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Effect of Electrospinning Parameters on Air and Water Vapour Permeability of PP Nonwoven Substrate Coated With PA-6 Nanoweb

Electrospinning is one of the most viable techniques to produce nanofibers, and finds many technical applications including protective textiles. For such uses as protective clothing, performance and comfort are both important aspects for safety and performance of the wearer. Current study focuses on the effects produced by coating of nanofibrous web on air and water vapor permeability of Polypropylene nonwoven that may be used to produce various types of protective clothing..

INTRODUCTION

Electrospinning is a simple technique that allows producing nanofibers with customized properties at much higher rate and using a large number of fiber forming materials (Wang, Fu and Li; Greiner and Wendorff). Amongst countless potential applications of electrospinning, different protective products have received a great attention from researchers. Many technical products like medical gowns and different respiratory protective products are valuable addition in field of electrospun materials (Vitchuli et al.). Comfort is the key parameter that describes the potential end-use and value of all such wearable protective products. Needle based electrospinning has long been developed and being investigated for development of such products. However, Needleless Electrospinning recently gained importance for commercial production of such products (Niu, Lin and Wang). The needleless setup employed in this work is based on generation of nanofibers by electrostatic force between two wire electrodes. The polymer solution is coated on one of the wire electrodes through a solution carrier (coater) that moves on to and fro manner along the wire electrode. The electrostatic force pulls the polymer toward the opposite electrode and fibers move towards it. At end of their flight towards the opposite electrode, they are deposited on a collector that may be selected on base of the specific end use.

MATERIALS AND METHOD

PA-6 was produced by dissolving it in formic acid in three different concentrations, C (18%, 19% and 20% w/w) and was electrospun on a spunbond nonwoven substrate (100% Polypropylene) using Elmarco's Nanospider NS 1WS500 (Elmarco). Other than solution concentration, the input parameters included the applied potential difference, V (at 35, 45 and 55 KV), the distance between electrodes (at 260, 275, 290 mm), the polymer solution carriage speed, Cs (at 290, 340 and 390 mm/sec), substrate speed (15, 20 and 25 mm/min) and air flow (at 120, 130 and 140 m 3 /h). The experiments were designed using Taguchi method, which was also used for analysis of results. The diameter of nanofibers was determined using scanning electron microscope. The air permeability of nanofiber coated nonwoven webs was determined according to ASTM D737 using SDL Atlas air permeability tester. The water vapor permeability of samples was tested according E96-95.

RESULTS AND DISCUSSION Effect of input variables on Air Permeability

From analysis of variance it was observed that concentration and voltage produced strong significant impact on air permeability while other factors have less significant effect. This is due to their lower impact on fiber diameter (which is main contributor to permeability) as compared to concentration and voltage. The effect of concentration, voltage and ultimately the fiber diameter has been discussed in following paragraphs.

As shown in figure 1, increasing concentration has an overall increasing impact on air permeability. This is due to the fact increasing concentration normally results in thicker fibers with higher standard deviation (Nazir et al.). Both these factor lead to increased air flow because of larger inter-fibre spaces. Similarly, increasing voltage was found to decrease the air permeability. This is due to production of thinner fibers at higher voltages thus reducing the pore size and resultant air flow.

The fact that higher diameter and variation in diameter increases the air permeability has also been depicted in figure 2, that shows a contour plot of air permeability against mean diameter and SD in diameter (Nazir et al.). The presence of dark areas at top right column shows that air permeability is higher for thicker fibers with larger standard deviation. 

Effect of input variables on Moisture Vapor Permeability

For moisture vapor permeability, similar trends were observed as for air permeability. The statistically significant factors (from ANOVA) included the solution concentration only even though other factors also posed some impact on the water vapor permeability. From figure 3, it could be observed that increasing concentration, almost linearly, increased the water vapor permeability of nanofiber coated nanowebs. Amongst other factors, P-value for air flow was found to be 0.075 that shows that its effect is close to the highly significant effect of concentration. Increasing air flow was increased the moisture vapor permeability. This was due to the fact that higher air flow leads to higher fiber loss thus leading to thinner web as compared to that formed at lower air flow.

The effect of fiber diameter and its variation on water vapor permeability has been depicted in figure 4. The figure shows that increasing the fiber diameter and standard deviation in diameter increased the permeability of water vapors through the nanofiber coated nonwoven web. 

CONCLUSIONS

The current study focused on effect of coating nanofibers web on air and water vapour permeability of nonwoven polypropylene. It was observed that coating the nonwoven with nanofibers significantly impacted the permeability of the structure produced thereafter. It was also observed that the input parameter that affect the diameter and thickness of web i-e concentration, voltage and air flow are the basic factors that must be controlled to control the permeability of the resulting composite web. Finally, the diameter and variation in diameter nanofibers coated on composite web has been confirmed to affect the permeability of this structure.
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 2 Figure1: Effect of input variables on air permeability.