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• Corrosion DAMAGE 
can be detected by 
various NDE techniques 

• Corrosion ACTIVITY 
can be studied for 
exposed corrosion using 
standard electrochemical 
techniques 

• Only SQUIDs can detect 
ongoing hidden 
corrosion activity, as in 
an aircraft lap joint. 
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Presentation Notes
There have been numerous demonstrations of SQUID magnetometers for nondestructive testing.  This work is continuing in the United States, Europe, and Japan, but practical application of SQUID magnetometers to NDE field applications must address a variety of concerns regarding cost, technical complexity, and competing technologies.  One application for which SQUIDs have no competition is the measurement of ongoing corrosion activity within an aircraft lap joint.  Only SQUIDs have the ability to detect, via weak and slowly varying magnetic fields, the electrical currents associated with hidden corrosion.  For the past several years, the Vanderbilt group has been developing instrumentation, measurement methods and analytical techniques for measurements of ongoing hidden corrosion activity in aircraft lap joints.  This slide shows a schematic of the automated SQUID measuring system developed at Vanderbilt for studying differences in corrosion activity under a variety of environmental conditions.  Every hour, a test specimen removed from an aging aircraft is scanned underneath the SQUID to obtain an image of the corrosion activity.  There are no other techniques that can produce such images.



Summed magnetic 
activity versus time for 
old aircraft lap joints 

• Reproducible dry 
background 

• Low activity in 98% 
relative humidity air 

• Distilled H2O activates 
the chemistry within the 
lap joint 

• 0.01 M chloride shows 
higher activity 

• SQUIDs provide a 
unique research tool for 
studying hidden 
corrosion 
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Presentation Notes
The absolute value of the magnetic field  activity in each image can be summed and plotted as a function of time for each sample in the study and for each environmental corrosion condition (upper  panel).  The area under each curve gives a measure of the total corrosion current flowing within the sample, so that the area under this curve is proportional to the amount of metal lost through corrosion during the experiment. In the lower panel, we show the average value of the corrosion activity for each of the four samples in the study for exposure to humid air (left), distilled water (middle), and 0.01 M NaCl (right).  Because the joints are removed from aging aircraft and baked in a vacuum oven prior to measurement, the distilled water activates the chemicals and corrosion byproducts that have accumulated in the joint.  These data show that the corrosion activity in the joints studied is slightly less than what was generated when 0.01 M NaCl was added to the same lap joints.



High Resolution LTS-SQUID Microscope 
for Room-Temperature Samples 

Dewar Cross-section 
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Field sensitivity  
500 um diameter pickup coil 

4K-300K Sensor-Sample 
Spacing < 100 µm  

Field sensitivity  
350 fT/Hz-1/2 @ f>1Hz 
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Presentation Notes
Biological systems present a challenge to scanning Superconducting Quantum Interference Device (SQUID) microscopes due to the weakness and distributed nature of many biological interesting field sources. We have developed a scanning superconducting quantum interference device (SQUID) microscope for imaging magnetic fields of room-temperature samples with sub-millimeter resolution. In our design, hand wound niobium pickup coils were coupled to commercially available low temperature SQUID sensors. The SQUID sensor and the pickup coil are in the vacuum space of the cryostat separated typically less than 100mm by a thin sapphire window from the room-temperature sample (The panel on the left shows the instrument with a rabbit heart in a bath under the tail. The panel in the middle shows a cross section of the tail with the SQUID in vacuum anchored to the helium reservoir coupled to the pickup coil behind a sapphire window separating it form the RT sample). For a 500mm diameter pickup coil we achieved a field sensitivity of 350fT/Hz-1/2 (Panel on the right shows the field sensitivity).  This instrument demonstrates that the spatial resolution afforded by HTS microscopes operating in liquid nitrogen can also be achieved with LTS microscopes operating in liquid helium, but with two orders of magnitude better sensitivity!
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Remanent Magnetization 
of Martian Meteorite 

ALH 84001  
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Propagation of Action 
Currents in Cardiac Tissue 

mm 

Fine structure that was not 
annealed upon reentry 

Crust from reentry 
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As a demonstration of the capabilities of our instrument, we show two examples of our latest measurements. (Second slide) In order to determine the thermal history of the Allan Hills Martian meteorite ALH84001, we have measured the remanent magnetization of a section with a fusion crust. The material in the fusion crust gets heated in the earth atmosphere above the blocking temperatures of the individual grains and is remagnetized due to the cooling in the earth’s field after landing in the Antarctic ice. The fusion is therefore homogeneously magnetized, as seen in the magnetic field image. Beside the huge magnetization we see smaller magnetic structures with different orientations only 2-3mm from the homogeneous part, indicating this part has not been heated above the blocking temperatures.  Heating and zero field cooling of different sections of the rock show a change in the magnetization at temperatures as low as 40 deg C supporting a panspermia hypothesis that life existing on Mars was not necessarily sterilized either upon ejection from Mars or transit through the Earth’s atmosphere.
The scanning SQUID microscope allows us to record magnetocardiograms (MCGs) on the surface of an isolated Langendorff perfused rabbit heart that was stimulated with a point electrode in the center of the image. The MCGs were combined to produce a time-series of two-dimensional magnetic field maps, which show a clear, quatrefoil pattern during the current injection, a similar pattern with a reversal in currents immediately after current injection, and the generation and propagation of an elliptical action-current wave front. The data are shown in the right panel of slide two. The data support an anisotropic bidomain model to describe the electrical properties of cardiac tissue. Our results will allow us to extract the directional conductivities in the intra- and extracellular space.
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