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                                                                                           LEACHING 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Leaching is the preferential solution of one or more constituents of a solid mixture by 
contact with a liquid solvent. This unit operation, one of the oldest in the chemical 
industries, has been given many names, depending to some extent upon the technique 
used for carrying it out. Leaching originally referred to percolation of the liquid through a 
fixed bed of the solid, but is now used to describe the operation generally, by whatever 
means it may be done. Lixiviation is used less frequently as a synonym for leaching, 
although originally it referred specifically to the leaching of alkali from wood ashes. The 
term extraction is also widely used to describe this operation in particular, although it is 
applied to all the separation operations as well, whether mass-transfer or mechanical 
methods are involved. Decoction refers specifically to the use of the solvent at its boiling 
temperature. When the soluble material is largely on the surface of an insoluble solid 
and is merely washed off by the solvent, the operation is sometimes called elutriation or 
elution. This chapter will also consider these washing operations, since they are 
frequently intimately associated with leaching. 

The metallurgical industries are perhaps the largest users of the leaching 
operation. Most useful minerals occur in mixtures with large proportions of undesirable 
constituents, and leaching of the valuable material is a separation method which is 
frequently applied. For example, copper minerals are preferentially dissolved from 
certain of their ores by leaching with sulfuric acid or ammoniacal solutions, and gold is 
separated from its ores with, the aid of sodium cyanide solutions. Leaching similarly 
plays an important part in the metallurgical processing of aluminum, cobalt, manganese, 
nickel, and zinc. Many naturally occurring organic products are separated from their 
original structure by leaching. For example, sugar is leached from sugar beets with hot 
water, vegetable oils are recovered from seeds such as soybeans and cottonseed by 
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leaching with organic solvents, tannin is dissolved out of various free barks by leaching 
with water, and many pharmaceutical products are similarly recovered from plant roots 
and leaves. Tea and coffee are prepared both domestically and industrially by leaching 
operations. In addition, chemical precipitates are frequently washed of their adhering 
mother liquors by techniques and in equipment quite similar to those used in true 
leaching operations, as in the washing of caustic soda liquor from precipitated calcium 
carbonate following the reaction between soda ash and lime. 
 
Preparation of the Solid 
 
The success of a leaching and the technique to be used will very frequently depend 
upon any prior treatment which may be given the solid. 

In some instances, small particles of the soluble material are completely 
surrounded by a matrix of insoluble matter. The solvent must then diffuse into the mass, 
and the resulting solution must diffuse out, before a separation can result. This is the 
situation with many metallurgical materials. Crushing and grinding of such solids will 
greatly accelerate the leaching action, since then the soluble portions are made more 
accessible to the solvent. A certain copper ore, for example, can be leached effectively 
by sulfuric acid solutions within 4 to 8 h if ground to pass through a 60-mesh screen, in 
5 days if crushed to 6-mm granules, and only in 4 to 6 years if 150-mm lumps are used 
[43]. Since grinding is expensive, the quality of the ore will have much to do with the 
choice of size to be leached. For certain gold ores, on the other hand, the tiny metallic 
particles are scattered throughout a matrix of quartzite which is so impervious to the 
leaching solvent that it is essentiaI to grind the rock to pass through a 100-mesh screen 
if leaching is to occur at all. When the soluble substance is more or less uniformly 
distributed throughout the solid or even in solid solution, the leaching action may 
provide channels for the passage of fresh solvent and fine grinding may not be 
necessary. Collapse of the insoluble skeleton which remains after solute removal may 
present problems, however. 

Vegetable and animal bodies are cellular in structure, and the natural products 
to be leached from these materials are usually found inside the cells. If the cell walls 
remain intact upon exposure to a suitable solvent, the leaching action involves osmotic 
passage of the solute through the cell walls. This may be slow, but it is impractical and 
sometimes undesirable to grind the material small enough to release the contents of 
individual cells. Thus, sugar beets are cut into thin, wedge-shaped slices called 
cossettes before leaching in order to reduce the time required for the solvent water to 
reach the individual ptant cells. The cells are deliberately left intact, however, so that the 
sugar wilt pass through the semipermeable cell walls while the undesirable coIfoidal and 
albuminous materials largely remain behind. For many pharmaceutical products 
recovered from plant roots, stems, and leaves, the plant material is frequently dried 
before treatment, and this does much toward rupturing the cell walls and releasing the 
solute for direct action by the solvent. Vegetable seeds and beans, such as soybeans, 
are usually rolled or flaked to give particles in the size range 0.15 to 0.5 mm. 
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The cells are, of course, smaller than this, but they are largely ruptured by the flaking 
process, and the oils are then more readily contacted by the solvent. 

When the solute is adsorbed upon the surface of solid particles or merely 
dissolved in adhering solution, no grinding or crushing is necessary and the particles 
can be washed directly. 
 
Temperature of Leaching 
 
It is usually desirable to leach at as high a temperature as possible. Since higher 
temperatures result in higher solubility of the solute in the solvent, higher ultimate 
concentrations in the leach liquor are possible. The viscosity of the liquid is lower and 
the diffusivities larger at higher temperatures, leading to increased rates of leaching. 
With some natural products such as sugar beets, however, temperatures which are too 
high may lead to leaching of excessive amounts of undesirable solutes or chemical 
deterioration of the solid. 
 
Methods of Operation and Equipment 
 
Leaching operations are carried out under batch and semibatch (unsteady-state) as well 
as under completely continuous (steady-state) conditions. In each category, both 
stagewise and continuous-contact types of equipment are to be found. Two major 
handling techniques are used: spraying or trickling the liquid over the solid, and 
immersing the solid completely in the liquid. The choice of equipment to be used in any 
case depends greatly upon the physical form of the solids and the difficulties and cost of 
handling them. This has led in many instances to the use of very specialized types of 
equipment in certain industries. 
 
UNSTEADY-STATE OPERATION 
 
The unsteady-state operations include those where the solids and liquids are contacted 
in purely batchwise fashion and also those where a batch of the solid is contacted with a 
continually flowing stream of the liquid (semibatch method). Coarse solid particles are 
usually treated in fixed beds by percolation methods, whereas finely divided solids, 
which can be kept in suspension more readily, can be dispersed throughout the liquid 
with the help of some sort of agitator. 
 
In-Place (in Situ) Leaching 
 
This operation, also called solution mining, refers to the percolation leaching of minerals 
in place at the mine, by circulation of the solvent over and through the ore body. It is 
used regularly in the removal of salt from deposits below the earth's surface by solution 
of the salt in water which is pumped down to the deposit. It has been applied to the 
leaching of low-grade copper ores containing as little as 0.2 percent copper [34] and to 
ores as deep as 335 m (1100 ft) below 
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Figure 13.8 Batch settling of slurries. Effect of slurry concentration. 

 
solids in the settled mass is correspondingly greater. Generally, however, the zones of constant- and 
falling-rate settling are still observed, although the rates will be different from those obtained without 
stirring [44]. 
 
Concentration The rate of settling decreases with increased initial concentration of the solids owing to 
the increase of the effective density and viscosity of the medium through which the particles settle. Figure 
13.8 illustrates the effect usually to be expected when slurries of increasing concentration of the same 
substance are settled in columns of the same height. Various attempts have been made to predict the 
effect of concentration on the settling rate, from knowledge of the curves at one or more concentrations. 
This has been successful only for sIurries which are not at one or more concentrations. This has been 
successful only for slurries which are not compressible [39]. 

 
Figure 13.9 Batch settling of slurries 
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Height Refer to Fig. 13.9, which shows settIing curves for the same slurry begun at different initial 
heights. The irfitial constant settting rate is independent of height, and provided some critical minimum 
value of Z0 is exceeded, the ultimate value of Z ∞ /Z0  apparently also be constant. The constant-settling-
rate lines both terminate on a line OA radiating from the origin, and in general any line [44] radiating from 
the origin such as OB will be cut so that line OC/line OB = Zo/Z´0.  It follows that the time for a slurry to 
settle to a fixed fractional height Z/Z0 is proportional to the initial height Z0. In this way it is possible 
reasonably well to predict the settling curves for deep tanks from resutts obtained in small laboratory 
cylinders. In making such laboratory tests, however, it is important [21] to use cylinders at least 1 m tall 
and at least 50 mm in diameter and to maintain all other conditions in the laboratory test identical with 
those expected to prevail on the large scale. 
 
Percolation vs. Agitation 
 
If a solid in the form of large lumps is to be leached, a decision must frequently be made 
whether to crush it to coarse lumps and leach by percolation or whether to grind it fine 
and leach by agitation and settling. No general answer can be given to this problem 
because of the diverse leaching characteristics of the various solids and the values of 
the solute, but among the considerations are the following. Fine grinding is more costly 
but provides more rapid and possibly more thorough leaching. It suffers the 
disadvantages that the weight of liquid associated with the settled solid may be as great 
as the weight of the solid, or more, so that considerable solvent is used in washing the 
leached solute free of solute and the resulting solution is dilute. Coarsely ground 
particles, on the other hand, leach more slowly and possibly less thoroughly but on 
draining may retain reIatively little soIution, require less washing, and thus provide a 
more concentrated final solution. 

For more fibrous solids, such as sugar cane, which is leached with water to 
remove the sugar, it has been shown [35] that leaching is generally more efficient in a 
thoroughly agitated vessel than by percolation, probably because the large amount of 
static liquid holdup (see Chap. 6) makes important amounts of solute unavailable. 
 
STEADY-STATE (CONTINUOUS) OPERATION 
 
Equipment for continuous steady-state operations can be broadly classified into two 
major categories, according to whether it operates in stagewise or in continuous-contact 
fashion. Stagewise equipment is sometimes assembled in multiple units to produce 
multistage effects, whereas continuous-contact equipment may provide the equivalent 
of many stages in a single device. 
 
Leaching during Grinding 
 
As pointed out earlier, many solids require grinding in order to make the soluble portions 
accessible to the leaching solvents, and if continuous wet grinding is. practiced, some of 
the leaching may be accomplished at this time. As much as 50 to 75 percent of the 
soluble gold may be dissolved by grinding the ore in the presence of cyanide solution, 
for example. Similarly, castor seeds are ground in an attrition mill with solvent for the 
castor oil. 
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The liquid and solid flow through a grinding mill in parallel and consequently tend to 
come to a concentration equilibrium. Such operations are therefore single-stage 
leachings and are usually supplemented by additional agitation or washing operations, 
as described later. 
 
Agitated Vessels 
 
Finely ground solids which can be readily suspended in liquids by agitation may be 
continuously leached in any of the many types of agitated tanks or vessels. These must 
be arranged for continuous flow of liquid and solid into and out of the tank and must be 
carefully designed so that no accumulation of solid occurs. Thanks to the thorough 
mixing ordinarily obtained, these devices are single-stage in their action, the liquid and 
solid tending to come to equilibrium within the vessel. 

Mechanically agitated vessels may be used, for which the turbine-type agitator 
is probably most generally suitable (see Chaps. 6 and 11). Pachuca tanks are 
frequently used in the metallurgical industries. The Dorr agitator (Fig. 13.10) utitizes 
both the air-lift principle and mechanical raking of the solids and is extensively used in 
both the metallurgical and the chemical industry for continuous leaching and washing of 
finely divided solids. The central hollow shaft of the agitator acts as an air lift and at the 
same time revolves slowly. The arms attached to the bottom of the shaft rake the settled 
solids toward the center of the tank bottom, where they are lifted by the air lift through 
the shaft to the revolving launders attached to the top. The launders then distribute the 
elevated mixture of liquid and solid over the entire cross section of the tank. The rake 
arms can be lifted to free them of solids which may settle during a shutdown, and they 
are also provided with auxiliary air lines to assist in freeing them from settled solid. For 
unevenly sized solids, operation of the agitator can be adjusted so that coarse particles, 
which may require longer leaching time, remain in the tank longer than the finer. These 
agitators are regularly built in sizes ranging from 1.5 to 12 m diameter. 

The average holding time in an agitated vessel can be calculated by dividing the 
vessel contents by the rate of flow into the vessel. This can be done separately for solid 
and liquid, and the holding time for each will be different if the ratio of the amounts of 
one to the other in the vessel is different from that in the feed. The average holding time 
of the solid must be sufficient to provide the leaching action required. Individual solid 
Particles, of course, may short-circuit the tank (axial mixing), i.e., pass through in times 
much shorter than the calculated average, and this will lead to low stage efficiency. 
Short circuiting can be eliminated by passing the solid-liquid mixture through a series of 
smaller agitated vessels, one after the other, the sum of whose average holding time is 
the necessary leach time. This can readily be accomplished with gravity flow of the 
slurry by placing the individual tanks in the series at progressively lower levels. Three 
vessels in series are usually sufficient to reduce short circuiting to a negligible amount. 
It should be noted that since liquid and solid pass through these vessels in parallel flow, 
the entire series is still equivalent to only a single stage. 
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Figure 13.10 Dorr agitator. (Dorr-Oliver, Inc.) 

 
The effluent from continuous agitators may be sent to a filter for separating 

liquid from solid, upon which the solid may be washed free of dissolved solids, or to a 
series of thickeners for countercurrent washing. 
 
Thickeners 
 
Thickeners are mechanical devices designed especially for continuously increasing the 
ratio of solid to liquid in a dilute suspension of finely sized particles by settling and 
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                         Figure 13.11 Dorr  thickener, (Dorr-Oliver, Inc.) 



TRANSFERENCIA DE MATERIA  - ASPECTOS TEORICOS 

Universidad Mayor – Dr. Carlos Martínez Pavez  - Marzo 2002 305 

decanting, producing a clear liquid and a thickened sludge as two separate products. 
Thickeners may be used before any ordinary filter in order to reduce filtering costs, but 
since both effluents are pumpable and consequently readily transported, thickeners are 
frequently used to wash leached solids and chemical precipitates free of adhering 
solution in a continuous multistage countercurrent arrangement, and it is in this 
application that they are of interest here. 

A typical single-compartment thickener of the Dorr-Oliver Company's design is 
shown in Fig. 13.11. The thin slurry of liquid and suspended solids enters a large 
settling tank through a feed well at the top center, in such a manner as to avoid mixing 
the slurry with the clear liquid at the top of the tank. The solids settle from the liquid 
which fills the tank, and the settled sludge is gently directed toward the discharge cone 
at the bottom by four sets of plow blades or rakes, revolving slowly to avoid disturbing 
the settled solid unduly. The sludge is pumped from the discharge cone by means of a 
diaphragm pump. The clear, supernatant liquid overflows into a launder built about the 
upper periphery of the tank. Thickeners are built in sizes ranging from 2 to 180 m (6 to 
600 ft) in diameter, for handling granular as well as flocculent solids, and of varying 
detail design depending upon the size and service. In order to reduce the ground-area 
requirements, several thickeners operating in parallel and superimposed as in Fig. 
13.12 may be used. Such a device delivers a single sludge product. 
 

 
                             Figure 13.12 Dorr  balanced-tray thickener. (Dorr.Oliver, lnc.) 
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The liquid content of the sludge is greatly dependent upon the nature of the 
solids and liquid and upon the time allowed for settling but in typical cases might be in 
the range 15 to 75 percent liquid. The less liquid retained, the more efficient the 
leaching or washing process being carried on. 

 
Continuous Countercurrent Decantation (CCD) 
 
Leaching equipment such as agitators or grinding mills may discharge their effluent into 
a cascade of thickeners for continuous countercurrent washing of the finely divided 
solids free of adhering solute. The same type of cascade can also be used to wash the 
solids formed during chemical reactions, as in the manufacture of phosphoric acid, by 
treatment of phosphate rock with sulfuric acid, or of blanc fixe, by reaction of sulfuric 
acid and barium sulfide, or of lithopone. 

A simple arrangement is shown in Fig. 13.13a. The solids to be leached (or the 
reagents for a reaction), together with solution from the second thickener, are 
introduced into the leaching agitators at the left, and the strong solution thus produced 
is decanted from the solids by the first thickener. The agitators together with the first 
thickener then constitute a single stage. The sludge is passed through the cascade to 
be washed by the solvent in true countercurrent fashion, and the washed solids are 
discharged at the right. There may, of course, 

 
 

Figure 13.13 Continuous countercurrenl decantation (CCD): (a) simple flowsheet; (b) flowsheet with 
intermediate agitation and filtration of washed solids. 
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be more or fewer than the four stages shown, and the agitators may be replaced by any 
continuous-teaching device, such as a grinding mill. Many variations in the flowsheet 
are regularly made. For example, the sludge from each stage can be repulped, or 
vigorously beaten with the solvent, between stages in order to improve the washing 
efficiency. Figure 13.13b shows an arrangement whereby the underflow from the first 
thickener is agitated with overflow from the third, for ttle purpose of bringing about the 
additional leaching possible with dilute solution. The sludge from the final stage can be 
filtered, as shown, when the solid is valuable and is to be delivered reasonably dry or 
when the solute is valuable and solution adhering to the washed solids must be reduced 
to a minimum. For successful operation of these plants, very carefully controlled rates of 
flow of both sludges and solution are necessary to avoid disturbing the steady-state 
conditions prevaiIing. 

For small decantation plants, where ground area may be limited, it is possible to 
obtain a countercurrent cascade of thickeners built in superimposed fashion into a 
single shell. 
 
Continuos  Settling 
 
The concentrations existing at the various levels of a continuous thickener under steady-state operation 
differ considerably from those found in hatch settling. The solid curve of Fig. 13.14 shows typical 
concentrations during normal operation [10a], and four clearly defined zones are found in the thickener 
corresponding to the various sections of the curve. The feed slurry is diluted as it issues from the feed 
well of the thickener, and the bulk of the liquid passes upward to overflow into the launder about the 
thickener periphery. The solid concentration in the top zone is negligible if the overflow is clear. The solids 
and the remainder of the feed liquid move downward through the lower three zones and leave in the 
thickened underflow. The solids concentration in the settling zone is much lower than that in the feed, 
because of the dilution, but rises rapidly in the compression zone immediately below. In the bottom zone, 
the action of the rake disturbs arched structures which the settling solids may form, the weight of the 
solids presses out the liquid, and the concentration rises to the value in the underftow. If the feed rate to 
the thickener is increased, the concentration of solids in the settling zone rises and reaches a constant 
maximum value not related to the Feed concentration when the settling capacity of this zone is exceeded.  
 

 
 
Figure 13.14 Continuous thickener characteristics [10]. (Courtesy of Industrial and Engineering 
Chemistry.) 
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Figure 13.15 Determination of thickener area from flux curve. 

 
The excess solids, which cannot settle, overflow with the liquid, as indicated by the broken curve of 
concentrations in Fig. 13.14 for this condition. 

The concentration of solids in the underflow sludge for a given rate and concentration of feed 
can be increased by reducing the rate of withdrawal of sludge. This increases the depth of the 
compression zone and increases the detention time of the solids within the thickener, although it is 
important not to raise the level of the compression zone to such an extent that solids appear in the 
overflow liquid. 

The capacity of continuous thickeners, or their cross-sectional area required for a given solids 
throughput, can be roughly estimated from batch-settling tests [13, 39]. Initial settling velocities V for 
slurries of the solid at various initial uniform concentrations c are determined from the slopes of curves 
like those of Fig. 13.8, covering the entire range of solids concentration to be dealt with (it is best to 
determine these curves for slurries made by suspending a given weight of solids in varying amounts of 
liquid by adding and subtracting liquid). The flux of solids during settling, Gs = cV, is then plotted against c 
to produce a curve like that of Fig. 13.15. The tangent of smallest negative slope is then drawn to the 
curve from point (Gs= 0, c = cu), where cu is the desired under-now concentration, to intersect the ordinate 
at GSL, the limiting solids flux. The minimum required thickener cross section for handling W mass/time of 
solids is then 

 

Concentration cL is that at the point of compression and cs that in the settling zone. 

 
Hydrocyclones (Hydroclones) 
 
Hydrocyclones, similar to those used for size classification of solids (Fig. 13.16) can 
also be used as liquid-solid separators in place of thickeners in countercurrent washing 
of solids in a slurry. 
 
Continuous Leaching of Coarse Solids 
 
Many ingenious devices have been used for moving the solids continuously through a 
leaching device so that countercurrent action can be obtained. With the exception of the 
classifiers, which are used mainly in the metallurgical industries, these machines were  
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Figure 13.16 Hydrocyclone. 
 
principally developed for the special sofids-han-dling problems arising in the leaching of 
sugar beets and of vegetable seeds such as cottonseed, soybeans, and the like. Donald 
[12] has described many of the early devices used for sugar beets. Only the more 
important of the currently used machines can be described here. 

Coarse solids can be leached, or more usually washed free of adhering solution or 
solute, in some types of machinery ordinarily used in the metallurgical industries for 
classification according to particle size. One such device is shown in Fig. 13.17. The 
solids are introduced into a tank, made with a sloping bottom and partly filled with the 
solvent. The rakes, which are given a reciprocating and circular lifting motion by the 
driving mechanism, rake the solids upward along the bottom of the tank and out of the 
liquid. In the upper part of the tank the solids are drained and discharged. The liquid 
overflows at the deep end of the tank. The solute concentration in the liquid is 
reasonably uniform throughout the tank as a result of the agitation by the rakes, so that 
the apparatus produces a single-stage action. Several classifiers can be placed in a 
cascade for continuous multistage countereurrent action, however, in which case they 
are operated by a single drive mechanism. 

Fitch has presented an excellent review of the tecfmiques of separating liquids 
and solids [14]. 
 
 

Classifiers 
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Figure 13.17 Single Dorr classifier for washing coarse solids. (Dorr.Oliver, Inc.) 

 
Leaching of Vegetable Seeds 
 
Cottonseeds, soybeans, linseeds (flaxseeds), peanuts, rice bran, castor beans, and 
many other similar products are regularly leached, or extracted, with organic solvents for 
removing the vegetable oils they contain. The seeds must usually be specially prepared 
for most advantageous leaching, and this may involve dehull-ing, precooking, 
adjustment of the moisture (water) content, and rolling or flaking. Sometimes a portion 
of the oil is first removed mechanically by expelling or expression. Leaching solvents 
are usuaIly petroleum naphthas, for most oils a fraction corresponding closely to 
hexane; chlorinated hydrocarbons leave too toxic a residue for the leached meal to be 
used as an animal feed. The oil-solvent solution, which usually contains a small amount 
of finely divided, suspended solids, is called miscella and the leached solids marc. The 
various leaching devices are usually called extractors in this industry. 

 The Rotocel is essentially a modification of the Shanks system wherein the 
leaching tanks are continuously moved, permitting continuous introduction and 
discharge of the solids. Figure 13.18 is a schematic representation of the device, 
simplified to show the working principle. A circular rotor, containing 18 cells, each fitted 
with a hinged screen bottom for supporting the solids, slowly revolves above a 
stationary compartmented tank. As the rotor revolves, each cell passes in turn under a 
special device for feeding the prepared seeds and then under a series of sprays by 
which each is periodically drenched with solvent for leaching. After nearly one 
revolution, the leached contents of each cell are automatically dumped into one of the 
lower stationary compartments, from which they are continuously conveyed away. The 
solvent from each spray percolates downward through the solid and the supporting 
screen into the appropriate compartment of the lower tank, from which it is continuously  
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Figure 13.18 Schematic arrangement of the Rotocel. 

 
 
pumped to the next spray. The leaching is countercurrent, and the strongest solution is 
taken from the freshest seeds. A number of ingenious mechanical devices are 
necessary for maintaining smooth operation, and the entire machine is enclosed in a 
vaportight housing to prevent escape of solvent vapors. 

The French stationary-basket extractor is a variant of this. The flakes are 
contained in stationary, compartmented beds filled by a rotating spout to feed the solids 
and are leached with solvent and miscella countercurrently [15, 33]. 

The Kennedy extractor [38], a modern arrangement of which is indicated 
schematically in Fig. 13.19, is another stagewise device which has been in use since 
1927, originally for leaching tannins from tanbark. It is now used for oilseed and other 
chemical leaching operations. The solids are leached in a series of tubs and are pushed 
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from one to the next in the cascade by paddles, while the solvent flows in 
countercurrent. Perforations in the paddles permit drainage of the solids between 
stages, and the solids are scraped from each paddle as shown. As many tubs may be 
placed in a cascade as are required. 
 

The Bollman extractor (Fig. 13.20) is one of several basket-type machines. 
Solids are conveyed in perforated baskets attached to a chain conveyor, down on the 
right and up on the left in the figure. As they descend, they are leached in parallel flow 
by a dilute solvent-oil solution (half miscella) pumped from the bottom of the vessel and 
sprayed over the baskets at the top. The liquid percolates through the solids from 
basket to basket, collects at the bottom as the final strong solution of the oil (full 
miscella), and is removed. On the ascent, the solids are leached countercurrently by a 
spray of fresh solvent to provide the half miscella. A short drainage time is provided 
before the baskets are dumped at the top. There are many variants of this device, e.g., 
the horizontal arrangement of Fig. 13.21. 
 

 
 

Figure 13.20 Bollman extractor. 
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    Figure 13.21 Continuous horizontal extractor (schematic). 

 
 

Continuous tilting-pan filters and horizontal filters [16] are also commonly used. 
Figure 13.22 shows a typical flowsheet arrangement for a horizontal filter. The filter, in 
the form of a circular wheel, is divided into a number of sectors and revolves in the 
horizontal plane. Prepared seeds are slurried with solvent which has already been used 
for leaching, and the slurry is sent to the filter. The first filtrate is passed again through 
the filter cake to remove finely divided solids (polishing) before being discharged as 
miscella. The principle is much the same as that of the Rotocel. Horizontal moving 
screen-type belts [40] are also used for conveying the solids during leaching. 
 

 
Figure 13.22 Flowsheet for horizontal-filter leaching. 
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The recovery of solvent from both the miscella and the leached seeds or beans 
is an essential part of the vegetable-oil leaching process. In a typical arrangement, the 
filtered miscella is passed to an evaporator for removal of solvent, sometimes followed 
by final stripping in a tray column, to produce the sofvent-free oil. The wet seeds are 
steamed to remove residual solvent and air-cooled. Vented gas from condensers may 
be sent to an absorber to be scrubbed with petroleum white oil, and the resulting 
solvent-white-oil solution stripped to recover any solvent. 
 
METHODS OF CALCULATION 
 
It is important to be able to make an estimate of the extent of leaching which can be 
obtained for a given procedure, i.e. to calculate the amount of soluble substance 
leached from a solid, knowing the initial solute content of the soIid, the number and 
amount of washings with leaching solvent, the concentration of solute in the leaching 
solvent, if any, and the method, whether batch or continuous countereurrent. 
Alternatively, it may be necessary to compute the number of washings, or number of 
stages, required to reduce the solute content of the solid to some specified value, 
knowing the amount and solute concentration of the leaching solvent. The methods of 
calculation are very similar to those used for liquid extraction. 
 
Stage Efficiency 
 
Consider a simple batch leaching operation, where the solid is leached with more than 
enough solvent to dissolve all the soluble solute and there is no preferential adsorption 
of either solvent or solute by the solid. If adequate time of contact of solid and solvent is 
permitted, all the solute will be dissolved, and the mixture is then a slurry of insoluble 
solid immersed in a solution of solute in the solvent. The insoluble phases are then 
separated physically by settling, filtration, or drainage, and the entire operation 
constitutes one stage. If the mechanical separation of liquid and solid were perfect, 
there would be no solute associated with the solid leaving the operation and complete 
separation of solute and insoluble solid would be accomplished with a single stage. This 
would be an equilibrium stage, of 100 percent stage efficiency. In practice, stage 
efficiencies are usually much less than this: (1) the solute may be incompletely 
dissolved because of inadequate contact time; (2) most certainly it will be impractical to 
make the liquid-solid mechanical separation perfect, and the solids leaving the stage will 
always retain some liquid and its associated dissolved solute. When solute is adsorbed 
by the solid, even though equilibrium between the liquid and solid phases is obtained, 
imperfect settling or draining will result in lowered stage efficiency. 
 
Practical Equilibrium 
 
In the general case, it will be easiest to make calculations graphically, as in other mass-
transfer operations, and this will require graphical representation of equilibrium 
conditions. 
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It is simplest to use practical equilibrium conditions which take stage efficiencies into 
account directly, either entirely or in part, much as was done in the case of gas 
absorption and distiIlation. In the simplest cases, we must deal with three-component 
systems containing pure solvent (A), insoluble carrier solid (B), and soluble solute (C). 
Computations and graphical representation can be made on triangular coordinates for 
any ternary system of this sort, and the details of this have been worked out [17, 37]. 
Because of frequent crowding of the construction into one corner of such a diagram, it is 
preferable to use a rectangular coordinate system patterned after that used for fractional 
adsorption. 

The concentration of insoluble solid B in any mixture or slurry will be expressed 
as N mass B/mass (A + C), whether the solid is wet with liquid solution or not. Solute C 
compositions will be expressed as weight fractions on a B-free basis: x = wt fraction C in 
the effluent solution from a stage (B-free basis), and ), = wt fraction C in the solid or 
slurry (B-free basis). The value ofy must include all solute C associated with the 
mixture, including that dissolved in adhering solution as well as undissolved or adsorbed 
solute. If the solid is dry, as it may be before leaching operations begin, N is the ratio of 
weights of insoluble to soluble substance, and y = 1.0. For pure solvent A, N = 0, x = 0. 

The coordinate system then appears as in Fig. 13.23. Consider first a simple 
case of a mixture of insoluble solid from which all the solute has been leached, 
suspended in a solution of the solute in a solvent, as represented by point M1 on the 
figure. The concentration of the clear solution is x, and the insoluble solid/solution ratio 
is NM1. Let the insoluble solid be nonadsorbent. If this mixture is allowed to settle, as in 
a batch-settling tank, the clear liquid which can be drawn off will be represented by point 
R1 and the remaining sludge will consist of the insoluble solid suspended in a small 
amount of the solution. The composition of the solution in the sludge will be the same as 
that of the clear liquid withdrawn, so that y* = x. The concentration of solid B in the 
sludge NE1 will depend upon the length of time 1θ  allowed for settling, so that point E1 

then represents the slurry. Line E1R1 is a vertical tie line joining the points representing 
the two effluent streams, clear liquid and slurry.  

 
                                            Figure 13.23 Concentrations in leaching and washing. 
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If the circumstances described are maintained in an actual leaching, points E1 and R1 
can be taken as the practical conditions of equilibrium for that leaching. Clearly if less 
time is allowed for settling, say 1́θ , the sludge will be less concentrated in insoluble 
solids and may be represented by point E´1. There will be some maximum value of N for 
the sludge, corresponding to its uttimate settled height, in accordance with the 
description of batch settling given earlier, but usually in practice insufficient time is 
allowed for this to be attained. Since the concentration of insoluble solid in a sludge 
settled for a fixed time depends upon the initial concentration in the slurry, a mixture M2 
settled for time 1́θ  might result in a sludge corresponding to point E2. If the solid does 
not settle to give an absolutely clear solution, if too much solution is withdrawn from the 
settled sludge so that a small amount of solid is carried with it, or if solid B dissolves to a 
small extent in the solution, the withdrawn solution will be represented by some point 
such as R2, somewhat above the lower axis of the graph. Similar interpretations can be 
made for compositions obtained when wet solids are filtered or drained of solution 
rather than settled, or when continuously thickened. 

The settling or thickening characteristics of a slurry depend, as shown earlier, 
upon the viscosity and relative density of the liquid in which the solid is suspended. 
Since these in turn depend upon the solution composition, it is possible to obtain 
experimental data showing the variation of compositions of thickened solids with 
composition of sohttion and to plot them on the diagram as practical equilibrium 
conditions, it is evident, however, that in every case they must be obtained under 
conditions of time, temperature, and concentrations identical with those pertaining in the 
plant or process for which the calculations are being made. For drained beds of 
impervious solids, the equilibrium corresponding to the residual saturation after Iong-
time drainage can be estimated by the methods of Illustration 13.1. Data for short-time 
drainage must be obtained experimentally. 
 
In washing operations where the solute is already dissolved, uniform concenTration throughout all the 
solution is rapidly attained, and reduced stage efficiency is most likely to be entirely the result of 
incomplete drainage or settling. In leaching an undissolved solute interspersed throughout the solid, on 
the other hand, lowered stage efficiency may be the result of inadequate time of contact as well as 
incomplete mechanical separation of liquid and solid. In this case it is possible (but not necessary) to 
distinguish experimentally between the two effects by making measurements of the amount and 
composition of liquid retained on the solid after short and after tong contact time and to qse the latter Io 
establish the equilibrium conditions. 
 

Let us now examine a few of the types of equilibrium curves which may occur. 
Figure 13.24a represents data which might be obtained for cases where solute C is 
infinitely soluble in solvent A, so that x and y may have values over the entire range 
from 0 to 1.0. This would occur in the case of the system soybean oit (C)-soybean meal 
(B)-hexane (A), where the oil and hexane are infinitely soluble. The curve DFE 
represents the separated solid under conditions actually to be expected in practice, as 
discussed above. Curve GHJ,  the composition of the withdrawn solution, lies above the 
N = 0 axis, and in this case, therefore, either solid B is partly soluble in the solvent or an 
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Figure 13.24 Typical equilibrium diagrams. 

 
incompletely settled liquid has been withdrawn. The tie lines such as line FH are not 
vertical, and this will result (1) if insufficient time of contact with leaching solvent to 
dissolve all solute is permitted, (2) if preferential adsorption of the solute occurs, or (3) if 
the solute is soluble in the solid B and distributes unequally between liquid and solid 
phases at equilibrium. The data may be projected upon a plot of x vs. y, as in the 
manner of adsorption or liquid-extraction equilibria. 
Figure 13.24b represents a case where no adsorption of solute occurs, so that 
withdrawn solution and solution associated with the solid have the same composition 
and the tie lines are vertical. This results in an xy curve in the lower figure identical with 
the 45º line, and a distribution coefficient m, defined as y*/x, equals unity. Line KL is 
horizontal, indicating that the solids are settled or drained to the same extent at alf 
solute concentrations. It is possible to regulate the operation of continuous thickeners 
so that this will occur, and the conditions are known as constant underflow. The solution 
in this case contains no substance B, either dissolved or suspended. Figure 13.24c 
represents a case where solute C has a limited solubility xs in solvent A. No clear 
solution stronger than xs can be obtained, so that the tie lines joming slurry and 
saturated solution must converge, as shown. In this case any mixture M to the right of 
line PS will settle to give a clear saturated solution S and a slurry U whose composition 
depends on the position of M. Point T represents the composition of pure solid solute 
after drainage or settling of saturated solution. Since the tie lines to the left of PS are 
shown vertical, no adsorption occurs, and overflow liquids are clear. It will be 
appreciated that combinations of these various characteristics may appear in a diagram 
of an actual case. 
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Single-Slage Leaching 
 
Consider the single real leaching or washing stage of Fig. 13.25. The circle represents 
the entire operation, including mixing of solid and leaching solvent and mechanical 
separation of the resulting insoluble phases by whatever means may be used. Weights 
of the various streams are expressed as mass for a batch operation or as mass/time [or 
mass/(area)(time)] for continuous flow. Since for most purposes the solid B is insoluble 
in the solvent and a clear liquid leach solution is obtained, the B discharged in the 
leached solids will be taken as the same as that in the solids to be leached. By definition 
of N, 

 
A solute (C) balance gives 

 
and a solvent (A) balance gives 

 
and a "solution" (solute + solvent) balance gives 

 
Mixing the solids to be leached and leaching solvent produces a mixture of B-free mass 
M1 such that 

These relations can be shown on the coordinate system of Fig. 13.26. Point F 
represents the solids to be leached and R0 the leaching solvent. Point M1, representing 
the overall mixture, must fall on the straight line joining R0 and F, in accordance with the 
characteristics of these diagrams described in Chap. 9. Points E1 and R1, representing 
the effluent streams, are located at opposite ends of the tie line through M1, and their 
compositions can be read from the diagram. 

 
Figure 13.25 Single-stage leaching or washing. 
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Figure 13.26 Single-stage leaching or washing. 

 
Equation (13.8) permits calculation of the weight of E1 and Eq: (13.11) that of R1. 
Modification to allow for the presence of B in the liquid withdrawn, necessitating an 
equilibrium diagram of the type shown in Fig. 13.24a, is readily made by analogy with 
the corresponding problem in liquid extraction. 
 
If the equilibrium data of Fig. 13.26 were obtained experimentally after long contact time of solid and 
liquid and therefore represent inefficiency of mechanical separation of liquid and solid only, then in a real 
stage there may be an additionaI inefficiency owing to short time of contact. The effluent streams can 
then be represented by points E´1 and R´1 on the figure, and a stage efficiency (yF –y´1)/(yF- y1) can be 
ascribed to this cause. If the equilibrium curve was obtained under conditions of contact time 
corresponding to the actual leaching, the tie line E1R1 will give the effluency composition directly. 
 
Multistage Crosscurrent Leaching 
 
By contacting the leached solids with a fresh batch of leaching solvent, additional solute 
can be dissolved or washed away from the insoluble material. The calculations for 
additional stages are merely repetitions of the procedure for a single stage, with the 
leached solids from any stage becoming the feed solids to the next. Equations (13.8) to 
(13.13) apply, with only obvious changes in the subscripts to indicate the additional 
stages. When the number of stages for reducing the solute content of a solute to some 
specified value must be determined, it must be recalled that we are dealing with real 
stages, owing to the use of "practical" equilibrium data, and that the number found must 
therefore be integral. This may require adjustment by trial of either tffe amount of solute 
to be leached or the amount and apportioning of solvent to the stages. 
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lllustratlon 13.2 Caustic soda is being made by treatment of slaked time, Ca(OH)2, with a solution 
of sodium carbonate. The resulting slurry consists of particles of calcium carbonate,  CaCO3, 
suspended in a 10% solution of sodium hydroxide, NaOH, 0,125 kg suspended solid/kg solution. 
This is settled, the clear sodium hydroxide solution withdrawn and reptaced by an equal weight of 
water, and the mixture thoroughly agitated. After repetition of this procedure (a total of two 
freshwater washes), what fraction of the original NaOH in the slurry remains unrecovered and 
therefore Iost in the sludge? The settling characteristics of the slurry, determined under conditions 
representing the practice to be followed in the process [Armstrong and Kammermeyer, Ind Eng. 

Chem., 34, 1228 (1942)], show adsorption of the solute on the solid. 
 

SOLUTION The equilibrium data are plotted in Fig. 13.27. Basis: 1 kg solution in the original 
mixture, containing 0.1 kg NaOH (C) and 0.9 kg H2O(A). B = 0.125 kg CaCO3. 
The original mixture corresponds to M1 with NM1= 0.125 kg CaCO3/kg soln, yM1 = 0.10 kg NaOH/kg 
soln. M1 is plotted on the figure, and the tie line through this point is drawn. At 

 

 
Figure 13.27 Solution to Illustration 13.2. 
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Tie line E3R3 is located through M3 as in the case of stage 2, and, at E3, N3= 0.662, y3 ,= 0.012. By 
Eq. (13.8), E3 = B/N3 = 0.125/0.662 = 0.189 kg soln in final sludge. E3y3= 0.189(0.012) = 0.00227 
kg NaOH in sludge, or (0.00227/0.1)100 = 2.27% of original. 
The process permits an appreciable Ioss and produces three solutions, two of which (R2 and R3) 
are quite dilute. It should be compared with the countercurrent washing operation of Illustration 
13.3. 
 

Multistage Countercurrent Leaching 
 
A general flowsheet for either leaching or washing is shown in Fig. 13.28. Operation 
must necessarily be continuous for steady-state conditions to prevail, although leaching 
according to the Shanks system will approach the steady state after a large number of 
cycles have been worked through. In the Howsheet shown, it is assumed that solid B is 
insoluble and is not lost in the clear solution, 

 
                         Figure 13.28 Multistage countercurrent leaching or washing. 
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but the procedure outlined below is readily modified to take care of cases where this 
may not be true.T 

A solution balance for the entire plant is 

 
and a solute  C balance is 

 
M represents the hypothetical B-free mixture obtained by mixing solids to be leached 
and leaching solvent. Refer to Fig. 13.29, the operating diagram for the plant. The 
coordinates of point M are 

The points ENp and R1 representing the effluents from the cascade, must lie on a line 
passing through M, and ENp will be on the "practical" equilibrium curve. Equation (13.14) 
can be rearranged to read 

 
Similarly, a solution balance about any number of stages, such as the first three, can be 
arranged in this form, 

∆R represents the constant difference in flow E - R (usually a negative quantity) between 
each stage. In Fig. 13.29 it can be represented by the intersection of lines FR1 and 
ENpRNp +1 extended, in accordance with the characteristics of these coordinates. Since 
the effluents from each stage are joined by the practical tie line for the particular 
conditions which prevail, E1 is found at the end of the tie tine through R1. A line from E1 
to ∆R provides R2 and so forth. Alternatively the stage constructions may be made on 
the x, y coordinates in the lower part of the figure after first locating the operating line. 
This can be done by drawing random lines from point ∆R and projecting their 
intersections with the equilibrium diagram to the lower curve in the usual manner. The 
usual staircase construction then establishes the number of stages. The stages are real 
rather than equilibrium, the practical equilibrium data having already taken into account 
the stage efficiency, and hence there must be an integral number. Especially when the 
number of stages required is the unknown quantity, some trial-and-error adjustment of 
the concentrations of the effluents or amount of solvent will be required to obtain an 
integral number. 
 
T See Illustration 13.4, for example. 
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              Figure 13.29 Multistage countercurrent leaching or washing. 
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If the equilibrium curve of Fig. 13.29 represents inefficiency or mechanical separation of liquid and solid 
only, and not that resulting from short contact time of solvent and solid, the e{[eet of the latter, if known, 
may be taken care of by drawing a new equilibrium curve on the x, y coordinates. This should be located 
between the equilibrium curve shown and the operating line, at a fractional distance from the operating 
line corresponding to the stage efficiency due to the short contact time, in the manner used earlier in gas 
absorption and distillation. 
 

In the special case where constant underflow, or constant value of N for all 
sludges, pertains, the operating line on the xy diagram is straight and of constant slope 
R/E. If in addition the practical equilibrium curve on this plot is straight, so that m = y*/x 
= const, then Eqs. (5.54) and (5.55) apply. Adapting the former to the present situation 
gives 

 
Figure 5.16 can be used to solve this rapidly, with (yNp-mxNp+1)I(yF—mxNp+1) as ordinate, 
R/mE as parameter. If in addition the tie lines'of the equilibrium diagram are vertical, m 
= 1.0. The form of the equation shown is that which is applicable when the value of F for 
the feed solids is the same as E, so that R/E is constant for all stages, including the first. 
It frequently may happen, especially when dry solids constitute the feed, that the ratio 
R1/E1 for stage 1 will be different from that pertaining to the rest of the cascade. In this 
case Eq. (13.20) or Fig. 5.16 should be applied to that part of the cascade excluding the 
first stage, by substitution of y1 for yF and Np for Np+1. In general, the equation or chart 
can be applied to any part of the cascade where operating line and equilibrium line are 
both straight, and this may be particularly useful for cases where the solute 
concentration in the leached solution is very small. Just as in liquid extraction and gas 
absorption, there is an economic optimum combination of treating solvent/solids ratio, 
number of stages, and extent of leaching [8, 9]. 

The calculations of these stagewise separation operations have been adapted 
to the digital computer [24, 41]. 
 

lllustration 13.3 Sodium hydroxide, NaOH is to be made at the rate of 400 kg/h (dry weight) by 
reaction of soda ash, Na2CO3, with slaked lime, Ca(OH)2, using a flowsheet of the type shown in 
Fig. 13.13a. The reagents will be used in stoichiometrie proportions, and for simplicity it will be 
assumed that reaction is complete Pure water is to be used to wash the calcium carbonate, 
CaCO3. precipitate, and it is desired to produce as overflow from the first thickener a solution 
containing 10% NaOH. It will be assumed that the settling data of Illustration 13.2 apply. 

(a) If three thickeners are used, determine the amount of wash water required and the 
percentage of the hydroxide lost in the discharged sludge. 

(b) How many thickeners would be required to reduce the loss to at least 0.1% of that made? 
 
SOLUTION (a) Mol wt of CaCO3 (B) = 100, of NaOH (C) = 40. NaOH produced = 400 kg/h or 
400/40 -, 10 kmol/h. CaCO3 

produced = 10/2 = 5.0 kmol/h or 5.0(100) = 500 kg/h = B. The water 
required is that leaving in the strong solution plus that in the final sludge. The amount in the final 
sludge, according to the settling data, depends upon the NaOH concentration in the final sludge, 
which is not known. After a trial calculation, it is assumed that the 
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For purposes of calculation, it may be imagined that the agitators are not present in the ftowsheet 

and that the first thickener is fed with a dry mixture of the reaction products, CaCO3 and NaOH, 
together with overflow from the second thickener. 

Plot points R1, E3, RNp+1 and F on Fig. 13.30, and locate the difference point ∆R at the intersection 
of lines FR1 and E3 RNp+1  extended. The coordinates of point ∆R are N ∆R = 0.1419, y  ∆R= -0.00213. 
(These can be determined analytically, is desired, by simultaneous solution of the equations 
representing the intersecting lines.) Further computations must be done on an enlarged section of 
the equilibrium diagram (Fig. 13.31). Point ∆R is plotted and the stages stepped off in the usual 
manner. The construction can be projected onto the xy diagram as shown, if desired. Three stages 
produce a value y3 = 0.01, so that the assumed value of y3 is correct. The NaOH lost in the sludge 
=(7.5/400)100 = 1.87% of that made. 

 

 
                                           Figure 13.30 Solution to Illustration 13.3. 
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                                               Figure 13.31 SoIution to Illustration 13.3. 

 
In order to determine the liquid content of the final sludge, convert the equillbrium data for dilute 
mixtures into the following form: 

 
 



TRANSFERENCIA DE MATERIA  - ASPECTOS TEORICOS 

Universidad Mayor – Dr. Carlos Martínez Pavez  - Marzo 2002 327 

 
On the operating diagram (Fig. 13.32) point ∆R is located in the same way as before, and the 
stages are constructed in the usual fashion. It becomes impractical to continue graphical 
 

 
                                              Figure 13.32 Solution to Illustration 13.3. 
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construction beyond the fourth stage unless considerable magnification of the charl is made, but 
computations beyond this point can be made with the help of Fig. 5.16. Beyond the fourth stage, 
the ratio of overflow to liquid in the sludge becomes substantially constant and equal to 
RNp+1/ENp=4331/735 =5.90 = R/E. This is the initial slope of the operating line on the lower part of 
Fig. 13.32. The slope of the equilibrium curve at these low concentrations is also substantially 
constant, m = y*/x = 0.01015/0.00450 = 2.26 and R/mE = 5.90/2.26 = 2.61. xNp+1 = 0, and y4 = 
0.007. Therefore (yNp 

- mxNp + 1)/(y4 – mxNp+ 1) = 0.000 544/0.00 = 0.0777. From Fig. 5.16, an 
additional 2.3 stages beyond the 4 computed graphically are required. 
An additional two stages (six thickeners) would make yNp/y4= 0.099, or yNp = 0.099(0.007) = 0.000 
693, corresponding to 0.51 kg NaOH lost/h, while an additional three stages (seven thickeners) 
wonld make yNp = 0.0365(0.007) = 0.000 255, corresponding to 0.187 kg NaOH lost/h. 
It must be emphasized that the cost of these numbers of thickeners probably could not be justified 
when balanced against the value of the lost NaOlt. The very low NaOH toss was specified in order 
to demonstrate the computation methods. 
 
Illustration 13.1 Flaked soybeans are to be leached with hexane to remove the soybean oil. A 0.3-
m-thick layer of the flakes (0.25-mm flake thickness) will be fed onto a slowly moving perforated 
endless belt which passes under a series of continuously operating sprays [40]. As the solid 
passes under each spray, it is showered with liquid which percolates through the bed, collects in a 
trough below the belt, and is recycled by a pump to the spray. The spacing of the sprays is such 
that thc solid is permitted to drain 6 min before it reaches the next spray. The solvent also passes 
from trough to trough in a direction countercurrent to that of the moving belt, so that a truly 
continuous countercurrent stagewise operation is maintained, each spraying and draining 
constituting one stage. Experiments [40] show that the flakes retain solution alter 6 min drain time 
to an extent depending upon the oil content of the solution, as follows: 

 
It will be assumed that the retained solution contains the only oil in the drained flakes. 

The soybean flakes enter containing 20% oil and are to be leached to 0.5% oil (on a solvent-free 
basis). The net forward flow of solvent is to be 1.0 kg hexane introduced as fresh solvent per 
kilogram flakes, and the fresh solvent is free of oil. The solvent di'aining from the flakes is generally 
free of solid except in the first stage: the rich miscetla contains 10% of the insoluble solid in the 
feed as a suspended solid, which falls through the perforations of the belt during loading. How 
many stages are required? 
 
SOLUTION  The tie lines are vertical, x = y*. Rearrange the drainage data as follows: 

 
Soybeanfeed B = 0.8 kg insoluble; F = 0.2 kg oil; NF= 0.8/0.2 = 4.0 kg insoluble solid/kg oil; yF= 1.0 
mass fraction oil, solid-free basis. 
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                                                  Figure 13.33 Solution to Illustration 13.4. 

 
Miscella Hexane = 1 - 0.416 - 0.584 kg; oil = 0.2 - 0.00362 = 0.196 kg. R1= 0.584 + 0.196 = 0.780 
kg clear miscella; x1= 0.196/0.780 = 0.252 mass fraction oil in liquid. NR1 = 0.08/0.780 = 0.1027 kg 
insolubIe solid/kg soln. 

The operating diagram is shown in Fig. 13.33. Point R1 represents the cloudy miscella and is 
therefore displaced from the axis of the graph at NR1. Point ∆R is located as usual and the stages 
determined with the N = 0 axis for all stages but the first. Between four and five stages are 
necessary. Adjustment of the amount of solvent or the amount of unextracted oil, by trial, will 
provide an integral number. 

 


