                                              [image: image1.jpg]CEMTEK





Triboelectric Filter Monitoring and Dust Concentration Measurement

Abstract
Triboelectric dust measuring instruments have gained a firm foothold in the field of qualitative dust measurement in recent years. They are used, for example, in the field of filter monitoring and for the measurement of qualitative dust content of exhaust gases. All configurations are especially characterised by the simplicity of the devices with regard to structure and application as well as by a comfortable cost-performance ratio. They are applicable however only in the case of relatively constant gas rates. Therefore the dust monitor  Model 3000 was developed with the objective of considering and compensating this influence of the gas rate.

The following article describes both types of triboelectric dust measuring devices, their function and their advantages in use.

Introduction

Many triboelectric dust measuring devices are installed in most diverse branches of industry. The dust monitor, Model 3000 was developed with the objective of considering and compensating the influence of the gas rate.

A simplified, lower cost, compact unit, the Model 3000C does not compensate for the variables associated with gas rate changes. 
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Principle of the triboelectric measuring procedure

If two materials are brought into contact by friction, an exchange of electrons occurs. The electrical charge difference is formed because surface atoms exchange electrons. Thus, a boundary layer is developed with a positive and a negative surface charge being within a short molecular distance from each other.

The formed charge difference is the basis for the dust measuring instruments derived from the triboelectric principle, whereby the charge exchange between measuring probe and dust particle is applied here.

The triboelectric signal is dependent on mechanical and electrical characteristics of the dust types. One assumes the flow rate has the most influence on the triboelectric charge transfer.

Functional Operation of the Model 3000
The dust monitor Model 3000 (Fig. 2) consists of probe and integral controller/analyzer. On the measuring probe, two dust sensors are installed for the accommodation of the dust signal and an additional pitot tube with integrated temperature sensor determines gas flow rate and temperature. The probe is arranged in such a way that it is suitable for the installation onto a common flange mount. The arrangement of the dust sensors, which possess a sharp-edged trapezoidal profile, takes place on same height in the flow direction. The selected profile for the dust sensors guarantees sample flow of duct gas to obtain a stable measurement during extended periods. The dust measurement is carried out by using redundant sensors to eliminate erroneous measurements. The pitot-tube is centrally arranged in front of the dust sensors. According to the selected probe design, different sensor lengths (standard dust=16 inches, flow= 20 inches) are available.

A preamplifier for the transmission of the dust signal is located in the probe head. The pressure transmitter is flanged directly at the pitot tube. This signal and the temperature sensor are also integrated into the preamplifier. The controller/analyzer contains in addition to the electronic equipment needed for the analysis of the signals, the display and the control keyboard.

The dust particles which contact the probe produce electric charges, which are derived from the probe as pico-amp current. A reference alignment is executed by periodic locking of the generated reference signal.

The calculation of measured signals being transmitted from the probe takes place in the analyzer. The triboelectric signal is correlated with parameters determined during the calibration and using the gas velocity. The measured electrical value and the measured temperature are the basis for calculating the dust concentration. All data is provided as via 4-20mA output signal.
Application of the dust monitor
The dust monitor Model 3000 is used for the continuous measurement of dust content emission monitoring as well as for dust-loading measurement in process control. The output of the gas velocity and the temperature are available as an option.

Every Model 3000 is tested using defined dust concentrations and flow rates. The results are checked by means of a reference device. There is also the possibility to pre-calibrate the Model 3000 with customer-specific dust (Fig. 4).
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Figure 4: Calibration graph of dust concentration measuring device PFM 97

During design, it was noted that a triboelectric charge depends on the type of dust being measured. As in the case of most conventional optical dust measuring instruments, the signal depends on typical dust parameters (e.g. particle size distribution). Further influences include gas composition, temperature, moisture, turbulence degree and the gas flow rate. However it was experimentally proven that the influence by the temperature, gas composition and moisture are generally negligible.

With regard to gas moisture, it should be noted that temperature shall never fall below the gas’ dew point. For applications in wet and / or sticky gases the extractive dust monitor Model 3000ED is available.

The dust content of the gas flow has direct linear influence on the number of electrical charges exchanged between solid particles and sensor surface. The triboelectric charge is thus directly proportional to the dust loading.

After dust concentration, the gas flow rate has the most influence on the charge along with the triboelectric measurement. The triboelectric measuring signal is with the dust concentration in linear and with the flow rate in potential dependency.

Advantages compared to optical dust measuring instruments
· 1 measuring instrument for 3 measuring functions (dust concentration, flow rate and temperature)

· durable, compact design (no mechanically-moved or sensitive optical sections, no purge air fan)

· simple assembly (no specialists required, installing possible without special tools, only one flange)

· low maintenance costs

· hardly any spare part requirement

· pre-calibration by the manufacturer possible
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