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Abstract 

novel printing paste for linen and viscose fabrics with reactive dyes was applied attempting to 

tackle the issue of water contamination caused by using urea excessively in cellulosic fabric 

reactive dye printing. This novel paste eliminated urea entirely and allowed for the maximum 

fixation of reactive dyes on the fabrics. In place of 150g/kg urea, an amalgamation of nonionic and 

anionic wetting agents was used to print reactive dye on linen and viscose textiles. Comparing the 

samples printed with the novel printing paste to the ones that were printed using the conventional paste 

which contained urea, the color strength of the printings printed using the novel paste rose by about 

189.78% and 168.95% for linen and viscose textiles, respectively. The wetting agent concentration, 

steaming temperature, and steaming duration were all determined via variable appraisals. examined 

the effects of these factors on the fabric's fastness, color strength, elongation, and tensile strength. 

Investigated how these factors impacted the fabric's color strength, fastness, elongation, and tensile 

strength. 

Keywords: Linen fabric; Viscose; Textile printing; Reactive dye; Wetting agent; Urea elimination. 

 

Introduction 

One of the most popular cellulosic printing 

techniques is reactive printing, which yields vibrant 

colors, a range of hues, excellent color fastness, and 

a soft handling. [1] Reactive printing accounts for 

around a quarter of global print production. Ten to 

twenty weight percent urea is added to traditional 

reactive printing paste to provide the optimum color 

and fixing for printed materials [2, 3]  

In addition to helping to dissolve reactive dye in 

the paste and cause swollen in the printed film and 

cellulosic textiles during the fixing procedure, urea 

additionally assists in to increase the water content 

of cellulosic fabrics. It further minimizes 

agglomeration of dye molecule, resulting in 

enhanced the dye's capacity for propagation and 

transfer to cellulosic fabrics swiftly and readily. [4, 

5] Even while urea plays a significant role in 

cellulosic printing, it contributes to environmental 

contamination. Urea is removed from the fabric and 

washed into the wastewater throughout the process's 

washing, unfixed colors, thickeners as well as other 

additional chemicals. [6] The high quantities of 

ammonia-nitrogen in wastewater, may contribute to 

environmental problems like eutrophication, are 

caused by ammonia-nitrogen compounds that are 

created as urea breaks down. [7, 8] 

A greener alternative for reactive printing on 

cellulosic textiles is reactive urea-free printing, that 

has become increasingly popular. Alternatives to 

urea are investigated by this sustainable technology. 

Due to their propensity to solubilize dyes, absorb 

moisture and swell fibers, these substitutes can 

facilitate the fixing, dyeing of fibers as well as thaw 

of reactive dyes in the color film. [9-11] 

Linen is one of the most important textile 

materials and a necessary natural, eco-friendly 

resource. It could be the world's oldest cloth. [12-

14] It is taken from the woody stalks of the flax 

plant. [15, 16] Linen almost eliminates sun 

radiation by protecting the human body from it. 

Because of its excellent moisture absorption, 

cooling effect, air permeability, and heat-transfer 

ability, linen fabric is a fantastic material for 

practical applications. [17] Because linen materials 

absorb a lot of water, the temperature of the body is 

controllable, which is crucial to both coziness along 

with health. The considerable moisture absorption 

of linen fibers causes them to dry quite fast. It also 

reduces the likelihood of electrostatic charging. [18, 

19] 
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The widest variety of structures and properties 

among all textile fibers is found in cellulose fibers. 

The important cellulosic fiber viscose is mostly 

used in textiles. Viscose is currently seeing a 

renaissance. [20-22] Viscose, often known as 

cellulose, is a material present in all terrestrial 

plants. [20-23] To create viscose rayon, cellulose is 

derived from a range of dissolving grade wood 

pulps. Viscose is meant to address the problems that 

have been becoming worse over time: rising 

worldwide cotton prices; increased demand for 

fiber, including the need to expand the market for 

the wood and pulp industry; and the need to identify 

new sources of fiber. [24] 

Experimental 

Materials 

Fabrics: Viscose and raw linen were graciously 

supplied via Textile Industries Egyptian Co. Ointex, 

Egypt. 

Thickeners and Dyes: Sodium alginate and 

reactive dye “Bezaktiv Red Go” were freely offered 

via Dystar. 

Wetting agents: Anionic wetting agent “Foryl 

WAN” was provided via Newtrac trading as well as 

nonionic wetting agent “Tanaterge Advance” was 

provided via Tanatex Chemicals. 

Every additional chemical that was employed in 

this investigation was of commercial laboratory 

grade.  

Technical proceedings 

Printing technique 

The flat screen-printing technique was used to 

print reactive dye on linen and viscose textiles. 

Printing paste 

Using the flat screen-printing method, two 

distinct printing pastes were used to print linen and 

viscose fabrics: the standard printing paste, which 

was made using the formulation listed in table [1], 

and a new printing paste that contained 30g/kg 

anionic wetting agent and 30g/kg nonionic wetting 

agent without urea were enhancing the efficacy and 

efficiency of dyeing, printing, and finishing 

processes is the main purpose of wetting agents in 

textile processing. For the fixation stage, all printed 

samples were steam for 10 minutes at 100°C.  

Fixation 

Saturated steam was used to fix the printed 

textiles for ten minutes at 100°C. 

Washing off 

The viscose and linen printed samples were 

scrubbed with 6 ml/l non-ionic detergent at 60 ˚C 

for ten minutes after being washed with cold 

running water. Samples were then allowed to dry at 

room temperature after being washed with cold 

water.[4] 

Table 1. Formulation of conventional printing paste. 

Components Weight/gm 

Sodium alginate 750 

Reactive dye 30 

Sodium carbonate 20 

Urea 150 

Water Y 

Total 1000 

Measurements 

Colorimetric characteristic assessment 

Kubelkae-Munk's equation has been applied for 

assessing color strength in the visible spectrum 

(400–700 nm) 

 

Where, “K” is adsorption coefficient, “R” is 

reflectance of dyed sample and “S” is scattering 

coefficient.
.
[25, 26] 

Tensile strength 

Using a tensile strength apparatus of the type 

FMCW 500 [VebThuringer Industries Work 

Rauenstein 11/2612 German], the test was 

conducted in accordance with ASTM Standard Test 

method D 2261 – 13: 2017, at 25 ± 2 °C and 60 ± 2 

% relative humidity. [27] 

Viscosity 

The viscosity of the conventional and novel 

printing paste was measured at different rate of 

shear at 25°C with Brookfield model DV-111 

programmable rheometer, USA, at National 

Research Center, Cairo, Egypt. 

Fastness characteristics 

Fastness characteristics to light, rubbing, 

washing and perspiration of the printed samples 

were measured according to AATCC standard test 

methods. [24-27].  

Results 

Effect of anionic wetting agent “Foryl WAN”:  

In order to eradicate urea from the printing 

paste, the impact of an anionic wetting agent was 

investigated. In order to print raw linen and viscose 

textiles, various concentrations of "Foryl WAN," 

which were 0, 20, 40, 60, 80, and 100 ml/kg, were 

applied to the printing paste without additionally 
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urea. Fig. (1) showed that the highest color strength 

values for printed viscose and linen textiles were 

25.45 and 15.38, respectively, at a concentration of 

60 ml/kg of the anionic wetting agent. 

 

 

Fig. (1): Effect of different conc. of Foryl WAN  

Effect of nonionic wetting agent “Tanaterge 

Advance” 

By adding several quantities of 0, 20, 40, 60, 80, 

and 100 ml/kg to the printing paste without 

additionally urea, the impact of "Tanaterge 

Advance" has been investigated. Fig. [2]. showed 

that the highest K/S values for viscose and linen 

textiles were 23.43 and 17.67, respectively, at a 

specific concentration of 60 ml/kg of the nonionic 

wetting agent. 

 
Fig. (2): Effect of different conc. of "Tanaterge 

Advance" 

Effect of mingling two distinct kinds of wetting 

agents 

Anionic “Foryl WAN” and nonionic “Tanaterge 

Advance” wetting agent concentrations were 

blended to figure out the maximum K/S. Raw linen 

and viscose fabrics were printed without urea 

leveraging the following mixture of the two wetting 

agents: [20% a + 80% b], [30% a + 70% b], [50% a 

+ 50% b], [70% a + 30% b], & [80% b + 20% c] 

where the total amount of the two wetting agents 

was 60g/kg. As seen in fig. [3], the highest 

achievable K/S values for printed linen and viscose 

samples were recorded when 50% anionic "Foryl 

WAN" and 50% nonionic "Tanaterge Adance" were 

mixed together. For linen and viscose textiles, the 

corresponding maximum K/S values were 24.69 

and 32.84." 

 
Fig. (3): Effect of mingling two distinct kinds of 

wetting agents 

 

The color strength measurements of printings 

using conventional printing paste that contained 

150g/kg urea, were compared to the prior findings. 

It became apparent that color strength values for 

linen and viscose printings rose by around 189.78% 

and 168.95%, respectively. 

Wetting agents are primarily used to reduce 

surface tension between two surfaces. 
[28].[28]

 This is 

also the case when wetting agents are used in linen 

and viscose textiles printing paste, because they 

lessen the surface tension that exists between those 

textiles and water that is raised in the printing film 

while it is being steamed. Since water condensation 

on the surface of the printed fabrics causes the 

printing film to absorb a lot of water, the reactive 

dye's solubility and the absorption of linen and 

viscose materials are both increased. 

Effect of steaming temperature 

50% anionic "Foryl WAN" and 50% nonionic 

"Tanaterge Adance" were used to print linen and 

viscose textiles. The materials were then steamed 

for 10 minutes at various temperatures 90, 95, 100, 

105, and 110ºC. 

 
Fig. (4): Effect of steaming temperature 

 

Fig. (4). exemplifies the comparable behaviour 

of the two materials as the steaming temperature 

was raised. For both textiles, the highest dye fixing 

has been achieved at 100°C. Color strength was 

observed to rise by approximately 34.47% and 

15.51% for linen and viscose samples, respectively, 

when the steaming temperature was raised from 

90ºC to 100ºC.  
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Effect of steaming time 

Steaming was done at 100˚C for 5, 10, 15, and 

20 minutes on linen and viscose samples that were 

printed with 50% anionic "Foryl WAN" and 50% 

nonionic "Tanaterge Adance". After 10 minutes, 

color strength value reached its maximum, as seen 

in fig. [5] as it shows that prolonging steaming 

period from 5 to 10 minutes enhanced dye fixing by 

around 38.55 and 53.67% for the linen and viscose 

samples, respectively. Since longer steaming times 

are known to boost dye hydrolysis, continuing the 

steaming for longer than ten minutes results in less 

dye fixing, which may be related to an increase in 

the pace of the hydrolysis process.  

 

 
Fig. (5): Effect of steaming time 

 
Table 2: Handle properties 

Fabric 
Tensile Strength 

[Kg/f]. 

Elongation 

[%]. 

Linen 
A 120 40 

B 120 40 

Viscose 
C 110 30 

D 110 30 
A: Traditional paste, B: 50% + 50% two distinct kinds of 

wetting agents, C: Traditional paste,  

D: 50% + 50% two distinct kinds of wetting agents 

 

Table 3: Viscosity measurement of sodium alginate 

before and after adding wetting agents 

The viscosities of pure sodium alginate and 

sodium alginate with the addition of 50% nonionic 

and 50% anionic wetting agents were shown in 

Table(3). The results show that adding a wetting 

agent causes a modest drop in viscosity.  

RPM 1 2 4 5 9 

Rate of share 

(sec-1) 
0.34 0.68 1.36 1.7 3.06 

Viscosity 

(C.P) 

Sod. Alg. 

42553 36680 32500 27650 21883 

Viscosity * 

(C.P)  
41362 35753 31548 27036 20754 

* Viscosity C.P: (Sod. Alg. + 50% anionic wetting agent + 50% 

nonionic wetting agent) 

Sod. Alg.: Sodium alginate 

Fastness characteristics 

Table (4) lists the color fastness characteristics 

for light, washing, rubbing and perspiration. 

Generally speaking, the fastness outcomes of the 

prints using the novel paste for the two textiles were 

either same or superior to those of the prints using 

the conventional paste. For the newly applied 

printing paste, there is a noticeable improvement in 

both wet rubbing fastness and color alteration of 

washing fastness.  

Discussion 

The printing paste, which has a high viscosity, 

dissolves dyes during the printing process. 

Therefore, one of the most crucial elements 

affecting the Steadiness of printing is the solubility 

of dyes. Typically, urea is used in reactive dye 

printing paste as a disaggregating and dye 

solubilization agent. This work focusses on 

removing urea from cellulose fabric reactive dye 

printing paste. The objective was to use a novel 

printing paste that contained a combination of two 

different kinds of wetting agents as an additive in 

place of urea to print on today's popular linen and 

viscose fabrics, which is in demand and 

ecologically sustainable. All the earlier data, which 

clearly indicate an improvement in color strength 

for all the printings printed utilizing the novel 

printing paste when compared to the samples 

printed with the conventional ones, demonstrate 

how promising the experiment is.  

 

 

Table [4]: Color fastness properties 

Samples K/S Light 

Washing Rubbing Perspiration 

St.1 St.2 Alt. Dry Wet 
Alkaline Acidic 

St.1 St.2 Alt. St.1 St.2 Alt. 

Linen 
A 8.52 5-6 3-4 3-4 3-4 4 3 4 4 3-4 4 4 3-4 

B 24.69 6 5 4-5 5 5 4-5 4-5 4-5 4-5 4 4-5 4-5 

Viscose 
C 12.21 5-6 4-5 4 4 4-5 3-4 4 4 4-5 4 4 4 

D 32.84 6 5 4-5 5 5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 

A: Traditional paste, B: 50% + 50% two distinct kinds of wetting agents, C: Traditional paste, D: 50% + 50% two distinct kinds of 

wetting agents St.1: Staining on cotton, St.2: Staining on wool 
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Conclusions 

In light of growing environmental 

consciousness, this article looks at an attempt to 

entirely eradicate urea from printing paste that uses 

reactive dyes and substitute it using alternative 

components which don't compromise the printings 

color strength. Wetting agents can be used to 

reactive dye printing for linen and viscose textiles 

to improve the dye's disaggregation and solubility.  

In comparison to urea, the printed textiles' color 

strength values have been greater when utilizing a 

combination of nonionic and anionic wetting 

agents. Wetting agents were great substitutes for 

urea in reactive dye printing paste. In particular, 

when 50% nonionic and 50% anionic wetting 

agents are used, 150gm/kg of urea may still produce 

the same printing qualities, such as color yield and 

fastness. 

The novel paste's ingredients, which include a 

wetting agent, have the capacity to cause printed 

film and cellulosic fiber to puff up when steamed. 

Because of the strong penetration as well as quick 

dye transfer from the printed film to linen and 

viscose textiles, the rate of dye hydrolysis is 

lowered, allowing for more dye solubilization, and 

fixing.  

The conclusion is that urea may be removed 

from the printing paste by substituting a 

combination of nonionic and anionic wetting 

agents, in comparison to the color strength values of 

the printings printed with the typical paste 

containing urea, the optimal color strength of the 

printings has been raised to about 189.78% and 

168.95% for linen and viscose textiles, respectively.  

This suggests that wetting agents have 

contributed to the dye's even and deep penetration 

into the fibers, giving the cloth a more consistent 

and vivid color and enhancing the dye's adherence 

to the fabric, which improves colorfastness and 

wash resistance. Also, the tensile strength and 

elongation of the samples printed using the novel 

and traditional printing pastes remains unchanged. 

Findings in Table (3) show that adding a wetting 

agent causes a small drop in viscosity.  

Funds 

The author declares that there is no funder. 

Conflict of Interest 

There is no conflict of interest in the publication 

of this article. 

Acknowledgement 

The author is thankful to Textile printing, 

Dyeing and Finishing Department, Faculty of 

Applied Arts, Beni-Suef University, Egypt 

References 

1. Gong, H., Liu, M., Zhang, B., Cui, D., Gao, C., Ni, 

B. and Chen, J. Synthesis of oxidized guar gum by 

dry method and its application in reactive dye 

printing, International Journal of Biological 

Macromolecules, 49(5) 1083-1091 (2011). 

2. Fijan, R., Basile, M., Lapasin, R. and Šostar-Turk, 

S. Rheological properties of printing pastes and 

their influence on quality-determining parameters in 

screen printing of cotton with reactive dyes using 

recycled polysaccharide thickeners, Carbohydrate 

polymers, 78(1) 25-35 (2009). 

3. Zhang, B., Gong, H., Lü, S., Ni, B., Liu, M., Gao, 

C., Huang, Y. and Han, F. Synthesis and 

characterization of carboxymethyl potato starch and 

its application in reactive dye printing, 

International journal of biological macromolecules, 

51(4) 668-674 (2012). 

4. Wang, L., Wang, X. and Shen, Y. Rheological 

characterization of modified guar gums with s-

triazine group and their use as thickeners in reactive 

printing of cotton, Cellulose, 24 1077-1085 (2017). 

5. Xie, K., Liu, H. and Wang, X. Surface modification 

of cellulose with triazine derivative to improve 

printability with reactive dyes, Carbohydrate 

Polymers, 78(3) 538-542 (2009). 

6. Maamoun, D., Osman, H. and Nassar, S.H. 

Cotton/wool printing with natural dyes nano-

particles, Journal of International Environmental 

Application and Science, 9(1) 90-99 (2014). 

7. Khatri, A., Peerzada, M.H., Mohsin, M. and White, 

M. A review on developments in dyeing cotton 

fabrics with reactive dyes for reducing effluent 

pollution, Journal of Cleaner Production, 87 50-57 

(2015). 

8. Ni, K., Pacholski, A. and Kage, H. Ammonia 

volatilization after application of urea to winter 

wheat over 3 years affected by novel urease and 

nitrification inhibitors, Agriculture, Ecosystems & 

Environment, 197 184-194 (2014). 

9. Marie, M., Salem, A. and El Zairy, E. A novel 

printing method to enhance the fixation of reactive 

dyes on wool–polyamide fabrics, Journal of the 

Textile Institute, 102(9) 790-800 (2011). 

10. El Hamaky, Y., Hassan, S., Nasef, E. and Atef, N. 

Alternatives to urea in wool printing - part 1: 

Sponge printing film reducing urea in wool printing 

with reactive dyes, International Journal of Science 

and Research (IJSR), 8(9) 1375-1380 (2019). 

11. Ahmed, N.S.E., Youssef, Y.A., El-Shishtawy, R.M. 

and Mousa, A.A. Urea/alkali-free printing of cotton 

with reactive dyes, Coloration Technology, 122(6) 

324-328 (2006). 



296 NERMIN A. IBRAHIM 

 

 

J. Text. Color. Polym. Sci. Vol. 21, Special Issue, (2024) 

12. Ibrahim, N.A., Zaher, A.R. and El-Hennawi, H.M. 

Antimicrobial printed linen fabric by using brewer’s 

yeast enzyme, Beni-Suef University Journal of 

Basic and Applied Sciences, 13(1) 1-11 (2024). 

13. Mohamed, A.L., Hassabo, A.G., Nada, A.A. and 

Abou-Zeid, N.Y. Properties of cellulosic fabrics 

treated by water-repellent emulsions, Indian J. 

Fibre Text. Res., 42(June) 223-229 (2017). 

14. El-Sayed, E. and Hassabo, A.G. Recent advances in 

the application of plasma in textile finishing, J. 

Text. Color. Polym. Sci., 18(1) 33-43 (2021). 

15. Namligöz, E., Bahtiyari, M., Körlü, A. and Çoban, 

S. Evaluation of finishing processes for linen 

fabrics using the kawabata evaluation system, 

Journal of Testing and Evaluation, 36(4) 384-391 

(2008). 

16. Sökmen, N. and önder Aktas, M. Dyeing of linen 

and blends with direct, reactive and sulphur dyes, 

Asian Journal of Chemistry, 25(7) 3893 (2013). 

17. Bilen, U. The effect of linen and linen blends on the 

comfort properties of bedding fabrics, Journal of 

Natural Fibers, 18(3) 430-441 (2021). 

18. Tavčer, P.F., Košir, S. and Csiszar, E. Properties of 

differently printed and easy‐ care finished linen 

fabrics, Coloration Technology, 127(3) 194-199 

(2011). 

19. Kan, C.W., Yuen, C. and Lam, Y. Effect of enzyme 

treatment and dyeing on the mechanical properties 

of linen, Coloration Technology, 125(5) 269-276 

(2009). 

20. Hassabo, A.G., Shaker, S., Khaleed, N. and Ghazal, 

H. An observation on dyeing techniques of 

polyester/cotton blended fabrics using various dyes, 

J. Text. Color. Polym. Sci., 21(1) 205-220 (2024). 

21. Hassabo, A.G., Eid, M.M., Mahmoud, E.R. and 

Asser, N.A.H., A. Innovation of smart knitted 

fabrics for functional performance of sportswear 

upon treatment using phase change material, Egy. J. 

Chem., 66(3) -133-156 (2023). 

22. Othman, H., Moawaed, S.S., Abd El-Rahman, R., 

abdelraouff, A., El-Desoky, S.S., El-Bahrawy, 

G.A., Ezat, H.A. and Hassabo, A.G. Various 

printing techniques of viscose/polyester fabric to 

enhancing its performance properties, J. Text. 

Color. Polym. Sci., 20(2) 285-295 (2023). 

23. Hanafy, N. and El-Hennawi, H. Eco-friendly dyeing 

of natural-mordanted viscose fabrics with natural 

turmeric dye, Journal of Textiles, Coloration and 

Polymer Science, 19(2) 349-355 (2022). 

24. Ghosh, A. Coating on viscose, International 

Journal of Engineering & Technology, 11 78-85 

(2011). 

25. Mehta, K.T., Bhavsar, M.C., Vora, P.M. and Shah, 

H.S. Estimation of the kubelka--munk scattering 

coefficient from single particle scattering 

parameters, Dyes Pigm., 5(5) 329-340 (1984). 

26. Kubelka, P. and Munk, F. Ein beitrag zur optik der 

farbanstriche, Z. Tech. Phys., 12 593 (1931). 

27. ASTM Standard Test Method (D 2261 − 13 

(Reapproved 2017)e1 Standard test method for 

tearing strength of fabrics by the tongue (single rip) 

procedure (constant-rate-of-extension tensile testing 

machine),  (2017). 

28. Bartell, F. Wetting agents, Industrial & 

Engineering Chemistry, 33(6) 737-740 (1941). 

 

 

 عجينت طباعت جديدة بالصبغاث النشطت خاليت من اليوريا لمختلف الأقمشت السليلوزيت

  إبراهيم عاطف نرمين

 (Scopus ID 59435503200)  هصز سىٌف،جاهعت بًٌ  الخطبٍقٍت،، كلٍت الفٌىى والخجهٍشقسن طباعت الوٌسىجاث والصباغت 

 

  المستخلص

حن حطبٍق عجٌٍت طباعت جدٌدة لأقوشت الكخاى والفسكىس هع الصبغاث الٌشطت فً هحاولت لوعالجت هشكلت حلىد الوٍاٍ 

الٌاجن عي اسخخدام الٍىرٌا بشكل هفزط فً طباعت الصبغاث الٌشطت لأقوشت السلٍلىس. هذٍ العجٌٍت الجدٌدة حقضً 

بٍج للصبغاث الٌشطت على الأقوشت. بدلاً حن اسخخدام هشٌج هي عىاهل على الٍىرٌا حواهًا حٍذ حسوح بأقصى حث

الخزطٍب غٍز الأٌىًٍت والأًٍىًٍت للطباعت بالصبغاث الٌشطت على هٌسىجاث الكخاى والفسكىس. وبوقارًت العٌٍاث 

خً ححخىي على الوطبىعت باسخخدام عجٌٍت الطباعت الجدٌدة بخلك الخً حوج طباعخها باسخخدام العجٌٍت الخقلٍدٌت ال

٪ 1..168٪ و 88..18الٍىرٌا، وجد أى شدة اللىى للوطبىعاث الوطبىعت باسخخدام العجٌٍت الجدٌدة قد ارحفعج بٌحى 

 لوٌسىجاث الكخاى والفسكىس على الخىالً.

ٍب؛ : الكلواث الوفخاحٍت: قواش الكخاى؛ الفسكىس؛ طباعت الوٌسىجاث؛ الصبغت الٌشطت؛ عاهل الخزطالكلماث المفتاحيت

 إسالت الٍىرٌا.


