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INTRODUCTION 
The Gateway Arch in St. Louis, MO is an iconic portion of the Gateway Arch National Park located on the bank of the Mississippi 
River. Clad in plates of stainless steel, this catenary arch rises 630 feet over the park grounds. Each of the stainless steel plates 
measures approximately 60 inches tall by 144 inches wide and have a matte, satin directional finish. Since its capping off on October 
28, 1965, it has been subjected to atmospheric pollution, Missouri weather, and the hands-on attention of park visitors.  
At the beginning of the 21st century, the weathering and discoloration of the stainless steel skin from these various sources had 
become noticeable at all levels of the Arch’s exterior. The first of a series of investigations were conducted starting in 2005, with 
subsequent investigations and analysis being conducted through 2014. While the investigators were challenged by the difficulty in 
accessing the exterior surfaces, they were able to determine that the arch itself is structurally sound, and that the types of corrosion 
and discoloration vary based on the location it occurs on the structure and due to the different construction methods used at 
different heights. The studies concluded that the Gateway Arch should be cleaned, damage repaired, and some original welds 
addressed for both aesthetic and corrosion mitigation reasons. 
 

BACKGROUND 
Cleaning and Refinishing Study 
Following upon the studies’ findings, the Association for 
Preservation Technology (APT), an interdisciplinary 
organization committed to promoting the best practices 
and technologies for conserving and preserving historic 
structures convened an expert workshop in 2018 that was 
held at the monument. Three techniques were examined 
and tested upon sample stainless steel panels; pressure 
washing with water, chemical cleaning with scrubbing, 
and laser ablation cleaning.  
 
Each method was judged against a list of criteria including 
gentleness, efficacy, and economic feasibility as well as 
not precluding further cleaning methods that could be 
developed in the future.  
 
 

  
Two examples of corrosion:   
(Top) Discoloration in the form of superficial 
corrosion staining to the stainless steel surface. 
This is a typical condition at the base and lower 
reaches of the monument. 
(Bottom) Corrosion associated with incised 
graffiti. The discoloration is from the corrosion 
of iron particles left by the implement used to 
scratch the graffiti into the surface or 
penetration through the passive film into the 
base metal. This is also common at the lowest 
two panels on each leg of the monument. 
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TASKS AND GOALS 
In keeping with the Secretary of the Interior’s Standards for the Treatment of Historic Buildings, the optimal cleaning method would 
be the one that is the gentlest and appropriate for the substrate and conditions. The goal of the cleaning is to remove the visible 
damage and discoloration from the surface while preserving the integrity the of design, the materials and workmanship, and the 
aesthetic. A visual assessment would be used to find the solution that which provides the least amount of deviance in appearance 
from a set of untouched panels used as a control. 
 

THE TEAMS 
Astro Pak was one of three teams invited to the Gateway Arch 
Expert Workshop, along with Kärcher and a partnership between 
Evergreene Architectural Arts and Adapt Laser. Astro Pak was 
represented by Daryl Roll, Jordan Schaecher and Timothy Velaquez. 
 

THE TECHNOLOGIES 
Each team presented different approaches towards achieving the 
goal of restoring the monument’s surface: 
• Astro Pak – Chemical Cleaning Pickling and passivating 

treatments to remove free iron and other contaminants from 
the surface and enhancing the stainless steel’s passive layer to 
provide improved corrosion resistance. 

• Kärcher – Water and Dry Ice Cleaning High pressure water, 
steam and dry ice (CO2) at various temperatures and 
pressures.  

• Evergreene/Adapt – Laser Ablation Cleaning Utilizing a robot-
mounted CO2 laser to remove scratches and fill gaps and 
incisions with a high-velocity supersonic laser and cold spray to deposit stainless steel. 

  

Cleaning Methods:  Performed on test panels. From left to right: Applying derouging compound (Astro Pak). Ultrahigh pressure 
(1000 bar) water cleaning (Kärcher). Laser cleaning (Evergreene/Adapt). 

Attendees at the 2018 Gateway Arch Expert Workshop pose 
in front of the Arch. 
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CHALLENGES 
Regardless of the technology, the challenges remained the same: 
• Any intervention had to be reversible or retreatable to not limit future cleaning options. 
• The system selected must be appropriate to the substrate as well as the conditions while avoiding causing any damage or 

discoloration. 
• The panels were given an ASTM A484/A484M No. 3 brushed finish applied in a factory setting before being installed, with 

some damage occurring during transport and being refinished by hand on-site. 
• Due to the nature of the Arch, any solution had to be applicable at a variety of angles and heights. 
• Address the different types of corrosion, damage and discoloration present: 

o Chloride contaminants near the base 
o Graffiti at the base 
o Superficial corrosion at the base 
o Impact damage at the base 
o Atmospheric deposits on the entire structure 

 
 

 

 

 

 

 

 

 

 

 

 

  

Examples of Damage 
and Discoloration:   

1. Oil deposits from 
visitors touching 
stainless steel. 

2. Darkened line 
blemishes from 
straps used to 
handle panel during 
shipping. 

3. Faint circular 
blemish caused by 
suction cups used 
to handle stainless 
steel panels during 
fabrication. 

4. Blemishes where 
trussed strut was 
temporarily 
installed to stabilize 
legs during 
construction. 

5. Incised graffiti 

6. Damage caused by 
being struck with 
claw of a hammer. 

2 1 

3 4 

5 6 
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PROCESS 
Ten mockups of the panels were soiled, degraded and damaged in order to test the viability of the cleaning methods. While the four 
decades’ worth of pollution could not be replicated, ferrous metal objects were used to inscribe the panels, deicing salts were 
repeatedly sprayed on them, and then steel filings were sprinkled onto the panel faces and repeatedly wetted to induce staining. 
Finally, they were exposed to weather for another two weeks before being turned over to the teams for cleaning. It was determined 
that removing the inscribed graffiti would not be an objective of the tests as none of the methods being demonstrated would fill in 
the incisions. Each team received three panels to clean with the tenth left uncleaned as a control. 
 
Astro Pak processed nine panel sections using a combination of various chemicals, times, and methods of applications. Technicians 
applied a variety of the company’s patented chemistry, including AP401 and AP410 derouging gels, NeutraRouge™ derouging 
solution and its UltraPass© passivation solution in different combinations to determine which process would produce the most 
optimal results. The chemistry was applied by hand, spray or brush, with scrubbing also conducted by hand or using an orbital 
polisher. 
  

 
 
 
 

 
 
 

  

Cleaning Methods:  The effectiveness of scrubbing by hand or with an orbital polisher were compared to each other as well as a 
method involving merely wiping away the compound after a period of time had passed. 

 

Finished Panels:  The three panels, designated (from left to right) 7, 8 and 9 following their cleaning using various methods. 
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CONCLUSION 
After each team completed processing their panels, they were presented for examination. They were first evaluated visually for their 
effectiveness in restoring the aesthetic of the panels relative to a panel which had not been aged. Deemed the most critical portion 
of the study, the purpose of the visual assessment was to determine which cleaning method resulted in an appearance closest to the 
un-aged control sample. Other assessments were made regarding the gentleness of the procedures and their respective economic 
feasibility. Additionally, they were compared to the effectiveness of 2014 on-site cleaning test using commercially available 
cleansers and abrasives. 
 
Water and Dry Ice Cleaning (Kärcher)  
The techniques which included pressurized water, steam and dry ice were determined to be possibly acceptable to remove surface 
deposits at the upper regions of the Monument, but they left discoloration on the surface and were not suitable for removing 
surface corrosion nor the corrosion from iron deposits within the graffiti. 
 
Laser Cleaning (Evergreene/Adapt Laser) 
This technology was found to be potentially acceptable in removing surface deposits from the upper reaches of the monument, but 
there were concerns that the wheels of the climbing robot that would be needed to perform this technique would itself leave 
streaks on the Monument. Additionally, it was only moderately successful in removing surface corrosion but not successful at 
removing embedded metal oxides. The laser treatment is thought to have potential once the technology evolves, but many of the 
samples examined showed inconsistent results and in some places the brushed finish appeared to have been melted by the lasers. 
There were also concerns about the visible banding on the surface that resulted from where passes of the laser overlapped.   
 
Chemical Cleaning (Astro Pak)  
In the official Conservation Management Plan posted by the study committee at it cited, “the Astro Pak chemical cleaning was found 
to be successful in removing surface corrosion and embedded metal oxides within the graffiti. The chemical techniques that they 
utilized produced the appearance of the test panels closest to the control panel.” The study also looked at the specular gloss aspect 
of the processed panels, identifying that parameter as “the most often used when the surface optical quality of a product needs to 
be evaluated.” The study noted that the panel which Astro Pak treated with NeutraRouge™, AP410 with hand buffing was the closest 
to the control with “substantially smaller standard deviation”. 
 
Following the visual examination, the surfaces of each panel 
were examined using a profilometer to measure the texture and 
a microscope to measure remaining contaminants. Once again, 
Astro Pak’s cleaning process left the steel’s surface closest to that 
of the unprocessed, unaged panel. Additionally, where the 
water/dry ice and laser methods both left embedded iron 
particles and were therefore considered ineffective, the chemical 
cleaning process was most successful, and it also removed the 
stains from the deicing salts.  
 
The tests showed that some technologies held promise in 
achieving APT’s immediate goal of addressing the corrosion and 
degradation taking place on the lower sections of the Arch, largely 
caused by deicing salts and etched graffiti. Even though the 
corrosion has not compromised the structural integrity of the arch, it is recognized that it needs to be removed and the surface 
passivated in order to prevent premature aging.  
  
That is not to say that APT intends to return the surface to the same condition as when the monument first opened. The association 
believes that respecting the natural aging process is the proper long-term goal for preserving not only the monument, but the 

Chemically Cleaned:  A micrograph of one Astro Pak sample 
shows that there were no embedded iron particles remaining. 

http://www.getty.edu/foundation/pdfs/kim/gateway_arch_cmp_apt_cmp_nps_bvh.pdf
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integrity of its symbolism as well. That has led to a discussion about retaining the graffiti as signs of human interaction. Similarly, 
they are willing to wait until optimal technology matures sufficiently to be able to address the surfaces at the upper levels of the 
Arch. While the demonstrations with the climbing robots proved ineffectual at removing corrosion, the tests suggested that the 
technology may be a viable solution in the future. 
 
 

GATEWAY ARCH STAINLESS STEEL SKIN CLEANING EVALUATION MATRIX 
(Evaluation grading from 1 to 10 with higher score being better) 

   

CLEANING TECHNIQUES 
(APPLICATOR) 

Effectiveness Gentleness Economic Feasibility 

Visual Aesthetics Surface Roughness/Gloss/ 
Microscopic 

Lower 8 
Segments 

Upper  
Segments 

Chemical  (Astro Pak) 

AP401 and Buffer 
AP401 and Hand Buffed 
AP410 Hand Buffed 
NeutraRouge 

10 
10 
10 
10 

8 
8 
9 

>9 

8 
8 
8 
8 

3 
3 
3 
3 

Water and Dry Ice (Kärcher) 

High pressure water/1% ChlorRid 
High pressure steam/1% ChlorRid 
Ultra-high pressure water/1% ChlorRid 
Dry Ice @ 43psi 
Dry Ice @ 87psi 
Dry Ice @123psi 
Ultra-high pressure water @ 14,504psi 
Ultra-high pressure water @ 21,756psi 
Ultra-high pressure water @ 31,908psi 
Ultra-high pressure water @ 43,511psi 
Ultra-high pressure water @ 43,511psi  (round nozzle) 

2 
2 
2 
2 
2 
2 
4 
4 
4 
4 
4 

<1 
<2 
2 

<4 
<4 
<4 

not measured 
not measured 
not measured 
not measured 
not measured 

8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

Laser Cleaning (Evergreene/Adapt) 

12MW/cm2, spd 13.19, diagonal 
12MW/cm2, spd 2.42, parallel 
24MW/cm2, spd 29.33, parallel 
12MW/cm2, spd 13.19, perpendicular 
12MW/cm2, spd 13.19, parallel 
24MW/cm2, spd 29.33, diagonal 

10 
8 
8 
8 
8 
8 

<6 
>5 
<3 
7 
6 

>6 

8 
8 
8 
8 
8 
8 

6 
6 
6 
6 
6 
6 

Mild Abrasive/Chemical (2014 Test) 

Bar Keeper’s Friend 
Bar Keeper’s Friend/Avesta 630 
Norton Woven Clean/Ultra Fine Pad 
Norton/Ultra Fine Pad/Avesta 630 
Avesta Cleaner 401/Passivator 630 
Bar Keeper’s Friend/Ultra Fine Pad 

9 
9 
8 
8 
8 
9 

10 
10 
8 
8 

10 
8 

8 
8 
8 
8 
8 
8 

4 
4 
4 
4 
4 
4 

 


