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Preparation of Ti;C,/BiOI composite material by precipitation under ultrasonic radiation

and its photocatalytic properties under visible light

CHEN Dandan, LI Yan', WANG Aiguo, ZHAN Xuan
(Anhui Key Laboratory of Advanced Building Materials, Anhui Jianzhu University, Hefei 230601, China)

Abstract: In order to improve the photocatalytic performance of BiOI under visible light, the O-terminated Ti;C,
was prepared by etching Ti;AlC, with NH,HF,, Ti;C,/BiOI composite materials were prepared by precipitation un-
der ultrasonic radiation, using bismuth nitrate pentahydrate as bismuth source, potassium iodide as iodine source.
The composition, morphology, structure, light absorption, transient photocurrent response and spectral response
of Ti;C,/BiOI composite materials were characterized and measured by XRD, SEM, UV-vis, FTIR, EIS, I-t and PL.
The photocatalytic degradation property of Ti3;C,/BiOI composite material was carried out using methyl orange
(MO) as targeted pollutant under simulated visible light. The results show that BiOI is successfully loaded on TizC,,
the Ti;C,/BiOI composite material exhibits an appreciable photocatalytic activity under simulated visible light. The
6wt%Ti;C,/BiOI composite material shows the highest efficiency of 91.6% within 0.5 h, which is nearly 4.5 times
higher than that of the BiOI. The O-terminated Ti;C, as a cocatalyst to transfer photogenerated electrons in time,
thechargeseparationismaintainedinthe chargedepletionlayer,whichishelpfultoimprove the photocatalyticactivity.

Keywords: precipitation under ultrasonic radiation; Ti;C,; BiOI; composite material; photocatalytic reduction
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(001) T ) [Bi,0,]* 2 Fil T2 32 s HEF 1 25 44 7= 1
W L, R Bt AE L . {H 2 BiOI BB
B (1.7~1.9 eV)™, St AR 200 7k DL fR 5 L o
YRS . L, BiOl A 35 H il b kL4 2 i 4
A RO AR i B 1Y ST AE R A ORI
Lu 55 V3 55 1 ) #0518 2% NI I8 5 8 A0 A SR 0
(rGO) i A [ 41 %% 75 BiOI 3RIE 94 K 1 |-, #g 7 p-
n B 5 A AR, 45 R kB N-rGO ik & ok
2.83wt% B}, XIRE AL FH B 1Y R f# 2R 3¢ BIOI 43
B4R T 2.1 50 12.8 fi5; Shan % i 33 /K #4072
4 T BiOI(010)/BiOCL(001) Y& i 4k 7], BiOI(010)
1 BIOCI(001) A [ T B4 25 4 7= A= P &8 H1 3% (IEF),
RO S O I A B AR L BK B Oy, FE 4
5 h #548 K B FE 5 S, BiOI(010), BiOCI(001) Al
BiOI(010)/BiOCI(001) ¥ s X R 4 s £1 4 e it 2 43
5k 10.0% . 19.8% Fl 72.2%; Hu 257 % FH P 5 i
I Bl B v ) B R 45 T BIOT B M 1) SrTiO, 4 K £F
YEHE, T EE Al T Y B pn %, 7E BIOI 5
SrTiO; M EE/R WL 1 2 3 ), & & A RHE AT UL OL iR
SFF 3 1 S T Y AR ) A i 28 R 3K 94.6%.o

Y Jy— T B 1Y — 4k (2D) MXene #18}, TisC,
BEMRR FEERME AR Sl @
1 H 1 5] A =0/—O0H 5§ —F % 5 A i 5 45 B
g R O D R RS BTN = NN OB AN
AR S5 3o 8 7 T TE 5 i A TisCy/BiOI & G 41 K,
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A TIEE A, BB E AR, BENE
BiOT Yt £k 771 2 3 52 & 2o PR R K PH g A 22 4
I By I A8,

1 WM REFE
1.1 E#e

WAL AR (TiZALC,), LV D GO F B R A
HIRAT ;s AL A4 (NHHE,), iR sebk b
FHCA R A R FK G 8RR 8 (Bi(NO3);-5H,0),
KA TR A FR AR 5 sl (K1), REERK
Ml TAHRA A VKESRR (CH;COOH)., X A4k
(CeH,0,), EA LU 2= FNARAF; LKL
fiz #M (CH;COONa), K ¥t B 1k 7 1 57 A FR 24
"l K OB (CH0H), FHNEE (C;Hg0). 4
Jfie 9 £ T2 (CioH6N2Og), KT & F5K5 4L T A

B A 3RS (MO, C,H,N3NaO,S), Kt
RGN TR P DL L2580 o dr i,
1.2 FeEAMRIHE &
1.2.1 £ 2 Ti,C, MRHTH 45

FREL 2.852 g Ti;AlC, F1 0.489 g NH,HF, i T 2=
Bk, mhZI 4B 12h, BERDIEZR FIER
pH=7, WK Fri8UliE 80°C FES T4 12h 5, H
5 BF B 5 3] TigC, #3 A
1.2.2  TizC,/BiOI &2 & 4 ki il £

FREL 1.212 g 1) Bi(NO,)5-5H,0 Fll — #E i TigC,
AR M A VKBS R W P B+ 0.5 h, KT AHIR &%
WFRJ A VR ;s FREX 1.245 g A KI Fl 3.281 g 1 Jils
PRENVE T 2B TR PEBER. EHEARET,
VW B B IMAE R AT, PR A RS
lh, #EEIFUE, 75 HZERKRICK
Ve, K UTTEAE 80°C ELZS T 5 h 15 3 K [F] i i
Iy KU By TigC, B TigC,/BiOI 5 A 1 Bl o TisCy 75
TisC,/BiOI & & #4 B v 1) it £ 43 8043 5l B owt%
2wt%. 4wt%. 6wt% il 8wt%, 114 Wl Hric N
BiOI ., 2wt%TisC,/BiOl ., 4wt%TisC,/BiOl ., 6Wt%TisCy/
BiOI Fl 8wt%TisC,/BiOl.,
1.3 RIE

A U A B 25 R RN R B XORAT B R 48 (H
7K, Rigaku, smartlab9kw) Il % ; £ I 5 i
ARk SRR T B M (B E, ZEISS,
GeminiSEM500) I 72 ; i 1) bb 36 10 FUEL(E i Eb
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Q) MI5E 5 A i By 28 A1 - 1T L W KOG 3% 1 FH ROk R
PR LSl UL (FhE, Metash, UV-8000s) Il 72 ;
21 AN 63k i 8 b 2 40 6% A (36, Thermo,
Nicolet 6700) il 72 ; HLfb 2= RAELE Rk A Tk
% T AEu5 (FFE, Chenhua, CHI-760E); #f &A%
e E K EIEIE H R AR AT LT 2T A0 98 A e EE T
(HZ<, Shimadzu, SolidSpec-3700) illf5E .
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AR S IO RE Ay, RIEHEATRIR KA,
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Fig.1 XRD patterns of Ti;AlC, and Ti;C,
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2 J& TigC,. BiOI M A [A] it & 43 %X TisC, 1Y
TiyC,/BiOI & &4 #H1) XRD &3, BiOI B4 ERTST
I§7E 26=9.565°, 19.379°, 29.650°, 31.613°, 37.045°,
37.365°, 39.327°, 45.673°, 51.333°H B, 4K WK X}
J BiOI 19 (001), (002). (102). (110). (103). (112).
(004). (104). (114) fi. RE#E TisC, & B K,
26 MPBERT BRI AT S X 1 TigCy 11 (002) 4 TH o
X 2 T TigCy At & ThI 455 11F 777 5 068 5% 85 AH X T
(002) Fh AL 55, H. TisC, MU IR 8%, NI 7E
AW A B TisCy 1Y (002) & IR AE AT 551
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Fig.2 XRD patterns of Ti;C,, BiOI and Ti;C,/BiOI composites with

different mass fractions of Ti;C,
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Ti,C,. BiOI } 6wt%Ti,C,/BiOI & & # K #Y
SEM & 4n 15 3 fir /s o Ml 3(a) TisC, 1) SEM ]
14 0] LLIE W & 08 ] NH,HF, 3% W) 0 TisAlC, #E17
Z i 5 15 2] /9 TizC, HA 4 )2 1k MXene #1 L F5
AR SR G5, A SCAR Bl b 2 T AR 3 B A3 i
— 25 W 15 TiyC, MY Lk 22 1 AL AL (E O 12.738 m*/g;
Pl 3(b) by 8 75 T UE 5 159 F) (1) BiOI ) SEM 1% ,
BIOIF i RN ZZH KA HEE; Kl 3(c) N
6wt%TizC,/BiOI & 5 #1 kL9 SEM &%, 1T LIBAH &
17 Hi BIiOI 442K i k& B 4 7E TisC, M S
2.3 Ti3Cy/BiOl £ & ¥ BRI BB = iLiE & & B AL

P U0TE s A L TisCo/BiOI & 4 44 BL ML 4
Kl 4 s, B Rl R RS, <
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Fig.3 SEM images of Ti;C, (a), BiOI (b) and 6wt%Ti;C,/BiOI composite (c)
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Fig.4 Mechanism diagram of preparation of Ti;C,/BiOI composite

material by precipitation under ultrasonic radiation
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Ui T AT ME LA DR 7 HL AT 40 B RS . TigCy/BiOI B &
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T A F AT DAL R R 5 0, N,
Az K BB (i E A AL B A SV 7 -OH 1.0, 711,
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Fig.5 Simulated visible light degradation curves of methyl orange (MO)
by Ti3C,, BiOI and Ti;C,/BiOI composites with different mass fractions
of Ti;C,
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BiOI 1% W2 Uit 341 2 7 680 nm, TisC, [ 45 4h-1] I,
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Fig. 6 Light absorption edge of Ti;C,, BiOI and Ti;C,/BiOI composites

with different mass fractions of Ti;C,
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4l BiOI FUREAF BRI 1.761 eV, TEMA TisC, Z )7,
6Wt%TizC,/BiOl [ EHF B2 M 1.701 eV, 7B A%
AR AT LT 0] UL ) A 3 T e 1Y
2.6 TizC,o/BiOl £ & W B L F 5515

8 A BiOI. 6wt%Ti;C,/BiOI A4l Ti;C, [ FTIR
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3
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6wt9%Ti,C,/BiOl
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E;,—Energy gap; a—Absorption coefficient; h-—Planck parameter;
v—Light frequency

[§] 7 BiOI 1 6wt%TisC,/BiOI 4 &4 BH RERR A

Fig.7 Energy gap of BiOI and 6wt%Ti;C,/BiOI composite
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Fig.8 FTIR spectra of Ti;C,, BiOI and 6wt%Ti;C,/BiOI composite
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