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Resear ch Progress of Two-Dimensional M Xene-Based Composite Photocatalysts
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(1. School of Chemistry and Chemical Engineering, Qilu University of Technology (Shandong Academy of Sciences), Jinan 250353,
Chinga; 2. Key Laboratory of Fine Chemicalsin Universities of Shandong, Jinan 250353, China; 3. Jinan Engineering Laboratory for
Multi-scale Functional Materials, Jinan 250353, Ching)

Abstract: MXene as a hovel two-dimensional transition metal carbides, nitrides or carbonitrides has the excellent metal conductivity,
high carrier mobility, and surface-terminated groups regulated band structure. It can be thus used as a cocatalyst in photocatalytic
material systems to improve the photocatalytic properties. This review represented recent research progress on the controllable
consgtruction of MXene-based composites with zero-dimensional, one-dimensional, two-dimensional, and three-dimensional
semiconductor photocatalytic materials and its applications in the photocatalytic fields (i.e., pollutant removal, hydrogen production,
CO, reduction, and nitrogen fixation). Also, the construction methods and photocatalytic enhancement mechanisms of
two-dimensional MXene-based composite photocatalysts were given. In addition, the future research directions of MXene-based
composite photocatalysts were al so prospected.

Keywords: two-dimensional material; photocatalysis; pollutant removal; hydrogen production; carbon dioxide reduction; nitrogen
fixation
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BN T 55 A ME PRI, g
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KL ARG LR T 4 MXene 8 &ML
P AT 42 4 B B LR Sl (A0 AT ) g A 9T L
F AR 4k MXene 5F 4k, — 4. 4RI =4t
SRR IR R T7 7 DA AR A TS et
Ry &l COp i JF RN SR, i T
T4t MXene FEE EOBMEAAM B M AL SN HLER
FPEREIE SR, X0 Kok —4E MXene 58 A6
BT 5T 77 AT T .

1 —% MXene 2 & & 1A KB
EEzyE

4k MXene HILEAFEE MR EKEGEH]
FMURR I 424, 0] L 2 S AR ik
SHR 1) LTI R Ak, A 2 v ORI R AR 1) 4 M Xene
SRR A T TRt B2, A R EAY
TIEFR 4 MXene 5F Yk, —4E, Z4ifI =4t}
SRCHEAARFT =4 MXene JEE SOLMEAL
PERLFTHUS (1 o it Fo it e, 2 HE 48 MXene
FE AL ARIR BT RS SRR
1.1 FH/ZH MXene BE &R BILMTRIENHIZ

FT o R A R R L B = 0 LR T AR

R ) 17 RSH 2008, K 5 — 4 MXene 671
FAI 50 3 A T A EL A P 48 — 4 MXene £ R &%
AL RL, BRI TOREHR T S AT . Har,
TUEI 4 MXene FEE G OLME AR 3 2R BT
MXene 3 T JE A7 S84k B 5 = 4k e fE A0 A1 R
EEE SRS
HeZEBIL HE Z00hHI %10 TiaCoT, NHTIR
e, TR NRENVE IR B ZAE T, FI R
W% T TiO KR TisCoT H AR, wliE
o 1P 97 9 R B ) R A3 ] TiO, 9K MR 7 J2 IR
TiaCoTy M 1AK% i . Ding 25124 LA HF %1/l
21 TigCoTu AT IR AR, I FH a7 5 FA R 7 — 7K B il
% 7 LER ALK 47.6 milg MFLAR A 1.2~21.5 nm ]
CoO YK RUKLITiOp PN AL TisCo Ty H &k 1E
HAEMEH I FEH, TisCoTy #i/A N TiO, 44
KIRL, i T E TS TisCoTy ML & . [FIRT,
$i4% 4 10.0~20.0 nm ] CoO g KBk &) i A K
TE TiaCoT, T - Low 2Ll HF 21 1475 2 4k 22 41
10 TisCo NRTIRIAR, AR BBE AL BELE TisC,p bR AL
AL T BA MR RESOIRE 1 TiO, 9Kk
ITisC, E&ME, M Tio, kb k221 N
25.0nm, FEWEIEKAE TisC, #i b. ZE &R
fi bL 22 T AR 4 TisC, 9 9.3 mP/g 14k %1 37.8 m7/g,
S 3 K b 3 AR T Sy o 7 JHL R THD PR B R
JSEHRAE R B B S . B3 4h, SuZP7E o, AR
N, B B AL ER I £ T NbyOs 9K BIURL/C/IND,C
Hakk, Hrh NbyOs 99Kk R 2 R 57.5~
114.6 nm.  Li 21208 D) Al 22 20 A1 75 340 5 05 1)
210 TioCo AR v i) £ (1AL TiOp 4K IBR A Hif
OkAA, R B SRS i T R AL TiO,
YPRFTRLITIZCo B A MK, Hoil g F2 & 1a B
A FL TiO, YK BURL IR 42294 20.0~30.0 nm, Ff
B SIEAE TisCo T o thsh, Sun ZB0% i #
HL [ 25 SRR TioCo RN AS Ti Ml i, 4
ST AQIAGsPO, KR TiaCo, B &M K. MLLT
2l AgsPOL 4K kL, 1% E AR AgsPO, 4K
TORLI RSN, IR EEAR T TisCo n R )2 ]
PEORI=E 5 1R T B R F At 7 o e LR T 1 A
SR T R A B L R R R I ST A LA, LA
T T AgsPO, I K
1.2 —H#/=4% MXene BEE &R EMRIEHIF
—YE e GRS AR AT S AR LR R
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(a) Schematic representation for the preparation of TiO,/TisC, composite

(b) Schematic representation for the preparation of CdS/TizC, composite

(d) Schematic representation for the preparation of Bi,WOg/Ti3C, composite

(c) FESEM image of CdS/TizC, composite

(e) TEM image of Bi,WOg/TizC, composite

Bl 1 (a) TiOuTisCy (b) CASITisC, F(d) Bi,WOg/TisCy & &M KLl 1k #2;  (¢) CASITisC, B &M K FESEM 1 Fs

() Bi,WOg/TisC, H & KL TEM i f12033. 36

Fig. 1 Schematic representation for the preparation of (a) TiO,/TizC,, (b) CdS/TisC,, and (d) Bi,WOg/TizC, composites; (c) FESEM
image of CdS/TizC, composite; and (€) TEM image of Bi,WOg/TizC, composite/? 33 3¢
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Wang £t SR YA R B 7764 4% 1 SnNb,Og 49K
FriTisC, HEHMEE,  SnNb,Og F1 TisC, )5 435 A
1.9 nm fl 2.4 nm.
14 Z=H/I—% MXene HE &R BUMRIAHIF
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Bl P LI ) 25 16 5 G RERD Bl il B 7K B )
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(a) Schematic representation for the preparation of BiOBr/TizC,/MMTex composite

(b) Schematic representation for the preparation of Znln,S,/TisC, composite

2 BiOBI/TisCA/MMTex I Znin,SyTisCy 5 & Mk i 71424
Fig. 2 Schematic representation for the preparation of BiOBI/TizCo/MMTex and Znln,Sy/TisC, composited 2+
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Ding Z52L 1 4% 119 CoO 4K TR/ TiO, 4 K 15
BiITiaCo A PR T e Ak B 2K 1y, 75 m] L
FEHRSE 15 min R X 2K B AR R 208 96.6%. %
SRR Ak I BE 3G SR AL AT VAR 6038 (1 B
HrEE R, R T A e AR T, R 7O
BIRTHAE, HNENE R R BF=E T % HE
fir 2. Cui 25041 % T NbyOs 49K HEIND,CT, & &4
kL IR ILN TR A S P B (RhB)FIER
BRI R(TC). 45K, ZRAMEEI TS
() M A0 B A 1 e, 7R AT OB BR ST 120 min A1
180 min F43J% RhB Al TC I KIEMERCEN
98.5%7H 91.2%, HEREMIHG5EATHE T NbyOs
Nb,CT, 2 [8] % Schottky 4, i3k T 644 Hfk 71
HRAE . BAb, Cui YR H] %11 Bi,WOs 40K
JIND,CTy HAM BN T MR RhB. 7 H
FWEF TC, [FIRERIL T 057 6 A0 B 5 Je 1
RE, JUHAET WG 90 min TXF RhB (K F4
R 99.8%. Zhuge 25314 TR Can,S,

TWERITisC Ty ZEMEL, Fok FH N H T 1 B AR
TC FIEJE Cr(V1). S5 RKH, ZE &M AR
e AL e, HOB M AL R RE (Y 38 5 32 A K
Caln,S, fl TisCoTy Z [HJE K Schottky 45, FIff A=
HTF M CanS it & TisCoTy, MIMARIRE T AR
MTFWE R E . £ WO 150 min J5, {E2IR
Cal NS, WEKITisCoTx EEMERT TC (1 B fE R
Cr(VI) IR JFERCE A4y 3R 92.0%F1 95.0%. £ 4 IR E
SHRHGE TC HIFEMBRCELFEA 2, RFHA
AR E M EER M. Hoh, IS TiEHE
YiFfeO, FI W TE AL IEME TC I FE i = ZEAE M,
MR T35 Cr(VI L M .

22 #HE
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FOGHEA K R SRR BAR, SEOLTEIESI
SERRN A HERIE, R AR RN 4
MXene, RJH &HINHDE AR T HE AR RE T
SR R S RETE A A, A AL 43
fR K SIS T TR T R —

Cheng 2111 % T CdLaSy AWK TR/ TiaCo i &
MEL FEEILH BRI A . T RS T,
ZE ARG E iR 25 [11 182.4 pmol/(g-h)]
29 CdLapSy 1) 13.4 15, EZRM T 14k PUCAL&S,,
XEBAETF TisCo F 1T B T e R
TH BRI . Ao, ZEEMEE 420 nm Ak
FWE T RE(AQE)TiA 15.6%, HZ 6 Yk = 5 F|H
JE AT AR B S O A = E0E T . Xiao 2513 ]
2510 CAS YK MEITisCo E AR H Ta i b il &,
HER TR RE . AL T2l CdS gk
B, ZEAMEOB AR SRR S T 6.7 £i5,
T ROGAE AL 1 &3 R A 2 407.0 umol/(g-h), X
EUEH T CdS M TisCo Z BB K 1 7 Schottky
g5, fEHE TR B TIA R B . Zhuang 451
K1) 5 1) TIO YK EFYEITiRCo B A M RN T8
ALK, & E#E & n A 6.9 mmol/(g:-h),
ZIR4E TIO KT 4l 3.8 5. BAk, ZEEM
k2 5 R EER A E OS2 LA
A, REHEA RS R A R A .
Li 2505008 1 P 45 K a1 4 T MoS, 402K 1 /TiO,
YUK R ITisC, EAMEL, I H R T 6 A
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o TERERURBHEIE T, %8 SR s A
SO E E L 6 425.3 pmol/(g-h), AR T4l Tio,
[73.8 umol/(g-h)] 1 TiO, 44K F/TisC, & & # Kl
[898.1 umol/(g-h)]. T TiO 9K F JEAL A KAE =
SHMER TisCo b nT T s (1) A B LA & Tio, 44
KA B 72 1 (101) A1(00L) & Tl 7T 2 B 3 T 5 i 45

H MoS, JTARTE B+ & 4L 1) TiO 492K J (101) i [

T RS (1 285 KA R 1 T A R AR R A R T (1
BT RS LR s A A 2, FOR ML 3
Fi o o Bai S0Pt 45 (1 CdS 942K IWOs 44K
ITisCo HEAEMEH T MR, SRR EEE R
afi CAS 44K v (1) 11.0 £, FofE i=i3& 27.5 mmol/(g:-h).
G, %58 & EHE 450 nm 4L AQE Tl ik 12.0%,

HotEaE e sm T AE T 226 M e A
BORMLERTA, AR T 54 2 103 AL A,
IEAh, ZE AR AT AR T 4 AR, AR
Hu (2 3E T 6 A B T 1940 B« Huang 25130 i —
BRI HGEHI 4 T AR ZningS, FERITiRC, B &
Mok, R R T el A . 7ERERUR Bt
AT, 28 A MRS b ) S0 2 5 v] ik
978.7 umol/(g-h), &4l ZnIn,S, Y 2.7 % . A,
ZEAMEHE 420 nm & 1) AQE =ik 24.2%, L
MR RE I B SR o] A R T B2 A& M KL R B R
(1) L AL A, AT A0 R B A A
BbAh, 2T AR S T kA R TR
WA THITE.

K3 MoSyTiONTisCop & AR AL fill S AL HE
Fig. 3 Photocatalytic hydrogen production mechanism over MoS,/TiO,/TisC, composites>®

23 CO, L&

CO, &M BT A MR, HibES
FUR =B EEASAA . Fk, RIS EA
CO, HiZ# 4L % HCOOH. CH3OH. CH, DA M2 ¥R:1R
T B2 T8 5 /N 23 1~ WLAD) B 24 4w ) 4 45 1 B
B GV, P RS AR 5 208 F0 e Y5 R 6l )
FIZL 48571 AR, RS2 BR T AL A A
CO, Tl I JiR 1 22 25 1) g, 56 T 61 AL I SR
CO, T FATS & — bk % FEE —4E MXene 7E1
SER G HE AL AR B T 2 B ALE RS AR T I
Rk, TRk BT AR CO;.

Low 25217 TiO, 40K Bki/TisC, B4
Bh IR LN AT EGIE R COe ERTLRPH Y
BT, ZE A MRS E CO, N CH, [1id %
[0.2 umol/(g-h)] i TiO ) 3.7 7%, HobMALIE

PERI SR 25 T TisCo Mm-S et TOE T
MER, BRGNS 7T RRTHES. ok,

ZE AR R SR A L B KRR
EYERL S, HRTH COp (MM, Li 2558 zno
YRR PR IR I TisC, H &R T ZnO 4K
KilTisCrrOH HAMEL, HAMEAILR CO, 2N CO Al
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(a) Photocatalytic CO, reduction mechanism

(b) Photocatalytic CO, reduction performance
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Fig. 4 Photocatalytic CO, reduction mechanism and
performance over Bi,WOg/Ti3C, composites'®
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(a) Photocatalytic N, fixation mechanism

(b) Different adsorption configurations of N, molecules

(c) Photocatalytic NH3 yield rate

K5 AQINS,/TisC, A EHEICHEALE N HLEE . No 205 A8 [F) W B A AT A Ak A5 B NH f 72 47
Fig. 5 Photocatalytic N, fixation mechanism, different adsorption configurations of N, molecules and photocatalytic NH; yield rate

over AgInS,/TizC, composited*”
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