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MULTIPURPOSE DISSOLVER FOR MFPPF
FY-73, T4 Equipment Budget

The attached Technieal Nata Summary, by W, J. Jenkins, provides
the design basis for a small dissolver in module 17.3, F-canyon,
adJacent to the Multi-Purpose Processing Facility. Process
filters, important but separately replaceable equipment pileces
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.I Jennings, Research Manager

y Separations Engineering Division
ASJ/as



DPST-72-328

Technical Data Summary

MULTIPURPOSE DISSOLVER FOR MPPF

W, J. Jenkins
April, 1972



=

Introduction

Background .

-

Table of

Contents

Process Design Criteria

Location_. .

Nuclear Safety .

Process Safety .

»

*

-

Process Description' .

Equipment Description and Specification . . . « .+ « .« &

Dissolver Fot

*

-

*

L]

.

Reflux Condenser Column .

Filters

Steam Jets

-

*

Ll

Chemical Additlions

Instrumentation .

References

Page

5
P
I T



-

DPST-72-328

Technical Data Summary

Introduction

This technical data summary describes the recommended design,
based on exisgting technology, of a smzll multipurpose dissolver
to provide small quantities of feed as needed by the new Multi-
purpose Processing Facility (MPPF). The alumlinum is removed
from the targets by caustic dissolution, decanting, filtration,
and washing before dissolving the remaining actinide-lanthanide
crude fraction in nitric acid, This crude fraction is suitable,
after evapcoration and acid adjustment, for separation of the

actinides by rapid ion exchange in MPPF.!

Background

A small multipurpose dissolver is required to provide the small
quantities of feed needed by MPPF to meet 252-Cf market demands
with a minimum out~of-reactor decay time, The extensive equip-
ment flushing required to prevent cross-contamination with
other campaigns makes processing of small batches through main-
line equipment impractical, Campaigning of large balches
through mainline egquipment and storage until needed, as origi-
nally intended,® would glve excessive decay.

Process Design Crilteria

The design basis is 49 pounds of aluminum per batceh with a
submerged surface area of 61.6 square feet; four Mark 18A

outer target housings are shown 1ln the attached flowsheet but
smaller batches containing less aluminum with less surface

area can also be dissolved if required, Each of these housings
1s 4,22 inches outslde diameter and contains about 11 pounds of
aluminum when cut to 6 £t 10{f 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 1s expected from this dissolver in
the future, the design must include the capabllity of dissolving
the widest possible range of feeds as shown on the next page:
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one or more slugs per batch

one to four tubes per batch

tubes up to 168 inches maximum length
slurries of solids

20 GO0

Sufficient air purge is required to dilute the off-gas concen-
trations below the lower explosive limits., Pressurization of
the dissolver must be prevented to maintain contalnment. A
pressure of minus 0.30 inches water column relative to the
canyon is avallable on the vessel vent system of the 221-F Hot
Canvon. A maximum pressure dreop of 0.15 inches of waler is
available for flow of off-gas and air purge from the dissolver
through the reflux condenser column and vessel vent piping 1f
the dissolver pot is maintained at minus 0,15 inches waler
column relative to the canyon during dissolution.

The reflux condenser column must be capable of removing the
heat of reaction and cocling the noncondensable off-gases be-
low the ambient temperature {about 30°9C) of the vessel vent
system.

No equipment for removal of iodine from the dissclver off-gas
is inciuded in this flowsheet since there 1s a total of less
than 0.55 curie® of *2'I in all these targets after 120 days.
cooling and 98%" of that will remain in the caustic waste solu-
tion, A facility for removal of iodine from the 221-F canyon
process vessel vent system can be considered on a separate
project at a future date if more effective containment of
must be achieved.

143l
alt

}ocation

The multipurpose dissolver will be located in 221-F Hot Canyon
sectbion 17.3 adjacent to the 17.3 Raw Feed Evaporator; this
avallable space was reserved for this dilssoiver. This loca-
tion is convenient for transfer of the feed solution into the
17.3 Raw Feed Evaporator and also for disposal of filtrate
waste Iinto 17.2 Waste Tank,

Nuclear Safety

There is no nuclear safety hazard in processing the Mark 184
outer target housings,® because the total quantitiles of fission-
able isctopes are small; the entire Cf-I campalgn contains only
24 grams of fissionable 48 cp (the greatest potential eriticality
hazard) mixed with approximately 2 kg of nonfisslonable curium
1sotopes; no fissionable plutonlum isotopes 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 Safety

The process described in the Technical Data Summary is well
within previous SRP processing experlence. Sodium nitrate
solution is used to suppress hydrogen evolution during the
aluminum dissolution., Ammonia is evolved instead during this
dissolution and must be diluted below the lower explosive limit
with alr purge.

The ammonla evolution rate is controlled by limiting the caustic
addttion rate intoe the dissolver during dissclution. Hydrogen
evolved from radiolysis of process solutions can be diluted to
<2% in the vapor space by purging with air at a rate of at least
15 cc/min per watt of radiation energy absorbed by the soiution.®
The lower explosive limit is 4% hydrogen.

Process Degcription

The recommended flowsheet, shown in Figures 1 and 2, consists

of a twe-step dissolution which removes the aluminum first by
caustic disscolution, decanting, filtration, and washing before
dissolving the remaining actinide-lanthanide crude fracticn in
nitric acid. The aluminum is dissolved in a solution of caustic
and sodium nitrate 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. The reactions 1nvolved
during this step are shown by the next four equations:’

.2 Al + 2 NaOH + 2 H;0 —> 2 NaAlO, + 3 H (1)
8 A1 + 5 NaOH + 3 NaNQz + 2 KO —>8 NaAlO, + 3 NH, (2)
2 Al + 2 NaOH + 3 NaNO; —3» NaAlO, + 3 NaNO; + HO0 (3)
2 Al + NaOH + NalNOy + HyO —> 2 NahlQ, + NH, (4)

-

4

The following eguation, derived empiriecally from laberater
scale studles under simulated plant conditions, best repre
sents the total reaction:®

I %«

Al + 0.70 NaOH + 0,58 NaNO; + 0.11 H,0 —2
NaAl0, + 0.28 NaNO, + 0,30 NH; + 0.009 Hy

Aluminum 3s attacked rapidly by sodium hydroxide concentraticns
at the boiling temperature as shown in Figure 3.° '

The actinide-lanthanide fraction, however, 18 highly I1nsoluble
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 solutlon.
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A minimum of 2.5M free NaOH is used in the final aluminum solu-
tion to stabilize the solution and prevent precipitation of
aluminum oxide trihydrate by the hya”oly31s of sodium aluminate.

This amount of caustic is about a 240% excess over that required
far nnmrﬂa.a disaplution of the ,'J'i‘l'lm'm‘lﬂm but it 18 necessary

P Moo v L Ve PR = A PRV 53 0 § oo P S e ]

to pwevent any precipitation of the a1umlnum if the complete
removal of the aluminum from the actinide-lanthanide sclids is
to be obtained. The stability of NaAlQ,~NaOH solutions 1s shown
in Figure 4,2°

The sodium nitrate soluition does not materially aid in the
aluminum disgolution reaction, but it suppresses the formation
of potentially hazardous hydrogen. The degree of thils suppres-

sicon is hichly devendent unon the concentration of sodium nitrate

o SIS diignlid Y SR LAVAS LI sl RN Tk TLowv i wrid A L [ R

as shown in Figure 5.'* Ammonia is formed instead of hydrogen

in this reaction and must be diluted below the lower explosive
1imit of 1442312 with air purge. Aboud 144 times more air purge
would be required to dilute hydrogen below the lower explosive
1imit 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 addition rate of 23% sodium

WA -
hydroxide must be limited to 2’80 lbs/min based on aluminum dis

solution rate of 0.6 lb/hr-£t?;** 15 scfm of air purge is required
for dilution at this addition rate. The caustic addition must be
located where cauvstic will not contact bare aluminum metal that

is not submerged below the sodium nitrate solution.

The scolids are allowed to settle, then most of the aluminum
solution 1s decanted and then filtered into an existing 17.2
Waste Tank. The scolids are washed several times with seodium

T rr A anemar 3 A £~ mvviever e 17 4- 1~ e ad Areen T aTarmt e T ar bt e

hydroxide to remove all the residual aluminum solution, then
with water to remove most of the sodium hydroxide. A wash
distributor or spray is required to remove solids from coil
surfaces and pot walls with the minimum possible velume of wash
solution., These washes are also decanted then filtered into
17.2 Waste Tank., The decanting is accomplished by transfer of
the supernate out of the disselver pot at sufficient height
above the bottom to allow a 0.5 £t* heel of settled solids to
remain in the dissolver pot The remainling actinide-lanthanide

R Y A2 Ty nrd E
solids are then dissolved in nitric acid and filtered from a

bottom outlet of the dlssolver into the existing 17.3 Raw Feed
Evaporator followed by dilute nitric rinses to assure complete
removal of the actinide-lanthanide solution from the dissolver,
filters, and piping. The filtration of this solution may be
extremely difficult because of silica solids pluggage of the
Filters; design of the filters wlll not be specified until demon-
stration tests of prototype rilters are completed. Evaporation,
acid adjustmenu, and storage in 17.3 until transfer to MPPF ar

(=3
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associated with MPPF are the subject of a geparate Technlcal
Data Swmmary.*® The dissolver and filters are then flushed
with hot caustic followed by water to remove silica and unplug
the filters. The volume of flush required 1s minimized by re-
cyeling flush back and forth between the dissolver and filters.

[#A]

A1l 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 cocoling 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 1s as small

as possible.

Equipment Description and Specification

DISSOLVER POT
General

The dlssolver must be designed for maximum flexlibility if widely
varying batch sizes are to be processed efficilientiy. Large
volumes are required to dissolve the aluminum relative to the
small guantities 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 between, and a steeply
sloped botton.

Total Liquid Capacity

300 gallons minimum volume at 100% fill

Length/Diameter

® Lower section L/D of 3 minimum

¢ Upper section L/D of 1 maximum
Slope

© Reduction slope between upper and lower sections of 459 for
efficient washin% and removal of solids from pot.

¢ Bottom slope of 450 for efficient washing and removal of
sollds from pot. '
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Transfer OQutlets

¢ One outlet located at sufficient height above the bottom o
leave 0.5 cu ft of solids heel in the pot during removal of

Qnﬂa’nmn‘i-an‘f— Q'F"f-ca'n nan:!'nf'"l'hrr
y Bitae Will W LA I-A"

© One outlet located at low p01nt of bottom for complete re-
moval.

Transfer Inlets

¢  One for recirculation from filters during flushing.

@ Two (minimum) for chemical additions; caustic addlition must

be located such as to prevent direct contact of caustic to

bare aluminum metal surfaces whlch are not submerged in

scdium nitrate solution,

Oné for slurry additions.

8 One for wash distributor or spray for washing solids from
coll surfaces and pot walls,

[+]

Agitation

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
of pot contents.

Pl

L]
Alyr Purge

e 15 scfm air flow to the vapor space during dlssolutlon of
aluminum to dilute ammonia in the off-gases below 1U4% lower
explosive 1limit,

¢ 0,2 scfm minimum air flow to the vapor space (376 watts x
15 ce/min- watt) for dilution of radlolytlcally generated
hydrogen to <2%. :

500,000 Btu/hr which must be located below T4 gallons liquid
level; based con removing the heat of reaction for control of
the aluminum dissolution reaction.

Heatlng

50 oo Btu/hr which must be located below 50 gallons liquid
1 h boiling

eat up of pot contents to

o e e g i odidiid =

Charging Hatch

e 12- inch inside diameter capable of recelving a bundle of
i tubes -{4#.22 inches OD by 168 inches maximum length) in-
cluding sufficlent clearance for bundle ball.
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¢ Slug funnel and pivot point capable of receiving slugs from

. bucket.

@ Hatch cover with seal having less than 2 scfm air inleakage
at l-inch water column negative test pressure inslde dissolver
pot.

Material of Construction

304L S8

REFLUX CONDENSER COLUMN
General

The reflux condenser column is welded directly to the top of
the dissolver pot around the charging hatch column which also
transports vapor to the top of the condenser, The condenser
is downdraft and must cocl the noncondensable off-gases and
alr purge as well as condense the vapors generated by the heat
of reaction during aluminum dissolution.

Heat Removal

© 500,000 Bitu/hr (minimum) from the heat of reaction.
¢ Cool noncondensable off~gases and air purge to less than
ambient temperature (~30°0C) of process vessel vent system.

Pregsure Drop

The 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 33

FILTERS

Design to be specified later after prototype tests are completed,

. STEAM JETS

Design to be specifiled 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 all
chemical addition lines to prevent backup from process equip-
ment inte clean areas, The addition rate of 23% NaOH (Flowsheet
Line #3) rust be limited to 2.90 1bs/min during aluminum dis-
solution to limit the reactlon rate.

Flowsheet Line No, Concentration Chemiczl
2 23% NaNO,
3 23% NaOH
7 10% NaOH
8 - Water
9 645 HNO,
10 1.6% BNO,
12 1.6% HNO,
13 23% NaOH
15 - Water

Caustic Addition Tank

A new tank i1z required for makeup and addition of the following
streams to the dissolver: Flowsheet lines #3, 7, 8, 13, and 15.

Liquid capacity 200 gallons at 100% rill
50% NaOH addition 1line

Process water addition line

Agitator '

Liquid level O to 100% £1i11 .

Specific gravity 1.0 to 1.5

o0 Do 0O

Scdium Nitrate Addition Tank

A new tank is requlred for makeup and addition of 23% sodium
nitrate solution for flowsheet line #2.

Liguid capacity 100 gallens at 100% £ill
40% NaNO; addition line
Process water addition line

At tatAwm
"lb_‘- W UL L

Liguid level O to 100% fill
Specific gravity 1.0 to 1.3

o&ad oo

Nitric Acid Addition Tanks

Two existing MPPF chemical addition tanks, #5~1-2 and #5-1-3,
are used for addition of 64% HNO; and 1.6% HNO, on flowsheet
lines #9, 10, and 12.
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Chemical Additions Funnel

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

E;efilter'Efficiency

Removal of 100% of the solids which wiil not pass through the
process filters,

INSTRUMENTATTION

Pregsure

[+.]

Statie

Pot pressure + 1" vy, C. to 0 to -1" i, ¢,
Filter pressure +30" Hg to 0 to -30" He

€ Differential

Pot to Column 0 to 3™ W. C. negative or positive
Filters 0 to 30" Hg negative oY positive

Temperaturegs

Pot 0 to 1250
Filters 0 to 100%c
0ff-Gas 0 to 100CC

Iiguid Levgl

Pot 0 to 100% f£i11
SEecifighggggigx

Pot 1.0 to 1.5

_ Foam Ievel

1 ft below top or pot

Samgler

Pot

R
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Pligure 2
MULTIPURPOSE DISSOLVER FLOWSHEET
Line No. 1 2 3 L | [ ki B B 10 11 13 iy 15
W Mark 1BA Kluminum  Caustic~ 10% Ra0K Water - fictinide- I 6% HNC,

Outer 23% 23% Air Dissoclution Aluminum 6U4% HNO, 1.6% HNO, Lanthanide Disscolver 23% NaCOH 31 Flush MWater

Process Material Housings NaNO, NaCH Purge Orr-Gas Waste Washes* Rinsea* Dissolubtion Dilutlon Sclutilon Rilnses* §1 Fiush Sclution Ringes*
Total Cm, gm 132 - - - - - - - - - . 2 - - - -
e, am & gB - - - - - - - - - % - - - -
3 am, gm 3.2 - - - - - - - - - - -
Total Pu, gm 6.8 - - - - - - - - 8 8 - - - -
Total Cf, mg 128 - - - - - - - - - 198 - - - -
2520r mg 100 - - - - - - - 100 - - - -
Total Lanthanlides, gm- 112 - - - - - - - - - 112 - - - -
Decay Heat, watts 376 - - - - . - - - - 375 - - - s
YY) euries <0.033 - - - <0.002 <0.031 - - - - - " - - -
ﬂluminum, 1bs hgxw - - - - - - - - - - - - - -
Silicon, 1b . ~0. 4 - - - - - - - - - - - - ~0. 4 -
NaNO,, 1b - 165 - - - 75 - - - - - - - - -
NaOH, 1b - - 172 - - 121 139 - - - - - 360 360 -
NalNOp , 1b - - - - - 35 - - - - - - - -
HallQ,, 1b - - - - - 1k9 - - - - - - - - -
NH,, 1b - - - 9.3 - - - . - - - - - - -
Hy, 1b - -. - 0.03 - - - - - - - - - -
Air Purge, scfm - - - 15 15 - - - - - - - - - -
o, , 1b - - - - - - - - brh 1z 486 20 - - -
H,0, 1b - 552 575 - 2 112z 1248 1251 266 710 976 1239 1206 1206 1251
Total, 1b 50 717 748 - - 1502 1387 1251 THO 722 1463 1259 1566 1566 1251
Solids, % 100 23 23 - - 25 10 o] - .- <l - 23 23 -

Sp. gr. - 1.167 1,252 - - 1,24 1,109 1.000 1.387 1,007 1,201 1,007 1.2%2 1.252 1,000

Gallons - T4 72 - - 146 150% 150+ Al 86 146 150% 150 150 150%

HOTES: #150-gallon washes and rinses are divided into three successive 50-gallon washea or rinses,

**Ineludes 5 lba of aluminum bundle
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