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Research progress of new two-dimensional MXene

materials for heavy metals adsorption
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Abstract: In recent years, the new nanomaterial MXene has received extensive attention due to its unique morphol-
ogy and chemical structure. MXene is a family of two-dimensional transition metal carbides and nitrides, usually
synthesized by etching precursor MAX layered cermet phase. By etching the weaker A atoms, the layered MXene
material is extracted from the upper and lower layers. This type of material has the characteristics of graphene-like
two-dimensional layered structure, large specific surface area, good hydrophilic properties, excellent stability and
electrical conductivity, and is widely used to adsorb various pollutants. In this article, the preparation methods of
MXene were introduced, the application and mechanism of MXene materials in the field of heavy metal adsorption
were reviewed , and the main factors affecting the adsorption performance of MXene material were analyzed. Finally,
the challenges faced by MXene materials were pointed out and the future research direction was prospected.
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Fig. 1 Schematic diagram of the MAX phase exfoliation
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Table 1  The comparison of different preparation methods of MXene
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Fig. 2 Mechanism of uranium removal by adsorption
reduction of Ti,CT,
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Table 2 Adsorption properties of MXene for radioactive elements
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Fig. 3 Mechanism of Cr( VI) removal by
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Table 3 Adsorption performance of MXene for heavy metal ions

ik o TR 2 A 5%
MXene 34} A S 4 (mg-g) % B B3 ik
nZVI-Alk-Ti,C, Cr(VI)  p=0~100 mg/L;pH=2~9;t=0~1 500 min 194.87(pH=2.0) gk Ti,C, 5 nZ VI /E H [40)

Ti,C,T, Cr(VI) ¢=4 mmol/L;pH=2~13;:=0~4 000 min

Ti3C2(OH/0Na)\FZﬂ Pb( Il ) ¢=0.25 mmol/L; pH=5.8~6.2;/=0~120 min 500120 s V1)

Pb(C 1)

MXene/SA ¢=1.5 mmol/L;pH=1~7;:=0~120 min

Cu(II)
MX-SA BR{& He( ) p=25 mg/L;pH=2~11;t=0~8 h
Ti,CT /PDDA Re(VI) p=0~350 mg/L;pH=1~10;:=0~360 min

250(pH=5.0)

382.7(])H=540)

Cr( VDB AL Cr( 1) B i Ti—O0—Crat i i (41)
BT RS R Ti—O0—Pb i, WERZ A 1R (42)

87.6(pH=5.0) BT A RN AL 2 P 3 (43)
932.84 FH A A A B T 38 e (44)
363 W ) 30 3ok 7 (45)

3 EIMEE

3.1 pH

pH J& 2 M M PERERY E R R 2 — Bl BB
i) M X ene ) 2 T8I L, fiif 2 % 1T EY AE 41 A1 W B 503 . 7
I pH L F 8 1Y HA] 55K vt 6 e A 114 26 1D B g
SR, IF Al MXene B 3 18 5T 746 , 5T T 1L 79 MXene
AN UL, MXene 7 5B BT 5 A6 A BE & AR L TR
G RS 1 pH 23 T B MXene 7 E 2 6 A,
B A — A F) T 5 4w MR, PR 4 ) B 1 al LA
5K A S AR KA RO AN H TR o 55 Ah IR
FAFT S BAR &8 B 7 Z BB L ZE 4, MXene 1)
MRZ O 25 i 3 3 g A0+

Shuangxiao LI L 0 Ti,CT, % [t 551
FEAR pH X ThCIV ) 9 W B fiE 3 81, B pH 5948 Jin
W BB 33 s 22 2 TiLCT, 19 % WL A A (PZC) TE

pH=2.75, 24 pH K T 2.75 i, ¥ 0 A 14 W% B 771 3 1 £
HLfif 36 22, Al IR FL A ThOIV ) 19§ FL I 5 3858 . 78
pHAK T 3.0 65, Th( IV ) i A5 #4 Fh 2 Th* 5 1M #E 38 =
pH i, HAK #7249 Th(OH)," . Th(OH),* #1 Th(OH),
UUUED) & e i m, 38 Th (V) 19 KB R8T
hy itk Th(IV ) B W] 356 7K A RN T UE , SE4F 1 &
£ pH Ry (3.0+0.1) HEAT I 25 1] 5 B 52 56
32 AEERBEFNEFRE

W T TG B OK LA S A ) 4 R R I 28
BRA — & T . TEAAAE AR 2 HA 2 AR SR A Bl
YT A RE B L B 98 MXene W% i 1 2 75 g % 22 3
¢ H AR TS Y ) R AR 5 209, 225K MXene W2 ff
b 2 B AT Y B R ORI X B AR B T R
Iy,

Pengcheng ZHANG U537 T 1 15 B F1AS [R]
FH B 7 X TCCH W BfF UC VD) AT Eu () () 5200 o AF 5%
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KL, 4 NaNO, [ 2 58 4 0.3 mol/L i, UC VL) Y
2R WA W AR Ak s R AN TR 2 AU Y BH B - (Na'
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ANAR K R IR FL M 51 AL HE T MXene X4l 1Y 125 5
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i, EEA LR 3751

(1) MXene #1 B E )32 I HT T 2005 7 fr | A I
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AE 55 S, (AL G0 A9 & 9 i 220 07 R A BRI % 2
A& IF ELME LG 2 SR ZER o el 7 8 B4 K A
B MXene (9] £ I 5289 Tl AL A7 508 2 — R
LA ] A

(2)MXene — £ 48 K W 7 19 42 % 1k BRI 17 HE 5
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