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1.Properties of ZEDEX 100

table 1

Z
E

D
E

X
 1

00

ZEDEX 100 is a high-quality plastic alloy on a thermoplastic basis showing excellent tribological properties
in dry runs. ZEDEX 100 is so successfully employed in different application cases especially due to the fact
that the combination of it s excellent properties makes it an ́ allround material‘ (see chart page 4).
This material had been developped more than 25 years ago and is still state-of-the-art technology.
There is a very high knowledge about the technical properties and application possibilities, so that costly
tests are very often superfluous for a succesfull employment of the material.
In principle, three different compositions are available:

- ZEDEX 100 A for highest strength, high elasticity and low price
- ZEDEX 100 K for highest mechanical stress
- ZEDEX 100 MT for injection molding and higher heat resistance

Semi-finished products made from ZEDEX 100 are always supplied in the configuration ́ K‘.

Density

Modulus in tension

Tensile strength

Ultimate tensile strength

Yield stress

Elongation at break

Elongation at yield stress

Flexural modulus

Flexural strength

Elongation at flexural strain

Compressive yield stress

Stress at 1% deformation

Impact resistance Charpy

Notched impact test Charpy

Notched impact test IZOD

Ball indentation hardness H358/30

Ball indentation hardness H961/30

Rockwell hardness Skala M

Shore-A hardness

Shore-D hardness

Moisture absorption 24h in water at 20ºC.

Moisture absorption at saturation / 65% relative humidity

Melting point

Glass transition temperature

Coefficient of thermal expansion

Heat distortion temperature (1,8MPa)

Thermal conductivity

Specific heat capacity

Fire behavior (3,2mm) UL94

Oxygen index

Surface resistance

Dielectric strength

Non toxicity

53479

53457

53455

53455

53455

53455

53455

53454

53452

53452

53454

53444

53453

53453

53456

53456

53505

53505

53495

53495

53738

53752

53461

52612

53482

53481

BGA/FDA

1183

R527

R527

R527

R527

R527

R527

178

178

R179

R179

R180/1A

R868

R868

R62

R62

75

-

93

243

D 792

D638-1

D638-1

D638-1

D638-1

D638-1

D638-1

D790

D790

D695

-

-

D785

D570

D570

D696

D648

C177

C351

D2863

D257

D149

kg/dm3

MPa

MPa

MPa

MPa

%

%

MPa

%

MPa

MPa

J/m²

J/m²

J/m²

MPa

MPa

-

%

%

ºC.

K 10• -5

ºC.

W/(m K)•
kJ/(kg K)•

Ω
kV/cm

1.3

2200

50

46.7

50

330

3.6

2080

70

5.0

74

110

no breakage

16400

11000

92

110

97

74

0.35

0.75

255

8

69

0.22

1.4

94HB

21

1012

yes

1.35

2500

65

-

-

60

-

2000

85

-

82,5

-

no breakage

6000

4000

136

50

70

0.3

0.7

255

73

7

75

0.24

1.5

94HB

21

yes

1.75

5000

72.4

72.5

36

2400

85

77

no breakage

2000

800

153

220

0.2

0.5

255

5.5

95

0.28

1.8

94HB

21

1014

yes

DIN/VDE ISO/IEC ASTM UNIT ZX-100A ZX-100K ZX-100MT

2/96
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1.1.Comparison of sliding friction materials

Z
E

D
E

X
 1

00

0 1 2 3 4 5

ZEDEX 100 PA 6.6 POM Bronze

less high

Emergency running property

frictional characteristics of material

wear resistants

incorporate behavior

low temperature increase

stick slip behavior

impact strength

shock absorbent

viration strenght

vibration- damping

compressive strength

pv value (dry running ; v=30 m/min)

precision

geometry error adjustment

embedding possibility

dimensional stability by waterabsorption

water resistance

chemical resistance

resistance against mineral oil

low weight

design possibilities

adhesive properties

price level

dry running performance
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2. Delivery program: Sliding frictions

Sheets:

made from ZX-100K in standard dimensions to be
processed by the customer, see page 39

Cut blanks:

made from ZX-100K in any dimensions.
see enquiry form for cut blanks enclosed

Slideway coatings:

made from ZX-100K in standard dimensions.
The underside has been pre-treated for bonding.
Blanks:
see enquiry form for slideways coatings enclosed

Composite lathes made from ZX-100K and steel
according to customers drawing to be attached
by means of screwing:

- for quick replacement
- to achieve highest accuracy
- no re-machining necessary
- no bonding work necessary
- higher compressive stress
- for higher temperature ranges
- with groove structure and other special equipments

requested

Composite lathes made from ZX-100K and steel
according to customers drawing to be attached
by means of welding:

- for attachment by means of welding (inexpensive)
- no re-machining necessary to achieve highest

accuracy
- for higher temperature ranges
- for higher compressive strength
- no bonding work necessary
- with groove structure and other special equipments

requested, see page 42

Finished sliding frictions made from ZX-100K
according to customers drawing:

- for bonding connection or
- for screw joint possible as required.
- with groove structure
- or other special requests

R
an

ge



6

S
lid

in
g

fr
ic

tio
ns

C
o

m
p

o
si

te
g

ib
s

R
es

ea
rc

h
S

he
et

s
S

lid
ew

ay
s

co
at

in
gs

C
on

di
tio

ns
 o

f
sa

le
 &

 s
up

pl
y

Z
E

D
E

X
 1

00
R

an
ge

P
ric

e 
lis

t

Wolf Kunststoff-Gleitlager GmbH • Heisenbergstr. 63 - 65 • 50169 Kerpen-Türnich • Tel. 02237/9749-0 • Fax. 02237/9749-20

C
on

st
ru

ct
io

n

3. Test of new guide materials for molding machines

Due to its outstanding allround properties, ZEDEX 100K has been tested and proved by the “Institut für
Umformtechnik Hannover” (Institute of  Molding Technology, Hannover) within a test engaged by the
“Verband der deutschen Werkzeugmaschinenfabriken” (Association of German machine tool factories).
The test consists of two parts:

1. Test bed trials with heavy duty molding machines to select new guide materials (AIF 7477). – see
 reprint –

2. Test of selected new guide materials for molding machines on practical conditions (VDW 0520).

ZEDEX 100K achieved in every way positive results in part 1 as well as in part 2. ZEDEX 100K and ZEDEX
324 were the only two materials among all the other materials tested, which achieved the aim to be suited
for dry running operations. These dry running properties of ZEDEX 100K were actually so extremely good,
that ZEDEX 100K could be tested on non-lubricated continuous duty. Thereby ZEDEX 100K proved to be
excellently suited for dry running sliding frictions.

In order to put this knowledge to your disposal and to verify the effíciency of ZEDEX 100K, you will find a
reprint on the following pages (page 7-13), showing the test results of the first part. Whereas you will find
the summary of the test results of the second part “test of selected new guide materials for molding ma-
chines on practical conditions” in the complete version behind the reprint on the pages 14-16.

In case of special interest, we may also send you the complete test report.
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Test of new guide materials for
ram guides installed in

molding machines
by Eckhardt Doege and Heinz- Jörg Schmidt

Offprint taken from the technical journal “Blech-Rohre-Profile” (sheet metals-pipes-profiles)
38 (1991) 7/8 by Meisenbach GmbH, D-8600 Bamberg
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3.2.  Results of the practice test

Owing to the results of the test bed trials carried out, the thermoplastic material ZEDEX 100K and the
zirconium oxychloride ceramics Y-TZP have been selected for this employment, as they both showed very
low coefficients of friction an the test bed. The polymer offers special advantages due to its dry running
properties, whereas the ceramics due to its high strength and low wear.

The aim of this practice test was to verify the results of the test bed trials in one operation test, in order to
achieve finally a secure knowledge about the performance of the guideways subjected to impact stress when
moving reversed. The test of the plastic sliding frictions had been effected completely without any addition of
lubricants; the sliding rails had merely been lubricated once on installation.

3.2.1. Summary:

The test bed trials carried out to test the suitability of new or completely new types of anti-friction materials
for sliding frictions installed in molding machines have lead to very different results. Whereas one part of the
anti-friction materials fulfilled the test program which was subjected to extreme stress completey un-
damaged, other materials showed insufficient frictional properties already after short time, which partly had
serious consequences for the sliding combination. The results can be summarized as follows:

The tests carried out to show the frictional behaviour with different edge pressures yielded to the same
behaviour for all sliding rails tested on the test bed. All the anti-friction materials tested showed a reduction
of the coefficient of friction with increasing stress. Hereby the determined coefficient of friction has been
reduced to 40-75 % of the initial value. In some cases this effect has been reversed in higher stress ranges
(> 90 kN), which created stress-related minimums of coefficients of friction.

3.2.2. Coating materials:

The employment of the tested coating anti-friction materials lead to different results. The relatively expensive
coating of diamond-like carbon in connection with an uncured test piece support made from ST-50 has to be
considered unsuitable for the extreme stress exposed to ram guides. Both tested experimental slide lathes
had been destructed already after short stress phases of low forces. This is due to the low coating thickness
of the hard wear resista                                                                                          nt coating of 2-3 um in
combination with the lacking basic hardness of the support material. This is indicated by the more reason-
able results achieved with slide lathes of tungsten carbide which has been produced by means of a complex
coating process. Their wear resistant coating thickness of about 0.06 mm was consequently higher about
the factor 20 than that of the carbon coating. The average coefficient of friction of all single tests was µ =
0.026.
During the simulation of an interruption in lubricant supply the material showed an even frictional behaviour
over a longer period of time (7000 strokes), whereas it turned out to be  not suited for non-lubricated long-
term operations subjected to high stress as showed the failure of a slide lathe after 8000 strokes. Owing to
the effected test bed trials we have to refrain from the use of the tested coating of diamond-like carbon on
ST-50 for heavy duty guide functions. Whereas the coating of tungsten carbide showed good emergency
running properties and wear characteristics, they can, however, not been guaranteed to be suitable for long-
term operations subjected to high stress and high numbers of strokes.

3.2.3. Plastic non-stick coatings:

The plastic slide lathes made from ZEDEX 100K and ZEDEX 324 which have been tested turned out to be
very economical and unproblematic regarding their frictional properties. The results of the long-term tests
with these coatings of a material thickness of  4 mm and 8 mm can altogether be judged very positively. The
frictional forces measured on lubricant employment have been very low, the average coefficient of friction has
been µ = 0.004.

Both plastic variants allowed a non-lubricated long-term operation showing an average coefficient of friction of
µ = 0.052. At the beginning of t                                                                                he long-term tests
both variants showed a distinct feed opening behaviour with a smoothing of the surface roughnesses.
Whereas the attachment of the plastic non-stick coatings turned out to be problematic. During non-lubri-
cated test bed trials the non-stick coatings detached from the test piece supports, which, however, did not
lead to a total breakdown.

Within the framework of the practice test ZX-100 had been employed as anti-friction material on non-lubri-
cated operation at the ram of a vehicle body press showing a nominal power of 8000 kN and so the guide
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clearance, the temperature behaviour as well as the guide stress had been controled relating to measurement
over a period of more than one year.

The guide clearances determined after a production output of more than 750000 parts reveal a low wear of 0.2
mm. Especially noticeable is the relatively big clearance of sliding friction III of up to 0.5 mm at the endings of
the lathes. However, an inspection of the accuracy showed an uncritical behaviour also at the end of the test,
so that a readjustment of the sliding friction was not required. Also on non-lubricated operation the guide bars
did not show any excessive heating-up. The measurement of the guide forces revealed the strongest guide
stress at the lower dead spot of the ram, which is caused through a frame constriction.
The surface pressures of  maximum 1.5 N/mm² which are occuring here are very low. The equipping of
vehicle body presses with plastic sliding frictions is therefore a low-cost alternative to the previously used anti-
friction materials, especially for lubricant-free operations.

Apart from the practice test effected here, plastic sliding frictions have been inserted into about 10 further
presses at a car manufacturers. The fact, that the circulating oil lubrication can be switched off, is to be
considered especially advantageous. The non-sticking coatings are lubricated once on installation; during
usual maintenance the grease layers become changed about every 3 years and the boreholes inside the slid-
ing frictions function as oil absorptive spots. The experiences made with plastic sliding frictions are
positive without exception, however, the stress should not exceed certain orders. For example, there are no
problems in inserting them inside 4-point-presses, whereas when inserting them inside 2-point presses the
durability cannot be guaranteed because of the higher partial stress.
Furthermore, plastic sliding frictions are not suitable for the insert inside die cushions; due to unsteady stress
the results have not been very satisfactory.

3.2.4. Ceramic anti-friction materials:

Despite the materials characteristic brittleness also the inspections of ceramic anti-friction materials
proceeded very positively without exception. The long-term tests effected after lubrication with the materials
Alsint 98.5 and Y-TZP revealed very low coefficients of friction (u = 0.007 or u = 0.004) and proceeded without
damages. Whereas the long-term suitability test of a guide bar provided with a ceramic segment made from
MgO-PSZ, which could not fulfill the high requirements and became destructed, had to be stopped
earlier. However, the ceramic materials revealed to be unsuited for non-lubricated operations.
Besides the very low coefficients of friction ceramic materials show further positive properties regarding their
rate of wear, the high rigidity and the guide clearance, which could be kept small with 0.1 mm during anti-
friction tests.
An experiment with an exclusively ceramic anti-friction combination together with a counter-slideways
material made from Y-TZP-ceramic alternatively to the counter-slideways made from steel, revealed to be
unsuited for operations exposed to high impact stress.

The test bed trial of the ceramic material zirconium oxide Y-TZP has been effected on the sliding friction of a
1600 kN-C-frame press. This experiment could not do without the use of lubricants. After six weeks of opera-
tion the tests had to be stopped because of little fragments which detached from the ceramic segment. The
analysis of the damage revealed, that only a small specific part of the sliding friction was involved in the load
discharge creating local stress which could permanently not be managed by the ceramics.

However, the bad adjustability of the dovetail guide proved to be disadvantageous in this connection, so that
the parallelism of the guide surfaces could not completely be achieved. The determinations of the guide clear-
ances already indicated this insufficiency regarding the end zones of the sliding frictions.
Also the temperature behaviour of the material with maximum temperatures of up to 40°C has been more
conspicuous than that of the plastic sliding frictions. The molding pressures achieved values of 600 kN up to
1300 kN for the tools employed partly showing considerable eccentricities of stress. This also created a
higher surface pressure of maximum 13 N/mm². The inspections effected have shown, that a ceramic
substitute for existing sliding frictions require high effort as well as attention to a great extent concerning the
design of the sliding surfaces and the installation of ceramics.

According to the information by the “Fraunhofer Institut für keramische Technologien und Sinterwerkstoffe in
Dresden” (Fraunhofer Institute of ceramic technologies and sinter materials at Dresden) and the current devel-
opments in technology  the bearable stress limit of ceramics is about 1000 MPa.
This value is also achieved by the material Y-TZP which had been employed for the practice tests.
The development of efficient ceramic materials is intensively driven forward, especially for non-oxide ceramics
with bearable stress of about 1500 MPa and high strength.
A development period of 2 to 5 years is predicted.
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4. Construction instructions

4.1.2. Behaviour when exposed to edge pressure (tipping the ram in case of off-center stress)

Sliding frictions made from ZEDEX 100K are nearly indifferent to edge pressure. This is due to the particu-
larly high strength and the microelastic surface. Locally excessive edge pressure leads to an elastic defor-
mation of the sliding friction made from ZEDEX 100K on this position and increases therefore the bearing
content of the contact surface, so that the specific surface pressure is reduced. When using hard plastics
or metal sliding frictions, edge pressure leads in any case to high wear after short operation time, due to the
fact that these materials become locally overloaded because of too low elasticity. When using lubricated
sliding frictions the lubricating film especially fails in the edge area, particularly when the ram is working in
the lower dead spot area, for this point is exposed to high surface pressure and low sliding speed due to
movement reversion. In such cases, only materials with good emergency running properties can avoid the
early breakdown of the sliding friction.

4.1. Static stability (sliding speed = 0, surface pressure is a function of time):

4.1.1.Short-term static stability

With increasing exposure time of the surface pressure the load-bearing capacity of ZEDEX 100K diminishes.
At very short exposure times surface pressures of more than 100 N/mm² can be permitted.
The permissible compressive strength of ZEDEX 100K at 20°C in case of fatigue stress is shown in ill.1 in
function of the pressure  contact time (the period of maximum surface pressure). The plastic and elastic de-
formations caused by the stress are examplarily shown in ill.2 with regard to a pressure contact time of 60s
in dependance to the material thickness and the stress.

Ill. 1: permissible surface pressure of ZEDEX 100K in function of pressure contact time
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Ill. 2: elastic and plastic deformations of ZEDEX 100K exposed to stress (60s) of different material thicknesses
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Long-term static stability

4.1.3. Long-term static stability (sliding speed = 0, constant surface pressure)

All thermoplastic polymers tend to creep or to cold flow when exposed to long-term stress. The deformations
of ZEDEX 100K (elastic and plastic) caused through long-term static constant stress can be taken from the
illustrations 3 to 5. The permissible long-term applications of stress are only limited by the permissible
deformations of the construction.
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Ill. 3:
stress-strain curves of ZEDEX 100K
at 10°C
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Ill. 5:
stress-strain curves of ZEDEX 100K
at 60°C
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Ill. 4:
stress-strain curves of ZEDEX 100K
at 40°C

Stress-strain curves of ZEDEX 100K in function (stress duration):
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Dynamic stability of ZEDEX 100

equation 1

4.2. Dynamic stability of  ZEDEX 100

The dynamic stability of ZEDEX 100K (simultaneous occurrence of surface pressure and relative movement
on the sliding friction) is only limited by the temperature developing on the sliding friction due to frictional
heat. Frictional heat emerges from the transition of kinetic and deformation energy into thermal energy.
The pv-value is a measure of the developing thermal energy. This enables an estimation of the maximum
stress on the sliding frictions, provided that the guide temperature does not exceed 60°C. Assuming that the
local heat, which is streaming in, symmetrically spreads over the entire coated guideway, we use an average
pv-value for the determination of the stability of sliding frictions, which can be calculated as follows:

see equation 1
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Ill. 6:
permissible pv-values for dry-running operations

4.3. Friction and lubrication

4.3.1.Dry run

Due to its favourable frictional properties ZEDEX 100K can normally be used for operations without lubrica-
tion that are dry-running operations.
The operation with dry-running non-stick coatings made from ZEDEX 100K is characteristic of a steady
silent frictional behaviour with a low coefficient of friction. The coefficients of friction shown in illustration 7
have been determined on conditions of use as they are with molding machines (v = 20 m/min and pressure
contact time = 0.25s). These coefficients of friction which have been determined “in practice” cannot be
compared to those determined in laboratory tests (ill. 9-10). These figures are only shown here in order to
emphasize tendences in case of changing the temperature or the intermedium.

The pressure contact time is the time which must bear the maximum surface pressure on the sliding fric-
tion. In general, the main stress on sliding frictions occur with molding machines when lowering the guide
bar or when cutting and lowering the distances. The highest stress by far occurs when lowering the dis-
tances (lower dead spot), so that applications of stress which are resulting from the lowering of the guide
bar and the cutting can be neglected.

In case the average pv-value of the application lies below the curve of the permissible pv-value (ill. 6) accord-
ing to equation 1, we can principally assume that the guide temperature does not exceed 55°C and that the
sliding friction is sufficiently dimensioned. However, this rough convergence should in no case replace test
bed or field trials.

In order to determine the maximum permissible pv-value we assume a constant ambient temperature of
20°C, a pressure contact time of 0.2s per stroke as well as a sufficient guide clearance.  In case the above-
mentioned parameters change, the permissible pv-value must be corrected accordingly.

pmax•t •LB FÜ

7,8•tHUB
2

pvm=

tB = pressure contact time (s)
tHub = time required for 1 stroke (s)
pvm = (N/mm • m/min)a e pv-valueverag 2

v = sliding speed (m/min)
LFÜ = coated guideway (mm)
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Ill. 7:
Sliding friction of ZEDEX 100K without lubrication with
v = 18 m/min
counter-rotating surface: 90MnCrV8
roughness height: 4µm R
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Friction and lubrication / dry run of ZEDEX 100

Ill.8:
Coefficient of friction of
 ZEDEX 100K   without
lubrication in function
(surface pressure,
  temperature)

Ill.9:
Coefficient of friction of
ZEDEX 100K  with oil
lubrication in function
(surface pressure,
  temperature)

Ill.10:
Coefficient of friction of
ZEDEX 100K  with water
lubrication  in function
(surface pressure,
  temperature)
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4.3.2.Lubrication

A lubrication of sliding frictions made from ZEDEX 100K is principally not required.
However, a lubrication can improve the efficiency of the sliding friction without any negative influence.
Moreover, an initial lubrication can improve the feed behaviour of the sliding friction.
Mainly the following properties can be changed or improved by means of lubrication:
- improvement of the anti-friction properties (friction, wear rate, frictional heat)
- reinforcement of damping
- cooling of the sliding friction by means of lubricants
- corrosion protection of the metal parts
- sealing of the bearing seat
Whether these improvements are necessary should be checked for every case of application. For most
applications with molding machines a lubrication has not been necessary, most cases of application even
required an omission of oil lubrication.
Owing to the fact that ZEDEX 100 is resistant to the usual coolants and oils, it can unhesitatingly be
lubricated with water or all usual mineral oils, if required.
However, before lubrication you should in any case know about the interactions between the lubricants and
the component parts involved.

4.3.3. Design of lubricating grooves

As ZEDEX 100 is machinable without any problems, the use of all forms of lubricating grooves and
geometries is possible. Tests revealed that the simple groove shown in illustration 11 which runs transversaly
to the direction of movement is suited best. Whereas other designs of lubricating grooves such as e.g. X-
grooves, Z-grooves or ring-shaped grooves turned out to be more disadvantageous without exception.
A cover-single-lip cutter geometry (ill. 12) proved to be the most favourable groove geometry, as with an
increasing number of lubricating grooves the maximum sliding friction moves into the upper speed range.

Ill.11 Ill.12

4.3.4. Damping

ZEDEX 100 shows a high mechanical damping which can even be more increased by means of oil lubrica-
tion. The damping constant tan & in function of the frequency is shown in illustration 15. The loss factor of
ZEDEX 100 is independent on the material thickness to the greatest possible extent, however, when operat-
ing in high frequency ranges we recommend to choose a bigger material thickness. The loss factor in func-
tion of the pre-stressed non-stick coating is shown in illustrations 13-14. These figures have been deter-
mined by means of a servohydraulic test apparatus at a standard temperature of 23°C. When operating at
higher temperatures, greater figures regarding the damping constant must be taken into account.
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Friction and lubrication / dry run of ZEDEX 100
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Damping / Design of lubricating grooves
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Ill.13:
Loss factor of ZEDEX 100K
without lubrication in function
(pre-stress, frequency)

Ill.5:
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Ill.14:
Loss factor of ZEDEX 100K
with oil lubrication in function
(pre-stress, frequency)
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Wear and shrinking properties of ZEDEX 100

4.4. Wear and shrinking behaviour

ZEDEX 100 distinguishes itself by its favourable frictional properties.
Starting with high roughness and high coefficients of friction on installation, the surface of the sliding friction
made from ZEDEX 100 as well as that made from steel become smoother. This smoothing process initially
requires a higher material abrasion from the plastic surface.
With an increasing tyre tread the smoothing approaches an optimum, so that the coefficient of friction as
well as the wear rate are steadily reduced until they have reached this optimum. The change of the center
roughness value created by this is shown above the number of on-load strokes in illustration 17. This also
reflects the shrinking behaviour of guide bars made from ZEDEX 100. Please notice that the coefficient of
static friction increases with an growing tyre tread due to the increase of the bearing share. In connection
with adhesion this may lead to stick-slip in case of oil-lubricated sliding frictions. The comparison of wear
rates shown in illustration 16 reveals that ZEDEX 100 compared to other thermoplastic anti-friction materials
shows considerably more favourable wear properties on dry-running operations.

4.4.1. Lubricated sliding frictions

Lubricated sliding frictions should not show any considerable wear when operating on hydrodynamic condi-
tions. However, in practice there never exists any hydrodynamic lubricating film during the entire operating
period. Therefore we recommend to employ our material ZEDEX 100 also for lubricated sliding frictions, in
order to surely avoid a total breakdown of the sliding friction in case of failure of the lubricating film due to
edge pressure or too low sliding speed in the starting-up phase.

p= 3.5N/mm²

v= 10.3 m/min
counter-rotating material:
X5CrNi18
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Ill.16:
Wear curve of ZX 100K,  PA6.6. with oil
and POM on dry run

Ill.17:
Surface constant Ra of  ZEDEX 100K
without lubrication in function (number
of on-load strokes) 90MnCrV8, 55HRC
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Sliding partner / Accuracy and guide clearance

4.4.2. Sliding partner

The surface quality and the material of the sliding partner influence the wear properties of sliding frictions
made from ZEDEX 100 as a matter of priority.
Predominantly steel and poured iron are used as sliding partners.
For high-quality sliding frictions we recommend to employ cured and ground sliding frictions of a hardness of
60 HRc and a roughness of Rt = 2 to 3 um; this enables an extremely long life of sliding frictions made from
ZEDEX 100 as well as an avoidance of damage to the sliding partner in extremes.
When operating with sliding frictions of low demands you may perfectly use a sliding partner made from
poured iron of a hardness of 240 HB. However, a loss to life-span must be taken into account here.

4.5. Accuracy and guiding clearance

The guide clearance may be reduced to below zero (pre-stress) when operating with low pv-values. Whereas
when operating with higher sliding speeds and high pv-values a sufficient guide clearance should be provided
in order to avoid an excessive heating-up.
A guide clearance which is too narrow in connection with extreme stress may cause melt wear to the plastic
coating; this melt wear, however, does not damage the metallic counter-rotating partner in any case, so that
the sliding friction may be completely operational again after replacement of the plastic sliding friction and
adjustment of the adequate guide clearance.

4.5.1. Dimensional stability

The dimensional stability of sliding frictions made from plastics is influenced by the following factors.

4.5.1.1. Moisture absorption
ZEDEX 100 only absorbs few quantities of moisture out of air or water, so that a change of humidity inside
the material structure does not cause any considerable dimensional changes.

4.5.1.2. Resistance to coolants
ZEDEX 100 is absolutely resistant to coolants, even to biodegradable coolants, so that the influence of cool-
ants does not cause any dimensional changes.

4.5.1.3. Resistance to oil
ZEDEX 100 is absolutely resistant to lubricating and cutting oils, so that no dimensional changes are
created.

In case of bonded sliding frictions the glueline must be protected against entering
liquids according to our bonding instructions.
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Behaviour when exposed to environmental influences

4.6. Behaviour when exposed to environmental influences

4.6.1.Exposure to heat

The exposure to surrounding heat or developing frictional heat causes the change of different material proper-
ties which are important for sliding frictions and must therefore taken into consideration regarding the con-
struction:

With increasing temperature ZEDEX 100 reduces its strength (see elastic modulus in function of tempera-
ture shown in illustration 18), it changes its volume (the coefficient of expansion is six times as big as that of
steel) as well as the coefficients of friction.
The limiting value of the guide temperature is 60°C. Up to this temperature the changes can be neglected in
almost every case of application.
In case of temperatures exceeding 60°C on the sliding surface, we ask you to obtain our advice.
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4.6.2. Exposureto temperature fluctuations

For applications exposed to high temperature fluctuations the sliding friction should be provided with expan-
sion joints or with our special composite gibs.
In any case, however, the kind of attachment should be suited for the temperature range.

4.6.3. Exposure to dirt

Sliding frictions made from ZEDEX 100 have very good embedding properties, so that entering particles are
embedded into the elastic sliding friction made from ZEDEX 100 and therefore do not cause any damage to
the surface of the sliding partner.

Ill.18:
Shear and elastic modulus
of ZEDEX 100K in function
(temperature in ° C)
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4.6.5. Exposure to hot water

In case of exposure to hot water, ZEDEX 100 reduces its strength just like all other polymers. The residual
tensile strength is shown in illustration 20.

4.6.4. Exposure to ultra-violet radiation
ZEDEX 100 shows a good resistance to ultra-violet radiation (see ill. 19) compared to other polymers.
However, the material changes due to ultra-violet radiation should not be neglected in certain cases.
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Ill.19:
Tensile strength of  ZEDEX 100K, PE and
 PP in function (time of exposure to xenone
 radiation according to DIN 53387)

Ill.20:
Tensile strength of ZEDEX 100K und PET
in function  (time of exposure to water at 80° C)
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Behaviour when exposed to environmental influences
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While using the following table please note that the corrosion rate is affected by many factors like e.g.
concentration, temperature and the existence of impurity.
In general this textbook shall be used to classify materials with regard to their chemical resistance
(including the usual impurities of the chemicals).
The classifications should be comprehended as a first approach for your requirements.

soluble, material dissolves or decomposes

resistant, no attack, no or only a very low change in weight (<1%).
Change in mechanical properties less than 10%.

sparingly resistant, after a certain time the mechanical properties are considerably falling off (10%-50%).
Change in weight 1% up to 5%. In many cases a short contact with the chemical may be permissible.

not resistant, change in weight >5% and/or reduction of the mechanical properties more than 50%.

Behaviour when exposed to chemicals

4.6.6. Exposure to chemicals

The chemical resistance should not be mixed up with the stress cracking sensitivity.
The stress cracking sensitivity means the accelerated fracture or crack formation, which is created due to
exposure of mechanically stressed parts to certain chemicals.
Just mechanical stress or just influencing chemicals do not cause such damages or only after a much longer
period of time. Stress cracking sensitivity mainly occurs with amourphous polymers.

Component parts made from ZX-100 are almost indifferent to this phenomenon, whereas amorphous products
showed this symptom only in contact with benzine, propylene chloride and some alcohols, esters and
ketones.
In general, ZX-100 is very well resistant to aromatic and aliphatic hydrocarbons, oils and greases. It is not af-
fected by diluted acids, non-alkaline salt solutions and perhalogenated hydrocarbons. Some polyhydric
alcohols, esters and partly halogenated hydrocarbons cause a low swelling. The softening resulting from this
does not create any remaining disadvantages.

Oxidising mineral acids affect ZX-100. Moreover, ZX-100 is soluble in concentrated alkaline solutions, phenols,
cresols and similar chemicals. Water at room temperature does neither have any chemical nor physical influ-
ence. The material almost does not absorb any water (maximum 0.3 %). The water absorbed does not act as
plasticiser. ZX-100 is not resistant to hot water as it is not resistant to hydrolysis and gradually decomposes
just like other polycondensation products.

It decomposes very quickly in steam. The figures shown in the table revealed in the course of a chemical re-
sistance test, where non-stressed test pieces (ISO-1 bars) had been stored in different chemicals for two
months.
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Chemical Total formula Synonym Concentration       Temperature  °C
% 20 40 60 80 100

1,2-dichloroethane {C2H4CI2} 100

1,4-dioxane {C4H8O2} 100

1-butanol {C4H10O} butyl alcohol 100

acetic acid {C2H4O2} 100

10

acetone {C3H6O} 100

ammonium hydroxide {NH5O} 100

10

aniline {C6H7N} aminobenzene 100

benzene {C6H6} 100

brake fluids (DIN 53521) 100

bromine {Br2} 100

butane {C4H10} 100

butyl acetate {C6H12O2} 100

calcium chloride {CaCl2} 10

calcium hypochlorite {CaCl2O2} 100

carbon disulfide {CS2} 100

carbon tetrachloride {CCl4} tetrachloromethane 100

chloroform {CHCI3} tricloromethane 100

chromic acid {H2CrO4} 40

citric acid {C6H8O7} 10

cottonseed oil 100

cresol {C7H8O} 100

detergents, synthetic 20

dibuthyl phthalate {C16H22O4} 100

Diesel oil 100

diethyl ether {C4H10O} ether,ethyl ether 100

ethanol {C2H6O} alcohol, ethyl alcohol 100

ethyl acetate {C4H8O2} 100

ethylene glycol {C2H6O2} glycol 100

formic acid {CH2O2} methane acid 95

5

Freon 11 {CFCl3} 100

glycerol {C3H8O3} 100

heptane {C7H16} 100

hexane {C6H14} 100

hydrochloric acid {HCl} 30

10

hydrofluoric acid {HF} 50

5

hydrogen peroxide {H2O2} hydrogen superoxide 30

isopropyl alcohol {C3H8O} 2-propanol 100

Javelle water  eau de Javelle 10

lubricating grease 100

methanol {CH4O} methyl alcohole 100

methyl ethyl ketone {C4H8O} 2-butanone 100

methylene chloride {CH2Cl2} 100

mineral oils 100

nitric acid {HNO3} 40

10

oleic acid {C18H34O2} 100

olive oil 100

petrol 100

petroleum 100

Behaviour when exposed to chemicals
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Chemical Total formula Synonym Concentration       Temperature  °C
% 20 40 60 80 100

phenol {C6H6O} 100

phosphoric acid {H3PO4} 70

potassium chloride {KCl} 10

potassium dichromate {K2Cr2O7} 100

potassium hydroxide {KOH} 50

10

1

potassium permanganate {KMnO4} 10

silicon oil 100

soap solution 1

sodium acetate {C2H3NaO2} 10

sodium carbonate {Na2CO3} soda ash 20

sodium chloride {NaCl} common salt 10

sodium disulfite {Na2S2O5} 10

sodium hydrogensulfate {NaHSO4} 10

sodium hydroxide {NaOH} caustic soda 50

10

1

sodium hypochlorite {NaOCl} 10

sulfuric acid {H2SO4} 95

30

5

tetrachloroethylene {C2CI4} tetrachloroethene,perchloroethylene 100

tetrahydrofurane {C4H8O} oxolane 100

toluene {C7H8} 100

transformer oils 100

trichloroethylene {C2HCI3} trichloroethene 100

turpentine 100

turpentine substitutes 100

vaseline {C22H46 / C23H48} 100

vegetable oils 100

vinegar 100

10

water {H2O} 100

xylene {C8H10} dimethylbenzene 100

Behaviour when exposed to chemicals
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Table 2
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4.7. Physiological compatibility of ZEDEX 100 A / K / MT
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Thanks to in-depth test we are able to confirm, that products, which had been made from ZX 100 on normal
processing conditions, meet the requirements in regard to the composition and the content of extractable
components, such as contained in:

-  the recommendations by the„Bundesgesundheitsamt“ (BGA) of the GDR, (recommendation XVII), (as at
01.08.1982, without restriction, including baking, roasting and grilling, amendmenst until 15.04.1951.

 -  the EEC - suitability in regard to food for the EC-countries 90/128, 89/109, 85/572,572,82/711 and the
regulation III/3141/89-EN (Rev.5) dated 01.08.1991.

 -  the decree dated 10.01.1979 with amendments until 29.08.1991 for the execution of article 2 and 5 of the
Dutch resolution „Verpakkingen- und Lebensmittelbeschluß“ (law of goods) , section A, chapter 1, paragraph
13.
For applications exceeding 100°C, including baking, roasting and grilling.

 - the Belgian legislation (royal edict dated 25.08.1976 with amendments until 06.11.1987).
For applications up to 100°C, including baking,roasting and grilling without restriction.

 - the specifications by the french „Service de la Repression des Fraudes et Controle de la Qualite“
(SRFCQ), Jounaux Officiels brochure no. 1227 dated 01.04.1990 of France, amendments until 11.04.1990.
For applications exceeding 100°C, including baking, roasting and grilling without restriction (apart from the
general guideline, that the employment of plastic films is not permitted for baking and roasting in a stove).

 - the Italian legislation , Decreto Ministeriale dated 21.03.1973 with amendments until 18.01.1991.
For applications briefly exceeding 100°C, including baking, roasting and grilling (sterilisation).

 -  the regulations by the „Food and Drug Administration“ (FDA) of the U.SA., paragraph 21. section
170-199, dated 01.04.1991, including baking, roasting and grilling without restrictions.
(Please pay attention to the general exception regarding beverages of an alcohol content exceeding  50
percent by volume).




