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a b s t r a c t

This paper presents comparison between sorption isotherms of a Jersey knitted fabric and frayed yarns
which constitute. An experimental device, built around a magnetic suspension balance, was conceived
to determine the sorption kinetics. This device is used to measure the moisture content of bleached tex-
tile samples made of cotton at temperatures of 25 �C and 35 �C. The results show coincidence between
adsorption and desorption isotherms of knitted fabric and frayed yarns at weak humidity. The difference
between sorption isotherms of the two samples, at high humidity, is explained by geometrical consider-
ation. The knitting infects the swelling of yarns then it decreases their sorption capacity. BET and GAB
models are used to fit experimental results.

Published by Elsevier Inc.

1. Introduction

Since the clothing materials ensure a maximum of comfort to
human bodies, they should have a high moisture retention capacity
and high moisture transportation properties, to maintain a con-
stant temperature and humidity between skin and fabric [1–3].
Cotton, composed essentially on cellulose, is very hydrophilic tex-
tile fiber [4–6]. It was used in several forms such as flocks in hygie-
nic products; yarns at embroideries and absolutely ready to wear
clothing in form of woven or knitting fabrics [7–12]. Nevertheless,
moisture changes the physical properties such as density, shape,
stiffness and crystal structure of the fibers [13,14]. Indeed, the ad-
sorbed moisture causes a swelling of the fibers [15]. Mechanical
properties, e.g. fiber–fiber friction [16], tensile modulus [17] and
stress cracking [18,19] are also altered by adsorbed water. This
strongly affects the general dyeing behavior of the fibers, the fin-
ishing processes of textiles, e.g. resin-coating treatment, and the
wrinkle resistance of the structure.

Many works studied the coupled heat and mass transfer phe-
nomena in woven fabrics using laws of the water transport [20–
22] and the steam’s adsorption/desorption phenomena [23–25].
Few of them were interested in the modeling of the sorption’s

kinetics to determine the steam diffusion in textile materials
[26–29]. Others were interested in the modeling of the adsorption
and the desorption isotherms to study the evolution of the sorption
hysteresis according to the temperature [30,31] the product struc-
ture [32,33] or the material’s history [34]. Nevertheless, literature
remains poor concerning technological properties such as shrink-
age or swelling according to hygrometric variations [35–37]. This
field of interest is widely treated in case of others hygroscopic
materials such as wood [9,18,38], concrete [39,40], or agro alimen-
tary materials [32,34,41,42].

In this paper, the sorption isotherms of knitted fabric and the
frayed yarns made of the same bleached cotton are determined
and compared for different relative humidities at temperature of
25 �C and 35 �C. The GAB and BET models will be used to fit the
experimental curves by a developed program using inverse meth-
od. The parameters of two models will be compared.

2. Experimental set-up

2.1. The magnetic suspension balance

A schematic representation of the device is depicted in Fig. 1. The
balance and the electromagnet are completely disconnected from
the measuring cell in order to avoid disturbance that may be gener-
ated by high values of temperature and pressure [43,44]. The bal-
ance and the upper part of the electromagnet are in an ambient
environment. It is coupled to a permanent magnet placed inside
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the measuring chamber which is therefore at the experimental
temperature. The force change during the adsorption or desorption
process is transmitted from the measuring chamber to the analyti-

cal balance by magnetic suspension. The position of the permanent
magnet is kept constant by a regulation system including the sensor
coil and the sensor core, which detects the position of the perma-
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Fig. 2. Double-walled tubes system with water circulation used to ensure isothermal conditions of the measuring chamber and to avoid any condensation.

Fig. 1. Schematic representation of the magnetic suspension balance.
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