
 

Article

Syn

Abdu
1st: N
Pakist
2nd: U
Wollo
Innov

Sharje
Natio

Zahid
Techn
Kauna
Lithua

Zohai
Textil
Natio
Pakist

Fahee
Textil
Natio
Pakist

 
In rec
chang
enhan
Samp
dry- 
effecti
disper
streng
dioxid
ultrav
 
Keyw
 

 

e Designation: Sc

nthesis and A

ul Azeem, Ph.
National Texti
tan, 
University of 
ongong, Austr
vative Materia

eel Abid, 
nal Textile U

d Sarwar, Facu
nology, 
as University
ania 

ib Iqbal, 
le Processing
nal Textile U
tan 

em Khalid, 
le Processing
nal Textile U
tan 

cent years, th
ge specially i
nce the ultrav
les with diffe
cure method
iveness of ap
rsive spectro
gth were use
de nanopartic
violet protecti

ords: UV pro

cholarly             

Application o

D. Scholar, 
ile University

f Wollongong
ralian Institut
als (AIIM), A

University, Pak

ulty of Chem

y of Technolo

 Department,
University, Fai

 Department,
University, Fai

he requiremen
in high UV i
violet protecti
erent concent
d and used 
pplied nanopa
oscopy (EDS)
ed to investig
cles showed ef
ion while, littl

otection, Titan

         

of Titanium D
P

y, Faisalabad, 

, 
te of 

Australia 

kistan 

mical 

gy, 

 
isalabad, 

 
isalabad, 

AB

nts for the sun
index regions
ion of cotton f
tration of tita
in multiple 
articles on fa

S), X-Ray diff
gate the resu
effective resis
le increase in

nium dioxide 

1 

 

 
Dioxide Nano
Protection 

 
Muh
Text
Nati
Paki

Sajid
Engi
Depa
Tech
Repu

Tanv
Text
Nati
Faisa

Usm
Depa
Kaun

Muh
Depa
Punj
Laho

 
BSTRACT 

n protection h
s. This study
fabric after a

anium dioxide
test settings 

fabric. Scanni
ffraction (XR
ltant effect. 

stance agains
n tensile stren

nanoparticles

oparticles on

hammad Ahad
tile Processin
onal Textile U
istan 

d Faheem, Fa
ineering, 
artment of M
hnical Univer
ublic 

veer Hussain,
tile Processin
onal Textile U
alabad,Pakist

man Munir, Ph
artment of En
nas Universit

hammad Juna
artment of Te
jab Tianjin Un
ore, Pakistan 

has increased
y was carried
applying titan

de nanopartic
which inves

ing electron 
RD), ultravio
The results d
t ultraviolet r
gth of treated

s, SEM, XRD

Volume

Volume 11

n Cotton Fab

d Haseeb, 
g Department
University, Fa

aculty of Text

aterial Engine
rsity of Libere

, Professor, 
g Department
University, 
tan 

h.D. Scholar, 
nvironmental 
ty of Technolo

id Saleem, Le
extile and Fas
niversity of T

d dramaticall
d out to exam
nium dioxide 
les were prep
stigated the 
microscopy (

olet protectio
demonstrated
rays and prov
d fabric was o

, EDS, pad-d

JTATM
e 11, Issue 3, 202

, Issue 3, 202

brics for UV 

t, 
aisalabad, 

tile 

eering, 
ec, Czech 

t, 

Technology, 
ogy, Lithuani

ecturer, 
shion Design, 
Technology, 

ly with climat
mine, test an
nanoparticle
pared by pad
presence an

(SEM), energ
on and tensil
d that titanium
vided excellen
observed. 

dry-cure 

TM 
20 

20 

ia 

te 
nd 
es. 
d-
nd 
gy 
le 
m 
nt 



 

Article

Intro
The s
ultrav
(radia
ultrav
into th
extrem
extrem
dange
expos
physio
includ
well a
skin d
protec
of tim
consid
radiat
partic
most 
quant
textile
protec
spectr
Hause
 
Skin i
the hu
total 
also 
enviro
consti
(outer
fat (l
dermi
ultrav
with 
deepe
wavel
penetr
2010)
cance
persis
(Rein
One o
techni
radiat
endor
to re
radiat
1997)

e Designation: Sc

duction 
unlight reach

violet (UV)
ations). Scien
violet segmen
hree regions 
me UV. A
me UV is 
erous for livi
sure to UV 
ological haz
ding permane
as cancer. The
damage in th
ction (EWG, 
me, it has be
der the dan
tion in the 
cularly in the
important de

tification of 
es was the
ction facto
roscopic mea
er,  2004). 

is the major a
uman body a
body weight 
an importan
onmental h
itutes of three
r), dermis (m
lower). How
is are able 
violet radiatio

longer wav
er than the
length. Simil
rate more d
). About 90%
ers has been f
stent and long
nert, Fuso, Hi
of the most i
ique agains
tions is to w
rsed by medi
educe the n
tions on hum
). 

cholarly             

hing Earth inc
) and in
ntists further
nt of the lig
i.e., the near

Among these
considered a

ing organism
could resul

zards on h
ent damage of
ere has been 

he absence of
2016). With

ecome very s
ngers execu

ways of h
eir clothing. 
evelopments r
the protectin

e finding o
or (SPF) 
asurements (S

and most expo
as around 12
constitutes o

nt natural ba
hazards. H
e cell layers i

middle) and 
wever, the ep

to totally 
ons, but, the U
velength cou
e radiation 
arly, UVA is

deeply than  
% of non-me
found to be t

g exposure to 
ilfiker & Sch
important ski
st natural 
wear appropr
cal and phys

negative effe
man skin (D

         

cludes visible,
frared rays
r divide the
ght spectrum
r, the far, and
e radiations,
as the most
s. Long term
lt in various
human body
f skin cells as
a high risk of

f suitable UV
h the passage
significant to

uted by UV
human lives,

One of the
regarding the
ng effects of
of the solar

by using
Schindler and

osed organ of
2-15% of the
of it. Skin is
arrier against

Human skin
i.e. epidermis
subcutaneous
pidermis and

absorb the
UV radiation

uld penetrate
of shorter

s also able to
UVB (Das,

elanoma skin
the results of
UV radiation

hmidt, 1997)
in protections
or artificial

riate clothing
sician experts
ects of UV
Davis et al.,

2 

 

, 
s 
e 

m 
d 
, 
t 

m 
s 
y 
s 
f 

V 
e 
o 
V 
, 
e 
e 
f 
r 
g 
d 

f 
e 
s 
t 
n 
s 
s 
d 
e 
n 
e 
r 
o 
, 
n 
f 
n 
. 
s 
l 
g 
s 

V 
, 

 
Rese
offer
than 
less 
ultra
cloth
of s
effec
ultra
phys
not 
fabri
used
2017
Cott
UV 
pene
abso
know
et al
To 
effec
like 
the s
and U
of t
texti
asses
Acco
SPF 
the c

Ultra
defin
UV 
throu
irrad
throu
acco

Whe
effic
(Wm
trans
and 
(nm)
 

earches has re
rs at least 5 
unadorned s
than 20%

aviolet radiati
hes, but it cou
skin (Schlen
ctiveness fo
aviolet radia
sical and chem
limited to, fi
ic, weave den

d as well as fi
7 and Stanko
on fibers hav

radiations 
etrate throug
orbed or reflec
wn to absorb
l., 2005 and T
quantify and

ctiveness of 
UV protectin

sun protection
UPF are deve
the effective
iles, while SP
ssment of su
ording to de
(maximum) 

cover factor. 

S

aviolet Prot
ned as the rat

radiations t
ugh air to 
diance tran
ugh the fabri

ording to Equa

ere Eλ is the 
cacy, Sλ is th
m−2 nm−1), 
smittance of 
Δλ is  mea

). 

Volume

evealed that t
times health

kin, which m
% of the e

ion could pas
uld still indu
nker et al.,
or textile f
ation depend
mical factors 
ibre type, we
nsity, cover f
bre finishing 

ovic et al., 20
ve slight prot
as the rad

gh them w
cted. The TiO
 the UV radi
Trivedi and M
d evaluate t
UV protecti

ng textiles an
n factor is de
eloped for the
eness of U

PF is primaril
unscreens (Jo
efinition, the
is the recipro

SPF max  = 

tective Facto
tio of the ave
transmitted a

average eff
smitted an
ic. UPF can 
ation. 

UPF = 

relative eryth
he solar spec

Tλ is ave
the test samp

asured wavel

JTATM
e 11, Issue 3, 202

textile clothin
hier protectio

means that onl
erythemogeni
ss through th
ce the burnin
 2000). Th

fabric again
ds on certai

including, bu
eave design o
factor, dyestu

(Azeem et al
009). Silk an
tection again

diations easil
without bein
O2 particles ar
iations (Popo
Murase, 2017
the protectio
ion substance
nd sunscreen
etermined. SP
e measuremen

UV protectiv
ly used for th
ohnson, 2012
e theoreticall
ocal of 1 minu

or (UPF) 
erage effectiv
and calculate
ffective UV-
d calculate
be calculate

hemal spectra
ctral irradianc
erage spectra
ple (measured
length interva

TM 
20 

ng 
on 
ly 
ic 
he 
ng 
he 
st 
in 
ut 
of 

uff 
l., 
nd 
st 
ly 
ng 
re 
ov 
7). 
on 
es 

ns, 
PF 
nt 
ve 
he 
2). 
ly 
us 

is 
ve 
ed 
R 

ed 
ed 

al 
ce 
al 
d) 
al 



 

Article

There
should
for ex
fabric
perme
offere
protec
impro
treatm
Yonen
and op
in pre
fabric
inorga
UV r
290-3
absorb
form 
absorp
 
Biosy
report
(Rahu
were m
micel
route 
precu
Aruln
synthe
Plano
melte
hydro
fabric
analyz
electr
Recen
mathe
constr
satisfa
protec
 
 

e Designation: Sc

e are many 
d be conside
xample, the 

c construct
eability attrib
ed by the fa
ctive propert
oved by app
ment afterwa
naga & Hild
ptical brighte
evious researc
cs. UV abso
anic compoun
radiation in 
360 nm. The 
bers are tita
due to their

ption (Achwa

ynthesis of Ti
ted by using b
uman et al., 2
made via low
le- mediated,

using titan
ursor (Than
nandhi, 2013)
esized using

omicrobium, 
d ice (Anw

othermal met
cation of tung
ze its ultr

rostatic prope
nt study abou
ematical m
ruction param
actory result
ction (Azeem

cholarly             

determinant 
ered as menti

fiber conten
tion, GSM 
buted to UV
abric. Moreo
ties of a fa

plying chemi
ards (Rupp,

den, 2001). D
ening agents a
ches for UV 
rbers are the
nds which ca
the waveleng
most commo

anium dioxid
r high effici
al, 1995). 

O2 nanoparti
bacterium Ba
2011). TiO2 

w temperature
, hydrotherm

nium iso-prop
gavelu, An
. TiO2 nanop

g optimized 
which was i
war et al.,
thod was u

gsten trioxide
raviolet res
rties (Azeem 
ut UV protec
modelling 
meters and m
ts to be us

m et al., 2017).

         

factors that
ioned earlier,
nt, thickness,

and air
V protection

over, the UV
abric can be
ical finishing
, Bohringer,

Different dyes
are also found
protection of
e organic or
an absorb the
gth range of

only used UV
de in particle
iency in UV

icles has been
acillus subtilis
nanoparticles
 sucrose ester

mal processing
poxide as a

nnamalai &
particles were

biomass of
isolated from
, 2010). A

used for the
 nano rods to

sistance and
et al., 2016)

ction done by
of fabric

model showed
sed for UV
. 

 

3 

 

t 
, 
, 
r 
n 
V 
e 
g 
, 
s 
d 
f 
r 
e 
f 

V 
e 

V 

n 
s 
s 
r 
g 
a 

& 
e 
f 

m 
A 
e 
o 
d 
. 

y 
c 
d 
V 

The 
UV 
beha
solut
ozon
succ
parti
resis
the v
refra
destr
into 
caus
 
Exp
Mate
Fabr
A bl
this 
texti
Univ
the f
 
Tab

No. 
1 
2 
3 
4 
5 
6 
  
Chem
Diffe
were
TiO2
abou
given

main disadv
protectors 

avior and thu
tion to UPF
ne depleted a
cessfully appl
icles on cott
sts the UV tra
visible and IR
active index 
ructive UV e

heat avoid 
sed drastically

erimental 
erials 
ric 
leached 100%
study. The f

ile chemistr
versity, Faisal
fabric are give

le 1. Fabric s

Parameters 
Warp Coun
Weft Count
Ends/Inch 
Picks/Inch 
Areal Dens
Weave 
 

micals and au
ferent types o
e used during
2 nanoparticl
ut those chem
n in Table 2. 

Volume

vantage of pr
was their

us, were not 
 and SPF s

areas. So, in 
lied titanium 
ton fabric w
ansmission, bu
R radiations. 

of TiO2 an
energy absorb

discoloration
y due to UV r

% cotton fabri
fabric was ta
ry lab Nat
labad. The sp
en  in Table 1

specification 

 Units 
nt  Ne 
t  Ne 

 - 
 - 

sity g/m2 
 Twill 

uxiliaries 
of chemicals a
g working for 
es. Names an
micals and a
 

JTATM
e 11, Issue 3, 202

reviously use
r degradatio

a sustainabl
specifically, i
this study, w
dioxide nan

hich not onl
ut also reflec
Owing to hig
nd transfer o
bing capabilit
n that mostl
radiations. 

ic was used i
aken from th
tional Textil
pecifications o
1. 

 

 Value
 20 
 20 
 116 
 56 
 200 
 - 

and auxiliarie
preparation o

nd informatio
auxiliaries ar

TM 
20 

ed 
on 
le 
in 

we 
no 
ly 
ts 

gh 
of 
ty 
ly 

in 
he 
le 
of 

s 

 

es 
of 
on 
re 



 

Article

 
 

 

 

 
Equip
Proce
Lab s
prepa
the a
enliste
 

S. No
1 
  
2 
  
3 

  
4 

 
 
Meth
Prepa
nanop
The s
first s

e Designation: Sc

Sr. N

1 
 

2 

3 
 

4 

 

T

pment 
essing Equipm
scale practical
are titanium d
apparatus us
ed in Table 3

o. Name 
 Scann

 X- ray

 UV/V
SPF M

 Tensil

hods 
aration of tita
particle soluti
olution was p

step Titanium

cholarly             

T

No. Name 

TTIP 
 

Ethanol 

Acetic 
Acid 
Distilled
Water 

able 3. Produ

S. N

1 
2 
3 
4 
5 
6 

ment 
l was done to
dioxide nano
sed in that 
. 

Table 

of Equipmen
ing Electron m

y Diffraction  

IS Spectroph
M550   

le strength tes

anium dioxide
ion 
prepared into 

m (IV) isoprop

         

Table 2. Chem

Function 

Formation
of TIO2 
hydrolysi

d 

Maintain 
pH 
Medium 

 

uction/Proce

No. Na

Ult
Pyr
pH
Pad
Ste
Mi

o carry out or
oparticles and

practical is

4. Testing eq

nt   
microscopy  

  

otometer with
  

ster   

e 

two steps, in
poxide (TTIP)

4 

 

micals and a

Chemistr

n Ti{OCH

is 
 

C2H5OH

CH3COO
 

H2O 

 

essing equipm

ame of Equipm

trasonic Bath
rex Beakers 

H Meter 
dder 
enter 
icropipette  

r 
d 
s 

Test
For 
titan
diffe
appa
Tabl

quipment use

Model 
QUANT

Panalyti

h  
Spectron

KG-300

n 
) 

was 
mixt
wate
beak
was 

auxiliaries 

ry 

H(CH3)2}4 

H 
 

OH 
 

 

ment used in 

ment 

h 

  

ing Equipmen
confirmation

nium dioxide 
erent types 
aratus used fo
le 4. 

ed in this stu

 M
TA 250 FE

ical  XP

nic Camspec 

0  DA
SE

mixed wit
ture of TTIP 
er. 15 ml of
ker and the r
added in etha

Volume

Manufacturer

Aldrich 

Merck 

Merck 

TP lab 

this study 

nt 
n and chara
nanoparticles
of test wer

or testing is d

udy 

Manufacturer 
EI 

PERT PRO 

AIEI KAGAK
EISA-KUSHO

th ethanol a
and ethanol w
f ethanol wa
required qua
anol with ade

JTATM
e 11, Issue 3, 202

r 

acterization o
s on the fabri
re done. Th
escribed in th

KU SEIKI 
O Ltd. 

and then th
was added int
as taken in 

antity of TTI
equate stirring

TM 
20 

of 
ic 
he 
he 

he 
to 
a 

IP 
g. 



 

Article

Then,
taken 
ultras
ethano
above
 

 
Fabri
Pad-D
Briefl
and 
homo
fabric
paddi
min. F
that th
excep
attach
nanop
nanop
cotton
homo
cotton
poten
treatm
remov
readil
and a
fibres
drying
esterif
piece 
soluti
 
Testin
SEM,
protec
check
dioxid
tests 
presen

e Designation: Sc

, 250 ml do
in a separa

onic bath. T
ol and TTIP w
e water and s

T

Sr. No. T
1 0
2 1
3 1
4 1
5 1
6 5
7 1

ic treatment w
Dry-Cure root
ly, the fabric
 padded th

ogeneous distr
c with a pi
ng, the fabric
From previou
here is no nee
pt for high
hment and 
particles to th
particles are p
n through est
ogeneous irre
n (Abbas e

ntial build o
ment (Zhang e
val of water 
ly adsorbed b
absorbed in th
s (Ramirez 
g the fabric
fication at 15
of fabric w

on. 

ng Methods 
, X-ray diffra
ction tests w
k the presenc
de particles. S
were used 

nce of titaniu

cholarly             

ouble distille
ate beaker an
The prepared
was added gra
sonication wa

Table 5. Conc

TTIP (ml) 
0.4 
1 
1.2 
1.4 
1.8 
5 
15 

with prepared
t was applied 
c was dipped

hrough roller
ribution of th
ick- up of 
c was dried at
us literature, i
ed for an exte
h temperatu

binding 
he cotton fabri
presumed to b
ter bonding o
egular struc

et al., 2018
on cellulose 
et al., 2019) a
so that nano

by weak che
he interstices
et al., 2019

c was furthe
5°C for 5 min
as used for 

action and ultr
ere done on 
ce and effect
SEM and X-ra
for characte
um dioxide 

         

d water was
nd placed on
d mixture of
adually in the
as done till a

centration of 

Ethano
15 
15 
15 
15 
15 
15 
15 

d solution 
to the fabric

d in solution
rs twice for
he solution on

80%. After
t 120°C for 3
it was noticed
ernal material
ure for the

of TiO2
ic since TiO2

be bound with
over the non-
cture of the
) and ionic

during wet
and complete
oparticles are
emical forces
s of cellulose
9). So, after
er cured for
n. A different
each type of

raviolet (UV)
the fabric to

t of titanium
ay diffraction
erization and
nanoparticles

5 

 

s 
n 
f 
e 
a 

hom
Thro
hom
Tabl
and t

f TTIP and n

ol (ml) 

. 
n 
r 
n 
r 
3 
d 
l 
e 
2 
2 
h 
-
e 
c 
t 
e 
e 
s 
e 
r 
r 
t 
f 

) 
o 

m 
n 
d 
s 

on th
the 
nano
 
Scan
ener
This
beam
the 
smal
for 
deter
cryst
 
X-ra
X-ra
non-
reve
struc
phys
films
of pr
done
of w
taken
step 
 
Ultra
Ultra
infor
prote
dang
meth
fabri

mogeneous m
oughout th

mogeneous mi
le 5 gives inf
types of the e

number of exp

Water (
250 
250 
250 
250 
250 
250 
250 

he fabric, wh
information 

oparticles. 

nning electro
rgy dispersive
s test was p
m of high ene

images and 
ll features an
qualitatively

rmining 
talline structu

ay diffraction 
ay scattering 
-destructive a
al informat
cture, chem
sical properti
s. The X-ray 
repared samp
e using a diff

wavelength (λ
n for the 2θ r
of 0.1972o. 

aviolet protec
aviolet prote
rmation abou
ection from
gerous for hu
hod defines 
ic/textile as t

Volume

mixture w
he process
ixture was m
formation abo
experiment. 

periments 

(ml) 

hile UV prote
about the ef

on microscop
e spectroscopy
performed w
ergy electron 

precisely m
d objects. It 

y or semi- 
chemical 

ure and crysta

(XRD) 
techniques a

analytical tech
tion about 
mical comp
ies of mater
diffraction (X

ple titian trea
ffractometer, C
λ) =1.5406 Ǻ
range of 10o

ction (AATCC
ection of a 
ut how much 

m UV rays
uman beings.

the UPF 
the ratio of 

JTATM
e 11, Issue 3, 202

as obtained
s, pH o
aintained at 3

out the numbe

pH 
3 
3 
3 
3 
3 
3 
3 

ection test giv
ffectiveness o

py (SEM) an
y (EDS) 
ith a focuse
that magnifie

measures ver
is mostly use
quantitativel
composition

al orientation.

re a family o
hniques whic

the crysta
position an
rials and thi
XRD) analys

ated fabric wa
Cu Kα X-ray

Ǻ and data wa
 to 70o with 

C 183) 
fabric give

a fabric give
s which ar
. AATCC 18
rating for 
UV measure

TM 
20 

d. 
of 
3. 
er  

ve 
of 

nd 

ed 
es 
ry 
ed 
ly 
n, 
 

of 
ch 
al 

nd 
in 
is 
as 
ys 
as 
a 

es 
es 
re 
83 

a 
ed 



 

Article

witho
(comp
 
Tensil
Tensi
calcul
nanop
twill 
metho
of ten
 
Resul
Scann
Scann
analy
charac
nanop
 

e Designation: Sc

out the pro
pared to) with

le Strength 
le strength 
lated to inves
particles on 
weave cotton

od that was f
nsile strength 

lts and Discu
ning Electron
ning Electro
sis was do
cterize the pr
particles on 

Figure 1. 

cholarly             

otection of 
h protection o

of treated 
stigate the ef
mechanical p
n fabric. The
followed for d
was ASTM D

ussion 
n Microscopy
on Microsc
one to inve
esence of tita
the treated 

(A) 
SEM image 

Figure 2. SE

         

the fabric
of the fabric. 

fabric was
ffect of TiO2
properties of
e stander test
determination
D5034. 

y (SEM) 
copy (SEM)
estigate and

anium dioxide
fabric. The

of TTIP trea

EM image of

6 

 

c 

s 
2 
f 
t 
n 

) 
d 
e 
e 

Figu
fabri
titan
conc
(TTI
wate
400X
3000
fabri
pictu
conc
nano
pictu
first 
titan
there
repre

ated cotton f

f untreated co

ures 1 (a) and
ic which s

nium dioxide
centration of 
IP) for this fa
er. Figure 1 
X while, the s
0X. Figure 
ic; as clear, th
ure appeara
centration 
oparticles po
ure is also 4

two picture
nium dioxide
e are no such 
esents untreat

fabric (a) at 4

 

otton fabric 

Volume

d 1 (b) are of 
shows the 
e powder on
Titanium IV 

abric was 5m
(a) was take
second Figur
2 is of unt
here is a large

ance with 
of titaniu

owder. The 
400X. The pa
es display th
e nanopartic
particles in F

ted or control

(B) 
400X (b) at 3

at 400X 

JTATM
e 11, Issue 3, 202

f treated cotto
presences o

n fabric. Th
iso-propoxid

l per 250ml o
en at zoom o
re was taken a
treated cotto
e difference o
respect  t

um dioxid
zoom of th
articles of th
e presence o
cles wherea
Figure 2 whic
l fabric. 

 

3000X 

TM 
20 

on 
of 
he 
de 
of 
of 
at 

on 
of 
to 
de 
is 

he 
of 
as, 
ch 



 

Article

Energ
This t
powd
not. T
spectr
 

 

 
  

e Designation: Sc

gy dispersive 
test was done

der present on
The results o
roscopy (ED

cholarly             

spectroscopy
 to investigat

n the fabric i
of energy disp

DX) with at 

Figure 3. 

Figure 4. 

         

y (EDS) 
e whether the
is titanium or
persive x-ray
2% and 5%

EDX pattern

EDX pattern

7 

 

e 
r 
y 

% 

conc
Figu
analy
diox

n of 2% conc

n of 5% conc

centration of 
ure 3 and 4
ysis confirme

xide on the tre

centration of 

centration of 

Volume

f TTIP are 
4 respectivel
ed the presen
eated fabric. 

 

f TTIP 

f TTIP 

JTATM
e 11, Issue 3, 202

shown in th
ly. The EDX
nce of titanium

TM 
20 

he 
X 
m 



 

Article

X-ray
The 
crysta
applie
patter
of th
powd
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Ultrav
TiO2 
absorp
by th
semic
gap b
band 
electr
photo
to pro
TiO2 
highe
holes 
either
holes 
and s
reacti
defen
uncov
cataly
 
Ultrav
test o
  

e Designation: Sc

y diffraction (
XRD test w

allinity of t
ed on fabric 
rn gives infor
he substrate 
der. Figure 5 d

Figure 

violet Protect
has a na

ption propert
he solid band
conductor ox
between its 
and low-ene

rons would 
ons and so exc
oduce holes a

is illuminat
r than its b
and electron

r combining 
or captured 

starting the 
ons. The form

nder TiO2 
vers the mech
yzer. 

violet protecti
of this practic

cholarly             

(XRD) 
was used to
the material 

during study
rmation about

as well as
displays the X

5. XRD patt

tion 
atural attribu
ty, that could
d theory. It 

xide having a
high-energy

ergy valence
get the en

cited to cross 
and electrons
ted by light 

band gaps. T
s then result 
with other 
by the surro
oxidation an

mer clarifies 
works, whi

hanism of TiO

ion test is the
ce; the resul

         

o check the
which was

y. The XRD
t crystallinity

s of applied
XRD graph of

tern of titaniu

ute of UV-
d be clarified
is a type of
a large band
y conduction
e bands. The
ergy of the
the band gap

s pairs, when
with energy

These excited
in two notes:
electrons or

ounding TiO2
nd reduction
how the UV-
ile the last
O2 as a light

e fundamental
lt of this test

8 

 

e 
s 

D 
y 
d 
f 

titan
main
The 
peak
nano
prese

um dioxide n

-
d 
f 
d 
n 
e 
e 
p 
n 
y 
d 
: 
r 
2 
n 
- 
t 
t 

l 
t 

will 
fabri
the 
Tabl
conc
parti
size 
and 
resis
 
Effec
The 
the 
conc
solut
of 
expr
prese
UV-
incre
cons
incre

nium dioxide 
n peaks can 

peak at 17 
k at 25 i
oparticles. T
ence of n

nanoparticles

demonstrate 
ic is for UV p
UV protectio
le 6. We assum
centration TT
icle size, due 

the surface 
they reve

stance against

ct of TTIP on 
relation of T
Figure 6, w

centration of
tion, the abili
the fabric 

ressed as x 
ent for prote
rays. If th
eases, but th
stant than t
ease. 

Volume

treated cotto
be observed 
is of cellulo

is of titan
This peak 
nanoparticles 

s treated cott

how success
protection. T
on test are 
me that with 
TIP, there is
to this reduct
area of part

eal much p
t UV rays. 

UPF 
TTIP and UPF
which shows
f TTIP incr
ity of ultravio
increases. T
number of 

ection against
he number 
e number of
the UV pr

JTATM
e 11, Issue 3, 202

on fabric. Tw
in the graph

ose while, th
nium dioxid
confirms th

on fabri

ton 

sful the treate
hese results o
shown in th
the increase o
s decrease i
tion of particl
ticles increas
protection o

F was given i
s that as th
reases in th
olet protectio
This can b

particles ar
t y number o

of particle
f rays remain
rotection wi

TM 
20 

wo 
h. 
he 
de 
he 
c.

ed 
of 
he 
of 
in 
le 
se 
or 

in 
he 
he 
on 
be 
re 
of 
es 
ns 
ill 



 

Article

 
Effect
The r
of TT
Figure
relatio
TTIP 
conce
of UV
weave
the i
 

 
Effect
The r
of TT
Figure
relatio

e Designation: Sc

Figur

t of TTIP on U
relationship b
TIP and UVA
e 7. This
onship betwe

and the U
entration of T
VA blocking 
e structure o
ncrease of 

t of TTIP on U
relationship b
TIP and UVB
e 8. This
onship betwe

cholarly             

re 6. EffectTo

UVA Blocking
between the c
A blocking is
 Figure e
een the conc
UVA blocki

TTIP is zero th
is 86 it is du
f the fabric (
TTIP conce

Figure 7. Ef

UVB Blocking
between the c
B blocking is 
 Figure e
een the conc

         

oTf ITPTcIo

g 
concentration
 given in the

explains the
centration of
ing. As the
he percentage
ue to compact
(Twill). With

entration, the

ffect of TTIP

g 
concentration
given in the

explains the
centration of

9 

 

oPncco. (nmc

n 
e 
e 
f 
e 
e 
t 
h 
e 

UVA
conc
block
conc
there
beca
block
prese
block
be 1

P concentrati

n 
e 
e 
f 

TTIP
conc
perc
incre
block

cel/n2t5r0atm

A blocking 
centration of
king percen

centration of 
e is no further
ause the rema
king pass thr
ent in the fab
king the cove
. 

on on UVA b

P and the 
centration o
entage of UV
ease of TTIP
king also 

Volume

mioln) on UP

also increa
f TTIP is 
ntage is 
TTIP increa

r increase in U
aining percen
rough the int
ric. To achiev
er factor of th

blocking 

UVB block
of TTIP i
VB blocking 
P concentrati

increases

JTATM
e 11, Issue 3, 202

 
PF 

ases. As th
5, the UVA
97, as th
ases up to 1
UVA blockin
ntage of UVA
er yarn space
ve 100% UVA
he fabric mu

 

king. As th
s zero, th
is 94. With a
ion, the UV
. As th

TM 
20 

he 
A 
he 
15 
ng 
A 
es 
A 
st 

he 
he 
an 
B 

he 



 

Article

conce
block
conce
 

 
Tensi
The 
invest
fabric
the te
the te
Table
 

As th
tensile
the fil
to thi

e Designation: Sc

entration of 
king percent
entration of T

ile strength 
tensile stren

tigate the me
c to measure 
ensile strength
ensile streng

e 6. Table is 

F

he concentrati
e strength als
lling of inter 
is the friction

cholarly             

TTIP is 1.
tage is 10
TIP was incre

Figure 8. Ef

ngth test w
echanical prop

the effect of
h of fabric. T

gth test are 
showing tha

Figure 9. Eff

ion of TTIP i
so increases. T

yarn spaces 
n between ya

         

8, the UVB
00 as the
eased up to 5,

ffect of TTIP

was done to
perties of the
f particles on
The results of
given in the
at the tensile

fect of TTIP c

increases, the
This is due to
in fabric due

arns produced

10 

 

B 
e 
, 

but 
block

P concentrati

o 
e 
n 
f 
e 
e 

stren
in c
Figu
TTIP
the 
achie

concentratio

e 
o 
e 
d 

and 
Sola
stiffn

there is no 
king. 

on on UVB b

ngth of the fab
oncentration 

ure 9 also sh
P concentrati
fabric Maxim
eved at 9% T

on on Tensile

they resist
aiman, and 
ness of fabric

Volume

further incr

blocking 

bric increases
of TTIP in 

hows the rel
ion and tensi
mum value o

TTIP loading. 

e strength 

t to elonga
Khalil, 201

c increases w

JTATM
e 11, Issue 3, 202

rease in UV

 

s with increas
solution. Th

ation betwee
ile strength o
of 90 MPa 

 

ate (Rahman
4) and also

which increase

TM 
20 

B 

se 
he 
en 
of 
is 

n, 
o, 
es 



 

Article

the te
al., 20
  
Conc
In th
succe
100%
protec
observ
betwe
dioxid
conce
mean 
low 
rende
showe
about
at 2 m
but 
depict
 
Confl
We, t
there 
contri
 
Refer
Abba

Achw

Anwa

Azeem

e Designation: Sc

ensile strength
012). 

lusion 
his study, T
ssfully synth

% cotton fab
ction. Good
ved and a 
een UPF and 
de was se
entration of 

UPF value w
concentration
ring UVA an
ed excellent 
t 98% at 5 ml
ml/250 ml. It
also improv
ted in the resu

lict of Intere
the all author
is no confli

ibutor or othe

rences 
s, M., Iftikha
Nazir, A. (2
TiO2 Nanop
Fabrics for 
Properties, C

wal, W. B. 
Absorbers in
44-45. 

ar, N. S., K
Zakarya, S. 
(2010). Synt
nanoparticle
micelle-med
processing r
39, 261-265.

m, A., Ashra
Z., Abid, S
Synthesis 
Nanorod, It
Material, an
Properties, 
Nanotechnol

cholarly             

h of fabric (N

TiO2 nanopa
hesized and 

bric to enha
d UV pro

nearly dir
concentratio

een. At a 
TTIP i.e., 5

was above 350
n of TiO2, 
nd UVB, the 

blocking p
l/250 ml and 
t not only inc
ved tensile 
ults. 

st 
rs verify and 
ct of interest

er organization

ar, H., Malik
018). Surface

particles onto 
Enhanced S

Coatings, 8(1)
(1995). U

n Textiles, C

Kassim, A., 
A., and Hu

thesis of titan
s via su

diated 
route, Sains 
. 

af, M., Munir
S., and Iqbal

of Tungs
s Application

nd Study of I
Journ

logy, 2016, 1

         

Nilakantan et

articles were
applied on

ance its UV
tection was
rect relation
n of titanium

very low
5 ml/250 ml,
0. Even at the

in case of
treated fabric

percentage of
nearly 100%

creased UPF,
strength as

declared that
t among any
ns. 

k, M. H., and
e Coatings of
the Designed

Self-Cleaning
), 35. 
Use of UV
Colorage, 42,

Lim, H. N.,
uang, N. M
nium dioxide

ucrose ester
hydrothermal

Malaysiana,

r, U., Sarwar,
l, N. (2016)
sten Oxide
n on Textile
Its Functional
nal of
-7. 

11 

 

t 

e 
n 
V 
s 
n 

m 
w 
, 
e 
f 
c 
f 

% 
, 
s 

t 
y 

d 
f 
d 
g 

V 
, 

, 
. 
e 
r 
l 
, 

, 
. 
e 
e 
l 
f 

Azee

Das,

Davi

EWG

EWG

John

kirth

Popo

Rahm

 

em, A., Nazir
and Munir
fabric stru
protection 
factorial d
Textile Inst

, B.R. (2010)
Clothing, T
14-21. 

is, S., Capj
Fedosejevs
Protection 
Which fab
Internationa
36, 374-379

G Sunscreen
analysis of 
U.S. sunscr

G 
https://www
/imperfect-p
nIU 

nson, S. L. 
Blocking o
Ultraviolet 
AATCC T
87, 323-326

hi, A. V., Ra
G., Marimu
Jayaseelan,
A., Kamar
(2011). B
dioxide nan
bacillus sub
2745-2747.

ov, A. P., Pri
J., and M
nanoparticl
radiation sk
sunscreens.
Applied Ph

man, M. M.,
(2014). Ef
Treatment 
Cotton K
Journal of E
87-90. 

Volume

r, A., Abid, S
, U. (2017). 

ucture and s
properties 

design, The
titute, 108, 18
). UV Radiat

The Open Tex

jack, L., K
, R. (1997)
from Ultravi
bric is mo
al Journal of 
9. 
n Guide. (2
f UV protecti
reens. 

w.ewg.org/sun
protection/#.W

(2012). Tra
of Erythema
Radiation th

TECHNICAL
6. 

ahuman, A. A
uthu, S., Sant
 C., Elango, 

raj, C., and 
Biosynthesis 
noparticles us
btiles, Mater
. 
iezzhev, A. V

Myllyl, R. 
les as an ef
kin-protective
. Journal of

hysics, 38, 256
, Solaiman, M
ffect of Titan
on the Prope

Knitted Fabri
Engineering R

JTATM
e 11, Issue 3, 202

S., Sarwar, Z
Modelling o

hade for UV
using fu

e Journal o
800-1807. 
tion Protectiv
xtile Journal, 3

Kerr, N., an
. Clothing a
iolet Radition

ost effective
f Dermatology

016). EWG
ion offered b

research
nscreen/repor
Wxj088K- 

ansmittance o
ally Weighte
rough Fabric

L MANUAL

A., Rajakuma
toshkumar, T
G., Zahir, A
Bagavan, A
of titanium

sing bacterium
rial letters, 65

V., Lademann
(2005). TiO
ffective UV-
e compound i
f Physics D
64. 
M., Khalil, E
nium Dioxid
erties of 100%
ic, America
Research, 3(9

 

TM 
20 

Z., 
of 
V 

ull 
of 

ve 
3, 

nd 
as 
n: 
?, 
y, 

’s 
by 

h.; 
rt

or 
ed 
cs, 
L, 

ar, 
T., 
A. 
A. 
m 
m 
5, 

n, 
O2 

B 
in 
D: 

E. 
de 
% 
an 
9), 



 

Article

Reine

Ramir

Lake 

https:

 

e Designation: Sc

ert, G., Fuso
Schmidt, E
Properties of
Improvenme
Colourants, 2

rez, L, Gentil
and Stoll, S. 
and CeO2
Polystyrene 
Mineral, Dri
Geneva W

Hardness an
on Nanopar
and Aggrega
//doi.org/10.3
Bohringer, 
Hilden, J. 
protection ag
Radiation, 
Bulletin, 6, 8

cholarly             

o, F., Hilfik
. (1997). U
f Textile Fab
ent, Textile C
29, 36-43. 
le, S. R., Zim
(2019). Beha

2 Nanopar
Nanoplastic

inking and 
Waters. Impac
nd Natural Or
rticle Surfac
ation, Water, 
3390/w11040
A., Yonena

(2001). 
gainst Harmfu

Internaton
8-20. 

         

ker, B., and
UV-Protecting

rics and their
Chemicals and

mmermann, S.,
avior of TiO2
rticles and
s in Bottled

ct of Water
rganic Matter
ce Properties
11(4), 721; 

0721Rupp. J.,
aga, A., and
Texiles for

ful Ultraviolet
al Textile

12 

 

d 
g 
r 
d 

, 
2 
d 
d 

r 
r 
s 

, 
d 
r 
t 
e 

Schi

Stan

Than

Triv

indler, W., 
Chemical 
Cambridge
Rohwer, W
E. (2000).
Ultraviolet 
Radiation 
255-259.  

nkovic, S. B.
B., and Biz
Protection  
Cotton Kn
79:1034-10

ngavelu, An
Arulnandhi
charcterizat
dioxide 
precipetatio
emerging 
engineering

edi, M., and 
4: Titanium
Intech 
http://dx.do
8886

Volume

& Hauser, 
finishing 

: Elsevier. S
W., Martin, H

. Facts and
Protection 

Protection D

, Popovic, D
zjak, M. (200
 Factor of G

nitted fabrics
042. 
nnamalai, K
i, D. (2013). P
tion of nano

powder 
on, Internatio
technology 

g, 3, 636-639.
Murase, J. (2
m Dioxide 

oi.org/10.5772

JTATM
e 11, Issue 3, 202

P. J. (2004
of textile

Schlenker, U
H., and Schuh
d Fiction o

by Clothing
Dosimetry, 9

D., Poparic, G
09). Ultraviole
ary-state Plai
, Text Res 

K. R., an
Prepartion an
osize titanium
by sol-ge

onal Journal o
and advanc

. 
2017). Chapte
in Sunscreen

Publishers
2/intechopen.

TM 
20 

4). 
s. 

U., 
h. 
on 
g, 
1, 

G. 
et 
in 
J 

nd 
nd 
m 
el 
of 
ce 

er 
n, 
s.; 
6


