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ABSTRACT

In order to prevent human from the acute and chreffects bring out by ultraviolet
radiation (UV radiation), plain knitted clothing dmmes a feasible alternative to
prevent direct contact with UV radiation. One of thnain features of knitted fabric is
its certain elasticity that different from wovemwsiture, given they are produced from
same type of fibore and yarn. Such extension maguawearer from ease of body
movement.

Fifteen types of plain knitted samples were produfrem normal cotton, Supima
cotton (both conventional and torque-free ring spam of 20Ne and Coolmax yarn
of 150dtex. These samples were divided into threeps, single cotton yarn (Group
), two cotton yarns combination (Group IlI) and @Goax and cotton yarns
combination (Group IlI).

Ultraviolet protection factor (UPF) of samples iach group were measured in the
following conditions, (a) dry and relax, (b) drydastretch, (c) wet and relax and (d)
wet and stretch. Furthermore, there were threereifit level of stretching, i.e. 10%,
20% and 30% stretching in both machine and crosdima directions. Samples were
wetted separately with five types of solutions unithg (a) chlorinated pool water, (b)
sea water, (c) acidic perspiration, (d) alkalinespe&ation and (e) deionized (D.I.)

water respectively.



The UPF values at dry and relax state of Groupvdl$ the highest while Group Il and

Group Ill came second and third. When it was in dng stretch state, UPF of all

Groups dropped and the decrease in rating is neeste in 30% stretching then 20%
and 10%. While samples subjected to wetting andsored in relax condition, UPF

was further reduced. UPF measured at wet and Istette were the lowest among
four testing conditions.

Statistical regression models were used to prédiRft at the four different conditions

by using Tightness Factor, Pore size ratio, Stiehsity and Fibre combination. The
coefficients of determinatiorRf) of all the models were all over 0.81. It could be
concluded that these models are a successful togdrédicting UPF of cotton and

Coolmax/cotton blends at different possible ref@vearing conditions.
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Chapter1 INTRODUCTION

1.1 Background of Study

The public has always been reminded to avoid ammgsstve and unnecessary sun

exposure, in order to prevent human from the aauntechronic effects bring out by

ultraviolet radiation (UV radiation). From the epidiological perspective, using

sunscreen is commonly accepted as a mean to astinicekeratoses and squamous

cell etc. However, there are some disadvantageliding discomfort, frequent

reapplication and potential skin allergy. Furtherepanost sunscreens on the market

provide less protection for UV-A (315-400nm) tham UV-B (280-315nm) as UV-B

has the highest skin damage potential (Algaba aiva, R002). Applying UV-B

protective sunscreens may eventually lead to isecd&V-A exposure since reduced

sunburn allow people to stay even longer undeistiemight have an increased risk

of catching melanomas and nevi.

Following the line of reasoning, wearing clothirextile would become a feasible

alternative to sunscreens, especially for people wiust work outdoors during the

hours of maximum intensity from 10 am to 2 pm (Kest and Crews, 2005). UV

radiation is the main environmental factor for eedi relationship with skin cancer,

disregarding genetic factor (Ferrigt al, 1998; Tenkate, 1998) and that is the reason

of regulating well-designed clothing made from WAdiation blocking textiles.



Because of its light weight, cotton fabric and sdkmal of synthetic fabric made of

filament yarns are ideal material for clothing espky for summer days and have

been opted by the public.

Most of the previous researches have been focusedrme factors such as fibre type,

dyes, finishing processes and fabric porosity sistdJV radiation (Abidet al, 2001,

Capjacket al, 1994; Crewst al, 1999; Pailthorpe, 1994; Reinettal, 1997; Zhou

and Crews, 1998). Nevertheless, in the recent ydagshinking of the other side of

industrial revolution has made people realize thate is an urgent need to protect the

environment. This eco-awareness has led to thevakwf reduction chemical

processes and treatments.

In addition, chemicals such as titanium oxide @)i@nd zinc oxide (ZnO) are used in

increasing UV protection property of textiles mgifdr synthetic fibres, which can be

incorporated with chemicals during manufacturinggesses. It was not comfortable

to wear garment made of pure conventional syntliigtie, such as polyester which is

hydrophobic in nature. Chemicals cannot be incateat in the way in natural fibre.

Surface coating is an alternative to apply thesemsbals onto cotton, however,

coatings might trigger damages on textile matenalsllergic reactions on human

skin can happen in tight and sweaty situation, @aflg in summer days. Therefore, a

proper and innovative method needs to be develdpednhance UV protection



property on knitted fabric by choosing suitabledilcontent.

There were only a few researches (Algadtaal, 2007; Laperreet al, 2001;

Osterwalderet al, 2000) studied on the relationship between fiboenposition,

stretch condition and moisture content on knittedcsures to against UV radiation

transmission. Obviously, the unique characteristit&nitted fabric in both wetted

state and stretched state did provide area to expldis research will focus on textile

engineering approach on knitted fabrics againstitd¥smission.

1.2 Objectives

It is clear that all clothing provide certain degref UV protection. This project is

aimed at studying the knitted fabric at textile imegring level such as fibre

combination to investigate protective propertiestead of through chemical finishing

or wet processing to enhance UV radiation protectiavo points that are especially

important for optimized summer apparel are lighgheéi and maximum UV

protection.

This project will have the following objectives ding to the goal:

- To study the protective ability of cotton and Coalmcombinations against UV

radiation.

- To examine the relationships of stretch conditiand textiles’ corresponding UV



protective ability.

- To understand the effect of moisture content |l@fdibre in influencing the UV

protection behaviour by means of a series of erpant studies.

- To predict UPF at different conditions by statiaticegression models.

1.3 Scope of Study

This research project focus would be on fibre aathyaspects and study UPF at

engineering level instead of chemical treatment@gghes.

As fibre is the fundamental basic of constitutiragns and fabrics. In textiles, UPF is

strongly dependent on the chemical structure offithres. The nature of the fibres

influences the UPF as they have different chengoaiposition.

Besides, presence of moisture on clothing may afeect UPF. Level of influence

largely depends on the type and moisture regafibads, as well as conditioning time,

which result in swelling phenomena.

Human perspires to release heat from the body. Mexabsorption of perspiration

may affect the UPF of clothing. A series of testl we carried out to find out the

relationship between fibre types and moisture atdnievel. In order to better

understand the relationship of perspiration and,Ukdh-made perspiration solutions

will be employed for evaluation corresponding rgsin Furthermore, the effect of



wetting with chlorinated pool water, sea water, atedonized water will also be

studied.

For the sake of better comprehending UPF and birggof fabrics under exposure in

UV radiation with or without wetted with variouspiys of solutions will also be

studied.

1.4 Methodology

To achieve the objectives of the project, the fellg research methodology will be

employed:

- To study the relationship between yarn structuce ld¥ radiation transmission by

a series of physical testing. The physical aspeztiding but not limited to yarn

tenacity, yarn strength and twist number will barained.

- To study the relationship between moisture conténfibres and UV radiation

transmission at different moisture level.

- To simulated actual wearing condition and corredpan UPFs by stretching

fabric at different percentage and immense fabniegrious solutions.

1.5 Project Significance and Value

The best technique for reducing UV exposure isvtmdasun exposure, but this is not



a generally acceptable solution to all. Recreatiemposure accounts for most of the
significant UV radiation exposures of the populati@and occupational exposure is
also significant. And there is growing interestr@ducing the UV radiation exposure
of outdoor workers.

As there is rising concern over protecting humamfruncontrolled exposure to UV
radiation transmission. It is reasonable to studyrbdiation transmission of different
textile materials. This is the fundamental supmagrtior this project. This project will
benefit the knitwear manufacturer and sportsweadycer in the global textile
industries and will definitely strengthen the resbaébackground and reputation in the

textile technology regime.



Chapter 2 LITERATURE REVIEW

2.1 Introduction

This chapter will provides a review on UV radiatidibre content, factors affecting

UV radiation transmission and previous works omgsilothing as protection against

UV radiation. Measurement methods of UltraviolebtBction Factor (UPF), botim

vivo andin vitro would also be discussed.

2.2 Understanding Ultraviolet Radiation

The human eye only responds to light with wavelerfgpbm about 790nm (red) to

430 nm (violet) while wavelength from 100 to 400mmthe electromagnetic spectrum

were the ultraviolet radiation (UV radiation).

The ultraviolet light is produced by sun and mosthsorbed by the ozone layer or

reflected back into space, thus only a small amoeathes the earth surface. It is

light with wavelength beyond ultraviolet and shortean human eye identifying

capacity.

It is commonly to further subdivided the UV speatrinto three regions, which are

UV-A (315-400nm), UV-B (280-315nm), and UV-C (108@hm) according to the

AS/NZS 4399:1996Standard. International Commission on llluminati¢GIE)

distinguished UV radiation ranging from 280 to 408 and defined UV radiation as

radiant energy for which the wavelengths of the oobmomatic components are
7



smaller than those for visible radiation and mdrantabout 100 nm (AATCC Test
183). Table 2-1 shows classifications, wavelendttive intensities and average

photon energies of UV radiation.

Table 2-1 Wavelengths, relative intensities andaye photon energies of radiation.

Classification Wavelength | Relative intensity | Average photon energy
(nm) (%) (kJ mol™)

UV-B radiation 280-320 0.5 400

UV-A1 radiation 320-360 2.4 350

UV-A2 radiation 360-400 3.2 315

Visible radiation 400-800 51.8 200

Infrared radiation 800-3000 42.1 63

(Laga and Wasif, 2010)

UV-C is completely absorbed by the ozone and oxyagfeatmosphere, so it could not
reach the earth. UV-B, approximately 50 % presantsurface of earth (Giest al,
1992), is most responsible for the developmentkaf sancers (Yadav and Karolia,
2011). About 95 % UV-A reached the earth’s surfdieg cause little visible reaction
on the skin but has been shown to decrease thenalogical response of skin cells.
Overexposure to UV-A radiation produces similaroecinc and collateral effects to
those produced by UV-B radiation, although the meglidoses are higher (Algaba
and Riva, 2002). The energies of UV-A and UV-B pmst that reaches the earth
surface exceed the carbon-carbon single bond em$r8$5 kJ motf', which explains
the reason for UV radiation could initiate chemiczdctions. Compared with the 340

to 400 nm portion of the UV-A spectrum, the 28043@0 portion of the UV-B
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spectrum is about 1000 times more erythmogenic ¢/¢aal, 2001). A decrease of 1

% in ozone layer would allow more solar UV radiati@ach the earth’s surface and

may eventually lead to a 2.3 % increase in the oha skin cancer (Vikova, 2004).

The actual damage to human skin from UV radiat®oa function of the wavelength

of the incident radiation, with the most damage eddny radiation around 308nm

(Reinertet al,, 1997).

2.2.1 Measurement of UV Transmission

Measurement of UV transmission is an essentialqgdastudying the protective ability

of clothing against UV radiation. Two categoriesnoéasurement, i.én vivo andin

vitro, have hitherto been widely recognized among scholad thoroughly

understanding of the correlation and accuracy etwo methods is thus required.

2.2.1.1 Invivo Measurement

Thein vivo method is closely similar to the method used sess the effectiveness of

sunscreen lotions in order to determine the suteption factor (SPF) of an element.

“The degree of protection that an element providgainst the adverse effects of

sunlight is commonly known as the solar protectaxtor” (Algaba and Riva, 2002).

It is defined as the threshold time takes for giherma (injury to the tissue causing



redness to skin) to occur with a protective elenagqlied, divided by the threshold

time for the erythema to occur without any protctmeans. For example, when the

skin of a person becomes red after 15 minutes expo® the sun, by using a

protective element such as sunscreen with a protefaictor of 20 the reddening will

appear after 300 minutes of exposure (Riva, 1999).

The In vivo measurement method use human skin as test indi@atbmeasures the

minimum erythema dose (MED) of UV radiation. Artill sources was used and to

measure the MED for 24 hours, incremental UV-B dosere used to irradiate the

test human unprotected skin on one side of the ruppek, and the protected skin

where the fabric in place on the other side of upper back. The UV-B dose for

unprotected skin was determined based on the $kitofype. The incremental UV-B

dose for the protected skin was determined by plyitig the UV-B dose for the

unprotected skin with the fabrio vitro UPF value. The ratio of the MED of the

protected skin to the MED of the unprotected skithein vivo UPF (Hoffmanret al.,

2001a). Anin vivotest was carried out to confirm the UPF values mneskfromin

vitro test (Hoffmannet al, 2001a). Impracticality and cost involved were thain

limitations of the approach, as it gave a direspomse of human skin to UV radiation,

and human judgments were required when erythemeaapf-Hoffmanret al, 2001;

Capjacket al, 1994)
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2.2.1.2 In vitro Measurement

Spectrophotometric method is the main approach rundétro measurement. Direct

and diffuse UV transmittance through a fabric isracial factor in determining the

UV protection ability of textiles (Yadav and Kam]|i2011). The transmission of UV

radiation through a specimen was measured underpextrephotometer or

spectroradiometer at known wavelength intervals.

The UPF value is computed as the ratio of the emgtly weighted UV radiation

irradiance at the detector with no specimen toettythemally weighted UV radiation

irradiance at the detector with a specimen predérg.advantage of this method was

that it could properly account for any spectraliatawns in the absorption spectrum of

the sample (Capjaost al.,1994) and the reproducibility and repeatabilityrevihigh.

However, one of the shortcomings was calibratiash teebe done regularly, filters had

to be used to block the UV induced fluorescencenfrime specimen to ensure

accuracy of the measurement (Xia, 2004).iArvitro method for the calculation of

the UPF of textile was described in a Europeandstah) EN 13758 Textiles, Solar

UV Protective Properties Part 1. Methods of TestApparel Fabrics. The standard

described a method for the determination of théherynally weighted UV radiation

transmittance of apparel fabrics to assess solaptdtéctive properties. (Gambichler

et al.,2001b).
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2.2.1.3 Accuracy ofn vivo andin vitro Measurements

Menzieset al (1992) examined six fabrics based ionvitro spectrophotometric

methods and compared with the resulténofivotest on human subjects. They found

that agreement between the two different test nustiveas good if the fabrics were

positioned a few millimeters off the skin. Agreerm@ras not good when the fabrics

were on skin without gap in between. Menzasal (1992) concluded this was

primarily due to the fabric structure provided aasl path, i.e. the openness area for

the UV radiation to irradiate the skin in some areghile the yarn and fibre

completely blocked the UV radiation in other arelisey called this the ‘hole effect’

where there was non-uniform irradiance of the sulgjeskin due to the weaving

structure of the fabric. When the fabric is plaéadher off the skin, the UV radiation

is more diffused and the evenly irradiation of gkén, and the correlations between

vivo andin vitro tests are substantially strengthened.

Lowe et al. (1995) measured the UV radiation transmittandes mumber of fabrics

to determine protection factors. They impingedrtheiman test subjects protected by

the various garments with 10, 15 or 31 MED (minimamgthema dose), whichever

was appropriate for the garment in question andnexad the subjects for erythema

24 hours later. The garments were ranked pass ibdépend on whether any

erythema was detected. They found that the sumregghivgarments within vitro
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protection factors of 10 or less failed the 10 48%dMED exposures. However, the

UV radiation protective clothing witlin vitro protection factors of more than 30

passed the 31 MED exposure tests.

Ravishankar and Diffey (1997) conducted a reseantiich was testing botim vivo

andin vitro methods on a life size mannequin with three diffiércotton T-shirts and

exposed to the diffuse radiation from 48 fluoresdamps. Ravishankar and Diffey

(1997) found that thén vivo UPF of the garment was higher thamvitro UPF

measured using collimated radiation. The incidergle of UV radiation was varied

when compared from collimated beam. It was becdugher scattering from

increased path length through the specimen. At édress from normal, the UPF

values were about 3 times higher than when irradifiom collimated radiation (Xia,

2004).

Gieset al (2000) found out several selected garments tastedy either ann vivo

SPF test or ann vitro UPF test would have achieved high degree of siitylar

protection factor rating in 14 out of the 15 casested in the study. Correlation

between measured UPFs and SPFs were high withiradbeptable measurement

error and there was no significant statistical atawn between SPFs and UPFs when

analyzed as a group. Authors (Gies al, 2000) pointed out that the UPF

determinations did not overrate protection agasoir UV radiation in comparison to

13



SPF testing.

In the same year, Hoffmann and his research cowsridoffmannet al, 2000)

carried out experiments by comparing results bageith vivo andin vitro methods

and found out that depending on the type of fapttus determination of the UPF by

the in vitro method was not in agreement with the vivo method. In vivo

measurements tend to make with lightweight spgctalated UV protective textile

showed in contrast to the untreated viscose falinaisthese garments offer very good

protection against UV radiation. These results wuww®ing the importance of

developing and refining the UV protective clothing.

Another research carried out by Lapegtal. (2001) involved eight laboratories, nine

different measuring devices that located in fiverdoes to test against the accuracy

of the in vitro method. The result shown a difference of measunénamong

laboratories increased along with the UPF levelilevtine variance was little in the

UPF range from 1 to 70 of each laboratory.

Gieset al. (1997) and Gambichleet al. (2001a,b) pointed out that an increasing

variability for higher UPF levels was associatedhwn vitro spectrophotometric

method. The finding may attributed to the largdrunmental errors at very low UV

transmittance levels (Xia, 2004).The other previetisdy (Menzieset al, 1992)

shown that while then vivo test conducted under “off skin” (2-4 mm away frekin)
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and “on skin” (fabric worn directly on skin) couideld quite different UPF values.

Gambichleret al (2001a) tested about 30 summer clothing mainigmase of woven

fabrics found thatn vivo “on skin” measurements were remarkably lower ttien

UPFs measured fromn vivo “off skin”. Such results confirmed with Menzies al's

(1992) finding and had been attributed to an optiemmetrical effect, i.e. as there

was a 2 to 4 mm away from skin, when the UV radratpenetrated through the

“opening” of the specimen, there was a greater neldeof diffuse because of

scattering when there was space away from skidowiplg the line of reasoning,

when there was no gap between the fabric and skihy a limited portion of

scattering of the UV radiation and thus skin nexfabric will receive almost all the

portion of the UV radiation (Giest al, 1992; Kimlinet al, 1999).

In conclusion, employingn vivo measurement method was time consuming and

relatively expensive. While, on the other hand ctjp@hotometric method was more

applicable in practice as long as thevitro UPF values had a strong correlation with

thein vivo UPF.

2.2.2 AReview on Testing Method for Protection agnst UV Radiation

There were several standards dealing with the proeefor then vitro measurement

of the UPF of textiles. In the calculations indezhtin this section reference will be

made to the first standard that appeared, the AS/N09:1996, developed jointly by
15



Australia and New Zealand, which forms the basistbér standards. Moreover, this

standard will be used throughout the researchhi®titPFs measurement.

AS/NZS 4399:1996 Sun Protective Clothing: Evaluatend Classification (Table

2-2). The standard depicted measurement of UPkgsaton non-hydrated and

unstretched specimen by employing a spectrophotmetrecord UV transmission

in the range of 290-400 nm wavelengths in spectiaguiring at least two samples

in the warp and two in the weft directions and mieag each color separately. The

area with the lowest cover factor forms of a teatufabric the sample should be

tested. The UPF rating applies to the fabric rathan the garment design.

Table 2-2 AS/NZS 4339 UPF Classification System

UPF Range UVR Protection Category Effective UVRnBraission (%) UPF Ratings

15-24 Good Protection 6.7-4.2 15, 20
25-39 Very Good Protection 41-26 25, 30, 35
40 - 50, 50+ Excellent Protection <2.5 40, 45,585

(AS/NZS 4399:1996)

A UPF rating indicates how much UV-R is blocked dynaterial. For example, a

textile with a UPF rating of 20 would only allow2Dth of the hazardous UV-R

falling on its surface to pass through it, and ¢ffiemre UV-R exposure will be reduced

by a factor of 20. The UPF ratings of less thankhEiween 15 and 50, and more than

50 (50+) are generally classified as bad, good, exogllent UV-blocking properties

for textiles, respectively. A low UPF (less than d5 cotton is inadequate protection
16



for outdoor activities. Clothing with a greater UBRould be developed to provide

high levels of UV protection in a variety of condits (Wanget al,, 2011).

Regarding the measurement parameter and the caitdre standard, BS 7914:1998

Method of Test for Penetration of Erythemally Weegh Solar UV Radiation

Through Clothing Fabrics was found very similarthe AS/NZS 4399 standard and

the standard did not contain requirements for ahgtiproduct labeling.

BS 7949:1999 Children's Clothing: RequirementsRartection against Erythemally

Weighted Solar Ultraviolet Radiation. This standdyeted for clothing for children

aged between 6 months and applicable to both gdrasenell as fabric design. Based

on the level of minimum coverage acceptable, tlyaement designs were defined

accordingly and a maximum penetration of 2.5% whsvad for fabric (trimmings

exclusive). Garments that pass the test were pamtigriabeled with reference to the

standard and with the wording helps to prevent stmbvhile a detachable label

remind costumer apply sunscreen to uncovered afeskin. Only UPF 40 or UPF

40+ was indicated, no exact rating would be praviadav and Karolia, 2011).

UV Standard 80:1999 General and special conditenployed a harsher procedure

than those aforementioned tests, which was issyedhé International Testing

Association for Applied UV Protection. Measuremeoit UV protection was

determined using the erythermal effectiveness amdiance spectrum (290-400nm)
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the same as shown in AS/NZS 4399:1996 standardsivements were made on both

new fabric and fabric that had been gone throughrwead tear condition as well, for

example, after abrasion and stretched under temsidrstretch under hydrated states.

Stretch was obtained through tugging the fabribath directions and the UPF rating

was measured at the same time after elongationaf¥andd Karolia, 2011).

For measurements in the wet state, samples wereiliseoh in solution and the UPF

rating was then measure once excess moisture has diff and recorded after two

minutes. Subsequent readings were made at two-enimiéervals if the second

reading was lower and continue the measurement antincrease or no further

decrease was found (Yadav and Karolia, 2011).

AATCC Test Method 183-2000, Transmittance or Blagkof Erythemally Weighted

Ultraviolet Radiation Through Fabrics. The standdedcribed the specimens fabrics

should be prepared before testing by being givedat@iestic washings and dryings,

be exposed to stimulated light for a specified tene (for swimwear) be exposed to

chlorine water for a specified time. Textiles teseecording to AATCC 183 and

intended for use for UV protection, should be ladehccording to ASTM D 6603

Standard Guide for Labeling of UV-Protective Teadilthat requires the UPF rating.

The UPF rating and classification category are laimio those stated in AS/NZS

4399.
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In 2000, ASTM D6544-00 appeared. Standard PradtcePreparation of Textiles

Prior to UV Transmission Testing, which establisis¢ahdard methods of preparing

samples in order to simulate two years seasonaingieling washing and exposure

to sunlight and chlorinated water before evaluating UPFs (Algaba and Riva,

2002).

BS EN 13758-1:2002, Textiles - Solar UV ProtectRmeperties - Part 1. Methods of

Test for Apparel Fabrics: The standard describesethod for the determination of

the erythermally weighted UV radiation transmittanaf apparel fabrics to assess

solar UV protective properties. The standard aésquires specimen subject to wear

and tear condition, especially for the stretch amd state which was similar to the

UV Standard 80:1999. Stretch condition includingediion and force applied should

be recorded.

BS EN 13758-2:2001, Textiles - Solar UV Protectreperties. Part 2: Classification

and Marking of Apparel. The guidelines introducedogo for outdoor items and

suggested minimum requirements for the UV permigbénd skin coverage of

clothes, in order to give reasonable protectionaioraverage person exposed to the

sun in Europe. The sun-safety logo incorporatirgstandard number, EN 13758, and

the UV protection factor 30+.

In conclusion, the UPF classification in accordant AS/NZS 4399 was adopted
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in this research.

2.3 Properties of Fibres behave under UV Radiation

There are certain possible pathways for UV radmtiistribution when it reached

textile fabric. UV radiation can be reflected, atteml and/or transmitted by fabric.

Part of the radiation is absorbed by the fibres,it.is converted to a different energy

form (Alvarez and Lipp-Symonowicz, 2003), for exdempsynthetic fibre such as

polyester. Another part of the radiation passesctly through the fabric via gaps

between the fibres and yarns and this part is nedeto as the ‘transmission’

(Gambichleret al, 2001a). Some radiation is reflected or scattdrgdhe fibres,

which may contribute to transmitted radiation iisinot absorbed by other fibres.

It seems that physico-chemical type of fibre is oh¢éhe key parameters influencing

the UV protection ability. Several studies (HoffmarR001; Pailthorpe, 1998 and

Stanford, 1997) have reported the effect of fibkeemistry on UV protection

properties of textiles. It has been found thate#containing conjugated aromatic

system of polymer chains, such as polyester, aree maffective in UV absorption

(Gambichleret al, 2001b; Crewst al, 1999; Davist al, 1997).

Cellulose fibres (cotton, flax, viscose) have naultle bonds in their chemical

structure, thus have a low intrinsic UV absorpta@apacity providing relatively low
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UV protection properties of textile fabrics mader#of (Gambichleet al, 2001b;

Crewset al, 1999; Davist al, 1997). However, natural pigments, pectin andesax

in natural cellulose fibers act as UV absorbersinttpa favorable effect on UPF of

gray-state fabrics. Hustvedt and Crews (2005) fiepiorted a comparatively higher

UPF of naturally pigmented cotton fabrics and ndroagion.

2.3.1 General Mechanism of Photodegradation of Fib

Energy associated with near-UV radiation was al3dd#4.3 eV which correspond to

72-97 kcal/mol. Common covalent bonds encounteredoalymers have bond

dissociation energies which for the most part aredatween or lower than this energy

range. It is reasonable to assume the ultravialéiation, which is high energy and

short wavelength to be more effective than visiiglet in promoting a wider range of

photochemical reactions, as the photon energy fisnation of the wavelength of

radiation. For example, solar UV-B range (extendimogn about 280 nm to 320 nm)

is well known to be the most deleterious wavelesgthpolymers exposed to sunlight.

Absorption of electromagnetic radiation is the pogelisite for photodegradation.

(Andrady, 2007)

Provided the UV radiation is absorbed by the polymed suitable pathways are

available for the photo-excited singlet (S) angléi (T) species to transfer the
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absorbed energy to trigger photochemical reactitighi-induced damage to the

polymer can occur.

Combination of photodegradative and photo-initiatkermo-oxidative mechanisms

leading to breakdown of polymers when fibre waadmated in UV radiation with

presence of oxygen (Andrady, 2007). In practicaliaption, UV-visible irradiation

would be carried out in air and oxygen played anpdrtant role in the

photodegradation process. The photodegradatioregsamould be generally separated

into three stages, i.e. initiation, propagation terchination.

The initiation process starts by the generationfreé radicals on absorption of

radiation by polymers which contains a suitableoaiwphore (either as a part of

macro-molecular structure or as an additive or intpu Typically, the propagation

reactions take place between the polymer radicatiep and either a polymer chain

or oxygen. The macromolecular oxy radicals formex/ mnderggs scission or other

reactions. At a given instant during photodegraatatithe polymer substrate would

contain a variety of macroradicals which may teltenby bimolecular interaction or

unimolecular processes (Andrady, 2007).

2.3.1.1 Cotton Fibre

Cotton in the form of cloth suffices one of the ibamecessities of the human
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population and it is the primary natural textilbré produced in the world (Wakelyn
et al, 2007).

Cotton is the most important natural textile fitimethe world. It is used to produce
apparel, home furnishings, and industrial produafstldwide about 40% of the fibre

consumed was cotton according to the Fibre Econ@ureau, Inc., reported. The
moisture regain ratio of cotton is about 8.5%, a@otton is a natural, renewable,
biodegradable and sustainable fibre. It is goodpople with sensitivity to certain

chemicals and can be grown organically and recydfatiric can be made out of the

cotton that is otherwise wasted during the prooéssaking it into cloth.

2.3.1.2 Photodegradation of Cotton

It has been known that the degradative effectgbition cotton was chemical in nature
and lead to the formation of carboxyl and carbayrgups along the cellulose chain
(Philips and Arthur, 1964). Two main mechanismdléa photodegradation effect
were direct photolysis and photosensitized degrad@rocess (Egerton, 1949).
Several academic reviews are available (Philips Artdur, 1985; Phillips, 1980;
Baugh and Philips, 1971; McKellar, 1971) suggegtbdtochemistry involves the
interaction of visible and ultraviolet light wittotton. To initiate a direct rupture of
chemical bonds (Figure 2-1), the radiation of highergy must be absorbed by

cellulose. For pure cotton, the cleavage of eittembon-carbon or carbon-oxygen
23



bonds would require energy about 80-90 kcal/molélenfor removing hydrogen

atom would require about 100 kcal/mole (Launer\afidon, 1949).
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Figure 2-1 Rupture of chemical bonds in photodeagfiad of cotton

A saturated compound lacks the structural featveesired to absorb light in the
visible spectrum. Light with wavelengths greataart310 nm is not able to photolyse
cotton directly (Philips and Arthur, 1949). Merclemission at predominantly 254 nm
can cause photodegradation and produce free radiceddiated carbohydrates do
form a species absorbing at 265 nm (Philligs al, 1977) that exhibits an
autocatalytic influence. The direct photolysis a@llulose with 254 nm radiation
results in degradation and is independent of tlesgrce of oxygen (Egerton, 1949;
Launer and Wilson, 1949). Changes are increadeeisdlubility, reducing power, the
formation of carboxyl groups and decrease in polygagon. Although light of
wavelengths greater than 310 nm cannot degradeoncalirectly, some other

compounds such as dyes and some metallic oxidésasu€iQ and ZnO can absorb
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near-ultraviolet radiation or visible light and their excited states can induce the

degradation of cotton. These reactions are desdnatotosensitized degradation but

do not have a common mechanism.

2.3.1.3 Polyester Fibre (including Coolmax)

Polyester, an aromatic polyethylene terephthal®&T]j, which is also a highly

hydrophobic synthetic fibre (Figure 2-2), is knowenhave a high protective factor

against transmittance of UV light because of theenulcal applied during

manufacturing.

Coolmax is a modified polyester fibore and contagnicross-section of proprietary

tetra channel. Coolmax fibre was known for theisriels that pull moisture from the

skin, the process was called wicking. The fabrisoabs and spreads moisture out

across fabric to enhance evaporative drying ratause of increased surface area by

20% when compared with the yarn of the same lidessity. At the same time air

moved in to keep body dry and cool. Cotton on tteeiohand that absorb and retain

fourteen times more moisture than Coolmax. Theegfthe engineered inherence

moisture management properties make it suitablesionmer light weight clothing

(http://www.invista.com/en/brands/coolmax.html, 2D1
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Figure 2-2 Chemical structure of polyester

2.3.1.4 Photodegradation of Polyester (including @lmax)

Photochemical degradation of polyester in normaliglat spectrum is photolytic in

nature, due to the direct absorption by the polyaferadiation at about 310 nm

(Andrady, 2007; Lewin, 1998). The terephthaloylups absorb strongly in the region,

so degradation is localised at the exposed sudaddeads to development of surface

cracks and formation of embrittlement. Chain soisss accompanied in the absence

of oxygen by cross-linking, and in the presencexjgen by hydroxylation of the

aromatic ring to form hydroxyterephthaloyl grou@arboxyl-carbonyl bond, carbon

monoxide, and in the presence of oxygen, also cadimxide are the major products.

The former two are accounted for the crosslinkingl dydroxylation, and the

consequent increase in color and fluorescence ttitbwded to the formation of

radicals on the aromatic ring. Day and Wiles (19¢Rastudied photochemical

degradation of polyethylene terephthalate (PET)inMabased on the analysis of

volatile products (CO and GPand on FTIR it was suggested that UV absorptipn b
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the aromatic ester group induced Norrish (typesd B (Figure 2-3) photocleavage

(Malanowskiet al, 2009).
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Figure 2-3 Typical photodegradation process (It ldagaib, 2008)
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2.4  Factors affecting Ultraviolet Protection Faabr (UPF)

2.4.1 Fibre Content

Previous researches have been done to reveal didomeent that would influence

clothing’s ability against UV radiation (Crewet al, 1999; Stanforcet al, 1995;

Capjacket al, 1994). However, the other factors such as fatwitstruction, linear

density of yarn, etc have not been controlled, tsavas difficult concluded a

relationship between fibre types and UPF of textile

A study done by Robson and Diffey (1990) indicatledt satin or twill made with

polyester were of very high UPF, because of the#dus surface of polyester reflect

large portion of incident radiation. Researchersb@n and Diffey, 1990) further

pointed out crepe structure made of polyester dsek UPF significantly because of

the structure rather than the fibre type. Reimrial. (1997) showed that undyed

polyester had generally better UPF because theepi@yfibre had high absorption of

UV-B and the TiQdelustrant a chemical that strongly absorb UV itaatia

Daviset al. (1997) compared eight fabrics of different fibbeg with similar structure,

fabric count and color. Results showed that pogresamples yield a consistently

high level of UPF whereas cotton samples were abooid times lower UPF.

Crewset al. (1999) found out even polyester samples had theedb mean cover

factor value, they did not show the lowest UPF. Témson was that polyester fibre
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was very permeability to UV radiation and polyespeocessed higher absorption
ability in the UV-B region inherently and the ddhasits acted as a UV absorber thus
enhancing the UPF rating (Creatal., 1999).

Polyester is effective in absorbing UV-B becauséefbenzene rings and conjugated
system in its polymer chains and polyester redutBd transmission in the
wavelength region below 312 nm (Lapeeteal, 2001; Davist al, 1997).

Some of the previous researches studied on fibpe tand UPF were not
comprehensive enough; they were either comparing &mucture and woven
structure together (Welsh and Diffey, 1981) or dymgported that no relationship
between fibre type and UPF (Gies$ al, 1994). The other research (Robson and
Diffey, 1990) neglecting factors other than fibiegure itself and recommended avoid
a particular fibre type, for example, to avoid wdibre without specifying all the
specimen details.

In conclusion, it is arbitrary to assert that atipafar fibre type must have a better
UPF than the others, without controlling the knigiweaving tension, the fabric

construction and finishing process involved, etc.
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2.4.2 Yarn Properties

Yarn structure could affect the inter-yarn pored #me openness of fabric, however,

there were only few studies studying the relatigmstetween the yarn structure and

the fabric UV protection effectiveness (Tarhketkal, 2006; Pariset al, 1999; Sinclair

and Diffey, 1997). The subject of those investigasi was the yarn linear density and

UV protection ability of fabric, but there is notamy published research concerned

with the UV transmission properties of fabrics tethto yarn twist and surface

properties.

The study $tankovicet al, 2009) concluded that yarn twist was proved toahe

important parameter in determining UV protectiongarties by the effectiveness of

fibre packing in the yarn as well as surface probger In order to promote optimal

UV protection properties and other wearing comtbe appropriate twist level of

yarn should be chosen.

2.4.3 Presence of Moisture

Jevtic (1990) found out that the T-shirt had atreéaUPF of 15, and the surf shirt a

UPF of 36 decreased by a factor of 1/3 in both cageen the material was wetted.

The Skin Cancer Foundation of the US mentioned abmst fabrics lose about one

third of their sun protective ability when wet i®99 during the Get Smart! Go
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Under Covet campaign. The general statements stand for pgeddedd cotton fabrics.
UV absorbing agents (including UV absorbing dydsjubn the fibre can minimize or
even turn around the effect. When fabrics get weattering is definitely reduced,
leading to an increase of UV radiation penetratidm. a first approximation,
absorbance can be expected to be independent oferitkieonment, hence its
contribution to UV protection is retained.

Osterwalderet al. (2000) found out the average transmittance wasitaB0% for
bleached cotton, while raised to 50% when wettedbriE treated with UV-B absorber,
the UV-B absorption below 300 nm remains unchangleein wet. As there is almost
no absorption in the UV-A region, the treated fablbehaved like the untreated.
Overall result in only a moderate improvement aer untreated cotton. When the
cotton fabric treated with both UV-A and UV-B abiser, which absorbed over the
full spectrum, here UV protection is provided almesclusively by absorbance, and
providing an increased UPF ratings. Therefore tioéeption was completely retained
even the fabric was wetted.

Besides, UPF also depends on the swelling capettte fibres (Gorensek and Sluga,
2004). Several researches supported that wettet fadually exhibited lower UPF
values and variation of UV transmission becausehefreduced optical scattering
effect (Gambichleret al, 2001b; Pairsiet al, 2000; Moon and Pailthorpe, 1995;
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Pailthorpe, 1994; Jevtic, 1990).

Such hydration effect was based on the fabric tiipe affecting the amount of liquid

absorbed (Zhangt al., 1997). About 50% decrease in UPF value of hydratdtbn

specimen was reported (Moon and Pailthorpe, 1988jtic (1990) reported a 33%

decrease in UPF rating of both cotton/polyestersimd for surfing purpose when the

specimens were in wetted state. Standferdal. (1997) found that 15 out of 22

cotton/polyester blends specimens in dry state&h&@® UPF rating, while those 15

specimens only yield UPF rating of 10 when wettkset al. (1994) assumed that

the amount of water absorbed did affect the madaitwf variation in UPF rating of

some of the specimens increased while some ofttleodecreased. Gietal.(1994)

further pointed out the UV transmission rate oft@otand polyester was different

with respect of the wetting status. From this firgJiconjunction of UV transmission

and fibre combination proportion could be linked up

2.4.4 Stretch

Knitwear is very popular in summer clothing. UV faction by a regular single jersey

white garment can be good, provided it was measuredhe relaxed state.

Osterwalderet al. (2000) carried out a research in quantifying thange in UPF

under stretch. It was showed that the change ofrdéVation transmittance spectrum
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T, x can be modeled with a Lambert—Beer type (Equdtjompproach (Hfiker et al,

1996).

Tix =R+ (1-R)10%% oo Equation (1)

The optical porosity £ was first measured at various degrees of streftte
absorption of the fabric is the product of the apson coefficient A and the
optically effective layer thickness(dThe thickness is reduced by stretch according to
the principle of volume retention of the fabrids the amount of areal stretch.

The increase of the UV radiation penetration is a@imlinear with stretch. UV
radiation penetration increase (UPF reduction) lmarpredicted from the knowledge
of the transmittance spectrum in the relaxed sfdie.relevance of stretch in real life

situations is indicated in Table 2-3.

Table 2-3 Stretch percentages relative to “S” aizeind the chest

S M L XL
Chest size (cm) 923 98+ 3 104+ 3 110+ 3
Stretch (relative to size S)0% 7% 13% 20%

(Osterwaldeet al.,2000)

With reference to Figure 2-4, it may be concludeal ta safety factor of "2" away

from the relaxed state (double the UV radiationgbeation or half the UPF) should be

sufficient to account for possible unintentionaégth. Experimental data indicated by
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symbols. Lines calculated according to EquationQsterwaldeet al.,2000).

o

M L XL

—
S

o
1
\

UVR penetration (%)

Areal stretch (%)

— — —Cotton T-shirt (single jersey): 146 gfm
——Cotton polo shirt (single jersey): 205 ¢/m

Figure 2-4 Reduction of UV protection by stretcls{@walderet al, 2000)

Several studies suggested that fabric under stoetietiition would generally decrease
in UPF (Osterwaldeet al, 2000; Clarket al, 2000; Moon and Pailthorpe, 1995; Gies
et al, 1994, 1992), the rationale behind was the hol¢ porous structures were
widened under stretch condition. Clagkal. (2000) found out a cotton/lycra knitted
specimen, the UPF rating decreased from 23 to 1 avcourse-wise stretch of 15%
and dropped from 23 to 14 under same stretch dondib wale-wise direction.

Kimlin et al. (1999) found out a stockings originally with UPG, after a 30% stretch

in both lengthwise and cross-machine directionsdtidw a decrease of rating in 9

times.
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Moon and Pailthorpe (1995) suggested that the URiIRg label on garment was

evaluated under relaxed condition but not subjetdeaverage stretch of 15% under

normal real wear condition, therefore the ratingdme less meaningful to real wear

situations. Since the UPF rating would decreaseifsigntly while stretching of the

fabric.

Kullavanijaya and Lim (2005) carried out a studyl amonducted UPF evaluation on

nylon stocking. Researchers (Kullavanijaya and L2®05) concluded that stretching

has a significant reduction on the UPF of stockinyben stretched to 30% of their

original size, the UPF of 50 denier stockings daseel by 868%, whereas that of 15

denier stockings decreased by 103%. The largeredserin the UPF seen in the

higher denier stockings is a result of the operohghe tight weave with stretch,

hence, allowing more UV radiation to penetrate.

2.5 Conclusions

The review composed several areas with respect adetlof UPF measurement,

standards guiding the measurement and corresponditigg, the behavior of

different fibres irradiated by UV spectrum and &ast affecting UPF values were

consolidated to facilitate better understandinghef relationship of fibre content and

UV radiation.
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Chapter3 METHODOLOGY

3.1 Introduction

Basic yarn information, fabric specifications ofrgdes was tested. Fifteen plain knit

samples (variation in fibre composition) were magethe circular knitting machine

for the study and two external factors, i.e. strigig and wetting of garment that were

believed they could alter the UPF significantly Wwbalso be investigated. In order to

reveal the extent of alternation, a series of tesi® carried out on samples including

stretching of samples to three different percergafygem the original dimension,

wetting samples by chlorinated pool water, sea naeificial acidic and alkaline

perspiration prepared and deionized water (D.l.ewain accordance with British

Standard, ASTM and AATCC standards were evaluated.

3.2 Yarn Materials

Five yarn types (cotton and Coolmax yarn) were usedhis study and their

specifications were shown in Table 3-1. The Cenfeatiles (H.K.) Ltd. supplied the

cotton yarns while Shanghai Ming Mao Industrial Gad. supplied Coolmax yarns.
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Table 3-1 Yarn information

Name of Yarn Yarn Count  Ring-Spinning Method Fibre Type Code
Combed Normal Cotton Ne 20 Conventional Cotton CH
Combed ESTex Ne 20 Torque - free Cotton MCG
Combed Supima Cotton Ne 20 Conventional Supima Cotton F
Combed Supima Cotton ESTex  Ne 20 Torque - free Supima Cotton MF
Coolmax 150dtex Filament yarn Coolmax CM

Different yarn combinations are divided into thi®eoups; Group | (single cotton),

Group Il (cotton/cotton combinations) and finallyra@p Il (coolmax/cotton

combinations) as shown in Table 3-2.

Table 3-2aYarn specifications of yarn in Group |

Fibre Code Specific Fibre Type Spinning Method

Cotton CH Combed Normal Cotton Conventional Ringrsp

Cotton MCG Combed Normal Cotton Torque - free Rapgyin

Cotton F Combed Supima Cotton Conventional RingnSpu

Cotton MF Combed Supima Cotton Torque - free Ripgrs
Table 3-2b Yarn specifications of yarn in Group I

Fibre Code Specific Fibre Type Spinning Method

Cotton + Cotton CH + MF Combed Cotton + Combed Bapi Ring Spun + Ring Spun

Cotton + Cotton CH+F Combed Cotton + Combed Supima  Ring Spunguto- free

Cotton + Cotton CH + MF Combed Cotton + Supima Cotton Ring SpunngSpun

Cotton + Cotton MCG + F Combed Cotton + Supima Cotton Torque - fré&ing Spun

Cotton + Cotton MCG + MF  Combed Cotton + Supima Cotton Torque e freTorque - free

Cotton + Cotton F+ MF Supima Cotton + Supima Cotton Ring Spun rglie - free

Table 3-2c Yarn specifications of yarn in Group I

Fibre Code Specific Fibre Type Spinning Method
Coolmax CM Coolmax Filament

Coolmax + Cotton CM + CH Coolmax + Combed Cotton lafRent + Ring Spun
Coolmax + Cotton CM + MCG  Coolmax + Combed Cotton Filament + Torgtiee
Coolmax + Cotton CM +F Coolmax + Supima Cotton Filament + Ring Spun
Coolmax + Cotton CM + MF Coolmax + Supima Cotton Filament + Torqueee
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3.3 Basic Yarn Information

Basic yarn information including surface evenngasn hairiness, yarn strength, yarn

tenacity, yarn twist were tested.

3.3.1 Yarn Surface evenness

There were three ways of revealing surface evenmesmally, namely visual

measurement (e.g. Zweigle Optical Evenness tast)ared weight method and Uster

evenness tester. In order to acquire accurate ightylreproducibility results in short

period of time, Uster tester was selected.

The tester measured the thickness variation ofra gg capacitance measurement.

Yarn passed through two parallel plates of capaaitaol the values were continuously

recorded. Yarn between two plates alters the ctgra@, which was governed by the

mass of the yarn between the plates and its relgtarmittivity. The measurements

were directly to the mass of the material (yarriilament) between the plates if the

relative permittivity remains the same.

The U%, expressed in terms of mass per centimeisrselected to represent the yarn

evenness which is nomo-grams on the mean linesgularities. Five tests per sample

and the total test length was 5,000 meters. Thend%the tester generated figure and

devised from Equation (2) as below.
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d
U=s—T Equation (2)

where,

a:. area between instant values and mean
X . mean value of mass
T: time

U: evenness

3.3.2 Yarn Hairiness

Yarn hairiness is an undesirable property in fapraduction. Some of the methods of
testing including Shirley yarn hairiness tester,effle G565 and Uster tester 3
hairiness meter attachment. Again, the Uster tegisrselected to take the advantages
of accurate and highly reproducibility results wrntlshort period of time.

The testing mechanism of yarn was illuminated Ipaiallel beam of infra-red light as
it was running through the measuring head, onlytlthat scattered by the protruding
fibres can reach the detector. Direct light wasckénl from reaching the detector by
an opaque stop. The amount of scattered lighuis tonverted to electrical signal.
The hairiness "H" value, corresponding to the ttagth of protruding fibres divided
by the length of the sensor by 1 cm was selectedpieesent the hairiness of different
yarns.

The specimen was feed through the specimen feed#ret measuring unit of the
Signal Processor. TEST PROCEDURE button was presseathoose the required
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program block, and the TEST PARAMETERS button wassged to change the
corresponding variables with the video screen bsttdhe REPORT PARAMETERS
button was pressed to select up to 20 parametdrs printed on report. The VIDEO
RESULTS button was pressed afterwards to seleditigge-/sum value protocol and
the required graphical representation. PRINTER REHSJwas pressed to select
graphical results to be printed out and finallyrteteh the test by pressing the

START/STOP button.

3.3.3 Yarn Strength and Tenacity

All the yarn cones were conditioned in accordanite WSTM D 1776-2004 Standard
Practice for Conditioning and Testing Textiles #a hours prior to tests by USTER
TENSORAPID 4 to measure the yarn strength and tgndde device was capable
to measurement of tensile strength and elongati@m @xtensive range of yarns both
staple and filament yarn.

The clamp speed and pre-tension were fixed at 5@®0min and 0.5 cN respectively.
Test length was 500 mm and 20 results were obtairmed each sample, both the

breaking force (Newton) and tenacity (cN/tex) wexgorted.
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3.3.4 Yarn Twist

The yarn twist of cotton and blended yarns wasaesbrding to ASTM D 1422-1999

Standard Test Method for Twist in Single Spun Yamghe Untwist-retwist Method.

The test was carried out by determining the dioectf twist and then a specimen

subjected to untwist and then retwist in the opeadirection until it contracted to its

original length. Twist, as turns per unit length,calculated as half the number of

turns registered on the counter divide by the 25petimen length, and expressed as

number of turns per 1 cm. In this research, the bamof twist was determined by

operating a Hand-operated Yarn Twist Tester (KF81)0from J.A. King and Co.

(USA).

3.4 Plain Knitted Fabric Samples Preparation

Fifteen types of plain knitted fabrics were prodiié®m DXC single jersey machine

of Fukuhra, Japan. The machine was in 18 inchesat&, with 54 feeders, 20

gauges with 2 cam tracks selection which was deitbdy making medium to light

weight single jersey. Samples were divided int@¢hgroups for study as mentioned

in Section 3.2. The fifteen types specimens wevadd into three groups, samples in

Group Il and Group 11l were produced from 50% ad®btwo fibre types blending,

except for sample "CM" in Group I, it was prodddeom 100% coolmax.
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3.5 Scouring and Bleaching of Samples

Although the fibre was combed before spinning iydon, there were some impurities
and oil stain from knitting machine. The combinedging and bleaching process
was carried out as pretreatment and the treatmatht Wwas prepared according to
Table 3-3. Samples were padded with the liquor0aB@C to 100% liquor pick-up.
Those padded samples were steamed for 30 minut262a105C, then rinse the

samples in hot and cold water and dry them aftetsvarhe liquor ratio was 20 : 1.

Table 3-3 Recipe for scouring and bleaching

Chemical Required Volume to be taken from
Concentration stock solution

Sandopan DTC paste 5¢g/L Depends on total fabrighwe

Caustic Soda (10%) 10 g/L Depends on total fabaigtt

Stabilizer AWN 1 mi/L Depends on total fabric wieig

Water glass (38e") 10 ml/L Depends on total fabric weight

Hydrogen Peroxide (35%) 25 ml/L Depends on tothafitaweight

Ligquor Ratio - 20:1

3.6 Ultraviolet Protection Factor Evaluations

3.6.1 Evaluations under Dry and Relax Condition

Samples were conditioned accordance with ASTM D612004 Standard Practice for

Conditioning and Testing Textiles for 24 hours befmeasured with Cary-300 with

Lapsphere for the UPF. The AS/NZS 4399:1996 Suteptioe clothing evaluation

and classification standard, and the rating wasverfrom the Equation (3).

Readings of each sample were taken from four positand four times each position
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(rotate 90° clockwise after each measurement) #ediaards average the readings.

400
E EE;L X S;L x AA
UPF = — 4 = 20 Equation 8)
B 7 S— q
EE) ><.S'; le x AN
290 )

Where,
E,: relative erythemal spectral effectiveness
S.: solar spectral irradiance in Wmm'*
T, : spectral transmittance of the item
A4 : wavelength step in nm
A: wavelength in nm
(AS/NZS 4399:1996

3.6.2 Evaluations under Dry and Stretch Condition

Stretching is another factor that may affect theFUi® which is measured under
relaxed state. Samples were stretched in bothHemgg and cross-machine directions

in three levels, i.e. 10%, 20% and 30% of the aafdimension respectively (Figure

3-1).

(b)
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Figure 3-1 (a) Relaxed samples and (b) Stretchirsgumples at 30% in both
lengthwise and cross-machine directions (CM_MCG)

3.6.3 Evaluations under Wet Condition

In order to better understand the variation of WRRvetted plain knitted fabric, four

solutions were used for wetting the fabric sampiethe study. The solution used for

testing were all freshly prepared.

3.6.3.1 Preparation of Chlorinated Pool Water

Chlorinated pool water was prepared in accordanitke testing standard AATCC

162-2011 Colorfastness to Chlorinated Pool Watbe Thardness concentrate" was

prepared by adding 800 mL deionized water (D.l.emaio a 1 L volumetric flask and

8.24 g calcium chloride and 5.07 g magnesium cotidowere added with stirring until

completely dissolved. 51 mL hardness was theneatllub 5100 ml with D.l. water.

The solution was finally brought up to 1 L with Dwater. 0.5 mL household sodium

hydrochloride solution was added which was not ntbhe: 60 days old afterwards

and the actual ppm CI was adjusted by titratio® fgpm. 0.01N sodium thiosulfate

could be obtained by diluted 10 to 1 volumetricdiym 0.1N solution. Finally the

pH value of the solution was adjust to pH 7.0 vatidium carbonate or acetic acid as

necessary.
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3.6.3.2 Preparation of Sea Water Solution

Sea water (sodium chloride) solution was prepamedaccordance with testing

standard EN ISO 105 Part EO2 Colorfastness to SsanAB0 g/L aqueous solution

was prepared using grade 3 water for sample alsoresides 100% pick-up based

on the sample weight, additional 75% pick-up an@&o50ick-up were applied on

sample to test their respective UPF. The differsalution picking up testing

procedure was apply on both relax and stretcheghlesm

3.6.3.3 Preparation of Acidic and Alkaline Perspiation

Human sweat during hot weather especially in sumdasss, clothing being worn

were readily absorbing perspiration. Acid and aflalsolutions were prepared in

accordance with BS EN ISO 105-E04:2009 Colorfastnes Perspiration. The

solution pick-up percentage was 100 percent os#meple weight. The wetted sample

was left for five minutes (on the electrical balarto monitor the change in weight

during the five minutes) before UPF measurememiniure thoroughly absorption of

the solution in order to better reflect real lifeav condition. The wetted samples were

measure at three different conditions, includin@%0 75%, 50% pick-up of the

original sample weight. Acid and alkaline solutiamsre prepared as the recipe below
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in Table 3-4.

Table 3-4 Recipe for Preparing Acid and Alkalinéuion of BS EN ISO 105-E04

Acid Solution
0.5g9 L-histidine monohydrochloride monohydratgH6O,N3; HCI-H,O)
5¢g Sodium chloride (NacCl)
2.29 Sodium dihydrogen orthophosphate dihydratégR&, 2H,0)

The solution was brought to pH 5.5 (20.2) with éhal/l sodium hydroxide solution

Alkaline Solution

0.5g9 L-histidine monohydrochloride monohydratgH6O,N3;HCI-H,0)
5¢ Sodium chloride (NacCl)
2.5¢9 Sodium dihydrogen orthophosphate dihydratégR&, 2H,0)

The solution was brought to pH 8 (20.2) with 0.1l#m&odium hydroxide solution

3.6.3.4 Moisture Content Evaluation

Presence of moisture content would exert its imbeeon the UPF. Three different

moisture content levels, i.e. 100%, 75%, 50% of filsic were tested to evaluate

respective UPF. Samples were thoroughly wettecepaate solutions and weight at

electrical balance at 100% pick-up of the sampleghtefirst. Then the same wetted

sample were left behind at conditional chamberl uh& amount of solution reaches

75% of the original sample weight and repeat tloeguure until the sample contains

50% of the original sample weight to attain the 50&&-up.
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3.6.4 Evaluations under Wet and Stretch Condition

Another possible situation was that the fabric sotgd to wetting and stretching at
the same time. Samples were stretched at 30% indivextions of the original

dimension and were immersed separately in (a) icldtad pool water, (b) sea water,
(c) acidic and (d) alkaline artificial perspiratiand (e) D.l. water for ten minutes with
very gentle agitation to ensure thorough absorptbhiquor. The wetted samples
were then laid flat and measured the weight uhilytwere 100% pick-up of the

original sample weight. UPF values were measured.

3.7 Fabric Properties

3.7.1 Fabric Thickness
Fabric thickness was relative to UPF of fabric. Tlest was performed with a
thickness measurement device of Model: BC1110-1SH|, USA. Results were

measured on five positions of the fabric.

3.7.2 Fabric Weight

The fabric weight was determined by cutting sangfter conditioning according to

ASTM D 1776-2004 Standard Practice for Conditionargl Testing Textiles for 24
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hours and was cut by a standardized die cutterdaay selvedges or creased area
and weight the 100cfrsamples by electrical balance of an accuracy@61@ to get

the areal mass, i.e. g/m

3.7.3 Course and Wales Count (Stitch density)

Samples were laid flat and conditioned in accordamith ASTM D 1776-2004
Standard Practice for Conditioning and Testing ilextfor 24 hours before visual
count in accordance to ASTM D 3887 Test Methods Specification of Knitted
Fabrics. Fabric count method over 5 different paitsover the samples and avoid
counting within 0.5 m from the selvages by usimgck glass. Number of loops count

from courses and wales in 1€mere multiplied to obtain stitch density.

3.7.4 Loop Length

Yarns were removed from a strip of known numbeloop, straightened by a tension
which is varied according to the nature and lirdnsity of the yarn and measured in
the straightened state. 3 sets of specimen wepagae for removing a predetermined
number of loops, i.e. 50 loops then cut on both @nithe markings for measurement.

The tension recommended for testing were describ&dble 3-5.
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Table 3-5 Tension recommended for straighteningsoo

Yarn Linear Density Tension Recommended
Cotton 7 tex or finer 0.75g per unit of tex

Coarser than 7 tex 0.2gper unit of tex+ 4
All man-made continuous All 0.59g per unit of tex
filament

3.7.5 Tightness Factor

The determination of loop length is a key elemdnaaguiring the tightness factor.
Equation (5) shows the calculation of tightnessdiat which the smaller the values

would be tighter the fabric.

. f Tr
Equation (5)

TF:— .....................
Ir

where,

Tr  :the linear density of ribbon-type yarn, tex
Ir : the stitch length of the knitted fabric, mm

3.7.6 Microscopy

Leica M125 stereomicroscope was used for viewirgggbres and holes of dry and
wet fabric samples under different stretch condgiat 5x magnification. Single yarn

at both dry and wet states were viewed at 12.5xnifiagtion.
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3.7.7 Determination of the Size of Pores on Samplaader Stretching

Image processing software, Photoshop CS5 was osgetérmine the ration of pores
to the whole sample. In this evaluation, samplegeunlifferent stretching conditions
were photographed as a picture; every dot on tbeingi was interpreted as a pixel.
This test simply selected the pixel emerged unttetching and computed its ratio to

the whole picture and finally expressed in termpartentage.

3.8 Statistical Analysis Tools

Software Statistical Product and Service Solutio(SPSS) was used for computing a
model by means of multiple linear regressions (MUBY) predicting UPF under
different testing conditions.

During computing process, several tests were choid in order to test the validity
of procedures and some important values. The eaptan and interpretation are
denote as follow.

The coefficient of determinatiorR{) value in the Model Summary table indicates
how well it can explain the overall models' vanat, often expressed in terms of
percentage. Generally speaking, when it is over 9% 90%), it is a good model
for explaining variations.

F-test was used to evaluation the overall linegmi§tance of the model, i.e. if there

is a linear relationship between (dependant variable) and all tbke(independent
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variables) considered together. "Sig" in the ANOY#ble of F-test should be

interpreted as probability valup-yalue), as "Sig" is meaningless in statistical gtud

P-value in the ANOVA table should always be smaltban o, which is the

significance level and its typical value was 0.B&®tighout the research. Smaller than

0.05 imply there is only 5 % chances of a particolatcome (probability) that will

happen.

The reason for the "0.05" value is critical simgdgcause it govern if the null

hypothesis is to be rejected or not. If thevalue is smaller than 0.05, the null

hypothesis will be rejected. As the null hypotkealivays state the variances of two

variables are equal, when this concept is apphetie MLR, the null hypothesis will

state there is NO relationship betweémandX, i.e. a change in either one of tke

will NOT trigger a corresponding change Yhat 95% level of confidence. On the

other hand, there is 5% probability that at leasXandY has statistical relationship.

Once it is observed, the null hypothesis is repicte

Follow the line of reasoning, if thevalue in F-test is smaller then 0.05, there is a

significant relationship betweéhandX, it can proceed to next step.

For one way analysis of variance (ANOVA), there seweral statistical tests to be

performed.

Levene's test is used to test for homogeneity (dguaf variances. It can test the
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null hypothesis that states the variances from [adiom are statistically similar

(Gowdaet al, 2012; Levene, 1960).

3.9 Conclusion

This section summarized the preparation of kniftédatic made from circular knitting

machine and all the evaluation aspects regarding bfeasurement and tests for

fabric properties for the research. Summary oftésés carried out are shown in Table

3-6.
Table 3-6 Summaries of Tests and Testing Conditions

Material TEST CONDITIONS Section

Yarn Surface Evenness Uster Tester 3.3.1
Hairness Uster Tester 3 Hairiness meter Attachment 3.3.2
Yarn Strenght & Tenacity Uster TENSORAPID 4 3.3.3
Twist Number Hand-Operated Yarn Twist Tester (KED61) 3.34

Fabric UPF (dry) Normal : Dry & Relaxed 3.6.1

(UPF) UPF (stretch) 30%,20%,10% lengthwise & cnossshine direction 3.6.2
UPF (wet) Chlorinated Pool Water : 100%,75%,50&&ip 3.6.3.1
UPF (wet) Artificial Sea Water : 100%,75%,50% pigk 3.6.3.2
UPF (wet) Acidic/Alkaline Perspiration : 100%,75%% pick-up  3.6.3.3
UPF (wet) Moisture Content : D.l. water (100%, 7508/) 3.6.3.4
UPF (wet + stretch) Stretch 30% + Chlorinated Riater/Sea 3.6.4

Water/Acidic /Alkaline Perspiration/D.l. water

Fabric Thickness Thickness Meter (BC1110-1-04, SDE&A) 3.7.1

(Properties)  Weight Electronic Balance (accurac.@1g) 3.7.2
Course & Wales count ASTM D 3887 : Fabric Couris(dl) 3.7.3
Loop Length Visual Count 3.74
Tightness Factor Manual Calculations 3.7.5
Microscopy Leica M125 Stereomicroscope 3.7.6
Pores Size Photoshop CS 5 software 3.7.7
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Statistical
Analysis

Tools

Multiple linear regression

SPSS software

3.8
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Chapter4 RESULTS and DISCUSSIONS on UPF of DRY, RELAX and
STRETCH SAMPLES

In this section, the UPF of the 20Ne cotton yar@solmax yarn and their
combinations in dry (section 4.1) and stretchetestsection 4.2) will be discussed.
According to the fibre composition, three groupseveummarized including Group |
(single cotton vyarn), Group Il (cotton/cotton comdgion) and Group Il

(coolmax/cotton combination) for discussion. In iddd, structural parameters
affecting corresponding UPF values would be ansalgsid tried to compute and

formulate multiple linear regression in order tegict UPF.

4.1 UPF at Dry and Relax State

4.1.1 Group | (single cotton)

The average UPF value is 11.24 for Group | (CH, MEGJF) the four cotton yarns
sample. In addition, variations in UPF values ofthegdample were smaller when

compared with the other two Groups (Figure 4-1).
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Figure 4-1 Overall UPF results of samples in ti@eeups

4.1.1.1 Comparison on Spinning Method

Conventional ring spun yarn sample CH providesteeb&PF rating than torque-free

ring spun yarn sample MCG, provided that the fibnee to be the same, so that

spinning method of yarns could affect UPF.
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The fibre types of these two samples (CH and MQ®)tlae same which only differ

in spinning method; the same observation also faamthe comparison of sample F

and MF. Both of the samples F and MF are producgdhke same cotton fibre

(Supima cotton) and only the spinning methods dfferdnt. Sample F is produce

from conventional ring spun yarn while sample Mpieduced from torque-free ring

spun yarn. Torque-free ring spun yarns are commagrénown as ESTex.

Normal Cotton conventional ring spun yarn can pevil7.94 % better than

torque-free ring spun yarn (UPF : CH (11.24) > M(®®3), 17.94 % difference).

Supima cotton conventional ring spun yarn can @®vii7.30 % better than

torque-free ring spun yarn (UPF : F (12.27) > MB.46), 17.30% difference).

Torque-free ring spinning is a technique producyagn with a torque reduction

device in the conventional ring spinning system #mal yarn structure is modified

(Kan and Wong, 2011; Murrellst al, 2003 and Tacet al, 1997a,b). Yarn twist

number can be reduced to a great extend (Kan amgyV@®911; Murrellset al, 2003

and Taoet al, 1997a,b). Less amount of the yarn twist numbetoogue-free spun

yarn (Table 4-1.) comply with previous findings ¢(Kand Wong, 2011; Murrelkst al,

2003 and Taet al, 1997a,b).

The yarn twist number per one centimeter of CH326> MCG = 4.68 and F = 5.38 >
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MF = 4.2, i.e. conventional ring spun > torque-fregy spun. Less twist on torque -

free spun yarn render the yarn to be softer haadaied UV-radiation can penetrate

the yarn more easily than conventional ring spumgavhich present more twists

number. It helps to explain the finding of ESTexnga(MCG and MF) perform not as

good as those conventional yarns (CH and F).

Table 4-1 Yarn Specifications and UPF of sampleSroup |

Sample Ring-Spinning Fibre Type Twist Number Tightness  Thickness Weight Mean

Code Method /1cm Factor (mm) (g/m?) UPF

CH Conventional  Normal Cotton 6.92 1.43 0.92 153.48 11.24

MCG Torque - free Normal Cotton 4.68 1.44 0.94 .838 9.53

F Conventional  Supima Cotton 5.38 1.42 0.81 143.96 12.27

MF Torque - free Supima Cotton 4.20 1.43 0.83 168. 10.46

Average: Average: Average: Average:

1.43 0.88 153.75 10.88

4.1.1.2 Comparison on Fibre Type

Supima cotton yarn "F" provides a better UPF ratirap common cotton yarn "CH"

holding the spinning method to be the same, sofihia types could affect UPF of

yarns.

The spinning methods of these two samples areaire svhich only differ in fibre

content; the same observation also observes ondimgarison of sample "MF" and

"MCG". Both of the samples "F" and "CH" were proddcby the same method
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(conventional ring spinning). Sample "F" is Supicadton yarn while sample "CH" is

common cotton fibre. Supima cotton fibre is comnyokihown as ELS (extra long

staple). According to Cotton Incorporated, the uppalf mean (UHM) length of

upland fibre which longer than 32 mm are categadrias extra long staple (Cotton

Incorporated and Textile World, 2003).

Supima cotton yarn can provide 9.16% better thamabcotton fibre yarn (UPF : F

(12.27) > CH (11.24), 9.16% difference).

Supima cotton yarn can provide 9.76% better thamabcotton fibre yarn (UPF :

MF (10.46) > MCG (9.53), 9.76% difference).

The yarn surface roughness (or Unevenness %) afrfaugotton yarn are lower than

normal cotton fibre yarn as shown in Table 4-2.

Table 4-2 Yarn surface roughness of cotton yarnpsesn

Sample Code Yarn Surface Roughness Fibre Type
CH 8.43 Normal cotton
MCG 8.23 Normal cotton
F 6.98 Supima cotton
MF 7.13 Supima cotton

Smoother Supima cotton yarn can produce higherowmity fabric surface.

According to Central Textiles (H.K.) Ltd., torque2€é ring spun yarn can improve

about 12-17% textiles surface roughness (www.ckeftdes.com), thus give a better

reflection of UV radiation than fabric produced rfroconventional ring spinning
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process.

4.1.2 Group Il (Cotton/Cotton combinations)

The average UPF rating is 16.19 for Group I, which8.80% better than Group | as

shown in Table 4-1 and 4-3. The tightness factbsamples in Group Il are generally

higher than samples in Group |. Average tightnessof value of Group Il is 1.49

which is 4.2% higher than the value of Group | 8),4t helps to explain the reason

for general higher UPF ratings of samples in Gribup

Table 4-3 Yarn Specifications and UPF of sampleSroup Il

Sample Ring-spinning Method Type of Cotton Tightness Thickness Weight Mean
Code  Conventional Torque-ree ~ Normal  Supima Factor  (mm)  (gi)  UPF
CH_MCG CH MCG CH & MCG / 1.52 0.98 169.19 14.89
CH_F CH&F / CH F 1.48 0.88 164.01 16.29
CH_MF CH MF CH MF 1.47 0.94 163.78 15.76
MCG_F F MCG MCG F 1.49 0.88 163.84 14.96
MCG_MF / MCG & MF MCG MF 1.50 0.87 158.53 15.96
F_MF F MF / F & MF 1.46 0.86 163.66 19.27

Average : Average :
1.49 0.91

Average : Average:
163.83 16.19

Sample "F_MF" (Combed Supima + Combed Supima ESdexbination shows the

best UPF among this group. Two Supima cotton yhlesd together seems bringing

out better UV radiation protective power than ndrmatton blended with Supima

cotton. The worst combination is normal cotton Hkth with normal cotton, i.e.
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sample CH combined with sample MCG. The effectilufef type seems outweighing

the effect of spinning type in this Group.

The other observation is the overall variationsttté ratings are increased when

compared with Group 1. It can be explained by wivea different yarns are used for

knitting at the same time, variation in UPF wouhdrease accordingly. As the yarn

twist number of each cotton yarn was not the sahee fabric surface will become

uneven $tankovicet al, 2009). It explains the reason of greater vamatf UPF in

Group Il (cotton/cotton combination).

4.1.3 Group Il (Coolmax/Cotton combinations)

The average UPF value of Group Il is 33.16 (Tab#) which is 104.82 % higher

than Group Il (UPF: 16.19) and 204.78 % higher tlaoup | (UPF: 10.88). The

tightness factor of Group Il is 1.48 which is ®%1ower than Group Il (1.49), yet

the mean UPF results is 104.82% better than med&nresult of Group (UPF: 16.19)

The results reveal that although tightness fagt@ni important factor governing UPF

property, the natural of fibre can not be neglected
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Table 4-4 Yarn Specifications and UPF of sampleSroup Il

Sample Ring-spinning Method Type of Cotton Tightnes$hickness  Weight Mean
Code  Conventional Torque-free ~ Normal  Supima Factor  (mm)  (gif)  UPF
CM / / / / 1.50 0.84 127.16 38.32
CM_CH CH / CH / 1.48 0.89 153.46 34.84
CM_MCG / MCG CH / 1.45 0.83 142.49 23.94
CM_F F / / F 1.52 0.86 147.88 40.82
CM_MF / MF / MF 1.46 0.82 142.64 27.88
Average : Average : Average: Average:
1.48 0.85 142.73 33.16

Coolmax (CM) provides average UPF rating 38.32.IMaa is a kind of polyester,
which has different fibre cross-sectional view (Kig 4-2). The delustrant applied
during manufacturing acted as a good UV absorlzeit sherently provides better
protection against UV radiation than cotton yar@se(v et al, 1999;Reinertet al.,
1997). In addition, the reason for coolmax sampé&dya higher UPF than cotton
sample was that coolmax contain benzene rings anfligated aromatic system of
polymer chains that were more effective in UV rédia absorption (Gambichleat
al., 2001b; Crewet al, 1999 and Davist al, 1997). On the contrary, cotton (a kind
of cellulose) has no double bonds in their chenstalcture, thus has a low intrinsic
UV absorption capacity and can only provides re&yi low UV protection properties
than Coolmax samples (Gambichéral, 2001b; Crewst al, 1999 and Davist al,
1997). The results observes in Group Ill seemsesemble the results of Group |

(single cotton) but the values are three to foome8 higher which is complied to the
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results found Daviest al. in 1997. The large extend of variations can h@ared by

the yarn twist number of coolmax yarn is extreniely to bind the filament together

and the yarn twist number is only reported 1.03gestimeter (Table 4-1).

(a) Coolmax - Raw
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(b) Coolmax - will illustration
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(d) Cotton - with illustration
Figure 4-2 Fibre cross-sectional view of (a) cootrmaw (b) coolmax-with
illustration, (c) cotton-raw and (d) cotton-lvitlustration
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4.1.4 Statistical Prediction ofUPF gry and relax

Tightness factor, Pore Size Ratio, Number of S¢iscand Fibre combination are used
to compute and formulate Multiple Linear RegresqibiL.R) for predicting UPF at
dry and relax stateUPF gry and rela). The other factors, namely yarn evenness and
hairiness, yarn twist, fabric thickness and weighd loop length had no linear

relationships with the dependent variable, i.e. UPF

4.1.4.1 Multiple Regression Model for UPFry and relax

Y=a+hXy+ X+ bsXay+baXay . Equation (6)

Dependant variable,

Y : UPF of dry and relax plain knitted fabridRF gry and rela)

Independent variables,
X : Tightness Factor
X : Pore Size Ratio
Xs : Number of Stitches (total number of stitcheg ient)
X4 : Fibre Combination (1: cellulose fibre, 2: cetlsé combination, 3: synthetic

fibre, 4: cellulose/synthatmmbination)
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Intercept,

Regression coefficient,

by b, bzandb, (slopes)

4.1.4.2 Establish Regression Equation for Predictg UPF gry and relax

Table 4-5 is the Coefficientable which shows
Intercept,

a=-103.14

Regression coefficients,

bh = 60.04, b=-2.07,3 =0.41, b = 4.99

Table 4-5 Coefficients tabl&JPF gry and rela)

Model B Sig.
(Constant) -103.14 0.03
Tightness Factor 60.04 0.05
Pore Size Ratio -2.07 0.14
Number of Stitches 0.41 0.01
Fibre Combination 4.99 0.00




The multiple regression equationWPF gry and relax:

Y =-103.14 + (60.0&K;) + (-2.07Xy) + (0.41X3) + (4.99Xy) .... Equation (7)

UPF dry and relax= -103.14 + (60.0&ightness Factqr+ (-2.07Pore Size Ratjo+
(0.4Number of Stitchgs- (4.99Fibre Combinatiof

4.1.4.3 Model Summary (PF gty and relax)

Table 4-6 is the model summary where it shows tefficient of determination/f)
is 0.900. This means 90.0% of the variation inWHRF gry and relaxcan be explained
by the variables of Tightness Factor, Pore SizeoRAlumber of Stitches and Fibre

Combination.

Table 4-6 Model Summary tabl&RF gry and rela)
R SquareR)

0.900 [interpreted as 90.0%)]

a. Predictors: (Constant), Tightness Factor, Pare Batio, Number of Stitches and Fibre Combination

b. Dependent Variable: UPF dry and relax

4.1.4.4 F-test for overall linear Model Significane UPF gry and relax)

F-test is use to evaluate the overall linear sigaifce of the whole model, i.e. if there
is a linear relationship betwe&mand all theX variables considered together.
From the ANOVA(analysis of variance) in Table 4-7, {r@alue (Sig. in the ANOVA

table) of the F-test is 0.00, so the value is sendlano (which was the significance
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level and its typical value was 0.05). Therefohe, tegression model has a significant

linear relationship at a significance level of 0.05

Table 4-7 ANOVA tablel(JPF dry and rela))

Model

Sig.

Regression

0.00"

[ p- value of F-test]

a. Predictors: (Constant), Tightness Factor, Pare Batio, Number of Stitches and Fibre Combination

4.1.4.5 \Verification of the Model Predictive Abilty (UPF gry and relax)

b. Dependent Variable: UPF dry and relax

The UPF gry and relaxcan be predicted by using Tightness Factor, Pare Ratio,

Number of Stitches and Fibre Combination. In orttertest how precise can the

regression apply for prediction, verification ofetmegression is thus needed and

results are shown in Table 4-8 as below. The chamgeercentage was calculated

from Predicted value - Actual value / Actual vaXia00%.

Table 4-8 Difference (%) between "Actual” and '"tieeed"” ofUPF gry and relax

UPF Differences (%) between

Sample code Predicted Actual "Actual" and "Predicted"
_ CH 12.17 11.24 + 8.23%
= MCG 10.34 9.53 + 8.45%
5 F 11.13 12.27 - 9.29%
MF 10.21 10.46 - 2.36%
CH _MCG 13.26 14.89 - 10.91%
_ CH_F 15.58 16.29 - 4.33%
2 CH.MF 16.48 15.76 - 4.56%
8 MCG_F 14.47 14.96 - 3.30%
MCG_MF 15.71 15.96 - 1.57%
F MF 15.99 19.27 - 17.01%
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CM 34.14 38.32 - 10.92%

= CM_CH 35.16 34.84 + 0.92%
S CM_MCG 24,57 23.94 + 2.63%
O CM_F 40.25 40.82 - 1.39%
CM_MF 28.59 27.88 + 2.54%
Average : - 2.55%
Remarks :

+ : Predicted value was Overestimated
- : Predicted value was Underestimated

Generally speaking, the multiple linear regressimdel UPF gy and rela) tends to
overestimateUPF gry and relaxand the overall differences of all samples are
underestimated by 2.55%. There are six out ofdifteamples being overestimated.
The worst prediction was -17.01% on sample F_MH]enine best prediction was
+0.92% on sample CM_CH. There are twelve samplésreinces between actual and
predicted UPF values within 10% variation. The fioieit of determinationR®) of

the model is 0.900, that means it can explain 90dd%he total variance by the
variables of fibre combination, Tightness FactanePSize Ratio, Number of Stitches
and Fibre Combination, the regression model catobeluded as a successful way in

predictingUPF gry and relaxState even for blended fibre combinations.

4.2 UPF at Dry and Stretch State

Fabric structure becomes looser under stretcheditimms as the poles between loops

are opened up under stretching. UPF values decedasg with increasing stretch
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percentages.
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Figure 4-3 Overall performance on UPF under 3 obffi¢ stretch conditions

The pores are larger of the same fabric when $ie€et@0% than 20% and 10% as
shown in Figure 4-4. The magnitude decreases in igtost profound in Group llI,
then Group Il and Group | that come second andlths the presence of holes
dominating the cause of decreasing UPF, the fippe tand the spinning method
becomes insignificant and negligible in this Group.
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(c) Stretch 30%
Figure 4-4 Sizes of holes on sample "CH_F" subgetiga) 10%, (b) 20% and (c)
30% stretching in both lengthwise and cross-mactireztions
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The size of holes is interpreted as the "blackIpixand it is comparing to the whole
picture pixels by Photoshop software to determimeedpen area to sample ratio. The
black pixels (which are in fact the pores and hatebetween loops emerge under
stretching) are selected and determined by Phopoabashown in Figure 4-5a. With
referring to Figure 4-5a, total number of blackasre&ount is 46363 pixels. On the
other hand, the whole picture pixels (includinghtbbtack and white "areas") count is
187500 pixels (Figure 4-5b). Then the black to whpicture pixels ratio is 46363

over 187500 pixels that equals to 24.73% (CH_Rdtra0%).

HISTOGRAM !

Corarraed 'EFE‘}" - F-

ST ||Enfirs ]nr.g;a
Mean: 2241 Level:
Sid Dev: 1655 Count:
Median: 17 Percentile:
Pieals: 46363 Cache Level: 2

(a) Number of black pixel (CH_F stretch 30%)
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HISTOGRAM

Std Dev:
Medizn: 124
Phels:

. h " i [}

' f k, . .?' !

(b) Number of whole picturé pi)iel (-CH-_F -s.tre-tch-ao%

Figure 4-5 Number of pixels of (a) pores and (bpietpicture

Table 4-9 Black pixel to whole picture's pixel cati

Black pixel to whole picture's pixel ratio
Sample code
Stretch 10% Stretch 20% Stretch 30%
_ CH 8.87% 20.39% 26.11%
g MCG 10.63% 22.16% 23.25%
5 |F 9.57% 21.47% 24.99%
MF 10.14% 20.96% 23.19%
CH_MCG 9.95% 20.41% 23.83%
_ CH_F 9.10% 17.57% 24.73%
o | CH.MF 7.19% 16.29% 25.04%
8 MCG_F 6.71% 17.37% 26.13%
MCG_MF 10.41% 20.24% 25.91%
F_MF 8.82% 18.25% 24.36%
CM 9.26% 17.56% 23.62%
= CM_CH 5.47% 18.50% 21.47%
g' CM_MCG 9.94% 18.78% 22.08%
o CM_F 7.64% 20.19% 22.41%
CM_MF 8.47% 18.65% 23.08%
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Summary of decrease in UPF under different stretchercentages are shown in
Figure 4-6 and it shows that the magnitude of desgen UPF were most profound on

30% stretching, followed by 20% and10% regardldésgpes of samples (Table 4-9).

Sample code
2 = g &
| - S o=
= = 2 a e & 3 = = =
% g i 5 E : E I'ﬂ' - '131 = % g I-n- T
40 imrE—
-50
= &0 =
£
&
]
;
g s Group 1
Group I
-80
Group I
50 A IStn_:tch 30% I:IStr_F-_tc_h 20% I_Stretch 10%

Figure 4-6 Decrease in UPF (%) after stretchinfififen samples in dry state

4.2.1 Establish Regression Equation for Predicting/PF gry and stretch

UPF of samples stretched 30%, 20% and 10% aregaebta derive an average value.
It is difficult to determine the stretching percage on a particular part of the clothing

during wearing, so the three stretching percentagesaveraged to get the general
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value to become the dependant variable for preuficti
Table 4-10 is the Coefficientable which shows the
Intercept,

a=11.43
Regression coefficients,

bh =2.58,b=-0.64,=0.01, b =-0.34

Table 4-10 Coefficients tabl&JPF gry and stretch

Model B Sig.
(Constant) 11.43 0.00
Tightness Factor 2.58 0.03
Pore Size Ratio -0.64 0.00
Number of Stitches 0.01 0.02
Fibre Combination -0.34 0.01

The multiple regression equationdPF gry and stretch
Y =11.43 + (2.58;) + (-0.64Xy) + (0.01X3) + (-0.34X,) .... Equation (8)

UPF dry and stretetm 11.43 + (2.581ghtness Factgr+ (-0.64Pore Size Ratjo+ (0.01
Number of Stitches (-0.34Fibre Combinatiof

4.2.1.1 Model Summary UPF gry and stretch)

Table 4-11 is the model summary where it showsctiedficient of determination is

0.856. This means 85.6% of the variation intF gry and stretcican be explained by
75



the variables of Tightness Factor, Pore Size RaMianber of Stitches and Fibre

Combination.

Table 4-11 Model Summary tabl&RF gry and stretch
R SquareR)
0.856 [ interpreted as 85.6%)]

a. Predictors: (Constant), Tightness Factor, Pare Batio, Number of Stitches and Fibre Combination

b. Dependent Variable: UPF dry and stretch

4.2.1.2 F-test for overall linear Model Significane UPF gry and stretch)

F-test is used to evaluate the overall linear ficance of the model, i.e. if there is a
linear relationship betweenand all theX variables considered together.

From the_ANOVA (analysis of variance) table, thpevalue ("Sig.”" in the ANOVA
table) of the F-test is 0.00 (Table 4-12), so thki® is smaller tham (which was the
significance level and its typical value was 0.0H)erefore, the regression model has

a significant linear relationship at a significaneeel of 0.05

Table 4-12 ANOVA tablePF gry and stretch
Model Sig.

Regression 0.0¢" |[ p - value of F-test]

a. Predictors: (Constant), Tightness Factor, Pare Batio, Number of Stitches and Fibre Combination.

b. Dependent Variable: UPF dry and stretch

4.2.1.3 Verification of the Model Predictive Abilty (UPF gry and stretch)

The UPF gry and stretch€an be predicted by using Tightness Factor, Pare Ratio,

Number of Stitches and Fibre Combination. In ortitetest how precise could the
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regression apply for prediction, verification ofetmegression is thus needed and
results are shown in Table 4-13 as follow. The gean percentages were calculated

from ( Predicted value - Actual value ) / ActualueX 100%.

Table 4-13 Difference (%) between "Actual” and 'tReeed" ofUPF gry and stretch

UPF Differences (%) between
Sample code Predicted Actual "Actual" and "Predicted"
_ CH 5.17 5.75 - 9.98%
g MCG 4.95 4.66 + 6.23%
5 F 4.99 5.24 - 4.85%
MF 4.55 4.54 + 0.11%
CH _MCG 5.20 5.28 -1.48%
_ CH_F 5.46 5.94 +2.71%
o CH_MF 5.27 5.84 - 9.90%
8 MCG_F 5.18 5.65 - 2.71%
MCG_MF 4.70 5.22 - 10.00%
F MF 5.31 5.81 - 8.62%
CM 541 5.60 + 2.34%
= CM_CH 6.45 7.06 - 8.63%
S CM_MCG 5.62 6.15 +1.83%
O CM_F 6.36 7.06 - 9.92%
CM_MF 5.40 6.09 - 6.00%
Average : - 3.92 %
Remarks :

+: predicted value was Overestimated
- predicted value was Underestimated

Generally speaking, the multiple linear regressimtel tends to underestimate

UPF gry and stretctand the overall differences of all samples are2%9There are ten
out of fifteen samples being underestimated. Thestvprediction is -10.00% on

sample MCG_MF, while the best prediction is +0.1b% sample MF. All of the
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fifteen samples between actual and predicted URkesavithin 10% variation, and
the coefficient of determinatiorf) of the model is 0.856, that means the model can
explain 85.6% of total variances by variable of hfigess Factor, Pore Size Ratio,
Number of Stitches and Fibre Combination. The rego: model can be concluded

as a successful way in predictitdPF gry and stretch State even for different fibre

combinations.

4.3 Conclusions of UPF at Dry, Relax and Stretcht&e

For Group | (single cotton), the UPF ratings instigroup were compared on two
aspects, i.e. on spinning method and on fibre typetton yarns produced from

conventional ring spinning method can well protegfainst UV radiation than

torque-free ring spun yarn, and it is believe ttha yarn twist number plays an
important role in affecting corresponding UPF. A tyarn twist number directly

influenced by spinning methods, it can be concluithed spinning method can affect
UPF.

When comparison was on the fibre type, Supima nogarn can provide better UPF
than normal cotton yarn, holding spinning method wee same. It can be explained
by the better reflectance of Supima cotton fabhic.short, both fibre type and

spinning method would affect UPF of fabrics.
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For Group Il (cotton/cotton combinations), resudtggested that combination of two

Supima cotton yarns knitting together could provitter UPF than either two

normal cotton yarns combination or one normal ¢oknitting with a Supima cotton

yarn. The spinning method became less importaatf@cting UPF in this group.

For Group Il (coolmax/cotton combinations), theRMNalues were the highest among

the three Groups. The results of each blending Eswere similar to the samples in

Group | but in a higher level, as the presence obl@ax would increase the

protective ability against UV radiation.

When samples were measure under stretched conditioiny state, it exhibited a

remarkable reduce in protective power, as poreg wpened up and UV radiation is

easily penetrate through the poles as shown inr€igu4.

In addition, greater stretch percentages came altiggreater reduction in UPF, it

can be explained by the fact that the amount aadsibe of pores increased when

samples were subjected to greater tension. Sumedadawnfall of UPF expressing

in terms of percentage after stretching in thrdéeint extend are shown in Table

4-8.

A general summary of change in UPF of samples urelax and different stretch

conditions are show in Table 4-14
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Table 4-14 Summary of decrease in UPF (in dry ktdtehree different percentages

UPF in Dry Decrease in UPF undstretching in :
Samples | o o 1oy Statd  30%ofboth | 20%ofboth | 10% of both
directions directions directions
—_ CH 11.24 -59.66% -44.94% -42.10%
% MCG 9.53 -57.65% -51.64% -44.19%
o F 12.27 -67.02% -58.11% -46.69%
© MF 10.46 -63.55% -57.56% -48.67%
CH/MCG 14.89 72.72% -61.92% -59.03%
— CHIF 16.29 -72.42% -60.28% -57.83%
= CH/MF 15.76 -68.06% -64.02% -56.66%
o MCG/F 14.96 -64.76% -63.70% -58.16%
O MCG/MF 15.96 -75.72% -65.73% -60.46%
FIMF 19.27 -74.97% -70.47% -64.09%
CM 38.32 -88.39% -84.29% -83.51%
i CM/CH 34.84 -83.03% -81.14% -75.00%
8 CM/MCG 23.94 -82.48% 75.77% -64.62%
0 CMIF 40.82 -87.97% -80.70% -79.42%
CM/MF 27.88 -82.85% -78.37% -73.24%
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Chapter5 RESULTS and DISCUSSIONS of UPF on T, RELAX and
STRETCH SAMPLES

In this section, the UPF of the 20Ne cotton yarpeplmax yarn and their
combinations in wet (section 5.1) and stretchetk section 5.2) will be discussed.
According to the fibre composition, three groupseveummarized including Group |
(single cotton vyarn), Group Il (cotton/cotton comdtions) and Group Il
(coolmax/cotton combinations) for discussion. Indiddn, structural parameters
affecting corresponding UPF values would be ansalgsid tried to compute and

formulate multiple linear regression in order tegict UPF.

5.1 UPF at Wet and Relax State

5.1.1 UPF of Samples Wetted with Five Solutions at ThreBick-up Percentages
in Group | (Single Cotton)

Samples CH, MCG, F and MF were wetted separatdly fivie types of solution, i.e.,
(@) Chlorinated pool water, (b) Sea water, (c) Acigerspiration, (d) Alkaline
perspiration and (e) Deionized water (D.l. watbr)addition, each sample was wetted

separately at (a) 100%, (b) 75% and (c) 50% pickaged on the sample weight.
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Mean UPF
o

CH MCG MF
100% 75% 50% Cirl: 100% 75% 50% Ctrl- 100% 75% 50% Crrl: 100% 75% 50% Ctrl-
Pick Pick Pick UPF Pick Pick Pick UPF Pick Pick Pick UPF Pick Pick Pick UPF
up  up up (Dry) up  up up (Dry) up  up up [Dry) up  up up (Dry)

=fp==Poolwater =f=Seawater =ie—Acidperspiration ====Alkperspiration ==Dlwater

Figure 5-1 UPF of Group | (single cotton) sampligsravetting with five solutions at three pick-uprpentages
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With reference to Figure 5-1, the first observatisn low pick-up percentage

associated with high UPF regardless of yarn type ians applicable to the five

solutions. Several researches supported that wittett usually exhibit lower UPF

values and variation of UV transmission becausehefreduced optical scattering

effect (Gambichleret al, 2001b; Pairsiet al, 2000; Moon and Pailthorpe, 1995;

Pailthorpe, 1994 and Jevtic, 1990).

The second observation is a small variation of WRtld on wetted torque-free ring

spun yarn samples (Figure 5-1) when compared wothventional ring spun yarn

samples (Figure 5-1). In addition, torque-free risgun yarn samples generally

provided lower UPF than conventional ring spun yater wetting.

The magnitude of decrease in UPF after wettinghedet different liquors pick up

ratios were more severer on conventional ring samples, i.e. samples "MCG" and

"MF" in Group I. It can be explained with referento microscopic view of yarn

types in Group | (wet state) as show in Figure 5-2.
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(b) MCG

) F | (d) MF
Figure 5-2 Microscopic view of (a) CH, (b) MCG, €)and (d) MF yarn wetted with
D.I. water

Yarn produced from torque-free ring spinning (EQTerethod is generally with less
yarn twist number than conventional ring spun y@an and Wong, 2011; Murrells
et al, 2003 and Ta@t al, 1997a,b). ESTex yarn is bulkier in dry state ess Itwist
number present to bind fibre together. Howevergdhe yarn is immersed in solution,
the bulkiness presence in dry state disappeareasuitiace tension of solution tend to
pull fibre close to each other and eventuallyditl the bulkiness. The yarn diameters
of torque-free spun yarns (MCG and MF) become snalhd only swell at a smaller
extend than conventional spun yarns (CH and F) whetted. Changes in yarn
diameter before and after wetting are shown in &dbll. UV radiation no longer
passes through torque-free spun yarn as easilyiasn dry state on a single yarn
level. The yarn diameter of torque-free ring spamy(Figure 5-2) becomes smaller
in wet state when compared to conventional ringnsgarn (Figure 5-2). Such
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observation helps to explain smaller variation®JPF of torque-free ring spun yarn

samples (MCG" and "MF) in wet state.

Table 5-1 Yarn diameter of yarns in Group | befand after wetting

Before wetting After wetting Increased by
CH 22Qum 41Qum 46.34%
MCG 225um 31Qum 27.42%
F 24Qum 44Qum 45.45%
MF 30Qum 38Qum 21.05%

The reason for generally lower UPF of torque-fieg spun yarn samples (MCG and

MF) could also refer to smaller yarn diameter aftetting.

Fibres are closely bound with each other on a siggln level. However, when yarn

diameter became smaller and holding all other facb®ing constant, the space and

the hole in-between loops were bigger than befordry state on the whole fabric

level. This observation may help to explain whygte-free ring spun yarn sample

could only yield comparative lower UPF than conv@ml ring spun yarn sample in

wet state.

All in all, no significant variation in UPF afterigking up with different solutions of

samples find within this group (Figure 5-1).
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5.1.2 UPF of Samples Wetted with Five Solutions dthree Pick-up Percentages
in Group Il (Cotton/cotton combination)

There are six samples in Group Il, specificatiosstnown in Table 5-2.

Table 5-2 Specifications of samples in Group |l

Code Normal cotton ~ Supima cotton Conventional  Torque-free
ring spinning ring spinning
CH_MCG CH, MCG — CH MCG
CH_F CH F CH,F —
CH_MF CH MF CH MF
MCG_F MCG F F MCG
MCG_MF MCG MF — MCG , MF
F_MF — F, MF F MF

The overall performances regarding UPF in wet sihach sample of Group Il are

shown in Figure 5-3. The first observation fromu¥g5-3 is that low pick-up

percentage can yield comparatively high UPF thghdi pick-up percentage of each

sample that is similar to Group I. Sample "CH_MQ@0rmal cotton/normal cotton

combination) is the one provides the lowest UPkgan Group II.

Another finding is only a relatively small variatidn UPF when wetted with five

types of solutions for two torque-free ring spunnyaombinations (MCG_MF). It

may be due to the reduction in yarn diameter tagettith relatively uniform fibre

orientation (Figure 5-2) than wetted conventioniafrspun yarn after wetting that

may facilitate scattering of UV-radiation . No siigant conclusion on absorption of

different solution among sample within Group Il d@drawn (Figure 5-3 and 5-6).
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Figure 5-3 UPF of Group Il (cotton/cotton combinali samples after wetting with five solutions aethpick-up percentages
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5.1.3 UPF of Samples Wetted with Five Solutions dthree Pick-up Percentages
in Group Il (Coolmax/cotton combination)

Only sample "CM" is produced from pure Coolmax, thther four samples are

Coolmax blended with different types of cotton yams in Group |. The overall

results of samples in Group Il were show belowrigure 5-4
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Figure 5-4 UPF of Group Il (Coolmax/cotton comkina) samples after wetting with five solutionglatee pick-up percentages
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The variation of UPF of sample "CM" (pure Coolmaxrple) after wetting was

comparatively small (Figure 5-4) when compared witle other coolmax/cotton

combinations. It can be explained by pure coolnmare itself will not affected by

the influence of wetted cotton yarn as it will radisorb solutions but only retain it.

Coolmax is hydrophobic in nature and it is diffaréiom hydrophilic cotton which

will swell with absorption of solution (Welet al, 1952).
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5.1.4 Comparison on UPF of Samples wetted with D&rent Solutions

Section 5.1 shows the behavior of different typésample after wetted with five

solutions and seemingly the effect of each typsobdition exerted are similar.

5.1.4.1 Analysis of Mean Values on Different Solution Types

In this section, one way analysis of variance (AMQVs carried out to compare

mean values of samples after wetting with differeolutions so as to examine the

relationship among UPF measured after wetting. énegal procedure for

comparison on mean values starting from

(a) Homogeneity of variances test (section 5.1.4.2)

(b) One way ANOVA (section 5.1.4.3)

(c) Post hoc test (section 5.1.4.4)

Levene's test is used to test for homogeneity (éguaf variances. It can test the null

hypothesis that states the variances from populatie statistically similar (Gowdst

al, 2012 and Levene, 1960). If the resultmgalue of the Levene's test was greater

than the critical value, i.e. 0.05, the obtainedarace was very likely (i.ex 95%) to

occur based on random sampling of population withaé variance. Thus, the null

hypothesis was not rejected, and it can be condluitiere was no statistical

differences between the variances of populatiore assumption of homogeneity of
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variance is met. The variances of data in eacbfgebpulation should be the same. If

the variances of data were not the same, then dpelgtion may not suitable for

undergoing ANOVA, as it is violating one of the asgptions of ANOVA.

After testing the homogeneity of variance of data # it is not violated, ANOVA

was performed. It is used to determine whetherettz@e any significant statistical

differences between the means of three or morepement groups. ANOVA is used

to test the null hypothesi$if) that samples drawn from groups with the same mean

values.

Ho:p1=po= s ... =

Ha ' ta #to# Uz ... # e

Where"u" is the mean value of population group d%tis the number of groups.

The alternative hypothesigif) states that at least two groups' means are titalig

different from each other. Generally speakinghd tesults of ANOVA are statistically

significant, the alternative hypothesiblaj will be accepted or rejected the null

hypothesisKlp).

If the resultingp-value is smaller than the confidence level, i.©€5Qhroughout the

research, then the null hypothesis is thus rejeatetdcan be concluded that there is

statistically different in the mean values. Thet s to compare means of at least
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three groups, if there are only two groups, simptest was enough (Senn and
Richardson, 1994). ANOVA will be study on the difaces among various types of
solutions.

Even ANOVA indicates there is a relationship amadalifferent types of solution, it
will not tell how the mean value of one group diffeom the other groups nor the
exact relationship among different solution typas,ANOVA is a kind of omnibus
statistic. Therefore, post hoc test is needed faltiple comparisons to find out mean

values difference from each other (Lowry, 2008pider to reveal the relationships.

5.1.4.2 Homogeneity of Variances Test (comparisam different solution types)

Table 5-3 is the Test of Homogeneity of Variantabkle that shows whether the

variances of data are similar at 95% level of aieriice.

Table 5-3 Test of Homogeneity of Variances

Sig. (p-value) >0.05 or Not Homogeneity of Variance
CH 0.46 >0.05 Yes
= |McG 0.49 >0.05 Yes
S F 0.07 >0.05 Yes
MF 0.77 >0.05 Yes
CH_MCG 0.30 >0.05 Yes
CH F 0.30 >0.05 Yes
g. CH_MF 0.87 >0.05 Yes
s MCG_F 0.54 >0.05 Yes
MCG_MF 0.96 >0.05 Yes
F_MF 0.09 >0.05 Yes
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CM 0.50 >0.05 Yes
= |cM_cH 0.09 >0.05 Yes
S lem_mce 0.50 >0.05 Yes
O CM_F 0.61 >0.05 Yes

CM_MF 0.31 >0.05 Yes

In order to understand if the variances of datah@mogeneous, the "Sig.p-{alue)
in Table 5-3 should be greater than 0.p5/dlue > 0.05). The null hypothesis that
states variances of data in population are the samet rejected, so the variances of

the data set are statistically homogeneous. Thagjdta set is suitable for ANOVA as

the assumption is not violated.

5.1.4.3 ANOVA on UPF Mean Values of Wetted with Bferent Solution Types

In the ANOVA analysis shown in Table 5-4, thevalues ("Sig." values in the table)
are all greater than 0.0p-yalue > 0.05). It implies there are no statistididffierence

of each samples when wetted with five differentusohs and the null hypothesis
(mean values of different solutions absorption hawestatistical differences at 95%

level of confidence) is not rejected.
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Table 5-4 ANOVA table

df Sig.(-value) | >0.05 or Not Interpretation

CH Between Groups 4 0.48 >0.05 No statistical
Within Groups 10 differences

MCG Between Groups 4 0.99 >0.05 No statistical
Within Groups 10 differences

F Between Groups 4 0.13 >0.05 No statistical
Within Groups 10 differences

MF Between Groups 4 0.80 >0.05 No statistical
Within Groups 10 differences

CH_MCG Between Groups 4 0.60 >0.05 No statistical
Within Groups 10 differences

CH_F Between Groups 4 0.39 >0.05 No statistical
Within Groups 10 differences

CH_MF Between Groups 4 0.48 >0.05 No statistical
Within Groups 10 differences

MCG_F Between Groups 4 0.08 >0.05 No statisticgal
Within Groups 10 differences

MCG_MF Between Groups 4 0.07 >0.05 No statistical
Within Groups 10 differences

F MF Between Groups 4 0.17 >0.05 No statistical
Within Groups 10 differences

CM Between Groups 4 0.99 >0.05 No statistical
Within Groups 10 differences

CM_CH Between Groups 4 0.20 >0.05 No statistical
Within Groups 10 differences

CM_MCG  Between Groups 4 0.47 >0.05 No statistical
Within Groups 10 differences

CM_F Between Groups 4 0.98 >0.05 No statistical
Within Groups 10 differences

CM_MF Between Groups 4 0.09 >0.05 No statistical
Within Groups 10 differences

5.1.4.4 Post hoc Test (comparison on different sion types)

With refer to the ANOVA results from previous secti(section 5.1.4.3), as statistics
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showed that no statistical differences of varioolsitions absorption for all samples,

therefore no post hoc test is thus needed to cautyfor finding out statistical

differences for all the mean values.

The aim of carrying out ANOVA is to test if the URfter wetted with different

solutions are similar. After ANOVA, it is confirmethat the wetted UPF values

derived from different solutions are statistically differences with each other.

5.1.5 Establish Regression Equation for PredictingPF \wet and relax

UPF of samples wetted separately with 100%, 75%58%d of its weight and then

average to derive an average value. It is difficmltdetermine the pick-up percentage

on a particular part of the clothing during wearisg the three pick-up percentages

are average to get the general value to becondeiiendant variable for prediction.

As the ANOVA in section 5.1.4.3 suggests that therao statistical differences on

UPF derive from samples wetted with the five typéssolutions, D.l. water was

chosen as the dependant variable for predictioncldghing generally has greater

chances come in contact with water than the otbkitien types during daily use.

Table 5-5 is the Coefficientable ofUPF et and relavhich shows
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Intercept,

a=7.58

Regression coefficients,

b =-6.37, b =-1.15,8=0.17, = 3.49

Table 5-5 Coefficients tabl&JPF et and relaX

Model B Sig.
(Constant) 7.58 0.00
Tightness Factor -6.37 0.01
Pore Size Ratio -1.15 0.03
Number of Stitches 0.17 0.02
Fibre Combination 3.49 0.03

The multiple regression equationWPF et and relax

Y = 7.58 + (-6.3%y) + (-1.15Xy) + (0.17Xs3) + (3.49Xy) .... Equation (9)
UPF et and relax= 7.58 + (-6.37ightness Factgr+ (-1.15Pore Size Ratio+

(0.2Number of Stitches+ (3.49Fibre Combinatiof

5.1.5.1 Model Summary (PF \et and redax)

Table 5-6 is the model summary where it shows tefficient of determination is

0.818. This means 81.8% of the variation in tHeF et and relaxcan be explained by

the variables of Tightness Factor, Pore Size ratiomber of Stitches and Fibre

Combination.
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Table 5-6 Model Summary tabl&RF et and rela)
R SquareR)
0.818 [ interpreted as 81.8%)]

a. Predictors: (Constant), Tightness Factor, Pare &itio, Number of Stitches and Fibre Combination

b. Dependent Variable: UPF D.l. and relax

5.1.5.2 F-test for overall linear Model Significane UPF et and relax)

F-test is use to evaluate the overall linear sigaifce of the whole model, i.e. if there

is a linear relationship betwe#&rand all theX variables considered together.

From the_ANOVA (analysis of variance) table, thpevalue ("Sig.” in the ANOVA

table) of the F-test is 0.00 (Table 5-7), so thiieas smaller tham (which was the

significance level and its typical value was 0.0H)erefore, the regression model has

a significant linear relationship at a significaheeel of 0.05

Table 5-7 ANOVA table YPF yet and relaX
Model Sig.

Regression 0.00" [[ p - value of F-test]

a. Predictors: (Constant), Tightness Factor, Pare &itio, Number of Stitches and Fibre Combination

b. Dependent Variable: UPF D.I. and relax

5.1.5.3 \Verification of the Model Predictive Abilty (UPF wet and relax)

The UPF et and relaxcan be predicted by using Tightness Factor, Pae ftio,

Number of Stitches and Fibre Combination. In orttetest how precise could the

regression apply for prediction, verification ofetmegression is thus needed and

results are shown in Table 5-8. The change in péages were calculated by
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( Predicted value - Actual value ) / Actual valud.30%.

Table 5-8 Difference (%) between "Actual” and "Reéet” of UPF wet and relax

UPE Differences (%) between
"Actual” and "Predicted"

Sample code Predicted Actual
_ CH 6.46 6.90 +1.33%
g MCG 5.67 6.21 - 5.56%
5 F 5.49 5.89 - 3.21%
MF 6.43 6.14 + 8.74%
CH _MCG 5.77 6.93 -0.48%
_ CH_F 7.74 8.94 -0.75%
o CH_MF 7.30 8.26 +1.62%
8 MCG_F 6.48 7.58 -2.14%
MCG_MF 5.79 6.73 - 8.10%
F_MF 8.55 9.18 -4.77%
CM 12.97 14.41 +12.69%
= CM_CH 18.04 19.82 -4.68%
%’ CM_MCG 13.28 13.36 +10.81%
O CM_F 19.47 21.01 +8.54%
CM_MF 16.66 16.50 +9.68%
Average + 1.58 %
Remarks :
+: predicted value was Overestimated

- predicted value was Underestimated

Generally speaking, the multiple linear regressimdel tends to underestimate

UPF wet and relax@nd the average differences of all samples are8%d..Shere are
eight out of fifteen samples being underestimaidwe worst prediction is +10.81%
on sample CM_MCG, while the best prediction is 89don sample CH_MCG. There

are thirteen samples between actual and predickde hlues within 10% variation,
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the coefficient of determinatioriRf) of the model is 0.818, and this means 81.8% of
the total variances can be explained by Tightnessdf, Pore Size Ratio, Number of

Stitches and Fibre Combination. The regression inede be concluded as a

successful way in predictindJPF et and relax State even for blended fibre

combinations.

5.2 UPF at Wet and Stretch State

According to previous research (Osterwaletal, 2000) when the same fabric under

stretched condition would exhibit remarkable deseemn UPF and summarized the

findings in Figure 5-8.
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Figure 5-5 Transmission of UV through fabric whewy dnd wet
(Osterwaldeet al, 2000)

After wetting the samples with solutions, the URBpbed remarkable than in dry
state. In order to understand how severs decreas®kF when subjected to wetting

and stretching at the same time, the most extremditton was selected, i.e.

(a) Stretching 30% in both lengthwise and crosshimacdirections
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(b) Wetting at 100% pick-up

based on sample weight with the following solutiseparately, (a) Chlorinated pool
water, (b) Sea water, (c) Acidic perspiration, &dkaline perspiration and (e) D.l.
water.

As the synchronize effect of wetting and stretchiltogs dominate and outweigh the
effect of fibre types and spinning methods on aglsinyarn level, the overall
performance of all three Groups would be discusaadl illustrated altogether as a

whole in the following Figure 5-9.

101



Mean UPF

450
4.40
4.30
4.20
4.10
4.00
3.80
3.80
3.70
3.60
3.50
3.40
3.30
3.20
3.10
3.00

2.90

+ £ 3
- ¢
&0
L 4 &
b [
! 1 &
A & i ]
“. f
& " Y —§—Stretch30% + 100% pick up (Chlorinated pool water)
l | —l—Stretch30% + 100% pick up (S5ea water)
.l'!r.
K —de— Stretch30% + 100% pick up (Acidic perspiration)
: =i Stretch30% + 100% pick up (Alkaline perspiration)
e il - == Stretch30% + 100% pick up (D1 water)
| T
X b &
a 50
GroupI W Group I Group II
5 L %2 8 9 80 Y 88 58 3 os
= E| - 2 W = E| o =
i = ]
Sample code

Figure 5-6 Overall performances of all samplesetted to 100% pick-up and 30% stretching
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With reference to Figure 5-9, all samples are rtieduced in their protective ability
against UV radiation when subjected to wetting@2% pick-up and 30% stretching
in both lengthwise and cross machine directionth@same time.

The UPF geais generally lower in Group | (single cotton) a@cbup 1l (cotton/cotton
combinations), no significant variation in Group(toolmax/cotton combinations). It
may be due to the surface rupture caused by sear watl thus reduce reflection.
Above observation further suggested sea water alichifiect synthetic fibre as severs
as cellulose fibre. The surface ruptures were as®eof cotton fibre (cellulose fibre)
after exposure to sea water which is confirmed whih findings of Canettat al
(2009).

The UPF chiorinated pooliS generally higher than the UPF after absorptdrthe
remaining solutions, especially profound in Grougntl Group II, both of which are
cotton fibres only. It may be explained by sodiuppdchlorite is a kind of bleaching
agent that whitening cotton fibre that may pronreféection.

Stretching may help to reveal the deteriorationagoout by solutions, as the UPF

derive under both wetting and stretching show ckffé from solution types.

5.2.1 Establish Regression Equation for PredictinQ)PF et and stretch

UPF of samples wetted 100%, 75% and 50% of its lteigd then average to derive
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an average value. It is difficult to determine fhiek-up percentage on a particular

part of the clothing during wearing, so the thréekqup percentages are average to

get the general value to become the dependantblafiar prediction.

As the ANOVA in section 5.1.4.3 suggests that treeeno statistical differences on

UPF derive from samples wetted with the five typésolutions, therefore averaged

values from 100%, 75% and 50% pick-up of D.l. wated 30% stretching of sample

was chosen as the dependant variable for predidsmlothing generally has greater

chances come in contact with water and at the s@amme subjected to stretching

during daily use.

Table 5-9 is the Coefficientable ofUPF et and stretcvhich shows the

Intercept,

a=17.85

Regression coefficients,

h =-0.46, b =-0.20, B =-0.01, b = 0.27
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Table 5-9 Coefficients tabl&JPF et and stretch

Model B Sig.
(Constant) 7.85 0.00
Tightness Factor -0.46 0.04
Pore Size Ratio -0.20 0.02
Number of Stitches -0.01 0.00
Fibre Combination 0.27 0.00

The multiple regression equation@PF \yet and stretch

Y = 7.85 + (-0.461) + (-0.20%y) + (-0.01X3) + (0.27Xa) vevvvvrvvrnnn, Equation (10)

UPFwet and stretcti= 7-85 + (-0.46Tightness Factgr+ (-0.20Pore Size Ratio+
(-0.0Number of Stitchés+ (0.27Fibre Combinatioh

5.2.2 Model Summary UPF et and stretch)

Table 5-10 is the model summary where it showsctiedficient of determination is
0.839. This means 83.9% of the variation inW&- et and stretcie@n be explained by
the variables of Tightness Factor, Pore Size RaMianber of Stitches and Fibre

Combination.

Table 5-10 Model Summary tabledRF et and stretch
R SquareR)

0.839 [ interpreted as 83.9%)]

a. Predictors: (Constant), Tightness Factor, Pae Batio, Number of Stitches and Fibre Combination

b. Dependent Variable: UPF D.I. and stretch
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5.2.3 F-test for overall linear Model Significanc€UPF et and stretch)

F-test is use to evaluate the overall linear sigaifce of the whole model, i.e. if there

is a linear relationship betwe&mand all theX variables considered together.

From the ANONA (analysis of variance) table, {r@alue ("Sig.” in the ANOVA

table) of the F-test is 0.00 (Table 5-11), so thki@ is smaller than (which was the

significance level and its typical value was 0.0H)erefore, the regression model has

a significant linear relationship at a significaneeel of 0.05

Table 5-11 ANOVA table (UPRet and stretch
Model Sig.

Regression 0.00" |[ p - value of F-test]

a. Predictors: (Constant), Tightness Factor, Pare Batio, Number of Stitches and Fibre Combination

b. Dependent Variable: UPF D.l. & stretch

5.2.4 \Verification of the Model Predictive Ability (UPF et and stretch)

The UPF et and stretcrc@n be predicted by using Tightness Factor, Pare Batio,

Number of Stitches and Fibre Combination. In orttetest how precise could the

regression apply for prediction, verification ofetlmegression is thus needed and

results are shown in Table 5-12 as below. The achamgercentages were calculated

by ( Predicted value - Actual value ) / Actual vali 100%.
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Table 5-12 Difference (%) between "Actual" and ‘thceed" of UPF et and stretch

UPF Differences (%) between

Sample code Predicted Actual "Actual" and "Predicted"

_ CH 3.05 3.19 + 1.45%

g MCG 3.05 3.05 +0.21%

8 F 3.17 3.07 +0.77%
MF 3.07 2.95 + 0.66%
CH _MCG 3.45 3.52 --1.67%

_ CH_F 3.54 3.29 +0.52%

o CH_MF 3.49 3.74 - 0.73%

8 MCG_F 3.46 3.51 +2.63%
MCG_MF 3.51 3.69 +0.65%
F_MF 3.50 3.63 --5.97%
CM 3.83 4.12 + 0.63%

= CM_CH 4.09 4.02 +6.94%

S CM_MCG 4.26 4.24 +5.62%

O CM_F 4.09 3.86 +3.57%
CM_MF 4.19 4.20 +12.79%

Average : + 1.87 %
Remarks :
+:  predicted value was Overestimated

- predicted value was Underestimated

Generally speaking, the multiple linear regressimdel tends to overestimate

UPF wet and stretc@nd the overall differences of all samples are abauB7%. There
are three out of fifteen samples being undereséichaifhe worst prediction is
+12.79% on sample CM_MF, while the best predici®r0.21% on sample MCG.
There were eleven samples between actual and teddi¢PF values within 10%
variation, the coefficient of determinatioR?| of the model is 0.839, and this mean

83.9% of the total variance can be explained byhffigss Factor, Pore Size Ratio,
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Number of Stitches and Fibre Combination.. Theesgion model can be concluded

as a successful way in predictitdPF et and stretchState even for blended fibre

combinations.

5.3 Conclusions on UPF of Wetted Samples in All tte Groups

Fifteen kinds of plain knitted fabrics are proddoe this research and further divide
them into three groups mainly based on the natifiere type.

Group | consists of CH, MCG, F and MF (cotton d&jpr

Group Il consists of CH_MCG, CH_F, CH_MF, MCG_F, BCMF and F_MF,;

Group Il consists of CM (Coolmax), CM_CH, CM_MCGM_F, CM_MF.

5.3.1 UPF of Group | in Wet State

Effect of wetness can be concluded as high pickpgocentage of solution
(chlorinated pool water, sea water, acidic persipina alkaline perspiration and D.l.
water) provided low UPF regardless of solution tyjpean be explained the fact that
wetness and retention of liquor reduce scattering.

The second observation is a lower UPF and a snaiation of UPF find on
torque-free ring spun yarn in wet state. The b@ksof torque-free ring spun yarn
presence in dry state is bind by the surface tensicgolution when wetted and pulls
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fibre close with each other, and eventually filjs the bulkiness. Thus, UV radiation

could no longer pass through torque-free spun gareasily as it is in dry state on a

single yarn level.

Comparative lower UPF of torque-free ring spun yaway be explained by the yarn

diameter become smaller of sample "MCG" and "MBIqtie-free ring spun yarn

sample) after wetting. Fibres are eventually clpgellled with each other on a single

yarn level. When the yarn diameter became smatighalding all other factors being

constant, the space and the hole in-between lo@ps khigger than before when it is

in dry state on the whole fabric level. This obs¢ian may help to explain the reason

for torque-free ring spun yarn sample can onlydyiebmparative lower UPF than

conventional ring spun yarn sample in wet state.

5.3.2 UPF of Group Il in Wet State

The first observation is low pick-up percentagevmed comparatively high UPF

than wetted with higher pick-up percentage of esaple that is similar to Group |.

Two normal cotton combination's samples "CH_MCG'the one provided lowest

UPF in Group II.

Another finding is two torque-free ring spun yaonbinations, sample "MCG_MF"

behave steadily when wetted, i.e. only a relativetyall variation in UPF when
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wetted with five types of solutions. It may be doereduce in yarn diameter together

with relatively uniform fibre orientation than wett conventional ring spun yarn after

wetting that may hinder UV radiation.

5.3.3 UPF of Group Il in Wet State

The variation of UPF of sample "CM" (pure Coolmaaxnmgple) after wetting is

comparatively small when compare with the otherlmaa/cotton combinations. It

can be explained by pure coolmax sample itself moli affected by the influence of

wetted cotton yarn as it will not absorb solutidmst only retain it. Coolmax is

hydrophobic in nature and it is different from hgghilic cotton which will swell

with absorption of solution (Welet al, 1952).

Table 5-13 Summary of decrease in UPF (%) aftetinget

Samples UPFin Dry | UPFin Dry Decrease in UPF at relax / (stretching) aftetting 2 with :
&Relax [ &Streteh 1 chiorinated Pool o o Alkaline
State State1 Water Sea Water Acidic Perspiration Perspiration D.l. Water

CH 11.2 (5.75) -69.98%  (-41.25%) | -71.59% (-44.40%) | -72.20% (-45.60%) | -70.74% (-42.73%) | -73.23% (-47.61%)
MCG 9.5 (4.66) -65.76%  (-29.89%) | -67.97% (-34.42%) | -67.42% (-33.30%) | -65.44% (-29.24%) | -67.79%  (-34.06%)
F 12.3 (5.24) -72.50% (-35.63%) | -74.98% (-41.44%) | -74.81% (-41.05%) | -74.38% (-40.04%) | -75.06% (-41.63%)
MF 10.5 (4.54) -70.11%  (-31.14%) | -71.79% (-35.01%) | -70.87% (-32.89%) | -67.79% (-25.80%) | -69.60%  (-29.97%)
CH_MCG 14.9 (5.28) -73.56% (-25.39%) | -76.36%  (-33.31%) | -76.02% (-32.34%) | -73.13% (-24.20%) | -76.29%  (-33.11%)
CH_F 16.3 (5.94) -74.54%  (-30.24%) | -79.77% (-44.57%) | -77.28% (-37.73%) | -75.45% (-32.74%) | -77.47% (-38.26%)
CH_MF 15.8 (5.84) -72.64% (-26.21%) | -76.26%  (-35.98%) | -75.36% )-33.55%) | -76.12% (-35.60%) | -75.19%  (-33.10%)
MCG_F 15.0 (5.65) -72.14%  (-26.29%) | -76.52%  (-37.88%) | -75.74% (-35.81%) | -74.64% (-32.89%) | -75.60% (-35.45%)
MCG_MF 16.0 (5.22) -77.77%  (-32.02%) | -76.88% (-29.29%) | -78.99% (-35.75%) | -78.56% (-34.43%) | -79.26% (-36.57%)
F_MF 19.3 (5.81) -78.43%  (-28.46%) | -81.18% (-37.60%) | -79.69% (-32.65%) | -80.92% (-36.73%) | -79.61% (-32.37%)
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CM 38.3 (5.60) -88.80%  (-23.35%) | -89.25% (-26.38%) | -89.90% (-30.85%) | -89.41% (-27.46%) | -89.87% (-30.67%)
CM_CH 34.8 (7.06) -87.11%  (-36.42%) | -88.47% (-43.12%) | -87.69% (-39.28%) | -88.61% (-43.81%) | -87.77%  (-39.69%)
CM_MCG 23.9 (6.15) -83.55% (-36.02%) | -82.30% (-31.13%) | -83.31% (-35.08%) | -83.82% (-37.06%) | -83.21% (-34.68%)
CM_F 40.8 (7.06) -88.94%  (-36.08%) | -90.53%  (-45.30%) | -90.12% (-42.93%) | -89.00% (-36.42%) | -90.18%  (-43.23%)
CM_MF 27.9 (6.09) -84.01% (-26.82%) | -84.95% (-31.11%) | -86.48% (-38.12%) | -84.65% (-29.73%) | -86.41% (-37.77%)

Averaged UPF value measured under 30%, 20% a¥tdsti@tching in both
directions at the same time at dry state

2 Averaged UPF value measured at 100%, 75% and 56Rupi of each solution
type

5.3.4 UPF of Wetted and Stretched Samples in aliee Groups

The UPF values are further reduced when samplgsedal to wetted and stretched

condition at the same time. Not only wetness oreftpenerally reduce scattering, but

also pores are opened up when stretching thirtyeméaiges in both machine and cross

machine directions. It may explain the reason ahier reduce in UPF.

The UPF ¢e4is no longer the highest among wetted with otiee$ of solutions when

samples are stretched which is different from thseovation find when samples

subjected to wetting solely but not stretching.
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Table 5-14 Summary of decrease in UPF (%) aftetingeind stretching

Samples UPFin UPFin UPFin Decrease in UPF aftstretching andwetting with :

Dry & Dry & Wet &

Relax Stretch Relax Chlorinated Pool Water Sea Water Acidic Perspiratio Alkaline Perspiration D.l. Water

State State State
CH 11.2 5.75 6.38 -69.98% | -37.63% | -47.07% : -71.59% : -40.97% @ -49.91% @ -72.20% : -42.25% ; -50.99% : -70.74% : -39.20% : -48.40% @ -73.23% | -44.37% | -52.79%
MCG 9.5 4.66 6.00 -65.76% | -28.19% | -45.60% | -67.97% | -32.82% i -49.11% : -67.42% @ -31.67% @ -48.24% @ -65.44% | -27.52% | -45.10% i -67.79% | -32.45% | -48.83%
F 12.3 5.24 5.67 -72.50% | -42.82% | -40.52% | -74.98% | -47.98% | -45.88% @ -74.81% | -47.64% | -45.53% | -74.38% | -46.73% | -44.59% | -75.06% | -48.14% | -46.06%
MF 10.5 4.54 5.91 -70.11% | -37.30% | -47.12% : -71.79% ; -40.83% : -50.09% : -70.87% : -38.89% : -48.46% : -67.79% : -32.44% : -43.02% : -69.60% | -36.24% | -46.22%
CH_MCG 14.9 5.28 5.80 -73.56% | -44.93% | -32.12% | -76.36% i -50.77% i -39.32% : -76.02% : -50.06% @ -38.44% @ -73.13% | -44.05% : -31.03% : -76.29% | -50.63% | -39.14%
CH_F 16.3 5.94 7.80 -74.54% | -47.21% | -46.85% | -79.77% : -58.06% : -57.77% : -77.28% : -52.88% @ -52.55% @ -75.45% : -49.10% ; -48.75% : -77.47% | -53.28% | -52.96%
CH_MF 15.8 5.84 7.18 -72.64% | -43.24% | -39.92% | -76.26% i -50.75% : -47.87% : -75.36% : -48.88% : -45.89% : -76.12% : -50.45% ; -47.55% : -75.19% | -48.53% | -45.52%
MCG_F 15.0 5.65 6.62 -72.14% | -42.03% | -37.02% | -76.52% | -51.14% | -46.92% | -75.74% | -49.52% | -45.15% | -74.64% | -47.22% | -42.66% | -75.60% | -49.23% | -44.84%
MCG_MF 16.0 5.22 6.30 -77.77% | -53.80% | -43.70% : -76.88% : -51.94% @ -41.44% @ -78.99% @ -56.33% | -46.78% : -78.56% : -55.44% @ -45.70% @ -79.26% | -56.89% | -47.47%
F_MF 19.3 5.81 8.98 -78.43% | -55.37% | -53.70% : -81.18% ; -61.07% : -59.61% : -79.69% @ -57.98% : -56.41% : -80.92% : -60.53% ; -59.05% : -79.61% | -57.81% | -56.23%
CM 38.3 5.60 11.51 -88.80% | -77.11% | -62.73% | -89.25% | -78.02% | -64.21% @ -89.90% | -79.35% | -66.38% | -89.41% | -78.34% | -64.73% | -89.87% | -79.30% | -66.29%
CM_CH 34.8 7.06 18.93 -87.11% | -73.65% | -76.28% | -88.47% | -76.43% | -78.78% : -87.69% @ -74.84% . -77.35% | -88.61% | -76.71% | -79.04% | -87.77% | -75.01% | -77.50%
CM_MCG 23.9 6.15 11.98 -83.55% | -66.19% | -67.14% : -82.30% : -63.61% : -64.63% : -83.31% @ -65.70% @ -66.66% @ -83.82% : -66.74% ; -67.67% : -83.21% | -65.48% | -66.45%
CM_F 40.8 7.06 17.94 -88.94% | -77.44% | -74.84% : -90.53% : -80.69% @ -78.47% @ -90.12% @ -79.86% i -77.53% : -89.00% : -77.56% : -74.97% @ -90.18% | -79.96% | -77.65%
CM_MF 27.9 6.09 15.19 -84.01% | -67.16% | -70.65% : -84.95% | -69.09% @ -72.37% @ -86.48% @ -72.24% | -75.18% : -84.65% | -68.47% @ -71.82% @ -86.41% | -72.08% | -75.04%

UPF et and stretcicOMpare with the UPF of averaged value of 100%, @#%50% pick-up of each solution type and Stretgi8i0% in both directions
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Chapter 6 CONCLUSIONS and RECOMMENDATIONS

6.1 Conclusions on the UPF

Fifteen samples were divided into three groups dasethe fibre composition. Group
| (single cotton yarn), Group Il (cotton/cotton domations) and Group |llI

(coolmax/cotton combinations) for discussion.

6.1.1 UPF at Dry and Relax State

For Group | (single cotton), the UPF ratings instigroup were compared on two
aspects, i.e. on spinning method and on fibre typetton yarns produced from
conventional ring spinning can better protect agfalbV radiation than torque-free
ring spun yarn, and it is believed that the yaristwumber did play an important role
in affecting corresponding UPF. It can concludé #pnning method can affect UPF.
While comparing on fibre type, Supima cotton yaan qrovide better UPF than
normal cotton yarn, holding spinning method was shme. It can be explained by
better reflectance of Supima cotton fabric. In ghboth fibre type and spinning
method would affect UPF of fabrics.

For Group Il (cotton/cotton combinations), resdtggested that combination of two
Supima cotton yarns knitted together could prowad#er UPF than either two normal
cotton yarns blending or one normal cotton blend@t a Supima cotton yarn. The
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spinning method became less important in affedtiRdr in this group.

For Group Il (coolmax/cotton combinations), theRMalues were the highest among

the three groups. The results of each blending Esmmwpere similar to the samples in

Group | but in a higher level, as the presence obl@ax would increase the

protective ability against UV radiation.

6.1.2 UPF at Dry and Stretch State

When samples were measured under stretched canditidry state, it exhibited a

remarkable reduce in protective power, as pore® ween up and UV radiation is

easily penetrate through the samples. In additangexception for greater stretch

percentage came along with greater extend of retud@F, it could be explained by

the fact that the amount and the size of poresasgd when samples were subjected

to greater tension.

6.1.3 UPF at Wet and Relax State

The variation of UPF of sample "CM" (pure Coolmaxrple) after wetting was

comparatively small when compared with the otherlro@ax/cotton combinations. It

can be explained by pure coolmax sample itself moli affected by the influence of

wetted cotton yarn as it will not absorb solutidng only retain it. Coolmax was
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hydrophobic in nature and it was different from toghilic cotton which will swell

with absorption of solution (Welet al, 1952).

6.1.4 UPF at Wet and Stretch State

The UPF were further reduce when samples subjetctedetness and stretched
condition at the same time. Not only wetness orefipenerally reduce scattering, but
also pores were opened up when stretched thirtyeptages in both machine and
cross machine directions. It may explain the readdarther reduce in UPF.

TheUPF sgagwas no longer highest among wetted than otherstgpsolutions. When
samples were stretched which is different from dbservations of samples in only

wetted condition.

6.2 Conclusions on the Regression Models

Regression models were computed for prediction bRkfferent end use conditions.
Including

(a) Prediction otJPF gry and relax(Section 6.2.1);

(b) Prediction ortUPF gy and stretc{S€ction 6.2.2);

(c) Prediction orJPF et and relaXsection 6.2.3);
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6.2.1 Regression Model for PredictindPF gry and relax

Several physical performances tests were perforomeglarn and fabric to evaluate
possible factors (physical properties) affectingRuRtings. However, not all of the
factors were significantly affecting the UPF. Retliag prediction olUPF gy and relax
Tightness Factor, Pore Size Ratio, Number of Stgcand Fibre Combination, were
the four factors used in the development of thetipial linear regression for
predictingUPF gry and relax

Generally speaking, the multiple linear regressioodel UPF gy and rela) tends to
underestimated by 2.55%. There are six out ofdifteamples being overestimated.
The worst prediction was -17.01% on sample F_MH]enine best prediction was
+0.92% on sample CM_CH. There are twelve samplésreinces between actual and
predicted UPF values within 10% variation. The fioieit of determinationR®) of
the model is 0.900, that means it can explain 90dd%he total variance by the
variables of fibre combination, Tightness FactanePSize Ratio, Number of Stitches
and Fibre Combination, the regression model cacobeluded as a successful way in

predictingUPF gy and relaxState even for blended fibre combinations.

6.2.2 Regression Model for PredictingUPF gry and stretch

Regarding computing prediction model 10PF gy and stretch Tightness Factor, Pore
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Size Ratio, Number of Stitches and Fibre Combimatiere the four factors used in
the development of the multiple linear regressmmpiredictingUPF gry and stretch

The overall variation of the regression model wadearestimated 3.92%, and there
were ten out of fifteen samples being underestichdtbe worst prediction is -10.00%
on sample MCG_MF, while the best prediction is $@clon sample MF. All of the
fifteen samples between actual and predicted URkesavithin 10% variation, and
the coefficient of determinatiorf) of the model is 0.856, that means the model can
explain 85.6% of total variances by variable of hfigess Factor, Pore Size Ratio,
Number of Stitches and Fibre Combination. The rego: model can be concluded
as a successful way in predictitdPF gry and stretch State even for different fibre

combinations.

6.2.3 Regression Model for PredictingUPF et and relax

Regarding computing prediction model fO0PF et and relax Tightness Factor, Pore

Size Ratio, Number of Stitches and Fibre Combimati@re the four factors used in
the development of the multiple linear regressmmpiredictingUPF et and relax

The overall variation of the regression model wasrestimated by 1.58%. There are
eight out of fifteen samples being underestimaldee worst prediction is +10.81%

on sample CM_MCG, while the best prediction is 89don sample CH_MCG. There
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are thirteen samples between actual and predicEde hlues within 10% variation,
the coefficient of determinatioriRf) of the model is 0.818, and this means 81.8% of
the total variances can be explained by Tightnessdf, Pore Size Ratio, Number of
Stitches and Fibre Combination. The regression inede be concluded as a

successful way in predictindJPF et and relax State even for blended fibre

combinations.

6.2.4 Regression Model for PredictingUPF et and stretch

Regarding computing prediction model 10PF \yet and stretch Tightness Factor, Pore
Size Ratio, Number of Stitches and Fibre Cominatwere the four factors used in
the development of the multiple linear regressmmpiredictingUPF et and stretch

The overall variation of the regression model wasrestimated by 1.87%. There are
three out of fifteen samples being underestimaié@. worst prediction is +12.79%
on sample CM_MF, while the best prediction is +@&2dn sample MCG. There were
eleven samples between actual and predicted UResaVithin 10% variation, the
coefficient of determination/f) of the model is 0.839, and this mean 83.9% of the
total variance can be explained by Tightness Fa&ore Size Ratio, Number of
Stitches and Fibre Combination.. The regression en@an be concluded as a

successful way in predictingPF et and stretch State even for blended fibre
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combinations.

6.3 Recommendations

6.3.1 Yarn Materials for studying UPF

In this research only 20Ne cotton yarn cotton yamd 150dtex Coolmax yarn were

studied, it is recommended a more comprehensivgerahdifferent linear density of

both cotton and Coolmax yarn can be used to progiam knitted fabric. For

example 10Ne, 30Ne, 40Ne, 50Ne for cotton yarn @@Ne and 50dtex, 75dtex,

100dtex and 200dtex for synthetic fibre yarn.

Besides cotton and Coolmax combination, it is rem@mded other natural fibre types,

for example bamboo fibre to be blended with otlyeitisetic fibre.

6.3.2 Fabric Materials for studying UPF

Plain knitted fabric is one of the most common teditstructures and it is the only

knitted structure being studied in this researthis Irecommended that different

combination of basic knitting unit, i.e. knit loajick loop and miss loop can be study

with different fibre blend to provide even bettePBratings.

Apart from weft knitted structure, warp knittedwustture can also be studied to reveal

its UV protective ability.
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6.3.3 Combination of Yarns

Only cotton/cotton and Coolmax/cotton combinationgre studied for their

respective UPF values. It is recommended that, cuatibn of three types of yarn,

e.g. normal cotton, Supima cotton and Coolmax @stdied. In addition, except for

cotton and Coolmax, some other fibres can be intred to explore the possibility of

achieving even higher UPF values via different corations.

6.3.4 Diversify Fibre Combination

Alternate fibre types yarn corns arrangement wasahly technique for preparing

cotton/cotton and Coolmax/cotton combinations saspi this study, so that a 50/50

ratio was achieve. However, possible 40/60 (twaeBbcombination) or 33/33/33

(three fibres combination) can be studied to evaloarresponding UPF ratings.

6.3.5 Develop a System for UPF Prediction

An optimum system with data base of different yamd specification, physical

properties can be developed for future predictibbi®F protection before real fabric

production.
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