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Abstract

The novel two dimensional material MXenes (early transition metal carbides and nitrides) exhibit
rich physical and chemical properties like graphene, thus show a wide application in energy sto-
rage, catalyst, photoelectricity, biology, etc. But until now, the method fabricating MXenes is not
mature. In this paper, we used HF to selectively etch out a layer in MAX phase for synthesizing
MXene. Then with the help of the scanning electron microscopy (SEM), transmission electron mi-
croscopy (TEM) and X-ray diffraction (XRD), it is found that the HF concentration and system
temperature can severely influence the morphology and structure of the obtained MXene. The re-
sults show that the perfect layered MXene can be synthesized used 50 wt% HF under 50C for 24 h,
which will broaden the potential application of MXenes.
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1. 518

WTAESR, A SR A A — A b R FUR R I S5 A RO S I D B A 22 T, TR RE S e AR
PSSR T T2 R, O T IR AR [2] [3]. Herh 260 88 — 4 2R L B B K LE R T A
B2 WA s LR R T2 B AR, i T I HAE M S AL, 2011 4, Gogotsi 1 Barsoum &I —
TP R FORAEE MXenes, T 4EEDIRAPRIE TR TR 2 R A [4]. MXenes ()8 i 20 il i #5644
2t = TE RS VI B MAX A E TS5 5] . MAX 462208 Mn + 1AXn, Hith M ARERTE I 48 T
#(Sc, Ti, Zr, Hf, V, Nb, Ta, Cr, Mo %§), A fREFFETRE =8I EETLR), X REKEETT
%, n=1, 2803 [5]. ARIE n EIAE, 7T LUK MAX A4 211, 312 F1 413 AH. H & B kI MAX
H 70 ZF0 . MAX NS ERGR, kg X EFHERE T M EFRER\mEE R, MXE
A R TR BHEF6] [7]. £ MAX A, M5 X Z 2R, M5 A Z R84
R, G MXenes FINLHIFUEFIH A 2 RPIEM S, BRI, 2 MAX MR RRERE S . 2 75
HEABEROMERE, HFRMEREZ (ene)kir 4.

S BB L B A T () T AERPRE EL, MXenes MY BE EER T ALK WETEA S Z U KR TR E
FESEREE, B RIFIHISEKME, &8 SHEM (AT 437 Qsq ™), AL AT 54 [8]. BRIE THMX S
MEBLEA S AR S S m iR IR, 753 iR A D RENG s S A MRS DT A R 47 1S T 52 [4].
R MXenes 7EJ652 . HL%E, AR ERIC AR I T WS FE S HANMAL9] [10] [11], AT & .
25 MXenes 20K T SRAFAEIR Z 86, FHAS B KA~ . H 50 A MXene 16 O 5 £ A
=, E(HF A1 HCIHLIF Z0hiZ) [12]. mil s mii[13]. B R b& ma[14]. miissi s
AR MAX M SRS EENREG G, BAMEESE, Sl NAE R MXenes. H i B4 %
F BRI A2 S TTRR (CVD) SR AR K TR B ZE 282 1) MXenes T8I o 3% #7722 5 HF 1k MAXAHLE,
A — R, WA . SR DL A R AN . RSO B s iR HF R 30E8 1h Ti;AIC,
MU FR T3, A5 305 5 i 1 R ACBE(SEM) AT X BFHERAT ST (XRD) LA & 20 M H A ik TiaCoTx (TisC, T,
A AR S 2 —Fh MXenes AL BA K 200 A 3% o

2. SKhu
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EHRAHF
2.2. SEISHIR

2.2.1. TRALER Ti;AIC, ¥k
B B LR TizAIC, Ky K EREE 18 h, 5K iR & 0 R B NS R IR T, AR5 B Rl & =
P E S G, BARSE AT S5, LL10 Clmin FEE 3] 1400°C, (iR 2h, ARAHF=E.

2.2.2. TiC, T, A I T8

1) Kb T TiAIC, By R 2B 5 i 300 H %5 1 BX 1.0 g WFEE LT Ti AIC, ¥y R 1818 n A % 12.5 ml 40%
1) HF i, TEER NRBEE T OB BN GRIIESRIR 1) 22 Ak, AN OB 75 BEAE @ X AT . 4%
SI7E 20 h, 40 h, 60 h BUR N AT B 05 P & pH Bk 5, O\ B2 TR R E 60°C T 24 h,
HUH 4 H

2) HU 1.0 g G4 TisAIC, (FNVIRE) ¥ AR 212 A F] 10 ml 50%0H) HF ¥, 7E 50°C Nk /it T
SN 24 ho SRJE A1 B TR A AT B 005 VE 5~6 IKE pH BliA R, RN E A T TE 60°C R T
24 nh, BUHEH.

2.3. FITRIAE

FH H 7 5% (Nova NanoSEM 450) . Bk ZE 4% IE32 3 HEL 7 2 1 (Tecnai G2 20 U-TWIN) AT X 5 244t
{X(PAN alytical B.V.X’Pert PRO)KE ALK} ISR AN S5 4

3. &ERAMTHE
¥ TiAIC, IIAE] HE R i Fad, & KR4, RS R RN

Ti,AIC, +3HF = AIF, +3/2H, + Ti,C, )
Ti,C, +2H,0 = Ti,C, (OH), +H, @
Ti,C, + 2HF = Ti,C,F, + H, @3)

FIH Hummer 771 A 8200, R ka5 R 52 B TasEE 7, 810 HF 8 MAX 23R
M-A Z ARG EE R 77 OSFFUARS, HF HEESH) HOR FAEX TiAIC, 2 TIA4 I Ti iF. 24
HY P& Ti B3R IE S, Ti-Al BB 0 288N Z 2% 0.6%, Ti-Al S ) 5 52 AH N b 23 k) o
BEE BRI Z K HYA FT 5 TiAIC, 70 T RANSAERG, Ti-Al SR K 2t — P in 2 5K 147%,
S F HF SN AE R AIF; 73T, T IhZ) ks Al JRF-[15] . 7EBEAN s b st FE vf, AR 3 B IR
H*5 Ti J5F 5 S AR By 8] P 05 s A a0, s A S B R iEAT

TR, AT HFE BFIUREE . SO TR] S S S FE &6 W7 THVEAR T8 TisCoTx W& . B 1(A)
N TiAIC, ¥y R - BB i, WP T DU B8 213 AR 0 ERetE . IR, RATK 40%
HF AN E] Ti AIC M A, BEE RN EET, B3 2SRk R %, K 1(B)-(D)FiR. X4 TiAIC,
5 HF ¥ 20 h i5f, 584 MAX A LIRSS Mk &, B2 5 B2 B IFRA 70 I8 |40 h i,
EEEZ AR HTHAE KT, #60h i, EEEZEAMKSFH. F5LE, fEEE T4 40% HF
5 Ti;AIC, W B ], 25 2 2 AR A ka8 K, &S, I35 B 2 TR 2 2 0
T, W 2 FioR. X TR R SOSI EF3EN, d 2 R SN BIR N, —JTHRE T HF
MR B, A= E S S MR T S .

WFFERBL, 2448 50% HF 7E RSN 214 R (50°C)JE M Ti,AIC,, RNEATE] 24 h i, D& HIL
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Figure 1. (A) SEM image for TisAIC,; (B)-(D) SEM image
for TisAIC, reacting with 40% HF for different time under
room temperature, (B) 20 h, (C) 40 h, (D) 60 h

B 1 (A) 9 Ti;AIC, F4iE T BB (B)-(D)N
TisAIC, 15 40% HF J2 AN [F] s 1] F)4=1 4 FL 7 S e o Ry
(B) I 20h, (C) &Fi40h, (D) K60 h
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Figure 2. (A) SEM images for TisAlIC,, (B) magnified SEM
images reacting with 40% HF for 80 h under room temperature

B 2. TizAIC, 5 40% HF J2 & 80 h 33 T B A A e

THRENERGH, HESEZREEARSFR, WE 3(A)-B)ATR. 5 40% HF Eihr MAX ML, H
50% HF J& P AR AR, I H & MXenes 252 2 AR S 5K, S8 F T 78 S2Br A R 1%
HEEREW M. FONTEMEA 40% HF SRS, HF B, RARER, Aees s Al
&, A RN AR, RS5EZE RS RATER RS B B AEERAE TisCoT, MEs 1R,
Wi 3C-D i, TisC Tk 25 EAFFMLEHIEMT ] We F4b, I & 7 HRdE i1 B s B T DOW 22 3
FLER RS 2580 I AT HATHTAERE R (5] 3(D) A4 ) R E TisCoT IS 7 di

4 JEIRT TisAlC, FIASA 7M1 45 1 TisCoTx XRD . B 4(A) 40, TieH 40% HF fE=E T
JERE TisAIC, S 60 h, 182 50% HF 7Ef) 50°C R &1k 24 h, J&T TizAIC, [(104) &, T AT 4 0 A
KT, WREHRIIE K TisCoTx. MEFER LAIE H A 50% HF #il & 1) TisCoTx FIATHIE(= 9.6 )L 40%
HF 2 R 5 [ B e, 3X 2 A 50% HF #4511 TisCoTx 25 2 MR B, s e FE . A
AB)HFEFERT LA, 4RGN 40% HF 5 TisAIC, SN (8] 31 80 h,  15ZIHIRE S FFARAE TisCoTx, £
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Figure 3. (A)-(B) SEM images for TisAlC,reacting with 50%
HF for 24 h under 50°C, (A) low-magnification SEM image,
(B) high-magnification SEM image; (C)-(D) TEM images for
TisAlC,reacting with 50% HF for 24 h under 50°C, (C)
low-magnification TEM image, (D) high-magnification TEM
image, the corresponding electron diffraction patterns are
shown in inset of the figures
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Figure 4. XRD patterns for TizAlIC, and TisC,Ty, in figure of (A) a for Ti;AlC,, b for Ti;C,T, obtained by reacting with 40%
HF, ¢ for TizC,T, obtained by reacting with 50% HF; in figure of (B) a for Ti;C,T, obtained by reacting with 40% HF for 60
h, b for 80 h

B 4. TigAIC, FIR [R5 41 £ 1) TisC,Tx XRD &, (A) B a A TisAIC,, b A 40% HF 14 [ TisC,Tys ¢ S 50% HF
H40 TisCoTys (B) B a 4 40% HF X3 60 h il & 1) TisC,Ty» b 24 40% HF J 5% 80 h il % 1)

A R SOSR A AR P 5T
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A FERIE 7@ HE sk Bt 20 MAX K64 Mxenes, iEit SEM. TEM. XRD %:FE

RACVEAI T 1 HF IR, SO PS50 T B AN s il R 5 mi o B 78 A AR 50 wit% ) HF ££ 50°C
TR 24 h R JRIR MXenes e, 55— BOCERIRIEAE =R TR 2 h 7T AN

E&UH
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