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Research Progress in Preparing Methods of g-C3N4 Nanosheets by Exfoliation

DONG Wei'?, CHANG Qiming', WANG Wenbo', YANG Shaobin'*
(1. School of Materials Science and Engineering, Liaoning Technical University, Fuxin 123000, Liaoning, China; 2. Key Laboratory
of Mineral High Value Conversion and Energy Storage Materials of Liaoning Province, Fuxin 123000, Liaoning, China)

Abstract: Graphitic carbon nitride (g-C3Ny) is a typical sp® @ conjugated polymer semiconductor material with a variety of unique
physical and chemical properties. However, g-C;N,4 obtained by a conventional calcination method has some shortcomings such as
small specific surface area, a few exposed active sites, and a poor dispersibility in aqueous solution, restricting its practical application.
Compared with bulk g-C3Ny4, g-C3N, nanosheets obtained by different exfoliation processes have attracted much attention in the fields
of energy, catalysis and sensing due to their high specific surface area, short carrier path, abundant active sites and large band gap.
g-C;Ny has some disadvantages of nanosheet agglomeration, high energy consumption, long time consumption and low yield in the
exfoliation preparation process. It is thus necessary to develop a green and cost-effective method for the preparation of g-C;N,
nanosheets. This paper reviewed the exfoliation mechanisms of top-down liquid exfoliation, chemical exfoliation and thermal
exfoliation. The structure, composition, lamellar thickness and specific surface area of g-C;N, nanosheets obtained by three methods
were compared. In addition, some applications in photocatalysis were introduced, and the future development of g-C;N, nanosheets
was also prospected.
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Fig. 1 Triazine and tri-s-triazine based C5N, structures'™
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Fig. 2 TEM images of g-CsN, nanosheets obtained by stirring
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Fig. 3 TEM images of g-C;N, before and after exfoliation
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K4 HoR g-CaNL(CN)FI g-C5N, 492K Fr (CNNS)f# FTIR il
Fig. 4 FTIR spectra of bulk g-C;N4(CN) and g-C;N4 nanosheet
(CNNS)H!
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5 TRYEZAE T g-CoNy 9Ky il 46 7s m EPY

Fig. 5 Schematic diagram of the preparation of g-CsN, nanosheets under acidic conditions

BCN is bulk g-C5N,
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Bl 6 2L g-CNy 9K il s i 10
Fig. 6 Preparation schematic of porous g-C;N, nanosheets (P-PCNNS)!®"!
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HEZFE AR H TR G RPR A IR E  HERIN, g-CaNy 99K A IR AL R BT e
N BRGSO G R RN, BEER HSO,  ARTE.

(a) TEM images of g-C3N, nanosheets (b) HR-TEM images of g-C3N, nanosheets

(c) HR-TEM images of g-C3Ny (d) Typical AFM images

B 7 g-CiNy 4K i TEM J T AT AFM i (e!
Fig. 7 TEM and AFM images of g-C;N, nanosheets'®'!

(a) Bulk g-C3Ny (b) g-C35N4 nanosheets

B8 g-CsN, K FI B AR () TEM [ 16
Fig. 8 TEM images of g-C;N, samples before and after exfoliation
#1 g-CNMHRFEREH BET LR@H Elshafie 2Lk H,S0, 15 NAER], @itk

Table 1 BET specific surface area of g-C;N, samples » NN N NI
2R EER T o- Pk . BAR TGN L
before and after exfoliation'®! J /25{ ﬁ g C3Ny /V‘] - \1 N 2
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dosage/mL exfoliation R
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urf 3.13 7.54 1047 16.21 15.80 16.64 = W . N

areal(e JFR 4 B0 b RS AR B 4 5 225 T K (100 mL)

area/(m’: ')
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(a) XRD patterns

(b) FTIR spectra

(c) Enlarged FTIR spectra nanosheets

B9 Hulk g-CN, FIELE g-C5N, (19 XRD il FTIR S0
Fig. 9 XRD patterns and FTIR spectra of bulk g-C3;N, and monolayer g-C5N
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500 ‘CHAL 2 h IRTFHILK Fr R BB TR .

Hong 25 PSR — 35 ik LUB IR N J5 A1 ) 78
580 CIrilt 4h, EABIMEMBARMIEI T, HiE
I T R E LN 3.5 nm [ g-CsN, 99K . il
R B 7E 540 ‘CHI 560 C RIS g-C3N, FE 5
B s HPUIRBIERE, RANRILRCK, P25 50108
11.0%F1 7.6%, TG{E 580 CAAF|IFES R T it
B ZHEUD I s, 7PN 2.8%, W
10 iz, #t— 25U g-C3Ny 44K A al LLUdE Rt — 25
PE N

R

(c) g-C3N,4 (580 C)

K10 il g4 5 1 SR TEM HE PN

Fig. 10 Typical TEM images of the as-prepared samples

Liu 2204 JR 275 550 “C IR 4 h 73 51 g-C5N,y
W AR AR B A IS, I BA 5 °C/min #4500 C
i 2h, BEIEA—ENM LT g-CN 9K A
gERK W, S AL T 2 A S 9K A AT
SRR IR AT IS R S AR 44, AT 110,15 m¥/g 1)
FE AR o 456 SCHR[89T AN SCHR[O 1] FIAIE T &5 T R T,
BRI LR AT RE SR g-CaN, il i (1 PR
R PREAFNE g-CaNy 4K Fr i i TR 5 A7 0%

Akhundi 25 P°VH = R E % 5 B E 500 °C A

[91]

520 CRiE 2 h B2 g-CNy ¥y RKAE S H LA
10 °C/min M#AZ 520 ‘CHRIL 4h, HE1R 3] T g-C3Ny
K. SERKE, REHTHOIR g-CNy BA R
REBN 14.6 m*/g. FHFLEN 142 nm. AFLE
N 0.05 cm’/g. FIBE G g-CaNy 942K Fr B i f A
165 m?/g. L2 A 11.4nm. BFLE N 0.60 cm’/g,
Ut B AE AL T 5 78 o 5 AL 2 R S A T AR
G5, HRRICFITLE, RATEREA B
FRMEAMEKILER DK A, Wk 2 FioR,

F2 g-CNy, g-CNKE, g-CN, HIK E/Cu Cry04 B
Table 2 Textural properties of the g-C;N,, g-C;N, nanosheet (NS), and g-C;N,-NS/CuCr,0,*

Photocatalyst

Specific surface area/(m> g ")

Mean pore diameter/nm Total pore volume/(cm®-g™")

g-C3N4 14.6
g-C3N4-NS 165.0
2-C3N4-NS/CuCr,04(10%, in mass) 34.0

14.2 0.05
11.4 0.60
12.6 0.03

Khaneghah 25U = REJEAE 500 TR 2 h
RBNMPUIR g-CiNy FEZ PN 520 °C, fRR
2 h, HAMRINERENLTRZ TERIEH g-C3Ny
K Fr . SRKY], WA 152 g-C3N, A
K EE R AR A 88.1 mY/g. “FHIFLAE A 12.3nm.
BALEN 02746 cm’/g.

XF EURIE AL S EIL,  SCHR[891M 45 ) g-C3Ny 44
KA BAERRILERIR, (H2r R0 %, @it
EESCHR 8O STRR[92] A Fe 45 SR R I 9K v () L
KM BE 54 ik g-CsNy AT RHO RN 5. XFEE
SCHR[90] SCHR[O31AISCRR[O4] T %, Bl 25 f i i 7]
[RI3E N g-C3Ny 99K 7 I8 1 2 IR M 4T A
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B E IR o R R

1E =il A AL I FE H g-C3Ny A4 8}HZ ] van der
Waals /IR FE, C—N ZE&LLZ)ZE RV 177
BT MBUR g-CaNy gl AL FITE D, Rk, #
SRR R AL R ) T2 R — Pl g-C3Ny ¥ R 7E
A, @S REEIRZEP) van der Waals
71, FHAEZE N B EBIR A U E REETE T
HFESA, RARR g-C Ny 9K 7. R
SR B BREWIE L BT A TR A 5 T AR AL AR P
Refl R Bt B A BOR R AR 4K 7 &80 A =2
— PR AR S B R TV o T E R e R A T
FEH g-CsNy 9K | G A 0 e 49K 7 7= 28K

g-C3Ny & BUS FER H I % 5 2 S i A
FIBVEX AET, FEA R g-C3Ny A BT IRAARTE k)
PR, T 550 CLEATEE AR . Rtk e
i Rk 350 TR, BERMAETHEH 5 N 4, DA
RIERBP R REE R g AR Z1E,
FEE IR IS AR P IR 2 A T2 AR, R
ARG R A THR T FEBUN SRR, R T R
FE IR B ARG, RN RS gt T
CABIT L= i oe, 40 58 S RS AT REATIIR . AR

BRI A T PIBRERRE g-CNy, WIAHS
AR e B T2, KB NARFFR RN T3
IZstiesE, AFFRREL SR

3 AR T2 g-CoNa 9K A, BT
AT S AE A P B R R 3 .

2 g-CNy 49K F 78 ot 1 A By L ]

BT it SR T I 1) REDR LA LRN IR BT 5 Yess:
W, V)T B R, AT REER A A R AR
PIREIREL A,  DASEIRSKIIREL A . U RETE At
Ft LT RRYR, HORERSZ 2% E R EA. AR
FMEAM)M A BT E, SR KA, '
AL ANATRT T3S . B M Wang 260178
2009 4EE KIRIE T 4k D) MR A 2 R AL R
(g-C3Ng) e AL ERE LR, g-C3Ny B ALAE F
RN T I RE . PR ETEE T bulk g-C3Ny
BAHBTF-/ONE &R RN, o] ek
W55 SR AL, PRI T O A REFTSE BRI -
N T FEEPUR g-CsNy G I R, 18 R H RS
g-CsNy 4K . MR R4 TR B 4R R B HUR
g-C3Ny b PERE .

R3 gCNAKRFIIHIETE
Table 3 Preparation of g-C;N, nanosheets

[Exfoliation concentration/

Specific Product

Thicknesses/

Preparation method Medium (mg-mL")}/(Temperature, Layers surface area/  concentrations/  Year!References]
Time) (m>g™) Product yields
Liquid exfoliation CH,0 1.00/4h 0.4-0.5nm/1 201454
C,H0S 24h 2.7 nm/8-9 20195
C:HsO 3.00/4h 55.73 201756
H,0 0.20/5h 1.0/1-2 11.1% 201987
H,0 1.00/16 h 2.5nm/7 0.15 mg/mL 20138
H,0 0.80/1h 3.6nm/10-11 62.01 20185
H,0 300.00/8 h 2 nm/6-8 60.00 20191
H,0 6.70/100 C,12h 1.2nm/3-4 32.5% 201714
H,0 0.50/16h 16.20 8.6% 20131
H,0 1.00/10h 1.2 nm/3-4 16.20 201444
H,0 1.00/10h 1.1nm/3-4 16.20 201414
H,0 1.00/4h 1.3-1.4nm/4 20156
H,0 1.00/16h 1.0-2.5 2019147
3-8
H,0 0.40/24 h 55.53 201948
C3HyO/H;0 (Volume ratio is 1:1) 0.10/1h 1'0731 .35nm/ 0.0l mgmL 20194
C;H;0 0.10/8h 0.5 nm/1 201459
C;H30 3.00/10h 2.0 nm/6-7 384.00 201354
C;HgO/H,0 (Volume ratio is 3:2) 0.30/120 C, 24 h 0.5 nm/1 331.00 201657
C;H;50 1.00/10h 36.70 20201
C;Hs0 0.10/8h 1 12.90 201554

(548)



FES1EETH O S @GNy GOK A R B 2 07 VA etk R - 1877 -
=30
Chemical exfoliation C4HN,05 (0.5 g) 66.70/180 °C,10h 3-4nm/13 55.07 201805
C3He0;5 (0-1 mL) 40.00/25°C,2h 3nm/9-10 31.34 35.16% 20191
CsHoNO 5°C,10h 8;2(1281/ 94.87 201957
H2C204 (1 mol) 2.00/12h 1.9 nm/5-6 67.56 201858
H;PO, 666.70/120 °C,72h 1.0-1.1nm/3 55.40 20161
CHsN, 10.00/24 h 3-4nm/13 31.10 201751
HCI 4.00/110 C,5h 109.30 2014162
H,S04(98%) 100.00/4 h 25;{’?:“ 78.40 201914
H,S04(98%, in mass, the same below) 100.00/8 h 0.4nm/1 205.80 30% 2013
H,S04(98%) 300.00/100 ‘C,2h 1 20151
H,S04(98%) 40.00/2h 5100/ 140.00 20157

15-20

H,S04(75%) 10.00/130 °C,2h 2.5nm/7 80.00 60% 20151
H,S04 50.00/100 °C,2h 114.97 50 mg/mL 2018
H,S04(98%) 16.70/4h 155.7 202017
H,S04(98%) 66.70/60 °C,0.25h 2.5nm 86.30 70% 2015
HNO; 10.00/24h 1.1 nm/3 201417
HNO; 10.00/24h 5-35nm 2013171
NaOH 11.11/110°C,18h 65.00 56% 2013
Thermal exfoliation Air 550 °C,4h 1nm/3 77.70 201571
Air 520°C,4h 2.7 nm/8 153.32 2016
Air 540 °C,4h 169.00 20167
Air 580°C,3h 3nm/9-10 116.00 2017178
Air 620 °C,2h 252.40 2018
Air 500 'C,4h 94.00 46.7% 20187
Air 500 °C,2h 4-5nm/12-15 142.84 201881
Air 520°C,4.5h 207.85 20191%2
Air 550 °C,4h 2.3nm/5 130.00 20191%
Air 520 °C,4h 81.57 2019184
Air 500°C2h Oﬁiinm/ 210.00 201911
Air 550 °C,2h 1.0 nm/2 197.00 20205
Air 550 °C,2h 115.00 2020187
Air 500 °C,2h 118.86 20205
Air 500 °C,2h 2 nm/6-7 306.00 6% 20128
Air 500 °C,2h 175.90 2017%
Air 580 °C,4h 3.5nm/10 92.80 2.8% 2019P"
Air 500°C,2h 110.20 20191
Air 520°C,4h 165.00 20173
Air 520°C,2h 88.10 201914

FIBSJE 1 g-CNg K Fr s AMURERS 2 3 K L
R, ANk f 72 7O i 807, A sk
FESCMEALHT H Hy (AR . Chen 2508 H A B
AT BB g-CNy 9k B ML R HAL
128.5 m¥/g. FLAEFIA 0.35 cm’/g. 90K EREL N

6 nm, LT A ERE[1 254.75 pmol/(h-g)] 5 2 1
B, ZINHUIR g-C3Ny [57.14 umol/(hg)] 21.9 f%.

Zhang %05 i PR e iR b AT — 2B PAb B 1S
BT BEA NSO EZ 1L g-CN K 2 EL N
0.95nm, EMAHEBEAK T 3 ZFHLE40K 4
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o JEILZIESEIN g-CaNy 9K A R AR A
261.2 m*/g, ZINHUR g-C3Ny(7.4 m*/g)ft) 35.3 %,
TR T2 e BT s, AT AR
9 5.74mmol/(hg), ZINPIR g-C3Ny 1) 28.7 fif. i
M RGRAFFAS T FAESE, 99K AR 2 fLAF
PEATN 2547 1) LTS5 M T 1 U R 8 T AR BT
AR B, 405 T PG s G T30E
FRARA 5 FHIE N BT R, AT N =
LG TSR 8. AT L, FIBSJE 1 g-CiNy 44
K B R AR B R340, Sef i A S B I £,
XA B A — 8 I GEER

IR g-CiNy 5 A BT 26 ki g
FI 4, v R R A R IERER) g-CNy &
BRI X T IS AR RE A U
AT 5 BT E, HERRACH 27O
(K152 £ 20  Zhang 25 M £ T CdS/g-C3N, A 4N
KA EEMEL SR EH: CdS Al g-C3N, BATLAC
RIFMEBR SN, EEWEREE S BEE
S LT R R SRR o HT T g-CaNy HHL T 25 R AR
T HHIRAR L, BT g-CaNy 90K 2 SRR e L
REME . CdS/g-C3Ny [N R 450 S 3 T R AEHIR
TIAE SRS E, Midem T HemE TG .
Fu ZEUONSE i #4130k ) % 7 2D2D
WO,/g-CsN, EA&ME. S5 RFWH: M THOR
g-C3Ny ¥ 4il, WO3/g-C3Ny BEMEHK) Hy A2 it
KKHE S, 982 pmol/(hg), ZINHLIR g-CaN, B fy
(1 1.7 £5 o FLrBBh Y S o 45 1% i) 1A
TR E A, B T HXS JE A R 23 7T
HE, Wi T abtEae . Uk ar i, 5 g-CaN,y
YK 5 H Al SRR g e 5 45 1T DL IREICIR
g-C3Ny LT 7O B G il S PR AR A, BEA R
FeMEALPERE

TCRBIAEEIR T g-CNy 99K F 5 ml Ik
WG A SO A B T IR AR, ik
g-C3Ny GK Fr e 254, TR B4 5 g-C3Ny
K LA R H U TR B A NSRS
AL RSB A 2 B, AW ARY, BideEBx
HOSIFIAE 4 @45 4% g-CsN, (I P. S, O, C. N. LAl
B)r] LAA BRI BT L5 B 1, DLk & e i
RO Guo &N I £ B () — B B IL IR
il T AR N B2 BB AR (g-C3Ny) 2 FLYK
Fo @REYW: N BREET g-CNy 9Kk
PO R TS5, D T AT T R R AT,
THEBIR TR A - Hl & 16 R A A

60 m*/g, 75 ] WG R 5 T LA B it e i B 7,
PTG Z A 263.4 umol/(h-g), ZIRNBUIR g-C3N, FE 5
() 14 {5 Jiao SO FH — Bl A W A5 1B be ik
197 N B4Rk S(NCDs) B g-CsNg 40K fr. &5
RRW: SHEGBRFAEIN g-CNy L, N Bk
W SL(NCDs) B[] g-C3Ny 40k i BE E L BRI
MEALTEVEAL AT, T THTERE . g-CiNL gk
RISERR T AR, BEEH T EZ M.
HA RN 1.0%(5 55 20 1) NCDs 181l g-C3Ny
YK Ao AR R, A 3 319.3 pmol/(hrg), £
NHUIR g-CN FE AR 13 455 . Sun 250 PI7E 61 % g-C3Ny
i m A 7 KOH, B J&idid e b R s15 3
K $B:10 g-CNy Ak . 855K fErTIE T, K
Bo% g-CNGETHEAPAK Y T E0E %4 919.5 pmol/(hrg),
ZINHOR g-CaNG FERR IR 13.1 %, 7€ 420 nm ALHE
M TFRURN 6.98%. HHILATIL, B4R AT
g-CNy 2, HFRUPUERTER, TERm T
HL AR 3R T DL g-CaNy IBfEL R RE .

3 ZRE5RE

FEI EMLES, g-CiNy MBI B A 2 Fiofiliks
PR 2o, AR T N DA S A AT T
M. (B2, BHTHAR ¢-CNy BRA LR IR, 2
o WG A RSB, PR T I SebRR N
PUlR g-CiNg HHEE, RIB S —4E -GNy K v A
AR Bn 7k WAL SRR
BRI BIE AL, AR . AR
FE IR BV 4 B T AT 1A 2 R BT AR 2 d i FH I
3 M. A, MBI IR VRO R B
IR B A E B A RI(RE S g-C3Ny IR T REDL D)
I ] P 75 Ak B AT AR 2 3R BV 1 i g A AL B
ANFTE G 3 T BN i A BT A T AR
EEAR BN P R AR B RS JE K 2R
FEBOR, RERN T g-CaNy K tERE. BRI,
T BB BRIX L, 5 g-CaNy 9K 7 IR
FHATUS, AR T 507 N A 1) BIEAAT R
ARRERI B TFB, A TR T g-CNy 9K 2
B, B R/ 2) REER g-CNy 40K B
AERHIEER A, AT LAE Bl A OS5 2
I 3) fETCRBRBEE iR 7 ik,
BRI HEAL I RE BB LB AN BB, IO TR 2 —
W ARG I B B DA, b TP
BRG] 4) g-CNGAK ;5 HoAth 2 AR R
B R A — MBI TT ], Rl R i s B
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