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Files six, seven and eight are just short videos of the assembly process. The videos are shared just to note the difference
in assembly processes not to make a value judgment of one vs. the other.

https://www.dropbox.com/s/g8thhenddmtz9rp/Brose%20Spring%20Assembly.mp4
https://www.dropbox.com/s/cs7bn4dny4mk89j1/Keykert%20Spring%20Assembly%20Vide0%201.wmv
https://www.dropbox.com/s/uvke6dzkr091v15/Keykert%20Spring%20Assembly%20Video%202.wmv

File nine is the dimensional scans provided by Brose for their pawl post feature (Once we get Keykert’s dimensional
scans for the feature it these will provide an important comparison if there is any notable difference and in turn
gain/loss in comparative strength).

https://www.dropbox.com/s/qzvpzjj3d777td6/Brose%20Blue%20Light%20Scans%200f%20Pawl%20Post%20Cavities%20
1%20through%204.pdf

| have not provided a link for the raw claims data as | think all the people that wanted to do analysis on the raw claims
have done so already. | will provide the raw sales volumes for Fiesta and Fusion 2010-2014 as they may be useful if
there is some aspect that has not been normalized that needs done still (link below for file ten).

https://www.dropbox.com/s/tzu7tbbuzhvz34p/2010-14%20Fiesta-Fusion-
MKZ%20Volumes%20by%20Dealer%20Code%2C%20Zip%20Code%2C%20Paint%20Color.xlsx

Again | want to comment that | am sharing all of this between all involved parties largely due to the potential impact of
the issue. If anyone has any issue with what is being shared | will be happy to remove some of the 9 files provided
above. In that same spirit if there is some deliverable or data | have neglected to include that we have already traded
between us please don’t hesitate to point it out. Brose and Keykert as well have been excellent in putting so much
information together on such short notice and as usual you have my gratitude. It will be interesting to see what we end
up with for measured in door temperature data for the southwest environments along with how the various FEAs that
are in process also turn out.

Best Regards,
]

STA — Latches/Door Systems
313-390-9807 (Desk)
330-559-5661 (Mobile)
mgreenis@ford.com
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1. Introduction

Hostaform is the trade name for the European Ticona
range of acetal copolymers. The base polymer has a
linear structure and high crystallinity, which explain
its good physical properties. Its chemical structure —
molecular chains incorporating randomly distributed
comonomer units — gives it high stability to thermal
and oxidative degradation. The base polymer is
characterized by:

— high toughness (down to -40°C)

— high hardness

— high rigidity

- very good heat deflection resistance

— good electrical and dielectric properties
— good chemical resistance, eg to

@ solvents

® fuels

@ strong alkalis

@ zinc (galvanized steel sheet)

- no environmental stress cracking
— high resilience

— good slip properties

— high dimensional stability

— straightforward processability.

The spectrum of properties exhibited by the base
polymer can be modified in many different ways
with suitable additives. Mainly the Hostaform pro-
duct portfolio can be divided up into the following
product groups:

— basic grades

— easyflowing basic grades

— extrusion grades

— glass fibre/glass sphere reinforced grades
— grades with improved slip properties

— high impact grades

— grades with improved media resistance
— electrically conductive grades

— emission optimized grades

— grades for medical technology

— UV stabilized grades.

Ticona

The product portfolio is supplemented by a broad
colour range and special colours for laser marking.
This brochure aims to provide detailed information
on the Hostaform range, the physical and chemical
properties of the different grades, processing methods
and the diverse applications of this engineering
polymer.
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2. Grades, supply form,

colour range, quality assurance

Hostaform is produced in different grades with
various degrees of polymerization. The individual
grades differ from one another in their flow beha-
viour (melt mass-flow rate) and in the type and
concentration of additives used. The Hostaform
range can be divided into the following groups:

® Basic grades

@ Grades with
improved slip
properties

@ Reinforced
grades

©® High-impact
grades (Hostaform S)

@ Special grades

These differ primarily in
their melt flow rate and are
geared to the requirements
of different processing
methods and conditions.

These are modified with
special additives which
improve slip properties
and/or abrasion resistance.

These contain glass fibres
or glass spheres and differ
from the basic grades —
depending on the type of
filler - in their higher
ultimate tensile strength
and/or higher rigidity.

These are blends with
elastomers and have a
higher impact strength
than the basic grades.

This group includes all
grades which cannot be
assigned to one of the
above groups.

A survey of the grades currently supplied is given by
brief descriptions of the individual grades. For more
detailed information on the properties of Hostaform,

see attached leaflet.

The basic grades are designated by a letter (C or T)
followed by four or five digits, of which the first two

or three represent approximately ten times the level of

the type-specific melt flow rate MFR 190/2.16 in g/10
min determined according to ISO 1133.

Hostaform S ... . is the designation for elastomer-
modified, impact-resistant grades based on Hosta-
form C 9021 or C 27021. The last digit indicates in
each case the level of increased toughness.

The letter suffixes used in the nomenclature of the
other grades have the following meanings:

RM:
M:
K:
TF:
G:

AW or SW:
GV 1/XX:

GV 3/XX:

EC:

AST:

Oil Concentrate S:

Colour masterbatches:

LS or WS:

black 10/1570:

Ticona

friction-reducing

with molybdenum disulphide
with special chalk

with PTFE

with PE-UHMW
(GUR®)

with special additives

based on Hostaform C 13021,
with XX % (w/w) glass fibres;
exception: GV 1/30,

with 26 % glass fibres

based on Hostaform C 13021,
with XX % (w/w) glass spheres

with electrically conductive
carbon black and elastomer

with antistatic finish

masterbatch based on
Hostaform C 9021, with
silicone oil

based on blend ratio 1:25 or 2:25

UV-stabilized Hostaform basic
grades and high-impact grades

special formulation
UV-stabilized with carbon
black; owing to the carbon
black content, melt flow rate
and toughness may be slightly
lower than the basic grades;
not for all grades available .

Depending on the type and content of additive used,
the modified grades differ from the Hostaform basic
grades not only in terms of the physical properties
but also in their resistance to environmental effects.

This applies particularly to the Hostaform S grades
because of their chemical structure (blends with
elastomer components).
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Easyflowing basic grades

C 52021

Extremely easyflowing injection moulding grade for
complicated, thin-walled precision parts. Permits
processing at reduced melt temperature and hence
shorter cycle times compared with other grades.

C 27021

Very easyflowing injection moulding grade for long
flow paths, complicated precision parts, thin-walled
mouldings and multicavity molds.

C 13021

Easyflowing injection moulding grade for precision
parts and thin-walled mouldings.

C 13031

As for C 13021 but with about 10% higher strength,
rigidity and hardness over the entire permissible tem-
perature range for Hostaform.

Basic grades

C 9021

Standard injection moulding grade.

C 2521
Stiff flowing. Injection moulding of thick-walled,
void-free parts.

M15HP

Unreinforced injection moulding grade with impro-
ved impact and strength.

Extrusion grades

M30AE
Stiff-flowing, for extrusion of sheets, rods and hollow
profiles.

M10AE
High melt strength, for extrusion of thick walled
profiles and rods.

Ticona

Glass-fiber/glass-sphere-reinforced grades

C 9021 GV 1/10

Injection moulding grade reinforced with 10% (w/w)
glass fibers, for parts requiring increased rigidity and
hardness.

C 9021 GV 1/20

Injection moulding grade reinforced with 20% (w/w)
glass fibers, for parts requiring high rigidity and
hardness.

C 9021 GV 1/30

Injection moulding grade reinforced with 26% (w/w)
glass fibers, for parts requiring very high strength and
rigidity and increased hardness. Reduced thermal
expansion and shrinkage, slightly lower toughness
(elongation).

C 9021 GV 1/40

Injection moulding grade reinforced with 40% (w/w)
glass fibers, for parts requiring especially high rigidity.
Elastic modulus approx. 40% higher than for C 9021
GV 1/30 but otherwise similar spectrum of proper-
ties.

C 9021 GV 3/10

Injection moulding grade reinforced with 10% glass
spheres, for low-warpage parts requiring increased
rigidity and hardness.

C 9021 GV 3/20

Injection moulding grade reinforced with 20% glass
spheres, for low-warpage parts requiring higher
rigidity and hardness.

C 9021 GV 3/30

Injection moulding grade reinforced with 30% glass
spheres, for low-warpage, dimensionally stable parts
requiring even higher rigidity and hardness.

C 27021 GV 3/30
Easyflowing injection moulding grade reinforced
with 30% glass spheres. Low warpage.
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Grades with improved slip properties

C 13021 RM

Easyflowing injection moulding grade similar to

C 13021. Good low-friction properties in Hostaform/
Hostaform sliding combinations, e.g. for smooth
running zip fasteners (zippers).

C 13031 K

Injection moulding grade similar to C 13031, modi-
fied with special chalk. Good wear properties, increa-
sed strength. For unlubricated or once-only lubricant
sliding parts.

C9021 M

Molybdenum disulphide-modified injection moul-
ding grade similar to C 9021, for sliding combinations
operating under high pressure loading at low sliding
speed. Only slight tendency to stick-slip.

C 9021 K

Injection moulding grade similar to C 9021 but
modified with special chalk. Good wear properties.
For unlubricated or once-only-lubricated sliding parts.

C 9021 TF

Injection moulding grade based on C 9021, contains
PTFE. For sliding combinations with very low
coefficient of friction (maintenance-free bearings).

C9021G
Injection moulding grade with GUR® (PE-UHMW),
for parts under abrasion stress.

C 9021 AW

Injection moulding grade similar to C 9021 but
modified with special additives. Good wear properties
and low coefficient of friction. This formulation can
also be supplied with other basic grades.

C 9021 SW

Injection moulding grade similar to C 9021 but
modified with noise-deadening and wear-protecting
additives. Extra additives also reduce acoustic
vibrations in the finished parts.

C2521G
Extrusion grade with GUR® (PE-UHMW), for semi-
finished products, sliding and guide elements.

Ticona

LWI15EWX

Slip-modified grade for sliding combinations with
PBT, PA, PC, PMMA and steel, with increased
toughness/strength level.

LW9OEWX

Slip-modified grade for sliding combinations with
PBT, PA, PC, PMMA and steel, good weld line
strength due to the special wax blend.

LW9O0BSX

Slip-modified grade for a wide range of tribological
applications, including POM/POM pairings, contains
silicone oil.

C 9021 GV 1/30 GT
Reinforced with 26% w/w glass fibers and
slip-modified.

High-impact grades

$ 27063

Easyflowing, elastomer-containing injection moul-
ding grade based on C 27021, with higher impact
strength and slightly lower hardness and rigidity than
the basic grade. For thin-walled parts requiring high
impact energy absorption.

$ 27064
Easyflowing injection moulding grade similar to
S 27063 but with higher toughness level.

$27072 WS 10/1570 (black)

Easyflowing injection moulding grade similar to
S 27063 but UV-stabilized for exterior applications.

$ 9063

Elastomer-containing injection moulding grade based
on C 9021, with higher impact strength and slightly
lower hardness and rigidity than the basic grade.

For parts requiring high impact energy absorption.

S 9064

Similar to S 9063 but with higher elastomer content
and hence even higher toughness level.

$ 9243

Injection moulding grade with good low-temperature
impact strength. For parts requiring high impact
energy absorption and excellent weld strength. Flow

properties under injection moulding conditions simi-
lar to those of S 9063.
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S 9244
Similar to S 9243 but even higher toughness level.

Flow properties in injection moulding similar to those
of S 9064.

Oil Concentrate S

Hostaform C 9021 with 20% (w/w) silicone oil for
blending with other Hostaform grades. Improves
low-friction and abrasion properties and ejection
from the mold. The blend ratio depends on finished
part requirements and should preferably be 1:10.
At ratios > 2:10, processing problems may arise.

Grades with improved media resistance

C 13031 XF 50/5339
Yellow-colored grade specially formulated for
applications involving contact with fuel, especially

hot diesel.

C 13031 XF 10/9022

Black-colored, laser-weldable grade specially
formulated for applications involving contact with
fuel, especially hot diesel.

EC140XF

Conductive injection moulding grade with improved
resistance to fuels, especially hot diesel.

MR 130ACS
Grade with improved resistance to aggressive media
and chlorinated water.

Electrically conductive grades

C 9021 ELSX

Injection moulding grade with addition of conductive
carbon black and elastomer. For parts requiring

very low electrical resistance. Processing guidelines
in section 3.3.

EC270TX
Similar to C 9021 ELSX but with higher toughness
level.

C 27021 AST
Similar to C 27021 but antistatic-modified.

Ticona

Hostaform® XAP®: Advanced Processing

Low-odor injection moulding grades that meet
European automotive industry requirements for
plastics used in vehicle interiors. In addition to the
natural grades C 2521 XAP, C 9021 XAP, C 13021
XAP, C 13031 XAP, C 27021 XAP and C 52021 XAP,
many standard and special grades based on C 9021
and C 27021 can be supplied. The colors in C 9021
XAP LS and C 27021 XAP LS are light-stabilized,
while in C 9021 XAP AWLS, C 9021 XAP AW,
C9021 XAPTF and C 9021 XAP M, they also contain
a special additive to reduce the coefficient of friction.
All XAP grades undergo the VDA 275 test as an
injection molded sheet and the results are documented
in the acceptance test certificate.

Minimal odor values can only be achieved under
optimized injection moulding conditions, especially
low melt temperatures. More detailed information can
be provided by our Technical Service team.

MT® grade range

For medical and pharmaceutical applications, please
see section 4.8.2.

Supply form

Hostaform is supplied as opaque white, natural or
coloured cylindrical granules or pellets with a particle
size of approximately 3 mm (except for Oil Concen-
trate S). It is normally packed in 25 kg containers
(plastic-film bags or multiwall paper bags) but by
prior agreement may also be supplied in 500 and

1000 kg containers (especially the basic grades).

Color range

For the Hostaform basic grades, Ticona offers a stan-
dard range of 10 colors, which correspond to the
RAL colors listed in Table 1. Most of these colors
have approval for applications in, for example, the
food and drinking water sector (see table 1). These
standard colors are supplied as mass-colored pellets
or color masterbatches.

Color masterbatches are supplied in two variants and
are used to color natural Hostaform grades during
processing into mouldings. For this purpose, depend-
ing on the particular masterbatch, 25 parts natural
pellets to 1 or 2 parts color masterbatch are added.

In general, the same colors are obtained as when using
mass-colored pellets but no guarantee can be given as
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to the completely exact shade, since this depends on
processing conditions (sufficient plasticization and
homogenization) and the correct mix ratio.

Table 1: Standard colors and approvals
(+ compliant, x non-compliant)

RAL Code Color FDA BgVV KTW
RAL 1003  Signal yellow + + +
RAL 2010  Signal orange + + +
RAL 3001  Signal red + + +
RAL 4008  Signal violet  + + +
RAL 5005  Signal blue + X X
RAL 6032  Signal green  + + +
RAL 7004  Signal grey + X X
RAL 8002  Signal brown + + +
RAL 9003  Signal white  + + +
RAL 9004  Signal black X X X

The nomenclature consists of the Hostaform grade or
color masterbatch and the RAL color code, e.g.:

— Hostaform C 9021 RAL 3001 is Hostaform C 9021
in Signal red

— Hostaform C 27021 RAL 6032 is Hostaform C
27021 in Signal green

— Hostaform FK 1:25 RAL 4008 is Masterbatch 1:25
in Signal violet

In addition to these standard colors, a large range of
special colors is supplied for different industry sectors
such as the automotive industry and industrial
engineering. Color formulations tailored to customer
specifications can also be provided. In this area,
Ticona can draw on long-standing experience over
many years. Special colors can also be supplied in
UV-stabilized or weathering-resistant formulations.
In addition, special colors have been developed that
are particularly suitable for laser marking. These
colors are listed in table 3, page 68. All colors are
cadmium-free.

Where colored moulding materials are to be prepared
by the processor from natural Hostaform granules,
the pigments employed should be only those which
withstand Hostaform processing temperatures with-
out decomposition or color change, and which do not
impair the thermal stability of Hostaform. Only by
careful selection of colorants is it possible to ensure
that the physical properties of Hostaform are not
affected to an unacceptable degree. Optimum molded-
part properties can only be achieved with original
color masterbatches based on Hostaform.

Ticona

Quality management

Meeting the quality requirements of our customers is
a critical activity for Ticona. We constantly pursue

and update the certifications needed for this purpose.
Our quality management system has been certified to
ISO 9000 standards since the early 1990s. In 2003, we
built on this foundation by imple-menting the Global
Ticona Integrated Management System (TIMS) for

quality, environmental and risk management.

Important certifications include the following
standards:

@ ISO 9001

@ ISO 14001

@ ISO/TS 16949
@ ISO/IEC 17025

Quality Management System Certifications under
ISO 9001:2000 and ISO/TS 16949:2002 have now
been achieved for all production sites and supporting
remote locations of Ticona worldwide. The ISO/TS
16949:2002 standard combines the automotive regula-
tions in Europe of VDA 6.1, EAQF and AVSQ with
the requirements of QS-9000 in North America

and supersedes all of these. Ticona received the certi-
fication for this standard in 2003.

The Ticona Oberhausen site in Germany gained
registration under ISO 14001, the Environmental
Management System Standard, in 1999. All Ticona
facilities in the Americas achieved certifi cation under
ISO 14001 in 2002. At Kelsterbach, Germany,
registration has been completed 2005.

The appropriate Ticona laboratories are accredited to
meet general requirements according to ISO/IEC
17025:2000 for testing and calibration laboratories.

Our www.ticona.com website provides further
information under “Company” > “Quality and
Certifications”. This information includes the details
of business lines and facilities covered and PDF files
of all certificates of registration.
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The antistatic modification reduces surface resistivity
and at the same time considerably increases the dis-
charge rate, as the following table shows:

Property Unit  Test Hostaform

method C27021 (C27021
AST

Surface Q IEC 10t 108

resistivity 60093

Discharge S - about 60 10 to 25

rate®

(half-value

time)

* Decline in the field strength of a capacitor with the test specimen
as a dielectric to 50% of its initial value after charging with
1000 volts.

The antistatic modification has little or no effect on all
other properties of Hostaform.

3.4 Optical properties

Hostaform mouldings range from more or less trans-
lucent to opaque-white, depending on wall thickness.
When a parallel beam of light falls vertically on a
compression moulded sheet with parallel faces, the
proportion of diffuse light transmission is as follows:

thickness 1 mm: about 60%
2 mm: about 45%

4 mm: about 35%

The refractive index n for light in the visible wave-
length range 1s 1.48.

Gloss is dependent mainly on the surface quality of
the mould.
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4.4 Chemical properties
4.4.1 Chemical resistance
4.4.1.1 Hostaform basic grades

The Hostaform basic grades have high resistance to
many organic and inorganic chemicals. Very few
solvents are known which can dissolve the material
below its crystalline melting point. One of these is
hexafluoroacetone sesquihydrate. Hostaform with-
stands strong alkalis (for example 50% NaOH), even
at high temperatures but is attacked by oxidizing
agents and strong acids (pH < 4). A survey is given
in table 2.

Generally speaking, Hostaform is not prone to
environmental stress cracking.

38

Table 2: Chemical resistance of the Hostaform

basic grades

The results were determined after a test period of 60

Ticona

days on 1 mm-thick test specimens injection moulded

from Hostaform C 9021. During the tests, the speci-

mens were not under external stress.

The quoted ratings apply to all Hostaform basic
grades. The reinforced and S grades may deviate from

these in individual cases.

+ resistant

/ limited
resistance

— not
resistant

weight increase
<3% or

weight loss

< 0.5% and/or
decrease in tensile
strength < 15%

weight increase
3to0 8% or

weight loss

0.5 to 3% and/or
decrease in tensile
strength 15 to 30%

weight increase

> 8% or

weight loss

> 3% and/or
decrease in tensile
strength > 30%
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Substance 20°C  60°C Substance 20°C  60°C
acetic acid (10%)* + + ether (DAB 6) + +
acetic acid (80%) / - ethyl acetate / /
acetone + / ethyl chloride (DAB 6) + /
acetylene tetrabromide / - ethyl glycol + /
ammonia (10%) + + ferric chloride (10%) / -
ammonia, conc. + + fixing bath solution (pH 5.4) + /
ammonium sulphate fluorocarbons (partially halogenated) - -
(10%) (pH 5.8) + - fluorocarbons (perhalogenated) + +
benzene / / formaldehyde (40%) + +
benzene with 15 to 20% methanol + + formic acid (10%)* + -
butanol + + fuel oil EL + +
butyl acetate + / galbanum resin + -
butyraldehyde / / Genantin®/tap water 1:1

butyric acid (1%)* + + (+ 1% Donax® C, Shell) +

butyric acid (98%) / / glacial acetic acid / -
calcium ammonium nitrate + + glycerol + +
calcium chloride (10%) + + glycol + +
calcium nitrate (10%) glycol/distilled water 48:52 + +
(pH 6.4) + + Grisiron® GBF 1

cananga oil + + (5 g to 100 g H,0) + +
carbon disulphide + + hydrochloric acid (10%) - -
carbon tetrachloride + / hydrogen peroxide (30%)* + -
chlorobenzene / / hydroxycitronellal + +
chloroform - - ink (Pelikan® ink, blue-black) + -
chromic acid (3%) / / isopropyl alcohol + +
citric acid (10%)* + - jet fuel JP 1 (Shell) + +
Clophen® A 60 (Bayer) + + jet fuel JP 4 (Shell) + +
coffee (Nescafé®) + + lactic acid (10%)* + /
Complesal® Typ Blau lactic acid (90%)* + -
12+12+17 +2 (10%, pH 5.8) + + lavender oil, highest-quality + +
Complesal® Typ Gelb lemongrass oil + +
15 + 15 + 15 (10%, pH 5.8) + + lime, chlorinated (approx. 10%) - -
Complesal® Typ NP methanol + +
20 +20+0(10%, pH 5.7) + + methyl acetate / /
Complesal® Typ Rot methyl bromide - -
13 +13 + 21 (10%, pH 5.4) + + methyl ethyl ketone / /
copper sulphate (10%) + + methyl glycol / /
developer solution 1:100 methyl glycol acetate / -
(pH 10.4) (Rodinal® Agfa) + + methyl isobutyl ketone + +
developer solution 1:50 methyl isopropyl ketone + +
(pH 10.9) (Rodinal® Agfa) + + methylene bromide - -
dibutyl phthalate + + methylene chloride, technical - -
diesel oil + + mineral oil + +
dimethyl phthalate + / Mobil®oil SAE 20 + +
dioctyl sebacate + + Mobil oil HD SAE 20 after 3000 km  + +
dioxane / / n-hexane + +
engine oil BP HP 20 + + natural gas + +
engine oil SAE 40 (Caltex) + + nickel sulphate (10%) + +
ethanol (96%) + + nitric acid (10%) - -
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Substance

20°C

60°C

nitrogen phosphate

(10%) (pH 5.1)

nitrous gases

oil of cloves

olive oil

ozone

peat water (pH 3.7)
perchloroethylene

Persil® 59 (5%) (Henkel)

petrol, standard-grade
petrol/benzene mixture
(super-grade petrol)

petroleum

petroleum fraction

(boiling point 100 — 140°C)
phenol

phosphoric acid (25%)*
potassium hydroxide

(caustic potash solution)
potassium permanganate (10%)*
rape oil nethyl ester

refrigerant R 134 a (System Reclin)
sea water (North Sea)

sodium bicarbonate (10%)
sodium bisulphite liquor (pH 4.5)
sodium carbonate (10%)
sodium chloride

sodium hydroxide

(caustic soda solution)

sodium hypochlorite (bleaching solution,

about 12.5% active chlorine)
sodium nitrate Hoechst®
(10%) (pH 8.8)

sodium orthophosphate,
monobasic (10%)

+

|+ +

+ + + + + + + + + + + +

+

+

+

sodium orthophosphate, dibasic (10%) +
sodium orthophosphate, tribasic (10%) +

soya bean oil
sulphur dioxide gas
sulphuric acid (10%)*
sulphuric acid (50%)
tetrahydrofuran
Tetralin® (Henkel)
thiophene

toluene

transformer oil
(Univolt® 36, Esso)
trichloroethylene
urine

water, distilled
xylene

40

+

+

+ o~ 4+ ~

+ o+ o+~ +

+

+ + + +

+ o~~~

+ + + >+
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4.4.1.2 Reinforced grades

The resistance ratings shown in table 2 apply to the
polymer matrix. Since glass itself may be regarded as
having adequate inertness to the chemicals listed
there, the ratings given in the table may be deemed to
apply to the reinforced grades as well. As already
mentioned, however, the tensile strength of glass-
fibre-reinforced Hostaform declines in contact with
water or fuels; in fact this loss is apparent not only
with the two media mentioned but with liquid media
in general. Change in tensile strength is one of the
rating criteria. If these criteria were to be strictly
applied, glass-fibre-reinforced Hostaform would have
different ratings. However, this only needs to be
taken into account in applications where full reten-
tion of tensile strength is an essential requirement.

4.4.1.3 Hostaform/elastomer blends

Both components of Hostaform S, ie the matrix and
the elastomer, contribute proportionally to its chem-
ical resistance, which is why only generalizations are
possible.

Hostaform S 9063, S 9064, S 27063 and S 27064 are
resistant to fuels, ie non-polar hydrocarbons, but
have only limited or no resistance to methanol,

ie polar solvents; in addition to alcohols, this group
includes ketones and esters. The behaviour of the
above grades in water is described in section 4.2.2.

Hostaform S 9243 and S 9244 are swollen by fuels
and their toughness declines somewhat with immer-
sion time; they are however resistant to diesel. In
contact with methanol, swelling is slight but again a
decline in toughness occurs.

Our Hostaform Research and Development Depart-
ment will be pleased to give further information.

* Because of the acid or oxidizing nature of these chemicals,
trials are recommended before prolonged contact with
Hostaform.
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4.8.2 Pharmaceutical/medical applications

In order to meet the particularly high standards for
materials used in medical engineering, and to be able
to comply with legal requirements varying from one
country to another, Ticona has specially tailored a
number of engineering polymers for healthcare appli-
cations.

Hostaform MT grades are equipped with special
characteristics to meet the specific requirements of
medical applications. The existing benetits of poly-
acetal, such as high toughness, hardness and stiffness,
excellent friction and wear properties, low water
absorption, are supplemented by distinguishing
features regarding material quality, conformance, and
availability. Extensive testing of each individual lot
demonstrates material purity and property consis-
tency. At the same time a new standard of quality
assurance is established.

The following grades are available:

Grade Description
MT 2U01 unreinforced stiff flowing grade
MT 8UO01 unreinforced standard grade
MT 12001 unreinforced standard grade,
medium flowability
MT 12U03 unreinforced, improved strength
MT 24001 unreinforced, best flow properties
MT 8RO2 modified friction properties, low noise
MT 12R01 modified friction properties
MT 8Fo1 PTFE modified
MT 24F01 PTFE modified, improved flowability
MT 8F02 highly PTFE modified for low speed
sliding
MT 24F02 highly PTFE modified,

improved flowability

For approvals in the US, the above mentioned pro-
duct grades are listed in Drug Master File No. 11559.
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Hostaform MT8UO1 and MT 24U01 were tested
according to United States Pharmacopoeia (USP)
XXIII and meets the following test requirements:

— USP Biological Class VI

(extraction temperature 70 °C, for 24 h)
— USP Physico-Chemical

(extraction temperature 70 °C, for 24 h)
- Cytotoxicity

(extraction temperature 37 °C, for 24 h).

Ticona does not support the use of its plastics for
implant applications. Irrespective of the position as
regards responsibility, Hostaform should not be used
for permanent implants because of the risks involved.

For further information please ask for our brochure
“New Polymer Grades for Medical and Laboratory
Engineering” (B 281 E) or contact us directly.
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5. Processing

Hostaform may be run on all standard processing
machinery for thermoplastics, such as injection
moulding machines, extruders, injection and extru-
sion blow moulding machines and compression
moulding machines. Pretreatment is not generally
necessary but where through poor storage arrange-
ments the product has been exposed to a damp
atmosphere or has been in contact with water, it has
to be dried at 100 to 120°C in a circulating air oven
for about 3 -6 hours, depending on layer depth
(which should not exceed 40 mm).

5.1 Safety recommendations

General safety precautions during processing

In processing Hostaform, extraction hoods should be
installed immediately above the machinery. The melt
temperature should not exceed 240 °C, depending on
the permissible residence time in the cylinder (fig. 42)
(recommended processing temperatures given in
section 5.2.2). When subjected to excessive thermal
stress or residence time in the cylinder, Hostaform is
decomposed with liberation of formaldehyde. This
gas has a pungent odour and irritates the mucous
membranes.

In addition, the pressure of the gaseous decomposition
products if the nozzle is obstructed or frozen may be
so great that relief through the feed opening of the
machine is sought. Should this not be possible, there
is a risk that the rising pressure could cause damage to
the machine and injury to operators. It is therefore
important to ensure that injection nozzles or extruder
orifices are never, for example, blocked by plugs of
frozen material.

Should thermal degradation in the cylinder be sus-
pected or determined, the material should be run out
with the heating switched off. It is advisable to
immerse severely degraded material in water to pre-
vent unnecessary odour nuisance.

Hostaform is immiscible with most other thermo-
plastics; if these should contaminate the material they
will lead, even in small quantities, to inhomogeneous
mouldings. Special care should be taken with thermo-
plastics which have a decomposing effect, particularly
PVG; since this polymer can induce a severe decom-
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position reaction, even in low concentrations, PVC-
contaminated Hostaform should on no account be
processed.

Hostaform, like many other organic materials, is com-
bustible. It is in the interests of the manufacturer
when storing, processing or fabricating plastics to
take the necessary fire precautions. Special fire pre-
vention requirements may apply to certain end pro-
ducts and fields of application.

Statutory safety regulations vary from one country
to another and local national requirements should
always be met. It is the responsibility of the raw
material processor to ascertain and observe these
requirements. Important notes are contained in the
safety data sheets, which we will be pleased to supply
on request.

In Germany at the present time, a maximum permiss-
ible formaldehyde concentration at the workplace
(MAK value) of 0.5 ppm is stipulated.

The MAK value is the average of a number of meas-
urements spread over a working day or a shift. These
can be carried out with a Driger gas detector®) and
the appropriate “Formaldehyde 0.2/a” measuring
tube. The samples should be taken close to the
operator at head height. More details are given in the
MAK value lists, which are revised every year and can
be obtained for example from the German employers’
liability insurance associations (Berufsgenossen-
schaften).

Starting up empty machines

The cylinder temperatures are set to about 200 °C.
After the plasticizing cylinder has been filled, a few
shots are ejected into the open. Particular attention
must be paid to nozzle temperature. If this is too low,
the melt will freeze and block the nozzle.

Short- and long+term interruption of
moulding cycles

When the cycle is only briefly interrupted, cylinder
temperatures should be reduced slightly but the
nozzle temperature may be maintained.

*) Drigerwerk AG, D -24116 Liibeck, Germany
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When the moulding cycle is interrupted for longer
periods, the procedure to be adopted is as follows:

stop granule feed

switch off cylinder and nozzle heating
disconnect cylinder from mould

eject melt fully from cylinder.

Restarting the machine with Hostaform

Heat up the machine and set the cylinder temperature
to 150-160°C. Increase the nozzle temperature to
200°C and the cylinder temperature by stages to
190°C. It is important to ensure that the nozzle is not
blocked by a plug of frozen material.

As soon as the correct temperature has been reached
and the moulding material uniformly heated, a few
shots are ejected into the open at low screw advance
rate.

When the material is flowing freely, it may be in-
jected into the mould as soon as the final processing
temperature has been set.

Chcn?ing from another thermoplastic to
Hostatorm

Thermoplastics requiring higher processing temper-
atures, such as polyamide or polycarbonate, must be
completely removed from the machine by purging
with a polyolefin before the machine can be charged
with Hostaform. In the same way, plastics unstable at
Hostaform processing temperatures and particularly
those whose decomposition products promote
degradation of Hostaform (for example polyvinyl
chloride) must also be completely removed by a
polyolefin purge. The detailed procedure to be
adopted is as follows:

— the cylinder heaters are set at the processing
temperature for the thermoplastic

— after it has been thoroughly heated the melt is
ejected into the open
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— an easyflowing polyolefin is forced through
in rapid shot sequence until the previous thermo-
plastic has been completely removed

— the cylinder and nozzle temperatures are set to
200 °C. With the mould disconnected, residual
polyolefin in the cylinder is purged with the
aid of Hostaform. Once the Hostaform melt is
free of all polyolefin, injection moulding may be
commenced.

In cases of doubt, the preferred method is to remove
the screw and carry out mechanical cleaning.

Changing from Hostaform to another
thermoplastic

At a melt temperature of about 200 °C, Hostaform is
purged from the cylinder into the open with the aid
of an easyflowing polyethylene.

The cylinder temperatures are then set to the appro-
priate level for processing the required thermoplastic
and the operation is continued in the usual way.

The directions set out above apply, mutatis mutandis,
to extrusion processing.

5.2 Injection moulding
5.2.1 Machine requirements

Hostaform may be processed on all standard injection
moulding machines in current use, except for vented
machines.

Special screws have not generally proved necessary,
ie it is sufficient to fit the machine with standard
screws in accordance with the manufacturer’s recom-
mendations. For processing glass-fibre-reinforced
Hostaform, it is advisable to use a wear-resistant
version of the injection moulding unit such as most
machinery manufacturers supply these days as a
normal option in their range.
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When planning a step-by-step programme of

® moulding design

® mould design

® mould construction
® mould proving,

allowance should always be made for changes such as
modification to the mould, since shrinkage-induced
dimensional or design deviations in a moulding are
frequently inevitable. Attempts to use mathematical
models to predict mould shrinkage as accurately

as possible have so far proved unsuccessful. The same
applies to predicting fibre orientation in reinforced
thermoplastics. Practical experience with the actual
part is thus the most valuable guide.

5.2.5 Gate and mould design

The quality of a plastics moulding in terms of its
suitability for a particular application is basically
determined by the following factors:

— properties of the moulding material
— processing of the moulding material
— design of the moulded part [15].

Only optimization of all three factors will ensure a
high-quality moulding. This requires close coopera-
tion between the material manufacturer, designer and
end user.

Processing involves the machine, mould and tem-
perature control units. For mechanical, thermal and
rheological design of a mould, modern mathematical
methods are used in critical cases to back up the
practical experience which is so necessary. The same
applies to the design of complicated mouldings.

It is often possible to predict whether a moulding will
match up to requirements (which should be compre-
hensively known) with the aid of materials science but
trials which simulate practical conditions as closely as
possible should always be carried out to demonstrate
serviceability. Component testing under practical (or
simulated) conditions should be accorded the greater
importance [14].
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Hostaform can be processed without any problem on
hot-runner moulds [16, 17]; it should be remembered,
however, that not all systems are equally suitable.

It is advisable to heed the experience of the system
suppliers.

The type of gate and its location in the mould are
determined by various factors such as

—wall thickness
—flow path

— flow direction
—weld lines

— sink marks.

The size of the gate depends on the wall thickness of
the moulding. If the gate is too large, cooling time and
hence cycle time may be unacceptably long.

An undersized gate may cut short the holding-pres-
sure time through freezing effects or cause excessive
shear heating of the melt.

As a rough guide, the gate diameter should be about
2/3 of maximum wall thickness. The gate should be
located in the area of greatest wall thickness in the
moulding.

With submarine and pinpoint gates, no finishing is
required.

Sprue and diaphragm gates require finishing and
generally leave a clearly visible mark on the moulding
surface.

PE14-028 000083












Hostaform®
Polyoxymethylene Copolymer (POM)

The target range of tolerance (production tolerance Tg
and check dimension Xy) is entered on the diagram
and the achieved dimensions and their scatter are com-
pared with the tolerance range and with the position
of the pressure optimum. The following procedure is
then adopted:

1. Carry out pressure correction Ap to bring as many
dimensions as possible within the tolerance range.
In so doing, it is important to ensure that the pres-
sure is not adjusted too far from the optimum
pressure range as otherwise dimensional scatter
will be increased.

2. For those dimensions still outside the tolerance
range after pressure adjustment, it is necessary to
correct the dimensions (X ) of the mould itself
(see dimension B in fig. 84).

3. When the modification to the mould is complete,
injection moulding is resumed at the corrected
pressure. The dimensions of the mouldings ob-
tained are checked and average weight determined.

From the optimization process, all required process-
ing conditions are known. The correct injection pres-
sure (= holding pressure) is ascertained by evaluating
the dimensions of trial mouldings and the appropriate
weight is determined.

Certain dimensions and weights, as also certain
dimensional and weight variations (scatter), can be
related to optimum processing conditions. With this
knowledge, it is possible to base production control
on weight and weight scatter.

Experience has shown that weight scatter should not
exceed 0.6% (relative to the average weight of the
moulding) if dimensional scatter is to be kept below
0.3%.

Tolerances
The dimensions of the moulding are important qual-
ity control characteristics. The dimensional scatter in

manufacture of + 3 s (or + 3 v) must be less than the
required production tolerance Tf.
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Depending on application requirements, there are
three tolerance ranges:

A general-purpose injection moulding

Te<1l %atdy= 60°C
B injection moulding of engineering components

Tr<0.6% at Y= 90°C
C injection moulding of precision components

Ty < 0.3% at Fy = 120°C

These data are valid for nominal dimensions > 10 mm,
fig. 85.

For nominal dimensions < 10 mm, the linear relation-
ship between tolerance and nominal dimension no
longer applies. The percentage tolerance thus increases
very rapidly below about 3 mm, fig. 86 (see also

DIN 16 901).

5.3 Exirusion

The extrusion method is used mainly to process
Hostaform into semi-finished products (round bars,
flat bars, hollow profiles and sheets). The dimensions
and permissible dimensional and shape variations

of such profiles and their supply specifications are
standardized in DIN 16 974, 16 975, 16 977 and

16 978.

These semi-finished products are frequently machined
to make prototypes, pre-production runs or even
production parts in small quantities [18].

In extruding Hostaform, the main points to note are
the characteristically narrow melting temperature
range and the rapidity with which freezing takes
place.

5.3.1 Extruder and screw

Hostaform is extruded on conventional single-screw
extruders. Twin-screw extruders are not suitable.
Cooling or heating of the screw is not required.

Short-compression-zone screws have a suitable geo-
metry for extruding Hostaform. Screw lengths of
25 D give the best results. Shorter screws frequently
lead to surging.

Processing on vented extruders is not recommended.
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5.3.6 Annedling

Despite all countermeasures, a certain amount of un-
even cooling will take place over the cross-section
and cause internal stresses which have to be relieved
by a final heat treatment. This annealing treatment is
usually carried out in air or nitrogen (circulating air
oven) or in liquids (waxes, oils) at 140°C for a period
of 10 min per mm wall thickness or diameter. To avoid
possible formation of stresses as a result of heating up
or cooling down, both operations should be carried
out slowly and evenly. The times required for these
operations are added to the annealing time.

Example: round bar 100 mm diameter

Annealing:
100 (mm) x 10 (min/mm) = 1000 min
A 16 h 40 min
Heating the loaded oven = 3h20 min
from cold
Cooling the oven to 40 to 50°C ~ 6h
Total annealing 26 h

5.4 Extrusion blow moulding
General

This is a two-stage process. The first stage comprises
the production by extrusion of an inflatable preform,
the second, blow moulding and cooling the article in
the mould.

For extrusion blow moulding, plastics with a relatively
high melt strength are required. Hostaform C 2521 is
suitable for the production of small hollow mouldings
up to a maximum capacity of 1 litre.

The shrinkage of Hostaform blow moulded articles is
between 2 and 4%.

Ticona

Machine and mould

Hostaform containers up to a capacity of 5 litres are
produced on blow moulding machines without a
melt accumulator, ie the tubular parison is extruded
continuously. Larger blow moulded articles require
machines with an accumulator head in which the
plastic melt collects until the required shot volume
has been obtained and is then extruded relatively
quickly.

To plasticize the material, slow-running, single-screw
extruders fitted with screws between 20 and 25 D in
length are suitable.

Processing

On discharge from the head, the plasticized material
should have a temperature of about 185 °C. At this
point, sagging can be limited by judicious lowering of
the temperature (but not below 170°C). To obtain
uniform axial wall thickness distribution, it is neces-
sary, particularly with non-cylindrical shapes because
of different radial blow ratios, to provide programme
control of parison wall thickness in the axial direc-
tion. When processing Hostaform, the die must be
adequately heated in the orifice region (= 170°C)
since otherwise temperature variations in the parison
wall will cause irregular parison swell and continuous
operation will be interrupted.

Well-formed, blow-moulded containers with a
smooth finish are obtained only when the mould is
maintained at about 90°C.

When production ceases, the screw must be run until
it is completely empty, ie until no more plasticized
material comes out, before the extruder is switched
off. When production is to be resumed, the pre-
determined temperature settings should be raised by
about 20°C for the initial startup period. When these
higher temperature values have been reached, it is
necessary to wait at least 15 min before the extruder
drive is switched on. Only in this way can cooled
material — particularly in the adaptor between the
extruder and head — be plasticized sufficiently. When
the extruder is started, granules should be fed in
slowly (half of the visible screw region in the feed
opening should be covered) until the parison emerges.
The temperatures can then be returned immediately
to the established production settings, and the mate-
rial fed in as usual.
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5.7 Surface decoration

Consumer taste and publicity needs are not always
fully satisfied by the pigmentation of plastics or by
the possibility of obtaining two-colour mouldings in
the injection moulding process. There is in addition a
demand for plastic products which, for decorative
and/or information purposes, are given a printed,
painted or hot stamped finish. Flock coating and
metallizing of the surface are further special types of
finish supplied.

5.7.1 General surface requirements

To attain an aesthetically pleasing decorative effect,

it is essential for the mouldings to have a smooth,
flawless surface. Irregularities or scratches, weld lines
or other surface defects are not as a rule obliterated
by surface decoration but remain visible on the
decorated surface and detract from its appearance.
This should be taken into account by exercising care
in polishing the mould and by maintaining optimum
processing conditions (mould and melt temperature,
injection pressure, injection rate).

With nearly all mouldings, the surfaces are likely to
be soiled and so generally speaking a cleaning process
should precede surface decoration. Numerous sol-
vents such as paint thinners or trichloroethylene are
suitable for this purpose.

A special surface pretreatment is frequently necessary,
and may be either chemical or mechanical. Decorative

materials applied onto an untreated surface should
in any case be given a heat treatment either as they
are applied (hot stamping foil) or after application
(primers, printing inks).

5.7.1.1 Mechanical pretreatment

Roughening the moulding surface by sandblasting,
grinding etc. induces a surface activation and aids
adhesion of subsequently applied decorative mate-
rials. This method is very costly and therefore is
hardly ever used.

Ticona

5.7.1.2 Acid etching

The same effect is achieved by controlled slight
etching of the surface of the moulding in an acid bath.
Here again the surface is roughened and takes on a
matt appearance. Afterwards the parts must be
thoroughly rinsed in warm water at 60°C. After air
drying, the surface can be readily wetted.

5.7.1.3 Primers

Primers are included among coatings which will
adhere to Hostaform mouldings without surface pre-
treatment but unlike hot stamping foils or printing
inks, primers are used only as aids to decoration,

ie adhesion promoters for topcoats.

5.7.1.4 Physical pretreatment

Pretreatments commonly used for other plastics such
as flame treatment or exposure to corona discharge
are unsuitable for Hostaform because they bring
hardly any improvement in adhesion.
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5.7.2 Painting

Conventional topcoat systems are used and the choice
of system depends on the paint properties required,
eg weathering resistance, chemical resistance, scratch
resistance etc.

5.7.3 Vacuum metallizing

By this process, a mirror-finish, metallized surface can
be imparted to Hostaform mouldings. The various
operations required are as follows:

— Pretreatment

The surfaces to be metallized are first cleaned and
degreased, followed by mechanical delustring or
preferably acid etching as described in section 5.7.1.2.
The primer treatment discussed above also produces
satisfactory results.

— Base coating

The quality of adhesion of the evaporated metal
depends mainly on the suitability of the basecoat
applied to the surface to be metallized. The two-
component, polyisocyanate-based lacquers developed
specially for vacuum metallizing have proved very
good. After application, they are cured in a drying
oven.

— Vacuum metallizing
Evaporation of the desired metal onto the article is

carried out under the usual conditions for this
method.

— Topcoating
The evaporated metal layer is very sensitive to mecha-

nical damage. To protect it from scratches,
a colourless or transparent topcoat is applied.

66

Ticona

5.7 .4 Electroplating

Hostaform mouldings can be coated with a conducting
metal layer then electroplated by the usual electro-
chemical method. The surface may be roughened by
the etching process described.

It is not possible to obtain firm adhesion of the metal
layer to the plastic and for this reason the coating
has to be of at least sufficient thickness to be self-
supporting.

5.7.5 Hot stamping

Hot stamping of Hostaform mouldings is a frequently
employed method of decoration because pretreatment
of the surface is unnecessary. However, the surface
must be clean.

The popularity of this method is reflected in the large
number of hot stamping foils at present on the market
which are suitable for Hostaform. The choice of foil
depends on the stamping method to be used (positive
stamping, negative stamping, large-area stamping,
relief stamping, reciprocating press, rotary press with
cylindrical or flat die, stamping with brass or silicone
rubber dies), the properties required of the stamping
(scratch and abrasion resistance, chemical resistance,
weathering resistance) and of course the shade
required, including surface finish (glossy, matt). This
great variety of choice makes it impossible to give
general recommendations on suitable foils and stamp-
ing conditions. For example, the required tempera-
ture of the stamping die can vary between 100 and
200°C, depending on the type of foil. Stamping
equipment must have accurate control systems for
pressure, temperature and die dwell. A uniform con-
tact pressure is particularly important. Exact setting
of the stamping die is not in itself sufficient. Care
must also be taken to ensure that the moulding is
firmly and evenly supported. Soft supports such as
rubber are unsuitable. High contact pressure, short
dwell times and high temperature are the preferred
processing conditions. Flat surfaces are of course
easier to stamp than domed surfaces, solid parts easier
than hollow. In certain cases, preliminary trials may
be required.
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Table 3: Laser marking of Hostaform C
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Colour Marking
Nd:YAG laser Excimer laser
1064 mm 351 nm

Hostaform 10/9005 black white

80/9006 dark blue white

60/9007 dark brown white

70/9008 green pale green

80/9009 blue pale blue

30/9010 gray white

40/9011 crimson pink

80/9012 violet pale violet
Hostaform 20/9001 white black

20/9002 ivory black

40/9003 red white

50/9004 yellow gray
Hostaform 10/9101 blue

10/9102 green

1o/9103  Pear-black yellow

10/9104 red
68
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Hostaform® Ticona
Polyoxymethylene Copolymer (POM)

8. Photo supplement showing typical applications

Basic grades

Proven standard grades
for injection moulding,
extrusion and blow
moulding

Photos 1-4:
Modern, heavy-duty
kitchen tap components

1 2 3 consist of three materials:

metal, ceramics and
Hostaform C 9021

Photo 5:

Dial switch disk for
current meter made from
Hostaform C 9021 with
engaging springs, snapfit
hooks and dial bar

Photo 6:

More than 20 components
made from Hostaform

C 9021 and

C 9021 GV 3/20 for

a modern gas meter

Photo 7:

4 5 Directional control valve
blocks made from
Hostaform C 9021 with
integrally moulded snapfit
hooks for straightforward
assembly
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Polyoxymethylene Copolymer (POM)

Photo 8:

Perfume container — inner
parts with integrally
moulded spring, engaging
and snapfit elements made
from Hostaform C 9021

Photo 9:

Truck door handles made
from UV-stabilized
Hostaform C 2521 are
of robust design
appropriate to the
application

Photo 10:

Drive wheels with internal
toothing made from
Hostaform C 2521 for

a motor mower

Photo 11:

Automotive clip made
from Hostaform C 2521
with various spring and
snapfit elements designed
to hold cables and pipe-
lines and fix the clip to
the car
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Polyoxymethylene Copolymer (POM)

13

14

12

Ticona

Easyflowing grades

These are distinguished
mainly by their high melt
flow rates and meet all
requirements of modern
injection moulding
technology.

Photo 12:

Speaker grille with
complicated moulding
geometry made from
extremely easyflowing
Hostaform C 27021
and Hostaform C 52021

Photo 13:
Fuel supply system with
parts made from

easyflowing
Hostaform C 13031

Photo 14:

Key guides made from
easyflowing Hostaform for
the keyboard of a

PC system
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Polyoxymethylene Copolymer (POM)

Photo 15:

Base plate with more than
100 parts made from
Hostaform C 13021,
produced by outsert
moulding for a video
recorder

Photo 16:

Clips made from
easyflowing

Hostaform C 13021

for fastening pipelines
and cables in
automotive manufacture

Photo 17:
Spring plate made from

very easyflowing
Hostaform C 27021

Photo 18:

Rotating and sliding
elements made from
UV-stabilized, easyflowing
Hostaform C 13031 for
vertical blinds
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17

18
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Grades with improved
slip properties

These are modified with
additives which improve
slip properties and/or
abrasion resistance.

Photo 19:

Bevel wheels made from
molybdenum-disulphide-
modified

Hostaform C 9021 M in
an automotive
ventilation/heating system

Photo 20:

Circuit breaker (modular
design) with gearwheels
precision moulded from

slip-modified

Hostaform C 9021 K

Photo 21:

Gearwheel assembly made
from Hostaform C 9021 G
for a towel dispenser

Photo 22:
Zip fastener with injection
moulded plastic teeth made

from the special grade
Hostaform C 13021 RM
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Glass-fibre/glass-
sphere-reinforced
grades

In these grades, glass
fibres or glass spheres
are used as reinforcing
materials.

Photo 23:

Toothed rack measuring
190x9x 11 mm,

injection moulded from
30%-glass-sphere-
reinforced

Hostaform C 9021 GV 3/30

Photo 24:

Toothed ring made from
Hostaform C 9021 GV 3/30
— true-running and
distortion-free

o.d. =135 mm
i.d. =100 mm
Photo 25:

Pump with parts made
from Hostaform C 9021
GV 1/30 for an auto-
motive windshield (screen)
washer unit
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26

29

27

28

30

Ticona

Impact-modified grades

These grades are blends
with elastomers and have
higher impact strength
than the basic grades.

Photo 26:

Parts of a conveyor system
for garment blanks in the
clothing industry: garment
carrier and pulley made
from Hostaform S 9063,
other parts made from

C 13021 and C 2521

Photo 27:
Automotive aerial bushing
made from impact-

resistant, easyflowing
Hostaform S 27063

Photo 28:
Orbital sander plate with
outsert moulded com-

ponents made from
Hostaform S 9063

Photo 29:

Flexible adjusting ring
made from high-impact
Hostaform S 27064 for
trimming-depth
adjustment on an electric
shaver

Photo 30:
High-load-bearing belt
fasteners made from
high-impact, high-weld-
strength Hostaform S 9244;
hinged flap with snap-in
projections made from

extremely easyflowing
Hostaform C 52021
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Laser marking of
Hostaform

This is a fast, clean,
noncontact process which
offers a high degree of
flexibility and produces
very good results.

Photo 31:
Money box made from

very easyflowing
Hostaform C 27021

Photo 32:

Hair collector for an
electric shaver, laser-
marked with text, codes,
safety symbols and the
company logo

Photo 33:

Laser-marked fountain pen
top made from very
easyflowing

Hostaform C 27021
(two-colour injection
moulding)
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Polyoxymethylene Copolymer (POM)

9. Subject index

abrasion testing 23
adhesive bonding 64
adhesive systems 64
adhesives, contact 64
ageing resistance in air 29

in water 32
air, properties in 30
annealing 61
antistatic modification 29
applications, typical 71
assembly of mouldings and semi-finished products 63

Back pressure 49, 55,59
ball indentation hardness 19
bearings, slide 21

bonding, adhesive 64

CAMPUS plastics data base 67

chemical resistance 38

coefficient of friction 19-22

coefficient of linear thermal expansion 26
contact adhesives 64

cooling (extrusion) 60

creep modulus, flexural 11, 34

creep strength of pipes 11

cyclic stress 17

damage deformation 16

decoration, surface 65

degradation, thermal 27

density 8

deformation (puncture penetration test) 16
dielectric strength 29

electrical properties 27
electroplating 66

elongation at break 10, 17, 42
elongation at break (relative) 31, 33
energy absorption capacity 15
enthalpy 25

environmental effects 30
expansion coefficient, thermal 26
extrusion 58

fatigue strength 17

fatigue testing 17

finishing (on mould) 54
flammability 45

flat bars (extrusion) 60
flexural creep modulus 11, 34
flowability 50

Ticona

food legislation 45

formaldehyde concentration, maximum permissible 47
friction coefficient 19-22

friction welding 63

fuel resistance 36

gas and vapour permeability 41
gate design 54
glass transition temperature 13

hardness 19

health legislation 45

heat ageing 30, 33

holding pressure 50

hot riveting 63

hot runner moulds 49, 64
hot stamping 66

hot water resistance 33
hot-plate welding 63
hydrolysis, resistance to 33

impact strength 13, 15

impact strength, notched 14, 16, 32, 36
impact stress 13

injection moulding 48

injection moulding, precision 55

j
injection pressure 50
injection rate 50

laser marking 67

laser scanning system (laser marking) 67
light stability 42

light stabilization 42

light transmission 29

literature references 70

long-term properties 10

loss factor, mechanical 8,9

MAK value (maximum permissible formaldehyde
concentration) 47

mask projection system (laser marking) 67

mechanical loss factor 8,9

mechanical properties 8

melt temperature (blow moulding) 61

melt temperature (extrusion) 60

melt temperature (injection moulding) 49

metallizing 66

mould design 54

mould wall temperature (blow moulding) 61

mould wall temperature (injection moulding) 49

moulds, hot-runner 49, 50
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nomenclature 3
notch shape factor (notch effect) 13
notched impact strength 14, 16, 32, 36

optical properties 29

packaging unit 6
painting 66
permeability 41
permeability to gases and vapours 41
to petrol 41
permeability to petrol vapours 41
permittivity, relative 28
petrol, permeability to 41
physical properties 8
pipes (extrusion) 60
pipes, creep strength of 11
precision injection moulding 55
pressure, back 49, 55,59
holding 50
injection 50
pretreatment, surface 65
processing 47
processing conditions (injection moulding) 49
profiles (extrusion) 60
properties, electrical 27
long-term 10
mechanical 8
optical 29
physical 8
short-term 9
slip 19
surface 19
thermal 24
puncture penetration test 15
p - vvalues 21,22
p-v-T graph 25

quality mangement 7

radiation dose (permissible) 44

radiation, high-energy 44

recycling 69

refractive index (light) 29

regrind, addition of 69

relative permittivity 27

relaxation modulus 13

residence time in the plasticizing cylinder 49
riveting 63

80

riveting, hot 63
ultrasonic 64
round bars (extrusion) 59

scanning system (laser marking) 67
screw speed (injection moulding) 50

Ticona

screw speed, peripheral (injection moulding) 49, 50

service temperature in air 30
in hot water 33
shear modulus G 9, 10
shear rate 51
sheets (extrusion) 60
short-term properties 9
shrinkage (injection moulding) 51
slide bearings 21
slip properties 19
specific heat 24
specific volume 25
spiral flow test 51
static charge accumulation 25
sterilization 44
stress, cyclic 17
supply form 6
surface decoration 65
surface pretreatment 65
surface properties 19
surface resistivity 28

temperature, service (in air) 30
(in hot water) 33

tensile strength 10, 34
tensile strength (relative) 30, 34, 42
test, spiral flow 51
testing, abrasion 23

fatigue 17
thermal degradation 27
thermal expansion coefficient 26
thermal properties 24
thermal stability 26
time-compressive stress 11
time-strain lines 11, 14
tolerances 58

UL 94 flammability 45
UL card 30

ultrasonic riveting 64
UV stability 42-44
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Viscosity 51
volume resistivity 27

water absorption 32
water, properties in 32
wear 23

wear testing 23
weathering 42
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welding 63

welding, friction 63
hot-plate 63

Wohler curves 17-19

work to damage 15

yield stress 9, 10

Notice to users:

To the best of our knowledge, the information contai-
ned in this publication is accurate, however we do not
assume any liability whatsoever for the accuracy and
completeness of such information. The information
contained in this publication should not be construed
as a promise or guarantee of specific properties of our
products.

Further, the analysis techniques included in this
publication are often simplifications and, therefore,
approximate in nature. More vigorous analysis techni-
ques and prototype testing are strongly recommended
to verify satisfactory part performance. Anyone
intending to rely on any recommendation or to use
any equipment, processing technique or material
mentioned in this publication should satisfy themsel-
ves that they can meet all applicable safety and health
standards.

It is the sole responsibility of the users to investigate
whether any existing patents are infringed by the use
of the materials mentioned in this publication.

Properties of molded parts can be influenced by a
wide variety of factors including, but not limited to,
material selection, additives, part design, processing
conditions and environmental exposure. Any deter-
mination of the suitability of a particular material and
part design for any use contemplated by the users is
the sole responsibility of the users. The user must
verify that the material, as subsequently processed,
meets the requirements of the particular product or
use. The user is encouraged to test prototypes or
samples of the product under the harshest conditions
likely to be encountered to determine the suitability
of the materials.

Material data and values included in this publication
are either based on testing of laboratory test speci-
mens and represent data that fall within the normal
range of properties for natural material or were
extracted from various published sources. All are
believed to be representative. These values alone do
not represemt a sufficient basis for any part design
and are not intended for use in establishing maximum,
minimum, or ranges of values for specification purpo-
ses. Colorants or other additives may cause significant
variations in data values.

We strongly recommended that users seek and adhere
to the manufacturer’s current instructions for hand-
ling each material they use, and to entrust the hand-
ling of such material to adequately trained personnel
only. Please call the numbers listed overleaf for addi-
tional technical information. Call Customer Services
at the number listed overleaf for the appropriate
Material Safety Data Sheets (MSDS) before attemp-
ting to process these products. Moreover, there is a
need to reduce human exposure to many materials to
the lowest pratical limits in view of possible adverse
effects. To the extent that any hazards may have been
mentioned in this publication, we neither suggest nor
guarantee that such hazards are the only ones that
exist.

The products mentioned herein are not intended for
use in medical or dental implants.

© Copyright Ticona GmbH

Published in August 2006
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SUMMARY

The methodology for accurately determining the time-temperature shift factor used in
the accelerated testing for the long-term life prediction of polymer composites is
proposed in this paper.

Keywords: Polymer composites, Life prediction, Viscoelasticity, Time-temperature
superposition principle

INTRODUCTION

In recent years materials that possess high specific strength and specific modulus were
developed to fulfill the need for advanced lightweight structures. Fiber reinforced
plastics (FRP) are materials that have these properties, and are being used in structures
as primary as well as secondary load carrying members. Therefore, the development of
a testing procedure to evaluate the lifetimes of materials in extreme service
environments is becoming a high priority.

The stress-strain relation of polymer resin exhibits time and temperature dependence,
called viscoelastic behavior, not only above the glass-transition temperature 7, but also
below T,. Thus, it can be presumed that the mechanical behavior of FRP also depends
on time and temperature even below 7, which is within the normal operating-
temperature range. These examples have been shown by Aboudi et al. [1], Gates [2],
Rotem et al [3].

With service lifetimes measured in years, it is almost unthinkable to do real time testing
under a variety of conditions. Accelerated testing methodologies for metals have been
studied for some time. One of the most popular tools used to predict the fatigue life of
metals is the S-N curve, which is based on the assumption that fatigue life depends on
cycles, but not on time. Therefore, the cyclic loads can be applied at much higher
frequencies than the actual loading to accelerate the fatigue test. Unlike metals,
polymer composites are viscoelastic and their properties exhibit strong time and

PE14-028 000115



temperature dependencies as mentioned above. Since time plays an important role in
the fatigue and creep of polymer composites, simply applying the S-N curve to polymer
composites will not provide accurate prediction of the fatigue life.

We proposed the accelerated testing methodology (ATM) based on the time-
temperature superposition principle (TTSP) for polymeric materials. This principle was
originally developed for non-destructive material properties, but our recent studies have
shown that it can also be applied to failure properties of composite materials [4-6]. In
this case, elevated temperature states are used to accelerate the mechanical degradation,
which occurs under loads over long period of time at lower temperature. We predicted
the fatigue strengths of various kinds of FRP and structures under various types of
loading methods using our methodology to discuss their applicability [7].

In this paper, the methodology for accurately determining the time-temperature shift
factor used in ATM for the long-term life prediction of polymer composites is proposed
and experimentally demonstrated.

ACCELERATED TESTING METHODOLOGY

Our ATM which rests on the three hypotheses, (A) same TTSP for all strengths, (B)
linear cumulative damage law for monotonic loading, and (C) linear dependence of
fatigue strength upon stress ratio. When these hypotheses are met, the fatigue strength
under an arbitrary combination of frequency, stress ratio, and temperature can be
determined based on the following test results: (a) master curve of strength under
constant strain-rate (CSR) loading and (b) master curve of fatigue strength for zero
stress ratio as shown in Fig. 1. The master curve of CSR strength is constructed from
the test results at single strain-rate and various temperatures. On the other hand, the
master curve of fatigue strength at zero stress ratio can be constructed from the test
results at single frequency for various temperatures based on the hypothesis (A). The
details of ATM can be obtained from our published paper [7].

Figure 1 Accelerated testing methodology (ATM)
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DETERMINATION OF TIME-TEMPERATURE SHIFT FACTOR

Inside of the frame of Fig. 2 shows the storage modulus £’ versus time ¢ (inverse of
frequency) at various temperatures 7 (77~73) for matrix resin. The master curve of £’
versus the reduced time # was constructed by shifting E' at various constant
temperatures along the log scale of ¢ and the log scale of E'. The horizontal time-
temperature shift factor az(7) and the vertical temperature shift factor by(7) at a

reference temperature 79 plotted in Fig. 3 are respectively defined by following equation.

loga,,(T')=logt —log?' (1)
logh,((T) =logD.(¢,T)—log D.(¢',T;) (2)

Figure 2 Master curve of storage modulus

Figure 3 Time-temperature shift factor ar(7) and temperature shift factor b7,(7)
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To determine accurately the time-temperature shift factor in TTSP, we propose the
following steps:

(1) To evaluate the influence of physical aging on the viscoelastic modulus of matrix
resin during the accelerated testing,

(2) To determine the post curing conditions of specimen based on (1),

(3) To measure the viscoelastic modulus at various times and temperatures for
specimens which are cured at conditions obtained in (2),

(4) To construct the master curve of viscoelastic modulus using the measured data in (3)
without personal errors.

At the time of master curve creation, the automatic shift program was used. For
example shown in Fig. 4, the auto-shift will shift the creep compliance curve measured
at 75 horizontally and vertically to that at 7 with ar, and br,, respectively, to minimize
the sum of the deviations (ZAy;) from the fitted curve y = a2’x*+a,’x+a,’. The fitting
parameters ay, a1, and ag are finally determined after shifting.

Figure 4 Principle of automatic shift

EXPERIMENTS

Preparation of Specimens

The epoxy resin used in this study consists of deglycidyl ether of bis-phenol A (JER828),
metylnadic anhydride, and 2-ethyl-4-methyl-imidazole as shown in Table 1. Epoxy
resin was cured by casting with a cure schedule of 70°C for 12 hours, 150°C for 4 hours,
190°C for 2 hours followed by a slow cooling at 0.5°C per minute. By these heat
treatments, the specimens were stabilized chemically during the accelerated testing.
The specific volume of polymer resins consists of the occupied volume and the free
volume [8]. The occupied volume is the volume occupied by molecular chains and the
free volume is the space which permits movement of molecular chains. The free
volume decreases moderately and the thermodynamic equilibrium state is approached
with the passage of time. This behavior is called physical aging.
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If physical aging of resin progresses during the accelerated testing, the viscoelastic
property of resin will be influenced. In this study, specimens were put into the constant
temperature chamber under 120°C for 50 hours after curing to conduct physical aging
before the accelerated testing. We confirmed that the creep compliance of epoxy resin
without aging treatment (120°C for 50 hours) which measured in 2nd times decreases
remarkably during the creep test at 110 °C as shown in Fig. 5 (a). On the other hand, the
creep compliance of epoxy resin with aging treatment which measured in 2nd times
decreases scarcely during the creep test at 110°C as shown in Fig. 5 (b).

Table 1 Molding condition for epoxy resin

Composition

Epoxy resin : JER828
Hardener : MHAC-P
Cure accelerator : 2E4MZ

100

103.6
1

Cure schedule

70°C x 12h+150°C X 4h+190°C % 2h

(a) Measured by using specimen without aging treatment

(b) Measured by using specimen with aging treatment

Figure 5 Creep compliance of epoxy resin
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Viscoelastic Test

The creep compliance and storage modulus of epoxy resin were obtained as the
viscoelastic modulus. The creep compliance was obtained by the creep test machine
which can measure the viscoelastic deformation precisely. Three point bending creep
tests for epoxy resin were carried out under various temperatures using an creep testing
machine with temperature chamber. The creep compliance D, was calculated from the
deflection o at the center of specimen using the following equation.

3
D, - 4ok 35
PL

3)

where Py is dead load which is decided as the strain at the center of the specimen less
than 1%. L is the span (50mm), and b and / are the width (25mm) and the thickness
(3.0mm) of specimen, respectively.

The storage modulus was obtained by the dynamic mechanical analyzer (DMA) which
can evaluate easily the storage modulus in wide ranges of temperature and frequency.
The strain amplitude of 0.06% by the sinusoidal wave with frequency range of 0.01-
10Hz was applied to specimen. The width, thickness and length of specimen are 6.4mm,
1.6mm, and 44.5mm, respectively. The span is 38mm.

RESULTS AND DISCUSSION

The left sides of Figs. 6 and 7 show the creep compliance D, and the storage modulus
E’ versus time ¢ at various temperatures 7 of epoxy resin. The master curves of D, and
E’ versus the reduced time #* were constructed by shifting D, and E’ at various constant
temperatures along the log scale of 7 and the log scale of D, and E’ as shown in the right
sides of Figs. 6 and 7. Since D, and E’ at various temperatures can be superimposed
smoothly, TTSP is applicable for D, and E".

Figure 6 Master curve of creep compliance of epoxy resin
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Figure 7 Master curve of storage modulus of epoxy resin

Figure 8 shows the time-temperature shift factor ar, and the temperature shift factor bz,
those obtained from the master curves of D, and E’, respectively. The az, obtained from
DMA and creep test agree well with each other, while the b7, do not agree with each
other. The difference in the by, from DMA and creep test was caused by the loading
method.

(a) Time-temperature shift factor az,(7) (b) Temperature shift factor byo(7)

Figure 8 Shift factors obtained from master curves of D, and E”.

The master curves of compliance obtained from DMA and the creep test are shown in
Fig. 9, where the compliance from DMA is the inverse of £’. The master curves from
DMA and creep test do not agree with each other, however those shapes are almost
same. From these results, it can be considered that the time-temperature shift factor is
obtained accurately and easily by using DMA.
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Figure 9 D, of creep test and DMA

CONCLUSION

This paper is concerned with the accurate determination of the time-temperature shift
factor used in the accelerated testing for the long-term life prediction of polymer
composites. Aging treatment is performed to the specimen before the accelerated
testing, and the specimen is stabilized physically. The dynamic viscoelastic test and
creep test were performed as the accelerated testing to measure the storage modulus and
the creep compliance, respectively. The master curves of the storage modulus and the
creep compliance were constructed by the automatic shift program and the time-
temperature shift factor is determined without personal errors. From the comparisons of
both test results, it can be considered that the time-temperature shift factor is obtained
accurately and easily by the dynamic viscoelastic test.
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VIN BUILD DATE [TRANS DESC |REPORT DATE [MODEL YEAR |ADDITIONAL SYMPTOM |SYMPTOM FULL DESC [SYMPTOM Q1 DESC |[ODOMETER [DEALER NAME DEALER COUNTRY
SAFE/SEC,LATCHES/LO
PASSENGER DOOR CKS ,DOOR ,DIFF Automotriz del Valle de
3FADP4FJ5CM 07/28/2011 6SP PS195 06/20/2014 2012 DOESN'T CLOSE CLOSE LATCHES/LOCKS 26123 Baja C MEX
SAFE/SEC,LATCHES/LO
LATCH RIGHT FRONT CKS ,DOOR ,DIFF Automotriz del Valle de
3FAFP4AJ7CM 04/13/2012 6SP PS195 06/20/2014 2012 INOPERATIVE CLOSE LATCHES/LOCKS 22683 Baja C MEX
SAFE/SEC,LATCHES/LO
DOOR LATCH IS LOCKED |CKS ,DOOR ,DIFF Automotriz del Valle de
3FAFP4AJ6DM 06/06/2012 6SP PS195 06/26/2014 2013 IN OPEN CLOSE LATCHES/LOCKS 24601 Baja C MEX
SAFE/SEC,LATCHES/LO
DOOR CAN NOT BE CKS ,DOOR ,DIFF Autos de Hermosillo, S.A.
3FAFP4AJ5DM 06/09/2012 6SP PS195 07/15/2014 2013 CLOSE CLOSE LATCHES/LOCKS 12647 de C MEX
SAFE/SEC,LATCHES/LO
CKS ,DOOR ,DIFF Automotriz del Valle de
3FADP4BJODM| 07/19/2012 6SP PS195 06/26/2014 2013 CLOSE LATCHES/LOCKS 16655 Baja C MEX
SAFE/SEC,LATCHES/LO
LATCH DOOR CKS ,DOOR ,DIFF Automotriz del Valle de
3FAFP4AJ8DM 09/07/2012 6SP PS195 06/20/2014 2013 INOPERATIVE CLOSE LATCHES/LOCKS 10639 Baja C MEX
SAFE/SEC,LATCHES/LO
DOOR CANNOT BE CKS ,DOOR ,DIFF Autos de Hermosillo, S.A.
3FAFP4AJ5DM 10/03/2012 5SP IB5 07/03/2014 2013 CLOSE CLOSE LATCHES/LOCKS 12955 de C MEX
SAFE/SEC,LATCHES/LO
CKS ,DOOR ,DIFF Automotriz del Valle de
3FADP4BJODM| 12/06/2012 6SP PS195 04/25/2014 2013 DOOR DOES NOT CLOSE |CLOSE LATCHES/LOCKS 14170 Baja C MEX
SAFE/SEC,LATCHES/LO
DOOR CANNOT BE CKS ,DOOR Autos de Hermosillo, S.A.
3FADP4EJ4EM 05/18/2013 5SP IB5 07/03/2014 2014 CLOSE ,LOOSE/ATTACH LATCHES/LOCKS 2482 de C MEX
SAFE/SEC,LATCHES/LO
DOOR CANNOT BE CKS ,DOOR ,DIFF Autos de Hermosillo, S.A.
05/21/2014 6SP PS195 07/07/2014 2014 CLOSE CLOSE LATCHES/LOCKS 58 de C MEX

PE14-028 000133






Build Month

vT-InC

yT-ung

vT-Repy

vT-1dv/|

vT-TeN

¥1-g°4

vT-uer

€1-93d

E€T-AON

€T-190

e1-des

£1-bny

€T-INC

€T-unc

cT-Aepy

£T-1dy|

E€T-1eiN

€1-0°4

€T-uer]

¢1-9ad

CT-NON

¢1-190

Z1-des

Z1-Bny

c¢tT-Inc

¢t-unc

Z1-Ren

ZT-1dy|

¢T-1eiN

¢1-0g°d

ZT-uer]

T1-93d

TT-AON

TT-1°0

T1-dos

TT-Bny

TT-InC

TT-unc

TT-Repy

11 01 0 0 O0OO1 0O OOOOO0OUO0OO0OTUOOTUOI11I 0 010

10 0 0 OO O OOT1 0 2 10

0 O

0 0o 0o 0Oo0OO OO OOOOOO OO OO OOOOOOOUOOUOOUOOUOOUOO®OOTI11I 0 5 41

06/20/2014

06/20/2014

06/26/2014

07/15/2014

06/26/2014

06/20/2014

07/03/2014

04/25/2014

07/03/2014

07/07/2014

07/28/2011

04/13/2012

06/06/2012

06/09/2012

07/19/2012

09/07/2012

10/03/2012

12/06/2012

05/18/2013

05/21/2014

PE14-028 000135












Headquarters: Kiekert AG, Hoeseler Platz 2, 42579 Heiligenhaus/Germany

T: +49-2056-15-0; www.kiekert.com

Registered in Heiligenhaus; Company Register Wuppertal HRB No 17915
Executive Board: Dr. Karl Krause (Chairman), Stephan Espelage, Ulrich-Nicolaus Kranz,
Juergen Wenzel

Supervisory Board: Xizeng Li (Chairman)

IBAN : DE72 3307 0090 0484 1300 01

BIC : DEUTDEDWXXX
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This email contains confidential and/or privileged information. If you are
not the intended recipient or have received this email in error, please
notify the sender and destroy this email. Any unauthorized copying,
disclosure or distribution of this email is strictly forbidden.
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http://solargis.info/doc/ docs/SolarGIS data s
pecification.pdf

http://solargis.info/imaps/#loc=32.630123,-
113.384399&¢c=27.659203,-106.594849&7=6

The first link takes you to the SolarGis 1.8 Database description that
provides good insight into the GHI measure | used in the regression.
Combine what is described in the link (scattering of solar energy through
cloud cover & atmospheric water (humidity) & aerosols (numerous
listed)) and you start to get an idea why the recent times of 2013 stand
out in the southwest region against the historical development of the 80
C standard. As we are currently facing a drought period in that region
that rivals or exceeds the dustbowl period of the 1930s you start to see
contrasting timelines (Celcon produced starting in 1962).

With the ultra low humidity, low aerosols in regions away from the city
(i.e. Baja mexico) the 7% failure rate starts to make sense. It especially
makes sense when you look briefly at the first batch of door
temperature measurements provided just in a quick graph on the 4t
slide.
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Consider in the previous slide that the high temperature for the day in question 7/31/2014
was only 43 C. Even with the moderate exterior temperature of 43 C sun heating was still
able to drive the door slightly above 80 C (80.1 C). Internalize these facts:

* Based on the Map in slide 3 Phoenix is far from having the highest Solar Irradiance (Note
all the purple/red regions in southern California and more specifically Baja Mexico where
we see a 7% vehicle failure rate).

* The dominant factor in reaching the elevated door temperatures is solar irradiance
demonstrated both from the in door temperature measurements and the regression
model.

* Itis a guarantee that we well venture into the 80-90C region of the data collection is to
be agreed valid.

* Seeing the failure rate so closely step with solar irradiance | am not comfortable with the
current situation when it comes to thermal aging of POM.

* | will work on compiling more into the original presentation on Monday (the 62 page
document, | will grow it with some of the slides provided here along with including the
paint color depiction).

* |am not sure there is a ton of value in calculating degree of scattering with zenith angle
of the sun, but it would provide some further insight, the big deal | think is the sun
angle/time of day when it is direct normal with still moderate intensity to the door
surface (think in your mind that as the afternoon progresses to evening the sun loses
intensity due to atmospheric scattering as it passes through more and more, but it closer
approaches a direct normal angle to the door skin itself (those two factors balance at
some sun altitude at a maximum it looks like around 4-5 PM for Phoenix at least —
calculated agreement with the observation lends validity).
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Model Vehicle Body Cab | Plant Warranty
Year Description Style Description  [Start Date | Mileage Customer Comments
CUAUTITLAN
2011|FIESTA Unknown PLANT BUILD 2-Sep-11 28972|QUICK SERVICE DEPART 12C26 REPOROGRAM RESTRAINT CONTROL MODULE
CUAUTITLAN TUNE-UP DEPT CUSTOMER STATES THAT THE CAR IS NOT STARTING RIGHT AWAY AND TAKES SEVERAL TRYS TO GET IT TO
2011|FIESTA Unknown PLANT BUILD 2-Sep-11 28972|START. SHE STATES THAT IT TURNS OVER BUT NOT STARTING.
CUAUTITLAN
2011|FIESTA Unknown PLANT BUILD 2-Sep-11 28461|AUTO TRANS DEPART. CUSTOMER STATES THAT THE CAR SHUTTER AND SHAKE WHEN DRIVE. CHECK AND ADVISE
CUAUTITLAN Customer States CHECK ENGIINE LIGHT COMES ON AND OFF WHEN DRIVING ENGINE MALFUNCTION MESSAGE SERVICE NOW
2011|FIESTA Unknown PLANT BUILD 2-Sep-11 33953|AND WRENCH ICON CAME ON THE INSTRUMENT CLUSTER CK AND ADVISE E29 3636
CUAUTITLAN Customer States WHEN COLD HEARS AN UNUSUAL METALIC GRATE SOUND LIME METAL ON METAL FROM BELOW THE VEHICLE
2011|FIESTA Unknown PLANT BUILD 2-Sep-11 33953|OCCURS WHEN DRIVING THEN DECELLERATE USUALLY IN THE LOWER SPEEDS 15 TO 30 MPH CK AND ADVISE 3636
2014-03-11-14.26.20.000000 CUST SAYS:NOTICED WRENCH LIGHT COME ON LAST NIGHT, HAS NOT BEEN TO DLRSHP YET.
CUAUTITLAN WONDERING IF VEH IS STILL UNDER WARRANTY.PER CUST, DLR SAYS: N/ACRC ADVISED:VEH STILL UNDER 3/36 WARRANTY,
2011|FIESTA Unknown PLANT BUILD 2-Sep-11 33910|RECOMMENDED CUST TAKE VEH INTO DLRSHP ASAP TO HAVE DIANGOSED AND REPAIRED.
2014-08-15-23.16.35.000000 USA 2014 NEW 72/100000 PREMIUMCARE W/ROADSIDE. CUST IS SUBSEQUENT OWNER, N/S - LTV, NONj/
CPO, AND IS NOT ELIGIBLE FOR CLP / LOANER. PART# BE8Z 5426413B, COR 08111, PACO 4942277. PACO STATES: THERE IS
STOCK IN TRANSIT TO THE DEPOTS. THE ETA IS AROUND 8/25.
2014-08-15-23.16.35.000000 NOTE TO CCT/CSM: CUST NAME IS KRISTINA SHULL
2014-08-15-23.16.35.000000 BY ERIC ROMANOFF - CUSTOMER HAS A DRIVERS DOOR LATCH INOP CONCERN ON HER VEHICLE.
DOOR IS COMMING OPEN WHILE DRIVING. CUSTOMER HAS READ ABOUT THIS ON THE INTERNET. CURRENTLY THE DOOR LATCH
NEEDED FOR REPAIRS IS ON D99 BACK ORDER. LATCH PART #BE8Z 5426413B (COR 08111) ON EMERGENCY ORDER, NOT
AVAILABLE UNTIL 08/25/2014. CUSTOMER IS SEEKING RENTAL COVERAGE AFTER HER 10 DAYS OF ESP DUE TO FORD MOTOR
COMPANY BEING UNABLE TO PROVIDE PARTS FOR A WARRANTY REPAIR.
CUAUTITLAN 2014-08-15-23.16.35.000000 USA 2014 NEW 72/100000 PREMIUMCARE W/ROADSIDE OBC TO SELLING DLR F&l AT EL CENTRO AND
2011|FIESTA Unknown PLANT BUILD 2-Sep-11 38891|WAS TOLD CUST IS NOT THE ORIGINAL OWNER. REQUEST DLR PROVIDE ME PACO AND DOR#.
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Technician Comments

CQIS Recommendations

REPROGRAM RCM PER 12C26

DIAG ENGINE DIFFICULT TO START AT TIME, HOOKUP IDS CHECK CODES RETRIEVED NO
CODES, NECESSARY TO HOOK UP FUEL PRESSURE GAUGE VERIFIED FUEL PRESSURE DROP
S TO 5 PSI WITHIN 2 MINUTES, NECESSARY TO REPLACE FUEL PUMP AND RETEST, FUEL
PRESSURE HOLDS AT 40 PS | CONTINUOUSLY. ROD VERIFIED REPAIRS.

7B546.. ROADTEST FOUND SHUDDER ON ACCELERATION,CK FOR CODES PASS,
REPROGRAMMED PCM-TCM, PERFORMED AD APTIVE LEARNING AND DRIVE CYCLE, RE ROAD
TEST STIL L SHUDDERING, REMOVE TRANS TO REPLACE DUAL CLUTCH , BOTH INNER AND
OUTER SHAFT SEALS,BOTH AXLE SEALS ,CLEAN THE BACK OF THE FLYWHEEL,REPLACE
SEPARATOR PLATE, INSTALLED TRANS, FILL TO LEVEL , PERFORMED ADAPTIVE LEARNING
AND DRIVE CYCLE, ROAD TEST TO

TSB 13-11-15 P2127 KOEO KOEC P2127 DIAGNOSTICS TESTED AND INSPECTED VERIFIED
CHECK ENGINE LIGHT IS ON CARRY OUT PINPOINT TESTS CHECKED FOR EECS SYSTEM
CODES PERFORMED TSB 13-11-15 WIRING SPLAICE WIRING REPAIR MAIN WIRE ENGINE

HARNESS RETESTED UPON COMPLETION PERFORMED TEST DRIVE CLEATED DTCS 2127
ROADTESTED UPON COMPLETION ALL FUNCTIONS NOW PASSED

4462AR 1007D DIAGNOSTICS TESTED AND INSPECTED NOISE VIBRATION HARSHENSS
PINPOINT CAUSE AND CORRECTION NOISE COMING FROM AXLESHAFT ASSEMBLY
NECESSARY TO REMOVE AND REPLACE RIGFHT FRONT AXLE ASSEMBLY AND BEARINGS
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Subject: RE: Antwort: C1A lower housing bridge

Kiekert team,

Based my Kiekert Mexico C1A assembly line review, the pawl spring installation is “drop in and wrap the pawl spring small arm
around the housing tab by hand” contradictory with the previous Kiekert PD process description (small arm installed first).

In these circumstances the spring cannot apply any side load to the tab (side load was identified by Ford lab as fraction direction)
during the installation but will do it in case of the bridge design.

How do you quantify the bridge design improvement if force to break the current tab is unknown?

Regards,

L. Dorin Puscas

Ford Motor Company
Exterior Body Core Engineer

PDC 2D-P46

From:
Sent: Monday, March 10, 2014

Cc: :

Subject: Antwort: C1A lower housing bridge

Hello Kosta,

attached you will find two pictures, which show, that the bridge is as strong as possible. To add more material is not possible,
because the space is limited by the pocket of the pawl lifter. But as | have demonstrated with the FEM calculation, the bridge will
improve the situation essential.

For the change process | want to make a proposal, which needs further discussion. Is it possible to make the upsuffix for the NA

part numbers of the C1A-latch only, and revise the rest without an upsuffix. This would have the big advantage, that the carlines,
which are not affected by the failure, don't have to change all their LMM's.

(See attached file: pawl_spring_1.jpg)(See attached file: pawl_spring_2.jpg)

Mit freundlichen Gruessen ( Best regards )

(K.D.)" ---05.03.2014 00:13:12---Gentlemen, We saw new data this afternoon that indicated that the
2
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clean point for the

<
o
=

Gentlemen,

We saw new data this afternoon that indicated that the clean point for the spring has been violated. We can no
longer say that the issue has only occurred on parts with springs that are out of print. In addition, after reviewing the
SLA and spring brought down by Scott and discussing with Noah, we agree that you can add the bridge to the lower
housing but before you do so we would like to ensure that the bridge is as strong as possible. Please make sure that
you are adding as much material as possible without negatively impacting the mold flow. Additionally, Scott had a
suggestion about removing a portion of the lower housing wall where the spring leg must pass in order to attach to
the pawl. Please ensure that this is also done in order to reduce the assembly difficulties.

Because of the issue, the proper method of changing the parts should be used. Please write a concern to up suffix the
parts globally so we can properly track the change.

In the mean time we should continue to seek a root cause to this issue with the same urgency that was shown in
seeking to make the change to the lower housing.

Do not go where the path may lead, go instead where there is no path and leave a trail. -
Ralph Waldo Emerson

Technical Specialist -Latching Body Hardware

Body Engineering

Headquarters: Kiekert AG Hoeseler Platz 2, 42579 Heiligenhaus/ Ger many
T: +49-2056-15-0; EG——N
Regi stered in Heiligenhaus; Conpany Regi ster Wippertal HRB No 17915

Executive Board: Dr. Karl Krause (Chairnman), Stephan Espel age, U rich-Ni col aus Kranz, Juergen
Wenzel

Supervi sory Board: Xizeng Li (Chairnan)
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To:
Cc:
Subject: FW: Fiesta Door Latches

Additional concerns from Peoria Ford on the Fiesta Door Latch Issues. Matt Tonoli claims they have 8 vehicles at their Dealership
right now awaiting parts. Brandon is working with him to assist with the process to provide the customers loaner vehicles, but it
seems that this issue is growing exponentially. Can you contact Matt or have Brayan contact Matt and then get the information
to provide to engineering so we can act quickly. We will have Matt enter the information into the Global Concern Reporting site
so that there are more GCQUIS reports on this.

Dan Resnick
Parts & Service Operations Manager
Phoenix Region

Ph: I

From:
Sent: Monday, June 30, 2014 9:20 AM

Subject: Fiesta Door Latches

Gentlemen,

I am a little concerned about this Fiesta Door Latch product issue that we are
seeing a lot of...

When | spoke to Brandon about this earlier today, he gave me the impression that Ford only knows about isolated cases of
this problem.

HOW IS THIS POSSIBLE?? — THIS IS ALL OVER HE INTERNET AND IS A CONCERN WE ARE GETTING PHONE CALLS ON DAILY!
We have 8 of these here at our dealer RIGHT NOW!

THE CUSTOMER COMPLAINT IS — DOOR WILL NOT LATCH AND STAY CLOSED - this is obviously a HUGE safety concern. The
parts are on intergalactic national back order with an estimated ETA of sometime in mid to late July...

Here are 2 examples of VIN’S WITH FM 360 CASES FROM EARLY THIS MONTH -
1. VIN # 3FADP4BJ1C — CASE # -H5F0S3 — June 17th
2. VIN # 1FAHP3J25CL — CASE # -W2LOV8 — June 4th
In all of these cases — the customers cannot keep their door closed

and latched, which could lead to somebody falling out of the
vehicle if they were not belted in. In all of these cases, our
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customer is requesting alternate transportation since the vehicle
cannot be driven safely....

Ford says to write a repair order on the vehicle to get a FM360 case started to order the part — If Peoria Ford does this
(WE “Peoria Ford”) will need to provide alternate transportation to this customer immediately — not knowing whether or
not we will be reimbursed for the rental...? Once the car has a repair order on it — WE CANNOT LET IT OUT OF OUR
POSSESION WITH DOOR THAT WILL NOT STAY LATCHED!!! Huge Liability!!!!

WE HAVE DIRECTED ALL CUSTOMERS TO CALL THE FORD CONSUMER AFFAIRS HOTLINE — IN EACH CASE THEY ARE BEING TOLD
THAT THE DEALERSHIP SHOULD BE PROVING RENTALS — WHY WOULD THEY BE TELLING THE CUSTOMER THIS???

Peoria Ford has ZERO tap Funds and will only be getting another $5000 tomorrow July 1* — COMPARE THAT TO
“CAMLEBACK FORD -#11296” THE DEALER | JUST CAME FROM THAT WILL BE GETTING ANOTHER $35000+ -

IS THERE ANYTHING THAT CAN BE DONE ABOUT THIS SITUATION IMMEDIATELY ??

This is a CSI nightmare waiting to happen- PERCEPTION IS REALITY — the customer only sees that Peoria Ford is not helping
them or providing another vehicle to drive while theirs is down for repair... WE HAVE RECEIVED THREE OF THESE VEHICLES
JUST TODAY ...

Thanks for your help in advance

“The most significant and lasting way to- set ourselves apaut, is the way we define and deliver
hospitality, which exist whew someone feelsy yow are ontheir side.”

@ Drive one.
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We have 8 of these here at our dealer RIGHT NOW!

THE CUSTOMER COMPLAINT IS — DOOR WILL NOT LATCH AND STAY CLOSED - this is obviously a HUGE safety concern. The
parts are on intergalactic national back order with an estimated ETA of sometime in mid to late July...

Here are 2 examples of VIN’S WITH FM 360 CASES FROM EARLY THIS MONTH -
1. VIN # 3FADP4BJ1C — CASE '-HSFoss—June 17th
2. VIN # 1FAHP3J25C — CASE # W2LOVS8 — June 4th
In all of these cases — the customers cannot keep their door closed
and latched, which could lead to somebody falling out of the
vehicle if they were not belted in. In all of these cases, our

customer is requesting alternate transportation since the vehicle
cannot be driven safely....

Ford says to write a repair order on the vehicle to get a FM360 case started to order the part — If Peoria Ford does this
(WE “Peoria Ford”) will need to provide alternate transportation to this customer immediately — not knowing whether or
not we will be reimbursed for the rental...? Once the car has a repair order on it — WE CANNOT LET IT OUT OF OUR
POSSESION WITH DOOR THAT WILL NOT STAY LATCHED!!! Huge Liability!!!!

WE HAVE DIRECTED ALL CUSTOMERS TO CALL THE FORD CONSUMER AFFAIRS HOTLINE — IN EACH CASE THEY ARE BEING TOLD
THAT THE DEALERSHIP SHOULD BE PROVING RENTALS — WHY WOULD THEY BE TELLING THE CUSTOMER THIS???

Peoria Ford has ZERO tap Funds and will only be getting another $5000 tomorrow July 1% — COMPARE THAT TO
“CAMLEBACK FORD -#11296” THE DEALER | JUST CAME FROM THAT WILL BE GETTING ANOTHER $35000+ -

IS THERE ANYTHING THAT CAN BE DONE ABOUT THIS SITUATION IMMEDIATELY ??
This is a CSI nightmare waiting to happen- PERCEPTION IS REALITY — the customer only sees that Peoria Ford is not helping

them or providing another vehicle to drive while theirs is down for repair... WE HAVE RECEIVED THREE OF THESE VEHICLES
JUST TODAY ...

Thanks for your help in advance

“The most significant and lasting way to- set ourselves apaut, is the way we define and deliver
hospitality, which exist whew someone feelsy yow are ontheir side.”
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In all of these cases — the customers cannot keep their door closed
and latched, which could lead to somebody falling out of the
vehicle if they were not belted in. In all of these cases, our
customer is requesting alternate transportation since the vehicle
cannot be driven safely....

Ford says to write a repair order on the vehicle to get a FM360 case started to order the part — If Peoria Ford does this
(WE “Peoria Ford”) will need to provide alternate transportation to this customer immediately — not knowing whether or
not we will be reimbursed for the rental...? Once the car has a repair order on it = WE CANNOT LET IT OUT OF OUR
POSSESION WITH DOOR THAT WILL NOT STAY LATCHED!!! Huge Liability!!!!

WE HAVE DIRECTED ALL CUSTOMERS TO CALL THE FORD CONSUMER AFFAIRS HOTLINE — IN EACH CASE THEY ARE BEING TOLD
THAT THE DEALERSHIP SHOULD BE PROVING RENTALS — WHY WOULD THEY BE TELLING THE CUSTOMER THIS???

Peoria Ford has ZERO tap Funds and will only be getting another $5000 tomorrow July 1* - COMPARE THAT TO
“CAMLEBACK FORD -#11296” THE DEALER | JUST CAME FROM THAT WILL BE GETTING ANOTHER $35000+ -

IS THERE ANYTHING THAT CAN BE DONE ABOUT THIS SITUATION IMMEDIATELY ??
This is a CSI nightmare waiting to happen- PERCEPTION IS REALITY — the customer only sees that Peoria Ford is not helping

them or providing another vehicle to drive while theirs is down for repair... WE HAVE RECEIVED THREE OF THESE VEHICLES
JUST TODAY ...

Thanks for your help in advance

“The most significant and lasting way to- set ourselves apaut, is the way we define and deliver
hospitality, which exist whew someone feelsy yow are ontheir side.”

(@ﬁ Drive one.
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The latch failure can lead to doors opening while the vehicle is driven. I’'m concerned that customers may continue to drive
these units while waiting for parts using straps and other improvised means (Please see photos).

The purpose of my note is to seek broader support for rental vehicles on these vehicles (for this concern — where we have a
parts delay), regardless of warranty coverage or LTV value consideration.

Please let me know if you need any additional information.

Sent: Wednesday, August 20, 2014 12:00 PM

Subject: FW: Door latch concern.

Mike, Can you provide an update regarding the door latch concern for Focus, Fusion and Fiesta. | know of
at least two dealerships that have expressed this concern and the CRC is aware as well.

Is there a Service fix in the works for this.

LA Region
Parts & Service Operations Manager

From: )
Sent: Wednesday, August 20, 2014 11:19 AM

Subject: FW: Door latch concern.

Roger

| wanted to provide you with some photos of a vehicle that was at lake Elsinore when | visited last week. | am Santa
margarita now and they are starting to experience the same concerns. | think this issue is becoming more prevalent as
temperatures rise. An obvious heat related issue that is leaning towards a tab or potential safety recall. Just an FY1.
What is pictured is the latch box that malfunctions and the contraptions used to secure the door from coming open. This
particular vehicle's door flung open during travel with infants in the car.

From: B
Sent: Wednesday, August 20, 2014 02:12 PM Eastern Standard Time

To: West, Brian (B.L.)
Subject:
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The fifth file is the POM Mechanical Property charts that include performance across the functional temperature range along
with elongations to failure and some flexure modulus data. Included are charts for Hostaform 9021 and Celcon M90.

https://www.dropbox.com/s/mpdv82czww4aupe/POM%20Mechanical%20Property%20Data%20Celcon%20M90%20and%20Ho
staform%209021%20%28Mech%20Prop%20at%20Temps%29..pdf

Files six, seven and eight are just short videos of the assembly process. The videos are shared just to note the difference in
assembly processes not to make a value judgment of one vs. the other.

https://www.dropbox.com/s/g8thhenddmtz9rp/Brose%20Spring%20Assembly.mp4
https://www.dropbox.com/s/cs7bn4ny4mk89ij1/Keykert%20Spring%20Assembly%20Video%201.wmv
https://www.dropbox.com/s/uvke6dzkr091v15/Keykert%20Spring%20Assembly%20Video%202.wmv

File nine is the dimensional scans provided by Brose for their pawl post feature (Once we get Keykert’s dimensional scans for the
feature it these will provide an important comparison if there is any notable difference and in turn gain/loss in comparative
strength).

https://www.dropbox.com/s/qzvpzjj3d777td6/Brose%20Blue%20Light%20Scans%200f%20Paw!%20Post%20Cavities%201%20th
rough%204.pdf

| have not provided a link for the raw claims data as | think all the people that wanted to do analysis on the raw claims have
done so already. | will provide the raw sales volumes for Fiesta and Fusion 2010-2014 as they may be useful if there is some
aspect that has not been normalized that needs done still (link below for file ten).

https://www.dropbox.com/s/tzu7tbbuzhvz34p/2010-14%20Fiesta-Fusion-
MKZ%20Volumes%20by%20Dealer%20Code%2C%20Zip%20Code%2C%20Paint%20Color.xlsx

Again | want to comment that | am sharing all of this between all involved parties largely due to the potential impact of the
issue. If anyone has any issue with what is being shared | will be happy to remove some of the 9 files provided above. In that
same spirit if there is some deliverable or data | have neglected to include that we have already traded between us please don’t
hesitate to point it out. Brose and Keykert as well have been excellent in putting so much information together on such short
notice and as usual you have my gratitude. It will be interesting to see what we end up with for measured in door temperature
data for the southwest environments along with how the various FEAs that are in process also turn out.

Best Regards,
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KOEO:
KOEC:
KOER:
Comments :
CONCER 06/13/2014 06:00PM
RT. REAR DOOR FLEW OPEN
TECH/C 06/13/2014 06:00PM
DOOR LATCH INOP DOOR WILL NOT CLOSE. HAVE TO REPLACE DOOR LATCH
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KOEC:
KOER:

Comments :
OWNER 07/29/2014 02:51PM LARRY WILDE (TOC) MSS - FCSD - REG LOS ANG-SANFR

I AM MAKING THIS REPORT ON BEHALF OF THE SERVICE MANAGER AT FIESTA FORD GARY
BOLDIZAR (760-835-6381). THE SERVICE MANAGER IS FILLING OUT GCR REPORTS AS WELL.
IT ISPOSSIBLE THIS CONCERN IS ISOLATED TO THE EXTREME TEMPERATURES OF THE
SOUTHWEST U.S.

TECH/C 07/29/2014 02:51PM LARRY WILDE (TOC) MSS - FCSD - REG LOS ANG-SANFR

WE HAVE SEEN DOZENS OF THIS TYPE OF FAILURE THIS SUMMER. WE HAVE NOT HAD A
DOOR LATCH OPEN WHILE DRIVING, BUT YOU GO TO CLOSE THE DOOR AND THE DOOR
DOES NOT LATCH, IT JUST BOUNCES BACK OPEN. IT IS FIESTA AND FUSION VEHICLES. THE
RIGHT REAR IS THE MOST POPULAR, FOLLOWED BY THE RIGHT FRONT, THEN THE LEFT
REAR. THE DRIVER’S DOOR FAILS THE LEAST OFTEN. MOST OF THE FAILURES HAPPENED
BELOW 30,000 MILES. IT PEAKED IN LATE JUNE WHEN AMBIENT TEMPS ROSE, THEN
SLACKED OFF. HUNDREDS WERE ON BACK ORDER EARLIER THIS SUMMER AND WE WERE
GETTING ETA’S OF 3 WEEKS OR LONGER FROM PACO. | CAN FORWARD YOU A TON OF CAC
CONTACTS I OPENED ASKING FOR RENTAL ASSISTANCE OR THE VIN’S. | ONLY WORRIED
ABOUT WARRANTY CUSTOMERS WHO RAN UP BIG RENTAL BILLS.
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Paul Hurley
Body Exterior Current Model Quality

I ()

Sent: Thursday, June 12, 2014 7:14 PM
To:

Subject: RE: Sales Volumes By State

Heyilll — s paint color a reportable field in AWS. We have strong correlation with high recorded temperature and
solar radiance index GHI interaction. If we include color we expect even better. Thx. - BTM

From
Sent: Wednesday, April 30, 2014 7:45 AM
To:

Subject: RE: Sales Volumes By State

Zip Code breakdown attached ...

Body Exterior Current Model Quality
(I

From: I
Sent: Tuesday, April 29, 2014 4:21 PM
To:

Subject: RE: Sales Volumes By State

AWS is down ... | think there may be a zip code option, I'll check when it comes back up

Body Exterior Current Model Quality
(I

From: I )

Sent: Tuesday, April 29, 2014 2:00 PM
To:

Subject: RE: Sales Volumes By State

Are there any other geographical locater fields available; County, City, Zip or Area Code? Thx. —BTM

From: )

Sent: Thursday, April 17, 2014 3:17 PM
To:

Subject: RE: Sales Volumes By State

Attached file is similar to the others with a breakdown by Sell Dealer Code for those states (I don’t have any further
information on the dealer codes) ...

Body Exterior Current Model Quality
(I
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Vehicle Line AWS
Assembly Plant [AAG] (All)
Sell Dealer State AZ - ARIZONA
Sell Dealer Code (Al
Color Paint (Al

Sum of VEHICLES
Row Labels
85014
85023
85119
85122
85204
85226
85257
85260
85297
85301
85326
85338
85344
85365
85382
85390
85501
85541
85552
85614
85621
85635
85705
85711
85901
86001
86025
86040
86047
86305
86322
86401
86403
856237000
Grand Total

Column Labels

BB - FIESTA (B299)

2011 2012 2013 2014 Grand Total

86
131
25
7
75
52
39
61
44
105
5
62
6
36
102
6

2

5

5
15
10
14
61
67
20
3

3

9

4
19
3
18
11
7

77
91
23
24
52
79
42
30
61
84
10
48

18

13

13
4
6

85
54
43
15
72
93
48
29
103
101
12
46
3
23
143
13
2

14
10
26
59
44
26

68
12
7

17
15
1

147
95
38
33
89
85
58
42
94

129
11
47

2
35
221
5

2

3
19
22
57
59
52
26

9

5

133
22

7

2
24

9

5

1118 942 1194 1587

395
371
129
79
288
309
187
162
302
419
38
203
14
112
574
31
9

6
11
55
47
110
222
204
87
23
16
217
40
46

72
39
19
4841
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From: I

Sent: Tuesday, April 29, 2014 2:00 PM
To:

Subject: RE: Sales Volumes By State

Are there any other geographical locater fields available; County, City, Zip or Area Code? Thx. —BTM

From: I

Sent: Thursday, April 17, 2014 3:17 PM
To: I

Subject: RE: Sales Volumes By State

Attached file is similar to the others with a breakdown by Sell Dealer Code for those states (I don’t have any further
information on the dealer codes) ...

Body Exterior Current Model Quality
I

From: I
Sent: Thursday, April 17, 2014 12:31 PM
To:

Subject: RE: Sales Volumes By State

Hey Paul — That worked well. Thanks. How far can it be drilled down to? Can the sales volume be pulled for each dealer
for the Fiesta, Fusion and MKZ? We only need it for 6 states (AZ, CA, FL, NM, NV & TX) but if it is easier to for all states |
can filter. Thx. — BTM.

From: I

Sent: Thursday, April 10, 2014 4:22 PM
To: I

Subject: RE: Sales Volumes By State

Attached includes US, Canada, Mexico, Brazil, Argentina, Colombia (98% of all Fusion-MKZ-Fiesta sales 2010-14).

The file is similar to the previous US file ... country, vehicle and assembly plant can be selected at the top. If there is no
information on dealer state the state is listed as *.

Body Exterior Current Model Quality
I

From:
Sent: Thursday, April 10, 2014 2:13 PM
To:

Subject: RE: Sales Volumes By State

Hey Paul - Is Mexico considered part of North America in AWS? Could | get the same run for volumes in Mexico?

From: I
Sent: Wednesday, March 26, 2014 12:08 PM
To:

Subject: RE: Sales Volumes By State
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Thank you.

From: I
Sent: Wednesday, March 26, 2014 7:41 AM

To: I

Subject: RE: Sales Volumes By State

Attached has 2010-14 ...

I ,
Body Exterior Current Model Quality
(N

From: I
Sent: Tuesday, March 25, 2014 5:02 PM

To: I
Subject: RE: Sales Volumes By State

Paul,

Thank very much. It that worked very well. If it is not an inconvenience could | get model years 2010 and 2011 as well?

Thank you -- Bradley Mullen | Site STA Engineer | Ford Motor Company | NI

From: I )
Sent: Monday, March 24, 2014 5:16 PM

To: I

Subject: RE: Sales Volumes By State

Attached has 2012-14 AWS vehicle volumes by state ... vehicle can be selected at the top.

Body Exterior Current Model Quality
I

T.)
Sent: Monday, March 24, 2014 4:46 PM

To: I

Subject: RE: Sales Volumes By State

Any progress? Thx.

From: I
Sent: Wednesday, March 19, 2014 2:04 PM

To: I

Subject: Sales Volumes By State

Fiesta, Fusion, MKZ

Warranty Return Kiekert Investigation

Do you know how to provide these #s for 2012, 2013, and 2014?

3
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NA PD VFG Quality Supervisor
Ford Body Exterior Quarterback

Ph: I
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Vehicle Line AWS
Assembly Plant [AAG] (All)
Sell Dealer State AZ - ARIZONA
Sell Dealer Code (Al
Color Paint (Al

Sum of VEHICLES
Row Labels
85014
85023
85119
85122
85204
85226
85257
85260
85297
85301
85326
85338
85344
85365
85382
85390
85501
85541
85552
85614
85621
85635
85705
85711
85901
86001
86025
86040
86047
86305
86322
86401
86403
856237000
Grand Total

Column Labels

BB - FIESTA (B299)

2011 2012 2013 2014 Grand Total

86
131
25
7
75
52
39
61
44
105
5
62
6
36
102
6

2

5

5
15
10
14
61
67
20
3

3

9

4
19
3
18
11
7

77
91
23
24
52
79
42
30
61
84
10
48

18

13

13
4
6

85
54
43
15
72
93
48
29
103
101
12
46
3
23
143
13
2

14
10
26
59
44
26

68
12
7

17
15
1

139
96
38
33
89
84
58
42
94

129
10
45

2
35
226
5

3

3
18
22
58
56
54
26

8

5

144
22

8

1
24
10

5

1118 942 1194 1592

387
372
129
79
288
308
187
162
302
419
37
201
14
112
579
31
10
6
11
54
47
111
219
206
87
22
16
228
40
47
4
72
40
19
4846
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1FAHP3H23CL-

RV. - DOORS RIGHT SIDE DO NOT LOCK Tech Comments: REV.LA UNIT ENCONTRNADO Q REAR
DOOR AND FRONT OF RIGHT SIDE DO NOT CLOSE, BY THE Q PROCEEDED TO TO THEIR
REVISION DESTAPIZARON DOORS DETECTNADO INTERNAL PROBLEMS IN ACTUATORS OF PTAS
BY LOQ PROC.A RZAR ACTUATORS FOR CORREG.CON REP.ATD EGGF2002 GRANTS POLICY OF
BY DEFAULT FROM THE MATERIAL CRC.

From: )

Sent: Friday, July 25, 2014 3:52 PM
To:
Subject: VINS

Here are what | think they are. The writing is not clear to me in all cases but...

1raHP3F24C
3rarPAAISDV
3rArPAJ 1DV

3raoraelsCV
1raHP3H23CL

Do not go where the path may lead, go instead where there is no path and leave a trail. -
Ralph Waldo Emerson

Kosta Papanikolaou
Technical Specialist -Latching Body Hardware

Body Engineering
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Hostaform®
Polyoxymethylene Copolymer (POM)
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Hostaform®
Polyoxymethylene Copolymer (POM)

1. Introduction

Hostaform is the trade name for the European Ticona
range of acetal copolymers. The base polymer has a
linear structure and high crystallinity, which explain
its good physical properties. Its chemical structure —
molecular chains incorporating randomly distributed
comonomer units — gives it high stability to thermal
and oxidative degradation. The base polymer is
characterized by:

— high toughness (down to —40°C)

— high hardness

— high rigidity

— very good heat deflection resistance

— good electrical and dielectric properties
— good chemical resistance, eg to

® solvents

® fuels

® strong alkalis

® zinc (galvanized steel sheet)

- no environmental stress cracking
— high resilience

— good slip properties

— high dimensional stability

— straightforward processability.

The spectrum of properties exhibited by the base
polymer can be modified in many different ways
with suitable additives. Mainly the Hostaform pro-
duct portfolio can be divided up into the following
product groups:

— basic grades

— easyflowing basic grades

— extrusion grades

— glass fibre/glass sphere reinforced grades
— grades with improved slip properties

— high impact grades

— grades with improved media resistance
— electrically conductive grades

— emission optimized grades

— grades for medical technology

— UV stabilized grades.

Ticona

The product portfolio is supplemented by a broad
colour range and special colours for laser marking.
This brochure aims to provide detailed information
on the Hostaform range, the physical and chemical
properties of the different grades, processing methods
and the diverse applications of this engineering
polymer.
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Hostaform®
Polyoxymethylene Copolymer (POM)

2. Grades, supply form,

colour range, quality assurance

Hostaform is produced in different grades with
various degrees of polymerization. The individual
grades differ from one another in their flow beha-
viour (melt mass-flow rate) and in the type and
concentration of additives used. The Hostaform
range can be divided into the following groups:

® Basic grades

® Grades with
improved slip
properties

e Reinforced
grades

e High-impact
grades (Hostaform S)

® Special grades

These differ primarily in
their melt flow rate and are
geared to the requirements
of different processing
methods and conditions.

These are modified with
special additives which
improve slip properties
and/or abrasion resistance.

These contain glass fibres
or glass spheres and differ
from the basic grades —
depending on the type of
filler - in their higher
ultimate tensile strength
and/or higher rigidity.

These are blends with
elastomers and have a
higher impact strength
than the basic grades.

This group includes all
grades which cannot be
assigned to one of the
above groups.

A survey of the grades currently supplied is given by
brief descriptions of the individual grades. For more
detailed information on the properties of Hostaform,

see attached leaflet.

The basic grades are designated by a letter (C or T)
followed by four or five digits, of which the first two

or three represent approximately ten times the level of

the type-specific melt flow rate MFR 190/2.16 in g/10
min determined according to ISO 1133.

Hostaform S ... . is the designation for elastomer-
modified, impact-resistant grades based on Hosta-
form C 9021 or C 27021. The last digit indicates in
each case the level of increased toughness.

The letter suffixes used in the nomenclature of the
other grades have the following meanings:

RM:
M:
K:
TF:
G:

AW or SW:
GV 1/XX:

GV 3/XX:

EC:

AST:

Oil Concentrate S:

Colour masterbatches:

LS or WS:

black 10/1570:

Ticona

friction-reducing

with molybdenum disulphide
with special chalk

with PTFE

with PE-UHMW
(GUR®)

with special additives

based on Hostaform C 13021,
with XX % (w/w) glass fibres;
exception: GV 1/30,

with 26 % glass fibres

based on Hostaform C 13021,
with XX% (w/w) glass spheres

with electrically conductive
carbon black and elastomer

with antistatic finish

masterbatch based on
Hostaform C 9021, with
silicone oil

based on blend ratio 1:25 or 2:25

UV-stabilized Hostaform basic
grades and high-impact grades

special formulation
UV-stabilized with carbon
black; owing to the carbon
black content, melt flow rate
and toughness may be slightly
lower than the basic grades;
not for all grades available .

Depending on the type and content of additive used,
the modified grades differ from the Hostaform basic
grades not only in terms of the physical properties
but also in their resistance to environmental effects.
This applies particularly to the Hostaform S grades
because of their chemical structure (blends with
elastomer components).
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Hostaform®
Polyoxymethylene Copolymer (POM)

Easyflowing basic grades

C 52021

Extremely easyflowing injection moulding grade for
complicated, thin-walled precision parts. Permits
processing at reduced melt temperature and hence
shorter cycle times compared with other grades.

C 27021

Very easyflowing injection moulding grade for long
flow paths, complicated precision parts, thin-walled
mouldings and multicavity molds.

C 13021
Easyflowing injection moulding grade for precision
parts and thin-walled mouldings.

C 13031

As for C 13021 but with about 10% higher strength,
rigidity and hardness over the entire permissible tem-
perature range for Hostaform.

Basic grades

C 9021

Standard injection moulding grade.

C 2521
Stiff flowing. Injection moulding of thick-walled,

void-free parts.

M15HP
Unreinforced injection moulding grade with impro-
ved impact and strength.

Extrusion grades

M30AE
Stiff-flowing, for extrusion of sheets, rods and hollow
profiles.

M10AE

High melt strength, for extrusion of thick walled
profiles and rods.

Ticona

Glass-fiber/glass-sphere-reinforced grades

C 9021 GV 1/10

Injection moulding grade reinforced with 10% (w/w)
glass fibers, for parts requiring increased rigidity and
hardness.

C 9021 GV 1/20

Injection moulding grade reinforced with 20% (w/w)
glass fibers, for parts requiring high rigidity and
hardness.

C 9021 GV 1/30

Injection moulding grade reinforced with 26% (w/w)
glass fibers, for parts requiring very high strength and
rigidity and increased hardness. Reduced thermal
expansion and shrinkage, slightly lower toughness
(elongation).

C 9021 GV 1/40

Injection moulding grade reinforced with 40% (w/w)
glass fibers, for parts requiring especially high rigidity.
Elastic modulus approx. 40% higher than for C 9021
GV 1/30 but otherwise similar spectrum of proper-
ties.

C 9021 GV 3/10

Injection moulding grade reinforced with 10% glass
spheres, for low-warpage parts requiring increased
rigidity and hardness.

C 9021 GV 3/20

Injection moulding grade reinforced with 20% glass
spheres, for low-warpage parts requiring higher
rigidity and hardness.

C 9021 GV 3/30

Injection moulding grade reinforced with 30% glass
spheres, for low-warpage, dimensionally stable parts
requiring even higher rigidity and hardness.

C 27021 GV 3/30

Easyflowing injection moulding grade reinforced
with 30% glass spheres. Low warpage.
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Hostaform®
Polyoxymethylene Copolymer (POM)

Grades with improved slip properties

C 13021 RM

Easyflowing injection moulding grade similar to

C 13021. Good low-friction properties in Hostaform/
Hostaform sliding combinations, e.g. for smooth
running zip fasteners (zippers).

C 13031 K

Injection moulding grade similar to C 13031, modi-
fied with special chalk. Good wear properties, increa-
sed strength. For unlubricated or once-only lubricant
sliding parts.

C9021 M

Molybdenum disulphide-modified injection moul-
ding grade similar to C 9021, for sliding combinations
operating under high pressure loading at low sliding
speed. Only slight tendency to stick-slip.

C9021K

Injection moulding grade similar to C 9021 but
modified with special chalk. Good wear properties.
For unlubricated or once-only-lubricated sliding parts.

C 9021 TF

Injection moulding grade based on C 9021, contains
PTFE. For sliding combinations with very low
coefficient of friction (maintenance-free bearings).

C9021G
Injection moulding grade with GUR® (PE-UHMW),
for parts under abrasion stress.

C 9021 AW

Injection moulding grade similar to C 9021 but
modified with special additives. Good wear properties
and low coefficient of friction. This formulation can
also be supplied with other basic grades.

C 9021 SW

Injection moulding grade similar to C 9021 but
modified with noise-deadening and wear-protecting
additives. Extra additives also reduce acoustic
vibrations in the finished parts.

C2521G
Extrusion grade with GUR® (PE-UHMW), for semi-
finished products, sliding and guide elements.

Ticona

LWI15EWX

Slip-modified grade for sliding combinations with
PBT, PA, PC, PMMA and steel, with increased
toughness/strength level.

LW9OEWX

Slip-modified grade for sliding combinations with
PBT, PA, PC, PMMA and steel, good weld line
strength due to the special wax blend.

LW9O0BSX

Slip-modified grade for a wide range of tribological
applications, including POM/POM pairings, contains
silicone oil.

C 9021 GV 1/30 GT
Reinforced with 26% w/w glass fibers and
slip-modified.

High-impact grades

$ 27063

Easyflowing, elastomer-containing injection moul-
ding grade based on C 27021, with higher impact
strength and slightly lower hardness and rigidity than
the basic grade. For thin-walled parts requiring high
impact energy absorption.

$ 27064
Easyflowing injection moulding grade similar to
S 27063 but with higher toughness level.

$27072 WS 10/1570 (black)

Easyflowing injection moulding grade similar to
S 27063 but UV-stabilized for exterior applications.

S 9063

Elastomer-containing injection moulding grade based
on C 9021, with higher impact strength and slightly
lower hardness and rigidity than the basic grade.

For parts requiring high impact energy absorption.

S 9064

Similar to S 9063 but with higher elastomer content
and hence even higher toughness level.

$ 9243

Injection moulding grade with good low-temperature
impact strength. For parts requiring high impact
energy absorption and excellent weld strength. Flow

properties under injection moulding conditions simi-
lar to those of S 9063.
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Hostaform®
Polyoxymethylene Copolymer (POM)

S 9244
Similar to S 9243 but even higher toughness level.

Flow properties in injection moulding similar to those
of S 9064.

Oil Concentrate S

Hostaform C 9021 with 20% (w/w) silicone oil for
blending with other Hostaform grades. Improves
low-friction and abrasion properties and ejection
from the mold. The blend ratio depends on finished
part requirements and should preferably be 1:10.
At ratios > 2:10, processing problems may arise.

Grades with improved media resistance

C 13031 XF 50/5339

Yellow-colored grade specially formulated for
applications involving contact with fuel, especially
hot diesel.

C 13031 XF 10/9022

Black-colored, laser-weldable grade specially
formulated for applications involving contact with
fuel, especially hot diesel.

EC140XF
Conductive injection moulding grade with improved
resistance to fuels, especially hot diesel.

MR 130ACS
Grade with improved resistance to aggressive media
and chlorinated water.

Electrically conductive grades

C 9021 ELSX

Injection moulding grade with addition of conductive
carbon black and elastomer. For parts requiring

very low electrical resistance. Processing guidelines
in section 3.3.

EC270TX
Similar to C 9021 ELSX but with higher toughness
level.

C 27021 AST
Similar to C 27021 but antistatic-modified.

Ticona

Hostaform® XAP®: Advanced Processing

Low-odor injection moulding grades that meet
European automotive industry requirements for
plastics used in vehicle interiors. In addition to the
natural grades C 2521 XAP, C 9021 XAP, C 13021
XAP, C 13031 XAP, C 27021 XAP and C 52021 XAP,
many standard and special grades based on C 9021
and C 27021 can be supplied. The colors in C 9021
XAP LS and C 27021 XAP LS are light-stabilized,
while in C 9021 XAP AWLS, C 9021 XAP AW,
C9021 XAPTF and C 9021 XAP M, they also contain
a special additive to reduce the coefficient of friction.
All XAP grades undergo the VDA 275 test as an
injection molded sheet and the results are documented
in the acceptance test certificate.

Minimal odor values can only be achieved under
optimized injection moulding conditions, especially
low melt temperatures. More detailed information can
be provided by our Technical Service team.

MT® grade range

For medical and pharmaceutical applications, please
see section 4.8.2.

Supply form

Hostaform is supplied as opaque white, natural or
coloured cylindrical granules or pellets with a particle
size of approximately 3 mm (except for Oil Concen-
trate S). It is normally packed in 25 kg containers
(plastic-film bags or multiwall paper bags) but by
prior agreement may also be supplied in 500 and

1000 kg containers (especially the basic grades).

Color range

For the Hostaform basic grades, Ticona offers a stan-
dard range of 10 colors, which correspond to the
RAL colors listed in Table 1. Most of these colors
have approval for applications in, for example, the
food and drinking water sector (see table 1). These
standard colors are supplied as mass-colored pellets
or color masterbatches.

Color masterbatches are supplied in two variants and
are used to color natural Hostaform grades during
processing into mouldings. For this purpose, depend-
ing on the particular masterbatch, 25 parts natural
pellets to 1 or 2 parts color masterbatch are added.

In general, the same colors are obtained as when using
mass-colored pellets but no guarantee can be given as
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Hostaform®
Polyoxymethylene Copolymer (POM)

to the completely exact shade, since this depends on
processing conditions (sufficient plasticization and
homogenization) and the correct mix ratio.

Table 1: Standard colors and approvals
(+ compliant, x non-compliant)

RAL Code Color FDA BgVV KTW
RAL 1003  Signal yellow + + +
RAL 2010  Signal orange + + +
RAL 3001  Signal red + + +
RAL 4008  Signal violet  + + +
RAL 5005  Signal blue + X X
RAL 6032  Signal green  + + +
RAL 7004  Signal grey + X X
RAL 8002  Signal brown + + +
RAL 9003  Signal white  + + +
RAL 9004  Signal black X X X

The nomenclature consists of the Hostaform grade or
color masterbatch and the RAL color code, e.g.:

— Hostaform C 9021 RAL 3001 is Hostaform C 9021
in Signal red

— Hostaform C 27021 RAL 6032 is Hostaform C
27021 in Signal green

— Hostaform FK 1:25 RAL 4008 is Masterbatch 1:25
in Signal violet

In addition to these standard colors, a large range of
special colors is supplied for different industry sectors
such as the automotive industry and industrial
engineering. Color formulations tailored to customer
specifications can also be provided. In this area,
Ticona can draw on long-standing experience over
many years. Special colors can also be supplied in
UV-stabilized or weathering-resistant formulations.
In addition, special colors have been developed that
are particularly suitable for laser marking. These
colors are listed in table 3, page 68. All colors are
cadmium-free.

Where colored moulding materials are to be prepared
by the processor from natural Hostaform granules,
the pigments employed should be only those which
withstand Hostaform processing temperatures with-
out decomposition or color change, and which do not
impair the thermal stability of Hostaform. Only by
careful selection of colorants is it possible to ensure
that the physical properties of Hostaform are not
affected to an unacceptable degree. Optimum molded-
part properties can only be achieved with original
color masterbatches based on Hostaform.

Ticona

Quality management

Meeting the quality requirements of our customers is
a critical activity for Ticona. We constantly pursue
and update the certifications needed for this purpose.
Our quality management system has been certified to
ISO 9000 standards since the early 1990s. In 2003, we
built on this foundation by imple-menting the Global
Ticona Integrated Management System (TIMS) for
quality, environmental and risk management.

Important certifications include the following
standards:

e [SO 9001

e [SO 14001

® [SO/TS 16949
e [SO/IEC 17025

Quality Management System Certifications under
ISO 9001:2000 and ISO/TS 16949:2002 have now
been achieved for all production sites and supporting
remote locations of Ticona worldwide. The ISO/TS
16949:2002 standard combines the automotive regula-
tions in Europe of VDA 6.1, EAQF and AVSQ with
the requirements of QS-9000 in North America

and supersedes all of these. Ticona received the certi-
fication for this standard in 2003.

The Ticona Oberhausen site in Germany gained
registration under ISO 14001, the Environmental
Management System Standard, in 1999. All Ticona
facilities in the Americas achieved certifi cation under
ISO 14001 in 2002. At Kelsterbach, Germany,
registration has been completed 2005.

The appropriate Ticona laboratories are accredited to
meet general requirements according to ISO/IEC
17025:2000 for testing and calibration laboratories.

Our www.ticona.com website provides further
information under “Company” > “Quality and
Certifications”. This information includes the details
of business lines and facilities covered and PDF files
of all certificates of registration.
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The antistatic modification reduces surface resistivity
and at the same time considerably increases the dis-
charge rate, as the following table shows:

Property Unit  Test Hostaform

method C27021 C27021
AST

Surface Q IEC 10" 108

resistivity 60093

Discharge S - about 60 10 to 25

rate®

(half-value

time)

* Decline in the field strength of a capacitor with the test specimen
as a dielectric to 50% of its initial value after charging with
1000 volts.

The antistatic modification has little or no effect on all
other properties of Hostaform.

3.4 Optical properties

Hostaform mouldings range from more or less trans-
lucent to opaque-white, depending on wall thickness.
When a parallel beam of light falls vertically on a
compression moulded sheet with parallel faces, the
proportion of diffuse light transmission is as follows:

thickness 1 mm: about 60%
2 mm: about 45%
4 mm: about 35%

The refractive index n for light in the visible wave-
length range is 1.48.

Gloss is dependent mainly on the surface quality of
the mould.

Ticona
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4.4 Chemical properties
4.4.1 Chemical resistance
4.4.1.1 Hostaform basic grades

The Hostaform basic grades have high resistance to
many organic and inorganic chemicals. Very few
solvents are known which can dissolve the material
below its crystalline melting point. One of these is
hexafluoroacetone sesquihydrate. Hostaform with-
stands strong alkalis (for example 50% NaOH), even
at high temperatures but is attacked by oxidizing
agents and strong acids (pH < 4). A survey is given
in table 2.

Generally speaking, Hostaform is not prone to
environmental stress cracking.
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Table 2: Chemical resistance of the Hostaform

basic grades

Ticona

The results were determined after a test period of 60
days on 1 mm-thick test specimens injection moulded
from Hostaform C 9021. During the tests, the speci-
mens were not under external stress.

The quoted ratings apply to all Hostaform basic
grades. The reinforced and S grades may deviate from

these in individual cases.

+ resistant

/ limited
resistance

— not
resistant

weight increase
<3% or

weight loss

< 0.5% and/or
decrease in tensile
strength < 15%

weight increase
3t08% or

weight loss

0.5 to 3% and/or
decrease in tensile
strength 15 to 30%

weight increase

> 8% or

weight loss

> 3% and/or
decrease in tensile
strength > 30%
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Substance 20°C  60°C Substance 20°C  60°C
acetic acid (10%)* + + ether (DAB 6) + +
acetic acid (80%) / - ethyl acetate / /
acetone + / ethyl chloride (DAB 6) + /
acetylene tetrabromide / - ethyl glycol + /
ammonia (10%) + + ferric chloride (10%) / -
ammonia, conc. + + fixing bath solution (pH 5.4) + /
ammonium sulphate fluorocarbons (partially halogenated) - -
(10%) (pH 5.8) + - fluorocarbons (perhalogenated) + +
benzene / / formaldehyde (40%) + +
benzene with 15 to 20% methanol + + formic acid (10%)* + -
butanol + + fuel oil EL + +
butyl acetate + / galbanum resin + -
butyraldehyde / / Genantin®/tap water 1:1

butyric acid (1%)* + + (+ 1% Donax® C, Shell) +

butyric acid (98%) / / glacial acetic acid / -
calcium ammonium nitrate + + glycerol + +
calcium chloride (10%) + + glycol + +
calcium nitrate (10%) glycol/distilled water 48:52 + +
(pH 6.4) + + Grisiron® GBF 1

cananga oil + + (5 gto 100 g H,0O) + +
carbon disulphide + + hydrochloric acid (10%) - -
carbon tetrachloride + / hydrogen peroxide (30%)* + -
chlorobenzene / / hydroxycitronellal + +
chloroform - - ink (Pelikan® ink, blue-black) + -
chromic acid (3%) / / isopropyl alcohol + +
citric acid (10%)* + - jet fuel JP 1 (Shell) + +
Clophen® A 60 (Bayer) + + jet fuel JP 4 (Shell) + +
coffee (Nescafé®) + + lactic acid (10%)* + /
Complesal® Typ Blau lactic acid (90%)* + -
12+12+ 17 + 2 (10%, pH 5.8) + + lavender oil, highest-quality + +
Complesal® Typ Gelb lemongrass oil + +
15 + 15 + 15 (10%, pH 5.8) + + lime, chlorinated (approx. 10%) - -
Complesal® Typ NP methanol + +
20 +20+0(10%, pH 5.7) + + methyl acetate / /
Complesal® Typ Rot methyl bromide - -
13+ 13 + 21 (10%, pH 5.4) + + methyl ethyl ketone / /
copper sulphate (10%) + + methyl glycol / /
developer solution 1:100 methyl glycol acetate / -
(pH 10.4) (Rodinal® Agfa) + + methyl isobutyl ketone + +
developer solution 1:50 methyl isopropyl ketone + +
(pH 10.9) (Rodinal® Agfa) + + methylene bromide - -
dibutyl phthalate + + methylene chloride, technical - -
diesel oil + + mineral oil + +
dimethyl phthalate + / Mobil®oil SAE 20 + +
dioctyl sebacate + + Mobil oil HD SAE 20 after 3000 km  + +
dioxane / / n-hexane + +
engine oil BP HP 20 + + natural gas + +
engine oil SAE 40 (Caltex) + + nickel sulphate (10%) + +
ethanol (96%) + + nitric acid (10%) - -
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Substance

20°C

60°C

nitrogen phosphate

(10%) (pH 5.1)

nitrous gases

oil of cloves

olive oil

ozone

peat water (pH 3.7)
perchloroethylene

Persil® 59 (5%) (Henkel)

petrol, standard-grade
petrol/benzene mixture
(super-grade petrol)

petroleum

petroleum fraction

(boiling point 100 — 140°C)
phenol

phosphoric acid (25%)*
potassium hydroxide

(caustic potash solution)
potassium permanganate (10%)*
rape oil nethyl ester

refrigerant R 134 a (System Reclin)
sea water (North Sea)

sodium bicarbonate (10%)
sodium bisulphite liquor (pH 4.5)
sodium carbonate (10%)
sodium chloride

sodium hydroxide

(caustic soda solution)

sodium hypochlorite (bleaching solution,

about 12.5% active chlorine)
sodium nitrate Hoechst®
(10%) (pH 8.8)

sodium orthophosphate,
monobasic (10%)

+

I+ + |

+ o+ o+ o+ o+

+

+ o+ o+ o+ o+ +

+ o+

+

+

sodium orthophosphate, dibasic (10%) +
sodium orthophosphate, tribasic (10%) +

soya bean oil
sulphur dioxide gas
sulphuric acid (10%)*
sulphuric acid (50%)
tetrahydrofuran
Tetralin® (Henkel)
thiophene

toluene

transformer oil
(Univolt® 36, Esso)
trichloroethylene
urine

water, distilled
xylene

40

+

+

+ o~ 4+ ~ |

+ o+ o+ >+

I+ + + + +

+ o~~~

+ + + >+
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4.4.1.2 Reinforced grades

The resistance ratings shown in table 2 apply to the
polymer matrix. Since glass itself may be regarded as
having adequate inertness to the chemicals listed
there, the ratings given in the table may be deemed to
apply to the reinforced grades as well. As already
mentioned, however, the tensile strength of glass-
fibre-reinforced Hostaform declines in contact with
water or fuels; in fact this loss is apparent not only
with the two media mentioned but with liquid media
in general. Change in tensile strength is one of the
rating criteria. If these criteria were to be strictly
applied, glass-fibre-reinforced Hostaform would have
different ratings. However, this only needs to be
taken into account in applications where full reten-
tion of tensile strength is an essential requirement.

4.4.1.3 Hostaform/elastomer blends

Both components of Hostaform S, ie the matrix and
the elastomer, contribute proportionally to its chem-
ical resistance, which is why only generalizations are
possible.

Hostaform S 9063, S 9064, S 27063 and S 27064 are
resistant to fuels, ie non-polar hydrocarbons, but
have only limited or no resistance to methanol,

ie polar solvents; in addition to alcohols, this group
includes ketones and esters. The behaviour of the
above grades in water is described in section 4.2.2.

Hostaform S 9243 and S 9244 are swollen by fuels
and their toughness declines somewhat with immer-
sion time; they are however resistant to diesel. In
contact with methanol, swelling is slight but again a
decline in toughness occurs.

Our Hostaform Research and Development Depart-
ment will be pleased to give further information.

* Because of the acid or oxidizing nature of these chemicals,
trials are recommended before prolonged contact with
Hostaform.
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4.8.2 Pharmaceutical/medical applications

In order to meet the particularly high standards for
materials used in medical engineering, and to be able
to comply with legal requirements varying from one
country to another, Ticona has specially tailored a
number of engineering polymers for healthcare appli-
cations.

Hostaform MT grades are equipped with special
characteristics to meet the specific requirements of
medical applications. The existing benefits of poly-
acetal, such as high toughness, hardness and stiffness,
excellent friction and wear properties, low water
absorption, are supplemented by distinguishing
features regarding material quality, conformance, and
availability. Extensive testing of each individual lot
demonstrates material purity and property consis-
tency. At the same time a new standard of quality
assurance is established.

The following grades are available:

Grade Description
MT 2U01 unreinforced stiff flowing grade
MT 8UO01 unreinforced standard grade
MT 12U01 unreinforced standard grade,
medium flowability
MT 12003 unreinforced, improved strength
MT 24001 unreinforced, best flow properties
MT 8R02 modified friction properties, low noise
MT 12R01 modified friction properties
MT 8Fo1 PTFE modified
MT 24F01 PTFE modified, improved flowability
MT 8F02 highly PTFE modified for low speed
sliding
MT 24F02 highly PTFE modified,

improved flowability

For approvals in the US, the above mentioned pro-
duct grades are listed in Drug Master File No. 11559.

46

Ticona

Hostaform MT8UO1 and MT 24U01 were tested
according to United States Pharmacopoeia (USP)
XXIIT and meets the following test requirements:

— USP Biological Class VI

(extraction temperature 70 °C, for 24 h)
— USP Physico-Chemical

(extraction temperature 70 °C, for 24 h)
- Cytotoxicity

(extraction temperature 37 °C, for 24 h).

Ticona does not support the use of its plastics for
implant applications. Irrespective of the position as
regards responsibility, Hostaform should not be used
for permanent implants because of the risks involved.

For further information please ask for our brochure
“New Polymer Grades for Medical and Laboratory
Engineering” (B 281 E) or contact us directly.
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5. Processing

Hostaform may be run on all standard processing
machinery for thermoplastics, such as injection
moulding machines, extruders, injection and extru-
sion blow moulding machines and compression
moulding machines. Pretreatment is not generally
necessary but where through poor storage arrange-
ments the product has been exposed to a damp
atmosphere or has been in contact with water, it has
to be dried at 100 to 120°C in a circulating air oven
for about 3 -6 hours, depending on layer depth
(which should not exceed 40 mm).

5.1 Safety recommendations

General safety precautions during processing

In processing Hostaform, extraction hoods should be
installed immediately above the machinery. The melt
temperature should not exceed 240 °C, depending on
the permissible residence time in the cylinder (fig. 42)
(recommended processing temperatures given in
section 5.2.2). When subjected to excessive thermal
stress or residence time in the cylinder, Hostaform is
decomposed with liberation of formaldehyde. This
gas has a pungent odour and irritates the mucous
membranes.

In addition, the pressure of the gaseous decomposition
products if the nozzle is obstructed or frozen may be
so great that relief through the feed opening of the
machine is sought. Should this not be possible, there
is a risk that the rising pressure could cause damage to
the machine and injury to operators. It is therefore
important to ensure that injection nozzles or extruder
orifices are never, for example, blocked by plugs of
frozen material.

Should thermal degradation in the cylinder be sus-
pected or determined, the material should be run out
with the heating switched off. It is advisable to
immerse severely degraded material in water to pre-
vent unnecessary odour nuisance.

Hostaform is immiscible with most other thermo-
plastics; if these should contaminate the material they
will lead, even in small quantities, to inhomogeneous
mouldings. Special care should be taken with thermo-
plastics which have a decomposing effect, particularly
PVG; since this polymer can induce a severe decom-

Ticona

position reaction, even in low concentrations, PVC-
contaminated Hostaform should on no account be
processed.

Hostaform, like many other organic materials, is com-
bustible. It is in the interests of the manufacturer
when storing, processing or fabricating plastics to
take the necessary fire precautions. Special fire pre-
vention requirements may apply to certain end pro-
ducts and fields of application.

Statutory safety regulations vary from one country
to another and local national requirements should
always be met. It is the responsibility of the raw
material processor to ascertain and observe these
requirements. Important notes are contained in the
safety data sheets, which we will be pleased to supply
on request.

In Germany at the present time, a maximum permiss-
ible formaldehyde concentration at the workplace
(MAK value) of 0.5 ppm is stipulated.

The MAK value is the average of a number of meas-
urements spread over a working day or a shift. These
can be carried out with a Driger gas detector®) and
the appropriate “Formaldehyde 0.2/a” measuring
tube. The samples should be taken close to the
operator at head height. More details are given in the
MAK value lists, which are revised every year and can
be obtained for example from the German employers’
liability insurance associations (Berufsgenossen-
schaften).

Starting up empty machines

The cylinder temperatures are set to about 200°C.
After the plasticizing cylinder has been filled, a few
shots are ejected into the open. Particular attention
must be paid to nozzle temperature. If this is too low,
the melt will freeze and block the nozzle.

Short- and long-term interruption of
moulding cycles

When the cycle is only briefly interrupted, cylinder
temperatures should be reduced slightly but the
nozzle temperature may be maintained.

*) Dragerwerk AG, D -24116 Liibeck, Germany
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When the moulding cycle is interrupted for longer
periods, the procedure to be adopted is as follows:

stop granule feed

switch off cylinder and nozzle heating
disconnect cylinder from mould

eject melt fully from cylinder.

Restarting the machine with Hostaform

Heat up the machine and set the cylinder temperature
to 150-160°C. Increase the nozzle temperature to
200°C and the cylinder temperature by stages to
190°C. It is important to ensure that the nozzle is not
blocked by a plug of frozen material.

As soon as the correct temperature has been reached
and the moulding material uniformly heated, a few
shots are ejected into the open at low screw advance
rate.

When the material is flowing freely, it may be in-
jected into the mould as soon as the final processing
temperature has been set.

Chan?ing from another thermoplastic to
Hostatorm

Thermoplastics requiring higher processing temper-
atures, such as polyamide or polycarbonate, must be
completely removed from the machine by purging
with a polyolefin before the machine can be charged
with Hostaform. In the same way, plastics unstable at
Hostaform processing temperatures and particularly
those whose decomposition products promote
degradation of Hostaform (for example polyvinyl
chloride) must also be completely removed by a
polyolefin purge. The detailed procedure to be
adopted is as follows:

— the cylinder heaters are set at the processing
temperature for the thermoplastic

— after it has been thoroughly heated the melt is
ejected into the open
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— an easyflowing polyolefin is forced through
in rapid shot sequence until the previous thermo-
plastic has been completely removed

— the cylinder and nozzle temperatures are set to
200 °C. With the mould disconnected, residual
polyolefin in the cylinder is purged with the
aid of Hostaform. Once the Hostaform melt is
free of all polyolefin, injection moulding may be
commenced.

In cases of doubt, the preferred method is to remove
the screw and carry out mechanical cleaning.

Changing from Hostaform to another
thermoplastic

At a melt temperature of about 200 °C, Hostaform is
purged from the cylinder into the open with the aid
of an easyflowing polyethylene.

The cylinder temperatures are then set to the appro-
priate level for processing the required thermoplastic
and the operation is continued in the usual way.

The directions set out above apply, mutatis mutandis,
to extrusion processing.

5.2 Injection moulding
5.2.1 Machine requirements

Hostaform may be processed on all standard injection
moulding machines in current use, except for vented
machines.

Special screws have not generally proved necessary,
ie it is sufficient to fit the machine with standard
screws in accordance with the manufacturer’s recom-
mendations. For processing glass-fibre-reinforced
Hostaform, it is advisable to use a wear-resistant
version of the injection moulding unit such as most
machinery manufacturers supply these days as a
normal option in their range.
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When planning a step-by-step programme of

® moulding design

® mould design

® mould construction
@ mould proving,

allowance should always be made for changes such as
modification to the mould, since shrinkage-induced
dimensional or design deviations in a moulding are
frequently inevitable. Attempts to use mathematical
models to predict mould shrinkage as accurately

as possible have so far proved unsuccessful. The same
applies to predicting fibre orientation in reinforced
thermoplastics. Practical experience with the actual
part is thus the most valuable guide.

5.2.5 Gate and mould design

The quality of a plastics moulding in terms of its
suitability for a particular application is basically
determined by the following factors:

— properties of the moulding material
— processing of the moulding material
— design of the moulded part [15].

Only optimization of all three factors will ensure a
high-quality moulding. This requires close coopera-
tion between the material manufacturer, designer and
end user.

Processing involves the machine, mould and tem-
perature control units. For mechanical, thermal and
rheological design of a mould, modern mathematical
methods are used in critical cases to back up the
practical experience which is so necessary. The same
applies to the design of complicated mouldings.

It is often possible to predict whether a moulding will
match up to requirements (which should be compre-
hensively known) with the aid of materials science but
trials which simulate practical conditions as closely as
possible should always be carried out to demonstrate
serviceability. Component testing under practical (or
simulated) conditions should be accorded the greater
importance [14].
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Hostaform can be processed without any problem on
hot-runner moulds [16, 17]; it should be remembered,
however, that not all systems are equally suitable.

It is advisable to heed the experience of the system
suppliers.

The type of gate and its location in the mould are
determined by various factors such as

— wall thickness
—flow path

— flow direction
—weld lines

— sink marks.

The size of the gate depends on the wall thickness of
the moulding. If the gate is too large, cooling time and
hence cycle time may be unacceptably long.

An undersized gate may cut short the holding-pres-
sure time through freezing effects or cause excessive
shear heating of the melt.

As a rough guide, the gate diameter should be about
2/3 of maximum wall thickness. The gate should be
located in the area of greatest wall thickness in the
moulding.

With submarine and pinpoint gates, no finishing is
required.

Sprue and diaphragm gates require finishing and
generally leave a clearly visible mark on the moulding
surface.
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The target range of tolerance (production tolerance T
and check dimension X) is entered on the diagram
and the achieved dimensions and their scatter are com-
pared with the tolerance range and with the position
of the pressure optimum. The following procedure is
then adopted:

1. Carry out pressure correction Ap to bring as many
dimensions as possible within the tolerance range.
In so doing, it is important to ensure that the pres-
sure is not adjusted too far from the optimum
pressure range as otherwise dimensional scatter
will be increased.

2. For those dimensions still outside the tolerance
range after pressure adjustment, it is necessary to
correct the dimensions (X ) of the mould itself
(see dimension B in fig. 84).

3. When the modification to the mould is complete,
injection moulding is resumed at the corrected
pressure. The dimensions of the mouldings ob-
tained are checked and average weight determined.

From the optimization process, all required process-
ing conditions are known. The correct injection pres-
sure (= holding pressure) is ascertained by evaluating
the dimensions of trial mouldings and the appropriate
weight is determined.

Certain dimensions and weights, as also certain
dimensional and weight variations (scatter), can be
related to optimum processing conditions. With this
knowledge, it is possible to base production control
on weight and weight scatter.

Experience has shown that weight scatter should not
exceed 0.6% (relative to the average weight of the
moulding) if dimensional scatter is to be kept below
0.3%.

Tolerances
The dimensions of the moulding are important qual-
ity control characteristics. The dimensional scatter in

manufacture of + 3 s (or + 3 v) must be less than the
required production tolerance Tf.
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Depending on application requirements, there are
three tolerance ranges:

A general-purpose injection moulding
Tr<1l %atdy= 60°C
B injection moulding of engineering components
Tp < 0.6% at Sy = 90°C
C injection moulding of precision components
TE<0.3% at Uy = 120°C

These data are valid for nominal dimensions > 10 mm,
fig. 85.

For nominal dimensions < 10 mm, the linear relation-
ship between tolerance and nominal dimension no
longer applies. The percentage tolerance thus increases
very rapidly below about 3 mm, fig. 86 (see also

DIN 16 901).

5.3 Extrusion

The extrusion method is used mainly to process
Hostaform into semi-finished products (round bars,
flat bars, hollow profiles and sheets). The dimensions
and permissible dimensional and shape variations

of such profiles and their supply specifications are
standardized in DIN 16 974, 16 975, 16 977 and

16 978.

These semi-finished products are frequently machined
to make prototypes, pre-production runs or even
production parts in small quantities [18].

In extruding Hostaform, the main points to note are
the characteristically narrow melting temperature
range and the rapidity with which freezing takes
place.

5.3.1 Extruder and screw

Hostaform is extruded on conventional single-screw
extruders. Twin-screw extruders are not suitable.
Cooling or heating of the screw is not required.

Short-compression-zone screws have a suitable geo-
metry for extruding Hostaform. Screw lengths of
25 D give the best results. Shorter screws frequently
lead to surging.

Processing on vented extruders is not recommended.
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5.3.6 Annealing

Despite all countermeasures, a certain amount of un-
even cooling will take place over the cross-section
and cause internal stresses which have to be relieved
by a final heat treatment. This annealing treatment is
usually carried out in air or nitrogen (circulating air
oven) or in liquids (waxes, oils) at 140°C for a period
of 10 min per mm wall thickness or diameter. To avoid
possible formation of stresses as a result of heating up
or cooling down, both operations should be carried
out slowly and evenly. The times required for these
operations are added to the annealing time.

Example: round bar 100 mm diameter

Annealing:
100 (mm) x 10 (min/mm) = 1000 min
416 h 40 min
Heating the loaded oven = 3 h20min
from cold
Cooling the oven to 40 to 50°C =~ 6h
Total annealing 26 h

5.4 Extrusion blow moulding
General

This is a two-stage process. The first stage comprises
the production by extrusion of an inflatable preform,
the second, blow moulding and cooling the article in
the mould.

For extrusion blow moulding, plastics with a relatively
high melt strength are required. Hostaform C 2521 is
suitable for the production of small hollow mouldings
up to a maximum capacity of 1 litre.

The shrinkage of Hostaform blow moulded articles is
between 2 and 4%.

Ticona

Machine and mould

Hostaform containers up to a capacity of 5 litres are
produced on blow moulding machines without a
melt accumulator, ie the tubular parison is extruded
continuously. Larger blow moulded articles require
machines with an accumulator head in which the
plastic melt collects until the required shot volume
has been obtained and is then extruded relatively
quickly.

To plasticize the material, slow-running, single-screw
extruders fitted with screws between 20 and 25 D in
length are suitable.

Processing

On discharge from the head, the plasticized material
should have a temperature of about 185°C. At this
point, sagging can be limited by judicious lowering of
the temperature (but not below 170°C). To obtain
uniform axial wall thickness distribution, it is neces-
sary, particularly with non-cylindrical shapes because
of different radial blow ratios, to provide programme
control of parison wall thickness in the axial direc-
tion. When processing Hostaform, the die must be
adequately heated in the orifice region (= 170°C)
since otherwise temperature variations in the parison
wall will cause irregular parison swell and continuous
operation will be interrupted.

Well-formed, blow-moulded containers with a
smooth finish are obtained only when the mould is
maintained at about 90°C.

When production ceases, the screw must be run until
it is completely empty, ie until no more plasticized
material comes out, before the extruder is switched
off. When production is to be resumed, the pre-
determined temperature settings should be raised by
about 20°C for the initial startup period. When these
higher temperature values have been reached, it is
necessary to wait at least 15 min before the extruder
drive is switched on. Only in this way can cooled
material — particularly in the adaptor between the
extruder and head — be plasticized sufficiently. When
the extruder is started, granules should be fed in
slowly (half of the visible screw region in the feed
opening should be covered) until the parison emerges.
The temperatures can then be returned immediately
to the established production settings, and the mate-
rial fed in as usual.

PE14-0288000272












Hostaform®
Polyoxymethylene Copolymer (POM)

5.7 Surface decoration

Consumer taste and publicity needs are not always
fully satisfied by the pigmentation of plastics or by
the possibility of obtaining two-colour mouldings in
the injection moulding process. There is in addition a
demand for plastic products which, for decorative
and/or information purposes, are given a printed,
painted or hot stamped finish. Flock coating and
metallizing of the surface are further special types of
finish supplied.

5.7.1 General surface requirements

To attain an aesthetically pleasing decorative effect,

it is essential for the mouldings to have a smooth,
flawless surface. Irregularities or scratches, weld lines
or other surface defects are not as a rule obliterated
by surface decoration but remain visible on the
decorated surface and detract from its appearance.
This should be taken into account by exercising care
in polishing the mould and by maintaining optimum
processing conditions (mould and melt temperature,
injection pressure, injection rate).

With nearly all mouldings, the surfaces are likely to
be soiled and so generally speaking a cleaning process
should precede surface decoration. Numerous sol-
vents such as paint thinners or trichloroethylene are
suitable for this purpose.

A special surface pretreatment is frequently necessary,
and may be either chemical or mechanical. Decorative

materials applied onto an untreated surface should
in any case be given a heat treatment either as they
are applied (hot stamping foil) or after application
(primers, printing inks).

5.7.1.1 Mechanical pretreatment

Roughening the moulding surface by sandblasting,
grinding etc. induces a surface activation and aids
adhesion of subsequently applied decorative mate-
rials. This method is very costly and therefore is
hardly ever used.

Ticona

5.7.1.2 Acid etching

The same effect is achieved by controlled slight
etching of the surface of the moulding in an acid bath.
Here again the surface is roughened and takes on a
matt appearance. Afterwards the parts must be
thoroughly rinsed in warm water at 60 °C. After air
drying, the surface can be readily wetted.

5.7.1.3 Primers

Primers are included among coatings which will
adhere to Hostaform mouldings without surface pre-
treatment but unlike hot stamping foils or printing
inks, primers are used only as aids to decoration,

ie adhesion promoters for topcoats.

5.7.1.4 Physical pretreatment

Pretreatments commonly used for other plastics such
as flame treatment or exposure to corona discharge
are unsuitable for Hostaform because they bring
hardly any improvement in adhesion.
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5.7.2 Painting

Conventional topcoat systems are used and the choice
of system depends on the paint properties required,
eg weathering resistance, chemical resistance, scratch
resistance etc.

5.7.3 Vacuum metallizing

By this process, a mirror-finish, metallized surface can
be imparted to Hostaform mouldings. The various
operations required are as follows:

— Pretreatment

The surfaces to be metallized are first cleaned and
degreased, followed by mechanical delustring or
preferably acid etching as described in section 5.7.1.2.
The primer treatment discussed above also produces
satisfactory results.

— Base coating

The quality of adhesion of the evaporated metal
depends mainly on the suitability of the basecoat
applied to the surface to be metallized. The two-
component, polyisocyanate-based lacquers developed
specially for vacuum metallizing have proved very
good. After application, they are cured in a drying
oven.

— Vacuum metallizing
Evaporation of the desired metal onto the article is

carried out under the usual conditions for this
method.

— Topcoating

The evaporated metal layer is very sensitive to mecha-
nical damage. To protect it from scratches,
a colourless or transparent topcoat is applied.
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5.7 .4 Electroplating

Hostaform mouldings can be coated with a conducting
metal layer then electroplated by the usual electro-
chemical method. The surface may be roughened by
the etching process described.

It is not possible to obtain firm adhesion of the metal
layer to the plastic and for this reason the coating
has to be of at least sufficient thickness to be self-
supporting.

5.7.5 Hot stamping

Hot stamping of Hostaform mouldings is a frequently
employed method of decoration because pretreatment
of the surface is unnecessary. However, the surface
must be clean.

The popularity of this method is reflected in the large
number of hot stamping foils at present on the market
which are suitable for Hostaform. The choice of foil
depends on the stamping method to be used (positive
stamping, negative stamping, large-area stamping,
relief stamping, reciprocating press, rotary press with
cylindrical or flat die, stamping with brass or silicone
rubber dies), the properties required of the stamping
(scratch and abrasion resistance, chemical resistance,
weathering resistance) and of course the shade
required, including surface finish (glossy, matt). This
great variety of choice makes it impossible to give
general recommendations on suitable foils and stamp-
ing conditions. For example, the required tempera-
ture of the stamping die can vary between 100 and
200°C, depending on the type of foil. Stamping
equipment must have accurate control systems for
pressure, temperature and die dwell. A uniform con-
tact pressure is particularly important. Exact setting
of the stamping die is not in itself sufficient. Care
must also be taken to ensure that the moulding is
firmly and evenly supported. Soft supports such as
rubber are unsuitable. High contact pressure, short
dwell times and high temperature are the preferred
processing conditions. Flat surfaces are of course
easier to stamp than domed surfaces, solid parts easier
than hollow. In certain cases, preliminary trials may
be required.
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Table 3: Laser marking of Hostaform C

Ticona

Colour Marking
Nd:YAG laser Excimer laser
1064 mm 351 nm

Hostaform 10/9005 black white

80/9006 dark blue white

60/9007 dark brown white

70/9008 green pale green

80/9009 blue pale blue

30/9010 gray white

40/9011 crimson pink

80/9012 violet pale violet
Hostaform 20/9001 white black

20/9002 ivory black

40/9003 red white

50/9004 yellow gray
Hostaform 10/9101 blue

10/9102 green

1o/9103  Pearblack yellow

10/9104 red
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