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SELECTIVE RECOVERY OF MANGANESE, 
LEAD AND ZINC 

This application claims priority to U.S. provisional patent 
application Ser. No. 61/502,736, ?led Jun. 29, 2011, the dis 
closure of Which is incorporated herein by reference in its 
entirety. 

BACKGROUND OF THE INVENTION 

1. Technical Field of the Invention 
This invention generally relates to the ?eld of selectively 

removing manganese and Zinc from brines. More particu 
larly, the invention relates to methods for the selective 
removal and recovery of manganese and Zinc geothermal 
brines that include Zinc and manganese, preferably Without 
the simultaneous removal of other ions from the brines. 

2. Description of the Prior Art 
Geothermal brines are of particular interest for a variety of 

reasons. First, geothermal brines provide a source of poWer 
due to the fact that hot geothermal pools are stored at high 
pressure underground, Which When released to atmospheric 
pressure, can provide a ?ash-steam. The ?ash-stream can be 
used, for example, to run a poWer plant. Additionally, geo 
thermal brines contain useful elements, Which can be recov 
ered and utiliZed for secondary processes. With some geo 
thermal Waters and brines, binary processes can be used to 
heat a second ?uid to provide steam for the generation of 
electricity Without the ?ashing of the geothermal brine. 

It is knoWn that geothermal brines can include various 
metal ions, particularly alkali and alkaline earth metals, as 
Well as silica, iron, lead, silver, Zinc and manganese, in vary 
ing concentrations, depending upon the source of the brine. 
Recovery of these metals is potentially important to the 
chemical, pharmaceutical and electronics industries. Typi 
cally, the economic recovery of desired metals from natural 
brines, Which may vary Widely in composition, depends not 
only on the speci?c concentration of the desired metal, but 
also upon the concentrations of interfering ions, particularly 
silica, calcium and magnesium, because the presence of the 
interfering ions Will increase recovery costs as additional 
steps must be taken to remove the interfering ions, before the 
desired metals are recovered. 
One problem associated With geothermal brines When uti 

liZed for the production of electricity results from scaling and 
deposition of solids. Silica and other solids that are dissolved 
Within the geothermal brine precipitate out during all stages 
of brine processing, particularly during the cooling of a geo 
thermal brine, and may eventually result in fouling of the 
injection Wells or processing equipment. 

Although conventional processing of ores and brines cur 
rently employed can be used to recover a portion of the 
manganese and Zinc present in geothermal brines, there still 
exists a need to develop economic methods that are selective 
for the removal and recovery of manganese and Zinc from the 
brines at high yields and high purity. 

SUMMARY OF THE INVENTION 

Methods for the selective removal and recovery of manga 
nese and Zinc metals and compounds from geothermal brines 
are provided. 

In a ?rst embodiment, a method for recovering Zinc and 
manganese ions from a geothermal brine is provided. The 
method includes the steps of providing a geothermal brine 
that includes manganese and Zinc ions; selectively removing 
silica and iron from the geothermal brine to produce a sub 
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2 
stantially silica free brine; adjusting the pH of the substan 
tially silica free brine to a pH suitable to form precipitates of 
Zinc and manganese as hydroxides and oxides, such that 
precipitates of Zinc and manganese are selectively formed and 
other metal precipitates are not formed; and separating the 
Zinc and manganese precipitates from the brine. The method 
can further include the steps of dissolving the precipitates of 
Zinc and manganese to produce a Zinc manganese solution; 
oxidiZing the manganese to form a manganese precipitate and 
a Zinc solution; separating the manganese precipitate from the 
Zinc solution; and recovering the Zinc by electrochemical 
means. The Zinc solution can be contacted With hydrochloric 
acid to produce Zinc chloride, or alternatively can be con 
tacted With sulfuric acid to produce Zinc sulfate. 

In a second embodiment, a method for recovering Zinc and 
manganese from a geothermal brine is provided. The method 
includes the steps of: providing a geothermal brine that 
includes manganese and Zinc ions; selectively removing 
silica and iron from the geothermal brine to produce a sub 
stantially silica free brine that includes manganese and Zinc; 
removing the Zinc from the substantially silica free brine by 
means of an ion exchange or other process; extracting man 
ganese from the substantially silica free brine; oxidiZing the 
manganese to produce a manganese dioxide precipitate; and 
recovering the manganese dioxide precipitate. In certain 
embodiments, the process can include the recycling of vari 
ous solutions to dissolve manganese and Zinc precipitates. 

In a third embodiment, a method for recovering Zinc and 
manganese from a geothermal brine is provided. The method 
includes the steps of: providing a geothermal brine that 
includes manganese and Zinc; selectively removing silica and 
iron from the geothermal brine to produce a substantially 
silica free brine that includes manganese and Zinc; extracting 
manganese and Zinc from the substantially silica free brine to 
produce a manganese Zinc solution; electrochemically 
removing manganese as manganese metal or manganese 
dioxide from the manganese Zinc solution to produce a 
residual solution that includes Zinc; and electrochemically 
removing Zinc from the residual solution. In certain embodi 
ments, the manganese dioxide and Zinc can be recovered in a 
single electrochemical cell. 

In a fourth embodiment of the invention, a method for 
recovering Zinc and manganese from a geothermal brine is 
provided. The method includes the steps of providing a geo 
thermal brine that includes manganese and Zinc; selectively 
removing silica and iron from the geothermal brine to pro 
duce a substantially silica free brine that includes manganese 
and Zinc; adjusting the pH of the substantially silica free brine 
to a pH suitable to form precipitates of Zinc and manganese, 
such that precipitates of Zinc and manganese are selectively 
formed and other metal precipitates are not formed; and sepa 
rating the Zinc and manganese precipitates from the brine. 
The fourth embodiment can also include the steps of dissolv 
ing the precipitates of Zinc and manganese to produce a Zinc 
manganese solution; extracting Zinc by solvent extraction; 
recovering and oxidiZing the manganese to form a manganese 
dioxide precipitate and a Zinc solution; separating the man 
ganese precipitate from the Zinc solution; and recovering the 
Zinc by electrochemical means. In certain embodiments, the 
oxidation of the manganese is by chemical means. In alternate 
embodiments, the oxidation of manganese is by electro 
chemical means. 

In a ?fth embodiment of the invention, a method for recov 
ering Zinc and manganese from a geothermal brine is pro 
vided. The method includes the steps of: providing a geother 
mal brine that includes manganese and Zinc; selectively 
removing silica and iron from the geothermal brine to pro 
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