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DR. THI Elu
Introduction POLYESTER TECHNOLOGY

The increasing complexity and diversity of processing technologies and product qualities and the continuing capacity growth
during polyester resin production in connection with reduced flexibility are driving forces of the polymer additive
development.

Target are quality/property improvements or special properties like

colour, tint, hue, transparency, light reflection or scattering
gar barrier of oxygen and CO,,

absorption of UV and IR, UV protection

scavenging of aldehydes and oxygen,

antistatic, electrical conductivity

reduced friction

modified crystallization

as a collection of the important material property modifications.

Polymer additives used as processing aids and product property modifiers have meanwhile conquered a fixed place in the
packaging industry.

The introduction of new additives is struggling with two types of hurdles which are their compliance to national and
international food contact regulations and their compatibility to the existing recycling processes.

Especially reclaiming technologies like bottle to bottle recycling or fibre spinning are suffering from the negative impact of
increasing variety of several additives especially like those which are insoluble in polyester or which cause severe
discoloration or destruction.
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1. Methods of additive feeding and distribution

The active concentration of polyester additives is between some ppm like for blue toner or IR absorber and some weight percent

for pigments like TiO, used in matte film or opaque food tray film.

To reach constant additive concentration and homogenous distribution and to keep undesired chemical additive impacts to the
polyester matrix as low as possible the feeding and blending technology is of importance. Table 1 provides a survey about the

different feeding and dispersion methods.

Table 1: Additive feeding and blending methods

DR. THI ELE‘
POLYESTER TECHNOLOGY

Functional additives
Dispersion by static mixer columns

Feeding / Dispersion Method Kind of Additives Typical range of concentration in PET
Feeding to the PET polycondensation FHU-carbon 1-10 ppm
during resin production TiO,-matting 0,05 — 2 weight%
Si0,-antibloc 100 — 2000 ppm
Dispersion during the process by Blue-toner 0,1-10 ppm
agitation Optical brightener 5—-50 ppm
Feeding after the polycondensation to | SiO,-antibloc 100 — 2000 ppm
the melt stream — melt conditioning TiO,-matting 0,01-2%

Feeding as masterbatch All kind of additives

pellets or pearls compounded to masterbatch of
to the pellets prior additive concentration between
extrusion 500 ppm - 50 weight %

Blending to pellet stream and
dispersion during extrusion

Some ppm — 5 weight %

Feeding as liquid direct the extruder Mainly liquid colours,
inlet or to dynamic melt mixer functional additives
blue toner

Dispersion during extrusion

0,1 -2000 ppm
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The additive feeding during polycondensation is applied at large production capacities and general polymer modifications like in
line 1 of table 1.

The advantage of this technology is the homogeneous distribution of the additives and the consistent quality because the
additives are most of the time fed to the raw materials of the production process dispersed or solved in MEG.

Negative are inflexibility and relatively high amounts of transition material in case of type change. For bottle applications the
addition of FHU additives and color toning are widely-used.

One specific kind of additive addition is the in-line feeding of the additives to a melt stream after the polycondensation reactor
or large extruder and prior the pelletizer or processing unit like spinning beam or cast film die.

The technology is called “melt modification”. Figure lis showing a schematic melt modification sketch where polymer melt
coming from a polycondensation reactor (1) is dosed via gear pump to a twin screw extruder which is fed by the additive (5).

After compounding of additive and polyester this master melt or masterbatch melt is fed back to the melt line and continuously
blended with the virgin melt by a column of static mixers (15).

Figure 1: Sketch of melt modification technology [source: USP 5376702]

-3 i
s | !_
| _ J A
l’L a 13
-
( [ ] N
BT T Sy L }—f o’
i I L A N 1
L [T T [®™ i~ | N %
L.
T 4 —
[ # rx,r, . .
| o 5] N
0 gz ku__,.{l o [ ) e
T z__d—__vla

SEMINAR

COPY RIGHTS PROPRIATORY TO: Dr. Thiele Polyester Technology; FOR INTERNAL USE ONLY



DR. THI Elu
POLYESTER TECHNOLOGY

The most common way to introduce additives to virgin polymer is the addition of solid or liquid masterbatch prior extrusion.

Depending on selected process specification dosing, feeding and blending of masterbatch is either done by a dosing and
blending unit prior the feeding hopper or directly to the inlet opening of the extruder.

To avoid degradation caused by the masterbatch most of the time a separate masterbatch dryer is necessary. Liquid masterbatch
are fed by means of a dosing pump and a capillary directly into the inlet opening of the extruder.

Another possibility is the dosing of liquid masterbatch to the melt stream in front of the processing machine like it is introduced
for dope dyeing fiber spinning.

Companies which are producing liquid colorant masterbatch are in the same time offering the dosing and feeding systems.
2. Colorants
Colorants are essential to provide to the market well accepted packaging material especially to recognize a certain brand.

Driven by the large brand owners the bottle must have the specified color while in most cases the color is technically and for the
function of the package not really necessary.

For light sensitive liquids like beer the coloring of the bottle fulfils a technical function of light absorption. Over the times three
main colors for PET bottles are established which are green (“SPRITE®-green”), blue of all shades from light to dark blue and
brown or amber for beer packaging.
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The colorant and masterbatch market is highly competitive and the number of companies which offer solid or liquid color
masterbatch is large.

Table 2 gives a selection about well known PET masterbatch producer. Convenience of application and flexibility are in favor of
liquid colors.

In the past the dyestuff developments where focused on food compliance of existing dyestuffs and improvements in application
technique.
Table 2: Producer selection of polyester masterbatch

Company Name Liquid colours Masterbatch Micro beads /
Dry blends

Americhem X

Audia X

BASF X Dry Blends

Cabot X

Ciba/Clariant X

Clariant X X

Colormatrix X

Devan X X

Ferro Corporation X

Gabriel Chemie X X

>
>

Holland Colours
Millican Chemical

>
>

Poddar Pigments X

PolyOne X X X

Repi SpA X X

Sukano Products X

Teknor Apex Company X X Wax blends
Huntsman X
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To adjust the color tone of bottle PET during PET resin preform and production several so called blue toner are used.

To use the resins for food applications like water, CSD or beer packaging the dyestuff must be food approved by FDA, EFSA and
other local governments.

This is the reason that there is a limited number only of toner substances is available which are the following:

Solvent blue 104: Synonyms are alternative names that represent the same chemical substance.
1,4-Bis(2,4,6-trimethylanilino)anthraquinone; 1,4-Dimesidinoanthraquinone; C.I. 61568; C.l. Solvent Blue 104; Estofil Blue S-RBL;
Fat Soluble Brilliant Blue Anthraquinone; Nitro Fast Blue 2B; Polysynthren Blue RBL; Sandoplast Blue 2B; Solvaperm Blue 2B,
FDA: limited use

Solvent Red 135 Red toner Estofil red S-GFT

[CAS Registry number] 20749-68-2 [Synonyms] 12-Phthaloperinone,8,9,10,11-tetrachloro- (6Cl,7Cl)
C.1. 564120, C.I. Solvent Red 135, C.I.Solvent Red 162, Diaresin Red HS, Estofil Red S-GFP, Filester Red GA, MacrolexRed E-G,
Oplas Red 339, Polysynthren Red G, Polysynthren Red GFP, SandoplastRed G, Solvaperm Red G, Solvent Red 162, Sumiplast Red
H 3G, FDA status: limited use
Sandoplast Violet RBS-FP 188542-52-1 (USP 5 618 908 for Bottle grade, expired 2015), no public information about FDA status,

Commercial toners are offered by ColorMatrix or Milliken. Also useful optical brightener OB1/0B3 from Eastman.

Addition of blue toner very much dependent on polymer process “base color” b-value. Function of blue toner is to change the
yellow color tone to neutral or blue, color toner decrease L-value.

Alternative: application of Cobalt [Co(ac), ] in combination with P-stabilizer. For instance 10 ppm Co + 10 ppm P (TEPEA),
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3. Gas barrier in packaging POLYESTER TECHNOLOGY

The gas barrier improvement of polyester bottles is currently one of the mayor research topics in the field of polyester
packaging.

Improvements in gas barrier are opening the possibilities to enlarge shelf life and packing of oxygen sensitive food stuffs. Main
driving force today is beer packaging where huge amounts of resin could be absorbed.

The gas barrier properties of polyethylene terephthalate are as bulk effect mainly determined by the polyester backbone
molecule chain properties.

The scientific description of the barrier effect is talking about terms like “free volume”, “electron density”, “chemical affinity” or
“crystallinity” which all dealing with the circumstances how gas molecules like oxygen, carbon dioxide or water vapor are
diffusing through the solid phase polymer.

As a consequence chemically different polymer materials strongly vary in their barrier properties. Table 2a is showing the

diffusion coefficient of the gases hydrogen, oxygen, nitrogen, carbon dioxide and methane in polyester (PET), polycarbonate
(PC), polystyrene (PS) and trifluoromethylene polymethyl methacrylate (TF-PMMA).

Table 2a: Diffusion coefficient of different polymers and PET [10 exp. —8 x cm?¥sec]

Polymer H, O, N, CO, CH,
PET 39 1,2 0,27 0,13 0,046
PC 64 4,11 [1,59 2,19 0,53
PS - 12,2 K1 6,19 [1,38
TF-PMMA - 0,39 [0,077 0,079 (0,01
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Thus, the target of the barrier development is to influence the gas molecule movement or diffusion in a way that fewer
molecules are crossing at a given time and temperature over a fixed distance. Examples of oxygen barrier for different polymers
are collected in table 3.

Table 3: Oxygen barrier of PET, EVEOH and MXD6* [internal data collection]

Film Type Oxygen Transmission Rate: 23°C
cc25u/m? x 24 h x atm

Oriented-PET 25um 35,6

Oriented-PET 85um 10,6

Oriented-PP 25um 2526

EVOH 25um 0,09 — 1,8 (depending on EVEOH type)

Oriented-PA6 25um 25,6

HDPE 25 pum 2325

LDPE 25um 8586

PS 25um 4030

MXD6* 10 um 5,75

MXD6* 25um 2,3

MXD6* 50 pum 1,15

Oriented MXD6 : PET 50:50; 25 um about 6

Oriented MXD6 : PET 50:50; 50pum about 2

Oriented MXD6 : PET 50:50;100 pum about 1

* MXD6 is a product of Mitsubishi Gas Chemical Company Inc.
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When we are talking about bottle or film PET-resin we mainly mean a polymer of more than 95% glycol-terephthalate units
which contains up to 5% of co-monomers like IPA, DEG, CHDM or NDA.

Those co-monomers are statistically distributed along the polymer chain and modifying the thermo-mechanical properties like
Tg, Tc and Tm, the crystallization behavior and also UV transparency but the barrier to oxygen, CO, and moisture is only minor
affected.

To get higher barrier effects the concentration of barrier efficient co-monomers like NDA or IPA must be increased significantly.

But as commonly known this would increase the polymer price and change properties drastically so that this would be only a
solution for exceptional cases

To reach sufficiently improved gas barrier the following technologies are currently applied:

Monolayer application
a) Polymer modification by reactive additives
b) Polymer modification by polymer additives
c) Polymer modification by inorganic particles
d) Polymer modification by co-monomers

Multilayer application
e) Separate layers of PET and special barrier polymers or barrier compounds

Surface coating
f) Coating of inner bottle surface

g) Coating of outer bottle surface

Of interest for the additive topic are the cases a, b and c only.
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a) Polymer modification by reactive additives

Basic idea is to hinder the diffusing molecules by a chemical reaction which binds the gas molecules to an additive. Most
interesting here is the oxygen barrier improvement.

Fortunately there are some simple and non toxic substances like metal powder of iron, aluminum or silicon together with a
metal halide or phosphorous compound or oxygen reactive metal-salts available which could be placed in the polymer matrix.

Problems here are the fine distribution of such additives and the fact that the conversion of the reactive additive with oxygen
guides to substances which are of different color or transparency.

Known product of this kind is for instance AMOSORB®.(Producer BP, Distributor ColorMatrix) . Used are such additives in
monolayer as well as in multilayer package applications.

b) Polymer modification by polymer additives

Especially the high price of multilayer preform equipment forced the resin producer to develop polyester compounds which
contain the barrier polymer finely distributed embedded in the matrix.

These compounds can be processed on normal single layer equipment. Known barrier polymers like for instance the polyamide
MXD6 which are used in multilayer applications are for instance useful to be added to a polyester matrix to improve the barrier
effect of the compound.

The biggest hurdles to produce such kind of compounds are to reach the necessary transparency and to get the FDA approval.

Commercial barrier compounds for monolayer applications were introduced to the market under the trade names ActiTUF™
from M&G, PolyShield™ from Invista.
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c) Polymer modification by inorganic particles POLYESTER TECHNOLOGY

Because of their high density inorganic materials are by nature of higher gas barrier than polymers.
Problem was to reach a particle size which is smaller than the wavelength of the light.

With the development of technologies to reduce the particle size into the nanometer range inorganic additives became realty
that provide transparent compounds with polymers like polyester or polyamide.

To improve barrier properties of polyester particularly nano-clay is applied.

The platelet like structure of nano-clay is realized within a clay-chemical complex which is an intimate association of
montmorillonite clay and a surface treatment agent .

Compounded with barrier polymers like polyamide MXD6 or EVAOH such nano-clays are most effective barrier materials.

Figure 2 is demonstrating nano-clay embedded in MXD6. The fine black lines are the nano-clay particles oriented to the flow
direction of the polymer melt nylon in 100 000 times magnification.
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4. Fast reheat - FHU POLYESTER TECHNOLOGY

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]

Hectangle 1 ] Hectangle
Ar INAFIC B 113 A | P

\/

SEMINAR

COPY RIGHTS PROPRIATORY TO: Dr. Thiele Polyester Technology; FOR INTERNAL USE ONLY



DR. THIEly
POLYESTER TECHNOLOGY

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
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Product example: Ul

POLY |1
il TRADE

Advantages of U1 Fast Reheat Technology

e 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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Product example: Ul
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The chemistry of acetaldehyde in PET resin was discussed earlier.

The need to remove traces of acetaldehyde which are present in the preform wall might have different technical and economical
reasons like:

-> Use of lower PET resin quality for applications demanding for low AA concentration like water packaging

- Demand for extremely low AA contents for high quality water packaging, so called zero-AA packaging

- New technologies like melt to resin (MTR) or direct conversion of melt to preform (MTP) where no SSP process is in between
resin production and resin processing and therefore a higher AA concentration must be reduced chemically.

More than 20 years ago it was discovered, that the addition of amine group containing substances reduce the content of free AA
in polyester .

The chemistry behind is the reaction of free acetaldehyde with the amine-group by creation of a stable imines or azomethines
like demonstrated in figure 6 where acetaldehyde is reacting with a primary amine.

Problem is to apply non-toxic and non extractable amine groups containing organic chemicals which are cost efficient too.
Reaction scheme of acetaldehyde with an amine group to an imine:
CH;-CO-H + H,N-[CH] S (+H*catalyst) CH;CH=N-[CH,] +H,0
Over recent time many more substances are investigated and some of them also commercially introduced. Some FDA has

approved the substances in table 17 under required conditions of application as scavenger of acetaldehyde in beverage bottles
made of polyethylene terephthalate .
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Table 4 : FDA approved AA scavenger substances.

AA Scavenger Substance Applicant and / or Producer

Anthranilamide. The Chemical Abstracts Service | Coca-Cola Co., ColorMatrix Corp. and KoSa
(CAS) name is 2-aminobenzamide (CAS Reg. No. 88-
68-6).

A mixture consisting of 63-72 percent oxidized | Ciba Specialty Chemicals Corp
bis(hydrogenated tallow alkyl)amines, 12-15
percent bis(hydrogenated tallow alkyl)amines, 4-8
percent (hydrogenated tallow alkyl)nitrones, and 5-
12 percent (hydrogenated tallow alkyl)oximes.
N,N'-1,6-hexanediylbis[2-amino-benzamide] (CAS The Coca-Cola Company, Clariant Life Science
Registry No. 103956-07-6) Molecules (America), Inc.

INVISTA S.ar.1.
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6. Crystallization enhancer

Main field for polyester crystallization enhancer are polyester engineering plastics where increase of crystallization speed is
necessary for a sufficient injection molding process.

In packaging some special products like for instance oven-able food trays are made by adding besides other additives also
crystallization enhancer. These products are summarized under the term C-PET or crystallized PET.

In the following the most important additives to achieve increased crystallization velocity for packaging and engineering plastic
are:

~ Additives lowering Tg

# Polyolefin like PP and PE of low and medium molecular weight
# Polyether or block co-polyether like poly glycols

# Waxes and oligomers

# Aliphatic carbonic acids

# Plasticizer

~ Additives increasing nucleation

# Alkali ions, especially sodium

# Alkali donating polymers like ionomers (SURLYN®, ELVAX®, DYLARK®)

# Fine distributed inorganic pigments like BaS0O4, SiO2, glass fibers, clay, CaCO3
# Polyolefin and in general all polyester incompatible polymers

To achieve the necessary stiffness and rigidity for engineering plastics applications the IV of the matrix polyester is in a range of
0,9 — 1,1 dl/g and additionally impact modifier and thermal stabilizer are used.
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7. Antiblocking and slip agents
To produce polyester film efficiently and in high quality the film surface structure must be modified most of the time.

Casting and stretching a polyester film made of clear and unmodified polymer is ending up with the problem that surfaces of
that films are very flat with the result that two film layers of the wound up film will stick permanently together by adhesion.

The film is “blocking” on the role and the wind off becomes impossible. To reduce the adhering forces between two film layers
several ways like increasing crystallinity, increasing surface roughness or reducing attraction forces by parting agents are
possible.

# Surface roughness

Additives to increase surface roughness of the film are fine distributed pigments like for instance SiO,, BaSO,, CaCO;, TiO,,
talcum or clay.

The particle size is chosen according to film thickness and final application and varies in a wide range between 10 nm and 5 um.
For packaging film application a particle size in a range of 1 — 3 um is commonly used.

For biaxial oriented PET-film those pigment additives are added mostly during resin production to the process as finely grinded
MEG-slurry.

For cast or A-PET film the application in form of pigment masterbatch is common.

SEMINAR

COPY RIGHTS PROPRIATORY TO: Dr. Thiele Polyester Technology; FOR INTERNAL USE ONLY



DR. THI ELE‘
POLYESTER TECHNOLOGY

The challenge of pigment additives is that despite a higher concentration (wide range between 100 and 5000 ppm additive) is
present the film should remain transparent.

To reach this goal it became common to make a three layer film where the outer layers are containing the additive and the core
layer is made of clear film.

In this way the total additive concentration over the cross section of the film remains low despite a higher concentration at the
outer layers.

But also physical property of the pigment like refractive index contributes to the film transparency.

The basic rule is that as better the refractive index of the additive meet the refractive index of polyester as higher the film
transparency.

In table 5 are refractive indices of some pigments and polyester collected. As one can see the refractive index of BaSO, and
CaCO; fit at best to the refractive index of biaxial oriented polyester film which provides film of high transparency.

The opposite is TiO, which is known therefore to create a high degree of haze or hiding power.

Widely used as film additive are fumed silica products like the AEROSIL® from Evonik or precipitation silica products like
SYLOBLOC® from Grace.

Table 5: Refractive indices of polyester and common pigments

Substrate / Additive Refractive index n,
PET film amorphous 1,567

PET film biaxial oriented 1,640

BaSO, 1,63

Sio, 1,45

CaCO, 1,665

clay 1,52
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8. Antistatic

The permanent reduction of the static charge of polyester film, fibres and bottles is a long desired aim but unfortunately the
solution of this problem is difficult. Polyester is a good isolator and is showing an insulation resistance of ~1020hm.

To reduce the electro static charge resistance needs to increase the electrical conductivity of the polyester matrix by adding
electrical conductive additives or additives which increase the moisture affinity of the polymer.

# Electrical conductive additives
There is a variety of electrical conductive additives available whose biggest disadvantages are their dark colour and non-

transparency as well as the need of comparable high additive concentrations to reach significant conductivity improvements and
thus permanent antistatic properties . In table 6 some important conductive additives are compiled.

Table 6: Additives which improve electrical conductivity and reduce the static behaviour of polyester

Additive Colour Producer / Distributor

Carbon Black black Orion Engineered Carbon,
Cabbot

Carbon Nano Tubes (CNT) | black Future Carbon
OCSIAL

Conductive polymers green Ormecon

polyanilines

Metal powders grey Fukuda

Cu, Sn, Fe, Si, Al

Sb doped SnO, white / transparent ISK Ishihara

Coated BaSO, white / transparent Mitsui Mining

Sb doped tin oxide

Indium tin oxide
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# Adhesion, friction coefficient

Adhesion is caused by the chemical composition of the polymer and polyester which is containing OH- and COOH-end groups has
a more hydrophilic characteristic.

To reduce adhesion hydrophobic molecules are serving efficiently and therefore substances like waxes, long chain carboxylic acids
or salts of such acids like stearic acid, stearates or montanates are used as antiblocking additive.

In the same way low MW polyolefin or low MW fluoric polymers function. These substances which are of a lower melt
temperature than polyester migrate during film processing to the film surface and establish there a separation layer between the
film surfaces.

Examples are for instance the LICOLUB® additive series produced by Clariant.

The exact description of the surface roughness is fixed in standards like DIN ISO 4287 and ASME B46.1.

Most important figures which are defining the surface roughness are Rz, Rmax as roughness depth and Ra as roughness average
which is the arithmetic average of the absolute values of the roughness profile ordinates.

To get information about effectiveness of the antiblocking agents one is analysing also the friction coefficients of the polymer
surface which are the static friction coefficient expressed by p and the kinetic friction coefficient p,.

Friction coefficients p and p, of a biaxial oriented PET packaging film of 120 pm thickness are for instance 0,32 and 0,28 .
dark coloured.

SEMINAR

COPY RIGHTS PROPRIATORY TO: Dr. Thiele Polyester Technology; FOR INTERNAL USE ONLY



DR. THIEI.“
POLYESTER TECHNOLOGY

Figure 6: AFM 3-D-scan example of a film surface

Besides the linear roughness which is analysed for
instance by the PERTHOMETER® it is also possible to
get a 3-D imagination of the whole surface profile.

60.000 nm

The Atomic Force Microscopy (AFM) which is a modern analysis method allows visualizing the texture of the film surface down to
the nano-scale region. Figure 6 is showing an AFM scan example of a film surface .

Looking at figure 6 one will not recognize a real surface picture like produced by REM for instance but a computer animated
texture where the tip positions are light and the valley positions are dark coloured.
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Another goal of coating technology is to achieve conductive AND transparent film layers.

Excellent additives to improve or achieve electrical conductivity are carbon nano tubes (CNT). Problem of CNT processing in
liquid carriers and polymer melts is its high flocculation tendency.

Only low CNT concentration in aqueous dispersions are stable.

To adjust the high price of the efficient antistatic active and electrical conductive additives it is common practise to apply them
as thin layer by using coating technologies.

One way out is especially in the film production the multi layer technology where one or two outside layers carrying higher
antistatic additive concentration to achieve a reasonable antistatic effect and to avoid discoloration or turbidity.

#Additives which increase the moisture affinity of the polymer
To increase the electrical discharge or decay velocity traces of moisture and also ions are playing the key role.

As better the polymer matrix is able to bind moisture at the surface and within its micro capillaries as lower the static charge and
as faster the discharge.

In this respect additives like polyether of the general formula R-[O-R;-O],, where n > 10 or polysulfonates of the general formula
R-[SO;Me], are described to be useful as additives to produce antistatic polyester.

Unfortunately those additives need to be present in higher concentrations which requires adding those chemicals prior or during
the polycondensation (NaSiP, LiSiP).
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High pigment concentration in packaging material functions as protection to reduce or even eliminate light transmission, to hide
the packed good or to apply special properties like high density or improved microwave or IR absorption.

As white pigments are widely used TiO, BaSO, and CaCO, whereas TiO, provides the highest hiding power and BaSO, the most
significant density increase and nucleation .

Large amounts of TiO, are used as de-lustering agent for filament and fiber production in concentrations of 0,05% (micro dull),
0,3% (semi dull) and ~ 2% (full dull). Most of TiO, is added directly to the PET process as MEG slurry.

To achieve high spinning performance the selection of TiO, producer (for instance Huntsman) and the slurry make up by ball
milling and /or centrifuging
are important.

The selection of black pigments especially for food contact application is limited to food approved carbon black grades which
are for instance delivered by Orion like some PRINTEX® types F80 or F85 or by Cabot the carbon black types Black Pearls® 4350
and 4750.

The white and black color pigments are predominantly applied as solid masterbatch of pigment concentration between 20 and
70%.

High quality black masterbatch for fiber and filament spinning are compared to color or TiO, masterbatch difficult to produce
(possible solutions: compounding of polymer powder + carbon black, adding carbon black as dispersion).

Even thought there is a large number of masterbatch producer there is a limited number only which provide pigment
masterbatch in high quality where especially good filterability and pigment distribution are required (see table 2).

The pigment concentrations of white and black pigments in packaging applications vary in a wide range between 0,1 and 10 %
depending on the desired function.
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Proteins, vitamins, flavors and natural colors of our foodstuffs and beverages are easy to destroy by the UV light fraction of the
daylight.

10. UV-Barrier, UV-Protection

The direct consequences are bleaching of colors, loss of vitamins and negative changes in taste and flavor.
Especially fresh meat, vegetables and fruits, fruit juice, milk and beer are suffering in a very short time from UV radiation.

As one can see from the UV absorption spectrum of polyester in figure 6 there is only low absorption at wavelengths between
300 and 400 nm and this is at the same time the important part of UV-radiation of our daylight as one can see in figure 7.

UV-protection is also important in fiber and filament application -

Figure 6: UV Absorption of PET calculated by using Laser Interference Lithography
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Figure 7: Spectral range of day light

To protect UV-sensitive foodstuffs and beverages packed by
bottles or films from the UV part of the day light different
methods are known.
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One way is to modify the polyester matrix by adding during
polyester production UV-absorbing co-monomers. It is also
possible to blend melts of polyester and an UV absorbing
polymer.
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Finally there is also the addition of UV-absorbing additives
during preform processing possible
X rays Ultraviole infrared (IR)
(Uv) Another simple way to eliminate UV transmittance is the

addition of sufficient amounts of pigments.

But challenge is to reach high UV protection and simultaneously
high transparency and colorlessness.

The UV absorbing additives are function all in a similar way. They absorb the invisible UV fraction of the day light and convert it
to IR radiation which is invisible too.

In this way colorless functionality is achieved. In few of their chemical structure they are based for instance on 2-
hydroxyphenone or 2-hydroxyphenylbenztriazole.

The chemical process of UV absorption functions in a way that the ground state of the molecule as it is shown in figure 8 is
changing it structure under UV radiation to an exited state where the proton of the phenol function is transposing its place to

the opposite nitrogen of the hetero ring.

During the back reaction to the ground state the molecule is emitting IR radiation.
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Figure 8: 2-hydroxyphenylbenztriazole molecule in ground structure

# UV-absorbing co-monomers

Most common is the addition of the co-monomer naphthalene dicarboxylic acid during the polyester production where the large
ni-electron-system of the naphthalene double ring structure is increasing the UV-barrier of polyester.

Advantageous of this method is that at the same time also gas barrier and thermal stability of the so produces co-polyesters is
increasing with increased naphthalate concentration [USP 6,218,450].

# UV absorbing compounds
Another method to reduce the UV-transmittance of polyester is compounding polyester and an UV absorbing polymer like PEN.

To get a transparent compound the intensive melt mixing accompanied by a partial transesterification between the
terephthalate and the naphthalate is one way to reach transparent blends [JP 2000 102,967].

Another possibility is blending PET and PEN prior SSP. The trans-chain reactions between the PET and PEN molecules during SSP
are increasing the compatibility of both polymers and achieve finally a transparent blend [USP 6,194,536 ].
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# UV absorbing additives

In difference to polymer modification or polymer blending where relatively high concentrations of UV absorbing monomers or
polymers are necessary there are highly active UV absorber available which are even efficient in concentrations of 1000 ppm or
less.

The chemistry of those additives is difficult and complex and comparable to the dyestuff chemistry. Challenge is that these
additives shall be high efficient, low extractable and colourless.

To achieve low extractability the coupling of a polymer backbone molecule and a methine-based ultraviolet absorber compound
[USP 6,207,740] or a triazine based UV absorber [USP 4,962,142] is one chemical solution which is transferred to commercial
products [Milliken].

Other possibilities are UV absorber based on large molecules which are containing dyestuff like molecules of increased affinity to
the host polymer like for instance tris-aryl-s-triazines [USP 6,746,739] based or benztriazole based UV absorbers [USP
6,262,151].

The number of FDA approved UV absorber substances are relatively low as one can see in table 7 and one can assume that
masterbatch makers which are not at the same time producer of chemicals are using those active substances in their UV-
stabilizer masterbatches.

Not in this inventory of table 7 included are the ClearShield® UV-absorbers of Milliken because these substances are polymers
and proven to be non extractive respective the extraction amount is below the threshold of extraction level.
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Producer/ Applicant Trade Name Chemistry

BASF TINUVIN® 234 Phenol, 2-(5-chloro-2H-benzotriazol-2-yl)-4,6-bis(1,1-
dimethylethyl)- (CAS Reg. No. 3864-99-1).

BASF / BASF UVINUL® 3030 2-Propenoic acid, 2-cyano-3,3-diphenyl-,2,2-bis{[(2-cyano-1-

0X0-3, 3-diphenyl-2-propenyl)oxy]methyl}-1,3-propanediyl
ester (CAS Reg. No. 178671-58-4).

Amfine Chemical Corp. /
Mitsubishi Chemical Corp.

LA-32
LA-31RG/LA-31G

2,6-naphthalenedicarboxylic acid, polymer with 1,4-
benzenedicarboxylic acid, 1,4-butanediol and 4,4'-(1,3,6,8-
tetrahydro-1,3,6,8-tetraoxobenzo[Imn][3,8]phenanthroline-
2,7-diyl)bis[benzoic acid].

Ashai Denka Company Ltd /
Ashai Denka Company Ltd

ADK STAB Series

2,2'-methylenebis(6-(2H-benzotriazol-2-yl)-4-(1,1,3,3-
tetramethylbutyl)phenol) (CAS Reg. No. 103597-45-1).

Cytec Solvay/ Cytec Industry
Inc.

CYASORB® UV-3638F

2,2'-(1,4-Phenylene)bis[4H-3,1-benzoxazin-4-one] (CAS Reg.
No. 18600-59-4).

11. Nano Additives

The development of functional polymer compounds where the particle size of the dispersed phase is going down to a range of
10 — 100 nm is fast progressing and a wide variety of polymer matrixes and additives are scientifically investigated .

But the prefix “nano” is often misused unfortunately to reach the attraction of the public and industrial realty especially in the
area of functional additives for polyester packaging products remains rather moderate.

Some of the nano additives we are using still for a long time without specific mention.
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To term are fumed silica which is in the market for decades known for instance as AEROSIL® where the primary particle size is
between 7 and about 50 nm and furnace carbon black for instance BLACK PEARLS of primary particle size between 8 and 300
nm.

But these primary particles of fumed silica or carbon black are agglomerated to particles up to the micro meter range and it
needs high energetic treatments like kneading, dry milling or pearl mill grinding under high shear stress to get the agglomerates

completely destructed to separate single particles.

Even if one has achieved high dispersion degree by this treatment the re-agglomeration during the processing to polymer
compounds remains a severe problem.

Similar behaviour is known from nano TiO,, carbon nano tubes (CNT), fullerenes and nano clay.

Clay is an interesting material where the nano scale particle size is not only achieved by mechanical destruction but by applying a
special chemical treatment during melt compounding of clay and polyester.

The layered structure of clay will be delaminated in presence of ionic surface active agents and single clay layers of some nano-
meter thickness result.

These nano scale silicate sheet particles are interesting because for instance gas barrier of polyester clay compounds will be
significantly improved ( figure 2).
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12. Food approvals
#General

To protect the public from any negative health impact caused by packaging materials or its ingredients a large number of related
laws and regulations are to observe.

Each single country and also communities like the EU issuing such laws.

But our current situation is influenced by globalization and the interests of multinational companies like Coca Cola, Pepsi Cola,
Nestlé, Danone or TetraPack to name some of them. Most of these multinationals are based in USA or have a large market share
their.

As a result the most important food compliance regulations are coming from the US Food and Drug Administration (FDA).

But this fact is causing in many counties the need to apply for national approvals and for FDA as well.

Especially producer of additives such as described in this chapter are requested to undergo with all new substances and
combinations the required approval processes.

FDA is checking eminently stringent the approvals of those indirect food additives like colorants, optical brighteners, AA
absorber, UV absorber and processing aids and one is good advised to call on an experienced law firm or institution for

professional support.

All national approval procedures are long lasting and expensive.
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# Resin producers
To sell PET bottle or packaging resin to the market each producer who is delivering to multinational companies or exporting to
the USA need the certificate that his products are in compliance to the regulations in Title 21--Food and Drugs, PART 177--
INDIRECT FOOD ADDITIVES: POLYMERS, Subpart 177.1630

The support of an expert in FDA regulations is recommended because since the foundation of FDA in 1963 the released
regulations and amendments are huge in number.

Not to forget that grandfathered products which are those products that entered the U.S. market prior 1938 or 1962 and have
remained essentially unchanged since that time does not need a new FDA approval .

And finally there is a long list of substances published by FDA which are GRASE-products (Generally Recognized As Safe and
Effective).

The addition of those substances to food packaging materials are released from any FDA approval.

Therefore researcher and developer of new product compositions are well advised to study the FDA inventories and utilize them
as a profound source of information.

Besides the no objection letter based on the FDA regulations the producer might need the production permission of the local
health authorities.

In case the new polyester product might contain additives or co-monomers which are not described in the inventory of the FDA
the approval becomes peerless more complicated and time as well as money consuming.
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# Resin processors

To assure the legal status of the final bottles, films or foils which are dedicated for direct food contact the processor is
responsible that all raw materials and ingredients of his products are in compliance to local and / or FDA regulations.

The legal status of polyester resins and additives regarding food contact compliance is normally published in the resin or
masterbatch material safety data sheet (MSDS).

Meanwhile large resin producer are publishing the MSDS also in the internet or will be submitted on request.
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