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Introduction
Cotton is an abundant natural fibre, which consists of practically 
pure cellulose. It is popular for its several unique properties such as 
softness, versatility, absorbency, breathability biodegradability and 
high dimensional stability. Cotton fibres is subjected to modification, 
due to some undesirable properties like moisture sensitivity, low 
exhaustion of dye, susceptibility towards sunlight (UV), wrinkle 
and microbial degradation which all are recoverable through 
modification.

Nowadays, the surface modification of textile fibres is considered 
as the best route to obtain desire properties of textiles [1]. For this 
purpose, a large number of chemicals have been used including 
inorganic salts, iodophors, phenols, thiophenols, heterocyclics with 
anionic groups, nitro compounds ureas, formaldehyde derivatives 
and amines but most of the chemicals are toxic to humans and do not 
easily degrade [2]. Indeed, new types of research look for a solution 
and try to establish eco-friendly processes that substitute for toxic 
textile chemicals. In this sense, chitosan and its derivatives are an 
important candidate for an eco-friendly textile chemical.

Chitosan is a muco-adhesive polymer obtained by deacetylation of 
chitin, an abundant polysaccharide isolated from insects, crustaceans, 
and fungi [3]. Chemically, chitosan is a linear (1-4) linked 2-amino-
2-deoxy-β-d-glucan (i.e. β-d-glucosamine) having a structure very 
close to cellulose. The difference from cellulose is that the hydroxyl 
group in C2 of cellulose is replaced by an amino group (-NH2) in 
chitosan. Chitosan is a copolymer of N-acetyl-glucosamine and 

glucosamine units and the majority of any one unit is a measure of 
chitin and chitosan [4-6]. Due to the limited solubility of chitosan, 
an N-octyl chitosan derivative was prepared, to enhance the usability 
of the biopolymer.

Present study deals with the functionalization of cotton fibre to 
ameliorate textile performances using prepared bioactive chitosan 
and N-Octyl chitosan from prawn shell waste, which can draw 
attention of both textile industrialists and consumers to use these 
biomaterials instead of petroleum, based toxic finishing agents 
considering environmental and health hazardous issue. At the same 
time this will widen the applications of chitosan and its derivative 
and encourage entrepreneur has to set up chitosan production 
industry utilizing prawn shell waste.

Experimental
Materials
Cotton fibres were collected from Keya Spinning Mill Ltd., Dhaka, 
Bangladesh. The prawn (shrimp) shells used for the experiment 
were collected from Mongla (near Sundarban forest) in Bangladesh, 
which is considered as waste of prawn processing area. Sodium 
hydroxide, acetic acid, ethanol, sodium chloride, hydrochloric acid, 
acetone, Potassium bromide, octanal, sodium borohydride, etc. of 
the reagent, grade chemicals were procured.

Methods 
Fibre preparation
The fibres were at first washed thoroughly with 0.2% Na2CO3 

Abstract
The purpose of the present study is to develop a biomaterial from renewable source for its effective application on cellulosic 
textile fibre functionalization instead of synthetic toxic products. In this context, we have prepared a water-soluble bioactive 
compound N-octyl chitosan from prawn shell waste. The molecular weight of prepared chitosan and N-octyl chitosan were 
139,958 Da and 162,181 Da respectively. Chitosan and N-octyl chitosan were applied on cotton fibre and characterized by 
various physico-chemical and instrumental techniques, e.g. FTIR, SEM, TGA, DTA, DTG, XRD etc. Thermal behavior of 
chitin, chitosan, N-octyl chitosan, cotton, chitosan modified cotton and N-octyl modified cotton were investigated and also 
followed the order cotton> chitin> chitosan> chitosan-modified cotton> N-octyl chitosan modified cotton fibers. Finally, 
functionality of cotton fibre was measured by dyeing performance which in turn was evaluated by controlling the percentage 
of the dye bath exhaustion (E %). The modified cotton fibers showed excellent dye exhaustion and colorfastness properties 
as well as other textile properties. 

Volume 1 | Issue 1 | 1 of 8J Textile Eng & Fash Tech, 2019 www.opastonline.com



solution at 75 °C for 30 min in fibre- liquor ratio of 1: 50 [7, 8]. 
After treatment, the fibres were washed with distilled water. Finally, 
process samples were air dried and stored in a desiccator.

Processing of shrimp shells
Firstly, the collected shrimp (prawn) shells were separated from the 
head and legs. The shrimp shells were washed several times with 
hot water, and then dried in a hot oven at 105 °C for 72 h. The dried 
shells were ground to a fine powder.

Preparation of chitin and chitosan
The shrimp powder was treated with 1 mol/L HCl with chitin to 
HCl solution ratio of 1:50 at 100°C for 4 h, and then washed with 
distilled water. The alkali-treated solid was then treated with 1 mol/L 
NaOH with chitin to NaOH solution ratio of 1:50 at 100°C for 4 
h followed by washing with distilled water [9-11]. The resultant 
solid was washed to neutral and dried in a vacuum oven at 50°C 
for 20 h that was known as chitosan. The deacetylation of chitin is 
shown in Scheme 1.

Scheme 1: Preparation of chitosan from chitin

Preparation of N-octyl chitosan
In the present study, N-alkyl chitosan was prepared in several steps, 
Chitosan (1g) was suspended in a water-methanol 1:1 mixture (100 
mL), and then octanal (1g) was added and stirred for 30 min. The 
reduction was carried out with sodium borohydride solution (0.5 
g dissolved in 10 ml of water) under continuous stirring at room 
temperature. After adjusting of pH to 8-10 with NaOH solution, 
the preparation was left overnight. The reaction mixture was 
then neutralized with 2M HCl solution and N-octyl chitosan was 
precipitated with methanol. The precipitate was then filtered and 
washed with methanol, then with water and dried at 60°C for 12 h 
under reduced pressure [12-14]. The alkylation reaction is shown 
in Scheme 2.

Scheme 2: Preparation of N-octyl chitosan

Modification of cotton fibre
The washed cotton fibre treatment was carried out with chitosan and 
chitosan derivative containing solution. Firstly, required amount of 
chitosan or its chitosan derivative solution was dissolved in 2% acetic 
acid solution where the fibre to liquor ratio was maintained at 1:50. 
Then cotton fibre was dipped in the solution and allowed to stand 
at 60°C for 1h. The pH of the solution was maintained at 3.5 - 4.0 
using 0.2M acetic acid [15]. The modified fibres were washed with 
distilled water and subsequently dried in hot air at 60°C until constant 
weight. The proposed grafting reaction is shown in Scheme 3.

Scheme 3: Grafting of N-octyl chitosan on cellulose

Cotton fibre dyeing with reactive dyes
Three reactive dyes, e.g. Reactive Brown 10, Reactive Orange 14 
and Reaction Red were selected for the dyeing of washed cotton, 
chitosan and N-octyl chitosan modified cotton fibre. Reactive dye 
was dissolved, at first, by making a paste with little warm distilled 
water and then, by adding cold distilled water. 

The dyeing sequence of washed and modified cotton fibres are 
shown in Figure 1. The dye bath was prepared by taking (5g/L) NaCl 
as an electrolyte solution based on the weight of fibre. The fibre-
liquor ratio was maintained at 1:50. Dyeing was carried out using 
0.3% dye (on the weight of fibre) in a dyeing machine (DYSIN). 
During dyeing 5g of washed cotton, fibre was immersed in the dye 
pot. Exhaustion was done at 80°C for 120 min. After 1 h, the pot 
was taken out and then Na2CO3 solution (2g/L) was added based 
on the weight of fibre [7]. The fixation of dye was continued for a 
further 60 min.

Figure 1: Dyeing sequence of washed, chitosan modified and 
N-octyl chitosan modified cotton fibre

Characterization
Degree of deacetylation (DDA) of chitosan
Various methods have been used for the determination of the degree 
of deacetylation of chitosan. Among all the methods elemental 
analysis is a simple, suitable and rapid method to determine the 
degree of deacetylation (DDA) value of chitosan. The degree of 
deacetylation was calculated from the carbon/ nitrogen ratio (C/N). 
It varies from 5.15 (X) in completely N- deacetylates chitosan 
(C6H11O4N per unit) to 6.86 (Y) in chitin, the fully N-acetylated 
polymer (C8H13O5N repeat unit). The degree of deacetylation (DDA) 
value of chitosan was determined by the following equation [16]. 

                       DDA = {1-(C/N- X)/(X-Y)} ×100

Where, C is the mass of carbon in chitosan sample and N is the mass 
of nitrogen in chitosan sample.

Molecular weight 
For the determination of viscosity-average molecular weight 
(Dalton), the chitosan and its derivative were dissolved in a mixture 
of 0.1 M acetic acid and 0.2 M NaCl, and then the intrinsic viscosity 
(η) was measured by using an Ubbelohde Capillary Viscometer. The 
Mark-Houwink equation relating to intrinsic viscosity with empirical 
viscometric constants K=1.81 X 10-3 cm3/g and a=0.93 for chitosan 
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was used to calculate the molecular weight using “Mark- Houwink-
Sakurada” equation [17,18].

                                     [η] = KMa

Measurement of tensile strength
The experiment was performed using a “Portable Electronic Single 
Yarn Strength Tester-YG021J” Fanyuan Instrument (HF) Co. Ltd, 
China, for quick and reliable tensile strength measurement. The 
breaking load of unmodified and modified fibre was shown on the 
scale of the tensile tester in N/yarn.

Moisture absorption study
The modified and washed cotton fibres were placed on a humidity 
chamber at room temperature (70°C) for a week where humidity was 
maintained at the saturation level [19]. After that moisture analyzer, 
using the following formula analyzed the fibres:

Moisture Content (%) =   

Where Wf is the weight of wet sample and Wi is the weight of dry 
sample.

Swelling behavior study
Swelling behavior of the modified and washed cotton fibres were 
determined by dipping into water at room temperature for 24 h. 
The percent swelling was calculated according to the following 
equation [20]. 

Percent Swelling (%)= 

Where, Wi is the initial weight of fibre and Wf is the final weight 
of fibre.

FTIR analysis
FTIR spectroscopy analysis of chitin, chitosan, N-octyl chitosan, 
cotton, chitosan modified and N-octyl chitosan modified cotton fibres 
was performed by using a “Shimadzu IR-8900” spectrophotometer 
(Shimadzu, Kyoto, Japan). The examined samples and KBr 
(potassium bromide) were dried in an oven at 105°C for moisture 
free. Then fine powder was made using mortar pestle. The powder 
sample was mixed with KBr in the ratio of 1:25 and a pellet were 
prepared. The IR-spectra of this KBr pellets were recorded with the 
FTIR spectrophotometer. The scanning range was between 400-4000 
cm-1 and a resolution of 4 cm-1.

Thermal analysis
The experiments were performed using a Seiko-Exstar-6000, TG/
DTA-6300 (Seiko Instruments Inc., Chiba, Japan). The tests were 
conducted between 25-550 °C under an inert atmosphere (Argon). 
The heating rate and the air (nitrogen) flow rate were 10°C/min and 
200 ml/min respectively.

Scanning electron microscopy (SEM) analysis
The Scanning Electron Microscopy (SEM) was studied to analyze 
the morphology of unmodified, chitosan modified and N-octyl 
chitosan modified cotton. Morphological investigation of unmodified, 
chitosan modified and N-octyl chitosan modified cotton fibres was 
performed using a Scanning Electron Microscope, (FEI Quanta 
Inspect, Model: S50, Netherlands). The micrographs were taken 
at a magnification of 2000 times using 40 kV accelerating voltage.

XRD analysis
X-ray diffraction (XRD) patterns of washed and modified cotton 
fibres were recorded using Bruker D8 Advanced Germany, X-ray 
Diffractometer that generated Cu-Kα radiation. Powdered samples 
were exposed to X-ray beam at the operating voltage and current of 
40 KV and 30 mA respectively. Data were collected at a scanning 
rate of 2˚/min with the scan angle from 2 to 40˚.

Dye bath exhaustion
The dye bath exhaustion was determined spectrophotometrically. 
The absorbance of each dye bath solution was measured using a 1 
cm path length quartz cell housed in a UV spectrophotometer (WPA 
Model S104-D Digital Spectrophotometer, UK) both before and 
after the dying process. The bath exhaustion percentage E (%) was 
calculated according to the following equation [21,22]. 

Where, Ao and Ar are the absorbance of the dyeing bath before and 
after dyeing respectively.

Statistical analyses
All the experiments were carried out in triplicate and the data were 
expressed as mean ± standard deviation (SD, n=3) for reproducibility. 
Significant difference analysis was determined using Schiffe`s 
multiple range test considering statistically significant values.

Results and Discussion
Yield
Table 1 shows extraction percentage (on weight of raw basis), colour 
and odour of yield of chitin and chitosan at various reaction stages 
of preparation. The yield percent of chitin from dry prawn shells 
modified with 1 mole/L NaOH and 1 mole/L HCl was 29.4 wt%, 
25.62 wt% and 24.12 wt% on the first, second and third reaction 
steps respectively and obtained yields of chitosan were 15.56 wt.%, 
11.26 wt.% and 9.80 wt.% on the first, second and third successive 
reaction steps. In general, the results were similar to those found 
by Alimuniar et al [23]. The yield was dependent on the size of 
shell powder and on the reaction step. Percent yield decreases with 
respect to the reaction step due to the removal of protein, pigment, 
lipids, inorganic salts and acetyl groups (-COCH3) present in chitin. 
Some carotenoid pigment remaining in the chitin powder caused a 
brown colour in the first step product and light brown in both the 
second and third step products, with little or no odour. For the first 
step, about 50% of the acetyl groups, with pigments and lipids, were 
removed by alkali treatment. On the second and third steps, a trace 
amount of acetyl group was removed with no remaining pigments. 
The final product obtained was white and odourless [24].

Table 1: The yield of chitin and chitosan at various reaction 
stages
Parameters Chitin extracted at different extraction stages

1st Stage 2nd Stage 3rd Stage
Extraction, % 29.40 25.62 24.00
Colour Brown Light Brawn Light Brawn
Odour Weak None None

Chitosan extracted at different extraction stages
Extraction, % 15.56 11.26 9.80
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Colour Off-white Light Brawn Brown
Odour Weak None Weak

Degree of Deacetylation of Chitosan
The process of deacetylation involves the removal of acetyl groups 
from the molecular chain of chitin, leaving behind a compound 
(chitosan) with a high degree chemical reactive amino group (-NH2). 
This makes the degree of deacetylation an important property in 
chitosan production as it affects the physicochemical properties, 
hence focuses its appropriate applications [25]. Deacetylation 
also affects the biodegradability and immunological activity [26]. 
The degree of deacetylation mainly depends on the method of 
purification. Also, reaction conditions, such as temperature, alkaline 
concentration and reaction time, are also important [27]. From 
Figure 2, it is seen that the degree of deacetylation maximized at 
85% at 80°C temperature. To produce this, 50% alkaline solution 
was used in the solid to liquor ratio of 1:50 (w/v) for 4 h refluxing 
the reaction mixture in the presence of ethanol.

Figure 2: Effect of time on deacetylation percent

Molecular weight
Chitosan is a biopolymer of high molecular weight (MW) and 
varies with the sources and the methods of preparation [28]. The 
MW of native chitin is usually larger than one million Daltons while 
commercial chitosan products fall between 1.0 X 105 to 1.2 X 105 an 
average MW of 1.20-1.50 X 105 Da [27, 29]. The molecular weight 
of shrimp chitosan obtained in this study was 1.40×105 Da. On the 
other hand, the molecular weight of N-octyl chitosan was 1.60 X 
105 Da. This molecular weight is higher than chitosan as hydrogen 
of the amine group in chitosan was replaced by octyl radical.

Physico-chemical properties of unmodified and modified fibres
Moisture absorption, swelling test, tensile strength, % elongation, 
and biodegradation reports of washed and modified cotton fibres are 
shown in Table 2. From the Table, modified cotton fibres showed 
improved physico-chemical properties. The covalent bond formation 
between cellulose of cotton fibre and modifier (chitosan and N-Octyl 
chitosan) reduces hydroxyl groups (-OH) on fibre backbone which 
ultimately reduces the moisture uptake by the cotton fibre. Similarly, 
for this reason swelling activity of modified fibres decreases than that 
of unmodified or washed cellulosic cotton fibre. In case of tensile 
strength and elongation tests, we saw that both tensile strength (N/
yarn) and elongation (%) of modified fibres were improved due to 
chemical bonding between fibre and modifier as well as modification. 

The biodegradation rate in terms of weight loss (%) modified and 
unmodified cotton fibres was more or less similar because the used 
chitosan and its derivative N-Octyl chitosan are totally ecofriendly 
bioactive compounds which do not affect the natural biodegradation 
of cotton fibre. So, the modified cotton fibres will be more suitable 
for textile application with blazing properties.

Table 2: Physico-chemical tests of washed and modified cotton 
fibre

Serial 
No

Types of tests Unmodified 
cotton

Chitosan
modified

NOCh
modified

01 Moisture absorption (%) 17±0.4 13±0.7 11±0.6

02 Swelling (%) 118±0.6 97±0.8 88±0.5

03 Tensile Strength (N/yarn) 173±2 190±1.75 197±2

04 % Elongation 9±0.06 10±0.03 10.5±0.01

06 Biodegradation 
(% wt loss at 28th day)

71±1 72±1 69±2

Fourier transform infrared spectroscopic analysis (FTIR)
Fourier-transform infrared spectra were used to identify the presence 
of functional groups. The FTIR spectra of chitin, chitosan, N-octyl 
chitosan, unmodified cotton, chitosan modified and N-octyl chitosan 
modified cotton fibres are shown in Figure (a-f) respectively. The 
peak intensity at 1660 cm-1 gradually decreased while that at 1600 
cm-1 increased, indicating the prevalence of –NH2 groups and at 
1600 cm-1 displayed a greater intensity than the one at 1660 cm-1 
which demonstrated the effective deacetylation of chitin. Obvious 
changes of the FTIR spectrum are observed after chitosan alkylation, 
suggesting that substitution has occurred on the amino groups of 
chitosan. Peak intensity at 1600 cm-1 decreases, due to the conversion 
of -NH2 to N-alkyl substituent, a new peak appearing at 1520 cm−1 
corresponding to asymmetrical stretching of C–H in the methyl 
groups. Figure 1(d-f) is clearly seen that cotton, chitosan modified 
cotton and N-octyl chitosan modified cotton are more or less near 
about same except at the band of 1600 cm-1 and 1520 cm-1 due to 
the incorporation of chitosan and N-octyl chitosan respectively on 
the cotton fibre.

Figure 3: FTIR spectra of (a) Chitin, (b) Chitosan, (c) N-octyl 
chitosan, (d) Cotton, (e) Chitosan modified and (f) N-octyl chitosan 
modified cotton fibres
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Thermal analysis
The TGA, DTG and DTA profiles of chitin shown in Figure 4(a), it is 
observed that the loss in weight is around 65.3% at 346.6°C-400.7°C 
due to loss some protein and minerals. The DTA curves indicate 
two endothermic peaks at 70.6°C and 389.7°C due to moisture and 
thermal degradation respectively. DTG curves show two peaks at 
57.4°C and 266.5°C. The initial peak is due to the elimination of 
moisture and the second peak is due to one-step degradation of chitin. 
The maximum peak is at 387°C. On the other hand, in Figure 4(b) it 
is seen that the DTA curves indicate two endothermic peaks at 72.3°C 
and 392.6°C due to moisture and thermal degradation respectively. 
DTG curves show two peaks at 66.6°C and 294.4°C. The initial peak 
is due to the elimination of moisture and the second peak is due to 
one-step degradation of chitosan. The maximum peak is at 389.9°C.

Figure 4(c-e) shows the thermal behavior of unmodified cotton 
fibre, chitosan modified cotton fibre and N-octyl chitosan modified 
cotton fibre, respectively. From Figure 4(c-e) it can be seen that 
the weight loss of cotton fibre, chitosan modified cotton fibre and 
N-octyl chitosan modified cotton fibre are 69.3% at 388.5°C, 54% at 
350°C and 29.7% at 306°C, respectively. The initial decomposition 
temperature of raw cotton fibre, chitosan-modified cotton fibre 
and N-octyl chitosan- modified cotton fibre are 300°C, 250°C and 
215°C and the corresponding char yield are 15%, 27% and 35%, 
respectively. Based on initial decomposition temperature, the thermal 
stability of that compounds and fibre follows the order, chitin> 
chitosan> cotton> chitosan modified cotton> N-octyl chitosan 
modified cotton. The DTA curve indicates two endothermic peaks 
at different temperatures due to moisture and thermal degradation 
of cotton fibre, chitosan and N-octyl chitosan-modified cotton fibres 
respectively. The DTG curve represents the decomposition rate at 
different temperature ranges. So, it can be said that the thermal 
stability of chitosan and N-octyl chitosan-modified fibres are 
decreased compared to that of unmodified fibres. This might be 
the result of the incorporation of chitosan and its derivative with 
the cotton fibres.

Figure 4(a): TG, DTA and DTG curve of chitin

Figure 4(b): TG, DTA and DTG curve   of chitosan

Figure 4(c): TG, DTA and DTG curve of unmodified cotton fibre

Figure 4(d): TG, DTA and DTG curve of chitosan modified cotton 
fibre
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Figure 4(e): TG, DTA and DTG curve of NOCh modified cotton 
fibre

Surface Morphology 
The SEM images of unmodified cotton fibre, chitosan modified 
cotton fibre and N-octyl chitosan modified cotton fibres are shown 
in Figure 5 (a-c). It can be clearly observed that the surfaces of the 
unmodified cotton fibres are relatively smooth and clean with many 
tiny projecting fibres Figure 5(a). After treatment with chitosan and 
N-octyl chitosan, the surfaces of the modified cotton fibres were 
coated with a film of granular substances and dispersed with some 
agglomerated particles Figure 5(b-c). Yet, the chitosan- and N-octyl 
chitosan-modified cotton fibres exhibits smoother surfaces, due to 
the absorption of chitosan and N-octyl chitosan on the fibre. The 
micrograph of the surface of the chitosan-modified fibre indicates 
that it is smoother than that of the N-octyl-chitosan-modified fibre. 
This is because chitosan tends to form more film than does N-octyl 
chitosan. Chitosan exhibits an inherent property of film formation, 
which is clearly seen as a gloss on the fibre surface. According to 
the micrograph, chitosan is spread on the fibre in a homogeneous 
way, without agglomerated deposition on the fibre surface. Such 
agglomeration occurs on the N-octyl chitosan-modified fibre.

Figure 5: SEM of a) Unmodified, b) Chitosan modified and c) 
N-octyl chitosan modified cotton fibres

XRD analyses
The degree of crystallinity of unmodified and modified (with 
chitosan and NOCh) cotton fibres were investigated through X-ray 
diffractometry and the X-ray defractograms are shown in Figure 6. 
From the figures it can be concluded that the order of crystallinity 
of the modified and unmodified cotton fibres is as follows: Washed 
> chitosan modified > NOCh modified cotton fibres.

The XRD profile of unmodified cotton fibres exhibits comparatively 
well resolved and intense peaks, while broad diffuse scattered and 
less intense peaks are found for modified fibres. This indicates 
that modifier affects the crystallinity of cotton fibre with their 
incorporation.

Figure 6: XRD pattern of a) Washed, b) Chitosan modified and c) 
N-Octyl chitosan modified cotton fibre

Dye bath exhaustion
The dyebath exhaustion and colour of unmodified and modified 
cotton fibres are represented in Table 3 and Table 4 respectively. The 
exhaustion of dye by the fibres was increased by treating them with 
chitosan and N-octyl chitosan prior to dyeing. Generally, reactive 
dyes formed a covalent bond with fibre polymer [30]. The reactive 
system of this dye enables it to react with the hydroxyl groups in 
cellulose by nucleophilic addition reaction. As the reactive dyes 
are anionic and cotton fibres gain anionic surface charge in water, 
the charge repulsion adversely affects the dye bath exhaustion. For 
this reason, unmodified fibre shows low exhaustion of dye. Their 
exhaustion behavior is shown in Figure 7. Chitosan and N-octyl 
chitosan modified fibres showed different dye exhaustion amount. 
Seventy percent exhaustion would mean that 70% of the total amount 
of dye has been attached to the fibre and 30% is still in solution. The 
treatment of the fibre with chitosan and N-octyl chitosan increased 
the number of dye sites in the cellulose macromolecules of cotton 
fibres. As a result, the modified fibre absorbed more dye than the 
unmodified sample as well as increased the exhaustion percentage 
of dye in the modified fibre. The dyebath exhaustion is shown in the 
higher bar diagram in Figure 7, where chitosan and N-octyl chitosan-
modified fibre samples have higher bars than the unmodified cotton 
fibre. Chitosan and N-octyl chitosan-modified fibres exhibit had 
considerably better colour absorption. This could be due to the 
attachment of chitosan to the cotton fibre backbone, which helps 
to increase the functionality and the measure of reactivity. N-octyl 
chitosan-modified cotton fibre exhibits comparatively lower dye 
absorption because some amino (NH2) groups bond with octyl 
groups to form the chitosan derivative. 



Volume 1 | Issue 1 | 7 of 8J Textile Eng & Fash Tech, 2019 www.opastonline.com

Figure 7: Effect of dye absorption on dyeing of a) unmodified, b) 
chitosan modified and c) N-octyl chitosan modified cotton fibres

Table 3: Effect of various dye absorption on dyeing of washed 
and modified cotton fibres
Name of dye Dye exhaustion %

Washed fibre Chitosan 
modified fibre

N-octyl 
modified fibre

Reactive 
Orange 14

65±0.51 72±0.42 68±0.35

Reactive 
Brown 10

69±0.97 81±1 80±1.02

Reactron Red 68±0.58 80±0.13 75±0.24

Table 4: Colour of unmodified and modified dyed fibres according 
to gray scale rating

Name of dyes Washed fibre Ch modified 
fibre

NOCh 
modified fibre

Reactive
Orange 14

Orange
3

Bright Orange
5

Deep Orange
4-5

Reactive 
Brown 10

Light Brown
2-3

Deep Brown
4-5

Brown
4

Reactron Red Fade Red
2

Deep Red
4-5

Red
3-4

Colour Fastness on Exposure to Sunlight
The light fastness of both the unmodified and modified fibres dyed 
with reactive dyes (Reactive orange 14, Reactive brown 10 and 
Reactron red) was assessed by Gray scale. The change in colour of 
dyed fibre occurs within 50-150 h exposure and then no or slight 
change occurs on further increase of exposure time. This is probably, 
due to the mechanism of the light action produced day by day on 
the fibre. It was also observed that chitosan and N-Octyl chitosan 
modified dyed fibres gave better colorfastness than unmodified dyed 
fibres when they were exposed to sunlight in air. It can be explained 
that after treatment, the OH groups on cellulosic fibre are blocked 
by hydrogen bonding reaction with chitosan and N- Octyl chitosan. 
As a result, the atmospheric oxygen cannot oxidize the fibre. So, the 
change in colour or fading does not occur or slightly occurs [31]. 

Colour Fastness to Washing
The colorfastness and change in colour of unmodified and modified 
fibres dyed with three reactive dyes (Reactive orange 14, Reactive 
brown 10 and Reactron red) was examined at 30, 50, 70, and 90°C. 
It was observed that modified dyed fibres showed better colour 
fastness to detergent solution than that of unmodified fibres. The 
wash fastness depends upon the physical and chemical properties 

of the fibre and their forces of interaction and their interaction with 
detergent solution. From the structural feature it is assumed that the 
number and strength of covalent bonds between dye and modified 
fibre molecules are more than that of unmodified. This variation of 
covalent bonds may be the cause of showing better colorfastness of 
modified dyed fibres on washing with detergent solution.

It is also evident that the wash fastness decreases with the increase 
of temperature. It seems that at higher temperature, dissolution of 
the dye particles from the fibre surface takes place and hence more 
dye is easily washed off the fibre. Noted that, the solubility of dye 
increases with the increasing of washing temperature.

Conclusions
Chitosan and its derivative, N-octyl chitosan were successfully 
prepared from abandoned prawn shell waste by chemical processes 
and examined by their characteristics. Both of the chitosans were 
used as biodegradable natural modifiers for the cellulosic fibres. 
Modifications were confirmed by FTIR spectra, TGA, DTA and 
DTG thermogram, SEM images and XRD patterns of the unmodified 
and modified cotton fibres. Chitosan and N-Octyl chitosan modified 
fibres showed improved textile properties with excellent colour 
depth and colourfastness properties to UV and wash fastness 
regarding conventional process. Thus chitosan and its prepared 
derivative from prawn shell waste would be a valuable chemical 
for the functionalization of other materials to produce value added 
products and they can easily be used as ecofriendly textile modifiers 
for improvement of cotton fibre quality as well as other textile 
performances. 
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