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LEACHED cotton fabrics were pre-treated with Moringa oleifera leaf extract as natural

bioactive materials to impart the fabrics dual antibacterial and sun protective properties.
The fabrics were the treated with titanium dioxide nanoparticles(TiO,NPs) and zinc oxide
nanoparticles (ZnONPs) separately with concentration 2wt.% and 1 wt.% respectively in
presence of 1,2,3.4-butane tetracarboxlyic acid(BTCA) as non-formaldehyde crosslinking
agent by using pad dry cure method. The treated cotton fabrics were evaluated via monitoring
morphological changes of the fibers by using scanning electron microscopy and X-ray
diffraction, scanning electron microscopy(SEM&EDX), mechanical properties (tensile
strength and elongation at break),roughness, ultra-violet protection factor (UPF). In addition,
evaluation of antibacterial activity the treated fabrics by using disk inhibition zone. Research
output disclosed that the fabrics treated with moringa extract and then with titanium dioxide
nanometal oxide powder show the best results.

Keywords: Cotton fabrics, Moringa oleifera extract, Titanium dioxide nanoparticles, Zinc
oxide nanoparticles.

Introduction

Cotton fabric consider one of the most widely
used natural fibers in textiles, because of its
unique properties such as it is breathable,
soft, and degradable nature as wellas its easy
mass production. For practical applications,
cotton fabric has been endowed with different
functions including self-cleaning and
superhydrophobicity[1-10], UV blocking[1, 8,
11], flame retardation[12-14]. Cotton fabric can
also be made electrically conductive [15-18] and
antibacterial [1, 19-25].

Nanotechnology is an emerging technique can
be applied in many fields such as textiles, catalysis,
electronic and medical fields. Metal nanoparticles
are usually defined as particulate materials with at
least one dimension less than 100 nanometers (nm),

even the particles could be of zero dimension as in
the case of quantum dots. Metal nanoparticles have
a high specific surface area and a high fraction of
surface atoms[26-28].

ZnO nanoparticles are widely used to textile
fabrics due to their unique such as photocatalytic,
electrical, optical, dermatological and anti-
bacterial properties [29-34]. Moreover, ZnO
nanoparticles are actually one of best Eco-
friendly absorbers of harmful UV radiation [35].
In order to decrease the health risks coming from
overexposure to UV radiation, the World Health
Organization (WHO) has also recommended the
use of loose-fitting, full-length clothes with a high
protection factor[36].

Titanium dioxide nanoparticles (TiO,NPs)
impart textile fabrics simultaneously trilateral
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properties namely, antibacterial, UV protective
and self-cleaning properties. Taking into
account ever growing consumer demands, the
fact that small amount of TiO,NPs provides
desirable effects as well as simple synthesis and
application procedures, it becomes clear why such
multifunctional textile materials are of interest for
textile industry [37-40]. The problematic issues
are primarily related to the possible degradation
of the fabrics treated with photocatalyst TiO,NPs
and exposed to longer UV irradiation.

Moringa oleifera (Moringingaceae, English:
drumstick tree) is native to sub-Himalayan
regions of, Pakistan, India, Bangladesh, and
Afghanistan as well as tropic areas. Moringa
oleifera has been used as an ingredient of Indian
diet since centuries. It is cultivated almost all
over the country and its leaves and fruits are used
as vegetables. Moringa oleifera is considered
as an important source of food in some world
regions, as it had easily and cheaply growth and
its leaves have ability to retain a lot of minerals
and vitamins over dryness[41].Moringa oleifera
utilized to treat pockets of infection (abscesses),
dandruff, athlete’s foot, snake bites, gum disease
(gingivitis), wounds and warts [42]. In addition,
The leave of plant has been reported for its
antitumor, hypotensive, cardioprotective, wound
healing activities and use for eye diseases [42].
Almost all parts of the plant have been utilized in
traditional medicine properties. Table 1 shows the
components of Moringa oleifera leaf[42].

The aim of the present work is to develop cotton
fabrics with an improving of its antibacterial and
sun protective properties through treatment with
Titanium dioxide nanoparticles and zinc oxide
nanoparticles together with Moringa oleifera
extract. The effect of each treatment on the final
properties of the fabric is elucidated. Titanium
dioxide and zinc oxide nanoparticles on the treated
fabric surface is estimated by SEM analysis

Materials and Methods

Materials

Mill desized, scoured and bleached cotton
fabrics were supplied by El- Nasr Company for
spinning weaving and dying El-mahallah El-
kubra, Egypt. Zinc oxide nano powder, Titanium
dioxide nano powder were supplied from Sigma
Aldrich company. 1,2,3,4-butane tetra carboxylic
acid, was supplied from El-Gomhoria company,
Cairo Egypt. Egyptol: nonionic detergent, from
starch and Yeast Co.,Alexandria, Egypt.Moringa
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oleifera leaves were obtained from Egyptian
Scientific Society of Moringa (ESSM), National
Research Centre, Dokki, Cairo, Egypt.

Preparation of Moringa oleifera Extract:

10g from Moringa oleifera leaves (powder)
were inserted in conical flask and 100 ml of
distilled water was added. The solution was boiled
for 30 min then left to cool at ambient conditions,
finally filtered off.

Preparation of Cotton Fabrics:

Cotton fabrics were washed in aqueous
solution containing, 2 g/l sodium carbonate
and nonionic wetting agent at 60°C for 30 min
followed by washing with tap water and finally
dried at room temperature.

Treatment of Cotton Fabrics with Moringa
oleifera Extract and Nanoparticles

Cotton fabrics were immersed in the Moringa
oleifera extract and squeezed to a wet pick-
up of ca 100%, then dried at 80°C for 5 min.
the moringa treated fabrics were immersed in
an aqueous solution containing zinc oxide and
titanium dioxide nano powder with concentrations
(1%, 2%) respectively in presence of 0.5%
1,2,3,4-butantetracarboxalyic acid (BTCA) using
material to liquor ratio (L.R), 1:20. The fabric were
leaved for 15 min then squeezed to wet pickup of
100% using laboratory padding machine. Finally,
the treated samples were dried at 80 °C for 5 min
then cured at 120°C for 3 min.

Testing and Analysis:

Tensile strength and elongation at break
were determined by strip method according to
ASTM, standard Test method “Breaking load
and elongation of Textile fabric” D-1682-94.
Surface roughness was monitored according
to JIS94 standard, using surface roughness
measuring instrument, SE 1700a Made in
Japan.  Values recorded in (um)unit and
represent the average of 5 readings. Ultraviolet
protection factor (UPF) was measured using UV
Shimadzu 3101 PC-Spectrophotometer. UPF
was determined by measuring the Ultraviolet
radiation transmittance value of each fabric
across the wavelength range 280 - 400 nm. The
UPF of the treated samples were obtained used
‘Ultra Violet Transmittance Fabric Analyzer- Lab
sphere- USA. The UPF values are calculated
automatically, in accordance with Australia/
Newzeland standard AS/NZS 4399:1996.The
antimicrobial activity of the treated fabrics
was examined against Staphylococcusaureus,
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TABLE 1: Moringa oleifera leaf, raw; Nutritional value per 100g (3.50z)

Energy 64kcal (270 kJ)
Carbohydrates 828 ¢
Dietary fiber 20¢g
Fat 140¢g
Protein 940 ¢g

Vitamin A equiv.
Thiamine (B1)
Riboflavin (B2)
Niacin (B3)
Pantothenic acid (B5)
Vitamin B6
Folate (B9)
Vitamin C
Calcium

Iron

Magnesium
Manganese
Phosphorus
Potassium
Sodium

Zinc

Water

47%378 ng
22%0.257 mg
55%0.660 mg
15%2.220 mg
3%0.125 mg
92%1.200 mg

10%40 pg

62%51.7 mg

19% - 185 mg
31% -4.00 mg
41% - 147 mg
17% - 0.36 mg
16% - 112 mg

7% - 337 mg

1% -9 mg
6% - 0.6 mg
78.66 g

and Escherechia coli, by antimicrobial agar
diffusion test according to reported method [43,
44].Scanning electron microscopy and electron
X-ray diffraction(SEM&EDX) of the treated
fabrics was examined using a scanning electron
probe micro analyzer (type JXA 840A)Japan.
Surface morphologies were imaged at different
magnifications, using 30k Vaccelerating voltage.

Result and Discussion:

Ultraviolet Protection Factor (UPF):

Recently, UV protection is considering one of
the most important functional finishes of textiles.
Inorganic UV blockers are more preferable to
organic ones, as they are non-toxic and chemically
stable under exposure to both high temperatures
and UV. Inorganic UV blockers are usually certain

semiconductor oxides, such as TiO,, ZnO, SiO,
andAlO,[45].

Titanium dioxide nanoparticles (TiO,NPs)
has good ultraviolet blocking power and is very
attractive in practical applications due to its non-
toxicity, chemical stability at high temperature,
and permanent stability under UV exposure [46].

Bleached cotton fabrics were pre-treated with
moringa leaf extract as natural bioactive materials
to impart the fabric dual antimicrobial and sun
protective properties. The fabrics were the treated
with TiO,NPs and ZnONPs separately as described
in the experimental part. The treated fabrics were
monitored for UPF analysis. Results obtained are
set out in Table 2. UPF of untreated fabrics are set
out in the same table for comparison.
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Results of Table 2 make it clear that:

1- Treatment of cotton fabric with moringa leaf
extract enhances UPF of the fabric from 9 to
50. The latter UPF value represents super
protective against UV radiation compared
with the untreated fabric, which shows poor
protection.

2- Further treatment of the fabrics with TiO,NPs
and ZnONPs separately enhance UPF of the
fabric to 59 and 53 respectively. These results
indicate that, the effect of both moringa extract
and TiO,NPs and ZnONPs feeding of the UPF
properties of each treatment.

3- The ability of moringa leaf extract to enhance
UPF of the cotton fabric up to 50 may be
attributed to the presence of minerals like Zn,
vitamin as well as phenolic compounds in the
extract

M HW: 20.0 kW | WD: 16.17 mm
SEM MAG: 1.50 kx| Det SE
View field: 92.5 um | Date(m/d/y): 11/25/19

Pesition #1 - Spectrum

Tensile Strength and Surface Properties

Tensile strength and surface properties of the

fabrics were monitored before and after treatments.
These properties include tensile strength, elongation
at break and surface roughness. Results obtained
are set out in Table 3: results of Table 3 make it
clear that:

1-

2-

20 pm

The tensile strength of the fabrics decreased
from 59 kg.f to 52 kg.f after treatment with
moringa extract and butantetracarboxalyic
acid (BTCA). However, the decrement was
within the acceptable value and is attributed to
the crosslinking effect of BTCA.

Results of Table 3 show also that roughness
of fabrics treated with moringa extract and
TiONPs and ZnONPs was marginally
improved which may be attributed to the effect
of active component of moringa leaf extract. .

VEGA3 TESCAN

Performance in nanospace

Line keV

CKa1l 0277
OKa1 0.525

Fig. 1. SEM and EDX OF untreated cotton fabrics
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Antimicrobial Properties:

In the last two decades, the antimicrobial
finishing treatment of cotton fabric gains much
attention for customer demand.  Imparting
antimicrobial properties to the cotton fabrics has
dual importance. The first is to protect wearers
from harmful microbes whereas the second
importance is to protect the fabrics itself from the
attack and degradation [47].

S WL

WD: 1506 mm | |
Det: SE |
6um | Date(midiy): 11125119

MGt 1

The antimicrobial properties of cotton fabrics
before and after treatment were examined against
gram positive bacteria (Bacillussubtilis and
Staphaureus) and geram negative bacteria (E- coli
and Pseudomonas aeruginosa). The results were
recorded as inhibition zone (mm)and set out in
table 4. The results of Table 4 make it clear that,
treatment of bleached cotton fabric with moringa
extract impart the fabric higher antibacterial

VEGA3J TESCAN

Performance in nanospace

Position #4 - Spectrum

Line kel

CKal 0277
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MoKzl 1.254
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Cakpi 4.013 o}

=

A

Fig. 2. SEM and EDX of the cotton fabric treated with moringa extract
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properties where the inhibition zone increased
up to 12 mm. This was observed all kind of
bacteria used in the evaluation. Enhancement
of antibacterial properties of cotton fabrics after
treatment with moringa extract is attributed to
the active phenolic compounds and other mineral
constitution in the extract[48]. Results of Table
4 clarify also that, further treatment of cotton
fabrics with ZnONPs does not greatly affect the
antibacterial properties of the fabric whereas
treatment with TiO,NPs reduces the antibacterial
properties of the fabrics compared with those
fabrics treated with moringa extract.

SEM HV: 20.0 KV |
SEM MAG: 1.50 kx |
View field: 92.8 pm | Date(midiy) 11/2519

W 15.07 mm
Det: SE

Position #3 - Spectrum

Locostiinl

20 pm

Scanning  Electron Microscope and Electron
Diffraction X-Ray (SEM&EDX):

Surface morphology of cotton fabrics treated with
10%, moringa extract then with 2%, TiO, NPs and
1%, ZnO NPs in presence of BTCA as crosslinking
agent were examined with SEM and EDX.

Figure 1 shows SEM and EDX analysis of
untreated cotton fabrics. Figure 2 shows SEM and
EDX analysis of the fabric treated with moringa
extract. The moringa extract forms a thin film on
the fabric surface showing peaks for calcium and
magnesium. Figures 3&4 shows EDX and SEM
of the cotton fabrics treaded with moringa extract
then with TiO NPs and ZnONPs respectively.
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Fig. 3. SEM and EDX of the cotton fabrics treated with moringa extract then treated with 2%, TiO2NP
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Fig. 4. SEM and EDX of the cotton fabrics treated with moringa extract then treated with 1%, ZnONP.

References

1.

H. Wang, Y. Xue, J. Ding, L. Feng, X.
Wang, T. Lin, Durable, self-healing
superhydrophobic and  superoleophobic
surfaces from fluorinated-decyl polyhedral
oligomeric silsesquioxane and hydrolyzed
fluorinated alkyl silane, Angewandte Chemie,
123 (2011) 11635-11638.

Y. Liu, Z. Liu, Y. Liu, H. Hu, Y. Li, P. Yan,
B. Yu, F. Zhou, One-step modification of
fabrics with bioinspired polydopamine@

octadecylamine nanocapsules for robust and
healable self-cleaning performance, Small,
11 (2015) 426-431.

H. Zhou, H. Wang, H. Niu, A. Gestos, T.
Lin, Robust, self-healing superamphiphobic
fabrics prepared by two-step coating of
fluoro-containing polymer, fluoroalkyl silane,
and modified silica nanoparticles, Advanced
Functional Materials, 23 (2013) 1664-1670.

F.A. Mohamed, H.M. Ibrahim, E.A. El-
Kharadly, A. El-Alfy Ekhlas, Improving Dye
ability and antimicrobial properties of Cotton

Egypt. J. Chem. 63, No. 9 (2020)



3448

MANAL KAMAL EL-BISI et al.

10.

I1.

12.

13.

14.

Fabric, App. Phar. Sci, 6 (2016) 119.

M. El-Bisi, H. Ibrahim, A. Rabie, K. Elnagar,
G. Taha, E. El-Alfy, Super hydrophobic
cotton fabrics via green techniques, Der
Pharma Chemica, 8 (2016) 57-69.

F.A. Mohamed, S.A. Abd El-Megied,
M.S. Bashandy, H.M. Ibrahim, Synthesis,
application and antibacterial activity of new
reactive dyes based on thiazole moiety,
Pigment & Resin Technology, (2018).

J. Wu, J. Li, Z. Wang, M. Yu, H. Jiang,
L. Li, B. Zhang, Designing breathable
superhydrophobic  cotton fabrics, RSC
Advances, 5 (2015) 27752-27758.

S. Chen, X. Li, Y. Li, J. Sun, Intumescent
flame-retardant and self-healing
superhydrophobic coatings on cotton fabric,
ACS nano, 9 (2015) 4070-4076.

Y. Zhao, Z. Xu, X. Wang, T. Lin,
Superhydrophobic and UV-blocking cotton
fabrics prepared by layer-by-layer assembly
of organic UV absorber intercalated layered

double hydroxides, Applied surface science,
286 (2013) 364-370.

J. Li, L. Shi, Y. Chen, Y. Zhang, Z. Guo, B.-L.
Su, W. Liu, Stable superhydrophobic coatings
from thiol-ligand nanocrystals and their
application in oil/water separation, Journal of
Materials Chemistry, 22 (2012) 9774-9781.

B.M.Eid, G.M. El-Sayed, H.M. Ibrahim, N.H.
Habib, Durable Antibacterial Functionality
of Cotton/Polyester Blended Fabrics Using
Antibiotic/MONPs Composite, Fibers and
Polymers, 20 (2019) 2297-2309.

Y.C. Li, S. Mannen, A.B. Morgan, S.
Chang, Y.H. Yang, B. Condon, J.C. Grunlan,
Intumescent all-polymer multilayer
nanocoating capable of extinguishing flame
on fabric, Advanced Materials, 23 (2011)
3926-3931.

Y.C. Li, S. Mannen, A.B. Morgan, S. Chang,
Y.H. Yang, B. Condon, J.C. Grunlan, Flame-
Retardant Materials: Intumescent All-
Polymer Multilayer Nanocoating Capable of
Extinguishing Flame on Fabric (Adv. Mater.
34/2011), Advanced Materials, 23 (2011)
3868-3868.

Y.-C. Li, J. Schulz, S. Mannen, C. Delhom,
B. Condon, S. Chang, M. Zammarano,

Egypt. J. Chem. 63, No. 9 (2020)

15.

16.

17.

18.

19.

20.

21.

22.

J.C. Grunlan, Flame retardant behavior of
polyelectrolyte— clay thin film assemblies on
cotton fabric, Acs Nano, 4 (2010) 3325-3337.

S. Farag, M. Asker, M.G. Mahmoud, H.
Ibrahim, A. Amr, Comparative Study for
Bacterial ~ Cellulose Production  Using
Egyptian Achromobacter sp, RESEARCH
JOURNAL OF PHARMACEUTICAL
BIOLOGICAL AND CHEMICAL
SCIENCES, 7 (2016) 954-969.

W. Zeng, L. Shu, Q. Li, S. Chen, F. Wang,
X.M. Tao, Fiber-based wearable electronics:
a review of materials, fabrication, devices,
and applications, Advanced materials, 26
(2014) 5310-5336.

J. Zhong, Q. Zhong, Q. Hu, N. Wu, W. Li,
B. Wang, B. Hu, J. Zhou, Stretchable self-
powered fiber-based strain sensor, Advanced
Functional Materials, 25 (2015) 1798-1803.

Y. Yu, C. Yan, Z. Zheng, Polymer-Assisted
Metal Deposition (PAMD): A  Full-
Solution Strategy for Flexible, Stretchable,
Compressible, and  Wearable  Metal
Conductors, Advanced Materials, 26 (2014)
5508-5516.

F. Mohamed, H. Ibrahim, M. Reda, Eco
friendly dyeing of wool and cotton fabrics
with reactive dyes (bifunctional) and its
antibacterial activity, Der Pharma Chemica,
8(2016) 159-167.

F.A. Mohamed, H.M. Ibrahim, A. Aly, E.A.
El-Alfy, Improvement of dyeability and
antibacterial properties of gelatin treated
cotton fabrics with synthesized reactive dye,
Bioscience Research, 15 (2018) 4403-4408.

H.M. Ibrahim, M.K. El-Bisi, G.M. Taha,
E.A. El-Alfy, Preparation of biocompatible
chitosan nanoparticles loaded by tetracycline,
gentamycin and ciprofloxacin as novel
drug delivery system for improvement the
antibacterial properties of cellulose based
fabrics, International journal of biological
macromolecules, (2020).

H.M. Ibrahim, E.-A.M. Emam, T.M. Tawfik,
A.T. El-Aref, Preparation of Cotton Gauze
Coated with Carboxymethyl Chitosan and
its Utilization for Water Filtration, Journal
of Textile and Apparel, Technology and
Management, 11 (2019).



IMPROVING ANTIBACTERIAL AND ULTRAVIOLET PROPERTIES OF COTTON ... 3449

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

H. Ibrahim, E.M. El-Zairy, E.-A.M. Emam, E.A.
Saad, Combined antimicrobial finishing & dyeing
properties of cotton, polyester fabrics and their
blends with acid and disperse dyes, Egyptian
Journal of Chemistry, 62 (2019) 965-976.

S. Tokura,
Impregnation of silver nanoparticles into bacterial
cellulose for antimicrobial wound dressing,
Carbohydrate polymers, 72 (2008) 43-51.

T. Maneerung, R. Ruyjiravanit,

H. Ibrahim, M. Saad, N. Aly, Preparation of single
layer nonwoven fabric treated with chitosan
nanoparticles and its utilization in gas filtration,
Int. J. ChemTech Res., 9 (2016) 1-16.

N. Ibrahim, G. Kadry, B. Eid, H. Ibrahim,
Enhanced Antibacterial Properties of Polyester
and Polyacrylonitrile Fabrics Using Ag-NP
Dispersion/Microwave  Treatment, AATCC
Journal of Research, 1 (2014) 13-19.

M.A. Albrecht, C.W. Evans, C.L. Raston,
Green chemistry and the health implications of
nanoparticles, Green chemistry, 8 (2006) 417-432.

X. Chen, B. Sanchez-Gaytan, Z. Qian, S.
Park, Advanced Review, WIREs Nanomed,
Nanobiotechnol, 4 (2012) 273-290.

A. Becheri, M. Diirr, P.L. Nostro, P. Baglioni,
Synthesis and characterization of zinc oxide
nanoparticles: application to textiles as UV-
absorbers, Journal of Nanoparticle Research, 10
(2008) 679-689.

E. Tang, G. Cheng, X. Pang, X. Ma, F.
Xing, Synthesis of nano-ZnO/poly (methyl
methacrylate) composite microsphere through
emulsion polymerization and its UV-shielding
property, Colloid and Polymer Science, 284
(2006) 422-428.

Y.-Q. Li, S.-Y. Fu, Y.-W. Mai, Preparation
ZnO/
epoxy nanocomposites with high-UV shielding
efficiency, Polymer, 47 (2006) 2127-2132.

and characterization of transparent

M. Behnajady, N. Modirshahla, R. Hamzavi,
Kinetic study on photocatalytic degradation of CI
Acid Yellow 23 by ZnO photocatalyst, Journal of
hazardous materials, 133 (2006) 226-232.

M. Xiong, G. Gu, B. You, L. Wu, Preparation and
characterization of poly (styrene butylacrylate)
latex/nano-ZnO nanocomposites, Journal of
Applied Polymer Science, 90 (2003) 1923-1931.

M.S. Arnold, P. Avouris, Z.W. Pan, Z.L. Wang,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Field-Effect
Semiconducting Oxide Nanobelts, The Journal of
Physical Chemistry B, 107 (2003) 659-663.

Transistors Based on Single

R. Krishnaveni, S. Thambidurai, Industrial method
of cotton fabric finishing with chitosan—ZnO
composite for anti-bacterial and thermal stability,
Industrial Crops and Products, 47 (2013) 160-167.

M. Algaba, M. Pepid, A. Riva, Modelization of
the influence of the treatment with two optical
brighteners on the ultraviolet protection factor
of cellulosic fabrics, Industrial & engineering
chemistry research, 46 (2007) 2677-2682.

N.ILA. Sayed, K. El Badry, HM.A. Mohsen,
Conductimetric Studies of Charge Transfer
Complexes of p-Chloranil with Some Alicyclic
Amines in Polar Media, Journal of the Chinese
Chemical Society, 50 (2003) 193-199.

A.R. Chandrasekaran, S.
Ramakrishna, An update on nanomaterials-based

S.  Sundarrajan,

textiles for protection and decontamination,
Journal of the American Ceramic Society, 93
(2010) 3955-3975.

A. Bozzi, T. Yuranova, J. Kiwi, Self-cleaning of
wool-polyamide and polyester textiles by TiO2-
rutile modification under daylight irradiation at
ambient temperature, Journal of Photochemistry
and Photobiology A: Chemistry, 172 (2005) 27-
34.

J. Kiwi, C. Pulgarin, Innovative self-cleaning and
bactericide textiles, Catalysis Today, 151 (2010)
2-7.

L.J. Fuglie, The miracle tree; the multiple attributes
of moringa, Technical Centre for Agricultural and
Rural Co-operation, Wageningen (Paises ..., 2001.

B. Rathi, S. Bodhankar, A. Baheti, Evaluation of
aqueous leaves extract of Moringa oleifera Linn
for wound healing in albino rats, (2006).

E.A. El-Alfy, MK. El-Bisi, G.M. Taha, H.M.
Ibrahim, Preparation of biocompatible chitosan
nanoparticles loaded by tetracycline, gentamycin
and ciprofloxacin as novel drug delivery system
for improvement the antibacterial properties of
cellulose based fabrics, International Journal
of Biological Macromolecules, 161 (2020)
1247-1260.

HM. Ibrahim, M.M. Reda, A. Klingner,
Preparation and characterization of green
carboxymethylchitosan (CMCS) - Polyvinyl
alcohol (PVA) electrospun nanofibers containing

Egypt. J. Chem. 63, No. 9 (2020)



3450 MANAL KAMAL EL-BISI et al.

gold nanoparticles (AuNPs) and its potential use
as biomaterials, International Journal of Biological
Macromolecules, 151 (2020) 821-829.

45. M.S. Ozen, I. Usta, M. Yuksek, E. Sancak, N. Soin,
Investigation of the electromagnetic shielding
effectiveness of needle punched nonwoven fabrics
produced from stainless steel and carbon fibres,
Fibres & Textiles in Eastern Europe, (2018).

46. H.Yang, S. Zhu, N. Pan, Studying the mechanisms
of titanium dioxide as ultraviolet-blocking
additive for films and fabrics by an improved
scheme, Journal of Applied Polymer Science, 92
(2004) 3201-3210.

47. B. Simoncic, B. Tomsic, Structures of novel
antimicrobial agents for textiles-a review, Textile
Research Journal, 80 (2010) 1721-1737.

48. M. Hashem, A.E.M. Abdalla, E.R. Abdol, A.
Raouf, S. Zaghloul, M. El-Bisi, Moringa oleifera-
silver Nanohybrid as Green Antimicrobial
Finishing for Cotton Fabrics, Egyptian Journal of
Chemistry, 59 (2016) 509-522.

Egypt. J. Chem. 63, No. 9 (2020)



IMPROVING ANTIBACTERIAL AND ULTRAVIOLET PROPERTIES OF COTTON ... 3451

PR e uadd) dadl (e Aglaall g LS daglial dyiladl) L5adY) al g3 (s
Loy gal) Aadi g (g 31811 g3 daaaSY 7z 94 3ad) )

2opaly daa At Tolaie g g ) JlaS Jlia

e — 5l - gl sl Syl - dadl) e licall & gagy Al

o raa - shasll and - o slal) A0S - 5y 8 5] daala 2

Ui sl g At Agmda 3l 5aS Ly gall (3150 alivivnny Aiapall dihadl) L2a8Y) dallan o5 il 3
o) e el Andl e A8 5 5 by ySaall aliae G 53 e pailad slaaY

3sas o sl Ao 7Y 5 7Y S50 daaiie JS5 ZNONP 5 TIOYNP alasiuly 10691 dalles &
A A laall 25 Al 5 s JalaS Gl gal) i€ 53 S by mes

dsan g s IV semall alafinly CalISU dm 51 g8 ) sall €l il A1y OISR (e Aadlnal) S il o
(UPF) dniial) (35 4a2Y) ale 5 ¢ & p2iall s ¢ 28l 385 ¢ (SEM & EDX) dsiaaal) iYL o5 5y
- Aalleal) 23 el s Saall sliaall Jaliall 4 gaal) Jal sl ) ddla¥l

Egypt. J. Chem. 63, No. 9 (2020)



