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About 

DTIC and HDIAC 

The Defense Technical Information Center (DTIC) preserves, curates, and shares knowledge 

from the U.S. Department of Defense’s (DoD’s) annual multibillion-dollar investment in science 

and technology, multiplying the value and accelerating capability to the Warfighter.  DTIC 

amplifies this investment by collecting information and enhancing the digital search, analysis, 

and collaboration tools that make information widely available to decision-makers, researchers, 

engineers, and scientists across the Department. 

DTIC sponsors the DoD Information Analysis Centers (DoDIAC), which provide critical, flexible, 

and cutting-edge research and analysis to produce relevant and reusable scientific and 

technical information for acquisition program managers, DoD laboratories, Program Executive 

Offices, and Combatant Commands.  The IACs are staffed by, or have access to, hundreds of 

scientists, engineers, and information specialists who provide research and analysis to 

customers with diverse, complex, and challenging requirements. 

The Homeland Defense & Security Information Analysis Center (HDIAC) is a DoDIAC 

sponsored by DTIC to provide expertise in eight technical focus areas:  alternative energy; 

biometrics; chemical, biological, radiological, and nuclear (CBRN) defense; critical infrastructure 

protection; cultural studies; homeland defense & security; medical; and weapons of mass 

destruction.  HDIAC is operated by SURVICE Engineering Company under contract 

FA8075-21-D-0001. 

TI Research 

A chief service of the U.S. Department of Defense’s Information Analysis Centers is free 

technical inquiry (TI) research limited to four research hours per inquiry.  This TI response report 

summarizes the research findings of one such inquiry.  Given the limited duration of the 

research effort, this report is not intended to be a deep, comprehensive analysis but rather a 

curated compilation of relevant information to give the reader/inquirer a “head start” or direction 

for continued research. 
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Abstract 

The Homeland Defense and Security Information Analysis Center (HDIAC) received a technical 

inquiry regarding deactivation of thermal papers and labels that does not destroy the paper, 

induce a color change, or leave the paper appearing tampered with.  HDIAC subject matter 

experts were tasked to conduct a literature search and present findings from some of the most 

recent articles on this subject. 
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1.0  TI Request 

1.1  Inquiry 

Can thermal paper and labels be deactivated? 

1.2  Description 

The inquirer is searching for a method of deactivating thermal papers by inhibiting color change 

when the thermal paper or label is exposed to high temperatures.  Thermal paper is comprised 

of base stock paper, a precoat layer, and a thermal layer [1].  The thermal layer consists of 

microencapsulated leuco dye, sensitizer (weak acid), and a stabilizer.  Some thermal papers 

and labels will also have a topcoat and bottom coat applied to increase stability and protection.  

Topcoats will typically consist of polyvinyl alcohol (PVA).  When the thermal paper is exposed to 

high temperatures at 100–120 °C, the leuco dye and sensitizer melt together and create a 

permanent color reaction.  

The inquirer is interested in preventing the color change of the thermal paper when exposed to 

high temperatures, rendering the thermal paper deactivated. 

2.0  TI Response 

Subject matter experts at Texas Research Institute Austin reviewed and summarized relevant 

literature on the topic of vulnerabilities of thermal paper that could inhibit a color change when 

exposed to high temperatures. 

2.1  Factors Affecting Thermal Paper Performance 

Thermal paper performance and stability are best when handled and stored properly, as many 

external and environmental factors can impact the thermal paper [2].  Manufacturers generally 

recommend avoiding the following factors to maximize stability of thermal paper before and after 

color development has occurred: 

• Elevated temperature exposure 

• Ultraviolet (UV) light exposure 

• High-humidity exposure 

• Plasticizer exposure  

• Solvent exposure 
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2.1.1  Elevated Temperature Exposure 

Exposing thermal paper to elevated temperatures will not deactivate thermal paper, as it is 

designed to activate when heated.  If thermal paper is left in temperatures that are hot enough, 

an activation will occur and cause the paper to change color.  If the activation temperature is not 

reached, the paper will remain unchanged. 

2.1.2  UV Light Exposure 

Exposure of thermal paper to longwave and shortwave UV light will cause yellowing over time 

(days and weeks) [2].  The performance of the thermal paper to produce a color change after 

intense UV light exposure will be lighter than for unexposed paper.  A topcoat on the thermal 

paper will help prevent damage from UV light exposure.  UV light exposure will not deactivate 

the thermal paper but will cause noticeable color change. 

2.1.3  High-Humidity Exposure 

Exposing thermal paper to high-humidity conditions will fade the paper over an extended period.  

A topcoat on the thermal paper will help prevent damage from these conditions.  Hot-steam 

exposure will cause the thermal paper to activate if the temperature of the steam is hot enough.  

High-humidity exposure will not deactivate thermal paper. 

2.1.4  Plasticizer Exposure 

Exposing thermal paper to high concentrations of plasticizers will induce significant fading of 

activated thermal paper [2].  Plasticizers will reduce the color activation property of thermal 

papers, and their exposure can occur from materials with light concentrations of plastic wraps, 

adhesive tapes, and fragrances.  Concentrated plasticizers will degrade and deactivate thermal 

paper.  

2.1.5  Solvent Exposure 

Exposing thermal paper to various solvents will inhibit color change.  Various solvents can 

penetrate the thermal layer and dissolve the microencapsulated leuco dye [3, 4], thus effectively 

removing the dye from the paper.  If the dye is removed from the thermal paper, a color change 

will not occur at high temperatures.  Specific solvents will deactivate thermal paper; these are 

discussed in the next section. 
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2.2  Solvent Exposure Trials 

Multiple solvents were tested on three different kinds of thermal papers—acetone, methyl ethyl 

ketone (MEK), and xylenes (mixed isomers) [5].  Note that the exact materials used in these 

papers are unconfirmed, they may have had a RVA topcoat.  

Samples of each thermal paper were soaked in a beaker of each tested solvent.  The beaker 

was mixed for less than 30 s by hand to ensure good saturation in the paper.  The paper was 

then removed from the solution and allowed to air dry.  Once dried, the samples were exposed 

to a heat gun for a few seconds.  The heat gun used is rated for over 600 °C, greatly above the 

activation temperature for thermal papers.   

When the thermal paper was soaked in each of these solvents, the paper became slightly lighter 

in color and would “erase” any areas of the thermal paper that had previously been activated 

(printed numbers and letters on the receipts).  After drying the samples and being exposed to 

the heat gun for a few seconds, the samples remained white and showed no activation.  Some 

charring was seen on the edges of the paper due to the extreme heat applied.  Controls of each 

sample of thermal paper that were not treated with any solvent turned completely black when 

exposed to the heat gun.  

The solvent that did not deactivate the thermal label was 95% ethanol.  After ethanol treatment, 

the thermal paper would turn black when exposed to the heat gun. 

3.0 Conclusion 

In summary, our test results indicate that acetone, MEK, and xylenes may be used to effectively 

deactivate thermal paper.  However, it is important to note that thermal papers are made from a 

wide range of leuco dyes, microencapsulations, topcoats, and bottom coats.  Some topcoats are 

formulated specifically to increase stability against the various factors described above.  As 

such, a solvent that successfully deactivates the trial thermal papers may not always deactivate 

others.  It may be necessary to utilize different solvents on different thermal papers obtained 

from different sources for effective deactivation. 
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