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State-of-the-art corrosion and materials 
characterization facility at HCL

The HCL established ten corrosion test yards on 
Oahu and the Big Island in agricultural, alpine, 
arid, industrial, severe marine, mild marine, rain 
forest, and volcanic environments.

Staff of researchers, 
engineers, graduate 

students, 
undergraduate 
students, and 

summer interns

• Nanoindenter
• Scanning Electron Microscope
• Scanning Probe Microscope 
• 3D non-contact profilometer 
• Energy Dispersive X-ray Analyses
• FTIR Microscope
• Raman Microscope 
• Secondary-Ion Mass Spectrometer
• X-Ray Diffraction
• Scanning Kelvin Probe
• Corrosion and Electrochemical Testing, etc.

Current and Recent Sponsors

•USAF/Wyle
•OUSD/USAFA
•ONR
•USMC/ORNL

•US Army/Qinetiq/Vencore
•Nippon Steel and Sumitomo Metals Corp
•SPAWAR
•Haseko

Presenter
Presentation Notes
Contact:  Prof. Lloyd Hihara, Dept of Mech Engg, College of Engineering, University of Hawaii at ManoaE-mail: hihara@hawaii.edu; telephone: 808-956-2365Website: hawaiicorrosionlab.orgGoals of the HCL: 1) Provide a better understanding of the correlation between accelerated corrosion testing and performance in the natural environment for alloys and advanced materials, 2) Develop predictive capabilities for corrosion behavior in atmospheric and immersed conditions, 3) Assess corrosivity in real time with the utilization of sensors, and 4) Develop strategies to combat corrosion using novel coatings (e.g., hybrid ceramic-polymer or ceramer) and corrosion preventive compounds. 
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Metal-matrix 
composites: Al/Al2O3 Ceramic-metal interfaces

TiB2, B4C, SiC, Si3N4, AlN
Al and Mg Alloys

HCL developed the SiloXelTM coating for aluminum alloys 
– replacement for hexavalent chromium treatments

HCL SiloXelTM coating licensed by US company

Friction stir welded AA 6061—AA 5086, etc.

Polymer-matrix composite—metal couples

AA 7075

AA 1100

AA 5456

E-Glass

Carbon

After exposure to GM 9540 accelerated corrosion test

Presenter
Presentation Notes
SiloXel was developed in the HCL.  The silane-based, hybrid ceramic-polymer (ceramer) coating shows exceptional promise as a corrosion barrier for many aluminum alloys.The HCL conducts corrosion work on advanced materials, material systems, coatings, and traditional alloys.Examples shown here:Aluminum metal-matrix composite (MMC) reinforced with alumina fibers.  Studies were conducted with the MMCs coupled to ceramics, an aluminum alloy, and uncoupled.  Microstructures were characterized, and corrosion exposures were conducted in rain-forest, marine, and volcanic environments.Ceramic-metal interfaces.  Today, many material systems are utilized to improve performance.  A system of materials, however, can lead to corrosion problems such as crevice and or galvanic corrosion.  Ceramics with various electrical resistivities and coefficients of thermal expansion were coupled to aluminum and exposed in accelerated corrosion tests and out-door environments.Polymer-matrix composites (PMCs) coupled to metal alloys:  PMCs have been coupled to metal alloys either using mechanical fasteners or chemical bonding using adhesives.  Corrosion testing has been conducted in accelerated tests and out-door environments.  Corrosion mitigation strategies have been developed.  Results show that the degradation of the adhesive strength between the PMC and metal alloy is strongly dependent on the type of PMC and metal alloy.Friction stir welded (FSW) aluminum.  Corrosion of FSW AA 6061-6061, AA 5086-5086, and AA6061-5086 have been investigated.  The tensile strength of the welds have also been monitored after exposure at different out-door environments and exposure periods.
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HCL-designed Portable 
Exposure Rack (PER)

PER at Camp Fuji

Accessing corrosivity of 
environments for planning

PER data used for the 
development of corrosion models

PER

PER

World-wide PER deployment: Hawaii, 
Japan, Korea, Guam, US Mainland, 

Italy, Germany, Kuwait, Panama

PERs on LSV

PER in 
intertidal 
zone

below

Presenter
Presentation Notes
The HCL has designed and fabricated portable exposure racks (PERs).  The PERs have been deployed world-wide on US Army and USMC programs.  The PERs have been used to assess the corrosivity of environments of interest.  In addition, the PERs have been deployed under various conditions such as 1) unsheltered and completely exposed, 2) over-head sheltered without walls, 3) completely sheltered, and 4) completely sheltered and dehumidified.  The results are used to determine how assets should be maintained and stored.  In some environments, corrosion rates were higher for over-head sheltered without walls compared to fully exposed. With over-head sheltering, salts deposition cannot be washed off by rain, and the lack of direct sunlight prevents the specimens from drying out during the day, resulting in continuous corrosion.The PERs are used to expose aluminum, magnesium, stainless steel, plain-carbon steel, copper, and zinc alloys and galvanized steel.  Temperature, humidity, time of wetness, and corrosivity are measured using sensors and portable data loggers.  Air-borne salts are collected on a chloride candle and analyzed using ion chromatography.  The corrosion rates are correlated to environmental parameters to develop corrosion models to predict corrosion behavior.  
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Development of Sensors at the HCL HCL Corrosivity Sensor on USMC trucks

Tracking corrosion activity
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Sensor suite mounted to FMTV and 
HMMWV

Presenter
Presentation Notes
The HCL has developed a corrosivity sensor that is durable, sensitive to moisture, and chloride concentration.  Time of wetness, duration of continuous wet periods and dry periods, number of wet-dry cycles, chloride equivalents, and a corrosivity index can be extracted from the sensor data.  The sensors have been deployed on PERs and on USMC FMTVs and HMMWVs.  The corrosivity index could be used track the corrosivity of the environments to which the vehicles have been exposed, and to flag vehicles that need to be washed to remove corrosives such as salts.
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• Future Work
– Navy Interest
– Corrosion Monitoring

• Sensors
• PERs

– Corrosion Modeling
• Predicting Corrosion 

Morphology
• Massive amounts of 

experimental data available 
for model validation

– Many material systems (e.g., 
MMCs, ceramic-metal couples, 
metal-metal couples, different 
alloys

– Diverse environments (e.g., 
different microclimates, various 
marine severities, volcanic, 
intertidal, immersion, biofuels

• Thank You
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Discarded Military Munitions

Corrosion in Biofuels

Presenter
Presentation Notes
Examples of other corrosion projects.Discarded military munitions (DMM).  DMMs provided by SPAWAR were analyzed to determine the corrosion morphology after 60+ years exposure to seawater.  Raman and FTIR spectroscopies, XRD, and EDXA were used to identify the constituents of the concretion layer.  Steel and copper specimens were sectioned from the  DMM to conduct corrosion studies.  Normal corrosion rates of the uncoupled steel and copper samples, and galvanic corrosion between the steel and copper samples were studied in seawater in the exposed, unburied state and also buried under sand.  The lack of dissolved oxygen under the layer of sand significantly attenuated corrosion rates in the buried state.Corrosion in biofuels (in collaboration with the Hawaii Natural Energy Institute).  Corrosion rates were determined to be higher in biofuels compared to petro-based fuels.  Results indicated that dissolved oxygen was more available in the biofuels compared to the petro-based fuels. 
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