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1. INTRODUCTION

The increasing demand for uranium concentrates (U«OQ) arising

from the necessity of the developing the nuclear energy in the world

as a consequence of the exhaustion, of fossil fuels, caused an energ-

etic revival of exploration works concerning the discovery of new

uranium ores deposits and utilization of low grade uranium ores. The

great deposits of uranium shale which occur in USA, Sweden, USSR

and other countries [ l -5 j contain millions of tons of uranium and could be



an important source for covering in a great part the rising demand

for uranium concentrate in the next future. Unfortunately till now there

are no processings available for their economic pretreatment and except

of Sweden where the shales are processed on an experimental scale in

Ranstad [6] the uranium concentrate from shale in industry is not

recovered. This situation dictates an accession to intensive studies

regarding the utilization of these raw materials especially there, where

their deposits have been found.

In Poland a mineralization of uranium shale- was discovered and

exploration works are going on in order to recognize more details of

their localization and resources. The discovered shales besides uranium

contain vanadium and molybdenum and therefore they can be of a great

value as a new ore for the national economy. On. that account it was

also decided to determine their usefulness for the explatation and

technological pretreatment. The samples from geological explorations

works ( drillings bore holes ) were examined in the laboratory scale to-

words the uranium, vanadium and molybdenum teachability and the possib-

ilities of recovery their concentrates.

The obtained data from performed investigations could also be used

for preliminary economic calculations concerning the costs and categoty

of uranium concentrate production.

2. INVESTIGATIONS RESULTS

2.1. Mineralogical and chemical characteristics of shales

The mineralogical analysis which was performed showed, that the

main minerals occuring in the shales are: quartz, clay minerals,

bitumineous and organical substances. These components are accompan-

ied by carbonaceus minerals like - sideriîe, dolomite, calcite and

sulphides as pyrite, galena, marcasite, chalcopiryte. Uranium occurs

in shales probably in absorbed state, combined with organic and clay

substances. It can be present in the form of organo-metallic compounds

too.
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On basis of microscopic investigations»the mineralogical forms of

vanadium were not observed. The geochemical examinations showed that

it is concentrated in the smallest grain fractions in the. clay minerals

and organic carbon. Molybdenum in the shale is dissiminated in the

sulphidic form.

The metals content in the examined samples amounted to:

100 ppm - 750 ppm "U

1200 ppm - 2400. ppm V

23 ppm - 260 ppm Mo.

The chemical analysis of one of the investigated shale samples gave

the following results ( in wt %):

Fe2°3
51,55 14,61

CaO

1,30

% weigh loss
MgO of orig. solids

0,23 23,50

2.2. Leaching tests

To recognize the uranium, vanadium and molybdenum recovery

possibilities from shale, the preliminary experiments were carried out

by using the conventional methods based on sulphuric acid and alkaline

leachings.

The samples ( 50-100 g) of - 0,25 mm grain size were leached for

8 hours at temperature 70°C by 7 , 5 - 1 5 % sulphuric acid or 2 % Na C O J

12% NaHCO., solutions with 1 : 1,5 soliü : liquid ratio in the presence

of oxidants NaCIO or KMnO, (10g / lkg) . The cakes after leaching

were washed with 0,25% H_SO. or with water.
2 4

It has been shown that the recovery of uranium depends upon the

concentration of applied sulphuric acid solutions. The 90 % recovery of

uranium was gained by using 17 % H_SO,. The recoveries of vanadium

and molybdenum were very low and amounted only 10 % and 20 %.

The similar results were obtained when other samples were examined

in the same way.
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Applying soda leaching the 90% recovery of molybdenum was achieved,

for uranium it amounted 50%, vanadium remained insoluble.

As the undertaken assumption of this work was to elaborate a pre-

treatment way, which would enable the commen recovery of all rare

metals from these shales, it was decided to examine the pirometallurgical

method, which is used for uranium - vanadium ores pretreatments [7J

and could be also in this case useful.

2.3. Roasting experiments

The samples (50-100 g) of -0,25 mm grain size were mixed with

different amounts of NaCl (50-250 g/l kg) and afterwards roasted in

a laboratory tube furnace at temperature 300 - 900 C during 3 hours.

Some of the shale samples before roasting were treated at 70 C

with diluted sulphuric acid of pH= 1.5. This treatment was useful because

of sulphate forming (CaSO^. 2H_O), which presence in roasting, process,

as it was recognized in another study, is adventageous.

During the oxidizing roasting the samples were thoroughly mixed and

the gases from roasting absorbed in absorbing tubes containing water or

5% solution of NaOH. Roasted samples were immediately leached for

8 hours at 70°C by water (first leaching) and 2 .5%- 10% sulphuric

acid (second leaching). The leaching residues were washed with 0.25 %

H^SO ,̂ and afterwards dried. For calculating the recovery of the metals

their, contents were estimated in the residues (cakes) and leaching

solutions. Molybdenum was estimated also in solutions frGm absorbing

tubes. Obtained results are shewn in Table 1.

Analysing the results from performed tests it can be said that the

roasting at 350 C has an useful influence upon the process of uranium,

vanadium and molybdenum recovery.

To obtain the best results, this means îo recover 85 % - 95 % U,

60 % - 92 % V and 30 % - 90 % Mo it was necessary to use 200 g

NaCl/1 kg shale and roaste the mixture at 850°C. During the first



water leaching about 76 % molybdenum and 50 % vanadium were gained

but only few percent of uranium. About 25 % - 30 % of molybdenum

volatilized and was absorbed in absorbing solutions. Lower metals

recovery were obtained by increasing the roasting temperature to 900 C

or using in place of NaCl as a roasting agent a mixture of NaCl/Na^CO

or Na^CO only.

Reconsidering the adopted pirometallurgical way for the pretreat-

ment of low grade uranium shales it can be said that this method in this

case is complicated and difficult. The great quantity of NaCl (200g/l kg)

which was added to shale as a roasting agent seems to be from an economic

point of view not justified. Similary, a great consumption of sulphuric acid

for leaching and the necessity of roasting at high temperature are further

factors which may seriously increase the costs of an complex processing of

such a raw material. The obtained results confirmed also the anticipate

assumption that uranium and first of all vanadium occur in shale as refactory

minerals and it is necessary to use strong and aggresive methods for their

solubilization. Taking into account however, the increasing demand for

uranium concentrate and possibilities of use for pretreatments low grade

uranium ores, upon the gained results and data, for continuation of

described experiments and improvement of adapted pirometallurgical way,

for roasting and leaching tests following conditions could be applied:

- grain size of shales - 0.25 mm,

- preliminary leaching by diluted sulphuric acid pH = 1.5 at 70°C,

- roasting at 350 C with an addition of 200 g NaCl/l kg,

- water and sulphuric acid leaching.

It was decided also to compare and check the above mentioned sugges-

tions towards rhe chemical behaviour of this refractory lew grade

uranium shale and therefore examinations were performed which consisted

of applying a strong procedure. The description of this method and

investigations results are given below.



2.4. Pretreatment of shale by strong acid technique

2.4.1. Recovery of uranium and vanadium by using acid cure

The acid cure is described in the literature [8,9] as a method

which can be used especially for pretreatments of ores containing re-

fractory minerals. It has also found an industrial application in a new

uranium plant in Arlit Niger [8] .

For examinations of this method towards its appliance to shale

pretreatment, the technical samples from explorations works, were used,

their rare metals content was following: 80 - 100 ppm U, 1350 - 1500ppm V,

50 - 130 ppm Mo. Preliminary tests consisted in curing the samples

( -0.25 mm grain size) with 43 % H?SO ( 500g/lkg) at room temperature

for 17 hours, and leaching afterwards with water.

The recoverys of the metals, obtained in this way, amounted 52.8 % U,

10,6% Mo, 33,2% V. The subsequent series of tests consisted of curing

the samples with sulphuric acid and baking them at 24-0 C. 300 - 600 g

A3 % H9SO / / l kg shales were used. The baked samples were leached

twice, with water and 5% H SO, at solid : liquid ratio 1:2 at 80 C.

The baking process was performed in the presence of oxidizing agent

MnOp 20g/lkg. The results are shown in Table 11.

The applyed acid cure and baking at 240 C enabled to leached out

up to 77 % of uranium and about 30% of vanadium, the used quantity of

sulphuric acid for this purpose was however high and amounted to

250-300 g 96% H^O^/lkg of shales.

In the course of these experiments it was noticed that the baking

of shales in the presence of oxidizing agent such as MnO increases
•it

the uranium recovery. Towards vanadium it was observed that it occurs

in the shales in a form of a refractory mineral and the grade of its

dissolving depends upon the quantity of sulphuric acid used for per-

forming the acid cure. Besides them it has been anticipated that the

leachabiiity of uranium and vanadium can be hindered by the organic

substances and that their destruction before leaching contributes to



decrease the sulphuric acid consumption. To confirme this assumption

roastings of the shale at 500°C were carried out. The obtained roasted

materials were acid-cured, baked and leached using conditions as it

was mentioned above. It has been shown that this way did not noticeably

increase the recovery of vanadium. To obtaine a 70 % recovery of

vanadium it was necessary to use 400 g 96% H^SO. / lkg and to achieve

- for example - the 80 % recovery of uranium and vanadium 500 g 96 %

H 2 SO / / l kg was used.

The above presented results a re more satisfactory than previously

gained ones, but the high consumption of sulphuric acid and high concen-

tration of impurities (Al, Fe) in leaching solutions caused that it was

decided to conduct further investigations on separation of U and V from

leaching solutions according the pretreatment conditions established for

raw shale.

2.A.2. Separation of uranium and vanadium from leaching solutions
by extraction

Basing on the results described above, solutions for uranium and

vanadium extraction investigations by using acid cure method for shale

pretreatment, were prepared. The way choosen for this purpose is

shown in Fig. 1.

It was noticed that the aluminium concentration in obtained solutions

is high and depends upon the quantity of sulphuric acid used for curing.

Table III shows this dependency.

Except of aluminum the solutions contained iron and owing to these

impurities it was resolved to remove them before uranium and vanadium

separation.

The removing of aluminum and iron was done by crystallization.

For this purpose the volumes of leaching solutions were reduced by

evaporation (from 1400 ml - 300 ml) and afterwards cooled to 2°C. The

aluminum and iron sulphates crystallized and were from the solutions

easily separated. The solutions, obtained in this way, contained



0.2 g U/l, 2.2 g V/l and were used for their separation.

The recovery in this process of aluminum and iron sulphates as

bv-products is of a great significance. The introduction of aluminum

sulphate production into the complex pretreatment of shale could

noticeably reduce the cost of sulphuric acid which consumption for

gaining only the uranium and vanadium concentrates would be very

great.

For liquid/liquid separation tests, which were carried out in the

laboratorv scale, as an extractant a mixture of Tn-OA and TBP in

naphta was used [̂ 10, ll] . In the first extraction uranium was separ-

ated and after its stripping into a 6n hydrochloric acid the separation

of vanadium by the same extractant was accomplished. To do this

separation however it was necessary to oxidize the vanadium present

in the leaching solutions from V to V by sodium chlorate. For

stripping of vanadium a 5 % solution of sodium carbonate was used.

From the aqueous solutions the uranium concentrates were precipitated

by sosium hydroxide, vanadium concentrates as "red cakes" were gained

as usually done by neutralizing with acid the reextractants. The adopted

extractions method permited to separate from leaching solutions 99 %

uranium and 90 % vanadium in spite of their low concentrations and

great quantities of impurities like aluminum and iron. The recovered

concentrates were not pure enough and it is necessury to purify them.

Further works on this subject are to be carried out.

2.Z..3. The possibilities of molybdenum recovery

On the basis of results, obtained from preliminary leaching tests,

it was recognized that molybdenum can be easy leached out from the

shales by carbonate solutions. This is due to the occurrence of molyb-

denum in shale in a sulphidic form probably as a molybdenit. For that

reason it was suggested to recover this metal from shales, in the course

of strong acid pretreatment directly before acid curing or from the shale



residue after using this technique for uranium and vanadium recovery.

In the elaborated scheme shown in Fig.l the molybdenum recovery could

be accomplished according to the second alternative. The alkaline

method was also adopted for checking the possibility of molybdenum

recovery from technical samples. The Na^CL/NaHCC» and (NH,)9CO,,/

/NH.HC00 solutions of different concentrations were used and 100-1000 g
o

samples -0.25 mm were leached for 3 hours at 30 C by solid/liquid

12 % NaHCO it wasratio 1:1.5 . Using a solution of 2 % N

possible to gain 65 % molybdenum from these shale samples.

The small content of molybdenum in shales and its low concentra-

tions in leaching solutions (60 mg/l l ) indicated, that the recovery of

this metal from this raw material will be not justified from an economic

point of view. For that reason further examinations concerning chemical

pretreatments of alkaline solutions for molybdenum concentrate recovery

(MoS- ) were, at this stage of studies, not carried out.
o

o . CONCLUSIONS

3.1. The in Poland discovered shales besides 0.010 % uranium contain

0.15% vanadium and 0.018 % molybdenum. These shales represent a low

grade uranium ore in which the rare metals occur in a form of refract-

ory minerals. For that reason it requires the elaboration of a new

special process suitable for a complex pretreatment.

3.2. The adapted strong acid technique for the uranium and vanadium

recovery may be advantageous because it gives the possibility to produce

besides uranium and vanadium concentrates the alumina sulphate as a

by-product. This by-product can reduce remarkably the production

costs of uranium and vanadium concentrates.

3.3. The examined shale can be regarded as a very refractory uranium

raw material which for an elaboration of an economic pretreatment



process requires the continuation of further intensive studies concerning

the improvements up to date adapted and recognized methods.
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TABLE I. RECOVERY OF U, V AND Mo FROM SAMPLES ROASTED AT 850 C
BY WATER AND SULPHURIC ACID LEACHING.

SAMPLE

No.

1

2

3

4 a

4 b

/o U

H2O

1.3

0 . 3

0.5

0.5

0 . 1

H 2 S O 4

90.7

84.1

75.8

63.3

66.5

% Mo

H 2O

69.9

56.6

90.0

73.9

76.6

H 2 S O 4

-

13.4

5 .0

3.1

4.3

% V

H2°

7.1.7

29.3

14.8

7.3

18.7

H 2 S O 4

17.3

36.6

43.3

58.3

47.3



TA13L15 II. Rl'iCOVRRY OV U AND V BY USING ACID CUKE METHOD.

Test
No.

1

2

3

96 % U'jSO,

S/ lkg

150

200

250

300

% recovery of U

by water

53,2

57,25

-

53,1

by 6% HgSO^

10,5

9,35

71,1

9,2

73,7

77,10

71,1

72,3

% recovery of V

by water

33,1

57,1

-

6S,l

by 5%H2SO4

20,5

15,3

34,4.

12,1

z
53,6

72, L

SO, 2



u
TABLE III. ALUMINUM CONTENT IN LEACHING SOLUTIONS

Test

No.

1

2

3

Acid ( 96 % H2SO4)

quantity used
g/kg

250

275

350

Al content

g/1

21.1

30.6

38.6

Vanadium

recovery
%

69.5

70.5

78.6
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Shale

H2S04-

2.5 H2S04

Extractant^
TOA

Na Cl O,

Rafinate
forAl-sulphate
Recovery

Na2C02 _
Solution

Crushing

-0.25 mm Shale

Acid Cure
£

Sintering
Na2CO3

Solution

Leaching Residue . Leaching Tailings

Leach
Liquor Solution for Mo Recovery

Crystalliza-
tion Al-sulphate

Pregnant Na2C03 Solution
Solution I

Extraction TOA Stripping

Solution
forV Recovery

Oxidation

Solution

Extraction

Strip

NaOH

1
Pregnant, Preçîpita-

iidn_

Na2U20,

TOA

TOA

Stripping

2.5 H2S04

FIG. l . Complex pretreatment of uranium shale.


