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GRAIN CONTROL IN CONTINUOUS 
CRYSTALLIZATION 

The present invention relatesto improved methods 
of controlling occurence and growth of crystalline 
grains, and in its more particular aspects has to do with 
the application of these methods to continuous crystal 
lization a liquid circulating system of the kind in which 
the mother liquor is initially pumped to a saturator to 
be supersaturated by cooling, heating and/or evaporat 
ing, then sent to a crystallizer to have some part of the 
solute crystallized on arti?cially provided seed grains as 
it goes from bottom to top of the crystallizer, the over 
?ow from the top of the crystallizer being returned to 
the mother liquor again and re-circulated while the 
crystallized grains sedimented in the bottom of the 
crystallizer and are taken out. 
The general method of the invention is a saturation 

controlling one where the mother liquor is initially 
transferred across the solubility curve from supersatu 
ration side to unsaturation side by heating, cooling and 
[or adding liquid prior to its entrance into the saturator, 
then re-transferred across the solubility curve from un 
saturation side to supersaturation side by cooling, heat 
ing and/or evaporating liquid in the saturator before it 
enters into the crystallizer, thereby dissociating the mo 
lecular clusters of solute into free molecules in the liq 
uid before it is supersaturated. 

In the liquid circulating system for continuous crys 
tallization of the above-described kind the yield of 
grains is primarily in proportion to the supersaturation 
of liquid in the saturator; the higher it is supersaturated 
in the saturator, the more it yields in the crystallizer. 
However, the natural occurence of ?ne kernel grains in 
the crystallizer is also primarily in proportion to the su 
persaturation of liquid in the saturator; the higher it is 
supersaturated in the saturator, the more kernels they 
occur in the crystallizer. When occur in quantity, the 
?ne kernels will substantially restrain the growth of 
seeds which are arti?cially provided in the crystallizer, 
resulting in a yield of grains with small and irregular 
sizes grown on both kernels and seeds. Since grains of 
small and irregular sizes are not only inconvenient for 
separation from the liquid but also inferior in chemical 
property and commercial value, there will apparently 
be a restriction on raising the supersaturation of liquid 
in the saturator. If, on the contrary, the supersaturation 
is suf?ciently lowered in the saturator as is usually done 
conventionally, the growth and yield of grains will be 
lowered considerably, or alternatively a much larger 
size of equipment will be required, resulting in a rise of 
unit production cost in either case. Besides, it will often 
be practically required in continuous crystallization 
that the size of crystalline grains is varied desiredly 
without disturbing the uniformity of grain size. 

In static and theoretical crystallization where grains 
are crystallized by supersaturation in standing liquid 
containing negligible impurities such as in a laboratory 
batch-type operation, two different areas may be iden 
ti?ed at the supersaturation side of the solubility curve; 
one is what is called an unstable area and the other is 
what is called a semi-stable area intermediate the un 
stable area and the solubility curve in a manner that the 
boundary line between both areas may run nearly in 
parallel with the solubility curve, and this line is the so 
called supersaturation curve. In the unstable area new 
kernels naturally occur as well as grain growth on the 
existing kernels, while in the semi-stable area new ker 
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2 
nels do not occur but grains do grow on the existing 
kernels. 

In dynamic and practical crystallization where grains 
are crystallized by supersaturation in ?owing liquid 
containing considerable impurities such as in an indus 
trial continuous operation for instance of the liquid cir— 
culating type to which the present invention is related, 
there is no such semi-stable area adjacent the solubility 
curve but ?ne kernels always occur when the liquid is 
supersaturated; this fact was con?rmed in experiments 
carried out by the inventor. ~ 
But it was discovered by the inventor in his experi 

ments that there is a time lag from supersaturating of 
the ?owing liquid before the formation of ?ne kernels 
in it, provided that the liquid is supersaturated across 
the solubility curve after it is unsaturated. The time lag 
was primarily a decreasing function of supersaturation 
in the inventor’s experments, given the solubility and 
concentration of liquid; the higher the liquid was super 
saturated, the shorter the time lag was from supersatu 
rating of liquid to occuring of kernels. The relations of 
supersaturation to time lag obtained in the inventor’s 
experiments for aqueous solutions of CuSO4'SH2O, 
Na2SO4, and FeSO?l-I2O are given in the following ta 
ble. 

Time 
Solute supersaturation in terms Lag 

of Temperature ("C) (min.) 
CuSO,-SH,O 3 3 

6 2 
8 1 

Na,S04 l0 3 
l8 2 
23 l 

I 19 

According to the above table, for instance, an aque 
ous solution of CuSO4-5H2O supersaturated at 6°C in 
terms of temperature does not begin to crystallize at all 
within 2 minutes after it is supersaturated in the satura~ 
tor following being unsaturated; therefore it does not 
begin to produce ?ne kernels within the 2 minutes of 
time lag. Similarly, an aqueous solution of NaQSO4 
supersaturated at 18°C in terms of temperature does 
not begin to have any ?ne kernel formation within 2 
minutes of time lag. 

It follows from this discovery that the natural occu 
rence of ?ne kernels will be avoided if the liquid is 
brought into the crystallizer from the saturator before 
the time lag elapses, provided that the liquid is unsatu 
rated prior to its entrance into the saturator; when the 
time lag elapses in the crystallizer in which seeds are 
provided arti?cially, the liquid will get the solute crys 
tallized not into natural ?ne kernels but on the seeds 
which are suf?ciently larger than such natural kernels. 

It further follows that the natural occurence of ker 
nels will be controlled in a desired manner if the time 
lag itself is varied by any means, given the solubility, 
concentration, and supersaturation of the liquid. 
An important object of the invention is to obtain 

crystalline grains of substantially large and uniform size 
continuously in a liquid circulating system without low 
ering the yield of grains and increasing the size of 
equipment. 
Another important object of the invention is to vary 

the size of crystalline grains desiredly without disturb 
ing the uniformity of grain size substantially in a contin 
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uous crystallization system of the liquid circulating 
tyPe- . 

A more specific object of the invention is to avoid the 
natural occurence of fine kernels substantially in a con 
tinuous crystallization system of the liquid circulating 
type by bringing the liquid into the crystallizer from the 
saturator within a given length of time after the liquid 
is supersaturated in the saturator following its having 
been unsaturated. 
Another more specific object of the invention is to 

control the natural occurence of ?ne kernels desiredly 
in a continuous crystallization system of the liquid cir 
culating type by varying the time lag from supersatu 
rating to crystallizing of the liquid which is supersatu 
rated following its having been unsaturated. 
Other objects and various features of the invention 

will be more apparent from the following description 
when read in connection with the accompanying draw 
ings, in which: 
FIG. 1 is a diagramatic view, in vertical elevation, of 

a liquid circulating system for continous crystallization 
in which the method of the invention may be carried 

out; 
FIG. 2 is a diagramatic view, in vertical elevation, of 

a modi?cation of the liquid circulating system in FIG. 
1 for continuous crystallization in which the imethod of 
the invention may be carried out; ‘ 
FIG. 3 shows process diagrams of crystallization for 

copper sulfate in the liquid circulating systems of FIGS. 
1 and 2; ‘ 
FIG. 4 is a diagramatic view, in vertical elevation, of 

another modi?cation of the liquid circulating system in 
FIG. 1 for continuous crystallization in which the 
method of the invention may be carried out; 
FIG. 5 is a diagramatic view, in vertical elevation, of 

a modi?cation of the liquid circulating system in FIG. 
4 for continuous crystallization in which the‘imethod of 
the invention may be carried out; ‘ 

FIG. 6 is a diagramatic view, in vertical elevation, of 
another modi?cation of the liquid circulating system in 
FIG. 4 in which the method of the invention may be 
carried out; 
FIG. 7 shows process diagrams of crystallization for 

copper sulfate in the liquid circulating system of FIG. 

4; 
FIG. 8 shows process diagrams of crystallization for 

copper sulfate in the liquid circulating system of FIG. 
5; 
FIG. 9 is a diagramatic view, in vertical elevation, of 

still another modi?cation in which the method of the 
invention may be carried out; and, 
FIG. 10 shows a process diagram of crystallization for 

Glauber’s salt in the liquid circulating system of FIG. 9. 
The liquid circulating system in FIG. I primarily 

comprises a crystallizer (l ), a pump (3) and a saturator 
(5). The saturator (5) is preferably an evaporator 
which is combined with a condenser (6). The mother 
liquor is fed into the circulating system through a pipe 
(2), and sent to the evaporator (5) by the action of 
pump (3) by way of a pipe (4). The mother liquor is su 
persaturated in the evaporator (5) and sent into the 
crystallizer (1) through a pipe (7) which opens nearly 
at the bottom of crystallizer (l). The supersaturated 
liquid then ?oats upward having some part of its solute 
crystallized on seeds which are arti?cially provided in 
the crystallizer (I). The liquid ?nally over?ows the 
crystallizer (l) and joins the continuous new feed of 
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4 
mother liquor through the pipe (2). the joined flow 
being recirculated further. Meanwhile crystalline 
grains grown on the seeds in the crystallizer (I) sink 
down by their own gravity relative to the liquid against 
the upward velocity of liquid. The sedimented grains 
are ?nally taken out of the crystallizer (I) by the action 
ofa slurry pump (8). 
conventionally, continuous crystallization in such a 

circulating system as shown in FIG. 1 is generally sub 
jected to those disadvantages mentioned already. For 
instance, in crystallization of Glauber’s salt for grain 
size of about 0.5 mm in diameter (about 32 mesh) the 
maximum allowable supersaturation in the saturator is 
practically as low as about 0.56 g NazsOJ 100 g H2O so 
as to avoid excessive occurence of ?ne kernels; in crys 
tallization of copper sulfate for grain size of about 0.8 
mm in diameter the maximum allowable supersatu 
ration in the saturator is practically as low as about 
0.35 g CuSOJ l 00 g H20 for the same reason. And such 
low supersaturation inevitably results in a correspond 
ing low rate of yield per running hour or a correspond 
ing necessity of enlarging the equipment. 
The method of the invention may practically be car 

ried out in such a liquid circulating system as shown in 
FIG. 1. The inventor made a series of experiments with 
aqueous solution of CuSO4~5I-I,O in a liquid circulating 
system shown in FIG. 1, where the mother liquor with 
a comparatively low concentration, say, about 35 g Cu 
SOJ 100 g H20 heated at about 90°C was continuously 
fed through the pipe (2) and the liquid was kept at 
about 25°C in the evaporator (5). 
Considering the crystallizing process of the above ex 

periments in reference to FIGS. 1 8c 3, the circulating 
liquid is positioned at a point (0,) in the supersatu 
ration side when it over?ows the crystallizer (l), and 
then the liquid position is shifted across the solubility 
curve to a point (b,) in the unsaturation side—but rela 
tively near to the solubility curve for the purpose of 
minimizing the required heating calories in the circulat 
ing system-as the heated new liquid is continuously 
fed through the pipe (2). The liquid position is further 
shifted from the point (b,) in the unsaturation side to 
a point (cl) in the supersaturation side again across the 
solubility curve as the liquid passes the evaporator (5). 
Here the liquid circulation rate is pre-determined so 
that the liquid may enter the crystallizer (1) within a 
given length of time after it leaves the evaporator (5), 
the given length of time being roughly equal to the time 
lag to exist from supersaturating to crystallizing of the 
liquid. Therefore it may be expected that the liquid 
does not begin crystallization substantially before it en 
ters the crystallizer (l). The liquid position is shifted 
from the point (0,) to‘ (0,) as the liquid has some part 
of its solute crystallized in the crystallizer (1). 

Actually in the above-described experiments relating 
to FIG. 1 the natural occurence of ?ne kernels was re 
strained considerably though the liquid was supersatu 
rated as high as the point (c1), resulting in a continuous 
yield of sodium sulfate grains of quite large and uni 
form sizes, say, 2.0 mm in diameter with the supersatu 
ration being 0.55 g CuSO4/l00 g ",0 at the point (c1), 
and 1.5 mm in diameter with the supersaturation being 
0.6 g CuSOJlOO g H10 at the point (c1), and 1.5 mm 
in diameter with the supersaturation being 0.6 g Cu 
804/100 g 11,0 at the point (0,); the higher supersatu 
ration resulted in the smaller grain size because more 
?ne kernels occured before the liquid entered the crys 
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tallizer. These yields obtained by the method of the in 
vention are de?nitely better in size and uniformity than 
those yields by conventional methods. 
The method of the invention may also practically be 

carried out in such a liquid circulating system as shown 
in FIG. 2 with aqueous solution of a substance the solu 
bility of which is generally an increasing function of 
temperature, for instance, CuSO,,-5H2O. The circulat 
ing system in FIG. 2 comprises the same members as 
those in FIG. 1 indicated with the same numbers, ex 
cept an indirect heater (9) is provided intermediate the 
crystallizer (l) and the feed pipe (2). Accordingly, the 
liquid is circulated in the system shown in FIG. 2 quite 
similarly to the system shown in FIG. 1, except that the 
overflow from the crystallizer (1) is heated before it 
joins the new feed of mother liquor through the pipe 

(2). 
The inventor made a series of experiments with aque 

ous solution of CuSO4-5l-I2O in a liquid circulating sys 
tem shown in FIG. 2, where the mother liquor with a 
comparatively high concentration, say, about 55 g Cu 
SO4/ 100 g H2O kept at room temperature was continu 
ously fed through the pipe (2) and the liquid was kept 
at about 25°C in the evaporator (5). 
Considering the crystallizing process of the above ex 

periments in reference to FIGS. 2 & 3, the circulating 
liquid is positioned at a point (a,) in the supersatu 
ration side when it over?ows the crystallizer (l), and 
then the liquid position is shifted across the solubility 
curve to a point (al') in the unsaturation side as the liq 
uid is heated through the heater (9). The liquid posi 
tion is further shifted from the point (a,’) to a point 
(b,) in the unsaturation side—but relatively near to the 
solubility curve for the purpose of minimizing the re 
quired heating calories in the circulating system—as 
the new liquid is continuously fed through the pipe (2). 
From (b1) back again to (al) via (01) the liquid position 
is shifted quite similarly to the circulating system in 
FIG. 1. And actually in the above-described experi 
ments relating to FIG. 2 quite same results were ob 
tained as in the experiments relating to FIG. 1. 
Moreover in another series of experiments relating to 

FIGS. 1 & 2 carried out by the inventor in accordance 
with the invention phosphorous acid which is practi 
cally impossible to crystallize continuously by conven 
tional methods could even be crystallized continuously 
into substantially large and uniform sizes. 
However the above-mentioned experiments relating 

to FIGS. 1 & 2 failed to yield larger sizes of copper sul 
fate grains than 1.5 to 2.0 mm in diameter without dis 
turbing the uniformity of grain size and decreasing the 
supersaturation in the saturator considerably, though 
they were quite successful in yielding grains sized not 
larger than 1.5 to 2.0 mm in diameter. Since grains of 
large and uniform sizes are not only convenient for sep 
aration from the liquid but also superior in chemical 
property and commercial value, there is often practical 
need to obtain larger grains than 1.5 to 2.0 mm in diam 
eter for instance in case of copper sulfate. 
Then the inventor introduced a new theory of crystal 

lization, re-analyzed the above-mentioned experiments 
relating to FIGS. 1 8L 2, and established the method of 
the invention not only for obtaining much larger sizes 
of grains but also for varying the grain size desiredly 
without disturbing the uniformity of grain size, which 
will be fully disclosed in the following part of descrip 
tion. 
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6 
According to conventional theories crystallization 

and dissolution of grains are explained on different 
bases. On one hand according to those theories crystal 
lization occurs by what is called monomolecular trans 
ferring summarized in the following. As the mother li 
quor is supersaturated, the molecular movement of so‘ 
lute gets activated so much that free molecules collide 
with each other and are associated into integral clus 
ters, some of which are stabilized as solid kernels when 
they get larger than a critical size given relatively to the 
outstanding supersaturation. And then each kernel 
grows larger as free molecules are attracted and trans 
ferred to the kernel in a manner to form the crystal lat 

tice. 
On the other hand dissolution occurs by what is 

called polymolecular transferring summarized in the 
following. As the mother liquor including crystalline 
grains is unsaturated, each grain is disintegrated into 
molecular clusters and then each cluster is dissociated 
into free molecules. 

If crystallization were of monomolecular transfer 
ring, it should follow that kernels would grow in a sub 
stantially supersaturated liquid condition where most 
of the free molecules have already been associated into 
clusters and kernels occur rapidly. In fact, however, 
kernels grow considerably even in a substantially super 
saturated liquid condition where most of the free mole 
cules have already been associated into clusters and 
kernels occur rapidly, for instance, in the unstable area 
of standing liquid as alreadly referred to. Therefore the 
monomolecular transferring theories of crystallization 
contradict the fact in this respect, thus necessitating 
new theories instead. 
One of the new theories introduced here is that of 

polymolecular transferring crystallization. According 
to this new theory, each kernel grows larger as molecu 
lar clusters are attracted and transferred to it, while 
each molecular cluster is formed as free molecules be 
come associated with each other in' the supersaturated 
liquid. This new theory correctly takes account of the 
energy balance and molecular collision frequency in 
crystallization. 
Supposing crystallization to occur by polymolecular 

transferring, it will follow that kernels occur and grow 
concurrently even in a supersaturated liquid condition 
where most of the free molecules have already been as 
sociated into clusters, since such clusters not only form 
new kernels but also enlarge the existing kernels, thus 
explaining the fact satisfactorily in this respect. 
Moreover, the new crystallization theory is com 

pletely compatible with the established dissolution the 
ories already referred to as they are all of polymolecu 
lar transferring. From the standpoint of polymolecular 
transferring, crystallization and dissolution of grains 
occur by the same reversible phenomenon carried out 
symmetrically across the solubility curve. In other 
words, crystallization is carried out with a positive po 
tential energy in relation to the solubility curve while 
dissolution is carried out with a negative potential en 
ergy in relation to the solubility curve, such positive en 
ergy being proportional to the supersaturation of the 
liquid and such negative energy being proportional to 
the unsaturation of the liquid, given the solubility and 
concentration of the liquid. 
Since the above-introduced new theory of 

polymolecular transferring not only explains the actual 
crystallization satisfactorily but also stands completely 
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compatible with the established dissolution theories; it 
may be quite right to re-analyze the inventor’s experi 
ments based on this new theory. 
As already referred to, it was discovered by the in 

ventor in his experiments that there is a time lag from 
supersaturating of ?owing liquid to occuring of fine 
kernels in it, provided that the liquid is supersaturated 
across the solubility curve after it is unsaturated. Ac 
cording to the polymolecular transferring theory, the 
time lag will be explained as a length of time in which 
free molecules are crystallized into kernels via the state 
of clusters provided that prior to being supersaturated 
the liquid is unsaturated with the solute completely dis 
sociated into individual free molecules, in other words, 
a length of time in which free molecules are initially as 
sociated into clusters and then such clusters are sec 
ondarily associated into kernels. It can further be said 
that the length of time is shortened if the liquid is unsat 
urated but with the solute partially dissociated into in 
dividual free molecules'and partially remaining as clus 
ters; the more clusters remain in the unsaturated state 
of the liquid, the shorter the length of time between su-' 
persaturating and crystallizing of the liquid. In conclu 
sion, the time lag from supersaturating to crystallizing 
of ?owing liquid is determined by the dissociation of 
molecules in the unsaturated state of the liquid, pro 
vided that the liquid is supersaturated'across the solu 
bility curve after it is unsaturated, given the solubility, 
concentration and supersaturation of the liquid. 

Similarly it can be said that there is a time lag from 
disappearance of kernels in ?owing liquid to dissolving 
of solute in it, provided that the liquid is unsaturated 
across the solubility curve after it is supersaturated. 
The time lag will be explained as a length of time in 
which kernels are dissolved into free molecules via the 
state of clusters provided that prior to being unsatu 
rated the liquid is supersaturated to a substantial extent 
with the solute completely crystallized into kernels, in 
other words, a length of time in which kernels are ini 
tially dissociated into clusters and then such clusters 
are secondarily dissociated into free molecules. And 
the length of time is shortened if the liquid is not super 
saturated suf?ciently but with the solute partially crys 
tallized into kernels and partially remaining as clusters. 
It can similarly be concluded that the time lag from dis 
appearance of crystals to dissolving of solute in ?owing 
liquid is determined by the association of molecules in 
the supersaturated state of the liquid, provided that the 
liquid is unsaturated across the solubility curve after it 
is supersaturated, given the solubility, concentration 
and unsaturation of the liquid. 
Now referring back again to FIGS. 1, 2 & 3, the liq 

uid is positioned at the point (a,) when it over?ows the 
crystallizer (1). In the position (a,) which is still in the 
supersaturation side of the solubility curve the liquid 
contains a considerable amount of ?ne grains and mo 
lecular clusters as well as free molecules. The liquid is 
then transferred from (al) to (b,) either directly or via 
(a,') in order to dissociate such ?ne grains and molecu 
lar clusters into free molecules at the position (b1 
which is in the unsaturation side. But it is taken note 
that the point (1),) is relatively near to the solubility 
curve for the purpose of minimizing the required heat 
ing calories in the circulating system, therefore provid 
ing relatively small potential energy for the dissociation 
of molecular clusters. It will then require a relatively 
long time to dissociate the clusters completely into free 
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8 
molecules with such relatively small potential energy, 
in other words, the liquid will require to remain in the 
position (b,) for a relatively long time for all the clus 
ters to become dissociated into free molecules. 

If however the liquid is sent into the evaporator (5) 
too early, the liquid position will be shifted from (b,) 
to (01) before the clusters are completely dissociated 
into free molecules at (b,), thereby shortening the time 
lag from supersaturating to crystallizing and thus per 
mitting those remaining clusters to associate with each 
other into fine kernels even before the liquid enters 
into the crystallizer (1) from the evaporator (5), and 
therefore there will be a considerable amount of fine 
kernels ?oating together with arti?cially provided 
seeds in the crystallizer (l). The more the ?ne kernels 
occur, the more the growth and uniformity of grains are 
restrained in the crystallizer. This might actually have 
happened in the inventor’s experiments relating to 
FIGS. 1 & 2, which failed to yield any larger size of 
copper sulfate grains than 1.5 to 2.0 mm in diameter 
without disturbing the uniformity of grain size and de 
creasing the supersaturation in the saturator substan 
tially. 
Therefore it is practically indispensable to obtaining 

crystalline grains with substantially large and uniform 
size in a continuous liquid circulating system of the 
kind to which the present invention relates, that the 
molecular clusters are almost completely dissociated 
into free molecules before the liquid is sent into the sat 
urator. And there are generally two ways to dissociate 
the molecular clusters almost completely into free mol 
ecules before the liquid is sent into the saturator, that 
is, before the liquid position is shifted from the unsatu» 
ration side to the supersaturation side across the solu 
bility curve following a prior reverse crossing over the 
same curve, or in other words, at a liquid position cor 
responding for instance to the point (b,) in FIG. 3; one 
is to have the liquid stand or age for a relatively short 
time at an unsaturated position sufficiently far from the 
solubility curve prior to supersaturating across the 
same curve, and the other is to have the liquid stand 
relatively age for a sufficiently long time at an unsatu~ 
rated position relativly near to the solubility curve prior 
to supersaturating across the same curve. 
By either of the above-mentioned two ways the mo 

lecular clusters will be almost completely dissociated 
into free molecules in the unsaturation side, thereby 
fully extending the time lag from supersaturating to 
crystallizing thus preventing the free molecules from 
associating into ?ne kernels via the state of molecular 
clusters too early before the liquid enters into the crys 
tallizer from the saturator. In this case, the free mole 
cules may mostly be associated into clusters before the 
liquid enters into the crystallizer from the saturator, 
and the given time lag will be over after the liquid en 
ters into the crystallizer. 
When the given time lag is over in the crystallizer, the 

clusters will begin either to be crystallized into ?ne nat~ 
ural kernels or to be crystallized on the arti?cally pro 
vided seeds. The choice of kernel or seed will be deter 
mined under the law of universal gravitation. Since a 
molecular cluster which is so ?ne as to be invisible has 
much less mass than an arti?cially provided seed which 
is large and visible, the molecular cluster will be much 
more frequently attracted to a seed than to another 
cluster or a free molecule which is still smaller than a 
cluster, in other words, the growth of arti?cially pro 
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vided seeds will be much more likely to happen than 
the occurence of natural fine kernels in the crystallier, 
thus making it possible to restrain the occurence of nat 
ural ?ne kernels almost completely in the liquid of sub 
stantially high supersaturation, and therefore permit 
ting the seeds to grow much larger and faster than oth 
erwise. ' 
Based on the above-described re-analysis the inven 

tor carried out further experiments and ?nally has es 
tablished the method of the invention not only for ob 
taining substantially large sizes of crystalline grains but 
also for varying the grain size desiredly without disturb 
ing the uniformity of grain size in the liquid circulating 
system of the continuous crystallization. 
The method of the invention may practically be car 

ried out in such a liquid circulating system as shown in 
FIG. 4 with an aqueous solution of a substance the solu 
bility of which is generally an increasing function of 
temperature, for instance, CuSo4'5H2O. The circulating 
system in FIG. 4 comprises the same members as those 
in FIG. 1 indicated with the same numbers, but with an 
indirect heater (9) provided intermediate the crystal 
lizer (l) and the feed pipe (2). Accordingly, the liquid 
is circulated in the system shown in FIG. 4 quite simi 
larly to the system shown in FIG. 1, except that the 
over?ow from the crystallizer (1) is heated before it 
joins the new feed of mother liquor through the pipe 
(2). 
The inventor made a series of experiments with aque 

ous solution of CuSO4-5H2O in a liquid circulating sys 
tem shown in FIG. 4, where the liquid was kept at about 
25°C in the evaporator (5). 
Considering the crystallizing process of the above ex 

periments in reference to FIGS. 4 & 7, the circulating 
liquid is positioned at a point (a2) in the supersatu 
ration side when it over?ows the crystallizer (l), and 
then the liquid position is shifted across the solubility 
curve to a point (42') in the unsaturation side as the liq 
uid is heated to a comparatively high temperature 
through the heater (9), the point (az’) being suffi 
ciently far from the solubility curve. The liquid position 
is further shifted from the point (az’) to a point (b2) in 
the unsaturation side as the new liquid is continuously 
fed through the pipe (2), the point (b2) being suffi 
ciently far from the solubility curve so that the molecu 
lar clusters may be dissociated completely into free 
molecules. Then the liquid position is still further 
shifted from the point (b-,.) in the unsaturation side to 
a point (02) in the supersaturation side again across the 
solubility curve as the liquid passes the evaporator (5). 
Here the liquid circulation rate is pre-determined so 
that the liquid may enter the crystallizer (1) within a 
given length of time after it leaves the evaporator (5), 
the given length of time being roughly equal to the time 
lag existing from supersaturating to crystallizing of the 
liquid. Therefore it may be expected that the liquid 
does not begin to crystallize fine kernels substantially 
before it enters'the crystallizer, though it permits the 
free molecules to be associated mostly into molecular 
clusters. The liquid position is shifted from the point 
(c,) to (a,) as the liquid has some part of its molecular 
clusters crystallized on the seeds in the crystallizer (1) 
after the time lag elapses. 
Actually in the above'described experiments relating 

to FIG. 4 the natural occurence of fine kernels was re 
strained almost completely though the liquid was su 
persaturated as high as the point (02), resulting in con 
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10 
tinuous rapidyield of copper sulfate grains with a sub 
stantially large and uniform size, say, 4.0 mm in diame 
ter and over 95 percent in uniformity with the supersat 
uration being 0.6 g CuSOJ 100 g I-IZO at the point (c2). 
Moreover, the substantially same size and uniformity of 
grains were obtained even over 20 hours of continuous 

operation. 
It may be as good to provide a feed pipe (2') before 

the heater (9) in place of the pipe (2) provided after 
the heater (9) as illustrated in FIG. 4. In case the feed 
pipe (2') is provided before the heater (9) or in other 
words intermediate the crystallizer (l) and the heater 
(9), the liquid position is shifted from (a2) to (b2) via 
(a2") in FIG. 7; that is, initially from (a2) to (a2") as 
the new liquid is continuously fed through the pipe (2') 
and then from (a2") to (b2) as the liquid is heated to a 
comparatively high temperature through the heater 
(9), the point (a2") being in the supersaturation side 
and relatively near to the solubility curve. From (b2) 
back again to (a2) via (02) the liquid position is shifted 
quite similarly to the case with the feed pipe (2) pro 
vided after the heater (9) in FIG. 4. And actually in the 
inventor’s experiments he obtained quite same satisfac 
tory results with the feed pipe (2') as with the feed pipe 

(2). 
The method of the invention may also practically be 

carried out in such a liquid circulating system as shown 
in FIG. 5 with aqueous solution of a substance the solu 
bility of which is generally an increasing function of 
temperature, for instance, CuSO4-5I-I2O. The circulat 
ing system in FIG. 5 comprises the same members as 
those in FIG. 4 indicated with the same numbers, ex 
cept but with a dissociator (10) provided intermediate 
the feed pipe (2) and the pump (3). Accordingly, the 
liquid is circulated in the system shown in FIG. 5 quite 
similarly to the system shown in FIG. 4, except that the 
liquid is kept staying for some while in the dissociator 
(10) after the new mother liquor is joined to the circu 
lation through the pipe (2). 
The inventor made a series of experiments with aque 

ous solution of CuSO4'5I-I2O in a liquid circulating sys 
tem shown in FIG. 5, where the liquid was kept at about 
25°C in the evaporator (5) and designed to stay for 
about 3 minutes in the dissociator (10). 
Considering the crystallizing process of the above ex 

periments in reference to FIGS. 5 & 8, the circulating 
liquid is positioned at a point (as) in the supersatu 
ration side when it over?ows the crystallizer (l), and 
then the liquid position is shifted across the solubility 
curve to a point (a;,') in the unsaturation side as the liq 
uid is heated through the heater (9), the point (as’) 
being relatively near to the solubility curve. The liquid 
position is further shifted from the point (a;,’) to a point 
(ha) in the unsaturation side as the new liquid is contin 
uously fed through the pipe (2), the point (b3) being 
relatively near to the solubility curve. The liquid posi 
tion is kept at (b3) for about 3 minutes as the liquid is 
kept staying for the same minutes in the dissociator 
(10), so that the molecular clusters may be completely 
dissociated into free molecules. Then the liquid posi 
tion is still further shifted from the point (ha) in the un 
saturation side to a point (0;, ) in the supersaturation 
side again across the solubility curve as the liquid 
passes the evaporator (5). Here the liquid circulation 
rate is pre-determined so that the liquid may enter the 
crystallizer (1) within a given length of time after it 
leaves the evaporator (5), the given length of time 
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being roughly equal to the time lag existing from super 
saturating to crystallizing of the liquid. Therefore it 
may be expected that the liquid does not begin to crys 
tallize ?ne kernels substantially before it enters into the 
crystallizer, though it permits the free molecules to be 
associated mostly into molecular clusters. The liquid 
position is shifted from the point (03) to (113) as the liq 
uid has some part of its molecular clusters crystallized 
on the seeds in the crystallizer (1) after the time lag 
elapses. 
Actually in the above-described experiments relating 

to FIG. 5 the natural occurence of ?ne kernels was re 
strained even more completely than the experiments 
relating to FIG. 4 though the liquid was supersaturated 
as high as the point (03), resulting in continuous rapid 
yield of copper sulfate grains with a substantially largge 
and uniform size, say, 5.0 mm in diameter and over 95 
percent in uniformity with the supersaturation being 
0.6 g CuSO4/100 g H2O at the point (c3). 
Now the restraint of natural kernel occurence in the 

above-described experiments relating to FIG. 5 accord 
ing to the invention may be evaluated in comparison 
with operations by conventional methods on the basis 
of copper sulfate crystallization. As already mentioned, 
copper sulfate grains sized 0.8 mm in diameter were 
obtained by conventional methods with the maximum 
allowable supersaturation of about 0.35 g CuSO4/ 100 
g H2O, while grains sized 5.0 mm in diameter were ob 
tained by the method of the invention relating to FIG. 
5 with an allowable supersaturation of 0.6 g CuSOJ 100 

g H2O. . 
The total number of grains N contained in the total 

crystalline yield W kg will be given in the following re 
lation: 
N = W/dkD3 

where; 
d = Density of grain 
k = Volumetric factor 

D = Diameter of grain 
Then the total number of grains N1 contained per unit 
kilogram of the total crystalline yield by conventional 
methods will be as follows: 

And the total number of grains N, contained per unit 
kilogram of the total crystalline yield by the method of 
the invention will be as follows: 

Thus the restraint of natural kernel occurence by the 
method of the invention will be numerically expressed 
in terms of a ratio N,/N1 as below: 

Neill. filly/2&3? 0:5.12l12i5l99? 
In other words, the occurence of natural kernels is re 
strained by the method of the invention roughly one 
two~hundred-?ftieth of that of the conventional meth 
ods, even with the supersaturation increased about 1.7 
times that of the conventional methods. 

It may be as good to provide a feed pipe (2’) before 
the heater (9) in place of the pipe (2) provided after 
the heater (9) as illustrated in FIG. 4. In case the feed 
pipe (2’) is provided before the heater (9) or in other 
words intermediate the crystallizer (1) and the heater 
(9), the liquid position is shifted from (a,) to (b,) via 
(a,") in FIG. 8; that is, initially from (a,) to (a;") as 
the new liquid is continuously fed through the pipe 
(2’), arid then from (a,,") to (b;,) as the liquid is heated 
through the heater (9), the point (113") being in the su 
persaturation side and relatively near to the solubility 
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12 
curve. From (123) back again to (us) via (03) the liquid 
position is shifted quite similarly to the case with the 
feed pipe (2) provided after the heater (9) in FIG. 5. 
And actually in the inventor’s experiments he obtained 
quite same satisfactory results with the feed pipe (2') 
as with the feed pipe (2). 

It may also be good to provide a bypass pipe (10') in 
parallel with the pump (3) as illustrated in FIG. 6, in 
place of the dissociator (10) shown in FIG. 5, so that 
the liquid may stay for some time sub-circulating by 
way of the bypass pipe (10’) to dissociate the molecu 
lar clusters completely into free molecules before the 
liquid enters into the evaporator (5). 

It will be possible in accordance with the invention 
that the liquid position is shifted far from the solubility 
curve in the unsaturation side in such a liquid circulat 
ing system as shown in FIG. 1. This can be done by add 
ing through the feed pipe (2) new mother liquor of 
comparatively low concentration and high temperature 
for a solubility curve which rises slowly in proportion 
to temperature, and of comparatively high concentra 
tion for a solubility curve which rises acutely in propor 
tion to temperature. ~ 
So far consideration has been given to situations in 

which the solubility is generally an increasing function 
of temperature. The method of the invention may prac 
tically be carried out in such a liquid circulating system 
as shown in FIG. 9 with aqueous solution of a substance 
the solubility of which is generally a decreasing func 
tion of temperature, for instance, Na,SO4. 
The liquid circulating system shown in FIG. 9 gener 

ally comprises similar members, but somewhat in re 
verse arrangement, to the one shown in FIG. 1. The 
overflow from a crystallizer (11) is initially sent into an 
evaporator (15) which is in combination with a con 
denser (16). Then the liquid is unsaturated through an 
indirect cooler (19). The unsaturated liquid is joined 
with new mother liquor fed by way of a pipe (12). The 
joined liquid is then kept staying for some time in a dis 
sociator (20). The dissociated liquid is sent into a satu 
rator (15') by the action of a pump (3). The saturator 
(15') is preferably an indirect heater. The liquid super 
saturated through the heater (15’) is sent into the crys 
tallizer (l 1) through a vertical pipe which opens nearly 
at the bottom of crystallizer (11). The supersaturated 
liquid then ?oats upward having some part of its solute 
crystallized on seeds which are arti?cially provided in 
the crystallizer (11). The liquid ?nally over?ows the 
crystallizer (11) for recirculation, while crystalline 
grains grown on the seeds in the crystallizer (l1) sink 
down by their own gravity relative to the liquid against 
the upward velocity of liquid, the sedimented grains ? 
nally being taken out by the action of a slurry pump. 
The inventor made a series of experiments with aque 
ous solution of Na,SO4 in a liquid circulating system 
shown in FIG. 9. 
Considering the crystallizing process of the above ex 

periments in reference to FIGS. 9 & 10, the circulating 
liquid is positioned at a point (04) in the supersatu 
ration side when it over?ows the crystallizer (ll ), and 
then the liquid position is shifted to a point (a,') as the 
liquid passes through the evaporator (15), the point 
(04’) being in the supersaturation side and relatively 
near to the solubility curve. The liquid position is fur 
ther shifted from (a,') to (a,") across the solubility 
curve as the liquid goes through the cooler (19), the 
point (a,") being in the unsaturation side and relatively 
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near to the solubility curve. The liquid position is still 
further shifted to a point (b4) in the unsaturation side 
as the new liquid is continuously fed through the pipe 
(12), the point (b4) being relatively near to the solubil 
ity curve. The liquid position is kept at (b.,) while the 
liquid is kept staying in the dissociator (20) until the 
molecular clusters may be completely dissociated into 
free molecules. Then the liquid position is shifted from 
the point (b.,) in the unsaturation side to a point (04) in 
the supersaturation side again across the solubility 
curve as the liquid passes the heater (15’ ). Here the liq 
uid circulation rate is pre-determined so that the liquid 
may enter the crystallizer (11) within a given length of 
time after it leaves the cooler (15'), the given length of 
time being roughly equal to the time lag existing from 
supersaturating to crystallizing of the liquid. Therefore 
it may be expected that the liquid does not begin to 
crystallize fine kernels substantially before it enters 
into the crystallizer, though it permits the free mole 
cules- to be associated mostly into molecular clusters. 
The liquid position is shifted from the point (c.,) to (a.,) 
as the liquid has some part of its molecular clusters 
crystallized on the seeds in the crystallizer (11) after 
the time lag elapses. , 
Actually in the above-described experiments relating 

to FIG. 9 the natural occurence of ?ne kernels was re 
strained quite satisfactorily though the liquid was su 
persaturated as high as the point (04), resulting in con 
tinuous rapid yield of Glauber’s salt grains with sub 
stantiall?ylarge and uniform sizes, say, 2.0 mm in diam 
eter with the supersaturation being 1.0 g Nasonio‘o g 
H2O at the point (04), and 0.5 mm in diameter (about 
32 mesh which is the size of Glauber’s salt most de 
manded commercially) with the supersaturation being 
1.67 g Na2SO4/100 g H2O at the point (64) which 
means a yield about three times the conventional 
methods by which the maximum allowable super 
satyxatiqai?éé-sEaSQ4/1Q9; H2O- H, a , 

In accordance with the invention the size of crystal 
line grains is varied desiredly without disturbing the 
uniformity of grain size substantially in a continuous 
crystallization system of liquid circulating type. As al 
ready revealed, the time lag from supersaturating to 
crystallizing of ?owing liquid is determined by the dis 
sociation of molecules in the unsaturated position of 
liquid, provided that the liquid is supersaturated across 
the solubility curve after it is unsaturated, given the sol 
ubility, concentration and supersaturation of the liquid. 

It follows that the time lag is controlled desiredly by 
the molecular dissociation in the unsaturated position 
of liquid. The natural occurence of ?ne kernels is con 
trolled desiredly by the time lag. And the grain size is 
determined by the natural occurence of ?ne kernels; 
the less the ?ne kernels occur, the larger the grains 
grow, as already fully revealed. Therefore it can be said 
that the grain size is determined by the dissociation of 
molecules in the unsaturated position of liquid, pro 
vided that the liquid is supersaturated across the solu 
bility curve after it is unsaturated, given the solubility, 
concentration and supersaturation of liquid. 

Practically in such liquid circulating systems as 
shown in the accompanying drawings, the molecular 
dissociation is controlled at the points (b1), (b2), (b3) 
and (b4) in FIGS. 3, 7, 8 and 10, respectively. If such 6 

_ a point is positioned sufficiently far from the solubility 
curve, the molecular clusters are dissociated fully into 
free molecules in a relatively short time because of a 
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comparatively high potential energy for dissociation 
there; and the nearer the point is positioned to the solu 
bility curve, the less quickly are the molecular clusters 
dissociated into free molecules. If such a point is posi 
tioned relatively near to the solubility curve,_a suffi 
ciently long time is required to dissociate the molecular 
clusters fully into free molecules at such liquid position 
because of a comparatively low potential energy for 
dissociation there; and the shorter the given time is at 
the liquid position near to the solubility curve, the less 
the molecular clusters are dissociated into free mole 

cules. 
It will thus be seen that the crystallization in accor 

dance with the invention continuously produces crys 
talline grains with substantially large and uniform size 
without lowering the yield of grains and increasing the 
size of equipment as well as varies the size of crystalline 
grains desiredly while still obtaining substantial uni 
formity of grain size in a liquid circulating system. 

Since certain changes and modi?cation may be made 
in the invention, some of which have been herein sug 
gested, it is intended that the foregoing shall be con 
strued in a descriptive rather than in a limiting sense. 
What I claim is: 
1. An improved crystallization method of the type 

that comprises, in combination, the steps of: 
a. withdrawing a supersaturated solution of a crystal 

lizable solute from a top region of a liquid up?ow 
crystallizer, said withdrawn solution constituting 
essentially the entire liquid flow through said crys 
tallizer, 

b. augmenting the withdrawn solution by mixing 
added feed solution therewith and altering the tem 
perature thereof to render the augmented solution 
unsaturated, the concentration of solution in the 
added feed solution being substantially higher than 
that of the solution withdrawn from the top region 
of the crystallizer, 

c. subsequently rendering the augmented solution su 
persaturated by treatment in a saturator, such aug 
mented solution constituting essentially the entire 
?ow through said saturator, 

d. delivering the solution supersaturated in step (c) 
through a central conduit into a bottom region of 
said crystallizer, 

e. causing the solution delivered in step (d) to ?ow 
upwardly in said crystallizer in surrounding relation 
to the central conduit while a part of its solute crys 
tallizes and sediments countercurrent to said ?ow 
of liquid therein, and communication of ?uid in 
said conduit with ?uid in surrounding relation 
thereto being only at the bottom of the crystallizer, 
and 

f. discharging the sedimented crystals from a bottom 
region of the crystallizer, wherein the improvement 
comprises: 

g. subjecting the solution following its unsaturation in 
step (b), to aging for a predetermined time suffi 
cient to effect essentially complete dissociation of 
the solute into free molecules in the solution, be 
fore subjecting it to the treatment of step (c), for 
assuring that essentially no solute in crystal or visi 
ble kernel form is supplied to step (c), and . 

h. in step (d) delivering the solution to the crystal 
lizer following its supersaturation in step (c) within 
a predetermined time which is sufficiently short to 
not allow molecular clusters of solute forming 
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therein to attain the state of visible kernels before 
such delivery for assuring that essentially no solute 
in crystal or visible kernel form is contained in the 
solution supplied to said crystallizer. 

2. An improved method as claimed in claim 1, 
wherein the solute is selected from the class consisting 
of copper sulfate, sodium sulfate and iron sulfate. 

3. An improved crystallization method as claimed in 
claim 1, wherein the solubility of the solute increases 
with increase of temperature, and in step (b) the tem 
perature is altered by raising the same. 

4. An improved method as claimed in claim 3, 
wherein the solute consists essentially of copper sul 
fate. 

5. An improved crystallization method as claimed in 
claim 1, wherein the solubility of the solute increases 
with decrease of temperature, and .in step (b) the tem 
perature is altered by reducing the“ same. 

6. An improved method as claimed in claim 5, 
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wherein the solute consists essentially of sodium sul 
fate. 

7. An improved crystallization method as claimed in 
claim 5, wherein in step (c) the augmented solution is 
heated in the saturator in e?'ecting the supersaturation 
thereof. 

8. An improved crystallization method as claimed in 
claim 5, wherein in step (c) the augmented solution is 
concentrated by evaporation in the saturator in effect 
ing the supersaturation thereof. 

9. An improved crystallization method as claimed in 
claim 3, wherein in step (c) the augmented solution is 
cooled in the saturator in e?'ecting the supersaturation 
thereof. 

10. An improved crystallization method as claimed in 
claim 3, wherein in step (c) the augmented solution is 
concentrated by evaporation in the saturator in effect 
ing the supersaturation thereof. 

* * * * * 


