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Annotation

The aim of this study has been to observe the tedfie€iO, nanoparticles as it was used
in finishing methods such as printing, sol gel dndirophobic finish. To study the
surface wettability of textile fabrics by contactgte measurement .To observe the UV-
shielding property of the treated fabrics charamter by UV-VIS spectrophotometry.

The contact angle of textile materials used wassorea, the UPF values were also
measured and comparable, the porosity of textilederna was also determined
statistically. With the aims mentioned above theotetical part was described, the

practical method used was also described.
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1 Introduction

The ultraviolet part of solar spectrum (UV) playsimportant role in many processes in
the biosphere. It has several beneficial effectsitmay also be very harmful if the UV
radiation exceeds ‘safe’ limits. If the amount o¥ thdiation is higher or exceeds the so
called safe limits, self protection of some biot@gispecies is exhausted and the subject
may be severely damaged. This includes human ameniespecially their skin and
eyes. To avoid damage from high UV exposure, bbtiordic and acute people should
limit their exposure to solar radiation by usingtective measures. The solar radiation
striking the earth’s surface is characterized byBUR280-320nm); UVA (320-400nm)
wavelengths, UV-C which is totally absorbed by #tmosphere or the ozone layer and
does not reach the earth. But the energies of UshA UV-B photons that reach the
earth surface exceed the carbon-carbon single boadyy of 335kJ/mol, which is why
UV radiation is a function of the wavelength of timeident radiation, with the most
damage done by radiation less than 300nm. If ttythema effect is multiplied by the
intensity of the incident solar light, as a funatiof wavelength, the wavelengths of
maximum danger to skin are 305-310nm. Thereforbgtaseful in protecting the wearer

from solar UV radiation, textiles must demonstffectiveness in the 300-320nm range.

In previous studies it has been observed that lleigtls of UV radiation in both chronic
and acute solar exposure can cause clinical damsgeh as sunburn, immune
suppression, skin cancers and photo aging, phot@ss (acnes),phototoxic reactions to
drugs, erythema (skin reddening),eye damage (apaiitn of the cornea) and DNA
damage. In order to provide protection from UV afethe protective measures to be
taken is have knowledge of the factors that coutelto the protective abilities of textiles
is vital. Important factors include fiber compositj fabric construction and wet-
processing history of the fabric such as color atiér finishing chemicals that may have

been applied to the textile material.

The effect of ultraviolet radiation on living bigm@al organisms has been extensively
studied, and various reporting methods such as tééx, UV protection factor (UPF)

and solar protection factor (SPF) have been adopiedreate awareness among the

10
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general public of the deleterious effects of UViatidns. The UV index is designed to
provide the public with a numerical indication betmaximum potential solar UVR level
during the day; the higher the number, the highersblar UVR hazard. The global solar
UV Index is a measure of the highest level of UMRrg day, and the UVI is calculated
using various input parameters such as the ozee¢ |gotential cloud cover, water vapor

and aerosols.

To quantify the protective effect of textiles, thelar protective factor (SPF)/ultraviolet
protection factor (UPF) is determined. The SPFhis tatio of the potential erythemal
effect to the actual erythemal effect transmittecbugh the fabric by the radiation and
can be calculated from spectroscopic measuremdiis. larger the SPF, the more
protective the fabric is to UV radiation. Typicallg fabric with an SPF of > 40 is
considered to provide excellent protection agauwigtradiation (according to AS/NZS

4399: sun protective clothing evaluation and cfasdion, standard Australia, Sydney).

When radiation strikes a fiber surface, it can éiéected, absorbed, transmitted through
the fiber or pass between fibers. Radiation rei@ctibsorbed or transmitted depend on
many factors, including the fiber type, the fibarface-smoothness, the fabric factor (the
fraction of the surface area of the fabric covdrggarns) and the presence or absence of
fiber delustrants, dyes and UV absorbers. In thokbtha work the surface wettability and
topology of textile fabrics were studied by contasgle measurement .The UV-shielding
property of the treated fabrics was also charamdriby UV-VIS spectrophotometry.
Different fiber materials such as polyester, cattaool, glass fiber, and Kevlar rough
surface and Kevlar smooth surface were treatedrendtilized method for treatment was
hydrophobic treatment. And for cotton fiber the gel method was done to analyze the
contact and the UV shielding properties of the rfibgaterial, and also wool, Kevlar,
polyester, glass fiber and cotton were treated [, Thanoparticles by hydrophobic
finish. The results were obtained, comparing tHeaefof different TiO2 powder using
the finishing treatment, comparing their effectsanface wettability and UV protection

abilty.

11
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2 Theoretical part

2.1 Solar Radiation

Solar radiation is an important natural factor huseait forms the Earth’s climate and has
a significant influence on the environment. Theaviolet part of the solar spectrum
(UV) plays an important role in many processeshaliiosphere. It has several beneficial
effects but it may also be very harmful if UV exdeésafe” limits. If the amount of UV
radiation is sufficiently high the self-protectiability of some biological species is
exhausted and the subject may be severely damddpsl.also concerns the human
organism, in particular the skin and the eyes. Vamcdamage from high UV exposures,
both acute and chronic, people should limit theipasure to solar radiation by using
protective measures. The solar radiation strikirgyearth’s surface is composed of light
waves with wavelengths ranging from the infraredh® UV radiation. The table below
is showing the wavelengths, relative intensitiesl @verage photon energies of this
radiation. [1]

Table 1 Characteristics of solar radiation stigkine earth’s surface

Classification Wavelength (nm) Relative Intensity] vetage photon
energy (kj/mol)

UV-B radiation 280-320 0.5 400

UV-Al 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

Although the intensity of UV radiation is much lgbsn visible or infrared radiation, the
energy per photon is significantly higher. The viigh energy of the UV-C photons is
mostly absorbed by ozone in the higher regionshef atmosphere decreasing their

relative intensity on the earth surface to almesbzBut the energies of UV-A and UV-B

12
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photons that reach the earth surface exceed thmrcaarbon single bond energy of
335kJ/mol, which is why UV radiation is a functioh the wavelength of the incident
radiation, with the most damage done by radiatess Ithan 300nm. If this erythema
effect is multiplied by the intensity of the incidesolar light, as a function of
wavelength, the wavelengths of maximum danger o ake 305-310nm. Therefore, to
be useful in protecting the wearer from solar UMiation, textiles must demonstrate

effectiveness in the 300-320nm range. [1]

Acute as well as chronic sun exposure is well knaavinduce biological and clinical
damage, such as sunburn, immune suppression, smcers and photo aging,
photodermasis (acnes),phototoxic reactions to dreggthema (skin reddening),eye
damage (opacification of the cornea) and DNA dambiyB radiation, which includes
the most energetic photons, participates in allheSe damages, and can induce direct
DNA lesions such as cyclobutane pyrimidine dim&@PBD) and 6, 4 pyrimidine pyramid
one. Subsequent mutations are involved in the dpwatnt of UV-induced skin cancers.
However, although UVA radiation is less energeliant UVB, it accounts for at least
95% of the solar UV irradiance received at growsgel. Recent studies pointed out their
role in immune-suppression, photo aging and muegen For this reason, the new
generation of sunscreens has to provide an effigestection against UVA as well as
UVB radiation [2&3]

Solar UV radiation reaching earth is a combinatdnUVB (280-320 nm) and UVA

(320-400 nm) wavelengths. UV-C is totally absorlisdthe atmosphere or the ozone
layer and does not reach the earth. UV-A causis Viisible reaction on the skin but has
been shown to decrease the immunological respohsgkio cells. UV-B is most

responsible for the development of skin cancersefOthan drastically reducing exposure
to the sun, the most frequently recommended fornJWf protection is the use of

sunscreens, hats, and proper selection of clottundortunately, one cannot hold up a
textile material to sunlight and determine how sypsible a textile is to UV rays. Even
textiles which seem to be non-light transmitting ymgass significant amounts of
erythema-inducing UV irradiation. Therefore, knotde of the factors that contribute to

the protective abilities of textiles is vital. Impant factors include fiber composition,

13
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fabric construction and wet-processing history loé fabric such as color and other

finishing chemicals that may have been appliedhéotéxtile material [8].

The assessment of the efficiency of a sunscrepringrily based on the value of its sun
protection factor (SPF), which reflects the prdtectagainst erythema. In the skin
erythemal response, the actual contribution of UV&velengths represents only a small
percentage. In addition, numerous biological damageduced by sun exposure occur at
doses lower than that inducing erythema, especiallyepeated exposure condition.
Therefore, the SPF value, which is still the omgulatory requested protection factor for
sunscreen products, does not seem sufficient kecteahe efficiency of protection against
all biological end-points induced by the entireasoUV spectrum. For example the
protective effect of sunscreens on UV-induced imensappression has been largely
assessed. The evaluation of products filtering b8 and UVA radiation have been
shown to afford a better protection with regarglmto aging markers, than preparations
that absorb mostly in the UVB range. It has alsenbguggested that the development of
basal cell carcinoma in sunscreens users may b&odumor absorption of the sunscreens
used in the UVA waveband [9].

2.2 Solar UV index, UV protection factor and sqlantection factor

The effect of ultraviolet radiation on living bigm@al organisms has been extensively
studied, and various reporting methods such as ééx, UV protection factor (UPF)
and solar protection factor (SPF) have been adopiedreate awareness among the
general public of the deleterious effects of UViatidns. At a given wavelength,
electromagnetic radiation may be reflected, abgbdyetransmitted by any given object.
If the response of the system at each wavelengiHireear function of the dose, then the

response (R) by a broad spectrum is given by th@iimg formula:

2 ho

R= CAICA ) da
ﬂcr (A, t) dadt )

M
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Where | {, t) is the irradiance at wavelendtht is time ands (1) is the cross-section for
eliciting this response at wavelengthsThe changes in the spectrum have been covered
by including time as an argument of the irradiaricection and as a variable of
integration. The UV index is designed to provide gublic with a numerical indication
of the maximum potential solar UVR level during ttiay; the higher the number, the
higher the solar UVR hazard. The global solar U¥elxnis a measure of the highest level
of UVR every day, and the UVI is calculated usirggious input parameters such as the
ozone level, potential cloud cover, water vapor aesols. The UV index is reported as
the maximum biologically effective solar average RIN\UVRex) for the day, and is an
average taken over either 10 or 30 minutes. The W&sually highest around midday
but the temperature is often highest later in fier@oon. UVR index values are grouped

into five exposure categories from low to extrenmhwlifferent color codes. [12]

To quantify the protective effect of textiles, tlsmlar protective factor (SPF) is
determined. The SPF is the ratio of the potentighemal effect to the actual erythemal
effect transmitted through the fabric by the radiatand can be calculated from
spectroscopic measurements. The larger the SPRdhe protective the fabric is to UV
radiation. In Europe and Australia, the SPF isrretéto as ultraviolet protection factor
(UPF). The SPF is also used with so called ‘surckihm’ skin creams, giving a relative
measure of how much longer a person can be expossdnlight before skin damage
occurs. Typically, a fabric with an SPF of > 40 dsnsidered to provide excellent
protection against UV radiation (according to ASMNZ4399: sun protective clothing-
evaluation and classification, standard Austrégdney). It is possible to realize 80% of
the theoretical maximum of SPF 200.Since the mosbagble time for long term solar
exposure is in the summer, the most likely canegldor UV protective finishes are
lightweight woven and knitted fabrics intended fmoducing shirts, blouses, t-shirts,
beach wear, swim wear, sportswear, and othersstridufabrics designed for awnings,

canopies, tents and blinds may also benefit frompddtection treatment [1]
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2.3 Mechanism of UV protection

When radiation strikes a fiber surface, it can éiéected, absorbed, transmitted through
the fiber or pass between fibers. The relative arhotiincident radiation strikes the fiber

or fibers as follows;

Incident radiation

D [ 0-

Reflected radiation

b

Absorbed radiation Fibers

Y

-

r

Transmitted radiation

Figure 1 Radiation in contact with a textile sugac

*11
AL VN

Figure 2 Model of fabric—light interactions
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Where 1.normal incident (1), 2.Regular reflectiar)( 3. Scattered reflection (sr), 4.
absorption, 5.direct transmission (dt), 6.diffusansmission (st). Radiation reflected,
absorbed or transmitted depend on many factorsudimg the fiber type, the fiber
surface-smoothness, the fabric factor (the fractwdnthe surface area of the fabric
covered by yarns) and the presence or absencebef @ielustrants, dyes and UV
absorbers. [1& 2]

2.3.1 The effect of fiber type on the SPF of fabrics of similar construction

Table 2 Solar protection factors (SPF) of fabrics

Fabric description Approximate SPF
Cotton tricot 4

Wool tricot 45

Silk twill 7
Polyester tricot 26
Nylon/elastomer 80/20 tricot 12

Cotton and silk fibers offer little protection toVradiation can pass through without
being markedly absorbed. Wool and PES on the diled, have significant higher
SPF’s since these fibers will absorbs UV radiatibtylon falls in between these
extremes. One factor influencing nylon and PES iddaswe is the presence of the
delustrant TiQ a material that strongly absorbs UV radiationfidérs absorb all of the
incident radiation, then the only source of trarttadi rays is from the spacing between
yarns. By definition, the theoretical maximum SBRhe reciprocal of one minus the
cover factor.

1

SPFmax =
1 — cover factor 2
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The equation above illustrates the relationshipvbet the maximum SPF and the cover
factor. Using the SPF value of 50 as the goal,baidavith a cover factor of 0.98 and
composed of fibers that absorbs all of the norectdd UV radiation will provide its
wearer with excellent protection against solar @diation. Of course tight micro-fibers
provide a better UV protection than fabrics madenfmormal sized fibers with specific
weight and type of construction. [1]

2.4 UV exposure and human skin

Human skin reconstructed in vitro, composed of kmtliving dermal equivalent and a
fully differentiated epidermis, permitted the idénation of tissue specific damages
induced by either UVB or UVA radiation. Epidermatriatinocytes were preferentially
targeted by UVB, while UVA induced major alteratiomn the dermal compartment.
Taking advantage of these specific damages andpdissibility of applying topical
sunscreens on the skin surface, the efficiencyingfies absorbers has been tested. Other
studies using organotypic cultures confirm theiefukess in the evaluation of photo
protection [14].

In terms of sensitivity to light and tendency t@rpentation, there are 6 basic types of

skin that demand different levels of UV protectamshown in the following table:

Table 3 Effect of UV rays on different types ofrski

Skin typg Critical dosgSelf protectiol pisk jevel

(Appearance mJ/cm2 time (min)

I - \Ahita 152N BE-1N Riirne oacily hace tha hinhact ricl
Il _ \Alhita 2R _ 12K Q_12 Riirn and nnhs rarahs ta

Il - Rrmamich 2N _ BN 1N_ 1K Tan and nrracinnallv hii

N/ - Rrnwmn AR _ RN 15.2N Tan and nreracinnallv hini

\/ - Rrnwwin AN_ 1NN 2N . 2R Qiiffiriant lavale nf malanin anAd rar4
\/l — Darle Rronwwin1NN_ 2NN .70 Quiffiriant lavale nf malanin ninmAg
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The minimal erythemal dose (MED) is apparently ¢stesit with a fair complexion, but
shows variations among people of types Il andAb practical purposes, the population

could be classified into two main groups, sensiéind less sensitive individuals [11].

Factors that affect solar UVR include cloud coviére sun’s altitude, geographical
position, altitude, ozone layer, scattering in #imosphere, environmental and related
conditions. Much research has been carried oussess the impact of the UV rays on
various living organisms, especially humans and¢etionship between skin cancer and
UV dosage is well correlated. Changes in leisurkabm®r, which has led to more
frequent sun exposure, are one of the major reasomaalignant cutaneous melanoma.
Skin cells that receive sunlight absorb harmful t&diation, and slough off to excrete
harmful UV from the body. But the absorption of tmoaich UVR leads to scars that can
induce diseases like skin cancer. Excessive U\atiadi leads to cell damage and causes
inflammation of human skin, the obvious consequermdevhich is erythema or sunburn.
The reciprocal value of these cuticle radiationedoss called erythema effectiveness
whose maximum occurs at 308 nm. The total UVR deaehing the skin is an important
factor in the occurrence of both erythema and skincer, although there is no proven

link between erythema and skin cancer [14&15].

2.4.1 Ultraviolet Protection Factor Deter mination

The ultraviolet protection of a fabric is expresdsdthe Ultraviolet Protection Factor,
UPF. For sun creams, the Sun Protection factor \&PEsed. The UPF evaluates the
reduction in the amount of the UV radiation thasges through the fabric to the skin. For

example, when a fabric has an UPF of 20, onIQ”itﬁ UV radiation reaches the skin.

To determinethe in vitro UPF, the spectral irradiance (of tlmurse andransmitted

spectrum) is weighted against the erythemal asp@ctrum, as follows;

40
Jooe B2 52 dy

UPF = 2
Voo Br Si T di [3]

O

WhereA is the wavelength in nnE, relative erythemal spectraffectivenessS, solar

spectral irradiance of the sourceniatts per square meter;
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d, bandwidth in nanometer; and

T, spectraltransmission of the sample. The integrafy 4re calculatedover the

wavelength range of 290 to 400 nm.

And/or also to calculate UPF, risk estimates foprotected skin are obtained by
multiplying the solar spectral source with the dBthemal action spectrum at each
wavelength intervalpAh and summing the response over all relevant wag#ienin the
spectrometer, transmittance data are normally d@edeat 2- or 5nm intervals, usually
between 290-400nm.

Zsu}. A(A). AL

Risk unprotected—

Where S is the source of spectrum in Wammi*; A, is the action spectrum for the
measured response (dimensionless) &nds the bandwidth in nm, determining by the
experimental conditions of the measurement. R&tkmates for the fabric protected
skins are obtained by multiplying the risk at ea@velength by the transmittance of the

fabric at each wavelengthpyland summing over the same wavelengths.

ZSH}. A T AR
RisKprotected=

Finally the UPF is calculated from the two equatias follows;

UPF = Riskunprotected RiSKprotected

Analogous to the sun protection factor of sunswe®PF igefined as the ratio of the
average effective UV irradian@alculated for unprotected skin to the averagecttfe
UV irradiance calculated for skin protected by thet tésbric. Inter-comparison
measurements of different testing laboratonage shown that spectrophotometry is an
accurate and reproducilikst method for determining UPF, particularly fanmgples with
UPFs below 50. However, UPFs of 50 and higher ahgad theoretical interest, as even

in Australia the maximum daillJV exposure is about 35 minimal erythema doses
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(MED’s). Ultraviolet transmission measurements of textiles are genenadlge under
worst-case conditions, with collimated radiationright angledo the fabric. Thus, the
actual UV protection of a particultxtile would always be greater than the measuremen

obtainedusing spectrophotometer. [19]

Since the relative erythemal spectral effectivengssgher in the UV B region compared
to the UV A region, the UPF values depend primaoitythe transmission in the UV B
region. UV rays falling on textiles are partly edfted, absorbed and partly transmitted
through the fibers & interstices, and the opticalgsity of a fabric limits its potential to
provide protection against UVR. The solar protetfiactor (SPF) is defined as a quotient
from a harmful dose without, and a harmful dosehwgun protection. This can be
calculated from erythemal effectiveness (EW),( (P@Q)) and from the wavelength
dependent transmission of the sun protection agéwt.difference between the values of
UPS and SPF arises mainly because of the ‘holeteffethe fabrics. The UV radiation
transmitted through a textile fabric consists @& #Waves that pass unchanged through the
pores of the fabric and scattered waves that hateracted with the fabric. Many
research studies were conducted to establish thamg#ers that affect the UV
permeability of the textile garment. Some stud@sctuded that the compactness and the
weight of the fabric are the most relevant pararsetghile others claim that dark color

shades offer more protection, [18&19].

2.5 Effect of UV radiation on textile materials

UV radiation is one of the major causes of degiadadf textile materials, which is due
to excitations in some parts of the polymer moleand a gradual loss of integrity, and
depends on the nature of the fiber. Because ofehgelarge surface volume ratio, textile
materials are susceptible to influences from lightl other environmental factors. The
penetration of UVR in nylon causes photo oxidatmal results in decrease in elasticity,

tensile strength and a slight increase in the degferystallinity.

In the absence of UV filters, the loss in tensitersgth appears to be higher in the case of

nylon (100% loss), followed by wool, cotton and ymster, with approximately 23%,
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34% and 44% respectively after 30 days of expodhlevated temperature and UVB
radiation on cotton plants result in severe losbalfs. Naturally-colored cottons contain
pigment ranges from light green to tan, brown amigeirent long-term UV protection
properties with a UPF of 64 and 47, whereas noooibn shows a UPF of 8. [20]

2.6 UV absorbers

UV absorbers are organic or inorganic colorlesspmmds with strong absorption in the
UV range of 290 — 360 nm. UV absorbers incorporatéal the fibers convert electronic
excitation energy into thermal energy, functionradical scavengers and singlet oxygen
guenchers. The high-energy, short-wave UVR extitedJV absorber to a higher energy
state; the energy absorbed may then be dissipatémhger-wave radiation. Alternately,
isomerisation can occur and the UV absorber may fh@gment into non-absorbing
isomers. Sunscreen lotions contain UV absorbersphysically block UVR. The most
widely used UVB screens, 2-ethylhexyl-4-methoxyneimate with high refractive index,
make a substantial contribution to the RI matchofgskin, i.e. ‘refractive index
matching’. An effective UV absorber must be ablabsorb throughout the spectrum, to
remain stable against UVR, and to dissipate therbles energy to avoid degradation or

loss in color.

Organic UV absorbers are mainly derivatives of drbyxy benzophenones, o-hydroxy
phenyltriazines, o-hydroxy phenyl hydrazine’s. Tdrthohydroxyl group is considered
essential for absorption and to make the compoohbie in alkaline solution. Some of
the substituted benzophenones penetrate into dintitees much like disperse dyes.
Commonly-used UV absorbers are 2-hydroxy benzophes)o 2-hydroxy phenyl
benzotriazoles, 2-hydroxy phenyl-Striazines andmibals such as benzoic acid esters,
and hindered amines. The strong absorption in tear UV of 2, 4 dihydroxy
benzophenone is attributed to conjugating chelatetween the orthohydroxyl and
carbonyl groups. Organic products like benzotrieazdlydro benzophenone and phenyl
triazine are primarily used for coating and paddimngcesses in order to achieve broad
protection against UV rays. Suitable combinatioht/\d absorbers and antioxidants can

yield synergistic effects. Benzophenone derivatives/e low energy levels, easy
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diffusibility and a low sublimation fastness. Ortiydroxy phenyl and diphenyl triazine
derivatives have an excellent sublimation fastnasd, a self-dispersing formulation can

be used in high temperature dyeing in pad bathsaludin print pastes [21].

UV absorbers incorporated into the spinning doper@o the fiber extrusion and dye
bath in bath dyeing improve the light fastness ertain pastel shades and the weather
ability spun-dyed fibers. UV absorbers to the ekt&d#n0.6 — 2.5% are sufficient enough
to provide UVR protection fabrics. The presenceJdf absorbers in polyester, nylon,
silk and wool protects the fibers against sunligitiiced photo degradation. On wool,
UV absorbers can retard the photo-yellowing thatuog upon exposure to sunlight.
Triazine class-hindered amine light stabilizers @sed in polypropylene to improve the
UV stability. The addition of HALS to 0.15% weigid sufficient to improve stability
substantially. Even pigmented PP requires UV Stadis if the fibers are exposed to UV
during their services. High-energy UV absorbersatlé for PET include derivatives of
o-hydroxy phenyl diphenyl triazine, suitable foredyaths, pad liquor or print paste. UV
absorbers have refractive indices of about > Z§Gneans of which maximum covering

capacity and opacity is achieved [11].

The presence of inorganic pigments in the fibesslte in more diffuse reflection of light
from the substrate, and provides better protecfio®, added in the spinning dope for
matt effects in the fibers also acts as a UV atleorbitanium dioxide and ceramic
materials have an absorption capacity in the UMoredpetween 280 and 400 nm, and
reflects visible and IR rays; these absorbers #e added as dope additives. For
maximum effect, the particles have to be mono muéety distributed, and are often
applied in one bath. Nano scale titanium gel pladistrongly bound to the cotton fabrics
can give a UPE 50 without impairing the tensile properties. Btighviscose yarns
provide the highest UV transmittance compared ® dhll pigmented viscose yarns,
modal yarns. Zinc oxide nano particles, which haweery narrow size distribution (20-
40 nm) and minimal aggregation, can result in hidéeels of UV blocking. Use of Tig)

ZnO alone produces less absorption of UVR thanxum of (67/33) titanium dioxide
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and zinc oxide on cotton and nylon fabrics. Mianefinylon fabrics with a porosity of
0.1% are capable of giving UPF > 50 with 1.5% Jihcorporating UV absorber in
dyeing decreases the dye uptake slightly, excepbst-treatment application [21]

Many commercial products and processes have besoged to produce fabrics with a
high level of UPF using various dope additions &mgical applications for almost all
types of fabrics produced from cellulosic fibergol silk and synthetic fibers. Most of
the commercial products are compatible with thesdyed other finishing agents applied
to the textile materials, and these agents carppked using simple padding, the exhaust
method, the pad thermo fix and the pad-dry-curénous [19&21]

2.7 Textilematerialsand UV protection

Sun protection involves a combination of sun avoodaand the use of protective
garments &accessories. Reducing the exposure tnmsunlight, using sunscreens and
protective clothes are the three ways of protectigainst the deleterious effects of UV
radiation. Apart from sunscreen lotions, textileten@ls and accessories made of textile
materials are largely used for UV protection. U\btpection through textiles include
various apparels, accessories such as hats, stlomde structures such as umbrellas,
awnings, and baby carrier covers and the fabrienads to produce these items. [20]

2.8 Nature of fibers

In textiles, UPF is strongly dependent on the cleafrstructure of the fibers. The nature
of the fibers influences the UPFs as they vary W tthnsparency. Natural fibers like
cotton, silk, and wool have lower degree UVR absorpthan synthetic fibers such as
PET. Cotton fabric in a grey state provides a highEeF because the natural pigments,
pectin, and waxes act as UV absorbers, while beghtibers have high UV transparency.
Raw natural fibers like linen and hemp possess B &f20 and 10 to 15 respectively,
and are not perfect UV protectors even with ligmiontent. However; the strong
absorption of jute is due to the presence of ligmihich acts as a natural absorber.

Protein fibers also have mixed effects in allowidy radiation. Dyed cotton fabrics
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show higher UPF, and undyed, bleached cotton yigkty poor UPF values. Wool

absorbs strongly in the region of 280 — 400 nm eweh beyond 400 nm. Exposure to
sunlight damages the quality of silk’s color, sg#nand resiliency in both dry and wet
conditions. Mulberry silk is deteriorated to a dezaextent than muga silk. Bleached silk
and bleached PAN show very low UPFs of 9.4 andr8spectively. Polyester fibers

absorb more in the UVA & UV B regions than aliplgtblyamide fibers. [17&18]

A wide variety of synthetic and naturally occurrinigh polymers absorb solar ultraviolet
radiation and undergo photolytic, photo-oxidatie®d thermo-oxidative reactions that
result in the degradation of the material. The dégtion suffered by these materials can
range from mere surface discoloration affecting #esthetic appeal of a product to
extensive loss of mechanical properties, which gdydimits their performance. The
deleterious effects of solar UVB radiation in pautar, on wood, paper, biopolymers, and
polymers(plastics and rubbgrare well known. The phenomenon is of speciak@deto
the building industry, which relies on polymer lilg products that are routinely
exposed to sunlight during use. Most of the commaolymers used in such applications
contain photo stabilizers to control photo damagd & ensure acceptable lifetimes

under outdoor exposure conditions. [18]
2.9 Moisture and swelling

The ability of textile fibers to provide UV protéan varies depending upon the structure
and other additives present in the fibers. Besittes construction parameters and wear
conditions of the textile materials, moisture addives incorporated in processing also
affect the UPF of the textile materials. In theeca$ moisture, the influence largely
depends on the type and hygroscopicity of fibesswall as conditioning time, which
result in swelling phenomena.

[15]
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The moisture content affects the UPF of the faliribvo ways, namely the swelling of
fibers due to moisture absorption, which reducestterstices, and consequently the UV
transmittance. On the other hand, the presenceatdrweduces scattering effects, as the
refractive index of water is closer to that of tiextile polymer, and hence there is a
greater UV transmission vis-a-vis a lower UPF. pi¢gl cotton fabric could transmit 15-
20% UVR; rising to more than 50% if the garmentvist. For adequate protection, the
UVR transmission should be lower than 6% and 2.8%ektremely good protection.
Dependence of humidity is more pronounced in Sil wiscose, of which viscose has a
higher water absorption and swelling capacity, @/fsilk has poor swelling properties.
Even though silk has poor swelling properties, vésy fine nature and a greater number
of fibers in the cross-section of yarn resultsighler swelling due to capillary absorption,
and in turn less UV transmittance. Finishing tresita given to the fabrics to reduce
swelling reduce the transmittance of UV rays. Imegal, hygroscopic fibers and their

UPF show better correlation [15]

2.10 Fabric construction factors

When the ultraviolet radiation hits the textile evadls, different types of interactions
occur depending upon the substrate and its conditidhe UV protection by textile
materials and apparel is a function of the chentbaracteristics, physico-chemical type
of fiber, presence of UV absorbers, constructiofiabfic, thickness, porosity, extension
of the fabric, moisture content of the fabrics,oc@nd the finishing given to the fabric. A
part of the radiation is reflected at the boundaré the textile surface. The UVR
transmitted through textile fabrics consists of timehanged waves that pass through the
interstices of the fabrics as well as scatteredesatat have interacted with the fabrics.
Another part is absorbed when it penetrates thelearand is converted into a different
energy form. The portion of radiation that travisleough the fabric and reaches the skin

is appropriately referred to as the ‘transmissiomgonent’ [15]
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The UPF increases with fabric density and thicknesssimilar construction, and is
dependent on porosity (UPF = 100 / porosity). Ahhegrrelation exists between the UPF
and the fabric porosity but is also influenced by type of fibers. The relative order of
importance for the UV protection is given by % cowefiber type > fabric thickness.
Cloth cover does not consider the flatness of tasg; which might result in a higher
cloth cover than the calculated value. A UPF wabric weight and thickness shows
better correlation than cloth cover. Therefore itabwith the maximum number of yarns
in warp and weft give high UPFs. UPF values of 200,20 and 10 can be achieved with
the percentage cover factors of 99.5, 97.5, 950@nespectively [18].

The percentage UVR transmission of a fabric isteel#o the fabric cover factor by

(100 — cover factor) and the UPF is given by UPRG® / (100-CF). To achieve a
minimum UPF rating of 15, the cover factor of tk&tile must be greater than 93%, and
a very small increase in CF leads to substantipfavements in the UPF of the textiles
above 95% cover factor. In the case of terry clathjgh variability in UPF exists due to
irregularities in the fabric construction. Wovelibiigs usually have a higher cover factor
than knits due to the type of construction. Thidk structures of hemp and linen can
allow10.52 — 12.70% and 9.03 — 11.47% of UV A and B respectively. However,
knitted structure made from a blend of synthetiwefs with Lycra offers the best
protection against solar radiation, and warp-kditéinds are capable of screening up to
80% of the solar radiation and bright glares. Skneig reduces the UPF rating of the
fabric during wear, as the effective cover facsoraduced. However, the cover factor can
be modified through many dry finishing processesouph overfeed on the stenter,
compressive shrinkage processes such as compaatihganforising, which are normally
used to obtain dimensional stability, incidentatigreasing the cover factor and hence
the UPF. Gentle milling employed in the case ohtligeight wool fabrics can also
enhance the cover factor and the UPF [18&20].
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2.11 Dyeing and finishing

Depending upon the type of dye or pigment, the igdtis@ groups present in the dyestuff,
depth after dyeing, the uniformity and additivése tJV protection abilities of the textile

materials are considerably influenced. In a givabrit, higher transmission of UV

radiation is observed in the case of bright fib@iscose) than dull fibers. A protective

effect can be obtained by dyeing or printing, whishbetter than using heavyweight
fabrics which are not suitable for summer condgioDarker colors of the same fabric
type (black, navy, dark red) absorb UVR much marengly than the light pastel colors

for identical weave with UPF, in the ranges of 187 and 19 — 34 for cotton and
polyester respectively. Some direct, reactive asiddyes are capable of giving a UPF of
50 plus [21]

Some of the direct dyes substantially increasd MRE of bleached cloth, which depends
on the relative transmittance of the dyes in the BV\fegion. In many cases, a UPF
calculated using a direct dye solution appearsetdigher than that of the fabric after
dyeing, mainly because the actual concentratioesnaostly less than the theoretical
concentration. Dyes extracted from various nattgaburces also show the UPF within
the range of 15 — 45 depending on the mordant u§allulosic fabrics transmit UV A
and UV B equally with the transmittance ratio (T&)T0.9. When dyed with the reactive
dyes, the UPF increases from 4.7 to 5.0 — 14.0rdBpg upon the concentration, which
is not sufficient to satisfy the minimum requirerteef60]. Some of the vinyl sulphone
dyes and monochlorotriazine dyes possess UVR ali@orpharacteristics, which also
increase with the concentration. Cellulosic fabiygd with these dyes show reduced
UVR transmission from 24.6% to 10-20% and 27.8%8®2% for UV A and UV B
respectively. When mixtures of these dyes are uelUPF increases synergistically.
Some combinations of disperse reactive mix can ginatonged UV protection with a
UPF of 50+ for P/C blends [3&14].

Optical brightening agents or fabric whitening ageare used at the finishing operations,
as well as in the wash cycles, and their effedUBirs has been demonstrated extensively
in the past. Optical brightening agents are oftppliad to enhance the whiteness of

textiles by UV excitation and visible blue emissidine phenomenon of excitation and
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emission is caused by the transition of electram#olving p-orbital’'s from either
conjugated or aromatic compounds. Most optical Hteigers have excitation maxima
within the range of 340 — 400 nm. OBA can improftie tUPF of cotton and cotton
blends, but not of fabrics that are 100% polyestemylon. The presence of OBA in the
P/C blends (67/33) to the extent of 0.5% can imerthe UPF from 16.3 to 32.2, which
is more or less closer to that obtained using theddsorbers with 0.2% (UPF 35.5).
Washing the fabrics leads to a loss of UPF in #eeoof OBA-treated fabrics, and the
UPF reaches the level of that in untreated falfter 40 washes, which shows the semi-
permanent nature of the finish and protection. Aapiimitation of many OBAs is that
they mostly absorb in the UVA part of the day ligigtectrum (93%) but have a weak
absorption in UV absorption around 308 nm (92%)iciIplays an important role in skin
disease [19&16].

2.12 UPF measurement systems

Appropriate precautions which were applied whilengag out the measurement should
be sufficient to collect all the scattered and sraitted lights through an integrating
sphere, to include all the erythemal active wawglen (UVA & UVB) spectral
measurements without any influence of fluorescdnom FWA, if it is present in the
fabric. There are currently 12 sites in Australna sAntarctica installed with broadband
UVR detectors to measure the total energy recedved a range of wavelength in UVR
region in both direct and diffuse radiation. Polgfione films have been widely used in
the construction of personal dosimeters, which dbstrongly in the UV B region [5&
21].

The instrument for measuring fabric transmissianudes broadband radiometers,
spectroradiometers, or spectrophotometers, and rKmps. Filters are placed next to
the test specimen to prevent the effects of flummese reaching the integrating sphere.
The spectral response of the detector is also iapbrin determining system
performance, and it must be capable of detectin® @Adcurately and linearly over a very
large range of intensities and discriminating tighal from the detector dark current.

Many commercial systems have difficulty in measgiisPFs above 100 due to dynamic
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range, dark current discrimination at lower wavgtbs of <300 nm, and fluorescence at
wavelengths of >380 nm. [5& 7]

Low light levels in the UVR source used for measwrat can also lead to difficulty in

distinguishing between the transmitted UVR andrtatiral dark current of the detector.
The measurement of UPF on a clothing material carcdsried out by measuring the
diffuse spectral transmittance in vitro or by measy the increase in exposure time
required to induce erythema sun burn in vivo. Theparation of the fabric prior to the

UV transmission test includes the exposure of spegito laundering, simulated sunlight
and chlorinated pool water, and to present in tedteat simulate the conditions at the
end of two years of normal seasonal use, so tleatth protection level finally stated on

the label estimates the maximum transmittance efgdrment fabric during a two-year
life cycle [16& 19]

2.13 UV protection care labeling

Initiatives for developing standards related to piotection started in the 1990s, and
standards related to the preparation of fabricstjng and guidance for UV protection
labelling have been formulated by different agenic@are labelling similar to fabric and
garment care labels has been developed for UV giote and standard procedures have
been established for the measurement, calculdabe)ing methods and comparison of
label values of textile products. Since 1981, tkim £ancer Foundation, an international
body, has offered a Seal of Recommendation forptheto-protective products which
includes sunscreens, sunglasses, window films aochdly detergent additives, in
accordance with AATCC TM 183 or AS/NZS 4399; theducts recommended are
reviewed annually [12].
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Table 4 Grades and classification of UPF

UPF Transmissions % Classification Grade
> 40 <25 Excellent protection 0l
30-40 3.3-25 Very good protection Il
20-29 50-24 Good protection I

UV labeling is an additional requirement besiddgeoiabeling requirements of garments
including Permanent Care Labels and Fiber Contaoels. Apart from the UPF label,

block numbers can also be used based on the Ugntitance value in their respective
UVR range. Table 4 shows the various grades andeflaged protection factors for the
textile materials. The UPF value to be placed anl#bel is that of the sample, reduced
by its standard error of UPF values, and then redrdbwn to the nearest multiple of 5
but not greater than 50. A UPF of 20 means thaDth/2i.e. 5%, of the biologically

effective UV radiation striking the surface of tladric actually passes through it [17].

2.14 Textile qualitiesand UV protection

2.14.1 Material

Summer clothing is usually made of cotton, viscosayon, linen,polyester, or
combinations thereof. Other types of materiglssh as nylon or elastane, are also found
in bathing suitsnylon stockings, and other garments. Consumersraineonsider
lightweight non-synthetic fabrics (cotton and lipeto be themost comfortable for
summer wear. Comparison of the UPF of differgpies of material is difficult and
possible only in limitedituations. This is because certain productionss{egeingand
finishing) vary based on the material, resultingaitomparisomf the "material-color-
finish" combination and not of the materitself. In the case of synthetic fibers, such as
polyester angbolyamide, an analysis is even more difficult beseathe U\protection of
these materials depends on the type and quanttigdditives to the fiber, such as

antioxidants or UV stabilizerf20]
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In accordance with most studies, the type of fimsedto construct a textile can have a
substantial effect on tHeéPF, especially for white and non-dyed fabrics.aBleed cotton
and viscose rayon are transparent to UV radiatiwh thus provideelatively low UV
protection. It was reported that bleached cottant lothhad a UV transmission of
23.7%, whereas the same unbleadlaédic had a UV transmission of only 14.4%. The
effect of bleachingvas also evident among silk fabrics in their stu@pmparedwith
bleached textiles, unbleached fabrics such asrcattalsilk have better UV protective
properties due to UV-absorbimgtural pigments and other impurities. Polyesteralig
hasgood UV blocking properties, as this fabric allogtativelylittle UV-B transmission,
probably because of the large conjugasgdtem of polymer chains. Polyester (or
polyester blendghay be the most suitable fabric type for UV pratecgarmentgTable
5). However, its permeability for wavelengths ire thV-A range is frequently higher
than that of other fiber typethis could be of significance for wearers with pobrphic

light eruption, solar urticaria, chronic actinic dermafior actinigrurigo. [19&21]

Table 5 Summary of Factors Significantly Affectithg UPF of Apparel Textiles

Fabric material UPFs of cotton, linen, rayon, vieare usually smaller than
UPFs of wool, silk, nylon and PES provides usubigh UPFs.

Fabric porosity| UPFs increases with increasing yarn-to-yarn spaasd

weight and thickness | increasing fabric weight and thickness.

Fabric colors UPF increases with dark colors

UV absorbers UPF is improved by UV absorbers.

Stretch UPF decreases under stretch

Wetness UPF decreases when cotton becomes wet
Washing UPF increases for cotton fabrics
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2.14.2 Por osity, Weight, and Thickness

Researchers have referred to fabric porosity bgraety ofterms, including cover factor,
tightness of weave, and fabopenness. Cover factor may be defined as the pagsen
areaoccupied by warp and filling yarns in a given fabarea. Tounderstand the
relationship between UV transmission and fabtiacture, an "ideal” fabric is proposed,
in which the yarnsare completely opaque to UV radiation and the haespaces
between the yarns are very small. Ultraviolet tnaission throughdeal fabric is related

to the cover factor of the fabric witipaque yarns as follows:
% UV transmission = 100 - % co\esstor

Fabric construction is the primary determinant abric porosity,followed by fabric
weight. The closer the weave or knittinge less UV radiation is transmitted. Spaces
between the yarrare generally larger in a knit fabric than in a @ouextile,and plain
woven textiles have a lower porosity than texties'en using other weaves. An increase
in weight per unit arealso decreases fabric porosity. The spaces bettheeparnsare
smaller in heavier textiles, permitting transmissafless UV radiation. However, yarns
are usually not opaque t/ radiation; thus, UPFs of actual fabrics are lowten those
of an ideal fabric. In most studies, thickness raemwmentsfor the fabrics were not
undertaken or reported. However, thicknéssa useful variable for understanding
differences in UV protectiobhetween fabrics. It was reported that thicklemser fabrics
transmit less UV radiation and concluded ttratkness is most useful in explaining
differences in UV transmissiowhen differences in percentage cover factor are als
accountedor. [10&19]

2.14.3 Color and UV Absorbers

The dyes used to color a textile can affect thepgodectivenesef a fabric, depending on
the position and intensity of théV wavelength absorption bands of the dyes and the
concentrationof the dyes in the textile. The absorbance of Udiation canaffect
substrate attributes, including fluorescence, phdégradation,and UV protection.

Generally, dark colors provide better votection due to increased UV absorption.
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However, particulahue dyes can vary considerably in the degree ofpbfectiveness
because of individual transmission and absorptibaracteristics.To improve UV
protection, UV absorbers have been added usiiffgrent techniques. Ultraviolet
absorbers for laundry detergendsid rinse cycle application have been recently
developed. Ultraviolet absorbers are colorless aamgs that absorb the wavelength
range of 290 to 400 nm. The cover factor is usefupredicting the maximunuPF
achievable by treating yarns with UV absorbers.sTHabricscould be made opaque to
UV radiation with a sufficient levedf UV absorber impregnation, and the corresponding
UPFs approachetihe theoretically predicted levels based on thescdactor.Titanium
dioxide of various particle sizes is frequently disessa UV absorbing substance in
fabrics; however, the absorptiohthese particles is frequently less protectivénm UV-

A wavelength range. Other manufactured UV absorldecsmovideess protection from
UV-A radiation, which should be consideredthen counseling patients with
photosensitivity disorders. HowevedV absorbers are suitable for enhancing UV
protectiveness especially that of non-dyed lighglvesummer fabrics, such as cotton and
viscose, which offer a high level of wearing, comf¢l9]

2.15 Wearing conditions affecting UV protection of textiles

2.15.1 Stretch

Stretching a textile causes an increase in falwrogty, with a consequent decrease in
UPF. It that been found out that stretching elastanedamrments about 10% in the
machineand cross-machine directions causes a dramatieazin theneasured UPF of

a textile. Textiles for tight fitting clothes shouhot be considereds UV protective
clothing It was reported that thePF of 50-denier stockings decreased 868% when
stretched 30%reater than their original size. Notably, the mugpulartype of stockings
(15-denier) provides a UPF of less than two. Th&imam stretch point on the body for
tight fitting garmentds the upper back, where textiles can be stretapedo 15%.
However, realistically, the effect of stretch oe tHPF ofa textile may be significant only
for garments with a non-stretch&dPF of less than 30, particularly leggings, women's

stockingsand swimsuits. [4, 8&19]
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3 Methodology

3.1 Experimental Goal

The main goals of the experimental part was to mies¢he effect of different Ti©
powders on textile material when using differergatment methods such as Sol-gel
method, Print-paste method and the Hydrophobatrirtent. The Ti@powder utilized
during the experiment were labeled according tar tinede names [091009/1, 181109/2,
KAT 61 & KAT 66]. The other intended observationere to compare the wettability of
the textiles materials before and after treatmemtmeasure the contact angle of the
textile materials, and to determine the UPF (Ulobat protection factor) using the
spectrophotometer.

3.1.1The material used for the experiment:

. Cotton

. Glass fiber

. Kevlar smooth surface
. Kevlar rough surface

. Polyester

. Wool

3.2 Description of the experimental processes

3.2.1 Dyeing of Cotton

The dyeing process was done on 100% cotton matettialthree different reactive dyes

of low light fastness.
Characteristics of dyeing materials used;
* Liquor ratio 1:30
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* 2% reactive dyes (C.l. REACTIVE ORANGE 4, C.I. REAVE RED 2 & C.I.
REACTIVE BLUE 194)

* Sodium chloride salt, 40g/I
. Soda ash, 20g/I

. Syntapon ABA(anionic washing agent), 1-4g/

60°C

45-60 min \
i0°C 20 min Washing
[i min I 13 miJ 15 min

Salt dye Soda

Figure 3 the diagram indicating the conditionshef tlyeing process

3.2.2 The Print-Paste M ethod

The TiG, dispersions of different volumes were mixed wik twhite pigment paste, and

the mixture was applied on different dyed cottonemials.

Procedure:

509 Pigment Paste

TiOz volumes [0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4ml]

Ultrasound machine used for stirring of mixture-inate, at speed 2000 rotation/min,
AM (intensity)-10%, Energy- 0.398k;j
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3.2.3 The Sol-Gel Method

3.2.3.1 Preparation of sol based TMSPM
the basis for the preparation of sol was TMSPM ({{f@nethoxysilylpropylmethacrylate)

cH, M
7o CH,
0./ | -
Si, .CH, .0 _Cy
/ "CH, CH, |(|? ~CH,

H;C—0
0

Figure 4. Chemical formula TMSPM

The principle of training consisted of sol dissa@at TMSPM Mid required amount of
IPA and the dissolution of other ingredients (waké€l, BPO) in the second half of the
required amount of IPA. Then the two solutions wereed under vigorous stirring.
Resulting sol was heated in boiling under reflux 30 minutes after which the sol was
cooled. Part of the final sol was diluted with IRAthe ratio 1:4. Sol was identified as
AC4. Sol preparation made by Mgr.Veronika Zajicatdhe Department of Chemistry
TUL.

3.2.3.2 The application conditions of the sol gel with the TiO2 powder on 100% cotton
fabric

. sol gel solution 20ml;
. TiO, weights 0.01g, 0.02g, 0.05g and 0.1g;

. Time of sample exposition to the sol gel/Fi@wder dispersion 1minute;
. drying at room temperature 20°C for 5 minutes
. The samples were then placed in a 85°C dryer fatibn process for 3 hours
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Table 6 the weight of cotton sample before, afgetding and after drying

Samples Weight beforeWeight after| Weight  after  drying
padding (w) [g] | padding(ww) [g] | (wp) [9]

1 1.56996 2.44960 1.47449

2 1.52840 2.52034 1.52650

3 1.60499 2.62215 1.56241

Calculations:

Sample 1

. Percentage of liquor after padding [%] =s(wWo)/wp x 100%
= (2.44960g - 1.569964)/1.569803%
= 56%
Sample 2
. Percentage of liquor after padding [%] =u{("Wwo)/wo X 100%
= (2.52034g -1.528400)/1.52840gx100%

= 60%
Sample 3
. Percentage of liquor after padding [%] su(¥Wo)/wo x 100%
= (2.62215¢g - 1.60499¢)/ 1.60499g 8%0
=63 %

. The average wet pick-up = (56+60+63)/3
66%
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3.2.3.3 Padding of samples on a Padder

Figure 5 Laboratory Padder Mathis HVF 69805

Machine parameters:

. Cylinder pressure — 0.6MPa
. Wet pick up — 60%
. Speed of cylinders 1mmin-1

3.2.4 Hydrophobic Treatment

The hydrophobic solution was prepared for the hgdobic treatment of textiles. The
application was done on 6 different fibres (Cott@Ghass, Kevlar-rough surface, Kevlar-

smooth surface, Polyester and Wool).
Chemicals used for the preparation of the hydrophobic treatment solution
. 30g/I Lukofix T40D

. 209/l Katalyzator C48
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. 10ml/l Acetic acid (CHCOOH)

Experimental procedure:

About 30ml of the prepared hydrophobic treatmentitgin was mixed with different

TiO2 powders at various concentration : 0.1g/l, 0.5gll, 5g/I, 10g/l, 20g/I

The mixing of TiQ powder was done by the Ultrasound machine urtgefdllowing
settings; AM-30%, time- 2minutes, Energy -3.570KJ

3.2.4.1 The homogenization of TiO2 particles with Ultrasound machine

Figure 6 Laboratory Ultrasound machine
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3.2.4.2 Drying and fixation of samples

The drying of samples was carried out immediatéigrgpadding at 90°C for 10 minutes
for the hydrophobic treatment and fixation at 16@3€3 minutes.

Figure 7 The Laboratory Drying machine
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3.3 Methods of Analysis

3.3.1 Contact Angle M easuring I nstrument

The contact angle was measured with a digital cameder the set light illumination.
The settings below were used to measure the coateyté of all samples. The contact

angle was measured with a 5uL pipette, and therwatsd was distilled.

Figure 8 the settings of the Contact angle meagajoparatus

3.3.2 Determination of contact angle values

The determination of contact angle values was donémageJ software. ImageJ can
display, edit, analyze, process, save, and prhit,86-bit and 32-bit images. It can read
many image formats including TIFF, PNG, GIF, JPBGIP, DICOM, FITS, as well as
raw formats. ImageJ supports image stacks, a sefiesnages that share a single
window, and it is multithreaded, so time-consumipgerations can be performed in
parallel on multi-CPU hardware. ImageJ can caleulatea and pixel value statistics of
user-defined selections and intensity thresholdeabj It can measure distances and
angles. It can create density histograms and lioél@ plots. It supports standard image
processing functions such as logical and arithraktiperations between images, contrast
manipulation, convolution, Fourier analysis, shaipg, smoothing, edge detection

and median filtering. It does geometric transfoiioreg such as scaling, rotation and flips.
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The program supports any number of images simuissig, limited only by available
memory. The image below is an example of a cordagle measured by the imageJ

software to obtain the contact angle value.

I ImageJ =0 ﬁ

File Edit Image Process Analyze Plugins Window Help
B ola|o<| 4|+ %Al 2 01416]7| |»

ImageJ 1.38e/Java 1.5.0_08

-

-

Dey | Stk | LUT

Figure 9 ImageJ software (Image processing angsieah Java)

The figure below shows how the contact angle caméasured by the imageJ software.

Figure 10. The measured droplet on hydrophobatrinent surface of polyester
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3.3.3 Measuring of the UPF values

The UPF evaluates the reduction in the amount @ful radiation that passes through
the fabric to the skin. To determitie in vitro UPF, the spectral irradiance (of tberse

andtransmitted spectrum) is weighted against the ergil actiorspectrum, as follows

40

ZQ:EJ. 5.1. d.l
10
e B Si Ty dy

UPF =

Where is the wavelength in nn§, solar spectral irradiance of the sourcevatts per
square meter; d, bandwidth in nanometer; &sgpectratransmission of the sample. The
integrals [) are calculatedver the wavelength range of 290 to 400 ni, relative
erythemal spectraffectiveness. The used instrument for the measmenf UPF in this

experiment was the
3.3.3.1 The parametersfor the used Spectrophotometer

. Wavelength (nm) -290-400
. Scan speed- fast

. Type of instrument-UV-3100PC series

. Measuring mode-Transmittance
. Slid width-30
. Light source change wavelength (nm)-360
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€ Focusing Optics

..‘. lo.-ﬁ !;'-il i

Figure 11 the general makeup of a spectrophotometer

3.3.4 Textile Image analysisfor porosity measur ement

For textile image analysis the following system wased; the Optical microscopy
connected with computer which was also connected¢aimera with image analysis

software.

Figure 12 Image analysis system
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5 Results

5.1 Results by printing technique

The results below show the relationship between BIRFTiQ concentration for cotton

samples dyed with different reactive dyes.

Table 7 the results for UPF (Ultraviolet Protectfeactor)

TiO2/0.05kgPP White Sample Pink sample  Orange Sample ue &mple
UPF UPF UPF UPF
0* 13 519¢ 2127 19321
0** 19 634¢ 207z 9677
0.E 86 64564 228: 1969¢
1 14z 235¢ 11597 1127¢
1.5 21C 1080¢ 1795:¢ 3712¢
2 152 5116¢ 1986¢ 3712¢
2.5 277 81231 3811« 7407
3 281 12811z 4557: 1323¢
3.5 311 37721¢ 7697 3712t
4 364 72402 36437- 3883

NB: 0* - Untreated sample
0** - Dyed sample without TiO
PP-Pigment Paste

TiO, concentration versus UPF

&00000
/

600000
& / ——WhiteSample
N 400000 /

200000 / = Dyed Pink Sample

[ — 4——{/ Dyed Qrange Sample
0 1 2 3 4  =DyedBlue Sample

TiO, quantity (g/ 0.05kg PP)

Figure 13 the relation between the UPF and the Tabcentration
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From the graph distribution above the results shawsv UPF value for cotton samples
dyed with blue, white reactive dye and an incre#ddPF for sample dyed with pink and

orange reactive dyes as the Ti&ncentration increases.

Table 8 Test for Cotton fabric Wettability

White sample Pink sample Orange Sample  Blue Sample
TiO2 (9/| Time of| Time of | Time of | Time of
0.05kg PP) | absorption absorption absorption absorption
0* 0 se 0 sel 0 se 0 sel
O** 10 se 1 sel 1 se 0 sel
0.t 50 se 2 sei 2 sel 1 sel
1 64 se 2 sel 2 sel 1 sel
1. 75 se 2 sel 2 sel 1 se
2 78se! 2 sel 2 sel 1 sel
2.5 89sei 2 sel 2 sel 2 sel
3 280 se 2 sei 2 sel 2 sel
3.t 140 se 2 sei 3 sel 3 sel
4 227 se( 5 sel 3 sel 3 sel
The Wettability Test
300 ~
250

o /  \ 7

2 igg / \ / = \White Sample

E 100 __// Dyed Pink Sample

58 / Dyed Orange Sample
0 1 2 3 4 =—DyedBlue Sample
TiO, quantity (g/ 0.05kg PP)

Figure 14 Comparison of the wettability of diffetelyed pigment paste printed samples

The wettability of cotton material was tested afpeinting with print paste-Ti@ the
figure above show the time it took for each santpleabsorb water. The Dyed Pink,
orange and blue samples absorbed water after & @ood of time, whereas the white

sample absorbed after a long period of time.
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Table 9 TiQ concentration versus the lightness (L) of the cofdhe samples

White Sample Pink sample Orange Sample Blue sample
TiO2 Color lightness Color lightness Color lightness Color  lightness
concentration| (L) (L) (L) (L)
(%)
0 93.3¢ 49.4¢ 64.0¢ 32.C
0.t 93.4( 48.6¢ 64.0¢ 35.¢
1 93.01 49.0¢ 64.7¢ 37.C
1.5 93.2( 49.6( 65.4¢ 35.C
2 93.47 49.1: 64.8¢ 36.C
2.5 93.6: 48.8:2 66.5° 33.C
3 93.5:¢ 49.47 65.6¢ 37.2
3.t 93.67 48.3¢ 65.8¢ 36.¢
4 93.7: 49.8:2 65.8¢ 34.4¢
TiO, concentraion versus The Color Lightness (L)

., 100

¢ 80

Eﬂ 60 White Sample

g 40— —— == Dyed Pink Sample

S 20

e Dyed Orange Sample

2 3

TiO, quantity (g/ 0.05kg PP)

4 ==DvyedBlue Samples

Figure 15 the color lightness in relation to th@®Jgquantity

The color lightness is described as how dark drtltge color is. In the results shown

from the graph above, the TiO2 concentration iseobed not to be having any effect on
the color lightness of the sample, but the samipge® different color lightness and the

increasing order is as follows; blue lower , folEdvby pink, orange and then white

sample as the highest L value.
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5.2 Contact angle measur ement results

5.2.1The Sol Gdl method results

5.2.1.1 The Sol Gel treatment of Cotton with four different TiO2 powders

Table 10 Results for Tigpowder with trade nan@®1009/1

TiO, concentration) Minimum value| The average ContactMaximum value
(9/l) (Xmin) angle ¢°) (Xmax)
0 Unmeasurable Unmeasurable Unmeasurablé¢
0.5 79.1 82.5 85.9
1.0 88.4 91.3 95.1
2.5 91.9 95.8 99.7
5.0 85.5 86.7 87.8
Graph of TiO, conc. vs The contact angle (8)
150
. 100
° ——Minimurm value (Xmin)

Maximum value (Xmax)

2 3

TiO,concentration (g/1)

4 ¢ =—Average contact angle

Figure 16 the graph showing the relation betweenctintact angle with sol-TiQreated
cotton surface for Ti©091009/1

The surface wettability was assessed by contacsumed for sol-TiQ cotton treatment,

showing the relationship between the sol-J@ncentrations with the contact angle. In

figure 5.2.1a the 0 concentration of the sol-JJ@D the cotton sample was not measurable

due to the complete absorption of water by theocofiubstrate. The graph distribution

above shows the contact angle increasing at the dowTiO, concentration and

decreasing towards the higher concentration
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Table 11 Results for Tigpowder by trade nani&1109/2

TiO,concentration (g/1)

TiO, concentratior) Minimum  value| Average contact Maximum value
(a/l) (Xmin) angle 0°) (Xmax)
0 Unmeasurable Unmeasurable Unmeasurable
0.5 104.54 106.61 108.69
1 103.14 105.03 106.92
2.5 104.92 106.71 108.50
5 102.21 103.87 105.52
10 102.63 103.46 104.29
Graph of TiO, conc. vs Contact angle (0)
110
108
- 106 ‘\_/"____‘“ \ A tact ‘
[a] verage contact angle
109 ~— N |
= Minimum value (Xmin)
100
) 4 6 3 10 Maximum value (Xmax)

Figure 17 the graph showing the relation betweenctintact angle with sol-TiQreated
cotton surface for Ti©181109/2

With the use of Ti@181109/2 powder the contact angle distributiorhwiite sol-TiQ
concentration started with a decrease at 1g/l cdret®on, then an increase at 2.5¢/

concentration and further decline to a constarttidigion till high concentration.
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Table 12 Results for Tigpowder with trade nam@ATI 61

TiO2 (g/l) Minimum value| Average Contact angle Maximuaiue (Xnay)
0 Unmeasurable Unmeasurable Unmeasurable
0.5 101.15 102.08 103.02

1.0 101.59 102.27 102.95

2.5 92.75 94.92 97.09718

5.0 99.83 101.32 102.80

10. 103.39 105.06 106.74

Graph of TiO, conc. vs The contact angle

110
105 /

o 100 ’:\ /// —— Minimum value (Xmin)

95 N Maximum value (Xmax)
90

Average contact angle

TiO,concentration (g/1)

Figure 18 the graph of contacts angle with solsTit@ated cotton surface for TiO2-
KATI61

The TiO-KATI61 is showing a contact angle distribution wélgy at concentration
2.5¢/l is decreasing with the sol-TiGconcentration, and further increasing as the
concentration increases.
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Table 13 Results for Tigpowder with trade nam@ATI 66

TiO, concentration) Minimum value| Average  ContactMaximum value
(a/) (Xmin) angle ¢°) (Xmay

0 Unmeasurable Unmeasurable Unmeasurable
0.5 110.01 113.16 116.30

1 105.42 106.76 108.10

25 103.78 104.72 105.67

5 103.17 104.77 106.38

10 102.40 104.58 106.75

Graph of TiO, conc. vs The contact angle

120
115 — — Average contact angle
o 110
= Minimum value (Xmin)
105
100 Maximum value
(Xmax)
0 2 4 6 8 10

TiO,concentration (g/l)

Figure 19 the graph of contact angles with solsTéOncentration on treated cotton
surface for TiO2- KATI 66

The figure above shows that the contact angle éseasing at low concentration and
further decreases at high concentration. But froendol-TiQ of 5g/lI the distribution is

constant, that is the contact angle is more ortlesssame.
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5.2.2 Hydrophobic Treatment Results

Results

5.2.2.1 Hydrophobic Treatment of Cotton with different TiO, powders

Table 14 Results for Tigpowder with trade name 091009/1

TiO, concentration Minimum  value| Average Contact angleMaximum value
(9/l) (Xmin) (6°) (Xmax)
0 95.40 96.90 98.40
0.1 103.17 105.21 107.24
0.5 101.87 103.65 105.44
1.0 102.41 103.61 104.80
5.0 102.77 104.64 106.51
10. 104.89 106.55 108.22
20 102.71 104.29 105.87
Graph of TiO, conc. vs Contact angle (0)
110 |
105 N p— Average contact angle
& 100 _ .
e Minimum value (Xmin)
85
90 Maximum value (Xmax)
0 5 10 15
TiO, concentration (g/l)

Figure 20 The graph of contact angle with hydrop&xdO, treated cotton surface for
TiO2-091009/1

The figure above shows the graph distribution o ttontact angle,in which the

wettability of the cotton surface is assessed an tilidrophobic-TiQ@ treated cotton
surface. The Ti©091009/1 powder in hydrophobic treatment showscihatact angle
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increasing from the low Ti©concetration and to the maximum increase at 1Bgf,a

decrease as the concentration decreases.

Table 15 Results for Tigpowder with trade name 81109/2

TiO, concentration Minimum value| Average Contact Maximum value (Xay)
(9/l) (Xmin) angle ¢°)

0 95.40 96.90 104.71

0.1 102.43 103.57 103.37

0.5 100.40 101.89 104.55

1.0 101.70 103.12 108.15

5.0 102.95 105.55 105.06

10. 103.27 104.16 104.13

20 102.59 103.36 104.72

Graph of TiO, conc. vs Contact angle (0)

110 ‘
105 g~ —_—— = Avearge Contact angle
o 100 |
95 e Minimum Value (Xmin)
90 Maximum Value (Xmax)
0 5 10 15 20

TiO, concentration (g/1)

Figure 21 the graph of contact angle with hydropheiO; treated cotton surface for
TiO2-81109/2

For the distribution in fig21 the contact anglesisowing its maximum distibution at
concentration of 5¢g/l and the decrease to a conshaftribution as the concentration
increases.That is the contact angle is more ortlessame for the concentartion of 7iO
from 109/l to 20g/I.
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Table 16 Results for Tigpowder with trade name KATI 61

TiO, concentration Minimum value| Average Contact Maximum value (Oa)
(g/l) (Xmin) angle ¢°)

0 95.37 96.90 98.43

0.1 102.39 103.85 105.30

0.5 102.42 103.93 105.44

1.0 102.86 104.17 105.49

5.0 104.04 106.26 108.48

10. 104.79 106.25 107.71

20 104.92 106.32 107.72

Graph of TiO, conc. vs Contact angle (8)

110 ‘
105 e
i ;'—r Average Contact angle
& 100 |
g5 = Minimum Value (Xmin)
90 Maximum Value (Xmax)
0] 5 10 15 20

TiO,concentration (g/l)

Figure 22 the graph of contact angle with hydrdptxdiO, treated cotton surface for
TiO2-KATI 61

For the distribution if fig22 the contact angle sBowing its maximum distibution at
concentration of 5¢g/l and the decrease to a conshstribution as the concentration
increases.The contact angle at fig21 has moreserthee same contact angle distribution
as in fig 20.
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Table 17 Results for Tigpowder with trade name KATI 66

TiO, concentration Minimum value| Average Contact Maximum value (X%
(a/l) (Xmin) angle ¢°)

0 95.37 96.90 98.43

0.1 104.72 106.41 108.11

0.5 106.62 107.99 109.35

1.0 105.79 106.56 107.33

5.0 105.96 107.58 109.21

10. 106.31 107.21 108.12

20 106.93 108.22 109.50

Graph of TiO, conc. vs Contact angle (6)

115
110
. 105 FE__
T 150 | — Average Contact angle
95 Minimum Value (Xmin)
90 Maximum Value (Xmax)
0 5 10 15 20

TiO, concentration (g/l)

Figure 23 Description of the relation between tlmni@ct angle and TiOconcentration
for TiO2- KATI 66

The graph above shows the contact angle increagitiigincreasing concentration. At
concentration 5g/l the contact angle has the maxinmalue and from the 10-20g/I

concentration the concentration is constant.
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5.2.2.2 Hydrophobic Treatment of Glass Fiberswith different TiO, powders

Table 18 Results for Tigpowder with trade name 091009/1

TiO, concentration) Minimum  value| Average Contact Maximum value
(a/l) (Xmin) angle 6°) (Xma)

0 97.24 98.50 99.75

0.1 107.16 108.72 110.28

0.5 103.95 105.92 107.89

1.0 104.59 106.32 108.04

5.0 102.03 104.09 106.14

10. 102.86 105.37 107.89

20 104.99 107.14 109.28

Graph of TiO, conc. vs Contact angle (8)

115
110 ‘
o 105 |LQ—\__-————-f Average Contact angle
100 ’ —— Minimum value (Xmin)
95 Maximum value (Xmax)
0 5 10 15 20

TiO, concentration (g/l)

Figure 24 Description of the relation between tlmni@ct angle and TiOconcentration
for TiO2-091009/1

In the results above the contact angle is highZad/Dconcentration and then decreases at
5g/l concentration. As it moves further to the @asing concentration the contact angle is
constant.
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Table 19 Results for Tigpowder with trade name 81109/2

TiO, concentration Minimum  value| Average Contact Maximum  value
(a/l) (Xmin) angle ¢°) (Xma)

0 97.17 98.50 99.82

0.1 100.31 102.57 104.83

0.5 104.54 105.29 106.03

1.0 101.79 104.47 107.14

5.0 103.01 104.51 106.01

10. 101.99 103.43 104.85

20 101.69 104.14 106.59

Graph of TiO, conc. vs Contact angle (6)

108
106
104 —
102 ____"-"'_-"--..___
100
98 e Minimum Value (Xmin)
96

eO

Average Contact angle

Maximum Value (Xmax)
0] 5 10 15 20

TiQ,concentration (g/l)

Figure 25 Description of the relation between tleni@ct angle and Ti3oncentration
for TiO2-81109/2

The finishing treatment by the use of the Fi81109/2 the highest contact angle value at
concentration 1g/l and the a decrease towardseotration 5g/l.and then a little bit of an

increase but still less that at concentration. 1g/I
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Table 20 Results for Tigpowder with trade name KATI 61

TiO, concentratior) Minimum  value| Average Contact Maximum value
(@) (X angle ¢°) (Xona)

0 97.380 98.50 99.62

0.1 104.03 105.05 106.07

0.5 102.90 104.13 105.35

1.0 103.69 104.47 105.25

5.0 103.73 104.48 105.24

10. 103.69 104.45 105.21

20 104.98 106.01 107.04

Graph of TiO, conc. vs Contact angle (6)
108 |
106
\ e
104 i
i \'a
o 102 — Average Contact angle
100 . .
= Minimum Value (Xmin)
98
96 Maximum Value (Xmax)
0 5 10 15 20
TiO,concentration (g/1)

Figure 26 Description of the relation between tloai@ct angle and Tig&xoncentration

The presence of T¥KATI has the same effect as in fig 25 in termsdfigh increase at
1g/l concentration. The graph becomes constantdestvb-10g/l and then increases as
the concentration increases.
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Table 21 Results for Tigpowder with trade name KATI 66

TiO2 concentratior) Minimum  value| Average Contact Maximum value
(9/l) (Xmin) angle ¢°) Xma)
0 97.38 98.50 99.62
0.1 101.35 102.17 102.98
0.5 103.84 105.60 107.36
1.0 105.19 106.41 107.63
5.0 107.46 108.11 108.77
10. 105.83 106.70 107.56
20 106.36 107.28 108.20
Graph of TiO, conc. vs Contact angle (6)
110
g [ — ]
7
© 10 {V Average Contact angle
lgg = Minimum Value (Xmin}
96 Maximum Value (Xmax)
0 5 10 15 20
TiO, concentration (g/1)

Figure 27 Description of the relation between tloatdct angle and TiKkxoncentration

A different observation is obtained at KATI66 contation as compared to fig 25 and

fig26,not much difference, the graph still possts same property og increasing with

increasing concentration. The highest contact aimgligy27 at 5g/l concentration and the

a constant distribution followed buy a little inase.
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5.2.2.3 Hydrophobic Treatment of Kevlar-rough surface with different TiO, powders

Table 22 Results for Tigpowder with trade name 091009/1

TiO, concentratior

Minimum  value| Average Contact Maximum value
(a/h (Xmin) angle ¢°) (Xmav)
0 97.78 98.95 100.11
0.1 98.63 100.64 102.64
0.5 103.56 105.61 107.67
1.0 105.09 107.32 109.55
5.0 105.01 107.12 109.22
10. 105.26 107.11 108.97
20 105.26 106.82 108.39
Graph of TiO, conc. vs Contact angle (6)
115
110
o 105 | — Average Contact angle
100 = Minimum Value (Xmin)
95 Maximum Value (Xmax)
5 10 15 20
TiO, concentration (g/l)

Figure 28 Description of the relation between tloatdct angle and TiKkxoncentration
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In the fig above a high contact angle value is plesk at 1g/l concentration and then a
constant contact angle from the 5g/l t020g/l. mofeless the same properties are

observed as in the previous figures.

Table 23 Results for Tigpowder with trade name 81109/2

TiO, concentratior) Minimum  value| Average Contact Maximum value
(a/l) (Xumin) angle ¢°) (Xma»)

0 97.71 98.95 100.19

0.1 104.75 105.64 106.53

0.5 104.24 105.62 106.99

1.0 104.48 105.93 107.38

5.0 102.67 104.02 105.38

10. 101.77 103.19 104.60

20 101.86 103.09 104.32

Graph of TiO, conc. vs Contact angle (0)

108 |
106 ——
100 PE— e —

8:, 102 | Average Contact angle
100
98 Minimum Value (Xmin)
96 Maximum value (Xmax)

0 5 10 15 20

TiO, concentration (g/l)

Figure 29 Description of the relation between tlo@tact angle and TiO2 concentration

The graph possesses same properties as fig28¢cr@ase as concentration increases, and
then a constant distribution.
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Table 24 Results for Tigpowder with trade name KATI 61

TiO, concentratior) Minimum  value| Average Contact Maximum value
(9/l) (Xmin) angle ¢°) (Xmay

0 97.71 98.95 100.19

0.1 99.83 101.08 102.32

0.5 101.40 102.51 103.62

1.0 101.63 102.91 104.18

5.0 101.89 103.34 104.80

10. 102.39 103.16 103.93

20 107.28 106.36 108.2

Graph of TiO, conc. vs Contact angle (0)

106
104
o102
© 100 — Average Contact angle
98 Minimum Value (Xmin)
96 Maximum Value (Xmax)
0] 5 10 15 20

TiO, concentration (g/1)

Figure 30 Description of the relation between tloatdct angle and Tikxoncentration

In the graph above the highest contact angel wvahsobserved at concentration 209/,
that is an increase from low concentration w agolesl.
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Table 25 Results for Tigpowder with trade name KATI 66

TiO, concentration) Minimum  value| Average Contact Maximum value
CID) (Ximin) angle ¢°) (Xima)
0 97.71 98.95 100.19
0.1 103.65 104.88 106.11
0.5 102.13 103.60 105.06
1.0 103.95 105.78 107.62
5.0 102.67 104.73 106.79
10. 104.16 105.0 105.77
20 105.89 107.14 108.38
Graph of TiO, conc. vs Contact angle (8)

110

108

106 & ——

. 104 R/___..—-
© 102 Average Contact angle
100 e linimum Value (Xmin)
98
96 Maximum Value (Xmax)
0 5 10 15
TiO,concentration (g/l)

Figure 31Description of the relation between that@ct angle and Ti©concentration

The same observations as fig30, the highest coatagé value at concentration 20g/l.
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Table 26 Results for Tigpowder with trade name 81109/2

TiO, concentratior) Minimum  value| Average Contagt Maximum value
(¢ (Xmin) angle ¢°) Xma)

0 95.69 96.61 97.53

0.1 100.54 102.17 103.79

0.5 101.47 102.96 104.45

1.0 102.44 103.64 104.84

5.0 102.21 103.55 104.89

10. 101.04 102.56 104.09

20 101.93 103.78 105.63

Graph of TiO, conc. vs Contact angle (0)
108
106
104 e
. 102 [r —
© 100 d Average Contact angle
28 = Minimum Value (Xmin)
96
94 Maximum Value (Xmax)
0 5 10 15 20
TiO,concentration (g/l)

Figure 32 Description of the relation between tlo@i@ct angle and Ti§&xoncentration

In this fig above same observation as in fig 30 fgll; the contact angle increases with
increasing TiO2 concentration.
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Table 27 Results for Tigpowder by trade name KATI 61

TiO, concentratior) Minimum  value| Average Contagt Maximum value
(9/l) (Xmin) angle ¢°) (Xmax)
0 95.69 96.61 97.52
0.1 98.75 100.87 102.99
0.5 100.56 101.49 102.42
1.0 97.89 99.51 101.13
5.0 100.72 101.82 102.92
10. 101.17 102.08 102.99
20 99.21 101.08 102.94
Graph of TiO, conc. vs Contact angle (8)
104
e ——
100 f
® o3 r_/ o —— Average Contact angle
96 e Minimum Value (Xmin)
94 Maximum Value (Xmax)
0 5 10 15 20
TiO, concentration (g/l)

Figure 33 Description of the relation between tloatdct angle and TiKkxoncentration

The graph shows an increase at the 0.5¢g/l,follomed tremendous decrease at 1g/|
concentration, and then a increase is observea fwhile followed by a slightly decrease
towards the high concentration. The graph was sigan increasing as in all cases but
the contatct angle was variaying as the conceatraticreases. Nevertheless same
properties as in other graphs was observed.
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Table 28 Results for Tigpowder by the trade name KATI 66

TiO2 concentratior) Minimum  value| Average Contagt Maximum value
(9) (Xmin) angle ¢°) Xma)

0 95.69 96.61 97.52

0.1 101.60 103.33 105.07

0.5 98.70 100.24 101.78

1.0 100.65 101.93 103.20

5.0 99.71 100.64 101.56

10. 100.87 102.22 103.56

20 100.71 102.09 103.46

Graph of TiO, conc. vs Contact angle (0)
106 |
104
102
Q
o 100 — - Average Contact angle
98 |
96 = Minimum Value (Xmin)
94 Maximum Value (Xmax)
0 5 10 15 20
TiO, concentration (g/l)

Figure 34 Description of the relation between tloatdct angle and TiKkxoncentration

The same properties are observed as in fig33, diffgrence is the increasing after the
5¢g/l concentration towards the highest concentnatiand the highest contact was
observed at this high concentration.
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5.2.2.4 Hydrophobic Treatment of Polyester with four different TiO2 powder

Table 29 Results for Tigpowder with trade name 091009/1

TiO, concentration) Minimum  value| Average Contact Maximum value
(9/l) (Xmin) angle ¢°) (Xmax)

0 97.90 98.85 99.80

0.1 105.93 107.09 108.25

0.5 102.99 104.47 105.94

1.0 103.35 104.67 105.99

5.0 102.92 103.84 104.76

10. 103.10 104.89 106.67

20 103.15 104.29 105.42

Graph of TiO, conc. vs Contact angle (8)

110 |
108

106 ‘
. 104 —
T 102 Average Contact angle
100

98
96 Maximum Value (Xmax)

0] 5 10 15 20

e \inimum Value (Xmin)

TiO, concentration (g/!

Figure 35 Description of the relation between tloatdct angle and TiKkxoncentration

As with other graphs the same increasing propeaethe concentration increases is also
observed. Same property as in fig34.
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Table 30 Results for Tigpowder with trade name 81109/2

TiO, concentratior) Minimum  value| Average Contact Maximum value
(9/1) (Xmin) angle ¢°) (Xmax)
0 97.49 98.85 100.21
0.1 102.35 103.86 105.36
0.5 103.46 104.28 105.10
1.0 102.69 103.71 104.73
5.0 104.40 105.69 106.97
10. 103.42 104.57 105.72
20 103.74 105.73 107.72
Graph of TiO, conc. vs Contact angle (6)

110

108

106

T = a—
© 102 n— Average Contact angle

100 = Minimum Value (Xmin)

98

96 Maximum Value (Xmax)

0 5 15 20
TiO, concentration (g/l)

Figure 36Description of the relation between th@t@ct angle and Ti©concentration

As it cannot become as a surprise because as wee pregressing with the discussing

the only property that the graphs have in commadhesincreasing tendency as the TiO2
concentration increases and the same observatimased in fig36.
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Table 31 Results for Tigpowder with trade name KATI 61

TiO, concentratior) Minimum  value| Average Contagt Maximum value
CID) (Xmin) angle ¢°) Xma)

0 97.58 98.85 100.13

0.1 100.82 102.14 103.46

0.5 100.61 101.81 103.00

1.0 100.15 101.11 102.06

5.0 100.69 101.57 102.45

10. 102.29 103.68 105.07

20 101.91 103.56 105.201

Graph of TiQ, conc. vs Contact angle (0)
106
104
, 102 L__.//—_
© 100 DN — Average Contact angle
98 Manimum Value (Xmin)
96 Maximum Value (Xmax)
0 5 10 15 20
TiO, concentration (g/l1)

Figure 37 Description of the relation between tlo&t@ct angle and Ti&xoncentration

An increase as the concentration increase is dlsereed and the highest contact angle
that can be useful is observed at concentratiod.10g
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Table 32 Results for Tigpowder with trade name KATI 66

TiO, concentratior) Minimum  value| Average Contagt Maximum value
(@) (Xa) angle ¢°) (Xona)

0 97.58 98.85 100.13

0.1 103.99 105.37 106.74

0.5 104.99 105.70 106.39

1.0 104.11 105.68 107.25

5.0 103.54 104.55 105.66

10. 104.09 105.27 106.46

20 105.02 106.45 107.88

Graph of TiO, conc. vs Contact angle (6)

110
108
106 pme——
104
102 Average Contac angle
100
98

96 Maximum Value (Xmax)
0 5 10 15 20

80

= Minimum Value (Xmin)

TiO, concentration (g/l)

Figure 38 Description of the relation between tloatdct angle and Ti&xoncentration

Same increasing tendency is observed as in otlaghgrand in this graph the highest

useful contact angle is at 20g/l TiO2 concentration
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5.2.2.5 Hydrophobic Treatment of Wool with different TiO, powders
Table 33 Results for Tigpowder with trade name 091009/1

TiO, concentratior) Minimum  value| Average Contact Maximum value
(a/l) (Xumin) angle 0°) (Xma»)

0 97.45 98.54 99.63

0.1 106.40 107.57 108.73

0.5 104.69 106.11 107.53

1.0 104.46 106.80 109.15

5.0 106.23 108.05 109.88

10. 103.76 105.71 107.67

20 102.68 104.09 105.51

Graph of TiO, conc. vs Contact angle (6)

115
110 [
o 105 lhf:-_-__} Average Contact angle
100 ’ = Minimum Value (Xmin)
93 Maximum Value (Xmax)
0 5 10 15 20

TiO,concentration (g/1)

Figure 39 Description of the relation between tloatdct angle and TiKkxoncentration

In the treatment of wool sample with this TiO2-1099/1, the useful contact value is
observed at concentration 5g/l as it was the higaed a decrease in contact angle is
observed as the concentration increases.
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Table 34 Results for Tigpowder with trade name 81109/2

TiO, concentratior) Minimum  value| Average Contact Maximum value
(9/) (Xmin) angle ¢°) (Xmax)

0 97.43 98.54 99.66

0.1 99.32 101.20 103.09

0.5 100.97 101.74 102.51

1.0 100.32 101.91 103.49

5.0 102.93 104.45 105.96

10. 101.32 102.69 104.06

20 102.6 104.22 105.75

Graph of TiO, conc. vs Contact angle (6)

108
106

104 o —

\__._.————"""————-_
102 ’(_: ; ~—— — Average Contact angle
100

[ = Minimum Value (Xmin)

BO

98
96 Maximum Value (Xmax)

0] 5 10 15 20

TiO, concentration (g/l)

Figure 40 Description of the relation between tloai@ct angle and Tigkxoncentration

In this graph the most interesting part is the égihdistribution at 5g/l and a a slight
decrease from 10-15¢g/I followed by an increas@@tbncentration 20g/l.

73



Diploma Thesis

Results

Table 35 Results for Tigpowder with Commercial name KATI 61

TiO, concentratior) Minimum  value| Average Contact Maximum value
CID) (Xmin) angle ¢°) (Xma)
0 97.43 98.54 99.66
0.1 102.54 103.56 104.58
0.5 103.01 104.30 105.58
1.0 101.98 104.01 106.05
5.0 103.80 104.63 105.46
10. 103.63 104.87 106.12
20 103.68 104.65 105.63
Graph of TiO, conc. vs Contact angle (0)
o -
104 |p——0
> 102 |rr\/ Average Contact angle
98 ——Minimum Value (Xmin)
96 Maximum Value (Xmax)
0 5 15 20
TiO, concentration (g/l)

Figure 41 Description of the relation between tloai@ct angle and Ti§&xoncentration

The observation in this graph are a little bit eli#int from the ones in fig4l, as an

increase is at concentration 0.5g/l and then alsiearease at 5¢g/l followed by a little

increase towards the highest concentration anddhéact angle was constant after the

increase.
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Table 36 Results for Tigpowder with trade name KATI 66

TiO, concentratior) Minimum  value| Average Contact Maximum value
(9/) (Xmin) angle ¢°) (Xmax)

0 97.40 98.54 99.66

0.1 101.51 102.52 103.52

0.5 103.22 105.31 107.40

1.0 101.75 103.87 105.98

5.0 104.60 105.92 107.24

10. 104.80 106.34 107.87

20 105.05 105.92 106.80

Graph of TiO, conc. vs Contact angle (0)

110
108

106 7
104 h__/:-—
102 {h-—/ Average Contact angle

lgg = Minimum Value (Xmin)

BO

Maximum Value (Xmax)
0 5 10 15 20

TiO,concentration (g/1)

Figure 42 Description of the relation between tlo@tact angle and Tixoncentratio

Same resulting graph as in fig42,at 0.5g/l an aseefollowed by an increase as the
concentration increases.
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5.3 Resultsfor measured UPF values

5.3.1 Sol gel treatment

5.3.1.1 The UPF valuesfor cotton treated with different TiO2 powders

Table 37 Data showing the UPF values of cotton

100

50 - e

6 8

TiO,conc. (g/1)

10 12

TiO, powders 091009/1 181109/2 KATI 61 KATI66
Concentration | UPF UPF UPF UPF
(9/l)
0 13.78 13.78 13.78 13.78
0.1 24.01 40.5 31.03 23.68
0.5 24.35 36.42 67.76 24.63
1 27.52 37.38 82.13 22.07
5 42.5 45.92 102.44 27.22
10 131.86 125.92 214.86 14.21
Graph of UPF vsTiO, Concentration
250
200
w150 —Ti02-091009/2
=)

— =——=Ti02 powder- 181109/2

TiO2-KATI61
=—=Ti02 powder-KATI66

Figure 43 the UPF values of different ifowders on cotton
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In comparing the UPFs values of treatment withedéht TiO2 powder, the graph above
show the same properties for each TiO2 powder @dJPF increases with increasing

TiO2 concentration. The highest UPF value obsefgethis material was with the TiO2

powder KATI61, lowest was with the KATI66 which mess a decrease as the

concentration increases.

5.3.2Hydrophaobic treatment

5.3.2.1 The UPF values of cotton treated with different TiO2 powders

Table 38 Data showing UPF values of cotton

TiO, powders 091009/1 181109/2 KATI 61 KATI66
Concentration | UPF UPF UPF UPF
(9/l)

0 25.67 25.67 25.67 25.67
0.1 31.25 27.75 32.19 37.41
0.5 43.44 29.7 26.57 28.72

1 42.54 47.04 38.68 44.39

5 210.7 26.97 231.62 135.55
10 305.05 274.87 161.12 299.84
20 388.02 881.92 536.44 1001.34
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Graph of UPF vs TiO, Concentration

1200
o =
% eo0 = —Ti02-091009/1
® 400 Ti02-181109/1
208 _—— TiO2-KATI61
0 s 10 s 20 ,5  ——TiO2-KATI6E

TiO2 conc. {g/1)

Figure 44the UPF values of different Gi@wder on cotton

The same observations as in fig 43, the differaacdat TiQ is showing the highest
UPF value as compared to in fig43, but the UPkheseasing in both cases As the
concentration increases. The 7i@1009/1 has the lowest UPF value as compardtkto t

others.

5.3.2.2 The UPF values of glassfibers treated with different TiO, powders

Table 39 Data showing UPF values of glass fibers

TiO, powders 091009/1 | 181109/2 KATI 61 KATI66
Concentration (g/l) UPF UPF UPF UPF

0 11.16 11.16 11.16 11.16
0.1 17.04 17.41 34.84 44.01
0.5 94.96 20.32 20.7 27.12

1 27.31 30.54 44.42 64.85

5 259 20.81 278.12 492.01
10 940.27 601.74 664.5 2254.11
20 743.1 1212.62 1913.67 4121.51
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Graph of UPF vsTiO, Concentration
5000

4000 —

3000 // Ti02-091009/1
2000 / Ti02-181109/2
1000 /ﬂ_ﬂ TiO2-KATI61
/-_
0 “z TiO2-KATIGE
1000 5 10 15 20 25
TiO, conc. (g/1)

UPF

Figure 45 the UPF values of different Bi@wder on glass fibres

Same observation as in fig44 was the highest URibserved with TiO2-KATI66 and
the lowest with TiQ-091009/1.

5.3.2.3 The UPF values of Kevlar smooth surface treated with different TiO2 powders

Table 40 Data showing UPF values of Kevlar smoatfase

TiO, powders 091009/1 | 181109/2 KATI 61 KATI66
Concentration (g/l) UPF UPF UPF UPF
0 76.02 76.02 76.02 76.02
0.1 48.44 67.93 105.38 70.27
0.5 80.85 177.52 79.76 96.51
1 61.16 161.62 76.48 87.25
5 78.47 70.43 61.07 60.45
10 286.12 53.9 74.75 94.89
20 85.35 115.99 77.39 138.61
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Graph of UPF vs TiO, Concentration
400
300
w /\ ——Ti02-091009/1
o 200
> TN .
100 [\ / — ——Ti02-181109/2
. F%' Ti02-KATI61
0 : 10 L5 20 o ——TIO2-KATIE6
TiO,conc. (g/1)

Figure 46 the UPF values of different Bigwder on Kevlar smooth surface

In this graph a different observation is obtainsdree three Ti@show an increase but
not high one, more or less the same for each exieghe TiQ-091009/1 which shows

the highest UPF value at concentration10g/| folldwg a decrease as the concentration
increases.

5.3.2.4 The UPF values of polyester treated with different TiO, powders
Table 41 Data showing UPF values of polyester

TiO, powders 091009/1 181109/2 KATI 61 KATI66
Concentration (g/l) UPF UPF UPF UPF
0 30.32 30.32 30.32 30.32
0.1 20.06 21.25 13.42 22.55
0.5 18.06 23.83 22.87 27.57
1 16.26 19.91 18.45 21.29
5 19.62 26.89 18.87 24.12
10 22.45 25.83 20.3 46.04
20 22.87 24.04 24.97 21.25
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Graph of UPF vs TiO, Concentration

50

20 o~
w30 J_/ \: Ti02-091009/1
2 20 ——Ti02-181109/2

1(()} —Ti02-KATI61

0 < 10 15 50 55 =——TiO2r-KATIGE
TiO,conc. (g/1)

Figure 47 the UPF values of different Gi@wder on polyester

The same properties are observed as in fig 46diterence is that TIQKAT66 is
showing the graphical distribution different framther, as it possess the highest UPF

value at concentration 10g/l and a decrease asotieentration increases.

5.3.2.5 The UPF values of wool treated with different TiO,powders

Table 42 Data showing UPF values of wool

TiO, powders 091009/1 181109/2 KATI 61 KATI66
Concentration | UPF UPF UPF UPF
(g/l)

0 21.08 21.08 21.08 21.08
0.1 18.01 26.16 16.26 23.68
0.5 22.65 17.6 20.25 31.67
1 19.56 22.29 21.49 18.18
5 30.82 16.24 22.47 21.76
10 33.65 19.79 28.47 28.48
20 21.58 24.47 29.87 11.16
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Graph of UPF vs TiO, Concentration
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Figure 48the UPF values of different Gigbwder on wool

The effect of this TiQ powder for wool material is shown to be differastcompared to

the other textile materials. As it is seen on theph above the TiO2-091009/l and TiO2-
KATI have the same properties showing the higheBE Walue at concentration 10g/|
followed by a decrease as the concentration inesed¥hereas the TiO2-181109/2 and

KAT61 show different properties. The two powderswhan increase in UPF values as

the TiG, concentration increases.

5.4 Resultsfor measured por osity of fibers

Table 43 Parameters measured during image analysis

Measured | Cotton Glass Kevlar Kevlar- | Polyester| Wool
parameters fibre rough smooth

surface surface
Mean 113.4 165.1 116.6 144.5 127.5 127.5
threshold
covering % 99.9 91.6 86.4 81.7 96.2 94.5
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5.4.1 The images analyzed for the porosity measurement for Cotton, Glass fiber,

Kevlar rough surface, Kevlar smooth surface, polyester and wool

The porosity of fibers was determined using imagg\ssis using the Mat LAB software
and the following images show the results befor@yais and results after analysis. The

images were described as follows:
A-Gray image

B-Binary image The covering of all fibores was detered from the mean, standard

deveiation
C-RGB colors

The gray images are derived images with valuesnaige point in the range of 0-225.
The gray images are transformed by the system thenRGB images. The binary images
have 2 value pixels [0 -background and 1-object$ structures]. These binary images

are the product of segmentation of RGB or grayescal

The RGB images describe three components inteokigd, green and blue. The value s
of pixels for each component is in range of 0-25his RGB images describes the

intensity and shade measurement.

Cotton
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6 Discussion

The purpose of the contact angle measurementstutty the surface wettability of the
textiles materials as it was on the objectiveshis tesearch work. As it is known from
theory that some fibers are more hydrophilic thrers, for examples cotton substrates,
had the contact angle for original cotton was @c¢duse water drops spread instantly
when placed on the surface of the substrate. Thikie to the cellulose hydroxyl groups
of cotton that make cotton super-hydrophilic. Biieatreatment with sol-Ti@ and
application hydrophobic finish the cotton substisttewed an increasing of contact angle
of above 90° as the concentration of the increases. As it known in theory that a
surface with a contact angle of 0° to 30° has Ipltic property whereas a surface with
contact angle 90° and more is super-hydrophoblee dpplication of sol-Ti®finish and
hydrophobic finish with Ti@ nanoparticles on the textile material surface shaw
improvement in surface properties of the textileskimg the surface more rough because
of the layer on the surface of the material. Tmprioves the wettability properties of the
textile material, and thus increases the contagleanf the material. This are the finding
observed in this research work, as it is observesth the graphs obtained for comparing
the contact angle with this T¥@oncentration of different textile materials. Theerll
observations for the contact angle measurementthatsTiO, nanoparticles have an
effect on the surface textile material as appligmisiiing methods, and that its effect
increases the surface wettability of the textilderial. The degree of increase depends on
the important property of materials that is coélby the chemical composition and the

geometry of the surface.

The textile UV protective shielding properties tezhtextiles were characterized the UV-
VIS spectrophometry. The Ultraviolet protection ttacwas determined during the
research. When radiation strikes the textile maltesr any objects it can be reflected,
absorbed or transmitted through the fibers of tteenml or space between the fibers,
depending on how porous the textile is. The URErdanation strongly depends on the
chemical structure of fibers. In theory the textilaterial with UPF>40 provide excellent

protection .The UPF increases with fabric densitgt thickness for similar construction
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of textile material. The relative order of the imjamt factors affecting the UPF values of
the textiles is as follows; %cover > fibre typeabfic thickness. The fabric construction
is determined by the weight and porosity of theemal The porosity is the openness or
the tightness of weave in the warp and weft dioectand is defined in percentage. The
UV transmission through the fabric is determined tbg porosity of the fabric, for
example if the fabrics have maximum value of yamwarp and weft the UPF becomes
higher. In this research the UPF values of diffeteeated fibers was determined and the
findings observed were that cotton and glass fgftewed an increase in UPF values
from low TiO, concentration to higher concentration. The gkdssr had the highest
UPF value of 4000 and cotton for hydrophobic treattrwas 2000, for sol gel was bout
200. The UPF value depends on how porous the steuctf the material and the less
porous the higher the UPF values. For Kevlar, polgester the UPF values were low
compared to glass and cotton, and they also shdivedsame characteristics of an
increasing with an increase in concentration. Thghdst UPF value obtained for
polyester was about 45 and for Kevlar were aboull. Fbers like Kevlar are very
sensitive to UV radiation, if expose to UV the &bstrength decrease and also changes
its color. From the results obtained it is obsdrtigat finishing treatment increased the
UV protective properties of Kevlar, as it had a maxm UPF value of about 300. For
wool material the UPF value was lower than the oéghe fibers, the maximum UPF
value observed from results was about 30. As meetidefore the UPF values of textile
depends on the how porous the textile is, so thiécates that wool has poor or less
protective properties against UV, this might be tuéhe large spaces between fibers in
the warp and weft direction of the wool structufdie UPF values for Kevlar-rough
surface was not measured due to that the Kevlapleamvas not able to transmit light,
that is the light transmitted through the sampleasvequal to zero. For the porosity
measurement of textile, image analysis system wsel tand also the morphology
distribution between pores of fibers was obserwedhle histogram above, for all fibers
used.

The morphology operations involve dilation, erosiopen and close of binary image.
After dilation the objects are enlarged, the oldger of objects is added. If the distance

between two objects is shorter than the thicknesswo layers these objects are
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connected together. After erosion the objectsshrank, the inner layer of the object is
subtracted. If an object is thinner than the thedaof the inner layer this disappears
from the image. For open binary images the erosdollowed by dilation , the size of
objects is not significantly affected. Contours smeoothed, small objects are suppressed
and gently connected, particles disconnected. FKmecbinary images the dilation is
followed by erosion were the size of objects is sighificantly affected. Contours are
smoothed; small holes and small depressions arpresged. Close objects may be
connected together. The morpholy distibution ofegois observed for all textile
materials. The covering of all textiles was detewdi refere to table 43. From the
covering the porosity of materials can be deterohioy using differentiating the covering
from 100%,for example the covering of cotton (refeable 43) was 99.9% and from this

the porosity can be found to be 0.1%.
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7 Conclusion

Super hydrophobic textile materials have been sstaly prepared. The incorporation
of TiO, particles by Titania sol finishing can not onlyusa a dual-size surface roughness
for enhancing the hydrophobicity but also resultgmod UV-shielding property. All
graphs for contact angle measurement show an siogean contact angle from the lower

concentration of Ti@to higher concentration.

The UPF values increase with increasing Jri€ncentration for cotton, glass fiber,
Kevlar and polyester, decrease in concentratiowfmsl material. Textile materials with
UPF>40 provide excellent protection, and from redeavork the textile material treated
show very high UPF values except wool which hasP& Walue less 40. The porosity of
textile material determines the UV transmissionotiygh the material, the high the

porosity, the higher levels of UV radiations tramssion and the less UPF values.
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