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DIRECT COLORING OF NATURAL AND SYNTHETIC FIBERS BY 

APPLYING A ‘NITRITE-ACID-METAL CATION’ SYSTEM  
 

 Abstract. In this science project presented the development of low cost 
technology of coloring natural and synthetic fibers with diazotization method by 
applying a ‘nitrite-acid-metal cation’ system. Presented researches of synthesis of 
coloring components on natural and synthetic fibres, physico-chemical properties of 
the as-colored fibers  were determined.  
 Keywords:dyeing, coloring of fibers, nitrite-acid-metal cation’ system, low cost 
technology of fibers coloring. 
 
 Uzbekistan is one of the main world manufacturers of cotton fibers. Besides 
that, production of natural silk, wool, acrylic and polyamide fibers is currently 
developing. However, only a small part of fibers is processed in finished goods, and 
the main part is exported in the form of semi-finished product. One of the main 
reasons for this is the absence of processing of chemical materials in the country, 
including dyes. In particular, aniline-coloring industry does not exist in Uzbekistan. 
As is known, coloring of textile materials can be done by two methods: sorption of 
coloring compounds on the fibers from the solution and synthesis of a dyeing 
component directly on a fiber.  
 The first way is dyeing fibers by active, acid, disperse and other classes of 
synthetic dyes. The coloring of fibrous materials by synthesis of dyes directly on a 
fiber has represented great interest. Because one step coloring of fibers is 
economically perspective due to excluding complex technological processes, namely, 
allocation of dye from reactionary mix, filtration, washing, drying, and grinding. On 
the other hand, use of chromogenic components having simple structure promotes an 
increase in penetration speed of chromogenic compounds on a fiber.   
 Nowadays, oxyazo, black aniline and phthalocyanines are widely applied in 
dyeing of textile materials. However, the presence of azo group in molecules of such 
compounds does not fully solve the problem of obtaining strong color, which is 
resistant against physical, chemical and mechanical impacts. Therefore, the aim of 
the present work is coloring of natural (cotton, wool, natural silk) and synthetic 
(polyamide and acrylic) fibers without use of synthetic dyes. That is, ‘nitrite-acid-
metal cation’ system will be applied to direct coloring of natural and synthetic fibers. 
 Objective: The primary objective of the present project is to develop new, low 
cost technology of coloring natural and synthetic fibers with diazotization method by 



 

 
International Journal of Research 

ISSN: 2348-6848 Vol-6, Special Issue-5 
3rdEduINDEX International Multidisciplinary Conferenceheld 

on6-7th April 2019 at Edupedia Publications Pvt Ltd, New Delhi  
 

 

Available at https://pen2print.org/journals/index.php/IJR/issue/archive P a g e  |  2 5 3  

applying a ‘nitrite-acid-metal cation’ system. The main objectives of the planned 
research are as follows: 
- Synthesis of coloring components on natural (cotton, silk and wool) fibers by 

applying a ‘nitrite-acid-cation’ system; 
- Synthesis of coloring components on synthetic (polyamide and acrylic) fibers by 

applying a ‘nitrite-acid-cation’ system; 
- Investigation of the influence of synthesis parameters (temperature, time, рН, and 

coloring modulus) on color formation;  
- Exploration of the influence of ‘nitrite:acid:metal cation’ ratio on structure of fibers 

by various physico-chemical methods; 
- Determination of physico-chemical properties of the as-colored fibers (strength, 

wrinkle resistance, elongation, and nitrogen content) 
- Study of color formation in fibers by optical method; 
- Definition of color characteristics (color coordinate and chromaticity, saturation, 

and whiteness) of the as-colored fibers; 
- Investigation of color formation mechanisms. 
Experimental: 
 Preparation: According ‘nitrite-acid-metal cation’ system, the following 
starting materials are selected: 1) sodium and potassium nitrites as nitrite; 2) 
hydrochloric, sulfuric, oxalic, and acetic acids as acid; and 3) sulphates of iron, cobalt, 
copper, and nickel as metal cation. The fibers will be first washed with the solution 
containing 4 g/L nonionic detergent and 2 g/L soda ash at 80°C for 30 min and then 
dried at RT. After that, fibers will be impregnated in the ‘nitrite-acid-metal cation’ –
based solution with pH=3-4 at 95°C for 10 min. The unreacted or remained 
compounds on the fiber surface will be removed by washing with nonionic detergent 
at 60°C for 5 min, hot and cold water, respectively, and then dried at RT.  
 Characterization: The as-colored fibers will be characterized by X-ray 
diffraction (XRD), differential thermal analysis/thermal gravimetry (DTA/TG), 
scanning electron microscopy (SEM), transmission electron microscopy (TEM), 
dynamometer, etc.    
 Expected results: On the basis of the experimental results, the effective way of 
coloring natural and synthetic fibers will be recommended. After time-, temperature-, 
and pH-dependent experiments, formation mechanism of coloring components in the 
natural and synthetic fibers will be presented. The colored natural and synthetic fibers 
with the improved physico-chemical properties will be obtained. In addition, the 
developed coloring compositions will allow solving coloring problems partially in 
textile industry of Uzbekistan. The results of the present research will be published as 
co-authored papers with the colleagues in China. 
Methodology:  
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 Sampling. For realisation of formation of colour on fibre preliminary 
researches with reaction use diazotization with use of salts of metals of variable 
valency and mineral or organic acid are carried out.  
 Preparation. Natural fiber has been kept in the processing solution at 80ºС 
during 30 minutes, which contained natrium salts, mineral or organic asid and 
kathions of polyvalent metall. For colouring a material load into a bath containing 
coloring compounds, rise temperature to 80-90ºС, stop heating, the sample take out 
and wash out in a soap or water solution of any urface-active substance, then in warm 
and cold water and dry.  
 Analysis. The formation or the colour is proved by measuring the colour 
coordinate and chromaticity, and other colorimeterical characteristics with the help of 
spectrophotometer «Raduga – 2B». The formation or the new chemical bonds 
between protein fibre, particularly in natural silk and coloring composition is proved  
by IR-spectroscopy, DTA, DTGA, X-ray structure analysis and chromatograthy 
methods. The analysis of the painted samples have been executed in laboratory of 
physical and chemical tests at Institute of physics and chemistry of polymers at 
Republic Uzbekistan Academy of sciences. However, apparatuses and equipments in 
chemical laboratories of the Uzbekistan are outdated. Sensitivity and accuracy of 
those apparatuses and equipments do not meet modern requirements of the analysis 
of structure of polymers. Besides, we have no possibility of definition of physical-
mechanical indicators as we have no possibility to carry out research on 
corresponding equipments. Therefore the analysis of structure of polymer processed 
by painting compositions is desirable for spending in laboratories of a world class. 
On the basis of the received results delivery of recommendations about approbation 
under production conditions is planned. 
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