These de Gaurav Agarwal, Lille 1, 2011

No. 40495

A dissertation submitted in the partial fulfillment
of the requirement for the award of
Doctor of Philosophy (PhD)

Mechanics, Energetics and Materials Science

University of Science and Technology, Lille 1

Interaction of textile parameters, wash-
ageing and use of fabric softener during the

laundry with mechanical properties of the
knitted fabrics and correlation with textile

On 25, February, 2011

Mr. Jean-Yves
DREAN
Mr. Christopher Carr

Mr. Jean- Marie Aubry
Mr. Kenneth Lee
Mr. Ludovic Koehl
Mrs. Anne Perwuelz

Gaurav AGARWAL

\\ Université
/ LilleT

Sciences et Technologies

Professor, ENSISA (Mulhouse, France)

Professor, Manchester Univgrsi Reporter
President
Examiner
Director of the thesis
Co-Director of the
thesis

Professor, ENSCL (Lille, Fcain
Scientist, Unilever (U.K.)
Professor, ENSAIT (Roubaix, Frafc
Professor, ENSAIT (Roubaix, Eggn

Year: 2011

Reporter

© 2011 Tous droits réservés.

http://doc.univ-lille1.fr



Thése de Gaurav Agarwal, Lille 1, 2011

ACKNOWLEDGEMENTS

A PhD thesis is never a sole product of the pergbose name appears on the cover, many

people have given technical assistance and service.

First of all | express my sincere gratitudeUailever research and development center,
Port-sunlight (U.K.) and Ecole Nationale Supérieure des arts et IndustrieJextiles,
Roubaix (France)for showing their trust on me and giving an oppoitiuto work with their
expertise in their respective fields, which not yoribstered my technical outlook but

contributed manifolds to development of my multiauél horizon.

I would like to acknowledg®rof. Ludovic Kohel and Prof. Anne Perwuelzfor giving me
continuous guidance and unconditional support dutire entire project work. It has been

really a great experience for me to work undertiepervision.

| would like to personally thanRr. Kenneth Lee and his team from Unilever, who delivered

their kind assistance right from the beginning diole exercise.

I would also like to acknowledge to students of BANIS who put their sincere efforts for the
subjective evaluation of the fabrics, which is theart of this project. | am also grateful to

Christian Catel and Alexandre Louart (ENSAIT) f@ling me in the experimental work.

At last but not the least many individuals shouddtibanked for the completion of this thesis.

Though not all of them physically helped me, thegod by me in very trying times with

numerous words of encouragement and much needea support. When | felt that | was

© 2011 Tous droits réservés. http://doc.univ-lille1 fr



Thése de Gaurav Agarwal, Lille 1, 2011

unable to finish, they pushed me along and wouldletome give up, for they knew failure

was not an option | would be able to live with.

Finally, big thanks from deep of my heart to mygras, family and friends in India for

supporting and encourage me throughout this thesis.

February 2011 Gaurav Agarwal

iii
© 2011 Tous droits réservés. http://doc.univ-lille1 fr



Thése de Gaurav Agarwal, Lille 1, 2011

TABLE OF CONTENTS

GENERAL INTRODUCTION . .. ottt it e et e et et e et et e eea e e e eenneean s 1
Statement of the problem............oco i 3
PUrpoSe Of the STUAY ... e e e e e e ee e 3

CHAPTER:1 STATEOF THE ART ... i . 8

L.ATeXtlEe COMIOI. .. ..t e e e e e e et e e e e e e 9
1.2The influence of laundry process and parameters otextile-hand....................... 10
1.2.1 Laundry and life cycle of garment.............c.coo i vci i, 10
1.2.2 Influence of laundry parameters ............oooiiiiiiiiiii e 11
1.2.2.1 Washing temperature...........ccoi i e e e e e 11

1.2.2.2 Washing product formulation................cccceeii il 13
1.2.2.3 Water hardness..........cvvieeiii i e e e e e 13
1.2.2.4 Drying method.........cooiii e e 14
1.3FabriC SOMENET ... ..ot e e e e e e a2 1D
1.3.1 Types of fabric softeners............ccooiiiiiiiiicic i 16
1.3.2 Mechanism of fabric softener (cationic type)...........ccoevvvviimereenvennen. 18
1.3.21 Zetapotential.........cooooe i 2D
1.3.2.1.1 Determination of zeta potential..................cccevviiiiieennne 23

1.3.2.1.2 Interaction of zeta-potential with softener..................... 25

1.3.2.2 Liquid up-take by textiles.............ccocoiiiiiiiii .25
1.3.2.2.1 The influencef various textile parameters on liquid

transmission through textiles....... ... e 26

© 2011 Tous droits réservés. http://doc.univ-lille1 fr



Thése de Gaurav Agarwal, Lille 1, 2011

1.3.2.2.2 Influence of fabric softener on liquid up take
PRENOMENON. ... e e e e 27
1.3.3  Effects of fabric softener on fabric prperties.............ccccovviviininnns 27

1.3.3.1 Effects on fabric weight and strength...................................28

1.3.3.2 Effect on dimensional stability...............ccooeiiiiiii i 28

1.3.3.3 Effect on wrinkle reCovery..........cooiiiiiiiiiiiii e e 29

1.3.3.4 Effect on PilliNg......cuoveiiii e 30

1.3.3.5 Effect on fabric-hand................cocoiii 31

1.4 Sensory Evaluation: .........oooii i 32

1.4.1 Sensory evaluation in teXtileS. ......c.ovv e iie e 34

1.4.2 Difficulties in sensory evaluation:.............ooviiiiiiiiie e e e 38

1.5 Relationship between objective tests and sensoryauation........................... 39
1.5.1 Application of artificial intelligence techniques................ccooiiiiii i nnne, 43
1511 Artificial Neural Network (ANN).......ovviiiie e 43

1.5.1.1.1 Advantages of ANN.......ccoiiiiiii e e e e a7

1.5.1.1.2 Drawbacks of ANN..........oiiiiii e 47

1.5.1.2 U 274 Y2 1 T 1o a7

1.5.1.2.1 Fuzzy set and membership function............................ 48

1.5.1.2.2 Linguistic variables...................ccoviiiiie b1
1.5.1.2.3 Fuzzy OperationsS..........coveiiiiiiiiiie et i e e e, 52
1.5.1.2.4 Fuzzy Interference System (FIS)...................cccevveet.. B3
151241 Types of Fuzzy Interference System.........! 55
151242 Application of FIS in textiles..................... 56

1.5.1.2.5 General observations about Fuzzy Logic.....................57

© 2011 Tous droits réservés. http://doc.univ-lille1 fr



Thése de Gaurav Agarwal, Lille 1, 2011

CHAPTER: 2 CHARACTERISATION OF DEPOSITION OF FABRIC
SOFTENER ON TEXTILES AND INTERACTION WITH SURFACE

2.1 Material and PrOCESS: ... ..uiuiie it it e e e ee e e e ee e e eaeeaeaeaeaennenenees .01
2.1.1 Selection and sourcing of material..............c.cocoe i 61
2.1.2 Laundry process and parameters..........c.uveeeiieiee e e e e venieeenanns 64
2.2 Characterisation of knitted fabrics.............ccoo i 067
2.2.1 Fabric thiCKNeSS.........o 67
2.2.2 FabriC POrOSItY.....c.cve v e e e e, 08
2.2.3 Capillary radiUS. .. ....o. e e e e e e e e e e 68
2.2.4 Zeta-potential measurement...........ccocoiviiiii i i e e ens.. .09

2.2.5 Liquid adsorption ability............cccooiiiiii e L

2.3 Softener deposition characterisation.............c.oov vt iiiii i e e 73
2.3.1 Extraction and quantification of cations depositionon fabric............... 73
2.3.2 Non-uniformity of softener deposition...............ccooeiiiii i i, 73

2.3.2.1Dyeing with Bromo Phenol Blue (BPB).........cccvvvevviiiiiieenn 74

2.3.2.2 IMAQJE PrOCESSING ...t e tete e eeene e et e ae e e e e e e e aneaneees 74

2.3.2.3Quadarant method.............coiiiiiii i 75
2.4 Data analysis USING deCISION trEE.......c.uieitit et et et e e e 77
2.5 RESUIS ..ot e 79

251 Fabric POroSity.......oovve i e 19
252 SOfteNer PICK UP ... e e 79
253 Softener uniformity..........cooooiii i 281
254 Zeta Potential... ... ..o 85

254.1 Zeta potential of the fabrics.............c.ccooiiiiiii .85

vi
© 2011 Tous droits réservés. http://doc.univ-lille1 fr



Thése de Gaurav Agarwal, Lille 1, 2011

25.4.2 Change in zeta potential during laundry process..................... 87

2.5.5 LiQUid UP-TaKe. .. vttt e e e e e et e e 89
2551 The filtration efficiency of the knitted fabrics..........................89

2.5.5.2 Liquid adsorption ability of knitted fabrics..................... ........ 90

2553 Influence of laundry softener on liquid transmission through

KNitted tEXLIES. .. .. 91

2.8 CONCIUSIONS . .. e e e e e e e e 94

CHAPTER: 3 SIMULTANEOUS INFLUENCE OF WASH-AGEING AN D USE OF
FABRIC SOFTENER ON SENSORY AND MECHANICAL PROPERTIE S OF
KNITTED FABRICS ... ... e e e e e e 2. OO
3.1 Sensory evaluation of knitted fabriCs............coooiiiii i 97
3.1.1 Methodology......c.o v e e a0 9T
3.1.1.1 Screening of the panel...........oooo i 97
3.1.1.2 Selection of @ attributes ..........ccoviiii i 99
3.1.2 RESUIES.....o e e e a0 106
3.1.21 Panel assessment............ccooviiiii i 2. 106
3.1.2.2 An overview of different Knitted fabrics with respect to sensory
AT OULES . . 109
3.1.2.3 Influence of ageing process with and without fabricsoftener on
SENSOIY NANA. ..o e e 112
3.1.2.3.1 Al Viscose SamplesS.......cccoviiiiiiiiii i e 114
3.1.2.3.2 ANl PET SAMPIES... ot e e e 117

3.1.2.3.3 Viscose samples gone through 1 ageing cycle.....................119

vii
© 2011 Tous droits réservés. http://doc.univ-lille1 fr



Thése de Gaurav Agarwal, Lille 1, 2011

3.1.2.3.4  Viscose samples gone through 40 ageing cycles................. 121
3.1.2.3.5 PET samples gone through 1 ageing cycle........................... 124
3.1.2.3.6 PET samples gone through 40 ageing cycles....................... 126

3.1.3 Conclusions

3.2 Simultaneous influence of wash-ageing and use otig on mechanical properties of

knitted textiles.......o.ooe i e a0 130
3.2.1 DImMensional PrOPErtiES. .. .. vue i e e e e e e 130
3.2.2 Mechanical properties

3.2.2.1 Experimental details................cccoeiiiiiiiiee 135

3.2.2.1.1 Tensile PropertieS......ccovivi i i e e e 135
3.2.2.1.2 Shear Properti@S......ccuve i e ieeie e e e e eaeaaaeaen 135

3.2.2.1.3 Bending Properties.......coocvveiirieieiee e e e 135

3.2.2.1.4 Compression PropPertieS....c.veeeveveiieiieiieeeeeieeneenas 136

3.2.2.1.5 Surface pProperties........c.euuveeriieiieiie e eie e eiienennennns 136

3.2.3 RESUITS ..o e e 137
3.2.3.1 Tensile extension (EMT) ... e 139

3.2.3.2 Shear rigidity (G)....vvviiiiiiie i e e a2 142

3.2.3.3 Bending rigidity (B)........oouviiiiiiiiii e 145
3.2.34 Compression energy (WC).....ooi i e e 148
3.2.3.5 Roughness of the fabrics (Ra): .......ccccooviiiiiiiiiiiiie, 150
3.24 CONCIUSIONS ... e e e e e e e e e e e et e e e e aen e 153
viii

© 2011 Tous droits réservés.

http://doc.univ-lille1.fr



Thése de Gaurav Agarwal, Lille 1, 2011

CHAPTER: 4 DEVELOPMENT OF FUZZY-LOGIC BASED MODEL F OR
CORRELATING THE SENSORY ATTRIBUTES WITH RELEVANT ME CHANICAL
PARAMET T ER S ... 156
g N /1= g o T o] [0 Y28 157
4.1.1 Relevancy of mechanical parameters with sensory-s&.......................157
4.1.2 Extraction of rules using clustering...................coociiiiiiiiiic i e evwn... 159
4.1.3 Fuzzy Inference SYStem........ooui i e e e 161
4.2 Assessment of drapeability of the knitted fabrics...................eoeenen ... 165

4.2.1 Correlative between subjective and objective assemsnt of the knitted

L0211 PP 165

4.2.2 Fuzzy logic model for predicting the drape-score o fabric................... 166
4.2.3 Surface viewers for all other fuzzy models for knited fabrics.................. 169
G T O o T 1151 o £ PSP 172
GENERAL CONCLUSION AND PERSPECTIVE.......itiiiiiiiiieie e cveeins 173

PUBLICATIONS. ... e e e e e 197

PRESENTATIONS IN INTERNATIONAL CONFERENCES............ccoviiiiieinn e 199
Appendix A Three basic structures of knitted fabrics..............ccooiiiiiic i 200
Appendix B Sensory evaluation of knitted fabrics. ... 202

Appendix C Linear correlation between mechanical peameters and sensory
= L] 0 (= 205

© 2011 Tous droits réservés. http://doc.univ-lille1 fr



Thése de Gaurav Agarwal, Lille 1, 2011
General Introduction

GENERAL INTRODUCTION:

Over the years, the diversity of washable fab@egl in particular machine-washable textiles,
has increased dramatically. This diversity includése types, fibre parameters, yarn
construction, textile manufacturing method, dyessland fabric finish combinations to wash.
On the other hand, world wide fashion trends arahging lifestyles have led to increasingly
full shades and bright hues in new types of caandlsportswear. These are predominately of
knitted constructions for which dimensional insli#piand distortion after repeated laundry is
a big concern.

The fabrics that we deal with in everyday life acd in a relaxed condition and come to their
relaxed condition after several washings [Morten al, 1962.]. Many researchers have
reported that this relaxation process during agewigdepend on the laundry parameters.
Each separate step of the laundering has an irdduen dimensional stability and distortion
of knitted fabrics, that's why it is very importatd select optimum laundry parameters to
minimize the distortion of fabrics [Anaret. al.,2002; Fijaret. al.,2007; Morris, 1970].

These dimensional changes and distortion of thiddhfabrics result changes in mechanical
properties and textile hand as well. In order t@roeme the problem of deterioration of
textile-hand, laundry softeners were introduced.

Softeners are luxury products which obviously ape aritical to the basic laundry cleaning
process. Use of fabric softener depends on consyeeption that they deliver added
comfort and are a gesture of caring and affecfidreir market viability depends upon the
availability of discretionary income and convenienno use. The fabric softener market is
growing. It is following the rise in living standds around the world [Levinson L. Matthew,

1999], a clear picture of fabric softener market ®shown in Table 1.1.
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Table 1: Global Fabric Softener Consumptiofi Estimates [Levinson L. Matthew, 1999]

Region/Year 1995 2000 2005 Growth{%)
Europe 115 130 140 2.5
United States 72 86 104 3.5
Mexico 7 10 15 7
South America 17 23 31 6
Asia 50 50-75 50-100 0-8
Total 261 300+ 350+ 4

& Fabric softener consumption is in 000’s of metoiest per annum.
P Growth based on a 10-yr projection from 1995-2005.

The fabric softener markets in United States, Eeirdppan, Australia, South Korea and New
Zealand are well developed. The use of fabric seftés estimated at 1.2 million tons/year in
EU and estimated 90-95% of consumers use fabrtersaf [Ecolabelling Denmark, Febuary
2009]. This shows that fabric softeners alreadyeslaaarge portion of the laundry business.
While on the other hand in developing countrie® lRhina, this product still has a huge
market potential. In China the production of falsaftener per year has increased from 300
kilograms to 19000 tons (1980 to 2000). Accordioghte statistic of ACN elsen, from 2005
to 2007, the sales and revenue of China’s fabrfteser is increasing by more than 7% per
year [Pangato and Wen, 2010].

With continuous growth in demand of fabric softenghe market-competition is also
growing. Manufactures are trying to identify prothtito meet real consumer needs and to
provide extra benefits to consumers. The effecthimfsehold fabric softeners on textiles,

especially on cotton, have been explored in variateas, such as, fabric weight, fabric
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strength, dimensional stability, wrinkle recovepylling, whiteness, hand, static electricity,

odour, absorbency, flammability, and stain release.

Statement of the problem:

This thesis is concerned about interaction of wagking and the use of fabric softener during
laundry with different textile parameters. It idlst challenge for the softener manufacturer
and textile processors to define the softener deposamount, softener deposition
uniformity, simultaneous influence of wash-ageimgl aise of fabric softener on mechanical
properties and hand-feel of different textiles wagyin construction, fibre types and other
textile parameters.

Secondly, in the textile/garment industry, fabgecaluation is performed in two ways:
subjective/sensory and objective evaluation. Onharel, sensory evaluation gives an idea of
consumer perception of fabric handle; however itdifficult to use due to a lack of
consistency and standardisation. On the other Hangtandard objective tests, we can obtain
a set of precise quantitative data describing t@id hand but their relationship with
consumer perception is not completely understodge@ive parameters are easier to define
and can be correlated to material and process péeasn This leads to the fact that the
relationship between sensory evaluation attrib@ed mechanical parameters need to be

defined.

Purpose of the study:

In this study, the simultaneous influence of repéanachine laundry and use of the fabric
softener on sensory, mechanical and physico-chémiogerties of the knitted textiles was
investigated. The block diagram of the working-sobeof this thesis is shown in the figure

below.
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Surface properties
of the kr]itted fabrics

.
Selection of knitted fabricg,| Characterisation of —|_Deposition amount]
and laundry parameters softener deposition —>| Deposition uniformit)}
v
Change in dimensional Interaction of wash-ageing and use of softengr
properties of knitted fabrics with mechanical parameters

“(Modelling using Fuzzy-logic)

A

Interaction of wash-ageing and use of softener
with textile-hand

Figure: Block diagram of the scheme of this work

»
»

This study was carried out using 13 knitted fabmnesying in fibre type, fibre fineness,
knitting construction. We used viscose and PETté&difabrics of micro and regular fibres,
made up of three basic knitting constructions-ggrgib and interlock. We used the most
market relevant laundry practices with Europeanhivegs machine for this study and 40
repeated wash cycles were considered as the life of a garment during use. The influence
of wash-ageing with/without use of the fabric snéeup to 40wash-cycles on dimensional,
sensory and mechanical properties is investigdted.low stress mechanical properties were
evaluated by means of the Kawabata Evaluation By$te fabric (KES-F) and Universal
Surface Tester (UST). The sensory evaluation ofdhecs was carried out by a trained panel
using pair-comparison method.

Furthermore, an intelligent systemsdzhon Fuzzy logic for correlating the physical
and sensory parameters was developed in ordeetbcpithe performance of a knitted fabric
which has gone through a number of laundry cycles.

The study was carried out with following objectives
1. We tried to find the influence of fibre type, fibfi@eness and knit construction on the

amount of softener pick up by the fabric. The iaflae of the type of load (mixed
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fibre load and individual fibre load) on the amoohtsoftener deposited on the fabric
was also studied. We have also quantified the niforamity of softener deposition.
We used an image processing tool to define noretmity of the softener deposition.
It evaluates the spatial uniformity of softener algpon by evaluating the difference
between observed patchy distribution and a randoooegs which would lead to a
uniform distribution.

2. We categorised the surface properties of knittdélida by electro-kinetic behaviour
and liquid up-take phenomena of the knitted tegtiie order to understand the
interaction of the surface properties of the kdittextiles with cationic softener
deposition. The electro-kinetic and liquid uptakeoperties of textiles were
represented by the parameters Zeta-potential auidliabsorption ability. We also
examined the influence of fabric softener on swfeltaracteristics of the textiles.

3. This study involved the sensory evaluation of kuitttextiles, which have gone
through different domestic laundering treatmententifying whether the sensory
attributes or combination of different sensoryihbtttes can best predict the preference
of consumers for the comfort aspect. We definedprameter ‘Degree of influence’
for sensory attributes in order to check the leselnfluence of ageing and use of
domestic fabric softener on each attribute.

4. We tried to identify the critical mechanical paraere which are influenced by ageing
and the use of fabric softeners during life cycle garments. The low stress
mechanical properties were evaluated by meanseoK#dwabata Evaluation System
for fabric (KES-F) and Universal Surface Tester {YSevealing that the tensile,
shear, bending, compression and surface properées altered by both ageing during

the wash cycles and the use of fabric softener.

© 2011 Tous droits réservés. http://doc.univ-lille1 fr



Thése de Gaurav Agarwal, Lille 1, 2011

General Introduction

© 2011 Tous droits réservés.

5. An intelligent system based on Fuzzy-Logic for etating the physical and sensory
parameters was developed. We defined the trackitegion to calculate the relevancy
between sensory attribute and mechanical paramietessder to find out the most
relevant mechanical parameters for each sensompudét. This tracking criterion
decreases the model complexity by reducing the miogets, which makes model

more reliable.

The originality of our research lies in the idea ofdeveloping an intelligent system, which
can be used for predicting the fabric-hand of thedxtiles during cradle to grave state of a
garment using relevant mechanical parameters. At th same time the interaction of
wash ageing and laundry softener with sensory, meahical and physicochemical

properties of the knitted fabrics was analysed thasughly.

This project was supported by Unilever Research Bmyelopment Laboratory, Port
Sunlight, U.K. with the aim of having better undargling of influence of wash-ageing and
use of fabric softener on knitted textile propestiln the context of innovation, environment,
infrastructure the laboratory GEMTEX (Génie et Muéx TEXtiles) is equipped with
Kawabata Evaluation System, Universal Surface Testd has expertise in sensory studies
of textiles. All the experimental work was carriedt in GEMTEX. The collaboration and

financial management was facilitated by ADRINORD.

This thesis is organized in four chapters. Thd fiteapter deals with state of art of laundry,
fabric softener and its influence on textiles.dsdribes the importance of laundry parameters
for textiles and the basics of cationic fabric ené#rs. It also includes the description of fabric

surface properties- zeta-potential and wicking proes, which are the key factors in
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deposition of the softener deposition. This chaptso gives an overview in depth regarding
the textile hand-evaluation by subjective and dijecmethods and the application of soft

computing techniques for quantifying the fabric than

The second chapter concerns the details of matéaiaidry process and characterization of
softener deposition with respect to softener pipkamount and deposition uniformity. This
chapter also includes the study of the interadbieiveen surface properties of the textiles and

deposition of cationic softener on textiles.

The third chapter deals with the simultaneous erite of wash-ageing and the use of
softener during laundry on sensory and mechanicggrties of the knitted textiles. In this
chapter section: 3.1 concerns with the method tbéishing a panel for sensory evaluation
and the influence of wash-ageing and use of faboitener during laundry on different
sensory attributes has been analysed. While se@i@ndeals with the influence of wash-

ageing and the use of fabric softener on mechaproglerties of knitted fabrics.

In forth chapter, an intelligent system based omzljtLogic for predicating the score of

sensory attribute using two most relevant mechampesameters has been proposed. The
sensory attribute and mechanical properties definethapter: 3 were used for developing
model and a relevancy criterion was defined tocteélee most relevant mechanical parameter

for each sensory attribute.

The thesis ends with a general conclusion bringaggether a synthesis of presentation of

results and perspectives to be considered in ttieciustudy.
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CHAPTER: 1

STATE OF THE ART

This chapter deals with a literature review of theeraction of textile parameters, wash-
ageing, use of fabric softener with textile-hantle Thapter starts with the basics of laundry
and laundry parameters and is followed by the 8aance of use of the fabric softener during
laundry. The deposition of softener is expectethdaa function of surface properties of the
textiles i.e. electro kinetic beviour and liquid-tgke phenomena of the textiles. Hence, an in-
depth literature of these two key factors is présgn

The change in consumer perception with respecextlé-hand of a fabric due to wash-
ageing and use of the fabric softener can be eteluay sensory evaluation. Therefore, a
brief introduction of sensory science with it's iorfance in textiles is being presented. This
chapter ends with significance of soft computinghteques to correlate the textile-hand with

mechanical parameters of the textiles.
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1.1 Textile Comfort:

Comfort of an apparel is a qualitative term andne of the most important aspect of the
clothing. The term comfort is defined as “the aleseaf unpleasantness or discomfort” or a
neutral state compared to the more active stgpéeakure”.

The clothing comfort can be divided into three gir®uie. psychological, thermal and tactile
comfort. Psychological comfort is mainly related ttee latest fashion trend (style, size,
fashion-compatibility, colour, lustre etc.) and egtability in the society and bears little
relation to the properties of the fabric. The tharecomfort is related to the ability of a fabric
to maintain the temperature of skin through tranefeneat perspiration generated within the
human body. The tactile comfort has relationshighwiabric surface and mechanical
properties, especially initial low stress regiorttadse properties [Behera et. al., 1997].
Saville distinguished two aspects of wear comfort of thethehg; i) “thermo-physiological
wear comfort which concerns the heat and moistaesport properties of the clothing and
the way that clothing helps to maintain the headamze of the body during various levels of
activity”, and ii) “skin sensational wear comforhigh concerns the mechanical contact of the
fabric with the skin, its softness and pliabilitymovement and its lack of pricking, irritation
and cling when damp” [Saville, 1999].

The response of a user towards tactile comforalied fabric handlei-abric handle is related
to basic mechanical properties, especially initbal stress region of those properties. The
term fabric “hand” or “handle” has been definedlses quality of a fabric or yarn assessed by
the reaction obtained from the sense of touch ersthm total of the sensations expressed
when a textile fabric is handled by touching, flexiof the fingers and so oh implies the
ability of the fingers to make a sensitive and dmmating assessment, and of the mind to

integrate and express the results in a single-dglugment [Mitsuo, 1996].
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The hand of the fabrics does not remain the satee gding through number of wash-cycles.
Mackay et. al identified some of the factors that lead to comsu dissatisfaction with the
washing performance of cotton, wool and acrylictlkear. These include increase in weight
and stiffening of cotton by calcium phosphate dépptelting of shrink-resist wool at normal
machine agitation levels and stretching of acryiliceimble drying. [Mackagt. al, 1999].

A single laundry cycle does not have a significeffiéct on fabric drape, shear or bending
properties. However, after a repeated laundry sydeape values increased overall, while
shear and bending modulus and hysteresis decreasedting in a more drapable, pliable
fabric after five laundry cycles [Orzaea al, 2009].

The level of change in handle of the fabric dudatmndry depends on the number of wash
cycles fabric had gone through and laundry paramektence, an overview of life cycle of a

garment during use and the laundry parametersng lggven in the next sections.

1.2The influence of laundry process and parameters otextile-hand

1.2.1 Laundry and life cycle of garment:

A garment goes through number of alternate weadaunttlering cycles during the use. There
is good evidence that washing processes genem@atiyilbute more to fabric damage than do
use or wear. For example data from a typical washveear trial showed 43% tensile strength
loss in hospital uniforms (made of 50/50 Polyestdtbn) after 25 wash/wear cycles, and
39% strength loss in the ‘washed only’ control cdetiand thus almost 90% of the total
damage was caused by wash process in this partzaga [Mohamed, 1982]. That's why the
period of life cycle of a garment during use canrépresented by the number of laundry
cycles for which a garment can be withstand in lgsabndition. The prediction of wear life
for a fabric in terms of number of laundry cyclesan enormous piece of work because of the

diversity of laundry practices such as: dissimilaater quality at different localities,
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dissimilarity in water temperature, washing load @tlunshi et. al, 1993] but still the
performance of a garment has been obtained in tefntise nhumber of wash cycles that a
garment could withstand before showing the firghssf damage and it was found that cotton

woven fabrics could be withstand for 30-50 waslupges [ Neelakantan, 1981].

1.2.2 Influence of laundry parameters:

A typical laundry process includes the followingges: - Loading of cloths, detergents and
water — wash mode-» draining— rinse mode» spin-mode. Each stage of a washing cycle
and related parameters have a contribution to bamge in dimensional properties of the

knitted textiledAnandet. al, 2002] [Figure 1.1].

| Spin

o @ Tumbling
24%0 Agitation
34%
O Rinse
159%6

B Tumbling Heat
1296

O Wash
15%0

Figure 1.1 Contribution of different washing stagesn change in dimensional properties
of knitted fabrics after 5 washing cycles [Anancet. al, 2002]
The agitation was found to have caused 34% of tiamges during laundering, followed by

the spin cycle during washing, which caused 24 ¥hefdimensional changes and distortion.

1.2.2.1Washing temperature:
Water affects the second order of glass transtgonperatures (@) of textile fibres. Some
typical dry and wet Jvalues for common washable fibres are give in @hll, together with

their recommended washing temperatures.
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Table 1.1: Principal dry and wet glass transition €émperatures for common fibres and

their recommended wash temperature [Bishop, 1995]

Fibre type Ty (°C) in dry air T4(°C)in Recommended wash
water temperature range (°C)
Cotton None before thermal <0 All temperatures up to 60
Viscose Rayon decomposition at ~ 200 <0
Cellulose ~ 180 ~90 Up to 40
triacetate
Cellulose ~ 180 ~ 60 Up to 40
diacetate
Polyester ~ 100 ~ 85 Up to 60
Nylon 6 ~ 56 Close to O Up to 60
Nylon 6.6 ~ 62 Close to O Up to 60
Acrylics 70-90 50-70 Up to 40
Wool None before thermal <0 Up to 40

degradation

The extent to which the laundry temperature afféloésphysical and dimensional properties
of the textiles depends on chemical and physicatsire of that particular fibre. The knitted
cotton fabrics were found to shrink more with irase in temperature while silk gave
maximum area shrinkage at 35°C [Quaynor, 2000]. infieence of laundry temperature on

handle value has been also studied for the fahridst was found that samples washed in hot
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water (60°C) were whiter, softer and smoother thHase laundered in cold water (21°C)

[Morris, 1970].

1.2.2.2Washing products formulation:

Washing products do significantly modify the phgsieffects of the mechanical action
applied during washing. Foam, generated by aggagurfactant solutions, cushions fabrics
against the beating and rubbing action, therebwaesl fabric damage. The volume and
guantity (bubble size distribution and stabilitf)tbe foam generated is of course dependent
on the surfactant and antifoam types and leveldl use given formulation, as well as on
product dosage, and the mode of mechanical adtishould be borne in mind that excessive
foam cushioning reduces soil removal as well asiimsging fibre damage [Bishop, 1995].
The effect of using detergent during laundry isimiad during the first five laundry cycles but
for prolonged wash ageing the use of detergent heaye significant influence on the

dimensional stability and fabric shrinkage [Higgetsal.,2003].

1.2.2.3Water hardness:

It has long been recognised that calcium and magme®ns, present in supply waters are
deleterious to laundry process. The precipitatibmnsoluble calcium and magnesium ions
results not only the waste of soaps and anionierdents, but these salts are often also
deposited on and bound to textile fibres, wherg thgld up to cause greying or yellowing
and the development of rancid, fatty odours orfabeic.

If the rinsing at the end of washing is carried wuhard water, hardness ions are invariably
bound to fibres containing carboxylic groups orestlanionic sites provided by dyes and
fluorescers. All fibres also carry dried-on hardnem from the last rinse into the next use,

wear and subsequent wash cycle. The hardness m@senp in washed textiles provide
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potential sites for the attachment of anionic sdising use. Especially in knitted fabrics the
deposition of high level of these ions can showeaH on fabric handle attributes like
stiffening [Bishop, 1995].

1.2.2.4Drying method:

In most countries, drying is still done mainly bgnlging the clothing in the open air (line
drying), but in western countries, drying is beingreasingly being done using tumble dryers.
In tumble drying fabric is further subjected to tinechanical action, which cause changes in
dimensional characteristics of the fabrics. Studieslaxation process of cotton woven and
knit fabrics have shown that tumble drying causesigr levels of shrinkage than line drying
in first few laundry cycles [Collins, 1939; HearlE971]. The level of shrinkage continues to
increase if the fabrics are tumble dried below redrmoisture regain [Higginst. al, 2001;
Leah, 1986]. Tumble drying is beneficial in redugithe level of wrinkling but it increases
damage to the fabrics as evident from the increisetbss as compared to line drying. The
over drying of the textiles in tumble dryer wasriduo be beneficial to the appearance of the
fabrics, with lower levels of wrinkling being exliigd after tumble drying for 45 minutes in
compared with 30 minutes [Higgies. al, 2003].

Tumble drying also has influence on handle of tbeyla knitted fabrics. Tumbled fabrics
have softer hand and a limper drape. It was aldednthat fabric hand would become

progressively soft if the fabric is tumbled at tesrgiures above 60°C [Brown, 1970].

The above discussion concerning the laundry paemsiethows that selection of laundry
parameters according to the type of textile is vergortant. Machine laundering left fabrics
with an uncomfortable hand as a result of harshhawgcal action and the removal of the
finishes applied on the fabric when the syntheatehents removed dirt and oil. Especially

for knitted garments, dimensions stability, deteximn, pilling, deterioration of fabric handle,
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and shape distortion, after laundering are percdeiwe consumers as caused for concern.
These consumer concerns suggest a need for impeoteim the care of textiles during
domestic washing. The household softening agemtscalled fabric softener or fabric
conditioner were introduced in market so that camsg can "refinish" their own textile

products in an attempt to capture the elusive bairdble fabric hand.

1.3 Fabric softener:

With repeated laundering, clothes lose some of threginal mechanical properties because of
the intense stress they experience during launglennd the textile fibres tend to entangle.
Through the drying process, the fibers remain agiéghand clothes become stiff. Textiles
made with synthetic fibers tend to get charged sitltic electricity during tumble drying
causing static cling [AATCC Technical Manual, 2018} a result of concerns related to
these issues of the textiles during laundry, texfinishing is accomplished in home
laundering with the goals of reducing the influenté&aundry by many available laundry aids.
A fabric softener is one such product designedtoease the consumer's satisfaction with the
wash.

Fabric softeners were introduced to the UnitedeStatarket in the early 1950s and 10 years
later in Europe to modify the hand and to restost physical properties of laundered clothes
[Ward, 1957; Simpson, 1958; Egan, 1978]. This tgperoduct is also widespread in Japan
and is still expanding and growing worldwide. Byating yarn and fibres with lubricants and
humectants, softeners make fabrics feel smoothasdfflexible by internal lubrication of the

fibres. The most appropriate definition for fals@ftener was given by Laughlin, 1991.

“Fabric softeners are the products which impart toclothing and fabrics a feel of handle

which is soft and pleasing during wear or use”.
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1.3.1 Types of fabric softeners:

Fabric softeners can be roughly classified in twaugs- nonpermanent softener which can be
removed fairly easily by every washing and the eremt softeners which still exhibit a
distinctly soft handle even after several washead&d A.K., 2007]. The fabric softeners used
during the laundry process are non permanent ti/febac softeners.

Technically, there are three types of fabric sadten They are classified according to the
electrical charge possessed by the hydrophilidgoxf the softener molecule. The softeners

are referred to as anionic, cationic, or noniorialjows H.B., 1965].
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Figure 1.2: Schematic orientation of softener on liire surfaces. (a) Cationic softener (b)
anionic softener (c) non-ionic softener at hydrophloic surface (d) non-ionic at

hydrophilic fibre surface [Schindler, 2004]

Cationic softeners orient themselves with theirippady charged ends toward the partially

negatively charged fibre (zeta potential), creaingew surface of hydrophobic carbon chains

that provide the characteristic, excellent softgramd lubricity seen with cationic softeners.
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Anionic softeners on the other hand, orient thewesewith their negatively charged ends
repelled away from the negatively charged fibrdas@. This leads to higher hydrophilicity
but less softening than with cationic softenerse ®hentation of non-ionic softeners depends
upon the nature of the fibre surface, with the bpdilic portion of the softener being
attracted to hydrophilic surfaces and the hydrophpbrtion being attracted to hydrophobic
surface [Schindler, 2004].

The laundry softeners can be classifiedhiree categories according to method of
applying softeners to textiles: - (a) water cyaéeners — softeners that are used in the wash
cycle, (b) rinse cycle softeners — softeners thatused in the final rinse, and (c) dryer sheet
fabric softeners — softeners that are used in yerd
The rinse cycle softeners were the first to appedéne market, followed by the water cycle
softeners. Rinse cycle softeners are the most pppuld the most effective way to soften the
fabrics. The dryer sheet fabric softeners, whi@fabric softeners saturated onto sheets of a
non-woven fabric or polyurethane foam, were intcatlto the market in the early 1970s
[Williams, 1982].

The effects of these three fabric softener treatsen softness and static electricity vary. The
rinse cycle cationic softeners formulated with g@ua&ry ammonium compounds yield the
highest softness, which make them most popularaaedptable category of fabric softener,
but they are less convenient to use because theyaddled into the final rinse process
[Baumert & Crews, 1996]. Wash cycle softeners hie $ame formulation of dihydrogenated
dimethyl ammonium compounds, need two to threedimere softener agents to reach the
same level of softness compared to the rinse afieners, which makes laundering more
expensive, and they also have the tendency to aexréhe cleaning properties of the
detergent used. However, wash cycle softenersareeaient to use because they are added

at the very beginning of the laundering processfokslryer sheet fabric softeners, they are
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convenient to use and yield the best anti-statmp@uties because of the formulation of
imidazolinium compounds used in the dryer typeeswdts [Williams, 1982]. However, dryer
sheet fabric softeners are less effective in softefabrics than rinse cycle softeners because

of erratic deposition of softener and less lubrazabn the fabric.

1.3.2 Mechanism of Fabric Softeners (Cationic type):

Liquid fabric softeners function by depositing ocaic active compounds or ingredients onto
fabric surfaces during the rinsing cycle is the mmspular category of fabric softener since
many years.

a) Chemical aspects:

The majority of commercial fabric softeners corsigif dispersion of dialkyl
guaternary amonioum salt which is characterizeéiyammonium group attached to one or
more long chain hydrocarbons (Hughes, 1965). Thefemed cationic fabric softening
compounds are those having two or more alkyl oer@jk chains each having an average
chain length equal to, or greater thaf) €pecially &-,salkyl or alkenyl chains connected to
a nitrogen atom.

Early fabric softener formulas were simple dispmrsof fatty materials like dehydrogenated
tallow dimethyl ammonium chloride (DHTDMAC) bettenown as quaternary ammonium
compounds or quarts.

Later on quaternary ammonium salts containing egteups have replaced traditional
cationic surfactants in fabric softeners. In 19&Sterquats based on triethanolamine (TEA)
were patented for use as fabric softener [Casanb®&)]. The new generation of fabric
softening agent combines a good environmental lprefith the structural features required
for an effective fabric softener [Mishra and Tya207]. The ester- amide quaternaries have

certain advantages over all the conventional addyeheration cationic fabric softeners such
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as easier preparation, cheaper raw materials, lertéiodegradability, OECD approval, and

ease of formulation etc [Mishra and Tyagi, 2006].

TR2
(R'):3N*—(CHz),—CH X
(CIH),,, TR2
wherein T 1s
I i
—0—=C or cC—Oo—;

Figure 1.3: Ester softening compound [Boardmaet. al, 2008]

One preferred type of ester softening compounché@vs in Figure 1.3. Each’Ryroup is
independently selected from ¢; alkyl or hydroxyalkyl or G4 alkeynyl group; wherein each
R? group is independently selected from.galkyl or alkenyl groups, Xs any suitable anion
including a halide, acetate or lower alkosulphate, isuch as chloride or methosulphate
[Boardman et al., 2008].

b) Deposition at fiber surface
The physical arrangement of the usual cationiceseit molecules on the fibre surface form

close-packed monolayers or multilayer is shownigufe 1.4.

Hydrophobic part of softener molecule

ORI gy :

Figure 1.4: Schematic ontation of cationic softener on fabric surface
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Their hydrophilic parts containing quaternary amion adsorb readily on negatively
charged fiber surfaces. The long aliphatic chanestlaen oriented towards the outside of the
fiber which act as excellent boundary lubricantsMeen yarns and fibers [Linfielast. al,

1958; Prasad, 2007].

A typical rinse conditioner consists of a concetetladispersion of gel phasegflparticles in
water. These positively charged liposomal partices attracted to the negatively charged
fabric surface. As the fabric is removed from téuson, the water dries from the surface,
resulting a thin layer around each fibre. As dryoogtinues the air-water interface is ruptured
by the deposited particles. Softener moleculesasbrapidly from the air-water-particle three
phase contact line across the air-water interfactha interface moves past the particle. The
softener molecules form a well ordered Langmuimfiat the air-water interface. As the
remaining water supporting this monolayer evapdiatthe surfactant molecules are

transferred as a well ordered film to the fabridate [Konget. al, 1997].

Ultimately, the effectiveness of a fabric softereedependent on the amount that is adsorbed
onto a fabric surface. Rinse added softener tagiglivery of 0.2-0.25% of softener active
ingredient on weight of fabric [Bishop, 1995]. Witiptimal conditions, most of the fabric
softener (up to 80%) is adsorbed onto the fabnitasa thus producing the desired softening

and anti-static properties [Obendorf, 2009].

The adsorption level of the cationic surfactants different fibores has been reported in
following descending order: - Wool> rayon> cottorpolyester > acrylic [Schindler, 2004].
But it is still difficult to predict the adsorptidevel of the softeners on the textiles surface as
it depends on factors like fiber type, constructitype of yarn used and textile parameters,

laundry conditions etc.
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A microscopic study of distribution of laundry fabsoftener on cotton fabric shows that the
fabric softener was distributed throughout the amttibers with higher concentrations of
fabric softener observed in the lumen and crerarathan in the secondary wall and non-
crenulated fiber surface. This distribution of fabsoftener is consistent with deposition on
both external fiber surfaces and internal fibrirfanes. The deposition and final surface
coverage is strongly dependent on the pH valude@ftashing medium. Repeated treatment
cycles with fabric softener using a higher pH waghnedia resulted in higher concentrations
of fabric softener on and within the cotton fibeéxgutral or lower pH washing media resulted
in a somewhat constant concentration of fabrices®it on and with cotton fibers with
increased number of treatment cycles. Differenceparception of softness of the treated
fabrics are not explained by differences in disittiln of the fabric softener; it appear that
there is an optimum amount of softener to achidwe desired sensory response and that
further deposition buildup does not increase pdaroef softness [Obendorf, 2009].

The evenness of application appeared to be retatslbw rates of exhaustion. Evenness can

be demonstrated visually by a bromo-phenol blumisig technique [Linfield, 1958].

Fiber characteristics such as molecular structgigface energy, surface and internal
morphology, capillary structure, and fiber packinghe yarn structure play an important role
for the adsorption of fabric softeners during tlandering process. Cationic softener
deposition is a combination of two phenomena- mdécion attraction which depends on
electro-kinetic properties of textiles and physiadkorption which depends on the moisture
transmission behavior of textile. Electro-kinetieddiquid uptake of textiles are represented

by the parameters Zeta-potential and liquid absmr@bility respectively.
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1.3.2.1Zeta-potential:

The electrokinetic surface properties of a solidtanal (fibres) are generated by the
electrochemical double layer (EDL), which existsha phase boundary between a solid and
solution containing ionic moieties in which theiddk placed. The net charge at the surface
of a material in contact with a polar medium is g@med by three processes:
association/dissociation of surface chemical groupdsorption of ionic species, and
dissolution of ions from the material into the d@uo [Ribitschet. al, 1998].

Zeta potential is the electrical potential at thea plane between a charged surface and a
liquid when moving with respect to each other; thigs explained by Stern by his double

layer model for negative surface charge [Hunte8119
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Figure 1.5 Distribution of ions around a charged pdicle [Bioresearch online, 2005]
Figure 1.5 shows a schematic detailing the distidbuof ions around a charged patrticle in
solution. The layer closest to the surface of thaged particle is composed of condensed or
absorbed counter ions. The outer boundary of tysrlis defined as the Stern layer. The
second layer is composed of ions that diffuse wWithcharged particle. The boundary of this
layer is defined as the slipping plane, and ithis summation of charge within the slipping

boundary that defines the strength of the eledtimstinteraction, i.e. surface charge +
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absorbed ions + diffusing ions. The charge or edstatic potential at the slipping plane is

defined as the zeta potential.

1.3.2.1.1 Determination of Zeta-potential:

The zeta potential can be determined by four kiofdsneasurements- 1. Fall potential 2.
Streaming potential 3. Electro-osmosis 4. Catagdisr[Harris, 1958]. The zeta potential
measurements of fabrics are made by measuringtriéengng potential [Guet. al, 2009].
The determination of the streaming potentials, Wtace produced by the electrical fields set
up when a liquid flows past a charged surface,cateés the nature of the surface charge
[Capablanca, 1986]. Various studies had been choué related to zeta potential of cellulosic
fibres, wool and synthetic fibers and the negatreta potential for all these fibres was
reported [Algieet. al, 1974; Bismarcket. al, 2002; Bellmann, 2004; Hubbe, 2006]. The
importance of the zeta potential for interactioP&8T fibres with composite materials and for
modification of surface properties has been alsestgated [Campagnet. al, 2002; Teli,
1995; Stephet. al]. The zeta-potential of textile fibers at neup#l is given in Table 1.2.

Table 1.2 Zetatpatial of textile fibres [Jacohasch, 1969]

Fibre Zeta-potential (mV)
Viscose-Rayon -22
Glass -28
Nylon-6 -33
Cellulose triacetate -37
Polyester -52

The natural fibres have the smaller hydrophilicrelater and they are less reactive than the

regenerated ones, so the zeta-potential of costdinel highest. It has been found that even if
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electrostatic interactions are not the driving &rahe surfactant adsorption can be
investigated, due to the changes in the net sudheeges during the adsorption process. It
can be assumed that the surface potential is massiyonsible for different kinds of solid—
liquid interactions. The cellulose fibres are negdy charged due to the adsorbtion of
hydroxyl-groups. The adsorption of water or eldgte solutions causes an interfibrillar
swelling of the surface layers and so the sizénefdctive surface is increased, but the nature
of ionic species should not change. The swellisglitcauses a reduction in zeta-potential
because of the shift of the shear plane into theidi phase and can therefore be used for
characterization of the accessibility of the iogwups by means of measured pH- zeta
potential functions [Stana-ket. al, 2002].

This negative zeta potential of the polyester filwaelated to the presence of carboxylic
groups (-COOH), which dissociate in basic pH in gresence of the electrolyte solution

[Benistant, 2010].

—CFCOOH —©'—COO-

PN

/\1/COOH L-coo”

Figure 1.6 Dissociation of carboxylic groups in bas pH [Benistant, 2010]

It can be assumed that the surface potential islgneesponsible for different kinds of solid—

liquid interactions. Electrokinetic potential ofethfibre surface is an appropriate tool to
describe the purification of textile fibres and tihéeraction properties that are modified by
different textile finishing processes [Gonzales-&lkdvo, 1988; Espinosa-Jimenez, 1991,
Ribitsch, 1996].

The above studies show that the zeta-potentiabbas used to study the deposition of textile
finishes still there are no studies about the arilce of electrokinetic properties on the

interaction between fibres and laundry softendriat been found that even if electrostatic

-24 -

© 2011 Tous droits réservés. http://doc.univ-lille1 fr



Thése de Gaurav Agarwal, Lille 1, 2011
Chapter 1 State of the art

interactions are not the driving force; the sudattadsorption can be investigated, due to the
changes in the net surface charges during the @tetsomprocess. In this thesis, influence of

zeta potential on laundry-softener deposition v@sgtigated.

1.3.2.1.2 Interaction of Zeta-potential with softener:

Zeta-potential of the fibre depends on the pH, tedége concentration and the surfactant
presence on the surface of the fibre. Anionic safats increase negative zeta potential, the
effect increasing with increase in effective carlabrin length up to an optimum. Cationic

surfactants decrease negative zeta potential arsiffitient concentration can change the
sign of the charge. Nonionic surfactants exhibislight cationic effect on zeta potential

[Harris, 1958].

1.3.2.2Liquid up-take by textiles:

The second phenomenon involved in liquid softergrogition on the textile is liquid up take
behavior of a textile. In this respect, total amooh the liquid that can be absorbed is
important and also the speed of adsorption prodagqsid uptake into a material involves
many processes and parameters. Initially, the gsooé wetting, the exchange of a fiber air
interface with that of a fiber liquid interface, stuake place. Directly resulting from wetting
is the contact angle. The contact angle has beanrsto play an important role not only in
the determination of whether a liquid from an iitenreservoir will penetrate a material, but
also in determining the rate of liquid flow withthe material and the amount of liquid
absorbed into the material. If the contact angless than ninety degrees the liquid will begin
to flow into the material. If this flow is spontames, i.e. no outside pressure difference
resulting in the imbibition of the material, thdretflow is referred to as wicking [Kissa, 1996;

Perwuelz, 2000].
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When liquid comes into contact with fabric, theuiid) starts to rise in capillaries to an

equilibrium height {,,), which can be expressed by Jurin’s law [Kawetsal, 1986].

_2 ycosd
reg

(1.1)

€q

If water density is considered as 1 gmidimen:
Weq = ‘9(1X2heq

Where: w,,= weight of liquid at equilibrium, p=Liquid density, y= surface
tensiong =Porosity x, and x, = dimensions of the lower base of the fabric laye¥, pore

radiusg= Contact angle.

The equation (1.1) shows that contact angle anc padius are two key parameters,

responsible for the liquid transmission througHites.

1.3.2.2.1 The influence of various textile parameters on ligid transmission through

textiles:

The pores within the structure are responsibldiduid flow through a material and the size
and connectivity of the pores in the fabric influenhow fast and how much liquid is
transported through the material. The porosity afaerial is defined as the fraction of void

space within the material [Hsieh, 1995].

The liquid adoption capacity and diffusion rate elegs on the fabric characteristics like, fibre
type, blend ratio, fibre fineness, cross sectigtape of the fibre, yarn compactness and

fabric structure [Set. al, 2007].
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The wicking mechanism of knitted fabrics has be&so anvestigated and saturated and
unsaturated regions were defined. It was obseivai] during the initial wicking period, the
liquid fills the loops of the knitted fabrics anlden there is a small area in the leading water
front where liquid travel along the yarns. With taps of wicking time, the liquid transport in
the inter-yarn pores tended to cease because dialaece between gravitational force and
capillary force. However, liquid continued to trhva the intra-yarn pores due to high
capillary pressure until the equilibrium betweenawfational forces and capillary force was
reached in this region. Thus, there formed a stdraicking zone where liquid filled both
the inter-yarn pores and intra-yarn pores and aatunated wicking zone where liquid filled

only intra-pores in vertical wicking [Zhuargg. al, 2002].

1.3.2.2.2 Influence of fabric softener on liquid up take phemmenon:

The influence of fabric softener on the liquid spartation through textiles has been studied
a little before. Use of fabric softener makes hythibic fiber like cotton more hydrophobic
and water repellent. It decreases the water abgpapacity of the fabrics and increased its
contact angle [Kawasst. al, 1986] [Aycocket. al, 1972].

The experimental results of wicking with n-octar®wed that fabric conditioners do not
influence the absorption capacity of the fabriclizating that the physical parameters of the
fabric, such as porosity and pore size are notgdtby the use of fabric conditioner. On the
other hand there is pronounced effect of the fatwiditioners on the wicking rate. There is a
large reduction in the wicking rate when using osiomal fabric conditioner but not
significant effect when using the isotropic forntida. This clearly shows the importance of
fabric conditioner type and indicates that conditig of cotton does not necessarily change

the wettability and resulting wicking rate of trabfic [Mareeret. al, 2002].
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1.3.3 Effects of fabric softeners on fabric properties:
The effects of household fabric softeners on tegthave been studied in various areas, such
as, fabric weight, fabric strength, dimensionabsiiy, wrinkle recovery, pilling, whiteness,

hand, static electricity, odor, absorbency, flamititgband stain release.

1.3.3.1 Effects on fabric weight and fabric strength:

The effects of three fabric softener treatmentstlum properties of three types of flame
retardant finished woven cotton fabrics after 7Gnlkdering cycles was investigated by
Simpson and Silvernale. The three fabric softemegse different in their formulation for
adding during wash cycle, rinse cycle or dryer geocess. The results regarding fabric
weight showed that, after 75 launderings, the tatvaated with the dryer spray softener lost
weight, but both rinse cycle softener and washecgolftener resulted in gaining weight. The
authors also examined the effect of fabric softermr tensile strength. The results showed
that the laundering without softener and the usthefdryer spray resulted in better strength
retention in the warp direction than the launderimgh the rinse cycle or wash cycle
softeners. For the filling direction, the laundegriwithout softener resulted in better strength
retention than the use of softeners [Simpson alvér8ale, 1976].

These results were similar to the study of Chiwest# Crews (2000), which found that the
tensile strength of the cotton flannel and polyegteven fabrics decreased significantly after
the fabrics, were treated with rinse cycle soften@he authors suggested that the lubrication
of the softener on fibers increased fiber mobiligsulting in weak spots and fiber slippage,
which caused yarn to break more easily and redubedtensile strength of the fabric

[Chiweshe and Crew, 2000].
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1.3.3.2Effect on dimensional stability:

The effect of fabrics softener on dimensional ditgbof the fabrics was found contradictory
in the literature. It depends on the type of testil

The washed flame retardant fabrics without a seftamd with the dryer spray show a higher
degree of shrinkage. The rinse cycle softener dmed wash cycle softener gave better
dimensional stability in both the warp and fillirdjrections of the fabric. The authors
suggested that the application of wash cycle amsercycle fabric softeners helped stabilize
the fabric and minimize the shrinkage of the tedtathe retardant-finished cotton fabrics
[Simpson and Silvernale, 1976].

This result was consistent with the study condudtgdKaiser and Riggs (1980), who
investigated the effects of wash and rinse cydbei¢asofteners on the dimensional stability of
fire retardant flannelette fabric and tricot fabioc use in children’s sleepwear. The findings
showed that the rinse cycle softener provided thestmfavorable results regarding
dimensional stability for flannelette fabric. Thetlaors suggested that the rinse cycle softener
might leave some form of film on the warp yarns ebhprevented progressive shrinkage to
some extent. However, they found that the tricbtitawas not stable in dimension after the
treatments of wash and rinse cycle softeners. Aifsignt shrinkage was observed in the

course direction of the fabric [Kaiser and Rigg33Q].

1.3.3.3Effect on wrinkle recovery:

The inclusion of rinse cycle and dryer sheet fakotteners influenced wrinkle recovery of

the 100% cotton and the polyester/cotton wovenidabwith and without the durable press

finish after three laundering cycles. The authoseduthe recovery angle test method and
found that rinse cycle fabric softeners markedlproved wrinkle recovery angle in most test

fabrics. The dryer sheet fabric softeners only ifigantly improved the wrinkle recovery
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angle of the 100% cotton broadcloth without a dlgradvess finish, and showed no effect on
other fabric types. The authors suggested thatthesults were possibly caused by non-
uniform application of softener from the dryer sh¢@aumert and Crews, 1999].

The results from the Higginst. al. were not the same. They reported that use of cgske
softener during laundry increases the amount ofkiing after line drying. It was claimed
that when liquid softener is applied during rinsieygle, fibres and yarns are at their most
swollen state, and are jammed against each othimwhe fabric structure. It is possible that
cationic softener forms a coating that spreadssacttoe adjacent fibres and holding them in a
more rigid configuration. This may “lock in” wrings that have formed in the wet fabric;
without the action of tumbling to break these lqckss causes worse wrinkling after line

drying [Higgins et al., 2003].

1.3.3.4Effect on pilling:

The effect of softeners on pilling is inconclusesed contradictory in the literature. Smith and
Block stated that fabric softeners may sometimesffeetive in reducing pilling, since they
lubricate the surface of the cloth and reduce tirasave forces. On the other hand, they also
promote the migration of fibers within spun yarrespecially synthetic fibers, so this
technique is not always effective [Smith and Blot882].

Niemann and staff members of the Hosiery and Alliehdes Research Association
(HATRA) who studied the effect of household softsnen pilling found that an overdose of
fabric softener increased fabric pilling [HATRA, 84 Niermanret. al, 1986].

Peberdy also reported that cationic fabric softeremit inter fibre friction and tapering
entanglements of fibres which can result decrease pilling of the fabrics [Peberdst. al,

2008].
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Further more Chiweshe and Crews reported that hestemination of the specimen showed
that the softener treatment perceptibly influenttexlsize and nature of the pill formed on the
cotton flannel fabric. Specifically, cotton flannaundered with rinse cycle softeners tended
to form bigger and softer pills than the specinreated with dryer sheet softeners or without
fabric softeners, which formed smaller and hardéls.pHowever, when the researchers
analyzed the experimental data statistically, tlelynot find a significant difference in the

effect of softener treatment on pilling ratingsm@ar results were found with cotton jersey,

cotton interlock knit, and cotton/polyester jersiyprics. The authors also indicated that
softener dosage had no significant effect on theusnhof pilling or on the size and nature of

pills formed on cotton flannel and cotton interldakt [Chiweshe and Crews, 2000].

1.3.3.5Effect on fabric-hand:

Daukantieneet. al. showed thatcyclic washing causes the deterioration of textiEnd
parameters. A significant deterioration in textiend was observed after 20 washing cycles.
Fabric finishing with chemical liquid softeners wificantly influences the slower
deterioration of the hand parameters during theotiiee fabric [Daukantienet. al, 2005].

The influences of softening agents on yarn pull foute of a plain weave fabric had been
investigated. It was found that softening treatmeadluces the inter yarn adhesion at cross
over and inters sliding friction by 40%. The usdaldiric softener also reduces shear modulus
and pull-out yarn tensile modulus by approximat&o of the original value [Sebastiah

al., 1986]. The study by Sabia and Pagliughi showatlKlawabata Evaluation System (KES)
is sensitive enough to discriminate between diffedasses of the silicone softeners [Sabia
and Pagliughi, 1987]. We found limited literatune the influence of laundry softener on the
fabric-hand. In this thesis the influence of falsaftener on textile hand as a result of change

in mechanical properties is presented.
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The change in consumer perception with respecextle-hand can be evaluated by the
sensory evaluation. Hence in the next sectionjed mtroduction of sensory evaluation and

it's importance in textiles is being represented.

1.4 Sensory evaluation:

Sensory engineering was founded in Japan 30 yegararad defined as Kansei engineering or
Kansei ergonomics. It can be applied to investighte relationship between customer’s
feeling and demands with product function and apeze. This technique has been widely
used in consumptive products development to meetrdnd of market change towards the

consumer oriented [Mitsuo, 2002; Wagig al, 2008].

“Sensory evaluation can be defined as a scientifidiscipline used to evoke, measure,
analyze, and interpret reactions to the characteriscs of products as they are perceived

by the sense of sight, smell, taste, touch, and e’ [ Stone et. al, 1993].

Initially, sensory evaluation analysis was devetbfr studying the reaction of consumers to
certain characteristics of food products. Theseti@as are generally in the form of scores
given to attributes or descriptors perceived in thed stimuli. Based on the success of
sensory evaluation in food industry, this resedogic has been recently developed in other
industrial areas for characterizing quality of prots and providing new design criteria and
sales arguments. Nowadays, apart from food indusamgsory evaluation is widely used in
the fields of cosmetic industry, textile industghemical industry, packaging techniques,
sportive products design, and automobile industnall these industrial sectors, automobile
industry plays some leading role in the developmehtsensory techniques in product
evaluation. In many big international automobileups can be found research department

specialized in characterization and aggregatiothefreactions of customer’s five senses to
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different part of automobiles. The results of tmslti-sensory study are taken into account in
the new design of personal cars for supportingietfit, safe and comfortable travel [Zesitg
al., 2008].
There are four basic elements of sensory evalua@galuation product, evaluation panel,
evaluation target, and evaluation environment. Tdevelopment of an attribute list,
description of the attributes and panel training #re crucial steps of descriptive sensory
evaluation test [Philippet. al, 2004]. According to different cases of thesedextsensory
evaluation can be divided into two levels [Zeztgal, 2004];

» Design oriented sensory evaluation (DOSE)

* Market oriented sensory evaluation (MOSE)

DOSE and MOSE

Design oriented sensory evaluation is done byddhpanel composed of experienced experts
or consultants in the expertise of judging indastgroducts on a number of analytical and
non-hedonic linguistic descriptors in a control@dhluation environment, such as evaluation
laboratory. The evaluation target of design oridrdensory evaluation is to obtain the basic
sensory attributes of products to improve the dyali product design and development. It is
necessary to interpret the relation between difteganels. This relationship is generally
determined using a genetic algorithm with penattategy. It can be considered to be a
dictionary for understanding between different panbsing this dictionary, an evaluation
term used by one panel can be transformed intmoseveral terms used by another panel. It
will be very helpful for solving commercial conflssbetween producers and consumers at the
level of understanding of evaluation terms (B2B:siBess to Business). Market oriented
sensory evaluation is given by untrained consunamels using analytical and hedonic
descriptors according to their preference on tluelyets to be evaluated in an uncontrolled

evaluation environment such as super markets. Maduaion target of market oriented
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sensory evaluation is to obtain the preferenceasdegf consumers in order to forecast market
reaction to the evaluated product. Afterwards tlg iksue is to compute data provided by a
DOSE in order to forecast the consumers preferdd2€:Buissness to Consumer) assuming
the data are obtained for a precise context andisador the industrial product, since sensory
evaluation is context dependent. Now a day’s senewaluation is widely used in industry

especially for quality inspection, product desigmd anarketing. It is also concerns other
specialized areas such as risk evaluation, invegtenaluation and safety evaluation [Koehl

et. al, 2005].

1.4.1 Sensory evaluation in textiles:
The textile sector is also not untouched by sgnserluation. When a person runs their
finger across the surface of a fabric, or when raget out on a shopping trip for clothing
where we engage in a selection process that ingdlweching and trying on clothing, a
complex multi-sensory, emotional and cognitive epee takes place. A memory is stirred,
an emotion, feeling and association is evoked adélcgsion is made, an impression becomes
embossed in the mind. When we shop for clothesel@mple, this eruption of activity
extends itself into a manifestation of building astelvelopment of the ‘self’. Decisions and
motivations are based on anticipated reality ofgremce, personality, emotion and moods,
for audience or non-audience participation.
In the textile/garment industry, fabric evaluatisrperformed in two ways:

» Subjective Evaluation

* Objective Evaluation
Fabric evaluations carried out by people (subjeats)usually called subjective evaluations,
whereas evaluations made by using instruments ¢ts)jare called objective measurements.

The objective evaluation is performed by measudarsgget of physical parameters on fabrics;
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particularly the mechanical parameters on KES (Kmte Evaluation System).These
parameters include tensile properties, bending estigs, shearing properties, compression
properties, surface properties. In contrast Kim ®adghan applied an alternative method to
selecting properties to be measured among all peEae1measurable in a textile laboratory,
they focused on those whose correlation coefficiefth subjective assessed sensory
evaluation of fabric hand were higher than an eabyt critical value [Kim and Vaughan,
1979]. This method had the advantage of takinghtirean factor into consideration, but it is
well established that subjective human judgmentsigbr uncertainty and bias into
conclusions.

Pan and Zeronian were combining principal comporaeatysis with D-Optimal method and
have proved that 16 parameters measured by KESystBrs give data overlap. They have
extracted nine parameters that give sufficientattarization of fabric [Paet. al, 1993].

Tester and De Boos reported that “for routine mesaments and applications of those fabric
objective properties particularly relevant to inolys only a fraction of the information
obtained from KES system was required”. The CSIR@ustralia developed its own routine
fabric measurement system named FAST (Fabric Assarédy Simple Testing). This is a
much simpler system compared with the KES and nmedswer parameters (Tester and De
Boos, 1990].

The surface properties of the textile in contexthvouch-handle have been measured using
different devices. KES surface and friction testeES-FB4) and Textile Friction Analyser
has been used to reproduce the friction of a figech on a fabric [Ampureo and Derler,
2002]. Ramkumaet. al.developed a polymeric human finger sensor withisealshape and
contours to measure the frictional properties oftiles and to evaluate frictional feel

[Ramkumaret. al.,2003]. Bueno et. al. proposed a non-contact ngetbastudy the state of
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the fabric.This method gives roughness—friction criteria, ldage the principle of a “blade-
disc” type tribometer, where the analyzed surfad@eé disc [Bueno et. al., 2000].

The literature shows that objective-evaluationesttite-hand is still a area to be explored. In
this thesis, in chapter 4, we will define trackoigeria to select the most relevant mechanical

parameters to predict the textile-hand.

There are two fundamental psychological dimenstbascomprise all sensation produced by
contact of clothing fabrics with the skin. The ficualitative (descriptive) and relates to the
specific sensory quality or attribute that is bepggceived, e.g., roughness, stiffness etc. The
second is quantitative (intensive) in nature ardtes to the perceived magnitude of the
sensation, e.g., very rough, slightly stiff etc.tlBaimensions of experience are involved in
the perception of fabrics on the skin, and the lpggtysical methodologies used to identify
and define these dimensions are critical factotsrdening the validity of the data and the
conclusions that can be drawn from them [Cardsfll@l, 2003].

The sensory study of textiles started in 1926 andtill continuing today, not only by
consumerdut is also used in textile production units foabfy assessment [Bishop, 1996].
There is no standard technique for the sensoryuatiah of the textiles, but still it can be
classified in two groups: (a) Creating a sensorglation scale and comparing the samples
using it (b) ranking the samples by paired comparigSularet. al, 2007]. Harada tried to
describe different fabric attributes and transl#tem into ordinary terms used by the
consumers [Haradet. al, 1971].

In sensory evaluation of textiles, the establistohghe list of attributes is crucial. Attributes
should account for consumer’s perceptions and laengtood by professionals for efficient
communication. The most appropriate attributesféturic description from the terminology
associated with both experts and novices was seldzy some of the researchers. It was

found that perceptive organization of the handlehef fabrics was similar regardless of the
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level of expertise; It was found that the most vatdg dimensions of the haptic space were
labeled: soft harsh, thin thick, supple stiff shdwthat these terms may have a high
communicative value and that they should be consttlas core descriptors to be included in
fabric description [Soufflet. al, 2004].

Still some of the researchers have reported tival lef expertise plays an important role in
sensory evaluation of the textil&Sck et. al. studied subjective handle assessment and used a
panel of 199 judges. They were divided into twoup® based on their academic and
industrial experiences in the textile and clothindustries: people who had less than five
years of experience and people who had five or nya@s experience in the clothing
industry. More experienced judges exhibited a higlexcentage of significance and gave a
higher level of overall agreementifk et. al, 1995].

In the work of Cardellet. al. a standardized hand evaluation methodology waskekefor

its sensitivity and reliability and used to chaesize military fabrics. Panelists participated in
a six-month training program that consisted ofnirag in the basic methodology and
operational (manual) evaluation techniques emplogetie Hand-feel Spectrum Descriptive
Analysis method (HSDA). In order to assess thabdlty and sensitivity of this method, they
conducted a test-retest reliability study at thenpletion of training and to assess long-term
reliability, two fabrics were tested again six nmotdter. They concluded that in conjunction
with the panel training program, result in a sepg@nd evaluation method is highly sensitive
and reliable over extended period of time [Cardetlal.,2003].

The improvement in tactile feel of the fabric bypAgation of various chemical products has
been recognized for many years. In the study ofifpla et. al, seven finishing treatments
were selected and applied to the same woven ctdtoic, and the sensory profiles showed
significant differences between the touch of tleatied fabrics and that of the non-treated one.

The effects of finishing products were in accordamith the manufacturers' technical
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specifications and with the finishing industriadisexpectations. The major advantage of this
technique is that it provides a quantificationteése modifications [Philippet. al, 2004].
Already significant research had been done on #msa@y evaluation of the textiles for
different applications [Holliegt. al.,1979; Winakoret. al, 1980; Paek, 1983; Hardd. al,
1997; Sular and Okur, 2007]. It can be summaribad $ensory evaluation represents a real
perception of consumer towards the textile produdtit is always associated with lack of

consistency and standards.

1.4.2 Difficulties in sensory evaluation:
In sensory evaluation, the main difficulties canrsbenmarized as follows:

* For an individual, the evaluation of sample (in muical score or linguistic
expression) gives a relative result depending am ¢bmparison with the other
samples. This score is significant only for onec#fpe set of products and for one
particular individual. It is not normalized in argal background.

* The terms used by different panels in an evaluati@not normalized either. Each
panel uses its own terms. Even if they use a comtaon, its significant is not
necessarily the same for them.

* In the same panel, the used terms are generallyigdé However, the scales and the
upper and lower bounds used by different individwak often different, which should
be unified to the same scale so that the aggregaiesbry data for the panel could be

obtained.
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1.5Relationship between objective tests and sensoryauation:

As mentioned above, on one side, sensory evalugti@s the idea of consumer perception
towards fabric handle but difficult to use becaatéck of consistency and standard. On the
other side, by standard objective test, we canimbdaset of precise quantitative data
describing the fabric hand but their relationshiphwveonsumer perception is not completely
discovered. Secondly, objective parameters aresredsi define and can be correlated to
material and process parameters. It was reportddite hand, liveliness and shape retention
of fabrics are controlled in a large measure byb@rfproperties: the initial stiffness, the
change in stiffness as the deformation of the Isadcreased and the recovery behavior when
load is removed [Hoffman and Beste, 1951].

In developing objective fabric hand measurementeaehers have faced two major
problems: how to measure fabric hand, which issaltef various mechanical properties, and
which physical properties should be measured t¢ t@ect hand. Hand is influenced by
flexibility, compressibility, foldability, stretcHality, pliability and surface friction. Some
researchers suggest measuring all of these prepddi determine hand. Other researchers
propose instruments to objectively assess hantetelmechanical properties believed to be
related to subjective ratings and preference of$@gnattributes. [Alley and Mchatton, 1978;
Kawabata, 1980; Bahery, 1986; Tester, 1990; Paad.e993].

It was found that extraction method (by measurimg friction and force required to extract
the fabric through a slit) is an effective method évaluating overall fabric hand. It is used
for qualifying any changes in hand resulting fromffedent weave structures or from the
presence of finishes or wetness. Hand measured thith method may more closely
approximate what human hands may actually feel amtrast with other objective
measurements of hand-related physical propertiesother words, fabric hand values

measured by the extraction method represent ovieaaldl, not as one individual aspects of
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fabric hand (e.qg., friction resistance, roughnégsjbility, and other related properties), but
overall hand determined by a combination of variphgsical properties [Kim and Slaten,
1999]. Sular and Okur suggested a practical soiut predict fabric handle by using simple
laboratory instruments. To predict total handleugala two staged prediction procedure was
suggested. The first stage was to calculate a m¢&f handle value (THM) by using
subjective evaluation results of primary handleritaites called handle components
(thickness-thinness, stiffness-softness, roughngs®othness). In the second stage, §HV
was used as a dependent variable to predict tatallé from objective measurements, termed
THVog; (0Objective total handle value). The higher cotiela coefficients between objective
test results and THA¢ were interesting in comparison to the correlatoefficients between
objective test results and TH\s;values [Sular and Okur, 2008].

The relationship between friction and the tactilepgerties of woven and knitted fabrics had
been investigated. The investigations were madegugibjective tests such as the prickle test
and the touch assessment with the thumbs and abjegtive tests such as the TFA (Textile
Friction Analyzer) and the KES for woven and krdtteabrics. For knitted fabrics the rank
correlations between friction and touch propertvesre systematically higher. This was
attributed to the surface structure of the knifigatics. Principal component analysis showed
that other parameters such as hairiness, bendasgs Weight and thickness play an important
role in these relations. In the study it was idedi the difficulties in evaluating the touch
properties of fabrics with subjective tests: profdesuch as repeatability, consistency of the
panel subjects, or scaling of the properties havbet dealt with in order to have a reliable
assessment. The paired comparison method has provezia good method for quantifying
the properties of fabrics while overcoming soméheke problems [Bertawet. al, 2007].

Many researchers had already reported that consumer consistently able to detect

differences in some mechanical properties of kratsgsh as lateral compression and fabric
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stiffness, through the subjective assessment ofhtolrhe principles of the instrumental
measurements of these properties are considerbeé the same as situation arising when
consumers handle fabrics. Hence, the existence stfamg positive correlation has been
reasonably reported between the sensory assessimfatiric stiffness and the instrumental
measure of fabric bending rigidity, the sensoryeassient of fabric thickness and the
instrumental measure of fabric thickness etc. [Ogsst. al, 1989; Cheret. al, 1992; Hallos

et. al, 1990; Jacobseet. al, 1992; Kim and Piromthamsiri, 1984, Jeguietmal, 2010].

On the basis of the above research Alinghaal. assumed that a difference in a mechanical
parameter can be linearly related to differencdécorresponding sensory quality as follow (
table 1.4):-

Table: 1.4 Relevant mechanical and sensory paramegeg/Alimma et. al, 2000].

Mechanical parameter Sensory Attribute
Bending rigidity (B, gf.criycm) Stiff/pliable
Fabric thickness Thick /thin

(T, mm, at a pressure of 50 gf/gm
Compression energy (WC, gf cm/QmEMC (%) and WC/ T soft/hard

Coefficient of friction Sticky/slippery

Alimma et. al defined coefficient (K) to convert the sensory difference of two fabricéan
the corresponding mechanical property difference:-

Xi®'= Xic (1+ Kix; )
Where i is the mechanical parameter to be meadwesensory test,X;*"is the estimated

value of the mechanical parameter i of the samplieet measured by sensory tegt,is the

instrumentally measured value of the standard aisltke difference (grade) in the sensory
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test of the mechanical parameter i between the lgatobe measured and the standard. The
results of the sensory measurements for the machamécal parameters are as follow- The
estimation of fabric thickness by the sensory methields are most accurate results. Fabric
thickness can be effectively estimated by choo#iiegvalue of K within the range of 0.2-
0.3. The estimation of fabric bending rigidity ifegetive but Kz values tend to be higher,
ranging from 0.3- 0.5. Compressibility WC relatedhwfabric softness can be estimated
effectively by choosing k& values within the range of 0.2-0.4. The coefficiehfriction can

be estimated when K is 0.2 [Alimned. al, 2000].

The relation between the magnitudes of instrumentdsurement and subjective assessment
of the surface topography of three series of plagave, weft pile and knitted fabrics was
reported by Ajayeiet. al. It is found that the surface feel of fabrics i$luanced by the
number, height and relative variation of surfacpea$ies. In woven fabrics, a systematic
increase in yarn sett greatly altered the perighl®yandaries and hence smoothness of fabric
surface. The tactile smoothness of cord fabricenflsenced by the number, height and
variation of heights of the fiber piles. SurfaceZiness and number of detectable ribs appear
to govern the smoothness of knitted fabrics. Maglatestimation and surface contour causal
factors such as number and height of irregulartaselate linearly [Ajayet. al.,1996].
Furthermore, numerous methods have been used ddicing objective fabric hand or for
correlating the objective measurable parametetheofabric with feel sensory attributes of a
fabric, for example a linear regression model [Kbata, 1982], Weber-Fechner's law,
Steven’s power law, rank correlation [Sudnik, 197Rpltiple factor analysis [Abott, 1951,
Howorth and Oliver, 1958], and weighted euclideastashce. All these methods proved to
have limitations owing mainly to the lack of estabéd linear/nonlinear relationship between
sensory attributes and measurable parameters.uhkisown relationship has resulted in a

situation of in complete reliance on the knowledg®l experience of investigator. That's
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why, intelligent artificial techniques or soft coatpg techniques came into the picture for

guantifying the fabric handle.

1.5.1 Application of artificial intelligence techniques:

The techniques of artificial intelligence such agZy logic and neural networks have been
known for some years with increasing success imouarareas of engineering. These new
technologies are indeed powerful tools modelingabee of their strong nonlinearity,

flexibility and flexibility of computing. It desigs interest in regulating and enslavement of
complex manufacturing processes for which infororats often imprecise, uncertain, or even
only qualitative, or sometimes contains incompletatrol loops. In the next section, we

recall first the basic concepts of neural netwaoret fuzzy logic.

1.5.1.1Artificial Neural Network (ANN):

Neural networks are family of nonlinear functionargmeterized whose functioning is
inspired by the architecture of the human braireyTbffer approach implicit “black box” of
knowledge representation very similar to the apghaaf system identification in automation.
These techniques are applied successfully to theehmg of industrial systems in which the
relationship between input variables and outputcamplex and the rules of operation are
unknown [Jelil, 2010].

ANNSs seem to be ideal for developing models in sadustrial processes that are 'data-rich
and knowledge-poor' [Chattopadhyay and Guha, 2083)Ns do not require expert
knowledge but require large quantities of procesta dor training. In ANNS, a large number
of simple functions (artificial neurons) are conteecto each other by weights of variable
strengths to form the network. The knowledge ofdiistem is embedded in the connections

(weights) and the network 'learns from exampl&gs this capability, namely, the ability to
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react correctly to situations it has not encoumntgresviously, which puts ANN apart from the
other attempts at process modelling. ANN trainedsiich a way can be invaluable to a
manager as a decision-making tool. The main adgastaf using ANNs for predictive
modelling can be summarized as follows: ANNs reguittle human expertise, have non-
linear dependence on parameters, save manpower dwyngnmost of the work to the
computer. ANNSs typically work much better than ttahal rule-based expert systems for
modelling complex processes when relationships daffecult to discern, or when their
number increases [Messiry EI Magdi, Abd-Ellatif Meim, 2010].

In textiles, ANN has been successfully used inotagiapplications like-in Fiber Identification
and Analysis System (FIAS) [Leonaet. al, 1998], classification of card-web defects,
control of sliver evenness [Majumdat. al, 2006], to predict the count strength product
(CSP) of ring-spun yarn [Majumdat. al, 2004]. ANNS has been also used by the researcher
for modelling of textile hand, to predict garmemage from fabric properties such as fabric
weight, warp and weft shear rigidity, warp and weafnding rigidity, warp and weft tensile
extensibility and thickness [Fagt. al, 2001], to predict the thermal resistance of texti
fabrics [Bhattacharjeet. al, 2007], and to predict the performance of fabdasng garment
manufacture using the properties measured by tHe $§/Stem [Guhat. al, 2001].

Parket. al, have used neural networks to predict fabric hamidtheir work was concerned
only with total hand evaluation and could not peediach individual hand attribute for a
particular fabric [Parlet. al., 2001]. Wonget. al.also used a neural network to predict human
psychological perceptions of clothing sensory camibat did not specifically treat sensory
fabric hand [Wonggt. al, 2003].

Hui et al. [Huiet. al, 2004] identified reliable sensory fabric handihatites with correlated
attributes of fabric properties and proposed a happroach for predicting sensory hand

based on measurable properties using a resiliaek-fp@pagation neural network. Twelve
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fabric properties are fed into the network to pcedourteen sensory ratings of fabric hand.
The 12 fabric properties and 14 sensory attribute=d by them were as following (table
1.5):-

Table 1.5 Measurable fabric properties [Huiet. al, 2004]:

S.N. Fabric parameter S.N. Fabric parameter
1 Formability in the warp direction 7 Fabric thickness at 2gf/¢r(iT)
(F1)
2 Formability in the filling direction 8 Shear rigidity (G)
(F2)
3 Bending rigidity in the warp 9 Fabric weight (W)

direction (B1)

4 Bending rigidity in the filling 10 Coefficient of friction (MIU)

direction (B2)

5 Bending length in the warp 11 Mean deviation of coefficient of
direction (C1) friction (MMD)
6 Bending length in the filling 12 Mean of geometric roughness (SMD)

direction (C2)

Table 1.6 Definition and English world descriptor d 14 bipolar pairs of sensory fabric

hand attributes [Hui et al, 2004]:

Definition | Descriptor Definition| Descriptor
Flat Smooth and level Textured  Having a certairlohtexture
Not bulky | Slim size, shape, mass or quantiBulky Great size, shape, mass |or
quantity
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Light Easy to be seen in: bright Heavy Having dairrweight

Thin Small distance between oppositeEhick Large distance betwee
surfaces opposite surface

Silky Like silk, soft, smooth or shiny Scratchy  dpby scratches

Smooth Even surface, not rough Rough Uneven syrfextesmooth

Fine Very thin coarse Not fine or smooth, rough

Limp Lacking strength or stiffness Crisp Firm, tnes

Flexible Can be bent easily stiff Not easily bent

soft Not firm against pressure Hard Firm and stifft easily broker

or bent

Firm Strong, solid, hard Flimsy Not strong, ligimidathin

Compact | Pressed, joined together, | boose Not fastened and tied togethe
united firmly and closely

High Easy to hang or stretch ouLow Difficult to hang or stretch ou

drape loosely and carelessly drape loosely and clearly

Cool Neither warm or cold; pleasantlyvVarm Having or giving off a pleasa

cold

feeling of heat

The proposed ANN model improves the prediction @isumer’s sensory hand rating rather

than total hand value, taking such an approachysimgs can more closely evaluate their

fabrics to match customer’s expectations. The rdaav back of this model was the number

of input parameters. This model can be further owpd by selecting the most relevant

physical parameters for each attribute in ordeetluce the complexity of this model.
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1.5.1.1.1 Advantages of ANN:

The advantage of neural networks is that they dadoepmplete and noisy data. They have
the distinction of being the only computer compdrtaat implements directly the principle of
induction. Moreover, thanks to their ability to gealize, the neural networks are typically
used in problems such as statistics and percepsuah as classification or evaluation.

Similarly, they present high robustness againgtrteal failures and enrich their experiences.

1.5.1.1.2 Drawbacks of ANN:
ANN has certain drawbacks which includes the foltayyoints:
v The ANN requires real cases used as learning ddtase cases must be more
numerous than the problem is complex.
v' The effectiveness of the learning algorithm usemin& algorithms, such as gradient,
are easily trapped in local minima.
v The difficulty of integrating expert knowledge.

v The difficulty of interpretation and understandiofghe logic of reasoning.

1.5.1.2Fuzzy Logic:

Fuzzy system is an alternative to traditional ndief set membership and logic that has its
origins in ancient Greek philosophy. The precistdmathematics owes its success in large
part to the efforts of Aristotle and the philosoh&ho preceded him. In their efforts to

devise a concise theory of logic, and later mathiemahe so called "Laws of Thought" were

posited [Korner, 1967]. One of these, the "Law lté Excluded Middle," states that every
proposition must either be True or False. Even wh@minedes proposed the first version of
this law (around 400 B.C.) there were strong andanédiate objections: for example,

Heraclitus proposed that things could be simultasiotrue and not true. It was Platon who
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laid the foundation for what would become fuzzyitogndicating that there was a third
region (beyond True and False) where these opgd$umbled about."

Fuzzy Logic is basically a multivalued logic thdlows intermediate values to be defined
between conventional evaluations like yes/no, fals, black/white, etc. Notions like rather
warm or pretty cold can be formulated mathematjcalid processed by computers. Fuzzy
logic is derived from fuzzy set theory dealing witasoning that is approximate rather than
precisely deduced from classical logic. It was adtrced in 1965 by Lotfi Zadeh at the
University of California, Berkeley [Zadeh, 1965].hi§ theory proposed making the
membership function (or the valuEsandT) operate over the range of real numbers [0, 1].It
can be thought of as the application side of fussstytheory dealing with well thought out real
world expert values for a complex problem. The mership function is a graphical
representation of the magnitude of participatioreath input. It associates a weighting with
each of the inputs that are processed, defineituradtoverlap between inputs, and ultimately

determines an output response.

1.5.1.2.1 Fuzzy set and membership function:
A fuzzy set is an extension of a crisp set. Crists sallow only full membership or no

membership at all, whereas fuzzy sets allow pant@nbership.

A classic set may be expressed as:
A={x /& U}
A fuzzy set is an extension of a classical sdil i§ the universe of discourse and its elements

are denoted by x, then a fuzzy set A in U is defias a set of ordered pair.

A = {xalX) | x€ U}
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Ma(X) is called the membership function (or MF) ofnxA. The membership function maps
each element of X to a membership value betweenddla The function itself can be an
arbitrary curve whose shape we can define as difunthat suits us from the point of view of
simplicity, convenience, speed, and efficiency [NIET989].

Fuzzy sets represent commonsense linguistic ldikelslow, fast, small, large, heavy, low,
medium, high, tall, etc. A given element can be emer of more than one fuzzy set at a
time. A fuzzy set A in U may be represented astaferdered pairs. Each pair consists of a
generic element x and its grade of membership fomcthat is, A = {x, |]A(X) | X€ U}, x is
called a support value ifgix)>0. A linguistic variable x in the universe ofsdourse U is
characterized by T(X)= {# T..... T} and p(X)={ ul, ...}, where T(x) is the
term set of x i.e. , the set of names of linguistitues of x, with each,Tbeing a fuzzy
number with membership functiorlr;(i defined on U. For example, if x indicates heighen
may refer to sets such as short, medium, or tathelnbership function is essentially a curve
that defines how each point in the input spaceapped to a membership value (or degree of
membership) between 0 and 1. As an example, cansifiezzy set tall. Let the universe of
discourse be heights from 40 inches to 90 inchath ¥\crisp set, all people with height 72 or
more inches are considered tall, and all peoplén wieight of less than 72 inches are
considered not tall. The crisp set membership fandor set tall is shown in Figure 1.7. The
corresponding fuzzy set with a smooth membershitian is shown in Figure 1.8. The
curve defines the transition from not tall and skaive degree of membership for a given

height. We can extend this concept to multiple.sets
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Figure 1.7 Crisp membership function [Cao, 1997; BRRIAH, 2000]
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Figure 1.8 An example of a fuzzy membership functim[Cao, 1997; BERRIAH, 2000]

If we consider a universe of discourse from 40 @xto 90 inches, then, to describe height,
we can use three term values such as short, aveaadetall. In practice, the terms short,
medium, and tall are not used in the strict sehsd#iead, they imply a smooth transition.
Fuzzy membership functions representing these aetshown in Figure 1.9. The Figure
shows that a person with height 65 inches will hemambership value 1 for set medium,
whereas a person with height 60 inches may be abaeaf the set short and also a member

of the set medium; only the degree of membershiesawvith these sets. Various types of
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membership functions are used, including trianguiiEapezoidal, generalized bell shaped,
Gaussian curves, polynomial curves, and sigmoidtfans. The choice of form depends on
the scope and degree allowable loss of informafidme forms most often used are of type

triangular and trapezoidal [Cao, 1997; BERRIAH, @D0

short mediurm tall

0.8
0.6
wix)

041

0.2r

0

40 45 50 55 60 65 7O 75 80 B85 90
height

Figure 1.9 Trapezoidal membership functionfCao, 1997; BERRIAH, 2000]

1.5.1.2.2 Linguistic variables:

The concept of linguistic variable is fundamental applications of Fuzzy-Logic control
process. It differs from numeric variables by takas value of words or phrases in natural
language. For example value of linguistic varidbleight’ to describe the height of a certain
population can be: very small, small, medium,daagd extra large.

Typically, a linguistic variable is described byettriplet(x, X,T(x)), where x is a variable
defined on a set of referen&e All T(X) contains Fuzzy subsetX to define variable

[Koehl, 1998].
For example: heights of a given population, theik be x= height, which is defined in

reference set [0, 150] anidheight =)YVery small, small, medium, large and extra Igtge

-51 -

© 2011 Tous droits réservés. http://doc.univ-lille1 fr



Thése de Gaurav Agarwal, Lille 1, 2011

Chapter 1 State of the art
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10 Very small Small Medium arte Extra Lar
0 100 120 130 140 150 x (cm)

Figure 1.10 Linguistic variable- Height [CAO, 1997]

1.5.1.2.3 Fuzzy operations:
Fuzzy set operations are analogous to crisp seatpes. The important thing in defining
fuzzy set logical operators is that if we keep fuzalues to the extremes 1 (True) or O
(False), the standard logical operations should.h&lfuzzy set operation creates a new set
from one or several given sets. For example, gihensets A and B the intersection in new
fuzzy set with its own membership function.
Let A and B be fuzzy sets on a mutual universe.
(a) The intersection of Aand B is
AN B=aminb
The operator minimum is an item by item minimum eamson between corresponding
items in a and b.
(b) The union of A and B is
AUB =amaxb
Where max is an item by item maximum operatio

(c) The complement of A is

A=1-a
Where each membership value in A is subtractam fl.
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1.5.1.2.4 Fuzzy Interference System:

A Fuzzy Inference System (FIS) essentially definesonlinear mapping of the input data
vector into a scalar output, using fuzzy rules. Thapping process involves input/output
membership functions, FL operators, fuzzy if-theites, aggregation of output sets, and
defuzzification. An FIS with multiple outputs care bconsidered as a collection of
independent multi input, single-output systems.efgral model of a Fuzzy Inference System
is shown in Figure 1.11. The FLS maps crisp infnits crisp outputs. It can be seen from the
figure that the FIS contains four components: thezifier, inference engine, rule base, and
defuzzifier. The rule base contains linguistic sutbat are provided by experts. It is also
possible to extract rules from numeric data. Oheertiles have been established, the FIS can
be viewed as a system that maps an input vecian tmutput vector. The fuzzifier maps input
numbers into corresponding fuzzy memberships. iBhigquired in order to activate rules that
are in terms of linguistic variables. The fuzziftakes input values and determines the degree
to which they belong to each of the fuzzy sets membership functions. The inference
engine defines mapping from input fuzzy sets initpat fuzzy sets. It determines the degree
to which the antecedent is satisfied for each rfilthe antecedent of a given rule has more
than one clause, fuzzy operators are applied t@imbine number that represents the result of
the antecedent for that rule. It is possible tha# or more rules may fire at the same time.
Outputs for all rules are then aggregated. Duriggr@gation, fuzzy sets that represent the
output of each rule are combined into a single yuzet. Fuzzy rules are fired in parallel,
which is one of the important aspects of an FISanrFIS, the order in which rules are fired
does not affect the output. The defuzzifier mappuufuzzy sets into a crisp number. Given
a fuzzy set that encompasses a range of outpuesjatbe defuzzifier returns one number,
thereby moving from a fuzzy set to a crisp numissveral methods for defuzzification are

used in practice, including the centroid, maximungan of maxima, height, and modified
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height defuzzifier. The most popular defuzzificatimethod is the centroid, which calculates
and returns the center of gravity of the aggregéitiedy set. FISs employ rules. However,
unlike rules in conventional expert systems, ayuzde localizes a region of space along the
function surface instead of isolating a point oa surface. For a given input, more than one
rule may fire. Also, in an FIS, multiple regiongaombined in the output space to produce a

composite region

input - output
inference .

X—— fuzzifier |— engne | | defuzzifier ——=y
rule base

Figure 1.11 Block Diagram of Fuzzy Interference Syem.
The inference process can be described completéhe five steps shown in Figure
Step 1: Fuzzy Inputs
The first step is to take inputs and determinedégree to which they belong to each of the
appropriate fuzzy sets via membership functions.
Step 2: Apply Fuzzy Operators
Once the inputs have been fuzzified, we know thggeketo which each part of the antecedent
has been satisfied for each rule. If a given rids more than one part, the fuzzy logical
operators are applied to evaluate the compositgfstrength of the rule.
Step 3: Apply the Implication Method
The implication method is defined as the shapinthefoutput membership functions on the

basis of the firing strength of the rule. The infartthe implication process is a single number
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given by the antecedent, and the output is a fisety Two commonly used methods of
implication are the minimum and the product.

Step 4: Aggregate all Outputs

Aggregation is a process whereby the outputs ofi eale are unified. Aggregation occurs
only once for each output variable. The input te Hggregation process is the truncated
output fuzzy sets returned by the implication psscdor each rule. The output of the
aggregation process is the combined output fuzizy se

Step 5: Defuzzify

The input for the defuzzification process is a fuzet (the aggregated output fuzzy set), and
the output of the defuzzification process is a prrigalue obtained by using some

defuzzification method such as the centroid, heighimaximum.

1.5.1.2.4.1Types of Fuzzy Interference System

There are two types of Fuzzy Inference Systemscidrabe implemented:

* Mamdani-type

e Sugeno-type
These two types of inference systems vary someinhihe way outputs are determined.
In Mamdani type of fuzzy inference, fuzzy sets frahe consequent of each rule are
combined through the aggregation operator anddselting fuzzy set is defuzzified to yield
the output of the system. After the aggregatiorcess, there is a fuzzy set for each output
variable that needs defuzzification. It is possilaled in many cases much more efficient, to
use a single spike as the output membership fumtiather than a distributed fuzzy set. This
is sometimes known as a singleton output membefahigtion, and it can be thought of as a
pre-defuzzified fuzzy set. While in Sugeno-type Buinference System, the consequent of
each rule is a linear combination of the inputse ®htput is a weighted linear combination of
the consequents.
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1.5.1.2.4.2Applications of FIS in textiles:

Fuzzy theory has been largely applied to the remtesion of subjective and the description
of the procedure of subjective evaluation. [Dulamd Prade, 1997 ]. The fuzzy logic methods
deal with a great number of industrial applicatioegaluation of complex concepts such as
comfort [Levratet. al, 1997], evaluation of credit worthiness of custosrna a bank, etc.

Fuzzy Logic has been approached by different rebees in the field of textile hand
evaluation. A Fuzzy-Logic based method for analgaensory data on fabric hand evaluation
was proposed by Zengt. al. The sensory data were transformed into fuzzy setsh
representing the evaluation results of one indi@aidirhe 2-tuple linguistic model was used
for aggregating multi-granular data of differendiniduals of each panel [Zergd. al.,2004].
Zeng and Koehl proposed a fuzzy logic—based metbiotepresenting and analyzing results
of subjective evaluation on the fabric hand givgnelperts in fashion or quality inspection.
This method permits the generation of a quantgatxiterion characterizing the quality of
textile products and modelling relationships betwte subjective fabric hand evaluation and
objective numerical data measured on the Kawabattuation system [Zeng and Koehl,
2003].

A method for modelling the relationship betweenegkive and subjective fabric hand
evaluations and between adjusting parameters ofcfaboduction and objective fabric hand
features has been further proposed. Human knowledgibric production and numerical
data measured on instruments were used in a coraptany way for selecting relevant
physical features and extracting fuzzy rules [Zet@l, 2004].

Fuzzy logic has also been used for developing tesy$or supporting the fashion product
development. The study of Laai. al. attempted to use a fuzzy expert system with gradie

descent optimisation for prediction of fabric speens in fashion product development. They
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claimed that the system could cope with the suledabric hand descriptors to incorporate
the psychological effects from individuals into fhrediction of fabric specimens. This feature
could model to the natural fabric selection progassle by consumers effectively [Lat al,

2006]. The author of this thesis has also suggemtenhtelligent system for supporting the
design of fashion oriented personalised garmemermits to model the relationship between

fabric parameters and fashion design elementsagisidn images [Agarwait. al, 2009].

1.5.1.2.5 General observations about Fuzzy Logic:
Here is a list of general observations about Fuzmjic:
* Fuzzy logic is conceptually easy to understand.
The mathematical concepts behind fuzzy reasoniegvary simple. What makes
fuzzy nice is the "naturalness” of its approach @aoidits far-reaching complexity.
* Fuzzy logic is flexible.
With any given system, it's easy to massage itgerl more functionality on top of it
without starting again from scratch.
* Fuzzy logic is tolerant of imprecise data.
Everything is imprecise if you look closely enoudput more than that, most things
are imprecise even on careful inspection. Fuzzgamiag builds this understanding
into the process rather than tacking it onto thek en
* Fuzzy logic can model nonlinear functions of adoyrcomplexity.
You can create a fuzzy system to match any satmftioutput data. This process is
made particularly easy by adaptive techniques Aklaptive Neuro-Fuzzy Inference
Systems (ANFIS), which are available in the Fuzgid toolbox.

* Fuzzy logic can be built on top of the experientexperts.
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In direct contrast to neural networks, which taka@ning data and generate opaque,
impenetrable models, fuzzy logic lets you rely ¢ texperience of people who
already understand your system.

* Fuzzy logic can be blended with conventional cdrtgohniques.

Fuzzy systems don't necessarily replace converntaomdrol methods. In many cases
fuzzy systems augment them and simplify their im@atation.

* Fuzzy logic is based on natural language. The Hasifuzzy logic is the basis for
human communication. This observation underpins ynainthe other statements
about fuzzy logic.

The last statement is perhaps the most importamtamiad deserves more discussion. Natural
language, that which is used by ordinary peopleaodaily basis, has been shaped by
thousands of years of human history to be convéraed efficient. Sentences written in
ordinary language represent a triumph of efficemmmunication. Since fuzzy logic is built
atop the structures of qualitative description useelveryday language, fuzzy logic is easy to
use.

Although, it is difficult to make a choice betwe&NN and FIS and to investigate the
predictability potential of these modelling methtodpes but still it can be concluded that
ANN is always associated with difficulty of integtation and understanding of logic of
reasoning. While in the case of fuzzy logic usself defined rules make, it self explainable
and understandable.

Jeguirimet. al. proposed Fuzzy-Logic and neural modeling of fimghtreatment effects on
the compression and surface properties of thedabfihey reported that fuzzy models were
slightly better than neural models and found treatral models act like a “black box” without

revealing any physical information about the meatsaf process [Jeguirimt. al, 2010].
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Behra and Guruprasad investigate the predictalafigir permeability of cotton plain-woven
fabrics from their structural parameters using ANNd AFIN (Adaptive neuro-fuzzy
inference system). The average absolute predieticor of ANN model was 5.78% whereas
that of ANFIS model was 3.26% [Behra and Gurupra2ado].

The literature review presented in this chaptencamgs that laundry results in undesired
textile hand, which can be prevented or limitedtop certain extent by the use of fabric
softener during laundry. The amount of depositiod kevel of uniformity of this deposition is
expected to be depending on textile parameters asidlbre type, fibre fineness and fabric-
construction. In chapter 2, the interaction of éhesxtile parameters with softener deposition
is presented experimentally.

The section 1.2.2 and 1.3.3 give an overview ofuerice of laundry and use of fabric
softener on different fabric properties. The stadm repeated laundry and use of fabric
softener on mechanical parameters and textile-athdrespect to textile parameters are still
found to be limited. In chapter 3, the simultaneovkience of wash-ageing and use of the
fabric softener on mechanical and sensory attrfbkeitted textile is being presented
thoroughly.

The section 1.5 shows that establishing the relahipp between sensory perception of the
consumers and mechanical properties of the texhibes been always a challenge for the
researchers. In chapter 4, we proposed a trackiitgrion to select the most relevant
mechanical parameter for each sensory attributedated in chapter 3. The section 1.5.1.2.4
indicates that fuzzy logic is based on natural lexgge and permits to observe the trend of
change in output with inputs, hence it was chosennfiaking the models to predict the

sensory score of knitted fabrics using most relewagchanical parameters.
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Chapter: 2

Characterisation of deposition of
fabric softener on textiles
&
Interaction with
surface properties

In this chapter, firstly, the details of textile teaal and laundry process used for this project
are given. This chapter includes the charactedratf fabric softener deposition on the bases
of deposition amount and deposition uniformity. tRermore, interaction of fabric softener

with surface properties of the textile is describethis chapter.
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2.1 Material and process :

For knitted garments, dimensions stability, detation, pilling, deterioration of fabric
handle, and shape distortion, after laundering meeceived by consumers as causes for
concern. These consumer concerns suggest a neasdosvement in the care of knitted
fabrics during domestic washing, which may, perhaps achieved through a better
understanding of how, why, and at what stage ofwhseh and wear process these problem
occur, and through the use of softeners. Fabriesef helps to reduce or delay the perceived

negative effects of laundering.

2.1.1 Selection and sourcing of material:
The literature review presented in chapter: 1 shtves the influence of laundry and the
effectiveness of softener varies with the typeeftite and textile parameters. Therefore, it

was critical to select the most appropriate tegtiter our research work.

Selection of fibre type:

This study is focused on the sports wear and udergnt application of the textiles. Knitting
is the most popular fabric manufacturing technol@mythese applications. Therefore, all the
fabrics chosen for this study were knitted. In #pparel market, man-made fibres are more
and more used (60% of the market) to the detrimémiatural fibres (40%) [Source: CIRFS
2005].Polyester represents 70% of the synthetiediton the market. On the natural fibres
market, cotton is by far the most used fibre. Sgtithfibres are hydrophobic whereas
cellulosic ones are hydrophilic. The cellulosicréb(cotton, viscose) and synthetic fibres
(PET, PP) are dissimilar in their morphology, phgsi properties and chemical
characteristics. So they are expected to be diftere terms of sensory perception and
behaviour during wash-ageing. Polyester was chbseause it is the most used man-made
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fibre. We chose not to work on cotton (despiteefiresenting an important part of the knitted
fabrics market) because the morphology of cottoy waay depending on source and quality,
understanding the influence of the different paramsewould therefore be difficult. Instead
we chose to work on viscose. It is a cellulosicdilso it is quite close to cotton in terms of
chemical nature. However, because viscose is amaate fibre it is possible to fully control
its morphology and all the other yarn parameters.

The study is therefore focused on 100% Polyestdr189% Viscose/100% Modal knitted
fabrics varying in fibre fineness (micro/regular) nda knitting construction
(jersey/rib/interlock). Modal is a high wet modulieggenerated-cellulosic fibre having a high
degree of crystallinity and polymerization [Kreee al, 2001; Bredereck and Hermanutz,
2005]. Although knitted fabrics are usually madehwa mix of two or more fibre, for
example, elastane is often added to increase #iséiaty, it is critical to work on pure viscose
and pure polyester fabrics to understand the infteeof the fibre nature on the deposition of
the softener.

Selection of fibre fineness and construction:

The fibre fineness is expected to play a significare in the touch-handle of the fabrics,
hence the fabrics made of both micro and regutaed were included in this study. All the
knitted fabrics are made up with three basic kdigeuctures or their derivatives: jersey, rib
and interlock. These three structures differ inrtphysical properties, appearance and textile-
hand (Appendix A).

Selection of areal density:

For sportswear, T-shirts and underwear, the areasity of knitted fabric lies between 100 to
180 gsm and sometimes up to 250 gsm for winteirtss{SourceTissages de I'Aigle” 2007
Therefore the gsm of knitted fabrics was chosehisirange.

Selection of machine gauge:
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The gauge of a knitting machine is the number oédfes per unit of working width
(expressed in inches) across the wales. For speatsand underwear, the most common
gauges are between 20 and 28. These gauges pratdes with an important moisture
exchange surface, which facilitate the moisturegfer as well as heat transfer.

Yarn construction:

One Open end, jersey knitted fabric is also inalutteobserve effect of yarn construction on
softener performance. All the knitted fabrics usethis thesis were made in Tricot, France.

In Table 2.1, details of the knitted fabrics ugedtudy are given.

Table 2.1Yarn and knit parameters of the fabrics of the stug

Knitting gsm Gauge

Code Fiber type Fiber fineness & yarn construction structure
100% Ring-Modal 145 28

Vpd Viscose Micro modal Fiber (1.30 dtex) 50 Nm Jersey
100% Ring-Modal 180 20

VUR Viscose Micro modal Fiber (1.30 dtex) 50 Nm 1x1 Rib
100% Ring-Modal 240 20

Vul Viscose Micro modal Fiber (1.30 dtex) 50 Nm Interlock
100% Ring 160 28

VRJ Viscose Regular (1.95 dtex) 50 Nm Jersey
100% Ring 175 20

VRR Viscose Regular (1.95 dtex) 50 Nm 1x1 Rib
100% Ring 250 20

VRI Viscose Regular (1.95 dtex) 50 Nm Interlock
100% Open End 150 28

VROJ Viscose Regular (1.95 dtex) 50 Nm Jersey
100% Multifilament 130 28

PuJ Polyester Micro Fiber (1.13 dtex) 60 Nm Jersey
100% Multifilament 165 20

PuUR Polyester Micro Fiber (1.13 dtex) 60 Nm 1x1 Rib
100% Multifilament 230 20

Pul Polyester Micro Fiber (1.13 dtex) 60 Nm Interlock
100% Multifilament 172 28

PRJ Polyester Regular (1.83 dtex) 60 Nm Jersey
100% Multifilament 200 20

PRR Polyester Regular (1.83 dtex) 60 Nm 1x1 Rib
100% Multifilament 250 20

PRI Polyester Regular (1.83 dtex) 60 Nm Interlock

Nm= meter/gram dtex = gram/10000anet
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In Table 2.1 the code of the fabrics sample remtssibre type, fibre fineness and knitting
construction, for example VuJ indicates that iaiviscose fabric having micro fibre with
jersey structure.

All 13 knitted fabrics were pre-cleaned in order toaeenany remaining impurities of the
knitting process (wax, oil, finish treatment on tfan). For this cleaning, standard procedures
are used: It consists of a bath of 70°C-deionisatewadded with a special soap (Silvatol:
1ml/l) and NaCO;s: 1 g/l. A liquor ratio of 1/40 is used and theriab are washed for 1 hour
in a winch beck to agitate the sample. Then theidabare rinsed three times with hot

deionised water for 30 minutes.

2.1.2 Laundry process and parameters:
All the knitted fabrics involved in this work weselbjected to laundry with/without use of the
fabric softener. A front loading washing machinenirMiele (model: A W3268) was used for
laundering to meet the following conditions:-
- Consumer relevant (Front loading automatic, loadipgto 6 kg load, spin speed of
1400rpm)
- Reliable in terms of repeatability. Wash cycles éh&w be identical (no fuzzy logic
control)
- A durable “high end” machine
Figure 2.1 shows set up for laundering facilitiesed: for the project. The tap water
(containing water hardness of 45 — 50 °F) was mix#l deionised water in order to reach a

hardness of 25° F. The hardness is checked atértank filling.
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Demineralised

water % f Tap water

Volumetric
water
meter

Washing Washing
500 L machine nl machine n2
Water

tank Q Q

Booster pump

Figure 2.1 Set up for laundering

The whole study requires running washing cycleseurtie same conditions: same cycle,
same softeners, same water hardness, same loa€eligigt wAll the washing experiments were
done under the following conditions:-

a) Load: 1 Kg for individual load and 3 Kg for mixeaiald.

b) No prewashing

c) Washing product :45ml non-bio concentrated liquatiedgent

d) Fabric Conditioner: concentrated, 35ml (Rinse cygealgonic conditioner:

Comfort pure (white), provided by Unilever in 2008

e) 40°C Cotton cycle

f) Water hardness: 36

g) pH=7 (pH of input water and drained water)

h) All fabrics have to be line dried.
The laundry conditions should be close to consuaendry practices in order to make this

study market relevant. However, in order to engwenness of deposition, in this study the

- 65 -

© 2011 Tous droits réservés. http://doc.univ-lille1 fr



Thése de Gaurav Agarwal, Lille 1, 2011

Chapter 2 Chracterisation of deposition of fabric softenertextiles
& interaction with surfaceoperties

fabric load used is low compared with consumer thalthis result in a ratio of softener to
fabric that is high compared with that expectegriactice.
The recommended temperature for washing of thibsesfis up to 60°C, so we decided to
use a 40°C cotton wash cycle. The use of a tumtyleranay have caused more shrinkage,
resulting in a change in structure, so we choseséoline drying instead.
Two loading conditions were studied:-

a) Softener is applied individually to all fabricsetimachine is loaded with each viscose

and polyester knitted fabric separately.

b) Softener is applied to all 13 knitted fabrics tdggtin a mixed load.
As, we applied softener in the rinse stage of thshacycle, so these may also be referred to
as fabric conditioners. We considered 40 wash-syake the life cycle of a garment during
use. Therefore, all the 13 knitted fabrics wergestld to 40 wash-cycles.
The protocol used for the laundry of mix load dfdgs containing 230 grams of each sample
is shown in Table 2.2. We used two loads of 3 kg®, set was washed without softener and
another was washed with softener. The portions hef lbad removed for testing was
substituted with additional fabric of the same itexttype to keep the load size constant. The
mechanical testes were performed after 1, 5, 204@na@ash cycles. In the Table 2.2, A (W)
and B(S) denotes the use of washing machine Adbrids to be treated without the use of
fabric softener and washing machine B for fabricbe treated with the use of fabric softener.
In order to avoid the influence of washing machithe, two sets of fabric were alternated in
two washing machines after each 5 washing cycles.Washing machines were washed with
water at 60°C after each 5 washing cycles in otol@emove remaining washing product and

softener.
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Table 2.2 Protocol for the washing of Mix load (x | (n) represents the load of x kg

which had gone through n washing cycles.):

Washing Washing Removed
cyles Machine Initial Load load Added Remaining
2.35kg (1), 0.65 kg
1 A(W), B (S) 3kg (1) 0.65Kg(1) | 0.650 kg(0) (9)]
1.7kg(5), 0.65kg(4),
2to5 A(W), B (S) 2.35kg (5), 0.65kg(4) 0.65 kg (5) | 0.650kg(0) 0.65kg(0)
Washing without load and washing products
1.7kg(6), 0.65kg(5), 0.65kg(5).
6 A(S), B (W) 0.65kg(1) 0.65kg(1) | 1.30kg(0) | 1.7kg(6), 1.30kg(0)
1.7kg(10),
7to 10 A(S), B (W) 1.7kg(10),1.30kg(4) No No 1.30kg(4)
Washing without load and washing products
1.7kg (15),
11t0 15 A(W), B (S) 1.7kg(15), 1.30Kg(9) No No 1.30kg(9)
Washing without load and washing products
1.7kg(0),
16 to 20 A(S), B (W) 1.7kg(20), 1.30kg(14) 1.7kg(20) | 1.70kg(0) 1.30kg(14)
Washing without load and washing products
1.7kg(5),
21to 25 A(W), B (S) 1.7kg(5), 1.30kg(19) No No 1.30kg(19)
Washing without load and washing products
1.7kg (10),
26 to 30 A(S), B (W) 1.7kg(10), 1.30kg(24) No No 1.30kg(24)
Washing without load and washing products
1.7kg(15),
31to 35 AW), B (S) 1.7kg(15), 1.30kg(29) No No 1.30kg(29)
Washing without load and washing products
1.7kg(20),
36 t0 40 A(S), B (W) 1.7kg(20), 1.30kg(34) No No 1.30kg(34)
Washing without load and washing products
1.7kg(25),
41to 45 A(W), B (S) 1.7kg(25), 1.30kg(39) No No 1.30kg(39)
Washing without load and washing products
46 | A(S), B (W) 1.7kg(26), 1.30kg(40) | 1.30kg(40)| No | 1.7kg(26)
Out put= 1.30kg(1), 1.30kg(5), 1.70kg(20), 1.30kg(40)

2.2 Characterisation of knitted fabrics:

2.2.1 Fabric thickness:

The procedure 1ISO 07-153 NFG was followed. Thicknesasurements were taken on

Sodemat disc type instrument under pressure oP& léad. An average of five readings was

recorded for the thickness of each specimen.
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2.2.2 Fabric porosity:

Porosity can be defined as the fraction of voiccega a porous medium.

Pa
e=1-

(2.2)
Po

Where p , is the fabric density (g/cthand P, 1s the fibre density (g/cth Fabric density is

calculated by dividing the fabric mass per unitaaby the fabric thickness. This equation
gives the total porosity, including the inter filperosity as well as the inter yarn porosity of
the fabric. In the calculation the mean densityafcose and Polyester is accepted as 1.52

g/ent and 1.38 g/crirespectively.
2.2.3 Capillary radius:

The wicking property of the textiles depends on fveoosity scales i.e. macro pores (spaces
between yarns) in the structure and micro poregcg&pbetween fibres in the yarn). In knitted
fabrics. The intra yarn pore radius (R) can berdeteed by the mathematical model proposed

by Benltoufaet. al.for jersey knitted fabrics [Benltoutet. al, 2008].

2 2
ro |t _d°
32n 8

(2.2)

Where:t = thickness of fabriap = number of fibres in yarn cross section ad diameter of
fibre.The fibre’s equivalent radius is calculatetbni the following relationship (by

considering the fibre as a perfect cylinder):
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d =1784 N
2 Ps

(2.3)

WhereN is fibre fineness in tex ang;, is fibre density.

The main characteristics of the knitted textileedisn this work were calculated using

equation: (2.1), (2.2), (2.3) and given in Table. 2.

Table 2.3 Characteristics of the knitted fabrics:

Intra yarn
Fibre fineness Porosity Density Fibre diameter radius
Fibre Type (dtex) (%) (gm/cm ®) (um) (um)
Micro Viscose 1,3 89 1,52 10,4 8.90
Viscose 1,95 89 1,52 12,8 12.95
Micro PET 1,13 87 1,38 10,2 11.73
PET 1,83 87 1,38 13,0 15.55

2.2.4 Zeta potential measurement:

The streaming potential experiments were carriedvath apparatus provided by Zetacad

(Figure 2.2). For each measurement 1 gram of sawgmeinserted as a fibre plug (1) together

with filters of having pores of 70 um diameter (2)ese are placed between the Ag/Agcl

electrodes (3). We used 0.001 N KCI as an eledeaglution, which was circulated between

the containers (4) under the nitrogen pressur® ®0 mbar) by means of admission valve

(5). The direction of circulation is controlled bglve (6) and (7) while (8) is the sensor to

maintain the level of solution in container.

© 2011 Tous droits réservés.
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Figure 2.2 Diagram of apparatus for zeta potentiaeasurement

The pH of KCI solution was adjusted with 0.1N Na@Hhd 0.1N HCI. The fabric samples

were dipped in electrolyte solution for 24 hourdobe the start of the experiment. The
potential difference (E) is measured at the extiiesiof the column with change in pressure
(P). The potential difference (E) is measured atektremities of the column with change in

pressure (P) (Figure 2.3).

N
(@)

-600 -400 -200 0 200 400 600

E(mV)

A0
=ayU

P(mbar)

Figure 2.3 Change in potential difference with presure
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Zeta potentialq) in mV is calculated by the following equation:-

£ = 13.55.11]4.&—‘33;}.6.?

(2.4)
C = 16.32-0.35197T + 0.00351 T
Where E and P are in mV and mbar respectivelis solution conductivity in S.chand
constant C gathers the medium permittivity and tsmhu viscosity, both depend on the

temperature (T).

2.2.5 Liquid adsorption ability:
The experimental system used to observe the ligpidke by the textiles was the 3S balance
from GBX Instruments (France). A vertically-suspeddample is brought in contact with the
surface of the liquid in the container (Figure:)2As soon as the sample comes into contact
with the liquid surface, a sudden increase in sanmaight is detected by the balance and is
plotted as a function of timéfter 3 minutes, the liquid and the fabric are saped and the
liquid retained by the fabric is measured.

F Textile sample connected to the weighing
I position of the *35 Balance’

<«— Rectangular-shaped
textile sample

J < Container subjected to
vertical displacement

Liquid

Figure 2.4 Liquid take up by textile on 3S balance
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The total weight¥% in grams) is due to the meniscus weidi, (in grams) and the weight of
the liquid entrapped inside the fabric by capitia¢it’, in grams).
m =W — W, (2.5)
The meniscus weight depends on liquid wettabilittha fabric surface tension.
W,.g = py,cosf (2.6)
Where# is the contact angle ($},the surface tension of the liquid (MN/mg = 9.81m/3 , p
is the sample perimeter.

The magnitude of the capillary pressul®] is given by the Laplace equation:

AP = 2)Cosf
r

(2.7)

y = Surface tension of liquid,= pore radius and= Contact angle.

We chose decane and water to study the liquid pategtion behaviour of knitted textiles.
Decane has zero contact angle with all the fabsegnitial wetting due to meniscus formed
between the liquid and the sample and capillarygiateare independent of the fibre type and
fabric treatment for the decane.

The wicking phenomena of softener treated fabriesewobserved with decane and water in
order to understand the influence of softener, gaoof capillaries and surface of the fibre
respectively. The density of the decane is accemse@l 73g/cth We have used 7cm x2.5 cm
strip of fabric for this experiment and kept therfa in contact with the water for 3 minutes.
In order to limit the effects of solvent evaporatiduring the experiment, work was carried

out in a closed chamber.
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The textile characters explained in section 2.% gldtical role in the softener deposition on
the surface of the textile. This softener depositan be characterised by softener-pick up

amount and the level of uniformity of the depositand are explained in next section.

2.3 Softener deposition characterization:

Softener deposition can be characterised by theuatndeposited on the fabric and the

uniformity level of the deposition.
2.3.1 Extraction and quantification of cations depositionon fabric:

This was done by cationic titration method, wagiedrout by Intertek, Port Sunlight. Two
grams of each fabric was extracted with ethanohgisin accelerated solvent extraction
system (ASE from Dionex) at a temperature oi85The surfactant determination involves
the titration of an aliquot of an aqueous solutiminthe sample in a two phase water-
dichloromethane system using a mixture of a catidye (dimidium bromide) and an anionic
dye (Disulphine blue V) as indicator. The catiofoems a salt with the anionic dye, which
then dissolves in the dichloromethane layer to ging layer a blue colour. The end point of
the titration with sodium dodecyl sulphate (SDS)eiached when the SDS anion displaces the
disulphine anion from the dichloromethane solubddt snd the blue colour leaves the
dichloromethane layer as the dye passes to theoaguayer. The dichloromethane layer at
the end point of the titration is a grey colour. Arcess of the SDS titrant turns the
dichloromethane layer pink in colour indicating thesence of anionic material, as all the

cationic has been displaced.

2.3.2 Nonuniformity of softener deposition:
We used Bromo Phenol Blue (BPB, Figure 2.5) to alise the nonuniformity of softener

deposition. It is an acid-base indicator, its usedage lies between pH 3.0 and 4.6. It changes
from yellow at pH 3.0 to purple at pH 4.6; thiscgan is reversible.
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Figure 2.5 Structure of Bromo Phenol Blue
Since BPB catrries a slight negative charge at natelgrH, it has a tendency to have an ionic
attraction with cationic fabric softeners giving permanent blue colour. Therefore, by
analyzing the fabric surface visually it is possibd access the uniformity of the dye, which
depends on the softener pick up. The dyeing oftéshifabrics with BPB was followed by

image processing and Quadrant method.

2.3.2.1Dyeing with BPB:
BPB powder (0.79g) is dissolved in 10ml of ethafdlis is then stirred and mixed with 20ml

of hot water. This solution was then diluted tolit@s with cold water and the fabric placed
into the dye solution at liquor to cloth ratio d:%. The fabric was then agitated and left for
about 30 minutes. After soaking, the fabrics ansed with warm water until the rinse water

becomes clear. The fabric is than line dried.

2.3.2.2lmage processing:

The dried fabrics have been scanned using a HIec&w050 with a resolution of 200 dpi
and then the image of the sample fabric was dagitin the RGB format and converted into a
gray scale. All the basic knitted structures (jgrsé and interlock) have different texture on
the surface, to avoid this background effect, Mewy dpi has been chosen for scanning the

images. The jersey structure is not the same famat back while rib and interlock are

-74 -

© 2011 Tous droits réservés. http://doc.univ-lille1 fr



Thése de Gaurav Agarwal, Lille 1, 2011

Chapter 2 Chracterisation of deposition of fabric softenertextiles
& interaction with surfaceoperties

balanced structures, having the same texture dndidé¢s. Here, only the front of the jersey is
taken in to account. MATLAB was used as a softwan# to calculate the uniformity index

of the images by the quadrant method explainedibelo

2.3.2.3Quadarant method:

For comparing the nonuniformity of different kndteamples, the quadrant method andge
processing have been used [Pourdeyhimi and Ko8BR]2The digital form of the image is a
two-dimensional array of numbers whose values sgmiethe intensity of light at a particular
small area. Each small area to which a numbersig@ad is called a pixel. The scanned BPB
dyed images were converted into binary image (ltapirels of value 0-Black and 1- white),
where the black part of the image corresponds &p ddue coloured or patchy portion of

fabric, while white corresponds to background.

‘ * : ) ‘ o ’ : ’ * . : ’
: . . L] . : . . L ] . : - L] I
° L a ™
. .. o . * " ’ . ° .. .l
' ® ® e & =3 e B . ‘a *
* i @ i . ¢ . * * r ° .
i=2; n=4 i=3; n=9 i=4; n=16

a) Image is divided into number of windows.(4,9,18,i%)

b) The mean and the variance (% black fraction) isutated.
c) Chisquare values are computed for each value of n.
d) Uniformity index is computed.

Figure 2.6 Procedure faomputing Uniformity
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For the case of a non uniformly dyed fabric (whionresponds to patches of dye), the
distribution of black pixels among windows will blistered. On the other hand, if the
cationic (and therefore the dye) is uniformly dimtted then the Poisson distribution is the

appropriate statistical descriptor of the data [@ey 1999].

=—pH 'LI_
I:)x € ( X! ) (2.8)
WherePy =the probability of observing x individualgs an integer counter 0,1,2,3....... , U=
the true mean of distribution and= (x)(x-1)(x-2).......... Poisson is a discrete frequency

distribution which only depends on the mean.

For each window, we record the area fraction (%lbfzart in the image which represents the
coloured part of the fabric) of the fabric. For lea@lue of n, a distribution of this area
fraction is obtained with its mean and varianceedéh observed distributions are then
compared with standard Poisson distribution

Thex? goodness-of-fit test compares expected (theotkfieguencies of categories from a
population distribution to the observed frequesicieom a distribution to determine whether
there is a difference between what was expectedvhatl was observed.

The chi-square test is defined for the hypothésis data follows a specific distribution.

2 _&N(fo, - fe )?
X Observed_ fe

x=1

foX =frequencyof observedraluefor x"obsevation

fe =frequencyf expectedraluess Mean value

N = Total numberof observatins
(2.9)
This observed value of chi square is compared stahdard;®, i.e. the value of*with (n-1)
degree of freedom n= number of quadrants (windolfghe observed value is greater than
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the standard one then hypothesis is rejected atadislaot considered to be described by the
Poisson distribution. Hence the observed value lofsgquare can represent the level of
uniformity of the surface: the greater the observedlie of % the higher will be the
probability of a clustered distribution. To detenmian index describing data, we divide the

data by the total sum of windows as follows:

1=n 2

Uniformityindex=| 1- —=*——— |x100

T (ni _1)

(2.10)

The lesser value of will correspond to higher uniformityThis normalized results is an
uniformity index, its values are between 0 and 1@@ere O represents the least uniform

and 100 the most uniform.

2.4 Data analysis using decision tree:

We tried to characterise the softener depositiorkmitted textiles with respect to knitting
parameters. Decision trees were used to explaitathe amounts of data to reveal previously
unknown relationships between inputs and o(Breiman et. al, 1984; Masataka, 210].The
application of decision trees as a data miningesystor Textiles industry was reported in
NTC report in 2002 [Hodget. al, 2002].

The decision tree subdivides the data into differelusters based on the same input
parameters. The leaves of the decision tree canesfo the centre of gravity of the cluster.
Each branch in the tree is labelled with its decisiule, and each terminal node is labelled
with the predicted value for that node. For eacdmbh node, the left child node corresponds

to the points that satisfy the condition, and tlgatrchild node corresponds to the points that
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do not satisfy the condition. This method buildse® which is used to mine tkerge amounts
of data to reveal previously unknown dependencymuilti dimensional inputs with single

dimension output.

If Weight<3085.5 then node (2) else node (3)
If Weight<2371 then node (4) else node (5)
If Cylinder=8 then node (6) else node (7)

If Weight<2162 then node (8) else node (9)
If Cylinder=6 then node (10) else node (11)

AWeight < 30855

Cylinders =8
/ﬁiWelght <2371 /ﬁ If Weight<4381 then node (12) else node (13)
17 ©)/ \¢ fit= 19.2778
P fit= 33.3056
Welght Cylmders &We@ht \qu 778 fit= 29.6111
2152 =8 a2/ 4381 T i 2325
) _ / & If Weight<2827.5 then node (14) else node (15)
WEIQW [AWeight @11 If Weight<3533.5 then node (16) else node (17)
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Figure 2.7 Decision tree example

An example of how to read a decision tree for potauly mileage using measurements of
weight and the number of cylinders as predictorshiswn in Figure 2.7. We will be using
fibre type, fiber fineness, yarn construction amittkhg structure as input and softener pick

up and uniformity index as the output. (Figure 2.8)

A1 Fibre type »

A2 Fibre fineness and yarn construcion——» - f1:Softener Pick up

aal L " Z — {2 Softener deposition uniformity
A4 Porosity .

Figure 2.8 Scheme for present work
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2.5 Results:

2.5.1 Fabric Porosity:

The fabric porosity of knitted structures mainlypdads on the type of construction. Interlock
is the most compact structure because of interitgopetween front and back side of the

structure. It therefore always gives minimum pdxosi

Porosity
0.92
0.91
=
0.9
0.89 = _E— {_
5
L T I |
> 0.88 o ‘];
8 087 H I 1 =
S
2 086 [H [ [ e -
0.85
0.84
0.83 |
0.82
Vud VER vl VRJ VRR VRI vOJ PuJ PuR Pl PRJ PRR PRI
Sample code (Refer Table:1)

Figure 2.9 Porosity of all samples

In Figure 2.9, the porosity of fabric samples ha@een shown, which are based on average
thickness of 5 positions of each sample. In gen@alosity of the knitted structure for the
same gauge and same yarn count and twist is expaxidecrease in the order from jersey,
rib to interlock structure. However, the jersey aidfabrics, we used are made on different

gauge (Refer Table 2.1), so we didn’t get samerartiporosity for all samples.

2.5.2 Softener pick-up:

The softener pick-up amount was determined in twad| conditions:- individual load

condition (D) and mix load (E)n the case of a mixed load, the pickup increagse®blyester
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fabrics, compared to the level of pickup in sepataads (i.e. loads involving a single fibre

type). The opposite is the case for viscose falfRggure 2.10 and 2.11).

Cation deposition amount of Viscose knitted fabrics

0,18
0,16 -
0,14
0,12 -

0,1
0,08 -
006 LT T T

- i ll B B e

Sample code (D- Individual load , E-Mix load))

Cations pick up (weight %)

VMID
VUIE
VURD
VURE
VuID
VUIE
VRID
VRJIE
VRRD
VRRE
VRID
VRIE
VOJD
VOJE $

Figure 2.18oftener pick up for Viscose fabrics

The bar value (cationic pick up in term of fabrieight %) is the average of four values. The

error bars show maximum and minimum value of catién.

Cations deposition amount of PET knitted fabrics

0,18

0,16

0,14
0,12

0,1
0,08

—H
:

HH

B

0,06 T

H
'_

0,04 | 1 T

Cations pick-up (weight%)

, T
0,02 T

0

o O &L O « S O &L <
S & & XX & & & & &

X XN X Q

Sample code (D-Individual load , E-Mix load)

Figure 2.11: Softener pick up for PET fabrics
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As the form of relationship between softener pigk (wesponse) and different structural
properties (predictors) is unknown, we developedeaision tree. A tree can be obtained
splitting the source set (input matrix) into subsbased on an attribute value test. This
process is repeated until further splitting is eithot feasible or a single classification can be
applied to each element of the derived subset. i8sudsed, we have selected structural
properties (fibre type, fibre fineness, knittingnstruction, porosity) of the fabric as input

parameters (predictors), which influence the sefteleposition (response) on Knitted fabrics.

Fibre fineness Fibre type

Regufar /\\\\\\\<znnn Vmcosj/////f\\\\\\\\ziT

038 % 049 % .029 % 072%

Condition D: Individual load Condition E: Mix load
Figure 2.12 Decision tree for cation pick up in Indszidual Load and Mix Load condition
Figure 2.12 is a decision tree for cation pick upoant in individual load and mix load
condition. It shows that in individual load fibenéness is the key factor for softener pick up.
It because of higher surface area provided by #mesmass of the micro fibres. In mixed

loads we noticed that fibre type is a key factor.

2.5.3 Softener uniformity :

The uniformity of the softener deposition was qufeatt using image processing method with
the assumption that fabric will be dyed by the BiBE® only if the softener is present on the
surface of the fabric. Hence, first of all expemteshave been realized to check the reliability

of BPB method using 5 conditions:
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A: Without any treatment

B: Fabric washed without fabric softener and dyetth BPB.

C: Fabric washed with cationic softener but notctiyth BPB.

D: Fabric washed with cationic softener in sepal@de and dyed with BPB.

E: Fabric washed with cationic softener in a milaat and dyed with BPB

Figure 2.13 represent the effect of laundering uddféerent conditions.

Colour yield of fabric in different treatments

25

& 2 A
% -=—B
L 15 c
3 @D
8 1 —x—E

05

o J i, SR I, WS W, W E——— W, E— |
$ 2 3 4 5 6 7T 8 9 10

No of observations

Figure: 2.13 Effect of laundering in Different condtions on BPB deposition

The colour yield of the BPB dye was found maximum6a0nm wavelength, which was
recorded at 10 different position of the fabriceTd¢olour yield for condition B is almost zero
(the same as reference A) this confirms that ifeéhe no cationic (softener) present on the
fabric then the fabric doesn’'t show any dye pick Tipis supports the use of BPB dye for use
measuring the unevenness level of softener deposi€ondition C also shows the same
results which implies that softener has no impactiteness of the fabric. Condition D and

E are individual and mix loading condition respeely.
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Figure 2.14 shows the uneven surface of the softeeated fabrics in the case of a mixed
load, which can be visualised with BPB dye. Fromasthimages, the uniformity index has
been calculated using the quadrant method. It ig meportant to minimise the background

effect of the image as it may influence the texsigaificantly.

Figure 2.14 Gray scale images of all BPB dyed sangsl
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Softener uniformity analysis and discussion:

Normalised Uniformity Index of BPB dyed samples

100

90

80 4

70 +

60 —

50 —

40 |

Uniformity Index

20 — —

10 4
o L0

vud  VHR  Vul VRJ VRR VRl VOJ Ppd PpR  Pul PRJ PRR PRI

Sample code (Refer Table:1)

Figure 2.15 Unifortyiindex of all BPB dyed samples
As samples were line dried, there was probabilitydarker patches on bottom of fabrics
(when line dried) because of gravity effect. Butawen’'t notice the nonunifomity because of

gravity effect. This indicates that capillarity éeris strong enough to resist the gravity.

It can be observed (Figure 2.15) that the unifoynat softener deposition on the fabric
mainly depends on the structure, the interlockcstme has most uniform deposition among

each group of same kind of fibre.

Figure 2.16 indicates that fabric porosity is thesmimportant characteristic for uniform
deposition of the softener on the surface. If pioyos lesser than 0.88 than value of

uniformity index is 66 otherwise it is 22.
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Porosity < 0.88

66 22
(Uniformity Index)

Figure 2.16 Decision tree for Uniformityndex of different knitted samples

The proposed method for quantification of the sudte deposition is to efficiently
differentiate the uniformity level of deposition aifferent textiles. A compact surface will
always show more uniform deposition. The jersey @mdtructure always show non-uniform
surface because of loose and open structure. dokerls the most balanced and stable
structures, which provide a uniform surface fortesoér deposition. The other factor which
could play an important role in nonuniform softedeposition is the fibre fineness, variation
in constructional parameters of yarn i.e. fineraass twist level. Micro fibre provides a larger

surface area for softener deposition which enhatimepossibility of uniform depaosition.

2.5.4 Zeta potential:

2.5.4.17eta potential of the fabrics:

First we measured the zeta potential of all thirtesbrics at neutral pH and then two fabrics
(Vul and PRI) were used to investigate the zetamal as a function of the pH and the

number of washing cycles.
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Vi VR Vul VRJ VRR VRI VOJ PpJ PpuR Pul PRJ PRR PRI

_lZZZZZHHUDDDD
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-60.000 —1 — —

-70.000

-80.000
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Figure 2.17 Zeta potential of Viscose and PET kni¢d textiles at pH=7

Figure 2.17 represents the zeta potential of Vis@®d PET knitted fabrics washed without
the use of the fabric softener at pH=7. PET andogs fibres are negatively charged due to
the presence of carboxyl and hydroxyl groups. Nexage zeta potential of viscose and PET
fabrics were -12 mV and -64 mV respectively.

Construction type and fibre fineness do not infeeerthe zeta potential of the fabrics.

However viscose-modal (V) fibers show a slightigher negative zeta-potential than

viscose fibers, this is probably due to the distireactive groups accessibility, which is

determined by the different structures of regemeratellulosic fibers in spite of having the

same chemical composition.

- 86 -

© 2011 Tous droits réservés. http://doc.univ-lille1 fr



Thése de Gaurav Agarwal, Lille 1, 2011

Chapter 2 Chracterisation of deposition of fabric softenertextiles
& interaction with surfaceoperties

20,000
0,000 =

-20,000 \/‘\ ———

-40,000

460,000

-80,000 \\\
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Zeta Potential (mV)
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Figure 2.18 Zeta potential of Viscose and PET ktied textiles as a function of pH
Figure 2.18 presents zeta potential versus pH fdotgiscose and PET knitted textiles (Vul
and PRI). Viscose and PET shows variable zeta patgrH functions because of different
association/dissociation processes taking plateediber surface. The maximal negative zeta
potential of the fiber surface occurs in the al@lrange. PET fibres contain acidic surface
groups which are completely dissociated in thelalkaange, a pronounced negative plateau
in zeta potential was observed [Ribtitset al, 2001]. While Cellulosic fibers like viscose,
show smaller negative zeta potentials due to thegf@dps, these groups are not pH sensitive

and the zeta potential is almost constant.

2.5.4.2Change in zeta potential during laundry process:
A characteristic feature of cationic softenersoisgourse, their positive charge. This can lead
to increased zeta potential (i.e. more positiva) textiles washed with fabric softener

compared to textiles which are washed without ugabgic softener.
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Figure 2.19 percentage Change in zeta potential eiscose and PET knitted textiles after

washing with cationic softener

It can be observed from Figure 2.19 that the chaimgzeta potential depends on the

magnitude of the zeta potential of the virgin fabriThe general a trend is that larger

magnitude of the negative zeta potential, the lattge change in zeta potential resulting from

the use of fabric softener. This may be due tdalger (negative) zeta potential resulting in a

higher cationic pick up on the fabric surface.

Zeta potential (mV)
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Figure 2.20 Change in Zeta potential asrasult of washing product and cationic
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Figure 2.20 represents the change in zeta potetthe fabrics as a result of the use of fabric
softener and washing product. It can be clearlyeonhesd that the zeta-potential shifts in the
positive direction after treating with cationic safer. When this softener treated fabric goes
through a another wash cycle (with washing prodant) one rinse cycle, the zeta potential
again shifts in the negative direction and the ltasti zeta potential has a greater magnitude
than the initial value. This indicates that mosttloé softener is removed during the first
rinsing cycle of the next laundry cycle. Residualstv product contributes to the negative zeta
potential. At the end (after the third rinsing ®)¢lthe zeta potential reaches to its initial
value, which shows that the two successive rinsyaes results in complete removal of the

remaining wash product.

2.5.5 Liquid up-take:
The liquid up take phenomena of knitted fabrica fsinction of their inter yarn and intra yarn
porosity. The inter-yarn porosity contributes te thitration efficiency of the fabrics while

intra-yarn porosity is primarily responsible foetbapillary effect of the fabrics.

2.5.5.1The filtration efficiency of the knitted fabrics:

The inter-yarn porosity is mainly responsible floe filtration efficiency of the fabrics. As the
softener in the rinse liquor is in the form of lgmmes, the filtration efficiency of the textile
material can also play an important role in softeteposition. We measured air-permeability
of all the knitted samples to check the filtratiefficiency. The air permeability of the all
knitted samples on 20 émarea was measured using Textest-FX 3300 air pdifitgaester.
Figure 2.21 represents the air permeability of iBeknitted fabrics expressed as fractions i.e.

ratio of air permeability of fabric sample (ffrsec) and air permeability of test area without
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any sample (I/ffi sec). Error bars in Figure 10 represent standevihtion () of respective

values.

0,35

0,3

0,25 ~

0,2

Air permeability

0,1

0,05

Vi VER vl VRJ VRR VR VROJ PW  PuR Pl PRJ PRR PRI

(Sample code)

igkre 2.21 Air permeability of knitted fabrics
The lower air permeability of PET fabrics indicatbat higher filtration efficiency of PET

fabrics can be another reason for higher softeln&ryp amount than viscose fabrics.

2.5.5.2Liquid adsorption ability of knitted fabrics:

Figure 2.20 shows decane absorption capacity ofkttieed fabrics, the error bar in the
graphs represents standard deviatiar) @f values of absorption capacity.

The decane adsorption ability of knitted fabricoidain by taking the ratio of mass of the

liquid absorbed by capillarity at 3 minutes and iess of the dry samplev).

W,
CA=—=

W

o
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Figure 2.22 Decane absorption ability of knitted farics

It was found to be higher for micro fibre knittedbfic than for regular fibres. With

microfibres, the pores size is smaller (Table 2tBis results in a better capillary retention.

The smaller pore size radius provides higher capilpressure (eq.2.7), this results in a better

capillary retention.

2.5.5.3 Influence of laundry softener on liquid trasmission through knitted textiles:

We selected two viscose fabrics (VRI and VRJ) amol Polyester fabrics (PRR and PRI) to

study the influence of cationic softener on adsorpkinetics of the knitted textiles. In Figure

2.23 and 2.24, W, R and S indicates that fabriwithout softener treatment (W) or with

retaining water (R) or with softener treatment (Bje error bars represents one standard

deviation (1) of respective values. The condition R in Figur242corresponds to the actual

situation of the fabric during last rinsing cyclietioe laundry.
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Figure 2.23 Change in liquid (Decane) liquid adsorion weight after treating fabrics
with cationic softener

For the softener treated fabrics, almost no chamdiguid adsorption weight was observed.
This is due to the fact that decane absorption irsnanchanged with change in surface of the
material.

As mentioned, the fabric softener (rinse conditipreas applied to fabrics in the beginning
of the last rinsing cycle. At the stage of the ldaassing cycle, fabrics had already gone
through washing and two rinse cycles followed biraotion of excess water from the fabrics
through centrifuging. The softener is applied torfes which already contain water, the level
of water depending on water-retention capacityheffabrics. In order to study condition R,
the fabric samples were removed from the laundrghme after two rinsing cycles, in order
to study the adsorption kinetics of the samplesicwlalready contain some liquid. The
condition R in Figure 2.24 corresponds to the dctitaation of the fabric at the start of the

last rinsing cycle of the laundry.
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Figure 2.24 Change in liquid (water) liquid adsorpton weight after treating fabrics with

cationic softener

Viscose is a highly hydrophilic fibre; it has a goabsorbency and high affinity for water.
This results in high water retention capacity ¢ thscose fabrics, it was found to be 72 %
and 104 % of fabric weight for VRJ and VRI respesly. Whereas being hydrophobic in

nature, polyester has a lower water retention défyalhis was found to be 30% and 38%
for PRR and PRI fabrics. Thus, the lower retentiapability of PET fabrics allowed them to

absorb more water (with softener) during last nigsiycle of laundry.

In the case of water (Figure 2.24), it was fourat tihere is a significant reduction in liquid
adsorption weight for softener treated fabrieabric conditioner consists of combination of
liposomal particles and smaller particles. The $srmolahnge in liquid adsorption weight of

decane and very significant change weight of watdicates that with the use of softener
geometry of the capillary remains almost unchanbet interaction of water with fabric

surface change due to boundary lubrication.
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The typical rinse cycle conditioner has particlésiae 2 to 50 microns [Harmalket al,
1994]. While intra-yarn pore diameter of knittedfia lies in range of 10 microns. Although,
there is a possibility that softener particles reayer inside the capillaries, they will not stay
as solid particles in the dry fabric: during dryitige quaternary ammonium active is spread
over the surface of the fibres resulting in a véin surface coating [Kong, 1997]. The
reduction in adsorption weight may therefore be do@nges in the fibre wetting properties
resulting from the surface coating, rather thanlogging of the capillaries.

We found that for the mixed load, fiber type was tmly critical factor to decide the
cationic pick-up level on the fabric surface, white the individual load, fibre fineness is a
critical factor (Figure 2.12). It can be concludd#dht the competition between PET and
viscose fabrics for cationic pick-up may be dudhte difference between their Zeta-potential
values, filtration efficiency and water retentioapability of fibres as seen with capillary
study. In the case of an individual fibre loadefifineness is responsible for competition of

softener pick up because of higher capillary pressand greater surface area.

2.6 Conclusions:
The important finding of the work was the resulttioé decisions trees for the softener pick
up, which not only describe the important constomal factors responsible for the cationic
softener deposition but also can be used for tledigiion of softener pick up for a given
fabric of a particular fibre type and structure.was found that fibre type (cellulosic or
polyester) and fibre fineness are the decidingofadior softener pick up depending upon load
condition. It was found that in a mixed load, tH€THfibre will pick up more cationic than in
an individual treatment.

Fiber type plays the most critical roledatermining the zeta potential of the fiber,

which in turn plays the most important role in softr deposition on the textile. The charge
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on the textile surface is negative; this along wititer retention capability plays a key role in
deposition of the cationic softener in both kindladding condition. The capillary diffusion
could be a key parameter only in the individualdl@®@ndition. It was found that there is a
very significant reduction in water adsorption weigf the softener treated fabrics.

The higher filtration efficiency of PERMUrics and lower water retention capability
were two other identified reasons, which are resjim@ for higher amount of softener
deposition on PET fabrics than viscose fabricswe&sused very low load of 1kg, so it has to
be noted that changes in water retention may nthésame as seen under typical consumer
use.

The porosity of fabric isthey parameter affecting deposition uniformityeTh
non-uniformity of softener deposition plays an impat role in handle of the fabric at
different positions; the quantification of non-woriiity by the quadrant method can help in

the further development in softeners in order topriove deposition uniformity.
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Chapter: 3

Simultaneous Influence of wash-

ageing and use of fabric softener

on

sensory and mechanical

properties of knitted textiles

This chapter involves the evaluation of sensory meghanical properties of knitted textiles,

which have gone through different domestic laundgtreatments. The interaction of textile
characteristics and dimensional parameters ofddhibrics with mechanical parameters was

also examined.
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3.3 Sensory evaluation of knitted fabrics:

3.3.1 Methodology:

The sensory evaluation of knitted fabrics which gade through laundry cycles in different

conditions was carried out by following two badsieps: - selection of a panel and selection of

attributes.

3.3.1.1Screening of the Panel:

To join a sensory panel, it is critical to be botlotivated and able to perceive differences

between fabrics and to describe what is felt. Assdhare no standards to screen panellists, a

screening procedure has been set up to check jstsiabilities for touch sense, based on the

type of evaluation they will be asked to do. Thisna to check abilities in terms of

understanding tasks such as ranking, discriminaests: triangle test, generation of terms.

The screening should also enable one to checlojflpecan discriminate products in terms of

softness and of smoothness, two parameters thateayecommon for fabric evaluation. The

screening procedure consists of the tasks listati@iable: 3.1.

Table 3.1 List of tasks for screening sessions

Attributes

Type of

evaluation

Products

Instructions
given to the

panellist

Requirements to

pass
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Smoothness Triangle | Sandpapers with For each sheet, | To get the correct
test different grains (3 | three pieces of answer for the two
tests: 0 vs. 0’, 0 vs. | sandpaper are more different pairs
2 and 2vs. 4) stuck on. Two are| of products (2 vs. 4
the same, oneis | and O vs. 2)
different. Please
indicate the odd
one out.

Softness Ranking | Four nonwoven Please rank those| To organise in the
fabrics with products from the | right order or no
different softness. | least soft to the | more than one shift.

most soft.
Any Generation| Different objects: Please give 2 to 3| To be able to
of terms - Sand paper | terms that better | generate
- Sponge describe the spontaneously
- Enamelled | products you (within 2 minutes) 3
paper handle. or more accurate
- Elastic terms to describe the
- Non-woven objects
fabrics
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Any Generation| One woven fabric | You are presented To be able to provide
of terms | and one knitted with 2 different an accurate
fabric fabrics. Please description of the
describe the differences between
differences the samples (within 2
between them minutes and at least|a
list of 3 differences)

Each panellist goes through the different tasksviddally. The tests are run with panellists

being blind-folded. The screening process is pldrinde run in a 10-to-15-minute-session.

3.3.1.2Selection of a attributes:

In subjective evaluation, the establishing of tise ¢f attributes is crucial. Attributes should
account for consumer’s perceptions and be undeafstop professionals for efficient
communication. The generated attributes should lm®raplete representation of the end
product. Then, it is critical to ensure that ak gpanellists understand the terms and use them
accurately with an agreed way of evaluation.

The panel members were six textile-engineering esttg] who therefore have textile
backgrounds. They were asked to generate diffeemgory attributes for 13 knitted fabrics
independently irrespective of time limit. About 38rms have been generated by the
panellists. Among the most used there were: ggfit,Iflexible, thin, undulating, cool, warm,
fluffy, with pills, slippery, crease, draped, smiobotcottony, downy, flabby, elastic

(lengthwise), elastic (widthwise), stretch (lengib®y, stretch (widthwise), crumplable,
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synthetic, coarse, heavy, with relief, thick, natutransparent. After a round table discussion
between the panellists on the meaning of the téhegused, the list of terms is reduced:
- The terms that were generated by a single pasbnare removed.
- The terms with a similar meaning are merged.
- The opposite terms are associated with each ,dibreexample: cool and warm are reduced
into coolness and a cool sample is scored withgh Btore for coolness, whereas a warm
sample is scored low in coolness.
The above generated terms were used for sensohyatiea of 13 knitted fabrics to get an
overview of these fabrics with respect to sensarggption (section: 3.1.2.2 of this chapter).
After passing through a number of washing cyclég, physical surface appearance and
handle of the fabrics was expected to be diffetlean for the fresh knitted fabric or the fabric
washed only once. So it was important to recheek attribute list for the ageing cycled
knitted samples.The panellist were asked to regémesensory attributes for 52 fabric
samples composed of four subset oflifRerent knitted fabrics which had gone throughrfo
different process- 1) Fabrics gone through 1 waghytle without use of the fabric softener
2) Fabrics gone through 1 washing cycle with usehef fabric softener 3) Fabrics gone
through 40 washing cycles without use of the falsoftener 4) Fabrics gone through 40
washing cycles with use of fabric softener. Thiedithe terms generated were almost the
same as before, but some attributes were removkdem attributes were added:

* ‘Thickness’ and ‘Elastic’ were removed as accogdio the panelists, these attributes

can't be differentiated from ‘Light’ and ‘Stretdbla’ respectively.
* Panelists introduced three new attributes: Wrinklajry and Mellow which can be
considered as synonyms of crease, undulating abfylrespectively.

* New attribute was introduced: ‘Greasy’.
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The table 3.2 presents the list of 14 attributeth wheir ways of evaluation and definitions.
These attributes were used for the sensory evatuaif knitted fabrics which had gone

through multiple wash-cycles.

Table 3.2 Sensory Attributes and way of evaluation:

S.N. Attribute Definition (+) Ways of evaluation
1 Fluffy Give the sensation of Feel the fabric between thumb, fore and
having loose fibres index finger with slight to and fro
strokes.

2 Stretchable | Stretching under pulling|ifake the fabric in the middle of the

both directions. widths and pull

3 Slippery Sensation of
roughness/smoothness of Lay the fabric on the table and make

surface of fabric. your index finger slip on it

4 Cool Providing a cooling Take the fabric at one of its angles with

sensation when getting in one hand and make the fabric pass gn

contact with the skin the back of the hand
5 Drapable Behaviour of the fabric toPut the fabric on the back of your hand
drape with your fingers slightly separated and

evaluate the behaviour of the fabric tg

drape.

6 Mellow Can be compressed Fold the fabric 3 tifhes 8 stratums)
and compress the fabric between the

thumb and the index finger
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7 Synthetic Having a feeling of cottonSlight vigorous sensation by mashing
or synthetic fibre. the fabric in one hand.
8 Wrinkle Keep the creases even | Make a bowl with the fabric in your
after removing the load. | hand, then lay it on the table and
evaluate visually the amount of
remaining creases
9 Light-heavy | Make an impression of | Lay the piece of fabrics down flat in th
lightness due to the weighthand hollow and make it jump up.
of the sample Evaluate the weight when falling dow
10 Flairy Making some undulations Lay the fabrictbe table. Put your
fingers on the middle of the fabric ang
make the fabric move, following a
circle trajectory. Observe the
undulations during and after the
moving.
11 Flexible Ability of fabric to fall Pinch the center of the piece of fabric
down. and raise it. The more the fabric is
falling, the more it is flexible.
12 Pilling Having some irregular | Observe the irregular pills
pills
13 With relief | Make an impression of | Take the piece of fabrics between the
relief due to the thumb and the index finger and press
construction and slightly and pull the fabric widthwise

© 2011 Tous droits réservés.
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especially to the Wales. (perpendicularly to wales)

14 Greasy Feeling of presence of | Lay the fabric on the table and move
greasy or fatty material onyour fingers on surface.

the surface.

Note: The panellists were asked to perform senseajuation in length- wise direction.

Panel Assessment:

The computation of the dissimilarity between twotmgespaces is a common approach in
many application problems such as data visualizatiocument retrieval, image annotation,
collaborative filtering, and machine translatiomdae formalized as a task that utilizes a
similarity function between objects in two heterogeus spaces [Wu et. al., 2010, Huang and
Yihui, 2008]. We used dissimilarity criteria defothby Zenget. al, which permits to compute
the dissimilarity between the panellists in differevaluation spaces of fabric hand.

It is important to assess the panel members becéurseach individual the evaluation of a
sample gives a relative result depending on thepemison with the other samples. The
sensitivity for each attribute is different for éamdividual, so it is important to check the
sensitivity and similarity of the all the panel maens. Panel assessment by calculating the
standard deviation and covariance of sensory datiael most common approach. We used a
more appropriate approach based on internal relatariation of data. The idea behind
choosing the internal variation approach is thahdard deviation and covariance gives us
only an over all idea about evaluation, while thggroach gives us more information about,
contribution and sensitivity of each individual pést. These designed criteria are better
when the number of available samples is small (lsickamples). The proposed method is
more adapted to processing of small data sets andifs to set up a suitable compromise

between the accuracy and the capacity of interfioetaf the obtained results.
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The sensory data of two panelistsad B constitute two evaluation spaceg &hd U, for

the data of these two different spaces, a newrdiksity criterion between two panelistg P
and B was defined by Zeng and Koellgng et. al. 2007; Koehkt. al, 2008].

The principal behind calculating the dissimilaritgtween the panelists was to check the
internal relative variation of data. If the intekn&lative variation of data betweemo
panelists is close to each other then the dissityildbetween the panelists is small.

Otherwise, dissimilarity is great. The dissimilgrtetween two panelists can be defined by

Db = (n 1)zdab( )

i<j
Where n denotes number of samples. (3.1)
It depends on following elements:
» The dissimilarity betweenRand R is related to the relative variation between fabri

samplesitand f

» =i, )= vi (. 1)

* The relative variation betweeraind f for the panelist P

vr,(i,j)=

T Ve Yl

ﬂﬂ
m(k) denotes number of attributes used py P

Uk and U;: normalized scores (which values lie between 0 dnd Where vr,(i,))
characterizes the relative variation of sensora d@en by panellist from the samplé; to

tj.
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Here we can also define the criterion in order aonpare two panellists according to the

sensitivity of the data for the evaluation of saespbf T; the sensitivity dP, can is defined

by:

n[ﬂn 1)2\/r 1)

i<
(3.2)

The definition of Ry permits comparison of the two panelists on theebasf relative

variation of samples. The dissimilarity between pamelists reaches its minimum only when

the internal variations of sensory data of thesee[ists are identical.

The ability of panelists to score like each other be defined by the dispersion:

PP I

Disp=

(3.3)
If an attribute has a lower dispersion value, 8fisws that panel members have understood
that attribute in a similar way and evaluated i $ame manner.
We can also define the contribution of every pasteih the sensory evaluation in terms of
contribution dispersion (percentage): It computes riatio between one panelist and all the

others.

L2 S
Contrib, = m; D?a
(3.4)
Where(Disp)wis dispersion without considering the sensory dagaanellist b .
For sensory evaluation samples, a paired companmthod was used, i.e. comparison of two
samples with respect to a particular attribute.nfa@mew sample is ranked with respect to one
of the sample that had been already compared. [IR&melere asked to concentrate on the
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particular parameter being evaluated at a time.prbeedure of evaluation for each attribute
was explained in detail. The samples were cut Aesheets. Using a rectangular shape
enables to give instructions regarding the directod the knitted fabric. All samples were
conditioned for a minimum of 24 hours under staddatmospheric conditions (20+2°C
temperature, 65+2 % relative humidity) because ghesnditions can influence the
mechanical properties of textiles. On the basiscoéening of panellists, three members were

selected for the evaluation.

3.3.2 Results:

3.3.2.1Panel assessment:

Each panellist was given a set of 52 fabric samptesposed of four subset of @iferent
knitted fabrics (Table: 2.1). Each panellist wakealsto rank these 52 fabrics according to

sensory attributes defined in Table 3.2.

1800

1600 -

1400

1200

1000 -
800 -

Dispersion (eq. 3)

600

400 -

200 -

0

Figure 3.1 Dispersiomaes of different attributes
It can be observed from figure 3.1 that the digper®f attributes related to the handle of
fabric i.e. Drape, Synthetic, Mellow, Fluffy, Slipgy, Flairy, Flexible is lower than attributes,

which corresponds to appearance (pilling, wrinklé)ermal feeling (cool), structural
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relaxation (Stretchable, With Relief), surface f@@teasy) and mass (Light). It implies that
panellists are able to understand handle of thec&ln similar way with respect to handle
attributes, but for thattributes related to appearance, their rankingreai is quite different.
The reason behind this variation could be flawghe method of evaluation of particular
attributes, or the involvement of some externatdexin sensory evaluation of particular
attributes. If we take the example of coolnessy tloeind frequent changes in sensation of
coolness for a sample with time. As they used pamposition method, they had to feel the
sensation of cool for each fabric several timesrter to compare it with the others, they
found this sensation quite different every timer pitling they found a number of samples,

which don’t have pills at all, so it was difficuti rank all these samples.

Sensitivity

Drape

of Panel

P1=40,13

0O Contribution-3
466,6318472
34%

P2=40,13

P3=40,13

@ Contribution-1
406,0408668
30%

Distance between Panelists

| Contribution-2 P 1 2 3
485,2382428
36% 1 13,28 13,01
Dispersion=183 2 14.22

Figure 3.2 Panel assessits for attribute ‘Drape’
Figure 3.2 represents the value of all criteriaganel assessment for attribute ‘Drape’. The
dispersion value of this attribute was found tothee least among all attributes. This implies
that the panellists could do the evaluation formita similar way. The distance between

panellists (eq. 3.1) is also the least among allattributes and it has the same level between
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any two panellists. The percentage contribution dealuation of drape is almost equally

distributed; it means the data provided by parslhss equal importance.

Sensitivity Pilling
of Panel

P1=48,20

P2=44,09

P3=40,13

0O Contribution-3
1350,791786
67%

Dispersion=1561

@ Contribution-1

306,6353534
15%

| Contribution-2
375,2123382

18%

Distance between Panelists

P

1

2

3

1

22,80

43,27

2

47,86

Figure: 3.3 Panel assessment for attribute ‘Pilling

Dispersion value for attribute ‘Pilling’ is maximym.e. maximum

variation between

panellists, which is clear from the value of distarbetween panellists. The value of the

distance of the 3 panellist from the %t and 2¢ panellist is very large, because of the large

distance, the contribution of*®anel in the evaluation is also high i.e. 67%.

Sensitivity of

Panel

P1=40,68

Contribution-3
P2=40,49 45%

P3=40,12

Contribution-2
28%

Average values of panelists assessment criteria

Contribution-1
27%

Distance between Panelists

P

1

2

3

1

21,97

26,91

2

28,02

Figure 3.4 Average values pdnellists assessment criteria
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Figure 3.4 shows the average of different panetsssaent parameters defined in this paper,
ideally the contribution of each panellist shoukl 38.33%, for our panel we got 27% ,28%
and 45% for first, second and third panellist resipely, which is assumed to be acceptable.
Sensitivities of the panellists were obtained alingzsne. On the basis of these criteria our

sensory data for this study was assumed to be taddegdor second part of this study.

3.3.2.2An overview of different Knitted fabrics with respect to sensory attributes:

The first sensory evaluation session was aimedduigie an overview of the fabrics and the
way to be perceived attributes. The panellists wpeesented with the 13 knitted fabrics. They
were asked to evaluate the fabrics by ranking tHem 1 to 13 with respect to each
attributes. To analyse data, a correspondence @asaly run. As for PCA (Principal
components analysis), this statistical analysissaionreduce multidimensional data sets to

lower dimensions for analysis.

© 2011 Tous droits réservés.
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Figure 3.5 (a), 3.5 (b) First two dimensions of faix and attributes maps of non treated fabric:
Figure 3.5(a) is two dimensional PCA map of 13 tedit fabrics and 3.5(b) is of
corresponding attributes.

1%' dimension

On the fabrics map (3.5 a) it appears that theaesisong opposition of the viscose fabrics (on
the left of the map) vs. the polyester fabrics floa right of the map), on the first dimension.
This means that this is the main difference that gghnellists perceived when they run the
grouping tasks. It represents 32.4% of the wholgalbdity between products described by
panellists. Looking at the terms map, it appeat plaaellists had a strong tendency to gather
the viscose fabrics together because their “cottofgowny”, “draping”, “undulating”,
“cooling” and “soft” characteristics. Some paneflisnentioned that the viscose fabrics gave
the feeling of being “natural” fabrics, as oppodedthe polyester fabrics that qualified as
“synthetic” / “plastic”. The polyester fabrics wepait together because of the “synthetic”

sensation they provide. They were also describduzbiag creased.
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2" dimension

The second dimension opposes fabrics that havereliff constructions. The main opposition
is between the “Polyester jersey” fabrics vs. tiolyester 1x1 rib” and the “Polyester
interlock”. The jersey is perceived as elastic atrdtch lengthwise, whereas the 1x1 rib and
the interlock are described as having relief, flabbd being heavy and thick.

To a lower extent, there is also an opposition betwthe “viscose jersey” (being perceived as
smooth and undulating) vs. the “viscose 1x1 ribd &iscose interlock” (being described as
slippery).

We can also observe four clear clusters in figBré:(a).

- Cluster 1Viscose with a jersey construction, i.e. fabrigg vrs andvuos. They were
often gathered as they were all perceived as flexiell-draped, and undulating and
smooth.

- Cluster 2: Viscose with a 1x1 rib or an interlock constrant i.e.vur, vu, VRrR and
vuirl. They are perceived as downy, cottony, soft, Bexiwell-draped and providing
a feeling of “natural” fabric.

- Cluster 3: Polyester with jersey construction, iega andrrs (perceived as elastic and
stretch in length). Those two fabrics were peragias creased, elastic and stretch
lengthwise.

- Cluster 4 Polyester with a 1x1 rib or an interlock constimg, i.e.pPyR, Pul, PRR and
PRI, Characterised by their heaviness, their thickaaskstheir relief.

The material and the construction are the two kaameters for sensory perception on our
range of products. For our panellists and the distinguistic terms they used, the fibre
fineness (regular or micro) was of lesser signif@athan fibre type and structure for sensory

perception.
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3.3.2.3Influence of ageing process with and without fabrisoftener on sensory hand:

The important objective of this part of the worksata check the effect of repeated washing
with and without softener on the sensory hand attéah textiles. All of the washing process
variables were the same as previous. Table 3.3 shiosvlower and upper boundaries of the
sensory attributes defined in table 3.1.

Table 3.3 Lower and upper boundary of the sensorytaibutes:

Light-

Wrinkle | Fluffy |Stretchable | Slippery| Heavy Flairy Flexible
lower Wrinkle Most Most Most
boundary free Most fluffy | stretchable | slippery Heavy Most flairy flexible
Upper With Least Least Least Least
boundary | wrinkles fluffy stretchable | slippery Light Least flairy flexible

With
Cool | Drapable] Mellow Pills Relief Greasy | Synthetic
Lower Most Most Least |Maximum
boundary | Coolest | Drapable |compressible pills relief Most greasy Cottony
Upper least Least maximum Synthetic
boundary | Warmest | drapable |compressible pills No relief | Least greasy feeling
o4 E #
. T o5 o
R :“5 LA T E
&2 1;4_ . Eo : 04 :?
11 2 v - fi
b= ) FRU !
8_ i o : i !
E a2 g ' 5
3 ¥ i v
- : : | -
§ il Polyester samples 1 = L
(%] ; +
OB 7 7 7
Viscose samples
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Figure 3.6 Fabric mappgnfor all 52 knitted fabric samples
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Figure 3.6 shows fabric mapping of 52 knitted fedriobtained from matrix of size 52x14
(Number of fabric samples x number of attribut@$)e main objective of the work is to check
the influence of ageing and softener on sensorgepties of fabric but in fabric mapping of
all fabrics together the influence of fibre typeseshigh that we could get two clear clusters of
viscose and polyester samples. So to check thétsdsu the influence of other factors, the
matrix has to be divided in sub matrices (Tablg.3.4

Table 3.4 Sub matrices of sensory evaluation resslt

S.N. Fabric samples Matrix Objective
size
1 All Viscose samples 28X14 To Check the influeatageing of

40 cycles on viscose knitted textile|

[2)

2 All Polyester samples 24X14 To Check the inflleentageing of
40 cycles on Polyester knitted

textiles

3 All Viscose samples gone through 14X14 | To check the influence of softener pn
1 ageing cycle ( with and without Viscose knitted textiles.

softener)

4 | All Polyester samples gone throughl2X14 | To check the influence of softener pn
1 ageing cycle ( with and without Polyester knitted textiles.

softener)

5 All Viscose samples gone through 14X14 | To check the influence of softener pn

Viscose knitted textiles after 40

—+

40 ageing cycle ( with and withoy

softener) ageing cycles.
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6 | All Polyester samples gone throughl2x14 | To check the influence of softener pn

—+

40 ageing cycle ( with and withoy Polyester knitted textiles after 40

softener) ageing cycles.

Degree of Influence For each sub matrices, we also calculated the degfrinfluence of
key attributes i.e. variation of sensory score atbaverage score. The greater value of DOI
for an attribute indicates a greater influencetdoyithe parameter (constructional parameter,

wash-ageing, use of domestic softener) explained@®@ map.
DOI = /u-y,,/
i=1

Where p= Normalised score between 0 and 1 (3.5)
Mav = Average score

n= Number of sample

3.3.2.3.1 All Viscose Samples:

Figure 3.7 and 3.8 shows fabric and attribute nrappf all viscose fabrics respectively. The
sample codes VuJW40 and VuJS40 represents knidtedic fof micro fibre with jersey
construction, which had gone thorough 40 wash sywlghout and with use of the fabric

softener respectively.
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Figure: 3.7 Fabric mapping for all viscose fabric amples

1-Fluffy

2-Stretchable

3-Slippery

S/ v, \ 4-Cool

5-Drapable
6-Mellow

oz

7-Synthetic

8-Wrinkle
9-Light-heavy

10-Flairy

46

11-Flexible

12-Pilling

408

13-With relief

A
-1

14-Greasy

Figure 3.8 Attribute mapping for all viscose fabricsamples
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On the fabrics map, it appears that there is angtapposition of the viscose fabrics gone
through 1 washing cycle (on the left of the map)tkie fabrics gone through 40 cycles (on the
right of the map), on the first dimension. This meahat this is the main difference that the
panellists perceived when they run the groupindstast represents 40% of the whole
variability between products described by panallist implies that the influence of ageing
can be mainly explained by'tomponent. While second principal component isasgng
the clusters because of the knitted construction.

Looking at the terms map, the projection of attiésudrapable, slippery, flexible, fluffy and
pilling (OA, OB, OC, OD, OE) is maximum on the figgrinciple component, which means
that these attributes are most relevant attributie k@spect to this component. It appears that
panellists had a strong tendency to gather theosesd¢abrics which have gone through 40
wash cycles, together because their drape, slipflewyble, fluffy and pilling characteristics
or we can conclude these are the sensory attribovtésh are influenced by the repeated
washing. On the fabric map there is an oppositiosirgyle jersey and double jersey (rib and
interlock) fabrics on the second component of thegpnThe attributes mellow, light-heavy
and synthetic have maximum projection (OX, OY and)@®n the second principal
component.

For light- heavy, if we consider the first compotehe left hand side favours the high value
(upper boundary in Table: 3.3) of this attributankeans that samples on the left side (Fabrics
gone through 1 ageing cycle) of the fabric map lmfater than the samples on right side

(samples gone through 40 aging cycles).

- 116 -

© 2011 Tous droits réservés. http://doc.univ-lille1 fr



Thése de Gaurav Agarwal, Lille 1, 2011
Chapter 3 Simultaneous infleeenf wash- ageing and use of fabric softener on

sensand mechanical properties of knitted textiles

On the other hand if we consider the second compidioe this attributes, the upper half of
the fabric map favours the upper boundary of trgbate. It implies that fabrics on the upper
half side of fabric map (single jersey fabrics) bght and fabrics on lower side of the fabric

map are heavy.

Degree of Influence

DOl
o N W b g o ~ (0]
| ! | | | ! ! |

Attribute

Figure 3.9: Degree of influence for all viscose falzs

Degree of Influence for all viscose fabrics wascakdted using equation (3.5), slippery and
pilling have maximum DOI, which implies that the jorainfluence of ageing is on slippery

and Pilling while fluffy, drapable and flexible weeaffected to a lesser account.

3.3.2.3.2 All PET samples:

Figure 3.10 is the fabric map for all Polyester ghla®, it appears that there is a strong
opposition of the single jersey and double jersdy énd interlock) on the first dimension.
The panellists found that single jersey fabrics loamepresented by their light feeling, mellow
and with relief characteristics, while double jgr$abrics are flairy, greasy, and give more

synthetic feeling on touch.
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Figure 3.10 Fabric mapping for all PET fabric sampes
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Figure 3.11 Attribute m@aping for all PET fabric samples
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First component represents 30% of the whole vditadietween products described by
panellists. The second component which represeBfis af data variability, distribute the
fabrics on the map on the basis of fibre typemero or regularlt seems that the effect of
ageing on polyester is not as much as on viscosaule of polyester’s highly crystalline

region, hydrophobic and mechanically tough charastie.

3.3.2.3.3 Viscose samples gone through 1 ageing cycle:

Figure 3.12 is the fabric map for viscose fabrigkich were subjected to one washing cycle.
There was not a clear cluster of softener treatedren treated fabric but it can be observed
that there is a significant change in sensory ptageeof all interlocks, single jersey regular

fibre and rib regular fabric.
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Figure: 3.12 Fabric mapping for viscose fabricamples, gone through 1 washing cycle
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1-Fluffy

2-Stretchable
3-Slippery
4-Cool
5-Drapable

6-Mellow

7-Synthetic
8-Wrinkle
9-Light-heavy
10-Flairy
11-Flexible

12-Pilling

13-With relief

14-Greasy
Figure 3.13 Fabric mapping for viscose fabric sanips, gone through 1 washing cycle
In Figure 3.13 Mellow, drapable, cool, slippery maaximum projection (OA,0B,0C,0D) on
first principal component, it implies that interlogiscose fabric have better handle in respect
to these attributes when are treated with fabriteser.
Cool/Drape: - This attributes increase to the left that mearse af fabric softener for
interlock fabrics is favouring the upper bounddeas$t drape and warmest) of these attributes
but at the same time it can be observed that tbieseges are small (especially for viscose-
micro fibre. As interlock is a dense and higheraadensity structure so it was found to be
mellow and less drapable.
Slippery/ Mellow:-As the direction of these vectors is towards righile the use of fabric
softener is shifting interlock fabrics towards Jeit indicates that use of fabric softener is
favouring the lower boundary of the attribute. &bric softener is making interlock fabrics

more compressible and more slippery.
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The change in position of jersey regular fabric abdegular fabric on the fabric map can be
explained by the second principal component. ‘Sgtthhas maximum projection (OX) on
the second component, it implies that the panealbsid feel more synthetic feel with softener

treated fabric.

Influence factor of attributes for Viscose fabrics gone through
one ageing cycle

3,5

3 4

2,5

2

1,5 §

Influence factor

1
0,5 1

0 -

Attributes

Figure: 3.14 Degree of Influence for scose fabrics gone through 1 washing cycle
The order of influence of attributes, which arelushced by fabric softener is Mellow>
Slippery>Cool>Synthetic >Drapable, it implies that jersey and rib fabrics, softener affect
their cottony feeling but with a low DOI, while ithe case of interlock fabrics mellow

(compressibility) of fabric is enhanced with usdadifric softener.

3.3.2.3.4 Viscose samples gone through 40 ageing cycles:

Figure 3.15 is the fabric mapping for viscose 1esti subjected to 40 ageing cycles. The
second component of the map separates softenédraad non treated fabrics clearly. This
separation is due to the attribute ‘stretchabled agnthetic. It implies that fabric softener

changes the synthetic feeling and stretchable bemawf the viscose fabrics, when they are

subjected to several washing cycles with softefilee. reason behind the change in stretchable
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behaviour and synthetic feeling of softener tredgdatics is the boundary lubrication of the

fibres and yarn which enhance the mobility by redgianter fibre friction.
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Figure 3.15 Fabric mapping for viscose fabric saples, gone through 40 washing cycles
Stretchable: Here the direction of vector of attribute ‘Stredble’ is up, while the softener
treated fabrics are down side of the fabric mapnftlies that softener treatment is favours the
lower boundary of this attribute i.e. most stretlba So softener makes the fabrics more
stretchable.

Synthetic: -The direction of this vector is down and softetreated fabrics are also at the
lowers side of the fabric map. It indicates thdtester is favouring upper boundary of this

attribute i.e. fabrics more synthetic feeling.
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1-Fluffy

2-Stretchable
3-Slippery
4-Cool
5-Drapable
6-Mellow

7-Synthetic

8-Wrinkle
9-Light-heavy
10-Flairy
11-Flexible

12-Pilling

13-With relief

14-Greasy

Figure: 3.16 Attribute mapping for viscose fabric amples, gone through 40 washing

cycles
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Figure 3.17 Degree of Influence for Viscose fabriggone through 40 washing cycles
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Figure: 3.17 shows that use of softener for 40 wasleycles influence Stretchability of
viscose fabrics with higher degree of influenceijlevaffect of cottony feeling exists but with

lower degree of influence.

3.3.2.3.5 PET samples gone through 1 ageing cycle:

Figure 3.18 is fabric mapping of PET fabrics, satgd to 1 washing cycle. Because of
curling behaviour of the single Jersey fabrics, gkasory evaluation could not be performed
accurately specially for the attributes like: ‘Deap'Flairy’, and ‘Wrinkle’. The behaviour of
single jersey fabrics is quite different than otFarics (Figure 3.10). So these fabrics were

not included in the mapping of polyester fabriceider to check the effect of softener.
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Figure: 3.18 Fabric mapping for PET fabric samplesgone through 1 washing cycle
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Figure: 3.19 Attribute mapping for PET fabric samples, gone through 1 washing cycle

The second component of fabric map explains tHaante of the softener on the PET fabric,

subjected to 1 washing cycle. The change in positihen fabric is washed with softener is

due to attributes ‘With relief’, ‘Stretchable’, ‘€kible’ and ‘Drape’.

As fabric conditioner treated samples are shiftmgards lower side of the fabric map, while

vector of with relief, stretchable, flexible andcage are on upper side of the attribute map. It

indicates that the softener treatment favours ¢t boundary of attributes i.e. more relief,

more stretchable, more flexible and more drapable.
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Degree of Influence of attributes for PET fabricsg  one through 1
washing cycle
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Figure: 3.20 Degree of Influence for PET gone thriagh 1 washing cycle
On the basis of DOI, it can be said that, stretthand flexible are most influencing

attributes for PET fabric gone through 1 washingey

3.3.2.3.6 PET samples gone through 40 ageing cycles:

Figure 3.21 is fabric mapping of PET fabrics, satgd to 40 washing cycles. Panellists
perceived the difference on the base of structergib and interlock.

The first component of map distributes the rib artdrlock fabrics on the bases of attributes
‘Light-heavy’, ‘Mellow’, ‘Drapable’ and ‘Flexible’.Interlock fabrics are on left hand side of
the fabric map, It implies here that these fabfasur the upper boundary of drapable and
flexible and lower boundary of mellow and light-kiga.e. less drapable, least flexible, most

compressible and heaviest.
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Figure 3.21 Fabric mapping for PET fabric samplesgone through 40 washing cycles

1-Fluffy
" N e 2-Strefchable
: J 3-Slippery
o8k & g 4 4-Cool
5-Drapable
6-Mellow

P ——TV""' = 7-Synthetic

f 8-Wrinkle
/ ‘ 9-Light-heavy

10-Flairy

06

# 1 11-Flexible

i G R 4 12-Pilling

i 38 5 ET T 7] a6 o6 1 13-With relief

14-Greasy

Figure: 3.22 Attribute mapping for PET fabric samples, gone through 40 washing cycles
The second component represents the influencefteingo on fabrics. The position of rib and
interlock polyester fabrics treated with softenehanges on the fabric map, because of

sensory attributes ‘Wrinkle’, ‘Synthetic’ and ‘Sppry’. The position of softener treated
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fabrics and the direction of the attribute vectars on the lower side of the fabric and
attribute map respectively. So softener treatmenbodrs the upper boundary of these

attributes: - more wrinkles, more synthetic feed amore slippery.

Degree of Influence of attributes for PET fabricsg  one through
40 cycles
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Attributes

Figure 3.23 Degree of Influence for PET gone throug40 washing cycles
The use of fabric softener on PET fabrics for 4@iag cycles influence wrinkle, synthetic

and slippery feeling but not with a high degreén@itience.

3.3.3 Conclusions:

The type of fibre and construction of knitted faisrplay important role in sensory evaluation
of knitted fabrics. It seems difficult to perceitiee difference in sensory feeling between
micro fibre and regular fibre. The influence of exgeon sensory feeling is significant only
for viscose fabrics, PET fabrics don’t change waétfjeing cycles. The use of softener

significantly changes the sensory feeling of défdrattributes for both Viscose and Polyester

-128 -

© 2011 Tous droits réservés. http://doc.univ-lille1 fr



Thése de Gaurav Agarwal, Lille 1, 2011
Chapter 3 Simultaneous infleeenf wash- ageing and use of fabric softener on

sensand mechanical properties of knitted textiles

knitted fabrics. The Influence of Ageing and usefalfric softener can be summarised in
below table:-

Table 3.5 Summary of Effect of ageing and softenem Knitted textiles

S. Factor | Fibre type Influenced Attributes
N.
1 Ageing Viscose Drape(+), Slippery(+), Flexiblg(Fuffy(+),
Pilling(+)
2 Ageing PET Almost no effect
3 | Softener Viscose (One Mellow(-), Drape(+), Cool (+), Slippery(-),
ageing) Synthetic(+)
4 | Softener Viscose (Forty Synthetic (+) and Stretchable(-)
ageing)
5 | Softenen PET (One ageing) With Relief(-), Stretchable(-px#ble(-)
, Drape(-)
6 | Softener PET (Forty ageing) Wrinkle(+), Synthetic(+), Slippér)

+ indicates that treatment favours upper boundasgnsory attribute.

- indicates that treatment favours lower bounddirsensory attribute.
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3.4 Simultaneous influence of wash-ageing and use ofbigc softener on mechanical
properties of knitted textiles:

This section of the chapter seeks to demonstratentbraction of wash ageing and the use of
fabric softener during laundry with different td&tparameters during the life of a garment.
The 13 knitted fabric samples were put through rgimg number of ageing cycles (1, 5, 20,
40) under two different conditions (with and with@oftener). The change in dimensional
characteristics of these knitted fabrics along wptielonged washing was obtained. The
change in these dimensional properties result aghanghechanical and sensory properties of

the knitted textiles.

3.4.1 Dimensional properties:

The six knitted fabrics were used to determinedimeensional properties of knitted fabrics.
Samples which had gone through 1, 5, 20 and 40 wypdbs, were obtained. Loop length (1)
was determined as mean length of yarn in each IGoprses and wales were determined as
the mean courses and wales per inch. Length cdnst@hwidth constants were defined as
KL= courses/inch x loop length,w& wales/inch x loop length and K Ky = loop shape
factor. The progressive changes that occurred engtometry of knitted fabrics which had

gone through 1, 5, 20 or 40 wash cycles are shavigure 3.24 to 3.27.
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Figure 3.24 Progressive change in length constanitiv successive washing cycles
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Figure 3.25 Progressive changes in width constantity successive washing cycles
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Figure 3.26 Progressive change in loop length witkuccessive washing cycles
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Figure 3.27 Progressive change in loop shape factaith successive washing cycles
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It can be observed from Figure 3.24 to 3.27 thatctimnges in fabric geometry occurred only
during the initial 5 wash cycles of viscose fabrithese changes occur due to swelling of
viscose fabrics, while PET fibres do not swell iatar. The constant loop length throughout
the 40 wash cycles and increase in loop shaperfdating first 5 wash cycles indicates that
fabric relaxation is brought about by change inplahape (Figure 3.28) rather than loop

length.

{ Plan View
Stitch length 2

{ii) Planvigw Icop shape becomes rounder
sfitch length & (constant)

Gaurse
spacing
Course reduced

spacing

Wale spacing may be increased,
reduced ¢r reman constant

Wale spacing

Figure 3.28 Change in loop shape during initial 5 ashing cycles
The width constant of viscose-rib fabrics was fotmée reduced during the initial 5 washing
cycles. Due to high stretchability of rib structub@rsh mechanical action of washing causes

more extension in rib structure. This results dasedn wales/inch.

3.4.2 Mechanical properties:
The different kinds of deformations (tensile, shé@nding, compression, surface) to which a

garment is subjected during use are quantifiedheyniechanical parameters. The objective
measurements, chosen to represent major changesctha during the life cycle of apparel
are given in Table 3.6. All measurements were nadefabric samples conditioned at 20 +
2°C and 65 + 2 % RH for 24 hours. We measured thesehanical parameters after initial

wash cycles (1 and 5 wash cycles), in the middkbefife-cycle (after 20 wash cycles) and at
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the end of life-cycle (after 40 wash cycles). WedlKES (Kawabata Evaluation System) to
measure tensile, shear, bending and compressi@enmies while UST (Universal Surface
Tester) was used for surface properties.

Table 3.6 List of main mechanical properties

Properties Characteristic value Unit Definition

% of extended length after

\L*4

Tensile Extension (EMT) % applying known tensile forcs

Ability of fabric to recover

Tensile Tensile Resilience (RT) % after applying tensile stress.

Ability of the fabric to resist

Shear Rigidity(G) gflcm.degree shear stress.

Fabric recovery ability after

Shear Shear Hysteresis (2HG3) gf/lcm | applying the shearing stress

Measure of elastic resistange

Bending Rigidity (B) gf.criicm to the bending of yarn

Measure of interfiber and
inter yarn friction opposing
fiber and yarn movement

Bending Bending Hysteresis (2HB) gf.cm/cm arising from bending

Energy associated in applyif

—4

g

Compression Energy (WC) gf.cm/ém  a certain amount of load

Determine the recoverabilit

Compression Compression Resilience (RC % of the fabric after
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compression deformation.

Deviation of surface from

Roughness (Ra) pm mean position

Mean of distance between the
5 highest peaks and the 5

Roughness Depth(Rz) um deepest holes.

Deformation corresponding {o

Total Deformation (D) pm surface of the textile

Recoverable deformation

—

corresponding to surface o

Surface Elastic Deformation (ED) Hm the textile

Note: All the measurements were carriedimlgngth-wise direction of samples.

3.4.2.1Experimental details:

3.4.2.1.1 Tensile PropertiesKkESFB-1-A system was used to measure the tensleepties
of knitted samples. All the tests were conductedieunthe high sensitivity
condition i.e. maximum tensile load 120gf/cm, elatign speed: 0.1 mm/sec,
sample size: 20x20 ¢m

3.4.2.1.2 Shear propertiesKESFB-1-A system was used to measure the shepeqies of
knitted samples. All the tests were conducted uriderstandard condition i.e.
Maximum shear angle + 8°, sample size: 20x2(%, cRabric tension 200gf
(10gf/cm), speed of shearing deformation 0.468 ekgec.

3.4.2.1.3 Bending properties: KESFB2-A system was used to measure bending grepe
all the tests were conducted under the standarditomm i.e. maximum curvature
(K): + 2.5 cm?, bending rate: 2.5 chisec and sample size: 20x20cm
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3.4.2.1.4 Compression properties:KESFB-3-A system was used to measure the
compression properties of knitted samples. Alltdsts were conducted under the
standard condition i.e. Compression speed: .02nunMeximum pressing load:
50gf/cnt and with area of pressing plate 2°dircle).

3.4.2.1.5 Surface properties:Universal Surface Tester (UST) was used to meathge
surface properties of the knitted fabrics. UST is mstrument for the
determination of micro mechanical properties of mhaterial by determining the
deformation behaviour of material near its surfadee structural pattern of knitted
fabrics depends on the appearance of knitting looptheir surface. In general, for
knitted fabrics so called ‘rows’ are created paftdth the wales direction. In this
direction (course direction) the influence of coastion has its major impact. So
we decided to trace the surface profile only iwsbdirection. Surface properties
obtained using different styluses will not be tlzene, so it is very important to
select the correct stylus according to the matefitle fine styluses (0.8mm,
1.8mm diameter ball) give the roughness value waithigh influence of structure
but our objective is to check the influence of ageand softener, ignoring the
influence of construction as much as possible, siytus should also represent
human feeling. Ramkumat. al.developed a polymeric human finger sensor with
realistic shape and counters to measure the fn@kiproperties of textiles and to
evaluate frictional feel. The papillary stylus wsdected for all surface parameters
measurements in order to get results which reptdaaman feeling [Ramkumar
et. al, 2003]. The roughness and roughness depth wasuneelagy scanning the
sample at 15 mm length at the speed of 0.10 mmiygigéicout using any load,

while permanent and elastic deformation of surfaas measured using sample of
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10 x 5 mm at the speed of 0.10 mm/sec. using 1 BNmMN and 1 mN load

respectively for three successive scans.

3.4.3 Results:

The 13 knitted fabric samples were put through rgimg number of ageing cycles (1, 5, 20,
40) under two different conditions (with and witlhosoftener). In this way for each
mechanical property we have a space of 104 (1xx}fabric samples. In order to reduce
the complexity of the data we used a classificati@thod of data mining called a ‘decision-
tree’. We developed two separate decision treegdch mechanical parameter for studying
the influence of wash-ageing and the use of thedabftener during laundry:-

1. Percentage change in mechanical parameter)(due to wash ageing as a function of

the following parameters:-
a) Fibre type (viscose / PET)
b) Fibre fineness (micro/ regular)
c) Khnitting construction (jersey/ rib/ interlock)
d) Wash-ageing duratiom(1 to n2i.e. 1 to 5, 5 to 20, 20 to 40 cycles)
e) Use of fabric softener (yes/ no)

T (MJX]_OO
M n

1

Wherep,,, = % Change in mechanical properties due to wastiageing duringhl ton2

wash cycles..

M., = Value of mechanical parameter aft@washing cyles
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M, = Value of mechanical parameter aftdrwashing cycles.

2. Percentage change in mechanical parametgy)(due to use of fabric softener as a

function of the following parameters:-
a) Fibre type (viscose / PET)
b) Fibre fineness (micro/ regular)
c) Khnitting construction (jersey/ rib/ interlock)

d) Washing stage during life cycle (N 15" 20" or 40" cycle)

gy = L D (—M ns ~ M jx100

4 N=1520,40 NW

Hey = % Change in mechanical properties due to ugaboic softener at N washing cycles.
M ,s= Value of mechanical parameter after N washindesywith fabric softener.

M= Value of mechanical parameter after N washindesywithout fabric softener.

The influence of the use of fabric softener dufengndry is being presented in two ways. The
decision trees based on eq. (3.6) represent theeide of the softener on ageing phenomena
i.e. change in mechanical parameters of the fabviish had gone throughl to n2 wash
cycles without the use of fabric softener and #ari€ which had gone through same wash
cycles but with the use of fabric softener. Theislen trees based on the eq. (3.7) represent
the influence of the use of fabric softener atipalar a wash cycle ( N ) i.e. comparison of

mechanical properties of the fabrics which had gbneugh N wash cycles without the use of
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fabric softener and the fabrics which had goneufghoN wash cycles with the use of fabric
softener. In this chapter, we are explaining tllu@mnce of wash ageing and the use of fabric
softener on EMT, G, B, WC and Ra. All of the medbahparameters listed in Table 3.6 will
be used in the chapter 4 of the thesis for coirgldhese mechanical parameters with sensory

attributes.

3.4.3.1Tensile extension (EMT):

In Figure 3.29, the decision tree for the chang&MT with respect to textile parameters,
wash-ageing and the use of fabric softener is shéwnexample of how to read a decision
tree is shown by the darker lines in the decisree for Viscose fabric. The darker portion
indicates that if washing duration is from 1 toygles, and if softener was used during these 5
wash-cycles then there is a change of 17% of th& EMue for viscose fabrics.

The negative value of the change in EMT in the slenitree indicates that in general, wash-
ageing of fabrics reduces EMT. While positive vaiu¢he lower decision tree (Figure 3.29)
shows that the use of fabric softener during layndcreases the value of EMT. The first
node of both the decision trees concerns the infleef the initial (up to 5) washing cycles.
This implies that the behaviour of the knitted tiestin terms of the change in EMT due to
wash ageing and the use of fabric softener is réiffieduring the initial wash cycles than in

prolonged washing.
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Ageing=from 1 105 cycles
(@)]
=
2
£ | Ifsoftener=used If softener=not
é used
8
g
© Ageing=from 20 1040 cycles
E Jlore type= Construction=Rib ibre type=
W \iscose Viscose
£
. Fibre type=
() Ageing= . , ,
% =17% 1% -12% from 20 to 40 cycles Ageing Viscose Fibre fineness
g o From 5 to 20 aycles Regular
| A A B B
9% 5% 2% 4% 6
0 18 P
d 'c E E D D
Ageing=5 cycles
)
c Construction= Fibre type=
g (Jersey, Interlock) Polyester
O
[}
% Fibre fineness=
O Construction= Regular
E 4% 10% (Jersey, Rib)
L A A
£
) Construction=
(@) Jerse ion=
; ! e a1
£ ’ C
O
9%B 15%B C "% 31%C

Figure 3.29 Decision tree for influence of wash-agey and use of fabric softener on

EMT
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All the results in the above decision trees aredaotith letter A, B, C, D, E and are explained
as following:-
Change in EMT due to wash-ageing:

A. It can be noticed from the decision tree of théumrice of ageing (condition A and B
vs all other conditions) that the influence of ageduring the initial 5 cycles (from 1
to 5 cycles) is more prominent than wash-ageingr &tcycles. This is due to the fact
that knitted fabrics obtain their minimum energgtstduring the initial cycles (Figure
3.24 to 3.27). This causes a reduction in EMT vallres reduction in EMT is greater
for viscose fabrics than PET fabrics. Regeneratdtllosic fibers such as viscose
swell about 70-130% by volume in water, becausehs swelling viscose knitted
fabric's shape and the orientation of their loopmrge (Figure 3.28), this fiber
swelling causes cellulosic textiles to become jachntieis jamming persists in the dry
state causing an increased resistance to fabriengixin. Because PET fibers are
highly crystalline, mechanically tough and hydrobitp and do not swell significantly
in water, the change in EMT was for PET fabrics wias as much as for viscose
fabrics.

B. The influence of wash-ageing during the initial legc without the use of fabric
softener is maximum for the rib structure. This rbaybecause the rib structure is the
most extensible structure among the three knittedctsires. That's why harsh
mechanical action of washing, causes more extemsidb structure. So, rib structure
have already obtained an extended state at th@fehdvash cycles, so they are less
able to extend during EMT measurement (Figure 3.25)

C. The change in EMT, as a result of wash-ageing eénatbisence of fabric softener was

observed to be minimum during 5 to 20 washing /ches explained above, during
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the initial wash-cycles, knitted fabrics have attgachieved their minimum energy

state, so the change in EMT from 5 to 20 cyclesas significant. While after 20

washing cycles fibers may start to damage or seriier fibrillation may start

because of vigorous and repeated mechanical aatioich will further effect EMT
value.

D. It was also found that the influence of wash ageingng 5 t020 washing cycles can
be altered by the use of fabric softener. It camlgerved in the decision tree that the
EMT value increases during 5 to 20 wash ageingesyalhen fabric softener was used
and this is more prominent for the micro fibres.

E. The PET fabrics show a positive influence of ageiluging 20 to 40 wash ageing
cycles irrespective of the use of the fabric sadten

Change in EMT due to use of fabric softener:

A. This influence is lower for 5 ageing cycles becatls® influence of ageing is
maximum during this duration. During the initialobgs the influence of softener is
greater for the rib structure than other two kuits¢ructures.

B. After the 5 cycles of washing, the influence oftenér for Polyester fabrics was
found to be in the order of interlock > rib > jeyse

C. For regular Viscose fabrics, Interlock showed maximchange in EMT during
the later wash cycles because of use of fabriceseft but for micro viscose

fabrics, construction type does not play an impurtale for influence of softener.

3.4.3.2Shear rigidity (G):

Figure 3.30 represents the change in shear rigafitthe knitted fabric due to wash-

ageing and the use of fabric softener. In gengrefn be noticed in the decision trees that
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wash-ageing increase the shear rigidity while tbe af fabric reduces the value of shear

rigidity.
Ageing=from 5 to 20 cycles/20
to 40 cyles
(@)
£ If softener=
Q Not used
g’ If softener=used
s
§ L Fibre type=
eing=from 5 to 20-cycles
2 Ageing PET Fibre finene
bt Regulay Fibre type= PET
Q
2
©
O Fibre type=  Fipre finenegé=
Sl PET Reaul .
o Fibre fingness eguidr Ageing 3Y 7%
D) |= micro from 20 to 40/cycles 1% ’ ’ 30 %
A B
o B
°
@)
1% 1% 2% 2%  482% 1%
-15 % -10%
° ' D D C C
E E E
Ageing=(1, 20,40) cycles
Fibre type= Fibre type=
- Vis PET
5 Ageing=(1,20) cycles
b
8 Ageing=(20,40) cycles
(@]
= Construction=
% Interlock
© 1%
O
£ A
Q
(@)
8 2%
-15% -10%
20 18 % ° B
c "*C

Figure 3.30 Decision tree for influence of wasageing and use of fabric softener on G
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Change in G due to wash-ageing:

A. It can be noticed in the decision tree that thkuerfce of wash ageing without the
use of fabric softener during the initial 5 cyclssnot as prominent as for
prolonged wash ageing. When softener is not usedjnicrease in G during the
initial 5 cycles is only 1 % and 3 % respectiveady the fabrics made up of regular
and micro fibres respectively.

B. The use of fabric softener enhances the influericeital ageing to 7.48% and
29.96% for PET and viscose fibre respectively.

C. Prolonged ageing (from 5 to 20 or 20 to 40 washesycwithout using fabric
softener increases the value of shear rigidityiedase fabrics.

D. When softener is not used for prolonged wash-ggénom 5 to 20 or 20 to 40
wash cycles) for PET fabrics, they remain almosthamged with respect to shear
rigidity.

E. The use of fabric softener for prolonged washingje&y can eliminate the negative
influence of the wash-ageing of viscose and PETidapthis may be due to the
boundary lubrication provided by the softener moles. This was more
prominent during 5 to 20 wash-ageing cycles and mase effective for the

fabrics made up of micro fibres.

Change in G due to softener:

A. The use of fabric softener at Svashing cycle was not as effective as %t20" and
40" cycle.
B. The regular use of fabric softener for prolongeeiag (20" and 48" cycle) was found

to be more effective than a single us& \idash-cycle) for PET fabrics. This was not
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the case for viscose fabrics. This is due to faett tPET fabrics remain almost
unchanged with prolonged ageing while there aretitrachanges in structure and
surface of viscose fabrics during prolonged wastiray

C. The influence of the use of fabric softener is tgeéor PET fabrics which are made
up of micro fibres than the fabrics of regular &br This may be due to micro fibres
providing a greater surface area for deposition tkavailable for the regular fibres.

D. For viscose fabrics, the decrease in G due to geeaf fabric softener at the 30
washing cycle is not as high as at tiet 26" washing cycle.

E. For viscose, interlock fabrics, the influence oftawer at i and 28" wash-cycle was

found to be more effective than for jersey andstictures.

3.4.3.3Bending rigidity (B):

Change in B due to wash-ageing:

A. The influence of wash-ageing mainly depends onfitire-type; it can be observed
from the decision tree that the influence of waghHag is very much less for PET
fabrics which were washed without the use of fabaftener.

B. The influence of wash-ageing for PET fabrics waskximam during initial wash-
ageing (1 to 5 cycles) cycles and this is more pment if softener was used.

C. The maximum changes in B of viscose fabrics oceuimngd the 5 to 20 cycles. This
may be due to the deposition of ‘Cand Md" ions, which impart stiffness to the
fabrics. This was found more prominent for thedtitucture.

D. The use of fabric softener during prolonged ag€ttp 20 / 20 to 40 cycles) of PET

fabrics can result in a decrease in the value oflimg rigidity of the wash-ageing.
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E. There was very significant increase in the valueBofor viscose- regular —jersey/

interlock during 1 to 5 or 20 to 40 wash-ageingleyavith the use of fabric softener.

If fibre type= PET

If ageing= 5 to 20 or I
% 20 10 40 cycles f construction= Jersey/Interlock
_ If fibre fineness
-g If softener=useq If softenel =micro
not used If ageing= 5 to 20 cyle?
e
8 - If ageing=1to If ageing=
. If ageing=
© If ageing= \ - ogong 120 to 40 cycles § to 20 cycles
to 20 cycles
m 510 20 fycles 4% Y . .
c B 21% 100% 26 %
é’ B
f softener=
A7% % ;&% jo"f) 19% g% g % ot used
D D

4%  207%
E

If ageing=(1,20,40 cycles)

If fibre type= Viscose

If fibre type= PET

If ageing
=40 cycles

If ageing=40 cycles

If construction
= Ribiinterlock A

If fibre fineness
=Regualr -24%

Change in B due to softener

Figure 3.31 Decision tree for influence of véh-ageing and use of fabric softener on B
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Change in B due to fabric softener:

A. The use of fabric softener during th8 #ash cycle shows aimcrease in bending
rigidity influence for viscose fabrics and a desean bending rigidity influence for
PET fabrics

B. The regular use of fabric softener (up to 40 wagbles) results in a maximum
decrease in the value of bending rigidity for badtose and PET fabrics.

C. The influence of the use of softener in improvirenting rigidity (i.e. decreasing the
value) of viscose fabrics was found to be morefdbrics of micro fibres in compare

to regular fibres.
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3.4.3.4 Compression energy (WC):

Ageing=from 1o 5 cycles

(@)
£

@ If fibre type= PET

8, If fibre type= Viscose
C
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Figure 3.32 Decision tree for influence of wash-agng and use of fabric softener on WC
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Change in WC due to wash-ageing:

A. Compression properties of the textiles were foumdeé dependent mainly on the
number of wash-ageings and fibre type. During tiigai washing cycles (up to 5) the
change in WC of fabrics of PET regular fibres waly/@ %.

B. During initial washing cycles the loops of knittsttuctures are expected to become
rounder in shape (Figure 3.28), hence less enarggguired to compress the fabric,
therefore, for both viscose and PET fabrics th&uarfce of initial wash ageing was
negative (reduced value of WC) more so for thei€sbmade up of micro fibres than
the fabrics made of regular fibres.

C. It was found that, similar to the case for EMT, tecrease in WC of viscose-rib
fabrics was maximum. It has been reported in figBu2b that rib structures shows
extension rather than shrinkage in width directadter going through laundry. The
extension in width direction results in a reductianthickness and hence WC. This
may be the reason that rib structure shows maximeguction in WC.

D. During prolonged ageing, WC increases for bothosscand PET fabrics. This is
more prominent in viscose fabrics (5 % to 38 %,chhs indicated in condition E in
the decision tree) than PET fabrics (-3 % to 4 ¥g.Teason for the increased WC of
viscose fabrics may be the presence of loose fliiifigrs and pills on the surface of
the fabrics; alternatively it may be a bulk effdae to greater relaxation of the textile.

E. The increase in compression energy of viscose dalhwhich has gone through

prolonged ageing, was greater for regular fibres ttmicro fibres.
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Change in WC due to fabric softener:
In general, it can be observed from the decisiee that the use of fabric softener during
laundry results in an increase in compression gnefgthe knitted fabrics. Hence, fabric
treated with fabric softener is expected to apaéer.
A. The influence of the use of fabric softener on W&swound to be maximum
during 20 wash-cycles for viscose fabrics. Thig/bha due to the fact that during
the initial wash cycles these fabrics tends toialitaeir most stable state. After 20
wash cycles fibre damage occurs due to harsh meethaation of washing which
results in the presence of fluffy fibores and pois the surface of the fabrics and
hence softener is not as effective as before.
B. The use of fabric softener for thé' Wash-cycle does not result in as large an
increase in WC as does longer use of fabric softene
C. The influence of the use of fabric softener for 540 washing cycles is more

effective for micro-jersey fabric than regular-gydabrics.

3.4.3.5Roughness of the fabrics (Ra):

Figure 3.33 represents the decision tree for tla@gh in roughness of the knitted textiles due

to wash-ageing and the use of fabric softener.
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Ageing= from 5 to 20 cycles or
200 40 cycles

Fire type=PET Fibre ype=PET
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Figure 3.33 Decision tree for influence of wash-agey and use of fabric softener on Ra
Change in Ra due to wash-ageing:
A. It can be clearly observed in the decision tree ttia roughness value for viscose

fabrics during initial wash cycles (1 to 5 washlegg and prolonged washing (5 to
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20 and 20 to 40 wash cycles) increase. The causatlanced roughness during
initial ageing cycles may be the increase in ro@sdnof the loops (Figure 3.28).
While during prolonged ageing the reason for inseglaroughness is fibrillation
phenomenon, which occurs at the surface of theildextdue to the harsh
mechanical action of washing. The fibrils form dme tsurface and result in
strongly tangled forms i.e. lint and pills, whicbntribute to increase in roughness.

B. It was found that prolonged wash-ageing (5 to 20 20 to 40 wash cycles) of
viscose-jersey fabrics does not result in increasedhness value, which shows
that fibrillation process is not significant ongey fabrics.

C. The influence of initial wash-ageing for PET falsricesults in an increase in
roughness value of only rib and interlock strucsui® jersey fabric even shows a
decrease in value of roughness during initial ageycles.

D. The influence of prolonged washing of PET was fotmdbe very small, and for
rib fabrics, it was found that the value of rougésmédecreased by 36 %.

E. The use of fabrics softener for viscose fabrics eaninate the influence of wash-
ageing and can result in a reduced value of rouggine

Change in Ra due to softener:
A. The use of fabric softener up to th& Wwash cycle reduces the roughness of only rib
structure.
B. There was only a small decrease (5 %) in roughdessto the use of the fabric
softener during 1, 20, and 40 ageing cycle for P&Jular fabrics. While for micro

fabrics, an increased value of roughness was obderv
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C. The use of fabric softener during 1, 20 and 40 ragelycles reduces the roughness
value of the viscose fabrics. This can be explaimgthe fact that the use of softener
limits the fibrillation at the surface of fabric.

The detailed analysis of the influence of wash rgend the use of fabric softener for a
knitted fabric is presented in this paper throughision trees. In general it was found that the
influence of wash ageing and the use of fabrices@it on mechanical properties of PET
fabrics were lower than viscose fabrics. This carobserved in the decision trees; for tensile
extension (Figure 3.29: Condition C and E in thparpdecision tree and condition B vs C in
the lower decision tree), shear rigidity (Figur8®.C vs. D in the upper decision tree and
D,E vs. B,C in the lower decision tree), bendirgidity ( Figure 3.31: A,B,D vs. C, E in the
upper decision tree and C vs. B in lower decisier)t, compression energy ( Figure 3.32: D
vs. E, A vs. B,C in the upper decision tree andddmn A in the lower decision tree),
roughness ( Figure 3.33: Avs. C, D vs. A,B,E ia tipper decision tree and B vs. A,C in the
lower decision tree).

3.2.4 Conclusions:

In this section we tried to find the level of sitamleous influence of ageing and the use of
fabrics softener on different mechanical parameterth respect to different textile
parameters. We found that the influence of waslnggan different mechanical parameters is
prominent only for viscose fabrics, PET fabric rémanchanged even after the™4awundry
cycles. The behavior of knitted fabrics with regémdmechanical properties is not the same
for the initial wash-ageing cycles (up to 5 cyclasyl for prolonged wash-ageing. During the
initial wash cycles, fabrics tend to achieve thmeaximum relaxation state, hence maximum
increase in tensile extension and minimum changeshear rigidity were noticed. We also

noticed that during the initial wash-cycles, congsien energy of the fabrics reduces.
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We found that the use of fabriftesver for prolonged wash cycles can eliminate
the influence of wash ageing. This was noticeccf@nges in tensile extension during 5 to 20
wash cycles, changes in shear rigidity during 2@owash cycles, changes in roughness of
viscose fabrics during 5 to 20 wash cycles and gbann roughness of viscose rib fabrics
during 5 to 20 and 20 to 40 wash cycles. In generse¢ of fabric softener diminished the
influence of ageing and results in an oppositeigrice.

The influence of wash-ageing and the oféabric softener was also found to be
dependent on the knitted structure and fibre fisen®ib structure shows maximum change
in EMT and WC in comparison to jersey and interl@tkuctures during the initial wash
cycles. Fabric softener was found to be more effedor interlock structure, this may be due
to the fact that interlock is the most stable stiteebecause this structure has more interaction
between yarns which provides more area where latioic may be effective and also results
in the most uniform deposition of the fabric soéieion the fabric surface. The influence of
fabric softener was also found to be more effectoremicro fibres than regular fibres, with
respect to EMT, G, B and WC.

An overall effect of wash-ageing pand the use of fabric softener)jare shown in Table:
3.7. This table shows an average change in mediaperameter irrespective of fibre
fineness, yarn construction and number of washnggeycles. The values are characterised in

four categories as following:-

1. Very significant changes (+++/---): Mwl/ Hs|> 30%
2. Significant changes (++/--): 109/ Pl < 30%
3. Slight changes (+/-): 54w/ Ys| < 10%
4. No Change (0): 5% pw/ Us| < 0%
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Table 3.7: Influence of ageing and use of fabric #@ner on mechanical properties:

Parameter Fibre-type Ageing Softener
Viscose - ++
EMT PET 0 ++
Viscose - +
RT PET - ++
Viscose +++ ++
wC PET - +
Viscose -- +
RC PET - 0
Viscose ++ -
G PET 0 --
Viscose ++ 0
2HG3 PET + -
Viscose +++ -
B PET 0 --
Viscose +++ -
HB PET + --
Viscose ++ ++
Total Deformation PET - --
Viscose 0 0
Elastic Defromation PET 0 0
Viscose +++ -
Roughness PET -- 0
Viscose +++ -
Roughness Depth PET -- 0

Note: Sign (£) has to be considered for the dicgctf the change.
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Chapter: 4

Development of Fuzzy-Loqic

based model for correlating the

sensory attributes with relevant

mechanical parameters

In this chapter an intelligent system based on Y~lzmyic in order to predict the sensory
attribute score using two most relevant mechamaehmeters is proposed. We defined the

tracking criterion to investigate the relevancyn@chanical parameters with different sensory

attributes.
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4.1 Methodology:
Figure 4.1 represents the methodology for devetppan fuzzy logic based model for

predicting the sensory-scores for the attributémed in chapter 3.1.

Fuzzy Inference System

A 4

Selection of 2 most relevant
mechanical parameters Fuzzifier
using Ty, >

| t

Extraction of rules
using clustering map of relevant
mechanical parameters

Sensory-score

Inference |, .
Defuzzifier >

engine

A 4

Rule base

A 4

Figure 4.1 Block diagram of the scheme for Fuzzy ¢pc modelling
The two most relevant mechanical parameters welected as inputs for the Fuzzy
Interference System. These two mechanical parasmetere mapped to obtain the clusters of
samples having similar values of these paramefgns. conditional rules (If-then) were
extracted from PCA clusters, which were convertedoi fuzzy-rules and used in FIS. The
mechanical and sensory behaviour of the fabricsfaasd to be changed after going through
40 wash cycles. Hence, the fuzzy models were dpedlandividually for the fabrics which
had gone through 1 washing cycle and 40 washinipsy@Ve also found a strong correlation
between objective and subjective assessment ofabilap of the fabrics, hence could

developed a model for all the knitted fabrics.

4.1.1 Relevancy of mechanical parameters with sensory-s&

The linear correlationship between mechanical patams itself and between mechanical
parameters and sensory attributes was to be fauhe wvery low (Appendix C). Hence, we
used a criterionTyz) for determining the relevancy of mechanical paters with sensory
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score, as defined by our research team. This iomteompares the variation in two different

spaces (attributes and mechanics). The basic sdibat variation in one space is accompanied

by variation in the other space then this meansvileevariables are in accordance.

ty2 (0, 1)

Yz —

23 1, (. 1)

i#]

q(q-1)

_M-vl L2 ‘Zi‘_z
z-z| -y

(4.1)

Where ¥ and Y denote the normalised value of the mechanical petemfor thefand [!

samples respectively while; Znd Z denote the normalised sensory score for the retevan

attribute and q is the total number of sampless Thiterion is designed so that a lower value

of Tyz indicates that there is a better relevancy betwg®ysical parameter and sensory

attribute. The ideal value ofyZ is zero, which is very rarely obtained. In Tablg the most

relevant mechanical parameters for the sensornpuaits are highlighted.

Table 4.1 Relevancy of mechanical parameters witleasory attributes

© 2011 Tous droits réservés.

Light- Drape With

Fluffy Stretchable Slippery | Heavy | Flairy | Flexible Mellow | Relief | Greasy Synthetic
EMT 8,56 7,03 11,54 8,64 | 6,69 7,36 6.93 8,63 16,76 | 23,37 17,59
RT 8,42 6,15 12,04 11,44 12,64 10,12| 10.66 | 1183 | 1364| 21,33 15,99
wC 6,76 9,00 6,91 14,35 | 7,78 832 | 83 10,95 | 13,64| 18,79 11,07
RC 14,54 12,95 17,93 17,26 12,56 7,75 8.1 22,88 | 14,20 17,64 24,48
B 10,17 10,81 12,91 8,64 9,09 8,43| 7.36 7,76 18,84| 22,15 14,47
HB 7,52 9,69 9,67 5,86 7,36 7,36 4.58 6,12 18,11| 25,52 10,43
G 7,79 4,29 6,72 597 | 6,02 4,52 5.25 6,13 11,10| 15,72 16,48
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2HG3 | 14,08 24,88 14,99 14,62 9,73 17,74 1058 | 1148 | 1568| 18,21 18,53
Ra 18,00 14,07 11,62 21,74 16,85 15,39 1152 | 20029 | 17,09| 14,72 25,59
Rz 13,11 7,99 13,86 14,60 11,08 11,9 10.23 8,72 11,29| 17,35 18,38
D 10,52 8,86 10,80 12,711 7,14 8,06| 1222 | 922 9,66 19,70 13,13
ED 9,65 13,91 12,67 9,98 6,01 826 | 1252 | 1233 | 1964| 37,88 11,86

It was observed that shear rigidity (G) shows ahhiglevancy (lower value of relevancy

criterion) with most of the sensory attributes, gthimplies that it plays the most important
role in overall handle of the knitted textiles. ellhehaviour of a fabric when it is subjected to
shearing forces is the most important factor thetiewines how it will perform when

subjected to a wide variety of complex deformatidngng use. We did not find the relevant
parameters for the surface feeling attributes- Wetlef, Greasy and Synthetic. The Fuzzy
logic based model was developed for each senstilpudé in order to predict the score of a

particular attribute using the two most relevanthamical parameters.

4.1.2 Extraction of rules using clustering:
We provide here an example of a model for knitedarits which had gone through one wash

cycles to predict the score of attribute ‘Fluffit.can be observed from Table 2 that the two
most relevant parameters for fluffy are compressoergy (WC) and bending hysteresis
(HB). Figure 4.2 is a mapping of these 2 mechanjatameters. The two principal

components represent the two mechanical parameters.
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03

Second principal component

PETJersey
13

+
PET-Rib

r I 1
05 0.4 -03 02 0.1 0 0.1

First principal component

Figure 4.2 Mapping of knitted fabrics with respectto WC and HB

We observed the 5 clusters on this map:- 1) Visaueelock fabrics 2) Viscose jersey and rib

fabrics 3) PET jersey fabrics 4) PET rib fabric®®)T interlock fabrics. The set of 52 knitted

fabrics was divided into 5 subsets and the follgmoles were extracted Fluffiness of the

fabrics with WC and HB:-

Table 4.2 Rules extracted form the data

Cluster

Rule

Viscose-interlock

If 0.41< WC<0.53 & 0.02< HB< 0.03then 0 < Fluffy-score< 0.12

Viscose-jersey/ril

If 0.3KXWC<0.41 & 0.01< HB< 0.02then 0.12< Fluffy-score< 0.52

PET-jersey

If 0.25K WC<0.26 & 0.066 HB< 0.07then 0.5k Fluffy-score< 0.82

© 2011 Tous droits réservés.
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PET-rib If 0.2 WC<0.28 & 0.06< HB< 0.11then 0.88< Fluffy-score< 1.00

PET-interlock | If 0.28< WC<0.31 & 0.12< HB< 0.22then 0.83< Fluffy-score< 0.89

4.1.3 Fuzzy Inference System:

Various steps of fuzzy modeling procedure are desdras following:-

Step:1Fuzzification of input variables (WC and HBWC was divided into three fuzzy
values named as: low, medium and high, on the sdd)e2-0.60 gf.cm/ch(Figure 4.3). The
scale of mechanical parameter was decided accotditige minimum and maximum value of

those parameters among our knitted samples.

at Low Medium High .
0.5 ]
0 ! ! L = ! ! ! ! !

0.2 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60

Input variable “WC”
Figure 4.3 Membership functions of input ‘WC’ (gf.am/cm?)

HB was divided into four fuzzy values named as lovedium, moderate and high (Figure:

4.4). All the membership functions were choserrapézoidal shapes.
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1 Low Medium Moderate High
[ |
0.5
e t
O | | | |
0 0.05 0.1 0.15 0.2 0.25

Input variable “HB”

Figure 4.4 Membership functions of input ‘HB’ (gf.an/cm)

Step:2Fuzzification of output variable (Fluffy)The sensory scores for “Fluffy” were divided
into five fuzzy values at the scale of [0 1] andmmbership functions are named as most-
fluffy, mf 2, mf 3, mf 4 and least-fluffy (Figure.8)

Most-fluffy mf 2 mf 3 mf4 Least-fluffy
1 | L &1

0.5(" i

| | |

0 ! I I ] 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Output variable “Fluffy”

Figure 4.5 Membership functions of output ‘Fluffy
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Step: 3If-Then rules generation and aggregation of thesamuents across the ruledn the
basis of Table 4.2 fuzzy rules were generated. ddmts are based on testing of all the rules
which must be combined in such a manner so as te raadecision. Aggregation is the
process by which the fuzzy sets that represenptiteuts of each rule are combined into a
single fuzzy set. The Madmani method is used fogreggating these fuzzy rules and

computing outputs from the input values of WC ariél H

If WC=0.3 & HB=0.06 then Fluffy=0.66

i
2 l |
[

| [
5 0z 08 1 08 FIL

Aggregation ——» -

o 1

Figure 4.6 If-then rules and aggregation of rulesdr ‘Fluffy’

Step: 4Defuzzification of outputThe input of the defuzzification process is a fusey (the
aggregated output fuzzy set) and the output isxglesinumber. The defuzzification method

we used is the centroid calculation, which retdh@scentre of the area under the curve.
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Least-fluffy
A 0g9

v -
Most-iluffy;J =

0E

Figure 4.7 Surface viewer tife fuzzy model for the ‘Fluffy’

Figure 4.7 shows the surface viewer of the Fuzzgehéor Fluffy. A lower Fluffy-score on

the z-axis represents more fluffiness of fabric wicé versa. The directional influence of WC
and HB on the Fluffiness can be clearly observadhét values of WC and lower value HB
result in maximum fluffiness of the knitted fabric¥he proposed model gives better
understanding of dependency of Fluffiness of kdifebrics with mechanical parameters WC
and HB. Therefore this model can be used to idehtfv to modify these textile parameters

to give better fluffiness.
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4.2 Assessment of drapeability of the knitted fabrics:

4.2.1 Correlative between subjective and objectivessessment of the knitted textiles:

In chapter:3, ‘Drape’ was considered as a sendtnipite and the way of evaluation of this
attribute is similar to the objective evaluationdopeability of the fabrics (Figure 4.8). In
order to check the relevancy of drape-score giweoun panellists, Objective assessment of

fabric drapeability was carried out using Drapemé&tan Sudemat, France.

Initial shape of sample
(diameter- d1)

Shadow of
fabric on paper

(@) (b)
Figure 4.8 Draped fabric during (a) objective and Ip) subjective assessments

The drape coefficient (D) can be defined as:-
D= (Wdzl Wdl) x 100...... (4.2)

Wq2= weight of paper of shaded area

Wqi=weight of paper of diameter d1 i.e. equal to fabliameter

All measurements were carried out under standatchtgconditions, i.e. temperature of 20 *
2 °C and 65 = 2 % relative air humidity. In Figute, the correlation between subjective

drape score and drape coefficient measured bymsint is shown.
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Subjective drape score

Figure 4.9 Correlation between objective and subjdive evaluation of fabric drape

Objective drape coefficient score and subjectiveresof the fabrics were normalised in the
range of [0 1]. We found correlation coefficient @ % between objective and subjective
score of the drape. This established that the dfalty of the fabrics can be estimated using

subjective score.

4.2.2 Fuzzy logic model for predicting the drape-score oh fabric:

In table 4.1, it can be observed that the drapeesikas strong correlation with G and 2HB,
good to strong correlation with B and EMT and poorrelation with HG and RT. The fuzzy
logic based model was developed to predict the ®smore of a fabric using methodology
explained above. Figure 4.10 is PCA map of 52 &ditextiles for G and 2HB. First principal

component is explaining 80% of the variability angples

- 166 -

© 2011 Tous droits réservés. http://doc.univ-lille1 fr



Thése de Gaurav Agarwal, Lille 1, 2011
Chapter 4 Development of Fuzogilc based model for correlating the sensory

attributes with relevant mechanical parameters

1

e +\f|scose-lnterlock—él[] Ageing

005 -

Second principal component - 20%

D5

JIE 23 TJJL N
First principal component- 80%

Figure 4.10 PCA map for 52 knitted textiles
We observed the four clusters on this map: - 1xd8e - interlock fabrics which have gone
through 40 wash cycles 2). All other Viscose fabrather than cluster:1. This cluster was
further divided in two sub clusters 2 (a) and 2 @) All PET interlock fabrics 4) All PET
fabrics other than cluster 3. The set of 52 kniftdafics was divided into the 5 subsets and the
following rules given in Table 4.3 were extracteddorrelate the G and 2HB with drape
score.

Table 4. 3 Rules extracted from the data

Cluster Rule
1 If 0.8 G<0.98 & 0.09< 2HB< 0.13then 0.50< Drape-score 0.58
2(a) If 0.4X G<0.65 & 0.01< 2HB< 0.02then 00< Drape-scores 0.23
2(b) If 0.55< G<0.75 & 0.02< 2HB< 0.07then 0.28< Drape-scores 0.46
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3 If 0.66<G<0.94 & 0.12< 2HB< 0.23then 0.76< Drape-score 0..89

4 If 0.4 G<0.63 & 0.06< 2HB< 0.12then 0.51< Drape-score 0.74

Other samples If 0.61< G<0.66 & 0.06: 2HB< 0.12then 0.76< Drape-score 1.00

Figure 4.11 shows the surface viewer of the Fuzegets for Drape. Lower drape-score on
the z-axis represents high drapeability and vigsaeThe directional influence of G and 2HB
on the Drape-score can be clearly observed in Eigurl. Higher values of G and 2HB result
in a high drape score i.e. lower drapeability af Kmitted fabrics. The proposed model gives
better understanding of the dependency of drapgeabil knitted fabrics with mechanical
parameters G and 2HB. Therefore this model cansee to identify how to modify these

textile parameters to give better drape.

Least drapable

LR
DB""-~-..
05‘\

Most drap‘:!\ble

Figure 4.11 Surface viewer of the Fuzzy model fohe drape
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4.2.3 Surface viewers for all other fuzzy models for knited fabrics:
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Figure 4.12 Surface viewers of the fuzzy models f@ensory attributes of knitted fabrics
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Figure 4.12 represents the surface viewers forra@esory attributes. It can be noticed that
attributes ‘Flexible’, ‘Light-heavy’, ‘Mellow’ andSlippery’ were found to be correlated with
the shear rigidity and bending hysteresis of thi&deh fabrics. In general it can be concluded
that lower shear rigidity and lower bending hysteseshows that fabric is flexible,
compressible, and slippery. The attribute ‘Flaivyas found to be correlated with shear
rigidity and elastic deformation: lower shear riggdand high elastic deformation contribute
to more flairiness of the fabrics. We found thaetsthability of knitted fabrics depends on
shear rigidity and tensile recovery, a lower vahfeshear rigidity and tensile recovery

indicates high stretchability of the fabrics.
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Figure 4.13 Surface viewers of the fuzzy models faensory attributes of knitted fabrics
gone through 40 wash cycles

Figure 4.13 is surface viewers for the sensorybaties of the knitted fabrics, which have
gone through 40 wash cycles. It can be observecbbparing figure 4.12 and 4.13 that the
correlation between mechanical parameters and semdtibutes is not same for knitted
fabrics which have gone through 1 or 40 washindesyd-or example: if we compare figure

4.7 and 4.13 (a), for knitted fabrics, which hadgdhrough 40 wash cycles, a shift of the
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lower boundary peak for attribute fluffy can beionetl towards lower value of compression
energy. This is due to generation of pills and éotibres on the fabric surface. These loose
fibres give a fluffy feel to the fibre and havingwer compression energy. The surface
profiles of two kind of kniited fabrics ( 1 or 40ash cycles) was to be found similar for

attributes light-heavy and flexible ( figure 4.18),((c) vs. figure 4.13 (c), (d).

4.3 Conclusions:

Shear rigidity and bending hysteresis were fountganost relevant mechanical parameters
for predicting the score of most of the sensorsilattes of the knitted fabrics. The proposed
fuzzy logic model is based on specimen varyinghreftype (cellulosic and synthetic), fibre
fineness (micro and regular), knitting structurerggy, rib and interlock) and the number of
wash-ageing cycles that they had gone throught¢ 4 wash cycles) with/without the use of
the fabric softener. The resulting model can thereebe used for a wide number of knitted
fabrics during their wear-cycle for predicting therformance of a garment with respect to the
proposed sensory attributes. In order to checlpémormance of a softener this model can be

used as a cost effective and time saving tool.
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General Conclusion and perspectives

The softener market will continue to evolve as t®mmands of the consumer constantly
change. Softeners of the future will be impactedntgny factors, including the desire for
rapid biodegradability, water conservation effontayy material costs, new performance
benefits, improved freshness, and other consunesisne
It was found that fibre type (cellulosic or polymgtand fibre fineness are the deciding factors
for softener pick up depending upon load conditibhis was explained by the competition
between different fibre types due to zeta-potenfilitation efficiency and water retention
capability of the fabrics. The orders of criticglibf these three factors still need to be
identified. The results of chapter-1 indicates thaftener-pick up is not the same for the
fabrics made of micro or regular fibres

This thesis is an overview of theenattion of wash-ageing and use of fabric softener
with construction, physical, sensory and surfaagerties of the textiles. This thesis gives an
idea of scope of improvement in softener produadts vespect to their functionality regarding
handle of the fabric.
The influence of ageing on sensory feeling is digamnt only for viscose fabrics, PET fabrics
don’t change with ageing cycles. It was found thiatose fabrics loose their drapeability,
smoothness, fluffiness and flexibility and sigrafint pilling occurs on the surface of the
fabrics. The use of softener significantly chantpessensory feeling of different attributes for
both viscose and polyester knitted fabrics. It wagestigated that panellists are able to
perceive more synthetic feel after treating theritzbwith softener. The use of the fabric
softener during %t wash cycle for viscose fabrics results in more p@ssible, more
drapeable, cooler and smother fabrics. While tleeaisoftener for prolonged washing could

contribute mainly to the better stretchability oétviscose fabrics.

-173 -

© 2011 Tous droits réservés. http://doc.univ-lille1 fr



Thése de Gaurav Agarwal, Lille 1, 2011
General conclusion and perspectives

The use of fabrics softener duririyviash-cycle for PET fabrics results more
stretchable, more flexible, more drapeable anddakith more relief. As the influence of 40
wash-cycles on sensory attributes was not foundifgignt for PET fabrics, therefore, the
fabric softener remains effective for PET fabrigsreafter 48 wash cycle. PET fabric which
had gone through 40 wash cycles with softener wasd to be wrinkle free, smoother but
having synthetic feel.

The dimension changes in knitted fabrniige to wash-ageing were found to be
significant only for viscose fabrics. These changesur during the initial 5 wash-cycles, the
knitting loops become rounder in shape to achieeg minimum energy stage. Due to high
stretchability of rib structure, there was decraaseidth constant of the rib fabrics.

The change in dimensional properties of the knitgdulics result in more significant changes
in mechanical properties during the initial wasleiag than prolonged wash-ageing.

In the case of viscose fabrics there &gy significant changes in WC, B, HB,
Roughness and Roughness depth. All of these chamges because of swelling and surface
damage due to the severe mechanical action of éisdimg machine. This implies that ageing
deteriorates apparel by making fabrics more staffigh and less full. Use of fabric softener
diminished the influence of ageing and resultsigmificant changes in EMT, RT, G, and B
for both PET and viscose fabrics.

The influence of wash-ageing and the use of fatwitener was also found to be dependent
on the knitted structure and fibre fineness. Ribcttire shows maximum change in EMT and
WC in comparison to jersey and interlock structwlesing the initial wash cycles. Fabric
softener was found to be more effective for inteklstructure, this may be due to the fact that
interlock is the most stable structure becausesthisture has more interaction between yarns
which provides more area where lubrication mayfiecgve and also results in most uniform
deposition of the fabric softener on the fabricfate. The influence of fabric softener was
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also found to be more effective for micro fibrearnhregular fibres, with respect to EMT, G, B
and WC.

The implementation of the tracking ciiber helps to understand what are the most
relevant mechanical features that impact on theagnattributes through the life cycle of
knitted fabrics. It was observed that shear rigi¢d) shows a high relevancy (lower value of
tracking criterion) with most of the sensory atitiéss, which implies that it plays most
important role in overall handle of the knitted tikss. The model based on soft computing
technigues was then developed using sensory d#riwith the most relevant mechanical
parameters based on the described criterion. Tay@oped model gives a better understanding
of the dependency of the sensory attributes oftdéahifabrics with relevant mechanical
parameters. Therefore this model can be used totiigehow to modify these textile

parameters to give better textile-hand during ifleeclycle of the fabrics.
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Appendix A Three basic structures of knitted fabrics

Construction

Description

Structure

Jersey

This is the simplest of all knitted

structures and is formed by the int

D

r-
meshing of a number of loops from

side to side and top to bottom.

Single jersey fabrics characteristics:

* single sided

* thin/light-weight

» fast and efficient production
* edges curl, difficult to handle

* partially unstable, stitch distortion

End-usesTee-shirt, vest...

1x1 rib

The term “rib” covers a broad range
of knitted structures from: 1x1, 2x{,
2x2. The simplest rib fabric is a 1x1
and this is formed using 2 individugl
beds of needles whereby yarn passes
from one bed to the other

alternatively.

Rib fabric characteristics:

» double sided fabric

* thick/medium weight

* high width stretch/recovery

* balanced structure/fairly stable.

End-usesTee-shirt

© 2011 Tous droits réservés.
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Interlock

This is quite similar in construction
to the rib fabric as 1x1 rib is knitted
alternately on opposite needles ang
requires two knitted courses or

traverses to complete one entire

knitted row.

Interlock fabric characteristics:

* double side fabric (same face and
reverse)

* thick/heavy weight

* good width stretch/recovery

* balanced structure/very stable

End-uses:
High quality and winter tee-shir

vest...

—t

I it

© 2011 Tous droits réservés.
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Appendix B Sensory evaluation of knitted fabrics

2. Stretchable

3aSlippery
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8. Wrinkle

10. Flairy

11.Flexible T e
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13. With relief - A 14. Greasy
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Appendix C Linear correlation between mechanical
parameters and sensory attributes

Table: Linear correlation between mechanical parameers:

EMT RT wC RC B HB G HG Ra Rz TD ED
EMT 1 0.22 0.01 0.05 0.29 0.3 0.37 0.1p 0 [ D D
RT 1 0 0 0.08 0.13 0.07 0.09 0 0 q
wC 1 0 0 0 0 0.1 0 0 0
RC 1 0 0 0 0.12 0.1 0.0p 031
B 0.64 0.53 0.16 0 0 0
HB 0.27 0.15 0 0 0
G 1 0.23 0 0 0 0
HG 1 0 0 0 0
Ra 1 0.91 0 0
Rz 1 0 0
D 1 0.13
ED 1

Table: Linear correlation between mechanical paramters and sensory attributes:

© 2011 Tous droits réservés.

Fluffy | Stretchable | Slippery | Light-heavy | Flairy |Flexible | Drape | Mellow | With relief | Greasy | Synthetic

EMT 0.12 0.15 0.02 0.26 0.15 0.14 0.25 0.19 0.03 001 .050
RT 0.04 0.29 0.12 0.04 0.026 0.08 0.1 0 0.04] 0.01 0
wcC 0.19 0.11 0.26 0.04 0.05 0.05 0.14 0 0.014 0.14 70.4
RC 0.06 0.1 0.13 0.04 0.05 0 0 0.01 0.05 0.05 0.0p
B 0.11 0.07 0.06 0.31 0.2 0.23 0.22 0.3Y 0.06 011 020
HB 0.45 0 0 0.61 0.53 0.44 0.52 0.5§ 0.14 0.016 0.4
G 0.02 0.27 0.13 0.17 0.1 0.2 0.12 0.16 0 0.12 0
HG 0.02 0.11 0.06 0.05 0.09 0.1 0.11 0.017 0 0.0165 g
Ra 0.01 0.3 0.41 0.014 0.03 0.02 0 0.05 0.05] 0.16 0.26
Rz 0.01 0.32 0.36 0.02 0.04 0.01] 0 0.06 0.06] 0.1B9 7 0.7
TD 0.15 0 0.01 0.02 0.07 0.06 0.14 0 0.017 0.71 0.18
ED 0.3 0.09 0.06 0.4 0.42 0.34 0.44 0.2Y 0.13 0 0.518
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Interaction of textile parameters, wash-ageing andse of fabric softener
during the laundry with mechanical properties of the knitted fabrics and

correlation with textile hand
Abstract: In this thesis, the simultaneous influence of régeganachine laundry and use of the

fabric softener on sensory, mechanical and physieonical properties of the knitted textiles
was investigated. The deposition of softener wamrastterised by amount of deposition in
different load conditions (mixed fibre load and indual fibre load) and level of uniformity
of the deposition. The softener deposition was @Rrpld by zeta-potential of the fibres and
liquid-absorption capability of the knitted fabric§he non-uniformity of the softener
deposition was quantified by image processing nteththe sensory evaluation of the fabrics
was carried out by a trained panel using pair-carapa method. Furthermore, an intelligent
system based on Fuzzy logic for correlating thesmla} and sensory parameters was
developed in order to predict the performance &hited fabric which has gone through

number of laundry cycles.

Interaction des parametres textiles et du vieillissment a l'usage des tricots,
couplés a l'adjonction d'un assouplissant, avec lggopriétés mécaniques et

leur corrélation avec le toucher

Résume :Dans cette these, l'influence de lavage répéthgtibsation d'assouplissant sur les
propriétés sensorielles, mécaniques et physicoighs pour la bonneterie ont, a été étudiés
Différentes conditions de remplissage de la machitaver ont été étudiées : soit avec des
tricots comportant tous des fibres de méme naswié avec des tricots de nature différentes.
La quantité d’adoucissant déposée sur le textiédéamesurée, I'uniformité du dépot a été
guantifiée par analyse d'image. Le potentiel zé&ta fibres et la capacité d’absorption des
textiles expliquent les écarts de quantité déposéekes tricots.

L'évaluation sensorielle des tissus a été réalmdeun groupe de panélistes entrainés en
utilisant la méthode de comparaison par paire. @nep un systéme intelligent basé sur la
logique floue pour corréler les parameétres physiqiesensoriela été développé afin de prédire

les performances d'un tricot aprés un grand noeidieycles de lavage.

Keywords: Wash-ageing, fabrics-softener, Fuzzy-logic, Textidand, Knitted fabrics,

Mechanical properties, zeta-potential, wicking

Université des sciences et technologie de Lille{US

Laboratoire GEMTEX de I'Ecole Nationale Supériedes Arts et Industries Textiles
2, allée Louise et Victor Champier BP30329. 59066ithaix (France)
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