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ABSTRACT

A method of treating mercury-contaminated material to obtain a treated product
having reduced mercury leachability includes the steps of (a) admixing the mercury
contaminated material with a reagent system comprising calcium sulfide (CaS) and
trisodium phosphate (TNaP), wherein the calcium sulfide and trisodium phosphate
are preferably provided at a CaS:TNaP ratio of from 2;1 to 1:2, on a dry weight
reagent basis, and the reagent system is preferably provided in an amount equal to
0.4% to 5% by weight of the contaminated material, and (b) adding water as needed
to achieve a moisture content of at least 5% by weight of the contaminated material.
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METHOD AND REAGENT SYSTEM FOR TREATING
MERCURY-CONTAMINATED MATERIAL

CROSS-REFERFNCE TORELATED APPLICATION
(0011 This applieation claims the benefit of ULS. provistomal patend application no. 82/582,257,

filed Septewber 22, 2017

FIELD QF THE INVENTION

¥

FO0U2] The invention rolates to methods for remediating Oerury-C contandnated soil and waste,

BACKGROUND OF THE INVERTHON

(00031 With the expanding world-wide regulatory ban on the use, Import, and export of meronry
and s componnds—ianic s well as povalent— and waste materialy that contain mercury, there
existy 4 subsiantial need fora simple but effective method for converting mereury found insofl,
sediraents, ore restdues, and other wercury concanirales, solid wastes, debris, ete. to chenueally
stable forms suitable for long-term disposal. In rocent vears, many managoment approaches to
mercury and mercury-bearing materials bave focused on vecovery and recyciing of mercary wiis
clamental form, using retort and other thermal means.  Unforlunately, these recovery options
are nof viable for many situations, both from the perspeetives of cost and efficacy, and toxicity o
humans and the envivonment, Although regidations governing the veuse of elementad merouwry
have become inoreasingly Mringent. and manafacturers have shifted to pther more

environmentally sound, lest toxic optiong, numerous corgaminated sitey remain unfrented. In

addition, new spurces of mercury comamination arc likely o he ddentified that sequre reroedial
cleanup. Accordingly, there remaing a need for safe and effective methods for addressing the

management and disposal of historic mercury contardoation found fnsoil, solids, and other
waterials, and vew contaminued sites as thev are dentifiad in the near future. This invention
corverts mercury in 43 clemental and other forms tde & cheminally stable siate of reduced

solubility and leachability for safe, low-cost disposal via internmont.

{00041 Orverthe years, much aftention has been paid (o the treatment oi‘“mm‘cm*y i goil, sohid
waste, and other muterials. These technologies have relied upon recovery of mercury using
retort or other thermal processes, or various chemical techuiques. Examples include mixing the

i
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comtaminated material with sulfur and calctam-based sulfides, controliing pil using calcium
{and/or magnesium} alkaline esarth sgents, snd fntroducing caleinme-based-phosphate and
phosphate salt additives 1o mitigate fron Issues. Other techniques fot renediating mercury

contarminants include the use of less effective polysnlfide, other heavy metals to help complex

formation, and exidetton/rodaction reaction drivers to convert mercury 0 more or loss fpaciive

cnging or other recovery o capture methods.

{0005 While prior approaches to morcury remedigtion may be effective i some situations, they
have a number of drawhacks, For example, thermal methods peperate clemental moroury with
severe rense/disposal opfions and significant energy reguircments. Some chemical techmques
exnpand the end-product treated mass and volme by the incorporation of hydrated water and the
armourds of solid reager and water added. Some technigues uiilize absorbents, adsorbents,
phosphate-bonded ceramics, or othwr speeific resins to physically retain soluble mercury within
the additive matety o naedia component, ard a8 such are quite comples. And seme of the
chemical technigues reguire the addition of three vr more wagents 1 cordred: mercury solubility;

interferences from variocus species {e.g., iron) found {n the waste material or soil; and pH in the

neutral o alkaline range, using Hme, calcium-based hydroxides or carbonates,

100061 The mercury remediation method of the present invention forms mercuey sulfides and
mietallic phosphates of redneed solubitity and leachability with the addition of caleium sultide
and Trisodinm phosphate (TNaP). When TNaP enters solution with water, sedinn: lons are
released that do not react with sulfide to compete with me v sulfide reactions, undike the
calcium provided by calelum-based phosphate reagents. TRaP alse fornas hydroxide do the
presence of water, whick facil#tates overall reaction pH in the alkaline range to prevent foss of
suifide as hydrogen sulfide. This avoids a substantial health risk {1 18 18 foxic), and epsures Hug
an appropriste quantity of sulfide is available to react with mercury o form virfually nsoluble
mercury suifide. Also of portance, the nvention’s reagenis do net cayse watsy hydeation of

¥

the troatment reactants or end-product muas. Hydration reactions with cement and other

pozzolans not only detrimentally ncorporate water mass into the treated sud-product, bud they
generate heat, and mercury iz sasity volatilized from solid and water materials 1o oxtremely toxic

vapor forms at oven slightly elevated temperatures.

(0w
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N

{0077 The Patent Hemlure deseribes 3 number of approaches for ramediating mercury. 1S

Y

4,147,628 addvesses the Treatment of Mercury Contammated Agueous Mediaw 32“1{? calchum

&

polvsulfide is used to react with elemental mercury to form mercury sulfide. US 5,034,054

[

specifies a Process for Treating Mercury in Preparation for Disposal by treating elementa
meroury using metatlic povwders such as copper, nigkel, #inc, or sullin 1o form a selidified wass
where mercury 16 ahsorbed to the elemental surtaces of the added metals. 1S 5,226,545 calls fo

the Extraction of Mercury and Mercury Compounds from Contaminated Material and Solutions
gud removal of mercury from host matrix wsing an oxidant and 1odine based additives. US
5.314,527 treats Mercury Contaminated Mud using a hydrometallurgical method that includes
providing an acid and sodium hypochioriie throvgh a serles of reatment processing steps and
thickening the material to extract mercwry from UB EPA Iisted K106 waste derived from
mergury chlov-atkali plants. US 5,397 478 relates to the fixation and stabilization of chromivny in
contaminated materials, US 3536899 toaches the vse of & complexing agent of aluntinum or
iwoty, chioride, and preferably phosphoric ackd, or o variety of pther water soluble phosphoric acid
salts containing phosphates for the treatment of {ead, where one tvpe of phosphate salf is

Trisodium phosphate. Howeser, the inclusion of calcium sulfide is not taught, noras the

&5

treatinent of elemental or other mercury formsUR 5,877,393 deserihes a Trestmment Process for

Contarningied Waste containing metals that teaches the necessary use of three (3) reagents that
inciude caleium suifide, an inorpanic phosphate selected from various caleium phogphate forms,
and ¢alonun hydeoxide, caleiivn carbonate, or calciom oxide and or mixtures of calotum-based

ol contrel components to render toxic metals harmless. The invention uses calehwn phosphate {o
prevent remobilization of the contamin aﬁng metal such as ron and other metals with vartous
oxidationreduction valenee, US 5 888093 1y o Troatment Process for Contaminated Waste that
teavhes the use of three (3} reapenis including calciuom sulfide or caleluwo polysuifide, caloiom
phosphate, snd calcium carbonate 1o treat leachable toxic heavy metals, and in particular, lead In
solids and soil. Caloium phosphate is provided to react with fervic on to prevent a redox
potential that will oxidize metallic sullide. The preferred calcium phosphate 1s caleinm hydvogen

o

phosphate. To supplement busic pH requirements, calcium oxide is recommended. US

!)

6,258 818 canses Fiyation and Stabilization of Metals in contaminated soils and materials using
phosphoric acid and sulfate and does not reselve mercury treatment or presoribe sulfide use, US

8,309,237 is ¢ method ke *013 for rming an lnsohible phosphate mineral species using

tad
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phosphoric acid and sulfate and does not teach mereury treatment or sulfide use. 1N 6,475,451
addresses Merewry Removal from Gaseous Process Streams using an oxidizer such as nitric acid
to seavenge mercnry for gaseous process steeams. U8 6,635,796, like “018 and *337, provides a
micthod forthe reduttion-of leachability-and solubility of vadtonucldes and radiogctive
substances in contamineted soils and materials wsing phosphorie aeld and sulfate and does not

T,

teach tregtment of meroury or sulfide use. US 6,838,304 Bl 15 an Integrated Fixation Systemsy
that teaches the use multiple reactants of polymerdc wmatrices and films comprised of sulfides,
phosphates and adsorbents fo reduce leachability of heavy metals to produce insoluble metal
compouands, and in particular, for the vse in the wanufactore of ad-acid batteries. US
6,911,570 provides for a Method for Fixating Sludges and Soils Contarninated with Mercury and
niher Heavy Metals that teaches the use of a sulfur-containing compound such as sulfide,
polysuifide, thioloarbamates or mixinres, thereof, and the addivon of iron-compounds and

oxygen with agitation or sparging, US 7208457 B2 is a Heavy Metal-Remedisting Paint

Stripper that uses more than twa {2 reagents nclnding calolwn sulfide, caletom carbovate, and
iriple superphosphate mixed with sovbean ofl and Nemethy! pyrrolidons to render heavy metals.

primarily lead, nsoluble when applicd 0 heavy metal-based paint for its removal by the
sivipping invention, US 7,487 62 provides a method for controlling air poliution for merowy
and other pollutants where g onmbustion gas 1s passed throagh a slueey of an alkaline-carth metal
sutfide and 2 rodoyx nffering apent such as phosphate, and preforably with an alkaline-earth
ok 33‘)30113 £ ﬁvid Qr l\ Q“"O‘ijt‘ The \ﬂ‘,"’ﬂfﬂ}ﬁ samoves hesy ¥ i’f)t?iz:lz .{I LY L(}fﬂhﬂ\iii}{l Ta% \Yhi”ltﬁ f}iﬁ‘
compuosition of the sturey 18 provided as an avrosolized aguenus dispersion in g 20-50% {wiw)
solids dispersion that can be gpplied fo the combustion gus using 8 spray nowede or rotary
atomizer. U8 7.670.576 deseribes Mothads of Treatment of Clhromite Ore Processing Residue
containing hexavalent chromiom and teaches the use of providing pxygen scavengers andd 2
chemical reducer o treat chromium using ferrons ron/ferrons wulhide, US 7,771,683 expands on
the "602 patent’s disclosure by specifyving the use of calcivn and/or magnestum based alkaline-

earth metal suliides, hydroxides, carbonates, and phosphates.

[O008] Oiher Published Ast-Belated Literature nolades Alwnad, Zaky, "Principles of Corrosion
Enginsering and Corroston Control,” Chapter 11 ~ Botler Corroston, pp 576-60%, Elsevier Lid.,
2008, Conner, Jesse R, “Chemical Fixation and Belidification of Hazardous Wastes”, Van

Wostrand Reinhold, NY NY (1898 Clever, HoL., Johngon, S48, and Derrlel, ME., “The

&
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Solubility of Mercury and Rome Sparingly Soluble Mereury Balts in Water and Aqueous
Electrobyie Solutions,”™ 1. Phys. Chern, Refl Data, 14033, 6512680, 1985, Hagermann,
“Technologles for the Stabilization of Hlemental Mercury and Mercury-{ontaining Wastes,”
Gesellschaft fur Anlagen-und Reskiorsicherhelt wbH, October 200%; Kalb, Adana, Milian,
“Salfur Polvmer Stadlization/Solidification {(SPESS) Treatment of Mixed-Waste Meronry
Revovered from Environmental Restoration Activities at BNL. Brookhaven National
Laboratory, Hnvironmenial Sciences Department, USDOE. Jarwary 2001; Piso, Haishan,
"Stabilization of Mercury-comtaining Wastes Using Sulfide,” Ph.D. dissertation submitied to the:
Diviston of Research and Advanced Studies of the University of Cincinmati, Department of Civil
and Envivonmental Engineering of the Collepe of Engineering, 2003, Rodriguer, Padilla, Tayild,
and Loper-Delagads, *Concerns on Liguid Mereury and Merenry-Conlaining Wastes: A Review
of the Treatment Technologies the Bafe Storage {of mercory). National Cendre of Metaliurgical
Rescarch, CENIM, UISC. Madvid, Spain; Yost, Pal, Clisick, and Jeserndg, “lesd and Other
Heavy Metal Fixation i Soils and Solid Waste by the MAECTITER Chercal Treatment
Process”. 49% Annal Perdue Industrial Waste Conference, May 1994; U.S. EPA Capsule
Report, "Agueous Meroury Treatment,” Offioe of Research and Development, Washington, 1,
EPAMBRS R-97/004, Tuly 1997; and Yoo, Chisick, and Mucller, “Reduction of Radionuclide and
{ither Radioactive Substapece Deachability frorn Ohilo and New lersey Soils Using an lnnovative

Chewiesl Treatment Process™ 51 Annugl Purdue lndusivial Waste Conforence. May 1996,

0009 Nelwithstanding the prior attenpts to address mercury contanunation in industry aad the
environment, theve remaine 2 need for safe and effective metheds for treating historie mercury
contamingation found in soil, solids, and other materials, to safely dispose of recovered mercury,

avid 1o handle new contaniinations as they veeur or are identified in the near futnre.

SUMMARY OF THE INVENTION

[G010] The present invention provides 8 wethod for raating leachable clemuntal meroury and

other merciry spevies insolids, soils, and other wastes using caloinm sulfide (CaS) and Tri-
sodim phosphate {TNaP; Ny POy inorder 1o copvert the meroury 10 less leachable formsand to

bring the comaminated material into comphiance with various statutes and regulations, including

The Resource Conservation Revovery Act (42 ULS.C. § 6901 eb seg. b, Title 42 of the Code of

LA
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¥

Federal Regulations, and related United States Environmental Profection Ageney (UL EPAS

directives and puidelines velating 1o land disposal and waste ronoagement.

0011} This invention converts mereury in its elemental and other forms to a chemically slabie
state-of reduced solubility and leachability sultable for safe, low-cost disposal via internment. In
particular, elemental, fonic, and organic mercury forms are meferentially and chermigally

contverted by the invention reagens to highly insolable forms stable to BEPA test methods,

mchuding Method 1311 (Toxielty Uharacteristic Leaching Procedure — TCLY — Revision §,

19921 and Method 1312 (Synthetic Precipitation Leaching Procedure - SPLP} {or acid rain
exposure, Unlike common physical binding technologies where mercury is solidified 1o g
stabilized physical nass using cements, pozzolans, or other such geotechnical-based
tmmobilization approaches, the present Invention wilizes chentieal bonding principles to
senerats snixed-mineral forms thet are resistant o leaching from pi, landfil leachate
constituents, and abrasive mechanisme associated with partiele-to-pacticle contaet encountered in
waste handling, laadfl internmens, compaction, cover placements, and in st “weathering”
within the landfil. Physical mass dimension stabiltty of material troated by this invention 16 no

easential 1o the long-term chemical stability of the merewy forms In treated materials,

{00127 According to one aspeet of the invention, 3 methoed of trealing merowry-contaminated
material to obtain 2 remediated product having reduced mercury leachability welndes the steps
of (3} admixing the mercury-contaminaied material with a reagent system comprising calcium

sulfide (CaB) and trisodiwm phosphate (TaP), wherein the caleium sulfide and trisodium
phosphaie are provided at a Ca% TNl vatie of from 21 o 13, onva dry weight reagent basts,
and the reagent system is provided i an amount equal to 0.:4%% to 5% by weight of the
contarninated material; and (b adding water as needed to achieve & moisture vontent of at least
5% by welzht of the contaminated material. The mercnrv-contansinated material can be
provided as a dey solid, a moist solid having o nwisture content of up o 60% by weight (for
example, contaminated soil), a sediment, sludge, oc slurry having a solids content of at Ieast 5%

hy weight, or the material may have some other physical form or anaggregation uf forms,

#

10131 The addition of calclum sulfide (CaS) and irisodiom phosphate {("INaP”, MaP04) o

7

iy
i
s

mercary-containing watevial will preferentially cause mercury 1o formy precipituies of mercury
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sutfide of reduced solubility and leachability within the host solid mairix. The binary reagent
system desoribed herein bas several advaniages over the prior art, including ease of use, pHl

controd, mited mass inercsse, reduced cost, the abilivy to oplimize reagent dosing 1o trout soily

et

£

and waste having varying degress of mercury contamination, and most signtficantly the abiliy

meet the requirements for handling hazardous waste under the 115, EPA RCRA Toxicity Rule

for characteristically harardous waste.

DETAILED DESTCRIPTION
F00E4] Asprovided by one aspeet of the invention, theaddition of caloty sulfide (Ca¥) and
trisodivnm Phosphate (TNaP”, Na POy to mercury-covtaining reaterial will preferentially cause

o~

mercury 1o form precipitates of merowry sulfide of reduced solubiiity and leachability within the

3

host solid matris, Mereory leachability s measored wsing the TLS BRA 3 BW-846 Tegt Methods
for the Bvaluation of Solid Waste, where solid matenals ave prepared waing Test Method 1311
(VLR —~ Toxcity Charaetonste Leaching Procedure — Rovision O, 1994 and the sesnitant
extract fluid 1s analyzed for total mercury, Under the 118, EPFA RURA Toxicity Rule for
characteristically hazardous waste, mereary concentrations in the extract greater than 0.2 mp/L
classify the muterial as g chwrgcteristivally harardous waste. Mercwry in TOLP extract st a
cogcentration of greater than G025 my/L fatls to meet the U8, EPA s Universal Treabnent

Standard for mercury iy charscteristically hazardous waste,
JO015] Bach reagent is equally tupertant 1o the reaction process. In geoneral and withowt
showing the speciation of mercury, the mercury-suifide reactions of the technology stated stmply

arg given ineguations {Dand 2%

{33 Lol B O — CalSHYGH)

{0 16] The peneral disassociation reactions for TaP in water inchude those showst in sguations

3yand (4

(3} MagPOyfs) — 3Na'{ag) + POy (ag)

1
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{43 NasPOJR) + Hal — NaGHGu) + NapHPG,

whare calcium sulfide is g partially water soluble, solid reagent powder that supplies stable
sulfide fons to the process; and where, trisodium phosphate {THaP) is a highly water soluble
solid that provides fenie phosphate and alkaline pH conditinns when dissolved in water. When
a8 and TNaP are properly combined and the reapents are adnxed with @ mercury-containing
material {with water added as needed to mise the moisiure content of the contaminated matenal
to ab least 3% by weight), the desired Hehly insoluble, non-leachable aud stable wercory sullfide
is preferentially formed.

{00177 The Cal and THNaP reagents can be added to the contaminated material in vombination,
or individuaity, with Ca¥ added soparately from ThaP, The reagents can be provided fn dry
forny or, alternatively, cither or both of ths components of the reagants can be provided as an
agueous sturry. I the reagents are added as a shurry {or as individug! stucnesy, the walsr
contained therein can be sufficient {o raise the moistore content of the contaminated material to

the desired minimmm of at least 3% water by weight

[G018] Caleium has an affinity for sullide, and Cal has 3 tendeney 1o remain as a partally
insoluble solid s provided inits reagent form. As shown in Table I below, the solubiluty
product constant (K} for Cas in water 13 8 2.0x10°¢ a1 257C. Caletum provided by the Caf
reagent will tend 1o remain in e state bound to sulfide, thus reducing the availability of sulfide
o react with mercury, (Smilarly, any calcium present in the host waste material will tead to
resol with sulfide, fiether diminishing the availability of suifide 1o react with mercury.y The
present invertion addresses this p’i‘o?&iem by tncluding TNaP a8 2 component of the reagent

systent,

F9] When dissociated insvater, THaP provides reactive phosphate fons to form highly

inspluble calcium phosphate, as shown W eguation 5

(51 CaT PO - CaslPOunl
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cove : - . 32
100207 Caleium phosphate has a Ky, of 207x10™ at 23°C. Phosphate fons released when the
THNal reagent 15 dissolved o water tsact preferentially with calenn, Thus effectively romoves

calcium from competing with mereury for sultide, and allows free sullide released from the {a8

oy

eagent to react proferentially with the mercury, Table § presents commen solubility produet

constanis that ave seidely published in the literature,

o021 Table . Bolubility Prodist Constants for Caf- TGP Berpont-Srslowm

Eragents, BEod-products, and Priod Art Beagemia

Compound Ksp @ 257C Corament
Mereury (i) sulfide §.42:20™ drvention end progadt
vz?r(t vy {1 soifide 1.0x 187 mvertion end product
“aishurn phosphate Eman S invention end prodictinat added as vention reagentior in similarsalt
forms)
§r s

Mercury (Bl bydroxide  3.60x107 Invantion end productfuastable i presence of suifids
13

T Cirdention eng produstfunstable in preserise of sulfide

Meoroury 8] hydronide: 3.1
5

Mercury 1) carbionate 525107 Carbonate hot provided in prasent invention
Caihum carbanate 4.95:10°  Carbonatanot prspviderd in present invention
Calcium bydroxide Segxin®  Notovovided as ventionreagentiunstable n presence of phosphate in
controlind alkaline conditinn
alciun suifide Soeir® Mveferred invention reagent - notstabie eprasence of phosphate
Tr‘zsodsum phosphate WS Prferved invention reagent - highly water SC‘mbEr‘
Calgium polysuifide WS rpceriion reagent - Hiphly watersohbila/excessively elavates i whign

sdditornat sudfide is raquieed
dleccary ) phosphiate  unkyown - NEAMR
#ercury {1} phosphate.  unknown  NC/NR
Mereyry il carbonate urnkaswn . BO/NR

Wi- Water soluble
NC/NR - not commoninnt relevant orsuspectad In contaminated material

002271 Tt i3 well known that the lower the Ksp value of a compound, the lower the solubility of

o

that compound in water at the reported mperature. Of sourse, published Ksp values are based
on the use of high-purtty compounds, with measnrements oblained using highly controlled
methodologies. In the read world of hazardous material sites, Ksp constants can ondy be used as

a reference when inforring leschability of these compounds from soil, solid materialy, waste, and
other media. Novertheless, they do allow for some prodiction a5 16 the stability of reagents and
end-products with respeet fo vavious conditions, characteristic, treatment, and extraction Huid-
hased test methods.

3
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HIG23T From the published Kap values, it is evident that the intesded ead-products of the
deseribed Invention, in particular, mereury sullides, have extremely low solubility inwater. Tis
also evident that the reagents of the reagent system provided in this invention are very soluble
relative to-nther prior ant reagents and end-products, thus allowiag for the Invention reagents to
sfficiently renct swith problematic copstituents as discussed herein, For example, caleium’s high
affinity for phosphate, as svidenced by the low solubility product of the formed compounds
{calciun phosphate and related family salts) make caleiimn phosphate & pour choier Tor a reagent
for the remediation of mercury. The ealcium jons and phosphote jons v such systems are
effectively combined and therefore, removed from coinpeting with the mercury and salfide
reactions that form mercuryesulfide endeproducts. This problem is avoided by the present

jnvention, which uses wisodium phosphate in combination with caloium sulfide where the

X

o

srovided phosphate preferentially veacts with and binds the ealcium from the Ca8, and the

sutfide 1¢ released o veach with meroury.

[0024) Additdonatly, TNaP readily forms an alkaline solution with water. This feature of the
specific phosphate reagens is Important to the mercury-sulfide reaction snd-product. It enhances
controtled, non-mercury metallic-hydroxide formation and prevents the formation of acidie
conditions that are condurive o the geueraton and release of toxie hydrogen sulfide gas from
the sulfide provided by the binavy reagent svstem. The kighly soluble TNaP refeases phosphate
ions when in selution, and these tons will veact with other nog-mercury heavy metals, but in
particnar, caloium, ¥ the phosphate-confaining reagent weve provided in the form of tricalcium

phosphate, Triple Superphosphate, phosphate rock, or ¢ forms frow this family of phosphate
# ke : ¥ ¥ i §

)

saits, the reactants would not readily allow release of phosphate 1ons to react with salcium from
the ealcium suifide. And, ¥ phosphisde is added in an scidie R, for example phosphoric acid,

or under acidic conditions, the formation of hydrogey sulfide pas released from the Cab would

e

1

render the systom unsafe for use and reloase salfide fons that would stherwise be available i«

veaot with mereury.

[0025] Prior art efforts to remediate mereury using calclum suifide and a phosphate source teach
that the addition of Hime, hydroxide, or other alkaling additives o butfering compounds such as
calchum carbonate are alse roquired as separate reagents to elevale or otherwise contro! pH. The

“E

TNaP disclosed in this process accomplishes controBled pH adjustment without the need of an

in
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sxogenous sowree of hydroside ton. Purthermore, the disclosed reagent systom effectively treats
leachable mercury without causing overly alkaline conditions that facilitate the formation of
sohuble mercury sulfide complexes/bisulfide forms { HgHS™, HaS(Ha 8y, He(Hs ), and/or
}-igS{HS’}?" - Clever 1985/Piao 2003}, wheun the disclosed ratio range of Cal and TNal is
properly blended and applied to the mereury cordaminated material in a suffieient amount in
view of the mervury content of the seil. The phosphate provided by the present inventicsts use
of FNab reacts wath the caloium supplied by the ealcium sulfide {and available calonun that may
alveady be withun the waste material being treated) so that such calchum s not free © compste
with mercury for the sulfide. Other conventional phosphate-supplving reagents provide valehum
to the reaction procesy, thus providing more unfavorable competition to mercury for the sulfide.
With the present invention, the phosphate is provisded with sodhum, and not valehus, and sedium

does not compets for free suifide or phosphate.

100261 Water can be added i the material being treated in order to enhanes condact of the suifide

reactant with wereury, facilitate mixing, lubricale waste particles to improve reagent dispersien
thronghout the target matrix, ncrease the mohility of leachable mercwey forms to hetter react

with thesulfide; control Sust, andlov o activate TNEP 1o tissoluble alkaline condfion. Water

addition requirements are primarily a fnction of the characteristies of the material {o be treated.

Extremely dry material will require more water, and fully ssivrated sedine ot
exarnple, may nel require any water o be aidded. Por typical soils, a moisture range of 5-12% i3
tden! and water should be added to achieve this minimal range. For excessively wet and

saturated materials such as sludges, slurries, and sediments, faciiities should be designed 1o stage
treated material for coptamment purposes and wealleow #to draln and drv. Iiva severe-vase hizh
tevel water content situation, the waste material could be dewatered prior to, or afler, treatment
using gravity or mechanical dewatering means. b such cases, treatability studies performed by
thess skilled in the art will belp optimize reagent dosing and assess process cost with vespect to

where and how eperational dewatering would be most cconomically and productively performed.

r;,

[O0271 In all processing cases, sxoess water bevond what iz needed for the mercurv-snlfide

%

reactionsto jrittiee s ed can unnecessari! \» dibute thercasiands relativets the L“(.‘}‘},ah\’ af the waste

miaterial {and thus the mercury concendrations), and could pmentially compronyse the

il
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leachability of mercury from the end preduct. Excess water will also increase the mass of the
treated end-product (and inerease the cost of handling the end moduct) as well as croate free-

tiguids that wre regulated with respect to material disposal at Heensed fand il facilities, making
managervent and handiing of the treated material dillicult and problematic, Conversely,
providing top Httde water will provent the reaponts from adegquately reacting to-form meroury of
reduced leachability: TaP may not be adequately disasolved and alkaline conditions not propesly
adiusted; calotom may net be removed, and the desired reastion between free sulitde and
wmereury 18 thwarted: the mercury salfide in the endsproduct way not precipitate out sufficientdly
withis the contangnated material: or a combination of these or other unforeseen effects may

cornpromise the desired resulis,

[BU2RT Another benefit of the present Invention iz that water is pot incorporated imo the wasts
material mass vigcementitious, hydration, oy porzclanioreactions. A5 such, exoess water 18 frse
o leave the freated mass by gravity dratpage, mechanical agtiation, conteifugatinn, evaporation,
cagillary drvisg, orother physical meany. Thia is of grest iportance to lavge-scdle
environmontsl oleanup and remodigtion projects where the weated end-product must be

transporied offsite and disposed of on 2 unit cost perdisposed ton basis.

(00297 When a liquid solution of slurried Cal and THNaP ix desived for the treatment process
application, caloculaied masses of each component can be added to @ mixing container or tawdy
and makeup water sdded to prepar the desived reagent solution concentration. Helerogéneoas
mixing andd sospension of the reagents with the water can be achieved by spindle, paddle, or
other suitable mixers in the tank, or by pump recivculation. The pump can alse be used to deliver
the reagent thedto the waste in a waste-reagent mixer based on predetermined dose

reguirements for batch mixing, or flow raies hased on continuous mixer waste foed rates,

1G030) 1o ancther highly offective reaseont delivery method, dry foaponts can boadded & the
proper valio to the muxer via gravily feed from silos or olevated super sacks, Reagent addition
ratex can be controlled via weigh colls fidograted with oit-loading silo anpers ov convaynr belis,
Super sacks can he held with a front-end nader or excavator squipped with a suspended acale

system, foad-cell, or integrated with the eguipment bucket hydraudios. In a very shoplistie
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deltvery method, prepackaged bags of reagoents of known mass can be added to the mixer

mamzally, With these types of reagent deliveries to the waste and mixer, water is added,
cferably @ the fonm of muteally beneficial mist s that gl tigate d w1 H

preforably i the form of mutually beneticial misting aprays that also mittigae dust frow the

contaminated material and reagent during treatment blending and mixing operations,

{0031] Further, and because the disclosed technology does not cause or gonerate hydration
reactions as would Portland cement or ather such additives, process reactions do not generats

heat thay weuld cause vnsate and toxis releases of mercury vapor.

{00327 In the preforred embodiment, Ca¥ and TNaP are supplied {n a nominal 111 ratie to each
oither on g dry weight muass basis. Hach reagent can be added directly 1o the target waste
individually, or in 3 combingd blend, Each seagent or the combined blend of the two solids may
be pabinto g shurry or solution midture form with waler {or that slurty or solution mixtee o be
sdded o the waste material. Water may be added 1o facilitate dissolution of the reactants in the
reagent Bend as a shary, bubat a dose that also weels the nuvimal need for the blending and

reagtion of the eagent blond’s reactants with the mercwry i the contaminated material

[B033] With respect to the dose rate or amennt of cach reagent, #1s disclosed that a dose of 0.2%

10 2.5% for cach is a preforred application, with a combined dose of B4 10 3% ona 111 reapent

blend weight to {argeted wasie weight.

100341 The 111 ratio of Cal: TaP may be varied o acconuvodate wasie material chendsiry and

more hroadly can range from 201 o 1;23 with the most effective ratio to be determingd on 2 case-

by-gase basts in view of the waste heing trested. This vatio 3z kighly important for controdling

T

i and excess sulfide conditions 1o provent formation of seluble mercury sulfide forms &

a

slevated g, but also in acidic conditions common to tandfiil leachate. One skifled in the avtof
porforming treatability stadics will be able o identify the optitmized reagtion process within the
preseribed resctant desage renges individbally and s 2 blend {o the speciBie waste orsolid

mgtenal

ey
L
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[0033] The ratio of 5.4% 10 3% of & CaS- TNaP reagent blend to target material to be treated 13
an appropriste reagent blend, although o full dose rate of 8.4 10 1.5 or 2% by welght 1s preferred,
as this will nuiniinize reagent cost, and treated end-product mass that may reguire subsequent
ransportation and digposal vn & unit cost mass basis. In severe cases wheve the comtaminated
material contains extremely high levels of mercury {eug, 3010 130 ¢/Kg or higher). one may
neod 1o add sulfide v a molar amount greater than indicated by the stoichiometry of equations
{1yand (23 Thisis partionlarly the case where the mercury 1s dispersed heterogeneonsiy
throughowt the matrix of the material being treated. Such cases may requive a higher dose of the
reagent blend to the matenad, and the ratio of CaB/TNaP may also require adjustment. In

ceneral, g U1 ratio of CaS:TNaP should be considered a theoretical mininum,

{00361 The disclosed process will aggressively react with mercwry so form meroury suliide,
which bas an extremely low solubility product. As reported I various techaical publicatinns and
fterature, the Ky of Mercury (1} sulfide is widely accepted to be 6.44#] 0 indicating that it is
highly insoluble in water. While the selubility product constant of a compound is not always

seadictive of the Tnsolability or leachability of that compound fn acidic fluids, such g3 those used

“m

o evaluate waste for disposal, it does suggest the HeS is extromely stable and resistant

dizassociation, and that the reection will proceed o the desired end-product guickly.

(G037 To further ensure that the reagent system contacts mercury in the material being ireated,
robust physical mixing of the waste with the reagends and water v employed. High shear mixing
1 a hatch muxing chamber is preferred where ouixing intensity and retention time dueing mixing

will enhance freatment results. Neotonly wall reactants and mercury be woore sptic be put o

close contact with sach other, but the particles of the waste coupled with the mechandes of the
mixing blade shear cause elemental mercury droplets 1o break apart inte units of higher surface

area, incregsing the droplets” reactivity, Droplets of clomental meronry are highly mobile as a

result of gravity and mechames! forces. The grinding of waste particles and shrasion cansed by

aggressrive mixing will serve to bréak up merowry droplels while keeping thom uniformly

gspended within the waste mass for reaction. Withouot high shear or robust mping, morcary
dropicts could setile out of the waste mass and/or potentially agelomerate into larger extremely

dense droplets, even to the peint of & recoverable free liguid. In such conditions, roercury within

1.;
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the droplets reight net adegusmely react with Uad and TNaP reagents, and settied mercury would
fall outside of the physical reach of miver paddies, preventing robust mixing With rmxing, the
combined surface area of the droplets Increases, thus increasing the ablity for meroury-reagent

contact and reaction. The rebust miving requirernent for the techaology

=5

is best perfoemed ina
batch procusy where the mixing shaft, paddles and blades are controllable with respect fo the rate
ard divection of rotation, and overall retention within the mixing chamber. Reversal otfthe
miiving shaft assembly will sHow for prolonged mixing that may requive vp 1o 1520 minutes for

adequate mercury-te-reagent contact for the desired reaction to preceed to a destred end-point.
[0038] Oiher continuous foed-discharge type mixers such a8 pugmills or brick mixers may also
be adequate to achieve desived miing requirementy; however such equipment tends to offer
pracess aperstors less Hexibility 1o agcornmodate waste material properties and process reaclions
variables. Batch muxers are also more capable of handling high water coutent iy the material
being treated. As waler content inereases, the reaetants are more hkely o permesie varipus
particles of waste and debris careying with it the reactants to contact with mercury. Batch mixers
ave designed to handle higher water/fluid content materials than pugmills or contingous flows
through mixing wnits. Crushed conerete and bricks are prime sxamples of target material that
may contain mercury within Bs frderstitial spaces, where higher water condent and increased

mixing thme will improve the treatment of mercury within, When such debiris types or partick

s

()‘

sizes ave encowntercd, the applivator of the fechiology may choose to pre-sereen the material o
remove larger objects that might damage the mbiing equipment, as well as any oversized

materials not conduciyve to reagent penetration.

[0039] It is well known that elomental mercury droplets are heterogeneous throughout soil-like
waste, piven its fluid nature, igh donsity, asd shilly to combing mio large globules, ov to break-
down 1o nearly tnvisible deoplets. Mixing 1 essential to cuhanee the vniformity of miereney
throughout the waste and replicate the wniformity of reapent dispersion through the matnx,
Simple, singlespass-through mixing equipment may pot provide adeguate mixing needed to

achieve the desived ramedintion.
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{00407 In another delivery and mibing method, rofating augers and cofter heads may be wsed o
vertivally mix wechuology reagents in vertical soil columne from the ground surface dovwn 1o the
bottom elevation of the contaminated sofl vertical limits. Overlapping columag {socart) will
produce the most uniformly mixed material hosizontally across a praject site, with reagents
delivared doven the drill or Kelly shaft and outward 1o the mixing blades from the vertical shaft

enter Hne to the extent of thelr outer diameter cutting and mixing path, Such in situ mixing
equiptnent is designed tredebiver reagents and mix them with materials o be processed. The
dinclosed technology reagents and reaction chendsiry are well suitesd for insitu application o
mercury contaninated matenial using this common {ype of vonstruction eguiprent, provided
however, that subsurface obstnwtions and anormalies are Jeotified and managed prior to the start
of fregtment or when encountersd,

U417 An sdditional benietit of the binary roagent system provided by the invenfion is that it is

Dy

well soited for blending and packaging for nse 1 the emergeney deanup of slemental mercury

spills,

Erxamnles and Comparative Studies

{00421 A number of experiments were carriod out to demonstrate the effectiveness of the
disclosed Cab/TNaP reagent system for remediating mercury in various ssmples, and o compare
she leachability performuance of the invention with prior art methods deseribed in the Hisrature,
The results are simmacized below in Tables 2-4, The vreatabitity stndies performed tor the
xamples provided in this specification were performed on sample matrices obiained from site
material samples. All materialy were collected as grab samples and ndxed as they swere added
e new and clean S-galion buckets, At the lab, buckets were remixed prior to gach subsampling
removal of material aliquots for reatment application. The sample froem the former vetort facility
was nbiaimed rom archival matennl, bot anhlvzed ot the time of the stady 1o assure the
charactenization dats was currend
H3043) From the mixed ssmple bucket, 100 t0 3002 of sample matrix was placed into clean,
labeled, andtared glass laboratory beakers using atop-load analyiical balance sengitive to+-
thlg. Reagents were added at the desired mass into decontaminated bealiers and mixad for each

frealment vegime, Water was added in stmilar fashion o Iaciliiate mixing, taking care to avoid
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free Tiguids, and to aid in the dispersion of the reagents thvoughowt the sample mass, Mixing was
aceomplished with a decontaminated stainless steel spatula gsing both folding and sfigorous
knifing action 1o schieve apparent homogenelly. Particolar aitention o thorough mixing was

paid when clemental morvury droplets were evident within the matrix, Mixing wes performed
for a typical peried of 3-10 minutes to replicate Beld equipment performance. Uponmixing
cospletion, freatment reachions were allowed © proceed for approximately 1-3 bouws prior to
subsarnpling and placement into containers Tor analysis by the thivd party laboratory, Edge
Analytical, Inc. of Burlington, WA

100447 For larger pilot study work, base sample mateix was obtained from a bateh grout mixer at
the site. Larger 1-2 Kg samples were then subsampled as por above instead of the 100 - 3002

sample aliquots.

HO04 5] Tabled, Examples 1a snd 18

Farmar Blercuny Retortd Heavy?\ﬂe&ai Remvery Shs

Dotaf Treatment Untrested Soit Example 14 Example 1B
Total He imgd gl 1080

TELR He fmgdLd 1135 33.35 §.030/ 6 0185
ah {(B.U) HAS 1821 9.55

CaS Dose (%) - 1.5 8:78%
ThaP e 1.5 3.78%
Water Dose (%) - B% 8%

Reagent Doge Rates = Dnywi. reagent percent tosoil as samplad
TNalP = ?r%amd?um ph&sphate

Data by Ldge: Anam 4, e, Burlington, WA

USEPA Analytical Metﬂods {74714, 1311, 90450}

{00461 Examples 1A and 1B Hlustrate the application of the disclosed reupents and their
respestive dosages 1o soil from & fonmer mereury retort and heavy metal recovery remediation
shteruaing the preferrsd 11 ratio of reagents (o sach other aong with water addition o e
contanunated sotl. Tis Example 1A, however, the combined reagent dose applied (o the soil was
3%, nearly twice that of Fxample 1B, This resulted in an inereased amount of leachable mereury

from the untreated level In Example 1B, the reagent blend, the blend dose to the contaminated

material, and the water addition clearly identify the preferred embodimeny as alse supported by

oo
~d
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the duplicate analysis of the treated end-product. Noteworthy is the pH differential between
Erample 1A and Exaeople 18 sumples, The phl of Example 1A pl s 10.21—more than half'a
standard unit shove that of Bxample 1B, Inaddition, the amount of sullide used in Example 14
is nearly twice as much a5 in Example 18, The resilix for Exsmple 1A are consistent with the
problem of ncrensed mereury solubility resnitiog from the use of excess splfide in overly
alkaline conditions dae o the comunoen ton effect, as referenged in the pricr art. The pH of
Example 1B was a resuli of the sontrolled addition of the preferred réagent systers of this
fvention assuring thet neither excess sulfide nor overly elevated pH conditivos were created. |
is also noted that the vverall mass increase of Example 153 was less than 16%, of which nearly

£%% was water that could be lost by dewatering efforts alter trestment, and loss than 1.6% was

sourced from the reapents themselves.

H3477 With respect to the calctum salfide wed in the stedy (72772018}, 11 was sourced from
btk matertal that was inostorage Tor over 48 months since its Material Safety Data Sheet {MMEN

&1 712014 ) was prepared and provided with the material at the time of delivery.

[0048] Most maportanily, the disclosed fnvention exemplified in Bxample 18 and evaluated by
U8, EPA approved fest and analvtical methods met the RURA limit for charactevistically
hazardous waste (0.2 mefL) as well as the U8 EPA Land Thsposal Restriction it {0.025

mg/L} for treatiment of harardons waste;
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00407 Table 3, Viability Treatisent Results: Comparing the Invention to the Prior Ard

Chior-alkal Muorcory el Site Soll - viakility Study Comparison

Total Mo,

TowelHg TCLPHp Reagent-System Fostal of 3.2 migfLRORA

Samoledn  {mipfke {mefly pHSLL} {98 wi, to Soil Doge {951  Reagents Uit (PassfFail}

Untreated 16883 1.94 550 O -~ - Fail
v 3,008 NR Cas 0. 786% 1.58 2 Pass
TP 07983
V2 0117 661 CuS: 0.77% 1.37 2 Pass
THEP: G.55% B
V.3 0140 a8l Casi 0.51% 1.38 2 Pass
AP0.879%
g P S Cas: 1% 2 2 Borderiine
THaP: 1%
VR 00581 12.44 Ca% 7.87% 15.65 3 Pass

CalOH}: 6.92%
HoPO, 0.75%

Vg $.0521 NR Ca& & i5.78 4 Fass

V-7 138 1230 Cas: 6% 12.2 3 Fail
CaloHh: 5.5%
FLPO. 0.73%

V3 g2 810 Cad:0.1% 12 % Fail

CPRIQR
THEP: 0.3%

y-3 218 .40 CPS:0.6% 18 z Fail
CalDHL: L%

W10 2.77 533 oPS: 1% 1.2 2 Fail

Calonl: 0.29%

Cah Calolum Sulfide
NaP: Trisodium phosphate
CaltiH) e Talcium hydroxide
s afttue polusudiide
#, Py Phosphoric Acid
NR -0 resull
Data by Bdge Avalytical, inc., Burlington, WA
HsErA Anshtical Mothods {74718, 1215, 80450 i

FO0A0] Table 3 presents viability treatment study results using the described invention (V-1

through V-~4) and other reagent-gystoms dorived froso the Hierature and prior art {V-3 through V-

i
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10 The data show that the present Invention providing caleiom sulfide and trisodium phosphate
sesoited In the teatment of leachable mercwy to below the RCRA toxicity Himit for hazardous
waste. Repime V-1 followed ancar 1:1 reagent ratio of 1:1.05 {CaS: TNaP), with V-2 and V-3
reagent ratic’s inversed to cach other at 1.4:1, and 1.71:1, respectively. One skilled in the art
will know that these ratios can be Aexible, but dependent npon the chemdstry of a specific
comaminated material, the level and type of leaehiable mereury prosent, ete. Forthe
confamninatzd material reated in this study, the reagent ratio range of 1114 0 1.7 was adequale
to achiove the TOLP mercury treatment <0.2 mg/L RURA Hmit at total veagent dose 1o
comaminated material of <290, T is noted that V-4 was a borderiine Gailore, At a 2%% reagent-
system dose 1o contaminated material using a reagent ratio of 11105, a pH of .87 847, resulted.

RS

As evidenced with the V-2 and V-3 weatment, TCLE mescury fluctaations were gensrated that
would have Hkely facilitated a passing result had the ratio been sliphely adiusted to favor Cad

geer TNaP.

{00517 # s also noted that the V-4 total resgent-system dose rate of 2% or even higher would be
appropriste i total mercury was more elevated, and the mole ratio of available sulfide did not
provide adeguate sulfide to react with moles of mercory fnvaccordance with de 131 mole ratio o

the Hy + §7% — Hg8 reaction. With the present tnvention, the ratio of reagents In the reagent-

svatern can be adiusted 1o contrel the pH of the material during treatment so that that exeess

sulfide does not cause an Increase in mercury feachability ag g result of an overly alkaline ptl.

As previously mentioned, the chemical characteristics of the contaminated material will have a
direct impact o pil changes as g result of the ratio of reagenis n the reagent-system, and one

skilted in the arl will ascertain whether the pH of the processing during treatmient is foe elevated
a3 identified during treatability process optirnization studies, or if additional suifide s required 1w

sccommadate the level of mercury present in the coniaminated material,

10052 Treatmen regimens ¥-3 through V-8 provided more theee (3) or more reagents {o treat

Feaore,
Lot

feschable mercuary g5 leamed from prior art and the Hterature. These reagents ware selected from
the list of caloium sulfide. caleinm hydroxide, valctum carbonate, and phosphotic acid. While

VoS and V-6 both resolied it passing TCLP mereury results, V-7 amd V-8 failed to acluove the

treatment objective, V-5 and ¥-& both contribuded over 15% of the contaminated material mass

in reagent weight to the fingl endrproduct. I applied at fnllsscale, both of these system would

20
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have increased trented material transportativn and off-site disposal costs by this amount as well,
Further, the additional reagent delivery, handling, dosing and mixing, and the final mass of the
end-product would have other related cost increases, such as the time and cost o load trasspost
vebieles, unlike the reagont-system of this invention. In the event these regimes were o be
applied t soil using in situ delivery and mixing means, substantial soil expansion woold resnlt
from freatment, causing major civil engineering implications and costly management

3

requirements for the increased mass of material in siuations whers treated material would be fe

pasite, orexcavated and subseguently managed.

[O053] It 35 also noted that V-7 had the some goneral romiment reagent-system applied as V-6,
bt without calciwm carbonate. The data iHustrates the need for this fourth reagent as provided
in V-8 where TOLP meroury met the treafment Bmit, and Vo7 was over twenty-five { 25y tmes
fhe V-6 result, and almost seven (7) thoe the EPA RORA limit of 0.2 mg/L for mercury in TCLE

extract, While the contarninated material roass would Increase to s lesser degree than V-5 or V-

§. Vo3 weoudd still have similar cost implications as discussed above with a mass increase of ever
12%,

[0054] Treatroent Vo8 provided atheee {33 reagent-sysiem consisting of caloium sulfide, caleium
polveniiide, and trisodium phosphate at very low individual reagent doses in a gatio of

i
2

approximately £:1:0.3735, respretively, with a {otal reagent-system dose to contaminated waterial
of 1.2%. I theory, the sulfide provided by the calolum sulfide, and the calchan polysuifide
winld be adequate for formgtion of mercury sulfide st the near neutral pH of 826 8.1 as

suggested in V-1 through V-3, Conversely, the increased amoont of ealvium provided by these
A & 4 e

o was etther consamed by the limited amoum of phosphate added, and

the remaining sulfide was not fully released, or the sulfide wag converted to non-reactive suliate,
sulfur and sulfite species as & result of oxidationfreduction reactions within the systern. Further
study 13 needed to cxamine this result, but regardioss, this reagent-system utilized three

{reactants) at a low dose. and failed to vield the desired treatment it

00557 Reagent-systams V-9 and V-10 provided calciun polysuifide with calelum hydroxide to
valuate the efficacy of this system withowt phosphate and at o total reagent dose rate of <%,
While TCLP mercwry results of 218 and 2,77 mg/L ot pH levels of 840, and 933 8.1,

respectively, were lower than the result of V-8, V08 and V-10 bath still falled 1o achieve the
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RURA mit for lenchable mercwry, even with a reduced dose of sulfide provided by the system
in moderately alkatine pH conditions: 1t i Hhely that the level of caleiu provided by the
applied reagent-sysiem conld be part of the cause. Regardless, and in constderation of the resuits,
the present invention binary reagent system of caleinm sulfide and wisodium phosphate met the
treatment objertive Tor leachable mercury, while reagents, reagent combinations, controlled pH,

andd competitive dose rates identifiod in pror axt did not

160561 In g less preferable ernbodinent, caloium sulfide can be replaced with calonun
potyaulfide (Brae sulfuny CalSg “CPE™) . While the process may stll perform as intended with
proper control, CPS contains higher quantities of non-sulfide sulfar constitoents such as sulfates

and sulfites, and the veactive sulfide is in g less concendrated form than calcium sulfide. Pusther

.

and because of the need for additional sultide due to the presence of undesirable sullur forms and

the elovated pH of the reactant, the comumorn don effect deseribed by Clever {1985, TLE EPA

{1407y, and Plao (2003} from overly elevated alkaline pH condilions cause mercury solubility
fsanes. When mors sulfide is required to adequately react with mercury, the increased dosing of
CP38 will also increase the pit of the comaminated marerial without the ability to control iowith
Just CPS An additional actdifying reagent would then be required 1o peutralize alkalise pti

conditions, increasing the visk of generating hydrogen sultide gas.
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HHIR T Tabde 4. Comparative Exsunpies: & Calciom Polvvuifide Hragent Sysizm

Former Chior-Alkali Mercury Cell Site Sof - Pilot Scale

Yreatmard TotalHy TCLPHg 82aswft

fegime  CPSI%) TNeP (%) CalOHL %] HPOY YotalDose 38 [ms/Kgl _ﬁ__{{?‘igﬂ} {Pass/Falt
Lintreated 13,568 2.08 i
CPS-3 1 1 3 i 0539 Pass
RS x i 2 3,22 Faill
{PS-3 i 0,40 1.4 #.28 Fafi
P54 1 (.24 1.24 113 Fail
LPS-5 2 3 G.381 Fail
CP-6 2 2 12.% Faill
CPS-7 2.9 2% 200 Fail
CP5-8 3.3 1.3 4.60 1.74 Fail

CPS: Calclum polvsuffide

THaP: Tosodiumn phasphate

CalDHl: Calolumhvdroxide

#,P{,: Phosphoric Acld

Data by Edge Analytical, éréi,, Burlington, WA
USEPS Anabvical Methods (74714, 2381, 80450}

[OUSE] Examples CPS-1 0 OPS-8 iHustrate the use of a caleiom polysolfide {TPS)-based reagent

systent for seil gontaining clemental mercury obtained from a former ehlor-alkali mercury gell

soil stte, While CPS-1, which included trisedism phosphste and caleiom polysultlide at a total

o

eagent doge of 2%, achisved passing TOLP mercury resulls, the duphcate sample from the same
rreatment failed. Al other CPS-based examples also faled. The fuilure of the replicate sample

of this freatment regimen supggests that UPS does not provide necessary consistent resalis.

Consideration of varying dosage and with calcium hydroxide and phosphoric acid was
attempted to provide more continuity with g CUPS-phosphate system for this specitie
cordaminated material based upon pil of the end-preduct. Results show that mercury
leachabiiity was increased as a vesult. Collertively. the dats shows the Inconsisteney of resulis
and unreliability of using a calciom polyselfide/trisodivm phosphate wagent system, as opposed
to the calcium sulfide/irisodivn phosphate reagent aystem of the present invention

0597 Lipon reading this disclosure, other embodiments and modificarions may be apparent to
the skilled person. For example, van alimate cwabodiment, the calciom sulfide {U85) in the

described binary reagent system may be replaced with sodium sulfide (Na:S), with the wnount of

3
£

Loz

Date Regue/Date Received 2021-08-16



WO 2019/060853 PCT/US2018/052489

TNaP adjusted as needed for plt control and to account for any caletum that may be presentin
the host contaminaied materdal, The present fnvention is Humited only by the appended claims

and equivalents thereotl
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CLAIMS:

1. Areagent system comprising calcium sulfide (CaS) and trisodium phosphate (TNaP),
having a CaS:TNaP weight ratio of from 2:1 to 1:2.

2. The reagent system of claim 1, wherein the CaS:TNaP weight ratio is 1:1.

3. An aqueous slurry of calcium sulfide (CaS) and trisodium phosphate (TNaP), wherein
the calcium sulfide and trisodium phosphate are provided at a CaS:TNaP ratio of from

2:1to 1:2, on adry weight reagent basis.

4. The aqueous slurry of claim 3, wherein the CaS:TNaP ratio is 1:1.
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