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ABSTRACT

Electrolytic dissolutlon of unirradiated Detroit-Edison core
elements and of Zircaloy-2 was successfully demonstrated on a
laboratory scale. Tantalum or columbium are adequate as
materials of construction for the inert ancde basket of an
electrolytic dissolver In a field of 10’ rep/hr. The corresion
of 304L and 3093Ch in bolling HNOz; is increased by the presence
of dissolved stainless steel, which promotes Intergranular
attack of these metals.

Corrcslon tests of both welded and wrought 3098Ch indicated
that a scluticon of 0.075M HF and 0.05 to 1M HNO, offers
advantages over either the 0.075M HF or the 0.075M HF - 3%.0M
HNOQ, sclutions previously proposed for the chemical dissclution
of Detroit-Edison core eslements. Unlrradiated Zr - low U alloy
was dissclved in 1M HNO; by inftermiftent addition of HF at such
a rate as to obtaln an average penetration rate of 4.5 mils

per hour. The average composition of the off-gas was 8% H,,
18% N5, 50% NO, 23% N0, and 1% miscellaneous trace gases.

Previous reports in the series are DP-233%, DP-318, DP-319,
DP-338, DP-393, DP-U421, DP-439, and DP-479.
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REPROCESSING OF POWER REACTOR FUELS

Tenth Quarterly Progress Report
Jonuvary 1, 1960 to April 1, 1960

INTRODUCTION

Studies of the dissolution of power reactor fuels that may be processed
at the Savannah River Flant were continued, the primary objective being
to develop a process by which these fuels can be handled in existing
stainless steel equipment. Consequently, corrosion studies of stalnless
steel 1n experimental scluticns have paralleled dissolution studies

of the various alloys that may be processed. Chemical dissolution of
zlrconium - uranium allioys in mixtures of hydrofluoric and nitric acids
and electrolytic dissclutlon of Zircaloy-2 and uranium-molybdenum alloy
clad with zirconium are dilscussed in this report.

SUMMARY

Unirradiated Detrcit-Edison core elements (U - 10% Mo clad with U4 mils
of Zr) dissolved satisfactorily in 10M HNO s when they were connected
directly to the power source of an electrolytic cell with a cathode
made of tantalum. Either a DC or AC power supply worked satisfactorily.
Less than 0.005% of the total uranium was detected in the sludge formed
during dissolutlion of the elements, after the sludge was leached for
three hours in fresh, bolling 10M HNO;. An average of 14% of the tin
and zirconium 1n Zircaloy-2 was dissolved electrolytically; the
remainder of the tin and zirconium precipiltated. Tantalum and columbium
were adequate as materials of construction in an electreclytic dissolver
in a field of 10° rep/hr.

The corrosion rate of wrought 3093Ch and 3041 in holiling solutions that
contained 0 to 30 gm/1 304 stainless steel electrolytically dissolved
in 4M HNO,4 reached a peak of about 40 to 60 mils per year. The peak
corroslion rate cccurred in soluticns that contained about 20 gm/1 of
Gissolved stainless steel. Metallographlc examinatlon showed that
intergranular attack occurred with wrought 304L, 308L welds, wrought
3095Cb, and 3093Cb welds. The smaller graln size of the %08L welds
would account feor the higher rates of corrosion observed for this metal.

Corrosion tests of both welded and wrought 30953Ch stainless steel
indlcated that a solution of 0.075M HF and 0.05 to 1M HNO, offers
advantages over elther the 0.075M HF or the 0.075M HF - 3M HNOg4
sclutions previcusly proposed for the dissolution of Detroit-Edison
core elements. Reduced rates of corroslon of these steels were
obtained by additicn of 0.05 to 1M HNC, to 0Q.075M HF, and gave a more
uniform type of corrosion of the wrought metal.

Unirradiated Zr - low U alloy and reactor-grade zirconium were success-

fully dissolved in bolling mixtures of HF - 1M HNOgz. Intermittent
additions of concentrated HF were made to the solutions sc as to limit
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the concentration of "free" HF in solution to less than 0.1M. Average
penetration rates of 4.5 mils per hour were cbtalned, and the maximum
off-gas rates per squars foot of surface were calculated to be about
0.03 SCFM. During dissolution of the Zr - low U alloy the average
compositlon of the off-gas was 8% Ho, 18% N., 50% NO, 23% N0, and 1%
miscellaneous trace gases.

DISCUSSION

ELECTROLYTIC DISSOLUTION

DETROIT-EDISCN CORE ELEMENTS

Electrolytic dissolution of unirradiated Detrolt-Edison core elementstl)

(U - 10% Mo clad with 4 mils of Zr) was accomplished on a laboratory
gscale. In two tests a fuel pin (0.158 inch OD) was connected directly
to the power source as the anode of an electrolytic cell. The cathode
was a tantalum plate and the electrolyte was 10M HNOz;. A DC power
supply was used for one run, and an AC supply for the cother. Since
tantalum will not pass current anodically at the voltages employed,

the lmposed AC potential produced a half-wave rectified current through
the cell. PFewer current fluctuations were observed during electrolytic
decladding with AC than with DC because the frequent current
interruptions promoted uniform descaling, thus keeping the surface
relatively free of ZrO,. It was necessary to heat the solutions above
50°C before starting the current. Partway through the dissoluticn the
voltage requlired to malntain 10 amperes dropped about fivefold,
presumably when the cladding disappeared, and remained falrly constant
until dissplutlon of the core was nearly complete. The voltage rose
sharply near the conclusion, and the current stopped abruptly when the
core was totally dissolved. The sludge was leached for 3 hours in
fresh, boiling 10M HNC; and then dissolved in HF-INO, for analysis.

The loss of uranium to the residue was <{ 0.005%. Pertinent data are
glven in Table I.

TABLE T

Electrolytic Dissclution of Detrcilt-Edison Core Elements

Material Distribution

Average Dissolver
Current( ) Soluticn Teach Solution Precipitate
Power Utilization a ' Per Cent of Per Cent of Per Cent of
Run Source gm/amp -hr U Mo Zr U Mo ir U Mo Zr
PRDC-1 DC 2.1 ~100 99 13 0.005 0.8 6 <0.005 0.2 81
PRDC-2 AC 3.5 ~100 99 13 0.008 0.8 2 {0.004% 0.2 85

(a) The average of the electrolytlc attack on the cladding and the combined
electrolytic and chemical attack on the core




ZIRCALOY -2

Four tests have demonstrated that electrolytilc dissolution of Zircaloy-2
(Zr - 1.5% Sn) i1s similar to that for zirconium metal. Two runs were
made in 10M HNO,;, and two in 16M HNOgz. An average of 14% of the Zr
dissolved, and the remainder precipltated as Zr0s. Thils distrlbutilon
agrees wlth that for zirconium. Approximately 14% of the tin also
dissolved and 86% precipitated. Over-all current utilization averaged
0.71 gm/amp-hr.

ELECTROLYTIC PROPERTIES OF TANTALUM AND COLUMBIUM IN HIGH FIELDS OF
RADIATION

Tantalum and columblum are the candidateg for materials of construction
for the anode basket 1n an electrolytic dissolver. Both of these
metals are characterized by abnormally hilgh overvoltages (40 v for Cb,
180 v for Ta) that make them inert during electrolytic dissolution of
stalnless steel or zirconlum in a cell for which the impressed voltage
wilil not exceed 10 v. Columblum or tantalum 1s thus a sultable
material for the basket, which serves as both a contalner and
electrical connector for the ancde, unless the radiation fleld
anticipated with a plant dissclver decreases the overvoltage to less
than 10 v. A test was made to determine whether z high level of
radiation, comparable to that which wlll be experlenced in a full-scale
plant dissolver, would lower the anodlc overvoltage to a value that
would render elther of the metals unsultable as a materlal of
construction for the anode basket.

EQUIPMENT AND PROCEDURE

An electrolytlic cell wilth both columblum and tantalum electrodes was
suspended 1n a fleld of 107 rep/hr. The glass cell was contained 1n
a metal can, and the electrodes were so mounted that the cell would
be connected elther with a Ta anode and Cb cathode, or with a Cb anode
and elther a Ta or Cb cathode. The electrolyte was 10M HNO5. A
maximum of 18 v was applied to the cell durlng the test.

RESULTS

Tantalum or columblum as materials of constructlion for the ilnert anode
basket in an electrolytic dissolver are adequate in a fileld of 107
rep/hr. When a potential of 18 v was appliled to the cell, a small
diffusion current that decreased from about 2 ma to about 0.2 ma was
observed durling radiation exposure of 5 x 107 rep, even though no
ancdic dissolution or anodic oxygen was observed. The current then
remained constant at 0.2 ma for exposures up to 10° rep, at which
point the test was terminated. A marked increase In the current
would have resulted had the overvoltages of tantalum or columblum been
decreased to less than 18 v.




DISSOLUTION OF U0, IN HNO,

The chemical dissolutlicon of U0, in nitric acid will not 1limit the
capaclty of an electrolytic dissolver for handling elements of U0, clad
wlith stalnless steel or zirconlum. This was demonstrated by measuring
the rate of dissolutlon of U0, in bodiling nitric acid of different
concentrations.

Sintered UC, pellets, approximately 0.4 inch 1n dlameter, were dissolved
1n boiling nitric aclid. The decreage In dlameter and the loss in

welght were obtalned at each concentratlon of aclid as a function cof
time. At the higher concentrations of acid the pellet disintegrated
durlng dissclution, making an accurate estlmate of the rates of
penetration difficult. The rates of penetration 1n 10 and 16M HNOg4

were calculated by measuring the $ime reguired teo dissolve the pellet
completely and assumlng that no disintegration of the pellet occurred.
A1l results are given 1ln Table IT,

TABLE II

Dissolution of Sintered U0, in HNOa(a)

HNOg, Rate of Penetration,
M mils/hr
4 1
T 3
10 370
16 T4O

(a) Temperature = 106 +4°¢
CORROSION OF 304L AND 3095Cb IN S‘S-HN03

EQUIPMENT AND PROCEDURE

The equipment and general procedure for corroslon tests were described
previously(E}. Test coupons were examined metallographically after
exposure to experimental solutlons.

Coupons of wrcought 3093Ch, 3093Cb metal arc welded wilth 3095Ch,
wrought 304L, and 304L Heliarc welded with 308L were tested for
corrosion 1n boillng dissolver solutions. The solutlons were prepared
by anodle dissolutlon of 304 stalnless steel at a current density of
0.5 amp/cm® in 4 to 8M HNO g5 at room temperature. The effect of
dissolution of about 300 gm/1 U in solutions prepared by anodic
dissolution of 30 gm/l 304 stainless steel in 4 and 8M HNQ, was also

- iInvestipgated.




RESULTS

The corrosion rate of wrought 3005Ch and 304L 1n bolling solutlons
containing O to 30 gm/1 304 stainless steel electrolytically dissolved
in 4M HNO5; reaches a peak of about %0 to 60 mlls per year. The peak
corroslon rate occurs in solutlons with about 20 gm/l of stalnless steel,
as shown In Filgure 1. There 1s no marked effect of nitric acld from 2
to 4M in-the final solutlon containing 30 gm/1 stalnless steel and O

to 1.25M uranium. ‘
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FIG. 1 CORROSION OF 304L AND 309 SCb IN 55-HNO3 AT THE BOILING POINT




Metallographlc examination of the test coupons after exposure to the
electrolytic dissolver solutions showed that intergranular attack
oceurred with wrought 304L, 308L welds, wrought 3093Ck, and

3093Ch welds. The smaller grain size of 308L welds would account
for the higher rates of corrcsion observed for this metal 1n some of
the tests (see Appendix).

CORROSION OF 3095Cb IN HF-HNO3

Corroslion tests of both welded and wrought 3095Ch stalnless steel
Indicated that a solutilon of 0.075M HF and 1M HNOg offers advantages
over elther the 0.075M HF or the 0.075M HF - 3M HNO,; solutlons
previously proposed for the dissclution of Detrolt-Edlson core
elements ‘%2223s4) (Figure 2). Addition of from 0.05 to 1.0M HNO,
reduced the rates of corrosion of the metal arc welds of 309S5Cb and the
wrought metal In 0.075M HF solutions, and gave a more unlfcrm type of
corrosion of the wrought metal. A low concentration of HNO; 1n HF

1s also useful for the complete dlssolutlon of fuel elements that
contaln mostly zlrconium and small percentages of uranlum, tln, and
boron; it 1s also useful in suppressing hydrogen evolution when
zlrconlum 18 dissolved in HF.

FLUORIDE VOLATILITY IN Al{NO3)3-HF-HNO;

EQUIFMENT AND PROCEDURE

Various mixtures of HF, HNOg, and AL(NO4)s were distilled in a "Teflon"-
lined spoolplece, about 2 inches in diameter and 2 feet high. A
condenser, made of polyethylene and contalning shredded "Teflon" in

the riser to prevent entralnment, was attached. About 50 ml was
distilled from 500 ml of solution for each run. Totgl fluoride 1n the
distillate was determined by titrating with Th(NOz), and using

allzarin red lndicator.

RESULTS

Aluminum nitrate added to bolling mixtures of HF-HNO, effectively
reduces the fluorlide veolatllity. As can be seen on Flgure 3, an
increase in the molar ratic of A1/F from O to 2 decreases the fluorlde
volatility markedly, whereas a further lnerease in the molar ratlo has
1ittle effect. It 1ls alsc apparent that increased concentrations of
HNOg increase the volatility. These data should be useful 1n estimating
the maghitude of corroslion caused by condensed vapor from solutions
containing Cluorides. It has already been shown that the corroslon
rates of 304L and 3098Ch stainless steel vary approximately linearly
with the concentratlon of "free" HF{¢),
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DISSOLUTION OF ZIRCONIUM ELEMENTS IN HF-HN03

EQUIPMENT AND PROCEDURE

Dissclutions of zirconium and unirradiated Zr - low U allcy were carrled
out using a "Teflon"-lilned dissolver about 2 Inches Iln dlameter and

1 foot high with a polyethylene condenser attached. Glass equipment

was used for larger-scale dissolutlons.

Reactor-grade zirconlum plate and Zr - low U alloy clad with Zircaloy-2Z
were dissolved in the "Teflon"-lined equlpment in separate exXperlments

by 200 ml of dissolvent that was initially 0.1M HF - 1M HNO,. It was
found empirically that in order tc malntain a practical dissolutlion

rate, 5 moles of HPF must be added per mole of zlrconium. When the amount
of Zr dissclved was sufflcient to reduce the concentration of HF by at
least 0.05M, a corresponding amount of HF (as 48% HF) was added to the
boiling solution below the liguld level. Calculations were based on
dlssolution rate data previously obtained 1n the laboratory. A
conservative low penetration rate of about 4.5 mils per hour was

assumed, and addlticns of HF were made accordingly untll total dissolution,
at which time a total of 5 moles of HF was added per mole of Zr charged
to the dissolver. The final solution contained about 50 gm/1 zirconium
for all runs.
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Similar runs were made with Zr - low U alloy and 1500 ml of dissclvent;
laboratory glassware was used. Samples of the off-gases were taken
throughout the dlssclution cycle and analyzed. The final solution

was analyzed for total nltrate and fluorlde lons. Samples of metal-
arc-welded 3095Ch stalnless steel were tested for corrosion in the
vapor phase and in the liquid phase by maklng two 48-hour exposures
wlth conventlional corrosion testing equipment(a’.

RESULTS

Unirradiated Zr - low U alloy and reactor-grade zlrconium were success-
fully dissclved 1n separate experiments on a laboratory scale in bolling
mixtures of 1M HNOg and HF. Complete dissolution to a final concen-
tration of about 50 gm/1 zirconium was obtailned by adding concentrated
HF intermlttently to the bolling solutlon so as bto limlt the maximum
concentration of "free" HF in the solution to less than 0.1M. An
average penetration rate of 4.5 mlls per hour was obtained for these
runs.

During dissolution of the Zr - low U alloy the average compesition of
the off-gas was 8% Hp, 18% N,, 50% NO, 23% N0, and 1% miscellaneous
trace gases; the maxlmum off-gas rate per square foot of zirconium
surface wasg calculated to be about 0.033 SCFM. Thils rate corresponds to
about 1.5 moles of gas per mole of zirconium dissolved and a maximum
penetration rate of 10 mlls per hour. The off-gas rate is sufficilently
low to enable reduction of the concentratlon of hydrogen to less than
the explosives limlt of 4% by air dilution in plant-scale equlpment.

The final solutlon, which was obtalned by dissolving Zr - low U alloy,
was clear and stable and contained about 0.5M Zr, 0.4M NO,, and 2.5M F.
The corrosion of metal-arc-welded 3093Cb was 25 to 30 mils per year in
the llguid phase and 225 to 250 mils per year in the vapor phase, No
preferential weld attack was observed. It 1is anticipated that the
corrosion 1n the vapor phase will be reduced conslderably 1f the off-gas
i1s diluted with air.
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APPENDIX

Corrosion of 304L and 3095Chb in SS§ - HNOg

Corroaion Rate, mils/yr(a)

Initlal Final 304 20U 2025Ch

HNO 4, HNO S, 385, U, Wrought Welded(b) Wrought Welded(b)
M M gm/l gm/l Average _Range  Average _Range Average _Range  Average _Range
4 - 0 0.8 0.2-1.9 0.7 0.2-2.0 0.3 0.1-0.4 0.3 0.1-G.5
Y - 5 2.8 0.7-4.4 2.7  0.5.3.9 2.2  0.3-3.8 2.1 0-0.3
4 - 10 27 13-48 48 12-77 46 8.6-78 34 9.4-52
4 - 20 =7 14-81 55 16-143 58 16-155 66 16-118
4 2.0 30 28 12-62 46 11-170 15 7. 422 1k 7.1-22
i 0.05 30 293 0.8 0.3-1.1 0.8 0.6-1.2 0.8 0.5-1.1 1.0 0.7-1.4
6 4.0 30 21 10-30 - - 1 11-71 36 %-68
8 2.5 30 293 Ny 17-62 - - b7 14-92 31 18-44

Ta} In solutions at the boiling point

(b) Welded area constitutes about one-third of totzl area of coupon.
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