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Abstract

- Name: Adel Elsayed Farrag.
- Title: Synthesis of nanometric novel metal based surfactants and

evaluation of their biocidal activity

By nanoparticles coating on any material surface, mechanical, physical and chemical
properties of this material can be modified, leading to creation of unique and new
functions. For example, antibacterial, self-cleaning, hydrophobic properties and UV
protection of some kinds of material substrates can be achieved through coating a
substrate with thin layer of nanopatrticles, e.g. ZnO or TiO, nanoparticles. This thesis aims
to the synthesis and characterization of nanosized zinc oxide particles of different
concentrations and various sizes that have highly active surface and provide substrate
with added functionality such as antibacterial, hydrophobicity and self-cleaning properties.
In the application field the durability of the coating agent is very important factor depends
on the affinity of the coating agent or, in the case of polymer coatings, on how well the
polymers can bind with the substrate surface. Theoretically, the chemical bond between
the coating agent and the substrate surface is the best way to achieve durability.

In the present study, sol-gel based inorganic-organic hybrid polymers were modified/filled
with ZnO nanoparticles and were applied to cellulosic cotton (100%) as the substrate
surface. These modified inorganic-organic hybrid polymers were based on 3-
glycidyloxypropyltrimethoxysilane (GPTMS) which containing an epoxide ring.

ZnO nanopatrticles sol has long stability for further processing. Complete coating
ZnO/GPTMS sols prepared in this work were stable for several hours which is also
sufficient for an industrial application. The most important results are:

e The antibacterial performance of these sol-gel derived hybrid materials was
investigated against Gram-negative bacterium Escherichia coli DSMZ 498 and
Gram-positive Micrococcus lutues ATCC 9341. The effect of particle size and
concentration on the antibacterial performance is examined. Bacteriological tests
such as Zone of inhibition test, AATTC Test Method 100-200 and
Tetrazolium/formazan test (TTC) were performed in nutrient agar media on solid
agar plates and in liquid broth systems using different concentrations and different
particle size of ZnO nanoparticles. In this part of thesis a lot of experiments were

carried out to be able to understand the ZnO nanopatrticle action as antibacterial
iv



agent. This study showed the enhanced antibacterial activity of different
concentration and different particle sizes of ZnO nanoparticles against a Gram-
negative bacterium and a Gram-—positive Micrococcus lutues in repeated
experiments. This demonstrated that the antibacterial activity of ZnO nanopatrticles
increases with increasing the concentration of ZnO nanoparticles and also with
decreasing the particle size of ZnO nanopatrticles.

Hydrophilic cellulosic fabrics pretreated with ZnO-containing hybrid polymers
surfactants were made superhydrophobic after surface hydrophobization with
stearic acid. Drop penetration time (TEGEWA test) and contact angle for cotton
fabrics before and after treatment with stearic acid as hydrophobic additive were
examined. For the cellulosic fabrics treated with stearic acid only, the water contact
angle on the fabric surface remained lower than 50° treatment with ZnO
nanoparticle only did not change the hydrophilic surface of cellulosic fabrics used.
However, for the fabrics treated with both inorganic-organic hybrid polymers
(GPTMS) filled with ZnO nanoparticle and stearic acid, a contact angle higher than
150° can be obtained.

Photocatalytic degradation of methylene blue by different ZnO nanoparticles
concentrations was also studied. Self-cleaning properties of different ZnO
concentrations/GPTMS coated fabrics was also investigated. Photocatalytic activity
of ZnO nanoparticles was evaluated in normal laboratory environment, under dark
condition and after UV-irradiation.

Photocatalytic activity of fabrics coated with different ZnO concentrations within the
coating layer was evaluated.

The effectiveness of the novel coating as UV-protection was determined by UV-Vis
spectroscopy and by evaluation of the ultraviolet protection factor (UPF). The
influences of the coating for some general textile properties e.g. tensile strength,
elongation, air permeability, and degree of whiteness, wear-resistance, stiffness as

well as the durability of the treatments were investigated.

The use of hybrid polymers modified with the nanometric novel ZnO is working as

polymeric surfactant and is therefore a promising approach for the development of the

biocidal activity. The inorganic UV-absorber ZnO is highly stable against degradation and

it is non-toxic. Literature discusses various (active) species and processes responsible for

the antibacterial action of ZnO. Therefore a particular attention is paid to investigate the

Vv



possible interaction between the nanoparticles and bacteria. The sol-gel approach used
here for the preparation of the coating polymeric surfactant materials guarantees a simple
processing easily transferred to textile industry as an application example for testing this
biocid nanometric ZnO metal. Furthermore the principles of sol-gel technique allow
combining additional properties in a single coating material e.g. abrastion resistance,

antibacterial activity, hydrophobic and even self-cleaning properties.

Key Words:

Biocides- ZnO nanoparticles- cellulosic fabrics- self cleaning-photocatalytic- UV protection

Nanotechnology-sol gel technique.

Vi



Contents

(0] 0] (=] 0 £ 7SR Vil
Lo INEFOAUCTION o 1
I I = T T ] =Tod o o] [0 |V RPN 1
1.2. Nanotechnology ApPlICAtIONS: ..........cooiiiiiiiiiiiiee e 2
R0 B U AV ] (0] (= 1o ] PPN 2
1.2.2. Antibacterial acCtiVity............uuuuiiiiii e 5
1.2.3. Water rePellent .......cooueeiiiiie e 7
1.2.4. PhOtOCALAlYLIC ACHIVILY ......vvveiiiiiiiiiiiiiiiiiiitie e 9
Yz ST \\F= g (o B To | o T- 111 T - F RPN 12

1.3. POlyMErC SUMACANTS: ......cce e e e 13
1.3.1. PhenoliC POIYMEIS .....oue e 13
1.3.2. Alkyd and related POIYMENS ..........uuuiiiiiiiiiiiiiiiiiiie e 14

1.3. 3. VINY| tyPe POIYMEIS ...t 14
1.3.4. Alkylene oxides DIOCK COPOIYMErS..........uuuuiiiiiiiiiiiiiiiiiiiiiiiiieeees 14

1.4, LILErature OVEIVIEW......cceiiiiiiiiieieie ettt ettt e e e e e e e e e e 15
I I VAV YA AN = T o o PP 15
1.4.2. Production MEthOAS .......ooeiiiiiiiiie e 16
1.4.3. BOtOM-UP QPPIOACHES ......uuiiiiiiiiiiiiiiiiiiiiitittbebbe bbb eeeneeeenneees 17
I Yo | Eo [ I o] (0T o= 18
1.5.3. Introduction to the status of research about ZnO ... 20
1.5.4. GPTMS (3-Glycidoxypropyl)trimethoxysilane ..............cccccuvvieiiiiiiiiiiniinnnnns 22

2. EXperimental Part ... 24
2. 1. Chemicals and MAaterialS............uuuuuuruueriiiiiiiiiiiiiiiiiieiiieeieeeeeeeeeereeeaeeeeeeeeeeeaeanne 24
2. 1.1, TeXtle fAaDIICS ... e e eeeees 24

pZ A O =1 ] 0= USSR 24

P O T I =T o ] 0 =1 £ o PN 25

2. 1.4. Preparation of MiCroOrganiSMS. ..........uuiiiiieeieeiieiiiiiee e e e e ee e e e e e e eeeeans 25

2.2. Preparation MethodS. .......coooiiiiiiii e 26

vii



2.2.1. Preparation of ZnO NanopartiCleS..............uuuuuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieeeinneens 26

2.2.2. Preparation of GPTMS-S0I ..........uuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieieeeeees 28
2.2.3. Preparation and application of GPTMS-ZNO-SO0l ..........cccovvvviiiiiiiiieeeeenienns 29
2.2.4. Stearic acid modification of fabrics coated GPTMS-ZnO composites ....... 31
2.2.5. Antibacterial properties StUAY ..............uuuuummiiiiiiiiiiiiiiiiiiie 32
2.2.6. Wettability MeasUrEmMENTS ..........uuuuuuuiiiiiiiiiiiiiiiiiiiiiiiiieeei e 35
2.2.7. Photocatalytic activity of dyestuff degradation...............ccccvvvviiiiiieienennnnns 35
2.2.8. Further investigation methods/textile parameter..........c.ccooeevvviiiieiiiiiineennn, 37

3. ReSUItS and ISCUSSION ..cciiiiiiiiiiieee e e e e e e e e e e e e e e e eeeeees 41
3.1. ZnO nanoparticles preparation and iNVestigation .................cccuvveeeeeeeeneennnnnn. 41
3.1.1. ZnO nanoparticles for textile coating ..............uuveiiiieeeiiiieiiiiie e, 41
3.1.2. ATR-FTIR-SpectroscopiC analysSis ........ccccoeeviiriiiiiiiiiiii e 52
3.1.3. SEM INVESHGALION ... 53

3.2. ZnO nanoparticles as antibacterial coat for textile............ccccvvvvvviiiiiiieeeennnnns 58
3.2.1. Evaluation of ZnO-nano coated fabrics for antibacterial activity ............. 59
3.2.2. ZnO sol labeled With FITC ... 66

3.3. Superhydrophobic cellulosic fabrics prepared by sol-gel coating of ZnO ...... 73

G T Tt S o =Y TSRS 73
3.3.2. Surface topography of cellulosic fabrics ..........ccccoovviiiiiiiiiiiii s 75
3.3.3.  HydrophobiC COatiNgS ......ccoviiiiiiiie e 77
3.3.4. NON-WEeLtING COALINGS ...cco oo 79
3.3.5. SEM INVESHQALION ....cooeieeeeeeeeeeeeeee e 80

3.4. Photocatalytic activity of ZnO nanoparticles. ............ccoooeeeeeiiiiiiiiiiiiiee e, 81
3.4.1. Photocatalytic degradation of methylene blue by of ZnO nanoparticles . 81
3.4.2. Photocatalytic activity of ZnO nanoparticles coated fabrics..................... 86

3.5.  ZnO nanoparticles as UV-protection finish for textile..............cccccvuvieviininnnnns 88
3.5.1. Effect of ZnO-sol on the performance properties of the fabrics............... 92

SO0 o ox 1V ] Lo o SRR 96
5. APPENAIX ettt 99
TN Y o] o] =3/ = (o] £ 99
B.  REIEIBNCES .. e 100

viii



Figure 1:

Figure 2:
Figure 3:

Figure 4:
Figure 5:
Figure 6:

List of Figures

Two basic approaches to nanoparticles production: top-down (from lifte to right), and bottom-
UP (From right 10 TIfEE) .eeveeiii e e e e e e e e s e e e e e e s e annnrees 1
Radiation in contact with textile SUMaCe ...........oieeiiiiiiiii e 4

Schematic diagram comparing the actions of a man-made photocatalyst

(Nano-TiO,) with a natural one (chlorophyll). ... ees 10
schematic illustration of photocatalysis MechaniSm ...........cccccoviiiiiiie e 11
Some possibilities of substrate functionalisation by modified nanosol.............................. 12

schematic illustration of the relation between the particle size and the corresponding specific

SUITACE @IA.....eeiurei ittt ettt ettt s et b e e s st e s R e e ss e e ean e e b e e e sare e e nnn e e nnre e 16
Figure 7: Production of nanoparticles using top-down method.......................oiiiii i 16
Figure 8: Production of nanoparticle using bottom-up method......................... 17
Figure 9: Sol-gel tEChNIQUE. ........i i e 18
Figure 10: DLS instrument used for measuring ZnO particle SIZES........ccccccvvveeiiiiciiieeee e 28
Figure 11: Chemical structure of the GPTIMS ......ooiiiiii e e 28
Figure 12: Hydrolysis process of the GPTMS POIYMET .. .......iuuieniiie et 29
Figure 13: Inorganic-organic hybrid polymer modified with ZnO sol.................cooiiiiiii, 29
Figure 14: Pad-dry-cure Method. . ... ..o e 31
Figure 15: Mechanism of the tetrazolium/formazan SYSIEM ... 34
Figure 16: Chemical structure of methylen blue (MB).........cccuiiiiiii e 36
Figure 17: Photochemical reactor (Model RPR-100). ........ccoiuiiiiiiee et e et e e e s sinvnn e e e e 37
Figure 18: Unit structure of cationic and anionic polyelectrolyte ...........cccccoviiieiiiiiiieniiee e 38

Figure 19:

Image of ZnO nanoparticle of different concentrations taken certain weeks after synthesis 42

Figure 20: DLS measurements of different ZnO nanoparticle concentrations........... Error! Bookmark not
defined.
Figure 21: DLS measurements of different ZnO PartiCle SIZES .........ooiiiiiiiiiiiiiiiii e a7

Figure 22: Stability of different ZnO /GPTMS sols according to turbidimetric measurements

(NTU...Normal-Turbidity-Unit). ........ccoiiiiiiiiiiee e e e e s e e e e e e e 49
Figure 23: Assumed structure of fabric-finished with ZNO/GPTMS SOL.......ccccooiiiiiiiiiiieiee e 51
Figure 24: ATR-FTIR- Spectroscopy for blank and coated cotton fabrics................cooviiiiinnn. 52

Figure 25: SEM micrographs of (1) cotton fabrics treated with different ZnO nanopatrticle

[oTo] o1 =T a1 1 -1 1[0]  F- TR 55

Figure 26: SEM micrographs of: (1) cotton fabrics and treated with different ZnO particle

Figure 27: The disc diffusion test of different concentrations of ZnO nanoparticles for the growth

inhibition. (a) M.lutues and (b) E.COli.. .......coiiiiiiii e 60

Figure 28: The disc diffusion test of different ZnO particle sizes for the growth inhibition of: (a) M.lutues

= o (o) = oo 61
iX



Figure 29: Reduction rate of the cotton 100% fabric treated with ZnO (10%, 30 nm) in GPTMS sol

AgAINSt E.COlI & MLIUTUES .....ceiiiiiii e 63
Figure 30: Reduction rate of the cotton fabric treated with different particle sizes of ZnO-sol............. 64
Figure 31: the change of formazan COIOU. ... ..o 65

Figure 32: Absorbance of formazan for cotton 100% fabrics coated with different ZnO nanoparticle

concentrations iN GPTIMS-S0L. .. ...t 66
Figure 33: Cell imaging with FITC-ZNO NANOPAITICIES ........ccvviiiieiee e e e e e e 69
Figure 34: SEM micrographs ZNO and M.IULUES. ........coeieeiiiiiiiiie e e e e e ann e e e e 71
Figure 35: SEM micrographs ZnO With E.COli. .........cooiiiiiiiiiiiii e 72

Figure 36: Schematic diagram of ZnO in GPTMS-sol preparation and coating process to get
hydrophobic cellulosiC fabric SUIMACE. ..........oociiiiiiii e 74

Figure 37: SEM micrographs of: (a) blank cotton fabric, (b) cotton fabric treated with ZnO/GPTMS
(31nm) and stearic acid, (c) cotton fabric treated with ZnO/GPTMS (650 nm) and stearic

= Tod [0 BT TRT PRI 76
Figure 38: Results of a Martindale test investigating the durable non-wetting coating of the treated after
20.000 SCrubbiNg CYCIES. ..ccee e e e e 79

Figure 39: SEM micrographs of: (a) cotton fabric treated with GPTMS-ZnO (10%-30 nm)-stearic acid
before Martindale test, and (b) cotton fabric treated with GPTMS-ZnO (10%-30 nm)-stearic
acid after 20.000 SCrUDDING CYCIES. ....coiiiiiiiiiiiiiie e 80
Figure 40: Discoloration efficiency of different concentrations of ZnO nanoparticles under different
(oTo] Lo 111 o] = J OO PP PP PPPPP PP 82
Figure 41: UV-Vis absorption spectra of decolourization of methylen blue (20 mg/l) by different
concentrations of ZNO (30NM) NANOPATTICIES ......cccoiiiiiiiiiii e 83
Figure 42: UV-Vis spectra of photocatalytic decolourization of MB dye by using different concentrations

of ZnO nanopatrticles (0,1, 0,5 and 1 g/l) after 1h in (a) normal laboratory environment, and

(0] 1 L= 11 - PP PU PP PPP PR 84
Figure 43: Decolorization of MB dye on cotton fabric SUMace...........ccoocvvieiiiiiiiiii e 87
Figure 44: UPF value of Cotton and CO/PET substrates treated with different conditions. .................. 90

Figure 45: Results of a Martindale test investigating the wear resistance of the ZnO in GPTMS-sol

(10%) treated samples after 20.000 scrubbing CyCles ..........cccvviveeiiiiiiic e 94

Figure 46: SEM of a Martindale test investigating the wear resistance of the ZnO in GPTMS-sol (10%)

treated samples after 20.000 scrubbing cycles compared to the untreated sample......................... 95



List of Tables

Table 1: Spectrum Of the SUN TGNt .........eii e 3
Table 2: Preparation of higher ZnO nanoparticle CONCENLratioNS...........ccovvviiiiiiiee e 27
Table 3: Percentage of ZnO in GPTMS to get different ZnO concentrations ...........c.ccceveevvieeeeinieeeeenen 30
Table 4: Specifications of the textiles used for all the experiments. ........c.cccoo i 24
Table 5: Preparation and characterization of higher ZnO nanoparticle concentrations ......................... 42
Table6: Zno nanoparticles prepared in different SOIVENTS.........cccoiiiiiiiiiiie e 47
Table 7: ZnO nanopatrticle content on fabric treated with different ZnO concentrations ........................ 50

Table 8: Drop penetration time (TEGEWA test) and contact angle for cellulosic fabrics befor and after
treatment with stearic acid as hydrophobic additive [after 2 washing cycles]......................... 78
Table 9: Effect of increasing the concentration of ZnO-sol on the UV-protection properties of cotton and
cotton blend fabric samples after treatment. ...........coveiiiiiiii e 89
Table 10: Effect of increasing the concentration of ZnO-sol on the UV-protection properties of cotton
and cotton blend fabric samples after treatment and 5 laundering cycles. ............cccccceieeens 91
Table 11: Effect of increasing the concentration of ZnO—sol on some performance properties of cotton

and cotton blend fabric SAMPIES. ........cooiiiiiiiiiie e 93

Xi



Introduction

Chapter 1

1.Introduction

1.1. Nanotechnology

Nanotechnology is an emerging area that involves the design, characterisation,
production and application of structures, devices and systems by controlling shape
and size at the nanoscale. Also fundamental understanding of physical properties
and phenomena.

Nanotechnology is an innovative tool of fabricating materials smaller than 100
nanometers (one nanometer = 10° meter) *. There are different approaches for
classification of nanomaterials such as dimension (1, 2 or 3 dimensions < 100 nm),
phase composition (single phase, multi-phase solids or systems) as well as
manufacturing process (gas phase or liquid phase reaction and mechanical
procedures) *3 4.

The main classes of nanoscale structures are: nanoparticles, e.g. nano metal oxides,
nano wire or tubes e.g. carbon nano tubes, nano layers, and nanopores, e.g.

aerogel. Both the top-down and bottom-up processes can be used for manufacturing

nanostructures, as shown in Figure 1.

Atoms or
Molecules

Bulk Particles

Figure 1: Two basic approaches to nanoparticles production: top-down (from left to

right), and bottom-up (from right to lifte) °
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Inorganic-based nano-structured materials can be categorized in two main groups
namely: i) inorganic nanoparticles and their nanocomposites, e.g. TiO2, Al,O3, ZnO,
Ag, Cu nanoparticles, carbon nano tubes, nano layer clay and their nano composites
and ii) inorganic nano-structured loaded organic carriers, e.g. cyclodextrin loaded
with or nano- and micro- capsules having inorganic nanoparticles °.

Recently, nanotechnology has become one of the most important emerging
technologies in the textile industry for many reasons such as: more effective, less
water/energy/chemicals consumption and cost, less changes to physico-mechanical
properties of the treated textiles, better quality, functionality and durability of

important properties, and the most important is less environmental impacts *.
1.2. Nanotechnology Applications:

As the use of high performance materials and the increasing concern over
environmental and ecological issues have grown, the urgent need for innovative
technologies, e.g. nanotechnology, to impart the demanded functional properties and
to cope with the need for revolutionary material products to face the great challenges
in the global market without adversely affecting the environment has grown
accordingly.

The imparted functional properties of the products are determined by: type of
substrate, coating formulation, coating technique, available equipments, and
performance requirements as well as economical and ecological aspects.

The wave of nanotechnology has shown a great potential in textile coating to
improve existing substrate performances as well as to develop and impart
extraordinary functions such as antimicrobial, UV protection properties, oil and water
repellency, maintaining fabric breathability, flam-retardant functionality and self

cleaning properties *

1.2.1. UV protection

Over exposure to UV radiation (Table 1), especially UV-B (280-320 nm) can cause

premature ageing and sunburn of the skin as well as degradation of textile

materials ’. Therefore there is a great demand for the UV-protection substrate

materials. The enhancement in UV-protection functionality depends on nature of

textile fibres, fabric construction, dyeing and coating conditions, using of certain
2
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additives such as UV-absorbers and brightening agents, as well as laundering
conditions of the garments 8. Reducing the exposure time to UV-radiation along with
using protective clothes with high UPF (ultraviolet protection factor) values in
addition to sunscreens are the main options of protection °.

Table 1 shows the characteristics of solar radiation striking the earth’s surface.

Table 1: Spectrum of the sun light

Spectrum of .
. Wave length range Fraction of the 2
the Sunlight [nm total energy [%] Energy [Watt/m~?]
UV-A 320-400 3.9 44
uv-B 280-320 0.4 4
UVv-C 200-280 0 -
visible light 400-800 51.8 580
infrared 800-3000 43.9 492

Nano-structured materials based on ZnO-nanoparticles (having some advantages
such as lower cost, white appearance, UV-blocking property and not harmful) can be
used to impart outstanding UV-blocking property to the finished textiles *°.

When straight light falls onto a textile, part of the radiation is reflected, the material

absorbs another part and the remainder transmitted through it as shown in Figure 2.
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Incident radiation

Reflected radiation

Absorbed radiation Fabric

Transmitted radiation

Figure 2: Radiation irradiating a textile surface

1.2.1.1. Evaluation of UV protection

UPF is the abbreviation of the ultraviolet protection factor. It indicates how much
longer a person wearing the textile can stay in the sun before the start of skin
reddening occurs compared to an unprotected person 3. UPF has been adopted to

create awareness among the end users of the negative impacts and effects of UV-

radiation. The UV protection factor is determined by using the following equation** 2,

400 nm
S Ey S, A
UPF = A =280 nm

400 nm 5
S E,S, T, A

A =280 nm
where:

E(2) = the solar irradiance [W m? nm™],
S(2) = the erythema action spectrum,describing the harmfulness of the different

wavelengths,



