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PROCESS TECHNOLOGY ASSOCIATED \4ITH PYROCHEr-1ICAL REPROCESSING 
by 

Charles E. Baldwin, Rocky Flats Plant, Rockwell International 
and 

Kevin ~1. r1yles, Argonne National Laboratory 

The p:~.Y~chemical coprocessing of spent nuclear fuels presents unique 
problems in design and remote engineering. The generally high operating 
temperatures and corrosive environments require materials of construction { 

and unit operations specially designed for adverse conditions. The chemical 
flow sheet, shown in Fig. 1, illustrates the basic process st~ps found in 
pyrochemi ca 1 processes currently under consideration. The. process .. techno 1 ogy 
of the following three representative processes will be examined in detail: 
me~t refining, zinc distillation, and ~alt transport. 

The first full-scale application of pyrochemical technology in the 
nuclear field Has the EBR-II melt refining of uranium alloys by the high 
temperature oxidation of fission products. 1 •2 Over 35 000 fuel pins of 
spent metal fuel were r~processed, refabricated, and recycled, 3 producing 

more than five reactor-core loadings. 4 The zinc distillation5 and the salt 
t~ansport6 for coproces~ing uranium and plutonium oxide and metal fuels. are 
among the next generation of pyrochemical processes being considered. The 
process operations have been defined and the unit operations are currently 
being evaluated. As an example, the flow diagram for coproces~ing oxide 
fuel by the salt transport process is shown in Fig. 2. The turntable, 
semi-continuous, batch concept7 is being designed to be operated and main­
tained remotely and to process l/2 metric ton of spent fuel daily. 

The unit operations found in pyrochemical processes are unique in that 
they include remote processing, and containment of fluids and solids at up 
to 1400°C. Though all unit operations are difficult under remote conditions, 
the more significant unit operations that challenge the technical feasibility 

of pyrochemical processing are containment, phase separation~ liquid transfer, 
distillation, reagent recycle, and by-product disposal. 
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Recent-effort in the fabrication of tungsten and tungsten alloy~ as 
/,' . 

well as the impregnation and coating of ceramics have shown promise in 
solving the containment problems. It is anticipated that containers up. 
to. 10 ft 3 will be required and studies in tungsten fabrication including 
spinning, sintering, plasma spraying, and joining are currently undenJay. 

Several tungsten cruci b 1 es that \'Jere recently fabricated by the various 
techniques are shown in Fig. 3. 

The separation of immiscible liquids, solids from liquids, solids 

from solids, and vapor from solids or liquids are inherent to_pyrochemical 
processing. Remote, high temperature pro{:essing, hov1ever, mandates mini­
mizing the handling of solids: therefore, the majority of phase separations 
are with liquids with specially designed equip~ent. For ·example, pressure 
transfer of alloys and salts at 800°C are accomplished in heated molybdenu~­
tungsten tubes. Vacuum distillation is employed for the separation and 
recycle of volatile components, such as cadmium and zinc, from liquid 
solutions.B~g;lO 

Reagent recycle to minimize waite disposal is a contin~ing challenge 
and responsibility. J\n investigation is u·ndenvay to recover calcium from 

. . . 

cil~ium oxide, a major by-product from the reduction operation. One concept 
involves the electrolysis of CaO in fused salt where calcium forms at the 

. 11 
tathode and CO/C02 at the anode. The waste from pyrochemical processes. 
are readily converted to solids that are compatible r:ith .the current 
national policy concerning radioactive waste management. 
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Tungsten Crucibles: Joined) Plasma Sprayed, 
Draw Spun) and Sintered (from left to right). 
(approximJtely 5 in·. dia1YJetei· by 10-1/2 in. high) 
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WASTE HEAT4 

FISSION PRODUCTS_.. 

.. 
, Cc-.."'-lf'L'i:C(. 

The f:ran~-~' 1:~~~~~"!1 operation of a fas·c~~~~~e~~R~a~~ requires a L~3@Ej 
eel~_,cyclj including E:~~?~~o,~r-!~~p!oc~~-s~r~J t~~:~~~!:j the required~~~~~~~e~"' 
~~~X~~ to new fue 1 , and 1 r~:-~-~~ of the fue 1 to the reactor. 

In the following slide, a~~~~fi!l'B:f@:J...iJ~ is illustrated. Depleted 
uranium is introduced into the system where it is combined with plutonium 
generated in the system, ·converted to fuel, ~laced in the reactor, producin~ 

,.... 
electricity, waste heat, fission products and plutonium in excess GV that which 
is consumed. The uranium and plutonium are coprocessed, removing certain 
fission products while enriching the fuel, with respect to plutonium, and con­
verting it back to usable fuel' thus completing the cycle. The excess:~pl~.!E§U) 

can be used to pro vi de ~Lie1r.;.for -;rCI:<f1J}unaJ::~r:~1' fil1i"S..,..J)'Tu'E6mummu~rt~be 
~ ' .·. .. - .... ·"' ------· 

e~:-~~~d§~~:I§'j?rivenCcfi.Yer$Ton~T6~we·apon1. tj II Jti~~ee't i'd'§{&ifrf€€6€¥ ~ 
i@'I2POO I • 3 to tl II gil~ W*'MG'III!I I st ,, 2PF i (~;Jiif - tW I 1111. :c p&EP'f' l'fl Ed ,If§ 6 I t*il'i~ 

<_441d :esoa: tt+~e'Ml* ... ~, .. $-ill\IJrt sf ;;eapji\§ ?'d§dbi@ : issilc"##&ttP'!al 

. ..euw~iiWC& L ; +w· In the ~~~:TIJ,iJ! of such a [,?_:!:,srs.!.~ effort must 
be made tdintfiimize~heryoten~i~~Jfor V~Y~~~~~fissile niate-ri-als (diversion) 

and to nfi:rr.imi?.St the ~V/ for p;:-o_~y;:~~~Jnuclear.t.~!.e~~ {proliferation). 

fdaft~~_a~~.:.'f-l certain ~~T~).2ILJ>~~~-:J:s and [urani·un7wi t~},~.!2i,;'Dprovi des the 
~Jip~r&s;-s~[n~ and ijt9~~~-an~g) · 

The pyrochemical (nonaqueous)· co-processing of spent nuclear fuels presents 
unique problems in design and remote engineering. The generally high operating 
temperatures and corrosive environments require materials of construction and 
uni~ operations specially designed for unique conditions. 
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A~·tf'~-# f.I~W::~m:e is m~Eillustrating the ~?5~:;P.!Q~~found 

.~rzy.Yli'Qliemrca~r~rroc~~s-es)~~~oosi:l:~~ 

During a brief discussion of·the basic flow sheet, the process technology of 

several representative pyrochemical processes (Melt Refining, Zinc Distillation, 

and Salt Transport) will be examined. An analysis of the key unit operations 

as.sociated 'rtith the Zinc Distillation a·nd Salt Transport Processes finally 

will be made culminating in a basic conceptual design incorporating these 

unit operations into an overall processing scheme. 
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The following slide compares the basic pyrochemical flow sheet 

with three representative pyrochemical process-es. This is t[t,J 
intended_tq be~nffm~llgn~ since the chemistry has already been 

discussed, but -mer-~:!~wt~es~:!Ij s a fa~!!.322'l;r9mte"r.S:~~1'!~IDW~ . 
.,...._•.,.,~.¥'*£,.1:",-,n••~ ~ . 

Oecladoing is the removal of the fuel assembly hardware and the cladding 

associated with the active section of the fuel assembly. This may be done 

either mechanically or chemically, or both. The majority of the gaseous 

fission products are vented during decladding. 
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·. o OXIMTIVE IICLADDING 

o I'.OLTEII IIET Al I£ CLADD I N6 

o I'!OLTEN. SALT OCa.ADDIKG 

. o I'[CHAHICAL IICLADDING 

Some typical non-aqueous decladding methods include: 

-b-

a. Melt Decladding is a method in which a fuel assembly is heated until .the 

cladding melts and drains away from the fuel. Melt decladding was 

investigated at Argonne National Laboratory in the temperature range 

of 1400-1650°C. using pellets clad in type 304 stainless steel tubes, 
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b .. ~~:T§1r1r;~:ri/:irl~!~: AIROX, a fuel recycle process developed 
by Ro~kwell International, Energy Systems Group, Canoga Park, 

·uses an oxidative decladding method which consists of disassembling 
the fuel assemblies to obtain the individ~al fuel rods'which are 
then ~erforated, oxidized from U02 to U30a, then reduced back to 
uo 2 , causing a change i~ fuel volume~ which splits the cladding 
and releases the fuel as a dry powder. This method is acceptable 
for LWR fuels,-·bu~ has not been effectively demonstrated yet for 
LMFBR fuels. 

,. 
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Oxidation Reaction 

• 

Reduction Reaction 

600°C 

T~is slide shows the chemical rea~tion by which the 
fuel is pulveri2ed by cyclic oxidation. 

, 

-·t;t ---
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c. Molten Metal Decladding inVolves contacting the oxi~e fuel assembly 

with a molten metal or alloy in which the cladding and fuel assembly 

hardware is dissolved. Two such candidates are copper-antimony at 

900-l000°C. and zinc at 800°C. A physical separation is re~uired to 

. separate the fuel from the molten ~lloy-cladding mixture. 

For both the Zinc Distillation and Salt Transpo~t Processes molten zinc 

is used to remove the cladding from the spent fuel. After cropping off 

the bottom hardware the fuel ·is immersed in molten zinc at approximately 

800°C. Only the active section is dissolved, allowing the top hardware 

to be removed. 

. ~. 

.. 

. ..,.., ... 
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o PECI!A.~ICAL OCC!.A!DIIIS 

d. In Molten Salt Decladding of zirconium and zircaloy cladded fuels, the 

cladding is removed from the fuel ·by the reaction of the cladding with 

molten lead chloride or zinc chloride at 600-800°C. This decladding 

method may apply to LWR fuels. 

-J z ·-
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e. In Mechanical Decladding the cladding is mechanically .removed from the 

fuel. In the EBR-II Melt Refining Process the decl~dding was accomplished 

by complete disassembly of the fuel assembly and mechanical removal of 

the cladding from each pin. 
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Reduction converts oxide and carbide fuel into metals which are more amenable 

to subsequent pyrochemical operations for fission product removal and enrichment. 

In the Zinc Distillation and Salt Transport Processes, the oxide fuel is con­
verted to a meta 1 form by" the ca 1 ci urn reducti_on of the oxide fue 1. This· is 
done in the presence of zinc or a copper-magnesium alloy and a salt containing 

calcium chloride. Intense agitation must be-employed to insur~ a continuous 
movement of the liquid alloy and salt past the oxide. 

Mixing brings calcium to the reaction site, removes the reaction products from 

the reaction site, and equilebrates the salt and metal phases. The alkali­

alkaline earth, chalcogen, and halogen fission products are taken up by the 
salt. The actiw~des and remaining fission products remain with the alloy. 

Since the EBR-li fuel is in a metallic state to begin with, no reduction is 
required. 

. ,. ..· .•. 
..' .. ' 

-, C\--~ .... 
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Typi¢.~1 ·Reduction Reaction 
t:.,~:rr.":( '(,'..... ~ 

2Ca + uo2 + 2Ca0 + U 

This s1ide illustrates the basic calcium reduction for both 

Zinc Distillation and Salt Transport. 
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Separation methods for removal of fission products and for enrichment of 
fissile materials may be accomplished in a number of·different ways and 

can be classified into two groups: physical and chemical. 

-·-··~·-

a. Physical separations include such processes as dist.illation and 

evaporation, fractional crystallization, and liquid-liquid_ extraction. 

Remo~al of highly volatile fission products·can be made by distillation. 
Fractional crystallization can be employed for fission product 
separations. Fission product removal and plutonium enrichment can 

also be accomplished by partitioning between immiscible liquid metal 

phases. 

b. Chemical Separations can be achieved by selective chemical oxidation 
and reduction reactions. 

In the Zinc Distillation, Salt Transport, and Melt Refining Processes, 
·decontamination and enrichment are performed in two separate operations . 

. These oper~tions could be performed in any order; however, in the Zinc 
.Distillation P.rocess the order is reversed from the basic flow sheet, with 

enrichment being performed first by controlled vacuum distillation followed 

by separation of certain fission products by· fractional crystallization. 

Salt Transport uses liquid-liquid extraction involving molten salts and 

liquid metals as the immiscible process solvents for partial fission product 

removal and enrichment. 

In both the Zinc Distillation and Salt Transport Processes, the enrichment is 

accomplished by r~moving depleted uranium from plutonium during processing. 

Melt Refining removed certain fission products by oxidation with a zirconia 

crucible used to contain the melt. The fission product oxide~ were retained in 

the crucible as.a skull. Enrichment after Melt Refining was accomplished by 

the addition of enriched uranium to the recycled uranium. 

\ 
i 
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In some pyrochemical processes where solvent metals a.re employed, proper 
selection of the solvents is necessary to insure complete solvent separation 
later on in the-p~o~ess. Solvent removal is generally accomplished by 
relying on the high vapor pressures of solvent components, affecting separa­
tion by distillation techniques. Both the Zinc Distillation and Salt 
Transport processes use distillation for.complete removal of. metal solvents. 

·since no solvents were present in the EBR-II Melt Refining Process, solvent 

removal was unnecessary. 

-··\ s -



-------------

,/ ZINC (ALCIIJ'!' . FRACHOHAL CoiiTROLLED (Q/1PL£TE OxiDATICII CoNYENTIDIIAL 
•.• . IJECLAODING REDUCTION . ,CIIYSTALLIZATIOII VACUU/1 VACUIJ'! OxiDE 

DISTILLATION biSTILLA- . fABRICATIO!I 
· · ,' \._ :: :: •.. ION 

_· r 
SAU IIWISPORI PROCESS ' · 

' ZINC ULCIUH .• ' SALT' ' ·. SAL' 
JlECLADDING RiDtJtTION -TRAIISPORT · TRANSPORT 

Coiii'LETE 0xiDATIO!I CO!Iv£1fTJO"Al. 
-YACIM . · ~. OX JOE • 
DISTILLA- ' FABRJCATIOII 

lOA 
P£U REFINIHG PROCESS 

IIECHANICAL. I!ONE l"lfLI IN 'lR(h 
. ~RUCI_BLE~ 

Ko!tE . 11011! ' IJI.,IECTIOII 
WTIIIG 

. . . . 
.. . .... '·' .•·.. '· .... \ : 

The product from the process must be converted to a form compatible with 

refabrication operations. For metal fuels, such as were handeled by the 

EBR-II Process, a metal product can be cast into the required· shape used 

in refabrication. For oxide fuels, such as those handled by the Zinc 

Distillation and Salt Transport Process, the metal product must be 

converted to an oxide product, which meets the proper isotopic, chemical 

and physical specifications suitable for refabrication. Volatilization 

of fission products, such as Ruthenium 106, during oxidation, must be 

consjdered to maintain proliferation re~istance. 
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Fabrication of new fuel from oxide powders requires additional treatment 

~uch as compattion, granulation, tabletting,· and sintering to produce a 

product acceptable for use in new fuel. The fabrication of metal fuel can 

be accomplished by injection casting as. was performed in the EBR-II Fuel 

Cycle Facility. 
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: o REAGEIIT P.ECYCLEI BYPRtlDUCT DISPOSAl 

To accomplis~ the process operations.of both the Zinc Distillation and Salt 

Transport Processes the following majo·r unit operations required are: mixing, 

containment, phase separation, liquid transfer, distillation, reagent recycle,. 

and by-product disposal. Each will be addressed in more detail. _ 
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For oxide reduction and for equilibration of salt and metal phases, mixing 

is provideq using a 11 pot and .paddle... These process operations are performed 

in a cylindrical vessel. Thi·s equilibration is accomplished by intermixing 

the salt and metal phases. An imp~llor may be rotated in the molten materials. 
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Due to the corrosive nature of the process reagents at operating temperatures 

up to 1000°C. special materials of construction are required for containment. 
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Estimated operating temperatures and proposed materials of construction are 

presented for· both Zinc Distillation and Salt Transport. 

Studies are currently underway at Argonne National Laboratory and Rocky Flats 

to determine the corrosion resistance and fabricability of materials of con-

struction. At this point in time tungsten is the most attractive material of 

construction for containment of molten salts and metals used in these processes. 

Tungsten is a difficult material to fabricate. At Room Temperature tungsten 

is brittle, but may be formed at high temperatures with difficulty. 
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This slide shows four tungsten vessels fabricated by four different methods. 

These methods ar~, from left to right: joining, plasma spraying> spinning, and 

pressing and sintering. 

(1) Joining is a fabrication method whereby a sheet of tungsten is 

roll-formed and joined by welding, diffusion bonding, or brazing. Welding 
causes recrystallization at the weld, resulting in failure at the grain 
boundaries. Diffusion bonding requires some interface metal such as niobium 

or molybdenum-niobium and high pressures and temperatures. Because of the 
high pressures and temperatures, severe alignment problems arise during 
bonding. The interface metal provides a path for corrosion. Brazing is the 

most attractive of the joining techniques. The brazing development focuses 
on the selection of a brazing alloy that will bond -below the tungsten re­
crystallization temperature, yet remain strong at the service temperature . 

Also some corrosion resistance to molten salts and metals is desired. The 

joints may be coated with tungsten either by plasma spraying or chemical 
vapor deposition to prevent direct contact of the molten alloy with the 
braze material. 

Two joining attempts have been made at Rocky Flats culminating in a 5 by 10 1/2 

inch tungsten crucible, 0.040 inches wall thickness 

(2) Plasma spraying is a fabrication method whereby a tungsten powder is 

sprayed at 3500 C onto a mandrel to produce the desired shape. The mandrel is 

then remqved fr om the tungs te n by dissolving in acid and the tungsten piece is 
then sintered to improve density . This plasma sprayed free standing crucible 
5 inch diame ter by 10 l/2 irich hi gh by 0.100 inch thick v:as made by \....t: J Gr- · !J .v •' ,. ~,.- c ;. \_; ..... ~- · 

and wil l be sintered. C.A-11.&\Qt:... 
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{3) Spinning is a fabrication method in which a cup, formed from a flat 

sintered tungsten blank, is extrusion spun at 1150 C to the desired length 

(Slide -3). Thre~ such crucibles hav~ been successfully spun at Rocky Flats . 

·This ·ttts.t technique does· not appear to be an acceptable method since tungsten 

blanks are not commercially available in a size large enough to produce a full 

scale crucible. It i~ not likely that blanks large enough will be available 

in the near future. 

(4) _Pressing and ·sintering is a fabricating method whereby powdered 

tungsten is isostatically formed and sintered between 1800 and 2200 C producing 

an average tungsten density of 92% theoretical. Two sintered crucibles 5 inch 
by 10 l/2 inch high by 0.300 inches were made by GTE Sylvania at 96% theoretical 

density. A large wall thickness is required to support the crucible during 

sintering. Electrochemical grinding will be used to reduce the wall thickness. 

·"' • • • .I 

Molybdenum-30 wt.% tungsten is an acceptable material 
for fabricating-tf~nsfer tubes, agitator shafts, and paddles. 
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Sufficient time must be a.llowed after equilibration of salts and alloys 
for phase disengagement of the i~miscible phases. Phase disengagement 
must be done prior to phase separations to prevent carryover of undesired 
phases during liquid transfer. Liquid transfer will be accomplished by 
pressure transfer through heated transfer lines from one vessel._to another. 
The transfer 1 i nes through which the 1 i quid wi 11 ·-be transferred is wrapped 
with resistance heaters and insulation to maintain the temperature of the 
liquid above its melting point. Transfer lines used for transferring molten 
salts and liquid metals will be fabricated from molybdenum-3D wt.% tungsten. 

-zcr-. 



~lide shows a resistance-heated transfer line which was 

designed, built, and used at A'rgonne National Laboratory. 

The inlets of thi transfer tubes w{ll be positioned so as to remove only the 

desired liquid phases. 
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Slide illustrates the four types of separations to 

be accomplished in the Salt Transport and ·zinc Distillation Processes. 
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Distillation is a key operation in both the Salt Transport and Zinc Distil-

lation Processes. Salt Transport uses distillation for separation of metal 

solvents from the product and recycle of process solvents. To minimize 

new process reagents and reduce waste, zinc and magnesium may be separated 

from the cladding and spent acceptor alloys. In the Zinc Distillation 

Process not only is distillation important to solvent recycle but it is 

vital in obtaining the required enrichment and fission product removal. 
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This slide shows a distillation furnace developed by Argonne National 

Laboratory for removal of zinc and magnesium from uranium, This equipment 

was developed for the Skull Reclamation Process. The Skull Reclamation 

Process was developed but not instqlled at EBR-II. 
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The Zinc Distillation and Salt Transport Processes have several waste 

streams in common. 
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I ' FP-1 

Cu.oo!NG,FP-3, 
FP-~ 

Ri:DUCTION SALT, 
CAO,FP-2 

.. ,· 

FP-1: Xf.KR~ ~ 

COIIi'RESS AJID STORE • Cof1PII£SSfl) 6AS . 
Ill CYLINDERS \j f.!.•.~C.c.l );> Q'\W(.c·{'.'·.,;.".-•.:;~ 

w !d; :t 5':!;,. • .:.- H-.-. 1 •-: <:c.(,.,,._,._ : 
llutovE lHie- BY . >:-:'sTORE Ill SEALED, HIGH. . 

DISTILLATION INTEGRITY S.S. CoNTAINERS 

UECTRCWIN CAO 
R&.ovE SIIALL 

FP-2 BLEED STREAJI 

STORE WITH Cu.oillll& 
Ill SEALED, HIGH INTEGRITY 

S,S, CONTAINERS 

FP-2: I. BR. Cs, ~. SA, SR. Eu, SE, TE 
FP-3: . I.A, CE, PR, I!D, PH. 6D, Ta 
FP-11: ZA, NB, ~. Tc, Ru, RH. Po, At;, Co, !11, SN, Sa 

Slide gives the type of waste stream, the \•taste stream 

treatment, and final form fer interim an~ long term storage. Th~ FP-1 

·fission gases-~ill be collected from sealed furnaces, compressed, and stored 

in gas cylinders. Process solvents such as zinc and magnesium as Nell as 

sa 1 ts, \'tith the exception of fission product b 1 eed streams, wi 11 be recycl ec.l. 

The stainless st~el cladding will be used as a disposal matrix for FP-3 ~nd · 

FP-4 elements. The FP-2 elements in the reduction salts may be cast with 

the cladding into high integrity steel containers which can be sealed for. 

interim aod long term disposal. The adequacy of this method must be verified. 
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In the conceptual process for either Zinc Distill~tion or Salt Transport 

the initial operations hav~ solids present. To avoid transferring of solids, 

a turntable with several operating positions is proposed. Three positions 

are proposed for the Zinc Distillation Process. Four are proposed for the 

Salt Transport Process. The turntable conc·ept provides a m·ethod for 

avoiding removal of the solids from the crucible by moving the crucible and 

solids from position to position through the process. 
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. For example, in the Salt Transport Process, .the primary process-crp:e:r.a:~i:oos 

operations are conducted sequentially in the same tungsten crucible. These 

primary operations are conducted in a circular processing assembly with 

~~stations deditated for each operation. Each station has the neces­

sary apparatus to conduct the desired unit operations (introduction of spent 

fuel, induction heating, stirring~ and transfer of liquid metal and molten 

·salt phases into and out of the crucibles). 

Auxiliary operations are conducted in stationary furnaces surrounding the 

rotatable turntable. Flow of material between crucibles is made by pressure 

transferring through heated transfer tubes. 



This slide illustrates an elevation view of the conceptual facility. Ancillary 

operations such as distillation, casting and product oxidation are conducted 

in sepa~ate process bays extending radially from the main process operations. 

• J 

After each operation is completed the turntable is rotated for the next 
1 

operation. Prior to rotation, the turntable (and crucibles) are lowered so 

that the stirrers and transfer tubes will not obstruct the rotation of the 

crucibles. After rotation the crucibles are raised back to the operating 

level at the new operating positions. A preliminary design volume of 250 

liters was selected for the primary operations. ·In the Salt Transport Process 

a design volume of 30 liters was selected for the FP-3 removal operations. 

The small volume of the FP-3 removal vessels builds in a tamper-proof feature 

to prevent higher than desired removals of FP-3 elements. 
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EBR-II, Experimental Breeder Reaction II, and its associated pyrochemical 

fuel cycle facility, was an early demonstration of closing the fuel cycle. 

EBR-II was one of the first reactors ·to produce electrical power, producing 

20 MW electrical. The fuel reprocessing, refabrication, and testing· were 

performed remotely and operated successfully far four years. 
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The Fuel Cycle Facility (FCF) is located adjacent to anlintegrated with 

the EBR-II at the National Reactor Testing Station in Idaho. Within the 

National Reactor Testing Station was a two-cell complex consisting of a 

700 sq. ft. air cell and a 2200 sq. ft. argon atmosphere cell. This facili 'ty 

was nP.signed by Argonne to demonstrate remote, close coupled, pyrochemical -

reprocessing of the irradiated metallic fuel from EBR-II, a part of the 

Liquid Metal Fast Breeder Re~ctor (LMFBR) program. Construction was com-

pleted in 1963 and irradiated fuel introduced into the facility in 1964. 

From that time to 1968, when the facility was dismantled, 35,000 fuel elements 

with burnups to 2 at .% were processed. 

Melt Refining was the process selected for removal of the more reactive 

fission products from the irradiated EBR-II fuel. At this time, fully 

enriched uranium was also added to the charge to maintain the proper enrich-

ment 1 eve 1. 
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The spent chopped fuel was charged into a lime-stabilized zirconium oxide 

crucible containing the enriched make-up material. The fuel alloy was 

melted and liquated for 3 hrs. at 1400 C under an inert argon atmosphere. 

A ceramic-fiber fume trap was used to trap cesium and iodine (Csl). After 

purification, the fuel alloy was poured into a graphite ingot mold. Melt 

refining removed three classes of fission products from thi fuel which 

represent about two-thirds of the total fission yield. The chemically 

inert fission gases, xenon and krypton, were evolved on melting. Some of 

the FP-2 fission products were volatilized and trapped by the fume trap. 

The remaining FP-2 and the FP-3 elements, reacted with the oxygen in the 

zirconia crucible to form oxides. These oxides remained with the crucible 

when the alloy was poured into a mold. 
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EBR-II Skull-oxidation Fur~ace, Cutaway View 

Skull oxidation was designed to free the uranium trapped in the slag from 

the melt refining crucible. The oxidation operation was designed to form a 

free-flowing oxide powder. The crucible was charged into the oxidation 

furnace, the bell jar was lowered and sealed to the furnace, the temperature 

was raised to 700 C and alternate cycles of pure oxygen feed and furnace 

evacuation were initiated. The cyclic process was controlled automatically 

and was terminated when the skull ceased to consume oxygen. 

After oxidation, the skull oxide was removed from the furnace and 1nechan-

ically dumped into a container and stored. 
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A skull reclamation pr9cess, designed for recovering uranium from the oxide 

skulls, was developed, but was never installed due to changes in the mi§$i on 

of EBR- I I 

The melt refining process produceJan ingot (about 10 kg.) of partially 

decontaminated fuel. 



The initial fabrication step was injection casting _molten fuel into precision 
~c..> 

bored Vicar gla~s molds. The resultant fuel rodAdemolded, sheared to length, 

and subjected to quality-control inspection. The fuel rod was placed in a 
cladding tube containing a predetermined amount of sodium. The assembly was 
vibrated at elevated temperature to settle the fuel to the bottom of the 
cladding assembly, a top closure plug was added, and the assembly was welded 

closed. Leak detection operation was performed on the closure weld, The 

lP.ok-tight fuel element was then subjected to a high-temperature impacting 
operation to affect a .continuous, sodium heat- transfer envelope between the 

· fuel rod and the cladding. The element was then tested to ascertain the bond 

quality and to determine the sodium level. Acceptable el~ents were then 
fabricated into a fuel assembly. The assembly was testedl;d~quacy of weld 

penetration, quality, and for straightness. Completed subassemblies were 

then transferred to the reactor for insertion into the core. 

•I t . -
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o PYROCnEI\ICAL REPRoa:SSIHG SUCCESSFUllY 
DE.'"OOSTRAT~ 

o CURRENT PROCESS COHCEl'TS PO!ITENTIAU.Y 
PRDLii'ERATION AND DIVERSIOO R.ESIST#J.il 

o PR()([SS liASTE IS SOLID 

o FURTHER OCVELCfi'EI!T IS REQUIF£0 

In conclusion fully remote pyrochemical processing and fabrication of s~ent 

LMFBR fuel is viable as has been demonstrated by the successful Melt Refining 

operation conducted at EBR-II .from 1964 to 1968. 

The requirement for coprocessing uranium and plutonium and maintaining 

adequate levels of fission products qualify certain pyrochemical processes 

such as Zinc Distillation and Salt Transport .as potential exportable prolifer­

ation and diversion resistant fuel reprocessing options. Advantages of pyre­

chemical processing are that all operations are non-aqueous and short cooled 

fuel can be· processed. Waste generation is in solid form, r~quiring no 

subsequent conversion from aqueous solutions to solids. 

Further developm~nt effort, however, must be conducted before these pyro­

che~ical procesies can be performed on a production scale. 
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