Evaporator Neutralization Experiments

W. R. Wilmarth

C. A. Nash

M. Poirier

W. J. Crooks

R. A. Pierce

R. A. Peterson

S. W. Rosencrance

October 30, 2000

WSRC-TR-2000-00425



W. R. Wilmarth, et d. WSRC-TR-2000-00425
Page 2 of 23

Westinghouse
Savannah River Company

Aiken, SC 29808 @
@ & 2



W. R. Wilmarth, et d. WSRC-TR-2000-00425
Page 3 of 23

DISCLAIMER

This report was prepared by Westinghouse Savannah River Company
(WSRC) for the United States Department of Energy under Contract No.
DE-AC09-88SR18035 and is an account of work performed under that
contract. Neither the United States Department of Energy, nor WSRC,
nor any of their employees makes any warranty, expressed or implied, or
assumes any lega liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, or product or
process disclosed herein or represents that its use will not infringe
privately owned rights. Reference herein to any specific commercial
product, process or service by trademark, name, manufacturer or
otherwise does not necessarily constitute or imply endorsement,
recommendation, or favoring of same by WSRC or the United States
Government or any agency thereof. The views and opinions of the
authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.



W. R. Wilmarth, et d. WSRC-TR-2000-00425
Page 4 of 23

Evaporator Neutralization Experiments

W. R. Wilmarth, C. A. Nash, M. Poirier,
R. A. Peterson, S. W. Rosencrance
Waste Processing Technology Section
W. A. Crooksand R. A. Pierce
Actinide Technology Section
Savannah River Technology Center
Westinghouse Savannah River Company

Summary

The chemigtry of uranium and effects of mixing during neutrdization of the acidic waste from chemica
cleaning operations of the 242-16H Evaporator pot has been investigated.  The following conclusons
are derived from these scoping experiments.

Neutrdizations were done with nonradioactive smulants and scaled air sparge rates of 0, 20
and 1200 ml/min. The smulants contained duminum nitrate, sodium slicate, and 1.5 M free
nitric acid. The 50 wt% caustic formed a heavy bottom layer at the 0 and 20 ml/min rates.
At the air sparge rate of 1200 mL/min, neutrdization was complete within 2 hours. pH data
and indicator color as well showed adequacy of the 2 hour duration to neutralize the bulk
acid solution to apH of 7 to 10.

Neutrdization in the nonradioactive acid solution without mixing resulted in the formation of
agd that contained sodium nitrate with some carbonate and hydrous duminum aswel.
Temperature rise was localized to the caustic-acid interface and did not exceed 20 °C.

The presence of uranium at a concentration of 290 g/L (radioactive smulant) sgnificantly
increases the time required to complete neutrdization over the time seen in the 1200 mi/min
nonradioactive test. Thetime was about 8 hours. Floating uranium solids prevented good
mixing (mass transfer) and appeared to hold the caudtic in the solid layer. The pH inthe
uranium solid layer was higher than the bulk liquid phase.  Bulk solids mixing did not occur
after 48 additiond hours of parging.

Uranium solids formed from the onset of caudtic addition. The solids were layered and
paste-like. At the present loading of depleted uranium, the amount of solids formed during
neutraization in the 242-16H Evaporator pot presents a formidable engineering chalenge to
pump the solids out of the pot.

Rheologica datafor the uranium precipitate showed a viscosity of 20 centipoise,
goproximatdy 5 times higher than previous testing with much lower uranium concentrations.
Yidd stress data continues to indicate the precipitate is pumpable.
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I ntroduction

The 242-16H High Level Waste Evaporator processes radioactive waste from the feed tank (Tank
43H), concentrates the waste, and discharges to the concentrate receipt tank (Tank 38H). During this
processing the waste typicaly concentrates by 30-40 vol %. However, during processing of Defense
Waste Processing Fecility Recycle stream, the concentration gpproaches 90 vol %. Fow difficultiesin
the Gravity Drain Line (GDL) occurred in July 1997. Video ingpection indicated solid deposits were
presant in the Gravity Drain Line! Laboratory experiments showed that compounds of the generd
formula, NasAlsSisO24(NOs),- 4H,0, form readily under the evaporator conditions*** During
November 1999 a sample of solids removed from the Evaporator cone contained mostly sodium
duminodlicate”

The materia from the Evaporator cone® showed ~ 7 wt % uranium with a 3 % “*U enrichment. After
estimating the amount of solids present, High Leve Waste Engineering declared a Potentid Inadequacy
in the Safety Analysis (PISA)® because of the accumulation of uranium in the 242-16H Evaporator pot.
SRTC personnd have devel oped a cleaning methodology to remove the deposits from the Evaporator
pot using dilute nitric acid containing depleted uranium as a neutron absorber.”®° CST Enginearing
requested SRTC perform scoping tests to examine the neutrdization of the spent nitric acid prior to
discharging to Tank 42H. The results of the scoping work is presented here. CST Engineering
requested follow-on task level work.”® The follow-on neutralization work is covered in atask plan.™*

Experimental

l. Non-Radioactive Experiments

Initid experiments used a 4-liter quartz beaker and aliquid smulant with the composition found in Table 1.
Nitric acid solution (1.5 M) were prepared with dissolved silicon from sodium meta-Slicate and duminum from
auminum nitrate. The verson of the smulant for the 1200 ml/min sparge rate had atrace of phenolphthaien
added as atracer for the extent of neutralization.

Table1. Acid Component Concentrations

Free Acid = 1.5M
Al (added as AI(NGOs) 3- 9H,0) = 0.096M
Si (added as Na&SO3- 9H,0) = 0.036M
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The following items were secured at various positions in the besker: one 0.25-inch OD gtainless sted air sparge
tube with its opening at the bottom center of the beaker, four thermocouples, four pH probes, and two small
diameter transparent plastic tubes from the caugtic syringe pumps.

The experiment was performed by filling the besker with 3 liters of acid solution to be neutrdized, setting the air
gparge rate, and initiating caustic flow from the syringe pump. Concentrated sodium hydroxide solution (50 wt
% - 18.9 M) was added to the quartz vessal using adua syringe pump equipped with two 100 mL syringes.
350 ml of the 50 wt% caugtic was ddlivered at atota rate of 2.8 ml/min (1.4 ml/min from each syringe), so that
caudic ddivery took just over two hours. There was a short delay time while the syringes were refilled during
the ddlivery period.

Temperature, pH, and appearance were recorded in notes, still, and video photography. Records were made
until after the caudtic flow stopped. For the 20 ml/min ar sparge rate the sparger was left on overnight so that
the effect of mixing over alonger time period could be noted the next day.

. Experiments with Uranium-bearing solution

Nitric acid solution (1.5 M) was prepared with dissolved silicon from sodium meta-silicate and duminum from
auminum nitrate. The slicon and duminum concentrations were each 0.04 M for thissmulant. Uranium
trioxide (UO3) was dissolved in nitric acid and added to nitric acid solution containing S and Al until the
concentrations shown in Table 2 were achieved.

Table 2. Acid Component Concentrations

U=290g/L

Free Acid = 1.5M

Al (added as AI(NOs) 3- 9H,0)) = 0.04M
Si (added as NaSO3- 9H,0) = 0.04M

A 4-L quartz beaker was fabricated into which was placed approximately 3 liters of acid solution.
Concentrated sodium hydroxide solution (50 wt % - 18.9 M) was added to the quartz vessel using a dual
syringe pump equipped with two 100 mL syringes. Thermocouples measured the temperature of the liquid
phase a two locations. Additiondly, pH probes were instaled to measure pH a smilar locations in the quartz
vessel. Photographs were taken during the neutrdizations.

The experiment was performed by filling the beaker with 3 liters of acid solution to be neutrdized, setting the ar
sparge rate, and initiating caudtic flow from the syringe pump. Concentrated sodium hydroxide solution (50 wit
% - 18.9 M) was added to the quartz vessdl using adua syringe pump equipped with two 100 mL syringes.
510 ml of the 50 wt% caugtic was ddivered at atotd rate of 2.8 ml/min (1.4 ml/min from each syringe), so that
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caudtic delivery took just over four hours. There were short delay times while the syringes were refilled during
the ddlivery period. The extra caustic was used because it was needed to neutrdize the uranyl nitrate.

Air Sparge Rate Scaling

The 242-16H Evaporator pot isan 8 foot diameter cylindrical vessd with aconicd bottom. The
evaporator vesse will be cdeaned with a uranium-bearing nitric acid solution. Prior to discharging spent
acid to anearby carbon sted wagte tank, the cleaning solution will be neutraized with 50 wt% sodium
hydroxide solution. Initia process flowsheet options cdled for this neutraization to occur in the
evaporator pot with an ar lance available to provide some mixing. SRTC has been invedtigating this
process in |aboratory-scae experiments. The experiments were scaled by matching the injected air
superficid veocity in the experimenta vessd to the injected air superficid veocity in the 242-16H
Evaporator pot. The superficid veocity is caculated with equation [1]

Vs = QA [1]
Where vs isthe air superficid veocity, Q isthe air flow rate, and A isthe vessel cross section area.
Table 3 shows the dimensions of the 242-16H Evaporator pot and the experimenta vessdl, dong with
the cdculated superficid velocity. cfmiscubic feet per minute.

Table3. 242-16H Evaporator Pot Dimensions and Air Flow

Parameter 242-16H Evaporator Pot Experimentd VesH
Tank Diameter 9%6in 6.5in

Area 46,700 cn? 214 cn?
Air Flow Rate 10 cdfm 1300 cc/min
Superficid Vdocity 6.06 cm/s 6.06 cm/s

Therefore, the recommended air injection rate in the experimentsis 1300 mi/min. This was reduced to
1200 mi/min in the experiments for conservatism.

Laboratory notebook WSRC-NB-2000-00031 contains data obtained during these tests and the
procedures used.® Personnd used routine andlytical protocol for the samplesin this report.™

Results and Discussion

Non-Radioactive Experiments

No Air Sparge
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The first experiment was performed without mixing. Concentrated sodium hydroxide was added to a
smulated nonradioactive nitric acid solution containing S and Al at arate of 2.8 mL/min. The caudtic
solution, being denser than the smulated spent nitric acid solution, sank to the bottom of the vessd.
Within 30 minutes of beginning caudtic flow, awhite gd-like fluffy precipitate sarted to form at the
interface of the acid and caustic solutions. At its largest extent, the solid precipitate extended to 25 %
of the vessd height.

Figure 1 shows the vessdl during the test conducted without mixing. During the 130 minute tet, the pH
readingsin the bulk liquid did not exceed 2.9. The maximum temperature rise observed during the tests
was 20 ° C and thiswas measured at the 80 minute point near the bottom of the vessd. Figure 2 shows
the gppearance of the vessd at the end of the run. A clear caudtic layer remained at the bottom of the
vessH.

The gel-like solids above the caudtic layer were collected and sent for solid-state characterization using
X-ray diffraction and energy dispersve X-ray andyss. Figure 3 shows the X-ray diffraction results.
Sodium nitrate was the only crystaline species that was found.
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Figure 1. Neutralization without Mixing

Figure2. Caustic Stratification at the End of the No Mixing Run
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Nitratine, NaNO3

Figure3. X-Ray Powder Pattern for Solidsfrom Test without Mixing

Solids from this work were aso examined by dectron microscopy and energy dispersive X-ray andyss
for dements. Sodium, oxygen, carbon, and duminum were found. Carbonates and dluminate were
likely present. Carbonate probably formed from carbon dioxide in the air used to sparge the vessdl.
Similar carbonate formation would occur in the 242-16H Evaporator pot if air is used to sparge its
contents. The aluminum would have been detected by this method but not by X-ray powder diffraction
if the duminum was not in acrysaline materid. Nitrogen (from sodium nitrate) was not seen with the
energy dispersive X-ray method but the andyist pointed out that the method is week in its detection of

nitrogen.
20 mL/min Air Sparge
The second experiment used an air sparge of 20 mL/min to Smulate mixing in the 242-16H Evaporator

pot. Theair flowrate was far below what is normally used in scaling the mixing, but was an attempt to
seeif gentle mixing was adequate. This 20 mL/min ar flowrate has about the same inverse time

10
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(flowrate/pot volume) as the 242-16H Evaporator pot if the evaporator lance was operated at 10 cfm.
Figure 4 shows the solids formed during the test. The solids were very fine and free flowing.

e
0:04:57:02
[col5 8 min

i i

Figure4. Neutralization with 20 mL/min Air Sparge
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Figure5. pH Measurementsfor 20 mL/min Test
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Figure 6. Temperature Measurementsfor 20 mL/min Test

Figures 5 and 6 show the pH and temperature profiles measured during the 20 mL/min test. The pH
measurements depict atitration curve that would be expected for neutrdizing a strong monoprotic acid
with base. There waslittle shift in the pH initially during caudtic addition. The caudtic addition was
complete a the 110-minute point. Asthe air sparge mixed the acid and base, the pH beginsto rise very
sharply. By 150 minutes, the bulk of the solution is neutrdized. The only exception isthe pH data
measured with probe L (left) pH1. This probe was located near the bottom of thevessdl. The
temperature profile (Figure 6) shows a steady rise of about 0.1 °C/min and a spike at the point the pH
changes very rapidly. The maximum temperature rise was 23 °C.

1200 mL/min Air Sparge

Shown in Figure 7 is a photograph of the neutrdization experiment conducted with an air sparge rate of
1200 mL/min. Thisair flowrate would provide the same average superficia velocity as the 242-16H
Evaporator pot air lance operating at its standard 10 cfm. Engineering judgement considered thisto be
the best scaling method overal. Solids were again formed during thistest but it gppeared the amount is
subgtantidly less than in the two previous tests.

12
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Figure7. Neutralization at 1200 mL/min Air Sparge
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Figure8. pH Measurementsfrom 1200 mL/min Test
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Figure9. Temperature M easurementsfrom 1200 mL/min Test

Figures 8 and 9 show the pH and temperature profiles measured during the 1200 mL/min test. The pH
measurements depict atitration curve that would be expected for neutraizing a strong monoprotic acid
with base. There wasllittle shift in the pH initidly during caugtic addition. The caustic addition was
complete a the 110-minute point. Asthe air sparge mixes the acid and base, the pH beginsto rise very
sharply. By 150 minutes, the bulk of the solution is neutrdized. The only exception isthe pH data
messured with probe L pH1. This probe was located near the bottom of the vessel and fairly close to
the caudtic addition. Thismay explain why the readings were higher than the data from the other pH
probes. The temperature profile (Figure 7) shows a steedy rise of about 0.16 °C/min. Theriseis
uniform across the entire vessd indicating very good mixing. Thereisno “spike’ in the temperature
profile. The maximum temperature rise was 16.5 °C much less than the rise in the 20 mL/min sparging
test. The phenolphthaein indicator turned pink uniformly at the end of 2 hours showing that the bulk of
the solution exceeded pH 8.2.

Uranium Test

14
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Thefind planned test was to examine the neutraization of alargely depleted uranium solution thet
contained approximatdy 0.04 M duminum and silicon. All other agpects of the experiment were the
same including the 1200 ml/min air gparge rate and 2.8 ml/min caudtic addition rate. Additional volume
of caudtic was needed to complete the uranyl nitrate neutralization (raise pH above 12); therefore, a
total of 510 mL of caugtic was added. Uranium precipitate formed as soon as the caugtic solution exited
the feed addition lines. An orangish, yelow precipitate formed layers in the upper region shown in
Figure 10.

Figure 10. Uranium Solution Neutralization

The temperature and pH were measured throughout the experiment, though only two pH and two
temperature probes were used. Figure 11 contains agraphica display of the data obtained for the first
250 minutes of the experiment. Data were collected for an additiona 260 minutes with little or no
change from the data measured at 245 minutes. The temperature behavior of the uranium system was
very smilar to the smulant test. Temperature rise was dight with maximum temperature reaching 34.6
°C dfter gpproximately 100 minutes. The highest rate of increaseis 10 °C /hr. The temperature drops
after 140 minutes reaching 25 °C after 300 minutes.

15
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The pH profiles are, however, quite different from the smulant experiment with the same air sparge rate.
The two pH probes, labeled pH1 and pH2, were located top and bottom of the vessdl, respectively.
The pH probe at the top of the vessdl, pH1, measured a very rapid rise through neutrdity and to a
measured pH of 11.7 after 110 minutes. The pH reached a maximum of 14.6 after gpproximately 450
minutes. Sporadic measurements were taken alater times. At 800 and 1315 minutes, the pH
measured 14.35 and 14.07, respectively. The pH probe in the bottom of the vessel measured pH
readings from the start (-0.5) to apH of 3.3 after 500 minutes. Two days later, aresearcher removed
the pH probe from the vessdl bottom. The probe was actudly submerged in uranium solids. The probe
was response checked and placed in the bulk liquid. The pH at that time read 11.7.
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Figure1l. Temperatureand pH Measurementsfrom Uranium Test

Rheol ogy Measurements of Uranium Precipitate
Rheologica data were collected in the SRTC shielded cells using a Haake RV30/M5 system and aNV

rotor. Shown in Figure 12 isaplot of the ingantaneous viscosity as afunction of the shear rate with the
accompanying 95% confidence intervas for nine replicate runs.

16
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Clearly the fluid is somewhat thixotropic (thins as the shear rate increases). It isimportant to note that in
the higher shear rate range, of more practicd interest for maintaining fluid flow, that the ingtantaneous
viscosty is much less dependent on the shear rate than in the lower shear rate regime. In the higher
shear rate range the instantaneous viscogity is lessthan 20 cP. The confidence intervals are dightly
tighter in the noiser low shear rate range. This attribute is directly reated to the logarithmically
distributed data point intervals used to acquire the data.

Two different approaches were used to evaluate the yied stress for fluid flow initiation. This dud
gpproach was an attempt to provide a bounding perspective on the actud yield stress. The methods
yielded different yidd stressresults. This should be reviewed redizing the non-Newtonian character of
the datawas not directly fit. Rather the yield stress was gpproximated given the quick turn around time
for the sample and the fact that the appropriate model to describe these by non-Newtonian rheology
curves was not intuitively obvious. The resulting approach is an attempt to bound the yield Stress. This
would hep mitigate technicdl risk associated with the yield stress of the durry.

Thefirst gpproach was to fit the stress-strain curve in the shear rate range of processinterest usng a

Bingham plastic moddl.™* The shear stress was extrapolated to the point of initia flow for each of the nine
runs, averaged, and the associated 95% confidence interval isreported. Asaresult of

2H Evaporator

290 g/L U
0
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70 e
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Figure 12. Rheology Data from Uranium Precipitate

this method of evaluation the yield stressis 132 +/-17 dynes/cn?. Note that the data ranged from as low
as 106 dynes/cn to as high as 169 dynes/cnt using this method of andysis. This gpproach isthe less
conservative of the two gpproaches used to extract ayield stress vaue from the data.

The second approach used to evaluate the yield stress of the precipitated durry is clearly the more
conservative of the two methods and resultsin ayield stress vaue which ismogt likely the worst case
scenario. In this method the stress recorded during each of nine replicate runsin the very low shear rate
range (0-10 1/s) was evauated and the one point maximum was recorded as the

yield stress. These values were averaged to supply avaue of 299 +/- 55 dynes/cnt at 95% confidence.
The individud responses ranged from as low as 201 to as high as 445. The most likely yidld stressis
somewhere between the results of the two methods.

The stress-strain curves demonstrated some unexpected trends in the very low shear rate range (10-50
1/s) which could be éttributable to particle effects. These observations could be related to a number of
phenomena including settling and bridging. The results reported are meant as aqudlitative guide. These
unexpected characterigtics are not expected to grosdy dter the presented results but should be
considered in an assessment of the technica risk associated with use of this datafor design. Further
work would be necessary to assst in understanding the origin of these spectrd features.

Chemistry of Uranium Precipitate

The uranium-sodium hydroxide-water system is complex and can produce awide variety of solid
phases.® The system contains polymeric oxide-hydroxides that are partly nitrated when nitrate is
present, plus uranates with a variety of sodium to uranium molar ratios™®

Generd observations from the references above agree with those made in the experiment with uranium.
Ricc and Lopriest observed an orange solid phase at high sodium to uranium ratios, a condition smilar
to local regions where 50 wt% caustic was added to the evaporator pot smulant.** Asthe sodium
hydroxide diffused or was mixed into the bulk liquid the loca sodium to uranium ratio would drop,
shifting the color from orange to yellow as Ricci and Lopriest report. The solids were identified as solid
solutions with various proportions of hydrated sodium oxide and uranium oxide. Ricci and Lopriest dso
reported a pink phase at sodium levels so high that sodium formed a monohydrate with water, but this
phase was not observed in the current experiment.

Maly and Vesdly found thet titration of uranyl nitrate with sodium hydroxide first created anionic uranium

hydroxide polymer which would take on nitrate. With further addition of caugtic and time the polymer
would convert to sodium diuranate (NgU,0O7). *

18
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In the current work, solid state characterization by X-ray diffraction and energy dispersive X-ray
andyds (EDX) — scanning dectron microscopy was performed on two different samples removed from
the neutrdization vessel. Thefirgt sample was taken shortly after the end of the caugtic addition and
represented the orange material observed in Figure 10. The second sample was taken after 2 days had
transpired and was ydlow in color.

Figure 13 shows the X-ray diffraction powder pattern obtained from the orange-colored solid sample.
The sampleis comprise of sharp diffraction pesks from sodium nitrate and broad diffraction pesaks of
sodium diuranate. The bregth of the diffraction pesksindicates poor long range order, i. e., poor
crysdlinity. Anaccompanying EDX spectrum shows peaks from sodium and uranium. The EDX
gpectrum did not show any signs of Al or S that would exist if the auminosilicate had re-precipitated.

Na2l207, Sodium Uraninum Oxide
starting to crystallize
NaNO3. Nitratine

Figure 13. Powder Diffraction Pattern of Orange Solids

Figure 14 shows the X-ray diffraction powder pattern obtained from the yelow-colored solid sample.
The sample is comprised of sharp diffraction peaks from sodium nitrate and sodium uranyl hydroxide,

19
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Na(UO,)s(OH)e- 8 H,O. An accompanying EDX spectrum shows peaks from sodium and uranium
with the sodium peak more intense than the peek in the orange material. The EDX spectrum, again, did
not show any sgnsof Al or S that would exist if the duminoslicate had re-precipitated.

Figure 14. Powder Pattern from Yedlow Solids

Video Data

Experiments were recorded by video camera and a video Compact Disk (CD) accompanies this report.
Discussions of the five separate experiments follow.

l. Injection Of 50 Wt% Caudtic into Sparged Uranium-Acid Solution
This clip shows the beaker, the sartup of the air sparge at 1200 mi/min, and closeups of the tubes

where the caudtic isintroduced. G is seen to form initidly at the mouths of the caudtic tubes and some
of it gopearsto float. A haf hour later an orange layer entrapping bubbles has formed at the top of the

20
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solution. Solids are found to sink when disturbed with aglassrod. About 9 hours later the orange layer
isdll in place and the solution is milky and yelow.

The solids clearly form quickly and do not appear to be amenable to good pumping or other transport
out of the vessd.

. Pumpout Test

A perigtatic pump was used to draw beaker contents up and out using a glass eductor tube. Closeup
video of the glass tube shows very little solid trangported in the stream. The fluid is mostly the milky
yellow portion of the neutrdized materid. At the end of the test most of the solids that formed during
neutraization are fill in the neutraization vessel. The solids are chunky as if they had set up somewhat.
They also stuck to metal coupons placed in the beaker. The chunks and sticky nature of the solids are
indicators that the acid/neutralization strategy may not work well for the 242-16H Evaporator pot.

1. Acid exposure of asolid chunk

A chunk of solids from the main neutralization test was dropped into 1.5 M nitric acid to gauge its
tendency to dissolve. Thisvideo clip showsthat there is no immediate tendency to dissolve or bresk up
with gentle agitation. It was noted over 48 hours later that the solids did bresk up on standing.

V. Dropwise Addition of Caustic with Good Mixing

Acidified uranium solution was placed into a besker and stirred well while caustic was added drop by
drop. Each drop formed a corpuscle that remained intact during the mixing. Theinitid gel that was
formed lacked significant color but atained a bright orange color astime went on. The solids seemed to
form larger masses with time. They were dso tacky and adhered to a probe in the beaker. Given
additiona mixing time it was found that the solids broke up and dissolved, adding aydlow haze to the
liquid. Thewel mixed solution was easy to pump.

V. Reverse Strike Neutralization
This test examined the scenario where the uranium acid solution is dropped directly into Tank 42 to

neutralizeit. The amulant of Tank 42 liquid contained the following anions, where sodium was the only
cdion:

ANION MOLARITY
Nitrate, NOs- 1.45
Nitrite, NOo- 153

Free Hydroxide, OH- 4.37
Aluminate, Al(OH)4- 0.22
Carbonate, CO3-- 0.06

21
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Sinking orange solids formed immediately. They gppeared to be cohesve and did not break up much
when moved with aspatula. The pH of those solids was measured as 4.4. After the vessdl was firred
the solids were accumulated and their pH was 12.95. Thisindicates that the solids are basic in nature
and that their initid low pH was due to entrained acid. Stirring subsequently neutraized acid in the
solids by the bulk solution of higher pH.

Conclusions

The effects of mixing and of uranium during neutrdization of the acidic waste from chemicd deaning
operations of the 242-16H Evaporator pot has been measured on a 3-liter scale. Experiments with
amulants lacking uranium found that neutraizations without mixing resulted in the formation of agel that
contained sodium nitrate with some carbonate and hydrous duminum as well. The temperature rise was
locdlized to the caustic-acid interface and did not exceed 20 °C.

Tegts examining ar sparging during neutraization showed sgnificantly reduced the time required to
neutraize the bulk solution to apH of 7—10. At sparge rates of 1200 mL/min, neutralization was
complete within 2 hours.

The presence of uranium at a concentration of 290 g/L significantly increased the time required to
complete neutrdization. Floating uranium solids prevented good mixing (mass transfer) and appeared to
hold the caugtic in the solid layer. The pH in the uranium solid layer was higher than the bulk liquid
phase.

Uranium solids formed from the onset of caudtic addition. The solids were layered and paste-like. At
the present loading of depleted uranium, the amount of solids formed during neutrdization in the 242-
16H Evaporator pot with air sparge mixing presents a formidable engineering chalenge to pump the
solids out of the pot. At the same time beaker tests with stirring bars provided evidence that pumpable
durry could be made by mechanical agitation rather than by ar sparging.
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