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Uranium Extraction Research Topics in Japan

S. Hirono
PNC. Japan
1. Mining

Vat leaching experiments have been performed at Ningyo-
toge mine, Okayama-ken. The purpose is to get the best
leaching condition on ore (the average concentration of
uranium: 0.1 %) from Ningyo-toge mine, with three vats that
have a capacity of 500 tons ore each. The experiments have
started just now, and in spite of a few data, the leaching
rate of 87 % is obtained already. Further experiments will
be carried out.

Pregnant solution (the average concentration of uranium:
3 g/1) is directly transferred to the extraction stage in the
refining pilot plant. On the other hand, washing water of
the ore is treated with ion exchange column (CIX process
used resin of Diaion-SAllA or KEX—ZOZ), and uraniﬁm in the
solution is concentrated to 3 g/1 and then the solution is
transferred to the extraﬁtion stage.

The leaching residue, which is neutralized with sodium
hydrate and calcium hydrate, is transferred to the open pit
already excavated. This filled open pit is planted and
restored. Several observation wells will be dpg in order
to inspect dissolved radium and uranium from the residue.

International Resources Co., Ltd. (IRSA) is making a
trial run of socalled "Uranium sorter” that sorts uranium

ore after its radioactivity.



The research for in-place leaching is started at Tono
mine, Gifu-ken. Alkaline solution is used because of small

amount of calcite in ore.



Appendix:
Both Diaion-SA11A and KEX-202 are basic anion exchange

resins. These properties are shown below.

KEX-202 Diaion-SAllA

Total exchange capacity (meg/ml) 3.1 0.94
Total uranium exchange capaciFy 60 31.4
(g-U/1l~resin) °
Compression strength (g/bead) 700 50
Density (H2805 type) 1.21 1.06

Bead rating (after H,S0, treatment) 99-1-0 18-82-0

Moisture content (%) 48 42

KEX-202 is ion exchange resin belonging tri-amine
series developed by Koei Kagaku Co., Ltd. The important

properties are shown below, as compared with usual resins;

(1) twice or three times of total exchange capacity
(2) high mechanical resistibility
(3) high density

(4) weak dependency of sulfuric acid.

These properties are profitable economically in com-
parison with the usual resins and application to RIP process

is in our schedule.



2. Milling and Refining

The test plant, with the treatment capacity of 50
tons-ore/day, have been operated to estéblish PNC-process,
by which the uranium tetrafluoride could be reduced directly
from ore without producing yellow cake, for 5 years from
1970.

The basic researches on applying the process to refining
yellow cake have been started from 1977, referred the data
during the operation of the test plant.

It has been confirmed from the results of the re-
searches that the yellow cake is refined by the process,
as shown Fig. 1.

The pilot plant produced uranium of 200 tons per year
from yellow cake was designed in detail in 1978. The re-
fining pilot plant is under construction, and would be in

the full operation in 1982,

HpS04 di-HC1

Yellow cake ——— Dissolution —— Amine extraction ——3 Stripping

HF

——=FElectrolytic reduction——wzHydrofluorination—=—==pDehydration

Fo

% Fluorination ———=UFg

Fig. 1 Refining of yellow cake
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3. Ore Processing Laboratory

The ore processing laboratory are founded in 1976 at
Ningyo-toge, Okayama-ken, for the purpose of the basic
research and development concerning uranium ore resources.
The main subjects of the laboratory are uranium mineral
testings, researches and developments of milling, refining,

waste treatments and feasibility study on ore deposits.

3—1. Mineral testing

Mineralogical and petrological laboratory investiga-
tions of rock specimens are now carried out at the mineral
testing group. The purposes of the group are as follows::
(1) to reveal genesis of uranium minerals, (2) to detexrmine
genetic conditions of the ore deposits, and (4) to offer the
guide to the exploration planning with summarizing those
results.

Almost specimen have been sent from many districts in
the foreign countries exploration by PNC, such as Canada,
Australia and geveral dountries in Africa, and the domestic
are very few.

"The actual works are to identify the radiocactive, the
uranium (including uranium bearing) and their associated
minerals, and to study the nature of the uranium mineral and
their mode of occurrence.

Identification of minerals and their studies are done
with the following analytical instruments: both the trans-

mitted and the reflective microscopes, X-ray diffractmeter,



X-ray fluorescene spectrometer, differential thermal analyser
with thermogravimetry, scanning electron microscope, and
computer-controlled electron probe microanalyser. Wet
chemical analysis are also used in a occasion.

Informations on the detailed distribution of uranium.in
a specimen are obtained through radioluxography, autoradio-
graphy, microprobe analysis and other.several methods.

Separations of minerals by heavy liguids and by magnetic
suspectivity are often used in order to separate and purify
a specified mineral from other ones.

Grain analysis, specially determination of the relation-
ships of radiocactivities to grain distribution, and the
measurements of carbon dioxide, fumic acids and clay minerals

are also performed for its ore processing.

3-2. Milling and Refining (Basic Researches)
The wet process used mainly sulfuric acid, as shown in
Fig. 2, is now developing. This process will be express at

the next meeting in some details.
Ha 50y _ Hs 504

Ore ——3Leaching =——=Amine extraction =—=——Stripping

Separation of the greater part of sulfuric acid =——
HF
H32350y
Electrolytic reduction———=Hydrofluorination —=—==UF,

Fig. 2 The wet process used mainly sulfuric acid



3-3. The Treatment of Waste Water
The treatment of radium and uranium in waste water has
been researched and developed.
The treatment {disposal or recovery) of radium and
uranium in the dam water at Ningyo-toge, Okayama-ken, are

explained below.

3-3-1. Development in the Past

Figure 3 shows a flow sheet for tailings disposal and
treatment of radium from the dam overflow till the beginning
of 1979. The residue and waste liquid from the mill are
neutralized with lime and pumped up to the waste dam, and
the overflow is transferred to the waste water treatment
facilities. At the facilities, barium chloride solution is
added to remove radium from the waste water.

Clear water through sand filter is discharged to river
successively. The content of radium would be enough low,
although that in dam water cannot be determined rapidly,
because of lack of the suitable analytical method.

Approximately 50 tons of uranium have been produced
from ore at Ningyo-toge since 1970.

The amount of radium in the tailing accumulated in the
dam would be about 17 Ci, on the assumption of radioactive
equilibrium. The amount of uranium in the dam is nearly

2 Ci.

3-3-2. The Dam Control at Present

Several experiments were carried out in order to
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decrease the contents of radium and uranium in discharge.
An efficient method was obtained as the result.
Procedure of the new method is: barium chloride is added
for co-precipitation of radium with barium sulfate, and
then phosphate éolution is added for co-precipitation of

uranium with acid calcium phosphate to the dam water with

-enough Ca’tand S0, ions.

This treatment can reduce the value of uranium con-
centration from 2 ppm to below 0.03 ppm (0.9 x 10'-8 pCi/ml)
and that of radium from the order of 107~ to 10 '‘’uci/ml.
The content of phosphate ion in the discharged water is
less than 5 ppm.

Figure 4 shows the flowsheet of the removal process
mentioned above. Before discharging, the treated water is

put into one of the

Ca(OH)z

Dam overflow

Ore ===» Ore processing—r+Neutralization ==—>Tailing dam

Test mill

BaClg
Flocculant

Bentonite

—iReagent added —=Precipitation pond—Sand filter pond=—=——

Waste water treatment facility

=>Discharge to river

Fig. 3 Tailings disposal flowsheet in the past



two discharge tanks for analyses of uranium and radium
contents.

In the case of the contents of radium and uranium are
below the target values by PNC, the treated water is dis-
charged. On the other hand, these contents are above the
values, the treated water is pumped up to the dam to remove
again radium and uranium.

The treétment facility used the new method is now in
operation, and radium and uranium are sufficiently removed.

The most part of uranium in dam water can be enough
removed with the process mentioned above, however, the solid
waste of calcium phosphate occurs in the precipitation and

sand filter ponds.

BaCls

Floceulant

Dam overflow======$Reagenﬁ adding section =——==aprecipitation pond

Discharge tank

=———38and filter pond Discharge (to river)

Discharge tank

Sampling (determination
of radium and uranium)

[::::::::::] ——————— Newly added chemical and equipments

Fig. 4 New flow sheet for treatment of dam overflow



Many kinds of absorbents were tested to recover uranium
without occurring solid waste. The chelating ion exchange
resin had amidoxime radical was selected.

The recovery of uranium with the chelating ion exchange
resin was developed, and the test plant that has the treated
capacity of 800 l-dam water/hour as shown Fig. 5, are being
operated under the several conditions. The data from the
test plant show that the uranium content in tﬁe dam water
after the treatment of the resin decreases in 0.00n ppm,
even if the uranium content is 0.8 ppﬁ.

The uranium absorbed on the resin can be easily eluted
with 1 N-sulfuric acid solution. The uranium content of the
solution after elution is attained approximately 1 g/l.

The construction of the plant that recovers the uranium
in the dam water (water flow rate: 1 m®/min in average) is

in our schedule.
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Dam watet
0.8 ppm-U

LINI]

Sand tank

RIEI RN I NN AN AN IR N RN AR NNER T AN NN

To extraction

....... m — G
| 1N-H,50, 1000 ppm-U process
: I (1 g-U/1)
1000 ppm-U
~To Ra precipitation
0.00n ppm-U 0.00n ppm-U
Columns Eluant tank-1 Waste water tank fIE;;E—EZEE:Z

Fig. 5 The test plant of uranium recovery from dam water



