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NAVGEA

WARFARE CENTERS

IRON + WATER

RUST!

4 Fet4(aq) + O, g+ [4+2X] H,0 > 2 Fe,0;xH,0 +8H" (aq)

(ionic equation for Iron submerged on water)
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RUST GENERATES
HEAT

HEAT OF FORMATION OF
IRON OXIDE (Fe,0,) = 197.0 kcal/mol

or
46.7 kj/mol
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HOW CAN WE RELIABLY AND
ACCURATELY MEASURE
HEAT PRODUCED DURING
THE CORROSION PROCESS?
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NAVSEA

WARFARE CENTERS
CRANE

WITH THERMOELECTRIC MODULES
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USING THE PELTIER EFFECT!
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WHAT IS THE PELTIER
EFFECT?

CREATION OF ATEMPERATURE
CHANGE BY PASSING A CURRENT
THROUGH THE JUNCTION OF TWO
DIFFERENT SEMI-CONDUCTORS

A DEVICE OPERATING IN THIS MODE
WOULD BE KNOWN AS A
THERMOELECTRIC COOLER OR TEC
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WHAT DOES THE PELTIER EFFECT
HAVE TO DO WITH DETECTING
CORROSION?

BECAUSE IT ALSO WORKS IN

REVERSE!

EXPOSING EACH SIDE OF A
THERMOELECTRIC MODULE TO A
DIFFERENT TEMPERATURE PRODUCES A
CURRENT

A DEVICE OPERATING IN THIS MODE WOULD
BE KNOWN AS ATHERMOELECTRIC
GENERATOR OR TEG
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THE CORROSION PROCESS
PRODUCES HEAT

THEREFORE

PLACING ATHERMOELECTRIC MODULE
WITH ONE SIDE IN CONTACT WITH A
CORRODING SURFACE AND THE OTHER
SIDE EXPOSED TO A CONSTANT
TEMPERAURE SOURCE GENERATES A
MEASURABLE CURRENT
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NAVSEA

WARFARE CENTERS

PROPOSED CORROSION SENSOR DESIGN
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NAVSEA

WARFARE CENTERS

THERMOELECTRIC MODULE
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WARFARE CENTERS

REFERENCE STANDARD
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HEAT SINK
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WARFARE CENTERS

PROTOTYPE SENSOR
(Side View)
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WaEA

WARFARE CENTERS

PROTOTYPE SENSOR
(Top View)
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PROTOTYPE SENSORS WERE
MANUFACTURED TO BE
TESTED WITH

Stainless Steel — 316L
Aluminum - 6061
Carbon Steel - 1040
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WARFARE CENTERS

THE THREE SENSORS BEING
WIRED FOR TESTING
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NAVSEA

WARFARE CENTERS

PROTOTYPE SENSORS IN
TESTING CHAMBER
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CORRODING PLATES DURING
~ TEST
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NAVGEA

WARFARE CENTERS

Overview of Corrosion Sensors 1, 2 and 3 on Test plates
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