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All of the following are brief descriptions of selected corrosion engineering projects. Most were instigated to evaluate the origin and cause of the problems and present possible mitigation measures. The investigator in all cases was Herbert DeFriez.   

Electro less Nickel Plating Failure:  During an impact test on a military missile part, the electro less nickel plating on dead soft iron was shattering, causing concern.  To fix the problem, the client increased plating thickness.  Parts failures went up rather than down.  Literature investigation of the electro less nickel process revealed a possible cause - as the plating bath is “used up”, the nickel-phosphorus ratio in the plating material rises, yielding increasingly brittle plating.  The added thickness of the plating over a very soft iron exacerbated the problem.  Recommended action was to plate in a new bath only and return to originally specified thickness.  Once implemented, failures dropped.  

Interior Galvanized Pipe Pinhole Failure:  An apartment complex was having numerous pinhole failures in only the recirculated hot water system.  Micro sectioning the pinholes revealed intact zinc coating overhanging the holes.  A literature investigation of galvanizing indicated that between 150-170 degree F., zinc and iron have approximately the same electrical potential.  This indicates that zinc is no longer sacrificial to iron as was  demonstrated by the intact zinc coating.  The defense argued that the water was corrosive and had caused the leaks.  This was demonstrated as incorrect when a non-leaking, ten year old section of galvanized pipe from a neighboring hot water system was presented as evidence.  Apartment owner won the case over the supplier of the pipe. 

Automobile Auto Body Corrosion:  A foreign automobile was involved in a traffic accident that ultimately caused paraplegic injuries.  Inspection of the connections between roof and body panels revealed that corrosion of the “B” door pillar could have reduced the impact resistance of the auto in side collisions.  In addition, the actual design of the roof/side rail/”B” pillar connection was much less corrosion resistant than other, slightly more expensive designs.  Case decided for plaintiff.

Boat Outdrive Failure:  An inboard/outdrive marine engine had been overhauled and was being tested by the owners when the outdrive fell apart.  Investigation of the remaining parts indicated that the crack that lead to the disintegration of the subsurface transmission had moved from aft forward, disputing the claim of the repair shop that my client had struck a submerged object.  

Sailboat Mast Failure:  A sailboat had demasted during heavy weather.  There was corrosion exclusion in the insurance policy.  Dismantling the stainless steel sail retainer and its stainless rivets from the aluminum mast exposed exterior corrosion at each rivet hole.  Micro sectioning also indicated cracking around each hole; these cracks were the probable initiation point for the massive tension failure that occurred during the bad weather.  The insurance company did not pay. 

Delamination of Fiberglass Boat Hull:  A large boat of double wall hull construction was seeping water into the interior.  Plug holes were cut in Spain and analyzed here for glass content, resin content and relative workmanship.  Visual examination, in conjunction with a review of survey reports on the vessel, revealed that the basic problem was caused when the PVC expanded foam core was impregnated with resin containing acetone which attacked the foam, creating channels throughout the double hull.  Any leakage of water from below the waterline was transported throughout the double hull and would leak through any weak point into the interior.  Outcome of the legal case pending.

Pneumatic Tube Corrosion:  Underground bank Kiosk pneumatic tubing failed due to cuts through the protective wrap while water table was high, causing pinhole leaks.  Recommended corrective action was passive cathodic protection using sacrificial anodes.  Subsequent mechanical failure of system (necessitated removal of pneumatic tubes from the ground) showed that cathodic protection system had worked perfectly in that service.  Case went to court, settled by agreement after corrosion findings presented.

Copper Tube Condenser Failure:  A commercial refrigeration system failed when two pinholes appeared in the condenser.  Micro sectioning and X-ray diffraction analysis of the holes revealed that a dense copper oxide had replaced the copper.  Pure logic dictated that the two holes occurred at the same time due to some mechanical disruption of the pipe - the appearance of a single hole would have immediately depleted the system of Freon, precluding the production of the second hole.  It was postulated that the pipe was originally extruded with an impurity that was slowly electrochemically transformed into a form of copper oxide.  Even though the insurance excluded corrosion damage, this hypothesis resulted in the failure being judged defective materials with payment for damage.  
	
Aluminum Flexible Conduit Failure:  Aluminum electrical conduit newly installed under a house began corroding completely away within a month or two of installation.  Physical inspection of area, in conjunction with analysis of corrosion products indicated stress related intergranular corrosion brought on by residual stress in the conduit from manufacture in combination with susceptible alloy composition.  Outcome unknown. 

Galvanized Corral Fence Post Failure:  Galvanized horse corral fence posts set in subsurface concrete and backfilled with dirt were failing at the ground line.  Literature investigation indicated that the ammonia present in urine combines with the zinc to form a soluble ammonium compound that no longer sacrificially protects the steel post resulting in rapid corrosion in the wet/dry area at ground level.  Recommendation was to extend the concrete above ground level.  

L.E.D. Lead Failure:  A Kovar-type L.E.D. lead was failing due to the wicking of ferric chloride flux up an insulated sleeve and subsequent cracking of the alloy. Analysis of the corrosion products in conjunction with metallographic examination of the crack area revealed a high porosity in the gold plating on the lead which resulted in the chloride induced cracking on the alloy.  Recommendation was to bring gold plating up to ASTM standards.

Subsea Electrical Connector Failure:  A drill shaft, subsea electrical connector was shorting out due to drilling mud intrusion into the connector housing.  Visual analysis revealed two areas of concern.  Crevice corrosion was occurring in the area of the O ring seal as a result of alloy composition in conjunction with very high chloride concentrations.  Additionally, the stainless steel body of the connector was corroding at the connector interface due to mechanical disruption of the passive oxide coating on the stainless steel.  This disruption was the result of the excessive vibration of the drill shaft.  Recommendation was to switch to a crevice corrosion resistant alloy and redesign the connector body so that the sections did not touch in the area of impact.

Crude Oil Pipeline Failure:  A carbon steel pipeline carrying a mixture of crude oil and formation water was rapidly corroding an existing transport pipeline.  Visual inspection of the pipe and analysis of the formation water composition both now and in the past indicated that the currently slightly acidic water was attacking the pipe in areas where a previously formed organic/mill scale coating was being disrupted, namely on the bottom of the pipe where flowing sand and small rocks could penetrate the surface more easily.  Recommendation was to move to a more corrosion resistant alloy or increase the pH of the well formation water to neutral or slightly basic. 

Copper Pipe Corrosion by Soil:  A section of copper pipe was being corroded by what appeared to be natural soil. Analysis of the soil indicated a very high pH most likely due to lime stabilization of a clay soil.  Literature indicated that copper pipe was resistant to the high pH conditions, except when the soil also contains a high ratio of chlorides and carbonates to sulfates.  Subsequent analysis indicated such a high ratio thus causing the pipe to fail.  Recommendation was to lower the soil pH or remove and replace with sand backfill.

Copper Pipe Corrosion by Water:  Sections of soft copper pipe were failing rapidly in a new housing project.  Analysis of the pipe indicated the presence of a high temperature oxide coating specifically forbidden by ASTM specifications for copper pipe.  Analysis of the water indicated the presence of carbon dioxide which means that the water is slightly acidic.  The combination of the oxide coating and the acidic water lead to rapid penetration of the pipe.  Recommendation was to use pipe that did not contain the oxide coating or raise the pH of the water to neutral.

High Security Lock Design:   The U.S. Navy had a high security, munitions bunker lock salt spray tested.  After the tests, the lock was evaluated for corrosion resistance and recommendations were made for design changes that would improve corrosion resistance without reducing the tamper-proof nature.

Cast Iron Drain Pipe Corroded by Salt Air:  An apartment complex within 200 yards of the ocean had many brittle fracture failures (all orientations) in its cast iron drain pipe within 35 years of installation.  Some pipes were unaffected  while others showed extensive cracking and interior flaking.  Extensive flaking was found in the dry vent pipes from kitchens.  Analysis of the pipe showed nothing unusual.  Literature review, occupancy patterns and visual inspections eventually pointed to salt corrosion, coupled with variable occupancy rates as the most probable cause of the cracking. - salt air was drawn into the system through the vents during normal plumbing operations, allowing for accumulation of salt in a wet/dry scenario.  Recommendation was to replace cast iron with ABS. 

Zinc Removal by Water Treatment Failure: A produce supplier had a water cooler with its own water treatment equipment failing after only 10-12 months.  The treatment equipment had reportedly been operating incorrectly (in the “acid” range) for most of the cooler’s life.  A second backup cooler without water treatment showed no such failures.  After evaluation of the zinc/iron system and correlation with photographs, the following hypothesis was presented without physical analysis:  After being put into service, the zinc coating on the cooler tubes was attacked by whatever combination of materials and temperature was present in the chemically treated cooling water.  This attack converted the zinc metal to some other material (a “black” coating noted in the photographs).  Heated areas speeded conversion.  Since zinc coatings are typically not uniform, any unconverted zinc continued to protect the iron tubes until it was fully consumed at which point the iron substrate began to corrode, forming many little islands of corrosion.  Correcting the water treatment pH range stopped the problem 

Roof Tile Attachment Failure: Roof tiles were falling off apartment roof.  Inspection and analysis of galvanized nails used indicated that they did not meet ASTM (building) codes for the amount of zinc present as the coating.  Multiple nails inspected and analyzed, applicable codes presented as reference. 

[bookmark: _GoBack]Direct Attack on Mild Steel: A mild steel vacuum truck had been used for storage of an unanalyzed liquid for two weeks during the summer.  On next use, tank collapsed under vacuum.  Interior inspection and ultrasonic thickness measurements revealed that the tank was severely corroded, causing the shell to loose structural integrity that allowed vacuum implosion.  Corrosion was “general” in nature brought on by the excessively low pH of the “unknown liquid”.  

Paint Failure:  Paint was failing on a Ferro-cement boat hull.  Investigation showed four layers: a “cement glue”, a “cement like” leveling coat, a filler/primer and finally an organic top coat.  Inspection showed that physical failures were between the cement glue and the leveling compound.  No specific cause was determined but typical problems include waiting too long between coats, collection of contaminants from the surrounding air (sanding dust, overspray, etc.) and uneven curing of a two part system.  

Copper Pipe attacked by Acids and Salts:  Copper pipe under slab-on-grade construction at apartments was failing.  Analysis of soil showed low resistivity, low pH in the acid range and a high amount of chlorides (all increase corrosion).  Chemical analysis of copper corrosion products verified that these were responsible.  Client requested a suggestion for a solution.  While recommending that a cathodic protection specialist be retained, suggested that a zinc sacrificial anode bed be placed under the slab in special, 45° from vertical backfill holes, thus protecting the existing copper pipes.  Provided references about the viability of such a project and field results from other similar locations.  

Paint Failure due to Incorrect Primer:  Composition board siding on two year old condominiums was experiencing paint failures mostly near the ground in the sprinkler zone on south facing buildings. Visual paint chip inspection revealed micro-cracks through both primer and topcoat that would allow water migration to wood/paint interface and ultimate failure.  Siding manufacturer claimed problem was not with their formaldehyde glue composition wood products.  Review of their literature noted a casual reference to commonly used primer/paint systems that were not suitable for use with their siding due to formaldehyde vapor oxidation. Testing for formaldehyde showed a continuing presence even after two years.  Most likely cause of failure was formaldehyde vapor oxidation of a non-suitatable paint system. While it was the paint contractor’s ultimate responsibility to determine if the system chosen was suitable for this siding, the manufacturer’s failure to boldly state which painting systems were suitable was certainly contributory. 

Pitting in Boiler:  Inspected a boiler that was being retrofit for renewed operation indicated excessive mud drum pitting, analysis indicated oxygen cell attack with the presence of unexplained graphite in corrosion products.  Source of graphite never found but its presence on the boiler floor and walls probably initiated the oxygen cell attack.  Recommended that boiler be thoroughly cleaned to remove graphite, that shell thickness be recalculated to include pit depth and that boiler be recertified to the new, thinner thickness.   

Excessive Corrosion due to Inappropriate Material Selection:  Sanitation plant clarifier cast iron chain links were corroding excessively.  Corrosion product analysis indicated that Fe3S4 and iron carbonate were present indicating that the links were being exposed to hydrogen sulfide and carbon dioxide in the water – both of which can be present if anaerobic digestion is occurring in the clarifier.  Possible mitigation included aerating the water to stop anaerobic activity in the clarifier (contrary to settling the sludge) or by moving to a move corrosive resistant material. 

Environmental Corrosion Damage to Unprotected Steel:  Construction was stopped on cinema complex due to economic conditions. Two years later, contractor needed information on extent of corrosion damage due to exposure to the elements. Inspections reviled that only surface rusting had occurred on exposed steel but to an extent that rust removal was necessary for adherence of fire-proofing materials.  Seating bolts submerged in water survived due to high alkalinity generated by freshly poured concrete.  Miniminal damage to all areas of structure. 

Paint Failure and Corrosion of Outdoor Bleachers:  Stadium bleachers within yards of ocean surf had been cleaned and painted only to have corrosion reappear far sooner than expected.  Inspection revealed that the majority of the paint layer was in tack but numerous corrosion carbuncles were reappearing within a year or two of painting.  The attack was oxygen cell corrosion initiated when the held-in-place-by-paint corrosion product prevented oxygen from reaching all parts of the corrosion cell. These cells had not been adequately removed by sand blasting prior to painting and the moisture and salt spray near the ocean reactivated the cells.  Recommendations were to completely remove the existing carbuncles by white metal sand blasting and repaint to manufactures’ recommendations. 
