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ABSTRACT

The maJor equipment required for separating curium,
americium, and californium and for preparing purified
curium and americium oxides in the Curlum Processing
Faclility of the Savannah River Taboratory was tested
under simulated process condltlons prior to installation
into three shielded cells, Modiflcations to the equip-
ment were made where necessary for proper performance;
cperating procedures were developed to ensure satlsfactory
process control,
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FOREWORD

This report is one 1n a seriles that describes the develop-
ment of separations processes for purifying ##*Cm produced in
Savannah River reactors. The series 1s belng issued under the
general title Curilum Process Development. Followlng the general
title, a roman numeral designates the subJect area of the report,
and an arabic numeral designates the serles report number in that
subject area. A subtitle describes the content of each report.
Subject areas foreseen for this serles are:

I. General Process Description
II, Chemical Processing Steps
IITI. Analytical Chemistry Support
TIV. Equipment Development and Testing

Reports issued in thls series include:

I. General Process Description by I, D. Eubanks
and G. A, Burney (USAEC Report DP-1009).

II-1. Separation of Americium from Curium by
Precipitation of KaAmOy(COg), by G. A. Burney
(USAEC Report DP-1109}.

III-1. Analytical Techniques for Characterizing Solvent
by R. Narvaez (USAEC Report DP-1010).

I11-2. Identification of Solvent Degradatlon Products
by D. L. West and R. Narvaez (USAEC Report DP-1016).

IIT-3. Analytical Control by E. K. Dukeg {(USAEC Report
DP-1039).

TIT-4%. Evaluation of Potential Hazards from Chlorination
of Amines and Ammonia by D. L. West, M. L. Hyder,
G. A. Burney, and W. E. Prout (USAEC Report
DP-1142).
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INTRODUCTION

Approximately 5.5 kg of 24%Cm, 2.5 kg of #*®Aim, 20 mg of
25208 ang 8.6 kg of residual 2%4?Pu were produced by the irradl-
ation of pilutonium target elements in two consecutive reactor
campaigns.(l) The irradisted target elements were processed in
exieting plant facilities to remove the plutonium and some of
the nonlanthanide fission products. The resulting solution con-
taining the curium, americium, californium, and figsion products
is being processed in the Curium Processing Facllity of the
Savannah River Laboratory (8RL) to prepare purified curlum oxide
suitable for the development of heat sources and to recover the
byproductse, americium and californium.(l) A blend of purified
oxides of the americium and part of the curium will be fabricated
into targets for irradlation to produce additional #®2Cf.- The
recovered californium will eventually be purified for assessment
of 1ts utility in potential applications as a neutron source,

The curium process, summarized in Figures 1, 2, 9, 10, and.
15, includes an initial cycle of solvent extraction with tertiary
amine nitrate in diethylbenzene followed by two cycles of Tramex
golvent extraction with tertiary amine hydrochlerides in diethyl-
benzene to separate the curium and americium from californium,
lanthanides, and other flgeion products., Curium is separated
from americium by precipitation of K5 AmO, (€04 ) *HoO, the separated
curium and americium are converted to oxalates, and the oxalates
are calcined to oxides. The high chloride, high level waste
generated in the process is made suitable for storage by
evaporation. '

The equipment required for the curium process was developed
and tested at the SRL semiworks before installation in the Curium
Processing Facility. This report summarizes the information
obtained from these tests.




SUMMARY

The major equipment items required for the Curilum Processing
Facility in the Savannah River Laboratory were develcped, tested
with nonradicactive stand-ins, and modified where necessary at the
semiworks to obtain proper operation and to develop operating
procedures as summarized below:

e The l6-stage mlxer-settlers, which are used in the
three solvent extraction cycles of the curium separa-
tions process, operated satisfactorily. Observed
cocurrent efficlencies were higher than the necessary
80%, and entrainment in endstreams was acceptably low,

® Operability of the sclvent washers for the curium
separations process was confirmed by full-scale tests,
Hydraulic and mass transfer characterlstics were
gatisfactory under all conditions tested. An alr 1ift
was demonstrated for recirculating a large fraction of
the NaOH wash in the second washers of the Tramex
cycles, to reduce the volume of high activity waste.

e Tests of the precipitation-filtration equipment for
separating americium and curium (using lanthanum as a
stand-in for both smericium and curium) showed that a
satisfactory precipitation yield (>99.9%) of curium
and americium should be obtained. Test precipitations
of KoAm0.(COs)s (using uranium as a stand-in for
americium) demonstrated that satlsfactory ylelds of
emericium should be obtalned,

e The temperature of the precipitate on the curium and
americium hydroxide filter can be kept below 45°C,
which is necessary to prevent the precipitate from
drying, if the filter cooling system i1s supplemented
by procedural controls.

e The oxalate precipitator, the filter housing, two
platinum filter boats, and the calciner used in pre-
paring pure curium and americium oxides should perform
satisfactorily with a 144 -gram batch of curium (based
on tests using lanthanum as a stand-in for americium
and curium).

e Vertical tantalum condensers for the seven evaporators
in the curium process have adequate downflow condensing
capacity.

# Operability of the seven evaporators for concentration
and adjustment by evaporation of the aqueous feed,
waste, and product solutions was demonstrated. Proce-
dural controls were determined for the satisfactory
operation of each evaporator.

- 10 -




EQUIPMENT AND PROCESS DESCRIPTION
MIXER- SETTLERS

Process

Six 16-stage mixer-settlers are required in the three
solvent extraction cycles described in Figures 1 and 2. In the
conversion solvent extraction step, the nitric acild solution of
curium, americium, and flssion preoducts is converted to a chloride
solution by extracting the actinides and rare earths with a
mixture of n-cctyl and n-decyl tertlary amine nitrates in diethyl-
benzene (1A bank), and back-extracting them with 8M HC1 (1B bank).
The resulting chloride solution of americium and curium 1s then
separated from callifornium, rare earths, and some of the fission
products by two cycles of Tramex solvent extraction with tertlary
amine hydrochlorides in diethylbenzene (24, 2B, 3A, and 3B banks) .

Development Steps

Initlially, a plastic six-stage prototype mixer-settler
(Figure 3) was evaluated with simulated Tramex process solutions
(tertiary amine hydrochlorides in diethylbenzene, and LiCl 1in
water); nickel was used as a stand-in for curium to determine the
mase transfer efficiency. Eventually, two of the six full-scale
tantalum mixer-settlers were installed and tested at the semlworks
with three prototype solvent washers (Figure 4); nickel was used
as- the stand-in for curium, to verify the mass transfer efficlency
of the full-scale equipment under simulated condltions of all
thiree golvent extractlion cycles,

Equipment

The mixer-settlers are a scale-down design of the "Jumbo"
mixer-settlers, which are used in one of the Savannah River
Plant's (SRP) Separations Aress. However, the smaller unit uses
a four-bladed paddle instead of & volute-vaned impeller for
punplng and mlxing.

A cutaway view of the 16-stage curlium mixer-settler 1s shown
in Figure 5. Each stage 18 6 inches high, 1-1/4 inches wide, and
7-1/4 1inches long, and is divided Into an interface welr sectlon,
an agueous inlet sectlion, & solvent lnlet gection, a mixing
gection containing a four-bladed paddle (3/4-inch diameter x 1
inch}, and a settling sectlon., Agueous solution from the
succeeding stage flows under the dlspersion baffle in the end of
8 settling section, over the Interface welr, and into the agueous

- 11 -
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inlat section from which it is pumped into the mixing section by
the four-bladed paddie., The solvent flows from the preceding
settling section through a duct intoc the solvent inlet section,
partly through a circular hole directly into the mixing section
at the top of the paddle, and partliy through a duct into the
interface welr sectlon where the solvent meets the incoming
aqueous stream as it enters the mixing section. The two phases
are mixed by the paddle and flow out through louvers into the
settling section,

The mixer-settlers have remotely adJustable blocks in the
solvent settling sectiocns to control the residence time (holdup
volume) of the solvent by stepwise raising or lowering of the
blocks. The blecks in the plastic prototype mixer-settler,
however, were installed permanently tc give the minimum residence
time for each bank,

The stages are numbered 1 through 16, starting at the aqueous
inlet. The solvent leaves the bank over a weir iIn Stage 1. The
aqueous solution leaves over a mechanical welr attached to
Stage 16 which controls the agueoug level 1in Stage 16,

The paddles are driven by individual DC motors; the speed of
the motors, as a bank, is controlled by a variable voltage power

supply.

SOLVENT WASHERS

Process

Fach cof the three solvent extraction steps in the curium
process requires a solvent washing system consistling of three
solvent washers to permit reuse of the solvent as shown in
Figures 1 and 2, After the nitrate-to-chloride conversion cycle,
the spent solvent is washed with (1) water to recover any residual
curium, (2) 2.5M Ko COs to remove fission products such as zirconium
and ruthenium, and (3) 1.8M HNCs to reconvert the mixture of
n-octyl and n~decyl tertiary amines in diethylbenzene to nitrates
for reuse. '

After the first Tramex cycle to separate the americium and
curium from californium and some of the rare earths and fission
precducts, the spent sclvent solution of tertiary amine hydro-
chlorides in diethylbenzene is washed with (1) 0.8M HC1 to separate
2520f and recover any residual curium, (2) 1.27M NaOH to remove
both residual tin [Sn(II) is added to the solvent extraction feed
to reduce Ce(IV), Cl,, and HOC1] and fission products (Ru, Nb, Zr),
and {3) %.4M HC1 to reconvert the amines to hydrochlorides for
reuse,

- 17 -




After the second Tramex cycle to separate the americium and
curium from additional rare earths and fission preducts, the
spent solvent solution of tertliary amine hydrochlorlde in dlethyl-
benzene is washed with (1) water to recover any residual curlum,
{2) 1,27M NaOH to remove both residual tin and fission products,
and (3) 4.4M HC1 to reconvert the amines to hydrochlorides for

reuse,

Development Steps

Initial teste were made with the prototype solvent washers
installed at the semiworks in-line with the two full-scale
tantalum mixer-settlers as shown in Figure 4. The equipment was
tested simulating the three solvent extraction and washing cycles.
Eventually the operability of the Tramex solvent washers was
confirmed by full-scale tests using the actual process solvent
washers.,

Equipment

The prototype solvent washers (Figure 6) are made principally
of "Teflon"* and glass. The washers for the curium process
(Figure 7) were made of tantalum or Zircaloy-2 {1st and 2nd washers
Zircaloy-2, 3rd washer tantalum), since "Teflon" gradually de-
composes on exposure to radiation and releases corrosive fluoride.

The solvent washers are similar in design (except smaller)
to the newest continuous solvent washers in one of the SRP
Separations Areas. The spent solvent and the wash solution are
fed to the bottom of the axial mixing compartment, which provides
a reslidence time of about 2 to 3 minutes at the normal flows.

The mixed dispersion flows over the circular welr at the top of
the mixing chamber, down through an annular duct, and into the
annular settling section at approximately midheight. Originally
each washer had a 3.3-liter settling section; however, the
settling volume of the second process wagsher of each of the Tramex
cycles was increased by ~%.3 liters by extending the length of
the settling chamber by 9 inches to provide additional residence
time for the aqueous and solvent phases. The volume ratioc of the
separated organic and aqueous phases is controlled by adjusting
the height of the aqueous overflow weir, The residence time of
the organic phase is adjusted to about 20 minutes.

* Du Pont's trademark for its fluorcocarbon plastic,.
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An alr 1ift was installed on each of the 2nd washers of the
Tramex cycles (Figures 7 and 8) to recirculate the wash solutlon
and 80 reduce the volume of wash required for an aqueous/organic
ratio of at least 1.5 in the mixing section of the washer (this
produces an agueous-continuous emulslon for best hydraulic
operation).

The mixing of the protcoctype washer is driven by an air motor;
the curium processg washer, by a DC motor. The speed of the motor
is controclled by varying the air pressure or the voltage.

PRECIPITATORS AND FILTERS
Process

After separation from californium and most of the fission
products by solvent extraction, the americium and curium are
separated from each other and purified by precipitations and
filtrations as shown in Figures 9 and 10 and described below:

e Americium and curium from the (chloride) solvent
extraction cycles are precipitated with NH,OH and
filtered to remove the chloride and additional
fission producte.

e The mixed precipitate is dlssolved with HNOsz; and
the americium 1s separated from curium by oxldation
from Am(III) to Am(V) in 3,5M K,COsz (with an ozone
sparge) and precipitation of KgAm0,(COs),, which is
filtered from the soluble Cm(IIT) complex.

& KzAmOp(COz)p is dissclved with HNOg; if necessary,
it 1s reprecipitated with K C05; and refiltered to
ottaln additional separation from curium.

e The curium is precipitated from the acldified filtrate
wilth NaOH and filtered to remove resldual fission
products. Cm{OH), is then dissolved with HNOs.

For all hydroxide precipltations, equimolar lanthanum was
used as a stand-in for americium and curium. For the carbonate
precipitation tests, eguimolar uranium was used as a stand-in for
the americium, Ozone sparging was simulated by using a mixture
of ammonia and nitrogen that precipitated the uranium as ammonium
uranyl carbonate in the 3.5M K;00s solution; lanthanum (curium
etand-in) remained in solution. After the uranium was filtered,
the lanthanum was reprecipitated as hydroxide to simulate the
final precipitation of the curium.
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GENERAL NOTES:
1. Line 14, Solvex Flowsheet #1, Fig, 1 12, Line 25, Solvex Flowsheet #2, Fig. 2 18. Line 35, Am & Cm Separation Flowsheet,Fig.15
2, Line 19, Solvex Flowsheet #1, Fig. 1 13, Line 14, Solvex Flowsheet #2, Fig. 2 19, Line 5, Solvex Flawsheat #1, Fig. 1
3, Line 2, Am & Cm Separation Flowsheet,Fig.15 14, Line 21, Solvex Flowsheet #2, Fig. 2 20, Line 45, Solvex Flowsheet #1, Fig. 1
4, Line 25, Solvex Flowsheet #, Fig. 1 15.  tine 15, Solvex Flowsheet #1, Fig. 1 21. Each of these streams must be adjusted with NaOH
5. Line 8, Am & Cm Separation Flowsheet,Fig.15 16. Lline 39, Solvex Flowsheet #1, Fig. 1 and Na¥0; to insure pH >13 and {Na3)/(C17) >10
6, Line 33, Solvex Flowsheet #1, Fig. 1 17. Lline 27, Am & Cm Separation Flowsheet,Fig.15 before being sent to the high Tevel drain.
Compositions are shown prior to adjustment.

8. Line 32, Solvex Flowsheet #1, Fig. 1
9. . Line 49, Solvex Flowsheet #1, Fig. 1

10. Line 5, Selvex Flowsheet #2, Fig. 2
17, Line 23, Solvex Flowsheet #2, Fig. 2

FIG. 10 CURIUM MATERIAL BALANCE FLOWSHEET - WASTE HANDLING
AND CALIFORNIUM EVAPORATION
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Equipment

Full-scale tests were made of the preclpitations and filtra-
tiong at the semiworks using the Zircaloy precipitator and filter
units to be used in the Curium Processing Facllity (Figures 11
through 14}. Precipitators and filters were designed from the
following informatlon, which was developed using polyethylene
bottles as precipitators and standard Corning filters with glass
frits:

o Sloped bottoms of precipitators were necessary to avold
holdup of precipitate.

® Coolant to remove at least 2300 Btu/hr was needed in
the first hydroxide precipitator.

® A spray system was required for washing the sides and
bottom of the precipitators.

e During the Am-Cm hydroxide precipitation, the precipi-
tate muet be formed by adding the Am-Cm solution to the
hydroxide in a reglon of high turbulence while the
temperature of the soluti9n is maintained below 35°C.
(Adding the hydroxide to the Am-Cm stream forms a pre-
cipitate that isg very diffilcult to filter,)

¢ Freeboard »20% was needed in precipitators for foam
resulting from the chemical reactions.

e A vent to remove 33 ft® of CO; and CO in 20 minutes
from the second hydroxide precipitator was required.

e Provisions for decanting 50 to 90% of the supernatant
solution 1n the second hydroxide precipitator were
deslrable to decrease filtration time,

e Fillters must be of special design with a paddle
rotating at several hundred rpm directly over the
filter frit (increases the filtration rate 2- to
3-fold) and a housing around the paddle-frit area to
prevent the stirred cake from being pushed up the
walls and thereby to facilitate washing and dissolving
of the cake.

e Cooling coils to the filters were needed to remove

335 Btu/hr of decay heat from the 36 g of curium while
the precipitate is being washed and dissolved.

- 25 -



. Air Motor .
(Direct DriM_ C

inlet Nozzle
Outlet Nozzle

Service
Nozzles

Force Transducer
for Weight of 8
Liquid Measurement

Slinger Plote

Cooling Water
Jacket

3-inch Diameter,
Four-Bladed Paddie

o |

FIG. 11 AMERICIUM-CURIUM HYDROXIDE AND CURIUM 1 PRECIPITATORS

- 26 -




Air Motor — ]
w/Gear Reducer QH]D

Outlet Nozzle
Service
am Infet Nozzle Nozzles

Force Transducer
for Weight of
Liquid Measurements

),

A

“Fiberglas" Insulation

Cooling Water Jacket

3-inch Diameter,
Four-Bladed Paddle

3% 3 Vg ;

=X

3kw Electrical Heater

AL

A

S

FIG. 12 AMERICIUM 1 PRECIPITATOR

- 27 -

- g e g st e L ye - F S e e



Inlet

Nozzle * @
<

~

(@

0-3/4 -inch  Diarmeter

Y “' Four-Biaded Paddle

Cooling Coils

Outlet

IO - Micron Nozzle

Zircaloy Frit
FIG. 13 AMERICIUM-CURIUM HYDROXIDE AND CURIUM 1 FILTERS

- 28 -

et AT AT



6-1/2-inch Diameter,
Four-Bladed Paddle

10-Micron Zircatoy Frit
Outlet
Nozzle

FiG. 14 AMERICIUM 1 FILTER

- 29 -




Full-scale Zircalcy paddles rotate at 500, 333, and 700 rpm
for the americium-curium hydroxlde, americium 1, and curium 1
precipitators, respectively (driven by air motors). A slinger
plate on the agitator shafte distributes wash water around the
wall near the top of the precipitators, A paddle rotating at
300 rpm above the Zircaloy filter frits aids flltration ané dis-
solution of the precipitates.

PREPARATION OF OXALATES AND CALCINATION

Process

The preparation of curium oxide and americium oxide in the
curium process requires precipitation of each oxalate followed
by filtration, washing, and calcination in a furnace with air
flow, as shown 1n Figure 15,

Equipment

The oxalate precipitator, which is similar to the americium-
curium hydroxide and curium 1 preclpitators (Figure 11), is an
8-1iter stainless steel vessel with a 333-rpm agitator (driven
by an air motor), cooling Jacket, gas purge, liquid level bubbler,
off-gas exhaust, thermocouple, and sparge. A slinger plate on the
agitator shaft distributes wash water around the wall near the
top of the vessel,

The filter, shown in Figure 16, has an outer stainless steel
housing and 1id, a removable platinum-lined filter, and a platinum
frit. The housing 1s sealed to the filter with "Viton"* O-rings.

The calciner, shown in Figure 17, has twenty 130-watt heaters
arcund the central cavity that holds the platinum fllter boat and
is insulated with two layers of 1/2-inch-thick "Fiberfrax"** and
one layer of l-inch-thick "Fiberglas"*** pipe insulation. An
air-cooled jacket between the heaters and the Insulation shortens
the cooling period. A thermocouple 1n a platinum-sheathed thermo-
well monitore and controls the temperature of the process material
during the calcination,

* Du Pont's trademark for fluorcelastomer.
** Trgdemark of the Carborundum Company.
*#* Tragdemark of Owense-Corning Fiberglas Corporation.
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EVAPORATORS AND CONDENSERS

Process

In the curium process most of the aqueous feed, waste, and
product solutions will be concentrated by evaporation as shown in
Figures 1, 2, 9, 10, and 15, An exceptlion will be the agueous
waste and the solvent washes from the nitrate-to-chlorlde conversion
cycle which will not be evaporated because of the presence of
potentially hazardous compounds, The individual evaporator vessels
are ldentified, and the solutions evaporated in each are described

in Table I,

TABIE T

Evaporators in Curilum Process

Evgporator Scolution Evaporated
1AF Flrst cycle feed from plant (nltrate)
2AF Product from conversion cycle (chloride)
3AF Product from first Tramex cycle {chloride)

3BP (chloride strip) Product from second Tramex eyele (chloride)

cf Aquecus streams from lst solvent washer of
each Tramex cycle (chloride)
Waste 1 Chloride waste streams plus concentrated
Hz50,
Waste 2 Evaporator overheads from waste evaporator 2
Equipment

The feed and product evaporator vessels are 75-1iter cylin-
drical tantalum tanks (Figures 18 and 19) fitted with condensers
(Figure 20) for removal of the distillate. Waste evaporators 1
and 2 (Figures 21 and 22) are similar but larger -- 300 and 150
liters, respectively. The evaporators are all heated by electric
immersion heaters.
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TEST PROCEDURES AND RESULTS
MIXER-SETTLERS

The sultability of mixer-settlers for the curium process was

determlned during tests with & plastic, six-stage prototype using
simulated Tramex process sclutions as shown in Table IT.

TABLE IT

Tests of Prototype Mixer-Settlers

Endstream Average
Paddle Entrainment, Cocurrent
Simulated Speed, Settling Time, min vol % Stage
Bank Tpm Agueous Qrganilc A/Q OFA Efficlency, %

1A 1500 2.2 1.5 0.4 1.0 88
1B 1500 ) 1.0 {not operable) -
24, 3A 1350 3.0 2,0 0 0.5 90
2B, 3B 1350 6.0 1.5 0 0.1 86

The observed cocurrent efficiencies were higher than the
necessary 80% (using nickel as a stand-in for curium), The end-
stream entrainment was satisfactory in all banks as long as the
solvent residence time 1n the settling section was »1.5 minutes.
Blocks in the plastic prototype mixer-settler, however, were
installed permanently to give the minimum residence times for
each bank; more residence time should have been allowed 1in the
1B bank, The 1B bank was predlcted to operate satisfactorily with
1.5 to 2 minutes of solvent settling time; under these conditlons
the cocurrent stage efficiency was expected to be similar to that
in the 2B and 3B banks, In the event that the actual curium
process solutions develop greater dispersion, the paddle gpeeds
can be reduced somewhat, since the transfer efficiencles are rela-
tively high. The optimum speed can be determined most satisfac-
torily during the processing of the curium in the Curium Processing
Facility.

To verify the mass transfer efficiency of the prototype
mixer-settler, two of the six full-scale tantalum mixer-settlers
were tested wlth three prototype solvent washers simulating the
three solvent extraction and washing cycles without radiocactivity,
and with nickel as the stand-in for curium, Satisfactory hydraulic
and mass transfer charscteristics of the mixer-settlers were con-
firmed as shown in Figures 23 through 25 (sclvent washing data
shown in figures are discussed on page 44). The cocurrent transfer
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efficiencies in all cages were between 87 and 93%, and entrain-
ment in the endstream was smell. The remotely ad justable blocks
in the solvent settllng sectlons to control the residence time
{noldup yolume) were positioned to give solvent residence times

of ~1.8 and ~2.5 minutes in the conversion and Tramex cycles,
respectively. Tn inltial trials, up to 1% aqueous Was entrained
in the solvent endstreams; this was reduced below 0.2% by stopping
the mixer paddle in the solvent-exit stage of each bank (stage 1).
This change 1is practical because Stage 1 is not required for
adequate mass transfer. pperating with solutlon temperatures
pelow ~25°C significantly increased the entralnment 1in the end-
streams., Some of the feed compositions for these tegts differ
slightly from the final flowsheets presented in Figures 1 and 2
pecause of minor modification to the curium process after the

tests were completed.

TAX Extroctant [TAF | Nitrate Feed mm
ndogen’ 364-HNO3 oe2m® A1lNOgls Z.Im LiNO3 8.8M
HNO3 o.omiper)®|  [HhO3 0.34M NpHg 0.16M
1A BANK AP - IBF

[TAW] Roffinate 1500 rpm Tadoger 364 HNOy 062N
ANGZ T o5m £90% Mass Tronsfer Efficiency’® (Stagel HNO3 * 0./ 3MIDEF’ mm
1Dy 3 o2EM Solvent Residence Tima 1.9 min/sidge A0 0.6% m

LiNO3 a44M

oA 0.2% @ @

Tidogen’ 364-HGI  O6EM I
0,6IM{DEF X

1B BANK
1500 rpm
£G?2% Mass Transter Etficiency' Stagel [HC!
Solveni Residence Time |7 min/stoge

MO _0.3% Solvent (i0d) Solvent

washer 3 Washer 2 Washer |
2000 rpm 2000 rpm 2000 rpm

€ &3 &

HNO3 0.008M

oA Q.6% O/ 1,0%

(a) “Adoger” 364 is @ mixture of n-cctyl and n-decyl ftertiary amines; "Adogen' is 0 trademark of A¥cher Daeiels Midland Company.
{p} HNDz in 1Sw3 should have been (.BM to provide 0.01-0.05M excess HNO3 in IAX.
{¢]  Assumed 10 pe ot lsost as high oz 24 and ZB bonks; no mase trgnsfer data obtained since Ni doas nol extroct in A hank.

FIG. 23 TEST OF CONVERSION CYCLE
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2AX] Extraciont 2 AF| Chioride Faad 2AS]  Scrub
“Adogen” 364-HCI c.esmie]  [Lict 113M Licl .M
HCI 0.04M HCH Q.J0M
NStz C.063M
SnCly 0.003M
5 9 1
(5
2A BANK!P 25°C 2AP - 287
75 DAW] Ratfinate 1350 rpm “Adagen’” 364-HCI D.55M
Ticl T 50% Mass Tronsfar Efficiency (Stoge) HGI Q.12M
o) O:OIM Solvent Residance Time 2.5 min/atage NiCty ©0.02M
NiClz - .G0IM A/Q <0.! %
C/A <0.I%
25
ZBM Scrub
P " o
{25 > Adagen’ 364+HCl .65M
HE! 0.04M
W]  Spent Solvent
1350 rpm “Adogen’ 364-HCH 0.65M
92% Moss Transfer Efficiency (Stage)®! HCI 0.08M
Solven! Residence Tima 2.% min/stage NiClz CO4M
2BPl Product A0 <0 %
KCI 0.02M
Licl 9.3M
NiClz 0.002M
[s7/.§ 0.1%
28W3-A 28WI-A
KCl 4.55M NoOH 0.93M HC) [ELT]
AN 1.0% Solvent A/Q 02% Sahvant LY 1.0% Solvant
Washer 3 Washer 2 Waeher |
1200 rpm 1200 rpm 200 rpm
25W3-Aw 25W2-AW . 25WI-AW
HCI 3.2 NaOH T 0,70M HCI 1.6M
Sn <Ix10"4M Sn >0.00IM Sn <o~ M
A/C 0.9%, A/Q Q.2% 0/8 0.2%

1

{a) "Adogen' 384 Is a mixture of n-cclyl and n-decyl ‘ertiary omines; "Adoger” is a trademark of Archer Donisls Midiond Company,

{b) Stoge | poddle off.

[c) Efficlency obiained by fesding 28F inlo $Sioge 16 along with 28S;

€D

FIG. 24 TEST OF FIRST TRAMEX CYCLE
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3A X! E xtractant
"Adoger” 364-HCI o.062M)
HC| Q.028M

AAF] cntoride Feed 3AS|  scrub
Lict 114M Lich VLM
HCI 0.44M
NG 1 0.076M
SnCly 0.06M
SnCig Q.06M
3AP - 3BF
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FIG. 25 TEST OF SECOND TRAMEX CYCLE
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SOLVENT WASHERS

The operabllity of the solvent washers for the three extrac-
tion cycles of the curium process was satisfactorily demonstrated.
The performance of the conversion cycle solvent washers was
demongtrated when the prototype solvent washers were operated with
the two full-scale tantalum mixer-settlerse {described on page 103},
as shown in Figure 23, Entrainment in the endstreams was low, and
adequate mixlng was obtained when the agltator speed of each washer
was maintained at 2000 rpm.

The hydraulle and mass fransfer characteristics under Tramex
conditions were satisfactory using the full-scale process solvent
washers &as shown in Flgure 26, Tin was precipitated in the
alkaline solvent washers, as expected, but the precipitate did
not plug the exit lines and most of it was removed with the spent
wash sclution. The agitator of the second washer was operated at
2400 rpm, which provided the optimum mixing intensity to prevent
trapping of solvent in the tin precipitate. The agitator speed
in the other washers was maintained at 1800 rpm although adequate
performance can be obtained at speeds as low as 1200 rpm. The
A/0 mixing ratio (€1.5) in the basic wagher, with proper agitation
intensity, produces 8n(II)} solids which trap the least solvent and
are sufficlently dense to disperse uniformly in the wash rather
than collectlng at the wash-solvent interface, The data in
Figure 26 reveal an unexplalned peculiarity; at the optimum
intensity of agitation, the presence of benzoic acid decreases
the trapping of solvent in precipitate. Previous laboratory
tests!®) showed that entrainment in the alkaline wash 1s generally
increased by ethylbenzoate, a radiolysis product that is removed
in the alkaline wash; benzoic acid should have & similar effect.

Tests of earlier Tramex flowsheets using the prototype solvent
washers with the full-scale tantalum mixer-settlers (Figures 24 and
25) showed that satisfactory washing and hydraulic stability of the
alkaline washer could be maintained at low paddle speeds (1200 rpm)
by using relatively high volumes of alkaline wash. However, in
contrast to these data, laboratory tests 1n miniature solvent
washers (Mini) using radioactivity showed that ~10% of the solvent
would normally be carried with the Sn(IT) hydroxide.(a) Subseguent
Mini sclvent washer tests showed that solvent entrainment with the
tin precipitate would be satisfactorily reduced if (1) the wash
flow rate was sufficient (>150 cc/min) to glve an A/0 ratio of 1.5
in the mixing section of the washer to produce an aqueous contin-
uous emulsion, (2) at least 17 and 28 minutes of residence times
are provided for the aqueous and solvent phases, respectively, and
(3) adequate mixing intensity was maintsined. The second washer
was operated with and without the alr 1ift for reclrculating wash.
Each test was equlvalent to five recycles of the solvent in the
Tramex cycles,
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C/A 0.6% (0.1%) Q/h 0.3% 0.1%)

"Adogen” 364 is o mixture of n-octyl ond n-decyl
tertiary amines. '"Adogen” is o trodemark of Archer

Daniets Midiand Company

* Values in parentheses are for fest with benzoic
acid to simulgte effects of radicoctivity en emulsion

FIG. 26 TRAMEX SOLVENT WASHING TESTS
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The eir 1lift designed for the second washers allowed the
desired high A/0 ratio to be maintained in the mixing section of
the washer, while lowering the overall rate of wash used; such
operation will reduce the volume of high activity waste to the
first evaporator, This method of operation has not been demon-
strated with full activity feed in the Mini equlpment because the
small volumes are difflicult to control. Therefore, the next
demonstration of this technique will be in the Curlium Processing
Facility. A calibration of the air 1ift recirculation rate 1s
shown 1in Flgure 27.
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FiG. 27 CALIBRATION OF AIR LIFT CIRCULATOR

The welrs for controlling the agueous-solvent interface 1n
the washers required the following modifications for satisfactory
operation:

® Replace the PVC material of construction with Zircaloy-2
to prevent sollds from sticking to the surfaces and
eventually causing pluggage.

¢ Enlarge the ID of the weir components to at least 0.5
inch to reduce the variation of pressure drop as sollds
exit. Thls change in pressure significantly changes
the lInterface level in the washers, causing upsets.
Also, there 1s less chance of pluggage occurring in the
larger equipment.
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e Add a brace to the top of the welrs to prevent vibration.

e Modify the number and size of threads 1n the varlable-
height welr "stem" to prevent rotation of the "stem"
by vibration, '

Performance of the thermistor-type interface level probe in
the settling chamber of the second washer was satlsfactory even
wlith the Sn(II) present. The following modifications to the probe
were required to obtain meximum performance:

® Increase the distance between the thermistors from 0.5
to 1.5 inches to allow a greater movement in the inter-
face level before the weir setting has to be changed.

e Install the probes to detect the interface level between
5.75 and 7.25 inches below the solvent outlet of the lst
and 3rd Tramex washers and between 4.75 and 6,25 inches
below the sdlvent outlet of the 2nd Tramex washers,

e Open the bottom of the probe to allow easler access of
liguid to the thermistors,

PRECIPITATORS AND FILTERS

The full-scale process precipitators and filters will satis-
factorily separate and purify americlum and curlum providing the
following procedural requirements are followed:

e The filtrate from hydroxide precipitations must be
' recycled after flltrations to reduce the losses of
- curium and americium to waste to <0.1%.

e The acid to be added to the fillter to dissolve the
KaAmO; (C0a)» must first be diverted to the precipltator
to dissolve precipitate not transferable from the pre-
cipltator to the filter. !

e The pressure drop across the filter 1s used to monitor

filtration; at completion of filtration the pressure
drop decreases from ~20 to ~13 inches of mercury.

Am -Cm Hydroxide Precipitation Tests

Test Procedure

Single batech runs, using equimolar lanthanum as a stand-in
for both americium and curium, were baged upon 3.51 litere of
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chloride strip evaporator concentrate (6M HCl) containing 10 g/1
of curium and 4.7 g/1 of americium (constitutes a normal "single
batch" in the curium process). The concentrate will probably
also contain ~1M LiCl from entrainment carryover from the 3A to
the 3B bank durlng solvent extractlon. The procedure used 1in
these tests follows:

Step 1. Meter the product solution into the precipitant
with the preclpitator agitator at 500 rpm, vessel vent
at 10 inches of H.0, N, purge at 3 liters/min, and the
reaction temperature maintained at <30°C.

Step 2. Digest precipltator slurry for 15 minutes prior
to vacuum transfer through filter unit.

Step 3. Wash the precipitate on the filter with three
200-ml washes (0.1M NH,OH - 0.1M NH,NO5) added to the
preciplitator via the slinger ring; leave each wash on the
filter (with mixing) for 5 minutes prior to filtering.

Step 4. Dissolve filter cake with three HNOz fractions.

1st -~ 270 ml of 4.,0M HNO,
2nd - 400 ml of 0,1M HNO,
3rd - 200 ml of O,1M HNOg4

Step 5. Flush precipitator and frit with nitric acid
followed by water flushes for inventory purposes,

NH,OH Versus NaOH as Precipitant

NH,OH is a better precipltant than NaOH because of less |
filtration time, as demonstrated using 3.51 liters of feed con-
taining equimolar lanthanum concentrations equlvalent to a double
curium bateh (Table III).

TABLE ITT

Comparison of Precipitate Filtration Time and
Liquid Holdup Using NH,OH and NaOH as Preclpitants

NaQH NH, OH
Filtratlon pericd, min 55 13
Cake holdup, cc 289 120
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NH,OH Requirements

Quantitiés of NH,OH over and above that calculated to glve
the desired excess hydroxide (1.0M) in the supernatant must be
added to the precipitator because of the volatility loss of NHs.
In addition, the excess hydroxide in the supernatant 1s a function
of whether Np, required to dilute Hp formed by radiclytic decompo-
sition, 1s added as a sparge or introduced into the vapor space
as shown in Table IV. ‘

TABLE IV

Effect of NHy Losses to Vent on Excess Hydroxide
in the Supernatant During Lanthanum Precipitation

N, Flow Excess NH,OH, OH 4in Supernatant,
3 liters/min moles (2 M

Sparge 1.0 0

Sparge 6,16 0.56
Sparge 11.00 1.18
Purge 4.5 1,04
Purge 4,75 1.30
Purge 5.00 1.41

(a) Quantity of NH,O0H in addition to
stoichlometrlic quantities

The NH,OH stock must be analyzed frequently to assure that
1t is of sufficient strength to give the required excess OH™ 1in
the supernatant without exceedlng the volume of the precipitator,
Table V. TIn addition, the nitrogen purge rather than sparge
gshould be used to maintain maximum freeboard. Bottled ammonium
hydroxide normally renged from 13.0M to 14.8M by laboratory
analyses, . :

TABLE V

Effect of NH,OH Stock Conecentration Upon Precipitator
Freeboard - Single Curium Charge (3.51 liters)

NH4OH in Resultant Freeboard, liters
Precipltant, M N, Sparge N, Purge
14.8 0.34 0.78
14.3 0.24% 0.68
13.8 0.14 0.61
13.3 0.03 0.52
12.8 - 0.42
11.8 - 0.19
- 49 -
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Reduction of Product Losses

Reduction of lanthanum losses to the filtrate (waste) from
0.7% to 0.07% by recycling the filtrate through the filter via
the preclpitator was demonstrated in a 7-run series uslng NH OH
as the precipitant (Tables VI and VII). The product loss of 0,7%
to the filtrate results from that retained in the Zircaloy filter
frit following dissolution (the frit always retains about 150 ml
of solution) during the previous cycle.

TABLE VI
Lanthanum Recovery in Single-Batch Hydroxide

Precipitation-Filtration Series Without Filtrate Recycle
(Average of 4 runs)

% of Feed
Stream La, g (Feed 28.6 g Ia)
Mltrate
Supernsatant 0,02 0.07
Precipitate(a) 0.20 0.70
Cake wash 0,005 0.017
Cake dissolution 28.10 o8.4
Frit retention(b) 0.460 1.61
Precipitator and line retention 0.015 0.05
Total 28,800 100.85

(a) These losses occur in the last 3 runs only; during
an individual run, losses were as high as 1.34% of
a single charge.

(b) Obtained from last run only.

TAELE VIT

Lanthanum Recovery in Single-Batch Hydroxide
Preclipitation-Filtration Series with Flltrate Recycle
(Average of 3 runs)

% of Feed
Stresm La, g (Feed 28.3 g Ia)
Filtrate
Supernatant 0,02 0.07
Precipitate(a) 0.02 0.07
Cake wash 0.01 0.04
Cake dissolution 28.00 99.0
Frit retention(b) C.A46 1.62
Precipltator and line retention 0,02 0.07
Total 28.53 100.87

{2) Based on last two runs only.
(b) Obtained from last run only.
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Carbonate Precipitation Tests

Test Procedure

Equimolar uranium was used as a stand-in for americium
during the carbonate precipitatlion tests. Ozone sparging was
simulated by using a mixture of ammonia and nitrogen that pre-
cipitated the uranium as ammonium uranyl carbonate in the 3.5M
Ka.C0g solution. The Zircaloy carbonate precipitator and
americium 1 filter to be used in the Curlum Processing Facility
were used for these tests. During the product stream addition
to 5.5M K,C0g 1n the precipitator, the bottom heater element on
the preclpitator was used to maintain a pot temperature of ~6508¢.

The feed solution used in the carbonate preclpitatiocn tests
consisted of 1 liter of 0.3 to 0.5M HNOs contalning 20 g/1 of
lanthanum and 16,1 g/1 of uranium which simulates the stream con-
taining americium and curium from the 1st hydroxide precipitaticn
and subsequent acid dissolution, The procedure for these tests
is outlined as follows:

Step 1. Meter in the product stream to 1.825 liters of
5.5M K C0z, precipitator agitator at 333 rpm.

Step 2. Sparge mixture with a 50% Np - 50% NHs mixture
through the precipiltator sparge ring.

Step 3. Vacuum transfer slurry through Zircaloy frit.

Step 4. Wash filter cake via precipitator (using slinger
ring) with three separate 200-ml volumes of 1M K COa
saturated with NHs.

Step 5. Dissolve fillter cake with three HNOs fractions.

1st - 110 ml of 6M HNOg
ond - 226 ml of 0,15M HNCg
3rd - 134 ml of 0,15M HNOa

Step 6. Thoroughly rinse precipltator and frit with HNO4
and water for inventory purposes.

Precipitator Heater Tests

The carbonate precipitator heatlng element was tested with
1.83 1iters of 5.5M KoCOs solution in the precipltator; results
summarized in Table VITI show that the desired 65°C temperature
can be maintained with power control set at 50 volts.
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TABLE VIIT

Evaluation of Bottom Heater on Carbonate Precipitator

Max Power - 2.97 kw at 220 volts
Agitator Speed - 333 rpm

Time, Pot Temp, Heater Cast Temp,

min e ‘ °¢ Amperes Volts
0 22 22 6.75 100
16 65 T0 3.5 50
20 63 65 3.5 50
35 63 6% 3.5 50

Incomplete Precipitate Transfer to Filter

Although the lanthanum (curium stand-in) remeined in solution
ag expected during the carbonate precipitation-filtration test, 33%
of the uranium (americium stand-in) remained in the precipitator
after filtration as shown in Table IX. After subsequent runs,
inspection of the preclpitator following washes revealed the
walls to be clean, but precipitate had collected on the bottom
around the transfer dip tube. Washes intrcduced into the open
precipitator had no effect upon the residual precipitate. Appar-
ently the loss of agitation, which occurs during the transfer as
the liquid surface falls below the agitator, allows the precipi-
tate to settle rapidly as an untransferable agglomerate,

TABLE IX

Uranium-Lanthanum Recovery in
Carbonate Precipitation-Filtration Test

Urenium (16.25 g) Lanthenum (20.34 g}

Stream g % g _%
Filtrate 2.49¢8) 15,30 19,50 96.8
Washes 0.15 0.92 0.52 2.6
Dissolution 777 47 .80 0.05 0,25
rit rinse 0,11 0.68 0.10 0.50
Precipitator rinse 5.35 32,90 0.30 1.50

Total 15.87 Q7.6 20.02 099.4

(a) Expected due to solubility
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Recovery of Precipitate Heel

Since the lanthanum (curium stand-in) retentions in the
precipitator and frit were negligible in all runs, the acid
dissolution volumes to be added to the filter cake should be
introduced by way of the precipitator to dissolwve the untrans-
ferred precipitate, rather than installing small dlp and sparge
tubee. Use of & 1/4-inch-diameter transfer dip tube in place of
the original 3/8-inch-diameter tube and a 1/8-inch~diameter
sparge tube, which terminated adjacent to the end of the dip tube,
to facilitate continuous agltation throughout the transfer signifi-
cantly reduced precipitate retention in the precipitator as shown
in Table X. However, the smaller transfer dip tube neceggltated
pressurizing the precipitator to effect a rapid solution transfer,

TABLE X

Uranium- Lanthanum Recovery in Carbonate
Precipitation-Filtration Test with Continucus Sparge

Uranium (16,28 g) Lanthanum (19.65 g)

gtream & _E _&8 _%
Filtrate 1.92 11.8 18.78 95.6
Washers 0.21 1.3 0.37 1.9
Dissolution 12.91 79.3 <0.50
Frit ringe 0,36 2.2 <0,19
Precipitator rinse 0.53 3.3 <0,11
Po;tpr?g}pitate
ash 0.02 0.1 c.2h 1.2
Filtrate(a) 0.12 0.7 c.21 1.1
Total 16.07 19,60
Overall recovery 98,7 99.8

(a) A trace of precipitate formed in the wash and filtrate
streams upon standing for 2.5 days. The precipitate
wag isolated, acidified, and analyzed.

Curium | Precipitation

The curium, contalned in the filtrate from the carbonate
precipitation, is further decontaminated by precipitatlon as the
hydroxide with subsequent filtration and dissolution of the cake
in nitric acid.

- B3




Test Procedure

The simulated feed solution used for test purposes consisted
of 3.425 liters of ~3M KyCOs contalning 20 grams of lanthanum to
simulate the curium content. NaQOH is used in this second hydroxide
precipitation of curium (instead of NH40H) to remove additional
cation impurities (such as Al, Zr) not removed using NH,OH during
the Am-Cm hydroxide precipitation. The procedure for this test :
is outlined below: ‘ i

Step 1. With precipitator agitator at 700 rpm, meter in
sufficient 7M HNO5 to destroy the COs;~ and yield a solution

1M in HNOg.

Step 2. Meter in sufficient 12M NaOH to precipitate the
lanthanum and yleld a final solution containing 0.5M excess

oH .
Step 3. Vacuum transfer slurry to the Zircaloy frit,

Step 4. Wash filter cake via precipitator (slinger ring)
with three, separate 500-ml fracticns of 0.1M NaOH - O,1M
NaNOsz wash solution,

Step 5. Dissolve washed cake with three HNOsy fractions.

1st - 270 ml1 of 3.5M HNCg4
2nd - 400 ml of 0.15M HNOg
3rd - 200 ml of 0.15M HNOg5

Step 6. Rinse precipitator and frit with HNOs and water
for inventory purposes. :

Test Results

The curium 1 precipitation test, summarized in Table XI,
shows that the filtrate must-be recycled to eliminate product
losses to waste (1,5%), as was the case in the simulated Am-Cm
hydroxide tests. The product stream volume was 1.042 liters at
0.52M HNOg and contained 0,135 mole/liter of lanthanum. Cake
holdup using NaOH as the precipltant was 172 cc and the filtra-
tion time was 23 minutes.

Evalvation of Cooling System for Filter Units

The cooling system, as designed, for the curium and amepricium
hydroxides will keep the precipitates below the specified 45°C at
the heat load equivalent to a single batch providing: (1) a 25-
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TABLE XT

Product Recovery During Curium 1
Precipitation and Filtration Step

La Recovered, Feed, %
Stream z {Feed - 20.1 g ILa)
Flltrate 0.03 0.15
Wash 0,01 0.05
Acid dissolution 19.51 97.10
Precipitator rinse 0,08 0.40
Frit rinse 0.31 1.54
Total 19,94 99.2

minute limit for the period between each cake wash and between the
end of the final wash and the start of acld dissolution is
observed; and (2) if the acid dissolution is to be delayed, the
final wash is left on the frit, with agitatlion and without wvacuum.

Curium generates sufficient heat (e.g., 2,65 watts/gram of
curium) to require cooling of the Am-Cm hydroxide filters to pre-
vent heating of the hydroxides above a specified limit of 4sec
(higher temperatures produce a dry inscluble cake ). The cooling
device is a coll of 1/%-inch Zircaloy tubing designed to be in
contact with the bottom of the frit. Because the delivered filters
had a 1/8-inch gap between the coil and the frit, a stalnless steel
(1/4-frit-avea) mockup of the assembly was constructed to measure
the transfer of heat from simulated ecurium hydroxide.

ILanthanum hydroxide was precipitated as stand-in for curium,
fiitered, and aspirated on the frit until no further removal of
moisture was visible. The heat generation of a batch of #**Cm
hydroxide was simulated in preliminary tests with a coiled 1/8-
inch-diameter "Calrod"" at the central plane of the hydroxide,
Later tests were made with the hydroxide as its own reslstance
heater (Figure 28) in place of the "Calrod” heaters to produce
a more realistic temperature. All heat transfer measurements
were made with 20°9C cooling water flowing at 1.3 liters/min, with
no vacuum belcw the frit.

The steady-state temperatures are summarized in Table XIT.
Although the "Calrcd" produced unrealistically high temperature
in the hydroxide, the effect of the cocling ccil position was
determined readily. With the 1/8-inch air gap, the frit tempera-
ture wag high, and about half of the heat flowed radially thrcugh
the frit to the outeidé wall and vertically into the atmosphere
abcve the precipitate., When the cooling coil was in contact with
the frit, the frit temperature was lower and twilce ag much heat
was transferred through the frit -- but the hydrcxide temperature
was decreased only 3°C.

* Trademark of General Electric Co.
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FIG. 22 MOCKUP OF 244Cm HYDROXIDE FILTER

TABLE XTI

Cooling of Filter for 2%*cm Hydroxide(®)

Steady-State Temperature, °C
Center of Top of Bottom
Hydroxide Frit of Frit

Imbedded "Calrod"; cooling coil in contact with frit

o) watts 70(0) 4o 32
Imbedded "Calrod"; 1/8-inch air gap between coocling ccil and frit

o) watts 73(b) 51 4g

48 watts 133(0) 71 63
Current through hydroxide; 1/8-inch air gap between cooling
coll and frit ol watts 59 55 50

48 watts 90 T7 68

gurrent through hydroxide; 1/8-inch gap but space below frit
filled with water to improve heat transfer to coll

24 watts 55 4o 36
48 watts 83 56 k1

{a) 24 watts provides same neat flux in test filter as cne batch
of 2%%Cnm in full-scale filter.
(b) Surface temperature of "Calrod".
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During the tests using the hydroxide as its own resistance
heater, the heat was generated by the IR drop through the hydroxide
which produced a more realistic hydroxide temperature. The 1/8-
inch cooling coil gap was not changed in this arrangement, but
some of the measurements were made with the space below the frit
filled with water. This flooded 1/8-inch gap provided better heat
transfer than the unflcoded direct coill-frit contact as shown by
the larger At across the frit. As before, increasing the heat flcw
from the frit tc the ccoling ceoils had very little effect on the
hydroxide temperature. Analysis of the heat flow shows that the
average thermal conductivity of the precipitate 1s essentially the
same as that of water,

The time required to reach gteady-state conditions for power
levels of 24 and 48 watts is shown in Figure 29. An unsuccessful
attempt to determine the ilncrease in precipiltate temperature by
monitoring the exterior wall temperature is also shown.

T/C locotions Fig 28
100t——
1/C === 48 watts
00|— A 249 watts
I',
80— «
”
'ro~,ll,' J—
< 0 A Hydroxide center
g B Frit top
*E', 50 C  Frit bottom
@
[=9 .
5 40 D  Outer surface
-
30 |Heating by current
through hydroxide
20— Cooling water 20°C
1.3 liters/min
10— Ambient air 30°C
I | I L |

0 20 40 60 80 100 120
Time, minutes

FIG. 2 HYDROXIDE HEATING ON 1/4 AREA FILTER
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The effect of drawing air through the precipitate was eval-~
vated in the calrod tests and produced marked effects. "Calrod"
surface temperatures and frit temperatures were reduced 15°C.
Extrapolating these data to the second series of tests indicates
that the precipitate temperature could be kept at ~45°C for a
single curium batch. However, the precipitate will be difficult
to dissolve if it is drled by the air.

The critical period in the hydroxide precipitation, filtering,
and acid dissolution procedure iz between each cake wash and between
the end of the final wash and the start of the acid dissolutlon.

The following recommendations should be followed to prevent the
drylng of preciplitate on a filter,

.o Limit curium feed to one batch per fllter unless
experience under actual process conditions indicates

otherwise,

e Install & Zircaloy-2 sheath thermocouple through the
gide of the filter wall immediately above the frit
and protruding 1 to 2 inches onto the top surface of
the frit with sufficient clearance between the paddle
and the thermocouple. Reliance upon a thermocouple
attached to the side of the filter housing is not
recommended.

o If dissolution of the precipitate cannot proceed
shortly after the final wash (within 25 minutes),
leave the final wash on the frit with agitatlon and
wlthout wvacuum,

e Use vacuum to cool precipitate only in case of an
emergency such as loss of cocling water.

Relocating the cooling colls against the frit was not
recommended for the following reasone: (1) Because the frits
were bowed (discovered during inspection), lowering the frit
would bring only a fraction of the coils in contact with the
frit unless the coil supports are appropriately mecdified.

(2) The effect on the precipitate temperature of relocating the
colls against the frift was smsll,
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PREPARATION OF OXALATES AND CALCINATION

The performance and characteristics of the. oxalate precipi-
tator, the filter housing, two platinum filter boats, and the
calciner (including power supply and controls) were determined
to be satisfactory, Tests showed that the equipment will perform
properly if the nitrogen flows through the vapor spaces of the
precipitator only, and if an orifice 1s installed in the furnace
air purge line to limit the flow to 0.5 c¢fm 1n order to avold
entrainment of the oxide.

During the initial tests, 4.1 liters of & simulated curium
feed solution containing 20 g/l of lanthanum in 0.5M HNO, wag
transferred from the hold tank to the precipitator. 2.5k liters
of 1.0M oxalic acld was added to the precipitator at 56 ml/min,
with the agitator operating at 333 rpm, 14 liters/min of nitrogen
was sparged into the vessel to hold the concentration of radio-
lytic hydrogen (when curium is present) below the explosive range
and to suspend the oxalate precipitate. The temperature in the
precipitator was held at ~309C, and the solution was then trans-
ferred by vacuum to the platinum filter, The filtered oxslate
was washed with three 400-ml portions of 0,2M HNOg - 0.1M oxalic
acid; each portion of wash solutlon was introduced through the
precipitator.

The oxalate was then dried by drawing air through the filter
for 30 minutes, and the filter boat contalning the oxalate was
transferred to the calciner and heated 1 hour at 300°F. The
temperature was then raised to 1100°F and held ~2 hours to convert
the oxalate to oxide., An air flow of 0.5 cfm was maintained over

the filter boat during the calcining.

The precipitator agltator maintained a suspenslon of the

- precipitate; a purge through the vapor space was substituted for

the sparge to reduce the deposition and subsequent retention of
the precipitate. Initial tests showed that a 14-liter/min sparge
of nitrogen in the precipitator caused considerable splashing and
carried entrainment into the off-gas line, particularly near the
end of the precipitation when the vessel was nearly full, The
three washes did not rinse all of the sparge-splashed precipitate
from the walls,

The first wash displaced virtually all of the mother liquor
from the flltered oxalate even though the filtered oxalate was
distributed nonuniformly -- thick at the wall of the filter and
absent from the region below the entrance.
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To assure good vacuum seallng between various parts of the
oxalate filter, the platinum 1lip of the filter boat must be
cleaned, particularly of all remnants of the asbestos gasket that
sealed the 1id of the calciner. Also, the 1id clamps must be
tightened suffilcilently to seal the platinum cylinder to the stain-
less steel frame of the filter boat ~-- no O-ring is used at this
seal, With these precautions to eliminate vacuum leaks, filtering
rates of about 1.5 liters/min were obtained at a vacuum of 20
inches of Hg. The filter housing is essentially a stainless steel
pipe, closed at the bottom (filtrate exit) and flanged at the top.
The 1id (slurry entrance) is closed against the flange and tight-
ened with three clamps that are hinged to the housing. The filter
boat is a thin platinum cylinder with a 1lip at the top and closed
at the bottom by the platinum frit; strength is provided by a
surrounding {(cylindrical) stainless steel frame that also has a
lip at the top but 1s open at the bottom. This tightly fitting
assembly is lowered Iinto the housing and two O-ring seals are
made between the l1ip of the steel frame of the boat and the flange
of the housing, and between the 1lip of the platinum cylinder and
the 1id of the housing.

A test of the nuclear heating rate of 144 grams of 2%%(Cm
showed that the curium alone will raise the furnace temperature
above the preheat temperature of 300°F (to 810°F); therefore, no
preheat furnace power will be necessary. The furnace controls
held the oxalate satisfactorily at the 1100 +&5°9F temperature for
caleining.

An air flow of 0.5 cfm through the furnace prevented the
undesirable accumulation of carbon from decomposition of the
oxalate durling the calcination. The oxide product 1s a very
finely divided powder, and is entralned at air flows >1.75 cfm.
The filter frit retains all of the fine oxide -- no detectable
residual oxide passed through the frit during filtration of the
next batch of oxalate.

EVAPORATORS AND CONDENSERS
Vertical Condenser

Adequate downflow condensing capacity was demonstrated for
the vertical tantalum condensers for five evaporators in the
5.5-kg ?**Cm separations process., These are the /feed evaporators
for 1AF, 2AF, and 3AF, the chloride strip evaporator, and the
californium evaporator. The larger condensers for waste evapo-
rators 1 and 2 should perform similarly and were not tested
separately from the evaporators.



The capacity was measured with saturated steam mixed with
nitrogen. Nitrogen must be sparged 1lntoc the evaporators to sweep
out radiolytic hydrogen and thereby maintain the concentration of
hydrogen below 2% in the evaporator vapor space, At nitrogen
flows from 0.45 to 7.0 liters/min, the downflow condensing capacity
was determined for two exit condensate temperatures: (1) slightly
below the 50°C maximum recommended to prevent excesslve hydrogen
chloride in the purge gas flowing to the ventilation system, and
(2) the temperature at the maximum capacity of the condenser (at
the higher rates of operation, steam is carried through the non-
condenslble gas exit), The test data are summarized in Figure 30.
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FIG. 30 CAPACITY OF VERTICAL CONDENSERS

Feed and Product Evaporators

The 3AF tantalum evaporator and 1lts power conscle were tested
satisfactorily at the semiworks 1n operations simulating those of
the 1AF, 2AF, and chlorilde strip evaporators. These tests also
covered adequately the conditions for evaporating the 3AF and
californium solutions.
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1AF Evaporator

The steam stripping operation of the 1AF evaporator adjusted
the concentrations of Al(NOs)s and HNOg within the speecified
1imits, while maintaining the incoming concentration of stand-in
lithium, However, the increase in specific gravity of the bottoms
during bolldown will require a critical-flow orifice for the
nitrogen purge line (or a differential pressure regulator) to
maintain a constant nitrogen purge to prevent accumulation of
hydrogen in the vapor space.

I
;’L. .
e
[
|
;
H

Process Requirements

The concentrated curium-americium solutlon from the plant
must be adjusted within the following limits for solvent exirac-
tion in the converslon cycle:

Nominal Minimum Maxlmum

AL(NOg)s, M 2.0 1.8 2.4
HNOz, M 0.25 0.1 0.4
¢urium, g/1 1.0 - -

If the feed 1s not within these limits, adjustments may
require evaporation to remove excess water and/or steam stripping
to remove HNOg. ' '

Test Results

To evaluate the steam stripping operation, 36 liters of
simulated feed was processed, contalning 1.18M Al(NOg)a, 1.2M
HNOs, and 0,97 g/1 Li (as a stand-in for Cm). The Al(NOg)s con-
centration was increased to ~40 wt % by evaporation, and the
excess HNOs wes then removed by metering water into the evaporator
at & rate equal to the bolloff. The bolling temperature was used
to monitor the evaporation. Al(NOg)s solutlon was then added to
adjJust the volume to the initial velue of 36 liters and to 1lncrease
the A1%% concentration to ~2.0M. The test data are summarized in

Figure 31,

2AF Evaporator

The 2AF evaporator bollup, thermal efficiency, decontamination
factor (freedom from entrainment), and cooldown characteristics
were determined with simulated 2AF evaporator feed (C,02M HNOCga,
4,26M €17, 4.11M 1it) for e 30-g batch of curium (Figure 32). The
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I | I I | | | T
Feed Product

Volume, liters 36.0 36.0 ;
HNOz, M 1.1z 0.15
AI(NG3}3, M .18 2,04
Lit, g/1 0.96 0.95

L.ithium entrainment to condensate, >0.02%
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demonstrated boilup rates will permit acceptable cycles, and the
entrainment of bottoms to the condensate (based on Li) is satis-
factorily low. Thermal efficiencies range from 73 to 90% over the
evaporator cyecle., The cooling water Jacket is relatively ineffec-
tive because the 1iquid level at the end of a cycle is below the
bottom of the cooling water jacket.

Chloride Strip Evaporator

Operation of the chloride strip evaporator showed that the
3BP stream to the evaporator must be diluted to & HCl1 concentra-
tion less than the HC1-H,0 azeotrope (6,08M HC1l) to prevent
exceeding the vertical condenser capacity for HC1 vapor,

Process Requirements

The preparation of americium and curium oxldes from the
solvent extraction product solution (3BP) includes a tenfold con-
centration of the 3Bp by evaporation. Because the expected
concentraticn of HCl in the 3BP 18 in excess of that in the HC1-
Hz0 azeotropic mixture (6.08M HCL 8t 1 atm), large quantities of
HC1 vapor were expected to be evolved from the condenser,

Test Results

Simulated 3BP stream was diluted to reduce the concentration
of HCl below the azeotropic value (5.6M HC1 and 0.15M LiCl) and
evaporated tc 17.0 liters, The condensate temperature was main-
tained at 47°C (below the maximum of 50°C recommended to prevent
excessive escape of HC1l). No HCl was evolved initially, and the
material balance below indicates no loss of HC1 to the off-gas
system: :

Feed Condensate Bottoms

Volume, liters 36 19 17
HC1, M 5.60 5.38 6.04
HC1l, moles 202 101 101

To verify the need for diluting the 3BP stream, 36 liters of
simulated 3BP (6.92M HC1, 0.15M LiCl) was placed in the evaporator,
As soon as the bolling temperature wasg reached, ~4,3 moles of HC1
vapor escaped immediately from the condenser and required shutdown,
On the basis of this test, even the addition of packing to the
condenser would not prevent excessive evolution of HC1.
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The anticipated feed and product evaporator time cycles are
summarized in Table XIII.

TABLE XTTT

Anticipated Feed and Product Evaporator Time Cycles

Initial Power Heatup, Boildown, Cooldown,
Evaporator Charge, 1 Input, kw hr hr hr
14T 36 5.0 1.2 6.5(a) 1.5(b)
2AF 4y 5.0 1.0 4.3 2.5
3AF 21 5,0 0.4 0.8(e) 1.5
01~ Strip 36-39 3.7 1.5 7.5(c) <1.0

(a) Includes time for steam stripping,
(b) Includes time to bring evaporator contents back to 36 liters.
(c) Based upon 80% thermal efficiency.

Waste Evaporators

Tests on the evaporators in the Curium Processing Facility
with simulated waste verified the adequacy of boildown rate (38
liters per hour) and DF (~10% over each evaporator). Pluggage
of the H, sparge and waste concentrate transfer tubesg in the first
waste evaporator was eliminated by sparging through the exit
transfer tube {(to keep free of solids during evaporation}, which
is larger (1/2- versus 3/8-inch tubing) and does not plug when

sparging with dry heated N,.

Process Requirements

The chlcride concentration of the curium process waste must
be reduced significantly to avold stress corrosion cracking of
stalnless and carbon steels during the transfer of the waste to
the Savannah River Plant and subsequent containment in the waste
storage tanks. ILaboratory tests showed that this reduction is
obtained by conversion of the chloride salts to sulfates by the
addition of 100% excess of concentrated HyS0, and stripping off
the HCl in a waste evaporator (WE 1). The degree of removal of
HCl ig indicated by the boiling point. For example, when the
boiling point reaches ~140°C, the HC1 concentration has been
reduced to 0,02M {Figure 33). The waste bottoms will be diluted
to less than 5M sulfate before transfer to & hold tank for neu-
tralization. Prior to storage in the SRL waste handling facility,
this solution will be neutralized to an excess of 0.15M NaCH and
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adjusted with NaNOs; to maintaln a NOz~ to €1~ ratio of at least
16. No problem will arise from handling this waste in stalnless
eteel equipment if the free hydroxide is maintained >0.1M and the
NOs~ to C1~ ratio is high,

The condensate from the HCl stripping evaporator will be
evaporated again (WE 2) to obtain additional decontamination and
then will be sent to the laboratory seepage basin.

Test Results

Laboratory investigations revealed that the rate of rglease
of excess HCl from feed to the waste evaporator can be excessive
under normal operating conditions. Therefore, limits on feed
rate must be established for this evaporation. The HC1l solubility
is a function of sulfate concentration and is summarized in-
Figure 3% at the boiling point of the mixture.
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Only a 2-batch per day semlicontinuous operation of WE 1 1s
possible, based upon the estimated daily volume of waste to be
processed (~73% liters including sulfuric acid additions) and the

. expected evaporator boildown rate of 38 liters/hr. Batches will

probably consist of the following stream volumes.

Bateh 1, Batch 2,

Source ‘ liters liters
Tramex 2A and 3A Banks Aqueous Waste (2-3AW) 72 T2
Chloride Strip Evaporator Condensate (CSEC) 0_33(a) Om33(a)
Filtrate from 1st Hydroxide Precipitation
(1HPF) 7 -
Aquecus Waste from 2nd Washer of Tramex Cycle
(2-3SWBW) 216 216

(a}) When it becomes necessary to recycle WE 2 bottoms (25 liters,
6M HCl), all the CSEC must be processed 1n one batch and the
recycle volume (high chloride) included in the other batch,
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The laboratory tests showed that the chloride content of the
waste may be safely reduced to less than 0,03M with negligible
losses of HC1l to the vent system if the following procedure is
used. '

Step 1. Initial charge to evaporator (maximum volume of
200 liters).

a, Add 72 liters of 2-3AW

b. Calculate volume of 18M H 80, required to stoi-
chiometrically convert chloride salts in 2-3AW
charge to sulfates (add in Step 1-f and agaln,
for 100% excess, in Step 5).

¢, Add 0 to 33 liters of CSEC.
d. Add 7 liters of HPF*.

e. Add volume of 2-38SWBW* which will give total
charge of 200 liters after addition of HpS0, in
Step 1-f,

f. Meter in HyS0, calculated in Step 1-b at a
maximum rate of one liter per minute.

* Previously acidified with 18M H,S0, to neutralize
OH™ and convert chloride salts with 100% excess
to sulfates.

Step 2. Boil charge down to 75-85 liters.

Step 3. Increase evaporator waste volume back to 200 liters
with 2-3SWBW (heaters left on). Once boiling resumes, meter
in the remainder of 2-3SWBW at a rate equal to the boiloff
rate,

Step 4. After all the 2-3SWBW feed is added, boil off enough
condensate to make room for the 100% excess HyS0, calculated
in Step 1-b.

Step 5. Shut off heaters, weait until boiling stops, and then
meter in the volume of HpS0, calculated in Step 1-b at a
maximum rate of one liter per minute.

Step 6. After sulfuric acid addition is completed, evaporate
contents to & pot temperature of 140-142°C (~13M H,SO,).
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Step 7. Reduce power to heaters and add water (with sparging)
to reduce the sulfate concentration to 4.5M. Hold pot temper-
ature at 85-90°C for 15 minutes before turning heaters
completely off. '

Laboratory and full-scale tests showed that the nitrogen
sparge tube in WE 1 will plug with precipitate as the bolldown
proceeds unless niltrogen gas is preheated to 150°¢, The nitrogen
sparge i required to maintain the radiolytically generated
hydrogen gas concentration substantially below the minimum explo-
sive concentration of hydrogen in air.

The excessive heat which is evolved upon sulfuric acid
addition requires the evapcrator's heaters toc be shut off prior
to metering in HoS0,, to prevent exceeding the condenser capacity,
{Condensate effluent temperature must be £50°C tc prevent excessive
release of HCl to vent.,) At the recommended maximum acid addition
rate of 1 liter/min, the normal boiloff rate of 38 liters/hr would
be increased approximately T70% if the heaters are left on.
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