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ABSTRACT

" A method is disclosed for polishing geothermal brines
containing iron-rich silica scale and silica particles
suspended therein while removing and recovering copper,
silver and other precious metals dissolved therein. The
method compriscs passing brime having a pH just below about
5.0 through a conduit packed with a metal higher in the
electromotive series than silver to sufficient for substan-
tially all of the silver and. other precious metals therein
to precipitate onto the packing. Freferably, the packing
comprises coiled zinc-galvanized steel chicken wire mesh
packed in a sufficient density to act as a filter for said
suspended particles. Dissolving the packing in a suitable
acid will leave a precious metal-rich residue behind for
subsequert recovery. When the brine is treated this proces,
the useful life of injection wells used to return cooled -
brine back to the geothermal field is extended by at least
sbout 3 times as cowmpared to that observed with untreated
brine. ’ :
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ABSTRACT

A method is disclosed for polishing geothermal
brines containing iron-rich silica scale and silica
particles suspended therein while removing and recovering

] copper, silver and other precious metals dissolved
therein. The method comprises passing brine having a pH

just below about 5.0 through a conduit packed with a

metal higher in the electromotive series thgﬁ silver to
sufficient for substantially all of the silver and other

10 precious metals therein to precipitate onto the packing.
Preferably, the packing comprises coiled zinc—galvanized
steel chicken wire mesh packed in a sufficient density to
act as a filter for said suspended particles. Dissolving
the packing in a suitable acid will leave a precious
15 metal-rich residue behind for subsequent recovery. When
the brine is treated this process, the useful life of
“injection wells used to return cooled brine back to the

geothermal field is extended by at least about 3 times

as compared to that observed with untreated brine.
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RECOVERY OF PRECIOUS METALS FROM
AGQUEOUS MEDIA

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to the treatment of a hot
agqueous brine solution containing various dissol ved
components, such as iron, silver and silica, to inhibit
precipitation of undesirable scale, such as iron silicate
scale, while enhancing deposition and recovery of a
valuable silver-containing scale. More particularly, the
invention relates to such a treatment wherein the scale
is formed in a geothermal brine which is being processed
to recover its heat content and the brine is handled

prior to injecting it back into a geothermal reservoir.

2. Description of Prior Art

The solubility of most ions in solution decreases
with a decrease in temperature pr pressure nffthe solu-
tion. 1f dissolved ions are present near their satura-
tion concentration in the solution, a slight reduction in
the temperature or pressure of the system can result in
precipitation of a portion of these ions, which often
combine and deposit as a scale on any solid surface with
which they come into cont;ct, such as the vessel or
conduit in which the solution is confined.

One example of such a solution is a liquid stream

containing hot water which is passed through a conduit in



10

15

20

25

an industrial operation under conditions, such as a
lowering of the pressure, which flash at least a portion
of the hot water to steam. If the hot water is a brine
containing appreciable amounts of dissolved salts, this
flashing is often accompanied by the formation of scale
on the surface of the conduit contacted by the fluid
stream. Scale deposits tend to build up over a period
of time and restrict further fluid flow through the
conduit requiring either operation at a reduced flow rate
or an increase in the amount of power used to move the
fluid through the conduit. In extreme cases, the conduit
can become completely plugged with scale and the indus—
trial operation must be shut down for maintenance.
Industrial operations for generating steam power often
are hampered by the buildup of scale deposits caused by
flashing of hot water containing dissolved salts.
Geothermal steam and hot brines are found in
naturally occuring, large subterranean reservoirs in many
regions of the world. When hot geothermal fluids can be
used to generate electric power, pressurized geothermal
water or brine, having a temperature above about 400°F,
is flashed to a lower pressure and the steam generated
thereby drives a steam turbine in combination with an
electric generator. However, formidable problems are
generally encoutered in handling and disposing of large
amounts of heavily contaminated and frequently highly

saline geothermal liquids. Consequently, production of
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electricity from geothermal waters on a commercial scale
has been difficult and costly to achieve.

One of the most serious problems encountered in
using hot geothermal liquids for producing electric power
results from scaling of the equipement used to confine
and contain the liquid. Because geothermal liquids have
usually been confined in subterranean reservoirs for
extraordinaily long periods of time at elevated
temperatures, large amounts of minerals are leached from
the reservoirs into the brine. Typically, salts and
oxides of heavy metals such as lead, zinc, iron, silver,
cadmium and molybdenum, are found in geothermal brine.
Other more common minerals, such as calcium and sodium,

are also dissolved in the brine, as are naturally

occuring gases, including carbon dioxide, hydrogen
sul fide and methane. An especially troubl esome
component and the hot brine may be silica, which is

found in large concentrations in the form of silicic acid
vligomers. These tend to precipitate out at almost every
stage of brine processing, either as substantially pure
silica or as a tightly adherent iron-silica scale. 1f
this scale is not removed, or prevented from forming,
serious problems can arise with conduit plugging. Even
when the brine has completed its passage through the
plant, it typically retains some small amount of silica,
which if not removed, will eventually result in the

plugging of the injection wells used to return the now
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cooled brine to the geothermal field.

Various proposals can be made to decrease the scale
formation in equipment used in producing and handling
geothermal brine. In "Field Evaluation of Scale Control
Methods: Acidification," by J.Z. Grens et al, Lawrence
Livermore Laboratory, Geothermal Resources Council,
Transactions, Vol. 1, May 1977, there is described an
investigation of the scaling of turbine components
wherein a geothermal brine at a pressure of 220 to 320
p.s.i.g. and a temperature of 200° to 230°C. (392° to
446°F.) was expanded through nozzles and impinged against
static wearblades to a pressure of 1 atmosphere and a
temperature of 102°C. (215°F.) In the nozzles, the
primary scale was heavy metal sulfides, such as lead
sul fide, copper iron sulfide, zinc sulfide and cuprous
sul fide. Thin basal layers of fine—grained, iron-rich
amorphous silica promote adherence of the primary scale
to the metal substrate. By contrast, the scale formed on
the wearblades was cuprous sulfide, native silver and
lead sulfide in an iron-rich amorphous eilica matrix.
When the brine which originally had a pH of 5.4 to 5.8
was acidified with sufficient hydrochloric acid to reduce
the pH of the expanded brine to values between 1.5 to
5.0, scaling was eliminated.. However, such acidification
of hot brines increases the corrosion of the brine-
handling equipment to such levels that it often defeats
the purpose of using acid for scale control.

1t is known to recover metal values and salts from



10

15

20

25

brineg, such a s geothermal brine produced from a
subterranean reservoir. U.8. Pat. No. 4,127,989 to
Michelson discloses a method in which brine is
pressurized and maintained above the bubble point
pressure and thereafter a precipitating agent, such as a
soluble sulfide, is added to the brine to enhance
formation of insoluble metal sulfide precipitates.
Soluble salts and metals values are recovered from the
brine effluent after the hot brine has been processed to
recover energy therefrom. Silver sulfides among the
mineral values recovered by this process.

While the aforementioned treatments have met with
some success in particular applications, the need exists
for a further improved treating process to better
control the scalling process and to efficiently recover
the mineral values in geothermal brines containing silver
and/or other precious metals.

Accordingly, it is the object of this invention to
provide an improved method for recovering valuable
precious metal—containing scales from clarified
geothermal brines, inhibiting the overall precipitation
of scale, particularly iron-silicate scale, inhibiting
corrosion, and polishing the fluid so as to prevent the
transport of residual silica and other particulate
material suspended therein to an injection well.

Other objects, advantages and features of the

invention will be apparent from the following
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description, drawings and appended claims.

SUMMARY OF THE INVENTION

The present invention provides a method for
inhibiting the deposition of iron silicate and other
ecales from an agqueous fluid, such as a geothermal brine
and polishing said fluid to remove suspended silica
and/or other particulates therefrom, while promoting the
recavery of silver and other precious metals in the
brine.

In the present invention, a stream of pressurized
hot water or brine solution, particularly a geothermal
brine, containing precious metals such as silver, gold
and platinum, trivalent metal ions, especially those of
iron and manganese, together with silica species
dissolved or suspended therein, is first acidified with a
water—-soluble acid, which is added thereto in an amount
sufficient to 1lower the pH of the aqueous solution,
typically between about 0.1 and about 0.5 pH units, so
that the pH of the overall solution is below, preferably
just below, about 5.0, and then passed through a conduit
packed with one or more metals higher in the
electromotive series than silver and preferably, higher
than cooper. At this pH, the overall formation of scale
in the system, especially iron silicate, is inhibited,
while corrosion is minimized, with a substantial
proportion of the precious metals in the brine

precipitating out. The brine is preferably treated just
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prior to being deep-well injected into the earth for
disposal with the packing metal preferably being of a
form adapted to act as a filter for any‘ particles of
scale suspended in the brine at the time of treatment.
When this is done, both corrosion and scale deposition in
the piping and bore hole of the injection well are
substantially reduced. The precious metals deposited on
the packing may be recovered by a variety of methods.
Where coiled steel wire is used as the packing medium, a
precious metal-rich scale may be recovered simply by

dissolving the steel wire substrate in hydrochloric acid.

BRIEF DESCRIPTION OF THE DRAWING

The present invention will be more readily
understood by reference to the drawing which depicts, in
diagram form, relevant portions of an exempl ary
geothermal brine production well and power plant with
which the method of scale control of the present

invention may be used to advantage.

DETAILED DESCRIPTION OF THE INVENTION

In producing and ulitizing hot pressurized brine
solutions which contain dissolved metal salts at or near
their saturation concentration so that the pressure
and/or temperature of the solutions are reduced, a
portion of the metals salts can precipitate and deposit

as scale on the surfaces of the vessel or conduit
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confining the brine. Examples of such hot pressurized
brine solutions include geothermal brines and other
brines used in a wide variety of industrial operations.
A number of different types of scale can form depending
on the nature and concentration of the metals in
solution. However, the addition of acid into the system
usually results in severe corrosion of the ferrous metals
normally used in the manufacture of the confining vessels
and conduits because the brine is usually at high
temperature, for example, between 250° and SO0°F. wWhile
corrosion inhibitors are known for most acids, these
inhibitors do not function well under the severe
temperature conditions of many systems. Thus the use of
acid to dissolve such scale has been limited and most
often is confined to systems employing corrosion
resistant but expensive metals rather than the ferrous
metale found in most industrial equipment.

The concentration of ferric and trivalent
manganese ions, and silica species contributed by iron,
manganese and silica containing minerals dissolved from
the reservoir by the hot brine is normally hot so that
iron/manganese silicates are among the ﬁost pervasive
and troublesome scales formed in the equipment used to
handle and process geothermal brines. In particular, it
is important that these and other heavy metal scale
forming entities been removed so that, when the brine is
to injected back into the geothermal pool, scaling will

not occur in the injection well. A failure to do so
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often results in these entities being deposited in the
well bore and greatly increasing the resistance to flow
therein. However, the corrosion of ferrous metals caused
by an excessive addition of acid to the system further
increases the concentration of ferric ions potentially
available to form these scales. Therefore, any acid
addition must be carefully monitored and controlled.

It has now been found that scale formation from
brine can be reduced, precious metals recovery enhanced,
and silica and scale previously formed and still
suspended in the brine can be removed, prior to deep-well
injection of the brine by adding thereto a brine-soluble
acid in an amount sufficient to lower the pH of the brine
to below, preferably Jjust below about 5.0, (i.e. to about
4.9), Jjust prior to passing the brine through a conduit
packed with one or more metals higher than silver, and
preferably higher than cooper. Typically, the procesed
brine has a pH such that the required pH reduction is
between about 0.1 and about 0.5 pH units, Generally,
about 20 to about 1B0 weight parts per million of the
water—soluble acid are required. Higher concentrations
of the acid can interfere with the activity of certain of
the reducing agents listed hereinafter. While any acid
used may be employed in concentrated form, it is common
to employ aqueous solutions of such acids. For example,
an aqueous solution containing about 13 per cent by
weight hydrochloric acid is often used. Of course, when

the brine solution already has a pH of about 4.9, further
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acid addition may be omitted.

Brine-soluble acids suitable for use in this
invention are inorganic mineral acids, organic carboxylic
acids, mixtures thereof, and combinations of inorganic
and organic acids. Mineral acids which may be used are
hydrochloric, asulfuric, nitric and perchloric acid.
Suitable organic carboxylic acids are those that forms
water—-soluble or acid-soluble salts of alkali metals and
alkaline earth metals. Aromatic and aliphatic
monocarboxylic, dicarboxylic and tribcarboxylic acids
having about 1 to 6 carbon atoms can also be used. The
carboxylic acids can be saturated or unsaturated and
substituted por unsubstituted. When a substituted
carboxylic acid is used, the commons substituent is the
chloride ion. For example, benzoic, formic, acetic,
chloroacetic, peracetic, trichloroacetic, citric, oxalic
and and maleic acids can be used. The mnst- preferred
brine-soluble acid is hydrochloric acid.

To minimize the increased corrosion of ferrous
metal components that tends to occur upon the addition of
even small amounts of acid, a reducing agent may be
added, usually in an amount slightly greater than that
stoichiometrically required to reduce any trivalent iron
and trivalent manganese cagions contained in the #fluid
stream to divalent cations. As described in the
Assignee’s U.S. Pat. No. 4,765,888, dated July 12, 1988,

the teachings of which are incorporated in their
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entirety herein by reference, the reducing agent also
acids in the reduction of scale by reducing the number of
trivalent iron and manganese cations contributed to the
brine during corrosion from the containing vessels and
conduits.

While the acid can be injected from source &0
downhole at producing formation 30 so as to lower the pH
of the brine as close as is practical to its origin, the
pH of the brine usually increases further as it passes
through power plant 10, for example, as non—-condensible
gases are removed at separators 12 and 14, and as the
brine is flashed in vessel 14. Thus, it is preferred to
inject further quantities of the acid into the brine flow
to reduce scaling in places where significant pH
increases otherwise occur. By so doing, a more uniform
brine treatment may be achieved. Alternatively, the
amount of brine treatment may be varied according to the

amount required at various locations.

While the acid treatment of this invention is
effective in reducing the occurence of a wide variety of
scales, of particular importance are metals silicate
scales, especially iron-silicate scales. Such scales are
believed to be formed first by the reaction of hyﬁrated
ferric oxyhydroxide with silicic acid oligomers, and then

subsequent condensation, as follows:



OH

OFeOH.Hy0 + HO —— 8i —— OH ——-——= >

OH

OFe0Si (OH) 3 + 2H0 —-——> Fe(OH) 38i05 + 2H0

Further acidizing the already acidic geothermal
brine is believed to shift equilibrium conditions away
from the formation of a precipitate and/or to interfere
with the precipitation reaction involved. The hydrogen
ions (H+) added to the brine by addition of further acid
are believed to tie up the ferric oxyhydroxide and
thereby inhibit the indicated reaction of ferric
oxyhydroxide with silicic acid which forms insoluble
iron-rich silicates. The addition of reducing agents
capable of reducing trivalent iron and trivalent
manganese cations is believed to further inhibit the
formation of the precipitate by interfering with the
formation of ferric and other heavy metal oxyhydroxides.
However, regardless of the specific nature of the
reaction involved and the specific effects upon the
reaction of the acid ana reducing agent, it has
nevertheless been demonstrated that the method of this
invention is effective in reducing the amount of iron-

silica scales deposited from geothermal brine and
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preventing the plugging of injection wells, while
inhibiting the corrosion of the metal vessels and
conduits.

The application of the method of the present
invention is illustrated in simplified form in the
drawing which shows the relevant portions of an exemplary
geothermal brine power plant 10. Comprising generally
power plant 10 are firast wellhead separator 12, second
wel lhead separator 14 and flash vessel 1&4. Shown includ-—-
ed in power plant 10 are glass cleaning means 18 and
steam turbine generator 20. Associated with power plant
10, but not actually forming part thereof, are brine
extraction well 28 and brine injection well 26.
Extraction well 28 penetrates into earth 24 a depth "dy
to brine producing formation 30 which has a thickness of
"do". Ordinarily, injection well 26 is similar to ex-
traction well 28, and may penetrate to the same producing
formation 30.

In a preferred embodiment, the downhole apparatus
employed in the method of this invention includes anchor
72 attached to nozzle 70 by connecting rod or conduit 74.
Anchor 72 helps maintain the position of nozzle 70 in
well 28 during the injection of the acid down conduit 66.
Conduit 66 can be a small diameter coiled tubing
extending several thousand feet down well 28 from
wellhead 76, which in the absence of an anchor 72, may

permit nozzle 70 to move about undesirably in well 28.
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Aanchor 72 helps maintain nozzle 70 adjacent to brine
producing formation 30, the location where it is desired
to inject the mixture of acid and reducing agent into the
flow of geothermal brine. For convenience, anchor 72 may
be positioned anywhere in the vicinity of nozzle 70.
Since brine producing formation 30 is sometimes
incompatible with systems operation, with respect to
scaling, it is preferred to position anchor 72 in well 28
below producing formation 30 as shown in the drawing.
Anchor 72 can be of any conventional design, for example,
an anchor having three or more locking arms 78 which fold
up independently as collars while anchor 72 is being
lowered downhole. To set locking arms 78 against the
formation when the desired depth is reached, conduit 66
is retracted a short distance so that the 1locking arms
unfold. Later, when it is desired to remove nozzle 70
from the well, a stronger upward pull on conduit 66
shears a pin (not shown) in anchor 72, allowing viocking
arms 78 to collapse and the apparatus to be pulled out of
well 28. Since the acid exits conduit && via nozzle 70,
connecting rod or conduit 74 does not transport any
fluid. The purpose of conduit 74 is merely to attach
nozzle 70 firmly to anchor 72. Conduit is used in this
embodiment to attach the anchor to the nozzle simply
because conduit material is readily available and
provides mechanical strength.

Since the portion of conduit 66 extending below

wellhead 74 is expose to the high temperature environment
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of the geothermal fluid being produced, it is preferred
that conduit 66 and nozzle 70 be made of a corrosion
resistant metal, e.g., stainless steel, Haétclloy, Inco-
nel, or the like. In operation, hot geothermal brine is
introduced under pressure from extraction well 28 through

conduit 32 into the side region of first separator 12.

This brine typically contains large quantities of
dissolved and/or suspended silica. Consequently, to
avoid plugging the brine handling system, the power plant
may also inclued one or more clarifiers (not shown) to.
remove this silica from the brine as it progresses
through the plant. In addition, there may also be
secondary sand-filters or other clarifiers which are used
as the brine exits the plant to remove any residual
suspended silica and scale prior to injecting the now
cooled brine back into the field through well 36. Such
systems are shown in Assignee’s U.S. Patent No.
4,728,438, dated March 1, 19688, the teachings of which
are incorporated in their entirety herein by reference.

Within separator 12, non—condensible gases,
including bhydrogen sulfide, carbon dioxide and ammonia,
are stripped out from the hot brine.

The effective pH of the brine as it enters well 28
from formation 30 is believed typically to be between
about 4 and 4.5. However, due to removal of acidic non-
condensible gases, the pH of the brine typically

increases to between about S5 and 6 by the time it enters
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flashing vessel 16. Ordinarily, as the brine enters well
28 from {ormation 30, flashing occurs to an extent
causing release of about 1 to 1.5 percentlof the steam
contained in the brine, and by the time the brine reaches
the top of well 28, additional flashing usually has
occured to an extent that between about 10 and 20 percent
of the steam has been released. Brine temperature at
producing formation 30 varies considerably from well to
well, but is usually in the broad range of from about
350° to 600°F, with a brine temperature of between about
450° to S009F. being typical of many localities.

At pH values above about 5.3, the formation of an
iron/manganese-rich silica scale seems to be accelerated.
To retard or even prevent the formation of such scale, a
small amount of the water soluble acid is injected
intor brine conduits 32 and 40 through acid conduits 80
and 84. The amount of acid added is typically enough to
maintain the pH of the brine in the range of about 5.0 to
about S5.3. The non—condensible gases are discharged_fréﬁ
the top of separator 12 through gas conduit 38 into- gas
cleaning means 18 and the brine is discharged from the
bottom of separator 12 through conduit 40 into the side
region of second separator 14, in which any remaining
amounts of non-condensible gases are stripped from the
brine. These remaining gases are discharged from
separator 14 through gas conduit 42 into conduit 38, to

be directed thereby into gas cleaning means 18, Included
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in gas cleaningvpeans 18 may be heat exchangers (not
shown) which enable heat to be extracted from the hot
non-condensible gases to create additional steam from
steam condensate in a manner known to those skilled in
the art.

From separator 14, the brine is discharged through
conduit 44 into flashing vessel 16. Within flashing
vessel 16, the brine is flashed to a substantially lower
pressure, for example, from an initial pressure of about
150 p.s.i.g. to thé,lower pressure of about 50 p.s.i.g.,
s0 as to releasze steam being routed from vessel 16
through conduit 46 to steam turbine/generator 20.
Condensate and/or steam are discharged from turbine/
generator 20 through conduit 48 for disposal or for
routing to exchanger portions of gas cleaning means 18.
Flashed brine is discharged from flashing vessel 16
through conduit S5S4 to pump 546 which pumps the brine
through condui t 58 into injection well 26.
Alternatively, pump S&6 may pump the brine to other means
of disposal or to other uses (not shown).

In the present invention, any convenient means of
introducing the acid and, when it is used, the reducing
agent to the brine can be used. However, when an acid
and reducing agent are selected which evolve gases (e.g.,
hydrochloric acid and zinc metal, hydrochloric acid and
potassium cyanide), care should be taken to avoid

evolution of gases during the mixing of the acid and
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reducing agent, for example, by mixing the reducing agent
upstream of the acid component or by mixing the reducing
agent into a relatively dilute acidic solution. Usually,
hawever, a mixture of acid and reducing agent is intro-
duced from source 60, through conduit 62 containing
valve &8 into conduit 66 which extends downwell 28,
inside of well casing 68, terminating in nozzle 70
positioned approximately opposite brine producing

formation 30.

Thus, in addition to being iniected downhole, acid
either alone, or in combination with a reducing agent, is
typically injected at the following locations: (1) into
brine conduit 32 between wellhead 74 and first separator
12 via conduit 80 containing valve B2; (2) into brine
conduit 40 between first and second separators 12 and 14
via conduit A48 containing calve Bé6j (3 into. brine
conduit 44 between second separator 14 and flash vessel
16 via conduit 88 containing valve 903 and/or (4) into
conduit 98 just upstream of injection well 26 via conduit
92 containing valve 94. Conduits 80, 84, 88 and 92 each
are connected to acid source &0 (connections not shown),
such additions tend to réduce , if not eliminate the
formation of iron/manganese-silicate scale and, it is
found that the scale which does form is much more tighly
adhering than would otherwise be the case.

The location at which precious metals-containing

zcale will deposit also depends upen the type of scale-
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reducing treatment used. In general, scale in geothermal
systems forms when the brine is subiected to flashing
or pther scale—-forming conditions wherein a supersaturat—
ed solution of dissolved =olids forms in a liquid phase,
followed by precipitation nf scale. In the usual case,
with unacidified brine, the constituents of the scale
will deposit randomly in the brine handling equipment.
Typically, after the brine has passed through all of the
flashing, and clarification stages in a geothermal power
plant, the residual brine received in conduit 58 for
deep-well injection has a temperature of about 220°F., a
pH of about Z.2, a suspended solids concentration between
about 10 and about 29 ppm and a total dissolved solids
centent of abput 270,000 to about J00, 000 ppm, including
a silver concentration of about 0.2 to about 1 ppm.
Cencentrations of gold and platinum, when detected, are
typically in the ppb range.

The controlled recovery of the silver fand otheaer
precious metals such as gold and platinum, when present)
from clarified brine can be accomplished when the brine
is first acidified to a pH below 5.0, preferably about
1.9, and then passed through an agitation spool 6 which
iz packed with ons2 of more metals at least higher in the
electromotive series than gilver, and preferably higher
than cooper, said spool being placed in conduit 58. To
accomplish the secondary obiective of filtering the brine

stream ta remove suzpended silica and <scale particles
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tring most preforred,
The agitaticon spocl 26 preforably comprises a
pacted condait sufficiently long to provide a residence

1

[y

mo adeguate forr o substantial preportion, preferably
pzsentially all of the copper, =ilveor and aother precious
petals theroin to precipiteto out. For =& typical
goathermal  plant, this will be accomplished with A
t noidence Sime  in ths range of 1 Lo about 10 minutes,
2.9., b oabout § ominotes.  However, as  the precious
srales form on the pacling and as other materials
Joposit 2.9, zilica scalg, iron/manganase scale  and
cihoer poarticualates  in the streem deoposit thereon,  the
presswre dirop across spoel P40 9ill increase, Mormally,
The pacling can be left in place until the presswe  drop
«zross the pacting bocomo sucessive, t.92., until  ahout
TN oor greator loss in presswe drop acress the spool i
arnorved.

The  =ilver and other plated smetols on th packing
s he recarvarod by a variety of methnds, For  exampla,

Iron ot wtenl  wire can b easily dissolved in
hrydrochloris acid, leaving a silver-rich  rezidus  which
tan be refincd by conveontional omeliing operations,
here bhall  hoarings are wvosed, they can be cleaned iy
' -

il ling, with thn romovnd cunle Leing collected  for

TATIDYEETY, 213 Ehi halls Leding recyslod back into the

proneess, In prociice, 1L odis reropmmonded Lhat a paralle?

iysbtam he 2aplayed S0 that, whon one side iz shuh down
-
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£ ecleaning, tho cther zide can e utilized without
ctopping the opazration of *he geothaormal facility.

In use, it iz also found that thp pacting will also
1romove at least zoame 2f any suspended particulate matter,
v.y., Silicoen rontaining scale, which may still bte 1in
—uzpensioen  in the brine a~ *his timz. In a pilot  plant
pun in which the discharge from the opool  pacted  with
small  ateel  ballz  was pazsod thraugh  a  15-20 micron
cartridyge filtor, no preofeloms were phozrved  after 1290

heaurs  of  opzration wharoas A Similar filtor in & line

pompletely  pluggsd Wikl =Solids and scale  daposition in
foet 23 hours.  Consequently, oven through the amount  of
sunpended  astarialg i rolatively low, the large volumne
Gt brine typically handled inooa megawatt  geothermal
fazility wild 3till carry an amount of suspomded material
vith it whiglh, in @ relatively ohort pericd of t{me, will
Lo sufficiont vy smaust sorisus problems with well
plugging.

Fur *hermore,  Ltho  combination ~f  acidifying the
Lrine and “hon passing it thraoagh 2 packesd agitation
cporl, as  horeincbove docorited,  policshes  the brine
peducing tho o concentrations af irnan and  other  heavy
potals  Aheroin, fe n recult, the deposition of heawy
etal=rich  soale  and notules inn tho nubtlet  piping  and

P21ty reduced, with the result

- T
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anywhere from 3 to S5 times, or more, as compared to that
observed with brine which is not treated as hereinabove

described.

EXAMPLES 1 TO 10

A pilot plant test apparatus was set up and
operated with clarified brine taken at a rate about 20
GPM from the overflow, at a temperature of about 220° F
and pressure of about 100 PSI, in a series of tests, each
test lasting for up to about 120 hours. For tests 1
throughv 6, as described below, the clarified geothermal
fluid comprises of about 90 percent by weight brine and
about 10 percent by weight steam as produced from a
production well at a temperature of 455° F. and a
pressuré of 400 p.s.i.g. was used. The brine contained
about 251,000 weight parts per wmillion of various
elements dissolved therein: less than 0.3 aluminium, 0.2
silver, 1.0 antimony, 12.8 arsenic, 319 boron, 1,070
barium, 103 bromine, 1.2 cadmium, 25,000 calcium, 149,000
chlorine, .06 chromium, 12 cesium, 5.2 copper, 0.4
flourine, 459 iron, S5 iodine, 13,500 potasgium, 1,770
lithium, 49 magnesium, 793 manganese, 50,000 sodium, less
than 0.1 nickel, 81 lead, 73 rubidium, and less than 1
selenium, 200 silicon, 400 étrontium, and 302 zinc.

The apparatus utilized in the tests includes a
three inch conduit containing a portal for injecting the

and acid along with a first corrosion/scale inspection
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spool and a static mixing spool. The static mixer is a
12 inch section of conduit housing a helix formed of
stainless steel through which the fluid is forced as it
moves along the three—inch conduit to provide the
turbulence needed to thoroughly mix the acid into the
brine. The pH of the brine is measured above and below
the acid mixing spool. The brine next enters an
agitation spool packed with a metal higher in the
electromotive series than silver for a distance of about
24 inches. After passing through the packed spool, the
brine was (in some test) filtered through a cartridge
filter and then exited the system through a second
corrosion/scale inspection spool. The two corrosion/
scaling spools are sections of conduit which hold
conventional carbon steel corrosion strips to monitor the
corrosiveness of brine upstream and downstream of the
acid injection point. The second corrosion/scale spool
was of a length sufficient to provide a total residence
time of about 1 minute for the brine flowing through the
test apparatus. At the exit from the simulated gnjection
conduit the brine is normally at a temperature of about
220° F. In tests with acidified brine, sufficient
concentrated hydrochloric acid is added to achieve and
maintain a concentration of about 20 ppm, which was

sufficient to lower the pH to about 4.9.

Scale buildup on the piping can be measured by

gamma radiographic techniques employing an Iridium 92
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source; the source and film plate being positioned on
opposite sides of the area of intereat. The differences
in gamma absorption of the brine, scale and steel results
in sufficient contrast to produce a radiograph from which
projected thickness of scale can be measured. At the
conclusion of each test, the packings were removed and
inspected, with the results observed being discussed

below and summarized in Table I.

Test 1. This was a baseline test in which the
center spool was left empty and the total brine flow was
1.44 MMlb. Average suspended solids in the brine was 30
ppm upstream and 33 ppm downstream of the center spool.
Scales deposited in the three spools consisted primarily
of copper and iron with the center spool scale having a
silver concentration of about 84 oz/ton,.

Test 2. The center spool which was packed with
steel wool pads became completely plugged after about 2
hours of operation. Solids removed from the compacted
pads were rich in copper and iron.

Test 3. Test 1 was repeated with the center
spool being filled with 5/8 inch diameter carbon steel
ball bearings of a size sufficient to increase the
available scale deposition area by about a factor of &6 as
compared to the unpacked spool and the run continued for
120 hours. At the conclusion of this time, the
suspended solids had slightly increased from about 45 ppm

upstream to about 52 ppm downstream. Although brine
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analyses showed that the concentration of silver,
antimony and copper were all reduced in center spool, the
deposited scale on the balls was also rich in copper.
iron and arsenic. The scale deposited on the balls bhad
silver, gold and platinum concentrations of about 408,
0.0.41 and 0.0035 oz/ton respectively. As seen in test S
below, the silver recovered in this test was only about
45 percent of that recovered when the brine was acidified
according to the present invention.

Test 4. Test 1 was repeated with the center spool
being repacked with mossy zinc chips. The center spool
completely plugged after about 4 hours of operation.
Scale recovered from the zinc chips was primarily
comprised to arsenic, copper and lead.

Test S. Test 1 was repeated with the center
spool being packed with a mixture of steel balls and
mossy zinc chips and with the brine being acidified with
hydrochloric acid. The center spool scaling rate was
slightly higher than that observed in Test 1 while the
downstream scaling rate was considerably lower. The
upstream suspended solids concentration was about 76 ppm
while that down stream was only about 41 ppm, i.e., there
was a substantial decrease. The silver, gold and
platinum concentrations in the scale were 892, 0.0.008
and 0.0023 oz/ton respectively.

Test 6. Test 1 was repeated with the center

spool being repacked with coiled steel chicken wire mesh
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galvanized with a layer of zinc on the surface thereof.
While the rate of upstream scaling was basically similar
to that in Test 1, the down stream rate was considerably
1l ower . The wire collected approximately 2000 ppb of
material with the average suspended solids being 52 ppb
upstream and 78 ppb, i.e., suspended particle
concentration increased. This may be due to amall
flakes of zinc and iron corrosion products spalling off
during the test. The amount of silver, gold and platinum
in the scale was 646, 0.008 and 0.0023 oz/ton
respectively. Chicken wire mesh is cheap and, therefore,
expendable. It can be sold directly to a metal reclaimer
without any supplemental leaching or other chemical or
mechanical cleaning operation being required.

Test 7. Test &6 was repeated with the brine being
acidified with hydrochloric acid and with a cartridge
filter being inserted between the packed spool and the
downatream unpacked spool. This test run for the full
120 hours as compared to just 23 hours in a comparison
test using just the filter alone. The concentration of
silver, gold and platinum in the scale was 350,0.004 and
0.014 oz/ton respectively. Although these results are
lower than those observed with unacidified brine, an
analysis of the clarified brine provided showed that the
concentrations of precious metals therein were noticeably
lower than was the case with test 1-6. Particulate

concentrations were also very low (20 ppm) and the
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downstream scaling was somewhat greater than that
observed upstream. The deposit in the filter was mainly
barite, silica and flourite.

Test 8. Test 1 was repeated with the packing
being lead wire. Scale deposition upstream of the lead
wire was about the same as that observed downstream. The
acale on the lead wire showed concentrations of 359,
0.002 and O0.016 oz/ton for silver, gold and platinum,
respectively.

Test 9. Test 8 was repeated with the brine
being acidified with hydrochloric acid. The ailver
recovery was only slightly lower than in test 8 and the
remainder of the test results were essentially identical.

Test 10. Test 1 was repeated with the center
spool being packed with copper wire. While the test run
lasted the full 120 hours, the recovery of silver, gold
and platinum was lower than that observed withlkhe lead
wire. From this, appears that the less noble the pécking
metal, the better the recovery of precious meta}s in the
brine. Scaling in both the upstream and downstream
spools was essentially the same but the concentration of
suspended material was slightly higher downstream. As
reported in test 11 below, the amount of silver recovered
was about 75 percent less than was recovered when the
brine was acidified according to the present invention.

Test 11. Test 10 was repeated with the brine

being acidified with hydrochloric acid. The amount of
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silver recovered was considerably higher than in Test 10,
but were still below the amounts recovered in either of
the lead wire tests. As in Test 10 upstream and down-—
stream scaling rates were about the same but the down-—
stream concentration of suspended material was considera-
bly higher than that observed upstream from the packing.
Since the scale can be removed from the wire merely by
twisting it, it appears that, with acidified brine, the
scale does not adhere tightly to the packing wire, and
the normal vibration of the system may be.enough to knock
some of it off during the displacement operation.

As noted in the above test description, the
difference in the test results observed for tests 6 and 7
appears to be explainable by an unanticipated change in
the brine source in the operating plant. At the
beginning of these tests, the brine had a nominal pH of
about 5.2 and a silver concentration of between about
2.2 and about 2.4 oz/MMlb of brine t0.14-0.20 PPmMW) .
However, prior to the start of test 7 and continuing
through test 11, the brine source was changed and the
ropper and precious metals content of the clarified brine
were observed to be from 20 to almost SO percent lower
than before. It is also noted that the levels of
suspended scale observed in these tests is on the order
of about S0% lower as well. There is no explanation for
this difference since the two brine sources are

physically located near each other and were expected to
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be substantially identical in composition. Consequently,
the difference in the test results observed when
unacidified and acidified brines were used,. particularly
with ball bearings (tests 3 and 5), wherein the amount of
precious metals recovered was doubled when the brine was
acidified as described hereinabove and copper wire (tests
10 and 11), wherein it was tripled, should be considered
as showing more clearly the efficacy of acidifying the

brine prior to passing it into the agitation spool.

While particular embodiments of the invention have
been described, it will be understood that the invention
is not limited thereto since many obvious modifications
can be made. It is intended to include with this
invention any such modifications as will fall within the

scope of the appended claims.



TABLE 1

COMPARISON OF TEST RESULTS USING A PACKED AGITATION
SPOOL WITH ACIDIFIED AND UNACIDIFIED
CLARIFIED GEOTHERMAL BRINES

10

15

20

25

30

Example Metal Injection Brine Solids Precious M ls Recover

Number Packing Upstream Downstream, ppm Ag Au Pt (oz/ton)

1 none 30 33 84

3 Mild steel 45 52 408 0.041% 0,0035
ball bearings
No acid

5 Ball bearings 76 A1 892 0.008 0.0023
with In chips
and acid

6 Iron Chicken 52 78 646 0.008 0.0018
wire - no acid

7% Iron Chicken 26 20 350 0.004 0.014
wire and acid

Bx Lead wire 29 26 359 0.002 0.016
No acid

9% Lead wire 34 29 350 0.003 0.017
and acid

10% Copper wire 21 29 83 0.002 >0.001
No acid

11x Copper wire 22 37 318 0.001 0.019
and acid

X Different brine source.

See explanation in text.
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WE CLAIM:

1. A method for treating a feed brine containing
suspended and dissolved scale forming constituents, at
least some of which comprise silicon containing
components and some of which comprise one or more
recoverable metals selected from the group consisting of
copper and metals below copper in the electromotive
series, said method comprising passing the brine at an
elevated temperature and pressure and a pH below about
5.0 through a conduit packed with one or more metals
higher in the electromotive series than copper for a time
sufficient for a substantial portion of the recoverable
metals and a substantial portion of the the silicon-
containing scale components to precipitate onto said
packing, with the brine received from said packed
conduit containing trivalent metal catgpn;.

2. The method of claim 1 further ‘cﬁfpris\gﬂg agding

e

thereto an amount of abriné sol@li‘ aci:é“_&‘!;cid

& ) :
precursor sufficient to lower the pH of the bigne tg a pH

<
below about S5.0. S - -
. b 2
3. The method of claim 2 wherein ?aid brine soluble
. «W

acid is an inorganic mineral acid‘!éélected from: the
group consisting of hydrochlorie, sulfuric, nitric and
perchloric acids or an orgaﬁic carboxylic acid selected
from the group consisting of substituted and
unsubstituted aromatic and aliphatic monocarboxylic,

dicarboxylic and tricarboxylic acids having from about 1
- 33 -

- ST

BAD ORIGINA! A
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to about 6 carbon atoms and the water-soluble or acid-
soluble alkali metals and alkaline earth metal salts

thereof.

4, The method of claim 2 wherein said acid is
hydrochloric acid.

S. The method of claim 1 wherein said recoverable
metal is one or more metals selected +from the group
consisting of copper, silver, gold and platinum.

6. The method of claim 1 wherein said recoverable
metal is silver.

7. The method of claim 1 wherein said recoverable
metals are copper and silver.

8. The method of claim 1 wherein said higher
electromotive series metal is selected from the group
consisting of steel, zinc, iron, nickel, cobalt, cadmium,
lead, and alloys thereof.

9. The method of claim 1 wherein the form of said
metal packing is selected from the group consisting of
coiled piano wire, coiled chicken wire mesh, small balls
and flakes.

10. The method of claim 1 wherein said metal packing
is steel chicken wire mesh galvanized with a layer of
zinc on the surface thereof.

11. The method of claim 1 wherein said metal packing is
steel piano wire.

12. The method of claim 1 wherein said brine is clari-

fied to remove excess silica therefrom before being
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passed through said packed conduit.

13. The method of claim 1 wherein the residence time
of said brine in said packed conduit is up to about S
minutes.

14. The method of claim 1 further comprising operating
until a substantial pressure drop is observed across said
packed conduit, removing said packing from said conduit
and recovering the recoverable metals deposited thereon.
15. The method of claim 1 further comprising removing
said packing from said conduit when the pressure drop
across said packed conduit reaches a level of about 350
percent and recovering a precious metals-rich residue
thereform.

16. The method of claim 14 comprising dissolving said
removed packing in an acid.

17. The method of claim 1 wherein the pH of said brine
is in the range between about 4.5 and about 5.0 when it
enters said packed conduit.

18. The method of claim 1 wherein the pH of said brine
is about 4.9 just before it enters said packed conduit.
19. The method of claim T further comprising adding a
reducing agent to said brine prior to its entering into
said packed conduit.

20. The method of claim 1 wherein said brine is a
geothermal brine.

21. The method of claim 1 wherein said brine is

injected into a deep well after it leaves said packed



10

15

20

25

26502

conduit.
22. The method of claim 1 wherein the temperature of
said brine is no more that about 220° F. at the time it

enters said packed conduit.

23. The method of claim 1 wherein said brine further
containsg trivalent iron ions dissolved therein.

24, The method of claim 1! wherein said brine further
contains trivalent manganese ions dissolved therein.

25. The method of claim 1 wherein said brine further
contains trivalent iron and trivalent manganese ions
dissolved therein.

264. The method of claim 1 wherein said silicon-
containing component comprises silica.

27. The method of claim 1 wherein said silicon—
containing component comprises silica with trivalent ion.
28. The method of claim 1 wherein said silicon-
containing component comprises silica, trivalent iron and
trivalent manganese.

29. The method of claim 1 wherein the amount of
recoverable metals found on said packing is at least
about double that which would be observed with an
unacidified brine.

30. The method of claim' 1 wherein the amount of
recoverable metals found on said packing is at least
about triple that which would be observed with an
unacidified brine.

31. A method for treating an aqueous geothermal fluid
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at an elevated temperature and pressure, said geothermal
fluid containing trivalent iron and manganese cations
suspended particles comprisng iron and manganese silicate
and silica, and one or more dissolved precious metals
selected from the group consisting of silver, gold, and
platinum, said method comprising the steps of adding acid
to lower the pH of the fluid by between about 0.1 and
about 0.5 pH units, passing said acidified fluid through
a conduit packed with a coiled steel chicken wire mesh
having a layer of zinc deposited thereon for a time
sufficient to cause a substantial amount of the precious
metals and at least some of said suspended particles
therein to deposit thereon but insufficient to reduce
all of said trivalent iron and manganese cations,
removing said packing and dissolving it with a suitable
acid to recover a precious mertal-rich residue therefrom
containing at least about twice the amount of precious
metals as compared to that observed without said adding
step.

32. The method of claim 31 wherein the step of lowering
the pH of said brine comprises adding thereto a water
soluble acid selected from the group consisting of
hydrochloric, sulfuric, nitric and perchloric acids, an
organic carboxylic acid ' selected from the group
consisting of substituted and unsubstituted aromatic and
aliphatic monocarboxylic, dicarboxylic and tricarboxylic

acids having from about 1 to about 6 carbon atoms and the
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water-soluble or acid-soluble alkali metal and alkaline
earth metal salts thereof, and mixtures thereof, in an
amount sufficient to lower the pH to below S.0.

33. The method of claim 32 wherein said acid is
hydrochloric acid.

34. The method of claim 31 wherein said brine is
clarified to remove excess silica therefrom before being
passed through said packed conduit.

35. The method of claim 31 wherein the residence of
time of said brine in said packed conduit is up to about
5 minutes.

36. The method of claim 31 further comprising operating
until a substantial drop is observed across said packed
conduit.

37. The method of claim 31 wherein the pH of said brine
is between about 4.7 and about 5.0 when it enters said
packed conduit.

38. The method of claim 31 wherein the pH of said brine
is about 4.9 just before it enters said packed conduit.
39. The method of claim 31 further comprising adding a
reducing agent to said brine prior to its entering into
said packed conduit.

40. The method of claim 31 wherein the amount of
precious metals found on said packing is at least about
triple that which would be observed when said geothermal
fluid is passed through said conduit under the aforesaid

method except without said step of lowering the pH.
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41. The method of claim 21 wherein the useful life of
said deep injection well is increased by a factor of at
least about 3 times longer than would be opbserved with
injecting a brine in the absence of pH lowering and
passing through said packing.

42, The method of claim 31 wherein said brine is
injected into deep well after it leaves wsaid packed
conduit.

43. The method of claim 42 wherein the useful life of
said deep injection well is at least about 3 times longer
than would be observed when said geothermal fluid is
injected under the aforesaid method for except without
said steps lowering the pH and passing said brine through
said packing.

44, The method for extending the useful lifetime of an
injection well used to recieve a feed brine containing
suspended and dissolved scale forming constituents, at
least some of which comprise silicon containing
components and some of which comprise one or more
recoverable metals selected from the group consisting of
copper and metals below copper in the electromotive
series, said method comprising passing the brine at an
elevated temperature and pressure and a pH below about
5.0 through a conduit packed with one or more metals
higher in the electromotive series than copper for a time
sufficient for a substantial portion of the

silicon containing scale components to precipitate
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onto said packing, with the brine received from said
packed conduit containing trivalent metal cations and
less suspended particulate material than ﬁhq feed brine
so that the useful life of the well is extended by at
least three times as compared to that observed without
said passing step.

45. The method of claim 44 further comprising adding
thereto an amount of a brine soluble acid or acid
precursor sufficient to lower the pH of the brine to a
pH below about 5.0.

146. The method of claim 45 wherein said brine soluble
acid is an inorganic mineral acid selected from the group
cansisting of hydrochloric, sulfuric, nitric and

perchloric acids or an organic carboxylic acid selected

from the group consisting of substituted and
unsubstituted aromatic and aliphatic monocarboxylic,
dicarboxylic and tricarboxylic acids having from 1 to

about &6 carbon atoms and the water-soluble or acid-
soluble alkali metals and alkaline earth metal salts
thereof, and combinations of said inorganic and organic
acids.

47. The method of claim 45 wherein said acid is
hydrochloric acid.

48. the method of claim 44 wherein said recoverable
metal is one or more metals selected from the group
consisting of copper, silver, gold and platinum.

49. The method of claim 44 wherein said higher
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electromotive series metal is selected from the group
consisting of steel, zinc, iron, nickel, cobalt, cadmium,
lead and alloys thereof.
50. The method of claim 44 wherein the form of said
metal packing is selected from coiled piano wire, coiled
chicken wire mesh, small ball and flakes.
51. The method of clam 44 wherein said brine is
clarified to remove excess silica therefrom before being
passed through said packed conduit.
52. The method of claim 45 wherein the useful life of
the injection well is extended by at least about five
times.
53. A method for treating an aqueous geothermal fluid
at an elevated termperature and pressure, said geothermal
fluid also containing dissolved and/or suspended
materials comprising precious metal and silicon
components, said method comprising the steps Jf:
lowering the pH of the fluid to below about 5.03
and passing said lower pH fluid through a
conduit packed with a wire mesh causing some
of said materials to deposit on said mesh and
wherein said passed fluid comprises trivalent
metal cations. )
S54. The method of claim 53 which also comprises the

step of injecting said passed fluid to an injection well.
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