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Abstract: The aim of this research is to investigate related effect of dyeability to linen textiles related 
to different printing parameters. The study investigated the change in color characteristics when 
printing on linen fabrics with an inkjet MIMAKI Tx400-1800D printer with pigmented TP 250 inks. 
The dependence of color reproduction on linen fabrics on the number of print head passes, number 
of ink layers to be coated, linen fabric density, and different types of linen fabric was investigated. 
All this affects the quality of print and its mechanical properties. The change in color characteristics 
on different types of linen fabrics was determined experimentally. We determine at which print 
settings the most accurate color reproduction can be achieved on different linen fabrics. The differ-
ence between the highest and the lowest possible number of head passages was investigated. The 
possibilities of reproducing different linen fabric colors were determined. 
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1. Introduction 
These days, the demand for organic fabrics is growing rapidly. One of these fabrics 

is flax, which has been used since ancient times [1]. This natural fiber is back in fashion– 
with linen clothes, the body breathes and does not overheat, the skin is not irritated and 
the fabric does not become electric. Linen fabrics are extremely durable [2]. It is also nec-
essary that the technology and inks used for printing also meet the ecological require-
ments [3].  

Over time, many investigations have been performed on textile dyeability, yet there 
is still much room for process improvement. Many researchers discuss the various types 
of textile dyeing processes and the fabric changes after dyeing processes [4–7]. Addition-
ally, the newest research of inkjet printing on  

linen textile were reviewed [3,8–10]. 
Many studies are related to the investigation of the mechanical properties of textiles 

[11–13]). There are many investigations on textile mechanical properties affected by the 
water absorption cycles [14,15]. Temperature also has an effect on mechanical properties 
on textile fibers [16,17].  

One of the possible options is to use a Mimaki printer that is capable of printing with 
ecological textile inks, which are not harmful to health, do not cause allergies, and are easy 
to clean and dispose of. The main components of the dyes are pigment, binder and water. 
As the dyes adhere to the fabric only at high temperatures, they are suitable to print on 
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natural fabrics, such as linen and cotton, which do not contain synthetic materials. One of 
the main advantages of this printer when printing with textile inks is that it guarantees an 
environmentally friendly production method [18]. The print is captured immediately after 
printing without the use of any additional chemistry. No toxic fumes or pollutants are 
emitted into the environment, so this method of printing on linen is environmentally eco-
friendly. In addition, no additional water is used during printing and ink fixing. 

Linen comes in different colors: natural, bleached or melange. Melange linen has two 
different types of threads used to warp and weft directions. In this experiment, the me-
lange linen has bleached thread in a weft direction and natural linen thread in a warp 
direction. Various units are used to refer to the measurement of a fiber; in this research, 
for measuring the linear mass density of fibers, tex (g/km) will be used. 

Due to the different fabric shades and characteristics, it is more difficult to obtain the 
corresponding image color on linen fabrics than, for example, on paper [19]. The cus-
tomer’s desire to achieve maximum color matching to the digital standard is limited [20]. 

When printing, it is very important to choose the most suitable number of ink layers 
and the number of passes of the print head, as this will significantly differ the print quality 
and print speed. So, it is very important to know the quantitative and qualitative printing 
parameters. All this directly affects the company’s economic performance. In the case of 
large orders, the change in the print speed will significantly affect the order execution 
speed, the number of ink layers, the ink consumption and the mechanical properties of 
the print.  

The aim of this study was to investigate the change in color characteristics by differ-
ent printing settings when printing on linen fabrics with an inkjet MIMAKI Tx400-1800D 
printer with pigmented TP 250 inks. 

2. Methodology of Investigation 
Ten linen fabrics from three different types were selected for the study: bleached, 

melange and natural linen [21]. The linen fabric was made of different threads in warp 
and weft directions. Warp threads are the yarns held in the loom during the weaving of 
the fabric and weft threads are the yarn that is passed through the weft yarns during the 
weaving of the fabric. The fabrics of each type differ in color, fabric density grammage, 
thickness and density of the threads (Table 1). 

To determine the change in color characteristics of the prints on the linen fabrics, 
depending on the fabric structure and color, in different printing modes, the generated 
Barbieri Rasterlink color reproduction scales were printed on all fabrics (Figure 1). 

 
Figure 1. Printed Color scale for testing [22].  

The Mimaki TX400-1800D printing machine (Mimaki, Tomi-city, Nagano, Japan) has 
Ricoh GEN4 12 printheads. It can print 7–35 pL, depending on the ink characteristics; suit-
able ink viscosity should be 10–12 mPa·s. The printhead printing width is 32.4 mm. The num-
ber of nozzles is 384 (2 × 192 channels) and the nozzle spacing (within a row) is 0.1693 
mm/row. This printhead is suitable to print with different inks, such as UV, solvent, Aque-
ous, pigment and other. 
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Textile pigment TP 250 dyes (cyan, magenta, yellow, black, light cyan, light magenta, 
orange, blue) were used for the experiments. Mimaki textile pigment dyes contain a 
binder and a binding agent. The colors fix to the fibers by heating the textile to 180 °C. 
Printed fabrics do not lose their breathability and water absorbability. 

Investigated: cyan-C, magenta-M, yellow-Y, red-R, green-G, blue-B, black-K, CMY 
color reproduction only at 100% color tone coverage. The Mimaki TX400 8c Tp250 Liver-
pool v1 profile provided by the printer manufacturer was used for the research. 

After the printing dyes were cured with 180 °C temperature in a roll-to-roll heating 
machine, measurements of color characteristics were performed with a BARBIERI Spec-
troPad spectrophotometer [22]. All textile color measurements were made according to 
BS EN ISO 105-J01:2000 standards 24 h after the textile finally cools down after printing 
[23]. 

Table 1. Linen fabrics selected for investigation. 

No. 
Types of Linen 

Fabric Sample Article 
Grams Per 

Square Metre 
(g/m2) 

Thickness of Thread 
(tex) 

Threads q-ty per 10 cm 

Warp Weft Warp Weft 
1 Bleached OBR 840 140 38 38 199 150 
2 Bleached OBR 0114 170 42 42 193 194 
3 Bleached OBR 491 190 56 56 176 142 
4 Bleached OBR 1542 245 87 87 156 118 
5 Melange OBR 052 150 38 38 199 182 
6 Melange OBR 831 190 56 56 176 142 
7 Melange OBR 482 280 110 110 142 102 
8 Natural OBR 166 125 30 30 226 174 
9 Natural OBR 051 150 38 38 199 184 

10 Natural OBR 1041 240 83 83 160 112 

To change the characteristics of colors CIE L*a*b* values, and to determine the differ-
ence in color reproduction, ΔE as the digital values of CMYKRGB color L*a*b* were taken 
as reference in Table 2. 

Table 2. Digital reference values of CMYKRGB colors L*a*b*. 

Color L* a* b* 
C 62 −44 −50 
M 52 81 −7 
Y 95 −6 95 
R 52 74 54 
G 57 −74 30 
B 25 25 −55 
K 12 2 0 

CMY 23 1 −2 

The color difference is calculated according to the following equation: 

Δ𝐸𝐸 =  �(Δ𝐿𝐿∗)2 + (Δ𝑎𝑎∗)2 + (Δ𝑏𝑏∗)2  (1) 

where L* is lightness value (0 for black and 100 for white); a*—position between red and 
green value (negative–green, positive–red); b*—position between blue and yellow value 
(negative–blue, positive–yellow) [24], Figure 2. 
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Figure 2. CIE L*a*b* color system. 

Difference in ΔL*, Δa* and Δb* was calculated using the following equation: 

Δ𝐿𝐿∗ =  �(𝐿𝐿1∗ − 𝐿𝐿2∗ )2   (2) 

Δ𝑎𝑎∗ =  �(𝑎𝑎1∗ − 𝑎𝑎2∗)2  (3) 

Δ𝑏𝑏∗ =  �(𝑏𝑏1∗ − 𝑏𝑏2∗)2  (4) 

where, depending on the comparison, 𝐿𝐿1∗ ,𝑎𝑎1∗ ,𝑏𝑏1∗ represents primary fabric value and 
𝐿𝐿2∗ ,𝑎𝑎2∗ , 𝑏𝑏2∗ represents the second coat of dyes or dyed fabric value. 

Mean value was calculated by using the following equation [25]: 

𝑥̅𝑥 = ∑𝑥𝑥
𝑛𝑛

  (5) 

Standard deviations were determined using the following equation [25]: 

𝑠𝑠 = �∑(𝑥𝑥−𝑥̅𝑥)2

𝑛𝑛−1
 ; (6) 

Standard error of the mean was calculated using the following equation [25]: 

𝑆𝑆𝑆𝑆𝑥̅𝑥 = 𝑠𝑠
√𝑛𝑛

  (7) 

The description of the differences of the ΔE value is presented in Table 3. 

Table 3. ΔE values and their corresponding color differences [26]. 

𝚫𝚫𝑬𝑬 Meaning 
0–1 Normally invisible difference 
1–2 Very small difference, only obvious to trained eye 

2–3.5 Medium difference, also obvious to untrained eye 
3.5–5 Obvious difference 

>5 Very obvious difference 

3. Results of Research on Color Properties 
The shades of linen fabrics are very different (Figure 3). This has a fairly significant 

effect on the reproduction of the print colors by coating the fabric with different colors of 
paint. Linen textile woven fabric structure is illustrated in Figure 4. Therefore, it is worth 
comparing how the shade of linen differs from the reference white (L* = 100, a* = 0, b* = 0) 
color (Figure 5). 

Comparing the color characteristics of linen fabrics with the reference white color, 
certain regularities were found (Figure 5). The lowest ΔE values are obtained by compar-
ing bleached linen fabrics and the highest are obtained by comparing natural linen fabrics. 
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The shade of linen fabric surfaces has a significant effect on the reproduction of print col-
ors. 

Bleached linen OBR 840 was selected to determine the change in color characteristics 
depending on the number of paint layers and the number of passages. 1 to 5 layers of 
paint coating were printed on this fabric in different 4 and 16 pass modes. From the three 
possible pass modes (4, 8, and 16), the minimum and maximum numbers of passes were 
deliberately chosen for better difference detection. The results of color reproduction are 
presented in Figures 6 and 7. 

There is a significant difference between layers 1 and 5 (from 3% to 55%), while there 
is a relatively small difference between layers 3 and 4 (≤5%), and between layers 4 and 5 
(≤4%). 

Comparing the 4 and 16 pass print modes, the same patterns of ΔE color characteris-
tic changes remain. Comparing the difference in color reproduction from the number of 
passages, it was observed that the color difference is insignificant (ΔE ≤ 3), except for the 
green color. 

When printing in the selected four-pass printing mode, it was analyzed and found to 
have the greatest influence on the change in color characteristics of ΔE. The change in 
L*a*b* values at different paint layers is shown in Figures 8–10. 

 
Figure 3. Linen fabrics selected for investigation. 

 
Figure 4. Woven fabric structure characteristics. 

 
Figure 5. Color difference ΔE of linen fabric surface without print with the reference white color. 
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Figure 6. Different colors changes of ΔE value depending on dye layers when printing in 4 passes. 

 
Figure 7. Different colors changes of ΔE value depending on dye layers when printing in 16 
passes. 

It was observed that the value of lightness (L*) changes the most in the overall color 
(Figure 8). It was found that, by changing the number of layers of ink to be coated, the 
cyan color lightness changes the most, changing from 48.99 for one-layer printing to 68.29 
for five-layer printing; the brightness of green color lightness also differs quite strongly; 
the color darkens by as much as 26.5% when printed with five layers compared to one 
layer. Yellow is the least sensitive to the change in the number of paint layers (change is 
6%). The most sensitive to the change in the number of paint layers are cyan (28% change) 
and green (26% change). Comparing the change in brightness of all the colors lightness 
analyzed in the diagram, it is clear that it changes the most when printing with two and 
three layers of ink, while when printing with an additional four and five layers, the change 
in lightness is insignificant (average change, 2%–4%, respectively). It can also be seen that 
the differences in blue, black and CMY colors between layers 2, 3, 4 and 5 are very slight, 
and the difference between magenta, red and green is very small between layers 3, 4, 5.  



Coatings 2021, 11, 354 7 of 12 
 

 

It was observed that the values of a * have practically no effect on determining the 
color difference of ∆E (Figure 9). The difference between the first and fifth coats of paint 
is ≤3, less than 5%. 

When analyzing the b* values (Figure 10), it was observed that the yellow color value 
changes the most: the difference between the first layer was 50.60, and for the five layers 
it was 76.84, 34%. This may have been influenced by the color of the fabric, as the coating 
of one coat of paint is not sufficient to represent the color. Other values are almost the 
same; the difference between one and five coats of paint does not exceed 3. 

Therefore, it can be concluded that most of the ∆E color difference is due to lightness 
(L*). It also shows that the difference between paint layers 3, 4 and 5 is not very significant 
and practically invisible. This again shows that printing with more than three coats of 
toner is not relevant. 

The change in color characteristics of prints on linen fabrics with four passes and 
coating with two coats of dye was further analyzed. This is the most commonly used print 
setting, at which the printer reproduces colors well and prints fast enough. 

All three different types (bleached, melange, natural) of linen fabrics compared to 
two coats of paint are compared. The results of the study are presented in Figures 11–13. 

 
Figure 8. Different colors changes of ΔL* value depending on ink layer when printing in 4 passes. 
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Figure 9. Different colors changes of Δa* value depending on ink layer when printing in 4 passes. 

 
Figure 10. Different colors changes of Δb* depending on ink layer when printing in 4 passes. 

In the study of the application of the two dye layers on bleached fabrics (Figure 11), 
it was observed that the thickest OBR 1542 fabric has the smallest change in ΔE color char-
acteristics. It was also observed that the thinnest linen OBR 840 reproduces red, green, 
blue, black and brown. Additionally, when printing with two coatings, the color repro-
duction is very good on OBR 0114, and the change in color characteristics is very similar 
to OBR 1542. The color characteristics ΔE values were found to be very similar for all 
bleached fabrics; the difference between them is not large (≤4). 

When studying the reproduction of color characteristics on melange fabrics (Figure 
12) in the presence of two layers of paint, it was observed that the colors are best repro-
duced on the thickest linen fabric OBR 482. Slightly worse colors are reproduced on the 
thinnest OBR 052 fabric. The color difference between different tissues is not large (≤4). 
The color yellow is reproduced practically equally on all fabrics. 

In the study of color reproduction on natural fabrics in the presence of two coats of 
paint (Figure 13), much larger changes in color characteristics were observed between dif-
ferent fabrics. The largest difference was observed in yellow. It was also observed that the 
colors are much better reproduced on the OBR 051 fabric, slightly worse on the OBR 166 
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fabric, and the largest difference was obtained on the thickest linen fabric of the OBR 1041, 
except for the dark colors. 

Figure 14 shows the ranges of reproducible print colors on different linen fabrics in 
the a* and b* plane without evaluating the color lightness L*.  

 
Figure 11. Different colors changes of ΔE on bleached linen fabrics when printing in 4 passes with 
2 ink layers. 

 
Figure 12. Different colors changes of ΔE on melange linen fabrics when printing in 4 passes with 
2 ink layers. 
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Figure 13. Different colors changes of ΔE on natural linen fabrics when printing in 4 passes with 2 
ink layers. 

 
Figure 14. Color reproduction on different linen fabric in a*b* when printing in 4 passes with 2 ink layers. 

The range of digital reference colors (black line) show that it is possible to reach the 
limits of maximum rich colors and the range of colors is reproduced in the print on paper 
(white line). Limited color saturation reproduction on all types of linen fabrics is clearly 
visible. The most affected are cyan and blue (B) color saturation. Color reproduction in 
prints on bleached linen fabrics is closest to color reproduction on paper. There is a very 
limited reproduction of color saturation in prints on natural linen fabrics. This is due to 
the fact that the fabrics of natural linen are quite dark, and the color of the dye is “sup-
pressed”. 

Other studies on inkjet printing can also be acknowledged. There are many different 
articles with experiments measuring textile color using digital inkjet printing technology 
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[27]. Textile digital inkjet printing allows for better quality control, faster prepress, reduc-
tion in the use of material and better repeatable color prints on textile substrates [27]. Ex-
periments with a digital inkjet printer on different pretreated textiles were also performed 
here to find the best method of pretreatment. It was emphasized that simulated colors 
should be compared with original colors under daylight illuminance. To obtain more ac-
curate results, we took into account this assumption. As well as this, a dye’s physical prop-
erties have a very important effect on the print quality [28]. Here, the inkjet printing of 
cotton with natural dyes with different physical and rheological properties (pH, conduc-
tivity, surface tension, and viscosity) of the inks was investigated. Parameters were meas-
ured over a period of 90 days for the evaluation of ink stability and suitability for the 
digital inkjet printing. We took this into account for the evaluation of ink stability and 
suitability.  

It could also be mentioned that, in our work, textile pretreatment before printing and 
different dyes characteristics are investigated. We looked at the research from a different 
angle, and our work is focused on the investigation of different printer parameters (num-
ber of printing drops and the thickness of the ink layer) to affect color reproduction on 
different natural linen textiles. 

4. Conclusions 
1. Color reproduction when printing both 4 and 16 passes is very similar. The differ-

ence between the values of ΔE of the change in color characteristics between the different 
passages does not exceed 3; 

2. The number of applied paint layers has the greatest influence on the change in 
lightness (L*); 

3. The best color reproduction is achieved with two coats of dye; 
4. When printing with 1 layer of ink, the color reproduction is the worst; 
5. Printing in different passes setting does not increase color reproduction, but print-

ing in a smaller passes number increases printing speed a lot; 
6. At layers 4–5 of paint, the change of color characteristic ΔE increases and colors are 

reproduced less effectively than at dye layers 2–3; 
7. In prints on bleached linen fabrics, the colors are best reproduced on the thickest 

linen fabric and the worst on the thinnest; 
8. On melange linen fabrics, the worst colors are reproduced on the thinnest linen 

fabric and the color change in its surface without printing is the largest; 
9. In the study of natural and melange linen fabrics, the color change in the surface 

without pressure has a significant influence on color reproduction. 
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