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JINTRODUCTION

Two possible means of removing aluminum jackets from uranium slugs were con-
sidered before Hanford start-up in 1944, and have been considered at other sites
for processing other types of slugs. The sodium hydroxide-sodium nitrate dis-
solution, which served well for Bismuth Phosphate plant operation was accepted
for use in the Redox plant. The other means of Jacket removal, namely, dissol-
ving the Jjacket in nitric acid with the aid of mercury as a catalyst, has been
adapted for use at Arco and offers certain possible a.dva.nt.ages for Redox Plant
operation.

Beveral probleme related to Redox Plept dissolver &peration may possibly be
solved by utilization of mercury-catalyzed nitric acid jacket removal, and include:

1. Radiocactive contamination of surrounding envirorment due to ammonium
nitrate crystals being discharged from the stack.

2. Routing and disposal of coating wastes. '

3. Colloids and solids in IA Column fesd which are belleved to contribute
to build~up of JA Column operating instability (flooding and/or emul-
sions), to cause Zr-Nb contamination of the uranium and plutonium
products, and to be a possible conbributing cause of pump, flowmeter,
and valve difficulties. e

4. lengthy dissolver time cycle which is becoming the limiting factor in
potential plant capacity, and requires round-the-clock chargings with
resultant increased costs.

While considerable experimental work has been performed in studying acid
coating removal and the effects on subsequent solvent extraction, much of this is
of little use for direct application to current Redox Plant operations. The work
reported herein (and that yet to be pertormed) is directed specifically toward
the existing Redox Plant and its operation, and will serve as the basis for a
survey of the possible epplication to the Purex process.

OBJECTIVES
The primary purpose of this document is three-fold:

a. To report exploratory experimental work performed to date in the
Process Chemistry laboratories on the study of the dissolving re-
action and the properties of the resultant feed solution;

b. To present a summary of the status of related work at other sites
and by other groups at this site, as determined from a survey of
the available literature references;

¢. To outline questions yet to be answered. before the process may be
used in the Redox Plant and a progrsm to be followed to answer these -

questions. _

= UHOLASSIFIED:
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SUMMARY

The use of mercury-cstalyzed dissolving gives promise, based on the experi-
mental work reported and the literature reviewed herein; of relieving the problems
set forth in the introduction, becawuge 1) ammonia evolution from the dissolvers
is eliminated, 2) coating removal wastes are eliminated and the aluminum Jjacket
material is utilized as process salting agent, 3) a dissolver solution is pro-
duced containing easily separated solids and exhibiting favorable disengaging prop-
erties, and U4) in laboratory studies dissolver time cycles are substantially
reduced. :

a. laboratory-scale dissolvings of non-irradiated slugs have demonstrated
a suitable flowsheet for dissolving Hanford 4-inch slugs {see Appendix
for the proposed flowsheet). This flowsheet permite coating removal
in about 6 hours, with a total of about 8 hours required for the coat-
ing removal and firgt cut of a two-cut dissolving. Solids resulting
from these dissclvings have been easily separated fram the solutions
and the solutions exhibited favorasble digengeging properties in the
Redox system. )

b. A survey has been made of available literature pertaining to mercury-
catalyzed diesolving and the hexone system solvent-extraction behavior
of its resulting solutions, and those factors pertaininiy to the pos-
sible adaptation to the current Redox process are discussed below.

c. Those items of information required for the evaluation of such a
change in the Redox procesg but for which sufficient data are lacking,-
are outlined for future studye.

DISCUSSION CF DATA FROM THE LITERATURE

I. General
¢

The use of nitric acid with mercury as a catalyst for coating removal was
initially proposed as a step in the chemical processing. of aluminum-Jackete% ?lugs,
Some development work was done on the step prior to Hanford Works start-up, 7
and many semi-worke dissolvings were made.{l0) It was discarded at that time,
however, because of lack of information on controlling multiple batech dissolvings
and becauyse bonding material solids did not interfere with the bismuth phosphate
process.z\ll More recently it was proposed f'or Redox as a possible economy
measure; that proposal was not too praat}ﬁ?lﬁe?nd contained too many points
which were subject to question at that time.\7'? However, more recent work
has led to a better understanding of the factors involved.

Considerd?le develogment work on eluminum dissolving has been performed at
various sgites, 5,19,23;29) and the separations plant at Arco, Idaho, is being put
into operation, with the use of mercury catalyst for diss?lv}ng varioue types of
reactor fuel elements prior to hexone solvent e.xtract;ione\-ll+ Work was done on

suppressing radio-iodine evolution with mercury in the Bismuth Phosphate process

GUCLASSIFIED
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Also, a signifijcant preliminary survey wae made of the behavior of mercury in the
Redox proaess.\“l»“‘a From these varions studies, the problems involved in adapt-
ing the HNOS—Hg technique to the current Redox process may be defined.

II. Dissolving
A.  Aluminum

The maximum rate of the aluminum-nitric acid reaction is achieved at a nitric
acid concentration of ebout 23%, either with or witbout the mercury catalyst, even
at boiling temperatures.(29) Since the reaction is difficult to control with
excess catalyst present, variations in temperature, catalyst concentration, or nit-
ric acid concentration, may be used as means of controlling the reaction. Two sets
of c?nditi?ns have been proposed Tor optjmum results, the use of 10% acid in one
casellls12) gng 45% acid in the other,\7J

The selection of acid concentration is influenced by two factors, viz., off-gas
composition and subsequent routing of the Jacket removal solution. It has been
stated that the 10% nitric acid dissolution glveg greater hydrogen concentrations
in the off-gases than the more concentrated acid.\12)

If the jacket removal solution were seat to stored waste (as would probably
be the case it i1t were to be used for Purex; the lower acid concentration would be
favored, since . it would give lower waste volumes when concentrated and neutrelized.
This procedure bas been shown to give from 0.5 to 0.8% uranium lossu(lo) If the
coating wastes were cribbed, then the dilute acid removal would give the lowest
waste losses. However, if the excess acid were to be used subsequently for dis~
solving uranium, then the dilute dissclving would be disasdvantageous since con-
siderable water boil-off would be required prior to use as IAF.

Congiderable work has been, done on finding an optimum concentration throughout
the dissolution of Al-U alloysf(29} A atudy of the reaction rates in the explorstory
work indicated that more rapid coating removal might be obtained by incremental
acid addift.ion, and recert Redox Flant experience has shown that the uranium dis-
solving rate is also increased by this technique. The use of dilute acid impores
a load on the H-L4 oxidizer to voil off excess water; thus, the use of acid which
averages less than 50% will cause a reductiorn in the potential head-end processing
capacity. This factor should be congidered in any study of use of acid recovered
in the UO3 plant .

Since the most convenlent temperature for a plant operation of this kind is
the boiling point of the solution once the anid concentrdation has been selected,
this then lesves the mercury concentration to be determined for any dissolving
rate.

E.  Uranium

‘ The presence of wercury does not appreciably affect the rate of dissolving of
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uranium in pitric acid. (36} Mercury dosg not Torm an smalgem with the urarius under
the conditions found im the dissolver. 32! Thus, the wranium dissolving rate would
follow the ?onveﬂt1oma1 relationghips of rates with temperature and acid concen-
tration.

C. Reactions

The following are gome of +the possible reactions that may take place in thils
system:

1) Al 6 HNO3 s A_v‘v\'o3 g‘ 3 805+ 3 Ho0,

2) Al + 4 HNO e A (N0 ) N‘) a“-:.m)o.,
©3) 8 a1+ 30 BNOg — 8 Mfﬁﬂ Ja 3 "‘ac % 15 8.0,
L) 10 AL + 36 w\m% et 10 AL 53 * 3N, 18 B0,
5) 2 4L+ 6 HNOg 7 e 2 ALLNO: ‘? 3 :fa.ay

6) U+ 8 HNOg e vmﬂxwo 59’ 46 NOs+ L HSO,

7Y U+ L4 BNO; 05N Jo t2 §O O+ 2 K0,

8) 8w+ B - a8ur)f§ st 6 90»114 B0,

Observed reactiong, however, are not the simple ones indicated, and are prob-
ably combinations of the above reactions depending on instantaneous aclid concern-
trations and condenser efficilency. While the reactions vary during dissolving as
concentrations change, (25,27} the summary of several digsolvings {under a dif-
ferent flowsheet from the one corsgidered here) gives a final equation of:

9] AL + 3.75 ENOg ~lBa AL(NO3Y 4 ¢ 0228 NO @ 0.15 N0 + 1,875 H 0

This reaction produces LOO mi. of off.-gas per gram of Al at standard conditions \
of temperature and pressure, when starbed with en initial HNO, concentration of
4.25 M at the boiling point, with a down-draft condenser on the dissolver and a
mercury addition equal to 2% of the weight of alumimm.\27) An overall uranium dis-
solving reaction, starting with 55% “NUQ wags pogtulated ag follows, on the hasis of

experimental work at ORNI: Ll

10) U+ b5 BNOg s TI0L NS 4 1022 B0 4 0.33 N0 - 0.33 NOp + 0.26 N0y
£ 0.05 W5 4 2.25 B0, oy

This veaction gives 47.6 liters of off-pas par mole of U dissolved, at 30°7. 1
and standard presgsurs.

While the mbove reactions do not include hydrogen evolution, hydrogen has been
found in off-gasesz. Some interaction of hvdrogen with other agents present would
be expected to occur, both in soiubtion and {x the gas phases, thus:

L1} 2F 4 2 MNO, wemw 2 FR0 F N,
12) 9P 4 3 om0y e N0t DLt U k0,

Al
L3} Bs NG, T - wo Ao,
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The re sultant..*)wu would he rhfﬁiﬁmd in the acid solutidnJ and would, in
turn, result in NH, evolution ir the waste newtralizer. “he wnan1jty of’ AHMNO%
formed has not heen reported. 1

Dats on FQ evolution are meager and uncertaln and are based on either singlm-qug
or small-scale dissolvings. 1t was found & ?t KAPL that 8% of the off-gas was Ho
when 10% HNU, was used T'or the dissolving. {12) 1t was determined ihat the ga8ES
evolved with'és% HNO, dissolving could not be exploded, eifunr a8 evolved or wzth
air dilution.\9) No~ hydrogen was reported as a product of 'J" slug dissolving\?
but up tn é% W&B reported foyr ERR siugsg-lg) and 0.5% was fund in dissolving 28
alumlnum\ . Bome differences in the resulis of the vardias studies could be
expected, because gome work was dons with nitric acid reccvery (down-draft conden-
sers) which reduced the percentages of nitrogen oxides present. The fact that the
data are in conflict is not surprising, since the summary of many E#k slug dis-
solving runs showed no hydrogen evolved,in several cares, "but also showed an occasional
gas stream containing a low percentage. (22) Tt would thii: appear that some still un~

identified variable not under control was responsible fov the aydrqgen evolution.
Hydrogen has also been reported to result from uranium ¢ Jssolvmng

While the presence of mercury wiil affect the behav»or of iodine during dis-
soleng,?32 a concentration of 103 M mercury is not sufficient to suppress lodine
evolution romplptnly.( 34) A second digsolving cut with no mercury present would

give the same iodins evolution as present gecond cuts.

D. Conditions

1. Time

Using 1% nitric acid, the coating has been remover trom Henford-type 4-inch
slugs in 1 hour. \10‘ Aluminmum Jackets have been removed from thorium sluge in 30
minutes with 40% acid.{13) The time of dissolving jatk:ted EER slugs in Log% HNO
was 3.5 hours, wniln the same siugs without Jjackets reguired 4.0 hours in 51% acid.
The metallyrgy or "J" type slugs wae I'ound 10 intluence the time required to dig-
solve themil® /; thus cast slugs requlred v hours o uJ;soLve in 4.24 M acid with a
mercury concentration equal to 5% of the alloy weight, vhile extruded sLugs required
only 4 hours to dissolve in the same strengtw of acid and a mercury concertration
of only 2% of the alloy welght |

The time required should be a function, wriefly, ol rate of heat evolution asnd
the abllity ot the digsolver cooling coils to dissipatsd 'this heat. No data have
been found in the work reviewed on the heat evolution ¢f this gvpﬁ of reaction.

The Redox plapt dissolvers have g hvatlng capacity of ahout 10¥ BIU per hour and
a cooling capacity of about A x 107 BFij per hour. =

2. ‘ew rature

5 s 100 A1 e

- , . x \ fou)
Tne pate of reaction 1s a functlion of tewperature, 1or both uranium ' and

alumirums2 ', Whiie soms Tlowsheers require maintairing s flxed tempersture by the

mA 4

SR fhls
‘u ¢ ) [

g



UNCL ASEIFIED

i i
W W Mopwy &

ey  py-30838

-8 -

uge of steam or coolingwwateryill) it is more in accord with present dissolver oper-
ation to allow the reaction to proceed at the solution bhoiling point and apply

steam or cooling water in a mammer which will give a constant pregeurs drop across
the dissolver tower and a congtant pot vasuum.

3. Chemical Addition

While some experimental work included the acaking of the material to be disasclved
in mercuric nifrate solution prior to dissolution in order to make short term exyeriw
ments reproducible, 9,30} this was not shown to be of sufficient aid in long dis-
golvings to attewpt in plant operation. (30}  Mercuric nitrate, the most feasible
reagent for this proceas, rﬂquires that & stock solution contain appreciable amounts
of nitric acid vo prevent the preﬂipitation of the bagic nitrate; a solution 6 M
Hg{NO3), and 3 M HNO, bas been proposed. {28)

The sequence of initial chemical addition is dictated by the relationship betwesr
acid concentration and dissolving rate. When the optimum dissolving rate occurs at
an acid concentration greater than that which gives the maximum rate (ca. 23% HNO2 ),
as is the case for a 45% scid dissolving, then 6U% acid must be added first, IIILOWPd
by water. 'his sequence insures that the desired rate condition is approached from
the slow rate side rather than through a TﬂPld rate region prior to completion of the
acid addition.

Also, once a set of conditions of acid concentration, catalyst concentration,
and temperature, has been selected to give a controllable reaction rate, consideratic
should be given to maintaining these corditions beyond the start. of the reaction.
Thus, & small initial charge of &% HNO. is soon depleted by reaction, and as it ie
reduced in strength the reaction rate will ircrease. The initial charge of acld must
therefore be large to maintain a constant controllable rate, or incremental acad
additions should be used to prevent the free acid concentrstion from being depleted.

The work with "J" type slugs(29) showed that an optimum acid concentratiorn exists
which gives a maximum dissolving rate for auy aluminum nitrate concentration. Ivis
condition exists when K, in the expresgion, ¥ = 1.5 ¥ + NOz~, is equal to 6.b5.

It is possibhle thal, a similar relationship holds for the coaging removal operatiorn
and a suitable increwental acid addition technique may be derived.

4. Rate Control

Once the cartalyst has been added, temperature and chemical addition offer mean=z
of controlling the dissolution rate. As indicared in the above par. ph 2 on
temperature, control may be schieved hy cooling or heating. Further control may aiso
be achieved by controlied acid and water addivions;, a8 indicated in the preceding
comuent s on chemical additione. Drowning of the aluminum reacthion, if required,
would be accomplished by the addition of niiriz -- never with water. Such acic
drowning would increase the rate of uranium disz nnlvi'na9 but this is much slower tran
the atluminum react ion
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Core should be taken when approschicg the opersliog rate at. the gtar: of the re.
action, or any !ime the vesnel bag heen cooled, ziros mercury plated out on Lbe
aluminum in the cold will give a very vigorous anitial regrtion on re-heating. | See
the remarks in paragrach 3, above, on caemies s addit ion which discusses soaking the
slugs in catalyst.} '

5. Metal Hc

Vet s

The sige of the uramum heel of partialiv diﬂmokvpd stugs affects the rave of
26 ) Sipee the urantae reaction ig in competition with the alum-

I
uranium,dls u;viﬁ N
{dum resction for the wnivric acid. 1v may be seen that the heel size should he
defined for any set of conditions for ihe drgrolving.

Mercury does not form arn amalgarn with ;ranjuv-'{’” nor doss it plate out on the
stainless ct&@;({’) urder the conditions i1r the dizsolver and therefore 1t ie nob
expected that any maraury willd sztay 1w the diszolver between cubs. Fowave r, if any
aluminum is left at the end of the {lrst cul, wroury ghould plate out aon it, on
cooling, to such an extent that the alumlrum acid dissolving will contirue in the
gecond out.

6. Other <ol

(o 4R A G A

Evern inerementat acid addition will sor aneure a uniform reaction rale. As the
aluminum surface 1g decveased, the amount of wareury per unit of aluminum will in-
creage and accelerste the dissolvipg of tLhe remwining aluminuo. len, preferential
attack of the alumivam has heen observedl 3L ', probably due to d1fi~renk metallurgical
forms of alumirum. 23! Any chacge of gtracture of alumipum under irradiation way also
affect the dissdlving rate of irrvadiated siug Jackets.

Toaming of the mercury- coptalvesd alominae dissolving bhas bheen obsarved to be
great, and continuous disgnlver design for "1 oslugy is conglderably affected by
1t.\ﬁ However, the Fosming is about the aame order of magnitude as that occurring
in dissolving ursnium and ro speclal diffiﬂ"?jﬂq are foregeen 1n carrying out such
aluminum dissoiving 1r a veszel that nas teen suncessfully used for dissolving uran-
ium.

Boptrol of fival solutior acidity may he wors difficalt than with current dis-
golving procedures i spesific gravity is weed as the control means. Each dissolver,
depending on 1ts loss of aitric scid due o condenser efficiency, leukage of airy
etc., will produce a solutlon Faving a characteristic rinal specitic gravity. A
proposal wade for dlssolving PER sluga to control final acidity by the pot vapor .
temperature, OI'TErs promige O bhelng an acdeguatr means of controlling the “Paction ()

The vapor iemperaturs rellecls the boiling pninn of the free acld in the pot. Yapor
tewperatures sre obsarved to be init1ally high and Lo decrease uptil they reach that
of water, wher all Teee 3cid 15 gOne. &)1‘

Lo Solution Lompasition

The dirs iviee of a Hasford-cype Gelneh slug (1783 grams of uranium, 58,84 gram:
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QF advtrooai W sl Wives ULy moie of sluwinum for each mois of
pranlian an ool oo, e ahml . detwity acd freezing point melatilonshice of
solutione having such a ratio It appesys that ne highest wranium concentration,
which may be salely Lra sreed and shored is 200 M. ‘
The compogition ol eacs cul requived to glve u fipal feed composition of 2
0.56 MoAN ey be peedl revaed. A Tiysh cub \I.LU MoANN, L3 M UNH, V.0 M an<)
takes all of the sluploum and 32.5% of the Lraninm will have a freezqng poi A of H&)’
and a speciiic grav. of 1.5943 at that tepperature. A second cut L7 MANH, 0.0 M
HN03) with a volume ual to Lhe favat, which takes the remsining nranium wiJL have
a freczing point of Jooand A specitic gravity of 1. 8590 at thet texperaturs.

N

2. Ponding |

slugs contaln an average of L.15% grams of g1limon and U.0L gram
of tain. Thesc ric elements, used to bond the can to the slug, are the major
source of ingOlubie rﬁtiduﬂh from the pitric acid dissolvings, since on altermate
contact with caustin and acid, tney rorm the acld- insoluble silicic and mstasgtannic
acids, which way Ccause pmulslrxﬂﬁfJOﬂ and entyaimment during subsequent solvent ex-
traction. Moreovey, under thege condibloneg they tend O Torm colloide, and thus
their compiete removal during feed praparation 18 ail put impossible. bven si1lizon
that has neer dissoived 1n caustiz is a potential source o gelatinoue solids, in-
asmich as slug ranses do nob corpletely remove all such meterials from the slugs and
the vessel. 831 “nis heel tun;amlna ion iz oftern overlooked by laboratory workers
investigating s0l1da benavior, ! ‘

Hantord b -

The soblde remeirine afier merouryve-sataiyzed digsolvings are "vaxy finely divided
and cause no froatle ip Jetting.'{xdl Other known propertlfs (digrugsed under
EXFERIMENCAL, helow! appesr to offer dighing® advantages over the current method.

Fart of Lre solid resiaus resulting freom the bonding material, is pow slurried
out with the coafime washas; all of the solids removed from the system, however, if
mercury~catalvzed d18s0lving 1s used, will Lsave via the centriiuge. “his will
change the centyifuge washe pleture gomewhat . Also, 1t must be poiuted out that
everything whicn enters tne dissclver must gn onh "throngh process.’ Thus 1t will
be highly desiraple tnab slug putkats he frea of Toreign materials.

3. Uranium ard Rknigg%gg;%ggﬁ

One advertage of the mervvury-catalyzed dlssOlving procedure is that 1t eliminstes
the problem ot disgposal Of coallng wastes. thig, of course, eliminates the loas of
plutonium and urarium to these wastes, but their loss to centrifuge washes under
mercury-di1ggeolving condliiions 1s a0t Kacown.

b, Fission Product

The presence of meroucy will affess the evolution of iodine from the dissolvers
by reducisg the amount evolved, [rom the curcent average of 50%, 4o less rhar O 05%,
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if lO'h M mercury 18 nreqwnr,l Thaia effent would not be noticed for second cuts,
unless additional mersury were added {see under Ii.~, above). The vse of thia supe
pression effect might be guite desirable in the case of silver reactor difficulties,
to allow processan at maximum rates at times wher the silver reactor is not funchlop-
ing.

The use of mercury dissolving may affect Zr-Nh decontamination in both the head.-
end and solvent exitraction steps by altering the characteristing of the gelatinous
bonding layer-hydrated oxide type of eolids {see paragraph E.2, BhﬁVP) which adsorb
these radic-elements and influence thelr Lehavior.

5. Corrogion
® s

Mercury will not plate out on sfalnsts gstee] under dissolver conditions, and
corrosion studirs have shown that 1077 M Hg in disgolver solution causes no 1ncr°ased
corrosion in 309 SCb stainless steel. 35) Similar results are re rsed for 102
and 10-3 M Hg in similar soilutions on the sawe type of stalnless Type 3k7
stainless steel showed a corrosion rate of % mils/year in a 2 M aluninum solution
containing 0.085 weight per cent Hg\NO3\2 42) 1+ has been vepmrted that heliarc-
welded 3L47 is gorroded by 2.0 M aluminum nitrate and 5% Hg(Nﬂ )5 in acid waste.
storage tanks. {45)  In the iritial development of the Bismuth” P osphate procesg,
181 coat.ing removaL runs wvere made using Bg-10% HNO; solutions; there is no record
of corrosion of the dissolver having been observed. (10]

III. Feed Preparation

A. Adjustment

The problem of blending cuts to give a uniform feed composition might be solved
in the Redox FPlant in two ways. The no-longer-needed rinse tanks could be replaced
by larger tanks, and the coating removal-first cut solution could be stored therein,
to be returned to the dissolver after the sacond cut. This would provide the blend-
ing of cuts prior to transfer to the storage tanks. Arother possibility would be
for all coating removal-first cuts to be routed to B-10, with subseguent cuts to be
routed to ©-8 and B-9, followed by batch blending into H-7 from appropriate tanks,
using weight factor for control of size of batches to be transferred. Either pro-
cedure would allow the dissolvers to orerate independently of each other. Routings
would be scheduled to allow maximum use of all storage tanks.

Due to the solids present, 1t would be 1mportant for agitators to be in opesr-
ation in the storage tanke at the time of transfer. (Thase solids are fine and easily
dispersed, but will settle on standing.) ‘huz, %o prevent deposition of solids in
the tanks and to insure 3 uniformity of solids content in the batchesz sent Lo the
centrifuge, satisfartory agitator operation would he mardatory.

Some dilution of solutions would ocour during jet transfer from dissolvers to
storage tanks to oxidizer., This dilution wva‘er wonuld have to be bhoiled off during
the operation of the oxidizer. 4 2.0 M N¥ solurion represents the most concertrated

solutinon tha* wmight be processed zafely. due tn 2505 freezing point congiderat tons.
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Sampling of dissolver golution in the H-7 blend tauk would be required, as at
present, so that acidity adjustments could be wade in the oxidizer. No change in
adjusting procedure would be required.

B.  Oxidation
No difficulty should be expefienced.with oxidation by dichromate. Mercuric di-

chromate is only slightly soluble, but in The reported work with mercury dissolving
and dichromate oxidation no mention wag found of golubility difficulties.

C. Centrifugation

The. nhange of centrifuge conditions is mentioned above, and includes an expected
increase 'in the amount of solids to be centrifuged out as well as improved centri-
fugation properties of these solids. The denesity of the solution to be centrifuged
- will be less, thus also asiding separation of the solids. Preliminary laboratory
studies indicate that thc :e solids are more eagily removed by centrifugation than the
MnO, from permanganate head-end treatment. Fission product and piutonium scavenging
by these solids is yet to be determined.

D. Permanganate Head -End

Mercury has heen shown to be s catalyst for the recuction of permanganate by
X-rays. (1) Its effect on the current head-end treatment in the presence of highelevel
radiocactivity has yet to be determined.

Mercury 1s 65% adsorbeé on MnOo when resent i a concentration of 103 M, and
20% adsorbed when the concentration ig 107 - M Hﬂ; ) The effect of such adsorbed
mercury on Zr-Nb has not been determined.

No change is foreseen in the actual volatilization of Ru from solutions prepared
by mercury dissolving. Experiments conducted to determine XMnQ), reduction rates and
M.nO2 scavenging hebavior will permit determination of volatilization effects also.

It. has been shown that considerable 10dine 1s adsorbed on MnO, in the absence of
mercury and is not aprreciably volatilized during cake dissolution. (39) The influence
of mercury on such behavior still has to he determined.

IV. Solvent Extraction

A.  Flowsheet

I1f a 2.0 M TINH solution is the most concentrated solution that can ieave the
oxidizer because of freezing poirt considerations; then jet dilutions will reduce
this 4o ahout 1.8 M UNY py the time i’ entersz the IA Column as feed. Thus, the 1A
flowsheet will be determined by a feed of 1.4 M UNH, 0.52 M ANN and -O0. 16 M HNOB,
Tfrom which seversl alternate flowsheets may he proposed 1ncorporat1ng such possl-
“hilities as dual-sorur, single-scrub, waste-backoycle, etc. A tabulation of three
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possible flowsheets is given in Table 11 with current flowsheets for comparison.
Selection of the flowsheet will be made on the basis of plant operating economy, de-~
contamination, waste losses, and limiting capacity. No flowsheet changes are indi-

cated for columns other than the IA Tolumn.

B. Decontaminat ion

‘Expected solvent extraction decontawinstion will bhe influenced both by the
changed feed preparation and the changed solvent extraction flowsheet. The changed
dissolving procedure will increase the swmowunt of iodine retained in the column feed.

It was shown that iodine was the major contaminant in IAP (mercury present,
hexone system), but constituted only 10% of the sctivity of the aqueous IBP, having
heen retained lar ely with the solvent leaving the IB Column (oxidizing first cycle,
no partitioning) .\

The solvent extraction behavior of Zr-Nb may be influenced by the absence of
silicic acid in the mercury dissolved feeds, but no information appears appears to
be available cn this. The effect of changing IA flowsheets, however, is expected to
alter decontemination, since the change from sgingle to dual-scrub flowsheets was shown
in the Process Chemistry lahoratory to give a greater decontamination across the IA
system, and to affect the partitioning in the IB system by reducing the proportion
of activity leaving with the ITRP.

C. Waste Losses

The greatest impact on waste losses will bhe due not to the presence of mercury
in the system but rather tc 1A flowsheet cranges. Flowsheet conditions {see the pro-
posed flowsheets in Tahle 1) would be chosen with an adequate salting strength and
solvent flow to control the IAW waste loases to desired low values.

D.  Path of Mercury in Process

Batch extraction data exist for mercury distribution coefficients in the Redox
process, which indicate an expected distribution of mercury in the first cycle of 10%
in IBP, 35% in ICU and 55% in the ICW. {41,L6) Fipal concentrations of mercury in
the product streams are predicted to be 3% ppmp U and 2000 ppmp Pu, from a IAF
initially 2 x 10-3 in mercury. It is predicted that a substantial reflux of mercury
will occur in the iA and B systems. Indications are, however, that dynamic extrac-
tion work will show little mercury in product stresms. (13

The solubility of Hg under IE Column conditions is limited. This is probably
due largely to the fact that mercurous ion is very insoluble 13) although the basic
mercury sulfamate has also beep reported to be insoluble. 3) The basic nitrate salts.
also are Qﬂl% slightly solublei?) and require excess nitric acld to keep them in
solution. 1t was fourd that ferrous suifamate could not be added to the IA
Golumn of the "25%" process hecause of the precipitation of mercury, present at a
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0.007¢ 'on:Pnrrﬂ*'ﬂx.\l'V Inotre Tdaro ocrvemical Trocegsing Plert it was found
that PTﬁtiP tatior of mercoury would oscur with» rervous sulrawmate irn the secoxnd
cycle of EFW fuel proceasing L3 Ino1s pecorded that 0.3¢ g./1. Hg formed a
slight precipitate wirh 0.0% ® rerrous )fi*&mJ'H.\h/ Thus, the tuild-up of mer-
cury 1n Redoyx I+ by ref{lux mayv lead tooenme precipitation. Depending on the path
of mercury, this limina’:on may infiusrce the flowareet vo be uered for hack.cyv-le;
e.g., the No. A Hlowsreet in Table I’ mav w¢ preferred over No 5 Flowares®. it
appreciable quantities of Yg are 11 the plunoniuam cyrle wasteg.

V. Froduct Handling

A, Dranium

It the avove prediciéion of a final wmercury concentration of 35 pomp uranirm in
the end~gtream g guhsrantiated, bher congrderetion should be giver 1o the fatre of
this mercury. oince 1t has beepr gn0wn Ny mercury doeg not lncrease corrosion
under dissclver conditionsg. 1t ig not expected Lo increase corrosion of the uran-
ium concentrators. Due 12 its vapor presgure and to the nature of i1ts oxides,
which decompose on heat;ng mercury would be expected to be volatilized during cal-
cination of UNH to ”U3 k*l Lfricient. 1me recovery would then obviously be man-
datory. Its preseunce in the O; product 18 not deslrable but might possibly be
tolerated if the oononntve*Lon 8 not exressive.

B. Plutonium
A Tinal mercury concentration of 2000 ppwp plutonium, s predicted above, would
make mercury a major contaminant.. Yo study bag been made of the fate of this mer-

cury in, or i1ts effect on, subzequent rlutonium processing steps.

VI, Waste Processing

As previously 1ndicated, both 10dire Aand mercury would be fournd 1pn organic
vaste streame, 2.g., LOW, but Lheir rate in the 10 Column and the solvent distil-
lation step is vot known. It has been shown by batch contsctings thern the 10
Column should not remove all of the iodire in the solventi4#0), and although present
plant operation does not result in continued iodine vulld-up in the solvent, it
is possible that the increased coarcentration of iodine {ag a result of the use of
mercury ) nay result in a Buiid-up of thie fiseion producy to a finite steady-ztate
value in the retreated hexone.

The behavior of iodine 1in ?ge,aquwnuw wagte concentratorg has been defermined,
but i1n the absence of mercury. 39) Although considerable loaine does velatilize,
very Little fails to condense. Mersuryv-catalyzed diseolving will decrease 10dine
evolution rrom the dissolvers and so will put more iodine in the waste system.

If the magnitude of this increaged concen ration 1s great enough, some increase
of ilodine in the off-gas svetem may be roted, but is not expected to reach sig-
nificart proportione.
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EXPERIMINTAL

I, Conditiong

wo deries o runs vere made im the laboratory on a one-slug besis, using un.-
irradiated Hanford b.ingh, Jjacketed, reject slugs. Some of the runs were performed
in a gless resin flask, tum most wers perforted in a slsinless steel beskher. Hoth
dissolver vessels were fitted with covers and condensers and were heated by elec-
trical jackete. All rmms exceprt one were made with the standard up-draft type of
condenser.

A. First Sevies

imcasasis

Thie seriss of runs was made uzing acid additions that would give a coating
removal cut volume of about one-quarter of the fimal solution volume per charge;
hence, two urarium dissolving cute wers required after the coating remova l-first
cut dissolving. For these coabing removal cuts, bhalf of the total acid volume used
was charged iritially at either 30 or L& weight per cent concentration; the re-
mainder was added slowly as 60% azid when the initial reaction had slowed down.

Heating was required to initiate the reaction, but once the temperature resched
1009G., sufficient beat was generated to sustain the reaction without the appli-
cation of additional external heat. Since the stainless steel vessel used in this
series of runs had no coii or jacket suitahle for cooling, sparging with cold air
was the only available means for controlling the reaction. This proved only par-
tially effective. After the initial vigorous reaction had subsided, the application
of external heat was required to keep the dissolver contents boiling.

A brief tabulation of this series of runs is given in Table IV, and the sequetce
of operations and resnlting run data for a successful run are shown in Table V.

B. Second Series

Rased on the data from the first series of runs, conditions were altered for the
second series. Although not all runs were made with sufficient acid, data were
gought 1n this series to permit defining the conditions for a two-cut dissolving.
All initial acid concentrations were 45% HNG, with the subsequent continuous addi-
tion of 60% mcid made at the optimum rate as determined by the acid profiles of
the previous series. The dissolver vessels uged vere equipped with cooling colils
and provigions for reading pot vapor temperatures.

1L. Ei?.ﬁ‘i;i.;f;:’?‘.

A. [First Series

From tha first geries of runs, information was obtained which could be applied
to the second series, inciuding the Tollowing Items:
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1. The optimum coucentration of Hg N0 Jpr M0 {the commonly avallable galt)
is approximately 1 per cent by weight of rhe aluminum. (Thie corres-
ronds to about 0.6 per cent on the basis of Hg rather than Hg(N03 R 20;

2. The optimum initial acid conceniration is 45§ HNO;.

3. Acid concentration profiles as a function of time indicate that the
initial depletion of acid is very rapid and that early addition of con-
centrated acid 1s necesgary to keep the concentration at 45% for as
long as possible while the alumivum is being dissolved.

Run 1-D, Table V, showe a suitable flowsheet, for the first cut of a 3J-cut dis-

golving. Thig cut, completed in about 5-1/2 hours, dissolved all of the aluminum

in 3~l/2 hours and about 15% of the charged urapium. Two more cuts each of about
the same volume would have removed the rest of the charged uranium to be blended
with the first cut to give a feed of the desired compoeition.

B. Becond Series

The

second series confirmed the optimum catalyst and iritisl acid concentra-

tions apnd defined the conditions for continuous acid addition. A tabulation of
the runs is given in Table Vi, and data for the final run are shown in Table VII.
Other points established were:

1.

2.

Foaming during the aluminum-nitric acid reaction was of the same
order of magnituyde as for the uranium-nitric acid reaction.

With the recommended smount: of catalyst,; the first cut was completed

P

in about 7 houre, the first 6 of which were required to complete the
aluminum removal.

Doubling the amount of catalyst reduced the aluminum removal time to
3 hours but made little difference in total dissolving time for the
cut.

Kate control was easily achieved by the use of the cooling coils. A
temperature drop of 1°C¢. from the boiling point (ca. 1109¢.) was suf-
ficlent 1o quench the obgervable saluminum-nitric acld reaction nearly
completely.

A total of 2-1/2 gallons of cooling water (in at 13°C., out at 100°C,)
wag gufficient to control the reaction with twice the recommended 1%
catalyst used, in the laboratory equipment.

Vapor temperature sppeared to bhe a satisfactory comtrol criterion for
following the progress of tha reaction.

. The [irst cut solutions contaived legs than O.1 gram per liter of am-

monium ion (analytical lower limit).
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8. CObservation of down-dratt dissolving techniques indicated “hat altering
the air-sweep rate to compensate for varying off-gas compogition during
the reaction would be degirahia.

9. The solids resulting from the rune were finely divided and granular,
lending themselvee to improved eage of separation by centrifugation.

There was no indication of any gelatinous solids being present, as was the case
with solutions prepared by conventional caustic coating removal followed by acid
uranium dissolution. {5Such slime tormstion is chiefly due to incomplete rinsing

of the caustic from the slugs and vessel prior to acid addition.) %The fineness of
these solids wag such thet they were readily slurried by air sparging and re-

moved through the decant line. Centrifugation for 1O minutes at 1000 x & wag suf- -
ficient to remove all vieible solids from the solutions. Following Run I1-0, the
balance of the uranium charged was removed in two additional cuts and these cutsg
were blended and adjusted to a 2.0 M UNH IAF composition. After centrifugation

for 20 minutes &t 1700 x £ the solution gave a vibrational disengaging time of 30
seconds, compared with 28 seconds for (:.P. IAF, 54 seconds for the uncentrifuged
first cut solution, and 32 seconds for uncentrifuged IAF prepared by the conventianal
de-Jjacketing and dissolving techniques. While these disengaging times show little
difference between caustic and acid coating removals, the cumulative effects may be
quite different.. Unfortunately, no completely satisfactory laboratory method bas
been found to indicste tendencles of sclutions to cause solvent extraction colums
operating instabilities. :

Further informatiorn about the resgidusl solids was obtained by studying those
resulting from Run Il-E. The firet ana second cuts were combined and centrifuged
at 1000 x G. About 9 mi. of solids were ceptrifuged from 3700 ml. of solutiom, ari
this 0.24 volume per cent represented essentially all of the solids associsted
with one b-inch slng. The apparent density of this cake wae L.77 g. /nu %he solu-
tion deneity was 1.63 g /ml These solids were shown by spectrographic analysis
to contain more than b% Al, approximately 0.01% 1§, less than 0.01% Cu and Sn, and
no detectable quantity of Hg.

111, Discussion ‘

Study of the experimental results has led to the proposal of the digsolving
flowsheet shown in the Appendix. It iz expected that only the rate of continuous
acid addition will have to he adjusted for awy gilven dissolver since the rates of
reaction will determine the rate of deplevion of' nitric acid. Variables such as
the use of updrart or downdratt condensers, vessal alr leaks, efficilency of heat-
ing and cooling, etc., will affect the mtes of reaction. A glance at the acid
concentrations during the two runs tabulated {Runs I-D ard II-E in Tables V and VII)
chows that optimuwe acid concentrations ware not mairtained in these laboratory
rnns.

FUTURE WORK

I. General

the preceding summary of prelimirary lahoratory work and discussion of data
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from the lLiterature bag pointed oul Jo6e AT the pertinpent factors 'o be inveen) -
gated further. While copsideratls ipformatimm hag been obhtainsd on mErcuTrye
catalyzed dissolving of varicus typee of slugs. 80d $00e 12 gvallehie on voe
bpehavior of mercury and iodine {2 hexous solvent ext.raction procegses, 1T 17 Lo
helieved that the profess 1% regdy for resting iwm the Redox plant. A specifac
flowsheet must be developed 1or diasoiving, and. dats should be obtaiped or. all subw
sequent processing sLeps 88 practiced in the present coxtinuous Redox plant orer-
ation, with particular emphasis on those factors which wmay have detrimenral efferta
on operations or product quality

" A program is currently under way to develop a mercury-catalyzed dissolving
‘procedure tor the pregent Redox plart. snd to answer questions ot profess import -
ance. ‘I'nhis program involves consideralie Laberatory 'cold” and "hot" work, plus
Menld" semi-works gcale studies 19 the 42l \u1lding dissolver which 13 a 1/20th
scale model of the production plant dissolvers. It ghould be noted here that
although 1% catalyst (naged on the welght of Al) was adeguate for satisfactory
Jacket removal 1n these single-glug laboratory experiments, it was found necessary
to increase thisg concentration 3- to 5-fold *to obtain the same results in the
321 Building Cold gemi-Works dissolver as indicated by preliminery data. A com-
plete presentation of these l/?O«scal& results will be made ir a forthcoming docu-
ment. The program may be separated info three phases.

II. First Phase -- Development of Flowsheetie

Tt 1s degired to:

A. Developr and demonstrate a mercury -catalyzed disgsolving flowsheet that
will give controllable diggolver operation with a minimum diszolver time
cycle, Fhe enphasis will be plsced on down-draft digsolver operation.

. Develop and demonstrate a IA Goiumn solvert extraction flowsheet which
will permit adequate processing of the feeds resulting from the mer-
cury-catalyzed diszolviogs. The emphasis will be placed on dual-sorub
flowsheets with wagte back-cycled as gorub .

=i
b=

¥, Second Phase .. Froviding Process Information

1t is degired to:

A. Obtain data on off-gas compositiong and volumes. /
F. Obtain nitric acid consumption date.

ri.  Obtain heat evolution data.

['. FProvide data tor reaction connrol nriterla, including specific gravities,
boiling tempeTalures, and vapor 1enperatures.

1. Determine ammorium lon content of feeds.
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"F. Dletermine the bebavior of solids. including centrifuge requirements,
(residence times, cake voluwe s, cake washing and removal), adeorption

of Pu and fisgion products.

V. Third Phase -- Investigation of Frocess Tomplications

It ie desired to

A. Investigate effects on head-end ireatment, including XKMnO) stabilirty,
ruthernium volatilization, Mnl, scavenging, and iodine evolution.

E. Investigate the path of mercury in continuous counter-current solvent
extraction including over-all uranium nd plutonium cycles, and during
start-up and shut -down.

C. Determine the fate of mercury in, and ite effect on, subsequent processing
if solvent extraction leaves aprreciable quantities of mercury in the
product streams. ‘

D. Determine the path of lodire during solvent extractlion and waste con-
centration in the presence of mercury.

E. Determine the fate of lodine and mercury in solvent treatment.

M. ¢ Turtis

v L.. Rradfo

MHC : JLB . MKH4/meb
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APENDIX

LCCHT GUDE D MERCURY ~CAPALYZED DISSOLV ING FLOWSHLET

Wwo-cul dissolving

and jP.Bw of charged vranium; second cul removes 67, 5% ol chanrged
wiandum.  leel maintalned of )Uo of uranium ch&rgcd

The coating removal cul operation will be controlled by heating or
cooling to maintain a constant vacuun and tower difterential
pressure, with vapor temperature as the criterion for determining
complotbion of dissolving.

Total wranlum welght charged willl be such that the second cut
(67.5% of that charged) may be safely dissolved with SuffiCLLnL
i1cobnald as determined hy previous oxporiencc.

iqual volumes Lo be used for each cut as determined by the second
cul, volume. Iirst cut acld is added in two parts. The initial
addition as 5% acid is to be half of the total acid volure, and
the second half is to be added continuously as G0% acid.

H(NO3)pep0, 1% of welght of Al, for h-inch slugs.

FLOWSHERT

A Coating Removal -~ First Cut

1. Charge Jacketed U-inch slugs.

2. Add cetelyst, as 1 M Hg(NO_), in h5% HNO5 -

3. Add 459 acid. 3

k. Turn on off-gas Jct, condenser cooling water, pot heating steam.
(Adjust air sweep if down-draft dissolvings are used.)

5. When pot temperature reaches 100°C., start continuous acid addition
at a rate which will complete the addition in 7% minutes.

6. Control reaction by the use of steam or cooling water as requlred,
to maintaln constant pot vacwm and tower differential pressure at
values commonly used for uraniun dissolving.

7. When pot vapor phase temperature drop, to 101°C., turn off steam,
‘turn on cooling water, cool to 10°C.

5. Dilute to sp. gr. of 1.59 with water.

2. Transler to storage tank.

10, Turn oV condenser cooling water, off-gas jet.
B pecond Cot

Polloy conventional vranium dissolving flowsheet.

first cut, mercury catalyzed, vcmoveﬂ all aluminum

Ve
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1n!yndlrun preay

reacd io-doding .

Mo conbing

Lirdnotucs) CHALIGHS

TATUTVA At
PAYE .L/P\’I'“,)

L. Dacier vemoval ol solids from

veed solotlona.

2. loscible elinination oy build-

upe od YA Coluan operating in-
sab i lity.
3. I(na;H>iLity of cﬁ tninating (o

reduding) biosk-through of Zr-

M to uranduwn and plutonium
cyclea.

Iffects not evaluated.

1. Helps climinate possible
limitatlon on plant capacity.

Bl fects unknovwn.

1. No losses of product to

coating wastes.
R

2. FEliminates eguiment and tinme
required for separate vaste
handling.

3. Reduces volume of wascte to
be stored.

1. Simplifies operation, [rces

_DTCATANTAGES

Mercury as o possible cdon-

taminant 1n both products.
Introduces a poisonous
chemical.

Iffects unknown.

Cribbing of coating wastes
not possible under prepeunt
proposal.

Bguipment and operation

pains probably off-sct by

requirement lor proper
blending of cubs.
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TADIS IT

PROPOSED REDOX IA-COLUMY FLOWSHERLDS
MIRCURY CATALYZED DISSOLVING

Flowsheet Number( l)‘

1 2 3 L 5 6
‘ v : Single~  Dual- Dual( Single- Dual- Dual(z )
Stream Component Scrub Serubl3 Scrub )3 Scrub Scrub( »3). Serub
TAF UNH, M 2.0 2.0 2.0 1.8 1.0 1.8
HNO,, M -0.2 0.2 -0.2 -0.18 -0.18 ~-0.18
Nwﬁqu M 0.10 0.10 0.10 0.09 0.09 . 0.09
AN, 1 ' .- - - . 0.52 0.52 0.52
Donb% g, G./ML. 1.68 1.68 1.68 1.62 1.62 1.62
Flow 100 100 100 111 111 111
TAS AN, M 2.06 2.51 2.50 1.63 2.51 2.51
HNO- -0.2 -0.2 -07R -0.2 -0.2 -0.2
Napél o- 0.01 0.005 0.005 0.01 0.005 0.005
Denei’ G /M1. 1.32 L.ho 1.ho .27 1.40 ~ l.ho
Flow(b 115 110 111 110 110 " 82
IAA ~ ANN, M - 0.5 0 - - -
HNO3,' M -- -0.2 0.0k - 0.0k 0.0k
Ne.CroOm, M - 0.01 0.01 -- 0.01 0.01
Densttf a./ML. - 1.08 1.00 - 1.00 1.00
Flow\” - 35 35 - 35 35
IAX Densg 5 G./ML. 0.80 0.80 0.80 0.80 0.80 0.80
Plow\? 420 420 L60 420 k2o 420
. TIAP UNT, M 0.45 0.45 0.41 0.45 0.45 0.h4s
1NOs, M 0.015 0.015 0.014 0.015 0.015 0.015
Densztx G./ML. 0.96 0.96 0.95 0.96 0.96 0.96
I ow Lihsg Lhs h&s Lhs s Lhs
TAY ANN, M 1.25 1.33 1.25 1.25 L.hh 1.30
HNO,, M -0.2 -0.2 -0.2 -0.19 -0.18 -0.17
NaoCredn, M 0.05 0.06 0.06 0.05 0.05 0.05
Dbnue ¥ G./ML. 1.22 1.23 1.22 1.22 1.25 1.23
Flowl5 190 220 180 184 231 202
L/V Extraction Scetion 0.427 0.494 0.379 0.413 0.519 0.45h
(1) P owshoets 1 through 3 are Sor current dissolving, and 4 through 6 are for
1ﬂsc Heeo aka])’7od dissolving.
. () At less' TAN.
Co(5) ooy *]Tjnf strengtly, Lahk—c'rlh ol 2Lty DAY and 3AW.
(W) riasied ‘f(~~r oln, p]u onduin eyole wastes not bacl-cyeled.
(9) Beledoa o I “ vato Yor Flowchest L.
Sy S S IAEN
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TABLE IIT

SOLUBILITY (F SOLUTIONS FREPARED BY
MERCURY -CATALYZED DISSOLVING

Test Solutions: Prepared by dlluting following stock solutions with water
to desired concentration. .

Component, Solution A ’ Solution B

UNH, M ' 2.00 2.00

ANN, M 0.58 ‘ 0.58
M O-lO "00?.0

NE 03’ M_ O nOOI O‘i 30

Saturation Tempersture: Temperature at which first eolids appeér on cooling.
’ (Found to be nearly identical with temperature at
which solids re-dissolved on heating.

Concentration of Specif¢c Gravity, Saturation Temperature,

UNH, 25°¢. OC. .
M A B A B,

2.0 1.738 1.728 oh .5 19.0

1.9 1.700 1.695 16.9 16.0

1.8 1.660 1.650 13.0 8.7

1.7 1.625 1.625 8.7 2.3

1.6 1.592 1.588 L.5 13.0
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TABLE IV

LABORATORY~-SCALE DISSOLVING OF "COLD' SLUGS
MERCURY CATALYSIS

SERIES I
Run Conditions: (Costing removal plus first cut)
Initisl charge: 1) Cenned slug (1780 greme of U; 59 grams of Al)

2) Heel of partially dissolved slug.

Initial chemical addition: SQO ml. of acid and catalyst as shown.

Continuous chemical

addition: 500 ml. of 60% HNOy added at rate of 5 ml. per minute.
Catalyst: 1M Hg(NO )2 in 45% HNOz; amount used expressed as
weight of Hg(NO3)2-H20 a8 per cent of weight of Al.
Temperature: Maintained at about 110°C. Cooling required for e
period during initiel reaction.
Results:
Run Designation
A_ B ¢ D
Initiel Acid Concen-
tration, Wt.%. 30 45 45 45
Catalyst Added, Wt.%
of Al. b.7 b7 0.47 1.16

Time Continuous Chemical
Addition Started, Minutes 120 90 120 75
after Beginning of Run.

Total Run Time, Minutes. 240 270 360 450"
Coating Removal Time,

Minutes. 240 - 90 360 270

Run Completed to 0.0°M HNO-. No ‘No No Yes
Uranium Dissolved, Grams. L8 79 219 262
Rate of Aluminum Dissolving Too Too Too

Reaction. Rapid Rapid Slow Opt imum

R B ey O Y
4 {)
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TABLE V

" RUN_DATA

LABORATCRY ~-SCALE DISSOLVING 'GF "COLD" SLUGS
MERCURY CATAILYSIS.

RUN I-D, SERIES I, TABIE IV

Solution Solution Composition. Coating
_ Tine, Temp. , HNO3, UNH, ANN, 8p.Gr., Removal,

Operation Min. oG. M M M 25°C. %
Charge 1180 g. "heel", --
Charge canned slug

(4-~inch).. -—

Charge 500 ml. of
5% HNO3, 0.005 M
in Hg(NO3)p.H0. - 9.2 0.0 0.0 1.278 0
Start heating.. 0 25
Turn heat off.,: . 33 101
Air sparge to cool
solution . 35 - 110 ' ‘
Sample solution. Lo 116 h.5 0.k 1.6 1.484 55
Turn sparge off. - 52 111
Turn heat on'and
sample . 60 111 0.6 0.k 1.9 1.460 62
Start adding 60% HNOs,
5 ml./min.. 75 111
Sample 90 111 1.3 0.5 2.4 1.493 76
Sample 150 113 1.8 055 2.2 1513+ 90"
Finish acid eddition, 175 113
Sample 210 112 1.6 0.7 1.8 1.559 97
Sauple 270 112 0.6 0.9 1.75 1..580 100
Sample 330 112 0.0 1.1 2.05 1.620(1) 100
Sample 390 112 -0.2 1.1 2.05 1.625(1) 100
Turn heat off
(end of run) . 150 112 0.k 1.1 3.1 1.666(1) 100

(1) Calculated values. Semples!had to be diluted to prevent freezing et room
temperature. ’

o ,s,,éf;;E&
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o UNCLASSIFED

TABORATORY -SCALEL DISSOLVING OF "COLD" SLUGS
MERCURY CATALYSIS

Tun ( mdjt ions:

Tnitial Charge:s 1) Canned slug\(l?BO grams of U; 59 grams of Al),
2) Heel of partislly dissolved slug.

Acid Addition: - Both starting and additional acid as shown. Where acid
was added other than the initial charge, it was added in-
crenentally at a rate of 10 ml. per minute as boé HNOB,
starting when sdlution temperature reached lOOOC

Cotnlyst: 1 M Hg(NO3), in hS% HNO5; emount used expressed as welght
of Hg(NOB?n Ho0 as percént of weight of AL.

Tinal Composition: Every 30 minutes, 30 ml. samples were taken. Results are
not corrected for these samples, in some cages Iinal vol-
ues reported were achieved by dilution.

Temperature:: Mainteined about 110°C. Cooling water (12°C.) was applied
to cooling coils when foaming was observed to be oyhoculvo.wutcr
exll temperature was about lOOOC

T ,HH,U
T Run Desipnation
IT-A II-B 1I-C II-D o II-B
Catalyst Added, Wt.% of o.59-1.ou(1) 0.86 1.13 2.3 2.3
Al
Teel, Grons of U Metsl. - 1150 211 868 53k
Volume of Initlal Acid
Added, ML. of 45%.. - 1000 1000 750 750 750
Vvolume of ’\dditional
Acid, ML. ot OO%. 1000 750 750 750
Total Run Time, MJnutes. 180 360 360 360 hos
Coating Removal. Time,
Hinukes, . 180 360 360 180 20
Time Lo Reach 0.0 M FPinal
Acidity, M nutes(? 420 450 420 5l
Coapogivion of Winal
coletion, Pesired
AL 1 TN 2.0 0.01 1.12 1.65 1.7
1.3 0.01 1.27 0.66 0.80 0.0
0.0 3.0 0.7 1.60 0,15 0.5
T (3) 1m0 10030 1509 1500 1350 1100
Plsl Voo Peoperabure.C0. 10O 101 102 C100.5 101
Corwlesnens Cozravion U -drait Up-draiv  Up-diat p~duait Dovn~draft

1Y ' - . 2] [N ; R S T . v el e S T .

éL) Daction clow Jor Dlreb hovr of roncocatalyol conceatration wos iaceerced.

[N T O
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T opecw zooen, Uined dilution wags poda
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RUN DATA
LABORATORY-SCALE DISSOLVING OF "COLD" SLUGS
So

TABLE VII

MERCURY CATALYSIS

RUN I1-E, SERIES II, TABLE VI
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