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2 % ATl HE Erliay 7 ez 2 (virgin polypropylene, VPP) 3} Zajz 2
AL FHECR k= AYEAg] dAd e 7] Asld, YA decabromodiphenyl
oxide (DBDPO) ¢} chlorinated paraffin wax (CPW)& &£§3l o]REe] Ud EAS FAdro
2 x4 478 4aAd 3vt 2902 & Z22nlg (cone calorimeter, ASTM E1354,
ISO 5660), gAI42A14 &4 (LOIL, ASTM D2863, ISO 4589) S5-& AMg-3igm, & Zzavjgs
o]&3la] DBDPOg} CPWe] Ui 8g Aoz 239t & galvjele] Aala delde)
dAaSE £33 Fa, DBDPO7} CPWHRTH= of 2d)9] U & 88 7Alm QYrk= A A3}
WA, FANARSF E4 Aol fAR YAES S HYS HAsic). 9Fa B (TGA) 237
7} ¢4 DBDPOE #715l9 e o o 30~50 'Co} G8a) £59] A4e sold 4 Qiu.

ABSTRACT: Fire resistance and thermal stability of polypropylene composite systems were
investigated by using several halogenated fire-retardants such as decabromodipheny] oxide
(DBDPO) and chlorinated paraffin wax (CPW). The fire resistance of composite systems was
thoroughly examined by measuring limited oxygen index (LLOI, ASTM D2863, ISO 4589) and
characteristic properties of cone calorimetry(ASTM E1354, ISO 5660) heat release rates
(HRR), time to ignition (TTI), total heat release (THR), effective heat of combustion (EHC),
mass loss rates, etc. Comparing the core calorimetry experimental results of the halogen
flame retardants, DBDPO exhibited twice higher efficiency than CPW in polypropylene
systems, and the LOI also showed similar trends to cone calorimetry. The thermo-oxidative
stability of the composite systems was increased about 30-50 C in thermogravimetry analysis.
Collectively, the combustion, extinction and thermally-stable characteristics of flame retar-
dants were identified in this study.

Keywords: fire resistance, cone calorimetry, flame retardants (DBDFO, CPW), thermal stability,
limited oxygen index (LOI).
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Figure 1. DSC thermogram of virgin PP and recycled
PP.
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Table 1. Sample Features of Polymer Composites

Containing Flame Retardants
material VPP RPP DBDPO CPW
sample wt% wWt% (phr)  (phr)
VD- 0 100 0
VD- 7 100 7
VD- 9 100 9
VD-12 100 12
VD-14 100 14
VC-11 100 11
VC-16 100 16
VC-20 100 20
RD- 0 100 0
RD- 7 100 7
RD- 9 100 9
RD-12 100 12
RD-14 100 14

(VD: VPP+DBDPO, VC: VPP+CPW, RD: RPP+ DBDPO).
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Figure 2. Heat release rate versus time for VPP/
DBDPO (50 kW/m?).
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Figure 3. Heat release rate versus time for VPP/
CPW (50 kW/m?).
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Figure 4. Heat release rate versus time for RPP/

DBDPO (50 kW/m?).
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Figure 5. Efficiency of M-HRR versus flame retard-
ant content.

Table 2. Cone Calorimeter Data for Polymer Com-
posites Containing Flame Retardants(TTI, M-
HRR, A-HRR, THR, TTI/M-HRR)

eMm 1M M-HRR A-HRR THR TTUM-RHR
wnilt) (ec) (KW/m?) (kW/md) (MJ/m?) (s-m¥/kW)
sample

VD0 3 132 %9 1%94 0028
VD-7 41 1096 317 1615 0037
VD-9 42 819 237 1524 0048
VD12 40 817 301 1307 0049
VD-4 37 709 360 166 0052
VC-1l 31 %6 468 1479 0031
VC-16 35 948 456 1435 0.037
VC-20 34 814 354 1202 0039
RD-0 35 620 361 183 0056
RD-7 27 619 357 1466 004
RD-9 29 502 346 1447 0049
RD-I2 29 51 319 1386 0053
RD-4 31 . 459 211 129 0068
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Table 3. Efficiency of Cone Calorimeter Data for
Polymer Composites Containing Flame Retardants

\ tem L HRR THR  M-EHC  LOI
(unit) (o el-phe) (MJ/mphe) (M/kg-phe) (%/pho)

sample

VPP+DBOPO 4437 538 22 0#

VPP+CPW -2243 -379 -1.72 022

RPP+DBDPO  -994 -368 204 043

EHC (MJ/kg)

0 100 200 300 400 500 600
Time (sec)
Figure 6. Effective heat of combustion versus time
for various polymer composite systems.
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Figure 7. CO and CO, production rate versus time
exhibiting (a) CO production rate and (b) CO, produc-
tion rate.
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versus flame retardants.
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