&
iR 5 T 5 ik 6 i B TIHAP@g-C3 Ny, R N 15
M K. BINEM 0.2 g/L HE 0.4 g/L I, FEARZEMN
45.64% 15 & 88.05%, K T 1.93 fif; dkZEig &
1.0 g/L B}, MO HIBEfE IR 96.35%. HE TR FE 1
I, BT B 2 B AR e T TR B, SR TR B
R 256 RT3 R 9 i P4, A 7 A R R T v R,
IR o

& 7(b)al &0, IR 120 min N MO P& fi# 2 Al
Bée iAok 2 o B BE pH s BRAK. pH 7 B, BEfES
N 92.03%, KT pH 3 Fl 5 I RIBEAE R (94.41%F0
93.97%), {HE T pH 9 A 11 I PR 2(86.33% A1
79.58%). LT pH 3 I 58 %5 %1 0.0242, pH 11
S ) 3 8 EON T 44.21%. 24 pH AT TIHAP@g-
C3N, B Z AT £S(PZO)I, TIHAP@g-C3N, 2% [ 45 1
B, S WA R MO 41, MR T B A

g
—a— TiHAP@g-C;N,

0% 05 1.0 15 2.0 25

"7k

K5 TiHAP M g-C3Ny [ (a) 8 256 FLI A B H 2 A1 (b) 4% 22 3074 ]
Fig. 5 (a) Transient photocurrent response curves and (b) Nyquist plots of TIHAP, g-C3N, and TiIHAP@g-C;N,
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1—TiHAP
2 g-C3N,
3—TiHAP@g-C;N,

S

350 400 450 500 550 600
Wavelength / nm

Intensity / (a.u.)

Kl 6 TiHAP. g-CsN,fl TIHAP@g-C;N, i) PL i
Fig. 6 PL spectra of TiHAP, g-C3N, and TIHAP@g-C3N,

Light on (a)

—=— 0.2 g/L k=0.0051
401 o 0.4 /L k-0.0180 min
—a— 0.5 g/L £=0.0214 min™
20 |+ 0.6 g/L k=0.0220 min™!
|—o— 0.8 gL k=0.0242 min™
—<— 1.0g/L £=0.0292 min™ ) .
20 0 20 40 60 80 100 120
t/ min

Light on (b)

100 Dark

%8 %
96
-30

—25 =20 -15 -10 -5

40 L o pH 3=0.0242 min’!
|—e— pH 5 %=0.0236 min™!
o pH 7§=0.0214 min™
20 ——pH 9 #=0.0171 min
|—e— pH 1{ £=0.0135 min™!

—2I0 0 2I0 4IO 6IO 8I0 160 12I0
t / min

Kl 7 (a)TIHAP@g-C;N, ¥ I = A1 (b)pH X MO B 1 5%

Fig. 7 Effect of (a) TIHAP@g-C3;N, dosage and (b) initial pH

on MO degradation

RZ., Wiz A =R g AR R, MO FIWR BRI (i 40 B
Rt R 2 BIAAS . HhAh, BRI MO AR
KM, K227 N=N XU, Lot &4 T~ 2 AR
LRI MO B 25 5 4 g,

7t TIHAP@g-C3N, ¥R &9 0.5 g/L pH 5 %44
SR MO. B HLEK (TOC) 1) 28 4k 15 5t 4n Bl
S4 Fi. Y6 120 min i, MO, TOC FJ 2B 2437l
992.03%7FH 69.93%; 4t [ I [H] ZEK %2 180 min i,
WA MO I B4z 25 1, TOC [ 2:Br 242 =i
82.67%. X iHIE TIHAP@g-CsN, Yol 4k A MO
I, AR MO 7SI Se 4 ik, #4 hiais s
M fFEETHERSY, HXH#—BUu v
TiHAP@g-C3Ny Xt MO 145 25 % it .
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