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RECEIVE
CLERK'S OFFICEE December 17, 2008
DEC-1 8 2008
Royal Coulter, President STATE OF
Peoria Disposal Company Pollution Cog%‘gl%%gd \%

4700 North Sterling Avenue

Peotia, Hlinois 61615-3652 % @&%

RE: NOTICE OF EXCLUSIVE LICENSE
United States Patents 6,191,068 and 6,313,368

Dear Mr. Coulter:

Terra Materials, LLC has récently become aware of your company’s interest in using a
magnesium sulfite/magnesium scrubber residue (MSR) in conjunction with your proposed “delisting
permit” now pending before the Illinois Environmental Protection Agency (Case No. AS 2008-010 - In
the Matter of: RCRA Delisting Adjusted Standard Petition of Peoria Disposal Company).

Terra Materials, LLC is not fully familiar with your company’s proposed treatment reginue, but
has reviewed sworn testimony presented on your company’s behalf at the August 18, 2008 hearing
before the Ilinois Pollution Control Board. Specifically, beginning on page 33 of the testimony, Dr.
Ajit Chowdhury described the proposed treatment to be used by Peoria Disposal as:

"I'he new chemical treatment regimen PDC utilized for the trials
incorporated addition of reagents involving sulfur oxy-anion compounds
of alkaline-earth metals along with agents for pH control which included
calcined and uncalcined lime. As necessary, the pH control agents which
may be used include various phosphate and iron comspounds. The
additive mix ratio and dosage were controlled to provide a robust
chemistry such that the potential for leaching of heavy metals of concern
are minimized under various natural and induced leaching scenarios.
During this treatment, the heavy metals are stabilized through a series of
complex precipitation and adsorption-coprecipitation reactions in a pH
regime of very low solubility of the metals. The material after
stabilization is characterized by low potential for leaching of heavy
metals as indicated by the TCLP (U.S. EPA Toxicity Characteristic
Leaching Procedure) which is TCLP, analysis with using different 8
extraction fluids like acidic, neutral and a pH 11.0 solution and also the
corresponding MEP tests which is a multiple extraction procedure of
U.S.EPA.”

After discussing this matter with our supplier of MSR and reviewing the public record of your
proposed delisting permit, we concluded we should advise you that Terra Materials, LLC is the
exclusive licensee of:
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United States Patent 6,191,068 relating to compositions comprising magnesium
sulfite, triple super phosphate, and at least one of limestone and hydroboracite,
methods for the treatment of heavy metal-containing matrices, methods for
controlling the pH of matrices, and methods for removing acid gases from solid,
semi-solid, liquid or gaseous matrices; and,

United States Patent 6,313,368 relating to methods of stabilizing heavy metal-
containing matrices comprising mixing with such matrices an effective amount of
sulfonated calcium aluminum magnesium phosphate to render such matrices inert,
methods of stabilizing heavy metal-containing matrices comprising mixing with
such matrices an effective amount of magnesium sulfite to render such matrices
inert, and methods of stabilizing heavy metal-containing matrices comprsing
mixing with such matrices an effective amount of hydroboracite to render such
matrices inert.

Copies of the referenced patents are attached for your convenience.

In addition to these exclusive licenses, Terra Materials, LLC has also filed patent applications
for methods for the stabilization and/or fixation of leachable metals on its own behalf. These patent
applications describe the use of magnesium-based scrubber byproducts and calcium-based products
and byproducts either individually or in various combinations for the stabilization and/or fixation of
heavy metal-containing matrices, other contaminants and chemicals matrices.

Terra Materials, LLC desires to maxirmize the use of the inventions disclosed and protected by
these patents and applications through sale and use of products incorporating these technologies, as
well as through sub-licensing, sales agreements, and other arrangements with others. It is in this spirit
that we are notifying you and others of these matters.

We look forward to working with your company to achieve this goal. Please contact us so we
can amicably reach a mutually profitable agreement.

Sincerely,
TERRA MATERIALS, LLC

A 0L

Thomas P, McCullough
Managing Partoer

cc:  Steve Thomas, Headwaters Resources, Inc.
Tom D'Annunzio, Exelon Supply Management
Dr. Ajit Chowdhbury, Trishul Technologics, LLC
Clerk’s Office, Illinois Pollution Control Board

Enclosures: US Patent Nos. 6,191,068 and 6,313,368
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METHOD AND COMPOSITIONS FOR
STABILIZATION OF HEAVY METALS, ACID
GAS REMOVAL AND PH CONTROL IN
CONTAMINATED MATRICES

This application is a Continuation of application Ser. No.
08/961,823 filed on Qet. 31, 1997, now U.S. Pat. No.
5,985,778 which is a Divisional of application Ser. No.
08/790,700 filed Jan. 29, 1997, now U S, Pat, No. 5,719,099
This spplication claims priority of provisional application
Serjal No. 60/028,935 filed Qct. 22, 1996.

TECHNICAL FIELD

This invention relates to the treatrnent of contaminated
maierials. Specifically, it relates 1o methods and composi-
tions for rendering inert a broad spectrurs of heavy metals
that may be present in hazardous and/or toxic matriees, such
as fly ash and slag from incineratoss, process water from ink
and paint manufactiring, process dust, water and sludge
from ferrous and non-ferrous foundries, electric arc furnace
dust, for example, from steel mills, bazardous waste, toxic
waste, soils, sludges and sediments. Heavy metals like
antimony, arsenic, barium, beryflium, cadminm, chromium,
cobalt, copper, lead, mercury, molybdenum, nickel,
selenium, stlver, thallium, vapadium and zine are reduced 1o
a Jeved of prrrnanent stability meeting ihe glacial acetic seid
leachate criteria set forth by the U.S. EPA in the Toxicity
Characteristic Leaching Procedure (TCLP) and the watec
leach tests, for example, California or Indiana Water Leach
Tests, simoulating leaching due to rain as it actually oceurs in
the enviromment. The invention also celates to industrial
processes that require scid gas removal from the contami-
nated watrix and pH control of the contaminated matrix,

BACKGROUND OF THE INVENTION

When biologically available, heavy metals Jeaching from
soil, water or waste, a5 well as those releaged into the it are
detrimental to all living beings. Permissible levels of beavy
metal poliution are regulated by the local, state and federal
authorities. The important sets of federal regulations are the
Resource Conservation and Recovery Act (RCRA) and the
Comprehensive Environmental Response, Commpensation,
and Liability Act (CERCLA), which governs the Superfund
program, One of the earliost remediation methods, the
reraoval apd hauling of heavy metal contained waste and
soil to a landfil, while still in use, is more frequently being
viewed by the public as unacceptable. New regulations and
continued desire to find better and/or inexpensive cnviron-
mental pollution control, prevention a0d remediation tech-
miques have driven potential hazardous and/or toxic waste
generators toward new technologies. Encapsulation of beavy
metal-containing waste in portland cement, for example,
thouglt meeting the letter of the environmental law, does not
meet the spicit of the law when the encapsulated waste is
exposed to rain. Under those circumstances, heavy metals go
into solution and become biologically available. Permanent
stabilization by forming geochemicaily stable compounds of
heavy metals is by far the best solution to this challenge.
Certain industrial processes may also release ncid gases
which need to be removed. Ofien pH control of the con-
taminated matrix is also required.

Numerous methods, mostly multi-step and sequential-
step, have been utilized to prevent the leaching of hazardovs
heavy metals in solid, scoi-solid, liquid and/or gascous
complex matrices 5o that the waste is rendered suilable for
disposal in a sapitary landfill. There has, however, been no
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suggestion to use sulfopated calcium aluminum magnesium
phosphates, hydroboracite or scrubber magnesium product
(magnesium sulfite) for the purpose of providing heavy
metal stabilization, 1ogether with the additional bepefits of
acid gas removal and pH control, to contaminated or treated
matrices it a one-step metbod or single-product composi-
tion. U.S. Pat, No. 4,671,882, Douglas et al., issued Jupe,
1987, discloses a multi-step process for heavy metal stabi-
lization. Douglas does not preder to use licnestone becanse he
believes that the use of liznestone results in the produgtion of
casbon dioxide gas when added to acid solution and such gas
would adversely affect the pH increasing step cssential to his
multi-step beavy metal stabilization process, Buth U8, Pat.
Nos. 4,889,640 and 5,037,479, Stanforth, suggest that lime-
stone s not effective in the disclosed heavy metal stabili-
zation processes because it is a non-reactive form of caleium
and/or magnesium carbopate. The above-mentioned patents
do not suggest any products or processes for acid gas
removal.

SUMMARY OF THE INVENTION

It is the primary object of the present invention to provide
a one-step method and single-product compuositions that
simultapeousty stabilize beavy metals, remove acid gases
apd cuntrol pH in comaminated solid, semi-solid, liquid
and/or gaseous corplex matrices,

It is a further object of the present inveption to provide a
new rethod for the simultageous treatment of a wide variety
of matrices including in-process and waste materials con-
taminated with a broud range of heavy motals classified by
the 1.8, EPA as hazardous, such that geochemically stable,
substantially non-leaching compounds of heavy metals are
formed and the contaminated matrices are rendered jnert,

It is another object of the present invention to provide a
pew family of compositions that achieve permanent stability
of Jeachable beavy metals in complex matrices exposed to
actual environmental conditions.

It 35 5till another object of the present invention to provide
a method and a general range of compasitions that stabilize
mote heavy metals than those in the priur art using one-step
treatment and using s single product which may contain one
or more reactive agents.

1t is yet another object of the present invention to provide
a method and compaositions that are more cost-effective than
those of the prior art in stabilizing heavy metals in & wide
variety of complex matrices.

1n accordance with the present invention there is provided
2 method and compositions for the treatment of in-process
hazardous materials and waste materials contaminated with
hazardous heavy metals to levels of local, state and federal
regulatory limits. Simultansously, (his invention provides a
singlo-step maethod and sipgle-product composttions for
heavy metal stabilization, acid gas remova) and pH control
in contaminated complex matrices.

Specifically, the present invention encompasses 4 ¢om-
position for the treatment of heavy metal-containing matri~
¢es comprising an effcctive amount of sulfonated cafcinm
aluminum magoesivm phospbate. The composition may
optionally include magnesium sulfite and/or hydroboracite.

The invention also relates to 2 wethod for making a
composition for the treatment of heavy metal-containing
malrices comprising the steps of mixing the [olowing
materials: '

(a) a phosphate-containing material sclected from the

group copsisting of phosphoric acid, rock phosphate,
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apatife, triple super phosphate, calcium magoesium
monohydrogen phosphate dihydrate, alkali phosphate,
and mixtures thersof; .

(b) an aluminum-containing materia] selected from the
group consisting of kaolinite, bauxite, alumina
ditiydrate, bentonite, zeolites, and mixiures thereof; and

(¢) an ajkaline earth-containing material selected from the
group copsisting of dolomite, dolime, quicklime, fly
ash, limestone, brucite, mapnesite, periciase, dolomitic
limestone, magonesia, magnesium hydroxide,
hydroboracite, colemanite, and mixtures thereof: and
sulfonating the product(s) of said mixing step.

DETAILED DESCRIPTION OF THE
INVENTION

The goals set forth above are sccomplished using & siugle
product aqd a one-step application method, as opposed to
using several different reagents and multi-step or sequential
application method to:

(1) stabilize a broad spectrum of heavy metals (Table [)

listed by the U.S. BEPA as hazardous;

(2) control acid gases found in complex matrices, includ-

ing industrial processes and waste; and

(3) control pH of the contaminated and treared matrices.
This jnvention rejates to composivions apd methods for
accomplishiog these goals, a5 well as to method for prepar-
ing those compositions.

Table I—U.S. EPA List of Hazardous Heavy
Metals

Antimony, Arsenie, Darium, Beryllium, Cadmium,
Chrominm, Cobalt, Copper, Lead, Mercury, Molybdenurm,
Nickel, Seleniumm, Silver, Thallium, Vapadium, and Zine.

In developing the heavy metal stabilizing product com-
positions of this invention, economic considerations were
applied 10 the following technical conceptual basis: Ingre-
dients that form salts of low solubility with the heavy metals
i question will also produce permanently stable, pH
independent, complex, non-leaching compounds that immo-
bilize the heavy metals when they contain glass (pon-
erystallioe) network forming cations (Such ss 86, B, B, Ge
and mixtures thereof) apd glass {(non-crystalline) network
foraing anions (such as O, 8, Se, Te and mixtures therzof).
In conjunction with ingredjents containing the glass (non-
crystalline) network forming jons, those contajning network
dwellers (such as Al Mg, Ga and mixtures thercof) and
network modifiers (such as Ca, Mg and mixtures thereof) arc
also found to help in stabilizing heavy metals contained in
contaminated matrices. [t is not necessary that glass actually
be formed as a result of the reaction between heavy metals
and the heavy metal stabilizer, but rather that the ingredients
wwd fo prepure the heavy metal stabilizers be capable of

forming glass. It is important that salts of low solubility are s

tormed as a result of the reaction between these jops and the
heavy metals.

Thus, the techrical concept of this invention advasces
two cssontial conditions for the production of permanently
stable, pH independent, complex, nonsleaching compoupds
that immobilize the heavy metals: (1) in selecting the

ingredients for beavy metal stabilizing prodvet’

compositions, it is important that they are capsble of form-
ing glass (that is, they contain gliss petwork forming,
petwork dwelling or petwork modifying ions), and (2) that
salts of low solubility be formed as a result of the reaction
between these iops and the heavy metals in question.
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Sulfonated Calcium Aluminim Magnesium Phosphate
(SCAMP) is a product composition that fits the technical
coneept by itself, as well a5 in comjunction with other
ingredients. SCAMP can he described by the genersl fore
mula x . (Cy5H,,(CeHL)SO;Na) (CazAl Mg (PO,):9H,0),
wherein k<1, It can also Lo described as 2 sulfonated
phosphate or a sulfonated mixture of phosphates, with
ingredients containing caleium, aluminum and magnesinm
10us. The sulfonate in this case is sodium dodecylhenzene
sulfonate. The presence of SCAMP cap be detected directly
by the combination of powder x.ray diffraction techuique for
calcium aluminum wagnesivm phosphate and wet chemical
analysis for the sulfonate. SCAMP prepared according to the
present application is an effective sizbilizer for a broad
spectrum, of heavy metals.

In water, the sulfonate behaves like soap in forming
micelles, but has am advantage over soap in not forming
precipitates with calcium ions. Additioually, the sulfonate
being a surfactant, reduces the swrface tension of the pat-
ticles eoated with it, accelerates resctions between acidic
and basie ingredients in a given mixture to form complex
salts, prevents caking, and improves flowability of ihe
product. The sulfonate also promotes the formation of heavy
meta] complex salts of very low solubility by facilitating the
scquesteriog and fixing of heavy motal leachates from a
contaminated mateix. These practically insoluble complex
salts confimy pH independent and permenent hxing of
Jeachates in a landfill. Sulfonates useful inm the present
invention include amy salt of the reaction product of sulfonic
acid and hydrocarbons, such as long chain alkylbenzene
sulfonates, with sodium dodecybenzene sulfonate being
preferred. :

SCAMP can be prepared in a number of ways. As an
example, to produce ope mole of SCAMP, combine 1 %
moles of dolomitic limestone or 3 moles of dolomitic lime;
with % mole of sither kaolinite, bauxite or alumina trihy-
drate; reset the same with 5§ moles of phosphoric acid and
treat the reaction product with Jess than one mole of the
sulfonate. As enother example, to produce ome mole of
SCAMEP, combine and react 1 % moles of dolomitic lime-
stope of 3 moles of dolomitic lime; with 24 mole of ¢ither
kaolinite, bauxite or alumina tohydrate; and with 2 44 moles

“of ¢ither triple super phosphate or rock phosphate, along

with an appropriate amount of water, if needed, and Joss than
one mole of the sulfonate. The solid raw materials are
ground o pulverized to fine powier o provide high surface
area for the required reaction(s) to take place. Tt is some-
umes helpful to add heat to the reaction, although frequently
the increased temperatures caused by grinding and the heat
of reaction between ingredients are sufficient to provide the
desjred end product.

In general, 3 SCAMP-containing single product compo-
sition for the treatment of heavy metal-containing matrices
may be prepared by combining, mixing and reactiog the
following materials:

{(2) a phosphate-containing material selected from the
group copsisting of phosphoric acid, rock phosphate,
apatite, triple super phospbate, caloium maggesium
monobydrogen phosphate dihydrate, alkali phosphate,
and roixtures thereof (preferably phosphoric acid, rock
phosphate or triple super phosphate, and most prefer-
ably rock phosphate);

(b) an alumicum-containing materia} selected from the
group comsisting of kaolinite, bauxite, slumina
uihydrate, bentonite, zeolites, and mixtures thereof
(preferably bauxite or kaolinite); apd

PAGE B6/15



12/18/2p88 11:16

3175690451

TERRA GROUP

US 6,313,368 Bl

5

{c) an alkaline earth-containing material selected from the
group consisting of dolomitic limestone (dolomite),
dolomitic Hime (dolime), quivklime, fly ash, limestose,
brucite, magnesite, periclase, magnesia, magnesinm
hydroxide, hydroboracite, colernanite, and mixtures
thereof (preferably dolomitic limestone, dolimitic lime
ot hydroboracite, apd most preferably delomitic
limestone);

and sulfonativg the produci(s) of said combining, mixing
and rescting steps.

The propottions of the individual reactions listed above
may be varied depending on the properties required for the
final product. For example, for optimal heavy metal
stabilization, the amount of material(s) from group (a) above
in proportion 1o groups (b) and () should be abowr 6:1:3, For
optirna] acid gas control, the ratio should be about 6:1:12.
¥or optimsl pIl control of the contsminated and treated
matrices, the ratio should be about 6:1:3. SCAMP is an
essential active agent in the product composition of the
invention that assures in a single step, simultangous and
effective stabilization of at least 8 of the 17 heavy metals
listed in Table I (see Table t below), as well as acid gas and
pH conuol. Materials from groups (a), (b) or (¢) used in
excess of that required stoichiometrically for the formation
of SCAMP are essentially for fine tuning the heavy metal
stabijlization, acid gas control or pH controf charactenistics of
the final product. For example, formulating a product such

10

43
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Product (SMF). This material is 2 by-product of scrubbing
acid gases, like sulfur dioxide and oxides of nitrogen, with
magnesium-containing reagents, such as magnesia, magne-
sitm hydroxide, calcium magpesium oxide (dolins), cal-
¢ium magnesium borate (hydroboracite), and calcium mag-
nesium carbonate (dolomite). The use of sulfur-contatving
material (for example, SMP) alone, stabiliges 15 of the 17
heavy metals fairly well. Relative cffectiveness of SMP

“alone and in combination with SCAMP is shawn in Table 11

The use of hydrated calcinm magnesiwm borate, that is,
hydrohoracite (HB), alone or in conjunction with SCAMP,
SMP =and mixtures thercof is also depicted in Table II

The compositions of the present inveution comprise an
amount of each specified compoent which is effective (o
stabilize the heavy metals present in the materals being
teeated, as well ss to control pH and acid gas. Specifically,
compositions of the present invention contain from about
10% to about 100%, preferably from about 10% to about
509 SCAMP, from about 0% to about 90%, preferably from
about 5% to about 50%, magnesium sulfite, and from about
0% to about 90%, preferably from about 10% to about 50%
bydroboracite. A few gxamples of SCAMP-, SMP-, and
HB-coptaining compositions found to be effective in achiev-
ing the goals of the present invention are as follows:

that it contains excess phosphate material provides extra SCAMP ingredieats 1 w

benefits o terms of pH control and in the stabilizaton of Alkstise

heavy metals that form phosphates of low solubility. Excess 30 Phosphaste  Alvminume  earthe

alurminum-containing material helps in pH control and in the Ex. ocontaining  containing  conuwining SMP KB

stabilization of heavy metals that form oxides or hydroxides # moerals maleridls  mleripls Solfonate wt % we %

of low solubility, while excels alkalive earth-comtsining 1 108 04-10 3040 DAd0 4060 0-10

material helps in pH control and acid gas control. 2 15-25 0.1%30 50-80 0.1-10 0-30 0-30
Stabilization of al} 17 heavy metals bisted as hazardous by 35 z sosjg g.i-;zg ;g«_gg g.i—xg 30—33 gﬁ

: . N 3= =10 30~
the U8, EPA cap be accomplished in a single-stop, along 5 Sk 03110 $070 0140 o040 028

with acid gas and pH control, using 2 product composition
that compriscs SCAMP and sulfur-containing materials such
a8 magnesivm sulfite, calcium sulfile, agnesium sulfate,
sodjum metabisulfite, calcium magnesium sulfite, epsorn
salt, gypsum, and mixtures thercof. Preferred sulfur-
containing materials include magnesinm sulfate, calcium
sulfate and calcjnn magnesium sulfite, and mixrures thorcof,
with magnesium sulfite being most preferred. An inexpen-
sive soures of maguesium sulfite that also contains minor
amounts of magnesium sulfate is Scrubber Magnesium

40

45

‘When the compositions of the present invention are used
for the stabilization of beavy metals, the end result is an
inext, environmeptally haomless product of the reaction
between & heavy metal~containing matrix and the composi-
tivo comtajping up o about 30% (by weight) glass network
forming cations and up to abowl 35% network forming
anions, up to about 63% plass network dwelling foas, and up
to about 75% glass network modifying ions.
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TABLE 1

Heavy SCAMP + SCAMP + SCAME +
Metal  SCAMP SMP HB SMP | HB SMP + HB  SMP + 1B
s Poor Fair Fair Fair Good Good Good
As Paoy Fair Poor Fuir Faix Fair Balr
Ba Fuir Fajr Poor Good Fair Fair Good
Be Poor Fait Paiy Fair Guood Good Good
Cd Fair Fair Kaijr Good Good Good Cood
Cr Fair Faix Fair Good Good Good Good
Co Fair Poor Fair Fair Fair Fair Good
Cu Poor Fair Falx Fair Good Good Good
Pb Fais Fair Foir Qood Good Good Good
Hg Foir Fair Fair Good Good Good Good
Mo Poor Fair Fair Fair Good Good Good
Ni Faix Poor Fair Fair Fair Fair Gond
Se Poor Fajz Poor Fair Pajr Fair Fair
Ag Fair Fair Poor Good Feir Fair Good
Y] Poor Faix Fair Good Good Good

Fair
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TABLE ll-continued
Relative Effectiveness jn Stabiliring Heavy Metals
Bravy SCAMFP + SCAMP + SCAMP +
Metal  SCAMP  SMP HB IMP HB SMP+ HE SMP+ HE
v Poar Fair Faiy Fuis Good Good Good
Za Fajs Fair Rolt CGrood Good Good Good

The combination of SCAMPE, SMP and HB oulperforms
the combination of SCAMP and SMP, as well as the com-
bination of SMP and HB, and the combination of SCAMP
and HB, although stabilization of all 17 hazardons heavy
metals is accomplished by all four sets of product combi-
pations. By way of example, » 3:2 ratio by weight of
SCAMP to SMP has produced excellent rosults in control-
ling the leachability of heavy metals such ax Pb, Cd, and Cr
at 6 percent dosage of the product by weight of solids in
ferrous foundry wastewater. By way of further example, a
1:1 ratio by weight of SMP to HB has produced good results
in controlling acid gases in an industrial process. By way of
agother example, 4 6:3:1 ratio by weight of SCAMP to SMP
10 HB has produced good results in controlling acid pases
and pH as well 35 in controlling the loachability of all 17
heavy metals of Table 1. Depending op the total concentra-
tion and the number of the heavy metals to be treated,
dosages of no more than about 35 percent of the solids in a
contaminated matrix have reduced the leaching of all 17
listed heavy metals to within permissible levels. In faet,
dosages of less than about 10 pereent by weight of the solids,
even as low as about 3 percent, have been found w0 be
effective in most cases. When SMP (or other magnesium
sulfite-type composition) is used alone, it js used in an
amount of from about 5% to about 50% by weight of the
solids in the contarninated matrix. When hydroboracite s
used alone, it is used in an amount of from about 5% to about
30% of the solids in the contatninated matrix.

Matrices contaminated with heavy metals and acid gases
as well as those matrices requiring pH control are treated

3

with product compositions of this inveption in a dry or a
shirry form. A product of this invention is injected into the
inprocess dust stream or added and mixed thoroughly with
in-process wastewater; of in the case of coptaminated soil,
it is admixed in a contimious or batch mixer. The resultant
product is found to be environmentally harmless with the
beavy metals stabilized, pH controlled and acid gases peu-
tralized.

While the invention has been described in terms of
various preferred embodiments, one skilled in the ast will
appreciate that various wmodifications, substitutions,
omissions, and chapges may bé made without departing
from the spirit thereof. Accordingly, it is intended that the
scope of the present jnvention be limited solely by the scope
of the following claims.

What is claimed is:

1. A method of stabilizing a beavy metal-coptaining
matrix comprising mixing with said matrix an effective
amount of sultopated calcium aluminum magoesivea phos~
phate 10 render said matrix igert.

2. A method of stabilizing a heavy metal-containing
matrix comprising miXing with, sawl matrix an effective
amount of magnesium sulfite 10 render said watrx inert.

3. A method of stabilizing a heavy metal-containing
matrix comprising mixing with said matrix an effective
amount of bydroboracite to render said matrix inert.
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METHOD AND COMPOSITIONS FOR
STABILIZATION OF HEAVY METALS, ACID
GAS REMOVAL AND PH CONTROL IN
CONTAMINATED MATRICES

BACKGROUND OF THE INVENTION

1. Field of the Invegtion

‘The present invention relates W the reatment of contami-
nated materials, Specifically, it relates o methods and com-
positions for rendering inert a broad spectrum of heavy
metals that may he present in hazardous and/or toxic matri-
ces such ss fly ash and slag from incinerators; process water
from ink and paint manufacturing; process dust, water and
slodge from forrous apd non-ferrous foundrics; electric arc
furpace dust, for example, from steel mills: hazardous waste,
toxic waste, soils, sludges and sediments. Heavy metals
including antimony, arsenic, barium, beryilium, cadmivm,
chromium, cohalt, copper, lead, merenry, molybdenuw,
nickel, selenium, silves, thallium, vanadium and zinc are

reduced 1o a lovel of pormapent stability meeting the glacial *

acetic acid leachate criteria set forth by the U.S. EPA in the
Toxicity Characteristic Leacting Procedure (TCLP) and the
water leach tests, for example, California or Indians Water
Leach Test, simulating leaching due to rain as it actually
occurs in the environment, the most recent vorsions of such
procedure and tests as of Feb, 1, 1998, incorporated herein
by referenee, The invenlion also relates to industrial pro-
cesses that require acid gas romoval from a contaminated
matrix and pH control of a contaminated matrix.

2. Discussion of the Background

‘When biclogically available, beavy metals leaching from
goil, water ar waste, as well a5 thuse released Into the gir are
detrimental to all living beings. Permissible levels of heavy
metal poliution are regulated by the local, state and federal
awthorities. Iportant sets of federal regulations include the
Resource Conservation and Recovery Act (RCRA) and the
Comprebensive Environmental Response, Corpensation,
and Liability Act (CERCLA), which governs the Superfund
program. One of the earliest remediation methods, the
removal and hauling of heavy metal contamipated waste and
soil 10 a landfill, while still in use, i being viewed by the
public and the press as unacceptable. New regulations and
continued desire to find better and/or Inexpensive environ-
mental pollution control, prevention and remediation tech-
nigues have driven potential hazardous and/or toxic waste
generators wyward new techpologies. Encapsulation of heavy
metal contaminated waste in Portland cement, for example,
though meeting the letter of the cavironmental law, does not
meet the spirit of the Jaw when the encapsulated waste is
exposed 2o rain, Heavy metals go into solution and become
hiologically available, Permanent stebilization by forming
geochemically stable compounds of heavy metals is by far
the best solution to this chullenge. Certain industrial pro-
cesses may also release acid gases which need to be
removed. Often pH control of the contamisated matrx is
also reguired.

Numerous methods, mostly multi-step and sequential-
step, have been utilizod to prevont the leaching of hacardous
heavy metals in solid, semi-solid, liquid and/or gaseous
complex matrices so that the waste iy rendered suitable (or
disposal 1n a sapitary landfll. There has, however, been no
suggestion o use sulfur-containing material such as mag-
nesium sulfite (scrubber magoesivm product) and/or boron-
containing matcrial such as hydroboracite for the purpose of
providing heavy metal stabilization; w use hydroboracite, by
itself for acid gas removal and pH control of the contami-

2

pated of treated matrix. Furthermore, there bas been no
suggestion of the use of phosphates such as triple super
phosphate, phosphate rock, fines gescrated from screening
and combining of phosphate fertilizers (TSP (triple super

§5 phosphate), MAP (monoammonium phosphate), DAP
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(dizmmonium phosphate), ete.) along with maghesivm
sulfite (scrubber magnesium product) and/or hydroboracite
and/or limestone for the purpose of providing heavy metal
stabilization, together with the addjtional bepefits of acid gas
removal and pH control, to contaminated o treated matrices
n 2 single-step method or single-product composition.

U.8. Pat. No. 4,671,882 to Douglas discloses & multi-step
process for heavy metal stabilization. Douglas does not
prefer to use limestons because he believes that the vse of
limestone results in the production of carbon dioxide gas
when added to acid solution and such gas would adverscly
affect the pH incressing step essential to bis multi-step heavy
metal stabilization process. Both U.S, Pat. Nos. 4,889,640
and 5,037,479 to Stanforth teach away from the use of
Timestone in his single-step and sequential-siep heavy metal
stabilization processes because he considers it as # non-
renctive form of calcinm and/or magnesium carbonate and a
hinderance to heavy metal stabilization. The above-
mentioned patents do not suggest any products or processes
for acid gas rexooval,

OBIECTS OF THE INVENTION

It is the primary object of the present javention L provide
= one-step method and single-product compositions that
simultageously stabilize heavy metals, remove acid gases
apd comtro} pH in contaminated solid, semissolid, lquid
andfor gaseous compleX matrices

It is a further object of the present invention 1 provide &
new method for the simultapeous treatment of a wide variety
of matrices including in-process and waste materials con-
tarninated with a broad rapge of heavy metals classified by
the U8, EPA as hazardous, such that geochemically stable,
substaptially non-leaching compounds of heavy metals are
formed and the conlaminated matrices are rendered iper,

It is apother object of (he present invention to provide a
new family of compositions that achieve permanent stability
of leachable heavy metals in complex matrices exposed to
actual eaviropmental conditions.

It is still another object of the present invention to provide
a mothod and a gencral range of compositions that stabilize
more heavy metals thae those in the prior art using a
oue-slep treaument and using & single product which may
contain one or more reactive agents.

It is yet another object of the present iavention to provide
2 method and compositions that are more cost-effective thau
those of the prior art in stabilizing heavy metals in a wide
vatioly of complex muatrices.

SUMMARY OF THE INVENTION

In accordence with the present invention there is provided
a method and compositions for the treatment of {n-process
hazardous materials and waste materials contaminated with
hazardous heavy wetals to or below levels of local, state and
federal regulatory kimits. Simulteneously, this invention
provides a single-step method and single-produet and
multiple-product compositions for heavy metal stabilization,
acid gas removal and plI control in «ontaminated complex
matrices.

Specifically, the presemt invention relates to a multiple-
product composition for the treatment of heavy metal-
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contaiping matrices comprising an effective amount of
sulfur-contajning material such as magnesiumn sulfite and at
least one of limestone and/or baron-containing material such,
as hydroboracite and/or phosphate-containing materials (P)
such as triple super phosphate, rock phosphate, phosphate
fines or combipations thereof. Methods of using single-
product compositions sre also described.

DETAILED DESCRIPTION OF THE
INVENTION

The objects sct out above are preferably accomplished
using onte composition and 2 one-step application method, as
opposed to using several differcnt compositions and 2 multi-
step or sequential application method to:

(1) stabilize a broad spectrum of heavy metals including

those Listed by the U.8. EPA as hazardous (Table Iy;

{2) control acid gases found in complex matrices, includ-

ing industrial processes and waste; and

(3) control pH of the contaminated and trealed matrices.

This invention relates o compositions and methods for
accomplishing these goals, as well as 1o method for prepar-
ing those compositions.

TABLE ]
1.8, EPA List of Hazardous Heavy Metals
Antimony  Cedminm Lead Selepium  Zine
Argenie Chromiuvm  Maroury Silver .
Banum Cobalt Molyndenum  Thallium —
Beryllium  Copper Nicke) Venadium  —

Ingredients that form salts of low solubllity with the
heavy metals in question here will also produce permanently

stable, pH independent, complex, non-leaching compotnds

that immmobilize the heavy metals when they contain glass
network forming cations such as 8i, B, P, Ge and mixtures
thoreof, and glass network forming spions such as O, 8§, Se,
Te and mixtures thereof. In conjunction with ingredients
cuntaining the glass petwork forming ions, those containing
network dwellers such as Al, Mg, Ga and mixtures thereof,
and network modifiecs such as Ca, Mg and wmixtures thereof,
are also found to help in stabilizing heavy metals contained
in contaminated matrices. It is not necessary that glass
actually be formed as a result of the reaction betwsen heavy
metals and the heavy metal stabilizer, but cather that the
ingredients used 10 prepare the heavy metal stabilizers be
capable of forming glass. It is preferred that salts of low
water solubility (preferably 1ess than 750 paris per billion)
are formed a$ a result of the reaction between these ions and
the heavy metals.

Thus, the invention provides permancotly stable, pH
independent, comnplex, non-leaching compounds that mobi-
lize the heavy metals. In selecting the ingredients for heavy
metal stabilizing compositions, it is preferred that they are
capable of forming glass (that is, they contain glass network
forming, network dwelling and/or network modifying ions),
and that salts of low solubility are foomed as a result of the
reaction between these ions and the heavy metals I ques-
tion, Sulfur-containing material sech ss maguesium sulfite
or buorop-comiaining material such as hydroboracile are
compoupds that fit both these criteria by themselves, as well
as in conjunction with other ingredients,

Sulfonated Calcium Aluminum Msgnesium Phosphate
(SCAMP) referred to in U.S. Pat. No. 5,719,099 by jtsclf
outperforms phosphate fines refemred to sbove in heavy
metal stabilization. However, when either SCAMP or P is
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combined in the presence of SMF (Scrubber Magnesium
Product), with other jpgredients such as hydroboracite {(HB)
or limestone (L) (the term “limestone” as used berein refers
to limestone in the uncalcined or calofned state, of elther
high-calcium or dolomitic type and mixtures thereof), there
apprars 10 be no sigoificant difference in performance
between them as far as heavy metal stabilization. Stabiliza.
tion of all 17 heavy metals listed as hazardous by the U.S.
EPA can be acconaplished in a single-step, along with aeid
gas and pH control using a product composition that
comprises, consists of, or consists essentially inotganic
sulfur-containing material(s) (such as magnesivm sulfite,
magnesium sulfate, calcium sulfite, sodivm metabisulfse,
calcium magnesium sulfite, cpsom salt, gypsum, wmixtutes
thereof) and B An inexpensive source of magnesium sulfite
that also contains minor amounts of magnesium sulfate is
the Scrubber Magnesium Product (SMFP). The use of inor-
ganie sulfur-conlaining material (for example, SMP) alone,
does stabilize 15 of the 17 heavy metals fairly well, Thus,
this embodiment makes up part of the invention. Relative
effectiveness of SMP alope or in combination with P is
shown in Table II. The use of Hydrated Calejum Magpesium
Borate, that is, Hydroboracite (IIB), alone or in copjunction
with SMP, P and mixtures thercof is also depicted in Table
II. Use of limestone (1) in licu of hydroboracite it comjunce
tiop with SMP and P produces somewhat similar results in
acid removal and pH control, but hydroboracite is superior
1o limestone in heavy metal stabilization applications.
Nevertheless, when 1:1 substitution (by weight) of bydrobo-
racite 1o Hnestone is made, formulae contalning SMF, P and
Limestone bave been only slightly inferior to those contain-
ing SMF, P and HB in heavy metal stabilization applications,
Because limestone is cheaper than hydroboracite, it may be
chosey over hydroboracite in formulae containing SMP and
SCAMP or SMP and P for heavy metal stabilization appli-
cations. In fect, even in the absence of HB and SMP, P+L
<ombinations such as triple super phosphate and limestone
or phosphoric acid and limestone show that certain heavy
metals (for example, Sb, Be, Cd, Cr. Cu. Fb, Mo, T}, V, Zn)
can be cost-cffectively stabilized. If acid gas removal and/or
pH control is the only objective, formulas contaiping mate-
rials selected from a group consisting of limestone, caleined
magnesite, hydroboradite, or zeolites, and mixtures thereof,
work very well.

The compositions of the preseat invention comprise an
amount of each specified component whichs is effective to
stabilize heavy metals present in the matrix being treated, as
well as to control pH and acid gas. Specifically, composi-
tions of the present invention contain. from abowt 0% o
100%, preferably from about 10% to 50% inorganic sulfur-
contaioing material such s SMP, from about 0% 10 100%,
preferably from about 0% ta 50% HB, from sbout 0% to
90%, preferably from about 10% to 50% P, apd from about
0% 10 90%, preferably from about 0% to 80% L. Examples
of SMP-, HB-, P- and L-containing compositions found to
be effective in achieving the goals of the present invention
are as follows:

Ex. # SMPwt % HBEwt® Pwt % Lwt %
1 100 -—_— - —
2 30-40 -_ 3845 20-30
3 10-20 — 10-20 50-70
4 10-20 bl 15-25 4060
H 30-40 —_ 1525 40-50

11/15
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-continued
x. # SMPwi% HEwt% Pwtd 1wt %
4 — 100 - —_—

7 - 30-40 3545 20-30
[ —_ 10-24 10-20 $0-70
9 _ 10-20 15-25 40-60
10 - 3040 15-25 ay-50
1 — — 40-90 1060

When the compositions of the present invention are used
for the stabilization of specific heavy meals a8 depicted in
Table 11, the end result is an inert, environmentelly safe
product of the reaction between a heavy metal-containing
matrix and the composition containing up to about 30% (by
weight) glass network forming cations and up to about 35%
petwork forming anions, up o abowt 60% glass network
dwelling ions, and up to about 70% glass network modifying
1008,

TABLE I
Relative Effectiveness in Stubiliziny Heavy Met@ls
Heavy SMP + SMP + SMP 4+
Meml SMP HB P P HB + P HB HB 4+ P
Sh Fair  Fair  Poor Fsit Gond Good Good
As ¥air  Poor Poor Fuix Fair Faix Fair
Ba Fair  Poor  Falr Good Fajx Py Goad
Be Fair  Fair  Poor Fajr Good Good Guod
cd Fair  Fejr  Fair Good Good Good Good
Cr Fair  Fair Fair  Good Gond Guod Guood
Co  Poor Fair Fair Fair Fair Fair Goad
Cu  Fair  Fair  Poor Fads Good Good Good
o Fair  paly Fair Good Guod Good Good
Hg Feir Fair  Fair Goed Good Good Good
Mo  Felr  Fuir  Poor Fair Good Good Good
Ni  Poor Fair Fair Fafy Fair Fair Good
Se Falr  Poor Poox Paiy Faix Falt alr
Ag  Fair Poxr Fair  Good Faix Fair Good
T Fajy  falr Paor Fair Good Good Good
v Fajr Falr Poor Pajr Good Good Good
Zn  Fair Fair Fair  Good Good Gond Good

In general, compositions for the treatrnent of heavy metal-
coptaining matrices together with the additional benefils of
acid gas removal and pH control, may be prepared by
combining the following materials (a) and (b):

(2) at least one imorganic sulfur-containing material
selocted from the group cousisting of magnesium
sulfite, calcivm sulfite, magnesinm suifate, sodium
metabisulfite, calcium magnesium sulfite, epsom salt,
gypsum, and mixtures thereof (preferably magnesium
sulfite, calcium sulfite, magnesium sulfate, or caleium
magnesivrn sulfite, and most preferably magacsium
sulfite in the forma of scmbber magnesium product);

(b) at least one phosphats~containing material (P) selected
from the group copsisting of phosphoric acid, rock
phosphate, Iriple super phosphate, or fines or mixtures
of fines of phosphate fertilizets such as triple super
phosphate (TSP), monoammonium phosphate (MAP),
dismmonium phosphate (DAF) commaoaly referred to
as phosphate fines apd mixtures thereof (preferably
rock phosphate, TSP or phosphate finey, and most
preferably phosphate fines);

and optionally adding limestone, either uacalcined or
calcined, either high-calcium or dolomitic type and
mixtures thereof, and further optionally adding HB.

When inoxganic sulfur-containing material from (a) such
as magnesium sulfite (Scrubber magnesium Product, SMP)
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alone i5 used for heavy meial stabilization, of the 17 heavy
metals 15 are stabilized; Co and Ni aze not. When the sbove
composition of SMP+P is used, all 17 heavy metals includ«
ing Co and Ni are stabilized witk additions! performance
benefits of scid gas removal and pH control accrued with the
addition of limestone.

In general, a boron- and phosphate-containing composi-
tion for the treatment of heavy metal-containing matrices
together with the additional benefits of acid gas removal and
PH control, may be prepared by combining the following
materials:

(8) at Jeayt one inorganic boron-containing material
selected from the group consisting of hydroboracite,
colemanite, ulexite, borax, and mixtures thereof (most
preferably hydroboracite);

(b) at least one phosphate-conlaining material selected
from the group consisting of phosphoric acid, rock
phosphate, triple super phosphate, or fines or mixtures
of fices of pbosphate fertilizers such as triple super
phosphate (TSP), monoammonium phosphate (MAP),
diammonium phosphate (DAP) commonly referred o
as phosphate fines and mixtures thereof (preferably
rock phosphate, TSP or phosphate fines, and most
preferably phosphate fines);

and optionally adding limestone, of either uncalcined or
caleined state, of either high-calcium or dolomitic type and
mixwres thereof,

When boron-containing material from (&) such as
hydroboracite (HB) alone is used, of the 17 heavy metals,
only 13 are stabifized; As, Ba, Se, and Ag arc not. When the
above composition of HB4P is used, all 17 heavy metals
including As, Ba, Se, and Ag are stabilized with the zddi-
tional performance benefits of acid gas temoval and pH
control acerued without the addition of Jimestone. Lime-
stone may be optionally included in the formula for cost
benefits.

A sulfur- and borop-containing single product composi-
tion for the treatment of heavy metsl-containing matrices
together with the additional benefits of acid gas mmova) and
pH control may be prepared by combinipg, mixing and
reacting the following materials:

{2) at least one ivorganic sulfur-containing material
sclected from the group consisting of magnesivm
sulfite, calcivm sulfite, magnesium sulfete, sodium
metabisuifite, calcium magnesium sulfite, epsom salt,
gypsur, and paixtures thereof (preferably magnesivm
sulfite, calcium svlfite, magnesium sulfate, or calcium
magnestorn sulfite, and most preferably magnesium
sulfire in the form of scrubber magnesium product);

(b) at lesst one borop-~containing material selected from
the group consisting of hydrobozacite, colemanite,
ulexite, borax, and mixtures thereof (most preferably
hydroboraeitc);

(c) at least one phosphate-containing material selected
from the group consisting of phosphoric acid, rock
phosphate, triple super phosphate, or fivges or mixtures
of fines of phosphate fertilizers such as riple super
phosphate (TSP), monosmmonium phosphate MAP),
diammoninm phosphate (DAP) commonly refetred to
as phosphate fines and mixtures thercof (preferably
tock phosphate, TSP or phosphate fines, and most
preferably phosphate fines);

and optionally adding Nmestone, of either yacaleined or
calcined state, of cither high-calcium or dolomitic type
and mixtures thercof, Althongh buik SMP+HB apd
SMP+HB+P compositions will stabilize all 17 heavy
metals, SMP+HB+P compositions outperform the
former.
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Matrices comtaminated with beavy metals and acid gases
as well as those mateices requiring pH control are treated
with product compositions of this invention in a dey ur slunry -
form. A product of this invention maybe injected into ap Compositions for use o8 beavy mewal stabilizer (Wt % based op total
in-prosess dust stream of added and mixed thoroughly with 5 welghy
n-process wastewater; or in the case of contaminated soil, Triple Supey Phosphate 30-50 wi, %
it is admixed, for example, in a continuous or batch mixer. ;‘:‘:ﬁi; Sulfte? . 4
The resultant product is found to be eavitonmentally harm- ru;fle Supse Phosphatct 1525 wt. %
less with the heavy metals stabilized, pH controlled and acid Limestone® 50-70 wt. %
gases neutralized. 0 ?’3,:‘;‘"’“ s;‘gﬁ“” . 0-30 wt. %

Compositions of the present invention generally prefer- L:n‘?wm nl:er osphate ggjg ?‘::
ably comprise Scrubber Magnesium Product (SMP), Magaesinm Sulfite? 30-50 wt. %
Hydroboracite (HB), Phosphate fines of triple super Lple Supgr Projphate’ 20w %
phosphate, mopcammoninm phosphate, and/or diammo- 15 M’f;.,e,im Sulfite? =30 x: %
nium phosphate, and Limestone (L), either calciged or 'Il"r_iple Supes Phasphate! 3&.?8 wi. %
uncaleined, whether of high-caleium or dolomitic or mixture Ae#ony 3050 wt, %
thereof. Also included is the use of magnesium sulfite, all Magnesios Sulfe” B8 w %
alone, w any form including as scrubber magoesium Mgy be substituted by of mixed will other invention phosphate-
product, SMP, for heavy metal stabilization. Hydroboracite, 20 ﬁ:mﬁ“gﬁ:ﬁa high osicmmm Jimeatome or dof
HB, all by itself, as a heavy meta] stabilizer or as an acid gas it gl mr s cl“la:wsto;i? ;‘!‘c:; bgmuﬁfcmd lithe-
remover or as 4 pH controller is funther included. Each of smm or calcined Himselons (et is, lime of dotime) ox Mixtures thereof,
these materials in a heavy metal stabilizing application x:é"ﬁe ,;:rmlly ot completely substitwed by hydroboracite on, 4 1:1
suecessfully stabilizes wany heavy metals in contaminated "\dagnesmm sulfite j5 9n inorgasic sulfur-containing materiel. Otber inor-
mattices. SMP added to dust, water, shudge, soil or other 2§ g;:; :ﬁ:ﬂf:n::;a:i ;”:,“,?,?F ﬁgo“ scr;:bcg ‘:aug!mwlm p;oduct
conlamigsted matcices in quantities in the range of 3 to 35 35 S0CLUm MA e GRICIUM mAgnS-
percent by weight (based on tota] weight) has stabilized Sb, o W-muxaip:;m e ”‘dmm;i‘ﬁ{f theseof can aleo be sod fo pariel o
As, Ba, Be, Cd, Cr, Cu, Pb, Hg, Mo, Se, Ag, T, V, and Zn.  Tiple Suvfr Fhosphate’ 15-25 wi. %
Additions in the range of 3 10 35 porcent by weight of BB Lavewene 0S0F S b
have stabilized Sb, Be, Cd, Cr, Co, Cv, Pb, Hg, Mo, Ni, T1, ¥ '
V, and Zn. X

In heavy wetal stabilizing applications, preferred comps.  Method or Process of Formulation
sitions comprising L, SMP, HB, and P, the preferred weight .
percent of SMP is 3040, HB4L is 20-30, and P is 355, T ouet MY be produced as follows:
based on total weight, For cost reasons, HB may be partially = 1. C‘ombwe, mix, sod react® triplo super phosphate’, and
or completely replaced by L on a 1:1 weight basis. In limestone? in a reactor.
compositions used for heavy metal stabilization, acid gas
removal, and pH control, the preferred weight perecat SMP 2. Add magnesium sulfite®. Continue mixing and reacting.
is 10-20, P is 15~25, and L is 40—G0 when more facus is ap . ,
placed on heavy meta] stabilizatiop; and the preferred 3. Grind t make powdered product (e.g., hammer will),
weight percept SMP is 10-20, P is 10-20, and L is 50-70
when more focus is placed on acid gas removal (where L EXAMPLES OF PRODUCTION BATCHING
may be L, HB or HB+L), These compositions added at 3 to
35 weight percent of the contaminated matrix have success. 45
fully stabilized all 17 heavy metals and removed acid gases
such as suifur dioxide and/or bydrogen cbloride. A Exaiple 1.

When acid gas rcmoval bappens to be the only 2000 s Thipls Super Phosphate
application, formulae containing materials selected fromthe 12001 Limcatone (100 Ihe Dolontitic §imestonc and 200 1bs Dolime)

fopd : ; s ; 50 1800 s Magnesium Sulfite

group consisting of limestone, calcined magnesite, Examile #2
hydroboraciic, or zeolites, and mixtures thercof, work very =
well. Combinations of limestope, calcined magnesite, and 4000 Ibs  Exsople #1
hydroboracite, or these materials alone have removed sulfue  $9001o6 - Limestone (Calctned, that s, Balione)
dioxide and hydrogen chloride. When nitrogen oxides are 5 RS LA
present, compositions containing zeolites are roquired. For ™ 60001 Example #1
acid gas removal and/or pH contro) applications, a preferred 9000 1b6  Limestone (Dolime)
composition comprises limestone, hydroboracite or Exemple ¥
limestone+hydroboracite 3040, calcined magnesite 3040, 6000 Ibs  Fxemple #1
and zeolite 30-40 weight percent based on total weight. ¢ %0007  Exsmple 43
Amount of composition used is preferably at least equal to Exaple 45
the stoichiometric amount required to neutralize the acid  30001s  Example #1
gases in question and depends on the quantitiey and types of ~ %0001bs  Limesiose (Dolime)
acid gases generated from the contaminated mateix. The use _Altcmetivly,
of the invention compositions and implementation of the 65 §000ths  Exemple #1
methods described herein are within the skill of the ordinary 6000 Ibs  Exemple 43

artisan.
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~continued
Enatple #5
6000 Jbs  Example #1
4200 Jbs  Limeatope (Dolima)

1800 Jbs  Magnesium Sulfite

“Houting unnecsssaty. Reaction, if any, js acid-base type reaction, which
may provide best in siit, ax may grinding.

Meithod or Process of Application

Matrices contaminated with heavy metals and acid gases
as well as thase matrices requiring pH control are treated
with invention composition (preferably 3-35 weight percent
(total weight) dosage), in dry or slurry form. Powdered
product i {njected into in-process dust steeam or added and
mixed thoroughly with in-process wastcwater; or in the case
of contaminated soil, it is admixed ip a contipuous or bawch
mixer.

Phosphate fines is a term known in the art to be fines of
phosphate fertilizers and cap include one or more of triple
super phosphaie, monoammonium phosphate and diammo-
nium phospbate.

Prefetred embodiments of the invention include the fol-
lowing:

A. A method comprising single-step simultancous
combiniag, mixing and reacting with, and comprisiog
single-product composition to render, conaplex (solid, semi-
solid, liguid and/or gaseous) matrices contaminated with one
or more of 17 heavy metals (8b, As, Ba, Be, Cd, (. Co, Cu.
Pb, Hg, Mo, Ni, Se, Ag, TI, V, and Zn), often co-existing
with acid gases such as sulfur dioxide, hydrogen chloride,
and nitrogen oxides, completely inert, with the pH con-
trolled to safe levels for altemate use or for disposal into
sapitary landflis.

B. A method of making 2 sulfur- and phosphate-

10

20

25

coptaining single~product composition of embodiment A for

the treatment of a matrix contaminated with heavy metals
often co-cxisting with acid gases comprising the steps of
mixing the following materials:

{2) A sulfur-coptaining material selected from the group
consisting of magnesiurm sulfite, caleium sulfite, mag-
nesium sulfate, sodium metabisulfite, caleivm magne-
sium sulfite, cpsom salt, gypsum, and mixtures thereof
(prefersbly magacsium sulfite, calcivm sulfite, magne-
stvm sulfate, or caloiups magnesiune sulfitc, and most
preferably magnesium sulfite in the form of scrubber
magnesium product);

(b A phosphate-containing matetial selected {rom the
gronp consisting of phosphoric acid, rock phosphate,
triple super phosphate, or fines or mixtures of fines of
phosphate fertilizers such as triple super phosphate
(TSP), monoammonivm phosphate MAF), diammo-
nium phosphate {DAFP) commonly referred to as phos-
phate flnes agd mixtures thercof (preferably rock
phosphate, TSP or phosphate fines, and most preferably
phosphate fines);

and optionally adding limestone, of either uncaleived or
calcined state, of either high-caleinm or dolomitic type
and mixtures thereof.

C. A method of making 2 boron- and phosphate-
containing single-product composition of embodiment A for
the treatment of a moatrix contaminated with heavy metals
often co-existing with acid gases comprising the steps of
mixing the following materials:

(2) A boron-containing material selected from the group

copsisting of bydroboravite, colemanite, njexite, borax,
and mixtures thereof (most preferably hydroboracite);

40

ss

65

10

(v) A phosphate-containing material selected from the
geoup consisting of phosphoric acid, rock phosphats,
triple super phosphate, or fines or mixtures of fines of
phosphate fertilizers such as triple super phosphate
(ISP), moncammonium phosphate MAF), diammo-
nium phosphate (DAP) commonly referred to as phos-
phate fines and mixtures thereof (preferably rock
phosphate, TSP or phosphate fines, and most preferably
phosphate fines); and optionally sdding limestone, of
either upcaleined or caleined state, of either high-
calcium or dolomitic type and mixtures thereof,

D. A method of making & sulfut-, boron- and phosphate-
containing single-product composition of erobodiment A for
the treatment of a matrix contaminated with heavy metals
often ¢o-existing with asid gases comprising the steps of
mixing the following materials:

(%) A sulfur-coptaining material selected from the group
consisting of magnesium sulfite, csleium sulfite, mag-
nesium sulfate, sodium metabisulfite, calcium magne~
sium sulfite, epsom salt, gypsum, and mixtures thercof
{preferably magnesium sulfite, calelum suifite, magne-
sium sulfate, or caleium magnesium sulfite, and most
preferably magnesium sulfite in the form of scrubber
maguesium product); )

{b) A boron-containing material selacted from the group
consisting of hydroboracite, colemanite, ulexite, borax,
and mixtures thereof (most preferably bycdroboracite);

{(c) A phosphate-containiog materisl selected from the
group consisting of phosphoric acid, rock phosphate,
triple super phosphate, of fines or mixtures of fines of
phosphate fertilizers such as triple super phosphate
(15P), monoammonium phosphate MAP), diammo-
nium phosphate (DAP) commonly referred to as phos-
phate fines and woixetaros thercul (preferably rock
phosphate, TSP or phosphate fines, and most preferably
phosphate fines);

and optionally adding limestone, of cither uncalcined or
calcined state, of extber high-calcinm or dolomitic type
and mixtures theceof

L. A method according to embodiment B wherein sulfur-
containing material is scrubber magnesivm product which is
the source for magnesium sulfite; and phosphate-containing
material is the phosphate fines.

F, A method according to embodiment C wherein boron-
contaiping material 1s hydroboracite; and phosphate-
containing material is the phosphate fines.

(i, Amethod according o embodiment [ wherein sulfur-
containing matcrial is scrubber ragnesium product which is
the source for magnesium sulfite; borog-containing material
is hydroboracite; and phosphate-containing material is the
phosphate fines.

H. A method according to embodiment A wherein $ajd
single-product composition is sulfur-containing matorial,
scrubber magnesium product which is the source for mag~
nesium sulfite, used all by itself for heavy rmetal stabilization
of 15 heavy metals exclusive of Co and Ni (that is, §b, As,
Ba, Be, Cd, Cr. Cu. Pb, Hg, Mo, Se, Ag, Tl, V, Za).

I. A method according to embodiment A wherein said
single-product composition is boroncontaining material
hydroboracite, used all by itszlf for heavy metal stabilization
of 13 heavy metals exclusive of As, Ba, Se, and Ag (that is,
Sb, Be, Cd, Cr. Co, Cu. Pb, lig, Mo, Ni, T, V, Zn) often
coexisting with acid gases.

J. A single-product corpposition according embodiment B
whercin sulfur-containing material is scrubber magnesinm
produet which is the source for magpesium sulfite;
phosphate-containing wmaterial is the phosphate fines.
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K. A single-product composition according to cmbodi-
ment C whersin boron~coataining material is hydroboracite;
phosphate-containing material is the phosphate fines.

L. A single-product composition according 1o embodi
ment D wherein sulfur-containing material is scrubber mag-
nesiumm product which is the source for magnesium sulfite;
baron-containing material is hydroborscite; and phosphate-
containiog material is the phosphate fines.

M. A single product composition according to embodi-
ment A whorein when the ouly ubjective is to remove acid
gases such as sulfur dioxide, hydrogen chloride, and pitro-
gen oxides, comprises material sclected from the group
consisting of limestone (of ecither uncaleined or calcined
state, of either high-calcium or dolomitic type, and mixture
thereof), calcined magnesite, zeolites, and mixtures thereof.

N. A single-product cormposition according to embodi-
ment A whersin when the objective is to remove acid gases
in addition o heavy metal stabilization and pH control,
comprises hydroboracite or limestone (of either uncaicined
or caleined state, of cither high-calcium or dolormitic typs,
and mixtare thereof), or both.

0. A single~product composition accordiog to embodi-
ment A whersin the objective is 10 remove acid gases in
addition to heavy metal stabilization and pH control, com-
prises phosphatc-containing material such 25 triple super
phosphare, rock phosphate, phosphate fines, phosphoric acid
and mixtures thereof and limestone (of either uncalcined or
calcined state, of either high-calcium or dolomitic type, and
mixture thereof).

P. A method for acid gas removal and/or pH control of a
pop-heavy metal-contaminated solid, semi-solid, liquid or
gaseous matrix, comprising contacting said matnx with a
material selected from the group consisting of limestone,
calcined ragnesite, hydroboracite, zeolites and mixiures
thereof, wherein if nitrogen oxides are present zeolite is
present in sajd noaterial.

Highly preferred invention compositions contain, by
weight, 16-40% phosphate-containing material {P), 14-36%
inotganic sulfur-contaiming matenal {¢.g., SMP), and
24~70% of L, boron-contaiming material (¢.g., HB}, or
L+boron-containing material. As noted above apd
throughout, limestone can be partially or wholly replaced by
borop~containing material, and preferably by HB.

20
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While the invention has been described in terms of
varfous preferred embodiments, one skilled in the art will
appreciate that various modifications, substitutions,
omissions, and changes may be made without departing
from the spirit thereof. U.S. Pat. No. 5,719,009 is incorpo-
rated herein by reference, as are U.S. provisional application
Ser. No, 60/028,935 and U.§. regular application Ser. No.
08/961,823, now U.S. Pat, No. 5,985,778,

I claim:

1. A compositivn, comprising agnesium sulfite, triple
super phosphate, aod at least one of limestone and hydrobo-
acite,

2. The composition as ¢laimed in cluim 1, wherein said
limestore is uncalcined.

3. The composition of claim 1, comprising kizestone and
bydroboracite.

4. The composition of claim 1, wherein said composition
comprises scrubber magnesivm product which comprises
magnesium sulfite.

5. The coraposition of claim 3, wherein said composition
comprises scrubber magnesium product which compnises
magnesium sulfite.

6. The composition of claim 1, comprising, by weighs,
16- 409 tiple super phusphate, 14-36% magnesium sulfite,
and 24~70% of at least one of limestone and hydroboracite.

7. A method for the treatment of a heavy metal-coning
matrix comprising contacting said matrix with the compo-
sition of ¢laim 1.

8. Amethod for the treatment of 4 heavy metal-congining
matrix comprising contacting said matrix with the compo-
sition of claim 3.

9, Amethod for controlling the pH of a mairix, comprising
contacting said matrix with the composition of claim 1.

10. A method for controlling the pH of a matrix, com-
prising contacting said matrix with the copaposition of claim
3

11. A method for removing acid gas from a solid, sepmi-
solid, liquid or gaseous matrix, comprising contacting said
matrix wit the composition of claim 1.

12. A metbod for removing acid gas from a solid, semi-
solid, Hquid or gaseous matrix, comprising contacting said
matrix with the composition of claim 3.

¥ & X & *
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