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ABSTRACT

Flowsheets given for dissolution of Consolidated Edison power reactor
fuel, 96% Thoe-u% U0, sintered pellets clad in type 304L stainless steel,
1nclude removal of the stainless steel cladding with a 200% st01chiometric
excess of boiling 4 or 6 M The ThO,-UO, core is then dissolved in
boiling 13 M HNO,—0.0k M Ne -—o o M Al(N% Essentially complete dis-
solution of the gtainless steel requires aboué 6 hr in the preferred reagent,

only about 80% is dissolved in 6 hr with 4 M Uranium and
thorlum &osses to the decladding solution were, in genera ess than 0.2
and 0.1%, respectively. After decladding, about 93% of the core is dissolved
in 6-7 hr when a 200% stoichiometric excess of dissolvent is used; the re-
sulting solution is 1 M in thorium. The ThO,-UO, heel can be dissolved
immediately in about 3 “hr in fresh dissolver solution, or can remain through
subsequent decladding steps. Aluminum nitrate added to the core dissolver
solution to inhibit corrosion does not affect the pellet dissolution rate
at concentrations below 0.1 M.

The solubilities of the neutron'poisons boron and cadmium in process
solutions were determined. Boric acid solubility was 0.2 to 0.4 M in most
solutions; that of cadmium was 0.2 to 1.2 M.
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1.0 INTRODUCTION

This report is an interim summary of laboratory work performed in the
development of a process for the head-end dissolution of Consolidated
Edison power reactor fuel. The Consolidated Edison fuel element will be
a type 304 stainless steel tube, 99 in. long, filled with sintered 96%

ThO,—U% U0, pellets.l According to early reference designs, the end
pellets in each tube were to be either AlpOs, Zr0Oy, or MgO, which would
serve as thermal insulators. BEarly develophent of a practicable method
for reprocessing this fuel is essential since it represents an important
class of fuels that will be processed at ORNL on an interim basis. In-
formation obtained in this study will be valuable in devising processing
schemes for similer reactor fuels, e.g., the Borax-IV and Rural Coopersative
power reactor fuels.2,3 This report contains the results of preliminary
experiments with unirradiated, simulated Consolidated Edison fuel specimens.
Most of the experiments were conducted to determine uranium and thorium
losses to the decladding solution, the effect of additives (corrosion in-
hibitors and neutron poisons) on the dissolution rate of cladding and
core, and the reproducibility of data when the flowsheets were tested on
a laboratory scale.

Much development work on the process remains to be done. Problems .
of major concern are the passivation of stainless steel in sulfuric acid
and the cross-contamination of solutians in the process. Other areas that
require major effort include determination of uranium and thorium losses
with reactor grade fuel pellets, the effect of radiation on the dissolution
processes, finding more suitable dissolution conditions for plant operation,
and determination of the solubility of mixed neutron poisons in the process
solutions.

Several reagents, including aqua regiau and sulfuric .\E).cid.,s’7 may be
used to dissolve stainless steel. However, dissolution of thorjum oxide

is most practically achieved in fluoride-catalyzed nitric acid.©,10 Titanium

or tantalum is a suitable container for aqua regia, but resistance of these
meterials to solutions containing fluoride ion is questioneble. Recent
experiments, however, show that titanium may be a suitable material of
construction for use with nitric acid solutions with low fluoride concen-
trations. Titanium is rapidly attacked by sulfuric acid. If sulfuric
acld is used for the dissolution of the stainless steel cladding, both
decladding and core dissolution can be performed in one stainless steel
vessel. ..In . this way, the transfer of solid core pellets to another vessel
after decladding can be avoided. Hydrogen is the only gas evolved in the
dissolution of stainless steel in sulfuric acid. Little off-gas is ex~
pected during core dissolution since uranium dioxide is a minor constituent
of the fuel. When thorium oxide is dissolved in mixtures of nitric and
hydrofluoric acids, the fluoride concentration mgst be kept below 0.1 M

to avoid precipitation of thorium tetrafluoride.

The chemical and x~ray analyses for the experiments were provided by
the groups of G. R, Wilson, W. R. Laing, and R. L. Sherman of the ORNL
Analytical Chemistry Division.
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- 2.0 FLOWSHEETS

Two flowsheets for the first cycle of the head-end dissolution pro-
cedure are given in Fig. 1. The difference is in the concentration of
the sulfuric acid used for dissolving the stainless steel cladding, which
mey be 4 or 6 M; 200% stoichiometric excess of bolling acid is used. Six
molar Hy50) is preferred. If passivation of the steel is to be avoided,
the acid must be boilingl before it is admitted to the dissolver. In
6 hr, about 80 and 98% of the stainless steel in the test specimens were
dissolved in 4 and 6 M H,SO), respectively. The volume reduction in the
refluxing system was approﬁmately 15% with either acid. In the initial
stages of the reaction, foaming was severe as a result of the rapid
evolution of hydrogen. The uranium lost during decladding was generally
less than 0.2%. The solids present after decladding, the ThO,-UO, core
pellets and a portion of the stainless steel end caps, are washed with
cold water. Approximately 93% of the core material is then dissolved
in bolling 13 M H.'N03——O.Ol|- M NaF—0.0k M Al(NO3) in about 6 hr. For
core dissolution; a 200% stoichicmetric excess oI dissolvent is used.

The solution resulting from core dissolution, 1 M Th(NO,)),—~8.8 M HNO —
0.06 M U0,(NO;),, can be adjusted by evaporation of exc8ss acid o
conditions sugta%.)le for solvent extraction. After each core dissolution,
a water wash is necessary to prevent fluoride and nitrate contamination
of the next decladding solution.

The heel of ThO -UO2 and stainless steel, which remains after the
decladding and firs% coTe dissolution steps, may be allowed to increase
to a steady-state amount in subsequent cycles, or the ThO,-UO, can be
campletely dissolved by another contact with fresh dissolver solution
before the next decladding step is begun. In the latter case, only the
stainless steel end caps would accumulate in subsequent dissolution
cycles.

Four molar sulfuric acid was initially chosen as the decladding
reagent since, in tests with unirradiated and nonoxidized fuel, it
rapidly dissolved the stainless steel cladding end did not present as
great a corrosion problem as the 6 M acid. In recent tests with irradi-
ated fuel specimens and autoclaved . unirradiated specimens ,ll the initiel
rate of dissolution in 4t M H,S0, was very low owing to the passive;
oxide~coated surface. It appears, then, that 6 M acid will be required,
at least to initiate the reaction, if severe passivation is to be avoided.
Since passivation ocours at times in boiling 6 M HpoS0), some means for
chemical depessivation must be developed to assure uninterrupted operation

of a plant.
3.0 RESULTS
3.1 Decladding
Dissolution of Stainless Steels in Sulfuric Acid. About 1.15 moles
of hydrogen was evolved when 1 mole (55 g) of an L stainless steel was
dissolved in sulfuric acid. This result is precisely that expected if dis-
solution occurs according to the reactions




CORE DISSOLVENT UNCLASSIFIED

ORNL-LR-DWG 38772
CONSOLIDATED EDISON OFF-GAS 13 MHNO;
FUEL SUBASSEMBLY Hy, (0) 198.2 moles 0.04 M Naf
304 Stainless Steel, 9.91 kg (b) 158.6 moles 0.04 M AINO,)
Th, 21.2 kg HZO 85 liters 33 OFF-GAS
U126 ks 80.9 Titers — T
NO + N02, 4,92 moles
l HEEL
> 1.5 kg Th, 0.09 k
e o : STEP S (:) S 0 Tlr; 82 k gL{ [
| DECLADDING WASH | CORE DISSOLUTION (b) Some +11.82kg stainless steel
6 hr | 7 hr
100°C : - 120°C
A
DECLADDING REAGENT
(a) Preheated 6MH2$O4, 99.1 liters \
(b) Preheated 4 M H,50,, 148.7 liters
—2TA DECLADDING WASTE
PRODUCT
OLUTION D}:SS}O;VER U
HySO,, 2.2 M T ’o 'osai
sS, (@) 1 M (55 g/liter) U, 0. BMBS )
(b) 0.725 M (40 g/liter) H|N°3;4 T
U, (a) 0.2% loss A '0064 M
(b) 0.05% loss ;' “' M
Th, {a) 0.04 % loss 3 liters

(b) 0.170 loss
(a) 180 liters
(b) 198.7 liters

TO FEED ADJUSTMENT
AND SOLVENT EXTRACTION
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Fe + HQSOu —ay FeSOu + H2
Ni + HESOH e NiSOu + H2

2Cr + 30,50, —> Cr2(SOu)3 + 3H,

Initial rates of dissolution of various types of stainless steel
were determined as a function of acid concentration. The initial rate
was acceptably high (> 2 mg/cm®.min) at concentrations above 3 M Hy50), ,
and was essentially the same for all steels investigated (Fig. 2).

Three times the stoichicmetric amount of boiling acid was used. Signifi-
cantly, the presence of 250 ppm boron in 304L stainless steel had no
effect on the dissolution rate.

Rates in mg/cmz-min may be converted to mils/hr by the relation
mils/hr = (mg/min-cm®) x 2.9k,

Thus, if an average rate of 5 mg/cm2-min is maintained, as might be
expected with 6 M HpS0,, a 30-mil jacket would be removed in aboyt 2 hr.

Effect of Corrosion Inhibitors on the Rate of Dissolution. Since
Carpenter 20 and Ni—oigel alloys are susceptible to corrosion cracking
in boiling 6 M HQSOA, it was suggested that a small amount of stainless
steel sulfates or copper sulfate be present initially to prevent this type
of corrosion. In experiments on the initial dissolution rate of stainless
steel in 4 and 6 M H,S0, containing varying amounts of these additives, less
than 5 g/liter of disso%ved stainless steel or copper sulfate was suffi-
cient to cause partial passivation. The initial dissolution rate, as
determined by a 5-min. immersion test, was reduced by more than a factor
of 250 (Table 1).

Increasing the contact time to 1 hr resulted in even lower average
rates (Table 1). However, unirradiated, passivated specimens dissolved
in bk M HyS0), containing 5 g of stainless steel per liter if the specimen
was in intimate contact with steel wool. Specimens that had been auto-
claved or exposed to air at 300-500°C for a short time, and were completely
passive to preheated 6 M H,S50),, dissolved in preheated 6 M HyS0), if the
passive specimen was in contact with a clean piece of stainless steel or
steel wool. The use of sulfuric acid that initially contains dissolved
stainless steel as the deciadding reagent therefore appears feasible if the
initial passivation tendency of the metal can be lowered. Chemical methods
for overcoming pessivation will be studied since the use of steel wool or
other mechanical depassivation techniques may be impractical.

Pagsivation of steinless steel can also occur if a small amount of
nitric acid is present in the sulfuric acid.” In boiling 6 M Hy50),, type
304L stainless steel became passivated at a nitric acid concentration of
0.015-0.02 M, while in 3 M SOM, a nitric acid concentration of 0.1 M
merely caused a decrease in the rate of dissolution. When the stainless
steel specimens were wrapped in steel wool, dissoclution was rapid in 3 to
6 M BySO), even at a nitric acid concentration of 0.2 M.
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Table 1. Dissolution Rates of Stainless Steels in Preheated Sulfuric
Acid Containing Dissolved Stainless Steel or Copper Sulfate

Temp at boiling point

Additive Rate, mg/em®-min
Acid Conc., 5 min 1l hr
Type of Steel Conc, M g/liter Contact Contact

Stainless Steel Additive

30LL 4.0 0

505 -
5 0.016 0.0034
15 0.013 0.0011
25 0.012 0.0011
6.0 0 12 -
5 0.017 0.0019
15 0,015 0.0013
25 0,018 0.0018
4,0 0 k.99 -
5 0.01k4 0.0012
15 0.018 0.0006
25 0.018 0.0006
6.0 0 11.3 --
5 0.028 0,0003
15 0.021 0.0006
25 0.01L 0.0015

Copper Additive (as Copper Sulfate)

30LL k.0 1 0.020
. 5 0.027
15 0,024

6.0 1 0.011

5 0.016

15 0.01k4

30L4L eonteining 4.0 1 _ 0.017
250 ppm boron 5 0,016
15 0.010

6.0 1 0.002

5 0.007

15 0
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Solubility of Stainless Steel Sulfates in Sulfuric Acid. The solu-
bilities at 25°C of the stainless steel sulfates were determined in
solutions obtained by dissolution of stainless steel starting with 100,
200, and 300% stoichiometric excesses of 4 and 6 M H,S0,. In each case,
samples of the boiling solution were obtained as a ction of time, and
the approximate stainless steel concentration at which precipitation
occurred on cooling to 25°C was determined. With both 4 and 6 M S0y, 5
the solubility of steinless steel at 25°C in the solutions produced by
dissolution of 304L stainless steel in 100 and 200% excesses of these
acids was approximately 60 g/liter (Table 2)., With 300% excess of either
L or 6 M H,SO),, the stainless steel solubility was only about 35 g/liter.
Dissolution conditions can be adjusted so that about 100 g of stainless
steel dissolves per liter of boiling solution. Even with 300% excess of
either 4 or 6 M EyS0), a 3-fold dilution of the hot dissolver solution
results in & clear, stable solution at room temperature. Under any con-
ditions expected in the process, 3-fold dilution .of the decladding
solution will yield a waste solution free of precipitate. If the de-
cladding procedure is adjusted so that only a small amount of the end
caps is dissolved, i.e., only the tubing is removed, the solution re-
sulting from use of 200% excess of acid will contain less than 50 g of
stainless steel per liter and will, therefore, not require dilution.

Table 2. Solubility of Steinless Steel in Sulfuric Acid at 25°C

_ Approximate SS . «H' .Cone. in

Initial HpS0) Stoichiometric Solubility at Saturated Solution,
- Cone., M Excess, % 250C, g/liter M
k.o 100 70 2.0

200 : 60 2.67

300 35 3.0
6.0 100 60 3.0

200 70 k.o

300 4o k.50

Dissolution of Brazing Alloy. The fuel rods will be brazed in places
to structural supports to assure stability of the fuel assemblies.
Nicrobraze-50, which dissolves mich more slowly than 304L stainless steel
in boiling 6 M HQSOu, will probably be used as the brazing alloy. Specimens
consisting of three small sections of tubing tbat had been brazed together.
were contacted with successive portions of boiling 6 M SOu. After all the
tubing had dissolved, the brazed areas remained, Contacting the brazed areas
with fresh 6 M HpSO), for about 6 hr did not noticeably affect them. In all
probability, the amount of brazing alloy will increase steadily with each
dissolution cycle.

Exposure of ThO,-UO, Pellets to Sulfuric Acid. Exposure of sintered 96%
ThOy~4% UO, pellets to boiling 6 M S0), for periods of up to 30 hr resulted
in uranium Jlosses in excess of 0.5% ( £. 3a). Recent analyses by H. Kubota
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of the ORNL Analytical Chemistry Division indicate that the uranium

in these pellets was probably present as U,0n instead of U02; i.e.,
the O/U atomic ratio was 2.75. Losses frgm pellets of this type are
expected to be higher than from those in which the uranium is present
as UOo. In future experiments, this point will be checked in experi-
ments with hydrogen-fired pellets. The volume-of-acid to weight-of-
pellet ratio did not appear to be an important variable. " For compari-
son, it should be noted that under flowsheet conditions this ratio is
between 4 and 6. Uranium losses tol4M H SO, approached 1% in a short
time when the pellets were ground to a powder before digestion (Fig. 3b).
On the basis of the flowsheet runs (Sec. 3.6), uranium losses appear
to be lower when stainless steel is being dissolved or is present in
the sulfuric acid. For example, the uranium loss in flowsheet runs
with 4 M S0y, was generally less than 0.05% in 6 hr compered to about
0.3% in acfd containing no dissolved stainless steel. This obser-
vatigg is in agreement with more detailed work at Hanford with pure
UO

3.2 Core Dissolution

Effect of Stoichiometric Excess on Dissolution Rate. In a recent
study by Bond” the rate of dissolution of sintered 96% Th02——h% U0s
pellets in HNO,~HF solutions was highest when the nitric acid concen-
tration was 13 M. Dissolution proceeded according to the reactions

-
ThO,, + )+HNO3 —_— 'I'h(NO3))+ + 2H,0

2uo, + 6111\103 _— 2U02(NO3)2 + NO + NO, + 3H,0

Fluoride concentrations up to 0.1 M could be used without fear of ThF
precipitation. The initial rate of dissolution was merkedly decreaseﬁ

if Th(NO,), was present in the initial dissolver solutions, but increased
with increasing acid excess. Dissolution was complete to form solutions
containing less than 0.6 M Th in 4-5 hr when the excess was greater

than 500% (Fig. k4a). However, at high excesses, the final nitric acid
concentration was also high, varying from about 8.5 M with a 200% excess

to 11.5 M with a 1300% excess. Complete dissolution with a 200% excess

of .acid to form & 1.0 M Th solution required 15-20 hr. After about U4 hr,
however, the amount dissolved in a 200% excess was about 90% compared to

9T% at excesses of 500% or greater. In order to conserve reagents, de-
crease volumes, and maintain a high metal concentration in the product
solution, the conditions selected as optimum are those where the acid

excess was about 200%, yielding a final solution which is about 1 M Th(N03)h
and 8.5 M HN03.

In other scouting experiments fused thoria dissolved somewhat more
slowly than the sintered pellets (Fig. 4b), and dissolution of the
sintered pellets was camplete in about 3 hr in a 200% excess when they
were ground to a powder (Fig. 5).

Effect of Aluminum on Dissolution Rate. The corrosiveness of
HNO3-HF solutions can be reduced if aluminum ion is present to complex
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fluoride ion. Several experiments were performed to determine the
) effect of aluminum on the dissolution rate of sintered Th02-U02* pellets
in boiling 13 M HNO -0.04 M NaF solutions. In all experiments a 200%
excess of acid was tised. Aluminum in concentrations of 0.2 M or lower
had no effect on the dissolution rate (Fig. 4b). Under these conditions,
approximately 93% of the core dissolved in 6-7 hr. At higher aluminum
concentrations, the rate was decreased. Recent corrosion tests at
Battelle Memorial Institutel* indicate that the corrosion rates of
Ni-o-nel and Carpenter 20 stainless steel are lower in the presence
of 0.1 M.Al(NO ). According to the datae given above, this amount of
aluminum should hot affect the core dissolution procedure.

Effect of Boron on Dissolution Rate. Several scouting experiments
were performed to see if boron, as H3BO3 or NesB) 0, had any effect on
the rate of core dissolution. Boron may be required in the process
solutions as a neutron poison. Boron at concentrations up to 0.26 M,
the saturation concentration, had no effect on the rate of dissolution
(Fig. 5). About 15% of the boron volatilized during the T7-hr core
dissolution.

Effect of Stainless Steel on Core Dissolution. Since in the process
it is expected that some stainless steel will be present during core
. dissolution, the effect of iron concentration on the dissolution rate
of ThO -UO2 pellets was briefly investigated. Ferric nitrate in con-

centra%ions up to 1 M had no deleterious effect on the dissolution rate.

B On the contrary, the percentage dissolved in 6-7 hr appeared to be higher

when iron was present in solution (Table k4).

Table 4. Effect of Iron Concentration on Dissolution of Sintered ThO,—
UO2 Pellets in Boiling 13 M HNO3-—O.OE M NaF—0.0k M.A1<N03;3

Pellets Dissolved in 7 hr, %

Iron Conc.,

M 200% Acid Excess 770% Acid Excess
0] 92 100
0.05 99.9 100
0.2 99.9 100
1.0 97.4 100

Boildown Experiment. Since only about 93% of the core is expected
to dissolve in one contact with dissolver solution under tentative
flowsheet conditions (Fig. 1), the effect of a boildown on the dissolver
heel was briefly investigated. The normal 93% of the core was dissolved
under reflux in 7 hr under flowsheet conditions. Then, condensation of
the vapors was discontinued, and the system was heated to 160°C and

*
?ll pellets used in this study were more nearly Th02-U308 than Th02-U02
see p. 12).
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maintained there for a short time. Even after this treatment, the total -
thorium dissolved corresponded to only 96% of the original pellets.
Boildown will be required as part of the feed adjustment prior to solvent
extraction,but present plans call for its being done in a separate tank.

3.3 Solubilities of Neutron Poisons in Process Solutions

Because of severe criticality problems associated with the proposed
flowsheet, it may_be necessary to have neutron poisons present in each
process solution.1? The most likely choices are boron, cadmium, and
rare earths. In the case of boron the metal concentration must be about
equal to the uranium concentration for effective poisoning.

The solubilities at 25°C of H_BO,, NaaB 0,, CdSOh,and Ca(No.,)
in several process solutions W'ere3de13..ermine5..7 The solubility o% §3BO3
was 0.2 to 0.k M in most of the solutions investigated while that
of cadmium was somewhat higher (Table 5). Solubilities of the rare
earths have not yet been determined.

3.4 Dissolution of Insulating Materials

: According to the original corcept, each Consolidated Edison fuel

tube was to contain, in addition to the fuel pellets, end pellets of .
some ceramic to serve as thermsl insulators.l Some of the ceramics

considered were Alp0,, ZrO,, and MgO. It is generally conceded that

neither Al,0, nor Zr82 will dissolve rapidly in the process solutions, -
and apparently irradiated MgO dissolves slowly in nitric acid.? In

the proposed process they would be allowed to accumulate through several

dissolution cycles. However, eventually these pellets would have to be

removed from the system, either chemically or mechanically.

In an attempt to determine the feasibility of chemically dissolving
unirradiated specimens of the respective ceramics, rates of dissolution
of specimens that had been sintered at 1400°C for 17 hr were determined.
Sintered MgO dissolved readily in the core dissolvent, while the other
oxides were only slightly attacked in 7 hr by either 6 M H,SO, or the
core dissolvent (Fig. 6). From these results it is obvious that MgO
is preferred from a chemical standpoint, even if radiation causes a
marked reduction in its rate of dissolution. This latter point will be
checked in experiments with irradiated MgO.

3.5 Alternative Dissolvents for Clad and Core

Hanford has suggestedl9 the use of HF-HNO. mixtures instead of
sulfuric acid for decladding stainless-steel-—é;ide fuels. If such
solutions prove practicable, it might be possible to dissolve Consolidated
Edison fuel in toto. Short-term tests in Teflon vessels indicated a .
prohibitively low rate of dissolution of 304L stainless steel in HF-HNO
solutions (Table 6). Furthermore, for complete dissolution of Consolidated
Edison fuel, the fluoride concentration in the core dissolver solution
mst be less than 0.1 M to avoid precipitation of ThFj. Since the
rate of dissolution of stainless steel increases with increasing HF
concentration, at least a 50-fold dilution of the decladding solution
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Table 5. Solubilities at 25°C of Some Neutron Poisons in
Process Solutions

Campound | Solution Solubility of B or Cd, M
1131303 4 M H,S0, 0.38, 0.k1
LM H,S0, + 58 ss/1 0.36
3.15 M H,50, + 42 g SS/1 0.56
6 M H,S0), 0.30, 0.27
6 M H,S0, + 5 g Ss/1 0.27
5.4 M H,50, + 2L g SS/1 0.64
13 M HI\IO3 0.2 (ref. 16)
13 M lsmo3 0.33 (ref. 17)
13 M m\ro3-o.ou M NaF-0.04 M Al(NO3)3 0.25, 0.22
8 M HNO3-1 M Th(NO )h-o 063 M U02(N03)2 0.2-0.35 (ref. 18)
8.65 M H:NO3—O O M Th(NO )u-o.oha M 0.22
Uo (NO )
NaeBhO,? 2.95 M H,80, 0.50
3.70 M H,850, + 24 g Ss/1 0.76
1.80 M H,50) + k2 g Ss/1 0.78
5.0 M H,S0, 0.40
8.65 M HNO_-0.94 M Th(NOs3) 0.26
3 o0.042M U0, (Ro
Cds0), 3.73 MBS0, 0.87
3.00 M H,80; + 42 g sS/1 0.87
5.55 M H,S0) 0.2k
4.88 M H;S0), + 24 g SS/1 0.78
Cd(NO3)2 10M HN03-o.oh M NaF-0.04 M 1\1(1\103)3 1.34
8.65 M HNO,-0.9% M Th(NO,)), - 1.22

0.042 M U02(1\103)2

would be required prior to core dissolution, leading to a very high-volume
process. Finding a suitable material of construction would be a serious
problem.

In scouting experiments dissolution of sintered 96% Th02-h% Uo
pellets was approximately 60% complete in 6 hr in boiling 2 M HCl-—% M HNO,—
0.0k M NaF. The presence of 0.04 M NaF in boiling 8 M stou resulted in 5
sbout 1% dissolution of the pellets in 6 hr.
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Table 6. Dissolution of.Stainless Steels in Boiling Mixtures
of Nitric and Hydrofluoric Acids

Type Area of ' Final
of Sample, Time, _Acid Solution Vol. of Average Rate SS Conc.,
Steel cm? hr HNO;, M HF, M Acid, ml mg/cme.min mils/hr g/l
30LL 31 6 1.0 1.0 150 0.28 0.82 21
32 1.0 1.5 150 0.33 0.97 25
31 1.0 2.0 150 0.42 1.2 31
30 0.5 2.0 150 0.4 1.2 29
Carpen- 19.6 0.5 1.0 1.0 100 0.25 0.4 1.5
ter 20 20 13 0.0k 100 0.2 0.59 0.78

3.6 Flowsheet Demonstration Experiments

Nine flowsheet demonstration experiments were performed with unirradiated
simulated Consolidated Edison fuel pins, using 4 M HnS0), as &he decladding
reagent. Each pin contained about 31 g of ThO 'U308 pellets” and 31 g of
_ptainless steel. Approximately 20% of the sta%nless steel was present as
s0lid end caps. The pellets had been prepared by premixing the oxides with
a binder before cold pressing. The binder was burned out at about 900°C,
and. the final pellets were obtained by sintering in air at 1600°C for about
14 hr. In the first seven experiments, Pyrex glassware was used in the de-
cladding step and Teflon vessels in the core dissdlution step.. The tentative
flowsheet (Fig. 1) was followed in most cases with solid-liquid separations
being made by filtration. Runs 8 and 9 were performed in Carpenter 20
stainless steel apparatus. Runs 4-7 constituted a series of experiments
in which four simulated fuel pins were dissolved in consecutive batch _
operations,with the solid residue from each dissolution being carried into
the following cycle.

Uranium losses to the decladding solution were always less than 0.35%
and were generally less than 0.05% (Table 7). The two cases where the uranium
losses exceeded 0.1% (runs 8 and 9) were those in which the sulfuric acid
excess was greater than 200%. Thorium losses were, in general, less than 0.1%.
In runs 5-7, which were part of the four-cycle experiment, a heel of ThO,-UO,
was present during the decladding step. This had no apparent effect on the
rate of dissolution of the cladding or on uranium or thorium losses. Uranium
losses for the four cycles were 0.031, 0.026, 0.037, and 0.0041%, respectively,
based on the total amount of uranium present in each cycle.

After the decladding step in runs 1-4, 8, and 9, approximately 92% of
the ThO,-UO, core was dissolved in 6 hr, starting with refluxing 13 M HNO,—
0.0k M RaF—0.04 M Al(NO3) (Table 8). The use of a Carpenter 20 dissolvEr
had no detectable effect o core dissolution. The percentage dissolution
computed from the weight loss agrees very well with that obtained from
thorium analyses whereas the uranium meterial balence was high in this
series of experiments. In runs 5-7, the extent of dissolution in each

"The O/U ratio in these pellets was 2.75.
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Table 7. Decladding of Simulated Consolidated Edison Resctor Fuel Pins
With a 200% Stoichiometric Excess of Boiling 4 M H,50,

Volume reduction during decladding = 6-10%

Final SS Loss to Decladding

Run Decladding Final : Conc.,a Solution, % SS Material SS Dis-
No. Time, hr Conc., M  g/liter U Th Balance, $ solved,%
1 5 2.07 - <0.03 0.10 - 82

2 5 1.52 58 <0.001 0.03 99.9 78

3 6 3.17 62 0.0k 0.05 93 85

Lb 6 2.6k 59 0.03 0.008 oL 83

5b 6 3.02 69 0.03 0.003 93 -

6P 6 2.95 73 0.0k 0.05 ok -

70 6 2.9 59 0.00k 0.05 95 -

8¢ 6 - 58 0.35 0.32 66 -

g¢ 6 2.54 65 0.25 0.06 100 73

®Based on the iron analyses of the undiluted decladding solution.

bRuns h47 were cyclic experimenté in which the residue from each cycle was carried
into the next.

®In rﬁns 8 and 9 acid excesses were 250 and 600%, respectively.

Table 8. Dissolution of ThO,-UO, Core Pellets after Decladding of
Simulated Consolidated Edison Fuel with Boiling 4 M H,SO)

Core dissolvent: boiling 13 M HNO3~0.0k M NaF—0.0k yI_.Al(No3)3
Dissolution time: ~6 hr
Acid excess: 200%

Core Dissolved, %

Run Final H' Fe in Core Analysis Material Balance,a‘%
No. Conc., M Solution, M By wt Th 8) Th U
1 8.9 - 92 92 107 99 115
2 - - 95 101 128 106 133
3 9.3 0.0040 91 91 101 100 111
I 7.k 0.0054 90 R 121 102 132
5 7.0 0.0075 75 81 112 104 136
6 9.2 0.0076 -84 82 111 95 124
7 7.3 0.018 86 75 102 87 114
8 7.6 0.0098 90 91 112 103 124
9 8.9 0.006k4 93 92 112 97 118

®Based on an average of 31 g of pellets per pin having the composition 96% ThO

o
3.6 Uo,,.
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cycle became progressively lower (Fig. 7). This may be due to the fact
that the acid excess used in each cycle was based only on the weight of
pellets in a single fuel pin, the amount of Th02-U02 heel being neglected.
Because of this, the actual acid excess decreased during the four cycles
fram 200% to 170%. As shown in Fig. la the rate of dissolution of ThO,-UO,
decreased with decreasing acid excess.

During the four-cycle experiment the iron concentration in the core
solution, which increased steadily from 0.0054 M to 0.018 M, was directly
related to the amount of stainless steel residue present in the system
(Fig. 7). The stainless steel residue, which consisted mainly of solid
end- caps, continuously built up during the four cycles. On the other hand,
the ThO,.-UO, heel reached a maximum after two cycles and diminished to an
intermediate amount.

Another series of flowsheet demonstration experiments was performed,
in which a 200% stoichiometric excess of-boiling 6 M H>50), was used as the
decladding reagent. As the decladding time increased from 3 to 5 hr, the
amount of stainless steel dissolved increased from about 85% to about 9T%
(Table 9). Since approximately 20% of the stainless steel in each specimen
was present as solid end caps, the data indicate that the 20-mil Jacket is
completely removed in 3 hr or less. The uranium loss to the decladding
solution increased from about 0.04% in 3 hr to 0.1-0.2% in about 5 hr,
while the thorium loss was always less than 0.04%. More experiments are
required to confirm this trend. During the deeladding operation, approxi-
mately 16% of the original volume was lost through hydrogen evolution and
evaporation. After the decladding step, the core pellets were washed with
a volume of cold water which was approximetely equal to the volume of the
decladding solution.

Table 9. Decladding of Simulated Consolidated Edison Reactor Fuel Pins
with a 200% Stoichiometric Excess of Boiling 6 M H,S0)

Stainless Steel

Run Decladding Volume Uranium Thorium Dissolved, %

No. Time, hr Reduction, % Loss, % Loss, % By Analysis By Wt
10 4.75 17 0.20 0.0k40 92.3 96.4
11 3 16 0.0kl 0.008 86.8 89.6
12 5 17 0.10 0.012 99.8 96.8

In the core dissolution step dissolution was essentially complete in
sbout 18 hr in a 200% excess of dissolvent (Table 10), compared to the 92-95%
expected in 6 hr. In run 10 a leak in the dissolver resulted in a volume
reduction of 16% (the normel reduction is less than 5%), and, subsequently,
a lower percentage of core dissolution. The sulfate concentration in the final
core solution was about 0.1 M.
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Fig. 7. Buildup of solids and decrease in percentage of core dissolution during successive
cycles of the Consolidated Edison flowsheet with 4 M HySO,.
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Table 10. Dissolution of ThO,-UQ, Core Pellets after Decladding of
Simulated Consolidated Edison Fuel Pins with 6 M H,S0,

Core dissolvent: boiling 13 M HNO3—-O.Oh M NaF—O0.0L M A1(NO,)
Acid excess: 200% 33
SO; in Fe Vol
Run Time, % Dissolved by Final Soln, in Final Reduction,
No. hr Th Analysis U Analysis Wt M Solution, M
10 6 83.8 85.4 - 0.1k4 0.017 16
11 18 99.8 99.9 100 0.06 0.0056 1.3
12 6 9k.0 93.6 oly,0 0.08 0.0038 0

4,0 FUTURE WORK .

The following studies relative to the head-end dissolution of
Consolidated Edison fuel appear. essential before optimum flowsheet conditions
can be chosen and final design of criticality safe pilot plant facilities can
be made:

1. A study of the passivation of stainless steel in sulfuric acid and
chemical methods for breaking the passivation.

2. Effects of cross-contamination of process solutions.
Solubilities of mixed neutron poisons in process solutions.

4, Uranium, thorium and plutonium losses during decladding of reactor
grade specimens (0/U ratio = 2.06 or less).

5. Effect of irradiation on the rates of dissolution and losses.
Other areas include:

1. The effect of sintering temperature on the rate of dissolution of
the Th02-U02 core pellets.

2. Addition of reagents to the sulfuric acid to suppress the dissolution
of U0, and/or decrease the amount of hydrogen evolved.

3. Use of Darexh head-end process as an alternative decladding method.

4, Further studies of the effect of neutron poisons and corrosion
inhibitors on the rates of decladding and core dissolution.

5. Factors that affect the rate of dissolution of UO2 in sulfuric acid.
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