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A B S T R A C T   

A quest was carried out to print on light weight lyocell knitted fabric with two mono-functional 
reactive dyes using pure guar gum (GG) or substituted guar gum (SGG) in combination with 
sodium alginate (Al) at different ratios. For each dyestuff, the print paste was prepared using 
mixed thickeners, namely GG/Al or SGA/Al at five different ratios. All samples were compared 
with the recipe containing pure sodium alginate. The empirical data show that the rheological 
behaviorisms of print paste-like viscosity and its other physical characteristics, such as paste add- 
on percentage (%) and penetration percentage (%), were dependent on the percentage of GG or 
SGG present in the thickener combination prepared with sodium Alginate. The combination of 
thickeners of these types also creates an impact on the final excellence of printed fabric, such as 
the colour yield, sharpness, stiffness of the fabric and the fastness of the colour. However, a few 
qualities are also dye dependent. The SGG/A combination gives a superior result when combining 
all the data with GG/A. Alginate with the small addition of SGG viz. the 80/20 or 60/40 mixture 
shows an excellent result in terms of printing characteristics. The thickener had no influential 
effect on the colour fastness rating.   

1. Introduction 

Textile printing is the most versatile and indispensable method for introducing the colourant to the selected areas of the textile 
substrate. Analytically considered, printing is a process of composition of a design notion, colourants (single or many hued), and a 
textile substrate, using a technique through machines to smearing the colourants with some precisions [1]. The most suitable textile 
printing technique is screen printing due to its simplicity, low cost, and high productivity [2,3]. A successfully printed fabric comprises 
exact colour, sharpness of mark, degree of penetration, levelness, suppleness, colour yield and retaining white ground, all of these 
factors heavily rely on the viscosity of the print paste and its rheological behaviour [4,5]. Pseudoplastic nature paste is suitable for 
screen printing process due to less viscosity while the shear rate increases [6]. Low-viscous printing paste is responsible for spreading, 
deep penetration, and flushing of the colour [1]. Among all the ingredients of the print paste, the viscosity is dependent on the 
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thickener. Inevitably, the thickener must be compatible and stable with other ingredients in the printing paste [7]. Leaving aside the 
property of the dye during fixation, different thickeners transfer different amounts of dye. The procedure was revealed to be signif-
icantly influenced by the viscosity of the lubricant because a low viscosity lubricant results in reduced pressure being used to extrude 
the paste [8,9]. 

In 1994, Lyocell was introduced as a sustainable and biodegradable regenerated cellulosic fibre, obtained by dry-jet-wet spinning 
process of dissolved wood pulp in an amine oxide solvent (N-methylmorpholin N-oxide or NMMO) [10,11]. Lyocells have some 
beneficial properties over other regenerated cellulosic fibres, such as high wet tenacity, soft and silky handle, luster and startling water 
imbibition, and enhanced wearer comfort [12]. This fibre can be dyed and printed using analogous dyes, recommended for other 
cellulosic fibres, such as cotton, viscose, and modal [13,14]. Most of the cellulosic fibres are printed with pigments or reactive dyes. 
However, pigment printing is not compatible for dark-colour blotch prints as a result of its lower air permeability and stiffer fabric 
handle [15,16]. Reactive dye print paste comprises the different chemicals, namely, thickening agent, alkali, humectant, etc. Sodium 
alginate, a derivative of sea weed, is the most widely used thickener in reactive dye printing [17]. Some benefits of sodium alginate 
thickener are good air permeability, even colour, good plasticity and explicit printing figure. Another advantage of alginate film is that 
it can be easily washed out after drying and steaming (fixation) and the result is less fabric stiffness [18–20]. However, the unstable 
price and inadequate resource of alginate tends to reveal and use of alternative thickeners such as guar gum, carboxymethyl cellulose 
(CMC) and synthetic thickeners [21]. The less expensive guar gum is obtained from the guar plant named Cyanaposis tetragonolobus. It 
is a natural hydrocolloid polysaccharide, composed of galactose and mannose, which may be chemically described as galactomannan. 
But the native guar gum has an enormous number of hydroxyl groups that cross-link with reactive dyes, alter the stiffness of the printed 
fabric and diminish the colour yield [22]. Guar gum has stability in the wide range of pH 1–10.5 and above 0.5% concentrated paste 
shows pseudoplastic nature which is also favourable for printing. Nanotechnology and 3D printing have been integrated for a variety of 
uses due to their fascinating characteristics. Complex nanoscale structures can be created using 3D printers, and nanoparticles are used 
to improve the desirable qualities of 3D printed materials [23,24]. 

Now-a-days it is the demand to print reactive dyes economically with high quality has led to the printer to induce the mixed 
thickener concept. However, sodium alginate is compatible with different gums, starch, cellulose ethers, and synthetic thickeners [1, 
3]. Therefore, it is easy to make binary mixtures using sodium alginate. In this work, the viscosity and quality of print paste, prepared 
by using mixed thickeners, have been studied to find out the advantages of the mixed thickener without losing the advantages for each 
that are known. In the literature, there are numerous research articles devoted to the printing process, the characteristics, and the 
settings for the print paste used to print lyocell fabric [25–30]. However, there are not many studies on the effects of mixed thickeners 
used for printing on lyocell knitted fabric that have been reported in the literature. 

Therefore, the objective of this exploration was to investigate the influence of mixed thickeners on printing over lyocell knitted 
fabric. The viscosity of the print paste was evaluated to measure the excellency of the printed fabric. The paste add-on percentage, 
penetration percentage, colour strength, sharpness and drape co-efficient value of printed fabric were likewise evaluated. 

2. Experimental 

2.1. Materials 

A 100% lyocell plain knitted fabric having course and wales density of 21 cm− 1 and 13 cm− 1 respectively was used in this study. 
The linear density of the lyocell yarn was 20 Tex and the areal density of the lyocell fabric was 132 g/m2. Three types of medium 
viscous industrial thickeners were used, namely sodium alginate (Al), guar gum (GG), and substituted guar gum (SGG). Two mono- 
functional reactive dyes namely Novacron Turquoise Blue P-GR (larger molecular size) and Novacron Red P-4B-GR (smaller molec-
ular size) were used to print. Several auxiliary chemicals like; Lab grade sodium bicarbonate, resist salt and urea were supplied by 
Merck (India) which were used in the printing paste. Optical brightening agent-free ECE detergent (James Heal, UK) and sodium 
perborate (Merck) were used for the colour fastness to wash test. 

2.2. Methods 

2.2.1. Preparation of the thickener stock paste and printing paste using binary mixtures of thickeners 
On the basis of initial trials, thickeners stock paste concentrations of 140 g/kg for the sodium alginate, 60 g/kg for guar gum (GG) 

and 80 g/kg for substituted guar gum (SGG) were found to be suitable. The stock paste for each thickener was prepared according to 
the recipe shown in Table 1. Each variety was mixed for 15 min using a laboratory type mechanical stirrer with 3000 rpm and left to 

Table 1 
Stock paste recipes.  

Ingredients A B C 

Al (g) 140 – – 
GG (g) – 60 – 
SGG (g) – – 80 
Water (g) 860 940 920 
Total (g) 1000 1000 1000  
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stand it for 24 h at 27 ◦C to obtain full swelling. The viscosity of the stock pastes was assessed with Brookfield’s viscometer (LVT model) 
using 61 spindles at 6 rpm and the viscosity of the stock pastes was found to be between 68,000 and 75,000 cP. 

To prepare the print paste, reactive dye and auxiliaries were added to each thickener mixture and the resulting mixtures were 
stirred again for another 15 min. The recipe for the common printing paste is given in Table 2. Each series was prepared using two 
reactive dyes. 

For each colourant, a total of 11 types of print pastes were prepared including 3 distinct pure thickeners and two types of binary 
mixtures of thickeners were prepared according to six different ratios (Table 3). In total, 22 print pastes were prepared for 2 different 
colourants. Finally, the viscosity of the print pastes was evaluated under the same conditions as that of the stock pastes. 

2.2.2. Printing 
The printing pastes were applied on light-weight lyocell knitted fabric in the laboratory, using a flat printing screen (200 mesh 

count), with 2 squeegee passages. The printed fabrics were dried for 2 min at 90 ◦C and fixation was carried out for 10 min with 
saturated steam at 110 ◦C. The printed fabrics were washed first in cold water and formerly twice in hot water. Soaping (Dekol SN, 1 g/ 
L) was carried out at the boil for 15 min, then rinsed and dried. A total of 22 pairs of printings were executed with varying recipe 
components using 2 different dyes to find the optimum ratio for the binary thickener mixture. Each pair consists of a printing with a 
motif and a printing without motif (commonly known as a blotch printing). The quality of the sharpness of the print was assessed by the 
sample containing the motif. The blotch printed samples were used to measure the other printing properties, namely paste add-on%, 
penetration%, K/S value, stiffness, and colour fastness. 

2.2.3. Measurement of print paste add-on% 
The printing paste add-on was calculated gravimetrically from the differences between the mass before printing the lyocell samples 

and immediately after making an impression of the paste on the samples [18]. To measure the print paste add-on%, the blotch printed 
fabrics were weighted instantly after the printing paste is smeared through the screen openings at higher shear rates. Then the paste 
add-on was calculated in g/m2 with the help of the lyocell samples printed before printing by Equation (1). 

Paste add − on,% =
E2 − E1

A
× 100 (1)  

Where, E2 (g) = Weight immediately after making an impression of the paste on the sample, E1 (g) = Weight before applying the 
printing paste on the lyocell sample and A (m2) is the area where the paste is transferred. 

2.2.4. Measurement of colour depth and penetration% 
Colour yield (K/S) and the extent of dye penetration of the printed samples were determined by measuring the reflectance value of 

the sample using a Datacolor 650™ spectrophotometer (Datacolor, USA) with diffuse illumination and 8◦ viewing geometry under the 
following measurement conditions: wavelength ranges from 400 nm to 700 nm, aperture area 20 mm in diameter (MAV- medium area 
view), and SIN (specular included) mode. The colour depth value (K/S) of the samples at the maximum absorbed wavelength was 

Table 2 
Common print paste recipes.  

Ingredients Amount (g) 

Thickener (single/binary mixture of thickener) 750 
Dye (Turquoise Blue P-GR/Red P-4B-GR) 30 
Sodium bicarbonate 30 
Resist salt 10 
Urea 150 
Water 30 
Total 1000  

Table 3 
Combination of thickeners used in the print paste.  

Mixture of thickener Ratio of the thickener Abbreviation 

Pure Na alginate 100% Al 
Na Alginate: Guar gum 80:20 Al: GG (8:2) 
Na Alginate: Guar gum 60:40 Al: GG (6:4) 
Na Alginate: Guar gum 40:60 Al: GG (4:6) 
Na Alginate: Guar gum 20:80 Al: GG (2:8) 
Pure guar gum 100% GG 
Na Alginate: Substituted guar gum 80:20 Al: SGG (8:2) 
Na Alginate: Substituted guar gum 60:40 Al: SGG (6:4) 
Na Alginate: Substituted guar gum 40:60 Al: SGG (4:6) 
Na Alginate: Substituted guar gum 20:80 Al: SGG (2:8) 
Pure substituted guar gum 100% SGG  
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calculated using the KubelkaMunk hypothesis, which provides the correlation between K/S and R as shown in Equation (2) [31]. 

K
S
=
(1 − R)2

2R
(2)  

Where, R is the reflectance of incident light from the dyed material, whereas K and S denote the dyed fabric’s absorption and scattering 
co-efficient, individually. 

The penetration level of the paste into the lyocell fabrics was calculated using the following Equation (3). 

Penetration Percentage=
100 ×

(
K
S

)

b

0.5
{(

K
S

)

f +
(

K
S

)

b

} (3)  

Where (K/S)b and (K/S)f are the colour yield on the back and that on the face side of the printed sample, respectively. 

2.2.5. Sharpness of prints 
The sharpness of the printed samples was visually assessed under D65 illuminant using a colour-matching cabinet (VeriVide Light 

Box, UK). Three types of ratings were given to the samples for sharpness measurement, depending on the sharpness of the motif around 
the printed area. To improve the sharpness of the print, samples were represented by the symbols Δ for poor, ΔΔ for good and ΔΔΔ for 
the excellent rating, respectively. The ‘poor’ rating means worst sharpness, the ‘good’ rating means moderate sharpness, and the 
‘excellent’ rating means the superior quality of print sharpness. Ten professionals were employed to assess all the printed samples, and 
the maximum rating given by the evaluators for each sample was taken. All of the evaluators’ educational backgrounds were in Textile 
Engineering, and their educational levels were at least master’s. At least five years of experience were required to determine printing 
quality. 

2.2.6. Drape co-efficient 
The drape co-efficient values of the blotch printed samples were calculated to determine the softness or stiffness of the printed area 

followed by the test standard ISO 9073–9:2008 [32]. This test was carried out with the Cusick drape tester (James H & Heal) using a 
template diameter of 24 cm and a translucent paper annular ring [33]. Equation (4) was used to calculate the drape co-efficient value. 

Drape co − efficient =
Mass of shaded area

Total mass of the paper ring
× 100 (4)  

2.2.7. Fastness properties 
The colour fastness to wash and rubbing (dry and wet) were evaluated according to ISO 105-C06:2010 [34] and ISO 105- X12:2016 

[35] standard respectively. The grey scale assessment for the change in colour of printed fabrics and the staining of adjacent samples 
was carried out according to visual assessment using ISO 105-A02:1993 [36] and ISO 105-A03:2019 [37], respectively. 

2.2.8. Standard atmosphere 
All experiments were carried out under a standard atmosphere (20 ◦C ± 2 ◦C temperature and 65% ± 4% humidity) according to 

the standard LST EN ISO 139:2005 [38]. Each data has been taken minimum three times and average results have been presented. 

Fig. 1. Effect of mixed thickener on print paste viscosity.  
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3. Results and discussion 

3.1. Viscosity 

The excellence of the screen-printed fabric is highly dependent on the viscosity of the print paste and its rheological behaviour at 
high shear rate. The viscosity of the thickener is closely related to its chemical structure, concentration, and interaction with other 
components present within the print paste. The print paste made with pure sodium alginate shows higher viscosity than pure guar gum 
and substituted guar gum at a certain rate of shear (Fig. 1). This is because the solid content affects the visco-elastic properties of the 
printing pastes, which means that a higher viscosity of a thickener can be achieved by the higher molecular mass of the polymer [39]. 
Sodium alginate mixes with pure guar gum or substituted guar gum show positive results, and the high amount of alginate in the binary 
mixture increases the viscosity of that blend. Henceforth, alginate acts as a viscosity modifier for the mixed thickener print paste (both 
for turquoise blue and red reactive dyes). However, turquoise blue-colour print pastes have consistently higher apparent viscosities 
than red. The molecular size, chemical configuration, and substituted groups of the dye are liable for it [22]. 

In the case of turquoise blue reactive dyes, viscosity increases with decreasing amount of guar gum when mixed with sodium 
alginate. When Al:GG (2:8), Al:GG (4:6), Al:GG (6:4), Al:GG (8:2) and Al were compared to pure guar gum (GG), their viscosities were 
6.38%, 10.64%, 21.28%, 25.53% and 38.29% higher. On the other hand, the viscosity was observed to be 1.89%, 3.78%, 7.55%, 
13.21% and 22.64% higher for Al:SGG (2:8), Al:SGG (4:6), Al:SGG (6:4), Al:SGG (8:2) and Al compared to substituted guar gum (SGG). 

Turquoise red reactive dyes displayed the same tendency when guar gum was mixed with sodium alginate. According to the results, 
the viscosities were 9.09%, 11.36%, 22.73%, 31.82%, and 43.18% higher for Al:GG (2:8), Al:GG (4:6), Al:GG (6:4), Al:GG (8:2), and Al 
when compared to pure guar gum (GG). Comparing Al:SGG (2:8), Al:SGG (4:6), Al:SGG (6:4), Al:SGG (8:2) and Al with substituted 
guar gum (SGG), the viscosity was 2.04%, 6.12%, 10.20%, 8.16% and 28.57% higher. 

3.2. Paste add-on% and penetration% 

It is a challenge for printers to print a fabric having a lower paste add-on% and a minimum penetration%, particularly for light-
weight knitted fabric. A lower paste add-on onto the substrate is possible when the printing paste shows shear thinning behaviour at a 

Fig. 2. Effect of mixed thickener on paste add-on%.  

Fig. 3. Effect of mixed thickener on penetration percentage (%).  
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higher shear rate. And after releasing the squeeze pressure, the onset of lower stresses hinders the passage of the printing paste through 
the fabric openings, resulting in a lower percentage of penetration into the lyocell fabric [22]. Fig. 2 indicates the effect of mixed 
thickener on paste add-on% and Fig. 3 indicates the effect of mixed thickener on penetration percentage (%) of printed fabric. 

The results presented in Figs. 2 and 3, independent of dye, the printed samples of GG and SGG show a lower percentage of paste 
add-ons and a lower percentage of penetration than sodium alginate. This is because GG and SGG show pseudoplastic behavior, while 
in presence of alginate the system loses its pseudoplastic characteristics and behaves like a Newtonian flow. 

3.3. Colour depth (K/S) 

Fig. 4 Illustrates the effect of mixed thickeners on the colour strength (K/S) values of the printed samples. As presented in Fig. 4, the 
lower paste add-on SGG printed sample shows a similar colour depth to that of the higher paste add-on alginate sample. Truly, these 
properties are attributed to the relative relation of paste add-on% and penetration%. Although the SGG printed sample has a lower 
paste add-on%, it also has a lower penetration% which facilitates the development of the K/S value. However, for pure guar gum, 
another factor may also be altered with the K/S value, that is, the interaction between free hydroxyl groups and reactive dye, which 
cannot be omitted [4]. As a result, GG printed samples exhibited the lowest K/S value among the three thickeners. 

In the case of turquoise blue reactive dyes, the order of samples was found as Al:GG (2:8)˂GG˂Al:GG (4:6)˂Al:GG (6:4)˂Al:GG (8:2) 
˂Al when guar gum (GG) mixed with sodium alginate (Al) and the order of samples was found as Al:SGG (2:8) = Al:SGG (4:6)˂SGG˂Al: 
SGG (6:4)˂Al:SGG (8:2)˂Al when substituted guar gum (SGG) mixed with sodium alginate (Al). When Al:GG (2:8), Al:GG (4:6), Al:GG 
(6:4), Al:GG (8:2) and Al were compared to pure guar gum (GG), their K/S values were − 0.69%, 0.35%, 3.15%, 12.94% and 31.82% 
higher. On the other hand, the K/S was found to be − 0.28%, − 0.28%, 1.40%, 3.64% and 5.60% higher for Al:SGG (2:8), Al:SGG (4:6), 
Al:SGG (6:4), Al:SGG (8:2) and Al compared to substituted guar gum (SGG). 

In the case of turquoise red reactive dyes, the order of samples was found as GG˂Al:GG (2:8)˂Al:GG (4:6)˂Al:GG (6:4)˂Al:GG (8:2) 
˂Al when guar gum (GG) mixed with sodium alginate (Al) and the order of samples was found as Al:SGG (2:8)˂Al:SGG (4:6)˂Al:SGG 
(6:4)˂SGG˂Al˂Al:SGG (8:2) when substituted guar gum (SGG) mixed with sodium alginate (Al). The K/S values of Al:GG (2:8), Al:GG 
(4:6), Al:GG (6:4), Al:GG (8:2) and Al were higher than those of pure guar gum (GG) by 0.37%, 1.89%, 2.60%, 8.18% and 28.62%, 
respectively. On the other hand, the K/S was observed to be − 7.74%, − 5.36%, − 1.79%, 3.57% and 2.98% higher for Al:SGG (2:8), Al: 
SGG (4:6), Al:SGG (6:4), Al:SGG (8:2) and Al compared to substituted guar gum (SGG). 

Fig. 4. Effect of mixed thickener on colour strength. (For interpretation of the references to colour in this figure legend, the reader is referred to the 
Web version of this article.) 

Table 4 
Sharpness of the design printed fabric.  

Thickener combination Sharpness 

Red colour Turquoise colour 

Al ΔΔΔ ΔΔΔ 
Al: GG (8:2) ΔΔΔ ΔΔΔ 
Al: GG (6:4) ΔΔΔ ΔΔΔ 
Al: GG (4:6) ΔΔΔ ΔΔΔ 
Al: GG (2:8) ΔΔΔ ΔΔΔ 
GG ΔΔΔ ΔΔΔ 
Al: SGG (8:2) ΔΔΔ ΔΔΔ 
Al: SGG (6:4) ΔΔΔ ΔΔΔ 
Al: SGG (4:6) ΔΔΔ ΔΔΔ 
Al: SGG (2:8) ΔΔΔ ΔΔΔ 
SGG ΔΔΔ ΔΔΔ  
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3.4. Sharpness of the print 

The sharpness of the different thickener combination printed samples is shown in Table 4. Sharpness of the printed fabrics was 
assessed by the neck eye. The result of sharpness is dye independent and all types of thickener combination show a similar rating. The 
digital photographs in Fig. 5(a–k) show the effect of mixed thickeners on printed lyocell knitted fabrics with red reactive dye. 
Additionally, Fig. 6(a–k) illustrates the influence of mixed thickeners on the printing of lyocell knitted fabrics with turquoise blue 
reactive dye. 

Fig. 5. Digital photograph of printing containing design of red reactive dye: (a) A; (b) A:GG [8:2]; (c) A:GG [6:4]; (d) A:GG [4:6]; (e) A:GG [2:8]; (f) 
GG; (g) A:SGG [8:2]; (h) A:GG [6:4]; (i) A:GG [4:6]; (j) A:GG [2:8]; (k) SGG. (For interpretation of the references to colour in this figure legend, the 
reader is referred to the Web version of this article.) 

Fig. 6. Digital photograph of printing containing design turquoise blue reactive dye: (a) A; (b) A:GG [8:2]; (c) A:GG [6:4]; (d) A:GG [4:6]; (e) A:GG 
[2:8]; (f) GG; (g) A:SGG [8:2]; (h) A:GG [6:4]; (i) A:GG [4:6]; (j) A:GG [2:8]; (k) SGG. (For interpretation of the references to colour in this figure 
legend, the reader is referred to the Web version of this article.) 
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3.5. Stiffness 

Fig. 7 Illustrates the effect of mixed thickeners on the drape co-efficient value of printed fabric. After wash-off, the remaining 
thickener is responsible for a stiffer handle of the final product. From Fig. 7, it can be concluded that the fabric handle is both dye and 
thickener dependent. The samples printed with pure GG have higher drape co-efficient values among others. This may be correlated 
with earlier findings (K/S value). Hydroxyl groups of pure guar gum cross-linked with dye molecules are difficult to remove after the 
treatment stage [4]. Again, all the turquoise blue colour printed samples showed higher drape co-efficient values than red. This is 
attributed to turquoise blue dye being cross-linked with GG and SGG which is difficult to remove after treatment. Specifically, it is 

Fig. 7. Effect of mixed thickener on drape co-efficient.  

Table 5 
Colour fastness to dry and wet rubbing.  

Colour fastness rating to dry and wet rubbing 

Thickener Composition Dry rubbing Wet rubbing 

Turquoise blue Red Turquoise blue Red 

S C S C S C S C 

Al 5 5 5 5 5 5 5 5 
Al: GG (8:2) 5 5 5 5 5 5 5 5 
Al: GG (6:4) 5 5 5 5 5 5 5 5 
Al: GG (4:6) 5 5 5 5 5 5 5 5 
Al: GG (2:8) 5 5 5 5 5 5 5 5 
GG 5 5 5 5 5 5 5 5 
Al: SGG (8:2) 5 5 5 5 5 5 5 5 
Al: SGG (6:4) 5 5 5 5 5 5 5 5 
Al: SGG (4:6) 5 5 5 5 5 5 5 5 
Al: SGG (2:8) 5 5 5 5 5 5 5 5 
SGG 5 5 5 5 5 5 5 5 

S= Sample, C= Crocking cloth. 

Table 6 
Colour fastness to wash.  

Thickener composition For red colour For turquoise blue colour 

Change in colour Colour staining Change in colour Colour staining 

Cotton Wool Cotton Wool 

Al 5 4/5 5 4/5 4/5 5 
Al: GG (8:2) 5 4/5 5 4 4/5 5 
Al: GG (6:4) 4/5 5 5 4 4/5 5 
Al: GG (4:6) 4/5 4/5 5 4 4/5 5 
Al: GG (2:8) 4/5 5 5 4 4/5 5 
GG 4/5 5 5 4/5 4/5 5 
Al: SGG (8:2) 5 4/5 5 4/5 4/5 5 
Al: SGG (6:4) 5 5 5 4/5 4/5 5 
Al: SGG (4:6) 5 4/5 5 4/5 4/5 5 
Al: SGG (2:8) 5 5 5 4/5 4/5 5 
SGG 5 5 5 4/5 4/5 5  
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difficult to use pure GG thickener or their mixture with alginate for turquoise blue colour. 

3.6. Colour fastness to wash and rubbing 

Colour fastness is one of the important parameters for assessing the quality of printed fabric in terms of serviceability, which also 
indicates the fixity of the dye-fibre system. 

The results of the relevant colour fastness tests are presented in Tables 5 and 6. From these tables, it can be concluded that GG and 
SGG offer the same fastness rating as alginate. It is evident from the results of the testing of colour fastness to wash, and rubbing that 
the colour fastness using guar gum compares to the colour fastness using alginates, and that no decrease of quality is observed. 

4. Conclusion 

This work has focused on the application of native guar gum and modified guar gum as a thickening agent in combination with 
regular alginate for reactive printing on lightweight lyocell knitted fabric. Based on the experimental outcomes of different tests on the 
printed paste and printed samples, modified guar gum (SGG) can be used as a thickening agent for reactive printing. Compared to 
alginate, SGG thickener print paste has a lower viscosity, paste add-on percentage and penetration percentage. On the other hand, SGG 
printed fabric shows almost similar K/S value, sharpness and fabric handle. Nevertheless, the addition of alginate in the SGG paste 
changes the characteristics of the mixture which minimize the drawbacks (colour strength and fabric stiffness) and maximizes the 
beneficial behaviour (paste add-on% and penetration %). Therefore, the ideal combination could be 80%–60% alginate with 20%–40% 
SGG, respectively. Appreciable good colour yield, sharpness unaffected white ground, and good colour fastness rating to wash and rub 
with soft handle as well as elastic print paste were achieved by using these combinations. In broad, some properties are dye dependent. 
SGGs containing turquoise blue printed fabrics exhibit similar colour depth and white ground by losing their handle with minimum 
diminution of colour fastness rating. 
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