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ABSTRACT

Solidification into glass of nickel-on-uranium plating wastewater treatment plant
sludge (F006 Mixed Waste) has been demonstratedat the SavannahRiverSite (SRS).
Vitrification using high surface area additives, the Reactive Additive Stabilization
Process (RASP), greatlyenhancedthe solubilityand retentionof heavy metalsin glass.
The bench-scaletests using RASP achieved75 wt% waste loadingin both soda-lime-
silica and borosilicateglasses. The RASP has been Independentlyverified by a
commercial waste management company, and a contract awarded to vitrify the
approximately500,000 gallonsof storedwaste sludge. The wastevolume reductionof
89% will greatly reduce the disposal costs, and delisting of the glass waste is
anticipated. This will be the world's first commercial-scalevitrificationsystem used
for environmentalcleanup of Mixed Waste. Its stabilizationand volume reduction
abilitiesare expectedto set standardsfor the futureof the wastemanagementindustry.
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INTRODUCTION

Fuel and target assembliesfor the nuclear reactors of the Savannah River Site (SRS) were
fabricated in300-M Area metalfinishingand aluminumformingoperations. With the end of the
coldwar, these componentsfor productionof nuclearweaponsmatedalsfor the U.S. Department
of Energyare no longerbeingfabricated. However,500,000 to 600,000 gallonsof nickelplating
line sludge,which Is a F-006 mixed (hazardousand radioactive)waste, will remain in RCRA
permittedintedmstoragetanksafterthe supematantfromthosetanks hasbeen processedbythe
wastewater treatment facility. Technologies-havebeen developed by the SRS to convert the
sludgeto a solidstabilizedwasteformforpermanentdisposal.

The M Area Liquid EffluentTreatment Facility(LETF) is an end-of-pipe industrialwastewater
treatment facility,that usesprecipitationandfiltrationwhich isthe EPA BestAvailableTechnology
economicallyachievablefor Metal Finishingand AluminumForm Industries. The physicaland
heavy metal charactedstiosof the sludgeare similarto the F-006 waste sludgegeneratedfrom
wastewater treatment incommercial industry,exceptit also containsuraniumand morethan the
normalconcentrationof nickel. There was no marketto justifyrecoveryof radioactivenickelfrom
the Watts platingbath. Achievingthe EnvironmentalProtectionAgency (EPA) Land Disposal
Restrictions(LDR) for nickel concentrationby the Toxic Characteristic Leaching Procedure
(TCLP) has been diffficultduring commercial F-006 waste stabilization, but the technologies
developedby the SRS reliablyachievethe LDR standardand greatlyreducethevolumeof waste
for finaldisposal.

Vitrificationwas one of those alternative technologies, and full scale demonstrationof this
Reactive Additive Stabilization Process (RASP) at SRS is scheduled in 1995 and 1996.
Vitrificationinto simpleglass compositionswas achievedby tailoringthe glass compositionto
take advantageof the commonglassconstituentsof silicon,aluminum,sodium,andcalciumthat
are already in the waste. Stabilizationof the heavy metals iq the glass is achievedby use of
reactiveadditivessuch as diatomaceousearth, perlite, rice husk ash, and/or precipitatedsilica
These filteraids are alsoalready inthe waste. The processand productmodelsdevelopedfor
high level radioactivewaste glass were utilizedto develop glass formulationswhich optimize
processability(viz. viscosity)and productdurability.2 Vitrificationproducesdurablewaste forms
at volume reductionof 50% compared to commercial cement stabilizationof this F-006 sludge
and a volume reduction of 10% compared to the Filtration & Stabilization (FIST) process

alternative.3 An 89% total reductionanddelistingof the finalwasteform in M-Area is anticipated.

1 Patent pending.

2 C. M. Jantzen, "Relationshipof Glass Compositionto Glass Viscosity,Resistivity,Liquidus
Temperature, and Durability:FirstPrinciplesProcess-ProductModels for Vitrificationof Nuclear
Waste,"CeramicTransactions,V. 23, AmericanCeramicSociety,Westerville,OH, 37-51 (1991).

3 H. L. Martin, J. B. Pickett and C. A. Langton, "Radioactiveand Hazardous Waste Sludge
Treatment and Stabilizationby Filtration,"J. AdvancesIn Filtrationand SeparationTechnology,
V.6, AmericanFiltrationSociety,Chicago,IL, 195-199 (1992)



DISCUSSION

Experimental

The nickelplatinglinewaste glasseswere made of the actual nickelplatingline sludgeand the
spentperlitefilteraidfrom supematantwastewatertreatmentby addingreagentgrade chemi(_als.
Waste Ioadingsvariedfrom90 to 70 wt%. Othermixedwastes were alsotested to demonstrate
the RASP. All glasseswere meltedat a temperaturesof 1150°C in highpurityAI20 3 crucibles
for 4 hours. Small amounts of glass, ...100 gram batches, were made to optimize the best
compositionsfor furthertesting.

Eachvitrifiedsample was submittedfor x-raydiffraction(XRD) analysissothat the homogeneity
of the resulting glass couldbe determined. For glasses which were not homogeneous,the
crystallinephaseswere identifiedbyXRD. If analysisby XRD was inconclusive,elementalscans
by x-rayfluorescence(XRF)weresubstituted.

A modified EPA Toxic Characteristic Leaching Procedure (TCLP) was performed at the
Savannah RiverTechnologyCenteron representativehomogeneousglasses.

Nickel Plating Waste Sludge

M-Area nickelplating linewaste sludgeplus the spent filteraid from the associatedsupernatant
treatment are examples of RASP stabilization. Representativesamples of the RCRA F006
sludgein eachof the M-area tanks,includingthetankwith the spent filteraid, was analyzed. The
X-ray diffractionanalysis of the sludge dried at 90°, 300°, and 600°C allowed the chemical
phases to be identified and a molar mass balancecalculationto be performed (Table 1). The
aluminumis presentprimarilyas AI(OH)3, whilethe Na Is presentas NaNO3. Usingthe current
and projectedtankvolumeinventoriesa calculatedcompositewaste compositionbasedon a dry
calcine basiswasdetermined(Table!).

Table 1. M-AreaCalculated Composite Sludge Composition.*

Oxide Wt% Oxide Wt% SpeculationWt% **

AI20 3 17.47 TiO2 0.04 AI(OH)3 23.18
CaO 0.48 K20 1.48 NaNO3 17.88
Fe203 0.88 P205 3.22 SiO2 43.44
MgO 0.20 BaO 0.02 Na6U7024 3.48
MnO 0.28 PbO 0.11 Ca-zeolite 3.15
Na20 10.83 MoO3 0,01 AIPO4
NiO 0.93 ZnO 0.59 SUM 95,44
SiC)2 43.58 CuO 0.03
Cr20 3 0.01 SO4 0.03
B203 0.03 NO3
UO2 3.00 SUMS 96.28

.'

* Current invento=7plusadditionalfilteraid projectedfromcontinuedsupematanttreatment•
** Speciesidentifiedbyx-ray diffractionanalysis.

Vitrification

The highSiO2, AI20 3 andNa20 contentof the M-Areawaste indicatedthat stabilizationineither
sodiumborosilicateor SLS glass was feasible. The additionof only one additive,B20 3, borax
(Na20-2B203.10H20), or Na20-B203 enabledthewaste mixtureto be made intoa borosilicate
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glass(Figure 1, Table 2) whilethe additionof onlyCaCO3 or a mixtureof CaCO3 and Na2CO3
allowedsolidificationintoSLS glass(F[gure2, Table 2). The use of only one additivesimplifies
processabilityof the waste as only two componentsneed to be adjusted in order to optimize
processabilityandwaste loading(Figure1).

Vitrificationwas achievedin bothborosUicateand SLS glass at waste Ioadingsvaryingbetween
70 to 90 wt%waste(Table 2). HigherwasteIoadingswere achievedat highermelttemperatures.
Homogeneousglassesformedat temperaturesbetween115C° and 1300°C atwaste Ioadingsof
70 to 80 wt%. The borosiUcatesystem is a well knownglass forming system used to make
commercialpyrexandvycorglasseswhichare very stablebutare phase separated. Many types
of high-levelradioactivewastesare beingsolidifiedinborosilicateglasseswhichare in theknown
glassforming regionof the Na20-B203-SiO2 system,but awayfromthe knownregionof phase

6O KNOWN REGION
OF F/IASE
SEPARATION

70 3O

2O

BORIC ACID

,o /
_1(20 to 2o 3o 4o so 6o 7o 8o 9o B203

_ X

zo/soe2o3 .,f
or 50Li20/50B203 BORAX

Figure 1. Ternary phase diagram for the system Na20-B203-SIO2 with the glasses
formulated for M-Area sludges superimposed (wt%). The "X" Indicates the ratio of SIO2 +
N203 to the alkali oxides (R20) In the M-Area sludge and filter aid. The stippled area
Indicates the known glass forming region in the Na20-B203-SIO 2 system. The cross
hatched area Indicates the known region of phase separation and Includes the commercial
pyrex and vycor glasses. Glasses In the region of phase separation tend to be less
durable than glasses In the other region of the Na20-B203-SIO 2 system.
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separation.4 Phase separationis undesirablefor waste stabilizationbecause phase separated
glassestend to be lessdurablethan homogeneousglasses.5

Table 2. Glass Formulations and Additives for M-Area Sludge with Spent Filter Aid

Waste Temp. Type of Type of
Glass Wt%* (°C) Additive Glass Results
M-1 90 >1300 Borax Borosilicate PoorlyMelted
M-2 85 >1300 Borax Borosilicate PoorlyMelted
M-3 90 >1300 H3BO3 Borosilicate PoorlyMelted
M-4 90 >1300 CaCO3 SLS Poorlymelted
M-5 80 >1250 H3BO3 + Na2CO3 BorosUicate Poorlymelted
M-6 70 1150 Borax+ Na2CO3 BorosiUcate HomogeneousGlass
M-7 80 >1150 CaCO3 + Na2CO3 SLS Poorlymelted
M-8 70 1150 Borax Borosilicate HomogeneousGlass
M-9 70 1150 CaCO3 + Na2CO3 SLS HomogeneousGlass

M-area waste glass formulationsare beingoptimized in the region of the borosilicatesystem-
wherethe high-levelradioactivewasteglassesare knownto form stablehomogeneousglasses.
The process models developed for high level borosiltcatewaste glasses can be utilized to
calculatethe glassviscosityand durabilityas a functionof temperature.

The SLS glass formingsystem is a well knownsystem used to make windowglass and it has
been extensivelystudied byglass chemistssince 1925.6'7 ,8,9 Soda-silicaglass is knownto
readily Incorporateheavy metals.I0 SLS glass formulations have been used for In-Sltu
Vitrification(IS_ to solidifycontaminatedsoils.1I, 12 And, a barium analog (soda-baria-silica)

4 C. M. Jantzen,"SystemsApproachto NuclearWaste Glass Development,"J. Non-Crystalline
Solids,V.84, 215-225 (1986)

5 C. M. Jantzenand R. F. Schumacher,"GlassPhaseSeparation;Implicationsfor Waste Glass
DurabilityModeling,"CeramicTransactions,AmericanCeramicSociety,WesterviUe,OH (in
press)

6 G. W. Morey and N. L. Bowen, "The Ternary system Sodium MetasiUcate-Calclum
MetasilicateSilica,"J. Soc. GlassTechnology,V.9, 226-264 (1925).

"/ G.W. Morey, "The Devitrificationof Soda-Lime-SilicaGl_sses," J. Am. Ceram. Soc., V.13110],
683-713 (1930).

8 E.R. Segnit, "Further Data on the System Na20-C_O-SiO2," Am. J. Sci., V.25118],586-601
(1953).

9 A.E. Hollandand E.R. Segnit, "TheTemary SystemNa20-ZnO-SiO2." AustralianJ. Chemistry,
V.1916],905-913 (1966).

10 R.L. Lehman,"Lead-IonStabilityin SodaLimeLead SilicateGlasses,"Am. CeramicSoc.
Abstractsfrom92nd AnnualMeeting,Dallas,TX (1990).

11 G.F. Piepel and J.W. Shade,Uln-SituVitrificationand the Effectsof Soil Additives:A Mixture
ExperimentCaseStudy,"J. Am. Ceram.Soc., (inpress).



glass has been used at Fernald to solidifyresidues from uraniumore processingthat contain
large amountsof uranium,radium,and lead.t3 For FernaEdwaste solidificationthe barium rich
glass was chosendue to the high bariumcontentof the waste. SLS glasseshave also been
successfullyfabricated from reactive sodium metal contaminated during efforts to develop
sodium-cooledfast breedernuclearreactors.14 Forthe M-Areawastes, Figure2 demonstrates
that the use of reactivesilica,Inthiscase the spentfilteraid alreadya partof the waste, extends
the knownglassformingregioninthe SLS system.

CaO

8o

70 70

6o

50 CaO/50 Na20

50 EXTENOED GLASS FORMING
REGION FOR SOOA-LIME-
SILICATE GLASSES

30CaO/','0/W20
KNOWN GLASS FORMING

S0 10 REGION FOR 8OOA-UME-
SILICATE GUmSES

2O

...... SiO2
lo =o so 40 so so 70 eo go

Figure 2. Ternary phase diagram for the system Na20-CaO-SIO 2 with the glasses
formulated for M-Area sludge superimposed (wt%). The "X" Indicates the ratio of SlO2 +
AI20 3 to the sum of the alkali oxides (R20) In the M-Area sludge + spent filter aid. The
cross hatched parallelogram represents the known glass forming region In this system
while the larger shaded parallelogram represents the extended glass forming region
determined In this study by use of reactive silica additives.

12 R.A. Callow,L.E. Thompson,J.R. Weidner,C.A. Loehr,B.P. McGrail, andS.O. Bates,"ln-situ
VitrificationApplication to Buded Waste: Final Report of Intermediate Field Tests at Idaho
National Engineering Laboratory," U.S. DOE Report EGG-WTD-9807, Idaho National
EngineeringLaboraoty,IdahoFalls,ID (August,1991).

13 D.S. Janke, C.C. Chapman, and R.A. Vogel, "Resultsof VitrifyingFemald K-65 Residue,"
NuclearWaste Man3gementIV,G.G. Wicks,D.F. Bickford,and L.R. Bunnell(Eds.), D.F. Bickford,
and L;R. Bunnell (Eds.), Ceramic Transactions,V. 23, AmericanCeramic Society,Westerville,
OH, 53-61 (1991!.

14 R. Kumar and J.E. Heir, "Improved Treatment/Disposalof Reactive Metals. Phase I1:
Technical Research and Development," U.S. DOE Report ANL-91/21, Argonne National
Laborato_',Argonne,IL(May, 1991).



To date the TCLP leachingprocedurehas been performedon one borosilicateglass (M-6) and
one SLS glass (M-9). Bothof these glass formulationscontained70 wt% waste on a dry basis
(Table 1). Bothglassformulationshad meltedto a homogeneousglass at 1150°C. Bothglasses
passed the TCLP leachate limitsfor Pb, Ba, and Cr. The borosilicate glass formulationwas
superiorto the SLS glass formulationfor retentionof Ni and U (Table 3). The SLS glass (M-9)
didnot meet the LandDisposalRestrictionsfor Ni butthe borosilicateglass(M-6) did.

Table 3. Toxic Characteristic LeachingProcedure (TCLP) and Land Disposal Restriction
(LDR) Limits and Response for M-Area Glasses.

Wt% Wt% LDR TCLP Leachate
Wt% Glass Glass Waste Limit M._ M-9

Element. Sludge M-6* M-9*. Code (o0m)** (Dpm) (DDm)

Pb 0.10 0.074 0.074 F006 0.51 <0.2 <0.2
Ba 0.018 0.013 0.013 N/A 100 1.85 1.40
Ni 0.73 0.51 0.51 F006 0.32 0.17 0.74
Cr " 0.007 0.005 0.005 F006 52 <0.04 <0.04
U 2.65 1.85 1.85 N/A N/A 0.10 0.45

• M-6 and M-9 contained70 wt%wasteon a calcineoxidebasis

** 40 CFR 148, et. al., LandDisposalRestrictionforThirdThirdScheduledWastes FinalRule,
55 FR 22 250, June 1, 1990.

The RASP has been independentlyverified by a waste treatment company,which has been
awarded the contract to vitrifythe nickel plating sludge. A temporary wastewater treatment
facilitywill be constructedin M-Area. The glass melter is now being designed, and full scale
demonstrationof the RASPwillbeginin 1995.

CONCLUSION

Reactive highsurface area silica, as a waste form additive, was determinedto greatlyenhance
the solubilityand retentionof hazardous, mixed and heavy metal species in glass. Highly
reactive silicawas foundto increasethe solubilityand tolerance of Soda(Na20)- Lime(CaO)-
Silica(SiO2) glass (SLS) and borosilicate(B203.-SIO2) glass formulationsto atomisticallybond
the waste species. Highly reactivesilica lowersglassificationtemperatures, Increaseswaste
Ioadings which providesfor large waste volume reductions,and produces EPA acceptable
glasses.

The Reactive Additive StabilizationProcess (RASP) can be used to vitrifythe Metal Finishing
Industrywastes of (1) filtercakesfromwastewatertreatment, (2) waste sludge, (3) filtermedia,
(4) asbestosor glassfiberfilters,(5) ionexchangezeolites,and (6) waste cementformulationsin
need of remediationintoglass.m
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