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DIRECT OXIDE REDUCTION (DOR) SOLVENT SALT RECYCLE
IN PYROCHEMICALPLUTONIUMRECOVERY OPERATIONS

by

K. W. Fife, D. F. Bowersox, C. C. Davis, ahd E. D. McCormick

ABSTRACT

One method used at Los Alamos for producing
plutoniummetal is to reduce the oxide with calcium
metal in molten CaC12 at 850°C. The solvent CaC12
from this reductionstep is currentlydiscardedas
low-levelradioactivewaste because it is saturated
with the reactionby-product,CaO. We have develop-
ed and demonstrateda molten salt techniquefor de-
chlorinatingthe CaO, thereby regeneratingthe CaC12
and incorporatingsolvent recycle into the batch
PU02 reductionprocess. We discuss results from
the process developmentexperimentsand present
our plans for incorporatingthe techniqueinto an
advanced design for semicontinuousplutonium
metal production.

INTRODUCTION

The PlutoniumMetal TechnologyGroup at Los Alamos (MST-13)routinelyuses

batch pyrochemicalunit operationsto produce and purify plutoniummetal from a
1

variety of impure feed sources. These pyrochemicaloperationsconsist of

controllingoxidationand reduction reactions (eitherchemical or electro-

chemical)between plutoniummetal and its compounds in suitablemolten chloride

salts.

One method for producing plutoniummetal from its oxide is to

chemicallyreduce the oxide with calcium metal in molten CaC12 at 850°C.

This process is called direct oxide reduction (DOR) and proceeds

according to the

CaC12
PU02 + CaO ●

850°c

general reaction2

PuO + (CaC12”2Ca0) .



sink

rate

The DOR process is a batch operation in which the CaC12 acts as a heat

during the exothermicreductionof PU02, provides a medium to control the

of reaction,and dissolves the CaO by-product to approximately18 mol%.

The process does not perform any product purification,however, and impure

reagentswill result in impure metal product.

Because of the limited volubilityof CaO in CaC12, the solvent salts are

discarded as low-levelradioactivewaste after each reduction. Developinga
3procedure to regeneratethe spent salts offers numerous advantages; briefly

they include

o reduction in process waste from DOR,

o improvementin overall process yields,

o potential for producing a pure solvent salt,

o increasedpossibilityfor producing a pure plutoniumproduct

from pure reagents,and

o aid in the developmentof a process for semicontinuous

plutoniummetal production.

In a research settingwe have developedand demonstrateda techniqueto

regeneratespent DOR salt on a batch basis. We have also performedmore than a

hundred oxide reductionsusing regeneratedsalt with essentiallythe same DOR

process yield obtainedby our

constitutesa sufficientdata

regenerationand recycle on a

productionDOR process. We feel that this

base to illustratethe feasibilityof salt

batch basis.

In theory, the regenerationof spent DOR salts could be accomplished

through any of three approaches:the electrolyticreductionof CaO and
4

subsequentrecovery of the calcium metal, precipitationof CaO, or the

chemical conversionof CaO to CaC12 using an appropriatechlorinatingagent.

Preliminarywork at Argonne National Laboratoryon the electrolyticreduction

of CaO was promising,but it was felt too much time was required for proper

cell design and development.



Precipitationstudieswere unsuccessfulbecause of poor phase separation

and incompleteCaO solute removal from the CaCl
2
solvent. The final approach,

CaO chlorinationto CaC12, 5
appeared promising from initial experiments.

Experimentsdesigned to chlorinateCaO used several potential chlorinating

agents. Those agents that failed because of either incompletechlorinationor

contaminationwith unwanted impuritieswere ammonium chlorideand carbon

tetrachloride. Both ZnCIO and MgCIO were effective reagentsbut both left

behind their respectiveo;ides that’neededremoval before the

effective in DOR. Our best experiencewas obtainedusing the

anhydrousHC1, chlorine and phosgene (COC12).

CaC12 could be

gaseous reagents

Regenerationexperimentson synthetic,spent DOR salts (CaC12-10wt% CaO

or CaC12-10wt% CaO-1 wt% CaO) indicatedthat CaO alkalinitycan be effec-

tively removed by any of the three reagents (Fig. 1). But since residual

oxygen* in the final salt will react with calcium metal in DOR to form CaO, the

residual oxygen profiles shown in Fig. 2 are better indicatorsof regeneration

efficiency. These profiles illustratethe difficultyin removing residual

oxygen from the system. Regenerationwith chlorine results in the best

performance,followedby HC1 and then phosgene.

co I I I I 1 I
<

> 10.0
~ ● C12at 1.51/min
z ❑coc12at1.21/min
;~ 8“0

A HCI atl.51/min

f;, \\,

—
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GAS CONTACT TIME (MIN)

Fig. 1. Residual calcium oxide in regeneratedsalts.

*
Residual oxygen values were determinedby neutron activationon non-

radioactivesalt samples only.
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Fig. 2
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. Residual oxygen in regeneratedsalts.

As a result of these initial developmentexperimentsusing synthetic,

spent salts, the regenerationprocedurewas transferredinto the plutonium

environmentand experimentswere begun using actual spent process salts.

Because of our long-rangegoal to convert the DOR process from a purely

batch to a semicontinuousoperationby regeneratingand recycling spent salts,

we felt it necessary to accomplishregenerationof a full-scaleDOR salt in

approximately2 h. This regenerationtime would provide the basis for advanced

process development.

The success of this recycle program depends on maintainingor improving

salt quality during regeneration. Plutonium is an activemetal solvent and

tends to strip metal impuritiesfrom salt (Table I). This reaction is one

principal reason why the DOR process has not been able to produce a ‘pure”

metal (>99.95%)from “pure” reagents. If we can regeneratea salt while

maintainingor improvingits quality, then pure-metalproduction from this

process is more realistic.
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TABLE I. ESTIMATES OF

AT

Element Atom Z

ELEMENT SOLUBILITIESIN PLUTONIUM

800°C (Ref.6)

Wtz Element Atom 2 Wtz

Silver

Aluminum

Gold

Beryllium

Bismuth

Carbon

Cadmium

Cobalt

Chromium

Copper

Iron

Gallium

Hafnium

Magnesium

Manganese

Molybdenum

6.5

10.0

7.0

7.0

8.5

2.3

1.0

38.0

3.3

52.0

27.0

23.0

11.0

22.5

30.8

2.8

2.6

1.2

5.8

0.3

7.5

0.1

0.5

13.1

0.7

22.4

8.0

8.0

8.4

2.9

9.3

1.1

Niobium

Nickel

Lead

Platinum

Rhenium

Rhodium

Silicon

Tin

Tantalum

Titanium

Thulium

Vanadium

Tungsten

Yttrium

Zinc

Zirconium

1.5

45.0

14.0

9.0

2.4

19.0

7.5

0.9

0.2

22.5

4.1

1.5

0.01

16.0

30.0

5.4

0.6

16.7

12.4

4.2

1.8

9.2

0.9

0.4

0.1

5.5

2.9

0.3

0.01

6.6

10.5

2.1

REGENERATIONAND RECYCLE PRODUCURE

For both plutonium and nonplutoniumenvironments,the method used in

regenerationexperimentsis to place the spent salt in a 15-cm-o.d.by

38-cm-tallvitrifiedmagnesia crucible nested in a stainless steel containment

can inside a stainless steel furnace tube (Fig. 3).

5



I

SPARGE TUBE

\/

SAMPLE PORT AND
ARGON FLUSH LINE, EMERGENCY VENT

~wxahmenim c= \ \ i . EXIT LINE

I
GE

‘m

Fig. 3. Apparatus
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for spent-saltregeneration.

After an argon atmosphereis placed above the salt, the apparatus is

resistance-heatedto 850°C using a Lindbergmodel 6015S furnace. The metal is

sparged for a fixed time at a fixed flow rate with either anhydrousHC1 or

chlorine through alumina or magnesia tubing. Samples are withdrawn at selected

intervalsusing quartz tubing to determine CaO conversionprofiles. After

chlorination,the system is purged with argon, and the salt is vacuum-

transferred7through tantalum tubing to ambient-temperaturealuminum split

molds for final shaping and cooling (Fig. 4). All off-gas from regenerationis

directed through a caustic scrubber system before venting to the glovebox

atmosphere. The scrubber system consists of a series of three pyrex bubble

columns containing4 M KOH. The lead scrubber is ~10 cm o.d. by 38 cm tall and

contains%2 2 KOH, followedby two scrubberscontainingabout 1 k each.

Our recycle procedure is identicalto the productionDOR operating

procedure. When the regeneratedsalt has cooled under argon it is placed along

with calcium metal and PuO into another 15-cm-o.d.
2

by 38-cm-tallvitrified

magnesia crucible. The crucible is placed into the equipmentshown in Fig. 5

and covered with

tantalum stirrer

argon. A resistancefurnace heats the reagents to 800°C and a

and tantalum-nicklethermocouplewell are lowered into the

6



melt. Once stirring is initiated,the reaction proceeds to completionin about

5 min. After the temperaturehas stabilized,stirring is stopped and the

stirrer and thermocouplewell are removed from the melt. The system is kept at

temperaturefor another 10 min to allow metal coalescencebefore cooling and

recovery of the metal product (Fig. 6).

Fig. 4. Vacuum-transferapparatusand cast of the regeneratedsalts.

“ 4v

Ta-Nl
THERMOCOUPLE

SHEATH

Ta STIRRE

RESISTANC
FURNACE

Fig. 5. DOR process equipment.

“UBE
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Fig. 6. DOR product buttons from regeneratedsalt.

RESULTS

We currentlyregeneratea spent DOR salt in %2 h with chlorine or HC1 at

flow rates between 3 and 5 g/m. At these flow rates both reagents are

effective regenerants. Chlorine,however, produces a better quality salt based

on regenerationand recycle performance,and it has become our reagent of

choice (Fig. 7).

h‘O\.
8

\
‘\HC1—

up ■. \ 4

, 1 1 I

o
4

20 40 80 80 100 1~0 1~0 160 180

GAS CONTACT TIME (MIN)

Fig. 7. Salt regenerationprofileswith HC1 and C12 at 4 Ji/m.



Minimizing or eliminatingthe introductionof
8

regenerationhas always been an area of interest.

quality in the regeneratedsalt to keep the purity

product high. The corrosivenature of chlorine on

metallic impuritiesduring

We need to maintain high

of our final plutoniummetal

wetted ceramic parts results

in elevatedmagnesium concentrations(<2000ppm) in the final salt, and in

aluminum concentrationsapproaching300 ppmwhen alumina hardware is used. In

addition to these elements,we have found occasionalhigh concentrationsof

stainlesssteel

Fe, Cr, Ni, Mn)

We believe

hardware caused

above the salt.

componentspresent after regeneration (a total of 500-1000ppm

and some yttria, presumably from ceramicsused in the system.

stainlesssteel impuritiesresult from corrosionof metal

by circulationof the corrosiveoff-gas in the vapor space

We have minimized this corrosionwith severalminor system

changes. We replaced the top furnace flange with either Hastelloy C276 or

Inconel 625, raised the magnesia vessel as high as possible in the furnace

tube, diluted the chlorine regenerantwith argon, and introducedanother argon

flush line to the furnace to sweep the vapor space and force the off-gas out of

the system quickly (Fig. 3). We could reduce the alumina concentrationby

switching to an all-magnesiasystem, but have yet to find a commercialsupplier

of reliablemagnesia tubing. The magnesia contaminationcontinues,however,

and reduces to magnesium metal during the recycle step. Some volatilizesand

collects in the cooler vapor space of the furnace, and some collectswith the

plutoniummetal product, forming a calcium-magnesium-plutoniumlayer on the

metal surface (Fig. 8).

Fig. 8. Cross section of DOR button (oxidizedto illustratephases).
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The purities of some typical regeneratedsalts are listed in Tables II and

111. Both tables reflect 2-h salt regenerationwith diluted chlorine (C12:Ar

ratio of 3:2), a magnesia reactionvessel, and stainless steel containment

vessels. Table II, however, illustratesregenerationwith a magnesia sparge

tube and a top furnace flange constructedof Hastelloy C276.
*

Table 111 lists

salt purity data using an alumina sparge tube and a top furnace flange
**

constructedof Inconel 625.

We are encouragedby these data since the only impuritieswe are adding to

the salts are those resulting from ceramic corrosionor dissolutionduring

regeneration. We are continuingto investigateparameter changes in hopes of

further lowering these values, but realize that the optimum process may include

ceramic impuritiesin the final salt. We are also continuingto investigate

potentialmetal candidatesfor vessel constructionbut have yet to find a

material superior to vitrifiedmagnesia.

The techniquewe have developed to regeneratespent DOR salts has been

very effective in reducing process waste on a research scale. As a result of

this successfuldevelopmentprogram,we initiateda short-termproduction

demonstrationin our research area aimed at evaluatingthe techniqueon a daily

basis while performingregenerationand recycle. We rotated two salts between

regenerationand recycle for a total of five campaigns;each campaign ended

when the total product metal from oxide reductionapproached 6 kg - the amount

necessary for the downstreamprocesses ingot casting and purificationby

electrorefinfng.

Results of these five campaignsare presented in Table IV.

*
Nominal compositionof Hastelloy C276 (wt%):Ni, 16Cr, 15M0, 5Fe,

3.7W, 1.4C0, IMn

**
Nominal compositionof Inconel 625 (wt%):Ni, 20Cr, 9M0, 5Fe,

4(Nb + Ta)
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TABLEII. SALTPURITYRESULTSFORSOMEREGENERATEDSALTS

USINGMgO-WETTEDHARDWAREANDA HASTELLOYC276FURNACEHEAD

o 3:2ClIArgondilution
3

0 2-hregeneration
o Magnes a spargetube o Stainless steel pull can
o Magnesia crucible and furnace tube
o Hastelloyc276furnacehead o Analysis valuesinppn

Alkalinity
AaCaO

RunNumber Al B Cr Cu Fe Mg Mn Ni Ta Y (Wt%)

30

12

15

4

12

5

5

4

<4

<4

10

<4

<4

4

5

<4

4

4

80

4

4

<4

5

<4

<4

4

10

<4

<4

<4

<4

5

<4

<4

4

<4

4

<4

4

3

3

2

1

1

25

2

25

3

1

1

1

1

1

40

2

2

2

1

50

20

20

12

8

100

100

4

20

10

100

40

8

6

40

12

20

20

85-initial 30 <3 3 20 40 5

85-f~nal

86-initial

86-final

88-initial

88-final

90-initial

90-final

91-initial

91-final

92-initial

92-final

93-Jnitial

93-final

94-initial

94-final

103-initial

103-final

106-initial

106-final

60

20

500

15

600

40

1000

12

40

4000

20

600

25

100

50

300

30

15 500

5

<1

4

<1

<1

1

2

<1

1

<1

1

<1

4

<1

1

<1

<1

<1

2

<100

<100

<100

<100

<100

<100

<100

<100

<100

<100

<100

<100

<100

<100

<100

<100

<100

<100

<100

<100

60

50

60

30

30

50

20

20

30

25

20

80

10

10

15

15

35

10

50

50

7.39

3.85

7.01

<0.01

5.86

<0.01

5.69

0.02

5.80

<0.01

7.61

0.92

5.87

0.03

8.61

0.05

6.03

0.06

6.04

0.02



TAELEIII. SALTPURITYRESULTSFORSOMEREGENERATEDSALTS
USINGMgO/A1203-WETTEDHARDWAREANDANINCONEL625FURNACEHEAD

o 3:2C12/Argondilution o 2-hregeneration
o Numinaapargetube o Stainleassteelpullcan
o Magnesiacrucible andfurnacetube
o Inconel625furnacehead o Analysisvalueainppm

Alkalinity
AsCaO

RunNumber Al Cr Cu Fe Mg Mn Ni Ta Y (Wt%)

85

250

6

250

12

100

12

100

12

75

6

85

6

120

6

250

20

200

40

120

5

4

<4

<4

4

<4

<4

5

<4

4

<4

<4

<4

<4

<4

<4

<4

4

<4

<4

<1

<1

<1

<1

<1

1

I

1

1

1

<1

<1

<1

<1

<1

<1

<1

6

<1

<1

25

20

50

12

25

10

10

40

4

10

7

6

12

6

<4

25

20

100

6

6

350

350

250

350

40

3500

12

2000

12

350

100

2500

60

600

12

500

40

1000

35

350

<1

<1

<1

<1

<1

1

<I

3

<1

<1

<1

<1

<1

<1

<1

<1

<1

12

<1

<1

4

<4

4

<4

<4

<4

<4

<4

<4

<4

<4

<4

<4

<4

<4

<4

<4

<4

<4

<4

65-initial <1oo 100

65-final

66-initial

66-final

67-initial

67-final

68-initial

68-final

69-initial

69-final

70-initial

70-final

71-initial

71-final

72-fnitial

72-final

73-initial

73-final

74-initial

74-final

<1oo

<1oo

<100

<1oo

<100

<1oo

<1oo

<1oo

<1oo

<100

<1oo

<1oo

<100

<100

<100

<1oo

<1oo

<1oo

<100

100

12

40

60

40

40

40

40

40

60

60

60

60

60

60

60

60

25

60

7:25

0.06

7.72

<0.01

7.03

0.08

7.29

0.04

6.66

<0.01

7.28

<0.01

6.88

<0.01

6.30

<0.01

6.45

<0.01

9.56

0.02
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TABLE IV. DOR SALT RECYCLE -

RESULTS OF DEMONSTRATIONACTIVITIES

(BATCHREGENERATIONAND RECYCLE)

Feed

Product to
Casting, kg

DOR process
yield, Z Pu

Plutonium to
waste, Z Pu

*
Plutonium in
process, % Pu

Plutonium to
recycle, Z Pu

Excess calcium,
in DOR, %

Reduction in salt
and crucible
process waste, %

Salt fraction in
waste, 2

Crucible frac-
tion in waste, %

Spent caustic, k

Chlorine/argon
dilution at
3 Jt/minfor %2 h

*

1
Pure
PU02

5.5

96.6

2.5

0.9

1.0

50

51.2

18.6

81.4

17.5

100%C12

2
Foundry
PU02

6.0

98.8

1.2

0

0.8

30

53.8

12.9

87.1

12.5

3:2

3
Foundry
PU02

5.9

99.1

0.5

0.4

0

30

49.5

14.7

85.3

7.5

3:2

4
Foundry
PU02

5.7

95.8

1.9

2.3

0.4

20

45.4

21.9

78.1

7.5

3:2

5
Foundry
PU02

6.0

98.3

1.6

0.1

1.3

25

52.7

11.7

88.3

7.5

3:2

“This value includes nondestructiveanalysis error, chemical analysisvariabil-
ity, and plutonium adhering to hardware (stirrers,thermocouplewells, etc.),
factors that are normally not included in incrementalaccountabilitypractices.
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Throughoutthe demonstrationperiod (more than 50 cycles), the same two

salts were used for regenerationand recycle. Overall DOR process yields were

similar to those experiencedin productionDOR where the salt is discarded

after each use. The first campaignwas a continuationof early development

experimentsusing pure PU02 as feed for DOR (to reduce process variables),50%

excess calcium (similarto productionDOR historic use), 100% chlorine as the

regenerant (historicuse), and with no concertedeffort to conserve reagents

and further reduce waste (high excess calcium,high chlorine use, large volumes

of spent caustic generated). Subsequentcampaigns,however, illustrateour

attempts at improvingthe process in these areas. We have successfullyreduced

the excess calcium in DOR without affectingPU02 reductionyields; we switched

from pure PU02 to foundry PuO~ (this impure, refractoryPU02 is historically

the feed for DOR), and we began diluting the chlorinewith argon and also began

improvingour utilizationof the caustic scrubber solution.

One of the main advantagesof the recycle

overall spent salt waste from DOR. These five

reductionsin waste of around 50% are possible

techniqueis to reduce the

campaigns indicate that

from the batch technique. In

theory, the amount of calcium fed to DOR goes to regenerationas either CaO or

excess calcium metal. This amount needs to be bled from the process as CaC12

to maintain a constant salt balance in the system (assuming100% calcium metal

conversionto CaC12). With 50% excess calcium in DOR, this bleed stream is

close to 20%; with 20% excess calcium the value is approximately16%. This

means that the maximum reduction in process waste from DOR could be around

80-85Z.

Actual operatingexperiencewith this batch technique,however, increases

process waste for the followingreasons:

o When calculatingthe overall reduction in process waste for Table IV,

regenerationis assumed to be a part of the DOR process. We currently

discard a magnesia crucible after regenerationwhich is counted in the

waste stream calculationand reduces its value.

14



o The liquid spent caustic waste is not currently included in the process

waste stream calculations. It would also reduce the value.

o The ceramic vessels used in oxide reductionand regenerationoccasionally

fail during a run. This causes us to discard the entire salt because of

the excessivecontaminationwith stainlesssteel products and our in-

ability to remove all of the MgO crucible fragmentsfrom the salt. This

increasesDOR process waste.

o Other waste sources not included in the waste stream calculationsconsist

mainly of scrubber glassware,furnace elements,and nonplutoniummetal

scrap (furnacetubes, pull cans, stirrers, thermocouplewells, transfer

tubes, etc.). This also increaseswaste.

o Excess calcium metal is not completelyconverted to CaC12. Buoyant

calcium floating on the surface of the CaC12 during regenerationis

effectivelypushed to the cruciblewalls when the gas stream breaks the

molten salt surface, resulting in inefficientgas/liquidcontacting (Fig.

9). This reduces the CaC12 bleed stream and ultimately complicatesthe

system from a waste disposal standpoint. Free calcium metal in waste

streams is unacceptablefor long-term storage because of its hydrogen-

generationpotential if exposed to water.

In summary,we are very encouragedby the results of this short-termpro-

duction demonstrationusing regeneratedsalts in

data on the performanceof the product plutonium

processes of ingot casting and electrorefining.

processes appears to be very similar to historic

DOR product metal.

DOR. To date, we have some

metal in the downstream

Currently,performancein both

performanceof conventional



Fig. 9. CaC12 regeneratedsalt with unreacted Calcium.

DOR salt regenerationand recycle is being developedas a stand-alone

batch process capable of producing a reusable solvent salt for DOR. Our

ability to vacuum-transferand cast molten salts not only allows us to control

the geometry of the DOR feed salt, but will be relied on in our advancedDOR

processing concept. We are optimizingDOR and plan to convert the process from

a batch to a semicontinuousoperation. We initiallyplan to use three furnaces

and transfermolten salt between them. This eliminateslost processingtime

through furnace heating and cooling (Fig. 10).

Fig. 10. Semicontinuoussalt recycle and oxide reductionapparatus.

Oxide reductionwill

be regenerationvessels.

16

be performed in one vessel while the other two will

This is the preferred scheme because DOR is about a



20-min operationwhereas regenerationtakes %2 h. Recentlywe have been

successfulin multiple cycles of oxide reductionusing lead oxide as a

substitutefor PU02 (TableV). We accomplishedsalt transfer,regeneration,

and salt transferback for oxide reductionwithout the intermittentfurnace

cooling necessary in the batch process.

Table V illustratesour learning curve with this new process. The

importantaspect of these data lies in our ability to efficientlyrecover

product lead metal after completingsuccessivesalt cycles. Product metal

recoverywas accomplishedprimarily through cooling and subsequentproduct

breakout. On a few occasions,

product by vacuum transferring

TABLE V. RESULTS

however,we were successfulin recoveringthe

and casting the molten metal.

FROM THE SEMICONTINUOUSREDUCTION OF Pb304

Run

CR3

CR4

CR7

CR1O

CR1l

TO LEAD METAL USING

Reduction:

Regeneration:

SOLVENT SALT REGENERATIONAND RECYCLE

Approximatelyl/2-scaleDOR with Pb304 and

CaC12; 40% excess CaO

Chlorine at 3 l/reinfor N2

Reduction Regeneration Metal Recovery

Cycles Cycles %

2 3 54*

2 2 57*

1

3

3

2

4

3

94*

98*

95**

h

Operating

time, h

6.0

4.5

3.5

5.0

5.0

*
Broken ceramic reductionvessel.

**
Comparablefull-scalereductionof Pb304. Reductionvessel not

broken at end of series.
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These initial experimentshave also been useful in defining certain

deficienciesin our process,which are current topics of investigation. These

plans include

o improvingreliabilityin the vacuum-transferdevice - we must develop the

capabilityto unplug transfer tubes in the gloveboxusing no water;

o investigatingcompatiblemetal reactionvessels for oxide reductionand

regeneration. The breakage of ceramic vessels in the semicontinuous

process interruptscontinuityin salt transfer and/or plutoniummetal

recovery;

o consideringproduct metal handling alternatives. Can it be allowed to

accumulatein the DOR vessel or must it be periodically

FUTURE DIRECTION

removed?

We are transferringbatch regenerationand recycle into

area for long-termprocess demonstrationand evaluation. In

our production

conjunctionwith

productiondemon- stration,we plan to continue investigationsinto the

followingareas:

o

0

0

0

evaluationof operatingparameters;chlorine/argondilution,regeneration

time, and excess calcium in DOR.

upgrade of vacuum-transfertubes for reliable gloveboxuse.

investigationof alternatematerials of constructionfor reactionvessels.

Both regenerationand oxide reductionvessels should be reusable and

compatiblewith their respectiveenvironments.

design and testing of an external scrubber

off-gas. Material for this system must be

alkaline,oxidizing chloride solutions.

for treating regeneration

compatiblewith radioactive

18



o investigationof semicontinuousmetal production techniques. The

successfuldevelopmentof a process will depend on answeringquestions

involvingmaterials compatibility,equipmentdevelopment,and off-gas

handling.

These items must be resolved in order for semicontinuousDOR to be

seriouslydemonstratedin production. Even if our semicontinuousprocess

cannot be developedbecause of these problems, the batch regenerationand

recycle of spent DOR salt will remain an attractivealternativefor reducing

process waste.
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