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It is important to work based on certain requirements when choosing pressure 

measuring devices in various sectors of production. Measuring transducers used in the 

chemical industry were taken as an example for conducting research and analyzing pressure 

transducers. For example, suppose there is a semi-continuous reactor with a capacity of 1 

liter containing 50 kg of zinc at a pressure of 1000 atm, and hydrochloric acid at a 

temperature of 25°C 6M flows into the reactor at a rate of 1 l/min and reacts with zinc to 

produce zinc chloride for use in another process. have What to pay attention to when 

choosing measuring instruments in these production conditions, solutions to these 

questions are offered during the analysis. 

a) What factors should be considered? 

b) The valve is operated at a working pressure of 4 atm. (ie it won't shut down and the 

reactor fills with HCl) what pressure can you safely set? 

c) What type of sensor should be used? 

Factors to consider in this development process include: 

1. Process 

1. Hydrochloric acid is very, very rare (especially with such high polarization) and 

therefore any sensor you choose must be able to withstand the corrosive nature of the 

process. 

2. Pressure range 

1. Initially, the reactor is 1 atm. will be under pressure. 2 Given the reaction HCl (liquid) 

+ Zn (metal) -> H 2 (gas) + ZnCl 2 (liquid), you also produce one mole of hydrogen gas in 

addition to the existing air pressure in the container. As the reaction progresses, the 

pressure inside the vessel increases significantly. Modeling the pressure H 2 (gas) under ideal 

conditions is as follows. 

  
 

1. After about 1 hour, the pressure of N2 (gas) is 4.38 atm. increased to 5.38 atm. 

creates the total pressure in the vessel. 

2. external environment 

1. No danger from high temperature and strong vibrations due to high speed and 

reaction speed. 

1. Sensitivity 
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1. Since this is a moderately dangerous process, we need to connect the output of the 

sensor to the computer. In this way, the engineer can safely monitor the process. The 

operating pressure of our sensor is 3 atm. It will then assume that the HCl will signal to close. 

However, devices sometimes give an error. We also need high sensitivity, so electrical 

components are preferred (ie. we don't want the process to deviate from the normal mode, 

although the sensor may not be very sensitive to gradual changes). 

Cut-off point. Taking into account the rapid increase in pressure as an estimate in point 

(2), and taking into account the failure of the valve at 4 atm., the cut-off point is about 3 

atm. should be equal to . 

Proposed sensor type: 

1. Considering the types of pressure sensors we have discussed, we can immediately 

install vacuum sensors, which are used at very low pressure (almost vacuum). 

2. We need to use electronic components to achieve high sensitivity. Given the pressure 

range (3 atm.; max ~ 0.3 Mpa), the best option is a capacitive element, because it is durable 

and works well in a low-pressure system. 

3. Taking into account the corrosion activity in the system containing HCl, the 

membrane can be used as an elastic element. The membranes are also very strong and 

provide a fast response time. 

4. This combination is housed in a strong, glycerine/silicone housing to protect the 

sensor from degradation. 

So, in the end, we choose a sensor that uses a diaphragm as an elastic element, a 

capacitive element as an electrical component, and an anti-corrosion housing. 

Therefore, pressure transducers with high sensitivity are needed. Electric sensors are 

the right choice because it can be connected to a computer for quick and easy readings. 

In addition, we should choose a sensor that works at 1 Mpa and can withstand high 

temperatures. One of the most sensitive electrical pressure sensors is the capacitive type. It 

has a sensitivity of 0.07 Mpa. A capacitive sensor usually has a diaphragm as an elastic 

element. Membranes are capable of providing fast data, are very accurate and operate at 1 

Mpa. 

Capacitive pressure gauge. The movement of the device is based on changing the 

capacitance of a flat capacitor when changing the distance between the plates. 

Piezoelectric manometers. Its action is based on the property of certain crystalline 

substances to generate electric charges under the influence of mechanical force. 

Piezoresistive pressure sensor. The piezoresistive pressure sensor is based on the 

semiconductor effect first described by Charles Smith in 1954. Under the influence of 

mechanical load on semiconductors, their electrical resistance changes. 

Resistance manometer (strain-resistor semiconductor and metal). The operation of the 

device is based on the use of the strain-gauge effect in conductors and semiconductors. 

In addition to these types of pressure gauges, there are, for example, ion manometers 

based on resonance and inductive methods and other types of pressure gauges. 
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Ion manometers. Its action is based on the ionization of gas molecules by the flow of 

electrons coming from the cathode. 

Resonance method. The resonance principle is used in cylinder-based pressure sensors, 

quartz sensors and silicon-based resonance sensors. The method is based on wave 

processes: acoustic or electromagnetic. 

Inductive method. The inductive method is based on the recording of circulating 

currents (Foucault currents). 

Capacitive pressure gauge 

Capacitive switches use the method of changing the capacitance of a capacitor when 

changing the distance between the plates. 

There are basic pressure transducers made of ceramic or silicon transducers using an 

elastic metal membrane. When the pressure changes, the membrane with the electrode is 

deformed and its capacity changes. In a ceramic or silicon cell, the space between the plates 

is usually filled with oil or another organic liquid (Figure 1). 

 
 

Figure 2. Capacitive pressure transducer 

 

Using a metal diaphragm (Figure 2), the cell is divided into two parts, on one side of 

which there are electrodes. Diaphragm electrodes form two alternating capacitors, in which 

the measuring bridge is inserted. The bridge is balanced when the pressure on both sides is 

equal. Changing the pressure in one of the chambers balances the bridge and causes 

deformation of the capacitance changing membrane. Currently, sensors are manufactured 

with electrodes located on one side of the diaphragm. 

Gas is used only in a chamber made of stainless steel or inconel. Such pressure sensors 

allow measuring the pressure of contaminated, aggressive, radioactive gases and mixtures 

of unknown composition. 

Piezoelectric sensor. The operation of a piezoelectric sensor is based on a physical 

phenomenon called the piezoelectric effect. This effect is manifested in some crystals in the 
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form of electric charges of different signs when the crystal is compressed in a certain 

direction. 

Piezoelectric sensors are of the generator type and are used to measure pressures, 

vibrations, accelerations and other parameters of fast processes in automation. 

A typical representative of piezoelectrics, widely used in the construction of sensors in 

devices for measuring mechanical quantities (force, pressure, acceleration, etc.), is quartz. 

However, in recent decades, piezoelectrics, such as pyroelectrics, ferroelectrics, and 

ferroelectric piezoceramics, have been used as sensors to measure a number of other 

nonelectric quantities. 

Pyroelectrics are a special type of piezoelectric crystals that are polarized under 

omnidirectional hydrostatic pressure and thermal expansion, hence the name 

"pyroelectrics". Their typical representative is tourmaline. 
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