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Tos M. D. Peterson

Tromgs Fo L. Steahly per W. K. Eister

1.0 TIntroduction

The lsboratory development of the Redox Process for recovery and
deconteamination of plutonium and uranium is complete with the exception
of studies of rutheniwm and plutonium chemistry.

"0old" UAP semi-works scale runs using simulated Hanford superna-
tant solution and total waste have been completed satisfactorily. A
geries of 12 runs are now in progress using actual Hanford waste super-
natant solution with ursnium salts added to simulate the total waste.
These experiments should be completed within the next report period.

The laboratory development of the TBP Solvent Extraction Process for
the recovery of uranium from Hanford waste emphasized studies on plutonium
and fission product extraction factors, and evaluated other diluents than
hexane for the extracting solvent, tributyl phosphate. The Semi-Works has
made preliminary tests on pumping the metsl waste sludge from an ORNL stor-
age tenk, and plans are in progress for the installation of solvent extrac-

tion equipment for the recovery of the ORNL metal waste.

A metal solution study was started to determine the procedure for dis-
solving the "25" aluminum alloy slugs that ere to be used for the final
pilot plant development of the "o5" process. The "25" Solvent Extraction
Process is being developed for the recovery emd decontemination of "25"

from the spent MIR fuel assemblies.
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The Rele Process is being reinvestigated to incresse the process
efficiency. The barium-lead sulfate precipitation and metathesis steps
are being tested on one-half plant scale to evaluate the effectiveness of
£iltration or cemtrifugation to replace the present decantation. An ion
exchange study is also in progress in the laboratory aimed at the elimin-
ation of the present electrolysis, evaporation, nitrate precipitation,

and HCl-ether precipitation steps used to purify and concentrate the barium.
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2,0 Sumary

(1) Incremsing the mumber cf scrub stages from 4 to 8 in counter-
current batch tests did not significantly improve decofttamination.
(2) Crud formation in the pilot plant organiec product stream from
the second cycle uranium extraction column was found to be due
to oxidized irom. The origin of this iron is not kmnown at

presexnt.

Metal Recovery - UAP Process

The gemi-works runs with simlated Hanford total waste indicated a
totel uranium loss of 1% with about 10% of the uranium going through the
recycles

Metal Recovery - TBP Process

(1) The recovery of uranium from Hanford sludge by a single cycle
P Tatch counter-current run demonstrated a 99.3% uranium yileld

and a beta decontamination factor of 3x105° The beta activity
of the final product was approximetely 10% of natural uranium
background.

(2) Plutonium is decontaminated by a factor of about 3.

(3) Decontamination factors for zirconium and cerium were 3Jﬂ.,03
and greater than lO6 » respectively.

(4) n-Heptane and n-Octane compared favorably with hexane’as a di-
luent for tributyl phosphate in batch counter-current tests.
On the bagis of cost and volatility, n-heptane seemslto be pre-

ferred.
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390 Redox

3.1 Decontamination Studies :in Redox First Cycle

Using the counter-current batch extractor, it was found that
increasing the ruwber of scrub stages in columm 1A from four to eight P
had no effect on decontamination under ANI flowsheet conditions. Using
ORNL #1 flowsheet conditiong; decontamination was increased by approxi-
mately & factor of two and, using ORNL #2 flowsheet conditions, the in-
crease ¥as less than a factor of two (Table 3.1-1).

Pour first cycle ruus were made using pilot plant Redox feeds as a
source of activity. The decontamination factors obtained in the labora-
tory extractor were in good agreement, in most cases, with results ob-

tained in pilot plant Gelume 1/, for the same feed (Table 3.1~2),
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Table 3.,1-1

The Effect on Decontamination of Increasing the Number of Scrub Stages in Colurm 1A of

the Redox Process

Runs made in laborstory counter-current batech extractor uging six ext;action stages,
and scrub stages as indicated below. Beta activity in feeds

= Ghe 10

c/m/ml.

Decontamination Factors

No. of Extraction Section Overall
Scrub Flowsheet Conditions Sge13] OB8[ ZT | RU | GLOBE | OToBEIZY RO
Stages Beta] Gemmel Beta] Beta] Beta Garme) Beta [Beta
ANL
L 1AS-1.3M A1(NO3) - - -1 - o 27 - 2.4
1AF-2M UOo(NO ?2, 0.3N HNO3, 0,1M NapCrpOy
1AX-hexone, O 5N HNO
8 Flowratio AS/AF/A.X 1/1/h - - - - I39 20 - o 2
ORNL FL
L | SES-2M AL(H03)3: 0.21 acid deficiemt, 0,014 Naptro0y | 170 | 75 250 |53 |6.1x103) - ({350 990 -
L 1AF-2M U0p(N03 ? 0.1M NapCrpO7s; 0.2N acid deficient - - - | - 13.62103] - 520 |350
8 1AX-neutral hexone - - - = 11,1x10%! - 90 670
8 Flowratio AS/AF/AX = 1/1/h 130 | 46 (400 |&7 18,6%10°| - 00  |1.5x103
CRNL 72
4 1AS-1.34 A1(NO3)3, O.OLM NapCrpOrs O0.2N acid deficient| 200 | 66 |520 |56 |1.3z10%| - |2.6x11.0x103
L 1AF-1.201 AL(NO03 ) 35 0.9M UOQ?NO3)2, 0,1M NapCrpO7 O.2N | 170 | 70 1696 {38 |1.3z10%| - |1.5x10%1.7x103
acid deficient
8 1AX-neutral hezone 150 | 90 {790 |34 |1.5z10%] - L= 1.8xm03
8 Flowratio AS/AF/AX = 1/2/3 180 | 66 570 1h1 l1.7z10%] - 2,9x103ML. 92103
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Con;;_)arison of Decontamination Factors O’btained in Counter-Current Batch Extractor and in

Pilot Plant Column 1A, Using Redox Process First Cycle Conditions

Pilot Plant column 1A-25 foot extraction, 14 foot serub sections
Counter-current batch extractor - 6 extraction and 8 scrub stages.

Laboratory Pilet Plant Decontamination Factors

Run Run Flowsheet Laboratory Pilot Plant
Number Number usged B Ru 8 Ru
C-70 R-34 ORIL 2 3210t 3.9%10° | 1.hz10% | 2,1x103
¢-79 R-39 ORNL /1 9:;:103 760 5,2::103 370
c-82 R-41 ORNL #1 5.1::103 630 5, Tx10D %60
c-98 R-37 ORNL #1 1.h4z10% 1.4x10° 1.2716% | 1.hx10°




July 6, 1949 - o

3.2 Plutonium Equilibrium Studies

The equilibrium velence state of plutonium is criticel in the
ORNL Redox (acldé deficient) Process because only Plutonium VI is suf-
ficiently extractable to obtain the desired recovery. Therefore, equilib-
Fimm studies are being made using spectrophotometric analytical procedures.

The equilibrium of the Plutonium IV and VI states in the extraction
feedy; 2,0 M UNH - 0.2 M acid deficient without sodium dichromate present,
was 93% Plutonium IV and 7% Plutonium VI at 23°C (Tsble ;_gz_:g) This ex-
periment was repeated at 8500 and the equilibrium concentrations were
13.7% Plutonium IV and 86.3% Plutonium VI at the end of two hours. How-
ever, after four hours at 85°C and then ageing at 23°C for 18 hours, the
equilibriun shifted to 88.4% Plutonium IV and 11.6% Plutonium VI. These
results indicate the presence of reducing conditions during digestion at
elevated temperatures (Table 3.2-2).

The oxldation of Plutonium IV by sodium dichromste was slow at 2300,
approximately 20% Plutonium IV remaining efter 2k hours (Table 3.2-3).
Previous work had shown that Flutonium IV is quantitatively converted to
VI by heating the solution at 850C for six hours.

It was demonstrated that in a 0.2 M HNO3 solution, plutonium polymer
could be broken by meking the solution 0.005 M NeF. This forms a plutonfum
fluoride complex which is not oxidized by sodiuwn dichromate. However, by
making the solution 0.05 M in boric acid, the plutonium wes then complet&ly

oxldized by 0.1 M NapCra0; at 85°C for siz hours.
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Table 3.2-1

Plutonium Valence Stete Egﬁilibrium in the Simulated

ORNL Redox Feed at 23°C

Solution Composition: UNH - 2.0 M
HIO -0.2vagg
Pu ?total) - 0.000523 M

Temp. - 23°C
Time (Hours) % Pu IV (A) % Pu VI (A)
0.5 99.2 0.8
2,25 ok,3 5.7
4,16 93.7 603
27 9347 603
46 92,5 Te5

(A) These results are based on calculation foi
Plutonium IV using the 660 millimicron band.
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Table 3.2-2

Plutonium Valence State Equilibrium in Simuleted ORNL Redox

Feed at 85°C

Solution Composition: TUNH ~ 2.0 M
0, - 0.2 M .
Pu %total) - 0.00050 M
Heating Time cooling Time

(Houxrs) to 23°¢ % Pu IV (A) ¢ pu VI (4)
1 30 mins. 15.6 8h.k
2 30 mins, 13.7 86.3
4 88,4 (B) 11.6 (B)
To3 30 mins. 793 20.7
Te3 - 97.0 (B) . 3.0 (B)

(A) These velues are based on the determination of Plutonium VI
using the 837 millimicron band.

(B) These values were obtained when the samples had been allowed
to stand sbout 18 hours at 23°C.
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Table 3.2-3

Oxidation of Plutonium IV by Naogz_“p_q-z in a Simulated ORNL

Redox Feed at 23°¢

Solution Compositiony UNA - 2.0 M
INO3 - 0.2 M
Pu " (total) 0.000508 M
NeoCrp07 - 0.1 M

Time (Hours) % Pu IV (A) % Pu VI (A)
0o17 89.6 11.4
0.h2 85,k 1.6
1,0 81.3 18.7
1.3 76,6 23.4
2.8 66.6 33.k
3ok £1.1 38.9

2k.0 20.1 79.9
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3.3 Plutoniuwu Loss Studies

Laboratory work has been carfied out in conjunction with ORNL
Pilot Plant Redox tests in an effort to determine causes for losses en-
countered at the begimming of full Hanford level runs. Due to the high
level activity, small-sczle batch work was instituted on an emergency
basis to investigate as many variables as poasible. Date are thus frag-
mentary and not intended as exhaustive informaetiomn. Conclusions that
may be drawn are thus tentative and must await further development.

A slow growth of unextractable plutonium has heen observed in feeds
containing 2 M UNH, 0.1 M Na26r207 and 0.2 M HNO3 deficiency., Possibly
a self-reduction and oxidation equilibrium is indicated as a cause for
this effect (Tables 3.3-1 and 3.3-2).

There has been reason to suspect ' that some deleterious action could
occur in the filter-transfer-storage phase. Adipic acid, a decomposition
product of methyl cyclohexane, was observed to increase losses (Table gzg:g)c

Effects of other possibly deleterious substances introduced in hexone
and serub solutions were scouted briefly. Organic aclds; iron, and sulfhte
ion were considered possible offenders., None of these materials in reason-
gble amounts affected plutonium extraction.

Reduction in ex%raction and scrub sections with long contact fimes
was examined insofar as feasible by batch methods. No effect was observed.
High radiation level was also observed to have no effect.

Tncreasing HN03 concentration was sufficient to extract the plutonium

unextracted under the basic conditions (Table 3.3-L).
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Table 3.3-1

Increased Plutonium Loss Due to Ageing of the Extraction Feed

Feed Composition: 2.3 UNH

(from Pilot Plant 0.2 M acid deficient
runs) 0.1 M Na,Cr,0.

Activity level: - 30% full Ha.anrd level

16

Extraction procedure; Ome volume of scrub (2.0 M AJ.(NO3)3,
0.2 N acid deficient, 0,01 M Na Cr ;)Z)
added to one volume of feed and %
extracted 12 times with equal volume - .
batches of hexone.
Pilot Plant _ “ Ageing Time % Plutonium Loss (&)
Run Mupbey £ 47 Weeks Original | Finael DifT
yg () 1 1.2 1.7 0.5
L6 , 2 0.8 1.38 0.54
39 5 0.23 0.63 0.40
37 6 0.32 1.16 0.8k

(=) LaF; procedure for analysis

(b) Full Hanford activity level
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Table 3.3-2

Effect of Acid Conditionse During Ageing on Plutonium Loss

Feed Composition: (from Pilot Plant Run 50R)
2 M UNH
0.2 N acid deficient
0.01 M NaECrEO.?

Activity level: Full Hanford level

Extraction procedure: one volume of scrub (2.0 M A1(NO3).
0.2 N acid deficient, 0.01 M NBQCreo )~
added to one volume of feed and 'ba.tcg
extracted 12 times with equal volume
batches of hexone.

Two samples of the feed solution were taken; the first

after oxidetion under 0.2 M acid conditions, and the

second after neutralization with NaOH to 0.2 N acid deficient.
The acid feed was neutralized after ageing to 0.2 N acid
deficient immediately before extraction.

: Plutonium Loss (a)
Ageing Time (Days) 0.2 N asid ~ 0.2 N acid deficlent
0 : 0.01 o 0.05
3 : - 0.12
5 '? 0.06 0.17
7 .08 -

(2) TTA procedure used ior analysis
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Table 3.3-3

Effect of Adipic Acid on Plutonium Loss

Feed Composition: Varying amounts of adipic acid added

Activity level; Full Hanford level

Extraction Procedure: One volume of scrub (2.0 M A.l(NO )
0.2 N acid deficient, 0,01 M Nas 217:)
added to one volume of feed and 'ba.t
extracted 12 times with equal volume
batches of hexone.

Adlpic Acid
M % Plutonium Loss (a)

0,0 0.73

0.01 0.83

0,02 2,8

(a) LaFy procedure used for amalysis
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Table 3.3-4

19

Effect of Nitric Acid Concentration on Plutonium ILoss from Extraction

Feed Compositions

Activity level;

Extraction procedure:

Raffinate (1AW)

(1AW from Pilot Plant Run 50R)

1.0 M AL(NO
(m ;;

0.05 M Na,C

0.2 M acid deficient
Full Hanford level

6 equal volume passes with the in-

dicated amounts o:E'.Hl\TO3 added to the hexone.

Hexone Acidity | Aqueous Acidity| % Plutonium

M M loss
Type of Extraction LaF3 TTA
* Pilot Plant* 0 -0,2 1.2 1.0
Laboratory Batch¥ 0 -0.2 0.5 6F 1 57
Leboratory Batch 0 0.2 1.2 0.9
0.1 0,05 0.9 0.k
0.2 0.10 048 0.3
0.3 0.15 0.78 0.26
0.4 0,20 0.7 0.2
0.5 0.25 0.55 0.04

* These extractions made with 1AF

*% Aquesous acidity at equilibrium estimated from known distribution

coefficlents
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3.4 Pilot Plant Crud Problem

The Pilot Plant has experienced the difficulty of crud formation
in the 1/2" I.D. line between the D and E colums (second cycle) while
operating the Redox tests. This line carries the DX stream to the E colﬁm.
It is observed that this crud is either formed or transported in the orgenic
phase, is insoluble in the hexone, and adheres to the stainless steel tubing.
Plugging of the line has occurred &t rather ﬁequm’fimmds requiring a
water flushing procedure to clear the sy®tem. |

This crud is an amorphous, brown precipitate which has an approximate
composition of Fe(NO3)3.Al(1\TO3)3 and is soluble in H,0. Filtered samples
were found to contain entrapped UNH which could be washed out with repeated

hexone washes,

4.0 Metal Recovery

L.1 UAP Process

The Uranyl Ammonium Phosphate (UAP) Process proposed by the X-25
research and development groups, for recovery and decontamination ofﬁ;.ra.nim
from Hanford metal waste, 18 essentially a two cycle precipitation;fil’cration
process using nitric acid to dissolve solids and ammonium nitrate to pre-
cipitate uranyl ammonium phosphate. A recycle step recovers 10% to 15% of
the urenium remeining in the filtrates by precipitation with sodium hydrox-
ide., The Semi-Works development at ORNL will be concerned with wranium re-
covery, decontamination, and process operability. Approximately 13 kg of
. uranium are prgcessed in each semi-works run. Runs progreammed aret

7 - Svnthetic Hanford 103 T Tank supernate runs. (no fission product

act ivity )
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11 - Synthetic Henford 103 T Tank total waste runs. (no fission
product activity) |

10 - Henford supernate runs spiked with U, Na, POy, SO,+ » and 1\10’3
fons to simulate the Hanford total waste, 3 (103 T - aged 3
years), 7 (103 U - aged 2 years).

5 _ Fenford supernate rums, 1 (103 T) , 1 (103 U)e

The cold runs have now been completed and the finel equipment alter-

ations before starting the hot rumns are in progress.

4,11 Uraniwm Data

The overall process losses have been contimually reduced,
1)s Higher losses

and were less than one percent in the latest runs (Teble kil
(ca. 3%) and erratic material balances in early runs are attributed to
mechanicalt difficulties plus a few process uncertainties which have been
overcome. TIn all cases, the uranium data are based on the weight ol ¢
uranium in the feed. |

The recycle step received (for recovery and use with subsequent: feed
solutions) the filtrate and the first wash solution during Runs 1-12;
after Run 12, the first two washes were recycled with the f£iltrate. Approxi-
mately 4% to 6% of the total uranium was sent to recycle from emth precipi- |
tation step in most rums; higher values were sometimes caused 'by increased
solubility of the uranyl emmonium phosphate because too much nitric acid
had been added.

The discarded first and second cycle filtration wash solutions and

the discarded solutions from the centrifuge in the recycle gstep are the

gources of uranium loss.
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The losses in the discarded wash solutions (last three or four washes)
have been reduced from approximately 0.3% per cycle in the earlier rums to
about 0.05 - 0.2% per cycle in the last three runs. This has been due to
change in the wash procedurs, decreasing the filter vacuum; and sending
the first two washes instead of only the first to recycle.

The centrifugation logses in the récycle step have been contimmlly
reduced from approximately 5% to less than 0.5%, which is satisfactory.
This has been due to better control of the feed rate to the centrifuge.

- The material balances for the first cycle wers generally high because
of the undetermined hold up of material in the second cycle precipitation
vessel from the previous run entering into the caleculations.

The material balances over the recycle step were in error because
camplete dissolution of the centrifuge cake was not obtained. This situ=-
ation was corrected in Runs 12 - 14 by heating the nitric acid used for

dissolution, An excellexn’ ‘M‘bferml;j’bﬂa”ﬁc& (102%): Wi Hemonstrated in Run 1k,

L.12 Process Operability

4,121 Metal Waste Dissolubion

The first cycle feed solution was acidified with

60% nitric as followss
Approximately 40 liters of acid are required for the supernate and
48 for total waste rums.
(1) First fifth of the acid was added in three minutes. |
(2) Next three-fifths in twenty mimites in order to comtrol the rate

of gas evolution.
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(3) Sclutiom was heated to 85°C and acid added in liter portioms,
or smaller, until complete solution was reached » checking for
completeness of solution after each eddition by withdrawing
& sample to a sight glass in the senpler system. Complete
solution could be reached with precision by this means; so
Predetermination of secid requirement on laboratory scsle was

found 4o be WLSCessary.

4,122 First and Second Cycle Precipitation

Precipitation methods produced crystals that were
readily filtersble. The same metlods and amowrits of precipitating agent
were used for botk first and second cycles,

Supernatant feed runs were precipitated et 85°C with slow agitation
by adding approximately 3 moles of ermmonium nitrate per mole of uranium,
The ammonium nitrate was added ass & solution that was 50% emmonium nitrate
by weight and 0.7 N with regpect to nitriec acid. The preclpitating agent
was added over & 15 minute period as soon as possible after the acidification
step, and the resulting golution cocled to 259 at the rate of 1°¢ per
minute, then digested for one hour.

For total waste feed rums, approximately 2 moles of ammonium nitrete
per mole of uraniwm, in a 5% ammonium nitrate solrtion (0.7 W HI\TO3)3 » were
added over a 2 minutes time. Otherwise » the precipitation methods were the

same as for supernatant feed rums.
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4,123 First and Second Cycle Filtration

The filtration of the uranyl ammonium phosphate
crystals appeared to produce satisfactory filtrates in a reasonsble time
cycle (10 - 33 minutes) with & filtration vacaum of approximately 8 inches
of mercury, and 2,515 sq. cm. filtration ares, Cake depth was approxi-
mately 4 inches, The filter medium was a 60x700 mesh Dutch twill stain-
less steel cloth. Filtration eonstants appear to be generally well be-

low the minimm value quoted for Hanford opersation.

k.i2hk First and Second Cycle Filter Cake Wagh

The filter cake was washed five times with one-
tenth volume; based on originsl feed volume, of C.0% M NTH},,NO3 solution.
All m,shes were added through the precipitator and jetted to the Pilter
to facilitate the complete transfer of precipitate to the filter. The
cake was slurried on the filter with the first wash solution. In the
subsequent four washes, the cake was washed by displacement. The vacuum
for all washes was 2 inches of mercury, and 2 to 6 minutes per wash was

required to pull the wash thrcugh the cake.

k2125 First Cyele Filter Cake Dissolution

Redissolving the uranyl ammonium phosphate product
from the first cycle filter for subsequent reprecipitation in the second
cycle was satisfactorily demonstrated using the following method:
(assuming & 95% first cycle yield,)

(1) Celculet: the smounts of reagents required from the Pollowing
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relationss
Nitric acid (604): 2.15 ml per gram of uranium in the
starting solution.
Phosphoric acid$(85%)s 5 ml per liter of starting solution.
Water: 17 ml per gram of uranivm in the starting solution.
(2) Add the calcoulsted amounts of acids and one third of the water
to the filter vessels through the precipitation vessel, heat
to 85°¢, agitate 20 minutes,and drain to 2nd cycle precipitation
vessel.
" (3) Add the remaining two thirds portion of water to the filter
vessel through the precipitation vessel, heat to 85° with

egitation, and drain to the 2nd cycle precipitation vessel.

41,126 Second Cycle Filter Cake Removal

Back-washing and slurrying ﬂth approximately 100 liters
of water appeared to be satisfactory. A displacement method of weighineﬁ
the fina;l. product is being investigated. It involves determining the in-
crease in weight of a given volume czused by the presence of the product,
determining the specific gravity of the product with a pycnometer, and
calculating the welght of product from the relations Wt. of Product =

Wto increase X Spo Gre + (Spe Go = 1)o

4,127 Recycle Precipitation

The uranium in the filtrates and wash solutions was

precipitated as uranyl ammonium phosphate by raiging the pH to 2.0 with 35%
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sodium hydroxide solution. The pE recirculating system commected to the
tank was probably accurate to sbout 0.5 of a unit. These values were
checked on & porteble unit, and adjusted to the high side so that the

range was probably from 2,0 to 2,5 pH units for most runs.

4,128 Recycle Decantation

The precipitated solution was allowed to settle and
the uranium stripped supernatant solution decanted off; so the remaining
slurry could be centrifuged.

This method would probebly be satisfactory if the longer settling
time could be tolerated, and if the centrifuge could be fed at a conslder-
ebly lower rate than is mow poseible (2 liters/mirute), The losses in
the decantation step using a three hour settling period were slightly
higher than expected (1 to 2%). Decantetion was disconmtinued on Run 7

in favor of complete centrifugation of all the recycle solution.

4L.129 Recycle Centrifugation

The uranium slurrys; from the filtrate and wash
solutions, is now being cemtrifuged satisfactorily by feedlng the Byrd
s01id bowl type (12 inch dismeter) centrifuge at a rate of approximately
2 liters per minute while running at a speed of 3300 RPM, Later runs using
these conditions have shown thaet the losses are reduced to less then one
pércent of the total uranium processed when the above conditions are em-
ployed. The cake was removed satisfactorily using hot 60% nitric acid

solution.
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Table 4.1-1
Uranium Data (Uranyl Ammonium Phosphate Process - ORNL Semi-Works Runs)
Teed: (Synthetic total Hanford Waste)
0.26 MU 0233 M PO, 0.109 ¥ €03~2
3.91 M Na 0,28 M 50}, 0.71 M moz~!
Grams First Cycle Second Cycle Recyecle Overall
gti;l"ting 4% Loss | % Loss Material| % Loss % Loss, % Loss | Material % Loss
Run Feed to in Bal, to in in Balance
No. Solution | Recycle Waghes % Recycle Washes] Effluent

8 11,400 5.41 0.11k% 102 e o e === -

9 13,900 5,78 0,375 o1 9.6 0,158  1.56 7505 2,09
10 12,900 5643 0,146 109.3 12.9 0,056 2,95 6k o5 3.15
11 13,560 8.25 0.201 126.0 8.5 0.27 0,981 66.6 1.4
12 15,140 6.26 0.13 121.0 5.33 0.122 1.68 141 -1.93
13 8,872 7o 9k 0.10 - 3,30 0.202] 0,436 123 0.7k
ik 12,520 4,02 0.12 92,0 L.50 0.05k 0.36 101 0,53
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4.2 TBP Process

,21 Plutonium and Fission Product Studies

A study of the variables affecting the solvent extraction
of fission products by tributyl phosphate has been initiated.

The extraction coefficient for celll (0,001) was the same at all
concentrations of acid and NaNO=.

Tn the absence of uranium and sodium nitrate, the distribution co-
efficient, organic to aguecus, for zirconium varied from 0,00k to 0.2
when the nitric acid concenbtration was incressed from 0.2 te 3 molar.
Ina3M Hl\TO3 and L M NaJ\TC.:‘ solution, the zirconium distribution coefficient
was 0.T. However, with the organic phase saturated with mnium,&’oaﬁ@h
counter-current tests indicated a zircenium distribution coefficient of
0,002,

Plutonium IV extraction was affected in the same manner as zirconium
by sa.l’b concentration with values increasing from 2 to 17 at I\Ial\IO3 concen-
trations from 0 to 4 N and 3 W HNOg3 howsver, with varying HNOj concentra-
tion, the Plutonium TV extraction coefficient increased from 0,05 at
0.2 N HNO,3 to 5.4 at A N HNO3 and decreased at higher acidity to a value
of 1.4t at 16 N BTNO3°

Reducing agents have heen shown to have 1little effect on plutonium
extraction in the presence of smell amounts of gulfate, Oxidizing agents
decreased 'the‘ extraction by less than a factor of L, pogsibly due to their

reaction with impurities in the solvent rather than the oxidation state of

the plutonium.
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saturation of the solvent with uranium decreased plutonium distri-
bution coefficients from approximately 2 &t 3 N HiO5, 1 N NeNO3, and 20%
saturation of the solvent with uranium toc 0.25 and 0,06 for reducing or
neutrsl and oxidizing solutions; respectively, at 70% saturation.

An investigation of the need for solvent *treatment is now being made.

Preliminary date have shown no need for solvent treatment.

L,02 Counter-Current Batch Extraction Experiments

The laboratory demomstration of the tributyl phosphate
extraction of uranium from metal waste has been extended to include Han-.
ford waste sludge and a simulated Hanford current waste, gpiked with
Hanford 90 day activity. The uranium from +he Hanford sludge was re-
covered with a 0.7% uranium loss and decontaminated to 7% the beta
activity of natural uranium., Uranium from the similated current waste
was recovered with a 0.4% uranium loss and decontaminated to 3% the
beta activity of natural uranium. The results of these runs are conma.f/ed
with the results of similar extra~tions of urenium from Hanford super- |
natant and ORNL sludge in Table &2_2_:}‘

Specific fission product anulyses were made on the product solutions
from solvent extraction ob both Hanford sludge and the golubion spiked
with 90 day activity. In the case of Henford sludge, ruthenium was the
major activity found with the product uranium. 7ireoniim was the major
activity found in the product solution from the 90 day waste. In both
cages, the ruthenium deéontamimtion factor was of the order of 2x10)"" P
and on the simulated current waste, the zirconium decortamination factor

was 3%105,
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Two longer chain hydrocarbons, n~heptane and n-octane were tested in
counter-current batch extraction experiments and were found to work equally
ag well as hexane. The lower wvolaiility of heptare and octane reduces the

hazard associated with hexane as a diluent for tributyl phosphate. Further

investigations are being made.
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Table L4,2=1

Tributyl Phosphate Extraction of Uranium from Metal Wegbe -

Counter-Current Batch Runs

Feeds 3.0 to 4,5 N HNO; solution of waste as indicated

Solvent: 85% hexane - %‘}’a tributyl phosphate

Serubg 3.0 N MIO3

Strip: Water

Equipment: Counter-current batch extractor; 5 stages of
extraction, 4 stages of scrub; 5 stages of strip

Flow ratio:; Solvenb;Feeds:ScrubsStrip = 10¢352:10

~Beta AcGtivity| 7 Activity |.
Source of Uranium of Product | of Product | Beta Decontami-
Uranium Processed| Loss % B8 ¢c/m/mg U Mv/mg U nation Factor

ORNL Sludge 0.1 ) 0,001 1.5x10*
IV Supernatant 0.1 5 0,001 3x10%
IV Sludge 0.7 5 0,002 3x10°
Similated HW current

waste (90 day _ 4
activity) 0.k 2 0,001 210
Activity of naturgl U 70 0.005
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4,23 TFeed Preparation

The Semi-Works development of uranium feed preparation
for the TBP solvernt sxtraction process ircludes selection of a means of
pumping uranium sludge,; concentrating end dissolving the sludge,; and
clarifying the acld solution of sludge. A centrifugal sump pump drlven
by an air motor was assentlied for lowering in a 12" nozzle st Tank W-10 #
in the ORNI. Tank Farm. A 1000 liter vertical tank wes installed nearby
for settling, decanting, and dissclving slurry pumped from Tank W=10 in
the ORNL Tank Farm, (see Figel.2-1) . wo pumping cperaticmns and one set-
tling, decanting, znd dissolving operation have beeu carrled out In this
Installation.

Preliminary scouting of filtration and ceumbrifugation has been made.

Evaporation of dissolved slurry will be scouted also.

Resultss

(1) The pumping cperations demonstrate that soft, slimy sludges up
to 35% or more solids conmtent by veluwe can te pumped to &
height of at least 30 feet, Clurry was pumped at the rate of
2000 liters/‘hou‘r‘a

(2) Gravity sedimentation is very slow, scouting dats indicating
a range from 5-8 cm/hr during the first hour or so to about
0.4 cm/hr twenty-four hours after settling started. This
settling rate data corresponds to concentration rates based
on pevcent solids by volume of 2 %o 3% increase per hour
initially down to 0.1% or legs per hour after the first twenty-

four hours (se. Tigure L.2-2),

~ —
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(3)

(%)

(5)

(6)

The specific gravity of (a) compacted solids is 1.68, and

(b) supernmstant is 1.13. The particle size as determined by

an electron microscope is less than 0.5 micron. Assuming the
viscosity of supernatant is 10 cps at room temperature, and
applying Stokes Law, celculated settling rates agree reason-
ably well with observed values. |

Sludge neutralization and dissolving is limited by the evolu-
tion of carbon dioxide gass With excellent agitation and mixing,
a reasonable rate of dissolution is ebout 35 liters of M=
sludge/sq.ft./hr.

Filtration of the acid solution cf &ludge using a TOOX60 mesh
screen appeared to be satisfactory. 200 liters of clear so-~
lution was obtained by vacuum filtration of the acid solution.
The final solution was about 0.3 M in uranium and 1.5 N in nitrie
ac¢id.

Centrifugation of a 16% solids slurry in a Sharples super centri-
fuge at sbout 1800 rpm and €00 ml/min feed rate provided a color-
legs filtrate. A centrifugal force of 6000 g is developed in

the Sharples unit at this speeds

Conclusions:

(1) Centrifugel pumping is adequate for handling slimy sludge of the

type found in Tenk V-10 of the CRNL Tarnk Farm. An electrically
driven pumping unit is, of course, prefersble to an air driven

unit.
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(2) Gravity sedimentation is very slow. Hence thickening, which
ig contimuous graviiy sedimentation; would involve consider-

sble (two to three weeks) material hold-up.

.2k Waste Disposal

The waste disposal process for the (RNL waste wranium
recovery process has been developed. The acid raffinate from the column
ig evaporated and subsequently neutralized with the basic supernate. This
mixture is then further volume rsduced. During the evaporation of the
acid solution, 25% of the nitrie aclid is recovered for reuse. Beta and
gamme decontamination factors of 10° and garmma to background, respestively,
are cbtained for the distillate from the velume reduchlon of the neutrallzed
gsolution. The resulting slurry volume (pH 2) is 22.5% of the origihal aom-

bined acid raffinate and basic supernatant.

5,0 '"25" Alloy Slug Solution

The controlled dissolution of uranivme-aluminum alloy slugs was demon-
strated on a 50 and 500 gram scale iu preparation for the final stage of
the pilot plant development of the o5t process using Fanford irradiated
Urenium 235-aluminum allcy slugs.

Several qualitative observations have been made in the course of this
(1) Dissolving rate is proportional to suriace ared.

(2) Increasing catelyst concentration causes somewhat more than ¢

o . - 'proportional increase in “he reaction rate.
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(3)

(&)

As solution ecomes more concentrated in Al(HO3)3, the dissolv-
ing rate decremses. and appears to approach zero as the solution
approaches saturation wlth respect to AI(NO3)3°

Acid defilcient solutions dissolve the slugs much more rapildly
than sclutions combaining sxcess acid. An unfortunate result

of this iz that the disgolving is ggﬁ-self-regulatingg Acid
deficient solutbions tend to become more acld deficient; and
acidic solutions becoms more acidic with a fixed temperature -

acid addition schedule. (see Figure 5,0-1).

Optimum conditiong to dale ares

(2)
(3)

(4)

2% catalyst added to initiel water heel
L moles 70% HNC., per mole Al added evemly over 6 hour period.
)
Temperature graduslly raised Ifrom &80°c at shtart to 100°¢ during

. - - ‘ o, .
firet 3 hourss, and held at 1007C for © hnourd.

\J

Keaction 1s smooth and easily controiled in conventional water-

jacketed steel dissolvers. Spasmodlic reactlon was encounitered

‘. only at 0.1% catalyst,
; o

‘at

Major problems to be solvad ares

(1)

(2)

(3)

What 1s composition of crud formed when slug is dissolved on the
bvasic side, and how should it be disposed of?

How relisble is the recommended procedure? (A series of check
runs will be made.)

How do dissolving on the acid defiecient side and high mercuric

nitrate concentration affect the chemistry of the 25 precess?
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Table 5,0-1

Aluminum Slug Dissolvings Semi-Works (May, 1949)

70% HNO3 2dded evenly during run to dissolver contain-
ing 1,36 in. diameter cylindrical aluminum slugs in

water heel containing more uric nitrate catalyst.

Glass

dissolver rums used 75 g Al (slug section 1? long); metal

dissolver rums used 600 g ALl (8" slug).
ture controlled by water jacket,

Temperature era-

! % Catalyst DISSOLVING TEMPERATURE OC  |Run [FINAL CONDITIONS
Eyn. Hg(NO3)2 1st Quar#er 2nd Quarterilatter] Time [AL THNQ3Q%ﬂ$mgg )
0. |by WtsSlug | Dissolver of Run of Run {Half Hro. | M M Tintasmlved
1 0.1 Glass 70 70 7 8 10.3415.4 | 16.7
2 0.k Glass 50 50 80 9 11.32]1.4 49,6
3 0.k Glass 78 102 10k 10 1.0 |3.85] 5u4.8
i 0.6 Glass 76 96 10k 9 {1.38]2.87] T1.0
5 0.6 Glass Th o1 90 12 1.17]3.2 T1.2
6 0.6 Metal 73 91 100 9 10.93{3.1 | kL9.k
7 0.6 Metal 86 98 102 6 11.20]0,91] 50.0
8 0.6 Metal 91 102 102 | 11 1.1713.9 27.6
9 1.0 Metal 77 100 100 & |1.66|2.0 88.6
10 1.0 Metal® 87 101 101 6 11.83]0.29] 100
11 1.0 Metal 87 102 103 8 11.50{2.3 | 75.0
12 1.0 Metal¥ 87 103 102 10 |1.26]3.65] 71.2
13 1.0 Glass  Approx. 100° to 110° 6 2.0 |-.5 | 100
1k 2.0 Metal 83 102 105 6 12.0 [0.16] 100
15 2,0 Metal 93 102 100 7 11.86]1.15] <6.3

* 96% Al - 4% U slugs
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6,0 Thorium Recovery

The investigation of thorium recovery and decontamination from
23 raffinates is being contimued. A beta distribution coefficient
(orga.nic/aqueous) of 3‘,51;10-'3 with & thorium distribution: coefficlent
of 0.1 (equal volume pass) has been obtained using 15% tributyl phos-
phate - 85% hexane as the extractant. Stripping may be accomplished
with water ylelding an a.queous/organic distribution coefficient of 9.
The reaction compound of thorium and tributyl phosphate has been shown

to be three mols of tributyl phosphate per mcle of thorium.

7.0 Rala Process

140
7.1 Purification of Ba vy Ton Exchange

A tentsztive flowsheet for the purification of Barimnlho by

an ion exchange process subsequent to the present metathesis step was
presented in the guarterly report ending May 10, 1949. An attempt has
been made to develop an upflow resin columm for use in this process so
that if gas is formed as & regult of water decomposition from radiation;
the bubbles can escape and thus not block the columm.- An investigation
of bed expansion &3 & fumction of resir meah size and upfilow rate was
made. Resin sizes smaller than 500-240 mesh were found to be impractical.
A resin bed was prepared for further study containing kmown percentages of
resin mesh size varying from 40 to 240 mesh where the bed expansion was
25% for a flow rate of 0.56 c:c/cmgo The theory of such a column is that
in upflow operations the large particles would remain at the bottom and

each particle would assume & position relative to its gsize. Thug, the

S
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bed would not “churn” and a chromatographic separation would be made
posaitle. Duplicate runs made on upflow and downflow columns to separate
barium and strontium under flowsheet corditicns (citrate elution) showed
the product barium obtained in the upflow column cc»ntaiﬁea 1h.4% of the
gtromtium while the product bariwn from downflow operation contalned onmly
0,13% of the strontium. Further work on upflow columms will be deferred
until a definite process has been developed by downflow metliods.

The formation of = bariun nitrate complex as reported in the liter-
ature was corfirmed as it was found that & W N0, would remove barium
from & resin ecolumr 3 times as fast as & W 401,

Dowex 50 resin is stable in 0.5 M NalOH-0,1 M anfg solubtion. Traces
of lead in s solution of 5 mg/ml Pt in 0.9 NaOF are oxidized o lead 4i-
oxide when the hydrogen peroxide conscentration exceeds 0,001 M. Traces
of P;202 will be presernt under process conditions ag a result of decompo-
sition of HO by radiation.

Tt was Tound that if the mexinrm ampunts of Fe, Wi, and Cr, expectsd
+o be present im the Rale procsss, are prscipitated as the Lydrogide they
will carry 2 to 5% of the barium. When Fe is present aloue, 8% to 99% of
the barium is carried, while if 5 mg/ml of Pb is present, only o7 1g emrried.
Washing the Fe(0H) 5 with 0.5 M I‘H’ELI\IQS 5 P 5,0 vemoves (recovers) the grester
portion of ths barium from the precipitate. This system will te Investi-
gated further.

Txperiments using beriwm tracer have showr that the golubility of
freshly precipliatad "Baoe’)h in £-3 M HadE iz ab lsast 42 m,g/ 100 ml of so-

s

Tution., The barium remains in solution whern ths solution is diluted 10 times.
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As P'bsoh is also soluble in NeOH, the possibility is suggested that the
P‘bsoh_-BaSOh precipitate obtained in the Rale process could be dissolved
in strong NeOH, diluted and passes onto an ion exchange ¢olunm thus elimi-

ttIflg the metathesis, electrolyses, and ether hydrochloride steps.

7.2 Barium Precipitation Study

Precipitetion equipment has been set up to carry out semi-works
development on the barium separation from metal solution by coprecipitation
with lead as the sulfate on half the full plant scale. The object of this
investigation is to determine the increase in process efficlency using
either filtmtion or centrifugation instead of the settling procedure that
is now used in the plant.

The filtration tests with 700x60 mesh .stainless steel cloth were not
satlsfactory. Using Type G Micrometallic sintered stainless steel, the
results were only partially successful but further work with this filter
is plammed.

The lea.d-;baritnn sulfate precipitate was satisfactorily centrifuged In
a 12 Inch solid bowl at 900 rpm (160 G) with feed rate of two to four liters
vper mloutes, |

Hot flowsheet runs will be made during June with the filter and the
centrifuge for separating PbSOl1L and P'bCO3 precipitates. Other experimeinits
M’aned ares ‘

(1) metathesis (Pbsou_—)Pbco3) in the centrifuge bowl without dilution.

(2) separation of Pb and Be in the centrifuge bowl by solubilizing

the Pb with caustice.
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(3) Centrifugation of BasO) precipitate without Pb carrier.
Ton exchange equipment for developing the final purificatiom of

barium will be set up.

8.0 Design Criteria of the Chemical Development Semi-Works for the New

Reseaxrch Fa.cilit:_les

The design criteria of the Chemical Development Semi-Works for the
new research facilities, summsrized in the following section, have been
transmitted through the Bullding Steering Committee to the Austin Company.

The proposed Semi-Works structure is 135 ft. by 65 ft. with three
floors at 12 feet, 24 feet, and 36 feet. Interior walls will be of masonry
and removeble steel partitions and cell walls will be poured concrete two
feet thick. The volatile reagent room will contain an explosion relief
hetch. Floors will be finished, reinforced concrete to carry a live load
of 250 1bs./sq. foot, with a slope to drain of 38 inches/foot. Class III
areas to be separated from Class IV areas by covered (steel grating)
troughs sloping from east to west. A freight elevator of 2000 pounds
capacity and a "hot" dumb waiter capable of carrying loads up to 200 pounds
will be provided. Stalrways will be at the east and west ends of the
building.

There will be four types of drains: (1) sanitary, (2) process, to
hendle cooling water and waste from laboratory bench troughs; floor drains
(excepting those in the cells) and basins for hand washing, (3) "hot"
chemicael waste - for usual laboratory radiochemical wastes such as from

"hot" #inks, basins for dish washing, and speciel "hot" drains, and
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(4) metal segregation - as name implies, wastes in (3) and (4) will run

to speclal control tanks, thence to a precipitator; treatment plant, or

settling basin.

Servicess

Building will be supplied with the following services throughouts

(a)

(o)
()

(a)

(e)

Steam - at 15 psi and 125 pei gauge (full supply line
pressure).
Alr - at 100 psi - for control instrumentation.

1. Poteble - (filtered) to drinking fountains, labor-
atory sinks, wash basgins, showers, and toilets.
2. Process at line pressure for heat exchangers, de-

contamination, end cooling Jjackets,

Vacuunm estimated requirements - 100 CIM at 20 inch mercury

vacuum, with an additional 100 CFM stendby unit.
Tlectrical

l. A. Co Outlets

Electricity supplied at 110 V and 140 V 3 phase
grounded circuits through a single master switch,
with an additional master switch for each floor.
Buried 1 inch conduit will encircle the operating
area and all service rooms with outlets spaced

10 feet apart on walls 5 feet from floor level.

20 Da Ca O'U.tlets

D. Co Outlets on each floor level for standard arc

welding equipment.

SE—
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(£) ges

3.

I ks

Lights
Tights and fixtures inside the cells and the

volatile reagent room will be NEMA-T, explosion
proof and outside the cells NEMA-%, vapor proof.
T1lumination in the operating area (control board -
see Sketch 1), staff shop, "hot" and cold labora-
tories, decontamination area and offices will be
50 foot candles. - A1l other areas 35 foot candles.-
ILights will be fluorescent type flush with the
ceiling excepting for cells. Lighting for each

cell to be controlled by individusl switches.

Cas header will be brought to building and capped off.

(g) Emergency Services

Emergency electrical services to be provided for cell

lighte, Health Physics monitoring equipment, and the exhaust

system and lights of the volatile reagent room.

The foregoing services will be available at each floor level, running

horizontally near the ceiling end vertically on permasnent cell walls. Both

verticel and horizontal service lines will be covered by sheet metal dust

guards wherever practical.

Ventilation

(a) Building

Entire building will be ventilated with controlled air. The

Austin Compeny is to study overall ventilation picture and

E—
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recommend workable economicel solution.

(b) cells

Cells to be ventilated by individusl dampered ducts on mani-
fold to ccmmon blower and exhaust line, Ventilation will be
3000 CFPM/cell, or total of 18,000 CFM.

(c) "Hot" Off-Gas System

Rach cell to be provided with a 3 inch, 347 stainless steel
vent line through which process gas is to be exhausted. Vent
1line to leave building via drain or service tunnel (for shield-
ing), thence to stack.

(d) volatile Reagent Room

This area to be ventilated with supplementary system using air

from the outside, based on use of extremely toxic chemicals and

inflammable solvents.
Cell Bank

Cell bank to be 54 x 12! in plan, and 21° high. Two center cells to

be 8' x 8' inside dimensions with two pits 8% z 4' x 107 deep in north half
of cells. Two end cells to be 14' x 8° inside dimensions with beam for
support of 2 ft. thickness of stacked solid concrete block for segre-
gation wall. Cell walls will be poured concrete 2 ft. thick. Entry from
first and second floors to be made through 46' X 6' openings placed in
south cell face. Removable cell tops to be provided of cast concrete 1 foot
thick, Cell tops to be in two sections, and will be handled by a 5 ton
crane. All cell floors to drain to "hot" chemical waste drain.

Service lines and velve extension handles to enter cell via 4" gnd 6%
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diemeter pipe sleeve holes provided in the operating cell faces sloped

to the interior of the cells 0.25 inches/foot.

General

The foregoing criteria allow for considerable leeway in the final
design of a new Semi-Works; however, the size of the building and cells
and the location of attendent facilities thereof have been fixed in def=
inite usuable proportions relative to the cell bank. Changes in these
areas would have to be based on serious economic considerations or un-

tenable construction features.

ey
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