Conductivity probes operating manual

The conductivity probes (MI-900 Series conductivity electrodes) are obtained from Microlelectrodes Inc. (See flyer in attachement-1). Each probe is interfaced to a 486 PC via a data acquisition board (AT-MIO-16E-10 having a 12-bit resolution and capable of sampling at a rate of 100 kilo-samples/sec) from National Instruments. The probes consist of two electrodes (platinum black coated) approximately 3 mm apart, which are encased in plastic tubing approximately 6 mm in diameter and 30 cm in length (see attachement-2). The probes are connected to conductance meters (YSI Model 35), and the output from the meters is sent to the data acquisition board.

Impulse tracer injections are to be made in the system. Depending on the system utilized and the chosen injection location, KCl solution injection can be made via a simple syringe for an 8 in diameter bubble column for example while the injection equipment shown in attachement-3 is to be used in an 18 in. bubble column.
First, calibration needs to be made for the probes. This can be done as follows. The observed electrical conductance (inverse of resistance) of a liquid solution depends inversely on the distance between the electrodes d and directly on their surface area A.
1/R=k . A/d

For a given cell with fixed electrodes, the ratio d/A is a constant which is called the cell constant K (cm-1). The conductivity k is then determined by multiplying the measured conductance 1/R by the cell constant K. The MI-900 Series probes used in this work are manufactured to have K=1cm-1. However, small variations of the distance between the electrodes, or bare spots on their platinum coating can change the cell constant value. On the other hand, the electrical properties of a cell do vary with the electrolyte concentration and non-linear responses can be expected at high concentration ranges. Therefore, it is necessary to calibrate the probes regularly with their respective conductance meters to always be aware of the exact proportional relationship between the meter output and the tracer concentration.
Solutions of KCl of known concentrations were prepared by dissolving the corresponding amounts of salt into deionized water. Note that the range of concentrations used might differ by an order of magnitude in a different system. The readings of the meters (in volts) were taken after dipping each of the probes into prepared solutions at room temperature. Thus, the calibration curves for the probe(s) with their respective conductance meter(s) can be constructed (Figure 1). Note that for the example given in Fig. 1 the solution of concentration 5x10-4 was not used to obtain the equation for the calibration curves since the probes started showing non-linear behavior beyond this concentration. However, the range of values reached inside the column is always within the linear region of the calibration curves.
The conductivity of a solution is highly sensitive to changes in temperature and thus differences of only few degrees centigrade can change the measured conductivity by a statistically significant amount. Although the temperature effect on conductivity is non-linear, within small ranges of temperature change, it can be modeled as a linear process. By convention, the conductivity of a solution is defined as the conductivity that it exhibits at 25C, k25. Then, the conductivity at temperature T, kT, can be calculated by the following equation:
KT=k25(1+αΔT)

Here α is the temperature coefficient of conductivity (change per Celsius degree) and ΔT is the difference between current temperature T and 25C. Since the present setup does not have a temperature control system to keep isothermal conditions, it was decided to correct the conductivity measurements for temperature and refer always to T=25C. In order to calculate α, the conductivity of two solutions of different concentrations (here 5x10-5 and    10-4 g/ml) was measured at three different temperatures 20, 25, and 30C (Figure 2). Then straight lines were fitted and the temperature coefficient α was determined from the slope of the lines. The average α for the two concentrations was taken and the resultant value turned out to be 3% change per degree Celsius. Accordingly, the measured conductivity kT needs to be corrected by Equation B.3 when the temperature of the liquid phase is not equal to 25C.

KT=k25[1+0.03(T-25)]
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[image: image5.emf]Characteristic response time of the conductivity probes
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Experimental Procedure for tracer Experiments
[image: image7.emf]1. A continuous system is needed in the liquid tracer experiments. This may be accomplished  by means of a feeding tank filled with the liquid and utilization of a pump or simply by directly feeding the liquid from the source (e.g. water from a line with suitable diameter and pressure). Constant temperature needs to be assured before start of actual run. During experiments, the liquid outlet should be hooked to the room sewer (drain) to avoid tracer recirculation.

Note that these durations might vary depending on the system to be even lower by an order of magnitude than the mentioned above with no significant loss of accuracy.

[image: image8.emf][image: image9.emf]4.  The syringe (or the injection equipment) is to be filled with the appropriate KCl solution concentration. Note that the appropriate concentration differs from one system to the other and that a trial and error process might be needed to find the optimum concentration yielding the best response signal. 
Further details can be found in Theses of Gupta (2002) and Alvare (2002)
Attachement-1

[image: image2.emf]
[image: image3.emf]
Attachement-2

[image: image10.emf]
Attachement-3

[image: image4.jpg]



