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NUCLEAR GEOPHYSICAL EXPRESS CONTROL OF SOLID FUEL QUALITY

There has been considered the method of nuclear geophysical control of coal ash content consisting in detecting the integral intensity of calcium X-ray fluorescence and scattered low-energy gamma-radiation taking into account the instrumental data about calcium oxide concentration on the basis of measuring the ratio of integral intensities of the secondary radiation attenuated with filters of various thickness.

Ash content characterizing the total of mineral impurities in coal is one of the most important qualitative characteristics of solid fuel. When burnt, the coal mineral mass undergoes complicated transformations depending not only on the quantitative and qualitative composition of the mineral components, but also on the burning conditions and method. With the constant content of the mineral impurities in coal its material composition variance can lead to ash content values fluctuation. However, in spite of these differences, ash content serves as the main qualitative parameter determining the coal consumer properties.

The traditional thermo-weigh method of determining coal ash content consisting in burning the analytical weight is characterized by the significant duration, low representation and productivity. That’s why it cannot serve as a basis for mass and prompt coal quality control.

Instrumental nuclear physical methods based on the effect of ionizing radiation and the material interaction are better than the standard thermo-weigh method in productivity, representation and promptness. Mostly used in coal analysis is gamma-albedo method based on detecting scattered gamma-quanta. The interest to this method in coal analysis is caused by its instrumental realization simplicity, high sensitivity to ash content and promptness. The methodical possibilities of the gamma-albedo method are determined by ash content (A) and coal effective atomic number (
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) interrelation which is the most integral coal characteristic.

The statistical processing of the advanced chemical analysis results and 
[image: image2.wmf]Z

 calculation have established linear dependences between 
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 and ash content A on the example of Shubarkol (three horizons) and Karaganda coals (layer 12, 14 Tentekskaya mine) (fig). Correlation coefficients vary in the range 0.84–0.99.

There haven’t been revealed significant interrelations between the effective atomic number of the remaining ash and ash content. 

The interrelation between 
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and ash content A is caused by sharply different atomic numbers of the elements composing the organic and mineral parts of the coal. 

The main components of ash are oxides of silicon (Si), aluminum (Al), iron (Fe), calcium (Ca) and magnesium (Mg). Their total content in coal ash in the majority of deposits exceeds 95%. Coals of the Ekibastuz deposit and partly of the Karaganda basin are characterized by high content of aluminosilicate compounds. Their share is about 85 %.

The main factors affecting the 
[image: image5.wmf]Z

(A) interrelation closeness are the fluctuation of ash-forming components concentration and, first of all, of the heaviest ones (CaO, Fe2O3). This makes necessary to find methodic techniques for taking into account or compensating the destabilizing action of heavy ash-forming components content fluctuations.

In the choice of the primary gamma-radiation optimal energy iron can be compared to aluminum as to their gamma-absorbing characteristics. In using radionuclide Fe–55 (5.9 keV) as a source of the primary gamma-radiation, calcium in coal becomes the heaviest ash-forming element, the photoabsorption coefficient of which is about 3.5 times higher than that of aluminum. That’s why coal as an object of nuclear geophysical control can be represented by a three-component compound in the composition of carbon and ash-forming mass in the form of aluminosilicates and calcium oxide. 

To prove the correctness of the theoretical models and studies there were selected 48 coal samples from different mines of the Karaganda basin (Tentekskaya, Kirovskaya, Saranskaya, Kuzembayev mines), in which ash content varied in the range 16–36 %. Calcium oxide content in ash 
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Fig. Dependence of coal 
[image: image6.wmf]Z

 on ash content: 
A – Shubarkol, B – 50-anniversary of October mine, 
C – Tentekskaya mine.
varied in the range 3–16 %. The comparison of the results of gamma-albedo method and the data of thermo-weigh method of ash content determining showed that the difference was 3.28 %, which exceeded the reproducibility of thermo-weigh method.

Thus, to determine ash content with satisfactory accuracy by the gamma-radiation value is possible only in the case of stable material composition.

The possibility to increase the accuracy of ash content in varying composition coals is based on the detecting of calcium X-ray fluorescence as an additional function of the response.

Theoretical and experimental studies on the different ash content coal and ash composition (CaO composition in ash) established qualitatively reverse laws of changing the intensity of scattered NS and fluorescent NI radiation depending on CaO. This permits to achieve a certain invariance of the total intensity of the secondary radiation (NI + NS) with calcium oxide fluctuation. We suggest to attenuate additionally the secondary radiation with a filter made of a light material having sharply different gamma-attenuating properties relating to calcium X-ray fluorescence (3.7 keV) and scattered radiation (5.9 keV). The efficiency of such a methodic technique is conditioned by the fact that with calcium oxide changing increments NI are higher than increments NS. 

Polyethylene was chosen as a filtering element because its coefficient of calcium fluorescent radiation attenuation is 4 times higher than that of scattered gamma-radiation. 

Experimental studies on the varying composition coals models established complicated laws of changing the integral intensity (NI+NS ) of the secondary radiation depending on coal ash content, calcium oxide concentration and attenuating filter thickness.

With a certain filter thickness there is observed a region of inversion, proving the secondary radiation integral intensity independence on calcium oxide content changing. The point of crossing the curves corresponding to the coals of the same ash content but with different calcium oxide 
content, is normally displaced depending on coals ash content. This means that to compensate the destabilizing affect of calcium oxide instability there is necessary a certain degree of the secondary radiation filtering.

The calculations and experiments on varying composition coals models have established close interrelations between the integral intensity of fluorescent and scattered radiation (NI + NS) 
depending on coals ash content and calcium oxide content:

(is = ao – a1 ( А + a2 ( m – a3 Am,

where a0, …, a3 are constants determined on the model schemes of known composition coals.

The task to determine varying composition coals ash content consists in working out an express method permitting in a single instrumental measuring (gamma-albedo geometry with Fe-55 source) to determine promptly calcium oxide content m.

The inverse character of the secondary radiation integral intensity depending on m value predetermined the choice of the optimal parameters for the express determining of calcium oxide concentration.

The informative parameters are established the integral intensities of X-ray fluorescence and scattered radiation Nis measured with two different filter thicknesses: d1, less inverse thickness corresponding to pre-inversion region for coal with minimal ash content and d2, more inverse thickness corresponding to post-inversion region for coal with maximal ash content. Qualitatively reverse character of the integral response function changing depending on calcium oxide content in pre-inversion and post-inversion regions permitted to choose as an analytical parameter the value of the secondary radiation intensities measured with the chosen attenuating filter thicknesses ratio 
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Thickness d1 equal to 0 is chosen as a limiting value for minimally possible coal values. Besides, the choice d1 = 0 is caused by the necessity to simplify the measuring technology and to increase the expressivity.

The choice of the attenuating filter thickness d2 is caused by the necessity to obtain rather high sensitivity to calcium oxide for coals with maximal ash content. Maximally possible ash content is taken 40 %. 

To build graduated dependences and to verify the constants of expression (1) there are used the data of 96 samples of Karaganda coals in which ash content varied in the range 1–36 % and calcium oxide content in ash varied from 3 to 16 %.

The algorithm of the instrumental control of ash content taking into account CaO concentration measured according Ψ has the form:
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The tests established that the difference between the data of geophysical and thermo-weigh methods doesn’t exceed the reproducibility of the thermo-weigh method.
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