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Tablel Comparison of advantages and disadvantages of two-dimensional materials prepared by different methods

Preparation method Advantage Disadvantage Ref.
Epitaxial growth High-quality and large area of nanosheet Low efficiency and high cost [15]
Chemical vapour deposition High-quality and large area of nanosheet Low efficiency and high cost [16]

Shear exfoliation

Micromechanical exfoliation

Ultrasonic exfoliation
Oxidation and reduction

Electrochemical exfoliation

consuming
- Simple process, low cost and
Wet ball milling functionalization
Dry ball milling Simple process, low cost and

functionalization

High-quality, simple process, low cost and Low yield of mono layer of nanosheet
scalable of nanosheet

High-quality of nanosheet

High-quality of nanosheet and simple process
High efficiency, low cost and scalable
High yield of nanosheet and short time

[17]

and time consuming

Low efficiency of nanosheet, high cost

and poor controllability (18]

Low yield and difficult to scalable [19]
Multiple defects [20]
Slight oxidation and uneven layer
[21]
number
Defects in the basal plane [23]

Defects in the basal plane and poor

peeling effect (24]

i HEA: 2023-10-15
HEWWB: EFXFARFFES (52072274, 52272021, 52232002)

fEERNY: EE, B, 1999 F4&, wild, KA REME SH &S0, Wb B3 430081, Hif: 027-68862829, E-mail:

2463331027@qq.com
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Fig.1 Mechanism of preparation of small particle size elemental iron powder by mechanical ball milling

[26]
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Fig.2 Top view diagram of ball milling process”
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Fragmentation of graphene sheets

Exfoliation of graphene layers
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Fig.3 Schematic diagrams of exfoliation (a) and crushing (b) of

graphene during sodium chloride assisted ball milling®*!
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Fig.4 Schematic diagrams of traditional dry ball milling (left)

and viscous solution-assisted ball milling (right)™*”!
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AR R o R BT BRI O Ao R, L
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B . Yusupov 25 NUSIDLRG F S 7 &AL B N ERE, BA
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BEAR: LS EERAWE N R BCR B, UiFEA
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QIR HAEFAL IR 3R . 490K A B ) R4
N 170 nm, EEZN 0.6 nm, XTEAEME . BRI K
FRHE 3 Fhlh B BRSSO BACT R B & R AT
e .

Wang 25 NPONRLZS 5 BAGTI N R RE,  DLRE B A d
BUERBEF, SR AN 5 22 VR BR 1) 0 1k 4 B AL B
il 7 — R 41 TG B B 1R T LA ) RS ORI A AG 4h
Kb GPRFEW], P& S K B B R RS2
N3 um, FHEEEN 4~5 nm. JEREGHBIER B0
KM BE S 7 B AL R B R0, 4K R 172 2 ik
85% (SR /40 (R EERE 2 -t m] & 21— & M4l il
gk A AR BVE R . AT LA BT & R B AR K
JREE (1 mg/mL), #4%& 7 ZATIAK oy S, R
SXof NIV R 56 W R I 21 ) B 2 e D 40 5 R0 43 s 87 %
A1 95%.

TRTECI LRI R A M JERE,  DAACHEAD il Bl Bk
BE7], £ 500 r/min TVEEKEE 8 h J5 il % 1 3R K A A
WG K Ao AFM A1 TEM 45 3R 8, BT 4 5
RN K P BB RN 4.46 nm, PR RSN
253.7 nm. PAAKHEAD o % B BRBS 71 0 I ok, mT R AR
H G TR dhah, AR KSR, R 55
BACTR K i D ReAL o

Zhou S5 TDLZUA AR A4 Ay JERE, LA 460 1 RS 1 v
FNHHEHERBE R, RHIWUIEREEES] % T BULIIZK
FEMIRIT IR NS N 1.2 pm, TR RN 2.1 nm, %
IR K (72 25k 74%. 1EZH1% T JEE A 70 nm
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1 A BT 4 2K T Sk Ay ) G 0o B R 77, X 5 nm (1
Au GUK IR Y BH BT 20K B 99% . [t 5 Al A1 S 2% T 3
FH 5 TR A7 T P I R B oK e B2 W, % G
(1) 5 R BB B A A K v R E R g 0, 4
BB N 90%C i 2 BOB, SRR ECH 64 W/(m-K);
B 99%I, P RFUL ] 74 W/(m-K).

BACTN K 1 3088 32 AR T LA R B ik 78 o
FEAERIBTY) 3, AT R 7T A R AR A e 4 v T
AR ST R AR R, S e R B R . 4 i BRI
I 18] DL R I b FE i 0 P SR S (B LR ER BB VA 7R 1
Ji 2 ALK B B R AT SRR, v 7 X il 4% T
A AT RN 5T
2.3 ZEUWHEMNKFNEE

TORAGEH RN M E RS, Hh Mo JE TR
KAEWE S IR FZ (8], TR 05 1 JE AR A
AFENELNEERE, ERE, WS T2EEE
BTG, HAEA a3t IR tdE i e
ANy F R it n B9 U) 73 A7 DL B ERAL AR, 45 BAE N
IR R o B o T A ), o i
AR EEARSE RN o B iR, W
FITELR M Sk P AIER N A2 AP, A%
TR BRI, R HIE SRR R R R L
IR BN 1.8 eV, TEGNK SRS SR A 1R [
oy N 2 TR, B 2 R A AR S AR B FE TR RS R A
HATAZ) 500 em®/(V-s), HITRES] 1x10°%; 1
Ab, ZEAEHIE AT AR S e SR A AL )

Yin 5PN A Ak B AR AL SR B (BIOBr) Ay
JE R, @ B R R e Bh ML bR ER BE V| % T
MoS,/BiOBr & # A . 45 KB, FIE )5 itk
gk R B, RSEA 200~300 nm; 7E R I E S
T, MoSy/BiOBr & & ¥ 4L L L FLAH BiOBr B 5
G HE AL B AR U 3R K3 . Hob, 1.0% MoS,/BiOBr
(REDHD OGP, PI7E 120 min
N P Sl 68%I YA 2, ELFRAH ) BiOBr 215 1 30%.
JER 2 MoS, 99K 151 N3 K T 52 &4 Ak 1 EL 3R T
L R T AT R USCRE ) R e T OB AR BT
AR R, AR E T B AR PR .

Tayyebi ZEP7TDLERAA ZBALEH A EORE,  DLH BR Y
NABh R B, SRANUBER B 77, 4 T Zhifk
KR . 5REBW, MHRMNS —mAH R
N0.75:1 B, ZERACEH IR B 0k v, HE R A
3 95%, ERALEHAUK B 0 RSE AT R FE AT DL I BR B
ZAF I T LA AR, S EEET A  6 h, WS ER 52K
BESEARFARIEE N 1:2, BREEH A 600 r/min B, A
ARG K 77 e d i, HBER RSEZ528 70 nm, B

FER 1~2 J2: AH YR BB BR S EREE GEARFALL S 10%, Bk
JEEEH A 300 r/min B, TERALEHAUK B PR RN
15%, HEERRSFZ08 150 nm, JEEN 4~5 2.

I S L) B AGAR R R R JEURE, DA Z A g
Bl N o wiks e 7, P O REKIE IR Bh R B R, 18
BREFE N 200:1 (I26F R, 28 300 r/min BREE 10 h J5 il
T BALAEGCK B SRR, R ZJd s o e 7E
BRES o 2 rh ot B oy Hicke e RIAE T, T DA — B Ak
YR R R, SBE/KIE AR N R B 7 AT LA &L
HRIES AL, wS R RN S E g K, H
JERE N 3 nm Zi a4 I A I AR A &
REHEIEIE R, 5 CREEWEFIARLE, BN B 5 e
DT 48.7% (FAa N 40 ND o Frifil £ 1) iU AHAK o
TV AN FRIET ,  7E— e AR EE VG NPT DA R
TEVE P ERE: SR EE Y 0.20 mg/mL B,
FHIERR 26 AT, T P EB IR  RE IR = T 50%.

=85 DL AL A A O R R, DL Bk g
FEE AR BRI B A, JeiREE 24 h, FE@AEOHI& T
TEAGHIIR . RERY, ZTEREEIREL N
4 mg/mL IEE N 4 Z 1 ZRACHIK A B F
& [ 3 DL S ) R A AE AN K R O R OB T
g-C3Nu/MoS, 9K /8 A sl 2 A s, mF
MoS, Gk F A AT SR IE P RIAE T, 72 0] D6 R 4
T EALFILE 120 min X2 PHEH B (1 FEAE 2N 96%,
AR R T g-CaNG 7E AT WG N6 & 1H 8 B I b fi 4k
VAR

NT R R B AR, R AT LU U ER B 1 S
HERBE R A REE RO . B
DA B A BB A g JERE, DGR PR ke bt s J i g % B8 )
A, K B A JEORE RN BR (1 e AR [ e AR S A, SR
FHZKP- 3R B FOHE 75 R BS AR S & 7, & T —mifk
BHGIK Fr o S5 9ER M, 20 BRI Be i /N 23 7 A
B ZEAHIE R, B AR S R E .
BT 4 i K B RN 2.0~3.8 nm, B R F R
550~650 nm. ZJ7iE M HIGUK F RSF A, R
6 5 Tohe, wI R B e, Hi
R, REBES.

WA, IERDEE 2 Fh T 4E A RHE A R B R T R
DAiE— B3R s B R . 25 2 SR ON DL B AL A A A
FER R RN JE R, SR PR S M UBRER B 1) 77 2 R B 3 25
TERALEE AN B, A T ALK A SR gk
HEME. ERRY, ZEEWEEA RN S ENK
AR S I S A 1, 0 0 AR 4 o 7 LTt 19 TR AR
ML, 75 0.5 A/g MHREE T, HILBEEZN 306
Flg, NS RACEHT) 2 5, HAE 0.2 A/g IR
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53 %

FETRAEIR 100 5 LT A LA 2 1 3

B2, H A AU ER B i ) & I R A
K R I RAR B BB, AT R T R AR R AE D
N i Bl BK BB 7k ) 2% 0T B R AE I B AL B 9ok A
by B A B AR K AT TR A s (ER
~POR L JEL B T AR B A oK R I ) & T 2B
RANRE
2.4 HEZHEMBIAHRMIKER BT &

T A B R T2 AR, AR T A%
SRRV P BRI BB RN I A
VI 2 B SR, (BB R KA D E
P8R BAT B « Zhou ZEUOF R T — b i 2 e AR
ST U B R BB R K S & Bk . AT DL B A
JEoRL,  DUR - BHE-NH,Cl A4 BhEREE T, R ML
TBEEREBRIE, & THIGRaK . SRR, 5T
EEREB RS IR AL, R - %M -NHLCL FAIR A
W) DR BR B SRR A L T A AR, TEEREE BT D) T A
R, AR A T B2 R sh/ i, X AMRE
LAY TR AE IR R A AR A Bl T ) &R e R R
BN, BT & B P A [ RSE R 180 nm, JEREA
4.51~7.67 nm, H =K 35.3%. 4 FTH & RGO 1E
BT R I BEARET , BEIEPOK - S T A AR R
U R MR JE SRR (92.1%) BT I AE 3R R g v
(100 XAEHJEAA 1440 mAh/g F AT I HL 25 6, 25
FFRN 84.9%) FIfFRR . XFMEMS S S BhERBE
T3 AR T A A A R

Liu ZE7YRL N-FIEMERS el . N, N- 56 HH
i 0 FR R IR A A B BR S 7], SR A ALV YR 4 B Bk
PRV B K U R S I Ak B (B S). g%
B, RO A IE B B A MLA R, BT
RN RN 3~5 2, B RSN 1~5 pm. 2K

Fy

F T
S E%ﬁ :

SO SO SO SCLSoLSo
L e i el e d

Wedge RIS Ball
o o e milling

LT
CxCx < "
A R
™ = 81
-y e
SCLACL T
F T |
F n

@ Organic solvent

PR, REBERER S F, MY F, A
INTE SRR b, REROK ) SR B AR B /N R
[FIB, A ALV 7 A7 A AR D B A R s R T 0
MR GK J); ESEEREE G R T B & BRI Bk A
M F s, HEFSF N7 BEEENDGIEA W6
ANRJEH, BRARRIESE A IR T AE, (6 H R FRAR e A
RUFHLAY I, B ST T BRI .

FABMHEIK (g-C3Ny) & — Mg B T4
SR (0 B JE T IR SO A T, 2 R
B fit ) &7 TORUR PR B B 07T A BRI 2.70 eV,
AT RSO BR G 3 H  K BN IR 5R e . SR, CAE T
D X3 R A R SOAS A2 DA BE AT R 3R 1R OK BH e
s BbA, IEVES AN AR A IRADGE S EIR T
{1 75 i 4SO R A1) @-C 5N 78 S FH B 6 1 1 A3 g o
F, 4 g-C3Ny B0 B /b Bk R sl LA 7 2 Y
AR PR M AR v o SR AR AL B K P . Ma 250
DA SBAR A (g-CaNy) Ry AR N ERE, R HL
BRI T, #1145 1 2 o B 2R S A B ARG oK B .
GERRH, BREHEEMIEINFET -GN, 4K i kife
FHES ZH kb, IEER & T H A B € P, 150 r/min
BREEJG 9Kk B R~F2908 2 ums SR AT
g-CsNy AL, HObLMIbEE I3 m T 2.2 £

TEALEY . RS R AL R R T Rk
HMZ R 72— gedpl, HZ i 5564 gk
SN S AR L R0, XY & R AL Ak
A DAIE i ) B B AL 2 ) B R AT D E B 2 K .
JOT 84 2 R BOX S SV H 254 R A2 A8k, IF
HETT R S AL 22 RS0, 25 4 8 b &
A ) R~ BN E T BRI R R T,
X I 4 R AL A A KRR T AR S H O
A4 fi eS0T A s 2 TV A 2 N

e |
Bl e |
HQQé%J
Ball ‘E"?%“%
=

K5 Wik ) 2 SRR i A

Fig.5 Schematic diagram of stripping black phosphorus by wet ball milling

[71]
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Nasr & DU AR FBR IR N JFURE, SR A Ak 225 A
VIS G mBEERE 7k, Bl & T Zmih gk
Fo @RRW, FIRYORAMEE/NT 20 nm, K
/NTF 150 nm; B S ARATT A BRALAS A K o R R
87 FH W5 55 ARV 46 T A SR I/ A R A R,
JE VR LG SRR, H A R A B e
WehE ) (98%) FIEUARIATER (1.75eV): Be4h, St
2= T 45 R BZ T A MEHE 1.23 VW& TR
HIRZE N 95 pA/em®, HEATWA M (RHE) H
bR I B A L B s B BTG EE (EIS)D
MRS R R, ZEA M B R e, W
B A AT AR A R 8L 6 BE AR D AR A

Paolucci 0L —Hitb 85k A N ERL, BLZE N
EHEREE ], I LA Bk S AN 7S A B4 T ERAL
Bk . RFH, P& K B 0K A
BIRSEN 110 nm, HE M5 EERIHEN 27. WS,
1 B KA AR H SR T E TG € T 1 WO,, 1E3E JerE
180 “C Xt WSy 44K F ik 47 &b 3 I L R 1H) A A0 A il T
JETE WO;. Bl Ja1E# AL FE S 1) WS, 99K o 5ok,
Wt 90 Ao 8 B PRI . SRR, S TR
HEEA 150 °C, ZAM RS NO,y Hy BA IR FE /)
AR SR, HXF NO, A H,y BRI AR BR 4 5 A
200 ppb M1 5 ppm; & XHURIERT TR, 40 %AHXE
FE R HIKZESIEARSNT NO, F1 H, AR F A i il T
P, R WS, 9K Fr w78 SR AR o AR A .

T R AN 2 15 45 VOR300 8 A AT A — S I
M If o ISR P AR G g, DRI, Xu U OOV T AL B R
RS A BEAR 25 A 1 7, A RS R R N R, DA
TEAEEMER (EARZ 450 nm) NEHBVERBEA R,
# T ALK o SRR, AL AR A
Rk 28.2% (RESHD, S5AH E Ak BBk
MFRARLL, PRI T 40%, BFEBRAM A ALEEMOR
(1 Bip 170 2850 W bR DA B J2 R e e 5 4D b7 0 ) 5
R KA o 12T VE FIREE T A 2 BT e ik
R, Hr=R 55008 35.5%. 33.6%% 30.2%.

Zhang SO DL AL RS A RORE, DLRR FROR AR 4E R
By (CMC) AEHBIRIBS A, RFANUER B S & T =
MAES A K o BREE SRR b, ANERP= A2 1 BT D) )yt 2
WML, ok m e A B RE
NERBE A T AR AN ER I o b AR I B AR b,
SRANER AN —EMOBLZ B IAH BAE s BkAh, REW
F] AWK B AE e RL K R, b AR,
MR T R AR . Kk, KA V5B ER B AT
AT AREAR R ARG JE B, 1 HLidk v] — 2B 45 35 51 4y
BRI AR, SR Z 7 V#4550 AL 9K A

B USE 9 8~40 nm, FEERA[IA 60%; H iz kWA
FEIE T H e I 48 AL 9K A i) % .

Ji SO = SR A B R AT I A SRR A R R, SR
FAMLARER BE (1) 7535, Ehil & 7 £ 2 = F LM
ARG H AR E A M (MoOy/C). 4%
By, ZSALHIK A RSN 5~10 nm, BREK 1
JEEEW/NT 10 )2 MoOs 44K ¥ 51 43 A FE B 9K A
[T, %R & 45/ AT N B ARk SO0 R 2 (35 1
By BRYNK R AFAECRE T R AR B 70 758 FL I 2
W gE R SE BRI R e M. Rk, MoOs/C {E NS
F L S AR AT RN R I H A 22 R (817 mAD/g,
1000 mA/g) FEzE FIPEMERE (200 mA/g NG 70
%, 810 mAh/g), 2 70 KGR 5 AR BT B AT 92.0%
A B IRFEE

R, NUBERES I O iz T & Fh 4 M R
Hil4%, BT & I R E R, MRS HE
il TR A A B T & s R E I MR D
BREEA AN BAR AR A DA, HIX 2 o) 4% il AR
BN, 0 IR I T G

3 REERE

R TR ECE LN TR R e R, BRI
R B PERELE HL S et DU AR W IR 2 S AU AT 4 2L
AN AT, & H AT T . ARk, 4R RHE
BAT T NH, B A R R R, JEH
L e AR AR A (1 11 5 v o L B /D 1) A
Tk o UK % Ao 5 ey o Jie % (¥ W B TR AT E A E B 24 T
JERAPRL AL 5 BB ) 3 AR RE » AT AT A R toRs H )
R R B SR T HEGNK P o HUBRER BE VR A il
B [0 ZHEM R R, RPN EEACUS » S SELR AR A
FEARA T T e B 2 07 1k o (HZ, HUROER B 20t
JERPRLRA — g ik etE, JF AR SRS, T
H7F P R 2 18] PO AR 2 AN T 388 o L /s — ZEADRHIR R ST
H e — SR AR BREE o DRI E, ATUBRER B VA A ] KR H.
1 5 B ) ] 6 — E AR PR A R I T B .
T, AUAMCER P 925 1 4 — 4ERORL 7 T A A 1 2 Bk 5
T (1) ZHERMRIOR T 1077 R AROR AR (2) BREE T
o 7 A 1) v B Al A AR RS RE AR R R M A 5
VAR BRIG, e BE R ) ARG VE A RO R (3D R
Tl 59 Ao DAL F SR 3 [ 3R BB I R 45 209K e 58
e, ERERRIFARES U

R, WUBRER B v ) 4% — e DR 9K A DU (1 R
JE&J7 T AN 78 32t Jje W 1% S E AR v T AR LA J5 T -

1) IRNBIETUER B Z B0 AN [F] —4ERDRHIK B R 2L
RAIFEm, 6 SR —EAPRH R B ORI AT B 4
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2 HF B e R HL A R IR il B SR, et — e S
BHENR A IR 3R B8 RR A R

3) X THERORLAOBRIE I REHEAT AR SRS,
FUIGRHIAL P 2% A AN HL B A B T 20 R R 52

4) GiE MR, R SRR,
I D R SRR RTRENE, 40 58 LN A0

DK HUBIR BBV 5 e AR & T VR 2 Al
K, T REHI 9 HUMER BE IR AFAE A SR, LS
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Resear ch Progress on the Preparation of 2D Materials by Mechanical Ball Milling

Xia Zhiwen, Lv Junyi, Li Tao, Li Yage, Zhang Haijun
(State Key Laboratory of Refractories and Metallurgy, Wuhan University of Science and Technology, Wuhan 430081, China)

Abstract: Two-dimensional (2D) materials are widely used in optics, biology, materials science and semiconductor fields owing to their
large specific surface area, high carrier mobility and high thermal conductivity. Mechanical ball milling method is widely used in the
preparation of 2D materials because of its advantages including low cost, environmental protection and large-scale production. Starting
from the mechanism and related models of mechanical ball milling, the research status of nanosheets of 2D materials prepared by
mechanical ball milling was reviewed, such as graphene, boron nitride and molybdenum disulfide. The advantages and existing problems
of this method in preparing 2D nanomaterials were summarized, and the development directions of 2D materials prepared by mechanical
ball milling were prospected.
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