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Synthesis of novel DOPO-based flame retardants and its application in epoxy resins
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Abstract : To prepare high-performance flame-retarding epoxy composites, a novel "three-source integrated" flame retardant
(DMM) was successfully synthesized via a two-step reaction using 9,10-dihydro-9-oxa-10-phosphaphenanthrene-10-oxide (DOPO),
maleic anhydride (MA), and melamine (ME) as raw materials. This DMM was subsequently applied to the flame-retarding modifica-
tion of epoxy resin (EP). The microstructure of the synthesized product was characterized by Fourier transform infrared spectrosco-
py (FTIR) and phosphorus-31 nuclear magnetic resonance spectroscopy (*'P-NMR), which confirmed that the DMM had been
successfully synthesized. DMM was then introduced into bisphenol A-type EP (E51), and flame-retardant EP/DMM composites
were prepared via curing. Their flame retardancy, combustion behavior, and mechanical properties were systematically investigated.
Vertical burning in UL 94 and limiting oxygen index (LOI) tests show that the flame-retardant epoxy composite achieves a V—0
rating when the content of DMM is only 4 wt%. Meanwhile, the LOI values increase from 22.0% of pure EP to 28.0% of the EP/
4%DMM and 34.0% of the EP/6%DMM, respectively. Microscale combustion calorimetry tests indicate that, compared with pure
EP, the peak heat release rate (pHRR) and total heat release (THR) of the EP/6%DMM composite decrease by 61.1% and 29.4%,
respectively, indicating a significant reduction in fire hazard. Mechanical tests show that the addition of DMM causes some deteriora-

tion in the mechanical properties of the EP. Scanning electron microscopy analysis reveals that with increasing DMM content, the
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char layer formed after combustion becomes denser, which effectively enhances the flame-retarding performance of the material. In

conclusion, the synthesized DMM can impart excellent flame retardancy to epoxy composites at a low loading level, providing an

effective approach for preparing high-performance flame-retardant epoxy materials.

Keywords : flame retardancy ; epoxy resin ; phosphorus-nitrogen synergy ; DOPO ; maleic anhydride
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Tab.1 Formulations of EP/DMM samples

g
Samples ES51 DMM DDM
EP 50 12.6
EP/2%DMM 50 1.3 12.6
EP/4%DMM 50 2.6 12.6
EP/6%DMM 50 4 12.6
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Tab.2 TG and DTG data of DOPO, MA, ME, and DMM

Samples  T,/°C  T,/°C R _/(%°C") Wy .J%
DOPO 236.2 306.4 25.9 13
MA 95.8 149.7 49.0 1.1
ME 287.5 344.7 37.9 0.1
DMM 214.2 386.2 8.0 24.7

Notes: T, is temperature at 5% mass loss; 7,

max

is temperature at

maximum mass loss rate; R is maximum mass loss rate; W, is char

yield at 800 °C. e
2.2 EP/DMM ##64 #4482tk

Il 5 W BLKA EP/DDM & A B RHE TG 43074
23 Jg X R A M RO . BE A DMM IR G 3
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Fig. 5 TG and DTG curves of EP/DMM composites
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Tab.3 TG and DTG date of EP/DMM composites

Samples  T,,/°C T, /°C R _/%°C") Wy, /%
EP 3953 407.1 33.2 9.3
EP2%DMM 3721  384.4 36.2 14.1
EP/A%DMM 3572 3713 32,9 15.4
EP/6%DMM  358.6  380.5 25.2 17.2
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Ist vertical burning test

2nd vertical burning test
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Fig. 6 Vertical burning photos of EP/DMM samples

R4 EP/DMM H @B RR M RE TN 45 R
Tab. 4 Tests results for flammability of EP/DMM samples

UL 94(3.2 mm)

Samples — - LOI/%
t/s t,/s Dripping Rating
EP 52.0 2.0 Yes N.R. 22.0
EP2%DMM  33.0 6.0 No V-2 27.0
EP/4%DMM 9.0 0.1 No V-0 28.0
EP/6%DMM 7.0 0.1 No V-0 34.0

Notes: ¢, and t,are the time of extinguishment after the first and

second ignition respectively; LOI is limiting oxygen index.
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Fig. 7 HRR curves of EP/DMM composites
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Tab.5 MCC data of EP/DMM composites

Samples THR/(kJ-g™") PHRR/(W-g™")
EP 27.5 633.0
EP/2%DMM 23.8 416.5
EP/4%DMM 19.7 416.4
EP/6%DMM 19.4 246.2

Notes: THR is total heat release; pHRR is peak heat release rate.
2.4 EP/DMM #4845 F e
2 6 4 EP IR EP /Y J1 24 PR R i , mT AR
£ 5, B DMM BHIR 77 78 i 9 384 T, #4 L
fiinim B RN R ORI — e B IR,
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Tab. 6 Tensile properties of EP/DMM composites

Samples Tensile strength/MPa  Elongation at break/%
EP 32.7 9.1%
EP/2%DMM 26.2 4.3%
EP/4%DMM 20.1 3.5%
EP/6%DMM 16.1 1.6%

2.5 EP/DMM %% & 4975 .57
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Fig. 8 SEM photos and EDS mapping of residues of EP/DMM compos-

ites after combustion
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