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My invention relates to a method of 
mining soluble boron compounds but is not 
limited thereto and may be used for the re 
covery of soluble minerals occurring under 
.similar conditions. 
Sodium borate Naglì,07 occurs occasion 

ally in deposits in considerable depth from 
the surface of the ground and makes ordi 
nary mining operations diil‘icult and expen 
sive. 

It is .an object of my invention to provide 
a method whereby the sodium borate or any 
other soluble boron compound may be eco 
nomically and eliiciently recovered. 
As well known, the solubility of sodium 

boi-ate increases greatly with the tempera~ 
ture of water. One gallon of `»vater at 0O C. 
dissolves approximately 3 ounces, ivhile at 
1000 C. approximately 250 ounces are dis 
solved. The use of hot water for leaching 
and dissolving` minerals containing soluble 
boron compounds suggests itself. However, 
a slight cooling of the hot solution precipi 
tates boron compound crystals which clog up 
the conduits and valves of the apparatus 
and are exceedingly diíilcult to handle. 
My invention contemplates a method to 

overcome this di'liiculty by the joint use of 
steam and hot air, preferably using an air 
lift employing hot air for raising the borate 
solution and also vfor efficiently leaching out 
soluble borates which may occur at a con 
siderable distance from, the bottom of the 
shaft and located above them, the air be 

` ing used to fill spaces caused by the removal 
of the soluble borates and the steam pene 
trating crevices in every direction on con~ 
densing, dissolving efficiently the borates 
and conducting them to the bottom of the 
shaft from which they are raised by means 
of hot air. . 
The lclaims of the present invention are 

limited to the method shown and described. 
The apparatus is claimed in my co-pending 

r application, Serial No. 170,651, filed Febru~~ 
ary 24, 1927. 
My invention consists of the steps of the 

process hereinafter described and claimed. 
In the accompanying drawings, which 

form a part of the specification, I have illus­ 
trated an apparatus suitable for carrying 
out my method and in which the figure is a. 
vertical cross section of the apparatus for 
leaching out and recovering soluble borates. 

Referring to the drawings, l indicates an 
outer casing which has been inserted in a 
hole drilled for the purpose in the formation 
containing soluble borates at or adjacent the 
bottom thereof. The earth strat-a have been 
indicated by legends on the drawings, such 
as alluvial, sandstone, sedimentary clays and 
the deposit at the bottom of crystallized 
boron compounds. Since the method is espe 
cially intended for use in connection with 
borax, the term borax for the sake of sim 
plicity will be used throughout the specifica 
tion. 

ÑVithin the outer casing is an inner easing 
2 which preferably projects somewhat beyond 
the bottom of out-er casing 1. Into the annu 
lar chamberâîformed between outercasingl 
and inner casing 2 l supply steam from any 
suitable source by valve controlled steam 
pipe` -il to which is connected a valve con` 
trolled hot air pipe 5. A valve controlled 
hot water pipe 6 also communicates with the 
chamber An air lift pipe 7 is arranged 
within inner casing 2 closed at the bottom 
and provided near the bottoni with perfora 
tions 7’. lf desirable perforations ’I2 may 
be provided intermediate the upper and 
lower ends ot' the air lift pipe Y, or any 
other preferred construction of an air lift 
may be used, the particular structure thereof 
forming no part of my invention. The 
boraX solution exit pipe S communicates 
with the top of the inner casing 2. 10 is a 
packer between the shaft and the outer cas~ 
ing l to confine the air or steam pressure 
Within the shaft. 
The operation is as follows: 

f Steam is conducted to the bottom of the 
shaft through steam pipe 4f and annular 
chamber 3. A portion of the steam will con 
dense as it passes down into the shaft and 
to the ore deposit, the steam penetrating 
through the crevices and the hot water of 
condensation efficiently leaching out and dis~ 
solving the boraX. Hot air is also intro 
duced to the bottom of the shaft, passing 
from hot air pipe 5, steam pipe 4 and annu 
lar chamber The hot air serves to fill 
the space and cavities caused by the leach~ 
ing and removal of the boraX and also in 
forcing the borax solution into the inner 
casing 2. Air, preferably hot, is now 
pumped through the air pipe 7 and passing 
through perforations 7’ and 72 will lift the 
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borax solution and cause the­ same to flow 
through the exit pipe 8 to suitable boraï 
solution containers, not shown. 
The degree of temperature of the steam. 

and hot air depends somewhat on condi 
tions, on the depth of the shaft, a deeper 
Shaft ordinarily requiring higher tempera 
ture, the aim being at all times to lreep the 
borax in solution and to prevent the forma» 
tion of crystals, 
By my arrangement the steam is hottest 

at the upper part of the apparatus, being 
cooled gradually as it descends into the 
shaft, thereby progressively heating the 
bora); solution ascending in the inner casing 
2. The temperature of the steam may vary 
from 100 to 500 lbs. of pressure or more 
and the hot air from 100 to BOO". 

It may be advisable where the boron com 
pound is insoluble, such as calcium berate, 
to introduce an acid such as hydrochloric 
acid, to liberate the boron in the form of 
boric acid. llt will be obvious, however. 
that when hydrochloric acid is used that 
the pipes` must be made or lined with non 
corrodible material. 

I prefer to use hot air in air lift pipe 7 
in order tov prevent any crystallization of 
boi-ax in the solution that is lifted from the 
bottom of the shaft. However, cold air 
may be used, provided that the temperature 
is maintained sufficiently high by means of 
the steam surrounding the casing 2 to pre 
vent the formation of borax crystals. 
In place of hot air being pumped to the 

bottom of the shaft cold air may be used 
periodically and also hot water through 
pipe 6 may be employed in place of steam. 
The object, however, is ‘to efficiently leach 
the deposit about the bottom of the shaft 
by means of hot water which is convenient 
ly supplied by the water of condenrìzation 
of steam and to exert pressure upon the 
solution so to cause it to rise within cas 
ing 2 so that the same may then be lifted 
to the surface of the ground` by any con 
venient means, care being taken through 
out that the borax is kept in solution until 
conducted to the storage tanlis. 
Various changes may be made by those 

skilled in the art without departing from 
the spirit of my invention as claimed. 

I claim: 
l. A method of recovering soluble min 

erals comprising sinking a shaft to the min 
eral deposit, conducting steam to the bottom 
of the shaft to leach out the soluble con 
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tents by means of the water of condensation 
and lifting1 the solution thus formed to the 
surface of the ground. 

2. A method of recovering soluble min 
erals comprising sinking a shaft to the min- 
eral deposit, conducting steam and air to 
the bottom of the shaft to leach out the 
soluble contents by means of the water of 
condensation and lifting the solution thus 
formed to the surface of the ground. 

3. A method of recovering soluble min 
erals con'iprising sinking a shaft to the min 
eral deposit. conducting steam and hot air 
to the bottom of the shaft to leach out the 
soluble contents by means of the water of 
condensation and lifting the solution thus 
formed to the surface of the ground. 

es. A method of recovering soluble min 
erals comprising sinking a shaft to the min 
eral deposit, conducting steam and hot air 
to the bottom of the shaft to leach out the 
soluble contents by means of the water of 
condensation, heating~ the upper portion ofk 
the shaft to a higher degree than the lower 
portion thereof in order to maintain the 
soluble contents in solution and lifting the 
solution thus formed to the surface of the 
ground. 

¿i method of recovering soluble min» 
erals comprising sinking a shaft to the min 
eral deposit, conducting steam and hot air 
to the bottom of the shaft to leach out the 
soluble contents by means of the water of 
condensation, heating the upper portion of 
the shaft to a higher degree than the lower 
portion thereof in order to maintain the 
soluble contents in solution and introducing 
a gas under pressure into the solution at 
the bottom of the shaft to lift the solution 
to the surface of the ground. 

6. A method of recovering soluble min 
erals Comprising sinking a shaft to the min 
eral deposit, conducting steam and hot air 
to the bottom of the shaft to leach out the 
soluble contents by means of the water of 
condensation, heating the upper portion of 
the shaft to a higher degree than the lower 
portion thereof in'order to maintain the 
soluble contents in solution, introducing a 
reagent to react with any insoluble minerals 
to liberate a soluble compound, and intro 
ducing a gas under pressure into the lsolu 
tion at the bottom of the shaft to lift the 
solution to the surface of the ground. 
ln testimony whereof l have signed Inv 

name to this specification.` v 
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