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Synthesis and Characterization of Nitro-containing Flame Retardant and Its Application in Epoxy Resins
LUO Hang, CAI Xufu~
(School of Polymer Sci. and Eng., Sichuan Univ., Chengdu 610065, China)
Abstract: A flame-retardant tris (3-nitrophenyl) phosphine (NPPh3) containing nitro group was synthesized from triphenyl phosphine (PPh3). Its
chemical structure, thermal stability, thermal degradation behavior, charring ability, and thermal degradation products were characterized by Four-
ier transform infrared spectra (FTIR), nuclear magnetic resonance (1HNMR), thermogravimetric analysis (TG), and thermogravimetric
analysis/infrared spectrometry(TG-FTIR). The results showed that the initial thermal decomposition temperature of NPPh3 was 291.2 °C. The car-
bon residue at 800 “C (under N, atmosphere) reached 28.16%, which demonstrated that the thermal stability and charring ability of PPh3 after ni-
trification was improved. In addition, TG-FTIR results indicated that its thermal degradation products were H,O, CO,, CO, and aromatic ring.
In order to achieve a good flame retardant effect under less flame retardant, NPPh3 was used together with 9,10—dihydro—9—oxa—10-
phosphaphenanthrene—10—oxide (DOPO) to prepare a flame-retardant system for epoxy resins(EP) with 4,4—diaminodiphenylmethane
(DDM) as curing agent, and the synergistic effect between them was studied. LOI and UL-94 results showed that when the flame re-
tardant content was 4.7%, the ratio of NPPh3/DOPO was at 1:2, flame retardant epoxy resin acquired a LO! value of 33.8% and UL-94
vertical burning successfully passed V-0 flammability rating. The TG test showed that there was an obvious synergistic effect between
NPPh3 and DOPO. The introduction of NPPh3/DOPO lowered the initial decomposition temperature and increased the amount of
residue mass at high temperature compared with EP. Additionally, the structure and morphology of the residue chars were studied by
FTIR and scanning electron microscopy(SEM). The results illustrated that NPPh3/DOPO stimulated the formation of compact and

strong char layer which contained —P and —-NO, groups, and provided a good barrier to hamper the transfer of heat and oxygen into the com-
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bustion layer. Consequently, the underlying epoxy resins were protected from further degradation and combustion, and led to an efficient flame re-

tardant in condensed phase.

Key words: nitrification; phosphorous flame retardant; epoxy resins; synergistic effect
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Fig. 4 Gas analysis for NPPh3 at maximum decomposition
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Tab.1 LOI and UL-94 vertical burning values of the samples

FERRS  (m(EP) + m(DDM))% m(NPPh3)/% m(DOPO)/%  m(NPPh3) : m(DOPO) LOI/% UL-94 peast:i)
1 100 — — — 23.0 Unrated =
2 95.3 4.70 — — 26.5 Unrated 5
3 953 — 470 — 31.2 V-1 1
4 95.3 2.35 2.35 1:1 32.0 V-1 i
5 95.3 1.56 3.14 1:2 33.8 V-0 i
6 95.3 0.78 3.92 1:5 33.2 V-1 i
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Tab.3 TG and DTG data of different systems under air atmosphere

) Ty/C Ripead(%omin ™) Timar/ C Ropead(Yomin ™) Tmax! C Y%

EP 352.5 11.78 376.2 5.06 542.5 0

EP/NPPh3 291.5 8.08 366.0 5.23 548.6 0

EP/DOPO 336.4 11.78 362.6 3.12 561.4 0
EP/NPPh3/DOPO(95.3/1.56/3.14) 296.5 8.53 3543 442 546.5 4.62
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