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Foreword

It is experienced that it is extremely complicated to find alternative materials
to polyvinylchloride in general and in medical device applications particularly.
In Denmark medical devices are pointed out as a field of high priority requir-
ing a particular effort to substitute phthalates as plasticising agents. Medical
devices are a field of high priority, because the phthalates are able to migrate
from the plastic, and unwanted biological and environmental properties are
suspected.

A number of national and international industrial development programmes
on plasticisers alternative to phthalates — particularly di(2-ethylhexyl)-
phthalate — have been and are being conducted.

In 1998 a Danish/British/Italian Brite-EuRam research project on develop-
ment, evaluation and validation of plasticisers for use in flexible PVC medical
device applications was proposed but rejected. However, the Danish Envi-
ronmental Protection Agency decided to support the first two tasks of this
original project. This work is presented in this report.

The objective of this project is to select and evaluate non-phthalate plasticisers
for PVC for medical devices.

The project partners are Maersk Medical A/S, Totax Plastic A/S and Danish
Technological Institute, Centre for Plastics T'echnology.

Subsuppliers are Hydro Polymers Limited, Laporte Performance Chemicals
UK Ltd. and University of Strathclyde, Bioengineering Unit.

From the beginning of the work the working group consisted of Maersk
Medical A/S, Totax Plastic A/S, Danish Technological Institute, Papyro-Tex
A/S (a subsidiary of Maersk Medical A/S) and Hydro Polymers Limited. The
working group was in current contact with Laporte Performance Chemicals,
who later on was included in the project group particularly during the collec-
tion of information on commercially available plasticisers and the selection of
substances to be included in the test program. Furthermore, the PVC Infor-
mation Council Denmark (PVC Informationsradet) has been represented at
most of the working group meetings.

The below-mentioned experts have worked in the project:

Karen Marie Andersen, Papyro-Tex A/S

Paul Clutterbuck, Laporte Performance Chemicals UK Ltd.

Per O. Gravesen, Maersk Medical A/S

Ole Grondahl Hansen, PVC Informationsradet

Peer Grondahl Hansen jr., Totax Plastics A/S

Ross Law, Hydro Polymers Limited

Merete Wuur, Danish Technological Institute, Medical Device Technol-
ogy later substituted by

Kjeld Karbak, Danish Technological Institute, Plastics T'echnology



A reference group has been formed with the above mentioned persons and
those mentioned below as members:

Lea Frimann Hansen, Danish Environmental Protection Agency, chair-
man

Shima Dobel, Danish Environmental Protection Agency

Vagn Handlos, The State University Hospital, Association of County
Councils in Denmark

Ib Johansen, Danish Polymer Centre, later substituted by

Kristoffer Almdal, Danish Polymer Centre

Jason Leadbitter, Hydro Polymers

Pernille Thomsen, The Danish Plastics Federation, later substituted by
Lars Blom, The Danish Plastics Federation



Summary and conclusions

On the basis of a feasibility study of the plasticiser substances and groups of
substances that are commercially available on the market today, nine sub-
stances were selected for further investigations. PVC compounds plasticised
with these selected substances were prepared and tested for a number of
properties that were considered as primary selection criteria for medical appli-
cations. Compounding was easy with all the investigated plasticising sub-
stances and it was easy to prepare specimens and test samples by injection
moulding with all the prepared compounds. An attempt was made to rank the
selected and investigated substances in comparison with a reference DEHP
plasticised PVC compound. Some have a slightly lower strength value, some
have a slightly lower strain at break value, and some have a higher cold flexi-
bility temperature. None of the substances was rejected as potential alterna-
tives to DEHP. However, much more data are needed before DEHP can be
seriously substituted in medical devices.






Sammenfatning og konklusioner

Pa basis af studier af de bledgerende stoffer og stofgrupper, der er kommer-
cielt tilgeengelige 1 dag, er der udvalgt og undersggt ni stoffer. Der blev frem-
stillet PVC-kompounder med hvert af disse stoffer som bledgeringsmiddel.
Disse kompounder er blevet provet for en reekke udvalgte egenskaber, som
anses for at vaere primere udvealgelseskriterier for anvendelse i medicinsk ud-
styr. Alle kompounderne var lette at fremstille, og det var uden sarlige pro-
blemer at forarbejde alle kompounderne ved sprojtestebning. Det er blevet
forsggt at rangere de undersggte bladgerende stoffer i ssmmenligning med en
DEHP-bledgjort PVC-kompound. Nogle har lidt mindre styrke, nogle lidt
mindre brudtejning (relativ brudforlengelse), og nogle har en hejere cold fle-
xtbility-temperatur. Ingen af stofferne er blevet forkastet som potentielle alter-
nativer til DEHP. Imidlertid kreeves der mange flere data, for man kan erstatte
DEHP i medicinsk udstyr.
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1 Objective

The objective of this project is to select and evaluate plasticisers for PVC for
medical devices using DEHP as a benchmark. The selection has been carried
out on the basis of commercially available plasticisers that are presumed to be
suitable for use as primary plasticisers with PVC materials used for medical
devices. The substances have been selected and evaluated as regards the re-
quirements defined for medical films and tubings.

No new plasticisers have been developed. However, considerations have also
been given to other substances (e.g. polymeric substances) on the market,
which might be suitable as plasticisers for PVC for medical applications.

On the basis of the results of testing conducted in the project an attempt has
been made to rank the investigated plasticisers and PVC compounds accord-
ing to their probability for success for use in medical device applications.

It is the intention of the project partners in a subsequent project for further
investigations to be able to continue with the manufacture and testing of spe-
cific medical devices (e.g. catheters and drainage bags) made from the most
promising compounds.
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2 Background

It is experienced that it is extremely complicated to find alternative materials
to PVC in medical device applications; reference to - among others - “Mu-
ligheder for substitution af PVC i udvalgte hospitalsartikler”, Arbejdsrapport
fra Miljestyrelsen nr. 17/1991 (“Possibilities for substitution of PV C in selected
hospital articles”, Working report from the Danish Environmental Protection
Agency No. 17/1991). Furthermore, according to the Danish EPA’s “Han-
dlingsplan for at reducere anvendelsen af phthalater i bled plast” (Action Plan
Jor reducing and phasing out phthalates in soft plastics, Ministry of Environment
and Energy, Fune 1999), medical devices have been selected as a field of high
priority requiring a particular effort to substitute phthalates as plasticising
agents. According to the action plan, medical devices are a field of high prior-
ity, because of their migration from the plastic and subsequent exposure and
possible adverse effects to patients.

The world market for plastics for the production of medical devices accounts
for DKK 35 — 40 billions (ref. 1). Hereof PVC for disposable articles ac-
counts for approximately one third. Every year approximately 150.000 tons of
PVC is produced world wide for the medical market (ref. 2) corresponding to
1 — 2 % of the total market for PVC.

In Denmark the turnover of medical devices in plastics accounts for approxi-
mately DKK 7 billions (ref. 3). Approximately 97 % hereof are being ex-
ported (ref. 3). The largest quantity is disposable articles mainly different
sorts of catheters, suctions, drains and urine and colostomy bags.

These many types of relatively low-cost disposable articles have formed a ba-
sis for and made it possible to introduce many of the new treatments that are
being used today. Generally, in each case of hospitalisation the patient will
come into contact with some of these disposable articles. Due to the rich pos-
sibilities of variation, which can be achieved in e.g. properties like flexibility,
strength, barrier properties and transparency, plasticised PVC has been
proven to be particularly suitable for these applications. These properties are
to a high extent conditional on the addition of plasticisers to the PVC resins.
In these types of medical devices the addition of plasticisers typically varies
from approximately 5 % by weight up to approximately 45 %; mainly 30 — 45
%. Totally dominating as plasticiser is di(2-ethylhexyl) phthalate (DEHP),
with which one has more than 47 years of experience in medical devices (ref.
4). Furthermore, in the European Pharmacopoeia DEHP is the only plasti-
ciser which is listed for use in those kind of products (ref. 8a, 8b and 9). As
the European Pharmacopoeia is put on the same footing as the Directive for
Medical Devices (ref. 10), which was put into force in July 1998 the manufac-
tures of medical devices are left with a serious dilemma. This is because no
other plasticiser is listed in the European Pharmacopoeia and using another
plasticiser would mean that the device manufacturer would have to declare
that such a device does not conform to the compositional requirements of this
Pharmacopoceia. Therefore, a development study and an investigation regard-
ing plasticisers are highly needed. Any positive result is highly expected to
form a basis for a decision in “Group 16 of the Council of Europe” to point

13



out other plasticisers for consideration and inclusion in future amendments of
the Pharmacopoeia.

During recent years the environmental aspect by the use of phthalates has
been studied in many relations (e.g. ref. 5, 11, 12 and 13). The Swedish gov-
ernment has proposed the European Commission to initiate a risk assessment
of DEHP.

However, other aspects will be important regarding the use of phthalates in
medical devices. It is known that the plasticisers migrate to the surface of the
plasticised PV C article, where it could cause a relative risk regarding the bio-
compatibility (ref. 6, 7, 14 and 15). Moreover, during recent years the poten-
tial for reprotoxic effects of DEHDP has been observed in animal studies and
whilst there is no knowledge in humans the fact that it has been observed in
animals remains a significant concern (ref. 42).

Complicating the issue is that phthalates with different alkyl chain length be-

have differently in biological situations (like the case with different primary
alcohols).
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3 Procedure

This project has been conducted into two main phases.
3.1 FEASIBILITY STUDY

In phase one of the project, a market survey has been carried out for the rele-
vant plasticisers based on the requirements, the wishes and the expectations
outlined by the project participants. Relevant substances has been selected
and evaluated in comparison with a selected DEHP plasticised PVC material
as a reference compound. The resulting PVC compounds had also been
briefly evaluated in comparison with a relevant non-PVC based plastic mate-
rial. The development in PVC plasticisers during the project period has simul-
taneously and continuously been observed.

As an alternative non-PVC material an ethylene-vinyl acetate copolymer has
been chosen.

3.2 INDUSTRIAL RESEARCH

In phase two of the project, PYC compounds with a limited number of the
selected plasticisers have been prepared and tested for relevant properties.
Each of these compounds has been prepared as granulates, from which ap-
propriate test specimens have been made by injection moulding. From the
compounds also film samples for testing have been made by roll milling.

3.3 PUBLICATION AND INFORMATION

The feasibility study of this project has been presented and discussed at a
seminar held at Aarhus University Hospital (Skejby Sygehus) in Arhus, Den-
mark in June 2001. The title of the seminar was “PVC free in Arhus County”;
the title of the presentation was “Alternative plasticisers (- an international
project)”.

Additionally, the project has been presented at the 16" International Confer-
ence Medical Plastics 2002 held in Copenhagen late August 2002.

Furthermore it will be presented in the Danish magazine Plast Panorama
Scandinavia.
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4 Activities during the project

During the work, twelve working group meetings and two reference group
meetings have been held. Furthermore, a meeting has been held with a repre-
sentative from Reilly Chemicals, a company producing plasticisers for PVC.
Three members of the working group have visited University of Strathclyde to
present and discuss the project with Professor James Courtney, Bioengineer-
ing Unit. Finally, a number of meetings have been held with the Danish part-
ners.

Further, the group has used the expertise of Laporte Performance Chemicals
UK Ltd in the selection of non-DEHP plasticisers.

Hydro Polymers Limited have prepared the PVC compounds. Laporte Per-
formance Chemicals UK Ltd have supplied one plasticiser. Danish Techno-
logical Institute, Plastics Technology have injection moulded tensile test
specimens and square samples for testing of other properties. Papyro-Tex A/S
have prepared film samples by roll milling and determined tensile properties
on the film samples. Danish Technological Institute, Plastics Technology have
determined tensile properties, indentation hardness, density and cold flexibil-
ity temperature on injection mouldings. Danish Technological Institute, Pack-
aging and Transport have determined light transmission on film samples.

17
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5 The feasibility study

The results generated during the feasibility study are presented in three parts.

1. A description of the relevant criteria for selection of plasticisers for PVC
for medical applications

2. A plasticiser performance matrix (Appendix 1) listing the relevant data
and information regarding each of a number of substances or groups of
substances, which are considered as being potential PVC plasticisers

3. A list of the substances (Table 2), which have been selected for further
investigations by compounding and characterisation

5.1 PLASTICISER SELECTION CRITERIA

The relevance of the applied selection criteria for plasticisers for PVC for
medical devices is described below. The list refers to the criteria mentioned in
the plasticiser performance matrix, which is described in clause 6.2 and en-
closed as appendix 1.

5.1.1  Availability

A plasticiser needs to be commercially available in large quantities (ton lots) to
satisfy current demand for plasticised PVC for medical applications.

5.1.2  Compatibility towards PVC resins

The compatibility could be expressed as: To what extent is a substance capa-
ble of forming a stable compound with the polymer? The compatibility is of-
ten measured as the solution temperature, i.e. the temperature at which a mix-
ture of plasticiser and suspension PVC apparently changes to a single-phase
state.

A plasticiser needs to be compatible with PVC resins. If a substance is incom-
patible it will exude to the surface of an article and can be more easily ex-
tracted; i.e. an incompatible plasticiser will not plasticise PVC properly.

Furthermore, a plasticiser should be tolerant to the stabilisers and other addi-
tives in the compound to avoid exudation in the process or/and a sticky sur-
face of the final article. The volatility of the plasticiser should be low - at least
not higher than that of DEHP.

5.1.3  Plasticising efficiency

The plasticising efficiency of a plasticiser determines the level of plasticiser in
a compound that is needed to achieve the required degree of modification of
the compound. In this work the hardness of PVC compound has been chosen
as the reference parameter. The more efficient the less plasticiser will be re-
quired. The efficiency is an important property when determining overall
cost.

19



5.1.4  Processability
5.1.4.1 Compounding

A PVC material is made up from a blend of ingredients: PVC resin (the
polymer that makes the material a plastic), plasticiser(s), stabilisers and lubri-
cants. The ingredients are blended together in a high-speed mixer or a ribbon
blender. During this process the plasticiser is absorbed into the PVC resin
particles. This blend can then be processed directly into an article by extru-
sion, by injection moulding and by calendering. It can also go through an in-
termediate step of compounding. This is where the blend is fed into an ex-
truder and by means of heat and pressure it becomes molten. The molten
mass is extruded (pressed through a spaghetti die) and the solidified strands
are cut into small pellets called granulate. The pellets are cooled from approx.
150°C to ambient temperature. The pellets can then be used to form articles
by extrusion, by injection moulding and by calendering.

5.1.4.2 Component manufacture

Injection moulding

A plasticiser should be sufficiently stable to withstand the heat and the defor-
mation associated with the injection moulding process. No sweating should
occur. A low vapour pressure is also desirable.

Extrusion

A plasticiser should be sufficiently stable to withstand the heat and the defor-
mation associated with the extrusion process. No sweating should occur. A
low vapour pressure is also desirable.

Calendering
A plasticiser should be sufficiently stable to withstand the heat and the defor-
mation associated with the calendering process.

5.1.4.3 Fabrication operations

Welding and bonding
A plasticiser should not harm the assembly process. No sweating should oc-
cur.

Machinability and printability
A plasticiser should not harm the machining or the printing processes. No
sweating should occur.

5.1.4.4  Post fabrication operations

Radiation sterilisation

A plasticiser should be sufficiently stable towards the energy disposition asso-
ciated with the radiation sterilisation process. No sweating should occur.
Ethylene oxide (EO) sterilisation

A plasticiser should be sufficiently stable towards the heat, humidity and
chemicals associated with the ethylene oxide sterilisation process. No sweating

should occur.

Steam sterilisation
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A plasticiser should be sufficiently stable towards the heat and humidity asso-
ciated with the steam sterilisation process. No sweating should occur. A low
vapour pressure is also desirable, so the plasticiser does not distil away.

5.1.5  Cost

This breaks down into two sections and related to the overall
cost/performance/efficiency of the system.

Plasticiser cost combined with plasticising efficiency needs to be as low as
possible to keep materials cost low and to remain competitive.

Processing cost needs to be considered. The plasticiser has major influence on
processing cost (see Processability)

5.1.6  Regulatory status
5.1.6.1 Toxicity

Toxicity is the effect of the plasticiser on life forms and plant material. Plasti-
ciser needs to have low toxicity - food contact approval being one means of
determining current toxicity status.

5.1.6.2 Handling

Plasticiser should be safe to handle and not cause any adverse effect upon
industry employees. Material will be handled in large quantities i.e. > 1 tonne.
In addition products manufactured from the compound will be widely han-
dled by medical staff and come into skin contact with the patients and it is
imperative that there is no allergic reaction to such products as observed by
some latex products etc.

5.1.6.3 Health and safety

Medical devices made from this material should have no adverse effect on the
users and the material should meet USP class VI (USP = United States
Pharmacopoeia). Material should also not interact with substances (e.g.
drugs) that it will come into contact with. Drug efficiency should not be im-
paired. These aspects has primarily been described for DEHP.

5.1.7  Environmental status

5.1.7.1 Ewmuissions

Emissions during plasticiser manufacture

The production process should not have any detrimental effect upon the envi-
ronment. Waste products and emissions need to be considered.

Emissions during processing

Material should not have any adverse effects on the environment during proc-

essing. Emissions and residues should be taken into account.

Emissions in use
Material should not have any adverse effect on the environment during use

21



5.1.7.2 Disposal issues

Due to the risk of spreading of infections all medical devices should be dis-
posed of via incineration. Therefore plasticiser should be suitable for incinera-
tion without adverse effects i.e. emissions or residues.

5.1.7.3  Sustainable development

Plasticiser selection should consider whether the material can demonstrate
sustainability, i.e. materials made from natural products being more sustain-
able than materials made from non renewable resources.

5.1.8  Physical properties of plasticiser
5.1.8.1 Aesthetic properties

Colour

Colour is considered important in that it conveys “purity of product” to the
user. Plasticisers should give colourless compounds and articles. A lot of PVC
additives either produce materials that are semi-opaque or yellow in appear-
ance. They are by the medical industry and the hospital staffs perceived to be
imperfect or contaminated.

Clarity
Plasticiser needs to give a clear/transparent material. This allows for the end
user to see the contents of any article or device made from the material.

5.1.8.2 Odour

Material made with plasticiser should not have any odour, as odour indicates
emission.

5.1.9  Physical properties of compounds
5.1.9.1 Mechanical properties

Tensile strength

The material needs to have sufficient strength to ensure that the article re-
mains durable and intact throughout its entire service life. Any likely abuse of
material needs to be considered. Properties need to be maintained throughout
the service life of the product.

Cold flexibility

The material needs to retain its flexibility at low temperatures, as products are
likely to be used or stored in low temperature environments. This property
needs to be maintained throughout the service life of the product such as
blood storage.

Elastic recovery

The rate or degree at which a material returns to its original shape after being
deflected - the elastic recovery - is important at many applications and espe-
cially in flexible PVC tubing for use in peristaltic pumping applications.
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5.1.10 Public perception

The public perception is the way the general public reacts to a description of a
material or a product. (E.g. a substance called di-hydrogen oxide would
probably be considered bad, but described as water it would be considered
harmless).

5.2 PLASTICISER PERFORMANCE MATRIX

A performance matrix for plasticisers for PVC for medical applications has
been prepared based on the best knowledge collected by the project partners
(see appendix 1). Data and comments in the matrix are primarily based on
the experience of the partners and on the general literature (e.g. ref. 19 and
34).

In the performance matrix the term “Unknown” means unknown to the pro-
ject workers for the moment. Many aspects have not been investigated and
therefore data are not existing. Some aspects have been considered as being
less important and therefore no effort has been made to search for data.

An asterisk (*) refers to knowledge transferred from DEHP or DEHP plasti-
cised PVC.

Phthalates being assessed in the risk assessment program in the EU are
marked with *.

The plasticising efficiencies indicated are based on information from Hydro
Polymers.

The abbreviations used in the matrix are explained in table 1:

TABLE 1

ABBREVIATIONS USED IN THE PLASTICISER PERFORMANCE MATRIX
ASE Alkylsulphonate of phenol
ATBC Acetyltributyl citrate
ATHC Acetyltrihexyl citrate
BTHC Butyryltrihexyl citrate
DACM Distilled acetylated monoglyceride based on hydrogenated coconut oil
DEHA Di(2-ethylhexyl) adipate (Dioctyl adipate)
DEHP Di(2-ethylhexyl) phthalate (Dioctyl phthalate)
DEHS Di(2-ethylhexyl) sebacate (Dioctyl sebacate)
DEHZ Di(2-ethylhexyl) azelate (Dioctyl azelate)
DIDP Diisodecyl phthalate
DINP Diisononyl phthalate
EAC Ethylene-acrylate-carbon monoxide
ELO Epoxidised linseed oil
EP European Pharmacopoeia
ESO Epoxidised soya bean oil
ETO Ethylene oxide
EVAC Ethylene-vinyl acetate plastic
PVC Poly (vinyl chloride)
TEHTM Triethylhexyl trimellitate (Trioctylmellitate)
UsP United States Pharmacopoeia
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53 SUBSTANCES SELECTED FOR FURTHER INVESTIGATION

The substances listed below are considered as having the highest potential for
success as a plasticiser for PVC for medical applications and therefore they
have been selected for further investigations. PVC compounds based on these
substances have been prepared and substantial properties have been deter-
mined by testing and compared with the properties of a reference PVC com-
pound plasticised with DEHP, so DEHP is also in the list:

TABLE 2

PLASTICISER SUBSTANCES SELECTED FOR FURTHER INVESTIGATIONS

Chemical name Abbreviations used in the performance matrix
Di(2-ethylhexyl) phthalate DEHP

Diisononyl phthalate DINP

Di(2-ethylhexyl) adipate DEHA

Di(2-ethylhexyl) sebacate DEHS

Triethylhexyl trimellitate TEHTM

A benzoate

A polymeric adipate -

Acetyltributyl citrate ATBC
Ethylene-acrylate-carbon monoxide terpolymer EAC Terpolymer

As an alternative non-PVC plastic material, ethylene-vinyl acetate copolymer
(EVAC) has been chosen.

The arguments for selecting or rejecting each of the substances are as follows

DEHP: Yes!
DEHP is necessarily selected as a reference plasticiser. DEHP is available in
one grade that is pure enough to be medical.

DINP: Yes!

During the work it became obvious to include diisononyl phthalate and diiso-
decyl phthalate, as they in the EU studies appear to be coming out reasonably
favourable regarding their risk assessments.

Anyway, it is too narrow to consider phthalates as a uniform group of sub-
stances; phthalates should be considered as individual substances.

DINP is used in food contact and in toys, and we consider it as a potential
substitute for DEHP for medical devices. Among phthalates DINP is proba-
bly the best alternative to DEHP.

Commercial DINP is always a mixture of isomers, the composition of which
varies from producer to producer. Depending on the way of synthesis DINP
exist as two different products with two CAS numbers. Therefore the product
to be investigated has been specified in detail by selecting a specific product.

DIDP: No!/
One alternative phthalate is sufficient.

Other phthalates: No/
One alternative phthalate is sufficient.
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DEHA: Yes!/

DEHA is already being used for medical applications. Some ecotoxicity prob-
lems have been considered. DEHA is available in one grade that is pure
enough to be medical. It is being used by at least one company.

Other monomeric adipates: No!
One monomeric adipate is sufficient.

Polymeric adipates: Yes/

A polymeric adipate is considered as the sole potentially relevant polymer to
substitute DEHP as a primary plasticiser in PVC. Polymeric adipates are mix-
tures of polymers of different chain length, the composition of which varies
from producer to producer. Therefore a specific grade to be investigated has
been chosen and the product has been specified in detail.

TEHTM: Yes/
TEHTM is available in medical grades and is already used in e.g. bags and
infusion sets.

ATBC: Yes!
ATBC is currently being used in some special medical applications.

ATHC: No/
No information of the existence of ATHC in medical grades or medical appli-
cations of ATHC has been found; one citrate is sufficient.

BTHC: No/

Occupational and health problems have been reported from the State Univer-
sity Hospital in Denmark, where BTHC plasticised PVC blood bags are being
handled at the blood bank. According to the producer this is an isolated ex-
ceptional case which can be avoided with different handling and storage pro-
cedures. The company has received no similar complaints from other Euro-
pean countries (Netherlands, Norway, Sweden, Finland and Iceland) where
BH'TC are in use; one citrate is sufficient.

Benzoates: Yes/
Only little information is available but they seem promising. A choice between
a number of products available from at least two suppliers has been made.

Sulphonates: No/
Sulphonates are rejected mainly because of the emission of SO, (sulphur di-
oxide) during incineration as waste.

Phosphates: No/
Phosphates have poor technical properties, and they are forbidden according
to the Nordic Pharmacopoeia (Ph. Nord. 63).

Soya Bean Oil (epoxidised): No!
Soya bean oils have limited compatibility and the processability is poor. How-
ever, soya bean oils are readily used as secondary plasticisers and as stabilisers.

DEHS: Yes!
Di(2-ethylhexyl) sebacate has extensive FDA approval and is frequently used
in the cosmetic industry. It is commercially available from many sources.
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Note: It is manufactured from sebacic acid, which is a by-product from crack-
ing of castor oil. Thus is it produced from natural products.

DEHZ: No!

Di(2-ethylhexyl) azelate is commercially available from only a very few manu-
factures. The main raw material, azelaic acid, is only available from one
source. The performance characteristics of DEHZ and DEHS are similar.
Most compounders prefer to use DEHS.

Naphthenates: No!
Naphthenates are not commercial available in ton lots.

Polyhydric alcohol esters: No!
They are not commercially available in ton lots, not tested and probably the
existing grades are not suitable for medical applications.

Aliphatic glycol esters. No!/
They are not commercially available in ton lots, not tested and probably the
existing grades are not suitable for medical applications.

Ethylene-acrylate-carbon monoxide terpolymer (Elvaloy®): Yes/!

According to the producer these products can be used as a plasticiser on there
own. Though only one producer is known it was considered worthwhile to
include a suitable product for further investigation.

Nitrile rubber: No/
Generation of hazardous fumes when incinerated.

Polyurethane: No/

Polyurethanes are used as solid plasticisers in conjunction with a primary plas-
ticiser. They are not suitable as primary plasticisers. Generation of hazardous
fumes when incinerated.

EVAC: No!
EVAC is used as a solid plasticiser in conjunction with a primary plasticiser. It
is not suitable as a primary plasticiser.

Metallocene catalysed polyolefines: No/

They are not readily available. The latest published development has not
shown any reliable potential. They have limited compatibility with PVC, as
polyolefines and PV C are generic very different from each other.

DACM: No!
DACM is commercially available only in small quantities. No medical appli-
cation is known. High price!

Esters of palm oil, castor oil, corn oil and rapeseed oil: No/!

Limited availability — unsuitable as primary plasticisers — no potential as sub-
stitutes for DEHP. An exception is castor oil, in that sebacates are based on
castor oil.
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6 Experimental

6.1 PREPARATION OF COMPOUNDS, FILMS AND TEST SPECIMENS

6.1.1  Preparation of PVC compounds plasticised with the selected substances

Approx. 25 kg of test compounds based on each of the selected substances as
a plasticiser were prepared and pelletised at Hydro Polymers with the compo-

sitions shown in Table 3 below.

As a reference compound a standard DEHP plasticised PVC compound with

a Shore A hardness of 80 was chosen, and the Shore A hardness of the test

compounds should be as near as possible to 80 for comparison reasons.

FORMULATION OF THE PREPARED PVC COMPOUNDS (PARTS BY WEIGHT)

TABLE 3

Compound No.

036

037

041

(@]
X
o

o
)

Plasticiser type

Ingredients "

DEHP

DINP

Benzoate

Polyadipate

mer

PVC resin
Epoxidised soya bean
oil

A calcium-zinc stabi-
liser

DEHP

DINP

DEHA

DEHS

TEHTM

A benzoate

A polyadipate

ATBC

EAC Terpolymer

48

—_

(e]6]

52

45

51

59

100

15

52

~ O
1S

—
v

59

53

IN g EAC Terpoly-

v

40

Y Sources of the ingredients a

re listed in appendix 3

6.1.2  Preparation by injection moulding of specimens for material characteri-

sation

From the prepared PVC compounds dumbbell shaped tensile test specimens

of type 1A according to ISO 527-2:1993 and square test specimens 4 mm

thick and 50 mm in side length were made by injection moulding at the Dan-

ish Technological Institute.

The detailed injection moulding reports are enclosed as appendix 2.
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Table 4 shows the injection moulding parameters used.

TABLE 4

PARAMETERS USED FOR THE INJECTION MOULDING OF DUMBBELL SHAPED TENSILE TEST SPECIMENS
AND SQUARE SPECIMENS — ZONE, NOZZLE AND MOULD TEMPERATURES [°C]

Compound No. | 036 037 038 039 040 041 042 043 106 | EVAC
Plasticiser type ° 8 %
o o < %) = s a 9] a
T = T T = o 5 Ja) o O
W = w Ll I E © = ~ £
[a) [a) [a) [a) w © > < U
o (o] <
o w
Zone 4 170 170 182 180 170 170 177 170 170 170
Zone 3 185 185 195 195 185 185 191 185 185 185
Zone 2 185 185 195 195 185 185 191 185 185 185
Zone 1 190 190 199 199 190 190 195 190 190 190
Nozzle 190 190 199 199 190 190 195 190 190 190
Mould 35 35 35 35 35 35 35 35 35 35

6.1.3  Preparation by roll milling of film samples for testing

From the prepared compounds 185 — 400 m thick film samples were made by
direct roll milling at Papyro-Tex.

The temperature of the front roll was 166°C; the temperature of the back roll
was 160°C. Prior to testing the film samples were conditioned at room tem-

perature for four days.

6.2 CHARACTERISATION OF THE PREPARED COMPOUNDS AND OF THE ALTER-
NATIVE NON-PVC MATERIAL

The test program was conducted at Danish Technological Institute, Centre
for Plastics Technology except from the tensile test of film samples, which
was performed at the laboratory at Papyro-Tex. The laboratory at Danish
Technological Institute, Centre for Plastics Technology is accredited accord-
ing to DS/EN ISO/IEC 17025 to perform a long range of tests on plastics and
similar materials.
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6.2.1

Tensile properties determined on injection moulded specimens

Test method: ISO 527-2, specimen type 1A. Crosshead speed 100 mm/min.
The detailed test reports are enclosed in appendix 4.

TABLE 5

TENSILE STRENGTH AND TENSILE STRAIN AT BREAK OF INJECTION MOULDED SPECIMENS FROM PVC
TEST COMPOUNDS AND FROM A SELECTED GRADE OF EVAC (SOURCE INFORMATION ENCLOSED IN
APPENDIX 3)

Com- | Plasticiser Speci- Speci- | Tensile strength [MPa] | Tensile strain at break
pound | type men men %)
No. width | thickness | \aqp Statistical Mean Statistical
[mm] [mm] value standard value standard
deviation deviation
036 DEHP 9.97 3.97 14.7 0.193 234 931
037 DINP 10.00 3.99 14.6 0.319 238 6.59
038 DEHA 9.99 4.00 13.6 0.197 279 9.86
039 DEHS 10.00 3.00 12.6 0.234 255 16.19
040 TEHTM 10.02 4.00 14.1 0.149 196 7.65
041 Benzoate 9.99 3.97 16.8 0.216 207 3.22
042 Polyadi- 9.98 3.97 14.2 0.190 21 9.75
pate
043 ATBC 9.99 3.98 13.9 0.262 227 9.98
106 EAC Ter- 10.00 3.96 19.7 0.166 102 2.38
polymer
Alterna- | pyac 10.00 3.97 6.29 0.153 >934 "
tive plas-
tic

*) No break at this strain
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Fig. 1 Tensile strength of injection mouldings [MPa]
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Fig. 2 Tensile strain at break of injection mouldings [%]
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6.2.2 Density of the prepared compounds

The density of the prepared PVC compounds and of the alternative plastic
material was determined on square injection moulded specimens.

Test method: ISO 2781 method A, ver. 1.

TABLE 6

DENSITY DETERMINED ON SQUARE INJECTION MOULDED SPECIMENS

Compound No. | Plasticiser type Density [kg/m?]
036 DEHP 1232
037 DINP 1219
038 DEHA 1212
039 DEHS 1193
040 TEHTM 1216
041 Benzoate 1292
042 Polyadipate 1259
043 ATBC 1256
106 EAC Terpolymer 1240

Alternative EVAC 951
plastic

Fig. 3 Density [kg/m?]
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6.2.3 Indentation hardness determined on square injection moulded speci-

mens

Test method: DS/EN ISO 868:1998 read after 15 seconds.

TABLE 7

SHORE A HARDNESS DETERMINED ON SQUARE INJECTION MOULDED SPECIMENS

Compound No. | Plasticiser type Shore A
036 DEHP 82
037 DINP 84
038 DEHA 82
039 DEHS 82
040 TEHTM 83
o041 Benzoate 8o
042 Polyadipate 8o
043 ATBC 78
106 EAC Terpolymer 94"

Alternative EVAC 79
plastic

“I This value is beyond the interval valid for Shore A

Fig. 4 Shore A hardness
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6.2.4 Cold flexibility

The cold flexibility temperature was derived from the torsional moduli at
varying temperatures determined on plane-parallel specimens cut out from
injection moulded tensile test specimens.

Test method: ISO 458/1-1985.

The cold flexibility temperature is defined as the temperature, at which the
torsional stiffness, determined by apparent torsional modulus testing, is 310
N/mm at an angular deflection value of 200 degrees.

The resulted graphs are enclosed in appendix 5.

TABLE 8

COLD FLEXIBILITY TEMPERATURE OF PVC TEST COMPOUNDS AND OF A SELECTED GRADE OF EVAC
DETERMINED BY TESTING ACCORDING TO I1SO 458/1-1986 [°C]. ALSO EXPECTED VALUES FOR SOME
COMPOUNDS ARE SHOWN.

Compound | Plasticiser or Determined by Approximate ex- Approx. values
No. plastic mate- testing pected values expected by the
rial project partners
based on their ex-
perience
036 DEHP - 20 -19 -22
/2037 DINP - 20 -19 -26
038 DEHA <-40 - 46 - 50
039 DEHS <- 40 - 55 - 60
040 TEHTM 20 -24 - 24
041 Benzoate -3 ? ?
042 Polyadipate 10 -13 -13
043 ATBC 22 23 -22
106 EAC Terpoly- +11 ? ?
mer
AItema_tive EVAC .36 > >
plastic

I These expected values are derived from ref. 19 and interpolated to the actual hardness

values
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Fig. 5 Cold flexibility temperature [degrees C]
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6.2.5 Tensile properties determined on roll milled film specimens

Test methods: ISO 527-3, specimen type 2. Width 10 mm, length 150 mm
and clamp distance 100 mm. Crosshead speed 200 mm/min.

Prior to testing the film samples were conditioned at room temperature for
four days. The mean values were derived from five single values. These tests
were performed at Papyro-Tex. The detailed test reports are enclosed in ap-
pendix 6.

TABLE 9

TENSILE STRENGTH AND TENSILE STRAIN AT BREAK OF FILM SAMPLES FROM PVC TEST COMPOUNDS.
NoTE: THE EVAC MATERIAL WAS NOT AVAILABLE IN THE FORM OF FILM.

Com- | Plasticiser type Speci- Tensile strength [MPa] Tensile strain at break [%]
pound men Mean value | Statistical | Mean value | Statistical
No. thickness standard standard
(m] deviation deviation
036 DEHP 250 20.08 0.36 415 7
037 DINP 210 20.56 0.26 381 7
038 DEHA 220 17.97 0.49 411 12
039 DEHS 220 14.42 0.32 350 8
040 TEHTM 220 18.18 0.45 379 5
041 Benzoate 185 21.90 0.90 296 19
042 Polyadipate 220 20.18 0.79 375 18
043 ATBC 220 19.37 0.39 371 26
106 EAC Terpolymer 400 27.70 1.05 333 20

Fig. 6 Tensile strength of film [MPa]
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Fig. 7 Tensile strain at break of film [%]
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6.2.6 Light transmission determined on roll milled film specimens

Test method: USP XXIV <661> with the exception for the washing and dry-
ing of the film samples and with a wider range for the light transmission
measurements (290 nm to 800 nm).

Instrument model: Perkin Elmer LAMBDA 18; data interval: 1.0000 nm;
scan speed: 240.00 nm/min; slit width: 2.0000 nm; smooth bandwidth: 0.00

nm.

The single light transmission graphs are enclosed in appendix 7.

TABLE 10
MAXIMUM LIGHT TRANSMISSION AT 450 AND 800 NM OF FILM SAMPLES FROM PVC TEST cOM-
POUNDS [%)].
NoTe: THE EVAC MATERIAL WAS NOT AVAILABLE IN THE FORM OF FILM.

Com- Plasticiser type @ 450 nm? @ 800 nm ¥

p?\luond Sample No.1 | Sample No. 2 | Sample No. 1 | Sample No. 2
036 DEHP 91 91 92.0 92.1
037 DINP 91 91 92.1 92.1
038 DEHA 91 91 92.2 92.3
039 DEHS 91 91 92.3 92.4
040 TEHTM 90 90 91.8 91.7
041 Benzoate 90 90 91.6 91.6
042 Polyadipate 91 91 92.2 92.2
043 ATBC 92 92 92.6 92.5
106 EAC Terpoly- ]2)) 21 ;; 221 223

mer 9 91.4 91.3

" Shiny side towards the light source

% Opposite side towards the light source

3 Read from the graphs

4 Calculated electronically by apparatus

35




Fig. 8 Light transmission of film [%]
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6.3 TOTAL ASSESSMENT

Table 12 shows an attempt to make a total assessment
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TABLE 12

TOTAL ASSESSMENT

Compound No./Material 036 037 038 039 040 041 042 043 106 EVAC
DEHP DINP DEHA DEHS TEHTM Benzoate | Polyadipate ATBC EAC Ter-
polymer
Availability + + + + + + + + ? +
Compatibility + + + + + + + + + n.a.
Plasticising efficiency index " | Expected + + + + + + ? n.a.
Experienced ? + + + + + + + + + n.a.
Processability Compounding
Injection moulding No specific difficulties experienced
Calendering No experience gained from this project
Cost Plasticiser cost index ¥ 100 100 120 500-700 400-500 200 350-700 300 500-600 n.a.
Processing cost index 100 100 120 120-140 120-140 ? 150-200 150 ? ?
3)
Physical properties of plasti- + + + + + + + + + n.a
ciser
Physical properties of com- | Tensile strength + + + (+) + + + + 134 +
pound of injection mouldings
Tensile strain at break + + + + ) ) + + + +
of injection mouldings
Tensile strength of roll + + + ) + + + + + n.a
milled film
Tensile strain at break + + + () + + + + ) n.a.
of roll milled film
Density + + + + + + + + + +
Cold flex. temp. [°C] + + + + + (=) ? + = +
Light transmission + + + + + + + + + n.a

[%]

") The efficiency index indicates weight parts of plasticiser necessary to gain approximately the same Shore A hardness as with 100 parts DEHP.
%) Calculated from the parts added at the preparation of the test compounds.
3) Expected values relative to DEHP.







7 Discussion

71 UNIFORMITY OF THE COMPOUNDS

All the compounds are apparently uniform, as there is no sign of phase sepa-
ration.

7.2 VISUAL ASSESSMENT OF THE PREPARED MOULDINGS AND FILMS

The injection mouldings prepared from the compounds plasticised with
DEHP, DINP, DEHA, DEHS, TEHTM and ATBC look all alike, i.e. trans-
parent, very slightly yellow and with a smooth and shiny surface. The benzo-
ate and polyadipate plasticised mouldings are slightly more yellow. However,
with all the compounds the yellowness is only visible by the naked eye through
the approx. 4 mm thick mouldings, not through any of the film samples.

The injection mouldings from the compound plasticised with EAC terpoly-
mer have an uneven dull surface with indications of material flow directions.
Because of the dull surface character it is difficult to compare the yellowness
to that of the other compounds. Immediately the yellowness looks more like
that of the benzoate and the polyadipate plasticised compounds. However,
this yellowness is not visible in the film thickness.

The EVAC mouldings are colourless. The surface is almost as shiny as that of
the first mentioned six compounds. However, indications of material flow
directions are slightly visible near the injection inlet point.

Apart from the fact that all of the prepared film samples look fairly homoge-
neous, it makes no sense to visually assess the roll milled film samples, as they
have been prepared by a method that is not representative for the industrial
manufacture of PVC films in large quantities.

73 EVALUATION OF THE TEST RESULTS

7.3.1  Hardness

For comparison reasons the PVC test compounds were prepared with the
attempt to obtain the same hardness as near as possible to Shore A 80.

The hardness of the reference DEHP plasticised compound has been deter-
mined to be 82. That of the alternative compounds differs between 78 and 84,
except the EAC terpolymer plasticised compound, which has a Shore A hard-
ness of 94 (a value that is beyond the interval valid for Shore A). The hard-
ness of the chosen alternative plastic material, EVAC, is 79.

The hardness values found for the test compounds plasticised with DEHP,

DEHA, DEHS, TEHTM and polyadipate are within two units from the val-
ues that could be expected according to the literature (ref. 19).
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Transformation from Shore A values to British Standard Softness Numbers
can be found in the literature e.g. ref. 19 and 20.

It seems likely that any wanted specified interesting hardness of PVC com-
pounds plasticised with the selected alternative plasticisers - with the excep-
tion of the EAC terpolymer - is possible. Obviously it is possible to purchase
an EVAC with a Shore A hardness of approximately the reference value of 80.

7.3.2  Density

The density of the tested compounds varies from that of the DEHP plasti-
cised compound with from -39 kg/m? to +60 kg/m? (from -3 % to +5 %) for
the PVC compounds. The density of the EVAC is 951 kg/m?, which is to be
expected as this material is based on olefins.

7-3.3  Mechanical properties
7.3.3.1 Tensile strength

The tensile strength of injection moulded samples of the PVC compounds
vary from 12.6 MPa to 19.7 MPa. The strength of the DEHP plasticised
compound is 14.7 MPa. The highest value (19.7 MPa) was found at the
compound plasticised with the EAC terpolymer. Among the monomer plasti-
cised compounds the highest value is 16.8 MPa.

With a tensile strength value of 6.3 MPa the strength of EVAC is less than
half that of the reference PVC compound. For some medical applications, the
EVAC probably results in uninterestingly weak compounds.

Due to different crosshead speeds during testing it is expected that the tensile
strength values determined on the film samples are significantly higher than
the values determined on the injection moulded specimens. The test results
show 14 — 40 % higher tensile strength values determined on the film samples
(at crosshead speed 200 mm/min) than on the injection moulded specimens
(at crosshead speed 100 mm/min).

The results determined on film specimens for DEHP, DEHA and TEHTM
do not contradict with the expected values found in the literature (ref. 19).

The tensile strength of the EAC terpolymer plasticised PVC compound is 34
- 38 % higher than that of the reference compound; however, the samples of
this compound is significantly thicker.

Determined on the 4 mm thick specimens at 100 mm/min crosshead speed
the highest tensile strength value among the PVC compounds is approx. 34 %
higher than that of the reference compound; the lowest one is approx. 14 %
lower than that of the reference compound. Determined on the film samples
at 200 mm/min crosshead speed the highest value is approx. 38 % higher and
the lowest value approx. 28 % lower than that of the reference compound.

7.3.3.2  Tensile strain at break
The tensile strain at break of injection moulded samples of the PVC com-

pounds vary from 102 % to 279 %. The strain at break of the DEHP plasti-
cised compound is 234 %. The highest value (279 %) was found at the com-
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pound plasticised with the DEHA and the lowest value (102 %) at the EAC
terpolymer plasticised compound.

With a tensile strain at break of more than 934 % the strain of EVAC is more
than four times that of the reference PVC compound.

Due to different crosshead speeds during testing it is expected that the tensile
strain values determined on the roll milled films (at crosshead speed 200
mm/min) are significantly higher than the values determined on the injection
moulded specimens (at crosshead speed 100 mm/min). This is confirmed by
the test results.

The tensile strain at break values determined on film specimens for DEHP,
DEHA and TEHTM do not contradict significantly with the expected values
found in the literature (ref. 19), actually they are some 19 % higher.

The tensile strain at break of the EAC terpolymer plasticised PVC compound
determined at 200 mm/min crosshead speed is 20 % lower than that of the
reference compound; determined at 100 mm/min it is 56 % lower.

The actual values found are 333 % and 102 % respectively; the former is more
than three times the latter. For the other compounds the high-speed results
are 37 - 93 % higher than the low-speed values. Apparently the EAC terpoly-
mer plasticised compound is significantly more sensitive to strain speed than
the other ones.

7.3.3.3  Cold flexibility temperature

The determined cold flexibility temperature values are very close to the ex-
pected values. However, for the EVAC and the PVC compounds plasticised
with benzoate and EAC terpolymer no information on expected values was
available.

The cold flexibility temperature are approx. -20°C for PVC compounds plas-
ticised with DEHP, DINP, TEHTM and ATBC. For DEHA and DEHS
plasticised compounds the value are significantly below -40°C. For the benzo-
ate plasticised compound it is approx. -3°C, and for the compound plasticised
with polyadipate it is -10°C. In comparison with DEHP, the benzoate and the
polyadipate seem critical as substitutes for DEHDP.

The cold flexibility temperature of the compound plasticised with EAC ter-
polymer is as high as 11°C! This high value probably disqualifies the EAC
terpolymer as a substitute for DEHP for PVC for medical devices.

The value for EVAC is approx. -36°C.
7.3.4 Light transmission
Light transmission values of 90 to 92 % in the visible wavelength range 450

nm to 800 nm does not disqualify any of the tested PVC compounds nor the
EVAC.
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7.4 CosT

The current cost relations of the used plasticiser products are shown in table
11.

TABLE 11

PLASTICISER cOST

Plasticiser Current Price index Current price index taking the ex-

substance price (relative to the price of perienced plasticising efficiency
(£ per ton) DEHP) according to the formulations (see

Current Expected Table 3) into account

DEHP 550 100 - 100

DINP 580 105 100 114

DEHA 1500 273 120 256

DEHS 2500 455 500 - 700 483

TEHTM 1500 273 400 - 500 335

Benzoate 1000 182 200 197

Polyadipate 2700 491 350 - 700 603

ATBC 3300 600 300 663

EVA Terpolymer 2700 491 500 - 600 409

7-5 COMMENTS TO EACH OF THE TESTED PLASTICISING SUBSTANCES

DINP

DINP is not available in medical grades. Concern on the available purity has
been

expressed. The current price is as expected. Two CAS numbers exist.

DEHA
The current price of the used DEHA is more than twice the expected. Ac-

cording to a Danish EPA project, DEHA is considered more aqua-toxic than
DEHP (ref. 31 and 32).

DEHS
The current price of the used DEHS is in the low end of the expected price
interval.

TEHTM: Trimellitates are reported to migrate to the blood faster than
DEHP (ref. 33), which, however, contradicts with the experience of the pro-
ject partners. The price of the used TEHTM is significantly lower than ex-
pected.

Benzoate: According to correspondence with Velsicol Chemicals, which pro-
duces benzoates, they are reluctant to consider Benzoflex 9-88 as a suitable
plasticiser for PVC for medical products. One obvious drawback is the poor
resistance to extraction by water, which is an important consideration for
PVC medical products. The price of the used benzoate is slightly lower than
expected

Polyadipate

Polyadipates have successfully been used as plasticisers for medical grade
PVC since around 1980. The price of the used polyadipate product is as ex-
pected.

ATBC
The price of the used ATBC is twice the expected.
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EAC Terpolymer
The price of the used Elvaloy product is as expected.

7.6 FILMS VERSUS TUBINGS

In this project all the specimens were prepared only by injection moulding and
the film samples only by roll milling, so this gives no basis for judging the abil-
ity of the prepared compounds to be processed by extrusion and calendering.
So far no arguments were found to distinguish between compounds for tub-
ings and compounds for films.

7.7 PRELIMINARY RANKING OF THE INVESTIGATED SUBSTANCES AND COM-
POUNDS

Based on the performed tests in this project DINP, DEHA and ATBC appear
to give compounds with similar properties as DEHP.

A proper raking of the other plasticising substances is not possible to make as
the drawbacks found concern different properties. The application in question
of the final product will determine the required materials properties.

The investigated polyadipate shows a drawback in that the cold flexibility
temperature of the compound is some 10°C higher than that of the DEHP
plasticised compound.

TEHTM shows a decrease in the tensile strain at break and can only be used
if this is acceptable for the application in question.

DEHS gives compounds with a decreased tensile strength, and the tensile
strain at break is also lower at least in film thickness. Depending on the spe-
cific application DEHS might be an interesting substitute for DEHP.

It would be relevant to verify this apparent similarity in a succeeding investi-
gation as a new round of compounding and characterisation, before one can
select appropriate alternatives for the next tasks, e¢.g. the biological assessment
etc.

7.8  GENERAL REMARKS

In the project period a new plasticiser has been reported. BASF has intro-
duced di-isononyl-cyclohexane-1,2 dicarboxylate under the trade name Hex-
amoll® DINCH. They claim it to be suitable in PVC applications that are
particularly sensitive from the toxicological point of view. Information on the
product can be found on their homepage on Internet (ref. 35).

The possibilities for replacing plasticised PVC with other plastic materials are
multiple and many attempts have been made during recent years. However,
each single application has to be investigated on its own. This might very well
include a total materials selection process. An example on a newly reported
replacement material for certain medical applications is Dow Chemical’s work
with a metallocene catalysed polyolefin film called Corvelle (ref. 36).
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& Conclusion

The investigations conducted in this project confirm that an extensive effort is
needed before one can decide to substitute di(2-ethylhexyl) phthalate
(DEHP) with any other plasticiser. It is a well-known fact that DEHP is by far
the most investigated PV C plasticiser substance. In the plasticiser perform-
ance matrix created in this project DEHP is the only substance, of which no
information is lacking. No matter which alternative to DEHP one might want
to use, a substantial new know-ledge must be generated.

Based on this project, i.e. within the limitations of the investigated properties,
it seems likely, that diisononyl phthalate (DINP), di(2-ethylhexyl) adipate
(DEHA) and acetyltributyl citrate (ATBC) can give PVC compounds with
properties that are comparable to those of DEHP plasticised PVC.

The only drawback (apart from the cost) with the investigated polyadipate
seems to be the poorer cold flexibility of the compound. The cold flexibility
temperature is some 10°C higher than that of the DEHDP plasticised com-
pound. The values found are -10°C for the polyadipate and -20°C for DEHP.
Even though the compatibility towards PVC has been reported to be limited,
no drawback was found in this investigation that can be explained by this.

Triethylhexyl trimellitate (TEHTM) also looks interesting, if a decrease in the
tensile strain at break can be accepted for the application in question.

Di(2-ethylhexyl) sebacate (DEHS) gives compounds with a substantially
lower tensile strength, and the tensile strain at break is also lower at least in
film thickness, but depending on the specific application it might also be an
interesting replacement for DEHP.

The investigated benzoate (dipropylene glycol dibenzoate) results in a com-
pound with a cold flexibility that is worse than with the polyadipate; the cold
flexibility temperature value found is -3°C. Furthermore, the tensile strain at
break is substantially decreased — nearly 30 % tested at a crosshead speed of
200 mm/min.

The most important disadvantage (apart from the cost) of the investigated
ethylene-acrylate-carbon monoxide terpolymer (EAC terpolymer) is the very
poor cold flexibility of the compound. The cold flexibility temperature was
found to be as high as +11°C. The tensile strength of PVC compounds plasti-
cised with this substance is some 35 % higher than that of compounds plasti-
cised with DEHP. The tensile strain at break, however, is reduced to 44 %
determined at a crosshead speed of 100 mm/min and to 80 % determined at
200 mm/min. Presumably, the potential for use for medical applications is
limited due to these limited properties.

To replace plasticised PVC with another plastics material is highly depending
on the actual final product and its application. In this project an ethylene-vinyl
acetate copolymer has been considered. It is worth to note that EVAC is
known to emit acetic acid during processing like extrusion or injection mould-
ing.

45



The final evaluation can only be made after assessment of biological proper-
ties and further investigation of medical articles like tubings, catheters and
bags made of the relevant compounds. However, this is not included in this
project but is expected to be made in a subsequent project.
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9 Proposal for further work

According to the original proposal for this project (ref. 41), which is shown in
the project flow diagram on the next page, the manufacturing of medical
tubes and bags and further physical and chemical characterisation of those
articles should succeed this project. The need for more data and experience
has not decreased during recent years.

The Swedish National Board of Health and Welfare have expressed their con-
cern for the risk of the patients safety associated with (uncritical - authors
remark) replacement of phthalates in PVC medical devices (ref. 37).

The Public Health Notification by FDA’s Department of health & human
services by July 12, 2002 recommends as follows (ref. 38), which is based on
the FDA CDRH assessment of DEHP from September 2001 (ref. 39 and
40):

“Most important, you should not avoid the procedures cited above (a number of
procedures that have been identified as posing the highest risk of exposure to DEHP
in the patient treatment — authors remark) simply because of the possibility of health
risks associated with DEHP exposure. The risk of not doing a needed procedure is
Jfar greater than the risk associated with exposure to DEHP.

For some of the above procedures, PVC devices that do not contain DEHP can be
substituted, or devices made of other materials (such as ethylene vinyl acetate
(EVAC), silicone, polyethylene or polyurethane) can be used, if available. If PVC
devices contarnming DEHP must be used, you may be able to minimise exposure to
DEHP by, for example, using the freshest possible blood products stored at the low-
est possible temperature, or by using heparin-coated ECMO circuits.

We recommend considering such alternatives when these high-risk procedures are to
be performed on male neonates, pregnant women who are carrying male fetuses and
peripubertal males. ..

For other patient groups, who are presumably at lower risk, the decision to use
DEHP alternatives must take into account the medical advantages and drawbacks
of the substitute materials and their availability.”

A wide agreement appears on the necessary cautiousness to be shown in this
question.

It is still the recommendation and the intention of the project group to pro-

ceed with the investigation of DEHP alternatives according to the original
proposal mentioned above.
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Overall project flow diagram
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TASK 3. Subtask 3.2
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TASK 5. Subtask 5.1
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catheter manufacture
(gluing, locking, tip form-
ing) and sterilization.

TASK 5. Subtask 5.2
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welding, printing) and
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Test of final products:
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and medical bags.
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Appendix 2 Injection moulding re-
ports (in Danish only)
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Teknologisk Institut/Plastteknologi

Gregersensvej, 2630 Taastrup

TIf: 72 20 31 10, Fax: 72 20 31 11

Sprajtesteberapport nr. 2

Teknologisk Institut sags nr. 131-02005 Dato: 20010507
Sagsbehandler: Borge Serensen Filnavn: kk-pve-01
Firma: KK/Teknologisk Institut | Tegning nr.:
Emne: Plade 4 mm Ordre nr.:
Maskine Dyseboring mm o 2,5
Fabrikat: Arburg Dysetype: Aben
Type: C270-80-300 Snekkediameter: mm 20
Formvzerktej
Opspandingsplade: mm Emneantal: 1
Indbygningshejde: mm 239 Projiceret areal, cm’:
Indlebstype: Stang Udstederarrangement: Stifter
Indlebsbgsning radius: mm Hjzelpeudstyr: Tempereringsanlaeg
Centreringsring: mm 125
Abnevej: mm
Emne
Vgt af emne: g Godstykkelse, max.: mm
Vgt af indlab: g Godstykkelse, min.: mm
Stebevaegt: g Flydevej i emne: mm
Skudvegt: g Indlebspunkt, dimension: mm
Materiale
Kemisk betegnelse: PVC og EVAC Leverander:
Handelsnavn: DP-01- Farve:
Type nr.: 36/37/40/41/43/106 +

EVAC
Tryk Kraft
Indstillet sprojtetryk: Lukkekraft: kN 300
Hydraulik/omsat: bar 1800 Dysetilhold:
Eftertryk: Tryk/kraft: bar/kN
Hydraulik/omsat: bar 500
Modtryk:
Hydraulik/omsat: bar 25
Snekkeindstilling
Dosering: ccm 20 Materialepude: ccm
Omskift eftertryk, vejath.: cem 11,5 Snekkeomdrejning: m/min 17
Omskift eftertryk, tid: sek Sprojteaggregat: Fast
Omskift eftertryk, tryk: bar Retur *
Tid og hastighed
Indsprejtningshastighed: ccm/sek 55 Restkoletid: sek 10
Indsprejtningstid: sek Pausetid: sek
Eftertrykstid: sek 20 Doserforhaling: sek
Samlet sprojtetid: sek Cyklustid: sek
Temperatur
Dysevarme: °C 190 Fast formpart, indstillet: °C 35
Zone 1: °C 190 Fast formpart, overflade: °oC
Zone 2: °C 185 Bevagelig formpart, indstillet:  oc 35
Zone 3: °C 185 Bevagelig formpart, overflade: o
Zone 4: °C 170 Forterring [forterring] timer: oC
Traverstemperatur: oC Olietemperatur: °C 40
Smeltetemperatur: oC Centrale koleanlaeg: oC 8
Varmekanal: oC
Bemzerkning Program:

Halvautomatisk Helautomatisk

*
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Teknologisk Institut/Plastteknologi

Gregersensvej, 2630 Taastrup

TIf: 72 20 31 10, Fax: 72 20 31 11

Sprajtesteberapport nr. 2

Teknologisk Institut sags nr. 131-02005 Dato: 20010507
Sagsbehandler: Borge Serensen Filnavn: kk-pvc-02
Firma: KK/Teknologisk Institut | Tegning nr.:
Emne: Plade 4 mm Ordre nr.:
Maskine Dyseboring mm o 2,5
Fabrikat: Arburg Dysetype: Aben
Type: C270-80-300 Snekkediameter: mm 20
Formvzerktej
Opspandingsplade: mm Emneantal: 1
Indbygningshejde: mm 239 Projiceret areal, cm’:
Indlebstype: Stang Udstederarrangement: Stifter
Indlebsbgsning radius: mm Hjzelpeudstyr: Tempereringsanlaeg
Centreringsring: mm 125
Abnevej: mm
Emne
Vgt af emne: g Godstykkelse, max.: mm
Vgt af indlab: g Godstykkelse, min.: mm
Stebevaegt: g Flydevej i emne: mm
Skudvegt: g Indlebspunkt, dimension: mm
Materiale
Kemisk betegnelse: PVC Leverander:
Handelsnavn: DP-01-38 Farve:
Type nr.:
Tryk Kraft
Indstillet sprojtetryk: Lukkekraft: kN 300
Hydraulik/omsat: bar 1800 Dysetilhold:
Eftertryk: Tryk/kraft: bar/kN
Hydraulik/omsat: bar 500
Modtryk:
Hydraulik/omsat: bar 25
Snekkeindstilling
Dosering: ccm 20 Materialepude: ccm
Omskift eftertryk, vejath.: ccm 12 Snekkeomdrejning: m/min 17
Omskift eftertryk, tid: sek Sprojteaggregat: Fast
Omskift eftertryk, tryk: bar Retur *
Tid og hastighed
Indsprejtningshastighed: cem/sek 55 Restkoaletid: sek 10
Indsprejtningstid: sek Pausetid: sek
Eftertrykstid: sek 20 Doserforhaling: sek
Samlet sprojtetid: sek Cyklustid: sek
Temperatur
Dysevarme: °C 199 Fast formpart, indstillet: °C 35
Zone 1: °C 199 Fast formpart, overflade: °oC
Zone 2: °C 195 Bevagelig formpart, indstillet:  oC 35
Zone 3: °C 195 Bevagelig formpart, overflade: o
Zone 4: °C 182 Forterring [forterring] timer: oC
Traverstemperatur: oC Olietemperatur: °C 40
Smeltetemperatur: oC Centrale koleanlaeg: oC 8
Varmekanal: oC
Bemzerkning Program:

Halvautomatisk Helautomatisk

*
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Teknologisk Institut/Plastteknologi

Gregersensvej, 2630 Taastrup

TIf: 72 20 31 10, Fax: 72 20 31 11

Sprejtesteberapport nr. 2

Teknologisk Institut sags nr. 131-02005 Dato: 20010509
Sagsbehandler: Borge Serensen Filnavn: kk-pve-03
Firma: KK/Teknologisk Institut | Tegning nr.:
Emne: Plade 4 mm Ordre nr.:
Maskine Dyseboring mm @ 2,5
Fabrikat: Arburg Dysetype: Aben
Type: C270-80-300 Snekkediameter: mm 20
Formvzerktej
Opspaendingsplade: mm Emneantal: 1
Indbygningshejde: mm 239 Projiceret areal, cm®;
Indlebstype: Stang Udstederarrangement: Stifter
Indlebsbesning radius: mm Hjzelpeudstyr: Tempereringsanlaeg
Centreringsring: mm 125
Abnevej: mm
Emne
Veagt af emne: g Godstykkelse, max.: mm
Vgt af indleb: g Godstykkelse, min.: mm
Stebevaegt: g Flydevej i emne: mm
Skudveagt: g Indlgbspunkt, dimension: mm
Materiale
Kemisk betegnelse: PVC Leverandor:
Handelsnavn: DP-01-42 Farve:
Type nr.:
Tryk Kraft
Indstillet sprojtetryk: Lukkekraft: kN 300
Hydraulik/omsat: bar 1800 Dysetilhold:
Eftertryk: Tryk/kraft: bar/kN
Hydraulik/omsat: bar 500
Modtryk:
Hydraulik/omsat: bar 25
Snekkeindstilling
Dosering: ccm 20 Materialepude: ccm
Omskift eftertryk, vejath.: ccm 12 Snekkeomdrejning: m/min 17
Omskift eftertryk, tid: sek Sprojteaggregat: Fast
Omskift eftertryk, tryk: bar Retur *
Tid og hastighed
Indsprejtningshastighed: ccm/sek 55 Restkoletid: sek 10
Indsprejtningstid: sek Pausetid: sek
Eftertrykstid: sek 20 Doserforhaling: sek
Samlet sprojtetid: sek Cyklustid: sek
Temperatur
Dysevarme: °C 195 Fast formpart, indstillet: °C 35
Zone 1: °C 195 Fast formpart, overflade: °oC
Zone 2: °C 191 Bevagelig formpart, indstillet:  oC 35
Zone 3: °C 191 Bevagelig formpart, overflade: o
Zone 4: °C 177 Forterring [forterring] timer: °oC
Traverstemperatur: °oC Olietemperatur: °C 40
Smeltetemperatur: oC Centrale koleanlaeg: oC 8
Varmekanal: oC
Bemzerkning Program:

Halvautomatisk Helautomatisk

*
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Teknologisk Institut/Plastteknologi

Gregersensvej, 2630 Taastrup

TIf: 72 20 31 10, Fax: 72 20 31 11

Sprejtesteberapport nr. 2

Teknologisk Institut sags nr. 131-02005 Dato: 20010509
Sagsbehandler: Borge Serensen Filnavn: kk-pvc-04
Firma: KK/Teknologisk Institut | Tegning nr.:
Emne: Plade 4 mm Ordre nr.:
Maskine Dyseboring mm @ 2,5
Fabrikat: Arburg Dysetype: Aben
Type: C270-80-300 Snekkediameter: mm 20
Formvzerktej
Opspaendingsplade: mm Emneantal: 1
Indbygningshejde: mm 239 Projiceret areal, cm®;
Indlebstype: Stang Udstederarrangement: Stifter
Indlebsbesning radius: mm Hjzelpeudstyr: Tempereringsanlaeg
Centreringsring: mm 125
Abnevej: mm
Emne
Veagt af emne: g Godstykkelse, max.: mm
Vgt af indleb: g Godstykkelse, min.: mm
Stebevaegt: g Flydevej i emne: mm
Skudveagt: g Indlgbspunkt, dimension: mm
Materiale
Kemisk betegnelse: PVC Leverandor:
Handelsnavn: DP-01-39 Farve:
Type nr.:
Tryk Kraft
Indstillet sprojtetryk: Lukkekraft: kN 300
Hydraulik/omsat: bar 1800 Dysetilhold:
Eftertryk: Tryk/kraft: bar/kN
Hydraulik/omsat: bar 500
Modtryk:
Hydraulik/omsat: bar 25
Snekkeindstilling
Dosering: ccm 20 Materialepude: ccm
Omskift eftertryk, vejath.: ccm 12 Snekkeomdrejning: m/min 17
Omskift eftertryk, tid: sek Sprojteaggregat: Fast
Omskift eftertryk, tryk: bar Retur *
Tid og hastighed
Indsprejtningshastighed: ccm/sek 55 Restkoletid: sek 10
Indsprejtningstid: sek Pausetid: sek
Eftertrykstid: sek 20 Doserforhaling: sek
Samlet sprojtetid: sek Cyklustid: sek
Temperatur
Dysevarme: °C 199 Fast formpart, indstillet: °C 35
Zone 1: °C 199 Fast formpart, overflade: °oC
Zone 2: °C 195 Bevagelig formpart, indstillet:  oC 35
Zone 3: °C 195 Bevagelig formpart, overflade: o
Zone 4: °C 180 Forterring [forterring] timer: °oC
Traverstemperatur: °oC Olietemperatur: °C 40
Smeltetemperatur: oC Centrale koleanlaeg: oC 8
Varmekanal: oC
Bemzerkning Program:

Halvautomatisk Helautomatisk

*
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Appendix 3 Sources of the ingredi-
ents in the prepared PVC com-
pounds and of the alternative ther-

moplastic material, EVAC

SOURCES OF THE INGREDIENTS AND OF EVAC

Substance
Abbrevia- Chemical nature CAS No. Supplier or pro-
tion ducer
PVC Polyvinylchloride Norsk Hydro
DEHP Di(2-ethylhexyl) phthalate 117-81-7 BP Chemicals Ltd.
ESBO Epoxydised soya bean oil Crompton Vinyl
Additives GmbH
Stabiliser A calcium-zink compound Crompton Vinyl
Additives GmbH
DINP Diisononyl phthalate 68515-48-0 ExxonMobil Chemi-
cal
DEHA Di(2-ethylhexyl) adipate 103-23-1 BASF plc
DEHS Di(2-ethylhexyl) sebacate 122-62-3 Laporte Perform-
ance Chemicals
TEHTM Tri(2-ethylhexyl) trimellitate 3319-31-1 Lonza Intermedi-
ates and Adeditives
Benzoate Dipropylene glycol dibenzoate 27138-31-4 | Velsicol Chemical
(> 5 % monoester) (125457-59-2) | Corporation
Polyadipate | A polyester based on adipic acid/neopentyl Kemira Polymers
glycol/1,4 butane diol modified with a mono
alcohol in the range C6 — C12
ATBC Acetyltributyl citrate 77-90-7 Pfizer Chemicals
EVA Ter- Ethylene terpolymer with n-butyl acrylate, 141-32-2 Du Pont (U.K.)
polymer fillers, additives, n-butylacrylate Limited
EVAC Ethylene-vinyl acetate plastic Du Pont Industrial
Polymers
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Appendix 4 Test reports from the
tensile test of injection moulded
specimens

63



arvah Tachaoingucal Irsiivs

Plastscs Tos hipndogy
Tomaiio fowi - FR) SFL-2: 1003
Egeciimen pype LA
Towi type: Tomik [nstern Corperaiion
L ipeerainr mame- R Sawiea 1N Aginmsind Matcrinly Testirg Sywiem BOZ00
Samphe lmfcaton 7 105d-1 Tem Dai: T Jorm HXk|
Iterlaies Ty 5
Samiple Hale (pis'sca] 1000000 Wity | % - 50
U roashom] 5 140} L] Temipersture:. 230
2id Creaakesl Speed. |1 OINEX T
Full Boale Lised Range: 5 004 kM
Preget Plasticisery for M0 for mediesl devices
Composnd Mo, 0% - [IEHP
harrsls s
e == Loml Srem % EEn (] (=
Wish Thasdiwra l.awrt I mimxs L] L L a Aain i Ak
s Lawd Wy Loss] Wl il Pk Ebraal
{mmij {mm| L [CT ] ] [ (] 0] B2 T
i | aam ¥ IEn o jnmm S JAREE B8 sWis] Tt
13 0 AN 1 il 1 1 EE ST ST [EE ] 112417 ST T |+-l-|4|
1 | ey (] & (W 110 [ =TT Fhrs 203 i W TEY
44 0 L] a0 (e 1 TEE A Ji SR 117 i LEN L1 5
14 | uw A i 31 i) 1188 Db Sail B % 3 il [TE L
Mas waTy HTH A1) (ww) 11 Caals - [Th o) T S5 TR 14
&0 amii iz in il (el o iHA DAL w111 o il 01y
[l wa [R5, VLT 11 01 |54 [N L 1354 | one
Lhal i EAF ] (KL 8 50 (N | il ) T AT 14.TTA PR L ST 14,77
full i + 3 i BER WARFT (154 LI 1 ik [ 1.5 @y bRl R 15891
Wl oam -2 (6 ST Lal] 1.9 AT | o LT L R ] 3§ 840 4.3
Ebwereum e 158 o (N | i e H7 Y IEREL! A17 LR ) (ERET]
. Wlanivpum — 1 fawd 53 LA0.0R0____3LE3E 14883 AT 33 o
*p Hpam o fimn Lowd Wl Lol Wellh Desplonant | el Widi
WA Modeln @ Foas
Presk (Vo) T MPa
i ] (WP} i
i1 AT A5 LR 01 Femag
21 21417 [FE L] 1068
id Y LEADS pLEL G
a4 13 nen L[ % & LLE 3
3% KT 1713 65412
Wiz i K v 15498 Ly A1 rd
S0 2.3a2 1194 1.1
oV 1gm s 95 Ay
B e 217084 514 7. b
otem 300 HLY pLil jLE T
s 20N 5T i wEa i3 STa0Y
e BT 1 K38 SR
| Maximem AT.383 (i L L L

64



i | ocharingical Initsic

Planitics s iy
Tornile tew - [0 537-2:51090
Smocaive Tp 04
Tt typas ormiis Tmtrons |qepe st
CMPETHIEE D Leh Seraes D Amonated Mewnals Teong Sywvem 800201
Samyple ldosliealiin. TIiM-2 Tl D 7, Jumse HBO L
Iminrince Type: 55
Sarmple Kaeic (plewecs). 100000 bty [ %% & 50
Cromshend Spond. G Ll W Temgeratare: 230
Full Seule Lons) R 5,000 [+
Progpeci Plaitigisets bod TV0 frwr pesdical doresces
Conrepunsse] Moy, 237 = [HMP
Hareple coremests
Lz L.:' Lo Seas = Hm Lomal Bness
With Tuctno |yt | - L] o R o A
Sy (omd  Relww il Pl Dl Parad lhr=k
i mani L P (R 1] il (el [ My Rl 1]
i 0 nan T T L T ] 14407
31 T nan I I G | B TR AR 13 i | 9 &3 15221
LR bl (ErE T L1 e 1000 [ Sl 14 557 1ia Dt ot BT ]| 14.507
i 101 (¥ B I el R 1 B i T80 14 3 bl FTTa5E (ER
A5 0 Do L] b1 PO e TR 4630 JpElA e AW linin
[ 111 Dh2y 1, & PHn | i R L 1l &M pal T ] bl LRF 14
51 [ firrd TR Tl il (W (s ] ndks (% LR~ ] O kI
LY ol M L] ] 2 277 L Tisd I 2T
ek | 1180 A 1190 i ANL 241 (TR pa 1T ] WL (L
Rl <3 66 DD | ioid Ty g 1 1 il PRENTT JLET ] LLEN i [AEN T 1%
| w3l BE vimT - s BN AsuEny I T4 S 1 i
iriman e 1.9 sy |0 ST HATT  DENE TS a1
brusmam | | pis Ll 4} (] LT b e 248,00 L7 LN | |

65



Unamah Tachnological bastitatc

Plastics Tockamskigy
Temidle s - FSO0537-30 19493
Sipoamen Frpe LA
ST FOLl Sarios |X Aairensiod Muicrsls Testing Syatern B O2DE
Sarnple Memdconon:. T3-S Tt Dt 7. s 2000
Infiexface Type: R0
Sample Havie (pivscca 00000 Flamadity { %% @ 50
Cremsbond Spond: 1 ERE i P Tompentwrs: 110
Il Cpossbosd Spaed: 0 (000 T En
Full ficale Load Benge: 5000 N
Pocgead Plastamecys e PYL bod gwdacs] davioes
Compewrsl Mo 038 - DEHA
Sample comments.
fimipe L Kol i " Sl il [T
Wil Theckn=is | crwsh T hnban L] = L] A LR
Pl ooml  Blan lowal  lan ]l Vi Er=h
i b Lol jrmam| &1 WTPmi [l [101] M Pal
T ET A momn nasm | MANS T mATY s LT
23 b L 4 N 100 1100 THA [T (LR LI TEI. 6T [N h]
13 i T 0 () L e §52 A (BN pad T 154 8o ERNT2
g4 15X 1,550 41 (el B LT ] LT Zew LT R i
_ 5y wimd 4o s jloEn i Say LR LS K ok ik
Mo LET 4w 1 () i LR ki L] IR 545 024 IEASY
| LA WOt T ET ] ORI Ta=| v U Rl T.AEN 1%,
CY LT 01T 11 (6 . [l [T A 15 144 [T
Wl iam ik AL S0 D | b0 [ L7 a1 1 TH 2 A S0 I 15. 71k
gy ¢ 3000 HEH FTN (R T i | B e L R T |l i TRl C TR IlllllI
felirmm -2 103 WTD LR R 50 AN 1110 s LTl [R R 1] UL ] b XL |'I:-|-III
Bmmm LR T B 0 DiN) (TR AL 1T LR pL] AT LALE LR EEL
Nuruan MO0 AnpD  Sab0d  (n00n SNV 0 [AETY NP A 13NT3
' 5, S aShmw  LosdWulth LoslWillk Dsploses |0 Wlh
sihimn  Madules 5 Proac & al L ul Ao
Bk (MaTowg) TMP Belwx Lol Mhisc Lol Was |l Foresd.
Ll ) i) (W) (S ) (N3 '
1l 5T 13313 TN S49E] TV 12w e
11 e (N LY TR MmN 1650 DTEAL
i mE.1 15 ™I SLAET  ITRANT MLHE ZTTAMT
LR - R L 14835 TR T A T 1LRE  TTES T
55 il L] TS
LB I [EXC #] TINES
A REAT [ i 538
(=873 1326 532 7.9
el ek ol 14.EES i AT T3 EAT 414 IT45 R
ol + 100 B b EIT b B LA M1 IO RN L T N4 1
Pelican -6} 510 1954 12541 al I ENAX [F L L
Minsrrin N T 13758 S7.99% e ERm INXETH DATRS
Mzareum mErE  15am O A 4547

66



linrish Tocbrubouicl sttt

Masscs | ochnnkogn

Temsle 1ea@ - 150 3T-2:19591
Toewll pypee Teimile Ina=rn L meporate
Cipeales name: FOL Saarizn X Awicenaicd hwierisly Testog Sywierm EO2 (R
Sample Identification:  T1I54-4 Tem Dww V. Jums P10
Isiertsce Type: $300

Sample Bain (pvsscs);  1000NE Humsdity { % & 50

U rvashasad Bpaedd HELLANEE mmmn Temjerstere: 33 C

I Crowbesd Sposl: 00N Ll

Pull Scale Lawsd Hamga: 5000 (=]

Projeci Pissiiciners for 1T for modical devioea
Cmypemenad Mo, 099 - [EHS

T T e
Chamaict g ol b =, HiFan Lipsasd Eaen
o vy Tl iss Lt I T w al ul R HETL
S |l Blomi Dl s Dl Perenk. [T
- L Lt [ 1] iy LU "= (L] ey |
i | (R 1] LE o (FET SO0 TTR [ i ] 38 03 WRETIT 1‘-'--'II
13 [T & [ S (FEX L LA | 15T 0T ol ] 1177
i | [T aiipe 5 DR 1 I 10402 12 s 2ETAN? o N 124
id o o b Ry 1 158K mIT 127K heh e 2 m 1331
s L I 1. - LT . 1271 A TH T
Bilcas i, W il ET I TTT | T P 13633 mAREe  daleM
8 1] 11 0ES nagi 1} (A 0 (o (R0 [ 1. ) iz |oT
CY [T TESL ) 1 1 L] (5 al: L
iladime 01 e 4 a1 4] oen [ [ MR FLTIA AR L HA.TTT
(TS I TS ju BT FT L] a1 [T wIELEIR i ani itk Ll WELY
lom -3 0 T = B3 L] | b D R (BT N 4TR 479 7H0
Wlmaraisi of ) B S LT ] L0 o ELIVTY 12.7m R e ] 402 W2
Sasetnipn juodn  dnan sosh  INOOGD  SihaEy  [XTRT PG} 006N
®5 Barasn armn Lol Walli  Losl Wil Deuplowss | ol Wil
oA Modubes 3 ot - i - st fusin,
Bk (MmYosgh TP Mlow sl Mmslosd  Moclosd  Josk
(] [P} U] (Wmm} (Hiww | mw)  (N30em )
In WD 4TI SITE | WETT DO 1A 26
a3 7y o el (5 %] ] 1T B5aM 1XAT™ 380K
i pa R LT 1455 BT LR LT T 1IETe 54090
dk A TRAET E AR 32 e IbanOl 2RI
33 4TI (| L ]
Mo 136 LY ok 25 T
813 15 9ET L& &5
gV, L1 1k 13T LR
el st R LR Ti 484
Pl + 200 8 o ] s ETE7S
Blemn -2 D 513 part ] [EN[ ] [ RiLn]
Wy pith ] i &5 IW
FAaniraiem ] [L¥ 5] i T

67



Tamsd lechadngcal Imbizic

Platics. T hewidingsy
Tonsile it - IS0 577-2;1083
Sperimeh e 14
Tawt yper leraiic Tty e muiam
Ubjmraen’ i o Serws D] Aunomated Mastenals Teding Symen 800 04
Sample [doslihzalion TIRS Tl Date B Jume 2000
bmierisce Tope: L]
Sampls Buis (plwcs): 1050000 Fhumidsty [ % | 50
L romshenad Hpood [Eille Lol i Tompersmare  $1C
2l Crromshand Spomd: (00000 I
Fall Sicale Lowal Hange: 5,000 (5]
Progesi Plasticrscrs ks W0 o madical diveces
Corrpansned Mo, 080 - TEHTM
Sampie cocmeits
iaape g sl Noew  talemn  Lesd Fitrew
Witsh Thuacksarsn Lot | hslmin sl il s al i T
Mk Dl Mlmm Dol Wlew Lol Tlesl Thaat
i ey e |y L] {hila) al=] L121] iMIal
11 e L MME TeGm AN WMIN o DATe Fmdin. jaIw
13 [EELL 1 hod o] FELE L Lol i 1Ty o SRS X
5 ] FiLans inin LAt [T ] 5 i [EE TS [T FEN A (R
a4 (ET e ] 1 5H) 43 (WK} 0w L L] (FEE 1597 154 LIE R LERE
- - i L e _dEm S0 i il e AT . mE 19T 477 $TLAT 1L e
Nrar P & i=ms A0 ) LELT Sl (2 i |kE 19 | el LR T JERELE
B TN, | M 1 (6 o (K8 L a1 Tasn e IIH"-'i
cw [(%q, nas L0 1 (51 aWNT LESE] Amnt on9aT Lirtay
hiadizm 11 0 B B () 10 6 LA L 1 T ATT ) 1 14 2|
Ty + 3 [ S0 |0 e aniy #01 | W00 i hatii 1 iy 20 LR NILY Il-1-l-r\-1|
Sl -3 (63 5T L% ] Iz 100 110 [ ST RN TR i EET 73 13 H-'l-|
Rlnemn 10 [l B 0 D00 100 [0 LA N I#h TR WP S BN 1% ¥l
A pee— i i Tk i LR 1RGOE 2 EST 14379 iy VTR AT 14 7l
*« Saan ToSumm  Losd'Widh LomiWilh Dnplosed Lol Walh
ol Ak dmiuban Prvecani L] -l ul
Bk (MaTomg) TMPs Bl Gl Bl Dl M Loss] sk
L] [im) i) Wm) [(Himm | (m)
] M Tl e LTS ] 5978 A HOITS
11 HEL R MRS e ES) SEWd IR TR B 298
i3 L1 b L5 R AK L 5 ROl T Hm L ER
i 192 ShE X L PR L] o I TIR 9
i 197477 [LAF. 8 &7 318 FEIN  EILTIY #TH
Fran IEW X.4r¥ o755 AT LAk o
1 TS 0T 0821 n51% 26190 s
= LENT 1591 1302 0 LECL] LERT
Sebiachumn 197.877 oL E LER b M RIS wmT
Bl o + 200 WD ANDLNE LK, o L& Ly 51746 ERT TN LA K S
Pelean -2 00 80 BELSID LLE s ] A &3 5505 I 0.7
Minriris LLE wm A ES1 S5MM TN T
Mmamum i T H#I AN &% aTite WIS TS HAITS WS

68



ash T hrachumical Instits i

Plastiin Todlasbogy
Temile s - 150 NIE-2 RS
Spoceno hvpe LA
Tst hype: i frirom. Corpreation
Cigarwor eena: FowL Soren 1 Azinmasind Meicrsh Totng Syten RI2.00
Sammiple |deatioatos.  TIE5-h Tl Duiec B Juna 20011
et Trpe S50
Sample Rale (pla'socs] 10 D000 Flumadily [ % )1 30
Covmabead| Bposd: 110 (0 [T ] Tempersiure: X C
Ind Crreabosdl Spsed 0 mm En
Fall Scals | cad Range: 500 KM
Pt Plastiomes e FVL loa madaal davoos
Compuisd Mo, 81 - [onresis
Eirnple Cofi Rt
Dl ety Lisad BEgsi  "alamn Lo Hin
Width Thackazu Bty [T al - - al i - A
Blorw Bl Mdmm Liwml] ol | diinl Lo =Y
e [ Lol |mmj (111 [ LT ™=} Lot iMi'sl
11 BT imn mom  lamm  &TIEE T B L (T
33 R I3 L L] P Lk TR h'm NIEIE Lol L ik
b ] [Fle ] LR fb 11GuoE [LrRE: ] [ rrd 20 1 5T 85 [IRCE:
44 ER S LR RLTE L] [J L] L L] B TR 20T TR L iR | !F-'-"W‘I
33 L L] LA ) (ww) ¥10 M AT 17104 A T B 171
[T i L] ) (M) 11 ielit} THU U W xTial Lok Wi el
E Qi nngi nopT I (xmh 0 [ L1 BT 125 . 30|
g il T nati il o i T [ B 7 L LS 15T | :ui
Kaliz= i 1um 0 D0n 1 i1 [ BT 16 S a7 TS ATL 54 ILE il
el + 2000 D AninT A moT B (R 1 B inn AR I (el | ama REE 291 17 :ﬂl
bl -2} 510 ok =] (R S Do 1 b WER R ILEES] b WL DL RS o 1 A1
Mz L b S 1 1 T YT 350 18T i 10 AT X508 1% 372
Maammny {1 ADG0  Sno0s (o0 sTROB  1T0W TN RINEIE  ITIH)
s Sarvn o Shrmm I.m T ol Wil m 14-|-l-'l'ili
oA, Moo & Froa - al Ak,
Brmk  (bmYomg) TP _'.I..nl Bl Do HI:-I‘-:-I- Hiresk
(] [Lr ] &) (M) (WS ] fmew) (N e
(N o3 1% 0D 53T™ WTERN NIEA i HES L4
12 ik P [ LR ] T4 Y. JITS. 449 e T
11 HALLG 1477 E TR BLET  TmIm hoLsss KL
44 AT Tay [REF ] LAY s 454 LRl ] e AT AN
35 0T AN A% ETAN MR lhaes VW3Sl
M 0T 53 Lk T =T [ L] 19797 2009
5n L4 a1zl a4m 0#s 47745 L&L2 1788
[l ' .35 1 AR sl LAXS 14313 1553 1423
Mol embai i T T LT e &7 R INT a0 JLLUEE 5 R E
Pl + 100 S0 294033 1% e 1] o AT WG B TRT W70k
Bl =3 D 5510 0018 [EREL) L
W e T (TR T
M _Z0Em_ 10m  Sei%

69



Ubmreh Foc hrcdigicat Irstitsie

Plastacs Todhinsigy
Tomuile jowi - %00 X37-2- 1000
B roam repe L
Tient bypex Timmmde It Lnrpornmtaon
i name FLH} Bevess [ Auricanuied Muicnals [eafing Syafen 00060
Samphs Memallceson ~ T1134-7 Tl Date: 8. M 304011
izt Type: S50
Sample Rafe (phisocs) 100000 [Fmaahaty | *% ¢ 50
Crossfieid Spead (T e LA T Tompuesiees: 3L
el Croashesd Speed: THL e ] =mes
Full Scale Lond Barge: 5000 N
Prosgeet Plasssors for PYL T madical deovocs.
Comnpossral Mo, (W3 - Pohmsdipeis
Sariple commonly:
[ Linp L Kaina (FC =N =} S
Widih Tk mrue L=yt 1l E] ai - uf Ay HETHE
L e o ™ T I [ 1 (1551
vEnL () SFIR| | Pan L2 4] L [ it} FLh] (e
I T 1 M llmm | STie 4408 i FOe TR
LB 1 T A0 0 o [T L Tyl (ER] ] 20108 S 14 !;-;I
n PO ] L] LRET e 14 b RN 70831 4.1
44 5 Rl 0% LR 11 (i) AT T 1WA ETE 5T ENN R
- 23 g b NI R | i by L A ) el uh] 17 401 14 s
e 0 NE wuTe &0 [ (LT Lk 11 l2v4 RILE ) S T 14 Tk
a1 [ITT (il | FTii ] {3 [Hley (R [TRR" ] Pl ] | Wipy] L 15y
0w [T A5 - ] | d44 1211 4 mlr§ | 131
Selealem 10 rem) T Rl ] (RO HTO e LLR v §T0 484 (LR
Wémm <181 S0 10 [ panm aam 1 Wil L] [ERTE] e T | SE) 5%l B it
[T ] FE T i L] 11 CE A wris i E L NE SR AT LER LU
Slnrrumi EEa ! (] i1 Kl 1 L [ L Ll UT (R ] A FI3AT] LERIEL
Manrmrin LTI i LR L] L ¥TR00 B8 RO fTamE 4 ads
= Lyam =y N I.d'ﬂ- Lol [hiphanssl  |oad Wadh .
CRLT Modshs (@ Pre-ac L ] - o A
Hirvak (MY mg] T MPa Mol Dol ol Lol Mol s Horemsh.
L] [P} L) M) (WS0mem § (mmp (W50
ii 3 mm CNE ] a5 800 T4l 2RV AR ([ WL
12 FER R 15551 A 400 JE|RSRD 10554 ']
1y L% JLE 1R 1] T T W0 L W ES o LN
a4 I ETE & 132 12 e 35 et e mem TS AM
il zzm LER. LT 1] AT BRELAM  WieET 51N
demn 201980 B 05 32 D0 LT AT LR h] ALY
5B P TE Ll T oo oaz 41258 A4aEn a
CY. P L [ ] 194 Ld3s 1434, EE-th] ]
Moadin Y1 BE K p - AT ] T ARAR oSS ZESL]
ol - O CRLY 43R 623N 55954 R340 po il TEETHL TRV
W -0 SIF Ll QRN | 2.813 Shpan ITHLONT
*iramum [[iEa ] 15951 .50 53 TTEDE
Maermem migsy e SiGES ST

70



Imsk |ochrkopeal ok

[ Ty P T
Termile et - 1900 837.2:1093
Spamen vpe 1A
Vst iype: Teraile It L orates
CIpuTHboT e P Ses DL Aunomnsd Maenals Tesang Sviem E03 00
!ﬂ*w TIE=-R Teal Date: A Rise 7000
Iniettace Ty 55001
Sapipic ke |Eewos] 1000600 Thardadans %6 ) 50
Cinnhead Sjmed 100 0000 i mn Prugeisiie: 1L
Indl Crovssheona] Spood .00 iy A
Fall Scnle Loml Hange: 5,000 M
Prupect Plasticisets fog YT o mecdicsl dervicos
Cormgramd M. A1 - AT
Sl e Liss T
Lmgs Urip |
it Trckrcms Lt QTS T L]
Bz Ll
[t e} ") ) )
0 T T T T T Y T
13 10030 A 50 (900 1 i e 551 Sl
11 IR iem ) 20 P00 LR R ]
44 i e A B 501 000 130 bR ]
3 s 4510 i an 130 D S5T20
Mlrmin Ll 1 Ll ] 1100 SNELT
5.0 [TiR=] @bl 200 ] 300 123
L+ 02w O & 4 Ol .00 2
Slonbun 9990 1w o UG 1 D kot kor
Pl +2 G0 SO0 L2t il w2 b ] 1 b T T
Bcam -2 90 50x B LW LT e 11y ITRETH
o R LA pole e 1 1y Tl 6R|
. o P LA L] 0 00 Thhaod 570,860
P — ToBmn  LomdWall Lesd'Walh Diiphman  Losl Wit
ol b Podules o Pre-et ui L] ] Ak
Brask  (MaVoang) 7P Men Dol Dol Tond  Pelacs ol sk
L [ MiPw) %l M) (W30mm }  (mm)  (HEmm )
(W] T TE -3 A BER LAl L] I 4 EUll 3690480
11 5. TH 13,79 [ B2 S50 ITSLaE TN el JTAD 8
313 min ey HEATH pall! | o is LEL Tl ITIT
T TH1LTET ILELX 10T AToE1  HRS G0N
1] T (117, 56126 S5EM  ITHLETY
Fol o N ik aGk &3 98] a1 ITTLAN
Al 9 9aA (X" 1] 5396 pes 12344 LR L] L
Cv £ 397 3. dsd L 4NT 1M 218 a3
Mdcxian BT (L] il 2 EiflE ] ITTA™ 113 584 iy
Bl +1 00 B 40 v TENT T4 FTRRE TR R 125550 o S R
el -2 0 K10 bl 1247 544 R Wik TR 1914
Pl i ians P{ R v 1Zm2 1 I EW
I ] JAn T TR TN Mk L.}




Imsh Tohssbogical insmaria

[flasmcs | ek
Terailke ol - 30 X272 1993
Sipromen fype LA
Tesl Type: Tomsils Tmittin
Sampls [enificaton:  TH156H Towt Daiz: & Junc 2001
Irmesings Type: 300
Eauple Faile (ptasecal KD Humstify | % | 50
Crosshend Sl AL LY e mi Tempolse: 230
Iral Cromboml Bisall 10000 T min
Pull Boali | oad Bange: 5 00 kN
Compoarel Hn 1 - EALC Tenpulymen
Eampht o
Gaugs it Ll - [y Lamd T
Wi Thecknas Eorgith JETYET wl - s o Ak LRI
Mlem Loeml  Wan fowml el | i 11 Birasd
T el jimink ) &3] [ &) (o1 Wil
i 0w Tmn Sen LILWm TS fesuT  j0AARl AT IRIT)
13 X1 1 5 L] (LT L Ran 11} THe THL 474 (L]
i (EX1 B i L] [T L THE Al FeNIN 1 T8 Th_RER I B
La L5 LR 1 (K1 (B L L] TN 17K o A Thiam R
id 18,8411 1 snobn LTI e IV A2 i hin TS L]
Flom I ] L a1 ] [ELN o] b A 9 TAR 1071 i 34 I:'l'.l'ﬁl
| %[ L0k ang T ik 15 1 by 25k 20,531 0528
i il el [T i 1w L LTI 1184 1am Iam 1.7
Madim i fbi | b g | il LT LR ] (G N ] T |'.|51l|-i
Sl | 300 SED [IRTET] (LT s D 100 1513 2} ¥ M T 0l i B
el -3 [} 40 4Ty b ik LT 110 TR Az .5 Tz LI
W LR (L po T/ 1 JTLE T 113 %07 A M 18 &k
Masisgm | 00 ASED BOOS (0000 e 19833 WAl TasdeR OS]
e
wi Awri ciubus
Fresk. el " g
[ Py
[~ 11 WTASD  AIAETE
13 113974 LB
1% L TaL A5 SED
4k 100135 WSO8
i_l_ 106 ML 5L
Mo L]} b L L]
f0n [ % ] IR Tl
zw. B0 sy
b 1 02 Fhipfl i
Sdloan 1100 513 LILGAE MINAT
Ml =3 D3 K1 s LLE
Mo [ [N Fra] o]
Pl b nweTa o]

72



anesk Technnbogacal buahiic

Plasiscs Teckmbogy
Termiks st = 150 3I7-2:1993
S preiersen B LA
Towi type: Tenmls lbextrum Corpreation
CNSETENT T FOL Saries [X Azinmaicd bisicisls Teaing Sywem K050
Eﬂﬁm THIH-10 Tesi Daie: 8 o 20417
Imerface Type: 5500
Sample Hale (piafsccey  §0OD00 Humidiny (% & 30
1 rrwsa b % el 8 EREH 1 Temperature:  HC
Il Cromsbond Spoadc  0L0MEK) mm o
Piall Sonles |rad Banger 5 (MXH KN
Progeci Mlasticrars B FUT his sl dovees
Senm s comrrons.
Thwepe Grlg Ll B SeBmn | el [re=—
Widsh Thakags i [T ] ] o il Ak, o Adla
b owed  Mlex Loowd Bl Lawwd Thresske Hezall.
(L [EET (v inmjy (L WP} L] L4 kil
"Laudad® o ) WD MG e 5152 GMOASZ  HSAW XL
13 FD PR 1.5 ool i ] JRLL ] I3, ¥ fi 340 1T 50 N (Sl
ii 0 7} L % 0 1 1 ZNT ARE i s 217 Mk ZNT AR 4 M
a4 LR 1.5 et L] 113k 44TE LREE 3 TIR hed.nta b 128
19 [ET:0 ] I EHE ] 1 1 & O13F LI T L]
fh LA 1860 Meo0 | jeedn  Bahbds Al DTN Haaa
Sl 00 LU Ll ] (L) 25049 4351 w018 250 419
LEil 005% EILR] i [l o a0 s [-B 1] .99 O 2k
v, IELE nam [IEET] {000 L0 Tam 1A 143
[TETEY LE L] W L 1 i 3 140 0as LR A8 23 mE
ooy + T KLY WOLIET a0 LT ] I i [ M2 ER &y B 242497
oy -2 (K} S0 b3 L 1952 e Do | B o Jnas LE ] BR300 TIN5
Mezemn 500 1280 50000 L0 244 15E &1 EL A 244 |38
e Wy =10 L -
= bl ®
11
s
LS
55
(1]
e
2
LN
Pt
Mess + 700 81
Bl i - 1040 5
WErum
Manermm

73



74



Appendix 5 Test reports from the de-
termination of torsional modulus
versus temperature
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Danish Technological Institute
Plastics Technology

Determination of torsional modulus vs. temperature acc. to 1ISO 458/1-1985

DA MISH
TECHMOLOCICAL

Version: 1 File name: torsionPVC36
Date: 27 June 2001
Operator: fgu
Lab. No.: T1154
Project No.: 13102005/33
Compound No.: PVC: 036 - DEHP
Diameter of wheel (D1) [mm] 160 160
Length of the string [mm] 0,3 0,3
Average (R) 80,15 80,15
Load (W) total [g] 384 384
Load (W) [N] 3,76704 3,76704
Aplied torque (M) [Nm] 301,92826 301,92826
Span distance (L) [mm] 40 40
Width of specimen (b) [mm] 6,29 6,36
Thickness of specimen (d) [mm] 3,99 3,98
Factor (b/d) 1,58 1,60
Table value, p 3,23 3,26
Reading D::\Iglcetlfer] Temperature| Torsion (T) Reading D::glcetlfer] Temperature| Torsion (T)
No. degrees [%] [°C] [MPa] No. degrees [%] [°C] [MPa]
1 17 -30,44 504,79 1 15 -27,90 564,83
2 19 -27,48 451,66 2 18 -24,40 470,69
3 23 -23,96 373,11 3 23 -21,17 368,37
4 29 -20,41 295,91 4 29 -17,47 292,15
5 37 -17,34 231,93 5 40 -14,47 211,81
6 47 -14,59 182,58 6 57 -11,78 148,64
7 74 -10,45 115,97 7 85 -8,75 99,68
8 107 -8,06 80,20 8 128 -6,04 66,19
9 155 -5,51 55,36 9 166 -3,82 51,04
10 230 -1,62 37,31 10 238 -1,18 35,60

PVC plasticised with DEHP
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=
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Danish Technological Institute

Plastics Technology

[P TR

TECHMHL LT AL

Determination of torsional modulus vs. temperature acc. to ISO 458/1-1985

Version: 1

Date: 26 June 2001
Operator: fgu

Lab. No.: T1154
Project No.: 13102005/33

Compound No.:

PVC: 037 - DINP

File name: torsionPVC37

Diameter of wheel (D1) [mm] 160 160
Length of the string [mm] 0,3 0,3
Average (R) 80,15 80,15
Load (W) total [g] 200 384
Load (W) [N] 1,962 3,76704
Aplied torque (M) [Nm] 157,2543 301,92826
Span distance (L) [mm] 40 40
Width of specimen (b) [mm] 6,44 6,18
Thickness of specimen (d) [mm] 4,01 3,99
Factor (b/d) 1,61 1,55
Table value, p 3,27 3,2
Reading Deflection Temperature| Torsion (T) Reading Deflection Temperature| Torsion (T)
No|  2nde®l [°C] [MPa] No|  2ndlel®l [°C] [MPa]
‘| degrees [°] ‘[ degrees [9]
1 8 -27,59 530,98 1 13 -31,97 678,16
2 9 -24,85 471,98 2 16 -27,69 551,01
3 12 -22,12 353,98 3 19 -24,55 464,00
4 15 -18,07 283,19 4 27 -20,87 326,52
5 22 -13,39 193,08 5 36 -17,27 244,89
6 32 -9,17 132,74 6 53 -13,60 166,34
7 48 -5,50 88,50 7 88 -9,03 100,18
8 87 -0,45 48,83 8 153 -5,27 57,62
9 140 2,82 30,34 9 235 -1,03 37,52
PVC plasticised with DINP
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o ®000
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Danish Technological Institute
Plastics Technology

Determination of torsional modulus vs. temperature acc. to ISO 458/1-1985

[P TR

TECHMHL LT AL

Version: 1 File name: torsionPVC38
Date: 27 June 2001
Operator: fgu
Lab. No.: T1154
Project No.: 13102005/33
Compound No.: PVC: 038 - DEHA
Diameter of wheel (D1) [mm] 160 160
Length of the string [mm] 0,3 0,3
Average (R) 80,15 80,15
Load (W) total [g] 200 200
Load (W) [N] 1,962 1,962
Aplied torque (M) [Nm] 157,2543 157,2543
Span distance (L) [mm] 40 40
Width of specimen (b) [mm] 6,35 6,38
Thickness of specimen (d) [mm] 4 3,98
Factor (b/d) 1,59 1,60
Table value, p 3,25 3,26
Reading| Dae:;cet IFer] Temperature| Torsion (T) Reading Dae::glce“?er] Temperature| Torsion (T)
No. degrees [%] [°C] [MPa] No. degrees [%] [°C] [MPa]
1 23 -33,97 189,87 1 26 -28,51 169,19
2 26 -30,39 167,97 2 34 -24,66 129,38
3 31 -27,37 140,87 3 48 -21,13 91,64
4 47 -22,51 92,92 4 70 -17,86 62,84
5 73 -17,52 59,82 5 98 -14,60 44,89
6 112 -13,23 38,99 6 117 -12,61 37,60
7 166 -7,26 26,31 7 137 -10,31 32,11
8 238 -3,02 18,35 8 170 -7,37 25,88

Apparent torsional modulus of

10000

PVC plasticised with DEHA
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Danish Technological Institute

Plastics Technology

Determination of torsional modulus vs. temperature acc. to ISO 458/1-1985

[P TR

TECHMHL LT AL

Version: 1 File name: torsionPVC39
Date: 27 June 2001
Operator: fgu
Lab. No.: T1154
Project No.: 13102005/33
Compound No.: PVC: 039 - DEHS
Diameter of wheel (D1) [mm] 160 160
Length of the string [mm] 0,3 0,3
Average (R) 80,15 80,15
Load (W) total [g] 200 200
Load (W) [N] 1,962 1,962
Aplied torque (M) [Nm] 157,2543 157,2543
Span distance (L) [mm] 40 40
Width of specimen (b) [mm] 6,34 6,34
Thickness of specimen (d) [mm] 4 3,99
Factor (b/d) 1,59 1,59
Table value, p 3,25 3,25
Reading Dae:glcetlf)er] Temperature| Torsion (T) Reading Dae::glce“?er] Temperature| Torsion (T)
No. degrees [%] [°C] [MPa] No. degrees [%] [°C] [MPa]
1 32 -31,61 136,69 1 36 -27,90 122,42
2 44 -26,94 99,41 2 42 -24,40 104,93
3 57 -23,66 76,74 3 63 -21,17 69,95
4 71 -20,63 61,61 4 81 -17,47 54,41
5 88 -18,00 49,70 5 109 -14,47 40,43
6 115 -15,17 38,03 6 139 -11,78 31,70
7 135 -13,03 32,40 7 167 -8,75 26,39
8 165 -10,00 26,51 8 187 -6,04 23,57
9 196 -7,18 22,32
PVC plasticised with DEHS
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Danish Technological Institute

- DA MITH
Plastics Technology TECHMOLOCICAL
Determination of torsional modulus vs. temperature acc. to ISO 458/1-1985
Version: 1 File name: torsionPVC40
Date: 27 June 2001
Operator: fgu
Lab. No.: T1154
Project No.: 13102005/33
Compound No.: PVC: 040 - TEHTM
Diameter of wheel (D1) [mm] 160 160
Length of the string [mm] 0,3 0,3
Average (R) 80,15 80,15
Load (W) total [g] 200 200
Load (W) [N] 1,962 1,962
Aplied torque (M) [Nm] 157,2543 157,2543
Span distance (L) [mm] 40 40
Width of specimen (b) [mm] 6,15 6,35
Thickness of specimen (d) [mm] 4 3,98
Factor (b/d) 1,54 1,60
Table value, py 3,18 3,26

Reading Deflection Temperature| Torsion (T) Reading Deflection Temperature] Torsion (T)
No|  2nd'e el ccl Pl No|  2ndlel®] cel P
‘| degrees [] ‘| degrees [?]

1 7 -30,94 658,34 1 6 -35,02 736,61

2 12 -24,72 384,03 2 8 -30,10 552,46

3 13 -22,04 354,49 3 9 -26,39 491,08

4 17 -18,00 271,08 4 12 -21,79 368,31

5 26 -13,97 177,25 5 16 -18,60 276,23

6 43 -8,15 107,17 6 23 -14,19 192,16

7 68 -4,19 67,77 7 32 -10,08 138,12

8 103 -1,08 44,74 8 44 -6,46 100,45

9 144 1,93 32,00 9 59 -4,06 74,91

10 194 4,78 23,75 10 85 -1,13 52,00
11 122 1,59 36,23
12 160 4,69 27,62
PVC plasticised with TEHTM
10000
k]
"
=3
Il
3 000
Es e N
2%
8 |
= 100
g N
©
- .
< e
10 : : : : : :
-40 -30 -20 -10 0 10 20 30
Temperature, °C




Danish Technological Institute
Plastics Technology

Determination of torsional modulus vs. temperature acc. to ISO 458/1-1985

[P TR

TECHMHL LT AL

Version: 1 File name: torsionPVC41
Date: 27 June 2001
Operator: fgu
Lab. No.: T1154
Project No.: 13102005/33
Compound No.: PVC: 041 - Benzoate
Diameter of wheel (D1) [mm] 160 160
Length of the string [mm] 0,3 0,3
Average (R) 80,15 80,15
Load (W) total [g] 200 384
Load (W) [N] 1,962 3,76704
Aplied torque (M) [Nm] 157,2543 301,92826
Span distance (L) [mm] 40 40
Width of specimen (b) [mm] 6,19 6,38
Thickness of specimen (d) [mm)] 4 4
Factor (b/d) 1,55 1,60
Table value, p 3,2 3,26
Reading| Deflection Temperature| Torsion (T) Reading Deflection Temperature| Torsion (T)
No|  2nde®l [°C] [MPa] No|  2ndlel®l [°C] [MPa]
‘| degrees [°] ‘[ degrees [9]
1 4 -29,70]  1137,50 1 7 -34,71 1188,55
2 5 -23,04 910,00 2 8 -30,42] 1039,98
3 6 -17,96 758,33 3 9 -25,74 924,43
4 7 -11,60 650,00 4 10 -19,25 831,98
5 12 -4,59 379,17 5 11 -14,11 756,35
6 18 0,11 252,78 6 15 -9,08 554,66
7 43 4,68 105,81 7 22 -5,44 378,17
8 76 8,08 59,87 8 35 -1,12 237,71
9 168 11,96 27,08 9 50 1,39 166,40
10 250 16,23 18,20 10 104 5,05 80,00
11 228 9,08 36,49
PVC plasticised with benzoate
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Danish Technological Institute

Plastics Technology

Determination of torsional modulus vs. temperature acc. to ISO 458/1-1985

[P TR

TECHMHL LT AL

Version: 1 File name: torsionPVC42
Date: 27 June 2001
Operator: fgu
Lab. No.: T1154
Project No.: 13102005/33
Compound No.: PVC: 042 - Polyadipate
Diameter of wheel (D1) [mm] 160 160
Length of the string [mm] 0,3 0,3
Average (R) 80,15 80,15
Load (W) total [g] 200 384
Load (W) [N] 1,962 3,76704
Aplied torque (M) [Nm] 157,2543 301,92826
Span distance (L) [mm] 40 40
Width of specimen (b) [mm] 6,06 6,25
Thickness of specimen (d) [mm] 3,99 3,99
Factor (b/d) 1,52 1,57
Table value, p 3,18 3,22
Reading Deflection Temperature| Torsion (T) Reading Deflection Temperature| Torsion (T)
No|  2nde®l [°C] [MPa] No|  2ndlel®l [°C] [MPa]
‘| degrees [°] ‘[ degrees [9]
1 4 -30,61 1178,02 1 8 -31,62] 1082,90
2 6 -24,21 785,35 2 9 -26,53 962,58
3 7 -19,46 673,16 3 11 -22,01 787,56
4 8 -15,83 589,01 4 13 -18,74 666,40
5 13 -10,96 362,47 5 18 -14,30 481,29
6 19 -6,91 248,00 6 26 -10,49 333,20
7 34 -3,01 138,59 7 42 -6,16 206,27
8 57 0,23 82,67 8 74 -2,61 117,07
9 107 3,77 44,04 9 138 0,38 62,78
10 176 6,94 26,77 10 242 3,78 35,80

10000
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Danish Technological Institute

Plastics Technology

Determination of torsional modulus vs. temperature acc. to ISO 458/1-1985

[P TR

TECHMHL LT AL

Version: 1 File name: torsionPVC43
Date: 27 June 2001
Operator: fgu
Lab. No.: T1154
Project No.: 13102005/33
Compound No.: PVC: 043 - ATBC
Diameter of wheel (D1) [mm] 160 160
Length of the string [mm] 0,3 0,3
Average (R) 80,15 80,15
Load (W) total [g] 200 200
Load (W) [N] 1,962 1,962
Aplied torque (M) [Nm] 157,2543 157,2543
Span distance (L) [mm] 40 40
Width of specimen (b) [mm] 6,06 6,28
Thickness of specimen (d) [mm] 3,99 3,99
Factor (b/d) 1,52 1,57
Table value, p 3,18 3,22
Reading| Dae:glcetlf)er] Temperature| Torsion (T) Reading Dae::glce“?er] Temperature| Torsion (T)
No. degrees [%] [°C] [MPa] No. degrees [%] [°C] [MPa]
1 7 -32,08 673,16 1 9 -28,69 498,95
2 9 -27,72 523,57 2 15 -22,50 299,37
3 13 -23,46 362,47 3 19 -18,72 236,34
4 18 -19,12 261,78 4 32 -14,30 140,33
5 30 -14,29 157,07 5 64 -8,60 70,16
6 66 -9,62 71,40 6 104 -5,33 43,18
7 90 -6,21 52,36 7 144 -3,08 31,18
8 145 -3,01 32,50 8 188 -0,40 23,89
9 207 0,25 22,76
PVC plasticised with ATBC
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Danish Technological Institute

Plastics Technology

[P TR

TECHMHL LT AL

Determination of torsional modulus vs. temperature acc. to ISO 458/1-1985

Version: 1

Date: 29 June 2001
Operator: fgu

Lab. No.: T1154
Project No.: 13102005/33

Compound No.:

PVC: 106 - EAC Terpolymer

File name: torsionPVC106

Diameter of wheel (D1) [mm] 160 160
Length of the string [mm] 0,3 0,3
Average (R) 80,15 80,15
Load (W) total [g] 384 384
Load (W) [N] 3,76704 3,76704
Aplied torque (M) [Nm] 301,92826 301,92826
Span distance (L) [mm] 40 40
Width of specimen (b) [mm] 6,24 6,14
Thickness of specimen (d) [mm] 3,96 3,97
Factor (b/d) 1,58 1,55
Table value, p 3,23 3,2
Reading| Deflection Temperature| Torsion (T) Reading Deflection Temperature| Torsion (T)
No| . 2nd'e el [°C] [MPa] No|  2ndlel®] [°C] [MPa]
‘| degrees [°] ‘| degrees [9]
1 8 -31,52] 1106,04 1 11 -28,47 818,94
2 9 -26,06 983,15 2 12 -21,77 750,69
3 10 -20,03 884,83 3 13 -16,27 692,95
4 11 -15,70 804,39 4 14 -10,32 643,45
5 12 -10,50 737,36 5 15 -5,45 600,55
6 13 -5,32 680,64 6 17 0,66 529,90
7 15 -0,39 589,89 7 22 5,35 409,47
8 18 4,17 491,57 8 28 9,62 321,73
9 24 8,67 368,68 9 45 15,60 200,18
10 32 13,00 276,51 10 98 21,86 91,92
11 54 17,92 163,86 11 145 26,28 62,13
12 86 21,51 102,89
13 176 25,72 50,27
PVC plasticised with EAC Terpolymer
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Danish Technological Institute

. [ ENTETC]
Plastics Technology TECHMOLOCICAL
Determination of torsional modulus vs. temperature acc. to ISO 458/1-1985
Version: 1 File name: torsionEVAC
Date: 29 June 2001
Operator: fgu
Lab. No.: T1154
Project No.: 13102005/33
Compound No.: EVAC
Diameter of wheel (D1) [mm] 160 160
Length of the string [mm] 0,3 0,3
Average (R) 80,15 80,15
Load (W) total [g] 100 100
Load (W) [N] 0,981 0,981
Aplied torque (M) [Nm] 78,62715 78,62715
Span distance (L) [mm] 40 40
Width of specimen (b) [mm] 6,37 6,3
Thickness of specimen (d) [mm] 3,99 3,96
Factor (b/d) 1,60 1,59
Table value, p 3,26 3,25

Reading Dae:glcetlf)er] Temperature| Torsion (T) Reading Dae::glce“?er] Temperature| Torsion (T)
No. degrees [%] [°C] [MPa] No. degrees [%] [°C] [MPa]

1 12 -32,61 182,20 1 10 -33,51 226,83

2 21 -28,47 104,11 2 18 -29,42 126,01

3 32 -25,41 68,32 3 36 -25,49 63,01

4 56 -21,95 39,04 4 66 -20,37 34,37

5 77 -18,78 28,39 5 83 -17,78 27,33

6 97 -16,07 22,54 6 99 -15,37 22,91

7 128 -11,42 17,08 7 126 -11,68 18,00

8 167 -4,65 13,09 8 144 -8,87 15,75

9 162 -6,18 14,00
EVAC
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Appendix 6 Test reports from the
tensile test of roll milled films (in
Danish only)
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TRAKPRIVNING

LOGBOG FOR TRAKPRGVEAPPARAT / KUNDE

ORDRENR. DP 01036 Clear 97 DOP

KVALITET / FARVE

TYKKELSE 250 um

NARV

ANALYSERESULTATER 1 2 3 4 5 GNM.
TRAEKSTYRKE MPa | 20,48 19,65 20,43 19,97 19,88 20,08

-LAENGDERETNING

TVARRETNING

BRUDFORLANGELSE o, 1426 414 408 412 415 415
- LAENGDERETNING

- TVAERRETNING

VIDERE-RIVESTYRKE
N/mm
- LENGDERETNING

- TVAERRETNING

10 - 50 % FORLANGELSE
- LAENGDERETNING

- TVAERRETNING

| TILFAELDE AF, AT DER IKKE KIRES EFTER DE FASTSATTE NORMER, SKAL DETTE AN-
FORES UNDER BEMARKNINGER. ANALYSEBETINGELSERNE BESKRIVES.

TRAKSTYRKE ISO 527-1 og ISO 527-3
BRUDFORLANGELSE ISO 527-1 og ISO 527-3
VIDERE-RIVESTYRKE DIN 53363

10 /50 % FORLANGELSE BS 3924 : 1978

BEMARKNIN-
GER:

DATO__ 14/5-01

UDFQRT AF JO

Reference:
DS/EN ISO 9001:2000i 2216
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TRAKPRIVNING

LOGBOG FOR TRAKPRGVEAPPARAT / KUNDE

ORDRENR. DP 01037 Clear 97 DINP

KVALITET / FARVE

TYKKELSE 210 um

NARV

ANALYSERESULTATER 1 2 3 4 5 GNM.
TRAEKSTYRKE MPa | 20,22 20,66 20,37 20,69 20,87 20,56

-LAENGDERETNING

TVARRETNING

BRUDFORLANGELSE o, 1387 381 384 385 369 381
- LAENGDERETNING

- TVAERRETNING

VIDERE-RIVESTYRKE
N/mm
- LENGDERETNING

- TVAERRETNING

10 - 50 % FORLANGELSE
- LAENGDERETNING

- TVAERRETNING

| TILFAELDE AF, AT DER IKKE KIRES EFTER DE FASTSATTE NORMER, SKAL DETTE AN-
FORES UNDER BEMARKNINGER. ANALYSEBETINGELSERNE BESKRIVES.

TRAKSTYRKE ISO 527-1 og ISO 527-3
BRUDFORLANGELSE ISO 527-1 og ISO 527-3
VIDERE-RIVESTYRKE DIN 53363

10 /50 % FORLANGELSE BS 3924 : 1978

BEMARKNIN-
GER:

DATO__ 14/5-01

UDFQRT AF JO

Reference:
DS/EN ISO 9001:2000i 2216
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TRAKPRIVNING

LOGBOG FOR TRAKPRGVEAPPARAT / KUNDE

ORDRENR. DP 01038 Clear 97 DOA

KVALITET / FARVE

TYKKELSE 220 um

NARV

ANALYSERESULTATER 1 2 3 4 5 GNM.
TRAEKSTYRKE MPa | 17,75 18,23 18,40 17,22 18,26 17,97

-LAENGDERETNING

TVARRETNING

BRUDFORLANGELSE o, 1401 406 415 402 431 411
- LAENGDERETNING

- TVAERRETNING

VIDERE-RIVESTYRKE
N/mm
- LENGDERETNING

- TVAERRETNING

10 - 50 % FORLANGELSE
- LAENGDERETNING

- TVAERRETNING

| TILFAELDE AF, AT DER IKKE KIRES EFTER DE FASTSATTE NORMER, SKAL DETTE AN-
FORES UNDER BEMARKNINGER. ANALYSEBETINGELSERNE BESKRIVES.

TRAKSTYRKE ISO 527-1 og ISO 527-3
BRUDFORLANGELSE ISO 527-1 og ISO 527-3
VIDERE-RIVESTYRKE DIN 53363

10 /50 % FORLANGELSE BS 3924 : 1978

BEMARKNIN-
GER:

DATO__ 14/5-01

UDFQRT AF JO

Reference:
DS/EN ISO 9001:2000i 2216
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TRAKPRIVNING

LOGBOG FOR TRAKPRGVEAPPARAT / KUNDE

ORDRENR. DP 01039 Clear 97 DOS

KVALITET / FARVE

TYKKELSE 220 um

NARV

ANALYSERESULTATER 1 2 3 4 5 GNM.
TRAEKSTYRKE MPa | 14,97 14,23 14,33 14,38 14,17 14,41

-LAENGDERETNING

TVARRETNING

BRUDFORLANGELSE o, 1362 348 345 341 355 350
- LAENGDERETNING

- TVAERRETNING

VIDERE-RIVESTYRKE
N/mm
- LENGDERETNING

- TVAERRETNING

10 - 50 % FORLANGELSE
- LAENGDERETNING

- TVAERRETNING

| TILFAELDE AF, AT DER IKKE KIRES EFTER DE FASTSATTE NORMER, SKAL DETTE AN-
FORES UNDER BEMARKNINGER. ANALYSEBETINGELSERNE BESKRIVES.

TRAKSTYRKE ISO 527-1 og ISO 527-3
BRUDFORLANGELSE ISO 527-1 og ISO 527-3
VIDERE-RIVESTYRKE DIN 53363

10 /50 % FORLANGELSE BS 3924 : 1978

BEMARKNIN-
GER:

DATO__ 14/5-01

UDFQRT AF JO

Reference:
DS/EN ISO 9001:2000i 2216
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TRAKPRIVNING

LOGBOG FOR TRAKPRGVEAPPARAT / KUNDE

ORDRENR. DP 01040 Clear 97 TOTM

KVALITET / FARVE

TYKKELSE 220 um

NARV

ANALYSERESULTATER 1 2 3 4 5 GNM.
TRAEKSTYRKE MPa | 18,54 18,41 18,00 18,49 17,48 18,18

-LAENGDERETNING

TVARRETNING

BRUDFORLANGELSE o, 1382 381 372 385 375 379
- LAENGDERETNING

- TVAERRETNING

VIDERE-RIVESTYRKE
N/mm
- LENGDERETNING

- TVAERRETNING

10 - 50 % FORLANGELSE
- LAENGDERETNING

- TVAERRETNING

| TILFAELDE AF, AT DER IKKE KIRES EFTER DE FASTSATTE NORMER, SKAL DETTE AN-
FORES UNDER BEMARKNINGER. ANALYSEBETINGELSERNE BESKRIVES.

TRAKSTYRKE ISO 527-1 og ISO 527-3
BRUDFORLANGELSE ISO 527-1 og ISO 527-3
VIDERE-RIVESTYRKE DIN 53363

10 /50 % FORLANGELSE BS 3924 : 1978

BEMARKNIN-
GER:

DATO__ 14/5-01

UDFQRT AF JO

Reference:
DS/EN ISO 9001:2000i 2216
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TRAKPRIVNING

LOGBOG FOR TRAKPRGVEAPPARAT / KUNDE

ORDRENR. DP 01041 Clear 97 Benzoflex 9-88

KVALITET / FARVE

TYKKELSE 185 um

NARV

ANALYSERESULTATER 1 2 3 4 5 GNM.
TRAEKSTYRKE MPa | 21,75 21,81 22,88 22,53 20,55 21,90

-LAENGDERETNING

TVARRETNING

BRUDFORLANGELSE o, 1292 299 324 296 272 296
- LAENGDERETNING

- TVAERRETNING

VIDERE-RIVESTYRKE
N/mm
- LENGDERETNING

- TVAERRETNING

10 - 50 % FORLANGELSE
- LAENGDERETNING

- TVAERRETNING

| TILFAELDE AF, AT DER IKKE KIRES EFTER DE FASTSATTE NORMER, SKAL DETTE AN-
FORES UNDER BEMARKNINGER. ANALYSEBETINGELSERNE BESKRIVES.

TRAKSTYRKE ISO 527-1 og ISO 527-3
BRUDFORLANGELSE ISO 527-1 og ISO 527-3
VIDERE-RIVESTYRKE DIN 53363

10 /50 % FORLANGELSE BS 3924 : 1978

BEMARKNIN-
GER:

DATO__ 14/5-01

UDFQRT AF JO

Reference:
DS/EN ISO 9001:2000i 2216
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TRAKPRIVNING

LOGBOG FOR TRAKPRGVEAPPARAT / KUNDE

ORDRENR. DP 01042 Clear 97 Diolpate

KVALITET /| FARVE

TYKKELSE 220 um

NARV

ANALYSERESULTATER 1 2 3 4 5 GNM.
TRAKSTYRKE MPa | 20,10 20,36 21,26 20,17 19,03 20,18

-LAENGDERETNING

TVARRETNING

BRUDFORLANGELSE o 1370 368 407 369 360 374
- LAENGDERETNING

- TVAERRETNING

VIDERE-RIVESTYRKE
N/mm
- LENGDERETNING

- TVAERRETNING

10 - 50 % FORLANGELSE
- LAENGDERETNING

- TVAERRETNING

| TILFAELDE AF, AT DER IKKE KIRES EFTER DE FASTSATTE NORMER, SKAL DETTE AN-
FORES UNDER BEMARKNINGER. ANALYSEBETINGELSERNE BESKRIVES.

TRAKSTYRKE ISO 527-1 og ISO 527-3
BRUDFORLANGELSE ISO 527-1 og ISO 527-3
VIDERE-RIVESTYRKE DIN 53363

10 /50 % FORLANGELSE BS 3924 : 1978

BEMARKNIN-
GER:

DATO__ 14/5-01

UDFQRT AF JO

Reference:
DS/EN ISO 9001:2000i 2216
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TRAKPRIVNING

LOGBOG FOR TRAKPRGVEAPPARAT / KUNDE

ORDRENR. DP 01043 Clear 97 Citroflex

KVALITET / FARVE

TYKKELSE 220 um

NARV

ANALYSERESULTATER 1 2 3 4 5 GNM.
TRAEKSTYRKE MPa | 18,72 19,45 19,33 19,64 19,70 19,36

-LAENGDERETNING

TVARRETNING

BRUDFORLANGELSE o, 336 384 355 378 403 371
- LAENGDERETNING

- TVAERRETNING

VIDERE-RIVESTYRKE
N/mm
- LENGDERETNING

- TVAERRETNING

10 - 50 % FORLANGELSE
- LAENGDERETNING

- TVAERRETNING

| TILFAELDE AF, AT DER IKKE KIRES EFTER DE FASTSATTE NORMER, SKAL DETTE AN-
FORES UNDER BEMARKNINGER. ANALYSEBETINGELSERNE BESKRIVES.

TRAKSTYRKE ISO 527-1 og ISO 527-3
BRUDFORLANGELSE ISO 527-1 og ISO 527-3
VIDERE-RIVESTYRKE DIN 53363

10 /50 % FORLANGELSE BS 3924 : 1978

BEMARKNIN-
GER:

DATO__ 14/5-01

UDFQRT AF JO

Reference:
DS/EN ISO 9001:2000i 2216
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TRAKPRIVNING

LOGBOG FOR TRAKPRGVEAPPARAT / KUNDE

ORDRENR. DP 01106 Clear 97 Elvaloy

KVALITET /| FARVE

TYKKELSE 400 um

NARV

ANALYSERESULTATER 1 2 3 4 5 GNM.
TRAKSTYRKE MPa | 27,67 28,22 27,70 28,88 26,04 27,70

-LAENGDERETNING

TVARRETNING

BRUDFORLANGELSE o 1329 331 356 347 304 333
- LAENGDERETNING

- TVAERRETNING

VIDERE-RIVESTYRKE
N/mm
- LENGDERETNING

- TVAERRETNING

10 - 50 % FORLANGELSE
- LAENGDERETNING

- TVAERRETNING

| TILFAELDE AF, AT DER IKKE KIRES EFTER DE FASTSATTE NORMER, SKAL DETTE AN-
FORES UNDER BEMARKNINGER. ANALYSEBETINGELSERNE BESKRIVES.

TRAKSTYRKE ISO 527-1 og ISO 527-3
BRUDFORLANGELSE ISO 527-1 og ISO 527-3
VIDERE-RIVESTYRKE DIN 53363

10 /50 % FORLANGELSE BS 3924 : 1978

BEMARKNIN-
GER:

DATO__ 14/5-01

UDFQRT AF JO

Reference:
DS/EN ISO 9001:2000i 2216
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Appendix 7 Light transmission
graphs
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Light transmission of plasticised PVC film

DEHP (DP01-036) 3601207750

Sample No. 1 16.05.2001
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Light transmission of plasticised PVC film

DINP (DP01-037) 3601207750

Sample No. 1 16.05.2001
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Light transmission of plasticised PVC film

DEHA (DP01-038) 3601207750

Sample No. 1 16.05.2001
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Light transmission of plasticised PVC film

DEHS (DP01-039) 3601207750

Sample No. 1 16.05.2001
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Light transmission of plasticised PVC film

TEHTM (DP01-040) 3601207750

Sample No. 1 16.05.2001
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Light transmission of plasticised PVC film

Di(propylene glycol) dibenzoate (DP01-041) 3601207750

Sample No. 1 16.05.2001
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Light transmission of plasticised PVC film

Polyadipate (DP01-042) 3601207750
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Light transmission of plasticised PVC film

ATBC (DP01-043) 3601207750
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Light transmission of plasticised PVC film

EAC terpolymer (DP01-106) 3601207750

Sample No. 1 16.05.2001
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Light transmission of plasticised PVC film
EAC terpolymer (DP01-106) - extra
3601207750
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