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1. 

The invention herein described may be-manu 
factured and used by or for the Government.for; 
governmental purposes without payment; to me 
of any royalty thereon. 
This invention relates to improvements, in 

methods and apparatus for the crystallization 
of Substances characterized by rapid crystal 
growth. In one particular: application it re 
lates to improvements in methods and apparatus 
for the Crystallization of ammonium nitrate. 
This application is a continuation-in-part of 

my copending application Serial No. 654,490 filed 
March 14, 1946, now abandoned. 
It has been customary in the art to accom 

plish continuous crystallization by suspending a 
body of crystals in a rising current of liquid 
generated by introducing a strean of super 
saturated Solution into a crystallizing vessel near 
the bottom thereof. As the Supersaturated solu 
tion rises in contact With the body of crystals 
solute is deposited on the crystals and the re 
Sulting desuperSaturated Solition is withdrawn 
from an upper part of the vessel. The intro 
duction of a stream of SuperSaturated Solution 
near the bottom of a crystallizing vessel has been 
employed to impart a swirling motion to the 
suspension so that the crystals, pass repeatedly 
through the solution as it is desupersaturated 
and growth is thus distributed evenly among the 
Crystals in suspension. It is customary to coal 
trol the rate of upward flow of solution through 
the crystallizing vessel to allow the larger crys 
tals to settle to the bottom from whence they 
are removed, and to prevent the smaller crys 
tals from being carried out of the top of the 
vessel by the overflow. - 
The known methods for continuous crystal 

lization may be divided into two broad classes, 
namely, those in which new seed crystals are 
Supplied from an outside source and those in 
which fresh nuclei are generated and grown 
along With the naturing crystals. United States 
patents covering processes of the first class are 
those of Isaachsen, Nos. 1,478,337 and 1,693,786 
and of Howard, No. 1559,703. Jeremiassen's 
U. S. Patents Nos. 1704,611; 1,860,741; 2,042,661; 
2,164,111; 2,164,112; and 2,375,922 are directed to 
the second class although several of these pat 
ents describe both types of operation. However, 
the primary object of most known methods is to 
grow Coarse crystals of desired size from Seed 
crystals and little attention has been directed to 
the generation and control of growth of seed 
crystals. 

In continuous processes crystals in Suspension 
remain mobile at all times and numerous Small 
fragments may be broken off by attrition and 
collision to serve as nuclei for new crystals. 
Other fresh nuclei may be produced in super 
Saturated Solution because of the inocculating 
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effect of existing crystals. The number of nuclei 
from both of these sources can be regulated to 
Some degree by varying the degree of agitation, 
the density of crystal suspension in the crystal 
lizing vessel, and the degree of supersaturation. 
If excess nuclei are produced they may be sep 
arated from the suspension and are usually dis 
solved and recycled. If a sufficient number of 
new nuclei is not generated seed crystals must 
be supplied from an outside source. 
In order to maintain efficient, continuous op 

eration of a crystallizer producing coarse gran 
ules, it is essential that only as many nuclei be 
retained as are required to equal the number of 
mature crystals withdrawn since each of the re 
tained nuclei must be developed into a fully 
grown crystal. 
The necessary balance of growth between large 

and small crystals has been accomplished in the 
prior art in the following three ways: 

1. The small crystals remain incorporated in 
a Suspension of larger Crystals at all times and 
thereby share with them the conditions favoring 
crystal growth. 

2. The rate of desupersaturation of the super 
Saturated Solution entering the suspension is 
sufficiently slow that crystal growth is distrib 
uted widely throughout the suspension and 
therefore affects both large and small crystals 
eyen if the large and small crystals are segre 
gated at various levels in the crystallizer. 

3. The smaller crystals are caused to circulate 
through the supersaturated liquor circuit and 
therefore have an advantage in opportunity for 
growth over the larger crystals which are re 
tained in the crystallization vessel at all times. 
These known methods for the generation and 

development of nuclei are adequate for the crys 
tallization of substances characterized by slow 
rate of crystal growth, as such crystals can be 
produced in desired size and quality without 
very close control of the various factors in 
volved. However, when it is desired to produce 
strong, smooth, coarse crystals of a substance 
characterized by rapid crystal growth, such as 
ammonium nitrate, sodium thiosulfate, or cal 
cium nitrate, in large crystallizing vessels and 
at high production rate the methods of the prior 
art are very unsatisfactory. 
The mere use of large crystallizing vessels in 

troduces problems into the crystallization of 
Such substances. Because of the rapid crystal 
growth, only those crystals in the immediate 
vicinity of the point of introduction of super 
Saturated solution grow. All available solute 

addition there is a tendency of crystals in sus 
pension in a large vessel to accumulate in re 
gions of greater crystal concentration thus leav 
ing regions of lesser crystal concentration or 
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“wells' extending upward through the solution. 
Since the incoming fluid has a tendency to fol 
low the line of least resistance, it tends to flow 
upward through such regions of low crystal con 
centration and crystals in these regions grow 
at the expense of other crystals. Isaachsen in 
U. S. Patent No. 1,573,716 has proposed the use 
of various diffiusion elements in the path of the 
incoming solution of such nature that the re 
sistance to flow of the solution through the ele 
ment is sufficiently in excess of the resistance to 
flow through the suspension so that the effect 
of minor variation in crystal density is mini 
nized. In conjunction with these diffusion ele 
ments deflectors may also be used to impart 
horizontal velocity components to the solution 
which will sweep any static bed of crystals that 
tends to settle out into the incipient Wells in 
the suspension, thereby filling them with crys 
tals and counteracting the initial condition 
which tended to form the Wells. 

In addition, Jeremiassen in U. S. Patent No. 
2,164,111 has proposed the use of specific forma 
tion of aggregate or crystals in the place of fixed 
elements to serve as diffusion elements required 
to obtain uniform distribution of Solution. 
While the present invention is applicable to 

crystallization generally, and is especially ad 
Wantageous in the crystallization of all substances 
both organic and inorganic which are charac 
terized by rapid crystal growth, it will be de 
scribed with reference to the crystallization of 
ammonium nitrate, a material which has been 
Crystallized with difficulty in the past. 
When crystallization of ammonium nitrate is 

attempted by circulating nuclei through an exte 
rior supersaturated liquor circuit and the in 
troduction of the resulting larger crystals into 
the crystallization vessel proper as Seed cryS 
tals, the crystals produced are weak, rough, and 
inferior to those developed and grown in the crys 
tallizer only. As is explained in detail later, the 
degree of supersaturation necessary to obtain 
maximum production of finished crystals is such 
as to cause the small seed crystals to grow too 
fast while in the exterior circuit and as a re 
sult weak, intermediate-size crystals are pro 
duced. It is, therefore, apparent that the known 
methods are not adequate to produce Strong, 
coarse crystals of ammonium nitrate at an eco 
nomical production rate. For most commercial 
purposes it is necessary that crystals of am 
monium nitrate be strong, coarse and that the 
production rate be high enough to make the 
process economical. By the methods of the prior 
art processes it has been possible to obtain these 
characteristics when working with crystals such 
aS annonium Sulfate or other substance chair 
acterized by slow crystal growth. With annoni 
um nitrate or other material characterized by 
very rapid crystal growth, it has been necessary 
to sacrifice one or more of the desired char 
acteristics in order to obtain the others. Strength 
of Crystals and high production rate can be ob 
tained but the crystals produced are too fine 
for fertilizer use or for many other commercial 
uses. Likewise, large crystals can be made at 
high production rate but they will be rough and 
Weak; and Strong, large crystals can be pro 
duced only at a low production rate. 

It is an object of this invention to provide a 
method for the rapid production of strong, 
Smooth, coarse crystals of a material charac 
terized by rapid crystal growth. - 
Another object is to provide a method for 
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4. 
positive regulating of the growth of crystals at 
all stages from nuclei to maturity. 
Another object is to provide a method for pre 

venting irregular distribution of crystals in a 
growing ZOne. 
Another object is to provide a method for pro 

ducing ammonium nitrate crystals suitable for 
fertilizer use at high production rate. 

Still another object is to provide an appara 
tus for the production of crystals adapted to 
positively control the growth of crystals at all 
stages. 
Another object is to provide an apparatus for 

producing ammonium nitrate crystals Suitable 
for fertilizer use at high production rate. 

Other objects and advantages will become ap 
parent as this disclosure proceeds. 
I have now found that these objects may be 

easily attained in apparatus embodying prin 
ciples of my invention by continuously introduc 
ing a stream of supersaturated solution of the 
material to be crystallized into a lower part of 
a crystallizing vessel; directing said stream at 
predetermined or controlled velocity to main 
tain two zones in the resulting body of liquid 
in the crystallizing vessel, namely, a lower crys 
tallizing zone wherein the liquid is maintained 
in substantially streamlined, substantially verti 
cal rotation and an upper relatively quiescent 
Zone; introducing seed crystals into said lower 
crystallizing zone; producing fine crystals in Said 
crystallizing zone by attrition of coarser crys 
tals; withdrawing mature crystals from a lower 
part of said crystallizing zone; withdrawing said 
fine crystals produced by attrition into said up 
per, relatively quiescent Zone; contacting Said 
fine crystals with Supersaturated Solution of the 
material being crystallized until their size is Sub 
stantially increased; controlling the degree of 
supersaturation of said last mentioned Super 
saturated solution and introducing the resulting 
crystals of increased size into said Crystallizing 
Zone as seed crystals. 
The apparatus of my invention comprises in 

combination a crystallizing vessel; means for 
continuously introducing a stream of SuperSatu 
rated solution at predetermined or controlled 
velocity into a lower part of Said veSSel; means 
for directing the entering stream of SuperSatu 
rated solution operable in conjunction with said 
means for introducing supersaturated Solution to 
maintain substantially vertical rotation of liquid 
in substantially streamlined flow in the lower 
portion of the crystallizing vessel, to maintain a 
zone of relatively quiescent liquid in the crys 
tallizing vessel above the liquid in vertical rota 
tion and to provide for continuous transfer of 
liquid from the rotating liquid to the relatively 
quiescent liquid; means for introducing Super 
saturated liquid at controlled rate into said up 
per quiescent zone and means for withdrawing 
mature crystals from a lower part of the crys 
tallizing vessel. 
The accompanying drawings show diagram 

matically three modifications of apparatus em 
bodying principles of my invention and in Which 
my novel process may be carried out. Figure 1. 
is a vertical section through a crystallizing ves 
sel and shows a vacuum evaporator and other 
accessory equipment which may be used there 
with; Figure 2 is a vertical section through a 
crystallizing vessel of different design and Fig 
ure 3 is a vertical section through three crys 

s 
tallizing vessels connected in series. Referring to Figure 1, reference numeral to 
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designates a crystallizing vessel. A barometric legi?t, attached to and communicating with 
vacuum evaporator 12, enters vessel to substan 'tially vertically and extends to a location 
the bottom of vessel to, where it'en portion 3. Directing means f4 is disposed ad 
jacent to the tapered end 3 of the barometric 
leg and in combination with the curved wall 
of vessel, ?o is adapted to induce streamlined flow of liquid in the lower part of crystallizing 1. 
vessel 9. A weir 5 is disposed in an upper part 
of vessel O and is adapted to regulate liquid 
level in the crystallizing vessel. A line 6 is 
attached to and communicates with that part 
of vessel to behind the weir 15, and is adapted . 
to receive overflow liquid and to conduct the 
same to pump from whence it may be pumped 
to evaporator 2 via line 8. Means for re 
moving mature crystals, shown as air lift 19, is 

2587,988 ... it 

ded for transferring liquid s 

an upper part of the 

g vessel of the series has an 
. Adjustable weirs 63,64, 

disposed in vessel to and is adapted to remove 2 ada a slurry of mature crystals from the lower part 
of the vessel and to discharge the slurry through 
line 20. A movable sleeve 2 containing c 
ings 22 is disposed to surround a por 
metric leg i? in an upper part of vessel to and 2. is adapted to be moved to bring openings 22 into 
coincidence with corresponding openings 23 in 
barometric leg . . . . 

Vessel to may be circular in cross section or 
rectangular if of very large capacity. In the 3 
latter case the tapered end 3 of the barometric 
leg is drawn out in fishtail shape along the trans 
verse axis of the vessel, while deflecting means 
14 is correspondingly lengthened. Figure 2 shows 
an equivalent form of apparatus. In this 'em 
bodiment of my invention a barometric leg 3 is 
constructed without openings in the upper part 
of crystallizing vessel 30. - This leg 3 ends in 
a flared portion 32 adapted, in combination with 
the curved bottom of vessel 30 to induce stream 
lined flow in liquid in the lower portion of ves 
sel 3. A plurality of curved pipes 33 are dis 
posed with their lower ends adjacent to flared 
portion 32 and extend into an upper part of ves 
sel 39. These pipes are adapted to conduct 
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45 liquid from a location near the bottom of vessel 
39 and adjacent to flared portion 32 to an upper 
part of vessel 30, and to prevent contact of such 
liquid with liquid and crystals in medial por 
tions of vessel 39. Means 34 for removingma 
ture crystals is disposed in vessel 30. Joint 35 
is disposed in leg 3 adapted to be replaced with 
other joints of similar construction to regulate 
length of leg 3i. . . . . . . . . . . . . . . 

Figure 3 illustrates a multiple stage apparatus 
embodying principles of my inventioriy "A-plu 
rality-of crystallizing vessels 4d, 42, 43 aire" ar. 
ranged in a series characterized by diminishing 
size. Each crystallizing vessel is : connected to 
and communicates with an adjacent vessel of 
the series via a line, as 75, 44. Means 46, 47 for 'i' 
transferring crystals from a smaller to the next 
larger crystallizing vessel of the series are singly 
disposed in lines' 75, 44. A barometric leg 57 is disposed substantially vertically in the largest 
vessel 4f of the series with its lower' end adjacent 
to line 75. A line 48 is attached to and coni, 
municates with barometric leg 57 and with lines 49, 50 singly disposed substantially vertically in 
each smaller vessel of the series, near one side of the smallest vessel 43 and adjacent to ins' 44 
in intermediate vesel 42. Deflecting means 5, 52.53 are disposed adjacent to the 1 

55 

Operation 
I prefer to begin operation, when apparatus 

comprising a single crystallizing vessel such as 
that shown in Fig.1 is used, by introducing super 
Satirated solution through barometric leg f and 
introducing sufficient seed crystals, in any mari 
ner, to start crystallization. - 
"The superSaturated solution is introduced at a 

controlled or predetermined velocity and rate of 
flow. Such solution enters from tapered end 3 
as a jet. This jet is deflected by means f4 and 
the walls of vessel 0 to cause the liquid and 
crystals Suspended thereinto form two zones in 
vessel 0, namely, allower zone wherein the liquid 
and crystals are maintained in substantially ver 
tical streamlined rotationi at a velocity of about 
3" to 10 times that at which such crystals settle 
in such liquid, and an upper relatively quiescent 
Zone. AS Crystals rotate with the solution in the 
lower Zone'fine particles are broken off by attri 
tion. The shape of the walls of vessel C and de 
flecting means 4 are such as to maintain sub 
stantially streamlined flow in that part of the 
Suspension which is rotatirig. It is, of course, im 
praticable to exclude all turbulence from such 
rotation but no excessive turbulence should be 
permitted as this would 'cause the formation of 
excessive numbers of fine crystal particles pro 
duced by attrition. - . . . . . . 

As the introduction of supersaturated solution 
continues there is continual transfer of liquid 
from the lower Zone of rotation to the upper, 
relatively quiescent zone. This transfer of liquid 
carries the fine crystal particles produced by at 
trition into the relatively quiescent upper zone. 
Here additional Supersaturated solution is added 
via openings 22 and 23 in sleeve 2 and leg . 
Rotation of sleeve 2 is employed to control the 
degree of SuperSaturation of the upper quiescent   
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fluence of gravity until they are caught by the 
rotating liquid in the lower zone and quickly 
grown to mature crystals. - 

Excess liquid from the upper quiescent Zone 
overflows weir f 5 and is carried via line 6, pump 
'T and line f8 to evaporator 2 where it is con 
centrated and reintroduced into vessel O via leg 
f. A slurry of mature crystals is continuously 
withdrawn from vessel i O via a conventional air 
lift 9 and is discharged via line 20. 
A similar method of operation is used with th 

apparatus shown in Fig. 2. Here the flared end 
32 and curved bottom of vessel 30 deflect the en 
tering liquid to cause substantially vertical rota 
tion of liquid in a lower zone overlaid with liquid 
in a relatively quiescent upper zone. The curved 
pipes 33 are adapted to receive a portion of the 
Supersaturated liquid entering via leg 3 and to 
conduct the same to the upper quiescent Zone of 
liquid. Control of the degree of supersaturation 
is achieved by varying the number, size and posi 
tion of pipes 33. In this figure a lengthening 
joint 35 is shown inserted in leg 3 and illustrates 
One convenient means for controlling the velocity 
of the stream of Supersaturated solution entering 
the vessel 30. 

Fig. 3 illustrates apparatus for multiple stage 
Operation. SuperSaturated solution is introduced 
through barometric leg 57 and lines 48, 49 and 50 
into vessels 4, 42 and 43. Adjustable means 54, 
55 and 56 are suitably operated to bring deflect 
ing means 5, 52 and 53 to the distance from the 
lower end of leg 57 and lines 49 and 50 required 
to impart sufficient velocity to liquid entering 
each evaporating vessel of the series to maintain 
rotation of the major portion of the liquid at a 
velocity of about 3 to 10 times that with which 
Crystals settle in such liquid. After crystalliza 
tion begins fine crystals produced by attrition 
move With upflow of liquid into an upper rela 
tively quiescent zone in each vessel. From the 
upper Zone of the largest vessel 4 liquid contain 
ing these fine crystals is transferred to the 
smallest vessel 43 and there the crystals grow in 
liquid of controlled degree of supersaturation. 
When these grow to sufficient size they sink into 
line 44 and are transferred by means 47, contra, 
to fluid flow, into vessel 42. Here the crystals 
circulate in contact with liquid of a controlled de 
gree of SuperSaturation and increase in size. 
When of a size determined by the velocity of ro 
tation in vessel 42 and the velocity of flow from 
vessel 4 to 42 via line T5 the crystals sink into 
line 75 and are transferred as seed crystals to ves 
Sel 4 by means 46. The seed crystals then cir 
culate in vessel 4 until mature. Mature crystals 
sink into salt trap 73 and are withdrawn as a 
slurry via line 74. ... " 
From the upper quiescent Zone in each vessel 

liquid overflows weirs 63, 64 and 65 into trough 
66 and is withdrawn therefrom via line 68, pump 
69 and line T0 to an evaporator (not shown) or 
any other equipment desired. A portion of the 
liquid flowing through line 70 is withdrawn via 
line 7 containing a regulating valve 72 and is in 
troduced into Salt trap 3 thus causing an upward 
flow of liquid in trap T3 and furnishing a further 
means of controlling the size of mature crystals. 
In order to maintain in a crystallizing vessel 

two Zones of the characteristics described, it is 
necessary that the velocity of the incoming solu 
tion be controlled Or predetermined so that the 
stream imparts kinetic energy to the contents of 
the vessel at a rate not less than that at which 
potential energy is lost when such introduction 

0. 

8 
of liquid is suddenly stopped. The minimum 
energy input will vary with the size and shape of 
crystals produced, the difference in density of 
crystals and Solution, the viscosity of the solu 
tion and other smaller effects. The minimum re 
quirements may be approximated from experi 
mental measurements of the density of Suspen 
Sion for a given rate of flow through the Suspen 
Sion as is shown by the following example. 

Eacample I 
Using ammonium nitrate granules of 8- to 10 

mesh screen size (Tyler standard) at room tem 
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perature (20-25 C.), it was found that 30 
pounds of crystals per cubic foot could be 
suspended in a current of saturated solution flow 
ing at the rate of 0.06 cubic feet per second per 
Square foot cross sectional area. This weight of 
crystals per cubic foot of suspension became less 
as the rate of circulation increased or as the par 
ticle size decreased, but the value specified above 
serves as a typical example. 
The apparent density of the crystals was 100 

pounds per cubic foot. The void space between 
the crystals was therefore 

100-30 
100 

The density of crystals in a static bed was found 
to be 60 pounds per cubic foot. By a calculation 
similar to that above the void space was there 
fore found to be 0.4 cubic foot. In going from 
the dynamic state-in which 30 pounds per cubic 
foot of crystals are held in suspension-to the 
static state, 0.3 cubic foot of solution must there 
fore diffuse from a given mass of crystals. 
In a suspension, crystals under the influence 

of gravity tend to settle downward causing the 
Solution to diffuse upward. After a sudden in 
terruption of the flow of solution to a suspension, 
transition of crystals from the dynamic to the 
static condition will start at the bottom, caus 
ing solution to diffuse out of the lowermost masses 
of crystals. This diffusing solution keeps the 
crystals above temporarily in suspension, and 
the transfer from the dynamic to the static state 
is therefore restricted to the lower zone of the 
dynamic part of the suspension. Experimental 
observation indicates that conditions in the up per part of the suspension remain essentially con 
stant down to the zone in which crystals transfer 
from the dynamic to the static state. In the given 
example crystals will therefore settle out at such 
a rate that the supply of solution resulting from 
diffusion will produce an upward flow of 0.06 
cubic foot per second per square foot of area. 
Since 0.3 cubic foot diffuses from 1 cubic foot of 
Suspension, the rate at which the suspension set 
tles out per square foot area is 

0.06 
0.3 

The density of saturated ammonium nitrate 
Solution at 20-25 C. is 82 pounds per cubic foot 
or 18 pounds less than that of crystals. There 
fore, the apparent weight of 30 pounds of crys 
tals in suspension is w - 

Six 18= 5.4 pounds 

=0.7 cubic foot 

=0.2 cubic foot per second 

The total potential energy of a given suspension 
may then be calculated by taking the product of 
the apparent weight per cubic foot of suspension 
times the volume of the suspension times the dif 
ference in the position of the center of gravity 
of the crystals in suspension and after they have 
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allowed to settle out. Assuming a suspent 

sion 10 feet deep, the center of gravity would be 
5 feet above the bottom in the dynamic state and 
2.5 feet above the bottom with the crystals set 
tled into a static. bed, giving a difference of 2.5 
feet. The potential energy per square foot would 
therefore be 2.5x10x5.4=135 foot-pounds. . . . 

If the rate of collapse is 0.2 cubic foot per sec 
ond, the total time of collapse is 50 seconds and 
the rate of decrease in potential energy, which 
must be, balanced by an equal rate of kinetic energy input, is 

135 . . . . - . . . . 
=2.7 foot-pounds per second 

This amount of power incorporated in 0.06 
cubic foot.of solution per second (5 pounds) 
quires a difference in pressure of 

=0.54 foot head 
or an initial velocity of about 6 feet per second 
(62=2x0.54xg). The peripheral velocity of the 
rotating suspension will be considerably less than 
this depending on wall friction and other re 
tarding influences. A velocity of about 1 to 3 
feet per second was observed in an experimental 
demonstration unit, whereas the relative velocity 
between crystals and solution is of the order of 
0.1 to 0.3 foot per second. 
I have found that a principal factor affecting 

the strength and smoothness of the crystals pro 
duced is the per cent rate of growth, which is 
defined for this disclosure and claims as 
per cent of rate of growth= 

hourly production rate, lb./hr. 
total effective suspension, lb. X 100 

I have found that ammonium nitrate crystals 
grown at a 10 to 12 per cent rate of growth were 
dense, Strong and had a smooth surface, whereas 
those grown at a 15 per cent rate of growth Were. 
of poor quality. In the present process the rate 
of growth may be controlled by varying either 
the amount of crystals in suspension or the pro 
duction rate. 
With the apparatus and conditions shown and 

described herein an adequate Supply of Seed cryS 
tals averaging about 0.1 cubic millimeter in size 
is produced by attrition. I have found that the 
use of Seed crystals produced by attrition is an 
other major factor leading to the formation of 
dense, Strong smooth crystals. The production 

s 

crystallize this material at about room tempera 
ture. For best operation the temperature of 
crystallization and room temperature should be 
approximately the same in order to minimize un 
controllable heat transfer between the room and apparatus, but operation has been carried on using 
an insulated crystallization vessel, which gave 
excellent results when the difference between crystallizer temperature and that of the room was 

10 20 to 30°F. . . . . . . . . . . . . . . . 
Operation according to the proposed invention 

can be briefly summarized as follows. The major 
portion of the suspension is caused to rotate at 
an average velocity of about 1 to 3 feet per second, 
the velocity being least at the center of rotation 
and increasing progressively as the distance from 
the center becomes greater. The shape of the 
container is so designed as to allow the freeiro 
tation of the suspension. Since the maximum 
velocity at which crystals settle out under the 
force of gravity is less than 0.3 feet per second, 
this rotational velocity is sufficiently in excess. of 
the settling rate to sweep crystals along with it. 
The rotation is maintained at the proposed ve 

25 locity by introducing a stream of solution tangen 
tially into the rotating body at an approximate 
calculated jet velocity of 6 to 10 feet per second. 
This jet is distributed uniformly over the bottom 
of the crystallizer container in one or more steps 

30 to sweep along any crystals which tend to settle 
from the suspension. Since the solution and 
crystals rotate cocurrently, the relative velocity 
between the two remains Small and permits the 
maintenance of a relatively dense suspension. 

35 Efficient utilization of the entire suspension is 
enhanced by a relatively high rate of rotation, 
while the maximum density of suspension is ob 

40 

tained at low rates of rotation. In actual prac 
tice, a compromise between these two factors is 
involved, giving a speed of rotation at which a 
maximum production rate is obtained. This 
Corresponds approximately to the conditions given 
above. 

45 

50 

capacity of apparatus for crystallizing ammo- - 
nium nitrate is about 2 to 4 pounds per hour per 
cubic foot of Suspension. - - - 

Factors affecting the production rate are the 
degree of supersaturation of the solution, the 
density of the crystal suspension and the volume. 
of the effective zone of growth. By operating 
according to the method described above it is 
possible to use a much higher degree of Supera. 
Saturation than has been feasible heretofore. 
In the present type of operation ammonium ni- . 
trate solutions of from 0.003 to 0.10 pound per 
gallon Supersaturation may be used. Rotation of 
a zone of growing crystals distributes... the sun. 
persaturated liquid throughout a large volume 
and dense suspensions of growing crystals may 
be used. . . . . . . . . . . . . 
The temperature of crystallization is not criti 

cal from the standpoint of operation; however, 
since ammoniuin nitrate forms one type of crystal 

temperatures between -0.4, and 90.1 F. and 
another typé between 90.1 and 183.6°F, I prefer to 

00 

70 

Duration of test. s:-- ------- 

Screen analysis of 

Quality of oduct crystals.I.I.I. 

Eacample II 
Ammonium nitrate was crystallized without use 

of the rapidly rotating zone of crystal growth de 
scribed above. A tilted plate similar to deflecting 
means 5 in Fig. 3 was then installed and crystal 
lization was continued with the growing zone of crystal growth rotating substantially...verti 
cally in substantially streamlined flow at an aver 
age velocity of from 1 to 3 feet per second and 
overlaid by liquid in an upper quiescent zone. 
The following comparable results were ob 

tained: 

Without 
rotation ... Rotating zone 

48 hr. : 
788. Crystallization temperature, F 
90. Rate of recirculation of solution, galilmin...: Initial supersaturation, lb./gal...... .007. 

Average rate of production of crys- 40-20. 
tals, lb./hr. . . . . - 

Weight of crystals in suspension, b. - 500-150. 
product, per 

cent: . . . 
+8-mesh ---------------------- 45. 
--8 to--12mes 39. 
-12.to H20 mesh.-- 12: 
-20 to -35 mesh 4. " 

0.: ..., ; : 
Dense, smooth, 
and strong. 

:-35mesh.----. - ---------- 

Rough, weak, 
and friable. 

steady state operation was not obtained in 
case. In each case the weight of crystals in suspension continually decreased as operation 

progressed, from 500 pounds to 120 pounds and 
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150 pounds, respectively. The principal ad 
vantage gained was in the improved quality and 
size of crystals produced in the rotating Zone. 

Eacample III 
Operation was continued as described in Ex 

ample II with a rotating Zone of crystal growth 
but with the addition of Supersaturated Solution 
at a controlled rate of about 10 gallons per min 
ute to the upper quiescent Zone. Fine crystal 
particles produced by attrition and present in 
this upper zone were thus grown at controlled 
rate until large enough to sink under the in 
fluence of gravity until caught by the rotating 
suspension of crystals in the lower Zone. Steady 
state operation and high production rate Were 
obtained without sacrifice of crystal size and 
quality. 

Introduction of supersaturated solution into 
the upper quiescent Zone was discontinued. Op 
eration with a rotating zone was continued as 
a check on the effect of introducing SuperSatu 
rated solution into the upper quiescent Zone. 
The following comparable results were obtained: 

With in- Without in 
troduction of troduction of 
supersatu- supersatu 

rated solution rated solution 

TDuration of test, hr------------------- 24 8 
Temperature of crystallization, F----- - g7 97 
Weight of crystals in suspension, lb.---- 400-550 500-220 
Recirculation of solution, galf mini---- 105 00 Initial supersaturation, lb.fgal.--------- 0.008, 0.009 
Average production rate, lb.fhr-------- 52 52 
Screen Elysis of product, per cent: 

8 mesh-------------------------- 10 2 
-8 to --12mesh.-- 84 8 
-12 to +20 mesh.-- 26 52 
-20 to -4-35 Inlesh- O 20 
-35 mesh-------------- O 18 

When the introduction of SuperSaturated Solu 
tion into the upper quiescent Zone was discon 
tinued the product contained an excessive pro 
portion of fine crystals and the weight of crystals 
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in suspension decreased so rapidly as to indicate 
that a high production rate could not be main 
tained. 

It will be obvious to those skilled in the art 
of crystallization that many modifications may 
be made in the apparatus and process shown 
and described without departing from the Spirit 
and scope of this invention, which is limited 
only by the Subtended claims. 

Having described my invention and explained 
its operation, I claim: 

1. A process for crystallizing a material char 
acterized by rapid rate of crystal growth which 
comprises withdrawing Solution of such material 
from the top of such solution contained in a 
crystallizing vessel; circulating the withdrawn 
solution through an evaporator; therein con 
centrating the solution to a Selected degree of 
supersaturation; continuously introducing a 
stream of the resulting supersaturated Solution 
into a lower part of Said crystallizing vessel con 
taining a suspension of crystals of Said mate 
rial in supersaturated Solution thereof; direct 
ing said stream and controlling its velocity to 
maintain two zones in the resulting rising Sus 
pension of crystals, namely, a lower Zone of crys 
tal growth wherein a suspension of relatively 
coarser growing crystals is maintained in con 
tinuous rapid, substantially vertical streamlined 
rotation by kinetic energy imparted by Said 
stream, and an upper, relatively quiescent Zone 
containing a suspension of finer crystals; trans 
ferring fine crystals from said lower zone to said 
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upper zone by upward flow of solution; continu 
ously introducing a controlled stream of super 
saturated solution of said material into said 
upper zone; therein contacting said fine Crystals 
with resulting supersaturated solution of Said 
material of a controlled degree of SuperSatura 
tion until their size is substantially increased; 
introducing the resulting crystals of increased 
size into said lower zone as seed crystals; and 
withdrawing strong mature crystals from a lower 
portion of said lower zone. 

2. A process for crystallizing a material char 
acterized by rapid rate of crystal growth which 
comprises withdrawing Solution of such material 
from the top of such solution contained in a 
Crystallizing vessel; circulating the withdrawn 
solution through an evaporator; therein concen 
trating the solution to a selected degree of super 
Saturation; continuously introducing a stream of 
the resulting SuperSaturated Solution into a lower 
part of Said crystallizing vessel containing a sus 
pension of crystals of Said material in SuperSatu 
rated Solution thereof; directing said stream and 
controlling its velocity to maintain two zones in 
the resulting rising suspension of crystals, name 
ly, a lower zone of crystal growth wherein a 
suspension of relatively coarser growing crystals 
is maintained in continuous rapid, substantially 
vertical streamlined rotation by kinetic energy 
imparted by Said stream, and an upper, relatively 
quiescent zone containing a suspension of finer 
crystals; transferring fine crystals from said 
lower zone to Said upper zone by upward flow 
of solution; withdrawing said fine crystals and 
introducing them into a secondary crystalliza 
tion Zone; therein contacting said fine crystals 
With SuperSaturated Solution of said material of 
a controlled degree of Supersaturation until their 
size is Substantially increased; introducing the 
resulting crystals of increased size into said lower 
Zone aS Seed crystals; and withdrawing strong 
mature crystals from a lower portion of said 
lower zone. 

3. A process for crystallizing a material char 
acterized by rapid rate of crystal growth which 
comprises Withdrawing solution of such mate 
rial from the top of such solution contained in 
a crystallizing vessel; circulating the withdrawn 
Solution through an evaporator; therein concen 
trating the Solution to a selected degree of su 
perSaturation; continuously introducing a stream 
of the resulting Supersaturated solution into a 
lower part of said crystallizing vessel contain 
ing a Suspension of crystals of said material in 
SuperSaturated Solution thereof; directing said 
stream and controlling its velocity to maintain 
two Zones in the resulting rising suspension of 
Crystals, namely, a lower zone of crystal growth 
Wherein a Suspension of relatively coarser grow 
ing crystals is maintained in continuous rapid, 
Substantially vertical streamlined rotation by 
kinetic energy imparted by said stream, and an 
upper, relatively quiescent zone containing a 
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Suspension of finer crystals; transferring fine 
Crystals from Said lower zone to said upper zone 
by upward flow of solution; withdrawing said 
fine Crystals from Said upper zone; introducing 
the withdrawn fine crystals into the first of a 
Series of Secondary crystallizing vessels; therein 
contacting. Said fine crystals with supersaturated 
Solution of Said material of a controlled degree 
of SuperSaturation until their size is substan 
tially increased; withdrawing the resulting crys 
tals of increased size and introducing them in 
turn into each of the subsequent secondary crys 

  

  



2,567,968 
13 

tallizing vessels in the series; contacting the re 
sulting crystals of increasing size with Super 
Saturated Solution in each of the Secondary crys 
tallizing vessels in turn; withdrawing the re 
sulting crystals of increased size from each of 
said vessels in turn; introducing the resulting 
crystals of increased size withdrawn from the 
last of Said vessels in series into Said lower ZOne 
as seed crystals; and withdrawing strong mature 
crystals from a lower portion of Said lower ZOne. 

4. A process for crystallizing ammonium ni 
trate which comprises withdrawing an aqueous 
solution thereof from the top of such solution 
contained in a crystallizing vessel; circulating 
the withdrawn solution through an evaporator; 
therein concentrating the solution to a selected 
degree of supersaturation; continuously intro 
ducing a stream of the resulting SuperSaturated 
Solution into a lower part of Said crystallizing 
vessel containing a Suspension of ammonium ni 
trate crystals in SuperSaturated acqueous Solu 
tion; directing Said stream and controlling its 
velocity to maintain two zones in the resulting 
rising Suspension of crystals, namely, a lower 
ZOne of crystal growth wherein a Suspension con 
taining relatively coarser growing crystals is 
maintained in substantially vertical streamlined 
rotation by kinetic energy imparted by said 
stream and at a speed of from about 3 to about 
10 times that With which Such crystals Sink in 
such solution, and an upper, relatively quiescent 
Zone containing a suspension of finer crystals; 
transferring fine crystals from said lower zone 
to said upper zone by upward flow of solution; 
Continuously introducing a controlled Stream of 
SuperSaturated aqueous solution of ammonium 
nitrate into said upper Zone; therein contacting 
said fine crystals with resulting supersaturated 
aqueous Solution of ammonium nitrate of a con 
trolled degree of superSaturation until their size 
is Substantially increased; introducing the re 
Sulting crystals of increased size into Said lower 
ZOne aS Seed crystals; and withdrawing strong, 
dense, mature crystals of ammonium nitrate from 
a lower portion of said lower Zone. 

5. A process for crystallizing ammonium ni 
trate Which comprises withdrawing an aqueous 
Solution thereof from the top of such solution 
contained in a crystallizing vessel; circulating 
the withdrawn solution through an evaporator; 
therein concentrating the solution to a selected 
degree of Supersaturation; continuously intro 
ducing a stream of the resulting superSaturated 
Solution, containing from 0.003 to 0.1 pound per 
gallon of annonium nitrate in excess of the 
quantity required to Saturate said solution, into 
a lower part of Said crystallizing vessel contain 
ing a Suspension of ammonium nitrate crystals 
in SuperSaturated aqueous: Solution; directing 
said stream and controlling its velocity to main 
tain two Zones in the resulting rising suspension 
Of crystals, namely, a lower zone of crystal 
growth wherein a suspension containing rela 
tively coarser growing crystals is maintained in 
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substantially vertical streamlined rotation by 65 
kinetic energy imparted by said stream and at 
a Speed of from about 3 to about 10 times that 
with which Such crystals sink in such solution, 
and an upper, relatively quiescent ZOne contain 
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ing a suspension of finer Crystals; transferring 
fine crystals from Said lower Zone to said upper 
Zone by upward flow of Solution; withdrawing 
Said fine crystals from Said upper Zone; intro 
ducing the withdrawn fine crystals into the first 
of a series of secondary crystallizing vessels; 
therein contacting said fine crystals with Super 
Saturated aqueous Solution of ammonium ni 
trate of a controlled degree of SuperSaturation 
until their size is substantially increased; with 
drawing the resulting crystals of increased size 
and introducing them in turn into each of the 
Subsequent Secondary crystallizing vessels; con 
tacting the resulting crystals of increasing size 
With SuperSaturated solution in each of the Sec 
ondary crystallizing vessels in turn; withdraw 
ing the resulting crystals of increased size from 
each of Said vessels in turn; introducing the re 
Sulting crystals of increased size withdrawn from 
the last of said vessel in series into Said lower 
Zone as Seed crystals; and Withdrawing Strong, 
dense, mature crystals of annonium nitrate 
from a lower portion of Said lower Zone. 

6. A process for crystallizing ammonium ni 
trate which comprises withdrawing an aqueous 
Solution thereof from the top of such Solution 
contained in a crystallizing vessel; circulating 
the withdrawn solution through an evaporator; 
therein concentrating the solution to a selected 
degree of SuperSaturation; continuously intro 
ducing a stream of the resulting supersaturated 
Solution into a lower part of said crystallizing 
Wessel containing a, Suspension of ammonium 
nitrate crystals in supersaturated aqueous solu 
tion; directing said stream and controlling its 
velocity to maintain two Zones in the resulting 
rising Suspension of crystals, namely, a lower 
2One of crystal growth wherein a suspension 
containing relatively coarser growing crystals is 
maintained in Substantially vertical streamlined 
rotation by kinetic energy imparted by said 
Stream and at a Speed of from about 3 to about 
10 times that with which such crystals sink in 
Such Solution, and an upper, relatively quiescent 
ZOne containing a Suspension of finer crystals; 
transferring fine crystals from said lower zone 
to Said upper zone by upward flow of solution; 
Withdrawing said fine Crystals and introducing 
them into a secondary crystallizing zone; therein 
contacting said fine crystals with supersaturated 
aqueous Solution of ammonium nitrate of a con 
trolled degree of Supersaturation until their size 
is Substantially increased; introducing the re 
Sulting crystals of increased size into said lower 
Zone as Seed crystals; and withdrawing strong, 
dense, mature crystals of ammonium nitrate from 
a lower portion of Said lower zone, 

WATTER, C. SAEMAN. 
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