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Development and application of rollers based on flame-retardant and antistatic long glass fiber reinforced

polypropylene composites
HAN Baohu',BAO Han', SUN Weixin',LYU Peng', YANG Kun', LIU Guogang®
(1. CHN Energy Baorixile Energy Co.,Ltd., Hulunbuir 021599, China;
2. National Institute of Clean-and-Low-Carbon Energy, Beijing 102211, China)

Abstract : Belt conveyor metal rollers are characterized by their heavy weight, high energy consumption, poor corrosion resis-
tance, and a propensity to accumulate ice during winter. Concurrently, conventional polymer rollers exhibit limitations such as low
modulus and poor performance at extreme temperatures. To address these issues, firstly, the ultra-high flow polypropylene (PP) was
used as the matrix resin, and the functional modification of PP was done for preparing flame retardant and antistatic PP (FRPP), then
the flame-retardant and antistatic long glass fiber reinforced polypropylene composite (FRPP-LFT) was developed using extrusion
and long fiber impregnation techniques. Finally, FRPP-LFT rollers were prepared by injection molding process. The physical and
mechanical properties, retardancy of FRPP and FRPP-LFT were tested. The stress calculation and finite element analysis of the
prepared rollers were carried out, and the external compressive resistance test and drop hammer impact test were conducted. The
results show that, compared to FRPP, the specific strength and modulus of FRPP-LFT are increased by 2.38 times and 3.08 times
respectively , the notched impact strength at —50 °C is 22.55 kJ/m’, the temperature of deflection under load reaches 165.30 °C, and
the coefficient of linear expansion is significantly reduced to 80x10°¢ K!, flaming combustion time is only 2.03 s and surface resis-
tivity is 1x10° €. The FRPP-LFT roller shell can withstand a load of 7 000 N in the external compressive resistance test, the safety
factor is 10.97 and the deflection is 0.284%o. After low-temperature drop hammer impact, the FRPP-LFT roller retains its integrity.
Field applications reveal that the FRPP-LFT roller offers substantial weight reduction, reduces icing, and shows no signs of creep or
waist collapse deformation following seasonal transitions, which suggests that the roller has excellent high and low temperature resis-
tance and can be safely used in outdoor all-weather scenarios.

Keywords : roller ; polypropylene ; all-weather ; long fiber impregnation ; flame-retardant and antistatic ; impact strength
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Tab.1 Properties of non-metallic materials for roller

Materials Tensile strength/ Flexural modulus/ Density/ Specific Specific Water contact ~ Temperature of deflection
MPa GPa (g'cm™) strength modulus angle/(°) under load/°C
PA 72.16 2.69 1.19 60.64 2.26 49.10 52.85
PVC 31.23 1.93 1.41 22.15 1.37 79.21 63.28
PE-UHMW 25.20 1.69 1.05 24.00 1.61 84.35 54.73
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Tab. 2 Properties of FRPP and FRPP-LFT for roller

Properties FRPP  FRPP-LFT
Tensile strength/MPa 27.95 113.20
Flexural modulus/GPa 2.00 9.71
Density/(g*cm°) 1.01 1.21
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Specific modulus 1.98 8.07
1zod notched impact 23°C 430 22.43
strength/(kJ-m ) -50°C 1.74 22.55
Temperature of deflection under load/°C 60.06 165.30
Coefficient of linear expansion/K ' 95x107°  80x10°°
Water contact angle/(°) 86.25 84.75
Surface resistivity/() 1x10* 1x10°
Flaming combustion time (flame retardant)/s 1.20 2.03
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Fig. 1 SEM photos of impact fracture of FRPP and FRPP-LFT samples
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Fig. 2 Axial sectional view of roller shell
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(b) Deformation distribution
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Fig.3 Stress and deformation distribution of roller shell
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Fig. 4 External compressive resistance test curves of FRPP and
FRPP-LFT roller shell
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Fig. 5 Pictures of FRPP and FRPP-LFT roller bodies after

low-temperature drop hammer impact
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Tab.3 Properties testing results of FRPP-LFT rollers

. Standard ~ Testing mean
Properties

value value
Radial circular runout/mm <1.0 0.7
Rotational resistance/N <3.0 2.7
Axial movement/mm <1.2 0.8
Axial displacement after falling/mm <l.2 1.1
Rotational resistance after falling/N <4.5 32
Immersion sealing performance/g <150 109
Water-drenching sealing performance/g <250 18
Flame Flaming combustion time/s <10 2.10
retardant  Flameless combustion time/s <30 19.85
Surface resistivity/Q) <1x10* 1x10°
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Fig. 7 Pictures of FRPP-LFT roller application site
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