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INTRODUCTION

A time-temperature integrator (TTI) can be used to

show the quality change of products in the food and medical

industry1-4. Time-temperature integrators are produced with

different mechanisms for a best-before date label. The diffusion

of a colourful solution is applied in 3MTM Freeze WatchTM and

MonitorMarkTM time-temperature integrator. A polymerization

with colour changing is applied in Lifelines Inc.’s FreshCheck.

Photochromic5-7, an enzyme 8-13 with a reaction or pH indi-

cator14,15 which is like Vitsab’s CheckPoint® were studied and

applied in different time-temperature integrators for chilled

foods1-3,5,16-18 and medicines4,19. All these time-temperature

integrators could show the integral information of time and

temperature with a changing of colour17,20,21.

Polyaniline is a conductive polymer that can show diffe-

rent colours of different states doped by acid or base22-25. When

a solution diffuses or migrates in a hydrophilic polymer, there

is a sharp moving front of the solution26-29. Integrating these

two phenomena, smart labels were reported based on chemical

doping30-32 and electrochemical doping33. To a time-temperature

integrator, the front of the indicator should be sharp, visible

and distinguishable. The location of the moving front integrates

the time and temperature and can display the best-before date

and the shelf life. To fit such requirements, we present a new

type of time-temperature integrator which is designed to
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operate with a sharp chemical doping front in a thin mixed

conductive polymer film. It can be used in broad areas and

gives a low cost choice.

EXPERIMENTAL

Preparation of time-temperature integrator with a

conductive polymer blend: A time-temperature integrator

with a conductive polymer blend consists of a substrate (poly-

ethylene terephthalate), a layer of a polymer blend and an

encapsulation (GBC® document pouch or a clear coating). The

polymer blend is prepared from a mixed polymer solution on

the substrate with a Mayer bar. The polymer solution is blended

with a polyvinyl alcohol (PVA, 72000 g/mol, Carl Roth.)

solution, 2-hydroxyethyl cellulose (HEC, 90000 g/mol, Sigma-

Aldrich) solution and a water-borne polyaniline (NS09/205W,

Printcolour AG Switzerland) solution. The thickness of this

mixed film is determined by the size of the Mayer bar and the

solid content in the solution. A cross-sectional view of the

time-temperature integrator with a doping front is shown in

Fig. 1.

This time-temperature integrator contains a substrate, a

polymer blend layer and anencapsulation. The different layers

in this structure are coated layer by layer and sealed in a pouch.

Activation and measurement: This time-temperature

integrator can be activated in a NaOH aqueous solution which
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Fig. 1. Cross-sectional view of the time-temperature integrator with a

polymer blend

can be sealed in porous materials or a pouch with a thermal

sensitive film. When the temperature reaches a critical value,

the time-temperature integrator is activated.

Optical measurement: The change of colour in the sand-

wich structure during chemical doping can be distinguished

by the naked eye. The migration lengths are recorded by a

scanner in a Thermostatic cabinet at different hours.

RESULTS AND DISCUSSION

Time dependency of time-temperature integrator: The

result of a time-temperature integrator with a 5 µm polymer

blend layer activated in 0.5 M NaOH at room temperature

(23 ± 2 ºC) is shown in Fig. 2.
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Fig. 2. Time dependencyof time-temperature integrator with a 5 µm

polymer blend layer at room temperature. (a) migration lengths at

different times, (b) migration lengths against the square root of time)

From Fig. 2, it is clear that the time-temperature integrator

has a time dependency. The migration length of the doping

front in time-temperature integrator is proportional to the

square root of time. The coefficient (R2) is 0.99. The migration

length (L) follows the law

t·kL = (1)

k is the migration coefficient which depends on the materials

in the system and the temperature, t is the time.

Temperature dependency of time-temperature integra-

tor: When the time-temperature integrator is activated at

different temperatures, the migration lengths of the doping

front at different times are shown in Fig. 3.
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Fig. 3. Temperature dependency of time-temperature integrators with 5 µm

polymer blend layers at different temperatures. (a) migration lengths

at different times, (b) migration lengths against the square root of

time)

From Fig. 3, it is obvious that at different temperatures

the migration lengths of the doping front in the time-tempe-

rature integrator is proportional to the square root of time. All

the ccoefficients (R2) are around 0.99. From these results it

can be concluded that the time-temperature integrator based

on a doping front in a polymer blend layer is a valid device

which is sensitive to the time and temperature from 5 to 35 ºC

at least.
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Further work is under way to change the thickness of the

polymer blend layer in order to modify the migration velocities.

Conclusion

According to the above results, the time-temperature

integrator based in a doping front migration in polymer blend

layers can integrate the information of time and temperature

well and has a very sharp doping front which is moving and

can be seen at any time. It is a thermo-sensitive system that

can indicate the quality change of food and the shelf life well.
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