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Heap leaching offers important economic advantages over

conventional leaching processes where finely divided ore is treated

in agitated vessels. Heap leaching, however, has generally lower

yields than conventional leaching (10 to 20% less) and recovers a

smaller net amount of uranium from a given amount of ore. Leach-

ing efficiency can be improved by heating leach or wash solutions

but the cost of heating a large heap (containing hundreds or thousands

of tonnes of ore) using conventional heat sources would be prohibitive,

The objective of this research contract is to study a) the design,

construction and operation of simple and inexpensive solar heaters

to be used in conjuntion with heap leaching, and b) the use of heated

solutions in selected parts of the heap leaching process.

I. Construction and operation of simple solar heaters.

Two solar heaters have been constructed using inexpensive

and readily available materials, such as flat glass panes, glass tubing

and corrugated metal sheets. These heaters are described below:
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channel and one tube on the center of the channel, 1.5 cm above

the bottom. The glass tubes are 1 m long each, with an inside

diameter of 6 mm. The tubes are painted black on the outside .

This assembly is enclosed in a wooden frame 30 cm high and

covered with a glass pane. Under optimum conditions this heater

produced temperature differentials of 50' C at the fixed flowrate

of 30 ml/min. Water temperature increased from 17 to 67°C.

The heater was therefore collecting 30x50=1500 calories/min or

1476 calories/min/m^. Heater A was then about 3 times more

efficient than heater B on an area basis. Both heaters appear to

produce adequate temperature differentials for the purpose in

mind.

II. Leaching experiments at elevated temperatures.

Three sets of experiments were performed to determine

the effect of elevated temperatures upon percolation leaching

efficiency. All experiments were performed using ore from "El

Nopal" orebody, located about 45 km north of the city of Chihuahua

in northern Mexico. The ore and the experiments are described

below.

"EL NOPAL" ORE

This ore has been studied fairly extensively in prior

work (1,2). Uranium bearing species are deposited in acidic volcanic

rocks (tuffs and rhyolites). Both primary and secondary mineral

species have been identified: pechblende and uraninite (primary),



-4-

and uranophane, meta-uranophane, weeksite and soddyte (se -

condary). Kaolinite, hematite, goethite and quartz are also pre-

sent. The rhyolites are partially brecciated and silicified. Some

mineralization is present in rock fissures and some is within the

host rock itself. Some of the secondary mineralization within the

rock is in the form of small vesicles (about 1 mm in diameter)

coated with quartz. This mineralization requires, of course, fine

grinding for complete liberation.

CONVENTIONAL LEACHING OF "EL NOPAL" ORE

The "Nopal" ore contains about 50% SiO2 and responds

well to conventional alkaline leaching and to conventional acid

leaching (in agitated and heated vessels). A series of experiments

was performed with ore ground at 80% minus 65 mesh, 1/1 solids

to liquid ratio, sulfuric acid at 60 kg/tonne of ore, 4 hours resi-

dence time and no oxidant. The effect of temperature upon percent

recovery was as follows:

TEMPERATURE

40°C

50°C

60°C

80°C

There is a definite increase

PERCENT RECOVERY

85.81%

85.54%

86.52%

88.15%

in extraction as a function of



-5 -

temperature. The relationship is practically linear with a slope of

about 0.6% extraction for every 10°C.

PERCOLATION LEACHING OF "EL NOPAL" ORE AT ELEVATED
TEMPERATURES

Percolation leaching of "El Nopal" ore was performed in

polyvinyl chloride (PVC) columns 150 cm high, with 15 cm internal

diameter and insulated with a 3 cm layer of fiberglass. Leach solu-

tions were pumpedt» the top of each column using reciprocating

metering pumps. After percolating through the column the solution

drained into a glass beaker placed on a thermostatically controlled

500-watt electrical hot plate used to maintain the required tempera-

ture. From the beaker the leach solution was pumped back to the

top of the column. Temperatures were monitored at the top and

bottom of each column and in each glass beaker. The ore bed itself

was 122 cm deep. The following conditions were held constant in all

experiments:

Charge : 30 kg of ore

Mesh size : 100% at minus 1.5 inch

(U.S. Standard Series)

Acid content : H2SO4, 50 g/1

Flow density : 1001/hr/m2

Electrical heaters were used for ease of operation but tem

peratures were held within or nearly within the maximum attained by

solar heaters described in the previous section.
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EXPERIMENT A

Four columns were operated at 20°C, 30°C, 40°C and

50° C respectively. Leaching solutions were recirculated during

240 hours. Each column was then washed with 55 litres of fresh

water. Percent recoveries were calculated based on analysis of both

the solutions and the solid residues. Solutions were analysed colori

metrically. Solid samples were analysed colorimetrically and by

fluorimetry. Analytical procedures were checked against IAEA ura_

nium oxide standards. Results were as follows:

Ore grade: 0.3871% U3O8

^ERY PERCENT RECOVERY
sis) (solids analysis)

88.75

85.24

83.73

89.75

This experiment was performed on low grade ore (0.0338%)

and using wider temperature intervals over a wider range. In addition

the entire experiment was run with one replication. Eight columns were

operated in four sets of two at 20° C, 40° C, 60° C and 70° C respectively.

Leaching solutions were recirculated during seventy-two hours .

Each column was then washed with 55 litres of fresh water. Percent

COLUMN
TEMPERATURE

20°C

30°C

40°C

50° C

EXPERIMENT B

PERCENT RE'
(solutions ar

88.81

86.45

84.24

90.03
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recoveries were calculated as in experiment A. Results were as

follows:

Ore grade: 0.0338% UgOg

COLUMN PERCENT RECOVERY PERCENT RECOVERY
TEMPERATURE (Solutions analysis ) (solids analysis)

20°

40°

60°

70°

C

C

C

C

34.

43.

36.

41.

42

93

53

30

45.97

45.97

46.03

46.03

40.46

39.58

37.27

39.71

45.97

45.97

46.03

46.03

Two results are given for each set of conditions because

the entire experiment was replicated once, as indicated earlier. Re-

sults in the first column of solutions analysis correspond with results

in the first column of solids analysis. Percent recoveries were about

one half of those obtained in Experiment A but this was expected

because of the much lower grade of ore and the shorter recirculation

time used.

EXPERIMENT C

This was similar to Experiment B except that high grade ore

was used again. Eight columns were operated in four sets of two at

20°C, 40°C, 60°C and 70°C. Leaching solutions were recirculated

during 72 hours. Each column was then washed with 55 litres of fresh

water. Percent recoveries were calculated as in experiments A and B.

Results were as follows:



Ore

COLUMN
TEMPERATURE

20° C

40° C

60°C

70°C

- 8 -

grade: 0.4224% UgOg

PERCENT RECOVERY
(solutions analysis )

80.66 82.91

72.34 80.19

81.55

76.90 77.31

PERCENT RECOVERY
(solids analysis)

79.25

76.86

79.49

80.47

86.

77.

84.

59

52

57

Two results are given for each set of conditions except for

the run at 60°C in which one of the columns was rendered inoperative

because of a pump failure.

III. Discusion

A cursory examination of the results fails to show a defini-

tive pattern. At first sight there seems to be no particular correlation

between temperature and percent recovery. Taking overall averages

of all the results obtained at a given temperature one obtains the

following table:

EXPERIMENT A EXPERIMENT B EXPERIMENT C
Temp. Percent Temp. Percent Temp. Percent

20°

30°

40°

50°

C

C

C

C

recoveries

88.78

85.84

83.98

89.91

20°C

40° C

60°C

70°C

recoveries

41.70

43.86

41.46

43.26

20(

40'

60c

70c

3C

'C

'C

'C

recoveries

82.35

76.73

80.52

79.81
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In experiments A and C percent recovery appears to

decrease and then increase again as a function of temperature .

In experiment B percent recovery appears to increase, then

decrease and finally increase again. This is probably a real

effect but we are not yeat able to explain the cause.

IV. Conclusion

Overall results have been somewhat disappointing .

There is no doubt that simple, rugged and fairly inexpensive

solar heaters can be used to increase the temperature of leach-

ing and washing solutions: An increase in the temperature of

solutions in heap leaching is probably beneficial but we have been

unable to prove this point conclusively at least in regard to ore

from "El Nopal. "

V. Future development

Additional work is being planned. A larger heater

similar to Heater A will be built and operated. More experiments

will be performed using uranium ores from other Mexican locali-

ties. Experiments will also be done using solar heating in con-

junction with bacterial leaching using Thiobacillus sulfooxtdans

or Thiobacillus ferooxidans. Some columns will be instrumented

in order to obtain data for a detailed energy balance.
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