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Influence of red phosphorus on the flame-retardant properties
of ethylene vinyl acetate/layered double hydroxides composites
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Abstract Mg–Al–Fe ternary layered double hydroxides

(LDHs) were synthesized based on Bayer red mud by a

calcination–rehydration method, and characterized using

powder X-ray diffraction and thermogravimetric analysis

techniques. The synergistic flame-retardant effects of red

phosphorus (RP) in ethylene vinyl acetate (EVA)/LDHs

composites were studied with the limiting oxygen index

(LOI), the UL 94 test, the cone calorimeter test (CCT), and

the smoke density test (SDT). And, the thermal degradation

behavior of the composites was examined by thermo-

gravimetry-Fourier transform infrared spectrometry (TG-

FTIR) analysis. Results showed that the LOI values of the

composites with RP were basically higher than those of the

pure EVA sample and composites containing LDHs only.

And the addition of a suitable amount of RP in EVA/

LDHs/RP composites can apparently favor UL 94 test. In

the UL 94 test there was a V-1 rating and dripping phe-

nomena for the composites containing 50 % LDHs. How-

ever, the composites containing 47.5 % LDHs and 2.5 %

red phosphorus did not drip. The CCT results indicated that

the heat release rate (HRR) of the EVA/LDHs/RP com-

posites with a suitable amount of RP decreased in com-

parison with that of the EVA/LDHs composites. The SDT

showed that RP was helpful to smoke suppression. TG-

FTIR data showed that the EVA/LDHs/RP composites

show a higher thermal stability than the EVA/LDHs

composites. A suitable amount of RP in EVA/LDHs/RP

composites resulted in an increase in LOI values, a

decrease in the HRR, the achievement of the UL 94 V-1

rating with no dripping phenomenon, a good smoke sup-

pression character, and a high thermal stability.
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Introduction

Ethylene vinyl acetate (EVA) copolymers with different

acetate contents are extensively used in many fields,

especially in the cable industry as excellent insulating

materials with good physical and mechanical properties

[1]. However, EVA copolymers are particularly flammable

and emit a large amount of smoke on burning, which

restrict their practical applications [2]. Therefore, it is very

important to improve their flame retardancy in the mate-

rials applications of EVA.

Layered double hydroxides (LDHs) as environmentally

friendly halogen-free flame-retardant additives have been

extensively used in the flame retardation of polymer-insu-

lated wire and cable because of their advantages such as low

smoke, no toxicity, and no corrosive gas generation while

halogen-containing polyolefin materials give rise to toxic

gas and smoke which can choke people exposed to them and

can damage costly equipment at the same time [3]. How-

ever, LDHs have an essential disadvantage that more than

60 % loading in the polyolefin blends is required to obtain

an adequate level of flame-retardant properties, which could

be detrimental to the mechanical properties of flame-retar-

dant polyolefin materials [4], because of the poor compat-

ibility between inorganic additives and polymer resin [5].

To improve the mechanical properties of flame retardant,

surface treatment of LDHs by coupling agents has

been widely used to improve their compatibility [2, 6].
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