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This invention relates to crystals and the 
method of producing the same, particularly 
to crystals of clear, uniform structure for 
use in the manufacture of piezo-electric appa 
ratus. 
One of the objects of this invention is to 

provide an easy method of producing Seeds 
or neuclei for growing crystals. 
Another object of this invention is to pro 

vide a method of producing crystals whereby 
non-homogeneity of the crystal structure is 
materially lessened by the substantial exclu 
sion of the seed from which the crystal is pro 
duced. 
Another object is to provide a method of 

producing seeds or nuclei of uniform size and 
characteristics. 
A further object is to provide a method of 

producing a seed wherein a crystal of special 
proportions may be readily produced from 
the seed according to the shape and orienta 
tion of the same. 
A still further object is to provide a method 

of producing a clear crystal uniform in struc 
ture wherein a seed cut from a crystalline 
mass in predetermined relationship, is im 
mersed in a solution of a crystal salt. 
Another object is to provide a method of 

, producing crystals wherein the seeds used in 
3. producing the same are cut from a crystalline 

mass in predetermined relationship to the 
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crystalline axes thereof. 
Still another object is to provide a clear 

crystal of large and uniform size which does 
not have mother liquor contained within the 
S80, 
These being among the objects of the pres 

ent invention, the same consists of certain 
methods and operations, and combinations 
of parts to be hereinafter described with ref 
erence to the accompanying drawing, and 
then claimed, having the above and other ob 
jects in view. - 

Crystals are used among other things in 
the purification of chemicals and to a very 
great extent in the making of piezo-electric 
apparatus. It is, therefore, very desirable 
in these arts that the crystals be large, uni 
form, and clear, and that they be practically 
free of the mother liquor which is quite fre 

quently contained within the same. Further 
more, it is very desirable for most purposes 
that the crystal structure be substantially free 
of the seed from which it is produced. 

Heretofore, seed crystals have usually been 
produced by increasing the saturation of the 
crystal salt solution, as by gradually reduc 
ing the temperature of the salt solution until 
a plurality of small crystals of various shapes 
and sizes are formed and deposited on the 
bottom of the vessel containing the salt solu 
tion. The most perfect of these small crys 
tals are selected, washed and dried and are 
used as seeds for growing larger crystals. 
The number of perfect usable seeds is, how 
ever, usually a very small portion of the total 
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number of seeds deposited. The selected 
seed crystals are either placed on the bottom 
of a vessel containing a crystal salt solution, 
or are suspended in the solution by a string 
or small wire, and the saturation of the solu 
tion is then increased by lowering the tem 
perature of the same, by introducing more 
salt into the solution or by any other suitable 
method. As soon as the solution tends to be 
come supersaturated the seed crystals begin 
to increase in size and large crystals are grad 
ually formed. The crystal seed in crystals 
formed in this manner remains embedded in 
the crystal structure plainly discernible in 
the center or bottom face of the same. 

Crystals grown by this prior method are 
non-homogeneous in structure due to the in 
clusion of the seed in the bottom surface or 
central portion thereof, and tend to grow 
to proportions which cannot be controlled, 
since they are peculiar to the habits of the 
salt being crystallized. 
The present invention proposes an im 

proved method wherein superior crystals 
having predetermined proportions not nec 
essarily characteristic of the salt to be crys 
tallized, may be readily produced from seeds 
cut to predetermined shape from a crystal 
line mass of the salt to be crystallized or 
from a salt of similar crystalline habits. 
In the drawing, crystals of Rochelle salt 

are shown for the purpose of illustration and 
explanation, but it is to be understood that 
the method of producing the same, which is 
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about to be described, is equally adaptable 
for producing crystals of other salts. 

seeds to be cut therefrom, 
Fig. 2 is a perspective vie 

seed shown in broken outline in 
parallel to the major transverse 

Fig. 3 is a perspective view 
figiettarallel 
nal axis. . . . . . 

Fig. 5 is a perspective view of 
and narrow seeds shown in broken outline 
Fig. 1 cut parallel to the major 

Fig. 5, 
ow the seed 
Fig. 7 is a perspective view of a 

produced from the seed shown in Fig. 4 
portion of the crystal being broken away it 
show the seed. is a perspectiv fiew a 

upright position. 

to show the seed. 
Fig. 10 is a section through one form of 

apparatus used in producing crystals show 
ing a partly formed crystal in cross section. 
iSE to the accompanying drawing 

in which like numerals refer to like parts 
throughout the several views, and particu 
larly to Fig. 1, a fragmentary portion of a 
Rochelle salt crystal 10 is shown as having 
a minor or electrical axis a -a, a major 
transverse axis b-b and a major longitudi 
nal axis o-c. 
For the purpose of explanation it will be 

assumed that it is desired to produce the 
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talline axes just described are first deter 
mined, either by inspection or test, for the se 
lected crystal 10 from which the seed is to be 
taken, and the rectangular seed 13 as shown 
in Fig. 5 is cut from the crystal 10 parallel 
to the major longitudinal axis o-e as indi 
cated by the broken outline 13a of the seed 
in Fig.1. The most convenient method of 
cutting the seed from the crystal 10 is to 
use a modified band saw, although it is to 
be understood that other practical cutting 
devices may be used. 
Commercially, a crystal having as much 

available clear homogeneous material as pos 
sible is desired and this type of crystal is 
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langular seed shown in broken outline in 
to the major longitudi-l 

a perspective view of the short. 
seed shown in broken outline in parallel to the major longitudi 

a crystal 
5. a. abo 

Flg. 8: tal 
produced from a seed which is planted in an 

portion of the crystal being broken away 

half crystal 11 shown in Fig. 6. The crys 

1,906,758. 

The see 
sired sh 

stal 11 and 
ion orme 
l, 16. It is p 

is preferably placed 
d in the bottom: 
referable that the 

bber or others 

As just pointed out, the seed 13 cut from 
he crystal 11, is preferably planted in a 

so that the salt solution will crys 
tallize on the exposed surface of the seed. 
It is obvious that it - - 

epression isoth 

y be 
ntirely in the dep 

ve, the surface of the 
Y is en positioned 

elow the surface 

epression 1 

leseed will lie substantial 
lir 

Las been taken as an 

after it as been cut O the 
is ready to be used for pro-70 

rmed of a cushioning mate ock absorbing 

... The preferable method: 
planting the seed, however, is to form the 

to such a depth that when the 
eed is positioned therein the upper face of 

- - - - - - - - y flush with the 

e of the bottom 15 as illustrated in P; ; ; ; 
Fig. 10, so that when the salt, solution is ; ; ; ; ; ; 
crystallized on the exposed surface of the 

Fig. 9 is a perspective view of a crystal seed 13, the seed will not be included in the 
produced from the seed shown in Fig. 2, a crystal structure, but will lie external to 

best obtained by growing a half crystal such ; ; ; ; ; ; ; 
as the crystal 11 which 

In the drawing, Figure 1 is a fragmentary . . . . . . . . . . 
perspective view of a Rochelle salt crystal 

initial depression, and at the sit Solitionwiil 85 
; : crystallize on the exposed surface of the st; 

seed regardless of whether the seed projects 
ttom of the vessel, 

the surface thereof, as shown in Fig. 6, a 
portion of the crystal structure being bro 
ken away to show this feature. 

However satisfactory results have been ob 
tained by planting the seed with its upper 
face positioned below the surface of the bot 
tom of the vessel containing the salt solution. 
This method causes a crystal to be grown 
similar to the one shown in Fig. 7, wherein 
the seed is separated from the adjacent crys 
tal face by a thin growth 30 of crystalline 
material. 

Satisfactory results have also been ob 
tained by planting the seed in the depression 
in such a manner that a portion of the same 
projects above the surface of the bottom of 
the vessel. The salt solution crystallizes 
about the exposed surface of the seed and 
produces a crystal similar to the one shown 
in Fig. 9 wherein a small portion of the seed 
is incorporated in the body thereof at the 
plane of crystalline growth. 
A filtered Rochelle salt solution 17 made 

alkaline corresponding to about 0.1 normal 
sodium or potassium hydroxide solution and 
containing enough Rochelle salt to become 
slightly supersaturated at about 36 degrees 
C. is heated to about 50 or 55 degrees C. and 
then poured into the vessel 16. It is desirable 
to pour the solution into the vessel at a tem 
perature above the saturation temperature 
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to prevent the formation of accidental crys 
tals. When the temperature of the solution 
has dropped to about 41 degrees C., the seeds 
are planted in the desired manner as pre 
viously described, and the top 18 is placed 
over the vessel 16. The temperature of the 
solution is then allowed to drop to the satura 
tion point. This temperature is maintained 
until the conditions in the solution are in 
equilibrium, that is, until the seeds have 
stopped growing. When an equilibrium of 
the solution is reached, a slow reduction of 
the temperature of the same is begun and the 
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crystal 11 starts to grow about the exposed 
surfaces of the seed 13. It is very desirable 
that a circulatory or to-and-fromotion be 
imparted to the solution during the formation 
of the crystal 11 as indicated by the arrows 
19. The sides of the depression 14, in the 
bottom 15 of the vessel 16 exert sufficient 
friction against the sides of the seed crystal 
13 to hold the same in position during the 
movement of the solution. As the crystal 11 
gradually increases in size the temperature of 
the soluiton may be gradually lowered until 
the crystal reaches a suitable size. It may 
be desirable in some cases to use an evapora 
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tion process or even a combination of heat 
and evaporation. This, however, is optional. 
As the crystal 11 grows on the exposed sur 

face of the seed 13 its crystalline axes are de 
termined by and correspond to the axes of 
the seed 13. When the crystal 11 has reached 
a sufficient size it is removed from the solu 
tion with the seed 13 adhering thereto. The 
entire seed 13, as shown in Fig. 6, lies outside 
of the surface of the crystal 11, and can be 
easily removed in any suitable manner, leavi 
ing no trace of the seed 13 in the body of 
the crystal structure. If, however, the crys 
tal has been grown from a seed which was 
planted with a portion extending above the 
bottom of the vessel, a small portion extends 
into the crystal structure adjacent the plane 
of crystalline growth, as shown in Fig. 9. 
The bottom face of the crystal in this case 
can be cut off to remove the slight trace of 
the seed. The crystal may then be cut into 
homogeneous slabs to be used for the purpose 
for which they are intended. 
The ratio of cross section to length in the 

produced crystal may be controlled by the 
relative length and cross section and orienta 
tion of the seed crystal. The seed 13 is 
shown as being relatively long and narrow 
and consequently the crystal 11 produced 
from the seed is also long and narrow. If 
the short crystal 20 shown in Fig. 7 is de 
sired, the short seed crystal 21 shown in Fig. 
4 is cut parallel to the longitudinal axis G-6 
of the crystal 10 as indicated by the broken 
outline 21a in Fig. 1. If the crystal 22 shown 
in Fig. 9, which is shorter in length than 
width, is desired a seed 23 shown in Fig. 2 
is cut on the broken lines 23a of the crystal 
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10 parallel to the transverse axis b-b. If 
the full crystal 24 shown in Fig. 8 is desired 
the seed crystal 13 is planted on one of its 
ends in an upright position, and may be held 
in place by insertion into a hole formed in 
the bottom of the vessel, or suspended in the 
solution by a string. 
Although it is preferable toplant the seeds 

in depressions in the bottom of the vessel con 
taining the Salt solution, as previously de 
scribed, the advantageous characteristics of 
the previously described cut seeds may be 
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utilized without planting the seeds in depres- . 
sons, by planting the seeds directly on the 
flat bottom of the vessel containing the solu 
tion to be crystallized. Very E. e 
sults have been obtained by planting cut seeds 
in this manner. 
In commercial practice it is usually de 

sirable to produce crystals of a single shape 
most suitable for the purpose for which they 
are intended. In this case a plurality of 
slabs are cut from a clear crystal or a portion 
thereof and the slabs are cut into equal paral 
lel bars of suitable length and size for seeds. 
All crystals produced from these parallel 
bars or seeds will have the same general 
characteristics. That is, they will have sub 
stantially the same shape or lengthwidth 
ratio, and under similar growing conditions, 
the same size and weight. A , It is apparent that large, homogeneous 
crystals free from flaws or contaminations 
can be produced by the method just described. 
By using the method herein described, large 
clear crystals homogeneous in structure have 
been produced in three weeks time from seeds 
having predetermined proportions, which 
crystals varied in weight according to grow 
ing conditions, from three-quarters to five 
pounds. It is thus possible to produce a 
maximum of perfect usable slabs with mini 
mum waste in cutting, from a single crystal 
because of the uniform and controlled shape 
and homogeneity, and also to produce a 
maximum of uniform crystals in a minimum 
time. 
By the method of the present invention 

crystals having ratios of length to breadth 
varying from .5 to 6 have been produced. It 
is readily seen that the proportions of a 
crystal can be controlled by the proportions 
of the seed, and that large seeds of homo 
geneous structure can be produced as easily 
as short seeds, and with considerable more 
efficiency and rapidity than by the heretofore 
used method of growing seeds. 

It is further apparent that satisfactory 
perfect crystals can be readily produced by 
the present invention which are suitable for 
use in the arts of making piezo-electric ap 
paratus, optical apparatus, and the like. 
This method may also be used to advantage 

in the purification of chemicals by the efficient 
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4. 
production of large crystals free.from the 
mother liquor or other contaminations. 

It is to be understood that the shapes of 
crystals and the particular methods and op. 

serations set E. are for explanation and 
illustration only and that formal changes can 
be made in the invention without departing 
from the spirit and substance of the broadin 
vention, the scope of which is commensurate 

10 with the appended claims. 
What I claim is: 1. The method of producing crystals, which 

consists in cutting a seed crystal from a 
crystalline mass in predetermined relation 

15 ship to the crystalline axes of said mass, 
planting said seed in a depression in the bot 
tom of a vessel containing a solution of the 
salt to be crystallized so that the Salt solution 
will crystallize on the exposed surface of the 

20 seed, and causing said solution to crystallize 
on said seed. - . 

2. The method of producing a crystal, 
which consists in planting a seed in a depres 
sion in the bottom of a vessel containing a 
solution of the salt to be crystallized, and 
causing said solution to crystallize on the ex 
posed surface of said seed. 3. The method of producing crystals, 
which consists in planting a seed in a solution 
of the salt to be crystallized, protecting the 
bottom and portions of the sides of the seed 
from the solution, and causing the solution 
to crystallize on the unprotected portion of 
the seed. - 

4. The method of producing crystals, 
which consists in cutting a seed crystal from a 
crystalline mass in predetermined relation 
ship to the crystalline axes of said mass, 
planting said seed in a vessel containing a so 
lution of the salt to be crystallized, with the 
greater portion of said seed encased by the 
bottom of said vessel, and causing said solu 
tion to crystallize on the exposed surface of 
said seed. - 

5. The method of producing crystals 
which consists in cutting a seed crystal from 
a crystalline mass in predetermined relation 
ship to the crystalline axes of said mass, 
planting said seed in a depression formed in 
the bottom of the vessel containing a solution 
of the salt to be crystallized with the greater 
ortion of the surface of said seed concealed 
y said depression, and causing said solution 

to crystallize about the exposed surface of 
said seed, whereby said seed will lie outside 
the plane of crystalline growth of the pro 
duced crystal. 
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6. The method of producing crystals, 
which consists in cutting a seed crystal from 
a crystalline mass in predetermined relation 
ship to the crystalline axes of said mass, 
planting said seed in a solution of the salt 
to be crystallized with the greater portion of 
said seed positioned below the plane of the 

65 crystal to be produced, and causing said solu 
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tion to crystallize about the exposed surface 
of said seed. 

7. The method of producing crystals, 
which consists in concealing the greater por 
tion of a seed crystalin a cushioning material, 
and causing a solution of the salt to be crys tallized to crystallize on the exposed portion 
of said seed, whereby the greater portion of 
said seed crystal will lie externally of the 
produced crystal. 

8. The method of producing crystals, 
which consists in cutting a seed crystal from 
a crystalline mass in predetermined relation 
ship to the crystalline axes of said mass, con 
cealing the greater portion of said seed crystal 
in a cushioning material carried by a vessel 
containing a solution of the salt to be crystal 
lized, and causing said solution to crystallize 
about the exposed surface of said seed crystal 
to form a crystal with the greater portion of 
said seed positioned externally thereof. 

9. The method of producing large crystals 
of the Rochelle salt type which consists in 
cutting a seed crystal from a crystalline mass 
in predetermined relationship to the crystal 
line axes thereof, planting said seed in a salt 
solution, protecting the greater part of the 
surface of said seed from said solution, and 
causing said solution to crystallize about the 
exposed surface of said seed so that the said 
seed will lie outside the produced crystal. 

10. The method of producing a large 
homogeneous crystal of the Rochelle salt 
type having a weight in excess of three-quar 
ters of a pound, which consists in cutting a 
seed crystal from a crystalline mass in pre 
determined relationship to the crystalline 
axes thereof, planting said seed in a depres 
sion in the bottom of a vessel containing a 
solution of the salt to be crystallized with the 
greater portion of the surface of said seed 
concealed by the walls of said depression, 
and causing said solution to crystallize about 
the exposed surface of said seed whereby said 

d will lie externally of the produced crys 
ta. 

11. The method of producing crystals long 
in length and narrow in width, which con 
sists in determining the crystalline axes of 
a crystalline mass, cutting a seed portion 
from said mass parallel to the major longi 
tudinal axis of the mass, planting said seed 
in a solution of the salt to be crystallized 
and causing said solution to crystallize on 
said seed. 

12. The method of producing crystals of 
eater width than length, which consists in 
etermining the crystalline axes of a crystal 

line mass, cutting a seed portion from said. 
mass parallel to the major transverse axis of 
said mass, planting said seed in a solution 
of the salt to be crystallized and causing said 
solution to crystallize on said seed. 

13. The method of producing a large crys 
tal of the Rochelle salt type, which consists 
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in determining the crystalline axes of a crys 
talline mass of Rochelle salt or the like, cut 
ting a seed crystal from said mass in pre 
determined relationship to the crystalline 
axes thereof, planting said seed in a vessel 
containing a solution of the Rochelle salt 
type, and causing said solution to crystallize 
on said seed. . 

14. The method of producing large crys 
tals and controlling the dimension of the 
crystal relative to the major transverse or 
major longitudinal axis of the crystal, which 
comprises determining the crystalline axes 
of a crystalline mass, cutting a seed from 
said crystalline mass with the longitudinal 
dimension of the seed parallel to the crystal 
line axis along which the larger dimension is 
desired, planting said seed in a vessel con 
taining a solution of the salt to be crystal 
lized, and causing said solution to crystallize 
on said seed. 
In testimony whereof I affix my signature. 

BENGT KJELLGREN. 
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