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Abstract

This paper will focus the experience acquired during
the operation of a pulsed columns solvent extraction pilot
plant in the purification of a yellowcake produced from the
industrial treatment of monazite sand. Special care was devo-
ted to the rare earths elements, thorium and zirconium decon
tamination. Intermediate product is an uranium trioxide ob
tained by dewattering and thermal decomposition of diuranate
and its conversion to uranium tetrafluoride.

The experience developed and the establishment of
the quality control procedures to follow up all steps on both
pilot unities as an important support to the technical work
is emphasised.

L. INTRODUCTION

As contribution to the national program for develop
ping atomic energy for peaceful uses, headed by the =
Brazilian Nuclear Energy Commission (CNEN), the Instituto
de Pesquisas Energeticas e Nucleares (IPEN), S.Paulo, has
given a great deal of effort concerning a systematic develop
ment of research for the establishment of the technology of
uranium and thorium. The program is very much dedicated to |
the education and training of chemists and engineers, and to
the production of some nuclear material for further metal
lurgic work and fabrication of fuel elements for research
EEdCtars.
In this paper we summarize the ‘main activities on
the purification of uranium raw concentrates and their conver
sion into nuclear grade compounds. The design and assemblage
of pilot facilities for pure ammonium diuranate (ADU), ura
nium tetrafluoride and uranyl nitrate (UN) and its further ‘
denitration to trioxide are discussed. ,
The development and adaptation of analytical proce
dures and their applicability as an important support to the
technical work and the quality control of the abovementioned
nuclear grade materials is emphasied as well. |
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2. THE FIRST YELLOWCAKE

The first yellowcake that we work with since several
years is a sodium diuranate (SDU) produced from the industrial
processing of monazite sand [1]. The chemical treatment for
breaking up monazite sand by alkaline process has been in prac
tice in Brazil (S.Paulo) since 1948 on an industrial scale [2].
The production capacity is about 3000 metric tons of monazite
per year for the production of thorium, rare earth chlorides
(2000 tons) and phosphate as the main products, After decontami
nated from radium and its descendents by coprecipitation with

barium sulphate the rare earth chlorides are commercialized,
Thorium is stocked mainly as a crude hydroxide (thorium slud
ge). Uranium is recovered as a by-produtct in the form of

sodium diuranate.

The main impurities considered in this yellow cake are
sodium, phosphate, silica, iron and, of course, thorium and
rare earth elements (RE). Great concern was given to the decon
tamination of thorium and rare earths. In Table I is presented
a representative composition of this SDU.

TABLE I - CHEMICAL COMPOSITION OF SODIUM DIURANATE

ELEMENT 7
U as U,0 7955

B e 0,0002
Cu 0.001
\' 0.004
Mo 0.0005
As 0.01

P as PO4 053
Sas SO4 1.5

F 0.02
Halogens 0.015
Th as ThO 3.0*
Rare Eart%s 052
Sm + Eu + Gd + Dy 0.02 max,
Fe 0.1

Ccd 0.007
Pb 0,0015
Ti 0.0015
Si as S§i0 (i

Na as Na28 a2

k¥ “Variable from 0.3 to 8.0%

As the abovementioned SDU at the monazite plant
only dewatered at 110-120°C and usually contains some

mater, as a not controlled impurity, before its dissolution the
yellowcake is calcined at 450°C during two hours. This treat
ment was introduced in the flow-sheet to avoid evolution of
NOy gases. We worked with this uranium concentrate for several
years, as it was the unique raw material at hand.
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3. A NEW YELLOWCAKE

Recently a second yellowcake could be used, It came
from the Pocos de Caldas Industrial Complex, at Pogos de Caldas,
Minas Gerais State. This industrial plant is owned and operated
by NUCLEBRAS. The yellowcake is an ammonium diuranate of very
good quality. The unique difficulty we had to cope with is the
presence of zirconium contamination. After its dissolution with
nitric acid, the clear uranyl nitrate solution was treated for
the removal of the great majority of zirconium. It is clear
that this yellowcake could not be calecined, otherwise it will
be convert into uranium oxide which solubilization will gene
rate high evolution of NO, gases and the installation is not
ready to absorve them.

4. DISSOLUTION OF YELLOWCAKE

The initial step is the dissolution of the concentrate
with pitric acid for the obtaintion of a clear uranyl nitrate,
During the dissolution the gross amount of silica is removed by
dehidration of silicious acid. The dissolution is accomplished
into a stainless steel reactor of 300 L capacity in a batchwise
fashion. The yellowcake is poured direct and slowly into the
nitric acid. After all the yvellow cake was introduced its diges
tion is made with 2M HNO, at 90-100°C for the complete floculE
tion of silica.

If zirconium is present, the uranyl nitrate is treated
with controlled amount of phosphoric acid, Both silica and zir
conyl phosphate are separated together. The hot pulp is filte
red into a canvas filter and the residue thoroughly washed for
the removal of soluble uranyl nitrate. The filtered uranyl ni
trate solution has a concentration of 475 g U/L and after coo
led is adjusted to 300 g U/L and 1M HNO3 previously to the sol
vent extraction. Sodium or ammonium nitfate, not less than IM
used as salting out agent is formed during the dissolution, In
the case of the SDU produced from the monazite sand the trouble
some presence of Th and RE is minimized by the controlled addi

tion of sodium sulfate 8

5. TBP EXTRACTION PILOT PLANT FOR PURIFICATION OF URANIUM

A pilot plant facility set up for the purification of uranyl
nitrate is based on the conventional liquid-liquid extraction
technique using three pulsed columns for the extraction, scrub-
bing and stripping, respectively. The facility and its equip
ment, operational flow-sheet, performance and gained experience
were published [5,6]. The facility comprises a section for the
safety opening of the drums and for the dissolution of the
yellowcake. The organic phase is a (v/v) 35% TBP-varsol. The
three columns have perforated plates of about 23% area, The ex
traction is accomplished in Coutercurrent using an organic to
aqueous ration of 2.2 to 1, The loaded organic phase containing

135 g U/L leaves the extraction column and is admited to the
scrubbing columnn where it is scrubbed with 0.2M HNO, in an
organic/aqueous phases ratio of 1:1. The washed organic phase
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(110-115 g U/L) is stripped with water using and aqueous/organic
ratio of 1.6 to 1, resulting an uranyl nitrate solution of
70-105 g U/L. The third column can be steam heated and operated
at 40-60°C resulting in an uranyl solution of mean 100 g U/L va
lue. This solution is filtered through a celite layer for the
coalescence os small droplets of TBP and then forced into a
layer of pure diluent to remove the last traces of TBP,

6. PRECIPITATION OF AMMONIUM DIURANATE (ADU)

The pilot plant is equipped to perform the precipitation in
a batchwise way, into a 500 L reactor, and as continuous opera
tion as well. The pure uranyl nitrate solution (100 g U/L) 1is
heated to about 60°C and the ADU is obtained by bubbling undi
luted anhydrous NH., gas. The final pH can be controlled to va
lues raging from 4,0 to 7,5 for ADU to be send to the UF, unity
or to pH about 10 (excess NH,), if the ADU is directed to ce
ramic grade UO, pellets. For the batchwise precipitation the ADU
is dewatered into a vacuum canvas filter and has an umidity ran
eing from 45 to 507, =

In the continuous precipitation using one step reaction the
reactor (#27 cm x 100 em, 56L) is fed with uranyl nitrate at a
rate of 1.2-2.0L/min, heated at 600C, and NH, bubbled at a rate
of 60-80 L/min. The final pH is usually aboug 10 (excess NHB) ‘
The slurry of ADU is deposited in the bottom of the continlious
filter and is sucked by Vacuum into the rotating drum, The cake
leaves the drum with about 507 umidity, the thickness of the

layer ranging from 2.5 to 3.5 mm.

i . TRIOXIDE FACTLITY

A facility for the conversion of ADU to U0, cumprises a
continuous, electrically heated, belt furnace. The ADU is fed di
rectly from the rotating filter to the stainless steel conveyor
belt moving inside the furnace with zones having different tempe
ratures, the gradient ranging from 110° to 500°C. The final pro
duct is an UOq oxide used as feeding material for the tetrafluo
ride plant or sent to further conversion to ceramic grade dioxi
de. The residence time during the dewatering is 2-3 hours.

8. TREATMENT OF AQUEOUS EFFLUENTS

The uranium purification pilot plant gives rise to some
solutions containing uranium, thorium, rare earths, iron and ti
tanium, the main stream coming from the extraction column. All
effluents are collected and treated with sodium hydroxide, The
precipitate is filtered out and returned to the dissolution sec
tion with nitric acid and sent to the extraction again.

9. TETRAFLUORIDE PILOT PLANT

After some previous work [7,8] a pilot plant facility to
acquire the necessary technology on the UF, production for futher
uses in the reduction to U metal and preparation of UFg was set
up [9]. The establishment of this unity had the collaboration and
technical assistance from the International Atomic Energy Agency
(IAEA) .
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The starting material is U03, reduced to U0y by cracked
NH3 and the use of anhydrous hydrogenfluoride for the conversion
to UF,. During some operation of this pilot the process of ob
taintion of UO03 was changed in the sense that the ADU precipitate
at pH 7.5 for ceramic grade was calcined to U03 in the conti
nuous belt furnace and then pellotized in spheres of about 4—6
mm, dried again and used as feed material in the L reactor. This
new type of UO; exhibeted excellent mechanical properties, Nowa
days we changeg once more to the use of directly U053 produced as
flakes of 3-4 mm thickness by filtration of ADU in the vacuum ro
tating filter and dried and calcined in the moving belt conve
yor. This type of UO3 exhibeted excellent mechanical properties,
This trioxide is contacted with anhydrous hydrogen fluoride for
the conversion to UF,. The green salt produced is of good qua
lity, assessing a minimum of 957 UF s, 5

10. WET WAY UF4 PREPARATION

A bench scale facility for preparation of uranium tetra
fluoride via aqueous conversion of U0, powder with hydrofluoric
acid is under experimental test. The dioxide is obtained in the
dry moving bed reactor that has been in operation also for the
U0, production as well, The UO3 is reduced again by hydrogen ge
nerated by ammonia cracking. A second U0y type is produced by
direct reduction of ADU in a moving belt furnace with hydrogen.

The conversion of both type of UO. with hydrofluoric
acid is quite simple and effective, the tegrafluoride being fil
tered using a vacuum canvas filter and dried stepwise, first at
110-120°C and then at higher temperature. The quality of this
green salt for uranium reduction or hexafluoride preparation is
under investigation, the first results being promissor.

11. DENITRATION OF URANYL NITRATE

Development studies on a fluidized bed process for con-
version of uranyl nitrate solution to uranium trioxide and reco-
very of nitric acid is under investigation. A pilot plant is
being set up comprising an unity for concentration of uranyl ni
trate solution from 100 g U/L to about 900 g U/L, followed by
denitration of the melteded uranyl nitrate to UO,. This new uni
ty has the first test scheduled for second semesger 1986, a

12. QUALITY CONTROL

Mention will be made for some procedures specially de
veloped to assist the pilot plant work. A rapid routine determi
nation of uranium content in uranyl solution is done by gamma-
ray spectrometry [10], using the 235U 185 Kev photopeak. A  pro
cedure was outlined for the direct determination of U content of
uranyl nitrate-TBP-organic phase [11]. The thermogravimetric be
havior of ADU samples, and specially the pyrophoricity grade of
U0y powders and their O/U ratio in U0y~ powder and pellets was
developed [12]. The analytical control of UF, was made by se
quential analysis of the most probable products existing with
the tetrafluoride [13]. The determination of microquantities of
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B in highly pure uranium and thorium compounds is done through

the extraction of the colored complex of BF4 -monomethyl thionine
PG 13 ;
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FIG. 1 THERMOGRAVIMETRIC CURVES OF URANIUM DIOXIDE [12]

(A) U0, (normal) obtained by reduction of
: o
U308 in H2 at 770 C.
(B) uo, (pyrophoric) obtained by direct

reduction of ADU in H, at 770°C.

2

A procedure for the separation and concentration of ex
tremely low amounts of thorium and rare earths from uranyl s0
lutions was developped based upon the sorption of those elements
from solutions containing 0,3M HF into a small column of alumi
na [16]. Using this technique the individual RE have been ana
lysed by emission spectrography [17]. A semiquantitative routz
ne spectrometric method was outlined for the direct determina
tion of 18 elements in uranium compounds, including-UF6, using
gallium oxide and sodium fluoride. Vanishing small amounts of
RE in uranium are determined by fluorescende spectrometry after
separation into an alumina column [18]. Zirconium is analysed
by direct spectrofluorimetric determination in uranyl chloride
using morin [19] and spectrophotometrically with chloroanilic
acid [20]. B
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Procedures for the determination of the composition of
the cell electrolyte were developed based on the alkalimetric
determination of HF and the total determination of free hydro
fluoric acid liberated after percolation on a strong cationic
ion-exchange resin, H~form, and on the determination of melting
point of the mixture. The presence of residual HF in uranium
hexafluoride is determined after its hydrolysis and measurement
of total uranium and total hydrofluoric acid.
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