
Runway Icing Panel discussion: 
 

Chemical effects of runway de-icers: Damage of 
carbon brakes and other aircraft parts 
 
Presented by: 
◦  Michael Arriaga – The Boeing Company 
◦  Alun Williams – The Airbus Group 
 Co-Chairman of SAE G-12RDF Catalytic Oxidation of Carbon Brakes Working Group 



History of Catalytic Oxidation of Carbon Brakes 

•  Carbon brakes began widespread use on commercial aircraft mid-1980s 
•  Less weight than steel brakes 

•  Reduces fuel consumption and carbon dioxide (CO2) emissions 
•  Improved brake performance over steel brakes 
•  High temperature stability 
•  Better wear and longer life characteristics than steel brakes 
•  Able to reuse worn carbon disks to make refurbished carbon disks 
 
 

•Airlines began experiencing catalytic oxidation of carbon brakes early-
1990s 

• Same time when airports began using alkali metal (mainly 
potassium, sodium, calcium) runway deicers    
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What is Catalytic Oxidation of Carbon? 
• Oxidation occurs when a catalyst 

attaches to carbon and is subjected to 
high temperature for a duration of 
time;  time at temperature 
 

• Catalytic oxidation of the carbon 
results in mechanical and structural 
degradation of the carbon material 

 

Provided by Embraer 

Provided by United Airlines 

Calcium 

Potassium 

Phosphorus 
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Catalytic oxidation of aircraft carbon brakes is caused by contamination with 
alkali metal(s) 

 

• Most current “environmentally friendly” runway de-icers contain, but are not 
limited to, either potassium, sodium, or calcium 

 

The alkali metal(s) are a catalyst which lowers the temperature at which 
oxidation occurs 
 

• The rate of carbon oxidation is a function of time the carbon is exposed to the 
alkali metal catalysis while at elevated temperature, ~500 deg C (~900 deg F) 
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Regulatory Assistance 
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Carbon Brakes Installed on Main Landing Gear 

Provided by UTC Aerospace Systems  
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Wheel and Tire Assemblies Installed on Main Landing Gear 
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Provided by UTC Aerospace Systems  



Carbon Brake Contamination by Runway De-icers 

Provided by John Kosak  

Provided by Transport Canada  

During taxi and takeoff 

During Landing 
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Non-Detectable Damage to Carbon Disks 

Provided by Honeywell 

Wheel and Brake 
Assemblies 
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Non-Detectable Damage to Carbon Disks 

Carbon Stator Disk 
Drive Lug Damage 

Provided by Honeywell 
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Brake Fires Caused by Catalytic Oxidation of the Carbon  
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Provided by United Airlines 

Provided by Honeywell 



Airplane damage from Catalytic Oxidation of the Carbon  
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Provided by United Airlines 



Events Due to Catalytically Oxidized Carbon Brakes  

August 2010 

August 2011 
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http://abclocal.go.com/wls/video?id=7593468
http://abclocal.go.com/wls/video?id=8292451


Cost of Carbon Brake damage from Catalytic Oxidation to 
Airlines  

2013 Carbon Brake Price/Cost: 
 

• 1 new 777-300ER brake assembly = 100,952.03 $/USD 
• 12 brake assemblies per airplane = $1,211,424.36 
• Fleet of 80 airplanes = $96,913,948.80 

• 1 new replacement carbon heatsink = $59,702.47 
• 12 replacement carbon heatsinks = $716,429.64  
• 80 airplanes = $57,314,371.20 for replacement carbon heatsinks 
 

  As of October 2013, Worldwide fleet of 777-300ER airplanes = 499 
  $604,500,756 / €445,764,000 for new brake assemblies 
  $357,498,390 / €263,622,000 for replacement carbon heatsinks  
 

From www.emirates.com 
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Changes to Industry Accepted Runway De-icer 
Specifications to Try and Address Catalytic Oxidation of 

Carbon Brakes 

AIR5567 issued May 2009 and 
amended to AMS1431 and 
AMS1435 in 2010    
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What Does AIR5567 Do? 

Provided by Anti-icing Materials International Laboratory 
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~ 2.0 inch / 5 cm  

Carbon Disks soaked in diluted 
25% w/w runway de-icer 

After drying, disks are weighted 
Placed in furnace at 1022 F / 55 C for 24 hours  
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What Does AIR5567 Do? (continued) 

Disks are cooled then weighed 

Calculate mean normalized carbon weight 
loss (%) due to catalytic oxidation 



Catalytic Oxidation of Unprotected Carbon 

Temperature Time to reach 
5% weight loss 

25ºC (77ºF) Very long time 

400ºC (752ºF) 33 days 

500ºC (932ºF) 15 hours 

600ºC (1,112ºF) 45 minutes 

700ºC (1292ºF) 4 minutes 

• The rate of oxidation increases as 
temperature increases 
 

• Table shows time to reach 5% 
carbon mass weight loss for alkali 
metal contaminated carbon 
sample in still air 
 

• Carbon brake manufacturers 
(Honeywell, Meggit, Messier-
Bugatti-Dowty, UTC Aerospace 
Systems) have all agreed that a 
10% carbon mass weight loss 
equals 50% loss of structural 
strength of the carbon disk 

Table shows approximate times 
based on laboratory experience. 
Field experience is similar. 
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Runway Deicers - Commercially Available & Under Development 

SAE AIR5567 - NORMALIZED OXIDATION WEIGHT LOSS 
Acetate Only - Liquid & Solid Based Runway Deicers 

Pure Acetate Liquid Based Runway Deicers 

Pure Acetate Solid Based Runway Deicers 

Results of 36 Runway Deicers 

Test results provided by Anti-icing Materials International Laboratory, May 2013 
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Runway Deicers - Commercially Available & Under Development 

SAE AIR5567 - NORMALIZED OXIDATION WEIGHT LOSS 
Formate Only - Liquid & Solid Based Runway Deicers 

Pure Formate Liquid Based Runway Deicers 

Pure Formate Solid Based Runway Deicers 

Results of 31 Runway Deicers 

Test results provided by Anti-icing Materials International Laboratory, May 2013 
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Runway Deicers - Commercially Available & Under Development 

SAE AIR5567 - NORMALIZED OXIDATION WEIGHT LOSS 
HYBRID Liquid & Solid Based Runway Deicers 

HYBRID Liquid Based Runway Deicers 

HYBRID Solid Based Runway Deicers 

Results of 14 Runway Deicers 

Test results provided by Anti-icing Materials International Laboratory, May 2013 
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Communications Sent to Affected Organizations on 
Catalytic Oxidation of Carbon Brakes Caused by Runway 

De-icers that Contain Alkali Metals 
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Communications Sent to Affected Organizations on 
Catalytic Oxidation of Carbon Brakes Caused by Runway 

De-icers that Contain Alkali Metals  (continued) 



Continuous Improvement on Carbon Anti-Oxidation 
Protection Systems by Brake Manufacturers 
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Other Types of Airplane Damage Caused by Alkali Metal 
Runway De-icers 

Cadmium Corrosion 

Provided by United Airlines 
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Other Types of Airplane Damage Caused by Alkali Metal 
Runway De-icers 

Electrical 

Provided by United Airlines 27 



 
• Airframe Manufacturers continue to work with Carbon Brake 

Manufacturers to improve anti-oxidation coatings for carbon brakes 
 

• Airlines continue to improve brake inspection techniques to find and 
remove catalytically oxidized carbon brakes from the airplane 
 

• Airports: 
• Apply runway de-icers per manufactures recommended 

application rates 
• Use Total Organic Carbon meters to measure effluent instead of 

Biochemical Oxygen Demand (BOD5) or Chemical Oxygen Demand 
(COD) 

• If unable to use TOC measurement, build containment systems to 
capture and treat effluent 

 
• Aviation Regulatory Agencies (EASA, FAA, Transport Canada, etc.) 

engage Environmental Regulatory Agencies to discuss changes to 
environmental legislation to maintain and improve aviation safety 
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Best Path Forward 
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