Sensor life, warranty and shelf life

Sensor life, warranty, shelf life, use by, & best by dates, can be very confusing and the terminology used is subject to subjective explanations.
The Warranty. 

The micro-fuel cell has to be viewed like a battery. 

Once manufactured, its use depends almost entirely on the way it is stored and used.
Once the bag or original container is broken, the manufacturer has no control. 
The bags should be examined before opening for signs of leakage or damage. 

Leakage is normally visible as white crystals and severe leakage normally erases the printing on the sensor labels.

The manufacturer usually gives a one-year, limited warranty on the sensors from the date dispatched. This is limited to faulty workmanship or materials, but not exhaustion.

Sensors stored for many months may not be covered by warranty when the bag is opened. 

Always purchase fresh sensors. 

All sensors have a serial number which can be traced to date of manufacture and quality control examinations. 

Never remove the label or deface the serial number.

Shelf Life 
Shelf life means shelf life. i.e. storage on a shelf in conditions that meet the manufacturers' storage specifications. 
The storage temperature is 0oC –40oC.

If the sensors are left out in the tropical sun, temperatures can reach 50oC.

This will accelerate the  XE "E:electrolyte:evaporation" evaporation of the electrolyte and shorten the sensor life.

It is important to understand that on the surface held in one position, especially if the sensor is facing downwards, the sensors can behave normally.
If the thin layer of electrolyte between the membrane and the cathode either evaporates or leaks,  the gap reduces, the output of the sensor can read high.
In the Arctic the temperature could go negative beyond 0o C
Think of the electrolyte like sea water it will not freeze at 0o C but if left overnight in -10oC to -20 oC (not unreasonable in some situations) the electrolyte will  XE "E:electrolyte:crystalise" crystalise. 
Shelf life does not mean storage in a dive bag
Always obey the following basic rules: 

•
Never store sensors for long periods before use


•
Never subject sensors to high temperatures (i.e. car rear shelf)

•
Never freeze sensors (left in cars overnight)

•
Never subject sensors to physical shocks
Storage of sensors
The useful life of the cell depends upon the concentration of oxygen and temperature. If it is left inside the sealed gas  XE "G:gas:barrier bag" barrier bag or original container at ambient temperature,  historically its life expectancy was expected to only deteriorate by 1/20 of its in-air life per year. This is still true for sensors used in surface applications

However the rules regarding rebreather sensors are changing as more knowledge is acquired and different methods are used to pack sensors, 

Divers are well aware that sensors stored in totally sealed container e.g. total lack of oxygen, can go to “sleep”
It is believed that in this state the cathode can become deactivated. 

The sensor can take a very long time to “wake up” or may even need some oxygen.
TAI Teledyne changed the cathode to Rhodium (patented) some years ago which seems to alleviate some of the problems.
Manufacturers have changed the construction of the bag or have left small holes in the containers so that a very small amount of oxygen can enter and reduce the “sleeping” effect.

However this means the sensors are continually working albeit slowly so it is important to take notice of any “ Use by” or “Best by” dates.  
Packaging in special  XE "A:air:airtight containers" airtight containers, tuna tins, or special  XE "C:containers:gas barrier" gas  XE "G:gas laws:barrier bag" barrier bags has become a compromise between having a sensor retain its full life and the speed at which it returns to full operation when the container is opened.
Sensors should be examined in the unopened bag before use and any signs of leakage accepted as a failed sensor. It is not recommended that sensors be stored longer than one year. Microscopic leaks similar to flash light batteries may develop which may damage the electronic connections.

During the period, in the container or bag the sensor consumes the oxygen, leaving the sensor in nitrogen. This can give the erroneous appearance of the sensor being stored in a  XE "V:vacuum " vacuum 
Sensors that go into a "sleep" mode whilst being stored in oxygen free environments will at least require 15-20 minutes, preferably 1 hour minimum of exposure to air before they stabilise and can be used accurately.
If the  XE "S:Rebreathers:sensors" sensors are to be used in a re-breather they should be left exposed to air overnight. 
Usually sensors have a manufacturing date code and ideally should be used as soon as possible.

Use-by dates are misleading as they depend on the storage conditions.

Manufacturers can also supply apparently conflicting information on stabilisation times when the sensor is taken out of the container.

If the container is a good hermetical seal the sensor may go to sleep and take several hours to wake up. It can read for example 10 mV in less than 30 seconds but can then rise to 11mV over the next 8 hours.
Some manufacturers get around this problem by leaving a  XE "C:containers:small holes" small hole in the container e.g. below the ring pull on  XE "C:containers:tuna cans " tuna cans or using non 100% hermetically sealed containers e.g.  XE "C:containers: breathable materials"  breathable materials. In this instance the  XE "S:Sensors:use by date" use by date is critical.
Sensor life
Sensor life is a series of trade off’s.  It depends on many factors including user abuse. Ultimately it depends on the  XE "L:lead:amount" amount of lead in the anode, the temperature, and the PO2 being measured.
Water and lead are the two consumables inside the sensor and at 23oC is designed to have enough water to last through the consumption of the lead. The amount of lead is therefore normally the limit of sensor life. Both the amount of lead and the amount of water could be increased at the expense of increasing the overall size of the sensor. The physical size has been historically fixed and room for expansion in existing equipment is severely limited, 

The following equations relate to the standard size re-breather sensors currently in use.

The basic formula for the  XE "L:lead:life of a sensor" life of a sensor is governed by the amount of lead (physical size), the  XE "M:membrane:thickness" thickness of the membrane (speed of response), the amount of energy taken from the sensor (type of readout), and the amount of oxygen.
The sensor life can be  XE "L:life:calculated" calculated as follows: using the equation
Life in months = Pb x K x 70% in 100% oxygen
             I
 (I =output current in Amps)
Pb is the  XE "L:lead:weight" weight of lead in grams
 K= 3.59 x 10-4 (This is called the proportionality constant and is a figure calculated by the designers that allows us to use the simple style of calculation.)
70% =  XE "L:lead:anode efficiency" anode efficiency.   
NB it is impossible for the sensor to use up 100% of the lead. 70% is the worst case with most sensors providing 80-90% anode efficiency. The anodes are specifically designed to provide maximum consumption.
L  = 3.59 x 10-4  Wpb
            I        
L is the life of the sensor in months
3.59 x 10-4     is a constant derived from Faraday's Law.
Wp   is the amount of lead in grams.
I is the current through the sensor in amps. 

NB When we substitute I with the sensor current in air the equation gives the life of the sensor in months in air. When I is substituted with the current in 100% oxygen the equation gives the life in months in oxygen.

Faraday's Law
Q = nFM

Q is the charge in coulombs.

N is the number of electrons transferred per molecule. For the lead anode n=2.

F is the Faraday constant 96500

M is the quantity of material in moles 
For the lead anode     M= Wpb  
                                          207   

 Wpb  is the weight of lead in grams
Also 

Q=I x L where I is current and L is time in seconds
Therefore           L= 2 x 96500
                                  207 Wpb/I                   =  932 Wpb/I  seconds 
or
                         L  = 3.59 x 10-4 Wpb                    months.
                                                              I   
NB This assumes 100% usage of lead. In practice 70% efficiency should be used to estimate sensor life 

The anodes are specifically designed to provide maximum consumption and even distribution of wear throughout its life.

In practice the R XE "R:R-17:anode " -17 type sensors have doughnut shaped anodes
As a rule, sensors with an  XE "L:life:expected" expected life in air of 36 to 48 months will have an expected life 1/5 of that in 100% oxygen (i.e., 10 months).

A sensor has a life expectancy measured in oxygen % hours; e.g., an  XE "R:R-17:lIfe expectancty" R-17 type sensor has a life expectancy of 700,000 02% hrs.
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With re-breathers and  XE "H:hyperbaric chambers" hyperbaric chambers, partial pressures of oxygen up to 1.6 atm (1.6 bar) may be encountered. These levels will shorten the life  XE "L:life:expected" expectancy of the sensors, if exposed for long periods.
Sensor failure is relatively easy to establish by the manufacturer and all sensors returned with "premature failure" are examined. Due to manufacturing techniques, exhaustion can only be achieved by exposure to oxygen. All other premature failures will be observed as leaks or physical damage, without normal deterioration of the anode or electrolyte, etc.

The life of a sensor can be increased by the user if exposure to high concentrations is limited to the reading times only (i.e.,remove the sensor from enriched oxygen when it is not required). 

Using a cell-saver cap between uses will theoretically extend the life, as it lowers the consumption of oxygen, and therefore, slows down the rate it is using up the lead but is subject to being sent to sleep..

Other factors play a part, and one of the limiting factors is the electrolyte drying out.

The thin layer of electrolyte between the membrane and the cathode plays an important part in keeping the cathode wet which, in turn, assures a minimum internal resistance during the oxygen-sensing reaction.
Membranes, which are manufactured in  XE "M:membrane:teflon" Teflon, are chosen carefully to match the sensor application.  XE "M:membrane:thin" Thin membranes speed up the response, but also allow water to diffuse out of the sensor more quickly. XE "M:membrane:thick "  Thick membranes slow down the response and extend the working life of the sensor. 
Dry gas at an elevated temperature will slowly dry out the  XE "E:electrolyte:dry out" electrolyte between the membrane and cathode. This can prematurely destroy the sensor.

It has been calculated using tests on specially built sensors that sensor life at 23oC is reduced by 75% (¾) at 40oC in dry air.
Fortunately, in re-breathers the relative humidity is usually not much less than 100% so it will not normally have this negative effect. High temperatures on their own still speed up the sensor mechanism and reduce its life. i.e. the rate of lead consumption also increases. 
Based on studies of the wet component, a sensor output of 250µA in air at 23oC will increase to about 330µA in air at 40oC This equates to a loss of life of about 25%. and has a severe effect on the sensor life in a re-breather. In practice either water loss or lead depletion through increased temperature can limit the sensors life. 
Testing sensors
Leave suspect sensor for 24 hours in air.

Turn the sensor upside down . If the output varies by more than 2mV  the sensor is faulty.

Any small movement in output should return to original reading in any position.

Linearity test  

Test with 100% oxygen (2ltr/min for 2 minutes) note reading

Test with dry air (2ltr/min for 2 minutes) note reading

Divide the Oxygen reading by the Air reading, It should be 4.78 +/- 3%

NB. Ideally ambient pressure, humidity & temperature should be taken into account. 
The +/- 3% is a very rough band to try and accommodate the above atmospheric variations. It will certainly identify definite problems.
If the problem is a sensor reading high during a dive or part of a dive return it with a dive log.

If one sensor reads low during a dive do not assume it is current limiting.  Check it.

It is statistically possible for two sensors to begin to dry out during a dive and both start to read high.

A linearity test will prove it.

Testing sensors at higher pressures
The sensors can be tested for current limiting in the  XE "R:re-breather." re-breather.

Re-breather divers know the gas mixtures in their cylinders and they know the depth. It is therefore easy to test the sensors at the start of a dive in safe conditions and at any subsequent point during the dive.

If a pressure pot tester is used its limitations and  XE "A:accuracy:pressure pot" accuracy should be fully understood and taken into account. Ideally the knowledge of ambient pressure, humidity & temperature during calibration is required. 

It should also be noted that oxygen takes time to get into and out of the sensor when the pressure is changed. Stabilisation time is needed. Oxygen takes much longer to come out of the sensor when the pressure is reduced.
Sensors should not be tested above 2Bar O2 by users.
 For accurate measurements the check should be carried out slowly.
Gently inject and release gas from the pot

Use only dry gases air and oxygen.

Be sure the exact values of oxygen in the gas is known.
It is preferable to use a digital  XE "D:digital  :pressure gauge" pressure gauge and leave the vent open during air calibration.
Feed with Dry oxygen with the vent open.

Then measure at up to 2 Bar

The ratio Air to 100% Oxygen at 1Bar should be 4.78
The ratio Air to 100% oxygen at 2 bar should be 9.56
Also, care is required when using pressure testers to ensure the manufacturers instructions are followed exactly. Slight errors particularly when room air is used are accentuated by pressure as are stabilisation times between readings. There are several sensor testers available and no doubt more will appear as recreational re-breathers expand. Each will have different techniques, characteristics and user instructions. Hopefully the theory of sensors as explained can be applied and therefore used to gain the maximum use and accuracy out of these devices. Re-breathers generate high temperatures and divers are going deeper for longer. The stresses this places on the sensors is immense. Testing before a dive or at the commencement of a dive can no longer be a guarantee that an older sensor or sensors will survive the dive. The 2Bar test and or the voltage output test are the best tests available currently.
 Observation of sensor behavior during the dive is therefore extremely important 

A test in 100% oxygen at 6 meters after the dive is a good stress test. where any borderline sensors should be replaced.
Main points
Once manufactured, its use depends almost entirely on the way it is stored and used.

Sensors stored for many months may not be covered by warranty when the bag is opened. 

Never store sensors for long periods before use

Always purchase fresh sensors. 

Shelf life means shelf life. I.e storage on a shelf in conditions that meet the storage specifications. 

The sensor can take a very long time to “wake up” or may even need some oxygen.
If the  XE "S:Rebreathers:sensors" sensors are to be used in a re-breather they should be left exposed to air overnight. 
Use-by dates are misleading as they depend on the storage conditions.
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