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Novelty built-in micro-composites which are structurally matching with cotton using the pad-dry-cure 
method form the base of current innovation. The micro-composite, through its mix, is processed in the 
vicinity of cotton structure. The mix comprises the following components: phosphorylated natural 
biopolymer, (sodium alginate and CMC), activated clay (Montmorillonite K10 and KSF) using 
cetyltrimethy lammonium bromide, polyethyleneimine, butanetetracarboxilic acid and sodium 
hypophosphite. Characterization and properties of the as treated cotton fabrics vis-à-vis these of the 
untreated fabric are evaluated using many tools and facilities. It is believed that during application of the 
mix as per the aforementioned method interactions among the various components of the mix in addition 
to cotton cellulose of the fabric occur leading ultimately to certain of micro-composite and attached to the 
micro structural features of the cotton fabric. Thus attained modified cotton fabrics display multifunctional 
and performance properties such as dyeing, thermal stability, fire resistance and antimicrobial activity. 

Keywords: Phosphorylated biopolymer, polyethyleneimine, clay, flame retardant and antibacterial fabric. 

 
INTRODUCTION 

Cellulose is a straight homobiopolymer made 
out of D-anhydroglucopyranose units (AGUs) that, 

are connected together by -(1,4)- glucosidic 
bonds. Each AGU unit acquire three hydroxyl 
groups linked to C-2, C-3 and C-6 positions, in 
response for typical reactions of primary and 
secondary alcohols. [1]Bridge and oxygen atom in 
the ring are overwhelmingly associated with intra-
and intermolecular interactions through hydrogen 
bonding in essence. Esterification and 
etherification reactions are two possible means for 
the cellulose reaction. Phosphorus can therefore 
be covalently bonded to the cellulose chain via 
reaction of hydroxyl group with phosphoric acid 
(H3PO4), P2O5, POCl3and dimethylphosphate, 
[2]which give rise to phosphonic acid (cellulose 

phosphite – Cell-P(O)(OH)2), phosphate (cellulose 
phosphate – Cell-O-P(O)(OH)2) or phosphite 
(cellulose phosphite – Cell-O-P(OH)2) group. 

Phosphorylated cellulose is classified into two 
main groups water soluble and water insoluble. 
Water insoluble phosphorylated cellulose is 
utilized as fire resistant additive material and 
cation exchanger, while water-soluble 
phosphorylated cellulose is used as thickener in 
aqueous systems. It is further reported that and 
one of the important applications of 
phosphorylated cellulose is in the biomedical field 
especially for substituents in the secondary 
positions. 

Polysaccharides are assumed as basic parts 
in many biological applications. Substrates such 
as alginate and carboxymethyl cellulose are 
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characterized by versatile biological activity, 
excellent biocompatibility, complete biodegrade-
bility and low toxicity. Presence of hydroxyl and/or 
carboxyl groups render them suitable for chemical 
modification. Therefore, both substrates can 
undergo certain reactions like etherification, 
esterification, graft copolymerization, etc. Thus 
depending on the nature of the introduced group, 
the polymer substrate can bring into focus new 
properties. Owing to the phosphate group 
introduced to the biopolymer substrate, the 
biopolymer becomes biocompatible, bio absorb-
able and having metal chelating properties. 
Moreover, the biopolymer substrates in question 
would exhibit, flame retardant property by virtue of 
the presence of phosphorus element.  

Now days, a layer-by-layer (LBL) assembled 
technique is extensively used to improving the 
flame retardancy properties of cotton substrate. 
As a consequence, many nanoparticles and 
polyelectrolytes have been successively used as 
LBL to deposit assembled films onto cotton fabric. 
Hyper-branched polyethyleneimine (PEI), poly-
acrylic acid (PAA) and clay were used to improve 
flame retardancy properties of cotton fabric. 

Phosphorylated polysaccharide based 
polyelectrolyte multilayer (PPPM) have 
additionally attracted considerable attention 
because of the interest in green chemistry and 
environmental issues. Some phosphorylated 
polysaccharides, which demonstrate powerful fire 
retardancy for polymeric materials were also 
successfully prepared. The fire retardancy is 
ascribed to the presence of polyhydroxy structure 
of sugar units that act as carbon source 
meanwhile the phosphate acts like an acidic 
source. 

Composite containing nitrogen, silicon and/or 
phosphorus provide many functionalities for its 
treated fabrics such as antibacterial, improving 
dyeing uptake and improving thermal stability.  

We undertake the current innovative research 
which aims at built-in micro-composite in the 
entire structure of cotton with a view to impart 
multi-functionalities and properties to the cotton 
fabric. The innovation is based on formulation of a 
mix containing phosphorylated biopolymer 
activated natural clay, PEI, BTCA and SHP. After 
being impregnated in this mix, the cotton fabric 
was squeezed, dried and cured to induce 
formation of the micro-composite within the 
vicinity of cotton. The impact of creation of the 
micro-composite via interactions among the 
components as well as their interactions with 
cellulose on functionalities, and properties of the 

as treated cotton fabric are studied. Also studied 
in detailed the evaluation of processing, 
characterization and properties of micro-
composites and micro-composite containing 
fabrics using world-class facilities. 
 
MATERIALS AND METHODS 

Bleached cotton fabric supplied by Mehalla El 
Kubra Misr Company for spinning and weaving, 
Egypt was used. Fabric was further purified by 
washing in a water bath containing 5% of sodium 
lauryl sulphate at 40°C for 30 min. Then the fabric 
was dried at 100°C for 3 min. 

Sodium alginate (91%, food grade) and 
Carboxymethyl cellulose (CMC) were supplied by 
LOBA Chemie Co. India. Cetyltrimethylammonium 
bromide (CTAB) was purchased from Sigma–
Aldrich) as analytical grade. Butantetracarboxylic 
acid 99.5% (ACS reagent Co.), and sodium 
hypophosphite hydrate; NaH2PO2.H2O (CDH 
Laboratory Reagent Co. were also used.  

Montmorillonite K10 and KSF were natural 
montmorillonite clays purchased from the local 
market. Polyethyleneimine (PEI), (water free 
Mw=25000 g/mol, Aldrich, with 25 % primary 
amino group), Ismative Red SHB4E (C.I. Reactive 
Red 24; (RR24)), Ismative Direct Violet (C.I. 
Direct Violet 31; (DV31)) and Acid Red EG (C.I. 
Acid Red 1; (AR1)) were used in this study.  

Synthesis 

Clay activation 
5 g of clay was placed into a round flask 

containing250 ml ethanol with stirring for 24 h at 
room temperature. 3 g CTAB was added drop by 
drop with continuous shaking at 300 rpm for 
further 6 h. After that, the modified clay was 
separated by filtration using a filter paper. The 
modified clay was analysed using TEM. 

Phosphorylation of biopolymer 
The phosphorylation of alginate or CMC was 

carried out as per the procedure described by 
Reid et al. for the phosphorylation of cellulose. 
Various molar ratios of phosphoric acid and urea 
to alginate subunits were used. 

In brief, 1 g biopolymer (alginate or CMC) was 
suspended in 40 ml DMF in a 250 ml flask with a 
magnetic stirrer then12, 17 or 21 g urea was 
added under stirring. Thereafter, the temperature 

was raised to 110C under a nitrogen 
atmosphere. Then, 7, 10 or 17 ml of 85% H3PO4 
was added to 20 ml DMF and added drop wise to 
the mixture. The temperature raised further to 
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150C under reflux; a white precipitate was 

observed at 125C. There action was allowed to 
proceed for 15 min from the point of this 
precipitation before cooling to room temperature. 
The precipitate was recovered by vacuum 
filtration, followed by washing with 150 ml ethanol. 
N % (as urea and phosphoric acid increased): for 
alginate: 1.06, 1.09 and 1.10 % for CMC: 1.12, 
1.18 and 1.22 %. P % (as urea and phosphoric 
acid increased): for alginate: 6.48, 8.25and 
11.35% for CMC: 8.23, 10.36and 13.46%. 

Application to fabrics 
The aforementioned prepared chemicals, 

namely, phosphorylated alginate or CMC and 
modified clay (montomorillonite K10 or KSF) along 
with butanetetracarboxylic acid (BTCA) and 
sodium hypophosphite hydrate (SHP) were mixed 
in a solution. The latter was applied to cotton 
fabrics according to the pad-dry-cure method. 
Cotton fabrics were impregnated for 3 min in the 
said solution followed by squeezing to 80 % wet 
pick up. The so treated fabrics were dried at 

100C for 5 min. followed by curing at 130C for 3 
min. 

Modified alginate or CMC (10 g/l) was 
suspended in water under stirring for 15 min., then 
10 g/l BTCA and 5 g/l SHP were added gradually 
while stirring for further 15 min. Cotton fabric was 
immersed in the final solution for 3 min., then 

padded to 80 % wet pickup, dried at 100C for 5 

min. and cured at 130C for 3 min. Actual pickup 
and add-on of the ingredient formulation 
transferred to the sample was determined by 
weighing the treated and untreated fabrics then 
calculating the percent pick up and percent add 
on using the following equations: 

Pickup% = 
W2− W1

W1
 × 100 

Add-on% = 
W3− W1

W1
 × 100 

where, W1 is weight of dry fabric before 
padding, W2 is weight of wet fabric after padding 
and W3 is weight of dry fabric after curing. 

Dyeing of Treated Cotton Fabrics 
Untreated and treated fabrics were immersed 

in a solution of 0.02 g/l dye in water at 90°C for 30 
min using liquor ratio of 1:20. After that the fabrics 
were taken out of the solution, washed for 15 min. 
at 50°C in the presence of non-ionic detergent (2 
g/l) and NaCO3 (0.2 g/l). Then dried at 100°C for 5 
min. 

Characterization 

Fourier Transform Infrared (FT-IR) 
FT-IR spectra recorded on a JASCO FT-IR 

spectrometer (ATR) were used to analyse the 
spectrum of the untreated and treated samples. 
The tester collected transmittance of the infrared 
in the film between 400 and 4000 cm-1 were 
examined. 

Particle Size Analysis 
The size was further characterized by laser 

particle size analyser Zeta PAL/90plus 
(Brookhaven Instruments). 

Scanning Electron Microscopy (SEM and EDX) 
Scanning Electron Microscopy HITASHI S–

3000 microscope S, at 15–kV acceleration 
voltage, after gold coating was used to study the 
surface morphology and the cross section of the 
composite films. 

Transmission electron microscopy (TEM) 
Transmission electron microscopy (TEM) 

images of the prepared nano gel functionalised Ag 
NPs were obtained with a JEOL JEM-1200 EX 
transmission electron microscope operating at 
120 KV.  

Limiting Oxygen Index (LOI) 
Limiting oxygen index (LOI) values of some 

samples were measured according to ASTM 
standard method D2863-08. In this order, five 
specimens of each sample were prepared in 5 
×15 cm and a mixture of oxygen and nitrogen is 
passed up through a cylinder containing vertically 
supported fabric. The minimum fraction of oxygen 
in a mixture of oxygen and nitrogen in which one 
specimen will just sustain burning is determined 
and reported as the LOI value. 

Vertical Test Method in Fire Resistance of 
Textile Fabrics 

Fire resistance behavior of treated fabrics was 
evaluated using vertical test method in fire 
resistance of treated fabrics.  

Thermal analysis 
Thermal gravimetric analysis (TGA) was 

carried out using a Perkin Elmer TG-DTA 
analyzer, model Pyris1. The runs were performed 

under a continuous N2 flow from 50 to 600C with 

heating rate of 10C/min. 
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Antibacterial activity 
The antibacterial examination was 

quantitatively evaluated against gram-positive 
bacterium (S. aurous) and gram-negative 
bacterium (E. coli).Disc diffusion method was 
used to assess the antimicrobial activity of all 
samples. Nutrient agar plates were inoculated 
with microbial culture. Discs of 10 mm diameter 
from the samples were placed onto the surface of 
inoculated plates. Then the plates were incubated 

at 37C for 48 h. The inhabitation zone was 
determined for each disc. In the antibacterial 
assay, all samples were repeated at least three 
times. 

Colour Measurements 
The colour strength values of the treated dyed 

fabrics were measured by reflection spectroscopy 
with a Hunter Lab Ultra ScanPRO USA, 2007 
spectrophotometer according to a standard 
method at the wavelength of the maximum 
absorbance, expressed as K/S. The K/S values 
were assessed by applying the Kubelka –Munk 
equation as follows:  

K/S =
(1−R)2

2R
−  

(1−Ro)2

2Ro
 

where K is the absorption coefficient, S is the 
scattering coefficient, Ro is the reflectance of the 
uncoloured (white) sample and R is the 
reflectance of the coloured sample. 

Fastness properties  

Colour fastness to washing  
The colour fastness to washing was 

determined according to the AATCC Test method 
61- 2007 using Launder-Ometer. The specimens 
(5 × 10 cm) were sewed between two similar 
pieces of bleached cotton fabric and wool fabric. 
The composite specimen was immersed into an 
aqueous solution containing 5 g/1 soap and 2 g/l 
sodium carbonate using 1:50 a material to liquor 
ratio. The bath was adjusted at 95oC. The test 
was run for 45 min at 42 rpm. The samples were 
then removed, rinsed twice in 100 ml water at 
40oC for one min. with occasional stirring, souring 
in 100 ml of 0.014% solution of acetic acid for one 
min. at 27oC, rinsing again for one min. in 100 ml 
water at 27oC followed by drying. Evaluation of the 
wash fastness was established using the Gray 
Scale reference for colour change. 

Colour fastness to Rubbing (crocking) 
The colour fastness to crocking was 

determined according to the AATCC test method 

8 - 2007. This test is designated for determining 
the degree of colour which may be transferred 
from the surface of the coloured fabric to other 
surface by rubbing. 

A coloured test specimen fastened to the 
base of a Crock Meter was rubbed with white 
crock test cloth under controlled conditions. 

Dry rubbing test 
the test specimen was placed flat on the base 

of the Crock Meter. A white testing cloth was 
mounted on the finger of the crock meter. The 
covered finger was lowered onto the test 
specimen and caused to slide back and forth 20 
times by making ten complete turns at a rate of 
one turn/second. 

 Wet rubbing test 
 the white test sample was thoroughly wetted 

out in distilled water to a 65% wet pick up. The 
procedure was run as before. The white test 
samples were then air dried before evaluation. 
The evaluation was done using the Gray Scale for 
staining. 

Colour fastness to perspiration  
The Colour Fastness to Perspiration was 

determined according to the AATCC test method 
15 - 2013. Two artificial perspiration solutions 
were prepared as follows:  

Acidic solution: 
 L.Histidine mono-hydrochloride mono hydrate 

0.5 g, sodium chloride 5.0 g, sodium di-hydrogen 
orthophosphate 2.2 g, were dissolved in 1L 
distilled water. Finally the pH was adjusted to pH 
5.5 by NaOH solution 0.1 N.  

Alkaline solution:  
L. Histidine mono-hydrochloride monohydrate 

0.5 g, sodium chloride 5.0 g di-sodium hydrogen 
orthophosphate 2.5 g, were dissolved in 1L 
distilled water. Finally the pH was adjusted to pH 
8 by NaOH solution 0.1 N. 

The coloured specimen 5 × 4 cm was sewed 
between two pieces of uncoloured specimens, (so 
that an area of 5 × 1 cm of the coloured cloth is 
not in contact with the specimen) to form a 
composite specimens. The composite sample was 
then immersed (for 15 - 30 min) in each of the 
above solutions with occasional agitation and 
squeezing to insure complete wetting. The test 
specimen was placed between two glass plates 
under a force of about 4.5 Kg. The plates 
containing the composite specimens were then 
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held vertical in the oven at 37oC for 4 h. The effect 
on the colour of the test specimens was 
expressed and defined by reference to the Gray 
scale for colour change. 

Colour Fastness to Light 
Colour fastness to light was determined 

according to AATCC test Method (16A–1989). 
The evaluation was established using the blue 
scale as reference of colour change.  
 
RESULTS AND DISCUSSION 

Characterisation of Activated Clay 
Figure 1a-dshows the Transmission Electron 

Microscope images of clays Montmorillonite K10 
and KSF) and CTAB modified clays. It is clear 
that, modification of both clays with CTAB 
produces clays in much lower nano scales. In 
addition, the clays particles are distributed in the 
CTAB network. This indicates that, CTAB plays a 
role for stabilizing the clay in the solution. 

Particle size distribution for both modified 
clays(K10 and KSF) was measured and illustrated 

in Figure 1e. The particle size as m was 
explained on the x-axis as log scale to allow many 
magnitudes of orders in size range presented on 
one diagram. The size distribution curve for both 
modified  clays with CTAB are presented in hyper 
layer mode. Looking to distributions curves of both 
modified clays reveals that there have no particles 
larger than 10 µm, which can be attributed to 
steric inversion.It is clear, however, that K10-
CTABexhibits smaller particle sizes than those 
obtained with the KSF-CTAB size analysis.  

Structural Characteristics of phosphorylated 
biopolymer 

Two biopolymer (carboxymethyl cellulose and 
alginate) have been phosphorylated with different 
concentrations expressed as molar ratios of urea 
and phosphoric acid.IR spectra of modified and 
unmodified biopolymers are shown in Figure 1. IR 
spectrum of alginate presents an absorption 
bands due to C=O vibrations of carboxyl group at 
1790 and 1879 cm-1. In addition, some bands are 
observed in the range of 3000 and 2900 cm-1 that 
are attributed to O-H and carboxyl groups. 
Furthermore, alginate shows characteristic bands 
at 3350, 1590, 1420, 1310, and 1080 cm-1 which 
are corresponding to OH, COO asymmetric and 
symmetric, C-O(H), and C-O-C (ring) respectively.  

The IR of phosphorylated alginate are shown 
in Figure 1. It is seen that, new bands are 
observed at 1070, 975, and 930 cm-1. These are 

assigned to P-O-C (aliphatic), and two for P-O(H) 
respectively. These observed bands are similar to 
those observed for phosphorylated CMC  where 
new bands are observed at 1280 cm-1, which is 
related to P–O stretching. The modified CMC 
spectrum also shows two shoulders related to P–
O–C in the 1080–990 cm-1region.  

IR analysis of the phosphorylated CMC and 
alginate verify the introduction of new groups 
along the chains. Therefore, it is clear that both 
biopolymers (alginate and CMC) have been 
phosphorylated well at all concentrations but the 
difference in the intensity  of most bands provide 
that, the high concentration (III) show a good 
phosphorylated one. 

Optimisation of FabricTreatment 
Phosphorylated biopolymers, PEI 

concentration and type of clays were investigated 
for their influence on the mechanical, physical and 
fire resistance properties of the treated fabrics.  

Biopolymer concentration 
The effect of biopolymer concertation on 

physical and mechanical properties of treated 
cotton fabrics were studied using phosphorylated 
alginate as biopolymer (1, 2 and 3 g), PEI and 
Montmorillonite KSF in presence of BTCA and 
SHP Results obtained are shown in Table 1.  It is 
evident that as phosphorylated alginate 
concentration increases in the finishing 
formulation, the N and P % in the treated fabrics 
increase. In addition, treated fabrics exhibit 
variations in tensile strength and elongation at 
break with increasing the biopolymer 
concentration. It is also clear that roughness 
decrease as the biopolymer concentration 
increases. Meanwhile crease recovery angle in 
warp and weft direction are improved because 
treatment of fabric with the biopolymer takes place 
concurrently with cross linking. 

Investigation of fire resistance of treated 
fabrics was undertaken as per two 
measurements, namely, the vertical test and the 
limiting oxygen index. Both tests signify that all 
treated fabrics acquire high LOI value compared 
to untreated one. Furthermore the, vertical test 
reveals that, as the biopolymer concentration 
increases, the treated fabric exercises higher fire 
resistance. 
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Figure 1:TEM image and particle sizeanalysis for clays and their modification with CTAB and FT-IR for 
phosphorylated biopolymer 
a) Clay (K10)   b) modified Clay (K10) with CTAB    c) Clay (KSF) d) modified Clay (KSF) with CTAB 
e) particle size analysis for both modified clays with CTAB; * D [4, 3] - Volume weighted mean, ** D [3, 2] - 
Surface weighted mean 
f) FT-IR for phosphorylated Alginate g) FT-IR for phosphorylated CMC 
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Table 1: Effect of biopolymer concertation on physical and mechanical properties of treated 
fabrics 

Alginate  
(g) 

Elemental 
analysis 

Mechanical and physical properties Fire resistance 

N % P % Tensile 
Strength (kg) 

Elongation  
at a break (%) 

Roughness  
(µm) 

CRA LOI Vertical test 
 observation warp weft 

Untreated 0 0 41 15 17.65 50 45 17.1 Completely 
char 

1 1.62 0.64 40.1 14.2 14.11 85.3 78.2 26.5 Partially char 

2 1.76 1.48 40.55 14.7 14.865 85.8
5 

78.8 28.5 No char 

3 2.11 1.89 40.6 14.8 15.22 86 79 29.3 No char 

Treatment condition: phosphorylated alginate: X g, amine concentration: 2 g, modified clay (KSF): 2g, BTCA: 10 g/l and SHP: 5 g/l. 

 
Table 2: Effect of amine (PEI)concentration on physical and mechanical properties of treated 

fabrics 
Amine 
PEI (g) 

Elemental 
analysis 

Mechanical and physical properties Fire resistance 

N % P % Tensile 
Strength (kg) 

Elongation  
at a break (%) 

Roughness 
 (µm) 

CRA LOI Vertical test 
observation warp weft 

Untreated 0 0 41 15 17.65 50 45 17.1 Completely char 

1 1.2 1.91 40.8 14.8 15.35 85 81 28.8 No char 

2 2.11 1.89 40.6 14.8 15.22 86 79 29.3 No char 

Treatment condition: phosphorylated alginate: 3 g, amine concentration: X g, modified clay (KSF): 2 g, BTCA: 10 g/l and SHP: 5 g/l. 

Effect of amine (polyethyleneimine PEI) 
concentration 

Polyethyleneimine at low and high 
concentrations have been selected to investigate 
its effect on the fabric properties (physical and 
mechanical properties). Table 4 shows that fabric 
treated with the high concentration of the amine in 
the finishing formulation displays higher nitrogen 
percent than does the lower amine concentration 
while the p% remain constant or slightly 
decreases. In addition, treated fabrics exhibit 
variations in tensile strength, elongation at break 
and roughness by increasing the PEI 
concentration. Crease recovery angle in the warp 
and weft directions are improved because the 
treatment with the PEI occurs in concomitant with 
those of cross linking. Both vertical and limiting 
oxygen index tests verify that all treated fabrics 
have high LOI values as compared to untreated 
ones. In addition, vertical test implies that, the 
amine does not affect properly the fire resistance 

Effect of clay type 
Two types of clay, namely, montomorilloinite 

KSF and K10 were chosen to investigate their 
effect on the fabric properties (physical, 
mechanical ad fire resistance properties) when 
the fabric was submitted to treatment with these 
clays. Results of this investigation are set out in 
Error! Reference source not found.. It is evident 
that: a) the magnitude of nitrogen and 
phosphorous is higher upon using higher than 
lower clay concentration. This is observed with 

both types of clay. Treatment using both types  of 
clays leave the values of tensile  
 
strength, elongation at break and roughness 
practically intact. Meanwhile the crease recovery 
angle in warp and weft increases due to cross 
linking as already indicated. Fire resistance of the 
treated fabric is accomplished by treating the 
fabric with both clays and at the two 
concentrations employed. 

Type of biopolymer  
The effect of type of biopolymer, whether 

CMC or Alginate, on the nitrogen and 
phosphorous contents of the treated fabrics is 
shown in Error! Reference source not found.. 
Physico-mechanical and Fire resistance 
properties are also exhibited in the same table. 
Obviously, treatment of the fabric with the tertiary 
mix in question induces substantial amount of 
both nitrogen and phosphorous. Nevertheless 
much higher nitrogen content is displayed by the 
CMC than the sodium alginate biopolymer. The 
reverse is the case with respect to phosphorous 
whereby the latter acquires higher value than 
does the nitrogen. Since urea and phosphoric acid 
are the source of the two elements, current results 
would imply that the CMC enhances interaction of 
the cotton fabric with urea through strong intimate 
association at a molecular level because the 
repeating unit, i.e. anhydroglucose units, is same 
in cotton cellulose fabric and CMC. Stated in other 
words, CMC forms a pro-favourable environment 
for reaction of cellulose of the cotton fabric with 
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urea.   
Table 3: Effect of clay type on physical and mechanical properties of treated fabrics 

 
Clay Elemental 

analysis 
Mechanical and physical properties Fire resistance 

N % P % Tensile  
Strength (kg) 

Elongation  
at a break 

(%) 

Roughness  
(µm) 

CRA LOI Vertical test  
observation warp weft 

Untreated 0 0 41 15 17.65 50 45 17.1 Completely char 

K10 1.77 1.26 40.8 14.6 15.12 85 80 29.2 No char 

KSF 2.11 1.89 40.6 14.8 15.22 86 79 29.3 No char 

Treatment condition: phosphorylated alginate: 3 g, amine concentration: X g, modified clay (KSF or K10): 2 g, BTCA: 10 g/l and 
SHP: 5 g/l. 

 
Table 4: Effect of type of biopolymer on physical and mechanical properties of treated fabrics 

 
Biopolymer Elemental 

analysis 
Mechanical and physical properties Fire resistance 

N % P % Tensile 
Strength (kg) 

Elongation  
at a break 

 (%) 

Roughnes
s  

(µm) 

CRA LOI Vertical test 
observation warp weft 

Untreated 0 0 41 15 17.65 50 45 17.1 Completely char 

CMC 6.44 1.97 35.2 11.3 12.13 45 42 32.2 No char 

Alginate 2.11 1.89 40.6 14.8 15.22 86 79 29.3 No char 

Treatment condition: biopolymer (alginate or CMC): 3 g, amine concentration: 2 g, modified clay (KSF): 2 g, BTCA: 
10 g/l and SHP: 5 g/l. 

 
Conformation, compatibility and interactions of 

the cotton cellulose and CMC due to the structural 
similarity of the repeating units of both substrates 
would certainly occur and, in so doing, create 
better conditions for reaction of cotton with urea. 

The same explanation may be applied also in 
case of using sodium alginate biopolymer instead 
of CMC biopolymer. But with  lower impact on 
association of the cellulose of the cotton fabric 
with the alginate due to differences in the 
repeating units of cellulose of the fabric and the 
sodium alginate. At any event, however, the role 
played by BTCA in chemical fixation cannot be 
ruled out. 

Evaluation of treated fabric 

Surface morphology and thermal behaviour 
Morphological behaviour of untreated and 

cotton fabrics treated with phosphorylated alginate 
or CMC in presence of modified Clay (KSF and 
K10) are shown in Figure 2. Figure 2a exhibit the 
SEM image of untreated cotton fabrics that is 
characterised by a clear and smooth surface. As 
is evident the surface of treated cotton fabrics 
(Figure 2b-e) is coated well with thin film, which 
covers all the surface without any cracks or pores. 
Furthermore, due to the inclusion of modified clay 
into biopolymer matrix, SEM image refers to 
surface which becomes rough .In addition, the 
clays seem embedded in the cross-linker coated 

film but there is certainly a little agglomeration of  
 
modified clay. 

It is further seen, that, EDX of phosphorylated 
alginate or CMC in presence of modified Clay 
(KSF), which is illustrated in Figure 2f-g, reveals 
the presence of phosphor and some other 
element most probably originated from the clay. 

Figure 2h depicts the TGA curves for 
untreated and cotton fabrics treated with BTCA 
only, phosphorylated alginate or CMC in presence 
of modified Clay (KSF or K10). The TGA 
decomposition data and weights remaining of 
untreated and treated fabrics at 400oC 
(decomposition temperature) are shown in Figure 
2h. 

 It is seen (Figure 2h) that TGA curve of the 
untreated cotton fabric display similar rates of 
degradation  to those of fabrics treated with BTCA 
only but faster rates than  the fabrics treated with 
phosphyrylated alginate or CMC even upon using 
any type of clay when the temperature was raised 
from above 390 to 540oC.The phosphorylated 
alginate along with the two  modified clays 
decrease the rate of degradation as evidenced by 
the results of the weights remaining which are 
higher than those of untreated cotton as well as 
those of cotton fabric treated with phosphorylated 
CMC with the two modified clays. 

Inclusion of phosphor and modified clay in 
biopolymer structure onto the cotton surface 
increases the thermal stability (i.e. decreased 
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thermal degradation).The decomposition of the treated cotton fabric are observed at three stages. 
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Figure 2:SEM,EDX and TGA of untreated and treated fabrics 
a) SEM image for untreated fabric, b) SEM image for treated fabric with phosphorylated alginate 
with modified KSF, c) SEM image for treated fabric with phosphorylated alginate with modified 
K10, d) SEM image for treated fabric with phosphorylated CMC with modified KSF, e) treated 
fabric with phosphorylated CMC with modified K10, f) EDX image for treated fabric with 
phosphorylated alginate and modified KSF, g) EDX image for treated fabric with phosphorylated 
CMC and modified KSF and h) TGA of untreated and treated cotton fabrics with BTCA only, 
phosphorylated alginate or CMC with modified clay (KSF or K10) 
 

 Firstly, one stage is observed in the range of 
75.5– 120.3°C which is attributed to the water. 
The second stage is within the temperature range 
of 227.5–280.1°C indicating the degradation of 
unbounded biopolymer. In addition, the third stage 
is within the temperature range of 313.2 – 
385.2°C indicating the degradation of cellulose 
and other cellulosic matters from the fibre which 
lead to the char formation.   

Antibacterial activity 
Treated and untreated cotton fabric with each 

phosphorylated  alginate and CMC in presence of 
modified clay (KSF or K10) were examined for 
their antibacterial activity against two kind of 
bacteria (gram positive and gram negative). One 
strain of bacteria from each kind was selected for 
our study (as they are commonly used for 
investigation of bacterial activity of cotton fabrics) 
namely Escherichia coli (Gram-negative) and 
Staphylococcus aureus (Gram-positive). The 
results of bacterial activity of treated and 
untreated fabrics were listed in Table 5.From the 
inhibition zone value listed in Table 5, the treated 
cotton fabrics with each phosphorylated alginate 
and CMC in presence of modified clay (KSF or 
K10) showed a strong antibacterial activity against 
both tested bacterial. 

As the treated fabrics have extremely positive 
charge from amine groups of PEI and metal ion of 
the clay, therefore the fabrics can interact with 
Gram-negative cell surface through the 
predominantly anionic lipopolysaccharides which 
finally promoting inhibiting the transport of 
nutrients into the cells.  

Furthermore, this positive charge increases 

the lipophilic properties of the treated fabrics. 
Thus, it was also reported that, the antimicrobial 
activity of the treated fabrics was affected by the  
 
presence of the clay or its modified version, and 
this affects the interaction with the cytoplasmic 
membrane of the bacteria.  

Dyeing uptake 
Cellulosic material have a hydrophilic 

properties due to presence of hydroxyl groups 
which make it able to react with different materials 
including dyes through physical force or covalent 
bonds. During this work three kind of dyes 
(reactive, direct and acid) have been used to 
investigate the dye uptake of treated cotton 
fabrics.  

The colour strength of dyed untreated and 
treated cotton fabrics with different dyes have 
been measured and the results are set outin  
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. It is clear that all treated fabrics have higher 
K/S value than the untreated one. Furthermore, 
applying each phosphorylated alginate or CMC in 
presence of PEI and modified clay with CTAB 
made the fabric surface highly receptive to dyes. 
This may be due to the presence of highly positive 
charge on the fabric surface which provide an 
active sites for interaction .In addition, all dyes 
provide same behaviour with treated cotton 
fabrics that may be because the interaction of all 
dyes with cotton surface will occur through ionic 
attraction forces. 

The overall colour fastness properties, (i.e. 
washing, perspiration, rubbing and light) of dyed 
treated fabrics were measured. Results obtained 
are set out in  

. It is clear that all colour fastness are 
improved as compared with those of the untreated 
ones. 

 
 
 
 
 

Table 5: antibacterial activities of untreated and treated cotton fabrics 

Sample Inhibition Zone (mm) 
E. coli S. aureus 

24 h 48 h 72 h 24 h 48 h 72 h 
Untreated 0 0 0 0 0 0 

Treated with Alginate/KSF 15.9 16.4 16.5 14.8 15.3 15.4 

Treated with Alginate/K10 16.1 16.6 16.7 15.0 15.5 15.6 

Treated with CMC/KSF 16.0 16.5 16.6 14.9 15.4 15.5 

Treated with CMC/K10 16.0 16.5 16.6 14.9 15.4 15.5 

 
Table 6: Colour strength (K/S) and Fastness properties of the untreated and treated cotton 

fabrics  

Fastness properties for (C.I. Reactive Red 24; (RR24)) 

Sample K/S Washing 
fastness 

Rubbing 
Fastness 

Perspiration fastness Light 

St. Alt. Wet dry Acidic Alkali 

St. Alt. St. Alt. 

Untreated fabric 0.243 34 23 2 23 34 23 34 23 45 

Treated with Alginate/KSF 7.177 45 45 34 4 45 45 45 45 67 

Treated with Alginate/K10 7.275 45 45 23 3 45 45 45 45 67 

Treated with CMC/KSF 7.434 45 45 34 4 45 45 45 45 67 

Treated with CMC/K10 7.457 45 45 34 4 45 45 45 45 67 

Fastness properties for (C.I. Direct Violet 31; (DV31)) 

Sample K/S Washing fastness Rubbing 
Fastness 

Perspiration 
 fastness 

Light fastness 

St. Alt
. 

Wet dry Acidic Alkali  

St. Alt. St. Alt. 

Untreated fabric 1.712 34 23 2 2 3 34 23 34 23 45 

Treated with Alginate/KSF 4.127 45 45 34 4 45 45 45 45 6 

Treated with Alginate/K10 4.391 45 4 23 3 4 45 45 4 6 

Treated with CMC/KSF 4.279 4 45 34 4 45 45 4 45 6 

Treated with CMC/K10 4.480 45 4 
5 

3 4 45 45 45 45 6 

Fastness properties for (C.I. Acid Red 1; (AR1)) 

Sample K/S Washing fastness Rubbing 
Fastness 

Perspiration 
 fastness 

Light 
 fastness 

St. Alt
. 

Wet dry Acidic Alkali  

St. Alt. St. Alt. 

Untreated fabric 0.189 34 23 2 23 34 23 34 23 45 

Treated with Alginate/KSF 6.307 45 4 34 4 45 4 45 45 6 

Treated with Alginate/K10 6.506 45 45 23 3 45 45 45 45 67 

Treated with CMC/KSF 6.143 4 45 3 3 45 45 4 45 6 

Treated with CMC/K10 6.202 45 45 3 4 45 45 45 45 67 

Fastness properties for (C.I. Reactive Red 24; (RR24)) 

Sample K/S Washing 
fastness 

Rubbing 
Fastness 

Perspiration fastness Light 

St. Alt. Wet dry Acidic Alkali 

St. Alt. St. Alt. 

Untreated fabric 0.243 34 23 2 23 34 23 34 23 45 

Treated with Alginate/KSF 7.177 45 45 34 4 45 45 45 45 67 

Treated with Alginate/K10 7.275 45 45 23 3 45 45 45 45 67 

Treated with CMC/KSF 7.434 45 45 34 4 45 45 45 45 67 

Treated with CMC/K10 7.457 45 45 34 4 45 45 45 45 67 

Fastness properties for (C.I. Direct Violet 31; (DV31)) 

Sample K/S Washing fastness Rubbing 
Fastness 

Perspiration 
 fastness 

Light fastness 

St. Alt
. 

Wet dry Acidic Alkali  

St. Alt. St. Alt. 

Untreated fabric 1.712 34 23 2 2 3 34 23 34 23 45 

Treated with Alginate/KSF 4.127 45 45 34 4 45 45 45 45 6 

Treated with Alginate/K10 4.391 45 4 23 3 4 45 45 4 6 

Treated with CMC/KSF 4.279 4 45 34 4 45 45 4 45 6 

Treated with CMC/K10 4.480 45 4 
5 

3 4 45 45 45 45 6 

Fastness properties for (C.I. Acid Red 1; (AR1)) 

Sample K/S Washing fastness Rubbing 
Fastness 

Perspiration 
 fastness 

Light 
 fastness 

St. Alt
. 

Wet dry Acidic Alkali  

St. Alt. St. Alt. 

Untreated fabric 0.189 34 23 2 23 34 23 34 23 45 

Treated with Alginate/KSF 6.307 45 4 34 4 45 4 45 45 6 

Treated with Alginate/K10 6.506 45 45 23 3 45 45 45 45 67 

Treated with CMC/KSF 6.143 4 45 3 3 45 45 4 45 6 

Treated with CMC/K10 6.202 45 45 3 4 45 45 45 45 67 
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Washing fastness at 60C (Cotton/wool)  Rubbing Fastness (Cotton/wool)
 
CONCLUSION 

This work is undertaken with a view to 
fabricate multifunctional cotton products with 
unique properties and smart performance through 
in situ formation of novel micro-composite in the 
entire structure of cotton. 

In essence, the micro-composite is based on: 
1) natural biopolymer(i.e. sodium alginate or 
CMC), 2) natural clay (Montmorillonite K10 or 
KSF),3) hyperbranched polyethyleneimine (PEI), 
4) butanetetracarboxilic acid (BTCA) and 5)  
sodium hypophosphite (SHP). The biopolymer is 
submitted to phosphorylation and the natural clay 
to activation before being involved in the micro-
composite mix. To this end, the micro-composite 
mix is applied to cotton fabric according to the 
pad-dry-cure method. During this application 
interaction among the various fire components of 
the mix in addition to cotton cellulose of the fabric 
occur leading ultimately to creation of micro-
composite in and attached to the microstructural 
features of the cotton fabric. Indeed the impact of 
the micro-composite  on the characteristics, 
properties, functionalities and performance of 
cotton treated thereof is believed to be a 
manifestation of the composition and condition of 

the starting mix of the micro-composite  and ability 
of the mix to undergo self-interactions as well as 
interactions with the cotton fabric.  

The work comprises: (a) activation of clay 
using CTAB, (b) phosphorylation of the alginate 
and CMC biopolymers using urea and phosphoric 
acid and (c) application of the mix to the cotton 
fabric and formation of micro-composite in the 
vicinity and proximity of cotton structure.  

Dye-ability of the micro-composite -containing 
cotton fabric is studied. Also studied are 
characterizations of the treated fabrics vis-a-vis 
the treated fabric using FTIR, SEM and EDX, 
TEM and particle size analyser. Meanwhile 
properties examined include LOI, Fire resistance, 
Thermal analysis, antibacterial activity and colour 
measurements.  

Concerns of characterization and properties in 
current research work refer to multi-functionalized 
cotton products that speak of colour, ease of care 
characteristics, thermal stability, fire resistance, 
antimicrobial activity and images of SEM and 
TEM. The work calls for compilation of efforts to 
really produce smart cotton products on industrial/ 
commercial scale. 
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