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This invention relates to the mining of trona, 
especially by solution methods, and a major object 
of the invention is to provide a method of recov 
ering trona from underground solid deposits which 
is simple, easily performed and efficient, and 
which results in a trona that is easily and cheaply 
converted into soda ash of acceptable commercial purity. 
The invention will be described with reference 

to the accompanying drawings in which the 
graphs of Fig. 1 represent solubility relationships 
which are applied in the practice of the invention, 
and Fig. 2 is a flow sheet illustrating the preferred 
practice of the invention, 
There has been discovered by core drilling in 

the Green River formation near Green River, 
Wyoming, a vast deposit of the mineral trona 
which in its pure state has the empirical formula 
Na2CO3. NaHCO3.2H2O. The soluble portion of 
this deposit, which averages at least about 95 
per cent of the formation, is almost pure trona, 
although typical analyses indicate that its con 
tent of the normal carbonate is slightly greater 
than corresponds to the empirical formula. Chlo 
rides and sulfates occur only in traces, and the 
iron content is extremely low but is present, at 
least to a considerable extent, in the remains of 
organisms such as Artemia Salina. The purity of 
this trona deposit would thus render it an ideal 
source of soda ash but the bed, which averages 
about 12 feet in thickness, Occurs at a depth of 
about 1500 feet and is Overlaid by Well compacted 
sedimentary deposits. Mining of that formation 
by usual methods would, therefore, involve the 
sinking of deep shafts with the expense attendant 
upon it and upon manual mining methods. 
In accordance with the the present invention a 

well is driven into the trona formation for the pur 
pose of passing into it a brine of such composi 
tion and at such a temperature as to be capable 
of dissolving the trona in the bed. The resultant 
pregnant solution is then withdrawn and Sub 
jected to changed conditions to cause trona to be 
crystallized from it. The crystallized trona is 
recovered and the impoverished brine is then re 
circulated to the well to repeat the cycle. 

In accordance with the invention there is used 
a brine which is capable of Congruently dissolving 
trona i. e., a brine in which trona is dissolved and 
from which trona may be crystallized as such and 
without metathetical or other alteration of the 
trona constituents. Most suitably the brine con 
tains sodium carbonate and bicarbonate, and pref 
erably it contains substantially more of the normal 
carbonate than of the bicarbonate, 
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The solubility relationships that are made use 
of in practicing this invention with such a brine 
are as explained in my Copending application 
Serial No. 385,092, filed March 25, 1941, now Pat 
ent No. 2,346,140, granted April 11, 1944, of which 
the present application is a continuation-in-part. 
Fig. 1 is a duplicate of Fig. 1 of that application. 
In that drawing the lower graph represents the 
composition of brines of sodium carbonate and 
bicarbonate at about 30 C, and the upper graph 
represents the relationships at about 100 C., and 
both graphs show compositions which are satu 
rated with reference to sodium sesquicarbonate 

A brine saturated with sequicarbonate 
as shown by the lower graph is brought into Con 
tact with a body of natural trona which is to be 
recovered from the formation. By increasing the 
temperature the brine will dissolve the soluble 
matter from the trona, and upon cooling the re 
sultant solution trona, or sodium sesquicarbonate, 
will be crystallized from it. Thus, a brine cor 
responding to the point A of the lower graph will 
contain, per hundred grams of water, approxi 
mately 5.4 grams of sodium bicarbonate and 23.4 
grams of sodium carbonate. Upon heating this 
brine above 30 C. and contacting it with trona 
the composition of the solution will change along . 
the line A-B, and upon cooling the resultant solu 
tion to 30° C. sodium sesquicarbonate will be crys 
tallized out with progressive impoverishment of 
the Solution with respect to sodium carbonate and 
bicarbonate. This action occurs along line A-B 
until the point A is reached, when the brine is 
reheated and used for further treatment of the 
trona bed. 
The process may be described in greater detail 

with reference to Fig. 2, which is illustrative of its 
preferred embodiment. As shown there, the trona 
formation f is penetrated by a well which com 
prises an Outer casing 2 that reaches at least to 
the upper level of the bed, and a tube 3 which is 
disposed Concentrically within the casing 2 and 
which extends substantially to the bottom of the 
deposit. The portion of tubing 3 which is within 
the trona formation is provided with a plurality 
of perforations 4. Brine of appropriate compo 
sition, as indicated above, is passed by a pump 5 
through a heater 6 and thence is forced, under 
the action of pump 5, into the trona deposit 
through the annular space provided between cas 
ing 2 and tubing 3. The brine supplied to the 
formation may advantageously be one which is in 
equilibrium with trona as the solid phase from 
about 20 to 40 C., and in passing through heater 
6 it is brought to a temperature such that when 
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it comes into contact with the trona it will be at a temperature substantially above the equili 
brium temperature of the brine with respect to 
solid trona, which in this case is about 20 to 40 
C., so that when it reaches the trona formation 5 
the brine will be capable of readily dissolving the 
trona congruently to form a pregnant brine which 
passes through the perforations 4 and is with 
drawn through tube 3 for treatment to recover 
trona from it. The pump 5 is of sufficient capac-10 
ity to maintain a suitable flow through the well 
in this manner, for example, at least 100 gallons 
per minute which, operating in accordance with 
Fig. 1, should result in production equivalent to 
about 50 tons of soda ash per day using brine lis 
that enters the well at a temperature of at least 
about 100 C. 
The pregnant brine leaving the well will carry 

with it insoluble matter in suspension which 
should, of course, be removed to avoid contamina-n 20 
tion of the crystallized trona. To this end the 
pregnant brine is passed to a settling tank pro 
vided with a blowdown valve 8 through which the 
insoluble sludge may be passed to waste. The 
iron contained in this trona is in a form which 25 
becomes colloidally dispersed, and which is diffi 
cult to remove by ordinary methods. It may be 
removed readily, however, in accordance with the 
procedure described and claimed in my aforesaid 
copending application, in accordance with which 30 
the solution is intimately contacted with an ad 
sorbent, most suitably activated carbon. There 
by the iron content of the pregnant brine is virtull 
ally eliminated. As applied to the present proc 
ess, the partly clarified brine passes from settling 35 
tank to a clarifier tank 9 where it is agitated 
with a charge of activated carbon that is sub 
sequently removed in a suitable filter C. To 
avoid premature deposition of trona in an in 
pure state, the operations just described are pref- 40 
erably carried on in a closed system with the 
well, i. e., without reducing the pressure and with 
out Substantial cooling of the brine as it leaves 
the Wel. 
The fully clarified brine is then ready for the 45 

crystallization step. In the embodiment shown it 
passes from filter fo to one or more vacuum crys 
tallizers which, in effect, act as evaporators by 
utilizing the sensible heat of the liquid to effect 
evaporation by application of reduced pressure, 50 
which also results in a marked reduction of the 
temperature of the liquid. In short, the Sensible 
heat of the liquid is converted into the latent 
heat of evaporation. Thus the brine becomes 
Supersaturated with respect to trona and causes 55 
it to be crystallized congruently. The crystallized 
trona and mother liquor then pass to a filter 2. 
The mother liquor from the filter passes to a 
tank 3 and thence is recycled to the well by 
pump 5 as described above. The trona cake from 60 
filter 2 may be used as desired, e. g., by passing 
it . a calciner 4, where it is converted to soda 
8S, 

The trona recovered in this manner is of high 
purity as evidenced by the fact that soda ash 85 
made by calcining it is pure white and shows 
upon analysis no chlorides or sulfates, about 0.01 
per cent of insoluble matter, and 0.0008 per cent 
of iron. Washing of the trona crystals upon the 
filter is therefore ordinarily unnecessary but the 70 
crystallized trona will, in that case, remove water 
in the form of adherent mother liquor. This loss 
is compensated for by make-up water added to 
tank 3. . Such removal of mother liquor will pro 
gressively remove sodium carbonate from the re- 75 

cycled brine but this may be corrected by the Oc 
casional addition to tank (3 of soda ash from cal 
ciner 4. 

It will be understood from Fig. 1 that brines in 
equilibrium with trona at a temperature of about 
30° C. (average of 20° to 40° C.) may be used, and 
that the brine is preferably heated so that when 
it meets the trona it will be at about 85°C. The 
longer the line A-B in Fig. 1, the greater the pro 
portion of refined trona produced per cycle, and 
for this reason it is preferred to work with brines 
in the vicinity of point A, although any of the 
brines of the lower graph saturated with sesqui 
Carbonate may be used. Thus, the brines used for 
treating trona and for recycling in accordance 
with the invention may contain perhundred grams 
of water from about 22 to 38 grams of sodium car 
bonate and from about 1 to 5.8 grams of sodium 
bicarbonate. The closer the point B comes to 
coinciding with the upper graph, the greater will 
be the amount of refined sesquicarbonate pro 
duced per cycle. However, as the point B ap 
proaches the upper curve the likelihood of loss 
of carbon dioxide, by decomposition of trona, in 
creases. For this reason it is preferred to operate 
in a closed system and with the pregnant brine 
at a maximum temperature not much over about 
100° C. The process may be carried out satisfac 
torily at about 85 to 100° C., which is my pre 
ferred practice, or even higher. Of course, with 

. adequate maintenance of CO2 pressure higher 
temperatures may be used. Likewise, the brine 
passed to the well may be of such composition as 
to be in equilibrium with trona at temperatures 
higher or lower than 30° C. 
Other modifications are equally permissible 

Without departing from the spirit of the inven 
tion. Thus, the pregnant brine may be merely 
Cooled to obtain a crop of trona crystals, or it 
may be subjected to evaporation in other than 
vacuum crystallizers, the primary requisite being 
to alter the condition of the brine to effect Crys 
tallization of the trona which it has dissolved 
from the formation, which is accompanied by 
evaporation and cooling, either or both. Like 
wise, instead of using the single well shown in 
Fig. 2 the brine might be pumped into one or 
more input wells and caused to pass through the 
formation to a separate output well. The type of 
well shown in Fig. 2 is preferred, however, be 
cause the ingoing brine keeps the outcoming preg 
nant brine hot and thus presents premature trona 
Crystallization. 
According to the provisions of the patent 

statutes, I have explained the principle and mode 
of practicing my invention, and have illustrated 
and described what I now consider to represent 
its best embodiment. However, I desire to have 
it understood that, within the scope of the ap 
pended claims, the invention may be practiced 
otherwise than as specifically illustrated and de 
scribed. 
I claim: 
1. That method of producing soda ash from an 

underground deposit of Wyoming trona carry 
ing organic matter and contained iron which 
comprises forcing into the trona formation under 
a pressure greater than atmospheric a heated cy 
cling brine of sodium carbonate and sodium bi 
carbonate containing substantially more normal 
carbonate than bicarbonate and which is unsat 
urated with respect to trona and from which the 
dissolved trona may be crystallized congruently, 
withdrawing the pregnant solution from the for 
nation contacting the pregnant solution with an 
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adsorbent and thereby removing said organic 
matter and contained iron, separating the clari 
fled solution from said adsorbent, crystallizing 
and recovering from the clarified brine refined 
sodium sesquicarbonate, calcining the crystallized 
sesquicarbonate to produce soda ash, and cycling 
the mother liquor from said crystallizing step to 
the formation. 

2. A method according to claim 1 in which a 
portion of said soda ash is cycled to said mother 
liquor to maintain the ratio of normal carbonate 
to bicarbonate in the cycling brine. 

3. A method according to claim 1 in which the 
cycling brine contains about 22 to 28 grams of so 
dium carbonate and 1 to 5.8 grams of sodium bi 
carbonate per 100 grams of water and is heated 
to at least about 85 C. as it is passed to the for 
mation. . 

4. That method of producing soda ash from 
an underground deposit of Wyoming trona car 
rying organic matter and contained iron which 
comprises forcing into the trona formation under 
a pressure greater than atmospheric a heated 
cycling brine of sodium carbonate and sodium 
bicarbonate containing substantially more nor 
mal carbonate than bicarbonate and which is 
unsaturated with respect to trona and from which 
the dissolved trona may be crystallized congru 
ently, withdrawing the pregnant solution from 
the formation, contacting the pregnant solution 
with an adsorbent and thereby removing said 
organic matter and contained iron, separating 
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the clarified solution from said adsorbent, crys 
tallizing and recovering from the clarified brine 
refined sodium sesquicarbonate with some of said 
brine adhering to the crystals, calcining said crys 
tals with the adherent brine to produce soda ash, 
and cycling the mother liquor from said crystal 
lizing step to the formation. 

5. That method of producing soda ash from an 
underground deposit of Wyoming trona carrying 
Organic matter and contained iron Which COn 
prises forcing into the trona formation under a 
pressure greater than atmospheric a heated cy 
cling brine of sodium carbonate and sodium bi 
carbonate containing substantially more normal 
carbonate than bicarbonate and which is unsat 
urated with respect to trona and from which the 
dissolved trona, may be crystalized congruently, 
withdrawing the pregnant solution from the for 
mation, contacting the pregnant solution with an 
adsorbent and thereby removing said organic 
matter and contained iron, separating the clari 
fied solution from said adsorbent, subjecting the 
clarified solution to vacuum Crystallization and 
recovering refined sodium sesquicarbonate with 
some of the brine adhering to the crystals, cal 
cining said crystals with adherent brine to pro 
duce soda ash, cycling the mother liquor from 
said crystallizing step to the formation, and cy 
cling to said mother liquor a portion of said Soda 
ash to maintain the ratio of normal carbonate to 
bicarbonate in the cycling brine. 

ROBERT D. PKE. 


