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Abstract
The effect of extension ratio on the structure and property of expanded polytetrafluoroethylene (ePTFE) has been decisively 
studied. ePTFE is unique with its porous fibrillar network structure connected by nodes and also with its degree of orientation 
which increases with increases in extension ratio. It is found that the Poisson’s ratio of ePTFE is negative, and it is reduced 
dramatically with increased extension ratio. At the extension ratio of 30, the Poisson’s ratio reaches − 10.00. By changes 
of extension ratio from 1 to 10, the segmental mobility of polymer chains becomes harder, and the dynamic glass transition 
temperature (Tg) is increased. Broad glass transition regions are revealed in tan δ versus temperature curves in polytetra-
fluoroethylene specimens stretched 20- (S20) and 30-fold (S30). As the extension ratio is increased, the thermal conductivity 
of the specimens is decreased. The thermal conductivity coefficient is dropped to 0.051 W m−1 K owing to the appearance 
of more pores and low degree of crystallinity at higher extension ratio. The properties of ePTFE modified by carbonyl iron 
powder (CIP) have been investigated. CIP has affected the structure and properties of modified ePTFE. CIP-modified ePTFE 
also exhibits a negative Poisson’s ratio which is larger than ePTFE at the same extension ratio. The modified ePTFE reveals 
higher thermal conductivity coefficient than ePTFE itself.
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Introduction

Poisson’s ratio (V) is the ratio of transverse contraction 
strain to longitudinal extension strain in the direction of 
tensile load. It is known to all that a great number of mate-
rials exhibit positive Poisson’s ratio. Materials exhibiting 
negative Poisson’s ratio, which is called auxetic materials, 
have been discovered, fabricated or synthesized in recent 
years. Lakes et al. [1] have found that reentrant foams have 
negative Poisson’s ratio. Microporous polyethylene has 
been characterized with its negative Poisson’s ratio [2, 3]. 

Auxetic polypropylene fibers have been also fabricated [4]. 
Gao et al. have revealed that the negative Poisson’s ratio 
of two-dimensional (2D) silica originates from the inter-
play of lattice symmetry and Si–O tetrahedron symmetry 
[5]. The two-dimensional warp-knitted textiles with auxetic 
performance are produced and characterized by their expan-
sion at the applied area of auxetic structures [6]. Molecular 
modeling software reveals that liquid crystal polymer can be 
used to form negative Poisson’s ratio materials [7]. Yuta has 
achieved auxetic two-dimensional protein crystals through 
a special self-assembly approach of 2D protein lattices [8]. 
Ingrole et al. [9] have found that the auxetic-strut structure 
shows better mechanical properties than the honeycomb and 
auxetic structures.

Expanded polytetrafluoroethylene (ePTFE), obtained by 
uniaxial or biaxial extension, possesses a special network 
structure that endows the material negative Poisson’s ratio, 
which can be utilized in the treatment of seawater reverse 
osmosis (RO) brine [10], gasketing applications [11], filter 
clothes [12], filters for controlling indoor air quality [13] 
and numerous biomaterials (fibrovascular and dermis) due 
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