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Preparation and characterization of layered boron nitride nanosheets
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ABSTRACT Hexagonal boron nitride nanosheets (h-BNNSs) are two-dimensional nanomaterials whose structure, similar to graphene,
is called white graphene. They have excellent physical and chemical properties. Few-layered and monolayer h-BNNSs have more
extensive applications compared to block BNs due to their wider band gap and stronger insulation. However, the existing preparation
methods have the disadvantages of uncontrollable product size, low yield, high cost, and pollution. Researchers are striving to develop an
efficient and cheap method, and some have tried to prepared h-BNNSs through evaporation and recrystallization. However, it is difficult
to control morphology in this method and prepared products are usually thick with uneven size distribution. Meanwhile, vacuum freeze-
drying has been widely used in functional porous ceramics due its simple operation, controllability, and environmental friendliness. In
this study, based on the two-step process of precursor synthesis and ammonia nitriding, few-layered h-BNNSs with large surface areas
were successfully synthesized on a large scale by controlling key factors of precursor synthesis, such as ratio of atoms B to N in the raw
material, dispersant, and drying method. The optimum preparation was using boric acid and urea with a molar ratio of 1 : 30 as the
source of B and N, and using methanol/deionized water as dispersant to obtain the precursors by vacuum freeze drying. Precursors were
then transformed from ammonia vapor to nitride for 3 h at 900 °C. The product was characterized by X-Ray diffraction, X-ray

photoelectron spectroscopy, Raman spectra, thermogravimetric analysis, and differential thermal analysis for phase and molecular
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structure, and scanning electron microscope, atomic force microscope, transmission electron microscope, and N, adsorption-desorption

isotherms for microstructure and specific surface area. Results indicate that the products are h-BNNSs with high purity, two to four

atomic layers, 1 nm thickness, and with a high specific surface area of 871.8 m?-g', similar to the microstructure of graphene. Single

product mass averages 240 mg and average yield is steadily 96.7%. This method is economical, simple, and easy to operate. It could

achieve macro-synthesis of few-layered h-BNNSs with a large area, conducive to research on boron nitride in various field applications,

such as boron nitride/graphene composite materials, nano-electronic devices, pollutant adsorption, hydrogen storage, etc.
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Fig.1 Scanning electron microscope images of h-BNNSs prepared under different experimental conditions: (a) 1%; (b) 2% (c, d) 3%; (e, f, g) 4%; (h) 5%
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Fig.2 SEM images of h-BNNSs at different magnification

i FH 7 2 XF A i 7= ) h-BNNSs (4 4l B 2 %L
PEATREE. W 3(c) Wiam, i S ik i Jomk (i FRAF
W, F O EE— 2B B A P ) R ¥ Y h-BNINSs. [A]
B B2 ) AR U B 13741 em ™!, R AL
W By PR SNEETIHE . HOR IS T ZUAL BRI e e
AL — i B AE 1366 cm!, AS BE 5y B BLE 0%
1366 #5812 1374.1 cm™ & B AE -5 R I 3 JFE 40 B
1 FIRE 4 4 Jry 8 17 A28 4R v S B PO, R BT AR
FE AR 2 ARG, HZEN A 2 ~ 3 )2,

Sk T ik — A RE A 0 AL R R T R Al
B, SR X SR E i FRE IS X A e kAT T
fE. GniE 3(d) PR, ik R B. N, CFI O Y
FhoTZE 4. & 3(e) F1(£) 43510 B AN Y & 1%
Bls ik 19 45 & REA B 190.7 eV, N1s % £k 19 25
A REANLE N 398.2 eV, B E XA F BN AH, 53
HRAIF I 45 SR A — 2B, ¢ FI O iy AR AT ek B T

25 A3 ) T B A T Ao AR e LA T AT A
MABEFE R 1.19, 5 BN JRFH . B
HR A O T, AR L R R
FadfeE. WA G BN IR, BNSBT
BFR A S /N T 1, 53X S5 ARG 1 45 SR A — 2L

i — 2L X} h-BNNSs JE 3 2 47 R AE. 10
El 4(a) 1 (b) 5 5 LB B AT 0, A B R S 2 0
R S 2R, AR At i 4(o) ma PR
7 5T B R R RTN, AE R S G SRR 2
ZRECRYRLEE R 0.362 nm, 5 h-BN {44 (002) 1§
1A AR ). — M 4R8O T BN R Y
8 Al ol R R T % I T 1 R, T DAAR AR 3 % rh
B HBCR S A h-BNNSs H9 2400, H1& 4(c)
A LLE N, A h-BNNSs HE S Z B 2~ 4 2 H
TR LRI Z R (002) . & 4(d) 3 X L FAT
51 (SAED) Hr, FRAR B RBIME o 2 5, =4



XIS R EAL TG K Fr il 2 S 3RAL

- 1547 -

a3 B R F 7S T /AL (110) . (100) . (002)
i TAD. 1R 0 PR 308 O H B IR RN B XA AT 5 D 43
Brag R85 X G2 qin iy B ik 45 5 — 3. IR+
77 % 55 (AFM) A5 05 17 40 h-BNNSs 114 J5 B2 Al

RGFHRAE. dniE 4Ce) F1(£) I 7s, h-BNNSs J5 J 7
Inm 77, X REJE 28 2 2, 10 ROSFAE 0.6 pm
e, BE— I T A U R A O R P SR T AR
D JREEH,

1.5 T

120 t L0 (©) N |
115 ~ i o
= 105 %, 137410\ = I
2 S 10 o £ B L\ F o e
= = A 2 = I 800 1200 1600 2000
= 5 103 052 K ! HL (R o
= 100 | SR |
1
95 + -1.5 ]
TR IR obor v -2.0 _
10 20 3040 50 60 7080 90 200 400 600 800 1000 1200 1340 1380 1420 1460
20/(°) g ,C g i /om!
d N1
@ s © N ® B
|1 3982eV I': Y 190.7 eV
i iid ' giid ooy
= = / ! = k
= Ols = / \ = / \
= B s = x'f \.\ = f'i
Cls / AN J \\ i
0 200 400 600 800 1000 1200 393 395 397 399 401 403 187 189 191 193 195
SETHeeV SiaheeV 4iEheleV

K3 h-BNNSs HYMIAIFRAE. (a) X STLLATIH K (b) E-22 IR (o) Fir 2 00iE; (d) X AHZOLHR TRES: (e) NIs JLHRFHIE; () Bls JLR

B

Fig.3 Phase characterization of h-BNNSs: (a) XRD pattern; (b) TG-DTA patterns; (c) Raman spectrum; (d) XPS spectra; XPS spectra: core-level Bls (e)

and core-level N1s (f) of h-BNNSs
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Fig.4 Morphologies of h-BNNSs: (a, b) TEM images; (c) HRTEM image; (d) SAED image; (¢) AFM image; (f) height profiles showing typical size and

thickness of a single nanosheet
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Fig.5 Nitrogen adsorption—desorption isotherm, inserted image showing ordinary optical image of the reaction product in a fused-silicon boat (a) and

corresponding pore size distributions of h-BNNSs (b)
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