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Flame Retardancy and Mechanical Property of Recycled Polyolefinic
Plastic Composites with Hybrid fillers
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Abstract : Flame retardancy and mechanical properties of recycled polyolefinic plastics/inorganic filler composite systems
were investigated by using several inorganic flame retardants such as magnesium hydroxide and slag powder generated
electro arc fumace. Compatibilizer used each maleic anhydride functionalized polyethylene (PE-g-MAH) and
polypropylene(PP-g-MAH) or used mixture of these. The effect of polymeric compatibilizers on the properties of
composites was studied by tensile and impact test, differential scanning calorimetry, morphology in the changed fracture
mechanism. The improved adhesion was particularly reflected in the mechanical properties. The flame retardancy of
composites was examined by measuring limiting oxygen index(LOI, ASTM D2863), smoke density(ASTM D2843) and
vertical burning test(UL94). Regarding the flame retardant effect, the EAF slag powder is behaving as synergists as they

are only active in the presence of magnesium hydroxide.

Key Words : flame retardancy, recycled plastic, polyethylene, polypropylene, polymer blends, compatibilizer, limiting
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Fig. 1. Schematic representation of polymer combustion'™®
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Table 1. Chemical compositions of EAF slag

Compositions Concentrations(%)
Si0, 19.48
Al O3 9.53
Fex0; 23.75
CaO 21.34
MgO 8.44
MnO 3.56
Others 139
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Table 2. Processing temperature of recycled plastic/EAF slag

composite
Processing Temperature('C)
Extrusion Compression
Feed | Barel 1 | Barel 2 Die Molding
175 205 210 230 225
*exo 2 Recycled HDPE
0
2 L
Integral  96.87 mJ
4 normalized 17.61 Jg*-1
Onset  21313°C
% 5 Peck  22466°C
g
&
T -10
§ 2} intega 877.38mU
14 nommeiized -150.53 g1
Onset 126.41°C
.16 |- Peak 13461°C
A8 . . , A \ L
0 50 100 150 200 250 300
Temperature (°C)
a) Recycled HDPE
fexo [ Recycled PP
3
2k
Inegral  65.34mU
§ 1 normalized 8.83 Jg*-1
B Onset  22405°C
3o Peak 23221°C
4 Integral  425.88mJ
§ b normelized -57.55 Jgh-1
Onset 156.60 °C
2t Peak 171.85°C
34
_4 1 — — — 1
0 50 100 150 200 250 300
Temperature (°C)

b) Recyded Polypropylene
Fig. 2. DSC curves of recyded plastics
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Table 3. Formulation of recycled plastic/EAF slag composites

Material
sample R-PE | R-PP |PE-g-MAH|PP-g-MAH| Slag | Mg(OH),
1 50 | 50 - - - -
2 40 | 40 20 - - -
3 40 | 40 - 20 - -
4 40 | 40 10 10 - -
5 20 | 20 5 5 - 50
6 20 | 20 5 5 10 40
7 20 | 20 5 5 20 30
8 20 1 20 5 5 30 20
9 20 | 20 5 5 40 10
10 20 | 20 5 5 50 -

ehA-E gold sputteringdt 3 1,000~2,3008]2] vlj-&
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a) Non Compatibilizer

b) Single Compatibilizer

¢} Dual Compatibilizer
Fig. 4. SEM photographs of fractured surfaces of polymer
blends as compatibilizer
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Table 4. Mechanical properties of recycled HDPE/recycled

PET blends
- Tensile strength Impact stren; Elongation
Sample No. ™ (gpiom?’) (kgfcm/cm%th %)
1 1254 577 4.3
2 141.1 9.22 7.8
3 145.8 8.26 55
4 166.6 10.6 52
T PE-g-MAH
C__1PP-g-MAH

1604 277 PE-g-MAH/PP-g-MAH

\\\

PE40/PP40102§matibnize'20
Fig. 5. Tensile strength in terms of different compatibilizers
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Table 5. Mechanical properties of recycled plastics/EAF slag

composites
Sample No. Te"fgﬂ:rﬂr?;lgﬂl lrr(llrzzzn?/tzenr:%th Elo?é;tlon
5 1025 4.98 50
6 109.1 421 54
7 124.5 4.14 62
8 1236 384 56
9 127.1 3.66 54
10 129.4 3.55 53
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Table 6. LOI of recycled plastics/EAF slag composites as
different compatibilizers

Formulation LOI(%)
PE25/PP25/Slag50 214
PE20/PP20/PE-g-MAH10/Slag50 232
PE20/PP20/PP-g-MAH10/Slag50 23.8
PE20/PP20/PE-g-MAHS5/PP-g-MAHS/Slag50 23.8

Table 7. Resulis of flammability test of composite

Material

sample Nov LOI(%) UL94
1 18.3 Fail
2 182 Fail
3 18.6 Fail
4 18.5 Fail
5 243 UL94V-1
6 249 UL94V-1
7 258 UL94V-0
8 25.1 UL94V-1
9 24.2 UL94V-2
10 23.8 UL94V-2
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Fig. 6. Smoke—generating characteristics of recycled plastics/
EAF slag/Mg(OH): composites as measured by the
ASTM D2843
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