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PolSelec - Material selection system for plastics

PolSelec - Intro

The designer of plastic products must have at least a general idea of the materials and manufacturing
processes that can be used no later than after the task has been specified and the working principle
solutions have been selected.

We therefore developed the PolSelec software for the preliminary selection of materials and processes,
enabling the preselection of basic material types and the associated manufacturing processes. The
conceptual approach to this decision-making algorithm was developed as early as 1978.

The display and printout of the basic plastic material types use abbreviations defined in accordance with
ISO 1043 and DIN 7728, taking into account the respective DIN standards for molding materials. PolSelec
requires some modifications and additions to the standard abbreviation system, but these are largely
consistent with familiar and commonly used notations.

How to use

The main window of the software ...

u PolSelec - Material selection and Information System for Plastics (Version 3.5.5.0) = O x |

Program View Settings Help

@ 3 Selection criteria... Material profile:
Number of Materials Found: 293 / 868
D show only the materials of the current selection criteria Material designation

) PVK
[ Group by material group Materials group

Designation Materials group Styrenic, acrylonitrile, acrylate polymers and polyvinylcarbazole

PMMA-1 Styrenic, acrylonitrile, acrylate polymers and polyvinylcarbazole . || Description
Palyvinylcarbazale. Density approx. 1.19 g/fcm®. Extreme molecular anisotropy in

Material selection

PMMA-HI Styrenic, acrylonitrile, acrylate polymers and polyvinylcarbazole flow orientation (fiber structure).
AMMA Styrenic, acrylonitrile, acrylate polymers and polyvinylcarbazole I Notes
MBS Styrenic, acrylonitrile, acrylate polymers and polyvinylcarbazole + The material meets all currently selected requirements.
“
g MBS-HI Styrenic, acrylonitrile, acrylate polymers and polyvinylearbazole
E ANMA Styrenic, acrianitrile acndate anlumers and nalninucarhazale .
& b PVK Styrenic, ¢ “=lection eriteria
= . T —
2 5 )
5 SEES SHAS0=20 B @ ‘Enter search term | [} Application requirements... Delete
= SEBS SHD40z10 Styrenic, a
e N
E SMMA Styrenic, o | v Selection of materials » || List of currently selected criteria:
8 MMAS Styrenic, & v Material structure and condition material groups
E SMA Styrenic, a v (i) material groups D Styrenic, acrylonitrile, acrylate polymers and
SMAB Styrenic, af Styrenic, acrylonitrile, acrylate polymers and polyvinylcarbazole D Palyamides and linear polyurethanes
5 SMAE-HI Styrenic, & [ polyolefins B Polyacetals and polyviny! alcohol
;‘ SMAB-GF15+5 Styrenic, a Polyamides and linear polyurethanes
Z -
3 SMAB-GF3525 Styrenic, a1 DF\\yacetals and polyvinyl alcohol
3 D Linear polyaryl ethers and polyaryl esters
= PE-LD polyolefint ! )
= Iyolef D Linear polyarylsulphones and polyarylsulphides
S -LD-| olyolefing . . .
g EETD.EE B DmeI chloride polymers, chlorinated polyolefing and polyethers
g e polyolefiny D pelyfluorocarbons
é (PE-LD+PIE) Echokis [ cellulose, starch and casein polymers
PE-LLD polyolefint D Polyurethane, polyether ester elastomers, polyether block amides
PE-MD polyolefind D pelyimides
PE-LLD-FR polyolefint [] mat-reinforced thermaplastics
PE-HD D094 polyolefing D Press and injection moulding materials based on phenc- and aminoplastics
PE_HD D095 polyolefint D Press and injection moulding materials based on unsaturated polyester, epoxy,
PE-HD D06 polyolefint D Duroplastic laminates and vulcanized fibre v
PE-HD-FR polyolefint |_¢ N < N
PE-HDX polyolefins M |
‘l Full version [Neumann, Frank (Makrolar GbR. Berlin} / usable until: 9/12/2026] P*= - —l—+ | EN |

Quick start
1. If itis not already displayed, click the “Material Selection” tab on the left. The list of all
materials is displayed.

2. Click the [Selection Criteria...] button. A new window opens showing the hierarchy of
selection criteria.

3. Navigate through the hierarchy to the desired selection criteria. At the lowest level,
you can select the criteria. The selected criteria are also displayed in a list on the
right.
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PolSelec - Material selection system for plastics

4. As soon as you add or change a criterion, the selection is applied automatically and
the list in the main view is updated immediately.

In the main view, you can group or filter the material list.

When you select an entry in the material list, the details and the material assignment
profile are displayed on the right.

7. The information icons in the various views provide additional information and

assistance.

u PelSelec - Material selection and Infarmation System for Plastics (Version 3.5.5.0)

Program View Settings Help
CD 3 Selection criteria...

Material profile:

= O *

'% Number of Materials Found: 293 / 868
- [[] show only the materials of the current selection criteria Material designation
- . PVK
= D Group by material group Materials group
= e ey
"" ignation Materials group Styrenic, acrylonitrile, acrylate polymers and polyvinylcarbazole
= PMMA-1 Styrenic, acrylonitrile, acrylate polymers and polyvinylcarbazole ~ Descript_iorl . R . .
PMMA-HI Styrenic, acrylonitrile, acrylate polymers and palyvinylcarbazole ::T;?ﬁﬁi;ﬁziolzbzf:::uw[;ﬁ:;ox Ehlo/cnplExtranelclechlagati=otiopylin
AMMA Styrenic. acrylonitrile, acrylate palymers and polyvinylcarbazole Bl notes
MBS Styrenic, acrylonitrile, acrylate polymers and polyvinylcarbazole « The material meets all currently selected requirements.
“
5 MEBS-HI Styrenic, acrylonitrile, acrylate polymers and polyvinylcarbazole
E ANMA Styrenic, acruonitrile_acrdate nnlimers and nalwinulrarhazale !
] b Bk Styrenic. { Selection criteria
" B
Si
E SRS DS Enter search term Application requirements... Delete
2 PR q
= SEBS SHD40£10 Styrenic, af
T PR
E SMMA Styrenic, a | v Selection of materials - || List of currently selected criteria:
8 MMAS Styrenic, 3 v Material structure and condition material groups
k SMA Styrenic. 2 v (i) material groups [T styrenic, acrylonitrile, acrylste palymers and
SMAB Styrenic, a L4 Styrenic, acrylonitrile, acrylate polymers and polyvinylcarbazole Bolyamides and linear pelyurethanes
ty! il yiate paly polyvinyl y poly
g SMAB-HI Styrenic, of [ polyolefins H Folyacetals and polyvinyl alcohol
TT,, SMAB-GF15+5 Styrenic, a| Polyamides and linear palyurethanas
:‘j SMAB-GF35:5 e Po\yacelals and palyvinyl a\thD\l
S =0 = e D Linear polyaryl ethers and polyaryl esters
é‘ o | [] Linear polyarylsulphones and palyarylsulphides
I PELD-FR polyolefim vinyl chloride polymers, chlorinated polyolefins and polyethers
= v poly poly poly
EE- PE-LDX [IEET D polyfluoracarbons
S (PE-LD-PIB) e [] cellulose, starch and casein polymers
PE-LLD pelyolefing D Polyurethane, polyether ester elastomers, palyether block amides
PE-MD polyolefint [ pelyimides
PE-LLD-FR polyolefint D Mat-reinforced thermoplastics
PE-HD D094 polyolefing D Press and injection moulding materials based on phenc- and aminoplastics
PE-HD D095 polyolefint D Press and.injectfun moulding mat.en'als. based on unsaturated polyester, epoxy,
PE-HD D096 polyolefint D Duroplastic laminates and vulcanized fibre v
I —— I
PE-HD-FR polyolefing ¢ > ¢ »
PE-HDX polyolefing A ||'

‘. Full version [Meumann, Frank (Makrolar GiR Barlin) / usable until: 8/12/2028] Plus

-]

Project management

Projects are managed in separate files. The corresponding functions can be found in the “Project” menu in

the main menu bar.
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“ PolSelec - Material selection and Information System for Plastics (Mersion 3.5.5.0)

Program \iew Settings Help

Create 2 new project... ]
- . Material
o Load project...
]
o Save project q
2 P J t selection criteria Material
- Save project as. PVEK
2 L . .
= Project information.., Material
= . Styrel
— manage preferred materials... .
: : : . acrylate polymers and polyvinylcarbazole A Descript
Print / print praview...
/print p , acrylate polymers and polyvinylcarbazole EEE":
AMMA Styrenic, acrylonitrile, acrylate polymers and polyvinylcarbazole I Notes
MES Styrenic, acrylonitrile, acrylate polymers and polyvinylcarbazole + The
v
E MEBES-HI Styrenic, acrylonitrile, acrylate polymers and polyvinylcarbazole
T ANMA Stvrenic. acrvlonitrile, acrvlate polvmers and polvvinvlcarbazole [ —

Selection criteria and additional information

In the “Selection Criteria” window, all criteria are displayed in a hierarchy. At the lowest level, you can
select the desired criteria.

e You can use the search function to filter by specific search terms, making it easier to find particular
criteria.

e The information icons provide additional information to help you better assess the respective selection
criterion.

e Alternatively, you can also search for materials based on [Application Requirements].

5/20



PolSelec - Material selection system for plastics

Selection criteria

e

Application requirements... |

a2
[[Jabove 0,3 (i]

v [i] tracking resistance, tracking resistance test method
v [i] €TI: Drop a wetting agent-free electrolyte solution (test solution A)
[Jfrom oo v
[[Junder 600 ... 400 v
[Junder 400 ... 250 V
[[Junder 250... 175 v
[ below 175 v
v [i] €TI-M: Drop a wetting agent-containing electrolyte solution (test solution B)
D from 600 WV
[[Junder 600 ... 400 v
[[Junder 400 ... 250 v
[ below 250 v
v [i] Electrolytic corrosive effect according to DIN 60426
[ characteristic value A
D Characteristic value AN
D Characteristic value A/B
D Characteristic value B

¥ Optical and physiological properties

-~

Delete

List of currently selected criteria:
[i] oils, fats, hydrocarbons
D ester oils
D Benzines (without aromatics), pentane, heptane, oct
D Benzene, toluene, xylene, styrene, ethylbenzene
[i] Alcohols, ketones, carboxylic acids, aldehydes
D methyl alechal
D ethancl, propancl
[i] optical-visual features
D Transparent to crystal clear for wall thicknesses from

A T
Optical-visual features

Classification eriteria:

. [|  The optical-visual characteristics explained below, provided they can be met by the respective

f basic material tvpe, though not always by every special grade.
= Flan

> [i] ammenstonar accuracy
» [i] Material prices and material availability
» (il Reprocessability of recycled materials
7 manufacturing techniques
» [i) moulding production
» semi-finished processing
< | —

Main view/Result view

The material list is automatically updated as soon as the selection criteria change.

The colors and symbols used are explained in the legend.

“ PolSelec - Material selection and Informaticn System for Plastics (Version 3.5.5.0)
Program View Settings Help
N @ | 6 Selection criteria... | Mate
£
& Legend:
% Colors: Mate
= * The material does not meet all currently selected requirements. Py
r] . .
T = The material meets all currently selected reguirements. Mate
= * The material is not taken into account for the selection in the DEMO version. St
= Symbals: Desci
“* weather-stabilized EC
M heat-ageing-stabilised 4
i hydrolysis- and wash liquor-stabilized Note;
u '@ The plastic was selected as your preferred material in the project.
]
E ANMA Styrenic, acrylonitrile, acrylate polymers and polyvinylcarbazole lﬁ

The material list can be grouped by material groups. In addition, the list can optionally be filtered to
show either all materials or only the materials matching the current selection. The number of materials
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found is displayed above the list.

e |n the right-hand area of this view, you can see the details as well as the assignment profile of the
currently selected material.

Material selection

[ABS+PVC-U)
ASA
(ASA+PC)
(ASA+PC)-FR
PMMA
PMMA-HMW
PMMA-|
PMMA-HI

u PolSelec - Material selection and Information System for Plastics (Version 3.5.5.0)

D Group by material group

Designation Matenals group

Styrenic, acrylonitrile, acrylate polymers and polyvinylcarbazole
Styrenic, acrylonitrile, acrylate polymers and polyvinylcarbazole
Styrenic, acrylonitrile, acrylate polymers and polyvinylcarbazole
Styrenic, acrylonitrile, acrylate polymers and polyvinylcarbazole
Styrenic, acrylonitrile, acrylate polymers and polyvinylcarbazole
Styrenic, acrylonitrile, acrylate polymers and polyvinylcarbazole
Styrenic, acrylonitrile, acrylate polymers and polyvinylcarbazole

Styrenic, acrylonitrile, acrylate polymers and polyvinylcarbazole

¥ [amma

h

IStyreni(. acrylonitrile, acrylate p and polyviny

MBS

MBS-HI

ANMA

PVK

SEBS SHA50+20
SEBS SHD40=10
SMMA

MMAS

SMA

SMAB

SMAB-HI
SMAB-GF1525
SMAB-GF35+5
PE-LD

PE-LD-FR
PE-LDX
(PE-LD+PIB)
PE-LLD

PE-MD

Extras/additional functions

Commercial products plus

Styrenic, acrylonitrile, acrylate polymers and polyvinylcarbazole
Styrenic, acrylonitrile, acrylate polymers and polyvinylcarbazole
Styrenic, acrylonitrile, acrylate polymers and polyvinylcarbazole
Styrenic, acrylonitrile, acrylate polymers and polyvinylcarbazole
Styrenic, acrylonitrile, acrylate polymers and polyvinylcarbazole
Styrenic, acrylonitrile, acrylate polymers and polyvinylcarbazole
Styrenic, acrylonitrile, acrylate polymers and polyvinylcarbazole
Styrenic, acrylonitrile, acrylate polymers and polyvinylcarbazole
Styrenic, acrylonitrile, acrylate polymers and polyvinylcarbazole
Styrenic, acrylonitrile, acrylate polymers and polyvinylcarbazole
Styrenic, acrylonitrile, acrylate polymers and polyvinylcarbazole
Styrenic, acrylonitrile, acrylate polymers and polyvinylcarbazole
Styrenic, acrylonitrile, acrylate polymers and polyvinylcarbazole
polyclefins
polyclefins
polyolefins
polyolefins
polyclefins
polyclefins

Material profile:

Material designation
AMMA

Materials group

= (] X

Program View Setfings Help
Project C\Users\Frank Neumnann\Documents\PolSelec Files\ Testpolselec

@ 6 Selection criteria...

Number of Materials Found: 8 / 868

D show only the materials of the current selection criteria

Styrenic, acrylonitrile, acrylate polymers and polyvinylcarbazole

Description

Acrylonitrile-methylmethacrylate copolymer with approx. 70% acrylonitrile as
semi-finished casting type with yellowish inherent colour. Density approx. 1.17

gfcm®.
Notes

+ The material meets all currently selected requirements.

manufacturing techniques /
moulding production / Method of
manufacturing moulded parts /

* Gravity and centrifugal casting as well as low- ~
pressure casting (RIM) of reactive precursors I

manufacturing techniques / semi-
finished processing / Semi-finished
product processing method [/

*» Pneumatic and/or mechanical hot stretch
forming of thermoplastics

* Turning, milling. grinding with increased
di | accuracy requi (material
at room temperature)

» high-frequency welding

manufacturing techniques / semi-
finished processing / Types of semi-
finished products /

* Sheets, plates, blocks, blacks from 15 mm
thickness

* Sheets less than 15 mm thick

+ Biaxially stretched boards

+ corrugated sheets

*» Seamless tubes with smooth outer wall

+ Rods, rods

Selection of materials / dimensional
accuracy / for product application
conditions / Post-shrinkage st
higher temperatures[3] /

« till 0,2

Selection of materials / dimensional
accuracy / for product application
conditions / Swelling by water
absorption, moisture swelling (%) /

» above 0.2..0.4

Selection of materials / dimensional

+ above 60107%...12+10°* v

|l Full version [Neumann, Frank [Makrolar GbR Berlin} / usable until: 9/12/2026] Plus

e —

Application requirements

If you click the [Application Requirements...] button in the "Selection Criteria" window, another window

opens.
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Application requirements n

e e @‘ apply selected requirement...
AL Film hinge
Film hinges are thin-walled (matenially bonded) connecting
elements (spring elements) between two parts, which allow ¥ high alternating bending frequencies

more or less alternating bending in one layer in large angular
ranges. Extremely high numbers of alternate bends {millions) Operating temperature > 15°C

can be achieved above all with PP types.
Operating temperature from 15°C to -15°C

Refrigerant resistance
Expected resistance to common refrigerants and their
mixtures. ¥ rather low number of bends

Cperating temperature < -15°C

Fuel Resistance Cperating temperature > 15°C

Expected resistance to commercial fuels and fuel mixtures Operating temperature fram 15°C to -15°C

Gear and worm gears Operating temperature < -15°C

Fower transmissions with pre-selection according to
mechanical and tribotechnical minimum criteria.

+ Plain bearings (plastic/steel)

¢ Dry-running radial and axial plain bearings (without
composite bearings) as a plastic-steel sliding
combination according to mechanical and tribological
criteria.

Microwave suitability (heat resistant)
Materials that do not heat up or heat up only slightly when
exposed to microwaves

On the left, the various application requirements are displayed. Clicking on a requirement lists the
corresponding requirement variants on the right, if available. Each application requirement has a list of
corresponding selection criteria behind it.

Why do these lists exist?
When selecting a material, the user generally has to mentally infer specific material requirements from
the application requirements of the product, molded part, or application. It is not always obvious which
material selection criteria lie behind a particular application requirement. This list is intended to support
you in this translation process — from application requirement to material requirement.

We will expand and refine the application requirements step by step. The new data will be made available
to you as part of the corresponding software updates.

If an application requirement matches your application conditions, select it and then click the [apply
selected requirement] button. This will add all selection criteria assigned to the application requirement to
your material selection.

Extras/additional functions

Currently, the following extras/additional functions are supported:

o Permissible regrind content: Determination of the permissible regrind content when processing
thermoplastics

o Water saturation concentrations: Calculation of the water saturation concentration

o Heat aging: Determination of the permissible service temperature under continuous thermal
load

o Climate maps: Among other things, for taking weather and heat resistance into account

You can find these functions in the main window under the "Extras/Additional Functions" tab.
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Program

Percentage of regenerate
(Thermoplastic processing)

u PolSelec - Material selection and Information System for Plastics (Version 3.5.5.0)

Heat aging Continental and marine climate zones

(Application temperatures)  (Calculation of water saturation concentration)

‘ Find Measurement Series... ‘ ‘ own measuring series... ‘ ‘ Regenerate content [%.

‘ Display of values: (O) absolute (@) relative DAverage Values

Material selection

a7

w =
~ <}

Extras/additional functions
w
ra

ro
~

PAG / ultimate elongation [%] / Injection moulding
ha
na

Commercial products Plus
o]

-
=}

Processing cycles

and quality requirements.
The shortest recycling route (closed material cycles in the
processing plant), which offers the greatest economic and
ecological advaniages, is used as an example. The well-known
of the part on the pr cycles
leads to the determination of the limit recyclate content. Above a
certain limit recyclate content, the specified property limit value
is no longer undershot or exceeded, even with any number
of material cycles. This limit is identical with the maximum
permissible proportion of refurn material. Lower percentages do
not pose a problem for the utility value of the product.
1§ this limit value is determined by systematic tests, a
considerable effort (tests, measurements, evaluations) is
involved. Instead of predicting the property changes by means of
complex tests, it is advisable fo use a calculation model in
order to determine the limit recyclate content.
For the recyclate content that can be added, which does not
exist as a material-related fixed value, the flat-rate value of 20%
is often mentioned in the company literature of the raw material
manufacturer. In fact, however, this percentage can often be
i ly ing on the part.
With regard to the processing properies, the influence of the
recyclate on intake and flow behaviour (molecule degradation/
crosslinking reactions) must be taken into account. However, the
usual iati in pr i 5 (time, temperature,
pressure) can usually be neglected.
I I I . The influence of different recycled material percentages on the property
profile can be considered. Here you can specify the desired recycled
1 3 5 7

Climate maps
(UV radiation and temperatures)

cled ial per in the

permissible recy
processing of thermoplastics.

-~
You would like to know the maximum amount of recycled material thal
can be added during processing fo ensure that a specified property limit is

Help !

not exceeded.

General information

* The reprocessing of thermoplastic recycling material (reclaim,
regranulate, recyclaie) usually fails because of the uncertainty
about the effect of recycling additives on the quality of plastic
products under practical conditions. This is usually based less on
objections that can be justified on factual grounds than on
prejudices that generally label waste additives as an
impermissible quality risk, and on a lack of experience.

Through a combination of experiment and calculation, the

recyclate per for measurable quality criteria
of plastic products are determined. This concept was thoroughly
tested experimentally for the most imperiant plastics, processes

material percentage. The software then determines the corresponding
characteristic curve.

|I Full versian [Meumann, Frank (Makrolar GbR Berlin) / usable until: 9/12/2026] Plus

———t|n

Determination of permissible recycled material percentages

You want to know how much regrind can be added at most during processing without exceeding or falling
below a specified property limit value.
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u PolSelec - Material selection and Information System for Plastics (Version 3.5.5.0) = (m] *

Search Measurement Series

@ Material designatiﬂn:l:l Property: | |~ |

Moulding material/material Property Unit Manufacturing processes  Addition rule  Note

PVC Madulus of elasticity (other) | N/mm® Injection moulding Linear Lte @ ralative
: notched bar impact strength kl/m® =

res)

»

Help n

PVC ultimate elongation % Injection moulding Linear

PVC tensile strength N/mm? Injection moulding Linear

PVC notched bar impact strength| k)/m* Injection moulding Linear

BVC notched bar impact strength| ki/m* Injection moulding Linear ~

Product designation:
not specified

Pro[glert‘ specification:
Notch impact strength in kJ/m?

Machine and processing conditions:
Twin-screw extruder

Source:

Ehrenstein, G.W.: Recycling of Thermoplasties, literature review; South German Plastics Center, Wiirzburg, p. 5.64
! PVC / notched bar impact strength [k/m®] / Extrusion
25
i 7 9

Processing cycles

& & &
ool R

w
ca
P

PVC / notched bar impa

Commercial products Pv

wa w w U w
w - o =3 ~
P (%) R P (%)

|o Full version [Neumann, Frank (Makrolar GBR Berlin) / usable until: 0/12/2028] Plus '_l_"' | EN |

General information

Reprocessing thermoplastic return material (regrind, reground pellets, recyclate) generally fails due to
uncertainty about the effect of recyclate additions on the quality of plastic products under practical
conditions. This uncertainty is usually based less on factually justified objections than on prejudices that
categorically brand waste addition as an unacceptable quality risk, as well as on a lack of experience.

By combining experiment and calculation, the permissible recyclate proportions for measurable quality
criteria of plastic products are determined. This concept has been thoroughly verified experimentally for the
most important plastics, processes, and quality requirements.

As an example, the shortest recycling route (closed material loops within the processing plant) is
considered, which offers the greatest economic and ecological advantages. The well-known dependence of
part properties on processing cycles leads to the determination of the limiting recyclate content. From a
certain limiting recyclate content onward, the specified property limit value is no longer exceeded or
undercut, even with any number of material passes. This limit is identical to the maximum permissible
proportion of return material. Lower proportions are unproblematic for the utility value of the product.

If this limit value is determined through systematic testing, this involves considerable effort (tests,
measurements, evaluations). Instead of using elaborate experiments, it makes sense to predict the
property changes using a calculation model in order to determine the limiting recyclate content in this
way.

For the addable recyclate proportion, which does not exist as a fixed material-related value, raw material
manufacturers' company publications often cite a blanket figure of 20%. In reality, however, this
percentage can often be significantly exceeded depending on the molded part. With regard to
processing properties, the influence of the recyclate on feeding and flow behavior (molecular
degradation/crosslinking reactions) must be taken into account. Usual deviations in processing parameters
(time, temperature, pressure) can, however, mostly be neglected.

Processing cycle for determining permissible proportions of regenerated material:

10/20



return material
(recycled material)

Processing
(e.g. injection moulding)

—

original material

B

finished parts

Basic data / master curves

The basis for the forecasts is a measurement series or master curve. This measurement series
represents the course of a measured property of a certain type of plastic with 100% use of regenerated
material. This means that original material is processed and then the determining property is measured on
the products or test pieces. Then all products or test specimens are regenerated and 100% reprocessed.
Subsequently, measurement is carried out again, regenerated and returned. This cycle should be repeated
approx. 6 to 10 times.

The software currently contains approx. 200 of these master curves for different plastics, properties and
manufacturing processes.

Furthermore, you can also enter measured values of your own measurement series/master curves and
have the permissible regenerate content determined from them.

Using the functions

The influence of various regrind proportions on the property curve can be examined. Here, you can specify
the desired regrind content. The software then determines the corresponding property curve.

e Click the [Find measurement series...] button and search for a suitable measurement series.

e Select the appropriate entry in the list (the list can be sorted by the respective column content).
Additional filters are shown above the list.
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u PelSelec - Material selection and Infarmation System for Plastics (Version 3.5.5.0)

- o x|

Program View Settings Help

v |

=
B
~

Property specification:
Notch impact strength in kJ/m2

Machine and processing conditions:
Twin-screw extruder

Source:

5

i
e
~

i
o
=)

PVC / notched bar impact strength [k)fm?] / Extrusion
&=
e
~

Percentage of regenerate  Heat aging Continental and marine climate zones Climate maps
(Thermoplastic processing)  {Application temperatures]  (Calculation of water saturation concentration]  (UV radiation and temperatures)
=
2
E ‘ Find Measurement Series... ‘ own measuring series... ‘ ‘ Regenerate content [%] = ‘ ‘ Display of values: () absolute () relative
£
B
4
g
] 50.2
= .
49.2 Search Measurement Series
48.2 @ Material designat\on:l:l Property: ‘ |~ |
2 47.2 Moulding material/material Property Unit Manufacturing processes  Addition rule  Note
o -
5 Ve Modulus of elssticity [other) |[Nfmm®  |Injection moulding Linear a
£ 6.2 - ~ - - -
2 | PVC notched bar impact strength kJ¥m' Extrusion Linear
'_E 45.2 PvC ultimate elongation % Injection moulding Linear
2 Ve tensile strength N/mm®  |Injection moulding Linear
3 e PVC notched bar impact strength|kl/m® Injection moulding Linear
" -
F 43.2 PVC notched bar impact strength|kJ/m* Injection moulding Linear v
E
S
fin]
Product designation:
not specified

Ehrenstein, G.W.: Recyeling of Thermaoplasties, literature review; South German Plasties Center, Wiirzburg, p. 5.64

Commercial products Plus
[
=~
i

' PVC / notched bar impact strength [klfm®] / Extrusion

36.2
35.2

34.2

w, N

1 3 5
Processing cycles

‘. Full version [Neumann, Frank (Makrolar GbR Berlin) / usable until: 9/12/2028] Plus

-]

If a property change due to the use of recyclate exists or existed for the selected entry, the corresponding
measured and calculated values are displayed graphically. Otherwise, you will receive a corresponding
notice that no property change due to the use of recyclate could be observed.

You can now vary the regrind proportion so that a specific property limit value is not undercut or exceeded.
The calculation starts immediately after the corresponding value is changed.

You can switch the display between absolute values and relative values (relative to the minimum value).

If the master curves contain value ranges (from/to values), you additionally have the option of using the

corresponding mean values instead of the from/to values.

own measurement series/master curve

Clicking the [own measurement series...] button opens another window.
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Help !
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not exceeded.
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General information
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E Moulding material/materiak: | PAG
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Property: | E Medulus
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=
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|o Full version [Neumann, Frank (Makrolar GBR Berlin) / usable until: 0/12/2028] Plus '_l_"' | EN |

Here, enter information about the material, the property, and, if applicable, the unit of measurement, and
select the addition rule. Then enter your measured values in the list. At least 6 values must be entered.

To delete a row in the list, select it and press the [Del] key.

When you are finished, click the [Apply] button. The window closes and the measurement series is
immediately displayed graphically.

Heat aging

In the "Extras/Additional Functions" tab, you will find another tab called "Heat Aging".
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u PolSelec - Material selection and Information System for Plastics (Version 3.5.5.0)

Percentage of regenerate  Heataging Continental and marine climate zones
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Climate maps
(Application temperatures)  (Calculation of water saturation concentration)  (UV radiation and temperatures)

10 Kelvin
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Program View Settings Help

For example, you would like to know the maximum
temperature at which & plastic can be used to "survive”a
certain application time. On the basis of the stored
confinuous heal resistance temperaiures (3 years), the
software determines the course of the application time at
the specified application temperature.

Help H

* This procedure requires a constant effect of the
application temperature. Time interruptions and/
or different temperatures must be taken into
account accordingly.

+ These calculations are based on permissible
application temperatures related to 3 years
continuous temperature load

+ The Arrhenius law is used for the mathematical
evaluation of heat aging.

Influence of fillers and reinforcing materials:

For a higher filler and reinforcing material content
(e.g. more than 10%), it may be necessary to
reckon with an influence on the heat ageing
resistance:

+ The ageing resistance of organic
additives is important. For cellulose-
containing additives (e.g. cellulose fibre
and paper. wood, plant fibre), for
example, the ageing resistance is
limited to approx. 100°C under long-
term thermal stress (years).

With inorganic fillers and reinforcing
materials (e.g. glass, carbon products
minerals, inorganic oxides) the
mechanical property level (e.g. tensile
strength) is increased with higher
proportions (over 20%) in such a way
that a higher application temperature is
possible with a specified property limit
(e.9. 50% waste). This fact must then
be taken into account when selecting
the material, especially in the case of
fibre reinforcements.

|l Full version [Neumann, Frank (Makrolar GbR Berlin) / usable until: 9/12/2026] Plus

———t|n

The basis is the empirically based Montsinger's rule, according to which the service life of organic materials
halves with a temperature increase of 10 K. The Arrhenius equation is used for the mathematical

evaluation of heat aging.

Further information/help can be found within the software in the corresponding view.

Calculation of water saturation concentrations

In the "Extras/Additional Functions" tab, you will find another tab called "Continental and Maritime Climate

Zones (Calculation of Water Saturation Concentration)".
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own value of the Water saturation concentration (water storage) [%]: I:l
‘. Full version [Neumann, Frank (Makrolar GbR Berlin) / usable until: 9/12/2028] Plus -—l_‘ll | EN |

e You can choose between continental climate and maritime climate. A corresponding color legend can
be displayed on the right.

When you move the mouse over the map, a magnifying glass is displayed.

Double-click with the mouse on the desired region. Another window opens. Leave this window open
and select a different map/region if needed.

e The selected region is displayed with color, designation, and the absolute humidity at the base point.
The data is immediately (re-)calculated and the values in the list are updated.

e Using the input field below the list, you can calculate your own values by specifying the water
saturation concentration (water storage).

e You can filter the list by material designation.

Climate maps

In the "Climate Maps" tab, you will find map material for UV radiation as well as minimum, maximum, and
mean temperatures. This can be used to assess weather and heat resistance.
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Material selection
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|o Full version [Neumann, Frank (Makrolar GBR Berlin) / usable until: 0/12/2028] Plus '_l_"' | EN |

PolSelec - Material identification

The formal framework of the abbreviation notation is the three-part data block system provided
with examples below:

block 1 block 2 block 3
filed 1 field 2 field 3 field 4

PP -B -HI -FR VO T20+GF10
(PC+ABS) VST/B130t5 GF15+5
S/B -T

PE -UHMW CG+AL-D
PF31.5 -N

Hgw2082

PAG6 -G

uUpP -CR GM30

EP (GF+M)65+5

block 1

If necessary, the block 1 can be composed of four fields, each separated from the other by "-". In the
field 1, the base polymer is entered by abbreviations in accordance with DIN 7728 or the future DIN
ISO standard. In the case of polymer blends, the polymer with the highest mass content is written first.
After this basic polymer, the blend is assigned to the characteristic polymer groups in PolSelec. In
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addition, the blend composition can be indicated by mass percentages on the respective polymer
abbreviation, e.g. (PC+ABS35).

In Germany, plastic type abbreviations for curable moulding compounds and laminates that have
already been bindingly defined are entered in the field 1 in accordance with the applicable DIN
standard:

DIN 7708: Phenolic and aminoplastic moulding compounds, cold moulding compounds
DIN 16913: Polyester resin mats (prepreg)

DIN 16946: Casting resin moulding materials

DIN 16926: Decorative laminates A

DIN 7735: Hard paper, hard tissue and hard mat laminated materials

DIN 7737: Vulcanized fibre

If appropriate, these type designations are supplemented by the basic polymer abbreviation (e.g.
MF152) and reduced in scope (e.g. Vf311 instead of Vf3111).

In the field 2, information on substance formation processes and/or material composition may be given
by the following letter meanings:

B: Block polymer

C: chlorinated

E: Emulsion polymer

G: Cast resin

H: Homopolymerisate

L: graft copolymer

M: Bulk polymer

N: Novolak

P: plasticized

Q: Polypropylene-olefin elastomer blend
R: Statistical copolymer;resol
S: Suspension polymer

U: plasticizer-free

If several characteristics are specified, these are separated by commas (e.g. PVC-U,S).

The field 3 is used to indicate characteristic polymer properties by a combination of the following letter
characters:

D: Density

F: flexible, soft

H: high

I: impact resistant

L: linear, low

M: mass, medium, molecular
N: normal

U: ultra

V: very

W: Weight

X: networked, networkable

Examples:
ultra-high molecular weight - UHMW

linear & low density - LLD
very soft - VF
high impact - HI

The equality of some letters with those of the field 2 does not lead to misinterpretations, since they
cannot appear as single characters.

In the field 4, special properties of the plastics are displayed if necessary, which are achieved by
special equipment and/or processing or by chemical modification:



AR: particularly low frictional resistance and/or high wear resistance
CR: particularly resistant to chemicals

FR: Fire protection equipment

GC.: particularly suitable for electrochemical metallization

RM: modified for reduced water absorption (Reduced Moisture)

T: increased transparent

Y: electrically conductive (volume resistance below 1000 W-cm)

Z: antistatic equipment

It is not possible to confuse the abbreviation CR with the same abbreviation for polymers with a
narrow molecular weight distribution (controlled rheology), since PolSelec does not take
rheological properties into account. If several special properties apply to the basic plastic type,
these are separated by commas and inscribed in the field 4 (e.g. PC-AR,FR).

block 2

Type characteristics can be specified in the block 2 by class allocation or numerical value ranges. In
PolSelec these are mainly the following properties:

o Material density in g/ccm at 23° D...

o Fire classes according to UL94: Vo, V1, V2

o Dimensional stability temperature in °C according to DIN 53461: HDT/A..., HDT/B...

o Martens temperature in °C according to DIN 54462: MT...

o Vicat temperature in °C according to DIN ISO 306: VST/A..., VST/B...

O Shore hardness A or D acc. to DIN 53505: SH/A..., SH/D...

o Ball indentation hardness in N/mm?2 according to DIN 53456: H...
block 3

The block 3 is intended for marking the type, quality and quantity of additives, in particular fillers and
reinforcing materials. Quantities are given in percent by mass as fixed values or ranges. Types and
forms of additives are designated by letters or letter combinations in accordance with ISO 1043,
whereby extensions of this designation system are required for PolSelec:

AF: asbestos fibre

AP: Asbestos paper

AT: Asbestos cords

AW:  Asbestos fabric

CF: carbon fiber

CB: carbon black

CG: Graphite

CR: Carbon fiber strands

CW: carbon fibre fabric

COC: Cotton shred

COF: cotton fibre, cotton flocks
COW: Cotton fabric

GB: solid glass microspheres
GHB: hollow glass microspheres
GD: glass powder

GF: glass fibre

GFC: chemically coupled glass fibre
GG: Glass fibre ground material, very short glass fibre
GK: Glass fibre knitted fabric

GM: Glass fiber mats and matte analog structures

GR: Glass fibre roving,Unididirectional glass fabric

GS: long glass fibre reinforced rod moulding compound (duromers only)
GW: orthogonal glass fibre fabrics and scrims

K: chalk, calcium carbonate

LC: Cellulose paper pulp



LF: cellulose fibre and flakes
LGF: long glass fibre
LGFC: chemically coupled long glass fibre

LP: cellulose paper

M: unspecified minerals
PD: Mica powder

PS: mica scales, leaflets
PP: mica paper, foil

RF: aramid fibre

RM:  Aramid fibre mats

RR:  Aramid fibre strands

RW: orthogonal aramid fibre fabric
SC: Synthetic fabric chips

SF: Synthetic fibre

SK: Synthetic knitted fabrics

SM:  Synthetic mats and scrims
SW: orthogonal synthetic tissues
SR: synthetic fibre strands, unidirectional synthetic fabric
T: Talcum

WD: wood flour

WC: wood chips and shavings
WV:  Wood veneers

In the case of all additives not listed above or not specified precisely, the substance name can, if
necessary, be indicated by standardized or industry-standard abbreviations (e.g. abbreviations for
metal alloys, plasticizer abbreviations according to DIN 7723) or, in the case of substances sufficiently
defined chemically, by the chemical gross formula (e.g. pure iron = Fe, barium sulphate or barite =
BaSO4). It is also possible to use a capitalized text name to describe the substance. Polymer additives
which are not to be regarded as blending components (e.g. PTFE, silicone) are designated like other
additives. If necessary, the form and nature of the additives, separated by "-", are indicated after the
substance name with the following letter meanings:

balls, beads, lenses
Schnitzel, shavings
Flour, powder, semolina
fibre, fibre tufts, flakes
Fibre ground material
Whiskers

Knitted fabrics

Mats, fleeces

Paper, foil

Roving, strands, wires, unidirectional amplification general.
Leaflets, scales

Veneer

Fabric, scrim

SSPATIEATIONOOD

Examples:
aluminium powder: Al-D

Aluminium powder: Al-D
Aluminium hydroxide: Al(OH)s3
Polycaprolactam fabric: PAG-W
Dioctylphthalate: DOP

Metal whiskers in general: METALL-H
Steel fiber tuft: St-F

Titanium white, titanium dioxide: TiO2

The indication of the additives in the block 3 is possible in the following variants:

1.) ONE ADDITIVE:
o Without quantity specification (e.g. PE-HD-Z...CB)
o Percentage mass fraction as fixed value or range (e.g. PA6...GF30, PA6...GF30+5)



2.) SEVERAL ADDITIVES:

o  Without quantity specification (e.g. PE-UHMW...Al-D+CG)

o Flat-rate percentage of total mass as fixed value or range (e.g. EP...(GF+M)65,
EP...(GF+M)6515)

o Differentiated percentage mass components as fixed values or ranges (e.g. PP...GF20+T15,
PP...GF15+5+T10+5)

o Various additives in small proportions alternatively individually or combined (e.g. POM-
AR...SILIKON,M0S2).

FAQ's

Question/Problem:

What distinguishes PolSelec from other plastic databases or plastic selection
programs?

Answer:

PolSelec is a selection program in which the materials or basic material types are assigned to
characteristic value ranges. It serves for the pre-selection of plastics at the beginning of the
development process. The aim of this preselection is to ensure that the optimum material to
be specified later is definitely among the selected basic material types. All basic material
types are assigned to all selection criteria (without gaps). This ensures that all materials
are taken into account in the selection. The fact that a material is not included in the selection
due to missing data is excluded in PolSelec.

Question/Problem:

What is a basic material type?
Answer:
Basic material type in the sense of this selection procedure is a superordinate type

representative for a different number of special commercial products (special material types)
with very similar properties and similar material properties.

Question/Problem:

Why should a pre-selection of plastics be made?
Answer:

Material decisions begin with the selection of materials at the earliest possible stage of the
design development process. The starting point is relatively few product requirements that
determine the use of the material. In plastics technology, the particularly close relationship
between product design, material and manufacturing process forces the material selection
and the predetermination of the manufacturing process to be carried out simultaneously. The
results of the material selection are all basic material types for which there is a certain chance
of application. The optimum material to be specified later must certainly be among these
basic types.
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