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Project Goal: Develop a forming lubricant that can facilitate drawing and stamping of low-cost 

magnesium sheet metal at ambient to 100 C.  Also investigate use of a lubricant up to 250 C.  Throughout 

the project, the goal was collectively modified for performance at 200 C. Variances from the objectives 

and tasks are described in the table below. 

 
Comparison of Fuchs Lubricants Company’s accomplishments and variance to project goals and objectives 

Statement of Objectives Accomplishments & Metrics Variance 

3.1 

Determine 

appropriate tribology 

equipment to 

evaluate lubricants 

for warm forming 

magnesium 

• Tested Strip Draw, Twist Compression, Falex, 
and Anton Parr 

• Determined that Anton Parr provided most 
representative results because equipment can 
be heated to 200 C. 

• Strip draw, TCT, and 
Falex ineffective in tests 
due to limitations in 
temperature 

3.2 

Develop lubricants to 

enhance forming of 

magnesium sheet in 

warm forming. 

• Developed 3 candidate lubricants and 
compared results against tribology 
performance of a lubricant used in aluminum 
forging 

• Via USAMP quarterly meetings, provided 
coefficient of friction data at ambient, 100 C 
and 200 C 

• One lubricant candidate 
dropped from 
consideration due to poor 
performance at all 
temperatures 

• Found that lubricant, 
Renoform 2502 ALWF 
performed best at 
ambient temperature 

• Found that another 
lubricant, Renoform 1102 
ALWF performed best at 
elevated temperature 

3.3 

Demonstrate 

candidate lubricants 

performance in EWI 

Cup Draw test 

• Cup draw performance data was collected for 
trials with Fuchs and Quaker lubricants. 

• Data was presented by EWI, Quaker, and Fuchs 
via USAMP quarterly meetings 

• Due to budget limitations, 
only one of two Fuchs 
lubricant candidates were 
tested 

• Fuchs Renoform 1102 
ALWF outperformed the 
Quaker oil in most of the 
cup draw parameters. 

3.4 

Prove performance of 

candidate lubricant in 

production stamping 

test of magnesium 

inner door 

• Candidate developed lubricant, Renoform 1102 
ALWF was provided for use in Promatek 
stamping tests 

• Test results provided to USAMP via Promatek 
presentation. 

• Candidate lubricant, 
Renoform 1102 ALWF did 
not form inner doors 
without splits 

• Benchmark aluminum 
warm forming lubricant, 
Forge Ease AL 278, was 
able to form doors 
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EXECUTIVE SUMMARY 

 

Prior to the USAMP LCMS project, Fuchs had been involved in lubricant development work for use in 

warm forming (~250 – 275C) aluminum 6xxx alloys.  Through those projects, the company had 

developed a lubricant, Forge Ease AL 278.  This product performed well in the forming of heated 

aluminum blanks, but a few problems were noted.  In particular, the Forge Ease AL 278 exhibited poor 

wetting, and after heating, the lubricant could carbonize on parts and become difficult to clean. 

 

Because of the good forming characteristics on aluminum, Forge Ease was used as a benchmark for our 

development for lubrication of warm formed magnesium. 

 

Fuchs determined that an Anton Parr unit provided the best laboratory tribology tests for experimental 

lubricants.  It collects data, such as coefficient of friction (COF) via a Stribeck Curve. 

 

 
 

As well, the tooling can be heated to at least 300 C, which potentially simulates the performance of metals 

at temperature. 

 

Fuchs anticipated that the end users of a new lubricant may want a product that can be applied to blanks 

and submitted to the blank heating oven.  In this case, the lubricant should show no adverse effects when 

subjected to heat up to 200 to 250 C.  Fuchs also determined that it may be necessary to develop a 

lubricant for use applied directly to the die.  Performance characteristics would need to be entirely 

different.  A lube that was heated would likely need to perform in a dry film state.  A lubricant applied to 

the die would need to perform in a wet state.  To this end, Fuchs tested candidate lubricants on the Anton 

Parr at 200 C and ambient.  In these tests, all candidate lubricants were compared to the COF of Forge 

Ease AL 278. 

 

After developing and evaluating 5 candidate lubricant developments, Fuchs testing revealed that two 

candidates were appropriate for the project: 

• A modified version of Forge Ease AL 278, called Renoform 1102 ALWF.  In this product, the 

company replaced a polymer with a synthetic ester and added a super wetter to improve sheeting 

on metal surfaces. 

• Renoform 2502 ALWF – a water-based synthetic that remains “oily” as a film even after the 

water content is evaporated.  It was designed to perform best when wet. 
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DESCRIPTION OF KEY ACCOMPLISHMENTS VERSUS OBJECTIVES 

 

Summary of Related Group Activity 

 

As it relates to the performance of lubricants in this project, the two lubricant companies – Fuchs and 

Quaker - were asked to select one respective lubricant candidate for testing at EWI in a 6” cup draw.  

Because of previous success with the Forge Ease AL 278, Fuchs selected Renoform 1102 ALWF.  

Quaker selected their petroleum oil-based lubricant.  As a general summary, the Fuchs lubricant 

performed the best and was selected to be used in the final production trial at Promatek. 

 

Fuchs was disappointed not to be able to demonstrate the performance of Renoform 2502 ALWF and 

suggests that the industry consider evaluating this product further if budgets and time allows. 

 

Despite the good results in tribology tests, and the good results in cup draw tests, Renoform 1102 ALWF 

fell short in the actual stamping trials of inner doors at Promatek.  They experienced consistent splits in 

the formed parts.  The involved group (Promatek, Jon Carter, Fuchs) collectively decided to test with the 

original benchmark, Forge Ease AL 278.  Using Forge Ease AL 278, Promatek experienced better 

forming results.  After tool die modifications, Promatek was able to make parts using AL 278, but 

continued to experience splits with 1102 ALWF. 

 

Initial activities: Selecting Most Effective Tribology Tests and Candidate Lubricants 

1. Fuchs elected Forge Ease AL 278 as an initial benchmark lubricant 

o Successful forming history with aluminum warm forming (AA5xxx and AA 6xxx) 

o Some history as wet and dry application 

o Various temperature ranges (100 C to 350 C) 

o Improvements were mandated due to characteristic buildup in tooling 

Details: Based upon previous work in forming high strength (AA 6xxx) aluminum, Fuchs R&D group 

had determined that Fuchs’ Forge Ease AL 278, a water-based emulsion with dispersed additives, was an 

appropriate benchmark for work with soft metal with very low ductility. L 

2. Developed two initial test formulas for use in LCMS program 

o Renoform 10 ALWF  

▪ Replaced organic material from AL 278 

▪ Tight emulsion 

▪ Contains boron nitride 

o Renoform 25 ALWF 

▪ Inorganic material formula 

▪ Solution 

▪ Contains boric acid 

Details: The formulary work for both products involved substantial screening of additives, discussions 

with raw material suppliers, and testing to determine ingredient compatibility, solubility and/or 

emulsifying characteristics.  Finally, formulas were reviewed for stability, safety, color, and odor. (Fuchs’ 

standard new product release QC methods are available upon request.)  Finally, administrative work was 

performed to log formulas into the company SAP and EHS systems. 
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3. Selected Anton Parr RheoCompass for initial testing 

o Capable of testing wet and dry applications 

o Capable of heating tools from ambient to 200 C 

 

Details: Fuchs reviewed several sets of tribology equipment for use in determining performance on low-

ductility soft metals in a stamping environment.  The following pieces were tested using both new 

candidate lubricants on AA 6082.  The following equipment was used: 

➢ Strip Draw (SLT) 

➢ Twist Compression (starvation testing) 

➢ Falex Pin and V-Block 

➢ Cup Draw 

➢ Anton Parr ReoCompass (tribometer) 

 

Ultimately, the Anton Parr tribometer was determined to provide best initial tribology results.  The system 

provides co-efficient of friction results for lubricants run in a wet and a dry condition.  The tooling can be 

run ambient or heated up to 200 C. 

 

4. Performed initial testing on AA6082 

o Project magnesium not yet available 

o Testing on aluminum provides potentially useful information 

 

Details:  The Fuchs R&D group performed comparative testing on the Anton Parr RheoCompass to 

determine performance of Samples of magnesium had not yet been available le from the USAMP LCMS 

program, so testing was performed using available AA 6082.  The lubricants were comparatively tested 

neat (undiluted) and diluted 4:1 (20%). 

 

The following illustration depicts the basic concepts of the Anton Parr Rheometer and the two conditions 

(wet and dry) 

 

 

  

 

 

 

 

 

 

 

 

Dry 
coating 

Liquid  
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The following table depicts testing parameters:

 
 

Test results: Tribology testing indicates Coefficient of friction rating as follows: 

o When products were run neat and as a dry film heated to 200 C. lubricants performed in 

the following order best to worst: Renoform 10 ALWF > Renoform 25 ALWF > Forge 

Ease AL 278 

o When products were run 4:1 as a dry film and heated to 200 C, products performed in the 

following order best to worst: Renoform 10 ALWF > Forge Ease AL 278 > Renoform 25 

ALWF 

o When comparing the neat lubricant to 4:1 diluted lubricant in a dry condition and heated 

to 200 C the products performed in the following manner best to worst:  All 3 lubricants 

performed better diluted with water than run neat 

o When products were run neat, wet and at ambient temperature they performed in the 

following manner best to worst:  Renoform 10 ALWF > Renoform 25 ALWF / Forge Ease 

AL278 – (Increased CoF for all lubricants compared to respective dry film runs)  

Fuchs then determined upon the following actions to improve the lubricant candidates for this project: 

o Eliminate boron nitride as an ingredient 

o Improve wetting characteristics 

o Reduce carbonization at high temperatures 

o Resulting developed products: Renoform 1102 ALWF and Renoform 2502 ALWF 

Fuchs ran tribology tests on Anton Parr that compared the COF results against the benchmark, Forge Ease 

AL 278, and three candidate lubricants at 200 C and ambient. 

200°C (Dry) 200°C (Dry) 25°C (Wet) Test condition

Al 6082 plate
Precoat and dried under 160°F 15 minutes

<1 ml sample add 

into sample holder

Steel ball vs Al 6082 

plates, 10 N load, 

velocity 0-1 m/s
Forge Ease AL 278 Neat 4:1 4:1

Renoform 10 ALWF Neat 4:1; 2:1 4:1; 2:1

Renoform 25 ALWF Neat 4:1 4:1



 
 

8 

 

 

 

The COF was lower at 200 C for all lubricants.  It should be noted that at this temperature, all lubricants 

but Renoform 2502 ALWF turned into a dry film.  At ambient, all lubricants were run in a wet state. 

From these results, Renoform 1102 ALWF and Renoform 2502 ALWF were determined as best candidate 

lubricants for the USAMP LCMS project. 

• Renoform 1102 ALW.  It exhibited features like the benchmark lubricant, AL 278, it performed 

well as a dry film.  Unfortunately, it did not perform well in a wet state. 

• Renoform 2502 ALWF performed well in a wet state.  In case application to dies rather than to 

blanks became a preferred method, Renoform 2502 ALWF was also selected for further study. 

  

4:1 dilution 

Dry-film heated 200 C 

4:1 dilution 

wet, run ambient 

♦ Renoform 1102 ALWF  ♦ Forge Ease Al 278  ♦ Renoform 

2502 ALWF   
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Lubricant Testing on Magnesium 

 

1. POSCO E-Form Plus blanks were cut to size to fit the Anton Par rheometer. 

2. Three lubricants were tested at 4:1 (20%). 

a. Renoform 2502 ALWF 

b. Renoform 1102 ALWF 

c. Forge Ease AL 278 (control) 

3. Panels sets were coated with each respective lubricant and allowed to dry on the panels. 

4. Of the dry coated panels, one half was run in the rheometer heated to 100 C and the other half 

was run at 200 C. 

5. The results were compared for these tests and each result was also compared to previous 

results with Mg ZEK 100. 

 

Lubricant Results on POSCO E-Form Plus run at 100oC 

 
  

♦ Forge Ease Al 278 ♦ Renoform 1102 ALWF  ♦Renoform 2502 ALWF 
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Lubricant Results on POSCO E-Form Plus run at 200oC 

 

Results: 

1. All lubricants exhibited a lower coefficient of friction (COF) when run at 200 C 

2. The consistency of each lubricant exhibited differences at the two temperatures.   

a. At 200 C, the COF of FE AL 278 and RF 1102 ALWF climbed more significantly with 
time and increasing velocity 

b. At both 100 C and 200 C, the COF of RF 2502 ALWF remained relatively consistent and 
even improved as time and velocity increased. 

The tribology results with POSCO E-Form Plus were compared to previous results using Mg ZEK 100: 

Comparing ZEK 100 and E-Form Plus 

Two Magnesium alloys were proposed by the project group – POSCO E-Form Plus and ZEK 100.  Fuchs 
evaluated both materials at heated conditions. 

 

 

 

 

♦ Forge Ease Al 278 ♦ Renoform 1102 ALWF  ♦Renoform 2502 ALWF 
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                                     ZEK 100                                                                      E-Form Plus 

  

     Comparing Tribology Results of ZEK 100 with E-Form-Plus at 200 C 

                                     ZEK 100                                                                      E-Form Plus 

                      
 

Conclusions: 

1. Worst to best performance of each lubricant was similar with each magnesium alloy. 
a. RF 2502 ALWF -> FE AL 278 -> RF 1102 ALWF 

2. The general performance (based upon lowest COF) was noticeably better with POSCO E-Form 
Plus than with ZEK 100. 

a. Oxidation of E-Form Plus was significantly less than ZEK 100 and may have contributed 
to improved formability. 

3. The consistent test results with both Magnesium alloys help validate the lubricant choices. 

 

Comparing Lubricant performance on Posco E-Form Plus with and without Pretreatment 

 

The lubricity performance on POSCO E-Form Plus without Henkel’s pretreatment was compared to its 

performance on this material with the pretreatment.  At 100 C, no difference in performance was 

exhibited. 
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Comparisons of Performance on E-Form Plus without and with Henkel pretreat at 200 C 

The lubricity performance on POSCO E-Form Plus without Henkel’s pretreatment was compared to its 

performance on this material with the pretreatment.  At 200 C, no difference in performance was 

exhibited. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusions: 
The Henkel pretreatment appears to have no adverse effect on lubricant performance.  In effect, its effect 
is neutral to forming characteristics.   

• At 100 C, Renoform 2502 ALWF provides the lowest coefficient of friction. 
• At 200 C, Forge Ease AL 278 provides the lowest coefficient of friction.  At this temperature, 

Renoform 2502 ALWF provides slightly less lubricity. 
  

E-Form Plus Mg 

♦ Forge Ease Al 278 ♦ Renoform 1102 ALWF ♦Renoform 2502 ALWF 
♦ Forge Ease Al 278 ♦ Renoform 1102 ALWF ♦Renoform 

E-Form Plus Mg 

w/ Henkel pretreat 

♦ Forge Ease AL 278  ♦ RF 1102 ALWF ♦ RF 2502 ALWF    

E-Form Plus E-Form Plus with Henkel pretreatment 
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EWI Cup Draw Testing 
 

By January 2019, Fuchs had determined two candidate lubricants: 

• Renoform 1102 ALWF – designed for application to magnesium blanks and submission as a dry 

or drying film through the blank heating oven and then into the stamping die as a dry film. 

• Renoform 2502 ALWF – designed for potential wet application in the dies to heated magnesium 

blanks.  In effect, this lubricant was designed for use as a wet film on ambient dies. 

The next step was to evaluate lubricant performance on heated blanks in a cup draw test at Edison 

Welding Institute (EWI) in Columbus, Ohio.  USAMP project budgets only allowed for testing of one 

respective lubricant from the two participating lubricant suppliers, Fuchs and Quaker.  Since USAAMP 

has decided to apply lube to blanks and heat them, we selected Renoform 1102 ALWF for further 

stamping tests at EWI. 

 

The following results were achieved as shown in the table below, which showed results consistent with 

the previous cup draw results.  Both company’s lubricants performed better at 200 C, and the Fuchs lube 

consistently performed better overall. 

 

 
 

 

Test Summary: 

 

Fuchs’ tribology testing demonstrated best results with Renoform 1102 ALWF when run as a dry film.  

Subsequent cup draw testing and simulation production drawing at EWI appeared to corroborate these 

results.  As well, in comparative results with a Quaker oil-based lubricant, the Fuchs lubricant appears to 

provide best formability. 

 

Lubricant Residue Cleaning Results: 

 

BHF (tons) 3 3 4 4 5 5 6 6 7 7 8 8 9 9

Temp Mg batch Lube

200 1 Fuchs
2 O 3 O

2 X (one TD 

and heated 

twice)

2 O 2 X

200 3 Fuchs
4 W (1A) 3 O (1 A) 2 O 4 O

4 O (2 A) 
incl 1 A w/ 

plastic

3 X 2 O (1 A)
3 X (2 A) 

incl 1A w 

horz crack

200 3 Quaker1 2 W (1 A) 2 W 2 X (1 A) 3 O 3 X

200 3 Quaker2 1 W 2 X 1 W 2 X 2 X

175 3 Fuchs 4 W (1 A) 2 W (1 A) 1 X 1 X 1 X

175 3 Quaker1 3 W (1 A) 2 W 4 X (1 A) 1 X

175 3 Quaker2 4 W  1 X

BHF (tons) 3 3 4 4 5 5 6 6 7 7 8 8 9 9

W wrinkle Yellow = good parts

O OK part Tan = cracks

X crack/ split

A Argus part

3 O (1 A) 3 good parts total, 1 of which is Argus
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In mid-November, Fuchs received mini door panels from Henkel that had been treated with Pretreatment 

“D”.  Fuchs coated each panel (both sides) with Renoform 1102 ALWF.  The lubricant was mixed at 1:1 

(50%) with water and applied with a sponge brush.  Panels were then submitted to PPG and AET for 

cleaning tests and weld tests respectively. 

 

Fuchs does not have access to the report of cleaning results but understand from quarterly USAMP 

participant meetings that PPG was able to successfully clean the lubricant residue from panels. 

 

 

Door Inner Stamping Demonstrations  

 

In early December 2020, Magna Corporation’s R&D Group at Promatek, ran stamping tests on an inner 

door using Posco E-Form magnesium blanks coated with Fuchs Renoform 1102.  They experienced 

problems forming the part.  In particular, the part split near the edge of the blanks.  (Photographs are 

courtesy of Magna Promatek presentation to USAMP.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Promatek applied the original benchmark lubricant, Forge Ease AL 278, to blanks and experienced better 

results.  The part continued to exhibit splitting, but the split was less. Forge Ease AL 278 had been diluted 

3:1with alcohol to improve wetting. 

 

 

 

 

 

 

 

 

 

Formed inner door using 

Renoform 1102 ALWF at 50% 

with water. 

Formed inner door using Forge 

Ease AL 278 at 25% with 

alcohol. 
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Promatek reported that they made modifications to the stamping die.  In particular, they lowered the draw 

bead to allow for easier metal flow.  After the die modifications, the following lubricants were tested: 

 

• Renoform 1102 ALWF diluted 1:1 with water 

• Forge Ease AL 278 diluted 3:1 with alcohol 

• Forge ease AL 278 diluted 3:1 with water 

 

Each respective lubricant was applied to blanks, allowed to dry, heated to ~ 250 C, and submitted to the 

stamping press.   

 

Promatek reported that they were able to successfully form parts in the modified die with sets of blanks 

coated with Forge Ease AL 278 both diluted with water or alcohol.  Blanks coated with Renoform 1102 

ALWF performed better (smaller splits) but did not form a split-free part. 

 

 

CONCLUSIONS 

 

Forge Ease AL 278 appears to be a lubricant that can successfully aid in the forming magnesium panels 

into complex automotive parts, such as inner doors.  Renoform 1102 ALWF exhibited good performance 

in terms of coefficient of friction, compatibility with high temperature, cleanability, and other post process 

procedures.  However, ultimately it did not provide the forming window required of the test part. 

 

As noted in this report, the formula for Renoform 1102 ALWF was based closely to that of Forge Ease AL 

278.  Modifications were made to improve the wetting and to reduce carbonization of the residue, both of 

which can be problematic with Forge ease AL 278.  Through the USAMP testing, Fuchs has learned that 

the modifications are less slight than previously thought.  The company will reevaluate the changes and 

look for a different approach to improving the post-process issues thought to be associated with Forge 

Ease AL 278.  In the meantime, Forge Ease AL 278 continues to exhibit good forming characteristics in 

elevated temperature forming operations.  It could be used to assist in forming warm formed magnesium 

and aluminum parts.  Formed parts may require a cleaning process in addition to ordinary pretreatment 

cleaning. 

 

We should note that the project budgets did not allow for testing of Renoform 2502 ALWF.  Tribology 

testing exhibited good results even at ambient temperatures.  This is not to suggest that magnesium blanks 

could be formed ambient.  The elevated temperature increases formability substantially.  This 

characteristic suggests that this lubricant may be effective if applied wet to the dies as heated blanks are 

submitted to the press.  The tribology results also suggest that Renoform 2502 ALWF may perform well if 

applied to heated blanks entering the stamping press.  Fuchs will continue work to better substantiate 

these findings. 
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Next Steps 

Fuchs will continue development work to improve upon Forge Ease AL 278.  As a first step, the company 

will evaluate this product and all modified formulas and candidate ingredients via Thermal Gravimetric 

Analysis (TGA).  TGA can help determine the depletion of ingredients at specific temperatures.  Once 

this work is completed, the company will begin to modify Forge Ease AL 278.  The goal will be to 

improve the wetting characteristics of the product, to reduce the carbonized effect to the residue at 

elevated temperatures, and to reduce any potential build-up in dies. 
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