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Preparation and performances of high-transparency flame-retardant polypropylene composites
WANG Lujing,ZHANG Yuliang, QIAO Zhichuan
(Shandong Taixing New Material Co.,Ltd.,Jinan 250204, China)

Abstract : A new efficient halogen-free flame retardant system based on an inorganic coating structure and phosphorus-
nitrogen synergistic effect was developed to prepare a transparent polypropylene (PP) composite with excellent flame retardancy,
thermal stability, and mechanical properties at low flame retardant addition. The system utilized a self-made novel magnesium hypo-
phosphite/aluminum magnesium hypophosphite co-coated aluminum phosphinate (MAP) as the core flame retardant, and combined
hexaphenoxycyclotriphosphazene (HPCTP) and dicumylphenyl-p-benzoquinone (DMDPB) as the phosphorus-nitrogen synergistic
agent (HD). High-performance flame-retardant PP composites were prepared by melt blending process, and their flame retardancy
and mechanical properties were tested. The results indicate that the composite exhibits a high limiting oxygen index of 32.3%, and
no dripping occurs when the mass fraction of MAP is 8% and that of HD is 5%, reaching the UL 94 V-0 rating. Thermogravimetric
analysis reveals that the thermal stability and carbonization property of MAP are significantly better than those of uncoated alumi-
num hypophosphite. Through further formulation optimization, it is determined that the optimal mass ratio of HPCTP to DMDPB in
HD is 3:2. At this ratio, the composite not only maintains the V-0 flame retardant rating but also exhibits good transparency, with a
tensile strength retention rate of 92.7%, thereby maximizing the retention of the PP matrix's mechanical properties. In conclusion,
the PP composite material with incorporated MAP and HD achieves a balance between effective flame retardancy and comprehen-
sive performance , demonstrating substantial potential at low flame retardant addition levels.

Keywords : polypropylene ; hypophosphite ; coated structure ; synergistic effect of phosphorus and nitrogen ; flame retar-

dancy
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Tab.1 Mass fraction of components of flame retardant PP composites
%

Samples PP MAP AP HD
HPCTP DMDPB
FRPP-1 78 22
FRPP-2 87 8 3 2
FRPP-3 89 6 3 2
FRPP-4 85 10 3 2
FRPP-5 88 8 2.4 1.6
FRPP-6 86 8 3.6 24
FRPP-7 87 8 4
FRPP-8 87 8 1
FRPP-9 83 12 5
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Tab.2 TG test results of AP and MAP

Samples T,/°C T, /°C T/°C D, /(%-min") CR%

AP 293.61  327.29  343.82 —-0.26 73.16
MAP 305 330.53 34437 —-0.14 80.56
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ture of decomposition; 7,
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maximum rate of mass loss; CR is residual mass (char yield).
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Tab.3 Test results of LOI and UL 94 of PP composites

Samples light transmittance/% LOI/% UL 94 Dripping Ignite

PP 38 17.9 NR Yes Yes
FRPP-1 56 29.6 V-0 Yes No
FRPP-2 86 323 V-0 No No

Notes: LOI is limiting oxygen index; UL 94 is vertical burning
rating; Yes means dripping or ignite occurs; No means no dripping or

ignite; NR indicates not rated.
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Tab.4 Mechanical properties of PP composites

Samples Tensile Elongation Bending Notched impact
P strength/MPa  at break/% strength/MPa strength/(kJ-m )
PP 35.8 663.32 45 7.6
FRPP-1 29.6 616.12 39 6.5
FRPP-2 33.2 653.26 43 7.2
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Tab.5 Influence of flame retardant MAP addition amount on prop-

erties of PP composites

Mass fraction of MAP/%

Items
6 8 10
LOI/% 30.4 323 332
UL %4 V-2 V-0 V-0
Tensile strength/MPa 33.8 332 314
Bending strength/MPa 45 43 40
Notched impact strength/(kJ +m™?) 7.5 7.2 6.7
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Tab.6 Influence of HD addition amount of synergist on properties

of PP composites

Mass fraction of HD/%

Items
4 5 6
LOI/% 31.4 323 33.6
UL %4 V-2 V-0 V-0
Tensile strength/MPa 345 332 31.9
Bending strength/MPa 44 43 41
Notched impact strength/(kJ+m?) 7.6 7.2 6.8
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Tab.7 Influence of different co-solvent ratio on PP composites

Mass fraction of DMDPB in HD/%

Items

80 40 20 0
Mass fraction of PP/% 87 87 87 83
Mass fraction of MAP/% 8 8 8 12
LOI/% 30.8 323 31.6 30.4
UL %4 V-2 V-0 V-0 V-0
Tensile strength/MPa 31.5 332 322 31.9
Bending strength/MPa 41 43 42 41
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(Jm?) 7.0 7.2 6.9 6.8
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