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CIEDE2000 color di�erence between printed PSL samples: a) at 
15°C and those at 45°C ; b) and unprinted PSL, measured at 45°C 

Figure 1

Hysteresis loops of all printed PSL samples during heating 
(closed signs) and cooling (open signs) 

Figure 2

TC color change path on CIE a*b* graphs during the 
heating and cooling process on all PSL labels 

DYNAMICS OF THERMOCHROMIC COLOR CHANGE OF PRESSURE SENSITIVE 
LABELS FACESTOCK MADE FROM ENVIRONMENTALLY FRIENDLY MATERIALS

Six types of di�erent PSL were used. Three types were 
made of agroindustrial by products, one is a bio-based 
polymer and the other two are most often used as PSL, 
wood-free coated on a cellulose basis. The eco-friendly 
labels based on agroindustrial byproducts  are made 
from barley (B), citrus (C) and grapes (G). The reversible 
thermochromic (TC) ink used is a commercially avail-
able leuco dye-based o�set printing ink with an activa-
tion temperature (TA) of 29°C. Before reaching the TA, 
the TC color is blue. By heating up and reaching the 
TA, the TC ink changes to a colorless state.

This paper aims to test the functionality of one o�set 
TC ink on the most commonly used labels and those 
made of biologically acceptable materials for environ-
mental protection. Also, the in�uence of the shade of 
the facestock surface on the dynamic changes of the 
TC color will be examined and analyzed with spectro-
photometric measurement and presentation in the 
CIELAB color space.

Pressure sensitive labels (PSL), also known as self-adhe-
sive labels, have gained great popularity due to their 
simplicity and user-friendly role (Medeiros et al., 2019). 
The PSL is an integrated part of the product packaging. 
It is very important that the label and the product 
packaging are made of the same materials and have 
the same structure. Such mono-material packaging 
enables recycling and reuse. When choosing an appro-
priate label material, it is important to choose an adhe-
sive that will not adversely a�ect the recycling or reuse 
process of the product in any way (Huhtamaki, 2020).  
The correct selection of each part of the label is de-
�ned by various parameters. Some of the parameters 
are where the label will be placed and used and gener-
al information about its use such as application sur-
face, application speed, room temperature of use and 
the temperature of the product itself, humidity, etc. 
The PSL can also provide additional value by using in-
teresting structures, designed by a hot or cold stamp-
ing process, spot varnishes etc. It is also possible to 
insert RFID tags or NFC and use labels for security pur-
poses. All materials from which the label is made 
depend on various external in�uences such as weather 
and storage conditions, methods and conditions of ap-
plication, type of printing, etc. When printing, the sur-
face of the substrate or the top layer of the label must 
have the appropriate quality. Print quality can be af-
fected by surface structure, paper dust or discoloration 
of materials based on paper �bers. Optimum printing 
methods and techniques, appropriate inks and other 
auxiliary devices must be used to achieve the best ap-
pearance and purpose of the label (Marošević Dolovs-
ki, 2016).
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Based on this research, it has been proven that the revers-
ible process of TC ink is not ideal for any of the tested mate-
rials. Analyzing the results of the spectrophotometric 
curves, it was determined that the discoloration of the TC 
color is not complete in any of the tested samples and that 
all the tested samples have a yellowish undertone. The 
reason for this could be di�erent scattering or absorption 
that occurs due to di�erent optical properties of the cap-
sule in its discolored state and the binder, i.e. as a result of 
incomplete transparency of the TC composite inside the 
capsule itself at high temperatures. This test, among other 
things, showed the possibilities of o�set TC ink, which, de-
spite its poor hiding power still has a signi�cant TC e�ect 
that is visible.  This is the most important factor for the ther-
mochromic indicators on the packaging to ful�l their func-
tional role that gives the product itself additional value.

The characteristics of the upper layer of the label and its 
color have a signi�cant impact on the visual appearance, 
color shade and the e�ect of TC color change. Eco-friendly 
labels have a weaker TC e�ect compared to bio-based poly-
mer and wood-free labels. Due to their rough surface struc-
ture, TC color have low hiding power on eco-friendly labels, 
which is also re�ected in lower CIEDE2000 color di�erence 
values compared to smoothly structured papers with large 
color di�erence values. However, the TC e�ect is still clearly 
visible on these substrates.
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To examine the in�uence of the characteristics of the 
upper layer of the label and its color on the visual ap-
pearance, hue and the e�ect of changing the printed 
TC ink, the changes were monitored through CIE a*b* 
graph, L*T graph and spectral re�ectance curves.

Based on these graphical representations, it can be 
concluded that during heating and then cooling, 
there are no equal changes in the lightness of the 
tested TC ink and that the reversible process is not 
ideal. The shape of the hysteresis for all tested samples 
is the same, only some small di�erences are observed 
at the hysteresis opening, i.e. at the temperature 
where the measurement cycle starts and ends.
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