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MOLTEN SALT OXIDATION OF MIXED WASTES: SEPARATION OF 
RADIOACTIVE MATERIALS AND RESOURCE CONSERVATION 

AND RECOVERY ACT (RCRA) MATERIALS. 

J. T. Bell, P. A. Haas, J. C. Rudolph 

Chemical Technology Division 
Oak Ridge National Laboratory 

Oak Ridge, Tennessee 37831-6223 

ABSTRACT 

The Oak Ridge National Laboratory (ORNL) is participating in a program to 
apply a molten salt oxidation (MSO) process to treatment of mixed (radioactive and 
RCRA) wastes. The salt residues from the MSO treatment will  require further 
separations or other processing to prepare them for final disposal. A bench-scale MSO 
apparatus is being installed at ORNL and will be operated on real Oak Ridge wastes. 
The treatment concepts to be tested and demonstrated on the salt residues from real 
wastes are described. 

INTRODUCTION 

The Oak Ridge National Laboratory (ORNL) is involved i n  a program to applj 

a molten salt oxidation (MSO) process to the treatment of mixed wastes at Oak Ridge 

and other Department of Energy (DOE) sites. Mixed wastes are defined as those wastes 

that contain both radioactive components. which are regulated by the atomic energy 

legislation, and hazardous waste components, which are regulated under the Resource 

Conservation and Recovery Act (RCRA). A major part of our ORNL prograin involves 

the development of separation technologies that are necessary for the complete treatment 

of mixed wastes. The residues from the MSO treatment of the mixed wastes must be 

processed further to separate the radioactive components. to concentrate and recycle 

residues, or to convert the residues into forms acceptable for final disposal. This paper 
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1756 BELL, HAAS. AND RUDOLPH 

i s  a revie\\ of t h e  MSO requirements for separation technologies. the information now 

a\ ailable. and the concepts for our de\elopnient studie,. 

HISTORY OF MOLTEN SALT OXIDATION FOR WASTE TREATMENTS 

Molten salt oxidation i s  not a lie\\ idea. having been initiall! introduced in the 

early 1950s bl. the Atomic Energ! Commission (AEC) as a possible method of 

processing nuclear fuels. Rock\\ell International carried out AEC-sponsored basic 

research \\ itli niolteii salts. One of tlie f i rst  applied use5 for molten salt eumiined by 

Rock\vell \vas as a scrubber for SO, eiiiissions from a coal gasitication plant. I t  \vas 

this application that gave R o c h e l l  tlie concept of using molten salts. speciiicall!, 

carbonates. to treat hazardous \baste. 

Rocknel l  has done tests on man! hazardous compounds. such a s  polychlorinated 

biphenqI5 (PCRs). tribut? I phosphate (TDP) .  and iarious cheniical \\capons ( I  .1) / I l l  

tests sho\\ed ewelleiit destructiori efficiencies. Rocknell also performed test i t i ns  \\ itli 

simulated radioacti\ e \ \ a t e  to  she\\ that radioacti\ c particles \\auld he rctained iii the  

salt ( 3 ) .  Even though these rcsults sl io\\ed effect1t.c treatment of \\astes. incineration 

s) steins appeared to be more practical and more economical: most MSO ircsearch ended 

about 1982. 

MSO has recentl! been brought hack into the picture a\ a possible treatment for 

mixed \vaste. .A rcceiit test run perftmied at the Energ! '1-echnolog!. Engineering 

Center (ETEC) on a h>drocarbon oi l  \\it11 lo\\ l e \ e l s  of '"Cs and ""Co shoived 

promising results I lie unit performing tliih tcst has bee11 h i p p e d  to O R N I .  tbr tiirthcr 

studies \\,it11 DOE n i i d  n a h t c b .  

hISO PROCESS DESCRIPTION 

' the MSO procesc ic fairl! biniple. as is illustrated i n  Figiirc 1 .  T l ic  salt i s  

placed in  either a metal or. niwc co i i i n i tm l> .  crraiiiic \cssel. (;enerall>. the heiaht of 

the salt under static conditions should he rouglil) equal to the diameter of the vcssel. 

The salt charge i s  preheated to the dehirrd teinperatrire (650-1 IOO'C depending on the 
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Fig. 1. Molten salt oxidation of mixed wastes and treatment of residues. 

salt composition). The temperature must be high enough to reduce the salt’s viscosity 

until it is similar to that of water. This allows for proper contact of air and feed with 

the salt bath. A Na2C0, melt requires temperatures 2900°C (melting point of 85 1°C) 

and probably a ceramic vessel. Metal alloy vessels might be used for salt mixtures \\it11 

lower melting points. 

The waste and air enter the salt either from the top of the vessel througli an 

injection tube which ends about 2 in. from the base of the vessel, or they are fed 

through the vessel walls. The waste feed rate is limited by two conditions: ( I )  the 

exiting combustion gases should not have a superficial velocity >2.5 ti/s or else there 

may be excessive entrainment in the off-gas stream, and (2) the heat produced from the 

\vaste must riot raise the salt’s temperature. The off-gas is passed through a prefilter 

system and then through an absolute filter before i t  is released to the atmosphere. The 

salt composition is controlled by addition of NaZCO, and removal of spent salt. 
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1758 BELL. HAAS, AND RUDOLPH 

MOLTEN SALT OXIDATION FOR TREATMENT OF MIXED WASTES 

For tlie purpose of describing tlie residues from treatment of mixed wastes. tlie 

MSO treatment invol\,es simple cliemical reactions. Tlie nastr, excess oxygen (or air). 

and the Na,CO, are reacted to \cry nearl!. the chemical equilibrium at tlie molten salt 

temperature. The molten Na,CO, reacts \ \ i th  acid gases to forin sodium salts and CO,. 

The NaZCO, is reported to act as a catalyst. The destruction efficiencies for toxic 

organics are as good (high) i n  molten salt at 900 to 1000°C as for simple incineration 
at temperatures over 2000°C. Carbon and hydrogen are discharged as CO, and H,O. 

One important characteristic of hlSO as a \vaste treatment is the good retention 

of metals as oxides or salts i n  tlie salt residues. Tlie cntraincd or condensed solids i i i  

tlie cooled off-gases are easil) collected and discharged as a residue b) bag tillers. 

Acid gases react w i t h  Na,CO, i n  tlie mel t  niid are retained as the sodiuiii salts. Thr 

MSO treatment results i n  efficient destruction of \ \ a t e  constituents to !.ield salt residues 

and off-gases without any aqueous scrubber residues. 

The efficient collection of metallic salts and ash in tlie salt residues is both an 

advantage and limitation for MSO treatment of mixed \\astes. The MSO treatment is 

not suitable for high contents of ash or noncombustible solids in the waste feed; 

escessive amounts of tlie carbonate salt nould be removed as residues i n  order to 

remove these solids. High concentrations of elements that form acid gases \\lien reacted 

with oxygen (CI. F, S. P, etc.) coinert large amounts of Na,CO, to the corresponding 

sodium salts. The same amounts of sodium salts are formed in tlie scrubbers for 

incinerators. Whether tlie salt residues or tlie scrubber slurries are preferred residues 

is not obvious. 

A conversion of an unstable mixed naste form t D  a thermodynamic stable form 

is v e r j  important for en\ iroiinieiital. safet! and Iienltli (ESRcH) rcasons. .4 mixed waste 

treatment system must meet this requirement. and there \ \ i l l  be an additional advantage 

if the treatment system can produce a niixed \ \ a sk  product that has a smaller volume 

than that of the original treatment feed. The RlSO treatnieiit produces a dense. wlid 

sodium carbonate base that is considerably easier to manage than tlie volatile liquid 

mixed \taste or the combustible solid mixed \taste. This coiiversic~n is ii  definite 

advantage for mixed waste management. but the additional volume reduction \ \ i l l  also 

be realized for many mixed nastes. Table I gi\es tlie calculated volume reduction 
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MOLTEN SALT OXlDATlON OF MIXED WASTES 1759 

TABLE 1. MIXED WASTE VOLUME REDUCTION RATIOS 

Waste Description 

Oil/Solvent 
LBL Scintillation Fluid 
DWPF Benzene 
Bettis Oil/MSF-O08,OIO 
Decontamination Solvent 
ORNL Waste Oil 
TRU Graphite 
2/3 Oil - 1/5 Tetrachloroethane (C,H2CI,) 
Trichloroheptafluorobutane 
Perfluorodimethylcyclohexan. E(C,F,,) 

Location 

RF 
LANL 
SR 
OR 
INEL 
OR 
INEL 
OR 
OR 
OR 

VRR 

70 
60 
59 
58 
16 
9.3 
7.3 
2.6 
0.44 
0.36 

Limiting 
Factor 

Ash" 
Ash" 
Asha 
Ash" 
NaCI. NaF 
NaCI. Na,PO, 
Ash3 
NaCI, NaF 
NaCI, NaF" 
NaFlh 

aAssuming maximum ash content of waste. 
hRadioactive isotope and RCRA metal content of  waste is unknown 

ratios for several mixed waste that may be treated b j  MSO. The limiting conditions for 

these treatments are relative to the molten salt. Thc treatment extends to the point that 

the salt accumulates 20 vol YO of ash, the sodium halide content is equal to tlic sodiuni 

carbonate content, or the contact radiation levels reach 20 m R .  

FINAL WASTE FORM CONSIDERATIONS 

Waste treatment processes commonly generate residucs. A primar! ohjecti\,e 

of  the overall treatment is to have a11 residues i n  a form acceptable for filial disposal. 

For mixed wastes. the disposal of residues is very dependent on whether the original 

waste feed was considered hazardous as a listed or a characteristic waste tinder RCRA. 

The MSO treatment of mixed wastes generally gives high destructions o f  hazardous 

organic compounds and can be operated tc\ climinate the original characteristic hazards 

of ignitibility, corrosicity. and reactkit). The eight metallic elements that result iii a 

characteristic toxicity hazard (Ar ,  Ba. ('11. Cr. Ph. Hg. Se. and Ag) \\auld remain (as 

oxides, salts, or metals) in the residue>. O\rernll, i f  the mixed waqte were 
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1760 BELL, HAAS, AND RUDOLPH 

characteristicall! hazardous wider RC'R;\. the M S O  residues could probably be  

rionhazardous and could. thus. he disposed o f  subject to the DOE guidelines for  

radioacti \e \\astes. 

The final disposal o f  residues IS mtich  more d i f f icu l t  i f  the original waste is a 

listed hazard tirider R C R A  i\n! residues froni treatment o f  a listed \vaste are 

considered to  also he listed nasies. \Y l i i l r  the radioacti \e constituents ma> he changed 

cliernicall! b> \ \ a t e  tre:itiiieiits. the! rei i iai i i  radioacti\ e. Tliere is no approved tinal 

disposal t i i r  these mixed  \\a>te residues. Separatioii and coiiceiitratioii o f  the 

radioacti\ it! can gi\,r a inticli smaller \oIunie of  i n i i e d  naste and a larger residue for  

disposal as a hazardous \\aste solid. I n  theor!,. a rcsidue can be "delisted" i f the feed 

coniposit ioi i  to  a treatinelit and the  perfori i iai icr of tlie treatment process can he 

standardired and demonstrated. This i s  \ er! dif f icr i l t  and is not practical for the varied 

composit ions of m o s t  of  the Oak Ridge DOE nastes. 

111 sunimar>. the salt residues f r o m  h1SO treatinelit o f  m ixed  \\astcs \v i l l  require 

furtlier separations o r  other processing to  prepare t l iei i i  for final disposal. The 

radioactivit) should be coriceiitrated t o  a i i i i i i i i i i t i i i i  \olut i ie. For  m ixed  \vastes that are 

hazardous h) cliaracteristics. the residues caii probabl\. be RCRA nonliazardous and 

then can he dibposed nf as radioacti \e sol id \\astes. For listed n i ixed \tastes. the best 

result curreiitl! possible is a ~ i i i ~ i ~ i n u ~ i i  \alunie of i i i i i e d  \\aste \ \ i t t i  110 a p p r w e d  

disposal optiui i ,  Tlir acceptable l i i ia l  sol id forms are lihcl! to  incorporate t l i r  residues 

in to glass. Ii! draulic cement>. cri-ai i ics. organic inatrice.;. o r  sulthr pol! iner materials. 

For hlSO \\aste treatiiieiit residues. hotl i  the proce.;siiig Into s u c h  sol id forms nnd the 

perforrnance o f  sucli for i i is remain to  be demonstrated. 

.AI'PLICATlONS OF hlSO TO DOE OAK KID(;E M I X E D  WASTES 

The Chemical De\ eloplnent Section ( C D S )  0 1 '  the Chemical Technology 

Div is ion at ORNI .  has rccci\ed a protot!pe hlSU uni t  f rom ETEC'. I t  lias hccii brought 

to ( I K N L  for t l i r  priiiiar! pt i rpcw o f  deiiioii\tr:jl i i ig the hlSO treatiiieiit o f  real mixed 

\\astes at the three Oak Ridge sites. Iniportant information to be obtained f rom the 

hlS(.) test.; \ \ i l l  he rlie destrucrion efticienc! o f  nrgaiiic co~i ipo~~nds.  the filial location 
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MOLTEN SALT OXIDATION OF MIXED WASTES 1761 

of radionuclides and RCKA materials, and the compatibility of materials. 

procedures and test measurements will also be evaluated and modified as required, 

Operating 

The unit from ETEC is shown in Figure 2. I n  addition to what is depicted in 

the figure, it is worth noting that the off-gas is analyzed for CO?. CO, NO,, 02, and 

hydrocarbons, which allow a comparison of the combustion products versus melt 

composition. The salt composition is analyzed from periodic samples of the melt. 

Unfortunately, a real-time measurement of salt composition has not yet been devised. 

Prior to any tests in the MSO unit. the process will be modeled for that specific 

waste feed using readily available thennodytiamic programs to predict system behavior. 

This will be done mostly as a safety feature to eiisiire compatibility of materials but will 

also provide a theoretical basis for comparison and analysis of results. 

The variables that will be examined in the CDS study are waste composition 

(chemical and physical), salt composition. temperature of the salt bath, waste feed rate. 

and percent excess air. Waste composition is obviously the most critical variable. 

causing the others to be modified to give the best results (i.e., greatest organic 

destruction and retention of radioactive and RCRA materials in the melt). The general 

order of testing at ORNL will be as follows: 

1. Pure hydrocarbons, 
2. Halogenated hydrocarbons, 
3. Hydrocarbons containing nitrate groups. 

4. Halogenated hydrocarbons containing depleted uranium. 
5 .  Halogenated hydrocarbons containing fission products, 

6. Organic sludges, 
7. Activated carbon, and 
8. Organics containing beryl I ium. 

The first three tests will be primarily concerned with off-gas release as a function of the 

above-mentioned variables. They will also provide operating experience with the uni t  

before radionuclides are introduced. The next two tests will concentrate on entrainment 

and volatility of radionuclides. Tests 6 and 7 will focus on feeding mechanisms and 

reaction rates for solid-containing components. The final test is being considered 

because berylliuin is presently a problem for incinerators due to the toxicity of f3eO. 
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1762 BELL, HAAS, AND RUDOLPH 

Fig. 2. f3ench-scale hlolten Salt Oxidation s> stein at O R N L .  

These tests \\ill ( I  ) demonstrate nliicli \\nste and \\liicli conditions al lon eftccti\;e 

treatments and (2)  detertnine the optiinal opcrating conditions. 

Alons \\it11 the protohpe hlS0 treatinent of mixed \taste. Oak Ridge has 

proposed a pilot plaiit scale hlSO for treatinent of Oak R i d y  mi\ed \\astc. Some 

technical concerns for a hlSO pilot plant arid anwers  tire preseiitcd belo\ \ .  'The iiitie 

conccri~s are listed just as the! \\ere recetxcd. and the rebponse tbllo\\s: 
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MOLTEN SALT OXIDATION OF MIXED WASTES 1763 

The M W  can quulifi for radioactive opertitions. A kirger, similar t ec l l t i o lu~~  
is being rested for reproceJsirig LhfFBR jirc1.s at the Idaho site. The IFR 
development program hcrs a large hot cell equipped with molten .stdt t c chr io lo~~~  
equipment for processing I00 kg of spent LMFBR fitel per day. 

On ihe other hand. ihe proposed pilot-scale MSO opercitions iii Otrk Ridge will 
t i o f  tiddress Pu wastes. This proposed .system will deal ivith the ititigniiurle.s qf 
DOE low-level inixed wasfe. The actual spent salt product can he litnitc~d to 
class "C"' let,els of radioactivio: hut (I  m)re  ~rsefiil crttd sufe s)stem coirltl 
operate with salt levels at 20 mWh. 

2. Safety questions about the steam explosions. 

Steam explosions occur when Iurge ~'oliinies of n'oter (ire cpricklb~ heated The 
input stream of /he M Y 0  u.suall.v will not iricltrde crqueoiis solittioris. d li.wtl 
wa.7te.s with portions of water when injected into the Ails0 will not include 
si@cierit water for a steam e-xplosion. The small portion of ~i'ater ,rill he 
yuicklv volatilized to smoll quantities ?f!fstec~ni. The high tenyertrtirre. the I O U ,  
water input. anti ihe sy.stem throughput ujill prevent the conditions ./or stetrm 
e.xplosiori. In the e ~ e i i t  of an aqueous solution jkeri, that feed will hr aclniittecl 
to the hfS0 ot N rate such thot .steam c q h s i o n  cannot occur. 

3 .  Severe corrosion of the MSO reactor vessel by the salt and halide 
contaminants. Potential to create secondary waste from discarded MSO 
units. 
The MSO reircior vessel is (I ceramic itiuterial, uluniina, which i.s i y y  corr~o.siori 
resisitrtit to  the sult bed mid the chloride. bromide. or iodide cotit(rriiiritrtiis. Thr 
vessel opercrting lifetime qf - 3000 hours is uriticiptited ,for an operation L I I  
900 "C with halide waste coinponetiis. An equipinerit change in the loii,-lc\~el 
radiiitioti enviiorinient will not be ( I  nwjor event. Fliiorrrl(~ concer7trrrtiori.r 
greater ihiiri 10% arid L I I  1000°C \i,ill be corrosive /o tiliiininu, hirt 
administraii,v control can prevem this 

 the^ is crlso the probability tlrtrt t i  .vpecial vc~rsioti 1!f .stuinless sirel or high 
nickel allciys will bettcr uc~contn~o~~ute the :\So I f  such muteritr1.r bec.orric. 
rrvtiikible. the reticior \v.vsel C L I ~  hr chmiged ,from ihe cermiic to  tire steel 
coniporlen/. 

4.  Solid waste feed not developed. 

Pilot-scale jl.eci  system^ for,flou.irhle solids tire commercicill\, rrwiliible trrrd m e  
in wide u.se in solid process in^ itihrstries. Rac.hi.i~ll comiircteti ( I  .rirccc~.s.s/iil 
large-scale solids feed rle~elopnrcnt propun in the I970s,for lon~- l c~ \~ l  R4 solid 
wastes for INEL. L~rbortitor)~-sc~rIe .solid .fcetl ,rj'stL'nis tire w t  ~wmntercriill~~ 
avtriluhle mid mnst be designed cnitl hirilt. There I S  noi singlc gc'twrrc Jolicl ficd 
system. since different ypi',s of solids huw iiijferetii ./&ditig proptviie.c. 
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1764 BELL, HAAS, AND RUDOLPH 

5 .  Inorganic constituents to increase the viscosit?. of the molten salt bed to a 
point where it may solidify. 

6. Dispersion of finely divided gas bubbles through the viscous salt bed and 
unknown impact of mass transfer of the pollutants of concern to the 
carbonate bed. 
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MOLTEN SALT OXIDATION OF MIXED WASTES 1765 

9. Methods for the final waste form not developed. 

SEPARATIONS AND TREATMENTS FOR SPENT SALT 

The salt products from a molten salt oxidation of Inised \tastes will be treated 

to meet the requirements for one of three dispositions: R recycle of Nn,COI (\\it11 siiiaII 

amounts of. other salts and/or radioactivity) to the molten salt oxidation: disposal as n 

Iionradioacti\,e waste: or long-term storage as a radioactive waste. All the spent sal t  

could he stabilized i i i  sonic \cay and stored as radioactive tvaste \\ ithotit use of ang  
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1766 BELL, HAAS, A N D  RUDOLPH 

separation processes (Figure 1 ) I t  i s  probabl!, economicall?. desirable to ininimize the 

storage costs by separating either Na,CO, for rec!.cle or a nonradioactive \vaste salt to 

give a smaller volume o f  more concentrated radioactive \\aste. 

The spent salt discharged from an MSO treatment of nastes \+ill haye barying 

compositions of  Na,CO,. other sodium salts, radioactib ity. and ash or other solids. The 

solids removed from the cooled off-pas are likely to be lo\\ iii Na,CO; and high in  more 

volatile compounds such as NaCI. CsCI. or phosphorus osides. The salt i-emoved to 

a to id  escessibe depletion o f  Ka,CO, as a chemical reagenl i s  also like11 to be Ioiv iii 

Na,CO,. The Na,CO; rec!cle nould  do l i t t le  to reduce tlie total \taste volume for these 

compositions. LVIieii salt is replaced to control tlie ph!sical properties o f  the melt (‘10 

\ \ t  9’0 solids to pre\ent escessi\e \iscosities or a l imit 011 SaCl  concentration t o  l imi t  

the vapor pressure). then Na,C‘O, recqcle ma). be important to reduce the volumes o f  

\\astes. 

An aqueous dissolution o f  spent salt and separations o f  the components liave 

been proposed (-3). and some eiperiinental rcbults are rcportcd (4) .  The ash o r  insoluble 

metal oxides are filtered fruni the solution EL aporatioii and cr! stalli/ation at t \ vo  

different temperatures can separate NalCO, (containing sime NaCI. Na,SO,. and other 

sodium salts) for recycle arid NaCl for disposal. The radioactive components are 

generally a \cry srnall inass fraction o f the  spent salt. Separation o f  the insolubles and 

sonie ion eschange separations caii give a small  i i iass o f  radioactive \caste and much  

larger amounts o f  decontaminated \ \ m e .  Tlie dissolved spent salt i s  a caustic solution 

o f  high sodium concentration. This i s  chemicall! ver? similar to the superiiates in many 

DOE tank nastes. Therefore. the separation technolog! developed tor reinoval o f  

radionuclides from these tank supernates sliould \\orti \ \ e l l  for the dissolbed spent salts. 

The recent eipcriniental results for an MSO test \\ ith \ \ a t e  oils dcriionstIatetl good 

decontamination of dissol\ed 53115 b! reiiio\al of cesium (4). 

A r e q c l e  concept proposed for stud) at ORNL I S  a molten sal t  extraction of 

NaCl and fission products nit11 rcc!cle o f  tlie Na,CO: and other tineitracted 

components (5) .  Tlie concept i s  a sol\.erit estraction separation \\ i t l i  t\vo immiscible 

salts. Selecti\e extractions o f  actinides and fission products 1iat.e bee11 reported for 

some immiscible chloride salts. I f  laborator! studies caii identify a11 immisc ib le  second 

salt and significant separation factors for t l ie  MSO nas te  salt compoiicnts. then a 
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complete separation scheme might be possible. An auxiliary concept is an electrolysis 

to remove CI, and recycle NazO or NalCO, to the MSO process. 

Concepts for stabilization of spcnt salts for storage have been proposed, 

Formation o f  glasses and leach tests were reported for 10 to 40 bvt YO salts WaCI and 

Na,SO,) (2). Cementation of 10 to 40 wt % salts (Na,CO,-Na,SO,-NaC1) gave cements 

\kith leach rates about 10 times greater than the glasses. These old results could not 

meet the current waste leach specifications, but the technology for both glasses and 

cementation has been greatly improved. 
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