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Abstract 
Although there has been some research on the use of leuco dye-based thermochromic inks in textile and 
fashion design, there is still a lack of research on how these inks can be used on textiles to create complex 
and dynamic patterns through textile printing. This paper provides information on the properties of leuco dye-
pased thermochromic inks to facilitate the understanding and designing of dynamic surface-patterns, and 
demonstrates the color transitions of thermochromic inks at different temperatures. A practice-based design 
method was chosen to investigate two different reversible and water-based blue inks with activation 
temperatures of 27°C and 15°C. The result showed scales comprising the recipes that were used as a guide 
for designing textile surfaces. This paper contributes by making the color-changing process understandable 
and demonstrating the actual effects of leuco dye-based thermochromic inks at different temperatures for 
textile and fashion design. This facilitates designers to achieve more advanced textile surface patterns.  
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Introduction 
In recent years, there has been growing interest in the use of leuco dye-based thermochromic inks as smart 
materials in textile and fashion design. Fabric displays have been created for new forms of communication 
and expression such as the Reach [1], and the Ambikraft [2] projects. In those, leuco dye-based 
thermochromic printed fabrics were combined with technology to create interactive textile displays allowing 
us to reconsider relationships between human behaviors and the surrounding environments. Furthermore, in 
the research theses Skin Stories [3], and Designing Dynamic Textile Patterns [4] thermochromic printed 
fabrics have been combined with technology to explore ways to control and develop dynamic textile 
expressions. However, most of this research has focused on combining thermochromic printed fabric with 
computational technology and exploring ways of heating or cooling the thermochromic printed fabric. There 
is a lack of documented information on how thermochromic inks can be used on textiles. This paper aims to 
provide information on the properties of leuco dye-based thermochromic inks to facilitate the understanding 
and designing of dynamic patterns. Textile dynamic patterns are described by Worbin (2010) as “a textile 
pattern that reacts to environmental stimuli and always returns to a given initial expression” [4]. 
 
Leuco dye-based thermochromic inks  
Leuco dye-based thermochromic inks are specialized dynamic inks that change color when exposed to 
different temperatures, i.e., below their activation temperature they are colored and above their activation 
temperature they are clear or slightly colored. They are usually blended with some other pigments (non-heat 
sensitive pigment) change from one color to another [5]. The activation temperature is defined as the 
temperature above which the ink has almost achieved its final clear or light color end point. The color starts 
to fade at approximately 4˚C below the activation temperature and will be in between colors within the 
activation temperature range. Leuco dye-based thermochromic inks [6] can be made to change color at 
temperatures ranging from -15°C to 60°C. The ink’s temperature can be chosen when it is ordered.  
 
There are some important factors, which should be considered before starting to work with leuco dye-based 
thermochromic inks: the ambient temperature (20°C) (non-heated state of e.g. the printing lab); temperature 
sensitivity of the inks; and the properties of the inks. The ambient temperature at the printing lab at the 
Swedish School of Textiles at the University of Borås, where this study was carried out, was 20°C. 
Temperature sensitivity of the chosen inks were 27°C1 and 15°C2. The inks were reversible and water-
based. Therefore, the most desirable printing effect was achieved by printing them on cellulosic fabric. White 
plain cotton-weaved fabric was used as a background. The method used was silk-screen printing and the 
size of the silk- screen mesh was 43 threads per centimeter.  

                                                        
1	  Zenit company in Sweden	  
2	  B&H Color Changing Company in England.	  
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A single color of leuco dye-based thermochromic ink with activation temperatures 
27°C and 15°C 
The thermochromic ink was mixed with binder to attach the ink onto fabric. Binder is defined as “the 
chemicals, which have the ability of forming a three-dimensional film used to hold the pigment particles in 
place on the surface of a textile substrate [7]”. In this experiment, binder was acrylic-based extender. Both 
inks were mixed with extender in different proportions that produced different shades of blue at ambient 
temperature (20°C). 
 
Although numerous shades of blue were possible, this paper was limited to investigate six shades for each 
thermochromic ink with activation temperatures 27°C and 15°C (See figures 1& 2). 
As shown in figure 2, the recipe consisting of 25% ink and 75% extender provided a good textile-printing 
effect with maximum color intensity at ambient temperature (See figure 3). 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Since thermochromic inks are specialized dynamic inks that change color with exposure to different 
temperatures, the produced blue shades (with activation temperatures 27°C and 15°C) were tested at 15°C 
or less, and also at 27°C or more in order to explore the design potentials of leuco dye-based thermochromic 
ink at different temperatures. An ice bag was used to cool the thermochromic printed fabrics down to 15°C 
and below. An iron was used to warm the thermochromic printed fabrics up to 27°C and above. The effect of 
cooling the printed blue shade produced by the ink with activation temperature 27°C was identical to the blue 
shade at ambient temperature (20°C). Whereas, the effect of the printed blue shade produced by the ink at 
an activation temperature 15°C was a dark blue shade compared with the one at ambient temperature 
(20°C) (See figures 4,5, 6 & 7).  
 
From the textile design perspective this experiment highlighted one particular aspect. Reversible leuco dye-
based thermochromic ink is not available in white. However, as shown in the last row of figure 5, the mixture 
of 1% of 15°C thermochromic ink with 99% extender resulted in white at ambient temperature (20°C) and 
light blue at equal or less than 15°C. This possibility can be used to hide or reveal hidden designed surface 
patterns (See figure 7).  
 
The effect of heating the printed blue shade produced by the ink with activation temperature 27°C was a light 
gray-yellowish shade compared with the blue shade at ambient temperature (20°C). Whereas, the effect of 
the printed blue shade produced by the ink at an activation temperature 15°C was a light gray shade. This is 
because the leuco dye-based thermochromic inks are always clear or slightly colored above their activation 
temperature (See figures 9, 10, 11 & 12) 

Figure 3: From left to right shows the printed fabric 
produced by the turquoise ink with activation temperature 
27°C at ambient temperature (20°C), and also the 
printed fabric produced by the red ink with activation 
temperature 15°C at ambient temperature (20°C). In both 
samples chosen recipe was 25% ink+ 75% extender. 

Figure 2: shows the result of mixing and 
printing the ink with activation 
temperatures 27°C, 15°C, with the 
extender in different proportions 
produced different blue shades at 
ambient temperature (20°C). 

Figure 1: From left to right shows the blue shade 
produced by the thermochromic ink with activation 
temperatures 27°C, and 15°C at ambient temperature 
(20°C). 
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  at ambient                                cooling                  result of cooling   
Figure 7: The effect of cooling the printed fabric 
produced by the red ink with activation temperature 
15°C. The chosen recipe was 1% ink+ 99% extender. 
 

Figure 5: shows and compares the effect of 
cooling the printed blue shades produced by 
the thermochromic inks with activation 
temperatures 27°C and15°C. 
 

at ambient                              heating                     result of heating   
Figure 11: The effect of heating the printed fabric 
produced by the red ink with activation temperature 
15°C. The chosen recipe was 1% ink+ 99% extender. 
 

Figure 8: From left to right and top to bottom shows the 
printed blue shad produced by the inks with activation 
temperatures 27°C and 15°C at ambient temperature 
(20°C), heating with iron and the effect of heating. 
 

   at ambient                          heating                        result of heating   
Figure 10:  shows the effect of heating the printed 
fabric produced by the turquoise ink with activation 
temperature 27°C. The chosen recipe was 25% ink+ 
75% extender. 
 

  at ambient                              cooling                    result of cooling   
Figure 6:  shows the effect of cooling the printed fabric 
produced by the turquoise ink with activation 
temperature 27°C. The chosen recipe was 25% ink+ 
75% extender. 
 

Figure 4: From left to right and top to bottom shows the 
printed blue shade produced by the inks with activation 
temperatures 27°C and 15°C at ambient temperature 
(20°C), cooling with ice-bag and the effect of cooling. 
 

Figure 9: shows and compares the effect of 
heating the printed blue shades produced by 
the thermochromic inks with activation 
temperatures 27°C and15°C. 
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Adding a textile pigment paste to leuco dye-based thermochromic with activation 
temperature 27°C and 15°C 
A particular amount of yellow textile pigment paste was mixed with the used blue shades in previous 
experiment with the same activation temperatures. The color combinations created different green shades at 
ambient temperature (20°C). The green shade produced by the mixture of ink with activation temperature 
27°C was darker than the green shade produced by the mixture of ink with activation temperature 15°C (See 
figures 12, 13 & 14). 

 
 
 
 
 

 
 
The same methods of cooling and heating were used to explore more design potentials of mixture of leuco 
dye-based thermochromic ink and a textile pigment paste at different temperatures. Thus the mixtures were 
examined at 15°C or less and also at 27°C or more.  
 
The effect of cooling the printed green shade produced by the yellow textile pigment paste and the blue ink 
with activation temperature 27°C was identical to the green shade at ambient temperature (20°C). However, 
the green shade produced by the yellow textile pigment paste and the blue ink with activation temperature 
15°C was a darker green shade compared with the one at ambient temperature (20°C). Based on 
thermochromic ink ‘s characteristic the cause of this difference was that the actual color of blue ink (15°C) 
appeared at 15°C or less causing the color combination to get darker. Therefore, the green shade changed 
color to a dark green shade (See figures 15, 16, 17 & 18). 
 
The effect of heating both green shades produced by the blue ink with activation temperatures 27°C, 15°C 
and the yellow pigment paste resulted in a slightly lighter yellow that of the yellow pigment paste. Based on 
thermochromic ink’s characteristic the mixture of leuco dye-based thermochromic ink and textile pigment 
paste always changes to the color of the mixed pigment paste, only slightly lighter (See figures 19, 20, 21 & 
22). 
 
 
 

Figure 12: From left to right shows the green shade 
produced by the blue thermochromic ink with activation 
temperature 27°C and yellow pigment, and the green 
shade produced by the blue thermochromic ink with 
activation temperature 15°C and yellow pigment. 
 

Figure 13: shows the result of mixing 
and printing the produced blue shades 
with activation temperatures 27°C and 
15°C with yellow textile pigment paste 
at ambient temperature (20°C). 
 

Figure 14: From left to right shows the printed fabric 
produced by mixing of turquoise ink with activation 
temperature 27°C and yellow pigment at ambient 
temperature (20°C) (The chosen recipe was 25% ink+ 
75% extender+ 4% pigment). Also the printed fabric 
produced by the mixture of red ink with activation 
temperature 15°C and yellow textile pigment paste at 
ambient temperature (20°C). The chosen recipe was 10% 
ink+ 90% extender+ 4% pigment.  
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 at ambient                           cooling                       result of cooling   
Figure 18: The effect of cooling the printed fabric 
produced by the mixture of red ink with activation 
temperature 15°C and yellow pigment. The chosen 
recipe was 10% ink+ 90% extender+ 4% pigment. 
 

Figure 15: From left to right, and top to bottom shows 
the printed green shade produced by the mixture of 
inks with activation temperatures 27°C, 15°C and the 
yellow at ambient temperature (20°C), cooling with ice-
bag and the effect of cooling. 
 

  at ambient                          cooling                      result of cooling   
Figure 17:  The effect of cooling the printed fabric 
produced by the mixing of blue ink with activation 
temperature 27°C and yellow pigment. The chosen 
recipe was 25% ink+ 75% extender+ 4% pigment. 

Figure 16: shows and compares the effect of 
cooling the printed green shades produced by 
the blue thermochromic ink at activation 
temperatures 27°C, 15°C and yellow textile 
pigment paste. 

at ambient                               heating                      result of heating   
Figure 22: The effect of heating the printed fabric 
produced by the mixture of red ink with activation 
temperature 15°C and yellow pigment. The chosen 
recipe was 10% ink+ 90% extender+ 4% pigment. 
 

Figure 19: From left to right, and top to bottom shows 
the printed green shade produced by the inks with 
activation temperatures 27°C, 15°C and the yellow at 
ambient temperature (20°C), heating with iron and the 
effect of heating. 
 

  at ambient                              heating                      result of heating   
Figure 21:  The effect of heating the printed fabric 
produced by the mixing of blue ink with activation 
temperature 27°C and yellow pigment. The chosen 
recipe was 25% ink+ 75% extender+ 4% pigment. 

Figure 20: shows and compares the effect of 
heating the printed green shades produced by 
the blue thermochromic ink at activation 
temperatures 27°C, 15°C and yellow pigment  
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Discussion and conclusion 
This paper has aimed to provide printing paste recipes in order to provide fundamental knowledge of how 
leuco dye-based thermochromic inks can be used on textiles. The figures presented, consisting of scales at 
three different temperatures (at ambient temperature, at equal or more than 27°C and at equal or less than 
15°C). Each scale has shown a recipe as a guide for designing dynamic textile surface patterns. These 
recipes are reliable references for any types of lecuo dye-based thermochromic inks such as water-based or 
UV cured. This paper has also demonstrated the actual effects of leuco dye-based thermochromic with the 
aim to help designers achieve more advanced textile surface patterns (figure 23).  
Finding the exact color of printed fabric using thermochromic ink in Photoshop, and matching the color 
theory vocabulary to describe color of printed fabric were the main limitation of this experiment. One 
suggestion for further studies would be a technical investigation in Photoshop to make a color index of lecuo 
dye-based thermochromic inks transition. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 23: From left to right: The printed fabric produced by the inks with activation temperatures 27°C and 
15°C, the effect of cooling the printed fabric and the effect of heating the printed fabric. 
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