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1. Topic. «General safety requirements for process equipment ".
2. Relevance of the topic.Vessels operating under pressure are hermetically sealed containers designed for chemical and thermal processes, as well as for storage and transportation of compressed, liquefied and dissolved gases and liquids. Pressure vessels belong to the objects with increased danger, so during their manufacture and operation it is necessary to comply with safety requirements.
3. Objectives of the lesson: 

3.1 General objectives:
· students must master the knowledge of general safety requirements for technological equipment; 
· students must master the knowledge regarding safety, signaling and blocking devices.
3.2 Educational goals: to direct the development of a professionally significant substructure of personality; education of students of modern pharmaceutical thinking on health and safety; responsible attitude to compliance with safety requirements during work.​​​
3.3. Specific goals:
- know:
· to direct the development of a professionally significant substructure of personality;

· education of students of modern pharmaceutical thinking; 

· assimilation by students knowledge of safety requirements for pressure vessels; safety, signaling and blocking devices, safety precautions during operation of cylinders
3.4. Based on theoretical knowledge on the topic:
- master the techniques / be able /:
· know safety precautions when working with technological equipment.
4. Materials of pre-classroom independent training (interdisciplinary integration).​
	№№

p.p.
	Disciplines
	Know
	Be able

	1
	2
	3
	4

	1.
	Previous disciplines
Jurisprudence
	General theory of constitutional law. Fundamentals of the legal status of the individual. Civil law in Ukraine.
	Legal basis of labor protection in pharmacy. The main legislative acts on labor protection, their legal field and the range of issues to which they apply. Means of protection of personnel from dangerous and harmful substances.

	
	Organization and economics of pharmacy
	Pharmacy as an independent business enterprise. Forms of ownership, management, specialization of pharmacies. Types of liability. Pharmacy staff. Location of the pharmacy network. Organization of pharmacy work with inventories. Premises and their equipment. Drawing up of orders-requirements in departments of a drugstore, registration of requirements-invoices.
	Safety precautions when receiving drugs. Means of protection of production personnel from possible consequences of dangerous cases. Action of personnel in emergency situations. Ensuring fire safety when working with flammable substances.

	2.
	The following disciplines
1. Pharmaceutical legislation

2. Good pharmaceutical practice
	The importance of the basics of labor protection in the industry in the system of training pharmacists at the present stage of development of pharmacy 
	- to develop and systematize various legislative acts on labor protection; 

- to study the tasks of labor protection in the quality assurance system of medicines.

	3.


	Intra-subject integration

	Requirements for labor protection in the receipt and analysis of drugs. State and industry standards on labor protection. General requirements for clean production facilities. Occupational safety in production and laboratories for the production and analysis of medicines.
	Occupational hygiene in the manufacture of drugs.


5. Tasks for independent work in preparation for the lesson
5.1 List of basic terms, parameters, characteristics that a student must learn in preparation for the lesson:
Plan
1. Safety requirements for pressure vessels. 

2. Safety, signaling and blocking devices. 

3. Safety at operation of cylinders. 

4. Classification of cylinders. Inscriptions on cylinders, color, color of the transverse stripe.

Vessels operating under pressure are hermetically sealed containers designed for chemical and thermal processes, as well as for storage and transportation of compressed, liquefied and dissolved gases and liquids.

Pressure vessels belong to the objects with increased danger, so during their manufacture and operation it is necessary to comply with the requirements of DNAOP 0.00-1.07-94 "Rules of construction and safe operation of pressure vessels". These Rules apply to:
• vessels operating under water pressure with a temperature above 115 ° C or other liquid with a temperature exceeding the boiling point at a pressure of 0.07 MPa (0.7 kgf / cm3), excluding hydrostatic pressure;
• vessels operating under steam or gas pressure higher than 0.07 MPa;
• cylinders designed for transportation and storage of liquefied, compressed and dissolved gases at a pressure higher than 0.07 MPa;
• tanks and barrels for transportation and storage of liquefied gases, the vapor pressure of which at a temperature up to 50 ° С exceeds the pressure over 0.07 MPa;
• tanks and vessels for transportation and storage of liquefied, compressed gases, liquids and bulk bodies, in which the pressure above 0.07 MPa is formed periodically for their emptying;
• pressure chambers.


Pressure vessels must be registered in technical centers (ETC) before commissioning. Registration in BTC is subject to:

a) vessels of the 1st group operating at a temperature not exceeding 200 ° C, with the product of pressure in MPa (kgf / cm3) for a capacity in m3 (liters) not more than 0.05 (500), as well as vessels 2, 3 and 4 groups operating at the above temperature, in which the product of the pressure in MPa (kgf / cm3) for a capacity of m3 (liters) does not exceed 1 (10,000). The group of vessels is determined by table. 6.1;

b) barrels for transportation of liquefied gases, cylinders with a capacity of up to 100 liters inclusive, which are installed permanently, as well as which are intended for transportation and (or) storage of compressed, liquefied and dissolved gases;

c) vessels for storage or transportation of liquefied gases, liquid and bulk bodies, which are under pressure periodically during their emptying;

d) vessels with compressed and liquefied gases, designed to supply fuel to the engines of vehicles on which they are installed.

Vessels operating under pressure shall be subject to technical inspection before commissioning and periodically during operation, and in necessary cases - to extraordinary inspection; technical inspection is carried out in the terms determined by DNAOP 0.00-1.07-94 by experts of ETC, and vessels which are not registered in bodies of Derzhgirpromnahlyad - the person responsible for their serviceable condition and safe operation. In addition, technical inspection of vessels, tanks, cylinders and barrels can be carried out at special repair and testing points, manufacturers, filling stations, which have the appropriate permission of Derzhgirpromnahlyad.

Technical inspection consists of external, internal inspections and hydraulic testing.

Table 1. 

Group of vessels by design pressure
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The results of the technical inspection, as well as the term of the next one, are recorded in the passport of the established form which each vessel working under pressure should have.

Control and measuring devices, safety devices and fittings

To prevent the pressure from rising above the permissible level, spring or lever-load relief valves shall be installed in vessels, apparatus and pipelines. They open automatically when the pressure rises above the value set (regulated) by the spring compression screw or the load that is mounted on the valve lever.

If the vessel is connected to a power supply in which the pressure is greater than the working pressure in the vessel, a pressure reducing valve is installed on the supply line, which automatically maintains the set value of the working pressure.

If it is necessary to control the liquid level in the vessels having the boundary of the separation of the media, liquid level indicators are used. Vessels heated by flame or hot gases, in which it is possible to reduce the liquid level below the permissible level, must be installed at least two indicators of the level of direct action.

Each vessel and independent cavity with different pressure must be equipped with manometers - devices for measuring pressure. Manometers must have an accuracy class of not less than 2.5 - at a working pressure of the vessel up to 2.5 MPa; 1.5 - when the working pressure of the vessel is more than 2.5 MPa.

Safety during operation of boiler installations

High pressure and temperature of water and steam in hot water and steam boilers create an increased danger during their operation. DNAOP 0.00-1.08-94 "Rules of construction and safe operation of steam and hot water boilers" sets requirements for the design, construction, manufacture, installation, repair and operation of steam boilers, autonomous superheaters and economizers with an operating pressure of more than 0.07 MPa (0.7 kgf / cm2,), hot water boilers and autonomous economizers with water temperatures above 115 ° C. These Rules do not apply to boilers with electric heating, boilers with a volume of steam and water space of 0.01 m3 (10 l) and less, in which the product of the working pressure in MPa (kgf / cm2) per volume in m3 ) does not exceed 0.02 (200), steam superheaters of tube furnaces of the chemical, oil refining and petrochemical industries and some others.
 Boilers before commissioning must be registered with the State Committee for Supervision. Boilers with (t, -100) V≤5 are not subject to such registration

Where t, is the temperature of saturated steam at operating pressure, ° C;

V - water volume of the boiler, m3.
 Each boiler is subject to technical inspection by an inspector (expert) of Derzhgirpromnahlyad bodies before commissioning, periodically during operation, and in necessary cases - extraordinary inspection. Technical certification of boilers consists of external and internal inspections (at least once every 4 years) and hydraulic testing (at least once every 8 years). The minimum value of the test pressure during the hydraulic test will be taken:

Operating pressure p not more than 0.5 MPa (5 gx / cm2) Pn = 1.5p, but not less than 0.2 MPa;

The working pressure p is more than 0.5 MPa Pn = 1.25 p, but not less than p + 0.3 MPa.

Exposure time under test pressure must be at least 10 minutes.

After that, the pressure is reduced to working, at which the inspection of all welding, rolling, riveting and detachable joints. The results of the technical inspection are recorded in the passport of the boiler with the indication of the terms of the next inspection.

To ensure safe conditions and design and operation modes, all boilers must be equipped with: safety valves (at least two); manometers; thermometers; water level indicators (at least two, except for direct-flow boilers); locking and regulating equipment; safety devices and devices for water supply of boilers.

Steam and hot water boilers during chamber fuel combustion must be equipped with automatic devices to stop the supply of fuel to the furnace in the following cases: extinguishing the torch in the furnace; switching off all smoke extractors; switching off all blast fans; lowering the water level (for direct-flow boilers - water flow through the boiler) below the allowable. Boilers must be equipped with audible alarms for the upper and lower limit water levels, which are switched on automatically.

Safety during operation of pipelines

To quickly determine the contents of the pipelines, and hence the compliance of employees with the relevant safety requirements when approaching them, set ten groups of substances and the appropriate recognizable color of the pipelines through which they are transported: the first - water (green), the second - steam (red), the third - air (blue), fourth and fifth - combustible and non-combustible gases, including liquefied (yellow), sixth - acids (orange), seventh - alkalis (purple), eighth and ninth - combustible and non-combustible liquids (brown), and zero - other substances (gray) *

In order to highlight the type of danger on the pipelines put colored signal rings: red - for flammable, explosive and flammable substances; yellow - for harmful and dangerous substances (poisonous, toxic, radioactive); green - for safe and neutral substances.

Safety during operation of cylinders Cylinders are intended for storage, transportation and use of compressed (nitrogen, air, oxygen, hydrogen sulfide), liquefied (ammonia, sulfur dioxide, butane) or dissolved (acetylene) gases at a pressure higher than 0.07 MPa.

Safe operation of cylinders is provided:
• the necessary mechanical strength of the cylinders and proper control over their condition;
• prevention of erroneous filling of cylinders with other gases (for example, cylinders for non-combustible gases - combustible; cylinders for combustible gases - oxygen);
• compliance with the rules of filling, transportation, storage and use of cylinders.

During operation, the cylinders are certified, which include: inspection of the inner (if possible) and outer surfaces of the cylinders; weight and strength test; hydraulic testing. Inspection of cylinders is carried out in order to detect corrosion, cracks, dents and other damage on their walls to determine the suitability of cylinders for further operation. If the results of the inspection are unsatisfactory (cracks, dents, sinks with a depth of more than 10% of the nominal wall thickness are detected), the cylinders are rejected.

The value of the test pressure and the holding time of the cylinders under this pressure is set by the relevant standards (for standard cylinders) and technical conditions (for non-standard), and the test pressure must be not less than one and a half values ​​of operating pressure.

To prevent erroneous filling of cylinders with other gases, recognizable painting and marking of cylinders is provided (Table 2), as well as the corresponding thread of the side fittings of their valves (for cylinders for combustible gases - left, for cylinders for non-combustible gases - right).

The main device that ensures safety in the operation of cylinders is a reducer, which reduces the pressure of compressed gas to the working.

Gas cylinders must be at a distance of at least 1 m from heating radiators and other heating appliances and at least 5 m from open flames.

Safety during operation of cryogenic equipment

Cryogenic products are substances or a mixture of substances at cryogenic temperatures of 0-120 K. The main cryogenic products are low-temperature air separation products: nitrogen, oxygen, argon, neon, krypton, xenon, ozone, fluorine, methane, hydrogen, helium. .

Table 2 
Painting and inscriptions on cylinders
	Name

gas
	Color of cylinders
	The text of the inscription
	Inscription color
	Stripe color

	Nitrogen
	Black
	Nitrogen
	Yellow
	Brown

	Ammonia
	Yellow
	Ammonia
	Black
	

	Acetylene
	White
	Acetylene
	Red
	Green

	Butane
	Red
	Butane
	White
	Black

	Hydrogen
	A dark green
	Hydrogen
	Red
	

	Air
	Black
	Compressed air
	White
	-

	Oxygen
	Blue
	Oxygen
	Black
	-

	1 Hydrogen sulfide
	White
	Hydrogen sulfide
	Red
	Red

	Carbon dioxide
	Black
	Carbon dioxide
	Yellow
	Yellow

	Chlorine
	Protective
	-
	-
	Green

	All other combustible gases
	Red
	The name of the gas
	White
	-

	All other non-combustible gases
	Black
	The name of the gas
	Yellow
	-


The following dangers are possible when working with cryogenic products:
• burns to exposed areas of the body and eyes due to contact with objects at low cryogenic temperatures, and when low-temperature steam of cryogenic products enters the lungs;
• frostbite due to deep cooling of body parts in contact with cryogenic products;
• destruction of equipment due to thermal deformations and cold brittleness of materials;
• leakage of cryogenic products due to depressurization of equipment due to different thermal deformations of its parts;
• explosive destruction of equipment due to increased pressure due to boiling and evaporation of cryogenic liquids in closed volumes when changing modes of operation or due to natural heat flows.

Premises in which cryogenic products are used or stored must be equipped with supply and exhaust ventilation, with the supply from above and the extraction from below.

Safety requirements for the operation of cylinders

Cylinders are closed metal vessels of various capacities that work under pressure.

The stability of the cylinders in the vertical position is achieved by means of a steel shoe pressed into the lower part of the structure.

The explosions of the cylinders from the instantaneous expansion of the gas are accompanied by a powerful blast wave, which carries the fragments over a distance of more than 150m.

The cause of explosions can be:


overflow of their liquid liquefied gases;


increase in pressure;


heating or supercooling;


getting into the cylinder of fatty substances;


accumulation of metal particles in them;


long-term storage of gas without use;


erroneous filling of the cylinder with another gas, etc.

To prevent incorrect filling with other gas, a clear reasoning of the cylinder bodies in different colors, depending on their purpose, has been introduced.

A special danger for cylinders is their fall or impact at low temperatures (-30 - -400C), which leads to cold brittleness of the metal.

The maximum pressure in the cylinder is taken for compressed gases at a temperature of + 200C, and for liquefied + 500C. Increasing the gas temperature by only 100C increases the pressure in the cylinder by 0.5 atm., Which leads to the inevitable explosion.

Given this volumetric expansion of the gases in the cylinder is not allowed to overflow. The empty volume should be 10% of the cylinder volume. Storage of cylinders should exclude overheating by any heat sources.

When the valve is quickly opened at the neck of the cylinder, the gas temperature rises sharply, which leads to ignition, because in the cylinder and not the valve is always rust, scale from wear of the valve thread. Contamination of the neck of oxygen cylinders with oil or fat can cause them to ignite due to active oxidation when oxygen leaves the cylinder.

Quality control and inspection of cylinders is carried out in order to determine their suitability for further use.

Cylinders with corrosion, cracks, dents and other damage must be discarded. All cylinders, except acetylene during periodic technical inspections are subject to hydraulic testing with a test pressure that is 1.5 times higher than the working pressure.

The test times of cylinders depend on the degree of danger and toxicity of the gases. On these grounds, gases are:


flammable and explosive;


inert and nonflammable;


those that support combustion;


poisonous.

The results of the inspection of the cylinders are entered in the test log. Operation of cylinders in which:


the period of periodic inspection has expired;


faulty valves or missing, installed marks;


damaged body (corrosion, shape change, etc.)

Gas cylinders are stored in warehouses separately according to the danger group in a vertical position and fastened with clamps. It is forbidden to store cylinders with oxygen and combustible gas in one room.

Transportation of cylinders is carried out in a horizontal position in gaskets made of wooden bars with cut-out nests, cylinders are placed with valves in one direction with screwed caps.

Officials, engineers and workers engaged in the design, manufacture, installation, repair or operation of cylinders must comply with the requirements of safety rules when working with pressure vessels.

Officials guilty of violating the requirements of these rules, in the manner prescribed by applicable law, are liable regardless of whether these violations have led to accidents, accidents or other consequences with people.

Occupational safety when operating cylinders

Explosions of cylinders with compressed gases most often occur due to: their fall and impact on solid objects during transportation or transportation; expansion of gas as a result of overheating of their surfaces by sunlight, open fire or other heat carriers; pulling the valve from the neck of the cylinder with gas pressure when the thread on the valve or cylinder is damaged; contamination of the neck of oxygen cylinders with oil or fat and their ignition as a result of active oxidation at the exit of oxygen from the cylinder; long-term storage of gas without use: incorrect filling of the cylinder with other gas, etc. From the instantaneous expansion of gases, the explosion of cylinders is accompanied by a powerful explosive wave, which carries the fragments over a distance of more than 150 m. Explosions of cylinders with combustible gas are accompanied by fire.

Particularly dangerous for cylinders is their fall at low temperatures close to - 40 C, because under such conditions the impact strength of the metal is greatly reduced and the phenomenon of cold brittleness occurs.

It is also dangerous to increase the temperature of the cylinders, because the pressure inside it can exceed the allowable value, which will lead to the inevitable explosion.

The maximum working pressure in the cylinder is taken for compressed gases at a temperature of +20 ° C, and for liquefied gases +50 s *. When the gas temperature increases by only 1 C, the pressure in the cylinder increases by 5 atm. Given such volumetric expansion of gases in the cylinder, it is forbidden to overfill them. In practice, the normalized unfilled volume should be 10% of the cylinder volume.

Compressed gases are stored in cylinders that can withstand high pressure. All gases are divided into the following groups according to the degree of danger and toxicity:

a) flammable and explosive;

b) inert and non-combustible;

c) supporting combustion;

d) poisonous.

According to the hazard group, cylinders must be stored separately in warehouses.

It is forbidden to store oxygen cylinders and cylinders with combustible gases in one room. Cylinders with toxic gases must be stored in special enclosed spaces, the installation of which is regulated by the relevant rules and regulations.

It is not allowed to install gas cylinders at a distance of less than 1 m from heaters, stoves and radiators and at a distance of less than 5 m from open flames.

Gas cylinders are stored in a vertical position, attached to the wall clamps.

During transportation and storage of cylinders, measures are taken to prevent them from falling, being damaged and contaminated.

Cylinders are transported in a horizontal or vertical position with a mandatory gasket between them. Gaskets made of wooden beams have cut-out actions of the socket cylinders, cord or rubber rings with a thickness of at least 25 mm (two rings per cylinder), which protect them from hitting each other. All cylinders are transported by valves in one direction during transportation.

To prevent incorrect filling of cylinders with gas, clear marking of their bodies has been introduced. The bodies of the cylinders are painted in different colors depending on their purpose.

Inscriptions on cylinders are applied on perimeter not less than 1/3 of perimeter, and strips 25 mm wide on all perimeter.

The following data are applied to the upper spherical part of the cylinder body by branding:

trademark of the plant, number and volume of the cylinder. in liters, date of manufacture;

the actual mass of the empty cylinder;

working pressure p, kgf / cm, test hydraulic pressure p, kgf and smg. In addition, the cylinder must indicate the date of its last test. The place where the passport data are specified is covered with a colorless varnish and is outlined by a noticeable paint in the form of a frame.

Check of cylinders, except acetylene, includes inspection of an external and internal surface, definition of weight and volume, hydraulic test, with a place of definition of their suitability for the further operation.

Cylinders on the surface of which cracks, dents, sinks, tears, notches, wear of the neck thread or no passport are found, the data are rejected.

The volume of the cylinder is defined as the difference between its mass when filled with water and empty.

With a weight loss of 10-15% or an increase in volume up to 2.5%, the cylinders are transferred to a pressure reduced against the established not less than 50%. With a weight loss of more than 20% or an increase in volume of more than 3%, the cylinders are missing.

During inspection and inspections, the cylinders are subjected to a hydraulic test with a test pressure that is 1.5 times higher than the working pressure.

The test period of cylinders depends on the degree of danger of the gas.

The frequency of inspection and hydraulic testing of cylinders for chlorine, phosgene, hydrogen sulfide, sulfur dioxide is two years, for inert gases - 5 years.

The results of the inspections of the cylinders shall be entered in the test log under the signature of the person who carried out the technical inspection. With satisfactory results - cylinders are suitable for operation.

According to the Rules, it is forbidden to fill with gas cylinders in which: the period of periodic inspection has expired, defective valves or no installed marks, damaged housing (cracks, corrosion, shape change), colors and inscriptions do not meet the requirements of the Rules.
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