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Estimation on the 3D Porosity of Plain Weft Knitted Fabric
under Wale Extension

Sahar Abdolmaleki and Ali Asghar Asghariyan Jeddi

Abstract—In the recent paper [11, the Benltoufa theoretical
model was improved to estimate the three dimension (3D)
porosity of plain weft knitted fabric while was subjected to
extension under different uniaxial extension in course
direction. In addition to this model, there are only a few
geometrical models for estimation of 3D porosity of weft
knitted fabrics such as Benltoufa and Karaguzel models. In
the present research, plain knitted fabrics over a different
range of Knitting stiffness are produced to investigate the
accuracy of these models. Thereafter, the estimated 3D
porosities of the fabrics using the theoretical models are
compared with the experimental values which are obtained
from Guidoin empirical model while is subjected to extension
under different uniaxial extension in wale direction. It is
concluded that Karaguzel and i-model models show reliabie
and trustful result while, Benltoufa model shows huge
differences in comparison with Guidoin model.

Key words: Three dimension porosity, plain weft knitted
fabric, wale extension

I. INTRODUCTION

orosity is one of the important physical properties

which are usually considered  in chemical,
environmental, sailing and medicine industries [2]. It is the
ratio of the total amount of void space in a material to the
bulk volume occupied by the material. Porosity is
considered to be one of the basic features which
representing a textile structure. The properties of fabric
were analyzed by determining the efficiency of fabric
porosity [3]. Overall, the 3D (3 volume or dimension)
porosity of knitted fabrics can be evaluated through two
methods:

Firstly, Experimental methods  including ~ optical
techniques as well as methods on the basis of liquid
penetration, absorption, filtration, and airflow that have
been developed to determine the fabric’s porosity [3].
Secondly, geometrical modeling which is focused on
defining the loop shape and geometrical parameters.

Karaguzel [4] proposed 2 geometrical model to predict
the pore size and pore volume for simple weft knitted
structure. He obtained the following formulation to
determine the porosity of plain weft knitted structure:
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where, Vyoia is void volume, Vil is total volume, ¢ is
fabric thickness, s is stitch density and d is the yarn
diameter and 1 is stitch length (obtained from the Peirce’s
stitch length model i.e. 1=2C+W+5.94d).

In order to determine the porosity in weft knitted fabric,
Benltoufa [2] presented his structural model based on the
Suh’s loop model [5]. According to the assumption of Suh,
yarns have a circular cross-section and uniform diameter.
At the end, Benltoufa obtained a new formulation to
determine the porosity of plain weft knitted structure as
shown by Eq. (2).
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where, d is yarn diameter, t is fabric thickness, C is course
spacing, W is wale spacing and y could be calculated from

Eq. (3).
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Abdolmaleki et al. [1] investigated recently 3D porosity
of plain knitted fabric under course extension and they did
some changes on Benltoufa model to minimize the
difference between the fabric porosities under uniaxial
tension which was calculated based on Benltoufa model
and experimental data. They identified an improved model
(i-model) and finally modified the following formula:
Porosity =100%
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where, C is course spacing, W shows the wale spacing, tis
fabric thickness and d stands the yarn diameter.

In empirical Guidoin’s study [6], porosity was defined
as the ratio of void space or volume of pores within the
boundaries of a solid material to the total volume. He
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modified his formula as follows:

prosity(%) =100~ | =100[ 1 — 2o
VL pm

= 100(1- i )
tp,

where, M is weight per unit area of porous material
(g/cm?2), t is thickness of porous material (cm), P, is

6))

density of solid material (g/cm3), p, is overall density of
porous material (g/cm3), V, is volume of void space
(cm3) and V, is total volume of porous material (cm3).

The object of the work described in this article is to
consider the 3D porosity of plain weft knitted fabric while
is subjected to extension under different wale extension.
This investigation has been performed experimentally
based on Guidoin method, then compared with the
calculated values according to the 3D theoretical methods
suggested by Benltoufa and Karaguzel as well as i-model.

II. EXPERIMENTAL

Plain weft knitted fabrics with three different stitch
lengths (L;=2.2 mm, L,=2.49 mm and L;=3.35 mm) were
produced on a circular knitting machine with 34" diameter
and 26 gauge cylinder from 164 dtex textured polyester
yarn. From each fabric structure, 15 specimens of the size
18.5%7 cm” were cut in the wale direction. In the middle of
each fabric specimen, a square of the size 4x4 cm? was
drawn in order to neutralize the effect of curling in fabric’s
edge for the accuracy of the measurement. It should be
noted that any considerable bow tendency of the sample
fabrics during extension test was not observed. Then, each
specimen was extended under ten different wale extensions
from 0% to 45% at extension intervals of 5%. The fabric
extension was performed using an especial extended
apparatus which was designed and manufactured for this
purpose, shown in Figure 1 [7].
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Fig. 1 The apparatus used for extended fabrics [7].

IIl. RESULTS AND DISCUSSIONS

A. Porosity consideration under extension in wale
direction

The experimental porosities of the plain knitted fabrics
were measured based on the empirical Guidoin’s model,
i.e. Equation (5), with assumption p_ =P yarn =0.621

gr/em’® for all samples under different extension. To

measure M, (weight per cm2 under zero extension), the
18.5x7 cm? specimen was weighted. Thereafter, M, was
calculated. As mentioned earlier, a square of 4x4 cm?® was
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drawn in every specimen. Therefore, the weight of this
Square area in zero extension was calculated using M,
value. However under extensions, the Square area changed
to the rectangular shape but its weight remained constant.
To measure the fabric specimen’s thickness, the
MITUTOYO-NO.7323 apparatus  with  0.001 mm
sensitivity was used and 20 readings were performed for
each specimen and the average was considered as the
thickness of the specimen in specific extension. To
investigate the fabric porosities while subjected to
extension in wale direction, Guidoin experimental model
was also used as reference model. The weight per cm® (M)
showed a decreasing trend at initial extensions in all the
samples (Table I). Also, from Table I is evident that for the
same range of extensions, thickness () also decreases
nearly in the same trend as (M) therefore, the value Myt
does not significantly vary. The statistical analysis showed
that, the fabric porosities do not change significantly at
Initial extensions (Table II and Fig. 2). However, as the
applied extension is increased, not only the thickness (t) is
reduced, but also weight per cm? (M) increases (Table D.
These changes make for a considerable increase in the
ratios of weight per cm? to thickness (M/t) (Table I) and
initiate porosity reductions. Data obtained from Guidoin
method confirm these observations (Fig. 2).

TABLEI
VARIATION OF WEIGHT PER UNIT AREA (M), THICKNESS (1)
AND THE (M/T) UNDER THE EXTEN SION IN WALE DIRECTION
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TaABLE II
RESULTS OF DUNCAN TEST ON GUIDOIN 3D POROSITY ON TENSION AT WALE DIRECTION
Porosity % (Guidoin)
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(L1=2.2mm), up to the moderate amounts of extension
(15%), the value of M/t does not vary significantly.
. Therefore, 3D porosity will not be changed significantly up
In order to verify the c.orrectness and accuracy of (o the moderate extensions. While, with more extension
Benltoufa, Kgraguzel and i-model models under wale s ratio is increased which causes 3D porosity will be

extension, their results (based on the Egs. (1), ), and (4)  gecreased (Table VIID).
respectively) were calculated. For calculating the yarn T s
diameter, it was assumed that the yarn diameter (cm) under 1
different extension remains constant. Then, the calculated *
1

B. Verification of the theoretical models under extension
in wale direction

=

results of the 3D porosity by theoretical models are
compared in Figs. 3, 4 and 5 to those obtained
experimentally. Results from Guidoin empirical model and
the theoretical models indicate that porosities decrease by
increasing the percentage extension. However, there is an
exception at the initial extension for loose fabrics that
showed a small increase only for Guidoin model.
However, such small increasing had not any statistical {

significantly (Tables 1110AY and V). Fig..2. Yaﬂations of fabric porosity under the extenst

The difference of the porosity percentage between the (Guidoin method). T
theoretical models and the empirical Guidoin method is Y
given in Table VI According to data, in compared with the
result of empirical Guidoin model, the percentage
difference of Karaguzel and i-model models are much
smaller compared to that of Benltoufa model. Hence, data
from Karaguzel and i-model models can be effective tools
to estimate the percentage porosities of the fabric under

wale tension.
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C. Discussion

As it can be seen from Table VII, for the loose fabric : T BSCHITP. M—~-~~*—“—w“-“w“-“%—mfwvg

. . : Fig:mtained vanations of fabric porosity under the extension in wale
(L2=2.49mm), both the fabric thickness (t) and weight per  direction which calculated by different models (Ls=3.35 mm).

cm® (M) are decreased with increasing of extension in Based on the recent paper [1], by increasing the
course direction. However, these decreasing are such that  extension in the course direction, the fabric porosities
cause finally the ratios of weight per cm? to thickness (M/t) would be raised up to its apex and after that with
to be decreased. Hence, the fabric’s porosity is increased  increasing the extension, porosities would be decreased.
due to increasing of extension in course direction. On the ~ On the other side, porosities decrease by increasing the

other hand, Table VII shows that, for the tight fabric extension in the wale direction.
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TABLE IIT
RESULTS OF DuNcaN TEST ON 3D POROSITY OF FABRIC UNDER TENSION AT WALE DIRECTION USING DIFFERENT THEORETICAL METHODS (L;=3.35 MM)
porosity
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direction which calculated by different models (L2=2.49 mm). (Guidoin method) [1].

To explain above trends, when fabric extends under the
course direction, the load effects on its knitting cause
curving of knitting would be reduced and as the result, the
knitted plan would be increased so the surface porosities
will be increased too. Finally, with increasing the tensjon
at final extensions, all knitting at each wale get totally

converge and cause surface porosities decrease. On the

z other side, by increasing the tension, the thickness of fabric
g T Id be decreased. The ratios of f ities t
£ T Tth would be decr sed. 10s of surface porosities 0
£ S thickness has got inverse relation with 3D porosity so until
~@=i-model the ratios of surface porosities to thickness decrease, the

3D porosity will increase and oppositly, with increasing

P S the ratios of surface porosities to thickness, 3D porosity
extension{%) will decrease.

However in the wale direction, due to load effect of

Fig. 5 Obtained variations of fabric porosity under the extension in wale extension on both sides of knitted cause at initial

direction which calculated by different models (Li=2.2 mm) extension, the curve of knitting will be flat ang admittedly
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TABLEIV
RESULTS OF DUNCAN TEST ON 3D POROSITY OF FABRIC UNDER TENSION AT WALE DIRECTION USING DIFFERENT THEORETICAL METHODS (L2=2.49 MM)
Porosity
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RESULTS OF DUNCAN TEST ON 3D POROSITY OF FABRIC UNDER TENSION AT WALE DIRECTION USING DIFFERENT THEORETICAL METHODS (L1=2.2 MM)
Porosity
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the percentage decrease of thickness is larger in converge and cause surface porosity decrease. As
comparison with the course direction. Then, with mentioned earlier, the ratios of surface porosities to
increasing the tension, all knitted at each course get totally  thickness has got contrary relationship with 3D porosity so
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with increasing the ratios of surface porosities to thickness, good agreement with experimental results using
3D porosity will be decreased. Guidoin empirical method for the tight fabrics
TABLE VI at higher extensions while, the Karaguzel

PERCENTAGE DIFFERENCE OF POROSITY BETWEEN THEORETICAL MODELS

theoretical model is more reliable for the
AND GUIDOIN EXPERIMENTAL METHOD AT WALE DIRECTION Ol loose

fabrics at lower extensions.
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Influence of Solvent/Polymer Interaction on Miscibility of
PMMA/PCL Blend: Thermal Analysis Approach

Hossein Fashandi and Mohammad Karimi

Abstract—The aim of the present work is to probe the
influence of solvent on miscibility behavior of a blend of
poly(s—caprolactone) (PCL)/Poly (methyl methacrylate)
(PMMA). PMMA/PCL blend with mass ratio of 50:50 is
employed to prepare the solutions of three different solvents
including tetrahydrofuran, toluene and dichloromethane. At
the equilibrium situation, the separated phases are cast by
film multi-applicator for solvent evaporation and analyzed
using thermal analysis (DSC and DMA) approaches.
According to the results, the solvent is able to change the
saturation value of PCL into the PMMA-rich phase by
changing the free energy of the mixture. Through the PCL
melting enthalpy as well as the glass transition of PMMA, the
capability of PMMA-rich phase for dissolving the PCL and
vice versa is investigated. To realize the influence of solvent
for these variations, Hansen solubility parameter of
components is considered to analyze. It is shown that glass
transition of PMMA can be reduced to low values of about 50
°C as a result of solvent-induced miscibility with PCL at
room temperature which is not easily achievable by other
processes.

Key words: Poly (methyl methacrylate), poly(e-
caprolactone), solvent-induced miscibility, thermal analysis

1. INTRODUCTION

he blend of two or more polymers is of huge interest

because of economical motivations and its prominent
role in developing new materials with  specific
characteristics [1]. On the other hand, a literature review
reveals that polymer blend is the subject of a large amounts
of papers published every year [2-5]. The final properties
of a polymeric blend are determined by the characteristics
of its components and composition, the initial mass ratio
and the degree of miscibility of the components [5]. The
later factor, i.e. degree of miscibility, is of prominent
importance and it is essential to investigate the phase
behavior of mixture by means of thermodynamics and
rheology [1]. Using a common solvent to dissolve the two
polymers and then drying them is a well-known practice to
produce polymer alloys and blends. Thermodynamics is
the key to describe the mixing behavior of the polymer
blends. Generally, combinatorial entropy of mixing can be
considered to be negligible when the components are
macromolecules. So a negative enthalpy of mixing is
needed to induce miscibility. This can be achieved by
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Engineering of Amirkabir University of Technology, Tehran, Iran.
Correspondence  should  be addressed to M. Karimi (e-mail:
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strong specific interactions between components of the
blend [6]. In the absence of such interactions, the
miscibility depends on temperature, composition [6], and
additives such as compatibilizers [1] and particles [7], as
well as solvent [8].

Making the polymer/polymer blends at the solution
state, so-called solution blending, the interaction of solvent
with polymers plays an important role in tailoring the
properties of polymer blends. Bank et al. [9] demonstrated
that the compatibility of polystyrene and poly(vinyl methyl
ether) varies as a function of casting solvent. They showed
that, the miscibility behavior of these polymers is
influenced by the solvent to such an extent that clear films
is obtained by casting solutions prepared by toluene or
benzene but trichloroethylene and chloroform cause these
polymers to suffer from incompatibility. After Bank ez al.,
Zeman and Patterson [10] considered the impression of
solvent interaction with polymers on their incompatibility.
They proved that incompatibility of two polymers in
solution state not only arises from unfavorable interactions
between segments of two polymers but also is significantly
affected by solvent interaction with individual polymers.
On the other hand, even for two miscible polymers, a small
difference in polymer-solvent interaction varies the
compatibility behavior to a great extent which can be more
impressive at low polymer concentrations.

Dubey et al. [11] investigated the effect of solvent on
the miscibility behavior of polychloroprene-co-ethylene-
propene diene terpolymer blends. They found that,
applying suitable solvent would enhance the miscibility of
two polymers by introducing some positive interactions
between two components. The impact of solvent on the
viscosity behavior of PCL/PVC (poly(e-
caprolactone)/poly(vinyl chloride)) blend was explored by
Pingping et al. [12]. They verified the great influence of
solvent upon the viscosity behavior of this blend and
considered this strong effect as the reflection of the
competition among all kinds of interactions in solution.
Miscibility of poly(methyl methacrylate)/poly(vinyl
acetate) in a variety of solvents was argued by Crispim et
al. [13, 14]. They showed that the miscibility of this blend
depends on the solvent used to prepare the solution; so that
chloroform leads to miscibility of this blend at 30 °C and
50 °C while the blend is immiscible in dimethyl
formamide at the same temperature.

PMMA/PCL blends are of medical and commercial
interest because of their potential for biomedical
applications and/or environmentally friendly features that



