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ABSTRACT

FabricPorosity isan important property in determining thefunctional propertiesof afabric. It relatesto
thecount of ayarn aswell astothetypeof weave. Twill and satin cotton woven fabricsin threedifferent
weft densities (war p density kept constant) wer eused toinvestigatetheeffect of porosity on thedye-
uptakewithin oneweave. Theeffectsof changein weavetype, keeping yarn densitiesthesame, on the
porosity wer ealsoinvestigated. Objectivedeter mination of porosity wascarried out usingan image
analysistechniquewhile, colour yield wasdeter mined using K/Svalues. Higher theweft density ina
satin fabriclow will bethepor osity of that fabric. Porosity valuesvaried from 6.85-10.98% for S1and S3
respectively. However, for thetwill fabric no substantial changein porosity have been observed asthe
porosity valuesvaried from 6.4-5.3% for T1and T3 respectively. Colour strengthsfor Sland Tlare
lower than S3and T3respectively for all theprimary coloursat 0.25, 1.00and 2.00% depth levels. Itis
observed that thechangein colour strength ismoreprominent at 2% depth level ascompar ed to 0.25%

depthlevd.

KeyWords Porosity, Colour Strength, War p and Weft Densities, PoreArea, Satin and Twill.

1. INTRODUCTION

yeing is a very complex phenomenon as it

involves number of variableswhich need to be

controlled. Source of variability may include
substrate, dyeing process parameters or pre and post
treatment differences. Right shade is always an utmost
desire of adyer. Automation in textile machineries has
significantly reduced the variability dueto equipment and
process. It has been reported that most of the problems
which adyer faces during colour matching isattributed to
thesubstrate[1-3]. The problem for dye housesis caused
by the differences between the structural parametersof a
reference fabric of which dyeing recipeisknown and the
fabricto be dyed[4].Fabric structura propertieswhich may

influence dye uptakeincludetype of weave, constructional
parameters, and porosity of afabric. If the constructional
parameters (yarn count, weight of the fabric, yarn twist,
warp and weft density, thickness) are kept constant then
weave pattern and porosity play vital role in producing
precise depth of shade.

Fabric Porosity affectstheflow of thedyeliquor in between
theyarn and between the individual fibres or filaments of
ayarn of afabric. If the origin of fibre and the technical
properties (fineness, twist, cross sectional area) of theyarn
for warp and weft are same then change in fabric porosity
solely be dependent upon spacing between two yarns
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thus any variation in shade depth will be a result of this
inter yarn spacing. It is known that compactness of the
yarns in the fabric will resist flow of dye liquor. Cotton
material on wetting swells, reducing the pore area hence
hampers the liquid flow. Therefore we can say that dye
liquor flow can be predicted by knowing the porosity of
the fabric. Plain weave being tight in nature will offer
highest resistance while sateen (satin) with minimum
number of intersections offer minimum resistance to the
fluid flow between theyarns.

Porosity of afabric can be determined both theoretically
and objectively. Cay determined the porosity of afabricas
theinter-yarn porosity calculated by Equation (1) [5].

_ Open porearea _
(Total area)

PIPZ
(P +dp)(P;+ ) @

WhereP, istheyarn spacing for warpyarns, P, istheyarn
spacing for weft yarns, d, is the diameter of warp yarns,
and d, isthe diameter of weft yarns.

The porosity of the fabric may be regarded as the inter-
yarn and inter-fibre porosity. It is based on the density of
fabricand thefibreand iscalculated by Equation (2) [4-5].

_1_Pa
g=1--2 2
Po @

Where p, isthe fabric density in g/cm® and p, isthe fibre
density in g/cm?®.

If asingle pore is considered the porosity of a 2D pore
unit cell iscalculated using Equation (3) [7].

(P +d; )(P,+dy))

PA(%)= oF 3

Where is the yarn spacing for warp yarns, is the yarn
spacing for weft yarns, isthe diameter of warp yarns, and
isthe diameter of weft yarns.

Differencesin the porosity depend on pore area, number
of pores, and distribution of pores and shape of a pore.
Pore areawas determined by Xie[8] whereaunit cell of a
fabric was treated as a rectangular box and circular
equivalence of this box was also considered as shown in
Fig. 1.

The pore areawas calculated using Equation (4).

D Do D21 Do
Zu_ZFRyp ozl Z22
, 5 (R 5) )

Ppore =(R- 2

If the poreisconsidered asequivalent to acircleasshown
inFig. 1, thentheradius of thecircleiscalculated by using
Equation (5).
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D D D D
J(Pl -1 ~12 )(P2 _ =21 22)
R — 2 2
2d

T

Someresearchers have used the method of image analysis
to determine the porosity of the woven fabric objectively
[5,8-9]. Thismethod isfaster and accurate asit takesinto
account different pore parameters. However, differences
between calculated and measured values have been
reported [9].

Taking the above discussion into consideration this paper
will discuss about the effects of fabric porosity on dye
uptakefor twill and satin fabric. Thiswork will also focus
the relationship between different weave types and their
respective porosities. Image analysistechniqueisused to
calculate porosity objectively [6].
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FIG. 1. UNIT CELL OF A WOVEN FABRIC [8§]
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2. MATERIALSAND METHOD

Fabricsof different weavetypesi.e. twill (3/1) and satin (4/
1) were manufactured by using 100% cotton yarn 22/sNe
inwarp and 20/s Ne in weft directions. The details of the
fabric warp and weft densities are shown in Table 1 [6].
These fabricswere de-sized, bleached and dyed using the
recipegiveninTable 2.

Sodium hydroxide, hydrogen peroxide and acetic acid of
commercial grade were used. Drimarene red CL-5B,
Drimareneblue CL-3LB, Drimareneyellow CL-2R reective
dyeswerekindly supplied by Clariant Pakistan. All of these
dyesarebi-functional MCT/V Sreactive dyes. Thefabric
was dyed according to the profile givenin Fig. 2.

Colour strength of the dyed sampleswas cal culated using
Kubelka-Munk equation given in Equation (6). The
measurementsweretaken by folding the materia into four
layersin order to makeit opaque. Fivereadingsweretaken
for each type of samples.

540" ®

Rindicatesthe % reflectance value at 530, 620 and 430nm
of the dyed sample. The reflectance values of the blank
and dyed material were measured using a Datacolor
Spectrophotometer SF650 with 100% UV filter off and
specular reflectionincluded, using I Hluminant D-65.

TABLE 1. WARPAND WEFT DENSITIES OF DIFFERENT
TYPES OF FABRICS [6]

.. | Yarn Spacing Weft Yarn Spacing
Wa_rp Density for Warp Density in for Weft
Sample ID in Ends End
(per cm) yarn P, S yarn P,
(cm) (per cm) (cm)
S1 33 0.03 27 0.037
S2 33 0.03 23 0.043
S3 33 0.03 18 0.056
T1 33 0.03 27 0.037
T2 33 0.03 23 0.043

2.1  Determination of Porosity of Fabric

Porosity of the given fabricswas determined by animage
analysis technique for which Image J software was used.
It is to be noted that image analysis technique demands
expertiseto analyzetheimageand to cal culate thethreshold
values. For this purpose an image size of 6.9 by 5.17mm
wasconsidered. An optical microscopelLeicaEZ 4D aong
with the digital camera was used to take these images
under transmitted light mode at 16x magnification. Samples
were taken at unknown transmittance value. The fabric
sampleswere desized and bleached for taking theimages

[6].

The following steps were taken to determine the number
of pores, porosity and pore area of the given samples[6].

TABLE 2. RECIPE FOR THE PRETREATMENT OF

THE FABRIC
Process Chemicals Quantity
Desizer (Invazyme ADC) 15 gl
Desizing Detergent Ultravone CX) 4 i
Sequestering agent (CIBA CEL DS) 4 i
Vit | wm
NaOH 48 Be Commercia Grade 10 g/l
S‘;g;cﬁ%‘d Stabilizer Peristal PSK (PSC) 489l
Wetting Am Ultravam-PRE ami
(Swisstex)
Sequestering Agent (CIBA CEL DS) 4mifl
Drimerene Red CL-5B
Drimarere Blue CL-3LB X% owf
Drimarene Yelloy CL-2R
Dyeing Sodium Cart;(;)rrz(ee Commercial 20 gl
Salt Commercial Grade 40 g/
Wetting Agent 0.1% owf
Wetting Agent 0.1% owf
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A The contrast of theimage was enhanced in order
to differentiate between the white pores and black
yarns.

B Theimagewas calibrated as 296 pixelsper mm.

C Thethreshold value of theimage was cal culated
by the averaging method. [10]

D The image was then thresholded in order to
separate the white pores from the black
background.

Thewhole procedure given aboveisshownin Fig. 3(a-d)

[6].

A minimum value of pore areawas assigned to the software
so while counting the pores software considered only
those poreswhose areaishigher than thisminimum value.
The suggested minimum valueis 0.005mm?. Fiveimages
were taken for each type of fabric samples for the
determination of porosity. The fibrils are not clearly
apparent in thethreshold images. During the determination
of number of pores, fibrilsmay affect by 2-3%.

3. RESULTSAND DISCUSSION

3.1  Effect of Weave Structureon Porosity

The overall objective of this work was to develop
rel ationship between fabric structure and Colour yield. In

order to accomplish this task porosity, pore area and
number of pores of these fabrics were calculated by the
image analysis technique described above.

Porosity, pore area and number of pores of these

samples determined by image analysis technique are
giveninTable 3[6].

From Table 3, it was observed that for both twill and satin
woven fabrics the pore area had increased with the
reduction in the weft density. it was further concluded
that for satin woven fabric the porosity increases with the
decreasein theweft density. But for thetwill woven fabric
the porosity decreases dlightly. We know that porosity is
affected by the pore area, pore shape, number of pores
and pore distribution. If there is any variation in these
parameters than porosity will be different. It is evident

from Figure4D that most of the poresareirregular in shape
and number of pores for satin and twill with same warp

and weft densitiesaredifferent (Table 3). Thisvariationis

responsible for the abnormality in the %P values. Twill
with minimum floats has smaller pore areain comparison
to satin.

3.2  Effect of Porosity and Weave Typeon

Colour Yidd

Three concentration levels(0.25, 1 and 2%) wereidentified.
Sateen (S1, S2 and S3) and twill (T1, T2 and T3) both were
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FIG. 2. DYEING PROFILE OF A REACTIVE DYE
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dyed at these three concentration levels. The K/S values TABLE 3. POROSITY AND PORE AREA CALCULATION
. BY IMAGE ANALYSIS METHOD [6]
for all thedyed samplesaregivenin Table 4.

Fig. 4 showschangesin Colour yield with changein fabric Sample | Number | CV | Porosty | CV A\g?ge cv
porosity at different dye concentrations. It is apparent ID fofPores) (6 | (0 | (%) (Arnf% )
that changein weavetypedid not contribute significantly
at paler shades but effectswere significant at higher depth S 08 | 779 | 685 | 106 | 0.026 | 525
valuesfor all three primary colours. It was also seen that
fabric with higher weft density (S1 and T1) show lower K/ S2 | 13988 83 | 1007 [ 1511 | 0026 | 116

Svalues. Thisisprobably dueto theresistance in flow to
dyeliquor in S1 and T1 as both have minimum pore area
and least porous (%P) with higher weft density.

S3 139.43 | 1479 | 1098 | 23.27 | 0.0281 | 19.29

T1 147.75 | 9.62 6.42 9 0.0155 | 5.97

It was reported by Cay [4] that fabric with higher number
of weft threads have low porosity and low colour yield.

T2 12213 | 15.96 5.53 12,91 | 0.0163 9.2

1
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FIG. 3(C). IMAGE AFTER THRESHOLD : IO A THRGE O TORES
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Table 3 and Fig. 3 also show that satin woven fabricisin
agreement to this statement where S1 with maximum
number of threads havelow porosity and low dyeyield. In
case of twill woven fabricthisstatement ispartially trueas
T1with maximum number of threads have low dyeyield
but at the same time have highest porosity within T1, T2
and T3. Thisabnormality in porosity might be due to the
variation in the pore area and shape, number of poresand
its distribution.

It is also evident that satin weave fabrics have slightly
lower colour yield than the twill woven fabric with the

samewarp and weft density at higher depth levels. When
we changethetype of aweaveit isnot only the number of
weft or warp density but also the way how they interlace
with each other play avital role. Yarnin satin weave with
less number of interlacements can displace easily thus
void apace between the yarns will be more which results
in reducing the Colour yield. However, this change is
dependent upon the colour and its depth level. Changein
weave does not contribute significantly for paler shades
in three primary colours but became significant with an
increase in dye concentration.

TABLE 4. L* a* b* C* h VALUES OF DIFFERENT FABRIC SAMPLES

0259 KIS 09 (oo KIS o9 oo KIS 09
st 053 9.74 st 147 5.10 st 260 6.49
2 058 5.98 ) 174 0.8 2 204 1366
s 057 9.49 s 185 1633 s 328 8.16
T1 0.57 4.35 T1 1.58 10.50 T1 2.74 15.90
T2 0.64 13.41 T2 1.61 16.71 T2 2.78 19.01
T3 059 14.80 T3 174 1838 T3 3.03 2017

(o.Fg/o) KIS V(C%) (1%%%/0) KIS f% (2%%%@ KIS (CO/?);
st 0.84 769 st 263 5.3 st 477 9.30
2 0.87 543 ) 2.90 573 2 501 6.75
s 0.84 671 s 298 10.69 s 5.38 1023
T1 0.79 13.42 T1 2.68 13.01 T1 491 9.87
2 0.80 13.86 2 293 741 T2 5.29 011
T3 0.82 1188 T3 3.07 1579 T3 555 11.03

velow 0.25%)| KIS v |velow Loow|  kis oV |velow 2oow)| KIS (C%‘;
S1 1.20 17.92 S1 3.52 6.81 S1 5.97 4.44
S2 1.28 15.91 S2 3.58 9.31 S2 6.10 6.23
S3 1.36 12.57 S3 3.60 14.60 S3 6.23 10.88
T1 1.26 5.15 T1 3.88 8.66 T1 6.42 13.31
T2 1.29 9.28 T2 4.21 11.16 T2 6.41 21.02
T3 1.36 6.09 T3 4.27 13.73 T3 6.46 25.14
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FIG. 4. KIS VALUES OF SATIN AND TWILL WOVEN FABRICS

TABLE 5. CORRELATION COEFFICIENT OF POROSITY
VS. COLOUR DEPTH OF SATIN AND TWILL FABRIC

Color R
0.25% 1.00% 2.00%
Yellow
Within Stain 0.95 0.99 0.95
Within Twill 0.85 0.99 0.77
Red
Within Satin 0.99 0.99 0.9
Within Twill 0.87 0.98 0.97
Blue
Within Satin 0.92 0.99 0.95
Within Twill 0.56 0.78 0.75

Correlation coefficient of porosity vs. colour depth of satin
and twill fabric was determined using regression analysis
and tabulated in Table 5. It again suggeststhat changein
fabric porosity isaffecting the col our depth of adyeing at
each level of dyeing.

4. CONCLUSION

From the above discussion it can be concluded that
porosity of afabricwill vary not only with increasing and
decreasing the warp and weft densities but also with the
change in weave type. It has been observed that S1 has
least porosity in comparisonto S2 and S3whilefor twill no
significant change in porosity has been observed among
T1, T2and T3. Itisinteresting to note herethat number of
warp and weft of S1, S2and S3aresimilartoT1, T2and T3
respectively but the porosity isdifferent from one another.
Twill isfound to be less porous than satin with the same
number of warp and weft yarns. Similarly colour strengths
of S1 and T1 fabrics are lower than S3 and T3 fabrics
respectively. It indicates the direct relationship of the
porosity with the colour depth of the dyeings within one
weave type. It can further be concluded that for the pale
shades change in weave type and weft density is not
contributing significantly but for the dark shades these
factors are significant. Overall satin fabric has lower k/s
values than twill fabrics with the same warp and weft
densities.
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