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Tab.1 Formulation of EP composites

Sample w(P)/% EP/g DDS/g DOPO/g DOPS/g
EP 0 100 31.6 0 0
EP/DOPO-5% 0.72 100 31.6 6.93
EP/DOPO-7.5% 1.08 100 31.6 10.67
EP/DOPO-10% 1.44 100 31.6 14.62
EP/DOPS-5% 0.67 100 31.6 6.93
EP/DOPS-7.5% 1.00 100 31.6 10.67
EP/DOPS-10% 1.34 100 31.6 14.62




Tab.2 TG and DTG data of EP and EP composites in N,

Sample Ty C T/C Rl (% 'C™) Char residues at 600 C/%
EP 376.84 411.08 1.93 14.18
EP/DOPO-5% 354.53 371.99 1.69 21.77
EP/DOPS-5% 322.30 378.44 1.05 22.05
EP/DOPO-7.5% 346.73 369.88 1.52 21.15
EP/DOPS-7.5% 316.24 350.28 0.99 22.31
EP/DOPO-10% 334.50 377.66 1.39 20.01
EP/DOPS-10% 304.31 343.30 0.85 22.49
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Fig.1 (a)TG and (b)DTG curves of EP and EP composites in N,
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Tab.3 LOI and UL-94 results of EP and EP composites

UL-94
Sample LOI/%
t/b/s Dripping Rating

EP 222 No N.R.
EP/DOPO-5% 30.1 4.82/9.52 No V-1
EP/DOPS-5% 28.5 6.63/12.71 No V-1
EP/DOPO-7.5% 30.3 3.29/11.73 No V-1
EP/DOPS-7.5% 28.8 6.63/9.43 No V-1
EP/DOPO-10% 31.0 2.57/5.70 No V-0
EP/DOPS-10% 30.6 1.81/5.92 No V-0




Tab.4 Cone calorimeter test data of EP and EP composites

Sample TTUs PHRR/ THR/,Z TﬂSR/ . aV-ML}{/ aV-CO;T/ aV-COY/
(kW-m?) (MJ-m”) (m’ m”) (gs") (kg kg") (kg kg")
EP 75 1235.1 116.49 2250.92 0.060 439 0.42
EP/DOPO 68 490.12 89.72 2729.23 0.048 4.58 0.42
EP/DOPS 56 473.09 84.11 2205.10 0.041 4.89 0.36

notes: TTI—time to ignition, PHRR—peak heat release rate; THR—total heat release; TSR—total smoke release; av-
MLR—average mass loss rate; av-CO,Y —average carbon dioxide yield; av-COY —average carbon monoxide yield
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Fig.2 (a)HRR, (b)THR, (¢)TSR and (d)COP curves of EP and EP composites
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Fig.3 Digital photos and SEM images of the char residues after cone calorimeter test
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Fig.4 3D TG-IR spectra of (a) EP, (b) EP/DOPO and (c) EP/DOPS
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Fig.5 Absorbance of pyrolysis products of EP and EP composites at different temperatures
(a):EP; (b): EP/DOPO; (c):EP/DOPS
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Effect of Sulfur Element on Flame-Retardant Epoxy Resin Based on
Phosphaphenanthrene

Xiaolin Ye', Zhiyan Xu', Songjiang Xu', Zeming Hou', Yuzhao Qi', Dongmei Bao', Lijuan Long’, Daohai
Zhang', Guoyong Zhou', Xiaodong Cai', Zhu Wen', Zhongli Wu"’
(1. School of Chemical Engineering, Guizhou Minzu University, Guiyang 550025,China; 2. National Engineering
Research Center for Compounding and Modification of Polymer Materials, Guiyang550014, China;3. Faculty of
Mechanical Engineering and Automation , Liaoning University of Technology,Jinzhou 121001,China)

ABSTRACT: In order to investigate the effect of sulfur element on flame- retardant epoxy resin based on
phosphaphenanthrene, flame- retardants 9,10- dihydro- 9- oxa- 10- phosphaphenanthrene- 10- oxide(DOPO) and 9,10-
dihydro-9-oxa- 10-phosphaphenanthrene- 10-sulfide (DOPS) were added to EP according to the mass fraction of 5%,
7.5% and 10% respectively, and 4,4 '- diaminodiphenylsulfone (DDS) was used as curing agent to prepare flame-
retardant composites. Thermogravimetric analysis (TG), limiting oxygen index (LOI), vertical flame test (UL-94),
cone calorimeter test (CONE), thermogravimetric- infrared spectroscopy analysis (TG- IR) and scanning electron
microscopy (SEM) were used to compare the thermal stability, flame retardancy and charring properties of EP/DOPO
and EP/DOPS, and their flame retardancy mechanisms were analyzed. The results show that when the mass fraction
of DOPO and DOPS is 10%, EP/DOPO and EP/DOPS reach UL-94 V-0, with LOI values of 31.0% and 30.6%
respectively. The heat release rate (HRR), total heat release rate (THR) and average mass loss rate (av-MLR) of the
two composites are lower than those of pure EP, which effectively improve the flame retardancy of EP. Moreover, the
char residue and flame retardancy of EP/DOPS are better than those of EP/DOPO, which is attributed to the
synergistic flame retardancy of P and S elements in DOPS, which could better promote the dehydration of substrate
into carbon and enhance the flame retardancy of condensed phase. SEM and TG-1IR results show that DOPO and
DOPS have flame retardancy in both gas phase and condensed phase, but mainly in gas phase, and DOPS has better
flame retardancy in condensed phase than DOPO.

Keywords: sulfur element; phosphaphenanthrene; flame retardant; epoxy resin; flame retardant mechanism



