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Apparatus, materials, and methods for removing ammonia from fluids using metal hydroxides (e.g. zinc hydroxide) and metal loaded

media (e.g. zinc loaded ion exchange resins); the metal hydroxides and metal loaded media may be regenerated with a weak acid (pK,

between 3 and 7). Alternatively, ammonia is removed from fluids by using H2SO4 and ZnSO4 and metal loaded media; the metal loaded

media may be regenerated with H2SO4 and ZnSO4; the ammonia containing H2504 and ZnSO4 may be concentrated as necessary to form
(NH4)2504.ZnS04.6H20 (ammonium zinc sulfate hexahydrate) crystals. These crystals are removed from the mother liquor and heated to

temperatures exceeding 200 °C releasing NH; and H,O vapor upon the decomposition of the crystals.
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APPARATUS AND METHOD FOR AMMONIA REMOVAL
FROM WASTE STREAMS

FIELD OF THE INVENTION

The invention relates to methods, materials, and apparatus useful for
reducing ammonia discharge from industrial and municipal waste streams and
for ammonia recovery. One aspect of the invention involves ammonia
absorption using activated zinc hydroxide. Another aspect of the invention
involves ammonia absorption using sorbent for ligand exchange adsorption
with a metal bound to a cation exchange resin. A further aspect of the
invention involves the regeneration and reuse of absorption and reuse of
absorption media.

Another aspect of the invention involves the direct treatment of
ammonia waste streams with zinc sulfate and sulfuric acid and concentrating
to cause crystallization of an ammonium zinc sulfate hydrate. Another aspect
of the invention involves ammonia absorption using sorbent for ligand
exchange adsorption with a metal bound to a cation exchange resin and the
subsequent regeneratiOn using zinc sulfate and sulfuric acid to form the

ammonium zinc sulfate hydrate crystals. In both aspects, the crystals may
then be heated to release NH; and regenerate the zinc sulfate and sulfuric
acid.

BACKGROUND OF THE INVENTION
Ammonia in aqueous solution is present as an equilibrium system defined by:
NH, < NH,+ H’

with an equilibrium constant of:
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at 20 C. Where [NH3] represents the concentration of dissolved neutral

ammonia. Techniques available for the removal of ammonia from aqueous
streams can normally only recover either the ionic [NH4*] or gaseous form of

ammonia [NHs]. For efficient removal, adjusting the pH of the aqueous
stream to a pH less than 7 or more than 11, maximizes the concentration of
either the ionic or gaseous form of ammonia respectively. In actual practice,
to maximize the concentration of gaseous ammonia, the pH is typically
adjusted to a value greater than 11 using lime or sodium hydroxide.

The gaseous form of ammonia can be removed from water by air
stripping where it is contacted with large volumes of air. As the volatility of
ammonia increases with temperature, the current state-of-the art of air

stripping occurs at higher temperatures. Many configurations of contacting
equipment have been used, including countercurrent and crosscurrent
stripping towers, spray towers, diffused aeration, and stripping ponds with
and without agitation. The ammonia has been recovered from the air by
contacting the ammonia-laden air with sulfuric acid solution to form a solution
of ammonium sulfate.

Steam stripping has also been used commercially, especially in the
removal of ammonia from sour waters. As with air stripping, steam stripping
typically involves adjusting the pH to levels greater than 11 using lime or
sodium hydroxide. One process for treating petroleum sour waters uses
steam stripping which with further downstream processing results in the
recovery of ammonia in an anhydrous form, see Leonard et al., “Treating acid
& sour gas: Waste water treating process”, Chemical Engineering Progress,

October, (1984), pp. 57-60. Mackenzie and King, “"Combined solvent |
extraction and stripping for removal and isolation of ammonia from sour

waters”, Industrial Eng. and Chem. Research, 24, (1985), pp. 1192-1200,
have examined the combined use of steam stripping and solvent extraction

- -
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for the removal of ammonia from sour waters with reduced steam
consumption.

Cation exchange and zeolites have been used to recover the
ammonium form of ammonia from aqueous streams, see for example Berry et
al. "Removal of Ammonia From Wastewater”, US Patent 4,695,387 (1987),
and Wirth, "Recovery of ammonia or amine from a cation exchange resin”, US
Patent 4,263,145 (1981). For these uses the pH is typically adjusted to lower
than neutral levels. Temperature plays a much less significant role than in
stripping. The cation exchange resins or zeolites are then regenerated by

treatment with metal hydroxide solutions to give gaseous ammonia for which
the resins and zeolites have no affinity.

References in the literature appear for the use of liquid membranes,

hollow fibers, and reverse osmosis to remove ammonia from aqueous
streams, although none of these techniques have apparently been

commercialized.

Ligand exchange adsorption has been used to recover ammonia. In
ligand exchange adsorption, an ion exchange resin is loaded with a
complexing metal ion such as Cu®*, zZn**, Ni%*, Ag*, etc. (Helfferich, F., Ligand
Exchange, I & II, Inl. of the Am. Chem. Soc., No.84, Pp.3237-3245, 1962).
The metal ion then acts as a solid sorbent for iigands such as ammonia. In
theory, each metal ion may adsorb a number of ligands up to its coordination

number, normally 4 to 6. In practice, not all of these sites will be occupied by
an ammonia molecule.

When applied to ammonia, ligand exchangers will only form compiexes
with the uncharged form of the ammonia. Dawson, in US 3,842,000 (1974)
applied ligand exchange to the removal of ammonia from aqueous streams.
Dawson used Cu** as the metal ion because of its high amine complex

formation constant and Dowex™ A-1 as the ion exchange resin. Ammonia
was adsorbed after adjusting the pH-of the solution to 9-12 to increase the

avalilability of dissolved gaseous ammonia. Contacting the ligand exchange
resin with a solution of sulfuric, nitric, phosphoric, or hydrochloric acid

regenerated the ligand exchange resin. However, metal is stripped from the
-3
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for the removal of ammonia from sour waters with reduced steam
consumption.

Cation exchange and zeolites have been used to recover the

ammonium form of ammonia from aqueous streams, see for example Berry et
al. "Removal of Ammonia From Wastewater”, US Patent 4,695,387 (1987),

and Wirth, "Recovery of ammonia or amine from a cation exchange resin”, US
Patent 4,263,145 (1981). For these uses the pH is typically adjusted to lower
than neutral levels. Temperature plays a much less significant role than in

stripping. The cation exchange resins or zeolites are then regenerated by
treatment with metal hydroxide solutions to give gaseous ammonia for which
the resins and zeolites have no affinity.

References in the literature appear for the use of liquid membranes,
hollow fibers, and reverse osmosis to remove ammonia from aqueous

streams, although none of these techniques have apparently been
commercialized.

Ligand exchange adsorption has been used to recover ammonia. In
ligand exchange adsorption, an ion exchange resin is loaded with a
complexing metal ion such as Cu®*, Zn®*, Ni**, Ag*, etc. (Helfferich, F., Ligand
Exchange, I & I1, Inl. of the Am. Chem. Soc., No.84, pp.3237-3245, 1962).
The metal ion then acts as a solid sorbent for ligands such as ammonia. In
theory, each metal ion may adsorb a number of ligands up to its coordination
number, normally 4 to 6. In practice, not all of these sites will be occupied by
an ammonia molecule.

When applied to ammonia, ligand exchangers will only form complexes
with the uncharged form of the ammonia. Dawson, in US 3,842,000 (1974)
applied ligand exchange to the removal of ammonia from aqueous streams.
Dawson used Cu** as the metal ion because of its high amine complex
formation constant and Dowex™ A-1 as the ion exchange resin. Ammonia

was adsorbed after adjusting the pH of the solution to 9-12 to increase the
availability of dissolved gaseous ammonia. Contacting the ligand exchange
resin with a solution of sulfuric, nitric, phosphoric, or hydrochloric acid
regenerated the ligand exchange resin. However, metal is stripped from the

iy
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resin with each regeneration-when a strong acid is used (see immediately
below).
Dobbs et al. in "Ammonia removal from wastewater by ligand

exchange”, Adsorption and Ion Exchange, AIChE Symposium Series, 71(152),
(1975), pp. 157-163, examined the use of dilute hydrochloric acid and Jeffrey,

M., Removal of ammonia from wastewater using ligand exchange, M.S.

Thesis, Louisiana State University, (1977)(see Regeneration pp.72-79),

examined the use of dilute sulfuric acid as a regenerate for a Cu** ligand

exchange resin. Both dilute hydrochloric acid and dilute sulfuric acid were
found to be ineffective as they leached the copper from the resin at
unacceptably high levels. Both Jeffrey (1977) and Dobbs et al. (1975, 1976)
attempted to use heat to remove the ammonia from the ligand exchange

resin. Jeffrey’s use of warm water up to 45°C removed some ammonia, but
failed to prove an effective regeneration agent. Dobbs et al. (1975, and in US

3,948,842) used 30 psig (21,000 kg/m?) steam as a regeneration agent.
Although successful in regenerating most of the ligand exchange resins

activity, the process was energy intensive and produced peak ammonia
concentrations in the condensed steam of only 800 ppm.

An object of the invention is to provide an ammonia recovery process
that is more economical than current methods for removal of ammonia from
fluid streams. |

Another object of the invention is to provide an ammonia recovery
process that uses fewer chemicals than cﬁrrent processes or chemicals
compatible with the original process 'application. Typically this involves
regeneration and recycle of the sorbent material(s).

Another object of the invention is to reduce ammonia concentration in
the effluent stream to very low levels (i.e. less thah or equal to 10 ppm) or to
control the ammonia concentration to meet environmental reguiations.
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According to one aspect of the present invention,
there is provided a method for removing ammonia from a fluid
comprising: a. contacting said fluid with a sorbent
comprising metal loaded media at conditions adapted to load
ammonia onto said sorbent and produce an ammonia depleted
fluid; b. separating said ammonia depleted fluid from said
ammonia loaded sorbent; c¢. separating said ammonia from said
ammonia loaded sorbent by contacting sald sorbent with a
regenerant stripping solution comprising (1) a non-chelating
weak acid having a pKs of 3 to 7.5 and which is selected from
the group consisting of dimeric, trimeric, oligomeric, and
polymeric carboxylates, wherein an ammonium salt solution is
formed producing a spent strippling solution and regenerated
sorbent; or (2) a strong acid and a metal salt, wherein an
ammonium salt solution 1s formed producing a spent stripping
solution and regenerated sorbent; and d. separating said

spent stripping solution from said regenerated sorbent.

According to another aspect of the present
invention, there 1is provided a method for recovering ammonia
from a fluid comprising: a. contacting said fluid with a
sorbent comprising metal loaded media at conditions adapted
to load ammonlia onto saild sorbent; b. separating said

ammonia loaded sorbent from said fluid; c. separating said

ammonia from said ammonia loaded sorbent by contacting said
sorbent wlith a stripping solution comprising (1) a non-
chelating weak acid having a pK; of 3 to 7.5 and which is
selected from the group consisting of dimeric, trimeric,
cligomeric, and polymeric carboxylates, wherein said sorbent
1s regenerated and an ammonium-weak acid salt solution is
formed in a spent stripping solution; or (2) sulfuric acid
and zinc sulfate salt, wherein said sorbent is regenerated
and an ammonium-zinc sulfate hydrate solution is formed in a

spent stripping solution; d. separating said spent stripping
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solution from said regenerated sorbent; e. separating said

ammonium-weak acid salt or said ammonium-strong acid salt

from said spent stripping solution; and f. treating said

ammonium salt solution to recover products therefrom.

According to still another aspect of the present
invention, there is provided a method for recovering ammonia
from a fluid comprising: a. contacting said fluid with a
sorbent comprising metal loaded media at conditions adapted

to load ammonia onto said sorbent and produce an ammonia

depleted fluid; b. separating said ammonia depleted fluid

from said ammonia loaded sorbent; c¢. separating said ammonia
from said ammonia loaded sorbent by contacting said ammonia
locaded sorbent with a regenerant comprising a non-chelating
weak acid having a pK; of 3 to 7.5 and which is selected from
the group consisting of dimeric, trimeric, oligomeric, and
polymeric carboxylates, wherein an ammonium regenerant salt

solution 1s formed.

According to yet another aspect of the present
invention, there 1s provided a method for recovering ammonia
from a fluid comprising: a. contacting said fluid with a
sorbent comprising a metal i1on loaded media, in a manner

adapted to sorb ammonia on said sorbent; b. separating said

ammoniated sorbent and said fluid; c¢. separating said
ammonia from said ammoniated sorbent by contacting said
ammoniated sorbent with a non-chelating weak acid having a
pKa of 3 to 7.5 and which is selected from the group
consisting of dimeric, trimeric, oligomeric, and polymeric
carboxylates to form a regenerant/ammonia salt; and d.
separating said ammonia from said regenerant by one or more
steps selected from the group comprising: (1) heating said
ammonia/regenerant complex; (2) applying a vacuum to said
ammonia/regenerant complex; and (3) contacting said

ammonia/regenerant complex with a strong acid.
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According to a further aspect of the present
invention, there is provided a method for removing ammonia
from a fluid comprising: a. contacting said fluid with a
sorbent of metal-loaded medla 1n a manner adapted to load
ammonlia onto salid sorbent; b. separating said fluid from
salid ammonia-loaded sorbent; c¢. contacting said separated
ammonia loaded sorbent with a stripping solution of a strong
aclid and a metal salt, wherein an ammonium salt is formed
with sald metal salt 1in a spent stripping solution and said

ammonlia loaded sorbent 1s regenerated to a sorbent of metal

loaded media; d. separating said spent stripping solution
from said regenerated sorbent of metal loaded media; and e.
treating said separated spent stripping solution in a manner

adapted to crystallize an ammonium-metal salt therefrom.

According to yet a further aspect of the present

invention, there 1s provided a method for recovering ammonia

from a flulid comprising: a. contacting said fluid with a
sorbent comprising metal loaded media at conditions adapted
to load ammonia onto said sorbent and produce an ammonia
depleted fluid; b. separating said ammonia depleted fluid
from sald ammonlia loaded sorbent; ¢. washing said ammonia

loaded sorbent with an intermediate polarity solution to

remove water therefrom; d. separating said ammonia from said

ammonia loaded sorbent by contacting said ammonia loaded

sorbent with a stripping solution of a regenerant comprising
a substantially water insoluble non-chelating weak
carboxylic acid, whereiln regenerated sorbent and an ammonium
regenerant salt solution 1s formed in a spent stripping

solution; e. separating said spent stripping solution from

sald regenerated sorbent; and f. washing said regenerated
sorbent with an i1ntermediate polarity solvent to remove

residual carboxylic acid therefrom before reuse thereof.

-

BRIEF DESCRIPTION OF THE INVENTION
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Broadly the invention discloses methods and apparatus tor the removal
of ammonia from fluids, particularly industrial and municipal waste streams.

The waste streams may be gaseous or liquid streams.

I. First General Embodiment

5 A first embodiment of the invention includes a method for recovering
ammonia from a fluid by the steps of: contacting the fluid with a sorbent of
metal loaded media; separating the sorbent containing ammonia from the
fluid; separating the ammonia from the sorbent by contacting the sorbent
with a regenerant of a non-chelating weak acid, wherein an ammonium

10 regenerant salt is formed. In further embodiments there may be additional
steps including separating the ammonium from the ammonium regenerant
salt to form ammonia and free regenerant. The additional steps may include
separating the ammonia from the ammonium regenerant salt with a step
selected from the group including: heating, applying a vacuum and a

15 combination thereof. More preferably the separation of the ammonium from
the regenerant salt is by the step of contacting with a strong acid to form
regenerant and an ammonium strong acid salt; and separating the regenerant
therefrom. Typically the method includes recycling the separated sorbent
and/or recycling the separated regenerant. Typically the weak acid may be a

20 weak organic acid. Preferably the weak acid has a pK, between about 3 and
about 7. The method may be augmented by further treatment including
contacting and reacting the separated ammonia with nitric acid to form
ammonium nitrate; and heating the ammonium nitrate and reacting at a
temperature and pressure under hydrothermal conditions to decompose the

25 ammonium nitrate to substantially nitrogen gas and water.

A more specific description of the first embodiment includes a method
for recovering ammonia from a fiuid including the steps of contacting the
fluid with a sorbent including a metal ion loaded media, in a manner adapted
to sorb ammonia on the sorbent; separating the ammoniated sorbent and

30 the fluid; separating the ammonia from the sorbent by contacting the

ammoniated sorbent with a non-cheiating weak acid to form an ammonium
regenerant salt; separating the ammonia from the regenerant by one or

-6-
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more steps selected trom the group including heating the
ammonium/regenerant complex; applying a vacuum to the
ammonia/regenerant complex; or contacting the ammonia/regenerant
complex with a strong acid.

Sorbent types useful in the invention typically include acrylamides,

aminophosphonates, aminodiacetates, carboxylates, chelators, phosphonates,
diphosphonates, and sulfonates.

A second further embodiment of the invention includes apparatus for
recovering ammonia from a fluid including: a container enclosing a metal
loaded media, the metal loaded media able to reversibly sorb ammonia; one |
or more inlet valves at an inlet portion of the container for admitting fluid or
regenerant to the container; one or more outlet valves for exiting treated
fluid or reacted regenerant at an outlet portion of the container: and a
source of regenerant that is a non-chelating weak acid, operatively connected
to an inlet valve at the admitting portion of the container. A further
embodiment of the apparatus typically includes an ammonia separator for
receiving and separating ammonia from the regenerant, operatively
connected to one of the outlet valves. A yet further embodiment includes a
chemical reactor operatively connected to the ammonia separator, for
reacting separated ammonia from the separator with a strong acid; and a
regenerant separator, operatively connected to the reactor, for separating
the regenerant from the strong acid. A yet further embodiment includes
recycling apparatus for providing regenerant from the regenerant separator
to the inlet valve. An additional embodiment includes apparatus for
degrading the ammonia with a reactor for mixing and reacting nitric acid,
operatively connected to the ammonia separator, for producing ammonium
nitrate; and a hydrothermal reactor, operatively connected to the reactor, for

degrading the ammonium nitrate to substantially gaseous nitrogen and
water.

A yet further embodiment of the apparatus for recovering ammonia
from a fluid includes means for enclosing a metal loaded media able to

reversibly sorb ammonia; inlet means, at an inlet portion of the means for

-]
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enclosing, for admitting fiuid or regenerant; outlet means, at an outlet portion :
of the means for enclosing, for exiting treated fluid or reacted regenerant;
and regenerant source means including a non-chelating weak acid,
operatively connected to the inlet means. Additional embodiments can
5 include means for separating ammonia from the regenerant, operatively
connected to the outlet means.
Another embodiment for the apparatus includes reactor means for

receiving ammonia from the means for separating ammonia and reacting
with a strong acid and means for separating the regenerant from the strong

10 acid. Typically the apparatus includes means for recycling the sorbent and/
or regenerant. Other embodiments typically include means for separating
ammonia from the reacted regenerant operatively connected to the outlet
means. Additional apparatus includes means for reacting nitric acid,
operatively connected to the means for separating ammonia, to produce

15 ammonium nitrate; and means for hydrothermally reacting the ammonium

nitrate, operatively connected to the means for reacting nitric acid, wherein
the ammonium nitrate is reacted to essentially nitrogen and water.

Another embodiment of the invention includes methods for preparing
metal loaded media including the steps of contacting the sorbent/resin with a
20  solution of a soluble metal salt. The metal may be loaded at any pH where it

is soluble. Loading is typically accomplished by increasing the metal ion
concentration to the extent sufficient for outcompeting an H" ion at the
sorbent/resin loading site
A second embodiment of the invention includes methods and
25 apparatus for recovery of ammonia from fluids based on a metal hydroxide
sorbent . These methods typically include the steps of: contacting the fluid
with a sorbent that is a solid metal hydroxide, so as to load ammonia on the
sorbent; separating the sorbent loaded ammonia from the fluid; separating
the ammonia from the sorbent by contacting the sorbent with a regenerant
30 comprising a non-chelating weak acid, wherein an ammonium regenerant salt
is formed, at conditions where metal hydroxide is not substantially removed.
Typically there are two methods that may be used to assure that the metal

-8 -
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hydroxide is not removed and is not available as a sorbent. First, the weak
non-chelating acid is added at a rate that keeps the pH above the dissolution

point of the metal hydroxide. Secondly, the weak non-chelating acid is added
at a rate where the metal hydroxide is not dissolved out of the system

because the ultimate overall pH of the system is still high enough to trap and
reprecipitate the metal hydroxide. The second method would be an
advantage in overcoming surface fouling problems. In further embodiments

there may be additional steps including separating the ammonium from the
ammonium regenerant salt. The additional steps may include separating the
ammonium from the regenerant with a step selected from the group

including: heating, applying a vacuum, and/or contacting the salt with a
strong acid to form regenerant and an ammonium strong acid sait; and
separating the regenerant therefrom. Typically the method includes
recycling the separated sorbent and/or recycling the separated regenerant.

In another embodiment the regenerant acid is typically a weak organic acid or
a weak inorganic acid with a pK, between about 3 and about 7. The method
may be augmented by further treatment including contacting and reacting the
separated ammonia with nitric acid to form ammonium nitrate; and heating
the ammonium nitrate and reacting at a temperature and pressure under
hydrothermal conditions to decompose the ammonium nitrate to substantially
nitrogen gas and water.

A yet further embodiment discloses methods for treating an air stream
containing ammonia including contacting the air stream with a slurry made
up of particles of activated metal hydroxide, the particles dispersed in a
liquid; or particles of metal loaded media, the particles dispersed in a liquid;
and regenerating the particles and recovering the ammonia. The particles
are typically separated from the fluid stream before prior to regenerating the

particles. The particles having spent regenerant thereon may typically be
regenerated with heat, a vacuum, with a weak acid, or a combination thereof.

When activated metal hydroxide is selected, the additional step of
regenerating the media with a weak acid must be made while maintaining
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SUBSTITUTE SHEET (RULE 26)



CA 02285277 1999-09-27

WO 98/43738 PCT/US98/06415

10

15

20

25

30

the pH level above that where metal is stripped from the metal hydroxide
particle. "

Generally this is accomplished by slow addition of weak acid and while

maintaining the overall pH above 6 and most preferably above 7.
I1. Second General Embodiment

A first embodiment of the invention includes a method for recovering
ammonia from a fluid by the steps of contacting the fluid with a sorbent of
metal-loaded media, separating the ammonia-containing sorbent from the
fluid, separating the ammonia from the sorbent by contacting the sorbent
with a stripping solution of a strong acid and a metal salt, wherein an
ammonium salt is formed with the metal salt in a spent regeneration solution,
separating the spent regeneration solution and treating it to crystallize an
ammonium-metal double salt therefrom. Typically, the crystallization is
accomplished by increasing the concentration of the ammonium salt and
metal salt in the spent regeneration solution by evaporation or by decreasing
the temperature of highly concentrated solutions. If desired crystallization
may be controlled by seeding.

Preferably the metal cation loaded on the metal-loaded media is
derived from Ag, Al, Ca, Ce, Cd, Co, Cr, Cu, Fe (II and III), Hg, Mg, Mn, Ni,
Pd, Zn, Zr. The metal cations may be used alone or in combination with one
or more other metals cations. Preferably, the cation in the metal sait of the
stripping solution derives from Ag, Al, Ca, Ce, Cd, Co, Cr, Cu, Fe (II and III),
Hg, Mg, Mn, Ni, Pd, Zn, Zr. The metal cations may be used alone or in

combination with one or more other metal cations. Preferably, at least some
of the metal cations loaded on the metal-loaded media and the metal cations
in the metal salt of the stripping solution are the same. More preferably, they

are all the same. Zinc is preferred because of its nontoxic character in
relation to animals and humans and its solubility properties as a salt and
double salit.

Preferably, the strong acid in the stripping solution is sulfuric,
sulfurous, phosphoric and/or hydrochloric. More preferably, the strong acid is
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sulfuric. Typically, the anion in the metal salt used in the stripping solution
matches the anion of the strong acid.

Preferably, concentration of the ammonium salt and metal salt in the
spent regeneration solution is increased above the solubility limit of the
ammonium-metal double salt with a step selected from the group including:
heating, applying a vacuum and a combination thereof. More preferably,
these conditions will include seeding with recycled ammonium sulfate crystais
to minimize scaling and to control crystallization rate and crystal size.

In further embodiments there may be additional steps including
separating the ammonia from the double salt and recycling the stripping

solution. The additional steps may include separating the ammonia from the
ammonium-metal double salt by decomposition with heat.

Sorbent types useful in the invention typically include polymers of
acrylamides containing metal complex groups of aminophosphonates,
aminodiacetates, carboxylates, phosphonates, diphosphonates, and/or
sulfonates including chelators made therefrom and mixtures of the foregoing.

A more preferred embodiment includes contacting an ammonia-laden

wastewater stream with a zinc-loaded cation exchange resin to adsorb the
ammonia, separating the zinc-loaded cation exchange resin containing the
adsorbed ammonia and stripping the ammonia with a stripping solution of

ZnS04 and H,SO4 to form a spent regeneration solution of ammonium sulfate
and zinc sulfate, and crystallizing zinc ammonium sulfate hydrate therefrom.
The method preferably includes recovering the zinc ammonium sulfate
hydrate and decomposing to recover ammonia. More preferably, zinc sulfate
and sulfuric acid are recovered from the decomposition and recycled.
Crystallization of the zinc ammonium sulfate hydrate preferably
includes evaporation of the spent regeneration solution in conventional

manner by, for example, heating, vacuum or a combination of the two, and
subsequent cooling. The amount of evaporation and cooling required
depends upon the initial concentration of the ammonia. If the ammonia

concentration is high enough (resulting in ammonium zinc sulfate hydrate
concentration above the solubility limit) no evaporation may be required.

-]l]l-
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The crystals are preferably decomposed by heating wherein water and ':
ammonia vapors are released. Typically, the decomposition includes heating
at a lower temperature to remove water, and subsequently heating at a
second higher temperature to remove ammonia. In certain situations, it may
also be useful to drive the reaction further to release the S0O,/S0O; and to then
capture the gas as ammonium sulfate in conventional ways.

The ammonia may be captured as ammonia by condensation
(particularly by multiple effect condensation) or as a salt by using an acid
stripper. The acid stripper (for example, phosphoric or nitric) can be selected
to enhance the market value of the ammonia. After crystallization of the
spent regeneration solution, the remaining aqueous liquid may be further
processed to recover ammonium sulfate or it may be recycled back directly
for ammonia stripping.

A second embodiment of the invention includes methods and
apparatus for direct reduction of ammonia from waste streams by reacting an
agueous ammonia stream with a stripping solution of a strong acid and a
metal salt, wherein an ammonium salt is formed with the metal salt in a spent
regeneration solution, separating the spent regeneration solution and treating
it to crystallize an ammonium-metal double salt therefrom. Typically, the
crystallization is accomplished by increasing the concentration of the
ammonium salt and metal salt in the spent regeneration solution by
evaporation or by decreasing the temperature of highly concentrated
solutions.

Preferably, the cation in the metal salt of the stripping solution derives
from Ag, Al, Ca, Ce, Cd, Co, Cr, Cu, Fe (II and III), Hg, Mg, Mn, Ni, Pd, Zn,
Zr. The metal cations may be used alone or in combination with one or more
other metal cations. Zinc is preferred because of its nontoxic character in
relation to animals and humans and its solubility properties as a salt and
double salt. |

Preferably, the strong acid in the stripping solution is sulfuric,

sulfurous, phosphoric and/or hydrochloric. More preferably, the strong acid is
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sulfuric. Typically, the anion in the metal salt used in the stripping solution is
substantially the same anion as in the strong acid.

Preferably, concentration of the ammonium sait and metal sait in the
spent regeneration solution is increased above the solubility limit of the
ammonium-metal double salt with a step selected from the group including:
heating, applying a vacuum and a combination thereof. Optionally, the
process will include seeding with recycled ammonium suifate crystals to
minimize scaling and to control crystallization rate and crystal size.

In further embodiments there may be additional steps including
separating the ammonia from the double salt and recycling the stripping
solution substantially the same as described above for recovery of ammonia
from the double sait in the first embodiment. The additional steps may

include separating the ammonia from the ammonium-metal double salt by
decomposition with heat.

A more preferred process for the direct reduction of ammonia from a
waste stream includes reacting an aqueous ammonia stream with a zinc
sulfate and sulfuric acid solution to produce a spent regeneration solution of
zinc sulfate and ammonium sulfate and treating such solution to cause
crystallization of zinc ammonium sulfate hydrate. Preferably, the
crystallization is caused by concentrating the stream by removing water.
Typically this is accomplished by evaporation by conventional heating,
vacuum or a combination of the two. The crystallization may also be caused

by reducing the temperature of the zinc sulfate/ammonium sulfate solution or
by a combination of concentration and cooling.

The method may aiso include cooling the solution below the
crystallization temperature and continuously or sequentially separating the
crystals of zinc ammonium sulfate hydrate. Multiple crystallization steps may
be used. Optionally, the method may also include recovering zinc from the
liquid remaining from the crystallization step, preferably with a cation |

exchange resin or using liquid-liquid extraction, for example, and sulfuric acid
regeneration, depending on the zinc concentration.

-13-
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The method may also include the recovery of ammonia by

decomposition of the zinc ammonium suifate hydrate crystals to release NH;
and H,0, and may further include recovery of the remaining zinc sulfate and
sulfuric acid, which are recycled. The decomposition step may preferably

comprise heating the crystals at a lower temperature t0 remove water, and
raising the temperature to a higher level to remove ammonia. Ammonia

vapor may preferably be condensed to recover the ammonia or recovered as
a salt by stripping with an acid.

The invention also includes apparatus for recovering ammonia from a
fluid including: a fluid-contacting device containing an ammonia sorbent of
metal-loaded media, means for contacting the ammbnia-containing fluid with
the ammonia sorbent and sorbing the ammonia thereon, means for removing
the ammonia-depleted fluid from the contacting device, means for contacting
the ammonia-loaded sorbent with a stripping solution of a strong acid and a
metal salt to form a spent regeneration solution of ammonium salt and metal
salt, and means for treating the spent regeneration solution to crystallize an
ammonium-metal double salt therefrom. Typically, the apparatus also may
include an evaporator for increasing the concentration of the ammonium salt
and metal salt in the spent regeneration solution and/or a cooling device for
cooling the spent regeneration to cause crystallization. The evaporator and
the cooling device may be the same piece of apparatus.

The apparatus may also include one or more heating devices for
decomposing the crystals to release the water and ammonia vapors.
Typically, the apparatus also includes a condenser to recover the ammonia

vapor or a contacting device to capture ammonia as a salt by using an acid

stripper.
A yet further embodiment discloses methods for treating an air stream-

containing ammonia including contacting the air stream directly with an
aqueous stream of zinc sulfate and sulfuric acid or with particles of metal-
loaded media which are thereafter stripped of ammonia by contact with a zin;
sulfate/sulfuric acid solution; crystallizing ammonium zinc sulfate hydrate from
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the solution, and decomposing the latter to release the ammonia and
regenerate the stripping solution.

The invention includes every novel feature and every novel
combination of features disclosed in the specification herein.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic drawing of a zinc hydroxide recovery process
only.

Figure 2 is a schematic drawing of a reversible chemisorption
apparatus and process for ammonia removal using ligand exchange
adsorption with formic acid regeneration and partial formic acid recovery.

Figure 3 is a schematic drawing of a combination of 3 zinc hydroxide -
ammonia recovery process and a NitRem process.

Figure 4 is a fitting of a calculated Langmuir isotherm to measured
data for the adsorption of ammonia to zinc loaded Dowex™ SO0WX2-400 resin

in batch experiments at pH = 8.0, and at room temperature

Figure 5 is a fitting of a calculated Langmuir isotherm to measured
data for the sorption of ammonia to Zn(OH), resin in batch experiments at pH
= 9.5, and at room temperature.

Figure 6 is a calculated graph showing the amount of Zn(OH),
(precipitated in the presence of ammonia) required to reduce the ammonia
concentration from 360 to 10 ppm in a single stage contactor. Calculated
using the experimentally obtained sorption isotherm and a literature value of
the ammonia dissociation constant.

Figure 7 is a calculated graph showing the amount of Zn-Dowex™
S0WX2-400 ion exchange resin required to reduce the ammonia concentration

from 360 to 10 ppm in a single stage contactor. Calculated using the
experimentally obtained sorption isotherm and a literature value of the

ammonia dissociation constant.

Figure 8 is a graph showing ammonia breakthrough curves for pH 8.0,
100 ppm total ammonia, on 6 ml of Zn-Dowex™" Ligand 50WX2-400 ion
exchange resin for four adsorption cycles.

Figure 9 is a graph showing the regeneration of an exchange column
packed with Zn-Dowex™ Ligand 50WX2-400 ion exchange resin using aceﬁc
acid for three desorption cycles.
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Figure 10 is a graph showing ammonia breakthrough curves for pH 8.0,:'
100 ppm total ammonia, on 6 ml Zn-Dowex™ Ligand exchange resin for three
desorption cycles.

Figure 11 is a graph showing the regeneration of an exchange column
packed with Zn-Dowex Ligand 50WX2-400 ion exchange resin using 20%
formic acid for three desorption cycles.

Figure 12 is a schematic drawing of apparatus for ammonia removal
using ligand exchange adsorption with steam regeneration.

Figure 13 is a schematic drawing of apparatus for ammonia removal
using ligand exchange adsorption with formic acid regeneration.

Figure 14 is a schematic drawing of apparatus and process for
ammonia recovery by direct treatment of ammonia waste streams with
sulfuric acid and excess zinc sulfate to form ammonium zinc suifate hydrate
and subsequent decomposition by heating.

Figure 15 is a schematic drawing of apparatus and process for
ammonia recovery by direct treatment of highly concentrated ammonia waste
streams with zinc sulfate and sulfuric acid to form ammonium zinc sulfate

hydrate and subsequent decomposition by heating.
Figure 16 is a schematic drawing of apparatus and process for

ammonia recovery from waste streams by use of ammonium zinc sulfate

hydrate crystallization and decomposition in the regeneration of zinc-loaded
ion exchange resin where ammonia is in excess.

Figure 17 is a schematic drawing of apparatus and process for
ammonia recovery from waste streams by use of ammonium zinc sulfate

hydrate crystallization and decomposition in the regeneration of zinc-loaded
ion exchange resin where zinc is in excess.

DETAILED DESCRIPTION OF THE INVENTION AND BEST MODE
L. First General Embodiment

Broadly the invention includes methods, materials, and apparatus for
removing ammonia from fluid streams. The fluid streams include gaseous

-7~

SUBSTITUTE SHEET (RULE 26)

pp——" ..-..WW*WW’W*W*'W el b e =



CA 02285277 1999-09-27

WO 98/43738 PCT/US98/064135

10

15

20

25

30

s [ PP IPTTYS v S T TRRIPP LV PORNT e pry - ¥ woo rrisnTe | wwwy Ty v Si v VAT T T W IR SN UL P L]

and liquid streams. When gaseous streams are used the ammonia from the “
gaseous stream is first extracted into a liquid stream and then extracted from
the liquid stream.

Two main embodiments for ammonia recovery are disclosed herein.
The first uses zinc hydroxide for contacting a fluid stream and the second
uses a metal loaded ion exchange medium for contacting the fluid stream.
Both embodiments are able to reversibly bind ammonia so that overall costs
for the methods are reduced. For example, a zinc hydroxide slurry can
absorb ammonia from a fluid stream. The zinc hydroxide ammonia reaction
can be reversed at higher temperatures or under vacuum to produce a wet
ammonia gas stream, or with contact with a weak acid; a metal loaded ion

exchange medium can also be used for ammonia recovery with reversal of the
reaction by the use of a weak acid. '

Definitions for various terms used herein are provided below.

Definitions

As used herein the following terms have meanings as follows:

Activated metal hydroxide — a metal hydroxide treated by contacting with
ammonia or other activating agent or during the production of the metal
hydroxide where the metal hydroxide has increased ammonia absorption
capacity compared to the untreated metal hydroxide.

Weak acid -- as used herein refers to an acid having a pK; between about 3
to about 7.5 and preferably between 3 to 6, that is nonchelating with respect
to the metal ions to be regenerated in the exchange medium. Typical weak
acids useful in the invention include weak organic acids such as acetic acid,
formic acid and the like, and weak inorganic acids such as nitrous acid and
the like (see Table 6). The pK, ranges are important; because, it has been
found that metal is stripped from the ionic exchange resins by use of
regenerant acids having a low pK, such as below about 3 and very definitely
below 2 and below 1.

Sorbent - as used herein includes polymeric materials and solid materials
having a surface area able to bind ammonia. The term sorbent and its
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related terms of speech are used generally herein to include both chemical
and physical absorbents and adsorbents.

Metal loaded media — as used herein includes metal loaded ion exchange
materials, chelating materials, zeolites, and organic or Inorganic materials.

5 The important characteristic for these metal loaded media is that they be
capable of reversibly binding ammonia. The metal should be firmly bound to

the substrate material so as not to substantially unbind during the conditions
of use. The metal loaded media should bind ammonia on exposure to an

ammonia containing fluid stream and give up the ammonia when exposed to
10 a weak acid.

Pretreatment of the waste streams used in the invention is
contemplated to the extent that solids, biological matter and the like are
filtered out in pretreatment steps that are well known in the art of waste
treatment (e.g. flocculation and settling tanks, biological treatment tanks).

15 The pretreatment steps are useful in removing materials that would have a
tendency to clog, coat or otherwise interfere with the ammonia recovery of
the invention.

Referring now to Figure 1, which is a simplified schematic of the
reversible chemisorption apparatus and process 100. An aqueous stream 101

20  containing ammonia contacts a sorbent stream 103 in an absorber/reactor
105. Ammonia in the liquid is chemically bound to the sorbent (such as zinc
oxide/zinc hydroxide) and the combined stream 107 flows to a solid-liquid
séparator 109. The water stream 111 with significantly reduced ammonia
concentration, can be reused or discharged. A stream 113 containing the

25  solid sorbent and ammonia complex can be heated in a heat exchanger 115
to thermally reverse the chemisorption as the heated stream 117. The heated
stream 117 can be flashed in flash tank 119 to produce a concentrated vapor
ammonia stream 121 that may be used for chemical value or as a fertilizer.
The regenerated sorbent stream 123 may be recycled by means of a pump

30 125 or other conveyance. The recycle stream 127 may be cooled in a heat
exchanger 129 before being returned to the absorber/reactor 105.
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Referring to Figure 2, which illustrates an alternate embodiment for the
apparatus and method of applying the reversible chemisorption process.

An aqueous stream 201 containing ammonia contacts a sorbent 203 in a
sorption column 205. The water stream 207, with significantly reduced
ammonia concentration, can be reused or discharged. Multiple sorption
columns can be used in parallel or series. The sorption columns may be
packed, fluidized, trayed, and the like. Chemical regeneration of the sorbent
203 may be achieved by periodically stripping the column with a weak
nonchelating acid solution 211 such as formic, nitrous, or acetic acid. This
removes the ammonia from the sorbent as an ammonium salt stream 213.
Some applications may benefit from recycling the weak acid, which can be
accomplished by adding an acid stream 215 (for example, nitric acid or
sulfuric acid) and distilling the mixture 217 in a distillation column 219. The
resulting ammonium salt solution can be discharged 221 while the recovered
weak acid 223 can be condensed, cooled and recycled to the adsorption
column during the next regeneration/strip sequence.

Referring now to Figure 3, there is shown a schematic diagram of one
embodiment of the overall process using extraction with Zn(OH) and a
nitrogen reactor. Ammonia is not recovered in this process but is converted
to nitrogen. An ammonia containing liquid stream 301 from a water
treatment plant obtained from the processing of a municipal sewage or an
industrial effluent digested sludge is pumped with pump 303.into a settling
tank 305. Excess settleable solids may collect in the bottom tank 305 and be
sent back to the water treatment plant (not shown) by pump 307. The
remaining liquid is pumped via pump 311 into mixer 313 where it is mixed
with a zinc and sodium hydroxide slurry from line 315. The ammonia in the
liquid adsorbs onto the zinc hydroxide. The materials are sent to settling tank
323 via line 321. The combined ammonia/zinc hydroxide materials precipitate
and settle to the bottom of settling tank 323. The sodium hydroxide is |
present in a concentration to adjust the pH of the liquid to a preferred level of

about pH 7 to 9. Zinc hydroxide is only sparingty soluble at this pH and only
an estimated 0.6ppm is lost to the deammoniated stream 325 that is returned
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to the water treatment plant. The ion from the sodium hydroxide remains
soluble and exits the process with stream 325. The ammoniated zinc

hydroxide settles to the bottom of tank 323 and thickens by gravitational
forces. The stream jow in free ammonia exits the process via line 324

The thickened — ammoniated zinc hydroxide flows from tank 323 and is
pumped via pump 327 and lines 329 to decant centrifuge 331. The centrate
from the centrifuge 331 is recycled back to tank 323 via line 333. The bulk of
the ammoniated zinc hydroxide solids from centrifuge 331 are pressurized and
heated via mixture with stream 335 in eductor 337 and the mix is sent to
mixer 339 via line 340. Fresh NaOH solution is added in mixer 339 and
blendea from tank 343 via pump 345 and lines 344. The temperature and pH
of the stream in the output line 346 of mixer 339 are sufficiently high to cause
substantially complete ammonia desorption and partial dissolution of the zinc
hydroxide. The ammonia-containing stream is sent to flash vessel 351 via line
346 where it is desorbed and flashed in vessel 351. The ammonia travels
with steam from flash vessel 351 via line 352 to absorber 353 where HNO; is
added to form ammonium nitrate (NH4NO3). The ammonia free-zinc and
sodium hydroxide stream is sent to pump 355 via line 354 and then to mixer
313 via line 315. The partially dissolved zinc hydroxide re-precipitates upon
the pH change in mixer 313 and separator 323. The action of partially
dissolving and re-precipitating the zinc hydroxide renews the crystal surfaces
and maintains the ammonia absorbing activity of the sorbent material. The
distribution of the zinc hydroxide in soluble form also increases mass transfer
Kinetics for the absorption of ammonia in mixer 331 and settling tank 323.

Nitric acid stored in tank 357 is pumped to absorber 353 via pump 359
and lines 358 where formation of NH4NO; takes place (it reacts with the free
ammonia to from an aqueous solution of concentrated ammonium). The
nitric acid is added to obtain a pH below 3 in the absorber 353 and to obtain
an optimum molar ratio of nitric acid to ammonia of about 1.3 in the following
reactions in NitRem reactor 367. Ammonia vapor from line 352 is immediately
and quantitatively absorbed into the low pH solution in absorber 353. The
output of absorber 353 is pumped to tank 363 via pump 351 and lines 362.
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The NH4NO3 solution is stored in tank 363 and pumped to the NitRem reactor
367 by pump 365 and lines 364 for further reaction. Some cooling may be

supplied at 363 or reactor 367 and/or line 335 as needed to dissipate both the
heats of reaction and the latent heat of condensation of both the ammonia

and water. Since the stream in line 352 is a vapor above a high pH liquid, it
contains substantially no HCl, no solids, and no mineral salts of any kind, At
the worst it will contain some hydrocarbon compounds and possibly some
sulfur compounds. All of the materials that are volatile at the conditions in
flash vessel 351 are converted into very soluble non-odorous materials in a
hydrothermal NitRem reaction in 367. Hydrocarbons are converted to water
and carbon dioxide, sulfur is converted to sulfuric acid, and the nitrpgen
compounds are converted to nitrogen gas.

The hydrothermal reactor system is described in the following US
patents to Fassbender: 5,221,486 and 5,433,868. The reactor system
consists of only a pump, a high pressure reactor and controls. Due to the
high concentration of ammonium nitrate and the high exothermic reaction, no
heat exchangers are required to maintain the reaction. Cold solution from
line 364 is pumped directly into the hot reactor 367 and the energy of
reaction is sufficient to maintain the reactor 367 at hydrothermal
temperatures. Processed water and nitrogen gas are removed from the
reactor 367 at full reactor temperature via line 368 and sent to a pressure let-
down system 369. The pressure is relieved to about 500 psi (350,000 kg/m?°)
where large quantities of nitrogen gas and steam are removed. A portion of
the high temperature liquid is used in stream 335 to power eductor 337 and
the excess gas and water may be returned to the waste water treatment plant
via line 371 or otherwise disposed of.

Efficiencies in the process are obtained by the foliowing:

(1) the zinc regeneration step requires heat and the NitRem reactor can
supply that heat while simultaneously disposing of the ammonia; |
(2) the zinc regeneration step generates ammonia vapor, which must be
recovered in a condensed form. Nitric acid absorbs this vapor with extremely
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high efficiency and generates a solution optimal for processing with a NitRem
reactor, |

(3) the ammonium nitrate and nitric acid stream contains substantially no
mineral cations making processing in the supercritical regime vastly simpler:

5 the high concentration and energy content of the ammonium nitrate stream
allows for simple reactor design and minimizes or eliminates the need for
high pressure heat exchangers; and

(4) the pH swing using sodium hydroxide renews the surface of the zinc

hydroxide crystals and enhances the kinetics and mass transfer in absorbing
10 ammonia.

Example 1A:

This example demonstrates that the ammonia adsorption is dependent
both upon the type of resin to which the ammonia binding metal is adsorbed

15 and the process by which the metal is adsorbed to the resin. Four resins
were examined. Dowex™ 50WX2-400, Dowex™ 50WX2-100, and Dowex™

>0WX8-400 are all strong acid ion exchange resins with a microporous

styrene/DVB matrix structure with sulfonic functional groups, produced by

The Dow Chemical Company (Midland, MI). Dowex™ 50WX2-400 has 200-
20 400 mesh particle sizes with 2% crosslinking. Dowex™ 50WX2-100 has 50-

100 mesh particie sizes with 2% crosslinking. Dowex™ 50WX8-400 has 200-
400 mesh particle sizes with 8% crosslinking. The Duolite™ ES-467 resin is a
weakly acidic ion exchange resin with a macroporous polystyrene/DVB matrix
structure with amino-phosphonic functional groups and particle sizes of 16-50

25 mesh. Before loading with Zn, all four resins were washed three or four times
with deionized water.

In a first case, washed Dowex™ 50WX2-400 resin was subsequently

loaded with Zn by diluting 8 ml of resin to 50 mi using deionized water. This
slurry was kept mixing throughout the rest of the loading procedure using a
30 small magnetic stir bar and a magnetic stirrer. A total of 0.4269 g of ZnSO,

was added to the slurry to provide Zn, along with 0.300 ml of glacial acetic
acid to provide buffering capacity between pH's 4 and 5. The pH of this
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solution was then adjusted to 1.2 using 850 ml of 1 M H,S04. The slurry was
held at this pH for 15 minutes, before using 8.7 ml of 1 M NaOH to raise the
pH to between 4 and 5. The slurry was held at this pH for two hours, before
increasing the pH to 6.6 using 3 mi of 1 M NaOH added in 0.5 ml increments.
The resin removed from the stirred beaker and washed four times with
deionized water before diluting to 100 ml using deionized water for storage.
In a second case, washed Dowex"™ 50WX2-400 resin was loaded with
Zn by diluting 8 ml of resin to 50 ml using deionized water. This siurry was
kept mixing throughout the rest of the loading procedure using a small
magnetic stir bar and a magnetic stirrer. A total of 0.2148 g of ZnO was

added to the slurry to provide a source of Zn. The solution was then pH
adjusted to 1.2 using 4.140 mi of 1 M HCIl. The pH was held at 1.2 for 15
minutes before gradually raising the pH to 7.1 by slowly adding 4.6 mi of 1 M

NaOH. The resin was then washed four times with deionized water before
diluting to 100 m! using deionized water in preparation for storage.
In a third case, washed Dowex™ 50WX2-100 resin was loaded with Zn

by diluting 16 ml of resin to 100 ml using deionized water. This slurry was
kept mixing throughout the rest of the loading procedure using a small
magnetic stir bar and a magnetic stirrer. A total of 0.4263 g of ZnS04 was
added to the slurry to provide a source of Zn along with 0.6 mi of acetic acid
to provide buffering capacity between pH 4 and 5. The pH of this slurry was
then adjusted to 1.2 using 1.870 mi of 1 M H,;SO4. The pH was then held at
1.2 for 15 minutes before adjusting the pH to 4.2 using 16.5 mi of 1 M NaOH.

The slurry was then held between pH 4 and 5 for two hours before raising the
pH to 6.7 using 7 mi of 1 M NaOH. The resin was then washed four times
with deionized water before diluting to 100 ml using deionized water in

preparation for storage.
In a fourth case, washed Dowex™™ 50WX8-400 resin was loaded with

Zn by diluting 16 ml of resin to 100 mi using deionized water. This slurry-was
kept mixing throughout the rest of the loading procedure using a small
magnetic stir bar and a magnetic stirrer. A total of 1.2087 g of ZnSO4 was
added to the slurry to provide a source of Zn along with 0.6 mi of acetic acid
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to provide buffering capacity between pH 4 and 5. The pH of this slurry was
not further adjusted since it had already been reduced to 1.0. During this

time Zn** is loading and displacing H* from RSOH. The slurry was held at
pH 1.0 for 15 minutes before adjusting it to 4.4 using 34 mi of 1 M NaQH.
The slurry was then held between pH 4 and 5 for two hours before raising the
pH to /.0 using 6.3 ml of 1 M NaOH. The resin was then washed four times
with deionized water before diluting to 100 mi using deionized water in
preparation for storage.

In a fifth case, washed Duolite ES-467 was loaded with Zn by diluting
25 mil of resin to 200 ml using deionized water. This slurry was kept mixing

throughout the rest of the loading procedure using a small magnetic stir bar
and a magnetic stirrer. A total of 2.8573 g of ZnSO4 was added to the slurry
to provide a source of Zn along with 0.6 mi of acetic acid to provide buffering
Capacity between pH 4 and 5. The pH of this slurry was then adjusted to 1.2
using 23 ml of 1 M H;SO4. The pH was then held at 1.2 for 15 minutes before
adjusting the pH to 4.4 using 45 mi of 1 M NaOH. After 45 minutes, the pH
had dropped to 4.15 so an additional 3 mi of 1 M NaOH was added to raise
the pH to 4.4. The slurry was then held between pH 4 and 5 for an additional
1 hour and 15 minutes before raising the pH to 7.0 using 10.5 miof 1 M
NaOH. The resin was then washed three times with deionized water before
diluting to 125 ml using deionized water in preparation for storage.

After loading each resin with Zn, the ammonia binding capacity of the
resin at pH 8.0 was measured by diluting 3 ml of each resin to 85 ml using
deionized water. To this slurry 15 mi of 1000 ppm NH; solution prepared
from NH4Cl was added to the slurry to bring the volume to 100 ml. The slurry
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