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AQUEOUS DECLADDING AND DISSOLUTION OF PLUTONIUM RECYCLE TEST

REACTOR FUELS. PART 1:

INTRODUCTION

The Plutonium Recycle Test Reactor
(PRTR), (173) | 1ocated at Richland,
Washington, is currently operated by
the Pacific Northwest Laboratory (a
division of Battelle Memorial Insti-
tute).
Zircaloy-clad fuels--Pu-Al alloy, UOZ’

and mixed oxide (PuOZ—UOZ)——have been

Three different types of

used in the reactor since start-up.
Part 1 of this report describes 1labo-
ratory studies of the aqueous declad-
ding and dissolution of the Pu-Al
alloy fuels; studies with mixed oxide
fuel are reported in Part 2" Perti-
nent Hanford Redox plant dissolution
experience with the Pu-Al and mixed
oxide fuels is also reviewed.

SUMMARY AND CONCLUSIONS
Certain factors such as activa-

* %
tion behavior, instantaneous disso-
lution rates, and off-gas composition

were determined during dissolution of

various PRTR Pu-Al alloys in
HNOs-Hg(NOS)Z solutions. Pu-Al alloys
irradiated to 28 to 48% burnup of
their initial Pu239 content, as well as
unirradiated Pu-Al alloys, were stud-
ied (in 0.002 to 0.02M Hg(NOSJ2 solu-
tion) at HNOSIConcentrations as high

as 4M. Irradiated material activated

only in dilute (~1M) HNO, solutions.

A key property of iiradiated PRTR
Pu-Al alloys was that,
tion in dilute HNO
centrated HNO

3
dissolvent to adjust its acidity to 4

after activa-

3 was achieved, con-

could be added to the

*  Similar studies with PRTR U0,

fuels have already been repo?ted.(4)

*r o Activation of Pu-Al alloys is
defined and discussed below.

PLUTONIUM-ALUMINUM ALLOY FUELS

to 6M without passivating the alloy.
(Dissolution to 4 to 6M HNO

3 is desir-
able to reduce thc amount of hydrogen
in the off-gas and to achieve fast
dissolution rates). Advantage of this
property was taken in defining an
activation-dissolution procedure for
This

scheme has now been used in the Redox

use in the Hanford Redox plant.

plant to dissolve successfully 70
PRTR Pu-Al fuel assemblies in three
separate campaigns. .
DESCRIPTION OF PRTR Pu-Al ALLOY FUELS
The PRTR plutonium spike (Pu-

Al alloy) fuel assembly is a 19-rod

cluster, 3.25 in. in diameter and

98 in. (5,6)
vidually clad in Zircaloy-2 (0.035 in.

long. Each rod is indi-

wall thickness); the diamcter of one
clad rod is nominally 0.57 in. The
active core length is 88 in. The
core consists of 1.8 wt% plutonium
and 2.0 wt% nickel alloyed with
either Type 1345 or Type 8001 alu-
Each fuel
element contains approximately 260 g

minum alloy base metal.

of plutonium before irradiation. The
Pu-Al alloy core weighs approximately
32.5 1b, and the Zircaloy cladding and
end fittings are approximately 29 1b.
Type 6061 aluminum alloy canis-
ters are used to contain irradiated
PRTR elements during shipment to the
Hanford Redox plant. These canisters
are designed to permit direct loading
of canister and contained fuel ele-
ments into the Redox plant multipur-
pose dissolver. The four-barrel
canister used for shipping four fuel
elements weigh approximately 90 1b.
The barrel section has a diameter of

9.25 in. and is 98 in. long; the



overall length of the barrel section

and bail is 113 in.

DISSOLUTION CHEMISTRY AND LITERATURE
REVIEW

The passivity of aluminum metal in
HNO3 solutions is well known, as is the
action of small concentrations of
Hg(NO),
oxide film and promoting rapid attack

in overcoming the passivating

of aluminum metal and its alloys by
HNOS. The mechanism by which Hg(II)
ion catalyzes HNO3 dissolution of alu-
minum appears to be an amalgamation
process where Hg(II) is reduced to

(7)

This amalgamation process is termed

Hg(0) on the aluminum surface.

activation in this report; the same
term was used by Fletcher, et al.(g)
Characteristic properties of
activated aluminum metal or alloys in
HNOS-Hg(NOS)2 solutions include:
eDissolution rates are very high
(10 to 120 mg/cm2 min) as opposed
to those of unactivated material
(0.5 to 1.0 mg/cm2 min).
eThe metal surface loses its shiny
metallic luster and becomes dark
and pitted.
eThe rate of gas evolution, be-
cause of the increased dissolu-
tion rate, is sharply increased
over that noted for unactivated
metal.
eWhen removed from the HNO3-
Hg(NO3)2 solution, a white to gray
powder (presumably hydrated alu-

minum oxide) forms on the metal

surface.
Hg(II)-catalyzed HNO3 dissolution
techniques have been used at Idaho Falls

(9)

They have been proposed and tested also

to dissolve irradiated U-Al alloys.

for codissolving aluminum-clad, uranium-

(10-11)

metal, fuel elements.
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Many of these early studies (dis-
cussed in detail in Reference 12) wefe
performed with aluminum alloy Type 1100
(previously designated Type 2S) or U-Al
and Pu-Al alloys fabricated with alloy
Type 1100 as the base metal. This par-
ticular alloy activates readily at HNO

3

concentrations as high as 9M. More

recently, activation and dissolution of
many other aluminum alloys, including
irradiated Pu-Al alloys, have been stud-
ied as part of this work, as well as at
various other USAEC sites. Several
important observations regarding acti-
vation have emerged from these studies
and are cited below. (A comprehensive
theory of activation of aluminum alloys
which accounts for these experimental
facts is lacking.)
eSilicon, nickel, and copper as
elements in aluminum alloys
strongly inhibit activation in
Hg(N03)2 solutions. For ex-
ample, in the present work we
observed that unirradiated Pu-
Al-Ni and Pu-Al-Ni-Si alloys ac-
tivated only at HNO3 concentra-
tions of 4M or below, irrespec-
tive of Hg(NO3)2 concentration.
Similar behavior was noted for
aluminum alloy Type X-8001 con-
taining 1 wt% nickel. (Activa-
tion behavior of alloy Type
X-8001 is of interest because
some aluminum cans for Hanford
reactor uranium metal fuel
elements have been fabricated
from this alloy.) The passi-
vating effects of silicon and
nickel were observed also by
Fletcher, et 31(8) who further
noted a strong passivating

effect due to copper present in

aluminum alloys.



eIrradiation has a profound pas-
sivating effect on the activation
behavior of Pu-Al and U-Al alloys,
but apparently does not effect the
activation of aluminum alloys not
containing a fissile element.
This passivating effect on U-Al
alloys has been noted at Idaho
Falls(ls) and at Savannah River,
while the effect on Pu-Al alloys
was noted in the present work at
various other USAEC sites.(1>716)
Special procedures were developed
in this work (see page 6 ) to ac-
tivate PRTR Pu-Al alloy irradiated
to 28 to 48% burnup of the Pu239
content. Also special procedures
were developed at Savannah River
to activate an Al-7 wt% Pu alloy
irradiated to 60% burnup of the
pu?39
7 wt% Pu alloy was irradiated to
239, all

to achieve activation

content. However, when Al-

over 99% burnup of the Pu

attempts(17)
in HNO3 solutions failed, and a
procedure for dissolution in NaOH-
NaNO3 media was developed.

eSmall concentrations of fluoride
ion in HN03—Hg(NO3)2 solutions
promote activation of aluminum
alloys. This effect was first

noted at the Savannah River Lab-

oratory(ls)

and was incorporated
in their procedure for dissolving
Pu-Al alloys irradiated to 60%
burnup of the Pu239.
ent work, unirradiated PRTR Pu-Al
alloys and Type X-8001 alloy could

be made to activate in 5-6M HNOS—

In the pres-

Hg(N03)2 solutions by adding small
concentrations of NH4F to the test
solution. The beneficial effect

of fluoride ion does not, however,

(14)

(15)
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compensate fully for the deleteri-
ous effect of irradiation on acti-
vation behavior. Thus, in the

work at Savannah River cited above,
the Pu-Al alloy irradiated to over

99% burnup of the Pu239

could not
be activated even when the HNOS—

Hg(N03)2 solutions contained large

concentrations of fluoride. Also

in the present work, fluoride ion
was ineffective in promoting acti-
vation of irradiated Pu-Al alloy

(see page 6 ).

Finally, in Redox plant processing
of PRTR fuels, Type 6061 aluminum alloy
canisters were dissolved in NaOH-NaNO3
solutions, and Zircaloy cladding in
NH4F-NH4NO3 solutions.
these steps is well known.

EXPERIMENTAL

Technology for
(18)

Materials

For use in measuring instantane-
ous dissolution rates, right circular
cylinders, 0.5 in. in diameter and
0.25 to 0.50 in. long, were cut from
various unirradiated PRTR Pu-Al alloy
rods. The nominal composition of the
Alloys 1
and 2 were the standard PRTR Pu-Al

spike fuel,

alloys is shown in Table I.

Type X-8001 aluminum alloy
base metal was used to prepare alloy 1,
and special high purity Type 1345 alu-
minum alloy base metal was used to pre-
pare alloy 2. Alloy 3, prepared only
in experimental amounts, had essentially
the same composition as alloys 1 and 2
except for the presence of a small
amount of titanium. The high silicon
content alloy (alloy 4) was originally
chosen as the standard PRTR fuel. This
decision was altered when dissolver

solutions prepared from this type fuel
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_TABLE 1

COMPOSITION OF PRTR Pu-Al ALLOY FUELS

Alloy Nominal Composition, wt%
Number(a)  pu  Ni_ si Fe Ti Al
1 1.8 2.0 0.30(Max) 0.40 (Max) 0.0 Remainder
2 1.8 2.0 0.03 0.07 0.0 Remainder
3 1.8 2.0 0.17(Max) 0.10 (Max) 0.15 Remainder
4 1.8 1.3 1.0 0.35 0.0 Remainder

(a) For identification purposes only

were found to have unsatisfactory prop-
erties in solvent extraction operations
(see page 11),

Five-inch long pieces were cut
from irradiated PRTR fuel elements 5075
(49.5 MWd) and 5042 (80.1 Mwd).

5042 was irradiated to about projected
239

Element
goal exposure (+48% Pu burnup) while
element 5075 was irradiated to about

60% of the projected goal exposure. The
5 in. segments were cut from the center
section of a rod on the outer ring of
the 19—rod cluster. Except at the ends,
Zircaloy cladding was intact. Similar
5 in. long pieces were also cut from un-
irradiated PRTR Pu-Al alloy (alloy 1,
Table I) rods for total dissolution ex-
periments. Activation behavior of
Type X-8001 aluminum alloy was studied
with cylinders, 0.25 to 0.5 in. long
and cut from an extruded 0.5 in. diam
rod.

Procedures and Equipment

Instantaneous Dissolution Rates

All instantaneous dissolution
rates listed in this report were meas-
ured in boiling solutions. Dissolution
}ates of various aluminum alloys were
determined by the following procedure:
The alloy saﬁple, contained in a 304 L
stainless steel mesh basket, was im-
mersed in 250 ml of boiling 1.0M HNO;-
0.002M Hg(N03)2 solution for 1 min.

The specimen was removed, washed with

water, and while still wet, its diam-
eter and height were measured. The
sample, contained in the stainless steel
basket, was then immersed in 250 ml of
boiling test solution of the desired
After

this second immersion, the sample was

composition for a measured time.

washed with water and, while still wet,
its diameter and height again measured.
Penetration rates (mils/hr) for both
radial and end attack were calculated
from dimension changes. Penetration
rates were then converted to dissolution
rate in units of mg/cmz-min. In some
cases dissolution rates were also deter-
mined by weighing alloy specimens before
and after the second immersion. The
first immersion in boiling 1.0M HNOS-
0.002M Hg(N03)2 solution in the proce-
dure just described was made to activate
the alloy surface.

Total Dissolution Experiments

A dissolver vessel constructed of
Ni-O-Nel was used to declad and, subse-
quently, to activate and dissolve 5 in.
long rods of PRTR Pu-Al alloy. The
alloy piece was contained in a mesh
Ni-0-Nel basket which could be removed
quickly for inspection of the alloy sur-
face., Dimensions of the basket and dis-

solver were such that the alloy piece
was maintained in a vertical position



when immersed in solution. The vessel
was heated electrically and was fitted
with an updraft condenser, a thermo-
couple, and a sample port.

Details of the decladding and
dissolution procedures are given on
page 7 of this report.

0ff-Gas Composition

Composition of the gas evolved when

PRTR alloys were dissolved in HNOS-

Hg(NOS)2 solutions was measured as a
Metal
cylinders, like those used in measuring

function of solution acidity.

instantaneous rates, were activated by

exposure to boiling 1.0M HNO
Hg(NO,),
mens were immediately plunged into a
boiling HNOS—O.OOZM Hg(NOS)2

of the desired composition.

S-O.OOZM
for 1 min. Activated speci-
solution

A large
volume was used to maintain essentially
constant acidity. Gas that evolved
during the first 2 min of reaction was
allowed to sweep air from the reaction
vessel and from the line leading to a
About 90 ml of off-gas

was collected by displacement of mer-

gas burette.

cury in the burette during a measured
time and then cooled until no further
volume change occurred. Temperature
and barometric pressure were noted,
and composition of the gas was deter-
mined mass spectrometrically.
Disengaging Time Studies

(12)

tions were prepared from Pu-Al dissolver

Redox process acid feed solu-

solutions. These feed solutions were
contacted with methyl isobutyl ketone
(hexone), and phase disengaging times
were measured with an apparatus of the
type described by Mendel and Moore.(lg)
The measurement procedure was that des-

cribed by Mendel and Moore. In some
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cases a deemulsification agent, Mistron
25* (magnesium silicate), was added to
the aqueous phase before contact with

hexone. A stock suspension of 2 g of

Mistron 25 in 200 ml water was prepared;
definite volumes of this suspension were
added as desired. In all cases neutral

hexone was used.

Analyses
Plutonium in dissolver solutions ob-

tained from unirradiated fuels was de-
termined by direct alpha counting of

aliquots. Sequential tri-isoctylamine

(20) were used to determine

extractions
plutonium in decladding solutions and
also in dissolver solutions obtained

from irradiated fuels.

RESULTS AND DISCUSSION
Dissolution of Pu-Al Alloys in HN03—
Hg(NO3)2 Solutions
Conditions for Activation

Type X-8001 aluminum alloy and un-
irradiated PRTR Pu-Al alloys activated
readily and reproducibly (a) in boiling
0.02M Hg(NOS)2 solutions, (b) in boil-
ing HNO;-0.002 to 0.01M Hg(NO ), solu-
tions (provided the HNO3 concentration
was 4M or lower), and (c) in boiling 5
and 6M HNO;-0.005M Hg(NOS)2 solutions
also containing 0.03 to 0.1M NH4F. In
the latter case, addition of Hg(NOS)2
to the boiling solution, rather than
having it present while the solution
was heated to boiling, appeared to aid
activation.

PRTR Pu-Al alloys irradiated to
either 28 or 48% burnup of their Pu239
content did not activate in the follow-
ing solutions:
® Boiling 6.0M HNO 4
or 0.01M Hg(NOS)2
¢ Boiling 3.25M HNO.-0.005M Hg(NOS)Z

-0.03M NH,F-0.005

4

* Sierra Tale and Clay Company



® Boiling 3.25M HNOs—0.0SM Hg(NO3)2_
0.032M NH,F
® Boiling 0.02M Hg(NO4) ,.
Substitution of a stainless steel type
304-L basket for a Ni-0-Nel basket (see
page 4 ) had no effect on activation,
Addition of Hg(N03)2
solution in (a) also had no effect.
Irradiated PRTR Pu-Al alloy did ac-
tivate in boiling 1.0M HNOS-O.OISM
Hg(NOs)Z-O.O to 0.01M NH,

Significantly, once activation occurred,

to the boiling

F solutions.

the HNO3 concentration could be increased
to 4 to 6M without passivating the active
surface.

In further studies, unactivated, ir-
radiated Pu-Al alloy and activated, unir-
radiated Pu-Al alloy rods were brought
into contact while immersed in boiling
6.0M HNOs-0.0BM NH,F-0.005M Hg(N03)2 so-
(Fletcher, et al used this tech-

nique to overcome the passivating effect

lution,

of silicon in certain Al1-Si alloys and

termed it '"contact activation'"). Acti-
vation of the irradiated rod occurred
only where the two metal surfaces came in
contact and did not propagate over the
entire alloy rod surface. Furthermore,
activation persisted only while the
metal-to-metal contact was maintained.
Failure of the activation reaction to
propagate and to persist, once initiated,

was characteristic of irradiated alloy

but was not noted with unirradiated alloy.

Instantaneous Dissolution Rates

Instantaneous dissolution rates of
activated PRTR Pu-Al alloys in boiling
0.5 to 4.0M HNOS—O.OOZM Hg(N03)2 solu-
Although

some scatter is obvious, rates deter-

tions are shown in Table ITI.

mined by weight changes are generally in
agreement with those determined by meas-
uring changes in dimensions of test cyl-

inders. The experimental error in these

BNWL-204

measurements was sufficiently high to
mask any effects of small differences
alloy composition on dissolution rate.
Thus, the average dissolution rates
listed in Table II were calculated on
the assumption that all four alloys
tested dissolved at the same rate in a
particular HNOs-Hg(Nos)2 solution.
Over the range of HNO3 concentra-
tions studied, the dissolution rate
appeared to vary in a linear manner
with HNO3 concentration (Figure 1).

Off-Gas Composition

Mercury-catalyzed HNO3 dissolution

of aluminum can proceed according to

one of several reactions depending on

. 12

HNO3 concentratlon:( )
21+ 6HNO 2AT(NOL) 4 + 33, (n
10A1 + 36 1INOg 10AT(NOR) 4 + 3N, + 181150 (2)
BAL + S0HNO,  » 8AT(NDZ) 5 + 3X,0 + 151,0 (3)
AL+ HINOg - AL(NOg); + N0+ 2H, (4
AL+ 61INO, - AT(ROZ) 5 + 3N0, + 31,0 (5)

Only Reactions 1-4 occurred when
PRTR Pu-Al alloys were dissolved in

boiling 1 to 6M HNO,-0.002M Hg(NO;) ,
solutions (Table T11).

hydrogen in the off-gas from both

The amount of

alloys increased steadily as the HNO3
concentration decreased from 6 to 1M,
Correspondingly, the amount of NO
evolved from both alloys decreased
steadily for this same change in

and

2
NZO in the off-gas varied little with

acidity. The percentages of N
HNO3 concentration, however.
Evolution of hydrogen during fuel
decladding or dissolution represents
a fire and explosion hazard. Dilution
of evolved hydrogen to below the lower
explosion limit in air (about 4%)(21)
is mandatory in Redox plant operation.

It is significant, therefore, that,

in
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TABLE II

INSTANTANEQUS DISSOLUTION RATES OF PRTR Pu-Al ALLOYS IN

HNOs-Hg(Nos)2 SOLUTIONS

All solutions were 0.002M Hg(N03)2

Dissolution Rate, mg/cm2 min
Alloy () HNO Immersion From Changes From Weight Averag?b)
Number'? M Time, min in Dimensions Changes Rate
1 0.5 2 18.4 25.8
2 0.5 5 21.4 19.8
3 0.5 6 21.8 - 20.2
4 0.5 6 14.0 -
1 1.0 2 25.2 27.7
2 1.0 5 27.3 22.0
3 1.0 6 16.5 - 23.1
4 1.0 6 19.6 -
1 2.0 2 32.6 49.8 |
2 2.0 4 43.8 41.8
3 2.0 4 27.2 - r 39.4
4 2.0 4 41.1 -
1 3.0 2 60.8 63.8 l
2 3.0 4 55.7 50.5
3 3.0 4 55.3 - 58.3
4 3.0 4 63.7 - J
1 4.0 2 54.1 75.5
2 4.0 4 57.2 56.3
3 4.0 2 75.4 - b 68.0
4 4.0 2 89.7 -
(a) Numbers correspond to those used in Table I
(b) For all four alloy compositions

over the range 1 to 3M HN03, less hy-
drogen is evolved from the Pu-Al-Ni

alloy than from the Pu-Al-Ni-Si alloy.

Decladding and Dissolution of
Irradiated Alloy

The 5 in. long rods were declad
by treatment for 5 to 6 hr with boil-
ing 4.0M NH4F-0.50M NH
Terminal decladding wastes were 0.19M
(NH4)ZZrF6.

4NO3 solution,

With unirradiated alloy

the loss of plutonium to the declad-
ding waste was 2.1%.  For alloy irra-
diated to 49.5 and 80.1 MWd/assembly,
plutonium losses to the decladding
solution were 1.0 and 0.43%, respec-
tively. These losses were somewhat
higher than noted in subsequent
(Redox
plant decladdings appear later in
Table V) '

Redox plant decladdings.
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Rates shown are average values
tabulated in Table IT.

HNO, M

PIGURE 1. Instantaneous Dissolution
Rates of PRTR Pu-Al Alloys in HNO 4~
Hg(N03)2 Soluttons.
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TABLE ITI

COMPOSITION OF OFF-GAS FROM DISSOLUTION OF Pu-Al ALLOYS
IN HNO;-Hg(NOz), SOLUTIONS

HNO Alloy , Collection Gas(X?l, Off-Gas Composition,(Vol %)
M Area, cm Time, min ml H, NO NZO N,
A, Pu-Al1-Ni-Si Alloy (Alloy 4, Table 1)

1.0 4.93 1.13 85.3 45.9 24.0 14.2 15.5
1.5 4.43 1.27 84.4 41.4 27.8 13.4 16.9
2.0 4.70 0.60 86.2 28.9 43.3 15.3 12.1
2.5 5.03 0.60 82.6 25.1 49.7 14.2 10.7
3.2 4.99 0.57 81.7 11.9 56.1 17.7 14.1
4.0 4.93 0.63 82.6 2.72 14.4

5.0 4.91 0.90 85.3 2.47 60.4 17.2 19.0
6.0 5.04 0.83 84.4 1.61 61.0 17.0 19.5
B. Pu-Al-Ni Alloy (Alloy 1, Table I)

1.0 5.67 1.40 83.9 15.9 37.5 19.2 27.0
2.0 5.09 0.80 87.5 12.6 47.0 16.4 23.2
3.0 3.92 1.18 79.6 3.0 60.4 20.7 17.5
4.0 3.46 0.97 85.2 1.79 ©6.8 17.2 13.6
5.0 4.15 0.73 86.1 2.56 0©3.2 17.2 16.6
6.0 4.84 0.70 85.2 3.67 52.4 12.4
(a) All solutions were also 0.00M Hg(h0,) .,

(b) At STP '

After removal of the decladding of acid was calculated to make the
waste, the dissolver was thoroughly dissolvent approximately 6M HNOS.
flushed with water and HNO . The Nissolution at boiling temperature was
declad rods were then recharged and allowed to proceed about 3 hr. Nitric
activated and dissolved as follows: acid concentration of the dissolver

Activation: 242 ml of 1.0M solution as a function of time is
HN03~0.015M Hg(N03]2 or 1.0M HNO3— plotted 1n Figure 2.
0.015M Hg(NOs)ZAO.OlM NH4F solution When removed from solution after
were charged to immerse the rod to 5 hr, all the rods had passivated as
a depth of about 3 in. This solution evidenced by their smooth shiny ap-
was heated; in all cases activation poarance. Data plotted in Figure 2
occurred when the temperature reached show that, in all cases, dissolution
about 85 °C as indicated by the sud- wias rapid for the first hour, but
den ‘increased evolution of heat and thercafter, the rods dissolved as if
gas and, in some cases, by visual ob- passivated. As indicated in Figure 2,
scrvation of the alloy surface. irradiated alloy passivated at higher

Dissolution: Within 1 to 2 min HNOE concentrations (and lower Al(N03)3
after activation occurrcd, 195 ml of concentrations) than unirradiated fuel.

12.2M HNO3 were added. This quantity
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Legend:

6 L. Rod from Element 5042 (80 Mwd/assembly) - First Cut

Il. Rod from Element 3075 (50 Mid/assembly)

I11. Unirradiated Rod

IV, Rod frow Llement 35042 -

s

S

HNO

(93

Sccond Cut

to

40 60

80 100 120 140 160 180

Dissolution Time, min

FIGURE 2. HNO_,-Hg(NO )2 Dissolution
of Irradiated Pu-Al Afloy Rods.

Approximately one-half the rod from
element 5042 (80 MWd/assembly) remained
undissolved after the procedure des-
cribed above. To dissolve this mate-
rial, it was activated in 915 ml of
1.0M HN03—0.015M Hg(NOS)Z'
vated, 335 ml of 12.2M HNO, were added

3
to produce a 4M HNO3 solution. The

When acti-

rod dissolved completely without passi-

vating in 60 min to produce a 0.89M
HNOS—O.BSM Al(N03)3 solution.
Disengaging Behavior of Pu-Al Alloy

Dissolver Solutions

PRTR Pu-Al alloy cylinders were
completely dissolved (60 to 90 min) in
boiling 3.21M HNOS-O.OOZM Hg(N03)2 so-

lutions. Dissolver solutions of the

composition 0.72M Al(NOS)S-O.SM HNOS—
0.002M Hg(NOSJZ were produced. To
these solutions were added UOZ(NOS)Z’
Na,Cr,0,, and HNO; (or NaOH) to obtain
Redox process acid feeds of the com-
position 1.25M UOZ(N03)2—1.OM Al(NOS)S—
0.1M Na,Cr,0,-0.003M Hg(N03)2-0.1 to
0.5M HNOS. Solutions of this latter
composition were also prepared from
reagent grade chemicals. TIn Table TV
are listed disengaging times noted
when these solutions were contacted
with hexone.

Two significant observations were:

® Disengaging behavior of feed solu-

tions prepared from the Pu-Al-Ni
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TABLE IV

PRTR Pu-Al ALLOY DISSOLVER SOLUTIONS - DISENGAGING BEHAVIOR

Procedure: Redox process feeds prepared from Pu-Al alloy dissolver solutions
contacted with hexone in standard dispersion-disengaging apparatus.

Feed Prepared

from Feed Composition(b)
Pu-Al A 1?y HNO3 Mistron 25 Disengaging Time
Number '@ M ppm Sec

1 0.1 0 200

1 0.5 0 249

2 0.5 0 217

4 0.1 0 >600%8

4 0.5 0 >600

4 0.1 64 135

4 0.5 64 100
Reagents 0.5 0 233

(a) Numbers correspond to those used in Table I.

(b) Feed solutions were also 1.25M U02(N03)2—1.0g AL(NOg) 5-.003M
Hg(NO.), and 0.1M Na,Cr,0,.

(c) Stablée emulsions formed and persisted for more than 10 min.

alloys (alloy 1 and 2) was iden-

tical to that of feed solutions

prepared from reagent grade
chemicals.

® Stable emulsions, resembliﬂg
chicken wire in appearance, formed
in the organic phase when feed so-
lutions prepared from the silicon
alloy (alloy 4) were contacted
with hexone. Addition of small
amounts of the deemulsification
agent, Mistron 25, to these feeds
prevented emulsion formation.

The propensity of silicon-
containing feed solutions to form
emulsions when contacted with organic
extractants has been noted in other
solvent extraction studies.(zz_zs)
Our results demonstrated satisfactory
Redox process feeds probably could be
prepared routinely from Pu-Al-Ni-Si
alloy dissolver solution by addition

of a deemulsification agent. (In

the Hanford Recuplex process,(lz’24)

Mistron 25 is added routinely to feed
prepared from plutonium reduction
slag and crucible material, and phase
disengaging properties are greatly
improved thereby.) In the PRTR pro-
gram, however, an alternative was to
eliminate the silicon from the alloy;
this was the action taken.

CHEMICAL FLOWSHEETS

Typical chemical flowsheets used(zs)

in the Hanford Redox plant to dissolve
aluminum canisters, to remove Zircaloy
cladding, -and to activate and dissolve
Pu-Al core material are shown in
Figures 3, 4, and 5, respectively.

Core dissolution conditions
(Figure 5) were essentially those used
successfully in laboratory studies. In
plant usage they permitted maximal
charge size, while assuring positive
activation, rapid dissolution, and mini-

mal evolution of hydrogen. To achieve



Dissolver Charge

Two 4-Barrecl Aluminum Canisters
Containing Light PRTR
Pu-Al Alloy Assemblics
Aluminum Canisters - 180 1b
Zircaloy-2 Cladding - 232 1b

Plutonium - 2000 g
Aluminum - 260 1b

Core:

NuNOS Addition
NaNO3 1.81M
1405 gal

Volume

NaOll Addition
NaOH 19.1M

135 gal

Volume

“ZO Flush

Volume

Add Additional Water During
Canister Dissolution
to Maintain
1600 gal Volume

6 gal

.y

EEE—

Off-Gases
NH3 21 1b
Sparge and Lecakage
Alr 250 c¢/m

Dissolver To

Temperaturc: Boiling

Stack via Silver Rcactor

_Dissolution Waste

NaAlo, 0.50M
NaOH 1.20
NaNO3 0.99
NaNO2 0.38
Volume 1600 gal

FIGURE 3.

Flowsheet for Dissolu-

tion of PRTR Aluminum Canisters.

To Underground Storage

1

P07 -TMNG



Dissolver Charge

Two 4-Barrel Aluminum Canisters
Containing Eight PRTR
Pu-Al Alloy Assemblies

Aluminum Canisters - 180 1b
Zircaloy-2 Cladding - 232 1b

Core: Plutonium - 2000 g

Aluminum - 260 1b

h-------'>

§E4F—NU4N93 Addition

NH4F 4.0M
NH4NO3 0.34
Volume 1600 gal

HZO Addition

Add Water Continuously

After Boiling Begins

To Maintain Dissolver
Volume at 1600 gal

T—_'h

To Stack via Silver Reactor

Off-Gases
NH3 217 1b
HZ 0.51 1b
Sparge and Leakage
Air 250 ¢/m

Dissolver

Temperature: Boiling

Zircaloy Cladding Waste

(NH4)2ZrF6 0.19M
NH4F 2.86
NH4NO3 0.24
Volume 1600 gal

FIGURE

4. Flowsheet for Dissolu-

tion of Zirecaloy Cladding.

Neutralized Waste to
Underground Storage

¢T

707 -TMNE



Dissolver Charge To Stack Via Silver Reactor

Two 4-Barrel Aluminum Canisters

Al

Containing Eight PRTR
Pu-Al Alloy Assemblies
Aluminum Canisters - 180 1b a
Zircaloy-2 Cladding . 232 1b
Core: Plutonium- 2000 g Off-Gases
Aluminum - 260 1b NO
NO2 Amounts dependent
N.O upon which of
2 several reactions
M H, predominates
N2
Sparge and Leakage
Air 250 ¢/m
Dissolver
Activating Solution Temperature: Boiling
llNO3 1.0M Reaction will Y 1 Soluti
N Start at Dissolve etal Solution
Hg (NO) , 0.003 ﬁ aohs SG o o
Volume %0 gal ﬁ > h
Al (NOZ) 5 0.51
PU(NO), 0.001
Volume 764 gal
To Feed Preparation
HNO3 Butt
HNO 12.2M
Volume 204 gal

Add When Activation
Achieved

FIGURE 5. Flowsheet for Activation
and Dissolution of PRTR Pu-Al Alloy
Core.

¥0Z-TMNY



these objectives, however, it was nec-
essary to limit the amount of alloy
activated in each dissolution cut.
Typically, only 22 to 33 in. of the

88 in. long rods were activated and
dissolved in each cut.

Limitation of the amount of alloy
activated was necessary, primarily, to
insure adequate air flow to dilute hy-
drogen in the off-gas to below the
lower explosive limit. A secondary
consideration was the desire not to
overtax the capacity of the dissolver
condenser to condense steam. In this

connection, for the reaction

BNWL-204

>

Al + 3.75HNO; . AL(NO;); + 0.225NO
+ 0.15N20 + 0.1125N, + 1.875H20,
Benedict and Pigford estimate(26)

AH = -190 kcal.
RESUME OF REDOX PLANT
DISSOLUTION EXPERIENCE

To date, 70 irradiated, intact

PRTR Pu-Al alloy assemblies have been

dissolved in three separate campaigns
in the Redox plant. Pertinent reproc-
essing data are summarized in Table V.
ACKNOWLEDGEMENT

The cooperation and courtesy of

G. L. Hanson of the General Electric

TABLE V

SUMMARY: REDOX PLANT DISSOLUTION OF PRTR Pu-Al ALLOY FUEL

Oﬂga_isn_l
Date Feb.-Mar.

Campaign 2 Campaign 3
Mar.-April June-July

1963 1964 1965

Charge:

Number Dissolver Charges 4 7 1

Intact Assemblies Dissolved 32(3) 35(b) S(C)
Irradiation History:

Minimum MWd/assembly 57 O'S(d) O‘S(d)

Maximum MWd/assembly 80 152 (d) 102 (d)

Average MWd/assembly (e) 72 102 98
Lirflex Process Decladding

Time at boiling temp., hr 6 6 6

Average percentfgu loss 0.23 0.14 0.14
Core Dissolution: ()

Equivalent HNO,, M & 3.0-4.0 3.5 3.5

Time per cut, min . 45 at 4.0M HNO, (h) (h)

90 at 3.0-3.5M HNO

Diluted Off-Gas HZ:

Maximum vol% 3.2 at 4.0M HNO (h) (h)

2.9 at 3.0-3.5M HNO

Average vol%

(a) Eight intact assemblies/charge

1.4 at 4.0M HNO
1.0 at 3.0-3.5M HNO

3
3

3
3

(b) Four charges of eight assemblies, one charge of four assemblies, and two
charges of cut, irradiated Pu-Al alloy scrap.
(¢) Remainder charge was cut Pu-Al alloy scrap containing about 250 g

_ plutonium.
(d) For intact assemblies.

(e) Aecording to conditions shown in Figure 4.

(f) For intact assemblies, three cuts plus heel removal according to Flow~-
sheet shown in Figure 5. Heel and scrap dissolved in 1.0M HNO,.

(g) Caleulated concentration from addition of 12.2M HNO after activation

. in LM HNO .
(h) Data not available.
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Company in providing an account of
plant dissolving experience and in per-
mitting reproduction of certain chemi-
cal flowsheets is gratefully acknowl-
edged. Special thanks are due also to
L. D. Turner and E. A. Coppinger,
Battelle-Northwest, for their advice

and assistance in obtaining alloy

samples.
REFERENCES
1. The Plutonium Recycle Program -
Resume' of the Concept, Program,
and Facilities, HW-50700, General

Electric Company, Richland,
Washington. June, 19567.

2. Plutonium as a Power FReactor

Fuel, HW-75007, General Electric
Company, Richland, Washington.
December,

1962.

3. Proceedings Commercial Fabrication
of Plutonium Fuels, HW-82400,
General Electric Company, Richland,
Washington. July, 1964.

4. W. W. Schulz and G. L. Hansen.
Decladding and Dissolution of
Irradiated PRTR Zircaloy Clad UO

Fuels, HW-81950, General Electric
Company, FRichland, Washington.
March, 1964.

5. M. D. Freshley. Plutonium Spike

Pt, 1
General Electric

Elements for the PRTR,
HW-689200,

2

Company, Richland, Washington.
March, 19€¢1.
6. R. E. Sharp. Plutonium Spike

Elements for PRTR, PE. &, OW-69200,
General Electric Company, Richland,
Washington. March, 1961.

7. R. F. Murray. "A Mechanism for
the Dissolution of Aluminum in
Nitrie Acid," Physical Chemistry
Division, 140th National Meeting
of the American Chemical Soctety,

Chicago, Illinots. September,
1961.

8. R. D. Fletcher, M. E. Jacobson,
and H. R. Beard. Effect of
Alloying Constituents on Aluminum
Dissolution Rates, IDO-14606,

Phillips Petroleum Companu.

April, 1963.
9. A. F. Boeglin et al. A.I.Ch.F.
Journal, vol. 2, p. 190. 19&6.

10.

17.

128.

13.

14.

16.

17.

18.

19.

20.

BNWL-204 *

J. L. Bradford and K. L. Adler.
Pilot Plant Studies of Mercury-
Catalyzed Dissolving of Aluminum-
Jacketed Fuel Elements, HW-3281¢6,
General Electric Company, Richland,
Washington. July, 1954.

W. K. Eister. Unit Operations
Status Report for March, 1955,
CF-556-3-190 (Del.), Oak Ridge
National Laboratory. February,
1957.

Reqctor Handbook, Volume II, Fuel

Reprocessing, edited by

2

S. M. Stoller and R. B. Richards,
Interscience, New York, 1061.

ind ed. pp. 64-765.

K. L. Rohde. Performance of the

TBP Process for Aluminum Fuels,
Idaho Chemical Processing Plant,
1955-1956, 1p0-14427 Phillips
Petroleum Company. January, 1968,

C. S. Schlea.

The Dissolution of

Uranium-Aluminum Alloys, DP-629,
E. I. duPont de Nemours & Co.
September, 1861.

/. C. Perkins. Dissolution of
Pu-4Al1 41lloy, DP-702, IF. I. duPont
de Nemours & Co. March, 1862,

R. £. Brooksbank. Unpublished
Data, Oak FEidge National Labora-

tory. (Private Communication)
W. C. Perkins. Dissolving Highly
Irradiated Pu-Al Alloy, DP-874,

E. I. cuPont de Wemours & Co.

February, 1964.

J. L. Swanson. '"The Zirflex i
Process, ' Second U.N. Interna-

tional Conference on Peaceful

Uses of Atomic FEnergy, lenevea, .
1958, vol. 17, p. 164,
R. H. toore and J. E. Mendel.

The Vibrational Method for Meas-
uring Dispersion and Disengaging
Time and Its Application to the

Study of Emulsion Problems,

HW-27807, General Electric
Company, Richland, Washington.
April, 1953.

Analytical Technical Manual,
edited by R. 4. Schneider and
K. M. Harmon, HW-53368, General
Elecztric Company, Richland,
Washington. February, 1961.

Scott and N. B. Zabetakis.
Bureau Mines Report 3507.

oob.
. S.
196€.

a i,

e paA b s amneroie s ke

adsiann 2

S,

e B



T T TR o

e T

17

22. RK. D. Cannon. Characterization
of Surfactants in Aluminum-
Uranium Fuel Reprocessing Solu-

tion, ID0O-14489, Phillips 25,

Petroleum Company. 1959,

28. H. J. Groh. Removal of Silica
from Solutions of Nuclear Fuels,

DP-298, E. I. duPont de Nemours gg.

& Co. June, 1968.
24. L. E. Bruns. Unpublished Data,

BNWL-204

General Electric Company,

Richland, Washington. (Private
Communication)

G. L. Hansen. Unpublished Data,
General Electric Company,
Richland, Washington. (Private
Communication)

N. Benedict and T. H. Pigford.
Nuclear Chemical Engineering
McGraw-Hill, New York, 1957.

DISTRIBUTION

Number
of Copies

243 Division of Technical Informa-
tion Extension

12 Isochem Inc.
Beaulieu
Ehrlich
Fecht
Hanson
Hill
Kendall
McKenzie
Rathvon
Ritter
Sloat

. Tomlinson
Files

DT OIZI OO ™o
P s s RN N @i~ v Rocl N onliv>R ey

e
—

2 Richland Operations Office

R. K. Sharp
Technical Information
Library
17 Battelle-Northwest
J. M. Atwood
R. E. Burns
G. M. Dalen
K. M. Harmon
A, M, Platt
W. W. Schulz
W. H. Swift
L. D. Turner
E. E. Voiland
M. T. Walling
Technical Information
Files(5)

Technical Publications (2)




TR AT R T ST e T o AT TN e -



