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Recipe and property testing results of LOI and UL94 horizontal vertical combustion for non-flame retardant EP and

DOPOMPC-APP-MWCNTSs/EP composites

Mass fraction/ %

Sample LOI/ % ULV
EP m-PDA DOPOMPC APP MWCNTs
EPO 90.9 9.1 0 0 0 25.4 Burning
EP1 72.7 7.3 10. 0 10. 0 0 36.3 V-0
EP2 72.7 7.3 9.5 9.5 1 35.95 V-0
EP3 72.7 7.3 9.0 9.0 2 36. 8 V-0
EP4 72.7 7.3 8.5 8.5 3 32.6 V-0
EP5 72.7 7.3 8.0 8.0 4 32.1 V-0
EP6 72.7 7.3 7.5 7.5 5 31.4 V-0

Note: LOI — Limited oxygen index; UL94V — Horizontal vertical combustion test level.
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Table 2 Cone calorimetry testing data of non-flame retardant EP and DOPOMPC-APP-MWCNTs/EP composites

k-HRR av-HRR av-EHC av-SEA av-CO THR/

Sample TTI/s P / . av / av / av , / av / Char yield/ %
(kW s m ?) (kW + m ?) (MJ « kg D) (m? « kg 1) (kg kg 1) (MJ +m %)
1243.27

EPO 93 286.73 28.99 1115.06 0. 180 104. 31 7.4
(t=170 s)
314. 37 -

EP1 66 74.75 88.99 3 583.38 0.290 28.19 52.7
(t=200 s)
338.57 N

EP2 63 114. 60 23.61 785.22 0.130 43. 60 56.1
(t=155 s)
204. 86 -

EP3 74 86. 34 19. 85 583. 96 0.090 46. 87 72.6
(t=110 s)
378.68

EP4 82 146.52 26. 34 735.38 0.013 67.62 68. 3
(=210 s)
388.52

EP5 66 167. 43 34. 94 748. 46 0.120 81.76 43.4
(t=100 s)
426. 34

EP6 72 174.72 27.90 968. 70 0. 130 85. 11 39.4
(1=165 s)

Note: TTI — Time to ignition; pk-HRR — Peak heat release rate; av-HRR — Average heat release rate; av-EHC — Average effective heat

of combustion; av-SEA — Average specific extinction area; av-CO — Average CO release rate; THR — Total heat release; ¢t — Time when pk-

HRR appears.
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Table 3 Mechanical properties of non-flame retardant EP and DOPOMPC-APP-MWCNTs/EP composites

Sample Tensile strength/ Break Bending Bending Impact strength/
MPa elongation/ % strength/MPa modulus/MPa (k] »m2)

EPO 140. 1 5.45 286. 28 46.09 26. 40

EP1 44,33 0. 81 91. 55 38.40 6.49

EP2 45.09 1. 09 93. 06 80. 20 17.25

EP3 56.67 1.93 115. 27 89. 47 18.70

EP4 36. 11 1. 37 99. 82 75.70 14. 81

EP5 40. 82 1.14 92. 32 71.12 13.48

EP6 44.27 1. 24 87. 84 78.91 10. 95
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Fig. 3 Macro carbon layer morphologies of EPO., EP1 and EP3 after combustion

—_— 3
20KV 100X  100um KYKY-2800B SEM SN:0182

(b) EP1

(a) EPO

20KV 100X 100 um  KYKY-2800B SEM SN:0182

(c) EP3

Kl 4 EPO, EP1 5 EP3 #A%8)5 i SO0 5 J2 B 3
Fig. 4 Micro carbon layer morphologies of EPO, EP1 and EP3 after combustion
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Preparation of DOPOMPC-APP-MWCNTs intumescent flame-retardant epoxy resin

LU Lingang*', CHEN Yinghui*, ZHAO Jin*, YANG Shousheng’
(1. Department of Science and Technology. Chinese People’s Armed Police Force Academy. Langfang 065000, China;
2. Graduates Forces, Chinese People’s Armed Police Force Academy, Langfang 065000, China;

3. Department of Fire Protection Engineering, Chinese People’s Armed Police Force Academy, Langfang 065000, China)

Abstract:  Epoxy resin (EP) was flame retarded with halogen-free intumescent flame retardant six-(4-DOPO
hydroxymethyl phenoxy) cyclotriphosphazene (DOPOMPC) , polyphosphate (APP) and multi-walled carbon nano-
tubes (MWCNTSs) to prepare new flame retardant composites DOPOMPC-APP-MWCNTs/EP. The flame retardant
property of the composites was analyzed by limit oxygen index (LLOI), horizontal vertical combustion, and cone cal-
orimetry. The result demonstrates that the addition of MWCNTSs increases the flame retardant property and mechan-
ical property of intumescent flame retardant system, and improves the dense smoke phenomenon to a certain extent
when system is burning. When the total mass fraction of flame retardant system is 20% and the mass fraction of
MWCNTs is 2% , optimal properties of materials can be obtained. The LOI of the composites is 36. 8% , the peak
heat release rate, average effective heat of combustion, average specific extinction area, average CO release rate are
respectively reduced by 83.5%, 31.5%, 47.6%, 50.0% compared with the non-flame retardant EP, and reduced
by 83.5% ., 77.7%, 83.7% . 68.9% compared with DOPOMPC-APP/EP. SEM analysis reveal that a dense, cross-
linked network charred layer is formed in DOPOMPC-APP-MWCNTs/EP after the addition of MWCNTs.

Keywords: intumescent flame retardant; multi-walled carbon nanotubes; epoxy resin; synergistic {lame retardant

effect; mechanical property



