Accepted Manuscript

& Journal of
COLLOID AND
INTERFACE

SCIENCE

Porous bead-on-string poly(lactic acid) fibrous membranes for air filtration

Zhe Wang, Chuchu Zhao, Zhijuan Pan

PII: S0021-9797(14)00897-2

DOI: http://dx.doi.org/10.1016/j.jcis.2014.11.041
Reference: YICIS 20008

To appear in: Journal of Colloid and Interface Science
Received Date: 2 August 2014

Accepted Date: 14 November 2014

Please cite this article as: Z. Wang, C. Zhao, Z. Pan, Porous bead-on-string poly(lactic acid) fibrous membranes for
air filtration, Journal of Colloid and Interface Science (2014), doi: http://dx.doi.org/10.1016/j.jcis.2014.11.041

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.jcis.2014.11.041
http://dx.doi.org/http://dx.doi.org/10.1016/j.jcis.2014.11.041

Porous bead-on-string poly(lactic acid) fibrous membranes for air filtration
Zhe Wang *, Chuchu Zhao %, Zhijuan Pan™ ™ *,

% College of Textile and Clothing Engineering, Soochow University, Suzhou 215123, PR China
® National Engineering Laboratory for Modern Silk (Suzhou), Suzhou 215123, PR China
* Corresponding author at: Soochow University, No. 199 Renai Road, Suzhou, PR China, Tel.:+86 13625273222, E-mail

address: zhipan@suda.edu.cn
Abstract

Porous bead-on-string poly(lactic acid) (PLA) nanofibrous membranes (NMs) were fabricated by electrospinning, and the
formation mechanism of the membranes was determined in this study. The PLA fibrous morphology, including the fiber
diameter, bead size, number of beads, and surface structure of the beads, could be closely controlled by regulating the
solvent compositions and the concentrations of the PLA solutions. The filtration performance, which was evaluated by
measuring the penetration of sodium chloride (NaCl) aerosol particles with an average diameter of 260 nm, indicated that
the filtration efficiency and pressure drop for the resultant PLA membranes could be manipulated by modifying the
morphology of the fibers. Moderate bead size and quantity contribute to the low pressure drop, and small fiber diameters
and nanopores on the beads were conducive to high filtration efficiency: Furthermore, the NM formed from a 5 wt%
solution and a solvent mixture containing dichloromethane (DCM)/N; N-dimethylacetamide (DMAC) in a 10/1 ratio of
PLA by weight exhibited excellent filtration efficiency (99.997%) and a low pressure drop (165.3Pa), which are promising
characteristics for the membranes’ application as filters for respiratory protection, indoor air purification, and other
filtration applications.
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1. Introduction

In recent decades, increasing attention has been devoted to air quality, which has seriously deteriorated due to rapid
industrialization [1]. Air pollution, especially which due to fine particulates suspended in air with diameters smaller than
2.5 um, is one of the primary causes of respiratory disease and pneumonopathy [2]. According to previous studies,
conventional non-woven fibrous media have been widely used in different air filtration applications, such as glass fibers
and the melt-blown fibers. used as the core filtration medium in indoor air filters and N95 respirators. However, the
filtration efficiency of these materials with respect to fine particles is relatively low due to the materials’ micro-sized fiber
diameter [3]. It is well documented that filtration media with smaller fiber diameters exhibit higher filtration efficiency [4].
Nanofibers, which have diameters on the nanoscale, large specific surface areas, and high length to diameter ratios, are
considered promising materials for air filtration media [5, 6].

Electrospinning is an efficient and versatile technique for preparing fibrous membranes with nano- and sub-micron fiber
diameters [4, 7, 8]. Electrospun mats exhibit very high porosity, small pore size, and good interconnected pore structure,
which facilitates the transport of air molecules and the capture of particles in the air [5, 9, 10]. Based on these
characteristics, many types of electrospun fibrous membranes, such as ultrafine Nylon 6 fibers, polyethylene oxide
nanofibers, and ultrafine polyacrylonitrile fibers, have been fabricated as air filtration media [7, 11, 12]. The
abovementioned nanofibers usually possess circular cross-sections, smooth surfaces, and very small diameters, which
contribute to the high capture efficiency of particles. However, these nanofibers tend to pack compactly, generating fibrous
membranes with a high packing density; thus, these materials are not conducive to air flow penetration.

Previous studies have shown that the morphological properties of fibers, including the fiber diameter and the surface
structure, and the packing density (volume fraction) of fibrous membranes have a dramatic effect on fibers’ filtration

performance [3, 13, 14]. The morphology of a polymer nanofiber can be controlled by varying the polymer solution
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