CiTiceL 2FO Oxygen sensor in Argon gas Voltage vs Resistance Measurements

Introduction
This was a test of the CiTiceL 2FO Oxygen sensor.  It is proposed for detecting the % oxygen inside the LAPD container as it is being filled with Argon gas.  The levels of oxygen will be measured by capillary tubes of various heights that are situated inside the tank.  The tubes will be attached to small jars containing the sensor in question and various resistors can be introduced to the current coming from the sensor.  This will allow different levels of oxygen to be monitored with hopes of getting to a sensitivity of greater than 5ppm.
Procedure:

(Overview) The sensor uses oxygen to create a current inside the cell. Different levels of oxygen will cause a different reaction rate that yields a different voltage. We are attempting to test this sensor if it still produces stable voltage readings under very low oxygen percentages. The first attempt was made to measure the voltage with various resistors. To facilitate the ease and number of resistances to check Hans Jostlein manufactured a switch system to test the sensor using three general resistance levels; 100 Ohm, 10 k Ohm, and 1 M Ohm. These measurements were made in air.  In order to check the sensor under low oxygen conditions, the sensor was placed in a jar. Argon was then introduced was allowed to flow through the jar and lower the oxygen level. The resistance, flow rate, digital multimeters were all varied to monitor the behavior of the oxygen sensor.  The 2700 DMM with data logging capability was connected to a computer with Excel and the add-in ExceLINX from Keithley and measurements were retaken.
Cell info
The CiTiceL 2FO Oxygen Sensor is described as “electrochemical oxygen sensors are of the self-powered, diffusion limited, metal-air battery type comprising an anode, electrolyte and an air cathode” Attachment 1  Essentially the sensor works like a battery that uses oxygen as one of the reactants to create a current.  The less oxygen the less current will be produced by the cell.  It is designed to be used with a 100Ω resistor and from 0-30% oxygen.  Under these conditions the cell should settle to a steady voltage output within 3 minutes. The cell itself is capable of being encased in a small enclosure and sample atmospheres can be introduced into the testing chamber.  See Figure 1 and  Attachment 2   
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Figure 1 Cell in Jar
Collection of voltage
After some initial tests with various multimeters The collection leads are wired with various resistors to test the output of the cell.  Hans Jostlein’s pc board allowed introducing three differing amounts of Ohms via the switches. Figure 2
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Figure 2 Jar with Resistor switches
Range of resistors
To test the ability of the Sensor to be stable under low concetrations and higher resistance the jar was closed and leaks in the jar were repaired.   The jar was then placed under positive Argon gas pressure and submerged in water and showed no extra leaks other then the relief capillary tube.  The relief capillary tube was blocked with a finger while under water and considerable pressure was needed to induce a leak in the seal between the jar and the lid.  Flow came from an Airgas high purity grade Argon cylinder. Figure 3 with a purity of at least < 4ppm. See Table 1  The connections were changed from polytube to metal tubing and the connections were flooded with Nitrogen gas to make sure there was no oxygen leaking into the system through the connections.  Figure 4 There was no change in the voltage once the connections were bagged and surrounded with Nitrogen.  This indicates no leaks were present in the connections. Up to this point the measurements were made with a Keithley 196 DMM.  These measurements were made by hand recording in 30 sec intervals.  The data was input into Excel spreadsheets.   Figure 5  Later a Keithley 2700 with 2 expansion 2702 modules was used to log data into a computer using ExceLINX add on available from Keithley.  Figure 6  The next setup included a Decade Box, which allows multiple levels of resistance to be introduced into the circuit.  Figure 6  The test station was set up and testing with the datalogging capability started following the diagram Figure 7 and schematic Figure 8. 
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Figure 3 Flow Diagram
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Figure 4 Bagged Regulator and Jar (bagged flow meter not shown)
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Figure 5 196DMM, Jar with 10kΩ engaged
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Figure 6 2700 DMM and Decade Box
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Figure 7 Connection diagram
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Figure 8 Circuit Schematic
Data

The first set of data is shown below and includes a function to look for a stabilization point. 

Data collected from 100 Ω in air (hand data logging)
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Time Voltage  Function error squared

0 0.69138 0.415077 0.076344
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Data collected from 1 kΩ in air
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factor 0.087942

Tau 4.100561

Error Sum 0.020576

Time Voltage  Function error squared

30V scale

0 0.66066 0.517297 0.020553

0.167 0.5171 0.513788 1.1E-05

0.33 0.5096 0.510497 8.05E-07

0.5 0.5056 0.507202 2.57E-06
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2.5 0.4785 0.477154 1.81E-06

3 0.4724 0.471667 5.37E-07

3.5 0.467 0.46681 3.6E-08
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Data collected from 10kΩ in air
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factor 0.022392

Tau 1.346684

Error Sum 3.79E-06

Time Voltage  Function error squared

30V scale

0 0.6966 0.618569 0.006089

0.167 0.6363 0.615957 0.000414

0.33 0.62 0.613702 3.97E-05

0.5 0.61286 0.611624 1.53E-06
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0.833 0.60775 0.60824 2.4E-07
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3 0.59906 0.59859 2.21E-07

3.5 0.59825 0.597842 1.67E-07

4 0.5976 0.597325 7.54E-08

4.5 0.59708 0.596969 1.23E-08

5 0.5966 0.596723 1.52E-08
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Note that the three different resistances started with a similar voltage reading to begin with the Sensor sending ≈ .68 volts with no load being applied to the circuit.  While all three behave similar with the majority of the voltage drop happening in the first 2 min of 

applied resisitance , the stability of the voltage shows the 100Ω is conforming to the 3 minute time lead required from the manufacturer.  The other graphs give indications that the Sensor should behave in a similar fashion and allow the higher resistance to give a more sensitive reading to lower and lower concentrations of oxygen.  A function was applied to the data to try and create a good fit to determin the evetual output of the cell at that concentration.  X = Vinf + A*e^(-time/tau).
Data collected with the 2700 DMM datalogging directly into Excel using ExceLINX: 
The first three following graphs show a drop from an unknown voltage.  This was due to the removal of the resistance in the circuit to double check the amount of resistance.  The final graphs were taken with no removal of resistance, it was changed.  Please note the relative time on each graph.
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Conclusion

When applied to air the resistance applied to the Sensor cell needs to be around 100Ω in order to have the response time within a reasonable time limit.  
Appendix
Reference: www.citytech.com/index.html
Sensor spec sheet link: http://www.citytech.com/PDF-Datasheets/2fo.pdf
Table 1 of Airgas Argon Specs
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