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Research progress on preparation by exfoliation method and
surface modification of boron nitride nanosheets
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Abstract; The methods of producing boron nitride nanosheet (BNNS) by using hexagonal boron nitride (h-BN) powder as raw
material were reviewed. The influence mechanism of raw material particle size, solvent, ultrasonic power, amount of grinding
ball, additives and pretreatment technology on the preparation of BNNS was summarized. The surface modification methods of
h-BN and BNNS were summarized, and the mechanism, advantages and disadvantages of covalent and non-covalent modification
methods were summarized. Compared with chemical, liquid phase, mechanical and supercritical exfoliation methods, the
medium-enhanced liquid phase exfoliation method is more simple, efficient and suitable for industrial batch production due to the
ar—ar conjugation and lip-lip interaction between h-BN layers. However, it is necessary to select appropriate exfoliation additives
and further reveal the mechanism of the exfoliation process. Due to the chemical inertia and local conjugation of B and N atoms in
the h-BN structure, pure h-BN and BNNS are difficult to be directly modified by the covalent modification method based on
chemical reactions. The non-covalent modification method of h-BN and BNNS is simple to operate, but the non-covalent modification
method based on physical action has weak binding force and is easy to fail under harsh conditions such as high temperature and
strong acid base.
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A AL (orthorhombic boron nitride, 0-BN)

h-BN BARABEEH, S EGAR, ZH B EFM N FEFHEREHS, U sp* 2485
e S PIREER, ZHEA =8, REEEE 4546, h-BN ENEZRE T, gk
RS h-BN BA RS R B M v ge, PRI 8HIEL SR, h-BN 2 S HRALAT X 30 ~
200 W/ (m-K) , B—Ff i RESHER, HHATHS A SHREEWE S,

EAR h-BN BARA BN, HE25ABRENE C—C AL, BT B—N Z I ILMEsL, ik
AR A BT lip-lip /EM . H T h-BN B EE W Z NG, I EAE T4 S
i 4 B ALY R B T IR ER YA A A% h-BN $EATRIE , RE RS HE A Tl e A =i 2k
BRAIGIK R (boron nitride nanosheets, BNNS) )] #5 J7 I B ARELIR R . AP, h-BN 142246
PRGN T X L T A A B, BF A 0T A A5 X h-BIN AT 266 T 0 DA {5 48 5 A A I o 0 20 o F
FoE Tk BA B A BRI SO SE bR B

AL FELER DL h-BN Ry 5B R B il 25 512 580 )2 BNNS #9773, LA K XF h-BN K BNNS SR i
PR, A B A LR, S 7EHESh h-BN e HAT AR M 7E AR5 R 56 4508 g 2 o

1 Rk % BNNS

TR/ R WK H RS SR AR R R s B, B 75 h-BN 53 4R ik
& R R B B MEREBF ST B B o A h-BN A BRI 45 BNNS Bk B4 WAL BB o
WA B : . A BRI RI B | RN S B e LR B e 4
1.1 HREE

A2 B 1k R 1 SR P AL 2 AL B B T 2 1 T Bt R AT U B i 1 46 77k . Hummers J7 9k
HI & EI B RS F B, SR BB, B h-BN ZHIEER/N, 2 W44 EiR, (2
B B f9 Hummers 77 27 BBSE BT h-BN (385, T 0B T 8 AL4E3E A B h-BN [R2 18], Hl 15 2%
92 ~3 i BNNS %54 ; NH,F 7] LUYE i 27 580/ 2 BNNS (9308 1 4%, Jf L NH,F iR g% BNNS
G B HEAT M, HET i BNNS B — S B8k, 37 55 T BNNS 7E B e TRy m s .

M T84 B R R8N, A AR U BESE BT h-BN f4b23230 85, R 8 AR N2 H 45430
G RER PR S B MRS A . BB IR B B TR AR, BB R B R I
H 4k NaOH-KOH $AB/A 2 BES2 L% h-BN f)30 85 4115 BNNS, {H7% (Y 0. 191% , 3 B & Rt A
FERESR P, B TS EALWSh , NaCl-KCl & 2t 7] A5 /R BE 7 10 ~40 nm ff) BNNS™!

TERGIE T, RH 80N 48 FH B F 5 AE A BObIm A B RG5 # v , T SE B2 MR 254 O 0 85 o
AYEIRER A B , 65 h-BN 25 EtRb A, 2, e BB R 0 9 295 PO SR W/ A BB b e, b 5 o ) 4
FAE AR R LRI A AR AR B T, JE7E (7 B A8 P AL B SE LR RS M BB . Ak, R
TS PRI L B RS h-BN % A 1E Al 2R 710 & 9 BEHE A B h-BN JZ (] 4544 op , BETT 948 h-BN 1
Ih22ARZS AR HE h-BN ZEVE R H 25,
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Coleman %" RGBS T K FAWAHE: R B MoS, . WS, | TaSe, . h-BN Fll Bi, Te, #4545 3./2 50> E 44K
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N, N-—H 3 H Bk i FI0 h-BN SEATWROARIES , 8B4 BNNS ZE550 H i A BB vk iy 0.03 /L 4R
FHE) 0.3 o/L, 3R FE HEMAE B2 E T, R R E K 1 8R4 FARTYE T % h-BN 2R 45
F B B 2 5 (R, TR A VA4 2R BB 20l o B — Y51 o, S SR VA MU 5 h-BN FNEIE 1 , AT 52
BRSO A S R i 55 78 . Bhimanapati 25V 5@ 3 0f B, 2B TR, SREE. BT BE
(-BA) ByK 257515 h-BN (8R4 Xt #1 BRI S A, R B2 SR P T B A0k A S v ) EL +-BA
FK BB EG o 3:2 I, 38 /5 1) BNNS ZEIR- A HIA R I0FE E R I
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Bk . — ) SR duk R
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SR FARENGOK A RT BN R TR S5, TORAS R/ NI ) T3R5 58 B B I 94 K R J= 4654 5 1E
BOARRI B AR AP, WA R JORLAR R SRR G54 rp S ) 75 S LSS M BB AL, TR/ IVBLAZ HR Y
YRV R T 25 5 2 L Y R HE TS B SE B MR A PO 4K R 4 O ELYE WM R BS i, BUSRREAT
BRES A (AR 20 thl 45 20K B RE R IR SRR 4K 2 S5k =)

1.3 N RIERRARIEE

TEROHRI B R AP, 38 25 h0 A B 370 RE 59 56 300 B 7= W 72 50 P B0 AR M, T 3R TR B B R
h-BN FE70 W W B RV AR5 HEATHBBR N, FEIREE D 800 °C 4% 14 F RERR AR 7= LE 9 CO, BE{H h-BN JZ[H]
B ph FOR Y 3,34 A 3R F3.37 A, {UFEMBATALEE S min {HAEIRIBESE N 3 ~5 nm [ BNNS 454y, =
Ak 13.6% 1, TR, FERE K 200 CHEHT, SR GHERIEREUR BRI M AR S
KA BB 2 A BE P JFOR 4 3. 33 A SR 4.32 A SREEANEAE A AR 4. 6% KL, £
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Fig.1 Flowchart of boron nitride preparation by hydrogen assisted exfoliation

Xf h-BN AT R IR BAL P , £ FBUE h-BN 5085 & h-BN R Gk & 4 A AL ™4 —OH iy
RIZEEE, N T 2 EAHEAE A, 285 TR B SR 24 h-BN 72 E R 1 000 C &4 T Hiab )5 , X
TR 1 h J5{EAEFRIS KA BNNS, X535 4 BNNS f) Tol Ak =32 it T aT g™

KB AR, h-BN B AR A SR A5 MRS B R &2 802 F 45 T B4 /My R
R A EHEERA TSI REBERN S FH AR NSRRI, (L3 T BOAH KR B8R 112
BRI KRR S A2 2 T S5 VR PR P YA R I AT R AL BE e BEAR MK AU T AR IR HIE AR R
W4 I T Rk Es

R iz AR AZES R X R AR S5 16 A 2] h-BN 2 [E]; 78 100 MPa 5 #4645
¥ h-BN FI U EES] 5 BUR SR, FEE M 2URIFEAR, h-BN 28] () 57 79 B s I ik S ALk -5
F h-BN Z[RIEEHG K, 2 RV /N St BALEE S R R (U TR 87 10 min {HREFSF] BNNS, =3
H3.29% ",

AR B R, AR 2D L s kidt = B 38 b 4% (hexadecyl trimethyl ammonium bromide,
CTAB) ! | KCI-ZnCl-BAfE™ | IR Z I3, 6- "IN -4 -7 S H-BRm L Ry (75 &
£ Nafion®) ™) | % Z KWW ke polyvinyl pyrrolidone, PVP) ™) 25 J R {3 B4 A B h-BN /2] 45y
B REHS N h-BN F0 BNNS 7R RS E ML #E h-BN ORI B, I fi 3] BNNS R H1L-& Wik se ke
BNNS AL , Wi F BNNS R[RIf2hfE, Nafion®7E BNNS 2 i 1 & 16 HES BB TE BB T1%
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Fig.2 Diagram of process of modifying boron nitride with Nafion®*!]
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PMMA) i, — 5 ERLIE T 99K H i B, 55— )7 AL 3458 T 49k BNNS 5 PMMA fAHEA/ER ., 5%
B 7 ¥R EL, 07 B B ROBBE L 4 K F 9 4R, HI78- i) PMMA &2 & k1R BLH B 4 10 11 2%
PERE . ARG B AR BB SCBLE R S5 M B OB B B, (HR B &S TR A BRI, £ RAR
%[30] .
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(9 1710 B, BREE B BEAS 3RS 5 £ (90 2 BNNS 454, 7230 13.8% 1 o BRI B0 B9 0 A R AL RE4R 75
BNNS §7% 3, iF g5 BNNS T B S0 T, DT A 280 i 55 1 520 B9 U5 B 490 K 1 TR T 58, 3o 7 4 7 s
R, BRI R NN 5 A% R 2k 0 TR0 W Bl o 0 8 7 R AR T I 87 % , I [ I ST X 44 2K A #3688,
AR T B BRI 1 45161 BNNS (s B2 4n &l 3 BiR ™ . % FIRIBREEBI AR A NaOH, HBO, | Fkf
THIEFH ., EEMR . RESMAY™ ™ o BARBRES TR G R AU AL K07, AT [R] 25 # SE B % h-BN
BB A0 BNNS f) 2 T 18415 , {51 55 0 0y i o 30 0 Ao 25 30 85 7 WM B, BR BB 7 ¥ 461 18- #9 BNINS 454 52 %
PERE , PR AR IR 4 2, T TR B Y
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Fig.3 Diagram of process for preparation and modification of BNNS with ball milling assisted by sugar
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A h-BN ¥y JEORLRIBS 1 45 BNNS 57582 , R RJT kI & . R L Z & A R
2200, FIB RS BNNS WSS Se AR AR 22 . AL =R B s | OMIRI B 1 | AR B 1 A
Il SR BIEAE L, BT h-BN JZ 8] - SRR lip-lip VR, A B sl AR B 07 v A S pnfag 8, v
R, R, TR — B 35 ) b 27 R B BRI , 4875 A o0 5 R0 AH R0 B LB X 4 v R B AR M Dl Ak
N BT AL E

2  h-BN & BNNS Fmsit

H T h-BN Z5#ym B N JRFHALAE AR SLIerE R, 5220 h-BN & BNNS 1RYERE H HAE i,
P, %F h-BN & BNNS BBt sl BRI RA — Bkt . B AR A Aotk 77 36 AT RLar S R340 sk
PR AIEN RO 2 Fh o ARSEMT BSOS RIS m—m SLPRIE A L W AR . SR s 2 IR A
AL E YRR h-BN R SCHR DD REALI 75 . SEMr stk R fb a4 5 h-BN K1
LGRS T SIS ER 75 o 2 RO I5 45 B HE L T AR S 2R A LA B i
W AR SO AR AR, AN, (BRI | SRR ST 2 R T A5 R
2.1 Jesktmregea ik

ET IR EE  h-BN i) B JE7 1] IR S TR, B & HRZ T HIRE ST, N 70 g2
YRR 53, RLA 4Rk F BB 77, BRI, h-BN 4540 B, N 43 5 R B th Bk b 7 F0 8 F F I e
ET BIRTHSE TR, 28 N, 0 ST RS WISEES h-BN 7= A s AE T, DT 9 I8 B 2
h-BN Z5Hy 3R 18T, SEBUXY h-BN iR LA S8 Dh BEAL B M o FE AR B R b, H 1/ \ B A o 7 Bl 39 ot
i, BE—2B BB F 1 BNNS™) o B T /N FALE Y, & BB T 00 AL & 1t RBAR 7 e e
h-BN K355 5 W IR EE AR A A

A AL He/E s S BT h-BN SR T B R — PRI SRR O ik . & RG] L
i - LA R 2 h-BN 3 1 JF: i A 5% T AR, OF B AR L AR AL ) RT LU GE Ao A A A 1 R R
N [, B LA SR A , AinER 248 TR ( polyethyleneimine , PET) | PVP F1% £ B % ( polydo-
pamine, PDA) %, #5885 h-BN RAEIGEMER . REWHFRGEMPLE THS h-BN 254 H1iY
RN W R h-BN SR RG-Sl ad 20 TR 42 sh U 7 TR R R AR AR, T A 1 50 e
(IZEHR S h-BN (2 EIHE ), PR, PR A T4 M08 B MO Sh RE AL 2 M BAS U A 2

REESMP A RERFABRERILY ., ZEEM S HBREYRIE T ZX
HE ) XA TFRR T B h-BN PR - SESEAE RSN, G5 TR O R BER RE S h-BN R & R SR
A, —J7 4R T EEETE h-BN R MSE 1, 75— I iR BEHR R h-BN ZER IS F ) 20 Ht: . R, PEL,
PVP H1 PDA 284 W f 3 h-BN R 5 , AMUBCE T h-BN SR B2 454, i B — & R AE T,
JA 39 h-BN Byt — AL 2 s BB A SR A4 T 5 Ao

A FAMZFELE h-BN R PDA S54 Fpi)—OH, AR R-[3-( = Z S 20k ) N2 | - DU AL M e i 2
h-BN 1T, SCEL h-BN OB 58 MIBRAL A XN REAL , XA T EE AR T h-BN ZEARIZ H ) 7 B PR R
EHER T h-BN SIREE R LA S, BN T S RBURL S SR R A TR B, BR T T AR SRR
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Fig.4 Schematic diagram of mechanism of BN’ s involvement in rubber curing via PDA surface grafting of

sulfur-containing silane coupling agent'*’’

LA PVP, PDA S54RI , SE DD BEME AR FRL I i 21 h-BN = BNNS it 7] LU T = G418
AR ERE. Bl BA B kR AL O, #2403 h-BN RIS , R T 35 AR AR 2 & bR
SEPUEIERE, AR BRA L, BB HERERE T 3 MR . MG 1B A SIO; | Fe,0,,
LR R RS YR AR SRR, AR BURL@ PVP-h-BN St 2 S A0R R B te h-BN SR &
FORISE AL 5 ) AV RE o 2K TBORLANZ R h-BN ZERS St I A R 4 1 = 48 WIR S PR AR, 99 K JB0RE I
BESFCHNER h-BN S50 [ B ] £ 1] B2, JB0/IN 1A B 7 pA A% o A R IO BEL D , BT DR W BE 5 T A
SFHHERE, Si0,@ BNNS Rl &5 72 10 5 Bis.

SN ™ NH;H,0
P\//; ) 4 TEOS Si0,@BN
BN & e
HUBREE 1 MU HE
500 r/min 500 r/min
3h 24 h
PMMA
BLBRAE HE IR
,};E‘_.T.ff'.
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HH. $2 mmx30 mm(ELAE xR

N

B 5 Si0,@BNNS sl &R REm™
Fig.5 Schematic diagram of preparation process of SiO,@ BNNS!*



%13 FIBEAT , 4 : RALTNGA K A R Rkt 48 R R b St f 121

PDA ARALEEME T h-BN 7EE38 i b B #0940 B B , o RBAT HE h-BN 7EEE BRI R LI E 4,55
BEEAL B0 R A, (AN I B RLAF AR EE BB M RE L, RIS, PDA 434 rp B 32 2t 44 K 550
B A R T I L A5, (4 K IBURE RE 3 50 b 23 B BB RS M B 2R T, b — AP 308 T AR QUR AR
— 4R EARAORE BE S R B B R

BAREET w-m YR S R M B L S 1 16 1 AR R AR 14 B2 % T AT, (B R 7E BT %
B T, LA 55 AR B A 7 S ZEm B JE S i it 2 Sl 85 20 T3 7 2 0L T LA ) —
FARARFEE AL REXT h-BN 5 (4E )-4— (2K I 3P F 36 -2~ F -1, 3-TEEmk—5 ( 4h )8 Fry 05 BV FRI LB
HHaEACA Y7 h-BN FE 1 B BRI PR RE , 9 JE L 1 ML 6 A Sz AR SRR R ™ | BRI, 7647 %0
IR A T T, SEM S e ) it vk AR R A TR
2.2 HMMEREE

B RTE h-BN Fl BNNS Byl s B o, & S BAER I B0 %= £ —NH, 5{—NH— B 233 S 3 FH ¥
B, FHFAREEXT h-BN F1 BNNS FEATA R b2 etk o S@ad % h-BN G544 B N JEF4b g BB 4T
T8 2 B AbF, TT AR M F S A—NH, , B 5 59 NH,-BNNS 2B H % 17 10 i BRBG  T An HE 48 Ak 254k
R, At —2 bAoA TR

7E h-BN f5| A G H 7 B R A5 B TR IR v . 7ER BERRBB ORI T R A o,
JRZ M R N—H 4276 h-BN T i BRFG AT a2 . KB Bk 85% RSN 15% /SR
HEMA, BREE FARWATLUE h-BN RE AR, BESSETFHRIERT , fEREE BB 3
h-BN 2, NH, &85 B JFF FIBR—NH, . S&054 P&t LA, N B TFES T5 B R
TR, 2, A W T 5 B A 0 S ) T B e A o BRSSO B AR
16, (B 70 25 1 1 I It 2 TS B A P 4 80 B BB A, 53K h-BN 3R A f) S BT PERRAR . B T b
ARG 25 E NIRRT B RRAR , 5208 9 R T 14 S L 16 P A, AT 254k h-BN R i
Fg A2 27 A BR T4 5 P R R Ao S I A e Ak B 7 o

FAXF TR E I EAL, h-BN R R E A F TJE PR B, B E% BRI RS 5 R I
1 R HP AR BT RO B A ORI I 7 4% 8 200 45 v, (145 h-BN R BT REAL M TS 9, B
R h-BN RHf{)—OH H A e 58 5 IR &K (polyurethane, PU) | PVA S5 R &Y R TEM: , B2 h-BN £
T AL e P A5 —OH HAEZE SR EAL AR ME T I AEREE SRR A & 78 h-BN RSB EA AL A

BT RER KR AR, i A ALYt B S B—N ERIGITZY, 78 BNNS 2% [ SR i 4k 7= AE 13 S S 5 —OH 4
P, T2 BNNS R ELF MR DLt G AT 3 ik, 7685 IR 414 T BNNS Bl R i it
SRS ATRAL T B A E B R T b, 2K R BN AT 18 R R AL i BNNS™Y | 53R B 8RR,
SRR 2 FT LB R h-BN 3G HEAT 48 AL , T3 I 500 2 B S 0, S F — 2B ke (I ) AL 22 11
FRAEEAL Y HRR T SR A PR A R R, T LR ST R R S BER h-BN 5544 i BB, R 3E
FFXt B ER AR BT IR 2

TEE ARG H 2t AR, B HAL A h-BN BE5 3841 P I 32 S BR L 45 S P % 2B AL 2 B , B0
BB S RARE R TLE A o ST THESH PR SR E R E R EY, B X E 2165 i h-BN
PEATREGHIBIE R BC:, LIRS h-BN 5 R-A Y 2 Wtk (R, 8 AT L5 i 1 ek e 18 1B 300 i o
2K PEHIBBER A THEK R, RIE ST h-BN 3442450 & h-BN IR &4 ey R mpa e, iz
h-BN i ff) KH550 A BE3458 h-BN 5 EREM S BOTEIBE , 78 REAE o AL 25 B BR MRS B9 8 Ak
P R SRR S5 A 1 SR, R (B Fr) P R R T 24, 75 U 7o 2 R AR A 5 S P T 53
F S TR R T B/ N B

58 A2 5 A M A L, DB BEBR BRI AL 27 S5 I R 7 A8 R R AL R B [ T , 3 R [R) 45 S B2 R
BHAFI B B . BRI R AP A B RE R BB %) EERD | JREM | NaOH™ | g™ a5
YR 28 2R RS A B R R R B VIR R T, BRI R IS e RS h-BN i 4 Bk 3 T i 1 2 R BT AR
BB, E BEXT BNNS 2] — & R RIE R . ZERREHM BNNS #eik PVA &4 40RH I £
WE 6 FF77 o
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