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Epoxy resin composites with flame retardancy and thermal conductivity: Effect of

graphene nanoplatelets hybridized with melamine phosphate

JIA Xi'ning' , WANG Yan', SHI Hui', QU Honggiang ™, HAO Jianwei "
(1. National Engineering Technology Research Center of Flame Retardant Materials, School of Materials Science and
Engineering, Beijing Institute of Technology, Beijing 100081, China;
2. School of Chemistry and Environmental Science, Hebei University, Baoding 071002, China)

Abstract: The development and preparation of low-cost, defect less and high-efficiency graphene nanoplatelets
hybrid flame retardant is of great significance to achieve the multifunctionality of composites. A graphene nano-
platelets hybrid melamine phosphate flame retardant (GMP) with flame retardant and thermal conductivity was
prepared by the reaction of powder graphite (GRA) with phosphoric acid liquid phase after mechanical ball milling
with melamine as a stripping agent. The morphology, structure, composition and thermal stability of GMP were
characterized. The flame retardant, thermal decomposition and thermal conductivity of GMP epoxy resin (EP)
composites were studied. Thermogravimetric analysis show that the initial decomposition temperature of GMP

increases 29.3°C from melamine phosphate (MP), which matches more with EP, contributing to the improvement of
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flame retardant efficiency of this EP composites. The results show that when the addition of GMP reaches 30wt%, EP

composites achieve the limit oxygen index of 30.4%, the vertical combustion of UL 94 reached V-0 level, the peak

heat release rate (PHRR) decreases by, and the peak smoke release rate (PSPR) decreased by 69% and 74.0%

respectively. The thermal conductivity increases to 2.10 W-m™.K™', which is increased by 708% compared with EP.

This is because the interaction between graphene nanoplatelets (GNPs) and MP in GMP promote the formation of

dense expanded carbon layer on EP, which effectively improves the flame retardancy of EP composites. With the

increase of GMP content, the thermal conductivity of EP composite is improved by the formation of GNPs and

graphite heat transfer channel. The research provides an idea for the design and preparation of graphene nanoplate-

lets hybrid flame retardants with both flame retardancy and thermal conductivity to solve the fire hazard caused by

thermal deposition of EP composites.

Keywords: graphene nanoplatelets; melamine phosphate; epoxy resin; flame retardancy; thermal conductivity
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Fig.1 Schematic diagram of preparation route of graphene nanoplatelets hybrid melamine phosphate (GMP)

1.3 IREMEE (EP) E &M BB &

81 B — 2 GMP, MP, GRA 4l
FIKCEES, BRI 2h, KOBIRSYEA
E-51 1, 90°C fin#uitdt 2h [ 2B, HIEHAMHE

A E f DDM, fig Pt e i ies, baiE THiJE i
RIUR M EAF, F100°C FEfk 2h, 1507C 4k%:
k2 h, $45E540E GMP/EP . MP/EP FIMP-GRA/
EP. i RS0 i e AR [ [ Ak 25 1k 154k, BRic°h EP,

R1 ESMEHELS KB IEE

Table1 Formulation and flame retardancy of composites

Sample E-51/wt% DDM/wt%  MP/wt% GMP/wt% GRA/wt% P/wt% LOI/% EFF UL 94 (3 mm)
EP 80.0 20.0 0 0 0 0 24.5 — NR
GMP20/EP 64.0 16.0 0 20.0 0 2.3 27.1 1.13 V-1
GMP25/EP 60.0 15.0 0 25.0 0 2.9 28.4 1.34 V-1
GMP30/EP 56.0 14.0 0 30.0 0 3.5 30.4 1.68 V-0
MP20/EP 64.0 16.0 20.0 0 0 2.8 26.8 0.82 V-1
MP25/EP 60.0 15.0 25.0 0 0 3.5 28.5 1.14 V-0
MP30/EP 56.0 14.0 30.0 0 0 4.2 31.0 1.55 V-0
MP-GRA20/EP 64.0 16.0 16.8 0 3.2 2.3 26.9 1.04 V-1
MP-GRA25/EP 60.0 15.0 21.1 0 3.9 2.9 28.1 1.24 V-1
MP-GRA30/EP 56.0 14.0 25.3 0 4.7 3.5 30.1 1.19 V-0

Notes: EP—Epoxy resin; E-51 —Epoxy monomer; DDM—4, 4-Diaminodiphenylmethane; MP—Melamine phosphate; GMP—Graphene

nanoplatelets hybrid melamine phosphate; P—Phosphorus content in composite materials; LOI—Limit oxygen index; EFF—Flame

retardancy efficiency and represents the LOI increment produced by each 1wt% of phosphorus in the composites; NR—No rating.
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Table 2 Surface elemental compositions of MN-GNPs, MP

and GMP
Sample C/wt% N/wt% O/wt% P/wt% N/P
MN-GNPs 66.1 28.7 5.2 — —
MP 27.6 31.9 25.5 15.1 2.1
GMP 59.2 18.4 14.2 8.3 2.2
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Table 3 TG and DTG data of composites materials under N, atmosphere
Tsy/ C o o Crrooc/%
Sample ATsq/C Tinax/ C ACragoc/%
Exp. Cal. Exp. Cal.
EP 368.1 — — 382.9 20.1 — —
GMP 292.6 — — 396.4 42.0 — —
MP 263.3 — — 391.2 28.1 — —
GMP20/EP 328.5 353.0 -24.5 364.0 29.7 24.2 5.5
GMP30/EP 337.8 345.4 -8.0 363.3 38.2 26.5 11.7
MP20/EP 332.8 347.1 -14.3 363.8 30.7 21.5 9.2
MP30/EP 329.5 336.7 -7.2 363.3 33.5 22.3 11.2

Notes: Exp.—Test results; Cal.—Calculated results; Ts;,—Temperature with mass loss of 5wt%; Ty,.,—Maximum decomposition

temperature; Cr7oo.c — Char residues at 700°C; AT5y=T5qExp.—
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Fig. 6 Heatrelease rate (HRR) (a), total heat release rate (THR) (b), smoke release rate (SPR) (c) and total smoke release (TSP) (d) curves of EP, GMP/EP,
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Table4 Combustion parameters of EP, GMP/EP, MP/EP composites from cone test

Sample TTI/s PHRR/(kW-m™®)  THR/(MJ-m™) PSPR/(m*s™) TSP/(m*kg™) Cr/%
EP 40 954.8 90.0 0.454 419 5.0
GMP20/EP 37 339.5 70.2 0.144 26.1 23.6
GMP30/EP 42 297.4 62.7 0.118 19.5 31.3
MP20/EP 37 285.3 77.1 0.127 22.9 24.8
MP30/EP 37 247.7 68.6 0.116 18.7 29.6

Notes: TTI—Time to ignition; PHRR—Peak heat release rate; THR—Total heat release; PSPR—Peak smoke produce rate; TSP—Total

smoke production; Cg— Char residues.
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Table5 Thermal diffusivity o, specific heat capacity C,, density p and thermal conductivity 1 of composites

Sample GNPs/wt% GRA/wt% a/(mm*s™) Cy/(J-g' K™ p/(g-cm™) A/(W-m™K")
EP 0 0 0.163 1.428 1.103 0.26
GMP30/EP 20.5 <4.2 0.588 2.537 1.409 2.10
MP30/EP 0 0 0.197 2.483 1.274 0.62
MP-GRA30/EP 0 4.7 0.253 1.695 1.305 0.56
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