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failure include absence of a true fusion weld of the
interfaces of the materials being sealed, among other
reasons. Oecasionally, unwelded seals perform well under
mechanical testing, but fail in the actual applications.
When there is not a true fusion weld, portions of the
packaged product may find their way out of the package
through the seal. For seals that must be reliable, particu-
larly where sterility must be ensured in a package
{zee Healtheare packaging), sections of the seals should
be examined under the microscope. Unless examination
shows that the interface between the sealant portions of
the laminations has been completely obliterated, the seals
should be suspect: with a true fusion weld, there is no
vizible interface remaining.

The exeeption to this is peclable seals. The only way to
ensure thal these are acceptable for the long term is to
subject them to rough-handling testing for extended
times, exceeding the environmental extremes likely to be
encountered. If heat processing is involved, good sense
dictates that the tests be carried out for at least twice the
period of time that the product is heat processed. Tests
should alze be conducted to simulate environmental pres-
sure fluctuations al something in excess of the maximum
temperature expected to be used in processing. For the
packaging of chemicals, or other corrosive products, test-
ing should be earried out with filled packages, subjected to
rough handling, elevated temperatures, and any other
severs conditions that might be experienced.

When dealing with flexible material constructions,
even small wrinkles in the seal avea produce a statistically
significant percentage of leakers. Aside from visual in-
spection, no satisfactory automatic system has vet been
devised to isolate packages with small seal wrinkles,
although a great deal of time and money has been spent
in this area. When developing a packaging system where
seal integrity is paramount, everything should be done in
the design of the system and its equipment to eliminate
chances for seal wrinkles. The best way is to keep the
packaging materials under tensien in two directions while
they are being sealed. This can do more to achieve success
in eliminating seal wrinkles than any other single effort
ithat might be made. Frequently, design of the packaging
ean be improved for the sole purpose of reducing the
possibility of wrinkles in the seals.

Packaging testing can be also be conducted to evaluate
the seal integrity of packages. Typically, this involves
vacuum testing or pressurization testing. These tests
can be conducted to the peint of failure or set to test for
pressure deeay within the package. Vacuum tests can be
conducted dry or under water, Pressure fests can be
conducted by compression or inflation. In inflation pres-
sure tests, the packages can be restrained or unrestrained.
Additional options include dye leak tests and testing for
leaking of gas out of or into the package.

Attempts have also been made to adopt online tests
for seal integrity. These include optical comparators, de-
flection tests, infraved tests to evaluate the heat
profile, and ultrasonic imaging techniques. All of these
technigues have advantages and disadvantages. None are
congidered to give complete assurance of well-sealed
packages.

——_ .

SHEET, PETG
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SHEET, PETG

Joan WiNmGER
Eastman Chemical Co.
Kingsport, Tennessee

PETG eopolyester is a clear amorphous polymer with a
glass-transition temperature (T} of approximately 81°C
(178°T) as determined by differential scanning calorimetry
(DS, It is manufactured by an addition of a second glycol
to polyethylene terephthalate (PET) to eliminate crystal-
lization; thevefore, all PETG-finished products are amor-
phous. PETG has a number-average molecular weight (M.,
of approximately 26,000, As with all thermoplastic polye-
sters, PET(E is subject to hydrolysis (during processing) in
the melt state. Although some reduction in molecular
weight is a normal consequence of melt extrusion, insuffi-
cient drying of PETG can result in an excessive inherent (or
intrinsic) viscosity (IV) breakdown that is reflected in lower
physical properties —particularly impact strength.

A harmful degree of hydrolytic degradation can be
prevented if PETG is dried in a dehumidifying dryer at
65°C (149°F) for 4h to reduce the moisture level to less
than 0.08% before processing,

The molecular weight of either PETG pellets or ex-
truded sheet can be correlated to IV, which is normally
determined with a capillary viscometer; however, hecause
this procedure is complex and the required solvenis are
hazardous, a simpler melt-flow-rate test is preferable. The
resulting flow-rate number can later be converted (via the
calibration curves) to the more standard polyester [V units.

. . el
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SHEET, PETG

Thermal and electrical properties of PETG copolyester
are shown in Tables 1 and 2.

Unstressed sheel extruded from PETG copolvester
exhibitz good resistance to dilute aqueous solutions of
mineral acids, bases, salts, soaps, aliphatic hydrocarbons,
alcohols, and a variety of oils.

Halogenated hydrocarbons, low-molecular-weight ke-
tones, and aromatic hydrocarbons will swell or disselve
the plastic.

A plastic sheet extruded from PETG copolyester has
good transparency, low haze, and high surface gloss. It has
high stiffness and good impaet strength. The physical
properties for a 3-mm (0.12-in.) PETG sheet are shown
in Tahle 1.

PETG COPOLYESTER SHEET EXTRUSION

PETG copolyester can be extruded into a clear, tough,
amorphous sheet at melt temperatures that usually range
within 2Z30-250°C (446-482°F). The sheet thickness is
limited only by the cooling capacity of the processing
rollstock andfor the capahbility of the downstream takeoff
equipment, but otherwise it might typically range from
1rmm (0.041in.) to 13 mm (0.50in.) or thicker.

The extrusion of PETG copolyester iz straightforward,
and good results ean be expected when suitable equipment
and proper procedures are used, which include pellet
drying, melt extrusion into sheet, and nip polishing on a
chrome-plated three-roll stack to ensure an excellent sur-
face finish and good transverse-direction gauge control,
Machine-direction gauge control is dependent on the
uniformity of extruder output. Excellent uniformity can
be obtained using a gear pump with PETG, but its use is
especially suggested when regrind is included in the
PET(G feedstock.

At a given speed, 8 gear pump provides a constant
volumetric rate of copolymer melt to the sheet die. The
pressure between the extruder discharge and the entrance
to the gear pump is controlled by varying the extruder
serew rpm. The variation in extruder output caused by
changes in the percentage of regrind or particle shape and
size are isolated from the extrusion, die, and the effect on
the plastic sheet gauge is minimized. For example, a gear
pump set at a suetion pressure of 6,9 MPa (1000 psi) would
typically control PET(G sheet gauge to approximately +4%.

A barrier screw that is cored for water cooling in the
feed zone is typically used to extrude the PETG sheet.
Industry practice for all polyesters, including PETG copo-
Iyester, usually requires an extruder screw with a mini-
mum length/diameter (L /D) ratio of 24:1. As the L/ D ratio
increases (e.g., 30:1), output eapacity (Ibvh) and output
stability (—/+ Ivh) will improve for PETG copolyester, if a
suitably designed extrusion screw is used.

Melt filtration iz normally used to trap contaminants
andfor other types of particulate matter such as “fines”
which can be associated with regrind use. A simple screen
pack assembly is often used with PETG copolyester, but
several different types of automated filtration systems are
commerecially available for polyesters,

1097

SECONDARY FABRICATION OF PETG SHEET

The manufacture of plastic articles from PETG copolyester
sheet normally involves secondary operations such as saow-
ing, drilling, bending, decorating, and assembling. PETG
sheet can be worked with most tools that ave suitable for
use with wood or metal; however, the tool speed normally
must be reduced to prevent rietion melling,

PETG copolyester sheet thickness of < 2.5 mm (0.10in.)
can be cut effectively with either a power shear (straight
cut) or with a steel rule die (irregular cut). The blade-to-
bed clearance and alignment for the shear knife edge is an
important consideration when culting PETG sheet. Addi-
tionally, a steel rule die press must have a very aceurate
stroke to prevent damage to the cutting die. Saw cutting is
a preferred technique for sheet thicknesses of =2.5mm
(0. 104n. 3.

FORMING

Hot Bending. PETG copolyester sheet can be bent
around a small radius by preheating an area on both sides
with an electric strip heater and then quickly bending the
sheet along the heated line, Sheet thicknesses of = 3.2 mm
(0.13 in.) should be turned periodically during the heating
cycle,

Cold Bending. Unheated PETG sheel of =2.5mm
(0.10n.) thick can be successfully brake formed at bend-
ing rates somewhat slower than heated sheet,

Thermufurming. Several different thermoforming tech-
niques can be used to force a PETG sheet, once heated,
into the shape of a mold by mechanical foree, vacuum
force, or by air pressure. Both male (plug) and female
{cavity) molds can be used. Low-cost plaster molds, east
aluminum melds, andfor water-cooled steel molds are
commonly used, Typical forming processes include va-
cuurm, drape, and matched mold. Thermoformed items
include light fixtures, tote trays, housewares, toys, and a
variely of different transparent enclosures.

PETG Sheet Assembly. Several solvents, cements, and
adhesives can be used effectively with PETG copolyester
sheet products. Bheet edges, onee aligned, are softened by
applving cement and clamping until dry.

A PETG copolyester sheet is often fabricated with
mechanical fasteners. This technigue is preferred if fre-
quent disassembly of a product is reguired. Common
mechanical fasteners include screws, rivets, bolts, clips,
hinges, and dowels, This may be a concern, however, if
security is a consideration.

PETG Sheet Finishing. PETG copolyester sheet is best
sanded wet to avoid frictional heat buildup. An BO-grit
silicon carbide could be initially used, followed by progres-
sively finer abrasives {e.g., 280, 400, and 600).

PETG Sheet Decoration. PETG copolyester sheet can be
hotdie-stamped through a film earrier that contains either

—
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1100 SHELF LIFE
Table 2. Thermal Properties of 3-mm PETG Copolyester Sheet”
Test Method
Property,” Units Typical Value ASTM [50)
Deflection temperature at 1.83-MPa (264-psil fiber stress
iLE G4
¥ 147 648 75
at 0.46-MPa (B6-pst) fiber stress
. B T
B i58
Vieat sollening point
i BE D1525 306
¥ 185
Thermal conduetivily
Wim K .19 G177 _
{Btar-in ik 12 °F) 1.3
Glpss-transition temperature
"G 21 £ -
F 178
Specific heat, kIl K [ Bt (b-"F)
at 60°C (140°F) L.30 {031
at 100°C (212°F) 1.76 {0.42)
at 150°C (302°F) 1.88 {0.45} & 4
at 200°C (392°F) 197 (0.47)
at 250°C (482°T) 2,06 (0.49)
Coelficient of linear thermal 5.1 % 1 DEYE -
expansion, mmi{mm, “C) [inAin. - Tl (2.8 5 10%)
Flammability [3.2-nmm (1/8-in, )-thick specimen] cm/min =26
in./min =1 D635 -
UL flammability classification
3.2 mm (0,125 in.) G48-2
1.Gmm (OGERIn. b H4HE ULo4 -
Ohevpen index % 24 2863 —
Melt density
at 200°C, glom” 1.18 - --
at 250°C, glom® 0.9

* Properties reported here are typical of average lots, Eastman makes no representation that the material in any partiealar shipment will conform exactly to

the vislues given.
" nless noted stherwise, all tests were rum at 23°C (73°F) and 50% vl
“ Glass-transition temperature and specific heat were determined by DEC.

UL flammability elassifications are formula-specific. Spoctar copslyester L4471 has the ratings shown,

metal or paint. Letters, designs, and trademarks are
examples of hot-stamped processes. PETG sheet can also
be printed on eonventional processes such as letterpress,
offset lithography, rotogravure, silk screen, and stenciling,
Application of a protective lacquer is often applied over
the hot-stamped and printed areas (see the Decorating
articles).

PETG copolyester can be extruded in a variety of
thicknesses, coextruded with or without tie layers, and
formed or fabricated, to meet the needs of ever-increasing
consumer and industrial markets. The price, performance,
and availability of PETG copolyester make it a very
important material in the plastics market today.

BIBLIOGRAPHY

General References

Referencea include MES-80J, Eastar PETG Copolyester G763,

DS5-429A, Physical Properties of Spectar Copolyester 14471
Plastic Sheet.

TRE-94F, Secondary Fabrication Techrigues for Sheet Extruded
from Spectar Copolyester,

TRS-131, Extrusion of Plestic Sheet from Spectar Copolytrer.

SHELF LIFE

Kennern 5 MagrsH

Kemmeth 5. Marsh and
Associates, Lid,, Wondstock
Institute for Science in Service
to Humanity, Seneca, South
Carolina

DEFINITION OF SHELF LIFE

Shelf life is the time after produetion and packaging that a
product remains acceptable under defined enviranmental
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