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Executive Summary 

 

The overarching goal of the coatings task of this project is to provide a corrosion protective surface which 

is amenable to upstream and downstream processing of magnesium sheet in automotive applications. 

Xtalic has succeeded in developing a zinc plating capability for large scale sheet samples which show 

good performance in welding, lubrication, paint-type electrocoating, forming and handling.  

 

Xtalic has advanced the state of the art in nanostructured aluminum plating from ionic liquids. The plating 

process has been scaled to larger sheet sizes, 5x10cm, and demonstrated to be able to go larger. Al-Mn 

and Al-Zr alloys were plated and shown to be hard and strong. In some cases, higher alloy dosages led to 

amorphous content which can produce brittle behavior in forming test simulations. Al-Mn and Al-Zr 

coated sheets show strong corrosion performance in ASTM B117 salt spray conditions, exceeding 336 

hours in duration. With the additional application of paint-shop style electrocoating, the aluminum 

coatings endure more than 1200 hours of salt spray without corrosion. Xtalic further developed methods 

to reduce the cost of the aluminum plating technology through qualification of lower cost anode materials, 

longer plating bath life and a lower cost bulk supplier of the electrolyte chemistry. 

 

During the course of the project, the objectives shifted towards a lower cost option. Xtalic developed a 

zincation/zinc plating process for magnesium sheet as a way to provide activation prior to aluminum 

plating. The zincation coating was top coated with an electroplated zinc layer in order to boost the 

thickness and enhance performance. The zinc only corrosion performance is adequate to meet the needs 

of surviving handling and transportation between the Mg sheet coil producer and the forming shop. 

Further, welding tests on the zinc only coating showed strong performance and will be reported in detail 

by Task 4 team member AET. As a result of this strong performance and the potential for lower cost, the 

USAMP management team redirected the project effort towards a zinc only solution. 

 

The zinc only option required development and qualification of a corrosion performance specification. In 

collaboration with Henkel, Xtalic has qualified a heat/humidity test method used to ensure quality of the 

coated sheet stock. 

 

Xtalic scaled the zinc plating option to larger scale using the capabilities of an existing pilot plating line. 

Sheet samples as large as 19x26 inches could be plated on the line with good quality. The process can be 

scaled to roll to roll plating operation if needed. 

 

Xtalic coated samples for downstream task members. Zinc coated Mg sheet samples were produced at 

Xtalic and sent to AET for welding studies, PPG for Electrocoating studies, Henkel for corrosion testing, 

and Fuchs and Quaker for lubricant application and testing. Xtalic also produced mini-door samples using 

the zinc process and 13 panels of 19x19 inch cross-form test panels for formability testing. 

 

The technology developed here has advanced the state of the art in corrosion protection of magnesium 

sheet stock. This technology is ready for commercialization in rack plated parts and could easily be 

adapted to roll to roll plating. Some optimization for speed and cost is beyond the scope of this research 

effort and would be part of any commercialization effort. Samples produced for downstream testing 

consistently showed good responses, including welding, corrosion testing, lubricant application, PPG 

coating and forming. The zinc coated sheet showed the best option for lower temperature forming of Mg 

sheet. It is clear that a zinc based coating solution provides good performance with a small thickness 

applied and would be a good choice for commercial applications. 
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Description of Key Accomplishments/Results Relative to Objectives 

 

The project deliverables and plan for performance includes objectives in four main categories: 

1. Performance specification  

Subtask Summary: Work with USAMP members to finalize the desired performance specification for the 

corrosion coating. 

2. Prototype plating development  

Subtask Summary: Develop prototype plated parts which show good adhesion and meet initial performance 

standards in screening tests. 

3. Plating cost improvement 

Subtask Summary: Evaluate options to further reduce cost of plating using ionic liquids – in particular 

exploring options to control or reduce water contamination susceptibility. 

4. Prototype part sampling and testing 

Subtask Summary: Manufacture prototype parts to prove feasibility of the manufacturing system and the 

performance of the coated magnesium sheet.  Sheet parts will be evaluated by member USAMP companies.  

Xtalic will be expected to provide plated sheet test coupons to other project team members throughout the 

project to aid others in developing lubricants, formability, and post forming corrosion treatments. 

 

Background: 

The primary objective of this subtask is to produce a coating method that will provide substantial 

improvement in corrosion resistance for Mg sheet. One approach to solving this problem is to coat the Mg 

sheet with a layer of nanostructured aluminum plating. Nano-Al has already proven capable of surviving 

harsh environments such as salt spray but the performance over Mg and in automotive environments is 

unproven. 

Baseline testing of the Mg alloys shows that the performance in the uncoated state is poor.  Samples of 

ZEK100 and AZ31B were exposed to ASTM B117 salt fog for 48 hours and the parts corroded 

significantly even without the added driver of a galvanic couple (many Mg alloys may come in contact 

with other materials such as steel which would drive corrosion faster in the Mg alloy). Figure 1 shows the 

extensive corrosion on the ZEK100 sample after just 48 hours of salt spray exposure.  Figure 2 shows a 

similar response from Mg alloy AZ31B. Rampant and accelerated corrosion are a significant concern for 

the use of magnesium sheet. This corrosion is highly accelerated if the magnesium sheet is in contact with 

another metal, such as steel. Under these conditions, the galvanic attack is extremely rapid leading to 

catastrophic corrosion rates in the magnesium. 
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Figure 1. ZEK100 Mg sheet sample, 50x50mm sheet (left) as received sample and (right) after 48 hours 

exposure to ASTM B117 salt fog. 

 

Figure 2. AZ31B sample, 15x50mm (left) as received and (right) after 48 hours of ASTM B117 salt fog. 

 

1. Performance Specification 

As magnesium sheet use is new to the automotive industry, there are no existing performance criteria 

against which the performance of the coating can be measured.  A summary of the performance 

specifications Xtalic has defined for magnesium sheet use is shown in Table 1.  The first five lines 

represent the rapid test methods available to assess performance at Xtalic. The G85 test method and 

40C/100%RH methods were executed at outside labs. 

Table 1. Performance specification for the coating. 

Test  Test Method/Duration Pass/Fail Criteria 

Adhesion Cross-hatch scratch and tape No peeling or delamination 

Adhesion Bend to break No peeling or delamination 

Appearance Visual exam Smooth and uniform 

Thickness Cross-section Dependent on corrosion 

performance  

Corrosion – Salt ASTM B117 Salt fog, 1000 

hours 

Rejected – too severe 

Corrosion – Acidified Salt ASTM G85, Annex 2, 30 weeks Rejected – too severe 

Corrosion – Heat/Humidity 40 C, 100%RH, up to 48 hours No porosity corrosion of base 

metal; minor discoloration is 

acceptable due to surface 

oxidation 
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The coating requires additional treatment from other technologies, such as paint and electrocoat. 

Adhesion of these coatings to the nano-Al will be required and evaluated by downstream partners. 

Xtalic collaborated with Henkel to finalize a corrosion aging test. This test is a heat/humidity test 

(40C/100%RH) where parts are exposed up to 48 hours and inspected for evidence of corrosion. This test 

aligns well with the type of test used for electrodip galvanized steel typically in use in automotive 

applications today. Automotive OEMs that are part of the research team agreed that this was a suitable 

test method, however the methodology may evolve as the commercialization process advances. 

Accelerated test methods are yet not well correlated to actual use conditions for these relatively new 

materials. 

 

2. Prototype Plating Development 

Subtask Summary: Develop prototype plated parts which show good adhesion and meet initial performance 

standards in screening tests. 

 

The original goal of the project was to use a coating based on plated aluminum, specifically electroplating 

aluminum from ionic liquid electrolytes. This processing method provides flexibility to produce Al rich 

alloys with improved properties. Corrosion is a key performance metric requiring an alloy optimized for 

corrosion potential.  In this case, the aluminum may be alloyed with Mn, Zr or Cr. The alloying element 

can be added in various ranges, but generally from 3 to 11 atomic percent. While other alloying additions 

are possible, these three are the most appropriate for corrosion control. Kola showed that electrochemical 

testing of the alloys in salt water show that the pitting potential is more positive with alloying additions; 

however in no case is the alloy expected to be anodically protective of the Mg substrate.[1] 

 

Activation Development 

Mg is a very active and reactive material. The native oxide layers on the surface must be removed before 

plating in order to ensure a metal-to-metal interface and adequate adhesion between the layers.  
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Xtalic researched a method to directly activate the Mg substrates in ionic liquid.  Freydina showed that in 

the case of aluminum alloys, the native oxide can be removed in situ by applying a negative potential (i.e., 

make the Al the anode) while in the plating bath.[2]  This strips the oxide from the surface leaving 

nascent metal. The polarity is reversed and the surface is plated with adherent metal. Despite various 

attempts, the surface of the Mg alloys would not homogeneously activate using this procedure. Typically, 

the Mg surface activation produced a thick and black reaction coating due to breakdown of the ionic 

liquid. In some cases, portions of the substrate would activate but the overall adhesion to the substrate 

was insufficient to meet the performance target (see Figure 3). 

Figure 3. Poor adhesion between nano-aluminum and magnesium substrate. 

 

Xtalic tested an alternate approach to replace the native oxide with some other reaction product which can 

be more easily removed in the plating bath.  Ammonium fluoride was found to react with magnesium 

oxide to form MgF2 but this could not be easily removed in plating. An alternate approach may be to 

create an acetate layer on the surface of the Mg according to the reaction: 

MgO + 2CH3COOH  →  Mg(CH3COO)2 + H2O 

The acetate layer can dissolve in the ionic liquid, revealing a pure metal surface for plating. Xtalic was 

successful in producing the acetate layer and the reaction could occur outside of the glovebox 

environment.  However, the Mg metal is reacting with the ionic liquid producing a black layer which 

reduces adhesion. Xtalic explored the use of positive and negative applied electrical bias in an attempt to 

modulate the reaction kinetics and produce a uniform deposit.  These concepts did not produce a viable 

result. 

Replacing the oxide layer with a layer of zinc will eliminate the Mg reactivity issue.  Xtalic started from a 

traditional zincation formulation, proposed by Chen, then modified it to control the reaction kinetics. [3] 

During immersion conversion to Al (in IL) or to Zn (in aqueous solution) it is important to avoid creating 

islands of Al or Zn in contact with exposed Mg.  This leads to strong galvanic corrosion and prevents the 

formation of continuous coating. There are two steps to the process, activation and zincation.  The 

activation and zincation use a proprietary fluoride based process. This process produced a uniform zinc 

layer on top of the Mg, as shown in Figure 4. 
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Figure 4. Zincation layers on Mg, shown in metallographic cross-sections.  The zinc layer shows good 

adhesion and coverage. 

The zincated layers can subsequently be coated with nano-Al layers to the desired thickness as shown in 

Figure 5. 

 
 

Figure 5. Nano-Al on top of zincation layer on top of Mg substrate (ZEK100). 

 

This same zincation approach was then applied to an alternate alloy, AZ31B.  This alloy did not respond 

well to the original zincation process. An adjustment to the formulation allowed for uniform zincation 

coverage with subsequent Al plating. A double zincation process, where the first zincation is acid etched 

then reformed as a secondary process, was effective in improving the coverage across the sample. 

The process was further extended to WE43 alloy but was unsuccessful. To date, modifications to the 

process have been unable to produce viable results.  The alloy is quite inhomogeneous and as such certain 

portions of the sample will activate while others do not, producing a discontinuous layer of zincation 

across the alloy.  Further work will be required to activate this alloy but efforts were halted as the alloy 

was deemed out of scope for the project. 

The zincation layer is generally very thin, less than 1 um. Zinc plating layers can be thicker (a few 

microns). Zincated parts are subsequently coated with a nano-aluminum alloy (Al-5at%Zr) which 

provides desired color and corrosion resistance. Xtalic pulse plated 15 to 30um of alloy onto the zincated 

Mg then expose the parts to ASTM B117 salt spray for various periods. 
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Zincated then Al-Zr plated parts were salt spray tested and examined after 24 hours and showed some 

darkening of the Al alloy coating, as shown in Figure 6. This is to be expected as the oxide layers grow on 

the aluminum surface. Continued exposure to 96 hours produced a similar result. Extending further to 120 

hours, the evidence of corrosion was unmistakable, as shown in Figure 7. Once the coating has been 

breached the galvanic couple between the Al and Mg alloys drives rampant corrosion. It is clear from this 

set of experiments that the coating is adherent but needs to be thicker and must not pit, which would lead 

to rapid failure. 

 

 

Figure 6. ZEK100 plated with ~15um of Al-Zr, masked with tape (purple) and exposed to ASTM B117: 

a) as plated, b) 24 hours, c) 96 hours. 

 

 

 

Figure 7. ZEK 100 with ~15um of Al-Zr after 120 hours of salt spray exposure. 
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Figure 8 shows a SEM micrograph of a cross-section of the plated layers. The ZEK 100 is at the bottom 

of the image and is first coated with a zincation layer, which appears as bright white in this backscatter 

electron image. A second layer of bright white is the electroplated Zn layer, followed by the nano-

aluminum layer.  

 

 

Figure 8. SEM micrograph of the plated layers on ZEK100. 

E-Form Plus (EFP): 

Lot 1 samples of EFP were plated and shown to be much higher quality than previous substrates, with 

better coating and overall performance. Figure 9 shows the samples of EFP with 3 samples coated with 

Al-Mn and subjected to 360 hours of salt spray. Through 360 hours there was no evidence of pitting 

corrosion.  
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Figure 9. Al-Mn coating on EFP material after 360 hours of salt spray testing. 

 

1x5cm samples of EFP with zincation, zinc plating followed by 30um of nano-Al alloys were sent to PPG 

for coating.  PPG applied some initial tests of proprietary pre-treatment and electrocoat treatments to the 

samples. E-coated samples were exposed to ASTM B117 salt spray with check-ins about every 100 hours 

until failure. 

Table 2. Sample testing of PPG coatings applied to nano-Al on EFP substrates 

Sample Plans 

1. PPG Chem Clean Section to look for Al loss during cleaning 

2. PPG Pt1 pretreat Section to look for Al loss during cleaning 

3. PPG Pt1 pretreat + e-coat B117 salt spray 

4. PPG Pt2 pretreat Section to look for Al loss during cleaning 

5. PPG Pt2 pretreat + e-coat B117 salt spray 

 

Samples 3 and 5 (PPG over nano-Al over Zn over EFP) showed no evidence of corrosion at all 

checkpoints during testing (168, 366, 500, 800, 1000, 1500, 2000 hours). This is very encouraging for 

potential final finish applications requiring strong corrosion control. 

Xtalic scaled the sample size for nano-Al plating for larger samples. Figure 10 shows a representative 

plated sample. The sample shows some minor non-uniformity due to variable flow rates near the edges.  
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Figure 10. 5x10cm nano-Al/Zn/EFP scaled up part. 

 

Xtalic plated 22 samples with the stack of Zn/Zn/Al-Mn over EFP. These parts show good appearance 

with generally smooth deposit across the part. Figure 11 shows an SEM micrograph of the plated layers 

using a process to promote adhesion.  

 

Figure 11. SEM micrograph of XTALIUM (top layer) or zinc (bright white layer) over Mg (bottom) 

showing good adhesion. 
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25 samples of nano-Al over Zn over EFP were delivered to AET for welding studies. The nano-Al on 

these samples was nominally 30um thick.  

A forming tool was designed and built as shown in Figure 12, using a sphere which forms a dome into the 

sheet. Uncoated E-Form Plus material was used to qualify the tool. The height of the formed dome can be 

measured optically or mechanically. 

  

Figure 12. Formability tester with a 12mm sphere (left) and a proof of concept test on uncoated E-Form 

Plus. 

Formability testing on Al-Mn and Al-Zr coatings showed that the bare EFP material or EFP with Zn only 

coating showed better formability. The nanostructured Al coatings are hard and strong but can lead to 

cracking of the surface under extreme formability testing. 

Nanostructured Al alloys were abandoned from the development effort due to the cracking challenges, 

which were surmountable, and the inherent cost of the alloy. Further the Zn coating alone showed 

sufficient corrosion protection to serve as an interim finish between Mg sheet rolling and fabrication of 

the formed automotive parts. After forming parts, the surface can be treated with a well-known 

commercial electrocoat process to provide sufficient long term corrosion control. One of the benefits of 

an Al coated surface is the applicability of existing commercial off the shelf electrocuting technologies 

already in use today for aluminum sheet. 

Zn only coating Development: 

At the request of the USAMP project team, the development forward on this project now focused on 

scaling up the aqueous based Zn plating process for further testing by downstream users of the project. 

Xtalic scaled the zinc plating onto a pilot production line, which includes larger tank sizes. Each of the 

plating baths and cleaning tanks were cleaned and made up with fresh chemistry. Each of the process 

steps in the flow were verified for the chemical composition of the bath. The zinc plating tank is the most 

crowded but can accommodate a 19x26 inch panel. 

The lot 3 Mg sheet samples of EFP arrived shipped loosely bundled on a pallet, which led to micro-

motion between the sheets causing fretting corrosion on the surface. Surfaces which had the most severe 

micro-motion required a light sanding with 800 grit paper to return the surface to its original condition. 

Each sheet was labelled with indelible marker which was mostly removed with an acetone wash. Neither 

of these pre-treatments are typical of the anticipated rolled surface of the Mg sheet – each of the pre-
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treatments was selectively applied to the areas of concern to best replicate the process as it would be 

applied to production materials. 

 

 

Figure 13. Mg sheet as received from USAMP. 

 

After initial testing on 7x26 inch sheets with success, Xtalic plated several sheets in the full 19x26 inch 

size to verify the thickness and quality of the plated part.  Thickness was measured by optical and electron 

microscopy on cross-sections taken from various points on the large sheet. Plating quality was confirmed 

using visual inspection, tape test for adhesion and 24 hour exposure to 40 C/90% RH. The color is 

generally uniform and there can be some slight thickness build on the very edge of the sample. The edges 

will be trimmed before samples are shipped to partners. In a production setting, the roll-to-roll sheet can 

be shielded to make the coating completely uniform across the sheet.   

 

9. Plating cost improvement 

Subtask Summary: Evaluate options to further reduce cost of plating using ionic liquids – in particular 

exploring options to control or reduce water contamination susceptibility. 

 

Ionic Liquid Cost 

A significant concern for the cost of the plating solution is the fundamental cost of the ionic liquid 

electrolyte. While the electrolyte is not directly consumed in the plating process, some losses occur either 

through drag-out after plating or bath loss due to manufacturing error or bath breakdown. Xtalic identified 

and qualified an alternate source for the EMIM:Cl ionic liquid which can manufacture in significantly 

larger batch quantities. This provides two potential benefits: 1) scale up potential for larger quantity 

manufacturing and 2) cost reductions due to economy of scale for making the ionic liquid.  

Quality control analysis of the incoming EMIM:Cl determined that it will need to be purified before use 

due to low level metallic contamination. Most non-Al metals in the ionic liquid can be removed through 

dummy plating, a process where low current plating is used to preferentially deposit more readily 

reducible metal species. The contamination of Fe, Zn and Ga could be problematic to plating. Figure 14 

below shows the reduction in contaminant metals in the resulting electrodeposit. The y axis shows the 
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percent contamination in atomic percent while the x axis shows the sequential run numbers. Blue dots 

represent the dummy plated part while orange dots represent samples plated at normal conditions as a 

quality check.  Fe is the slowest to be removed from the bath while Ga and Zn are generally eliminated 

after the first dummy treating process.  

 

Figure 14. Zn, Fe and Ga contamination elimination in the plating bath. 

 

Parts plated under known and repeated conditions as the dummy plating progressed showed that the color 

of the samples changed as the bath became more pure. The color can be quantified using the L a* b* color 

map system where L represents the brightness of the deposit. Figure 15 below shows the progressive 

increase in L value as the bath ages and impurities are removed.  The SEM micrographs in Figure 15b and 

15c show the surface morphology of similarly plated parts at early and late stages of the purification 

process.   

 

Figure 15. a) Plot of brightness (L) versus bath age for the pure aluminum plated parts from a new plating 

supply. b) Sample A4 is an early bath showing roughness and low L while c) A24 is smoother and more 

pure. 

A potential cost driver for the plating process is the cost of raw materials required to build the plated 

layers. The plating process uses an aluminum based ionic liquid and a consumable aluminum anode. 

During the plating process, the oxidation/reduction process leads to dissolution of the aluminum anode 

material, which replenishes the aluminum concentration in the ionic liquid. 4N aluminum (99.99% pure 

Al) or better is typically the anode material but substantially increases the cost of the metals. For low cost 

commercial purity anodes, Xtalic acquired samples of AA1350. This is specified at 99.5% Al and is a low 
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cost material but can have impurities of Fe and Cu. The 1350 alloy has been fabricated into an anode and 

qualified as an anode material. 

A significant element which drives cost of ionic liquid plating is the plating bath life. Over time, the 

plating bath can begin to perform poorly due to contamination, buildup of contaminants or breakdown 

products.  In traditional aqueous electrolytes, the most common cause of poor performance is the 

introduction or breakdown of organic products in the bath. These can be removed through carbon 

treatment.  This approach is not possible in ionic liquids because the ionic liquid itself is organic. Bath 

life is measured in units of amp-hours/liter. Good performance would be 5000 amp-hours/liter or more.  

Figure 16 shows the results of various FTIR scans of samples of varying bath age. This spectra shows 

three peaks which have changed over the course of the bath life but the plating performance of the bath 

remains unchanged. 

 

Figure 16. FTIR spectra of the ionic liquid aliquots after various aging endurances. Three peaks show 

some change that correlates with bath age but no change in performance. 

 

Xtalic also researched that stability of ionic liquid in an environment which includes oxygen but remains 

controlled for water. While water is known to react with ionic liquid, air stability is unknown and 

operating in an air environment (such as a li-ion style dry room) would significantly reduce cost and ease 

the commercialization pathway. Xtalic created a test where a quantity of new plating bath was built then 

split into aliquots for storage in an air environment that is free of moisture. FTIR and visual exams 

suggest changes to the ionic liquid. Cyclic voltammetry testing of 4 aliquots shows a small shift in the 
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deposition potential of the Al as the bath ages. A repeat experiment under more controlled conditions will 

help to determine the potential source of the shift in performance and viability. 

Figure 17. FTIR spectra of fresh and aged ionic liquid showing new peak evolution with aging. 

 

10. Prototype part sampling and testing 

Subtask Summary: Manufacture prototype parts to prove feasibility of the manufacturing system and the 

performance of the coated magnesium sheet.  Sheet parts will be evaluated by member USAMP companies.  

Xtalic will be expected to provide plated sheet test coupons to other project 

At the early stages of the project, Xtalic focused on providing a nanostructured aluminum solution for 

coating on magnesium sheet. Xtalic provided samples of aluminum alloys over zinc over Mg sheet to 

various members of the project team, namely AET, PPG and Henkel. These samples were evaluated for 

performance with respect to post processing (electrocoating, welding, and corrosion control). Once the 

project focus shifted to a coating solution focused on zinc, all sampling efforts also shifted to zinc 

coatings only. 

Xtalic received an additional 13 sheets of EFP for the cross-form testing to be plated with our Zn coating. 

The sheets arrived with indelible marker on the top surface which was removed with acetone and polished 

away with 800 grit sandpaper. In some cases, the Mg sheet was coated with a protective film sheet of 

plastic which was removed prior to plating. Figure 18 shows an example of the cross-form sheet samples 

prior to plating. 
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Figure 18. Typical sheet sample for cross-form testing showing the markings. 

 

Holes were drilled into the sheets to facilitate electrode connection during plating.  These holes were kept 

away from hold down regions of the cross- form die and should pose no risk to the dies. In a production 

environment, a contact roller would be used to make electrical contact and as such, no holes would be 

needed. The 13 sheet samples were delivered to Fuchs, Quaker and EWI as requested. Cross-form testing 

results were generally quite positive for Xtalic coated sheets – details on the performance will be reported 

by other task members. 

Full size sheets, 19x26 inches, were plated with Zn and samples produced for other task 3 and task 4 

members. Samples shipped and produced include: 

 AET: 100 pieces of 150x150mm (6x6 inch) plus 10 pieces 305x432mm, for welding studies 

 Fuchs: equivalent of 1000 pieces of 75x30mm samples, shipped in large sheet sample size plus 

four mini-door panels 

 Quaker: equivalent of 1000 pieces of 75x30mm samples, shipped in large sheet sample size plus 

four mini door panels 

 Henkel: 6 Zn coated samples, nominally 4x6 inches, for heat/humidity testing. 

 

 

11. Conclusions  

 

Performance Specification: 

Xtalic partnered with other USAMP team members to identify and test bare and coated magnesium sheet 

test protocol. Many of the test methods are well known in the coating industry, such as adhesion testing, 

thickness monitoring, purity, hardness, etc.  It became clear through this project that a specific test 

method for acceptability of pre-coated sheet did not exist in the public domain in the auto industry. In 

partnership with Henkel, the teams converged on a heat/humidity test cycle for corrosion testing of coated 

Mg sheet. The 40C/100%Rh test method is used to evaluate the corrosion that might be expected between 

manufacture of the Mg sheet coil stock and stamping/forming of the automotive component. This 

corrosion protocol is substantially less aggressive than the 1000 hour salt spray endurance test originally 

proposed in the plan of work. This change allowed for design flexibility and as such the coatings 

developed could be adapted to lower total cost and lower applied thicknesses.  

 

Plating Process Development: 

Xtalic developed an entirely new, proprietary pretreatment and zincation plating process for magnesium 

sheet. The process has proven to be well suited for e-form plus materials producing a coating of a few 

microns thick zinc layer that is well adhered and meets corrosion requirements. This is a substantial 

contribution to the state of the art. 

 

Xtalic also further developed and demonstrated the capability to coat magnesium sheet with 

nanostructured Al alloys, specifically Al-Mn and Al-Zr alloys. This capability was scaled in size to a 

sample of 5 x 10cm with evidence of scalability to a significantly larger size. These nanostructured alloys 

survive ASTM B117 salt spray testing in excess of 336 hours as bare aluminum allots over magnesium. 
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The aluminum alloys are very well suited for Electrocoating using off the shelf PPG product technology 

in use today for coating aluminum alloys. Once coated, the alloys survived more than 1200 hours of salt 

spray endurance. Demonstrating the performance of aluminum coating on magnesium enables the use of 

these coating strategies when a high performance corrosion protection schema is required for a given 

application. 

 

Xtalic also showed that the corrosion performance of a coated magnesium sheet is highly dependent on 

the quality and integrity of the coating. Due to the high galvanic potential between magnesium and 

virtually all other metals, any damage or imperfections in the coating can lead to rapid corrosion of the 

substrate materials. It is technologically feasible to produce magnesium sheet and even automotive parts, 

which are subsequently coated and provide adequate corrosion protection. However, a failure modes and 

effects analysis suggests some risk involved in the use of coated magnesium when the parts may be 

subject to scratching, denting and other routes of exposure during expected use. If this occurs the parts 

will corrode quickly and this must be considered in the field application of magnesium sheet. 

 

Plating Cost Improvement: 

Xtalic demonstrated significant improvements in the plating cost of nanostructured aluminum alloys. A 

high volume supplier of the electrolyte was identified and qualified. This included changes in the 

incoming raw material inspection criteria to account for difference in purity levels and a purification 

process. Xtalic also proved out the aging capability of the bath. Previously, the bath had only been tested 

to a few hundred amp-hours/liter, but now there is evidence that the bath can survive for 5000 amp-

hours/liter or more. Performance was verified with FTIR scanning, L*A*B* colorimetry and SEM 

topographical studies of the plated surfaces. 

 

Due to the change in project priorities, Xtalic shifted focus to zinc only plating.  The plating cost 

improvement efforts were strictly focused on nanostructured aluminum. While the zinc based plating is 

expected to be relatively low cost, further optimization of the zinc plating cost could be a useful 

contribution to the state of the art, but was beyond the scope of this project. 

 

Prototype Plated Parts: 

Xtalic plated nanostructured aluminum over magnesium parts for various project partners.  Sample sizes 

were up to 5 x 10 cm in scale. 

 

Xtalic also provide zinc over Mg samples in larger form factor. Plating capability was scaled to 19x26 

inch panels. 13 panels of cross-form samples were plated and returned for testing with 100% yield. Xtalic 

also plated 8 mini-door samples and the equivalent of 3000 pieces of 75x15mm welding samples. Xtalic 

provided 10 additional large panels for AET welding study development. 

 

Other conclusions: 

The zinc plating capability onto e-form plus is at a high technology readiness level. Xtalic has proven out 

capability in large form factor sheet panels with good quality. Testing of plated parts will be reported by 

other project partners. All testing reported back to Xtalic has been positive, with excellent performance in 

corrosion testing, welding capability, cross-form testing, lubrication and electrocoating. This is not 

unexpected since the zinc surface is well known in the industry, but applying it to magnesium sheet is 

new to the state of the art. 
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