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High Precision Secondary CO2 Standard Mixing and Calibration
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A. Rationale
The purpose of this general procedure is to create high precision secondary CO2 standards using volume blending techniques.  Additionally, calibration and uncertainty calculations are described. 

B. Procedure
Standards are made by volume blending using 5% CO2 in air and mixing clean, CO2 scrubbed high altitude air from marine sources (Pine Mtn. Observatory, Oregon).  

Collecting air

Four tanks (4500psi for each tank) of air from Pine Mtn. are used as a cascade style air bank in the lab to allow for the most efficient use of gas while filling 2250 psi standard cylinders.  The banks are filled using a portable electric compressor outfitted with a low pressure CO2 scrubber on the inlet and two high pressure condensing water separators, a high pressure molecular sieve and charcoal filter and two high pressure magnesium perchlorate water scrubbers on the outlet.  This configuration provides CO2 free air with very low concentrations of water.  
Cylinder conditioning
Creating dry air standards is very important if the concentrations are to remain stable.  Because the dew point of air increases with pressure even small concentrations of water can condense inside a cylinder, as the pressure changes during use the concentration of water vapor can thus change. Changing water concentrations cause dilution of other gases as well as capturing dissolved CO2, all leading small changes in concentration of CO2 as a cylinder is depleted.  

Compressed gas cylinders must also be conditioned to the concentration of gases they will hold prior to filling to avoid drift due to absorption into the pores of the cylinders as well as stabilizing any reactions between the gas and the material of the cylinder.  


In order to achieve dry air and stable concentrations, cylinders are conditioned by filling to 20 atmospheres with dry air at or near the concentration they will be filled to and then slowly drained to avoid any condensation.  This is repeated three times with a storage period of at least a week at 20 atmospheres before final draining and mixing.

Gas mixing

The mixing panel utilizes a series of regulators, high precision pressure transducers, needle valves and thermistors to provide precise and accurate quantities of high and low pressure gas as well as cylinder temperature.  Pressure and temperature measurements are recorded by a Campbell Scientific CR23X data logger and used along with the known concentrations of the 5% CO2 (spiking gas) and the air source (fill gas), the volume of the standard cylinder to be used, the desired final concentration and the desired final pressure  to calculate the pressure needed of each gas sources.  Pressure calculations are done in real time to account for the warming of the cylinder as it fills.  Ideally the spiking gas would be added after the fill gas to reduce any issues of conditioning the cylinder with a high concentration before filling.  However, the amount of spiking gas needed is typically in the range of 8-20 psi which can be measured much more precisely with a low pressure transducer with a narrow range.  Therefore, we add the spiking gas first and then immediately add the fill gas to quickly dilute the spiking gas.  

Calibrations


Mixed cylinders are calibrated using a Picarro ESP-1000 cavity ring-down laser, which is calibrated against zero air and 5 WMO primary standards spanning 0-500 ppm CO2.  Cylinders are run at 0.2 lpm until 75 stable measurements are obtained (~ 10 minutes of stable data).  The average value is taken to be the calibrated value and the uncertainty of the calibration run is reported as ± 1 SD.  The overall expanded uncertainty reported for each secondary standard incorporates the uncertainty of the primary standards, the uncertainty of the ESP-1000 calibration and the uncertainty of the individual calibration using the equation:
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  = standard uncertainty, and   k = coverage factor (~2) and
U= expanded uncertainty.

Using this method the expanded uncertainty should be roughly equivalent to a 95% confidence interval.

Because tanks are often seasoned at slightly different concentrations than they are mixed to, they are calibrated a minimum of two times at least a week apart to ensure they are stable before creating a certificate and shipping to the user.
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