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Flame retardancy of epoxy resin foams improved by bromine-antimony synergistic flame retardants
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Abstract : To improve the flame retardancy of epoxy resin foam (EPF), a series of flame retardant epoxy foams were prepared
by a two step method. Their flame retardant properties were characterized by UL-94 vertical flame test, limiting oxygen index
(LOI), thermogravimetric(TG) analysis etc. The findings suggest the incorporation of decabromodiphenyl ethane (DBDPE) and anti-
mony trioxide (Sb,0,) can impede heat and mass transfer during the burning of EPF. With the addition of 5% (mass fraction)DBDPE
and 1.7% Sb,0,, the flame retardant rating of EPF reaches UL 94 V-0, and its LOI value increases from 22.3% to 27.3%. In TG test,
the char residue rates of flame retardant EPF in nitrogen and air atmospheres reach 19.6% and 0.9% respectively, indicating a
certain catalytic char forming effect. The cone calorimetry analysis shows that the peak heat release rate and total heat release of
flame retardant EPF decrease significantly by 26.2% and 38.5% respectively. However, its smoke release amount increase : the peak
smoke release rate , mean smoke release rate, and total smoke production increase from 0.117 0 m*/s, 0.031 m*/s and 37.3 m’ of
original EPF to 0.231 3 m’/s,0.036 m’/s and 46.1 m’ successively, with increases of 97.7%, 16.1% and 23.6%.
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Tab.1 Formula of flame retardant EPF composite
%

R2 TEBELAFIRMER EPF B UL-94 EEMENIK S LOI AR
Tab.2 UL-94 vertical flame test and LOI results for epoxy foam

with different flame retardant contents

Sample EP Foaming agent DBDPE Sb,0, Sample UL-9%4 t/s t/s Dripping LOI/%
EPF 91.0 9.0 0 0 EPF NR 26 77 No 223
EPF/3D 88.0 9.0 3.0 0 EPF/3D NR 36 16 No 235
EPF/4AD 87.0 9.0 4.0 0 EPE/AD V-1 30 12 No 24.4
EPF/5D 86.0 9.0 5.0 0 EPF/5D V-1 22 15 No 25.3
EPE/7D 84.0 9.0 7.0 0 EPE/7D V-1 11 6 No 26.1
EPF/9D 82.0 9.0 9.0 0 EPF/9D V-1 7 5 No 27.0
EPF/3D1S 87.0 9.0 3.0 1.0 EPF/3D1S V-1 24 22 No 25.1
EPF/4D1.3S  85.7 9.0 4.0 1.3 EPF/4D1.3S V-1 14 18 No 26.3
EPF/5D1.7S 843 9.0 5.0 1.7 EPF/5D1.7S V-0 5 4 No 27.3
EPF/7D2.3S  81.7 9.0 7.0 2.3 EPF/7D2.3S V-0 2 1 No 29.5
EPF/9D3S 79.0 9.0 9.0 3.0 EPF/9D3S V-0 1 1 No 30.3
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Tab.3 Thermal decomposition data of EPF under nitrogen

atmosphere
Samples ryc  1,../°C T,.,/°C  Charyield at 800 °C/%
EPF 264.6 — 375.8 16.4
EPF/9D 281.2 321.2 358.9 17.2
EPF/SD1.7S 2723 3342 366.5 19.6

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

max1

temperature corresponding to the first thermal mass loss peak; 7', is

temperature corresponding to the second thermal mass loss peak.
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Tab.4 Thermal decomposition data of EPF under air atmosphere

Samples  7,°C T, [f°C T /°C T._/C ngg{‘g};)at
EPF 2728 3033 3528 5228 0.57
EPF/OD 2832 3023 3445 5153 0.70
EPF/SD1.7S 2727 3068 3393 5183 0.90

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

max|

temperature corresponding to the first thermal mass loss peak; T, is
temperature corresponding to the second thermal mass loss peak; 7, is

temperature corresponding to the third thermal mass loss peak.
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Fig. 3 HRR and SPR curves of EPF
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Oy S AR T HRR E T A EGE R R

L 5HNH T =FhEES A HRR A8 R . 4l EPF
() TTI A 14 s, A INFHAAR 5 , EPF/SD1.7S 1 TTI
FER 2 18 s, 3k F W BH AR B I A BT IR 1 A1k}
BT R T] o kI TS B (FPT) 2 Al i DA URE
FF 46 32 B JOEAE 2 B RFS2 IR 58 R 25 10 B[] (1]
bR 45 4% , FOBUE fH TT1 5 PHRR 9 UGB 2 . FPI
BB, AR | & KR BB PR, 3R
AJ 40, 4 EPF (1) FPL A 0.04 s-m2/kW , 78 il BH B 751
J& , EPF/9D iY FPI & F 2 0.06 s-m*kW, i EPF/
5D1.7S [ FPLi#E— P4 T+ 22 0.07 s-m?/kW, X —%45
TR BRI R e 55 EPF M4 0 2 4
Dy A B RUR

SPRUZE VTl BRI A 25 e M 1 B 22 2400
SPR B =y , ¢ WA 55 285 B 1 OB R, 325 KR 4
S K TR N B3 Bk A sk (] R PR T R I fe
P & 3b 5B T 4l EPF i FE 5 EPF BHR IR (1) 4
Pl AR 28, 22 6 W25 H T AH . 1Y SPR il , i 75
K 2% B ik B 2 06 {8 (PSPR) ., “F- 24 40 55 ¢ JilC it 3%
(MSPR) LA f& & 46 B ikt & (TSP). 4l EPF il K (1
PSPR {4 0.117 0 m?/s, EPF/9D [H# 1 FE ) PSPR
02535 0.213 4 m¥/s, #2401 EPF iR FEIR T T 82.3%,
X IR TZ AR 2R AE KU 2 A R A A A 3 SR AR, A AR
& FE PN . DBDPE & —F =R FHIA N, 7Ei beid
T rh B AR TSR HBr, 2 BUR M 38 .
EPF/5D1.7S FHA KL () PSPRAE M 0.231 3 m?/s, 4%
EPF/9DiXFEIR 5 T 14.4%. Sb,0,5 HBr K4 U ,
A %, SbBrs FllZ 4 () SbOBr , X S8 7= 4 3% B4 7F EPF 3¢
1 K B, BELAS T EPF 5 5300 s L, AT 4514
R R0 & R . SR, EPF/SD1.7S () MSPR £l
TSP 43 %1 77 0.036 m?/s £ 46.1 m?2, #H % F 1% fd Ji]
DBDPE W& R A W 2 T K&, 40 il BEAK T 30.7% Fil
26.8%, FEBLIR ALY K K 24V — 7 1, EPF/
5D1.7S & % 1 DBDPE A9 S A & ft A X A/ 3
HAE S AR B X B i i HBr A Frs b, 55—

%5 EPF 1 EPF BEAAX#EA) HRR 1 SPR #1047
Tab.5 HRR and SPR data of EPF and EPF flame retardant specimen

Sample TTI/s PHRR/(kW:m?) MHRR/(kW-:m™?)  THR/(MJ-m?>)  FPI/(s*m**kW') PSPR/(m’:s') MSPR/(m’:s') TSP/m’
EPF 14 336.1 132.2 159.9 0.04 0.1170 0.031 373
EPF/9D 17 282.3 92.1 111.4 0.06 0213 4 0.052 63.0
EPF/5D1.7S 18 248.2 79.7 98.4 0.07 0.2313 0.036 46.1

Notes: TTI is time to ignition; PHRR is the maximum value of heat release rate during combustion process; MHRR is mean rate at which heat is
released during combustion process; THR is total amount of smoke released by material during combustion; FPI=TTI/PHRR; PSPR is the maximum
value of smoke production rate; MSPR is mean rate at which smoke is released during combustion process; TSP is total amount of smoke generated by a

material during combustion.
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Fig. 4 Combustion residues of EPF composites with different flame

(b) EPF/9D (c) EPF/5D1.7S

retardant contents
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Fig. 5 SEM photos of EPF composites combustion residues with

different flame retardant contents
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