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Weather words azeotrope

DISTILLATION EQUIPMENT SUMMARY OF DISTILLATION Distillation is simply defined as a process whereby a liquid or evaporated mixture of two or more substances is separated from the desired purity by the application and removal of heat in the constituent fractions. The process is based on the fact
that the vapor of a boiling mixture will be richer in the components that have lower boiling points. When this vapour is cooled and condensed, the condensate will therefore contain more volatile components. At the same time, the original mixture will contain more of the less volatile material. The primary
equipment used in the distillation process are distillation columns, which are designed to achieve this separation efficiently. Although the layman has a good idea about what distillation means, the important aspects seem to be missed from the point of view of production: (1) distillation is the most common
separation technique; (2) it consumes huge amounts of energy, both in terms of cooling and heating; (3) it can contribute to more than 50% of the plant's operating costs. The best way to reduce the operating costs of existing units is to improve their efficiency and operation through process optimization and



control. In order to achieve this improvement, a thorough understanding of the distillation principles and the way in which distillation systems are designed is essential. As mentioned, distillation is the process of heating a liquid until some of the ingredients pass into the vapor phase, and then cooling the
vapor to restore it in liquid form by condensation. The main purpose of distillation is to separate a mixture by using the willingness of different substances to become a vapor. If the difference in boiling points between two substances is large, complete separation can easily be achieved by a distillation in one
phase. If the boiling points differ only slightly, many reseedings may be required. In the simplest mixture of two interchangeable liquids with similar chemical structures, the willingness to evaporate from each is undisturbed by the presence of the other. For example, the boiling point of a mixture of 50-50
would be halfway between the boiling points of the pure substances, and the degree of separation achieved by a single distillation would depend only on the willingness of each substance to evaporate at this temperature. This simple law was first explained by the 19th century by the French chemist
Frangois Marie Raoult (known as Raoult's law). The term still is applied only to the vessel in which liquids are boiled during distillation, but the term is sometimes applied to the entire appliance, including fractional column, condenser, and receiver in which the distillate is collected. If a water and alcohol
distillate is returned from the condenser and drips down through a long column on a series of plates, and As it rises to the condenser, it is made to bubble through this liquid on each plate, the vapor and liquid will interact so that some of the water in the vapor condenses and some of the alcohol in the liquid
evaporates. The interaction on each plate is equal to a redesign. This process is mentioned by several names in the industry; rectification, fractionation or fractional distillation. When two insoluble liquids are heated, each is not affected by the presence of the other and evaporates to an extent determined
only by its own nature. Such a mixture always boils at a temperature lower than for both substances alone. This effect can be applied to substances that would be damaged by overheating if distilled in the usual way. Substances can also be distilled at temperatures below their normal boiling points by
partially evacuating the still. The larger the vacuum, the lower the distillation temperature. Basic components of distillation columns There are different configurations for distillation columns, each designed to perform specific types of separations. A simplified way to classify distillation columns is to see how
they are operated. In this way, the two main types are batch and continuous columns. In a batch operation, the feed is introduced to the batch-wise column. That is, the column is charged with a 'batch' and then the distillation process is performed. When the desired separation is reached, the next batch of
feed is introduced. Continuous columns, on the other hand, process a continuous feed stream. There are no interruptions unless there is a problem or interferes with the column or surrounding process units. They are able to achieve high throughput rates and are the most common of the two types. The
following discussions focus on ongoing columns. Continuous columns can be further classified based on: (1) the type of feed they process (binary column - feed contains only two components, and multi-component column - feed contains more than two components); (2) the number of product flows they
have (multi-product column - column has more than two product streams); (3) when the additional feed is removed when it is used to assist in the separation (extraction distillation — where the extra feed occurs in the soil product stream, and azeotropic distillation — when the additional feed occurs in the
upper product stream); (4) the type of column insertion (column of the tray - where trays of different designs are used to hold the liquid to provide better contact between vapor and liquid, and thus achieve a better separation, and the packaged column - where instead of trays, packaging to establish contact
between vapour and liquid). There are several important components in a distillation column, each of which is used to transfer heat energy or improve mass transfer. The most important parts be a typical distillation: a vertical scale where the separation of liquid components is carried out, column inserts
such as tray plates and/or packaging used to improve part separation, a reboiler to provide the necessary evaporation for the distillation process, a condenser to cool and condense the vapour, a reflux drum to hold the condensed vapour from the top of the column. The liquid (reflux) is recycled back to the
column. The column internals are housed in a vertical shell, and together with the condenser and reboiler, form a distillation column. Figure 1 shows a diagram of a typical distillation unit with one feed and two product flows. The liquid mixture to be processed is called the feed. The feed is usually introduced
somewhere near the center of the column into a tray known as the feed tray. The feed tray divides the column into an upper (enriching or rectification) section and a lower (stripping) section. The feed flows through the column where it is collected at the bottom of the reboiler. Heat is delivered to the reboiler
to generate vapor. The source of heat input can be any suitable liquid, although in most chemical factories this is normally steam. In refineries, the heating source can be the output flows of other columns. The vapour raised in the reboiler is re-inserted into the appliance at the bottom of the column. The
liquid removed from the reboiler is known as the bottoms product or simply, the bottoms. For a simplified view, see Figure 2. The vapor travels up the column, and when it leaves the top of the device, it is cooled by a condenser. The condensed liquid is stored in a holding vessel known as the reflux drum.
Some of this liquid is recycled back to the top of the column and this is called the reflux. The condensed liquid removed from the system is known as the distillate or the top product. For a simplified view, see Figure 3. The terms trays and plates are used interchangeably. There are many types of tray
designs, but the most common are bubble cap trays, valve trays, and sieve trays. A bubble cap tray has a riser or chimney mounted over each hole, and a cap that covers the riser. The cap is mounted in such a way that there is a space between riser and cap to allow the passage of vapor. Vapor rises
through the chimney and is guided down through the cap, eventually discharged through slots in the cap, and eventually bubbling through the liquid on the tray. Bubble-tray or plate towers usually consist of a number of shallow plates or trays over each of which the liquid flows in turn on its way to the tower.
The gas comes to the bottom of the tower and is made to flow through a number of studs on each plate. These caps can be of different shapes, although they usually take the form of inverted cups, and their edges are slots, so that the gas gas of them in the liquid in the form of bubbles. The layout of a
typical plate is illustrated figure 4. The illustration shows the arrangement of bubble caps on a plate along with the punching bests through which the gas enters the bubble caps and the lower comers carrying the liquid from plate to plate. The inlet helps to distribute the liquid over the plate, while the exhaust
core retains the desired depth of liquid. Bubble-plate towers may be preferred over packed towers when: a) the liquid rate is so low that a packed tower cannot be used effectively because the packaging would not be sufficiently moistened; (b) where a difficult right of distillation is required; (c) there is a risk
of depositing solids. Bubble-plate towers, which can be equipped with manholes, are more easily cleaned than packed tower configurations. In valve trays, perforations are covered with liftable caps. Vapor flows lift the caps, allowing themselves to create a catchment area for the passage of vapor. The
lifting cap sends the vapor horizontally into the liquid, allowing better mixing than is possible in sieve trays. Sieve bins are just metal plates with holes in them. Vapor goes straight up through the liquid on the plate. The setup, number and size of the holes are design parameters. Because of their efficiency,
wide operating range, ease of maintenance and cost factors, sieve and valve trays have replaced the once highly thought of bubble cap trays in many applications. The arc of liquid and vapor through a tray column is complex. Liquid falls through the downcomers through gravity from one tray to one below
(see Figure 5). A weir on the tray ensures that there is always some liquid (holdup) on the tray and is designed so that the holdup is at an appropriate height, for example, such that the studs are covered with liquid. The vapor flows up the column and is forced to pass through the liquid, through the
openings on each tray. The area allowed for the passage of vapor on each tray is called the active tray area. The hotter vapor flows through the liquid on the tray above, and brings heat to the liquid. During this process some of the vapor condenses to add to the liquid on the tray. However, the condensate
is richer in the less volatile components contained in the vapor. In addition, due to the heat input of the vapor, the liquid on the tray boils, generating more vapor. This vapor, which moves to the next tray in the column, is richer in the more volatile components. This continuous and intimate contact between
vapor and liquid takes place on each tray in the column and brings the separation between low boiling point components and those with higher cooking points. Essentially, a tray serves as a mini-column, each contributing to general separation. As such, the more trays there are in a column, the the degree
of separation. Therefore, the overall separation efficiency depends heavily on the design of the tray. Trays are designed to maximize vapor-liquid contact, and so focus is given in the degree of fluid distribution and vapor distribution achieved by design. The more intimate the contact between vapor and
liquid, the better the separation that each tray reaches. This means that fewer trays are needed to achieve the same degree of separation. This will lead to lower construction costs and energy consumption. Trays alone don't always offer the intimate contact sought. As such, tray designs are sometimes
assisted by the addition of packaging configurations. Packaging are simply passive objects that are designed to make the interfacial area available for vapor-liquid contact. Figure 6 illustrates some common geometries of inerte packaging materials that are often used in distillation applications. Their role is
simply to provide additional surface contact between the vapor and liquid in the column, and to do so without introducing excessive pressure drop into the column. High pressure decrease means that more energy is needed to drive the vapour through a distillation column, and as such there would be higher
operating costs. Another key reason why inert packaging material is considered in debottlenecking a column. A tray column that is facing transit problems can be debottlenecked by replacing some of the trays with packaging. The packaging provides additional interfacial contact space for contact with liquid
vapour, increasing the efficiency of separation for the same column height. In addition, packaged columns are usually shorter than tray-type columns. The packaged column is often referred to as a column with continuous contact, while a trayed column is called a phased contact column because of the way
the vapor and liquid come into contact. The function of reboilers has already been discussed. These components are essentially heat exchangers that are used to transfer heat to bring the liquid at the bottom of the column to boiling point (see also discussions in Chapter 1). The principle types used are
jacket boilers, simple boiler type reboilers, internal reboilers and thermo-syphon reboilers. Examples of each type are illustrated in Figure 7. Design principles The distillation process is aimed at separating components from a liquid mixture. This process depends on the differences in cooking points of the
individual components. Depending on the concentrations of the components present, the liquid mixture will also have different boiling point characteristics. This means that distillation processes depend on the vapour pressure marks of liquid mixtures. The of a liquid at a certain temperature, the balance
pressure is balancing pressure molecules that leave and penetrate the liquid surface. Some general concepts to recognize about regarding vapor pressure are the first, energy input increases the vapor pressure. Vapour pressure is also related to cooking. A liquid boils when the vapour pressure is equal to
the surrounding pressure. The ease with which a liquid boils depends on the volatility. Liquids with high vapour pressure (i.e. volatile liquids) boil at lower temperatures. We must also recognise that the vapour pressure and therefore the boiling point of a liquid mixture depends on the relative quantities of
the components in the mixture. Distillation is achieved due to differences in the volatility of the components in a liquid mixture. It's the boiling point chart that provides insight into the process. The boiling point diagram shows how the equilibrium compositions of the components in a liquid mixture vary with
temperature at a fixed pressure. Think of an example of a liquid mixture containing 2 components: A and B. Figure 8 shows the boiling point diagram for this binary mixture. The boiling point of A is that where the mole fraction of A is unit. The boiling point of B is that where the mole fraction of A is zero. In
this example, A is the more volatile component and therefore has a lower boiling point than B. The upper curve in the diagram is called the dew point curve, while the bottom is called the bubble point curve. The area above the dew point curve shows the equilibrium composition of the overheated vapor,
while the area below the bell point curve shows the equilibrium composition of the cooled liquid. For example, when a hypothermic liquid with molten fraction of A=0.4 (point A) is heated, the concentration remains constant until it reaches the call point (point B) when it starts to boil. The vapors evolved
during cooking has given the balance composition by point C in Figure 8, about 0.8 mole fraction A. This is about 50% richer in A than the original liquid. This difference between liquid and vapour compositions forms the basis for any distillation process. A term of great importance is relative volatility.
Relative volatility is a measure of the differences in volatility between two components, and thus their boiling points. It indicates how easy or difficult a particular separation will be. The relative volatility of component 'i* with, with respect to component j is defined by the following relationship: where yi is the
mole fraction of component i in the vapor, and xi is the mole fraction of component i in the liquid. We can conclude that if the relative volatility between two components is very close to one, it is an indication that they have very similar vapor pressure marks. This means that they have very similar cooking
points and therefore it will be relatively difficult to the two components by distillation. Since the properties of the boiling point of the components in the mixture that is separated are so crucial to the distillation process, the relationship between vapor-liquid balance (VLE) is important. Specifically, it is the VLE
data for a mixture that determines the required height of a column for a desired degree of separation. Constant pressure VLE data is derived from boiling point charts, from which a VLE curve can be constructed; as illustrated in Figure 9 for a binary mixture. The VLE plot shown expresses the call point and
dew point of a binary mixture at constant pressure. The curve is called the equilibrium line and describes the compositions of the liquid and vapor in balance at a constant pressure condition. Figure 9 is the VLE plot for a binary mixture that essentially has a uniform equilibrium, and thus represents a
relatively easy separation. However, there are many cases where non-ideal separations are found. These more difficult distillations are determined by the examples in Figure 10. An important system in distillation is an azeotropical mixture. An azeotrope is a liquid mixture that produces the same
composition as the liquid when evaporated. The VLE plots illustrated in Figure 11 show two different azeotropical systems: one with a minimum boiling point and one with a maximum boiling point. In both plots the equilibrium curves cross the diagonal lines. These are azeotropical points where the
azeotropes occur. In other words, azeotropic systems give rise to VLE plots where the equilibrium curves cross the diagonals. However, both plots are obtained from homogeneous azeotropic systems. An azeotrope containing a liquid phase in contact with vapor is called a homogeneous azeotrope. A
homogeneous azeotrope cannot be separated by conventional distillation. However, vacuum distillation can be used because the lower pressure can shift the azeotropic point. Alternatively, an additional substance added to the azeotropic point may shift to a more favorable position. When this additional
component is displayed in significant quantities at the top of the column, the operation is called an azeotropic distillation. When the additional component usually appears at the bottom of the column, the operation is called extractive distillation. Another distinction that describes an azeotropic system is
illustrated in Figure 12. This plot describes the case of a heterogeneous azeotrope. Heterogeneous azeotropics can be identified by the flat part on the equilibrium chart. They can be separated into two distillation columns, as these substances usually form two liquid phases with very different compositions.
The phases can be with the help of sediment tanks under appropriate conditions. The design of a distillation column is based on information from the VLE diagram the mixtures to be separated. The vapour-liquid equilibrium characteristics are indicated by the characteristic shapes of the equilibrium curves.
This is what determines the number of phases, and thus the number of trays needed for separation. Although column designs are often owned, McCabe-Thiele's classic method for binary columns is instructive on the principles of design. McCabe-Thiele is a graphic design that uses the VLE plot to
determine the theoretical number of phases needed to effect the separation of a binary mixture. It presupposes constant molar overflow. This means that the molal heats of evaporation of the components are about the same. In addition, it is assumed that heat effects (heat from solution, heat losses to and
from column, etc.) are negligible, and that for each mole of condensed vapor 1 mol of liquid is evaporated. The design procedure is as follows. Given the VLE diagram of the binary mixture, control lines are drawn first. The controls define the mass balance relationships between the fluid and vapor phases
in the column. There is one operating system for the lower part (stripping) of the column and one for the upper part (rectification or enrichment) of the column. The use of the constant molar overflow assumption also ensures that the control lines are straight lines. The rectification section control line is
constructed as follows: First, the desired top product composition is on the VLE diagram and a vertical line is produced until it crosses the diagonal line that splits the VLE plot in two. A line with slope R/(R+ 1) is then drawn from this intersection. To illustrate the procedure, see Figure 13. In Figure 13, R is
defined as the ratio between reflux flow (L) to distillate flow (D) and is called the reflux ratio. The reflux ratio is a measure of how much of the material goes up through the top of the column and is returned to the column as reflux. In a similar way, the control line for the strip section is constructed. In this
case, the starting point is the desired bottom product composition. A vertical line is drawn from this point to the diagonal line, and a line of slope Ls/ Vs is drawn as illustrated in Figure 14. In this digit, Ls is defined as the fluid velocity that flows through the strip part of the column, while U.S. is the vapor rate
of the flow of the column's strip section. The slope of the line of operation for the strip section is a ratio between the fluid and vapour flows in that part of the column. The McCabe-Thiele method assumes that the liquid on a tray and the vapor above it are balanced. How this is related to the VLE plot and the
controls is graphically depicted Figure 15. Figure 15 shows an enlarged portion of the line of business for the strip section relative to the corresponding nth nth in the column. The L's are the fluid flows while the V's represent the vapor flows. Parameters x and y indicate liquid and vapor compositions and the
subscripts indicate the origin of the currents or compositions. The indication n — 1 refers to material from the stage under stages n, while n + 1 refers to material from the stage above phase n. The liquid in stages n and the vapor above it are balanced, therefore, x, and yn lie on the equilibrium line. Since the
vapor is carried to the tray above without changing composition, this is depicted as a horizontal line on the VLE plot. The crossing with the control line ensures the composition of the liquid on tray n + 1, as the control line defies the material balance on the trays. The composition of the vapour above the n
+1 tray is obtained from the intersection of the vertical line from this point to the equilibrium line. By repeatedly applying the graphic construction technique, a number of corner sections are created, with each section equivalent to a phase of distillation. This is the basis of sizing distillation columns using the
McCabe-Thiele graphic design method. From the working lines for both stripping and rectification sections, the graphic construction described above is further illustrated in Figure 16, which shows that 7 theoretical phases are needed to achieve a theoretical separation. The required number of trays (as
opposed to phases) is one less than the number of phases, since the graphic construction includes the contribution of the reboiler in the completion of the separation. The actual number of trays required is equal to the ratio between the number of theoretical trays and tray efficiency. Typical readings for tray
efficiency range from 0.5 to 0.7. Tray efficiency depends on factors such as the type of trays used, and internal fluid and vapor flow conditions. Sometimes extra trays are added (up to 10%) to accommodate the possibility that the column may be under-cultivated. Figure 16 also helps to illustrate that the
binary feed should be entered in the 4th phase. However, if the feed composition is such that it does not coincide with the intersection of the control lines, this means that the feed is not a saturated liquid. The condition of the feed can be derived by the slope of the feeding line or the so-called g-line. The g-
line is that line drawn between the intersection of the control lines, and where the feed composition is located on the diagonal line. The condition of the feed determined the slope of the feed line. Examples: saturated vapor exists for g = 0; (q) = 1 for saturated liquid; for a mix of liquid and vapour, 0 < q < 1,
for a hypothermic liquid g < 1; and for an overheated vapor, q = 0. From of the feed mixture conditions, the g-line can be built and applied in the McCabe-Thiele design. Excluding the Line, only two other pairs of lines can be used in the McCabe-Thiele procedure. These are the operating system and
rectification section operating system, the operating system and strip section control system, and the stripping and rectification control lines. The reason for this is that these pairs of lines determine the third. Determining the number of phases needed for the desired degree of separation and location of the
feed tray is only the first step in generating an overall distillation column design. Other factors to be considered are tray distances; column diameter: internal configurations; heating and cooling tasks. All of these can lead to conflicting design parameters and trade-offs. The design of the distillation column is
therefore often an iterative procedure. If the conflicts are not resolved in the design phase, the column does not perform well in practice. The condition of the feed mixture and feed composition affects not only the control lines and therefore also the number of stages required for separation, but also on the
location of the feed tray. If the deviations from the design specifications are excessive, the column may no longer be able to handle the separation task. To overcome the problems associated with the feed, some column are designed to have multiple feed points when the feed is expected to contain different
amounts of components. It is important to note that as the reflux ratio increases, the gradient of the line of operations for the rectification section moves to a maximum unit value. Physically, what this means is that more and more liquid that is rich in the more volatile components are recycled back into the
column. Separation then improves and therefore fewer trays are needed to achieve the same degree of separation. Minimum trays are required under total reflux conditions, i.e. there is no withdrawal from distillate. On the other hand, as the reflux decreases, the line for the rectification section moves to the
equilibrium line. The 'pinch' between control and balance lines is becoming more pronounced and more and more trays are needed. The McCabe-Thiele method easily verifies this. The restrictive state occurs with a minimum reflux ration, when an infinite number of trays will be required to perform
separation. Most columns are designed to work between 1.2 to 1.5 times the minimum reflux ratio, as this is about the area of minimal operating costs (more reflux means higher reboiler duty). A critical consideration in the design of a distillation column is the vapour flow condition. Incorrect conditions such
as foaming, entrainment, crying/dumping, and flooding can lead to significant inefficiencies in separation. These conditions are often avoided on the basis of experienced design criteria. Foaming refers to the expansion of liquid due to the passage of vapor, vapor, Gas. Although it allows for high interfacial
liquid-vapor contact, excessive foaming often leads to liquid buildup on trays. In some cases, foaming can be so exaggerated that the foam mixes with liquid on the top drawer. Whether foaming will occur depends mainly on the physical properties of the liquid mixtures, but is sometimes due to tray designs
and conditions. Whatever the cause, the efficiency of separation is always reduced. Entrainment refers to the liquid carried by vapor up to the container above and is again caused by high vapour flow rates. It is harmful because the tray efficiency is reduced: lower volatile material is transported to a plate of
liquid with higher volatility. It can also contaminate high purity distillate. Excessive entrainment can lead to flooding. Crying is a phenomenon caused by a low vapor stream. The pressure exerted by the vapour is insufficient to hold the liquid on the tray up. Therefore, liquid begins to leak through perforations
on the tray. Excessive crying will lead to dumping. That's the liquid on all trays will crash (dump) through to the base of the column (via a domino effect) and the column will have to be restarted. Crying is indicated by a sharp pressure drop in the column and reduced separation efficiency. Flooding occurs
due to excessive vapor flow, causing liquid to be inskilled into the vapor of the column. The increased pressure of excessive vapor also backs up the liquid in the downcomer, causing an increase in the liquid holdup on the plate above. Depending on the degree of flooding, the maximum capacity of the
column can be severely reduced. Flooding is detected by a sharp increase in column differential pressure and a significant decrease in separation efficiency. Many of the above factors that affect column action are due to vapor flow conditions are either exaggerated or too low. Vapour flow rate depends on
column diameter. Howling determines the minimum vapor flow required, while flooding determines the maximum vapor flow allowed, hence column capacity. So, if the column diameter isn't sized properly, the column doesn't perform well. Not only will there be operational problems, the desired separation
tasks cannot be achieved. The actual number of trays required for a particular separation requirement depends on the efficiency of the plate and the packaging when they are used. So, all the factors that lead to a decrease in tray efficiency will also change the performance of the column. Tray efficiency are
affected by factors such as pollution, wear and corrosion, and the rates at which they depends on the properties of the liquids being processed. For example, the right construction materials must be selected for tray construction. A final consideration is weather conditions. Most distillation columns are open
to the atmosphere. Although many of the columns are isolated, influence column editing. As such, the reboiler must be in the right place to ensure that sufficient vapor can be generated during cold and windy spells and that it can be sufficiently rejected during warm seasons. The same directive applies to
condensers. Other factors to take into account are changing operating conditions and throughput, caused by changes in upstream conditions and changes in demand for the products. These factors, including the associated control system, should be considered at the design stage, as once a column is built
and installed, not much can be done to remedy the situation without incursing additional significant costs. With the above as a basic background to the subject of distillation, we will focus our attention on refinery operations and the equipment usually used. Before doing so, a discussion of the properties of
hydrocarbons is provided. Provided.
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