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In order to improve the efficiency of a separation plant the whole process must be automatically controlled. A computerized control system is imposed by the high complexity of the isotopic separation process. The role of the data acquisition and control system is to keep automatically the separation process at an optimal level in all external conditions, eliminating the influence of the perturbing parameters. Regarding the separation plant from the point of view of the control engineering, the plant has one single useful output - the isotopic product. This output is characterized by a complex function, which involves qualitative (isotopic concentration) or/and quantitative (amount) properties of the product. There are two important inputs into the system: one is the amount of the substances and compounds, which supplies the plant, and the other is the electric power energy. Our first aim is to reduce to minimum the input/output ratio of the separation plant. On the other hand, applying this automatic control system we can reduce to minimum the operating personnel also. The hardware of the developed data acquisition and control system can be adapted to other separation plants, too, by the appropriate change of the sensors and the actuators. In this case the control software must be rewritten.

The isotopic product is sampled and analyzed using a dedicated mass spectrometer. An overall closed loop through the separation plant including this mass spectrometer could be very efficient, but the theoretical analysis is too complex and it is very difficult to realize in practice. Therefore multiple local control loops are preferred to apply for each important and with product strongly correlated parameter. Between these parameters there are complex interdependencies, governed by differential equations.

The simplified block diagram of the computer controlled 15N separation plant is shown in figure 1. The process is based on the well-known Spindel-Taylor isotopic exchange:

15NO+H14NO3  14NO+H15NO3

with a single stage separation factor 
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 for 10M HNO3, atmospheric pressure and room temperature [1], [2].

In chemical processes the temperature is one of the most important parameters. Thus, the temperature C1 and C2 of the separation columns must be maintained at constant level. Therefore the columns are surrounded by auxiliary water with controlled  temperature  at 26 0C,  using  a  three  positional  control system.  In
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Fig. 1  Simplified block diagram of the computer controlled 15N separation plant

refluxors R1 and R2 the exothermal chemical reactions take place in about 10 to 20 cm zone. These zones must be maintained at a given optimal height, and are localized measuring the temperature gradient over the height of the refluxors. Therefore each refluxor is provided by a temperature sensor array based on LM335, integrated circuit precise temperature sensor with easily calibration. This sensor operates as a 2-terminal zener with the breakdown voltage directly proportional to absolute temperature. The developed temperature measuring circuit (fig. 2) is 4–20 mA current transmitter and measures the temperature between 0 and 100 0C. The current transmitted to the computer is linearly proportional with the temperature:
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where   is the measured temperature expressed in degrees Celsius, 
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 is the output current at 0 0C and 
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 is the measuring slope.
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Fig. 2  Detailed circuit diagram of the temperature transmitter circuit
The position of the reaction zone is controlled by means of two main parameters: the flow of the nitric acid (LC1 and LC2) and the flow of the sulfur dioxide (G1 and G2). The flows LC1 and LC2 are maintained at an optimal level using two constant flow rate feeding pumps. Two precision flow regulators control the flows G1 and G2 in such a manner that the height of the reaction zones falls in the predefined zone for optimal isotopic exchange [3], [4]. For this purpose the computer uses the thermal information obtained across the height of the refluxors by the mean of the sensor array.

The flow regulator delivers a flow, which depends only from its control input and is independent from its load resistance. The block diagram of the developed flow regulator is represented schematically in figure 3. For this purpose a valve (type VMC from Jouvenel & Cordier SA), developed for corrosive gases with fine and very reproducible flow setting capability is used. The output flow is measured with DM-100 thermal mass flowmeter, developed and manufactured in our institution (maximum measured flow: 100 ml/min sensibility: 0.05 V/ml/min, response time: 10 sec). The driver of the servomotor of the valve is a phase controlled thyristor circuit. In order to improve the overall performance of the entire flow regulator system the nonlinear transfer characteristics from servomotor to flow is linearized using a nonlinear circuit with inverse nonlinear transfer characteristics [5], [6]. The detailed regulator circuit is presented in figure 3.
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Fig. 3  Block diagram of the precision flow regulator

The industrial PC controls the separation plant through the input/output hardware. The PC is equipped with standard input/output ports, but in order to use it in the complex feedback loops, extra input/output hardware – dedicated input/output module cards – must be added to it. The structure of a single closed loop serving the automatic control of one single parameter of the separation plant is shown in figure 5. The whole control system is a complex combination of such simple control loops. Between the individually controlled parameters there are complex interdependencies, which must be taken into consideration.

Depending on the operating principle of the detectors and actuators the signals involved in the whole system are analog and digital. The majority of the sensors and transducers generate analog signals and only a few of them have digital output. The last case is typical for transducers specialized mainly in the detection of the level of a parameter. Actuators also need analog or digital control signals, corresponding to their operating principles. The analog signal is transmitted using the industrial standard 4–20 mA current. Where possible, digital data transmission is preferred. The separation process is relatively slow, thus instead of parallel digital data transfer the serial digital data transfer is preferred.
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Fig. 4  Detailed circuit diagram of the flow regulator

[image: image9.png]



Fig.5  Controlling one of the multitude of significant parameters with a PC

The computer control of isotopic plant has a great advantage being very flexible in implementing all adequate control software with operator friendly interfacing routines. In the development of the control software one of the RAD systems is taken under consideration. A Rapid Application Development (RAD) system allows the programmer to produce a stable Windows program (application) relatively quickly and without a detailed knowledge of the inner workings of Windows itself [7]. Common RAD packages include Visual Basic, Visual C++ and Delphi. For this application we use Delphi. Delphi generates fast compiled code without sacrifying the execution speed. In creating with Delphi Win32 console applications or Win32 graphical user interface (GUI) programs we have all the power of a true compiled programming language (Object Pascal).
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