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Quality of Thermal Papers 



Thermal Paper:  
special paper with a coat containing a heat sensitive dye. 

http://www.koehlerpaper.com/en/papier/thermal/thermotechnologie.php 
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Low cost 

High speed Easy to use 

http://besttimetobuyairlinetickets.net/wp-content/uploads/2012/01/cheap-flight-tickets.jpg


Schofield Imaging Associates, LCC. Thermal Printing in 2014 and Beyond. 



Schofield Imaging Associates, LCC. Thermal Printing in 2014 and Beyond. 



Printed information must remain readable for 
5 years 

Point of sale 
(POS) 

Automated Teller Machine 
(ATM) 



Brazilian Legislation: Ato COTEPE ICMS n. 4   
                       (March 11th, 2010)  

Italian Legislation: All´Allegato E  
                     (March 23th, 1983) 

Other Countries: end user should demand   
                 quality control from  
                 manufacturers 



Quality evaluation of thermal papers for point 
of sale system (POS) and discussion of quality 
control parameters for thermal paper. 



 4 thermal paper samples for POS  



Thermal Paper 

Quality of 
Paper 

Quality of 
Thermal Print 



Influence paper 
resistance to 
physical damage 

caused by handling 

Related to printer 
damages caused by 
friction between 

paper and print head 

Quality of Paper 

Grammage Thickness 
Smoothness 
(Bekk Method) 



Sample 
Grammage 
(g/m2) 

Thickness 
(m) 

Bekk Smoothness 
(s) 

1 56.0 ± 0.3 63 ± 4 717,1 ± 20,0 
2 56.6 ± 0.3 68 ± 4 827,2 ± 23,5 
3 53.9 ± 0.5 63 ± 4 757,1 ± 25,7 
4 54.3 ± 3.3 62 ± 4 591,9 ± 20,9 

Table 1 – Results  

Country 
Grammage 
(g/m2) 

Thickness 
(m) 

Bekk Smoothness 
(s) 

Brazil1 50 - 65 55 – 70 > 300 
Italy2 48 – 70 50 - 75 ≥ 200 

Table 2 – Requirements 

1 - Ato COTEPE/ICMS no4, de 11 de março de 2010. Diário Oficial da União, Brasília, DF, seção 1, p. 8, 17 mar. 2010 
2 - Provedimento del 30/01/2012. Sostituzione allegato E al D.M. 23 marzo 1983, introdotto dal D.M. 30 marzo 1992 



Quality of 
Thermal Print 

Thermal Print 
(energy density = 13,166 mJ/mm2) 

• Evaluation by Optical Density (O.D.) - ASTM F 2036-05:2007 

using a spectrodensitometer X-Rite Model SpectroEye 











I
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DO = optical density 
R = reflectance 
I0 = initial intensity of incident light 
I = intesity of light reflected by surface 



http://www.ricoh.com/about/company/ technology/tech/004.html 

Thermal Dye - leuco 
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Why the energy employed is important? 



Dynamic Sensitivity: how much energy 
needs to be applied to the paper for the image 

to be developed. 
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Legislation Requirements 
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Sample After print 
1 1.24 (0.04) 
2 1.36 (0.01) 
3 1.34 (0.01) 
4 1.32 (0.01) 

Table 3 – Optical density results 

1 - Ato COTEPE/ICMS no4, de 11 de março de 2010. Diário Oficial da União, Brasília, DF, seção 1, p. 8, 17 mar. 2010 
2 - Provedimento del 30/01/2012. Sostituzione allegato E al D.M. 23 marzo 1983, introdotto dal D.M. 30 marzo 1992 

Note: The results are average values of 25 determinations and each number between 
brackets is the standard deviation. 

Country After print 
Brazil1  1.20 
Italy2  1.05 

Table 4 – Requirements for optical density 



What can affect the image?  

• Extreme conditions of heat and humidity; 
• UV light; 
• Chemical substances: water, oil, plasticizers,  
                      organic solvents and others  
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What can affect the image?  
 

      

After 
print 

Heat and 
Humidity 

Dry Heat Fluorescent 
light 

PVC Water Hand Cream 

• Extreme conditions of heat and humidity; 
• UV light; 
• Chemical substances: water, oil, 
plasticizers, organic solvents and 
others  



Test pieces 

Ato COTEPE/ICMS no4, de 11 de março de 2010. Diário Oficial da União, Brasília, DF, seção 1, p. 8, 17 mar. 2010 

Quality of 
Thermal Print 

Thermal Print 
(energy density = 13,166 mJ/mm2) 

Heat and 
Humidity 

40oC 
90%RH 
168h 

Dry Heat 
60oC 
24h 

PVC film 
contact 
under 2kg 

24h 

Fluorescent 
light 
5000lux 
2400h 

Hand Cream 
30s 

Distilled 
Water 
1h 



Table 5 – Optical density results 

Sample Initial 
Heat and 
Humudity 

Dry 
Heat 

Fluorescent 
light 

PVC 
Hand 
Cream 

Water 

1 1.24 
(0.04) 

1.24 
(0.04) 

1.25 
(0.02) 

1.13 
(0.02) 

1.24 
(0.02) 

1.27 
(0.06) 

1.08 
(0.02) 

2 1.36 
(0.01) 

1.23 
(0.02) 

1.31 
(0.01) 

1.30 
(0.02) 

1.36 
(0.03) 

1.40 
(0.02) 

1.08 
(0.01) 

3 1.34 
(0.01) 

1.34 
(0.02) 

1.37 
(0.02) 

1.30 
(0.02) 

1.31 
(0.03) 

1.38 
(0.06) 

1.20 
(0.01) 

4 1.32 
(0.01) 

1.26 
(0.03) 

1.26 
(0.05) 

1.25 
(0.02) 

1.27 
(0.02) 

1.32 
(0.01) 

1.05 
(0.02) 

Note: The results are average values and each number between brackets is the standard deviation of 
25 determinations. 

 

Country After print 
Brazil1  1.00 
Italy2  0.60 

Table 6 – Requirements for optical density  



IPT Paper and Pulp Laboratory 
 

• Thermal paper analyses (2010) 
• 22 companies assisted: 10 manufactures/importers 
                         8 converters 
                         4 end users   

• 16 different thermal papers analyzed 
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Brazilian Legislation 
Fiscal and Financial Documents  

Bank Information 

Castro, C.J.L.; Victorino, C.R.; Tobias, J.J. “Guarda e Manutenção de Documentos 
Fiscais”. 3ª edição com base na legislação em vigor em fevereiro de 2010 



Brazilian Legislation: 
Ato COTEPE ICMS n.4 
(Mar 11th, 2010) 

Ato COTEPE/ICMS no4, de 11 de março de 2010. Diário Oficial da União, Brasília, DF, seção 1, p. 8, 17 mar. 2010 



Accelerated Aging 
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Ferreira, D.C.; D´Almeida, M. L. O. O Papel. v. 74, p. 51-55. (2013) 
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Accelerated aging models based on heat is not applicable 
to thermal paper 
• Different paper = different behavior 



Ferreira, D.C.; D´Almeida, M. L. O. O Papel. v. 74, p. 51-55. (2013) 
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Heat 

Accelerated aging models based on heat is not applicable 
to thermal paper 
• Competition between color formation and degradation 



http://www.jujothermal.com/thermal_papers 

Manufacturers can predict the print permanence because 
they know the coating composition of their thermal 
paper. 



Brazilian Legislation: 
Ato COTEPE ICMS n.4 
(Mar 11th, 2010) New limits 
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