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FRACTIONAL CRYSTALLIZATION PROCESS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 

The invention relates to a process for the separation 
or puri?cation, in one or more steps, of molten, liquid, 
or dissolved compounds or mixtures by fractional crys 
tallization and to an apparatus for performing said pro 
cess. The process and apparatus of the invention enable 
the economical separation of multicomponent materials 
on an industrial scale. Multiple-step fractional crystalli 
zation is carried out in accordance with the following 
flow diagram, which shows a ?ve-step process. 

2 
It is known that the separation effect in each step ofa 

multi-step crystallization is greatly in?uenced by the 
degree to which the mother liquor can be removed 
from the crystals, the problem arising of removing as 
much as possible of the mother liquir trapped between 
crystals or by capillary forces or held on the surface of 
the crystal layer. 

It has been observed that at very high rates of crystal 
lization an unstable supercooling can occur at the crys 
tal-liquor interphase. resulting in a dendritic crystal 
formation which unfavorably in?uences separation. It 
has been proposed to prevent the appearance of this 
formation by inducing a steady ?ow of heat, with the 
attendant temperature gradient, from the liquor to the 
crystal layer. 

It has also been proposed to form the crystals on 
cooled inside surfaces of tubes, with the liquor ?owing 
at high speed and therefore turbulently, so as to obtain 

l-S — Number of steps 

Z - Feed direction of mltenal 

C — Crystals 

M — Mother liquor 

L — Solvent 

C is the desired pure component. whereas M ‘ts more concentrated in the component of components to be removed than 
IS the material 2. Cryslalliullon from the melt permits operation without solvent L. 

The process has been suggested and used of feeding 
the material to a middle step having the same concentra 
tion as the material fed. This type of operation results in 
a mother liquor of an eutectic system having a specially 
low concentration of desired product, as best the eutec 
tic concentration. For two component systems with 
solid solution over the whole range of concentration, 
the pure component can be separated out at the ?rst and 
last steps, respectively, provided there are a suf?cient 
number of steps. 

Theoretical and experimental investigations have 
shown the actual separation by crystallization to de 
pend on the rate of crystallization and on the mass-diffu 
sion in the stationary or laminar boundary layer be 
tween the solid and liquid phase, as expressed by the 
following equation: 

Where 
k0=best possible distribution coefficient with the ex~ 
tremely slow growth of a single crystal 
k=actual distribution coeff?cient with practical rates of 

crystallization 
f = rate of crystallization 
6 =thickness of boundary layer, where molecular diffu 

sion takes place 
D =coef?cient of molecular diffusion of the component 

in the ?uid boundary layer. 
Hitherto, the equation led workers in the art to re 

duce the boundary layer thickness 6 and to adapt the 
crystallization rate f to the individual separation prob 
lem by promoting natural, or by inducing forced, con 
vection. 
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a high value of the actual distribution coefficient k. 
Further, it is common practice with tube ice manufac 
turing to feed the water to be frozen as a liquid film 
falling down on the inside of cooled metal tubes, with 
out, however, the object of separation. The formed ice 
tubes are removed by melting a thin layer of ice at the 
boundary between the metal tube and the ice by apply 
ing the necessary heat through the metal tubes. The 
loosened ice tube fall into an ice container. 

Also proposed has been to produce pure and very 
?ne salt crystals on the inner surface of vertical tubes, 
by streaming the dissolved salt as a ?lm down the inner 
surface while evaporating the solvent. For the forma 
tion of a single homogenous crystal a process is known 
(temperature sequence process for growth of large crys 
tals) by which the number of nucleii is reduced by con 
trol of temperature and growth within the crystal form 
ing area. 

SUMMARY OF THE INVENTION 

The process of the invention can be used to crystal 
lize a component from its melt as well as to separate a 
component dissolved in a solution; and the invention is 
applicable to all components that crystallize on rigid, 
usually metallic, wall surfaces, by cooling, or in certain 
cases by heating, the opposite wall surface. 
A single apparatus employing the process can sepa 

rate all components that concentrate with crystalliza 
tion in the liquid phase (distribution coefficient K less 
than unity) or that concentrate in the crystalline phase 
(distribution coef?cient greater than unity), depending 
on how the apparatus is operated. The ?rst type of 
component is more frequent with fractional crystalliza 
tion and is normally used with the process. Materials 
having components of both types can be separated with 
two apparatuses working in series. 
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The production capacity of the crystallization appa 
ratus is not limited by physical conditions, and can be 
increased for all requirements by increasing the number 
of crystallization elements working in parallel. 

In accordance with the invention, the process of each 
individual step can either be continuous or discontinu 
ous. where the discontinuous operation involves advan 
tages in the efficiency of separation. 

In a particularly advantageous embodiment of the 
invention, the single or multi-step fractional crystalliza 
tion process of the invention occurs in an apparatus 
consisting of a liquid circulation system, a crystallizer 
with a collecting tank at the bottom, an intermediate 
tank for the wash solution, a circulation pump and a 
heater, a feed tank for each step, an intermediate tank 
for the mother liquor and an intermediate tank for the 
pure component, which tanks ae connected via a drain 
line or a feed pump to the liquid circulation system, the 
process being conducted in one or more steps, and 
where the steps are several each successive step pro 
duces a purer form of the desired component, the crys 
tallization for all steps occurring in a single apparatus 
and the number of steps being suf?cient to obtain the 
desired ?nal purity, each single crystallization occur‘ 
ring on vertical surfaces covered by a falling liquid ?lm 
or on the outside of a horizontal tube bundle, and com 
prising simultaneous removal, or addition, of heat 
through the crystallizer walls during circulation of the 
liquid, with short, periodic addition, or removal, of heat 
by a heater or cooler, subsequent draining of the mother 
liquor to the feed tank of the previous step or to the 
intermediate tank for the mother liquor, washing, with 
periodic, brief heating or cooling, the crystal-layer sur 
face with circulated liquid from the intermediate wash 
tank storing liquid that was circulated as the starting 
material for the crystallization of that step, draining the 
wash-solution to the feed tank of the step, and feeding 
the liquid from the feed tank of the following step or 
from the intermediate tank for pure component into the 
liquid circulation system to dissolve or melt the crystals 
in the crystallizer by heating or cooling the circulating 
liquid. 
An object of the invention is an economical process 

for separating one or more components by a single or 
multiple-step fractional crystallization. 
A further object of the invention is a fractional crys 

tallization process wherein one or more single crystalli 
zations are conducted stepwise and discontinuously. 
Another object of the invention is a stepwise frac 

tional crystallization process employing no mechanical 
aids, such as scrapers and screws, or equipment, such as 
centrifuges and ?lters, to separate mechanically the 
crystals from the mother liquor. 
A still further object of the invention is a stepwise 

fractional crystallization process that employs heat ex 
change to effect a separation that approaches the theo 
retically best possible. 
Another object of the invention is apparatus for car 

rying out the process of the invention. 
These and other objects of the invention will be ap 

parent from the following detailed description. 

BRIEF DESCRIPTION OF THE DRAWING 

The invention will be described with reference to the 
?gure of the accompanying drawing, showing an appa 
ratus for carrying out the process of the invention. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In accordance with the invention, it has been found 
that a good separation is obtained by crystallization on 
vertical, usually metallic, wall surfaces. which are 
cooled, or in special applications heated, from the oppo 
site wall surface. Even where, in the process of the 
invention, the liquid phase flows as a much smaller 
stream-like ?lm that is spread over the area of the wall, 
the separation is superior to that obtained when the 
liquid phase ?lls the entire cross section of the means, 
such as a pipe, down which it flows, the wetted circum 
ference and the quantity of flow for the one case being 
equal to those of the other. The reason for this is that in 
the case of the ?lm the flow is turbulent, whereas in the 
other case, for a given example, the flow has a Reynolds 
Number of 1600, indicating a laminar flow. The turbu 
lent flow in the falling ?lm has a laminar boundary layer 
a few tenths of a millimeter thick where mass transfer 
occurs by molecular diffusion, whereas this boundary 
layer for a completely laminar flow is approximately ten 
millimeters thick. The equation for the actual distribu 
tion coef?cient, reproduced in “Background of the 
Invention," shows that a distribution coefficient ap 
proaching the best possible value is obtainable with ?lm 
flow, when the crystallization rate is on the order of one 
cm./hr., as would be required in a big-scale application 
of the process of the invention, and when the molecular 
diffusion coef?cient in the liquid phase is on the order of 
10-5 cm.2/sec.; whereas in the other case the distribu 
tion coefficient is close to one, indicating virtually no 
separation. If good separation is wanted in the other 
case, the Reynolds Number must be raised, which ne 
cessitates a larger flow and greater power consumption, 
particularly with viscous organic liquids, rendering 
operation uneconomical. 

In accordance with the invention, it has also been 
found that a good separation during crystallization oc 
curs even in the laminar region, provided that the 
waves appearing on the ?lm surface cause a mixing 
action. Here also the layer thickness is only a few tenths 
of a millimeter and separation is correspondingly good. 
The quantity of liquid processed and the power con 
sumed by the circulation pump are relatively little. 

In accordance with the invention, the cooled (or in 
certain applications, heated) vertical walls of the crys 
tallizer are, in a preferred embodiment, in the form of 
tube bundles having any desired number of vertical, 
parallel tubes, the liquid being introduced at the tops of 
the tubes by a distributor to flow down the tubes inner 
surfaces as a ?lm, and the cooling medium ?lling the 
jacket surrounding the tubes. The lower end of the 
crystallizer incorporates a tank for collecting the liquid 
phase. 
Two other arrangements have been found suitable for 

crystallization on an industrial scale, in accordance with 
the process of the invention. In one, crystallization 
occurs on the outer surfaces of a heat exchanger com 
posed of a bundle of thin, parallel tubes, with baffle 
plates causing a strong cross ?ow of the liquid phase. In 
the other arrangement, the crystals form on the outer 
surfaces of a horizontal pipe grid, the liquid phase ?ow 
ing down over the grid. In both arrangements the cross 
flow about the pipes causes a turbulence producing a 
general mixing action, the laminar boundary layer at 
each pipe being then very thin. Similar results are ob 
tained with cooled or, for some applications, heated 
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short ?ns or baffle plates positioned in the ?ow to give 
a pronounced cross flow. 

Further in accordance with the invention, it has been 
found that the separation is improved during crystalliza 
tion by periodically brie?y heating (or cooling, in cer 
tain applications) the ?uid phase before it enters the 
crystallizer. This measure yields a smooth crystal sur 
face and avoids dendritic or uneven crystal growth with 
the attendant undesirable trapping of mother liquid 
within the crystal layer. 
The multi-step, discontinuous crystallization process 

of the invention is very simply so carried out in a single 
apparatus that the single crystallizations are cyclically 
repeated, beginning with the step of the highest concen 
tration of impurity or impurities and advancing to the 
step of the desired component in its purest form. The 
investment costs for a multi-step installation of this kind 
are appreciably less than for one in which each step is 
conducted in a separate apparatus; and the installation 
need not be cleaned every cycle, provided that it can be 
thoroughly drained of the liquid phase by opening the 
outlet. The small amount of mother liquor held on the 
surfaces of the crystallizer only slightly contaminates 
the crystallization of the succeeding step, and going 
from the “purest" step to the “least pure" step, when 
ending one cycle and starting another, does not in?u 
ence the separation. 

In accordance with the invention, the process can be 
conducted in an inert atmosphere. 

Further in accordance with the invention, one or 
more substances can be added before or during a step, 
or before or during a cycle, to keep the one or more 
components to be separated in the liquid phase. 

Also in accordance with the invention, the crystals of 
the ?nal step can be further purified by distillation or 
partial melting and the less pure separated substance 
returned to the ?nal step. 
The surface on which crystallization occurs can be 

cooled or heated by ?owing a heat exchange medium, 
in the form of a ?lm, over the opposite surface of the 
crystallizer wall. This surface can be vertical, horizon 
tal, or at any angle therebetween. 

In the ensuing detailed description the material pro 
cessed in a mixture of components which can be crystal 
lized using ordinary cooling water. The desired crystal 
lizer is of the vertical tube type, the ?gure showing an 
apparatus for a crystallization cycle composed of ten 
single-crystallization steps. 
The single crystallization step to be described, by 

way of example, is descriptive of all steps of a cycle, a ' 
cycle being a succession of identical single-crystalliza 
tion steps, the ?rst step being that with the liquid having 
the lowest concentration of the desired component, and 
each succeeding step increasing the concentration of 
the desired component until the last step yields the 
component in the desired concentration. After one 
cycle is completed an identical cycle can be started 
anew. 

The following operations for step N are repeated in 
the same way for all of the other steps of a crystalliza 
tion cycle. 

Start 

All of the substance that enters into the crystallization 
of step N is in the liquid phase and is held in the circula 
tion system, shown schematically in the ?gure, and 
circulated by a pump D from the collecting tank of the 
crystallizer A to the pump D thence through the heater 
B to the top of the crystallizer A, and ?nally down the 
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6 
crystallizer-walls back to the collecting tank. The inter 
mediate wash solution tank E is ?lled with a part of the 
circulating liquid and is separated from this liquid by 
closed valves. The cooling medium is pumped from a 
cooling medium tank I by a pump K into a cooler H and 
by a shunt line back to tank I. The crystallizer A is not 
cooled and the heater B is not supplied with heating 
medium. There is a feed tank for each step of the cycle, 
the tanks being numbered 1 to 10 in the ?gure, and the 
numbers thereof being the same as those of their steps. 
Each feed tank contains the starting material for its step. 

Crystallization 

By closing the said shunt line, the cooling medium is 
admitted to the crystallizer A. The cooling medium 
?ows downwards on the outside of the crystallizer 
tubes as a ?lm, causing a pronounced supercooling of 
the inner surface of the crystallizer tubes and a local 
crystallization of the liquid phase, which latter, in the 
form of a ?lm, runs down the inner surface. The local 
crystallization grows until a continuous layer of crys 
tals is formed. After crystallization is initiated the 
cooling medium is by-passed about the cooler H, until 
it has been warmed to the normal crystallization tem 
perature, whereupon part of it is pumped through the 
cooler H to maintain a constant rate of crystallization. 
During initiation and carrying out of the crystalliza 
tion, the circulating liquid phase is periodically heated 
at short intervals by the heater B. The warm liquid 
phase rapidly ?owing down over the growing crystal 
layer melts the crystal needles protruding from the 
crystal-layer surface and so assures a generally smooth 
and even crystal surface, parallel to the tube surface, on 
which new crystals can grow, and thus avoids inclu 
sions of mother liquor in the crystal layer. Before the 
crystallization is ended the cooling medium is with 
drawn from the crystallizer A by opening the shunt 
line; the crystallization is continued by the previously 
effected super-cooling of the crystal layer until the 
latter is at substantially the same temperature as the 
liquid phase. 

Draining the mother liquid 
The circulation pump D is shut off and those valves 

opened that permit the mother liquid to drain from the 
circulation system into the feed tank of step N-l so 
that the largest part of the mother liquid is drained off of 
the surface of the crystal layer. 

Washing the crystal surface 
The wash-liquid stored in wash tank E is circulated 

by pump D through heater B and into the crystallizer 
A, where it ?ows downwards as a ?lm over the crystal 
layer. The concentration of the wash-liquid is equal to 
that at the beginning of the crystallization of the step N. 
With the addition of heat from heater B, the remaining 
crystals clinging to the crystal-layer surface are washed 
and melted off. 

Draining the wash-liquid 
With the circulation pump D shut off, the valves are 

opened so that the wash-liquid is drained into the feed 
tank of step N. 

Melting the crystals 
The liquid in feed tank for step N+l is pumped into 

the liquid circulation system by pump C. With pump D 
circulating the liquid and with heat from heater B. the 
hot liquid melts the crystals down to the inner surface. 
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The liquid level in the crystallizer collecting tank in 
creases steadily during the melting. As soon as the rate 
of increase approaches zero, or the temperature rises, 
the melting is ?nished. During the entire melting proce 
dures the two valves of the wash tank E are open, and 
are subsequently closed at the end of the melting, the 
wash tank being full. 

End 

The same conditions prevail as did at the beginning of 
step N. The succeeding step N-l-l can be started. 

After all the steps of the cycle have been completed, 
the following procedures are carried out. 

Draining the liquor tank F 

The liquid is preferably recycled to a previous separa 
tion stage or to a distillation stage for recovery. 

Shutting off the pump D 

All of the liquid in the circulation system including 
that in the wash tank is drained into the feed tank of the 
last step of the cycle until the liquid therein has reached 
its normal level, and the remainder via the intermediate 
tank G for the pure component into the pure compo 
nent tank (not shown). In this way, there is stored in the 
tank G the liquid for dissolving the crystals grown in 
the last step of the neat crystallization cycle. 
The contents of the feed tank for step 1 are fed into 

the circulation system by pump C, the valves to the 
wash tank E being open. 
Pump D is started up and the valves to the wash tank 

E are closed. The next crystallization cycle can start 
immediately with step 1. 

Alternate procedures 

(a) If the crystallization temperature of the compo 
nent is very low, the heat of crystallization has to be 
removed by means of refrigeration equipment. To 
economise on power consumption the following 
schemes can be used. 
The crystallizer A can be cooled directly by the re 

frigerant of the refrigeration unit, the refrigerant in the 
vapor phase being withdrawn from the jacket in which 
the crystallizer tubes are located; or by incorporating 
the evaporator of the refrigeration unit in the cooling 
circulation system. The heat generated in the condenser 
of the refrigeration unit can be partly stored in a tank 
for a heating medium and used in heater B to heat dur 
ing crystallization and during melting of the crystals. 
The excess heat is removed by ordinary cooling water 
or in extreme cases by a second refrigeration unit. 

(b) With a component crystallizing markedly above 
100° C. the heat of crystallization can be removed in 
cooler H or crystallizer A by direct evaporation of a 
cooling medium, preferably water, where the produced 
vapor can be used for other heating purposes. 

(0) The initiation of crystallization by spontaneously 
producing nucleii can be performed with circulation 
pump D stopped, and with exceptional low tempera 
tures cooling medium. The spontaneous formation of 
crystals occurs in the thin liquid film clinging to the 
inner tube-surface and remaining from the crystal melt 
ing of the previous step. The subsequent crystallization 
occurs in the usual manner, after the temperature of the 
cooling medium has been raised to the normal tempera 
ture prevailing at the beginning of the crystallization. 
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Advantages of the process of the invention 

The process can be used for crystallization from a 
melt as well as from a solution. Speci?cally, it is possilbe 
to crystallize simply from a melt in several succeeding 
steps, which hitherto has been considered dif?cult to do 
on an industrial scale. The process is used advanta 
geously for ?nal puri?cation of the very large number 
of products that are thermally stable at their melting 
points. 
The process yields components with purities compa 

rable to those obtained by zone-melting. The method of 
stepwise crystallization results in considerably higher 
separation per step than zone-melting. Compared to 
many applications of zone-melting, the present process 
results in a much higher yield of the pure component. 
The investment costs for a plan employing the pro 

cess of the invention are exceptionally small, because 
the plant consists mainly of tanks and heat exchangers. 
and crystallization occurs in only a single piece of 
equipment. Since investment costs are the major cost 
factor in separation operations, the present process is 
very economical. 
Energy consumption is equal to or less than that of 

known processes. The high separation ef?ciency of 
each step and the optimum operation of successive, 
separate steps result in a very low energy consumption 
that is increased somewhat by the heat introduction, in 
accordance with the invention, to obtain a favorable 
crystal surface during crystallization. 
The process can be fully automated by means of a 

programme, printed on a chart or on revolving discs. 
The control is facilitated since the quantity of compo 
nent crystallized out of the film is always shown by the 
level of the remaining liquid in the crystallizer collect 
ing tank. The same is true while melting the crystals. 

Since the equipment involves no mechanically oper 
ated parts except pumps and valves and since no solids 
are separated or mechanically transported, a plant oper 
ating in accordance with the invention is extremely 
reliable. 
The melting of the crystals with hot liquid from the 

supply tank of the next step occurs with very rapid heat 
transfer and therefore in a very short time. The custom 
ary slow dissolving of solids in tanks is avoided. 

Considerable time is saved because the successive 
crystallization steps of the process can be immediately 
started without having ?rst to drain and re?ll the whole 
system. 

Since not all of the heat of the ?lm is given up to the 
walls of the crystallizer tubes, the average temperature 
of the liquid phase lies somewhat above the temperature 
of crystallization, thereby suppressing the formation of 
crystal nucleii in the circulating liquid phase during 
crystallization. 

Example l.-—Single-step process 
The initial substance consists of 1200 g. of technical 

grade molten naphthalene with 1 g. of methyl violet 
dissolved for tagging. A IBO-Iiter/hour pump feeds the 
melt from a container to the top of a vertical metal tube, 
two meters long and 25 mm. inside diameter. The melt, 
as a ?lm, flows down the inside of the pipe, is collected 
at the bottom of the tube, and returned to the container. 
The outside of the tube is jacketed and the temperature 
of the jacket thermostatically controlled. The path of 
the melt incorporates a 330 watt heater. Heat losses in 
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the path are made up for by additional electrical heat 
ing. 

At the beginning of crystallization the temperatures 
of the path and the jacket are both 88° C. The tempera 
ture of the latter is quickly lowered to 48° C., then 
continuously raised during a two minute period until it 
reaches 72” C., at which it is held constant for four 
minutes, whereupon it is steadily lowered during a l4 
minute period until it reaches 40'’ C. at the end of crys 
tallization. The melt temperature in the path falls during 
the ?rst two minutes of crystallization to 81° C. and 
thereupon remains constant. During the entire crystalli 
zation period the heater is turned on full power for 20 
seconds every minute. 
With crystallization completed, the remaining liquid 

is drained and the crystals are removed by heating the 
tube. Recovered are 800 g. of melt with a methyl violet 
concentration of one eighth of the initial concentration, 
whereas the drained 400 g. liquid have a corresponding 
increase in concentration. During crystallization the 
circulating liquid was purely in the liquid phase. 

Example II.—Five-step process 
With the same initial mixture and the same apparatus 

as described in Example I, the process consists of ?ve 
steps, each step being conducted in the same manner as 
described in Example I. 
For starting the process the feed tanks of each step 

are ?lled with 400 g. naphthalene and with methyl vio 
let in that amounts corresponding to the respective step. 
The crystallization cycle begins with the step of highest 
methyl violet concentration (step 1) and continues to 
that of the lowest concentration (step 5). After each step 
of crystallization, the remaining 400 g. of melt are 
drained to the feed tank of the previous step. Then 400 
g. of melt from the feed tank of the next higher step are 
pumped into the crystallizer. The liquid is circulated 
and heated to melt the crystals in the crystallizing tube. 
With all crystals melted, the new crystallization is 

initiated immediately afterwards by lowering the tem 
perature in the jacket as described in detail in Example 
I. From step 1, I00 g. of melted crystals are withdrawn 
as a ?nal product, rich in impurities. The remaining 300 
g. are put back into the feed tank of step I, with another 
500 g. of initial solution added for the following ?ve 
step cycle. 

After completion of the crystallization operation of 
step 5, the remaining melt is drained into the feed tank 
of step 4, and 400 g. of the melted ?nal product are 
pumped into the apparatus and the crystals are melted 
as described above. 800 g. of the combined melt are 
drained into the ?nal product tank, the remaining 400 g. 
into the feed tank of step 5. 

After the ?ve-step cycle has been repeated several 
times, the concentrations in the feed tanks of the respec 
tive steps remain constant. Each subsequent cycle now 
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10 
yields 400 g. of pure water-free naphthalene and 100 g. 
of naphthalene with a high content of methyl violet. 
from 500 g. of initial melt fed. The pure naphthalene is 
even free from the yellowish tinge present in the techni 
cal grade naphthalene used to make the initial melt. 
Although the preferred embodiments of the invention 

have been described. the scope of, and the breadth of 
protection afforded to, the invention are limited solely 
by the appended claims. 

I claim: 
1. A method of segregating a high melting point in 

gredient of an initial liquid mixture of high and low 
melting point ingredients by a fractional crystallization 
procedure carried out on amounts of said mixture of 
successively higher concentration of said high melting 
point ingredient contained in a corresponding series of 
vessels, comprising in a cycle of operation as a first step 
the passing of an amount of the mixture contained in the 
?rst vessel of said series of vessels over a cooled surface 
thereby causing formation of a layer of crystals of said 
high melting point ingredient on said cooled surface, 
and draining the remainder of said mixture into a vessel 
for mother liquor, as a second step for passing of [an] 
a heated amount of the mixture contained in the second 
vessel of said series of vessels over said layer of crystals 
while suspending the cooling of said surface thereby 
melting said crystals, recommencing cooiing of said sur 
face and circulating the mixture reform a layer of crystals 
on the cooled surface, and returning the resulting liquid 
mixture to said ?rst vessel, repeating [said second 
step] the same procedures beginning with the aforemen 
tioned second step but with mixture contained in each 
succeeding vessel of said series of vessels and with mixture 
from each succeeding vessel returned to the respective 
preceding vessel until the contents of the next to the last 
vessel of said series of vessels has been crystallized on 
said cooled surface and the remaining mixture has been 
returned to the next preceding vessel, the layer of crys 
tals on said cooled surface then being of the required 
concentration, passing the mixture contained in the last 
vessel of said series of vessels in heated condition over 
said last mentioned layer of crystals and returning a ?rst 
portion of the resulting mixture to said next to the last 
vessel until ?lled, a second portion to the last vessel 
until ?lled, and a third portion to a place of use or stor 
age, draining said vessel for mother liquor, ?lling said 
?rst vessel with another supply of said initial liquid 
mixture which completes said cycle of opertions, and 
repeating said cycle of operations as required. 

2. The method according to claim 1, in which the 
mixtures from said successive vessels are passed as a 
descending ?lm over said surface. 

3. The method according to claim 1, in which sol 
vents are added to at least some of said vessels. 
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