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ABSTRACT

An explorative study was conducted to determineaihimal application procedure of Benzophenone-2 on
mercerized cotton fabric as an UV filter. Its effen fabric’s appearance, physical properties, nestbal properties and
comfort properties were also studied. To achievénmpm protection, influence of pre-treatment pHeatment time,
treatment temperature and treatment concentrati@mewanalysed. The analysis was done on the basultafviolet
protection factor (UPF). The results showed that #iH of 10, temperature of %5, time duration of 3&inutes and
concentration of 2% were optimal for cotton fabsittfeatment with Benzophenone-2. Effect of coniseciaiinderings on
UV treated fabric was also studied. The treatmemised slight yellowing of the cotton fabric. UV ailieer treated
samples were subsequently tested for any significaange in physical, comfort or mechanical proertof the treated
fabric. At 5% level of significance data obtainemt physical properties showed no significant changcept for
increased fabric weight and decreased crease ragaaegle. The results of mechanical properties werend to be non
significant at 5 % level of significance for temsgitrength but significant increase in percent gktion was observed in

warp direction. SEM and FTIR analysis of controtlareated fabric was also considered.

KEYWORDS: Air Permeability, Benzophenone-2, UV Absorber, Utté&ction, UPF, Whiteness Index

Article History
Received: 13 May 2018 | Revised: 22 May 2018 | Accepted: 18 Jun 2018

INTRODUCTION

Fundamentally sun provides all the energy vitahtioture and maintain life. In absence of sun, ifeeWould be
impossible on the earth. Sun gives sunlight inftren of electromagnetic energy. Electromagnetidatah is a wave
phenomenon commonly known as light. There are thseds of ultraviolet rays: UV-A, UV-B and UV-C.
The longer wavelength UV rays spanning from 320tam00 nm (UV-A) instigate melanin change in theasprompting
to accelerated pigmentation. This change sets thirwia time of a couple of hours, yet it is just exceptionally
insignificant and of brief span. However, it ent@re®foundly into the dermis or genuine skin, proimgptto untimely
maturing and loss of flexibility joined by skin wikling and lines. A shorter wavelength of higheergy UV rays (UV-B)
which spans from 290 nm-320 nm, infiltrate to attepf a few millimeters into the skin. It bringsgenerally stable
pigmentation on skin's external layer. This cannppb to intense responses and deteriorations, famele, sunburn or
reddening of skin (erythema). The ultraviolet rapewn as UV-C has most limited wavelength (100 r0-8m), which
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harm human skin, but they don't reach on the serfd@arth as they are sieved thrc by the ozone layer (Das, 201

There is a well established relationship betweén c&ncer and ultraviolet radiation. There are memyponent:
resulting in commencement of melanoma and-melanoma skin malignancies, but overexposure to rdys has
distinctly been recognized as a central eler Solar emission has a perpetual energy spectrumwaeelength rangin
from 0.7 nm to 3000 nm. The effective spectrumhef $olar radiation reaching on the surface of espéins from 280 ni
to 3000 nm. ThaJV spectrum lies between the wavelengths of 290tear00 nm. Out of the total incident sunlic
reaching on earth’s surface, UV radiation constgub 5%, visible light 50% and IR radiation 45%spite the fact tha
its extent is very low, it has theghest quantum energy contrasted with differediatéons. This vitality of UV radiation i
the result of organic particle's bond energy; cqosetly, it has gigantic detrimental impact on hamskin
(Reinertet al, 1997).

Textile materials can be treated with UV absorbershitain better security against destructive UV r&srtain
colourless organic or inorganic compounds withrgjrabsorption in the UV scope of 290 ~ 360 nm are known as UV
absorbers (Mallik and Arora, 2003.UV absorber is imoleculewhich absorbs ultra violet light efficiently androgerts
the energy into relatively harmless thermal enefiggime, 2003).UV absorbers function by preferehtialbsorbing
harmful UV radiation and dissipating it as tmal energy. They act primarily by dissipating tHesabed light energ
from UV rays as heat by reversible intermoleculatgn transfer. UV absorbers should absorb UV lighthe 29400
nm range but also be transparent to other radiatian. be colcless in the visible spectrum. Benzophenones
benzotriazoles are common UV absorbilLaurence 2013).UV absorber could he easily dissipatedufihothe substrat
The amount of heat released from this UV absorpti@thanistic process is considered small compared to the total
heat load on the samples or polymers, and theredoes not contribute to the thermal degradationpolymers
(Durairaj, 2005).

MATERIALS

The materials used to treat the fabric in the sindiudedmercerized cotton fabriBenzophenone-2, and various
chemicals of laboratory gradéhe mercerized cotton fabric used for this studg warchased from Ludhiana. Prelimin:
data of the fabric was collected using standardntethods. To conform that 1 fabric procured for study is pure cottc
microscopic, burning and chemical tests were cotadl To study the effects of UV absorbers on merceréttbn fabric,
Benzophenon@- was selected. Details of Benzopher-2 is given in table 1. Benzophen-2 was obtained from
Sigma-Aldrich co. LLC, India.

Table 1: UV Absorber Used in the Study

UV Absorber Alternate Name | Chemical Formula Chemical Structure

OH O ©OH
2,2',4-4’-tetrahydroxy-
benzophenone (97%) Benzophenone-2  [(H@JsH3]2CO
HO OH

METHODS

UV treatment conditions were optimised on the basidtedviolet protection factor (UPF). Treatm parameters
optimized for UV absorber included ,CO; pretreatment pH, treatment temperature, treatment &ime UV absorbe

concentration. The pH, time, t@erature and concentration at which the UV abserb#ered highest UV protection we
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considered for final treatment.

Recipe for UV Treatment

UV absorber : X % (owf)
Liguor ratio : 1:30

Dyeing pH : 9-11
Temperature 60-76

Time : 25-40 minutes

Optimization of pH

Cotton fabric samples were first treated with sodicarbonate aqueous solution of different pH &C4for 30
minutes using 1:30 MLR ratio. Excess sodium carbosalution was squeezed out of the fabric andshkasle dried prior
to UV absorber treatment. Water/ethanol mixturd (9/v) was used for the treatment of cotton falnith UV absorbers.
UV absorber was first dissolved in ethanol. DisedNJV absorbers were then introduced in the beal@rtining water.
For the optimization purpose 1:30 material-liquatic was used. Cotton samples were treated with bt absorbers
(1% on the weight of fabric) in two different beakeising exhaust method. Samples were treated’@tf@s 30 minutes.
Samples were stirred continuously in order to aahia uniform deposition of UV absorbers on the ifabAfter 30
minutes, samples were taken out of bath and weshedhwith water repeatedly in order to remove axgess UV
absorber on the fabric surface. Samples were dnieshade afterwards. The pH value at which thetrireat gave the

highest UPF was considered optimum pH value.
Optimization of Temperature

For determining the optimum temperature, the faitvas first treated with sodium carbonate aqueoligisn of
optimum pH. Subsequently, UV absorbers were mixegater/ethanol (9/1, v/v) solution and cotton felwas treated at
four different temperatures of 8D, 65C, 7°C and 78C for 30 minutes. Exhaust method of treatment wssdu
maintaining 1:30 material-liquor ratio. The treatrhavas followed by thorough washing and shade droh treated

samples. The temperature which gave the best sesakt selected for further experiment.
Optimization of Time

Mercerized cotton fabric samples were treated watium carbonate solution of optimized pH and wszated
with UV absorbers using water/ethanol (9/1, vivjuson at optimum temperature for 25, 30, 35 and mihutes
separately. For the treatment exhaust method wasl wdth material-liquor ratio of 1:30. Samples westrred
continuously during treatment to achieve an everodigion of UV absorbers on the fabric. Samplesevattade dried after

thorough washing. The time at which best resultevwbtained for UPF was selected for the furtheingipation process.
Optimization of Concentration

Concentration at which optimum UV protection wi#t chieved was determined by treating the samplesia
different UV absorber concentrations i.e. 1%, 2%, and 4%. For optimizing the concentration of Wh&arber, samples
were treated using water/ethanol (9/1, v/v) sohutimntaining UV absorber. The fabric samples wast freated with

sodium carbonate solution of optimum pH. UV absorbbeatment was given using exhaust method at dgein
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temperature for optimized time duration using lmi3&terial-liquor ratio. The concentration which rested highest UPF

was selected for the final treatment.
Scanning Electron Microcopy (SEM)

Scanning electron microscope was used to obtaiiSEM micrographs of untreated and UV treated-cyatbn
samples. Scanning electron microscope was usedraduge high resolution images of the cotton falsioface.

SEM imaging generates a three dimensional appeacfrgamples facilitating useful judgment of thefate structure.
Fourier-Transform Infrared Spectroscopy (FTIR Analy sis)

The untreated and UV treated-dyed cotton fabric pdasn were examined in a double beam FTIR
spectrophotometer using ATR (Attenuated Total Redflece) attachment. The IR transmission spectre wegorded at
wave numbers from 700-4000 ¢m

RESULTS AND DISCUSSIONS
Optimization of pH

Data of pH optimisation is demonstrated in thedahl The incorporation of N@G; in the pre-treatment solution
showed an increase of UV absorber absorption mtrirent bath. But this positive influence was onyited to pH 10.
Once the pH was raised to 11, a decrease in UVeAUWB blocking was observed. Highest UPF (30.0@swmparted
to the cotton fabric at pH 10. Hence, pH of 10 selected as optimum pH for further optimizatiorcoftton fabric.

Table 2: Optimization of pH for Benzophenone-2

Transmission % Blocking %
PH | UPF "0VA [ UVB | UV-A | UV-B
9 25.10 | 3.33 4.05 96.67| 95.95
10 30.00 | 2.87 3.45 97.13| 96.51
11 27.00 | 3.02 3.75 96.98| 96.21

Optimization of Temperature for Benzophenone-2

Temperature for the treatment was optimised usipgjmum pH. Data for the temperature optimization is
exhibited in the table 3. It was observed fromtttsle that optimum results were obtained at thepgature of 7%. Out
of the chosen temperatures, the temperature % pSovided highest UV-A and UV-B blocking (96.94 &ad 96.84 %
respectively). Since, 76 was the highest temperature chosen for the amiiioh purpose, the temperature of@avas
additionally examined. After examination of theuks, it was observed that the temperature 8€afid not influence the
cotton fabric positively. Higher temperature alssuited in the uneven uptake of UV absorber. Dubddact that lowest

UV transmission (3.06 %) was observed &(75t was selected for the further optimizatiorlLf absorber.

Table 3: Optimization of Temperature for Benzophenaoe-2

Transmission % Blocking %
Temperature °C) | UPF T | U 0 | Uis
60 15.50 | 5.54 6.27 94.46 | 93.73
65 16.30 | 5.12 5.90 94.88 | 94.10
70 25,50 | 3.76 3.85 96.24 | 96.15
75 31.40 | 3.06 3.16 96.94 | 96.84
80 17.60 | 4.68 5.50 95.32 | 94.50
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Optimization of Time Duration for Benzophenone-2

Once the optimum temperature was determined, opdiioin of time duration was contemplated. Datatfar
time duration optimization is revealed in tableQut of the four time durations chosen for the oftation, treatment for
35 minutes provided the highest UPF (32.10) valldben the treatment time was increased to 40 minatagegative
effect was observed on UV-A and UV-B blocking of tineated cotton fabric. Thus, 35 minutes was ta=deas ideal time

duration for treatment with Benzophenone-2.

Table 4: Optimization of Time Duration for Benzophenone-2

. . Transmission % Blocking %
Time (Min) | UPF 70UA | UV-B | UV-A | UV-B
25 1590 | 5.23 6.07 94.77 | 93.93
30 18.80 | 4.36 5.15 95.64 | 94.85
35 32.10 | 3.08 3.11 96.92 | 96.89
40 30.30 | 3.12 3.28 96.88 | 96.72

Optimization of Concentration for Benzophenone-2

After optimization of treatment time duration, aptim concentration of UV absorber was determined.
Data for the UV absorber’s concentration is rembitethe table 5. After scrutinizing the recordeatadit was witnessed
that UPF accelerated with increased UV absorbeagisHowever, after 2% concentration of UV absothere was a
decrease in UPF at 3% and 4% UV absorber conciamtra€onsidering the fact that, higher concentragioesulted in

lower UV-A and UV-B Blocking, concentration of 2 ¥as chosen for the application of UV absorber &dbtton fabric.

Table 5: Optimization of Concentration for Benzoph@one-2

. Transmission % Blocking %
Concentration (%) | UPF UV-A UV-B OV-A | UV-B
1 32.1 3.08 3.11 96.92 96.89
2 36.3 2.64 2.78 97.34 97.22
3 29.1 2.75 3.55 97.25 96.45
4 25.9 3.08 3.94 96.92 96.06

Whiteness Index

Recorded values for whiteness index of Untreatetlldvi treated samples are given in table 6. The mxpatal
data showed that average whiteness index for ustte@otton fabric was 68.99. After the UV absortseatment a sight
yellowing of the treated samples were observed.

Table 6: Whiteness Index of Undyed-Untreated and
UV Absorber Treated Fabrics

Treatment Whiteness Index
Control 68.99
Benzophenone-2 65.31

Benzophenone-2 treated samples showed a whitem#gss of 65.31. The data clearly indicated thatehgas a
slight yellowing for both the UV absorbers

Laundering of the UV Treated-Dyed Samples

The treated fabrics would have to undergo laundeais they would be used for the coloured apparealslife

style products, so all the UV treated and UV trdatged fabrics were subjected to various wash syaking standard
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AATCC home laundry test conditions. The UV treatBe:d samples were laundered at@dor 16 min using commonly
available washing powder in laundrometer. For sampteated with Benzophenone-2, the recorded datastakably
demonstrated a decrease in UPF from 18.73%, 28.8if636.34% for 5, 10 and 15 wash cycles respégtive

Table 7: Laundering of the UV Treated-Dyed Samples

Before Laundry After Laundry (UPF)
D Alasareey Dy (UPF) 5 Wash Cycles| 10 Wash Cycles| 15 Wash Cycles
Benzophenone-2 36.30 29.50 26.00 23.00

Consequently, when wash cycles were increased b was found that the durability is not up to #wepected
level even if protection level was good. The lowePF indicated low bond formation between fabric and
Benzophenone-2. It can be distinguished from tha theat UPF was affected negatively by repeatedingsven though
they sustained good to adequate effectivenessstddiirA and UV-B.

Measurement of Physical and Mechanical Properties

Fabric Weight: It is apparent from the table that the weight lné tontrol fabric was 130.60 g/mwhich

increased significantly (at 5% level of significah@fter treatment with benzophenone-2 (131.28)g/m

Fabric Thickness: It can be attributed from table that the thickndes control fabric was 0262 mm.
It was witnessed that the thickness of fabric stibwe significant difference (at 5% level of sigoifnce) after dyeing

with Benzophenone-2 (0.264 mm).

Table 8: Fabric Properties of UV Treated Samples

Physical Properties ggm:)?:a U\S/;nr%?;id CD

Fabric weight (g/nf) 130.60 131.28 0.21
Fabric thickness (mm) 0.262 0.264 NS
Cover factor Warp 10.33 10.45 NS
Weft 10.36 10.47 NS

. Warp 2.04 2.13 NS
Bending length (cm) e 2.15 2.25 NS
Flexural rigidity Warp 101.38 116.52 NS
(mg/cm) Weft 118.71 136.09 NS
Overall flexural rigidity (mg/cm) 109.74 125.83 NS
Drape coefficient (%) 78.51 79.21 2.4
Crease recovery Warp 118.67 116.00 2.25
(degree) Weft 117.67 114.00 2.12
Tensile Warp 48.50 48.48 NS
strength(kg/sg.cm) | Wetft 48.60 48.56 NS
. Warp 6.30 6.39 0.02
Elongation (%) Weft 6.26 6.26 NS
Air permeability (cc/sec/cnf) 13.46 12.50 NS

Cover Factor: Cover factor for control fabric was 10.33 and 10i86warp and weft direction respectively.

For cover factor in warp as well as weft directtbare was a no significant difference (at 5 % lefdignificance).

Bending Length: The mean bending length of control fabric in wamgction and weft direction was recorded to
be 2.04 cm and 2.15 cm respectively. For the wagztion as well as weft direction, UV treatmenbsled no significant

difference in bending length at 5% level of sigrafice.

Flexural Rigidity: Observed flexural rigidity for control fabric wa®1.38 mg/cm and 118.71 mg/cm in warp
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and weft direction correspondingly. An overall fleal rigidity of 109.74 mg/cm was recorded. No #igant difference

in flexural rigidity was observed at 5% significanevel.

Drape Coefficient: drape coefficient of the control fabric was 78.51%erpreting from the recorded values it
was witnessed that drapability decreased sligtithr areatment with Benzophenone-2 but it was fonnd significant at

5% level of significance.

Crease RecoveryThe crease recovery angles of control fabric sasnpkre. The observed crease recovery angle
in warp direction for control fabric was 118.67 afat the weft direction recorded crease recoverys W4 7.67.

Both Crease recovery values showed significantedeser in crease recovery angle at 5% level of sigmice.

Tensile Strength: The tensile strength in warp and weft directiondontrol fabric was 48.50 kg/sq.cm and 48.60
kg/sq.cm respectively. There was no significanfiediince in tensile strength for the warp and weétation at 5% level of

significance.

Elongation: Elongation of control fabric was witnessed to b806% and 6.26 % in warp and weft direction
respectively. It was observed that elongation in both dyed samgpias occurred in warp and weft direction.
A significant increase in % elongation was obseriredvarp direction at 5% level of significance iramg direction.

For weft direction, no significant difference wasserved at 5% level of significance.

Air Permeability: it can be observed that the air permeability ohtaw fabric was 13.46 cc/sec/ém

After UV treatment, no significant difference irr permeability was found at 5% level of significanc
Scanning Electron Microcopy (SEM)

SEM indicated that the Benzophenone-2 was presetitei spaces of the fibre assembly of fabric asvahio
Figure 2. After the treatment with Benzophenonekgmical compound can be observed on the surfateedibre in the

form of flakes and small clusters.

Figure 1: Scanning Electron Photomicrograph of
Untreated Cotton Fabric at 20um
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Figure 2: Scanning Electron Photomicrograph of
Benzophenone-2 Treated Cotton Fabric at 2m

FTIR Study of Benzophenone-2 Treated Fabric

Sushila & Sandeep Bains

The FTIR frequencies of both untreated and UV &@atotton fabrics are illustrated in the figurelt3can be

observed from the table 9 that after the treatnudrithe cotton with Benzophenone-2, both untreated &V treated

samples showed similar frequencies. The only tweeptions was disappearance of the C-H bendingénfrdguency

range of ~850 cthand appearance of a new peak at 1649 lsetonging to C=C bending.

Table 9: IR Absorptions for Control and Benzophenone-2 Treatd Cotton Fabric

1. 850.61 C-H bend 1. 983.70 C-H (out-of-plane) bend

2. 983.70 C-H (out-of-plane) bend 2. 1028.06 | C-O-C stretch

3. 1029.99 | C-O-C stretch 3. 1053.13 | C-O-C stretch

4, 1053.13 | C-O-C stretch 4, 1103.28 | C-O-C stretch

5. 1109.07 | C-O-C stretch 5. 1161.15 | C-O-C stretch

6. 1161.15 | C-O-C stretch 6. 1201.65 | C-OH stretch

7. 1203.58 | C-OH stretch 7. 1317.38 CH2 wagging

8. 1317.38 CH2 wagging 8. 1423.47 | CH,- bending

9. 1423.47 | CH,- bend 9. 1535.34 C=C bending

10. 1517.98 | C=C bend 10. 1649.14 | C=C bending

11. 2316.51 | Carboxylic Acid -OH Stretch  11. 2314.58 | Carboxylic Acid O-H stretch
12. 2895.15 | Carboxylic Acid -OH Stretch 12, 2881.65 | Carboxylic Acid O-H Stretch
13. 3334.92 | water -OH Stretch 13. 3309.85 | water -OH stretch

14, 3728.40 | water -OH Stretch 14, 3745.76 | water -OH stretch

Impact Factor (JCC): 5.0273

NAAS Rating 3.73



Performance Evaluation of Mercerized Cotton Fabric Treated with Benzophenone-2 37

0L Ty
1075
100.25—{ TV

o

ol B
100 75— ’ 1‘ A
100.5 e )
I".).r,f-."'f ;

Vi
10025 3

B g .. f
00— { e e |
[ UYL i
g9.75— ﬂl . i ‘}'( I
3395~ Yo !W“ 1
99,25~ VAN |
33 ! n F’m‘k
3875 1 b 1;_
9 285 Control | f b
=T Benzophenone-2 1
o 26— ()
‘&' 5775~ |
= 97.5—
£
E 3T 25—
H 57—
fid 38.75—
~ 38,5
38 25— ;
28—
5% 78 I
955 Ui
9828
85—
2475 —
54.5=—
2435+
T ol Tl T b bl il ok 1kl o U ke bals T ol 2k
4000 3800 300 2W00 2400 2000 1500 1800 1400 1300 1000 900 800 7
1

Frequency (cm)
Figure 3: FTIR of Untreated and Benzophenone-2 Tret@d Cotton Fabric
CONCLUSIONS

To achieve optimum UPF, the application of Benzopime-2 should be done at a pH of 10 applying teaipes
of 75°C for time duration of 3&inutes using concentration of 2%. At 5% level ighificance, data obtained for physical
properties showed no significant changes excepinftnreased fabric weight and decreased crease egcangle. The
results of mechanical properties were found to be significant at 5 % level of significance for $de strength. A

significant increase in percent elongation was pleskin warp direction after the treatment.
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