Domain Engineering Sciences
Rte du Rawyl 47
CH-1950 Sion 2
Phone +41 27 606 85 11
Fax
+41 27 606 85 75
info@hevs.ch
www.hevs.ch

Degree Course Systems Engineering
Option Design and Materials

Diploma 2009
Martin Imboden
Polymer-Cork composite for the
fabrication of wine closures
by injection molding
Effects of paraffin wax on the
mechanical and thermal properties
a

Professor

Dra. D Patricia Thomas Vielma
Dr. D. Alejandro Várez Álvarez
Dr. D. Efrain Carreño Morelli

Expert

Dra. D Belén Levenfeld Laredo
María Eugenia Sotomayor Lozano
Dr. D. Xavier Soldani

Leganés, 10.12.2009

a

Universidad Carlos III

Leganés December 2009

page 1

Index
1.

Summary ........................................................................................................................................................... 4

2.

Introduction ...................................................................................................................................................... 5
2.1.
Situation of wine closures on market............................................................................................................... 5
2.1.1. Cork closure ................................................................................................................................................ 5
2.1.2. Technical closures ....................................................................................................................................... 5
2.1.3. Synthetic closures ....................................................................................................................................... 6
2.2.
Production of closures ..................................................................................................................................... 6
2.2.1. What is cork? .............................................................................................................................................. 6
2.2.1.1.
Source and harvesting ....................................................................................................................... 6
2.2.1.2.
Properties .......................................................................................................................................... 7
2.2.1.3.
Uses ................................................................................................................................................... 7
2.2.1.4.
Notes ................................................................................................................................................. 8
2.2.2. Production of synthetic closures ................................................................................................................ 8
2.2.3. Production of technical closures ................................................................................................................. 8

3.

Objectives ......................................................................................................................................................... 9

4.

Experimental part .............................................................................................................................................10
4.1.
Composites consisted in a matrix integrated by low density polyethylene (LDPE), paraffin wax (PW) and
stearic acid (SA); and a solid loading of cork ............................................................................................................... 10
4.2.
Materials........................................................................................................................................................ 10
4.2.1. Cork ........................................................................................................................................................... 10
4.2.2. LDPE .......................................................................................................................................................... 10
4.2.2.1.
Properties ........................................................................................................................................ 10
4.2.2.2.
LDPE Quick Facts ............................................................................................................................. 10
4.2.3. Stearic acid ................................................................................................................................................ 11
4.2.4. Paraffin wax .............................................................................................................................................. 11
4.3.
Experimental methods ................................................................................................................................... 13
4.3.1. Preparation of coated cork ....................................................................................................................... 13
4.3.1.1.
Solving the stearic acid in ethanol ................................................................................................... 13
4.3.1.2.
Mixing with magnetic stirrer (AGIMATIC-N of J.P.Selecta).............................................................. 13
4.3.1.3.
Drying of the coated cork in a furnace ............................................................................................ 13
4.3.1.4.
Conclusion of covering cork ............................................................................................................ 14
4.3.2. Preparation of blends ............................................................................................................................... 14
4.3.2.1.
Feedstock ........................................................................................................................................ 15
4.3.3. Torque Measurements ............................................................................................................................. 15
4.3.4. Thermal analyses ...................................................................................................................................... 16
4.3.4.1.
DSC description ............................................................................................................................... 16
4.3.4.2.
DSC analyses 1 ................................................................................................................................. 17
4.3.4.3.
DSC analyses 2 ................................................................................................................................. 17

Universidad Carlos III

Leganés December 2009

page 2

4.3.4.4.
TGA description ............................................................................................................................... 17
4.3.5. Measuring of density with pycnometer .................................................................................................... 18
4.3.6. Traction test .............................................................................................................................................. 19
4.3.7. Injection .................................................................................................................................................... 19
4.3.8. Hardness ................................................................................................................................................... 20
4.3.9. Microstructure .......................................................................................................................................... 20
5.

Results and discussion ......................................................................................................................................21
5.1.

Mixing procedure ........................................................................................................................................... 21

5.2.
Characterization of thermal properties ......................................................................................................... 21
5.2.1. DSC analyse ............................................................................................................................................... 21
5.2.1.1.
DSC analyse the reason of colouration............................................................................................ 21
5.2.2. Characterization of optical properties ...................................................................................................... 22
5.2.3. Test in the furnace .................................................................................................................................... 24
5.2.4. Dissolving of cork from paraffin wax ........................................................................................................ 24
5.2.4.1.
TGA analyze ..................................................................................................................................... 25
5.2.4.2.
DSC Analyse with the 3 different feedstocks .................................................................................. 26
5.3.

Final properties .............................................................................................................................................. 26
5.3.1.1.
Densities of feedstock ..................................................................................................................... 26
5.3.1.2.
Densities of specimen ..................................................................................................................... 27
5.3.2. Hardness ................................................................................................................................................... 28
5.3.3. Traction test .............................................................................................................................................. 29
5.3.3.1.
Comparison ..................................................................................................................................... 29
5.3.4. Debinded specimen .................................................................................................................................. 30
5.3.4.1.
Hardness test ................................................................................................................................... 31

6.

Conclusion ........................................................................................................................................................32

7.

Bibliography .....................................................................................................................................................33
7.1.1.1.
7.1.1.2.
7.1.1.3.
7.1.1.4.
7.1.1.5.

References introduction .................................................................................................................. 33
References of cork ........................................................................................................................... 33
References of LDPE.......................................................................................................................... 33
References of paraffin wax .............................................................................................................. 33
References of stearic acid ............................................................................................................... 34

8.

Tables, graphics and graphs ..............................................................................................................................35

9.

Annexes............................................................................................................................................................36

Universidad Carlos III

Leganés December 2009

page 3

1. Summary
In a previous work composites polymer/cork for the production of wine closures by injection
moulding were developed. This new material exhibited good flow behaviour during moulding and
suitable mechanical properties. However some critical aspects such as dark coloration of final
product, porosity and hardness should be improved.
For these reasons the aim of this work was to study the causes of dark coloration in cork
composite and to improve hardness without to lose too much of the tensile strength.
First, to study thermal degradation of cork and composite thermal treatment was carried out by
differential scanning calorimetric (DSC), thermo gravimetrical analyses (TGA) and conventional
furnaces.
Then blends were prepared in a twin screw extruder. Cork content was 40 vol%. The matrix
consisted in 55 vol% of LDPE/PW in volume relation of 90/10, 70/30 and 50/50. 5 vol% of Stearic
acid was coated onto cork surface to improve flow behaviour and the interaction between cork
and polymer.
Injection stage was carried out and parameters such as temperature, injection volume and speed
were optimized.
Mechanical properties of final parts were tested. Tensile strength of samples ranged between3.21
and 7.4 MPa. On the other hand hardness ranged between 40 and 50 Shore D been these values
better than composites without paraffin wax.
Finally it was concluded that PW has a positive effect on thermal characteristics of blends allowing
processing the mixtures at lower temperature avoiding thermal degradation of cork. Besides wax
also proved to enhance flow behaviour of mixtures and to lower the harness of final parts what is
desirable for final application.
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2. Introduction
2.1. Situation of wine closures on market
At the moment exist a lot of different products to close bottles; the most common is a cork
closure. The production in the world is about 13 billion pieces of closures. These aren’t only
closures made of cork, these are synthetics and agglomerates too, but the natural cork is at the
moment the leader on market. The natural cork got one big problem and this is named
trichloroanisole (TCA). TCA can change the properties of wine in the bottle. The wine lovers don’t
like the tang in the wine when the TCA changed the properties of the wine. About 3-5 % of Bottles
got the TCA changed properties, this produce a disprofit of a half billion on the European wine
market every year. This indicates that a closure is searched with homogenous properties and
without TCA to assure that the properties of wine don’t be changed during the time in the bottle.

2.1.1.

Cork closure

Cork closures were the first closure for bottles of wine on the market. The advantages are
following:
Experience over a lot of years
Winemaker like this closure
Useful for long stay storage
Nature product
Different supplier
Drawbacks:
TCA release in the wine
Different qualities, because is a nature product
Not enough cork to satisfy the market
High risk for winemaker

2.1.2.

Technical closures

Technical closures are agglomerates of cork and plastic. The first product was named ALTEC got a
big problem because it had TCA too. Only the suppliers said it hasn’t. After ALTEC was put out of
the market, the producer made a new product but without TCA named DIAMANT. The TCA solved
away with supercritical CO2.
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2.1.3.

Synthetic closures

Synthetic closures are made of plastics. Big problems are the plasticizer in the polymers. But the
plasticizers aren’t toxic or sensor able. It is only useable for short storage, about 2 years or less.

2.2. Production of closures
2.2.1.

What is cork?

Cork material is an impermeable, buoyant material, a prime-subset of generic cork tissue that is
harvested for commercial use primarily from Quercus suber (Cork Oak) that is endemic to
southwest Europe and northwest Africa. Cork is composed of suberin, a hydrophobic substance,
and because of its impermeability, buoyancy, elasticity, and fire resistance, it is used in a variety of
products, the most common of which is for wine stoppers. Portugal produces approximately 50%
of cork harvested annually worldwide [1]. (http://en.wikipedia.org/wiki/Cork_material)
Cork material is most used as a bottle stopper, especially for wine bottles.
2.2.1.1. Source and harvesting
There are about 2,200,000 hectares of cork forest worldwide; 33% in Portugal, and 23% in Spain.
Annual production is about 340,000 Tons; 52% from Portugal, 32% from Spain, 6% Italy.
Once the trees are about 25 years old the cork is stripped from the trunks every nine years. The
trees live for about 200 years. The first two harvests produce poorer quality cork.
The cork industry is generally regarded as environmentally friendly.[2] The sustainability of
production and the easy recycling of cork products and by-products are two of its most distinctive
aspects. Cork oak forests also prevent desertification and are the home of various endangered
species.[3]
Carbon footprint studies committed by Corticeira Amorim, Oeneo Bouchage of France and the
Cork Supply Group of Portugal concluded that cork is the most environmentally friendly wine
stopper. The Corticeira Amorim’s study, in particular ("Analysis of the life cycle of Cork, Aluminum
and Plastic Wine Closures"), was developed by PricewaterhouseCoopers, according to ISO 14040
and ISO 14044 standards.[4]
Cork oak forests comprise the majority of habitat for the Iberian lynx, one of the most endangered
cat species in the world. Its decline has been a function of a loss of habitat due to development of
housing as well as the introduction of a virus to control the rabbit population which was the lynx's
primary prey.
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2.2.1.2. Properties
Cork's elasticity combined with its near-impermeability makes it suitable as a material for bottle
stoppers, especially for wine bottles. Cork stoppers represent about 60% of all cork based
production.
Cork's low density makes it a suitable material for fishing floats and buoys, as well as handles for
fishing rods (as an alternative to neoprene).
Sheets of cork, often the by-product of more lucrative stopper production, are used to make floor
tiles and bulletin boards.
Granules of cork can also be mixed into concrete. The composites made by mixing cork granules
and cement have low thermal conductivity, low density and good energy absorption. Some of the
property ranges of the composites are density (400–1500 kg/m³), compressive strength (1–26
MPa) and flexural strength (0.5–4.0 MPa).[5]
2.2.1.3. Uses
Wine corks can be made of either a single piece of cork, or composed of particles, as in
champagne corks; corks made of granular particles are called "technical corks".
Natural cork closures are used for about 80% of the 20 billion bottles of wine produced each year.[]
After a decline in use as wine-stoppers due to the increase in the use of cheaper synthetic
alternatives, cork wine-stoppers are making a comeback and currently represent approximately
60% of wine-stoppers today.
Cork is a suitable material for use as a bottle stopper. Because of the cellular structure of cork, it is
easily compressed upon insertion into a bottle and will expand to form a tight seal. The interior
diameter of the neck of glass bottles tends to be inconsistent, making this ability to seal through
variable contraction and expansion an important attribute. However, unavoidable natural flaws,
channels, and cracks in the bark make the cork itself highly inconsistent. In a 2005 closure study
45% of corks showed gas leakage during pressure testing both from the sides of the cork as well as
through the cork body itself.[7]
Since the mid-1990s, a number of wine brands have switched to alternative wine closures such as
synthetic plastic stoppers, screwcaps, or other closures. Screwcaps are often seen as a cheap
alternative destined only for the low grade wines. These alternatives to real cork have their own
properties, some advantageous and others controversial. For example, while screwtops are
generally considered to offer a trichloroanisole (TCA) free seal they reduce the oxygen transfer
rate to almost zero, which can lead to reductive qualities in the wine. TCA is one of the primary
causes of cork taint in wine. However, in recent years major cork producers (Amorim, Álvaro
Coelho & Irmãos, Cork Supply Group, and Oeneo) have developed methods that remove most TCA
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from natural wine corks. Natural cork stoppers are important because they allow oxygen to
interact with wine for proper aging, and are best suited for bold red wines purchased with the
intent to age.
The study "Analysis of the life cycle of Cork, Aluminum and Plastic Wine Closures," commissioned
by cork manufacturer Amorim and made public in December 2008, concluded that cork is the
most environmentally responsible stopper, in a one-year life cycle analysis comparison with the
plastic stoppers and aluminum screwcaps.[8]
2.2.1.4.

Notes

1. ^ J. L. CALHEIROS E MENESES, President, Junta Nacional da Cortiça, Portugal. "The cork
industry in Portugal"
2. ^ Skidmore, Sarah, USA Today (August 26, 2007). "Stopper pulled on cork debate"
3. ^ Henley, Paul, BBC.com (September 18, 2008)"Urging vintners to put a cork in it"
4. ^ PricewaterhouseCoopers/ECOBILAN (October 2008). Analysis of the life cycle of Cork,
Aluminium and Plastic Wine Closures.
5. ^ Karade SR. 2003. An Investigation of Cork Cement Composites. PhD Thesis. BCUC. Brunel
University, UK.
6. ^ Prlewe, J. Wine From Grape to Glass. New York: Abbeville Press, 1999, p. 110.
7. ^ Gibson, Richard, Scorpex Wine Services (2005). "variability in permeability of corks and
closures". http://www.scorpex.net/ASEVClosures2005RGibson.pdfn.
8. ^ Easton, Sally, Decanter.com (December 4, 2008). "Cork is the most sustainable form of
closure, study finds". http://www.decanter.com/news/273366.html.
9. ^ Publico.pt Cork stamp almost sold out (Portuguese)
10. ^ IOL-A Step Beyond Cork stamp debuts in Portugal

2.2.2.

Production of synthetic closures

The synthetic closures could be made in three different ways. The first possibility is to inject the
plastic. The other methods are similar. First is single extrusion and the second is double extrusion.
By the double extrusion the inner part got different properties than the outer part of closure.

2.2.3.

Production of technical closures

On the market are existing closures those are something between natural cork closures and
synthetic closures. Those are made of cork agglomerates and plastics. The cork agglomerates are
dispersed in a plastic matrix. The handicap of the first products was the TCA content of the cork
agglomerates. In newer product was the problem solved with washing out the TCA with
supercritical CO2. This procedure functions only with cork agglomerates or powder. Another
advantage is the rests of natural cork closure production can be used to produce technical
closures.
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3. Objectives
The main goal of this work:
To analyse thermal degradation of cork in polymer/cork composites as a possible reason
for coloration of final parts.
To study the effect of paraffin wax on thermal and mechanical properties of composites.
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4. Experimental part
4.1. Composites consisted in a matrix integrated by low density
polyethylene (LDPE), paraffin wax (PW) and stearic acid (SA); and a
solid loading of cork
4.2. Materials
4.2.1.

Cork

Cork is a natural product and got interesting properties like the big compressibility, inflammable,
water resistance and nontoxic abilities. Cork is used in different industries from the aeronautic to
wine bottle closures.

4.2.2.

LDPE

The first of the polyolefins, Low Density Polyethylene (LDPE) was originally prepared some fifty
years ago by the high pressure polymerization of ethylene. Its comparatively low density arises
from the presence of a small amount of branching in the chain (on about 2% of the carbon atoms).
This gives a more open structure. Low Density Polyethylene (LDPE) is a most useful and widely
used plastic especially in dispensing bottles or wash bottles.
4.2.2.1. Properties
It is translucent to opaque, robust enough to be virtually unbreakable and at the same time quite
flexible. Chemically LDPE is unreactive at room temperature although it is slowly attacked by
strong oxidizing agents and some solvents will cause softening or swelling. It may be used at
temperatures up to 95° Celsius for short periods and at 80° Celsius continuously. LDPE is ideally
suited for a wide range of molded laboratory apparatus including wash bottles, pipette washing
equipment, general purpose tubing, bags and small tanks.
4.2.2.2.

LDPE Quick Facts

Maximum Temperature: 80°C
Minimum Temperature: -58°F -50°C
Autoclavable: No
Melting Point: 248°F 120°C
Tensile Strength: 1700 psi
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Hardness: SD55
UV Resistance: Poor
Translucent
Excellent flexibility
Specific Gravity: 0.92
Tensile strength: 10 MPa
Maximal strength: 23MPa

4.2.3.

Stearic acid

Stearic acid (first syllable pronounced either steer or stair) or 18:0 is a saturated fatty acid. It is a
waxy solid, and its chemical formula is C18H36O2, or CH3(CH2)16COOH. Its name comes from the
Greek word stéar (genitive: stéatos), which means tallow. The salts and esters of stearic acid are
called stearates.
The stearic acid is used to improve the surface reaction between cork and LDPE and paraffin wax.
The stearic acid improves flow behaviour and acts as a lubricant reducing machine wearing.

4.2.4.

Paraffin wax

In chemistry, paraffin is the common name for the alkane hydrocarbons with the general formula
CnH2n+2. Paraffin wax refers to the solids with 20 ≤ n ≤ 40.
The simplest paraffin molecule is that of methane, CH4, a gas at room temperature. Heavier
members of the series, such as that of octane, C8H18, and mineral oil appear as liquids at room
temperature. The solid forms of paraffin, called paraffin wax, are from the heaviest molecules
from C20H42 to C40H82. Paraffin wax was identified by Carl Reichenbach in 1830.[1]
The name is derived from the Latin parum (= barely) + affinis with the meaning here of "lacking
affinity", or "lacking reactivity".[2] This is because alkanes, being non-polar and lacking in functional
groups, are very unreactive.
Paraffin wax (or simply "paraffin") is mostly found as a white, odourless, tasteless, waxy solid, with
a typical melting point between about 47 °C to 64 °C and having a density of around 0.9 g/cm 3.[3] It
is insoluble in water, but soluble in ether, benzene, and certain esters. Paraffin is unaffected by
most common chemical reagents, but burns readily.
In industrial applications, it is often useful to modify the crystal properties of the paraffin wax,
typically by adding branching to the existing carbon backbone chain. The modification is usually
done with additives, such as EVA copolymers, microcrystalline wax, or forms of polyethylene. The
branched properties result in modified paraffin with a higher viscosity, smaller crystalline
structure, and modified functional properties. Pure paraffin wax is rarely used for carving original
models for casting metal and other materials in the lost wax process, as it is relatively brittle at
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room temperature and presents the risks of chipping and breakage when worked. Soft and pliable
waxes, like beeswax, may be preferred for such sculpture, but "investment casting waxes," often
paraffin-based, are expressly formulated for the purpose.
Paraffin wax was used to improve flow behaviour of mixtures.
Table 1 summarize some properties of materials used for composite production

Material

Melting
Point

Density in
g/cm3

Molecular
formula

LDPE

112°C

0.9102

PW

56°C

0.8886

C8H10

Panreac

Cork

none

0.24

none

none

Stearic
acid

69.6°C

1.01

C18H36O2

Panreac

supplier

[CH2-CH2]n REPSOL YPF

Table 1: Properties of different materials
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4.3. Experimental methods
4.3.1.

Preparation of coated cork

To increase the reaction ability the cork is covered with stearic acid. To cover the cork with stearic
acid is a special procedure needed. The stearic acid has to be solved in ethanol on 50°C and the
time depends of the quantity of stearic acid and ethanol. Then this solution can be mixed with
cork.
4.3.1.1. Solving the stearic acid in ethanol
First measure the quantities of the different components. To solve the stearic acid in ethanol, it is
necessary to heat the ethanol at 50°C on a magnetic stirrer with heating plate (AGIMATIC-N of
J.P.Selecta) and rotate with 900-1100 tours per minute. For each 20 gram of stearic acid are 800ml
ethanol needed. Not only to be able to solve stearic acid but also to ensure the miscibility of cork
in the liquid. Stearic acid need about a half an hour to be solved in ethanol.
4.3.1.2. Mixing with magnetic stirrer (AGIMATIC-N of J.P.Selecta)
Get the liquid in a beaker and place it on a magnetic stirrer with rotating speed
1600 tours per minute. Fill in the cork by step by step in the beaker. If the cork is
dispersed let it stay for one hour on the magnetic stirrer.

4.3.1.3. Drying of the coated cork in a furnace
After the mixing put the mixed liquid in a big form and place it in a furnace on
50°C for 10 hours. After this time the coated cork will be dry. Then it is possible
to pulverize the coated cork with a mortar. The coated cork is ready to be used.

Figure 1: Agimatic-N

Figure 2: Dried and coated cork
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Figure 3: Broken, dried and coated cork

4.3.1.4. Conclusion of covering cork
After the using the different possibilities to cover the cork, it is to say that with the magnetic mixer
is the easiest way to mix the cork with the liquid and got really good results. For the industrial use
could be interesting to mix the cork with the liquid with a mechanical stirrer. Another interesting
thing is when the liquid could be stirred during the drying process.

4.3.2.

Preparation of blends

To extrude a mass of one kilogram was prepared that it was possible to get enough material to use
the injection machine. Temperature profile used was 120ºC, 118ºC and 116ºC from the nozzle to
the feeding zone respectively. On the first steps was a velocity of 40 tours per minutes used then
after a several time it is changed to 50 tours per minute without to get any problems. Every have
to be extruded three times to get homogeneity.
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4.3.2.1.

Feedstock

In the table 2 the proportions of the different mixtures can be displayed.
Stearic acid

PW

Cork

LDPE

1.01

0.8886

0.24

0.9102

0

50

0

50

5

27.5

40

27.5

90-10

70-30

50-50

Densities
% v en binder
% on the
volume
Rule of mixes

0.641

Mass (%)

7.876

38.112

14.973

39.039

0

50

0

50

5

27.5

40

27.5

% v en binder
% on the
volume
Rule of mixes

0.641

Mass (%)

7.876

38.112

14.973

39.039

0

50

0

50

5

27.5

40

27.5

38.112

14.973

39.039

% v en binder
% on the
volume
Rule of mixes

0.641
7.876

Mass (%)

Table 2: Percentages of feedstock

4.3.3.

Torque Measurements

A pair roller rotor blade HAAKE Rheocord 252 was used to record torque of
feedstocks with different compositions. In this case feedstocks were added
to the chamber at 120ºC and 40 rpm

Figure 4: HAAKE Rheomix
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4.3.4.

Thermal analyses

4.3.4.1.

DSC description

The used machine is a Perkin Elmer Diamond DSC Differential Scanning
Calorimeter.
Differential scanning calorimetry or DSC is a thermo analytical technique
in which the difference in the amount of heat required to increase the
temperature of a sample and reference are measured as a function of
temperature. Both the sample and reference are maintained at nearly
Figure 5: DSC of
the same temperature throughout the experiment. Generally, the
Perkin Elmer
temperature program for a DSC analysis is designed such that the sample
holder temperature increases linearly as a function of time. The reference
sample should have a well-defined heat capacity over the range of temperatures to be scanned.
The main application of DSC is in studying phase transitions, such as melting, glass transitions, or
exothermic decompositions. These transitions involve energy changes or heat capacity changes
that can be detected by DSC with great sensitivity.
The technique was developed by E.S. Watson and M.J. O'Neill in 1960, [1] and introduced
commercially at the 1963 Pittsburgh Conference on Analytical Chemistry and Applied
Spectroscopy. The term DSC was coined to describe this instrument which measures energy
directly and allows precise measurements of heat capacity.[2]
(http://en.wikipedia.org/wiki/Differential_scanning_calorimetry)
DSC technique was helpful to perform thermal treatment of cork and analyse the problem of dark
coloration and to register melting point of mixtures with different wax contents.
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4.3.4.2. DSC analyses 1
Thermal treatment shown in figure 1 was performed in the DSC to study thermal degradation of
cork as a possible reason for dark coloration of composites.

Temperature in °C

Temperature in °C by the DSCProcess
130
120
110
100
90
80
70
60
50
40
30
20

0

6 11 17 22 28 33 39 44 50 55 61 66 72 77 83
Time in minutes
Temperature in °C
Figure 6: Changes of temperature during time

4.3.4.3. DSC analyses 2
In a second test the influence of paraffin wax on the melting point of LDPE in the mixtures was
analyzed. Mixtures were placed in a platinum pan, kept at 170°C for 3 min to erase previous
thermal history. Then cooling and heating were registered at 10ºC/min.
4.3.4.4.

TGA description

The used machine is a Perkin Elmer Pyris 1 TGA Thermo Gravimetric
Analyzer.
Thermo gravimetric Analysis or TGA is a type of testing that is performed
on samples to determine changes in weight in relation to change in
temperature. Such analysis relies on a high degree of precision in three
measurements: weight, temperature, and temperature change. As many
weight loss curves look similar, the weight loss curve may require
Figure 7: TGA of Perkin
Elmer
transformation before results may be interpreted. A derivative weight loss
curve can be used to tell the point at which weight loss is most apparent.
Again, interpretation is limited without further modifications and deconvolution of the
overlapping peaks may be required.
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TGA is commonly employed in research and testing to determine characteristics of materials such
as polymers, to determine degradation temperatures, absorbed moisture content of materials, the
level of inorganic and organic components in materials, decomposition points of explosives, and
solvent residues. It is also often used to estimate the corrosion kinetics in high temperature
oxidation.
Simultaneous TGA-DTA/DSC measures both heat flow and weight changes (TGA) in a material as a
function of temperature or time in a controlled atmosphere. Simultaneous measurement of these
two material properties not only improves productivity but also simplifies interpretation of the
results. The complimentary information obtained allows differentiation between endothermic and
exothermic events which have no associated weight loss (e.g., melting and crystallization) and
those which involve a weight loss (e.g., degradation).
(http://en.wikipedia.org/wiki/Thermogravimetric_analysis)

4.3.5.

Measuring of density with pycnometer

With the pycnometer is possible to measure the density of powders and parts that is impossible to
measure with the principle of Archimedes. The principle of the pycnometer it’s easy to explain.
There are two chambers with known volumes, then specimen is placed in the first chamber. The
system fills the first chamber with helium and measure the pressure. After that the valve will be
opened to compare the second pressure when the gas is in the two chambers. With this
comparison the density of specimen is calculated.

Figure 8: Pycnometer
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4.3.6.

Traction test

In the traction is possible to see the different values of tensile strength and
modulus of young. The test speed is 5 mm per minute. The used machine is a
Shimadzu AG-1 with maximal force of 1kN.

Figure 9: Traction
test machine

4.3.7.

Injection

Generally it is possible to say that the material is good injectable. In table3 all important
information to inject the material is shown. It’s only a guide because when the form will change,
the values can change too. The used machine is an ARBURG 220 S Allrounder 250-60. The values
are optimized to highest possible weight of specimen.
Injected volume
Injection flow
Temperature mould
Temperature T801
Temperature T802
Temperature T803
Temperature T804
Post pressure f311
steps of post pressure
Post pressure Q311
flow
Post pressure t311
time of ramp
Post pressure p311
point of support 1
Post pressure t312
Post pressure p312
point of support 2
Post pressure t313
Post pressure p313
point of support 3
Maximal pressure
Maximum weight

90-10
3,4 ccm
35 ccm/s
40°C
114°C
116°C
118°C
120°C
3 steps of post pressure

70-30
3,4 ccm
25 ccm/s
30°C
110°C
110°C
112°C
114°C
3 steps of post pressure

50-50
3,4 ccm
25 ccm/s
25°C
104°C
106°C
108°C
110C
3 steps of post pressure

25 ccm/s

25 ccm/s

25 ccm/s

0,12s

0,12s

0,12s

200 bar

120 bar

200 bar

1,3 s time
150 bar

1,3 s time
80 bar

1,3 s time
150 bar

0,2 s time
50 bar

0,2 s time
40 bar

0,2 s time
50 bar

610 bar
2.92 g

360 bar
2.94 g

530 bar
2.94 g

Table 3: Values of injection
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4.3.8.

Hardness

Measurement of hardness is made with method of shore D.

Durometer is one of several measures of the hardness of a
material. Hardness may be defined as a material's
resistance to permanent indentation. The durometer scale
was defined by Albert F. Shore, who developed a
measurement device called a durometer in the 1920s. The
term durometer is often used to refer to the measurement,
Figure 10: Test instrument of Shore D
as well as the instrument itself. Durometer is typically used
as a measure of hardness in polymers, elastomers and
[1]
rubbers. (http://en.wikipedia.org/wiki/Shore_D)

4.3.9.

Microstructure

An important issue during this work was to analyse microstructure of final parts and parts once
removed paraffin wax but due to technical problems related to coating process it was impossible.
The dimensional stability of injection moulded part was altered during coating process with carbon
due to the melting of wax as a consequence of high temperatures reached.
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5. Results and discussion
5.1. Mixing procedure
There different composites are easy to mix. Mixing torque of feedstocks are shown in figure 11.
The torque value is a measure of the resistance on the rotor blades. Uniform mixing is achieved
when torque reaches a steady state value. It can be seen that torque decreases as paraffin wax
content increases indicating a reduction in viscosity. from Supati, R.,Loh, N.H., Khor, K. A. and Tor,
S. B., Mixing and character of feedstock for powder injection molding. Mater: Lett., 2000 46, 109114.

Couple in the mixer
16

couple in Nm

14
12
10
8

50/50

6

70/30

4

90/10

2
0
0

2

4

6

8

10

time in min

Figure 11: Torque of the different feedstocks in the mixer

5.2. Characterization of thermal properties
5.2.1.

DSC analyse

5.2.1.1. DSC analyse the reason of colouration
The following picture presents the DSC diagram of untreated cork.
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Figure 12:Curve of untreated cork in DSC

On this diagram could be seen at 60°C a little peak where the little bit of wax in cork melt. It could
be a little bit water that was evaporating. Especially we can see the difference between the first
scan and the fourth scan. After the procedure the cork wasn’t coloured.
The next graph shows the melting point of cork covered with stearic acid. The big peak presents
the melting point of stearic acid at about 65°C.

Figure 13:: Curve of coated cork in DSC

After the procedure the cork wasn’t coloured.

5.2.2.

Characterization of optical properties

The following presents the test of the feedstock 50% cork, 25% LDPE, 20% PW and 5% stearic acid.
The first peak is the melting point of paraffin wax; the second peak represents the influence of
stearic acid on the melting point of paraffin wax. The melting point of LDPE was decreased with
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the influence of wax from 112°C to 103°C. The reason is with the presence of paraffin wax the light
density poly ethylene can melt easier than without of the presence of paraffin wax.

Figure 14: Feedstock in DSC

This drawing is to compare the melting point of LDPE between the two different graphs (upper
and lower).

Figure 15: LDPE in DSC

After the DSC tests no reason for the coloration of the final part was found. What could be the
reason of this result of the DSC analyze? One of the reasons could be the not oxidizing atmosphere
in the chamber. In this situation is to find another test to find out something about of the
coloration. The easiest way to test it is to repeat the test in a furnace at 120°C for different times.
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5.2.3.

Test in the furnace

The cork stays for different times in the furnace in normal atmosphere without any special gaz.
The goal of this test is, if the cork will be coloured after several times on 120°C in the furnace. The
graphic 10 presents the different samples of cork after staying in the furnace.

Figure 16: Pictures of tested cork in furnace

After two hours any different colour was found. To find out if the cork in the plastic was coloured,
the cork is put in only PW and dissolved with heptane (C7H16).

5.2.4.

Dissolving of cork from paraffin wax

After heating the paraffin wax in the furnace at 120°C and putting the cork in the paraffin wax and
mixing with spoon. The Polymer was directly dark coloured.

Figure 17: Cork mixed with paraffin wax
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After this procedure the 1.43gr was debinded with 150ml heptane at 50°C for 1hour. The cork was
filtered out of the heptane and dried in the furnace at 50°C for 1hour. The result is that the cork
isn’t coloured. Another interesting thing is that the solvent rest his transparent colour. That will
say the cork hasn’t a colorizing part in the structure.
5.2.4.1. TGA analyze
On the following picture is possible to see the degradation of cork and covered cork with
temperature.

Figure 18: TGA analyse of untreated and coated cork

Until 200°C nothing happen, than the cork begins to degrade. The covered cork begins earlier to
degrade than only cork. The reason is the stearic acid got a lower decomposition temperature.
The problem of the colour is not clearly solved, but it wasn’t the burned cork. The cork is not
burned until 200°C. The cork is not coloured after debinding out of paraffin. The reason of the
coloration got two possibilities the compression of cork in the composites or the dispersion of light
in the composite. This is to find out in another investigation process. One is to do is to measure
the particle size of cork and try to mix the composite with bigger particles of cork. This could be a
solution of the dark coloration.
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5.2.4.2. DSC Analyse with the 3 different feedstocks
The graph 6 presents the influence of paraffin wax on the melting point of LDPE. Almost every 20%
more of paraffin waxes decrease the melting point of LDPE about 3°C.

Figure 19: DSC analyse of feedstocks

5.3. Final properties
5.3.1.1. Densities of feedstock
This part is comparing the density of the three different mixtures that were prepared. The
percentage of cork (40 vol %) and stearic acid (5 vol %) rest stable only the quantities of paraffin
and LDPE change. Following ratios are used between LDPE-paraffin; 90-10; 70-30; 50-50.
To be sure every measure was made three times with the same ratio and an arithmetic mean was
calculated with the three different measurements. The values are written in an Excel file on disc.
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Arithmetic mean of densities of
feedstock in g/cm3
Densitiy in g/cm3
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Percentage of paraffin wax in matrix
Figure 20: Densities of feedstocks with different amounts of PW

5.3.1.2. Densities of specimen
In the reason of the lower density of specimen than water, the method of Archimedes is unusable.
The densities of specimen with paraffin wax are a little bit higher than without paraffin wax. The
difference is really small between 0.004 and 0.0002.

Densitiy of specimen in g/cm3
Densitiy in g/cm3
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Figure 21: Densities of injected parts with different amounts of PW
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5.3.2.

Hardness

The paraffin got an influence of the hardness of the composite. The increasing paraffin makes the
composites weaker than before. This is showed on graph 10.

Shore D

Hardness of specimen
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Figure 22: Hardness of injected parts with different amounts of PW
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5.3.3.

Traction test

In figure 23 the stress-strain curves of the different ratios of feedstocks are shown. The green
curve got the highest tensile strength of these feedstocks but got the highest hardness too. With
increasing of paraffin wax the break stresses decrease. The modulus of elasticity makes the
opposite, when the paraffin wax increases the modulus of elasticity increase too.

Stress-strain curve
Stress in MPa

12
10
8
6

50/50

4

70/30
90/10

2

70/30 debinded

0
-2 0

0.05

0.1

0.15

0.2

Strain ε
Figure 23: Stress-strain curve of parts with different amounts of PW

5.3.3.1. Comparison
The conspicuous value is that the tensile strength depends on quantity of LDPE and paraffin. More
LDPE got a higher tensile strength than less LDPE. The modulus of elasticity depends of the
quantity of paraffin, when the quantity of paraffin increases, increases the modulus of young too.
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5.3.4.

Debinded specimen

The parts are debinded to increase the compressibility and to get porosity. The porosity is
important to allow the wine to mature, because the atmosphere in the bottle and outside of the
bottle can interact. To see what will happen the specimen are debinded from 10 minutes to 7
hours.

Lost of weight % of the mass of
paraffina and SA
Lost of weight %

100
80
60
40
Lost of weight %

20
0
0

100

200

300

400

500

Time in min

Figure 24: Weight loss of paraffin wax and stearic acid at different immersion times in heptane

The specimen was for several times in heptane to let solve the paraffin. To dry the specimen, it is
kept for a period of time in the furnace at 40°C when the specimens lose no more weight it is
possible to put out the specimen out of the furnace. On the graph is presented that the lost is
stabilizing at 93% of lost weight with 7 hours in heptane.
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5.3.4.1. Hardness test
The hardness of the debinded specimen is almost like the hardness of the specimen with the ratio
50-50. The debinded part gets a higher tensile strength.

Shore D

Hardness Shore D parts with 30% PW
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Figure 25: Hardness of 30% PW depending of hours in heptane
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6. Conclusion
Thermal treatments by DSC, TGA and conventional furnace of cork and composites allowed
demonstrating that thermal degradation of cork is not the reason of dark coloration of final parts.
A possible guideline for future projects was established in this case. The most probable reason is
the dispersion of light in the composite or cork compression during polymer cooling
A systematic study of paraffin wax effect on thermal and mechanical properties of composites was
performed. Paraffin wax has a positive effect on thermal characteristics of blends. It acts as
diluents causing a reduction in LDPE melting point allowing to process mixtures at lower
temperatures. It could avoid cork degradation
Paraffin wax has also a positive effect on mechanical properties of the parts. The values of the
mechanical properties are interesting, because the hardness is lower and the specimen got a good
tensile strength for this composite.
50-50
Stearic acid
5%
Paraffin
27,5%
LDPE
27,5%
Cork
40%
Hardness Shore D
41
Tensile strength
3,21 MPa
Modulus
of 310,08 MPa
Elasticity

70-30
5%
16,5%
38,5%
40%
45,5
5,2 MPa
274,12 MPa

70-30 debinded
0,089%
0,858%
38,5%
40%
40,8
3,78 MPa
169,64 MPa

90-10
5%
5,5%
49,5%
40%
49,5
7,4 MPa
237,68 MPa

Table 4: Summary of important values

An interesting thing is that paraffin increase the modulus of young and the LDPE increase the
hardness and the tensile strength. To get the final information if the materials work for bottle
closures, it has to produce bottle stoppers with these differential materials. A good possibility
could be to test the ratio 50-50 and the ratio 70-30 to make bottle stoppers and to test it in use.
The solution could be between of those.
The use of paraffin wax in the mixtures also permits the possibility to obtain final parts with some
porosity by removing the wax with heptanes in the final part. This porosity is desirable for the final
application where oxygenation of wine is needed.
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