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1. Preamble 

!   Over the last fifty years, we have been involved in 
research and development pertaining to the chemistry 
of fibrous textile and nonfibrous textile materials. 

!   Of the textile materials investigated mention                 
is particularly made of cellulose, wool, polyamide                    
and polyester. 

!   It is certain, however, the great attention is given                      
to cotton cellulose. 

!   Research area of cotton cellulose covers degradative 
treatments, mechanisms of degradation of cotton                     
and effects of mercerization restretching upon 

q   the course of these mechanisms,  
q  chemical reactions entailed in: 
 

!    functionalization of cellulose, 
!    vinyl graft, 
!    copolymerization, 
!    coloration,  
!   easy care cotton finishing 
!   biotechnology for development                                          

of wet processing of cotton textiles   

!   Apart of their different etherification products, 
these materials arouse much attention when they 
were graft copolymerized with various vinyl 
monomers. This is exemplified by: 

Ø   Starch –poly(AA) composite 

Ø   Starch –poly(Aam) composite 

Ø   β – cyclodextrin –poly(AA) copolymer 
 

!   Equally brought into focus was our work concerned with 
the chemistry of nonfibrous textile materials. 

 

!   Studies on synthesis, characterization and application of 
many polymeric materials were undertaken. Among 
these materials were: 

Ø  Carboxymethyl cellulose (CMC)	Ø  Starch 	  
Ø  β - cyclodextrin	Ø  Chitosan 	  

!   Particularly notable was the loading of                           
β–cyclodextrin copolymers with metal 
nanoparticles, for example, silver nanoparticles. 

 
!   CMC based hydrogels with and without nano-

sized metal particles were the subject                 
of intensive investigation concerning their 
synthesis, characterization and application 
especially in the medical domains. 

 
!   Research was also directed towards synthesis                     

of polymeric materials that are environment-
friendly for use as reducing agent converting       
the silver ion to silver atom and stabilizing agent 
through capping of silver nanoparticles which 
represent clusters of silver atom. 

	



10/21/15 

2 

 
	   2. Technical Innovations 

!   Advancing insight into structural features and 
reactivity of fibrous and nonfibrous textile materials 
has created novel types of materials. 

 

!   Innovation of such materials has necessitated 
conducting basic and applied research pertaining to 
the chemical modification treatments of fibrous 
materials, e.g., cellulose, wool and polyester, and, 
nonfibrous materials e.g., starch, chitosan and 
cyclodextrins. 

 

!   That is, the reactions involved in the modification 
treatments have been studied from both academic and 
practical point of view, i.e., from concept to 
implementation. 

 

!   General kinetics, mechanism and optimization of the 
reaction entailed in each modification were postulated 
and verified.  

 

	

!   In concomitant with this was the application                 
of the results leading to optimization and 
modernization of the texti le processing                         
and therefore, development of new and/or 
improved textile products. 

 

!   Highlights could be represented by the following 
innovations: 

q Development of one-step process for preparation of 

loomstate cotton fabrics using sodium chlorite at pH 8. 	

q   Combination of processes, namely, desizing, scouring 

and bleaching in one process for preparation 

(pretreatment) of cotton and polyester/cotton blend 

fabrics using, for example, stabilized hydrogen peroxide 

in highly alkaline medium.	

2. Technical Innovations 

1 	

2 	

 

q  In starch mercerization-restretching of the cotton 

yarns, the latter should be restretched to maximum 

100 % of their original length. 

Ø  Cotton restretching < 100 %                                                   

is not economically and decrease in yarn strength 

and lusters. 
 

Ø  Stretching to 103 % causes partial conversion                                                 

of cellulose II  to cellulose I. 

Ø  We have shown for the first time that yarns slack 

mercerized followed by restreching to 103 % of 

their original length fall short in reactivity, luster 

and structural uniformity although they display 

higher tensile strength.                                                     

3 	

q  Introduction of partial carboxymethylation in the wet 

processing of loomstate cotton fabrics results in omittion 

of desizing and mercerizing processes beside producing 

chemically modified cotton fabric with better properties 

compared to desized and mercerized fabrics. 

q  Continuous and semi-continuous methods were devised for 

production of chemically modified cottons notably, 

partially carboxymethylated cotton 

q  Of the many reactive printing thickeners developed                                

to substitute sodium alginate thickener (the universally 

accepted thickener for printing cellulosics with reactive 

dyes) mention should be strongly made of starch-poly(Aam) 

composite. 

q  This  composite proves to be the best since it was 

successfully applied on industrial scale. 

q  Equally effective is the starch-poly(butyl acrylate) 

composite.      

4	

6	

5	
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q  A reactive dye was invented. Unlike the conventional 

halogen or sulphatoethyl sulphone-based reactive dye, 

the new dye reactivity is based on N-methylol groups.  

q  This allows it to react with cellulose textiles in presence                      

of acid catalyst which is also used to catalyze reaction of 

N-methylol crosslinking agents with the cellulosics.  

q  Combined dyeing and easy care finishing can, therefore, 

be carried out in single step process, opposite to 

conventional reactive dyes which react with cellulose in 

alkaline medium and their easy care finishing is carried 

out separately and in succession. 

7	

8	

q  Development of fast catalytic system (mixed catalyst) for 

crosslinking simulated industrial production of easy care 

cotton finishing at a curing temperature range as low as 

(100 o C - 120 o C). 

q  To render cotton fabrics amenable for heat 

transfer printing, numerous modified cottons were 

synthesized through crosslinking, etherification, 

esterification and vinyl graft copolymerization 

using different monomers. 

q  Among these modified cottons, cyanoethylated 

cotton and partially carboxymethylated cotton – 

polystyrene graft copolymers were the most 

amenable for heat transfer printing. 

       

9	

10	

q  Chemical characteristics of finishes that are 

critical for effective soil release properties in 

durable press cotton-containing fabrics were 

defined to serve as basics for designing and 

production of new soil release finishes. 
 

q  Biotechnology was used for development of the 

wet processing of cotton and cotton/polyester 

blend fabrics with possible substitution of harch 

chemicals by enzymes as well as to involve the 

enzymatic treatment in multi-functionalization of 

cotton fabrics. 

11	

12	

q Functional textile fabrics were produced on 

industrial scale by treatment of cotton fabrics with 

chitosan having different molecular weights in 

presence of ammonium citrate. Fabrics produced 

acquired antibacterial activity. 

13	

Low temperature dyeing (65 o C - 85 o C) of polyester, 

polyester/cotton blend and cotton fabrics could be 

realized in a system containing disperse dye, vinyl 

monomers and hydrogen peroxide. Neither grafting 

nor homopolymerization occurred. 

14	

q  Vinyl graft copolymerization onto fibrous and 

nonfibrous textile materials brought about products, 

for example, 

(a)  Wool graft coplymers with no felting 

(b)  Polyester – and polyamide graft copolymers with 

increased water and dye absorption 

(c)  Starch graft copolymers and starch – poly(vinyl) 

composites with rheological properties suitable 

for use as sizing agents as well as thickeners for 

printing  

(d)  Cyclodextrin graft copolymer loaded with 

nanosilver particles for application in smart 

cotton production  

(e)  Chitosan graft copolymers for production of 

medical textiles and products for other purposes. 
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15	

q Hydrogels based on CMC loaded with either silver or 

ZnO nanoparticles and hydrogels based on cellulose 

nanoparticles loaded with silver nanoparticles were 

synthesized and characterized. 

q Conditions for synthesis and application of these 

products in medical domains were established. Also 

estab l i shed were the synthes is o f s tarch 

nanoparticles and silver nanoparticles concurrently. 

Their use in medical domains was also practiced. 

q On the other hand, cellulose nanofibers and cellulose-

poly(acrylonitrile) graft copolymer nanofibers loaded 

with silver nanoparticles were successfully 

synthesized, characterized and used in water 

disinfection.  

16	

q Recovery of water soluble starch size using                                          

the ultrafiltration unit was introduced for the first 

time in Egypt. 

q Starch-polyacrylic acid composite was prepared on 

industrial scale and used in sizing of warp cotton 

yarns and after weaving the fabrics was desized 

using hot water. 

q The water containing the removed size was 

ultrafiltrated to yield 95 % reclaimable sizing 

material. 

17	

q  Innovation based on the top-down approach         

of nanotechnology was practiced for development 

of textile printing.  

q Synthesis, characterization and application          

of ultrafine (nano) pigments particles constitute 

the base of such development. 

15 

18	

 

q Chemical routes were established for environmental 

protection through energy, water and materials 

conservation. They include: 

(a) Combined wet processes such as combined 

desizing, scouring and bleaching as well as 

combined dyeing anf finishing. 

(b)   Enhancement of cotton reactivity and/or 

cotton susceptibility towards dyeing and 

finishing. 

(c)   Synthesis of reactive carbohydrates as 

permanent f inishes to substitute the 

conventional ones used therein as temporarily  

(d)  Recycling of the water soluble starch sizes as 

per the utrafiltration technology. 
 

19	

 

q The complete chain of innovation was exercised in 

production of antibacterial garments as per the client 

request. 

q Based on our research in the field of nanotechnology, 

the most appropriate conditions for synthesis of silver 

nanoparticles (AgNPs) were established and used for 

preparation of an amount of AgNPs large enough to 

treat 5 tons of textile fabrics.  

q Thus treated fabrics were converted into garments 

and exported to one of EU countries after being 

submitted to the necessary testing and analysis. 

q Results of the latter were in full agreement with those 

made by the European exporter. 
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!   The academic and applied research and 

development activities given in current 

p r e s e n t a t i o n w e r e c o n d u c t e d w i t h i n 

environmental scene.  

!   The chemistry and modifications of fibrous and 

nonfibrous textile materials were notably 

performed under predetermined and controlled 

conditions for the sake of energy, water, 

chemicals and materials saving which, in turn, 

mentain good quality of environment. 

!   Modulation of reactions involved in chemistry 

and modifications of fibrous and nonfibrous 

materials brought into focus the following: 
 

3. Textile Development within Environmental Scene 

(a)  Understanding the kinetics and mechanisms 

of chemical reaction involved in the 

modification treatments. 

(b)    provision of the package of technological 

knowledge which is useful for industrialists 

and researchers  

(c)  Help introducing new and novel technology 

to the textile and other industries. 

Emphasis was placed on harnessing frontier 
sc iences such as nanotechno logy and 
biotechnology for producing smart apparel, 
domestic and technical (medical) textile 
products.	

3. Textile Development within Environmental Scene                            
(Continued) 

4. Special Contributions 

!   Summing up, research output contributes to existing 

knowledge and strengthens the scientific ground on 

which an effective technical service can be offered. 

!   It also enables the concerned scientists to define 

possible research needs in the field of chemistry of 

fibrous and nonfibrous textile materials. 

!   On the other hand, technology development includes: 

i.  Optimization and modernization of textile 

processing. 

ii.  Development of new, improved and more efficient 

technologies for production of chemically modified 

polymers with unique characteristics. 

iii.  Development of products with new and 

unprecedented and interesting properties 

iv.   Energy and materials saving with significant 

improvement in the quality of environment. 


