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Overview

e Timeline * Barriers

— July 10, 2010 — Performance

— September 30, 2011 — Cost

— 100 % complete

* Targets

 Budget — Treat mixed-metal (Mg, Al,

— Total cost $577,000 Galvanized steel) assemblies in

one conversion bath, followed

* DOE share >289,000 by applying conventional
. Conjcractor sh.are $289,000 Jutomotive E-coat
— Funding received
* FY 2011 $227,000
. FY 2012 $ 31,000 * Stretch goal
— Combining conversion coating
and electro-coating steps into
one step
*Partners:

7a m * USAMP (Chrysler and General Motors)

MISSOURI

S&l * Missouri University of Science and Technology
&9 « PPG Industries ’




Relevance
e @Goal

— To facilitate the use of lightweight magnesium in automotive applications
by developing and validating new conversion coating for mixed-metal

assemblies which are compatible with the existing automotive paint line.

* Currently, Mg parts have to be processed offline.
* This project is considered an enabling to facilitate vehicle lightweight through increased use of magnesium
by addressing galvanic corrosion in dissimilar metal joints, is one of the fundamental barriers to the used of

magnesium as cited in the “Magnesium Vision 2020” publications.

* Objectives
— Develop a new conversion coating for mixed-metal (Mg, Al, GS)
assemblies, which is compatible with existing automotive paint line
— The new finish should have equivalent or better corrosion performance
than the existing automotive finishes (Phosphate conversion coating for
Al and GS; Alodine 5200 conversion coating for Mg)

* Expected results

— Successful development of this new conversion coating will enable
improved fuel economy through vehicle lightening by providing a low cost
solution for corrosion protection of Mg-intensive vehicles.
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Milestones
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Milestones (Tasks) Deliverables
year

|. Conversion coatings (desired coating thickness
based on corrosion performance)

Aug-10 dividual alloys (Mg, Al GS)
* Bimetallic couples (Mg-Al)
Il. Conversion coating and E-coat
* CeCCs on bimetallic couples (Mg-GS, Al-GS)
* E-coating on CeCCs individual alloys and
April 11 bimetallic couples
* Coating characterization (SEM, FIB, TEM,
adhesion test) and corrosion tests (EC, B117,
GMW 14872)
lll. Conversion coating and E-coat
* CeCC on trimetallic couples (Mg-Al-GS)
* E-coat on CeCCs coated trimetallic couples
Sept 11 e Coating characterization

* SEM, FIB, TEM, adhesion test
* Corrosion tests (EC, B117, GMW 14872)
* Benchmarking with other conversion coatings
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* Surface pretreatment

* Optimum CeCC solution
composition and

* Coating thickness

* Optimization of CeCC
solution composition and
E-coat parameters for
corrosion protection

* Coating thickness
(Bimetallic couples)

* CeCC solution
composition and coating
procedure

* E-coat parameters for
trimetallic couples

* Benchmarking results



Approach and strategy

* The project established a two phase approach

|. Conversion coating development on individual alloys (Mg,
Al, GS), bimetallic couples (Mg-Al, Al-GS, GS-Mg) and
trimetallic couples (Mg-Al-GS)

* Success indicator will be a conversion coating that performs equal
or better than the Alodine 5200 coating on Mg, and Zn phosphate
on current OEM substrates (or commercial Zr coating) in terms of
corrosion resistance and adhesion properties

Il. E-coat on conversion coatings of interest for above
combinations

* Success indicator will be a conversion coating/E-coat that
performs equal or better than the Alodine5200/E-coat coating
system or Zn phosphate/E-coat coating system (current OEM
coatings) in terms of corrosion resistance and adhesion
properties.
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Technical accomplishments and progress

(Evaluation plan)

* Corrosion testing

— Salt spray screening (ASTM B117)
— Cyclic testing (GMW 14872)
— Electrochemical (impedance, polarization)

 Adhesion testing
— Cross hatch

— PATTI (Pneumatic Adhesion Tensile Testing Instrument)

* Coating characterization
— SEM, Focused lon Beam (FIB), XRD

Electrolyte Description Cycle Description

ASTM B117

GMW 14872

5% sodium chloride - pH 6.5 to
7.2 Continuous application of
salt mist

0.9% sodium chloride, 0.1%
calcium chloride, 0.25% sodium
bicarbonate- pH6to 9

Continuous application of salt
mist

Four applications of salt mist at
1.5 hour intervals, 8 hours
humidity cabinet, 8 hours
elevated temperature drying
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Optical images of cerium conversion coatings (CeCCs) deposited on individual alloy panels
(before and after B117 salt sp

= = .
o - -
p e i 4
PR
’ ) . -
i - E
s »
- Tk
s "
#
[
[ a
£ ok
B ¥
-
P
¥

AZ91

coated

A

7 days B117




E-coat on cerium coated individual ¢

CHRYSLER

As-coated

500 hrs B117
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AZ91 results promising; B117 typically is more severe than the field performance
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PATTI Adhesion Testing

(Electro-coat on CeCCs deposited individual alloys)
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AZ 91D AZ 31 EGS 6016
Substrate

Values above 500 good adhesion



C FIB cross-section of E-coat on CeCCs dep05|ted |nd|V|duaI aIons P
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CeCC thickness with and without couple

i
:

900
. T w/o couple

750 - w couple
= T
£ 600+
(7))
(7))
S 4504 [k
S 7 1
=
& 300-
O
o)
O

150 /I

/
AZ91 6016 EGS
Substrate

Galvanic current significantly influence coating thickness 11
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E-coat on Zircobond individual alloys 40 cycles GMW 14872

Alodine 1200s Alodine 1200s Alodine 1200s Zn Phosphate

Scribe creep of Zircobond treated panels are equal to “control” pretreatment

Zircobond

12
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Schematic diagrams of bi-metallic and tri-metallic couples
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Optlcal images of bi-metallic COUpIES (before and after salt spray)

Uncoated CeCC Un_coated CeCC

Before salt spray

After salt spray

..k."_ . L Q\','u-
CeCC couples showed better corrosion performance than bare couples
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Optical images of E-coat bi-metallic couples

As-coated

AZ31-6016 AZ31-EGS AZ91-6016

Minimal corrosion product in scribe after 1 week B117
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PATTI Adhesion Testing

(E-coat on CeCC deposited bi-metallic couple)
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Alodine™ CeCC Alodine™ CeCC Alodine™ CeCC Alodine™ CeCC Alodine™| CeCC
5200 5200 5200 5200 5200

AZ91-Al6016 AZ91-EGS AZ31-Al16016 AZ31-EGS Al6016-EGS

CeCC treated binary panels showed good PATTI adhesion,

comparable to the Alodine™ 5200 controls "
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GMW 14872 test on E-coated CeCC Binary Alloys AZ31-Al6016, AZ91-Al6016

80 Cycles

AZ31-Al6016 AZ31-Al6016
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AZ91-Al6016
Alodine™ 5200

CeCC

* CeCC treated panels performed well with little scribe creep, comparable to the controls
* Similar performance between vertical and horizontal scribes

To assess full extent of corrosion, panels were taped to remove any loosely adhering coating



con Optlcal images of tri-metallic (AZ91- 6016 EGS) couples

Before salt spray

Coating and corrosion protectlon of simulated BIW assemblies demonstrated

| [

E-coat w/o CeCCs E-coat w CeCCs

After salt spray
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Summary

* Cerium conversion coatings and zirconium pretreatments were successfully
deposited on individual alloys, bi-metallic couples and tri-metallic couples
without contaminating the deposition bath.

* Cerium conversion coatings and zirconium pretreatments significantly
improve the corrosion resistance of E-coated bi-metallic and tri-metallic
couples.

* The adhesion strength of E-coat over CeCC was as good as, or better, than
over Alodine 5200 (benchmark coating). The adhesion strength of E-coat
over zirconium pretreatment was equal to, or better than, Alodine 1200
(benchmark coating).

* This project demonstrated that cerium conversion coatings or zirconium
pretreatment can be deposited on mixed-metal assemblies (galvanized steel,
aluminum alloys, and magnesium alloys) in the same conversion coating bath
without cross contamination. This means that magnesium-intensive vehicles

can be pretreated with new coating using the existing paint line.
19
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Collaboration

Project team:

Yar-Ming Wang, Jim Quinn, Kevin Cunningham, Harry Kuo

X Adam Stals

MISSOURI

S&T Surender Maddela, Matt O’Keefe

w Thor Lingenfelter, Roy Dean, Michael J. Pawlik

This material is based upon work supported by the Department of Energy National Energy Technology Laboratory under Award Number No. DE-EE0003583.

This report was prepared as an account of work sponsored by an agency of the United States Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring by the United States Government or any agency thereof. The views and

opinions of authors expressed herein do not necessarily state or reflect those of the United States Government or any agency thereof. Such support does not constitute an endorsement by
the Department of Energy of the work or the views expressed herein.
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Proposed future work

® Further development of coating technologies (CeCC
and Zr-based Coating)

* Demonstrate ability to scale up

— Both are anticipated in the 2012 Magnesium Front End Research and
Development (MFERD) project

* Technical cost modeling of the process

21
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Galvanic corrosion current between different couples
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Cyclic polarization behavior of E-coat on CeCCs deposited individual alloys
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Impedance spectra of E-coat on CeCCs deposited individual alloys

(with artificial defect in coating)

3500 =
| 17 —u— 6016
3000 - . —m—EGS
1€ 11 = —n— AZ31
2500 - < . —u— AZ91
< 2000 -
&
O
g 1500 - 3 10
"’,_E - l——l\.\
N 1000 - '\.
“m
500 - L
' -
0- )
A,
-500 | T T ' T T T T 1 - U
-500 0 500 1000 1500 2000 2500 3000 3500
ZRel (kgcmz)

E-Coat on CeCCs deposited 6016 alloy panels had highest impedance; AZ31 had lowest impedance



