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SUMMARY 

 

The poultry industry generates a large amount waste in the form of chicken feathers most of which 

is disposed of by landfilling. This is unsustainable due to shortage of space for landfills and also 

bacterial pollution of the water table.  Therefore, beneficiation of the waste is beneficial for 

society and the environment.  Several studies have demonstrated potential routes for beneficiation 

of feathers via extraction of keratin from feathers. Worldwide, there is high demand for 

superabsorbent fabrics, e.g., for use in hygienic applications. However, production of 

superabsorbent materials from waste biomass is not a well-developed technology. In this thesis, 

the possibilities of extracting keratin fibres from waste chicken feathers (WCFs) for use in the 

production of superabsorbent fabrics is investigated.  

 

Nonwovens are mostly used in modern disposable hygienic products (MDHPs) with the purpose 

of providing excellent absorbency as well as comfort to consumers. They are made from natural 

or synthetic fibres and/or the combination of natural and synthetic fibres which determines their 

main characteristics. Chicken feather fibres (CFFs) was identified as prospective plentiful fibres 

that can be used as cheap raw materials in the production of the nonwoven fabrics used in MDHPs. 

Adequate methods for extracting fibres from feathers as well their conversion into fabrics is 

essential. In the present study, a novel rapid method for mechanical extraction of CFFs was 

developed to extract the fibres from WCFs and the fibres were characterised for their physical 

and morphological properties.  

 

Dry laid technique via needle punching was the best suited technique of incorporating the recycled 

fibres into nonwoven fabrics versus using a wet-laid technique. The process variables like speed, 

stroke frequency, and depth of needle penetration were studied to determine their effect of the 

fabrics. A linear model was fitted and the optimum production parameters that resulted in high 

absorbency of the fabrics were 1.187 m/min for speed, 265.42 Hz for stroke frequency, and 2.92 

mm for depth of needle penetration. Needle punched absorbent fabrics were developed by 

treatment of fibres with absorbent solutions that imparted superabsorbent properties on the 

materials. The liquid absorption characteristics of the novel super-absorbent material were 

studied, and the effect of coating polymers was assessed. The produced fabrics were investigated 

for suitability as replacements for superabsorbent fabrics currently used in hygienic products. 

 

The results obtained suggested that there is a possibility of producing high valuable products from 

CFFs. Furthermore, the nonwoven fabrics were examples of the possible waste valorisation 

pathways of these fibres.  
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 CHAPTER ONE: INTRODUCTION  

 

1.1.  Background and motivation  

 

Industrial waste management is increasingly becoming a critical managerial operation parameter. 

The increased pressure is enforced by the limited disposal sites which entails higher disposal costs 

and strict environmental legislature which regulates waste streams quality to minimise the 

negative impact on the environment. Hence over the past years, industries have embarked on 

intensive research to develop the by-product techniques aiming at extracting valuable products 

from their waste streams thereby, reducing their waste footprint on the environment. The poultry 

industry is no exception on this venture of waste beneficiation, among other methods waste 

chicken feathers are commercially processed to produce fertilizers and animal feedstock. 

 

However, the commercialized chicken feathers (CFs) beneficiation methods have been deemed 

confined, and hence these methods are rendered ineffective in eliminating the poultry industry 

waste problem. Although CFs are rich in nitrogen (15 %) content which makes them suitable for 

use as fertilizers, the feathers are cross linked with cysteine linkage making them difficult to 

degrade. This limits their use as fertilizers. Also, due to their hazardous (microbiological 

pathogens) nature and poor digestibility, their use as animal feedstock is limited. Thus, most CFs 

are disposed of as waste through incineration, burial, and controlled land filling. The current 

disposal techniques have their shortcomings such as possibilities of contaminating ground water, 

surface water, soil, and air. Thus, a need for sustainable and economic measures, for managing 

chicken feathers is crucial as they potentially may improve poultry industry waste management, 

and also generate extra revenue for the industry.             

 

1.2.  Problem statement  

 

Worldwide, poultry industry generates more than 40 billion kilograms of feathers annually. A 

small percentage of these feathers are processed into fertilizers and feedstock whereas the major 

portion is disposed of as ‘waste’. The existing poultry waste disposal techniques create problems 

such as groundwater contamination, spread of diseases, soil, and air pollution. The current feather 

processing techniques pose limitations which arise from the nature of CFs, among others are their 

hazardous (microbiological pathogens) nature, poor degradability, and digestibility. Furthermore, 

the current feather processing techniques are energy intensive which render them uneconomically 

viable. 

 

The project to be conducted is aimed at developing CFs processing techniques for superabsorbent 
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materials via nonwoven technology. Two-fibre binding techniques will be used for the 

investigation, i.e. chemical and mechanical bonding. The characterisation of the final products 

will be qualitatively analysed for the desired physical and end-use properties essential for the 

absorbent materials, with the key characteristic for the products being their hydrophilic nature. 

Lastly, based on the optimisation techniques to be used, an optimum production process will be 

identified.    

 

1.3. Research questions 

 

The research work done in this project addresses the following research questions:  

 

Can superabsorbent materials be manufactured from waste chicken feathers? 

 

Superabsorbent materials can absorb and retain large volumes of fluids, even under pressure, 

through the fibres or polymer imbedded in them. They are mostly encountered as absorbent cores 

containing expensive synthetic polymers derived from petroleum-based monomers. For the past 

decade, the production of these absorbent cores was mostly dependent on the consumption of 

petroleum resources, which resulted in environmental problems, especially after usage. Hence, 

scientists have been focussing on producing multicomponent superabsorbent materials containing 

natural occurring hydrophilic fibres since they were available at low cost and had environmentally 

friendly characteristics. 

 

Chicken feathers are natural occurring plentiful fibres containing biological macromolecules with 

about 60 % hydrophobic amino acids. These macromolecules present in the fibres can easily be 

chemically modified to improve their hydrophilicity, and with the fibres being made of 

microtubes, they can naturally retain moisture. These properties are required fibre characteristics 

of superabsorbent materials. Hence, chicken feather fibres (CFFs) can be used as raw materials 

in the production of single or multicomponent superabsorbent materials.  

 

What is the economical technology to be utilised in the production of superabsorbent 

products? 

 

Nonwoven technologies have been used for decades to convert fibres, especially animal fibres, 

into fabrics, consolidated in different ways. These technologies have led to the formation of 

porous structures allowing the transmission of energy and fluids. These fabrics are made from 

either dry laid, wet laid or air laid/spunlaid techniques depending on their end-use which are 

suitable for technical applications such as hygiene and health care, civil engineering, filtration, 
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geotextiles, etc. For the past twenty years, there has been a tremendous shift from dry laid to 

spunlaid techniques in the nonwoven production – especially for the hygiene and health care 

market. However, dry laid still accounts for approximately 60 % of the nonwoven manufacture 

worldwide.  

 

1.4. Aim and objectives  

 

The main aim of this project is to develop superabsorbent materials from waste chicken feathers 

via nonwoven technologies. To achieve this successfully, the project was divided into three 

sections with the following objectives: 

 

• Section one: - the objectives of this section were to study the effectiveness of mechanical 

extraction processes of fibres from chicken feathers, characterise the fibres, and identify 

their possible applications in line with their properties.  

 

• Section two: - the objectives of this section were to produce a nonwoven fabric from the 

fibres produced in section one and characterise the fabrics to ascertain the effect of the 

process parameters on the absorbency of the fabrics.  

 

• Section three: - the objectives of this section were to chemically modify the fabrics 

produced in section two to impart superabsorbent properties in them and obtain high 

absorbency since the fabrics would be utilised as absorbent cores in disposable hygiene 

products.  

 

1.5. Conceptual framework  

 

A conceptual framework showing the relationship between the fibre extraction methods, fibre 

properties, fabric production methods, fabric properties, and the finished products is given in 

Figure 1-1.  

 

The independent variables are: the type of chicken feathers used in this work and the method of 

fibre extraction. Whereas, the dependent variables are the method of fibre treatment, the fibre 

properties, both physical and mechanical properties, the production method of the fabrics, and the 

coating solutions. Fibre treatment methods affect the fibres’ properties which then affect the 

method of fabric production. Furthermore, the coating solution affects the fabric properties which 

then affect finished products. 
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Figure 1-1: Conceptual framework showing the relationship between the dependent and independent variables 

     Types of chicken feathers 

- Long feathers 

- Short feathers 

Methods of fibre extraction 

- Stripping 

- Grinding/crushing 

Methods of fibre 

treatment 

Fabric production 

method: 

- 100 % CFFs 

- CFFs blended 

with other fibres 

Coating solutions 

Variation of chemicals 

Physical and mechanical 

properties of fibres: 

- Length  

- Diameter  

- Aspect ratio  

- Flexibility ratio  

- Extension  

 

Fabric properties 

Primary Property 

- Absorbency  

Secondary properties 

- Thickness  

- Area weight  

- Density  

- Liquid permeability  

Finished 

fabrics  

: indicates which variable affects the other  

: indicates sequence of the experimental work 
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1.6. Limitations  

 

➢ This research is limited because the toxicology test was not done on the samples to conclude 

on their application in MDHPs. The main target was obtaining an absorbency rate comparable 

to or higher than the absorbency of the absorbent core in commercial MDHPs.  

 

➢ There was a lack of actual production equipment and/or technique currently used in diaper 

industries. Although some of the information was obtained from recent literature and research 

work, an industrial survey was needed to determine the actual production technique, 

chemicals, etc. This would have been a bonus to the success of this research.  

 

1.7. Thesis organization  

 

This dissertation is divided into five sections, each representing a self-contained chapter. The work is 

therefore presented in the format of journal articles to facilitate the publication of each chapter. 

 

The first chapter is the introduction to the project which highlights the importance of this study, gives 

the motivation behind the research, and an overview of the entire research.  

 

The second chapter is the literature review focussing on the introduction of nonwoven fabrics mostly 

used in absorbent hygiene products (AHPs) – focussing on disposable diapers. It explains the different 

nonwoven technologies involved and addresses the impact of the production processes as well as the 

various raw materials used on the environment. In addition, it explains the benefit of chicken feather 

fibres as an alternative raw material in AHPs.  

 

The third chapter deals with the novel extraction method of fibres from waste chicken feathers. 

Furthermore, it compares the efficacy of the novel extraction method with two conventional ones and 

analyse the effect of these methods on the fibres’ properties. Based on these properties, the different 

beneficiation pathways were determined. The chapter also explores briefly the possible application 

of chicken feather fat, which was a by-product of the extraction process.  

 

Chapter four consists of the production of nonwoven fabrics with chicken feather fibres (CFFs). 

Previous research reported that CFFs cannot be used alone in nonwoven production, this theory was 

tested and confirmed for this work. To solve this problem, bleached cotton fibres were blended with 
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CFFs. The chapter also shows the impact of coating solutions on the absorption behaviour of the 

fabrics.  

 

Chapter five gives a conclusion of the entire work briefly stating the properties that were analysed, a 

summary of the methods used and states whether the aim and objectives were met. It also discusses 

the direction of future perspectives and gives few recommendations.   
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2.1. Abstract  

 

Absorbent hygiene products are made up of different types of raw materials, renewables and non-

renewables, to create the absorbent core which acts as a fluid storage structure in the product. With 

the addition of superabsorbent polymers in the absorbent structure, disposable diapers moved from 

being just a convenient item to a thinner, safer, and efficient absorbent product which resulted in 

reduced leakage of the collected fluid. Numerous changes in the design of diapers led to an increase 

in environmental problems such as excessive resource consumption, water and air pollution, 

excessive use of energy as well as waste disposal. This is due to the presence of specialised biological 

inert polymers and superabsorbent polymers which are not easily digested by bacteria present in 

public and private sewage treatment plants. Hence, sustainable production and consumption strategies 

are being explored for the production of bio-based products to reduce the use of non-renewable raw 

materials. This report reviews procedures for the manufacture of disposable diapers, problems 

emanating from the usage of fossil-based products and use of sustainably resourced materials that 

could replace the fossil-based ones. It appears that chicken feathers could be used to manufacture 

disposable diapers as they meet the property and characteristic requirements. 

 

Keywords: baby diapers, absorbent pads, raw materials, sustainable. 
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2.2. Introduction  

 

In high-tech textiles, medical textiles are the most developed and rapidly expanding sector whose 

primary role is to enhance the health comfort to consumers. These textile products are produced by 

weaving, knitting, and or braiding.  However, most are made by nonwoven techniques. Absorbent 

hygiene products (AHPs) ranging from disposable to non-disposable ones are designed to receive, 

absorb and retain body fluids and solid wastage (Malarvizhi, 2015; Shanmugasundaram and Gowda, 

2010). The products include baby diapers, sanitary napkins, tampons, incontinence products, panty 

shields, and wipes which are mostly single-use items (Krafchik, 2016). The global market for these 

hygiene products has been growing at a significant rate in pace with the single-use products. Although 

this market sector faces challenges from increasing prices of raw materials, due to global economic 

concerns and shortage in bio-based resources (Kumar, 2014), AHPs continue to be the preferred 

choice of many households.  

 

The usage of baby diapers globally indicates that, before 30 months of age, one child uses about 4 to 

5 diapers per day - thus a typical child will use about 4100 disposable diapers a year (Kosemund et 

al., 2009). The global single-use diapers market for 2013-2019, reported in Figure 2-1, has been based 

on four major regions: North America, data mostly collected from U.S., Canada, and few American 

countries; Asia-Pacific (APAC), looking at China, India, Japan, South Korea and the rest of APAC; 

Europe, UK, France, Germany, Spain, Italy, Eastern Europe and rest of Europe; and the rest of the 

world (RES), including South Africa, Saudi Arabia, Oceania, rest of the Middle East and Africa. The 

highest growth noted in Asia-Pacific is driven by the improving standard of living and the growing 

middle-class population (Kumar, 2014), leading to an increase in birth rate. In South Africa, about 80 

% of households with babies utilise disposable diapers (Berrian et al., 2016) and the geographical 

distribution of waste AHPs generated by these households is shown in Figure 2-2.  
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Figure 2-2: Estimated geographical distribution of waste AHPs generated in South Africa (Stat., 

2011; Demographics of South Africa, 2018) 

 

As a commonly accepted principle “prevention is better than cure”; consequently, maintaining a 

better hygienic environment obviates the need for curative measures in dealing with the various 

environmental effects of absorbent hygiene products. In this review the anatomy and mechanism of 
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Figure 2-1: An estimated global market share of disposable diapers by region (Kumar, 2014) 

 



 

10 

 

the main parts of disposable diapers, viz., the absorbent pad is discussed together with an exploration 

of the use of renewable materials which provide reliable leakage prevention such as cellulose fluff.   

The environmental impacts and progress to date towards the manufacturing of AHPs has also been 

reviewed.  

 

2.3. Construction, composition and manufacturing process of diapers  

 

2.3.1.  Diaper construction and properties  

 

Disposable baby diapers, by definition, are well-engineered multi-layer structures consisting of 

nonwoven layers of different materials and are classified into two major types: fluff and 

superabsorbent disposable diapers, depending on their compositions. They are considered as AHPs, 

purposely designed to absorb and retain urine and faeces of a baby for a certain period. Most 

disposable diapers consist of three sheets (Figure 2-3), each having specific functions designed to 

impart maximum comfort to babies.  

 

 

The fluid acquisition stratum (top sheet), situated on the inside of a diaper, is a soft porous nonwoven 

fabric in contact with the baby’s skin. It is designed to attract and transport urine away from the 

baby’s skin, moving it on to the next layer below it. Once the fluid is absorbed by the next layer, the 

 

Figure 2-3: Composition of modern disposable diapers (Counts et al., 2017) 

2.3.1  
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topsheet feels dry against the baby’s skin. Currently, premium top sheets are treated with small 

amounts of lotion-containing pharmaceutical grade petrolatum and stearyl alcohol. This ointment acts 

as both a barrier to moisture and a skin-conditioning agent, which reduces skin hydration and the 

severity of rash and irritation on the diapered area (Counts et al., 2017; Counts et al., 2014; Dey et 

al., 2016; Frency et al., 2013; Hong et al., 2005). The fluid storage stratum or the inner/absorbent 

core of the modern diaper is made of a superabsorbent polymer (SAP), also known as an absorbent 

gel material. The superabsorbent polymer can absorb more than 30 times its own weight in fluid. In 

this inner core, fluid is bound into the SAP and locked away. Even though SAPs swell and transform 

into gel-like substances when wet, they do not dissolve in the fluid and do not completely break even 

under high pressure (Dey et al., 2016). Although SAPs have been proven friendly and safe for contact 

with baby’s skin, diaper manufacturing companies continue to produce SAP-free disposable diapers 

with low absorbency capacity to meet the demand of consumers for sustainably sourced materials. 

The fluid distribution stratum (backsheet) of the diaper is typically made of a non-bioactive 

hydrophobic film that serves as a microporous barrier. This sheet is designed to have small pores, 

thereby preventing water drops from leaking through. The outside of the backsheet is therefore dry 

and has lower relative humidity than the inner layers. 

 

2.3.2. Composition and selection of materials 

 

2.3.2.1. Requirements for disposable diaper raw materials  

 

Disposable diapers consist of separated layers bonded together as an absorbent sheet. Each layer is 

made of a specific raw material working complementarily to each other to guarantee serviceability of 

the end products. Since a single property can rarely determine the value of raw materials such as 

fibres and bonding agents, a combination of properties is of special importance. Basically, for 

disposable diaper applications, these properties are related to (1) acceptable fineness and softness 

properties, to provide good comfort; (2) acceptable moisture regain of 10% or more to prevent the 

fibres from plastering onto the baby’s skin, thus avoiding a clammy feeling; (3) strong swelling in 

water and moderately strong acid and base media, allowing the product to absorb fluid and keeping 

the baby’s skin dry all the time; (4) acceptable flexibility and density (usually lower density) 

providing comfort, easy care and wearability; (5) absence of toxic compounds and high resistance to 

fire (Kalaoğlu, 2010). 
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2.3.2.2. Current raw materials used in the manufacture of disposable diapers 

 

Disposable diapers generally consist of the following raw materials: (i) a nonwoven nylon, 

polypropylene (PP) or polyethylene (PE) sheet used as a liquid-permeable membrane lining of the 

inside surface/topsheet; (ii) a PP, PE, starch, woven cloth or rubber membrane on the outer 

surface/backsheet; (iii) a fibrous material (cellulosic fluff pulp, hemp or synthetic materials) enclosed 

in water-resistant paper, the absorbent core; (iv) a superabsorbent polymer suspended on the 

absorbent core and (v) finally, minor amounts of tapes, elastics, spandex , pigments and adhesive 

material (Figure 2-3) (Weirtz, 2008; Torrijos et al., 2014). Man-made cellulose pulp fibres completely 

dominate in diaper production, accounting for over 40 % of the total output. There exist two classes 

of cellulose fibres used in disposable diapers: fluff cellulose fibres (standard) and chemically 

modified fluff pulp fibres (compressible) with an improved degree of curl and stiffness. The estimated 

composition of these raw materials in a single diaper is shown in Figure 2-4:  

 

  

A. Topsheet 

 

Polypropylene and Polyethylene: - Polypropylene (PP) and Polyethylene (PE) fibres are widely used 

in the nonwovens industry, especially in hygiene textiles because of their unique combination of 

properties such as chemical stability, softness, and low density (less than that of water) which enable 

them to be processed into lightweight fabrics. Despite their availability in cut lengths, these standard 

2.3.2  Figure 2-4: Composition of raw materials in a typical diaper (Kumar, 2014) 
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polyolefin fibres are resistant to biological degradability (Kellie, 2016; Russell, 2007). 

 

Viscose rayon: - Viscose rayon is man-made regenerated cellulosic fibre produced from the cellulose 

xanthate process. It is extensively used in the medical and hygiene sectors, mainly because it is very 

hydrophilic and has similar absorbency characteristics to wood pulp. Viscose is considered as one of 

the first biodegradable chemical fibres (Kyrikou and Briassoulis, 2007) which are currently used in 

the production of sustainable disposable nonwovens that are easily broken down in waste treatment 

plants (Kellie, 2016). It is generally utilised as a bi-component or a blended-in with PP fibres.  

 

B. Absorbent core  

 

Wood pulp: - AHPs generally utilise fiberized wood pulp, often termed “fluff pulp”. It is made from 

a fully bleached Kraft process pulp (Jaakkola and Sealey, 2016) and, because of the cellulose in the 

fibre, has the capacity to absorb 10 times its weight in fluids in the capillaries (Kellie, 2016; Hubbe 

et al., 2013; Srinivas and Dhar, 2016). It has been used in the core of single-use diapers to prevent 

gel blocking. 

 

Superabsorbent polymers (SAPs): - Among several improvements brought in the design of diapers, 

the introduction of superabsorbent polymers as part of the diaper core in the 1980s is one of the most 

important breakthroughs (Kosemund et al., 2009). These polymers can absorb as many times as their 

own weight in aqueous liquids, e.g., about 200 times for tap water.  The absorption is generally 

dependent on the ionic strength of the fluid.  Absorbent fabrics with about 70-80 % swelling capacity 

were developed using polymers which have high water affinity and are hydrophilic, i.e., polyvinyl 

alcohol (PVA), acrylamide, or polyethylene oxide (PEO) (Lee and Lee, 2016).  

 

Chemistry and properties of SAPs: - In designing disposable diapers, layers are assembled in such a 

way that the absorbent pad is sandwiched between the top and bottom sheets. If the absorbent pad 

were placed on top, the diaper would not work as expected and would leak rapidly. The mechanism 

of assembling these 3 sheets enables urine to pass through the surface layer to the absorbent core, 

where it is absorbed by SAPs and retained within the absorbent core. Sodium polyacrylate, a SAP 

that is commonly used in diaper manufacturing, is a partially neutralized polyacrylate with incomplete 

cross-linking between molecules. When they come in contact with water, urine or other aqueous 

solutions, the liquid diffuses through the polymer into the inside of the molecules via osmosis (Banks, 

2018). 
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Once equilibrium has been reached, the polymer will then stop collecting liquids. As the 

concentration of water and salt inside and outside the polymer is balanced, the polymer stops 

absorbing the liquid and unwinds due to the increase in repulsion between the ionized groups in the 

polymer chains (Figure 2-5 b), forming a gel-like polymer (Banks, 2018; Tilzey, 2017). The more 

concentrated (yellower) the human's urine is, the less absorbing the absorbent pad (Figure 2-5 a) of 

the diaper containing SAPs will be because of the presence of excess reactants (sodium) counteracting 

the equilibrium effect (Tilzey, 2017; Kotz et al., 2009).  

Cotton pulp: - Cotton fibres are widespread vegetable fibres consisting of four commercial species 

(Gossypium hirsutum, Gossypium barbadense, Gossypium arboretum, and Gossypium herbaceum) 

that are popularly cultivated on a large scale all over the world (Rana et al., 2015). Egyptian cotton, 

Pima and Sea-island cotton, all from the Gossypium barbadense plant are mostly used in textile 

industries – accounting for 3 % of the world’s cotton production - because they possess extra-long 

staple cotton fibres – a desirable property in the textile industry (Schneider, 2017). Raw cotton is 

treated by alkali treatment to develop fluid absorbency characteristics, thus increasing its range of 

applications. Raw cotton contains impurities that are difficult to remove completely, and this restricts 

their applications, e.g., to the manufacture of high-quality nonwovens (Kellie, 2016) which demand 

high levels of quality and purity.   

 

Polylactic acid: - Traditionally, nonwoven sheets used in baby diapers are formed of spun fibres 

including polyolefin resins. Whereas the resins exhibit soft tactile feel and desirable mechanical 

properties, they are derived from petroleum (Li et al., 2017). Nonwoven suppliers continue to be 

 

 

 

  

Topsheet 

Backsheet 

Absorbent 

pad 

(a) (b) 
Figure 2-5: (a) Liquid absorption mechanism in disposable diapers; (b) attraction between 

water molecules and sodium polyacrylate monomer in the absorbent (adapted 

from (Kotz et al., 2009)) 

2.3.3  
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challenged to explore alternative raw materials that are quickly biodegradable and still deliver cost-

competitive fabrics meeting performance specifications. One such alternative is using fibres, 

polymers and/or composites derived from natural resources of plant or animal origin. Some of these 

alternative biodegradable raw materials are still in the research and development stages, whereas 

others have been extensively used and recently identified in “eco-friendly” disposable diapers known 

to be free of chlorine, latex, dyes, and perfumes (Mirabella et al., 2013; Afrin et al., 2009). For 

example, there are two commercial products of green disposable diapers made from bamboo fibres 

and marketed as “Bamboo Nature” and “Andy Panty” brands. The products contain petroleum-based 

absorbent gels but are 80 % compostable (Saravanan and Prakash, 2007).  

 

Composites: - In AHPs, most innovations came through the introduction of nonwoven composites 

prepared by using a combination of different materials and different technologies. Currently, the 

major emphasis is in the development of green composite nonwovens using spun-melt composites 

with polylactic acid (PLA) resins as biodegradable composite films with hydrophobic and/or 

hydrophilic properties. However, since 100 % PLA nonwoven webs do not meet the flexibility, tactile 

softness and smoothness specifications desired in hygiene products, the PLA is usually combined 

with polyolefin resins in a core-sheath configuration, where spun PLA fibres form the core section 

and PP, or PE form the sheath section (Ashraf and Gorley, 2017).  

 

C. Backsheet  

 

In current products, PE or PP is used to produce the back cover of disposable diapers. Several studies 

have reported on the production of the bottom sheet for disposable diapers using compatibilized 

thermoplastic polymers comprising 5 % to 95 % bio-based raw material, i.e., starch (Harlin et al., 

2016; Barghini, 2010). However, to our knowledge, these products have not reached commercial 

production yet. Thus, traditional thermoplastic sheets are still in use.  
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2.4. Manufacturing process 

 

2.4.1.  Production of the absorbent core 

 

There are several processes involved in the production of baby diapers: (i) fibreisation of the fluff 

pulp plus addition of superabsorbent polymers and then formation of the absorbent pad; (ii) 

lamination with films and placing of nonwoven materials and elastic elements; finally, (iii) shaping, 

cutting and packaging of the product. However, this section will focus on the formation of the 

absorbent pad, which is the main layer in disposable diapers.  

 

The absorbent pad is basically a nonwoven structure composed of 2-3 nonwoven layers, obtained 

from nonwoven processes. This technology involves the formation of a web using a wet-laid or dry-

laid technique; thereafter, the web goes through one of several web bonding techniques to solidify 

the bond between the fibres, thus stabilising the web structure; finally, a finishing process is done on 

the fabric to achieve the desired properties – in the case of disposable diapers, a high absorptive 

capacity is required. Therefore, the term “nonwoven” can simply be defined as a sheet or web 

structure of directionally or randomly oriented fibres, bonded together by entangling fibres or 

filaments, by various mechanical, thermal and/or chemical processes (Russell, 2007). Table 1-1 

shows an overview of the different processes in nonwoven manufacturing technologies. 
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Table 2-1:Overview of different processes involved in nonwoven technology (Russell, 2007). 

NONWOVENS TECHNOLOGY 

Modified paper 

technology: 

Fibres of 2-15 mm 

Textile carding technologies: 

Fibres of 10-200 mm 

Extrusion technologies: 

Filaments 

1. WEB FORMATION 

Wet-laid 

technique 

Air laid 

technique 
Dry-laid technique Filament laid technique 

Wet-lay Air-lay Garnett 
Woollen 

cards 

Cotton 

cards 

Hybrid 

Cards 
Air-lay cards 

Melt 

blown 

Spun 

Laid 

Flash 

spun 

Fibrillated 

film 

Web manipulation 

Cross-laying Drafting Spreading Scrambling Crimping 

2. WEB BONDING 

Adhesive/ Chemical Heat/ Thermal Needle-punching Hydro-entangling 

 

Stitch-bonding 

 

Calendar/mangle 

Spray 

Foam 

Powder 

Melt fibre (monofibre or bi-component) 

Powder 

Calendar (plain or embossed) 

Oven (drum or lattice) 

 

Tacking 

Plain needling 

Multi-directional 

needling 

Textured needling 

 

Spun lace 
With or without 

yarn 

3. FINISHING PROCESS 

Singeing Coating Printing Embossing Laminating 
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2.4.2. Web formation  

 

The first step in the production of absorbent pads is identifying the length of the fibres used, thereby 

determining the choice of methods for forming webs. Initially, the method for the formation of webs 

from staple fibres was based on the textile carding process (air laying process), whereas web 

formation from short-staple fibres was based on a modified papermaking process (wet-laid) (Kellie, 

2016). In producing air-laid sheets, cellulose fluff rolls are broken down into individual fibres using 

a hammer mill. The fibres are then sprayed, at various points, onto a perforated conveyor surface and 

vacuum-sucked to form randomly oriented fibrous webs. Although air-laid webs offer great 

versatility, they also contain a significant amount of fibre bundles which are bonded together during 

web formation, causing unwanted clumps of fibres in the finished products (Jaakkola and Sealey, 

2016). Wet-laid webs, on the contrary, have a uniform fibre distribution resulting in a uniform 

strength in all directions. They are made from a dilute slurry mixture of water and fibres (cellulose 

fluff, grafted cellulose and starch, interlinked carboxymethylcellulose derivatives) spread on a 

moving wire screen and drained. Currently, most companies employ the dry-laid method to produce 

the absorbent core since the wet-laid method utilises substantial volumes of water.  

 

2.4.3. Web bonding  

 

Several bonding techniques are used in nonwoven production, viz., chemical/adhesive bonding, 

thermal bonding and mechanical bonding (needle-punching, stitch-bonding). Currently, thermal 

bonding is widely used because it offers high production rates, significant energy conservation, and 

is environmentally friendly since there are no residuals to be disposed of (Kellie, 2016; Russell, 2007; 

Rakshit, 2008). In this technology, the web is heated at the softening temperature of the binding 

material (bi-component, thermoplastic fibres) and successively cooled down the web. The chemical 

bonding technique was previously used in diaper manufacturing processes. However, this technique 

was recently abandoned because the adhesive binders used caused skin irritations.  Additionally, the 

wet surface of the cover stocks after the drying processes caused discomfort. 

 

Addition of SAPs to the web: - SAPs are added to disposable diapers in two ways: layered or blended. 

In layered applications, commonly adopted by Japanese manufacturers, superabsorbent polymer 

powders are dispersed onto a layer of fluff pulp. The fluff is then folded so that the polymer is in a 

centralized layer in the absorbent structure. American manufacturers adopted the blended application, 

where the SAP powder is first mixed homogeneously with the fluff pulp after which the mixture is 
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laid down to form the absorbent structure. In both cases, after the absorbent structure is covered with 

air-laid fluff sheet forming the absorbent pad, it proceeds down the conveyor path to a levelling roller 

near the outlet of the forming chamber. This roller removes excess fibres at the top of the pad to make 

it a uniform thickness. The pad then moves by the conveyor through the outlet for subsequent 

operations (Schueller, 2017). 

 

2.4.4. Finishing process  

 

After combining the layers forming the absorbent pad, the product obtained is considered as a raw 

superabsorbent nonwoven that does not necessarily require a finishing step. In most cases, the 

finishing process is done after assembling all 3 parts of disposable diapers and it usually involves the 

addition of fragrance finishing to raise the technical and aesthetical functionalities of the diapers; this 

finishing step depends on the style of diaper, the manufacturer, and consumer preference (Kosemund 

et al., 2009).  

 

2.5. Environmental impacts  

 

Most environmental reports on the consumption of resources in single-use diaper manufacturing 

industries state that the production and use of disposable diapers require large amounts of renewable 

and non-renewable resources as well as large water and energy usages. Information on estimated 

consumption and environmental impacts of resources production process and disposal of diapers is 

reviewed below.  

 

2.5.1. Impact of raw material selection  

 

Compared to reusable diapers, disposable diapers use 20 times more raw materials such as crude oil 

and wood pulp. For example, about 137 kg of wood, 23 kg of the petroleum feedstock, and 9 kg of 

chlorine are used to produce absorbent diapers for each baby every year (Meseldzija et al., 2013; 

Michaels, 2012; Manjula et al., 2017). More specifically, in the production of the waterproof outer 

layer of a diaper, about 1 534 𝑚3 of oil are used as raw material to diaper one baby before being toilet 

trained. The absorbent pad, on the other hand, requires about 200-400 kg of fluff pulp to keep one 

baby in disposables for one year (Meseldzija et al., 2013). About 70 % of the total diapers produced 

are made from wood pulp extracted from trees, whose plantation growth before harvesting requires 

some plant nutrients, pesticides, mechanical energy, and water. Considering the current utilisation of 
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trees in the diaper manufacturing industries – estimated to be 1 billion trees per year for one baby - 

the diversity of plant species tends to be reduced faster than they are being replanted (Meseldzija et 

al., 2013; Pham and Brown, 2009).  

 

Besides deforestation, disposable diapers may contain traces of dioxin an extremely toxic by-product 

of the advanced paper-bleaching process used in the production of cellulose fluff pulps used in the 

absorbent layer. To solve these issues and avoid the supply chain risk of raw material shortage, most 

manufacturers presently produce fluffless diapers, or new products are produced that use sustainable 

and completely green materials with the use of fibres extracted from bamboo, hemp etc. Bamboo 

plant and hemp have been extensively used in the “eco-friendly” single-use diapers because of their 

rapid growth and regeneration; in addition, the fibres biodegrade quickly and deliver cost-competitive 

fabrics meeting diaper performance specification (Tooshy Baby., 2016; Liu et al., 2011; Meng et al., 

2011; Sasikumar et al., 2014). 

 

2.5.2.   Impact of the production process  

 

The production of disposable diapers requires about 2.3 times more water, 3.5 times more energy, 

and 8.3 times more non-renewable materials than reusable diapers (Michaels, 2012). The high energy 

consumption in diaper industries comes mostly from the pulping process. 

 

 The life cycle for disposable diapers creates waterborne and airborne wastes, which do not just come 

from the manufacturing process of diapers themselves, but also from the process of procuring the raw 

materials such as pulp, etc. (Michaels, 2012; Tooshy Baby., 2016). However, wastewater generated 

from disposable diaper components and product manufacturing has a relatively low impact on the 

environment compared to air pollution because the traditional manufacturing process used (wet-laid 

technique associated with chemical bonding) is gradually being replaced by the dry-laying technique 

with the use of thermal bonding.  

 

2.5.3. Impact of disposal of products 

 

According to a US Environmental Protection Agency report, disposable diapers are the 3rd largest 

consumer item in landfills accounting for more than 3.5 million tons of waste per annum in the US 

(Tooshy Baby., 2016). Considering their compositions, they take about 500 years to decompose in 

sunlight and oxygen-free environment, whereas in the presence of sunlight and oxygen, their 
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decomposition is reduced to approximately 100 years (Rana et al., 2015). Today’s disposable diapers 

are primarily made of specialised biological inert polymers derived from petrochemical synthetic 

products and arranged in different layers such as top sheet, absorption part, fastening tape, and the 

waterproof film (Shanmugasundaram and Gowda, 2010; Counts et al., 2017; Hong et al., 2005; Meng 

et al., 2011). These inert polymeric films are not easily digested by bacteria found in public and 

private sewage treatment plants and act as moisture barriers, thereby causing clogs of piping and 

sewage equipment (Sasikumar et al., 2014).  

  

2.6. Renewable raw materials that could be used as core absorbents  

 

The primary requirement of disposable diapers is to absorb and retain urine. It is, therefore, important 

that any selected alternative raw materials for use as core absorbents have good fluid absorbency and 

retention properties. This section explores some available eco-friendly non-wood fibres that display 

these properties.  

 

A. Cellulose fibres  

 

Bamboo: - Bamboo fibres are abundant natural cellulosic fibres obtained from woody perennial 

“evergreen” plants in the Bambusoideae subfamily and mostly cultivated in Asia.  They are 

prospective green fibres with outstanding biodegradable properties and mechanical properties that are 

comparable to those of conventional fibreglass and wool (Imadi et al., 2014; Chen et al., 1998). 

Bamboo fibres are bacteriostatic, antifungal, antibacterial, hypoallergenic, natural deodoriser, and 

resistant to ultraviolet light. These versatile properties make the fibres desirable mainly in the textile 

industry. Furthermore, bamboo grows to its mature size in only 6-8 months, whereas wood takes 

about 10 years (Saravanan and Prakash, 2007; Imadi et al., 2014).  

 

Hemp: - Hemp is a cellulosic fibre– just like cotton – which belongs to a small family of flowering 

plants called “cannabaceae”. It is a great absorbent fibre and has good properties such as anti-

microbial and resistance to mold, mildew, rot, and it is easily degraded by UV-light. These properties 

make hemp a good raw material for the manufacturing of diapers after treatment. Fabrics made from 

100 % hemp can cause severe irritations on baby’s skin because hemp fibres are stiff. Therefore, 

studies are needed to reduce the stiffness properties of hemp fibres. Consequently, hemp fibres are 

mostly blended with cotton fibres for commercial purposes to overcome the irritation (Pehkonen, 

2017). 
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Pineapple leaf: - Pineapple leaf fibres have superior mechanical properties due to their high 

composition of cellulose (74.33 %) compared to hardwood or softwood (Nadirah et al., 2012), thus 

making them suitable in producing good pulp for use as a core material in diapers. They have a white 

appearance, a silk-like feel, are smooth and soft and display higher tenacity than cotton fibres (Kellie, 

2016). However, they have lower moisture and liquid absorption capacity than cotton as well as poor 

interfacial fibre-matrix adhesion (Asim et al., 2015). It is, therefore, advisable to perform surface 

modification treatment on the fibres to develop better absorption capacity.  

 

Kapok: - Kapok fibres are extracted from the fruits of the silk cotton tree. They are considered the 

finest, lightest fibres and have the highest percentage of hollow structures among fibres. Although 

the fibres are very hydrophobic due to the small amount of wax coating covering the fibres, they can 

be chemically modified to make an ideal water-absorption material for hygiene purposes.  

 

Jute: - Jute is a natural fibre mostly cultivated in the north-east of India. It is abundant and obtained 

at a lower price than cotton fibres. Jute fibre is an alternative fibre which could replace fluff pulp in 

diapers because its fibres contain 60-70 % cellulose and have high water affinity. Additionally, as 

opposed to other fibres, jute fibres are much shorter making the preparation of cellulose pulp easier 

(Barman et al., 2017). 

 

B. Protein fibres   

 

Wool: - Wool is natural protein fibres extracted from the hair of animals such as sheep, goats, and 

camels. They are expensive fibres and very desirable in hygiene applications because of their wide-

ranging properties. For example, wool fibres are very flexible and can be stretched up to 60-70 % 

when wet and 30 % when dry then bounce back to their original shape (Hsin-Chi, 1994). They also 

can absorb a large amount of moisture. Therefore, they can be considered as a potential alternative to 

cellulose fibres to some extent. Wool fibres are most sustainable material available for cloth diapering 

materials because they are breathable, naturally bacteriostatic and they do not require special care to 

maintain its shape and its water-resistant properties (Freddi et al., 2003).  They are currently used in 

the production of cloth diaper covers that work very well at containing leaks and allowing air to 

circulate.   

 

Silk: - Silk fibres are composed of stemming from sericin-building insects (silk) and are very 
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expensive (Ramamoorthy et al., 2015). They have a moisture regain of 11 % and are very fine and 

light. Although these fibres satisfy most of the raw material requirements in disposable diaper 

applications, they are usually not used to make superabsorbent disposable diapers because they are 

costly. 

 

2.7. Chicken feather fibres  

 

Chicken feathers are made of approximately equal portions of fibres and quill and are comprised of 

91 % protein, 1 % lipids and 8 % water (Cheung et al., 2009). Thus, feathers are a rich source of 

protein that could be a desirable biomass component that could be used in a variety of applications.  

Chicken feathers have potential as renewable materials generated by the poultry industry. Various 

methods of processing the feather waste into valuable industrial products were investigated. However, 

of the over 40 billion kg of waste feathers produced per annum by poultry industries worldwide, only 

a small quantity is beneficiated. The Biorefinery Industry Development Facility at   the Council of 

Scientific Industrial Research (CSIR) and the University of KwaZulu-Natal in South Africa have 

identified some application areas (Table 2-2) that can be used to beneficiate feather waste produced 

in South Africa. The research work focuses on demonstrating the feasibility of valorising chicken 

feather waste by targeting application areas such as construction industries, pulp and paper industries, 

hygiene and medical sectors, cosmetic and food industries. 

 

Table 2-2: Valuable products under investigation at CSIR/BIDF 

Raw material  
Processed raw 

material  
Products  Application area  

Chicken 

feathers 

Keratin  

Electrospun nanofibres Biomedical applications 

Binders  Wood composites 

Hydrogels Medical applications 

Food packaging Food industry  

Fibres 

Composites Construction industries  

Superabsorbent fabrics 

Hygiene applications : 

Disposable diapers (absorbent 

core) 

Paper production Pulp and paper industries 
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2.7.1. General properties of feathers 

 

Chicken feather fibres are characterised by their low density (0.44-0.91 
𝑔

𝑐𝑚3) compared to any natural 

or commercially available fibres and act as thermal insulators (Shi et al., 2014; Tesfaye et al., 2017b; 

Belarmino et al., 2012). They are comprised of two forms of microcrystalline keratin, the fibre and 

the quill, and can withstand both thermal and mechanical stresses. They are also highly flexible, 

hydrophobic and have good compressibility and resiliency, that provides good strength, cohesiveness, 

and spinnability to textile products made from them (Tesfaye et al., 2017b; Sharma and Gupta, 2016). 

Chicken feather fibres are chemically similar to wool but have a much larger surface area because of 

the much smaller diameter of their fibres. As a result, feather fibres can absorb more water than wool 

and cellulose fibres (Chinta et al., 2013). Feather fibres do not have the required length to be 

processed on textile machines and are thus not suitable for making spun yarns and woven fabrics in 

100 % form or as blends with other natural and synthetic fibres (Wrześniewska-Tosik et al., 2012). 

However, due to their better sorption properties, higher hygroscopicity and smaller wetting angle 

compared to fluff pulp, feather fibres can be used to produce a nonwoven absorbent web with higher 

absorbency capacity than absorbent pads currently used in the manufacture of disposable diapers. 

 

2.7.2. Specific properties of chicken feather fibres ideal for diaper production  

 

The absorbency capacity of a fibre is of prime importance in the manufacture of AHPs. The amount 

of water absorbed by textile fibres depends on the physical and chemical properties of the fibre, as 

well as the temperature and humidity of the surrounding environment. Chicken feather fibres have 

higher moisture content than some cellulose plant fibres, such as pineapple leaf and sugarcane bagasse 

fibres (Afrin et al., 2009; Mohamed et al., 2009).  Examination of their physical characteristics shows 

large numbers of tiny pores, known as honeycombs, between the barbs and barbules which make 

them semi-permeable thus allowing moisture to pass through them (Mahall, 2003); the more porous 

the structure of fibre is, the more is its wettability improved. Furthermore, feathers have both 

hydrophilic and hydrophobic properties and about 39 of their 95 amino acids present in the keratin 

monomers are hydrophobic, with serine being the most abundant (Kock, 2006). Serine molecules 

contain free hydroxyl groups (OH-) on their surface which can attract water vapour from the air 

(Mahall, 2003; Tesfaye et al., 2017a). As a result, chicken feather fibres contain 8 % to 13 % moisture 

indicating that they are hygroscopic in nature (Shi et al., 2014).  

Data analysis and feedback from parents indicate that characteristics of a good disposable diaper are: 

(1) high liquid absorption properties; (2) no leakage; (3) comfort and durability; and (4) presentation 
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of no health risks to consumers (Pham and Brown, 2009; Baker and Bernasconi, 2016; Ali et al., 

2011; Odio and Thaman, 2014). These qualities and characteristics can be achieved with chicken 

feather fibres as described below. 

 

Studies on the physical properties of chicken feather fibres based on the recent analysis show the 

following: 

 

• the diameter of the fibres varies between 5 𝜇𝑚 and 46.6 𝜇𝑚 (Tesfaye et al., 2017b; 

Delhi, 2014). The effect of fibre diameter on fibres fineness is such that the smaller the 

diameter, the finer and softer the fibres are (Delhi, 2014). Using the soft and fine fibres 

will result in lightweight nonwoven fabrics thus satisfying the comfort requirement of 

disposable diapers; 

 

• the colour of chicken feather fibres gradually changes from yellow to white during the 

process of cleaning and decontamination (Sudalaiyandi, 2012). Before valorising 

chicken feathers, a simple decontamination process involving washing with warm water 

and soap followed by autoclave pre-treatment is required (Shi et al., 2014). At this stage, 

the feather fibres are pale yellow to yellowish white in colour; do not emit odours; and 

are free from contamination with micro-organisms (Sudalaiyandi, 2012). The whiteness 

colour is simply obtained by treating feathers with ethanol or hydrogen peroxide. In 

addition, the treatment results in fibres that are flexible and smooth.  Whiteness in the 

wood pulp is achieved by bleaching with chlorine-containing compounds that can cause 

skin irritation on babies’ skin. Hence, chicken feather fibres, when used in disposable 

diapers, could satisfy the health safety and comfort requirements; 

 

• the density of feather fibres is in the range of 0.44 
𝑔

𝑐𝑚3 and 0.91 
𝑔

𝑐𝑚3 and morphological 

analysis shows that feather barbs have many tiny pores, known as honeycombs, between 

the barbs and barbules which makes them semi-permeable; thus, allowing moisture to 

pass through them (Mahall, 2003). The presence of tiny honeycombs may be the reason 

of the low density of the barbs, thus resulting in lightweight and comfortable wearable 

fabrics for diaper usage;  

 

• Similarly, moisture content data, which influences the comfort of textile fabrics, 

indicates that the moisture content of chicken feather fibres varies in the range of 8 % 
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and 13 % (Mahall, 2003). This implies that nonwoven fabrics made from chicken 

feathers fibre will provide good comfort since fibres with good moisture regain accept 

dyes and finishes more readily compared to fibres with low regain (Hsin-Chi, 1994). 

Chemical analysis of chicken feather fibres shows that fibres contain proteinaceous 

functional groups (amide and carboxylic groups). About 60 % of  these groups are polar 

and hydrophobic (Kotz et al., 2009); both properties contributes to the water affinity of 

the fibres, thus improving wettability of fabrics made from feathers. This satisfies the 

absorbency requirement of diapers;  

 

• the swelling property of fibres is such that they exhibit high swelling in water. As 

mentioned earlier, about 39 of 95 amino acids present in the keratin monomers are 

hydrophobic (Kock, 2006); these amino acids can be converted into hydrophilic amino 

acids which will then improve the fibres ability to swell.  

 

2.8. Conclusions  

 

Many single-use absorbent hygiene products have been designed and tailored to meet the needs of 

different consumers. A historical analysis of the disposable diaper market shows that the introduction 

of SAPs and their rapid growth in the use of sustainably resourced materials has led to lighter, 

convenient, effective, and safe disposable diaper products. Despite their higher absorbency, SAPs, 

coupled with the inert polymers (PE/PP) have significant environmental impacts. This review reveals 

that there are alternative sustainably-sourced raw materials that could be used to eliminate fluff 

pulp/SAPs nonwoven sheets in the manufacture of disposable diapers to reduce environmental 

pollution. Some of these alternative biodegradable raw materials, such as chicken feather fibres, are 

still in the research and development stages, whereas others, e.g., bamboo and hemp fibres have been 

extensively researched and recently identified in the market as “eco-friendly” disposable diapers 

known to be free of chlorine, latex, dyes, and perfumes.  
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3.1.  Abstract  

 

South Africa is the biggest chicken meat producer in Southern Africa and generates about 258 million 

tonnes of waste feathers. Although some of this waste is beneficiated into animal feed and fertiliser 

there are problems in adequate digestion of the feed by animals.  Consequently, there is a need to find 

other innovative ways of beneficiating the waste.  In this paper, beneficiating of feathers by extraction 

of fibres for possible conversion into high value products was explored.  Three mechanical methods 

for extracting fibres from feathers were evaluated and the properties of the resultant fibres were 

studied and compared: they were using a tweezer, a blender, and a novel stripping method using a 

pulp fluffer. The results revealed that fibres extracted from chicken feathers using a tweezer or a 

blender had a hollow structure whereas those from the fluffer exhibited pronounced damaging effects 

on the fibre structure as some barbules were detached from their rami. Fluffer fibres had the highest 

average length of 16.56 mm followed by blender (16.15 mm) and tweezer (14.84 mm); they were 

also the most flexible with an aspect ratio of 476.29. The novel stripping method using the modified 

pulp fluffer appeared to be a cost-effective and an efficient method of grinding feathers into 

commercial fibres.  

 

Keywords: Chicken feathers, fibres, blender, pulp fluffer, grinding 
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3.2.  Introduction  

 

Chicken feathers are one of the major by-products generated from processing chickens in the food 

processing industry. Approximately 258 million tonnes of chicken feather waste are generated by 

South African poultry industries per year (Tesfaye et al., 2018). This waste contains a large amount 

of protein, so they are currently hydrolysed, dried and grounded into powder to be used as animal 

feed and fertiliser. In general, chicken feathers are approximately 50 % chicken feather fibres (CFFs) 

and 50 % by weight rachis (Winandy et al., 2003). Both CFFs and rachis contain 91 % protein – 

mainly keratin, a hydrophobic protein, 1 % lipids and 8 % water (Qin, 2015). The rachis is mostly 

used in cosmetics such as shampoos, conditioners, hair dyes, and in dietary supplements. CFFs are 

durable and high-performance fibres that are currently under study for use in innovative technologies 

and useful raw materials for many applications (Neha et al., 2015).  

 

Due to a gradual depletion of available resources to produce the natural and synthetic fibres, there 

has been an increasing demand on finding alternative sources to replace at least a part of the 67 million 

tonnes of natural and synthetic fibres currently in use (Reddy and Yang, 2007). Many attempts have 

been made, however, most of these only focused on: the use of lignocellulosic agricultural by-

products such as corn-starch, pineapple leaves (Imadi et al., 2014; Mishra et al., 2004); the use of 

protein-based agricultural by-products, i.e., zein and soya proteins to produce regenerated protein 

fibres (Koshy et al., 2015); and the use of poultry by-products for the extraction of keratin fibres 

(Gupta et al., 2011; Vasconcelos and Cavaco-Paulo, 2013). A few studies have produced CFFs 

mainly for use as additives in light-weight composites and nonwoven fabrics (Qin, 2015; 

Wrześniewska-Tosik et al., 2012; George et al., 2003).  

 

Various comminution/grinding methods have been utilised to process the feather waste into CFFs. 

These methods involve the use of scissors, tweezers, waring blenders, Wiley mills or other specialized 

stripping machines (Qin, 2015; Neha et al., 2015; Tesfaye et al., 2017b) to separate the barbs from 

the quill of feathers. Most of these mechanical processes are limited to a lab scale production and 

their effect on the fibre physical properties and morphological structures have not been studied to 

date.  

 

In the present work, three comminution equipment (tweezer, blender and pulp fluffer) were used to 

convert chicken feathers into processable fibres for use in textile applications. Although some of these 
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techniques have been used before, the main emphasis of this study was to rapidly produce a large 

amount of CFFs and to investigate the effect of the grinding methods used on the physio-mechanical 

properties and morphological structures of the fibres.  

 

3.3. Materials and methods  

 

3.3.1. Sample collection and chemicals   

 

Raw chicken feathers were collected from Rainbow Chicken Limited (RCL) farms in Hammersdale, 

KwaZulu-Natal. This farm is one of South Africa’s biggest chicken producers with approximately 4-

million birds produced per week. The waste material from the farm is processed in one stream, mixing 

feathers and poultry offal to produce animal feed, fertilizers, etc.  

 

The chemicals utilised in this study were supplied by Sigma Aldrich, each having a unique purpose: 

• To clean and decontaminate raw chicken feathers, 15 % Sodium hypochlorite (𝑁𝑎𝑂𝐶𝑙) and 

30 % Hydrogen peroxide (𝐻2 𝑂2) were used.  

• To extract fats from chicken feather fibres, ethanol and acetone were used. 

 

3.3.2. Experimental equipment  

 

Autoclave: - Steam autoclave sterilizer was supplied by Already Enterprise (Taiwan) and used at 

121 ± 1 ℃ and 12.5 MPa pressure to kill bacteria.  

Oven: - An 80 𝑙 standard digital oven (South African product) was used for drying. 

Rotary evaporator: - Rotavac Valve Tec type was purchased from Heidolph Instruments in Germany 

to recycle ethanol and acetone. It has an adjustable vacuum pressure up to 8 mbar, a flowrate of 

750 𝑚3 and an electric supply of 230 V.  

Electric blender: - Laboratory blenders were purchased from Isolab (South Africa) to grind feathers. 

All blenders had a maximum power of 400 W, Voltage of 220 V (50 – 60 Hz).  

Fluffer: - Pulp fluffer from the Biorefinery Industry Development Facility (BIDF) was supplied by 

Femco (Ref. 150387664) and modified for grinding feathers. The shaft of the equipment rotates at a 

fixed speed of 2860 rpm and the maximum motor power was 2.2 kW.  
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3.3.3. Sample preparation  

 

3.3.3.1. Cleaning and decontamination process of waste chicken feathers 

 

The method reported in this section was adopted from the work done on the optimization of the 

decontamination and pre-treatment of waste chicken feathers (Tesfaye et al., 2018). Raw feathers, 

obtained from RCL contained blood, skin, flesh, bones, and internal organs. They were collected in 

plastic bags and separated in a lab environment. To facilitate the separation, the mixture was soaked 

in warm water and the offal was manually removed. Feathers were then washed thoroughly with hot 

water and sterilized at a temperature of 121 °C and pressure of 12.5 MPa for 20 minutes prior to 

drying; this was done to kill most bacteria and avoid worms. Sterilized feathers were dried overnight 

at ambient temperature and thereafter were decontaminated using two methods: 1) feathers were 

soaked in 25 𝑙 aqueous solution of 15 % sodium hypochlorite for an hour. The liquid was drained 

using rectangular strainer steel filter basket; decontaminated feathers were rinsed off twice with tap 

water to remove excess chemicals and left to dry in the oven at 50 °C for 3 days; 2) feathers were 

soaked in 25 𝑙 aqueous solution of 30 % hydrogen peroxide for a day. They were thereafter thoroughly 

rinsed with water and oven dried at 50 °C for 3 days. The advantage of using these chemicals was to 

dissolve any fat and grease content from the fibres, thereby increasing their strength and improving 

their degree of whiteness. Dried feathers were then packed and stored in a freezer at ±4 °C for further 

processing. Figure 3-1 summarizes the above process.  Clean fibres mentioned herein refer to dried 

and decontaminated Fibres. 
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Figure 3-1: Schematic representation of the cleaning and decontamination process of raw chicken feathers 
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3.3.3.2. Fibre production using a tweezer 

 

Barbs were carefully removed from the rachis with a pair of tweezers. The separation of fibres 

from the quill was done near the rachis to minimise loss of fibre length and the natural properties 

due to the format of the fibre along the extension. Prior to their characterisations, all prepared 

samples were kept in a lab environment (temperature of 20 ± 2 °C and a relative humidity of 65 

± 2 %). Since the production of fibres with tweezer requires barbs to be removed from the quill 

one by one and considering the number of feathers available for this study, fibres produced with 

tweezers were only used for characterisation purposes.   

 

3.3.3.3. Fibre production with an electric blender 

 

Stripping of fibres from the rachis of chicken feathers was done using an electric blender. After 

drying, long feathers were separated from the short ones and both long and short feathers were 

ground separately using an electric blender. Approximately 0.4 g of feathers were fed into a 

blender running at high pulse for a minute; the fluffy part of feathers was collected at the top of 

the cylindrical jar while the quills were gradually rushed at the bottom. After a minute or two, the 

blended feathers were transferred to a plastic bag. Uncrushed quills were removed manually by 

hand picking. Each run was approximately 2 minutes in duration and after 4 to 5 runs, the 

blender’s motor was cooled for about an hour to room temperature to avoid overheating. Ground 

blender fibres were kept in a lab environment (temperature of 20 ± 2 °C and relative humidity of 

65±2 %).  

 

3.3.3.4. Fibres production with a fluffer 

 

The fluffer, as seen in Figure 3-2, is normally used to convert wood pulp into fluffy fibres. It has 

multiple blades connected to a shaft and an external motor. Wood pulp is continuously fed at 

point A while running the motor and immediately fluffy pulp is obtained from point B. To obtain 

fibres from chicken feathers, the pulp fluffer was modified by closing the output (point B) with a 

piece of wood (Figure 3-2 b). As opposed to an electric blender, 2 to 3 g of feathers were fed in 

the fluffer which operated for approximately 2-3 minutes resulting in a successful conversion of 

feathers to fibres. As opposed to its conventional operation where fluffy pulps are immediately 

collected in a container from point B without switching off the machine, CFFs were collected by 

opening the crushing chamber of the pulp fluffer, as illustrated in Figure 3-2, and stored in a lab 

environment (temperature of 20±2 °C and relative humidity of 65±2 %).  
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Figure 3-2: (a) Pulp fluffer setup for cellulose pulp; (b) Pulp fluffer setup for grinding chicken 

feathers; (c) Extraction of CFFs from pulp fluffer 

 

3.3.3.5. Treatment of fibres with degreasing agents  

 

A. Fat removal  

 

Pure ethanol (99.99 %) and acetone were used to completely remove fats from fibres. After 

grinding the feathers, the fibres were separated into five batches depending on the chemical used 

during cleaning and decontamination process (Table 1). The first batch was soaked in acetone for 

an hour, whilst the rest were soaked in ethanol for 8, 11, 12 and 15 hours, respectively. The fibres 

in the solvents were checked every hour to visually assess whether the degreasing process was 

complete. Thereafter, the solvents were recovered by gently pressing the wet feather fibre mass 

and purified by distillation for re-use. Wet fibres were then washed with warm water and soap to 

remove excess ethanol or acetone to prevent any chemical degradation. They were then oven 

dried, sealed in plastic bags and kept in a laboratory environment (temperature of 20±2 °C and 

relative humidity of 65±2 %). Table 3-1 shows the equivalent quantity of solvents and the time 

required to treat fibres and Figure 8 shows the solvent treatment process diagram.  

 

Table 3-1: Quantity of solvents used to degrease CFFs 

Chemical used to 

clean and 

decontaminate 

chicken feathers 

Organic 

solvent 

Treatment 

Volume (𝑙) 

Mass of CFF 

before treatment 

(kg) 

Time (hrs) 

NaOCl Acetone 5 0.98 1 

NaOCl Ethanol 10 2.138 15 

NaOCl Ethanol 7.5 1.5274 11 

NaOCl Ethanol 7.5 1.374 8 

H2O2 Ethanol 5 0.91 12 

 

 

A 

B 
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B. Solvent recovery 

 

A rotary evaporator (rotovap) was used to remove solvents from the completely miscible mixture 

of ethanol and chicken feather fats (or acetone and chicken feather fats). This was a preferred 

extraction process since the evaporation process was quick and efficient. The rotovap evaporator 

was equipped with a temperature-controlled water bath in a metal container, preventing the 

solvent from freezing during the process. The solvent was removed under vacuum, trapped by a 

condenser, collected in a flask and reused. Rotovap works on a principle of mechanical rotation 

of the flask under vacuum – mainly the flask containing the miscible solution above a certain 

temperature. This rotation increases the surface area of the solvent thus, increasing the 

evaporation rate. The evaporation process is dependent on the boiling point of both compounds 

present in the solution (Yen, 2018); it is therefore crucial that the solvent, in this case, ethanol or 

acetone, has a lower boiling point than the solute (chicken feather fats) and that they do not form 

an azeotrope. Table 3-2 summarizes the condition under which the evaporation process was done, 

and a schematic diagram of the process is given in Figure 3-3. 

 

 

 

 

              

 

 

         

            

       

 

         

 

Figure 3-3: Process diagram of solvent treatment of chicken feather fibres 
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Table 3-2: Rotary evaporator conditions 

Parameters 
Chicken feather fat and 

ethanol – solution 

Chicken feather fat and 

acetone – solution 

Solvent Ethanol Acetone 

Solvent boiling point (℃) 78.3 56 

Water bath temperature (℃) 60 − 70 55 − 60 

Pressure (𝑚𝑏𝑎𝑟) 200 − 225 200 − 225 

Rotation (rpm) 50 − 60 60 

 

C. Percentage of fats removed 

 

Fat extracts are the fat content removed from the aqueous solution obtained after treating CFFs 

with ethanol or acetone. It is calculated using equation (1):  

 

𝐹𝑎𝑡 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑒𝑑 (%) = 100 −
𝑀3 − 𝑀4

𝑀3
 

(1) 

 

where M3 is the dried mass of fibres before solvent treatment and M4 is the oven dried mass of 

fibres after solvent treatment.  

 

3.3.3.6. Production yield of fibres and Energy efficiency   

 

A. Percentage yield of fibres 

 

The percentage yield of fibres was determined using equation (2): 

 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑦𝑖𝑒𝑙𝑑 (%) = 100 ×
𝑀2

𝑀1
 

(2) 

 

where M1 is the mass of decontaminated and pre-treated chicken feather fibres before grinding 

and M2 is the mass of fibres after grinding feathers with blender or fluffer. 

 

B. Production efficiency and specific energy consumption of comminution equipment  

 

This section intends to provide an overview of the energy efficiency of the comminution 

equipment (blender and fluffer) to best classify the grinding method used and determine the most 
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profitable comminution method.  

 

The production efficiency of the blender and fluffer was determined using equation (3) and was 

described as the mass of fibres produced per hour (kg/hr), white the specific energy consumption 

of the blender and fluffer was determined using equation (4) and was described as the amount of 

energy required by the equipment to produce a kilogram of fibres (kW hr/kg).  

 

𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 (
𝑘𝑔

ℎ𝑟
) =

𝑀

𝑡
 (3) 

𝐸𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 (
𝑘𝑊 ℎ𝑟

𝑘𝑔
) =

𝑃 × 𝑡

𝑀
 (4) 

 

where P is the power of the given comminution equipment, t is the total time required to 

extract the fibres and M is the total mass of extracted fibres the grinding equipment used. 

 

3.3.4. Characterisation of physical properties  

 

3.3.4.1. Physical properties  

 

The physical properties and morphological structures of the CFFs were determined; they included 

fibre length, fibre diameter, slenderness/aspect ratio, and flexibility ratio.  

 

Fibre length: - Fibre length was determined by the “Self-Adhesive Tape Method” adapted from 

IS 10014 – 1 (1984). This is an individual fibre method used to measure the length distribution of 

short staple fibres. The requirements for the measurement of individual fibres makes this method 

the most accurate available (Tesfaye et al., 2017b). A brown cello-tape of 30 cm length was placed 

on the table such that the sticky part faced up. Hundred randomly selected fibres were drawn out 

one at a time manually from the sample package and placed on the sticky part of the cello-tape. 

Fibres were then carefully straightened out and smoothed out over the tape, which served to 

prevent the fibres from being blown away and assisted in keeping the fibres flat and straight for 

measurement (Tesfaye et al., 2017b). With the help of a digital venier caliper, the length of 

individual samples was measured from tip to tip, since the cello-tape colour was distinct from the 

fibres, the whole fibre length was visible. Approximately 100 fibre samples were measured; their 

values were then averaged and considered as the fibre length.  

 

Fibre diameter: - For comparison purposes, two methods were used to measure the diameter of 

CFFs. Firstly, the fibre diameter was measured at three different points along each fraction using 
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the images generated from an Optical microscope (Nikon H600L) in the image analysis software 

(Image-Pro Plus 4.5.1). An average of at least 100 diameter readings from 20 samples was used 

and was considered as the diameter of the fibres present in a batch. Secondly, the diameter of 

CFFs was measured using an Optical Fibre Diameter Analyser (OFDA) which is used to measure 

the mean fibre diameter of all animal fibres. This image analysis technique is known to be the 

most rapid and accurate method of measuring the diameter and providing the diameter distribution 

curve of textile fibres since the standard method requires measurements of up to 4 000 fibres 

(IWTO-47-00).  

 

Fibre dimensions: - For each sample batch, 25 fibre samples were randomly chosen for 

measurement and the mean values of fibre length, diameter and width was calculated. Wall 

thickness and medulla width were measured using the image analysis software. The aspect ratio 

and flexibility ratio were calculated using equation 5 and equation 6. 

 

𝐴𝑠𝑝𝑒𝑐𝑡 𝑟𝑎𝑡𝑖𝑜 =
𝐹𝑖𝑏𝑟𝑒 𝑙𝑒𝑛𝑔𝑡ℎ 

𝐹𝑖𝑏𝑟𝑒 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟
 

(5) 

𝐹𝑙𝑒𝑥𝑖𝑏𝑖𝑙𝑖𝑡𝑦 𝑟𝑎𝑡𝑖𝑜 =
𝐹𝑖𝑏𝑟𝑒 𝑙𝑢𝑚𝑒𝑛 𝑤𝑖𝑑𝑡ℎ

𝐹𝑖𝑏𝑟𝑒 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟
 

(6) 

  

3.3.4.2. Mechanical Properties  

 

Tensile strength: - Tensile properties of single fibres were measured using a pneumatic side 

action grips of a series 2312 Instron universal testing machine. Single fibres are clamped through 

a dual lever arm with a testing gauge length of 00 mm and an extension rate of 1.2 mm/min (10% 

of initial specimen length/min), as per ASTM D2256. The test was done under standard 

environmental conditions (28 ℃ and 65 % relative humidity). After the sample was mounted on 

the grips of the Instron, both sides of the cardboard of the testing machine pulled the fibre and the 

force-extension curve was measured. 

 

3.3.4.3. Morphological structure  

 

Scanning electron microscopy (SEM): - An optical microscope (Nikon H600L) was used to 

examine properties of the CFFs, and to compare with properties of individual fibres obtained from 

whole feathers. The specimens were coated with platinum and examined at 5 kV accelerating 

voltage. Magnifications used were 350x, 800x and 1300x. 
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3.4. Results and discussions  

 

3.4.1. Cleaning and decontamination process   

 

Autoclave pre-treatment: - Autoclave pre-treatment enabled the sterilization of chicken feathers 

or their conversion into digestible meal, depending on the temperature and duration used. Raw 

feathers require at least 20 minutes of sterilization with high steam pressure at 120 ℃ to 140 ℃  

before deactivating any obvious microorganism (Molins Durán et al., 2012). In this study, results 

have shown that 20 minutes was sufficient to completely reduce or destroy nearly 100 % of natural 

bacteria found on the chicken feathers and an increase in time or temperature caused complete 

disintegration of the chicken feathers which were then not profitable for the end-use products.  

 

Untreated feathers collected from the RCL were white in colour, greasy and sticky with an 

unpleasant smell. During the sterilization phase, a gradual change in colour from white to brown 

was observed. This variation was caused by the fatty acid composition generated from preen oil 

present in individual feathers, faecal matter, intestines and meats. Similarly, chicken feathers 

contained blood, which looked red during the slaughtering processes but turned brown in contact 

with heat as it dries. Also, the longer the collection time prior to autoclaving, the higher the 

bacterial decomposition which might have contributed to feathers darkening colour.  Autoclaving 

reduces the risk of feathers decaying due to the consumption of keratin by bacteria (Tesfaye et 

al., 2018). Although feathers are confirmed to be bacteriostatic, they still maintained their odour. 

Images of raw feathers and feathers after the autoclave stage are given in Figure 3-1.  

 

Cleaning and decontamination process: - Cleaning and decontamination were done to eliminate 

residual bacteria and remove odour, excess lipids and solvents. This step is considered as a 

treatment phase since it ensures that all contaminants are removed with the use of bleaching 

chemicals.  

 

Autoclaved feathers were treated with two chemical cleaning agents (Table 5), i.e., hydrogen 

peroxide (𝐻2𝑂2) and sodium hypochlorite (𝑁𝑎𝑂𝐶𝑙). About 12 kg of chicken feathers were 

collected from Hammarsdale; 67 % of these feathers, the 1st sample batch had more contaminants 

including meats, bones, intestines than the 2nd batch (33 % of the collected feathers) which only 

contained blood. Prior to rinsing with warm water, a manual removal of contaminants was 

required for the former batch. Because of the size of these foreign material as well as the way 

they were tangled with the barbs, the separation was not 100 % successful. The sample batch was 

divided into 5 batches; 4 of which were cleaned with NaOCl and the rest with H2O2. The bleaching 
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process resulted in yellowish feathers when NaOCl solvent was used and pale brown (almost 

cream white) when H2O2 was used. This was an indication that the decontamination was not 

complete for both treatments. The 2nd sample batch was only cleaned with H2O2 since the colour 

of feathers obtained with this chemical was better than with NaOCl during the 1st bleaching 

process. As expected, feathers from the 2nd batch were completely white in colour since it was 

free from any pigments, oils and had no contaminants.  Figure 3-4 shows the results of the 1st and 

2nd batch. In addition, sterilized chicken feathers from all 7 batches lost their putrid smell after 

cleaning and decontamination and gained a bleach smell.  

 

 

 

 

 

The solvents used in this work are oxidative in nature; they act as a disinfectant and whiten the 

material under treatment. Hydrogen peroxide is a favourable bleaching agent for keratinous fibres 

since it does not react with the proteins, instead the peroxidation of melanin pigment which 

provides colour to the feathers occurs (Sudalaiyandi, 2012; Tesfaye et al., 2018). This helps in 

retaining the mechanical properties of the fibres. During the oxidative degradation reaction of the 

lipids in keratinous fibres, 𝐻2𝑂2 is converted to perhydroxyl ions, the active oxidizing agent 

responsible for bleaching (Pourjavaheri et al., 2014; Tesfaye et al., 2018). However, during the 

sodium salt of hypochlorous acid treatment, both chlorination and oxidation occur such that 

unsaturated fatty acids are hydrolysed via addition of chlorine hydroxyl group to carbonyl to form 

hypochlorite (𝐻𝑂𝐶𝑙) which then oxidises the sulphhydryl (-SH) groups on cysteine to denature 

keratin and form hydrochloric acid (𝐻𝐶𝑙) (Baker, 1947; Tseng and Verbeek, 2011; Tesfaye et al., 

2018). 𝑁𝑎𝑂𝐶𝑙 reacts with 𝐻𝐶𝑙 to form chlorine gas. This is prevented by working with a solution 

whose pH is greater or equal to 10 upon addition of 𝑁𝑎𝑂𝐻 since at a pH range between 5 and 

8.5, the bleaching solution mostly contained 𝐻𝑂𝐶𝑙; and as the pH decreases below 5, chlorine gas 

starts forming (Tesfaye et al., 2018; Sudalaiyandi, 2012). 

 

(a) (b) 
(c) 

Figure 3-4: Chicken feather fibres obtained from the chicken feathers treated with (a) 

NaOCl        (1st batch); (b)  𝐻2𝑂2 (1st batch) and (c) 𝐻2𝑂2 (2nd batch) 
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Table 3-3: Visual inspection results of feathers after cleaning and decontamination process 

Solvent Concentration (g/l) Time (hour) Colour 

𝐻2𝑂2 8.58 
24 

24 

White (2nd batch) 

Pale brown (1st batch) 

𝑁𝑎𝑂𝐶𝑙 3.27 1 Yellowish (1st batch) 

 

The pH of the solution was not controlled during 𝑁𝑎𝑂𝐶𝑙 treatment of feathers, hence it was 

suspected that the beaching solution started forming 𝐶𝑙2(g) which might have caused the variation 

in colour of feathers from brown to brownish/yellowish (Table 3-3). The bleaching process could 

have been counteracted by chlorine gas, which appears to be yellow-green in colour and thus, 

resulting in yellowish colour of the fibres under treatment. Table 3-4 summarises the results 

obtained from visual inspection of feathers after treatment.  

 

3.4.2. Treatment of fibres with degreasing agents 

 

Effect of solvent treatment: - After the solvent treatment stage, it was found that the type of 

solvents used strongly influenced the strength of the fibres under treatment as well as the amount 

of fats collected after extraction. Both ethanol and acetone treatment resulted in oil-free fibres 

with an improved colour; however, it was noted that acetone treatment had a pronounced effect 

on CFFs which became softer. It is suspected that, during acetone treatment, a dissolution process 

started which then broke down some disulphide bonds (-S-S) thus resulting in the weakening of 

the fibres.  

 

Keratin, present in feathers, is insoluble in polar solvents like water, weak acids and bases, as well 

as in apolar solvents. It is active because cystine can be reduced, oxidized and hydrolysed (Endo 

et al., 2008). The denaturing ability of a water-miscible solvent is dependent on its ability to enter 

the hydrophobic region of the protein by disrupting the outside hydration layer (Mohammad-

Beigi et al., 2016). Consequently, both hydrophobic and hydrophilic potential of the solvents can 

simultaneously affect the amount of denaturation of the keratin and thus, decrease the strength of 

the fibres by scissoring the disulphide bond of cystine (Yin et al., 2013).  

 

Extracted fat: - The extraction methodology described above yields chicken feather fats after the 

removal of the solvent. The immersion of CFFs in pure ethanol or pure acetone rapidly removed 

the excess oils and greases – especially those adsorbed in the barbs and barbules – in a single 

stage. The amount of fat collected from CFFs was 183 ml for ethanol treatment and 190 ml for 

acetone treatment (Figure 3-5). It was expected that acetone removes more fats since it is known 
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to be the best degreasing reagent than ethanol. 

 

Table 3-4: Summary of solvent treatment results 

 Ethanol Acetone 

Initial volume (l) 7.5 5 

Volume of oil removed (ml) 182.5 190 

Recovered volume (ml) 5.48 3 

Mass of CFFs before (kg) 1,49 0,980 

Mass of CFFs after (kg) 1,25 0,802 

Duration (hr) 11.5 1 

Recovery efficiency (%) 73.16 60 

Mass loss (%) 15.52 18,163 

Initial CFF colour Yellowish Yellowish 

Colour after treatment Pale yellow Pale yellow 

  

Solvent recovery: - the recovery efficiency is shown in Figure 3-5. About 74.8 % of the ethanol 

initially used was recovered, while only 60 % recovery efficiency was achieved for acetone. This 

was probably attributed to the fact that acetone evaporates faster than ethanol due to the lack of 

hydrogen bonding. It was suspected that while the solvents were pressed out of the fibres, some 

solvent evaporated and not all of the solvent was pressed out during the process; this then resulted 

in a lower recovery efficiency. The recycling process was done to minimize the cost associated 

 

Figure 3-5: Extraction of oil from chicken feather fibres 
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with the degreasing process as well as the cost of dealing with the waste solvent through dumping. 

 

3.4.3. Physical properties of fibres  

 

Fibre length: - Figure 3-6 shows that the distribution curve of the chicken feather fibre length for 

all 3 production methods was leptokurtic with a positive degree of kurtosis from 11 𝑚𝑚 to 20 

𝑚𝑚. The length of fibres varied between 5 𝑚𝑚 and 50 𝑚𝑚 with the average fibre length given 

in Table 7. Fibres produced from the fluffer appeared to be longer than those produced with the 

blender or tweezer as seen from Table 3-5. This unexpected result could be explained by the 

mechanical effect that each equipment had on the fibres. The blenders used to separate fibres from 

the quill had six sharp blade knives cutting assembly into different directions; this did not only 

separate barbs from the quill but also cut the fibres, thus resulting in a reduced fibre length. The 

same mechanism was applicable to the fluffer with the only difference being the dull blades 

attached to a high motor speed which was mainly the cause of the reduced length of some fluffy 

CFFs.  

 

Table 3-5: Average length of CFFs 

 Tweezer Blender Fluffer 

Mean (𝑚𝑚) 14,86 16,15 16,56 

SD (𝑚𝑚) 4,02 5,67 7,08 

Median (𝑚𝑚) 14,50 16,06 16,46 

Coefficient of 

variance (Cv) (%)  
27,05  35,09  42,78  

 

In addition, the long fluffy fibres observed in Figure 3-6 were due to the fact that during the 

comminution of feathers with the fluffer, the quills were converted into thin and soft fibres. 

Compared to the fibres produced using blenders and tweezer, the quills whose length varied 

between 40 – 60 𝑚𝑚 were removed from both fibre batch. Hence, the result showed that the order 

of average fibre lengths of the samples produced from the three-different comminution equipment 

was fluffer > blenders > tweezer. 
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Fibre length is of great significance when choosing the processing and production method for 

yarns (Greer et al., 2007; Tesfaye et al., 2017b). The results in Figure 3-6 shows that about 98 % 

of CFFs have lengths between 1 𝑚𝑚 and 40 𝑚𝑚; these are normally considered as short staple 

fibres since their lengths are less than 2.54 𝑚𝑚 (Greer et al., 2007). Short staple fibres are very 

difficult to convert into yarn, however, they are mainly utilised in nonwoven production, where 

the suitable fibre length ranges from less than 1 𝑚𝑚 to as much as 15.2 𝑐𝑚 (Greer et al., 2007). 

Based on the results obtained and the total waste generated in SA, approximately 255 kg of CFFs 

are available as natural protein fibres recovered from South African poultry industries and could 

be effectively processed into nonwoven products. Thus, utilizing these cost effective fibres will 

result in the reduction of many protein fibre products prices since the two natural protein fibres, 

i.e., wool and silk are relatively expensive (Reddy and Yang, 2007).  

 

Fibre diameter: Figure 3-7 and 3-8 show the diameter variation of the barbs of chicken feathers 

obtained from the three stripping and/or separating method using microscope images and OFDA, 

respectively. It can be seen that the diameter of the barb (Table 8) stripped from the quill using a 

tweezer was relatively higher than the diameter of the barbs obtained using a blender and fluffer. 

Tweezer barb mean diameter was found to be 43.93 𝜇𝑚, with a SD of 53.91 𝜇𝑚 and a CV of 127 

% when the optical microscope was used, whilst it was found to be 9.7 𝜇𝑚, with a SD of 13.8 𝜇𝑚 

and a CV of 142 % when using OFDA. The standard deviation and coefficient of variance in both 

cases were significantly high; this was an indication that most of the diameter readings were 

dispersed around the mean. In addition, the diameter distribution curve of tweezer fibres in Figure 

 
Figure 3-6: Fibre length distribution curve of CFFs 
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12 and 13 confirms the result obtained in Table 3-6.              

 

Figure 3-7: Diameter width distribution curve of CFFs obtained from the microscope 

 

The results also suggest that the order of the stripping method which resulted in high diameter 

was tweezer > blender > fluffer for optical microscopy method and tweezer > fluffer > blender 

for OFDA (Table 8). The fibre diameter distribution curve showed that the diameter varied 
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4.7 𝜇𝑚 and 21 𝜇𝑚 for fluffer fibres; the diameter range was much higher when the optical 
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fibres and 8.43 𝜇𝑚 to 77.71 𝜇𝑚 for fluffer fibres). During microscopy analysis, it was observed 

that the fibre diameter varied depending on the sampling location – the diameter of CFF part 

attached to the quill was slightly bigger than those at the tip. During comminution with blenders, 

the fibres, with big diameters were not properly stripped off. Hence, they were removed from the 
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diameter.  
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Similarly, comminution with fluffer resulted in medium to small fibre diameter. The difference 

in diameter values observed between the two methods is mostly due to the shape of the fibres and 

the type of feathers used. CFFs are of irregular oval shape, hence to determine their diameter 

using microscopy analysis method, it is important to first determine the lateral and longitudinal 

diameters; then use these values to estimate their equivalent diameter. There are various opinions 

regarding the expected fibre diameter range using the microscopy analysis method. For instance, 

most authors reported the diameter range of CFFs to be between 5 𝜇𝑚 and 125 𝜇𝑚 (Tesfaye et 

al., 2017b; Kock, 2006; Adetola et al., 2014), while Schmidt argues that the diameter range of a 

single fibre chicken feather is expected to be approximately 5 𝜇𝑚 and 50 𝜇𝑚 (Schmidt and Line, 

1996, cited in Kock, 2006). Hence, OFDA is used to access the fibre diameter accurately.  

 

     

 

 

Figure 3-8: Diameter width distribution curves of CFFs generated by OFDA for (a) tweezer fibres; (b) 

blender fibres and (c) fluffer fibres 

 

(a) (b) 

(c) 
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Table 3-6: Diameter of CFFs  

 OFDA results   Microscope image results 

 Tweezer Blenders Fluffer  Tweezer Blenders Fluffer 

Mean (𝜇𝑚) 9.7 7.9 8.5  43.93 38.32 34.77 

SD (𝜇𝑚) 13.8 4.9 4.8  53.91 19.96 16.72 

CV 142 % 62 % 56.5 %  127 % 52 % 48 % 

 

In general, CFFs have varying diameters of 2 to 400 𝜇𝑚 throughout their length, from the distal 

end to the proximal end, as has been reported by authors in this reference category (Zhan and 

Wool, 2011; Sudalaiyandi, 2012; Tesfaye et al., 2017b). The diameters of the fibres obtained from 

each stripping process were found to be within the theoretical diameter range.  Typical diameters 

for fibres used in composite applications vary between 5 𝜇𝑚 and 25 𝜇𝑚 (Zhan and Wool, 2011).  

Thus, it appears that the CFFs produced in this work be best suited for use in composite 

applications.  

 

Dimensionless properties: Aspect ratio and flexibility coefficient are key characteristics of fibres  

that distinguish them uniquely from other materials  since they provide information on the ability 

of fibres to bend or twist (El Mogahzy, 2008). The data shown in Table 3-7 are the calculated 

aspect ratio and flexibility coefficients of all three types of CFFs obtained in this work. The aspect 

ratios of CFFs using the OFDA method were significantly higher than those obtained using 

microscopy images. The highest slenderness ratio was 2039.1 for fibres produced using a blender 

whereas the lowest slenderness ratio of 1530.4 was obtained for fibres made using a tweezer. The 

aspect ratio of the CFFs varied between 50 and 54. The aspect ratio of a fibre is directly 

proportional to fibre length and inversely proportional to its diameter. Fibres with high diameters 

yield low aspect ratios as can be seen in Table 3-7.  

 

Table 3-7: Dimension of chicken feather fibres 

  OFDA results   Microscopy results  

Fibre 

source 

 
Length 

(mm) 

Diameter 

(µm) 

Aspect 

ratio 

 Diameter 

(µm) 

Lumen 

diameter 

(µm)  

Width  

(µm)  

Aspect 

ratio  

 

Flexibility 

ratio  

Tweezer  14,86 9,71 1530,4  43,93 22.87 5,23 338.3 52.05 

Blender  16,15 7,92 2039,1  38,32 19.37 5,07 421,5 52.07 

Fluffer  16,56 8,50 1948,2  34,77 18.78 4,59 476,3 54.02 
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Typical desired values of aspect ratio for textile fibres vary between 200 and 600 (Tesfaye et al., 

2017b). From design perspectives, it is generally desired to have fibres with a high aspect ratio 

since high length to diameter ratio provides great flexibility and high packing density of fibre 

strands which are an important attribute for key performance criteria such as comfort, fittability, 

porosity and air or water permeability (Greer et al., 2007; El Mogahzy, 2008). The results in Table 

9 show that CFFs obtained using a blender are more flexible than those produced using a fluffer 

and tweezers: fluffer fibres are approximately 4 % less flexible than blender fibres whereas the 

discrepancy between tweezer and blender fibres is 25 %. Despite the slight differences, as 

suggested in Table 3-7, CFFs obtained in this work can be used as textile fibres since their length 

to diameter ratios are in the acceptable range reported in the literature.  

 

The flexibility coefficients of the CFFs were 54.02, 52.07 and 52.05, for fluffer, blender, and 

tweezers, respectively. This indicates that were no significant differences in the flexibility among 

the CFFs. In general, fibres can be grouped into 4 classes based on their flexibility coefficients: 1 

– highly elastic fibres (flexibility coefficient above 75), 2 – elastic fibres (flexibility coefficients 

between 50 and 75), 3 – rigid fibres (flexibility coefficients between 30 and 50) and 4 – highly 

rigid fibre (flexibility coefficients <30) (Kiaei et al., 2014) . Therefore, CFFs produced in this 

work can be classified elastic fibres – indicating that good bonding between fibres can be achieved 

in fabrics made from the CFFs since the degree of fibre bonding is largely dependent on fibre 

flexibility (Kiaei et al., 2014; Tesfaye et al., 2017b). 

 

3.4.4. Mechanical properties 

 

Table 3-8 shows tensile results for the CFFs made from tweezers. It is evident that the tenacity of 

the fibres (4.14 cN/tex (4.69 g/den)) is higher than that of wool fibre (1.2 – 1.8 g/den) (Neha et 

al., 2015). The tenacity of CFFs made with a blender or fluffer was not measured because the 

fibres were too short. The minimum length needed by the Instron instrument varied between 12 

to 15 mm, as the sample holder for clamping the fibres used 10 mm of the sample. Most of the 

fibre samples for the blender and fluffer had a length between 5 mm and 10 mm. 

 

Table 3-8: Mean tensile results 

Properties Tweezer fibre Blender fibre Fluffer fibre 

Mean Tenacity (cN/tex) 4.14 NA NA 

Tensile Extension (mm) 0.86 NA NA 

Maximum load (cN) 414.64 NA NA 

NA = not available 
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The mechanical behaviour of fibres is mainly determined by their semi-crystalline structure (Neha 

et al., 2015). The tensile strength obtained in this work is much lower than the tensile strength 

reported in the literature, 1.44 g/den equivalent to 12.4 cN/tex (Reddy and Yang, 2007).  However, 

the tensile strength is in agreement with the values (2.6 cN/tex to 13.1 cN/tex) reported by Zhan 

and Wool (2011). The low tensile strength could probably be due to the type of feather studied as 

well as the processing conditions. It is known that the tensile strength of treated fibres decreases 

as the duration and the stages of treatment increases (Sudalaiyandi, 2012). In this work, two 

treatment stages were implemented viz., cleaning and decontamination stages using bleaching 

chemicals followed by a degreasing stage using organic solvents. It is plausible that the low tensile 

strength could be a result of breakage of the disulphide bonds within the keratin structure, thus 

resulting in a decrease in mechanical strength. 

 

3.4.5. Morphological properties  

 

Scanning electron microscope images showing the morphological and cross-sectional features of 

the CFFs are shown in Figures 14 and 15; they show that CFFs, also known as barbs are composed 

of a long shaft – the middle part of the barb, called ramus – to which is attached two rows of side 

branches called barbules. The rachis is the primary structure of chicken feather that bears barbs 

in a manner similar to the barb bearing rows of barbules. The morphological features of a full 

feather showing rachis, barbs and barbules can be found in the following reference (Tesfaye et 

al., 2017b). The barbules of tweezer CFFs are orderly arranged (Figure 3-10 a) whereas barbules 

of blender or fluffer CFFs are scattered (Figure 3-10 b and c), and Figure 3-10 a shows that 

barbules from tweezer barbs consist of two main parts proximal barbules and distal barbules. The 

latter have hook-like structures, especially at their tips, that interlock the distal barbules of one 

ramus to the proximal barbules of the adjacent ramus while the tips of former barbules have no 

hooks (Harvey et al., 2013). Barbules from blender and fluffer barbs have no hooklets and are 

therefore not interlocked which then result in barbules being scattered (Figure 3-10 b3 & c5).  

 

During comminution with a blender or fluffer, the circular whirring motion of the shaft creates a 

spiral movement which causes a vacuum at the centre of the equipment thus, resulting in the 

barbules being opened. Also, some barbules of fluffer fibres are twisted and tend to detach from 

their ramus (Figure 3-9 c) because the distance between the fluffer crushing chamber lead and its 

shaft is small as opposed to that of the blender. The vacuum created in the fluffer crushing 

chamber does not allow the fibres to fly; hence, both rachis and fibres are pulled toward the shaft 

and both are cut by the blades. In the blender, however, the large distance between the shaft and 

the lead implies that the stripped barbs fly up to the lead with no chance of their barbules being 

stripped off from the rami.   



 

55 

 

 

Barbules of CFFs have two different structures: the part attached to the ramus is known as a base 

and has a rectangular structure (Figure 3-10 a2 and b4) with an almost constant width of 36.19 

µm; and the pennulum (Figure 3-9 b and c), the part continuing the rectangular structure of 

barbules. Pennuli are more cylindrical with an average diameter of 32.92 µm for blender barbs 

and 4.83 µm for fluffer barbs. The difference in pennulum diameter for both blender and fluffer 

was a result of the stripping process in the crushing chamber as explained above.   

 

 

 

 

 

 

 

 

 

 

 

 

 

     

 

     

Figure 3-9: Scanning electron microscope images showing the effect of each stripping equipment on chicken 

feather barbules 
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Additionally, Figures 3-9 a2 and c6 show that the barb’s surface is a smooth rod-like structure 

with no scales as opposed to wool fibres. The cross-sectional views shown in Figures 3-9 a2, b4 

and c6 show that the barbs have an irregular oval shape with elongated micro tubes on the inside. 

a. Tweezer 

       

b. Blender 

        

c. Fluffer 

        

Figure 3-10: Micrographs of fibres produced using (a) tweezer; (b) blender; (c) fluffer. Morphological view 

of CFF is shown in image 1, 3 and 5; and the cross-section view is shown in image 2, 4 and 6. 
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Tweezer fibres have more micro tubes than blender fibres and fluff fibres since the fibre diameter 

decreased due to the stripping effect explained above. The microtubes are oval-shaped hollow 

structures filled with air and have a honeycomb internal structure. The presence of air pockets in 

the fibres make the CFFs to be of low density – this property implies that CFFs can be used in the 

preparation of lightweight materials or those with good thermal retention properties (Das et al., 

2017; Tesfaye et al., 2017b).  

 

3.4.6. Effect of grinding technique on fibres properties, production efficiency and 

specific energy consumption.  

 

The purpose of grinding feathers was to separate the quill from the fibres, which are processable 

commodities. This was initially done using an electric blender, and it took about 2 months to 

process 3.5 kg of feathers into fibres. With the desire of producing finer fibres at a faster rate, a 

pulp fluffer was utilised (after modification); this resulted in a successful production of 8.1 kg of 

fibres from feathers in about 2 weeks. Table 3-9 compares the advantages and disadvantages of 

all three methods of extraction of CFFs.  

 

Table 3-9: Comparison between grinding equipment used in the production of CFFs 

Equipment Advantages Disadvantages 

1. Tweezer 

The length of CFFs produced was 

kept intact since the fibres are 

carefully stripped from the quill, 

one by one. 

 

CFFs kept their morphological 

integrity.  

 

The percentage yield of fibres is 

assumed to be 50% (Reddy and 

Yang, 2007) 

Since the fibres are stripped one at a 

time, it makes this method to be 

time-consuming, especially for big 

batches.  

 

2. Blender 

Fibres produced using this method 

are more flexible than those 

produced with a tweezer 

 

Compare to pulp fluffer, the speed 

of the blender can be controlled. 

The blades of the blender break 

some fibres thus resulting in short to 

medium fibre lengths compared to 

tweezer fibres.  

The mechanical properties of the 

fibres produced with blenders 
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Hence, it is possible to know at 

what speed the fibres start losing 

their morphological integrity.  

 

The percentage yield (94.3 %) is 

higher than the yield obtained 

when a tweezer is used.  

cannot be easily assessed due to 

their length 

 

This method produces both fibres 

and some fibres attached to their 

rachis. Hence, manual separation of 

fibres from their quill is required, 

especially in an application where 

fineness and softness are required.  

 

This method is time consuming 

compared to pulp fluffer because 

first, the equipment is only able to 

convert short feathers into fibres. 

Hence, a manual separation between 

short and long feathers is required 

before using the blender; and 

finally, the equipment only allows a 

maximum of 0.4 g of feathers to be 

converted into fibres. 

 

The equipment is not for a 

continuous process, especially not 

for lightweight dry material like 

feathers. Therefore, after 4 runs, the 

motor must cool to prevent overheat 

or damages 

3. Modified 

pulp fluffer 

The fibres produced with this 

equipment are more flexible than 

those produced with tweezer or 

blender. 

 

The equipment produces more 

uniform fibre lengths than the 

electrical blender or tweezer.  

 

The equipment produces shorter 

fibre length compared to the fibres 

produced with a tweezer. 

 

Similar to blender fibres, the 

mechanical properties fluffer fibres 

cannot be easily determined because 

of their short length. 

 



 

59 

 

There is no manual separation of 

fibres from their rachis after 

stripping the fibres with pulp 

fluffer because the stiff rachis is 

also converted into soft fibres 

inside the crushing chamber. 

 

Compared to an electrical blender, 

the equipment allows more than 

0.4 g of feathers to be converted 

into fibres (3 g of feathers is the 

maximum limit).  

 

The equipment is manufactured for 

continuous process. Thus, it can 

work for more than 3 hours before 

allowing it to cool.  

 

This method minimises the time 

constraint faced with a tweezer or 

an electrical blender.  

Fibres produced using this method 

present few damaged in their 

morphological structure compared 

to tweezer or blender fibres.  

 

The equipment operates at a single 

speed. Hence, it is difficult to 

determine the speed at which the 

fibres start experiencing a change in 

their morphology 

 

 

The average yields of CFFs were about the same at 93.3 % and 94.3 % for the fluffer and electric 

blender, respectively; the percentage yield of fibres produced with a tweezer was however, not 

determined in this work. The CFFs from all three equipment were of good quality based on their 

softness and fineness.  

 

Besides looking at the disparity between the extracted fibres from each grinding technique, the 

selection of the best comminution method between an electrical blender and pulp fluffer in terms 

of the overall performance and energy consumed was also assessed by determining the production 

efficiency and the specific energy consumption of both machines as given in Table 3-10. Since 

tweezer fibres were only used to compare the three-grinding technique in terms of the fibres’ 

physical and morphological properties, its production efficiency and specific energy were not 

quantified. 
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Table 3-10: Comparison between blender and fluffer in terms of their production and 

performance 

Properties Blender Fluffer 

Production efficiency (kg/h) 0.011 0.101 

Specific energy consumption 

(kWh/kg) 
36.57 21.72 

 

There was a significant improvement in the production efficiency of fibres because the result in 

Table 3-10 showed that the production efficiency of pulp fluffer was 10 times higher than that of 

an electric blender. Moreover, pulp fluffer had the lowest specific energy consumption compared 

to an electrical blender. This was just an indication that it is possible to achieve high economic 

efficiency of fibre production when using pulp fluffer without increasing the energy consumption.   

 

3.5.  Possible products from CFFs  

 

This study suggests that chicken feather waste can be beneficiated as a potential source of useable 

fibres. Comminution of feathers using a pulp fluffer is a viable option for rapid production of 

large amounts of fibres. A possible schematic for beneficiations of chicken feathers is shown in 

Figure 3-11.  The CFFs can be used alone or blended with other fibres and used as a raw material 

to manufacture a variety of end products including listed in the schematic.  
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Figure 3-11: Fibres and possible materials produced from waste chicken feathers 

 

Similarly, they can be thermally modified to make biodegradable thermoplastics which could be 

used for products such as plastic spoons, forks, food packaging, interior car parts, and plastics 

used in interior car dashboards. They could also be utilised to produce sponges to purify water in 

the wastewater industries since they are abundant, stable over a wide pH range, have high tensile 

strength, water insolubility and structural toughness (King’ori, 2012).  

 

3.6.  Possible applications of chicken feather fats 

 

Biodiesel is a sustainable, clean and non-petroleum based alternative or additive to diesel fuel 

consisting of alkyl ester of fatty acids usually derived from the oils and fats of renewable 

resources. Biodiesel has received much attention over the past decade due to its nontoxic nature, 

biodegradability, and the fact that it has minimal chemical emission characteristics (Naveen et 

al., 2016); it also contributes much less to global warming than any other fuels due to its closed 

carbon cycle.  It is produced by chemically reacting high quality vegetable oils with alcohols, i.e., 

Chicken feathers 

fibres 

Hygiene and 

healthcare products   
C

lo
th

tech
 p

ro
d
u

cts   

Hometech products  

M
o
b
itech

 p
ro

d
u
cts   

Cardboards, 

Corrugated fibreboards 

Papers 

Paperboards  

Floor and wall 

coverings,  

Furniture 

components i.e. 

drawer dividers, 

trestles, etc. 

Nonwoven fabrics 

Canvas 

Shoe’s parts  

Filtration products,  

Composites, etc.  

Insulation products  

Nonwovens for 

pads,  

Nursing wipes  

Sound proof materials, 

membranes for roof 

construction, etc.  

 

Nonwovens for cabin air, 

engine sound insulation; 

Interior part of a car, etc.   

Nonwovens 

Geo-composites 

Geo-membranes like 

barriers 

Soil sealing, etc.  



 

62 

 

methanol in the presence of a strong base, mainly sodium or potassium hydroxide. As a result of 

these high quality and costly feedstocks used in the production process, the price of biodiesel is 

continually rising (Das et al., 2013). To solve this problem, various studies have been carried out 

on the environmentally friendly biorefinery process to produce biodiesel from plentiful cheap 

feedstocks, such as used vegetable oils, waste animal fats, etc. It has been reported that chicken 

feathers are a promising feedstock source for biodiesel production since they contain about 3% 

total fat content (Tesfaye et al., 2017a). In the present study, Py-GC/MS analysis was done on the 

extracted fats to substantiate the literature. The results showed the presence of oleic acid content 

which makes the fats suitable to produce good quality biofuel.  

 

3.7. Conclusions  

 

Preparation and characterisation of CFFs from waste chicken feathers are important in identifying 

properties that may guide to suitable beneficiation routes of the waste.  We have identified a rapid 

method that allows for rapid generation of CFFs from feathers.  The method generates fibres that 

exhibit properties similar to those of fibres produce via labour-intensive methods such using 

tweezers. 

 

3.8. Recommendations  

 

Scanning electron microscope images suggested that comminution with a fluffer caused minor 

structural changes in the fibres. The modified fluffer used in this work operated at a single speed. 

Hence, optimum operating conditions for producing the fibres using this novel technique should 

be studied, since it is desired to maintain the integrity of the fibres. The morphological properties 

of the fibres at varying speed and time could be studied to assess the potential structural changes 

associated with this technique. Thereafter, physical and mechanical properties of the chicken 

feather fibres could be analysed to ascertain their various valorisation pathways.  

 

3.9. Future perspective  

 

Nonwoven products are being used widely in hygiene sectors. With the current crisis in raw 

natural material deficiency, alternative renewable sources are being explored. Based on the 

various properties of chicken feather fibres, opportunities for manufacturing chicken feather 

nonwoven-based are being explored. Future trends in this field will mainly target the liquid 

absorption requirements of commercial disposable absorbent products.  
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4.1. Abstract  

 

Nonwovens are mostly used in modern disposable hygienic products (MDHPs) where their 

primary purpose is to offer excellent absorbency as well as comfort to consumers. Scientists, both 

on the academic and industrial level, have faced numerous challenges in designing nonwoven 

fabrics of significantly high performance in terms of absorbency and comfort. With the new 

design, MDHPs can now be deemed a luxury because of the introduction of superabsorbent 

polymers. Hence, the need to manufacture MDHPs with either cheap raw materials or reduced 

production cost and still have excellent performance is vital. Chicken feather fibres (CFFs) have 

been identified as prospective plentiful fibres that can be used as cheap raw materials in nonwoven 

production. The problem is that nonwoven fabrics cannot be made entirely from CFFs due to their 

poor length. Hence, in this work, bleached cotton fibres (BCFs) were blended with CFFs to 

produce a nonwoven fabric via a needle punched technique that was used to convert the fibrous 

web into a coherent fabric structure. The effect of process parameters such as the speed of the 

conveyor belt, stroke frequency and depth of needle penetration on the absorbency of the fabrics 

were studied and the optimum conditions were determined. Superabsorbent solutions were used 

as coatings to improve the absorption behaviour of new fabrics. The results revealed that the 

absorbency of uncoated samples decreased as the speed, stroke frequency and depth of needle 

penetration increased. Moreover, it was found that the final blend ratio of BCFs and CFFs strongly 

affected the fabric absorbency. Coated fabrics however, had high absorbency compared to 

uncoated fabrics as well as the samples of absorbent core used in some commercial diapers.  

 

Keywords: superabsorbent, nonwovens, absorption capacity, feathers, fibres  
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4.2. Introduction  

 

Nonwoven absorbent cores (NACs) are layers of highly porous and compressible materials made 

from short staple fibres or infinite filaments bonded together through mechanical, thermal or 

chemical process (Bateny, 2015a; Amid et al., 2016) and containing superabsorbent polymers or 

granules which enable them to absorb and hold large quantities of the liquids at a faster rate (Das, 

2014). NACs can be characterised by their web forming process and bonding technique; current 

web forming processes include carded forming, air laying, wet laying, spun bonding, melt 

spinning, and electrospinning (Jearanaisilawong, 2004; Kalinová); and commercially available 

bonding techniques are resin bonding, thermal bonding, solvent bonding, needle-punching, spun 

lacing and stitch bonding. 

 

The properties of NAC products differ widely from one another, because of the wide variety of 

available fibrous raw materials and many possible laying techniques used to make NACs. The 

finished fabrics are usually designed for specific end uses and therefore, the selection of fibre 

type, binder system, technique and equipment used in their production determines their 

characteristics (Midha and Mukhopadyay, 2005). Out of various manufacturing techniques of 

nonwoven fabrics, needle punching is the second most popular technique after spun bonding and 

is widely used in various applications such as geotextiles, automotive fabrics, home furniture, 

medical, upholstery industry, gas and liquid filters, and other technical felts. Textile fabrics for 

high performance applications, such as the various layers used in disposable diapers, are mostly 

simulated by combining various technologies, especially the combination of needle punched 

technique with chemical bonding technique. 

 

 A typical way of incorporating recycled products into nonwovens is to create needle-punched 

fabrics produced in part or entirely from waste fibrous materials (Goswami and O'Haire, 2016). 

CFFs, a waste from poultry industries, can be processed into durable nonwoven fabrics because 

of their various properties, i.e. chemical durability, fineness, high tensile strength (Chinta et al., 

2013). Due to their lightweight properties and short lengths, it has been reported that nonwovens 

cannot be prepared by 100 % CFFs; but mixing them with other long fibres solved the problem 

(Wrześniewska-Tosik et al., 2012; Jagadeeshgouda et al., 2014). Hence, fibres from pineapple 

leaves, sugarcane bagasse, and bamboo, also considered as waste materials with similar properties 

as CFFs could be blended with CFFs to successfully prepare a completely bio-based NACs 

(Mohamed et al., 2009; Jagadeeshgouda et al., 2014; Chiparus, 2004). Raw pineapple leave fibres 

are strong, silky, hydrophobic and lightweight – hence blending them with CFFs will result in the 

production of non-uniform and inconsistent web-structure as most of the fibres will escape from 

the opener of the carding machine thus resulting in an uneven distribution of fibres in the fabrics. 
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Although sugarcane bagasse and bamboo fibres are great absorbents containing antibacterial 

agents, the process of converting them into processable fibres for use in disposable diapers is 

expensive -  because in the case of bagasse, special care needs to be taken to prevent the fibres 

from fermenting due to its high sugar content and since bagasse and bamboo have high content 

of lignin, more treatment is needed to remove lignin from the fibres before using them in textile 

fabrics (Zhang, 2004). However, Bleached cotton fibres (BCFs) are widely used in the textile 

industries mainly because of their good and excellent mechanical properties; although expensive, 

BCFs appeared to be suitable fibres to blend with CFFs in the production of nonwovens, 

especially due to their length and density properties. 

 

Current methods for disposal of waste chicken feathers are unsustainable and effective methods 

for beneficiating this waste are needed. The present work, entailing studies on new NACs 

produced with CFFs, may contribute to solving this problem. The studies included optimised 

production of NACs from CFFs/BCFs blends and addition of chemicals to impart super 

absorbency to the fabrics.   

 

4.3. Materials and methods 

 

4.3.1. Materials and chemicals  

 

CFFs were produced in a previous study as reported in Chapter three.  BCFs were procured from 

CSIR – Port Elizabeth centre. Poly vinyl alcohol (PVA), Poly acrylic acid (PAA), N, N – 

dimethylacrylamide (DMAA), Poly (methyl methacrylate-co-methacrylic) acid (PMMCM), 

Sodium chloride, Sodium hydroxide and Sodium polyacrylate were purchased from Sigma 

Aldrich.  

 

4.3.2. Selection of parameters and useful parameter values  

 

The process parameters were selected based on the information available in the literature and the 

useful parameter values, however, and the blending ratio used in this work were chosen by 

conducting a few preliminary experiments. The actual and coded values of the parameters are 

given in Table 4-1 and the blending ratio for CFFs and BCFs was chosen to be 50:50 since the 

fabric obtained with this ratio appeared to be condensed. 
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Table 4-1: Actual and coded needling parameters 

   Coded values 

Independent variables  Unit Symbols -1 1 

Speed (S) m/min 𝑥1 0.8 1.2 

Stroke frequency (SF) Hz 𝑥2 200 350 

Depth of needle penetration (D) mm 𝑥3 4 7 

 

4.3.1. Design of experiments  

 

To investigate the individual and interactive effects of the independent variables (S (m/min), SF 

(Hz) and D (mm)) on the fabric weight, thickness, and absorbency, the samples were produced 

according to a randomized regular two-level factorial design (Oehlert, 2010). A Design Expert 

software generated a matrix of 8 experimental combinations under which the fabrics were 

produced. The coded and actual values considered for each independent variable are given in 

Table 4-2. 

 

Table 4-2: Randomized regular 2-level factorial matrix design. 

 Level of variables 

 𝑥1 level 𝑥2 level 𝑥3 level 

Run Coded Actual Coded Actual Coded Actual 

1 +1 1.20 −1 200.00 −1 2.00 

2 −1 0.80 +1 350.00 +1 4.00 

3 −1 0.80 −1 200.00 +1 4.00 

4 +1 1.20 +1 350.00 −1 2.00 

5 +1 1.20 +1 350.00 +1 4.00 

6 +1 1.20 −1 200.00 +1 4.00 

7 −1 0.80 +1 350.00 −1 2.00 

8 −1 0.80 −1 200.00 −1 2.00 

𝒙𝟏 : Throughput speed in m/min 

𝒙𝟐 : Stroke frequency in Hz  

𝒙𝟑 : Penetration depth in mm  

 

4.3.2. Production of needle-punched fabrics 

 

A schematic of the production process of needle-punched superabsorbent fabrics is shown in 

Figure 4-1. CFFs and BCFs were first blended manually with a blending ratio of 50:50, then the 
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fibre blend was run through the opener twice to improve the homogeneity of the fibre mixture 

that was then carded in a carding machine equipped with a main cylinder (800 mm diameter x 

600 mm width) to form a web. The cylinder, surrounded by pairs of rollers, distributes the fibres 

during the process by accomplishing the dual function of blending and carding. The carded webs 

were then fed to the lattice of the cross-lapper unit to layer up the web and form a batt. The carding 

machine and cross-lapper unit were perpendicular to the needle-punched machine; consequently, 

the fibre orientation in the web was perpendicular in line with the direction of the web movement. 

Nonwoven fabrics were produced by mechanically reorienting and interlocking the fibres, by 

repeatedly punching and penetration actions of an array of double reduction felting barbed needles 

into the carded web. Fabrics were produced using the needling parameters shown in Table 13. 

Figure 4-2 shows the machines used in the production of needle punched fabrics: the carding 

machine is on the right, in white and blue; the cross-lapper unit is the part connecting the carding 

machine to the needle punched machine on the left, in green.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-1: Flow chart of the production of needle-punched fabrics 

 

 

Bleached cotton fibres Chicken feather fibres  

Fibre blends 
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Needle-punching process     
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Figure 4-2: Machines used for needle-punched fabrics 

 

4.3.3. Production of superabsorbent nonwoven fabrics  

 

A fabric was produced using the optimum conditions obtained during the production process of 

CFF:BCF blended nonwoven fabrics described in section 4.3.3. The same production technique 

was utilised except that the formation of a batt was achieved by feeding a double carded web to 

the lattice of the cross-lapper unit to layer up the web and obtain a more consolidated fabric prior 

to the padding method. Hydrophilic fabrics are commonly produced by coating the surface with 

a superabsorbent solution typically PVA, PAA or DMAA (Hundorf et al., 2013). Thus, four 

polymer solutions were prepared using PVA, PAA, DMAA and a DMAA:PAA mixture as 

described below:  

 

Solution 1: 5 g of PVA was dissolved in 100 ml of distilled water at a temperature of 

100 ℃ and stirring rate of 100 rpm for 3 hours to obtain a clear PVA 

solution. When PVA was dissolved, 0.2 g of crosslinker was gradually 

added to the mixture and stirred until the crosslinker was completely 

dissolved. Thereafter, 0.1 g of the radical initiator was added and stirred to 

complete dissolution; 

 

Solution 2: 5 g of PAA was dissolved in 100 ml of distilled water; the solution was 

stirred at 100 rpm at room temperature. When PAA was dissolved, 0.2 g of 

crosslinker and 0.1 g of the initiator were added as described in solution 1;  

 

Solution 3: 100 ml of DMAA was measured into a beaker and placed on a magnetic 

plate at 100 rpm. Because DMAA is light sensitive, the beaker was 
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completely covered with an aluminium foil and the stirring process was 

done at room temperature. The same amount of crosslinker and initiator 

used in solution 1 was added to the solution in the same fashion;  

 

Solution 4:  3 g of PAA was dissolved in 100 ml of distilled water at 100 rpm for a 

minute since PAA easily dissolves in water. Thereafter, 50 ml of the PAA 

solution was mixed with 10 ml of DMAA; the resulting solution was then 

vigorously stirred for 10 minutes to obtain a homogenous solution to which 

0.2 g of crosslinker and 0.1 g of the initiator were added as described in the 

solution 1.  

 

The various solutions prepared were then sprayed onto the fabric with the help of a syringe; a 

manual padding technique was then used to evenly distribute the solution onto the fabric. 

Thereafter, the fabric was placed in the oven at 80 ℃ for polymerization reaction to take place. 

Once the fabric was dried, it was removed and kept in an aluminium foil prior to absorbency test.  

 

4.4. Characterisation of the produced fabrics  

 

4.4.1. Fibre blend ratio 

 

A chemical analysis procedure was used to determine the exact amounts of fibres in the fabric 

after the whole production process. Three samples were cut from 3 random fabric samples and 

immersed in 1.5 % sodium hydroxide solution at 80 ℃ under 100 rpm stirring speed for an hour 

to dissolve CFFs. After complete dissolution, the sample was filtered through a dried weighed 

fritted crucible and the residues were thoroughly washed with distilled water to remove excess 

sodium hydroxide and then oven-dried at 100 ℃ to constant weight to calculate the weight of 

dried residues.  

 

4.4.2. Weight per unit area 

 

The ASTM D6242 Standard Test Method for determination of mass per unit area of fabric was 

followed. Test samples measuring 60 × 60 𝑚𝑚 were randomly cut from different areas of fabric 

samples, conditioned at 20 ± 2 ℃, and 65 ± 2 % relative humidity for 24 h and then weighed on 

a precision weighing balance. An average of 10 readings was recorded and the weight per unit 

area was estimated using equation (7).  
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𝑤𝑒𝑖𝑔ℎ𝑡 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡 𝑎𝑟𝑒𝑎 (
𝑔

𝑐𝑚2
) =

𝑚𝑎𝑠𝑠

𝑙𝑒𝑛𝑔𝑡ℎ × 𝑤𝑖𝑑𝑡ℎ
 

 

(7) 

4.4.3. Thickness 

 

The thickness of 12 different specimens from each needle-punched fabric was measured using a 

digital thickness gauge, in accordance with the European Disposables and Nonwovens 

Association (EDANA) –WSP 120.6 (05) standard test for measurement nonwoven fabric 

thickness. A pressure of 1 kPa and pressure foot area of 19.6 𝑐𝑚2 was applied on the fabric while 

the thickness was recorded in 𝑚𝑚. An average value of 10 thickness readings was then recorded. 

The pressure level was set to low (1 kPa), on the assumption that the superabsorbent samples were 

highly compressible, to avoid inaccurate thickness reading.  

 

4.4.4. Density  

 

The density of the fabrics was measured in accordance with the ASTM D 3776. Ten samples from 

each material were conditioned at 20 ± 2 ℃, temperature and 65 ± 2 % relative humidity for 24 

h and weighed on a precision balance to an accuracy of 0.001 𝑔. The length and width of each 

test specimen were measured using SANS 83 and SANS 81. The density was estimated using 

equation (8) and the average value was recorded.  

 

𝑑𝑒𝑛𝑠𝑖𝑡𝑦 (
𝑔

𝑐𝑚3
) =

𝑚𝑎𝑠𝑠

𝑙𝑒𝑛𝑔𝑡ℎ × 𝑤𝑖𝑑𝑡ℎ × 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 
 

 

(8) 

4.4.5. Water permeability  

 

Water permeability of the fabrics was analysed using a GE-TE-FLOW-K permeameter according 

to the EN ISO11058-10 standards (International Standard Institution, 2010. ISO 11058). The GE-

TE-FLOW-K permeameter measures water permeability based on the principle of falling 

hydraulic head with a hydraulic difference height between 0 mm and 540 mm. In the falling head 

method, water was transported to the fabric plane that results in a laminar flow through the fabric. 

Distilled water was used to analyse water permeability and the temperature of water during the 

test was maintained at 20 oC. Three specimens from each sample with a diameter of 75 mm were 

placed in the sample holder, fastened and inserted in the testing instrument. The change in 
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pressure and the flow rate of water against time were used to measure the fabric permeability and 

the average value of each sample was recorded in 
𝑙

𝑠 𝑚2. 

 

4.4.6. Absorption capacity  

 

The absorption test determines how much fluid can be held inside a fabric. The test was done with 

saline water to simulate urine properties in hygienic products. Five pre-weighted conditioned 

specimens from each nonwoven sample were soaked in a 0.9 % saline solution for 60 minutes 

and then hanged for 15 minutes to allow excess fluid to run off. The weights of the specimens 

before (W1) and after (W2) absorption were recorded and used in equation (9) to estimate the 

absorption capacity of the absorbent core. The same procedure was followed to determine the 

amount of water absorbed by the fabrics. The standard temperature and relative humidity at which 

the samples were conditioned were in the range of 24.4 − 20.9 ℃ and 58.5 − 48.7 % due to the 

fluctuation of the hygrometer in the humidity control room where the samples were conditioned. 

The absorption capacity was determined for both coated and uncoated nonwoven fabrics.  

 

4.5. Results and discussions  

 

Nonwoven fabrics were characterised for their different structural properties such as: area weight, 

thickness, and density as well as their end-use properties such as liquid permeability and 

absorption capacity. These properties are mostly dependent on the needle-punched machine 

parameters, viz., needle-punched speed, stroke frequency, and penetration depth of the needles. 

The composition of BCFs in the fabrics had also an important influence, especially for water 

permeability and liquid absorbency of the core products. 

 

4.5.1. Thickness  

 

Fabric thickness is considered as one of the important properties when evaluating the performance 

of nonwoven products (Tammar and Joice, 2017). Table 14 shows the various dimensional 

parameters of needle-punched fabrics produced from a CFF:BCF blend. A thicker fabric was 

obtained in run 8 with a thickness of 13.73 mm, whereas a thinner one was obtained in run 2 with 

6.95 mm thickness. In addition, the results indicated that as the penetration depth increased, the 

thickness decreased. When the penetration depth increases during the needling process, there is 

Absorption capacity (
𝑔 𝑜𝑓 𝑙𝑖𝑞𝑢𝑖𝑑 𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑑 

g of fabrics
) =

𝑊2 − 𝑊1

𝑊1
  

 

(9) 
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an increase in the number of barbs participating in fibre transport through the thickness of the 

web (Patanaik and Anandjiwala, 2009). Single fibres on top of the batt are pulled over a long 

distance – from 2 mm to 4 mm distance – resulting in less consolidation of the batt and a decrease 

in its thickness. Needle punched fabrics made at a lower penetration depth were, therefore, more 

open with higher thickness than the one made at a higher penetration depth, which was less open 

with a lower thickness.  

 

The speed of the conveyor belt reduced the thickness of the fabrics: as S increased, more fibres 

are fed to the needle action area resulting in a decrease in the effectiveness of needle-punching 

through the thickness of the web since there is high chance that some fibres may escape the 

needling action (Patanaik and Anandjiwala, 2008). Hence, nonwoven fabrics produced at lower 

S are more open with a lower thickness than fabrics produced at a higher speed, which are less 

open with higher thickness.  

 

It is known that the thinner the absorbent core, the more comfortable it feels. Literature reports 

indicate that absorbent core thicknesses between 3 mm and 8 mm were perceived to be more 

comfortable than other thicknesses (Miao, 2012). However, product experience is a complex 

concept since some people perceive thinner products to be more comfortable whereas others 

would prefer thicker ones. Hence, the fabrics obtained in this work with a thickness varying 

between 6.95 mm to 13.76 mm can be deemed comfortable.  

 

4.5.2. Area weight and density of fabrics  

 

The variation of the fabric area weight was mostly driven by its weight, while the density was 

affected by both the fabric weight and thickness. The area weight varied between 124.25 
𝑔

𝑐𝑚2 and 

220.92 
𝑔

𝑐𝑚2, while the fabric density was in the range of 7.20 
𝑔

𝑐𝑚3 - 18.67 
𝑔

𝑐𝑚3. The results of the 

absorbent core area weight and density are given in Table 14. At lower penetration depth, the 

fabrics were more open giving space for more fibres to be stored, thus resulting in an increase in 

fabric weight.  

 

4.5.3. Water permeability  

 

The liquid permeability values of the CFF:BCF blend nonwovens are given in Table 4-3. Sample 

6 had the maximum water permeability while the minimum was obtained for sample 8. These two 

samples were produced at a constant frequency, but the different S and different depth of needle 

penetration had the greatest effect on their permeability characteristics. Although sample 6 and 8 
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had almost similar thickness, the latter was more compact and heavier than the former, which was 

lighter and more open on average. It was therefore easy for water to pass through the specimen 

without applying any pressure.  It is acknowledged by many authors that water permeability is 

greatly influenced by the nonwoven fabric porosity. The more compact the fabric is, the lesser 

the voids that can be filled by the cross-over fibres hence, the harder the liquids pass through the 

fibrous structure.  

 

Table 4-3:Dimensional properties and permeability characteristics of needle-punched 

CFF/BCF blend nonwoven fabrics 

Sample 

ID 

S  

(
m

min
) 

SF  

(Hz) 

D 

(mm) 

Fabric 

weight per 

unit area 

 (
g

cm2) 

Fabric 

thickness 

(mm) 

Fabric 

density 

(
g

cm3) 

Water 

permeability 

(l
s m2⁄ ) 

Sample 1 1.20 200.00 2.00 170.56 11.05 15.44 116.2 

Sample 2 0.80 350.00 4.00 129.45 6.95 18.63 88.93 

Sample 3 0.80 200.00 4.00 155.10 8.31 18.67 52.45 

Sample 4 1.20 350.00 2.00 124.25 9.80 12.74 84.19 

Sample 5 1.20 350.00 4.00 131.51 8.13 16.17 129.9 

Sample 6 1.20 200.00 4.00 96.94 13.46 7.20 267.4 

Sample 7 0.80 350.00 2.00 194.93 12.34 15.80 54.05 

Sample 8 0.80 200.00 2.00 220.92 13.73 16.90 40.78 

S: Speed of the conveyor belts  

SF: Stroke frequency  

D: Depth of needle penetration  

 

During the needle punching process, there are changes in pore sizes: some of the medium pores 

are converted into smaller ones and larger pores are converted into medium pores due to the 

entanglement action of the needles (Patanaik and Anandjiwala, 2009). It is therefore important to 

further study pore size characteristics and their distributions to better understand liquid 

permeability behaviour.  

  

4.5.4. Absorption capacity  

 

4.5.4.1. Effect of fibre blend ratio on the fabrics’ absorbency  

 

During the production of nonwoven fabrics, there were some loss of CFFs due to their lower 

density compared to cotton. Therefore, it was important to determine the actual fibre volume 
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fraction achieved in the fabrics and analyse its effect on the absorbency of the fabrics. From the 

properties of chicken feather and cotton fibres shown in Table 4-4, it can be concluded that the 

weight of these fibres in the fabrics will affect the rate of liquid absorption through the fibrous 

batt. 

 

Table 4-4:Properties of the used fibres 

Properties Chicken feather fibre (a) Bleached cotton fibre (b) 

Density, (
𝑔

𝑐𝑚3) 0.89 1.5* 

Moisture regain, % 16 7.3 

Moisture content, % 12.33 6.8 

Fineness, dtex 76 1.5 

Elongation at break, % 7.7 8.6 

(a)  (Tesfaye et al., 2018) 

(b)  (Shanmugasundaram and Gowda, 2010) 

*   (Rong and Bhat, 2004) 

 

Figure 4-3 shows the resultant fibre volume fraction for each run and their corresponding 

absorbency capacity values. The results indicate that the actual CFF:BCF fibre ratio averaged 

about 46:54 with the highest composition run #3 and the lowest in run #5. The highest fibre 

volume fraction ratio exhibited the lowest absorption capacity. This is because of the poor affinity 

of CFF:BCF with water as observed in this work.  

 

Figure 4-3: Actual ratio achieved per run and absorption ability of nonwovens produced in each 

run 
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4.5.4.2. Sorption behaviour of the coated and uncoated fabrics  

 

A. Effect of process parameters on the fabric absorbency  

 

Figure 4-4 shows the effects of S and SF on the absorbency of saline (a urine simulator) of the 

uncoated fabrics. It is observed that the saline absorbency gradually increases with an increase in 

speed of the conveyor belt and stroke frequency. The saline-absorbing capacity of CFF:BCF 

blended fabrics depends on two parameters: fibre composition and fabric thickness. It was 

observed that fabrics produced at higher speeds were thinner than those produced at lower speeds 

and, hence, thinner fabrics had more open voids to transport and hold the liquid than thicker 

fabrics.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-4: Effect of speed and stroke frequency on saline absorbency of CFF:BCF fabrics 
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Figure 4-5: Effect of speed and depth of needle penetration on saline absorbency of CFF:BCF 

fabric 

 

 

Figure 4-6: Effect of stroke frequency and depth of needle penetration on saline water absorbency 

of CFF:BCF fabrics  
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depth of needle penetration. However, the unexpected result might probably be influenced by the 
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amount of CFFs present in the fabrics which was noted as an uncontrollable variable. For 

example, in runs 1 and 2, as the depth of needle penetration increases, the thickness decreases 

(Table 14), hence high saline absorbency is expected. Nevertheless, due to the high content of 

CFFs in run 2, the absorbency decreased.  

 

Stroke frequency refers to the rate at which the needle board moves per second, forcing the 

needles through the bedplate and penetrating the web (Patanaik and Anandjiwala, 2012).  As the 

stroke frequency increases, more fibres are reoriented from the horizontal to the vertical direction, 

which then results in significant reduction of large voids in the structure, thus resulting in a more 

consolidated fabric with reduced liquid absorption capacity. However, in this work: with an 

increase in stroke frequency, saline-holding capacity of the fabric increased. This was probably 

because at higher stroke frequencies, the fabrics were less consolidated than at lower frequency. 

It is postulated that as the fabric thickness decreased due to the collapse of large voids between 

the fibrous layers and entanglement of the fibres, the fibres were pulled down from the top layer 

to the base of the web to form consolidated fabrics. However, some fibres escaped the process 

due to their lightweight. Therefore, a less consolidated fabric was formed at higher frequencies.  

 

B. Optimization of process variables by Plackett-Buman design 

 

 The effect of the indipendent variables as well as the interactions of them on saline absorbency 

were examined. About thirty-six preliminary and eight experimental runs were conducted in this 

study and the results enabled the calculation of the coefficient of regression. Based on the 

experimental results on saline absorbency and the different interaction terms of the variables, a 

mathematical model equation was regressed (equation 10). 

 

(𝐴𝑏𝑠𝑜𝑟𝑏𝑒𝑛𝑐𝑦)−0.6 = 1.2 − 0.42 ∗ 𝑥1 − 0.0012 ∗ 𝑥2 + 0.28 ∗ 𝑥3 + 0.0017 ∗

𝑥1𝑥2 − 0.167 ∗ 𝑥1𝑥3 − 0.0003 ∗ 𝑥2𝑥3  (10) 

 

where 𝑥1, 𝑥2 and 𝑥3 represent speed, stroke frequency and depth of needle penetration.  

 

Analysis of the regression equation helped in concluding that the criterion of saline absorbency 

optimization is negatively influenced by the speed of the conveyor belt and the stroke frequency 

of the punching unit and is positively influenced by the depth of needle penetration. The negative 

sign in front of the coefficient implies that an increase in the value of the given factor leads to a 

decrease in saline absorbent capacity, whereas a positive sign implies that increase in the values 

of the factors leads to increase in absorbency; this is confirmed in the surface and contour plots 
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shown in Figures 4-4, 4-5 and 4-6. Table 16 shows the statistical significance of the mathematical 

model equation (equation 10) and the model terms that were assessed by the F- and P-values for 

analysis of variances (ANOVA).  

 

The ANOVA results in Table 4-5 show that the F-values of all factors were high indicating that 

the model was significant and there was a 0.2 % chance that the F-values this large would occur 

due to noise. Similarly, P-values less than 0.05 indicate that the model or the factor is significant. 

In this case, all the factors and the interactions between the factors were significant model terms.  

 

Table 4-5: Analysis of Variance (ANOVA) for the fitted linear model for optimization of 

process variables for the production of CFF:BCF blended nonwoven fabric 

Source 
Sum of 

squares 

Degree of 

freedom  

Mean 

square 
F-value p-value  

Model 0.0975 6 0.0162 1.473E+05 0.0020 Significant 

𝑥1 0.0630 1 0.0630 5.711E+05 0.0008  

𝑥2 0.0122 1 0.0122 1.107E+05 0.0019  

𝑥3 0.0033 1 0.0033 30005.01 0.0037  

𝑥1𝑥2 0.0054 1 0.0054 48666.94 0.0029  

𝑥1𝑥3 0.0089 1 0.0089 80808.21 0.0022  

𝑥2𝑥3 0.0047 1 0.0047 42718.25 0.0031  

Residual 1.103E-07 1 1.103E-07    

𝑅2 = 1.0 Adjusted  𝑅2 = 1.0     

 

The suggested model in equation 10 was investigated to assess its veracity by comparing the 𝑅2 

value and the adjusted 𝑅2 value. Figure 23 shows the correlation between the experimental and 

predicted values of saline absorbency: there were no differences between the experimental values 

and the predicted model. This was also confirmed by the 𝑅2 and the adjusted 𝑅2  (Table 4-5) and 

further confirmed by to the closeness between the actual and predicted data as shown in Figure 

4-7. Hence, there is a satisfactory correlation between the actual and predicted values. The 

optimum conditions resulting in highest absorbency were: 1.187 m/min for speed, 265.42 Hz for 

stroke frequency, and 2.92 mm for depth of needle penetration.  
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Figure 4-7: Correlation between the actual experimental data and the predicted model data. 

 

C. Effect of coating solutions on the absorbency of fabrics 
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optimum conditions given above. The absorbency of the specimens was determined and 

compared with the absorbency of the NAC found in commercial diapers.  

 

Figure 4-8 shows the variation of the saline absorbency values of the coated NACs produced in 
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coated with PAA+DMAA. This absorbency was more than the absorbency of the core fabric 

found in the commercial diaper tested in the lab (Figure 24). Samples coated with PVA exhibited 

lower absorbency than samples coated with DMAA and higher absorbency than PAA samples. 

In addition, samples containing PAA, DMAA or combinations of PAA and DMAA were softer 

than the samples containing PVA and they absorbed the liquid laterally and longitudinally as 

observed during the experimental runs. PVA samples, however, were thick and hard hence the 

fabric retained the liquid on its surface.  
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Figure 4-8: Effect of the chemistry of coating solution on the absorbency of CFF:BCF blended 

nonwovens. 

 

The absorption mechanism of NACs can be explained at three different levels. The fabrics can 

absorb the liquid through (1)  pores by capillary absorption, (2) fibres by diffusion (Bateny, 

2015b) or (3) coating granules or solution. Capillary absorption is a phenomenon by which a 

liquid enters the fabrics’ pores, which are initially filled with moisture at ambient temperature 

(Azeem et al., 2017). Capillary absorption in the NACs produced in this work was minimal since 

the fabrics did not contain any open pores. Fabrics produced under optimum conditions were 

placed on the surface of saline water to visually assess their wettability. After 2 hours, there was 

no transport of the liquid from the surface in contact with the liquid to the opposite surface. Thus, 

the fabrics exhibited lower absorbency.  
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fibres used in AHPs are naturally occurring fibres containing functional groups in their molecules 

which enable them to absorb water or any liquids; depending on the amounts of these functional 

groups whose hydrophilic strength is in the order – OH > – COOH > – COO- > C=O > –  NH2 > 

– CONH2 > – SO3H, etc (Kotz et al., 2009; Gun’ko et al., 2017) - the fibres are either hydrophilic 

or hydrophobic in nature. BCFs are inherently hydrophilic since their chemistry consists of 

glucose units, each containing three hydroxyl groups (- OH) (Zhong, 2014), whereas CFFs are 60 

% hydrophobic as they contain a significant amount of  amino and amide groups (- NH2) than  

carboxylic acid (- COOH) groups (Kalaoğlu, 2010) which are less hydrophilic than – OH groups. 

It is therefore difficult for saline molecules to penetrate the CFFs and be absorbed into the 

amorphous part of the fibres that are mostly situated on the surface of the fabric matrix.  
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Consequently, there was no direct interaction between NACs and saline water since the fabrics 

were coated with chemicals. The high absorption capacity observed in this work was mainly 

attributed to the electrochemical interactions between the solvent and the coating solution, that 

are ultimately related to the ionic strength of each coating solution (Quintero et al., 2010). The 

sensitivity of superabsorbent coating polymer to monovalent saline solution is mainly due to the 

reduction of osmotic pressure difference inside and outside the coating polymer (Zohuriaan-Mehr 

and Kabiri, 2008) .  

 

4.6. Conclusions 

 

This report demonstrates that one route of beneficiation of waste chicken feathers is via 

production of NACs from fibres extracted from the feathers.  However, the production process 

needs a blend of CFFs and BCFs for effective needle-punching into nonwoven fabrics.    

Fabrication of novel NACs was achieved by coating the novel needle-punched nonwoven fabrics 

with superabsorbent polymers.  Uncoated fabrics exhibited lower absorption capacities than 

coated fabrics, whose absorption capacity varied depending on the coating solution used. The 

results revealed that nonwoven fabrics coated with DMAA and PAA are promising candidates 

for applications where high absorbency is required, especially as core products in the production 

of AHPs. 
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 CHAPTER FIVE: GENERAL CONCLUSIONS, RECOMMENDATIONS, AND 

FUTURE WORKS 

 

5.1. Conclusions  

 

The properties and impacts of different raw materials involved in the production of AHPs, 

specifically, the disposable diapers were reviewed, and chicken feathers were found to be a 

potential alternative raw material to be incorporated into AHPs. The structure and characteristics 

of the various layers of disposable diapers were also reviewed to find suitable parts where chicken 

feathers could be used. Raw feathers from RCL farms were cleaned and purified by autoclave 

treatment, followed by bleaching with sodium chloride, an anionic surfactant, and hydrogen 

peroxide prior to finding a suitable technique for their inclusion in NACs, which was the ultimate 

goal of this study. 

 

 The objectives of this work included developing a method for rapid extraction of CFFs from 

purified chicken feathers, characterising the fibres by comparing the physical, and morphological 

properties of the fibres obtained from the various extraction method used; developing a nonwoven 

fabric and investigating the effect of process variables on the fabric properties; and finally, 

treating the fabrics to impart the superabsorbent properties in them.  

 

While some of the extraction methods of CFFs have been previously reported, paper two 

discussed in the third chapter of this dissertation is comprehensively quantifying the properties of 

the various fibres produced as its main objectives. Some CFFs were extracted using the traditional 

extraction methods like a tweezer and electric blenders, whilst most of the fibres were extracted 

using the cost effective and efficient equipment, pulp fluffer of the pulp and paper industries. This 

section was, therefore a platform for identifying the CFFs-based materials which would result in 

the beneficiation of the extracted fibres from poultry waste.  

 

To develop successfully a suitable bio-degradable needle punched fabric for use as NAC as 

studied in chapter three (paper three), CFFs were mixed with BCFs at a 50:50 ratio. The effect of 

process variables i.e. the speed of the conveyor belt, stroke frequency and depth of needle 

penetration on the fabrics were investigated by analysing the structural properties like area weight, 

thickness and density as well as the end-use properties like liquid permeability and absorption 

capacity. The actual blend ratio was also accessed as it was one of the key parameters affecting 

the absorption behaviour of the fabrics. Simultaneously, to produce superabsorbent fabrics, needle 
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punched fabrics were coated with hydrophilic polymers. The highlight of this section was that the 

produced fabrics had significantly better absorbency than the NACs of commercial diapers. 

Similarly, the produced fabrics were examples of the possible waste valorisation pathways 

identified in chapter two.  

 

The aim and objectives of this research study were met, and the findings conclusively showed 

that the proposed bio-based NACs have enhanced liquid absorption properties and that CFFs can 

be used, cheaply and simply with other natural fibres to develop new NACs with significantly 

reduced environmental impacts.  

 

5.2. Recommendations 

 

To the best of the authors’ knowledge, efforts have been made to develop CFF-based nonwoven 

fabrics from waste feathers targeting the textile application areas such as: Aggrotech (Agriculture 

and forestry), buildtech (Building and construction), clothtech (clothing technical components), 

geotech (geotextile and civil engineering), hometech (technical component of furniture, 

households and floor coverings), indutech (filtration), mobitech (automobile, aerospace and 

shipping components), yet no research work targeted the meditech application area (hygiene and 

health care sector). As far as the fibres’ safety is concerned, various research has been conducted 

to provide valuable information to prove that CFFs and products made from them meet the 

mandatory safety standards. In terms of the use of CFFs in the hygiene and health care sector, 

more in-depth research is needed first to develop NACs with the current manufacturing methods 

of NACs of commercial diapers and investigate their safety aspect. Moreover, the economic 

aspect of the production of the CFF-based NACs is required to compare with the production of 

the current commercial products. The successful development of these products and their 

performance in disposable diapers will mostly rely on the cooperation between the diapering 

industries and the research institutes for the inclusion of CFFs as alternative raw materials in 

NACs. This may then open ways to novel directions for adding values to the waste chicken 

feathers thus, giving both economic and industrial sectors a boost.  

 

5.3. Future works  

 

This research could be continued as follows:  

 

• Develop a questionnaire to determine the appropriate production technique for NACs and 

the appropriate SAPs used. 
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• Study the effect of fluffer on the extracted fibres to determine the point at which the 

fluffer damages the fibres morphology. This will help in determining the appropriate 

fibres to be blended with CFFs and obtain a uniform and condensed fabric  

• Treat CFFs separately with hydrophilic surfactants before embarking in the production 

of NACs and test the liquid absorption rate of the treated fibres.  

• Use natural occurring hydrophilic fibres to blend with CFFs and conduct lab test to ensure 

that the liquid absorption rate of these fibres is higher than that of CFFs prior to nonwoven 

production.  

• Produced the NACs based on the information obtained from industries.  

• If successful, do an economic evaluation of the production of NACs.  
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 APPENDICES 

 

Appendix A 

 

WORKSHEET OF THE ESTIMATED VALUES PROVIDED IN FIGURE 2-3 

 

The data used to plot Figure 2-3 were calculated using data available from three different sources.  

 

Information source:  

Source #1 :   Stats, S. 2011. Statistical release P0302. Mid-year population estimates. 

 

Table 6-1: List of South African provinces by population 

Province 
Population in 2018 (Mid-

year) 

Estimated babies’ 

population  

Gauteng 14717000 306113,6 

KwaZulu-Natal 11384700 236801,76 

Western Cape 6621100 137718,88 

Eastern Cape 6522700 135672,16 

Limpopo 5797300 120583,84 

Mpumalanga 4523900 94097,12 

North West 3979000 82763,2 

Free State 2954300 61449,44 

Northern Cape 1225600 25492,48 

Total  57725600 1200692,48 

 

From this source, it is assumed that the crude birth rate in 2018 was 20.8 babies per 1000 

population. This value was then used to estimate the babies’ population in equation 11 and the 

results are given in Table 6-1: 

 

𝐵𝑎𝑏𝑖𝑒𝑠 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 = 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑝𝑒𝑟 𝑝𝑟𝑜𝑣𝑖𝑛𝑐𝑒 ∗  
20.8 𝑏𝑎𝑏𝑖𝑒𝑠

1000 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛
 

(11) 

 

 

Source #2: Safety evaluation of superabsorbent baby diapers, written by Kosemund and       

colleagues. (Reference is given in Chap. 2)  

It was found from this literature that one baby wear between 4 to 5 diapers per day. For this 

calculation, a value of 4.5 diapers per day was chosen and used in equation 12 to determine the 
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number of diapers worn per by babies in each province.  

𝐷𝑖𝑎𝑝𝑒𝑟 𝑤𝑜𝑟𝑛 𝑏𝑦 𝑏𝑎𝑏𝑖𝑒𝑠 = 𝑏𝑎𝑏𝑖𝑒𝑠′𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 ×
4.5 𝑑𝑖𝑎𝑝𝑒𝑟𝑠 

𝑏𝑎𝑏𝑖𝑒𝑠′𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛×𝑑𝑎𝑦
×

365 𝑑𝑎𝑦𝑠

𝑦𝑒𝑎𝑟
            (12) 

 

Source #3 : https://www.atriummedical.co.za/2018/04/environmental-impact-of-disposable-

nappies/?v=68caa8201064  

 

One disposable diaper weighs 230 g after usage. The assumption made in this section was that 

100 percent of solid waste is generated from one diaper and that none of it is recycled. Hence, 

equation 13 was used to determine the amount of waste generated by each province in South 

Africa. The values were then used to reproduce Figure 2-3 

 

𝐷𝑊𝐺𝑃𝑃 = 𝑑𝑖𝑎𝑝𝑒𝑟 𝑤𝑜𝑟𝑛 𝑏𝑦 𝑏𝑎𝑏𝑖𝑒𝑠 ×
230 𝑔 𝑜𝑓 𝑤𝑎𝑠𝑡𝑒 

𝑑𝑖𝑎𝑝𝑒𝑟 𝑦𝑒𝑎𝑟
                                                              (13) 

 

Where DWGPP stands for diaper waste generated per province. 

 

Table 6-2 shows the estimated values of waste generated by each province per year as well as the 

different parameter used their calculation.  

 

Table 6-2: Estimated values of population and waste generated by provinces 

Province 
Estimated babies’ 

population 

Number of Diapers 

produced per year 

(Million) 

Waste generated per 

diaper (Tonnes) 

Gauteng 306113,6 513,96 323,87 

KwaZulu-Natal 236801,76 397,59 250,54 

Western Cape 137718,88 231,23 145,71 

Eastern Cape 135672,16 227,79 143,54 

Limpopo 120583,84 202,46 127,58 

Mpumalanga 94097,12 157,99 99,55 

North West 82763,2 138,96 87,56 

Free State 61449,44 103,17 65,01 

Northern Cape 25492,48 42,80 26,97 

Total 1200692,48 2015,96 1270,33 

 

 

 

 

 

https://www.atriummedical.co.za/2018/04/environmental-impact-of-disposable-nappies/?v=68caa8201064
https://www.atriummedical.co.za/2018/04/environmental-impact-of-disposable-nappies/?v=68caa8201064
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Appendix B 

 

FLOW CHART OF THE PRODUCTION OF CFF:BCF NONWOVEN VIA 

NEED-PUNCHED TECHNIQUE 

 

        

 

 

 

                

 

 

 

          

 

 

 

 

 

1. Blending CFFs and BCFs manually 
2. Blended fibres from the opener 

entering the carding machine  

4. Fibrous carded layer from the 

carding machine to the cross lapper 

3. Fibrous carded wed from the cross 

lapper being fed to the needle 

puncher 

5. Formation of the fabric in the 

needle puncher  

6. Roller of the fabric obtained from 

the needle puncher   
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Appendix C 

 

CFF:BCF BLENDED FABRICS PRODUCED 

 

        

 

 

 

 

        

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Trial experiment: Production of 

CFF:BCF blended needled punched 

fabric with a blend ratio of 70:30.   

CFF:BCF blended fabrics 

produced with a blend 

ratio of 50:50    

uncoated sample of CFF:BCF 

blended fabric 

Sample of CFF:BCF blended 

fabric coated with PVA solution 
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Appendix D 

 

ABSTRACTS SELECTED FOR CONFERENCES  

 

1st Event: The South African Institution of Chemical Engineers (SAICHE), Durban, 

South Africa, August 30/2017 

 

VALORISATION OF CHICKEN FEATHER: NEEDLE PUNCHED 

SUPERABSORBENT NONWOVEN FABRIC FOR DIAPER PRODUCTION 

 

Grace Kakonke1, Bruce Sithole1,3, Tamrat Tesfaye1,2, Germain Ntunka1, and Viren 

Chunilall3 

 

1Discipline of Chemical Engineering, University of KwaZulu-Natal, Durban, South Africa 

2Ethiopian Institute of Textiles and Fashion Technology, Bahir Dar University, Ethiopia 

3Biorefinery Industry Development Facility, Natural Resources, and the Environment, 

Council for Scientific and Industrial Research, Durban, South Africa 

 

Abstract 

 

Various environmental studies suggested that non-biodegradable poultry waste, like feathers, 

pose a serious burden to the environment. The question is how to utilise the mountains of chicken 

feathers generated from poultry industry more effective and environmentally. There is a high 

demand for superabsorbent fabric in the world. But the production of these superabsorbent 

materials from waste biomass is not a well-developed technology. The aim of the present study 

is to investigate the possibilities of using waste chicken feathers in the production of 

superabsorbent nonwoven fabric. Theoretical considerations on the papermaking method, also 

similar to the wet-laid technique used in web forming, led to a conclusion that nonwovens cannot 

be prepared from feathers alone. After extracting the fibre from the whole feather, the nonwoven 

fabric is produced using needle punched technique. Then the fabric will be treated using acrylate 

superabsorbent polymer. The characteristics of the novel super-absorbent material will then be 

studied, and the optimum production conditions will be investigated by systematically varying 

the orientation of fibres in the web, the penetration depth of needles as well as the needling 

density.  

 

Keywords: Chicken feather, fibre, Non-woven technology, needle-punched fibrous mat, Super-
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Absorbent Polymers (SAPs) 

 

2nd Event: College of Agriculture, Engineering and Science Research day (CAES), 

University of KwaZulu-Natal, Durban, South Africa, October 26/2017 

 

VALORISATION OF CHICKEN FEATHER: NEEDLE PUNCHED 

SUPERABSORBENT NONWOVEN FABRIC FOR DIAPER PRODUCTION 

 

Grace Kakonke1, Tamrat Tesfaye1,2, Bruce Sithole1,3, and Germain Ntunka1 

1Discipline of Chemical Engineering, University of KwaZulu-Natal, Durban, South Africa 

2Ethiopian Institute of Textiles and Fashion Technology, Bahir Dar University, Ethiopia 

3Biorefinery Industry Development Facility, Natural Resources, and the Environment, 

Council for Scientific and Industrial Research, Durban, South Africa 

 

Abstract 

 

Numerous environmental studies suggest that non-biodegradable wastes, such as waste chicken 

feathers, pose a serious burden to the environment. The question is how can we beneficiate the 

mountains of chicken feathers generated from poultry industry more effectively and 

environmentally. There is a high demand for superabsorbent fabrics in the world. However, the 

production of these superabsorbent materials from waste biomass is not a well-developed 

technology. The aim of the present study is to investigate the possibilities of using waste chicken 

feathers in the production of superabsorbent nonwoven fabric. Theoretical analysis of paper-

making operations, whereby, superabsorbent products (e.g., for use in the manufacture of diapers) 

are produced using a wet-laid technique used in web forming, led to a conclusion that nonwovens 

cannot be prepared from 100% feathers – modification of the surface chemistry of the feathers 

will be required. Hence, this project will entail using a needle punching technique to produce 

chicken feather based nonwoven material that will then be treated with an acrylate polymer to 

impart superabsorbent properties on the material. Characteristics of the novel super-absorbent 

material will be studied, and the optimum production conditions will be investigated by 

systematically varying parameters such as orientation of fibres in the web, the penetration depth 

of needles, as well as the needling density. The produced fabric will be investigated for suitability 

to replace the current superabsorbent fabrics used in diaper production. Successful use of waste 

chicken feather for such an application will result in beneficiation of the feathers. 

 

Keywords: Chicken feathers, fibres, non-woven technology, needle-punched fibrous mat, 
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super-absorbent polymers, acrylate polymers 

 

3rd Event: Third International Conference on Composites, Bicomposites, and 

Nanocomposites (ICCBN), Port Elizabeth, South Africa, November 7 – 9/2018 

 

A REVIEW OF PRODUCTION AND PROPERTIES OF NONWOVEN 

SUPERABSORBENT CORE FABRICS USED IN DISPOSABLE DIAPERS AND 

FEMININE HYGIENE PRODUCTS  

 

Grace Kakonke1, Tamrat Tesfaye1,2, Bruce Sithole1,3, and Germain Ntunka1 

1Discipline of Chemical Engineering, University of KwaZulu-Natal, Durban, South Africa 

2Ethiopian Institute of Textiles and Fashion Technology, Bahir Dar University, Ethiopia 

3Biorefinery Industry Development Facility, Natural Resources, and the Environment, 

Council for Scientific and Industrial Research, Durban, South Africa 

 

Abstract 

 

Disposable diapers and feminine hygiene products are comprised of renewable and non-

renewable raw materials, to create absorbent cores that act as fluid storage structures in the 

products. With the addition of superabsorbent polymers in the absorbent structures, disposable 

diapers and feminine hygiene products have moved from being just convenient items to thinner, 

safer and efficient fluid absorbent products which resulted in reduced leakage of the collected 

fluids. Also, the numerous changes in the design of the products led to increased environmental 

problems such as excessive resource consumption, water, and air pollution, excess use of energy, 

as well as waste disposal. This is due to the presence of specialised biological inert polymers and 

superabsorbent polymers which are not easily digested by bacteria found in public and private 

sewage treatment plants. Consequently, there is extensive research to develop bio-based products 

to reduce the use of non-renewable raw materials. This report is a review of the production and 

properties of these superabsorbent products and possibilities of their replacement with 

superabsorbent materials sourced from waste chicken feathers, waste sugarcane, pineapple waste, 

etc. A qualitative analysis shows that based on the physical, morphological and mechanical 

characteristics of chicken feather fibres, the poultry waste has the potential, if properly treated, of 

complete or partial replacement of cellulose fluff pulp currently used in commercial disposable 

diapers and feminine hygiene products. Production of superabsorbent materials from waste 

chicken feathers could solve environmental disposal problems of the feathers by creation of novel 
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high value products and thus, resulting in job creation.  

  

CATEGORY: Composites  

THEME: Textile Composites, Textiles / Processing and Manufacturing Technologies / Structural 

Design, Impact / Disposal  

KEYWORDS: disposable diapers, waste chicken feathers, superabsorbent materials.  

 


