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Chemical dsveloprmer® iz reportad on ths TBP Urarium Mstal Recover

N

Prceess, the Radox Process, ths Purex Process, the Rala Process, the "25"
Proesas, the "23" Pracess, the Thorium Recovery Process, uranium metal

fluorinaticn, and a homogereous reachor slurry study.
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o

-2 Introductl

Tre devslopment of the TBP Process for uranium recovery from the Hane
ford Bismuilh Fhoaphate Metal Waste 2z now a major problem in the laboratory
and Sexl-Works sectisns. The semi-works study was started this month with
the c¢biect of developing this process on feeds of varying uranium con-
centratizn, With the infermeticn cbtained, it will be poassible for Hanford

to balance the economics of feed preparation with the processing costs and
b T 28

14

gn ths cptimum process for their waste. It is Pelt that before a

o

des
gatisfactery procedure can be developed, it will be necessary for Hanford
to wadertake an intensive study of feed preparatiza, including the removal
of the wasts from the storage. The labcratory section emphasized the study
of ~lvent etability and the development of conditions for processing feeds
of varyinzg uranium concentration.

The work on nltrite-acetone feed preparation for the ANL acid Redox
Prccess was resumsd In the laboratcory section te bring this werk to a satis-
Tactory acnelusion.

The Purex Process development for recovery and decontamination of
uranium and p’utcnlum by solvent extraction with tributyl phosphate from a

nitrlc aecid system was continuad in the leboratory section to determine the

[»]

optimum conditicns for separaticn of the uranium and piutonium in Column 1B,

e
1¥21

yet, the chemistry cf the revised purification steps of the Rala

Process has nct been fixed. The application of Versene (a water scluble
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Introduction (econtinued)

chelating agent) 4o elimlnate the metathesis step was studied and shows
rromise. A new filter was installed cutside the precipitation tank in a
fashion simlilar to that planned for the plant.

The work on the metal solution crud removal step was completed prior
te the Uranium 235=-alumizum alloy runs in the Pilect Plant, and final tests
were complisted on the batch sclvent extraction equipment for purificaticn
and concertration of the Uranium-235 preduct.

The Therium Recovery Process development emphasized'studies on the
specific fisslon products glving trouble in decontamination.

The volatilization dsvelcopment now has twe phases: first, the reaction
of uranium metal with fluorine to yield wvolatile uranium hexaflucride; and
gsecond, the distillation of the uranium hexafluoride to achieve decontami-
nation. During thls perlcd, the scale of the flucrination was Ilncreased
to facilitats the sample preparation, and distillation equipment was

fabricated.
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3.0 Summary

TBP Process

(1) The extractive properties of tributyl phosphate were not altered
by refluxing with five molar nitric acid for five hours. The only appre-
cieble effect when refluxed with 16 molar nitric acid was the increase in
the plutonium extraction by a factor of 50.

(2) The satisfactory recovery and decontamination of uranium from a
feed solution containing only 20 grems of uranium per liter was demon-
strated in small scale countercurrent batch equipment. The feed was pre-
pared by direct acidification of Hanford 103 U supernatant.

(3) Urenium was satisfactorily extracted from aqueous feeds contain-
ing 0.6 moler phosphate ion, and it was indicated that the absolute amount
of phosphate ion was controlling rather than the phosphate to uranium ratio.

(4) Uranium was satisfactorily extracted from solutions containing

two molar sulfate ion.

Redox
Further studies on hexone pretreatment and the nitrite-acetone pre-
treatment of the feed indicate that acid Redox Process can obtain 105

uranium decontamination in one cycle.
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Purex
Uranium decontamination factor of 6°8x1.0u in 8 one cyecle batch

countercurrent solvent extraction.

"25" Process

(1) The sclvemt extraction process for concentraticn of the Uranium
235 product from the piloet plant was demomstrated im the full scale equip-
ment to give a loss of approximately 0.001%.

{2) It was demonstrated that if the filtration wae not successful
the crud from the U-235 aluminum alloy slugs ‘o be used in the Pilct Plant

would be concentrated in the extracticn column and would net effect to

operation of process.
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4,0 TBP Metal Recovery Process

4,1 Feed Preparation

Evaporation of Hanford Supernatant

Two semi-works evapcraticn trials, undertaken as a means of
concentrating Hanford supernatant for the TBP process; were limited by
precipitation. In the first trial, the unacidified Hanford supernsatant,
was evaporated 25% by volume befors precipitation occurred. Acidifi-
cation of the pot liquor to 1.8 N nitric acid restored the solution to
the original volume which analyzed 38 g U/lo In the second trial; the
supernatant was first acidified and then evaporated to 50% of the
original volume of supernatant before precipitation started. Analysis
of the concentrate was 75 g U/l and 2.8 N nitric acid. Further work on
evaporation of Hanford superratant does not seem warranted at this time.

Dissolution of Uranium in Hanford Waste by Versene

A Laboratory scouting experiment showed that Versene might poesibly
be used to complex and dissolve the uranium in the Hanford waste tanks
at a pH of 6-7. Three 10 ml samples of synthetic Hanford waste (slurry +
supernatant) were diluted to approximately 500 ml, made 0.12 M In Versene,
and adjusted to a pH of 5. At this point 0.5 grams of uranium per liter
were in solution. At lower Versene concentrations, less uranium dissolved.
It was not determined whether the large dilution (50X) was necessary.

The Versene could be easily recovered for recycle by acidifying and

filtering out the precipitated "Versenic" acid at pE 1.0. Versene costs
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Dissoluticn of Uranium in Hanford Waste by Versens (continued)

about $0.60/1b.

Radiocastivity Adsorption ou Filter Aid

Diatomecsous earth pick up radicchemical icus as evidenced by a Semi-
Works test. A portion of Hanford 103-U supernatant was filtered through
Celite 5435 filter aid on & 700x60 stainless steel screen. Samples of the
supernatart taken before and after Piltration indicated that about Lo% of
the astivity was retainsd by the filter aid. No selective adsorption of
gpecific fission products was observed.

ORNL Sludge Pumping Tests

A thick, heavy sludge was pumped in a preliminary trial from ORNL
Tank W-10, using a hose extension on the susticon of the air-motor driven
pump in ordsr to reach into the siudge layer a few feet from the pump. A
six-foot section of two-inch hose was attached to the pump sustion and the
pump lowered intc Tank W-10 go that the hose lay on the tank bottem. The
material pessing through the sight glass in the pump linee appeared to be
quite concentrated, but a representative sample wag not cbtalined.

Another trisl is plemned using a tsn-foot section of four-inch hose.
A sufficient quantity of sludge will be pumped to permit sampling for

determining the solids concentration.

4,2 Sclvent Study

The stability of tributyl phosphate to pitric aczid was studled

S
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Solvent Study (continued)

in laboratory tests by digesting with varying concentrations of nitric
acid end temperatures. At room temperature and expected process nitric con~-
centrations, the staebility was very gsatisfactory; however at 70o to 100°C,
brown fumes indicated some decomposition. No diluent was present in these
tests.

It was fourd that these decomposition products increased the dis-
tribution coefficient (organic/aqueous) of plutonium IV from 1 to 49 and
figsion products from 0.0006 to 0.01, but had little effect on the uranium
(see Table 4.2-1).

An attempt to find a contaminant responsible for the increased plutonium
distribution coefficient was not successful. Iscbutraldehyde was the only
impurity showing & marked effect, and 1t decreased plutonium extraction by

a factor of 50 (see Table 4.2-2). This study will be continued.
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Table 4.2-1

November 18, 1949

Effact of Refluxing TBP with HNO, on Subsequent Plutonium, Uranium, and

Agueous Phasge:

Fission Product Distribution Coefficients

Dissolver Sclution 100 mg/ml U, 3.0 N HNOg
PuIv, 106 5] c/m/ml
Organic Phase: 15% TBP, refluxed for 5 hrs., 85% Varsol, 0.55 M HNO3

“HRO3 CUcnc. used Solvent Reducing
in refluxing Distribution Ccefficients in Extraction (O/A) Normality

(M) Pu o U Gross B ENO5 Prior to Extraction
- 0.99 5.35 0.0061 0.03% 0.197

- C.95 5.48 0.0011 0.028 0.24k

3 0.7k L,78 0.008k 0.026 0.28

5 0.56 6.96 0.0092 0.026 0.1k

7 4.33 4,20 0.0095 0,022 0.18

9 7 . Ok 3.31 0.0089 0.016 0.15
11 10.3 5.13 0.013 0.016 0.21
13 20,77 5,19 0.010 0,011 0.21
16 49.80 8.26 0.011 0.014 0.15

* Values given represent average of duplicate analyses.
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Table 4.2-2

Effect of Impurities on Extracticn of Pu,IV with Trdbutyl Ehosphate

Organic Phases 15% tributyl phosphate
85% Varsol, 0.2 mclar in
various Iimpurities.

Aquecus Feed: 4.0 M ENOg, PulV tracer

Temperature: 20°C + 0.2

Impurity edded to sclvent . PulV Distribution Coefficient
(0rg/aq)

n=butyric acid 7.52
iso-~butyric acid 7.58
n-butyraldehyde T.76
1so-butyrealdehyde 0.19
n-butyl aleshol 7.80
iso-buty” alcohol 8.14
butyl nitrate 9.9

"eontrol” 11.3
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4.3 Fission Product Decontamination Study

Results based on gross counting of tracer ruthenium indicated
distrivution coefficlents (organic/aquecus) of less than :ﬂ.()'h in the acid
range of l-5 normel. In the seme range of acidity, zirconium distri-
bution coefficlents veried from 0.03 to 0.6. However, there wés ep=
preclable varletion of these values depending on the grade of tributyl
phosphats used {see Table 4.3-1). A solvent clean-up procedure will be
investigated which mey imprcve overall decontamination from zirconium.
The addition of uranium to the aqueous feed depressed the one-~stuge ex-
traction of zirconium by facters greater thaun 10 when the orgenic phase

vas 80% saturated in uranium (see Table 4.3-2).
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Table h,iul
Effect of HNO~ on Ru and Zr Extractisn

by

Tributyl Phosphats

Feed: C-5N HNO3,Tracer
Solvents 15% Bu3PDh-85% Varsol

Egusl volume equilibraticns at 20°C fexr Pive minutes.

CHNOg | Zr Diat. Cceff. (gross B) Ruthenium Dist. Coeff. (Organic/Aqueous)
N  (Organic/Aguecus) 1) {(2)
0.0 0.080 0.00053 -
0.1 0.083 0.00041 -
0.5 0.057 0.00073 -
1.0 C.OT4 0.0007T -
2.0 C 105 0.00083 -
3.0 0.16 000055 C.75
5.0 0,72 0,0008k 0.3
1. Ruthenlum tracer in mitrle antd, probably tetravalent,
2., These feeds cortalned 0.02M pericdic acid; ruthenium was

rrobably in the octsvalant state.
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Table h.3-2

1949

Noverber 18,

Effect of Uranfum oo Zr and Ru Extrachlcn by Tributyl

Phcaphate

Fesd: 5.2N HNO,, 20-200 mg/ml U, tracer

Solvert: 15% Bu3PO“-85% Varsol

o
Equal volume equilitratlons at 207C for five minutes.

-

Solvent Saturatisn r Digt. Cosfl, Solvent Sat.| Ru Dist. Coeff.
2n Uranlom - {Gross B) ir Uranium {Gross B)
{%] (Organlc/Aguesus] {%) (Organic/Aguecus)
0 Oo7 - -
3L 0030 35 0.00122
53 C.088 £3 0.00138
€9 0.030 80 C.00081
78 0.828 85 C.00054
80 $.C31 oz 0.00069
85 0.024 9% 5.00049
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4.4 Extraction From Low Concentration Uranium Solutions

Countercurrent batch studies of metal solutions have shown that
the process 1s feasible with uranium concentrations in the feed as low as
20.3 g/l, giving a beta decontaminatlion factor of l.hxloh. Since low
uranivm losses (epproximately 0.1%) were obtained, direct acldification
is indicated to be a simple and feasible means of feed preparation. To ac-
complish these results, ths organic mixture was reduced to 10% tributyl
phosphate - 90% Varsol, the scrub 1.0 M in HNOa, and the metal feed was
%,1 M HNO,. The amount of uranium refluxed in the scrub section was about

3
35% (see Table 4.k-1).
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Table L.h4-1

Tributyl Phosphate Uranilum Extraction From Solutions of Low Uranlum

Concentrations

Source of Feed Procegsed: Hanford Waste 103 U Supernatant
Organic Flow Rate caleulated to give Ca. TO% saturation at feed plate.

Orgenic: Feed: Serut: Strip ratlio 18 3 : 2 : 1: 3 in all runs.

Run U g/L ENO5-M | B c/m/mg T HNO,-M | B ¢/m/mg U| Overall | 1 AW | 1 BW %*U $(CyHg) 370y Exﬁ%;an{% Strgﬁ
-2 | 23.8 b5 3.18x107 0.0 8.60 3710t | 0.214| 0.8 | - - 13% 6 o ob
H-3 23.4 448 3.53x107 0.0 17.50 2.1x10% 0.62%| 0.09% | 72.0% 13% 7 L L
-4 | 2k.5 5.00 3.38x10°7 0.0 4id not strip 0.104] - 68.0% 13%'é%b3 6 5 | o
H-7 2k.o .65 2.9hx105 C.0 36.30 8.2x103 | 0.17 | .23 T0.70%  12% 6 L L
H-5 26.3 5.00 2.86x10° 0.2 34.30 9.2x103 | 0.06 | 0.07 54 .0% 13% 6 L L

& 21.2 | k.50 3.86x107 0.3 3%.00 1.27x10h 0.30 | 5.00 55.0% 13%’%%63 6 L i
H-1 26.0 2.75 3.83x105 3.0 7.90 5.18x10h 8.5% | None % - 6 1/2% 5 L 5
H-8 20.3 L.05 3.8hx105 1.00 26.81 l.h3x10h 0.12 { 0.005 35.5037 10% 6 L 1

* Reflug =  Yol. x como. U in Agquoous of 1lst Scrub stage x 100

vol. x conc. U 1n Organic in lst Ext'n stage

** Number of stages.
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4.5 Semi-Works Process Development

The Semi-Works TBP metal recovery process equipment has been
satisfactory tested and is now ready for engineering development runs
using "hot" feed. The first runs, in which "cold" UNH was used for the
feed, were made to test the equipment and to make necessary adjustments
to accommodate very low (/\zQOg/l) uranium feed concentrations, which
are obtained by direct acidification of Hanford supernatant. Principal
alterations were in the intsrface controller instrﬁment assembly, to
permit higher air pressure on the jack leg systems to off set the lower
effective specific gravity in the column system due to the lower uranium
feed concentration.

The Semi-Works runs will be made with Hanford supernate and sludge
to develop the optimum process conditions for feed uranium concentrations
of 20 to sbout 100 grams per liter.

4.6 Effect of Phosphate Ion Concentration

Since phosphates and sulfates impalr the extraction of uranium,
and are present in waste metal feed solutions, a series of countercurrent
batch extraction studies was made with tributyl phosphate-Varsol solvent
mixtures to determine the effect of these constituents on the uranium
distribution coefficients and completeness of extraction. These studies
were made using synthetic feeds 0.525 M uranium, and varying the molarity
of the phosphate ion in the feeds from 0.5 M to 1.0 M and the sulfate lon

from 1.0 M to 2.0 M.
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Effect of Phosphats Ion Concentration {zomtinued)

Nitric acid was the only saelting agent present, except for cne rum with

1 N NaNO, added to feed.

3
Frem the data cbtained, 1t is concluded that uranium can be extracted
with a 1loss of approximately 0.05%, from waste metal solutlons containing
as muck as 0.6 M phosphate ion. In the presence of this much phcsphate,
5.0 M mitric asld is required in the aguecus feed. At lower phosphiate
concentratiors, less nitric acid is necessary to achieve the desired re-
covery. It is anticipated that average feeds prepared from Hexford
metal waste contain about 0.3 M phosphate. Setisfactory reccvery of uranium
froem such a sclution requires aboub 4.0 M nitric acid as a salting agent
(ges Table L.5-1). In actual feed solutions, however, scdium nitrate will
be presest and, consequently, less nitric acld salting agent will be required.
These data infer the abasclute amount of phosphates in the feed 1s more con-
trolling over uranium losses than the uranium to phkosphate ratio in the
aquecus feedo
A simiiar series of tributyl phosphate solvent extraction runs were
made with synthetic feeds conmtalning fProm 1.0 M to 2.0 M sulfate lon, and
nitric acid cnly as a salting agent. Feeds 2.0 M in sulfates were extracted
with a uranium loss of 0.03% by employing 3.0 M nitric acld as & salting

agent. In general, the effect of sulfatea cn extraction is small and no

aifficulty is enticipated in waste metal recovery (see Table 4.6-2).
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TABLE 4.6-1

The Effect of Phosphate Ion Comcentration in Agueous Feed ¢n the Extractibllity of

Uranium in the TBP Process

Feed (2 volumes): 0.525 MU

Serub (1 volume): 3 M HNO

Solvent (6 volumes): 15% %BP-85% Varsol
Counter-current batch extraction

Conc. POj, Cone. HNO M % U Stages

Run Extraction Extraction
No. Feed Secticn Feed Section Losges Ext.| Scrub
1 1.0 M 0.67 M 6:13 5;09 2,00 6 4

2 1.0 M 0.67 M 5413 L.L5 4.30 8 0
3% 1.0 M 0.6TM | 5.00]  bab3 0.13 7 4
L 0.8 M 0.53 M 5695 4.97 0.23 6 L
5 0.6 M 0.40 M 5.00 4.33 0.057 6 L
6 0.5 M 0.33 M 5.25 4.50 0,040 6 L
7 0.50 M 0.33 M 3.00 3.00 0.22 6 L

* 1.0 M Nal\lo3 used as salting agent in addition to HNO3o
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TABIE L4.6-2

THE EFFECT OF SULFATE TON CONCENTRATION IN AQUECUS FEED ON THE EXTRACTABILITY OF URANTUM IN THE TRP

PROCESS - SIX EXTRACTION AND FOUR SCRUB STAGES IN EACH RUN

Conc. Soh= M Conc. HNO3 M
Ratio
Extraction Extraction Conc. ) U
Run No. Feed Section Feed Section Scrudb U-M (Cth.)3 Poh Feed Org7 Loss
1 1.0 M 0.67 4.55 .05 3.15 0,525 15 1 2 0.006
2 1.0 0.67 2.95 3.0 3.15 0.525 15 1l 2 0.012
3 2.0 1.34 5.10 k.45 3.15 0.525 15 1 2 | 0.005
) 2.0 1.3k 2.90 2.93 3.00 0.525 15 1 2 0.030
5 2.0 1.34 2.80 2.67 3.00 0,10 12.5 1 1l | 0.200
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5.0 Redox Prccess - ANL Flowsheet Feed Prepasration Study

Sinee the acid Redox Plowsheet affords an insurance against gignifi-
cant plutcnium losses and an sconomy in the aluminum nitrate salting agent,
further irvestigations have been made into the use of a nitrite-acetone
pretreatment which ellcws significant improvement in ruthenium decontami-
nation,

The Effect of Methyl Iscbutyl Carbincl on Decontamination

The concentration of methyl iscbutyl carbincl in hexcne was varied to
indicate the magnitude of the effect on overall decontamination following
the nitrite-acetone feed pretreatment. t was observed in bateh experiments
that through four scrub stages, bets decontamireticn was decreased by rather
largs factors with increasing MIBC contsnt (gee Table 5.0=1). Since the
MIBT econtent was not determined amalytically below 0.02%, the extremely low
valuee are reperted empirically as a function <f increasing purification
attained by successive hexone treatments with 1.5 N HNO3 ard 0.1 M Na20r207,
followed by water washes and sodium hydroxide washes. This procedure was
developed and reported by an MIT practice group in Report K-427. The dats
indicate that quantitative remcval of reduscing substances 1s very important

-

to overall Teta descontaminationm,
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Table

oo-l

November 18, 1949

The Effect of Solvent Treatment snd MIBC Content on Beta Decontamination

in the ANL First Cycle Following the Nitrite-Acetone Pretreatment

Peed: 2M UNH, 0.3M HRNO

» 0.1M Na,CryOq, 6x107 B/m/m1

Scrub: 1.3M A1(NO3)3, 0.3N HNOg, 0.01M NesCrp0On

Solvent: Hexone, 0.3N HNO3

Procedure: An aquecus solution containing one voclume of feed and

one volume of scrub was contacted with two volumes of

solvent; this solvent wes then scrubbed four times

with equal volume passes of scrub and finally stripped

with an equal volume of ExO.

Solvent Treatment B IF (Scrub)| p IF (Overall)
Fresh Solvent, 0.02% MIBC (feed not pretreated) 6210% 2.0x10°
Treated X6 with ENOj-NeoCrpOy Procedure 1.3x10" .0x10*
Treated Xi with " " " 6.0x103 1.0x10h
Treated X2 with " " " 3.3x10° 4.3x10°
Solvent, 0.025M MIBC 6.0x10° 6.1x10°
Solvent, 0.05M MIBC 1.6210° 2.,4x10°
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The Bffsct of Acidlty and ths NaNOB

The nitrite-scetone pretrestment was previcusly found to be consider-
ably acid depsndent. Optimum sonditions for the prstreatment were as
followe: the fsed c¢ontaining 2M TNH, O.3N HNOS was made C.C05M NaNO2 and 1%
acetone and then heated at 90°C for about two hours, after which the feed
was adjusted tc 0.3N HNO3 and 0.1M Na20r207. It has been found that some
beneficial effect is possitle by making the nitrite additica in basic
solubion, edjusting to J.3N EHDB axd "¢ acetone, and procesding as usual
(see Table 5.0-2).

Tebls 5.0=-2

ANL First Cyecle Feed Pretreatment

Effsct of Acidity Durlaog Nitrite Addition on Beta Deccnbtaminaticn

Feed: oM UNE, 0.3N BNOy, 0.1M NagCrpOn, 6 x 107 B/m/mi
Servb: L1.3M Al(NOSBB, 0.3N ENO3, C.CiM NapCrpO7
Organic: Hexcme { €.02% MIBC), 0.3N HNO,

S

Proscedure: ams &= that given in Tabls I.
Feed Acidity During NalO, Adiition gD,F, (Serub) BD.F. (Overall)
+ 0.3N HNO, 3,0x107 6.,0x10°
+ 0.1 HNO, 5. 0x10° 1.5x10"
~ 0.1 1O, 8.5%10° 3.0x10%
- G.2N ENO, 1.0820" 7.5x10"
- 0.3N HNO; 1.2510% 1.0%x107

-

W
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The Effect of Other Factors

Additicn of potassium-iodide to feed solutlons prior to the nitrite-
acetone pretreatment was cbserved to lower decontamination factors.
Scavenging of pretreated feeds with mangaﬁese dioxide was observed to in-
crease decontemination. Heating feeds at 85° with 1% isopropyl alcohol
prior to the regular nltrite acetone pretreatment was observed to ilmprove
decontamination. In general, this information may indicate that the pre-
treatment is less effective in the presence of Rut3 and that RuO2 may be

removed by carrying on MnO, {see Table 5.0-3).

Table 5.0=

Summery of Other Factors which affect the Nitrite-Acetone Pretreatment

(Same sclutions and procedure as given in Teble II)

Variations in Feed Pretreatment g D.F. (Serut) B D.F. (Overall)
Feed heated at 85° with 0.0IM K1 prior 7.0x10° 1.5x103
to usual pretreatment
Feed heated at 85°C with 1% isopropyl 8.0x103 LL.Oxloh
alcohol prior to usual pretreatment
Feed pretreated by usual procedure, 2¢Ox103 3.3xlO3
prior to Mn02 scavenging.
Feed pretreated by usual procedure 6.OxlO3 l.OxlO5

and scavenged with MnO2
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Batch Counterzurrent Test

A c@unteréurrent run was made to determine the effect of improved
hexone on beta deccmbtamination. Previously a pilot plent run (48R), utili-
zing the nitrite-acetone pretreatment and hexone with <0.02% MIBC, had been
checked by this countercurrent procedure with the following comparison:
Overall beta decontamination by (a) laboratcry countercurremt with eight
scrub stages; D.F. 1029x103 and {v) pilot plant run, D.F. l;h5x;03. In a
gimilar run, with the excepticn that orly six scrub steges and purified

b wag cbtained. With the

hexone wes used, an overall beta D.F. of 2.3x10
beta distribution coefficlent (0/A) observed in the scrub section it was
estimated that a D.F. of 105 could be attained in ten secrub stages (see

Table 5 ° 0’11') °

Table 5.0-4
Date From Counter-gurrent Run Utilizing Purified Hexone

Feed: oM UNE, 0.3N HNO,, 0.1M NepCrpOy, 6x107 B/m/ml
Serub: 1.3M A1{NO3)3, 0.ON HNO3, 0.01M NexCrpO7

Orgenic: Hexome (treated x 3 with HNO3 - NaQCr207),
0.5N HNO

F/s/0 Ratio: 1/1/2
Stages: 8 Ext., 6 scrub
Vel. Changes: 2.5

Stage Feed Plate 2nd Scrub 4th Scrub 6th Scrub
Beta D.C. (0/A) 0,003 0.032 0.14 0.18
Beta D.F. 3.5x10° 1.8x103  8.5x10° 2.3z10"
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6.0 Purex Process

The resulte of preliminary tests for the development of the Purex pro-
cess were reported in the last monthly report; and a tentative flowsheet
was suggested for the separation of plutonium and uranium from the bulk of
the fission products in the first extraction (Columm IA). Subsequent batch
work indicated that it was feasible to separate plutonium and uranium in a
second extraction (Column IB) by stripping out the plutonium with an aqueous
solution of a reducing agent.

One hot countercurrent batch run has been maede in remotely controlled
apparatus in which a complete first cycle was simulated. Separation of
plutonium and uranium from fission products in the first extraction (Column
TA) was good. The losses of plutonium and uranium were 0.05 percent and
the gross beta decontamination factor was 2o6x10h (see Table 6.0-1).

Separation of plutonium and uranium in Column IB was not satisfactory
and is being studied further. Recovery of uranium through the complete
cycle was greater than 99.8 percent with an overall decontamination factor

of 608x10ho
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Resuite of Hot Ooourtsr-Curreut Bateh Exbraction Simslatling a

Complate

First Qyels of Puvez Process

Conditions:

F@SdZIAFj 0, 65 HLo] Q( 3 2
£, 0N Hﬂoé
Pra=Ca 1c6 &/ fmd
ﬂmﬁ o 107

Serub{IAS): 3.5N nmo
Organic{IAX):15% treated IBP
Bﬁ% Varsol
i ol)N HI‘TO“

Flowratic: AF/as/ WS’“/T
Five serub stages and six
exteacticns

Column 1B
product of 1A

Serub(IBS). Sume as IAX

a (IBX): £.0ON HNO.
G.OkM WHZOH-HC?
BF /BE /BX=10/1. 7/9 5

nwipamimdréum.s%gs

Column 1€

F?ed(z‘:ﬁl): “'?‘gdr‘ o Ay et
Peop oo lumn 1B,

Strip(IcXj: Aletilied water

Flowratic: COF/CX=1/1
Six gtwlp stages.

Colummn Colimn Coluns:
> _; ;ng ﬁ . ic 5’)“:‘;‘”5‘11
Pu Lose (%) G5 29 = ~ 30
U Losa (%) o0k ~ 3.05 Co.1 ~ 0.2
& D. Fo for U o, Ea10" 1.2 2.2 6.8x10"
) . L
8 D. F. for Pu 2.6x10" 1.7 = IRIE STV
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7.0 Rala Process

T.1 Dissolution of Barium and Lead Sulfate with Versene

Versene (ethylene diamine tetra acetic acid) is a strong com-
plexing (chelation) agent. The ccmplexes are so strong that such com-

pounds as barium and lead sulfate are easily dissolved. The equilibria

in this system have been considered by Schwarzenbach in Heh. Chemica
Acta 30, 1798 (1947) and 21, 1029, (1948) and from this work the amount
of free barium present can be calculated for any pH and Versene con-
centration. It is found that at a pH of 6.5 to 7, the percent barium
complexed is low while the Sr and especially the Pb are still in the
complex form. If the equilibrium constants for Pb were known, it would
be possible to calculate the minimum amount of Versene needed to dissolve
barium and lead sulfate at pH 6.5 from the fact that the amount of free
barium should not exceed the Ky ,, of BaS0 .

Empirical experiments in the laboratory have shown that 7.1l to 7a9x10'3
moles of Versene is the minimum amount necessary to dissolve 1 gram of lead
and 10 milligrems of barium as the sulfates, and 10 milligrams each of iron,
chromium, nickel (1/100 Rala scale) at a pH of 6.5 in 50-60 milliliters of
solution.

Feeds of this composition at pH's of 6.5 and 7.0 have been pasged through
10 and 20 ml of Dowex 50 resin (sodium form) and 10 ml of IRC 50 resin (sodium

form, buffered to pH 6.8 with sodium acetate). Under these conditions, it
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Dissolution of Barium and Lead Sulfate with Verasene (continued)

has been found that up to 60% of the barium is adsorbed on the resin while
all the sulfate and the bulk of the other cations pass through the column.
Larger amcunts of resin will be tried in order to increase the barium

yield {see Table T.1-1).
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Table T.1l-1
Recovery of Balho By Ion Exchange From A Solution of Ba and PS04 In
Versene
Conditions:
Colum: Runs 2-6: 10 ml Dowex = 50 Resin, 100-200 mesh
11 i1

" 8-10: 20 m¥ " "
Run 9: 5 ml (Air dry, E'-form) IRC="50" resin, 60-80 mesh
Activation: For all runs except Run 9: Resin initially converted to Nat-form
with eonc. Na.NO3 and HyO washed.

Run 9: Resin initially converted to Nat-form with 1.0M NaOH(up-flow),
and buffered (down-flow) with 1.0M Na-acetate, pH 6.8.

Feed: 10 mg, each, of Ba; Cr, Ni and Fe; 1 gm. Pb; 1 mg Sr + 10 ml Ba "tracer”
Volume: 60-60 ml.

Flowrate: 0.55 ml/em2/min,
Run Feed Moles Versene Ba Yield Ba Material
No. pH Present in Feed % Belance (%)
2 7.0 0.0079 29.28 76 .28
3 6.5 0.0079 60.27 88.66
b 6.0 0.0079 (disregarded-feed cloudy)
5 7,12 0.0071 11.7 101.08
6 6.5 0.0075 35.0 70.8
8 7-0 0.0079 22,65 86.01
9 6.5 0.0075 16.2 78.2
10 6.5 0.0075 56 100
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T.2 Semi-Works Development

Little progress has been made during this period because of
equipment breakdown and filter plugging. Recently acquired UNH has con-
tained sufficient graphite to cut filtration rates through a 4 inch "G"
micrometallic filter from 1 to 2 liters per minute to 0.2 liters per
minute and less. The graphite has been detected after another Alsop
filtration and has been found in the barium product solutions. All UNH
used in the future is to be derived from camned slugs. A 6 inch micro-
mettalic filter is being installed outside the precipitator to simulate
the proposed installation in 706-D.

In the lon exchange equipment, 350 milliliters or 3 inches of resin
was nct sufficient to give the desired barium and Sr separation with the
full quantity of Pb present, 85 grams. The resin bed has been extended
to 7 inches or 800 milliliters of resin to provide more capacity and more
plates for separations. Sodium removal, which has been neglected unti)
now because of corrosion; will be demonstrated on future runs using sul-

furic¢ acid rather than hydrochloric acid.
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8.0 "25" Process

8.1 Tssting of Final Concentratisn Equipment

A batc¢h sxtraction apparatus hag been designed and ccnstructed
for the purifi-aticn and comsenmtratisn of Uranium 235 from the "25" Pilot
Plant develcpment. Preliminary testing has been completed using UNH in
the feed salted with 2.5 M Al(NO3)3, and the extraction accomplished with
diisopropyl ether. Two rune were made at uranium concentrations in +he
feed of 12.5 and 76 g/l. Results of these runs indisate a uranium loss of
0.0004% in extraction and a 1nss of 0.0006% in stripping with a total loss
of 0.001%. On a weight basis, this reprevents & urenium loss of 0.66 mg
in extraction and 1 mg in stripping for a combined loss of 1.66 mg uranium.

The operation of the apparatue was satisfactory and is te be trans-
ferred to Building 706-EHB for operation by the Pilot Plamt Section. This
equipment will alsc be used for comcentration and purification ¢f Uranium
233.

8.2 Metal Solution Crud Problem

The "25" solvent extraction feed preparation studies, necessary
for the special Pilot Plant "25" metal runs, have been completed. In-
vestigation of the aluminum-uranium slug dissclving operation have been
previously reportsd. Results from unit operations investigations of; (a)
filtration, and {b) coclumn cperation with unfiltered dissclver solution

{slurries containing silicon solids), are reported here.
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Filtration

The first filtration test using the G-porosity (10 4 ave.) Micro
Metallic sintered stainless steel disk filtration medium (same type as in
pilot plant filter) indicated that approximately 32 sq. ft. of filtration
area would be required to filter 60 gallons of slurry (approximately 0.14%
crud) before the filter disk became blocked with solids (at max. vac.).
The second filtration test using Celite 545 filter aid with the same
filtration medium, indicated that 60 gallons of slurry could be filtered
in sbout 7-1/4 hours through a one sq. ft. filter at 150°F with 10" Hg.
vacuum. A precoat of 1.38 oz. filter aid/sq° ft. of filter area was used,
and 0.668 oz,/galo of filter aid was added to the slurry. The clear fil-
trate as observed by the unaided eye was free from solids and analysis in-
dicated that the silicon content was negligible. Uranium was removed from
the filter cake (about 4™ thick) by displacement washing with the solutions
shown in Table 1. A slight crack in the cake was obgerved during the
Al(NO3)3 washings. The third filtration test employed the 700 x 60 mesh
stainless steel cloth instead of the sintered disk medium, with all other
conditions remaining the same as in test 2. The time requirement for an
equivalent filtration operation using this screen would be about 4 hours.
The amount of wash solutions were changed slightly for this test as shown
in Table 8.2-1, which also shows the uranium distribution. It is indicated
that both of these methods of filtration using filter aild are satisfactory

for the pilot plant "25" metal rums.
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Table 8.2-1

Novenber 18, 1949

Semi-Works Feed Preparation Studies For The "25"

Pilot Plant Program-Uranium Digtribution

Evaluation of Filter Cake Washing Operations

All washing by displacement at 150°C, 10 in. Hg. P
%% Teat Noo. 2 0. 3
Uranium Contained equal equal
in % U 4 Vol. | No. passes % U %4, Vol.]|No. passe

Siurry 100 — 100

Filtrate 98,47 100 97,91 100
1.6 M Al(no3“)73

washes 1.h41 15.5 10 2,02 27.6 10
Conc. HNO3 washes 0.061 12.4 8 0.0705 13.8 5
Water washes 0.034 T.75 1 0.000 13.8 1
Washed and Dried | 0.022% — —_ 0.0000066  — S

Cake

¥ Total Volume of all passes.

#% (ake cracked before washing.
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Column Operation with Unfiltered Metal Soluticn

Satisfactory column operation was obtained for a period of 155 hours
using pilot plant aqueous feed sclutions sontatning "crud” concentraticns
of 2 to 5 grams per liter (as silicon). Both aqueous and organic (hexone)
phases were recirculated. The solvent did not appear to pick up crud. A
three-inch glass column packed 42" high with 1/4" x 3/8" Raschig Rings,
with the aqueous feed being injected into the continuous phase in the
packed section, was used for the test. The colummn was operated continuously
for 90 hours with a “"crud" concentration of approximately 2 grams/liter, and
then intermittently for approximately 65 hours with about 5 grams/liter of
"erud". The flow rates during thé first period {90 hours) were approximately
240 ml./min. for each phase (rate used in pilot plant), and were raised to
more than 400 ml./min. (129 gal/hr./eq. £t. of unpacked column) for each
phase for the last 65 hours of operation without any indication of flooding.
The column was drained and cleaned. About 62 grems of (dry) solids were
removed from the packing and columm walls, out of a total of 150 grams (as
silicon metal) added to the solution.

From observing the appearance and filtration characteristics of the crud
in the various tests, it appears that two forms of crud originating in Si-Al
alloy can be distinguished. One is a fine, flocculent, brownish precipitate
which pluge filters quickly, settles very slowly, adheres to glass surfaces;
and accomulates at a column interface where it eventually forms large clumps.

This type of precipitate has been encountered in solutions from dissolving

—v‘
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Column Opsration with Unfiltered Metal Solution (continued)

agssemblies or slugs containing Al-Si bonding material; and in some solutions
from dissolving unfabricated Al-Si allcy.

The second type of crud consisis of largs, blue-tlack particles which
are somewhat gritty to the touch and can be filtered or settled out rather
easily. This latter type of crud has been most noticeable in the crud sus-
pensions prepared from unfabricated Al-Si allcy. The origins of these
distinct types of crud, which may correspond to allectropic forms of silicon

metal, should be explored by metallurgical specialists.
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9.0 "23" Process-Thorium Recovery

An extraction process using tributyl phosphate as the sslvent for
the recovery and decontemination of thorium from 23 raffinates has been
developed. Results of countercurrent batch extraction runs on two year
cooled thorium slugs indicate a thorium recovery of greater than 99.98%
and a beta decontamination factor of greater than 10°. Beta activity of
recovered thorium has been shown to be about 56% of reagent grade thorium.

In the recovery and deccontamination of irradiated thorium of short
cooling {3-6 months) with tributyl phosphate as the solvent and nitric
acid as the salting agent, zirconium and ruthenium are the principal fission
products extracted. Decontamination factors of about 2 are the best obtained
to date.

In en effort to increase the decontamination factor of zirconium, six
complexing agents have been tried in countercurrent batch extractions with
none showing promise. The complexing agents investigated were: Oxalic acid,
salicylic acid; molybdic acid, oxanilic acid, potassium ethyl xanthate, and
ethylbenzoyl pyruvate.

In all previous work using tributyl phosphate as the solvent for thorium
extraction, the solvent was diluted with hexane to obtain the desired mechani-
cal characteristics. However, hexane being very inflammable is not & desirable
diluent from an industrial point of view. To sliminate this hazard; Varscl
was investigated as the diluent for the tributyl phosphate. Results of two
countercurrent batch extraction runs indicate that Varsol is the equivalent

cf hexane a8 a diluent.
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10.0 Dry Fluoride

10.1 Reaction of Uranium Metal with Elemental Fluorine

A continuation of the work on converting metallic uranium
into uranium hexafluoride was carried out. Samples of uranium weighing
T0-75 gm were successfully treated with elemental fluorine; at tem-
perature ranges of 300-550°C in a nickel reactor; to convert the metal
to a volatile uranium hexafluoride, the conversion being essentially
complete. The volatile hexafluoride was virtually all collected in
copper cold traps; cooled in a mixture of dry ice and trichloroethylene.

In these experiments, it has been found that a fiim deposit occurs
on the walls of the reactor which does not volatilize out of the reactor.
This f£ilm, which 1s normally expected to be nickel fluoride, contains a
small quantity of uranium which is removable by washing. In one experi-
ment, the uranium remaining in the reactor was found to be 0.21% of the
weight of the original sample.

There has been some indication of the occurrence of a small quantity
of a lower valent uranium flucride formation in the cold trap system.
This material, a greenish sclid; is water insoluble and occurs to only a
slight extent. It is not known whether the occurrence of this material
is caused by a reducticn of the hexavalent product by the copper or brass
cold trap or if it is due to a mechanical carry over of lower fluorides

from the reactor.
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Reaction of Uranium Metal with Elemental Fluorine

Fluorine consumption has been found to be 100% of the theoretical
during the major portion of the reaction when conducting the reaction at
reduced pressure or at atmospheric pressure. An excess of fluorine was
used in converting the lower fluorides first formed into the hexavalent
form when operating at atmospheric pressure. Alsa it has been demon-
strated that the reaction may be carried out in a closed system in which
100% fluorine consumption is obtained. In a reaction of the later type,
no loss of products of the reaction would be possible, barring possible
equipment failure, such as leaks in the valves; etc.

Some trouble was encountered in which a teflon gasket, used on the
reactor, was found to sublime when the system was evacuated at elevated
temperature. Also; the teflon gasketing material forms a volatile
product when in contact with nitrogen at elevated temperatures. 'These
difficulties have been overcome by the use of a cooling coil on the
gasketed end of the reactor.

It is thought that a run with irradiated samples will be made in the

near future.

10.2 Distillation of Uranium Hexafluoride

Design and fabrication of distillation equipment has been

continued. A 1 inch columm 2 feet high has been built. This will be

SNy
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Distillation of Uranium Hexafluoride (continued)

packed with Raschig rings cut from l/h inch copper tubing. A distillation
head with reflux contrecl is nearly complete. A nickel fumel is hung Just
below the condenser. By means of electromagnets, the funnel can be moved
to either reflux all condensate to the column or discharge to the product
catch tank.

The pressure controller for the distillation column has been ordered
and will be delivered in two or three months. Until this arrives, dis-
tillation of alcohol mixtures will be made to test the operation of the

equipment.
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11.0 The Homogeneous Reactor Slurry Stu

Ideally, the most satisfactory type of uranium trioxide - water
suspension for use in a homogeneous plle would be mixture having true
colloidal properties. That is, the particles of uranium trioxide would
be dispersed to colloidal dimensicns so that the settling rate would be'
very slow. In this way, the danger of having the uranium trioxide settle
out during pile shutdown pericds would be minimized.

The quickest approach to this problem is to attempt to process uranium
trioxide in & colloid mill to reduce the particle size by mechanical methods.
For this purpose, an Eppenbach colloid mill was obtained. This mill has an
adjustable clearance between the rotor and stator, making it possible to
obtain a range of particle sizes depending upon the clearance.

In the preliminary work to evaluate the mill, samples of uranium tri-
oxide in water were milled for one half hour at five different mill clear-
ances from a completely open mill setting to one which was almost closed.

It was hoped tc correlate the fineness of milling with particle size,
viscosity, and sedimentation measurements; however, at this time, the data
on particle size are not yet available.

The viscosity data were obtained with a Stormer viscosimeter using
19.9 grams as the driving forces. The results are given as revoluticns per
second of the Indicator.

The sedimentation data are presented in terms of settled volume of

solids per total volume after a given period of time. The ideal uranium
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The Homogenecus Reactor Slurry Study (continued)

trioxide-water slurry would be cne whose gsettled volume to total volume
ratio is 1, indicating no ~=++1ing.

The results ere listed in order of increasing fineness of milling.

The urenium triocxide was prepared by decomposing uranyl peroxide at
225°Co The resultant anhydrcous uranium trioxide was brick-red in color.

Since the data on particle size are mnot yet available, it is not
possibls tc correlate the results on viscosity and sedimentation guenti-
tatively.

Hoﬁever, it appears that as the fineness of the miiling is increased,
both viscosity and sedimentation values pass through a minimum values which
are associated with a very unstable ureanium trioxide-water system.

The product produced by milling at the most open setting is interest-
ing in view of its thixotropic cheracteristics. A thixotropic system is
characterized by the property of having gel-like structure which liquefies
under force. Such a system would show great resistance to settling out of
the solid phase during shutdown pericds in pile operation because when the
circuleting pumps are shuit down, no forces act on the mixture and it would
revert from a liguid to a gel-type substance.

Concerning the composition of this thixotropic uranium trioxide Bus-
pension, 1t appeers to be & pertislly hydrated uranium trioxide. Com-
pletely hydrated uranium trioxide is yellow whereas the dehydrated oxide
is brick-red; thersfore; the dark green color would indicate incomplete

hydration.
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Table 1l.0=-1

Evaluation of {ollofd Mill Performance on Uranium-Trioxide=-Water Mixtures

Milling time - 30 minutes 48 grs - uranium trioxide
Listed increasing fineness
of milling 1000 nl - water
Sedimentation Data vol. sgolids
Milling Color of Viscosity (Totel Voleg
Sample No. Milled Oxide | rev./sec. 1 hkr.! 16-3/4 hrs. €2 hrs.
1 dark green A 0.98 0.98 0.92
2 green-yellow 3.9 0.97 0.66 0.63
3 yellow 5.4 0.56 0.31 0.3k
L yellow k.3 G.98 0.79 0.60
5 yellow 4.7 0.98 0.78 0.60

Note A: This suspension has thixotropic characteristics.
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