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GLOSSARY

Term Definition

Adhesion Parameter describes the tendency of dissimilar particles or surfaces to cling to one
another (for example adhesion of coating to substrate)

Alternative Potential alternative to functional chrome plating using chromium trioxide
“Automotive” is used as a general term for commercial and passenger vehicles.

Automotive Commercial vehicles: trucks, buses, tractor, etc.
Passenger vehicles: cars, moto cycle, etc.

Bath Typical method for surface treatment of parts. May also be referred to as dipping or

immersion.

C35, C45, ST52-3

Steel grades used at ZF Friedrichshafen AG as substrates for piston rods.

A coating is a covering that is applied to the surface of an object, usually referred to

Coating as the substrate. The purpose of applying the coating may be decorative, functional,
or both.

Corrosion Means applied to the metal surface to prevent or interrupt oxidation of the metal part

protection leading to loss of material. The corrosion protection provides corrosion resistance to

the surface.

Electroplating

Electroplating is forming a metal coating on the part by an electrochemical method
in an electrolyte containing metal ions and the part is the cathode, an appropriate
anode is used and an electrical current is applied.

Etching

Process changing surface morphology as well as removing material. This is a pre-
treatment step of the process chain activating the surface before subsequent plating.

Functional chrome
plating

An industrial use, meaning the electrochemical treatment of surfaces (typically
metal) to deposit metallic chromium using a solution containing chromium trioxide
(amongst other chemicals), to enhance wear resistance, tribological properties,
corrosion resistance in combination with other important functional characteristics.
Process characteristics are closed loop processing, high speed, flexibility in size,
plating of inner surfaces, low process temperature, surface can be machined,
assemblability.

Functional chrome plating may include use of chromium trioxide in pre-treatment
and surface deposits unlimited in thickness but typically between 2 um and 5,000
pm.

Implementation

After having passed qualification and certification, the third step is to implement or
industrialize the qualified material or process in all relevant activities and operations
of production, maintenance and the supply chain.

Main treatment

The main treatment, functional chrome plating using chromium trioxide, occurs after
the pre-treatment and before the post treatment.

Metallic chrome
coating

Resulting coating layer of the functional chrome plating process.
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Plating

Electrolytic process that applies a coating of metal on a substrate.

Post-treatment

Post-treatment processes do not involve chromium trioxide and are performed after
the main functional chrome plating process.

Pre-treatment

Pre-treatment process using chromium trioxide to remove contaminants (e.g. oil,
grease, dust), oxides and scale. The pre-treatment process must also provide
chemically active surfaces for the subsequent treatment. (See also: Etching).

Process chain

A series of surface treatment process steps. The individual steps are not stand-alone
processes. The processes work together as a system, and care should be taken not to
assess without consideration of the other steps of the process. In assessing candidate
alternatives for chromium trioxide, the whole process chain has to be taken into
account.

Original Equipment Manufacturer’s (OEM) validation and verification that all

Qualification material, components, equipment or processes meet or exceed the specific
performance requirements.

Rail vehicle Rail vehicle is used as a general term for trains, trams, etc.

Tribological Tribological properties relate to friction, lubrication and wear on surfaces in relative

properties motion and are important for moving machine parts.

Wear resistance /
abrasion resistance

The ability of a coating to resist the gradual wear caused by abrasion and friction.
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declare that, to the best of our knowledge as of today (12.05.17) the information is not
publicly available, and in accordance with the due measures of protection that we have
implemented, a member of the public should not be able to obtain access to this information
without our consent or that of the third party whose commercial interests are at stake.

Signature;

Uwe Gelfringer .~

Director Car Chassis Technology

Date, Place:

ZF Friedrichshafen AG

> %@"”;42’ AR.0S. 2072
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SUMMARY

Introduction

The Analysis of Alternatives (AoA) and the Socio-Economic Analysis (SEA) form part of the
Application for Authorisation (AfA) for the usage of chromium trioxide in functional chrome plating
of piston rods for automotive and rail vehicle applications at ZF Friedrichshafen AG at the production
sites in Schweinfurt and Eitorf.

The piston rods manufactured by ZF are part of automotive and rail vehicle damper systems which
represent one of the most important components of vehicle chassis. “Automotive” is a general term and
is used for the combination of passenger vehicles (cars, moto cycles, etc.) and commercial vehicles
(trucks, buses, tractor, etc.). Consequently, the term “rail vehicle” is used for the combination of trains,

trams, etc. (see Figure 1).

Figure 1: Examples for the application fields of ZF’s piston rods

The unrestricted functionality of the damper unit is crucial as it is an important safety relevant
component. As the piston rod forms a central part of the damper unit, excellent mechanical wear and
corrosion resistance as well as sliding properties (low coefficient of friction) are mandatory. These
attributes are all achieved by functional chrome plating using chromium trioxide, a special process step
for depositing a layer of metallic chromium on the functional surface of the piston rods, consisting of
non-alloyed and low-alloyed steels. Piston rods coated with metallic chromium satisfy high
requirements such as high temperature loads, mechanical impact and repetitive wear due to the unique

tribological properties of the chromium layer.

Functional chrome plating can be divided in two sub-processes: pre-treatment and main process. The
pre-treatment is a surface activation step, necessary for the deposition of the chromium layer in the

main process (see Figure 2). Both sub-processes require the usage of chromium trioxide.

Use number: 1 Legal name of the applicant: ZF Friedrichshafen AG
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 removal of
pre- impurities main functional
treatment -« surface process chrome plating
activation

Figure 2: Simplified scheme of the different process steps that are involved in functional chrome plating using
chromium trioxide

The characteristics of chromium trioxide, a detailed description of the plating process and the key

functionalities of the plated piston rods are discussed in Chapter 2.

Functional chrome plating of piston rods

Functional chrome plating is a well-established and commonly used method among engineering
companies from different industry sectors. In particular suppliers of the automotive and rail vehicle
industry use this method to provide products with excellent properties such as component lifetime and
safety aspects. Functional chrome plating of piston rods using chromium trioxide offers unique
technical benefits in comparison to potential alternatives which include:

» excellent tribological properties:

e wear and abrasion resistance combined with hardness leading to longevity
mechanical strength
adequate layer thickness
corrosion resistance

machinability

YV V VYV V V

design features

The automotive and rail vehicle sectors and their dependence on chromium trioxide

ZF Friedrichshafen AG produces piston rods for automotive and rail vehicle damper systems in varying
sizes according to different fields of application.

e Eitorf: piston rods with diameters of 9 - 32 mm ||| Gz

e Schweinfurt: piston rods with diameters of 9 - 32 mm ||| GGz

ZF Friedrichshafen AG is a major player in the production of piston rods and covers around ] % of
the EEA-market for passenger car applications (JJfj % worldwide) and [} % of the EEA-market for

Use number: 1 Legal name of the applicant: ZF Friedrichshafen AG
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truck and rail applications (JJflj % worldwide). In general, the demand for high quality piston rods is

increasing worldwide and slightly increasing in Europe.

ZF Friedrichshafen AG and their position in this competitive market are highly dependent on the
continuous use of functional chrome plating using chromium trioxide as development, validation and
implementation of an alternative method is time-consuming and cost-intensive. A detailed description

of the complex development process is presented in Chapter 2.6.

With regard to both, the highly complex nature of supply chains (see Chapter 2.5.9) in the automotive
and rail vehicle industry and the different lifetime of vehicles, planning reliability is crucial. If
contractual obligations concerning part supply and/or quality are in danger because of a chromium

trioxide prohibition, customers will source their parts from non-EEA markets.

Identification of possible alternatives

In this AoA four alternative technologies for the substitution of functional chrome plating using
chromium trioxide are described in detail (see Chapter 3.4) and a full technical and semi-quantitative
economic assessment was conducted by ZF. However, none of these technologies were found to be
suitable to replace state-of-the-art functional chrome plating. In Table 1 an overview including color-

coded technical assessment criteria of these alternatives is presented.

Table 1: Most promising alternatives with color-coded technical assessment criteria

Alternative Method Technical key functionalities of piston rods
Wear Corrosion Coefficient Process Ad_d|t|_o nz?l
. - Hardness L - criterion:
resistance resistance of friction conditions .
Microstructure

Case Hardening

(Nitrocarburzation) not relevant

Physical Vapour
Deposition (PVD)

Chemical Vapour

not relevant

Trivalent Hard Chrome
Plating

Red = not sufficient; Yellow = cannot be determined; Green = sufficient; Colourless = no data;

Additionally, ZF Friedrichshafen AG was involved in the R&D of various alternative methods for

functional chrome plating using chromium trioxide. However, due to significant technical limitations,
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these alternative approaches have been discarded in an early stage of their individual development

process. The methods and related exclusion criteria are presented in Chapter 3.3.

In 2015, the company started to work on four additional and promising projects for the substitution of
chromium trioxide based functional chrome plating (see Chapter 3.5). However, as the R&D progress
on these methods is still in a very early stage, no data on technical and economic feasibility was

available until now.

Research and development timeline

The R&D process for Cr(VI)-free piston rods at ZF is separated in four phases presented in Figure 3
and sufficiently described in Chapter 2.6.

1 z s .

L]

1

1

1

1

1 Advanced Development of Process Installation
| Engineering Process Series Model Tnitesn ] 210 23]

: (with Supplier) (internal at ZF)

1

1

1 3 -4 years 3 -4 years 2 - 3 years 3 - 4 years
|

1

1

ZF today 11 - 15 years

Figure 3: R&D phases for Cr(V1)-free piston rods at ZF

Review period
ZF conducted extensive R&D on different alternatives for functional chrome plating using chromium

trioxide. However, these alternatives have been excluded due to significant technical limitations but the
company is constantly searching for new promising R&D projects concerning the substitution of
chromium trioxide. Due to the unique functionalities and performance of the chromium trioxide based
plating, it is a challenging and complex task to replace this special process used for the refinement of
automotive and rail vehicle piston rods. Until now, none of the technologies were able to compete with
the performance of functional chrome plating using chromium trioxide.

For the derivation of the review period needed to enable sustainable replacement of functional chrome
plating, the following factors were taken into account by the applicant (see Chapter 5.2 for a more

detailed description):

e The risk characterized for the continued use of chromium trioxide can be considered as low;
o The benefits of continued use outweigh the risks by a considerable ratio of at least 1:23 -
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e To date, no technical and economical feasible alternative is available on the market that can be
implemented by the sunset date.

e ZF was proactive in the R&D of potential alternatives for many years but did not succeed in
finding a suitable one and there is no indication that R&D and implementation success can be
expected before 2038.

e Even if an alternative was to become available, the phase out of Cr(\V1) used for over -
different parts (differences in type of connection, length, thickness, stability, etc.) at ZF is a
long process. This is supported by the fact that a phase out is directly dependent on the
acceptance by the OEMs.

¢ Design changes for running series are not possible, due to safety reasons.

e The dominance of Cr(VI) plated products over a long time, alongside the continued availability
of Cr(VI) plated imports if no authorisation is granted, suggests that any alternative must at
least match the performance and price characteristics of Cr(VI) plated products. Therefore,
return of investment can only be achieved if the implementation of a new technology is

considered technically and economically acceptable for the OEMSs under these aspects.

As a result, a review period of at least 21 years was selected because it coincides with best case

scenario estimated by ZF for the schedule required to industrialize an alternative for the substance
chromium trioxide and the corresponding processes (including pre-treatment) for refining piston
rods for ZF’s applications. In the calculation of the review period, contracts with ||| Gzl

I < < not taken into account.
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1 AIMS AND SCOPE OF THE ANALYSIS

1.1 Aims

The following substance is subject to this AcA and SEA:
Table 2: Substance of this AfA

# | Substance Intrinsic property(ies)* Latest application date? Sunset date®
Chromium trioxide, CrOs Carcinogenic
(category 1A)
1 | EC No: 215-607-8 21 March 2016 21 September 2017
Mutagenic
CAS No: 1333-82-0 (category 1B)

 Referred to in Article 57 of Regulation (EC) No. 1907/2006
2 Date referred to in Article 58(1)(c)(ii) of Regulation (EC) No. 1907/2006
3 Date referred to in Article 58(1)(c)(i) of Regulation (EC) No. 1907/2006

Chromium trioxide is categorized as a Substance of Very High Concern (SVHC) and is listed on Annex
XIV of Regulation (EC) No 1907/2006. Chromium trioxide is an inorganic salt based on hexavalent
chromium (Cr(V1)). Adverse effects are evaluated in detail in the chemical safety report (CSR). The
substance was included in the list of substances subject to authorisation (Annex XIV) in the course of
the third recommendation of ECHA for the inclusion of substances in Annex X1V from 20th December
2011. Furthermore, chromium trioxide is categorised as a non-threshold substance and therefore the

socio-economic analysis (SEA) route is foreseen under REACH.

The applicant ZF applies for authorisation to continue the use of chromium trioxide for functional
chrome plating of piston rods. Piston rods form integral parts of dampers for the automotive and rail
industry produced by the applicant. The Chemical Safety Report (CSR) prepared as part of this
application of authorisation (AfA) is referenced here to provide context for the SEA part of this

document.

The aim of this combined AoA + SEA is to demonstrate that no feasible alternatives to chromium

trioxide will be available before 2038 and that the socio-economic benefits associated with the

continued use of chromium trioxide by the applicant outweigh the remaining risks to human health

associated with prevalent use conditions.

1.2 Scope - uses of chromium trioxide

ZF performs chrome plating of piston rods in two facilities in Germany, Eitorf and Schweinfurt. The
piston rods that are plated in Eitorf and Schweinfurt are then also used in the manufacturing of dampers
at the facilities in Ahrweiler (Germany), Candiolo (Italy), Levice (Slovakia) and Lezama (Spain). It is
important to emphasise that chrome plating only takes place in Eitorf and Schweinfurt.

The assessment takes into account economic, social and health impacts linked to a non-granted

authorisation. Further impacts which cannot be quantified at this stage are described qualitatively.
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The scope of analysis concentrates geographically on the location of the two ZF production sites in
Eitorf and Schweinfurt which are involved with the functional chrome plating of piston rods. Thus, the

impact assessment covers these areas specifically as part of the European Economic Area (EEA).

For the purpose of this SEA, an assessment period of 21 years was defined. Because the sunset date for

chromium trioxide is in 2017, the period of time covered by the SEA runs from 2018 to 2038 (taking

2017 as a base year for calculations).

It is important to mention that ZF is covered under CTAC for the same use described in this application,

with a recommended review period of 7 years.

1.3 Purpose and benefits of chromium trioxide usage for surface treatment of piston
rods
ZF Friedrichshafen AG produces piston rods for automotive and rail vehicle damper systems in varying
sizes according to the field of application and the occurring loads within these applications. The
production takes place in two sites in Germany:
o Eitorf: production of piston rods for passenger cars with diameters between 9 - 32 mm
I
e Schweinfurt: production of p