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One important step of bottle production applying the two step process is heating the preform to a temperature above glass
transition. The high output of blowing machines and the energy consumption during bottle blowing forced the material
scientists to improve the absorption of IR-radiation by the polyester preform.

Already during early years of bottle packaging development Eastman chemists discovered that the addition of IR absorbing
material is improving the blowing process. At that time finely distributed iron oxide and a copolymerized anthraquinone dyestuff
were introduced [60]. Later Goodyear suggested to add finely distributed carbon black .

First approach: ICl scientists tried to solve the problem by reducing some of the antimony trioxide to finely distributed antimony
metal powder by the addition of a reducing substance to the polycondensation like phosphorous acid [USP 4.481.314; USP
5.409.983]

To circumvent existing patents a number of different IR-absorbing fine particulate additives are developed like for instance iron
phosphide or fullerenes . These additives are called “fast reheat - FRH” or “fast heat up - FHU” additives.

During the earlier years those technologies where proprietary to the resin manufacturer and the addition of the FHU additive
was exclusively during resin manufacturing.

A first commercial available FHU additive was developed at the end of the ninetieth by former Zimmer AG which is based on a
fine distributed carbon variety [USP 6,358,578 - product name : U1 ®]. Besides this a number of companies filed FHU patents
based on carbon (Eastman), TiN (ColorMatrix) or spinel (Wellman) and others.

Today several FHU additives based on carbon black or other carbon species are available in the market which are whether added
to the resin production process like U1® from Polytrade GmbH or added as masterbatch like the products JOULE® from
ColorMatrix , GLYSIL® GS-38 from Glysil Chemical Inc. (China) or black masterbatch from Americhem, Gabriel Chemie or Color
Chem.
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Mode of action and benefits of FHU additives

Main benefit is faster absorption of the IR radiation during reheat process of preforms in the blowing machine. The presence of
finely distributed IR-absorber improves the limited IR-absorption of the virgin polyester resin.

This is demonstrated in figure 3 which is showing two preforms after heating with an IR beam scanned by a thermal imaging
camera. Left preform is plain PET resin and right preform contains 3 ppm FHU additive. Figure 4 demonstrated the preform
heating process

Figure 3: Surface temperature of IR heated preforms, Figure 4: Schematic diagram of preform heating
average temperature plain PET 92°C, PET
containing FHU additive 109°C [66]
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The penetration depth of the IR beam is because of the high IR absorption of the polyester molecules about 0, 5 mm.
From this depth the further heat penetration of clear polyester goes by heat conduction.

This takes time because of the low heat conductivity of polyester which is between 0,1 and 0,4 Wm-1K-1. In comparison the
heat conductivity of glass is 1, 05, of carbon 1,7 and of copper 401 Wm-1K-1.

The function of the FHU additive is to absorb the energy of the light of all wavelengths and to disperse it by heat conduction and
radiation. A simple sketch of this process is shown in figure 5.

The clear PET is absorbing the heat at the surface; the temperature at the preform outside is high.
The finely distributed particles of the FHU additive are hot spots inside the preform wall which results in a higher energy yield.

Figure 5: Sketch of the heat absorption
process of clear and FHU additive
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Product example: Ul
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Advantages of Ul Fast Reheat Technology

® Higher productivity
® Lower energy consumption during bottle blowing
® less waste

® Enhanced operating window = easy processability of
individual shapes

® Higher throughput during bottle blowing

® Positive influence on polycondensation
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e Preform outside wall: F’_reform
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