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Number of operating days (September, 1935) 30

Operating hours 692
Lost time, per cent 3.89
Tons of feed 5,802
Total gallons of oil 55,182
Number of men per shift 1.3
Electric power per ton of feed,

kilowatt hours 19,050
Gallons oil per ton of feed 9.5
Flectric power per ton of feed,

kilowatt hours 3.3
Cost per ton of feed:

0il $0.555

Power 0.050

Labor ' 0,072

Total $0.677

An operation at Anzeu, South Manchuria, described in the same
report, where 120 tons of iron oxldes per day were magnetically roasted
in a shaft-type furnace, showed the following costs:

Cost per ton:

Combustion fuel-pulverized coal $0.124
Reduction fuel-coke oven gas 0.4T7
Power and electricity 0.033

Total $0.634

Both of the above furnaces are of a type applicable for roasting Cartersville
manganege-iron ores. The magnetic roasting of iron ores is not essentially
different from the roasting of manganese-iron ores, provided both have the
general physical characteristics required for shaft furnace operation.
Therefore, these costs can be considered as representative of comparable
operations on the Cartersville ore. Operating costs will vary with the
capacity of the furnace. Computations based on the above large scale
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commercial operations and the small pilot-furnace tests indicate that
for a roasting furnace of two tons per hour capacity, the cost of operating

would be less than $1.50 per ton.

Additional Magmetic Separation Testg

In an effort to improve the macgnetic senaratioms , a large
number of small scale laboratory separators were made using various ore
sizings and elternating current as well as direct current separators.

The results of some of these tests are given and discussed in this section
of the report.

The failure of the two metal oxides to completely separate is
difficult to explain. The guestion of locked grains has been gtudied
and the results show that good liberation is obtained even in sizes as
coarse as one-half inch with 95 per cent liberation at -4 mesh., Complete
liberation is not attained by grinding to very fine sizes and this 4
or 5 per cent of iron in the mangsnese is thought to be intimately associated
with the manganese and not capable of being liberated at any practical

ore size.

Wet Tube Separator Tests

A separation of the roast of pilot-furnece Test No. 4 (very
similar to Test No. 12), which was ground to pass through a 200 mesh
screen, is shown in Table IX. This separation was made in a modified Davis
Tube Wet Separator (5). This separator consisted of an inclined tube

filled with water with the poles of a strong magnet resting against the
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TABLE IX

WET TUBE SEPARATION OF ROASTED ORE NO. 4

— e ——
=

[ —

Product Per Cent Analysis, Per Cent Per Cent Total
Weight Mn Fe Insol. Mn Fe Insol.

Magnetic No. 1 12.4 13.63 47.07 10.02
Magnetic No. 2 1..3 21.13 35.71 14.24
Magnetic No. 3 23.8 38.38  18.94  19.78
Magnetic No. 4 14.2 43.88 10.82 25.58

Nonmagnetic 353 43.88 14.34 15.52
Combined Mag. Conc.

12.4 13.63 47.07 10.02 4.8 26.5 7.8
Middlings 38.1 32.2 25.2 17.6 35.5 43.5 39.90
Combined Nonmag. 49.5 438 13.3 18.2 60.7 30.0 53.2

Heads (Calc.) 100.9 35.8 22.02 17.10 100.0 100.0 100.9
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sides of the tube. The ore was made into & slurry and poured through
the water-filled tube with the magnet at different intensities. In
settling through the magnetic zone, the magnetic particles stick to the
sides of the tube and the non-magnetic material settles to the bottom of
the tube and is drawn off. By using sufficient megnet strength, the tube
can be rotated, allowing the particles to roll over one another, liberating
entrapped non-magnetic particles. Washing can also be performed. In this
way clean separations are possible. This separator has been used with
remarkable success by many investigators and is especially valuable in
testing fine ores.

Note in Table IX that no greater selection in the separation
is possible even in this fine size. It was also found that dry separations
in the "KS" Separator at fine sizesdid not improve the separation over
dry separations at -4 mesh. Therefore, it appears that close sizing of the

product does not improve the separations appreciably.

Alternating Current Separator Tests

Two primary causes for the relatively poor separations have been
advanced as a result of study of our test results:

(1) The high permeability and high coercive force of the manganese
minerals causes the mangasnese to be removed in the magnetic fractioms.

(2) The high permeability of the sy;thetic magnetite causes
induced magnetism in the manganese and it is removed along with the iron.

In many instances an alternating current separator has given

improved results over a direct current separator when separating minerals



32
with high permeabilities (6), (7), and (8).

To determine if an altermating current separator would zllow
improved results, a laboratory model was constructed. This separator
consisted of an alternating current relay with a laminated core in series
with a variable transformer which was in turn in series with a 120-volt,
60-cycle line. The separator permitted sufficiently accurate control to
permit regulating the magnet intensity and the distance of the ore from
the magnet, tlus removing products of decreasing susceptibility. Table X
shows the results of a typical separation with this alternating current separator.
Roasted ore, -4 mesh, from furnace Test No. 12 was used as the feed., Three
magnetic fractions were removed and the products were analyzed and combined
without a middling product to give the results shown in Table X.

To determine the influence of cycle changes in using an alternating
current magnet, the laboratory magnet and variable transformer were placed
in series with a rotary converter and the results are tabulated in Tgble XI.

No improvement in separation was apparent.

Variations in Reducing Roagt to Improve Separation

A study of the possibilities of improving the separation by a
more intense reducing roast with production of sponge iron was made. In
this test -4 mesh ore was roasted with 35 per cent of -200 mesh coke in a
mffle furnace. The charge was heasted for three hours at 9500 Ce The
results obtained by the magnetlc separation of this product sre shown in

Table XII .



TABLE X

A.C. MAGNETIC SEPARATION
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Product Per Cent Analysis, Per Cent Per Cent Total
Weight Mn Fe Insol. Mn Fe Insol.
Magnetic 59.9 15.47 42.98 12.12 35.3 86.0 49.0
Nonmagnetic 40.1 42.34 10-47 18.78 &07 14.0 50.9
Beads (Calc.) 100.9 26.3 30.00 1.8 100.0 100.0 100.90




EFFECT OF CYCLE CHANGES ON A. C. SEPARATION

TABLE XI
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Product Cycles Voltege Per Cent Analysis, Per Cent

Teight M Fe  Insol.
A. Mag. Conc. No 1 Fal 20 18.9 5.28 54.97 7.46
Msg. Conc. No. 2 21 45 20.0 6.60 52.51 9.8,
Mag. Conc. No. 3 21 40 14.9 R4 42 30.08 14.82
Tails - - 46.2 38.50 9.20 18.82
B. Mag. Conc. No. 1 60 55 22.5 5,38 57,3  17.96
Mag. Conc. No. 2 60 70 19.5 10.08 50,1 11.36
Msg. Conc. No. 3 60 100 12.0 25.42 31l.4 13.98
Mag. Conc. No. 4 60 110 17.2 37.41 16.5 16.66
Tails -~ - 28.8 40,88 7.4  20.40
C. Mag. Conc. No., 1 11 55 20.9 6.16 55.52 "71.26
Mag. Conc. No. 2 114 70 16.4 6.93 51.97 9.78
Mag. Conc. No. 3 11/ 75 17.2 23.42 31.73 14.20
Tails - - 45.5 38,72 9.85 20,20




TABLE XII

MAGNETIC SEPARATION OF SPONGE IRON ROAST

35

Product Per Cent Analysis, Per Cent Per Cent Total Magmet

Weight  Mn  Fe Insol. Mn Fe Insol. Resistance

Magnetic No. 1 5.2 4.03 82.79 9.04 0.7 12.5 2.6 10,000 chms

Magnetic No. 2 29.8 6.94 72.18 14.15 7.2 6l.2 21.9 5,000 ohms

Magnetic No. 3 15.7 27.23 32.51 21.50 14.8 4.5 17.7 2,000 ohms

Magnetic No. 4 2255 43632 LoABERInA9E0n L33 5 u8.9 22,9 500 olms

Nonmsgnetic 26,7 47.26 3.58 23.86 43.8 2.9 34.9

Heads (Calc.) 100.0 28.9 35.1 19.2 100.0 100.0 100.0
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Inspection of Table XIT indicates that an appreciable amount of
metallic iron was made. The amount of metallic iron here cannot be
determined accurately due to the faect that analysis for metallic ironm,
ferrous oxide, and ferric oxide are confused by the oxidization effect
of the manganese oxide present. In some attempts to make such an analysis,
it was found that the amount of oxidization during volumetric analysis was
dependent upon the amount znd type of manganese oxide present in the
sample. Metallic manganese had little or no effect. A study of other
methods of analysis for these products revealed lengthy and somewhat
doubtful successes, so that further attempts were abandoned.

A calculation of analytical percentages does reveal the metallic
iron present. Celculating the manganese present as MnO and leaving the
iron as metallic iron gives: Concentrate No. 1, 97.03; Concentrate No. 2,
95.28; Concentrate No. 3, 89.31. Assuming that the undetermined constituent
of the concentrates is oxygen, it follows that the first two concentrates
are almost wholly metallic iron, and the other concentrate probably
contains an appreciable percentage of metallic iron. The charge is
probably "over roasted." This intense reduction allowed no better
selection in the magnetic separation than when only megnetite is made.

The concentration was essentislly the removal of oxygen from the iron.
To produce such & product commercially would be very expensive and would

offer many difficulties.

Magnetic Separation Tests on Hand-Picked Sample

An interesting test was made by hand picking manganese minerals
from crude ore Sample No. & (feed to pilot-furnace Test No. 12) which were

entirely free from iron viewed under the microscope. This sample was crushed
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to —4 mesh end resampled. This matericl was given a roast with 10 per
cent -200 mesh coke in a muffle furnece for a time of one hour. The
results upon megnetic separation are shown in Tgble XIII.

Note in Teble XIII how the iron content of the manganese decresses
with decreessed magnetic susceptibility. This test indicates that 40 per
cent of the mangenese minerals are "megnetlic."™ Grinding this sample to
=200 mesh end separating in the Davis Tube at very high magnet intensity
gave the results shown in Teble XIV.

In Teble XIV note that much more manganese wes removed &t the high
megnet intensity thean in Table XIII. Thus it apoears that only the very
purest mangsnese minerals are 'mon-megnetic." However, caution should be
exercised in stating that this iron content of the mengsnese alone is the
cause of poor mangsnese-iron separations. It must be remembered that the
liberated magnetite hags a relative magnetic strength of at least forty
times the relative magnetic strength of pure mangsnese minerals (see
Table I). The influence of this unliberated magnetite contained in the
mengsnese minerals (without bringing other forces into play, such as
permeability and coercive force) cannot influence the magnetism of the
mangenese greater than the extent of ite iron content. To approximate the
influence of the magnetite content of the mangsnese minerals, we can assume
thet the manganese containing 18.75 per cent Fe, or 25.8 per cent F33Q4(of
which only 5.2 per cent exists as shown in Taeble XIII, Magnetic Concentrate
No. 1) would have a relative magnetic strength of:

40.18 x 25.8% or 10.3 (see Table I, where relative magnetic

strength of magnetite is given as 40.18

and MnO as 0.65)
10.3 plus (74.2% x 0.65) or 10.&



A. C. SEPARATION OF HAND-PICKED MANGANESE MINERALS

TABLE XIII
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Product Cycles Voltage Per Cent Anslysis, Per Cent
Teight Mo Fe Insol.
Msg. Conc. No. 1 60 100 Sl 41.72 18.72 6.92
Mag. Conc. No. 2 60 70 9.1 48.72 11.02 7.36
Mag. Conc. No. 2 60 50 11.7 54,..60 6.06 6.02
Mag. Conc. No. 4 60 40 13.9 57.12 sl 5.54
Non-magnetic 60.1 59.26 1.65 5.38
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TABLE XIV

WET SEPARATION OF -200 MESH HAND-PICKED MANGANESE MINERALS

Product Per Cent Analysis, Per Cent Per Cent Total
Mn Fe Insol. Mn Fe Insol.
Magnetic 75.0 53.33 5.53 5.79 TRe4 9507, 90.7

Non“magnetic 25 .O 61.05 loll 1.80 27.6 6.3 903




40
This velue of relative magnetic strength is still only one-fourth as much
as pure magnetite. If, however, the magnetite contained 75.2 per cent
unliberated pure manganous oxide, its relative magnetic strength would be
approximetely the same as the mengsnese oxide containing 25.8 per cent
magnetite. It hardly seems probeble that this is the cause of such poor
seperations. As we hsve expressed, they are more due probably to the high
permeability of the iron or the manganese minerals themselves. To determine
this fact is quite out of the scope of our laboratory investigations.

Various other schemes ﬁave been tried for improving the separations.
Regrinding of the middling gives no improvement. Schemes involving the use
of both alternating current and direct current magnets intermittently have
not indicated a promising trend. To obtain improved results over those
obtained at present, appears impossible until more information can be
gathered so that the cause of poor separations will be pinned down to one
known condition and a practical meens adopted to overcome this condition.

For ingtence, if it were definitely determined that the high permeability
of the manganese minerals were the cause of the failure to make a clean
separation, a study to elther reduce this high permeability, inherent in the
roasted product, or to nullify its effect by using & specially designed
magnetic separator might solve the problem,

In regaxd to the reduction of the effect of high permeability, it
may be stated that the effect of temperature of roasting influences this
condition and a study of temperature versus permeability might be enlightening.

In regard to the type of magnetic seperator adaptable, R. S. Dean
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end C. W. Davis (8) discuss the use of magnetic separators involving
seperation by magnetic remanence alone. Becsuse of the variable existing

in such & study, a practical solution appears doubtful.,
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