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ABSTRACT

Uranium mineralizations are located along the faults and fracture

/.ones crossing G. Gattar granitic pluton as well as along the contact of the

granite with the Hammamat sediments. Molybdenum mineralizations are

present in the Gattar granites in more than one mode of occurrence, from

which the disseminated type is dealt with in this study.

Uranium and molybdenum were subjected to series of leaching

experiments, including acid and alkaline agitation, alkaline percolation and

acid heap leaching techniques. Recovery of uranium and molybdenum was

acliieved by anion-exchange method followed by their elution by acidified

sodium chloride. Uranium precipitation was performed in the from of

ammonium diuranate, while molybdenum was precipitated in the form of

molybdenum oxide.

A tentative flowsheet for the extraction of both uranium and

molybdenum was proposed and discussed.
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INTRODUCTION

Seven uranium occurrences have been discovered in Gebel Gattar

granite batholith (455 km2) by the Nuclear Materials Authority since 1984.

These occurrences are known as GI, Gil, GUI, GIV, GVI and GVII which

are localized in the pink or younger granites, while GV occurs in the

Hammamat sediments (Fig. 1). The latter occurs at the northern contacts

of Gebel Gattar granite along a reverse fault running ENE- WSW through

wadi Belih. The uranium occurrences of Gebel Gattar are almost

exclusively of the secondary type, and are present in a patchy form

following some fracture trends. In general, they follow NNE and NW trends

with the highest uranium concentrations at the intersection of these two

trends. Therefore, Gebel Gattar uranium mineralizations are identified as a

structurally controlled type l .

Gebel Gattar Younger granite pluton has been locally affected by a

severe post magmatic hydrothermal alteration. The latter includes

hematitization, kaolinization, fluoritization and epidotization , beside silica

introduction along with uranium and molybdenum mineralization into

fractures -1. Later alteration processes were superimposed

on such alteration zones such as episyenitization, carbonatization and

bleaching *.

In the present work, leaching studies were performed on two

representative samples, one from the contact zone (GV), namely sample 3,

while the other is from the vein -like zone (GI); namely sample 18. The

chemical analysis of these two samples is reported in (Table 1).
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EXPERIMENTAL

Agitation acid leaching experiments were carried out upon samples

ground to -100 mesh size, using H2SO4 (50 g/L), at 1/2 solid/ liquid ratio

for 4 hours agitation time without addition of any oxidant. The same

conditions were also applied in the alkaline leaching experiments using

Na^COj or Na HCO3 and at 60 'C .

* On the other hand, the percolation leaching experiments were carried

out using a glass column of 1.5 cm diameter; 50 gram ore sample was used

in each experiment.

Three percolation leaching experiments using sodium bicarbonate

leachant of concentrations 1,5 and 10 g/L. Bed volumes were collected

every week and its uranium content was analyzed. At the beginning of

each experiment, the packed ore was washed with distilled water for three

bed volumes to eliminate slimes which would cause flow rate problems.

The heap leaching experiment was done using a cliini bucliner of 11

cm radius in which the ore sample (4kg) of -60 mesh size was packed (6.5

cm depth).The leaching solution (1-5 g/L H2 SO4) was drained (33 ml/hr)

through a shower of 8 cm diameter (100 holes).

R E S U L T S A N D D I S C U S S I O N

A - Acid Aflitation Leaching ot G. Gaftar U/Mo mineralizations:

Preliminary leaching experiments have indicated that neither addition

of an oxidant or rising the leaching temperature above the room value had

any justified positive effect on either uranium or molybdenum leaching

efficiency. Therefore, in the following experiments of acid agitation

leaching behavior of uranium and molybdenum, the effect of acid
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type and concentration, time, solid/ liquid ratio and grain size would be

studied.

a- Effect of add type and concentration :

The results showing the effects of the acid type and concentration on

U and Mo leaching efficiencies are presented in Table (2). It is clear that,

trie best leaching efficiencies of both elements were obtained with HNO3

acid.

Dissolution of uranium could be achieved by using 50 g/L HNO3 at

the experimental conditions, while only 86.6% and 92% uranium leaching

efficiency could be obtained by using 50 g/L H2SO4 HCI respectively. On

the other hand, almost complete Mo leaching was achieved by using only

25 g/L HNO3.

However, H2SO4 was preferred in this study due to its availability

and low price in the local market.

Increasing the sulfuric acid concentration from 25-75 g/L led to the

improvement of the leaching efficiency of both uranium and molybdenum

from 62.0 to 99.6% and from 63.0 to 90% respectively (Fig. 2). It is clear

that by increasing the acid concentration to 100 g/L, uranium efficiency did

not increase, while Mo leaching efficiency increased to 99.5%. The

obtained uranium leaching efficiency is similar to that obtained by Mahdy

et at.. 2
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Table(2): Effect of acid type on the leaching of uranium and

molybdenum using uraniferous sample (No.3) from the vein-

like zone, Gebel Gattar.

Acid type
50 g/L

H,SO4

. HC1
HNO3

U. extraction
efficiencyf%

86.6
92.5
99.8

Mo. extraction
efficiency, %

82.6
93.0
99.5

Acid
consumption

g/L

14.2
15.5
20.2

By increasing the acid input, sulfuric acid consurnption steadily

increased from 14.2-72.2 g/L due to the dissolution of other gangue

constituents.

b- Effect of time :

Two series of experiments were done using 25 and 50 g/L H2 SO4

to study the effect of time on U and MO extraction efficiencies at the

mentioned experimental conditions. These series were proposed to fullfil the

reported conclusion by Mahdy ef al.> who mentioned mat increasing the

time from 30 min. to 6 hrs improved the leaching efficiency from 10% to

70% when using 25 g/L H2SO4. In addition, this work was performed to

complete the picture about the Mo leaching efficiency under the same

experimental conditions. In this work, when extending the time from 4 to

8 hrs using 25 g/L Ht SO4 as lcachant on the contact zone uranifcrous

sample, the uranium leaching efficiency was improved from 62% to 89%

(Fig. 3). Extending the leaching time to 12 hrs did not improve the uranium

leaching efficiency beyond this value. On the other hand, Mo leaching

efficiency increased from 63% to 83% by increasing the agitation time from
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4 to 12 hrs respectively. The acid consumption in these experiments was

also increased from 14.2-22.5 g/L.

In the second series, sulfuric acid leaching solution of 50 g/L was

applied upon the vein - like uraniferous zone sample 18. wliile the time

was varied from 1-12 hrs. Almost complete leaching of uranium was

achieved at 12 hrs., while Mo leaching efficiency was increased from 15.2

g/L in the first hr to 43.0 g/L after 12 hrs leaching time. (Fig. 4).

c- Effect of solid /liquid ratio :

The obtained results of studying solid /liquid ratio effect on uranium

and molybdenum leaching efficiencies are plotted in (Fig. 5). By increasing

the solid/ liquid ratio from 1/1 to 1/3 the uranium leaching efficiency

increased from 65.5 - 99.5 % while the molybdenum leaching efficiency

increased from 63.0 to 88.6%. The input leaching acid ( 50 g/L) was

consumed gradually from 18.5 to 36 g/L due to the dissolution of extra

rock constituents,

d- Effect of araln size :

A number of leaching experiments were performed on different ore

grain sizes to determine the proper or optimum surface area which should

be in contact with the leaching reagent. The study of particle size effect on

uranium and molybdenum leaching efficiencies showed to what extent the

uranium minerals are locked or sealed by the gangue minerals from the

acid. The tested grain size ranges from - 100 down to - 200 mesh size. The

obtained results revealed that - 200 mesh size is the best grain size used

where it gave a uranium leaching efficiency of 95.9 % (Fig. 6).



Summing up the agitation acid leaching of G.Gattar mineralized

samples from both the contact and the vein - like zone is feasible. A

complete uranium and molybdenum leaching could be achieved using

either:

-75 g/L H2 SO4 leaching reagent on samples ground to - 100 mesh

size for 4 hrs agitation time at room temperature using solid / liquid ratio

of-J/2. However, the molybdenum leaching efficiency would be 90%.

- 50 g/L RjSO,, at room temperature at solid / liquid ratio of 1/2 for

an agitation time of 12 hrs to obtain almost complete leaching of both

uranium and molybdenum.

B- Alkaline Agitation Leachine of G.Gattar U/Mo Mineralizations:

Mahdy ef a(.. 2 reported that only 50% uranium leaching

efficiency was achieved when using 50 g/L Nâ  CO3 alkaline leaching

upon Gebel Gattar uraniferous granites. Accordingly, they concluded that

Na^CO-j and / or NaHCO3 leaching needs more careful investigation

specially at high temperature and extended time. This was the start point of

this work in addition to study the leaching properties of Mo.

Four sets of experiments were thus performed to realize these

objectives. The effect of time has been studied by using Nâ  CO3 or

NaHCO3 while the effect of temperature was also studied using both

reagents.

a- Effect of time :

Fig.(7) Clarifies that the prolongation of agitation time from 4 to 8

hrs using 50 g/L Na^ CO3 or NaHCO3 while perfonning the leaching at

60'C, resulted in improving the uranium leaching efficiency from 45 to

95.1 %. However, the extention of leaching time beyond that uptill 24 hrs
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decreases the uranium leaching efficiency to 50.7% This was interpreted as

due to the production of the OH ion during the Na2 CO, leaching of the

G.Gattar uraniferous raw material, a matter that would lead to partial re-

precipitation of uranium . Incorporation of the

bicarbonate lixiviant would neutralize any OH radical. When applying the

NaHCO3 leachant and extending the time from 4-24 hrs, the uranium

leaching efficiency increased from 36% -72%.

On the other hand, the prolongation of time from 4-2,4 hrs using

either Nâ  CO3 or NaHCO, at the same experimental conditions led to

increase the Mo leaching efficiency from 60.3 to 99.2% and from 47.0 to

83.2% respectively.

b- Effect of temperature :

When applying 100 g/L Na, CO3 or NaHO3 for the leaching of the

G. Gattar uraniferous granites at 4 hrs agitation leaching and fixing the

other experimental conditions except the leaching temperature, a steady

increase of both U and Mo leaching efficiency was obtained (Fig. 8).

Accordingly, it was concluded that both the extenlion of the leaching time

and raising of the temperature axe necessary for the leaching of G. Gattar

raw material.

C- Alkaline Percolation Leaching of G.Gattar U/Mo Mineralizations :

In the previous work of Mahdy ef al., acid percolation leaching

upon G.Gattar uraniferous granites resulted in an excellent uranium leaching

efficiency in reasonable time (5-7 days with 1-5 g/L H2 SOd respectively)

However, alkaline percolation leaching was found to be poor and did not



exceed 50% uranium leaching. The poor leaching efficiency may be due to:

1- The relatively mild leaching efficiency of the alkaline leaching

regents.

2- The bad packing of the ore material (200 g ore ground to -100 mesh

size and packed in 3 cm diameter glass column).

3- The relatively short leaching time (36 days ).

4- The possible hydrolysis of the soluble uranium complexes during the

NajCO3 percolation leaching after its dissolution due to the lack of

OHion.

In this work , three 50 g. ore portions ground to - 100 mesh size

were packed separately in 1.5 cm diameter columns and subjected to

alkaline percolation leaching using 1.5 and 10 g/L NaHCO3 leaching

solutions. These experiments were extended for three months with a poor

down flow rate (1.65 mL/hr). The obtained results are presented in Fig.(9).

Only the uranium leaching efficiency was considered because Mo leaching

follows-Ln general-uranium leaching. From the obtained data it is clear that:

1- The three percolation leaching experiments resulted in total uranium

dissolution.

2- About 85, 94% and 95% uranium leaching efficiency was obtained

by using 1,5 and 10 g/L NaHCO3 respectively, after a percolation

time of 60,45 and 35 days.

D- Acid Heap Leaching of G.Gattar U/Mo mineralizations :

An acid heap leaching experiment was performed in a 11 cm radius

buchner funnel using a pile weighing 4 kg of sample 18 (vein-like zone),

showered with water for one bed volume (4 liters ). Afterwards, the heap



was sprayed regularly with 1 g/L H2SO< acid for 6 bed volumes. The

measured flow rate was found to be 100 rnl/lir. To accelerate the leaching

rate, the heap was then sprayed with 5 g/L H2 SO4 for another 6 bed

volumes. The obtained results showed that complete uranium leaching was

achieved. It is clear that when applying 1 g/L H2 S04 in the first 6 stages,

the uranium leaching efficiency did not exceed 48 % (10 days). However,

by increasing the acid concentration to 5 g/L H2 SO<, the uranium leaching

efficiency increased to 96% (Fig. 10) after percolation of another 3 bed

volumes (5 days).

E- Extraction of Uranium and Molybdenum from G. Gattar Mineralizations:

A pregnant liquor assaying 0.42 g U/L and 0.06 g Mo/L

was prepared and its pH was firstly adjusted with 5% NaOH

solution to 1.7 which is the optimum pH reported by El Hazek
3

M965J. Table (3) shows the analysis of the pregnant liquor that has been

passed on 10 g dry Amberlite IRA- 400 resin (packed in a glass column of

1.1 cm diameter giving a total height of 18.1 mL wet setteled resin, wsr).

A flow rate of 2.8 mL/min corresponding to a contact time of 3 min. was

used. The obtained adsorption data is plotted in Fig. (11).

From the obtained data, it is clear that the loaded uranium content

upon the used columns attains 1.18 g which corresponds to a capacity of

about 65.7 g. uranium /wsr. Referring to the resin theoretical capacity

determined by EL Hazek (1965) for Amberlite IRA - 400 resin (92.8 g

uranium / L wsr), the lower capacity of this work could be interpreted as

due to the adsorption of molybdenum which has a relatively high affimty
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to anion exchange resins.

In the present work, cliloride elution system was applied using IM

NaCl solution acidified with 0.15 N H,SO4. It should be emphasized that

the elution efficiency can decrease at higher chloride concentration due to

the formation of a complex of the type UO:Cr4.

The elution data are presented in Fig. (12). These data represent the

distribution of uranium in the eluate fraction, (15 ml), while the uranium

elution efficiency reached 95% .

It is worth to mention that the molybdenum in the pregnant solution

has also been adsorbed and eluted in much the same manner as uranium

under the same experimental conditions. This has been possible through its

sulphate complex [MoO(SO4)
n)J3(B " , 4

Table (3) Chemical composition of Gebel Gattar uranifcrous granite leach

liquor

Component

Fe,O,
SO4~

u
Mo

pH

Concentration
(g/L)

0.303
1.5
0.42
0.06

1.7

F- Proposed Technical Flowsheet:

On the basis of the obtained leaching and recovery results for the

treatment of G.Gattar mineralizations a flowsheet (Fig. 13) has been

proposed for the extraction of both uranium and molybdenum elements. The

input ore material assaying 420 ppm U and 228 ppm Mo is firstly ground
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Ha. (8): Effect of tamporalur* on laacning of uranium and
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to - 100 mesh size and leached by 75 g/L H2 SO4 in a solid / liquid ratio

of 1/2 at room temperature for 4 lirs agitation time. The obtained leach

liquor would assay 0.42 g uranium and 0.06 g Mo/L. After solid/liquid

separation and proper clarification, the liquor pH should be adjusted to 1.7

by 5% Na OH solution and allowed to pass through an anionic - exchange

resin column (Amberlite IRA - 400). Both uranium and molybdenum would

be adsorbed and resin sites of about 70 % and 30% are occupied by

uranium and molybdenum respectively. Elution of uranium and

molybdenum could be achieved by using 1 M NaCl acidified with 0.15 N

H2 SO4. The obtained eluate should be divided to rich fraction (splite

elution ) according to their concentration. The rich fractions are directed

to the precipitation circuit where their pH would be raised to 3.5 to

precipitate the iron cake. The free -iron filtrate would then be treated with

25% NH4 OH to pH 7.5 while heating to 60'C. Ammonium diuranate

(NH4)2 U2O7 (ADU) would thus be precipitated leaving Mo soluble as

ammonium molybdate in solution.

For molybdenum recovery, it is proposed in the suggested flowsheet

to treat the uranium filtrate by a tertiary amine.
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