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ABSTRACT

From 11.2 tons of K-25 and Psducah fluorinator ash, 127 g of Np-237
(98.7%) and 6.7 tons of uranium (99.66)were recovered. Neptunium was
gseparated from uranium by a factor of 9.3 x 103 during equilibrium con-
ditions of the solvent-extraction process. The process consisted of dis-
solution of the ash in boiling 1.8 ﬂ.Al(NO3) --1,0 M HNO,, one cycle of
solvent extraction and partitioning, and continuous concgntration of each
product stream by evaporation. The aluminum nitrate complexed the fluo-
ride in the ash and served as an extraction salting agent. The Al/F mole
ratio was 1.6 in the K-25 material and 1.1l in the Paducah. With the
lower Al/F ratio, 27% less aluminum nitrate was required. Less than 0.1%
of the fluoride in the feed (K-25, 0.04%; Paduceh, 0.09%) was extracted
and/or entrained with the neptunium.

Uraniun losses to the neptunium product stream during process start-
up and shutdown caused & lower over-all Np/U separation, 5.5 x 103 for
the K-25 program and 825 for the Pafducah. After the Paducah product was
withdrawn from the system, it was adjusted as feed and recycled through
the solvent extraction equipment to further decontaminate and concentrate
the neptunium. Through the two cycles of solvent extraction, the neptu-
nium was separated from uranium by a factor of 3.6 x 102; 6.67 kg of
Th-232 in the Paducah ash followed the neptunium quantitatively through
both cycles.

The.neptunium product was transferred to the Chemistry Division for
a final laboratory purification; the uranium product was decontaminated
sufficiently by the one extraction cycle and was transferred to Y-12 for
conversion to UO3°
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1.0 INTRODUCTION

The nonvolatile fluoride ash resulting from the fluorination of
UO3 to UFg at K-25 and Paducah was processed for recovery of neptu-
nitm and uranium. This ash collects at the bottom of the fluorination
tower, in the cyclone separator, and in the filter. For ship-
ment to ORNL, the ash was defumed, pulverized, and packaged in 35-gal
drums. The neptunium content averaged 11 g/ton of ash, and a typical
chemical composition of the ash was:

Component Wt % Component Wt ﬁ
U 60.00 Ni 0.55
F 23.00 Cr 0.30
Hp0 10.60 Cu 0.25
‘Fe 2.95 Zr 0.15
Na 1.30 Mn 0:10
Ca 0,80 Mg Trace

2.0 DESCRIPTION OF PROCESS

The chief steps in the processl to recover neptunium and uranium
from fluorinator ash consisted of dissolution of the ash in & boiling
1.8 M aluminum nitrate--1.0 M nitric acid mixture, one cycle of gol-
vent extraction, and product concentration by evaporation (Frig. 1).

2.1 Ash Dissolution and Feed Preparation

Experimental ash dissolutions had indicated that a boiling alumi-
num nitrate--nitric acid mixture was the most satisfactory dissolvent.
One kg of ash was dissolved in 13 liters of a 1.8 M Al(N03) --1.0 M
HNO3 mixture, and digested at the boiling point under full r&flux for
2 =74 hr. The digestion coagulated and dehydrated silica so that emul-
sion formation and column operational difficulties would be minimized.

In the K-25 dissolvings 91 kg of ash was dissolved in 57 liters
of 13.4 M HNO, and 880 liters of 2.0 M.AI(NO3) , and boiled at full reflux
for 14 hr. The resulting solution contained aéproximately 50 g uranium
per liter, 1.8 M,Al(NO3) , and 1.0 M HNO,. To increase plant capacity
and conserve aluminum nifrate, the volumé& of the dissolvings and the
ash/dissolvent ratio were increased in the Paducah program to 159 kg of
ash, 95 liters of 13.4 M HNO3, and 1130 liters of 2.0 Q.Al(NO3)3. The
mixture wes boiled at full reflux for 8 hr, and the resulting feed so-
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Fett 0.01M
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FEED ADJUSTMENT FEED ADJUSTMENTI 0 L L
1AX L 18S v u tcu
" N N t
TP L 9 i
7 V 8 15% b TBP  15% U 20 g/liter O,
Amsco 85%, Amsco 859, Np trace I
{AF IAF |
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Np 1.0 mg/liter Np 1.6 mg/liter ﬁ_—ﬂ EVAPORATOR
Al 1.8 M Al .8 M 46 gal/hr 19 gal/br
HNO3 1O M HNO3 1S M — I -——= !
F- LM F- 17 M
|AW \ 4 U PRODUCT
- u 4 it
28 goi/hr 20 qoltr HNO, 1.3 M 1BP PADUCAH 18P K-25 00 g/ liter
U 8 Np trace u 0.008 g/liter U 0.005 g/liter Np 5 c/min/ml
v Np 0.0023g/liter Np 0.002 g/liter
HNOy LI M HNO3 LI M
1
[FINAL PADUCAH PRODUCT PADUCAH PRODUGT K-25 PRODUCT
EVAPORATOR
v 0.195 g/liter u 6.0 g/liter v 2.38 g/liter
Np 1414 g/liter g, RECYCLE — NP 0.163 g/lifer |effm e e—— —— — e e — ey NP 0.26 g/liter
HNO3 9.6 M HNOy 6.3 M HNO3 11.2 M
F- 1.7 g/liter F- 1.38 g/liter F~ 3.8 g/liter
Vol.  2C gal. Vol. 78 gal Vol. 18 gqol

Fig. 1. Chemical Flowsheet for Np237 Recovery from K-25 and Paducah Fluorinator Ash.




lution (79 g of uranium per liter, 1.8 M Al(NO3),, 1.9 M HNO3) was
satisfactory in the extraction cycle, yet 27% Ee 8 aluminum nitrste
was consumed per unit of ash dissolved than in the K-25 dissoclvings.

Alumimm nitrate in the feed complexed fluoride which would
otherwise form nonextractable complexes with neptunium and uranium
and would corrode the stainless steel. There was an aluminum/fluo~
ride mole ratio of 1.6 in the K-25 feed, but this ratio was reduced
to 1,1 in the Paducah feed without loss of product. The mole ratic
was increased to 1.2 in the extraction column, however, by the alu-
minum nitrate in the scrub stream (1AS).

2.2 Solvent Extraction

The feed was processed in three pulsed columns (Table 2.1): the
extraction colunn (14), the neptunium partitioning column (1B), and
the uranium stripping column (1C).

Table 2.1. Column Dimensions_gnd Throughput
Column Heights, ft

Pulse Pulse Strip or

Col- Dia., Amplitude, Frequency, Extrac- Parti- Thro“ghpuzﬂ

umn in. in. cycles/min Scrub tion tioning gal/hrhft

A 6.625 1 58 16 19 - Scrub, 24k
K-25 extrac-
tion; 375
Paducah ex-
traction,

- 338

B 6.625 1 58 13 - 16 Partitioning,
366
Sc;y.’b9 150

C 90622 l 58 - == 25 S‘tripg 256

Neptunium and uranium were co-extracted from the feed with 1% tributyl
phosphate in Amsco and scrubbed with 2.5 M HNO,--0.75 M A1(NO )3. The scrub
also contained 0.01 M Fet+ which.maintained'thg neptunium in %he IV extract-
able valence. Neptunium extraction is favorable up to a uranium saturation
in the solvent of 60%,1 and in this process a uranium saturation of 50% was
selected as a safe range for maximum neptunium and uranium extraction.
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Neptunium waes separated from uranium in the partitioning column,
1B, with an aqueous phase 1.1 M in nitric acid. At thie acid concen-
tration the neptunium extraction coefficient is low, 0.05, while that
of urenium is 1.5.1 This condition was favorable for re-extracting
stripped uranium with 15% TBP. Since the volume of the aqueous strip
was approximately half that of the feed, the neptunium concentration
was increased by a factor of 2; the neptunium was further concentrated
by evaporation.

The separation of neptunium from uranium in the two programs was:

Np-U Separation Factor

K-25 Paducah
Equilibrium solvent extraction conditions 9.3 x 103 9.3 x lO3
Feed to product, 1 cycle 5.5 x 103 825
Initial product to final product, recycle - 435
Initial feed to final product, 2 cycles - 3.6 x 107

Uranium was stripped from the solvent with an equal volume of
water in the 1C column, and the aqueous product stream (1cU) was con-
tinuously concentrated from 20 to 400 g/liter. The solvent effluent
from the strip column (1CW) was recycled through the system after
treatment with 0.1 M Na2003 and 0.05 M ENO3 in separate columns.

In the Paducah program the initial neptunium product was solvent
extracted a second time to further decontaminate and concentrate it.
Approximately 178 gal of product was adjusted with aluminum nitrate,
nitric acid; and uranium and processed according to the original flow-
sheet.,

2.3 Product Concentration

The urenium product stream (1CU), containing 20 g of uranium per
liter, was concentrated to 400 g/liter by evaporation. The concentrate
was continuously withdrawn from the evaporator, cooled to room tempera-
ture, accumulated in a holdup tank, and then packaged in 55-gal stain-
less steel drums for shipment.

The neptunium product (1BP) was concentrated by boildown in a pot
evaporator and withdrawn in batches. This operation concentrated all
ionic impurities and apparently contributed impurities produced by the
corrosive action of fluoride on the stainless steel evaporator. The
K-25 neptunium product contained 41 g of iron per liter, and,; on the
assumption that this was due to fluoride corrogion, aluminum nitrate



solution was added to the evaporator in the first phase of the Paduceh
program to complex the fluoride. This reduced the iron content of the
Paducah product by a factor of 40.

The volumesofbneptunium products (1BP) of the K-25 and Paducah
programs were reduced 120- and 77-fold, respectively.

3.0 PROCESS DATA

3.1 Solvent Extraction Losses

Uranium losses in each effluent stream (1AW, 1BP, 1CW) were less
than 0.01% during the equilibrium portion of the extraction cycle. Com-
posite uranium losses, however, were 0.2]1 and O.h9% for the K-25 and
Paducah programs, respectively. Combining the two programs, the uranium
composite loss was 0.45%. These losses include startup, shutdown, and
all nonequilibrium losses.

Neptunium equilibrium and compcsite losses in the solvent extrac-
tion process were approximately 0.7 and approximately 1.3, respectively
(Table 3.1).

Table 3.1. Neptunium Losses
Losses, % of that in Feed

. R K-25 +
Equilibrium Composite Paducah
Stream K-25 Paducah K-25 Paducah (Prorated)
1AW 0.01 0.25 2.50 0.25 0.56
1CU 0.70 0.50 0.17 0.53 0.4k
Samples - - - 0.37 0.32
Total 0.71 0.75 2.67 1.15 1.32

3.2 Material Balance

Based on ORNL measurements, the over-all recoveries were 99.6% for
uranium and 98.7% for neptunium. The amount of uranium in the shipments
as measured by ORNL was 2.5 more than that measured by K-25 and 0.31%
less than that measured by Paducah (Table 3.2).
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Taeble 3.2. Uranium and Neptunium Material Balance

Amount, g
K-25 Program Paducah Program
Uranium Neptunium Uranium Neptunium

ORNL feed measurements 870,971 18.35 5,016,654 110,58
Shippers' measurements 849,968 - 5,212,000 -
Between-site difference 21,003 - 195,346 -
Product shipped 867,925 17.47 5,169,015 109.51
Semples shipped or on 4o - 1,474 0.41

hand
Np loss to U product - 0.03 - 0.53
In waste disposals 1,853 0.45 25,152 0.28
Total accounted for 869,818 17.95 5,195,641 110.73
ORNL feed measurements 870,971 18.35 5,016,654 110.58
Gain or loss over proc- 1,153 0.40 178,987 0.15

ess
Difference between ship- 21,003 - 195,346 -

per's and feed meas-

urement wt .
Net difference 19,850 - 16,359 -

3.3 Product Purity

One cycle of solvent-extraction was sufficient to produce specifi-
cation-grade uranium. The neptunium product was transferred to the
Chemistry Division for further purification on a laboratory scale.

The neptunium product from one cycle of solvent extraction con-
tained more uranium then the equilibrium value indicated (6.15 g U/g Np)
because of nonequilibrium extraction conditions during startup and shut-
down. Processing the initial Paducah product through a second extraction
cycle, however, reduced the uranium content to 0.138 g U/g Np.

The Paducah neptunium product stream (1BP) contained excessive alpha
activity, and analysis of the solution for alpha emitters showed the
presence of Io (Th-230), a natural decay product of uranium-238. The
concentrated product contained 17 grams of ionium in 6.67 kg of thorium.
From a conversation with Paducah personnel, it was comcluded that the
thorium, being-nonvolatile, had accumulated in the ash from microquantities
of thorium in virgin uranium supplied to Paducah. When the first-phase
Paducah product was recycled through the plant, the thorium followed the
neptunium stream quantitatively.




The chemical composition of the K-25, Paducah first phase, and

Paducah final phase product is presented in Table 3.3.

Table 3.3. Composition of Neptunium Product

Amount, g/liter |
Paducah Product

Constituent K-25 Product First Phase " Final Phase
Np 0.26 0.0997 1.41k4
U 2.38 6.0 0.195
Al 19.00 12.50% : 0.050
F 3.80 1.38 1.70 .
Te 41.00 0.355 - 0.420
Th - 6.1 87.0
Cr 2.60 0.09 0.103
Ni 3.50 0.052 0.077
Ca - 0.02 0.0012
Cu - 0.003 0.0025
Mg - 0.0047 0.0006
Mn - 0.007 0.009

0.10 M.Al(NO added to evaporator prior to boildown.

3)3
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