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Abstract 

High modulus and high tenacity polypropylene (PP) filaments have been 

produced by subjecting as-spun filaments to a two' stage drawing on a conventional mode 

and subsequently drawing on a heater having a gradient of temperatures. A three element 

gradient heater is developed for the drawing process. PP of 35 and 17 MFI are studied. 

Results show that filament properties are significantly affected by gradient heater settings 

i.e. nature and extent of gradient and end temperatures. It has been demonstrated that 

very high draw ratios could be obtained through gradient drawing process. 

Gradient heater could be considered to consist of a series of a large number of 

heaters one after the other with increasing temperature. At each heater point the filament 

is drawn due to higher temperature than the previous point. This allows an increase in the 

level of orientation with low relaxation of molecules. Thus an incremental drawing over 

the heater plate is achieved. The process allows drawing to be carried out in the melting 

range. PP filaments are drawn in the gradient of temperatures in the range of (160-160- 

168)°C over the heater plate. On a constant temperature heater plate, maximum 

temperatures attainable are limited to much below the melting point. Alternately a very 

large number of heater plates will be required in a typical multistage drawing process. 

The gradient drawn PP samples showed high crystal perfection and crystallinity. 

A sample with x-ray crystallinity values of 73%, crystalline orientation function of 0.96, 

amorphous orientation value of 0.83 has been obtained. The melting half widths are 

typically in the range of 4°C, indicating very narrow crystal size distribution and high 



degree of crystal perfection. Fibers having initial modulus of 17.5 GPa and tenacity of 

730MPa have been prepared. A very low thermal shrinkage of 7% at 150°C indicates 

excellent dimensional stability. Dynamic mechanical studies showed high storage 

modulus retention at high temperatures and shallow and delayed tans peak indicating 

high amorphous orientation. The gradient drawing process has the advantage of being 

continuous in nature as compared to others, which are mainly batch processes. 

These filaments are arranged in uniaxial direction and hot compacted under 

temperatures of approximately 154°C and pressure, to make a sheet like structure, using a 

constant loading device. Composites of 330 MPa strength and 25% elongation could be 

prepared. Morphology of the composites revealed excellent fiber-matrix adhesion. Initial 

experiments showed retention of filament properties to around 60% of those of the 

starting samples even at such high compaction temperatures, which gives the composite 

high strength. The matrix morphology undergoes a significant change in crystallinity 

upon compaction and is reflected in the thermo-mechanical properties. 
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