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Preparation and properties of MXene-based flame retardant epoxy composites
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Abstract : To improve the flame retardancy of the epoxy (EP) resin, the flame retardant nano-fillers (MF@MXene) were
prepared by functionalizing MXene nano-sheets in situ with melamine-formaldehyde prepolymer (MF), and then MF@MXene was
added to EP to prepare MXene-based flame retardant EP composites with the 4,4'-diamino diphenylmethane as a curing agent. The
chemical structure, microstructure and element content of MXene and MF@MXene were characterized by Fourier transform infra-
red spectroscopy, scanning electron microscope spectroscopy and energy dispersive spectroscopy respectively. The mechanical prop-
erties and flame retardancy of the composites were tested by tensile testing machine and cone calorimeter respectively. The results
show that MF@MXene could significantly improve the dispersion of MXene in epoxy and improve the mechanical properties and
flame retardancy of epoxy composites. When the content of MF@MXene is 2.0wt% , the tensile strength of epoxy composite is 82.5
MPa, which is 20.2% higher than that of pure epoxy, its peak heat release rate, total heat release rate, peak smoke release rate and
total smoke release rate is decreased by 36.99%,10.31%,25.81% and 3.97% respectively, showing excellent mechanical and flame
retardant properties.
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(1) MXene B9l & B 50, WERMFR = 7.2 g S AL
PLE T 250 mL R VUG LAaBepr i, A 90 mL 2R 72
(37%)TEHE T B (B B H) #8200 W)H1 435 5 min,
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Fig. 1 Micrograph of samples

(d) TEM of MF@MXene
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Fig.2 Infrared spectra image of MXene and MF@MXene

ME 28] IE Y, MXene &M% 8145 , 4 -
FRILA C—F 8, Hih,3430,1 640 cm 4351 % B
T—OH Ky 4 i sl i A i Bz 2004, 1 080 cm ™ M
J& C—F By R sh i . AHLLZ T, MXene 28 MF
() J5L A T RE AL AE 1 5, ME@MXene FO 2T Ah i 28
N B 22 B9 RRAE W W% . MF@MXene 7E 3 330
em AR — iR 55 (LA T A IR AT | 2 i e 3R
I N—H 8 g iR shié ., 1771 550,1 500 cm ' 4b
() XU W 2 = R ER th C=N AU RRAE U5l . 1 360,
810 cm ™ Ab W ISTIEE 2 — IR FA i C—N A B R R 2l
AN, MF@MXene AUZTAMETETE 1 170 cm ' Ab A
AR 5 1 W s | 2 C—O—C Y R BRI AL I 3l
i FTIR 44T, AT 01 MF B IR DX MXene #4717 Ji7
DI TREALAEAE , Hil 5 T MF@MXene 4 KR
2.3 MXene #» MF@MXene #9 4% 3% 57

Rt —HAIESE MXene Fll MF@MXene A4 a¥ 2 1l
7%, R H EDS {43 513 T MXene il MF@MXene
IR & & KA, SR E R AR A
SR ME 3 FE 4R, HE 3am LA, THLAIC,
2t e ER R AN AL EL AL S , 4 T MXene 44
K, Bl £ 59 MXene 44K A 778 K2 18] ] 52
U MXene 99K 26 AR & o MNIRI3b A] LA

(b) SEM of MF@MXene

ement C Ti
Mass ratio/% 28.68 71.32

Energy/keV
(c) Element content of MXene

Elemen t C N o Ti Ti

Mass ratio/%| 19.21 | 14.83 |24.56 | 41.4

08 16 24 32 40 48
Energy/keV
(d) Element content of MF@MXene

[#]3  MXene fl ME@MXene ) SEM [&] }2 JTE K & it
Fig. 3 SEM and element content of MXene and MF@MXene
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Fig. 4 Element distribution of MF@MXene

(d) Element distribution of Ti
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Fig. 5 Mechanical properties of flame retardant EP composites
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4 ES1 NFE T 13.1%, X &K S MXene # & 75 EP #
fig v A 3, BEAIG EP [ AL B 3CBR JE , E I 2 1 r

AR . 24 MF@MXene ) & i — L R F+ =
3.0 Yol , LA P9 2 80.4 MPa, JT IR HI B
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e P R, 5 4 LY Jy 2 PERE o R kT g
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TEAERE BRI FRME . X T E5S1/MF@MXene 44K 5 &
BBE, M B A 150 °CHY, Fifi 5 MF@MXene H 5 A
0.5% 4% 2.0%, E51/MF@MXene 44 K & 4 1 K}
)i fi A 8 0 1 184 i 22 2 330, 2 340, 2 480 MPa.
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Fig. 6 Dispersion of MXene and MF@MXene in ES1
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Fig. 7 HRR,THR, SRR and TSR of EP and its composites
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A1, Fi % MF@MXene [ ILA , EP & 4 #4811 THR
B R R T 24 A MXene Ji , & A #4BHAG THR
JUT-AAS 3% 2 2 MXene 18— BHER BE 1 A
MF@MXene [ BHERRE 77, TCik 30l Bt 1 B
 7c A& 7d EEL T in A MXene Al MF@MXene f&7
52 A R RHR B8 9 SRR A TSR, B & AT L& Y,
MF@MXene I fINA 525 B4R T 52 & 4 8HY SRR A1
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e . 5 MXene #H Lt , MF@MXene % T £, & % #1
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Tab.1 Cone calorimeter data of EP and its composites

PHRR/ THR/ PSRR/

Sample CWem?) (MIm?)  (mies ) TSR/m’
ES1 1450.3 82.6 0.31 15.1
E51/2.0%MF@MXene 1139.6 82.3 0.28 15.0
E51/2.0%MXene 913.8 74.1 0.23 14.5

Hi ¢ 1 ], ES1 A AR #AGE /5 PHRR ik 1 450.3
kW/m?, i & MXene(2.0%) 1 ME@MXene(2.0%) 7]
T L EP & &K EHE PHRR 20 %) F % 1 139.6 kW/
m>F1913.8 kW/m?, 5 ESL R AEAH L, R4 51
21.42% F136.99%. & T PHRR F[&H] @40, THR
AGIA . ES1 R IRRAGE I FE (%) THR 24 82.6 M/’
A 2.0% MF@MXene J&5 , &2 A A48 THR T
%% 74.1 MI/m*, /1L T ES1 R T 10.31%, 1fif ES1/
2.0%MXene (1) THR {2 T [ % 82.3 MJ/m’, 25 {L 1R
/N, 3K R i MXene 7E EP H Y TSR B4 08070 1 BH
SRR 5 A Ak %) 42 e T L, 0 T ARG T AT o) A B
FLEE ST o HER 134 7] W MXene il MF@MXene [
M s, mT LLE B 35 MXene (2.0%) il
MF@MXene(2.0%) A, E51 54 bR 10 25 B
T I E (PSPR) AT TSR A5 fF F %, 5 THR 45
H—3, T MXene 76 EP H 1 A1 RAVEFH , ok ok
FR B2 b 2% 48 LM AR AE L iUFE ES1/2.0%M Xene 1)
PSRR Fl1 TSR T & M B A7 KR, A8 AL #8870 1 %
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E51/2.0%MF@MXene, H: PSRR F1 TSR 43 5l A E51
B0.31 m”s f115.1 m* FRFZE 023 m/s il 14.5 m*,
R 50 0 K 25.81% F113.97%. 454K 7 f3 1 7]
1, MF@MXene ifi 1 (3% MXene 7E EP B i H (1 53
O, JE I & $ FLRH R AR B BE 1, o] DA S R
T+ EP & GBI KR e Ak

Syt — LMK EP S LA G AR BRI , R H
LOLFFATRAE , 85 5 an & 8 i o

32,
300 29.8
28]

§ 26 24.6

S 24
2| I
20l 1938
.

E51 E51/2.0% MF@MXene
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518  EP RS A MY LOI
Fig. 8 LOI of EP and its composites
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