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Abstract 

Traditional indigo dyeing processes use various chemicals. Due to the increased awareness of environmental 

aspects, the interest in eco-friendly processing has become a priority. Regarding the indigo dyeing process, in this study, the 

traditional reduction process will be carried out without the environmentally unfavorable sodium dithionite which will be 

replaced with the determinant role of ultra-sonication in the miniaturization of indigo dye particle size. The research presented 

herein is a continuity of our interest to adopt synthesis, characterization, and applications of radically new nano-colorants. The 

synthesis involves nano-processing of a quaternary mixture consisting of Indigo Blue Vat dye/Natural clay (Montmorillonite 

MMT(K10)/Chitosan/Metal or Metal oxide Nanoparticles. Nano-colorants obtained acquire unique properties and sound 

performance. Further information concerning the contribution of other factors on properties, performance, and sustainability is 

the major target of current work. Role of sonication during nano-processing of the composite of the nano-colorant 

components, the importance of the number of nanometal particles in the synthesis, and sequence of addition of the nanometal 

particles. This and another potential of the research create the hope for inner nano-pigment. 

Keywords: new hybrid nanocomposite, indigo blue vat dye, montmorillonite (MMT), pigment, binder, and various fabrics 

 

1. Introduction 

In the textile industry, nanotechnology has brought 

a revolution as it plays an important role in the gar-

ment production process such as water repellent, [1-

4] flame retardant, [5-9] insect and animal repellent, 

[10-12] antibacterial, [8, 13-17] pH-temperature 

thermosensitive [13, 18, 19] thermoregulating textile, 

[20-22] self cleainning fabrics, [23] ultravielot pro-

tection, [24, 25] and improving dyeing properties. 

[26-30] 

Much effort towards processing and properties of 

new nano-colorants through intercalation /exfoliation 

of natural clay (known as montmorillonite MMT) 

into an aqueous dispersion of Indigo Blue vat dye 

was recently devoted. [31-33] Emphasis was placed 

on ultrafine nanoparticles formed under the effect of 

ultrasound technology (i.e. sonication) on Indigo 

Blue Vat dye in admixture with the clay. The for-

mation of Indigo Blue Vat dye/ Clay hybrid nano-

composite under different formulations and condi-

tions were studied to achieve the best practice for 

optimization of the synthesis of the new colorant 

based on Indigo Blue Vat dye/clay hybrid nanocom-

posite. Also, our previous research confirms the in-

teraction of the Indigo Blue vat dye with the natural 

clay MMT under the influence of sonication to yield 

nano-colorants which were successfully used in the 

printing of various fabrics irrespective of their origin: 

whether belonging to an animal, vegetable, other nat-

ural fibers or synthetic fibers. 

As a continuity, fabrication of radically new col-

orants based on Indigo Blue Vat dye/polymer/layered 
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silicate intercalated nanocomposites induced cotton 

prints with Batik and denim effects were thoroughly 

investigated. Best practice (formulation/conditions) 

for processing of new hybrid nanocomposite as new 

colorant was established. Synthesis of the new color-

ants is based on intercalation of the silicate layered 

nanocomposite (SLNC) which is a natural clay 

known as montmorillonite (MMT-K10) in Indigo 

Blue vat dye dispersion. Further development of the 

new colorant through the involvement of polymeric 

materials in the Indigo Vat dye /MMT (K10) formu-

lation was also performed. Polymers used included 

low and high molecular weight chitosan, and in situ 

formed polyacrylamide. Citric acid was used in the 

fabrication formulation of the new hybrid nanocom-

posite colorants in the presence and absence of chi-

tosan. 

The prepared new colorants were applied in cotton 

printing. New colorants obtained by such synthesis 

were characterized and analyzed using Transmission 

Electron Microscope (TEM) and Scannibig Electron 

Micrscope (SEM). The antibacterial activity of cotton 

fabrics printed using the newly synthesized nano-

colorants was reported. Also reported was the anti-

bacterial ability of these ultrafine colorants to pro-

duce prints on cotton textiles. These prints were 

uniquely characterized by Batik and Denim effects. 

Reasons for the formation of these effects were re-

ported. Furthermore, the fastness properties of the 

printed fabrics obtained thereof were examined. [31-

33] 

The present work is undertaken to fabricating mul-

tifunctional smart nano-pigments for simultaneous 

printing and antibacterial finishing of cotton fabrics. 

Based on our research and experience in the field 

concerned, these smart nano-pigments are established 

by sonication of quaternary mixtures consisting of 

Indigo Blue Vat dye/natural clay: MMT- 

K10/chitosan /nano metallic particles. 

Synthesis and application of the new nano-

colorant in concomitant with printing are exercised as 

per two approaches. The first approach involves soni-

cation of the dye, the MMT –K10, and chitosan mix-

ture to yield nanocomposite to which the nanometals 

are added. The as-a prepared new colorant is included 

in the printing paste. The second approach comprises 

the following steps :1) padding the cotton fabrics 

with the suspension (dispersion) of the metal nano-

particles, 2) submitting the dye/MMT-K10/chitosan 

mixture to sonication to yield the new colorant, and 

3) printing the padded cotton fabric with the so ob-

tained colorant. 

Testing, analysis, characterization, and applica-

tions of the mixtures before and after sonication are 

examined. Also examined are the properties of cotton 

fabrics before and after being submitted to treatments 

with the smart nano-pigments.  

Then, the utmost concern of current work to syn-

thesize multifunctional smart nano pigment from 

simultaneous printing and antibacterial finishing of 

cotton textiles. [11, 18, 34-39] The work stems from 

our research and, indeed, is based strongly on previ-

ous research and practices published elsewhere. [40] 

The aforementioned background, which, indeed, re-

fers strongly to emerging smart and sustainable nano 

pigments. These nano-pigments attain final formation 

by sonication of quaternary mixtures consisting of 

Indigo Blue vat dye/natural clay (MMT 

K10)/chitosan /Nanometallic particles. [41] Needless 

to say, that the new colorant still needs to be under-

stood through investigation targets such as sonication 

of various particle size, shape, and other characteris-

tics and addition of nano metallic oxides as well as 

the sequence of addition of these nano metallic parti-

cles. It is anticipated that the results of the present 

work will add to our understanding concerning these 

new colorants. 

 

2. Experimental 

2.1. Materials and reagents 

Mill desized, scoured, bleached, and mercerized 

cotton fabrics (100 g/m2), were supplied by Misr 

Company for Spinning and Weaving, Mahalla El – 

Kubra, Egypt. 

High viscosity sodium alginate from brown algae, 

manufactured by Fluka Chemical Company, was 

used as a thickening agent, for printing. Chitosan of 

low molecular weight (100000 – 300000), manufac-

tured by ACROS Organics was used. Commercial 

Indigo Blue Vat dye was kindly supplied by Dystar 

under the commercial name: Vat Blue 40 % solution 

and trade name INDIGO (ACua, Fran, ICI). Montmo-

rillonite (MMT - K10, Molecular Formula: 

H2Al2(SiO3)4.n H2O) manufactured by ACROS 

Organics was used. Commercial Binder, namely, 

EBCA PRINT TB manufactured by Egyptian British 

Company was used. 

Potassium carbonate, sodium hydroxide, sodium 

chloride, L. Histidine monohydrochloride monohy-

drate, sodium dihydrogen orthophosphate, and diso-

dium hydrogen orthophosphate were laboratory-grade 

chemicals. 
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Zinc oxide (ZnONPs), Copper oxide (CuONPs), 

and Titanium dioxide (TiO2NPs) nano-powders were 

manufactured by SIGMA ALDRICH with an average 

particle size of 67, < 50, and 21 nm respectively. Sil-

ver nanoparticles (AgNPs) were prepared in the la-

boratory according to a reported method. [32] 

 

2.2. Methods 

2.2.1. Synthesis of silver nanoparticles 

The citrate reduction is one of the simplest and 

most common methods to synthesize noble metal 

nanoparticles. The Citrate plays several roles in the 

generation of AgNPs as a reducing and stabilizing 

agent. The Citrate acts as strongly co-ordinate with 

Ag+ to form white complex Ag+ - citrate. At high 

temperatures, the citrate complex acts as a reducing 

agent to generate AgNPs. Therefore, the synthesis of 

AgNPs occurred as follow: 10 ml of trisodium citrate 

(1%) was equipped in a conical flask then, 100 ml 

silver nitrate (AgNO3) with 200 ppm Ag and 10 ml 

polyvinylpyrrolidone (0.1 %) was stirred together for 

45 min at 90C. Then AgNPs were prepared for use. 

 

2.2.2. Preparation of Innovative Nanocolorant Based 

on Indigo Blue Vat ­ MMT K10 ­ Chitosan using 

Ultrasonic Processor 

Indigo blue Vat dye together with MMT K10 was 

converted to nano-sized particles by making use of 

the Ultrasonic stirrer as follows. 5 g of the Indigo 

blue Vat dye aggregates were mixed with 5 g MMT 

K10 and 5 g chitosan (low molecular weight) in 100 

ml water. The so obtained well-mixed Indigo Vat dye 

­ MMT K10 dispersion was set to a motion under the 

effect of Ultrasonic radiation for (60 min.) at 80 C. 

fabrics sample was submitted to printing using the 

prepared printing pastes. After printing and drying 

the samples were subjected to thermo-fixation at 

160 C for 3 min. At this end, the samples were thor-

oughly washed, dried, and monitored for further 

analysis. 

The Ultrasonic Processor used in this work is 

(SONICS&MATERIALS, INC), Model: VCX750, 

Volts: 230VAC 50/60 HZNOM, U.S.A), (The Probe 

is tuned to resonate at a specific frequency, 20 kHz + 

100 HZ).  

 

2.2.3. Ultrasound Technology Induced 

Miniaturization of Indigo Vat Dye/Montmorillonite 

Synthesis and application of the new nano-

colorant in concomitant with printing were exercised 

as per two approaches. 

Mixing the Indigo Blue Vat dye, MMT –K10, chi-

tosan, and nanoparticles. This was followed by soni-

cation then incorporating the as-prepared new color-

ant in the printing paste. [33] 

The first approach involves sonication of the dye, 

the MMT–K10, and chitosan mixture to yield nano-

composite to which the nanometals were added. The 

as-prepared new colorant was included in the printing 

paste. The second approach comprises the following 

steps: 1) padding the cotton fabrics with the suspen-

sion (dispersion) of the metal nanoparticles, 2) sub-

mitting the dye/MMT-K10/chitosan mixture to soni-

cation to yield the colorant, and 3) printing the pad-

ded cotton fabric with the so obtained colorant. 

 

2.2.4. Preparation of Innovative nano colorant based 

on Indigo Blue Vat ­ MMT K10 ­ chitosan using 

Ultrasonic Processor and adding either of the 

nanoparticles in the printing paste 

5 g of Vat dye, 5 g MMT(K10) were mixed well 

with 5 g chitosan (low molecular weight) then added 

to 100 ml distilled water. Thus, the obtained mixture 

was miniaturized using the Ultrasonic Processor for 

60 minutes at 80 C. then 2 g of either nano metal 

oxides (ZnONPs, CuONPs, or TiO2NPs) or 20 ml of 

AgNPs was added to the printing paste (the metal 

oxides did not subject to sonication). 

 

2.2.5. Printing of nanoparticles pretreated fabrics 

with new colorant after being subjected to 

miniaturization through sonication 

Cotton samples were subjected to padding in solu-

tions containing 2 g of either nanometals oxides 

(ZnO, CuO, or TiO2) or 20 ml AgNPs and a 5g bind-

er in 100 ml water. The padded samples were printed 

with printing pastes containing MMT-K10 (5 g/100 

ml water) mixed with 5 g Indigo Vat dye and 5 g 

chitosan (low molecular weight) in 100 ml water. The 

dye /MMT-K10/chitosan was submitted to an ultra-

sonic Processor for 60 min at ca 80 C. 

 

2.2.6. Preparation of printing paste 

Printing pastes were prepared to contain the recipe 

tabulated below:  

Colorant *    20g 

Urea     2.5g 

Thickener (sodium alginate; 2.5 %)  50 g 

Binder (EBCA Print TB; 5 g/100 ml water) 5 g 

Sodium dihydrogen phosphate dehydrates 0.5g 

Distilled water    X 

Total     100g 

* Colorants used to represent those hybrid nano-
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composite innovative pigments which were fabricat-

ed according to the following formulations: 5 g Indi-

go Blue Vat dye/5 g MMT-K10/5 g chitosan in 100 

ml water, before and after being subjected to minia-

turization via stirring in the ultrasonic processor for 

60 min. at 80C was used in the preparation of the 

printing paste. Therefore, 20 gm were taken from 

each of the prepared colorants in 100 ml of water. 

ZnONPs, TiO2NPs, or CuONPs were added in the 

first approach. 

 

2.2.7. Printing technique 

All the printing pastes were applied to cotton fab-

ric according to the conventional screen-printing 

method. Prints were then subjected to thermofixation 

at 160oC for 3 minutes. 

 

2.2.8. Washing 

Washing of the printed samples was carried out as 

per five steps: i) rinsing thoroughly with cold water, 

ii) rinsing with hot water, iii) soaping at a tempera-

ture of 95 C with a solution containing 2 g/l non-

ionic detergents, iv) washing with hot water, and v) 

rinsing with cold water. Finally, the samples were 

dried and assessed for color strength (K/S) and over-

all colorfastness properties. 

 

2.3. Analysis 

2.3.1. Scanning electron microscopy. 

The morphology was observed by use the scan-

ning electron microscope (SEM) type Quanta 200. 

 

2.3.2. Transmission Electronic Microscopy (TEM). (4) 

Specimens for TEM measurements were prepared 

by dissolving a drop of colloid solution on a 400 

mesh copper grid coated by an amorphous carbon 

film and evaporating the solvent in the air at room 

temperature. The average diameter of the new nano 

colorant was determined from the diameter of 100 

nanoparticles found in several arbitrarily chosen areas 

in enlarged microphotographs. Particle shape, size, 

and size distribution of material particles under inves-

tigation were monitored using a JEOLJEM 1200. 

 

2.3.3. Microbiological tests 

Most microorganisms used were ATCC registered 

strains except Bacillus cereus that was a local isolate 

obtained from Agricultural, Microbiology Depart-

ment, National Research Centre; Egypt. The used 

microorganisms included test microorganisms: Strep-

tococcus Pyogenes (19615), Escherichia Coli 

(25922), and Bacillus Cereus. 

All sample pieces were sterilized by placing them 

under UV before the microbiological tests. The mi-

crobiological susceptibility tests were done by agar 

diffusion qualitative method using Mueller Hinton for 

testing bacteria and potatoes dextrose agar for testing 

fungi. The microbiological strains were grown in 

appropriate liquid media (up to count 106 CFU/ ml) 

then spread and on the last-mentioned solid media 

used. Susceptibility test microorganisms were deter-

mined after 24 h by measuring the axial (crude sam-

ple piece ax was about 13 mm) zone of inhibition 

around each sample piece embedded on the inoculat-

ed agar surface at 30 ⁰C to the nearest mm. 

 

2.3.4. Colour strength measurements 

The color strength and whiteness degrees of the 

printed samples were evaluated by Hunter Lab Ultra 

Scan PRO. [42-46] 

 

2.3.5. Fastness properties  

The colorfastness to washing was determined ac-

cording to the AATCC Test method 61- 1993 using 

Laudner-Ometer. [47] Evaluation of the wash fast-

ness was established using the Gray Scale reference 

for color change. The colorfastness to crocking (dry 

and wet) was determined according to the AATCC 

test method 8 - 1993. [48] This test is designated for 

determining the degree of color which may be trans-

ferred from the surface of the colored fabric to anoth-

er surface by rubbing. The colorfastness to perspira-

tion (acidic and alkaline) was determined according 

to the AATCC test method 15-2002. Two artificial 

perspiration solutions were prepared as follows: [49] 

The effect on the color of the test specimens was ex-

pressed and defined by reference to the Grayscale for 

color change. [44, 45, 47-52] 

 

3. Results and Discussion 

It was recently reported in detail the development 

of new hybrid nanocomposite colorants through in-

tercalation of layered silicate of a natural clay known 

as montmorillonite-MMT(K10)- in the dispersion of 

Indigo Blue vat dye. [53] This occurs upon using 

Indigo Blue Vat dye /MMT/ Polymer tertiary system. 

Different polymeric components contributing to the 

formation of the new colorants in their nano - form 

could be achieved by incorporating two types of pol-

ymers in the nanocomposite formulation. The first is 

chitosan as a natural polymer having low molecular 

weight. The second type refers to in situ formed pol-
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yacrylamide. Our previous studies [33] emphasized 

also the addition of citric acid to the nanocomposite 

formulation.  

The main concern of the current work is to insert 

metal or metal oxide nanoparticles among the con-

stituents of the new nano-colorant composite to in-

duce bioactivity to the new colorant. 

It needs to study the impact of both nature and se-

quence of addition of nanometal or nano metal oxide 

particles on the size and morphology of the newly 

processed nano-colorants. Besides, the bioactivity of 

printed cotton using the new nano-colorant 

with/without metal or metal oxide nanoparticles. Fur-

ther emphasis would certainly be considered regard-

ing the color strength and the fastness properties 

along with their contribution and control of these 

properties. 

 

3.1. Effect of addition of nanometal particles on 

new colorant size  

Particle sizes of new hybrid nanocomposite for-

mulation (5 g Indigo Blue Vat dye, 5 g MMT (K10), 

and 5 g chitosan/100 ml H2O) were examined before 

and after sonication. Figure 1 depicts the TEM mi-

crograph of the new colorant before and after soni-

cation. As is evident the new colorant before soni-

cation exhibits a particle size of 178 nm which 

changed 21 nm after sonication; indicating the vest 

difference in compactness, association, surface area, 

mode, and nature of interactions and intercalations of 

the microstructural entities. 

 

  

Figure 1: TEM micrograph of hybrid nanocomposite for-

mulations with chitosan a) before and b) after sonication 

 

3.2. Color strength and fastness properties of 

printed cotton fabrics using the new nano-colorants  

The aforementioned four quaternary hybrids be-

fore and after sonication were used in preparing 8 

different printing pastes. Cotton fabrics were printed 

using pastes prepared as described in the experi-

mental section using the screen-printing technique. 

After printing and drying, the printed fabrics were 

thermally fixed at 160 C for 3 minutes, followed by 

washing, drying, conditioning, and measuring the 

K/S and overall colorfastness properties. The results 

obtained are given in Table 1. 

It is clear from Table 1 that, the highest value of 

color strength is obtained when the nanometal or 

nano metal oxide particles are applied to the fabric 

through padding with a solution containing these na-

nometal particles before printing. The lowest color 

value is obtained when the nanometal or nano metal 

oxide particles are added to the printing paste. In the 

first case, the nanometal particles are logically freer 

to get involved in interactions and intercalation with-

in ultrafine entities and moieties of the new colorant. 

This leads to a more intimate association of the new 

colorant with the cotton fabrics. 

A different situation is encountered with the sec-

ond case where metal and metal oxide nanoparticles 

are restricted, difficult to move, and limited much in 

their contribution to enhancing high printing. In addi-

tion to these negative impacts, the total surface area 

available for interactions between the new colorant 

and cotton fabrics during printing is much smaller 

than the first case. 

Table 1 signify that prints obtained as per the first 

case show much higher K/S values than those of the 

second case irrespective of the nanometal or metal 

oxide used. Nevertheless, higher K/S values are ob-

tained with CuO in both cases but with the superiori-

ty of CuO in the first case. 

 

Table 1: K/S of Printed cotton fabrics using new hybrid 
nanocomposite colorants based on the mixture of chi-
tosan/Indigo Blue vat dye/MMT(K10) along with either 
ZnO, CuO, Ag, or TiO2 nanomaterial after sonication 

Formulation 
Nano metals in 

the printing 

paste 

Pre-treated 

fabric with the 

nano metals 

before printing 

A 3.28 8.82 

B 3.26 8.97 

C 3.23 7.74 

D 4.89 9.92 

E 8.91 
A = 5 g MMT (K10) +5 g Indigo blue vat dye +5 g chitosan + 2 

g NanoTiO2 

B = 5 g MMT (K10) +5 g Indigo blue vat dye +5 g chitosan + 20 

ml Nano Ag dispersion 

C = 5 g MMT (K10) +5 g Indigo blue vat dye +5 g chitosan + 2g 

Nano ZnO 

D = 5 g MMT (K10) +5 g Indigo blue vat dye +5 g chitosan + 2g 

Nano CuO 

E = Blank printed fabric without nanometal, K/S of blank 8.91 

 

a b 
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3.3. Morphology of fabrics printed using the new 

nano-colorants  

SEM micrographs of cotton fabrics printed using 

the new nano-colorant are illustrated in Figure 2. The 

new nano-colorant was prepared using a quaternary 

mixture (the Indigo blue vat dye + MMT(K10) + chi-

tosan) and nano metal oxide (TiO2, ZnO and CuO) or 

nanosilver suspension before sonication are shown in 

Figure 2(B, E, H, and K). On the other hand, the cor-

responding SEM micrographs for cotton fabrics 

printed using these mixtures after sonication in the 

three approaches involved in the intimate association 

of the hybrid composite nano-pigment colorant are 

illustrated in Figure 2(C, D, F, G, I, J, L, and M). It is 

observed that fabrics printed using the quaternary 

mixture nanoparticles after sonication acquire a much 

smoother surface than those printed using these mix-

tures before sonication. This reflects the importance 

of sonication in producing homogeneous prints with 

clear and smooth surfaces and sustainability. No 

strong colorant forces are readily generated in ab-

sence of sonication is, therefore, a must to promote 

new smart printing using currently new basics and 

practices. The SEM micrographs are following this. 

They are self-explanatory.  

 

3.4. Antimicrobial Activity 

Antimicrobial Activity of Printed Cotton Fabrics 

Using the New Colorants and added nano metals in 

the printing paste. According to data in Table 2 and 

Figure 3, there is no effects are shown by the tested 

textile samples against the tested microorganisms 

before sonication. Table 2 reveals that the most po-

tent microbial weariness viewed by sample blank that 

shows no antimicrobial effects against the tested mi-

croorganisms.  

According to the results of Table 2 and Figure 3, 

the most potent antimicrobial effect is shown against 

E. coli which provides an excellent inhibition zone 

with all printed fabrics with nanoparticles. While B. 

cereus bacteria provide good inhibition zone by sam-

ple printed in presence of with AgNPs and ZnONPs 

giving 15.4 and 10.2 mm as an axial zone of inhibi-

tion respectively. Whereas, Streptococcus Pyogenes 

show weariness against samples printed in the pres-

ence or absence of nanometals. The followed antimi-

crobial potent is shown by sample treated after soni-

cation with silver that reveals antibacterial effects 

against E. coli by 16.0 mm as an axial zone of inhibi-

tion. It is as a wall to reported that a sample treated 

with TiO2NPs exhibits antimicrobial effects against 

E. coli by 12.3 mm as an axial zone of inhibition. The 

sample can be used by people working in polluted 

zones where the polluted water is mixed with sewage 

such as (Sinai city). 

 

3.5. Colorfastness properties 

The overall colorfastness properties, i.e., fastness 

to washing, perspiration, to rubbing of cotton fabrics 

printed using the hybrids containing different nano 

metals before and after sonication were measured. 

Results obtained are set out in Table 3. 

 

4. Conclusion  

It is ecologically and economically acceptable to 

use miniaturized indigo blue vat particles in textile 

printing which impacts well on the environmental 

aspect that inquires to decrease the use of environ-

mentally unfavorable reducing agents by printing 

enhancement with nano indigo vat dyes.  

New multifunctional smart nano colorant was syn-

thesized through intercalation/ exfoliation of natural 

clay known as montmorillonite K10 into an aqueous 

dispersion of the Indigo vat dye and chitosan and 

metallic nanoparticles of either CuO, ZnO, TiO2, or 

silver. Special emphasis is placed on ZnO, CuO, 

TiO2, and metallic silver nanoparticles concerning 

their nature and sequence of addition during a single-

stage process for coloration (printing) and antimicro-

bial finishing. 

Testing, analysis, characterization, and application 

of the mixtures under investigation are examined. 

Dependence of the particle size of the nano colorant 

and the color strength of prints obtained thereof as an 

ultimate product (i.e. new colorant) of such interac-

tions was verified. The new nano colorant depends 

also on the nature of the metal nanoparticles and so 

does their ability to affect antibacterial finishing. The 

morphology of the nano colorants was also examined 

before and after sonication using SEM. 

Having obtained the results of each variable, op-

timal processing conditions for the fabrication of the 

new nano-colorant could be achieved. Nano-colorants 

synthesized as per the optimal processing conditions 

exhibit better performance properties as compared 

with the conventional indigo blue vat dye printing.  

 

 



GREEN AND ECO-FRIENDLY INDIGO PRINTING USING NEW SMART NANO-COLORANTS 

__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 65, No. 6 (2022) 

405 

 

 

 

 

 
Figure 2: SEM micrograph of printed cotton fabrics with Indigo Blue Vat dye / MMT(K10) / chitosan with and without metal 

nanoparticles before and after sonication 
A) without nano metals, after composite being sonicated for 60 min at 80C , B) with TiO2NPs, before sonication, C) TiO2NPs were added 

directly to the printing pastes, after composite being sonicated for 60 min at 80C, D) Cotton fabric was pre-treated with TiO2NPs, after 

composite being sonicated for 60 min at 80C, E) with AgNPs, before sonication, F) AgNPs were added directly to the printing pastes, after 

composite being sonicated for 60 min at 80C, G) Cotton fabric was pre-treated with AgNPs, after composite being sonicated for 60 min at 

80C, H) with ZnONPs, before sonication, I) ZnONPs were added directly to the printing pastes, after composite being sonicated for 60 min 

at 80C, J) Cotton fabric was pre-treated with ZnONPs, after composite being sonicated for 60 min at 80C, K) with CuONPs, before soni-

cation, L)CuONPs were added directly to the printing pastes, after composite being sonicated for 60 min at 80 C, M) Cotton fabric was pre-

treated with CuONPs, after composite being sonicated for 60 min at 80C 

A 

B 
C D 

E F G 

H I J 

K 
L M 
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Table 2: Antimicrobial activity of cotton fabric printed using the new colorant with nano metal after sonication 

Printed fabric Sonication 
 

E. Coli Streptococcus Pyogenes B. Cereus 

Sample 1 
1` before 0 0 0 

1 after 16.0 0 15.4 

Sample 2 
2` before 0 0 0 

2 after 11.2 0 0 

Sample 3 
3` before 0 0 0 

3 after 15.4 0 10.2 

Sample 4 
4` before 0 0 0 

4 after 12.3 0 0 

Sample 5 
5 before 0 0 0 

5 after 0 0 0 

Sample 1 = printing paste containing 5 g MMT (K10) +5 g Indigo blue vat dye +5 g chitosan + 20 ml AgNPs 

Sample 2 = printing paste containing 5 g MMT (K10) +5 g Indigo blue vat dye +5 g chitosan + 2 gCuONPs 

Sample 3 = printing paste containing 5 g MMT (K10) +5 g Indigo blue vat dye +5 g chitosan + 2 g ZnONPs 

Sample 4 = printing paste containing 5 g MMT (K10) +5 g Indigo blue vat dye +5 g chitosan + 2 g TiO2NPs 

Sample 5 = printing paste containing 5 g MMT (K10) +5 g Indigo blue vat dye +5 g chitosan without nano metal 
 
 

 
Figure 3: Antimicrobial activity of printed cotton fabric using the new colorant with nano metal before and after soni-

cation 
A) against E. Coli before sonication   B) against E. Coli after sonication 

C) against Streptococcus Pyogenes before sonicationD) against Streptococcus Pyogenes after sonication 

E) against Bacillus Cereus before sonication  F) against Bacillus Cereus after sonication 

 

  

A B C 

D E F 
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Table 3: Colour strength K/S and fastness properties of cotton fabric printed using the new nano-colorants after sonication 

Formulation Effect of adding nanometal 

Color 

Strength 

(K/S) 

Fastness properties 

Washing 

fastness at 

60◦C 

Rubbing 

Fastness 
Perspiration fastness 

St. Alt. Wet Dry 
Acidic Alkali 

St. Alt. St. Alt. 

Formulation 
1 

AgNPs in the formulation 3.26 4­ 5 4­ 5 4 4­ 5 4­ 5 4­ 5 4­ 5 4­ 5 

Pretreated fabric with AgNPs 8.97 4­ 5 4­ 5 3­4 4 4­ 5 4­ 5 4­ 5 4­ 5 

Formulation 
2 

CuONPs in the formulation 4.89 4­ 5 4­ 5 4 4­ 5 4­ 5 4­ 5 4­ 5 4­ 5 

Pretreated fabric with CuONPs 9.92 4­ 5 4­ 5 4­ 5 4­ 5 4­ 5 4­ 5 4­ 5 4­ 5 

Formulation 
3 

ZnONPs in the formulation 3.23 4­ 5 4­ 5 3­ 4 4 4­ 5 4­ 5 4­ 5 4­ 5 

Pretreated fabric with ZnONPs 7.74 4­ 5 4­ 5 4­ 5 4­ 5 4­ 5 4­ 5 4­ 5 4­ 5 

Formulation 

4 

TiO2NPs in the formulation 3.28 4­ 5 4­ 5 3­ 4 4­ 5 4­ 5 4­ 5 4­ 5 4­ 5 

Pretreated fabric with TiO2NPs 8.82 4­ 5 4­ 5 4­ 5 4­ 5 4­ 5 4­ 5 4­ 5 4­ 5 

Formulation 5 8.91 4­ 5 4­ 5 3­4 4 4­ 5 4­ 5 4­ 5 4­ 5 

Formulation 1 = printing paste containing 5 g MMT (K10) +5 g Indigo blue vat dye +5 g chitosan + 20 ml AgNPs 

Formulation 2 = printing paste containing 5 g MMT (K10) +5 g Indigo blue vat dye +5 g chitosan + 2 gCuONPs 

Formulation 3 = printing paste containing 5 g MMT (K10) +5 g Indigo blue vat dye +5 g chitosan + 2 g ZnONPs 
Formulation 4 = printing paste containing 5 g MMT (K10) +5 g Indigo blue vat dye +5 g chitosan + 2 g TiO2NPs 

Formulation 5 = printing paste containing 5 g MMT (K10) +5 g Indigo blue vat dye +5 g chitosan without nano metal  

 

 

Colour strength of cotton prints exhibited exceed-

ingly higher values by pretreatment of cotton fabric 

wish nanometal particles before printing than through 

the addition of the latter in the printing paste. The 

colorfastness of the prints to rubbing is lower when 

printing was carried out using the new nano-colorants 

before sonication. Involvement of the metal nanopar-

ticles in reactions with the other components of the 

quaternary mixtures during sonication detracts from 

their ability to induce antibacterial activity to cotton 

fabrics. 

The Case of padding the cotton fabric with nano-

metal particles before printing obtained the best re-

sults in K/S and scanning electron microscope and 

overall fastness compared with the other Approach, 

the nanometals were added in the printing paste.  

 

5. References 

[1]. T.A. Khattab, A.L. Mohamed, A.G. Hassabo, 

Development of durable superhydrophobic cot-

ton fabrics coated with silicone/stearic acid us-

ing different cross-linkers, Mater. Chem. Phys. 

249(122981) (2020). 

[2]. H.M. Fahmy, H.M.Y. Okda, A.G. Hassabo, 

M.H. El-Rafie, M.A. Youssef, Synthesis of new 

silicone-based adducts to functionalize cotton 

fabric, Silicon  (2021). 

[3]. H. Fahmy, h. Okda, M. elrafie, A. Hassabo, 

m.a.youssef, Synthesis and application of new 

silicone based water repellents, Egy. J. Chem. 

(2) (2022). 

[4]. A.L. Mohamed, A.G. Hassabo, A.A. Nada, N.Y. 

Abou-Zeid, Properties of cellulosic fabrics 

treated by water-repellent emulsions, Indian J. 

Fibre Text. Res. 42(June) (2017) 223-229. 

[5]. A.L. Mohamed, A.G. Hassabo, Review of sili-

con-based materials for cellulosic fabrics with 

functional applications, J. Text. Color. Polym. 

Sci. 16(2) (2019) 139-157. 

[6]. A.L. Mohamed, A.G. Hassabo, Flame retardant 

of cellulosic materials and their composites, in: 

P.M. Visakh, Y. Arao (Eds.), Flame retardants, 

Springer International Publishing2015, pp. 247-

314. 

[7]. M.Y. Yousef, A.G. Hassabo, Environmentally 

friendly inorganic materials for anti-flammable 

cotton fabrics, J. Text. Color. Polym. Sci. 18(2) 

(2021) 97-110. 

[8]. A.G. Hassabo, A.L. Mohamed, S. Shaarawy, A. 

Hebeish, Novel micro-composites based on 

phosphorylated biopoly-

mer/polyethyleneimine/clay mixture for cotton 

multi-functionalities performance, Biosci. Res. 

15(3) (2018) 2568-2582. 

[9]. A.G. Hassabo, A.L. Mohamed, Novel flame 

retardant and antibacterial agent containing 

mgonps, phosphorus, nitrogen and silicon units 

for functionalise cotton fabrics, Biointerf. Res. 

Appl. Chem. 9(5) (2019) 4272 - 4278. 

[10]. G.A. Elsayed, A.G. Hassabo, Insect repellent of 

cellulosic fabrics (a review), Letters in Applied 

NanoBioScience 11(1) (2022) 3181 - 3190. 



 Hanan Shaban et.al. 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 65, No. 6 (2022) 

408 

[11]. A.A. Nada, A.G. Hassabo, A.L. Mohamed, 

M.M. Mounier, N.Y. AbouZeid, Liposomal mi-

croencapsulation of rodent-repelling agents onto 

jute burlaps: Assessment of cytotoxicity and rat 

behavioral test, JAPS 6(8) (2016) 142-150. 

[12]. M. Zayed, H. Ghazal, H. Othman, A.G. Has-

sabo, Synthesis of different nanometals using 

citrus sinensis peel (orange peel) waste extrac-

tion for valuable functionalization of cotton fab-

ric, Chem. Pap.  (2021) 1-22. 

[13]. A.L. Mohamed, A.G. Hassabo, Composite ma-

terial based on pullulan/silane/ZnO-nps as ph, 

thermo-sensitive and antibacterial agent for cel-

lulosic fabrics, Adv. Nat. Sci.: Nanosci. Nano-

technol. 9(4) (2018) 045005 (1-9). 

[14]. A.L. Mohamed, A.G. Hassabo, S. Shaarawy, A. 

Hebeish, Benign development of cotton with an-

tibacterial activity and metal sorpability through 

introduction amino triazole moieties and AgNPs 

in cotton structure pre-treated with periodate, 

Carbohydr. Polym. 178 (2017) 251-259. 

[15]. A.G. Hassabo, S. Shaarawy, A.L. Mohamed, A. 

Hebiesh, Multifarious cellulosic through inno-

vation of highly sustainable composites based 

on moringa and other natural precursors, Int. J. 

Biol. Macromol. 165 (2020) 141-155. 

[16]. M.Y. Kamel, A.G. Hassabo, Anti-microbial 

finishing for natural textile fabrics, J. Text. Col-

or. Polym. Sci. 18(2) (2021) 83-95. 

[17]. M. Zayed, H. Othman, H. Ghazal, A.G. Has-

sabo, Psidium guajava leave extract as reducing 

agent for synthesis of zinc oxide nanoparticles 

and its application to impart multifunctional 

properties for cellulosic fabrics, Biointerf. Res. 

Appl. Chem. 11(5) (2021) 13535 - 13556. 

[18]. A.L. Mohamed, M.E. El-Naggar, T.I. Shaheen, 

A.G. Hassabo, Laminating of chemically modi-

fied silan based nanosols for advanced function-

alization of cotton textiles, Int. J. Biol. Macro-

mol. 95 (2017) 429–437. 

[19]. D.M. Hamdy, A.G. Hassabo, Ph and tempera-

ture thermosensitive for modification of cotton 

fabric (a review) Biointerf. Res. Appl. Chem. 

12(2) (2022) 2216 -2228. 

[20]. A.G. Hassabo, A.L. Mohamed, H. Wang, C. 

Popescu, M. Moller, Metal salts rented in silica 

microcapsules as inorganic phase change mate-

rials for textile usage, Inorganic Chemistry: An 

Indian Journal 10(2) (2015) 59-65. 

[21]. M.A. Ali, K.M. Seddik, A.G. Hassabo, Polyes-

ter fibres enhanced with phase change material 

(pcm) to maintain thermal stability, Egy. J. 

Chem. 64(11) (2021) 6599 - 6613. 

[22]. A.G. Hassabo, A.L. Mohamed, Enhancement of 

thermo-regulating textile materials using phase 

change material (pcm), Evolution in Polymer 

Technology Journal 2(1) (2019) 180009 (1-11). 

[23]. M. Diaa, A.G. Hassabo, Self-cleaning properties 

of cellulosic fabrics (a review), Biointerf. Res. 

Appl. Chem. 12(2) (2022) 1847 - 1855. 

[24]. M.S. Kamal, E. Mahmoud, A.G. Hassabo, M.M. 

Eid, Effect of some construction factors of bi-

layer knitted fabrics produced for sports wear on 

resisting ultraviolet radiation, Egy. J. Chem. 

63(11) (2020) 4369 - 4378. 

[25]. M. Zayed, H. Ghazal, H. Othman, A.G. Has-

sabo, Psidium guajava leave extract for improv-

ing ultraviolet protection and antibacterial prop-

erties of cellulosic fabrics, Biointerf. Res. Appl. 

Chem. 12(3) (2022) 3811 - 3835. 

[26]. Y. Luo, L. Pei, H. Zhang, Q. Zhong, J. Wang, 

Improvement of the rubbing fastness of cotton 

fiber in indigo/silicon non-aqueous dyeing sys-

tems, Polymers (Basel) 11(11) (2019). 

[27]. S. Shahidi, J. Wiener, M. Ghoranneviss, Surface 

modification methods for improving the dyea-

bility of textile fabrics, InTech2013. 

[28]. D. Pargai, S. Jahan, M. Gahlot, Functional 

properties of natural dyed textiles, 

IntechOpen2020. 

[29]. V. Kumar Gupta, Fundamentals of natural dyes 

and its application on textile substrates, 

IntechOpen2020. 

[30]. A.L. Mohamed, A.G. Hassabo, Cellulosic fabric 

treated with hyperbranched polyethyleneimine 

derivatives for improving antibacterial, dyeing, 

ph and thermo-responsive performance, Int. J. 

Biol. Macromol. 170 (2021) 479-489. 

[31]. A. Hebeish, A.A. Shahin, A.A. Ragheb, I.A. El-

Thalouth, E.E. Allam, H.A. Shaban, Novel hy-

brid nanocomposite containing natural clay 

(montmorillonite)and indigo blue vat dye for 

textile materials, Bioscience research journal 

15(3) (2018). 

[32]. A. Hebeish, A.A. Shahin, A.A. Ragheb, I.A. El-

Thalouth, E.E. Allam, H.A. Shaban, Innovation 

of radically new colorant hybrid nanocomposite 

for printing various textile fabrics, Fiber. Polym. 

20(1) (2019) 69-79. 

[33]. A. Hebeish, A.A. Shahin, A.A. Ragheb, I.A. El-

Thalouth, E.E. Allam, H.A. Shaban, Fabrication 

of radically new colorants based on indigo blue 



GREEN AND ECO-FRIENDLY INDIGO PRINTING USING NEW SMART NANO-COLORANTS 

__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 65, No. 6 (2022) 

409 

vat dye/polymer/layered silicate intercalated 

nanocomposites induced cotton prints with batik 

and denim effects, Biosci. Res. 16(2) (2019) 

2076-2093. 

[34]. M.E. El-Naggar, A.G. Hassabo, A.L. Mohamed, 

T.I. Shaheen, Surface modification of sio2 coat-

ed ZnO nanoparticles for multifunctional cotton 

fabrics, J. Colloid Interface Sci. 498 (2017) 413-

422. 

[35]. N.S. Elshemy, A.G. Hassabo, Z.M. Mahmoud, 

K. Haggag, Novel synthesis of nano-emulsion 

butyl methacrylate/acrylic acid via micro-

emulsion polymerization and ultrasonic waves, 

Journal of Textile and Apparel, Technology and 

Management 10(1) (2016) 1-16. 

[36]. A.L. Mohamed, M.E. El-Naggar, T.I. Shaheen, 

A.G. Hassabo, Novel nano polymeric system 

containing biosynthesized core shell silver/silica 

nanoparticles for functionalization of cellulosic 

based material, Microsys. Technol. 22(5) (2016) 

979-992. 

[37]. A.G. Hassabo, A.A. Nada, H.M. Ibrahim, N.Y. 

Abou-Zeid, Impregnation of silver nanoparticles 

into polysaccharide substrates and their proper-

ties, Carbohydr. Polym. 122 (2015) 343-350. 

[38]. N.A. Ibrahim, A.A. Nada, A.G. Hassabo, B.M. 

Eid, A.M. Noor El-Deen, N.Y. Abou-Zeid, Ef-

fect of different capping agents on physico-

chemical and antimicrobial properties of ZnO 

nanoparticles, Chem. Pap. 71(7) (2017) 1365-

1375. 

[39]. A. Hebeish, S. Shaarawy, A.G. Hassabo, A. El-

Shafei, Eco-friendly multifinishing of cotton 

through inclusion of motmorillonite/chitosan 

hybrid nanocomposite, Der Phar. Chem. 8(20) 

(2016) 259-271. 

[40]. F.Y. She, D.M. Qi, Z.J. Chen, J.Z. Shao, L. 

Yang, Preparation of organic pigment micro-

capsules and its application in pigment printing 

of silk fabric, Adv. Mater. Res. 441 (2012) 145-

149. 

[41]. I. Jäger, C. Hafner, K. Schneider, Mutagenicity 

of different textile dye products in salmonella 

typhimurium and mouse lymphoma cells, Mu-

tat. Res., Genetic Toxicol. Environ. Mutagen. 

561(1–2) (2004) 35-44. 

[42]. P. Kubelka, F. Munk, Ein beitrag zur optik der 

farbanstriche, Z. Tech. Phys. 12 (1931) 593. 

[43]. K.T. Mehta, M.C. Bhavsar, P.M. Vora, H.S. 

Shah, Estimation of the kubelka--munk scatter-

ing coefficient from single particle scattering 

parameters, Dyes Pigm. 5(5) (1984) 329-340. 

[44]. A. Waly, M.M. Marie, N.Y. Abou-Zeid, M.A. 

El-Sheikh, A.L. Mohamed, Flame retarding, 

easy care finishing and dyeing of cellulosic tex-

tiles in one bath, Egy. J. Text. Polym. Sci. 

Technol. 12(2) (2008) 101-131. 

[45]. A. Waly, M.M. Marie, N.Y. Abou-Zeid, M.A. 

El-Sheikh, A.L. Mohamed, Process of single – 

bath dyeing, finishing and flam – retarding of 

cellulosic textiles in presence of reactive tertiary 

amines, 3rd International Conference of Textile 

Research Division, NRC; Textile Processing: 

State of the Art & Future Developments, Cairo, 

Egypt, 2006, pp. 529 – 543. 

[46]. A.G. Hassabo, Preparation, characterisation and 

utilization of some textile auxiliaries, El-Azhar 

University, Cairo, Egypt, 2005. 

[47]. AATCC Test Method (61-1993), Colour fast-

ness to washing: Characterization of textile col-

orants, American Association of Textile Chem-

ists and Colorists, Technical Manual Method 

American Association of Textile Chemists and 

Colorists, 1993, p. 89. 

[48]. AATCC Test Method (8-1993), Colour fastness 

to crocking, Technical Manual Method Ameri-

can Association of Textile Chemists and Color-

ists, 1993, pp. 23-25. 

[49]. AATCC Test Method (15-2002), Colour fast-

ness to perspiration, Technical Manual Method 

American Association of Textile Chemists and 

Colorists, 1993, pp. 30-32. 

[50]. M.H. Abo-Shosha, F.A. Nassar, K. Haggag, Z. 

El-Sayed, A.G. Hassabo, Utilization of some 

fatty acid/peg condensates as emulsifiers in ker-

osene paste pigment printing, RJTA 13(1) 

(2009) 65-77. 

[51]. A.G. Hassabo, M. Erberich, C. Popescu, H. 

Keul, Functional polyethers for fixing pigments 

on cotton and wool fibres, Res. Rev. Polym. 

6(3) (2015) 118-131. 

[52]. A.G. Hassabo, A. Mendrek, C. Popescu, H. 

Keul, M. Möller, Deposition of functionalized 

polyethylenimine-dye onto cotton and wool fi-

bres, RJTA 18(1) (2014) 36-49. 

[53]. H. Shaban, Coating and laminating for textile 

fabrics to produce industrial fabrics, Faculty of 

Applied  Arts, Helwan University, Egypt, 2019. 

 


	Table 1: K/S of Printed cotton fabrics using new hybrid nanocomposite colorants based on the mixture of chitosan/Indigo Blue vat dye/MMT(K10) along with either ZnO, CuO, Ag, or TiO2 nanomaterial after sonication
	A = 5 g MMT (K10) +5 g Indigo blue vat dye +5 g chitosan + 2 g NanoTiO2
	B = 5 g MMT (K10) +5 g Indigo blue vat dye +5 g chitosan + 20 ml Nano Ag dispersion
	C = 5 g MMT (K10) +5 g Indigo blue vat dye +5 g chitosan + 2g Nano ZnO
	D = 5 g MMT (K10) +5 g Indigo blue vat dye +5 g chitosan + 2g Nano CuO
	E = Blank printed fabric without nanometal, K/S of blank 8.91
	Figure 2: SEM micrograph of printed cotton fabrics with Indigo Blue Vat dye / MMT(K10) / chitosan with and without metal nanoparticles before and after sonication
	A) without nano metals, after composite being sonicated for 60 min at 80(C , B) with TiO2NPs, before sonication, C) TiO2NPs were added directly to the printing pastes, after composite being sonicated for 60 min at 80(C, D) Cotton fabric was pre-treate...
	Table 2: Antimicrobial activity of cotton fabric printed using the new colorant with nano metal after sonication
	Sample 1 = printing paste containing 5 g MMT (K10) +5 g Indigo blue vat dye +5 g chitosan + 20 ml AgNPs
	Sample 2 = printing paste containing 5 g MMT (K10) +5 g Indigo blue vat dye +5 g chitosan + 2 gCuONPs
	Sample 3 = printing paste containing 5 g MMT (K10) +5 g Indigo blue vat dye +5 g chitosan + 2 g ZnONPs
	Sample 4 = printing paste containing 5 g MMT (K10) +5 g Indigo blue vat dye +5 g chitosan + 2 g TiO2NPs
	Sample 5 = printing paste containing 5 g MMT (K10) +5 g Indigo blue vat dye +5 g chitosan without nano metal
	Figure 3: Antimicrobial activity of printed cotton fabric using the new colorant with nano metal before and after sonication
	A) against E. Coli before sonication   B) against E. Coli after sonication
	C) against Streptococcus Pyogenes before sonication D) against Streptococcus Pyogenes after sonication
	E) against Bacillus Cereus before sonication  F) against Bacillus Cereus after sonication
	Table 3: Colour strength K/S and fastness properties of cotton fabric printed using the new nano-colorants after sonication
	Formulation 1 = printing paste containing 5 g MMT (K10) +5 g Indigo blue vat dye +5 g chitosan + 20 ml AgNPs
	Formulation 2 = printing paste containing 5 g MMT (K10) +5 g Indigo blue vat dye +5 g chitosan + 2 gCuONPs
	Formulation 3 = printing paste containing 5 g MMT (K10) +5 g Indigo blue vat dye +5 g chitosan + 2 g ZnONPs
	Formulation 4 = printing paste containing 5 g MMT (K10) +5 g Indigo blue vat dye +5 g chitosan + 2 g TiO2NPs
	Formulation 5 = printing paste containing 5 g MMT (K10) +5 g Indigo blue vat dye +5 g chitosan without nano metal



