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MULTIPURPOSE DISSOLVER FOR MPPF

FY-73$ 74 Equipment EudKet

Tne attached Technical n?..?.RS).?%!?!%ry,>;;V. J. G~Ek~i-tS: provicies
the design basis for a small dissolver in module 17.3s F-canyon,
adjacent to the Multi-Purpose Processing Facility. Process
filters, important but separately replaceable equipment pieces
have not yet been specified. As soon as the current development
work on filtration is complete, an addendum will be issued giving
filter requirements.

A. S. Jennings, Research Manager
Separations %gineering DLvision
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Technical Data Surmnary

MULTIPURPOSE DISSOL~R FOR MPPF

Introduction

This technical data surmrrarydescribes the recommended designl
based on existing technology, of a small.multipurpose dissolver
to provide small.quantities of feed as needed by the neviMulti-
purpose Processi~igFac5.lity(MPPF). The aluminum is removed
from the targets by caustic dissolution, decanting, filtration,
and washing before dissolving the remaining actinide-1.anthanide
crude fraction in nitric acid. This crude fraction is suitable,
after evaporation and acid adjustment, ffr separation of the
actinides by rapid ion exchange in MPPF.

Background—

A small multipurpose dissolve~ is required to’provide the small
quantities of feed needed by MPPF to meet 252-Cf market demands
with a minimum ot:t-of-reactordecay time. The extensive equip-
ment fl.u.shingrequired to prevent cross-contamination with
other campaigns makes processing of small batches through main-
line equipment impractical. Campaigning of large batches
through mainline equipment and storage until needed, as origi-
nally intended,= would give excessive decay.

Process ‘&sign Criteria

The design basis is 49 pounda of aluminum per batch with a
submerged surface area of 61.6 square feet; four Mark 18A
outer target housings are shown in the attached flowsheet but
smaller batches containing less aluminum with less surface
area can also be dissolved if required. Each of these housings
is 4.22 inches outside diameter and contains about 11 pounds of
aluminum when cut to 6 ft 10f inches length after discharge
from the reactor. Four of these housings can be bundled for
dissolving with about 5 pounds of aluminum bundle material.

Since multipurpose service is expzcted from this dissolver in
the future, the design must include the capability of dissolving
the widest possible range of feeds as shown on the next page:
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-. 0 one or more
o one to four
o tubes up to

. 0 slurries of.

slugs per batch
tubes per batch
168 inches maximum length
solids

Sufficient air purge is rsqulred to dilute the off-gas concen-
trations below the lower explosiVe limits. Pressurization of
the dissolver must be prevented to maintain containment. A
pressure of minus 0.30 inches water column relative to the
canyon is available on the vessel vent system of the 221-F Hot
Canyon. A maximlunp~esstired?~p of 0,1~ ii-,cliesof water is
available for flow of off-gas and air purge from the dissolver
through the reflux condenser c~lumn and vessel vent piping it
the dissolver pot is maj.ntainedat minus 0.15 inches w~te”r
column relative to the canyon during dissolution.

The reflux condenser column must be capable of removing the
heat of reaction and cooling the noncondensable off-gases be-
low the ambient temperature (abOUt 30°C) of the vessel vent
system.

No equipment for removal..ofiodine from the dissolver off-gas
is included in this {Jswsheet since there is a total of less
than 0.55 curie= of I in all these targets after 120 days
cooling and 98s of that will remain in the caustic vlastesolu-
tion, A facility for removal of iodine from the 221-F canyon
process vessel vent
project at a future
must be achieved.

Location

system can be considered on a separatelal
date If more effective containment of I

The multipurpose dissolver will be located in 221-F Hot Canyon
section 17.3 adjacent to the 17.3 Raw Feed Evaporator; this
available space was reserved for this dissolver. ‘Tinisloca-
tion is convenient for transfer of the feed solution into the
17.3 Raw Feed Evaporator and also for d;.sposalof filtrate
waste ir,t~17.2 Waste Tank.

Nuclear Safety

There is “nonuclear safety hazard iz processing the Mark 18A
outer target housings,= because the total quantities of fission-
able isotopes are small;a}~e entire Cf-I campaign contains only
24 grams of fissionable Cm (the greatest potential criticality
hazard) mixed with approximately 2 kg of nonfiasionable curium
isotopes; no fissions’o~~~plutoniumisotopes are expected. The
maximum safe mass for Cm in this mixture is 42 grams. The
nuclear safety of future feeds,“however, would have to be con-
sidered individually before processing.
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-. process SafetX

The process described in the Technical Data Summary is well
.,,, within p?evious SRP p~ocessing expedience. Sodium nitrate

solution is used to suppress hydrogen evolution during the
aluminum dissolution. Ammonia is evolved instead during this
dissolution and m,ustbe diluted .below the lower explosive limit
with air purge.

The ammonia evolution rate is controlled by limiting the caustic
add!t.t%on rate in’~othc~dissolver d,~ringdj.SsOIU~iOP,. Hydroge~l
evolved from raciioij,sisof process solutions can be diluted to
527 ir,the ,7aPorspace bY purging With. ~~r at a rate of at ~e~’st.

15 cc/reinper watt of radiation energy absorbed by the solution.e
The lower explosive limit is 4% hydrogen.

Process Dezcri.ption—.

The recommended flowsheet. shovm in Figures
of a two-step dissolution”which remove~ the
caustic dissolution, decanting, filtration,-...
dissolving the remaining actinide-lanthanide crude fra~tion in

1 and 2, consists
aluminum first by
and washing before

nitric acid. The alumi~um is dissolved in a solution of caustic
and sod.lumnitrate at the boiling point.-. The sodium nitrate is
used to suppress the evolution of hydrogen by altering the re-
action so that ammonia is produced. T&e reactions involved
during this step are shown by the next four equations:’

2Al+2NaOH+2&0—> 2

8Al+5NaOH+3NaNO~+ 2

2 Al + 2 NaOH + 3 NaNOB—>

NaAIOa + 3 &

&o —>8 NaAIOa

NaA102 + 3 NaNOa

+3N%

+ %0

2 Al t l$aOH+ NaNOa + ~0 —>2 Naiioa + NHs

(1)

(2)

(3)

(4)

The following equat~.on,d.e??vedempirically r?cz lzbcyatcr~
scale studies under simulated plant conditions, best repre-
sents the total reaction:e

Al + 0.70 NaOH+ 0.58 NaN03 + 0.11 &O ~
NaA102 + 0.28 NaN02 + 0.30 N% + 0.009 ~

Aluminum is attacked rapidly by sodium hydroxide concentrations
at the boiling temperature as shovm in Figure 3.0

The actlnlde-lanthanide fraction, however, Is highly insoluble
in sodium hydroxide solutions; the actinide-lanthanide losses
to the aluminum removal are limited, therefore, by the ability
to retain these solids while removing the aluminum solution.
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A minimum ef 2.5M fyee NaOH is used in the final aluminum solu-
tion to stabilize the solution and prevent p~ecipitation Of

aluminum oxide trihydrate by the hyti?olysisof sodium alumtnate.
This amount of caustic is about a 240~ excess over that required
for complete dissolution of the aluminum, but it is necessary
to prevenfiany precipitation of the aluminum if the complete
removal of the alumin~ from the actinide-lanthanide solids is
to be obtained. The stability of NaA102-NaOH solutions is shown
in Figure 4.10

The sodiTJm nitrate solution does not m.aber:,ally aj.dj.nthe
aluminum tiissolu.tionreaction, but it suppresses the fornation
of potentially hazar60us hydrogen. T,hedegree Of this SUpPYe3-
sion is hig’nlydepe~dent upon the concentration of sodium nitrate
as shown in Figure ~.11 Ammonia is formed instead of hydrogen
in this reaction and must be diluted below the lo~ierexplosive
limit of l~~~~2~z3with air purge. About 14+ times more air purg~
would be required to dilute hydrogen below the lower explosive
limit of 4~if the sodium nitrate was not used.

Since the off-gas capacity is limited by a maximum pressure drop
of 0.15 inches of water column, the audition rate of 23% sodium
hydroxide must be limited to 2.80 lbs/min based on aluminum dis-

a 14 15 Scfm of air purge is requiredsolution rate of 0.6 lb/hr-ft ;
for dilutio~ at this adtiitionrate. The caustic addition must be
located where caustic will not contact bare aluminum metal that
is not submerged below the sodium nitrate s“olution.

The solids are allowed to settle, then most of the aluminum
solution ia decanted and then Ciltered into an existing 17.2
Waste Tank. The solids are washed several “times with sodium
hydroxide to remove all the residual aluminum solution, then
with water to remove most of the sodium hyd+oxide. A wash
distributor or spray is required to remove solids from coil
surfaces and pot walls with the minimurrpossible volume of wash
solution. These w~s-hesare also decanted.then filteSed into
17.2 Waste Tank. The decanting is accomplished by transfer of
~b~ ~,lpep~ztieZzk ~f ~~~ A4.L.?l.70.- --+..A” . . A “. . -“--=’ --’-’-& Yieig)”ltp“. a: bu..*b.Ac’JQ

above the bottom to allow a 0.5 ft= heel of settled solids to
remain in the dissolver pot. The remaining actinide-lanthanide
solids are then dissolved in r.itricacid and filtered from a
bottom outlet of the dissolver into the existing 17.3 Raw Feed
Evaporator followed by dilute nitric rinses to assure complete
removal o? the actinide-lanthanide solution from the dissolver,
filters, and piping. The filtration of this saluti.onmay be
extremely difficult because of silica solids pluggage of thti
filters; design of the filters will not be specified until demon-
stration tests of prototype filters are completed. Evaporation,
acid adjustment, and storage in 17.3 until transfer to NPPF are
covered in existing Technical Standards.zs The chemical pro~esses
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~...
associated with MPPF are the subje”ctof a separate Technical
D2ta Summary.le The dj.ssolverand filters are then flushed
with hot caustic followed by water to remove silica and unplug

-’. the filters. The volume of flush required is minimized by re-
cycling flush back and forth between the dissolver and filters.

All chemical or water additions-to the dissolver and filters
must be prefiltered to remove all trash and prevent frequent
replacement of the.dissolver filters because of unnecessary
pluggage.

The heating and cooling coils should be located in the lower
section of the pot as close to the bottom as possible so that
the volume of liquid required to cover the coils is as small
as possible.

~EquipmentDesc~tion and Specification——-

DISSOLVER POT

,’

General

The dissolver must be designed for maximum flexibility if widely
varying batch sizes are to be processed efficiently. Large
volum?s a?e required to dissolve the ?luminurnrelative to the
small quantities of solids which have to be washed, dissolved,
and removed. As shown in Figure 6, a Pot is required having a
small diameter lower section, a large diameter upper section, a
steeply sloped reduction section in betvieen,and a steeply
sloped bottom.

Total Liquid Capacity

300 gallons minimum volume at 100% fill

Length/Diameter—

Q Lowe~ section L/D of 3 minimum

o Upper section L/D of ~ maximum

e Reduction slope between upper and lower sections of 45° for

SO~id~ from pot} and ‘emova’ ‘f ‘olids frOm pot

efficient washin
0 Bottom slope of .50 for efficient washing and removal of
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Transfer Outlets

One outlet located at sufficient height above the bottom to
leave 0.5 cu ft of solids heel in the pot during removal of
supernatant after decanting.
One outlet located at low point of bottom for complete re-
moval.

Transfer Inlets

Oiiefor reclr.culationfi-,Om~ filtel,sd~~ringfl,~shlng,
Two (minimum) for chemical additions; caustic addition must
be located such as to prevent direct contact of caustic to
bare aluminum metal surfaces which are not submerged in
s~~iur,nitrate solution.
One for slurry additions.
One for wash dist~ibutor or spray fo~ washing solids from
coil surfaces and pot walls.

Agitatton

Single dip-tube sparge (not ring) with open end located within
~ inch of the bottom at the low point of bottom. Air sparge
rate of 15 scfm maximum flow designed for: slurrying solids
off the bottom, washing of solids, removing solids, and mixing

pot contents.

Air Purge

15 scfm air flow to the vapor space during dissolution of
aluminum to dilute ammonia in the off-gases below 14s lower
explosive limit.
0.2 scfm minimum air flow to
15 cc/min-Twatt)for dilution
hydrogen to ~2%.

Cooling

the va?or space (376 watts x
of radlolytically generated

500,000 Btu/hr which must be located below 74 gallons liquid
level; based on removing the heat of reaction for control of
the aluminum dissolution reaction.

Heating

500,000 Btu/hr which must be located below 50 gallons liquid
level for heat up of pot contents to boiling.

Charging Hatch

@ 12.inch inside diameeer capable of’receiving a bundle of
4 tubes(4.22 inches OD by 168 inches maximum length) in-
cluding sufficient clearance for bundle bail.
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Slug funnel and pivot point capable of recefving slugs from
bucket,
Hatch cover with seal having less than 2 scfm air inleakage
at l-inch water column negative test pressure inside dissolver
pot.

~laterial_ofConstruction “

3ol&LSs

REFLUX CONDENSER COL~JN

General

The reflux condenser column is welded.directly to the top of
the dissolver pot ai>oxndthe chzrging hatch column which also
transports vapor to the ‘copof the condenser. The condenser
Is downdraft and must cool the noncondensable off-gases and
air purge as \iell as condense the vapors generated by the heat
of reaction during alumin-dmdissolution.

Heat Removzl——.

o ~00,000 Btu/hr (minimum) from the ~eat of reaction.
a Cool noncondensable off-gases and air purge to less than

ambient temperature (-30°C) of process vessel vent system.

Pressure Drop

Tne total pressure drop of the condenser column plus all the
vessel vent piping must be less than 0.15 inches water column.

Material of Construction

304L SS

FILTERS

Design to be

STEAM JETS

Design to be

specified later after prototype tests are completed.

specified later after prototype tests are completed.

CHEMICAL ADDITIONS

General

All chemical additions must be prefiltered to prevent premature
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pluggage of the process filters. Seal pots are required in ail
., chemical ad.dit?onlines to prevent backup fromprocess equip-; ment into clean areas, The addition rate of 23% NaOH (Flowsileet

Line #3) must be limited to 2,80 l.bs/minduring aluminm dis-
solution to limit the reaction rate.

Flowsheet Line No. Concentration Chemical——. ——

9
10
12
13
15

23%
23%
10Z

NaN03
NaOH
NaOH
Water
HN03
HN08
HN08
NaOH
W2ter

Caustic Addition Tank.—.—

A new tank is required for makeup and addition of the follotizing
streams to the dissolver: Flowsheet lines #3, 7, 8, 13, and 15.

0 Liquid capacity 200 gallons at 100~ fill
0 50~ NaOH addition line
e Process water addition line
Q Agitator
e Liquid level O to 100~ fill
o Specific gravity 1.0 to 1.5

Sodium Nitrate Addition Tank

A new tank is required for makeup antiaddition of 23% sodium
nitrate solution for flowsheet line ~.

e Liquid capacity 100 gallons at 100~ fill
@ ~~ NaN03 addition line
e Process water addition line -
a Agitator
a Liquid level O to 100% fill
a Specific gravity 1.0 to 1.3

. . Nitric Acid A~dition Tanks

TWO existing MPPF chemical addition tanks, #5-l-2 and #5-1-3,
are used for addition of 6~1~HIT03and 1.6$ HN03 on flowsheet
lines #g, 10, and 12.
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Chemical Additions Funnel
.—.—

Chemical zdditions funnel of 5 gallon capacity for backwash
addition to filters.

Prefi.lter“Efficiency

Removal of 100% of the solids which will not pass through the
Process f’ilters.

I?JSTWiENTAT1~lJ

pressure.—
0 Static

‘~t Pressure + 1“ W. C. to o to -111~~e~ ,
Filter pressure +3o” ~ to o to _3011~ “

c Differential

pot tO COl~n O
Filters o

Temperatures

Pot O to 1250c
Filters o to 1000C
Off-Gas o to 1000C

Liquid Level

Pot o ‘co100$ fj.11

a!L~~*

pot 1.0 to 1.5

Foam Level——

1 ft below top of pot

. a

.’ Pot

to 1“ hJ. C. negative or positive
to 30” Hg negative or positive

.- ...
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Figure 2

MULTIPURPOSE DISSOLVER F~WSHEST

Line No. 1 2 3:1\ 5 6 7 B 9 10 11 12 13 1Jk 15
IIMaFl<lMA Aluminum Caustic- 10$ l:aOH Water Ac$inlde- l,b$ 1+1?0.

Outei- 23% 23% AIF Dissolution Alwninunl 64X ~0,
Process Material

1.6$ NO, L:tnthanideDissolver 23$ tiaOKS1 Flush Water
Houslngs N.NO, NaOH _ FUr’ge Orr-cas wast, Washes* Rinses* D18s.lutlon Dilution :;clution R1.scs* Si Fluzh S.l”tio” Rln3e9*

$::al cm, gm
cm, zm

Z43 Am, gm

Total Pu, gm
Total CC, w
“’cr, *
Total Lanthanldez, gm
I)e.ay Heat, watts
,.11, caries
A1umlnum, lbs
S111..., lb
NaNO,, lb
N,OH, lb
NaNOa, lb
NaAIO~, lb
NH, lb
.. --,.,., , . .
hip Purge, sofm
I{NO,, lb
~o, lb
Total, lb
Solids, Z
SP. .zr.
Gallons

‘3:
3.2
8.8
128
100
112
776

.-
-.

172

5~2 5;6
5; 717 748

100 23 23
1.167 I.;’
~),

<0.002

2

sO.031 .

7;
121 1;9
35
14q

112; 12;@
1502 1387
25 1.0
1.’24 1.109
146 150*

4;4
1251 266 7::
1251 710 722

0
1.000 1.;;7 lkp7
150*

,.

1T39
I259

1.007
150+

3k

1266
15b6
23

1,252
150

4.4

3;0

,.

12:6
1566
23

1.252
150

12;1
1251

1.600
150*

‘150-gallo” washes and rinses are divided into three successive 50-gallOn t,aDhesor rinses.
●*I”cIude, 5 lb. of aluminu,nbundle
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