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INTRODUCTION AND SUMMARY

On August 24, 1977, the amenability of Minerals Exploration's
Anderson Minel/ uranium ore samples to acid leaching and solvent
extraction was reported. This work showed that 87-93% uranium extrac-
tion can be achieved, but because of the ore's high carbonate and
organic content, the acid and oxidant consumptions were high and
settling rates were poor. No major difficulty was encountered in recover-
ing uranium from the leach solutions using tertiary amine SX-ammonium
sulfate stripping and yellow cake precipitation.

Additional laboratory scale test work on more recent drill core
samples was authorized by Minerals Exploration on December 2 , 1977,
to develop design criteria data on critical process areas for a conven—
tional one~-stage leach-SX flowsheet. The main objective of the test
program, which was directed by A. H. Ross & Associates, was to obtain
more detailed information on thickening and solvent extraction.

Six composites, representing the Anderson Mine ore body and
assaying from 0.044 to 0.098% U308 and from 1.6 to 9. 1% COZ’ were
leached under appropriate conditions to determine their uranium extrac~
tion, acid/oxidant consumption, and thickening characteristics. The
results were similar to those reported previously, with uranium extrac-

tions ranging from 85 to 95%, H_SO consumptionsz—/ from 137 to 538

2774
lb/ton, and NaClO3 consumption greater than 12 lb/ton.
The effect of grind, oxidant addition, acidity, and weathering
was determined next using a master composite of all six ores and a

composite of two ores which were difficult to thicken. Based on these

1/ Located near Wickenburg, Arizona.
2/ Total HySO4 added in 8 hours.
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results, the following near optimum leach conditions were established

which gave 90% uranium extraction for the six-ore composite:

Heads 0.064% U30g
Grind 0.6% plus 28-mesh
% Solids +40
Acidity 20 g/1 HyS0y4
HyS04 added 416 lb/ton
consumed 359 1b/ton
NaClO3 added 6.3 lb/ton
Temperature 750C
Time 6 hours
Residue 0.0063% U30g
Thickening/filtration Tested in detail by Enviro-Clear,
and Envirotech personnel.

Off-gases Some of the ores evolved obnoxious
' off-gases which had to be vented.

High uranium recovery was achieved from liquors prepared under
the above conditions in a continuous SX run using Alamine 336 extraction-
ammonium sulfate stripping. Because trace amounts of zirconium are
present in the leach liquors, some scum (equivalent to 0.6 gal/1000
gal organic) formed in the strip circuit but did not present any major
problem. In a commercial plant, some physical method of removing this
scum will have to be provided. Extraction/stripping isotherms and rates ,
phase separation rates, and organic short-term stability data were deter-
mined.

Yellow cake prepared from the ammonium sulfate strip solution

met all typical Allied Chemical and Kerr-McGee specifications.
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DESCRIPTION OF ORE SAMPLES AND COMPOSITES

During the week of November 21, 19 77, core samples from 35
drill holes were received from Minerals Exploration's Tucson office
as listed on page A—ll/. From these samples, which were already
crushed to minus 1/2-inch, six ore composites were made from approp-
riate holes and footages as instructed by Minerals Exploration personnel,
page A—Sl/.
in Table 1.

Analytical data for the composites A through F are given

To test the effect of leach variables, the ore composites were

made into master composites No. 1 and 2, and composite B+C as fol-

lows:
Weight %
Ore Master Master Composite
Composite Composite No. 1 Composite No, 2 B+C
A 16.67 16
B 16.67 14 39
C 16.67 22 61
D 16.67 19
E 16.67 21
F 16.67 8

These ores were not examined mineralogically.

1/ Appendix section.
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GRINDING

The minus 6-mesh samples were wet ground to appropriate grinds
for leaching in a steel ball mill for the first series with the individual
ore composites and master composite No. 1 and in a steel rod mill for
the latter tests. Screen analysis data are given in the appendix sec-

tion as follows:

Ore Mill Used Pagel7
Composite A~F Ball A-9
Master Composite No. 1 Ball A-12
Composite No, 2 Rod A-16
Composite B+C Rod A-15

Each ore composite was ground under similar ball mill condi-
tions to determine their comparative hardness , bage A-l3l/. Compo-
sites A, B, C, and E are similar in hardness and are the hardest of
the six composites. Composite D is less hard, and composite F is
the softest.

A Bond Work Index on composite B+C was determined to be

11.8 kwhr/ton when ground to 100% passing 28-mesh.

1/ Appendix section.
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LEACHING

Each ore composite and master composite No. 1 were leached
under conditions previously determined to be applicable for high uranium
extraction from Anderson Mine ores to determine if their leaching charac-
teristics were similar to earlier samples tested, Following these tests,
the effect of oxidant, grind, acidity, and weathering was determined
using master composites 1 and 2 and composite B+C.

All tests were batch leaches consisting of wet grinding 1.0 kg
minus 6-mesh ore to the appropriate grind using either a 7-5/8" diam
steel ball mill or rod mill and separating the ground ore by filtration or
settling. The solids were transferred to a 2-liter reaction vessel,
slurried to +41% solids, a £250-gram slurry sample was removed for heads
assay, the required amount of I-IZSO4 was added as 19 N I-IZSO4, the
slurry was heated to test temperature, 1/2 of the required NaClO, was

added, and, after two hours, the second half of the NaClO3 was aiided.
Interval and final slurry samples were taken and filtered for prime filtrate
(PF) and residue—l/ assay. The remaining slurry was allowed to stand
overnight at room temperature and used for thickening tests the next

day.

LEACH OF ORE COMPOSITES

Each ore composite and master composite No. 1 was leached at
minus 28-mesh grind, 35-43% solidsg/, pH 1, about minus 400 mvé/emf,
80°C for 12 hours. Pertinent test results, given in Table 2, show com-

posites A, B, C, D, and E are moderately difficult to leach (85 to 91%

1/ The residues were well washed with pH 1.5 H804,then HyO,

2/ Too viscous at higher % solids for proper stirring.

3/ Attempted to maintain emf at minus 400 mv although NaClO3 con-
sumption was high.
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U308 extraction) having high HZSO4 and NaClO3 consumption because
of their high carbonate and asphaltic material content, and their thick-
ening characteristics are poor. Composite F, which contains less car-

bonate and organics,responded better to leaching (95% U.O

30 extraction)

and thickened fairly well,
These results are similar to those previously reported for fresh

drill core samples received December 1, 1976 and January 17, 1977.

EFFECT OF GRIND

The effect of grinding master composite No. 1 to 2 and 8%
plus 28-mesh is given in Table 2, tests 7 and 9. Uranium distribution
in the screen fractions of these test residues » given in Table 3, show
significantly higher U308 assay in the coarser fractions.

Using master composite No. 2, the effect of grind was tested
at two acid levels, Table 4. With the lower acid addition (355 Ib
HZSO4/ton) there is an apparent increase in uranium extraction with
finer grinding. However, with the higher acid addition (417 1b HZSO4/
ton) finer grinding did not significantly improve extraction.

Better uranium extraction was obtained with finer grinding with

the higher grade composite B+C at both low and high acidity, Table 4.

EFFECT OF OXIDANT

Table 5 shows the effect of increasing 1\-TaClO3 addition from
2.1 to 28 lb/ton on leaching master composites No. 1 and 2, and com~
posite B+C., Uranium extraction increased by 1% (from 87.5 to 88.5%
for master composite No. 1) by increasing NaClO3 addition from 2,1
to 6.3 lb/ton. Adding an excessive 28 1b NaClOs/ton only increased the

extraction by an additional 1-1.5%,

hri



/“\\
\//

.

EFFECT OF ACIDITY

The effect of acidity is given in Table 6. These data show a
significant increase in uranium extraction from 83 to 88% by leaching
master composite No. 1 at 5 and 10 g/l free HZSO4. With master com-
posite No. 2 and composite B+C, increasing the free acid from 10 to
20 g/1 HZSO4, increased uranium extraction from 87-88 to 90-92%,

and increased HZSO4 consumption by 28-33 1b/ton.

EFFECT OF WEATHERING

It is anticipated that the Anderson Mine ore will be mined and
stockpiled before processing. The effect of stockpiling was determined
in an Accelerated Weathering test which consisted of sprinkling minus
6-mesh master composite No. 2 to 20% moisture three times per week,
and maintaining the ore in an oven at 50-55°C for four weeks. The
weathered ore and a control sample,which wereheld at room temperature
in a nitrogen atmosphere, were leached under various conditions for
comparison, Table 7. No significant leaching difference was apparent

between the weathered and control sample.

PULP DENSITY

Because of the high carbonate content of the ores, the leach
slurries became very thick during acidification and, to ensure proper
stirring during the first 2-3 hours of leaching, the slurries were diluted
to 36-43% solids. Leach tests at greater than 43% solids were not run.

Power requirements for mixing the leach slurry at 50% solids
were determined by Mr. D, W, Daigler of D, W. Daigler Company, the

Denver representative for Mixing Equipment Company, on February 7,
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‘1978. A 28-kg, minus 20-mesh composite of 39% A + 61% L was leached
at 50% solids, 400 lb HZSO4 and 6 lb NaClOs/ton ore, 75°C, in a 14"
diam 316 ss tank using a variable speed Lightnin® mixer with various
size ship~type impellers. Results of this test were reported directly
to A. H. Ross & Associates,

During this test with composite A+E, malodorous fumes were
evolved. The odor was not identified but it was quite obnoxious and

would require venting the leach vessels in a commercial plant,

OPTIMUM CONDITIONS

Based on the above data, near optimum conditions for leaching

Anderson Mine ore in a conventional one-stage system are:

Grind 1-2% plus 28-mesh
Pulp density 43% solids

Acidity 20 g/1 free H9S0Oy4
Oxidant 6 1b NaClO3/ton
Temperature 750C

Time 6 hour

Under these conditions, the following results were obtained:

Test 14 20
Ore Master Composite
Composite No, 2 B+C
Heads, % U3Og 0.064 0.091
Residue, % U30g 0.0063 0.0080
U30g extracted, % 90 91
HoS50,4 added, lb/ton 416 434
H9S0O4 consumed, lb/ton 359 383

hri



THICKENING

Comparative thickening tests run on each ore composite showed
that composites B and C had the slowest settling rates, Table 8., Com-
posite B+C was therefore chosen for detailed testing by Enviro-Clear
and Envirotech personnel during a three-week period starting January 23,
1978. Leach conditions used in preparing the slurries for the thickening
test work are detailed in the appendix section. Test results obtained
by Enviro-Clear and Envirotech were reported directly to A, H. Ross &
Associates and are not included in this report.

During the leach test work standard settling tests, using the
Kynch procedure were run to determine if any of the leach variables
significantly affected settling rates, Table 8. Fine grinding and exces-

sive NaClO3 addition appear to adversely affect thickening.

hri
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SOLVENT EXTRACTION

The response of leach liquor prepared by leaching mixtures of the
ore composites to uranium recovery by Alamine 336—(NH4)ZSO4 stripping
was determined in a continuous SX run during which 12 organic cycles
were accumulated. Extraction/sn*ipping isotherm and rates, scum forma-
tion, phase separation rates, and organic stability data were developed,
Sufficient strip solution was produced for yvellow cake precipitation

and analysis.,

LEACH LIQUOR

Approximately 500 liters of leach liquor were prepared in five
separate batches using composite B+C ore for the first two batches
and mixtures of each ore composite for the last three. Leach conditions
were minus 28-mesh grind, 41% solids, 20 g/l free HZSO4, 6 1b NaClOS/
ton, at 75°C for 6 hours. In the last three batches, SX raffinate was
used to wash the leach residue in order to build up liquor impurities,
Analytical data for batch 4 liquor which was used near the end
of the SX run are given in Table 9. Except for Zr, none of the liquor
impurities presented any SX difficulties, Trace amounts of Zr were
extracted and formed some scum (stable emulsion) during (NH4)ZSO4
stripping at pH 3-4,5. Molybdenum presented no problem since it was
not present in significant amounts in these liquors. Vanadium was

present in the reduced cationic form and was not extracted,
EQUIPMENT

The SX unit was of the mixer-settler type constructed of Byrex

glass and consisting of 2-1/4" diam, 150 ml capacity mixers throughout

hri
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and 2-1/4" diam, 1000 ml capacity settlers for the extraction and loaded
organic wash sections. For stripping, the settlers were decreased to
1-1/2" diam, 60 ml capacity in order to minimize organic inventory,
Solutions were metered by peristaltic pumps, and polyethylene pumping-
type impellers mixed and pumped the O/A phases countercurrently., In
the stripping circuit, the pH was measured in the aqueous stream which
was pumped from the point where the emulsion entered the settler,
through a jackleg which contained the pH electrode, and back to the
settler,

The circuit consisted of four extraction, one organic wash, and

three stripping stages. A photograph of the SX unit is given in Figure 1.

REAGENTS
The following reagents were used:

Organic 2.5 vol % Alamine (0.048 N amine)
+ 2.5 vol % isodecanol diluted in
Napoleum 470B kerosene. Starting
inventory = 4.0 liters, decreased
to 3.5 liters after 11 hours.

Organic wash solution PH 1.8 H2804

Strip solution 150 g/1 (NH4)2504, pH was adjusted
by injecting into the mixers 3.7 N
NH40H in stage 1, and 0.37 N NH4O0H
in stages 2 and 3.

SX RUN

Twelve organic cycles were accumulated in 77 hours of operation
during which 477 liters of leach liquor were processed, producing 3.33
liters of strip solution averaging 20 g/1 U308.' Test conditions and

results at the end of the run are given in Table 10. Other analytical,

hri
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3 consumption, and USOB material balance data are

given in the appendix section.

entrainment, NH

EXTRACTION

With organic loadings of 1.9-2.0 g/1 U308’ raffinates assaying
0.0005 g/1 U308 (or 99.7% U308 extraction from 0.16 g/1 U308 feed
liquor) were obtained during the last 45 hours of the run. Extraction
isotherms for the 12-cycle and fresh organic are given in Figure 2.

Five cc of a grey-colored scum containing 0.03 g solids (equiv-
alent to 0,01 gal scum/1000 gal liquor) accumulated in the loaded stage.
Spectrographic analyses of the scum solids showed (in %) 10+ Si, 5 U,

1 Na, 10 Al, 3 Fe, and 1 Ti, suggesting the solids were unfiltered leach
residue. A photograph of the scum is given in Figure 3.

The extraction rate is rapid, requiring <0.3 minute to reach
equilibrium, page A-100.

The raffinate discharging from the unit was sparkling clear

throughout the run.

ORGANIC WASH

The loaded organic was washed in one stage with 0.1 vol pH
1.8 HZSO4/vol organic (the O/A ratio in the mixer was maintained at
2/1 by aqueous recycle) to remove any aqueous entrainment (+0.07
vol % aqueous) and avoid contaminating the strip solution with leach
liquor impurities. No chemical or physical difficulties were encountered

in the organic wash step.

hri
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STRIPPING

Using 150 g/1 (NH SO4 and controlling the pH at 3.9-4.5

4)2
with NH4OH, 92-95% uranium stripping was achieved in three stages

producing 21-25 g/1 U3O strip solutions., Shake-out stripping isotherm

data using 12-cycle orgar811c and strip solutions from the SX unit at the
end of the run are given in Figure 4,
A brownish-white scum was formed during stripping which increased
at a constant rate until 15, 5, and 3 cc (equivalent to 0.4, 0.1, and 0.07
gal scum/1000 gal organic processed) were accumulated in stage 1, 2,
3 settlers by the end of the run. A photograph of the scum in stage 1
settler is givén in Figure 5, Spectrographic analysis of the scum solids
(£0.3 g) showed major U, 1% Si, 1% Zr, and minor amounts of other
impurities. Zirconium is probably the contaminant which caused the
scum to form,
Ammonia consumption for stripping was 0.41 1b NH3/lb U3O8 .
Stripping equilibrium is reached in <1 minute, page A~100,

ORGANIC STABILITY

Amine normalities of fresh and 12-cycle organics were 0.0484
and 0.0474 N, respectively, indicating no significant short-term amine
degradation. No inorganic foulants were detected spectrographically

in the barren stripped 12-cycle organic.

ORGANIC REGENERATION

Very slow phase separation was encountered when barren stripped
12-cycle organic was contacted with 50 or 100 g/1 NaZCO3. Although
the slight brown coloration which the organic had taken on during the

hri
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SX run was removed, a stable emulsion was formed which did not com-
pletely collapse even on standing overnight. Shake-out tests using
NaHC-O3 * Na2C03 solutions showed that stable emulsions are not
formed if the aqueous solution pH is maintained below 9. With 50 g/1
NaHCO3 (pH 8.3), phase separation is moderately rapid with only a
slight amount of brownish colored scum formed, and the brown coleration

is discharged from the organic. After the NaHCO scrub, the organic

3
responded normally to uranium extraction.

PHASE SEPARATION RATES

Extraction, organic wash, and stripping phase separation rates
. . 1 .
were determined by static and dynamic methods—/ using the 12-cycle
organic and aqueous solutions from the SX unit at the end of the run.

These data are summarized in Table 11, and Figures 6 and 7.

1/ Described in the appendix section.

hri
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YELLOW CAKE PRECIPITATION

A composite of the strip solution produced during the last 60

hours of the SX run was neutralized to pH 7.5 with NH OH to precipi-

tate the uranium as yellow cake., Simulating a continuius operation,
the 22 g/1 U308 strip solution and 7.2 N NH4OH were added simultaneously
over one hour at 40°C, the precipitate was allowed to settle, and the
clear supernate decanted off. The thickened slurry was filtered, the

precipitate washed with 10 g/1 (NH4)ZSO pH 7.5, then pH 8 NH ,OH,

4 4
and dried at 90-100°C for 12 hours. Test details are given in the appen-
dix section.

. Pertinent precipitation data are:

% U30g precipitated 99.9+
NH3 consumption 0.18 1b NH3/1b U3Og
Yellow cake, grade 87.2% U3Og
purity Meets typical refinery specifications,
Table 12,
S/L separation The precipitate settled and filtered
well,

hri
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SX RAFFINATE NEUTRALIZATION

A raffinate sample produced during the latter part of the SX run
was neutralized with reagent grade Ca(OH)2 at ambient temperature to
determine lime consumption and liquor assay at pH's 8.0 and 9.2. Test

results, detailed in the appendix section, summarize as follows:

Ca(OH)7 CONSUMPTION

Ca(OH)2 Consumption
pH lb/gal Raffinate lb/lb U30gl/

5.2 0.095 107

6.7 0.105 117

7.0 0.106 120

8.0 0.110 124

9.2 0.138 155

1/ The liquor before SX contained 0.17

g/1 U30g.
LIQUOR ASSAYS Analytical data for the raffinate and

pH 8 and 9.2 solutions are given in
Table 13.

hri
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Table ]

Analysis of Composite Samples

Composite A B c D E F
Wt, 1b 75 81 136 68 80 46
Specific gravity 2.36 2,41 2.28 2.38 2.41 2.47
Assays, in %
U3Og, radiometric, /8/73/ 0.065 0.11 0.10 0.066 0.040 0.049
B equiv  0.054 0.082 0.079 0.055 0.035 0.041
Y equiv  0.046 0.065 0.061 0.047 0.028 0.037
fluorimetric 0.064 0.092 0.084 0.066 0.042 0.049
volumetric 0.061 0.100 0.081 0.067 0.045 0.049
V205 0.089 0.062 0.15 0.10 0.066 0.14
Mo 0.005 0.008 0.015 0.006 0.008 0.002
CO2 8.0 9.1 3.4 2.7 6.2 1.6
POy 0.16 0.13 0.17 0,14 0.15 0.17
Cl <0.01 =<0.01 <0.01 <0.01 <0.01 +0.01
gTotal 0.48  0.70 1.08  1.03  0.96 <0.02
§pectroqraphicl/, in %
U 0.065 0.10 0.090 0.077 0.059 0.053
\Y% 0.02 0,008 0.03 0.02 0.02
Mo 0.005 0.01 0.02 0.008 0.02 0.003
Cu 0.01 0.007 0.01 0.005 0.01 0.01
Pb 0.004 0.009 0.003 0.01 0.004 0.01
As 0.008 0.007 0.01 0.008 0.01 0.004
Fe 2.3 1.7 1.9 2.7 2.1 1.8
Ni 0.004 0.004 0.002 0.005 0.003 0.002
Rb 0.02 0.02 0.02 0.02 0.02 0.03
Ba 0.04 0.06 0.05 0.08 0.07 0.07
Sr 0.08 0.1 0.09 0.08 0.1 0.05
Ti 0.03 0.05 0.08 0.07 0.05 0.1
Zr 0.03 0.04 0.03 0.03 0.04 0.03
Mn 0.04 0.03 0.04 0.04 0.04 0.02
Zn 0.02 0.02 0.02 0.02 0.02 0.02
Y 0.005 0.004 0.006 0.008 0.008 0.007
Se 0.005

1/ Semi-quantitative XRF scan, by Fluo-X~-Spec Lab, Denver, Colorado,
2/ Calculated radiometric U30Og assay from 8 and ¥ equivalents.
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Table 2

Summary of H2304 Leach Tests on Individual Composites and Master Composite No. 1 (1 of 2 pages)

Test No. 2 4 5 1 6 3
Book No, 1070- 5 10 12 4 14 6
Composite A B C D E F
Grind, % plus 28-mesh 2 2 2 3 4 2

% minus 200-mesh 53 53 50 62 52 68
% solids 39 35 43 40 41 43
Acidity, pH 1.0-1.1 1.0-1.2 1.0-1.1 0.9-1.1 1.0-1.1 1.0-1.1
Temperature, °C 80 80 80 80 80 80
Assay, heads, % U30g 0.064 0.092 0.084 0.066 0.042 0.049
Calculated heads, % U3Og 0.058 0.089 0.083 0.069 0.040 0.051
Leach time, hr 4 8 12 4 8 12 4 8 12 4 8 12 4 8 12 4 8 12
Residue, % U30g 0.0066 0.0070 0.0061 0.0079 0.0077 0.0074 0.0078 0.0095 0.0086 0.0084 0.0082 0.0081 0.0061 0.0061 0.0061 0.0020 0.0024 0.0024
% U308 extracted2/ 88.6 87.9 89.4 9l1.1 91.3 91.7 90.6 88.6 89.6 87.8 88.1 88.3 84.8 84.8 84.8 96.1 95.3 95.3
HZSO4 added, 1lb/ton 440 453 467 516 538" 548 250 266 278 204 223 223 374 397 397 121 137 144
NaClOj3 added, lb/ton 20 21 27 25 30 30 32 32 32 30 30 44 26 31 31 12 12 12
emf (-mv) 420 400 440 430 420 370 430 340 330 390 360 390 410 390 350 720 720 710
Thickening test
Initial pulp, % solids 20.8 20.4 20,2 20.8 19.8 20.3
Flocculantd , Ib/ton 0.14 0.15 0.15 0.14 .15 0.15
UA, ft2/ton solid/day 8.9 15 11 9.1 7.8 6.0
Thickened pulp, % solids 43 40 42 47 41 46

1/ Separan MG 200,

2/ Based on calculated heads.
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Table 2 (2 of 2 pages)

Test No. 9 8 7 10 11 12
Book No. 1070- 28 26 24 36 38 40
Composite Master Composite No. 1 Master Composite No. 1 Master Composite No. 1 Master Composite No. 1 Master Composite No. 1 Master Composite No. 1
Grind, % plus 28-mesh 1.3 1.3 8 2 : 2 2

% minus 200-mesh 53 53 45 53 53 53
% solids 37 39 39 39 38 38
Acidity, pH 1.0-1.1 1.5-1.6 1.0-1.1 1.0-1.1 1.0-1.1 1.0-1.1
Temperature, °C 80 80 80 75 75 75
Assay, heads, % U30g 0.063 0.064 0.064 0.064 0.065 0.066
Calculated heads, % U3Og 0.071 0.059 0.069 0.065 0.065 0.063
Leach time, hr 4 8 12 4 8 12 4 8 12 4 6 10 4 6 10 4 6 10
Residue, % U30g 0.0084 0.0079 0.0080 } 0.010 0.011 0.012 0.0086 -0.0081 0.0086 | 0.0085 0.0081 0.0084 0.0075 0.0075 0.0085 | 0.0076 0.0081 0.0076
% U30g extracted?/ 88.2 88.9 88.7 83.1 81.4 79.7 87.5 88.3 87.5 86.9 87.5 87.1 88.5 88.5 86.9 87.9 87.1 87.9
H2504 added, 1b/ton 332 352 371 275 278 281 324 337 356 343 348 369 340 340 361 336 336 357
NaClOj3 added, lb/ton 18 22 23 20 . 25 28 18 21 23 2.1 2.1 2.1 6.3 6.3 6.3 13 13 13
emf (-mv) 370 370 390 420 370 360 385 400 390 350 330 330 365 340 340 370 345 345
Thickening test i ;
Initial pulp, % solids 20.4 20.4 19.9 N/D N/D N/D
Flocculanti/, 1b/ton 0.15 0.15 0.15
UA, ft2/ton solid/day 11 8.0 7.6
Thickened pulp, % solids 41 47 43

1/ Separan MG 200.

2/ Based on calculated heads.

hri
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)
Table 3
Screen Analysis and U30g Distribution in
Residue Samples from Tests 7 and 9
Leach Size Wt Assay U30g Distribution
Test Mesh % % U30g %
No. 7 +14 1.2 0.028 4.3
14x20 1.6 0.019 3.7
(Book No. 20x28 3.6 0.015 6.7
1070-24) 28x35 3.4 0.013 5.5
30x48 6.9 0.013 11.1
48x65 6.8 0.011 9.2
65x100 7.3 0.0088 7.9
100x150 7.6 0.0075 7.0
150x200 6.5 0.0063 5.1
200x270 4,7 0.0045 2.6
270x325 1.4 0.0041 0.7
\/’ / -325 49.0 0.0060 36.2
: Calculated 100.0 0.0081 100.0
Assay 0.0086
No. 9 +20 0.5 0.033 2.3
20x28 0.9 0.016 2.0
(Book No. 28x35 1.5 0.013 2.7
1070-28) 35x48 4.3 0.013 7.7
48%65 6.4 0.011 9.7
65x100 8.2 0.0090 10.2
100x150 7.6 0.0078 8.2
150%x200 7.2 0.0077 7.7
200x270 6.4 0.0063 5.6
270x325 3.3 0.0053 2.4
-325 53.7 0.0056 41.5
Calculated 100.0 0.0072 100.0
Assay 0.0080
N
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Table 6

Effect of Acidity

Master Composite No, 1 Master Composite No. 2 Composite B+C

Grind Ball mill/11 min Rod mill/5 min Rod mill/5 min

% plus 28-mesh 1.3 0.6 0.5

% minus 200-mesh 53 44 47
% solids 38 40 42
NaClOj addition, lb/ton 23-28 6.3 6.3
Temperature, ©C 80 75 75
Test No. 8 7 13 14 22 23

Master Composite Master Composite Composite

Ore No. 1 No, 2 B+C
Acidity3/, g/1 HySO4 5 10 10 20 10 20
H7S04 added, lb/ton 2781/ 3521/ 355 416 372 434
Heads, % U3Og 0.061 0.067 0.066 0.064 0.088 0.091
Residue, % U30g

4-hr 0.010 0.0084 0.0080 0.0066 0.011 0.0073

6-hr 0.011y 0.0079y 0.0080 0.0063 0.011 0.0080
U30g extracted, %

4-hr 84 87 87.9 89.7 87.5 92,0

6-hr 2L/ 88/ 87.9 90.1 87.5  91.2
H7804 consumed, lb/ton

4-hr 323 355 347 375

6-hr 329 359 350 383
Thickeningy

UA, ft2/TPD 4.2 4,1 3.5 4.0

Final pulp, % solids 43 38 36 36
1/1In 8 hr.

2/ Initial pulp - 14-15% solids, flocculant added = 0.2 1b Separan MG 200/ton.
3/ At 6 nr.
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Table 7

Effect of Weathering

.

Ore Master composite No. 2
Weathering conditions
Grind Minus 6-mesh
Moistening Moistened to 20% H70O, 3 times per week
Temperature 50-55°C, in air atmosphere
Time 4 weeks

"Control" ore

Common leach conditions

Stored in nitrogen atmosphere at 22-25°C

Grind Rod mill, 5 min

% solids 39-42

Leach time 6 hr
Test 28 29 30 31
Ore Weathered Weathered Control Control
H7S504 added, 1lb/ton 374 446 448 373
H9S804 consumed, lb/ton 331 362 354 325
NaClO3 added, 1b/ton 2.0 6.2 2.0 6.2
Temperature, ©C 60 60 60 60
Heads, assay % U30g 0.069 0.067 0.064 0.064

calculated % U30g 0.068 0.066 0.068 0.069
Residue, % U30g 0.0082 0.0070 0.0067 0.0077
% U30g extracted - 88.0 89.4 89.8 88.4
Test 32 33 34 35
Ore Weathered Weathered Control Control
H2S804 added, 1b/ton 441 375 374 445
HyS04 consumed, 1b/ton 364 339 338 375
NaClOj3 added, lb/ton 2.0 6.2 2.0 6.2
Temperature, °C 75 75 75 75
Heads, assay % U30g 0.066 0.066 0.064 0.066
calculated % U3Og 0.067 0.063 0.065 0.062

Residue, % U30g 0.0070 0.0070 0.0066 0.0058
% U30g extracted 89.5 89.1 89.8 90.9
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Table g

Analysis of Leach Liquor (Batch 4) Used at

End of Continuous SX Run

1. Chemical

g/l
U30g 0.17
Vo0Os5 0.13
Mo <0.001
Al 1,18
Si 0.077
Mg 1.80
Fe 1.78
Ca 0.31
Cl 0.31
POy 0.32
S04 34.5
Hp804 14
Total diss. salts 43.7
Spectrographic (qual/semi-quantitative)

Emission XRF
U 0.2
Si 0.04
Al 1
Fe 2 1
Ca 0.3
Mg 2
Na 3
Ti - 0,03
Mn 0.1 0.04
Cr 0.003
\ 0.03
Sr 0.0005 0.02
Cu 0.002
Zn 0.03
Pb 0.002
Ni 0.003
Ba 0.004
2r 0.004
Mo 0.003
Y 0.001
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Table 10

Test Conditions and Results at End of SX Run

Organic

Organic wash solution

Strip solution

2.5 vol % Alamine 336 + 2.5 vol % isodecanol

in Napoleum 47

0B kerosene

Amine normality = 0.048 N

pH 1.8 HS0,

150 g/1 (NH4)2804, pH adjusted with 3.7 N
NH4OH in stage 1, and 0,37 N NH4O0H in

stages 2 and 3.

Organic
Extraction Wash Stripping
No. of stages 4 1 3
O/A ratio in mixer 0.6 2 1-3
Flow rate, ml/min
Organic 9.33 9.33 9.33
Aqueous 101 1.03 0.46
Recycle 60 (O) 4 (B) +4 (A)
NH40H, stage 1 0.089
2 0.12
3 0.088
Contact time, min/stage 0.9 10 10
Temperature, °C 23 23 23
Strip pH, stage 1 3.7
2 3.9
3 4,2
Circuit profile
a/1 U302/ a/1 Mo¥/
Stage Aqueous Organic Aqueous Qrganic
Feed liquor 0.173 <0.001
organic 0.20 0.015
Extraction E4 0.0006 0.20
E3 0.0007 0.14
E2 0.0033 0.53
"El 0.038 2,04
Organic wash 0.012 2.09 0.038
Strip S1 20.5 0.61 0.18
52 9.41 0.22
S3 2,31 0.015

1/ Maintained organic continuous.

2/ 2/8/78 assays.
3/ 2/7/78 assays.
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