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Purpose Of This Document 
 

The EPS® process is an alternative to traditional acid-pickling as a means to remove the 
surface oxides formed during the hot-rolling process of producing flat-rolled steel.  The 
surface of EPS-processed steel is generally more uniform in appearance than that of acid-
pickled steel and, through control of certain process parameters, the surface 
characteristics (texture, roughness) of EPS-processed steel can be managed to achieve a 
particular desired finish. 
 
For manufacturers to use EPS-processed steel in their products it must be shown to be 
interchangeable with acid-pickled steel for fabricating, painting or downstream processes 
such as galvanizing and cold rolling. 
 
Extensive testing of EPS samples has been conducted (and is ongoing) to establish its 
metallurgical properties and to benchmark its performance in manufacturing processes. 
The results of these tests are important to users and potential producers of EPS, as they: 
 

(1) validate its conformance to accepted material/process specifications, 
(2) testify to its performance in common manufacturing processes, 
(3) demonstrate interchangeability with flat-rolled steel which has  undergone 

conventional acid-pickling 
 
EPS users and licensed producers will continue to independently test EPS in order to 
prove that it satisfies their specific manufacturing criteria.  TMW will compile these tests 
as they become available and disseminate them as updates to this document.  
 
To request additional copies of this document please contact us at: 
 

The Material Works, Ltd. 
101 South Main Street 
Red Bud, Illinois 62278 

 
Tel: 618-282-4200 
Fax: 618-282-4201 

email: info@thematwks.com 
 
 

EPS® is a trademark of The Material Works, Ltd. 
Copyright ©2009 - 2014 The Material Works, Ltd. All rights reserved. 
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A.  GENERAL MOTORS PAINT APPEARANCE/PERFORMANCE 
TEST AND RESISTANCE SPOT WELDABILITY TESTS - 2013 

 
 
1.0 Introduction and Discussion 
 
An EPS Producer sought to gain approval from General Motors to supply EPS for 
select automotive applications. This producer coordinated several laboratory tests 
of EPS samples in the areas of paint appearance and performance, plus spot 
weldability. 
 
The accredited testing laboratory ACT of Hillsdale, Michigan performed the paint-
related tests during 2013. ACT prepared the samples and conducted the tests in 
accordance with appropriate GM standards. 
 
The welding research and testing firm Applied Engineering and Integration, Inc. 
(AET Integration) performed the resistance spot welding tests and analyses in 
accordance with GM Welding Specification GWS-5A. 
 
The pages that follow provide the actual test reports from ACT and AET 
Integration.   
 
From the results of these tests, EPS received approval from GM as a 
replacement of acid pickled for an end use product application.  
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GM Paint Appearance Study  

Test Substrate:  Customer Supplied Hot Rolled Steel  

      Pretreatment:  Henkel Tectalis 
                                                                                   Ecoat: BASF U32AD800 
                                                                                 Primer: BASF U28AW110 
                                                        Base Coat: BASF E54KW401 
                                                       Clear Coat: BASF E10CG081   

ACT Quote Number: QC19940_020113 
ACT Project Number: SO219433A  

Material Received:  12/18/12 
Test Date:  03/06/13  

Prepared By: KWW 
Date Prepared: 03/06/13 
Logbook: KWW-3, p. 52             

APPROVED BY:           

        

          

Kevin Wendt          
Technical Manager   

Signed for and on behalf of  
ACT Test Panels LLC 

http://www.acttespanels.com
William Perry
Typewritten Text
(DRY EPS SAMPLES)

William Perry
Typewritten Text
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Pretreatment Application: Henkel Applied Tectalis. 
Ecoat Application: ACT Test Panels LLC applied BASF Ecoat per manufacturers

 
requirements. 

Paint Application: ACT Test Panels LLC applied BASF Primer and BC/CC per manufacturers 
requirements.    

Evaluation #1: BYK Wavescan  

Test Method: ACT WIL-0151 (07/28/08)   

Number of Samples: One customer HRS topcoated flat panel.  
One customer HRS topcoated pie plate.  
One ACT CRS topcoated flat panel (control).  

Number of Readings: Three longitudinal and three transverse per sample; average rating reported for each  
direction.  

Instrument: BYK Gardner Wave-scan Dual Model 4840 (LEQP 0002)   

Ratings: du,Wa, Wb, Wc, Wd, We, SW, LW, Rating (R)   

Rating Description: du = < 0.1 mm wavelength  
Wa =  0.1-0.3 mm wavelength  
Wb =  0.3-1 mm wavelength  
Wc =  1-3 mm wavelength  
Wd =  3-10 mm wavelength  
We = 10-30 mm wavelength  
SW =  0.3-1.2 mm wavelength  
LW =  1.2-12 mm wavelength  
Rating (R) = Orange peel based on ACT Orange Peel Standards   

Evaluation #2: Surface Roughness using Profilometer  

Test Method: ANSI ASME B46.1 (2002) Section 4  

Number of Samples: One customer HRS Ecoated flat panel.  
One customer HRS Ecoated pie plate.  
One ACT CRS Ecoated flat panel (control).  

Number of Readings: Three longitudinal and three transverse per sample; average Ra reported for each  
direction.  

Instrument (Skidded): Taylor Hobson Model Surtronic 3+ 

http://www.acttestpanels.com
William Perry
Typewritten Text

William Perry
Typewritten Text
(DRY EPS SAMPLE 1)

William Perry
Typewritten Text
(DRY EPS SAMPLE 2)

William Perry
Typewritten Text
(SAMPLE 3)
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Stylus Radius: 10 microns  

Filter: Gaussian  

Cut-off Length (Lc): 0.80 millimeters  

Evaluation Length (Ln): 25.4 millimeters  

Ra: Roughness Average in micro inches (µin)    

Wavescan and Roughness Average Test Data:    

Panel 
ID 

Test 
Direction 

Topcoat BYK Wavescan Parameters Ecoat Roughness, 
Ra (µin) du Wa Wb Wc Wd We LW SW Rating 

Customer HRS Flat Panel 

1 
Long. 4.0 9.1 30.8 16.6 21.4 15.8 9.1 30.1 7.1 34 
Trans. 3.6 8.9 29.9 17.2 19.9 13.4 8.5 27.1 7.2 32 

Customer HRS Pie Plate 

2 
Long. 2.7 8.7 31.2 20.3 43.2 30.6 25.3 30.2 4.8 30 
Trans. 5.7 7.6 28.0 20.9 51.8 32.7 34.0 27.1 3.9 29 

ACT CRS Flat Panel (Control) 

3 
Long. 1.0 0.9 3.6 3.3 12.3 10.1 2.9 3.6 9.6 15 
Trans. 1.0 1.0 3.6 3.0 9.5 6.0 2.2 3.3 10.2 15 

http://www.acttestpanels.com
William Perry
Typewritten Text
(DRY EPS SAMPLE 1)

William Perry
Typewritten Text
(DRY EPS SAMPLE 2)
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GM Paint Performance Testing  

Test Substrate:  Customer Supplied Hot Rolled Steel  

      Pretreatment:  Henkel Tectalis 
                                                                                   Ecoat: BASF U32AD800 
                                                                                 Primer: BASF U28AW110 
                                                        Base Coat: BASF E54KW401  
                                                      Clear Coat: BASF E10CG081   

ACT Quote Number: QC19940_020113 
ACT Project Number: SO219433B  

Material Received:  12/18/12  

Prepared By: MDC 
Date Prepared: 04/16/13 

Logbook: MDC-15, pp. 28-29              

APPROVED BY:           

        

          

Kevin Wendt          
Technical Manager   

Signed for and on behalf of  
ACT Test Services 

http://www.acttestservices.com
William Perry
Typewritten Text
(DRY EPS SAMPLES)
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Pretreatment Application: Henkel Applied Tectalis. 
Ecoat Application: ACT Test Panels LLC applied BASF Ecoat per manufacturers

 
requirements. 

Paint Application: ACT Test Panels LLC applied BASF Primer and BC/CC per manufacturers 
requirements.  

ID Matrix:   #1 = Flat Hot Rolled Steel     
#2 = Pie Plate Hot Rolled Steel   

Evaluation#1: Stone Impact Resistance  

Test Date: 03/08/13  

Test Method:     GMW14700 (12/09), Methods B and C  

Test Conditions: Ambient and -18ºC, Air Pressure 70 ± 5 psi  

Gravelometer:   Q-Panel Model QGR (LEQP 0007)  

Tape: 3M 898 (LEQP 0040)  

Examinations: Chip Rating and Frequency for chips reaching down to substrate  

Chip Rating 
           Identifications: Number Categories for Chip Rating   

Rating # Maximum stone chip diameter (mm) rating 

  

10   No chips and no surface marks   
9+   No chips: surface marks only within top coating layer   
9   1.0 or 2.0 (depending on failure mode)   
8   1.0, 1.5 or 2.0 (depending on failure mode)   
7   1.5 or 2.0 (depending on failure mode)   
6   2.0   
Poor  >2.0     

Failure Mode       

To Substrate       

Frequency   

Low ( 5 chips)  
Moderate (5 < chips < 25)  
Heavy (> 25 chips) 

http://www.acttestservices.com
William Perry
Typewritten Text

William Perry
Typewritten Text
(DRY EPS SAMPLES A,B,C)

William Perry
Typewritten Text
(DRY EPS SAMPLES A,B,C)



       273 Industrial Dr.    Hillsdale, MI  49242    Phone: (517) 439-1485    Fax: (517) 439-1652  

LABORATORY TEST REPORT                    ACT PROJECT SO219433B  

Page 7  
ACT reports are for the exclusive use of the client to whom they are addressed, and shall not be reproduced except in full, without written authorization from 
ACT.  The tests done on the requested and/or specified number of samples may or may not constitute a representative sampling.  

www.acttestservices.com    

 
Stone Impact Resistance Test Data:    

Method B (-18ºC) 
To Substrate 

ID Rating Frequency 
1A 9 Low 
2A Poor* Moderate 

 

* Rating based on one chip which was >2.0 mm.  If this chip was excluded from the evaluation, the next largest chip 
size is 1.5 mm, which the rating would be a 7.    

Method C (Ambient) 
To Substrate 

ID Rating Frequency 
1B 9 5 
2B 9 Moderate 

   

Evaluation #2:   Corrosion Rating Scale  

Test Method:   GMW15356 (06/09)   

GMW15356 Rating Scale: Rating Description 

 

10 No visible corrosion 

 

9 One or two small rust spots 

 

8 Some small rust spots 

 

7 Many small rust spots (approx.10%) 

 

6 Medium sized rust spots (10-40%) 

 

5 Many medium sized rust spots (40-60%) 

 

4 Large rust spot (60-90%) 

 

3 Large corroded area or very large rust spot (100%) 

 

2 Metal loss 

 

1 Perforation 

   

http://www.acttestservices.com


       273 Industrial Dr.    Hillsdale, MI  49242    Phone: (517) 439-1485    Fax: (517) 439-1652  

LABORATORY TEST REPORT                    ACT PROJECT SO219433B  

Page 8   
ACT reports are for the exclusive use of the client to whom they are addressed, and shall not be reproduced except in full, without written authorization from 
ACT.  The tests done on the requested and/or specified number of samples may or may not constitute a representative sampling.  

www.acttestservices.com    

 
Evaluation #3:   Corrosion/Undercutting Scribe Creepback   

Test Method: GMW15282 (10/12)  

Scribing Tool: Straight shank, tungsten carbide tip lathe cutting tool with tip angle of  
60 ± 15° (Industry code E).  

Tape:    3M 898 (LEQP 0040)  

Digital Caliper: Mitutoyo Digimatic Model CD-6" (LEQP 0015)  

Scribe Creepback: A measurement of the distance between the unaffected paint film, in millimeters, on 
each side of the scribed line.   

Average (CAverage): The mean of 8 measurements of Scribe Creepback at points 15 millimeters apart 
centered on the scribed line, discounting the areas less than 10 millimeters from each 
end of the scribed line.  

Max Left (CLeft Max): A measurement of the maximum distance between the unaffected paint film, in 
millimeters, on the left side of the scribed line.   

Max Right (CRight Max): A measurement of the maximum distance between the unaffected paint film, in 
millimeters, on the right side of the scribed line.   

Total Max (CMax): CLeft Max + CRight Max  

mm:    Millimeter 

http://www.acttestservices.com
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Evaluation #4: Cyclic Corrosion Test  

Test Start Date: 03/07/13 
Test End Date: 04/16/13  

Test Method: GMW14872, EXT, All, 4sp, Method 1/2/3, Exposure C (03/10)   

Exposure Chamber:  Thermotron Model SM-27-8200 (LEQP 0033)   

Exposure: 28 Cycles (28 ± 3 Cycle Requirement)  

One Cycle: 8.0 hours at 25 ± 3°C/45 ± 10% RH  
  (Apply 4 salt mist applications, one at the beginning of the ambient stage and  
   the others at approximately 1.5 hours apart.)  
1.0 hour ramp to 49 ± 2°C/~100% RH  
7.0 hours at 49 ± 2°C/~100% RH  
3.0 hour ramp to 60 ± 2°C/ 30% RH  
5.0 hours at 60 ± 2°C/ 30% RH  
(Note:  On weekends and holidays, leave in the ambient condition of 25 ± 2°C/45 ± 5% RH)  

Humidity: Steam generated with water fog assist  

Sodium Chloride: Morton Culinox 999 Food grade  

Salt Solution: 0.9% Sodium Chloride  
0.1% Calcium Chloride (CaCl2·2H2O)  
0.075% Sodium Bicarbonate  
98.925% Deionized Water  

Salt Mist Application: Garden Hand Sprayer (LEQP 0153)  

pH Meter: Orion Model 710A with glass electrode and ATC probe (LEQP 0030)  

Conductivity Meter: Oakton Model CON11 (LEQP 0018)  

Balance: Sartorius Model ED623S (LEQP 0042)  

Corrosion Coupons: ACT Test Panels 25.4 mm x 50.8 mm x 3.18 mm SAE 1008 Steel  

Evaluations: Corrosion Rating per Evaluation #2.   
Scribe Creepback per Evaluation #3.   
Coupon Weight Loss in grams (g).     

http://www.acttestservices.com
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Cyclic Corrosion Test Data:   28 Cycles    

Scribe Creepback (mm) 

 
ID GMW15356 

Rating 
Max Left  
(CLeft

 
Max) 

Max Right  
(CRight

 
Max) 

Total Max 
(CMax) 

Average 
(CAverage) 

1C 10 1.5 1.4 2.9 1.7 
2C 10 1.3 1.1 2.4 1.3 

    

GMW14872 Coupon Weight Loss:  3.18 mm Thick CRS Coupons   

ID Cycles Initial Weight (g) Final Weight (g) Weight Loss (g) Ave. Weight Loss (g) 
932T L 28 29.813 26.262 3.551 3.749 933T R 29.765 25.818 3.947 

 

http://www.acttestservices.com
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Photographs:  

 

Ambient Stone Impact 

 

Cold Stone Impact 

http://www.acttestservices.com
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Photographs (cont.):  

  

28 Cycles GMW14872 

 

Flat HRS 28 Cycles GMW14872 

 

Pie Plate HRS 

http://www.acttestservices.com
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1. Objective 
 
Evaluate 2.7 mm 050 HSLA uncoated steel provided by Steel Technologies, 
LLC using General Motors (GM) weld qualification specification GWS-5A 
dated April 2011. 
 

2. Test Procedure 
 
2.1 General Description 
 
Both the weldability and cap life evaluation procedure outlined by GWS-5A 
were conducted. Welding schedules are shown in Table 1 and were selected 
using the associated file for GWS-1A welding specifications. Minimum button 
size for this material was 7.0 mm per GMW 14057. GM Global Standard 
GMWZ – 19x24 mm electrodes were used.  Electrode caps were dressed to the 
dimensions specified in the associated Cap Dress file for GWS-1A.  
Equipment used for testing is shown below. 
 

 
 
 

2.2  Weldability procedure 
 
The weldability procedure consists of the following 6 components: 
 

 Weld lobe generation 

 Electrode life test 

 Shear tension test 

 Cross tension test 

 Metallurgical examination 

 Microhardness test 
 

Resistance Spot Welder WSI Pedestal

Weld Control Miyachi ISA-500 AR MFDC

Weld Checker Miyachi MM-370A

Force Gauge Sensor Development Weld Probe

Tensile Test Machine MTS 810 Material Test System

Microscope Nikon SMZ800

Microhardness Tester Leco LM100AT
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Electrode caps were installed and aligned. The squeeze time was adjusted to 
ensure consistent electrode force before welding. Before welding was started, 
the electrode alignment was verified with carbon paper imprints. Welding 
begins by finding the current required to produce the minimum nugget 
diameter at the nominal weld time. Using this setup, 50 conditioning spot 
welds were produced.  The process appeared stable at this point. 
 
After electrode conditioning, coupons were welded and peel tested in 100A 
increments to determine the current that produced point A of the weld lobe 
diagram (minimum button size at maximum weld time). Three coupons were 
produced and peel tested using the determined weld current.   
 
The weld lobe was generated by establishing the minimum button diameter 
curve and the expulsion curve. The minimum button diameter curve is 
composed of points A, B and C. These locations represent the current 
necessary to produce the minimum button diameter at each of the three 
different weld times. The three weld times in this case were the maximum 
weld time (three pulse, 140 ms per pulse), nominal weld time (three pulse, 
130 ms per pulse), and minimum weld time (three pulse, 120 ms per pulse). 
The expulsion curve was established by increasing weld current in 200A 
increments until expulsion was observed on the second spot weld of the test 
coupon.  The expulsion procedure was also conducted for each of the three 
weld times resulting in point D, E and F on the weld lobe. 
 
For each point of the weld lobe, three shear tension samples and three cross 
tension samples were produced.  One sample was produced at each point for 
metallurgical examination and microhardness testing.  Shear tension and 
cross tension tests were performed and the peak loads were recorded using 
an MTS load frame.  An additional coupon was produced at point G of the 
weld lobe diagram for metallurgical examination and microhardness testing.  
Microhardness traverses were made using a Vickers scale diamond indenter 
with a 500g load. 
 
2.3 Cap Life Test Procedure 
 
Weld parameters for point G were used in the cap life test. Welding speed 
was 30 welds per minute. The cap life test procedure was repeated for groups 
of 50 welds until 500 acceptable welds were obtained or until the button size 
dropped below the minimum button size requirement. Each group of 50 
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welds consisted of 48 welds on endurance test panels and two welds on a 
peel test sample. The second weld of the peel test sample was examined for 
button size and weld characteristics. Cap imprints were taken every 50 welds. 

 
3.  Test Results and Analysis 

 
Detailed weldability test data is listed in Table 2 of Appendix A. 
 
Shear tension test results are summarized in Table 3 of Appendix A. The 
average peak tensile load was 29.49 kN (6,630 lbs).   
 
Cross tension test results are summarized in Table 4 of Appendix A. The 
average peak cross tension load was 23.49 kN (5,281 lbs).   
 
The weld lobe is shown in Figure 1 of Appendix B. The current ranges at all 
three weld times exceeded the 1.0 kA requirement in GWS-5A. 
 
Microhardness traverse results are shown in Figure 2 of Appendix B.  The 
indent pattern is shown in Figure 3. Microhardness tests did not indicate 
brittle weld structures. 
 
Macro photos of metallurgical specimens are shown in Figure 4 and Figure 5 
of Appendix B. Specimens at expulsion points did not exhibit thinning over 
30%.   
 
As shown in Table 5, 500 acceptable welds were obtained for the cap life 
evaluation without the button size dropping below 7.0 mm. Figure 6 shows 
the button size variation throughout the test.  Figure 7 shows the electrode 
imprints.  
 
 

4.  Conclusion 
  
The 2.7 mm 050 HSLA uncoated steel evaluated by this test appears to meet 
the weldability requirements specified in GM welding specification GWS-5A.  
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Appendix A: Tables 
Table 1: Weld Schedules 

 
 
 

Table 2:  Weldability Test Data 

 
 
 
 
 

 

 (kN) (lbs) Schedule (ms)
Total Weld 

Time (ms)

Minimum 120 360

Nominal 130 390

Maximum 140 420

Electrodes 
Hold Time 

(ms)

GM Global 

Standard GMWZ - 

19x24 Dome Nose

7.0 1575

Electrode Force Weld Time

180

Test Date 08/22/2013
Test 

Machine
Taylor Material

2.7 mm 050 

HSLA 

Uncoated

Electrode 

Type

GM 

Global

Electrode 

Tip Force 

(kN)

7 kN

# of 

Pulse
3

Weld Time

(ms)

140, 130, 

120

Cool Time

(ms)
40

Hold Time

(ms)

2 12.0 11.8 6.8 6.9 130

3-52 12.0 11.8 130

54 12.2 12.0 7.1 7.1 140

56 12.2 12.0 6.8 7.0 140

58 12.2 12.0 6.8 6.9 140

59-61 12.2 12.0 140

62-64 12.2 12.0 140

66 12.2 12.0 140

68 12.3 12.1 6.9 7.0 130

70 12.3 12.1 7.0 7.1 130

72 12.3 12.1 7.0 7.2 130

73-75 12.3 12.1 130

76-78 12.3 12.1 130

80 12.3 12.1 130

82 12.4 12.2 6.6 6.7 120

84 12.5 12.3 7.3 7.4 120

86 12.5 12.3 6.8 7.0 120

88 12.5 12.3 7.0 7.3 120

89-91 12.5 12.3 120

92-94 12.5 12.3 120

96 12.5 12.3 120

180

Point A

Met., Point A

Point A

COMMENTS-REMARKS 
(e.g., flash, sticking, imprints)

50 Conditioning Welds

Point A

Met., Point C

Point B

Cross Tension, Point C

Point C

Shear Tension, Point C

Sample or 

Weld No. Mean. 

Dia. (mm)

Max. Dia. 

(mm)

Weld Button DataWelding Current Data
Weld Time 

Per Pulse 

(ms)

Programmed 

Current

 (kA)

Measured 

Current 

(kA)

Min. Dia. 

(mm)

Point C

Met., Point B

Shear Tension, Point B

Cross Tension, Point B

Cross Tension, Point A

Point B

Shear Tension, Point A

Point B

Point C
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Table 2:  Weldability Test Data (Continued) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

98 12.7 12.5 140

100 12.9 12.7 140

102 13.1 12.9 140

104 13.3 13.1 140

106 13.5 13.3 140

108 13.7 13.5 140

110 13.9 13.7 140

112 14.1 13.9 140

113-115 14.1 13.9 140

116-118 14.1 13.9 140

120 14.1 13.9 140

122 14.3 14.0 130

124 14.5 14.2 130

125-127 14.5 14.2 130

128-130 14.5 14.2 130

132 14.5 14.2 130

134 14.3 14.1 130

136 14.7 14.5 120

138 14.7 14.5 120

139-141 14.7 14.5 120

142-144 14.7 14.5 120

146 14.7 14.5 120

1st Exp. 

1st Exp. 

Shear Tension, Point E

Met., Point E

Cross Tension, Point E

Cross Tension, Point D

Met., Point D

Met., Point G

Shear Tension, Point F

Cross Tension, Point F

1st and 2nd Exp., Point F

Met., Point F

1st and 2nd Exp., Point D

Shear Tension, Point D

1st Exp.

1st and 2nd Exp., Point E
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Table 3. Shear Tension Test Data 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

(N) (lbs)

1 A 28,004 6,296

2 A 29,822 6,705

3 A 27,853 6,262

Average A 28,560 6,421

7 B 26,579 5,975

8 B 28,072 6,311

9 B 27,306 6,139

Average B 27,319 6,142

13 C 25,294 5,687

14 C 25,045 5,631

15 C 27,780 6,246

Average C 26,040 5,854

19 D 31,641 7,114

20 D 32,154 7,229

21 D 32,684 7,348

Average D 32,160 7,230

25 E 32,416 7,288

26 E 31,591 7,102

27 E 31,618 7,108

Average E 31,875 7,166

31 F 29,531 6,639

32 F 32,282 7,258

33 F 31,167 7,007

Average F 30,993 6,968

Average All 29,491 6,630

Shear Tension

Weld No.

Weld 

Lobe 

Position

Peak Load
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Table 4: Cross Tension Test Data 

 
 

 
 
 
 
 
 

 
 
 
 
 

(N) (lbs)

4 A 23,375 5,255

5 A 26,649 5,991

6 A 23,457 5,274

Average A 24,494 5,507

10 B 17,628 3,963

11 B 24,183 5,437

12 B 23,309 5,240

Average B 21,707 4,880

16 C 24,278 5,458

17 C 16,695 3,753

18 C 23,889 5,371

Average C 21,621 4,861

22 D 26,949 6,059

23 D 24,835 5,583

24 D 22,591 5,079

Average D 24,792 5,574

28 E 25,160 5,656

29 E 24,891 5,596

30 E 24,997 5,620

Average E 25,016 5,624

34 F 22,490 5,056

35 F 22,455 5,048

36 F 25,010 5,623

Average F 23,318 5,242

Average All 23,491 5,281

Cross Tension

Weld No.

Weld 

Lobe 

Position

Peak Load
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Table 5:  Cap Life Test Data 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Test 

Date 
08/22/2013 Test Machine Taylor Material

2.7 mm 

050 HSLA 

Uncoated

Electrode 

Type

GM 

Global

Electrode 

Tip Force 

(kN)

7

# of 

Pulse
3

Weld Time 

(ms)
130

Cool Time 

(ms)
40

Hold Time 

(ms)

1-48 14.3 14.2 - - - 130

50 14.3 14.2 9.9 9.9 9.9 130

51-98 14.3 14.2 - - - 130

100 14.3 14.2 9.4 9.8 9.6 130

101-148 14.3 14.2 - - - 130

150 14.3 14.2 8.9 9.6 9.3 130

151-198 14.3 14.2 - - - 130

200 14.3 14.2 7.8 8.0 7.9 130

201-248 14.3 14.2 - - - 130

250 14.3 14.2 8.0 8.0 8.0 130

251-298 14.3 14.2 - - - 130

300 14.3 14.2 7.7 8.4 8.1 130

301-348 14.3 14.2 - - - 130

350 14.3 14.2 7.7 8.6 8.2 130

351-398 14.3 14.2 - - - 130

400 14.3 14.2 7.3 8.6 8.0 130

401-448 14.3 14.2 - - - 130

450 14.3 14.2 8.1 8.1 8.1 130

451-498 14.3 14.2 - - - 130

500 14.3 14.2 8.2 8.5 8.4 130

Electrode Imprints

Electrode Imprints

Electrode Imprints

180

Sample 

or Weld 

No.

Welding Current Data Weld Button Data Weld Time 

Per Pulse 

(ms)

COMMENTS-REMARKS 
(e.g., flash, sticking, imprints)Programmed 

Current (kA)

Max. Dia. 

(mm)

Mean. 

Dia. 

Measured 

Current (kA)

Min. 

Dia. 

Electrode Imprints

Electrode Imprints

Electrode Imprints

Electrode Imprints

Electrode Imprints

Electrode Imprints

Electrode Imprints
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Appendix B: Figures 

 
 

 
 

 
 
 
 
 

Figure 1:  Weld Lobe 
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(a) 
 
 

 
(b) 

 
Figure 2 (a,b):  Microhardness Traverse for Points A and B 
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(c) 

 

 
 

(d) 
 

Figure 2 (c,d):  Microhardness Traverse for Points C and D 
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(e) 

 
 

 
 

(f) 
 

Figure 2 (e,f):  Microhardness Traverse for Points E and F 
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(g) 
 

Figure 2(g): Microhardness Traverse for Point G 
 
 

 
 
 

Figure 3: Pattern for Microhardness Traverse 
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(a) 

 

 
(b) 

 
 

Figure 4(a,b):  Metallurgical Photos of Minimum Button Size Curve Points 
A and B 
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(c) 

 
Figure 4(c):  Metallurgical Photo of Minimum Button Size Curve Point C 
 

 
 

(a) 
 

Figure 5(a):  Metallurgical Photo of Expulsion Curve Point D 
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(b) 

 

 
(c) 

 
Figure 5(b,c):  Metallurgical Photos of Expulsion Curve Points E and F 
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(d) 
 

Figure 5(d):  Metallurgical Photo of Expulsion Curve Point G 
 

 
 
 

Figure 6:  Cap Life Test Button Size vs. Weld Number 

4.0

5.0

6.0

7.0

8.0

9.0

10.0

0 50 100 150 200 250 300 350 400 450 500 550

B
u

tt
o

n
 D

ia
m

e
te

r 
(m

m
)

Weld Number

Actual Button Size

Minimum Button Size

Page 31 



 
                50388 Dennis Court, Wixom, MI 48393    
 
 

  

 
 
 

 
Figure 7:  Electrode Imprints
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1. Project Objective 
 
Evaluate 2.6 mm C1008 uncoated steel provided by Steel Technologies, LLC 
using General Motors (GM) weld qualification specification GWS-5A dated 
April 2011. 
 

2. Test Procedure 
 
2.1 General Description 
 
Both the weldability and cap life evaluation procedure outlined by GWS-5A 
were conducted. Welding schedules are shown in Table 1 and were selected 
using the associated file for GWS-1A welding specifications. Minimum button 
size for this material was 7.0 mm per GMW 14057. GM Global Standard 
GMWZ – 19x24 mm electrodes were used.  Electrode caps were dressed to the 
dimensions specified in the associated Cap Dress file for GWS-1A.  
Equipment used for testing is shown below. 
 

 
 
 

2.2  Weldability procedure 
 
The weldability procedure consists of the following 6 components: 
 

 Weld lobe generation 

 Electrode life test 

 Shear tension test 

 Cross tension test 

 Metallurgical examination 

 Microhardness test 
 

Resistance Spot Welder WSI Pedestal

Weld Control Miyachi ISA-500 AR MFDC

Weld Checker Miyachi MM-370A

Force Gauge Sensor Development Weld Probe

Tensile Test Machine MTS 810 Material Test System

Microscope Nikon SMZ800

Microhardness Tester Leco LM100AT
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Electrode caps were installed and aligned. The squeeze time was adjusted to 
ensure consistent electrode force before welding. Before welding was started, 
the electrode alignment was verified with carbon paper imprints. Welding 
begins by finding the current required to produce the minimum nugget 
diameter at the nominal weld time. Using this setup, 50 conditioning spot 
welds were produced.  The process appeared stable at this point. 
 
After electrode conditioning, coupons were welded and peel tested in 100A 
increments to determine the current that produced point A of the weld lobe 
diagram (minimum button size at maximum weld time). Three coupons were 
produced and peel tested using the determined weld current.   
 
The weld lobe was generated by establishing the minimum button diameter 
curve and the expulsion curve. The minimum button diameter curve is 
composed of points A, B and C. These locations represent the current 
necessary to produce the minimum button diameter at each of the three 
different weld times. The three weld times in this case were the maximum 
weld time (three pulse, 140 ms per pulse), nominal weld time (three pulse, 
130 ms per pulse), and minimum weld time (three pulse, 120 ms per pulse). 
The expulsion curve was established by increasing weld current in 200A 
increments until expulsion was observed on the second spot weld of the test 
coupon.  The expulsion procedure was also conducted for each of the three 
weld times resulting in point D, E and F on the weld lobe. 
 
For each point of the weld lobe, three shear tension samples and three cross 
tension samples were produced.  One sample was produced for each point 
for metallurgical examination and microhardness testing.  Shear tension and 
cross tension tests were performed and the peak loads were recorded using 
an MTS load frame.  An additional coupon was produced at point G of the 
weld lobe diagram for metallurgical examination and microhardness testing.  
Microhardness traverses were made using a Vickers scale diamond indenter 
with a 500g load. 
 
2.3 Cap Life Test Procedure 
 
Weld parameters for point G were used in the cap life test. Welding speed 
was 30 welds per minute. The cap life test procedure is repeated for groups of 
50 welds until 500 acceptable welds are obtained or until the button size 
drops below the minimum button size requirement. Each group of 50 welds 
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consisted of 48 welds on endurance test panels and two welds on a peel test 
sample. The second weld of the peel test sample was examined for button 
size and weld characteristics. Cap imprints were taken every 50 welds. 

 
3.   Test Results and Analysis 

 
Detailed test data of the weldability test is listed in Table 2 of Appendix A. 
 
Shear tension test results are summarized in Table 3 of Appendix A. The 
average peak tensile load was 26.32 kN (5,917 lbs).   
 
Cross tension test results are summarized in Table 4 of Appendix A. The 
average peak cross tension load was 24.45 kN (5,497 lbs).   
 
The weld lobe is shown in Figure 1 of Appendix B. The current ranges at all 
three weld times exceeded the 1.0 kA requirement in GWS-5A. 
 
Microhardness traverse results are shown in Figure 2 of Appendix B.  The 
indent pattern is shown in Figure 3. Microhardness tests did not indicate 
brittle weld structures. 
 
Macro photos of metallurgical specimens are shown in Figure 4 and Figure 5 
of Appendix B. Samples at expulsion points did not exhibit thinning over 30%.   
 
As shown in Table 5, 500 acceptable welds were obtained for the cap life 
evaluation without the button size dropping below 7.0mm. Figure 6 shows 
the button size variation throughout the test.  Figure 7 shows the electrode 
imprints.  
 
 

4.  Conclusion 
  
The 2.6 mm C1008 steel evaluated by this test appears to meet the weldability 
requirements specified in GM welding specification GWS-5A.  
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Appendix A: Tables 

Table 1: Weld Schedules 

 
 
 

Table 2:  Weldability Test Data 

 
 

 
 

 (kN) (lbs) Schedule (ms)
Total Weld 

Time (ms)

Minimum 120 360

Nominal 130 390

Maximum 140 420

Electrodes 
Hold Time 

(ms)

GM Global 

Standard GMWZ - 

19x24 Dome Nose

7.0 1575

Electrode Force Weld Time

180

Test Date 08/22/2013
Test 

Machine
Taylor Material

2.6 mm 

C1008C 

Low 

Carbon 

Uncoated 

Electrode 

Type

GM 

Global

Electrode 

Tip Force 

(kN)

7.0

# of 

Pulse
3

Weld Time

(ms)

140, 130, 

120

Cool Time

(ms)
40

Hold Time

(ms)

2 10.6 10.2 6.5 6.5 6.5 130

3-52 10.7 10.3 130

54 10.7 10.3 6.7 6.7 6.7 140

56 10.8 10.4 6.4 6.7 6.6 140

58 11.0 10.5 5.8 6.7 6.3

60 11.2 10.8 6.7 6.8 6.8 140

62 11.3 10.9 7.0 7.0 7.0 140

64 11.3 10.9 7.3 7.4 7.4 140

66 11.3 10.9 7.0 7.0 7.0 140

67-69 11.3 10.9 140

70-72 11.3 10.9 140

74 11.3 10.9 140

76 11.4 11.3 7.1 7.1 7.1 130

78 11.4 11.3 7.1 7.2 7.2 130

80 11.4 11.3 7.1 7.1 7.1 130

81-83 11.4 11.3 130

84-86 11.4 11.3 130

88 11.4 11.3 130

90 11.5 11.4 7.2 7.2 7.2 120

92 11.5 11.4 7.1 7.2 7.2 120

94 11.5 11.4 7.0 7.1 7.1 120

95-97 11.5 11.4 120

98-100 11.5 11.4 120

102 11.5 11.4 120

Met., Point B

Shear Tension, Point C

Weld Time 

Per Pulse 

(ms)

Programmed 

Current

 (kA)

Measured 

Current 

(kA)

Min. Dia. 

(mm)

Cross Tension, Point B

Point B

Point B

Point A

Cross Tension, Point A

Shear Tension, Point A

Point A

Point B

Shear Tension, Point B

Sample or 

Weld No. Mean. 

Dia. (mm)

Max. Dia. 

(mm)

Weld Button DataWelding Current Data

Point C

Met., Point A

Met., Point C

Point C

Point C

Cross Tension, Point C

180

Point A

COMMENTS-REMARKS 
(e.g., flash, sticking, imprints)

50 Conditioning Welds
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Table 2:  Weldability Test Data (Continued) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

104 11.7 11.6 140

106 11.9 11.8 140

108 12.1 12.0 140

110 12.3 12.2 140

112 12.5 12.5 140

114 12.7 12.7 140

116 12.9 12.9 140

118 13.1 13.1 140

120 13.3 13.3 140

121-123 13.3 13.3 140

124-126 13.3 13.3 140

128 13.3 13.3 140

130 13.5 13.1 130

132 13.7 13.7 130

133-135 13.7 13.7 130

136-138 13.7 13.7 130

140 13.7 13.7 130

142 13.5 13.5 130

144 13.9 13.8 120

146 14.1 14.0 120

147-149 14.1 14.0 120

150-152 14.1 14.0 120

154 14.1 14.0 120

Met., Point E

Cross Tension, Point D

Met., Point D

Shear Tension, Point F

1st and 2nd Exp., Point F

1st and 2nd Exp., Point E

Met., Point G

Cross Tension, Point E

Cross Tension, Point F

Met., Point F

Shear Tension, Point E

 2nd Exp., Point D

Shear Tension, Point D

Page 39 



 
                50388 Dennis Court, Wixom, MI 48393    
 
 

  

Table 3. Shear Tension Test Data 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

(N) (lbs)

1 A 24,887 5,595

2 A 25,706 5,779

3 A 25,549 5,744

Average A 25,381 5,706

7 B 24,549 5,519

8 B 24,107 5,420

9 B 24,108 5,420

Average B 24,255 5,453

13 C 22,515 5,062

14 C 24,356 5,476

15 C 25,484 5,729

Average C 24,118 5,422

19 D 27,357 6,150

20 D 25,662 5,769

21 D 29,587 6,652

Average D 27,535 6,190

25 E 30,884 6,943

26 E 25,601 5,756

27 E 28,353 6,374

Average E 28,279 6,358

31 F 23,791 5,349

32 F 30,106 6,768

33 F 31,171 7,008

Average F 28,356 6,375

Average All 26,321 5,917

Shear Tension

Weld No.

Weld 

Lobe 

Position

Peak Load
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Table 4: Cross Tension Test Data 

 
 
 
 
 
 
 

 
 
 

 
 

 

(N) (lbs)

4 A 25,354 5,700

5 A 25,615 5,759

6 A 24,250 5,452

Average A 25,073 5,637

10 B 23,668 5,321

11 B 23,549 5,294

12 B 24,200 5,441

Average B 23,806 5,352

16 C 23,746 5,339

17 C 23,524 5,289

18 C 23,228 5,222

Average C 23,499 5,283

22 D 29,319 6,592

23 D 29,820 6,704

24 D 28,061 6,309

Average D 29,067 6,535

28 E 19,843 4,461

29 E 22,746 5,114

30 E 22,746 5,114

Average E 21,778 4,896

34 F 20,558 4,622

35 F 26,159 5,881

36 F 23,707 5,330

Average F 23,475 5,278

Average All 24,450 5,497

Cross Tension

Weld No.

Weld 

Lobe 

Position

Peak Load
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Table 5:  Cap Life Test Data 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Test 

Date 
08/22/2013 Test Machine Taylor Material

2.6 mm 

C1008C 

Low 

Carbon 

Uncoated 

Steel 

Electrode 

Type

GM 

Global

Electrode 

Tip Force 

(kN)

7.0

# of 

Pulse
3

Weld Time 

(ms)
130

Cool Time 

(ms)
40

Hold Time 

(ms)

1-48 13.5 13.2 - - - 130

50 13.5 13.2 8.4 9.2 8.8 130

51-98 13.5 13.2 - - - 130

100 13.5 13.2 8.0 8.2 8.1 130

101-148 13.5 13.2 - - - 130

150 13.5 13.2 8.0 8.5 8.3 130

151-198 13.5 13.2 - - - 130

200 13.5 13.2 7.9 8.2 8.1 130

201-248 13.5 13.2 - - - 130

250 13.5 13.2 7.9 8.3 8.1 130

251-298 13.5 13.2 - - - 130

300 13.5 13.2 7.9 8.3 8.1 130

301-348 13.5 13.2 - - - 130

350 13.5 13.2 7.3 8.2 7.8 130

351-398 13.5 13.2 - - - 130

400 13.5 13.2 7.6 8.2 7.9 130

401-448 13.5 13.2 - - - 130

450 13.5 13.2 7.2 8.0 7.6 130

451-498 13.5 13.2 - - - 130

500 13.5 13.2 7.2 8.1 7.7 130 Electrode Imprints

Electrode Imprints

Electrode Imprints

Electrode Imprints

Electrode Imprints

Electrode Imprints

Electrode Imprints

180

Sample 

or Weld 

No.

Welding Current Data Weld Button Data Weld Time 

Per Pulse 

(ms)

COMMENTS-REMARKS 
(e.g., flash, sticking, imprints)Programmed 

Current (kA)

Max. Dia. 

(mm)

Mean. 

Dia. 

Measured 

Current (kA)

Min. 

Dia. 

Electrode Imprints

Electrode Imprints

Electrode Imprints

Page 42 



 
                50388 Dennis Court, Wixom, MI 48393    
 
 

  

 
Appendix B: Figures 

 
 

 
 

 
 
 
 
 

 
Figure 1:  Weld Lobe 
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Minimum Button 
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Weld Current Range
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(a) 
 

 
 

(b) 
 

Figure 2 (a,b):  Microhardness Traverse for Points A and B 
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(c) 
 
 

 
(d) 

 
Figure 2 (c,d):  Microhardness Traverse for Points C and D. 
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(e) 

 
 

 
 

(f) 
 

Figure 2 (e,f):  Microhardness Traverse for Points E and F 
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(g) 
 

Figure 2(g): Microhardness Traverse for Point G 
 
 

 
 
 

Figure 3: Pattern for Microhardness Traverse 
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(a) 

 

 
(b) 

 
 

Figure 4(a,b):  Metallurgical Photos of Minimum Button Size Curve Points 
A and B 
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(c) 
 
Figure 4(c):  Metallurgical Photo of Minimum Button Size Curve Point C 
 

 

 
(a) 

 
Figure 5(a):  Metallurgical Photo of Expulsion Curve Point D 
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(b) 

 
 

(c) 
 

Figure 5(b,c):  Metallurgical Photos of Expulsion Curve Points E and F 
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(d) 
 

Figure 5(d):  Metallurgical Photo of Expulsion Curve Point G 
 
 

 
Figure 6:  Cap Life Test Button Size vs. Weld Number 
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Figure 7:  Electrode Imprints
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B.  CHRYSLER PAINT/PAINT PRETREATMENT PERFORMANCE 
TESTS - 2013 

 
 
1.0 Introduction and Discussion 
 
An EPS Producer sought to gain approval from Chrysler to supply EPS for select 
automotive applications. This producer arranged for laboratory tests of EPS 
samples in the areas of paint performance and phosphate paint pretreatment. 
 
The accredited testing laboratory ACT of Hillsdale, Michigan performed the tests, 
preparing the samples and conducting the tests in accordance with pertinent 
Chrysler standards. 
 
The pages that follow provide the actual test reports from ACT.   
 
From the results of these tests, EPS received approval from Chrysler as a 
replacement of acid pickled for an end use product application. 

 



       273 Industrial Dr.    Hillsdale, MI  49242    Phone: (517) 439-1485    Fax: (517) 439-1652    
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Chrysler Phosphate Testing  

Test Material: Customer Supplied Steel Panels  

                                                                          Test Material ID s:  HRPO  
HR EPS   

Test Reference: Chrysler PS-7449 (02/07)   

ACT Quote Number: QC19940_61513 
ACT Project Number: SO223380A 

Customer P.O. Number: Wire Transfer   

Material Received: 07/19/13 
Test Date: 09/07/13     

Prepared By: LSC 
Date Prepared: 09/09/13    
Logbook: LSC-10, p. 87               

APPROVED BY:           

         

          

Kevin Wendt          
Technical Manager   

Signed for and on behalf of  
ACT Test Services 

http://www.acttestservices.com
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Material Identification: A (Control) = Customer Supplied HRPO  

B (Test) = Customer Supplied HR EPS    

Phosphate Application: ACT Test Panels applied phosphate per manufacturers recommendations  

Phosphate: PPG/Chemfil C700 C59 (Batch #30821313)   

Evaluation 5.3.1:  Phosphate Macro-Appearance 

Test Method:   ACT WIL-0146 (05/08) Section 5.4 

Number of Panels:  Three panels of each material 

Macro-Appearance:  Visual examination for non-uniformity such as void areas, blotchiness, spotting,      
streaking, and color appearance of phosphate coating using the naked eye. 

Evaluation:   Compare the uniformity of the test material to that of the control and rate per the      
appearance rating scale. 

Appearance Rating Scale: More (>) uniform as compared to control     
Equal (=) in uniformity as compared to control     
Less (<) uniform as compared to control   

Evaluation 5.3.2:  Phosphate Crystal Size  

Test Method:   ACT WIL-0146 (05/08) Section 5.5  

Number of Panels:  Three panels of each material  

Microscope:   Amray Model 1810D Scanning Electron Microscope (LEQP 0043)  

Magnifications:   200 and 1000 X   

Crystal Size:   The mean of a representative sample of five crystals (predominant) and the      
maximum as measured on the 1000 X image produced by the SEM.      

:    Microns  

http://www.acttestservices.com
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Evaluation 5.3.3:  Phosphate Coating Weight  

Test Method:   ACT WIL-0144 (05/08)  

Number of Panels:  Three panels of each material  

Instrument:   ASOMA Instruments X-ray Fluorescence Model 200/400 (LEQP 0120)  

Analysis Cycle:   Each sample is irradiated for 60 Seconds  

mg/ft²:    Milligrams per Square Foot   

Phosphateability Test Data:  PPG/Chemfil C700 C59    

ID Coating Weight 
(mg/ft²) 

Micro-Appearance 
Macro-Appearance 

Crystal Size (µ) 
Predominant Maximum Appearance Rating*  Comments 

Test Material: Customer Supplied HR EPS  
B1 247 3 7 = Lighter 
B2 255 2 5 = Lighter 
B3 250 4 8 = Lighter 

Control Material: Customer Supplied HRPO 
A1 417 5 11 

Control 
Uniform 

A2 481 5 8 Uniform 
A3 523 5 10 Uniform 

 

* As compared to the customer supplied control material.

http://www.acttestservices.com


http://www.acttestservices.com


http://www.acttestservices.com


http://www.acttestservices.com


http://www.acttestservices.com


http://www.acttestservices.com
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Page 84  
 

D.  HUMIDITY TEST – 500 HOUR EXPOSURE OF EPS DRY, HOT 
ROLL BLACK, HRPO AND SCS SAMPLES 

 
 
A single coil of low carbon flat rolled steel was the source of smaller samples that 
were acid pickled then oiled, SCS processed and EPS processed. It was important 
that all of the samples came from the same source coil in order to isolate the 
differences in results of humidity tests. 
 
TEST PROCEDURE: 
 

Testing Laboratory: 

Test Start Date: 

Test Method: 

 

Test Chamber Humidity: 

Test Chamber Temp: 

Water Specification: 

Test Duration: 

St. Louis Testing Laboratories, Inc. (A2LA Accredited) 

April 24, 2008 

ASTM D 2247-02: Standard Practice for Testing Water 
Resistance of Coatings in 100% Relative Humidity 
    

98% Relative Humidity 

38 C  (104 F) 

Type IV (Ion Exchange) ASTM D 1193-99E 

500 hours, no interruptions 

 
 
TEST RESULTS: 

 

 

SAMPLE ID 

 

SAMPLE DESCRIPTION 

500 HOUR VISUAL 
OBSERVATION 

   TBUS10 Hot Roll Black, Untreated (reference) Moderate Corrosion 

   TBUS10P HRPO (acid pickled with heavy coat of oil) Slight Corrosion 

   TBUS10SCS SCS processed, single pass Moderate Corrosion 

   TBUS105 EPS processed, single pass, dry surface Slight Corrosion 

   TBUS1012 EPS processed, double pass, dry surface Slight Corrosion 

 
 

CONCLUSIONS: 
 

The EPS samples’ humidity results were comparable to the HRPO with heavy oil 
at the 500 hour completion of the test, whereas the untreated hot rolled black and 
SCS samples showed more corrosion.  The EPS “second pass” sample showed 
no meaningful difference from the EPS “single pass” sample.   
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E.  SALT SPRAY TEST – 1008 HOUR EXPOSURE OF EPS AND SCS 
 

A single coil of low carbon flat rolled steel was the source of smaller samples that 
were SCS processed and EPS processed. It was important that all of the samples 
came from the same source coil in order to isolate the differences in results of salt 
spray testing of the painted samples. 
 
All samples were painted using a powdercoat process.  The paint thickness was 
subsequently measured at 5 different locations on each sample (center and close 
to each of the 4 corners).  All samples had a razor-blade scribe cut through the 
paint to the metal surface.  The scribe marks through the paint expose the metal 
surface directly to the salt spray. This induces rusting and causes the paint to 
“creep” away from either side of the scribe mark under continued exposure. The 
distance the paint creeps away from the scribe mark is measured at regular 
intervals.  
 
TEST PROCEDURE: 
 

Testing Laboratory: 

Test Methods: 

 

 

 

Test Chamber Conditions: 

Water Specification: 

Test Duration: 

St. Louis Testing Laboratories, Inc. (A2LA Accredited) 

ASTM B117-07: Standard Practice for Operating Salt 
Spray (Fog) Apparatus  
ASTM D 1654-92 Standard Test Method for Evaluation 
of Painted or Coated Specimens Subjected to Corrosive 
Environments  
    

5% NaCl – 95% H2O mist at between 93 F and 98 F 

Type IV (Ion Exchange) ASTM D 1193-99E 

1008 hours 

 
 
TEST RESULTS: 
 

The amount by which the paint creeps away from the scribe mark is quantified 
according to the following index: 

10 = 0 inch 
  9 = 0 to 1/64th inch 
  8 = 1/64th to 1/32nd inch 
  7 = 1/32nd to 1/16th inch 

6 = 1/16th to 1/8th inch 
5 = 1/8th to 3/16th inch 
4 = 3/16th to 1/4th inch 
3 = 1/4th to 3/8th inch 
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EPS 

SAMPLE 

RANGE OF PAINT 

THICKNESS (mils) 

CREEP AT 

504 HOURS 

CREEP AT  

840 HOURS 

CREEP AT  

1080 HOURS

1 3.2 – 4.6 9 9 9  

2 4.6 – 5.2 9 9 9 

3 2.1 – 3.9 8 8 7  

4 3.1 – 3.9 9 9 7  

5 2.7 – 3.5 9 9 8  

6 2.4 – 4.4 9 9 7 

7 3.9 – 5.3 9 9 8 

8 3.3 – 5.0 8 8 8 

9 4.1 – 6.1 10 10 9 

10 2.8 – 3.9 9 9 9 

11 3.4 – 4.0 9 9 8 

12 3.6 – 5.5 9 9 9 

 
 

SCS 

SAMPLE 

RANGE OF PAINT 

THICKNESS (mils) 

CREEP AT 

504 HOURS 

CREEP AT  

840 HOURS 

CREEP AT  

1080 HOURS

13 3.1 – 4.2 8  8  7  

14 3.3 – 4.2 8 8 1 

15 3.7 – 5.6 9  9  8  

16 3.0 – 5.1 8  8  2  

17 2.9 – 5.6 9  9  9  

18 3.2 – 4.4 9 7 7 

19 3.7 – 4.6 8 8 6 

20 2.6 – 5.4 4 4 4 

21 3.4 – 5.3 7 7 3 

22 5.1 – 7.0 9 9 9 

23 3.2 – 4.3 5 5 3 

24 3.2 – 4.4 5 5 3 
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F.   EPS ROUGHENED SURFACE SALT SPRAY AND PAINT 
       ADHESION TESTS:  LOW CARBON & STAINLESS STEEL 
 
A manufacturer of electrical transformer panels sought to achieve improved paint 
adhesion for both its low carbon mild steel products and its stainless steel 
products.  The manufacturer decided to evaluate EPS processing wherein a 
rougher surface texture was produced (130 to 160 Ra), based on the 
understanding that a uniform, but rougher surface of “jagged” micro peaks and 
valleys would offer superior paint adhesion. 
 
EPS samples were provided as two populations: 

     -  average roughness of 130 Ra for low carbon steel and stainless 304 and 409 
 

     -  average roughness of 160 Ra for low carbon steel and stainless 304 and 409 
 
The 3” x 6” samples underwent a pretreatment customary for each of the 
manufacturer’s two painting processes, were painted, and the paint thickness 
measured at the center and near each of the four corners to characterize the 
average paint thickness. 
 
SALT FOG TEST PROCEDURE: 
 

All samples had a razor-blade scribe cut through the paint to the metal surface.  
The scribe marks through the paint expose the metal surface directly to the salt 
spray. This induces rusting (in the case of the low carbon steel) and causes the 
paint to “creep” away from either side of the scribe mark under continued 
exposure. The distance the paint creeps away from the scribe mark is measured 
at regular intervals.  
 
The panels were placed in a salt fog chamber for continuous exposure for 1500 
hours. 
 
 

Test Methods: 

 

 

 

Test Chamber Conditions: 

Water Specification: 

Test Start Date: 

Test Duration: 

ASTM B117-07: Standard Practice for Operating Salt 
Spray (Fog) Apparatus  
ASTM D 1654-92 Standard Test Method for Evaluation 
of Painted or Coated Specimens Subjected to Corrosive 
Environments  
    

5% NaCl – 95% H2O mist at an average 95 F 

Type IV (Ion Exchange) ASTM D 1193-99E 

June 23, 2008 

1500 hours 

 
SALT FOG TEST RESULTS: 
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The amount by which the paint creeps away from the scribe mark is quantified 
according to the following index: 

 10 = 0 inch      9 = 0 to 1/64th inch       8 = 1/64th to 1/32nd inch      7 = 1/32nd to 1/16th inch 

 
 
 

MATERIAL 

 
SURFACE 

Ra 

 
PRETREAT
AND PAINT

AVERAGE 
PAINT 

THICKNESS 

1500 HR. 
CREEP 
INDEX 

 
1500 HOUR 

OBSERVATION

Mild Steel 130 5 stage wash, 
powdercoat 

4.04 mils 10 large blisters at 
scribe 

Mild Steel 130 2 stage wash, 
urethane over 

epoxy 

3.29 mils 8 small, dense 
blisters over 
entire panel 

Mild Steel 160 5 stage wash, 
powdercoat 

4.52 mils 10 large blisters at 
scribe 

Mild Steel 160 2 stage wash, 
urethane over 

epoxy 

3.62 mils 9 small, dense 
blisters over 
entire panel 

409 
Stainless 

130 5 stage wash, 
powdercoat 

3.92 mils 10  

409 
Stainless 

130 2 stage wash, 
urethane over 

epoxy 

4.21 mils 10 tiny blisters 
along scribe 

409 
Stainless 

160 5 stage wash, 
powdercoat 

4.36 mils 10  

409 
Stainless 

160 2 stage wash, 
urethane over 

epoxy 

4.62 mils 10 tiny blisters 
along scribe 

304 
Stainless 

130 5 stage wash, 
powdercoat 

4.87 mils 10  

304 
Stainless 

130 2 stage wash, 
urethane over 

epoxy 

4.13 mils 10  

304 
Stainless 

160 5 stage wash, 
powdercoat 

4.77 mils 10  

304 
Stainless 

160 2 stage wash, 
urethane over 

epoxy 

4.85 mils 10  
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PAINT ADHESION TEST PROCEDURE: 
 
EPS samples were provided as two populations: 

     -  average roughness of 130 Ra for carbon steel and stainless 304 and 409 
 

     -  average roughness of 160 Ra for carbon steel and stainless 304 and 409 
 
The 3” x 6” samples underwent a pretreatment customary for each of the 
manufacturer’s two painting processes, were painted, and the paint thickness 
measured at the center and near each of the four corners to characterize the 
average paint thickness. 
 
A total of 11 parallel cuts were made with a razor blade, 1 mm apart in both a 
vertical and horizontal direction forming a grid. One inch wide pressure-sensitive 
tape was then firmly applied to the scribed surface and rapidly removed with the 
pull strength measured using an adhesion tester. 
 

Test Methods: ASTM D3359-02: Standard Test Methods for Measuring 
Adhesion by Tape Test 

ASTM D 4541-02 Standard Test Method for Pull-Off 
Strength of Coatings Using Portable Adhesion Testers   

 
PAINT ADHESION TEST RESULTS: 
 

Paint adhesion is quantified according to the following index characterizing the 
amount of paint coating removed (present on the tape):   

5B = No removal of paint. The edges of the cuts are completely smooth; none of the cross hatch squares   
           or the lattice are detached. 
 
4B = Small flakes of coating are detached at intersections; less than 5% of the area is affected. 
 
3B = Small flakes of coating are detached along edges and at intersections of cuts. The area affected is 
            5 to 15% of the lattice. 
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MATERIAL 

 
SURFACE 

Ra 

 
PRETREAT 
AND PAINT 

AVERAGE 
PAINT 

THICKNESS 

PULL OFF 
FORCE  
(lbs/in2) 

 
PASS/FAIL 

  INDEX 5B 

Mild Steel 130 5 stage wash, 
powdercoat 

3.39 mils >1000 * PASS 

Mild Steel 130 2 stage wash, 
urethane over 

epoxy 

3.79 mils 500 PASS 

Mild Steel 160 5 stage wash, 
powdercoat 

4.05 mils   300 ** PASS 

Mild Steel 160 2 stage wash, 
urethane over 

epoxy 

4.62 mils >1000 * PASS 

409 
Stainless 

130 5 stage wash, 
powdercoat 

3.80 mils     500 ** PASS 

409 
Stainless 

130 2 stage wash, 
urethane over 

epoxy 

4.66 mils >1000 * PASS 

409 
Stainless 

160 5 stage wash, 
powdercoat 

4.04 mils   350 ** PASS 

409 
Stainless 

160 2 stage wash, 
urethane over 

epoxy 

4.70 mils >1000 * PASS 

304 
Stainless 

130 5 stage wash, 
powdercoat 

5.26 mils   700 ** PASS 

304 
Stainless 

130 2 stage wash, 
urethane over 

epoxy 

4.05 mils 600 PASS 

304 
Stainless 

160 5 stage wash, 
powdercoat 

5.29 mils 800 PASS 

304 
Stainless 

160 2 stage wash, 
urethane over 

epoxy 

4.50 mils 700 PASS 

 
  * a Pull Force >1000 means the force required to remove the tape was beyond the scale of the 
    Pull Force measurement device, which has a maximum reading of 1000 lbs/in2. 
 

** The adhesive tape failed (ripped, instead of clean removal) at the indicated pull force in these 
     cases, hence the true upper limit of force required to remove the paint is unknown.  
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G.   EPS SURFACE TEXTURE ANALYSIS AND COMPARISON TO  
       ACID PICKLED SURFACE TEXTURE 
 
In October 2011, detailed surface profile evaluations were performed on samples 
of conventional acid-pickled sheet steel and EPS processed sheet steel in their 
bare (no coating) state and in chromated (prepaint process) and chromated plus 
painted states. The purpose was to characterize surface texture of steel that had 
been pickled by these two very different methods in all three states. 
 
The evaluations employed a sophisticated Wyko non-contact optical profilometer* 
to scan the samples. This device uses the phase change of light reflecting from 
various heights of the material to measure the uniformity of a flat surface. It is 
capable of characterizing surface roughness at the sub-nanometer level. Below is 
a profile resulting from one of the scans of a bare acid pickled surface: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The surface scans of both acid pickled and EPS samples computed the following 
indicators of surface variance: Ra, Rq and Rt. 
 
Ra is the most familiar of these terms, often referred to as “average roughness” 
because it measures the average absolute value of peaks and values from the 
arithmetic mean of the profile.  
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While Ra is useful, it is not a conclusive measure of surface roughness, as all of 
the profiles shown below have the same Ra value: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Rq is the “root mean square” measurement of Ra and varies from Ra by a constant 
factor. In this case Rq is not different enough from Ra to discuss in any detail. 
 
Rt characterizes the “total” height profile as illustrated below: 
 
 
 
 
 
 
 

 
 

Roughness measurements for the bare, chromated and painted (by e-coating) 
scans were as follows: 

 

 

 

 

 

 

Note that the Ra of the bare EPS surface is greater than that of the acid pickled 
surface, as is expected (EPS processing is intended to produce a higher Ra, but 
more uniform surface than acid pickling).  Chromating and then E-Coat painting the 
surface has the expected effect of ‘smoothing out’ surface roughness for both the 

  side 1 side 2 side 1 side 2 side 1 side 2 side 1 side 2 side 1 side 2 side 1 side 2

 

Rq 2.11 3.12 5.34 4.67 2.66 1.8 4.67 5.5 0.857 0.589 1.04 0.95

Ra 1.65 2.47 4.18 3.65 2.09 1.43 3.61 4.27 0.66 0.458 0.814 0.744

Rt 79.66 28.42 72.86 42.71 114.2 56.56 158.8 183.15 9.7 7.21 10.09 9.89

(microns) (microns) (microns) (microns) (microns) (microns)

BARE SURFACE CHROMATED SURFACE E‐COATED SURFACE

ACID ‐ PICKLED EPS ACID ‐ PICKLED EPS ACID ‐ PICKLED EPS
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acid pickled and the EPS samples so that final Ra and Rt values are comparable 
for acid pickled and EPS samples. 

However, these pure roughness measurements are not the entire story. The Wyko 
profilometer has the ability to filter raw roughness data to determine the “waviness” 
of a surface. How is surface waviness different from roughness? The profiles 
below illustrate these two distinct concepts: 

 

 

 

 

 

 

 

 

 

 

 

Waviness is a long wavelength shape which averages out local roughness data to 
characterize the overall contours of a surface.  The surface’s waviness can be 
quantified by Wa, Wq and Wt, which are calculated for a waviness profile the way 
that Ra, Rq and Rt are for a roughness profile. 

Waviness measurements for the bare, chromated and painted (by e-coating) 
scans were as follows: 

 

 

 

 

 

 

The average waviness, Wa, of the bare EPS sample is comparable to the acid-
pickled sample, as is the total wave height profile, Wt. However, as successive 
layers of coating are applied – first chromate and then paint – both Wa and Wt of 
the EPS sample drops to roughly half the level of the acid pickled sample, 
indicating an overall smoother surface finish for the EPS samples.  

  side 1 side 2 side 1 side 2 side 1 side 2 side 1 side 2 side 1 side 2 side 1 side 2

 

Wq 0.841 1.87 1.11 1.63 1.76 0.883 1.2 1 2.06 1.29 0.855 0.943

Wa 0.622 1.55 0.869 1.32 1.43 0.716 0.984 0.815 1.67 1.04 0.693 0.726

Wt 4.97 9.26 7.04 10.02 9.92 4.88 5.81 5.3 10.6 6.89 4.16 5.24

(microns)

BARE SURFACE CHROMATED SURFACE E‐COATED SURFACE

ACID ‐ PICKLED EPS ACID ‐ PICKLED EPS ACID ‐ PICKLED EPS

(microns) (microns) (microns) (microns) (microns)
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Why does this occur? It is because the EPS surface exhibits a more uniform 
distribution of ‘jagged’ peaks and valleys across its surface, whereas the acid 
pickled surface is characterized by rather coarse, ‘long wavelength’ peaks and 
valleys.  A coating placed on the EPS surface tends to fill up its uniformly 
distributed valleys to the same depth which smooths out the surface considerably. 
Much less smoothing can occur on the coarser acid pickled surface, as is shown in 
the side-by-side scan profiles below: 

 

 
 
 
In summary, while the EPS surface might be considered to have higher roughness 
(as indicated by Ra value) than a typical acid-pickled surface, the very uniform 
topography of the EPS surface peaks and valleys promotes a better, more 
consistent paint (e-coat) appearance.   
 
 

 Measurement by Severstal Dearborn, LLC. 
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H.   LASER AND PAINT TESTING COMPARING EPS DRY, EPS 
     OILED, EPS DRY BRUSHED, EPS OILED BRUSHED, AND SCS 
 
In March through May 2010, we conducted the following tests: 

 Laser Cutting:  Test Details found at E1 on pages 29, 30 

Corrosion Resistance (Salt Spray Test):  Test Details found at E2 on pages 
31, 32 

Paint Adhesion:  Test Details found at E3 on page 33 

 
We compared the following samples: 
 

EPS OILED . . . . . . . . . . . . . . . . . . . . . . . .Ra = 130.6 

EPS DRY   . . . . . . . . . . . . . . . . . . . . . . . . Ra = 120.8 

EPS OILED BRUSHED  . . . . . . . . . . . . .  Ra =   82.6 

EPS Dry BRUSHED . . . . . . . . . . . . . . . .  Ra =   76.6 

SCS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Ra =   26.8 
 

 

All of the samples came from a single coil of 14 gauge hot roll black, low carbon 
steel, therefore, they all had shared a common chemistry and handling/storage 
history prior to EPS processing. 
 
SUMMARY OF CONCLUSIONS: 
 

Laser Test:  EPS Dry and EPS Dry Brushed produced the fastest laser speeds.  
We found that the consistent (low Rz), dry EPS surface improved laser speeds 
while the oil and remaining scale (as found on SCS) reduced the laser speeds.  
The smoother surface found on EPS brushed and SCS samples did not positively 
or negatively affect laser speeds.  Both EPS and SCS lasered much faster than the 
HRPO which has an inconsistent (high Rz) and oiled surface. 
 
Corrosion Test:  The EPS results were significantly better than the SCS results.  
We found that smoother and oiled surfaces resulted in no significant affect.  It can 
be noted that a leaner paint prep would show improved results with a dry surface 
but this leaner paint prep variable was not included in this test. 
 
Adhesion Test:  The EPS results were significantly better than the SCS results.  
We also found that the oil had no affect but the smoother brushed EPS surface 
produced 20% worse adhesion than EPS without brushing. 
 
For the best combination of laser speeds, paint corrosion and adhesion test 
results, EPS Dry (without brushing) is the best material.



 

Page 96  
 

  
H1.   LASER CUTTING SPEED  

 
The trial objectives were to: 

 

1.  Assess the sensitivity of maximum achievable laser cutting speed to 
surface roughness and presence/absence of an oil coating. 

2.  Compare the laser cutting performance of the EPS-processed 
material with previously established cutting performance of 
commercial-quality acid-pickled HRPO of the same thickness.  

3.  Determine a systematic procedure for improving laser cutting speed 
with no attendant loss of cut quality. 

The trials were performed by a contract laser cutting firm, Precision Laser 
Manufacturing (PLM) of East Peoria, Illinois on March 16, 2010.  All sample sheet 
sizes were 48” x 48”. 

 
The surface roughness of each sample sheet was measured in five separate 
locations (near the center and near each of the four corners) using a stylus 
profilometer. The measurements were taken after EPS processing and again 
after subsequent SCS brushing for those sheets receiving brushing.    

 

The table laser unit for the trials used a 4000 watt Rofin-Sinar DC040 head 
operating with oxygen assist gas. Optimum parameters for lasering 14 gauge 
HRPO had been established on this unit through experience. The maximum 
speed at which parts could be cut from HRPO at consistently good quality was 
determined to be 138 inches per minute. 

 
The standards settings applied for HRPO (focal length, focal point, power and 
assist gas pressure) were used to make initial part cuts on each of the five 
sample sheets. The resulting parts were all of excellent quality.  
 
Cutting speed was increased until part quality began to deteriorate, then 
individual laser settings were varied to restore cut quality.  Speed was then 
increased further until cut quality deteriorated and the cycle repeated until further 
increases in cutting speed were not obtained without losing part quality.  
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The final laser settings** and maximum cutting speeds for the samples were: 

 
 

# - Description 

 

Ra 

 

Power 

Assist Gas 
Pressure 

Maximum 
Speed 

% Increase 
Over HRPO 

0 – HRPO Reference  - - 32% 17.4 psi 138 in./min NA 

1 – EPS OILED 130.6 40% 24.7 psi 189 in./min 37% 

2 – EPS DRY 120.8 45% 29.0 psi 224 in./min 62% 

3 – EPS OILED BRUSHED 82.6 44% 26.1 psi 213 in./min 54% 

4 – EPS DRY BRUSHED 76.6 44% 29.0 psi 224 in./min 62% 

5 – SCS 26.8 44% 30.5 psi 181 in./min 31% 

** Focal length was 7.5 inches. Focal point was varied but the same value of 2.0 proved to be 
    optimum for all samples. The same nozzle and oxygen assist gas were used for all trials. 

 
Ideally, a portion of the original coil would have been acid-pickled to yield 
samples of acid-pickled dry and acid-pickled oiled sheets to use in the tests. This 
was not practical; however, the SCS reference point is germane here. Multiple 
laser speed tests of light gauge SCS against acid-pickled and oiled have shown 
that a laser speed increase of 30% for SCS over the P&O samples is typical. 
That lends credence to the SCS result and, therefore, to the EPS speed increase 
results observed here. 

 

Relative speed performance is the important result from these tests, rather than 
absolute speed performance.  Laser systems with a more (or less) advanced 
laser head carriage/indexing system might achieve a greater (or lesser) absolute 
speed with acceptable part quality.  What is apparent from this testing is the 
overall cleanliness and uniformity of the EPS surface, especially EPS dry, yielded 
substantial laser cutting speed increases relative to acid-pickled sheets, whether 
dry or oiled.
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H2.   SALT SPRAY TEST  -  1008 HOUR 
 
 
The various samples were painted using a commercial powder coat painting system 
after a 5-stage pretreatment.  Average paint coating thickness was measured at 
eight locations on each sample.  

 
SALT FOG TEST PROCEDURE: 
 

All sample preparation and testing was performed at St. Louis Testing 
Laboratories, an A2LA (American Association for Laboratory Accreditation) 
accredited laboratory. All samples had a razor-blade scribe cut through the paint 
to the metal surface.  The scribe marks through the paint expose the metal 
surface directly to the salt spray. This induces rusting and causes the paint to 
“creep” away from either side of the scribe mark under continued exposure. The 
distance the paint creeps away from the scribe mark is measured at regular 
intervals.  
 
The panels were placed in a salt fog chamber for continuous exposure beginning 
April 7, 2010.  The standards for sample preparation, operation of the salt fog 
chamber and measurement of results are: 

 
Test Methods: 

 

 
 

 

Test Chamber Conditions: 

Water Specification: 

Test Start Date: 

Test Duration: 

ASTM B117-09: Standard Practice for Operating Salt 
Spray (Fog) Apparatus  
 

ASTM D 1654-92 Standard Test Method for Evaluation 
of Painted or Coated Specimens Subjected to Corrosive 
Environments  
    

5% NaCl – 95% H2O mist at an average 95 F 

Type IV (Ion Exchange) ASTM D 1193-99E 

April 7, 2010 at 8:00 am 

1008 hours continuous 

 
The amount by which the paint creeps away from the scribe mark is quantified 
according to the following index: 

10 = 0 inch 
  9 = 0 to 1/64th inch 
  8 = 1/64th to 1/32nd inch 
  7 = 1/32nd to 1/16th inch 

6 = 1/16th to 1/8th inch 
5 = 1/8th to 3/16th inch 
4 = 3/16th to 1/4th inch 
3 = 1/4th to 3/8th inch 
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H3.  PAINT ADHESION TEST 

 
 

The various samples were painted using a commercial powder coat painting system 
after a 5-stage pretreatment.  Average paint coating thickness was measured at 
eight locations on each sample.  
 

PAINT ADHESION TEST PROCEDURE: 
 

Two samples of each of the EPS and SCS populations were selected for testing 
at St. Louis Testing Laboratories, an A2LA (American Association for Laboratory 
Accreditation) accredited laboratory. A hydraulic coating adhesion tester was 
used to gradually increase the pulling force on a 20 millimeter diameter circular 
patch on the sample.  Three tests were performed on each sample following the 
standard ASTM D 4541-02 “Standard Test Method for Pull-Off Strength of 
Coatings Using Portable Adhesion Testers.” 
 

If the coating remains intact up to a pull tension of 1000 psi, the coating is 
considered “PASSED”; however, pulling tension was increased on all tests until 
the coating failed and the methods of failure recorded.  The possible methods of 
failure are: 

 Adhesive  -  coating separates from the substrate 

 Cohesive  -  top layer(s) of coating separate from lower layers 
 

Tests conducted at 72° F and 50% relative humidity yielded the following results. 
 

 
 Sample 

 
Description 

 
Ra 

Paint 
Thickness 

Tension 
At Failure  

Failure 
Mode 

1-3 EPS OILED 130.6 2.4 mils 1312 psi cohesive 

1-6 EPS OILED 130.6 3.1 mils 1945 psi cohesive 

2-1 EPS DRY 120.8 3.0 mils 1920 psi cohesive 

2-6 EPS DRY 120.8 2.6 mils 1606 psi cohesive 

3-1 EPS OILED BRUSHED 82.6 2.2 mils 1369 psi cohesive 

3-3 EPS OILED BRUSHED 82.6 1.9 mils 1440 psi cohesive 

4-3 EPS DRY BRUSHED 76.6 3.2 mils 1289 psi cohesive 

4-5 EPS DRY BRUSHED 76.6 2.7 mils 1547 psi cohesive 

5-3 SCS 26.8 3.3 mils 788 psi adhesive 

5-5 SCS 26.8 2.4 mils 1101 psi adhesive 
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I. COMPARISON OF RESIDUAL SCALE AFTER  PICKLING: 
EPS VS. ACID PICKLING        . 

 
The EPS process performs a ‘mechanical pickling’ of hot rolled steel, very different 
than traditional acid pickling, yet capable of achieving the level of scale (oxide) 
removal customary for acid pickling. This was established through analysis of a 
number of samples of EPS-processed and acid-pickled material in March 2011. 
 

To characterize EPS scale removal over a range of material thickness, samples 
were obtained from two different coils: 
     

-  a ‘thin’ strip having thickness 0.106” (12 gauge) 
-  a ’thick’ strip having thickness 0.242” 

 

Sections of both the thick and thin strips were run through the EPS process at 
different speeds – a ‘normal’ production speed and a considerably slower speed     
(the EPS processing was performed on a single EPS cell that is 26’-10” long). This 
was done to see if the greater exposure to the slurry stream that accompanies a 
slower speed would show measurably different extent of scale removal.       
 

In addition, the EPS samples were taken from both the center of the strip and near 
the edge of the strip in order to rule out variation in scale removal across the width 
of the strip as a factor. 
 

The comparison group of acid pickled strip samples covered a range of thickness 
comparable to the EPS samples. The acid pickled samples originated from a 
variety of different picklers, as indicated in the table below. 
 

TEST PROCEDURE: 
 

First, surface roughness testing was performed on the samples using a Mitutoyo 
Surftest 201 profilometer. Average of the measured Ra values is reported below. 
 

Next, a cross section was removed from each sample, then encapsulated in 
bakelite which was hardened to rigidly fix the cross section in place. These 
samples were then ground and polished in accordance with ASTM E 3-0. Each 
sample was then examined under high magnification and the thickness of any 
observed scale layer measured in accordance with ASTM B 487-85, cross 
sectional measurement by optical microscopy.   
 

All sample preparation and measurement was performed by St. Louis Testing 
Laboratories, an independent metallurgical testing lab accredited by the American 
Association for Laboratory Accreditation. 
 

Test Methods: 

 

 

ASTM E 3-01 (2007)e1: Standard Guide for 
Preparation of Metallographic Specimens 
    

ASTM 487-85 (2007):  Standard Test Method for 
Measurement of Metal and Oxide Coating Thickness 
by Microscopical Examination of a Cross Section 
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SCALE THICKNESS MEASUREMENT RESULTS: 
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SCALE THICKNESS MEASUREMENT CONCLUSIONS: 
 
Comparing the various scale thickness measurements shows that EPS processed 
strip run at its normal production leaves a residual scale amount comparable to 
that of acid pickling: 

- average max. thickness of 4 EPS normal speed samples = 0.000225” 

- average max. thickness of the 5 acid pickled  samples     = 0.000220” 

Slowing the EPS line speed such that exposure to the slurry stream is roughly 
doubled has the effect of halving the residual scale thickness: 

- average max. thickness of the 4 EPS half speed samples = 0.0001” 
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J.  ASSESSMENT OF EPS vs. ACID PICKLED IN COLD ROLLING 
        AND SUBSEQUENT GALVANIZING, CONDUCTED BY ACESCO 
 
In the second half of 2010, an extensive evaluation was performed on a coil of 
SAE 1008 hot rolled steel that underwent EPS processing and subsequent cold 
rolling and galvanizing. The same cold reduction and galvanizing were performed 
on a coil of comparable material that had been acid pickled, to afford a ‘side-by-
side’ comparison of the EPS pickled steel and acid pickled steel. 
 
The cold reduction and galvanizing, as well as all metallurgical evaluations, were 
performed by Acesco, a leading flat rolled steel processor and supplier of metal 
building products in Columbia, South America. The following report is a direct 
translation of Acesco’s summary report, authored by Jairo Gómez, Paolo Puccini, 
Carlos Barrios, Franco Rachello, Fredy Leal, and Manuel Muñoz: 
 

“ASSESSMENT OF THE “ECO PICKLED SURFACE (EPS)” PROCESS AS 
A CLEAN ALTERNATIVE FOR SUBSTITUTING PICKLING WITH 
HYDROCHLORIC ACID 
 

As part of the assessment process of a viable and clean alternative that displaces 
the use of hydrochloric acid for pickling hot rolled steel destined for cold rolling, a 
hot rolled SAE 1008 steel coil was pickled at the TMW plant using acid free slurry 
blasting. This coil was then sent to Colombia for reducing its thickness in a 
reversible mill and continuous galvanizing by hot immersion. This report explains 
the entire test, beginning with the pickling (EPS) of the coil, moving on to rolling 
the material, and finally the galvanizing process. Study for confirming the chemical 
composition of the steel and determining surface roughness and appearance were 
performed in Acesco's laboratories.  
 
1. EPS PICKLING 
 

On 26 July 2010 pickling was performed on a SAE 1008 hot rolled coil using EPS 
“slurry blasting”. Coil specifications were: thickness 2.89 mm, width 1524 mm and 
weight 21.8 Ton. EPS pickling was performed in the TMW processing center 
located in the city of Red Bud, Illinois, United States.  
 

Table 1 

Chemical composition and hardness of the coil pickled for Acesco 

     Coil   C  Mn    P    S   Si   Al     N Hardnes

SAE 1008 0.07 0.38 0.011 0.008 0.007 0.036 0.0050 70 HRB 

 
Figure 1 shows a schematic of the line where EPS pickling was performed, which 
consisted of running the material through a push-pull EPS line, comprised of two 
pickling cells, each equipped with four 125 horsepower ‘slurry turbines’ - two on 
the upper face and two on the lower face for directing the slurry towards the 
surface of the steel. The two cells have a recirculation system that controls the 
temperature of the slurry, filters it and separates fine and coarse grit, as well as the 
scale removed from the surface of the hot rolled steel that has been pickled. 
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   Figure 2: Coil After EPS Processing 

After pickling the steel with EPS, the 1524 
mm wide coil was slit and converted into 
a 1220 mm wide coil with a weight of 
17400 Kg. and two 268 mm wide mults 
with a weight of 4400 Kg. 
 

The material was shipped back to 
Acesco, where it was cold rolled and 
reduced to 1.12 mm and then galvanized 
to a final thickness of 1.15 mm.  
 

The 268 mm mults will be formed into 150 
mm purlins. 

 

2.  CHARACTERIZATION OF EPS HOT ROLLED COIL 
 

Characterization of the surface of the material was performed for the purpose of comparing 
this surface with one obtained through acid pickling. A rougher and more uniform surface 
was apparent in the material pickled with EPS, as shown in Figure 3 below: 
 
 
 

 
 
 
 
 
 
 
 

 

 
FIGURE 1: Diagram of the EPS Process 

Average roughness (Ra) (m)

EPS Sheet  Acid sheet 

CS CI CS CI 

1.95 1.90 1.30 1.24 
2.04 2.02 1.25 1.33 
2.21 1.76 1.50 1.37 
2.17 1.89 1.42 1.30 
1.90 1.66 1.33 1.24 

Figure 3: Surface Appearance and Roughness of Materials at 50X Magnification 

EPS Pickled Acid Pickled 
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3.  COLD REDUCING THE EPS COIL 
 

On November 30, four months after being EPS pickled, the coil was cold reduced to 
bring the material from 2.896 mm to 1.12 mm thickness. 
 
As a relevant observation, no surface oxidation was detected when the material was 
being reduced, despite the fact that this steel was not oiled after being pickled by 
EPS. See figure 4. 
 

       
 
Figure 4: Surface conditions of EPS material on first pass through the reversible 
mill. Left photo shows coil prior to first pass (note no oxidation). Right photo is after 
first pass. 
 
The steel was reduced to 1.12 mm in 5 passes with mill forces reaching up to 1000 
tons, but it is necessary to note that this steel was SAE 1008 with hardness between 
70 and 72 HRB. 
  

Table 2 

Summary of cold reduction loads, thickness, % reduction and speed 
 

  Pass Thickness
mm 

Reduction
% 

Force
Ton 

 Speed 
mpm 

1 2.632 9 531 89
2 2.132 19 757 300
3 1.727 19 882 208
4 1.399 19 944 235
5 1.120 20 962 206

 
 

With respect to the roughness of the EPS material after cold reduction, we can state 
that no difference was observed between the cold reduced EPS and cold reduced 
material from pickling in an acid medium.  Table 3 shows the measured roughness 
values for both the EPS and the acid pickled materials. 
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Table 3 

Comparative, roughness of cold rolled steel coming from EPS and acid pickling 
 

Average roughness (Ra) (m) 

EPS Sheet Acid sheet 

0.44 0.49 
0.51 0.59
0.50 0.54 
0.52 0.55
0.49 0.51 

 
 

4.  EPS COIL GALVANIZING 
 

During the hot immersion galvanizing process for the EPS coil, the material did not 
present any issues and was processed at 25 tons hour. The spangle obtained in this 
steel was uniform and compared to the acid pickled material galvanized coils of the 
same thickness (1.15 mm) that preceded it, the EPS coil spangle smaller and more 
homogeneous, as shown in See Figure 6. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5:    Photographs of the galvanizing process for the EPS coil. Left photo is 
the cold rolled EPS steel entering the galvanizing line.  Right photo is the material 
after the exit accumulator. 

 
  
 
 
 
 
 
 
 
 
 
 

 
 

 Figure 6:    Photographs of the appearance of galvanized spangle 

EPS Acid Pickled 

5 mm 5 mm 
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5.  CONCLUSIONS  
 

a) The EPS process ensures, just as pickling with acid does, surface cleaning 
of hot rolled steel. 

b) Steel pickled with the EPS process presents greater surface roughness and 
homogeneity compared to material pickled with acid. 

c) For this test, steel that was pickled with the EPS process, was cold reduced 
and galvanized without problems. 

d) Galvanizing spangle in the material pickled with the EPS process, was 
smaller and more homogeneous than the galvanizing spangle in the 
material coming from acid pickling. 

e) A door has been opened to alternatives that reduce impact on the 
environment by not using acid, because the EPS pickling process is clean 
and its by-products are easily recyclable. 

f)       An EPS pickling line for our production is 70 meters shorter than the 
process for pickling with acid and services for an EPS pickling line are less 
complex and dangerous. 

      END OF REPORT” 

 

Regarding the rust resistance of the EPS coil which was the subject of this trial, 
it is noteworthy that the coil was transported via ocean-going container with no 
special packaging and experienced practically no rusting at all. The exact 
chronology of the material is as follows: 

 Coil was originally processed as EPS DRY on 07/26/2010 

 Coil was full paper wrapped in TMW standard white packaging paper. No shrink 
wrap or VCI film used. 

 Coil stored in TMW inventory. 

 Coil was slit and broke in half on 08/31/2010 

 Slit coils were full paper wrapped in TMW standard white packaging paper.  No 
shrink wrap or VCI film used. 

 Coils stored in TMW inventory. 

 Coils were loaded into the container and left TMW 10/07/2010. 

 Coils were taken to New York to be loaded onto Ocean Vessel by 10/13/2010. 

 Booking confirmation we received estimates ETA in Colombia was 11/5/2010. 

 Coils stored in Acesco inventory. 

 Coils processed by Acesco on cold mill on 11/30/2010. 

After 127 days of storage and overseas transportation the EPS Dry coils 
remained rust free.  A few small patches of rust were observed on the outside 
wrap where there had been contact with water.  The remainder of the coils were 
rust free.   

 

 














