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Preparation of silicone powder modified PE-UHMW foaming materials by supercritical carbon dioxide
QIN Shengxue, LAN Wenkang, ZHANG Hongbin,ZHOU Haiping, LIU Jie
(College of Mechanical and Electrical Engineering, Shandong University of Science and Technology,Qingdao 266590, China)

Abstract : Ultra-high molecular weight polyethylene (PE-UHMW), with its extremely high molecular weight, makes its foam
materials particularly suitable for cryogenic insulation and oil separation. However, the extremely high melt strength of PE-UHMW
makes it difficult for foam cells to expand, resulting in poor foamability. To solve this problem, the silicone powder was used to
modify PE-UHMW and the foaming of PE-UHMW before and after modification was done with supercritical CO,, the effects of sili-
cone powder content on the foaming performance of PE-UHMW were studied. The results show that with the addition of silicone
powder, the melt flowability of the modified PE-UHMW is improved, which indicates that the modified PE-UHMW can be melted
and processed by twin-screw extruder, the expansion ratio, cell density, and cell uniformity are significantly enhanced and the cell
size is reduced. When the silicone powder content is 4 wt% , the modified PE-UHMW exhibits excellent overall melt processing and
foaming performance. In addition, the effects of different saturation pressures and foaming temperatures on the foaming performance
of PE-UHMW with 4 wt% silicone powder were studied. It is found that as the saturation pressure increases, the cell density increas-
es, the cell size and expansion ratio decreases. As the foaming temperature rises, the expansion ratio first increases and then decreas-
es, while the cell density decreases and the cell size increases. When the saturation pressure is 20.68 MPa and the foaming tempera-
ture is 130 °C, the cell density of PE-UHMW foam with 4 wt% silicone powder is 1.25x10° cells/cm’, and the average cell diameter
is 9.33 m, while the cell density of pure PE-UHMW foam is 3.54x10° cells/cm’, and the average cell diameter is 69.59 pwm. The
addition of silicone powder effectively improves the melt processing and foaming performance of PE-UHMW , which is beneficial to
promote the application of PE-UHMW in foam materials.

Keywords : ultra-high molecular weight polyethylene ; silicone powder ; melt processing ; supercritical carbon dioxide ;
foaming
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Fig. 1 Cell morphology of PE-UHMW foams with different silicone
powder contents at foaming temperature of 130 °C and saturation

pressure of 13.79 MPa
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Tab.1 MFR of PE-UHMW with different silicone powder contents

MFR/[g* (10 min) ']

Silicone powder mass fraction/%

230 °C 240 °C 250 °C
0 0.00 0.00 0.00
2 0.23 0.33 0.38
3 0.62 0.71 0.76
4 0.87 0.90 0.92
5 0.54 0.60 0.63
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Fig. 3 Distribution of silicone powder with different mass fractions
in PE-UHMW
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Tab.2 Cell density and size of PE-UHMW foams under different

saturation pressures at foaming temperature of 130 °C

Cell density/(cells-cm™)  Average cell diameter/m

Pressure/MPa
UPE UPE-4 UPE UPE-4
6.89 5.90x10° 1.17x10° 44.84 96.63
13.79 6.55%10° 3.38x10’ 42.33 32.58
20.68 3.54x10° 1.25x10° 69.59 9.33
27.58 1.21x10° 6.67x10° 98.10 5.50
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Tab.3 Cell density and size of PE-UHMW foams at different foam-

ing temperatures under saturation pressure of 13.79 MPa

Cell density/(cells*cm ™) Average cell diameter/wm

Temperature/°C

UPE UPE-4 UPE UPE-4
125 - 6.3x10° - 11.69
128 - 6.7x10’ - 25.59
130 6.5%10° 3.4x10 4233 32.58
135 2.9x10° 1.7x10 65.40 40.46
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