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FFlin short

FFI is a partnership between the Swedish government and automotive industry for joint funding of research,
innovation and development concentrating on Climate & Environment and Safety. FFI has R&D activities
worth approx. €100 million per year, of which half is governmental funding. The background to the
investment is that development within road transportation and Swedish automotive industry has big impact
for growth. FFI will contribute to the following main goals: Reducing the environmental impact of transport,
reducing the number killed and injured in traffic and Strengthening international competitiveness. Currently
there are five collaboration programs: Vehicle Development, Transport Efficiency, Vehicle and Traffic
Safety, Energy & Environment and Sustainable Production Technology.

For more information: www.vinnova.se/ffi
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1. Executive summary

The overall objective of this project was to beeatol substitute zinc phosphating as
pretreatment system with new pretreatment systel®T{NThe main reason being that:

» Zinc phosphating (ZnPh) is expensive to run duthécsensitivity to different alloys
that require extensive supervision of a great nurabparameters and steps.

» ZnPh generates a large amount of waste, due tgesliadmation, particularly from
aluminium surfaces and wastewater treatment oénveter contaminated with
process chemicals.

e The amount of aluminium is foreseen to increasaiwithe next years due to the
demands for lightweight cars and trucks.

The aim was to attain results, which would maksogsible to shift to a new pre-
treatment process at the OEMs within 5 years atldedfirst subcontractor within the
time limit of this project.

It has been a horizontal project with Volvo Tectugyl as the project leader. New surface
treatment plants were planned to be built withmlext years both at companies within
the Volvo group and at subcontractors. The otheusirial partners were Scania CV,
Volvo Cars, SAAB Automobile and subcontractors. deaic partners were Swerea IVF
and Swerea KIMAB.

The main objective was to establish within 5 years a reliable alternative to the present
Zn/Mn-phosphating and ED-coating used by vehicle producers and major sub-suppliers.
The purpose was to develop a new pre-treatmergrsy@tiPT) that:

* Is robust and allows coating of assembled parta §everal materials.

* Gives the same quality versus corrosion and adhésithe following coating system
as to the system used today, with greater flexybitir multi material

* Means less disturbance, disposal products and yoes].

The project started with a collection of data frewaluations or NPT performed by the
project participants, as well as collection of riegunents to be fulfilled by NPT systems.
The standards defined by the OEMs were used agjtiagtd for this work. As the
standards are based on various analytical techsiguaccelerated tests, it was necessary
to find new analyses or verify the reliability ofisting analyses/tests in order to obtain
reliable data of NPT compared to ZnPh. The maiaredf the project work has therefore
been to analyse and test NPT systems.

The overall conclusion isthat the new pretreatment systems give promising results on
aluminium and galvanized steel but do not have a corrosion performance that reaches the
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same level as zinc phosphate on stedl at least not on cold rolled ste&here are still some
doubts concer ning the long term performance of NPT that has to be eval uated.

Some other important results generated during thiegt are listed below:

* The processes for NPT are rather stable and hales processing windows

* NPT systems can be generally introduced at subadntis and OEM'’s without large
investments. This was shown by trials at one ofQ&k#Ms during the project.

* Introduction of NPT means large savings of energy \aater.

* ACT as an accelerated evaluation method shows gowdlation to field test after 2
years of exposure. FTIR studies reveal the sanmedfporrosion products after
accelerated and field test and similar corrosioshaaisms are suggested.

* Some characterization methods for NPT have bednatea. Coating weight
measurements by X-ray fluorescence (XRF) and nstrectural studies by FEG-
SEM give reliable significant results concerning fuality of the coating. These
instruments are possible to use close to produ¢tibleast for OEMSs).

* TEM studies give in-depth knowledge about the théds and composition of the
coatings.

2.Background

Today vehicles are assembled from many types ofnadg like steel, zinc, aluminium
and magnesium and the strive for more light weagins has contributed to an increase of
for example aluminium. Also high strength steghisise and stainless steel is on its way.
There is a general focus on environmental improvesi@ the production of vehicles

and it is therefore necessary to consider the setfi@atment process as this includes the
use of a lot of encironmentally hazardous chemijgatsduction of waste as well as a

high consumption of energy and water.

The New Pretreatment Systems that have been conatheevailable for the last 5 years
hold the promise of a considerable reduction ofube of chemicals, energy as well as a
reduction in the amount of waste that is createmléVer, the performance of the
corrosion protection has been very varying andethers been a lack of verification of the
accelerated test results with field results. Raptaa well known surface treatment
process includes a large risk that must be minidnisethorough studies of the
properties. This has been performed in this project



FFI

3.0Dbjective

An overall objective has been and still is to witbiyears establish a reliable alternative
to the present Zn/Mn-phosphating used by vehiabelpcers and major sub-suppliers. In
order to move in this direction several activitiesl to be performed such as:

Describing requirements

Finding reliable characterization methods, analgsektests

Studying process parameters and their correlatigretformance

Obtaining relevant procedures for evaluation aralification of NPT systems
Correlate data from accelerated test to field test

Gain experience from introduction of NPT by triated large scale evaluations

4.Project realization

The project has been performed with a close cotipaerbetween the research performers
(Swerea IVF and Swerea KIMAB) and the OEMs (Scavi@yo Technology, Saab and
Volvo Cars Corporation) as well as the participgubcontractors (Proton and Konga
Bruk). The project realization can be describetbsws:

The steering committee with representatives froain gearticipating company has
planned and controlled the project and taken datssat project meeting with all
partners attending.

Planning and performing experiments such as préparaf test panels have been
performed by a joined effort with OEMs supplyingterél (substrate and paint),
participating in pilot plant production and applyipaint.

The research partners have performed most of thlkgses of NPT requiring
equipment not used for evaluation of traditionalczphosphating.

An “Analysis Group” was formed with experts fronetpartners (OEMs,
subcontractor and institutes) to receive, analyskediscuss the results when
studying the NPT systems.

Accelerated corrosion tests and field exposures baen performed by
participating companies.

Production trials of NPT have been performed byess\wf the partners (OEMs
and subcontractor).
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5. Results and ddliver ables

The deliverables as listed below were decidederbéginning of the project has been
documented as reports or presentations througheugrbject.

* Requirements specified for coating

» Description of methods for quality follow up

« Description of methods for process control

» Description of QA system at subcont. for new peatment proc.
» Report from screening and technical evaluation

« Eval. of cost, environm., LCA and optimised cleaa$is

* Report on adaption, development and optimizatioprot.

« Demonstration plant at one subcontr. or OEM

« Final report: results, demo plant and need fohferivork

5.1 Materials

The various substrates were provided by the ppditig vehicle manufacturers. Thus
the following substrates were used in the evalaatio

Aluminium 6016, provided by Saab,

Galvanized steel - HDG, provided by VCC

Cold rolled steel — CRS provided by Volvo and Saab

Hot rolled steel — HRS, provided by Scania

(ZnMgAl, Scania)

(Usibor 1500, Scania)

The new pretreatments (NPT) that have been evalgateain a zirconium component
(H2ZrFe) that creates the possibility to form a protectixéle film on the metal substrate.
NPT can also contain silane(s) and/or water solpblgmers. The evaluated systems
have been designated “A” and “B” in some evaluaiddifferent treatment times and/or
differences in chemistry gives designations suctXas or Xb” where X is A or B.
Various paint system, agreed by OEMs , were usethil3 can be found in the project
report

5.2 Results

Structure and compositions of the pretreatment film

Films/ Coatings of the new pretreatment systeme I@en studied by different
techniques; FEG-SEM, FIB-SEM / TEM, FTIR, FTIR ax@S. The results show that
the films have a thickness in the range 20-100 ndhcansist of Zr-oxide/hydroxide with
incorporated organic components, such as silanether organic species There are
probably also elements (Al, Zn, Fe) from the swdistincorporated in the film.
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FEG-SEM studies

Films/ Coatings of the new pretreatment systeme haen studied by FE-SEM on
different substrates as shown in figur-6. Note that the images have differ
magnifications.

Figure 6. NPon CRS, batch.

Defects of various kinds can be found on all s@et although the general impressio
that more defects of serious kind were found on @RS on aluminiur. EDX analyses
show that the delaminated areas do not have aage@f pretreatment as the amour
zirconium is virtually zero



FFI

ACT results 2010-2012

The results from accelerated corrosion tests walteated in figure 11-13. The results
show that the new pretreatment systems pass the@estwents on HDG and HRS but not
on CRS.
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Fig 11. Summarized ACT results from HDG coated wlith same paint system (electrocoat + 3 layer paint
for three consecutive evaluations as well as o pgstem with powder primer and wet top coat.
Requirement for passing s 5mm corrosion spreading.
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Fig 12. Summarized ACT results from CRS coated trithsame paint system (electrocoat + 3 layer paint

for three consecutive evaluations as well as o pgstem with powder primer and wet top coat.
Requirement for passing is 8mm corrosion spreading.
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Fig 13. Summarized ACT results from HRS coated withe different paint systems. Two systems with
different electrocoat and different powder to caatwell as a system with powder primer and povaier
coat. Requirement for passingis8 mm corrosion spreading.

More extensive testing was performed on CRS dulegadad results shown above. Four
different cold rolled steel substrates were tedi®d,of them with “improved”
pretreatment systems provided by the suppliers.ré&$dts are shown in figures 14-17.
Coating weights are also displayed in the diagréptesk columns).
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Figure 14 . Results from ACT test on Gardobond C@D), reference panels sold by Chemetall.
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Figure 15. Results from ACT on VCCs cold rolledetsheet material.
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Figure 16. ACT results on Saabs’ continuously hedtigure 17. ACT results on Saabs’ batch heat treated
treated sheet CRS sheet CRS

0

The results on the substrate Gardobond C is surglysgood for the new pretreatments.
This is in agreement with many of the results thatsuppliers present from tests in
which this reference substrate is commonly used.ldw pretreatment systems do not
pass the requirements on any of the other coldddateel substrates.

Coating weights around 4-5 mgfiis obviously too low which is seen on Gardobond
treated with Bb. Coating weights around 20 nfg&eem to be enough for B, while the
coating weight seem to be higher for A. All of #m@ating weights except 4-5 mgfm
seem to be within range and does not have any nmdjoence on the corrosion
protection performance.

Panels for field test and Scab were prepared itclbd’, the first evaluation that was
performed 2010. The exposure period was Octobed 20ay 2012 for field (June
2010- May 2012 for Scab) and the vehicle followedate between Stockholm and
Goteborg. The correlation between results from AC3dab and field testing are shown
in figure 18. There is a good correlation and rieigsonable to assume that ACT1 is a
good accelerated cabinet test also for new preteyas.
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Figure 18. Correlation between ACT results from@@nd field test with exposure from October 2000 t
May 2012.

Corrosion products were identified by FTIR after BCand field testing, respectively,
and some conclusions could be drawn concerningdtresion mechanisms. The
findings can be summarized as follows:
= Similar corrosion mechanisms are found on panetgdd with new pre treatment
and panels treated with ZnPh.
» Anodic delamination is the dominating corrosion heeusm for all systems.
= Could differences in adhesion between pretreatpaint/ and electrochemical
properties explain the differences between theegys?
= Similar corrosion products are found after ACT1 &nlll tests

Energy and environmental aspects of new pretreatments.

A Life Cycle Analysis was performed on a small camyp that changed pretreatment
from ZnPh to a new system. The system boundaries pug up as shown below:

// - - T
{ Chemicals Chemical | Production Thorn —>| Airborne emissions | ™
raw material Lighting - h

\ manufacturing \
\. \
)
[waste |+ Deposit |
_«//r



FFI

Comparing zinc phosphating with new pretreatment
system

Figure 19 Comparison between ZnPh and new pretreatment @@ set to 100% for all parameters
were evaluatedsWP= global warming potenti

Figure 19 show all of the headings that are es@that an LCA.
The financial analysis by the company gave the¥alhg conclusion:
= Less costs for chemice
— 49% reduction for chemicals on
» Less costs for maintena
— ~100% reduction for maintenan
= Less cost for heating of bat
— 33% reduction for heating of bat
= Less cost for sludg
— ~100% reduction for sludc
» Total reduction of cos
— 47% reduction for chemicals, maintenace, heatinbsimndge

5.3 Discussion

A lot of effort in this project habeen put into characterization of the new pretreat
systems. When the application was written for ginggect, there was a gene
understanding that the new pretreatment systems ngady for industrial introductic
with small adjustments. The knowdge gained since then shows that the performar
not yet convincing.

One aspect of the project’s management in conmetdithe results obtained is the f
that all panels have been prepared in Swerea Ipifgsline with fresh baths set up |
thesuppliers each time (June 2010, February 2011,204\1). During the project perio
it has been pointed out by the suppliers that begtilts often are obtained when a |
has been running for 3 months. This is due todleethat some amount of fexample
Zn** or F ions have proved to be beneficial for the coatimight and corrosio
protection. Low concentration of these ions willldwp after some time when the li
has been running. This fact can have an influenc® results when testiicorrosion
performance and should be kept in mind. It musi bssemphasized that the number



FFI

evaluations and panels with each system have Ieéad. Since corrosion is a random
phenomenon, testing a very large number of sanplee only method to compensate
for the built in uncertainty.

Extensive characterizations have been necessaggindknowledge about the new
systems and also due to the need to find apprepmatsures for qualification. Some
characterizations such as coating weight measursmnethesion measurements
(Revetest) and FEG-SEM requires further experiemeeder to know the acceptable
range (coating weight), the applicability (Revetesthow the analysis should be
performed in order to obtain most information arftewto approve a system (FEG-
SEM).

The FEG-SEM images reveal defects in the coatipg@ally on CRS. These findings
might have a connection to the bad results in acatdd corrosion tests of CRS. The
suppliers will be contacted in order to get comraant the coating defects. Very
generally, there seemed to be more defects inAhedatings than in the “B”coatings.
The anodic polarization measurements generallya@rik” higher than “B” but when
comparing the ACT result the new systems perforouabqually good/bad.

The LCA showed that substantial savings can be rbgdetroducing a new pretreatment
system. Savings concern mainly energy and redusgld éor waste handling but also
costs for chemicals.

5.4 Delivery to FFI-goals

As shown by the results from the Life Cycle Anadygerformed on NPT and described
above, the project has verified the supplier’'sinfation about the effect of introducing
NPT in a surface treatment production. This is wergortant information for the vehicle
manufacturers and the subcontractors since theoedorbenefit will make the change
very attractive. The project results contributecsipeally to the objective of the FFI
program concerning the reduction of £€nissions due to the reduction of energy
consumption but also to lower acidification, eutrimation and general toxicity.

6. Dissemination and publications

6.1 Knowledge and results dissemination

Environmental legislation forbidding the use of k&tin vehicle pretreatment would be a
very important driver of change introduction of NFAnother important driver can be the
trend to use more light weight material such asalium or polymers in the vehicles. A
third important factor is the desire to substitzitec phosphate and electrocoating in the
surface treatment of vehicles.
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6.2 Publications

Presentation pa "Scandinavian Coating 2011”, A}0il1, Copenhagen
Poster pa "Eurocorr 2011”, September 2011, Stockhol
Presentation "Klusterkonferens” i Katrineholm, N2&j11

Presentation "SPF varkonferens 2012”, Maj 2012 t&f&ik
Tidsskriften: Ytforum no 8, 2010

No 1, 2011

No 3, 2012

No 4, 2012

Industriel Overfladebehandling, Aug-Sep 201

7. Conclusions and future research

* ACT results show that the systems pass the regairesrior hot dipped galvanized
steel. However, the performance of materials pagdewith the new systems was in
many cases inferior to phoshated materials. Thdteewith the new pretreatment
system were less repeatable and also more depemém paint system than
phosphate material.

* From the tests performed within FFI New pretreatisi@md the “Enable project” it
seems that a careful adjustment and testing mys¢tbermed in order to obtain good
results for ED-coating new pretreatments. Powdiengarseem to be a success factor
as these systems generally gave good results in ACT

* The performance of the new pretreatments was oaarbon steel and did not pass
the requirements. On the other hand better realte obtained hot rolled steel
which was sand blasted before pretreatment.

» Defects were found on pretreatment films on allsstattes, but these were more
serious on carbon steel when studied in FEG-SEN& fHise questions about overall
performance, but especially for the long term béral-10 years).

» SCAB results on aluminium indicate that the perfange of the new pretreatments is
good but larger number of samples/acceleratedstesteded.

» Supplier's information on possible savings to be&lenhas been confirmed as realistic
by the switching from ZnPh to a new pretreatmesteay at a small company.

* Preliminary results show good correlation betwe@TAand field tests. FTIR studies
reveal the same type of corrosion products andaimorrosion mechanisms are
suggested.

Futureresearch

» Addressing the question tng term performance is necessaryPanels for these tests
should preferably be prepared in a line that igicaously running in order to get the
bath parameters as optimized as possible.
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The larger variation in the results for the newtig@ ments and sensitivity for the
type of paint system should be studied in relatemthe structure and composition to
the pretreatment layer.

» Preparing panels in a running line would also amshe question of how much these
results deviate from results obtained in a lineieshly prepared baths.

» Studies of the state of the surface for steel (@etsurface analysis), HRS and CRS
in relation to various degreasing parameters shioaN@ a priority in order to better
understand and optimize the performance on thessrsates. It would be preferred to
have a close cooperation with the suppliers.
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